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

?-@%&'(#$.6:.()*'(*.(1!&(4$#!,'&()*'($A*1!*($(1',,!#$,(!&($0'.7'&("$
BC&&-$8("$(D'<*"1$(E*',,$(F*"1-$08(4!-(!(,-<!,!&!(-"5',"!(,*&&!>(G.(4$#!,()*'
+!&&-5'0.'"#'(3!"#,-6*-*(+$,$( -&&!( 4!-($( -"$1')*$H7!(1!&(.$#',-$-&(*&$1!&
"$(3!"&#,*H7!(1$&(.I)*-"$&(1'(<*',,$>

J.$<-"'( '&#$( &-#*$H7!K( *.( &!01$1!( $0'.7!8( '"4,'"#$"1!( *.( 4,-!( .*-#!
-"#'"&!8( 5'"1!( $( '&#'-,$( 1!( &'*( 60-"1$1!( ,!.+',%&'8( &'.( .!#-5!( $+$,'"#'>
L*(5'"1!($(6!3$(1!(3$"97!(+$,#-,%&'($!(1$,(!(+,-.'-,!(#-,!>(J&&!("7!(:("'3'&&$%
,-$.'"#'(4-3H7!>(M!1'(.*-#!(6'.(#',($3!"#'3-1!>

N(#'.+',$#*,$(-"40*'"3-$(.*-#!($(,'&-&#O"3-$(1'($0<*"&(.$#',-$-&($!(39!)*'8
$!(3!"#,I,-!(1!()*'(!3!,,'("$(,'&-&#O"3-$(P(#,$H7!8()*'("7!(:($4'#$1$(+!,('&&$
3$,$3#',;&#-3$>

M'&)*-&$1!,'&(-"<0'&'&8(4,$"3'&'&('($0'.7'&(4!,$.(!&(+,-.'-,!&($(!6&',5$,
'&&'( 4$#!('($(1'&'"5!05',('"&$-!&()*'(+',.-#-&&'.($5$0-$,(!( 3!.+!,#$.'"#!
1!&(.$#',-$-&($(6$-/$&(#'.+',$#*,$&>

Q'&#$($*0$(5!3O(5$-(3!"9'3',(!('"&$-!(1'(-.+$3#!($(6$-/$(#'.+',$#*,$>(R-3$,I
&$6'"1!( !( )*'( :( #'.+',$#*,$( 1'( #,$"&-H7!8( 3!.!( '0$( +!1'( &',( ,'+,'&'"#$1$
<,$4-3$.'"#'('()*$-&(&7!(!&(4$#!,'&()*'($($4'#$.>

,-./-&0%)&01(-1%&0$23*+'

N!('"&$-$,(!&(.'#$-&($!(-.+$3#!8(5',-4-3!*%&'()*'(9I(*.$(4$-/$(1'(#'.+'%
,$#*,$(,'0$#-5$.'"#'(+')*'"$("$()*$0($('"',<-$($6&!,5-1$(+'0!(3!,+!(1'(+,!5$
3$-($+,'3-$5'0.'"#'>(S&#$(4$-/$(:(1'"!.-"$1$(!"#$"%&!'%&()"(!%&*+,-./>

N(#'.+',$#*,$(1'(#,$"&-H7!(:($)*'0$('.()*'(!3!,,'(*.$(.*1$"H$("!(3$,I#',
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! " # !M!,( '/'.+0!8( *.( 1$1!( $H!( $6&!,5'( TU( A!*0'&( 1'( '"',<-$( 1'( -.+$3#!

P(#'.+',$#*,$($.6-'"#'(V!(WXYZ[>(\*$"1!($(#'.+',$#*,$(1'&3'($("W]YZ8(!(5$0!,
1'( '"',<-$( $6&!,5-1$( :( +!*3!( $0#',$1!8( $#-"<-"1!( T^( A!*0'&>( S&#'( 5$0!,( 3$-
+$,$(](A!*0'&(P(#'.+',$#*,$(1'("W^YZ>

Z!.!('&#$(+$&&$<'.8("$(.$-!,-$(1!&(3$&!&8("7!(:(,'+'"#-"$(:(*&*$0(1'4-%
"-,%&'(*.$(0&,1&()"(!"#$"%&!'%&()"(!%&*+,-./>

N(4$-/$(1'(#'.+',$#*,$(1'(#,$"&-H7!(3!.+,''"1'(!(-"#',5$0!(1'(#'.+',$#*,$
'.()*'($(4,$#*,$(&'($+,'&'"#$(3!.(U_`(1'($&+'3#!(4,I<-0(V3,-&#$0-"$[('(]_`(1'
$&+'3#!( 1C3#-0( V4-6,!&$[( '( U_`( 1'( $&+'3#!( 1C3#-0( '( ]_`( 1'( $&+'3#!( 4,I<-0>
L( #$.$"9!( 1'&&$( 4$-/$( 5$,-$( 3!"4!,.'( !( .'#$0>( a&( 5'@'&8( $( )*'1$( :( .*-#!
,'+'"#-"$8(3!.!("!('/'.+0!($"#',-!,>

N( 1'4-"-H7!( 1'&&$( 4$-/$( :( -.+!,#$"#'( +!,)*'( &b( +!1'.!&( *#-0-@$,( *.
.$#',-$0("*.$(4$-/$(1'(#'.+',$#*,$('.()*'("7!(&'(.$"-4'&#'($(.*1$"H$(6,*&3$
1!(3$,I#',(1$(,*+#*,$>

9&:;34'1(01%-./-&0%)&01(-1%&0$23*+'

M!1'%&'(,'+,'&'"#$,($(#'.+',$#*,$(1'(#,$"&-H7!(<,$4-3$.'"#'>(J"1-3$"1!%
&'( !&( 5$0!,'&( 1'( #'.+',$#*,$( "!( '-/!( 1$&( $6&3-&&$&( '( !&( 5$0!,'&( 1'( '"',<-$
$6&!,5-1$( "!( '-/!( 1$&( !,1'"$1$&8( :( +!&&;5'0( #,$H$,( $( 3*,5$( )*'( .!&#,$
!(3!.+!,#$.'"#!(1!(.$#',-$0()*$"#!($!(#-+!(1'(4,$#*,$(V4,I<-0(!*(1C3#-0[>

N(#'.+',$#*,$(cT(3!,,'&+!"1'(P(4,$#*,$(U_`(1C3#-0('(]_`(4,I<-0>(N(#'.+'%
,$#*,$(c](3!,,'&+!"1'(P(4,$#*,$(]_`(1C3#-0('(U_`(4,I<-0>(S($(#'.+',$#*,$(cW
:(!(+!"#!("!()*$0($(4,$#*,$(&'($+,'&'"#$(X_`(1C3#-0('(X_`(4,I<-0>(L(-"#',5$0!(1'
#'.+',$#*,$(1'(#,$"&-H7!(3!,,'&+!"1'($!(-"#',5$0!('"#,'(cT('(c]>

L&( .'#$-&( )*'( #O.( '&#,*#*,$( 3,-&#$0-"$( 2328( 3!.!( !( 3!6,'8( $0*.;"-!8
";)*'08($H!(-"!/-1I5'0($*&#'";#-3!('#3>8(*./($+,'&'"#$.(#'.+',$#*,$(1'(#,$"&-%
H7!8(!*(&'A$8(!&(5$0!,'&(1'(-.+$3#!("7!(&7!(-"40*'"3-$1!&(+'0$(#'.+',$#*,$>
M!,(-&&!('&&'&(.$#',-$-&(&7!(-"1-3$1!&(+$,$(#,$6$09!&('.(6$-/;&&-.$&(#'.+',$%
#*,$&8(3!.!(#$")*'&(3,-!<O"-3!&8(+!,('/'.+0!>
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M$,$( !6#',( .$-!,'&( -"4!,.$H='&( &!6,'( $( '&#,*#*,$( 3,-&#$0-"$( 1!&( .'#$-&
VZRZ8(ZZZ8(9'/$<!"$0('#3>[(3!"&*0#'(!(.b1*0!(6&!"%,&,+>

<0%'&-21=)-13$;8)-$430.101%-./-&0%)&01(-1%&0$23*+'

L(-"#',5$0!(1'(#,$"&-H7!(:(-"40*'"3-$1!(+!,(3',#$&(3$,$3#',;&#-3$&(3!.!K

# 7%&!&#"*!/( !8%#,5/("( NH!&%3$,6!"!( '( 1'( 6$-/$( 0-<$( &7!( .'"!&( &*A'-#!&
P(-"40*O"3-$(1$(#'.+',$#*,$()*$"1!(&*6.'#-1!&($(#,$#$.'"#!(#:,.-3!()*'
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#*,$&( .$-&( +,b/-.$&( P( #'.+',$#*,$( $.6-'"#'>( c$.$"9!&( 1'( <,7!&( 4-"!&
$6$-/$.($(#'.+',$#*,$(1'(#,$"&-H7!d
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3!.+='.(&*$('&#,*#*,$8(#'"1'.($($+,'&'"#$,(.$-!,(#'.+',$#*,$(1'(#,$"&-H7!d

# <#$'%"=&+( "( N( +,'&'"H$( 1'( -.+*,'@$&8( )*'( 4,$<-0-@$.( $( '&#,*#*,$( 1!
.$#',-$08(#'"1'($('0'5$,($(#'.+',$#*,$(1'(#,$"&-H7!d

# ;>"#"*!/+()"(>,:&("(N($1-H7!(1'(3',#!&('0'.'"#!&(1'(0-<$8(3!.!(!(";)*'08(+!,
'/'.+0!8(#'"1'($(.'09!,$,($(,'&-&#O"3-$($!(-.+$3#!8(.'&.!($(#'.+',$#*,$&
.$-&(6$-/$&d

# ?%/5"++/+( )"( 0&@%,5&-./( "( G.( .'&.!( $H!8( +,!1*@-1!( +!,( +,!3'&&!&
1-4','"#'&8(+!&&*-,I(#'.+',$#*,$&(1'(#,$"&-H7!(1-4','"#'&d

# A"!,%&)&()/(5/%$/()"($%/B&("(N(4!,.$(1'(,'#-,$1$(1!&(3!,+!&(1'(+,!5$
-"#',4','("$(+!&-H7!(1$&(4-6,$&(1!(.$#',-$0>(N&("!,.$&(-"#',"$3-!"$-&(<',$0%
.'"#'('&+'3-4-3$.($(+!&-H7!(1$(,'#-,$1$(1!&(3!,+!&(1'(+,!5$8("!&(+,!1*#!&
&-1',C,<-3!&8(+!-&($(,'<-7!(1'(!"1'('0'&(&7!(,'#-,$1!&8(6'.(3!.!($(+!&-H7!(1!
'"#$09'8(#O.(4*"1$.'"#$0(-.+!,#e"3-$(&!6,'(!&(5$0!,'&(!6#-1!&("!('"&$-!>

f'A$8( +!,( '/'.+0!8( #,O&( +!&&-6-0-1$1'&( 1'( ,'#-,$1$( '( +!&-3-!"$.'"#!
1!( '"#$09'( '.( 3!,+!&( 1'( +,!5$( Z9$,+g8( ,'#-,$1!&( 1'( +!&-H='&( 1-4','"#'&( 1'
*.$(39$+$(1'($H!(1!3'>
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+!&( $+,'&'"#$,$.( #,O&( 3*,5$&( 1-4','"#'&8( 3!.!
.!&#,$(!(<,I4-3!($(&'<*-,>

Q!(3!,+!(1'(+,!5$(N8(!('"#$09'('&#I(#,$"&5',%
&$0(P&(4-6,$&(1!(.$#',-$0>(M!,(-&&!8($(3*,5$(3!,,'&%
+!"1'"#'8("!(<,I4-3!($"#',-!,8(.!&#,$()*'('&#'(4!-
!(3!,+!(1'(+,!5$()*'($+,'&'"#!*($(.$-!,()*$"#-%
1$1'(1'('"',<-$($6&!,5-1$>

Q!(3!,+!(1'(+,!5$(Z8(!('"#$09'('&#I("!(&'"#-1!(1$(4-6,$8(!()*'(4$5!,'3'
!(3-&$09$.'"#!>(M!,(-&&!8($($6&!,H7!(1'('"',<-$(:($(+-!,(+!&&;5'0>

L(3!,+!(1'(+,!5$(h(#$.6:.(#'.('"#$09'(#,$"&5',&$0>(Db()*'8("'&#'(3$&!8
!('"#$09'($#,$5'&&$(!("C30'!(1$(39$+$8(3!,#$"1!(#!1$&($&(4-6,$&(#,$"&5',&$0.'"#'>
N(3*,5$(3!,,'&+!"1'"#'('"3!"#,$%&'("*.$(&-#*$H7!(-"#',.'1-I,-$8('.(3!.+$,$%
H7!(3!.($&(!*#,$&(1*$&>

S&&$( ,'0$H7!( '"#,'( $&( 3*,5$&( +',.$"'3'( 3!"&#$"#'8( )*$0)*',( )*'( &'A$
$(#'.+',$#*,$(1!('"&$-!>

>-2;&30.-$%'1('14'&/'1(-1/&'?0

L&(3!,+!&(1'(+,!5$(,'#-,$1!&(+$,$('"&$-!(1'(-.+$3#!(1'5'.(&',(,'&4,-$1!&8
$#:()*'(&'($#-"A$($(#'.+',$#*,$(1'&'A$1$(+$,$(!('"&$-!>

N&(#:3"-3$&(1'(,'&4,-$.'"#!(&7!(1'#',.-"$1$&('.("!,.$&(#:3"-3$&('&+'3;%
4-3$&>(G.(.!1!(1'(!6#',(!(,'&4,-$.'"#!(3!"&-&#'('.(.',<*09$,(!(3!,+!(1'
+,!5$( "*.( #$")*'( 3!"#'"1!( "-#,!<O"-!( 0;)*-1!8( +!,( $+,!/-.$1$.'"#'
TX(.-"*#!&>(S&#'(:(!(#'.+!("'3'&&I,-!(+$,$(9!.!<'"'-@$,($(#'.+',$#*,$('.
#!1!(!(3!,+!(1'(+,!5$>

L*#,$(4!,.$(1'(!6#',(!(,'&4,-$.'"#!(:(+!,(.'-!(1'(*.$(.-&#*,$(1'(I03!!0
'(<'0!(&'3!8()*'(+',.-#'($#-"<-,(#'.+',$#*,$&(1'($#:(U_YZ("'<$#-5!&>

L( #'.+!( .I/-.!( +$,$( ,!.+',( !( 3!,+!( 1'( +,!5$( $+b&( !( ,'&4,-$.'"#!
:(1'(X(&'<*"1!&>

?'5-1!( P( <,$"1'( 1-&+',&7!( 1!&( ,'&*0#$1!&( 1!&( '"&$-!&8( +,-"3-+$0.'"#'
+,b/-.!(P(#'.+',$#*,$(1'(#,$"&-H7!8(<',$1$(+'0$(1-4-3*01$1'(1'(!6#',(3!,+!&(1'
+,!5$( ,-<!,!&$.'"#'( -<*$-&( '( +'0$( 4$0#$( 1'( 9!.!<'"'-1$1'( 1!&( .$#',-$-&8
!( '"&$-!( 1'( -.+$3#!( 3!.*.( "7!( !4','3'( ,'&*0#$1!&( $+0-3I5'-&( $( +,!A'#!&( 1'
'"<'"9$,-$( '&#,*#*,$0>( M$,$( ,'&+!"1',( $( '&&$&( "'3'&&-1$1'&( +,I#-3$&8( 4!,$.
1'&'"5!05-1!&(!*#,!&(#-+!&(1'('"&$-!(1'(-.+$3#!('(!*#,!&(')*-+$.'"#!&>

L( $+,!4*"1$.'"#!( "'&#'&( '"&$-!&( 5$-( $0:.( 1!&( !6A'#-5!&( 1'&#'( .b1*0!>
F$&(&'(!($&&*"#!(4!,(1'(&'*(-"#','&&'8("7!(&'($3!.!1'>(M,!3*,'(0',(.$-&($(,'&+'-#!
'( +'&)*-&'( 3$#I0!<!&( '( 4!09'#!&( 1'( 4$6,-3$"#'&( 1'( ')*-+$.'"#!&8( )*'( &7!
!&(.'-!&(1'(!6#',(-"4!,.$H='&($#*$0-@$1$&>

Z!.( '&#$( $*0$8( '"3',,$%&'( !( '&#*1!( 1!( 3!"A*"#!( 1'( '"&$-!&( 30$&&-4-3$1!&
3!.!(1'&#,*#-5!&>(N"#'&(1'(+$&&$,(+$,$(!(+,b/-.!(60!3!8(4$H$(*.$(6!$(,'5-&7!
1!( )*'( 4!-( $+,'&'"#$1!( $#:( $)*->( S( "7!( &'( '&)*'H$( 1'( ,'&!05',( !&( '/',3;3-!&
$(&'<*-,>
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;1"%5C5,/(D
N(#'.+',$#*,$(1'(#,$"&-H7!(:K
&E V[$(#'.+',$#*,$($.6-'"#'(1!('"&$-!d
@E V[$(#'.+',$#*,$('.()*'($(4,$#*,$(+$&&$(1'(4,I<-0(+$,$(1C3#-0('(5-3'%

5',&$d
5E V[$(#'.+',$#*,$('.()*'(!(3!,+!(1'(+,!5$(&'(,!.+'(1'(4!,.$(4,I<-0d
)E V[$(#'.+',$#*,$('.()*'(!(3!,+!(1'(+,!5$(&'(,!.+'(1'(4!,.$(1C3#-0>

;1"%5C5,/(F
D7!('/'.+0!&(1'(.$#',-$-&()*'(*./(&7!($4'#$1!&(+'0$(#'.+',$#*,$8("!('"&$-!
1'(-.+$3#!K
&E V[4',,!8(@-"3!8(";)*'0d
@E V[$H!(-"!/-1I5'08(4',,!8(6,!"@'d
5E V[3!6,'8($0*.;"-!8(";)*'0d
)E V[$0*.;"-!8($H!(1!3'8(.$<":&-!>

;1"%5C5,/(G
Q!('"&$-!(1'(-.+$3#!($(6$-/$&(#'.+',$#*,$&K
&E V[*#-0-@$%&'(*.$(.I)*-"$('&+'3-$0(+$,$(#'.+',$#*,$&("'<$#-5$&d
@E V[$(#'.+',$#*,$(1$(&$0$(1'('"&$-!(1'5'(&',(,'6$-/$1$d
5E V[$(#'.+',$#*,$(1!(3!,+!(1'(+,!5$(:(_YZd
)E V[$(#'.+',$#*,$(1!(3!,+!(1'(+,!5$(:(,'6$-/$1$($#:(!(<,$*(1'&'A$1!>

;1"%5C5,/(H
Z-#'(#,O&('/'.+0!&(1'(4$#!,'&()*'(">"B&#($(#'.+',$#*,$(1'(#,$"&-H7!>

;1"%5C5,/(I
N"$0-&'($(3*,5$(,'+,'&'"#$1$($(&'<*-,('(,'&+!"1$K
N#:()*'(#'.+',$#*,$(!(.$#',-$0('.()*'&#7!(+!1'(&',(*#-0-@$1!j
S/+0-)*'(&*$(,'&+!&#$>
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Acesse: Õ http://fuvestibular.com.br/

P/ as outras apostilas de Ens. de Materiais, Acesse: http://fuvestibular.com.br/telecurso-2000/apostilas/metal-mecanica/ensaio-de-materiais/


