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6*(($8"-+"%$,$",)")00-#.')'*".+)"#*'()"3)'-*(:",*-"0.,,*((-"&)')%*('-<""

N!('$"6*+*'*",-"&'$4!*%)(-#5*"0$+$"&$-";.*!!*"#$++*00*")!!)"%$,*!2

!)1-$+*",*-"#$%&$+*+(-"0('.((.')!-"*",*!!G*,-/-#-$"+*!"0.$"#$%&!*00$<"D*'"

;.*0($" 0-" 9" /)(($" .0$" ,*!" 0$/(b)'*"^&*+U**0<"  " 0-0(*%-" )+)!-11)(-" 0$+$"

0#5*%-"('-,-%*+0-$+)!-",$()(-",-"-%&)!#)($"'-6-,$")-"3)'-"!-3*!!-<"c!-"*!*2

%*+(-2(')3*"0$+$"%$,*!!)(-"#$%*"(')3-"#$+"+$+"!-+*)'-(:"#$+/-+)(*"+*!!*"

1$+*",-"*0('*%-(:"*,"-!"#.-"#$%&$'()%*+($"9",*/-+-($"%*,-)+(*"%$,*!!-")"

/-4'*<" "!*6)%-"#$0(-(.(-3-".(-!-11)(-"&*'"-"%)(*'-)!-"0$+$",-//*'*+1-)(-"&*'"

)##-)-$",*!!*"4)''*",-")'%)(.')8"#)!#*0('.11$"#$+/-+)($"*"+$+"#$+/-+)($"

,)!!*"0()//*8"*"%*(($+$" -+"#$+($" /*+$%*+-"%*##)+-#-";.)!-" -!",*6'),$",-"

'*0-0(*+1)"*"'-6-,*11)",*!"#)!#*0('.11$"0$(($"#)'-#5-"#-#!-#-<"E)"%$,*!!)2

1-$+*",.+;.*"9"*0('*%)%*+(*"'*)!-0(-#)<" +/-+*".+)".!(*'-$'*"&'$4!*%)2
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(5 .6$7%89:#%6;'

 !"#$%$&'"()*'+*,-'*((.")/$+&-#$-0'-12!&3*++&-/"4"+&-40((*-5&!%*6,-("-!$7
42&4+"-4$4)$8"-#*((*-4+!0++0!*-9-4*)2!*-4+"+"-:"(0+"+"-"-)*%%&-#$-)*+&7
#$- ($'*"!$- #$- "'"($4$- ;0"($- (."'"($4$- )&#"(*- 8&'- 42*++!&- #$- !$42&4+"- *-
(."'"($4$-4+"+$8"-($'*"!*<-=44*-4&'&-!*"()*'+*-"++*'#$/$($-4&(&-$'-8"4&-#$-
8&)2&!+")*'+&-*("4+$8&-#*(("-4+!0++0!"-*-)*++&'&-$'-8&'+&-(*-*480!4$&'$-
$'-8")2&-2("4+$8&-4&(&-$'-)"'$*!"-4*)2($5$8"+"-"++!":*!4&-0'"-!$#0%$&'*-
#*((*-&!#$'"+*-42*++!"($-"-)*%%&-#$-0'-5"++&!*-#$-4+!0++0!"-;<->.$'#"3$'*-
#*(-8&)2&!+")*'+&-$'*("4+$8&-#*((*-4+!0++0!*-2&'*-(.*4$3*'%"-#$-0'"-:"7
(0+"%$&'*- *42($8$+"- #*((.*'+$+?- #*3($- 42&4+")*'+$- *- #*((*- #*5&!)"%$&'$-
2("4+$8@*,-#"-80$-$(-8&)2&!+")*'+&-$'*("4+$8&-#$2*'#*<-A$-!*'#*-'*8*44"7
!$&- 0'- 1"22!&88$&- /"4"+&- 403($- 42&4+")*'+$6- 8@*- 4$- 8&'8!*+$%%$- '*(- 8&'7
5!&'+&- +!"- ("-  !"! #$%& '#& (")($!*+,$)- #$- 0'"- 4+!0++0!",- $'+*4"- 8&)*-
(.*'+$+?-#*3($-42&4+")*'+$-*-#*((*-#*5&!)"%$&'$-2("4+$8@*-#"-*44"-4&22&!7
+"/$($- 2!$)"-#*(- !"33$0'3$)*'+&- #$- 0'- "44*3'"+&- 4+"+&- ($)$+*,- *- ("-')-
*!,'!& '#& (")($!*+,$),- $'+*4"- 8&)*- (.*'+$+?- #*3($- 42&4+")*'+$- *- #*((*-
#*5&!)"%$&'$-2("4+$8@*-#&:0+$-"(-4$4)"<-B'&-4+!0)*'+&-8@*-8&'4*'+*-#$-
)&'$+&!"!*- (*-#*5&!)"%$&'$-#*(("-4+!0++0!"-9-8*!+")*'+*-(."'"($4$-#$'"7
)$8"-'&'-($'*"!*,-8@*-5&!'$48*-("-4+&!$"-'*(-+*)2&-#*(("-!$42&4+"-4+!0++07
!"(*- "#- 0'- "44*3'"+&- "88*(*!&3!"))"- "'8@*- $'- 8")2&- $'*("4+$8&<-
C."(+!"- 2"!+*,- 20!- 8&4+$+0*'#&- (&- 4+!0)*'+&- #$- $'#"3$'*- 2$D- 2!*8$4&,-



EF- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

(."'"($4$-#$'")$8"-'&'-($'*"!*-8&)2&!+"-8"(8&($-2"!+$8&("!)*'+*-&'*!&4$-
*-2!*4*'+"-"(80'*-($)$+"%$&'$-;0"($-("-5&!+*-#$2*'#*'%"-#*$-!$40(+"+$-#"(7
(*-"440'%$&'$-5"++*-8$!8"-(.$'20+-4$4)$8&-*#-$(-8&)2&!+")*'+&-8$8($8&-#*3($-
*(*)*'+$-4+!0++0!"($H- !$)"'*-2*!+"'+&-0'&-4+!0)*'+&-"88*44$/$(*-4&(&-"-
2&8@$-*42*!+$-&2*!"'+$-'*(-4*++&!*-#*((.I'3*3'*!$"-A$4)$8"<-A&'&-#0';0*-
4+"+$-)*44$-"-20'+&-*-:"''&-&33$- 4*)2!*-2$D-"55*!)"'#&4$- $- 8&4$##*++$-
1G*+&#$-A+"+$8$-'&'-($'*"!$-6,-$'-3!"#&-#$-5&!'$!*-("-!$42&4+"-$'-8")2&-$7
'*("4+$8&-$'-+*!)$'$-#$-4&((*8$+"%$&'$,-42&4+")*'+$-*-#*5&!)"%$&'$-2("4+$7
8@*-"#-0'-*:*'+&-4$4)$8&-#$-"44*3'"+"-$'+*'4$+?-JKL,-*-#0';0*-$'-3!"#&-
#$-$'#"3"!*-$(-8&)2&!+")*'+&-"'*("4+$8&-#$-0'"-4+!0++0!"-8&'-0'"-4*)7
2($8$+?- *#- 0'"- !"2$#$+?- #$- 8"(8&(&- '*++")*'+*- 402*!$&!*- "- ;0*(("- #*((*-
"'"($4$-#$'")$8@*-"(-2"44&<-

I-2!$'8$2"($-)*+&#$-4+"+$8$-'&'-($'*"!$-2*!-("-4+$)"-#*(("-!$42&4+"-4$7
4)$8"-#*((*-4+!0++0!*-*4$4+*'+$-$'-(*++*!"+0!"-4&'&--$(-)*+&#&-#*((*-42*+7
+!&-#$-8"2"8$+?-MN!**)"'-*+-"(<,-EOOPQ-*#-$(-)*+&#&-RF-MN"S5"!-T-K"42*!7
4$8,-EOOUV-N"S5"!,-EOOOQ<W0*4+$-)*+&#$-4&'&-&33$-4+"+$-!*8*2$+$-#"-)&(+*-
'&!)"+$:*- "'+$4$)$8@*- ;0"($- (X=0!&8&#$8*- P,- $(- N=GL- YZU,- $(- CG-
E[\]E\F]]P<--

=44$-)"'$5*4+"'&- 0'"- /0&'"- 8"2"8$+?- #$- 2!*#$%$&'*- #*(- 8&)2&!+"7
)*'+&-4$4)$8&-'*(-8"4&-#$-4+!0++0!*-!*3&("!$-"-8&)2&!+")*'+&-2!*:"(*'7
+*)*'+*-+!"4("%$&'"(*<-^$8*:*!4"-(."22($8"/$($+?-#$-+"($-)*+&#$-"#-*#$5$8$-
$!!*3&("!$- 8"!"++*!$%%"+$- #"- 0'- 5&!+*- "88&22$")*'+&- ("+*!&7+&!4$&'"(*- 9-
"++0"()*'+*-"'8&!"-&33*++&-#$-$'#"3$'*-"-8"04"-#*(("-(&!&-48"!4"-8"2"8$7
+?- #$- 2!*#$%$&'*- #*((.*'+$+?- #*((*- !&+"%$&'$- #*((.$)2"(8"+&<- ^$- 4&'&- :"!$-
8&'+!$/0+$- 5$'"($%%"+$- "-3*'*!"($%%"!*- $-)*+&#$-#$-"'"($4$- 4+"+$8"-'&'- ($7
'*"!*- "(- 8"4&-#*((*- 4+!0++0!*-"4$))*+!$8@*- $'-2$"'+"H- "#- *4*)2$&,-20!-
'&'-*44*'#&-*4*'+*-#"- $'8*!+*%%*-*- ($)$+"%$&'$,- (.*4+*'4$&'*-"(-8"4&-YC-
#*(-G*+&#&-RF- #$- N"S5"!- MN"S5"!- *+- "(<- ,- F]]ZQ,- $'$%$"()*'+*- 5&!)0("+&-
2*!-4$4+*)$-2$"'$-MN"S5"!,-EOOOQ<-

<5 .&'=;$%8%'1<'

_"!"++*!$4+$8"- 8&)0'*-"- +0++$-;0*4+$-)*+&#$-4+"+$8$-'&'- ($'*"!$-9- $(-
!$5*!$)*'+&- "- #0*- #$4+$'+$-)&#*(($- 4+!0++0!"($,- 8@*-'*(- 8"4&-#*(-)*+&#&-
RF-9-*42($8$+")*'+*-!$8@$")"+&-'*(("-4$3("-$#*'+$5$8"+$:"-#*(-)*+&#&H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- EY-

EQ B'-4$4+*)"-"-2$D-3!"#$-#$- ($/*!+?-GC`N-M./0$#&1+23++&)4&53++')*Q-
8@*-!"22!*4*'+"-("-4+!0++0!"-!*"(*-#$-2"!+*'%"V-

FQ B'- 4$4+*)"- "#- 0'- 4&(&- 3!"#&- #$- ($/*!+?- "#- *44&- *;0$:"(*'+*- AC`N-
M6#,20+& 1+23++& )4& 53++')*Q- 8@*- 9- #$- "04$($&- '*(("- :"(0+"%$&'*- #*(("-
#&)"'#"-4$4)$8"-$'*("4+$8"-#*(-4$4)"-40(("-4+!0++0!"<-
>X"!+$8&("%$&'*- #*(- 3*'*!$8&- )*+&#&- 4+"+$8&- '&'- ($'*"!*- 4$- 8&)2$*-

#0';0*-$'-#0*-+*)2$-4088*44$:$H-
EQ C*+*!)$'"%$&'*-#*(("-7/38!&'#&"3+($!9#),+-M:;&-&1Q-8@*-2&'*-$'-!*("7
%$&'*-2*!-$(-4$4+*)"-GC`N-$(-+"3($&-"(("-/"4*-#*(("-4+!0++0!"-*#-$(-40&-
42&4+")*'+&-$'-+*4+"-*-!$40(+"-!"22!*4*'+"+$:"-#*(("-*:&(0%$&'*-#*(("-
40"-!$42&4+"-"(-8!*48*!*-#*((.$'+*'4$+?-#*((.*:*'+&-4$4)$8&V-

FQ I'#$:$#0"%$&'*-40(("-_0!:"-#$-2!*4+"%$&'*-#*(-"/,$)&3!""3+(+,$!$#8)&
'+00!&3#(")($!&(#(*# !&#,+0!($# !-#*(-4$4+*)"-#,& )33#("),'+,9!&!'&/,&
!((+2,!$)&8!0)3+&'+00!&<=><-a-2!&2!$&-"-+"(-2!&2&4$+&-8@*,-8&)*-)*7
3($&-#*++"3($"+&-'*(-4*30$+&,-*'+!"-$'-3$&8&-$(-4$4+*)"-"#-0'-3!"#&-#$-
($/*!+?<-

R*(- 4*30$+&- 4$- 5"- *42($8$+&- !$5*!$)*'+&- "(-)*+&#&-RF-2*!- (X")2$"-#$5507
4$&'*-8@*-*44&-@"-":0+&<-I(-)*+&#&-9-4+"+&-$'$%$"()*'+*-)*44&-"-20'+&,-
8&)*- +0++$- $-)*+&#$- 4+"+$8$-'&'- ($'*"!$,-2*!- (&-4+0#$&-#$-4$4+*)$-2$"'$-"-
8&)2&!+")*'+&-+!"4("%$&'"(*-*-#0';0*-*4*'+$-#"((*-2!&/(*)"+$8@*-!&+"7
%$&'"($- 8@*-8"!"++*!$%%"'&-3($- *#$5$8$- $!!*3&("!$- $'-2$"'+"<-A$-9- 4088*44$7
:")*'+*-8*!8"+&-#$-*4+*'#*!(&-"'8@*-"-4$4+*)$-42"%$"($,-2*!-$-;0"($-5&44*-
'*8*44"!$"-0'."'"($4$-YC,-4*8&'#&-(*-)&#"($+?-$'-4*30$+&-*42&4+*<-

B'-2!$)&- +*'+"+$:&-#$-"22($8"!*- $(-)*+&#&-RF-"$-4$4+*)$-+!$#$)*'7
4$&'"($- 4$- 9- 8&'8!*+$%%"+&- $'-0'"-2!&8*#0!"- 4*)2($5$8"+"-YC- 5$'"($%%"+"-
"#- $'#"3"!*- (X$'5(0*'%"- #*((*- !&+"%$&'$- +&!4$&'"($- #X$)2"(8"+&- 40(- 8&)7
2&!+")*'+&-4+!0++0!"(*-Mb$("!-*-N"S5"!,-EOOcQ<-I(-)&#*((&-4+!0++0!"(*-$'-
+"(*- 4+0#$&- 0+$($%%"+&- 9- 0'- "44*)/("33$&- #$-)"8!&7*(*)*'+$- 2$"'$,- 8&'7
'*44$-"- ($:*((&-#*((X$)2"(8"+&-#"-#$"5!"))$-!$3$#$-*-8$"480'&-8"!"++*!$%7
%"+&-#"-0'"-!*("%$&'*-/$($'*"!*-+"3($&-"(("-/"4*-7-42&4+")*'+&-$'-+*4+"<--

A$-+!"++"-#$-0'&-48@*)"-4+!0++0!"(*-*4+!*)")*'+*-4*)2($5$8"+&-'*(-
;0"(*-)&(+$-5*'&)*'$-8&)*-(X$'+*!"%$&'*-5!"-$-#0*-2$"'$-#$-5(*44$&'*-"-($7
:*((&-#*((*-8&(&''*-4&'&-4+"+$-+!"480!"+$<->*-"'"($4$-204@&:*!-#*(-)&#*((&-
8&4d-48@*)"+$%%"+&-4&'&-4+"+*-*55*++0"+*-0+$($%%"'#&-0'"-#$4+!$/0%$&'*-#$-



E[- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

5&!%*- (0'3&- (X"(+*%%"-+!$"'3&("!*- $':*!4"-*#-"22($8"'#&-"-8$"480'-2$"'&-
(*-5&!%*-$'-8&!!$42&'#*'%"-#*(-8*'+!&-#*((*-)"44*-_G-#$-;0*(-2$"'&<--

A$-#*48!$:*-;0$- $(- 50'%$&'")*'+&-#*(-)*+&#&-RF-5"8*'#&-2*!-;0*4+&-#$7
!*++")*'+*- !$5*!$)*'+&- "#- 0'- +*("$&- 42"%$"(*- "#-?- $)2"(8"+$- !$3$#$- *-
#0';0*-Y?-3!"#$-#$- ($/*!+?,-#0*-+!"4("%$&'$-*#-0'"-!&+"%$&'*-'*(-2$"'&-
2*!-8$"480'-$)2"(8"+&-
J*!- 0'- 4$4+*)"- YC- (."'"($4$- :$*'*- 8&'#&++"- 4*2"!"+")*'+*- 2*!- (*- #0*-
2!$'8$2"($-#$!*%$&'$-#*(("-2$"'+"-#*((.*#$5$8$&,-@-*#-A,-(0'3&-(*-;0"($-4$-"27
2($8"-$(-8"!$8&,-*,-2*!-8$"480'"-#$-*44*,-#$-'&!)"-4$-:"(0+"'&-3($-*55*++$-&+7
+*'0+$-$)2&'*'#&-"((*-5&!%*-4+"+$8@*-0'$#$!*%$&'"($-*'+!")/$-$-:*!4$,-&:7
:*!&-*'+!")/$-$-4*3'$-e-*-f,-*-:"(0+"'#&-("-8&!!$42&'#*'+*-#&)"'#"-4$7
4)$8"- #$- 42&4+")*'+&- 2*!-_G<-_&)*- :"(&!*- *55*++$:&- #$- +"(*- #&)"'#"-
4$4)$8"-'*(("-#$!*%$&'*-8&'4$#*!"+"-4$-"440)*-$(-)"44$)&-5!"-$-#0*-:"(&7
!$- 8&4d- &++*'0+$<-R*(- 4*30$+&-:*!!?-#*48!$++"- ("-2!&8*#0!"-2*!-2"44$,- 5"7
8*'#&-!$5*!$)*'+&-"(("-3*'*!$8"-#$!*%$&'*-#$-8"!$8&-*-"#-0'-4$4+*)"-42"7
%$"(*-#&+"+&-#$-?-$)2"(8"+$-!$3$#$-*-#0';0*-Y?-3!"#$-#$-($/*!+?<-

EQ C*+*!)$'"%$&'*-#*(("- /38!&'#&"3+($!9#),+&B:;&C1D&)& /38!&"/(E)8+3-
$'-+*!)$'$-#$-+"3($&-"(("-/"4*-*-42&4+")*'+&-$'-+*4+"-'*(("-#$!*%$&'*-#$-
8"!$8&-8&'4$#*!"+"-2*!-("-4+!0++0!"-!*"(*-GC`N,-!"22!*4*'+"+$:"-#*(7
("-*:&(0%$&'*-#*(("-40"-!$42&4+"-"(-8!*48*!*-#*((.$'+*'4$+?-4$4)$8"<-_$g-
"-4*30$+&-#$-0'."'"($4$-4+"+$8"-$'8!*)*'+"(*-#*(-4$4+*)"-42"%$"(*<->"-
#$4+!$/0%$&'*-#*((*-5&!%*-("+*!"($-"22($8"+*-20g-8&4d-*42!$)*!4$H-

 M!P λλ == - ME<-EQ-

$'-80$H-
4-9-$(-:*++&!*-#*$-8"!$8@$-"22($8"+$-"$-4$'3&($-$)2"(8"+$V-
 λ- 9- 0'- 8&*55$8$*'+*- #$- 2!&2&!%$&'"($+?,- 8@*- !"22!*4*'+"- (.$'+*'4$+?-

- #*(-8"!$8&-"22($8"+&V-
)- 9- ("- )"+!$8*- #$- )"44"- #*(("- 4+!0++0!",- 8@*- 9- 0'"- )"+!$8*--

- #$"3&'"(*- #$- &!#$'*- Y,- $- 80$- 0'$8$- +*!)$'$- '&'- '0(($- 4&'&--
- "(+!*++"'+*-4&++&)"+!$8$-#$"3&'"($H-("-2!$)"-*-("-4*8&'#"-#$-*44*-

- -8&'+*'3&'&- (*- )"44*- #$- +0++$- 3($- $)2"(8"+$,- )*'+!*- '*(("-
- +*!%"-5$30!"'&-$-(&!&-)&)*'+$-#$-$'*!%$"-2&("!$-!$42*++&-"-_GV-

ΦΦΦΦ- 9-0'"-;0"(0';0*-!"3$&'*:&(*- 5&!)"-#$-42&4+")*'+&,- $'-3*'*!"(*-
- #&+"+"-#$-+!*-4&++&8&)2&'*'+$H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- EZ-

);;(
T
z

T
y

T
x

T
    = - ME<-FQ-

A*8&'#&-("-)&#"($+?-#$-"'"($4$-;0$-#*48!$++"-(.0'$8"-8&)2&'*'+*-'&'-
'0(("- !$40(+"-;0*(("- (0'3&- 80$- 4$- 4+"-*4*30*'#&- (."'"($4$-204@&:*!-#0'7
;0*H-

 );;(    ovvero    );;(
TT

y
TTTTT

x
T

0 0 00  == - ME<-YQ-

J!$)"-#$- *4*30$!*- ("- 204@&:*!- 4$- 20g- *55*++0"!*-0'."'"($4$-)&#"(*-
#*(-)&#*((&- YC-2*!- $'#$:$#0"!*- $-)&#$- 2!*#&)$'"'+$- '*(("- !$42&4+"- *#-
"440)*!*- 8&)*-Φh - (*- 8&)2&'*'+$- (0'3&- @- #*(-)&#&- 2!*:"(*'+*)*'+*-
+!"4("%$&'"(*-$'-+"(*-#$!*%$&'*-*-8&)*-Φi -(*-8&)2&'*'+$-(0'3&-A-#*(-)&7
#&-2!*:"(*'+*)*'+*-+!"4("%$&'"(*-(0'3&&A<--

I'-!"3$&'*-#*((."88&22$")*'+&-#*3($-42&4+")*'+$-8@*-8"!"++*!$%%"-(*-
4+!0++0!*-"4$))*+!$8@*,-"#-0'-+"(*-8"!$8&-)&'&"44$"(*-8&!!$42&'#*!?-$'-
3*'*!"(*-0'"-)"+!$8*-#$-42&4+")*'+&-8&'-8&)2&'*'+$-#$-)&+&-'&'-'0((*-
(0'3&-(*-+!*-#$!*%$&'$-8&&!#$'"+*H-

 );;(
T
z

T
y

T
x

T
uuuu = - ME<-[Q-

A*30*-&!"-$(-2"44"33$&-"(-4$4+*)"-AC`N,-8&'-!$5*!$)*'+&-"(-;0"(*-:*!!?-
#*+*!)$'"+"-("-!$42&4+"-4$4)$8"-$'*("4+$8"-#*(-4$4+*)"-$'-8&!!$42&'#*'7
%"-"#-0'-"44*3'"+&-:"(&!*-#$-JKL<-

FQ 1+$+3*#,!9#),+&'+00!& /38!&'#& !"! #$%&B5F&-&1FD&"+3&#0&(#($+*!&61G5-
"++!":*!4&-2!*8$4*-!*("%$&'$-#$-*;0$:"(*'%"-":*'+$-0'-5&'#")*'+&-+*7
&!$8&<-
J*!-0'-4$4+*)"-42"%$"(*-"#-?- $)2"(8"+$,-(.*;0"%$&'*-#$-*;0$($/!$&-#$7
'")$8&-4$-48!$:*-'*(-4*30*'+*-)&#&H-

( ) gs uf       sMuuuCuM −=++ segn, - ME<-ZQ-

8&'H-
),- '-)"+!$8$-!$42*++$:")*'+*-#$-)"44",-4)&!%")*'+&-#*(-4$4+*)"V-

( )uu  segn,sf -5&!%*-#$-!$8@$")&-#*(-4$4+*)"V-

u ,-u -*-u  -:*++&!$-#$-42&4+")*'+&,-:*(&8$+?-*-"88*(*!"%$&'$-#*3($--
- $)2"(8"+$-
>-)"+!$8*-8@*-+$*'*-8&'+&-#*(("-#$4+!$/0%$&'*-42"%$"(*-#*((*-"%$&'$-4$7
4)$8@*- '&'- 4&(&- (0'3&- (."(+*%%"- #*((.*#$5$8$&-)"- "'8@*- $'- 2$"'+"<- I'-
3*'*!"(*H-



EU- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

);;( TTTT 111s = - ME<-UQ-

A*8&'#&-("-)&#"($+?-#$-"'"($4$-;0$-#*48!$++"H-

y

x

TTTT

TTTT

 direzione laper            );;(

 direzione laper            );;(

010s

001s

=

=
- ME<-cQ-

'*(("- ME<- ZQ- $(- +*!)$'*- "(- 4*8&'#&-)*)/!&- !"22!*4*'+"- $(- 8&)2(*44&-
#*((*-"%$&'$-#$-+!"48$'")*'+&-#&:0+*-"(-4$4)"<- "(*-+*!)$'*-9-#*8&)7
2&'$/$(*-'*(-8&'+!$/0+&-#*$-4$'3&($-)&#$-M_@&2!"-*-K&*(,-F]]FQ<--
J!*8$4")*'+*H-

j

N

ij

jg

N

j

jeffgeff uu  MpsMp   
==

Γ−==−=
33

1

,
    - ME<-PQ-

ΦΦΦΦ &9-("&H7*4$)"-#*5&!)"+"-)&#"(*V-
ΓH-4$-8@$")"- )+44# #+,$+&'#&"!3$+ #"!9#),+&*)'!0+-*#-9-8&4d-#*5$'$+&H-

J

J
j

M

L
=Γ - ME<-OQ-

8&'H-

sM 
T
jjL = - ME<-E]Q-

j
T
jjM M  = - ME<-EEQ-

I'-+"($-8"4$- ("-!$42&4+"-#*(-4$4+*)"-GC`N-'*(("-#$!*%$&'*-#$-8"!$8&-
"(-4$'3&(&-4$4+*)"-#$-"%$&'$-"+44IH-!*4+$+0$48*-(*-!*("%$&'*H-

*Jjjj D u Γ= - ME<-EFQ-

#&:*H-
9H-9-("-H7*4$)"-#*5&!)"+"-#$-!$42&4+"-#*(("-4+!0++0!"-"-"+44IH-V-
1jS- 9- (&- 42&4+")*'+&- #$- 2$88&- #$- 0'- 4$4+*)"- AC`N- "44&8$"+&- "(- H7
*4$)&-)&#&-":*'+*-8$&9-(*-)*#*4$)*-2!&2!$*+?-#$-:$/!"%$&'*-M$(-2*7
!$&#&-JH-*#-$(-!"22&!+&-#$-4)&!%")*'+&-ξHQ-
I'&(+!*,-!"3$&'"'#&-$'-+*!)$'$-#$-"'"($4$-)&#"(*,-$(-+"3($&-"(("-/"4*-
#*(("- 4+!0++0!"- '*(("- #$!*%$&'*- #*(- 8"!$8&- '*(- H7*4$)&-)&#&- 9- #"+&-
#"(("-4*30*'+*-*42!*44$&'*H-

)(
*

,
Jaejjb TSMV = - ME<-EYQ-

#&:*H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- Ec-

6!+BJHD- 9- ("- 24*0#&7"88*(*!"%$&'*- 42*++!"(*- *("4+$8"- (*++"- $'- 8&!!$7
42&'#*'%"-"(-2*!$&#&-JSV-
.H&j9-("-)"44"-2"!+*8$2"'+*-"(-H7*4$)&-)&#&-'*(("-#$!*%$&'*-#*(-8"7
!$8&-*-4$-20g-*42!$)*!*-8&)*H-

j

j

jjj
M

L
LM

2

* =Γ= - ME<-E[Q-

L(("- (08*-#*((*-2!*8*#*'+$- 8&'4$#*!"%$&'$,- 2&4+&- 8@*- (.*#$5$8$&- 4$-#*7
5&!)$-4*8&'#&-$(-2!&5$(&-ΦΦΦΦ,-*44&-:$*'*-"44$)$("+&-'*(("-#$!*%$&'*-#*(-
8"!$8&-"#-0'-&48$(("+&!*-4*)2($8*-":*'+*-)"44"-*j-#*5$'$+"-#"(("H-

Nk

N

i

ikik

N

T
m

s
m

,

1

,,

*

Φ

Φ

=
Φ

=
 

=M 
- ME<-EZQ-

#&:*-$(-2*#$8*-K-9-@-&::*!&-A-$'-/"4*-"(("-#$!*%$&'*-#*(-8"!$8&<-
J*!-("-ME<-EFQ-*-("-ME<-EYQ-4$-20g-48!$:*!*H-

Naeb TSmV ΦΓ= )(*

,
- ME<-EUQ-

Nde TSD ΦΓ= )( - ME<-EcQ-

*44*'#&H-
&J-- $(-2*!$&#&-#$-:$/!"%$&'*-#*(-4$4+*)"V-
6!+BJD-("-24*0#&7"88*(*!"%$&'*-42*++!"(*-*("4+$8"-(*++"--
- - $'-8&!!$42&'#*'%"-"(-2*!$&#&- V-
6'+BJD-(&-42&4+")*'+&-42*++!"(*-*("4+$8&-(*++&--
- $'-8&!!$42&'#*'%"-"(-2*!$&#&- V-
Γ-- $(-8&*55$8$*'+*-#$-2"!+*8$2"%$&'*-)&#"(*-#*5$'$+&-#"(("H-

 M 

sM 

T

T

N

i

ikik

N

i

ikik

m

m

M

L
=

Φ

Φ

==Γ

 

 

=
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1

2
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1
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- ME<-EPQ-

=44*'#&-2&$-2*!-0'-4$4+*)"-"#-0'-3!"#&-#$-($/*!+?H-

)( ***
TSmF ae= - ME<-EOQ-

)( **
TSD de= - ME<-F]Q-



EP- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

C"(("-ME<-EUQ-*-#"(("-ME<-EOQ,-*44*'#&- 1=Φ N -M$(-2!&5$(&-#$-42&4+")*'7

+&- 8&'4$#*!"+&- :$*'*- '&!)"($%%"+&- $'- )&#&- #"- ":*!*- 8&)2&'*'+*-
'*(("-#$!*%$&'*-8&'4$#*!"+"-$'-+*4+"-"((.*#$5$8$&-0'$+"!$"Q,-4$-#*#08&7
'&-(*-!*("%$&'$-#$-8&':*!4$&'*-#"-AC`N-"-GC`NH-

*
FVb Γ= - ME<-FEQ-

*
DD Γ= - ME<-FFQ-

I':*!+*'#&- (*-!*("%$&'$-2!*8*#*'+$-4$-!*"($%%"-2&$- ("-8&':*!4$&'*-#"-
AC`N-"-GC`NH-

Γ
= bV

F
* - ME<-FYQ-

Γ
=

D
D

* - ME<-F[Q-

YQ L#0#,+!3#99!9#),+&'+00!& /38!& !"! #$%&B5F&-&1FD-
-J*!-("-+!"45&!)"%$&'*-#*(("-80!:"-#$-8"2"8$+?-MNj-7-CjQ-$'-0'-(*3")*-
*("4+$8&72*!5*++")*'+*- 2("4+$8&- *4$4+&'&- :"!$- $'#$!$%%$- 5&!'$+$- #"(("-
'&!)"+$:"-*-+0++$-/"4"+$- $'-3*'*!*-40(-2!$'8$2$&-#*((*-"!**-030"($H-4$-
$)2&'*-8@*-(."!*"-4&++*4"-#"(("-80!:"-42*!$)*'+"(*->("+3#*+,$!0+-*-;0*(("-
4&++*4"- #"(- (*3")*- /$($'*"!*->;#0!$+3!& 4$"'&- 8&$'8$#*'+$<- I'- N$3<E<E- 4$-
)&4+!"-$(-8!$+*!$&-#$-/$($'*"!$%%"%$&'*-4*30$+&-#"(("-'&!)"+$:"-$+"($"7
'"<- I'- +"(- 8"4&- 4$- "440)*- 8@*- $(- :"(&!*-#*(("- 5&!%"-"(- ($)$+*- *("4+$8&-
5FI"0- 4$"-2"!$-"(-:"(&!*-)"44$)&-5F*!@-2!*4*'+*-40(("-80!:"-!*"(*<-A$-
#*+*!)$'"-$(-8&!!$42&'#*'+*-:"(&!*-#*((&-42&4+")*'+&-"(-($)$+*-*("4+$7
8&-1FI"0--*-#$-8&'4*30*'%"-("-2*'#*'%"-#*(-+!"++&-*("4+$8&-#*(("-/$("+*7
!"- $)2&'*'#&- 8@*- (."!*"- 4&++*4"- #"(("- 80!:"- 42*!$)*'+"(*- *- ;0*(("-
4&++*4"-#"(-(*3")*-/$($'*"!*-4$"'&-8&$'8$#*'+$<--

>"-!$3$#*%%"-#*(-+!"++&-*("4+$8&-#*(("-/$("+*!"-K(&4"!?H-

*

*

pl

pl

s
D

F
k = - ME<-FZQ-

I(-8&!!$42&'#*'+*-2*!$&#&-JF&#*(-4$4+*)"-AC`N-4"!?H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- EO-

N$3<E<E<-_!$+*!$&-#$-/$($'*"!$%%"%$&'*-4*30$+&-#"(("-'&!)"+$:"-$+"($"'"<-

*

**

* 2
pl

pl

F

Dm
T π= - ME<-FUQ-

A$-&44*!:"-$'5$'*-8@*-("-/$($'*"!$%%"%$&'*-$)2($8"-("-8&'&48*'%"-#*(7
("-#&)"'#"-$'*("4+$8"-#$-42&4+")*'+&-#*(-4$4)"-40(("-4+!0++0!",-8@*-
9-2!&2!$&-$(-:"(&!*-8@*-(*-5"4$-#*(-)*+&#&-"#-*44"-4088*44$:"-)$!"'&-
"-#*+*!)$'"!*-*-8@*-9-#0';0*-2*!-$(-)&)*'+&-"'8&!"-$'8&3'$+&<-R*-
8&'4*30*-0'-8"(8&(&- $+*!"+$:&-$'-80$-8&)*-#&)"'#"-#$-42&4+")*'+&-
#$- 2!$)&- +*'+"+$:&- 4$- "440)*- ("- #&)"'#"- #$- 42&4+")*'+&- *("4+$8"-
6'+-(*++"-#"((&-42*++!&-#$-!$42&4+"-*("4+$8&-$'-8&!!$42&'#*'%"-"(-2*!$7
&#&-JF&*-"-2"!+$!*-#"-*44"-4$-:"(0+"-0'"-'0&:"-#&)"'#"-$'*("4+$8"-
#$-42&4+")*'+&<-L#-&3'$-'0&:&-+*'+"+$:&-("-#&)"'#"-#$-42&4+")*'7
+&-"440'+"-9-;0*(("-:"(0+"+"-"(-+*!)$'*-#*(-+*'+"+$:&-2!*8*#*'+*-*-("-
2!&8*#0!"- 4$- 8&'8(0#*- ;0"'#&- (&- 48"!+&- +!"- ("- #&)"'#"-#$- 42&4+"7
)*'+&-$'$%$"()*'+*-4022&4+"-*-;0*(("-4088*44$:")*'+*-:"(0+"+"-#$7
:$*'*-+!"480!"/$(*<-

[Q 7),8+3(#),+&'+00!& /38!&'#& !"! #$%&,+0&4)3*!$)&>1M6&B6!&-&6'D-
->"-8&':*!4$&'*-#*(("-80!:"-#$-8"2"8$+?-'*(-5&!)"+&-LCkA-M>  +0+3!-

$#),&-&1#("0! +*+,$&M+("),(+&6"+ $3!Q,-$'-80$-4&'&-!"22!*4*'+"+*-"87
8*(*!"%$&'$- 42*++!"($- "- 5!&'+*- #$- 42&4+")*'+$- 42*++!"($,- 4*30*- #"- 0'-
8"(8&(&-$))*#$"+&H-

*

*

m

F
Sa = - ME<-FcQ-

-



F]- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<F<- $2$8&-42*++!&-*("4+$8&-$'-+*!)$'$-#$-"88*(*!"%$&'*-6!+--

*-42&4+")*'+&-6'+<-

*
DSd = - ME<-FPQ-

ZQ 1)*!,'!&(#(*# !&(/0&(#($+*!&!'&/,&23!')&'#&0#;+3$%&61G5-
A$-2!&8*#*-$'-#0*-+*)2$H-#"22!$)"-4$-8"(8&("-("-#&)"'#"-*("4+$8"-#*(-
4$4+*)"-*-2&$-;0*(("-$'*("4+$8"-+"'+&-$'-+*!)$'$-#$-"88*(*!"%$&'*-M!*4$7
4+*'%"Q-;0"'+&-$'-+*!)$'$-#$-42&4+")*'+&<-
!D 1)*!,'!&(#(*# !&+0!($# !&"+3&61G5&

  <+3&0!&"(+/')-!  +0+3!9#),+&6!+&BJFD-(*++0!"-#$!*++"-#"((&-42*+7
+!&-*("4+$8&-$'-+*!)$'$-#$-"88*(*!"%$&'*-MN$3<E<FQV-

  <+3&0)&(")($!*+,$)&6'+BJFD-"++!":*!4&-("-!*("%$&'*H-

)(
4

)(
)( *

2

2*

2*

*
*

TS
TTS

TS ae
ae

de
πω

== - ME<-FOQ-

;D&1)*!,'!&(#(*# !&#,+0!($# !&"+3&61G5-
  <+3&0!&')*!,'!&#,&$+3*#,#&'#&&!  +0+3!9#),+&6!&

C*5$'$+&-$(-5!$$)3+&'#&3#'/9#),+&'+00+&4)39+&(#(*# E+-kµ-8&)*-$(-
!"22&!+&-+!"-("-5&!%"-8@*-$(-4$4+*)"-AC`N-40/$!*//*-4*-!$)"7
'*44*-$'-8")2&-*("4+$8&-*-;0*(("-#$-2("4+$8$%%"%$&'*,-$'-:$!+D-#$-
+"(*- #*5$'$%$&'*- 4$- #*#08*- ("- !$8@$*4+"- $'*("4+$8"- #$- "88*(*!"7
%$&'*-6!-2*!-AC`N-8&4d-8&)*-#$-4*30$+&-*42&4+&<-

µ
µ

R

S
SS

S

S

Sm

TSm

F

F
R ae

plaa

pla

ae

pla

ae

pl

el ==!=== ,

,,
*

**

*

* )(
- ME<-Y]Q-

-

-

 

-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- FE-

N$3<E<Y<-A2*++!&-/$($'*"!*-#$-kµ-8&'-$(-2*!$&#&- -

-
A$-'&+$-8@*-$'-+*!)$'$-#$-"88*(*!"%$&'*,-#&)"'#"-4$4)$8"-*-8"7
2"8$+?-#*(-4$4+*)"-8&$'8$#&'&<-

  Per la domanda in termini di  spostamento&Sd&

In generale:  

pldd SS ,µ= - ME<-YEQ-

µ-9-("-#0++$($+?V-
6'I"0--9-$(-:"(&!*-#*((&-42&4+")*'+&-#$-AC`N-"(-($)$+*-*("4+$8&<-
I'&(+!*,-(0'3&-$(-!")&-*("4+$8&,-2*!-("-2!&2&!%$&'"($+?-+!"-!*4$7
4+*'%"-*-#*5&!)"%$&'*,-4$-@"-H-

µR

S

S

S

S
S

S

S

S

S de

pla

ae

de
pld

pld

de

pla

ae ==!=

,

,

,,

- ME<-YFQ-

C"(("-ME<-YEQ-*-#"(("-ME<-YFQ-4$-#*#08*H-

ded S
R

S
µ

µ
= - ME<-YYQ-

J*!- $(- 8"(8&(&-#$-Mµ-#$-'&!)"-4$-"#&2*!"-0'&-42*++!&-/$($'*"!*-
$'-50'%$&'*-#*(-2*!$&#&-J-MN$3<-E<YQ-*-2!*8$4")*'+*H-

(lineare)
1

1 T
T

RTT
C

C

−
+=!<

µ
µ - ME<-Y[Q-

(costante)µµ =!≥ RTT C - ME<-YZQ-

-

 



FF- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<[<-C&)"'#"-4$4)$8"-$'*("4+$8"-'*(-5&!)"+&-LCkA-!$42*++$:")*'+*-'*$-

8"4$-JlJ7-M"Q-*-JmJ7-M/Q-

-
 !"#$%%

&'%%(%)*%+#,)! !% )%-,./0)1)!/#% .*%0#23#/-!% #**!%0+#--,!%%

% #*.0-)4!%. %.44#*#,.1)!/#%4!0-./-#%.%56#**!%. %.44#*#,.1)!/#%

% )/"#,0.3#/-#%+,!+!,1)!/.*#%.*%+#,)! !7%

  A$-'&+$-8@*,-,+0& !*")&'+#&"+3#)'#&*+'#)-0/,2E#-2*!- CTT ≥ ,-("--

ME<-YZQ-*-("-ME<-YYQ-!*4+$+0$48&'&-0!&M+2)0!&'+20#&(")($!*+,$#&/2/!0#,-
$'- /"4*- "(("- ;0"(*- ("- #&)"'#"- 4$4)$8"- #$- 42&4+")*'+&- 2*!-0'-&7
48$(("+&!*- 4*)2($8*- *("4+&72("4+$8&- ":*'+*- 2*!$&#&- J- 8&$'8$#*- 8&'-
;0*(("-#$-0'-&48$(("+&!*-4*)2($8*-*("4+$8&-8&'-$(-)*#*4$)&-2*!$&#&-
MN$3<-E<[<"Q<-I'-;0*4+.0(+$)&-8"4&,-2*!+"'+&,-("-#*+*!)$'"%$&'*-#*(("-
#&)"'#"-4$4)$8"-$'*("4+$8"-#$-42&4+")*'+&-2*!-AC`N-!$40(+"-$)7
)*#$"+"<-

  ^$8*:*!4",-'*(- 8")2&-#*$- /!*:$-2*!$&#$-2*! CTT < ,- '&'- 4044$4+*- ("-

k*3&("-#*3($-42&4+")*'+$-030"($-*-("-#&)"'#"-#$-42&4+")*'+&-$'*7
("4+$8"-!$40(+"-)"33$&!*-#$-;0*(("-*("4+$8"-MN$3<-E<[</Q<-L$-5$'$-#*(("-
40"-#*+*!)$'"%$&'*-4$-2!&8*#*-"((&!"-'*(-)&#&-4*30*'+*H-

"Q A$- 8"(8&("- $'- 2!$)&- (0&3&- $(- 5"++&!*- #$- !$#0%$&'*- #*((*- 5&!%*- 4$7
4)$8@*-Mµ- 8&)*-!"22&!+&- +!"- ("-#&)"'#"-#$-"88*(*!"%$&'*-*("7
4+$8"-6!+-*-;0*(("-#$-2("4+$8$%%"%$&'*-6!I"0-4*8&'#&-("-ME<-Y]QV-

-

 



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- FY-

N$3<E<Z<-A2*++!$-#$-#&)"'#"-"-#0++$($+?-"44*3'"+"-'*(-5&!)"+&-LCkA<-

-
/Q A$-#*+*!)$'"- $(- 8&!!$42&'#*'+*-:"(&!*-#$-#0++$($+?-µ- $':*!+*'#&-
("-ME<-Y[Q-&::*!&-#"(("-4*30*'+*-!*("%$&'*H-

CT
T

R

*

1
1

−
+=

µ
µ - ME<-YUQ-

8Q A$- !$8":"- $'5$'*- ("- #&)"'#"- #$- 42&4+")*'+&- $'*("4+$8"- 6'- #$-
AC`N-#"(("-ME<-YYQ<-A$-'&+$-8@*-$(-5"++&!*-kµ-'&'-9-'&+&-"-2!$&!$-*-
#0';0*-4$-2&'*-(.*4$3*'%"-#$-0'-8"(8&(&-$+*!"+$:&<-

UQ M#(")($!&(#(*# !& )*"0+$!&'+00!&($3/$$/3!&3+!0+&.1G5H-
>"-!$42&4+"-4$4)$8"-8&)2(*+"-2*!- $(-4$4+*)"-!*"(*-GC`N-$'-+*!)$'$-
#$-4&((*8$+"%$&'$,-42&4+")*'+$,-#*5&!)"%$&'$-2("4+$8@*,-*88<,-4$-&++$*'*-
8&)*-!$40(+"+&-#*((."'"($4$-4+"+$8"-$'8!*)*'+"(*-40-#$-*44&-8&'#&++"-$'-
8&!!$42&'#*'%"-"#-0'&-42&4+")*'+&- $'-+*4+"-1- $(- 80$-:"(&!*-9-#*+*!7
)$'"+&- #"(("- !$42&4+"- 4$4)$8"- $'*("4+$8"- #*(- 4$4+*)"- *;0$:"(*'+*-
AC`N-"++!":*!4&-("-!*("%$&'*-#$-8&':*!4$&'*-ME<-FFQ--!$8":"+"-$'-2!*7
8*#*'%"<-

A$- '&+$- $'5$'*- 8@*- ("- 5&!)0("%$&'*- #*(-)*+&#&-'*(- 5&!)"+&-LCkA- MN$3<-
E<[<Q-'&'-!$40(+"-$'#$42*'4"/$(*-"$-5$'$-#*(-8"(8&(&,-)"-'*-8&4+$+0$48*-0'-
$'#0//$&-:"'+"33$&-$'-;0"'+&-8&'4*'+*-#$-:$40"($%%"!'*-$-:"!$-2"44$-*-'*-
"3*:&("-#$-8&'4*30*'%"-$(-8&'+!&((&<-K!"5$8")*'+*-$(-)*+&#&-4$-!$4&(:*-$'-
0'-8&'5!&'+&-+!"-("-80!:"-#$-8"2"8$+?-M6!-7-6'Q-#*(-4$4+*)"-"#-0'-3!"#&-#$-

-

 



F[- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<U<-A2*++!$-#$-#&)"'#"-"-#0++$($+?-"44*3'"+"-'*(-5&!)"+&-LCkA<-

($/*!+?-AC`N-*-(&-42*++!&-#$-#&)"'#"-#*(-4$4)"-*42!*44&-$'-+*!)$'$-#$-
"88*(*!"%$&'$-*-42&4+")*'+$<--

-
=4$4+&'&-0'&-42*++!&-*("4+$8&- 8&!!$42&'#*'+*-"#-0'-:"(&!*-0'$+"!$&-

#$-#0++$($+?-M 1=µ Q-*-$'5$'$+$-42*++!$-$'*("4+$8$-MN$3<-E<ZQ-,-8$"480'&-!*("+$7

:&- "#-0'-#$:*!4&- :"(&!*-#*(("-#0++$($+?<-W0*4+$-0(+$)$-:*'3&'&- !$8":"+$-
#"(-2!$)&-"++!":*!4&-(*-!*("%$&'$-ME<-Y]Q,-ME<-YYQ,-ME<-Y[Q-*-ME<-YZQ<-

>.$'+*!4*%$&'*-+!"-(&-42*++!&-*("4+$8&-*#-$(-2!&(0'3")*'+&-#*(-+!"++&-
*("4+$8&-#*(("-80!:"-#$-8"2"8$+?-!"22!*4*'+"-("-#&)"'#"-*("4+$8"-#*(-4$7
4)"- 40(- 4$4+*)"- "#- 0'- 3!"#&- #$- ($/*!+?-AC`N<->"- ($'*"- !"#$"(*- 8&!!$7
42&'#*'+*- "- +"(*- 2!&(0'3")*'+&- 9- !"22!*4*'+"+$:"- #*(("- !$3$#*%%"- *-
#0';0*-#*(-2*!$&#&-*("4+$8&-#$-AC`N<-

>.$'+*!4*%$&'*-$':*8*-+!"-("-80!:"-#$-8"2"8$+?-#$-0'-4$4+*)"-*("4+&7
2("4+$8&-AC`N-#$-#0++$($+?-µ-*#-0'&-42*++!&-#$-#&)"'#"-8&!!$42&'#*'+*-
"- +"(*- :"(&!*- #$-#0++$($+?- !"22!*4*'+"- ("-#&)"'#"- $'*("4+$8"-#*(- 4$4)"-
40(-4$4+*)"-AC`N-MN$3<-E<UQ<--

K($-*4$+$-#*((*-2!$)*-"22($8"%$&'$-#*(-)*+&#&-RF-40-*#$5$8$-"4$))*7
+!$8$- $'- 2$"'+"- *- 40((*- (&!&- 8&'+!&2"!+$- 4$))*+!$8@*,- 4&'&- 4+"+*- "(80'*-
8&'4$#*!"%$&'$-#$-'"+0!"(*-3*'*!"(*H-
"Q ("-#&)"'#"-#$-42&4+")*'+&-*-#$-#0++$($+?-$'-0'-*#$5$8$&-4$))*+!$8&-$'-
8&!!$42&'#*'%"-"#-0'-"44*3'"+&-($:*((&-#$-!*4$4+*'%"-9-"#*30"+")*'7
+*- 2$D- "(+"- #$- ;0*(("- #*(- 8&!!$42&'#*'+*- 4$4+*)"- 4$))*+!$8&- 4&2!"+7
+0++&-40(-("+&-5(*44$/$(*,-&::*!&-$(-2$D-:$8$'&-"(-8*'+!&-#$-)"44"V-

-

 



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- FZ-

/Q '*(- 8"4&-#$- 4$4)"-)&'&#$!*%$&'"(*- (*- !&+"%$&'$- +&!4$&'"($-#*((X$)2"(7
8"+&- 4&'&- 5&!+*)*'+*- 8&'#$%$&'"+*- #"3($- *(*)*'+$- 4+!0++0!"($- #$4+*4$-
(0'3&-("-#$!*%$&'*-&!+&3&'"(*-"-;0*(("-#$-"%$&'*-4$4)$8"<-

I(-)*+&#&-RF-8&4d- 8&)*- $((04+!"+&- $'-2!*8*#*'%"-8&4+$+0$48*-0'"-2!&8*7
#0!"-"22!&44$)"+"-2*!-("-4+$)"-#*(("-!$42&4+"-4$4)$8"-#$-0'"-4+!0++0!"<--

_&)*- +"(*- #0';0*,- 3$?- '*(- 8"4&- 4*)2($5$8"+&- #$- 48@*)$- 2$"'$,- 2!*7
4*'+"-#*((*-$'*:$+"/$($-#$55*!*'%*-'*$-!$40(+"+$-!$42*++&-"-;0"'+&-&++*'0+&-
"++!":*!4&- 0'- n"'"($4$- #$'")$8"- '&'- ($'*"!*- #*(- 4$4+*)"- $'- &33*++&<- A$-
'&+$,- $'-2"!+$8&("!*,-"- +"(-2!&2&4$+&,- 8@*- (."880!"+*%%"-#*(("-4+$)"-#*(("-
#&)"'#"-#$-42&4+")*'+&-#*(-4$4)"-9-#&:0+"-"-2$D-5"++&!$<- !"-;0*4+$-$'-
2"!+$8&("!*H-
  ("- 48@*)"+$%%"%$&'*-8&)*-/$("+*!"-#*(("-80!:"-#$-8"2"8$+?,- 5"4*-&2*7
!"+$:"-;0*4+"-#"(("-;0"(*-#$2*'#*-("-#*+*!)$'"%$&'*-#*(-2*!$&#&-*("7
4+$8&-#*(-4$4+*)"-*;0$:"(*'+*-AC`NV-

  -$(-5"++&-8@*,-"44*3'"'#&-("-#$4+!$/0%$&'*-#*((*-"%$&'$-4$4)$8@*-$'-!"7
3$&'*-#$-0'"-4&("-5&!)"-#$-42&4+")*'+&,-8&!!$42&'#*'+*-#$-'&!)"-"(("-
2!$)"-5&!)"-)&#"(*-2*!-$-4$4+*)$-2$"'$,-*#-"((*-8&)2&'*'+$-(0'3&-("-
#$!*%$&'*- #*(- 8"!$8&- #$- 0'- )&#&- 2!*:"(*'+*)*'+*- +!"4("%$&'"(*- $'-
;0*(("-#$!*%$&'*-2*!-$-4$4+*)$-42"%$"($,-4$-+!"480!"-(.$'5(0*'%"-40(("-!$7
42&4+"-#*$-)&#$-402*!$&!$<-
-K($-48"!+$-$'-3*'*!*-&++*'0+$-5!"-$-!$40(+"+$-#*((*-#0*-2!&8*#0!*-#$-"7

'"($4$,- #$'")$8"- *- 4+"+$8",- 4&'&- 2*!g- #$- '&!)"- !$8&'&48$0+$- 8&)*- "87
8*++"/$($-*#-$(-)*+&#&-4+"+$8&-'&'-($'*"!*-$'-&33*++&-9-2*!+"'+&-":"(("+&-
#"((*-'&!)"+$:*-"()*'&-2*!-48@*)$-2$"'$<-

J$D- 2!&/(*)"+$8"- !$40(+"- $':*8*- (."22($8"%$&'*- #*(("- 2!&8*#0!"- $'-
*4")*- "- 48@*)$- 42"%$"($,- $'- ;0"'+&- '*(("- 40"- 5&!)0("%$&'*- &!$3$'"!$"-
'&'- !$40(+"- $'- 3!"#&- #$- 5&!'$!*- 4+$)*-"88*++"/$($- #*(("- !$42&4+"- 4$4)$8"-
8&'-!$5*!$)*'+&-"((*-$'*:$+"/$($-")2($5$8"%$&'$-#*3($-42&4+")*'+$-8&''*47
4*-"((*-!&+"%$&'$-#*((.$)2"(8"+&,-8@*-4$-:*!$5$8"'&-2*!-*#$5$8$-"4$))*+!$8$-
$'-2$"'+"<-_$g-2*!-("-#$:*!4"-5&!)"-#*(-#$"3!"))"-#*3($-42&4+")*'+$-#*$-
20'+$-#*(-4$'3&(&-$)2"(8"+&-'*(("-#$!*%$&'*-#$-"%$&'*-4$4)$8",-8@*-$-#0*-
)*+&#$- 5&!'$48&'&H- 80!:$($'*&-2*!- (."'"($4$- #$'")$8",- $'-;0"'+&- !"22!*7
4*'+"+$:&-#*$-)"44$)$-42&4+")*'+$-$'-:"(&!*-"44&(0+&-!*3$4+!"+$-#0!"'+*-
(.$'+*!&-"!8&- +*)2&!"(*-#*((.*:*'+&-4$4)$8&-*-!"33$0'+$-#"-20'+$-#$:*!4$-
#*((.$)2"(8"+&-$'-$4+"'+$-#$55*!*'+$,-!*++$($'*&-$':*8*-2*!-(."'"($4$-4+"+$8"<-



FU- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

o-;0*4+&-$(-2!$'8$2"(*-)&+$:&-2*!-80$-$(-)*+&#&-RF,-/"4"+&-40-0'."'"($4$-
4+"+$8"-'&'-($'*"!*-8&'-5&!%*-"22($8"+*-'*(-8*'+!&-8$-)"44"-_G-#*(-4$'3&7
(&-$)2"(8"+&,-4$-!$:*("-$'"#*30"+&-"-8&3($*!*-3($-*55*++$-+&!4$&'"($-8"!"++*7
!$4+$8$-#*$-4$4+*)$-4+!0++0!"($-2("'$)*+!$8")*'+*-$!!*3&("!$<--

I(- 2!&/(*)"- 9- 4+"+&- 5&!+*)*'+*- 4*'+$+&- *#- $'- +*)2$- !*("+$:")*'+*-
!*8*'+$- 4&'&-4+"+*-*("/&!"+*-4:"!$"+*-3*'*!"($%%"%$&'$-#*(-)*+&#&-RF-"-
4$4+*)$- "4$))*+!$8$- $'- 2$"'+"- 8&'- (.$'+*'+&- #$- 8&!!*33*!'*- (*- 40##*++*-
#*5$8$*'%*<-N!"-(*-:"!$*-2!&2&4+*-*4$4+*'+$-$'-(*++*!"+0!"-$'-;0*4+"-4*#*-
4$-:0&(*-#*48!$:*!*-;0*(("-2&!+"+"-":"'+$-#"-N"S5"!-MN"S5"!-*+-"(<,-F]]ZQ,-
8@*-9-(.$#*"+&!*-#*(-)*+&#&-2*!-$-4$4+*)$-2$"'$-MN"S5"!-,-EOOOQ<-

?5 2@;>$;6>#%6;'!&'A!>%'?-'8;&'=;$%8%'1<'

>.*4+*'4$&'*- #*(- )*+&#&- RF- "(- 8"4&- 42"%$"(*- MN"S5"!- *+- "(<,- F]]Z- /Q- 4$-
5&'#"- 40((&- 4+0#$&- #$- 0'- 8*!+&- '0)*!&- #$- 4+!0++0!*- "4$))*+!$8@*- $'-
2$"'+"-8&'-*88*'+!$8$+?-/$"44$"(*-#*$-8*'+!$-#$-)"44"-*-!$3$#*%%",-)"-!*7
3&("!$- $'- "(+*%%"- *- 4&33*++*- "#- *88$+"%$&'*- 4$4)$8"- '*((*- #0*- #$!*%$&'$-
MN"S5"!-*+-"(<,-F]]Z-"Q<-C$-*44$-4&'&-4+"+*-:"(0+"+*-#"22!$)"-("-!$42&4+"-
4$4)$8"-*("4+$8"-"++!":*!4&-0'."'"($4$-)&#"(*-8&'-42*++!&-#$-!$42&4+"-*#-
$'- 4*30$+&- ;0*(("- $'*("4+$8"- +!")$+*- 0'."'"($4$- #$'")$8"-'&'- ($'*"!*<- I-
4$4+*)$-$'#"3"+$-!$*'+!"'&-2*!g-;0"4$-+0++$-'*(("-8("44*-#*$-+&!4$&7!$3$#$,-
8"!"++*!$%%"+$- #"- 0'"- !$3$#*%%"- +&!4$&'"(*- 3(&/"(*- *(*:"+"- !$42*++&- "-
;0*(("- +!"4("%$&'"(*,- *- #0';0*- ($)$+"+")*'+*- "- +"(*- 8"+*3&!$"- 2&44&'&-
!$+*'*!4$- :"($#$- $- !$40(+"+$- &++*'0+$<-NO+(#$)& '+00+& !,!0#(#& '#,!*# E+- @"-
8&'4*'+$+&-#$-!$(*:"!*-"(80'*-+*'#*'%*H-

  >"- 3#(")($!& +0!($# !- #*$- +&!4$&7!$3$#$- 9- 4*)2!*- 8"!"++*!$%%"+"- #"-
")2($5$8"%$&'*- #*3($- 42&4+")*'+$- "- 8"04"- #*((*- !&+"%$&'$- 40(- ("+&-
5(*44$/$(*,-#*")2($5$8"%$&'*-40(-("+&-!$3$#&V-

  >"-3#(")($!&#,+0!($# !,-2$D-#$55$8$(*-#"-$'+*!2!*+"!*-2*!-("-'&+*:&(*-
#$42*!4$&'*-#*$-!$40(+"+$-*-(.*(*:"+&-'0)*!&-#*$-2"!")*+!$-$'-3$&8&,-
5!"- 80$- "'8@*- (.$'+*'4$+?- #*((.*88$+"%$&'*- 4$4)$8",- @"- 2*!g- *:$#*'7
%$"+&-"(80'*-2!*8$4*-+*'#*'%*H-
- K($-*55*++$-+&!4$&'"($-$'-3*'*!*-4$-!$#08&'&-"((."0)*'+"!*-#*((*-#*7
5&!)"%$&'$-2("4+$8@*V-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- Fc-

- A0(-("+&-5(*44$/$(*-M2$D-:$8$'&-"-_GQ-4$-!$#08*-(.*'+$+?-#*((*-")2($7
5$8"%$&'$-#*3($-42&4+")*'+$-"-8"04"-#*(("-+&!4$&'*V-

- A0(-("+&-!$3$#&-M2$D-(&'+"'&-#"-_GQ-4$-!$#08*-(.*'+$+?-#*((*-#*")7
2($5$8"%$&'$-*#-$'-"(80'$-8"4$-4$-2"44"-2*!4$'&-#"-#*")2($5$8"%$&7
'*-"#-")2($5$8"%$&'*V-

>"- 8&'8(04$&'*- 9- 8@*-;0"(0';0*-*55*++&- 5":&!*:&(*-#&:0+&-"(("- +&!7
4$&'*- 40(- ("+&- !$3$#&- &::*!&- ;0"(0';0*- !$#0%$&'*- #*3($- 42&4+")*'+$- !$7
42*++&-"(-8&!!$42&'#*'+*-/$("'8$"+&,-8@*-20g-:*!$5$8"!4$-$'-8")2&-*("4+$7
8&,-+*'#*-"#-"++*'0"!4$-&-2*!4$'&-"-48&)2"!$!*-$'-8")2&-$'*("4+$8&<-

P0& ),43),$)& ),&0O!,!0#(#&'#,!*# !&*)'!0+&+0!($# !-2&$-)*++*-$'-(08*-
8&)*-*44"-2&44"-8&4+$+0$!*-0'"-4+$)"-"22!&44$)"+",-#$-4&($+&-8&'4*!:"7
+$:"-"'8@*- $'- 8")2&- $'*("4+$8&,-#*((.")2($5$8"%$&'*-#*3($- 42&4+")*'+$-"-
8"04"-#*(("-+&!4$&'*<-C"-8$g-(.$#*"-#$-8&)/$'"!*-$'-0'.0'$8"-2!&8*#0!"-#$-
8"(8&(&-(*-#0*-"'"($4$H-
"Q >.-!,!0#(#&($!$# !&,),&0#,+!3+&"+3&(#($+*#&("!9#!0#,-8&'-("-;0"(*-:"(07
+"!*- ("-#&)"'#"-#$- 42&4+")*'+&-2*!-_G- $'- +*!)$'$-#$- 42&4+")*'+&-
"44&(0+&-$'-+*4+"-"((.*#$5$8$&-*-42&4+")*'+$-!*("+$:$-(0'3&-(."(+*%%"V-

/Q >.!,!0#(#&*)'!0+& +0!($# !I&8&'- ("-;0"(*- $':*8*-:"(0+"!*- (*-")2($5$8"7
%$&'$-#$-42&4+")*'+&-8"04"+*-#"(("-+&!4$&'*<-

A&'&-;0$-#$-4*30$+&-*42&4+$-$-2"44$-2!*:$4+$-#"(("-5&!)0("%$&'*-#$-N"S5"!-
2*!-$(-)*+&#&-RF-*4+*4&-"-4+!0++0!*-"4$))*+!$8@*-$'-2$"'+"<-

EQ Q(+ /9#),+&'+00+&!,!0#(#&"/(E)8+3&(/&/,&*)'+00)&$3#'#*+,(#),!0+R-
A$-*4*30&'&-#0*-"'"($4$-4+"+$8@*- $'8!*)*'+"($- $'#$2*'#*'+$-!*("+$:"7
)*'+*-"(("-#0*-2!$'8$2"($-#$!*%$&'$-#*(("-2$"'+"-@-*#-A,-:"(0+"'#&'*-
3($-*55*++$-2*!-*'+!")/$-$-:*!4$-*#-"#&++"'#&-2*!-("-4$'3&("-#$!*%$&'*-
8&)*-#&)"'#"-#$-42&4+")*'+&-$'-+*4+"-2*!-_G-$(-:"(&!*-)"44$)&-&+7
+*'0+&-#"((*-"'"($4$-!*("+$:*-"$-#0*-:*!4$<-

FQ Q(+ /9#),+&'#&/,O!,!0#(#&+0!($# !&*)'!0+&(/0&*)'+00)&$3#'#*+,(#),!0+&

#,&)22+$$)<-
A$- *4*30&'&- $'#$2*'#*'+*)*'+*-"'8@*-;0$- (*-"'"($4$-2*!-*88$+"%$&'*-
4$4)$8"-'*((*-#0*-#$!*%$&'$-&!$%%&'+"($<-W0*4+"-:&(+"-2*!g-4$-8&)/$'"7
'&- $- !$40(+"+$- !*("+$:$- "((*- #0*- #$!*%$&'$- 4*8&'#&- ("- !*3&("- AkAA-
M6S/!3+&M))$&)4&6/*&)4&6S/!3+(Q<-A$-'&+$-8@*,-2*!-("-4$'3&("-#$!*%$&'*-
#$-"%$&'*-4$4)$8",-:*'3&'&-2!*4$-$'-8&'4$#*!"%$&'*-+0++$-$-)&#$-#$-:$7
/!"%$&'*-*-8@*-$-!$40(+"+$-!*("+$:$-"#-*44$-:*'3&'&-2&$-8&)2&4+$-4*8&'7



FP- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

#&-("-!*3&("-_W_-M7)*"0+$+&T/!'3!$# &7)*;#,!$#),Q,-8@*-4$-0+$($%%"-
'*(-8"4&-#$-2*!$&#$-2!&2!$-#$-&48$(("%$&'*-($/*!"-"44"$-2!&44$)$-5!"-(&!&-
8&)*-#$-'&!)"-"88"#*-2*!-$-4$4+*)$-+!$#$)*'4$&'"($<-

YQ 1+$+3*#,!9#),+&'+#&4!$$)3#&'#& )33+9#),+&'!&!""0# !3+&!00+&S/!,$#$%&3#-

0+8!,$#&)$$+,/$+&#,&+(#$)&!00O+(+ /9#),+&'+00+&!,!0#(#&"/(E)8+3-
 "($- 5"++&!$- #$- 8&!!*%$&'*- 4$- #*+*!)$'"'&- $'#$2*'#*'+*)*'+*- 2*!- (*-
#0*-#$!*%$&'$-5"8*'#&-!$5*!$)*'+&-+"'+&-"$-!$40(+"+$-#*((."'"($4$-4+"+$8"-
'&'- ($'*"!*- ;0"'+&- "$- !$40(+"+$- #*((."'"($4$-)&#"(*<- =44$- $'&(+!*- :"7
!$"'&-"(-:"!$"!*-#*(("-2&4$%$&'*-40((.$)2"(8"+&<-J!*8$4")*'+*H-
"Q A$- #*5$'$48*- (&- 42&4+")*'+&- '&!)"($%%"+&- $'- +*4+"- $'-0'- 3*'*!$8&-
20'+&-J-#*((.$)2"(8"+&-8&)*-$(-!"22&!+&-+!"-(&-42&4+")*'+&-"44&(07
+&-1<-$'-+*4+"-#$-J-'*(("-#$!*%$&'*-8&'4$#*!"+"-*-(&-42&4+")*'+&-"47
4&(0+&-17.-$'-+*4+"-#*(-8*'+!&-#$-)"44"-_G-'*(("-4+*44"-#$!*%$&'*H-

/Q A$- 8"(8&("- $(- 5"++&!*- #$- 8&!!*%$&'*-5<- $'- J- !*("+$:&- "(("- #$!*%$&'*-
8&'4$#*!"+"-8&)*-!"22&!+&-+!"-(&-42&4+")*'+&-'&!)"($%%"+&-$'-+*7
4+"-#$-J-&++*'0+&-#"((."'"($4$-)&#"(*-*-;0*((&-&++*'0+&-#"(("-"'"($4$-
204@&:*!-*4*30$+"-'*(("-#$!*%$&'*-$'-&33*++&---
A$-'&+$-8@*,-2&$8@p- $(-)*+&#&-;0$-*42&4+&-'&'-"))*++*-#*")2($5$7
8"%$&'$-#*3($-42&4+")*'+$-"-8"04"-#*(("-+&!4$&'*,-'&'-"))*++*-5"+7
+&!$-#$-8&!!*%$&'*-)$'&!$-#*((.0'$+?,-2*!+"'+&-;0"(&!"-4$-!*3$4+!$'&-
42&4+")*'+$-'&!)"($%%"+$-$'-+*4+"-&++*'0+$-#"((."'"($4$-)&#"(*-)$7
'&!$- #$- E<],- 4$- "440)*!?- 8&)0';0*- $(- :"(&!*- E<]- &::*!&- '&'- 4$-
2!*'#*!?- $'- 8&'4$#*!"%$&'*-"(80'"-#*")2($5$8"%$&'*-#*3($- 42&4+"7
)*'+$-#&:0+"-"(("-+&!4$&'*<-

[Q >*"0#4# !9#),+& '#& $/$$+& 0+& S/!,$#$%& 3#0+8!,$#& )$$+,/$+& !& (+2/#$)& '+00+&

!,!0#(#&"/(E)8+3&!$$3!8+3()&#&4!$$)3#&'#& )33+9#),+&'+$+3*#,!$#&!0&"3+-

 +'+,$+&"/,$)&UDR-
A$-'&+$-8@*-+"'+&-("-48*(+"-#*((*-;0"'+$+?-#"-")2($5$8"!*-;0"'+&-;0*(("-
#*$-5"++&!$-#"-"#&2*!"!*-#*:*-*44*!*-&22&!+0'"<-I'5"++$-(*-;0"'+$+?-!$7
(*:"'+$-"$- 5$'$-#*(("-!$42&4+"-4$4)$8"-4"!"''&-(*-#*5&!)"%$&'$-2*!-3($-
*(*)*'+$-#0++$($,-8@*-8$-4$-"++*'#*-4$"'&-2("4+$8$%%"+$,-*-(*-4&((*8$+"%$&7
'$-2*!-3($-*(*)*'+$-5!"3$($,-8@*-$':*8*-4$-2!*:*#*-!$)"'3"'&-$'-8")2&-
*("4+$8&<- J*!- ;0"'+&- !$30"!#"- ("- 48*(+"- #*(- 5"++&!*- #$- 8&!!*%$&'*- &27
2&!+0'&-4$-5"-(.*4*)2$&-#$-0'-+*("$&-2&4+&-$'-#$!*%$&'*-@-40(-8&'+&!'&-
#*((.$)2"(8"+&<-I(-5"++&!*-#$-8&!!*%$&'*-:*!!?-2*!+"'+&-:"(0+"+&-8&'-!$7



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- FO-

N$3<E<c<-=55*++$-+&!4$&'"($-$'-+*!)$'$-#$-42&4+")*'+&-'&!)"($%%"+&-$'-+*4+"--

&++*'0+$-#"(-)*+&#&-RF,-#"((."'"($4$-)&#"(*,-#"((."'"($4$-#$'")$8"-M)*#$*,-

)*#$*-e-σ,-$':$(022&Q-*-#"-0'."'"($4$-204@&:*!-2*!-0'-*#$5$8$&--$'-8<"<--

"-Y-2$"'$-2!&3*++"+&-2*!-4&($-8"!$8@$-:*!+$8"($<-

5*!$)*'+&-"(("-204@&:*!-*4*30$+"-8&'-8"!$8&-("+*!"(*-#$!*++&-(0'3&-@-*-
'*(-20'+&-#*((.$)2"(8"+&-8&!!$42&'#*'+*-"(-/"!$8*'+!&-#*(-+*("$&-$'-&37
3*++&<-
C"-0'-8&'5!&'+&-&2*!"+&-#"3($-4+*44$-"0+&!$-5!"-$-!$40(+"+$-#*(-)*+&#&-

*- ;0*(($- #*!$:"'+$- #"- "'"($4$- #$'")$8"- '&'- ($'*"!*,- "'"($4$- )&#"(*- *#-
"'"($4$-204@&:*!-4*'%"-8&!!*%$&'$-9-*)*!4&-8@*-(."22!&88$&-4$'&!"-#*8!$+7
+&-@"-8&'#&++&-'*(("-)"33$&!-2"!+*-#*$-8"4$-$':*4+$3"+$-"-4+$)*-8&'4*!:"7
+$:*-#*3($-*55*++$-+&!4$&'"($-MN$3<-E<cQ<-C."(+!&-8"'+&-9-20!-:*!&-8@*-$-!$40(7
+"+$- #*((&- 4+0#$&,- 80$- &!"- 8$- 4$- !$5*!$48*,- 4&'&- 4+"+$- 8"!"++*!$%%"+$- #"-
0'.*(*:"+"- #$42*!4$&'*- #*$- :"(&!$- *- 4$- 4&'&- 2*!8$g- !$:*("+$- #$55$8$()*'+*-
$'+*!2!*+"/$($<- I'&(+!*- ("-)"33$&!-2"!+*-#*$-4$4+*)$-*4")$'"+$-4&'&-+&!7
4$&7!$3$#$<--

^"-$'&(+!*-'&+"+&-8@*-(.$2&+*4$-5&'#")*'+"(*-2&4+"-"-/"4*-#*(-)*+&7
#&- 9- 8@*- ("- 2!*:$4$&'*- *("4+$8",- #"+"- #"((."'"($4$- )&#"(*,- #*(("- 5&!)"-
#*((.$':$(022&- #*3($- 42&4+")*'+$- $'- 2$"'+"- !$40(+$- 4*)2!*- 8&'4*!:"+$:"-
!$42*++&-"((.*55*++$:"-!$42&4+"-'&'-($'*"!*<-k*8*'+$-4+0#$-MC*-A+*5"'&-G<,-
J$'+088@$-q<,F]]PQ,-8@*-2*!g-5"''&-*48(04$:&-!$5*!$)*'+&-"-)&#*(($-4*)7
2($5$8"+$- )&'&2$"'&,- @"''&- )&4+!"+&- 8@*- 8$g- 9- :*!&- 2*!- *#$5$8$- +&!4$&7
!$3$#$-8&'-)&#*4+"-8*'+!$503"%$&'*-#$-!$3$#*%%*-*-!*4$4+*'%*,-20g-'&'-*47
4*!(&-2*!-4+!0++0!*-"(+")*'+*-+&!4$&7!$3$#*-8&)*-$-4$4+*)$-"-2"!*+$<-B(+*7
!$&!$-4+0#$-4&'&-4+"+$-$'8*'+!"+$-40(("-:"($#$+?-#*(("-40##*++"-$2&+*4$-'*(-
8"4&- #$- 4$4+*)$- )&'&2$"'&- +&!4$&75(*44$/$($- MC*- A+*5"'&- G<,- J$'+088@$-

-



Y]- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

q<,F]]OQ<- I'- 3*'*!"(*- 4$- 9- !$48&'+!"+&- 8@*- ("- 2!*:$4$&'*- *("4+$8"- #*3($-
42&4+")*'+$- #&:0+$- "(- 8&)2&!+")*'+&- +&!4$&'"(*- 9- 8&'4*!:"+$:"- '*(("-
)"33$&!-2"!+*-#*$-8"4$-$:$-8&'4$#*!"+$,-8&'-"(80'*-*88*%$&'$-2*!g-!*("+$:*-
"3($-48@*)$-"(+")*'+*-+&!4$&75(*44$/$($-8&'-)&#*4+"-8*'+!$503"%$&'*-#*((*-
!$3$#*%%*,-8&'-)&#*4+&-$)2*3'&-2("4+$8&-*#-*(*:"+&-2*!$&#&-+!"4("%$&'"(*-
#$4"88&22$"+&<-^"- $'&(+!*- "33$0'+&- 8@*- +"($- 4+0#$- @"''&-0'- :"(&!*- 4&(&-
&!$*'+"+$:&-*-'&'-2&44&'&-8&4+$+0$!*-#*$-!$40(+"+$-#*5$'$+$:$-$'-;0"'+&-'&'-
:"($#"+$-40-2$D-!*"($4+$8$-)&#*(($-)0(+$2$"'&<-B'&-4+0#$&-MC&(r*s<,F]]PQ-,-
8@*-@"-5!"-$-40&$-"0+&!$-(&-4+*44&-N"S5"!,--40-0'-)&#*((&-)0(+$2$"'&-8("47
4$5$8"/$(*- 8&)*- +&!4$&75(*44$/$(*- 9- 4+"+&- 8&'#&++&- 40- 0'- *#$5$8$&- !*"(*,- *-
20!- 8&'8(0#*'#&- 8@*- $(-)*+&#&-RF7YC- 5&!'$48*- 4+$)*- !"3$&'*:&()*'+*-
"880!"+*-*-'*(("-)"33$&!-2"!+*-#*$-8"4$-8&'4*!:"+$:*-#*(("-#&)"'#"-4$7
4)$8",-'&'-)"'8"-#$-!$)"!8"!*-"'8&!"-0'"-:&(+"-8@*-(*-"'"($4$-#$'")$7
8@*-4&'&-"55*++*-#"-0'.*(*:"+$44$)"-#$42*!4$&'*-#*$-!$40(+"+$-4&2!"++0++&-
40(-("+&-!$3$#&<-

B5 );$%8#'>$!$#A#'6%6'&#6;!7#'=9&$#=%8!&#'

I-)*+&#$-4+"+$8$-'&'-($'*"!$-4&'&-+0++$-/"4"+$-40-2!&8*#0!*-#$-204@&:*!-*-
;0*4+*,-8&)*-$'$%$"()*'+*-5&!)0("+*-2*!-48@*)$-2$"'$,-"'8@*-'*(("-&!$7
3$'"!$"-:*!4$&'*-#*(-)*+&#&-RF,-4&'&-+0++*-5&'#"+*-40-#0*-2!$'8$2"($-"47
40'%$&'$H--
• ("-!$42&4+"-#*(("-4+!0++0!"-#*:*-*44*!*-8&'+!&(("+"-#"-0'-4&(&-)&#&-#$-
:$/!"!*V-

• ("-5&!)"-#$-;0*4+&-)&#&-!$)"'*-$':"!$"+"-#0!"'+*-("-4+&!$"-#*(("-!$7
42&4+"<-

I'- !*"(+?- *'+!")/*-;0*4+*- "440'%$&'$- '&'- 4&'&- *4"++*,-)"-'*(- 8"4&-#$-
48@*)$-2$"'$-8&'#08&'&-"-/0&'*-4+$)*-#*(("-!$42&4+"-#$'")$8"-2*!-*#$5$7
8$,-2*!-$-;0"($-*55*++$:")*'+*-$(-2!$)&-)&#&-#$-:$/!"!*-!$40(+$-2!*:"(*'+*-
403($- "(+!$<- I'$%$"()*'+*,- "'8&!"- '*((X")/$+&- #*3($- 48@*)$- "- 8&)2&!+"7
)*'+&-+!"4("%$&'"(*,-)&(+$-!$8*!8"+&!$-4$-4&'&-2&4+$-$(-2!&/(*)"-#$-$'8(07
#*!*-'*((*-2!&8*#0!*-#$-204@&:*!-$(-8&'+!$/0+&-#*$-)&#$-402*!$&!$<-_$g-9-
4+"+&-5"++&-$'-:"!$&-)&#&<-I'-"(80'$-8"4$-4&'&-4+"+$-4*)2($8*)*'+*-*("/&7
!"+$-#*$-)&#*(($-#$-8"!$8&-("+*!"(*,-$'-80$-:*'3&'&-$'8(04$-$-8&'+!$/0+$-'&'-
#$-0'X0'$8"-)"-#$-2$D-5&!)*-)&#"($<-I'-N!**)"'-*+-"(<M-EOOPQ-"#-*4*)7



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- YE-

2$&-4$-2!&2&'*-0'"-#$4+!$/0%$&'*-#$-5&!%*-$'-"(+*%%"-&++*'0+"-8&)/$'"'7
#&,- 2$"'&- 2*!- 2$"'&,- (*- 5&!%*-#&:0+*-"$- 4$'3&($- 8&'+!$/0+$-)&#"($- "++!"7
:*!4&- ("- !"#$8*- ;0"#!"+"- #*(("- 4&))"- #*$- ;0"#!"+$- M!*3&("- AkAAQ<- I'-
^"((*4-*+-"(<-MEOOUQ,-$':*8*-4$-4033*!$48*-#$-$)2&!!*-8&)*-5&!)"-#$-42&7
4+")*'+&,- 80$- 4&'&-2!&2&!%$&'"($- (*- 5&!%*-"++!":*!4&- (*-)"44*-#$-2$"'&,-
0'-)&#&-*;0$:"(*'+*-Φ*;-8@*-!$40(+"-#"(("-8&)/$'"%$&'*-#*$-)&#$-#$-:$7
/!"%$&'*- #*(- 4$4+*)",- 2*4"+$- 8&'- $- !$42*++$:$- 5"++&!$- #$- 2"!+*8$2"%$&'*-
)&#"(*,-"++!":*!4&-("-!*3&("-AkAA<-L22!&88$-"(+*!'"+$:$-4$-8&'8!*+$%%"'&-
'*(("- *4*80%$&'*- #$- #$:*!4*- "'"($4$- 204@&:*!- 40(- )*#*4$)&- 48@*)"-
4+!0++0!"(*,-0+$($%%"'#&-2*!-8$"480'"-0'-)&#*((&-#$-8"!$8&-2!&2&!%$&'"(*-
"(- 3*'*!$8&- )&#&- #$- :$/!"!*- #*(("- 4+!0++0!"- *- 8&)/$'"'#&- 4088*44$:"7
)*'+*- $- !$40(+"+$- #*((*- 4$'3&(*-204@&:*!-2*!-&++*'*!*- ("- !$42&4+"- +&+"(*-
#*(-4$4+*)"<-B'-2!$)&-"22!&88$&-8&)2(*+&-#$-"'"($4$-204@&:*!-)0(+$)&7
#"(*-#$-;0*4+&-3*'*!*-9-;0*((&-#*48!$++&-#"-_@&2!"-*-K&*(-MF]]FQ,-$'-80$-
4$- $'+!&#08*- 2*!- 48@*)$- 2$"'$- ("-G&#"(-J04@&:*!-L'"(i4$4- MGJLQ,- 8@*-
2*!-4$4+*)$-*("4+$8$-9-8&'8*++0"()*'+*-*;0$:"(*'+*-"((X"'"($4$-)&#"(*-8&'-
42*++!&-#$-!$42&4+"-kAL-Mk*42&'4*-A2*8+!0)-L'"(i4$4Q<-C$-;0*4+&-)*+&7
#&- 9- 4+"+"- 5&!)0("+"- 4088*44$:")*'+*- 0'"- *4+*'4$&'*- "- 48@*)$- +!$#$7
)*'4$&'"($-#&+"+$-#$-4$))*+!$"-)&'&"44$"(*- $'-2$"'+"-*-4&33*++$-"#-0'-
$'20+-4$4)$8&-)&'&#$!*%$&'"(*-M_@&2!"-*-K&*(,-F]][Q<-J0'+&-#$-2"!+*'%"-
#$-;0*4+&-"22!&88$&-9-(X*;0"%$&'*-#*(-)&+&-#*(-4$4+*)"-$'-!$42&4+"-"#-0'-
$'20+-)&'&#$!*%$&'"(*- '&'8@p- (X*42"'4$&'*-)&#"(*- #*((*- 5&!%*- *;0$:"7
(*'+$-"(-4$4)",-#$-80$-4$-9-3$?-5&!'$+"-4&2!"-(X*42!*44$&'*-'*(("-ME<-PQ-*-8@*-
;0$-2*!-8&':*'$*'%"-4$-!$8&!#"<-
B'-*#$5$8$&-8&'-$!!*3&("!$+?-$'-2$"'+"-*-Y?-$)2"(8"+$-!$3$#$-9-0'-4$4+*)"-
#&+"+&-#$-Y?-3!"#$-#$-($/*!+?,-#0*-+!"4("%$&'$-*#-0'"-!&+"%$&'*-+&!4$&'"(*-
2*!-8$"480'-2$"'&H-
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T

11 ,,,;,,,;,,, θθθθ NNyyyyNxxxx uuuuuuuuu !!! === uuu -ME<-YcQ-

>"-40"-*;0"%$&'*-#*(-)&+&-$'-!$42&4+"-"#-0'-$'20+-4$4)$8&-)&'&#$!*%$&7
'"(*-9-H-

( ) gs uf       "MuuuCuM −=++ segn, - ME<-YPQ-

#&:*H-
)-- 9-("-)"+!$8*-#$-)"44"-#*(-4$4+*)"V-
 -- 9-("-)"+!$8*-#$-4)&!%")*'+&-#*(-4$4+*)"V-



YF- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

( )uu  segn,sf -9-("-)"+!$8*-#*((*-5&!%*-!*4$4+*'+$-#*(-4$4+*)"--

- 8&!!$42&'#*'+$-"-(*33$-8&4+$+0+$:*-'&'-($'*"!$V-
ιιιι- 9- $(-:*++&!*-8@*-!"22!*4*'+"- ("-#$4+!$/0%$&'*-42"%$"(*-

- #*((*-5&!%*-*;0$:"(*'+$-"(-+*!!*)&+&-"+44&&&::*!&H-

( ) ( ) ; lungo sismaper       ; lungo sismaper  yx
TT

010"101" == -ME<-YOQ-

>"-)"+!$8*-#$-)"44"-2*!-$(-4$4+*)"-42"%$"(*-"440)*-("-5&!)"H-
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- ME<-[]Q-

#&:*H--
=-9-("-4&++&)"+!$8*-#$"3&'"(*-8&'+*'*'+*-40(("-#$"3&'"(*-2!$'8$2"(*-

- (*-)"44*-#$-2$"'&V-
.%-9-("-4&++&)"+!$8*-8&'+*'*'+*-40(("-#$"3&'"(*-2!$'8$2"(*-$-)&)*'+$-

- #$- $'*!%$"- 2&("!$- :"(0+"+$- !$42*++&- "(- 8*'+!&- #$- )"44"--
- #$-&3'$-$)2"(8"+&<-

A044$4+*-("-4*30*'+*-*42"'4$&'*-)&#"(*-#*((*-5&!%*-*;0$:"(*'+$-"(-4$4)"H-
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nn - ME<-[YQ-

_$"480'&-#*$-+*!)$'$-"+44I,-!"22!*4*'+"-$(-8&'+!$/0+&-)&#"(*-"-"+44,->!-9-$(-
:*++&!*- 8@*- '*- #*48!$:*- ("- #$4+!$/0%$&'*- 42"%$"(*- *#- 9- !"22!*4*'+"+$:&-
#*(("- #$4+!$/0%$&'*- #*((*- 5&!%*- #$- $'*!%$"-'"48*'+$- $'- 8")2&- *("4+$8&- $'-
!$42&4+"-"((X*88$+"%$&'*-"+44I,<-=44&-9-*42!*44&-#"(("-!*("%$&'*H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- YY-
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- ME<-[[Q-

I(-8&'+!$/0+&-)&#"(*->!"-8@*-#*5$'$!?-("-#$4+!$/0%$&'*-#*((*-5&!%*-#"-
"#&2*!"!*-'*(("-4$'3&("-"'"($4$-204@&:*!-#*((&-48@*)"-42"%$"(*,-8&)*-4$-
:*#*-#"(("- ME<-[[Q-8&)2!*'#*-"#-&3'$- $)2"(8"+&-+"'+&- 5&!%*- ("+*!"($-#$7
!*++*-(0'3&-3($-"44$-@-*#-A-;0"'+&-8&22$*-+&!8*'+$<-

I'-8")2&- ($'*"!*-4$-20g-2!&:"!*-8@*,-4*- $(-4$4+*)"-9-8("44$8")*'+*-
4)&!%"+&,- 8&)*-#$-'&!)"-"::$*'*,- (*-!$42&4+*-#$'")$8@*-"$-4$'3&($- +*!7
)$'$-"#$$"!'4&'&- 5!"- (&!&-#$4"88&22$"+*H- ("-!$42&4+"- $'-+*!)$'$-#$-42&4+"7
)*'+&- "(- 3*'*!$8&- 4$4+*)"- #$- 5&!%*- "#$$"!' - 9- $'+*!")*'+*- 3&:*!'"+"--
#"((X,7*4$)&-)&#&-#$-:$/!"!*-*-20g-*42!$)*!4$,-$4+"'+*-2*!-$4+"'+*,-8&)*-
4*30*H-

nnnnnynnynnxnnxn DDD θθ  u u u  ;  ; Γ=Γ=Γ= - ME<-[ZQ-

#&:*H--
9@,,-9A,,-9θ,-4&'&-(*-8&)2&'*'+$-#$-)&+&-#*5$'$+*-$'-_G-8&'4*30*'+$-

- (X"22($8"%$&'*-"(-4$4+*)"-#*((*-5&!%*%"#$$"!-V-
ΦΦΦΦ@,,-ΦΦΦΦA,,-ΦΦΦΦθ,-4&'&-(*-8&)2&'*'+$-#*((X,7*4$)&-)&#&-#$-:$/!"!*-#*(("-

- 4+!0++0!"- $'- #$!*%$&'*- @- *#& A- '&'8@p- (*- 40*- !&+"%$&'$-
- +&!4$&'"($-"$-:"!$-2$"'$<-

1,-- 9- (&- 42&4+")*'+&-#$'")$8&-#$-0'-4$4+*)"-"#-0'-3!"#&-
#$- ($/*!+?- ":*'+*- (*-)*#*4$)*- 2!&2!$*+?- #$- :$/!"%$&'*-
#*((X,7*4$)&- )&#&,- $'- !$42&4+"- "((X"88*(*!"%$&'*-
-"(-40&(&- gu  <-

I'-)"'$*!"-"'"(&3"-("-!$42&4+"-3,-#*(-4$4+*)"-"-"#$$"!'-$'-+*!)$'$-#$-0'"-
3*'*!$8"-;0"'+$+?-#$-!$42&4+"-3-4"!?H-

n
st

nn Arr = - ME<-[UQ-

#&:*H--
3,($-- 9- ("- !$42&4+"- 4+"+$8"- #*(- 4$4+*)"- 80$- :$*'*- "22($8"+&--

- $(- 4$4+*)"- #$- 5&!%*- '*((*- #0*- #$!*%$&'$- *- 8&22$*- +&!8*'+$--
- *42!*44&-#"(("-ME<-[[Q<-



Y[- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<P<-A8@*)"-#*((X"22($8"%$&'*-#*(("-2!&8*#0!"-GJL-2*!-48@*)$-2$"'$<-

>,-- 9- ("- 2*40#&7"88*(*!"%$&'*- #$- 0'- 4$4+*)"- "#- 0'- 3!"#&- #$--
- ($/*!+?- ":*'+*- (*- )*#*4$)*- 2!&2!$*+?- #$- :$/!"%$&'*--
- #*((X,7*4$)&-)&#&,-$'-!$42&4+"-"((X"88*(*!"%$&'*-"(-40&(& gu  <-

>*-!*("%$&'$- ME<-[ZQ-*#- ME<-[UQ-4$-2&44&'&-!$5*!$!*-+"'+&-"(("-4+&!$"-#*(("-
!$42&4+"-;0"'+&-"(-:"(&!*-#$-2$88&-#*(("-3*'*!$8"-;0"'+$+?-#$-!$42&4+"<-I'-
+"(-8"4&-1,-*#->,-'&'-4&'&-$-:"(&!$-$4+"'+"'*$-#*(("-!$42&4+"-#*(-4$4+*)"-
"#- 0'- 3!"#&- #$- ($/*!+?- "44&8$"+&- "((X,7*4$)&- )&#&,- ;0"'+&- 2$0++&4+&- $-
40&$- :"(&!$- #$-2$88&<-R*(- 8"4&-#$- "'"($4$-)&#"(*- 8&'- 42*++!&-#$- !$42&4+"-
*44$-:*'3&'&-:"(0+"+$-"++!":*!4&-0'&-42*++!&-#$-!$42&4+"-*("4+$8&<-

>"-!$42&4+"-+&+"(*-#*(-4$4+*)"-"#-0'-*:*'+&-4$4)$8&,-$4+"'+*-#&2&-$7
4+"'+*,- 9- #0';0*- :"(0+"/$(*- 4&:!"22&'*'#&- (*- 4$'3&(*- !$42&4+*-)&#"($<-
>"- !$42&4+"- +&+"(*- #$- 2$88&- 9- $':*8*- :"(0+"/$(*- 8&)/$'"'#&- &22&!+0'"7
)*'+*-(*-!$42&4+*-#$-2$88&-#&:0+*-"$-4$'3&($-8&'+!$/0+$-)&#"($-"++!":*!4&-
8&)2!&:"+*-!*3&(*-#$-8&)/$'"%$&'*-)&#"(*,-;0"(*-("-8&)/$'"%$&'*-;0"7
#!"+$8"- 8&)2(*+",- $#&'*"-"$- 4$4+*)$- 42"%$"($,- 8@*-@"''&-2*!$&#$-)&#"($-
"44"$-2!&44$)$-5!"-(&!&<-

>X"'"($4$-#$'")$8"-#*(-4$4+*)"-4+!0++0!"(*-9-#*8&)2&'$/$(*-'*((X*4*7
80%$&'*-#$-Y?-"'"($4$- 4+"+$8@*- ($'*"!$-#*(("- 4+!0++0!"-42"%$"(*-4&33*++"-
"((*-#$4+!$/0%$&'$-#$-5&!%"-*42!*44*-#"(("-ME<-[[Q-*-Y?-"'"($4$-#$'")$8@*-
#$-&48$(("+&!$-4*)2($8$-"44&8$"+$-"$-4$'3&($-)&#$-#$-:$/!"!*,-&-2$D-4*)2($7
8*)*'+*-Y?- (*++0!*-42*++!"($- $'- 8&!!$42&'#*'%"-#*$-2*!$&#$-"44&8$"+$-"$-
4$'3&($-&48$(("+&!$-4*)2($8$<-I'-N$3<-E<P-9-!"22!*4*'+"+&-0'&-48@*)"-#*(--
50'%$&'")*'+&-#*(("-2!&8*#0!"-GJL-'*(-8"4&-#$-48@*)$-2$"'$<-

-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- YZ-

I'- "(+*!'"+$:"- (*- )*#*4$)*- ;0"'+$+?- )&#"($- 3,- 2&44&'&- &++*'*!4$-
4*)2($8*)*'+*-"22($8"'#&-$'-)"'$*!"-$'8!*)*'+"(*-$(-4$4+*)"-#$-5&!%*-*-
8&22$*-+&!8*'+$->,F-*42!*44&-#"(("-!*("%$&'*H-
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- ME<-[cQ-

I'-+"(-8"4&-("-4+!0++0!"-:"-42$'+"-5$'&-"(-!"33$0'3$)*'+&-"((X0(+$)&-
$)2"(8"+&-#*((*-4*30*'+$-8&)2&'*'+$-#*(-8*'+!&-#$-)"44"H-

nNnnNnnNynnNynnNxnnNxn DDDu
,,,,,,

 ;  ; θθ  u u Γ=Γ=Γ= - ME<-[PQ-

>"-2!&8*#0!"-"22*'"-#*48!$++",-8@*-8&4+$+0$48*-0'-$'4&($+&-)&#&-#$-42$*7
3"!*- (X"'"($4$-)&#"(*- 8&'- 42*++!&- #$- !$42&4+"- 2*!- $- 4$4+*)$- ($'*"!$,- 20g-
*44*!*-*4+*4"-"'8@*-$'-8")2&-'&'-($'*"!*<-I'-+"(-8"4&-9-"'8&!"-2&44$/$(*-
:"(0+"!*-(X,7*4$)&-8&'+!$/0+&-)&#"(*-"(("-!$42&4+"-#$-2$88&-#$-0'-4$4+*)"-
4+!0++0!"(*- "22($8"'#&- 4+"+$8")*'+*- "#- *44&- ("- #$4+!$/0%$&'*- #$- 5&!%*--
ME<-[cQ-*-42$'3*'#&-("-4+!0++0!"-5$'&-"(-!"33$0'3$)*'+&-#*3($-42&4+")*'7
+$-$'-+*4+"-ME<-[PQ<-W0*4+"-:&(+"-2*!g-(X"'"($4$-9-'&'-($'*"!*-*#-$-:"(&!$-#$-
2$88&-1,-*#->,-:"''&-:"(0+"+$-"-4*30$+&-#$-0'X-"'"($4$-#$'")$8"-'&'-($'*7
"!*- #*((X&48$(("+&!*- "44&8$"+&- "((X,7*4$)&-)&#&-#$- :$/!"!*,- 8@*- &!"- 9- 0'-
&48$(("+&!*-*("4+&72("4+$8&,-&::*!&-"++!":*!4&-0'"-(*++0!"-#"-0'&-42*++!&-
#$-!$42&4+"-$'*("4+$8&<-q$4&3'"-;0$-&44*!:"!*-8@*-$'-0'-4$4+*)"-$'*("4+$7
8&- $- :"(&!$- #$- 2$88&- #*((*- +!*- 8&)2&'*'+$- #$-)&+&- #*((X0(+$)&- $)2"(8"+&-
'&'-4&'&-!"33$0'+$- $'-)"'$*!"-4$)0(+"'*"-*-2*!+"'+&-!$40(+"-$'-;0*4+&-
8"4&-'*8*44"!$&-4*(*%$&'"!*-0'"-#$-;0*4+*-8&)2&'*'+$-8&)*-42&4+")*'7
+&- #$- 8&'+!&((&<- L- 4*30$+&- #*((X"22($8"%$&'*- "((&- 48@*)"- 4+!0++0!"(*- #*(-
:*++&!*-#$- 8"!$8&->,F- 4$- &++*'3&'&-#0*-#$4+$'+*- 80!:*-204@&:*!- (0'3&- (*-
#0*-#$!*%$&'$-@-*#-A<-K($-"0+&!$-4033*!$48&'&-#$-48*3($*!*-;0*(("-'*(("-#$7
!*%$&'*-2!*:"(*'+*-#*(-)&#&-8&'4$#*!"+&<--
>"-#*+*!)$'"%$&'*-#*((&-42&4+")*'+&-#$-2$88&-1,-#*((X&48$(("+&!*-4*)2($7
8*- $'*("4+$8&-2!*4022&'*-("-8&'&48*'%"-#*(-40&-(*3")*-$'*("4+$8&-5&!%*7
42&4+")*'+$<- "(*-(*3")*-M5(,VN,-7-1,Q-:$*'*-#*#&++&-#$!*++")*'+*-#"(("-
80!:"-204@&:*!-"44&8$"+"-"(-)&#&-,7*4$)&-M:;,- 7-/?I,Q,-#&2&-":*!("-+!"7
45&!)"+"-$'-0'-(*3"+*-/$($'*"!*MN$3<-E<OQ<->*-!*("%$&'$-#$-8&':*!4$&'*-4&7
'&-/"4"+*-40$-5&'#")*'+$-+*&!$8$-2*!-$(-#$4"88&22$")*'+&-#*(("-!$42&4+"-
+&+"(*-'*$-40&$-8&'+!$/0+$-)&#"($,-:"($#$-2*!-$-4$4+*)$-($'*"!$<--



YU- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<O<-J!&2!$*+?-#*((X&48$(("+&!*-4*)2($8*-"44&8$"+&-"((X,7*4$)&-)&#&--

:"(0+"+*-"-2"!+$!*-#"(("-80!:"-204@&:*!--&++*'0+"-8&'--

$(-:*++&!*-#$-8"!$8&-"-;0*4+&-!*("+$:&<-

J!*8$4")*'+*H-
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nnn LM ⋅Γ=* -9-("-)"44"-2"!+*8$2"'+*-"((X'7*4$)&-)&#&V-

Φ?I,- 9- ("- 8&)2&'*'+*- #*((X,7*4$)&-)&#&- (0'3&- ("- #$!*%$&'*-
- 2!*:"(*'+*-"((X0(+$)&-$)2"(8"+&--
>*-#0*-;0"'+$+?-5(,VN,-*-1,-2*!-0'-4$4+*)"-"#-0'-3!"#&-#$-($/*!+?-":*'7
+*-2*!$&#&-*-!"22&!+&-#$-4)&!%")*'+&-2"!$-"-;0*(($-#*((X,7*4$)&-)&#&-!$7
40(+"'&-8&!!*("+*-"++!":*!4&-("-!*("%$&'*H-
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nn
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G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- Yc-

I(- 2*!$&#&- #$- :$/!"%$&'*- *("4+$8&- J,- #*((X&48$(("+&!*- 4*)2($8*- *("4+&7
2("4+$8&-"44&8$"+&-"((X,7*4$)&-)&#&-#$-:$/!"%$&'*-4"!?-2*!+"'+&H-
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T π - ME<-ZEQ-

I'- 8&!!$42&'#*'%"-"(-2*!$&#&-J,&*#-"((&- 4)&!%")*'+&-)&#"(*-ξ,&4$-20g-
#*+*!)$'"!*- (&-42&4+")*'+&-1,-4:&(3*'#&-0'"-"'"($4$-#$'")$8"-'&'-($7
'*"!*- #*((X&48$(("+&!*- *("4+&72("4+$8&- 4&33*++&- "((X$'20+- 4$4)$8&,- 80$- 4$-
4&++&2&'*- (X$'+*!"- 4+!0++0!",- &220!*-"++!":*!4&-0'&- 42*++!&-#$-2!&3*++&-
$'*("4+$8&-&-"'8&!"-"++!":*!4&--0'&-42*++!&-*("4+$8&-"44&8$"+&-"-#*((*-!*7
("%$&'$-*)2$!$8@*-8@*-#*5$'$48&'&-$(-!"22&!+&-+!"-(&-42&4+")*'+&-)"44$7
)&-#$-0'-&48$(("+&!*-$'*("4+$8&-!$42*++&-"(-8&!!$42&'#*'+*-&48$(("+&!*-*("7
4+$8&<-

C"((&-42&4+")*'+&-1,-$':*!+*'#&-("-4*8&'#"-#*((*-!*("%$&'$-ME<-[OQ-9-
2&$-2&44$/$(*-#*+*!)$'"!*- (&- 42&4+")*'+&- $'- +*4+"-"((X*#$5$8$&-/?I,-'*(("-
#$!*%$&'*- 2!*48*(+"- 2*!- ("- 80!:"-204@&:*!<- I'- 8&!!$42&'#*'%"- "- ;0*4+&-
($:*((&,-#"((X"'"($4$-4+"+$8"-$'8!*)*'+"(*-8&'#&++"-8&'-$(-:*++&!*-#$-8"!$8&-
>,F,- 4"!?-2&$-2&44$/$(*-#*+*!)$'"!*- ("-!$42&4+"-3,-8@*-8&4+$+0$48*-0'X"27
2!&44$)"%$&'*- #*(- :"(&!*- #$- 2$88&- #*(("- !$42&4+"-)&#"(*- #$'")$8"- 3,B$D-
#*(- 4$4+*)"- $'*("4+$8&<- I(- 2$88&- #*(("- !$42&4+"- +&+"(*- 4$- &++$*'*- $'5$'*-
8&)/$'"'#&- $- 4$'3&($- 2$88@$-)&#"($<- >"- !*3&("- #$- 8&)/$'"%$&'*- $'$%$"(7
)*'+*- 4033*!$+"- #"3($- "0+&!$- 9- ("- 8&)/$'"%$&'*- ;0"#!"+$8"- 8&)2(*+"-
_W_<- I(-)*+&#&-9- 4+"+&- +*4+"+&-40- +!*-4$4+*)$-"4$))*+!$8$,-&++*'0+$-#"-
"(+!*++"'+$-48@*)$-4$))*+!$8$-42&4+"'#&-("-2&4$%$&'*-#*(-/"!$8*'+!&-#*(7
(*-)"44*<-I-4$4+*)$-"4$))*+!$8$-*4")$'"+$-$'-;0*4+&-(":&!&-8&!!$42&'#&7
'&-"#-"(+!*++"'+$- ($:*(($-#$-"88&22$")*'+&-("+*!&7+&!4$&'"(*-*42!*44$-#"(-
!"22&!+&-Ωθ-5!"-(*-5!*;0*'%*-)&#"($-+&!4$&'"(*-*-+!"4("%$&'"(*-#*(-8&!!$7
42&'#*'+*-4$4+*)"-/$("'8$"+&<-A$- +!"++"-0'-+&!4$&7!$3$#&- MΩθtEQV-0'-+&!7
4$&75(*44$/$(*-MΩθmEQ-*#-0'-4$4+*)"-"-8&)2&!+")*'+&-$'+*!)*#$&-MΩθ ≅EQ<-
G*'+!*- 2*!- $- 2!$)$- #0*- $(- ($:*((&- #$- "880!"+*%%"- #*(("- 2!&8*#0!"-GJL-
'*(("-4+$)"-#*(("-!$42&4+"-4$4)$8"-4$-9-!$:*("+&-4&4+"'%$"()*'+*-$(-)*#*7
4$)&-#$-;0*((&-!$(*:"+&-'*((&-4+0#$&-#*$-(&!&-8&!!$42&'#*'+$-4$4+*)$-/$("'7
8$"+$,- 2*!- (X0(+$)&- 4$4+*)"- (*-2!*:$4$&'$- 4&'&-0'-2&X-)*'&-"880!"+*<->"-
8"04"-#$- 8$g- 9- 4+"+"- !$8&'&48$0+"- #"3($- "0+&!$- '&'- 4&(&- '*(- 5&!+*-"88&27
2$")*'+&-("+*!&7+&!4$&'"(*-#*(-4$4+*)",-)"-"'8@*-'*(-5"++&-8@*-(*-4$'3&7



YP- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

N$3<E<E]<-C$"3!"))"-#*3($-42&4+")*'+$-4+"+$8$-*-#$'")$8$-#*$--

20'+$-#*((.$)2"(8"+&-M"QV-I':$(022&-#*3($-42&4+")*'+$-#$'")$8$-"-)*%%&-#$-

#0*-#$"3!"))$-4+"+$8$-8&'-"(+!*++"'+*-*88*'+!$8$+?-8&!!*++$:*&+W&+'&+X-M/Q<-

(*- !$42&4+*-)&#"($- "++$'3&'&- "$- (&!&- 2$88@$- ;0"4$- 4$)0(+"'*")*'+*<- I'-
;0*4+*-8&'#$%$&'$-("-!*3&("-#$-8&)/$'"%$&'*-_W_-!$40(+"-$'"22($8"/$(*-*-
2*!+"'+&-3($-"0+&!$-@"''&-4033*!$+&-#$-0+$($%%"!*-("-!*3&("-LqAABG-&:7
:*!&-("-4&))"-#*$-)"44$)$-#*(("-!$42&4+"-$'-:"(&!*-"44&(0+&<-

C5  %77;:#%6;'#6'"#!6$!'A%6'A!7#A%';AA;6$7#A%'

B'- "22!&88$&- #$55*!*'+*- 2!*40)*- (X"22($8"%$&'*- #$- 0'- 4$4+*)"- #$- 5&!%*-
4+"+$8@*- 40- +0++$- 3($- $)2"(8"+$- "$- :"!$- 2$"'$- $'- 2&4$%$&'*- *88*'+!$8"- !$7
42*++&-"(-8*'+!&-#$-)"44",-$'-)&#&-8&4d-#"-8&3($*!*-("-!$42&4+"-+&!4$&'"(*-
#*(-3*'*!$8&-*#$5$8$&<->X*'+$+?-#*((X*88*'+!$8$+?-#*(-8"!$8&-!$42*++&-"(-/"!$7
8*'+!&- #*((*-)"44*- #*:*- *44*!*-)*44"- $'- !*("%$&'*- "((*- 8"!"++*!$4+$8@*-
#*(- 4$4+*)"- *4")$'"+&- *- #0';0*- "(("- 5&!)"- #*(- #$"3!"))"-#*3($- 42&7
4+")*'+$- #$'")$8$- 8@*- $'- 8&'4*30*'%"- *44&- "440)*<- B'- "22!&88$&- #$-
;0*4+&-3*'*!*-9-4+"+&-$'$%$"()*'+*-2!&2&4+&-2*!-48@*)$-4*)2($5$8"+$-)&7
'&2$"'&-MN*!!"!",-F]]c-*-q&48&-*+-"(<,F]]O"Q<-

L-/"4*-#*(-)*+&#&-4$-+!&:"-$(- ),43),$)&43!&0!&'#8+3(!&4)3*!&!((/,$!&

'!0& '#!23!**!& '+20#& (")($!*+,$#- #*$- 20'+$- #*((.$)2"(8"+&- &++*'0+$- #,&

a b 

- -

 



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- YO-

+(#$)&!'&/,O!,!0#(#&'#,!*# !&,),&0#,+!3+-*-!'&/,O!,!0#(#&($!$# !&,),&0#-
,+!3+H-,+0&"3#*)& !(),-("-'&'-8&'+*)2&!"'*$+?-#*$-2$88@$-#$-42&4+")*'+&-
!"33$0'+$-#"$-#$:*!4$-*(*)*'+$-!*4$4+*'+$-*-4088*44$:")*'+*- $':$(022"+$-
'*(-#$"3!"))"-8&'#08*-"#-0'-"'#")*'+&-3*'*!"()*'+*- /38#0#,+),-2$D-
&-)*'&-)"!8"+&- $'- /"4*- "((*- 8"!"++*!$4+$8@*- #*(- 4$4+*)"; :$8*:*!4"-,+0&
(+ ),')& !(),-$'-2*!5*++&-"88&!#&-8&'-(.$2&+*4$-#$-$)2"(8"+&-!$3$#&,-$(-#$"7
3!"))"- #*3($- 42&4+")*'+$- 9- 3+$$#0#,+)- *- 4$- #$48&4+"- #0';0*- 2!&5&'#"7
)*'+*-#"-;0*((&-#$'")$8&-MN$3<-E<E]<"Q< R*-4*30*-(.*:$#*'+*-$)2&44$/$($7
+?-#$- 8&3($*!*- $(-#$"3!"))"-#*3($-42&4+")*'+$-#$'")$8$-"++!":*!4&-0'"-
0'$8"- "'"($4$- 204@&:*!< K$?- $'- 8")2&- *("4+$8&- 0'"- 2&44$/$(*- 4&(0%$&'*-
:$*'*-#"((.$#*"-#$-$':$(022"!*-$(-#$"3!"))"-#*3($-42&4+")*'+$-#$'")$8$-
"++!":*!4&-#0*-#$4+$'+$-#$"3!"))$-#*3($-42&4+")*'+$-4+"+$8$-&++*'0+$- $'-
*4$+&-"#-"(+!*++"'+*-"'"($4$-*4*30$+*-8&'-#0*-:"(&!$-#$4+$'+$-#$-*88*'+!$8$7
+?-#*(-8"!$8&< B'-4$'3&(&-#$"3!"))"-!*++$($'*&-#*3($-42&4+")*'+$-4+"+$8$,-
&++*'0+&-$'-*4$+&-"#-0'."'"($4$-8&'#&++"-8&'-0'"-*88*'+!$8$+?-+5-#*(-8"!$7
8&- &22&!+0'")*'+*- +"!"+",- 9- $'- 3!"#&- #$- !*4+$+0$!*- 40- 0'- 20'+&-
#*((.$)2"(8"+&-$(-)*#*4$)&-:"(&!*-#$-42&4+")*'+&-5&!'$+&-#"((."'"($4$-#$7
'")$8"<- I'-2"!+$8&("!*-4$-20g-48*3($*!*-#$- $)2&!!*-+"(*-8&$'8$#*'%"-2*!-
0'&-#*3($-*4+!*)$-#*((.$)2"(8"+&<-_$g-20g-2&$-!$2*+*!4$-2*!-*'+!")/$-$-("7
+$-#*((.$)2"(8"+&-0+$($%%"'#&-'&'-0'&,-)"-#0*-#$4+$'+$-#$"3!"))$-*#-$'7
:$(022"!*- 4088*44$:")*'+*- "-)*%%&- #$- ;0*4+$- $(- #$"3!"))"- #*3($- 42&7
4+")*'+$-#$'")$8$<-I'-8")2&-*("4+$8&-$'-2"44"+&-4&'&-4+"+$-8&'#&++$-42*7
8$5$8$-4+0#$-"-!$30"!#&-2*!-:"(0+"!*-(*-*88*'+!$8$+?-#"-$)2$*3"!*-2*!-0'-
8&!!*++&-$':$(022&-#*(-#$"3!"))"-#*3($-42&4+")*'+$-#$'")$8$-($'*"!$-&+7
+*'*'#&-8&'-+"(*-"22!&88$&-0'"-/0&'"-4+$)"-#*(("-!$42&4+"-#$'")$8"-*7
("4+$8"- "- )*%%&- #$- #0*- "'"($4$- 4+"+$8@*<- A$- !$8&!#"'&- $'- 2"!+$8&("!*- ("-
2!&2&4+"-#$-L'"4+"44$"#$4-*+-"(<-MEOOPQ-8@*-#*5$'$48*-#0*-*88*'+!$8$+?-1*7
;0$:"(*'+$6-:"(0+"+*-!$42*++&-"(-/"!$8*'+!&-#*((*-!$3$#*%%*-_k-*-;0*(("-#$-
_"(#*!&'$-*+-"(<-MF]]FQ-8@*-$':*8*-#*5$'$48*-#0*-*88*'+!$8$+?-18&!!*++$:*6-
:"(0+"+*-4+":&(+"-!$42*++&-"(-8*'+!&-#$-)"44"-_G-#*(-4$4+*)"<-

->"-)*+&#&(&3$"- 8@*- 4$- 9- 4:$(022"+"- $'- 8")2&- '&'- ($'*"!*- +!"*- (*-
)&44*-#"-;0*4+*-8&'4$#*!"%$&'$-*-:"(0+"-(*-#0*-*88*'+!$8$+?-18&!!*++$:*6-
#*(-8"!$8&-!$42*++&-"-_G-$'-)&#&-#"-5&!'$!*-8&$'8$#*'%"-5!"-42&4+")*'+$-
4+"+$8$-*-#$'")$8$-40$-#0*-("+$-#*((.$)2"(8"+&-*-0'"-4+$)"-8"0+*("+$:"-#*7
3($-42&4+")*'+$-#$'")$8$-2*!-+0++$-$-20'+$-$'+*!)*#$-MN$3<-E<E]</Q<-_$g-!$7



[]- G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$-
-

40(+"- :*!&- "- 2"++&- 8@*- $(- 20'+&- 8&)0'*-"$- #0*-#$"3!"))$- 8&'4$#*!"+$,-
8&!!$42&'#*'+*-"((&-42&4+")*'+&-4+"+$8&-#$-_G-$'-0'-4$4+*)"-:$'8&("+&-"-
'&'- !0&+"!*,- !$40(+$- 4*)2!*-)"33$&!*- #*(- 8&!!$42&'#*'+*- 42&4+")*'+&-
#$'")$8&<->"-)*+&#&(&3$"-$'$%$"()*'+*-4*30$+"-@"-2!*:$4+&-#"22!$)"-("-
#*+*!)$'"%$&'*-#*$-2"!")*+!$-$'5(0*'+$-40(("-!$42&4+",-$'#$:$#0"+$-"-4*7
30$+&-#$-0'."++*'+"-$'#"3$'*-/$/($&3!"5$8"-*-)0+0"+$-+"'+&-#"-4+0#$-5"++$-
8$!8"-("-!$42&4+"-*("4+$8"-;0"'+&-#"-4+0#$-$'*!*'+$-$(-8&)2&!+")*'+&-$'*7
("4+$8&-#$-4$4+*)$-4+!0++0!"($-)&'&2$"'&<-

C5(5 )%6%"#!6%D'7#>"%>$!'>#>=#A!'#6'A!="%';&!>$#A%'

>"-!$42&4+"-*("4+$8"-#$-0'-)&#*((&-4+!0++0!"(*-4&33*++&-"#-"%$&'*-4$4)$7
8"-9-$'-3*'*!"(*-3&:*!'"+"-#"(("-'#($3#;/9#),+&'+00+&*!((+,-$'-;0"'+&-"#-
*44*- 4&'&- 2!&2&!%$&'"($- (*- 5&!%*- #$- $'*!%$"- 8@*- '"48&'&- $'- 4*'&- "(("-
4+!0++0!"-#0!"'+*- $(- 4$4)",-*-#"(("-'#($3#;/9#),+&'+00+&3#2#'+99+-2*!8@p-
$'-/"4*-"-;0*4+*-0(+$)*-$'-5"4*-*("4+$8"-4$-!$2"!+$48*-(."%$&'*-4$4)$8"-+!"-
$-:"!$-*(*)*'+$-!*4$4+*'+$<-a-4+"+&-2!&:"+&-M_@&2!"-*-u*S"(,EOPcQ-8@*-("-
!$42&4+"-4$4)$8"-$'-8")2&-*("4+$8&-#$-)&#*(($-4+!0++0!"($-"4$))*+!$8$-"#-
0'-4&(&-2$"'&-20g-*44*!*-8&)2(*+")*'+*-#*48!$++"-"++!":*!4&-#0*-2"!"7
)*+!$-4$'+*+$8$-;0$-#$-4*30$+&-$'#$8"+$H-

  >.+  +,$3# #$%&'+00+&3#2#'+99+&+3&M3#2#'#$A&+  +,$3# #$AQ-#*5$'$+"-8&)*-("-
#$4+"'%"-5!"-$(-/"!$8*'+!&-#*((*-)"44*-_G-*#-$(-/"!$8*'+!&-#*((*-!$3$7
#*%%*-_k<-I'-/"4*-"#-*44"-4$-5"-0'"-8("44$8"-#$4+$'%$&'*-5!"-$-4$4+*)$-
$!!*3&("!$-'*((*-#0*-8"+*3&!$*-4*30*'+$H-

- G=A-M.!((&Q  +,$3# &6A($+*QH-8"!"++*!$%%"+$-#"-"4$))*+!$"-
'*(("- #$4+!$/0%$&'*- #*((*-)"44*- *- 4$))*+!$"- '*(("- #$4+!$/07
%$&'*-#*((*-!$3$#*%%*V-

- A=A- M6$#44,+((&Q  +,$3# &6A($+*QH- 8"!"++*!$%%"+$-#"-"4$))*7
+!$"-'*(("-#$4+!$/0%$&'*-#*((*-!$3$#*%%*-*-4$))*+!$"-'*(("-#$7
4+!$/0%$&'*-#*((*-)"44*V-

  I(-!"22&!+&-Ωθ- 5!"-(*-#0*-20(4"%$&'$-+&!4$&'"(*-*-+!"4("%$&'"(*-#*(-4$7
4+*)"- /$("'8$"+&,- #&:*- 2*!- (#($+*!& $)3(#),!0*+,$+& ;#0!, #!$)- 4$- $'7
+*'#*-;0*((&-&++*'0+&-#"(-)&#*((&-"4$))*+!$8&-8&'4$#*!"+&-42&4+"'#&-
$(-8*'+!&-#$-!$3$#*%%"-$'-8&!!$42&'#*'%"-#$-;0*((&-#$-)"44"<-B'-4$4+*7
)"-4$55"++&-9-8"!"++*!$%%"+&-#"-#0*-2!$'8$2"($-2!&2!$*+?H-



G*+&#$-4+"+$8$-'&'-($'*"!$-2*!-4$4+*)$-"4$))*+!$8$- [E-

"Q u"-$-)&#$-#$-:$/!"%$&'*-($/*!"-#$4"88&22$"+$V-
/Q I'- !$42&4+"- "#- 0'- $'20+- 4$4)$8&-)&'&#$!*%$&'"(*-)"'$5*4+"-
0'- 8&)2&!+")*'+&- 20!")*'+*- +!"4("%$&'"(*- '*(("- #$!*%$&'*-
#$-"%$&'*-4$4)$8"V-

I'-/"4*-"(-:"(&!*-"440'+&-#"(-2"!")*+!&-Ωθ !" #"!$"%&'(%( )* #'* +),!!" 
#" !"!$*-" !$.'$$'.,)"/ 

-  !"#$!%&'(##$)$'$ +,.,$$*."00,$" #, '%, 1,!!, ."&"#*00, $(.!"(2
%,)* ."!3*$$( , 4'*)), $.,!),0"(%,)* 3*. " 4',)" ."!')$,/ 

1<Ωθ 5 

-  !"#$!%"$*$+$ +,.,$$*."00,$" #, '%, *)*6,$, ."&"#*00, $(.!"(2
%,)* ."!3*$$( , 4'*)), $.,!),0"(%,)* 3*. " 4',)" ."!')$,/ 

1>Ωθ 7 

8% '% *#"9"+"( : 3(" 3(!!"1")* ."+(%(!+*.*; 9., " #'* *!$.*-" 
#*))<"-3,)+,$(; "% 1,!* ,)), 3(!"0"(%* #*) =*%$.( #" >"&"#*00, =>/ 
  +(-* ),$( "$*$+! )<*!$.*-( #*))<"-3,)+,$( 3"? 6"+"%( , => +@* , =A5 
  +(-* ),$( &'(##$)$'( )<*!$.*-( 3"? 6"+"%( , =A +@* , =>7 

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

B, ."!3(!$, "%*),!$"+, #" *#"9"+" "..*&(),." "% 3",%$, !" 3.*!*%$, 1*% 
3"? +(-3)*!!, #" 4'*)), *),!$"+, *; %(%(!$,%$* " -()$" !$'#" , ."&',.#(; 
,%+(., (&&" -,%+,%( #*))* +(%+)'!"(%" +*.$* * +(%!()"#,$*7 ="C ,%+@* "% 
6".$? #*) 1*% 3"? *)*6,$( %'-*.( #" 3,.,-*$." "% &"(+(7 8%%,%0" $'$$( 
4'*))" )*&,$" ,)), +$#,"$)-.$!/(0 +(''(0 "(#$#,(/.(7 ="C : 9,+")-*%$* +(-2
3.*%!"1")* !* !" 3*%!, ,) +,!( #" "%+.'#"-*%$( %'))(; "% +'" ; ,) )"-"$*; 
4',%#( $'$$" &)" *)*-*%$" !(%( 3),!$"+"00,$"; )* ,0"(%" "%*.0",)" #(6'$* ,) 
!"!-,; +@* %*)), 9,!* *),!$"+, !" ."3,.$"6,%( 9., *!!" "% 3.(3(.0"(%* ,))* 
."&"#*00*; !" #"!$."1'"!+(%( "%6*+* "% .*),0"(%* ,))* )(.( .*!"!$*%0*7 D"2
&%"9"+,$"6" ."!')$,%( $,%$( ), .*!"!$*%0, +(-3)*!!"6, #*) !"!$*-, 4',%$( 
), !', #"!$."1'0"(%* 9., " 6,." *)*-*%$" .*!"!$*%$" * #'%4'* )<*++*%$."+"$E 
(# FD$.*%&@$ G++*%$."+"$HI #*) +*%$.( #" .*!"!$*%0, =D ."!3*$$( ,) +*%$.( 
#" -,!!,7 J)$.( 3,.,-*$.( !"&%"9"+,$"6( : ") .,33(.$( 9., ), .*!"!$*%0, 
&)(1,)* ."+@"*!$, ,)), !$.'$$'., 3*. 3*.-,%*.* "% +,-3( *),!$"+( * 4'*)2
), #, *!!, .*,)-*%$* 3(!!*#'$, 4',)* "%#"+* #*))<"-3*&%( 3),!$"+( ,$$*2
!(7 J$$*!, ), +(-3)*!!"$E #*) +(-3(.$,-*%$( #"%,-"+( "%*),!$"+( #" 
!$.'$$'.* 3),%"-*$."+,-*%$* "..*&(),."; %*) !*&'"$( !" #*!+."6(%( 1.*2
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6*-*%$* ,)+'%* $*%#*%0* #" +(-3(.$,-*%$( *-*.!* ,%+@* "% 6,." !$'#" 
3.*!*%$" "% )*$$*.,$'., FB'++@"%"0(,01'230LMMN5 O,P9,. (,01'230LMMQI7 
  R'. +(% *++*%$."+"$E #*))* ."&"#*00* ("0 %')), " !"!$*-" !$.'$$'.,)" 

-,%"9*!$,%( '% +(-3(.$,-*%$( .($,0"(%,)* +@* %(% ,6.*11*.( "% 
+,-3( *),!$"+( * +"C "% 4',%$( #"6"*%* (., .")*6,%$* ,%+@* 
)<"%9)'*%0, #*" 3,.,-*$." )*&,$" ,)), #"!$."1'0"(%* #*))* .*!"!$*%0*5 

  J 3,."$E #" Ωθ )<*99*$$( $(.!"(%,)* #*)), ."!3(!$, +.*!+* ,) +.*!+*.* #" 
(#5 

  J 3,."$E #" (# )<*99*$$( $(.!"(%,)* #*)), ."!3(!$, "%*),!$"+, 6,.", +(% 
Ωθ "% -,%"*., 4',)"$,$"6,-*%$* ,%,)(&, ,) +,!( *),!$"+(; -, +(% 
#"99*.*%0* -*%( ,++*%$',$* 9., !"!$*-" +(% #"6*.!, ."&"#*00, $(.!"(2
%,)*5 

  J) +.*!+*.* #*))<"-3*&%( 3),!$"+( 4µ )<*99*$$( $(.!"(%,)* #*)), ."!3(2
!$, !" 9, !*-3.* -*%( .")*6,%$*/ ") +(-3(.$,-*%$( !$.'$$'.,)* : 3"? 
$.,!),0"(%,)*7D*&%,$,-*%$* !" ."#'+(%( )* #*,-3)"9"+,0"(%" +(%%*!2
!* +(% )* .($,0"(%" #*))<"-3,)+,$( !') ),$( ."&"#(; +@* +,.,$$*."00,%( 
") +(-3(.$,-*%$( *),!$"+( #*" $(.!"(2."&"#" FΩθSTI7 

 !2! 3',-0.'*(%(1'44(-'*0*.$5(1'-6*$&0+(-'70*

=(-* 3,.,-*$." "%9)'*%$" !')), ."!3(!$, #*) !"!$*-, !(%( !$,$" !+*)$"/ 
)<*++*%$."+"$E #*))* ."&"#*00* ("; ") .,33(.$( Ωθ; )<*++*%$."+"$E #*))* .*!"2
!$*%0* (# *; , 3,."$E #" 4'*!$<')$"-,; ), #$/*!'10+$#,"$)-.$!/(0+$0"(#$#,(/%
.1 %(%+@U '5$67(*/!07'1#,$8!04µ #*9"%"$( +(-* !(3., #*!+."$$(7 8 -(#*))" 
#, ,%,)"00,.* !(%( !$,$" ($$*%'$" 9,+*%#( 6,.",.* " 3,.,-*$." #" "%$*.*!2
!* "% 3.*+*#*%0, !*)*0"(%,$"7 V'$$" " !"!$*-" ,%,)"00,$" !(%( +,.,$$*."02
0,$" #, '%, #"!)(+,0"(%* "% 3",%$, #*&)" *)*-*%$" .*!"!$*%$" !"--*$."+, 
."!3*$$( ,) 1,."+*%$.( &*(-*$."+( #*))<"-3,)+,$( FO"&7 T7TTI * !(%( -(%(2
!"--*$."+" ."!3*$$( ,))<,!!* 9 "% $*.-"%" #" #"!$."1'0"(%* #" ."&"#*00, * 
.*!"!$*%0,7 W&&*$$( #" !$'#"( !(%( !$,$" !"!$*-" ,33,.$*%*%$" ,))* #'* 
$"3()(&"* #" #"!!"-*$.",; AGD * DGD7 

R*. ($$*%*.* '%, +*.$, +(%$"%'"$E %*" ."!')$,$" ,) 9"%* #" ,&*6(),.%* 

)<"%$*.3.*$,0"(%* *# '%, !'++*!!"6, 9(.-,)"00,0"(%* ,%,)"$"+, !" : +(%!"2
#*.,$( '% +,-3( #" 6,)(." ,11,!$,%0, ,-3"( *%$.( +'" 9,. 6,.",.* ,)+'%" 
3,.,-*$." #" +(%$.())( #*))* "%#,&"%"; !*&%,$,-*%$* ") .,33(.$( Ωθ * 
)<"-3*&%( 3),!$"+(04µ70B, .*!"!$*%0, ),$*.,)* $($,)* #*) &*%*."+( !"!$*-, 
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!$.'$$'.,)* ,%,)"00,$(; '&',)* %*))* #'* #".*0"(%"; : !$,$, #*$*.-"%,$, 
"% .,&"(%* #*))<"-3*&%( 3),!$"+( 4µ 9"!!,$( "% 9,!* #" #*9"%"0"(%* #*) !"2
!$*-, !$*!!( ,$$.,6*.!( ), .*),0"(%* !*&'*%$*/ 
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TSm
SS

yae

yx

⋅
==  FT7 QLI 

#(6*/ 
:1( : ), 7#(-+!%188('("1.$!/(0 +('0 8!""$#7!/+(/,(0 #$#,(610 )$'1/8$1,! * 
#'%4'* ") %'-*.,$(.* #*)), FT7 QLI .,33.*!*%$, ") $,&)"( ,)), 1,!* *),!$"2
+( #*) 1"),%+",$( %*)), #".*0"(%* #" ,0"(%* !"!-"+,7 

B, ."3,.$"0"(%* #*))* ."&"#*00* * #*))* .*!"!$*%0* : !$,$, *99*$$',$, 
"% -,%"*., ,'$(-,$"00,$, ,$$.,6*.!( )* 3.(+*#'.* ."!3*$$"6,-*%$* #*2
!+."$$* "% Y@*.!" * >(!!" FLMMMI * Z(!+( *$ ,)7 FLMM[,I7  

8% 3."-( )'(&( : !$,$( !*)*0"(%,$( '% &.'33( #" ,++*)*.(&.,--" ,.2
$"9"+",)" * +(-3,$"1")" +(% )( !3*$$.( #*))\G'.(+(#"+* N 3*. !'()( #" +),!!* 
= * .,33(.$( #" !-(.0,-*%$( ξ 3,." ,) Q] 

B* *++*%$."+"$E +(..*$$"6* !(%( !$,$* 3(" #*$*.-"%,$* !*&'*%#( )* 
!*&'*%$" -(#,)"$E (3*.,$"6*/ 
  ^,)'$,0"(%* #*)), ."!3(!$, !"!-"+, -*#",%$* 1/1'$#$0+$/16$810/!/0

'$/(1"( !($$(3(%*%#( ), !$.'$$'., ,# '% !*$ #" ,++*)*.(&.,--" #"2
.*$$" *!+)'!"6,-*%$* (.$(&(%,)-*%$* ,)), #".*0"(%* #" ,!"--*$.", 
*# ,!!'-*%#( 3(" +(-* !3(!$,-*%$" #"%,-"+" #" ."9*."-*%$( 4'*))" 
+(.."!3(%#*%$" ,) 6,)(. -*#"( #*) +(-3)*!!( #*" 6,)(." ($$*%'$" ,) 
6,.",.* #*))<"%3'$ !"!-"+(5 

  G!*+'0"(%* #" +$;("#(01/1'$#$07-#<!;("; +",!+'%, +(% '% #"99*.*%$* 
6,)(.* #*)), *++*%$."+"$E (=0#*) 3'%$( #" ,33)"+,0"(%* #*)), 9(.0, =O 
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Fig. T7TT. Pianta del generico sistema analizzato. 
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."!3*$$( ,) 1,."+*%$.( #*))* -,!!* =A; * +(%9.(%$( #*&)" !3(!$,-*%2
$" !$,$"+" * #"%,-"+" !'" #'* ),$" #*))<"-3,)+,$( !"%( 
,))<"%#"6"#',0"(%* #*" #",&.,--" !$,$"+" "% &.,#( #" +(&)"*.* ), ."2
!3(!$, #"%,-"+, !') 3."-( * !') !*+(%#( ),$( #*))<"-3,)+,$(/ " +(.."2
!3(%#*%$" 6,)(." #" *++*%$."+"$E (> *# (? !(%( ,33'%$( )* *++*%$."+"$E 
+(..*$$"6* +*.+,$*7  

  B, &1#(08!/8'-#$;10+('0'1;!"! @, 3(.$,$( ,)), +(!$.'0"(%* #" ,1,+@" * 
#",&.,--" 9"%,)"00,$" , -*$$*.* "% .*),0"(%* )* *++*%$."+"$E +(..*$2
$"6* $.(6,$* +(% " 3,.,-*$." #" ."9*."-*%$( +,.,$$*."00,%$" &)" !+@*2
-" !$.'$$'.,)" ,%,)"00,$"7 8 #",&.,--"; 1"#"-*%!"(%,)" * $."#"-*%2
!"(%,)"; #*$*.-"%,$" "% $,)* (++,!"(%* @,%%( -,%"9*!$,$( '% ,%#,2
-*%$( 4',)"$,$"6( 3"'$$(!$( .*&(),.*7 

 !8! 97$1:4'$%0*501*1(7$+$)*,',.(*;'5'+04'$%(10*

B<,33.(++"( "% 3.*+*#*%0, 3.(3(!$( * !(3., #*!+."$$( : !$,$( !'++*!2
!"6,-*%$* &*%*.,)"00,$( ,) +,!( #" !"!-, 1"#".*0"(%,)* FZ(!+( *$ ,)7; 
LMM[1I7 8% 4'*!$* %'(6* "%#,&"%"; +(-* &"E 9,$$( 3*. )* 3.*+*#*%$" ,%,)"2
!" +(%#($$* +(% !"!-, -(%(#".*0"(%,)*; !(%( !$,$" -,%$*%'$" 9"!!" ,)+'%" 
3,.,-*$."7 R.*+"!,-*%$* !" : !*-3.* 9,$$( ."9*."-*%$( , !"!$*-" +(% 
"-3,)+,$( "%9"%"$,-*%$* ."&"#( %*) !'( 3",%(; #" 9(.-, .*$$,%&(),.* +(% 
#"-*%!"(%" "% 3",%$, @_A 3,." , TL7Q -_L[7Q - FO"&7 T7TTI * ,6*%$" 
-,!!, 6 +(%+*%$.,$, , )"6*))( #*))<"-3,)+,$( * 3,." , TKT` $; .,&&"( &"2
.,$(.* #*))* -,!!* "6 ."!3*$$( , =A 3,." , M7XTL A0*# *)*-*%$" .*!"!$*%2
$" , !(!$*&%( #*))<"-3,)+,$( %*))* #'* #".*0"(%" FK "% #".*0"(%* 9 *# N "% 
#".*0"(%* BI #($,$" #" ."&"#*00, * .*!"!$*%0, '%"+,-*%$* %*) )(.( 3",%( * 
+,.,$$*."00,$" #, '% )*&,-* 9(.0, a !3(!$,-*%$( #*) $"3( *),!$"+(2
3*.9*$$,-*%$* 3),!$"+(7 V'$$" " !"!$*-" ,%,)"00,$" !(%( +,.,$$*."00,$" #, 
'%, #"!)(+,0"(%* "% 3",%$, #*&)" *)*-*%$" .*!"!$*%$" !"--*$."+, ."!3*$$( 
,) 1,."+*%$.( &*(-*$."+( #*))<"-3,)+,$( * -(%(!"--*$."+" ."!3*$$( 
,))<,!!* 9 "% $*.-"%" #" #"!$."1'0"(%* #" ."&"#*00, * .*!"!$*%0,7 J $'$$" 
+(-3*$(%( '%, !$*!!, ,)"4'($, γ9 #*)), ."&"#*00, $(.!"(%,)* $($,)* #*) !"2
!$*-, #(6'$, ," !()" *)*-*%$" "% #".*0"(%* 9 * 9"!!,$, 3,." ,) LM ] %(%2
+@U ") -*#*!"-( 6,)(.* #*" 3*."(#" $.,!),0"(%,)" #"!,++(33",$" #*) +(.."2
!3(%#*%$* !"!$*-, 1"),%+",$(  9b B 3(!$" 3,." ,# T !7 W&&*$$( #" !$'#"( 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" KQ 

!(%( !$,$" ,%+(., !"!$*-" ,33,.$*%*%$" ,))* #'* $"3()(&"* #" #"!!"-*$.", 
&"E +(%!"#*.,$* "% 3.*+*#*%0,; AGD * DGD. 

R*. ($$*%*.* '%, +*.$, +(%$"%'"$E %*" ."!')$,$" ,) 9"%* #" ,&*6(),.%* 
)<"%$*.3.*$,0"(%* *# '%, !'++*!!"6, 9(.-,)"00,0"(%* ,%,)"$"+, !" : ,-2
3)",$(; ."!3*$$( ,))* ,%,)"!" +(%#($$* "% 3.*+*#*%0, 3*. !"!-, '%"#".*2
0"(%,)*; ") +,-3( #" 6,)(." *%$.( +'" 9,. 6,.",.* ,)+'%" 3,.,-*$." #" +(%2
$.())( #*))* "%#,&"%"; !*&%,$,-*%$* ") .,33(.$( Ωθ * )<"-3*&%( 3),!$"+(0
4µ70R*. ") .,33(.$( Ωθ !" : 9,$$( ."9*."-*%$( ,))<"%$*.6,))( +(-3.*!( $., 
M7` * T7K +(% 3,!!( #" M7MQ 3*. '% $($,)* #" Tc 6,)(."; .,33.*!*%$,$"6" #" 
!"!$*-" !", $(.!"(%,)-*%$* 9)*!!"1")" FΩθdTI !", $(.!"(%,)-*%$* ."&"#" 
FΩθSTI %*) +,!( #" !"!$*-" AGD ."#'+*%#( ") +,-3( #" 6,)(." 
,))<"%$*.6,))( +(-3.*!( $., M7N * T7K !*-3.* +(% 3,!!( #" M7MQ 3*. '% $(2
$,)* 4'*!$, 6()$, #" TX 6,)(." %*) +,!( #*" DGD; , +,'!, #" 3.(1)*-" )*&,2
$" ,)), &*%*.,0"(%* #*" !"!$*-"7 R*. )<"-3*&%( 3),!$"+(04µ0!" : 9,$$( ."9*2
."-*%$( ,))<"%$*.6,))( +(-3.*!( $., T7M * `7M +(% 3,!!( T7M * +(% 
)<')$*."(.* ,&&"'%$, #*) 6,)(.* M7Q 3*. '% $($,)* #" c 6,)(."; .,33.*!*%$,2
$"6" #" !"!$*-" +@* #'.,%$* '% *6*%$( !"!-"+( -,%"9*!$,%( '% +(-3(.2
$,-*%$( 3.,$"+,-*%$* *),!$"+( F4µ0bM7QI (66*.( 3.*!*%$,%( #*9(.-,0"(2
%" 3),!$"+@* "% -"!'., 3.(&.*!!"6,-*%$* +.*!+*%$*7 D(%( !$,$" -,%$*%'2
$" "% 4'*!$* %'(6* *),1(.,0"(%" " +,-3" #" 6,)(." &"E ,#(3*.,$" "% 3.*+*2
#*%0, 3*. )<*++*%$."+"$E #*))* ."&"#*00* ("; 6,.",1")* 9., 2M7TM A * M7MM A 
+(% 3,!!( #" M7MLQ A F "% $($,)* Q 6,)(."I; * 3*. )<*++*%$."+"$E #*))* .*!"2
!$*%0* (#; 6,.",1")* 9., 2M7TM A * M7TM A +(% 3,!!( #" M7MLQ A F "% $($,)* [ 
6,)(."I %(%+@U )<"-3"*&( 3*. +",!+'% 6,)(.* #" (#; (66*.( , 3,."$E #" 3(!"2
0"(%* #*) +*%$.( #" .*!"!$*%0, =D; #" #"*+" #"6*.!* ."3,.$"0"(%" #" .*!"2
!$*%0, &*%*.,$* "% -,%"*., +,!',)*7 

B, !*4'*%0, (3*.,$"6, 3*. ), #*$*.-"%,0"(%* #*))* +*.+,$* *++*%$."+"2
$E +(..*$$"6* "% .,&"(%* #*))* &.,%#*00* +@* +,.,$$*."00,%( ), ."!3(!$, 
!"!-"+, "%*),!$"+, #*" !"!$*-" ,%,)"00,$" : !*-3.* ), -*#*!"-, "))'!$.,2
$, !(3., +(% ."9*."-*%$( ,) +,!( #" "%3'$ !"!-"+( -(%(#".*0"(%,)*7 e (32
3(.$'%( 9,.* ,)+'%* 7"(8$#1.$!/$0 8$"810 '(0 1/1'$#$0 +$/16$8<(0 (0 #,1,$8<(0
/!/0'$/(1"$0 +(%#($$* !'" !"!$*-" ,%,)"00,$"7 

C("04',%$( ,$$"*%* '5$/7-,0#$#6$8! " $*)," 3.*!" "% *!,-* !(%( !$,$" 
!($$(3(!$" ,# '% "%!"*-* #" #"*+" +(33"* #" ,++*)*.(&.,--" ,33)"+,$* !"2
-')$,%*,-*%$* )'%&( )* #'* 3."%+"3,)" #".*0"(%" #*)), 3",%$,7 V,)" ,++*2
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)*.(&.,--" ,.$"9"+",)" !(%( !$,$" &*%*.,$" -*#",%$* ") 3.(&.,--, D8A2
fgG FT[c`I * !(%( +(-3,$"1")" +(% )( !3*$$.( *),!$"+( #*))<G'.(+(#"+* N 
3*. !'()( #" +),!!* =; .,33(.$( #" !-(.0,-*%$( #*) Q] *# ,++*)*.,0"(%* 
#" 3"++( ,) !'()( 1* 3,." , M7XQ &7 B, "$#7!#,10+$/16$810/!/0'$/(1"(0#*" 
!"!$*-" : !$,$, #*$*.-"%,$, -*#",%$* "%$*&.,0"(%* ,) 3,!!( #*))* *4',2
0"(%" #*) -($( ,$$.,6*.!( ") A*$(#( #" h*i-,.j +(% 3,.,-*$." γbM7Q * 
βbM7LQ7 R*. " !"!$*-" ,%,)"00,$" !" : ,!!'%$( '%( !-(.0,-*%$( +),!!"+( 
,)), >,H)*"&@ 9"!!,%#( &)" !-(.0,-*%$" -(#,)" 3,." ,) Q] 3*. ") 3."-( 
*# ") $*.0( -(#( #" 6"1.,0"(%*7 =(-* 6,)(." .,33.*!*%$,$"6" #*)), #(2
-,%#, #" !3(!$,-*%$( #*&)" *)*-*%$" "% #".*0"(%* B !(%( !$,$" ,!!'%$" " 
6,)(." -*#" #*" -,!!"-" !3(!$,-*%$" #"%,-"+" ($$*%'$" 3*. )* #"*+" #"2
6*.!* +(33"* #" ,++*)*.(&.,--" "-3"*&,$* %*))* ,%,)"!"7 B* 1/1'$#$0#,1,$%
8<(0/!/0'$/(1"$ F1/1'$#$07-#<!;("I !(%( !$,$* +(%#($$* +(%!"#*.,%#( '% 
+,."+( !"!-"+( '%"#".*0"(%,)* * (.$(&(%,)* ,))<,!!* #" !"--*$.", #*" !"2
!$*-" !$.'$$'.,)" *!,-"%,$"; ,33)"+,$( #" 6()$, "% 6()$, "% '%, #"99*.*%$* 
3(!"0"(%* =O #*))<"-3,)+,$( #*9"%"$, #, '%, *++*%$."+"$E ( ."!3*$$( ,) 
+*%$.( #*))* -,!!* 3,.,))*), ,))<,!!* 97 =",!+'%, ,%,)"!" 3'!@(6*. : !$,2
$, "%$*..($$, "% +(.."!3(%#*%0, #*)), #(-,%#, #" !3(!$,-*%$( #*) !"!-, 
3*. ") +*%$.( #" -,!!, =A7 R*. ), #*$*.-"%,0"(%* #" 4'*!$<')$"-,; ,) 9"2
%* #" #*3'.,.* " ."!')$,$" #*))* "%#,&"%" #, *..(." "%!"$" %*))* '!',)" 3.(2
+*#'.* #" ,%,)"!" !$,$"+, %(% )"%*,.* &"E 3*. !"!$*-" $.,!),%$"; %(% !" : 
9,$$( ."+(.!( , +(%6*%0"(%,)" !$"-* , -*00( #" !3*$$." #" ."!3(!$, "%*),2
!$"+" +(-* 3.*6"!$( #, $,)" -*$(#"; 1*%!k ,# '%, 6,)'$,0"(%* ."&(.(!, ,!2
!'-*%#( +(-* #(-,%#, #" !3(!$,-*%$( ") 6,)(. -*#"( #*))( !3(!$,-*%2
$( #"%,-"+( %(% )"%*,.* #" =A 3*. '% !"!$*-, 6"%+(),$( , %(% .'($,.* * 
6,)'$,$( !') +(-3)*!!( #*" 6,)(." ($$*%'$" "% +(.."!3(%#*%0, 
,))<,33)"+,0"(%* #*))* !"%&()* +(33"* ,++*)*.(-*$."+@*7 B* *++*%$."+"$E 

+(..*$$"6* (> *# (? "% &.,#( #" .*!$"$'".* !3(!$,-*%$" !$,$"+" * #"%,-"+" 
+("%+"#*%$" ."!3*$$"6,-*%$* !') 3."-( * !') !*+(%#( ),$( #*))<"-3,)+,$( 
!(%( !$,$* #*$*.-"%,$* ,$$.,6*.!( ") -*$(#( #*) #"-*00,-*%$( *%$.( ") 
+,-3( #" 6,)(." +(-3.*!( $., 2M7LQ A * M7LQ A7 8% !*#* #" 6,)'$,0"(%* 
#*))* *++*%$."+"$E +(..*$$"6* !" : %($,$( +@* 4',)(., ."!')$" (> -,&&"(.* #" 
(?; (66*.( 4',)(., ") 3'%$( #" ,33)"+,0"(%* =OT #*)), 9(.0, !"!-"+, "% 
&.,#( #" .*!$"$'".* '%( !3(!$,-*%$( !$,$"+( 3*. ") 3."-( ),$( 
#*))<"-3,)+,$( F),$( ."&"#(I +("%+"#*%$* +(% ") +(.."!3(%#*%$* !3(!$,-*%2



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" Kc 

$( #"%,-"+( !" 6*%&, , $.(6,.* 3"? , #*!$., #*)), 3(!"0"(%* =OL #, ,$2
$."1'".* ,) +,."+( !"!-"+( 3*. ($$*%*.* ), -*#*!"-, +("%+"#*%0, !') !*2
+(%#( ),$( F),$( 9)*!!"1")*I; )<"%6")'33( #*" #'* #",&.,--" !$,$"+" !" 3.*2
!*%$, *++*!!"6,-*%$* +(%!*.6,$"6(7 8% $,) +,!( !" : 3.*9*."$( 3.(+*#*.* 
,# '%, l6,.",%$* #" "%6")'33(m +(% '%, '%"+, *++*%$."+"$E * #'%4'* '% 
'%"+( #",&.,--, #*&)" !3(!$,-*%$" !$,$"+" +@*; 3'. %(% *!!*%#( "% &.,2
#( #" +(&)"*.* "% -,%"*., *!,$$, &)" !3(!$,-*%$" !'" #'* ),$" 
#*))<"-3,)+,$(; ."!')$, +(-'%4'* -*%( +,'$*),$"6( #*))<"%6")'33( +(% 
#'* *++*%$."+"$E7 n,) -(-*%$( +@* '% 4',)'%4'* 6,)(.* #" *++*%$."+"$E ( 
+(-3.*!( $., (>0*# (? 9(.%"!+* '%, !$"-, ,++*$$,1")* #*) #",&.,--, #*" 
-,!!"-" !3(!$,-*%$" #"%,-"+"; !" : "% $,) +,!( +(%6*%'$( #" ,!!'-*.* 
+(-* '%"+( 6,)(.* #" *++*%$."+"$E ), -*#", $., (>0*# (?7 B* *++*%$."+"$E 
+(..*$$"6* !(%( !$,$* #*$*.-"%,$* 3*. +",!+'%, +(33", #" Ωθ *#04µ0 ; ,) 
6,.",.* #*" 3,.,-*$." (" *# (#0*; 3*. (&%" ,!!*&%,$, 3(!"0"(%* #*) +*%$.( 
#" .*!"!$*%0, =D; 3*. )* #"*+" #"!$."1'0"(%" #" .*!"!$*%0, +(%!"#*.,$*; "% 
$*.-"%" !", #" 6,)(." -*#" !", #" !+,.$" 4',#.,$"+" -*#" !' $'$$* )* #"2
!$."1'0"(%" #" .*!"!$*%0,7 e !$,$( 3*.$,%$( 3(!!"1")* +,)+(),.%* ") +(*99"2
+"*%$* #" 6,.",0"(%* =W^; +(-* .,33(.$( $., !+,.$" 4',#.,$"+" -*#" * 
-*#"* 3.*!* "% 6,)(.* ,!!()'$(; ,!!'-*%#( $,)* 4',%$"$E +(-* "%#"+* #" 
#"!3*.!"(%* (66*.( +(-* -"!'., #" 4',%$( " 6,)(." .*),$"6" ,))* !"%&()* 
#"!$."1'0"(%" !",%( #"!$,%$" #,)), )(.( -*#",7 n,) -(-*%$( +@* '% $,)* 
"%#"+,$(.* !" : !*-3.* -,%$*%'$( !' 6,)(." 3"'$$(!$( 1,!!"; !" : 3($'$( 
+(%+)'#*.* +@* ), !"%&(), #"!$."1'0"(%* #" .*!"!$*%0, !", 3(+( "%9)'*%$* 
."!3*$$( ,&)" ,)$." 3,.,-*$." !') 6,)(.* 9"%,)* #*))* *++*%$."+"$E +(..*$$"2
6* * 3*.$,%$( !" : %*) !*&'"$( 9,$$( ."9*."-*%$( ,) 6,)(. -*#"( #*))* *+2
+*%$."+"$E #*$*.-"%,$* 3*. )* !"%&()* #"!$."1'0"(%" #" .*!"!$*%0, ,!!'2
-*%#( 4'*!$* +(-* *++*%$."+"$E +(..*$$"6*7 

B* *++*%$."+"$E +(!k +,)+(),$* !(%( !$,$* .,++()$*; !*3,.,$,-*%$* 3*. 
" #'* ),$" #*))<"-3,)+,$(; "% 3.(!3*$$" ."*3")(&,$"6" ,) 6,.",.* #" (" *# (#; 
*!!*%#( +",!+'% 3.(!3*$$( .*),$"6( ,# '%, 9"!!,$, +(33", #" 6,)(." #" Ωθ 
*#04µ27 o%, .,33.*!*%$,0"(%* &.,9"+, $."#"-*%!"(%,)* #*" #,$" ."3(.$,$" 
!' $,)" 3.(!3*$$" @, +(%!*%$"$( #" 6"!',)"00,.* )<,%#,-*%$(; !*-3.* 3"'$2
$(!$( .*&(),.*; #*))* *++*%$."+"$E +(..*$$"6*; 6,)'$,$* , !*&'"$( #*))* ,%,2
)"!" %'-*."+@* +(%#($$*; , 9.(%$* #*" 6,)(." ,!!'%$" #," 3,.,-*$." #" 
+(%$.())( FO"&7 T7TLI7 f'*!$, +(%!"#*.,0"(%* @, &"'!$"9"+$( )<"#*, #" "%$*.2



KN A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" 
 

O"&7T7TL7 G++*%$."+"$E +(..*$$"6* !') ),$( L F9)*!!"1")*I "% 9'%0"(%* #" ("0*# (#7 

G++*%$."+"$E ($$*%'$* #,))* ,%,)"!" %'-*."+@* 

G++*%$."+"$E 6,)'$,$* ,$$.,6*.!( )* 9(.-')* 3.(3(!$* 

3(),.* $,)" !'3*.9"+" $."#"-*%!"(%,)" .*),$"6* ," 6,)(." !3*."-*%$,)" #*))* 
*++*%$."+"$E +(..*$$"6* ,$$.,6*.!( )<'!( #" 9'%0"(%" )"%*,." .,33.*!*%$,%$" 
#*" 3",%" %*))( !3,0"( $."#"-*%!"(%,)* (" 2 (#2 ($ #(6* ($ .,33.*!*%$, 
)<*++*%$."+"$E +(..*$$"6, .*),$"6, ,))<$2*!"-( ),$( #*))<"-3,)+,$( +(% $bT;L7 
B* 3*%#*%0* #" $,)" !'3*.9"+" ."!3*$$( ,&)" ,!!" (" *# (# #"3*%#(%( #, Ωθ 
*#04µ * !" 3'C "% 3,.$"+(),.* (!!*.6,.* +@*; 3*. 1,!!" 6,)(." #*))<"-3*&%( 
3),!$"+( 4µ ; 4',%#( ") !"!$*-, %(% 3.*!*%$, .")*6,%$" #*9(.-,0"(%" 3),2
!$"+@* * #*$*.-"%,%$* !')), !', ."!3(!$, : ), #"!$."1'0"(%* #*))* ."&"#*02
0* 3"? +@* 4'*)), #*))* .*!"!$*%0*; ), 3*%#*%0, ."!3*$$( ,))<,!!* (# !" 
-,%$"*%* 3"'$$(!$( 1,!!, -*%$.* +.*!+* ,) +.*!+*.* #" 4µ 6", 6", +@* +" 
!" ,##*%$., !*-3.* 3"? "% +,-3( 3),!$"+( * #"6"*%* 3.(&.*!!"6,-*%$* 
3"? !"&%"9"+,$"6( ") +(%$."1'$( ,)), ."!3(!$, #*)), #"!$."1'0"(%* #" .*!"2
!$*%0*7 D" %($, "%()$.* +@* '% !"!$*-, +(% 6,)(." %'))" $,%$( #*)), *++*%2
$."+"$E #*))* ."&"#*00* (" 4',%$( #" 4'*)), #*))* .*!"!$*%0*0(# : 1"),%+",$( 
* 3*.$,%$( %(% %*+*!!"$, #" ,)+'%, *++*%$."+"$E +(..*$$"6,; -($"6( 4'*!$( 
3*. +'" )* !'3*.9"+" .,33.*!*%$,$"6* #*))* *++*%$."+"$E +(..*$$"6* ,) 6,.",2
.* #" (" *# (# 3*. $'$$* )* +(33"* #" 6,)(." #" Ωθ *#04µ #*6(%( 3,!!,.* 3*. 
)<(."&"%* #*&)" ,!!"7 

  

  
 

 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" K[ 

 n, $,)" +(%!"#*.,0"(%" : !+,$'."$, )<*4',0"(%* ,!!'%$, 3*. #*9"%".* 
)* !'3*.9"+" .,33.*!*%$,$"6* #" $,)" *++*%$."+"$E/ 

( ) ( )µθµθ RbbRaa

iebeae

iiii

risii

,e, dove

2,1

Ω=Ω=

=∀⋅+⋅=
 FT7 QXI 

(66*.( " +(*99"+"*%$" 1$0* )$ +@* #*9"%"!+(%( ") 3",%( #"3*%#(%( #," 3,.,2
-*$." Ωθ *#04µ27 8) 3.(1)*-, #*))<"%#"6"#',0"(%* #" $,)" !'3*.9"+" : #'%2
4'* !$,$( ."+(%#($$( ,)), #*$*.-"%,0"(%* #" 4'*!$" +(*99"+"*%$" "% .,&"(%* 
#*) .,33(.$( Ωθ * #*))<"-3*&%( 3),!$"+(04µ27 o%, 3."-, 6,)'$,0"(%* #" 1$0
* )$ !" : .,&&"'%$, 3*. 6", %'-*."+, -"%"-"00,%#(; 3*. +",!+'%, +(33", 
#" 6,)(." #" Ωθ *#04µ27; ), 6,.",%0, 9., " 6,)(." #*))* *++*%$."+"$E +(..*$$"2
6* ($$*%'$" , !*&'"$( #*))* ,%,)"!" +(%#($$* *# " )(.( 6,)(." $*(."+" !$"-,$" 
, -*00( #*))<*4',0"(%* FT7 QXI7 o%, $,)* #*$*.-"%,0"(%* @, 3.*6"!$( 
)<"-3"*&( #" '%, 3.(+*#'., "$*.,$"6, "% +'" %*) &*%*."+( $*%$,$"6(; 9"!!,$" 
,# ,.1"$."( " 6,)(." #*" +(*99"+"*%$" +*.+,$" 1$0* )$ * #*$*.-"%,$, +(% ."9*2
."-*%$( ,# *!!" )<*++*%$."+"$E +(..*$$"6, $*(."+, ($,; !" : 3.(66*#'$( ,) 
+(%9.(%$( 9., '% $,)* 6,)(.* * 4'*))( %'-*."+( %($(; !')), 1,!* #" '%, 
4',%$"$E &)(1,)* "% &.,#( #" *!3."-*.* ), #"!$,%0, 9., ), !'3*.9"+"* !3*2
."-*%$,)* *# ") 3",%( l,33.(!!"-,%$*m "% $*.-"%" -*#" +"(: +(% ."9*."2
-*%$( ,) +(-3)*!!( #*))* +(33"* F(" ; (#I 3.*!* "% *!,-* %*))* "%#,&"%" 
!6()$*7 8) 3,.,-*$.( #" -"!'., #" '% $,)* .,99.(%$( : ), !(--,; *!$*!, , 
$'$$* )* +(33"* F(" ; (#I '$")"00,$* %*" +,)+()"; #*" 4',#.,$" #*))* #"99*.*%0* 
9., " 6,)(." !3*."-*%$,)" ($# #*))< *++*%$."+"$E +(..*$$"6, ($ *# " +(.."!3(%2
#*%$" 6,)(." $*(."+" ($, ($$*%'$" #,)), FT7 QXI +(% " 6,)(." #" $*%$,$"6( "%"2
0",)-*%$* ,!!*&%,$" ," +(*99"+"*%$"01$0* )$ (66*.( ), 4',%$"$E + #*9"%"$, 
+(-* !*&'*/ 

( ) ( )[ ]

( ) iconsiderat,puntidicoppiedinumero dove
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 FT7 QKI 

h*)), 6,)'$,0"(%* #*)), #"!$,%0, -*#", $., ), !'3*.9"+"* !3*."-*%$,)* *# 
") 3",%( +@* ), ,33.(!!"-, !" : $*%'$( +(%$( ,%+@* #*)), #"6*.!, -(#,)"2
$E #" "%6")'33( +'" !" : 9,$$( ."+(.!(; 4',)(., (> ."!')$" -,&&"(.* #" (?7 8% 
$,) +,!(; (&%" 4',) 6()$, ") 6,)(.* !$"-,$( 3*. )<*++*%$."+"$E +(..*$$"6, ($0
,$$.,6*.!( )<*4',0"(%* #*) 3",%( : ."!')$,$( "%$*.%( ,))<"%$*.6,))( #" 6,)(2



QM A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" 
 

." +(-3.*!( $., (> *# (?; )( !+,.$( 9., 6,)(.* %'-*."+( * 6,)(.* !$"-,$( 
3*. *!!, : !$,$( +(%6*%0"(%,)-*%$* 3(!$( 3,." , 0*.(; "% 4',%$( 4',)!",2
!" 6,)(.* +(-3.*!( $., )* #'* *++*%$."+"$E %'-*."+@*0(> *# (? 9(.%"!+* "% 
$,) +,!( '% "%6")'33( ,++*$$,1")* #*&)" !3(!$,-*%$" #"%,-"+"5 6"+*6*.!, 
4',%#( ") 6,)(.* !$"-,$( 3*. )<*++*%$."+"$E +(..*$$"6, ($ : ."!')$,$( *!$*.2
%( ,))<"%$*.6,))( +(-3.*!( $., )* #'* *++*%$."+"$E %'-*."+@*0(> *# (?; !" : 
,!!'%$( +(-* !+,.$( ") -"%"-( #*" #'* !+,.$" #*))<*++*%$."+"$E !$"-,$, 
,$$.,6*.!( ), FT7 QXI 6,)'$,$" ."!3*$$( ," #'* 6,)(." %'-*."+" (> *# (?7 

8) ."!')$,$( #" $,)* 3.(+*#"-*%$( : !$,$( '% ,1,+( #*" +(*99"+"*%$" 1$0* 
)$ +@* !" +(-3(%* #" 3"? 3.(!3*$$" #"99*.*%0",$" 3*. $"3( #" #"!!"--*$.", 
* 3*. ),$( #*))<"-3,)+,$(/ "% $($,)* L 3.(!3*$$" 3*. +",!+'% $"3( #" #"!2
!"--*$.", FAGD * DGDI; '%( 3*. ),$(7 D' #" *!!" " +(*99"+"*%$" !(%( $,2
1*)),$" "% 9'%0"(%* #*" 6,)(." #" Ωθ *#04µ2 +(%!"#*.,$"7  

D" ."3(.$,%( %*))* !'++*!!"6* $,1*))* 9++$+0!*<=$+'>'%0*+'?0+'.0%@

-$*%$%*A*,-(-(*-+$7(-(! * L  " 6,)(." #*" +(*99"+"*%$" 1 * ) ($$*%'$" ."2
!3*$$"6,-*%$* 3*. ),$( T * ),$( L 3*. " !"!$*-" AGD7 J%,)(&@" 3.(!3*$$" 
!(%( !$,$" ($$*%'$" ,%+@* 3*. " !"!$*-" DGD7 

 ! ! B$+.:1(4'$%'*(%(1'-'/C0*

R,!!( !'++*!!"6( : !$,$, ), $.,#'0"(%* #*" 6,)(." %'-*."+" $.(6,$" 3*. " 
+(*99"+"*%$" 1$0* )$ "% *!3.*!!"(%" ,%,)"$"+@* "% 9'%0"(%* #*" 3,.,-*$." Ωθ 
*#04µ FZ(!+( *$ ,)7; LMTLI7 J) 9"%* #" +(%$*%*.* ") 3"? 3(!!"1")* ") &.,#( #" 
+(-3)*!!"$E #" $,)" 9(.-')* !" : ."$*%'$( (33(.$'%( 9,.* ."9*."-*%$( 3*. 
), )(.( #*9"%"0"(%* ," !()" !"!$*-" AGD * !()( !'++*!!"6,-*%$*; "% !*#* #" 
6,)"#,0"(%*; 6*."9"+,.%* )<,$$*%#"1")"$E ,%+@* 3*. " DGD ," 9"%" #*)), !$"2
-, #*&)" !3(!$,-*%$" #"%,-"+" ,$$.,6*.!( ,%,)"!" !$,$"+,7  

8) 3.(+*#"-*%$( !*&'"$( 6"*%* 4'" #" !*&'"$( 1.*6*-*%$* "))'!$.,$( 
"% $*.-"%" &*%*.,)" +(% ."9*."-*%$( ,) &*%*."+( +(*99"+"*%$* #*)), FT7 QXI 
+@* +@",-*.*-( D7 8% &*%*.,)* ), !*4'*%0, (3*.,$"6, ,#($$,$, 3*. ), #*2
$*.-"%,0"(%* #" D !" 3'C +(!k !"%$*$"00,.*/ 

• =(!$.'0"(%* #" '% &.,9"+( $."#"-*%!"(%,)* +@* .,33.*!*%$" 
)<,%#,-*%$( #*" 6,)(." %'-*."+" #*) +(*99"+"*%$* D "% *!,-* +(% Ωθ *#0
4µ25 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" QT 
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V,17 L a ^,)(." #*" +(*99"+"*%$" 1 * ) !') ),$( L F9)*!!"1")*I  

3*. !"!$*-" AGD 

 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" QX 

J$$.,6*.!( #*))* !*0"(%" #*)), !'##*$$, !'3*.9"+"* !3*."-*%$,)* +(% " #"2
6*.!" 3",%" #" *4',0"(%* Ωθb+(!$,%$*; +(!$.'0"(%* #" &.,9"+" 1"#"-*%!"(2
%,)" +@* .,33.*!*%$,%( )<,%#,-*%$( #*) +(*99"+"*%$*0D +(% 4µ203*. $'$$" " 
6,)(." #" Ωθ +(%!"#*.,$" %*))* *),1(.,0"(%"5 

• 8%#"6"#',0"(%* 4',)"$,$"6,; #,))<(!!*.6,0"(%* #*" &.,9"+" ($$*%'$"; #*) 
$"3( #" 9'%0"(%"; *6*%$',)-*%$* #"99*.*%0",$* !' #"6*.!" !($$("%$*.6,)2
)" #*) +,-3( #" 6,)(." "% +'" : !$,$( 9,$$( 6,.",.* ") 3,.,-*$.( 4µ2; +,2
3,+" #" "%$*.3(),.* +(% !'99"+"*%$* ,++'.,$*00, )* +'.6* !3*."-*%$,)" 
."+,6,$* "% 3.*+*#*%0,7 V,)" 9'%0"(%" !(%( !$,$* !*)*0"(%,$* +(% 
)<,++(.$*00, #" ,!!'-*.*; !* 3(!!"1")*; ") -*#*!"-( &*%*.* #" 9'%0"(%" 
3*. $'$$" " 6,)(." #" Ωθ +(%!"#*.,$"7 8% $,) -(#( ") &*%*."+( +(*99"+"*%$* 
: !$,$( ."+(%#($$( ,# '%, 9'%0"(%* #*) 3,.,-*$.( 4µ20 ,$$.,6*.!( ), 
)*&&* ,%,)"$"+, 3.*!+*)$, * #" '%, !*."* #" ')$*."(." +(*99"+"*%$" +@* "%2
$*.6*%&(%( 3.(3."( %*)), #*!+."0"(%* #" $,)* )*&&*7 f'*!$" ')$"-" !(%( 
, )(.( 6()$, !$,$" *!3.*!!" "% 9'%0"(%* #*) 3,.,-*$.( Ωθ/ 

( )[ ]
NjjcRfq

,,1
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 =
= µ  FT7 QQI 

( ) Njcc
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jj ,,1

funzionedellaedefinizionlapernecessariticoefficiendinumero dove
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θ

 

• B, #*9"%"0"(%* +(-3)*$, #*))* 9(.-')* 3*. ") +(*99"+"*%$* "% (&&*$$( : 
!$,$, .,&&"'%$, , !*&'"$( #*)), #*$*.-"%,0"(%* #*" !'##*$$" +(*99"2
+"*%$" +@* "% *!!* 9"&'.,%(7 ="C : ,66*%'$( "% '% 3."-( $*-3( 3*. 6", 
%'-*."+, ,$$.,6*.!( '%, -"%"-"00,0"(%* #*&)" !+,.$" $., 6,)(." !3*2
."-*%$,)" * !$"-,$"; "% *!"$( ,)), 4',)* : !$,$( 3.(#($$( '% "%!"*-* #" 
6,)(." 3*. $,)" +(*99"+"*%$" "% +(.."!3(%#*%0, ," #"6*.!" Ωθ +(%!"#*.,$"7 
D()( !'++*!!"6,-*%$* !" : 3.(+*#'$( ,# '%, "%$*.3(),0"(%* #" $,)" 6,2
)(." , -*00( #" 9'%0"(%" +(%$"%'* #*) 3,.,-*$.( Ωθ7 

D" #*!+."6* (., ; , $"$()( #" *!*-3"(; +(% -,&&"(. #*$$,&)"( ), 3.(+*#'., 
+@* @, +(%#($$( ,)), #*$*.-"%,0"(%* #*))<*!3.*!!"(%* ,%,)"$"+, 3*. ") +(2
*99"+"*%$* 1> #*)), FT7 QXI .*),$"6( ,) 3."-( ),$( #*))<"-3,)+,$(7 

8%"0",)-*%$* !(%( !$,$" .*,)"00,$" #*" #",&.,--" 1"#"-*%!"(%,)" 
.,33.*!*%$,%$" )<,%#,-*%$( 4',)"$,$"6( #*) +(*99"+"*%$* 1> +(-* ($$*%'2
$( #,))* "%#,&"%" %'-*."+@* "% .,&"(%* #*))<"-3*&%( 3),!$"+( 4µ2 * 3*. 
9"!!,$" Ωθ +(.."!3(%#*%$" , $'$$" " 6,)(." 3*. 4'*!$<')$"-( 3.*!" "% *!,-* 



QK A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" 
 

O"&7T7TX7 ^,)(." %'-*."+" * 9'%0"(%" "%$*.3(),%$" 3*. ") +(*99"+"*%$* 1>  

 3*. $.* #"!$"%$" 6,)(." #" Ωθ FM7cM; T7MM; T7KMI F,I7 

^,)(." %'-*."+" * 9'%0"(%" "%$*.3(),%$" 3*. "  $.* +(*99"+"*%$"  "%#"3*%#*%$" 8>>; 
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#" !'++*!!"6* 6*."9"+@* : "%6*+* !$,$, ), 6,)'$,0"(%* #*) .*,)* 3*!(; !')), 
#*$*.-"%,0"(%* #*)), ."!3(!$, !"!-"+, , -*00( #*) -*$(#( 3.(3(!$(; &"(2
+,$( #, ,)+'%" 3,.,-*$."; ), +'" "%9)'*%0, : !$,$, $.,!+'.,$, "% !*#* #" 
#*$*.-"%,0"(%* #*))* *++*%$."+"$E +(..*$$"6*7 8% 3,.$"+(),.* !" $.,$$, #"/ 
$"3( #" #"!!"--*$.", #*" !"!$*-" ,%,)"00,$" FAGD ( DGDI; 3*."(#" $.,!),2
0"(%,)" #"!,++(33",$" F(66*.( " 3*."(#" $.,!),0"(%,)"  9b B #*) !"!$*-, 1"2
),%+",$( +(.."!3(%#*%$* ,))<,!"--*$."+( "% (&&*$$(I; $"3( #" "%3'$ !"!-"2
+( F,++*)*.(&.,--" ,.$"9"+",)" ( %,$'.,)"I; 3*.+*%$',)* <0#" "%+.'#"-*%$( 
#*&)" *)*-*%$" .*!"!$*%$" (66*.(; +(% ."9*."-*%$( ,) )*&,-* 9(.0*2 !3(2
!$,-*%$" #*" !"%&()" *)*-*%$"; ") .,33(.$( $., ), )(.( ."&"#*00, 3(!$2
!%*.6,-*%$( * 4'*)), *),!$"+,7 

5.6.1. Errori connessi all’uso del metodo proposto 

8% 4'*!$* 3."-* "%#,&"%" " 3,.,-*$." #" +'" !" : ,33*%, #*$$( !(%( 
!$,$" -,%$*%'$" ,%+(., +(!$,%$" * 3,." ," 6,)(." ,# *!!" ,$$."1'"$" "% !*#* 
#" #*9"%"0"(%* #*))* *++*%$."+"$E +(..*$$"6* (66*.( !" : +(%$"%',$( , 9,.* 
."9*."-*%$( , !"!$*-" AGD; +(% 3*."(#" $.,!),0"(%,)" #"!,++(33",$"  9b B 
3,." ,# T!; !(&&*$$" ,# "%3'$ !"!-"+( 1"#".*0"(%,)* .,33.*!*%$,$( #, #"*2
+" +(33"* #" ,++*)*.(&.,--" ,.$"9"+",)" * +,.,$$*."00,$" #, '% )*&,-* 9(.2
0*2!3(!$,-*%$" #*&)" *)*-*%$" .*!"!$*%$" , !(!$*&%( #*))<"-3,)+,$( #*) 
$"3( *),!$"+(23*.9*$$,-*%$* 3),!$"+( (66*.( +(% 3*.+*%$',)* #" "%+.'#"2
-*%$( < %')),7 

8 +(%$.())" !(%( !$,$" +(%#($$" "% $*.-"%" #" #"99*.*%0* 3*.+*%$',)" 
$., &)" !3(!$,-*%$" #" 9"!!,$" 3'%$" #*))<"-3,)+,$( ($$*%'$" , !*&'"$( #" 
'%<,%,)"!" !$,$"+, %(% )"%*,.* *# " +(.."!3(%#*%$" !3(!$,-*%$" #"%,-"+"; 
*!3.*!!* %*" $*.-"%" !*&'*%$"/ 
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n,)), FT7 cLI !" *6"%+* !'1"$( +@* '% $,)* *..(.* : 3(!"$"6( "% +,!( #" !$"2
-, +(%!*.6,$"6, #*&)" !3(!$,-*%$" #"%,-"+" ,$$.,6*.!( ,%,)"!" !$,$"+, 
,))(.+@U ( ) ( )PuPu

dinst ≥ ; %*&,$"6( "% +,!( #" !$"-, %(% +(%!*.6,$"6, 

4',%#( 6"+*6*.!, ( ) ( )PuPu
dinst ≤ 7 B, #*9"%"0"(%* #*))<*..(.* 3*.+*%$',)* 

,33*%, 3.*!*%$,$, : #" $"3( 3'%$',)* * !" ."9*."!+* ,# '%, &*%*."+, 3(!"2
0"(%* !'))<"-3,)+,$(7 8% .*,)$E '% $,)* *..(.* 3'C 6*%". 6,)'$,$( !' '% 
!"%&()( 3'%$( (33'.* .,33.*!*%$,.* '% 6,)(.* !$,$"!$"+( #" *..(." .*),$"2
6" , #"99*.*%$" 9"!!,$* 3(!"0"(%" !'))<"-3,)+,$(7 8% .,&"(%* #" +"C !(%( !$,2
$* #*9"%"$* #"6*.!* $"3()(&"* #" *..(.* 3*.+*%$',)* +@* +(.."!3(%#(%( , 
9(.-* #" +(%$.())( #"99*.*%$" #*))<,33.(++"( #" ,%,)"!" 3.(3(!$(7 8% 3,.$"2
+(),.* !(%( !$,$" 3.*!" "% *!,-* $.* $"3" #" *..(."; '%( #" %,$'., 3'%$',2
)* *# " ."-,%*%$" #'* #" $"3( &)(1,)*7 
• B, 3."-, $"3()(&", : .,33.*!*%$,$, #,&)" *..(." 3*.+*%$',)" !'&)" !3(2

!$,-*%$" +(--*!!" !'" #'* ),$" #*))<"-3,)+,$(/ ") &*%*."+( 3'%$( C 
+@* 9"&'., %*)), FT7 cLI !" "#*%$"9"+, (., +(% ") ),$(T F."&"#(I (., +(% ") 
),$( L F9)*!!"1")*I7 V,)* 4',%$"$E +(!$"$'"!+* '% 1'(% "%#"+,$(.* #" 
4',%$( !", ,99"#,1")* ") -*$(#( 3.(3(!$( "% .*),0"(%* ,)), +,3,+"$E #" 
+(&)"*.* , -*00( #" '%<,%,)"!" !$,$"+, %(% )"%*,.*; +(% +,."+( *++*%$."2
+( #" ($ ."!3*$$( ,) +*%$.( #*))* -,!!*; ") .*,)* !3(!$,-*%$( #"%,-"+( 
#*))<$2*!"-( *!$.*-( #*))<"-3,)+,$(; ,6*%#( 6,)'$,$( ($ +(% )* 9(.-')* 
"%%,%0" 3.*!*%$,$*7 o% $,)* *..(.* !,.*11* %'))( 4',)(.,; 9,+*%#( 
'!( #*))<*++*%$."+"$E +(..*$$"6, ($ 3.(3(!$,; !" ."'!+"!!* ,# ($$*%*.* 
'%, !$"-, *!,$$, #*))( !3(!$,-*%$( #"%,-"+( #*))<$2*!"-( ),$( 
#*))<"-3,)+,$(7 V,)" *..(." !(%( !$,$" 6,)'$,$"; !*3,.,$,-*%$* 3*. " 
#'* ),$" #*))<"-3,)+,$( * 3*. +",!+'% +,!(; #*9"%"$( #, '% 6,)(.* #" 
+",!+'%( #*" 3,.,-*$." >µ7; Ωθ; (" *# (#; * !'++*!!"6,-*%$* #",&.,-2
-,$" !' &.,9"+" $."#"-*%!"(%,)" ,) 6,.",.* #*))* +(33"* F(" ; (#I 3*. 9"!2
!,$" 6,)(." #*))* +(33"* F>µ7; ΩθI7 R("+@U , +",!+'% +,!( *!,-"%,$( +(.2
."!3(%#(%( #"*+" #"!$"%$* #"!$."1'0"(%" #" .*!"!$*%0,; &)" *..(." !'" #'* 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" `X 

),$" #*))<"-3,)+,$( .*),$"6" ,) !"%&()( +,!( !(%( !$,$" #*$*.-"%,$" +(-* 
-*#"* #*" #"*+" #"6*.!" 6,)(." .*),$"6" ,))* 6,."* #"!$."1'0"(%" #" .*!"2
!$*%0,7  

• B, !*+(%#, * ), $*.0, $"3()(&", !(%( .,33.*!*%$,$* ."!3*$$"6,-*%$* 
#,&)" (""!"$06$/$6$0/(*1,$;$0(06(+$0 0;1'-,1,$0#-'08!67'(##!0+($0,('1$0
$/0+$"(.$!/(0B7 f'*!$, 6()$, !" $.,$$, #" 4',%$"$E &)(1,)" ($$*%'$* 3*. 
") !"%&()( +,!( , 3,.$".* #,&)" *..(." 3'%$',)" 6,)'$,$" 3*. $'$$" &)" *2
)*-*%$" .*!"!$*%$" "% #".*0"(%* B7 ="C +(-3(.$, +@*; 3*. ") &*%*."+( *2
)*-*%$( .*!"!$*%$*; %*)), 6,)'$,0"(%* #*))( !3(!$,-*%$( !$,$"+( +@* 
9"&'., %*)), FT7 cLI; !" #*11, 9,. ."9*."-*%$( %(% 3"?; +(-* %*) +,!( 
3.*+*#*%$*; ,) !"%&()( #",&.,--, #*&)" !3(!$,-*%$" !$,$"+" 6,)'$,$( 
+(% )<'!( #*))<*++*%$."+"$E +(..*$$"6, ($ .*),$"6, ,))<$2*!"-( *!$.*-( 
#*))<"-3,)+,$(; 1*%!k ,))<"%6")'33( +(-3)*$( #*" #'* #",&.,--" !$,$"+" 
FO"&7 T7TM71I; ($$*%'$" #,)), ,33)"+,0"(%* #" #'* #"99*.*%$" ,%,)"!" !$,2
$"+@* "%+.*-*%$,)"; +",!+'%, +(% +,."+( !"!-"+( *++*%$."+( #*)), 3*.$"2
%*%$* 4',%$"$E 9., " #'* 6,)(." (>0 *# (?7 n'%4'* +(% ."9*."-*%$( ,) 
!"%&()( +,!( +,.,$$*."00,$( #, '% 9"!!,$( 6,)(.* #*" 3,.,-*$." #" +(%2
$.())( 4µ2; Ωθ; (" *# (# +(!k !(%( !$,$" 6,)'$,$" &)" (""!"$06$/$6!0/(*1,$%
;! * 6(+$!/ 
- #*$*.-"%,0"(%* +(''5(""!"(07("8(/,-1'(0+$0 #7!#,16(/,!07("08$1#8-%
/!0 +(*'$0 ('(6(/,$0 "(#$#,(/,$0 $/0 +$"(.$!/(0 B #,) +(%9.(%$( 9., #",2
&.,--, #*" -,!!"-" !3(!$,-*%$" #"%,-"+" *# "%6")'33( #*" #'* 
#",&.,--" !$,$"+" ($$*%'$( #,))<,33)"+,0"(%* #*)), -*$(#()(&", 
3.(3(!$,5 

- 6,)'$,0"(%* #*))<(""!"(06$/$6!0 /(*1,$;!0 * 6(+$! ."!3*$$"6,-*%$* 
+(-* -"%"-( "% 6,)(.* .*),$"6( * -*#"( "% 6,)(.* ,!!()'$( 9., &)" 
*..(." 3*.+*%$',)" #*" !"%&()" *)*-*%$" .*!"!$*%$" "%%,%0" #*$*.-"2
%,$"7 
=(-* &"E %*) +,!( #*&)" *..(." !'" #'* ),$" #*))<"-3,)+,$(; ,%+@* 
4'" ), 3.*!*%0, #" #"*+" #"!$"%$* #"!$."1'0"(%" #" .*!"!$*%0,; , 3,."2
$E #*&)" ,)$." 3,.,-*$." +@* #*9"%"!+(%( ") !"%&()( +,!(; @, "-3(!$( 
#" -*#",.* !'))* #"*+" #"!$."1'0"(%" &)" *..(." -"%"-( * -*#"(; ($2
$*%'$" "% +(.."!3(%#*%0, , +",!+'%, #" *!!*; 3*. ."+,6,.* " 6,)(." #" 
."9*."-*%$( #" 4'*!$* #'* 4',%$"$E ,!!(+",$" ,) +,!( "% *!,-*7 Y)" 
*..(." -"%"-( * -*#"(; "% 4',%$( ."9*."$" ,# '%, !"$',0"(%* &*%*.,2
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)* #*" 6,." 3'%$" #*))<"-3,)+,$(; +(!$"$'"!+(%( #*&)" "%#"+,$(." #*) 
)"6*))( #" ,++'.,$*00, +(% +'" )<"%6")'33( #*&)" !3(!$,-*%$" !$,$"+" 
3.*6"!$( #,)), -*$(#()(&", *!3(!$, ,33.(!!"-, ), #"!$."1'0"(%* "% 
3",%$, #*" -,!!"-" !3(!$,-*%$" #"%,-"+" * !,.*11*.( %'))" !* ,) 
)"-"$* )<"%6")'33( #*))* #'* 3'!@(6*. ."'!+"!!* , .*!$"$'".* !' $'$$" 
" 3'%$" #*))<"-3,)+,$( !3(!$,-*%$" "#*%$"+" ," +(.."!3(%#*%$" 6,)(." 
9(.%"$" #,))<,%,)"!" #"%,-"+, %(% )"%*,.*7 R*. $,)* .,&"(%*; ,) 9"%* 
#" 9(.%".* '%, 6"!"(%* 3"? &*%*.,)* #*)), !"$',0"(%*; $,)" *..(." !(2
%( !$,$" #",&.,--,$" %(% 3"? +(% ."9*."-*%$( ,) !"%&()( +,!( * 
#'%4'* ,) 6,.",.* #*))* +(33"* F(" ; (#I 3*. 9"!!,$" 6,)(." #*))* +(33"* 
F>µ7; ΩθI; 1*%!k +(% ."9*."-*%$( ,# '% +(-3)*!!( #" +,!"7 h* +(%!*2
&'* '%\ ')$*."(.* *),1(.,0"(%* +@* 3.*6*#* ") 3,!!,&&"( #,&)" *..(." 
-"%"-( * -*#"( #*" !"%&()" +,!" ,&)" *..(." -"%"-( * -*#"(; "%$*!" 
+(-* -"%"-( "% 6,)(.* .*),$"6( * -,!!"-( "% 6,)(.* ,!!()'$( $., " 
6,)(." +@* )* !'##*$$* 4',%$"$E ,!!'-(%( ,) 6,.",.* #" (" *# (# 3*. 
+",!+'%, #*))* +(33"* F>µ7; ΩθI 3.*!* "% *!,-*7 n'%4'* "% +(.."2
!3(%#*%0, ,# (&%" #"6*.!, +(33", #" >µ *# Ωθ !(%( !$,$" ($$*%'$" 
'% !()( *..(.* -"%"-( *# '% !()( *..(.* -*#"(7 f'*!$" 6,)(." !(%( 
!$,$" !'++*!!"6,-*%$* #",&.,--,$" ,) 6,.",.* #" >µ *# Ωθ; 9(.%*%2
#( #*" &.,9"+" $."#"-*%!"(%,)" +@* +(!$"$'"!+(%( -"!'.* #" +(%$.())( 
&)(1,)" !' $'$$" " +,!" *!,-"%,$"7 

h*) !*&'"$( !" +(--*%$,%( " ."!')$,$" #*))* "%#,&"%" !6()$* "% $*.-"%" #" 
*..(." !'" #'* ),$" #*))<"-3,)+,$( *# *..(." -"%"-( * -*#"( #*."6,%$" #, 
'% +(%9.(%$( 9., )<,33.(++"( 3.(3(!$(; +(% "%6")'33( #" #'* ,%,)"!" !$,$"2
+@* +(% +,."+( !"!-"+( *++*%$."+( #*))* #'* 4',%$"$E (> *# (? 6,)'$,$* ,$2
$.,6*.!( )* *!3.*!!"(%" ,%,)"$"+@* !(3., ."3(.$,$*; *# ,33.(++"( %(.-,$"2
6( +,.,$$*."00,$( #,))<"-3"*&( #" '%, '%"+, ,%,)"!" 3'!@(6*. +(% +,."+( 
,33)"+,$( #".*$$,-*%$* %*) +*%$.( #*))* -,!!*7  

C("0D-1/,!0 "$*-1"+10*'$0 (""!"$0 #-$0+-(0 '1,$0+(''5$671'81,! +(% ."9*2
."-*%$( ,)), 9"&'., T7TQ .*),$"6, ,) ),$( 9)*!!"1")* F),$( LI; "% +'" !" 3(%2
&(%( , +(%9.(%$( #'* !'3*.9"+" +(.."!3(%#*%$" )<'%, ,) -*$(#( 3.(3(!$( 
F"% 1",%+(I * )<,)$., ,) -*$(#( 3.*6"!$( #,)), %(.-,$"6, F"% &."&"(I 3*. 
#"6*.!* +(33"* #" 6,)(." #"04µ2 *# Ωθ; !" 3'C %($,.* +@* !$"-* ,$$*%#"1")" 
#*&)" !3(!$,-*%$" #"%,-"+" !') ),$( L !*%0, +(..*0"(%" ,$$.,6*.!( (33(.2
$'%* *++*%$."+"$E #*) +,."+( Fh(.-,$"6,I !(%( !$,$* ($$*%'$* !()$,%$( 3*. 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" `Q 

O"&7T7TQ7 G..(." !')), !$"-, #*) -,!!"-( !3(!$,-*%$( !') ),$( L F9)*!!"1")*I 

3*. !"!$*-" AGD +(%  9b BbT ! * <bM !($$(3(!$"  

, +(33"* #" ,++*)*.(&.,--" ,.$"9"+",)"7 

J%,)"!" !*%0, *++*%$."+"$E +(..*$$"6* F!*+(%#( G=NI 

J%,)"!" +(% *++*%$."+"$E +(..*$$"6* 

!"!$*-" $(.!"(%,)-*%$* ."&"#" FΩθSTI; "% 4',%$( -*%( !*%!"1")" ,&)" *99*$2
$" .($,0"(%,)" +(%%*!!" ,)), 3.*!*%0, #" ,!"--*$."* %*) !"!$*-,5 6"+*6*.2
!, 3*. !"!$*-" $(.!"(29)*!!"1")" FΩθdTI )<*..(.* !'&)" !3(!$,-*%$" !" 3.*2
!*%$, !*-3.* 3"'$$(!$( .")*6,%$* .,&&"'%&*%#( 3*.!"%( 3"++@" , !9,6(.* 
#" !"+'.*00, #*) [M ] 3*. ,)+'%" +,!" F4µ2b`7M; ΩθbM7c; ("bM7MM ; (#bM7TM 
AI7 B<"-3"*&( #" *++*%$."+"$E +(..*$$"6* @, ."#($$( #" -()$( )<*%$"$E #" $,)" 
*..(."; $,%$( +@* )* -,!!"-* !($$(!$"-* 3*. ") ),$( 9)*!!"1")* !(%( #*)  
LQ ] F4µ2b`7M; ΩθbM7c; ("bM7MM ; (#b2M7TM AI7  
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D" %($, "%()$.* +@* 3*. 1,!!" 6,)(." #*))<"-3*&%( 3),!$"+( 4µ2 ,# *2
!*-3"( 4µ2bM7Q; ,))(.+@U ") +(-3(.$,-*%$( #*) !"!$*-, : 4',!" *),!$"+( 
*# : .")*6,%$* ") .'()( &"(+,$( !')), ."!3(!$, #,)), #"!$."1'0"(%* #*))* ."2
&"#*00* * #," 3,.,-*$." ,# *!!, )*&,$"; "% +(.."!3(%#*%0, ,# *++*%$."+"$E 
#*))* ."&"#*00* (" %')), ), ."!3(!$, #"%,-"+, #*) !"!$*-, $*%#* ,# *!!*.* 
#" $"3( $.,!),0"(%,)* * 3*.$,%$( "% $,) +,!( ."!')$,%( %(% "%#"!3*%!,1")" 
+(..*0"(%" , -*00( #" (33(.$'%* *++*%$."+"$E7 ="C !3"*&, ") -($"6( 3*. 
+'" )* 3.*6"!"(%" #" %(.-,$"6, ."!')$,%( ,11,!$,%0, ,$$*%#"1")" )"-"$,2
$,-*%$* ," +,!" 3*. " 4',)" ("bM7MM; -*%$.* &)" *..(." #"6*%&(%( !*-3.* 
3"? .")*6,%$" ,) +.*!+*.* "% 6,)(.* ,!!()'$( #" ("7 8% -,%"*., #*) $'$$( 
!3*+'),.* 3*. 6,)(." 6", 6", +.*!+*%$" #*))<"-3*&%( 3),!$"+(0 4µ2;4',%#( 
)<*%$"$E #*))* #*9(.-,0"(%" 3),!$"+@* 3.*!*%$" !" 9, .")*6,%$* * #"6"*%* 
3.*3(%#*.,%$* )<"%9)'*%0, !')), ."!3(!$, #*" 3,.,-*$." )*&,$" ,)), #"!$."2
1'0"(%* #*))* .*!"!$*%0*; ") +(-3(.$,-*%$( #"6"*%* #" $"3( $.,!),0"(%,)* 
4',%#( !" ,%%')), )<*++*%$."+"$E #*))* .*!"!$*%0* (#7 n'%4'* &)" *..(." 3"? 
1,!!" "% +,!( #" ,!!*%0, #" +(..*0"(%" +(% *++*%$."+"$E #*) +,."+( !"!-"+( 
Fh(.-,$"6,I !" .*&"!$.,%( "% +(.."!3(%#*%0, , (#bM7MM; -*%$.* *!!" +.*2
!+(%( %($*6()-*%$* ,) +.*!+*.* "% 6,)(.* ,!!()'$( #" (#7 J%,)(&@" ."!')$,2
$" !" !(%( ($$*%'$" !') ),$( ."&"#( F),$( TI7 

C("0 D-1/,!0 "$*-1"+10 *'$0 (""!"$0 6$/$6!0 /(*1,$;!0 (0 6(+$!3 
)<(!!*.6,0"(%* #*" #",&.,--" $."#"-*%!"(%,)" ."3(.$,$" "% 9"&'., T7T` 
+(%!*%$* #" +(%+)'#*.* +@* ") -*$(#( 3.(3(!$( +(%#'+* , !*%!"1")" -"2
&)"(.,-*%$" !')), !$"-, #*)), #"!$."1'0"(%* 3),%"-*$."+, #*" -,!!"-" 
!3(!$,-*%$" #"%,-"+"7 8%9,$$" ), -,!!"-, !($$(!$"-, #*&)" !3(!$,-*%$" 
#"%,-"+" ,$$.,6*.!( ,%,)"!" !$,$"+,; #" +'" : .,33.*!*%$,$"6( )<*..(.* -"2
%"-( FO"&7 T7T`7,I; !" ."#'+* %($*6()-*%$* +(% )<"-3"*&( #*))* *++*%$."+"2
$E +(..*$$"6* 3.(3(!$*/ ), !'3*.9"+"* +(.."!3(%#*%$* F"% 1",%+(I "%9,$$" !" 
$.(6, !*-3.* ,) #" !(3., #" 4'*)), F"% &."&"(I .,33.*!*%$,$"6, #*))* ,%,2
)"!" +(%#($$* +(% '%, '%"+, 9(.0, !"!-"+, %*) +*%$.( #" -,!!, Fh(.-,$"2
6,I * !" ,66"+"%, -,&&"(.-*%$* ,))( 0*.(; -*%$.* )* !($$(!$"-* -,!!"-* 
&"'%&(%( 3*. )<,33.(++"( #" %(.-,$"6, 9"%( ,) TMM ]7 B* #'* !'3*.9"+"; 
+(-* ,$$*!(; !" ,66"+"%,%( 9., )(.( * #" +(%!*&'*%0, )* #"99*.*%0* $., " 
#'* ,33.(++" !" ,$$*%',%( !()( 3*. !"!$*-" $(.!"(%,)-*$*2."&"#"; 3*. " 
4',)" &)" *99*$$" .($,0"(%,)" #*)), ."!3(!$, !"!-"+, !(%( -(#*.,$" * #'%2
4'* !" .*%#* -*%( %*+*!!,."( )<"-3"*&( #" +(..*0"(%" 3*. )<,%,)"!" !$,$"+, 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" `c 

O"&7T7T`7 G..(." -"%"-( F,I * -*#"( F1I !')), !$"-, #*)), #(-,%#,  

#" !3(!$,-*%$( 3*. !"!$*-" AGD +(%  9b BbT ! * <bM  

!($$(3(!$" , +(33"* #" ,++*)*.(&.,--" ,.$"9"+",)"7 

J%,)"!" !*%0, *++*%$."+"$E +(..*$$"6* F!*+(%#( G=NI 
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%(% )"%*,.* #*) !"!$*-,7 J%,)(&,-*%$* 3*. )<*..(.* -*#"( FO"&7 T7T`71I 
!" 3'C (!!*.6,.* ,%+(., '%, 6()$, +@*; 9,$$, *++*0"(%* 3*. " $(.!"(2."&"#" 
FΩθSTI 3*. " 4',)" " #'* ,33.(++" !" 3.*!*%$,%( 4',!" *4'"6,)*%$"; ") -*2
$(#( 3.(3(!$( +(%#'+* ,# *..(." !*-3.* 3"? 1,!!" ."!3*$$( ,)), %(.-,$"2
6, !(3.,$$'$$( 3*. !"!$*-" ,)$,-*%$* $(.!"(29)*!!"1")" FΩθbM7`I; &,.,%2
$*%#( #'%4'* !*-3.* '%, #"!$."1'0"(%* 3),%"-*$."+, #*&)" !3(!$,-*%$" 
!*%0, #'11"( 3"? 6"+"%, , 4'*)), ($$*%'$, "% *!"$( ,# ,%,)"!" #"%,-"+, 
%(% )"%*,.* #*) !"!$*-, ."!3*$$( , 4'*)), #*."6,%$* #,))<,33)"+,0"(%* #*)2
)* 3.*!+."0"(%" %(.-,$"6*7 
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o%, 9,!* #" 6*."9"+, !'++*!!"6, : !$,$, 4'*)), 6()$, ,))<,++*.$,-*%$( #*)2
), .*,)* "%+"#*%0, !')), !$"-, #*)), ."!3(!$, !"!-"+, #" 4',%$"$E "%"2
0",)-*%$* !'33(!$* 3(+( .")*6,%$" * -,%$*%'$* +(!$,%$" %*))* *),1(.,2
0"(%" 3.*+*#*%$"7 V,)" 4',%$"$E !(%( &"E !$,$* "%#"6"#',$* !(3., * 4'" !* 
%* #"!+'$* 3,!!,%#()* "% .,!!*&%, '%, 3*. 6()$, * +(--*%$,%#(; +(% ."2
9*."-*%$( , &.,9"+" '$")" ,))( !+(3(; )<*6*%$',)* "%9)'*%0, !') +(-3(.$,2
-*%$( #*" !"!$*-" ,%,)"00,$"7 B* 6,)'$,0"(%" !'++*!!"6* !(%( !$,$* 9,$$* 
"% $*.-"%" ,%+(., '%, 6()$, #" *..(." 3*.+*%$',)" !'" ),$" #*))<"-3,)+,$(; 
-*$$*%#( , +(%9.(%$( " 6,)(." +@* $,)" 3,.,-*$." ,!!'-(%( 4',%#( 
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#<"%#,&"%* 3.(3(!$,; ,$$.,6*.!( )<'!( #" *++*%$."+"$E +(..*$$"6*; * 4',%2
#(; +(-* 3.*!+."$$( #," 3."%+"3,)" +(#"+" !"!-"+"; "%6*+* %(% !" 9, '!( #" 
,)+'%, +(..*0"(%*7 8 ."!')$,$" !" 3.*!*%$,%( ,%+(., %*) 9(.-,$( #*) &.,9"2
+( $."#"-*%!"(%,)* +(% #'* !'3*.9"+" +(.."!3(%#*%$" ," #'* #"6*.!" ,32
3.(++" #" +'" !" : #*$$(7 

o% 3."-( +(%$.())( @, ."&',.#,$(0$'0,$7!0+$0+$##$66(,"$10#*" !"!$*-" 
!$.'$$'.,)" ,%,)"00,$"7 B* "%#,&"%" +@* @,%%( +(%#($$( ,)), 9(.-'),0"(%* 
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,%,)"$"+, #*))* *++*%$."+"$E +(..*$$"6* @,%%( "%9,$$" "%$*.*!!,$( '%"+,2
-*%$* !"!$*-" AGD *; !')), 1,!* #*) )(.( +(-3(.$,-*%$(; )* 9(.-')* 
#*))* *++*%$."+"$E !(%( !$,$* $,.,$*7 J) 9"%* #" +(%$*%*.* ") )"6*))( #" +(-2
3)*!!"$E #" $,)" 9(.-'),0"(%" !" : !+*)$( #" %(% #"99*.*%0",.)* 3*. AGD * 
DGD7 ="C , 3,$$( +@* &)" *..(." +(--*!!" %*)), !$"-, #*&)" !3(!$,-*%$" 
!'" DGD; 4',)(., !" '$")"00" ") -*$(#( 3.(3(!$( +(% *++*%$."+"$E +(..*$$"6* 
"% 3.*+*#*%0, !$"-,$*; !" -,%$*%*!!*.( ,++*$$,1")"7 f'*!$( : 4',%$( !" : 
"% !*&'"$( ,++*.$,$(7 8% 3,.$"+(),.* !" ."3(.$,%( 3*. ,)+'%* +(33"* #" 6,2
)(." #*" 3,.,-*$." 4µ2 *# Ωθ " #",&.,--" #*))* #"99*.*%0* 3*.+*%$',)" #" 
!3(!$,-*%$( 3*. ") !*+(%#( ),$( #*))<"-3,)+,$( ($$*%'$* +(% " #'* ,32
3.(++" !' #*!+."$$" FO"&7 T7TcI7 D" %($, +@* )<,%#,-*%$( #*))* !'3*.9"+" 
.,33.*!*%$,$"6* #*&)" *..(." ."+,)+, 4',)"$,$"6,-*%$* 4'*))( &"E ($$*%'$( 
3*. " AGD FO"&7 T7TQI; !*%0, !(!$,%0",)" #"99*.*%0* #" +(-3(.$,-*%$(7 
n'%4'* !" : 3($'$( +(%+)'#*.* +@* )* 9(.-')*; "% 3.*+*#*%0, #*$*.-"%,2
$* 3*. !"!$*-" *++*%$."+" %*))* -,!!*; !(%( *!$*%#"1")" ,%+@* , !"!$*-" 
*++*%$."+" %*))* ."&"#*00*7 

o% !*+(%#( ,++*.$,-*%$( @, ."&',.#,$( '5$/&'-(/.10 +($0 7("$!+$0 ,"1#'1%
.$!/1'$0+$#188!77$1,$0+('0#$#,(610)$'1/8$1,!70 9 *  B7 J $,) 3.(3(!"$( !(%( 
!$,$* 3.*!* "% *!,-*; ()$.* ,) 6,)(.* #" T! +(%!"#*.,$( "% $'$$* )* *),1(2
.,0"(%" 3.*+*#*%$"; ,)$." #'* 6,)(." #, *!!( !'99"+"*%$*-*%$* #"!$,%$" * 
."!3*$$( ," 4',)" *!!( !" +())(+, "% 3(!"0"(%* "%$*.-*#",7 D" $.,$$, #*" 6,2
)(." M7` ! *# T7K !7 D" ."3(.$,%( "% O"&7 T7TN " #",&.,--" #*&)" *..(." 3*.2
+*%$',)" +(--*!!" %*)), !$"-, #*))( !3(!$,-*%$( #*))<"-3,)+,$( !')  
),$( L 3*. ,)+'%* +(33"* #" 4µ2 *# Ωθ * 3*. " #'* !'##*$$" %'(6" 6,)(." #*" 
3*."(#" $.,!),0"(%,)" #"!,++(33",$"7 n,))<(!!*.6,0"(%* #" $,)" &.,9"+" !" 
3'C +(%+)'#*.* +@*; !* ,%+@* 4',)+@* #"99*.*%0, #" +(-3(.$,-*%$( 3'C 
."+(%(!+*.!" !'))* !'3*.9"+" .,33.*!*%$,$"6* #*&)" *..(." #*."6,$" 
#,))<,33)"+,0"(%* #*))* 3.*!+."0"(%" %(.-,$"6*; 6"+*6*.!,; 3*. )* !'3*.9"+" 
.,33.*!*%$,$"6* #*))* #"99*.*%0* 3*.+*%$',)" 9., !3(!$,-*%$" !$,$"+" * 
#"%,-"+" +(.."!3(%#*%$" ,))<,33.(++"( 3.(3(!$(; ), $*%#*%0, !*-1., +(%2
9*.-,.* 4',%$( &"E $.(6,$( "% +(.."!3(%#*%0, ,  9b BbT ! FO"&7 T7TQI * 
), 6"+"%,%0, ,))( 0*.( : '%, -"!'., #*))<*99"+,+", #*) -*$(#(7 
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,-,$;!0$/8"-+(/,(07("0*'$0('(6(/,$0"(#$#,(/,$010#!#,(*/!0#*))<"-3,)+,$( +,2
.,$$*."00,$( #, '% 6,)(.* %(% %'))( #*)), 3*.+*%$',)* #" "%+.'#"-*%$( <7 
o% +(-3(.$,-*%$( "%+.'#*%$* #*" $*)," , !(!$*&%( #*))<"-3,)+,$( "%9,$$" 
.*%#* ), -(#*)),0"(%* -(%(3",%(; '$")"00,$, !"% 4'" 3*. ), #*$*.-"%,2
0"(%* #*))* *++*%$."+"$E +(..*$$"6*; '% 3(< 3"? 6"+"%, ,) .*,)* +(-3(.$,2
-*%$( #*&)" *#"9"+" -')$"3",%(7 D" 3'C "% 3.(3(!"$( %($,.* +@* ") )*&,-* 
$,&)"( ,)), 1,!*2!3(!$,-*%$( "% $*!$, #" '% $*),"( -')$"3",%(; +@* +()),!2
!, +(% '% -*++,%"!-( #" 3",%(; 3'C *!!*.* .,&"(%*6()-*%$* !+@*-,$"02
0,$( -*#",%$* ") )*&,-* *),!$"+(23*.9*$$,-*%$* 3),!$"+( '$")"00,$( !"%(2
.,; -*%$.* !* ") -*++,%"!-( #" +()),!!( : #" $"3( &)(1,)*; '% )*&,-* +(2
!$"$'$"6( "%+.'#*%$* ,33,.* 3"? ,33.(3.",$(7 B<*!"$( #" 4'*!$* "%#,&"%"; 
+(%#($$* +(% #'* #"99*.*%$" 6,)(." #*)), 3*.+*%$',)* #" "%+.'#"-*%$( 
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4',)" <bM7MQ * <bM7TM; !*-3.* "% $*.-"%" #" *..(." 3*.+*%$',)" #" !3(2
!$,-*%$( 6,)'$,$" !'" #'* ),$" #*))<"-3,)+,$( * +(% ."9*."-*%$( $,%$( ,)2
), -*$(#()(&", 3.(3(!$, 4',%$( ,))* 3.*!+."0"(%" %(.-,$"6* : !"%$*$"00,2
$( %*)), 9"&'., T7T[; "% +'" !" ."3(.$,%( &)" *..(." 3*.+*%$',)" !') ),$( 
9)*!!"1")* 3*. ,)+'%* +(33"* #" 6,)(." #" 4µ2 *# Ωθ %*) +,!( #" 3*.+*%$',)* 
#" "%+.'#"-*%$( 3,." ,) TM ]7 J%+(., '%, 6()$, %(% !" ."!+(%$.,%( !"&%"2
9"+,$"6* #"99*.*%0* #" +(-3(.$,-*%$( ."!3*$$( ,) +,!( #" )*&,-* *),!$"+(2
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J%,)(&@" ."!')$,$" !" ($$*%&(%( %*) +,!( #" 3*.+*%$',)* #" "%+.'#"-*%$( 
#*) Q ]7 D" 3'C #'%4'* +(%+)'#*.* +@* )<"%9)'*%0, #" 4'*!$( 3,.,-*$.( 
!')), #*$*.-"%,0"(%* #*))* *++*%$."+"$E +(..*$$"6* : *99*$$"6,-*%$* $.,2
!+'.,1")*7 

8%9"%* '% ')$"-( +(%$.())( : +(%!"!$"$( %*))<*!+)'#*.* -/0 (;(/,-1'(0
8!/+$.$!/16(/,!0#-''10&!"6-'1.$!/(01/1'$,$8108-$0#$0I07(";(/-,$0+!;-,!0

1'071",$8!'1"(0$/7-,0#$#6$8! "-3"*&,$( 3*. )* ,%,)"!" #"%,-"+@*7 8% 9,!* 
#" #*$*.-"%,0"(%* #*))* *++*%$."+"$E +(..*$$"6* "%9,$$" )* ,%,)"!" #"%,-"2
+@* !(%( !$,$* +(%#($$* !($$(3(%*%#( ), !$.'$$'., , +(33"* #" ,++*)*.(2
&.,--" ,.$"9"+",)" * +(-3,$"1")" +(% )( !3*$$.( #*))<G'.(+(#"+*N7 n,) 
-(-*%$( +@* ), ."!3(!$, !"!-"+, #" '% !"!$*-, !$.'$$'.,)* : "% &*%*.,)* 
9(.$*-*%$* +(%#"0"(%,$, #,)), %,$'., #*))<*++"$,0"(%* #"%,-"+, +'" : 
!($$(3(!$(; * ,$$*!, ), !(!$,%0",)* #"6*.!"$E 9., ,++*)*.(&.,--" ,.$"9"2
+",)" * !3*$$.( +(-3,$"1")"; !" : ."$*%'$( '$")* ."3*$*.* )* ,%,)"!" "-3"*2
&,%#( 4'*!$, 6()$, !*$$* +(33"* #" ,++*)*.(&.,--" %,$'.,)" * 6,)'$,.* 
&)" *..(." 3*.+*%$',)" "% $,) -(#( +(--*!!" ."!3*$$( ,))<,%,)"!" #"%,-"+, 
%(% )"%*,.* %*)), 6,)'$,0"(%* #*&)" !3(!$,-*%$" !'" #'* ),$" 
#*))<"-3,)+,$( , -*00( #" ,%,)"!" !$,$"+, %(% )"%*,.* +(% *++*%$."+"$E 
+(..*$$"6* #*$*.-"%,$* $.,-"$* )* 9(.-')* !' ."3(.$,$* F*4',0"(%"  
FT7 QXI; FT7 `NI; FT7 cMI; FT7 `[I * FT7 cTII7 =(-* !" *6"%+* #,)), O"&7 T7LM; 
"% +'" ") ."!')$,$( #" $,)" "%#,&"%" : !"%$*$"00,$(; %(% 6" !(%( .")*6,%$" #"92

   
 

 

 



A*$(#" !$,$"+" %(% )"%*,." 3*. !"!$*-" ,!"--*$."+" cX 

9*.*%0* ."!3*$$( , 4',%$( $.(6,$( "% 3.*+*#*%0, FO"&7 T7TQI +(% ,++*)*.(2
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#*))<"%3'$ !"!-"+( %(% "%9)'"!+* !*%!"1")-*%$* !'))* *++*%$."+"$E +(..*$2
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8% +(%+)'!"(%* &)" *!"$" "%+(.,&&",%$" #*))\,33.(++"( ,33*%, #*!+."$$( )( 
4',)"9"+,%( +(-* '% 1'(% 3'%$( #" 3,.$*%0, 3*. )( !6")'33( #" !$'#" 
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"..*&(),." "% 3",%$, -, +(%$.,##"!$"%$" #, '%, &*%*.,)* +(!$,%0, #*)), 
!$.'$$'., "% *)*6,0"(%*7 R.(3."( "% 6".$? #*)), !', !*-3)"+"$E; ), -(#*)2
),0"(%* -(%(3",%( @, +(%!*%$"$( #" !6()&*.* *!$*!* "%#,&"%" 3,.,-*$."2
+@* !')), ."!3(!$, !"!-"+, #" !$.'$$'.* "..*&(),."; 9,+*%#( 6,.",.* +(% 
3,!!( -()$( 9"$$( )* 6,.",1")" "% &"(+(; * #" +(%$.()),.%* ,&*6()-*%$* " ."2
!')$,$"; 3"? 9,+")-*%$* "%$*.3.*$,1")" "% 4',%$( "%9)'*%0,$" #, '% -"%(. 
%'-*.( #" 3,.,-*$." !$.'$$'.,)"/ @, +(%!*%$"$( "% $,) -(#( #" $.,..* 
#*))* "%9(.-,0"(%" &*%*.,)" !') +(-3(.$,-*%$( $(.!"(%,)* #" !$.'$$'.* 
,!"--*$."+@*7 J$$*!, ), 6,)"#"$E #*" -(#*))" -(%(3",%( !*-3)"9"+,$" 3*. 
.")*6,.* )<"%9)'*%0, !') +(-3(.$,-*%$( !"!-"+( #*))* 3."%+"3,)" 4',%$"$E 
+@* +(%$.()),%( ), ."!3(!$, #*&)" *#"9"+"; !* %* ."+(%(!+(%( +(-'%4'* )* 
)"-"$,0"(%"; #*))* 4',)" !" #"!+'$*.E 3"? "% #*$$,&)"( %*) !'++*!!"6( +,3"2
$()(7 D" ."$"*%* #'%4'* %*+*!!,.", '%, !'++*!!"6, 6,)"#,0"(%* #*) -*$(2
#( ,%+@* !' '% +*.$( %'-*.( #" !+@*-" -')$"3",%( 3"? .*,)"!$"+"7 R*.2
$,%$( ,.&(-*%$( #" 4'*!$, $*!" : )\*!$*%!"(%* ,%+@* , !"!$*-" !$.'$$'.,)" 
-')$"3",%( +(% "..*&(),."$E "% 3",%$, #*)), -*$(#()(&", 3*. ), 6,)'$,2
0"(%* #*)), ."!3(!$, !"!-"+, "%*),!$"+, #*&)" *#"9"+" , -*00( #" ,%,)"!" 
!$,$"+, %(% )"%*,.*; "% 3.*+*#*%0, #*$*.-"%,$, 3*. -(#*))" ,# '% !()( 
3",%( * +@* 9, '!( #" (33(.$'%* *++*%$."+"$E #*) +,."+(7 B, &*%*.,)"00,2
0"(%* #*) -*$(#( ,# *#"9"+" -')$"3",%( 3),%"-*$."+,-*%$* "..*&(),." "%2
9,$$" +(!$"$'"!+* '% 9,$$( $'$$\,)$.( +@* 1,%,)*; "% 4',%$( 3(%* 3.(1)*-" 
#" 6,.", %,$'.,7 8% 3."-( )'(&( 'J$+(/,$&$81.$!/(07("0#$#,(6$06-',$7$1/!0
+(*'$0(D-$;1'(/,$0+($071"16(,"$%08<$1;(0$67$(*1,$07("0'10+(&$/$.$!/(01/1%
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>µ; )*&,$" ,)), ."!3(!$, "%*),!$"+, #*&)" *#"9"+"; : %*+*!!,."( *),1(.,.* 
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!(9$i,.* #" +,)+()(; +@* +(%!*%$, #" !"-'),.* ") .*,)* +(-3(.$,-*%$( 
-*++,%"+( %(% )"%*,.* #*&)" *)*-*%$" !$.'$$'.,)" +(-3(%*%$" ") !"!$*-, 
!3,0",)*7 8%9"%* ), 4'*!$"(%* %(% "%#"99*.*%$* #*)), +(&$/$.$!/(0 +$0 -/10
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OXY sistema al rispetto livelli  variai rigidezza di centri dei

 coordinate le principale diagonale sulla conteneti diagonali matrici duesono, RR yx
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3.2.3. Localizzazione dei centri di taglio 
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3.2.4. Localizzazione dei baricentri delle rigidezze di piano 
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3.2.5. Localizzazione dei centri di resistenza di piano 
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Un particolare caso di quello appena esaminato è quello già citato in precedenza, 

in cui gli elementi resistenti sono disposti lungo due direzioni mutuamente ortogo-

nali della pianta, che di norma si assumono coincidenti con gli assi X ed Y del si-

stema di riferimento globale, e lungo la singola direzione hanno matrici di rigidez-

za tutte proporzionali fra loro come espresso dalla JL:%;N, che qui si ripropone: 
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(-" $,/*!1*(-]3" -((&%&%'-" 1-)X" $" '0&" 5*!-+$" m 51.15;m05.10 == kykx rr 9" @%"

'&#$%$($5*" +$)/&((-" *$" '0&" *))$" '$" +$#&+$,&%(-" $!" /*+*,&(+-"Ωθ" *))0,&"

/&+(*%(-""$"5*!-+$"  014.1;564.1 =Ω=Ω yx θθ 3"'$"10$"40&!!-"'*"1-%)$'&+*+&"*$"

#$%$"'&!"1*!1-!-"'&!!&"&11&%(+$1$(7"1-++&(($5&"<"$!")&1-%'-9"

":*))-")011&))$5-"<")(*(-"$!"/+-.&((-"'&!!&"*+,*(0+&"'$"(+*5$"&"/$!*2

)(+$3"1-%'-((-"%&!"+$)/&((-"'&!!*"'-//$*")$,,&(+$*"'&!!-")18&,*"$%"#$.02

+*9"B9C"&"'0%40&"(*!&"'*"+$/+-'0++&"!&",&'&)$,&"/+-/+$&(7"'$")$,,&(+$*3""

18&" .$7" 1*+*((&+$;;*%-" !*" '$)(+$60;$-%&" '&!!&" +$.$'&;;&3" *%18&" %&!!*" '$2

)(+$60;$-%&"'&!!&"*+,*(0+&"&"'0%40&"'&!!&"+&)$)(&%;&9"O&"'&+$5*"0%*"/-2



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HCU"

)$;$-%&"'&!"1&%(+-"'$"+&)$)(&%;*""%-(*"*"/+$-+$"&"1-$%1$'&%(&"1-%"$!"1&%(+-"

'&!!&"+$.$'&;;&"%-%18Q""6*+$1&%(+-".&-,&(+$1-"'&!".&%&+$1-"$,/*!1*(-9""

@!"1*!1-!-"'&$"(&!*$"<")(*(-"&)&.0$(-",&'$*%(&"$!",&(-'-"'&!!&"(&%)$-%$"

*,,$))$6$!$"*'-((*%'-"1-,&"%-+,*($5*"'$"+$#&+$,&%(-"$!"KZ"HJ_DC_H\\C9"

@",*(&+$*!$" 0($!$;;*($3" '$" 10$" )$" +$&/$!-.*%-" !&" 1*+*((&+$)($18&" $%"`*69" H3"

)-%-"0%"1*!1&)(+0;;-"1-%"5*!-+&"1*+*((&+$)($1-"'&!!*"+&)$)(&%;*"106$1*"*"

1-,/+&))$-%&";4<"/*+$"*"CG"Z:*"&3"/&+"!&"*+,*(0+&3"6*++&"!$)1&"*'"*'&2

+&%;*",$.!$-+*(*" '&!" ($/-" L&aBF[9" S-,&" *+,*(0+*" !-%.$(0'$%*!&" )-%-"

)(*($"$,/$&.*($"#&++$"bHJ"&"bCD3"1-,&")(*##&"#&++$"bF9"

@!")-!*$-"<"$%"!*(&+-21&,&%(-".&((*(-"$%"-/&+*"1-%")-!&((*"'$")/&))-+&"

/*+$" *"J" 1,"&'"*!(&;;*" 1-,/!&))$5*"'$" CJ" 1,9"c$" <"0%*" )1*!*"*" )-!&((*"

+*,/*%(&"'$")/&))-+&3"/&+"!&"+*,/&"'$"HR"1,""&"/&+"$"/$*%&+-((-!$"'$"HF3"

)&%;*"/$.%*((&"'$"*!!&..&+$,&%(-99"
"

`*69"H"d":+-/+$&(7",&11*%$18&"'&$",*(&+$*!$"0($!$;;*($"

Calcestruzzo 

Rck (MPa) σσσσC (MPa) ττττC0 (MPa) ττττC1 (MPa) n 

25 8.5 0.53 1.69 15 

Acciaio FeB38K 

fy (MPa) σσσσS (MPa) 

380 215 

 

E&")-!!&1$(*;$-%$"'$"/+-.&((-"'&!!&"(+*5$")-%-")(*(&"'&(&+,$%*(&"1-,&"

$%5$!0//-"'&$"'$*.+*,,$"'&!",-,&%(-"#!&((&%(&"&"'&!"(*.!$-"1-%)&.0&%($"

!*"+$)-!0;$-%&"'&!!-")18&,*"'$" (+*5&"1-%($%0*")0"/$="*//-..$"&"'&$"'0&"

)18&,$"!$,$(&"'$"(+*5&"$%1*)(+*(*"&'"*//-..$*(*"*.!$"&)(+&,$"1-%"1*+$1-"

'$,&;;*(-9"K*$",*))$,$",-,&%($" #!&((&%($" *.!$" *//-..$" &'" $%" 1*,/*(*"

)-%-" /-$" )(*(&" 5*!0(*(&" !&" *+,*(0+&" %&1&))*+$&" +$)/&(($5*,&%(&" )0/&2

+$-+,&%(&" &'" $%#&+$-+,&%(&3" $,,*.$%*%'-" /&+" 40&)(&" 0!($,&" 0%-" )5$2

!0//-"1-)(*%(&"!0%.-"!*")$%.-!*"1*,/*(*9":&+"$!"/+-.&((-"'&!!&"*+,*(0+&"

!-%.$(0'$%*!$"<")(*(*"0($!$;;*(*"!*"#-+,0!*M"



HCF" K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$"

"

sezione. della utile altezza

acciaio;dell' eammissibil tensione

progetto; di momento 

 :con

9.0

d

M

d

M
A

S

s

S

σ

σ⋅⋅
=

" YB9"H]"

A$" <" /-$" +$)/&((*(-" $!" !$,$(&",$%$,-" $,/-)(-"'*!!*"%-+,*($5*" )0!!*"

/&+1&%(0*!&"'$"*+,*(0+*"!-%.$(0'$%*!&"$%";-%*"(&)*3"+$#&+$(-"*!!W*+&*"(-2

(*!&"'&!!*")&;$-%&"'$"1-%.!-,&+*(-"&"#$))*(-3"%&!"1*)-"'$"6*++&"*'"*'&+&%2

;*",$.!$-+*(*3"/*+$"*!!-"D9HGe9""

:&+" 40*%(-" +$.0*+'*" !W*+,*(0+*" (+*)5&+)*!&3" 1-)($(0$(*" '*" )(*##&"

5&+($1*!$"*"'0&"-"40*((+-"6+*11$3""+$)/&(($5*,&%(&"/&+"(+*5$"&,&+.&%($"-"*"

)/&))-+&3")$"<"&##&((0*(-"0%"1*!1-!-"'&!!W*+&*"'$")(*##&"%&1&))*+$&"*!",&(+-"

#*1&%'-"/&+"1$T"+$#&+$,&%(-"*!",-'&!!-"'$"(+*!$11$-"$)-)(*($1-"'$"Z-+)8"$%"

*11-+'-"1-%"!*"#-+,0!*")&.0&%(&M"

:dove interna coppia della braccio

;staffe delle bracci di numero

;staffe delle passo

acciaio;dell' eammissibil tensione

progetto; di  taglio

 :con

z

n

s

V

zn

sV
A

S

S

st

σ

σ⋅⋅

⋅
=

" YB9"C]"

"
dz ⋅= 9.0 " YB9"B]"

A-%-"/-$")(*($"+$)/&((*($"$"!$,$($",$%$,$"$,/-)($"'*!!*"%-+,*($5*")0!"

/*))-"'&!!&")(*##&"&"!W*+&*"'$")(*##&"*!",&(+-9":+&1$)*,&%(&")$"<"*50(-"102

+*"'$"'$)/-++&"0%W*+&*"'$")(*##&"%-%"$%#&+$-+&"*!"5*!-+&"'$" "&))&%'-"=" !*"

6*)&"'&!!*")&;$-%&"'$"1-%.!-,&+*(-3"1-%"0%",$%$,-"'$"(+&")(*##&"*!",&(+-"

&"/*))-"%-%")0/&+$-+&"*"D9F"5-!(&"!W*!(&;;*"0($!&"'&!!*")&;$-%&9"O&!!&";-%&"

'$"*//-..$-")$"<"+$)/&((*(*"0%W0!(&+$-+&"/+&)1+$;$-%&")0!"/*))-"'&!!&")(*#2

#&"-55&+-"18&"&))-"%-%")0/&+*))&"$!"5*!-+&"'$"HC"b"&))&%'-"b"$!"'$*,&(+-"

,$%$,-"'&!!W*+,*(0+*"!-%.$(0'$%*!&"$5$"/+&)&%(&9"



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HC\"

E&" )-!!&1$(*;$-%$" '$" /+-.&((-" /&+" $" /$!*)(+$" )-%-" $%5&1&" )(*(&" '&(&+2

,$%*(&"1-%)$'&+*%'-!$")-..&(($"*"1-,/+&))$-%&")&,/!$1&3"!*"10$"&%($(7"<"

)(*(*" 5*!0(*(*" *" /*+($+&" '*.!$" )1*+$18$" *$" 5*+$"/$*%$"'&!!&" )(+0((0+&" )-2

/+*)(*%($9"@%"/*+($1-!*+&"!W*+&*"'$"1-%.!-,&+*(-"%&1&))*+$*"<")(*(*"5*!02

(*(*"$,,*.$%*%'-"0%*"(&%)$-%&"'$"!*5-+-"'&!"1*!1&)(+0;;-"/*+$"*!"UDe"'$"

40&!!*"*,,$))$6$!&3"1-,&"/+&)1+$((-"'*!!*"%-+,*($5*"'$"+$#&+$,&%(-3"*)2

)0,&%'-" 0%*" (&%)$-%&" *,,$))$6$!&" cσ " '$" F9G"Z:*3" 0%" 1-&##$1$&%(&" '$"

-,-.&$%$;;*;$-%&" 7" /*+$" *" HG" &'" 0%*" /&+1&%(0*!&" '$" *+,*(0+*" ρ" /*+$"

D9DDF"&'"*66-%'*%'-"0%"/-W")0!!&")&;$-%$"+$)0!(*%($"'*!"1*!1-!-9"E*"#-+2

,0!*"'$"/+-.&((-"<M"

( )

piano. esimo-iall' normale sforzo 

 :con

17.0
,

i

c

i

necc

N

n

N
A

ρσ ⋅+⋅⋅
=

" YB9"J]"

EW*+&*",$%$,*"'$"*+,*(0+*"'*"'$)/-++&"<")(*(*"5*!0(*(*")&1-%'-"$!"

1+$(&+$-M"

disposta. enteeffettivam zocalcestruz di area 

;necessaria testrettamen zocalcestruz di area 

 :con

c

necc

necc
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S

A

A

A

A
A

,

,

min,
008.0

003.0
max

 !

 
"
#

⋅

⋅
=

" YB9"G]"

A$"<"/-$"*50(-"10+*"'$"!$,$(*+&"!*"'$)(*%;*",*))$,*"(+*"!&"6*++&"'$"

*11$*$-"*"CG"1,9"

@%#$%&" )$"%-(*" 18&3" $%" #*)&"'$" $,/-)(*;$-%&"'&!!*" 1*+/&%(&+$*3"%&!!*"

'&(&+,$%*;$-%&" '&!!&" )&;$-%$" .&-,&(+$18&" '&$" /$!*)(+$3" 1-%)&.0&%(&" *'"

0%"/+&'$,&%)$-%*,&%(-"$%"6*)&"*!!&"!-+-"*+&&"'$"$%#!0&%;*3")$"<"/-)(-"$!"

+$)/&((-"'$"0%"!$,$(&"$%#&+$-+&"*!!&"'$,&%)$-%$",$%$,&"'$"&))$3"*%18&")&"

%-%"/+&)1+$((-"'*!!*"%-+,*($5*"'$"+$#&+$,&%(-9":+&1$)*,&%(&3""%-%")-%-"

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

1,9"""



HBD" K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$"

"

L$.9"B9B9":$*%(*"'&!!*"1*+/&%(&+$*"'&.!$"&'$#$1$"/&+")-)(&%&+&"!?*2

;$-%&")$),$1*"
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(8 *A#B#<#'"9%>:$$!$#'":9'9:;#;$:9:'!A'!D#%?:';#;E#<!'

 ",-%(&"'&!"/+-.&((-")$"(+-5*"!*"'&#$%$;$-%&"'&!!*"1*+/&%(&+$*3")18&,*($2

1*,&%(&" +*//+&)&%(*(*" $%" #$.0+*" B9B9" E*" %*(0+*" '&!!?&'$#$1$-3" )(+0((02

+*!,&%(&"1-%1&/$(-"/&+"+&)$)(&+&"*%18&"*!!&"*;$-%$")$),$18&"-!(+&"18&"*$"

1*+$18$".+*5$(*;$-%*!$3"1-,/-+(*"!*"/+&)&%;*"'$"(+*5$"!0%.-"&%(+*,6&"!&"

'$+&;$-%$"'&!!*"/$*%(*"&"'$"0%"-+$&%(*,&%(-"/$="5*+$-"'&$"/$!*)(+$"+$)/&(2

(-" *!!?&'$#$1$-" /+-.&((*(-" /&+" )-)(&%&+&" $" )-!$" 1*+$18$" .+*5$(*;$-%*!$9" E-"

)1-/-" <" -55$*,&%(&" 40&!!-" '$" '-(*+&" !&" '0&" /+$%1$/*!$" '$+&;$-%$" '&!!*"

/$*%(*3" !0%.-" 10$" )$" *((&)(*%-" .!$" &!&,&%($" +&)$)(&%($" 5&+($1*!$3" '$" +$.$2

'&;;&" (+*)!*;$-%*!$" 1-,/*+*6$!$" #+*" !-+-3" *((&)*" !?$,/+&5&'$6$!$(7" '&!!*"

'$+&;$-%&")&1-%'-"10$"$!")$),*"$%5&)(&"!*")(+0((0+*9" !"#$%&"'$".*+*%($+&"

!*" 1-$%1$'&%;*" '&!!?*))&" '&$" 1&%(+$" &!*)($1$" &" '0%40&" '&!" 1&%(+-" '$" +$.$2

'&;;*"1-%" !*"5&+($1*!&"/*))*%(&"/&+"$"6*+$1&%(+$".&-,&(+$1$"'&$"5*+$" $,2

/*!1*($3")$"<",*%(&%0(*"!*"'-//$*")$,,&(+$*"%&!!*"*((+$60;$-%&"'&!!&"+$2

.$'&;;&"*.!$"&!&,&%($"+&)$)(&%($"&"'0%40&"%&!!*"'&#$%$;$-%&"'&!!&")&;$-%$"

.&-,&(+$18&"'$"1*!1&)(+0;;-"'$"(+*5$"&"/$!*)(+$3"&5&%(0*!,&%(&"'$##&+&%2

;$*(&" )-!-" *" !$5&!!-" '&!!&" *+,*(0+&" *!!-" )1-/-" '$" $%(+-'0++&" *)$,,&(+$&"



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HBH"

%&!!&"+&)$)(&%;&9"S-%)&.0&%(&"*!!*"'&(&+,$%*;$-%&"'&!!&")&;$-%$".&-,&2

(+$18&"'$" 1*!1&)(+0;;-" <" !*"'&#$%$;$-%&"'&!!&",*))&"'$"/$*%-"&"'&$" +*..$"

.$+*(-+$"'&!!&",*))&3""*")&.0$(-"'$"0%?*%*!$)$"'&$"1*+$18$"'&!!?&'$#$1$-9"S-%"

!&")(&))&",-'*!$(7"-/&+*($5&"'&)1+$((&"*"/+-/-)$(-"'&!!*"1!*))&"'$"&'$#$1$"

'83"&"1-%)$'&+*%'-"40&)(*"5-!(*"0%*"'&%)$(7")0/&+#$1$*!&"'$"/&)-"/&+"$!"

1-%(+$60(-"'$")-!*$3"(+*5$"&"/$!*)(+$"/*+$"*"" 2KN/m21.9 &'"0%*"'&%)$(7"!$2

%&*+&"'$"/&)-")0!" 1-%(-+%-"'-50(*"*$" (-,/*.%$"*%1-+*"/*+$" KN/m04.7 3"

)-%-" )(*(&" '&(&+,$%*($" $" 5*!-+$" m87.9=mr /&+" $!" +*..$-" .$+*(-+&" '&!!&"

,*))&"&" t71.477=m "/&+"!*",*))*"'$"/$*%-9"S-%"!*"'$)(+$60;$-%&"'$"+$.$2

'&;;&"$,/-)(*")-%-")(*($"'&(&+,$%*($3")&1-%'-"!*"/+-1&'0+*"$%'$1*(*"'*"

 %*)(*))$*'$)"&"Z*[*+$-)"YH\\F"*]3 $"+*..$".$+*(-+$"'&!!&"+$.$'&;;&"!0%.-"

#" &'"$- 1-,&" $" '0&" 5*!-+$" m 68.10;m05.11 == kykx rr 9">0$%'$" " +$)/&((-"*$"

'0&" *))$" '$" +$#&+$,&%(-" $!" /*+*,&(+-" Ωθ" *))0,&" $" 5*!-+$"

 120.1;082.1 =Ω=Ω yx θθ 3"'$"10$"$!")&1-%'-"<"40&!!-"+&!*($5-"*!!*"'$+&;$-%&"

'$"$%(&+&))&9""

(878 6F!D#%?:';#;E#<!'A#'"9%>:$$%'

E&"#-+;&")(*($18&"&40$5*!&%($"*!")$),*")-%-")(*(&"'&(&+,$%*(&"*"1$*2

)10%" /$*%-3" )&.0&%'-" !&" $%'$1*;$-%$" '&!" KZ" HR_DH_H\\R9" @%" 6*)&" *!!*"

%-+,*($5*3" /&+" 0%" 1*!1-!-" *!!&" (&%)$-%$" *,,$))$6$!$3" &))&" )$" &)/+$,-%-"

)&1-%'-"!*"#-+,0!*"YB9"R]3"1-,&"/+-'-((-"'$"0%"1-&##$1$&%(&"γ(3"18&"'&)1+$2

5&"!*"'$)(+$60;$-%&"'&!"1*+$1-"$%"*!(&;;*3"'&!"/&)-"'$"/$*%-">("&"'$"0%"1-2

&##$1$&%(&"? @*0*3"18&"+*//+&)&%(*"!?-+'$%*(*")/&((+*!&9""

piani di numero : dove,,1,

..
NNiKWF tothii

AT

i  =∀⋅⋅= γ " YB9"R]"

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

)(*($"!$,$(&3"40*!&"40&!!-"18&"<")(*(-"&##&((0*(-"/&+".!$"&'$#$1$"$%"-..&((-3"

(*!$"#-+;&"'&5-%-"&))&+&"*,/!$#$1*(&"*((+*5&+)-"0%"1-&##$1$&%(&"γ&A"

50.1con  ,,1 E

...
==∀⋅= γγ NiFF

AT

iEi  " YB9"U]"

@"1-&##$1$&%($"γ(3"+*//+&)&%(*($5$"'&!!?*%'*,&%(-"'&!"1*+$1-"!0%.-"!?*!2

(&;;*3")-%-"'&(&+,$%*($"$%"+*.$-%&"'&$"/&)$"'$"/$*%-">("&"'&!!&"!-+-"40-(&"

+$)/&((-"*!!*"6*)&"'&!!?&'$#$1$-" (")&1-%'-"!?&)/+&))$-%&M"



HBC" K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$"

"

Ni

Wh

W

h
N

k

kk
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k

ii ,,1

1

1.
 =∀

⋅

⋅=

$

$

=

=γ " YB9"F]"

A$" +$/-+(*%-"%&!")&.0$(-" Y`*69"C]" $" 1-&##$1$&%($"'$"+$/*+($;$-%&"'&!"1*+$1-"

!0%.-"!?*!(&;;*"-((&%0($"/&+"!?&'$#$1$-"$%"&)*,&3"1*+*((&+$;;*(-"'*"*!(&;;*"

'$"$%(&+/$*%-" "&"/&)-"'$"/$*%-"><B>-0.0*!&"*"(0(($"$"/$*%$9"

`*69"C"d"S-&##$1$&%(&"'$"'$)(+$60;$-%&"'&!"1*+$1-"

Piano h (m) W (kN) W⋅⋅⋅⋅ h (kNm) γγγγ 

1 3.20 4648.497 14875.189 0.333 

2 6.40 4648.497 29750.378 0.667 

3 9.60 4648.497 44625.567 1.000 

4 12.80 4648.497 59500.756 1.333 

5 16.00 4648.497 74375.945 1.667 
"

@!" 1-&##$1$&%(&" '&!!-" )/&((+-" ? @*0*" 5$&%&" -((&%0(-" 1-,&" /+-'-((-" '$"

0%*")&+$&"'$"*!(+$"1-&##$1$&%($"18&"(&%.-%-"$%"1-%(-"'$5&+)$"#*((-+$M"

RICK toth ⋅⋅⋅⋅= βε, " YB9"\]"

@!"40+CC(4(+7*+-D-E(-(7*+7)(*F-)(),(42"'$/&%'&"'*!".+*'-"'$")$),$1$(7")"

'&!!*";-%*"$%"10$"<"$%)&+$(-"!?&'$#$1$-"'*"/+-.&((*+&"*((+*5&+)-"!*"+&!*;$-2

%&M""

100

2−
=

s
C " YB9"HD]"

@!".+*'-")$")$),$1$(7")"<"(*6&!!*(-"$%"%-+,*($5*"$%"#0%;$-%&"'&!!*"1*(&.-2

+$*"'&!!*";-%*"'$"*//*+(&%&%;*"'&!!?&'$#$1$-"1-,&"$%"`*69"B9"

`*69"B"d"S-&##$1$&%(&"'$"$%(&%)$(7")$),$1*"

zona di categoria s C 

I 12 0.10 

II 9 0.07 

III 6 0.04 

non classificata - - 
 



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HBB"

O&!"1*)-"$%"&)*,&")$"<"*))0%(-"!?&'$#$1$-"1-!!-1*(-"$%";-%*"'$"@@"1*(&.-+$*3"

10$"1-++$)/-%'-%-"/&+(*%(-"0%".+*'-"'$")$),$1$(7")"/*+$"*"\"&'"0%"1-&##$2

1$&%(&"'$"$%(&%)$(7")$),$1*"D"/*+$"*"D9DU9"

@!" 40+CC(4(+7*+- G- E(- ./0*+6(07+- )(),(42- " ($&%&" 1-%(-" '&!!?$,/-+(*%;*"

)(+*(&.$1*"'&!!?&'$#$1$-")&1-%'-"$!")&.0&%(&")18&,*M""

`*69"J"d"S-&##$1$&%(&"'$"/+-(&;$-%&")$),$1*"

Tipo di opera I 

Importante per la protezione civile 1.40 

Con particolare rischio per le caratteristiche di uso 1.20 

altro 1.00 

O&!"1*)-"$%"-..&((-")$"<"/&%)*(-"*'"0%"&'$#$1$-"*'$6$(-"*"1$5$!&"*6$(*;$-%&3"

/&+"$!"40*!&")$"<"/&+(*%(-"*))0%(-"0%"1-&##$1$&%(&"G"'$"/+-(&;$-%&")$),$1*"

0%$(*+$-9""

@!" 40+CC(4(+7*+- ε- E(- C07E26(07+- " <" +*//+&)&%(*($5-" '&!!*" %*(0+*" '&!"

(&++&%-"'$"#-%'*;$-%&"1-,&"+*//+&)&%(*(-"$%"`*69"GM""

`*69"G"d"S-&##$1$&%(&"'$"#-%'*;$-%&"

Tipo di terreno di fondazione εεεε 

Terreno non particolarmente comprimibile 1.00 

Depositi alluvionali con spessore di 5-20 m su banchi 

con caratteristiche meccaniche molto migliori 
1.30 

"

A$" <" #*((-" +$#&+$,&%(-" *'" 0%*" )$(0*;$-%&" 1-%5&%;$-%*!&" '$" (&++&%-" %-%"

&11&))$5*,&%(&"1-,/+$,$6$!&"*))0,&%'-""0%"1-&##$1$&%(&"ε"'$"#-%'*;$-%&"

0%$(*+$-9""

@!"40+CC(4(+7*+-β-E(-)*/H**H/2- " ($&%&"1-%(-"'&!!*"($/-!-.$*")(+0((0+*!&"

1-,&"$%"`*69"RM""



HBJ" K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$"

"

"

`*69"R"d"S-&##$1$&%(&"'$")(+0((0+*"

Tipo di struttura ββββ 

Con elementi verticali irrigidenti che assorbono la pre-

valenza delle azioni orizzontali 
1,2 

altro 1.00 

"

E*"($/-!-.$*")(+0((0+*!&"1-%)$'&+*(*"<"40&!!*"*"(&!*$-"$%"1&,&%(-"*+,*(-3"

%&!!*" 40*!&" !*" +$/*+($;$-%&" #+*" $" 5*+$" &!&,&%($" +&)$)(&%($" 5&+($1*!$" '&!!&"

*;$-%$" )$),$18&" *55$&%&" $%" ,*%$&+*" *66*)(*%;*" 0%$#-+,&" +$)/&((-" *"

40*%(-")$"5&+$#$1*" $%5&1&" $%")(+0((0+&",$)(&"(&!*$-2/*+&($3"%&!!&"40*!$" !*"

/+&5*!&%;*"'&!"1*+$1-")$),$1-"5$&%&")-)(&%0(*"'*!!&")-!&"/*+&($9":&+"40&2

)(*"+*.$-%&"<")(*(-"*))0%(-"%&$"1*!1-!$"0%"1-&##$1$&%(&"'$")(+0((0+*"β"0%$2

(*+$-9""

@!" 40+CC(4(+7*+- ;- E(- /().0)*2- " 5$&%&" 5*!0(*(-" 1-,&" )$%(&($;;*(-" $%"

`*69"U")0!!*"6*)&"'&!"/&+$-'-"#-%'*,&%(*!&"`D"'&!!*")(+0((0+*3"40&)(?0!2

($,-" 5*!0(*(-" )&1-%'-" !*" +&!*;$-%&" YB9" HH]" $%" +*.$-%&" '&!!*" .&-,&(+$*"

'&!!?&'$#$1$-M""

( )
!
"
#

=
metriin  pianta della minima dimensione :

metriin  edificiodell'  totalealtezza :
 dove0

B

H

B

H
sT " YB9"HH]"

`*69"U"d"S-&##$1$&%(&"'$"+$)/-)(*"

T0 R 

Indeterminato 1,00 

 0,81 1,00 

>0,81 0,862/T0
2/3 

"

:&+" !*" /*+($1-!*+&" .&-,&(+$*" 1-%)$'&+*(*3" /&+" 10$""

m 50.15  e  m00.16 == BH 3" $!" /&+$-'-" #-%'*,&%(*!&" *))0,&" $!" 5*!-+&"

s41.00 =T 3"&"/&+(*%(-")$"<"*))0%(-"0%"1-&##$1$&%(&"'$"+$)/-)(*-;"*%18?&))-"

/*+$"*!!?0%$(79"



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HBG"

@%"'&#$%$($5*"/&+"$!"1-&##$1$&%(&"'&!!-")/&((+-"? @*0*")$"<"*))0%(-"0%"5*2

!-+&"/*+$"*"D9DU9"

A$"+$&/$!-.*%-"%&!!*")011&))$5*"(*6&!!*"F" " $"5*!-+$"'&!!&"#-+;&")$),$2

18&"0($!$;;*(&"/&+"$!"'$,&%)$-%*,&%(-"'&.!$"&!&,&%($")(+0((0+*!$9"

`*69"F"d"K$)(+$60;$-%&"$%"*!(&;;*"'&!!&"#-+;&")$),$18&"

Piano h (m) F 
T.A.

 (kN) F (kN) 

1 3.20 108.465 162.697 

2 6.40 216.930 325.395 

3 9.60 325.395 488.092 

4 12.80 433.860 650.790 

5 16.00 542.325 813.487 

(8@8 2%A!&#$G'A#'"9%>:$$%'

E&"#-+;&")$),$18&"1*!1-!*(&"1-,&")-/+*")-%-")(*(&"*//!$1*(&3"$%"1-,2

6$%*;$-%&"*$"1*+$18$".+*5$(*;$-%*!$3""*!",-'&!!-"'&!!*")(+0((0+*3""+&*!$;;*2

(-"$%"A :CDDD3'0%*"5-!(*"$%"'$+&;$-%&"#3""-((&%&%'-""1-)X"!&")-!!&1$(*;$-%$"

1-%"10$"'$,&%)$-%*+&"!&"*+,*(0+&"'&!!&"(+*5$"%&!!*")(&))*"'$+&;$-%&"%-%2

18Q" !&"6*++&"'&$"/$!*)(+$"'$)/-)(&" !0%.-" !*"'$+&;$-%&"-+(-.-%*!&3"&'"0%*"

5-!(*"$%"'$+&;$-%&"$3"+$1*5*%'-%&"!&")-!!&1$(*;$-%$"/&+"$!"1*!1-!-"'&!!&"*+2

,*(0+&"'&!!&"(+*5$"$%"40&)(*")&1-%'*"'$+&;$-%&"&"'&!!&"6*++&"'&$"/$!*)(+$"

/-)$;$-%*(&" !0%.-" !*"'$+&;$-%&"-+(-.-%*!&9"E?*%*!$)$"1-%'-((*"*$" #$%$"'&!"

/+-/-+;$-%*,&%(-" '&!!&" *+,*(0+&" <" 0%?*%*!$)$" )(*($1*" !$%&*+&3" 1-%#-+2

,&,&%(&"*!!*"/+*))$"/+-.&((0*!&")&.0$(*"%&$"/+$,$"/+-.&(($"*%($)$),$1$3"

'&$" 40*!$" 40&)(&" *//!$1*;$-%$" 1-)($(0$)1-%-" 0%*" )$,0!*;$-%&9" E0%.-" !*"

'$+&;$-%&"#3"!&"#-+;&")$),$18&")-%-")(*(&"*//!$1*(&"$%"1-++$)/-%'&%;*"'&!"

1&%(+-" '&!!&" +$.$'&;;&" '*%'-" /&+(*%(-" !0-.-3" $%" 1*,/-" !$%&*+&3" *'" 0%"

1-,/-+(*,&%(-"'&!",-'&!!-"/0+*,&%(&" (+*)!*;$-%*!&"%&!!*")(&))*"'$+&2

;$-%&" &" '$)*11-//$*(-" '*" 40&!!-" +&!*($5-" *!!*" '$+&;$-%&" -+(-.-%*!&9" :&+"

40*%(-" +$.0*+'*" !*"'$+&;$-%&"$3" !?*//!$1*;$-%&"'&!!&" #-+;&"'$"/+-.&((-"<"

$%5&1&"*55&%0(*"$%"/-)$;$-%&"5*+$*6$!&"$%"6*)&"*!!&"1*+*((&+$)($18&"'$"*2

)$,,&(+$*"+$18$&)(&"/&+"!*"'$)(+$60;$-%&"'&!!&"+&)$)(&%;&"&"'0%40&"/&+"!*"

'-,*%'*" '$" )-!!&1$(*;$-%$3" $%" /+-/-+;$-%&" *!!*" 40*!&" !&" /+$,&" )$" *))&2

.%*%-"*$"5*+$"&!&,&%($"+&)$)(&%($"%&!"/+-.&((-9":+&1$)*,&%(&"!?-6$&(($5-"<"



HBR" K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$"

"

1-%)&.0$+&"0%*"/*+($1-!*+&" 1-%#$.0+*;$-%&"'&!!&" +&)$)(&%;&"'&!!?&'$#$1$-3"

/&+"10$"$!"1&%(+-"'$"+&)$)(&%;*3"'&(&+,$%*(-"1-,&")*+7"'&)1+$((-"*"/+-/-2

)$(-" '&!!*" '&#$%$;$-%&" '&$" /*+*,&(+$218$*5&" /&+" &'$#$1$" ,0!($/$*%-" %&!"

)011&))$5-" S*/9R3" *66$*" &11&%(+$1$(7" +$)/&((-" *!" 6*+$1&%(+-" .&-,&(+$1-"

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

%-%" %0!!*" !0%.-" !*" '$+&;$-%&"#9" S$T" 8*" 1-,/-+(*(-" %&!" /+-.&((-" '&!!&"

*+,*(0+&"!?$,/-)$;$-%&"'&!!*")$,,&(+$*"+$)/&((-"*!"/$*%-"5&+($1*!&"I#J3"

,*"%-%")&,/+&"+$)/&((-"*!"/$*%-"5&+($1*!&"*'"&))-"-+(-.-%*!&9"E?*//!$1*2

;$-%&"'&!!&"#-+;&")$),$18&"+H"$%"'$+&;$-%&"#-"$%"1-++$)/-%'&%;*"'&!!?*))&"

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

;$-%&"+$)/&((-"*!"/$*%-"I#J-&"'0%40&"!*")$,,&(+$*"+$)/&((-"*'"&))-"*%2

18&"'&!!?*((+$60;$-%&"'&!!&"*+,*(0+&"-55&+-"'&!!&"+&)$)(&%;&9":&+".&%&+*2

+&"$%5&1&"/-)$;$-%$"5*+$*6$!$"!0%.-"!?*))&"#"'&!"1&%(+-"'$"+&)$)(&%;*")-%-"

)(*($" 1-%'-(($" '$5&+)$" /+-.&(($" #*1&%'-" 5*+$*+&" $!" /0%(-" '$" *//!$1*;$-%&"

'&!!&"#-+;&")$),$18&"'$"/+-.&((-"+I"'$+&((&"!0%.-"!*"'$+&;$-%&"$9"S$T"8*"

'*(-" !0-.-" *!!*" '&#$%$;$-%&" '$" '0&" )-((-1!*))$" '$" &'$#$1$" *%($)$),$1$"''3"

40$"'$")&.0$(-"40*!$#$1*($3" $%"6*)&"*!!*"/-)$;$-%&"/!*%$,&(+$1*"'&$"/0%($"

'$"*//!$1*;$-%&"'&!!&"#-+;&"+I9"'

• '()*+,(- 2- 40,.0/*2,+7*0- */2)326(0723+- %&!" )&.0$(-" '&%-,$%*($"

''K-YL$.9"J9*]-M""

)-%-")(*($".&%&+*($"*//!$1*%'-"%-%")-!-" $!"5&((-+&"'&!!&"#-+;&"+H"

,*" *%18&" 40&!!-" '&!!&" #-+;&"+I" $%" 1-++$)/-%'&%;*" '&!!?*))&" '&$"

1&%(+$"&!*)($1$"&")-%-"/&+(*%(-"1*+*((&+$;;*($"'*"0%*"'$)(+$60;$-%&"

'-//$*,&%(&")$,,&(+$1*"'&!!&"+&)$)(&%;&"-55&+-"'*"0%*"/-)$;$-2

%&"'&!"1&%(+-"'$"+&)$)(&%;*"%-(*"*"/+$-+$"&"1-$%1$'&%(&"1-%"40&!!*"

'&!"6*+$1&%(+-".&-,&(+$1-"'&!".&%&+$1-"$,/*!1*(-N"

• '()*+,(- 2- 40,.0/*2,+7*0- /0*26(0723+- %&!" )&.0$(-" '&%-,$%*($"

'';-YL$.9"J96]-M"

)-%-" )(*($" .&%&+*($" *//!$1*%'-" $!" )-!-" 5&((-+&" '&!!&" #-+;&"+H" $%"

1-++$)/-%'&%;*"'&!!?*))&"'&$"1&%(+$"&!*)($1$"&'"$!"5&((-+&"'&!!&"#-+2

;&"+I" $%" /-)$;$-%&" &11&%(+$1*" +$)/&((-" *'" &))-3" 1-%" 0%*" 1-%)&2

.0&%(&"'$)(+$60;$-%&"'&!!&"+&)$)(&%;&")$,,&(+$1*"0%$1*,&%(&"+$2

)/&((-"*!"/$*%-"5&+($1*!&"I#J-&"'0%40&"0%*"/-)$;$-%&"'&!"1&%(+-"

'$"+&)$)(&%;*"%-%"%-(*"*"/+$-+$"&'"&11&%(+$1*"+$)/&((-"*"40&!!*"'&!"

6*+$1&%(+-".&-,&(+$1-"'&!".&%&+$1-"$,/*!1*(-9"



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HBU"

"

*" 6"

 
"

E&"&11&%(+$1$(7"1-%"10$")-%-")(*(&"*//!$1*(&"!&"#-+;&"+I")-%-"&)*((*,&%2

(&"!&",&'&)$,&"18&"5&++*%%-"/-$"*((+$60$(&"*!"6*+$1&%(+-"'&!!&",*))&"*!"

#$%&"'$".&%&+*+&"0%*"/+&1$)*"*)$,,&(+$*"*%18&"#+*"40&)(-"&'"$!"1&%(+-"'$"

+$.$'&;;*9"A$"(+*((*"'$"'0&"5*!-+$"1-++$)/-%'&%($"*'"0%*"'$)(*%;*"'*!"6*2

+$1&%(+-"'&!".&%&+$1-"$,/*!1*(-"/*+$"*!"Ge"&'"*!"HGe"'&!!*"!0%.8&;;*"!"

'&!!?$,/*!1*(-"!0%.-"!*"'$+&;$-%&"#3"(*!$"'0%40&"'*"/+-'0++&"0%*"&11&%2

(+$1$(7",$%-+&"&'"0%*",*..$-+&"'&!"1&%(+-"'$"+&)$)(&%;*"+$)/&((-"*"40&!!-"

'$" +$.$'&;;*9" @" )$)(&,$" )(+0((0+*!$" 1-++$)/-%'&%($" *" (*!$" &11&%(+$1$(7" '$"

/+-.&((-" 5&++*%%-" %&!" )&.0$(-" '&#$%$($" '';LM" Y.(44032" &11&%(+$1$(7" '$"

/+-.&((-"+^Ge⋅!]"&"'';L8"Y1/27E+"&11&%(+$1$(7"'$"/+-.&((-"+^HGe⋅!]9"@%"

'&#$%$($5*".!$" &'$#$1$"*%($)$),$1$" "'&$"40*!$"<")(*(-"&##&((0*(-" $!"/+-.&((-""

)-%-"(+&M"0%-"*"1-,/-+(*,&%(-"(+*)!*;$-%*!&"%&!!&"'0&"'$+&;$-%$"Y''K]"&"

'0&"*"1-,/-+(*,&%(-"(+*)!*;$-%*!&"/&+"#-+;&"$%"'$+&;$-%&"#",*"+-(*;$-2

%*!&"/&+"#-+;&"$%"'$+&;$-%&"$-Y'';LM-&"'';L8]9'

(8(8 J9%>:$$%'A:&&:'!9E!$K9:'

@!" /+-.&((-"'&!!&"*+,*(0+&"'&$" (+&" )0''&(($" &'$#$1$" <" )(*(-"&)&.0$(-",&2

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

*!!?"f0+-1-'$1&"C3",*"(&%&%'-"/+&)&%(&"*%18&"$!"KZ"HR_DH_H\\R"%&!!*"'&2

(&+,$%*;$-%&"'&!!*"+&)$)(&%;*"'&!!&")&;$-%$"*+,*(&"'$"(+*5$"&"/$!*)(+$"1-%"

0%"1*!1-!-"*!!-")(*(-"!$,$(&"0!($,-9"

L$.9J9"f'$#$1$"*%($)$),$1$")&%;*"Y*]"&"1-%"Y6]"&11&%(+$1$(7"'$"/+-.&((-"

CR 

FY 

FX 

CR 

FX 

FY 

FY 

&.^D9HGE"

&/^D9DGE"
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"

@" ,*(&+$*!$" 0($!$;;*($3" '$" 10$" )$" +$&/$!-.*%-" !&" 1*+*((&+$)($18&" $%"

`*69"\3" )-%-" 0%" 1*!1&)(+0;;-" 1-%" 5*!-+&" 1*+*((&+$)($1-" '&!!*" +&)$)(&%;*"

106$1*"*"1-,/+&))$-%&"g1["/*+$"*"CGZ:*"&3"/&+"!&"*+,*(0+&3"6*++&"!$)1&"

*'"*'&+&%;*",$.!$-+*(*"'&!"($/-"L&aJJ[9"S-,&"*+,*(0+*"!-%.$(0'$%*!&"

)-%-")(*($"$,/$&.*($"#&++$"bHJ"&"bCD3"1-,&")(*##&"bF9"

`*69"\"d":+-/+$&(7",&11*%$18&"'&$",*(&+$*!$"0($!$;;*($"

Calcestruzzo 

Rck 

(MPa) 

fck 

(Mpa) 

EC 

(MPa) 
γγγγc   

 fcd 

(Mpa) 
! 

!fcd 

(Mpa) 

25.00 20.75 28500 1.6 0.85 11.02 0.596 7.73 

Acciaio FeB44K 

 !"'L2J!M" ES (MPa) γγγγS fyd (Mpa) 

430.00 206000 1.15 373.91 

"

E&"1-,6$%*;$-%$"'$"1*!1-!-"1-%)$'&+*(&"%&!!*"'&(&+,$%*;$-%&"'&!!&"*;$-%$"

'$"/+-.&((-3"5*!0(*(&"1-,&"$%5$!0//-"'$"40&!!&"+&!*($5&"*$")$%.-!$"1*)$"'$"

1*+$1-3")-%-")-)(*%;$*!,&%(&"(+&"1-++$)/-%'&%($"*M"

• (-)03(-42/(4 (-1/25(*26(0723(@"1-,/+&%)$5$"'&!!&"*!$40-(&"'-50(&"*$"

/&+,*%&%($"&'"*$"5*+$*6$!$"*,/!$#$1*(&"1-%"$"+&!*($5$"1-&##$1$&%($"'$"

)$10+&;;*"/*+;$*!$M""

5.1  e 4.1con   
..

==⋅+⋅ QGkQkG qg γγγγ " YB9"HC]"

`*!&"1-,6$%*;$-%&"8*"!-")1-/-"'$",*))$,$;;*+&"$",-,&%($"/-)$($2

5$"$%"1*,/*(*")0!!&"(+*5$9"

• 3+-26(07(- )(),(4 +@-523H*2*+- (7-+7*/2,=(- (-5+/)(@- 40,=(72*+-407- (-

42/(4 (-1/25(*26(0723(@" 1-,/+&%)$5$"'&!!&"*!$40-(&"'-50(&"*$"/&+2

,*%&%($"&'"*$"5*+$*6$!$"*,/!$#$1*(&"1-%"$"+&!*($5$"1-&##$1$&%($"'$")$2

10+&;;*"/*+;$*!&M"

FYqgFXqg kQkGkQkG ±⋅+⋅±⋅+⋅ γγγγ ..
; " YB9"HB]"

• "3+-26(07(-)(),(4 +@-523H*2*+-(7-+7*/2,=(-(-5+/)(@-40,=(72*+-407-(-

42/(4 (- 1/25(*26(0723(@" +$'-(($" *!!*" )-!*" *!$40-(*" '-50(*" *$" /&+2



K&#$%$;$-%&"'&$")$)(&,$")(+0((0+*!$" HB\"

,*%&%($"*,/!$#$1*(*"1-%"$!"+&!*($5-"1-&##$1$&%(&"'$")$10+&;;*"/*+2

;$*!&M"

FYgFXg kGkG !!
..

; ⋅⋅ γγ " YB9"HJ]"

`*!&" 1-,6$%*;$-%&" 8*" !-" )1-/-" '$",$%$,$;;*+&" !*" 1-,/+&))$-%&"

)0$" /$!*)(+$" &" /0T" +$5&!*+)$" .+*5-)*" %&!" !-+-" /+-.&((-" *" /+&))-2

#!&))$-%&9"

3.3.1. Progetto delle travi 

E?2/,2*H/2-3071(*HE(723+-'&!!&"(+*5$"<")(*(*"'$,&%)$-%*(*")0!!*"6*)&"'&$"

,-,&%($" #!&((&%($"'&+$5*%($"'*!!?$%5$!0//-"'&!!&"1-,6$%*;$-%$"'$"1*!1-!-"

)0",&%;$-%*(&"*5&%'-"10+*"'$",*%(&%&+&"0%?*+,*(0+*"$%#&+$-+&"1-)(*%2

(&"$%"1*,/*(*"&"'$"*))0,&+&"'$)/-)$;$-%$"'$"*+,*(0+&"$'&%($18&")0$"!*($"

)$%$)(+-"&"'&)(+-"'&!".&%&+$1-"*//-..$-9"

!N2/,2*H/2- (7- */26(07+"<")(*(*"'&(&+,$%*(*" #*1&%'-"+$#&+$,&%(-"*!"

,-,&%(-")-!!&1$(*%(&" 1-%)&.0&%(&"*!"1*!1-!-3")$*"/&+",-,&%(-"/-)$($5-"

)$*"/&+",-,&%(-"%&.*($5-3")&1-%'-"!*"+&!*;$-%&M"
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SD
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fd
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9.0
;

9.0
 !"# $%& 

'()*+ negativo e positivo calcolo di momenti i  sono  e 
−+

SDSD MM  
−+−+

SDSDss MMAA  e  momenti iper   trazionea armatura di aree le sono ,  

sezione della utile altezzal' è d  
acciaiodell' osnervament di  tensionela ydf  

 !"#$"%&#"'()'*+$,#-..(+)- , -././ )/01././2 -3/ 4*5 6(6*7.( 4(-38
.3)( -3/ 4*5 6(6*7.( 7*9/.3)(2  :/;*7'( 53:*536*7.( /' 17 37;5*6*7.( 
'3 6(6*7.( :0*..*7.* ∆< 53-4*..( /0 6(6*7.( <= 7*;*--/53( 4*5 30 '38
6*7-3(7/6*7.( '*00/ -*>3(7* / -*6403;* /56/.15/ ())*5( ;(7 4*5;*78
.1/0* 9*(6*.53;/ '3 /56/.15/ ;(645*--/ &'7100/# ?1--3-.(7( 0* -*91*7.3 
5*0/>3(73+ 

( ) 022.000.0con    
2

2

0 ===
⋅

= urr
r

db
M  !"# $@& 

'()*+ zocalcestruz di sezione della base la è  b  

00 ; MMMMMM SDSD −=∆−=∆
−−++  !"# $A& 
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'()*+  
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−+

SDSD

ss

MM

AA

 e  momenti iper                 

necompressioin  armatura di aree le sono ','
 

calcolo di copriferro il è c  

emergenti. per travi 1 -   

spessore; a per travi 0.4 -   

:a pari assunto compressa armaturadell' lavoro di  tassoil è s'

 

 !"#-"'/('"#$"%&#"'()0-#(+#-' inf,sA , -././ '*.*5637/./ ;(6* 0/ 6/-8

-36/ .5/ /56/.15/ .*-/ 4*5 6(6*7.( 4(-3.3)( * ;(645*--/ 4*5 6(6*7.( 
7*9/.3)( * /7/0(9/6*7.* 1!"#-"' /(' "#$"%&#"' .&,-#(+#- sup,sA  ;(6* 0/ 

6/--36/ :5/ /56/.15/ .*-/ 4*5 6(6*7.( 7*9/.3)( * ;(645*--/ 4*5 
6(6*7.( 4(-3.3)(+ 

{ } { }+−−+
== ssssss AAAAAA ',max;',max sup,inf,  !"# $E& 

F7:37* -3 , /)1.( ;15/ '3 53-4*../5* 3 0363.3 37:*53(53 /00G/5*/ '3 /56/8
.15/ 37 .5/>3(7* 45*-;53..3 '/00/ 7(56/.3)/ ())*5(+ 

{ } dbAdb
f

AAAA tst

yk

ssss ⋅⋅=⋅⋅== 0015.0;
60.0

con  ,max 2121min,  !"# H=& 

'()*+  tesazona della media larghezza la è  tb  

IG"#$"%&#"'.5/-)*5-/0* '*00* .5/)32  ;(-.3.13./ '/ -./::* )*5.3;/032' , -./8
./ '36*7-3(7/./ -100/ J/-* '*3 ./903 '*53)/7.3 '/00G37)30144( '*00* ;(68
J37/>3(73 '3 ;/0;(0( -1 6*7>3(7/.*# K*5 30 ;/0;(0( '*00/ 5*-3-.*7>/ / ./8
903( '*00/ -*>3(7* /56/./ -3 , :/..( 53:*536*7.( /0 6('*00( '3 .5/03;;3( 
;(7 37;037/>3(7* θ 53-4*..( /00G(53>>(7./0* '*0 417.(7* '3 ;/0;*-.51>>( 
;(645*--( )/53/J30*# F7 J/-* /' *--( 0/ 5*-3-.*7>/ / ./903( '*00/ -*>3(7* 
LMC , 30 )/0(5 ;(617* /00/ 5*-3-.*7>/ LMCH 4*5 -;N3/;;3/6*7.( '*0 4178
.(7* '3 ;/0;*-.51>>( *' /00/ 5*-3-.*7>/ LMC" 4*5 -7*5)/6*7.( '*00G/56/8
.15/ .*-/2 (..*71.3 4*5 17 (44(5.17( )/0(5* '*00/ ;(./79*7.* '*00G/79(0( 
θ2 415;NO ;(645*-/ :5/ $ * H ())*5( 0/ 637(5* :5/ 0* '1* -1''*..* 5*-38
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-.*7>* 37 ;(553-4(7'*7>/ /0 )/0(5* 6/--36( /66*--( 4*5 0/ ;(./79*7.* 
'*00G/79(0( θ ())*5( H# F7 :(5610*+ 

( ) ( )

( ) ( ){ } (b)2;2min

  oppure

(a) 21con      

32

32

===

≤≤==

θθ

θθθ

ctgVctgVV

ctgctgVctgVV

RDRDRD

RDRDRD

 !"# H$& 

'()*+ 

22
1 θ

θν

ctg

ctgzbf
V cd

RD
+

⋅⋅⋅⋅
=  !"# HH& 

θctgfz
s

A
V yd

sw
RD ⋅⋅⋅=

3
 !"# H"& 

*--*7'(+ staffe delle passo il è  s  

unitaria lunghezza di       

  travedi un trattoin  le trasversaarmatura di areal'  swA
 

  :come  valutatointerna coppia della braccio il  z dz ⋅= 9.0  !"# HB& 

  :segue  come  valutasi 2  eurocodicel'  Secondo    

 .ortogonale direzione nella   trazionee  direzione unain   necompressio di    

 presenza  neacontempora laper  resistenza della riduzione di fattoreun   ν

MPain   con    5.0
200

7.0 ck
ck f

f
≥−=ν  !"# H%& 

P4*5/.3)/6*7.*2 '/44536/ -3 , )*53:3;/.( ;N* 30 ./903( -(00*;3./7.* L?C 
:(--* 37:*53(5* /0 LMCH ;/0;(0/.( 4*5 2=θctg # F7 ;/-( /::*56/.3)( -3 , 

45(;*'1.( /0 45(9*..( '/00G/56/.15/ 37)*5.*7'( 0G*-45*--3(7* '*0 LMC" * 
;(7-3'*5/7'( 30 )/0(5* 2=θctg # F7 ;/-( ;(7.5/53( -3 , '/44536/ )/01./.( 
30 )/0(5* *θctg 4*5 ;13 -3 )*53:3;/ 0G191/903/7>/ :5/ ./903( -(00*;3./7.* L?C 

* LMCH *2 -1;;*--3)/6*7.* ;(7 30 6*'*-36( )/0(5* -3 , *::*..1/.( 30 ;/0;(8
0( '*00G/56/.15/# IG*-45*--3(7* / ./0* -;(4( 1.303>>/./ ,+ 

yd

sd
swsw

fctgz

sV
AA

⋅⋅

⋅
=≥

θ
min,  !"# H@& 

?(7( 37:37* -./.3 53-4*../.3 3 637363 '3 7(56/.3)/ ;35;/ 0G/5*/ '3 
-./::* /0 6*.5( *' 30 4/--( 6/--36( '*00* -./::*+ 

;/mcm09.0 2
bAsw ⋅≥  !"# HA& 
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{ } 
!

 
"

#

≥⋅

≤≤⋅

≤⋅

=≤

.67.0 se cm20;0.3min

;67.00.20 se cm30;0.6min

;20.0 se cm30;0.8min

con  

2

2

2

maxmax

RDSD

RDSD

RDSD

VVd

VVd

VVd

sss !"# HD& 

F7:37* -3 , /)1.( ;15/ '3 5/::3..35* 30 4/--( 7*00* >(7* '3 /44(993( 53-4*.8
./7'( 30 0363.* -14*53(5* '3 $H Q *--*7'( Q 30 '3/6*.5( 63736( 
'*00R/56/.15/ 0(793.1'37/0* 45*-*7.*# 

3.3.2. Progetto dei pilastri 

S(6* '*..( 37 45*;*'*7>/2 1!"#$"%&#"' 1+)2(%&/()"1- '*3 430/-.532 '(48
43/6*7.* -366*.53;/2 , -;/.153./ '/ '1* '3-.37.3 45(9*..3 / 45*--(8
:0*--3(7* 5*../ 7*3 '1* 43/73 '3 37:0*--3(7* '*00G/-./2 ;(7 -(00*;3./>3(73 
'*53)/7.3 '/00G/4403;/>3(7* '*00* :(5>* (5/ 37 '35*>3(7* 3 (5/ 37 '35*>3(7* 
4  4*5 30 45(9*..( '*00* J/55* '*0 430/-.5( '3-.*-* 0179( 0/ '35*>3(7* 7(58
6/0* / T1*00/ '*0 ;/53;(# K*5 0* J/55* '3 -439(0(2 364*97/.* 37 63-15/ 
*T13)/0*7.* 4*5 37:0*--3(7* 7*3 '1* 43/732 -3 , /--17./ 17G/5*/ '3 /56/8
.15/ 6/--36/ :5/ T1*00* '*53)/7.3 '/3 '1* ;/0;(03 '3-.37.3 '3 ;13 -3 , /48
4*7/ '*..(# F0 9*7*53;( 45(9*..( / 45*--(8:0*--3(7* 5*../ , -./.( ;(7'(..( 
6*'3/7.* 0* :(5610* -*6403:3;/.* '*-;53..* 37 !UN*5-3 * <15/.(5*2 H==B&# 
V--*2 '*.*5637/.* 0/ 6/--36/ ;/4/;3.W 4(5./7.* /--3/0* 5*6$"7 * :0*--3(8
7/0* 8*6$"7 '*0 -(0( ;/0;*-.51>>(2  ;(7-*7.(7( '3 '*.*5637/5* 30 6(6*7.( 
:0*..*7.* 8*  ;N* 41X *--*5* 4(5./.( '/0 -(0( ;/0;*-.51>>( 37 5/93(7* '*08
0( -:(5>( 7(56/0* 59: /9*7.* -10 430/-.5(# Y137'3 4*5 '3::*5*7>/ 53-4*..( 
/0 6(6*7.( '3 45(9*..( 89: -3 )/01./ 0G/03T1(./ '3 *--( 8. ;N* ;(64*.* 
/00* -(0* /56/.15* *2 '/ T1*-./2 366/937/7'( 17/ '3-4(-3>3(7* '3 /58
6/.15/ -366*.53;/ * J/55* .1..* -7*5)/.*2 -3 '*.*5637/ 0G/5*/ '3 /56/8
.15/ .(./0* 53;N3*-./ '/00/ ;(443/ /9*7.* !89:6'59:&# F7 :(5610*+ 
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c

fhAM

AfN

hbA

⋅⋅⋅⋅=

⋅⋅=

⋅=

α

α  !"# HE& 

'()*+ zocalcestruz di sezione della base la è  b  
zocalcestruz di sezione della altezzal' è  h  

 zocalcestruz di sezione della areal' è  cA  
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'()*+ chzeq ⋅−= 2  !"# ""& 

 richiesta armatura di  totaleareal' è ,totsA  

Z*0 -379(0( 45(9*..( / 45*--(8:0*--3(7* -3 , ())3/6*7.* :/..( 53:*536*7.( 
/00/ ;(7'3>3(7* 43[ 95/)(-/ :5/ T1*00* ;(553-4(7'*7.3 /00* '3)*5-* ;(6J38
7/>3(73 '3 ;/0;(0( ;(7-3'*5/.*# 

?3  , 4(3 /)1.( ;15/ '3 53-4*../5* 17 0363.* 37:*53(5* -100/ T1/7.3.W 
.(./0* '3 /56/.15/ 4*5 3 430/-.53 364(7*7'( 17 )/0(5* 63736( 4*5 0/ 
4*5;*7.1/0* 9*(6*.53;/ '3 /56/.15/ ρ + 

008.0 
,

≥=
c

totS

A

A
ρ  !"# "B& 

\/0* 0363.* -3 , 53)*0/.( -*645* 431..(-.( ;(7'3>3(7/7.* /3 43/73 -14*8
53(532 0/''()* , 43[ 6('*-./ 0G*7.3.W '*00* />3(73 ;(7-*91*7.3 /00G/4403;/8
>3(7* '*00* :(5>* *T13)/0*7.3 /0 -3-6/# 

F7:37* /7;N* 4*5 T1*-./ .34(0(93/ '3 *'3:3;32 ;(6* 93W 4*5 T1*003 45(8
9*../.3 4*5 -(03 ;/53;N3 95/)3./>3(7/032 0* J/55* '3 /;;3/3( -(7( -./.* 4(-.* 
/' 17/ '3-./7>/ 0G17/ '/00G/0.5/ -*645* 37:*53(5* / H% ;6# 

F0 ;/0;(0( '*00G"#$"%&#"'"' %"21(+'/-(',(1".%#( , -./.( *-*913.(2 ;(6* 
93W 4*5 0* .5/)32 :/;*7'( 53:*536*7.( /0 6('*00( '3 .5/03;;3( ;(7 37;037/8
>3(7* )/53/J30* '*0 417.(7* '3 ;/0;*-.51>>(2 1.303>>/7'( '17T1* 0* :(58
610* '/ !"# H$& / !"# H@& 534(5./.* -(45/# F7 T1*-.( ;/-( ;(6* />3(7* -(08
0*;3./7.* -3 , /--17.( 30 6/--36( :5/ 3 ./903 /9*7.3 -13 '1* 43/73 '3 378
:0*--3(7* '*0 9*7*53;( 430/-.5(# F 0363.3 364(-.3 /0 4/--( 6/--36( '*00* 
-./::* -(7( T1*003 45*-;53..3 '/00/ 7(56/.3)/ * 45*;3-/6*7.*+ 

{ }cm 30;;12min  minminmax bss φ⋅=≥  !"# "%& 

]0  :37* '3 9/5/7.35* ;/5/..*53-.3;N* '3 6/993(5* 173:(563.W /00/ -.51..18
5/ 37 .*56373 '3 45(453*.W 6*;;/73;N* '*3 71;0*3 '3 ;/0;*-.51>>( ;(7:37/8
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.3 /00G37.*57( '*00* -./::*2 -3 , ;*5;/.( '3 ;(7.*7*5* 0/ )/53/J303.W '*00/ '38
-4(-3>3(7* '3 -./::* /'(4*5/7'( -./::/.15* 191/03 4*5 430/-.53 '3 191/03 
'36*7-3(73# 

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

] -*913.( '*00/ :/-* '3 45(9*../>3(7*2 0* ;13 6('/03.W -(7( -./.* /44*7/ 
'*-;53..*2 *5/ '3-4(73J30* 17 37-3*6* '3 J/-* ;(-.3.13.( '/ T1/..5( *'3:3;3 
'*:373.3 7*00/ 9*(6*.53/ 9*7*5/0* * 7*0 '*../903( '*00* /56/.15* * '(./.3 
'3 45*;3-* ;/5/..*53-.3;N*# ]0 :37* '3 '3-4(55* '3 17/ 43[ )/-./ 9/66/ '3 
;/-3 -.1'3( ;(7 /'*91/./ )/53/J303.W '*3 4/5/6*.538;N3/)* Ωθ2 -#2 -. *' Mµ2 
-(7( -./.3 *0/J(5/.3 '*3 -3-.*63 /..3 / 6('3:3;/5* 30 )/0(5* '3 ./03 T1/7.38
.W2 6(0.3403;/7'( '3 ;(7-*91*7>/ 30 716*5( '3 ;/-3 -.1'3( '3-4(73J3032 
'3::*5*7>3/.3 :5/ 0(5( 45(453( 4*5 30 )/0(5* /--17.( '/3 -1''*..3 4/5/6*8
.53# Z*0 -*913.( -3 '*-;53)*2 ;(7 53:*536*7.( /3 -379(03 4/5/6*.532 0/ -.5/8
.*93/ 3643*9/./ 4*5 6('3:3;/57* 30 )/0(5*# 

K*5 T1/7.( /..3*7* /0 ,"#"$-%#+ Ωθ2 *--( )/53/ ;(7 0/ .34(0(93/ 45(8
9*..1/0* *-/637/./ /--16*7'( 173;/6*7.* '1* )/0(53 * 45*;3-/6*7.*+ 
$#=$B 4*5 0/ ;0/--* '3 *'3:3;3 9; * $#$H= 4*5 0/ ;0/--* 99# S(6* -3 41X 
7(./5* ./03 )/0(53 -(7( /--/3 45(--363 :5/ 0(5( * )3;373 /00G173.W2 ;(5538
-4(7'*7'( '17T1* / -3-.*63 7(7 ;0/--3:3;/J303 7O ;(6* .(5-3(8:0*--3J303 
7O ;(6* .(5-3(85393'3# ?3 .5/../ 431..(-.( '3 *'3:3;3 / ;(64(5./6*7.( 378
.*56*'3( :5/ T1*-.* '1* .34(0(93* 37 T1/7.( 30 )/0(5* $ 4*5 30 4/5/6*.5( 
Ωθ 5/445*-*7./ 17/ -(5./ '3 -4/5.3/;T1* :5/ .(5-3(85393'3 * .(5-3(8
:0*--3J303# ^ 364(5./7.* 37(0.5* 7(./5* ;(6* )/0(53 '3  Ωθ 45(--363 /00G18
73.W -3/7( 5/445*-*7./.3)3 '*00/ .34(0(93/ -.51..15/0* *-/637/./ ())*5( 
T1*00/ '*903 *'3:3;3 / -.51..15/ 37.*0/3/./ 37 S#]## Z(7 , 37:/..3 4(--3J30*2 
/ 6*7( '3 37.5('155* 7*00/ ;/54*7.*53/ /7;N* 4/5*.32 '3-;(-./5-3 '3 6(08
.( '/ T1*-.( ;/64( '3 )/0(53 '3 Ωθ2 ;(6* 4*5/0.5( -3 , 45()/.( '35*../8
6*7.*+  37:/..3 / 4/5.35* '/ 17 45(9*..( '*00* -*>3(73 '*3 430/-.53 / ;(68
45*--3(7* -*6403;* 37 J/-* /00* /5** '3 37:01*7>/2 6('3:3;/7'( -1;;*--38
)/6*7.* 37 6/73*5/ 3.*5/.3)/ 0R(53*7./6*7.( 37 43/7./ '*3 430/-.53 *' 30 
)*5-( '3 (5'3.15/ '*0 -(0/3(2 -3 , 45(;*'1.( /00/ )/01./>3(7* '*0 4/5/6*8
.5( Ωθ 53-4*..( /00/ '35*>3(7* '3 /-366*.53/ '*0 -3-.*6/2 53.5()/7'( 
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-*645* )/0(53 45(--363 / T1*003 '*903 *'3:3;38J/-* -*0*>3(7/.3 4*5 0* -1;8
;*--3)* /7/03-3# 

 S(6* 93W (--*5)/.( 37 45*;*'*7>/2 903 *'3:3;3 ;(7;*43.3 ;(6* -(45/ 
'*-;53..(2 4*5 *7.5/6J* 0* .34(0(93/ '3 45(9*..(2 -(7( .1..3 ;/5/..*53>>/.3 
'/ 45*-*7>/ '*00G/--* '*3 ;*7.53 *0/-.3;3 ;(553-4(7'*7.* /0 ;*7.5( '3 53938
'*>>/ SM * 4(-3>3(7/.( 37 ;(37;3'*7>/ ;(7 30 J/53;*7.5( 9*(6*.53;( '*0 
9*7*53;( 364/0;/.(# I!-**-)%#(*(%<'/-11-'#(2(/-==-'-#237.*-/ ;(6* '3-./7>/ 
'*0 ;*7.5( '3 5393'*>>/ SM '/0 ;*7.5( '3 6/--/ S<2 )3*7* 5345('(../ -18
903 *'3:3;3 -*6403;*6*7.* -4(-./7'( T1*-.G10.36( -100G364/0;/.( * /68
6*..*7'( ;(-_ ;N* *-3-./ -*645* 17/ '3-.53J1>3(7* '*3 ;/53;N3 )*5.3;/03 * 
'17T1* '*00* 6/--* 30 ;13 J/53;*7.5( -3/ T1*00( :3--/.(# Z*00( -4*;3:3;( 
-(7( -./.3 -./J303.3 '1* '3-.37.3 )/0(53 4*5 -#  37 5/93(7* '*00/ '36*7-3(7* 
'*00G364/0;/.(   0179( 0G/--* 32 4/5/00*0/6*7.* /0 T1/0* -3 61()* S<# F 
)/0(53 ;(7-3'*5/.32 ;(553-4(7'*7.3 / 43;;(0/ * 95/7'* *;;*7.53;3.W2 -(7( 
4/53 53-4*..3)/6*7.* /0 %` *' /0 $%` '3   ())*5( $#BH% 6 * B#HA% 6# F0 
;*7.5( '*00* 6/--* S< , -./.( -*645* 4(-3>3(7/.( -100G364/0;/.( / '*8
-.5/ '*0 J/53;*7.5( 9*(6*.53;( ())*5( '*0 ;*7.5( '3 5393'*>>/ SM# F7(0.5* 
7*0 )/01./5* 0G*;;*7.53;3.W '*00* 5393'*>>* -3 , /--17./ 0/ 6*'*-36/ ;(78
)*7>3(7* '3 -*97( 1.303>>/./ 7*3 45*;*'*7.3 -.1'3 -13 -3-.*63 6(7(43/7(2 
-*;(7'( 0/ T1/0* -# 53-10./ ,+.(%(>" -* SM -*91* S< 7*0 )*5-( 4(-3.3)( 
'*00* 32 )-2"%(>" 7*00R*)*7.1/03.W (44(-./# K*5 ./0* 5/93(7* 3 -3-.*63 
-.51..15/03 ;(7-3'*5/.3 -(7( .1..3 ;/5/..*53>>/.3 '/ *;;*7.53;3.W '*00* 538
93'*>>* 7*9/.3)/# F7(0.5*2 4(3;NO 30 1"%+'.()(.%#+ '*00G364/0;/.( , -*645* 
43[ )3;37( / SM ;N* / S<2 /0 ;(7.5/53( '*0 1"%+'/-.%#+2 30 4536( -3 T1/038
:3;/ -*645* ;(6* 30 0/.( #(2(/+ *' 30 -*;(7'( ;(6* 30 0/.( 01-..(?(1-# 

I!-**-)%#(*(%<'/-11-'#-.(.%-)=-'-.2 37.*-/ ;(6* '3-./7>/ '*0 ;*7.5( '3 
5*-3-.*7>/ S? '/0 ;*7.5( '3 6/--/ S<2 , -././ )/01././ 4*5 (973 *'3:3;3( 
/7/03>>/.(  ;(6* '*-;53..( / 45(4(-3.( '*00/ '*:373>3(7* '*3 4/5/6*.538
;N3/)* 4*5 *'3:3;3 610.343/7(# ?1--3-.* /7;N* T13 0/ 6*'*-36/ ;(7)*78
>3(7* '3 -*97( 1.303>>/./ 4*5 903 -.1'3 -10 6(7(43/7( * '17T1* -.', ,+.(@
%(>"'-* S? -*91* S< 7*0 )*5-( 4(-3.3)( '*00* 32 )-2"%(>" 7*00R*)*7.1/03.W 
(44(-./# C3)*5-/6*7.* '/ T1/7.( /))3*7* 4*5 0G*;;*7.53;3.W '*00* 53938
'*>>*2 30 )/0(5* /--17.( '/00G*;;*7.53;3.W '*00* 5*-3-.*7>* , ;(7-*91*7.* 
/' 17 ;/0;(0( -1 17 -3-.*6/ -.51..15/0* 93W ;(640*./6*7.* '*:373.( * 
'17T1*2 / 6*7( '3 ;/-3 J/7/032 7(7 41X *--*5* 364(-.( 37 :/-* '3 '*:3738
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>3(7* '*0 -3-.*6/ -.51..15/0* * 7(7 , 7(.( / 453(53# F7 4/5.3;(0/5* -3 (-8
-*5)/ ;N* 4*5 -3-.*63 '(./.3 '3 '(443/ -366*.53/ 7*00/ '3-.53J1>3(7* '*08
0* /56/.15* * '17T1* '*00* 5*-3-.*7>*2 T1/03 903 *'3:3;3 '*00/ ;0/--* 9; * 
T1*003 '*00/ -(..(;0/--* 99A '*903 *'3:3;3 /7.3-3-63;32 0/ 4(-3>3(7* '*0 
;*7.5( '*00* 5*-3-.*7>* S? ;(37;3'*5W ;(7 T1*00/ '*0 J/53;*7.5( 9*(6*8
.53;( '*00/ 43/7./ * '17T1* '*0 ;*7.5( '3 5393'*>>/ SM * 4*5./7.( 0G*;8
;*7.53;3.W '*00* 5*-3-.*7>* -. )*55W / ;(37;3'*5* ;(7 T1*00/ '*00* 5393'*>>*'
-## F7 ./03 ;/-3 /7;N* 0G*;;*7.53;3.W '*00* 5*-3-.*7>* -. -/5W 7(./ / 453(53 
*' /--16*5W 17( '*3 '1* 4(--3J303 )/0(53 7*9/.3)3 4/53 /0 %`  *' /0 
$%`   37 J/-* /0 )/0(5* /--17.( '/00G*;;*7.53;3.W '*00* 5393'*>>* -## K(-38
>3(73 /0.*57/.3)* '*0 ;*7.5( '3 5*-3-.*7>/ S?2 7(7 ;(37;3'*7.3 ;(7 30 ;*78
.5( '3 5393'*>>/ SM2 -(7( (..*73J303 -(0( 4*5 0/ -(..(;0/--* '3 -3-.*63 
99B2 37 ;13 0/ 45*-*7>/ '3 17/ *;;*7.53;3.W '*3 417.3 '3 /4403;/>3(7* '*08
0* :(5>* '3 45(9*..( 37 '35*>3(7* 4 45('1;* 17/ /-366*.53/ 7*00/ '(8
6/7'/ '3 -(00*;3./>3(73 * '17T1* 7*00/ /..53J1>3(7* '*00* 5*-3-.*7>*2 :/8
;*7'( -4(-./5* 30 ;*7.5( '3 5*-3-.*7>/ S? 0179( 0G/--* 3# K*5 ./03 -3-.*63 
S? 7(7 ;(37;3'*5W ;(7 30 J/53;*7.5( '*00G364/0;/.(2 6/ 0/ -1/ 4(-3>3(7* 
7(7 -/5W '*.*5637/J30* / 453(53 37 T1/7.(2 4537;34/06*7.* / ;/1-/ '*0 
53-4*..( '*3 )37;(03 '3 7(56/.3)/ ;35;/ 0* T1/7.3.W 63736* '3 /56/.15/ 
45*-*7.32 0/ '3-./7>/ '3 S? '/0 J/53;*7.5( 9*(6*.53;( '*00/ 43/7./ -/5W 
'3)*5-/ '/00G*;;*7.53;3.W 364(-./ 7*0 45(9*..(# F7 4/5.3;(0/5* 0G*::*..( '*3 
-1''*..3 )37;(03 '3 45(9*..( '*00* /56/.15* -/5W T1*00( '3 53'155*2 538
-4*..( /00G*;;*7.53;3.W '3 45(9*..(2 0/ '3-./7>/ :5/ S? *' 30 J/53;*7.5( '*0 
9*7*53;( 364/0;/.( ;(7'1;*7'( ;(-_ / ;(7:3915/>3(73 '*3 ;*7.53 ;(7 S? 37 
4(-3>3(7* 37.*56*'3/ 53-4*..( / SM * S< * '17T1* *;;*7.53;3.W '*00* 5*8
-3-.*7>* -. 7*9/.3)/ ;(6* T1*00/ '*00* 5393'*>>* 6/ 637(5* 37 )/0(5* /-8
-(01.( 53-4*..( /' *--/# Z/.15/06*7.*2 415 7(7 4(.*7'(-3 45*)*'*5*2 / 
6(7.* '3 17 ;/0;(0( *-/..(2 0/ 45*;3-/ 4(-3>3(7* '3 S?2 -3 37.13-;* ;N* *-8
-( -/5W ./7.( 43[ '3-./7.* '/0 J/53;*7.5( '*00G364/0;/.( ())*5( '/ SM 
T1/7.( 6/993(5* -/5W 30 )/0(5* '*00G*;;*7.53;3.W '*3 417.3 '3 /4403;/>3(7* 
'*00* :(5>* '3 45(9*..( 37 '35*>3(7* 4# 

F7:37* 30 5/44(5.( Mµ2 /7;NG*--( )/01./.( ;(6* '*-;53..( / 45(4(-3.( 
'*00/ '*:373>3(7* '*3 4/5/6*.538;N3/)* 4*5 *'3:3;3 610.343/7(2 '34*7'* 
'/0 03)*00( '3 -4(-./6*7.( 5/99317.( '/00/ -.51..15/ /0 .*5637* '*00* /8
7/03-3 41-N()*5 '*0 -3-.*6/ J30/7;3/.(2 ;(7 53:*536*7.( /00* T1/03 -3 )/8



C*:373>3(7* '*3 -3-.*63 -.51..15/03 $BA 

01./2 * '17T1*2 4*5 0/ 4/5.3;(0/5* -;*0./ 7*0 -*913.( 3001-.5/./ '*00( -4(8
-./6*7.( ./59*.2 '/0 03)*00( '3 37.*7-3.W -3-63;/ 3643*9/.( 4*5 0* /7/03-3 
'37/63;N* 7(7 037*/53 '*00( -.*--( -3-.*6/ J30/7;3/.(# K*5 T1*-./ 5/93(8
7*2 /0 :37* '3 (..*7*5* 43[ )/0(53 '*0 5/44(5.( Mµ -(7( -./.* 1.303>>/.* '38
)*5-* /;;*0*5/>3(73 '3 43;;( /0 -1(0( KU]  7*00* /7/03-3 ;(7'(..* -1903 *8
'3:3;3# F )/0(53 '3 T1*-.* 10.36* -(7( -./.3 -*0*>3(7/.3 .*7*7'( 37 ;(7.( 0* 
'3)*5-* ;/4/;3.W 5*-3-.*7.3 '*903 *'3:3;3 /44/5.*7*7.3 /00* '1* .34(0(93* 
'3 45(9*..( ;(7-3'*5/.* * )*53:3;/7'( 0/ 5*/0* ;/4/;3.W '*0 9*7*53;( *'3:38
;3( '3 -(-.*7*5* 17 -3-6/ '*0 03)*00( '3 37.*7-3.W /--*97/.(# F7 4/5.3;(0/8
5* ,-#'1"'*1"..-'/('-/(0(*('9;2 45(9*../.3 4*5 5*-3-.*5* /3 -(03 ;/53;N3 95/8
)3./>3(7/032 17/ 5*3.*5/./ /4403;/>3(7*2 ;(7 KU] ;5*-;*7.32 '*00/ -*8
T1*7>/ (4*5/.3)/ 7*;*--/53/ / .*-./5* 0/ )/03'3.W '*0 6*.('( 45(4(-.(2 
N/ 6(-.5/.( ;(6* 7(7 4(.*--* ;(7;01'*5-3 0R/4403;/>3(7* '*0 6*.('( 1.38
03>>/7'( 17/ KU] -14*53(5* / =#H=9# F7 ./0 ;/-(2 37 4/5.3;(0/5*2 53-10./8
)/ 364(--3J30* 5/993179*5* 7*00* /7/03-3 41-N()*5 17( -4(-./6*7.( 37 
.*-./ /903 *'3:3;3 ;(*5*7.* ;(7 03)*003 '3 37.*7-3.W -3-63;/ -14*53(53#  K*5 
./0* 5/93(7* T1*-.( , 0G173;( )/0(5* 3643*9/.( 4*5 0( -.1'3( '3 T1*-./ 
;0/--* '3 *'3:3;3# L3;*)*5-/ ,-#'1"'*1"..-'/('-/(0(*('992 45(9*../.3 4*5 5*8
-3-.*5* /7;N* /00* />3(73 -3-63;N*2 , 4(--3J30* ;(7'155* 17( -.1'3( 
'*00G*'3:3;3( 1.303>>/7'( 03)*003 '3 37.*7-3.W -3-63;/ 6(0.( 6/993(53# ?(7( 
'17T1* -./.3 1.303>>/.3 '1* '3-.37.3 )/0(53 '3 KU]2 /--(;3/.3 /' /0.5*../78
.* 45(J/J303.W '3 -14*5/6*7.( 7*00G/6J3.( '3 17/ 6*'*-36/ :37*-.5/ 
.*64(5/0*# K5*;3-/6*7.* -3 , :/../ ;(553-4(7'*5* /0 03)*00( '3 37.*7-3.W 
-3-63;( 43[ J/--(2 ;N* '*7(.*5*6( KU]$2 17/ 45(J/J303.W '3 -14*5/6*78
.( ,C 4/53 /0 $=` 37 17 4*53('( AB '3 %= /7732 6*7.5* /0 03)*00( '3 37.*78
-3.W -3-63;/ 43[ /0.(2 7*0 -*913.( KU]H2 -3 , /--(;3/./ 17/ 45(J/J303.W '3 
-14*5/6*7.( ,D 4/53 /0 H` 7*0 6*'*-36( 4*53('( AB# ?3 , '17T1* :3--/.( 
4*5 0/ KU]$ 30 )/0(5* '3 =#H%92 ;(553-4(7'*7.* /00/ KU] '3 45(9*..( 4*5 
0* >(7* '3 FF ;/.*9(53/2 ;(6* T1*00/ 37 ;13 -3 , 366/937/.( 1J3;/.( 30 9*8
7*53;( *'3:3;3( /7/03>>/.(2 37 7(56/.3)* /7.3-3-63;N* -1;;*--3)* / T1*00/ 
1.303>>/./ 37 T1*-.( -.1'3( 4*5 0/ '*.*5637/>3(7* '*00* />3(73 -3-63;N*# 
I/ KU]H , 37)*;* -././ '*.*5637/./ :/;*7'( 53;(5-( /' 17/ *-45*--3(7* 
45*-*7.* -100GV15(;('3;* D /0 417.( H#$#B+ 
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$BD C*:373>3(7* '*3 -3-.*63 -.51..15/03 
 

F7 ./0 6('( -3 , (..*71.( 30 )/0(5* KU]Ha=#BHA%9# 

 !2! 3')+4'#&0',-(&,/&/*(#&,/*41**14'%&,')'%&55'*&,

Z*0 -*913.( -3 '*:373-;(7( 0* ;/5/..*53-.3;N* '*3 -3-.*63 /7/03>>/.32 9*7*8
5/.3 /..5/)*5-( 6('/03.W '3 45(9*..( '3)*5-3:3;/.* *' 10.*53(56*7.* '3::*8
5*7>3/.3 / 03)*00( '*3 4/5/6*.538;N3/)* ;(6* /44*7/ '*-;53..(# 

E+)'#(0-#($-)%+'"21('-/(0(*('9;2 45(9*../.3 4*5 -(-.*7*5* 3 -(03 ;/538
;N3 95/)3./>3(7/032  / 4/5.35* '/ 17 173;( *'3:3;3( '*:373.( 7*00/ 9*(6*8
.53/ 9*7*5/0* * 7*0 '*../903( '*00* /56/.15*2 -3 -(7( 53;/)/.3 /&-' *".('
.%&/(+ -*6403;*6*7.* 364(7*7'( /0 ;*7.5( '3 6/--/ 0* '1* -1''*..* 4(8
-3>3(73 ;(553-4(7'*7.3 / 43;;(0/ !-$a8=#=% & * 95/7'* !-$a8=#$% & *;;*78
.53;3.W *' 1.303>>/7'( 4*5 0* /7/03-3 17 173;( 03)*00( '3 37.*7-3.W -3-63;/ 
4/53 / =#H=9# 

F-#'G&")%+'#(2&"#/"'1"'*1"..-'99 '*903 *'3:3;3 45(9*../.3 4*5 5*-3-.*8
5* /7;N* /00* />3(73 -3-63;N*2 417.( '3 4/5.*7>/ , -./.( 30 45(9*..( '*.8
./903/.( '3 .5* *'3:3;3+ 17( '3 *--32 '*7(637/.( 99A2 , ;/5/..*53>>/.( '/ 
'(443/ -366*.53/ 7*00/ '3-.53J1>3(7* '*00* 5*-3-.*7>* * ;(64(5./6*7.( 
.5/-0/>3(7/0* 4*5 ;/53;( '35*..( 0179( *7.5/6J* 0* '35*>3(73 4537;34/03 
'*00/ 43/7./b 903 /0.53 '1*2 ;(7.5/--*97/.3 ;(6* 99B2 -(7( 37)*;* ;(78
.5/''3-.37.3 '/ ;(64(5./6*7.( .5/-0/>3(7/0* -(0( 4*5 ;/53;( '35*..( 0178
9( 0/ '35*>3(7* 3 * ;(64(5./6*7.( 5(./>3(7/0* 4*5 ;/53;( /4403;/.( 0178
9( 0/ '35*>3(7* (5.(9(7/0*# Y1*-.3 10.363 -(7( -./.3 9*7*5/.3 .5/63.* 
0G/4403;/>3(7* '*00* :(5>* '3 45(9*..( 37 '35*>3(7*'4 37 4(-3>3(7* *;;*78
.53;/ 53-4*..( /0 ;*7.5( '3 5393'*>>/ 1.303>>/7'( '1* '3-.37.3 )/0(53 '3 *;8
;*7.53;3.W '3 45(9*..( 4/53 /00G*;;*7.53;3.W '*00* 6/--* -$# F -3-.*63 ;(-_ 
(..*71.3 -(7( -./.3 '*:373.3 99B@F2 ;(553-4(7'*7.* /00/ 43;;(0/ *;;*7.538
;3.W !-a-$a8=#=% &2 *' 99B@;2 ;(553-4(7'*7.* /00/ 95/7'* *;;*7.53;3.W 
!-a-$a8=#=% &# C/00G364(-3>3(7* /0 ;*7.5( '*00* 6/--* S< '*00G*'3:3;3(8
J/-* 99A '*00* '1* 4(-3>3(73 ;(553-4(7'*7.3 / 43;;(0/ * 95/7'* *;;*7.538
;3.W -(7( '*53)/.3 '1* -3-.*63 -.51..15/03 '3-.37.32 99A@F *' 99A@;2 
6*7.5* 4*5 ;3/-;17( '*3 '1* *'3:3;38J/-* 99B@F *' 99B@; 0/ 4(-3>3(7* 
/--*97/./ /0 J/53;*7.5( '*00* 6/--* , 173;/ * ;(37;3'*7.* ;(7 T1*00/ '*0 
417.( '3 /4403;/>3(7* '*00* :(5>* 37 '35*>3(7* 4 * '17T1* 7(7 ;(64(5./ 
/16*7.3 7*0 716*5( '3 -3-.*63 -.51..15/03# F7 .(./0* 903 *'3:3;3 /7.3-38
-63;3 ;(-_ (..*71.3 -(7( T1/..5(2 6/ ;3/-;17( '3 *--3 , -./.( /7/03>>/.( 



C*:373>3(7* '*3 -3-.*63 -.51..15/03 $BE 

1.303>>/7'( '1* '3-.37.3 )/0(53 '3 37.*7-3.W -3-63;/2 (9717( '*3 T1/03 0( 
T1/03:3;/ ;(6* 17 '3)*5-( ;/-(8-.1'3(# C/00G37-3*6* 99 -(7( T137'3 -./.3 
53;/)/.3 +%%+ '3-.37.3 .(.%-$(' .%#&%%&#"1(# Y1/..5( '3 *--3  ;(553-4(7'(7( 
/' 17 03)*00( '3 37.*7-3.W -3-63;/ 43[ J/--( 4*5 0* /7/03-32 KU]$a=#H%92 * 
)*55/77( 7*0 -*913.( '*7(./.3 ;(6* 99A@FC2 99A@;C2 99B@FC *' 99B@
;C# F 536/7*7.3 T1/..5( -(7( /--(;3/.3 /00G1-( '3 17/ KU] 43[ /0./ 7*00* 
/7/03-32 KU]Ha=#BHA%92 * )*55/77( 7*0 -*913.( '*7(./.3 ;(6* 99A@FD2 
99A@;D2 99B@FD'*' 99B@;D# F7 '*:373.3)/ 1!().(-$-'/-('.(.%-$('.%#&%%&@
#"1(' .%&/("%( , '17T1* ;(64(-.( 37 .(./0* '/ /(-*(' -1-$-)%(6 '3 ;13 '1* 
/44/5.*7*7.3 /00/ .34(0(93/ '3 45(9*..( 9; *' (..( /00/ ;0/--* 99#  

Z*0 -*913.( -3 534(5./ 17/ ./J*00/ 53*430(9/.3)/ !\/J# $=& 5*;/7.* 0* 
-390* ;N* ;(7.5/''3-.3791(7( 3 '3)*5-3 *'3:3;3 /7/03>>/.3 *' 17/ '*-;538
>3(7* -(66/53/ '*00* 0(5( ;/5/..*53-.3;N* '3 J/-* T1/03 0/ .34(0(93/ '3 
45(9*..(2 0G*)*7.1/0* *;;*7.53;3.W '3 45(9*..( -H  ;(7 ;13 -(7( -./.* /48
403;/.* 0* :(5>* 37 '35*>3(7* 42 0G*;;*7.53;3.W '*00* 6/--* -$H 2 0/ KU] 
/--(;3/./ /00* /7/03-3# 

\/J# $= c M3*430(9( '*3 -3-.*63 -.51..15/03 /7/03>>/.3 

Sigla Tipo progetto e/L em/L PGA/g 

SG-P carichi gravitazionali - -0.05 0.20 

SG-G carichi gravitazionali - -0.15 0.20 

SST-P1 antisismico 0.00 -0.05 0.25 

SST-G1 antisismico 0.00 -0.15 0.25 

SSR-P1 antisismico -0.05 -0.05 0.25 

SSR-G1 antisismico -0.15 -0.15 0.25 

SST-P2 antisismico 0.00 -0.05 0.4275 

SST-G2 antisismico 0.00 -0.15 0.4275 

SSR-P2 antisismico -0.05 -0.05 0.4275 

SSR-G2 antisismico -0.15 -0.15 0.4275 

 



$%= C*:373>3(7* '*3 -3-.*63 -.51..15/03 
 

6! 7'4'**(4&/*&08(,-&)'#&08(,-(&,/&/*(#&,')'%&55'*&,

?3 53/--16(7( 7*0 -*913.( 0* 4537;34/03 ;/5/..*53-.3;N* '37/63;N* '*3 -38
-.*63 /7/03>>/.3#  

F7 ./J# $$ -(7( 53*430(9/.*2 4*5 *7.5/6J* 0* .34(0(93* '3 45(9*..(2 0* 
45(453*.W ;N* '*:373-;(7( 0* '3-.53J1>3(73 '*00* 6/--* * '*00* 5393'*>>*2 
;(6173 / .1..3 3 -3-.*63 -.51..15/03 /44/5.*7*7.3 /00/ 6*'*-36/ ;0/--*# 

\/J# $$ c M3*430(9( '*00* 4537;34/03 ;/5/..*53-.3;N* '*3 -3-.*63 /7/03>>/.3 

Sigla Tipo progetto m (t) rm (m) rkx (m) rky (m) ΩΩΩΩθθθθx ΩΩΩΩθθθθy 

SG carichi gravitazionali 440.59 9.91 10.05 15.51 1.564 1.014 

SS antisimico 477.71 9.87 11.05 10.68 1.082 1.120 
 

?3 534(5./7( 37)*;* 7*0 -1;;*--3)( 45(-4*..( !\/J# $H&2 4*5 ;3/-;17/  '*08
0* .34(0(93* *-/637/.*2 3 4*53('3 .5/-0/>3(7/03 7*00* '1* '35*>3(73 * .(58
-3(7/0* '*00* 4536* .5* .*57* '3 6('3 '*3 -3-.*63 J30/7;3/.32 (..*71.3 -4(8
-./7'( 30 ;*7.5( '3 6/--/ 37 ;(553-4(7'*7>/ '*00G/--* '*3 ;*7.53 *0/-.3;3# 
I* ;(553-4(7'*7.3 '*:(56/.* ;(7 53:*536*7.( /3 -(03 6('3 '3 )3J5/>3(7* 
.5/-0/>3(7/03 7*00* '1* '35*>3(73 -(7( 5/445*-*7./.* 37 d39#% 4*5 3 -3-.*8
63 '*00/ ;0/--* 9; *' 37 d39# @ 4*5 30 95144( 99# ?3 53;(5'/  / ./0 45(4(8
-3.( ;N* 0* ;/5/..*53-.3;N* *0/-.3;N* '*903 *'3:3;3 '*3 '1* -(..(951443 99A 
*' 99B -(7( 3'*7.3;N*+ *--3 -3 '3::*5*7>3/7( 173;/6*7.* 4*5 0/ '3)*5-/ 
'3-.53J1>3(7* '*00* 5*-3-.*7>*2 6/ T1*-.G10.36/ 7(7 37.*5)3*7* 7*00/ '*8
.*5637/>3(7* '*00* 45(453*.W '37/63;N* '*3 -3-.*63# 

\/J# $H c K*53('3 6('/03 '3-/;;(443/.3 '*3 -3-.*63 J30/7;3/.3 

Sigla Tipo progetto terna Tx (s) Ty (s) Tθθθθ (s) 

SG carichi gravitazionali 

1 1.1078 0.7119 0.7042 

2 0.3680 0.2436 0.2389 

3 0.2187 0.1572 0.1419 

SS antisimico 

1 0.6370 0.6580 0.5882 

2 0.2084 0.2125 0.1906 

3 0.1204 0.1203 0.1092 

 



C*:373>3(7* '*3 -3-.*63 -.51..15/03 $%$ 
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d39#@# <('3 '3 )3J5/>3(7* '*0 J30/7;3/.( '*0 9*7*53;( 99'37 '35*>3(7* 3 !/& 
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C*:373>3(7* '*3 -3-.*63 -.51..15/03 $%" 

F )/0(53 '*3 4*53('3 '3-/;;(443/.3 '*3 -3-.*63 J30/7;3/.3 37 \/J# $H ;(78
-*7.(7( '3 :/5* /0;17* ;(7-3'*5/>3(73# IG/--*7>/ '3 .5/)3 37 '35*>3(7* 3'
)-21(' -/(0(*(' ,#+2-%%"%(' ,-#' #-.(.%-#-' "(' .+1(' *"#(*I(' 2#">(%"=(+)"1('9; 03 
5*7'* /--/3 '*:(56/J303 37 T1*-./ '35*>3(7*2 6*7.5* 37 T1*00/ (5.(9(7/0* 
*--3 -(7( '(./.3 '3 17/ J1(7/ 5393'*>>/ .5/-0/>3(7/0*# C/ ;3X '*53)/ 0/ 
;(7-3-.*7.* '3::*5*7>/ :5/ 3 4*53('3 .5/-0/>3(7/03 0179( 32 /--/3 43[ 0178
9N32 * T1*003 0179( 4# L3;*)*5-/ 21('-/(0(*('.%#&%%&#"1$-)%-'*+)*-,(%(',-#'
#-.(.%-#-'")*I-'"1'.(.$"'99 -(7( ;/5/..*53>>/.3 '/ 4*53('3 '3-/;;(443/.3 
0179( 0* '1* '35*>3(73 /--/3 45(--363 :5/ 0(5( 4*5 ;3/-;17/ .*57/ 6('/0*2 
/ 5345()/ '*00/ '(./>3(7* '*00G*'3:3;3( '3 5393'*>>* .5/-0/>3(7/03 ;(7:5(78
./J303 0179( 0* '1* '35*>3(73 4537;34/03 '*00/ 43/7./# 
?3 534(5./7( 37:37* T13 '3 -*913.( !\/J# $"&2 4*5 ;3/-;17/  '*00* .34(0(93* 
*-/637/.*2 3 4*53('3 /;;(443/.3 .(5-3(7/03 * .5/-0/>3(7/03 37 '35*>3(7*4 
'*00* 4536* .5* .*57* '3 6('3 '*3 -3-.*63 /-366*.53;3 ;(7 43;;(0/ !-$a8
=#=% & * 95/7'* !-$a8=#$% & *;;*7.53;3.W# K*5 ;3/-;17/ .*57/ 6('/0* 
)*79(7( 534(5./.* 0* '*:(56/.* ;(553-4(7'*7.3 /0 6/--36( :5/ 3 '1* 4*8
53('3 /;;(443/.3 4*5 3 -3-.*63 / 43;;(0/ * 95/7'* *;;*7.53;3.W 37 d39#A 4*5 
0/ ;0/--* 9; *' 37 d39# D 4*5 30 95144( 99# ?1--3-.* 0/ 6*'*-36/ ;(7-38
'*5/>3(7* :/../ -(45/ ;35;/ 0G173:(563.W '*00* 45(453*.W '37/63;N* '*3 
-(..(951443 99A  *' 99B# 

\/J# $" c K*53('3 6('/03 /;;(443/.3 '*3 -3-.*63 /-366*.53;3 

Sigla Tipo progetto em/L terna Tyθθθθ (s) Tθθθθy (s) 

SG-P carichi gravitazionali -0.05 

1 0.7606 0.6591 

2 0.2591 0.2245 

3 0.1533 0.1329 

SG-G carichi gravitazionali -0.15 

1 0.8760 0.5723 

2 0.2981 0.1954 

3 0.1763 0.1152 

SST-P 

SSR-P 
antisimico -0.05 

1 0.6547 0.5488 

2 0.2115 0.1777 

3 0.1200 0.1015 

SST-G 

SSR-G 
antisimico -0.15 

1 0.7680 0.5040 

2 0.2483 0.1632 

3 0.1412 0.0924 
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6/--*2 6*7.5* 30 63736( '*3 4*53('3 /;;(443/.3 '*;5*-;/ ;(7 *--/# 
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.*57* , 30 -*91*7.*+ .5/-0/>3(7/0* 0179( 32 6/--36( 4*53('( /;;(443/.( * 
63736( 4*53('( /;;(443/.(2 6/ / 4/5.35* '/00/ .*5>/ .*57/ -3 )*53:3;/ 17 
/;;/)/00/6*7.(2 4*5 ;13 30 4*53('( .5/-0/>3(7/0* '*00/ T1/5./ .*57/ 53-108
./ 6/993(5* '*3 4*53('3 /;;(443/.3 '*00/ .*5>/# 

F-#'21('-/(0(*(',#+2-%%"%(',-#'*"#(*I('2#">(%"=(+)"1('*+)'2#")/-'-**-)@

%#(*(%<'9;@; 0/ -*T1*7>/ 373>3/0* '*3 4*53('3 7*00G/6J3.( '3 ;3/-;17/ .*58
7/ , /7/0(9/ / T1*00/ '*3 ;(553-4(7'*7.3 *'3:3;3 / 43;;(0/ *;;*7.53;3.W2 
6/ 903 /;;/)/00/6*7.3 :5/ .*57* -1;;*--3)* -(7( /7.3;34/.3 93W /00/ -*8
;(7'/ .*57/+ 30 .*5>( 4*53('( .5/-0/>3(7/0* -14*5/ 30 63736( '*3 4*53('3 
/;;(443/.3 '*00/ -*;(7'/ .*57/#  

F-#' 21(' -/(0(*(' ")%(.(.$(*(' "' ,(**+1"' -**-)%#(*(%<' 99A@F' -/' 99B@F2 
4*5 ;3/-;17/ '*00* 4536* .5* .*57* 6('/032 0G(5'37* '*3 4*53('3 , ./0* 4*5 
;13 30 )/0(5* 6/993(5* ;(64*.* /0 6/--36( '*3 4*53('3 /;;(443/.32 30 638
7(5* /0 63736( '3 *--3 *' 37 6*>>( -3 .5()/ 30 4*53('( .5/-0/>3(7/0* 37 
'35*># 3# 

F-#' 21(' -/(0(*(' ")%(.(.$(*(' "' 2#")/-' -**-)%#(*(%<' 99A@;' -/' 99B@;2 
4*5 ;3/-;17/ '*00* 4536* '1* .*57* 6('/032 0G(5'37* '*3 4*53('3 , 30 6*8
'*-36( '*3 ;(553-4*..3)3 *'3:3;3 / 43;;(0/ *;;*7.53;3.W2 6/ / 4/5.35* '/00/ 
.*5>/ .*57/ -3 )*53:3;/7( '*903 /;;/)/00/6*7.32 4*5 ;13  30 63736( 4*53('( 
/;;(443/.( '3 T1*-./ 53-10./ 37:*53(5* /0 6/--36( 4*53('( /;;(443/.( 
'*00/ .*57/ -1;;*--3)/# 

e7/ ;/5/..*53>>/>3(7* ;(640*./ '*3 -3-.*63 -.51..15/03 /7/03>>/.3 
45*)*'* 0R37'3;/>3(7*2 (0.5* ;N* '*3 4/5/6*.53 -#'* fθ2 /7;N* '*3 4/5/6*8
.53 -.'* 5µ 0*9/.3 /00/ 53-4(-./ 37*0/-.3;/2 0* ;13 6('/03.W '3 ;/0;(0( -(7( 
-4*;3:3;/.* 7*0 -1;;*--3)( S/4#@b 7*0 -1;;*--3)( S/4#A 7* -/5/77( 37'38
;/.3 3 )/0(532 4*5 .1..3 903 *'3:3;32 37-3*6* /3 53-10./.3 :37/03 '*00* /7/03-3# 

?3 534(5./7( 37 /44*7'3;* ]$ 37'3;/>3(73 '*../903/.* ;35;/ 0* -*>3(73 
'3 ;/0;*-.51>>(2 0* J/55* '3 /56/.15/ * 0* '3-4(-3>3(73 '3 -./::* /..53J13.* 
/ .5/)3 * 430/-.53 7*3 T1/..5( *'3:3;38J/-*2 '/ ;13 -(7( -./.3 4(3 '*53)/.3 3 
'3*;3 ;/-3 -.1'3( 1.303>>/.3 4*5 0/ )/03'/>3(7* '*0 6*.('( 45(4(-.(# 
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 tratto.ultimonell' segnale del ampiezzadell'                

 leesponenzia odecadiment di  velocitàla controlla             

 tratto;primo nel                
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 !" 32)'%()*" &%" %)#%$2..(" &2)82*" /%02$,!" 1(+.$*,!+*),*" &*3%)%,!"

2)!"#($,!"3%00!,%"%"#!$(/%"&*%".!/!+*,/%"&*%$#J"&,#:#,J"%)->"*&"α?5"

=2$$!"01(/,!"&*-$%"*0%,%"&*$$("0,2&%("0(./!"1%,!,("0()("0,!,%"01*$,%"%"#!7

$(/%"&%",!$%".!/!+*,/%J"14*"#*)-()("/%.(/,!,%")*$$!"0211*00%#!",!C*$$!"K5"

"]!C5"K"^"<!/!+*,/%"14*"&*3%)%01()("$!"32)'%()*"&%"%)#%$2..("1(+.(2)&"

trise (s) tlevel (s) ipow αααα0 

4.0 7.0 2.0 0.25 

"

F$"3%)*"&%"-*)*/!/*"%$"0%)-($("0*-)!$*"!11*$*/(+*,/%1("&*#()("*00*/*"

.(%"3%00!,%"$!"&2/!,!"1(+.$*00%#!"&""&*$$6%),*/("*#*),("0%0+%1(J"$6!11*$*/!7

'%()*"&%".%11("!$"02($(J"$("0.*,,/(",!/-*,"%)",*/+%)%"&%".0*2&(7#*$(1%,PJ"%$"

1!+.(" &%" .*/%(&%" 02" 12%" *33*,,2!/*" %$" 1(),/($$(" &%" 1(+.!,%C%$%,P" 1()" $("

0.*,,/(",!/-*,"*&"2)"0**&"(##*/("2)")2+*/("%),*/("14*"0*/#*".*/"$!"-*7

)*/!'%()*"1!02!$*"&*$$*"3!0%"φ!"&*$$*"!/+()%14*"1(+.()*),%"%$"0*-)!$*5"



KNW" >).2,"0%0+%1("

"

"

<*/"82!),("!,,%*)*"!$$!"&2/!,!"1(+.$*00%#!"&*$"+(,("!$"02($("*00!"9"

0,!,!"3%00!,!".!/%"!"WV5V"0"*&"!)14*"02$$!"C!0*"&%"82*0,("#!$(/*"9"0,!,!"

0,!C%$%,!"$!"#*$(1%,P"&%"&*1!&%+*),("*0.()*)'%!$*"/*-($!,!"&!$$6*0.()*)7

,*α?5">)($,/*"1(+*"&*,,("%)"./*1*&*)'!"$("0.*,,/(",!/-*,"9"82*$$("&*3%)%,("

&!$$6B2/(1(&%1*"D".*/"$!"1$!00*"&%"02($("E"*&"2)"/!..(/,("&%"0+(/'!+*)7

,("#%01(0("ξ".!/%"!$"S_5" 6!11*$*/!'%()*"&%".%11("!$"02($("&*$"0*-)!$*"!11*7

!"

 

C"

 

Q%-5"T5W5"F11*$*/(-/!++%"!/,%3%1%!$%R"0,(/%!",*+.(/!$*"H!O"*"$(/("0.*,,/%"&%"/%7

0.(0,!"*$!0,%1%"HCO"%)0%*+!"!"0.*,,/("*"$%+%,%"&%")(/+!,%#!5"

EC8 0.9⋅EC8 1.1⋅EC8



>).2,"0%0+%1(" KNX"

$*/(+*,/%1(" /%14%*0,(" 9" V5XS-5" >$" 1!+.(" &%" .*/%(&%" %)" 12%" 9" &*3%)%,(" $("

0.*,,/(" *" &*#*" *00*/*" *33*,,2!,(" %$" 1(),/($$(" &%" 1(+.!,%C%$%,P" 9" 82*$$("

1(+./*0(" 3/!"V5VW"*"M5VV05">)3%)*"2)"0*,"&%"0*,,*"0**&"&%0,%),%J"&%"12%"0%"

/%.(/,!)("%"#!$(/%"%)"]!C5"WJ"4!"1()0*),%,("$!"-*)*/!'%()*"!2,(+!,%1!"&%"

0*,,*"!11*$*/(-/!++%"&%#*/0%"!#*),%",2,,%"1!/!,,*/%0,%14*"1(+2)%5"

]!C5"W"^"`!$(/%"&*%"0**&"%+.%*-!,%".*/"$!"-*)*/!'%()*"1!02!$*"&*%"0*-)!$%"

segnale 1 2 3 4 5 6 7 

seed 470308 852712 30348 162 3222 180612 1000 

=%" /%.(/,!)(" %)" Q%-5" T5W5!" $*" 0,(/%*" ,*+.(/!$%" &*$$6!11*$*/!'%()*" !$"

02($(".*/"%"0*,,*"0*-)!$%"-*)*/!,%"!/,%3%1%!$+*),*"1(+*"%))!)'%"&*01/%,,("

%)0%*+*" !$$6!)&!+*),(" ,*+.(/!$*" &*$$!" /*$!,%#!" 32)'%()*" &%" %)#%$2..("

H12/#!".%a"0.*00!"%)")*/(O5"=%"/%.(/,!)("%)($,/*"%)"Q%-5"T5W5C"-$%"0.*,,/%"&%"

/%0.(0,!"*$!0,%1%"&*-$%"0,*00%"!11*$*/(-/!++%J"%$"$(/("0.*,,/("+*&%("H12/7

#!" %)" /(00(OJ" $(" 0.*,,/(" *$!0,%1(" &*$$6B2/(1(&%1*" D" .*/" 02$(" &%" 1$!00*" E"

H12/#!"1(),%)2!"%)")*/(OJ")()14\"&2*"12/#*"1(//%0.()&*),%"!$"LV_"*&"!$"

KKV_"&*$$("0.*,,/("&%")(/+!,%#!"H12/#*",/!,,*--%!,*"%)")*/(OJ"14*"%)&%#%7

&2!)("$!"3!01%!"&%",($$*/!)'!"*),/("12%"$*"(/&%)!,*"0.*,,/!$%"0()("+*&%!7

+*),*"1(+./*0*5"

=%")(,!"(/!"14*"$!"&2/!,!"&*$$!".!/,*"0,!'%()!/%!"&,#:#,"&*$"0*-)!$*J"3%00!,!"

%)"M5V"0J"9"%)3*/%(/*"!$"$%+%,*"+%)%+("&%"KV5V"0"./*01/%,,("&!$$6B2/(1(&%1*"

DJ"%)0%*+*"!%"/*82%0%,%"&%"0.*,,/(71(+.!,%C%$%,PJ".*/"$62,%$%''("&*-$%"!11*7

$*/(-/!++%"!/,%3%1%!$%"1(+*"/!../*0*),!'%()*"&*$$6!'%()*"0%0+%1!"%)"0*&*"

&%"#*/%3%1!"&*-$%"*&%3%1%5"E%Y".()*"%$"./(C$*+!"&*$$!"#!$%&!'%()*"&%"2)!",!7

$*"01*$,!5" 6(C%*,,%#("9"!11*/,!/*"14*"%$"1(),*)2,("*)*/-*,%1("&%",!$%"!11*7

$*/(-/!++%J"1()"&2/!,!"&*$$!".!/,*"0,!'%()!/%!"/%&(,,!"*"+(&*/!,!"&27

/!,!"1(+.$*00%#!J"0%!"1(*/*),*"1()"82*$$("&%"*#*),%"0%0+%1%"*33*,,%#!+*)7

,*"#*/%3%1!,%0%"*"14*"&2)82*"*00%".(00!)("1()&2//*"!&"2)!"0,%+!"0,!,%0,%7

1!+*),*" 1(//*,,!" &*$$!" /%0.(0,!" 0%0+%1!" )()" $%)*!/*5"  6!11*/,!+*),("

&2)82*"0%"1()1/*,%''!"%)"2)"1()3/(),("1()"2)"-/2..("&%"/*-%0,/!'%()%"/*7

!$%5"



KNT" >).2,"0%0+%1("

"

@2 .4&4<#%94'=48&#'!664&43%83!>>#'9!$A3!&#'

 *" /*-%0,/!'%()%" &%" *#*),%" 0%0+%1%" *33*,,%#!+*),*"#*/%3%1!,%0%" 0()(" 0,!,*"

/*.*/%,*"1()"$6!20%$%("&*$"./(-/!++!"bB:B "#X5W"HC*,!O"H>*/#($%)("*,"!$5"

WVKVO" )*$$6!+C%,(" &*$$!" C!)1!" &!,%" B=c" HB2/(.*!)" =,/()-" +(,%()"

c!,!C!0*OJ"14*"/!11(-$%*"%"0*-)!$%"!11*$*/(+*,/%1%"&%",*//*+(,%"14*"4!)7

)("!#2,("$2(-("%)",*//%,(/%("*2/(.*(5""

=%",/!,,!"&%"!11*$*/(-/!++%")!,2/!$%"1(+.!,%C%$%"1()"2)("0.*,,/(",!/-*,"

%)"!11*$*/!'%()*J")*$"1!0("%)"*0!+*"$("0.*,,/("&*3%)%,("&!$$6B2/(1(&%1*"D"

1()"#!$(/*"&%"!)1(/!--%("&*$$!"<UF".!/%"!"V5XS-"*"1$!00*"&*$"02($("E5">$"

./(-/!++!" 1()0*),*" $!" 0*$*'%()*" &%" -/2..%" &%" 0*,,*" /*-%0,/!'%()%5"G*$"

1!0("%)"*0!+*J"1()"$6%),*),("&%""!+.$%!/*"$!"C!0*"&*$"1()3/(),(J"0%"9"3!,,("

/%3*/%+*),("!&"2)"%)0%*+*".%a"!+.%("1(0,%,2%,("&!"&%*1%"!11*$*/(-!++%"

!..!/,*)*),%" !" &2*" &%0,%),%" -/2..%5" <*/" $!" #*/%3%1!" &*$$!" 0.*,,/(7

1(+.!,%C%$%,P" 9" 0,!,(" )*1*00!/%(" 0.*1%3%1!/*" 2)" %),*/#!$$(" &%" .*/%(&%J"

1(+./*0(",/!"V"*"T"0J"*),/("12%"#*/%3%1!/*"$!"0.*,,/(71(+.!,%C%$%,P")()14\"

$*"+!00%+*"0(#/!0,%+!"H$%+%,*"%)3*/%(/*O""*"0(,,(0,%+!"H$%+%,*"02.*/%(/*O"

%)" ,*/+%)%" .*/1*),2!$%" !++*00*" .*/" $(" 0.*,,/(" +*&%(" &*$$!" -*)*/%1!"

1(+C%)!'%()*" /%0.*,,(" !$$(" 0.*,,/(" &%" /%3*/%+*),(" )*$$6%),*/#!$$(" &%" .*7

/%(&%" 0.*1%3%1!,(5" (" 0.*,,/(" ,!/-*,J" 1(+*"&*,,(" %)"./*1*&*)'!J" 9"82*$$("

&*$$6B2/(1(&%1*"D".*/"02($("&%"1$!00*"EJ"$6%),*/#!$$("&%".*/%(&%"&%"1(),/($$("

3%00!,("9"82*$$("1(+./*0(",/!"V5KS"*"W5VV"0J"%$"$%+%,*"%)3*/%(/*"9"0,!,(".(7

0,(".!/%"!$"KV_"1(*/*),*+*),*"!$$*"./*01/%'%()%")(/+!,%#*J"$*"82!$%""/!17

1(+!)&!)("14*"$("0.*,,/("+*&%("&*$$!"1(+C%)!'%()*"&%"!11*$*/(-/!++%"

)()"0%!"%)3*/%(/*"!$"LV_"&*$$("0.*,,/("&*3%)%,("&!$"1(&%1*J"+*),/*".*/"%$"

$%+%,*"02.*/%(/*J"02$"82!$*")()"*0%0,()("#%)1($%"&%")(/+!,%#!J"0%"9"01*$,("

%$"+*&*0%+("#!$(/*"&*$"KV_"2,%$%''!,(".*/"%$"$%+%,*"%)3*/%(/*5" !"0*$*'%(7

)*"9"!##*)2,!"3%00!)&("%),*/#!$$%"&%"#!$(/%".*/"$!"+!-)%,2&("+(+*),("*"

$!"&%0,!)'!"*.%1*),/!$*"*0./*00!"%)"14%$(+*,/%5"</*1%0!+*),*"0()("0,!,%"

0*$*'%()!,%" ,*//*+(,%" 12%" 1(//%0.()&*"2)"/!)-*"&%"+!-)%,2&("1(+./*0("

,/!"N"*"M"*&"2)!"&%0,!)'!"*.%1*),/!$*"/%1!&*),*")*$$6%),*/#!$$(",/!"V"*"XV"

A+5"

>$"32)'%()!+*),("&*$"./(-/!++!"./*#*&*"$6(/&%)!+*),("./(-/*00%#("

&*%"0*-)!$%"%)"C!0*"!$"#!$(/*"!002),("&!$$!""#:%+.%-!#($&+!"+*"(δ"&*3%)%7

,!".*/"%$"@7*0%+("!11*$*/(-/!++!"1(+*"0*-2*R"
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per  target spettro ello ordinatal'             

;per  ammaaccelerogr esimo- del spettrale ordinatal'             

controllo; di periodo esimo-l' è             

controllo; di periodi di numero il è    :dove

arg,

,

"

]!$*".!/!+*,/(" 1(0,%,2%01*"2)!"+%02/!"&%"82!),(" $("0.*,,/("&*%"0%)-($%"

!11*$*/(-/!++%"&*#%" /%0.*,,("!"82*$$("&%" /%3*/%+*),(5"c2)82*" $6(/&%)!7

+*),("&*$$*"/*-%0,/!'%()%" ,/(#!,*"0*1()&("#!$(/%"1/*01*),%"&%"δ"!00%12/!"

14*"!%"./%+%".(0,%"&*$$!"$%0,!"0%",/(#%)("$*"/*-%0,/!'%()%"1!/!,,*/%''!,*"&!"

+%)(/%"01!/,%"/%0.*,,("!$$("0.*,,/(",!/-*,5"=211*00%#!+*),*"#*)-()("1(7

0,%,2%,%"%)"+!)%*/!"!2,(+!,%1!J"0*1()&("2)!"./(1*&2/!"%,*/!,%#!J"%"-/2.7

.%" &%" !11*$*/(-/!++%" %)" C!0*" !$" 1/%,*/%(" &%"+%)%+%''!/*" $!" &*#%!'%()*"

0,!)&!/&"+*&%!"δ+*&%!"&*$$!"A7*0%+!"1(+C%)!'%()*"(##*/("$!"82!),%,PR"
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N 1
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arg,,,

,
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δ " HT5"LO"

( )
.per  necombinazio                              

esima- della medio spettro dello ordinatal' è    :dove ,,

i

ikmediaa

TT

kTS

=
"

E%Y"!00%12/!"14*"$!"1(+C%)!'%()*"./*01*$,!"0%!" $!"+*)("$(),!)!"%)"+*7

&%!"&!$$!"3(/+!"0.*,,/!$*"1(0,%,2*),*"$6(C%*,,%#("&*$$!"/%1*/1!5"

=%"/%.(/,!)("%)"Q%-5"T5X5!"$*"%++!-%)%"&*-$%"!11*$*/(-/!++%")!,2/!$%"

0*$*'%()!,%" *&" %)"Q%-5" T5X5C" %" $(/(" 0.*,,/%" &%" /%0.(0,!" *$!0,%1%J" $(" 0.*,,/("

+*&%("&*$$!"&%0,/%C2'%()*"H12/#!"%)"/(00(OJ"$("0.*,,/("*$!0,%1("&*$$6B2/(7

1(&%1*"D".*/"02($("E"*" 0+(/'!+*),("#%01(0("&*$"S_"H12/#!"1(),%)2!" %)"

)*/(O" )()14\" %" $%+%,%" %+.(0,%" .*/" $!" #*/%3%1!" &*$" 1/%,*/%(" &%" 0.*,,/(7

1(+.!,%C%$%,P"/%0.*,,("!$$("0.*,,/(",!/-*,"H12/#*",/!,,*--%!,*"%)")*/(O"*"$!"

&*$%+%,!'%()*" &*$" 1!+.("&%" .*/%(&%" &%" 1(),/($$(" H$%)**"#*/,%1!$%" ,/!,,*-7

-%!,*"%)")*/(O5"

"
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Q%-5"T5X5"F11*$*/(-/!++%")!,2/!$%5"0,(/%!",*+.(/!$*"H!O"*"$(/("0.*,,/%"&%"/%7

0.(0,!"*$!0,%1%"HCO"%)0%*+!"!"0.*,,/("*"$%+%,%"&%")(/+!,%#!5"

EC8 0.9⋅EC8 1.1⋅EC8

T1= 0.15 s T2= 2.00 s
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Q%-5"T5T5"F11*$*/(-/!++!"-*)*/!,("1()"%$"=>?@AB"1()"%)#%$2..("
,/!.*'(%&!$*"

"

(2 +!3!>4$3#'=#'6%9?3%9$%'

dC%*,,%#("&*$"1()3/(),("9"!11*/,!/*"14*"-$%"!11*$*/(-/!++%"-*)*/!,%""1()"

$*" 1!/!,,*/%0,%14*"0(./!" %$$20,/!,*J"1(0,%,2%01!)("2)" %).2,"/*!$%0,%1(".*/"

$*"!)!$%0%"&%)!+%14*")()"$%)*!/%"&!"1()&2//*")*$"./*0*),*"0,2&%(5"=.*00("

%)3!,,%"9"0,!,(")(,!,("1(+*"0*-)!$%"!/,%3%1%!$+*),*"-*)*/!,%"1()"%$"=>?7

@AB"*"1!/!,,*/%''!,%"&!"$2)-!"&2/!,!"1(+.$*00%#!"*"&*$$!".!/,*"0,!'%(7

)!/%!")()14\"&!" %)#%$2..("&*$" ,%.(" ,/!.*'(%&!$*" HQ%-5" T5TOJ" 82!$%" 82*$$%"

1$!00%1!+*),*"20!,%".*/"$!"#!$2,!'%()*"&*$$!"/%0.(0,!"&%)!+%1!")()"$%)*7

!/*" &*-$%" *&%3%1%J" 0*CC*)*".*/3*,,!+*),*" 1(+.!,%C%$%" 1()" $*"./*01/%'%()%"

&%" )(/+!,%#!J" 0%!)(" 1!/!,,*/%''!,%" &!"2)" 1(),*)2,(" *)*/-*,%1(" *"&!"2)"

.(,*)'%!$*" &%0,/2,,%#(" !00!%" $(),!)%" &!" 82*$$%" &%" /*-%0,/!'%()%" /*!$%J" /%7

0.*,,("!$$*"82!$%J"0*"1()3/(),!,%"!".!/%,P"&%"<UFJ",!$%"0*-)!$%"!/,%3%1%!$%"0%"

/%#*$!)("*11*00%#!+*),*"()*/(0%J"1(+*"*#%&*)'%!,("&!"0,2&%".!/!+*,/%1%"

1()&(,,%"02"1!+.%()%"&%"*&%3%1%"!..!/,*)*),%"!"&%#*/0*",%.($(-%*"0,/2,,27

/!$%5"<*/,!),("02$$!"C!0*"&%"2)!"0*/%*"&%".!/!+*,/%"!&*-2!,!+*),*"01*$,%"

9"0,!,("1()&(,,("2)"/!33/(),("3/!"%"0*-)!$%"!/,%3%1%!$%"0(./!"&*01/%,,%"*&"2)"

-/2..("&%"0*-)!$%")!,2/!$%"0*$*'%()!,%"1(+*"%)&%1!,(")*$"./*1*&*),*".!7

/!-/!3("!$"3%)*"&%"1(+./(#!/*"$!"C(),P"&*$$*"01*$,*"3!,,*5"

E(+*",*/+%)%"&%"1()3/(),("0()("0,!,*"%+.%*-!,*",!),("82!),%,P"/*$!7

,%#*"*01$20%#!+*),*"!$$6%).2,"0%0+%1("82!),("-/!)&*''*"/!../*0*),!,%#*"
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"

&*$$!"/%0.(0,!"!$"0%0+!"&%"2)"0%0,*+!"&(,!,("&%"2)"0($("-/!&("&%"$%C*/,P"

0%!"%)"1!+.("*$!0,%1("0%!"%)"1!+.("%)*$!0,%1(5"F01/%#%C%$%"!$"./%+("-/2..("

0()("$6%),*)0%,P"&%"F/%!0"*"$!"&2/!,!"*33*,,%#!"&*$",*//*+(,(J"+*),/*")*$7

$!"0*1()&!"1!,*-(/%!"0%"1($$(1!)("-$%"0.*,,/%"*$!0,%1%"%)",*/+%)%"&%".0*2&(7

!11*$*/!'%()*J"-$%"0.*,,/%"%)",*/+%)%"&%"0.(0,!+*),("+!00%+("*$!0,%1%"*&"

!"&2,,%$%,P"!00*-)!,!")()14\"-$%"0.*,,/%"*)*/-*,%1%"*&"%)3%)*"%$")2+*/("&%"

1%1$%"*82%#!$*),%5"

4.1.1. Parametri descrittivi del moto sismico 

 6%!&#!$%&'("%( *%+$(4 "J"/%1()(01%2,!"1(+*"2)"%)&%1*"0%-)%3%1!,%#("&*$"

.(,*)'%!$*"&%0,/2,,%#("&%"2)" ,*//*+(,(J"9"2)".!/!+*,/(" %),*-/!$*J"(,,*7

)2,("1(+*"+%02/!"12+2$!,%#!"&*$"+(,("0%0+%1("&2/!),*"$!"02!"&2/!,!5"

>),/(&(,,!"$!"32)'%()*"%),*)0%,P"&*$"+(,("40&1"&*3%)%,!"1(+*R"

( ) ττ
π

du
g

tI

t

g+⋅⋅
=

0

2

2
)(   " HT5"KVO"

( )

gravità. di oneaccelerazil'            

suolo; al oneaccelerazidell'  temporateandamento l'             

o;considerat sismico moto del istante generico l è    :dove

g

u

it

g τ  "

$6%),*)0%,P"&%"F/%!0" /!../*0*),!" %$"#!$(/*"+!00%+("14*" ,!$*" 32)'%()*J"!"

#!$(/%" 0*+./*" .(0%,%#%J" !002+*" %)" 1(//%0.()&*)'!" &*$$6%0,!),*" 3%)!$*" &""

&*$$6*#*),(" 0%0+%1(" 1()0%&*/!,(5"]!$*" 82!),%,P"4!" $*"&%+*)0%()%" 3%0%14*"

&%"2)!"#*$(1%,P5"B00!"%)($,/*"/%3$*,,*",!),("$6!+.%*''!"&*$"+(,("82!),("%$"

02("1(),*)2,("%)"3/*82*)'!5"

>++*&%!,!+*),*"1(//*$!,!"!$$6%),*)0%,P"&%"F/%!0"9"$!""9*+&+(#88#&&%=

:+("%(9!(&#**#<-&-"&B"0*1()&("$!"&*3%)%'%()*"14*")*"4!))("&!,("]/%32)!1"

*"e/!&f"HKLMSO"(##*/("$6%),*/#!$$(",*+.(/!$*"&*$"0*-)!$*"!11*$*/(+*,/%1("

)*$" 82!$*" %$" +(,(" 0%0+%1(" /%02$,!" 0%-)%3%1!,%#(" %)" ,*/+%)%" &%" %),*)0%,P5"

B00("#%*)*"%)&%#%&2!,("1(+*"$!"&%33*/*)'!",/!"%"&2*"%0,!),%"&?CDE"*"&?C?E"%)"

12%"0%"/!--%2)-()("/%0.*,,%#!+*),*"%$"LS_"*&"%$"S_""&*$$6%),*)0%,P"&%"F7

/%!05"</*1%0!+*),*R"

05.095.0 tttD −= " HT5"KKO"

&(#*R"
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" HT5"KWO"

 !"&2/!,!"&*$",*//*+(,("4!")(,*#($*"%)3$2*)'!"02$"&!))*--%!+*),("&*$7

$*"0,/2,,2/*"%)"82!),("1()&%'%()!"%"3*)(+*)%"&%"&*-/!&("1%1$%1(5"

G*$" 0*-2%,(" 0%" /%.(/,!" 2)!" ,!C*$$!" /%*.%$(-!,%#!" H]!C5" XO" &*%" #!$(/%"

(,,*)2,%".*/"$6%),*)0%,P"&%"F/%!0"4 "*"$!"&2/!,!"*33%1!1*"&*$",*//*+(,(".*/"

%" 0%)-($%" !11*$*/(-/!++%" !/,%3%1%!$%" %+.%*-!,%" )*$$*" !)!$%0%" )()149" 2)!"

,!C*$$!"14*".()*"!"1()3/(),("%"#!$(/%"+*&%"&%"82*0,%"1()"%"#!$(/%"+*&%"(,7

,*)2,%".*/"%$"-/2..("&%"/*-%0,/!'%()%")!,2/!$%5""

"

]!C5"X"^">),*)0%,P"&%"F/%!0"*"&2/!,!"*33%1!1*"&*-$%"!11*$*/(-/!++%"!/,%3%1%!$%"

segnale 1 2 3 4 5 6 7 

IA (cm/s) 32463.85 31674.01 27307.65 32995.79 31157.59 32765.74 31166.02 

tD(s) 7.75 7.66 8.09 7.58 7.49 7.49 7.38 

"

]!C5"T"^">),*)0%,P"&%"F/%!0"*"&2/!,!"*33%1!1*"+*&%*""

.*/"0*-)!$%"!/,%3%1%!$%"*"/*-%0,/!'%()%")!,2/!$%"

segnali IA (cm/s) tD(s) 

artificiali 31361.52 7.63 

naturali 21033.27 8.16 

"

E(+*"0%"#*&*"&!%"#!$(/%"%)",!C*$$!"TJ"!$"0*,"&%"!11*$*/(-/!++%"!/,%3%1%!$%"

./*01*$,%".*/"$*"!)!$%0%J"1(+.*,()("2)"#!$(/"+*&%("&*$$6%),*)0%,P"&%"F/%!0"

2)".Y"+!--%(/*"/%0.*,,("!$"1(//%0.()&*),*"#!$(/*"/*$!,%#("!$$*"/*-%0,/!7

'%()%"/*!$%"*&"2)!"&2/!,!"*33%1!1*"+*&%!"&*$"0*-)!$*"#%1*#*/0!"2)".Y".%a"

C!00!5"=%".2Y"%)($,/*"H]!C5"XO")(,!/*"1(+*",!$%"#!$(/%"0%!)("C*)".(1("&%7

0.*/0%".*/"%"0*,,*"0*-)!$%"!/,%3%1%!$%"1()0%&*/!,%5"
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"

4.1.2. Parametri descrittivi della risposta al sisma di oscillatori semplici 

I)"0*1()&("-/2..("&%" ,*/+%)%"&%"/!33/(),(" %)1$2&*"82!),%,P"&*01/%,,%#*"

)()"&*$"+(,("%)"0\J"+!".%2,,(0,("&*%"02(%"*33*,,%"02$$*"0,/2,,2/*5"=%"3!"!"

82*0,("01(.("202!$+*),*"/%3*/%+*),("!&"2)("014*+!"0,/2,,2/!$*"0*+.$%7

3%1!,(J" 2)" (01%$$!,(/*" 0*+.$%1*" HQ%-5" T5S5!OJ" 1!/!,,*/%''!,(" &!" 2)" 2)%1("

-/!&(" &%" $%C*/,P" ,/!0$!'%()!$*" &%/*,,(" $2)-(" $!" +*&*0%+!" &%/*'%()*"

&*$$6%).2,"0%0+%1("*"&(,!,("&%"2)!"+!00!"<"*&"2)!"/%-%&*''!"*$!0,%1!"A5"

>$"$*-!+*"1(0,%,2,%#("3(/'!"7"0.(0,!+*),("14*")*"/!../*0*),!"%$"1(+.(/7

,!+*),(" HQ%-5" T5S5CO" 9" %)" -*)*/!$*" 2)!" C%$!,*/!" 1()" 1(+.(/,!+*),("

0%++*,/%1("!",/!'%()*"*&"!"1(+./*00%()*"&*$",%.("*$!0,(7.$!0,%1(".*/3*,7

,(J" 1!/!,,*/%''!,!" &!" 2)!" &2,,%$%,P" &%" 0.(0,!+*),("µ" 3%00!,!" !" ./%(/%" *"

/!../*0*),!),*" %$" /!..(/,(" 3/!" %$"+!00%+("0.(0,!+*),("9<+3" 0.*/%+*)7

,!,("&!$$!"0,/2,,2/!"*"82*$$("!$"$%+%,*"&%"0)*/#!+*),("9F"1(//%0.()&*),*"

!$".!00!--%("&!$"1(+.(/,!+*),("*$!0,%1("!$"/!+(".$!0,%1("&*$$!"12/#!5"F$"

$%+%,*J")*$" 1!0("&%" 1(+.(/,!+*),("*$!0,%1(J" $!"&2,,%$%,P"&%" 0.(0,!+*),("

!002+*"#!$(/*"2)%,!/%(5"

>$"+(,(" 0%0+%1(" &2)82*" %)" 82*0,(" 1!0(" #%*)*" 3%$,/!,(" !,,/!#*/0(" %$"

-*)*/%1("0%0,*+!"=cQJ"&%"12%"0%"#!$2,!)("%".%114%"&*$$!"/%0.(0,!"&%)!+%1!"

!$"0%0+!"%)",*/+%)%"&%"!$12)*"82!),%,P"&%"/%0.(0,!"82!$%"$("0.(0,!+*),("(""

a b 

"
 

 

Q%-5"T5S5"d01%$$!,(/*"0*+.$%1*R"0%0,*+!"H!O"*"$*-!+*"1(0,%,2,%#("3(/'*"7

0.(0,!+*),%"*$!0,%1("7".*/3*,,!+*),*".$!0,%1("HCO5"
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EC8" Spettro medio del gruppo di acclerogrammi"

$!".0*2&(7!11*$*/!'%()*5"]!$%"82!),%,P"&%"/%0.(0,!"&%#*)-()("0%-)%3%7

1!,%#*"0*"#!$2,!,*")()"02"2)"0%)-($("0%0,*+!J"+!"02"2)!"+($,*.$%1%,P"&%"

0%0,*+%"1%!012)("1!/!,,*/%''!,("&!"2)"&%#*/0("/!..(/,("3/!""/%-%&*''!"A"*"

+!00!"<"(##*/("&!"2)"&%#*/0("#!$(/*"&*$".*/%(&("G"&%"(01%$$!'%()*"$%C*/!"

&*$"0%0,*+!5"Q%00!,("%$"#!$(/*"&*$$("0+(/'!+*),("ξ".!/%"!$"S_"*"0,!C%$%,("

2)"#!$(/*"&*$$!"&2,,%$%,P"1%)*+!,%1!"µ"!$"#!/%!/*"&*$".*/%(&("G"&*$"0%0,*7

+!"%".%114%"&*$$!"/%0.(0,!"&%",2,,%"%".(00%C%$%"0%0,*+%"!&"2)"-/!&("&%"$%C*/7

,P"=cQ"H6%!H,#(B#H*##(-8(I*##"-<O"!&"2)("0,*00("*#*),("0%0+%1("&*01/%7

#()(",-($)#&&*-("%(*%$)-$&+"&%"82*$$6*#*),("0%0+%1("%)",*/+%)%"&%"2)!"3%07

0!,!"82!),%,P5"G*$"0*-2%,("0%" 3!/P"/%3*/%+*),("!-$%"0.*,,/%" %!(&#*<%!%("%(

$)-$&+<#!&-(<+$$%<-(6"(#("%()$#9"-=+;;#,#*+.%-!#(6+5"?*),/*".*/"%$"0*7

1()&("&%"*00%"0%"3!/P"/%3*/%+*),("!$"0($("1!0("*$!0,%1("1(//%0.()&*),*"!&"

2)!"&2,,%$%,P" 1%)*+!,%1!"µ" 2)%,!/%!J" %$" ./%+("#*//P"#!$2,!,(" 1()" /%3*/%7

+*),("!",/*"&%0,%),%"#!$(/%"&%"&2,,%$%,P".!/%"!"K"H1(+.(/,!+*),("*$!0,%1(OJ"

W"*"T"H1(+.(/,!+*),("%)*$!0,%1(O5">)"Q%-5"T5N5!"*"T5N5C"0()("/%.(/,!,%"-$%"

0.*,,/%" *$!0,%1%"+*&%" H12/#!" %)" /(00(O"&*$" -/2..("&%" !11*$*/(-/!++%" /%7

0.*,,%#!+*),*"!/,%3%1%!$%"*")!,2/!$%"!"1()3/(),("1()"$("0.*,,/("&*$$6B2/(7

1(&%1*"D"H12/#!"%)")*/(O".*/"02($("&%"1$!00*"E"*"/!..(/,("&%"0+(/'!+*),("

#%01(0(" &*$" S_5" >)" Q%-5" T5M5!" *" T5M5C" 0()(" /!33%-2/!,%" %)#*1*" -$%" 0.*,,/%"

+*&%"&*$"-/2..("&%"!11*$*/(-/!++%"/%0.*,,%#!+*),*"!/,%3%1%!$%"*")!,2/!$%"

a b 

"  

"

 

Q%-5"T5N5"=.*,,/("&%"/%0.(0,!"*$!0,%1%"%)",*/+%)%"&%".0*2&(7!11*$*/!'%()*R""

!11*$*/(-/!++%"!/,%3%1%!$%"H!O"*")!,2/!$%"HCO5"
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"

Spettro medio inelastico (µ=4) "Spettro medio inelastico (µ=2) "

EC8" Spettro medio elastico (µ=1) "

%)",*/+%)%"&%"0.(0,!+*),("+!00%+(".*/"0%0,*+%"*$!0,%1%"H12/#!"%)"/(00(O"

*&" %)*$!0,%1%" 1()" &2,,%$%,P" .!/%" !" W" H12/#!" %)" #*/&*O" *" T" H12/#!" %)" C$2O"

)()14\"$("0.*,,/("*$!0,%1("&*$$6"B2/(1(&%1*"D"H12/#!"%)")*/(O5" !".!/,%1(7

$!/*" 1()&%'%()*" &%" 0.*,,/(71(+.!,%C%$%,P" 1()" 12%" 0()(" 0,!,%" -*)*/!,%" -$%"

!11*$*/(-/!++%"!/,%3%1%!$%"*"0*$*'%()!,%"82*$$%")!,2/!$%")!,2/!$+*),*"!07

0%12/!"2)"C2()"!11(/&("&*%" $(/("0.*,,/%"*$!0,%1%"+*&%"1()"82*$$("&%")(/7

+!,%#!5"<*/"82!),("/%-2!/&!"-$%"0.*,,/%"%)*$!0,%1%"%)",*/+%)%"&%"&2,,%$%,P"

!00*-)!,!"0%")(,!".*/"-$%"!11*$*/(-/!++%"!/,%3%1%!$%".%a"14*".*/"%$"0*,"&*%"

)!,2/!$%"2)"+!--%(/*"01(0,!+*),("&*$$!"/*-($!"&*-$%"2-2!$%"0.(0,!+*),%"

.*/"0%0,*+%"*$!0,%1%"*&"%)*$!0,%1%")*$"1!+.("&*$"$2)-4%".*/%(&%5"

I)"2$,*/%(/*".!/!+*,/("14*"82!$%3%1!"2)"*#*),("0%0+%1("9"%,($9-(;-!=

&#!9&-( #!#*H#&%;-" (##*/(" $6*)*/-%!" 14*" *00(" %+.!/,%01*" !$$!" 0,/2,,2/!"

)()14\"%$"+(&("!,,/!#*/0("12%"82*0,!"#%*)*"C%$!)1%!,!"&!"!$,/*"3(/+*"&%"

*)*/-%!"%)"12%"0%"1()#*/,*5"</*1%0!+*),*J"1()"/%3*/%+*),("!&"2)"(01%$$!7

,(/*" 0*+.$%1*" *$!0,(7.$!0,%1(J" 82!$*" 82*$$(" &*3%)%,(" %)" ./*1*&*)'!J" $6*7

82!'%()*"&*$"+(,("0%"01/%#*"1(+*R"

a b 

"  

"

 

Q%-5"T5M5"=.*,,/%"&%"/%0.(0,!"*$!0,%1%"*&"%)*$!0,%1%J"1()"&2,,%$%,P"!00*-)!,!""

" .!/%"!"W"*"TJ"%)",*/+%)%"&%"0.(0,!+*),("+!00%+(R"

" "!11*$*/(-/!++%"!/,%3%1%!$%"H!O"*")!,2/!$%"HCO5"
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Q%-5"T5D5"B#($2'%()*"&*$$*"&%#*/0*"82!),%,P"*)*/-*,%14*".*/"2)"(01%$7
$!,(/*"*$!0,(7.$!0,%1("0(--*,,("!$",*//*+(,("&%"B$"E*),/("
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9"$6*)*/-%!"!00(/C%,!"&!$"0%0,*+!"(##*/("%$"$!#(/("-$(C!$+*),*"1(+.%2,("

&2/!),*"%$",*//*+(,("&!$$*"3(/'*"&%"/%14%!+("1()"-$%"0.(0,!+*),%"/*$!,%#%5"
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02&&%#%&*/*")*$$*"&2*"!$%82(,*"J$"*&"JK"/!../*0*),!),%"/%0.*,,%#!+*),*"
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locale oriferiment di sistema al         

 rispetto fibra singola della baricentro del ccordinate le sono  , 

fibra singola della areal' è 

acostitutiv legge sua dalla desunto      

 fibra singola della  tangenteelastico modulo il è 
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*" 4". 9%("#.%&.< !#"'$#.((" 4%&&" ,+#9%(.7" !"# .& !#+5"((+ 4"5&. "4.-.$.< 
@",'` -%$",4+ #.-"#.9",(+ %&&" &+#+ $%#%(("#.'(.$:" 9"4."= ],$:" &" #"6
$",(. >+#9" a"$,.$:" !"# &" T+'(#)*.+,. 4"& KCCR !#"'$#.7+,+< ,"& $%'+ 
4. 7"#.-.$% '.'9.$% 4. "4.-.$. "'.'(",(.< 4. #.-"#.#'. % (%&. 7%&+#.= P"#(%,(+< 
., &.,"% $+, 3)"'(% (",4",*%< ,"&&" ')$$"''.7" %,%&.'. 4"5&. "4.-.$. +55"(6
(+ 4. .,4%5.," '. G #.(",)(+ 4. %'')9"#" $+9" 6"+(4-)*%++%).4(.4-%'I)$%/=
/"&-/J%)*%-)$"'%4-"+- 3)"&&. $+##.'!+,4",(. %4 ),% !#+@%@.&.(8 4. ')!"6
#%9",(+ 4"& FCb=  

P"# 3)%,(+ #.5)%#4% .& $%&$"'(#)**+< .& 7%&+# 9"4.+ 4"&&% 4.'(#.@)6
*.+," 5%)''.%,% G '(%(+ 7%&)(%(+ '"$+,4+ &% -+#9)&% !#"'$#.((% 4%&&" 
>+#9" a"$,.$:" !"# &" T+'(#)*.+,.B 

(MPa)8+= ckcm ff  /F= \N1 

P+.$:c (%,(+ !"# 5&. "4.-.$. @;< !#+5"((%(. !"# '+'(","#" . '+&. $%#.$:. 
5#%7.(%*.+,%&.< 3)%,(+ !"# 5&. "4.-.$. %,(.'.'9.$. @@< '. G %4+!"#%(+ !"# .& 
!#+5"((+ ), $%&$"'(#)**+ 4. $&%''" F/8)!%#. % KF IP%< !"# $). .& 7%&+#" 
$%#%(("#.'(.$+ 0/8 4"&&% #"'.'(",*% $.&.,4#.$% % $+9!#"''.+," G KC IP%< .& 
7%&+# 9"4.+ 4. 3)"'(?)&(.9+< 4% %'')9"#" $+9" 4%,-,'%&5")")/($.4%,,-(=
&%) *%+) /"+/%,'4#55() *-) 4-/(.4-$%&'(< '%#8 ., 4"-.,.(.7% 

(MPa)28== cmc ff = D% #"'.'(",*% % (#%*.+," 4"& $+,5&+9"#%(+ G '(%(% !+. 

4"("#9.,%(%< ., #%5.+," 4"&&% ')% #"'.'(",*% % $+9!#"''.+," '"$+,4+ &% 
@", ,+(% -+#9)&%B 

(MPa)62.0 ct ff ⋅=  /F= \F1 

V& 9+4)&+ "&%'(.$+ (%,5",(" ,"&&?+#.5.," G '(%(+ .,7"$" 7%&)(%(+ $+, &% #"6
&%*.+," /F= NF1 #.!+#(%(% 4)#%,(" &% 4"'$#.*.+," 4"& &"5%9" 4. I%,4"#= 
P"# &% 4"-+#9%*.+," )&(.9% % (#%*.+," 4"& $%&$"'(#)**+ ,+, $+,-.,%(+ '. 
G %''),(+ .& 7%&+#" 004.0=cuε < 9",(#" !"# &% 4"-+#9%*.+," $). $+##.6

'!+,4" .& !.$$+ 4"&&% (",'.+," 4. $+9!#"''.+," '. G %''),(+ .& 7%&+#" 
002.00 =cε = D% 4"-+#9%*.+," )&(.9% % (#%*.+,"< %4"5)%(%9",(" !.; @%'6

'% 4. 3)"&&% % $+9!#"''.+,"< G .,7"$" '$%()#.(% 4% ), $+,-#+,(+ -#% .& 
9+4"&&+ 4. 4"$%4.9",(+ "'!+,",*.%&"< $:" $%#%(("#.**% &?.,7.&)!!+ 9+6
,+(+,.$+ % (#%*.+," .9!&"9",(%(+ ,"& T+,$#"("CN /$)#7% $+,(.,)% ., ,"6
#+ ., Z.5= F=J\1< "4 ),% !.; '"9!&.$" &"55" 4. 4"$%4.9",(+ &.,"%#" /&.,"% 



KJ\ I+4"&&%*.+," 
 

(#%(("55.%(% ., @&) ., Z.5= F=J\1< (.!.$% 4. %&(#. 9+4"&&. !"# $%&$"'(#)**+ 
.9!&"9",(%(. ., W!",A""' $+9" %4 "'"9!.+ .& T+,$#"("CK= 

]((#%7"#'+ &% &"55" 4. 4"$%4.9",(+ &.,"%#"< -.''%,4+ &% !",4",*% C'A 
4"& (#%((+ 4. '+-(",.,5< $:" G '(%(% !+'(% !%#. %4 ), 4"$.9+ 4"& 9+4)&+ 
(%,5",(" % (#%*.+," ,"&&?+#.5.," C'< % ')% 7+&(% !%#. % 3)"&&+ % $+9!#"'6
'.+,")C/< G '(%(+ !+''.@.&" 7%&)(%#" &?",(.(8 4"&&% 4"-+#9%*.+," )&(.9% % 
(#%*.+,"B 

''
(

)
**
+

,
+⋅=-⋅==
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0
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ttuttct
EE

fEEEE ε  /F= \\1 

A. #."!.&+5%,+ 3). 4. '"5).(+ &" !#+!#."(8 9"$$%,.$:" 4"& $%&$"'(#)**+ 4. 
#.$+!#.9",(+ /a%@= J1= 

a%@= J d P#+!#."(8 9"$$%,.$:" 4"& $%&$"'(#)**+ ,+, $+,-.,%(+ 

Comportamento a compressione 

fcm (MPa) Ec (MPa) εεεεc0 (-) Ec,sec (MPa) r εεεεcu (-) 

28.00 26458 0.002 14000 2.124 0.004 

Comportamento a trazione 

fct (MPa) Et (MPa) εεεεct (-) ββββ εεεεcu (-) 

3.281 26458 0.000124 0.1 0.001289 

 
^"&%(.7%9",(" %&&" /"4"''%4-,'-/J%)$%//"&-/J%)*%++:"//-"-()*%++%)"4=

$"'#4%) #.')&(% ,"$"''%#.+ .,7"$" +!"#%#" ),% 4.'(.,*.+," -#% .& 5#)!!+ 
4. "4.-.$. @; !"# $%#.$:. 7"#(.$%&. " 3)"&&+ 4"5&. "4.-.$. @@= P"# . !#.9. .,6
-%((. '+,+ '(%(" )(.&.**%(" ,"& !#+5"((+ @%##" %4 %4"#",*% 9.5&.+#%(% 4"& 
(.!+ Z"SMRe< $). $+##.'!+,4" ),% (",'.+," 4. ',"#7%9",(+ $%#%(("#.'(.6

ε

σ

εt εtu

f t

Et
Et0

 
 Z.5= F=J\= V,7.&)!!+ 9+,+(+,.$+ % (#%*.+,"B 4"-+#9%*.+," )&(.9%= 



I+4"&&%*.+," KJU 

$% 4. MUF IP%< 9",(#" !"# . '"$+,4. @%##" 4"& (.!+ Z"SNNe $+, (",'.+," 
4. ',"#7%9",(+ $%#%(("#.'(.$% 4. NMC IP%= P"# &% (",'.+," 4. ',"#7%6
9",(+ 9"4.% $+##.'!+,4",(" '. !+''+,+ %'')9"#" #.'!"((.7%9",(" . 7%6
&+#. 4. NCC IP% " NFC IP%= V,-.," $+9" 9+4)&+ "&%'(.$+ ., ",(#%9@. . 
$%'. $. '. G #.-"#.(. %& $&%''.$+ 7%&+#" (MPa)206000=sE = 

A. #.!+#(% ,"& '"5).(+ ), !#+'!"((+ #."!.&+5%(.7+ 4"&&" !#+!#."(8 
9"$$%,.$:" 4"&&" @%##" 4. %#9%()#% /a%@= K1 !"# &" 4)" $&%''. 4. "4.-.$. 
@; "4 @@B 

a%@= K d P#+!#."(8 9"$$%,.$:" 4"&&" @%##" 4. %$$.%.+ 

Edifici SG: barre FeB38k 

fym (MPa) Es (MPa) εεεεym (-) b 

400.00 206000 0.0019 0.003 

Edifici SS: barre FeB44k 

fym (MPa) Es (MPa) εεεεct (-) b 

450.00 206000 0.0022 0.003 

 
P.; %#(.$+&%(% G '(%(% +")*%'%4$-&"5-(&%)*%++%).4(.4-%'I)$%//"&-/J%)*%+)
/"+/%,'4#55()*%+)&#/+%()/%4/J-"'(= P"# 3)%,(+ $+,$"#," .& $+9!+#(%9",(+ 
% (#%*.+,"< . 7%&+#. 4. #"'.'(",*% 9"$$%,.$% "4 . !%#%9"(#. 4"-+#9%(.7. 
'+,+ .4",(.$. % 3)"&&. 4"& $%&$"'(#)**+ 4. #.$+!#.9",(+= f.$"7"#'% &" $%6
#%(("#.'(.$:" 4. #"'.'(",*% " 4"-+#9%*.+," 4%& &%(+ 4"&&" $+9!#"''.+,. 
'+,+ $%#%(("#.**%(" 4%5&. .,$#"9",(. 4+7)(. %&&?"--"((+ $"#$:.%,(" 4"&&" 
'(%--" " 4"'$#.((. ,"& #"&%(.7+ !%#%5#%-+= ] (%& !#+!+'.(+ '. !#"$.'% !"#E 
$:" 4%&&?"'%9" 4"&&" $%#%(("#.'(.$:" 9"$$%,.$:" 4. ), $%9!.+," '.5,.-.6
$%(.7+ 4. %'(" "'(#%((+ 4% $.%'$),+ 4"5&. "4.-.$. "'%9.,%(. G "9"#'% ),% 
7%#.%@.&.(8 %@@%'(%,*% #.4+((% 4. (%&. 7%&+#.= P"# 3)"'(% #%5.+," '. G #.6
(",)(+ 4. !+("# %'')9"#" ,"&&" ')$$"''.7" %,%&.'. 4"5&. "4.-.$. ), ),.$+ 
'"( 4. !%#%9"(#. 4. #"'.'(",*% " 4. 4"-+#9%*.+," !"# $%&$"'(#)**+ $+,-.6
,%(+ !"# ()((" &" %'(" 4"& 5","#.$+ "4.-.$.+6@%'" .,4.7.4)%(+< #",4",4+ 
!"#%&(#+ $+'` !.; ',"&&% &% ')$$"''.7% 7%&)(%*.+," 4"&&% #.'!+'(% '.'9.$% 
4. (%&. "4.-.$.= A. G .,+&(#" +''"#7%(+ $+9" '. !+''%,+ %'')9"#" !"# ()((. 
5&. "4.-.$. %,%&.**%(. ),.$%9",(" 4)" 4.'(.,(. 5#)!!. 4. !%#%9"(#. 9"$6
$%,.$. !"# $%&$"'(#)**+ $+,-.,%(+< #"&%(.7. %&&" %&(#"((%,(" (.!+&+5." 4. "6
4.-.$.6@%'"< @; "4 @@<  ., !#"$"4",*% .,4.7.4)%("= '>"& '"5).(+ /Z.5= 
F=JU1 '. #.!+#(%,+ 3)%((#+ 4.%5#%99. % @%##" $:" .&&)'(#%,+ &% 4.'(#.@)6
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Valor medio 

Sezioni confinate Sezioni non confinate 

*.+," 4"&&% #"'.'(",*% " 4"&&% 4"-+#9%*.+," )&(.9% 4"& $%&$"'(#)**+ 4"& 
,)$&"+ $"#$:.%(+ ') ), $%9!.+," #%!!#"'",(%(.7+ 4. '"*.+,. !"# 4)" 4.6
'(.,(. "4.-.$.< &?),+ %!!%#(",",(" %&&% $&%''" @; " &?%&(#+ %&&% $&%''" @@=  
T+9" '. !)E ,+(%#" 5&. "4.-.$. !#+5"((%(. !"# #"'.'("#" %4 %*.+," '.'9.$% 
/5#)!!+ @@1< "''",4+ 4+(%(. 4. '(%--%()#" !.; -.((" " 4),3)" 4. 9.5&.+#. 
$+,4.*.+,. 4. $+,-.,%9",(+ #.'!"((+ %5&. "4.-.$. !#+5"((%(. !"# '+&. $%#.$:. 
5#%7.(%*.+,%&. /5#)!!+ @;1< 9%,.-"'(%,+ 9"4.%9",(" 7%&+#. ), !+? !.; 
%&(. 4. #"'.'(",*% " 4"-+#9%*.+," )&(.9% 4"& $%&$"'(#)**+ $+,-.,%(+= 
T+9),3)" &% 4.'(#.@)*.+," 4"&&" !#+!#."(8 9"$$%,.$:" #.')&(% !.)((+'(+ 

a b 

S
G
)

 

S
S

 

 

 

Z.5= F=JU= g.'(#.@)*.+," 4"&&" !#+!#."(8 9"$$%,.$:" !"# $%&$"'(#)**+ $+,6

-.,%(+B #"'.'(",*% % $+9!#"''.+," /%1 " 4"-+#9%*.+," )&(.9% /@1= 



I+4"&&%*.+," KJL 

),.-+#9" !"# ",(#%9@" &" (.!+&+5." 4. "4.-.$. "'%9.,%(. '!"$.%&9",(" ., 
("#9.,. 4. #"'.'(",*% 4"& 9%("#.%&"= ],$:" &% 7%#.%@.&.(8 4"& !%#%9"(#+ 
4"-+#9%*.+," )&(.9% G '.$)#%9",(" !.)((+'(+ @%''% "4 . 7%&+#. 4% "''+ 
%''),(. +'$.&&%,+ .,(+#,+ % C=CJ< $:" !"#(%,(+< %##+(+,4%,4+ ), !+? ')&&" 
9"4." +((",)("< G '(%(+ %''),(+ $+9" 7%&+#" ),.$+ (%,(+ !"# &% $&%''" 
@; 3)%,(+ !"# &% $&%''" @@=  

A. #."!.&+5%,+ 3).,4. ,"& ')$$"''.7+ !#+'!"((+ /a%@= M1 &" !#+!#."(8 
9"$$%,.$:" 4"& $%&$"'(#)**+ 4"& ,)$&"+ $"#$:.%(+ $:" 7"##%,,+ !#"'" 
$+9" #.-"#.9",(+ ,"&&% 7%&)(%*.+," 4"&&" 4)" $&%''. 4. "4.-.$.= 

 

a%@= M d P#+!#."(8 9"$$%,.$:" 4"& $%&$"'(#)**+ ,+, $+,-.,%(+ 

Edifici SG 

Comportamento a compressione 

fcm (MPa) Ec (MPa) εεεεc0 (-) Ec,sec (MPa) r εεεεcu (-) 

32.00 28284 0.0034 9412 1.499 0.01 

Comportamento a trazione 

fct (MPa) Et (MPa) εεεεct (-) ββββ εεεεcu (-) 

3.281 26458 0.000124 0.1 0.001289 

Edifici SS 

Comportamento a compressione 

fcm (MPa) Ec (MPa) εεεεc0 (-) Ec,sec (MPa) r εεεεcu (-) 

34.00 29155 0.004 8500 1.412 0.01 

Comportamento a trazione 

fct (MPa) Et (MPa) εεεεct (-) ββββ εεεεcu (-) 

3.281 26458 0.000124 0.1 0.001289 

 
A. !#"'",(%,+ ,"&&% ')$$"''.7% -.5)#% F=JR 5&. .,7.&)!!. 9+,+(+,.$. 4"&&" 
#"&%*.+,. $+'(.()(.7" !"# $%&$"'(#)**+ $+,-.,%(+ " ,+, "4 %$$.%.+ !"# &" 
4)" (.!+&+5." 4. "4.-.$. "'%9.,%(.= 
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Calcestruzzo non confinato Calcestruzzo confinato 
Acciaio 

7! 8*+/.#3*99%9*0)#'6#,,%'+#9*0)#'*)':*;.#'

T+9" 5.8 +''"#7%(+ ., !#"$"4",*%< &% 5","#.$% '"*.+," 7."," 9+4"&&%(% 
$+9" ), .,'."9" 4. -.@#"< $.%'$),% 4"&&" 3)%&. G $+,(#%44.'(.,(% 4% ),% 
!+'.*.+," 4"& ')+ @%#.$",(#+ #.'!"((+ %& '.'("9% 4. #.-"#.9",(+ &+$%&"< &% 
$). +#.5.," #.'."4" ,"& @%#.$",(#+ 5"+9"(#.$+ 4"&&% '"*.+,"< 4% ),?%#"% " 
4% ), &"5%9" ),.%''.%&" (",'.+,.64"-+#9%*.+,.= P"# &" %,%&.'. '7+&(" ,"& 
!#"'",(" '()4.+< 4.,%9.$:" " '(%(.$:"< &.,"%#. " ,+,< $.%'$),% '"*.+," G 
'(%(% 4"$+9!+'(% ., -.@#" $+9!+,",(. '"$+,4+ &% 9+4%&.(8 3). 4. '"5).(+ 

a b 

S
G
)

 

S
S

 

 

 

 

Z.5= F=JR= V,7.&)!!+ 9+,+(+,.$+ 4"&&" #"&%*.+,. $+'(.()(.7"B 

  $%&$"'(#)**+ /%1 " %$$.%.+ /@1= 



I+4"&&%*.+," KKJ 

"'!#"''% "4 .&&)'(#%(% ., Z.5= F=JL $+, #.-"#.9",(+ %&&% '"*.+," 4. ),% 
5","#.$% (#%7" 4. @%'" MC $9 "4 %&("**% \C $9< %7",(" %#9%()#% 4.'6
'.99"(#.$% $+'(.().(% ')!"#.+#9",(" 4% K∅KC 4. '!.5+&+ " K∅JN .,("#,. 
"4 .,-"#.+#9",(" 4% M∅JN ,+,$:c 4% K∅JN $+9" -"##. 4. !%#"("= 

K-",/#&")*%++%)E"44%)*-)"4$"'#4" G '(%(% 9+4"&&%(% $+9" ),% -.@#% 
'.,5+&%< 4. %#"% !%#. %&&% ')!"#-.$." 4"&&% '"*.+," (#%'7"#'%&" 4"&&% @%##% 
" $+,$",(#%(% ., $+##.'!+,4",*% 4"& @%#.$",(#+ 4"&&% @%##% '("''%= ]4 
"''% G '(%(+ %((#.@).(+ .& &"5%9" $+'(.()(.7+ @'%%+AB 4"'$#.((+ ., !#"$"6
4",*%= ?%4)L#"&'() 4-7#"4*") -+) /"+/%,'4#55( .,7"$" '. G +!"#%(% #&")*-=
,'-&5-(&%) .4%+-$-&"4%) '4") -+) &#/+%() /%4/J-"'( .,$&)'+ %&&?.,("#,+ 4"&&" 
'(%--"< 4. -+#9% #"((%,5+&%#"< %) +%) 5(&%)*%+) 4-/(.4-$%&'(< )&("#.+#9",(" 
')44.7.'"< $+9" .,4.$%(+ ., -.5)#%< ., 3)%((#+ ')!"#-.$. 4. -+#9% (#%!"6
*+.4%&"B #.$+!#.9",(+ &%("#%&" '.,.'(#+ 4",+(%(+ $+9" J< #.$+!#.9",(+ &%6
("#%&" 4"'(#+ 4",+(%(+ $+9" K< #.$+!#.9",(+ ')!"#.+#" +77"#+ M " #.$+6
!#.9",(+ .,-"#.+#" +77"#+ N= 9+)/"+/%,'4#55()*%+)&#/+%()/(&0-&"'( G '(%(+ 
)&("#.+#9",(" 4"$+9!+'(+ ., !.$$+&. #"((%,5+&. ')44.7.4",4+ &" 4)" 4.6
9",'.+,. 4"& ,)$&"+ $"#$:.%(+ ., ), ,)9"#+ 4. !%#(. )5)%&.= P#"$.'%6
9",(" &% 4.9",'.+," cbb ⋅−= 20 < 4+7" $ G .& #.$+!#.9",(+< G '(%(% ')46

% b c 

   

 

Z.5= F=JL= A"*.+," (#%'7"#'%&" 4. ),% 5","#.$% (#%7"B 

5"+9"(#.% /%1< 4.'$#"(.**%*.+," ., -.@#" )(.&.**%(% !"# &" %,%&.'. /@1 "  

!"# &% $+'(#)*.+," 4". 4.%5#%99. 9+9",(+6 $)#7%()#% /$1= 



KKK I+4"&&%*.+," 
 

4.7.'% ., KC !%#(. " $+'` %,$:" &% 4.9",'.+," chh ⋅−= 20 = T.%'$),+ 4". 

#"((%,5+&. $+9!+,",(. $+'(.().'$" ),% -.@#% $+, !+'.*.+," ,"& @%#.$",(#+ 
4"& #"((%,5+&+< %#"% !%#. %& !#+4+((+ 4"&&" 4)" 4.9",'.+," 4"&&+ '("''+ " 
&"5%9" $+'(.()(.7+ K(&/4%'%AM) /(&) +%) .4(.4-%'I)$%//"&-/J%) .4(.4-%) *%+)
/"+/%,'4#55()/(&0-&"'(= 9+)7%&%4-/()'4".%5-()/(,'-'#%&'%)#&")*%++%)L#"''4()
5(&%)*%+)4-/(.4-$%&'( 7."," .,7"$" ')44.7.'+ ., -.@#" 4. -+#9% %,$:?"''% 
(#%!"*.%< 4"$+9!+,",4+ &" ')" 4.%5+,%&. 9%55.+#" " 9.,+#" ., ), $"#(+ 
,)9"#+ 4. -.@#"< ,"& $%'+ ., "'%9" KC< " &% ')% %&("**%< 4. 4.9",'.+," 
!%#. %& #.$+!#.9",(+< ., ), ,)9"#+ ., 5","#%&" 4.7"#'+ 4. -.@#"< ,"& $%'+ 
., "'%9" K= ] $.%'$),% -.@#%< 4. %#"% 4"#.7%,(" 4%&&% ')% 5"+9"(#.% 4"& 
(#%!"*.+ " $+&&+$%(% ., $+##.'!+,4",*% 4"& @%#.$",(#+ 4. 3)"'(+< 7."," %(6
(#.@).(% ),% #"&%*.+," $+'(.()(.7% %,$+#% 4"& (.!+ K(&/4%'%AM)9% 3)"'(% 
7+&(% %7",(") +%) /"4"''%4-,'-/J%)$%//"&-/J%) .4(.4-%) *%+) /"+/%,'4#55()&(&)
/(&0-&"'(N  

>"& $%'+ 4. %,%&.'. 4. (.!+ &.,"%#"< 3)%&. 3)"&&" ,"$"''%#." %& $%&$+&+ 
4". !%#%9"(#. "&%'(.$. %4 "4 Ωθ< +77"#+ !"# &% #.'+&)*.+," 4"&&?%)(+!#+6
@&"9% !"# &% 4"("#9.,%*.+," 4"&&" !#+!#."(8 4.,%9.$:" 4"& '.'("9%< '. 
(#%'$)#% .& $+,(#.@)(+ %&&% #.'!+'(% 4"&&" -.@#" 4. %#9%()#% " '. %((#.@).6
'$" ), $+9!+#(%9",(+ ),.$+ %&&" -.@#" 4. $%&$"'(#)**+ 4"& ,)$&"+ $"#6
$:.%(+ " 4"& #.$+!#.9",(+ +77"#+ '. %''"5,% &+#+ ), ),.$+ &"5%9" $+'(.6
()(.7+ "&%'(.$+6&.,"%#"= h)"'(?)&(.9+ ., W!",'""' G 4",+(%(+ $+9" XC+"=
,'-/X "4 G $%#%(("#.**%(+ ),.$%9",(" 4%& 9+4)&+ "&%'(.$+ C !+'(+ !%#. %& 
9+4)&+ (%,5",(" ,"&&?+#.5.," % $+9!#"''.+," C/ 4"& $%&$"'(#)**+ ,+, 
$+,-.,%(+ /,"&&+ '!"$.-.$+ MPa26458=cE 1= 

]& -.," 4. 9+'(#%#" .& $+9!+#(%9",(+ ,+, &.,"%#" 4"&&% 5","#.$% '"6
*.+,"< 9+4"&&%(% $+9" '+!#% 4"'$#.((+< ,"& '"5).(+ '. #.!+#(%,+ %&$),. 
4.%5#%99. 9+9",(+6$)#7%()#%< '"9!#" +((",)(. $+, .& '+-(i%#" W!",6
A""'< !"# ),% (#%7" $+, '"*.+," $+'(%,(" " !%#. % 3)"&&% ., Z.5= F=JL= % " 
!"# ), !.&%'(#+ MCjRC $+, %#9%()#% '.99"(#.$% " 4.7"#'. &.7"&&. 4"& $%6
#.$+ %''.%&"= V, 3)"'(?)&(.9+ $%'+ 7",5+,+ %,%&.**%(. '"!%#%(%9",(" . 
$+9!+#(%9",(. ,". 4)" !.%,. 4. -&"''.+," 4"& !.&%'(#+ (#%'$)#%,4+ &?.,("6
#%*.+," -#% . 4)" 9+9",(. -&"((",(.= V& 4.%5#%99% G '(%(+ +((",)(+ .96
!+,",4+ 9+,+(+,.$%9",(" .,$#"9",(. 4. $)#7%()#% " 4"("#9.,%,4+ ., 
$+##.'!+,4",*% 4"& $+##",(" 7%&+#" 4"&&% $)#7%()#% .& #"&%(.7+ %''"((+ 
4"&&% '"*.+," ., $+,4.*.+,. 4. "3).&.@#.+ " &?",(.(8 4"& $+##.'!+,4",(" 
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Momento positivo I+9",(+ ,"5%(.7+ 

9+9",(+= V& !#+$"''+ 4. $%#.$+ G '(%(+ .,("##+((+ ., $+##.'!+,4",*% 4"& 
#%55.),5.9",(+ 4"&&% 4"-+#9%*.+," )&(.9% 4"& $+,5&+9"#%(+ 4"& ,)$&"+ 
$"#$:.%(+< 01.0=cuε < +77"#+ 4. ), 7%&+#" 4. 4"-+#9%*.+," !"# &?%$$.%.+ 
("'+< 04.0=suε < .,4.$%(+ ,"&&% $.#$+&%#" "'!&.$%(.7% 4"& gI JN=CJ=KCCR  % 

!#+!+'.(+ 4"&&% 7%&)(%*.+," 4"&&% #+(%*.+," #.'!"((+ %&&% $+#4% %&&+ ',"#6
7%9",(+= D% $+,4.*.+," $:" !"# !#.9% '. 7"#.-.$% .,4.7.4)% &% $)#7%()#% 
)&(.9% 4"&&% '"*.+,"=  

 a b 

J 

  

K 

 
 

 

 

Z.5= F=KC= k"+9"(#.% " 4.%5#%99% 9+9",(+6$)#7%()#%  

4"&&% '"*.+," 4. ),% (#%7"B 4.'$#"(.**%*.+," !.; #%4%/J1 " !.; -.((% /K1=  
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>"& $%'+ 4"&&% (#%7" .& 4.%5#%99% ., Z.5= F=KC= J #%!!#"'",(% .& 
$+9!+#(%9",(+ 4"&&% '"*.+," 4.'$#"(.**%(% $+9" '+!#% 4"'$#.((+ !"# 
9+9",(+ !+'.(.7+ /$)#7% ., @&)1 " ,"5%(.7+ /$)#7% ., #+''+1= T+9" '. "6
7.,$" 4%&&% -.5)#% .& 4.%5#%99% G '(%@.&" -.,+ %4 "&"7%(" $)#7%()#" !%#. 
% $.#$% C=CR= W&(#" 3)"& 7%&+#" ),% '"#." 4. '%&(. ,"& 4.%5#%99% '"5,%6
&%,+ &?"'!)&'.+," 4"& #.$+!#.9",(+ " &% !"#4.(% @#)'$% 4. ),% !+#*.+," 4. 
$%&$"'(#)**+ #"'.'(",("= P"# ),% '.9)&%*.+," !.; %$$)#%(% 4"& $+9!+#6
(%9",(+ 4"&&% '"*.+," %,$:" ,"& $%9!+ 4"&&" $)#7%()#" "&"7%("< $+9" ., 
Z.5)#% F=KC= K< G ,"$"''%#.+ %4+((%#" ),% 4.'$#"(.**%*.+," !.; -.," 3)%&" 
3)"&&% .,4.$%(% ., Z.5= F=JL= $= V, (%& $%'+ &" 4)" 4.9",'.+,. EA "4 JA 4"& 
,)$&"+ $"#$:.%(+ '+,+ '(%(" ')44.7.'" ",(#%9@" ., MC !%#(. )5)%&. " &% 
9"4"'.9% ')44.7.'.+," '. G .9!."5%(% !"# &" 3)%((#+ *+," 4"& #.$+!#.6
9",(+= D?%&("**% #.4+((% 4". (#%!"*. 4"& #.$+!#.9",(+ ')!"#.+#" "4 .,-"6
#.+#" $+,'",(" 4. $+5&."#" &% 5#%4)%&" !"#4.(% 4"& $+,(#.@)(+ 4"&&" *+," 
!.; "'("#," 4"& #.$+!#.9",(+ 4%,4+ &)+5+ ,"&&% $)#7% %4 ), (#%((+ 4"6
$#"'$",(" $+, $+,(.,).(8= A. ,+(% $:" &% 4.'$#"(.**%*.+," !.; #%4% 4. Z.5= 
F=JL= @ $+,'",(.7% $+9),3)" 4. $+5&."#" '.% .& &.7"&&+ 4. #"'.'(",*% 4"&&% 
'"*.+," '.% &% ')% $)#7%()#% )&(.9%= D?+@."((.7+ 4. $+,$.&.%#" ), @)+, #.6
')&(%(+ $+, ("9!. 4. $%&$+&+ %$$"((%@.&. !"# %,%&.'. 4.,%9.$:" ,+, &.,"%#. 
4. '(#)(()#" $+9!&"''" % 9+&(" .!"#'(%(.$:"< 3)%&. 3)"&&" +55"((+ 4. .,6
4%5.,"< 5.)'(.-.$% &% '$"&(% 4"&&% 4.'$#"(.**%*.+," !.; #%4% '+!#% "'!+'(% 
" #%--.5)#%(% !"# &% (#%7" ., +55"((+ ., Z.5= F=JL= @= 

P"# 3)%,(+ #.5)%#4% .& !.&%'(#+ '+,+ '(%(. #%!!#"'",(%(. !"# &.7"&&. 
$#"'$",(. 4"&&+ '-+#*+ %''.%&" 4. $+9!#"''.+," 4% C % KCCC e> . 4.%6
5#%99. 9+9",(+6$)#7%()#% #.'!"((+ %&&?%''" -+#(" ., Z.5= F=KJ= J " #.6
'!"((+ %&&?%''" 4"@+&" ., Z.5= F=KJ= K= A. ,+(% $:"< % !%#.(8 4. '-+#*+ ,+#6
9%&"< #.'!"((+ %&&?%''" -+#(" '. :% '"9!#" ),% 9%55.+#" #"'.'(",*% -&"'6
'.+,%&" 9% ),% 9.,+#" $)#7%()#% )&(.9%= V,+&(#"< -.''%(+ .& !.%,+ 4. 
-&"''.+,"< %& $#"'$"#" 4"& &.7"&&+ 4"&&+ '-+#*+ %''.%&"< &% #"'.'(",*% -&"'6
'.+,%&" $#"'$"< ., 3)%,(+ %)9",(% &% !+#*.+," 4. $+,5&+9"#%(+ #"%5",("< 
9% !"# &% '("''% #%5.+," &% '"*.+," '. .,-#%5.&.'$"B .,-%((.< % $%)'% 4"&&" 
9%55.+#. 4.9",'.+,. 4"&&% '"*.+," 4. $%&$"'(#)**+ #"%5",("< %)9",(% .& 
$+,(#.@)(+ %&&% #.'!+'(% 4"& $+,5&+9"#%(+ #.'!"((+ % 3)"&&+ 4"&&?%$$.%.+< 
&%44+7" .& !#.9+ G ), 9%("#.%&" 4. !"# 'c -#%5.&" "4 .& '"$+,4+ 4)((.&"= 
T.E '!."5% &% #.4)*.+," !#+5#"''.7%< %&&?%)9",(%#" 4"&&% $+9!#"''.+,"< 



I+4"&&%*.+," KKF 

4"&&% 4)((.&.(8 4"&&% '"*.+," " 4),3)" 4"& 7%&+#" )&(.9+ 4"&&% $)#7%()#%= 
A. ,+(% .,-.," $:" !"# ()((. 5&. "4.-.$. %,%&.**%(.< '+!#%(()((+ !"# 3)"&&. 
%,(.'.'9.$. @@< .& &.7"&&+ 4. '-+#*+ ,+#9%&" 4+7)(+ %. '+&. $%#.$:. 5#%7.(%6
*.+,%&.< G 9"4.%9",(" @%''+ #.'!"((+ %&&% #"'.'(",*% %''.%&" 4". !.&%'(#. 
" !"#(%,(+ .& $+9!+#(%9",(+ 4"&&" '"*.+,. '%#8 4. (.!+ 4)((.&"= 

 

 a b 

J 

 
 

K 

 

 

Z.5= F=KJ= k"+9"(#.% " 4.%5#%99% 9+9",(+6$)#7%()#% 4"&&% '"*.+,"  

4. ),% !.&%'(#+ ,". ')+. 4)" !.%,. 4. -&"''.+," !"# 4.7"#'. '-+#*. ,+#9%&.=  
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<! 8#33%$,*'-#.'%)%,*+*')(&#.*/5#'

D+ '()4.+ '7+&(+ ,"&&% !#"'",(" ("'. .9!+," &?"'"$)*.+," 4. '7%#.%(" %,%6
&.'. 4.,%9.$:" " '(%(.$:" ,+, &.,"%#. ') '$:"9. (#.4.9",'.+,%&. % 9+&(" 
.!"#'(%(.$:"= Z#% &" 9+&("!&.$. !+''.@.&.(8 $:" .& '+-(i%#" W!",A""' 9"(6
(" % 4.'!+'.*.+," 4"5&. )(",(. '. .&&)'(#%,+ ,"& '"5).(+ &" .9!+'(%*.+,. 
!#"'$"&(" !"# &+ '7+&5.9",(+ 4. (%&. %,%&.'. ,"&&?%9@.(+ 4"& !#"'",(" '()6
4.+ " '. $:.%#.'$+,+ %&$),. %'!"((. .,"#",(. '$"&(" 4. 9+4"&&%*.+," '+55"(6
(.7"= 

<!=! 8#33%$,*'-#.'%)%,*+*'6*)%&*/5#')0)',*)#%.*'

A. !#"$.'% .,,%,*. ()((+ $:" &?"'"$)*.+," 4"&&" %,%&.'. 4.,%9.$:" ,+, &.6
,"%#. ')5&. "4.-.$.6'()4.+ %77."," ') ),% $+,-.5)#%*.+," .,.*.%&" 5.8 4"6
-+#9%(% !"# "--"((+ 4". $%#.$:. 5#%7.(%*.+,%&.< !#"&.9.,%#9",(" %!!&.$%(. 
., 9%,."#% '(%(.$% %&&% '(#)(()#%< "4 .& $). 7%&+#" '$%()#.'$" 4% ),?%,%&.6
'. 4". $%#.$:. 4"& 5","#.$+ "4.-.$.+= 

8.1.1. Distribuzione delle masse 

>"& 9+4"&&+ 4"& '.,5+&+ "4.-.$.+ &" 9%''" '(#)(()#%&.< %,$:?"''" 4"'),(" 
4% ),% !#"&.9.,%#" %,%&.'. 4". $%#.$:.< '+,+ '(%(" %''),(" $+,$",(#%(" % 
&.7"&&+ 4"5&. .9!%&$%(.< ')!!+'(. #.5.4. ,"& &+#+ !.%,+< &+$%&.**%(" ., $+##.6
'!+,4",*% 4"& $",(#+ 4. 9%''% TI 4"& 5","#.$+ .9!%&$%(+ " $%#%(("#.*6
*%(" 4% (#" $+9!+,",(. !"# $.%'$), !.%,+B 4)" 9%''" (#%'&%*.+,%&. )5)%6
&. -#% &+#+ &),5+ &" 4)" 4.#"*.+,. !#.,$.!%&. j "4 l 4"&&% !.%,(% "4 ), 
9+9",(+ 4. .,"#*.% !+&%#" #.'!"((+ %4 ), %''" 7"#(.$%&" !%''%,(" !"# .& 
$",(#+ 4. 9%''%= 

8.1.2. Modello di smorzamento 

A. G %''),(+ ), 9+4"&&+ $&%''.$+ 4. '9+#*%9",(+ %&&% ^%Q&".5:< ,"& 3)%6
&" &% 9%(#.$" 4. '9+#*%9",(+ / 7."," "'!#"''% $+9" $+9@.,%*.+," &.,"6
%#" 4"&&" 9%(#.$. 4. 9%''% & " 4. #.5.4"**% > '"$+,4+ 4)" $+"--.$.",(. 4. 
$+9@.,%*.+," α " βB 

kmc ⋅+⋅= βα  /F= \U1 
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V 4)" $+"--.$.",(. $:" -.5)#%,+ ,"&&% /F= \U1 '+,+ -),*.+," 4"& #%!!+#(+ 4. 
'9+#*%9",(+ 9+4%&" .9!+'(+ " 4. 4)" -#"3)",*" ,%()#%&. 4. 7.@#%*.+," 
+!!+#(),%9",(" '$"&(" '"$+,4+ &" @", ,+(" #"&%*.+,.B 
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ji

ji

ji

ωω
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ωω

ωω
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 /F= \R1 

O,% 7+&(% -.''%(+ .& 7%&+#" 4"& #%!!+#(+ 4. '9+#*%9",(+ 9+4%&" ξ< 
$:" ,"&&+ '!"$.-.$+ '. G !+'(+ !%#. %& Fb< .& !#+@&"9% 4"&&% 4"("#9.,%*.+6
," 4. α)" β)'. #.4)$" 3).,4. %&&% '"&"*.+," 4"&&" 4)" -#"3)",*" ω- "4 ωO= 
>"& $%'+ 4"5&. '()4. "'"5).(. ')& 9+,+!.%,+ !"# &% 4"("#9.,%*.+," 4"&&" 
"$$",(#.$.(8 $+##"((.7" !#"7.'(" 4%& 9"(+4+ !#+!+'(+< '. "#%,+ %''),(" &% 
!#.9% " &% ("#*% -#"3)",*% 9+4%&" !"# $.%'$),+ 4". '.'("9. %,%&.**%(.< 
$+##.'!+,4",(. 4. ,+#9% ,"& $%'+ 4". '.'("9. %'.99"(#.$. % 9+4. $+, %$6
$+!!.%9",(+ &%("#+6(+#'.+,%&"= h). '. G !",'%(+ 4. !#+$"4"#" ., 9%,."#% 
%,%&+5%= P#"$.'%9",("< 4%& 9+9",(+ $:" ()((. . '.'("9. %,%&.**%(. '+,+ 
$%#%(("#.**%(. 4% '.99"(#.% 9+,+%''.%&" #.'!"((+ %&&H%''" j< . 9+4. 4. 
7.@#%*.+," 4"& 5","#.$+ '.'("9% %'.99"(#.$+ '+,+ #%55#)!!%@.&. ., ("#," 
%&&H.,("#,+ 4"&&" 3)%&. 7. '+,+ '"9!#" ), 9+4+ 4.'%$$+!!.%(+ ., 4.#"*.+6
," j " 4)" 9+4. $+, %$$+!!.%9",(+ -#% #+(%*.+," (+#'.+,%&" " (#%'&%*.+6
," ., 4.#"*.+," l= A. G !",'%(+ %&&+#% 4. "'$&)4"#" . 9+4. 4.'%$$+!!.%(. 
&),5+ &% 4.#"*.+," j 4. '.99"(#.% 4"& '.'("9% " 4. '$"5&."#"< $+9" -#"6
3)",*% ω-< 3)"&&% $+##.'!+,4",(" %& 9%''.9+ -#% . !"#.+4. %$$+!!.%(. %'6
'+$.%(. % 4"-+#9%(" 9+4%&. '",*% .,7"#'.+,. 4"& '"5,+ 4"5&. '!+'(%9",(. 
&),5+ &H%&("**% "< $+9" -#"3)",*% ωO< 3)"&&% $+##.'!+,4",(" %& 9%''.9+ 
4". !"#.+4. %$$+!!.%(. %''+$.%(. % 4"-+#9%(" 9+4%&. $+, ),% '+&% .,7"#6
'.+," 4"& '"5,+ 4"5&. '!+'(%9",(. &),5+ &H%&("**%= A. ,+(% -., 4?+#% $:" &% 
9"(+4+&+5.% '"5).(% !"# &% 7%&.4%*.+," 4"& 9"(+4+ !#+!+'(+< #.$:."4" 
%,$:" &% 4"("#9.,%*.+," 4"&&% #.'!+'(% ,+, &.,"%#"< '(%(.$% " 4.,%9.$%< 
4. ), '.'("9% @.&%,$.%(+< %''+$.%(+ %& 5","#.$+ '$:"9% %'.99"(#.$+ +56
5"((+ 4. '()4.+ " 7.,$+&%(+ % (#%'&%#" '+&+ &),5+ &% 4.#"*.+," l= >"& $%'+ 
4. '.'("9% @.&%,$.%(+< (#%'&%,(" ),.$%9",(" ., 4.#"*.+," l< . 9+4. 4. 7.6
@#%*.+," 4"& '.'("9% '%#%,,+ ,"$"''%#.%9",(" ()((. (#%'&%*.+,%&. ,"&&% 
'("''% 4.#"*.+,"< '.$$:c &" 4)" -#"3)",*" ω- "4 ωO $+##.'!+,4"#%,,+ % 4"6
-+#9%(" 9+4%&. (#%'&%*.+,%&. &),5+ 3)"&&% 4.#"*.+," "4 %7",(. #.'!"((.6
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7%9",(" *"#+ "4 ),% .,7"#'.+," ,"& '"5,+ 4"5&. '!+'(%9",(. &),5+ &?%&6
("**%= 

8.1.3. Integrazione numerica 

P"# &% #.'+&)*.+," 4"&&" "3)%*.+,. 4"& 9+(+< $:" 5+7"#,%,+ &% #.'!+'(% 
4.,%9.$% 4"& '.'("9% %4 ), 5","#.$+ '"5,%&" 4. %$$"&"#%*.+," %& ')+&+< 
'. G '"&"*.+,%(+ .& 9"(+4+ 4. .,("5#%*.+," ,)9"#.$% 4. >"i9%#e $+, $+6
"--.$.",(. 0.25  e  == βγ 5.0 +77"#+ .& $+'.44"((+ 9"(+4+ 4"&&?%$$"&"#%*.+," 

9"4.% ,"& !%''+< $:" G 5.8 '(%(+ .9!."5%(+ !"# &% 4"("#9.,%*.+," 4"&&% 
#.'!+'(% 4.,%9.$% ,"5&. '()4. ')& 9+,+!.%,+ " $:" #.')&(% "''"#" .,$+,6
4.*.+,%(%9",(" '(%@.&"< #"3).'.(+ 3)"'(?)&(.9+ -+,4%9",(%&" !"# &?%,%&.6
'. 4.,%9.$% 4. '.'("9. % 9+&(. 5#%4. 4. &.@"#(8= >" $+,'"5)" $:" &?),.$+ 
7.,$+&+ 4% #.'!"((%#" ,"&&% '"&"*.+," 4"& !%''+ 4. .,("5#%*.+," ("9!+#%&" 
∆' G 3)"&&+ 4. %$$)#%("**% 4"&&% #.'!+'(%= A. G %''),(+ $+9" !%''+ 4. .,6
("5#%*.+," .& 7%&+#" s01.0=∆t $+##.'!+,4",(" %& !%''+ 4. $%9!.+,%9",(+ 

4". '"5,%&. %$$"&"#+9"(#.$. .9!."5%(.= D?%&5+#.(9+ !#"'$"&(+ !"# &% '+&)6
*.+," 4"& '.'("9% 4. "3)%*.+,. ,+, &.,"%#. 4. "3).&.@#.+ 4"&&% '(#)(()#% G 
3)"&&+ 4. m#Q&+7>"i(+, 4"'$#.((+ ., @/('')%)P%&6%,)GBADAH " !%#(.$+&%#6
9",(" .4+,"+ %&&+ '()4.+ 4"&&?"7+&)*.+," 4"& $+9!+#(%9",(+ ,+, &.,"%#" 
4. '.'("9. ., $). .& 4%,,"55.%9",(+ "4 . 9"$$%,.'9. &+$%&. 4. $+&&%''+ 
$+.,7+&5+,+ %&$),. 5#%4. 4. &.@"#(8 9",(#" . #.9%,",(. $+9!+,",(. 
'(#)(()#%&. !"#9%,5+,+ ., $%9!+ 3)%'. &.,"%#"= T.E 4. ,+#9% $+,(#%46
4.'(.,5)" &?"7+&)*.+," 4"& 4%,,+ ., '.'("9. % '(#)(()#% .,("&%.%(% ., $"6
9",(+ %#9%(+< 3)%&. 3)"&&. ., "'%9"< $%#%(("#.**%(. 4% &"5%9. $+'(.()(.7. 
4". 9%("#.%&. 4"5#%4%,(. " 9+4"&&+ % -.@#" 4"&&" '"*.+,.< $:" .,$&)4" 
&H.,("#%*.+," 9+9",(+ -&"((",("6'-+#*+ %''.%&"= g% ), $+,-#+,(+ ') ), 
"4.-.$.+ $%9!.+," -#% 3)"&&. +55"((+ 4. '()4.+ G "9"#'% ),% ,"((% ')!"6
#.+#.(8 4. 3)"'(+ %&5+#.(9+ ., ("#9.,. 4. #%!.4.(8 4. $%&$+&+ #.'!"((+ %& 
$&%''.$+ %&5+#.(9+ 4. >"i(+, ^%!:'+, + %&&% ')% 7"#'.+," 9+4.-.$%(%< 
!.; 7"&+$" %,$:" '" 9",+ %$$)#%(%< ., $). '. %'')9" &% 9%(#.$" 4. #.5.6
4"**% (%,5",(" $+'(%,(" ,"& !#+$"''+ .("#%(.7+= O,% '+'(%,*.%&" $+.,$.6
4",*% -#% . #.')&(%(. +((",)(. $+, . 4.7"#'. %&5+#.(9. ., ("#9.,. 4. '(+#." 
("9!+#%&. 4"&&% #.'!+'(% :% ., 4"-.,.(.7% 9+(.7%(+ &% '$"&(% 4. m#Q&+7 
>"i(+,= V, $+##.'!+,4",*% 4. $.%'$),% .("#%*.+," #.$:."'(% 4%&&?%&5+#.(6
9+ &% $+,7"#5",*% %&&% '+&)*.+," "'%((% G '(%(% 7%&)(%(% ., ("#9.,. 4. 
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,+#9% 4"& !#+4+((+ .,("#,+ (#% .& 7"((+#" 4"&&" -+#*" '3).&.@#%(" &),5+ . 
5#%4. 4. &.@"#(8 4"& '.'("9% "4 .& 7"((+#" 4"5&. .,$#"9",(. 4. '!+'(%9",6
(+ &),5+ 5&. '("''.= V,-.," %&&?.,("#,+ 4"& -.&" N'/+< $+'(.()",(" &?.,!)( 4". 
4%(. !"# &% 5","#.$% %,%&.'. 4.,%9.$% ,+, &.,"%#"< G !#"'",(" ),% !#+$"6
4)#% .("#%(.7% $:" .9!+," .& 4.9"**%9",(+ 4"& !%''+ 4. %,%&.'. ,". $%'. 
., $). &% $+,7"#5",*% #.')&(. !#+@&"9%(.$%= 

<!?! 8#33%$,*'-#.'%)%,*+*'-(+50@#.'

T+9" 5.8 +''"#7%(+ !"# &" %,%&.'. 4.,%9.$:"< %,$:" 3). .& !),(+ 4. !%#6
(",*% !"# &+ '7+&5.9",(+ 4"&&% 5","#.$% %,%&.'. '(%(.$% ,+, &.,"%#" G ),% 
$+,-.5)#%*.+," 5.8 4"-+#9%(%< +((",)(% ., "'.(+ %&&?%!!&.$%*.+," '(%(.$% 
4". $%#.$:. 5#%7.(%*.+,%&. ),.-+#9"9",(" 4.'(#.@).(. &),5+ 5&. %''. 4"&&" 
(#%7.= 

8.2.1. Modalità di esecuzione della pushover 

D" %,%&.'. !)':+7"# "'"5).(" ,"& !#"'",(" '()4.+ '+,+ 4"& (.!+ % $+,(#+&6
&+ 4. '!+'(%9",(+B %''"5,%(% ),% 4.'(#.@)*.+," 4. -+#*" &),5+ &?%&("**% 
., ),% -.''%(% 4.#"*.+,"< 3)"'(" 7",5+,+ .,$#"9",(%(" 9+,+(+,.$%9",6
(" -.,+ %& #%55.),5.9",(+ 4. ), -.''%(+ '!+'(%9",(+ (%#5"( ., $+##.'!+,6
4",*% 4"& $",(#+ 4. 9%''% 4"&&?)&(.9+ .9!%&$%(+= D?%,%&.'. G ')44.7.'% ., 
), ,)9"#+ .,("#+ ')--.$.",("9",(" "&"7%(+ 4. !%''.< % $.%'$),+ 4". 3)%&. 
$+##.'!+,4" ), -.''%(+ .,$#"9",(+ 4. '!+'(%9",(+ ., $+##.'!+,4",*% 4"& 
,+4+ 4. $+,(#+&&+ ., ("'(% %&&?"4.-.$.+= P"# &" %,%&.'. '7+&(" ,"& !#"'",(" 
'()4.+ '. G #.(",)(+ 4. !+("# %4+((%#" ), .,$#"9",(+ 4. '!+'(%9",(+ !"# 
$.%'$), !%''+ m  001.0, =∆ topCMu = V& ,)9"#+ 4. !%''. ., $). '. $+9!." &% 

5","#.$% %,%&.'. !)':+7"# G 4),3)" '"9!&.$"9",(" -+#,.(+ 4%& #%!!+#(+ 
-#% &+ '!+'(%9",(+ (%#5"(< $:" '. 7)+&" #%55.),5"#" .,$#"9",(%,4+ . $%6
#.$:.< " &?.,$#"9",(+ 4. '!+'(%9",(+ ,"& !%''+ !"# .& 9"4"'.9+ ,+4+ 4. 
$+,(#+&&+ " &),5+ .& 9"4"'.9+ 5#%4+ 4. &.@"#(8= V, $%'+ 4. !#+@&"9. 4. 
$+,7"#5",*% ,"& !%''+< ),% !#+$"4)#% .("#%(.7%< %!!+'.(%9",(" .9!&"6
9",(%(% %&&?.,("#,+ 4"& 5","#.$+ -.&" 4. .,!)( ., -+#9%(+ ='/+ #"&%(.7+ 
%&&?%,%&.'. ., +55"((+< $+,'",(" 4. "'"5).#" ., &)+5+ 4. ), ),.$+ !%''+ 4. 
%,%&.'. !.; !%''. 4. %9!."**% #.4+((% ., 9+4+ (%&" 4% $+!#.#" ,"& &+#+ 
$+9!&"''+ &?.,$#"9",(+ 4. '!+'(%9",(+ 4"& !%''+ +#.5.,%#.+< $+,'",(",6
4+ ., (%& 9+4+ 4. $+5&."#" .& 7"#.-.$%#'. 4. !%#(.$+&%#. X"7",(.X +77"#+ 4. 
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$%9@.%9",(. ,"&&+ '(%(+ 4"&&% '(#)(()#% 4+7)(. %&&% !#+5#"''.7% 4.--)6
'.+," 4"& 4%,,+= 

D?%&5+#.(9+ 4. #.'+&)*.+," 4"& '.'("9% ,+, &.,"%#" 4. "3)%*.+,. 4. 
"3).&.@#.+ 5&+@%&" 4"&&% '(#)(()#% .9!."5%(+ !"# &" %,%&.'. '(%(.$:" ,+, 
&.,"%#. G .& $&%''.$+ %&5+#.(9+ 4. >"i(+, ^%!:'+,< $+, %55.+#,%9",(+ 
4"&&% 9%(#.$" 4. #.5.4"**% (%,5",(" %4 +5,. .("#%*.+," ,"& !%''+= V& ("'( 
4. $+,7"#5",*%< %& ("#9.," 4"&&% 5","#.$% .("#%*.+,"< %,$:" 3). '. "6
'!#.9" $+9" $+,-#+,(+ -#% ),% !#"-.''%(% (+&&"#%,*% " &% ,+#9% 4"& !#+6
4+((+ .,("#,+ 4"& 7"((+#" 4". $%#.$:. '3).&.@#%(. " 4. 3)"&&+ 4"5&. .,$#"6
9",(. 4. '!+'(%9",(+=  

<!A! 8#33%$,*'-#.'%)%,*+*',*)#%.*'

D% 4"("#9.,%*.+," 4". !%#%9"(#. %4 "4 Ωθ< &"5%(. %& $+9!+#(%9",(+ "&%6
'(.$+ 4"&&% '(#)(()#%< " 4%. 3)%&. 4.!",4" &?",(.(8 4"&&" "$$",(#.$.(8 $+, 
$). %!!&.$%#" .& $%#.$+ ,"&&" !)':+7"#< #.$:."4" &?"'"$)*.+," %,$:" 4. !.; 
%,%&.'. &.,"%#.= h)"'(" )&(.9" 7",5+,+ '"9!&.$"9",(" $+,4+((" % $+,6
(#+&&+ 4. -+#*" $+, ), ),.$+ !%''+ 4. %,%&.'. ') ), 9+4"&&+ ,"& 3)%&"< $+6
9" 5.8 +''"#7%(+ ., !#"$"4",*%< '. "'$&)4" &% !#"'",*% 4"&&" @%##" 4. 
%#9%()#% " '. %((#.@).'$" %& $+,5&+9"#%(+ ), $+9!+#(%9",(+ "&%'(.$+ 
$+, 9+4)&+ 4. "&%'(.$.(8 $+'(%,("9",(" !%#. %& 9+4)&+ (%,5",(" ,"&&?+#.6
5.," % $+9!#"''.+," 4"& &"5%9" 4. I%,4"# #"&%(.7+ %& $%&$"'(#)**+ ,+, 
$+,-.,%(+= 

<!B! C::#33*'2D8#,3%'

k&. "4.-.$. +55"((+ 4. '()4.+< % '(#)(()#% .,("&%.%(% ., $"9",(+ %#9%(+< 
%!!%#(",5+,+ %4 ),% (.!+&+5.% '(#)(()#%&" ,+, !%#(.$+&%#9",(" 4"-+#6
9%@.&"< 3)%&" .,7"$" !)E $+,'.4"#%#'. 3)"&&% 4. "4.-.$. % ("&%.+ ., %$$.%.+= 
Y''. :%,,+ .,+&(#" ),?%&("**% 9+4"'(%< ., (+(%&" J\ 9< "''",4+ $+'(.().(. 
4% $.,3)" "&"7%*.+,. -)+#. ("##% $+, .,("#!.%,+ 4. M=KC 9= P"# 3)"'(" #%6
5.+,. '. G #.(",)(+ 4. !+("# "'$&)4"#" 4%&&" %,%&.'. ,)9"#.$:" 5&. "--"((. 
P6g"&(%< $+,'.'(",(. ,"&&?"--"((+ .,'(%@.&.**%,(" 4". $%#.$:. 5#%7.(%*.+,%&. 
%''+$.%(. %&&% 4"-+#9%*.+," &%("#%&" 4"&&% '(#)(()#% $%)'%(% 4%&&" %*.+,. 
'.'9.$:" +#.**+,(%&.= 

] #.!#+7% 4. $.E '. !#"'",(%,+ 3). 4. '"5).(+ . #.')&(%(. 4. ), $+,6
-#+,(+ -#% %,%&.'. 4.,%9.$:" " '(%(.$:" ,+, &.,"%#.< $+,4+((" ') ), "4.-.6
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Effetti P-Delta esclusi Effetti P-Delta inclusi 

$.+ $%9!.+,"< '"&"*.+,%(+ -#% 3)"&&. ., "'%9"< ),% 7+&(% "'$&)4",4+ "4 
),% 7+&(% $+,'.4"#%,4+ 5&. "--"((. P6g"&(%= D?"4.-.$.+ ., 3)"'(.+," G ),+ 
4"5&. "4.-.$. %,(.'.'9.$. 4"&&% $&%''" @@Q< 4.9",'.+,%(. '",*% "$$",(#.$.6
(8 4"&&" -+#*" 4. !#+5"((+ "4 %7",(" !"#(%,(+ ),% 4.'(#.@)*.+," 4"&&" %#6
9%()#" 4+!!.%9",(" '.99"(#.$% #.'!"((+ %. 4)" !.%,. 7"#(.$%&. !%''%,(. 
!"# &?%''" 4". $",(#. 5"+9"(#.$. 4"5&. .9!%&$%(.= P"# '"9!&.$.(8 '+,+ '(%6
(" "'$&)'" "7",()%&. %'.99"(#." ,"&&" 9%''" " '. G 4),3)" !+'(+ .& $",6
(#+ 4. 9%''% ., $+##.'!+,4",*% 4"& $",(#+ 5"+9"(#.$+ 4"&&?.9!%&$%(+< % 
')% 7+&(% $+.,$.4",(" $+, .& $",(#+ 4. #.5.4"**%= V, Z.5= F=KK=% " F=KK=@ '. 
#%!!#"'",(%,+ &" '(+#." ("9!+#%&. 4. '!+'(%9",(+ #.'!"((.7%9",(" .,  

a b 

P
ia

n
o

 5
 

  

P
ia

n
o

 3
 

  

 ux uy 

 

 

Z.5= F=KK= T+,-#+,(+ 4"&&" A(+#." ("9!+#%&. 4. '!+'(%9",(+ ., 4.#"*.+," n 

/%1 "4 Q /@1 4". $",(#. 4. 9%''% 4. ("#*+ " 3)%#(+ !.%,+ ., #.'!+'(% %&&% $+!6

!.% %$$"&"#+9"(#.$% ,=K $+, "--"((. P6g"&(% .,$&)'. "4 "'$&)'.= 
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4.#"*.+," j "4 l 4". $",(#. 4. 9%''% 4"5&. .9!%&$%(. M " F ., #.'!+'(% %&6
&% $+!!.% %$$"&"#+9"(#.$% ,= K< '.% "'$&)4",4+ 4%&&?%,%&.'. 5&. "--"((. P6
g"&(% /$)#7% $+,(.,)% ., @&)1 '.% .,$&)4",4+&. /$)#7% $+,(.,)% ., #+''+1= 
T+9" '. !)E -%$.&9",(" ,+(%#" &?%,4%9",(+ ,"& ("9!+ 4"5&. '!+'(%9",(. 
4.,%9.$. #.')&(% !+$:.''.9+ .,-&)",*%(+ 4%& -",+9",+< "''",4+ &" 4)" 
$)#7" 4. $.%'$), 4.%5#%99% !#"''+$:c $+.,$.4",(. -#% &+#+= Y7.4",("6
9",(" %,$+#% !.; $+,(",)(% '%#8 &?.,-&)",*% '). 7%&+#. 4. !.$$+ 4"&&% #.6
'!+'(%= P"# 4%#" ),% 9.')#% 4. $.E '. #.!+#(%,+ ,"& ')$$"''.7+ !#+'!"((+ 
#."!.&+5%(.7+ /a%@= N1 5&. "##+#. !"#$",()%&. $:" '. $+99"((+,+ (#%'$)6
#%,4+ 5&. "--"((. P6g"&(% ,"&&% '(.9% 4"&&+ '!+'(%9",(+ 4. !.$$+ 4"& $",6
(#+ 4. 9%''% %. 7%#. !.%,. ,"&&" 4)" 4.#"*.+,.= T+9" '. !)E ,+(%#" &?",(.6
(8 4. (%&. "##+#. G ,"((%9",(" .,-"#.+#" %& Fb= 

a%@= N d Y##+#. !"#$",()%&. ,"&&% '(.9% 4"&&+ '!+'(%9",(+ 4. !.$$+ 

Piano 1 2 3 4 5 

∆∆∆∆ux= (ux - ux
PD)/ ux

PD (%) 3.74 3.34 1.88 2.74 3.20 

∆∆∆∆uy= (uy - uy
PD)/ uy

PD (%) 2.17 2.44 0.30 2.60 1.63 

O, !+? 9",+ @","7+&+ '. #.7"&% .& $+,-#+,(+ 4"5&. "'.(. 4"&&% !)':+7"#< 
"'"5).(% &),5+ &% 4.#"*.+," 5&+@%&" l %4+((%,4+ ),% 4.'(#.@)*.+," 4. 
-+#*" 4"& (.!+ (#.%,5+&%#" .,7"#'% " '!.,5",4+ &% '(#)(()#% -.,+ %4 ),+ 
'!+'(%9",(+ ., ("'(% 4"& $",(#+ 4. 9%''% 4"&&?)&(.9+ .9!%&$%(+ !%#. % NC 
$9= A. #.!+#(%,+ ., Z.5= F=KM &" $)#7" (%5&.+ %&&% @%'" RE 6 '!+'(%9",(+ 
4"& $",(#+ 4. 9%''% 4"&&?)&(.9+ .9!%&$%(+ )TI +((",)(" "'$&)4",4+ /$)#6

 

 

Z.5= F=KM= T+,-#+,(+ 4"&&" $)#7" !)':+7"# +((",)(" "'$&)4",4+  

"4 .,$&)4",4+ ,"&&?%,%&.'. 5&. "--"((. P6g"&(%== 



I+4"&&%*.+," KMM 

7% ., @&)1 "4 .,$&)4",4+ /$)#7% ., #+''+1 5&. "--"((. P6g"&(%= T+9" '. !)E 
+''"#7%#" &?.,-&)",*% 4"& -",+9",+ ')&&% !",4",*% .,.*.%&" 4"&&% $)#7% 
+77"#+ ')&&% .,.*.%&" #.5.4"**% 4"&&% '(#)(()#% G !#%(.$%9",(" ,)&&% "< 
-.,+ % '!+'(%9",(. 4. KC $9 $.#$%< &+ '$+'(%9",(+ 4"&&" $)#7" G %@@%6
'(%,*% @%''+B '. 5.),5" %& !.; %4 ), JCb $.#$% 4. 4.--"#",*% -#% . (%5&. 
%&&% @%'" ,". 4)" $%'.= k&. '$%#(. $:.%#%9",(" %)9",(%,+ %& $#"'$"#" 
4"&&% 4"-+#9%*.+,"< !"# '!+'(%9",(. ')!"#.+#. %. KC $9< 5.),5",4+ ., 
$+##.'!+,4",*% 4"&&% -.," 4"&&?%,%&.'.< !"# ),+ '!+'(%9",(+ !%#. %4 ), 
3)%#%,("'.9+ 4"&&?%&("**% 4"&&?"4.-.$.+< %4 ),% 4.--"#",*% !"#$",()%&" 
!%#. %& KCb $.#$%< ,+, (#%'$)#%@.&" 9% ,"((%9",(" .,-"#.+#" % 3)"&&" 
)')%&9",(" #.'$+,(#%(% !"# "4.-.$. ., %$$.%.+ 9"4.+6%&(.= A. ,+(% .,-.," 
$:"< $+9" '. 7"4#8 ,"& '"5).(+< &" %,%&.'. !)':+7"# 4"5&. "4.-.$.6'()4.+< 
!"# . 9+(.7. !.; %7%,(. .&&)'(#%(.< 7"##%,,+ .,("##+((" ., $+##.'!+,4",*% 
% &.7"&&. 4. '!+'(%9",(+ %& !.; 4"&&?+#4.," 4. KC $9 "< $+9" %!!",% 7.'(+ 
., (%&" $%9!+ 4. 7%&+#.< 5&. "##+#. $:" '. $+99"((+,+ .5,+#%,4+ 5&. "--"((. 
4"& '"$+,4+ +#4.," '+,+ !.; $:" %$$"((%@.&.= g),3)" &?%!!#+''.9%*.+," 
-%((% #.')&(% !.",%9",(" 5.)'(.-.$%(%= 

E! 2%.3*/0,%.*'-.0;,#&%3*/5#'6*'&06#,,%9*0)#'*)'F-#)G##+'

f",5+,+ +#% 4. '"5).(+ 4.'$)''" %&$)," !%#(.$+&%#. 3)"'(.+,. " !#+@&"6
9%(.$:" .,"#",(. &% 9+4"&&%*.+," 4"5&. "4.-.$.6'()4.+ $+, .& '+-(i%#" !#"6
'$"&(+ ,+,$:c &" '(#%("5." '"5).(" !"# &% &+#+ #.'+&)*.+,"= 

E!=! 2.0;,#&%3*/5#'/0))#++#'%,,H(+0'6*'*&-%,/%3*'.*$*6*'

V, '"4" 4. "'"$)*.+," 4"&&" %,%&.'. '(%(.$:" '. G !+()(% ,+(%#" &% !#"6
'",*% ,"& 9+4"&&+ '(#)(()#%&" 4. '-+#*. ,+#9%&. .,'+&.(%9",(" %&(. ')&&" 
(#%7.= T+,')&(%,4+ .& '.(+ )--.$.%&" 4"& !#+5#%99% W!",A""' "4 . -+#)9 
4. ')!!+#(+ %5&. )(",(. '. G #.$+,+'$.)(+ ), (%&" !#+@&"9% $+9" ), .,6
$+,7",.",(" ,+(+ " $+,,"''+ %&&H.,(#+4)*.+," 4. .9!%&$%(. #.5.4. ,"& 9+6
4"&&+= P"# +77.%#" % 3)"'(+ .,$+,7",.",(" '. G !",'%(+ 4. .,(#+4)##" 
%&&H.,("#,+ 4"& 9+4"&&+ ., $+##.'!+,4",*% 4". ,+4. 4. $+,$+##",*% -#% !.6
&%'(#. " (#%7.< .,("#!+'(. -#% &" %'(" 4"&&+ '$:"9%< 4"5&. )&("#.+#. "&"9",(. 
,"& '"5).(+ 4",+9.,%(. X/#,/-&%''-X= ] 3)"'(+ '$+!+ -#% 5&. "&"9",(. 4.6
'!+,.@.&. ,"& -#%9"i+#e W!",A""' '+,+ '(%(. '"&"*.+,%(. 5&. oS%4()
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 %&7'J) @%/'-(&p< $%#%(("#.**%(. 4%&&?%7"#" ,+4. 4. "'(#"9.(8 ,+9.,%&6
9",(" 4.--"#",(. 9% %7",(. &% 9"4"'.9% !+'.*.+,"< " 4),3)" 4%&&?%7"#" 
&),5:"**% ,)&&%< ,+,$:c $+'(.().(. 4% ),% ),.$% '"*.+," (#%7"#'%&"< &" 
$). $%#%(("#.'(.$:" !+''+,+ "''"#" +!!+#(),%9",(" -.''%(" ., @%'" %&&" 
"'.5",*" 4"&&?)(",("= Z+$%&.**.%9+ &?%((",*.+," ') ), 5","#.$+ .,,"'(+ 
(#%7"6$+&+,,% 4. ), 5","#.$+ !.%,+ /Z.5= F=KN1= V, $+##.'!+,4",*% 4. "'6
'+< .99"4.%(%9",(" % 9+,(" 4"&&% (#%7" $+,-&)",(" ')& ,+4+< '. -#%!!+6
," -#% &" 4)" %'("< ),+ 4. 3)"'(. $)'$.,"((.< .& $). !#.9+ "'(#"9+ $+.,$.4" 
$+, .& ,+4+ 4. ("'(% 4"& !.&%'(#+ "4 .& '"$+,4+ .,7"$" $+, &?"'(#"9+ .,.*.%6
&" 4"&&% ')$$"''.7% (#%7"= D% '"*.+," 4. 3)"'(+ "&"9",(+ .,("#!+'(+ 7."," 
4+(%(% 4. ),% #.5.4"**% %''.%&" "'(#"9%9",(" @%''% " 4. #.5.4"**" -&"'6
'.+,%&. $:" %& $+,(#%#.+ '+,+ "&"7%(.''.9"= V, (%& 9+4+ .& $)'$.,"((+< ., 
7.#(; 4"&&% ')% "&"7%(.''.9% 4"-+#9%@.&.(8 %''.%&"< $+,'",(" &+ '!+'(%6
9",(+ %''.%&" #"$.!#+$+ -#% . ')+. ,+4. 4. "'(#"9.(8< $+.,$.4",(. $+, 5&. 
"'(#"9. 4. (#%7" " $+&+,,% $+,-&)",(. ,"&&?.,,"'(+< "4 %''+#@",4+ $+'` .,6
("5#%&9",(" &?%*.+," +#.**+,(%&" !#+7",.",(" 4%&&% $+&+,,%< ," &.9.(% &% 
(#%'9.''.+," %&&% (#%7"= f."," ., 4"-.,.(.7% %,,)&&%(+ ., 9%,."#% !#"'6
'+$:c .,("5#%&" &+ '-+#*+ %''.%&" ') 3)"'(?)&(.9%< ., %$$+#4+ $+, &?+@."((.6
7+ 4. !%#(",*%= 

g?%&(#% !%#(" 4"7" "''"#" 5%#%,(.(% &% $+,(.,).(8 -#% $+&+,,% " (#%7" 
., ("#9.,. 4. (#%'9.''.+," 4". 9+9",(. -&"((",(. " 4"5&. '-+#*. 4. (%5&.+= 
P"# %''.$)#%#" .& !#.9+ 4. 3)"'(. #"3).'.(. G ,"$"''%#.+ 4+(%#" &% '"*.+," 

 

 
Z.5= F=KN= Z),*.+,%9",(+ 4. ), "&"9",(+ $)'$.,"((+ S%4() %&7'J)@%/'-(&= 

!.&%'(#+ 

/@"%9 i.(: q.,5"'1 

(#%7" 

 /@"%9 i.(: q.,5"'1 

$)'$.,"((+ 

/r"#+ D",5(: A"$(.+,1 
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4. #.5.4"**" -&"''.+,%&. ,". 4)" !.%,. 4. -&"''.+," 9+&(+ "&"7%("< $+9" 5.8 
4"((+ '+!#%= T.E '. +((."," %((#.@)",4+ %&&?),.$% '"*.+," 4"& !.&%'(#+ ), 
$+9!+#(%9",(+ "&%'(.$+ %((#%7"#'+ &?+55"((+ X,%/'-(&) C+",'-/X 
4"&&HW!",'""'< $+9!&"(%9",(" 4"-.,.(+ ),% 7+&(% %''"5,%(. . 9+4)&. 4. 
"&%'(.$.(8 &+,5.()4.,%&" C " (#%'7"#'%&" ; "4 .& -%((+#" 4. #.5.4"**% (+#6
'.+,%&" T ,+,$:c &H%#"% "4 . 9+9",(. 4H.,"#*.% #.'!"((+ %. 4)" %''. !#.,6
$.!%&. 4"&&% '"*.+," 4. '+&+ $%&$"'(#)**+= T+9" 9+4)&+ 4. l+),5 '. %'6
')9" .& 7%&+#" 4"& 9+4)&+ (%,5",(" % $+9!#"''.+," ,"&&?+#.5.,"< 7%&)(%6
(+ '"$+,4+ .& 9+4"&&+ 4. I%,4"# !"# $%&$"'(#)**+ ,+, $+,-.,%(+< .& 9+4)6
&+ 4. #.5.4"**% (#%'7"#'%&" ; G 3)"&&+ $:" 5&. $+##.'!+,4" '"$+,4+ &% @", 
,+(% #"&%*.+,"B 

( )ν+⋅
=

12

E
G  /F= \L1 

4+7" ν G .& $+"--.$.",(" 4. P+.''+, -.''%(+ !%#. % C=K= 
P"# 3)%,(+ #.5)%#4% .& -%((+#" 4. #.5.4"**% (+#'.+,%&" T '. %'')9" .& 

9"4"'.9+ 7%&+#" .9!."5%(+ !"# ()((" &" %'(" 4"&&+ '$:"9%= 
V 4%(. 5"+9"(#.$. 4"&&% '"*.+,"< 3)%&. %#"% " 9+9",(. 4. .,"#*.%< 4"6

7+,+ .,7"$" #.')&(%#"< &% !#.9% 9+&(+ !.$$+&% "4 . '"$+,4. 9+&(+ 5#%,4. 
#.'!"((+ %. 7%&+#. !#+!#. 4"&&" '"*.+,. 4"&&" %&(#" %'(" $+'(.()",(. .& 9+6
4"&&+= P"# (%&" #%5.+,"< -%((+ $+,7",*.+,%&9",(" #.-"#.9",(+ %4 ),% '"6
*.+," 9.,.9% 4. $%&$"'(#)**+ $+, 4.9",'.+,. 4. MC×MC $9< '. G %''),(+ 
$:" &?%#"% 4% %((#.@).#" %&&% '"*.+," "&%'(.$% 4"& 5","#.$+ $)'$.,"((+ -+'6
'" !%#. %4 ), 4"$.9.&&"'.9+ 4. 3)"&&% 4"&&% '"*.+," 4. #.-"#.9",(+ "4 . 
')+. 9+9",(. 4. .,"#*.% -+''"#+ .,7"$" 4."$.9.&% 7+&(" ')!"#.+#. % 3)"&&. 
4"&&% '("''% '"*.+,"= O, (%&" 9"(+4+ 4. (%#%()#% 4"&&" #.5.4"**" %''.%&. " 
(#%'7"#'%&. 4". $)'$.,"((. '. G #.7"&%(+ "--.$%$." !"# &" %,%&.'. '7+&(" ,"& 
'"5).(+=  

]&(#+ !#+@&"9% G &% (#%'9.''.+," (#% !.&%'(#+ " (#%7" ., $+##.'!+,6
4",*% 4"& 5","#.$+ ,+4+ 4"&&" %*.+,. 7"#(.$%&. $:"< (%,(+ !"# &% (#%7" 
3)%,(+ !"# .& $)'$.,"((+ .,("#!+'(+ -#% "''% "4 .& !.&%'(#+< $+.,$.4+,+ $+, 
5&. '-+#*. (%5&.%,(.= ]& -.," 4. %''.$)#%#" &% (#%'9.''.+," 4. 3)"'(" %*.+,.< 
%& $+9!+#(%9",(+ -&"''.+,%&" "4 %''.%&" 4"&&% '"*.+," "&%'(.$% 4"& 5","6
#.$+ $)'$.,"((+ '. G %''+$.%(% ),% &"55" $+'(.()(.7% (%5&.+6'$+##.9",(+ 4. 
(.!+ &.,"%#" !"# $.%'$),+ 4". (%5&. ,". 4)" !.%,.= D% #"%&.**%*.+," 4. $.E G 
'(%(% $+,'",(.(% 4%&&?.9!."5+ 4"&&?+55"((+ X,%/'-(&)2774%7"'(4X !#"'",(" 
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., W!",A""'< $:" $+,'",(" 4. 9"(("#" .,'."9" !.; #"&%*.+,. $+'(.()(.7" % 
4"-.,.#" .& 9+4"&&+ $+'(.()(.7+ $+9!&"(+ 4. ),% '"*.+," /Z.5= F=KF1= D" #"6
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/(%1-/$/0%#$%' 2/)"6+/$&<'?%)' ,%1-"$&' 7"%#%' "))-,$+/$/3' 2&#' +":%+"0%#$&'
/"'+",-)$/$"'(%))@%(":"2"&'00#41;3')/'*+&1+%,,"&#%'(%))%'/#/)","'(/',7&)1%4
+%',-)'2&++",*&#(%#$%',25%0/'$&+,"&#/)0%#$%'6")/#2"/$&<'

R< B?5.$"$&%:65. & A:?& "C 33!:&6$& !$"C:"35' (%))&' ,25%0/'*%+' )/'(%$%+0"4
#/8"&#%'("'*%+"&("'%'(%:&+0/$%'0&(/)"'#&#25H'(%)'$/1)"&'/))/'6/,%'(%)4
)/',$+-$$-+/<'
E"'+"%*")&1/#&'#%)',-22%,,"7&'*+&,*%$$&' TN/6<'RU' "'2"#;-%'*%+"&("'0&4
(/)"'(%)',",$%0/'6")/#2"/$&<'

N/6<'R'k'=%+"&("'%':+%;-%#8%'0&(/)"'*%+',",$%0/'6")/#2"/$&'

Modo 1 2 3 4 5 

Ty (s) 0.6580 0.2125 0.1203 0.0810 0.0627 

ωωωωy (rad/s) 9.5448 29.5577 52.2238 77.5674 100.2125 

a b 

' '

 

c"1<'W<[<'^(":"2"&'00#41;'T %PQ<RL'UV'

,25%0/'/,"00%$+"2&'T/U'%'6")/#2"/$&'T6U<'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' AWL'

E"'%,$+/11&#&' )%' :+%;-%#8%ω$'%('ω2' 2&++",*&#(%#$"'/"'0&("'2&#'(%:&+4
0/$%'/7%#$"' +",*%$$"7/0%#$%'8%+&'%('-#/' "#7%+,"&#%'#%)' ,%1#&'(%1)"'
,*&,$/0%#$"'Tc"1<'W<RQU<'^3':",,/$&'")'+/**&+$&'("',0&+8/0%#$&'0&(/)%'
ξ' */+"' /)' L_3' ,"' 7/)-$/#&' "' 2&%::"2"%#$"'α' %'β'("' ,0&+8/0%#$&'("'I/4
j)%"153'(/'"0*"%1/+%'*%+'7/)-$/+%')/'+",*&,$/'("#/0"2/'(%))&',25%0/'
6")/#2"/$&'TN/6<'AU<''

N/6<'A'k'F&%::"2"%#$"'("'I/j)%"15'*%+'/#/)","'("#/0"25%',-',25%0/'6")/#2"/$&'

ωωωωi (rad/s) ωωωωj (rad/s) αααα ββββ 

9.5448 29.5577 0.7219 0.0026 

'
E"' 7/)-$/#&' "' $/1)"' /))/'6/,%'(%))/' ,$+-$$-+/'(&7-$"' /"' 2&#$+"6-$"'(%"'
,"#1&)"'0&("'("'7"6+/+%'%('")'$/1)"&'/))/'6/,%'0&(/)%'%)/,$"2&'2&0%')&+&'
2&06"#/8"&#%'0&(/)%'TN/6<'XU3':/2%#(&'+":%+"0%#$&'/))&',*%$$+&'("'+"4
,*&,$/' %)/,$"2&'(%))@^-+&2&("2%'\'*%+' ,-&)&'("' 2)/,,%'F'%' +/**&+$&'("'
,0&+8/0%#$&'ξPQ<QL'2&#'=KCPQ<AL1<'

N/6<'X'k'N/1)"'/))/'6/,%'0&(/)"'*%+',",$%0/'6")/#2"/$&'

Modo 1 2 3 4 5 Vby,el= 

= CQC(Vby,j)j=1,...,5 

(kN) 

Vby
st
 (kN) 1958.35 257.02 98.92 47.56 26.72 

Sae
EC8

 (m/s2) 6.4299 7.0509 5.3640 4.5329 4.1460 

Vby (kN) 12592.01 1812.20 530.60 215.58 110.80 12750.52 

a b 

y

x

0.6580T= s

'

y

x

0.2125T= s

'

 

c"1<'W<RQ<'S%:&+0/$%'0&(/)"'(%)'6")/#2"/$&'(%))@'%(":"2"&'00#41;'T %PQ<RL'UV'

T/U'*+"0/'0&(&V'8%+&'#&("bT6U',%2&#(&'0&(&V'-#'#&(&<'

Indeformata Piano1 Piano2 Piano3 Piano4 Piano5



AWW' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

A< ^,%2-8"&#%'(%))%'5?5.$"$&6$?5%$A9 &?:?&.$? 5!$'2&#'"',%$$%',%1#/)"'/24
2%)%+&0%$+"2"' /+$":"2"/)"' :",,/$"' TG%$&(&' ("' "#$%1+/8"&#%' #-0%+"2/V'
?%l0/+Z' 2&#' 0.25  e  == βγ 5.0 b' =/,,&' ("' "#$%1+/8"&#%V' s01.0=∆t U'

*%+' )/'(%$%+0"#/8"&#%'(%))/'(&0/#(/'("',*&,$/0%#$&'(%)',",$%0/'"#'
2"0/' /))@%(":"2"&<' E&#&' +/**+%,%#$/$"' "#'c"1<' W<RR</' %' W<RR<6' +",*%$$"4
7/0%#$%'"'("/1+/00"'(%"'0/,,"0"',*&,$/0%#$"'("#/0"2"'/,,&)-$"'%'("'
"#$%+*"/#&' )-#1&' )/'("+%8"&#%'Y'(%"'*-#$"'(%)' $%+8&'%'(%)';-"#$&' "04
*/)2/$&' "#' +",*&,$/' /"' ,%$$%' /22%)%+&1+/00"' T)"#%%' $+/$$%11"/$%' 2&#'
"#("2/$&+"'("'7/+"/':&+0/U'#&#25H'"')&+&'("/1+/00"'0%("'T)"#%%'2&#$"4
#-%',%#8/'"#("2/$&+"U<'
>#'c"1<'W<RA<'/'%'W<RA<'6',&#&'"#7%2%'+/**+%,%#$/$"'"'*+&:")"')-#1&')@/)4
$%88/'(%"'0/,,"0"',*&,$/0%#$"'/,,&)-$"'%'("'"#$%+*"/#&')-#1&'Y<'

a b 

P
ia

n
o

 5
'

 

P
ia

n
o

 3
 

 

 

c"1<'W<RR<'S"/1+/00"'(%"'0/,,"0"',*&,$/0%#$"'/,,&)-$"'T/U''

%'("'"#$%+*"/#&'T6U'(%"'*-#$"'(%)'$%+8&'%'(%)';-"#$&'"0*/)2/$&'"#'+",*&,$/'/"'

,%$$%'/22%)%+&1+/00"'%')&+&'0%("%'*%+',25%0/'6")/#2"/$&<'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' AW]'

d%#1&#&'&+/'7/)-$/$"3' 2&0%'(%,2+"$$&'#%)'*+%2%(%#$%'*/+/1+/:&'B3' "'
0&(%))"'("'2/+"2&'(/'"0*"%1/+%'*%+')%'/#/)","'*-,5&7%+'*%+')/'*+%7","&#%'
("',*&,$/0%#$"'/,,&)-$"'%'(+":$<'=%+';-%,$@-)$"0&'2/,&'+",-)$/'#%2%,,/+"&'
(%$%+0"#/+%' *+%)"0"#/+0%#$%' ")' *+&:")&'("' ,*&,$/0%#$"' /,,&)-$"' 25%'(/'
;-%))"' ("' "#$%+*"/#&' .' (%+"7/$&' ,%2&#(&' )/' +%)/8"&#%' TW<' RAU' %' 25%' .' 1"9'
,$/$&'+/**+%,%#$/$&'"#'c"1<'W<L<'6<'>)'7/)&+%'"#'$%,$/'("';-%,$@-)$"0&'*+&:"4
)&' +/**+%,%#$/' )&' ,*&,$/0%#$&' $/+1%$' :"#&'/)';-/)%'6",&1#/',*"#1%+%' )/'
,$+-$$-+/' #%))%' /#/)","' ,$/$"25%' #&#' )"#%/+"' (%))&' ,25%0/' /,"00%$+"2&3'
:"#/)"88/$%'/))/',$"0/'(%1)"',*&,$/0%#$"'("'"#$%+*"/#&<'?%)'2/,&'("'*+%7"4
,"&#%'(%1)"',*&,$/0%#$"'/,,&)-$"')&',*&,$/0%#$&'$/+1%$'.',%0*)"2%0%#$%'
")'7/)&+%'"#'2"0/'/))/',$+-$$-+/'(%)'*+&:")&'("',*&,$/0%#$"'("#/0"2"'+/::"4
1-+/$&'"#'c"1<'W<RA<'/<'>'7/)&+"'("'$/)"',*&,$/0%#$"'$/+1%$',&#&';-"'("',%4
1-"$&'+"*&+$/$"'TN/6<'BU<'

N/6<'B'k'E*&,$/0%#$"'$/+1%$'*%+'/#/)","'*-,5&7%+'

utop,target (m) Previsione spostamenti 

assoluti 

Previsione spostamenti di 

interpiano 

0.1255 0.1354 

'
X< ^,%2-8"&#%'("'5?5.$"$&"353$A9 &?:?&.$? 5!$<'N/)"'/#/)","',&#&':"#/)"88/4
$%'/))/'(%$%+0"#/8"&#%'(%"'*/+/0%$+"' "#%)/,$"2"' "'%('Iµ<'E&#&'#%2%,4
,/+"%'(-%'/#/)","'(",$"#$%'%'(-%'(%$%+0"#/8"&#"'(",$"#$%V'-#/'-$")"88/'

a b 

' '

 

c"1<'W<RA<'=+&:")"'0%("')-#1&')@/)$%88/'(%1)"',*&,$/0%#$"'("#/0"2"'V'

/,,&)-$"'T/U'%'("'"#$%+*"/#&'T6U<'



AW\' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

")'0&(%))&'("'2/+"2&'*%+')/',$"0/'(%1)"',*&,$/0%#$"'/,,&)-$"'%('")'2&++"4
,*&#(%#$%' ,*&,$/0%#$&' $/+1%$3' )@/)$+/' ")' 0&(%))&' ("' 2/+"2&' %' )&' ,*&4
,$/0%#$&'$/+1%$'*%+')/',$"0/'(%1)"',*&,$/0%#$"'+%)/$"7"<''

• D 3 !%$?5E$:? &6 .& !5CC:!3:'Iµ<TN/6<' LU' 2&0%' +/**&+$&' $+/' ")'
$/1)"&'/))/'6/,%'0&(/)%3'(%$%+0"#/$&'/)'*+%2%(%#$%'*-#$&'R3'%('")'
$/1)"&' /))/' 6/,%' &$$%#-$&' "#' %,"$&'/))/' 1%#%+"2/'/#/)","' *-,5&7%+'
(%)',",$%0/3'"#'2&++",*&#(%#8/'(%))&',*&,$/0%#$&'$/+1%$'7/)-$/$&'
2&0%'/)'*-#$&'A'%'2&#'")'+%)/$"7&'0&(%))&'("'2/+"2&<''

N/6<'L'k'd/)&+"'(%)'+/**&+$&'Iµ'

Vby,el (kN) Previsione spostamenti 

assoluti 

Previsione spostamenti di 

interpiano 12750.52 

Vb,u (kN) 4973.17 4943.03 

Rµµµµ 2.564 2.579 

• D 3 !%$?5E$:? & 6 ..F AA ?3!$A$3G& 6 .. & !$@$6 EE &  "3' 2&0%'*&,"4
8"&#%' )-#1&' )@/,,%' M' (%)' 6/+"2%#$+&' (%"' $/1)"' /))/' 6/,%' (%"' $%)/"'
*"/#"'*/+/))%)"'/('Y'2&0*&#%#$"')/',$+-$$-+/3',%2&#(&')/',%2&#(/'
(%))%'+%)/8"&#"'TW<'\U<'C#25%'"#';-%,$&'2/,&'.'#%2%,,/+"&':/+%'(-%'
(",$"#$"' 2/)2&)"' "#' 2&++",*&#(%#8/' (%))%' (-%' /#/)","' ,$/$"25%' #&#'
)"#%/+"' %,%1-"$%' 2&#' /)$+%$$/#$"' 0&(%))"' ("' 2/+"2&' %' ,*&,$/0%#$"'
$/+1%$<' >#' N/6<' W' ,&#&' +"*&+$/$"' "' $/1)"' /))/' 6/,%' (%"' $%)/"' %(' "#'
N/6<']')@%22%#$+"2"$9'(%))%'+%,",$%#8%<'

N/6<'W'k'=&,"8"&#%'+",*%$$&'/)'6/+"2%#$+&'(%))@"0*/)2/$&'%''

$/1)"'/))/'6/,%'(%"'$%)/"'"#'("+%8"&#%'Y''

"#'2&++",*&#(%#8/'(%))&',*&,$/0%#$&'$/+1%$'

Previsione spostamenti assoluti 

Telaio 1 2 3 4 5 6 7 8 

x (m) -14.25 -10.25 -5.75 -1.75 1.75 5.75 10.25 14.25 

Vby
st
 (kN) -375.52 -504.09 -362.60 -822.02 -874.50 -392.84 -1030.60 -611.01 

Previsione spostamenti di interpiano 

Telaio 1 2 3 4 5 6 7 8 

x (m) -14.25 -10.25 -5.75 -1.75 1.75 5.75 10.25 14.25 

Vby
st
 (kN) -372.43 -500.44 -362.02 -814.41 -866.63 -392.14 -1025.29 -609.66 



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' AW['

N/6<']'k'^22%#$+"2"$9'(%))%'+%,",$%#8%'

Previsione spostamenti assoluti 

L=LX (m) em/L em (m) es (m) es/L 

28.50 0.15 4.275 -2.462 -0.0859 

Previsione spostamenti di interpiano 

L=LX (m) em/L em (m) es (m) es/L 

28.50 0.15 4.275 -2.449 -0.0864 

F&0%',"'*-J'&,,%+7/+%'")'+/**&+$&'Iµ'7/+"/',%**-+'("'*&2&''/)'7/4
+"/+%'(%)'0&(%))&'("'2/+"2&'%'(%))&',*&,$/0%#$&'$/+1%$3'0%#$+%'")'
*/+/0%$+&' "'+"0/#%',&,$/#8"/)0%#$%'"#7/+"/$&<'

' a b 

1 

' '

2 

' '

 

c"1<'W<RX<'^7&)-8"&#%'(%))@%22%#$+"2"$9'(%))%'+%,",$%#8%'(-+/#$%')@/#/)","'TRU''

%'(",$+"6-8"&#%'(%"'$/1)"'/))/'6/,%'#%1)"'%)%0%#$"'+%,",$%#$"'/))/':"#%''

(%))@/#/)","'TAU'*%+'*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"'T/U'%'(%"'(+":$'T6U<'



A]Q' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

CM'CR' FE'

>#'c"1<'W<RX<R</'%'W<RX<R<6'.'+/**+%,%#$/$/')@%7&)-8"&#%'(%))/'*&,"4
8"&#%'(%)'2%#$+&'("'+%,",$%#8/'FE')-#1&')@/,,%'M'(-+/#$%')@/#/)","3'
#%)'2/,&'("'0&(%))&'("'2/+"2&'%',*&,$/0%#$&'$/+1%$'+",*%$$"7/0%#4
$%':"#/)"88/$&'/))/'*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"'%'("';-%)4
)"'("'"#$%+*"/#&<'E"'*-J'6%#'7%(%+%'25%'"#'%#$+/06"'"'2/,"')@%22%#4
$+"2"$9'(%))%' +%,",$%#8%3' "#"8"/)0%#$%'#-))/3'2&#("8"&#%'25%'2&++"4
,*&#(%' /))@&77"/' 2&"#2"(%#8/' :+/' "' 2%#$+"' ("' +"1"(%88/' %' ("' +%,"4
,$%#8/'/('"#"8"&'/#/)","3'2&0"#2"/'/'2+%,2%+%'"#'7/)&+%'/,,&)-$&'%'
(-#;-%'/'+"(-+,"'"#'7/)&+%'+%)/$"7&'T/77"2"#/0%#$&'("'FE'/)'2%#4
$+&'(%))%'0/,,%'FGU3':"#&'/('/,,%,$/+,"',-'-#'7/)&+%'0%("/0%#$%'
2&,$/#$%' %'*/+"' /';-%))&' :"#/)%' "#' 2&++",*&#(%#8/'("'-#&',*&,$/4
0%#$&' "#' $%,$/' (%))@%(":"2"&' ("' 2"+2/' RQ' 20<' O-"#("' /)' $%+0"#%'
(%))@/#/)","' )/' *&,"8"&#%' (%)' 2%#$+&' (%))%' +%,",$%#8%' .' ,$/6")%<' >#'
c"1<'W<RX<A</'%'W<RX<A<6',&#&'"#7%2%'+/**+%,%#$/$%3'+",*%$$"7/0%#4
$%'#%"'2/,"'("'0&(%))&'("'2/+"2&'%',*&,$/0%#$&'$/+1%$'*%+')/'*+%7"4
,"&#%'(%1)"' ,*&,$/0%#$"'/,,&)-$"' %'*%+';-%))/'(%"'(+":$3' )%'(",$+"4
6-8"&#"'(%"'$/1)"'/))/'6/,%'(%1)"'%)%0%#$"'"#'("+%8"&#%'Y'/))/':"#%'
(%))@/#/)","V'#%"'(-%'2/,"')%'(",$+"6-8"&#"',&#&'*+/$"2/0%#$%'2&"#4
2"(%#$"'2&0%'*%+/)$+&',"'7%(%'/#25%'(/))/'$/6%))/'W<'>#'c"1<'W<RB</'
%'W<RB<6'.'"#:"#%'+/**+%,%#$/$/'#%"',-%'2/,"')/'*&,"8"&#%',-))@'"04
*/)2/$&'(%)'2%#$+&'("'+%,",$%#8/3'"#$%+0%("/':+/';-%))/'(%"'2%#$+"'
("'+"1"(%88/'%'("'0/,,/<'

a b 

' '
'

 

c"1<'W<RB<'=&,"8"&#%'(%)'2%#$+&'("'+%,",$%#8/'FE',-))@"0*/)2/$&'V'

*%+'*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"'T/U'%'("'"#$%+*"/#&'T6U<'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A]R'

6.1.2. Sequenza operativa per schema asimmetrico 

 /',%;-%#8/'&*%+/$"7/'*%+')&',25%0/'/,"00%$+"2&'+"25"%(%'")'2/)2&)&'(%"'
*/+/0%$+"'%)/,$"2"' !'%('Ωθ3' ")'2/)2&)&'(%))%'%22%#$+"2"$9'2&++%$$"7%3' )@%,%4
2-8"&#%' (%))%' /#/)","' *-,5&7%+' 2&#' %' ,%#8/' %22%#$+"2"$9' 2&++%$$"7%' %' )%'
/#/)","'("#/0"25%'#&#')"#%/+"'2&,$"$-%#$"')&',$+-0%#$&'("'2&#$+&))&<'?%)'
,%1-"$&'7%++/##&'*/,,/$"'"#'+/,,%1#/'"'("7%+,"'*/,,"'(%))/'*+&2%(-+/3'2&#'
+":%+"0%#$&' /))@%(":"2"&'00#41;' *+%,2%)$&' *%+' )&' ,7&)1"0%#$&' ("' ;-%,$&'
%,%0*"&'#-0%+"2&<''

B< B?5.$"$&%:65. & A:?& "C 33!:&6$& !$"C:"35' (%))&' ,25%0/'*%+' )/'(%$%+0"4
#/8"&#%' ("' *%+"&("' %' (%:&+0/$%' 0&(/)"' #&#25H' (%"' 2&%::"2"%#$"' ("'
,0&+8/0%#$&' ("' I/j)%"15<' E"' +"%*")&1/#&' #%)' ,-22%,,"7&' *+&,*%$$&'
TN/6<' \U' "' *%+"&("' 0&(/)"' (%)' ,",$%0/' /,"00%$+"2&3' +/11+-**/$"' "#'
$%+#%'0&(/)"3'2"/,2-#/'(%))%';-/)"'2&++",*&#(%'/('-#'#-0%+&'("'#&("'
#%))/'(%:&+0/$/'0&(/)%'"#:%+"&+%'("'-#&'/)'#-0%+&'"(%#$":"2/$"7&'(%)4
)/'$%+#/',$%,,/<'S/$/')/',"00%$+"/'(%))@%(":"2"&'"#$&+#&'/)'*"/#&'7%+$"4
2/)%'DMm3'2"/,2-#/'$%+#/'.'2&,$"$-"$/'(/'-#'0&(&'(",/22&**"/$&')-#1&'
)/'("+%8"&#%'M'%'(-%'0&("'2&#'/22&**"/0%#$&')/$%+&4$&+,"&#/)%'#%))/'
("+%8"&#%'&+$&1&#/)%<'F&0%',"'*-J'7%(%+%'(/"'7/)&+"'(%"'*%+"&("'"#'$/4
6%))/3'$%#(&#&'/('h/22/7/))/+,"h')%'$%+#%'2&++",*&#(%#$"'/('-#'#-0%+&'
*"`' %)%7/$&' ("' "#7%+,"&#%' (%)' ,%1#&'(%1)"' ,*&,$/0%#$"' #%))/' +%)/$"7/'
(%:&+0/$/'T/('%,%0*"&'-#&'(%"'(-%'0&("'/22&**"/$"'(%))/';-/+$/'$%+4
#/' h*+%2%(%h' -#&' (%"' (-%'0&("' /22&**"/$"' (%))/' $%+8/' $%+#/' /7%#(&'
*%+"&(&'0/11"&+%U<'

N/6<'\'k'=%+"&("'%':+%;-%#8%'0&(/)"'*%+',",$%0/'6")/#2"/$&'

Terna modale 1 2 3 4 5 

Tx (s) 0.6370 0.2084 0.1204 0.0834 0.0665 

Tyθθθθ (s) 0.7680 0.2483 0.1412 0.0968 0.0758 

Tθθθθy (s) 0.5040 0.1632 0.0924 0.0632 0.0496 

=%+' ;-/#$&' (%$$&' "#' *+%2%(%#8/3' /"' :"#"'(%))/'(%$%+0"#/8"&#%'(%))%'
:+%;-%#8%'ω$'%('ω23'#%2%,,/+"%'/)'2/)2&)&'("'α'%'β3',"'%,2)-(&#&'"'0&("'$+/4
,)/8"&#/)"' )-#1&' M' %' ,"' 2&#,"(%+/#&' (-%'0&("' /22&**"/$"3' /**/+$%#%#$"'
-#&' /))/' *+"0/' %' )@/)$+&' /))/' ,%2&#(/' $%+#/3' 2-"' 2&++",*&#(%' ")' *%+"&(&'
0/11"&+%'#%))@/06"$&'(%))/'0%(%,"0/'$%+#/<' %':+%;-%#8%'2&++",*&#(%#4



A]A' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

$"'/'$/)"'0&("',/+/##&';-%))%'2&#'2-"'7/)-$/+%'α'%'β<'?%)',%1-"$&',"'*+&4
*&#%'")'2/)2&)&'TN/6<'[U<*%+')@%,%0*"&'"#'&11%$$&3'%::%$$-/$&''/7%#(&'*&,$&'
")'+/**&+$&'("',0&+8/0%#$&'ξ'*/+"'/)'L_<'

N/6<'['k'F&%::"2"%#$"'("'I/j)%"15'*%+'/#/)","'("#/0"25%',-',25%0/'/,"00%$+"2&'

Ti (s) Tj (s) ωωωωi (rad/s) ωωωωj (rad/s) αααα ββββ 

0.7680 0.2483 8.1810 25.3007 0.6182 0.0030 

>#'c"1<'W<RL<'/'%'W<RL<'6',"'+/**+%,%#$/#&')%'(%:&+0/$%'0&(/)"'2&++"4
,*&#(%#$"'/))%':+%;-%#8%'ω$'%('ω2',%)%8"&#/$%'*%+'")'2/)2&)&'(%"'2&%::"2"%#4
$"'("',0&+8/0%#$&'("'I/j)%"15<'

L< D 3 !%$?5E$:? & 6 ..5& C:"$E$:? & 6 ..F5"" & 6$& 3:!"$:? & :33$%5. &  & 6/?4

H/ &6 ..F AA ?3!$A$3G&6 .. &!$@$6 EE & !V&%,%2-8"&#%'("'$+%'(",$"#$%'/#/4
)","')"#%/+"'(%)',",$%0/'/,"00%$+"2&'2&#':&+8%'F'"#'("+%8"&#%'M'%('Y'%'
2&**"%'$&+2%#$"' FM ⋅= 1 /**)"2/$%'"#'2&++",*&#(%#8/'("'-#';-/)-#;-%'
*-#$&'(%))@"0*/)2/$&3'#%)'2/,&'"#'%,/0%'")'2%#$+&'("'0/,,/3'+",*%$$&'/)'
;-/)%'7%++9'7/)-$/$/')/'*&,"8"&#%'(%))@/,,%<'E"'#&$/'"#'*+&*&,"$&'25%')/'
(",$+"6-8"&#%'("':&+8%'-$")"88/$/'/))&',2&*&'.';-%))/'$+"/#1&)/+%'"#7%+4
,/3'"#';-/#$&'/**+&,,"0/#(&')/':&+0/'(%)'*+"0&'0&(&'(%)'2&++",*&#4
(%#$%' ,",$%0/' 6")/#2"/$&3' .' +/**+%,%#$/$"7/' ("' -#/' 2&#("8"&#%' ("'
,$+-$$-+/' #&#' (/##%11"/$/' %' (-#;-%' ,"' +"$"%#%' /**+&*+"/$/' *%+' -#'
2/)2&)&' )"#%/+%<'d/'2&0-#;-%'#&$/$&'25%'#%)'*/+$"2&)/+%'2/,&'"#'%,/4

a b 

y

x

0.7680T= s

y

x

0.2483T= s

'

 

c"1<'W<RL<'G&("'(%))&',25%0/'/,"00%$+"2&'(%))@'%(":"2"&'00#41;'T %PQ<RL'UV'

T/U'*+"0/'$%+#/'0&(/)%V'8%+&'#&("b'T6U',%2&#(/'$%+#/'0&(/)%V'-#'#&(&<'

Indeformata Piano1 Piano2 Piano3 Piano4 Piano5



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A]X'

0%')@%(":"2"&'.'(&**"/0%#$%',"00%$+"2&'#%))%'+"1"(%88%'%')@/,"00%$+"/'
.')"0"$/$/'/))/',&)/'(",$+"6-8"&#%'(%))%'/+0/$-+%'25%3'2&0%'1"9'(%$$&'
"#'*+%2%(%#8/3'#&#'7%#1&#&'"#2)-,%'#%)'0&(%))&'("'2/)2&)&'#%))&',7&)4
1"0%#$&'(%))%'/#/)","' )"#%/+"<'S-#;-%'%,,&'+",-)$/'(&$/$&'("'/,,%'(%"'
2%#$+"' %)/,$"2"3' 2&"#2"(%#$%' 2&#' )/' 7%+$"2/)%' */,,/#$%' *%+' "' 2%#$+"' ("'
$-$$"'1)"'"0*/)2/$"<' @/,,%'("'$&+,"&#%'&$$"0/)%'7"%#%'(-#;-%'/'2&"#2"4
(%+%'2&#')@/,,%'(%"'2%#$+"'%)/,$"2"'%('"#';-%,$&'2/,&')/',-/'*&,"8"&#%'.'
"#("*%#(%#$%' (/))/' */+$"2&)/+%' (",$+"6-8"&#%' ("' :&+8%' -$")"88/$/' *%+'
(%$%+0"#/+)/<'?%)'*"`'1%#%+/)%'2/,&'("'/,,%#8/'("'-#'/,,%'(%"'2%#$+"'
%)/,$"2"3')/'*&,"8"&#%'(%))@/,,%'("'$&+,"&#%'&$$"0/)%'.'"#7%2%3'/#25%',%'
(%6&)0%#$%3'2&#("8"&#/$/'(/))/'(",$+"6-8"&#%'("':&+8%'-,/$/'*%+'7/)-4
$/+)/<' /'*&,"8"&#%'(%))@/,,%'("'$&+,"&#%'&$$"0/)%'+",*%$$&'/))/'7%+$"2/4
)%'*/,,/#$%'*%+'"'2%#$+"'("'0/,,/'("'$-$$"'1)"'"0*/)2/$"3'"#'2-"')%',-(4
(%$$%'(",$+"6-8"&#"'("':&+8%'%'2&**"%',&#&'/**)"2/$%3',"'+"2/7/3'/'*/+$"4
+%'(/))%'(",$+"6-8"&#"'("'+&$/8"&#"' $&+,"&#/)"3'25%'(/'%,,%',&#&'(%$%+4
0"#/$%3',%2&#(&')%'+%)/8"&#"'TW<'RU3'TW<'AU'%'TW<'XU'+"*&+$/$%'#%)'*+%2%4
(%#$%'*/+/1+/:&'A<R3'2&0%';-"'("',%1-"$&'"))-,$+/$&<'

N/6<'RQ'k'I&$/8"&#"'$&+,"&#/)"'("'"0*/)2/$&'/"'7/+"')"7%))"'2/-,/$"'

(/"'$+%',",$%0"'("'2/+"2&'2&#,"(%+/$"'

Piano θθθθFX
 (rad) θθθθFY

 (rad) θθθθM
 (rad) 

1 -4.9407E-12 4.7569E-05 1.1127E-05 

2 -1.8516E-11 1.1454E-04 2.6793E-05 

3 -4.5857E-11 1.7584E-04 4.1131E-05 

4 -7.8410E-11 2.2205E-04 5.1943E-05 

5 -1.2895E-10 2.4956E-04 5.8378E-05 

 /' *+%2%(%#$%' $/6%))/' RQ' +"*&+$/' "' 7/)&+"' (%))%' +&$/8"&#"' $&+,"&#/)"'
(@"0*/)2/$&'/"'7/+"')"7%))"'2&#,%1-%#$"')@/**)"2/8"&#%'(%))/'0%(%,"0/'("4
,$+"6-8"&#%' )"#%/+%'("' :&+8%'(/**+"0/' )-#1&'M'%'*&"' )-#1&'Y'#&#25H'("'
-#/'(",$+"6-8"&#%'("' 2&**"%'/7%#$"'/"'7/+"'*"/#"' )/'0%(%,"0/' "#$%#,"$9'
(%))%'2&++",*&#(%#$"':&+8%'("'*"/#&'(%))%'(-%'*+%2%(%#$"'(",$+"6-8"&#"<'

?%))/' ,-22%,,"7/' $/6%))/' RR' ,"' +"*&+$/' )/' *&,"8"&#%' (%))@/,,%' ("' $&+4
,"&#%'&$$"0/)%'+",*%$$&'/)'2%#$+&'("'0/,,/'(%)'1%#%+"2&'"0*/)2/$&')-#1&'
%#$+/06"'1)"'/,,"'("'+":%+"0%#$&<'



A]B' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

N/6<'RR'k'=&,"8"&#%'(%))@/,,%'("'$&+,"&#%'&$$"0/)%'+",*%$$&'

'/)'2%#$+&'(%))%'0/,,%'

a b
FY 

 b
FX

 x0-xCM (m) y0-yCM (m) 

8.6394E-09 7.3867E-08 -2.8075E-14 -4.2750 0.0000 

E"'#&$/',-6"$&'25%')/'(",$/#8/'(%))@/,,%'("'$&+,"&#%'&$$"0/)%'+",*%$$&'
/)'2%#$+&'("'0/,,/'+/**+%,%#$/'*+&*+"&')@%22%#$+"2"$9'(%))%'+"1"(%88%'2%+4
2/$/3' )/';-/)%'*%+'(%:"#"8"&#%'/)'2%#$+&'("'0/,,/'.'+":%+"$/<'=%+')@-,&'("'
;-%,$&' */+/0%$+&' /))@"#$%+#&' (%))%' :&+0-)%' ("' 2/)2&)&' (%))%' %22%#$+"2"$9'
2&++%$$"7%' .' *%+J' #%2%,,/+"&' #&+0/)"88/+#%' ")' 7/)&+%' +",*%$$&' /))/' )-#4
15%88/'(%))@"0*/)2/$&' )-#1&' )/'("+%8"&#%'("'/,"00%$+"/'(%)',",$%0/'&74
7%+&')/'M<'>#:"#%',"'#&$/'25%')/'*&,"8"&#%')-#1&'M'(%))@/,,%'("'$&+,"&#%'&$4
$"0/)%'+",*%$$&'/)'2%#$+&'(%))%'0/,,%'.'-1-/)%'%'2&#$+/+"/'/))@%22%#$+"2"$9'
 %'("';-%,$@-)$"0&'+",*%$$&'/)'2%#$+&'1%&0%$+"2&'(%))@"0*/)2/$&<'S-#;-%'
"#'(%:"#"$"7/')@/,,%'("'$&+,"&#%'&$$"0/)%'"#';-%,$&'2/,&'2&"#2"(%3'2&0%'*%4
+/)$+&'1"9'#&$&3'2&#')/'7%+$"2/)%'*/,,/#$%'*%+'"'6/+"2%#$+"'1%&0%$+"2"'(%"'
7/+"'"0*/)2/$"'2&,$"$-%#$%')@/,,%'(%"'2%#$+"'%)/,$"2"'(%))@%(":"2"&<'E"'+"*&+4
$/' /' ,%1-"+%' )/' $/6%))/' RA' 2&#' )@"#("2/8"&#%' (%:"#"$"7/' (%))@%22%#$+"2"$9'
(%))%'+"1"(%88%'/("0%#,"&#/)"88/$/'+",*%$$&'/))/')-#15%88/'(%))@"0*/)2/4
$&'#%))/'("+%8"&#%'("'/,"00%$+"/'(%)',",$%0/',$+-$$-+/)%<''

N/6<'RA'k'^22%#$+"2"$9'(%))%'+"1"(%88%'#&+0/)"88/$/''

+",*%$$&'/))/')-#15%88/'(%))@"0*/)2/$&'

L=LX (m) er=x0-xCM (m) er/L 

28.50 7.3867E-08 -0.15 

W< D 3 !%$?5E$:? & 6 $& C5!5% 3!$&Ωθ(' %('Ωθ,V& %,%2-8"&#%' ("' $+%' (",$"#$%'
/#/)","')"#%/+"'(%)',",$%0/'/,"00%$+"2&'2&#':&+8%'F'"#'("+%8"&#%'M'%('
Y'%'2&**"%'$&+2%#$"' FM ⋅= 1 3'/**)"2/$%'"#'2&++",*&#(%#8/'(%))@/,,%'("'
$&+,"&#%'&$$"0/)%<'C"'':"#"'(%)'2/)2&)&'.';-%,$/'7&)$/'#%2%,,/+"&'%,$+/+4
+%' "' 7/)&+"' (%1)"' ,*&,$/0%#$"3' "#' ("+%8"&#%' M' %(' Y3' (%))/' $+/22"/' =Q'
(%))@/,,%' ("' $&+,"&#%' &$$"0/)%' ,-))@"0*/)2/$&' *&,$&' /' ;-&$/' /**+&,,"4
0/$"7/0%#$%' */+"' /' Hz ⋅= 8.00 3' (&7-$"' +",*%$$"7/0%#$%' /(' -#/' ("4

,$+"6-8"&#%'("':&+8%')-#1&'M'%')-#1&'Y3'#&#25H')%'+&$/8"&#"'$&+,"&#/)"'
(%))&',$%,,&'"0*/)2/$&'2&#,%1-%#$"')@/**)"2/8"&#%'("'-#/'(",$+"6-8"&#%'
("' 2&**"%' $&+2%#$"' #-0%+"2/0%#$%' -1-/)"' *"/#&' *%+' *"/#&' /))%' :&+8%'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A]L'

(%))%',-((%$$%'(",$+"6-8"&#"<'>'*+&:")"' "#'/)$%88/'("' :&+8%'%'2&**"%'"04
*"%1/$%'/';-%,$&',2&*&',&#&' "'0%(%,"0"' "#'*+%2%(%#8/'-$")"88/$"'*%+'
)@"#("7"(-/8"&#%'(%))/'*&,"8"&#%'(%))@/,,%'("'$&+,"&#%'&$$"0/)%<''
>#'*+"0&')-&1&'7"%#%'(-#;-%'"#("7"(-/$&')@"0*/)2/$&'/';-&$/'E)'"#'+/4
1"&#%'(%))@/)$%88/'$&$/)%'I'(%))@%(":"2"&'&77%+&'(%))@/)$%88/'("'"#$%+*"/4
#&'9'%'(%)'#-0%+&'(%"'*"/#"'=C&TN/6<'RXU<'

N/6<'RX'k'>0*/)2/$&'/';-&$/'E)PQ<\'I''

h (m)  Np H (m) z0 (m) impalcato 

3.20 5 16.00 12.80 4 

E-22%,,"7/0%#$%' ,"' 7/)-$/#&' TN/6<' RBU' )%' 2&0*&#%#$"' ("' 0&$&' (%)'
*-#$&'=Q' "#'*+%2%(%#8/'(%:"#"$&' "#'2&++",*&#(%#8/'(%))@"0*/)2/$&'"#4
("7"(-/$&'"#'N/6<'RX<''

N/6<'RB'k'F&0*&#%#$"'("'0&$&'"#'=Q',-))@"0*/)2/$&'/';-&$/'E)&'

impalcato ux
FX

 (m) uy
FY

 (m) θθθθM
 (rad) 

4 5.9296E-03 6.3466E-03 5.1943E-05 

>#:"#%',"'(%$%+0"#/#&3'/'*/+$"+%'(/))%',-((%$$%'2&0*&#%#$"'("'0&$&'"'
+/11"'1"+/$&+"'(%))%'+"1"(%88%'!J(&%(&!J,',%2&#(&')%'+%)/8"&#"'TW<'LU'%'(/'
;-%,$"3' "#,"%0%'/)' +/11"&'1"+/$&+%'(%))%'0/,,%'!03' ,%2&#(&' )%' TW<'BU' "'
*/+/0%$+"'Ωθ(' %('Ωθ,' TN/6<RLU3' ")' ,%2&#(&' (%"' ;-/)"' 7"%#%' "0*"%1/$&'
*%+'")'2/)2&)&'(%))%'%22%#$+"2"$9'2&++%$$"7%<'

N/6<'RL'k'=/+/0%$+"'Ωθ('%('Ωθ,&'

rkx (m) rky (m) rm (m) ΩΩΩΩθθθθ  ΩΩΩΩθθθθ!' ΩΩΩΩθθθθ'

11.054 10.684 9.871 1.082 1.120 1.120 

]< ^,%2-8"&#%'(%))%'5?5.$"$&6$?5%$A9 &?:?&.$? 5!$'(%)',",$%0/'/,"00%4
$+"2&'2&#')%',%$$%'2&**"%'("'/22%)%+&1+/00"'/+$":"2"/)"':",,/$"'TG%$&(&'
("' "#$%1+/8"&#%' #-0%+"2/V'?%l0/+Z' 2&#' 0.25  e  == βγ 5.0 b' =/,,&' ("'
"#$%1+/8"&#%V' s01.0=∆t U'*%+')/'(%$%+0"#/8"&#%'(%"'("/1+/00"'("'2&#4

:+&#$&'(%1)"',*&,$/0%#$"'("#/0"2"')-#1&')/'("+%8"&#%'("'"#$%+%,,%3'&74
7%+&')/'Y3'/,,&)-$"'%'("'"#$%+*"/#&3'(%"'*-#$"'(%"'7/+"'"0*/)2/$"<'E&#&'
+/**+%,%#$/$"'"#'c"1<'W<RW</'%'W<RW<6'+",*%$$"7/0%#$%'"'("/1+/00"'(%"'
0/,,"0"',*&,$/0%#$"'("#/0"2"'/,,&)-$"'%'("'"#$%+*"/#&')-#1&')/'("+%4



A]W' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

8"&#%'Y'(%"'*-#$"'(%)'$%+8&'%'(%)';-"#$&'"0*/)2/$&'"#'+",*&,$/'/))%',%$4
$%' 2&**"%' /22%)%+&0%$+"25%' #&#25H' "' )&+&' ("/1+/00"' 0%("' T)%' )"#%%'
$+/$$%11"/$%'2&#'"#("2/$&+"'("'7/+"/':&+0/',"'+":%+",2&#&'/"'("/1+/00"'
2&#,%1-%#$"')@/**)"2/8"&#%'(%))/',"#1&)/'2&**"/'("'/22%)%+&1+/00"3')%'
)"#%%' 2&#$"#-%' ,%#8/' "#("2/$&+"' "#7%2%' ,"' +":%+",2&#&' /"' ("/1+/00"'
0%("':+/';-%))"'+%)/$"7"'/))%',"#1&)%'2&**"%U<''
>#'c"1<'W<R]</'%'W<R]<6',&#&'+/::"1-+/$"'"'("/1+/00"'(%1)"',*&,$/0%#$"'
0%("' "#'("+%8"&#%'Y'+",*%$$"7/0%#$%'/,,&)-$"' %'("' "#$%+*"/#&'/"'7/+"'
)"7%))"'(%))@%(":"2"&V';-%,$%'(",$+"6-8"&#"'2&,$"$-",2&#&')%'2-+7%'("'+":%4
+"0%#$&'2&#'2-"'2&#:+&#$/+%'"'("/1+/00"'(%1)"',*&,$/0%#$"3'/,,&)-$"'
%'+%)/$"7"3'(%"'*-#$"'(%1)"'"0*/)2/$"'&$$%#-$"'(/))%'/#/)","',$/$"25%'#&#'
)"#%/+"<' C22/#$&' /))%' (",$+"6-8"&#"' ("' ,*&,$/0%#$&' *%+' ")' ,",$%0/' /4

a b 

P
ia

n
o

 5
'

 

P
ia

n
o

 3
 

 

 

c"1<'W<RW<'S"/1+/00"'(%"'0/,,"0"',*&,$/0%#$"'/,,&)-$"'T/U''

%'("'"#$%+*"/#&'T6U'(%"'*-#$"'(%)'$%+8&'%'(%)';-"#$&'"0*/)2/$&'"#'+",*&,$/'/"'

,%$$%'/22%)%+&1+/00"'%')&+&'0%("%'*%+',25%0/'/,"00%$+"2&<'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A]]'

Piano3Piano1 Piano2 Piano4 Piano5

,"00%$+"2&3'"#("2/$%'2&#')"#%/'2&#$"#-/'("'2&)&+%'7/+"/6")%'/',%2&#(/'
(%)'*"/#&'2&0%' "#("2/$&' "#' )%1%#(/3' ,&#&' $+/22"/$%'/#25%'(%))%' )"#%%'
$+/$$%11"/$%'2&#'"'0%(%,"0"'2&)&+"3'25%'+/**+%,%#$/#&'"'2&++",*&#(%#4
$"'("/1+/00"'(%1)"',*&,$/0%#$"'&$$%#-$"'*%+')&',25%0/'6")/#2"/$&'/,4
,&2"/$&'/))@%(":"2"&' "#'&11%$$&<'F&0%',"'*-J'&,,%+7/+%' )%' 2-+7%'(%))@/4
,"00%$+"2&'+%)/$"7%'/"'7/+"'*"/#"'T2-+7%'2&#$"#-%'"#'c"1<'W<R]</U'5/#4
#&'/#(/0%#$"',"0")"':+/')&+&'%'2"J'.'"#("2%'("'-#/'2%+$/'+%1&)/+"$9'(%)4
)/',$+-$$-+/'"#'%)%7/8"&#%<'E%'*&"',"'+/::+&#$/#&'$/)"'2-+7%'2&#')%'2&+4
+",*&#(%#$"' (%))&' ,25%0/' 6")/#2"/$&' ,"' *&,,&#&' ,%0*+%' +"2&#&,2%+%3'
,&*+/$$-$$&'/"'*"/#"'/)$"V',*&,$/0%#$"'2&0*/+/6")"'$+/'/,"00%$+"2&'%'
6")/#2"/$&',-)')/$&',"#",$+&'(%))@"0*/)2/$&3'&77%+&'")')/$&'+"1"(&'#%)',%4
1-"$&'(%#&$/$&' /$&'Rb',*&,$/0%#$"',-*%+"&+"'#%))@/,"00%$+"2&'+",*%$4
$&'/)'6")/#2"/$&',-)')/$&'(%,$+&3'&77%+&'")')/$&':)%,,"6")%'#%)',%1-"$&'"#4
("2/$&'2&0%' /$&Ab'0%#$+%'#%))/'8&#/'"#$%+#/'(%))@"0*/)2/$&'1)"',*&4
,$/0%#$"' (%))@/,"00%$+"2&' ,&#&'#%$$/0%#$%' "#:%+"&+"' /' ;-%))"' (%)' 6"4
)/#2"/$&3' 2&#("8"&#%' ;-%,$@-)$"0/' 25%' 1"-,$":"2/' )/'0&(/)"$9' ("' "#7"4
)-**&'(%"'("/1+/00"',$/$"2"'*+%7",$/'(/)'0%$&(&'*+&*&,$&3'2&0%',"'")4
)-,$+%+9'0%1)"&'"#',%1-"$&<'=%+';-/#$&'/$$"%#%'/))%'(",$+"6-8"&#"'

a b 

' '

 

c"1<'W<R]<'S"/1+/00"'(%"'0/,,"0"',*&,$/0%#$"'/,,&)-$"'T/U''

%'("'"#$%+*"/#&'T6U'/"'7/+"'*"/#"'2&0%'0%("%'(%"'("/1+/00"'+%)/$"7"'/))%''

,"#1&)%'2&**"%'/22%)%+&0%$+"25%'*%+',25%0/'/,"00%$+"2&'%'6")/#2"/$&<'



A]\' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

Asimm. CM' Asimm. Lato1'Bilanciato Asimm. Lato2'

"#'*"/#$/'(%1)"',*&,$/0%#$"'("'"#$%+*"/#&3',"'*-J'#&$/+%'25%')%'2-+7%'
(%))@/,"00%$+"2&' T2-+7%' 2&#$"#-%' "#' c"1<' W<R]<6U' +%)/$"7%' /1)"' -)$"0"'
(-%'*"/#"',"'$+&7/#&'/)'("',&$$&'("';-%))%'+%)/$"7%'/"'*+"0"'$+%3'")'25%'
%7"(%#8"/'-#/'0/,,"0/'+"25"%,$/'("',*&,$/0%#$"'("'"#$%+*"/#&'/)'$%+4
8&'*"/#&'(%))@%(":"2"&<'>)'2&#:+&#$&':+/'$/)"'2-+7%'%')%'2&++",*&#(%#$"'(%)'
6")/#2"/$&'+"7%)/'$%#(%#8%'/#/)&15%'/';-%))%'1"9'&,,%+7/$%'/'*+&*&,"$&'
(%1)"',*&,$/0%#$"'/,,&)-$"<''
E"1#":"2/$"7"' ,&#&' "#&)$+%' "' *+&:")"' (%1)"' ,*&,$/0%#$"' ("#/0"2"' 0%("'
/,,&)-$"'%'("'"#$%+*"/#&')-#1&')@/)$%88/3'+/**+%,%#$/$"'+",*%$$"7/0%#4
$%'"#'c"1<'W<R\</'%'W<R\<6'*%+',",$%0/'6")/#2"/$&'T2-+7/'$+/$$%11"/$/'"#'
6)-U'%',",$%0/'/,"00%$+"2&'"#'2&++",*&#(%#8/'(%))/'7%+$"2/)%'*/,,/#4
$%' *%+' "' 2%#$+"' ("'0/,,/' T2-+7/' 2&#$"#-/' "#' 6)-U3' (%)' /$&' R3' T2-+7/'
2&#$"#-/' "#' +&,/U' %' (%)'  /$&' A' T2-+7/' 2&#$"#-/' "#' /88-++&U<' @/#(/4
0%#$&' "#' /)$%88/' (%1)"' ,*&,$/0%#$"' /,,&)-$"' Tc"1<' W<R\</U' 2&#:%+0/'
;-/#$&'1"9'&,,%+7/$&',&*+/'2"+2/')%'(",$+"6-8"&#"' "#'*"/#$/V' ")'*+&:")&'
(%))@/,"00%$+"2&' "#' 2&++",*&#(%#8/' (%"' 2%#$+"' ("' 0/,,/3' *&,$"' #%))/'
8&#/'"#$%+#/'(%))@"0*/)2/$&3'.'*"`'/++%$+/$&'+",*%$$&'/)'2&++",*&#(%#4
$%' *+&:")&' (%)' 6")/#2"/$&b' ")' *+&:")&' +%)/$"7&' /)' )/$&' R' .' *+/$"2/0%#$%'
2&"#2"(%#$%' 2&#' ;-%))&' (%)' 6")/#2"/$&3' ")' *+&:")&' +%)/$"7&' /)' )/$&' A' ,"'
$+&7/'$-$$&'*"`'/'(%,$+/'("';-%))&'(%)'6")/#2"/$&<'

a b 

' '

 

c"1<'W<R\<'=+&:")"'"#'/)$%88/'(%"'0/,,"0"',*&,$/0%#$"'("#/0"2"'0%("''

/,,&)-$"'T/U'%'("'"#$%+*"/#&'T6U'*%+'6")/#2"/$&'%'/,"00%$+"2&<'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A]['

Piano3Piano1 Piano2 Piano4 Piano5

C#/)&15%'$%#(%#8%',"'+"2&#&,2&#&'"#'c"1<'W<R\<6'*%+')%'(%+"7%'("'*"/4
#&3' (&7%' +",-)$/' 6%#' 7","6")%' -#/' :&+0/' 2&0-#%' /"' ("7%+,"' *+&:")"3'
*+&6/6")0%#$%'"#'2&#,%1-%#8/'(%)'0&(%))&'("'2/+"2&'/(&$$/$&3'2/+/$4
$%+"88/$/'(/'-#'/#(/0%#$&' 2+%,2%#$%'(%))/'(&0/#(/',",0"2/'(%1)"'
,*&,$/0%#$"'("'"#$%+*"/#&'/"'*+"0"'(-%'*"/#"3'2&#'+/11"-#1"0%#$&'("'
-#'*"22&'/)'$%+8&'*"/#&'%',-22%,,"7/'*+&1+%,,"7/'+"(-8"&#%'/1)"'-)$"4
0"'(-%'*"/#"<'

\< ^,%2-8"&#%'("'/?5&5?5.$"$&"353$A5&?:?& .$? 5! &" A:?6:& .F5CC!:AA$:&6$&
?:!%53$75'2&#':&+8%'/**)"2/$%'"#'2&++",*&#(%#8/'(%)'2%#$+&'("'0/,,/'
/"' 7/+"' *"/#"<' E"' +"*&+$/#&' "#' c"1<' W<R[</' )/' 2-+7/' $/1)"&' /))/' 6/,%' 4'
,*&,$/0%#$&' "#' $%,$/' +%)/$"7/' /' ;-%,$/' /#/)","' %(' "#' c"1<' W<R[<6' )%'
2-+7%'$/1)"&'("'*"/#&'4',*&,$/0%#$&'("'"#$%+*"/#&'/"'7/+"')"7%))"'(%))@%4
(":"2"&<' %'2-+7%'("'c"1<'W<R[',"'+":%+",2&#&'/))@/#/)","' :"#/)"88/$/'/))/'
*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"<'?/$-+/)0%#$%'.',$/$/'2&#(&$$/'
-#/'/#/)&1/'/#/)","'*%+')/'*+%7","&#%'(%"'(+":$3'(%))/';-/)%';-"3',%04
*)"2%0%#$%'*%+'6+%7"$93'#&#',"'+"*&+$/#&')%'+%)/$"7%'"00/1"#"<'

[< BCC.$A5E$:? & 6 ..5&% 3:6:.:@$5& 6$& $?65@$? ' *+&*&,$/'0%("/#$%' %,%4
2-8"&#%'("'(-%'(",$"#$%'/#/)","'*-,5&7%+'2&#'/)$+%$$/#$%'%22%#$+"2"$9'
(%)'2/+"2&3'(%#&0"#/$%'%22%#$+"2"$9'2&++%$$"7%3'%('"#7")-**&'(%"'+",-)4

a b 

' '

 

c"1<'W<R[<'=-,5&7%+'("'?&+0/$"7/'*%+'*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"V'

F-+7/'$/1)"&'/))/'6/,%'4',*&,$/0%#$&'"#'$%,$/'T/U'%'2-+7%''

$/1)"&'("'*"/#&4',*&,$/0%$&'("'"#$%+*"/#&'T6U<'



A\Q' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

$/$"'"#'$%+0"#"'("',*&,$/0%#$"',$/$"2"'/,,&)-$"'%'+%)/$"7"'(%"'*-#$"'(%4
1)"'"0*/)2/$"'/"'7/+"')"7%))"'(%))/',$+-$$-+/<'

• K5.A:.:&6 .. & AA ?3!$A$3G&A:!! 33$7 3'/$$+/7%+,&')%':&+0-)%'+"*&+$/$%'
#%)'+%)/$"7&'2/*"$&)&3'"#'+/1"&#%'(%"'*/+/0%$+"' !3'Ωθ3' "'%('Iµ<'
S/$&'25%'"'*/+/0%$+"' "'%('Iµ'"#'1%#%+/)%'7/+"/#&'2&#'")'0&(%))&'("'
2/+"2&' %' )&' ,*&,$/0%#$&' $/+1%$' (%))/' *-,5&7%+' (%)' 6")/#2"/$&' 2&#'
2-"',&#&',$/$"'(%$%+0"#/$"3',"':/##&'(-%'(",$"#$"'2/)2&)"'(%))%'%22%#4
$+"2"$9'2&++%$$"7%V'-#/'2&**"/'("'%,,%'(%7%'%,,%+%'-,/$/'*%+')/'*+%4
7","&#%' (%1)"' ,*&,$/0%#$"' /,,&)-$"3' )@/)$+/' *%+' )/' *+%7","&#%' (%1)"'
,*&,$/0%#$"'("' "#$%+*"/#&<'E"'+"*&+$/' "#'$/6%))/'RW'")'2/)2&)&'(%))%'
%22%#$+"2"$9' 2&++%$$"7%3' +":%+"$%' /)' 2%#$+&' (%))%'0/,,%'(%)' 1%#%+"2&'
"0*/)2/$&' %' #&+0/)"88/$%' +",*%$$&' /))/' ("0%#,"&#%' (%))@"0*/)2/$&'
)-#1&' )/' ("+%8"&#%' ("' /,"00%$+"/<' E"' +"%*")&1/#&' #%)' ,-22%,,"7&'
*+&,*%$$&'TN/6<'R]U')%')&+&'*&,"8"&#"',-))@"0*/)2/$&'+",*%$$&'/)'2%#4
$+&'("'0/,,/'"#'-#"$9'("')-#15%88/<'

N/6<'RW'k'F/)2&)&'(%))%'%22%#$+"2"$9'2&++%$$"7%&'

Previsione degli spostamenti assoluti 

er/L ΩΩΩΩθθθθ  es/L Rµµµµ e1/L' e2/L'

-0.1500 1.120 -0.0859 2.564 -0.0800 0.0127 

Previsione degli spostamenti di interpiano 

er/L ΩΩΩΩθθθθ  es/L Rµµµµ e1/L' e2/L'

-0.1500 1.120 -0.0864 2.579 -0.0799 0.0127 

N/6<'R]'k'=&,"8"&#%',-))@"0*/)2/$&'(%"'*-#$"'("'/**)"2/8"&#%'

(%))%':&+8%',$/$"25%',%2&#(&'")'0%$&(&'*+&*&,$&&'

Previsione degli spostamenti assoluti 

L=Lx (m) e1/L' e2/L' e1 (m) e2 (m) 

28.50 -0.0800 0.0127 -2.280 0.363 

Previsione degli spostamenti di interpiano 

L=Lx (m) e1/L' e2/L' e1 (m) e2 (m) 

28.50 -0.0799 0.0127 -2.277 0.363 

F&0%',"'*-J'&,,%+7/+%'"'7/)&+"'(%))%'%22%#$+"2"$9'2&++%$$"7%'(/'"04
*"%1/+%'#%))/'*+%7","&#%'(%"'(+":$'("'*"/#&',&#&',&,$/#8"/)0%#$%'"'



C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&' A\R'

K'PFI' FG' FcR' FcA'

0%(%,"0"'(/'"0*"%1/+%'#%))/'*+%7","&#%'(%1)"',*&,$/0%#$"'/,,&)-4
$"<' >#&)$+%' ,"' #&$/' 25%3'0%#$+%' ,-)' )/$&'R' ")' *-#$&'("' /**)"2/8"&#%'
(%))%':&+8%',$/$"25%'FcR',"'2&))&2/'"#'*&,"8"&#%'"#$%+0%("/'$+/'2%#4
$+&'("'+"1"(%88/'%'2%#$+&'("'0/,,/3',-)')/$&'A')/',-/'*&,"8"&#%'FcA''
.'/,,/"'*+&,,"0/'/';-%))/'(%)'6/+"2%#$+&'(%))%'0/,,%'2&0%'7","6")%'
"#'c"1<'W<AQ<'

• L" A/E$:? &6 ..5&C!$%5&5?5.$"$&C/"9:7 !&C! 7$"35&65.&% 3:6:&C!:4

C:"3:-& A:?&  AA ?3!$A$3G& A:!! 33$75&  ;-& ? A ""5!$5& 5& A:@.$ ! & @.$& "C:4

"35% ?3$&6$?5%$A$&"/.&.53:&;&6 ..F$%C5.A53:M'
>#' c"1<' W<AR<R</' %' W<AR<R<6' ,&#&' +/**+%,%#$/$%' +",*%$$"7/0%#$%' )/'
2-+7/'*-,5&7%+'%')%'2-+7%'$/1)"&'("'*"/#&4,*&,$/0%#$"'("'"#$%+*"/4
#&'&$$%#-$%'/"'7/+"')"7%))"'/',%1-"$&'("';-%,$/'/#/)","3'2&#'")'0&(%))&'
("' 2/+"2&' %' )&' ,*&,$/0%#$&' $/+1%$' (/' "0*"%1/+%' *%+' )/' *+%7","&#%'
(%1)"',*&,$/0%#$"'/,,&)-$"<'C#/)&15"'("/1+/00"',&#&',$/$"'+"2/7/$"'
2&#' ")'0&(%))&'("' 2/+"2&' %' )&' ,*&,$/0%#$&' $/+1%$' +%)/$"7"'/1)"' ,*&4
,$/0%#$"'("'"#$%+*"/#&<'

• L" A/E$:? & 6 ..5& " A:?65& 5?5.$"$& C/"9:7 !& C! 7$"35& 65.& % 3:6:&

C!:C:"3:-& A:?&  AA ?3!$A$3G& A:!! 33$75&  N3' ? A ""5!$5& 5& A:@.$ ! & @.$&
"C:"35% ?3$&6$?5%$A$&"/.&.53:&N&6 ..F$%C5.A53:M'

a b 

' '
'
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(%))%':&+8%',$/$"25%',%2&#(&'")'0%$&(&'*+&*&,$&'V''
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A\A' C**)"2/8"&#%'(%)'0%$&(&'/)'0-)$"*"/#&'
'

Piano3Piano1 Piano2 Piano4 Piano5

 %' c"1<' W<AR<A</' %' W<AR<A<6' +/::"1-+/#&' +",*%$$"7/0%#$%' )/' 2-+7/'
*-,5&7%+' %' )%' 2-+7%' $/1)"&' ("' *"/#&4,*&,$/0%#$"' ("' "#$%+*"/#&' /"'
7/+"')"7%))"'(%))@%(":"2"&3'&$$%#-$%'/',%1-"$&'("';-%,$/'/#/)","3'2&#'")'
0&(%))&'("'2/+"2&'%')&',*&,$/0%#$&'$/+1%$'(/'"0*"%1/+%'*%+')/'*+%4
7","&#%'(%1)"',*&,$/0%#$"'/,,&)-$"<'C#/)&15"'("/1+/00"',&#&',$/$"'
+"2/7/$"'2&#'")'0&(%))&'("'2/+"2&'%')&',*&,$/0%#$&'$/+1%$'+%)/$"7"'/4
1)"',*&,$/0%#$"'("'"#$%+*"/#&<'

• O?7$./CC:&6 $&6$5@!5%%$&"353$A$&:33 ?/3$&A:?& AA ?3!$A$3G&A:!! 33$7 &

 !"# $  "%&&'($"!# )*$+,$(!+-%# ,!))$# ,'&-"'./0'%+!# '+#  '$+-$# ,!'#
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#:/"9!#-$2)'%#,'# '$+%@#& %&-$(!-%#,'#'+-!" '$+%#<.=3#



A  )':$0'%+!#,!)#(!-%,%#$)#(/)-' '$+%# 5BC#

Dinamica bilanciato Pushover con e1# Inviluppo Pushover con e1 ed e2#

Dinamica asimmetrico Pushover con e2# Pushover Normativa

($&&'('#& %&-$(!+-'#,'+$(':'D#$&&%)/-'#!#,'#'+-!" '$+%D#$'#9$"'#)'@
9!))'# #$%&'(%&)%#$%&#* #( +*,#-,.)(,/01,%&,#- 2*,#.3%.)+4 &),#-,&+5

4,$,# &%&$67# $%&# ,*# -,+2(+44+# - 2*,# .3%.)+4 &),# .)+),$,# %)) &0)%#

. 20 &-%# *8+33(%$$,%# -,# &%(4+),9+D# %99!"%# /+$# &!( )':!# $+$)'&'#
 /&8%9!"#:%+#E%"0!#$  )':$-!#$'#:!+-"'#,'#($&&$#,!'#9$"'#'( $):$-'3#
F+#1'23#43553#$#!#43553#.#&'# "% %+2%+%#'#,'$2"$(('#,'#:%+E"%+-%D#'+#
-!"('+'# "'& !--'9$(!+-!# ,'# & %&-$(!+-'# $&&%)/-'# !# ,'# '+-!" '$+%D#
E"$# $+$)'&'# ,'+$(':$# <:/"9$# :%+-'+/$# '+# .)/=D# '+9')/  %#,!))!# ,/!#
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5BI# A  )':$0'%+!#,!)#(!-%,%#$)#(/)-' '$+%#
#

 /&8%9!"# :%+# !::!+-"':'-;# :%""!--'9!# <:/"9$# :%+-'+/$# '+# +!"%=# !,#
$  "%::'%#+%"($-'9%#<:/"9$#:%+-'+/$#'+#($""%+!=3#J!))!#&-!&&!#E'@
2/"!# &%+%# "' %"-$-'D# :%(!# )'+!!# -"$--!22'$-!D# $+:8!# ')# ,'$2"$(($#
,!2)'# & %&-$(!+-'# ,'+$(':'# ,!)# &'&-!($# .')$+:'$-%# <'+# .)/=D# '# ,'@
2"$(($# '+-!"'# ,!2)'# & %&-$(!+-'# &-$-':'# "!)$-'9'# $))!# &'+2%)!#  /@
&8%9!"#:%+#!::!+-"':'-;# !#<:/"9$#'+#"%&$=#!,# "#<:/"9$#'+#$00/""%=3#
?%(!# &'#  /K# +%-$"!# $))*/)-'(%# '( $):$-%# -/--'# '# ,'$2"$(('# ,!2)'#
& %&-$(!+-'#$&&%)/-'#<1'23#43553#$=#:%+&!2/!+-'#$,#$+$)'&'#&-$-':8!#
+%+# )'+!$"'#&'# '+:%+-"$+%#'+#:%""'& %+,!+0$#,!))%#& %&-$(!+-%#,'@
+$(':%#,!)#:!+-"%#,'#($&&$# !"#&:8!($#.')$+:'$-%3#?'K#L#,%9/-%#$)@
)$#:%&-"/0'%+!#&-!&&$#,!))$# "!&!+-!# "%:!,/"$#!,#'+# $"-':%)$"!#$)@
)$# &:!)-$#,'#$&&/(!"!# -$)!#9$)%"!# :%(!#& %&-$(!+-%# -$"2!-# !"# )!#
$+$)'&'# &-$-':8!# ,!))*$&'((!-"':%3# 7!"# )$# (!,!&'($# "$2'%+!# )$#
& !00$-$#,!))*'+9')/  %# "!&!+-$#')#:$(.'%#,'# !+,!+0$# "% "'%# '+#
:%""'& %+,!+0$# ,!)#  /+-%# $9!+-!D# :%(!# $&:'&&$# )$#  %&'0'%+!# ,!)#
:!+-"%# ,'# ($&&$D# !,# %",'+$-$# :%'+:',!+-!# :%+# )%# & %&-$(!+-%# ,'@
+$(':%#,!)#.')$+:'$-%3#F)# /+-%#,'#'+:%+-"%#,!'#,'$2"$(('#&-$-':'#$'#
 '$+'# '+E!"'%"'#L# '+9!:!# '+#2!+!"$)!#& %&-$-%D#$+:8!#&!#,'# %:%D#"'@
& !--%#$))$# %&'0'%+!#,!)#.$"':!+-"%#,!))!#($&&!3#?%(!#2';#%&&!"9$@
-%#'+# "!:!,!+0$D#)%#& %&-$(!+-%#,'+$(':%#,!))%#&:8!($#.')$+:'$-%#
"'&/)-$#$#-/--'# '# '$+'#&!( "!#$,!2/$-$(!+-!#($22'%"!#,!))%#& %@
&-$(!+-%# ,!)# .$"':!+-"%# ,!))!#($&&!#+!)# :%""'& %+,!+-!# $&'((!@
-"':%3# ?'K# L# !&&!+0'$)!# $)# E'+!# ,'# %--!+!"!D# $#(!00%# ,!))*'+9')/  %#
,!))!# ,/!#  /&8%9!"# :%+#!::!+-"':'-;# :%""!--'9!D#/+$# &-'($# :%+&!"@
9$-'9$# ,!2)'# & %&-$(!+-'# ,'+$(':'# ,!))*$&'((!-"':%# +!'#  /+-'# '+@
-!"+'#,!))*'( $):$-%3#F+E$--'#$'#9$"'#)'9!))'#)*'+:%+-"%#,!'#,'$2"$(('#
"!)$-'9'#$))!#,/!# /&8%9!"#:%+#!::!+-"':'-;#:%""!--'9!#$99'!+!# "%@
 "'%##'+#:%""'& %+,!+0$#,!))%#& %&-$(!+-%#,'+$(':%#,!)#.')$+:'$-%#
&!( "!# '+#  "%&&'('-;# ,!))$#  %&'0'%+!# ,!)# .$"':!+-"%# ,!))!#($&&!3#
M+%#& %&-$(!+-%#,!))*$&'((!-"':%# '+#:%""'& %+,!+0$#,!)#.$"':!+@
-"%# ,!))!# ($&&!#  'N# $)-%# ,'# H/!))%# ,!)# :%""'& %+,!+-!# .')$+:'$-%D#
:8!#'+,'9',/$#')# /+-%#,'#'+:%+-"%#,!'#,'$2"$(('#&-$-':'#"!)$-'9'#$)@
)!#,/!# /&8%9!"#:%+#!::!+-"':'-;#:%""!--'9!D#:%+,/""!..!#'+E$--'#$,#
/+$#&-'($#+%+#:$/-!)$-'9$#,!2)'#& %&-$(!+-'#,!'# /+-'#,!))*'( $)@
:$-%# '+#/+# '+-%"+%# 'N#%#(!+%#$( '%#,!)#:!+-"%#,'#($&&$3#O'# /K#



A  )':$0'%+!#,!)#(!-%,%#$)#(/)-' '$+%# 5BP#

'+%)-"!#&!( "!#+%-$"!#:8!#&/)#)$-%#5D#')#)$-%#E)!&&'.')!D#)$#&-'($#,!@
2)'#& %&-$(!+-'#,'+$(':'#$#(!00%#,!)#(!-%,%# "% %&-%#('2)'%"$#,'#
 %:%# )$#  "!9'&'%+!# :8!# &'# %--'!+!# &!2/!+,%# )*$  "%::'%# +%"($-'9%3#
Q':!9!"&$# &/)# )$-%6D# ')# )$-%# "'2',%D# )*'+9')/  %# ,!))!# ,/!#  /&8%9!"#
"',/:!#+%-!9%)(!+-!# )$# &%--%&-'($#,!2)'# & %&-$(!+-'#,'+$(':'# "'@
& !--%# $))*/+':$#  /&8%9!"#  "!&:"'--$# ,$))$# +%"($-'9$3# 7!"# H/$+-%#
$--'!+!#$))$#,'&-"'./0'%+!# )$+'(!-"':$#,!2)'#& %&-$(!+-'#,'#'+-!"@
 '$+%#'+#E'&&$-'# /+-'#,!))*'( $):$-%#<1'23#43553#.=#9$#'++$+0'#-/--%#
"':%",$-%#:8!#!&&$#L#&-$-$#%--!+/-$#$#&!2/'-%#,'#/+$#,'9!"&$#$+$)'&'#
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Piano 
Metodo proposto Normativa 

Lato 1 Lato2 Lato 1 Lato2 

1 -5.650 6.430 -56.661 3.154 

2 -8.613 8.178 -56.815 4.748 

3 -11.039 9.897 -56.814 6.541 

4 -11.427 10.144 -56.082 6.984 

5 -10.796 8.208 -55.162 5.278 
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Piano 
Metodo proposto Normativa 

Lato 1 Lato2 Lato 1 Lato2 

1 -4.935 5.839 -56.122 2.711 

2 -9.059 6.424 -55.937 2.957 

3 -12.838 1.113 -55.671 -1.916 

4 -9.971 -2.293 -52.173 -4.710 

5 -12.512 -13.839 -51.020 -15.165 
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Dinamica bilanciato Pushover con e1# Inviluppo Pushover con e1 ed e2#

Dinamica asimmetrico Pushover con e2# Pushover Normativa
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&-/,'%D#!&&%# /K#9!+'"!#$2!9%)(!+-!#'( '!2$-%#$+:8!# !"#)$#:%( ')$0'%@
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!,'E':'%# $# &-"/--/"$# '+-!)$'$-$# '+# :!(!+-%# $"($-%D# ,$#(%,!))$"!# $--"$@
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01 *2$3%456#%27'

 !"#$%&'&(&)*!"'*"+!(+&(&,"*-"./$+$'$-0!"'$1+/*%%!"+&-"/*2$/*#$-%&"!'"3-"
1&(&"+!1&"1%3'*&,"4"1%!%!"!..(*+!%!"*-"#!-*$/!"1*1%$#!%*+!"!("+&#.($11&"
'$)(*"$'*2*+*"&))$%%&"'*"*-'!)*-$"*-"53$1%&"(!6&/&7"8/)&#$-%&"'$("./$1$-9
%$"+!.*%&(&"4" (!"6!(3%!0*&-$"'$*"/*13(%!%*"+&#.($11*6*,"+:$"1*"+&-+/$%*00!"
*-"3-")*3'*0*&" +&-+(31*6&" 13((;$22*+!+*!"'$("#$%&'&"-$((!" 1%*#!"'$((!" /*9
1.&1%!"%&/1*&-!($"'*"$'*2*+*"#3(%*.*!-&".(!-*#$%/*+!#$-%$"*//$)&(!/*7"8+9
+!-%&"!)(*" $1*%*" '*" 53$1%!" *-'!)*-$"6$-)&-&"./$1$-%!%$"!-+:$"'$(($" 6!9
/*!-%*"!((!"#$%&'&(&)*!"&/*)*-!/*!#$-%$"2&/#3(!%!".$/"1+:$#*"#&-&.*!9
-&"$"53*"$1%$1!"!"1*1%$#*"1%/3%%3/!(*".*<"+&#.($11*"/!../$1$-%!-%*"$'*2*+*"
!".*<".*!-*"+&-"1%/3%%3/!"*-%$(!*!%!"*-"+$#$-%&"!/#!%&7"=!(*"6$/1*&-*"!(9
%$/-!%*6$" '$("#$%&'&" 1%!%*+&" -&-" (*-$!/$" 1&-&" 1%!%$" $(!>&/!%$" *-" +&/1&"
';&.$/!,"13((!">!1$"'$)(*"$1*%*"'$("+&-2/&-%&"2/!"#$%&'&"./&.&1%&"$'"!-!9
(*1*" '*-!#*+!" -&-" (*-$!/$7"  *#*%!%!#$-%$" !((!" %*.&(&)*!" '$)(*" $'*2*+*" !"
1%/3%%3/!" *-%$(!*!%!" *-" +$#$-%&"!/#!%&,"'$((!"53!($" *-"53$1%!" %$1*" 1*" 4"
!-!(*00!%&"3-"1*)-*2*+!%*6&"+!#.*&-$"'*"$'*2*+*,"%!(*"6!/*!-%*"+&-1$-%&-&"
*-"!(+3-*"+!1*,"+&#$"1*"6$'/?"-$("1$)3*%&,"'*"#*)(*&/!/$"3(%$/*&/#$-%$"(!"
1%*#!" '$((!" /*1.&1%!" '*-!#*+!" '$)(*" $'*2*+*" *-" %$/#*-*" '*" 1.&1%!#$-%&,"
/*1.$%%&"!"53!-%&")*?" 2!%%&"+&-" *("#$%&'&"&/*)*-!/*&" *-"+&-2/&-%&"!((;!.9
./&++*&"./&.&1%&"'!(($"!%%3!(*"-&/#!%*6$"!-%*1*1#*+:$7"@-&(%/$"*-"!(+3-*"
+!1*" "$11$"+&-'3+&-&"!"1$#.(*2*+!0*&-*"-&%$6&(*"-$((&"1%3'*&"'$((!"/*1.&9



ABC" D*13(%!%*"

1%!"'$)(*"$'*2*+*".(!-*#$%/*+!#$-%$"*//$)&(!/*"!"#$00&"'*"!-!(*1*"1%!%*+!"
-&-"(*-$!/$7"

81 /""&#9!6#%27'47&':7$%4%'!;&#'74#<#9#'=$54#%'

 ;!..(*+!0*&-$"'$("#$%&'&"1%!%*+&"-&-"(*-$!/$"!)(*"$'*2*+*9+!#.*&-$"*-'*9
6*'3!%*" .$/" 53$1%&" (!6&/&" 4" 1%!%!" +&-'&%%!" 1*-)&(!/#$-%$" .$/" %3%%*" !%9
%/!6$/1&"($"2!1*"'$1+/*%%$"-$("./$+$'$-%$"+!.*%&(&"/*)3!/'!-%$"(;$1%$-1*&9
-$"'$((!"#$%&'&(&)*!,"&/*)*-!/*!#$-%$"./&.&1%!".$/"1+:$#*"1$#.(*2*+!%*"
#&-&.*!-&," !" 1*1%$#*" 1%/3%%3/!(*" #3(%*.*!-&" '&%!%*" '*" *//$)&(!/*%?" *-"
.*!-%!7"E3*"1*"./$1$-%!,"%/!#*%$")/!2*+*"$"%!>$(($,"3-!"1*-%$1*"'$*"/*13(%!9
%*"&%%$-3%*,"!'$)3!%!"!"6!(3%!/$"(;$22*+!+*!"'$("#$%&'&"1%!%*+&"-&-"(*-$!/$"
-$((!"./$6*1*&-$"'$((!"'&#!-'!"'*"1.&1%!#$-%&"'*-!#*+!"'$)(*"$'*2*+*7"

@-"./*#&"(3&)&"1*"/*.&/%!"3-"./&1.$%%&"F=!>7"GH"+:$"/*!113#$,".$/"*"
'*$+*"$'*2*+*"!-!(*00!%*"$'"*-"./$+$'$-0!"+(!11*2*+!%*,"*"6!(&/*"'$*".!/!#$9
%/*9+:*!6$" !," ","DI"$'"Ωθ7""

=!>7"G"J"K!/!#$%/*"9"+:*!6$".$/")(*"$'*2*+*"!-!(*00!%*"

Sigla 
Tipo  

progetto 

PGA/

g 
em/L er/L Ωθ 

Previsione  

spostamenti  

assoluti 

Previsione  

spostamenti  

relativi 

es/L Rµ es/L Rµ 

SG-P 
carichi  

gravitazionali 
0.20 0.05 -0.0500 1.014 -0.0500 2.400 -0.0500 2.417 

SG-G 
carichi  

gravitazionali 
0.20 0.15 -0.1500 1.014 -0.1500 2.400 -0.1500 2.417 

SST-P1 antisismico 0.25 0.05 -0.0500 1.112 -0.0500 2.631 -0.0500 2.637 

SST-G1 antisismico" 0.25 0.15 -0.1500 1.112 -0.1500 2.631 -0.1500 2.637 

SSR-P1 antisismico" 0.25 0.05 -0.0500 1.112 -0.0283 2.644 -0.0283 2.649 

SSR-G1 antisismico" 0.25 0.15 -0.1500 1.112 -0.0864 2.564 -0.0859 2.579 

SST-P2 antisismico" 0.4275 0.05 -0.0500 1.112 -0.0500 4.163 -0.0500 4.215 

SST-G2 antisismico" 0.4275 0.15 -0.1500 1.112 -0.1500 4.163 -0.1500 4.215 

SSR-P2 antisismico" 0.4275 0.05 -0.0500 1.112 -0.0281 4.324 -0.0274 4.384 

SSR-G2 antisismico" 0.4275 -0.15 -0.1500 1.112 -0.0855 4.050 -0.0854 4.074 



D*13(%!%*" ABL"

M-!"./*#!"+&-1*'$/!0*&-$"13*"'!%*" *-"%!>$((!"G"4" (!"1$)3$-%$N".$/"%3%%*"
)(*"$'*2*+*"$1!#*-!%*"(;$++$-%/*+*%?"'$(($"/$1*1%$-0$" "":!"1$#./$"(&"1%$11&"
1$)-&"-$)!%*6&"'$((;$++$-%/*+*%?"'$(($"/*)*'$00$# !,"#!"4"#*-&/$"&"!(".*<"
3)3!($"!'"$11!"*-"6!(&/$"!11&(3%&7"O*P"+&//*1.&-'$"!'"3-!".&1*0*&-$"'$("
+$-%/&"'*"/$1*1%$-0!"OQ"*-")$-$/!($""*-%$/#$'*!"2/!"53$(($"'$*"+$-%/*"'*"
/*)*'$00!"OD"$"'*"#!11!"OR"&"!(".*<"+&*-+*'$-%$"+&-"OD".$/")(*"$'*2*+*"
+&-"'*1%/*>30*&-$"'&..*!#$-%$"1*##$%/*+!"'$(($"!/#!%3/$7"@".!/!#$%/*"
*-$(!1%*+*"  "" $'" DI" 1&-&" 1%!%*" 6!(3%!%*" -$*" '3$" +!1*" '*" ./$6*1*&-$" '$)(*"
1.&1%!#$-%*"!11&(3%*"$"'$*"'/*2%,"#!"+&#$"1*".3P">$-"-&%!/$"($"'*22$/$-0$"
-$*"'3$"+!1*"1&-&"#&(%&"(*$6*"1&./!%%3%%&".$/"(;$++$-%/*+*%?"'$(($"/$1*1%$-9
0$7" S$(" 1$)3*%&" 1*" 4" +&-'&%%&" 3-" +!(+&(&" 1$.!/!%&" .$/" ./$6*1*&-$" '$)(*"
1.&1%!#$-%*"!11&(3%*"$"'$*"'/*2%,"1$)3$-'&"/*)&/&1!#$-%$"(!"#$%&'&(&)*!"
*-" ./$+$'$-0!" '$1+/*%%!," #!" %!($" +&-1*'$/!0*&-$" .&%/$>>$" )*31%*2*+!/$"
3-!"./*#!"!../&11*#!0*&-$"'$((!"./&+$'3/!N"(;3%*(*00&"'*"3-!"3-*+!"+&.9
.*!"'*"$++$-%/*+*%?"+&//$%%*6$".$/"(!"'$%$/#*-!0*&-$"'$((!"/*1.&1%!"1*1#*9
+!"'$((!"1%/3%%3/!"1*!"*-"%$/#*-*"'*"1.&1%!#$-%*"!11&(3%*"1*!" *-"%$/#*-*"
'*"1.&1%!#$-%*"/$(!%*6*"%/!".*!-*"+&-%*)3*7" !"6*+*-!-0!"-$*"'3$"+!1*"'$*"
.!/!#$%/*" ""$'"DI"+&-'3+$"*-2!%%*"!"+&..*$"'*"$++$-%/*+*%?"+&//$%%*6$"1&9
1%!-0*!(#$-%$"+&*-+*'$-%*,"+&#$"1*".3P"&11$/6!/$"*-"%!>$((!"T7""

=!>7"T"J"U++$-%/*+*%?"+&//$%%*6$".$/")(*"$'*2*+*"!-!(*00!%*"

Sigla 
Tipo  

progetto 
PGA/g 

Previsione  

spostamenti  

assoluti 

Previsione  

spostamenti  

relativi 

e1/L e2/L e1/L e2/L 

SG-P carichi gravitazionali 0.20 -0.0530 -0.0241 -0.0530 -0.0240 

SG-G carichi gravitazionali 0.20 -0.1591 -0.0722 -0.1589 -0.0721 

SST-P1 antisismico 0.25 -0.0432 -0.0159 -0.0432 -0.0159 

SST-G1 antisismico" 0.25 -0.1295 -0.0478 -0.1295 -0.0478 

SSR-P1 antisismico" 0.25 -0.0262 0.0046 -0.0262 0.0046 

SSR-G1 antisismico" 0.25 -0.0800 0.0127 -0.0799 0.0127 

SST-P2 antisismico" 0.4275 -0.0343 0.0081 -0.0339 0.0092 

SST-G2 antisismico" 0.4275 -0.1029 0.0244 -0.1016 0.0277 

SSR-P2 antisismico" 0.4275 -0.0192 0.0261 -0.0185 0.0274 

SSR-G2 antisismico" 0.4275 -0.0628 0.0649 -0.0624 0.0660 



ABV" D*13(%!%*"

Q*" -&%!" *-&(%/$" +:$" (;$++$-%/*+*%?" +&//$%%*6!"  $," -$+$11!/*!"!" +&)(*$/$")(*"
1.&1%!#$-%*"'*-!#*+*"'$((;*#.!(+!%&"13("(!%&"G,"'*"-&/#!"!113#$"6!(&/*"
!11!*"./&11*#*"!"53$((*"'$((;$++$-%/*+*%?"'$(($"/$1*1%$-0$,"%!-%&"-$)(*"$'*9
2*+*"%&"./&)$%%!%*".$/"1&1%$-$/$"*"1&(*"+!/*+:*")/!6*%!0*&-!(*"53!-%&"-$)(*"
$'*2*+*"%%"./&)$%%!%*"!-+:$".$/"!0*&-*"1*1#*+:$7"S$*"+!1*"'*"./&)$%%&"!-9
%*1*1#*+&"$'"$($6!%&"*#.$)-&".(!1%*+&"Dµ,"&%%$-3%&"+&-"*("(*6$((&".*<"!(%&"
'*"*-%$-1*%?"1*1#*+!,"(;$++$-%/*+*%?" $"%$-'$".$/P"!"/*'3/1*"*-"6!(&/$"!11&9
(3%&"#!-*2$1%!-'&" 3-&" 1.&1%!#$-%&" '$(" +&//*1.&-'$-%$" .3-%&" OWG," '*"
!..(*+!0*&-$" '$(($" 2&/0$" 1*1#*+:$," '!(" +$-%/&" '*" /$1*1%$-0!"OQ" 6$/1&" *("
+$-%/&" '*"#!11!"OR7" ;$++$-%/*+*%?" +&//$%%*6!"  '," -$+$11!/*!" !" +&)(*$/$"
)(*"1.&1%!#$-%*"'*-!#*+*"'$((;*#.!(+!%&"13("(!%&"T,"*-6$+$"!113#$"6!(&/*"
1*!"-$)!%*6*"1*!".&1*%*6*"#!"1$#./$"#&(%&".*++&(*,"+&-'3+$-'&"!".&1*0*&-*"
'$(".3-%&"'*"!..(*+!0*&-$"OWT"13(")$-$/*+&"*#.!(+!%&"'$(($"/$(!%*6$"2&/0$"
1*1#*+:$"1$#./$"#&(%&"./&11*#$"!"53$(($"'$("+$-%/&"'$(($"#!11$7""

Q*" /*.&/%!-&"-$(" 1$)3*%&"!(+3-*"'*!)/!##*" FW*)7"X7G,"X7T,"X7A,"X7C"$"
X7LH"/!../$1$-%!%*6*"'$(($"'*1%/*>30*&-*".(!-*#$%/*+:$"'$)(*"1.&1%!#$-%*"
!11&(3%*"$"'*"*-%$/.*!-&"&%%$-3%$"*-"$1*%&"!'"!-!(*1*"'*-!#*+!"-&-"(*-$!9
/$"F+3/6!"+&-%*-3!"*-">(3H,"*-6*(3..&"'*"!-!(*1*".31:&6$/"+&-"$++$-%/*+*%?"
+&//$%%*6$"F+3/6!"+&-%*-3!"*-"-$/&H"$'"!-!(*1*".31:&6$/"+&-"2&/0$"-$*">!9
/*+$-%/*"'$(($"#!11$"1$+&-'&"(;!../&++*&"'*"-&/#!%*6!"F+3/6!"+&-%*-3!"*-"
#!//&-$H7"@"'*!)/!##*"1*"/*2$/*1+&-&".$/">/$6*%?"!*"1&(*"$'*2*+*"+&-")/!-9
'$"$++$-%/*+*%?"'$(($"#!11$" F (YB7GL)H," +:$"1*"/*%$-)&-&")*?"$1.(*+!%*6*,"
#$-%/$"*("+&#.($11&"'$*")/!2*+*".$/"%3%%*")(*"$'*2*+*"$"%3%%*"*".*!-*"'$(")$9
-$/*+&"$'*2*+*&"4"/*.&/%!%&"-$(($"!..$-'*+*"8T"$"8A7"

@-" +*!1+3-" )/!2*+&" 1&-&" /*.&/%!%*," +&#$" (*-$$" %/!%%$))*!%$," !-+:$" *("
'*!)/!##!" '$)(*" 1.&1%!#$-%*" '*-!#*+*" '$(" 1*1%$#!" >*(!-+*!%&" F*-" >(3H"
$'"*"'*!)/!##*"*-%$/*"'$)(*"1.&1%!#$-%*"1%!%*+*"/$(!%*6*"!(($"1*-)&($".39
1:&6$/"+&-"$++$-%/*+*%?" $"F+3/6!"*-"/&1!H"$'" '#F+3/6!"*-"!003//&H7"8"+*!9
1+3-&" '$*" +*-53$" $'*2*+*" +&-" )/!-'$" $++$-%/*+*%?" !-!(*00!%*" +&//*1.&-'$"
3-!" 2*)3/!" +&1%*%3*%!"'!"53!%%/&"'*6$/1*"'*!)/!##*N" *" '3$")/!2*+*" 13((!"
+&(&--!"'*"1*-*1%/!"1*"/*2$/*1+&-&"!((!"'*1%/*>30*&-$".(!-*#$%/*+!"13(")$9
-$/*+&" *#.(!+!%&"'$)(*"1.&1%!#$-%*"!11&(3%*," *"'3$"13((!"+&(&--!"'$1%/!"
!(($"'*1%/*>30*&-*".(!-*#$%/*+:$"'$)(*"1.&1%!#$-%*"/$(!%*6*"2/!"3-".*!-&"
$'" *(" 1&%%&1%!-%$Z" 13((!" ./*#!" /*)!" 1&-&" /*.&/%!%$" ($" '*1%/*>30*&-*" *-"
.*!-%!".$/" *("53*-%&" *#.!(+!%&,"13((!"1$+&-'!"53$(($"/$(!%*6$"!(" %$/0&7"@"



D*13(%!%*" ABX"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa

#$'$1*#*"+&-2/&-%*"1*"/*./&.&-)&-&".&*"!-+:$"13((&"16*(3..&"*-"!(%$00!"
'$)(*" 1.&1%!#$-%*" !11&(3%*" $" '*" *-%$/.*!-&" 13*" '3$" (!%*" '$((;*#.!(+!%&,"
'&6$"1*"#*/!"!'"&%%$-$/$"+&*-+*'$-0!"2/!"1.&1%!#$-%*"1%!%*+*"$"'*-!#*+*7"
@-".!/%*+&(!/$"-$(($"W*)7"X7V,"X7X,"X7[,"X7\"$"X7GB,"+*!1+3-!"/$(!%*6!"!'"3-"
1*-)&(&"$'*2*+*&,"1&-&"/*.&/%!%*N"13("(!%&"1*-*1%/&"*"./&2*(*"'$)(*"1.&1%!#$-9
%*"!11&(3%*"$"13("(!%&"'$1%/&"53$((*"'$*"'/*2%"'*".*!-&,"+&-"(!%&"/*)*'&"13((!"
./*#!"/*)!"$"(!%&"2($11*>*($"13((!"1$+&-'!7"@"'*!)/!##*"/$(!%*6*"!)(*"$'*2*9
+*"+&-".*++&(!"$++$-%/*+*%?"1&-&"/*.&/%!%*"*-"8..$-'*+$"8C7"

a b 
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W*)7"X7G7"U'*2*+*&"%&*&N"'*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"'$*".3-%*"'$("%$/0&"$"'$("53*-%&"*#.!(+!%&N"+&-2/&-%*"2/!"!-!9

(*1*"'*-!#*+!,"#$%&'&"./&.&1%&"$'"!../&++*&"-&/#!%*6&7"



AB[" D*13(%!%*"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa

O&#$"1*".3P"6$'$/$"'!*")/!2*+*,"(;$'*2*+*&"%&*&"FW*)7"X7GH,"./&)$%%!%&".$/"
1&(*"+!/*+:*"6$/%*+!(*"$'"!-!(*00!%&"+&-"K]8".!/*"!"B7TB),"4"+!/!%%$/*00!%&"
'!"3-" (*6$((&" '*" 1.&1%!#$-%&" '$(" +&//*1.&-'$-%$" >*(!-+*!%&" '*" GG7C" +#,"
6!(&/$"53$1%&"!113-%&" +&#$"1.&1%!#$-%&" %!/)$%".$/" *(" +$-%/&"'*"#!11!"
'$((;3(%*#&" *#.!(+!%&" -$(($" !-!(*1*" .31:&6$/" +&-" $" 1$-0!" $++$-%/*+*%?"
+&//$%%*6$"2*-!(*00!%$"!((!"./$6*1*&-$"'$)(*"1.&1%!#$-%*"!11&(3%*7" &"1.&9
1%!#$-%&" '*-!#*+&" '$(" +$-%/&" '*" #!11!" '$((;3(%*#&" *#.!(+!%&" -$((;!9
1*##$%/*+&"4"*-6$+$"'*"+*/+!"[7L"+#"FW*)7"X7G7"!H7"
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W*)7"X7T7"U'*2*+*&"%%+*&$N"'*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"'$*".3-%*"'$("%$/0&"$"'$("53*-%&"*#.!(+!%&N"+&-2/&-%*"2/!"!-!9

(*1*"'*-!#*+!,"#$%&'&"./&.&1%&"$'"!../&++*&"-&/#!%*6&7"



D*13(%!%*" AB\"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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AGB" D*13(%!%*"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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D*13(%!%*" AGG"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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AGT" D*13(%!%*"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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D*13(%!%*" AGA"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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D*13(%!%*" AGL"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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"

=!>7"A"JU//&/*".$/+$-%3!(*"13*"(!%*"G"$"T#/ (YB7GL)0N"1.&1%!#$-%*"!11&(3%*""

SG-G 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -9.256 1.842 -97.050 10.878 

2 -11.281 0.300 -94.943 9.984 

3 -10.533 6.492 -94.261 18.042 

4 -13.761 17.130 -94.442 32.254 

5 -14.995 17.350 -93.677 31.397 

SST-G1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -5.459 0.202 -76.057 11.109 

2 -5.460 3.964 -74.475 15.014 

3 -8.825 4.480 -74.290 15.174 

4 -9.676 4.041 -73.852 14.178 

5 -9.591 5.035 -73.124 14.780 

SSR-G1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -5.650 6.430 -56.661 3.154 

2 -8.613 8.178 -56.815 4.748 

3 -11.039 9.897 -56.814 6.541 

4 -11.427 10.144 -56.082 6.984 

5 -10.796 8.208 -55.162 5.278 

SST-G2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -25.091 -3.531 -79.775 -7.502 

2 -27.366 -3.240 -78.145 -6.844 

3 -33.231 -2.426 -78.793 -5.837 

4 -32.217 4.854 -77.916 1.271 

5 -28.985 7.740 -76.214 4.129 

SSR-G2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -18.359 9.519 -58.150 -5.516 

2 -23.902 7.288 -59.318 -7.217 

3 -26.817 7.784 -59.513 -6.130 

4 -25.505 15.760 -58.267 1.223 

5 -21.564 18.386 -56.008 4.247 



ATT" D*13(%!%*"

=!>7"C"J"U//&/*".$/+$-%3!(*"13*"(!%*"G"$"T#/ (YB7GL)0N"1.&1%!#$-%*"/$(!%*6*"

SG-G 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -10.113 4.145 -96.993 11.859 

2 -12.074 2.237 -94.085 11.999 

3 -6.227 22.462 -94.785 39.329 

4 -19.495 4.810 -95.222 22.801 

5 -25.020 -4.411 -89.708 -1.639 

SST-G1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -5.297 0.455 -75.803 11.323 

2 -6.461 3.999 -73.271 14.863 

3 -14.280 -3.419 -74.411 6.194 

4 -17.966 -9.489 -74.604 -1.714 

5 -13.651 -15.249 -68.893 -11.307 

SSR-G1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -4.935 5.839 -56.122 2.711 

2 -9.059 6.424 -55.937 2.957 

3 -12.838 1.113 -55.671 -1.916 

4 -9.971 -2.293 -52.173 -4.710 

5 -12.512 -13.839 -51.020 -15.165 

SST-G2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -23.901 -0.897 -78.667 -5.123 

2 -26.502 -2.478 -74.817 -6.154 

3 -33.782 14.956 -77.327 10.393 

4 -25.382 23.411 -74.797 18.881 

5 -12.262 4.112 -68.463 1.519 

SSR-G2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -15.516 6.341 -55.908 -6.280 

2 -23.273 -0.912 -56.286 -13.318 

3 -23.316 26.962 -55.233 9.758 

4 -15.897 28.029 -51.753 11.255 

5 -3.733 0.137 -48.365 -7.402 
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=!>7"L"J"U//&/*".$/+$-%3!(*"13*"(!%*"G"$"T#/ (YB7BL)0N"1.&1%!#$-%*"!11&(3%*"

SG-P 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -0.116 10.473 -46.606 26.915 

2 -1.097 5.030 -43.171 18.722 

3 0.410 4.958 -40.674 17.790 

4 -4.497 10.434 -44.058 25.504 

5 -4.941 9.285 -43.742 23.499 

SST-P1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 19.927 -9.332 -6.699 -4.139 

2 14.177 -7.472 -9.440 -2.371 

3 8.431 -9.518 -13.112 -4.706 

4 8.196 -8.903 -12.939 -4.131 

5 8.796 -8.323 -12.095 -3.555 

SSR-P1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 13.088 -8.336 -1.939 -9.844 

2 7.779 -7.308 -5.932 -8.779 

3 4.393 -10.062 -8.439 -11.440 

4 4.697 -8.667 -7.821 -10.035 

5 4.854 -8.221 -7.422 -9.584 

SST-P2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 10.493 -3.915 -9.557 -6.559 

2 5.782 -6.800 -11.393 -9.333 

3 -1.614 -5.424 -16.714 -7.921 

4 -5.562 1.381 -19.667 -1.291 

5 -5.368 4.330 -19.197 1.603 

SSR-P2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 8.363 2.333 -2.212 -6.022 

2 1.622 -4.213 -7.318 -11.935 

3 1.026 -2.613 -7.342 -10.168 

4 -0.880 3.766 -8.783 -4.398 

5 -1.290 5.804 -8.908 -2.637 
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SG-P 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 -0.403 10.928 -46.187 27.590 

2 -0.294 1.634 -39.725 14.206 

3 4.901 17.214 -37.499 31.977 

4 -11.452 -12.782 -49.006 0.024 

5 -15.617 -14.597 -46.273 -8.318 

SST-P1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 19.697 -9.604 -6.665 -4.496 

2 10.705 -9.031 -10.690 -4.330 

3 2.355 -14.994 -16.372 -10.611 

4 -3.182 -10.956 -20.753 -6.563 

5 -3.582 -11.600 -19.888 -7.501 

SSR-P1 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 13.622 -8.143 -1.072 -9.662 

2 5.239 -10.526 -7.386 -11.864 

3 5.484 -15.417 -6.520 -16.657 

4 2.173 -11.437 -8.964 -12.685 

5 -3.027 -12.286 -12.770 -13.557 

SST-P2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 10.831 -3.074 -7.893 -6.212 

2 3.139 -7.499 -10.267 -10.355 

3 -8.584 4.853 -20.146 1.696 

4 -10.536 -0.116 -22.059 -2.935 

5 2.886 -13.149 -11.269 -14.709 

SSR-P2 

Piano 
Metodo proposto Normativa 

Lato 1' Lato2' Lato 1' Lato2'

1 8.742 1.568 -0.896 -6.714 

2 0.107 -9.247 -6.880 -16.213 

3 -3.115 6.368 -9.473 -2.729 

4 -4.684 -2.310 -10.807 -10.459 

5 7.090 -11.378 0.638 -17.944 
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&$,".$/"*("53!($"(;!++$($/!0*&-$"'*".*++&"!("13&(&"2*11!%!"4".!/*"!"B7TL)7"@-"
.!/%*+&(!/$"*-"W*)7"X7GG"1*"*1%*%3*1+$"3-"+&-2/&-%&"2/!"(!"./$6*1*&-$"'$)(*"
1.&1%!#$-%*"!11&(3%*"2!%%!"+&-"*("#$%&'&"./&.&1%&".$/"53$1%*"'3$"1*1%$#*"
1%/3%%3/!(*7"S$((!"#$'$1*#!"2*)3/!"1&-&"/!../$1$-%!%*"1*!" *"'*!)/!##*"
'$)(*"1.&1%!#$-%*"'$*".3-%*"'$("53*-%&"*#.!(+!%&,"+&-1$)3$-%*"3-!"!-!9
(*1*" '*-!#*+!" -&-" (*-$!/$" $" (;!..(*+!0*&-$" '$(" #$%&'&" ./&.&1%&" FW*)7"
X7GG7GH,"1*!"*".3-%*"13(")$-$/*+&"*#.!(+!%&"OWG"$"OWT"*-"+&//*1.&-'$-0!"
'$*" 53!(*" !..(*+!/$" ($" 2&/0$" 1%!%*+:$"!(" 2*-$"'*" &%%$-$/$" +&*-+*'$-0!" 2/!"
1.&1%!#$-%*" 1%!%*+*" $" '*-!#*+*" /*1.$%%*6!#$-%$" 13(" (!%&G" $" 13(" (!%&" T"
FW*)7" X7GG7TH7" _!((;&11$/6!0*&-$" '$*" '*!)/!##*" +&//*1.&-'$-%*" !((;*-6*9
(3..&" +&-" $++$-%/*+*%?" +&//$%%*6$" F+3/6!" +&-%*-3!" *-" -$/&H" *-" W*)7"
X7GG7G7>,".$/" (;" $'*2*+*&"%%+*&'," 4"$6*'$-%$"+:$".$/"#*)(*&/!/$" (!"1%*#!"
'$)(*" 1.&1%!#$-%*" '*-!#*+*" '$((&" 1+:$#!" !1*##$%/*+&" F+3/6!" +&-%*-3!"
*-" >(3H" 1!/$>>$" -$+$11!/*&" 1.&1%!/$" *(" .3-%&"OWG"'*" !..(*+!0*&-$" '$(($"
2&/0$" 1*1#*+:$,"-$+$11!/*&"!'" *-'*6*'3!/$" (&" 1.&1%!#$-%&"'*-!#*+&"13("
(!%&"1*-*1%/&"'$((;*#.!(+!%&," *-"'*/$0*&-$"'$((&"1%$11&" (!%&7"O*P" *-2!%%*"$9
53*6!//$>>$"!"#&'*2*+!/$"(!".$-'$-0!"'$("'*!)/!##!"/$%%*(*-$&"/!../$9
1$-%!-%$" (;!-'!#$-%&"13((;*#.!(+!%&"'$)(*" 1.&1%!#$-%*" +&-1$)3$-%*" (;!9
-!(*1*" 1%!%*+!"-&-" (*-$!/$" +&-"$++$-%/*+*%?" +&//$%%*6!"  $7" @-"!(%/$".!/&($"
1!/$>>$"-$+$11!/*&"!((&-%!-!/$"3(%$/*&/#$-%$"OWG"'!("+$-%/&"'*"#!11!"
OR"-$((!"'*/$0*&-$"'$("(!%&"/*)*'&"&66$/&"#!-%$-$/$"*("1$)-&"'$((;$++$-9
%/*+*%?" +&//$%%*6!"  $" !#.(*2*+!-'&-$" *(" 6!(&/$7" 8(" +&-%/!/*&" -$(" +!1&"



ATV" D*13(%!%*"

Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1 ed e2"

Dinamica asimmetrico Pushover con e2" Pushover Normativa

]"YOD" OR" OWG" OWT"

'$((;$'*2*+*&"%%+*&'," (;$++$-%/*+*%?" +&//$%%*6!"  $" 1*" 4" /*'&%%!" /*1.$%%&" !("
13&" 6!(&/$" /$(!%*6&" !(" 1*1%$#!" 1%/3%%3/!($"%%+*&$," -$(" 53!($" (!" ./$6*9
1*&-$" $/!" #*)(*&/$7" @" 1*1%$#*" 1%/3%%3/!(*" %%+*&$" $'" %%+*&'" -$*" 2!%%*"
/!../$1$-%!-&" *("#$'$1*#&" $'*2*+*&" $" 1&-&" +!/!%%$/*00!%*"'!*"#$'$1*#*"
6!(&/*"'$*".!/!#$%/*"$(!1%*+*" !"$'"Ωθ,"-&-+:d"'!"3-!"1%$11!"$++$-%/*+*%?"
'$(($"/$1*1%$-0$" ","*-"$-%/!#>*"*"+!1*"+&*-+*'$-%$"+&-"(;$++$-%/*+*%?"'$(($"
/*)*'$00$" !".$/"(!"'&..*!"1*##$%/*!"'$((!"'*1%/*>30*&-$"'$(($"!/#!%3/$7""

a b 

1"

 
 

2    

  
 

W*)7"X7GG7"K/$6*1*&-$"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"'$*".3-%*"'$("53*-%&"

*#.!(+!%&"FGH"$".&1*0*&-$"'$*".3-%*"'*"!..(*+!0*&-$"'$(($"2&/0$"1%!%*+:$"FTH""

1$+&-'&"*("#$%&'&"./&.&1%&".$/"$'*2*+*&"%%+*&$"F!H"$'"%%+*&'"F>H7"



D*13(%!%*" ATX"

 ;3-*+!"'*22$/$-0!" 2/!" *"'3$"1*1%$#*" *-"&))$%%&" /*1*$'$" *-"'$2*-*%*6!"-$("
(&/&"'*22$/$-%$"*#.$)-&".(!1%*+&N"!("./*#&"+&//*1.&-'$"*-2!%%*"3-"/!..&/9
%&"DI".!/*"!"T7VAG,"!("1$+&-'&"3-"DI"'*"C7GVA7"

Q*" 4" '3-53$" .$-1!%&" '*" $1!#*-!/$" .*<" *-" '$%%!)(*&" (;*-2(3$-0!" +:$"
53$1%&" .!/!#$%/&" $1$/+*%!" 13(($" $++$-%/*+*%?" +&//$%%*6$," '*!)/!##!-'&"
*(" 6!(&/$"'*"53$1%$"!(" +/$1+$/$"'*"DI".$/"'*6$/1*"Ωθ" $".$/" 2*11!%$" +&..*$"
'$(($"$++$-%/*+*%?" !"$'# "1" $"W*)7"X7GT"$"X7GA"1&-&"+&1%*%3*%$"+*!1+3-!"'!"
53!%%/&")/!2*+*,"&)-3-&"'$*"53!(*"+&-%*$-$"($"+3/6$"DI"9" 2"F2YG,TH".$/"'*9
+*!11$%%$"6!(&/*"'*1%*-%*" '*"Ωθ"$'"4" /*2$/*%&"!'"3-"'*6$/1&"6!(&/$"'$((;$+9
+$-%/*+*%?"'$(($"/$1*1%$-0$" "3"#$-%/$"(;$++$-%/*+*%?"'$(($"/*)*'$00$" !#4".$/"
%3%%*".!/*"!"9B7GL)7"S$(($"13++$11*6$"W*)7"X7GC"$"X7GL"1&-&"/!22*)3/!%$"*-9
6$+$" ($"13.$/2*+*"+:$"'$1+/*6&-&"(;!-'!#$-%&"'$(($"'3$"$++$-%/*+*%?"+&/9
/$%%*6$"13*"'3$"(!%*"'$((;*#.!(+!%&"!("6!/*!/$"'*"$-%/!#>*"*".!/!#$%/*"DI"
$'"Ωθ"$".$/"2*11!%*"6!(&/*"'*" !"$'# "1"8-+:$"*-"53$1%&"+!1&"+*!1+3-!"2*)3/!"
/!++&)(*$"53!%%/&"'*6$/1*")/!2*+*," +*!1+3-&"/*2$/*%&"!'"3-!"'*22$/$-%$"$+9
+$-%/*+*%?"'$(($"/$1*1%$-0$,"#$-%/$"(;*-%$/!"2*)3/!"4"/$(!%*6!"!'"3-!"3-*9
+!"$++$-%/*+*%?"'$(($"/*)*'$00$" !Y9B7GL)7"Q*"-&%!"+:$"($"+3/6$"/!../$1$-9
%!%$"*-"+*!1+3-&"'$*")/!2*+*"'*"W*)7"X7GT"$"X7GA"1&-&"($"1$0*&-*"+&-".*!-*"'*"
$53!0*&-$"ΩθY+&1%!-%$"'$(($"13.$/2*+*"'$*"+&//*1.&-'$-%*"'*!)/!##*"/*9
.&/%!%*"/*1.$%%*6!#$-%$"*-"W*)7"X7GC"$"X7GL7" $"*##!)*-*"/$(!%*6$"!*".!9
/!#$%/*"  !Y9B7GL)" $'"  "Y9B7GL)" 1&-&" 53$(($" +&//*1.&-'$-%*" !((;$'*2*+*&"
%%+*&" *-"&))$%%&7"W/!" ($"+3/6$"/$(!%*6$"!*"'*6$/1*"6!(&/*"'*"Ωθ," +:$".$/"
53$1%&"1*1%$#!"1%/3%%3/!($"6!($"G7GGT,"53$(($"'*"*-%$/$11$"1&-&"+&#./$1$"
2/!"($"+3/6$"/$(!%*6$"!"G7BB"$'"G7GL7"@-2*-$"*("+!#.&"'*"6!(&/*"'$((;*#.$9
)-&".(!1%*+&"*-"+3*"/*+!'&-&"%3%%*")(*"$'*2*+*"!-!(*00!%*"4"+&#./$1&"2/!"T7L"
$"C7T"+*/+!7"

O&#$"1*".3P"&11$/6!/$"'!*")/!2*+*" *-"W*)7"X7GT," (;$++$-%/*+*%?" $,"'$9
.3%!%!"!"+&)(*$/$"(&"1.&1%!#$-%&"'*-!#*+&"13("(!%&"/*)*'&,"-$("+!#.&"'*"
6!(&/*"'*"DI"!..$-!"./$+*1!%&,"!113#$"6!(&/*"1$#./$"-$)!%*6*Z"'3-53$"*("
/$(!%*6&".3-%&"'*"!..(*+!0*&-$"'$(($"2&/0$"1*1#*+:$"1*"%/&6!"1$#./$".*<"!"
1*-*1%/!" '$(" +$-%/&" '$(($" #!11$7" Q*" .3P" *-&(%/$" /*1+&-%/!/$" *-" 53$1%&"
+!#.&" '*" 6!(&/*" 3-" !-'!#$-%&" *-*0*!(#$-%$" '$+/$1+$-%$," 2*-&" !(" /!)9
)*3-)*#$-%&"'*"3-"#*-*#&"*-"+&//*1.&-'$-0!"'$("6!(&/$"DIYT7BB,"$"13+9
+$11*6!#$-%$"+/$1+$-%$7"@("6!(&/$"'*".*++&"'$((;$++$-%/*+*%?"+&//$%%*6!# $,"



AT[" D*13(%!%*"

Ωθ = 0.60

Ωθ = 0.65

"
Ωθ = 0.70

"

Ωθ = 0.75

"
Ωθ = 0.80

"
Ωθ = 0.85

"

Ωθ = 0.90

"
Ωθ = 0.95

"
Ωθ = 1.00

"

Ωθ = 1.20

"
Ωθ = 1.25

"
Ωθ =1.30

Ωθ = 1.10

"
Ωθ = 1.15

Ωθ = 1.05

"
Ωθ = 1.40

Ωθ = 1.35

&66$/&" *(" 13&"#!11*#&"6!(&/$"!11&(3%&," 1*"!%%*-)$"'3-53$" *-" +&//*1.&-9
'$-0!"!'"DIYT7BB7""

8("+/$1+$/$"'*"Ωθ".$/"1*1%$#*"1$#./$".*<"%&/1*&9/*)*'*"($"+3/6$"!1139
#&-&"3-"!-'!#$-%&"6*!"6*!".*<"/$)&(!/$"#!-%$-$-'&"%3%%!6*!"1&1%!-9
0*!(#$-%$"*-6!/*!%!"(!"(&/&"2&/#!,"+&#$"1*"$6*-+$"!-+:$"'!((!"+&//*1.&-9

es/L = 0.00 es/L = -0.05 

  

es/L = -0.10 es/L = -0.15 

  
 

W*)7"X7GT7"U++$-%/*+*%?"+&//$%%*6!" $"!("6!/*!/$"'*"Dµ".$/"'*6$/1*"6!(&/*"'*"Ωθ"$"

.$/"'*6$/1$"$++$-%/*+*%?"'$(($"/$1*1%$-0$" """

*-"+&//*1.&-'$-0!"!'"3-!"$++$-%/*+*%?"'$(($"/*)*'$00$" !"YB7GL)7"



D*13(%!%*" AT\"

Ωθ = 0.60

Ωθ = 0.65

"
Ωθ = 0.70

"

Ωθ = 0.75

"
Ωθ = 0.80

"
Ωθ = 0.85

"

Ωθ = 0.90

"
Ωθ = 0.95

"
Ωθ = 1.00

"

Ωθ = 1.20

"
Ωθ = 1.25

"
Ωθ =1.30

Ωθ = 1.10

"
Ωθ = 1.15

Ωθ = 1.05

"
Ωθ = 1.40

Ωθ = 1.35

'$-%$"13.$/2*+*$"*-"W*)7"X7GC7""
K$/"53!-%&"!%%*$-$"!((;$++$-%/*+*%?" ',"'$.3%!%!"!"+&)(*$/$"(&"1.&1%!9

#$-%&" '*-!#*+&" 13(" (!%&" 2($11*>*($," 1*" /$)*1%/!" *("#$'$1*#&"!-'!#$-%&"
'$+/$1+$-%$"2*-&"!'"DIYT7BB"$"13++$11*6!#$-%$"+/$1+$-%$,"+&-"6!(&/*,"-$("
+!#.&"'*"Ωθ"+&-1*'$/!%*,"-$)!%*6*"2*-&"!'"DIYC7BB"+*/+!"$"13++$11*6!#$-9

es/L = 0.00 es/L = -0.05 

  

es/L = -0.10 es/L = -0.15 

  
 

W*)7"X7GA7"U++$-%/*+*%?"+&//$%%*6!" '"!("6!/*!/$"'*"Dµ".$/"'*6$/1*"6!(&/*"'*"Ωθ"$"

.$/"'*6$/1$"$++$-%/*+*%?"'$(($"/$1*1%$-0$" """

*-"+&//*1.&-'$-0!"!'"3-!"$++$-%/*+*%?"'$(($"/*)*'$00$" !"YB7GL)7"



AAB" D*13(%!%*"

%$" .&1*%*6*7" O*P" +&//*1.&-'$" !'" 3-!" $++$-%/*+*%?"  '"./!%*+!#$-%$" -3((!,"
+&-".&1*0*&-$"'$("/$(!%*6&".3-%&"'*"!..(*+!0*&-$"OWT"'$(($"2&/0$"1*1#*+:$"
./$11&+:d"+&*-+*'$-%$"+&-"*("+$-%/&"'$(($"#!11$".$/"6!(&/*"'*"DI"./&11*#*"
!"C7BB,"$1!%%!#$-%$"+&#$"!66*$-$".$/"*"1*1%$#*".*<"*#.$)-!%*"*-"+!#.&"
.(!1%*+&"2/!"53$((*"!-!(*00!%*"+&#$"(&"1+:$#!"%%+*&'7"8("+/$1+$/$"'*"Ωθ"
.$/"1*1%$#*"1$#./$".*<"%&/1*&9/*)*'*"($"+3/6$"%$-'&-&"!"b%/!1(!/$b"6$/1&"
(;!(%&" +&#.&/%!-'&," !" .!/*%?" '*" *#.$)-&" .(!1%*+&N" -$((;*-%$/6!((&" '*" DI"
+&#./$1&" 2/!"G7X"$"T7L,"$++$-%/*+*%?" '" 1$#./$"#*-&/*Z" "6*+$6$/1!"6!(&/*"
1$#./$"#!))*&/*"$".&1*%*6*".$/"DI"#!))*&/$"'*"T7L,"+&-"3-"+&-1$)3$-%$"
1.&1%!#$-%&"'$(".3-%&"OWT".*<"!"'$1%/!"'$("+$-%/&"'$(($"#!11$"OR"*-"
'*/$0*&-$"'$("(!%&"2($11*>*($,"+&#$">$-"6*1*>*($"!-+:$"'!((!"13.$/2*+*$"-$(9
(&"1.!0*&"*-"W*)7"X7GL7"

"
es/L = 0.00 es/L = -0.05 

  

es/L = -0.10 es/L = -0.15 

  

W*)7"X7GC7"U++$-%/*+*%?"+&//$%%*6!" $"!("6!/*!/$"'*"Dµ"$"'*"Ωθ""

.$/"'*6$/1$"$++$-%/*+*%?"'$(($"/$1*1%$-0$" """

*-"+&//*1.&-'$-0!"!'"3-!"$++$-%/*+*%?"'$(($"/*)*'$00$" !"YB7GL)7"



D*13(%!%*" AAG"

 $"%$-'$-0$"1&./!"'$1+/*%%$"1&-">$-"/!../$1$-%!%$"*-"W*)7"X7GG7T"'!*"
'3$"1*1%$#*"1%/3%%3/!(*"%%+*&$"$'"%%+*&',"+&//*1.&-'$-%*"!("#$'$1*#&"
$'*2*+*&"%%+*&"'*22$/$-%$#$-%$"*#.$)-!%&"*-"+!#.&".(!1%*+&7"@("./*#&"'*"
$11*,"+&//*1.&-'$-%$"!'"3-".*<">!11&"DI".!/*"!"T7VAG,"4"+!/!%%$/*00!%&"'!"
3-;$++$-%/*+*%?" $"-$)!%*6!"!>>!1%!-0!")/!-'$"*-"6!(&/$"!11&(3%&"$"./&19
1*#!" !((;$++$-%/*+*%?" '$(($" /*)*'$00$#  !Z" #$-%/$" (;$++$-%/*+*%?"  '" /*13(%!"
-$)!%*6!" $'" !>>!1%!-0!" >!11!7" S$(" 1$+&-'&" 1+:$#!," !6$-%$" DI" .!/*" !"
C7GVA,"(;$++$-%/*+*%?" $,"!-+&/!"-$)!%*6!,"1*"4".$/P"/*'&%%!"*-"6!(&/$"!11&9
(3%&,"#$-%/$"(;$++$-%/*+*%?" '"4"&/!".&1*%*6!"+&-"3-"6!(&/$"!-+&/!"#&'$9
1%&7"

"
"

es/L = 0.00 es/L = -0.05 

  

es/L = -0.10 es/L = -0.15 

  

W*)7"X7GL7"U++$-%/*+*%?"+&//$%%*6!" '"!("6!/*!/$"'*"Dµ"$"'*"Ωθ""

.$/"'*6$/1$"$++$-%/*+*%?"'$(($"/$1*1%$-0$" """

*-"+&//*1.&-'$-0!"!'"3-!"$++$-%/*+*%?"'$(($"/*)*'$00$" !"YB7GL)7"



AAT" D*13(%!%*"

Ωθ = 0.60

Ωθ = 0.65

"
Ωθ = 0.70

"

Ωθ = 0.75

"
Ωθ = 0.80

"
Ωθ = 0.85

"

Ωθ = 0.90

"
Ωθ = 0.95

"
Ωθ = 1.00

"

Ωθ = 1.20

"
Ωθ = 1.25

"
Ωθ =1.30

Ωθ = 1.10

"
Ωθ = 1.15

Ωθ = 1.05

"
Ωθ = 1.40

Ωθ = 1.35

8((!" (3+$" '*" 53$1%$" +&-1*'$/!0*&-*" (;*'$!"#$11!" *-" !%%&" 4" 53$((!" '*"
.&//$" 3-" (*#*%$" -$(($" 2&/#3($" '$(($" $++$-%/*+*%?" +&//$%%*6$" 13*" '3$" (!%*"
'$((;*#.!(+!%&," /*+&-&1+$-'&"%!($" (*#*%$"./&./*&"-$("6!(&/$"DIYT7BB,"+:$"
#!11*#*00!"%!(*"$++$-%/*+*%?7"@-"!(%/$".!/&($"1*"!113#$"+:$".$/"DI"e"T7BB,"
($"$++$-%/*+*%?" +&//$%%*6$"1*!-&"/!../$1$-%!%$"'!(($" ($))*"!-!(*%*+:$".$/"
$11$"*-*0*!(#$-%$"'$%$/#*-!%$,"#$-%/$".$/"DI"f"T7BB"$11$"1*!-&"+&1%!-9
%$#$-%$".!/*"!("6!(&/$"+:$"'!"53$(($"2&/#3($"'$/*6!".$/"DIYT7BB7"

es/L = 0.05 es/L = -0.15 

  

es/L = 0.05 es/L = -0.15 

  
 

W*)7"X7GV7"U++$-%/*+*%?"+&//$%%*6$" $#$'" '"!("6!/*!/$"'*"Dµ".$/"'*6$/1*"6!(&/*"'*"

Ωθ"$".$/"'3$"6!(&/*"'*" ""F "Y9B7BL)"$'" "Y9B7GL)H"

*-"+&//*1.&-'$-0!"!'"3-!"$++$-%/*+*%?"'$(($"/*)*'$00$" !"YB7GL)7"



D*13(%!%*" AAA"

Dinamica bilanciato Pushover con e1"

Inviluppo Pushover

 con e1 ed e2"

Dinamica asimmetrico

Pushover Normativa Inviluppo Pushover  

con e1 ed e2 ed Rµ  2

Pushover con e1 ed Rµ  2

Pushover con e2" Pushover con e2 ed Rµ  2

]"YOD" OR" OWG" OWT"

 ;!-'!#$-%&".*<"/$)&(!/$,"+:$"*-"%!("#&'&"/!../$1$-%!"($"$++$-%/*9
+*%?"+&//$%%*6$"!("6!/*!/$"'*"DI"$".$/"'*6$/1*"Ωθ"4"/!../$1$-%!%&"*-"W*)7"
X7GV".$/"3-;$++$-%/*+*%?"'$(($"/*)*'$00$"!-+&/!".!/*"!# !Y9B7GL)"$".$/"'3$"
'*1%*-%$"$++$-%/*+*%?"'$(($"/$1*1%$-0$," "Y9B7BL)"$'" "Y9B7GL)7"

a b 

1"

  
 

2    

  
 

W*)7"X7GX7"U'*2*+*&"%%+*&'-#K/$6*1*&-$"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*".$/"

'$*".3-%*"'$("53*-%&"*#.!(+!%&"FGH"$".&1*0*&-$"'$*".3-%*"'*"!..(*+!0*&-$"'$(($"

2&/0$"1%!%*+:$"FTH"1$-0!"F!H"$"+&-"(*#*%$"13.$/*&/$"13("6!(&/$"'*"Dµ"F>H7"



AAC" D*13(%!%*"

Dinamica bilanciato Pushover con e1 con DµeT Inviluppo Pushover con

e1 ed e2 con Rµ 2"

Dinamica asimmetrico Pushover con e2  +&-"DµeT Pushover Normativa

Q*" /!../$1$-%!-&" *-&(%/$" *-" W*)7" X7GX7G" (!" ./$6*1*&-$" '$)(*" 1.&1%!9
#$-%*" !11&(3%*" '$*" .3-%*" '$(" 53*-%&" *#.!(+!%&" 1$+&-'&" (;*-6*(3..&" +&-"
'3$" $++$-%/*+*%?" +&//$%%*6$," -$((!" 13!" 2&/#3(!0*&-$" &/*)*-!/*!""
FW*)7" X7GX7G7!H" $"-$((!" 13!"6$/1*&-$"#&'*2*+!%!" +&-" (*#*%$"13.$/*&/$"13("
6!(&/$"'$("/!..&/%&"DI"F+3/6!"*-"!/!-+*&"*-"W*)7"X7GX7G7>H7""

g"*##$'*!%&"&11$/6!/$"3-"#*)(*&/!#$-%&"-$((!"1%*#!"'$)(*"1.&1%!9
#$-%*"'*-!#*+*"13("(!%&"/*)*'&N"(;$-%*%?"'$((!"1&%%&1%*#!".!/*"!("XV^"+&-"
(;!../&++*&" -&/#!%*6&," /*'&%%!" !(" T\^" +&-" (;*-6*(3..&" +&-" $++$-%/*+*%?"
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W*)7"X7G[7"U'*2*+*&"%%+*&'N"'*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"'$*".3-%*"'$("%$/0&"$"'$("53*-%&"*#.!(+!%&N"+&-2/&-%*"2/!"!-!9

(*1*"'*-!#*+!,"#$%&'&"./&.&1%&"+&-"DµeT"$'"!../&++*&"-&/#!%*6&7"



D*13(%!%*" AAL"

Dinamica bilanciato Pushover con e1 con DµeT Inviluppo Pushover con

e1 ed e2 con Rµ 2"

Dinamica asimmetrico Pushover con e2  +&-"DµeT Pushover Normativa

+&//$%%*6$,"1*"4"3(%$/*&/#$-%$"/*'&%%!"!("GV^".&-$-'&"3-"(*#*%$"!("6!(&/$"
!113-%&"'!(".!/!#$%/&"DI7"_;!(%/&"+!-%&" (!" (*#*%!0*&-$"13("6!(&/$"'*"DI"
*-%/&'3+$" 3-!" .*++&(!" 1&%%&1%*#!" '$)(*" 1.&1%!#$-%*" 13(" (!%&" 2($11*>*($,"
.!/*"!("C^"+*/+!,"*-"(3&)&"'$(($"(*$6*"1&6/!1%*#$"'$("#$'$1*#&"&/'*-$"+:$"
*-"./$+$'$-0!"1*"&%%$-$6!-&"%!-%&"+&-"(;!../&++*&"-&/#!%*6&"53!-%&"+&-"
(;!..(*+!0*&-$"'$("#$%&'&"./&.&1%&"1$+&-'&"(!"2&/#3(!0*&-$"&/*)*-!/*!7""

 !".&1*0*&-$"'$*".3-%*"'*"!..(*+!0*&-$"OWG"$"OWT"'$(($"2&/0$"1*1#*9
+:$"13(")$-$/*+&"*#.!(+!%&"-$("+!1&"'*"./$6*1*&-$"+&-"$++$-%/*+*%?"+&//$%9
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W*)7"X7G\7"U'*2*+*&#%%+*&'-"K/&2*(*"*-"!(%$00!"'$)(*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"13("(!%&G"$"13("(!%&TN"+&-2/&-%*"2/!"!-!(*1*"'*-!#*+!,""

#$%&'&"./&.&1%&"+&-"DµeT"$'"!../&++*&"-&/#!%*6&7"



AAV" D*13(%!%*"

%*6$"1$-0!"$"+&-"(*#*%!0*&-$"13("6!(&/$"'*"DI"4"/!22*)3/!%!"*-"W*)7"X7GX7T7""
@-2*-$"3-!"/!../$1$-%!0*&-$".*<"+&#.($%!"'$*"/*13(%!%*"&%%$-3%*".$/"

(;$'*2*+*&"%%+*&'" *-"&))$%%&"!..(*+!-'&"(!"6!/*!-%$"!("#$%&'&"*-"53$1%&"
.!/!)/!2&"'$1+/*%%!" 1*" /*%/&6!"-$(($"W*)7" X7G[" $"X7G\"/*1.$%%*6!#$-%$" *-"
%$/#*-*"'*"'*1%/*>30*&-$".(!-*#$%/*+!"!("%$/0&"$"53*-%&".*!-&"$'"!(%*#$9
%/*+!"'$)(*"1.&1%!#$-%*"!11&(3%*"$"'*"*-%$/.*!-&7"O&#$"1*".3P">$-"6$'$/$"
(!"/*'30*&-$"'$(($"1&%%&1%*#$"13("(!%&"/*)*'&"/*1.$%%&"!("#$%&'&"&/*)*-!/*&"
/*)3!/'!"(;*-%$/&"16*(3..&"*-"!(%$00!"'$((;$'*2*+*&7"Q3("(!%&"2($11*>*($"*-6$9
+$" 1*" *-%/&'3+&-&" '$(($" .*++&($" 1&%%&1%*#$" '$)(*" 1.&1%!#$-%*" !11&(3%*" !"
%3%%*"*".*!-*,"#$-%/$".$/")(*"1.&1%!#$-%*"'*"*-%$/.*!-&"(!"1%*#!,"!"12!6&9
/$"'*"1*+3/$00!"!*"./*#*"'3$".*!-*"$'"!("53*-%&,"4"*-6$+$"(*$6$#$-%$"+&-9
1$/6!%*6!"!*".*!-*"%$/0&"$"53!/%&7""

S!%3/!(#$-%$"3-;!..(*+!0*&-$"'*"53$1%!"6!/*!-%$"!("#$%&'&"4"1%!%!"
$22$%%3!%!"13"%3%%*")(*"$'*2*+*"$1!#*-!%*,"6!(3%!-'&-$"(;!++3/!%$00!"-$((!"
'$1+/*0*&-$" '$((!" /*1.&1%!" '$(" 1*1%$#!" *-" %$/#*-*" '*" $//&/*" .$/+$-%3!(*"
+&##$11*"13*"'3$"(!%*"'$((;*#.!(+!%&,"+&#$"1*"6$'/?"*-"1$)3*%&7"

Q*"/*.&/%!-&"*-"%!>$((!"X"*"6!(&/*"'$(($"$++$-%/*+*%?"+&//$%%*6$"6!(3%!%*"
.$/")(*"$'*2*+*"*-"&))$%%&"1$+&-'&"(!"6!/*!-%$"!("#$%&'&"1&./!"*((31%/!%!7"

=!>7"X"J"U++$-%/*+*%?"+&//$%%*6$"+&-"DµYT7BB"".$/")(*"$'*2*+*"!-!(*00!%*"

Sigla 
Tipo  

progetto 
PGA/g 

Previsione  

spostamenti  

assoluti 

Previsione  

spostamenti  

relativi 

e1/L e2/L e1/L e2/L 

SG-P carichi gravitazionali 0.20 -0.0546 -0.0242 -0.0546 -0.0242 

SG-G carichi gravitazionali 0.20 -0.1638 -0.0727 -0.1638 -0.0727 

SST-P1 antisismico 0.25 -0.0447 -0.0147 -0.0447 -0.0147 

SST-G1 antisismico" 0.25 -0.1341 -0.0442 -0.1341 -0.0442 

SSR-P1 antisismico" 0.25 -0.0275 0.0058 -0.0275 0.0059 

SSR-G1 antisismico" 0.25 -0.0833 0.0166 -0.0833 0.0166 

SST-P2 antisismico" 0.4275 -0.0447 -0.0147 -0.0447 -0.0147 

SST-G2 antisismico" 0.4275 -0.1341 -0.0442 -0.1341 -0.0442 

SSR-P2 antisismico" 0.4275 -0.0273 0.0061 -0.0268 0.0067 

SSR-G2 antisismico" 0.4275 -0.0829 0.0170 -0.0829 0.0170 

"



D*13(%!%*" AAX"

Piano3Piano1 Piano2 Piano4 Piano5

A1 +79%24!'@!3#!2$7'!&':7$%4%'

M-!"1$+&-'!"6!/*!-%$"!("#$%&'&"&/*)*-!/*&"'$/*6!"'!"'3$"+&-1*'$/!0*&-*"
)$-$/!(*7" !"./*#!"'*"$11$"/*)3!/'!"(!"2&/#!"'$("'*!)/!##!"'$)(*"1.&9
1%!#$-%*"'*-!#*+*"'$((;!1*##$%/*+&" *-"/$(!0*&-$"!"53$((&"'$("13&">*(!-9
+*!%&"!*"6!/*".*!-*,"%!-%&".$/")(*"1.&1%!#$-%*"!11&(3%*"53!-%&".$/"53$((*"
'*" *-%$/.*!-&7"O&#$"1*".3P"-&%!/$" *-"W*)7"X7TB".$/" (;$'*2*+*&"%%+*&'"'*"
+3*"1&./!,"*-")$-$/!($"13("(!%&"/*)*'&"(;!#.(*2*+!0*&-$"'$)(*"1.&1%!#$-%*"
+&--$11!"!((!"/&%!0*&-$"-&-"4".!/%*+&(!/#$-%$"1*)-*2*+!%*6!"!*"6!/*".*!-*"
-d".$/")(*"1.&1%!#$-%*"!11&(3%*"-d".$/"53$((*"/$(!%*6*7""

O*P"*-"/$!(%?"/*)3!/'!"-&-"1&(&"(;$'*2*+*&"13"+3*"&/!"1*"1%!"2&+!(*00!-9
'&"(;!%%$-0*&-$,"#!"*("+&#.($11&"'$)(*"$'*2*+*"*-"53$1%&"1%3'*&"!-!(*00!%*7"
@-&(%/$,"+&#$")*?".*<"6&(%$"&11$/6!%&"*-"./$+$'$-0!,"*-"%3%%!"3-!"0&-!"'*"
.3-%*" *-%$/-*" '$((;*#.!(+!%&" *(" '*!)/!##!" '$)(*" 1.&1%!#$-%*" '*-!#*+*"
'$((;!1*##$%/*+&"4"1&6/!1%!%&"'!("+&//*1.&-'$-%$"'*!)/!##!"'$(">*(!-9
+*!%&7"=!($"0&-!"1*"$1%$-'$"'!"!1+*11$"./&11*#$"!("(!%&"/*)*'&"$"%!(6&(%!"
+&-"53$1%&"+&*-+*'$-%*" 2*-&"!(#$-&"!("+$-%/&"'$(($"#!11$,"1.$11&"!-+:$"

a b 

  

"

 

W*)7"X7TB7"U'*2*+*&"%%+*&'N"_*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"F!H"

$"'*"*-%$/.*!-&"F>H"!*"6!/*".*!-*"+&#$"#$'*$"'$*"'*!)/!##*"/$(!%*6*"!(($""

1*-)&($"+&..*$"!++$($/&#$%/*+:$".$/"1+:$#!"!1*##$%/*+&"$">*(!-+*!%&7"



AA[" D*13(%!%*"

&(%/$"(!"13!".&1*0*&-$7"@-"/!)*&-$"'*"+*P,"+&#$"1*".3P">$-"6$'$/$"*-"W*)7"
W*)7"X7TB7!," *("'*!)/!##!"'$)(*"1.&1%!#$-%*"'*-!#*+*"'$(">*(!-+*!%&"+&9
1%*%3*1+$" )*?" 3-!" >3&-!" 1%*#!" '$(" +&//*1.&-'$-%$" '*!)/!##!" '$((;!9
1*##$%/*+&"*-"%3%%!"(!"0&-!"'$((;*#.!(+!%&"+&#./$1!"2/!"*("(!%&"/*)*'&"$'"
*("+$-%/&"'$(($"#!11$7"U11&"+&-'3+$"!"./$6*1*&-*"!"2!6&/$"'*"1*+3/$00!".$/"
53!1*" (;*-%$/!" 0&-!" 1&./!" *-'*6*'3!%!," +&-" $6$-%3!(*" .*++&($" 1&%%&1%*#$"
3-*+!#$-%$"*-"./&11*#*%?"'$(" (!%&"/*)*'&".$/"3-"%/!%%&"'*"-&/#!"/$(!%*9
6!#$-%$">/$6$7"Q*"-&%!"*-&(%/$"+:$"3-!"!-!(*1*"1%!%*+!"-&-"(*-$!/$"'$((&"
1+:$#!">*(!-+*!%&,".$/"(!".!/%*+&(!/$"1+$(%!"2!%%!"13("#&'$((&"'*"+!/*+&,"4"
*-")/!'&"'*"/*./&'3//$"13"53$1%&"1+:$#!"*("13&"./&2*(&"'$)(*"1.&1%!#$-%*"
'*-!#*+*7"K$/%!-%&"(!".31:&6$/"'$("1*1%$#!">*(!-+*!%&,"+&-"*("#&'$((&"'*"
+!/*+&"!..&1*%!#$-%$"$(!>&/!%&".$/"53$1%&"1%3'*&,"/$1%*%3*1+$"!*"6!/*"(*9
6$((*"*"'*!)/!##*"'$)(*"1.&1%!#$-%*"'*-!#*+*"'$((&"1%$11&"1*1%$#!">*(!-9
+*!%&7"M-!"1$+&-'!"&11$/6!0*&-$"1+!%3/*1+$"*-6$+$"'!*"+&-2/&-%*"2/!"!-!9
(*1*"'*-!#*+!"-&-"(*-$!/$,"#$%&'&"./&.&1%&"$"-&/#!%*6!".$/"*("+&#.($11&"
'$)(*"$'*2*+*"!-!(*00!%*,"+&-2/&-%*"53*"./$1$-%!%*".$/"%3%%*"*"1*1%$#*"1%/3%9
%3/!(*"!")/!-'$"$++$-%/*+*%?"-$(($"W*)7"X7G,"X7T,"X7A,"X7C"$"X7L".$/"53!-%&"
!%%*$-$" !(($" '*1%/*>30*&-*" *-" .*!-%!" '$)(*" 1.&1%!#$-%*" $" -$(($" W*)7" X7V,"
X7X,"X7[,"X7\"$"X7GB".$/"($"'*1%/*>30*&-*"*-"!(%$00!7"Q*"4".&%3%&"1$#./$"-&9
%!/$"*-"%3%%*"*"+!1*"+:$"($"1%*#$"'$)(*"1.&1%!#$-%*,"!11&(3%*"$"'*"*-%$/.*!9
-&,"13("(!%&"2($11*>*($"&%%$-3%$"+&-"(;!../&++*&"./&.&1%&"#*)(*&/!-&"3-".&;"
($" ./$6*1*&-*" '*" -&/#!%*6!," +:$".$/!(%/&" 13" %!($" $1%/$#&"'$((;*#.!(+!%&"
/*13(%!-&")*?".*$-!#$-%$"!++$%%!>*(*7"8((!"(3+$"'$(($"'3$"./$+$'$-%*"+&-9
1*'$/!0*&-*" 1*" 4" /*%$-3%&" '3-53$" 3%*($" ./&.&//$" 3-"#$%&'&" 1%!%*+&"-&-"
(*-$!/$" !-+&/!"3-!"6&(%!">!1!%&" 13((;*-6*(3..&"'*"'3$"!-!(*1*" .31:&6$/"
'*1%*-%$7"E3$1%!"6&(%!".$/P"-&-"1*"%/!%%!".*<"'*"!-!(*1*"1%!%*+:$"-&-"(*-$9
!/*"+&-"!..(*+!0*&-$"'*"2&/0$"*-"'3$".3-%*"OWG"$"OWT,"(!"+3*".&1*0*&-$"/*9
1.$%%&"!("+$-%/&"'$(($"#!11$"'$(")$-$/*+&"*#.!(+!%&"'$6$"$11$/$"6!(3%!%!"
!"#$00&"'*"3-!"2&/#3(!0*&-$"#!%$#!%*+!">$-"./$+*1!7"K*3%%&1%&"1*"%/!%9
%!"'*"3-!".31:&6$/"+&-"2&/0$"-$("+$-%/&"'$(($"#!11$,"+!.!+$"'*"+&)(*$/$"
+&-">3&-!"!../&11*#!0*&-$")(*"1.&1%!#$-%*"'*-!#*+*"13("(!%&"2($11*>*($,"
$" '*" 3-!".31:&6$/" '$(" 1*1%$#!">*(!-+*!%&," +:$" *-6$+$".$/"53!-%&"'$%%&"
+&-'3+$" !'" 3-!" >3&-!" 1%*#!," 53!1*" &63-53$" !" 2!6&/$" '*" 1*+3/$00!,"
'$((;*-%$/!" 0&-!" '$((;*#.!(+!%&" +&#./$1!" 2/!" *(" (!%&" /*)*'&" $'" *(" +$-%/&"
'$(($" #!11$7" @(" #$%&'&" 53*" ./&.&1%&" 4" 1%!%&" -!%3/!(#$-%$" !..(*+!%&"



D*13(%!%*" AA\"

Dinamica bilanciato Inviluppo Pushover Normativa e bilanciato

Dinamica asimmetrico Pushover Normativa"

!((;*-%$/&"+&#.($11&"'$)(*"$'*2*+*"!-!(*00!%*"*-"53$1%&"1%3'*&"$'"*"/*13(%!%*"
&%%$-3%*" 6$//!--&" 13++$11*6!#$-%$" ./$1$-%!%*" *-" 2&/#!" 1*-%$%*+!7" S$("
1$)3*%&" 1*" ./&.&-)&-&" )(*" $1*%*" '*" 53$1%!" !..(*+!0*&-$" !(" 1&(&" $'*2*+*&"
%%+*&'")*?"./$1&"*-"+&-1*'$/!0*&-$"*-"./$+$'$-0!"$'"*'$-%*2*+!%&"+&#$"
(;$1$#.*&" *-" +3*" *("#$%&'&" &/*)*-!/*!#$-%$" ./&.&1%&" 1*" '*#&1%/!"#$-&"
$22*+!+$7" @-".!/%*+&(!/$" *-"W*)7"X7TG"1*"./&.&-)&-&" *"/*13(%!%*" *-"%$/#*-*""
'*" '*1%/*>30*&-*" .(!-*#$%/*+:$" '$)(*" 1.&1%!#$-%*" !11&(3%*" $" /$(!%*6*," *-"
W*)7"X7TT"1&-&"*-6$+$"/*.&/%!%*"*"./&2*(*"*-"!(%$00!7"
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W*)7"X7TG7"U'*2*+*&"%%+*&'N"'*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"'$*".3-%*"'$("%$/0&"$"'$("53*-%&"*#.!(+!%&N"+&-2/&-%*"2/!"!-!9

(*1*"'*-!#*+!,"1$+&-'!"6!/*!-%$"!("#$%&'&"&/*)*-!/*&"$'"!../&++*&"-&/#!%*6&7"



ACB" D*13(%!%*"

Dinamica bilanciato Inviluppo Pushover Normativa e bilanciato

Dinamica asimmetrico Pushover Normativa

O&-2/&-%!-'&" ($"W*)7"X7TG"$"X7G["1*".3P"-&%!/$"+&#$" ($"1%*#$"'$)(*"
1.&1%!#$-%*" 13(" (!%&" /*)*'&," 1*!" !11&(3%*" 1*!" '*" *-%$/.*!-&," 1*!-&" 3(%$9
/*&/#$-%$"#*)(*&/!%$" /*1.$%%&"!((!"./*#!"6!/*!-%$"!("#$%&'&"&/*)*-!/*&"
./&.&1%!7"@-".!/%*+&(!/$"!("53*-%&".*!-&,"!"2/&-%$"'*"3-!"1&%%&1%*#!"'$("
GV^,"1*"%/&6!"3-"$//&/$"!"12!6&/$"'*"1*+3/$00!"'$("GB^7""

8-!(&):$"+&-1*'$/!0*&-*".&11&-&".&*"/*.$%$/1*"1*!".$/"*("%$/0&".*!-&"
1*!".$/")(*"1.&1%!#$-%*"'*"*-%$/.*!-&7"Q3("(!%&"2($11*>*($,"!"'*22$/$-0!"+:$"
-$((!"./*#!"6!/*!-%$"!("#$%&'&,")(*"1.&1%!#$-%*"'*-!#*+*"1&-&"'*"-&/#!"
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W*)7"X7TT7"U'*2*+*&#%%+*&'-"K/&2*(*"*-"!(%$00!"'$)(*"1.&1%!#$-%*"!11&(3%*"F!H""

$"'*"*-%$/.*!-&"F>H"13("(!%&G"$"13("(!%&TN"+&-2/&-%*"2/!"!-!(*1*"'*-!#*+!,""

1$+&-'!"6!/*!-%$"!("#$%&'&"&/*)*-!/*&"$'"!../&++*&"-&/#!%*6&7"



D*13(%!%*" ACG"

(*$6$#$-%$" 1&6/!1%*#!%*" $'" $6$-%3!(*" 1&%%&1%*#$," +:$" +&#$" 1*" 6$'$" *-"
W*)7"X7TT7T,"1*"/*1+&-%/!-&"!*"./*#*"%/$".*!-*".$/")(*"1.&1%!#$-%*"!11&(3%*"
$'"!*"./*#*"'3$".$/"53$((*"/$(!%*6*,"1&-&"'*"#&'$1%!"$-%*%?7"

@(" ./*-+*.!($"./$)*&"'*" 53$1%&"#$%&'&" 4" (!" 13!"$1%/$#!"1$#.(*+*%?7"
U11&" *-2!%%*"-&-"+&#.&/%!" (;$1$+30*&-$"'*"!(+3-"+!(+&(&".$/" (!"'$%$/#*9
-!0*&-$" '$*" .3-%*" '*" !..(*+!0*&-$" '$(($" 2&/0$," -d" %!-%&"#$-&" (&" 16&()*9
#$-%&" '*" !-!(*1*" ./$6$-%*6$" .$/" (;*-'*6*'3!0*&-$" '$*" 6!(&/*" !113-%*"'!*"
.!/!#$%/*" !,"Ωθ," "" $'"Dµ," (!"+3*"6!(3%!0*&-$"-&-"4"/*+:*$1%!"'!"53$1%&"
#$%&'&7"8"2/&-%$"'$((!"13!"1$#.(*+*%?"*("#$%&'&"1*"4"/*6$(!%&"!11!*"$22*9
+*$-%$"-$((!"1%*#!"'$((!" /*1.&1%!" %&/1*&-!($"'$*" 1*1%$#*"1%/3%%3/!(*"$1!9
#*-!%*7"c!".$/!(%/&"&11$/6!%&"+:$"*("13&">3&-"23-0*&-!#$-%&"4"2&-'!%&"
13(($"+&-1*'$/!0*&-*"2!%%$"!((;*-*0*&"'*"53$1%&".!/!)/!2&"+*/+!"(!"/$(!0*&-$"
*-%$/+&//$-%$"2/!"*"'*!)/!##*"'$*"#!11*#*"1.&1%!#$-%*"'*-!#*+*"'$("1*9
1%$#!" !1*##$%/*+&" $" '$(" 13&" +&//*1.&-'$-%$" >*(!-+*!%&7" @-" .!/%*+&(!/$"
3-" '*!)/!##!" '$)(*" 1.&1%!#$-%*" '*-!#*+*" +!/!%%$/*00!%&" '!" #&'$1%$"
!#.(*2*+!0*&-*" '$)(*" 1.&1%!#$-%*" 13(" (!%&" /*)*'&" )*31%*2*+!" (;3%*(*00&" '$("
#$%&'&,"*-"53!-%&"53$1%;3(%*#&"+&-'3+$"13"53$1%&"$1%/$#&"'$((;*#.!(+!9
%&"!"1&%%&1%*#$"'$)(*" 1.&1%!#$-%*"'*-!#*+*">!11$"$".*<"+:$"!++$%%!>*(*7"
E3$1%&"4"53!-%&"&11$/6!%&"-$(($"W*)7"X7TG"$"X7TT".$/"*("1*1%$#!"%%+*&',"
+!/!%%$/*00!%&"'!"3-".!/!#$%/&"Ωθ"./&11*#&"!((;3-*%?,"+&#$".$/!(%/&"!69
6*$-$".$/"%3%%*")(*"$'*2*+*"$1!#*-!%*7"@-"/$!(%?"6!(&/*".*<">!11*"'*"Ωθ,"%*.*9
+*" '*" 1*1%$#*" !(%!#$-%$" %&/1*&92($11*>*(*," '*" -&/#!" 1*" !++&#.!)-!-&" !"
-&-"%/!1+3/!>*(*"!#.(*2*+!0*&-*"'$((&"1.&1%!#$-%&".$/"$22$%%&"'$((!"/&%!9
0*&-$"!-+:$"13("(!%&"/*)*'&N"*-"53$1%*"+!1*"(!"6!/*!-%$"!("#$%&'&"+:$"53*"
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Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1, e2 

e bilanciato"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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Dinamica bilanciato Pushover con e1" Inviluppo Pushover con e1, e2 

e bilanciato"

Dinamica asimmetrico Pushover con e2" Pushover Normativa
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Dinamica bilanciato

Dinamica asimmetrico

Pushover Normativa
Inviluppo Pushover con

e1 ed e2 con Rµ 2"

Inviluppo Pushover con

 e1, e2 e bilanciato"

Inviluppo Pushover

 con e1 ed e2"

Inviluppo Pushover  

Normativa e bilanciato
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Dinamica bilanciato

Dinamica asimmetrico

Pushover Normativa
Inviluppo Pushover con 

e1 ed e2 con Rµ 2"

Inviluppo Pushover con

 e1, e2 e bilanciato"

Inviluppo Pushover

 con e1 ed e2"

Inviluppo Pushover  

Normativa e bilanciato
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Pushover Normativa
Inviluppo Pushover con

e1 ed e2 con Rµ 2"

Inviluppo Pushover con

 e1, e2 e bilanciato"

Inviluppo Pushover

 con e1 ed e2"

Inviluppo Pushover  

Normativa e bilanciato
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Inviluppo Pushover  

Normativa e bilanciato
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Conclusioni 

Punto di partenza per  il presente lavoro è la proposta di una nuova 

modalità di applicazione dei metodi statici non lineari a sistemi strut-

turali asimmetrici in pianta (Bosco et al., 2009a; Bosco et al., 2009b; 

Bosco et al., 2012). La metodologia proposta presuppone l’esecuzione di 

due distinte analisi pushover con altrettante eccentricità “correttive” 

del carico rispetto al centro di massa, opportunamente tarate in modo 

da fornire coincidenza fra spostamenti statici e dinamici sui due lati 

dell’impalcato e una stima cautelativa degli spostamenti dinamici per 

tutti i punti intermedi. Lo studio è stato sviluppato a partire 

dall’analisi di modelli semplificati monopiano dotati di asimmetria mo-

noassiale e soggetti ad input sismico dapprima monodirezionale (Bosco 

et al., 2009a) e poi bidirezionale (Bosco et al., 2009b). Esso prevede una 

formulazione analitica completa delle eccentricità correttive (Bosco et 

al., 2012) in ragione di un certo numero di parametri riconosciuti carat-

terizzanti la risposta dinamica, lineare e non lineare, degli schemi mo-

nopiano: l’eccentricità delle rigidezze er, definita come la distanza fra 

centro delle masse e centro delle rigidezze del sistema asimmetrico; il 

rapporto  tra le frequenze torsionale e traslazionale dei modi di vi-

brazione disaccoppiati del corrispondente sistema bilanciato; 

l’eccentricità delle resistenze es, valutata come distanza del centro di re-

sistenza rispetto al centro di rigidezza, e l’impegno plastico della strut-

tura R , inteso come il rapporto fra il taglio alla base elastico del siste-

ma bilanciato e la resistenza globale nella direzione di azione sismica.  

Nel presente lavoro ci si è posti il problema della estendibilità di tale 

metodo anche al caso di più realistici sistemi strutturali multipiano.  
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Una prima fase del lavoro ha consistito nella ridefinizione, nel caso di 

edifici a più piani, dei parametri-chiave che controllano la risposta di-

namica dei sistemi monopiano. In particolare, per i parametri er ed , 

legati al comportamento elastico delle strutture, si è fatto riferimento 

alla nozione di asse di torsione ottimale introdotta da Anastassiadis e 

Makarios (1998 a), la cui posizione è stata individuata come quella del 

centro di torsione P0 dell'impalcato posto a quota approssimativamente 

pari a z0=0.80H. Sempre con riferimento a tale punto ed a tale quota, 

gli stessi autori hanno fornito delle formule valide per il calcolo dei rag-

gi giratori delle rigidezze, da attribuirsi all'intero edificio e di conse-

guenza anche dei parametri  relativi alle due principali direzioni del-

la pianta. Nel caso dello studio in esame l'unico valore rilevante del pa-

rametro  è quello relativo alla direzione normale a quella di asimme-

tria del sistema strutturale. La definizione dei parametri R  ed es, legati 

al comportamento inelastico delle strutture, è stata invece apposita-

mente elaborata nel corso di questo studio. Si è pensato di fare riferi-

mento, per questo, al sistema torsionalmente bilanciato associato al ge-

nerico edificio asimmetrico in oggetto, in accordo a quanto fatto per gli 

schemi monopiano. Il parametro R  è stato valutato come il rapporto fra 

il taglio alla base elastico, conseguente ad una analisi modale elastica 

del sistema spaziale in direzione normale a quella di asimmetria ed il 

taglio alla base, conseguente ad una analisi pushover dello stesso si-

stema in corrispondenza alla domanda di spostamento del sisma sul si-

stema bilanciato. In corrispondenza del medesimo livello di spostamen-

to, dalla medesima analisi pushover dello schema bilanciato, è stata poi 

valutata l'eccentricità delle resistenze es, come il centro, rispetto al ba-

ricentro delle masse, dei tagli alla base dei telai piani componenti la 

struttura e diretti ortogonalmente alla direzione di asimmetria. 

Una fase successiva del lavoro si è concretizzata nella definizione di 

un certo numero di sistemi strutturali multipiano, su cui validare il me-

todo proposto. Si tratta di edifici multipiano a struttura intelaiata in 

cemento armato aventi doppia simmetria nelle rigidezze ed eccentricità 

monoassiale nelle masse. Sono stati a tal fine progettati appositamente 

quattro edifici, facendo riferimento a due distinte modalità di progetto. 

Uno di essi è stato progettato per resistere ai soli carichi gravitazionali, 
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con armature dimensionate seguendo il metodo delle tensioni ammissi-

bili e facendo riferimento al DM 14/02/1992; i rimanenti tre sono stati 

proporzionati in  modo da poter sostenere anche il carico sismico, utiliz-

zando come normative di riferimento il DM 16/01/1996, per il calcolo 

delle azioni sismiche e l'Eurocodice 2, per il progetto delle armature di 

travi e pilastri. A partire da questi sistemi strutturali di base sono stati 

ottenuti dieci casi studio, facendo variare opportunamente i parametri-

chiave. Per tutti gli edifici analizzati il rapporto   è prossimo ad 1, che 

si è riconosciuto come un valore tipico della tipologia strutturale analiz-

zata. 

La validazione del metodo proposto richiede l'esecuzione sugli edifi-

ci-studio di analisi statiche e dinamiche non lineari, nonché di analisi 

lineari per la determinazione dei parametri er ed . Tali analisi sono 

state condotte con il software OpenSees realizzando una modellazione 

molto realistica degli edifici, in grado di simulare tutti i più significativi 

fenomeni meccanici che caratterizzano il comportamento inelastico de-

gli elementi strutturali in c.a. e, in particolare, il degrado di resistenza 

e rigidezza. Sono state dunque risolte problematiche connesse all'uso 

del software e particolari problematiche legate alla modellazione con 

esso di strutture spaziali, con diaframmi rigidi posti a livello degli im-

palcati. 

A monte dell'esecuzione delle analisi funzionali alla validazione del me-

todo proposto è stato inoltre elaborato un sistema per la determinazione 

di un modello di carico evolutivo, che, per la sua complessità, non si ca-

ratterizza come una proposta da abbinare alla correzione in pianta della 

risposta, ma costituisce unicamente uno strumento per l'esecuzione del-

le analisi pushover svolte nell'ambito del presente studio. Esso infatti 

consente di minimizzare gli effetti sulla risposta in termini di sposta-

mento connessi alla distribuzione in altezza del carico, fornendo profili 

degli spostamenti lungo l'altezza dell'edificio, conseguenti ad analisi 

statica non lineare, pressoché coincidenti con quelli derivati da una a-

nalisi dinamica non lineare. Di conseguenza ci si viene a trovare in con-

dizioni ottimali circa la distribuzione degli spostamenti lungo l'altezza 

ed è dunque possibile focalizzare l'attenzione unicamente sulla corre-
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zione della distribuzione degli stessi in pianta, che costituisce l' oggetto 

della indagine in corso in questo lavoro. 

Infine l'esecuzione delle analisi sui casi studio precedentemente indivi-

duati e la valutazione del livello di accuratezza del metodo nella previ-

sione della risposta dinamica dell'edificio in termini di spostamenti e 

derive di piano. A tal riguardo sono stati valutati sia gli errori percen-

tuali commessi nella stima sui due lati dell'impalcato ai vari piani, sia 

l'errore medio commesso nell'approssimare a ciascun piano il diagram-

ma degli spostamenti dinamici con una forma derivante dall'inviluppo 

di due diagrammi di spostamenti statici conseguenti all'esecuzione delle 

due pushover con eccentricità correttive. In questa sede è stata confer-

mata la maggior efficacia del metodo proposto nella determinazione del-

la domanda sismica rispetto all'approccio prescritto dalla normativa, 

che prevede l'applicazione delle forze in corrispondenza dei centri di 

massa dei vari impalcati, con differenze anche piuttosto rilevanti fra i 

due metodi e, in particolare, una riduzione della sottostima sul lato ri-

gido dal 90% dell'approccio normativo ad un 30% al massimo del meto-

do proposto. Sempre in questa sede sono state messe a punto delle pro-

poste alternative alla metodologia originariamente suggerita, valide per 

la tipologia di edifici esaminati e capaci di migliorare ulteriormente la 

stima degli spostamenti dinamici, riducendo l'entità dei suddetti errori 

percentuali e di semplificare, talvolta anche di molto, la previsione della 

risposta. Il lavoro si conclude con un'analisi comparativa dei diversi me-

todi elaborati, che mette in luce per ciascuno di essi vantaggi e limiti.  
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B'56"?"Y"B!$%/%0!'" !T"Sezioni e armature dei pilastri 

Pilastro Piano 

Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

1 

1 30X40 4Ø14 1Ø14 - Ø8/20.0 

2 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

2 

1 30X50 4Ø14 1Ø14 1Ø14 Ø8/20.0 

2 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 

1 30X50 4Ø14 1Ø14 1Ø14 Ø8/20.0 

2 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 

1 30X40 4Ø14 1Ø14 1Ø14 Ø8/20.0 

2 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

9 

1 30X50 4Ø14 1Ø14 1Ø14 Ø8/20.0 

2 30X40 4Ø14 1Ø14 - Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

10 

1 30X70 4Ø14 2Ø14 1Ø14 Ø8/20.0 

2 30X60 4Ø14 1Ø14 1Ø14 Ø8/20.0 

3 30X50 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 
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Pilastro Piano 

Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

11 

1 30X70 4Ø14 2Ø14 1Ø14 Ø8/20.0 

2 30X60 4Ø14 1Ø14 1Ø14 Ø8/20.0 

3 30X50 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

12 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/20.0 

2 30X50 4Ø14 1Ø14 1Ø14 Ø8/20.0 

3 30X40 4Ø14 1Ø14 - Ø8/20.0 

4 30X40 4Ø14 1Ø14 - Ø8/20.0 

5 30X40 4Ø14 1Ø14 - Ø8/20.0 

 

"

"

B'56"D"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 1X 

Travi telaio 1X 

Appoggio 1 2 3 4 5 6 7 8 

Sezione  

b(cm) X h(cm) 
30x60 30x60 30x60 30x60 30x60 30x60 30x60  

Barre Sup 2Ø14 
2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 
2Ø14 

Staffe Lato  

sinistro - Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 

Staffe Lato 

 destro Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 Ø8/15.0 - 

Campata 1-2 2-3 3-4 4-5 5-6 6-7 7-8 

Sezione 

b(cm) X h(cm) 
30x60 30x60 30x60 30x60 30x60 30x60 30x60 

Barre Inf 2Ø14 
2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 

2Ø14+

1Ø14 
2Ø14 

Staffe Ø8/25.0 Ø8/25.0 Ø8/25.0 Ø8/25.0 Ø8/25.0 Ø8/25.0 Ø8/25.0 
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B'56"E"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 2X 

Travi telaio 2X 

Appoggio 12 13 

Sezione b(cm) X h(cm) 30x60 30x60 

Barre Sup 2Ø14 2Ø14 

Staffe Lato sinistro - Ø8/15.0 

Staffe Lato destro Ø8/15.0 - 

Campata 12-13 

Sezione 

b(cm) X h(cm) 
30x60 

Barre Inf 2Ø14+1Ø14 

Staffe Ø8/25.0 

B'56"F"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 1Y 

Travi telaio 1Y 

Appoggio 1 9 17 25 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 30x60 

Barre Sup 2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14 

Staffe Lato sinistro - Ø8/15.0 Ø8/15.0 Ø8/15.0 

Staffe Lato destro  Ø8/15.0 Ø8/15.0 - 

Campata 1-9 9-17 17-25 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Staffe Ø8/25.0 Ø8/25.0 Ø8/25.0 

B'56"O"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 2Y 

Travi telaio 2Y 

Appoggio 2 10 18 26 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 30x60 

Barre Sup 2Ø14+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+1Ø14 

Staffe Lato sinistro - Ø8/15.0 Ø8/15.0 Ø8/15.0 

Staffe Lato destro  Ø8/15.0 Ø8/15.0 - 

Campata 2-10 10-18 18-26 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Staffe Ø8/25.0 Ø8/25.0 Ø8/25.0 
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B'56"P"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 3Y 

Travi telaio 3Y 

Appoggio 3 11 19 27 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 30x60 

Barre Sup 2Ø14+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+1Ø14 

Staffe Lato sinistro - Ø8/10.0 Ø8/10.0 Ø8/15.0 

Staffe Lato destro Ø8/15.0 Ø8/10.0 Ø8/10.0 - 

Campata 3-11 11-19 19-27 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Staffe Ø8/25.0 Ø8/25.0 Ø8/25.0 

"

B'56"Q"Y"B!$%/%0!'" !T"Sezioni e armature delle travi del telaio 4Y 

Travi telaio 4Y 

Appoggio 4 12 20 28 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 30x60 

Barre Sup 2Ø14 2Ø14+3Ø14 2Ø14+3Ø14 2Ø14 

Staffe Lato sinistro - Ø8/15.0 Ø8/10.0 Ø8/15.0 

Staffe Lato destro Ø8/15.0 Ø8/10.0 Ø8/15.0 - 

Campata 4-12 12-20 20-28 

Sezione b(cm) X h(cm) 30x60 30x60 30x60 

Barre Inf 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Staffe Ø8/25.0 Ø8/25.0 Ø8/25.0 

"

"

"
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B'56"N"Y"B!$%/%0!'"  7T"Sezioni e armature dei pilastri "

Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

1 

1 30X60 4Ø14 2Ø14 2Ø14 Ø8/15 

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

6 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

       



EGD" >$$+(-!.+">?"

"

       

Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

7 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

8 

1 30X60 4Ø14 2Ø14 2Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

9 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

10 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

11 

1 30X80 4Ø20 3Ø14 1Ø14 Ø8/15"

2 30X80 4Ø20 3Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

12 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

       



>$$+(-!.+">?" EGE"

       

Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

13 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

14 

1 30X80 4Ø20 3Ø14 1Ø14 Ø8/15"

2 30X80 4Ø20 3Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

15 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

16 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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B'56"G"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 1X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 



EGP" >$$+(-!.+">?"

"

B'56"?H"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 2X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
0Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

          



>$$+(-!.+">?" EGQ"

          

          

nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

 



EGN" >$$+(-!.+">?"

"

B'56"??"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 1Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



>$$+(-!.+">?" EGG"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FHH" >$$+(-!.+">?"

"

B'56"?D"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 2Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



>$$+(-!.+">?" FH?"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FHD" >$$+(-!.+">?"

"

B'56"?E"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 3Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FHE"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FHF" >$$+(-!.+">?"

"

B'56"?F"Y"B!$%/%0!'"  7T"Sezioni e armature delle travi del telaio 4Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FHO"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"
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B'56"?O"Y"B!$%/%0!'"  849T"Sezioni e armature dei pilastri "

Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

1 

1 30X60 4Ø14 2Ø14 2Ø14 Ø8/15 

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

6 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

7 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15 

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

8 

1 30X60 4Ø14 2Ø14 2Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

9 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

10 

1 30X80 4Ø14 4Ø14 2Ø14 Ø8/15 

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

11 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

12 

1 30X80 4Ø14 4Ø14 2Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

13 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15 

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

14 

1 30X80 4Ø20 4Ø14 2Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

15 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

16 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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B'56"?P"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 1X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø20 

2Ø20+
1Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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B'56"?Q"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 2X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
0Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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B'56"?N"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 1Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+0Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



F?F" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



>$$+(-!.+">?" F?O"

B'56"?G"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 2Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



F?P" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



>$$+(-!.+">?" F?Q"

B'56"DH"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 3Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+0Ø14 2Ø20+0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



F?N" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+0Ø14 2Ø20+0Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



>$$+(-!.+">?" F?G"

B'56"D?"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 4Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



FDH" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"



>$$+(-!.+">?" FD?"

B'56"DD"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 5Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



FDD" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"



>$$+(-!.+">?" FDE"

B'56"DE"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 6Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



FDF" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"



>$$+(-!.+">?" FDO"

B'56"DF"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 7Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



FDP" >$$+(-!.+">?"

"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"



>$$+(-!.+">?" FDQ"

B'56"DO"Y"B!$%/%0!'"  849T"Sezioni e armature delle travi del telaio 8Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+0Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"

"



>$$+(-!.+">?" FDG"

B'56"DP"Y"B!$%/%0!'"  84!T"Sezioni e armature dei pilastri "

Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

1 

1 30X60 4Ø14 2Ø14 2Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

6 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

7 

1 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

8 

1 30X60 4Ø20 2Ø14 2Ø14 Ø8/15"

2 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

9 

1 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

2 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

3 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

4 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

10 

1 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

11 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

12 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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Pilastro Piano 
Sezione 

b(cm) X h(cm) 

Armatura  

di spigolo 

Armatura 

Lato Lungo 

Armatura 

Lato Corto 
Staffe 

13 

1 30X80 4Ø20 4Ø14 1Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

14 

1 30X80 4Ø20 4Ø14 2Ø14 Ø8/15"

2 30X80 4Ø14 4Ø14 2Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 2Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

15 

1 30X80 4Ø20 4Ø14 3Ø20 Ø8/15"

2 30X80 4Ø14 4Ø14 1Ø14 Ø8/15"

3 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

4 30X70 4Ø14 3Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"

16 

1 30X60 4Ø20 2Ø14 2Ø14 Ø8/15"

2 30X60 4Ø20 2Ø14 2Ø14 Ø8/15"

3 30X60 4Ø20 2Ø14 2Ø14 Ø8/15"

4 30X60 4Ø20 2Ø14 1Ø14 Ø8/15"

5 30X60 4Ø14 2Ø14 1Ø14 Ø8/15"
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B'56"DQ"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 1X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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B'56"DN"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 2X"

nodo Piano Campata 1 2 3 4 5 6 7 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
0Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø14+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 4 5 6 7 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
3Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
2Ø14 

2Ø20+
2Ø20 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø20+
2Ø20 

2Ø20+
2Ø14 

2Ø20+
0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 30X60 30X60 30X60 30X60 

Barre Inf 
2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

2Ø14+
1Ø14 

Barre Sup 
2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
2Ø14 

2Ø14+
2Ø14 

2Ø20+
1Ø14 

2Ø20+
1Ø14 

2Ø14+
1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 Ø8/15 

 



FEP" >$$+(-!.+">?"

"

B'56"DG"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 1Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø20+0Ø14 2Ø20+0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø20+0Ø14 2Ø20+0Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



>$$+(-!.+">?" FEQ"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+0Ø14 2Ø20+0Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+0Ø14 2Ø20+0Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FEN" >$$+(-!.+">?"

"

B'56"EH"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 2Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

      

      

      

      

      



>$$+(-!.+">?" FEG"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FFH" >$$+(-!.+">?"

"

B'56"E?"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 3Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FF?"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FFD" >$$+(-!.+">?"

"

B'56"ED"Y"B!$%/%0!'"  84!T"Sezioni e armature delle travi del telaio 4Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FFE"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"



FFF" >$$+(-!.+">?"

"

B'56"EE"Y"B!$%/%0!'"  84!: Sezioni e armature delle travi del telaio 5Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+0Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FFO"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+0Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

 



FFP" >$$+(-!.+">?"

"

B'56"EF"Y"B!$%/%0!'"  Z3[T" +1!%(!"+"'#2'&*#+"-+//+"&#'8!"-+/"&+/'!%"PR"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FFQ"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+1Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 



FFN" >$$+(-!.+">?"

"

B'56"EO"Y"B!$%/%0!'"  Z3[T" +1!%(!"+"'#2'&*#+"-+//+"&#'8!"-+/"&+/'!%"QR"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø20 2Ø20+2Ø20 2Ø20+1Ø20 

Barre Sup 2Ø20+2Ø14 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Barre Sup 2Ø20+2Ø20 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+1Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

   
   

      

      

      

      



>$$+(-!.+">?" FFG"

      

      
nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø20 2Ø20+2Ø20 2Ø20+1Ø20 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+1Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Barre Sup 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"
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"

B'56"EP"Y"B!$%/%0!'"  84!: Sezioni e armature delle travi del telaio 8Y"

nodo Piano Campata 1 2 3 

1 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+3Ø20 2Ø20+3Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+1Ø14 2Ø20+3Ø14 2Ø20+3Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+1Ø14 2Ø14+2Ø14 2Ø14+2Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 
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nodo Piano Campata 1 2 3 

2 

1 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+2Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

2 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+2Ø14 2Ø20+2Ø14 2Ø20+2Ø14 

Barre Sup 2Ø20+3Ø20 2Ø20+3Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

3 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø20+1Ø14 2Ø20+1Ø14 2Ø20+1Ø14 

Barre Sup 2Ø20+2Ø20 2Ø20+2Ø20 2Ø20+2Ø20 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

4 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø20+3Ø14 2Ø20+3Ø14 2Ø20+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

5 

b(cm)xh(cm) 30X60 30X60 30X60 

Barre Inf 2Ø14+1Ø14 2Ø14+1Ø14 2Ø14+1Ø14 

Barre Sup 2Ø14+2Ø14 2Ø14+2Ø14 2Ø14+1Ø14 

Ferri Parete 1Ø14 1Ø14 1Ø14 

Staffe Ø8/15 Ø8/15 Ø8/15 

"

"

"

"

"
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Appendice A2 

Si riportano in questa appendice  tre gruppi di diagrammi, relativi a 

tutti gli edifici presi in esame. In dettaglio: 

1. Primo gruppo (Figg. A2.1,2,3,4,5,6,7,8,9,10): ogni figura si riferisce a 

un singolo edificio esaminato e riporta per ciascun piano i diagrammi 

delle distribuzioni in pianta degli spostamenti assoluti  limitatamen-

te al confronto fra analisi dinamica non lineare, approccio normativo 

e metodo proposto nella formulazione originaria.  

2. Secondo gruppo (Figg. A2.10,11,12,13,14,15,16,17,18,19,20): ogni fi-

gura si riferisce a un singolo edificio esaminato e riporta per ciascun 

piano i diagrammi delle distribuzioni in pianta degli spostamenti as-

soluti con riferimento al confronto fra analisi dinamica non lineare, 

approccio normativo e tutti i metodi statici non lineari proposti (me-

todo originario e sue varianti) 

3. Terzo gruppo (Figg. A2.21,22,23,24,25,26,27,28,29,30): ogni figura si 

riferisce a un singolo edificio esaminato e riporta per ciascun piano i 

diagrammi delle distribuzioni in pianta degli errori percentuali sugli 

spostamenti assoluti  commessi nei vari metodi statici non lineari ri-

spetto all’analisi dinamica non lineare. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

  

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.1. Edificio SG-P: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.2. Edificio SG-G: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.3. Edificio SST-P1: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.4. Edificio SST-G1: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.5. Edificio SSR-P1: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.6. Edificio SSR-G1: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.7. Edificio SST-P2: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.8. Edificio SST-G2: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.9. Edificio SSR-P2: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 



Appendice A2 463 

Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.10. Edificio SSR-G2: diagrammi dei massimi spostamenti assoluti:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.11. Edificio SG-P: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.12. Edificio SG-G: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 



466 Appendice A2 

 

Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.13. Edificio SST-P1: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.14. Edificio SST-G1: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.15. Edificio SSR-P1: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.16. Edificio SSR-G1: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.17. Edificio SST-P2: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.18. Edificio SST-G2: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.19. Edificio SSR-P2: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Dinamica bilanciato 

Dinamica asimmetrico 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.20. Edificio SSR-G2: diagrammi dei massimi spostamenti assoluti:  

confronto fra i vari metodi statici non lineari. 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.21. Edificio SG-P: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

  

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.22. Edificio SG-G: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.23. Edificio SST-P1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.24. Edificio SST-G1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.25. Edificio SSR-P1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.26. Edificio SSR-G1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.27. Edificio SST-P2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.28. Edificio SST-G2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.29. Edificio SSR-P2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Inviluppo Pushover con e1 ed e2  

con R ≤ 2.00 

Inviluppo Pushover con e1 ed e2 

Inviluppo Pushover con e1, e2 e 

bilanciato 

Inviluppo Pushover  

Normativa e Bilanciato  

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A2.30. Edificio SSR-G2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti assoluti 
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Appendice A3 

Si riportano in questa appendice  tre gruppi di diagrammi, relativi a 

tutti gli edifici presi in esame. In dettaglio: 

1. Primo gruppo (Figg. A3.1,2,3,4,5,6,7,8,9,10): ogni figura si riferisce a 

un singolo edificio esaminato e riporta per ciascun piano i diagrammi 

delle distribuzioni in pianta degli spostamenti di interpiano limita-

tamente al confronto fra analisi dinamica non lineare, approccio 

normativo e metodo proposto nella formulazione originaria.  

2. Secondo gruppo (Figg. A3.10,11,12,13,14,15,16,17,18,19,20): ogni fi-

gura si riferisce a un singolo edificio esaminato e riporta per ciascun 

piano i diagrammi delle distribuzioni in pianta degli spostamenti di 

interpiano con riferimento al confronto fra analisi dinamica non li-

neare, approccio normativo e tutti i metodi statici non lineari propo-

sti (metodo originario e sue varianti) 

3. Terzo gruppo (Figg. A3.21,22,23,24,25,26,27,28,29,30): ogni figura si 

riferisce a un singolo edificio esaminato e riporta per ciascun piano i 

diagrammi delle distribuzioni in pianta degli errori percentuali sugli 

spostamenti di interpiano  commessi nei vari metodi statici non line-

ari rispetto all’analisi dinamica non lineare. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 

 

Piano 5 Piano4 

 

Piano 3 Piano 2 

 

Piano 1  

 

Fig. A3.1. Edificio SG-P: diagrammi dei massimi spostamenti di interpiano:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Dinamica bilanciato 

Pushover con e1 

Inviluppo Pushover con e1 ed e2 

Dinamica asimmetrico 

Pushover con e2 

Pushover Normativa 
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Fig. A3.2. Edificio SG-G: diagrammi dei massimi spostamenti di interpiano:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.3. Edificio SST-P1: diagrammi dei massimi spostamenti di interpiano:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.4. Edificio SST-G1: diagrammi dei massimi spostamenti di interpiano: 

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.5. Edificio SSR-P1: diagrammi dei massimi spostamenti di interpiano: 

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.6. Edificio SSR-G1: diagrammi dei massimi spostamenti di interpiano: 

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.7. Edificio SST-P2: diagrammi dei massimi spostamenti di interpiano:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.8. Edificio SST-G2: diagrammi dei massimi spostamenti di interpiano: 

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.9. Edificio SSR-P2: diagrammi dei massimi spostamenti di interpiano: 

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.10. Edificio SSR-G2: diagrammi dei massimi spostamenti di interpia-

no:  

analisi dinamica, metodo proposto ed approccio normativo. 
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Fig. A3.11. Edificio SG-P: diagrammi dei massimi spostamenti di interpiano:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.12. Edificio SG-G: diagrammi dei massimi spostamenti di interpiano:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.13. Edificio SST-P1: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.14. Edificio SST-G1: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.15. Edificio SSR-P1: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.16. Edificio SSR-G1: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.17. Edificio SST-P2: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.18. Edificio SST-G2: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.19. Edificio SSR-P2: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.20. Edificio SSR-G2: diagrammi dei massimi spostamenti di interpia-

no:  

confronto fra i vari metodi statici non lineari. 
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Fig. A3.21. Edificio SG-P: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.22. Edificio SG-G: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.23. Edificio SST-P1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.24. Edificio SST-G1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.25. Edificio SSR-P1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.26. Edificio SSR-G1: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.27. Edificio SST-P2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.28. Edificio SST-G2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.29. Edificio SSR-P2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 
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Fig. A3.30. Edificio SSR-G2: diagrammi degli errori percentuali rispetto agli 

spostamenti dinamici dei punti degli impalcati ai vari livelli per i diversi me-

todi statici non lineari: spostamenti di interpiano. 



516 Appendice A3 

 

 



 

 

Appendice A4 

Si riportano in questa appendice  tre gruppi di diagrammi, relativi a 

tutti gli edifici presi in esame. In dettaglio: 

1. Primo gruppo (Figg. A4.1,2,3,4,5,6,7,8,9,10): ogni figura si riferisce a 

un singolo edificio esaminato e riporta i diagrammi della distribuzio-

ne lungo l’altezza degli spostamenti assoluti (a) e di interpiano (b) 

sul lato 1 e sul lato 2 limitatamente al confronto fra analisi dinamica 

non lineare, approccio normativo e metodo proposto nella formula-

zione originaria.  

2. Secondo gruppo (Figg. A4.10,11,12,13,14,15,16,17,18,19,20): ogni fi-

gura si riferisce a un singolo edificio esaminato e riporta i diagrammi 

della distribuzione lungo l’altezza degli spostamenti assoluti (a) e di 

interpiano (b) sul lato 1 e sul lato 2 con riferimento al confronto fra 

analisi dinamica non lineare, approccio normativo e tutti i metodi 

statici non lineari proposti (metodo originario e sue varianti) 

3. Terzo gruppo (Figg. A4.21,22,23,24,25,26,27,28,29,30): ogni figura si 

riferisce a un singolo edificio esaminato e riporta i diagrammi delle 

distribuzioni in altezza degli errori percentuali sugli spostamenti di-

namici assoluti (a) e di interpiano (b) sul lato 1 e sul lato 2 commessi 

nei vari metodi statici non lineari. 
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Fig. A4.1. Edificio SG-P: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.2. Edificio SG-G: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.3. Edificio SST-P1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.4. Edificio SST-G1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.5. Edificio SSR-P1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.6. Edificio SSR-G1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.7. Edificio SST-P2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.8. Edificio SST-G2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.9. Edificio SSR-P2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.10. Edificio SSR-G2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2: confronti fra analisi dinamica,  

metodo proposto ed approccio normativo. 
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Fig. A4.11. Edificio SG-P: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.12. Edificio SG-G: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.13. Edificio SST-P1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.14. Edificio SST-G1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.15. Edificio SSR-P1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.16. Edificio SSR-G1: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.17. Edificio SST-P2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.18. Edificio SST-G2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.19. Edificio SSR-P2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 



Appendice A4 537 

 

Inviluppo Pushover con e1 ed e2 

Pushover Normativa 

Inviluppo Pushover con e1 ed e2 

 con R =2.00 

Inviluppo Pushover  

Normativa e Bilanciato  

Dinamica bilanciato 

Dinamica asimmetrico 

Inviluppo Pushover con e1, e2 

 e bilanciato 

 

 
a b

L
at

o
 1

 

  

L
at

o
 2

 

  

 

 

Fig. A4.20. Edificio SSR-G2: Profili in altezza degli spostamenti assoluti (a)  

e di interpiano (b) sul lato1 e sul lato2:  

confronto fra i vari metodi statici non lineari. 
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Fig. A4.21.  Edificio SG-P: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.22.  Edificio SG-G: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.23.  Edificio SST-P1: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.24.  Edificio SST-G1: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.25.  Edificio SSR-P1: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.26.  Edificio SSR-G1: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.27.  Edificio SST-P2: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.28.  Edificio SST-G2: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.29.  Edificio SSR-P2: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 
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Fig. A4.30.  Edificio SSR-G2: Profili in altezza degli errori percentuali  

rispetto agli spostamenti dinamici assoluti (a) e di interpiano (b)  

sul lato1 e sul lato2: per i diversi metodi statici non lineari. 


