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15. Efeito de Alavanca
= Efeito de Alavanca (“Prying Action”)
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15. Efeito de Alavanca

= Efeito de Alavanca (“Prying Action”)
465 , , , Placas finas (flexiveis)
2B =2F +2Q

Q — efeito de alavanca
que amplifica a

" vimtorseo carga nos parafusos
200} 1 (B)
L/ 22 mm * A separagao das placas
d A325 2F , .
bolts é antecipada
/ plliee S Reducgao na rigidez da

/// =19 mm O$+ +f0 £heng Iigagao

force

300+

Bolt force 8 (kN)

100+ 4

0/ 1 ~ -
0 0 20 30 40 Redugdo na capacidade

Applied load £ (kN) ultima 260kN — 190kN
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15. Efeito de Alavanca

= Efeito de alavanca - Eurocode 3 pt. 1.8

= Where fasteners are required to carry an applied tensile force, they
should be designed to resist the additional force due to prying action

= Rules given in 6.2.4 implicitly account for prying forces
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15. Efeito de Alavanca

= Efeito de alavanca - Eurocode 3 pt. 1.8

6.24 Equivalent T-stub in tension

6.2.41 General
(1) In bolted connections an equivalent T-stub 1n tension may be used to model the design resistance of
the following basic components:
- column flange in bending:
- end-plate in bending:
- flange cleat 1n bending;
- base plate in bending under tension.

(2) Methods for modelling these basic components as equivalent T-stub flanges, including the values to be
used for ey, (.5 and m, are givenin 6.2.6.

(3)  The possible modes of failure of the flange of an equivalent T-stub may be assumed to be similar to
those expected to occur in the basic component that it represents.

(4)  The total effective length ¥ (& of an equivalent T-stub, see Figure 6.2. should be such that the design
resistance of 1ts flange 1s equivalent to that of the basic jomnt component that 1t represents.
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15. Efeito de Alavanca

= Efeito de alavanca - Eurocode 3 pt. 1.8
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15. Efeito de Alavanca

= Efeito de alavanca - Eurocode 3 pt. 1.8

Table 6.2: Design Resistance Frg, of a T-stub flange

Prying forces may develop. i.e. L, <L No prying forces

Mode 1 Method 1 Method 2 (alternative method)

without AM | ae (8n—2e, )M, 5

backing | Fpyps= —2-— Froipg= ————————————

) m 2mn—e (m+n)
plates - .y
0 Friopg= — PR
‘l:.:ckjng Frome= Mpin=2Mpn | p (8n— 2:‘ IM ;s +4nM 5,
plates m 2mn—e (m+n)
2M ,,, zq + NLF,
Mode 2 P ——
m+n

Mode 3 Frspa=XF, 3,
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15. Efeito de Alavanca

Mode 1: Complete yielding of the flange

Mode 2: Bolt failure with yielding of the flange

Mode 3: Bolt failure

L, 1s -the bolt elongation length, taken equal to the gnip length (total thickness of material and
washers). plus half the sum of the height of the bolt head and the height of the nut or

- the anchor bolt elongation length. taken equal to the sum of 8 times the nonunal bolt diameter.

the grout layer. the plate thickness. the washer and half the height of the nut

© _88m'd,
Bty

Frpais the design tension resistance of a T-stub flange

Q 15 the prying force

Myiira = 0,25):11’“]{!’ fJ Va0
Myrora = 02580 2 1,7/ Faro

5

Mipzs = 0.25EC ity f 0,/ Fano

n = @rn but n = 125m

Fiz4 is the design tension resistance of a bolt, see Table 3.4:

Y F.rais the total value of Fipa forall the bolts in the T-stub:

3 lex;1sthe value of } (5 for mode 1:

3 lemo 1sthe value of ¥ (g for mode 2:

@mn . 1 and f; are as indicated in Figure 6.2

fypp 1s the vield strength of the backing plates;

typ 15 the thickness of the backing plates:

ey = dy /4

dy 15 the diameter of the washer, or the width across points of
the bolt head or nut, as relevant.

Ly




= PeECIV)E am

15. Efeito de Alavanca

NOTE 1: In bolted beam-to-column jomts or beam splices it may be assumed that prying forces
will develop.

NOTE 2: In method 2, the force applied to the T-stub flange by a bolt 1s assumed to be umiformly
distributed under the washer, the bolt head or the nut. as appropnate. see figure, instead of
concentrated at the centre-hine of the bolt. This assumption leads to a lugher value for mode 1. but
leaves the values for Fr .3 rq and modes 2 and 3 unchanged.
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17. Recomendacoes Eurocode 3

= Cantoneiras ligadas por uma aba-EC3 - 1.8
= The eccentricity in joints and the effects of the spacing and
edge distances of the bolts, shall be taken into account in:
v" unsymmetrical members;
v' symmetrical members, connected unsymmetrically, (angles connected by one

9 R

LI L
A —1 bolt @
B — 2 bolts ol o ol e s
C - 3 bolts b

b) e}




= W
PGECIV) am

17. Recomendacodes Eurocode 3

= where:

v" B, and B, are reduction factors dependent on the pitch
p, as in Table 3.8. For intermediate values use linear
interpolation;

v" A, is the net area of the angle;
v For an unequal-leg angle connected by its smaller leg:

A, should be taken as equal to the net section area
of an equivalent equal-leg angle of leg size equal to
that of the smaller lea

Pitch P1 <2.5d, =5,0d,
2 bolts h 0.4 0,7
3 bolts or more s 0.5 0,7
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17. Recomendacoes Eurocode 3

= Asingle angle in tension connected by a single row of
bolts in one leg may be treated as concentrically loaded
over an effective net section for which the ultimate
resistance is:

_ 2.0([32 _O.Sdo ){ .){;F
72

with 1 bolt Nuza

— 132 AJIL’F -){;i

with 2 bolts ~ N,zq
Vi

with 3 bolts  nny = Bodhe fo
7 s
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]%] 19. LigacOes Excéntricas no Plano
= Decomposi¢ao — forga centrada + momento torsor

v’ conhecimento do comportamento da relagio forca
versus deslocamento dos parafusos ao corte

P =p
T i ’ & T=Pe

\ .

=] o o o
o ol / ° ° / o o
Il
[l

= forga centrada — P/ n° de parafusos

] Co

i1 19. LigacOes Excéntricas no, Plano
] ] A /f\‘T,Bp
= momento torsor T, — P .e A T PN
n < :
centro de rotagéo e N |y A4
Td = z Vi XTi | centro geométrico ¢
i=1 o

ste N
Ai = epx r Placa rigida oo " 4 . A v,

7
Aoy

Vi=kxA;=kx0, xr, >

F X Alinear A

T,=> kx0,xri=kx8,> r’=kx0, =
i=1 i=1
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= momento torsor T, — P .e
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19. LigacOes Excéntricas no Plano

Ho

n ‘
Zriz V. =V sen( r) y
= y= VX a; X X

I
V].x= - 2ricosocj= i : Y
Zri (xi +Yi )
i=1 i=1
I
ij =——Trsena; = — X;
2 2 2)
Zri Z(Xi +Y;
i=1 i=1
] s

Il i!

1

v —0
j=1

2. y=0
j=1

= Estas equagoes localizam o centro de rotagao da placa no

centro geométrico dos parafusos

19. LigacOes Excéntricas no Plano

= A posicao do centro de rotagao da placa é determinada
pelas equagdes de equilibrio das forgas nas diregées x e y

ZWZO
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x=0

M-
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%I 19. LigacOes Excéntricas no Plano

= Verificar a ligagao aparafusada abaixo considerando a
resisténcia ao corte dos parafusos, as distancias
indicadas e a rosca excluida do plano de corte

v’ Dados: A¢o MR250, parafusos M16 A325 (Fu=825MPa)
e P,=120kN m_,

) QP_ op 3‘4 y 4.
/\T } N

P
o 52 - o o d
Bol 2 5
BK o = o © ? X
80
2] 5 o o )Q,'t:l[]mm l

Hod (80

e =1 £=9,5mm '\?1 x
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%I 19. LigacGes Excéntricas no Plano

3 " m Parafuso X y X2 y2

® 1 50 80 | 2500 | 6400
| N
2 .50 0 2500 0
IDd

2 5 3 -50 80 2500 6400
T 4 50 80 2500 | 6400

B p@pm@ [0
6 50 -80 2500 | 6400

1 6

\? x z 15000 | 25600

= Esforcos na ligacao
= V,=120kN
= M,=120.130 = 15600kN.mm
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19. LigacOes Excéntricas no Plano

= Esforgos maximos nos parafusos
v devido ao cortante

Fo =2 =0
n

v’ devido a0 momento — os parafusos 1, 3, 4 e 6 sdo os
mais solicitados (nos parafusos 4 e 6 esta solicitacao
se soma a do cortante)

Fova = '\f" —Y, = 15600 x 80 = 30,7kN
> (X +y?) 40600
M, ~ 15600

E X, = X 50 =19,2kN
M3 (x*+y?) Tt 40600
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19. LigacOes Excéntricas no Plano

= Resultante
I:4 = \/(FxM4 + I:xc)z + (FyM4 + FYC )2

F, = /(30,7 +0)? + (19,2 + 20)? = 49,8kN

= Resisténcia dos parafusos ao corte

= Resisténcia ao esmagamento

10
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20. Lig. Excéntricas Fora do Plano
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Resisténcia dos parafusos a tragao

Resisténcia dos parafusos ao corte

Resisténcia ao esmagamento

Resisténcia dos parafusos a tragao e ao corte combinados
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21. Cisalhamento em Bloco

IS | [ %r

p A

V7Ol

I small tension force
2 large shear force
3 small shear force
4 large tension force




21. Cisalhamento em Bloco

Block tearing consists of failure in shear at the row of bolts along the shear face of the hole group
accompanied by tensile rupture along the line of bolt holes on the tension face of the bolt group.
Figure 3.8 shows block tearing.

For a symmetric bolt group subject to concentric loading the design block tearing resistance, Vi pg is
given by:

Virara = o Aa I + (10V3) f Ay oo . (3.9)
where:

Ay is  net area subjected to tension;

A, is  net area subjected to shear.

For a bolt group subject to ecceniric loading the design block shear tearing resistance Vigsga is given
by:

Virzra = 03 £, Ag iz + (1/V3) f, Ane B .. (3.10)
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