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Y 1. Introdug&o

= ELU
v plastificagao (escoamento) = indice de esbeltez baixo
v flambagem local elastica = indice de esbeltez elevado

= PGECIV

-
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Y 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

tenséo critica de flambagem =
solugéo da eq. dif. de Bryan =
teoria de pequenas deformagdes =
o=t

onde D =

201 — @)

E = modulus of elasticity of steel = 29.5 x 10* ksi (203 GPa)
t = thickness of plate

= Poisson’s ratio = 0.3 for steel in the elastic range

w = deflection of plate perpendicular to surface

f. = compression stress in x direction

= PGECIV

e
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Y 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

v'Se men = n°de ondas % seno nas diregdes x e y = a forma
deformada da placa devido a flambagem = duas séries

x w
. mmx . nmwy
w= > > A, sin e sin .

m=1 n=1

v/ Condigdes de contorno

" 0(0y)= o(@;y)= ,(0:y)= © (ay)=0
= 0(x0)= oxb)= ®,(0y)= ®,, (ay)=0

> v’ 233 derivadas = 0 nas faces externas = d?w/dx?=0 e d Jwy?=0 =
& M=0
(.Lg 2 & i
2 “w
o M.Z—D(aaj‘*‘}ii%) M\J:‘D(.?‘l"ﬂ' 2)
x ax? dy h ay ax
N




_{ UNIVERIIDADE DO ESTADO DO IS0 DE JANEIRO
-R« FACULDADE DE ENGENHARIA

l. 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada
v'Resolvendo a eq. de Bryan usando o

v Obtengéo da solugdo
= A, =0outermo[]=0 = flambagem néo ocorre = solug&o trivial

4 _rn—z Ez_ : — L{ @_2 = O

2 m (a2 - wz) D &

o n I -

T E isolando-se f,

{3 2 2 2
1t
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l. 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

v Termo [ ] = menor valor = n =1 = onda de 1/2 seno ocorre na
diregéoy

Dt w
fcr = fx = nv? [m (E) +

2
v logo ¢, = kf;z onde k= I:m (g) + % (%)]

O v' E finalmente

Q) o kw’E
[ fm‘ - 12(1 — Mz}gw!ﬂz
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Y 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

ad
= m=1 ek o
& 2 g B 5.5/ :Ev
\'«\ o 5.S.
- \\ Vi \:’3\\ \{ - é‘_ -
4 L - Ll S >
k B @rl‘}g a/w = valores
inteiros = k=4
> 2 = (mesmo valor
6 fer 12¢1 — Mz}(Wf' 1? aplicado para a/w
T - \ elevados)
(D fo= = L
$ o} 1 & 3 4 5177 3010 whpwra
1 r a/w
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Y 2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

A Type of Value of k for
Case | Boundary condition Strocs long plate
<
(a) e Compression 4.0
— S5 e
Fixed .
(b) ss. s.sje—| [Compression 6.97
[™ Fixed [
SS.
2 (et} sS. 5.5 Compression 0.425
0 —>| Free [
L
(D Fixed ‘
o (d) lss. - s.s.fe—  |Compression 1277
Y —* Free j—
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2. Flambagem Local Elastica

» Placa sujeita a compressdo = simplesmente apoiada

e Type of Value of k for
Case | Boundary condition Hress long plate
] Fixed & . i
(e) Hss s ] Compression 542
s [
5.5
(f) 1 G l Shear 5.34
5.5
Fixed
(g} 1 Fixed Fixed l Shear g8.98
Fixed
2 5.8
O (h) 85 55 Bending 239
5.8.
w
o . Fixed
(a (i) Fixed Fixed Bending 4.8
Tr Fixed

h Y FACULDADE DE ENGENHARIA
3. Flambagem Plastica

= Placa sujeita @ compresséo = tensGes em uma diregéo = f,
= Placa anisotropica = propriedades # nas duas dire¢oes

= Bleich em 1924
E, é o mddulo tangente
(:)4 " nd .o
(T]—TJFZ\E.()E(.‘)Q'{'C_L?)‘*E??—O onde T = E/E.
ox ok d"v d} ‘ D ox (fator de redugéo devido
a plasticidade)
= Aplicando-se as condigdes de contorno modificadas
km2EN'r kw*VEE,
f‘ = = - = ) = com comp. onda p/ placa longa
T 12(1 = pAwlt? 12(1 — pd(w/n)? e s Wi

= PGECIV

-




- UNIVERIIDADE DO EITADO DO K80 DE JANEND
-;(6 FACULDADE DE ENGENHARIA

l. 4. Resisténcia Pos-Flambagem

= TensGes em uma diregdo = f, = flambagem plastica
» Cargas adicionais = redistribuicéo de tensdes
= Valores elevados de w /1

, " Inicio da flambagem = barras
horizontais = diminuir o
aumento de deflexdes

= TensOes uniformes até o
momento da flambagem (f <)

o f1£fcr

nd_ ([T

w

(a)
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l. 4. Resisténcia Pos-Flambagem

= Ap6s ocorrer a flambagem = parte da carga no centro da
placa transfere-se para as extremidades = tensdes ndo
uniformes

= A redistribuicao de tensdes continua até que nas
extremidades = f, (escoamento) = falha da placa

= Necessidade = Teoria de Grandes Deslocamentos
f3=F,

Y
| Fy >fo>fer
: f) < fer f2 f3
O 1
o < miiiim J
Q) | w >| |r{ W =l |_(w—,_|
o < |

(a) (b) (c)

)t
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Y 4. Resisténcia Pos-Flambagem

bz,
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Y 4. Resisténcia Pos-Flambagem

= yon Karman em 1910

6x4+ ax’ ay>  ay?
ax= ay A D

J*tw 5 w M ot (:!'F 0-w e F 8w N d-F r'!:w)

ay*axt  Taxdyaxay  ax? ay>

onde F ¢ a funcdo de tensdes na fibra média da placa e

o°F &°F _ a*F
f_\ = 2 ¥ = —2 T"Y B Ty A
dy ax ax ay

= Resolugao complexa para aplicagdo em projeto = introdugéo
do conceito de largura efetiva

= PGECIV

-
m
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Y 4. Resisténcia Pos-Flambagem

= Conceito de Largura Efetiva
v largura w = tensdes nao-uniformes
v largura ficticia “efetiva” b = tensdes uniformes = f__. na extremidade

v largura efetiva b = largura particular da placa que flamba qdo as
tensGes de compresséo atingem f, (escoamento)

fl’“ﬂl

fdx = bf .
o

= PGECIV

e
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Y 4. Resisténcia Pos-Flambagem

= Conceito de Largura Efetiva
v’ placas longas

(=————= |10
V3 - )

pm =03
> v paraw > b
O
Ll B TE ~ /E b n
© N Tiimwem 2 TN 2 |STVE
0
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h 4. Resisténcia Pos-Flambagem

= Conceito de Largura Efetiva

v Winter = eq. de b para o elemento com tensdes inferiores a f,

o il
cafEaia [E e peo 2 T
b=CE T YNE > b_Ct‘/; :i—x_'JLJJ” -

onde f_,, & @ maxima tenséo na
extremidade do elemento

v Resultados experimentais = T ]
C depende do pardmetro } 2";1@&: P H
. . e 1. X X
> @m@ﬂ@ QJ 12 ! x* 3 :’:L
Lc[)l — R D.I.'_ 08 . 1e§ts in elastic range
; E E 9 04 }—x Failure tests 4
0 | (&) = =19 [1 — 0475 (&) \ﬂ—] oL | ||

O Vi Lo 0 0l 02 03 04 05 06 O7

3 S
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h 4. Resisténcia Pos-Flambagem

= Conceito de Largura Efetiva
v'Linhacheia = C=19emx=0=w/televado = semelhante com

E [E
b=Ct \/—;— = 1.9 \.F\
24 x T T L ’
20px c=19|1-0475 i) £
Elw T —rbﬂﬁéﬂf
Y x ™ 'l-.___-
1.2 X - : N
ar 08— Tests in elastic range
> © 0.4 |—x Failure tests
O L1
lcE)' O Ol 02 03 04 05 06 07

a = L
s frnax W
18
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h 4. Resisténcia Pds-Flambagem

= Conceito de Largura Efetiva
v Winter em 1946 = equagcdo para calculo da largura efetiva
dependente def,, ew/t

| E t | E
b=19 - il
t | - [l 045 (w) fmax]

v’ Reescrevendo em termos de f /.,

o o (s /&)
w fmnx 1 0-25 frnux

= v Completamente efetiva = b =w = w/t = 12 onda ocorre p/ tensao
5 iqualaf,/4

T;r (%)[ = 0.95 \/f‘f_
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h 4. Resisténcia Pos-Flambagem

. quggiigdel,g[gmﬁi@uyg

b = S b = pw
w l'I'IdK f'l'l-lX

= reduction f tor

= (1 - 02 l\/fmax l\/fmax cr

= (1 - 022/A)/A =<1
1.0
- . o os- |
NG ! d ol |
\\: // e | Eq. (3.39

} osl | ,q.:{_ ,o_zz.ums'
S i fmox LY ||
LLl - oj:— I
LI’ Y — X o,|: I

b/ L = T ———
3t e | 1
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1. 5. Eurocode 3

= Tens&o critica para flambagem elastica de placa ortotropica

Gcwrm =k

n? Et?
12(1-v?)b?

op Ok where o, =

0.5 +

von Karmen - 1/ A,

Winter - (TD-O‘ZZ)/ig

0.673 1 1.5 2 25 A p
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1. 5. Eurocode 3

PGECIV

= |arguras efetivas

v' Elementos de placa sem enrijecedores longitudinais
v'§552 EC3-1-3 = § 44 EC3-1-5

* b, = b onde b, € determinada conforme apresentado a seguir

-~ b

bD

(<) notional flat width by for a web
(by = slant height sy)

(bp = slant height sy)

I

’ | bp c |C -
N | ' (d) notional flat width b, of plane

parts adjacent to web stiffener

- Dy e

-l

(b) notional flat width by of plane

parts of flanges (¢) notional flat width by, of flat parts

adjacent to flange stiffener
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I. 5. Eurocode 3

= |arguras efetivas
v'Elementos de placa sem enrijecedores longitudinais

v §552EC3-1-3 = § 44 EC3-1-5
= Ver anexo D EC3-1.3 para método de redugéo de espessura

= Com base no valor de y= 6,/c, (relagdo entre as tensdes atuantes nas
extremidades do elemento), calcula-se o valor do coeficiente de flambagem
local da parede k

= Para tal, as Tabelas 4.1 (elementos internos) e 4.2 (elementos externos)
apresentam expressdes do tipo k =k (w)

= Nota-se que o valor da tenséo critica de instabilidade local do elemento é obtida

> através da eq. do slide 21
&) = Recorde-se ainda que os elementos (internos e externos) se consideram
Eg simplesmente apoiados e, por isso, k=4 quando o elemento € interno e esta

o submetido a compressao uniforme

W
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I. 5. Eurocode 3

= |arguras efetivas
v' Elementos de placa sem enrijecedores longitudinais

v §552EC3-1-3 2 § 4.4 EC3-1-5

= Com base no valor de k_, calcula-se o valor da esbelteza normalizada local do
elemento (placa), a qual é dada por

_ |IE _ b/t
Vo. 284e.fk,

P

= Com base no valor da esbelteza normalizada local do elemento A, calcula-se
o valor do fator de redugdo de largura efectiva p, o qual & dado pelas eq. abaixo

e depois calcula-se a area efetiva:

>

= internal compression elements: outstand compression elements:
O R — 0,055 (3+y) Ay — 0,188

Ll p:p’_—qh‘yél,ﬂ p=-—2 <10

O ho Ao

o

N Ver Anexo C EC3-1-3

12
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h 5. Eurocode 3

= |arguras efetivas
v'Elementos de placa sem enrijecedores longitudinais
v §552EC3-1-3 = §4.4EC3-1-5

v is the stress ratio determined in accordance with 4.4(3) and 4.4(4)

(=]

is the appropriate width as follows (for definitions, see Table 5.2 of EN 1993-1-1)
by for webs;

b for internal flange elements (except RHS);

b-3t forflanges of RHS;

c for outstand flanges;

h for equal-leg angles;

h for unequal-leg angles;

k; is the buckling factor corresponding to the stress ratio w and boundary conditions. For long plates k; is
given in Table 4.1 or Table 4.2 as appropriate;

is the thickness:

oy is the elastic critical plate buckling stress see Annex A.1(2).

= PGECIV

e
.
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h 5. Eurocode 3

= |arguras efetivas

v' Elementos de placa sem enrijecedores longitudinais
v §552EC3-1-3 = §4.4 EC3-1-5

Table 4.1: Internal compression elements

Stress distribution (compression positive) Effective® width b+
=1:
11 1 =
bet be br=p b
b
be1 = 0_-5 besr be = 0:5 ber
l>w O
1 e
Oz _ Y
ber=p b
ber bez P >
> b b, = - b e =ber-ba
6 be bt w<0:
o _
L [gm\_\lm;]hw% ber=pb.=p b/ (1-y)
@ e 1) EaZ
Q_ i;" be; = 0.4 by by = 0,6 by
v=ofo, | L [ 1>y>0 | 0 0>y>-I1 [ -1 [ -1>y>3
‘w Buckling factor k;| 4.0 | 8.2/(1.05+w) | 7.81 7.81-6.20y+ 978y | 239 | 5.98(1-y)

13



l. 5. Eurocode 3

W
Q)
o

1t

= |arguras efetivas

v'Elementos de placa sem enrijecedores longitudinais
v §552EC3-1-3 = § 44 EC3-1-5

Table 4.2: Outstand compression elements

- UNIVERIIDADE DO EITADO DO K80 DE JANEND
-;(6 FACULDADE DE ENGENHARIA

Stress distribution (compression positive) Effective” width b.g
ba | 1>y 0
a, o ber=pc

L
by b w <0
T4
ber=pbe=pc/(l-v)
bos
1 |

Tz
vy = oyl [ 0 ‘ -1 ‘ 1y 3
Buckling factor kg | 0,43 | 0,57 | 0.85 | 0.57-0.21y + 007y’

l. 5. Eurocode 3

W
Q)
o

)t

= |arguras efetivas

v' Elementos de placa sem enrijecedores longitudinais
v §552EC3-1-3= § 44 EC3-1-5

Table 4.2: Outstand compression elements

- UNIVERIIDADE DO EITADO DO K80 DE JANEND
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Stress distribution (compression positive) Effective” width by
b
eff 1>y 0O
Oy
92 ber= Ppc
. ¢ 5
be
" w<0:
]
o ber=pb.=pc/(l-v)
b. by
v = agy/o) | 1>y>0 0 0>y>-] -1
Buckling factor k, 0,43 0,578 / (w + 0,34) 1,70 1,7 - Sy + 17, 1y7 23.8

14
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I. 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3

v’ Elementos de placa com enrijecedores intermediarios ou de borda
= O enrijecedor comporta-se como um membro em compressao com restrigao
parcial, ou seja, apoiado sobre uma mola cuja rigidez depende das condigdes
de contorno dos elementos planos adjacentes
= Arigidez da mola é determinada aplicando-se uma carga unitaria por
comprimento unitério u conforme ilustrado abaixo

ECIV

y I : ? )
K % K
{_'j b) Equivalent system

o

W

. S 1s the deflection of the stiffener due to the umt load u acting i the centroid (b)) of the effective
part of the cross-section.

_{ UNIVERIIDADE DO ESTADO DO IS0 DE JANEIRO
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I. 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores intermediarios ou de borda

I o et o
el 1L S Ey
| | 1\

Compression Bending Compression Bending

¢) Caleulation of & for C and Z sections

2 = A determinag&o da rigidez rotacional de mola C,, C,, e C,, deve-se considerar
(,3 a possibilidade de existirem outros enrijecedores no elemento

L

)

R

15
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3

v’ Elementos de placa com enrijecedores intermediarios ou de borda
= Para um enrijecedor de face, 0 deslocamento ¢ obtido através da equagao
b’ -2
s-op,+ 0 120v)
3 Et

= No caso de enrijecedores de face de segdes C ou Z (slide anterior), C, deve ser
calculada conforme apresentado. Isso fornece a rigidez K, para a mesa 1

com 8= ubp.-"Cf,.

Ef 1
1 -
4A—v*) b h, +bf +05b by b ks
where:
b s the distance from the web-to-flange junction to the gravity center of the effective area of

the edge shffener (mcludmg effective part by of the flange) of flange 1, sae figure 5 8(a);

b s the distance from the web-to-flange junction to the gravity center of the effective area of
the edge snffener (inchuding effective part of the flange ) of flange 2;

.= B the web depth;
k=0 if flange 2 15 m tensson (e g. for beam i bendimg about the y-y aas),

of flange 2 15 also n compression {&.g. for a beam n axal conpressaon),
k=1 for a synunetric seclion m Coupresson.

Aan and Agp 15 the effective area of the edge shifener (including effectrve part by of the flange, see figure
5.8(0)) of flange 1 and flange 2 respectively,

= PGECIV

e
.
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3

v’ Elementos de placa com enrijecedores intermediarios ou de borda

= Para um enrijecedor intermediario, C,, e C,, s@o tomadas iguais a zero e o
deslocamento é obtido por
5o _ubh’ 12(1-+?)
b, +b,) EF
= E finalmente, o fator de reducéo da espessura do enrijecedor para a resisténcia
a flambagem distorcional (flambagem por flexao do enrijecedor) é obtido em

Xa=10 if Aa<065
7.=147-072314 if 065<4<138 onde .= NEAY .
7, =258 i Aa>138

Aa

s 15 the elastic critical stress for the stiffener(s)

= PGECIV

-
m
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3

v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3
= angulo entre 45° e 135°

| b
| fr, T b, A T
}»ba;.( . Do \ Py 4,‘ /Fibﬂ;b- \
b
/ N 17 % T X 7 T ¥ : T A
{ a--—-Ha T | [ o %= \
| I & s :, ‘% | gpeinl faur‘” L‘- i
} f.’~ J‘ /] ot / | b, ! < J
\ b bi o® /
A \1 K2 B Al a
'y 9\ 3 's K /
L -

|
Y

b/t < 60 T b/t < 90 et
a) single edge fold b) double edge fold o.ce]

X PGECIV
L

e
.
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

(3) The procedure. which is illustrated in figure 5.10. should be carried out in steps as follows:

- Step 1: Obtain an initial effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint and that geomea = fiv/jam0. see (3) to (5):

- Step 2: Use the initial effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of a stiffener), allowing for the effects of the
continuous spring restraint, see (6), (7) and (8):

- Step 3: Optionally iterate to refine the value of the reduction factor for buckling of the stiffener. see
(9) and (10).

(4) Initial values of the effective widths bey and be shown in figure 5.9 should be determined from clause
5.5.2 by assuming that the plane element b, is doubly supported. see table 5.3.

= PGECIV

-
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1. 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

b
Ca | P
‘a(‘h I a) Gross cross-section and boundary conditions
A T
0
4—b€1 — q—bez—b
b) Step 1: Effective cross-section for K=oo
o D[wse St
a— - a i
DU

K&

= PGECIV

o
N
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1. 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

I gﬂ’,s . . .
i ¢) Step 2: Elastic critical stress gers for
{s T a— g a ¥ effective area of stiffener A; from step 1
U%
b
K L
fho ]| A
T + d) Reduced strength x4 fa /10 for effective
a—- a Qﬁ area of stiffener A4;. with reduction factor zd

iteration 1 based on s

= PGECIV

-
m
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

% T Hanly! Yo
M o —L ¢) Step 3: Optionally repeat step 1 by
T a—- a caleulating the effective width with a reduced
K

© compressive stress geomEdi = d fib | o with a
from previous iteration. continuing until yan~ ¥
d@-n DUt < ydm-n.

Iteration n

T ool
' /MO K]
n fyh'fx.m . . .
L ¥ ) Adopt an effective cross-section with be. cesr
bez,ul

bm*.‘T T t and reduced thickness fra corresponding to yan
% s
o

= PGECIV

e
.
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

(5) Initial values of the effective widths cex and deg shown in figure 5.9 should be obtained as follows:
a) fora single edge fold stiffener:
cer =phpe e (5.13a)
with o obtained from 5.5.2, except using a value of the buckling factor ks given by the following:
- if Bpe/bp < 0.35:
ky=0.5 .. (5.13b)

- if 035 < Byc/by < 06

o
k=05 + 0833 ' by-0.35 )
4 (CA ) (5.13¢)

= PGECIV

-
m




h 5. Eurocode 3

= PGECIV

e
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= Larguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

b) for a double edge fold stiffener:

Ces= p bpc . (5.13d)
with p obtained from 5.5.2 with a buckling factor k; for a doubly supported element from table 5.3:

deg= pbpa . (5.13¢)
with p obtained from 5.5.2 with a buckling factor ks for an outstand element from table 5.4.

(6) The effective cross-sectional area of the edge stiffener 4, should be obtained from:

As=1(ber + ce) or ... (5.14a)
As=1(ba+ ce1 + cer + deit) ..(5.14b)
respectively.

NOTE: The rounded corners should be taken into account if needed. see 5.1,

>

&
L

o

N

h 5. Eurocode 3

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—-_\( FACULDADE DE ENGENHARIA

= Larguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

(7) The elastic eritical buckling stress grs for an edge stiffener should be obtained fronu:

2 JKEq,
- As L (515)
‘here:
K is the spring stiffness per unit length, see 5.5.3.1(2).
L 1s the effective second moment of area of the stiffener. taken as that of its effective area Ag

about the centroidal axis a-a of its effective cross-section, see figure 5.9,

(8) Alternatively, the elastic critical buckling stress rrs may be obtained from elastic first order buckling
analyses using numerical methods. see 5.5.1(8).

(9) The reduction factor ya for the distortional buckling (flexural buckling of a stiffener) resistance of an
edge stiffener should be obtained from the value of @rs using the method given in 5.5.3.1(7).

(I0)If ya <1 it may be refined iteratively. starting the iteration with modified values of p obtained using
5.5.2(5) with OcomEdi equal to ya fin/ 7. so that:

Apme=ApyZa - (5.16)
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h 5. Eurocode 3

= |arguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa com enrijecedores de borda - § 5.5.3 EC3-1-3

(11)The reduced effective area of the stiffener Aspq allowing for flexural buckling should be taken as:

e /Yo

com Ed

A g = Xads but 4 sed = 45 (517
where
homEd 15 compressive stress at the centreline of the stiffener caleulated on the basis of the effective

cross-section.

(12)In determining effective section properties, the reduced effective area Aspa should be represented by using
a reduced thickness freg = f A;req /As for all the elements included in 4.

= PGECIV

e
.
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h 5. Eurocode 3

= Larguras efetivas = § 5.5.3 EC3-1-3
v Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

by T~ ba
bp1 - N bp,2
b1,e1 ; b1,e 2,8; \‘ hz,-g
1
A [a-—A—¢—fh—a] a
\ K ]
\ /
\\ by 7
N
S~ T Ag. Iy
by ~T T~ ba
Pots” | e > Ppe
Diet ;e oL\ b2,
\

= PGECIV

-
m
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h 5. Eurocode 3

= Larguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

(2) The cross-section of an intermediate stiffener should be taken as comprising the stiffener itself plus the
adjacent effective portions of the adjacent plane elements bpi and by> shown in figure 5.11.

(3) The procedure, which is illustrated in figure 5.12, should be carried out in steps as follows:

- Step 1: Obtain an initial effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint and that gwmes = fiv/pm. see (4) and (5):

- Step 2: Use the initial effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of an intermediate stiffener), allowing for the effects of the
continuons spring restraint. see (6), (7) and (8):

- Step 3: Optionally iterate to refine the value of the reduction factor for buckling of the stiffener. see
(9) and (10).
(4) Initial values of the effective widths by and bae shown in figure 5.11 should be determined from 5.5.2
by assuming that the plane elements bp; and bpa are doubly supported. see table 5.3.

(5) The effective cross-sectional area of an intermediate stiffener 4; should be obtained from:
As:t(bl,e2+b2,el+bs) (518}

in which the stiffener width b; is as shown in figure 5.11.

= PGECIV

NOTE: The rounded corners should be taken into account if needed. see 5.1.
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h 5. Eurocode 3

= Larguras efetivas = § 5.5.3 EC3-1-3
v Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

I B

s
= v/

a) Gross cross-section and boundary conditions

il (s
# b) Step 1: Effective cross-section for K = = based on
by o }* “ b }* " by }“4‘52,22 GromEd = fio/ 0
K

TTTTTTITTTT
Oers
(NINEENENEN]

c) Step 2: Elastic critical stress s for effective area
of stiffener A4; from step 1

= PGECIV
n
e

-
m
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e
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= Larguras efetivas = § 5.5.3 EC3-1-3

v’ Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

Ay fybfyMO

L
1 H:m:m Dmmm ﬂmvh e d) Reduced strength yafw /pn for effective area of
Tr A T stiffener A.. with reduction factor y 4 based on ez

Ilteration 1 K %
A

fyhfyMD Han ! o fyb"};-ﬂu

(I

a— -’ —Ta

c) Step 3: Optionally repeat step 1 by caleulating the
effective width with a reduced compressive stress GomEdi
= yafw/ o with g from previous iteration. continuing
K until pin =~ ya@-1) but yan< yam-n

4

£
1E

Iteration n

TR
- M f) Adopt an effective cross-section with bier . bre and

:rtﬂ -a| '\}‘ S — reduced thickness #req corresponding to yan
b, b.

1e2n [¢] 2.eln

Llred

-

= PGECIV

h 5. Eurocode 3

_’ UNIVERLIDADE DO BTADD DD WO DE PANENQ
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= Larguras efetivas = § 5.5.3 EC3-1-3

v Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

(6) The critical buckling stress gy for an intermediate stiffener should be obtained from:

2JKEI,
Cas == . (5.19)
where:
K is the spring stiffness per unit length. see 5.5.3.1(2).
I 1s the effective second moment of area of the stiffener, taken as that of its effective area A

about the centroidal axis a -a of its effective cross-section, see figure 5.11.

(7) Alternatively, the elastic critical buckling stress s may be obtained from elastic first order buckling
analyses using numerical methods, see 5.5.1(11).

(8) The reduction factor y 4 for the distortional buckling resistance (flexural buckling of an intermediate
stiffener) should be obtained from the value of s using the method given in 5.5.3.1(7).

(9) If ya<1 it may optionally be refined iteratively. starting the iteration with modified values of p obtained
using 5.5.2(5) with Geompds equalto yqfin/pm. so that:

Apaed=Apl2a . (5.20)
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h 5. Eurocode 3

= Larguras efetivas = § 5.5.3 EC3-1-3
v’ Elementos de placa ¢/ enrijecedores intermediarios - § 5.5.3.3 EC3-1-3

(10)The reduced effective area of the stiffener A;pq allowing for distortional buckling (flexural buckling of a
stiffener) should be taken as:

b b ;f Tvo

As,red=/rdAs but 4 54 = A5 (521}

com Ed
where

CeomEd 15 compressive stress at the centreline of the stiffener calculated on the basis of the effective
cross-section.

(11)In determining effective section properties, the reduced effective area A:wq should be represented by using
a reduced thickness fq =t 4;eq/ 4 for all the elements included in A;.
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h 6. Exemplo 1

= Avalia¢do de Propriedades Geométricas Efetivas de PFF

f,| 350 |MPa
—b— b 50 mm
T 17 a
h 150 mm
h hw b t 1 mm
. _Lt A 392 mm?2
1l l, | 1070900 | mm4 L
-—bp—-—* y b
|, | 195900 | mm#

= PGECIV

-
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h 6. Exemplo 1

= Secao ldealizada

T
A, 45°
459
> A, A,
8 t2 | 2 r
Q)
o
Wt

—J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
-—_\( FACULDADE DE ENGENHARIA

send5°= A,
r+t/2

A, = (1+0,5)send5°= 1,06066mm

tan45°= 4 > A= 106066
A, tan45°

A, =2r— A, =2—-106066 = 093934mm

=1,06066mm

b, =b-2A,=50-2.0,93934 = 48,12mm

h, =h—2A, =150-2.0,93934 =148,12mm

h 6. Exemplo 1

= Secao ldealizada

z

<

148,12mm

48,12mm

= PGECIV

-

.
8
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3 2
% + 48,12[@} } =1069479,17mm*

3 2
(481,122) +1481 2(%) :I: 190059,06 mm*

A =2.14812+2.48,12 = 392, 48mm*
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= Compressao

<

148,12mm —

48,12mm

= PGECIV

e
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S 1
] ber |, . . bez

)

v=1:
beﬁ:p E
bel = 0..5 b(_\ff bez = 05 beﬁ

v = a,/g; | 1
Buckling factork, | 4.0

h 6. Exemplo 1

= Compressao
18,335 | 218,335

148,12mm

48,12mm

= PGECIV

-
m
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Almas
_ f h
T = | = 284b/t —- 148;;/1 ~318
O ’ '8"/_" 284. —5JZ
p= m =093
p
hy = ph, =0,293.14812 = 43 35mm
Mesas
_ f h
T = | b/t 48121 1033

o, Bdek, 5, B
4=

% —0055.(3+ ) !
= 2o 20055 {3+y)

=0,762

p

by =pb, =0,762.4812=36,67mm
AreaEfetiva A =2.43,35+2.36,67 = 160mm’
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h 6. Exemplo 1

» Flexdo emtorno de y Mesas
18,335 | Z 18,335 oo b bl asten o
— ou  Baeyk, o, (25 g
Aret o fy .
9. dist . Ao —0,0ff.(3+ W) 0762
)
I p
1S
S | b, =pb, =07624812=3667mm
¥ Y By
Ay =A—A, =39248—(48/12—3667)=38103mm
Rebaixamento do centrdide
>
o Aw _ Y _ (4812-3667) _ y
g A, dist 38103 74,06
o L&,‘ y =2225mm
SF y'= 74,06+ 2,225 = 76,285mm

- UNIVERIDADE DO EITADO DO R0 DE IANEIRD
—_\( FACULDADE DE ENGENHARIA

h 6. Exemplo 1

» Flexdo emtorno de y
18,335 | Z18,335

148,12mm

- UNIVERIDADE DO EITADO DO R0 DE IANEIRD
—_\( FACULDADE DE ENGENHARIA

w<0:
ber=pbe=p b/ (l-y)

b.; =04 b.y b, =0,6 b,y

Aret
y'=76,285
y

O _ 02_:350202:
> y' 14812-y' 76285 71835
O o, = 3296MPa
w Gy
8 L&,‘ _0p 3296 _ —0.942
,m, o, —350

27
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» Flexdo emtorno de y
18,335 | Z18,335
[ ]
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k. =7,81-6.29y + 9,78y
k, =7,81-6,29(~0,942) +9,78(~0,942)°

k, =2241
y E - 14812
yl= 76,285 (% XP _ fiv _ b/t _ % _ 1’344
o o, 284e,fk, 284. \/2;375\/%
o A - y
] o= 0SBEY) gy,
y "
b, = pb _ 061214812 _, 6 68mm
= -y 1-(-0,942)
T Deis = 0,404 =18,67mm
g LL" bera =060y =28,00mm
(2 ,12mm
e

» Flexdo emtorno de y

h 6. Exemplo 1

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
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Novo centréide

18,335 218,335 j

@ — @ ID Area y Qtde. A.y
@ 1 1834 | 148,12 2 5433,0

y 5 2 1867 | 138,79 2 51824
N
§ 3 28,00 85,84 2 4807,0
© 4 71,84 35,92 2 5161,0
, 5 48,12 0 1 0
y
Y’ ) 321,8 - - 20583,49

>

6 @ y'=14812— 2058349 _ 84,16mm

| 218

O ®

o 48,12mm
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J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
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b b,
Gy j]]
= Flexdo em torno de y Ly pmy
18,335 | 218,335 o1=f1,
. y <0
ber=pbe=p b/ (1y)
y'"=84,16 g Doy =04 bar o= 0.6 be
g
y
o, o, 350 o,
= —_— = =
Y’ y' o 14812—y" 8416 6396
> o, = 266, 0Pa
&
w - o, c, 266
o 48,12mm o, —350
18
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» Flexdo emtorno de y
18,335 | Z18,335
[ ]

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—_\( FACULDADE DE ENGENHARIA

k. =7,81-629y + 9,78y
k, =7,81-6,29(~0,76) + 9,78(~0,76)*

k, =1823
y 1481
Y EN o [h_ b S
g 0. B, 284\/§\/W
M_O%
7»p
v | b, = pb 05614812 _ \oia )
> 1~y 1-(-076)
O by, = 04, = 1885mm
g L—_‘ by, = 0,6b,; =28.29mm
48,12mm ’
o bur +bz)yy _ 1885+2829 &
= =1 = ()
w (beff,1 +bei 2 )ame,io, 18,67 +28

29



h 6. Exemplo 1

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—-_\( FACULDADE DE ENGENHARIA

» Flexdo emtorno de y D|atde.| 1 Area d | Qe +A. @)
18,335 | 218,335 R
. 5 @ 1 2 18,34 84,16 259800.98
2 2 (1 8,85)3/12 18,85 74,73 211654.70
E 3 2 (28,29)°12 | 28,29 14,5 15669.47
g 4 2 (63,96)3/12 63,96 31,98 174435.19
5 1 - 48,12 62,41 187427.79
— > - 307 - 848988.13
£ )
- lyr, = 848988,13mm
Q W = 84898813 _ 10087 8mm
g ' 8416
o oo __ 84898813 _ 0o
s YT 148128416 ’

h 6. Exemplo 1

= Flexd0 em torno de z

21,7

148,12mm
104,72

21,7

48,12mm

= PGECIV

-
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Mesas
- f, b/t 148,12/1
;\.p: —_— = ==
on  Bhek, oo, (25 7
¥ f .

Yy

=3182

% —0055.(3+ )
Lo 2O Y)

= =0,293

p

by = p.bp =0,293.148,12 = 43 40mm
Ay =A-A, =39248—(104,72) = 287,76mm
Rebaixamento do centréide

A z 104,72 z
— = =

ret _

A, dist 28776 24,06
z=28,76mm

Z'=24,06+8,76 = 32,82mm
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h 6. Exemplo 1
f & y < 0:
= Flexao em torno de z 1] | PRSP

be bez
A
] 17 787 L || bu=04by  ba=06by

o1 : o o, 350 o, N

== = =
Z' 4812-7° 3282 153

—.\ G, =16316MPa
N w:%:%:—mee
E|l = k, =781-6.29y +9,78y°
(g @ k, =7,81—6,29(—0,466) + 9,78(~0,466)?
:Bu - k. =1286
8 —N e = ::284bét\ﬁ: 423152 o871
S 48 12mm T 28'4'\Fy 1286
ZXE FACULDADE DE ENGENHARIA
h 6. Exemplo1
» Flexdo em torno de z P:%Wﬂﬂbbpﬂ
’
—e pb 14812

7

ol =t 7@ ® D =1y T (odeg) ~ S22

(toda a alma é efetiva)

= ade.| 1, Area d | Que(,+A. @)
@ 2 - 217 32,82 4674841
£ o~ 2 | (3282312 | 1641 29,52 23568,09
N M~
~ <
o = 2 | (15312 | 153 7,65 2387,72
2 1 148,12 15,3 34673 41
O _ _ i : '
g < Z'— - 287,8 - 107377,6
32.82mm
oy
mf 48 12mm
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h 6. Exemplo 1

» Flexdo em torno de z lyr, =107377,63mm*

_—
ol =, 7 W™ = 10737783 _ 3974 7 4mm®
@, ® : 3282

o 10737763

T = =7018,15mm’
@

1S

& N

é =

O ~

L ]

o

oLy
ﬁ' 48,12mm
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Y 7. Exemplo 2

= Avalia¢do de Propriedades Geométricas Efetivas de PFF

b/t < 60
a) single edge fold

f, 350 |MPa

b 75 mm

h 200 mm

t 2 mm

c 20 mm
‘ T Al 262 |mm?
kbﬂ__( | "_bz_b' \\. - ."VQF“'HW ring
7 7 72 ‘D alﬁ L M N A J - b
— ] |

32



Y 7. Exemplo 2

= Secdo Real

Calculation thickness (f.o, = 1)
Z275 teoatings = 0.04 mm, ¢ = 1, — 0.04 mm

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—_\( FACULDADE DE ENGENHARIA

=196 mm

Corner radius (inner/outer) ri=2-1, Fu=rit i,
Average corner radius: rom=ri+0.5-1, rm=35mm
External dimensions Centreline di 15 ¢ Interior dimensions i

Height £ =200 mm ho=h-t
Width b=75mm b=b-t
Stiffener ¢ =20 mm C.=c-t2

Influence of rounded comers (clause 5.1.4):
Rounding length:

Rounding gravity center:

= PGECIV

e

P e
bi=b-t-2ry
e=b=-051-rn

u=1.57rn="7.85mm

w=0.363r,=1.815mm

Notional dimensions: ¢=0.5-n1 v=0.637-r,=3.185 mm

Y 7. Exemplo 2

= Secdo Real

AZ
5 45°
459
A1 AS
v2 | 42 | r=4

= PGECIV

-

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
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send5°= A,
r+t/2

A, = (4 +1)send5°= 3536mm

_ 3,536
tan45°

3
A, =(r+t)— A, =6-3536 = 2,464mm

tan45°= iz = A, = 3,536mm

g, =A,—t/2=2464—1=1464mm

b, =b, —2g, =73,04 -2.1,464 = 70,112mm
h, =h, —2g, = 198,04 —2.1464 = 195112mm
C,=C,—g = 19,02 — 1,464 =17,556mm

33
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h 7. Exemplo 2

= Secdo Real

Z
| 17,556
Rounding length: u=157r,=7.85mm
195,112 ——y Rounding gravity center: w=0363-r,=1.815mm

Notional dimensions: ¢=0.5-n v=0.637-r,=3.185 mm

| 17,556

| 70,112mm |
1 |

PGEGIV
|

=

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—T\( FACULDADE DE ENGENHARIA

Y 7. Exemplo 2

r<5.2=4<10= OK

= Segéo Real < 0,1, 17,556 = 4 < 1,7556 = nao OK!
Corners = H "Sharp edges" if ri <5ty Ar;<0.1-min(hy,bp.cp)
"Rounded corners" otherwise
Corners = "Rounded corners” Rounded
corners
5=043 e

2-h.+4-b +4-c

Actual cross-section

bp,i
&= 0 if ; <5-1, A7 <0.1-min(hp,bp,cp) N
>
O ) otherwise {  Shamp
w r'l edges
¢ 5=0018 Leee e
%r pégma 19 _ EC3 _ 13 Idealized cross-section
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7. Exemplo 2

= Secdo Real péagina 22 - EC3- 1.3

Maximum width-to-thickness ratios (clause 5.2, Table 5.1):
h/t,=100.00 <500
b/t,=37.50 <60
¢/t,=10.00 <50
c/b=10.27 0.2t0 0.6

Ratios = "EN 1993-1-3 covers" ifhit <500 A bt<90 Ac/b<0.6 A
c/b>0.2 nelt, <50

"EN 1993-1-3 does not cover"  otherwise

Ratios = "EN 1993-1-3 covers"

= PGECIV

J
N

. I € FacuLDADE DE ENGENHARIA
7. Exemplo 2

= Secdo Real

Gross cross-sectional properties should be calculated with rounded comners:

u "
.\ Ag=(hy+2-b,+2-cp,+4-u) 1="787.6 mm"

b .1 } ¢ h ¢ Y] Y
I =hk? I+"{’ +b, (l{J 2{ +c, ![—-- :—] 4nr[— u|
R V) 12 2 2
I, = 5.034-10° mm*

195,112 S N o

w,=i | =| =5.083-10'mm"

o =

17,556

70,112mm

PGECIV
|

;..Q
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= Funcgdes Gerais

Slenderness ratio

. w1
Zo(mk,) ==
1 B4-g-gk,

Reduction factor for doubly supported element

A, -0055(3+p)

;’_[2--“"— min| — W if 4, = 0.673

| otherwise

= PGECIV

e
.

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—-_\( FACULDADE DE ENGENHARIA

=1 if 2,2 0.748
A

1 otherwise
Buckling curve for distortional buckling
2[R ) I if As < 0.65
1.47-0.723 2 if As>0.65A As<1.38
0.66/7 if 442 1.38

Y 7. Exemplo 2

= Compressao
Compression siress fclause 5.5.3.203)):
Cecamnga = fis | Yam = 350 Némen
Clause 5.5.3.2 (3) Step -
Weh with width /
= k=4

e h l
A= = —2.139
t Ba-e-Jk.

by=0.5-p-F + g, = 42384 jom

= PGECIV

-
m

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—-_\( FACULDADE DE ENGENHARIA

or (I[N (ALY
/:bm ) . , b2 |

v=1:
beﬁ'=p E

ber = 0.5 ber bey = 0,5 berr

‘_ ‘_{—E_.-af-OOSS{TS*.—[.V} ._ )
prriaf S |0 v=ojo, | 1
L ok

Buckling factork; | 4,0
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Y 7. Exemplo 2

= Compressao

Flange with width b:

byy—0.5-p-by+ g, =34.02 mm

e

= PGECIV

e
.

195,

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—_\( FACULDADE DE ENGENHARIA

z
34,02 34,02
)
] y
34,02 34,02
70,112mm

= Compressao

Ldge stffener with width ¢

.’rc_-—| 0S5
|
0.5+ 0_%35” % _ 0_3_:.\[-
iz, %)
k=05
B =t LR

t 2845k,

[ ocagey1 |
p=min|| 12281 41100

Aoe J A

PGECIV

Tr Cor=05-p-c,t g, = 19.02 mm

Y 7. Exemplo 2

&)
1A
<
e
¥

it 2 <06
b

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
—_\( FACULDADE DE ENGENHARIA

pagina 30 -EC3-1.3

(',I =
—==>0.35
b

Z
34,02 34,02
——T—/ 1 N
19,02
42,384 [
195,112 ] y

N

|
19,02
\ /

34,02 34,02

70,112mm
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pagina 30 -EC3-1.3

Y 7. Exemplo 2

= Compressao

Clause 5.5.3.2 (3) Step 2:

Effective area of edge stiffener z
& 34,02 34,02
Cross-sectional properties of the edge stiffener (Sharp corner):
3 I 19,02]
A;= (b2t co)-t=103.985 mm~ 42,384
¥y, =——=3.4]1 mm y
24, 195,112
b 01 T
z, =———=10.91 mm ;
1 2 B
> 42,384 00
8 = %bﬁn £+ by, -t 5 T +$r “c, +e, -r[O.S Cp =Y, ) 1 Q ‘ J
O 34,02 34,02
o 1,=3.308-10° mm*
W 70,112mm
J* UNIVERLIDADE DO BITADD D0 WO DE JANENQ
' W FACULDADE DE ENGENHARIA
= Compressao
Cross-sectional properties of the edge stiffener (Rounded comner): 7
A =[[|’)._,, -8, )+(c, —g )+u]-; = 113.603 mm’ 34,02 34,02
; —g T 19,02]
feg -2 ) 8.+ S5 5% oo 42,384
Y, = - ) —————=3.348mm |
y
g 195,112 —
t(bys S,)[S + "’,,;2 5 ]+f-l.‘-u' %,
e = =10.211 mm T
42,384
> ! ., i 19,02
6 1, .—.l—'}{f'."?._\—_ql}-f +{b_,_\—g,}-!-_r!'+]—_’r-{c'._, g) +. l «
g ‘ 34,02 34,02
" C,— g ] » oo
wtle, -8, )| g+ Ty, | +u-t(y,-w) +2—
o ' \ 2 7Y e 70,112mm
|
w 1,=3311-10° mm*
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= Compressao

Spring stiffness for the stiffener as beam on the elastic foundation (clause 5.5.3.1
(5)):

K =0.3058 N/mm’

Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

2. JK-E-T.

o, == NT " — 9567 N/mm>
A

l

= PGECIV

J
N

. I ZXE FACULDADE DE ENGENHARIA
7. Exemplo 2 pagina 28 ~EC3 - 1.3

= Compressao

Reduction factor for the distortional buckling flexural buckling of a stiffener
(clause 5.5.3.2(9)):

4= I if 24 < 0.65
1.47-0.723 A4 if s> 0.65A 1,<138
0.66/ 44 if 14> 1.38

7, =0.626

= PGECIV

J
m
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h 7. Exemplo 2 pagina 32 —EC3-1.3

= Compressao

Reduced effective arca of the stiffener (clause 5.5.3.2(11)): mﬂﬂm‘” o/ I m Lononl
ot
A " F -f_.-’- J}r\h; _ = ey 2 T a @ f
A =%, A———=T1083 mm
 cam, B lteration n o
A
Tt = ﬁ— Yeu© 1227 mm .
l ! o
i % f
Area of effective cross-section sharp edges and rounded j}; ‘.‘ = }q;bﬂnﬂ 3
A =200, th, )01 200, o )k~ 4296 mm®

Ay~ 2y —g) t 42Uy~ b+ 2eteot = 2y =g Lyt e

A Ne g A, F 2wt =461 i’

= PGECIV

J
N

___’( UNIVERIDADE DO EITADO DO R0 DE IANEIRD
= FACULDADE DE ENGENHARIA
h 7. Exemplo 2

= Compressao

Clause 5.5.3.2 (3) Step 3 - Iteration 1:

In the optional iteration the effective widths of the edge stiffener are calculated
with reduced compression stress

- fa 14 2
Ocomd = ¥y Joo/ Yam = 219 N/mm

= o - o : = = >
Apridip(Ap) =7, (ComEd Apret(Ap)=Apf2s
¥
£ MO
Flange with width b
Zpb1= A prea( A pp) = 0.608 p=p(App1) =1

bep=05-p by, + g =36.52 mm

= PGECIV

J
m




=
Y 7. Exemplo 2

= Compressao

Edge stiffener with width ¢
Ayt = A pred(Ap) = 0,431 p=po(Api) =1
cy=05-p-b,+ g =19.02 mm

Effective area of edge stiffener

Cross-sectional properties of the edge stiffener:

A= (b + c)- 1= 108.858 mm’

UNIVERLIDADE DO BITADD D0 WO DE JANENQ

FACULDADE DE ENGENHARIA

2 Y= I_‘: =3.257 mm zZ, = : _:}‘; = 12.007 mm
O o o

w 1 ; , 1 . 2
O Ii=—bt" +hp -y +—i:c, +c, 'I[U,."\-(‘,, -¥,)
o 2" ™~ 12 ° il d

1Tr [ =3.364-10° mm*

=
7. Exemplo 2

= Compressao

Cross-sectional properties of the edge stiffener (Rounded corner):
A -—-[[ be—g )+les—g) +u |-t = 118.504 mm’

( s =2
tle,~g ) .&’.""” = 4 |-—.r-:.r-u'

y, = e — =321 mm

) -
I("’.-r:' R,)[S,*"'r'1 gf—]+:‘-n-u'
== : : =11.247 mm

I= -J%U’.;; —g, )t +(by-g ) 0w +%r-[n-,r -g,) +..

o i Cy =8, Y 2 “--.j v
...—[_n'l_, -g, }-I[_!:r 32 = 2 ey | +u-t(y, —w) + =

Z J -

1 =3.366-10° mm*

= PGECIV

J
m
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h 7. Exemplo 2

= Compressao

Spring stiffness for the stiffener as beam on the elastic foundation (clause 5.5.3.1
(5):

N E-t 1 =
4(1-0%) (b—z,) b +(b -z) +05| (b -z, Vb |1

K=03170 N/'mm’

Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

t = 252.6 Nfmm’

Reduction factor for the distortional buckling-flexural buckling of a stiffener

(clause 5.5

Fur =2l Za) 7, =0619< 7, =0626

= PGECIV

J
-
8

";’« UNIVERIIDADE DO ESTADO DO IO DE LANERD
¢ FACULDADE DE ENGENHARIA
h 7. Exemplo 2

= Compressao

lteration should be ended when zu; = Y1) BUL Zi) = Zin-1)
Geombd ) = Xd1 - Jen =217 N/mm’
Grompa=219.031 N/mm’

Reduced effective area of the stiffener (clause 5.5.3.2(11)):

.‘r\ﬂ- / ;{UIJ

A= 20 AT = 117217 mm?
com Ed
A
bt =7 s =1.939 mm
(b8, )+ (e -8, )Hu

Area of effective cross-section rounded corners
Ag,=2h,—g)1+2b, —g ) t+2-ut+2b —g) 1, ut

wt2(e, =g, )1, g+ 200t = 5532 mm”

= PGECIV

J
m

42



Y 7. Exemplo 2

= Compressao

Clause 5.5.3.2 (3) Step 3 - Iteration 2:

In the optional iteration the effective widths of the edge stiffener are calculated
with reduced compression stress

CeomEd = Xqy -Sot/ Yam= 217 N/mm~

A 2 t::,--] =4
Flange with width &
> 7 i1 =2 pred( 2 ps) = 0.608 p=pu(Zpnl)=1
B by =0.5-p b, + g, =36.52 mm
g Edge stiffener with width ¢
[« 2 ped = A pred( A pe) = 0431 p=p(2m)=1
1Tr ce=0.5:p by + g =19.02 mm

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
=€ FACULDADE DE ENGENHARIA

Y 7. Exemplo 2

= Compressao

Effective area of edge stiffener
Cross-sectional properties of the edge stiffener (Rounded corner):

4, "'[{"'..-: -g, )+(e, -.&’,}*‘”]-I = 118.504 mm’

!{Ll.r "gr}{g, + ¢ =E Wn-n-u-

2
Y= - =3.21 mm
A
( b..—-g. )
(b, - g]| g+ & |+ ta-w
X : — = 11.247 mm

e, -8

= PGECIV

J
m

=3.366- 10° mm*

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
=€ FACULDADE DE ENGENHARIA
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= Compressao

Spring stiffness for the stiffener as beam on the elastic foundation (clause 5.5.3.1
(5)):

A=) (b—z,) b +(b z ) 'tlﬁ[{f{ z,

K =0.3170 N/mm’

Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

o, =——"'=7526Nmm"

Reduction factor for the distortional buckling-flexural buckling of a stiffener
(clause 5.5.3.2(9)):

= PGECIV

J
=

J URWEIIDADE DO BITADD DD W0 DE 1A%NLHQ
=€ FACULDADE DE ENGENHARIA

Y 7. Exemplo 2

[Fs

= Compressao i
Koz = 2alh) 202 =0.619= gz, =0.619
OK!

Iteration should be ended when Fu, = 7.0 but gy

Ceom ikt = A2 fiv am= 217 N/mm®

Goom = 216,652 N/mm~

Reduced effective area of the stiffener (clause 5.5.3.2(11)):

118.504 mm*

=196 mm
=&, )+u

Area of effective cross-section rounded comers

Ag2=2h,—g)t+2b,—g )t +2-ut+2b, =g )1, 04

= PGECIV

e, =8, )0 2 uer, = 5558 mm’

J

J URWEIIDADE DO BITADD DD W0 DE 1A%NLHQ
=€ FACULDADE DE ENGENHARIA
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Y 7. Exemplo 2

» Flexdo emtorno de y

edpe stiffener (Clanse 6.1.4.55),

Compesssion stress {olawse 5.5.32{5%

Gigm 5 fon ! Fawr= 350 Nernaw™

Clause 5.5.3.2(3) Step 1:
Flange with width b
w=1 ka=4

= b 1
A=t = 0,769
t 2845k

o

i min"i,.\-u.oss;_\-w: |
P= - =3
Zn

b1 =0.5-p- b, + g, = 34.02 mm

beg1 = b2

= PGECIV

J
=

1{=0929

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
={€ FACULDADE DE ENGENHARIA

The bending moment resistance s caloulated sbouwt the axis of symmenry. The stess
desiribation of weh 15 defarmined aiter the determination ol effeetive widths for the flanpe and

Y 7. Exemplo 2

» Flexdo emtorno de y

Edge stiffener with width ¢

ke=] 05
i (e, "]"
u._w+u.s3w £-035 |

v |

koe=10.5
= S ! 5
3. =% —=(0.544
t 284-g-\Jk,
0.188) 1 ,1_ 000

p=min||l-—
\ A

Cy=0.5-p-cpt g-=19.02 mm

= PGECIV

J

J UNIVERLIDADE DO BITADD D0 WO DE JANENQ
={€ FACULDADE DE ENGENHARIA

45



.d« UNIVERIDADE DO ESTADO DO IO DE IAWEIND
\¢ FACULDADE DE ENGENHARIA
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» Flexdo emtorno de y
Stress distribution in the web av/'op:
Change in the location of centre of gravity in z-direction (Rounded corners)
h h. €,
(b, =byy—bya )t = (e c'd.)![ -t ]

‘r|:h;' +br +Cy +(b¢f! —& )'l' (b‘:fl = g,]'-‘(r‘..; & ) +4-”]

“nr

z =-1.248 mm

Change in the location of centre of gravity in z-direction (Sharp corners)

h, hc,
_{he "“’m_brf:)"'%"“(".-_(rr)"['; = ;]

.f(hr +b,+c,+b, +b,,+c,)

z_ =—1313 mm

ny

= PGECIV

J
N
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h 7. Exemplo 2

» Flexdo emtorno de y

ik V& 2
e B O z,,] =— G975

Clause 5.5.3.2 (3) Step 2:
Effective arca of edge stiffener

Web with width &

& =781 6291 + 978 pr 7= 23243 A =[(brr-2.)+(c, -8 ) +u]-1=113.603 mm’

- & i ) tle, - ']fg + 5o -L'_'."|,-_;.,,....

=L == i 2

< ¢ ';'3.-1-::-“&0 s My e — 7 4 =3.348 mm

[ 7,2 -0.055(3- (b8
;,=,?!1niﬁj}(_}?1}=(]gﬁb 1B, _E')Lg" L= s teuew
Aoh 3 z, =74—“ f =10.211 mm
> .
-— = p#— 9735 mm | ) ) | .
8 ¥ =y (b =8 )0 (b= ) o0’ 4 o (cg =8, )+
w B, —0d5, 4 g = 40408 mm > G
wtlCy ~8, .]" £, jra_b -y, | +u-t(y, -w) st

o. R i 2 12
Y f =80, g 's'—t% B ——= != 156,208 i
1 r " & LT ol ) I,=3.311-10" mm*

Cross-sectional properties of the edge stiffener (Rounded corner):
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» Flexdo emtorno de y

Spring stiffness for the stiffener as beam on the elastic foundation (clause 5.5.3.1
(5)). If other flange is in tension factor k= 0:

E.f 1

4(1-0%) (b,-z,Y h, +"[.!!I -z, ]'-‘+U_5|:[.!:‘ -z, ):Jr.]-U

K=04218 N/mm’
Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

JKE-1

g,,= —-—I —*=301.5 N/mm®

Reduction factor for the distortional buckling-flexural buckling of a stiffener
(clause 5.5.3.2(9)):

= PGECIV

J
N

J UNIVERLIDADE DO B3TADO DO WO DE LANEND
q« FACULDADE DE ENGENHARIA
7. Exemplo 2

» Flexdo emtorno de y

= i ! i s 065
! 147 @733 20 #As> BESA Ao 138
’, 0:66/74 Firz 1.38

P Yol

Reduced effective area of the stuffener {clanse $5.3.2{11):

Toe=r

il 164!

Cafoylatiwn of seciton awdeles foc the effcetive soction:
S E o Yilis e Y s

Ay =15, 18 Vi Bs ;__}r ey 8, JF 3

e Jutlh, —g ¥ele. ~g. ) 1= 6611 mad

= PGECIV

J
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» Flexdo emtorno de y

C.G. of effective section from the compressed flange

le,-t| h - 5;. kb otoh +2u-t(h ..}.-{n_.,:-g,};| h
1 \ . \

[Pn §-F
=g )| =2 |+ (e =8t | L

z, =115.263 mm

z=h.—2=82.777 mm

= PGECIV

J
N

+u-t-wu-d

UNIVERLIDADE DO BITADD D0 WO DE JANENQ

FACULDADE DE ENGENHARIA

hys )

w

=
Y 7. Exemplo 2

» Flexdo em torno de y

I, =4523 10° mm*

g, 3
W, =—=L=3924. 10* mm’
i

= PGECIV

J
m
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» Flexdo emtorno de y

Clause 5.5.3.2 (3) Step 3- Iteration 1:

In the optional iteration the effective widths of the edge stiffener are calculated
with reduced compression stress:

- . 2
CeomEd= Xy ~Jon/ Yo =242 N/mm

Flange with width b

2 i1 =2 pred (A o) = 0.639 p=pu( A1) =1

byp=05-p-b,+g=3652 mm

= PGECIV

J
N
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h 7. Exemplo 2

» Flexdo emtorno de y

Edge stiffener with width ¢
2 pet= 2 pred (A pe) = 0452 p=p(Zpmn)=1
cy=05-p-by+g,=19.02 mm

Effective area of edge stiffener

Cross-sectional properties of the edge stiffener:

A= [(b‘_,_. -8, }+ ({'ﬁ. -8, ) + u] -t=118.504 mm’

> -'{f};—g,)[g,+5’;g'J+r-u-n-

6 V= 7 — =321 mm
L

8 'r(_hf.f:_g,.}(g +_';_J:-r2_g_;]+r_”_“|

ﬁﬁr z, = . 7 =11.247 mm
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= Flexdoemtornodey

L=(bn=g) 4 (bamg )3 45t (eg-2) +-

I =3.366-10° mm*

Spring stiffness for the stiffener as beam on the elastic foundation (clause
5.5.3.1(5)). If other flange is in tension factor k= 0

E.P |

4(1-0* }-E‘:_ 2 ) h+(b-z) ~U.S[|h_ ~z,)+h |0

K=0.4378 N/mm’

Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

2-JK-E-1 2
= %: 296.9 N/fmm~

= PGECIV

J
=
Q
-I

";’« UNIVERIIDADE DO ESTADO DO IO DE LANERD
¢ FACULDADE DE ENGENHARIA
h 7. Exemplo 2

= Flexdoemtornodey

Reduction factor for the distortional buckling-flexural buckling of a stiffener
(clause 5.5.3.2(9)):

R
;_,:\I|-L*= 1.086

Zas = Kot A4) 14y =0.685> x, =069
OK!
Iteration should be ended when ¥ = ¥m.s) but Y < Zin-)
Geomedl = Xd1*fyp o= 240 N/mm®
Geam£4= 241,869 N/mm’

Reduced effective area of the stiffener (clause 5.5.3.2(11)):

117.465 mm’

A
L -= 1.943 mm

= PGECIV

J
m
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= Flexdoemtornodey

Calculation of section modulus for the effective section:
A, =tlc +b +{h -g :|-i-“? -g ]~\u-‘+,..
Agr n LC» o er 2 . | et r adl

it [us(by. g, )+ (e, g, )| = 715074 mm’®

C.G. of effective section from the compressed flange

-

. F '
S (b -, )] 2

z,=109.133 mm

z3=h.—z; = 88.907 mm

= PGECIV

J
N

\ ¥ .‘... 3
2 4lign— = | +u-t-wHu-t w
2 |+ (ey g,]f._,__,[ 3 | wet-whuet,,

UNIVERLIDADE DO BITADD D0 WO DE JANENQ

FACULDADE DE ENGENHARIA

( e\ " " Lea |
c, -!;l.h. —?| wb b +2ut(h, —\rJ-{f{;:—gr}F[h_ e

|

=
Y 7. Exemplo 2

= Flexdoemtornodey

I

[ | "k .YV b-P Y (h
=_£ v R S L by nfe] i 2u-t] L —w
Lygs= *E f[—é—- €.+ ] + T +b, -+t [ > ) +2u :|I > Wi

| (gt

UNIVERLIDADE DO BITADD D0 WO DE JANENQ

FACULDADE DE ENGENHARIA

w2

Anterior

1, =4523-10° mm*

I
W, =-2=3924.10"mm’

h h, (f: =B, }!
-r“i _-!1',]" ?— ZIJ 5
\ by—g. )t ()
e () Lol g [
(co=8) bt [ (h
12 [(L "8 | G

1, =484-10" mm*

I
e =L =4.435 10° mm?

= PGECIV

J
m

4,844,523 = 7%
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» Flexdo emtorno de y

Clause 5.5.3.2 (3) Step 3- Iteration 2:

In the optional iteration the effective widths of the edge stiffener are calculated
with reduced compression stress:

Ceombd = Xyy oo/ Yo =240 N/mm?

- J—

A poredd ( /-.f" )= f-, \n'l Xa

Apredpldp)= Z.

Flange with width b

2 pp1=2 prea( 2 pp) = 0,636 p=pe(Apnl)=1

bz =0.5-p -bp+ g-=36.52 mm

= PGECIV

J
N
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h 7. Exemplo 2

» Flexdo emtorno de y
Edye stiffener with width ¢
Lges= ol Ageh = 0451 p=plimi=)
cg=05 g b+ g = 19682 mm
Fifective area of edge stvifonce
Uruss-sectional propedies of the edge stiffener

4 =[{t g 3o, g ) n_!-r = 118,504 mm’

L

A4

-

ey _X,-}.;. gt ﬁé 8 S
2 B — 4 = =32{mm
O ., \
i “{‘f’.-.': _3—}!- % 5 Ber 8 !—- [
O 5= ; — =}1,247 mm
o

J
m
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h 7. Exemplo 2

» Flexdo emtorno de y
5 =%[*". =g )t + by g, )y *i!:! (c,—2) -

f Cc, =g . s rt
...+[<'._, -, }( g + ——'?—é‘— v | #u-t(y —w) +- T

1 =3.366-10" mm’

Spring stiffness for the stiffener as beam on the elastic foundation (clause
5.5.3.1(5)). If other flange is in tension factor k= 0:

K E- ! -
4(1-v) (b -z, b +(b -z,) +05|(b.~2,) -h |-0

K =0.4378 N/mm’

Elastic critical buckling stress of the edge stiffener (clause 5.5.3.2(7)):

2-JK-E-I )
T T ~=296.9 N/mm"”

= PGECIV

J
N
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h 7. Exemplo 2

» Flexdo emtorno de y

Reduction factor for the distortional buckling-flexural buckling of a stiffener
(clause 5.5.3.2(9)):

Au= o _ 1086
a,

Zis=2i(Ad) 7.2 =0.685> 7, =0.685
OK!

Iteration should be ended when 4y = .y bUt 2o < ¥in-t)
Ceomtd1 = X1+ fos /o= 240 N/mm?

Orom Ed= 239.749 N/mm?

= PGECIV
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= Flexdoemtornodey

Reduced effective area of the stiffener (clause 5.5.3.2(11)):

P40 . 118,504 mm’

A,
[P ﬁi.]'v{:'l,—g,JHJ

lrsd = = 1.96 mm

Calculation of section modulus for the effective section:

Ay = 1| ¢, +b, +(hy—g, }+(.‘rﬂ, g, )+3u ‘+
ot s (by -, )+(e, —g, }J= 716,112 mmy’

C.G. of effective section from the compressed flange

- ]
Ay, [,
I ¥ [".. — &, ]"..-..a! TJ

N
g -8 )t =

e J

= PGECIV

J

f . { B )
c -t h —%.|+b; b+ 2ut( B = n'ii[h_,_.—g,jr| I —T'

:* :‘:m;;;ﬂ ;:a DE JANEWD

) |

il WU, W J

7. Exemplo 2

= Flexdoemtornodey

z,=108.979 mm

2= h.—z;= 89.061 mm

= PGECIV

J

"

=

“
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Anterior

I, =484 10° mm*

. 1y & SEk
W, =-T2=4435.10"mm’

4849/484=>1% ]
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