Perfis Formados a Frio
- Metodo da
Resistencia Direta

Curso de Fropets e Citeats de Lstraturas metilizas



Dimensionamento de Perfis Formados a Frio
Método da Resisténcia direta

ANEXO C da NBR14762/10

E possivel dimensionar qualquer tipo de perfil apenas sabendo as cargas de
flambagem elastica Local, Distorcional e Global

Utilizaremos esse método com auxilio de uma ferramenta computacional
chamada FsTr

Curso de Frojets e Citeals de Lstraturas metilizas



Barras Comprimidas

[#] FStrvs1.3.0 - Finite Strip Method = m] X
General | G/Hat | Zed Rack |LiWal |Res |PHs | por | Strip Properties ) L]
Intermediate 2 i ! —
Dimension Nodes ""'"! Boundary Condition AO -
Web (bw) 150 5 | 5-5 (Simply-Simply) v
Sup. Flange (bf) 60 3
Inf. Flange (bf) 50 3 Half-wave terms
Sup. Lip 1 (bs1) 17 1 |‘I "
Inf. Lip 1 {bs1) 17 1 ]
Thickness (1) 3 ‘ Lengths
Alpha 1 90 Reference logspace(2,4,100)
I Out-fo-out ) Center Line Se AO < 1 ) 5
| [] J _._._._I

[ Elastic Buckling Analysis || Geometric Properlies NCR o - (0, 6 5 8 2'(2) ) . A . Fy

Results
Modes Load Factor 1739 ; - 3D Plot Properties
— 700 - ’ =
™ iy
4 600 o
[ V] so0 Long. Sections Se Al > 1 5
5 =] )
£ a0 [ » B
Z
E 300 Line Type 0 8 7 7
- [Dots v | )
- N, =(——]|.AF
A Color Vector R e 2 y
Ll |Resultant ¥ | O
qu_\ 1'03 10¢ Transparency
- o o 0.25 05 075 1
(<] (=] Mode Scale 44
r——— 2056.51
| save | Interpolation Points s ‘ 3D Plot J

Carga Critica de Flambagem
global para Lx =Ly =
2056,21mm: 173,9 kN

Curso de /D/ég/éta e Citealy do Lstraturas melilivas



Barras Comprimidas

4| FStrvs1.3.0 - Finite Strip Method - [m]
General Cl/Hat | Zed Rack | L/Wall RHS PHS Polar Strip Properties .
Intermediate it i
Dimension Nodes Boundary Condition
Web (bw) 150 5 55 (Simply-Simply) -
Sup. Flange (bf) 60 3
Inf. Flange (bf) 60 3 Half-wave terms
Sup. Lip 1 (bs1) 17 1 1 2
Ini. Lip 1 (bs1} 17 1
Thickness (t) 3 Lepaits
Alpha 1 a0 Reference logspace(2,4,100)
) Out-fo-out Center Line
° L
g Analysis Geometric Properties
Results
Modes | 1 Load Factor 3618 3D Flot Properties
y 2 5
. )
4 600 “*J
V| 500 Long. Sections
§ 400 10 E‘
<
=
g 300 Line Type
Dots v
200
Color Vector
e Resultant v
0
10° 10 10¢ —_— Transparency
Length | | | | |
\ 0 0.25 05 o7 1 100
<) - Mode Scale 44
114.98 a
Save Interpolation Points | 2 |-=] 30 Plot

Carga Critica para Flambagem
Local: 361,8 kN

N, Re
N

Se A, 0,776 N, = Ncg,

/11=

N
Sel; > 0,776 Neg, = 1_?=_j}§ Nege

0,8
A A

4 FStrvs1.2.0 - Finite Strip Method

General C/Hat | Zed Rack | L/Wall RHS | PHS Polar Strip Properties

Intermediate it
Dimenston Nodes Boundary Condition
Web (bw) 150 5 S-S (Simply-Simply) -
Sup. Flange (bf) 50 3
Inf. Flange (bf) 60 3 Half-wave terms
Sup. Lip 1 (bs1) 17 1 1 =
Inf. Lip 1 (bs1) 17 9
Thickness () 3 Lengths
Alpha 1 90 Reference Iogspace(2 4,100)
) Qui-to-out Center Line
[]
Elastic Buckling Analysis
Resuilts
Modes | 1 Load Factor 423
7 ~
n
1 600
V| soo
s
T 400
<
H 300
2
200
100
0 .
10° 10 10¢ N o T
%” | | | | |
- o 0.25 05 075 1
= =) Mode Scale | 44
385.3! =
save Interoolation Fonts | 2 [+

Carga Critica para Flambagem
Distorcional: 423 kN

[

Geometric Properties.

3D Plot Properties
&5
)

Long. Sections

Line Type
Dots v

Color Vector
Resultant v

Transparency
100

3D Plot

Se Agist < 0,561 N, = A.F,

0,25 | Af,

Se Agist > 0,561 Negraist =| 1-
Agist "~ ) Adi

NcRd é o menor dos trés valores, dividido por 1,20

1,2
st



4| Fstr - Geometric Properties

Barras Comprimidas

Geometric Properties

Area 876.00

Flambagem Global y 2626,000
Ixg 3045863500

lyg 414447 719

Ixyg 0.000

/10 - ) T -26.55

yc* 73.43

cw 1856754555

WxC 41440.320

N, = (0,658%23").8,76.30 = 139,51 kN e o

Cross-section Info

Origin {x-y)
Principal Axis (1-2)

Flambagem Local Nodes

Strip elements

Longitudinal Info

M= |3eig = 062
Sel; <0776 N, = Ncg, = 139,51 kN

RI

Flambagem Distorcional

8,76.30 Ncpa =

Raist = |~ = 0788

0,25 8,76 .30
= 233,4 kN

NcRdist = (1 o 0,7881’2 ) 0,7881'2

Boundary Condition
1 3 9, 5 1 Cross-section

1,2

Model Description

%Q 17.18
va 73.50
1 3045863.500 1
12 414447.719
theta -0.00 |
%0 43.73
y0 0.07 |
10 76.566
wic 41440320 |
W2C 10407 528
Shear Center
Initial Stress
Warping*®
Initial Load

Shape Function

139,51
= 116,26 kN

Curso de /D/og/eb‘a e Cilealy de Lstruturas melilicas



|£:| DimPerfil 4.0 - Dimensionamento de Perfis de Ao Formados a Frio

— O >
File Help
Ezcolha do Perfil  Calculo dos Esforcos
Dimensoes (cm) Comprimentos {cm) Esforcos Solidtantes Coefidente de Momento

o =0
bw 15
=5 L3
D=2
t=0.3
g = 20

Lx: |555,5:'_1 Nd: | kN Ch: |1
Ly: EE,EZI Mxd : I kKN.cm Em X
Lt: Eﬁ,ﬁzl Myd : | kN.cm Ch: |1—
e vd: | kN E
Resultados
Resultado: NER 14762:2001
Nc_MLE 117,413 kKN
|g Relatdriod [ Limpar anterior
CALCULAR

Abrir Relatdrio

Salvar Relatario

Gerar Tabela

Item a ser calculado: War
Esforco Resistente & Compressao
Centrada
= NBR 14762:2010
= Flexdo Composta
&3 Nrd
& Mt
.
-~ @ Ndist
- # Larguras efetivas
=22 Mrd
- Mixrd
-0 Myrd

----- # Flexdo Cnminsta

() Mostrar perfil

3v Edson Lubas Silva

Curso de Frojets e Ciloaly de

% T 7,7 T# ISl w

Fe= 20,549 EN/cm?2
flambagem por flexo-torcio
A= 8,708 cm2

x0=1.208

X=0543

o= 16,284 EN/cm2

METODO DAS LARGURAS EFETIVAS (MLE)

Aef MLE= 8,653 cm?
y=1.2
Nc= 117,413 kN

Lotraturas melilioas




Barras Comprimidas

Caso de barra curta

4\ FStrvs1.3.0 - Finite Strip Method

Strip Properties

General C/Hat Zed Rack L/ wall RHS PHS Polar
Intermediate P
Dimension Nodes "‘""!
Web (bw) 150 5
Sup. Flange (bf) 60 3
Inf. Flange (bf) 80 3
Sup. Lip 1 (bs1) 17 1
Inf. Lip 1 (bs1) 17 9 !
Thickness (1) 3 :
Alpha 1 90 Reference
#) Qut-to-out Cenfer Ling
[-]
Elastic Buckiing Analysis
Resulis
Modes | 1 Load Factor 516
700 o
A
1 600
V| soo
g
= 400
i
H] 300
5
200
100
10° 10 10
Length
<
613.59
Save

Boundary Condition
5-5 (Simply-Simply)
Half-wave terms

1
Lengths

logspace(2,4,100)

i

-

N

Interpolation Points

|
.25

|
05

Mode Scale

Q.

75

Nao é possivel determinar a carga de
flambagem elastica global de uma barra muito
curta, por isso é necessario realizar o calculo

manualmente, usando as propriedades

geométricas do perfil

44

|
1

4\ FStr - Geometric Properties

_._'_'_i Geometric Properties
Area 876.00
J 2628.000
Ixg 3045863.500
Iyg 414447 719
Ixyg 0.000
| ! xc® -26.55
ye* 7343
Cw* 1856754555
SO e Tes WG 41440320

- e

'@' WyC 10407528

Long. Sections Cross-section Info

o [ Origin (x-y)
Principal Axis (1-2)
Line Type Nod
o v odes
Strip elements
Color Vector

Resultant v Longitudinal Info

Model Description

xg 17.18 '_'_'_'_}
va 73.50
1 3045863.500 1
12 414447.719
theta 0.00 1
%0 4373
yo 0.07 1
0 76.566
W1C 41440.320 |
W2e 10407.528
L
Shear Center }
Initial Stress o

Warping*
Initial Load

Shape Function

Transparency Boundary Condition
1.00 Cross-section
3D Plot *For close cross-sections, these properfies are not accurately measured

Curso de /Dﬁg/'eto e Citealy do Lstraturas melilivas



Barras Comprimidas
Lx =120cm, Ly = 60cm

N nZ.E.Ix 72.20000.304,58 417SEN
= e d =
X " (ky. Ly)? (1.120)2
N 7T2.E.1y 72.20000.41,44 2972 kN
ey = 2 1 2 =
(ky-Ly) (1.60)
2
N, = | T Gy
o | (K-L.)”
1 [72%.20000.1856,75
Ner = 7o 7 +7700.0,2628| = 1744 kN
N Ny +Ng; I Yl AN N [1-(xg / 1p )2 |
2 /1)) (Nex + Nez)?
4,37\*
4.4175.1744 |1 — | ===
4175 + 1744 [ (7,65) l

Exz =

2 [1 - (%)zl

Curso de /Dﬁg/'eto e Citealy do Lstraturas melilivas

= 1582 kN

(4175 + 1744)2



o . |£:| DimPerfil 4.0 - Dimensionamento de Perfis de Ago Formados a Frio - a X
Barras Comprimidas

File Help
Escolha do Perfil  Calculo dos Esforgos
Dimensdes (cm) Comprimentos (cm) Esforcos Solidtantes Coefidente de Momento
FI b GI b I «=0 I_I Le [120 Nd: | KN [
a m agem O a bw = 15 |_| Ly: [0 Mxd: | KN.cm X
zf:z & Lt o Myd: | KN.cm &
- o3 ve vd: | kn EmY
g =90 Resultad
Resultado: NER 14762:2001
/'{ . Nc_MLE 186,936 KN
0 8 Relatério: (@ Limpar anterior
Item a ser calculado: Var CALCULAR
Esforgo Resistente & Compressio — — Abrir Relatdrio | Salvar Relatdrio | Gerar Tabela
Centrada

=8

NCRe = (0,6580,402). 8,76.30 = 245,77 kN o

- Fe= 175,694 KN/cm?
NBR 14362'2010 flambagem por flexo-torcao
Flexdo Composta = :
=2 Nrd A= 8,708 cm2
: wW0=0413
X=0,931
o= 27,931 EN/cm2

# Larguras efetivas
MrdMXFd METODO DAS LARGURAS EFETIVAS (MLE)

Flambagem Local eS| sonsseim
R | Nc- 15693 KN
1 245,77 0824
: 361,8

= 253,08 kN

Ay

Sed; > 0,776 Nog, | 1212 Mere = (1 — 0,15 _8'76-30
l ) Rs ., 08 /150,8 c 0,8240*8 0,8240»8

Flambagem Distorcional

8,76.30 233,4

_ N.p; = ——=194,50kN
123 0,788 cRd

Agist = 1,2

" 0,25 8,76 .30
0,788%2 ) 0,78812

Curso de /Dﬁg/élfﬂ e Cilealy de Lstruturas melilicas

Ncraist = = 233,4 kN



Barras Flexionadas

4 FStrvs1.3.0 - Finite Strip Method = O X 4 FStrys1.3.0 - Finite Strip Method
General | C/Hat | Zed | Rack | LiWal |RHS | PHS | Polar | Strip Properties . (1| Genera c/Wat |7zed |Rak | Liwal |RHS | PHS | Polar | Strip Properties . L]
Coordinates Elements Boundary Condition ! Coordinates Elements Boundary Condition *
|#Node | Coord X | Coord Y| | #Elem | Nodel | Node2 | t] Mat| Loads |#Node | Coord X | CoordY|  |#Elem | Node1 | Node2 | t| Mat | Loads —
1 57 1315 | [11231 - [ SSlEmohsimet) 1) 1 57 1315 | [11231 ~] P= o| | (S8 (SmolySmoly) v |
2 57 130.25 2233 . 2 57 13925 22331 .
3 57 147 33431 Half-wave terms 3 pd e HEE Half-wave terms
4 4275 147 44531 1 B 4 4275 147 44531 ] =
5 285 147 55631 5 285 147 55631
6 1425 147 66731 Lengths 6 1425 147 66731 Wy = \—10 Lengths
7 0 147 77831 7 [ 147 77831
8 0 1225 88931 e logspace(2,4,100) ] 0 1225 §8% 931 T om= 0 logspace(2,4,100)
9 0 ) . 9 0 [
10 0 735 Material 10 0 735 Material
1 0 19 | #Material | Ex | Ey | vx | vy | 11 0 ry | #Material | Ex | Ey | vx | vy | M2 = 1]
1 n 45 1200 200 03 03 4 1 n 45 1200 200 0.3 0.3 - L
| Elastic Buckling Analysis | | Geomelric Properties | Elastic Buckling Analysis | Geometric Properties
Results Results
Modes Load Factor | 2.73e+04 3D Plot Properties Modes Load Factor | 1.418e-04 3D Plot Properties
e ~ e
o I - -
() 'f 3: 1_’, [ q lﬁ _1_’)
1 8 - 1 8 .
|l‘ ' Long. Sections [v] "’ Long. Sections
e . 6|
2 2 [ = £
2 EH
£ 2
T4 Line Type = Line Type
3 (Dots 3 [Dots v
3] 3| -—
2 Color Vector 2 Color Vector
1 | Resultant 1 | Resultant
10° 10° 10¢ Transparency Yo T8 T0¢ . Transparency
o 0.25 05 o - 0 0.25 05
=] Mode Scale =) =] Mode Scale
[ save | Intsrpolation Points (D e | [ save | 205651 Interpolation Paints [ 3oPet |

\ 367.84

Momento Critico para
flambagem local e
distorcional: 3730 kN.cm

Momento Critico para flambagem Lateral
com Tor¢ao: 1418 kN.cm (Lb = 2056,51mm)

Curso de /D/ég/éta e Citealy do Lstraturas melilivas



Barras Flexionadas

Flambagem Lateral com Tor¢ao

Ao = 1,336 Mg, =

Flambagem Local

’MRe
1 =
l M,

Se Al < 0,776 MRl = MRe

Sed; > 0,776 Mg, =£1°=15}

/1{?0,8

1% Fy Se /10 < 0,60 MRe = WFy

Se 0,6 < g < 1,336 Mp, = 1,11.(1 — 0,27843)W.F,

Flambagem Distorcional

W.F,
Se Agist < 0,673 N, = W.E,
0,22 ) WA,
Se Agist > 0,673 Mggist = [1— Y J;Ld /
ist ist

Curso de /Oﬁg/ééa e Citealy do Lstraturas melilivas



4| F5tr - Geometric Properties -

o
Barras Flexionadas T — Model Description
Area 376.00 xg 17.18 '_'_'_'_I
J 2628.000 ¥g 73.50
L

Flambagem Lateral com Tor¢ao w [ oowamsw] 1 [ avwesasm

lyg 414447719 12 414447719
4 1,44 30 Ixyg 0.000 theta -0.00
AO - \ ’ 1418 _079363 Xc* -26 55 0 4373
yc* 73.43 y0 0.07
Cw* 1856754555 (1] T6.566
Se 0, 6 < A‘O < 1 ) 3 3 6 WixC 41440.320 w1C 41440.320
WyC 10407.528 WaC 10407 .528
Mg, = 1,11.(1 — 0,278.0,93632)41,44.30 =1043,64 kN.cm e '
Crigin (x-y) Shear Center
Principal Axis {1-2) Initial Stress _._._._I
Flambagem Local Warping
Strip elements Initial Load

Longitudinal Info

/1 . 104‘3,64‘ . 52 Boundary Condition Shape Function
L= | 3730 ~

Se 4; < 0,776 Mg = Mg, = 1043,64 kN.cm

Flambagem Distorcional

haise = |20 _ 4,577 Mra = %
dist — 3730 - % )

Se Agise < 0,673 N,

= 869,7kN.cm

= 41,44.30 = 1243,20 kN.cm

Rl

Curso de /Dﬁg/éta e Citealy do Lstraturas melilivas



| £:| DimPerfil 4.0 - Dimensionamento de Perfis de Ago Formados a Frio

File Help

Escolha do Perfil  Caloulo dos Esforgos

Dimensoes (cm)

o =0
bw = 15
kBf &
D=2
t=10.3
B = 50

Item a ser calculado:

Momento fletor em
relacdo ao eiwo X

=22 Nrd

@ Nt

-~ # Nc_MLE

-~ & Ndist

- # Larguras efetivas
=20 Mrd

B

&0 Myrd

----- # Flexdo Composta
Cortante

Flexdo e Cisalhamento

() Mostrar perfi
By Edson Lubas Silva

Coefidente de Momento

Ch: |1

Comprimentas {(cm) Esforcos Solicitantes

Lx: EUU Nd : I kN
Ly: IEE,E Mxd : I kN.cm Em X
Lt: IEEIE Myd : I kM.cm Cb: Il—
e vd: | kN =
Resultados
Resultado: NBR 14762:2001
Mxrd 932,42 KN.cm
|g Relatério: [ Limpar anterior
CALCULAR

Abrir Relatdrio | Salvar Relatdrio | Gerar Tabela

 IITEAINTE COUTUEIIAWE T — 7,7 COT [ 0T CULIPIIIIE]
Izef= 297,56 cm4

Wxcef MLE= 39,67 cm3
y=11

Weef= 39,67 cm3
Mxflt= 932,42 KN.cm

O momento fletor resistente de calculo MRd deve ser o menor valor calculado: [N
Mzesc= 1082,04 EN.cm

Mzflt= 932,42 EN.cm

Mzcist= 1082,04 EN.cm

Mzrd= 932,42 EN.cm

Curso de /Dﬁg/éfa e Citealy do Lstraturas melilivas



Exercicio: Determinar a maxima capacidade a compressao do perfil abaixo

Lx = 60cm
Ly =170cm ASTM A36 --- FY = 25 kN/cm?

[4] Fstr - Geometric Properties - o X 4] Fstrvs1.3.0 - Finite Strip Method
Model Description

Geometric Properties

Are 60000 ‘o 4156 General | C/Mat Zed | Rack | L/Wal | RHS | PHS  Palar
J £800.000 vg -52 .68
| Wall | Distance | Angle | Thickness | # Intermediate Nodes |
Ixg 1208677 .518 11 1208677 .518
1 10 -90 2 0
lyg 297023.261 12 297023.261 2 15 180 2 1
3 20 120 2 1
Ixyg -0.056 theta 0.00 4 40 180 2 3
5 25 270 2 2
xc* -86.58 X0 45.01 B 10 =30 2 0
T 80 -90 2 5
Yo -52.66 y0 0.02 a 10 210 2 0
. 9 25 270 2 2
Cw 1276295205 (1] 68.452 10 a0 0 g 3
WixC 21644623 W1C 21644622 " 20 60 2 1 h | o
WyC 7146.406 W2C 7146.406

| Elastic Buckiing Analysis

Cross-zection Info

[ Crigin (x-y) [ ] &hear Center
[ ] Principal Axis (1-2) [Initial Stress
[ INodes [ ]'Warping*

[ strip elements []nitial Load

Longitudinal Info

[ Boundary Condition ["]Shape Function
[ Cross-section Half-wave term| 1 v

“For close cross-sections, these properties are not accurately measured

Curso de /D/ég/'eta e Citealy do Lstraturas melilivas



Results [ 4] Fstr - Geometric Properties
Geometric Properties IModel Description

Modes Load Factor 2011 Area 500.00 %0 4156 B

— 1200 T
| A | J 800.000 ¥g -5268
T 1xg 1298677.518 1" 1298677 518
1 1000F
. Iyg 297023.261 12 297023.261
V)
o _ sool \/ Ixyg -0.056 theta 0.00
S .
g xC -86.58 %0 4501
L so0f yer -52.88 y0 0.02
E /\
=1 Cw* 1276295205 n 68.452
|
4001 WxC 21644623 wic 21644522
WyC 7146.406 w2c 7146 406
200pF
Cross-section Info
[] Origin {x-y) [ 8hear Center
qU:' 10¢ [] Principal Axis (1-2) [T initial Siress
Length [IModes [ ]Warping*
- g - [|: 3_|25 D.|5 D_l‘rﬁ 1' [] strip elements [ Initial Load
|i| |i| Mode Scale Longitudinal Info
B 559.08 -
| Save | Interpolation Points g || Boundary Condition || shape Function

[ Cross-section Half-wave te

*For close cross-sediions, fhese properiies are not accuratsly measured

Carga Critica de Flambagem Local e Distorcional = 201,1 kN

Lx =120cm, Ly = 60cm
N = ThE L m?.20000.129,87
X (kg Ly)? (1.120)2
n?.E.l, m2.20000.29,70

Ny = = o ——— = 1628,48 kN
(ky. Ly) (1.60)

= 1780,23kN

| :Tz EC,,

(K.1.)°

+GJ| Nez=

1 Irrz. 20000.1276

6842 =07 +7700. 0,08] = 1508,6 kN

"\'rl’: =

>
r"U -

4 50)2
4.1780,23.1 1— (=

1780,23 + 1508,60 80,23 508'60[ (6,84 l
= - |1- = 983,49 kN

Ngxz = 1
bxz , [1 ~ (4,5())2] (1780,23 + 1508,60)2

6,84

Curso de /D%g/éta e Citealy do Lstraturas melilivas



Flambagem Global

6.25
983,4

= 0,39
N,.. = (0,658%3%").6.25 = 108,21 kN

Flambagem Local

’108 21

Ng = 108,21 kN

Flambagem Distorcional

U'l

Agise = 1’ = 0,863

Se Ag;s; > 0,561

N gpqa =

0,25 \ 6.25
Neraise =\ 1 =g 5g312 ) 0 g3tz — 12200 kN

Curso de /Oﬁg/ééa e Citealy do Lstraturas melilivas

108,21
1,2

=90,17 kN



