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10. Comportamento Estrutural

= Cisalhamento

= Tracao
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10. Comportamento Estrutural

= Tracao e cisalhamento combinados

10. Comportamento Estrutural

= Resisténcia ao Cisalhamento

v'O cisalhamento é a forma
mais comum de
solicitagéo de um
parafuso e pode ser
resistida por parafusos de
alta resisténcia tanto por
atrito quanto por corte.

NV NN v'Parafusos comuns por

"~ =i nao  possuirem uma

protensao confiavel séo

supostos nao resistir por

S TS — = o atrito, resistindo apenas
727, V2

G G ao corte.
IE-EI
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10. Comportamento Estrutural
= Corte simples versus atrito (sem atrito)

Joint assembled in tension \ Joint assembled in compression

=

Deflection {mm}

Plastificagao
A, da placa (tragao e flexao)
Plano de cisalhamento do parafuso
Contato com a borda do furo (placa + parafuso)

PEECIV"

10. Comportamento Estrutural

= Corte simples versus atrito (com atrito)

Bolt in bearing
Slips

/ \ /
~
/ %
~
5
~
~
[.— Load taken in friction

Shear load (kN)

1.0
Shear or slip displacement (mm)
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10. Comportamento Estrutural

= Corte simples (tracdo na sec¢ao liquida)
v'Distancia as bordas perto dos valores minimos
v'Ruina

v'Escoamento da se¢ao liquida tracionada da placa

N OIS

Flexao adicional
diminui a resisténcia
0,9 xA, xf,

2 planos de corte
1,05 x A, x fy
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10. Comportamento Estrutural

= Corte no parafuso (Fisher)

| f
A490 bolt

A325 bolt

Shear stress (ksi)

(MPa) | (MPa)

0.10 0.20
Deformation {in.)

= Testes em laboratério — tensdo nominal (F/A) no plano de corte na
ruina de um parafuso € da ordem de 60% da tensdo ultima a tragéo F,
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10. Comportamento Estrutural

Corte no parafuso
{

4.6 — comum
Eﬁ? Baar 8.8 — alta resisténcia

¢ Posicdo da rosca (quanto
/ “\”;Eﬁ’ 8o, | mais rosca no plano de
' e g corte, menor a resisténcia)

7y 88 b;ll//’ 4 Ductilidade
g} // Plate bearinTgcritica\ v 4.6 — deforma 1/4 D
= A v 8.8 —> deforma 1/6 D

43 plate, eng

distance 2 x v' 8.8 menos ductil que 4.6
; Tﬁg@ rosca no plano de corte
] v tu/Fu=0,63
B h' e ol sem rosca no plano de
4.6 bolt Corte
v tu/Fu=0,80

~

Load {kN)

Deformation (mm]
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10. Comportamento Estrutural

= Esmagamento da placa na regido de contato

50 T T T T T T
w———==—"""""Rivet or high-strength bolt

pP— ‘_—_%_—L_P%EE —p [no axial force in bolt)
401 . All specimens failed by A R t o t e - |
bearng n meinplte PRl Restrico triaxia

i ! -

— Aumenta

Type of specimens L= /,-"'

3Pt . . s il resisténcia final
» [® D maior com placa fina — el
= esmagamento da placa — 7 -

20+ area de contato = Dxtp|/{4-’{'- oo | Proxmdadg d? .

i L - end dstance borda — Diminui
™ < % - bolt diameter . o B -
10l g P i out AVEraostaming J§ resisténcia final

of - u.ts. of plate
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10. Comportamento Estrutural

= Falhas por esmagamento da placa na borda do furo

_aX S=

Section of X-X

Cisalhamento Escoamento da Flexao (1 plano
(placas largas) secao liquida de corte)

(placas curtas) out=1,75Fy
cut=19Fy

Roscas — ndo diminuem a resisténcia ao esmagamento da chapa
Deformam as placas provocando sulcos
Aumentam a resisténcia final da placa
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10. Comportamento Estrutural

= Distancias minimas de furos - Canadense

USUAL GAUGES for Angles, millimetres

[ Bauge i i
o 2 " 0 Guilhotina ou
Ly *
: = T
L e 200 | mas | s | w0 | e | | a0 serra
T et e A tor | 150 |36 | S0 i) TES [
tull soeket wranch claar :gg :;g 2: |mag as | [facd
anué requinments, |
R oo M2 | B0 MINIMUM EDGE DISTANCE
i i
italics to the fait af g and gg E}g—----%-j FOR BOLT HOLES
smem el 2L M| V[ et o
mensions shavn. &0 mzs | 30 | | &It?'::':ru:u:r At aheored Eoge c::uu-r'
9 223 balt dinmnnere g MEZ 41 | T
18 23 b
20 | 34 *®
2 | 38 Fo]
24 42 an
27 4l =L
30 62 38
36 4 46
awer I 1% n Blamater 14« Dlamatar
t Gas cut edgas shall be wraath and frge fram notches. Edge
distance in this colume may be deenfasd 3 mm when hals
2 3L 3 point whire campuatid riisfundsr factored loads b |
ral more than 0.3 of 1h4 yiald sirgis.
- R

Laminado ou

macarico
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10. Comportamento Estrutural

= Distancias minimas de furos - Canadense

FASTENERS — MISCELLANEOQUS DETAILING DATA
Diagonal Distance for Staggered Fasteners

06 | 110

117
49 19
103 122
106 | l 125

1m0 | I 178
13 | 117 | 120 131
17 |12 | |13s |

B2R H=ddg £3
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10. Comportamento Estrutural

= Distancias minimas de furos - Canadense

USUAL GAUGES for W, M, S and C Shapes, Millimetres

= - )
35t 40 (2] 100

75 90 45 130 10 146

9210 100 47t 50

102 10 120 65

130 10 148 | 5716 &0

150 1a 186 E41e 70

190 10 200 ¥ B

AR el Lo > 2,7D = 3D
Distancias maximas

L2, L3 <12t ou
L2, L3 £150mm

5 SHAPES

STANDARD
CHANNELS

25030380 (120

W AND M SHAPES

o Heles usually drilled due to size of punch dia block,
T Dependent an edge distance
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10. Comportamento Estrutural

® Distancias minimas de furos - Canadense

Table 6
Minimum Edge Distance for Bolt Holes

L, e L3 minimos

Bor diamete Minimum sdge disiance, men 1 ou 2 parafusos na
s At tolled, sawn, linha de acado da
neh mim Al sn"rld_lﬂut or gas-gut adge £

_ forca
3 Loel;>1,5D

20

22
2

27

a0

a6
1.75 = dizmaled 1.25 = diamater

*ASTHM Srandards AZ25S and AdSO are writton In ingh-pound units, Accordingly, balt diamaters as shown in
inches for these bols anly.

{ Gas-cu! odges ghall be smoolh and free from noiches. Edpe digtance in this column may be decreased by
3 mm whon the hode is af a post where calculsted stress uoder faciored loads it not mone than 0.3 of Tha
ik siress.

$A! ands of baam-framing angled, this distance may be 32 mm,
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10. Comportamento Estrutural
= Distancias minimas de furos — Eurocode 3 pt. 1.8

Table 3.3: Minimum and maximum spacing, end and edge distances

i it . »
Distances and Minimum Maximum > ¥
spacings,

see Figure 3.1

Structures made from steels conforming to
EN 10025 except steels conforming to
EN 10025-5

Structures made from
steels conforming to
EN 10025-5

Steel exposed to the
weather or other
corrosive influences

Steel not exposed to
the weather or other
corrosive influences

Steel used
unprotected

The larger of
8¢ or 125 mm
The larger of
8¢ or 125 mm

End distance ¢, 4¢ + 40 mm

Edge distance e; 4r+ 40 mm

Distance e;
in slotted holes
Distance e,
in slotted holes

S
= - E

P2

—$-—-—9

a) Symbols for spacing of fasteners <) End and edge distances for slotted holes
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10. Comportamento Estrutural
= Distancias minimas de furos — Eurocode 3 pt. 1.8

The smaller of The smaller of The smaller of

14¢ or 200 mm 14/ or 200 mm 1445, or 175 mm
The smaller of
14¢ or 200 mm
The smaller of
28¢ or 400 mm
The smaller of The smaller of The smaller of

14¢ or 200 mm 14/ or 200 mm 1445, or 175 mm

Spacing p

Spacing py o

Spacing p1;

Spacing p, 7

Loopgiidy

- ARERD
A S ¢ !“T’?ﬁh

Staggered Kows of fasteners

a) Symbaols for spacing of fasteners b) Symbals for saggered spacing

F———p1 f—t—pw
T PR L . e ke im.
B e e ff—

-—

mEdtands200mm  prSl4tand S200mm preS 14 tand S200mm peS 28 tand S 400 mm

1 owter row 2 immer ranw

¢) Staggered spacing - compression d) Spacing n tension mentbers
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10. Comportamento Estrutural
= Distancias minimas de furos — Eurocode 3 pt. 1.8

Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

- for compression members in order to avoid local buckling and to prevent corrosion in exposed
members and:

- for exposed tension members to prevent corrosion.

The local buckling resistance of the plate in compression between the fasteners should be calculated
according to EN 1993-1-1 using 0.6 p; as buckling length. Local buckling between the fasteners
need not to be checked if py/r is smaller than 9 ¢ . The edge distance should not exceed the local
buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance is not affected by this requirement.

1 1s the thickness of the thinner outer connected part.
The dimensional limits for slotted holes are given in 2.8 Reference Standards: Group 7.

For staggered rows of fasteners a minimum line spacing of p; = 1,2d; may be used, provided that the
minimum distance, L, between any two fasteners is greater than 2,4dy, see Figure 3.1Db).




PEECIV"

10. Comportamento Estrutural

= EFsmagamento do parafuso

Restricao circunferencial
Acos muito resistentes

(a) cisalhamento duplo
(1000N/mm2)

(b) cisalhamento +
esmagamento (bearing)

(c) esmagamento

O material fluiu longitudinal-
mente aumentando o compri-
mento do parafuso o, , = 2 F,

u,pl
(caso raro)
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10. Comportamento Estrutural
= | igacGes multiplas (+ de 1 parafuso)

Spesruen viled fter Se(}éo |iQUida —
| membros
40% leel‘en(;a traC|onados —

//\ caminho critico
Pt e Desalinhamento
1 de parafusos —
alguns parafusos
em contato com a

oL, ;a: ‘: ] 2 NO 30 pl. grade 50 chapa

(3 i
bk

i 356 x 406 LIC 287 grade 50

is 36 3 30

Deflection & (mm}
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10. Comportamento Estrutural

= Esmagamento da placa em ligagdes multiplas

Paralelo ao
carregamento

Transversal ao carregamento

Sentidos opostos se cancelam

Necessario somente restricao
nas exteemidades da placa

Efeito acumulativo da carga na dire¢éo transversal
Se L1<2,5D — sendo redugao na resisténcia ao esmagamento da chapa

10. Comportamento Estrutural

= | igagOes muito longas

Stress

1 Shaar

g

?I

z

or strain i |8
r@ﬁr‘ OMDHH .
i H
Toak | |

Distance along splice

Stress

or strain SIRIAIRE LT
! ‘ Inner plies = Perda de eficiéncia em ligagoes
N i muito longas

Comprimento efetivo

—r
Distance along splice

g

Plate mat. 7, = 250 Nimm®

Average shear strength {Nfmm? )
g
T

Hu tensite ared 91 1215 _ 490
Total bolt shear area

Emendas tracionadas el
Deformagdes maiores nas extremidades [l os 10

Jaint length {m)

11



10. Comportamento Estrutural

= Grupos de Parafusos — Eurocode 3 pt. 1.8

v Group of fasteners resistance may be taken as the sum of
the design bearing resistances the individual fasteners
provided that the design shear resistance of each individual
fastener = bearing resistance

v'Otherwise Group of fasteners resistance = number of
fasteners x smallest resistance of the individual fasteners.
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10. Comportamento Estrutural

= | igagdes muito longas — Eurocode 3 pt. 1.8

v When the distance L; between the centres of the end fasteners in a
joint, measured in the direction of force transfer > 15 d, shear
resistance of all the fasteners should be reduced by multiplying it by
a reduction factor L, given by:

v but B;<1.0 and B=0.75

v This provision does not apply where there is a uniform distribution of
force transfer over the length of the joint, e.g. the transfer of shear

force between the web and the flange of a section

12



10. Comportamento Estrutural

= | igagdes muito longas — Eurocode 3 pt. 1.8

F-q—f“"’h_'f"“"ﬂ"H'_"h_rlT_H?—ﬂ,' I L ™~

M '1n iy l:: 1—a=F

Figure 3.7: Long joints

13



