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11. Dimensionamento

= Fsmagamento da chapa

esmagamento

3 ¢brt n d Fu
rasgamento

(I)brtneFu

dor= 0,67

d = didmetro do parafuso

n = n° de parafusos

t = espessura de chapara a ser analisada
Fu = tenséo dltima da placa

e = distancia do furo a borda na direcdo paralela ao esmagamento
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11. Dimensionamento

= Corte no parafuso

V,; =0,60 ¢p N m Ay Fy (rosca fora do plano de corte)

V; =0,70. 0,60 ¢p n m Ap Fy (rosca no plano de corte)

d» = 0,80
m = n° de planos de corte Vr
Vfinal <

n = n° de parafusos

Ay = &rea da secdo transversal do

parafuso (bruta) . e
Se o comprimento da ligacdo >

F. = tenséo ultima do parafuso 1300 mm — Veorr = 0,8 Viinal
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11. Dimensionamento

= Resisténcia ao Cisalhamento Eurocode 3 pt. 1.8

= a) Category A: Bearing type:
v/ Bolts from class 4.6 up to and including class 10.9 should be used.
v"No preloading/ special provisions for contact surfaces are required.
v The design ultimate shear load < shear and/or bearing resistance.

Table 3.2: Categories of bolted connections
Category Criteria Remarks
Shear connections
A Fora & Foma No preloading required.
bearing type Fira € Fiza Bolt classes from 4.6 to 10.9 may be used.
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11. Dimensionamento

= Resisténcia ao Cisalhamento Eurocode 3 pt. 1.8
= a) Category A: Bearing type:

A % on No preloading required.
bearing type 5 s, Bolt classes from 4.6 to 10.9 may be used.

Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension
Failure mode Bolts Rivets
Shear resistance per shear | o = a, fu 4 Fopa= 0.6 /., 4
plane ' Yz ‘ Vi

- where the shear plane passes through the
threaded portion of the bolt (A is the tensile stress
area of the bolt A.):
- for classes 4.6, 5.6 and 8.8:
.= 0.6
- for classes 4.8, 5.8, 6.8 and 10.9:
o, =035
- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): o, =0,6

eIV
11. Dimensionamento

= Resisténcia ao Cisalhamento Eurocode 3 pt. 1.8
= a) Category A: Bearing type:

A % on No preloading required.
bearing type 5 s, Bolt classes from 4.6 to 10.9 may be used.

Bearing resistance 2%

fub

where o, is the smallest of oy : —— or 1.0:
Ju

in the direction of load transfer:

2 . 1
- for end bolts: g = ! . for inner bolts: oy = P _Z
0 0
perpendicular to the direction of load transfer:

- for edge bolts: ki is the smallest of 2,8L—2 —1.7 or2.5
0

- for inner bolts: ki is the smallest of 1.4 P> =17 or2.5

R
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11. Dimensionamento

= 1) Bearing resistance Fy 4 for bolts:

v’bearing resistance in oversized holes is 0,8 x
resistance for normal holes.

v'in slotted holes, where the longitudinal axis of the
slotted hole is perpendicular to the direction of the
force transfer, is 0,6 times the bearing resistance for
bolts in round, normal holes.

PEECIV"

11. Dimensionamento
=2) Countersunk bolt:

v'Bearing resistance F, , should be based on a plate
thickness = thickness of the connected plate — %2
countersinking depth.

v'Tension resistance F; 4 the angle/depth of
countersinking should conform with 2.8 Ref. Standards:
Group 4, otherwise tension resistance F; z, should be
adjusted accordingly.

= 3) When the load on a bolt is not || edge:

v'Bearing resistance may be verified separately for bolt load
components || and - to the end




PEECIV"

11. Dimensionamento

» Design resistances for tension and for shear through the
threaded portion of a bolt given in Table 3.4 should only be
used for bolts manufactured in conformity with 2.8 Ref.
Standard: Group 4.

* For bolts with cut threads, such as anchor bolts or tie
rods fabricated from round steel bars where the threads
comply with EN1090, the relevant values from Table 3.4
should be used.

PEECIV"

11. Dimensionamento

Bolts with cut threads where the threads do not
comply with EN1090 relevant values from Table 3.4
should be multiplied by a factor of 0,85.

* Shear resistance Fv,Rd given in Table 3.4 should
only be used where the bolts are used in holes with
nominal clearances not exceeding those for normal
holes as specified in 2.8 Ref. Standards: Group 7.
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11. Dimensionamento

» M12 and M14 bolts may also be used in 2 mm
clearance holes provided that the bolt group
resistance based on bearing is = bolt group
resistance based on bolt shear.

* In addition for class 4.8, 5.8, 6.8, 8.8 and 10.9 bolts
the shear resistance Fv,Rd should be taken as 0,85 x
value given in Table 3.4

PEECIV"

11. Dimensionamento

*Fit bolts
Should be designed as bolts in normal holes
* Fit bolt thread should not be included in the shear
plane
» Length of the threaded portion of a fit bolt included in
the bearing length < 1/3 plate thickness

* Hole tolerance — 2.8 Ref. Standards: Group 7.
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11. Dimensionamento

* In single lap joints with only one bolt row the bolts
should be provided with washers under both the head
and the nut. The bearing resistance Fb,Rd for each
bolt should be limited to:

Fypa= L5 fudt/ (3.2)

PEECIV"

11. Dimensionamento

*Single rivets should not be used in single lap joints.

* |n the case of class 8.8 or 10.9 bolts, hardened washers
should be used for single lap joints with only one bolt or
one row of bolts
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11. Dimensionamento

« Where bolts or rivets transmitting load in shear and bearing
pass through packing of total thickness p > 1/3 of the nominal
diameter the shear resistance Fv,Rd calculated as specified in
Table 3.4, should be multiplying by a reduction factor p given

Packing plates

* For double shear connections with packing on both sides of the splice,
p should be taken as the thickness of the thicker packing

PEECIV"

11. Dimensionamento

* Riveted connections should be designed to transfer
shear forces. If tension is present the design tensile
force Ft.Ed should not exceed the tension resistance
Ft,Rd given in Table 3.4.

* For S235 steel grade the "as driven" value of fur may
be taken as 400 N/mm?2

* As a general rule, the grip length of a rivet should not
exceed 4,5 for hammer riveting and 6,5 for press
riveting.
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11. Dimensionamento

= Acos Ingleses

16

275
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11. Dimensionamento
= Norma Inglesa BS5950 - Edificagdes

Bearng” (Grade 431G rade 50}
10 mm 12mm
(kM) kN

Ly
H1L5MLS a4 12501253
14414 LMEII0S [SANISAS

44,2523 55,260 42—

SH.NT0.4 ] VIss 1104132

73008 U 14132 1AV163

RAVIOS.6 104102 PDLVISHA ISR
14132 13V1a8 Todv 198 ITIAT.S

Tabie 5.1 Design dain for ordinary bolts te BS 5950: Part |
Design sirengths

Bolt grade 4.6 K8
Sicel grade 4 % 48 %

i 195 195 450 450
;;cm::.ﬁ 60 1 378 315
Bearing on connected ply  (460) (350) 460 550

Pre §
Bearing on bolt pry 435 43 (M) (MO
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11. Dimensionamento
= Norma Inglesa BS5400 - Pontes

Tatsie 5.2 Destgn streaghts of braring bolts acrerding ta BS 5400 Part 3 (witimate it stute)

Holr grede “w

Temion o, 05

—_ e
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Bearing” kb, (L85 % 197 % 1.2 % 1oxns
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1N}

Rewring” (Grode 41iGrade 30 for 8.0 bodtn)

Famm 2mm  (Smm Mo 25mm
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n
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11. Dimensionamento

= Atrito

_,,L-uumnmm
sup- bimpes
o2 mian fnﬂgo_

1o 0
Shear or tlip ditplecernent (mm)
Flgure 5.14 Load deformation response of a single, 20mm
diameter, general grade HSFG bolt in double shear

e, \\\wn
AATLLRTLLLLLR ALY

LA R |

e BT 5

awna |

e,
=

e

EE

Coeficiente de atrito
médio = 0.45?
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11. Dimensionamento ey m——r————

Clean mill scale nn
Grades 43 or 50, grit or sthet hlasted nax
[y 3"”"“1&::? it Masied :ﬁg
= \alores tipicos para 0s Rl o 01 les

Grit hlasted and oiled 0.28

coeficientes de atrito — e i D

superficies de contacto e i
Metal sprayed aluminium on zine LA
.::h{asp.:n;d) with alkali-zinc silicate i

|

soake J::s.:muenm DA SECAO BRUTA OleOS (furagéo) _

| [P e Lubrificantes (tintas) —
‘°°_L rugosidade da superficie —
o~ +.de um
parafuso

1 Pouca ferrugem — melhora
—_— ESCORREGAMENTO

— Interlock

Muita ferrugem — piora —
escamagao

Solda fria

NOS PARAFUSOS , MPo
8
0000000000
R

:aoaaoonnnn

ATRITO

zlﬂ

] 15
ALONGAMENTO DE o ,mm

e
E}
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11. Dimensionamento

4d+3
HTransferéncia de Pré- | |
tensdo por furagao - I | ] Jat6
desencontrada e i

Aperto normal — rotagéo h S
_— es: v plates
da porca ar to e b Pron a+2

Assume-se Ppret=70%Pu the same plate. Inner p‘llgges
Porém 320 a 30% de
variagcao
3 testes para 2 metades de
junta p/ cada um

v"Menor valor

v'Valor caracteristico
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11. Dimensionamento

v Atrlto = preSSéO Bolt of diameter d
de ContaCtO — in clearance hole
arruela .

= Anel (rugosidade)
— escoar sob
compressao —
superficies polidas

= atrito <> presséo
de contacto

ZIGURE 5,17 DISTRIDUTION 0T BEARING
= u | com furos PRESSURE AT _THE FAYING SURTACE [N A

: ‘ZRICTION CORNECTION,
alargados — drea e e—

de contacto menor

PEECIV"

11. Dimensionamento

" Influéncia da carga de pré-tensdo na resisténcia
ao cisalhamento pos-atrito

Interacao pré-tensao x tult

# niveis de pré-tensédo mesma
Tult sem rosca no plano de corte
# pontos de ruina

Com roscas no plano de corte
— limitada

Antes da estricgdo 2 efeito — /
cisalhamento — Ppret |

8

Applisd pralosd [by targuel (kN)

8

Ultimate shear sirength {N/mm’)

os 1o 15
Elongetion fmm)

Figure 5.19 Effect of holt prestrain on shear strengthof -
higher grade HSFG bolts
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11. Dimensionamento

Relaxagéo da proten¢do — carga
de atrito

— espessura placas de junta
— s de tragdo nas placas

Caso 1 — extremidade (interna +
solicitada)

Caso 2 — centro (externa +
solicitada)

Inicialmente a relaxagao é
pequena devido a redugao
elastica da espessura devido ao
efeito de Poisson

(e} T relaxa(}éo T Figure 5.28 Relaxation of bolt prefosd due 1o connected

plate stresses

Lom of prefoad (%)

PEECIV"

11. Dimensionamento

Transicdo —» o <Fy —
concentracdo da tensao de
compressao — Pu (70%)

Reducao pode chegar até valores
de 40% — ultima fila de
parafusos (maximo de norma)

No centro — 10%

Merrison design rule — o /Fy —
relaxacao do parafuso

Com atrito o desalinhamento néo
é mais problema para distribuicao
de cisalhamento entre parafusos

Figure 5.20 Relaxation of bolt preload due 10 connected
plate stresses
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11. Dimensionamento

| Atnto Vs = 0,53 C1 ks mn Ab Fu

Sem. residuos, I|mpo“c?m jato de ar com 0.33 078
cobrimento - classe “A
limpo c?rT jato de ar com cobrimento - 0,50 0.85
classe ‘B
Galvanizag&o por imersdo a quente com 0.40 0.85
superficie escovada

ks = coeficiente de atrito médio (tabelado)

c1 = coeficiente que relaciona a carga de protensao e o coeficiente de atrito médio ks a
uma probabilidade de escorregamento de 5% para parafusos apertados pelo método da
rotagao da porca

AeB—>m=20,33e0,5

PEECIV"

11. Dimensionamento

= Atrito — Eurocode 3 pt. 1.8

= b) Category B: Slip-resistant at serviceability limit state
v'In this category preloaded bolts should be used.
v'Slip should not occur at the serviceability limit state.
v'Design serviceability shear load < slip resistance
v'Design ultimate shear load < shear resistance
v'Design ultimate shear load < bearing resistance

14
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11. Dimensionamento

= Atrito — Eurocode 3 pt. 1.8

= ¢) Category C: Slip-resistant at ultimate limit state
v'In this category preloaded bolts should be used
v/ Slip should not occur at the ultimate limit state
v'Design ultimate shear load < slip resistance
v'Design ultimate shear load < bearing resistance

v'In addition for a connection in tension, the design plastic
resistance of the net cross-section at bolt holes Nnet,Rd,
should be checked, at the ultimate limit state.

PEECIV

11. Dimensionamento

= Atrito — Eurocode 3 pt. 1.8

Table 3.2: Categories of bolted connections

slip-resistant at serviceability

Fira < Figpg
Fipg = Fyng

Category Criteria Remarks
Shear connection
B Fras P Preloaded 8.8 or 10.9 bolts should be used.

For slip resistance at serviceability see 3.9.

C

slip-resistant at ultimate

Fipg € Foma
Fia = Fina
Fira < Nawga

Preloaded 8.8 or 10.9 bolts should be used.

For slip resistance at ultimate see 3.9.
Nustra see EN 1093-1-1

15
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11. Dimensionamento
= Resisténcia ao Atrito Eurocode 3 pt. 1.8
= Categories B and C:

Table 3.4: Design resistance for individual fasteners subjected to shear and/or
tension

Failure mode Bolts Rivets

Shear resistance per shear Fopa= e, fu A Fopa= 0.6 /., 4
plane ' Va2 ‘ Yz
- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt 4.):
- for classes 4.6, 5.6 and 8.8:
.= 0,6
- for classes 4.8, 5.8, 6.8 and 10.9:
o, =05
- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): o, =0.6

PEECIV"

11. Dimensionamento

= Resisténcia ao Atrito Eurocode 3 pt. 1.8
= Categories B and C:

Bearing resistance ¥ Frvi= ka, f,d1
bR4T
Y2

fub

where , is the smallest of oy — or 1,0;

Ju
in the direction of load transfer:
€ . P1
- for end bolts: oy = : for inner bolts: g3 = —— —

0 0
perpendicular to the direction of load transfer:

e
- for edge bolts: ky is the smallest of 2.8—~ —1.7 or 2.5
0

- for inner bolts: ky 1s the smallest of 1.4 % —17 or25
0
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11. Dimensionamento

Atrito — Eurocode 3 pt. 1.8
Slip-resistant connections using 8.8 or 10.9 bolts
Design slip resistance of 8.8 or 10.9 bolts should be:

ks is given in Table 3.6
n is the number of the friction surfaces

m is the slip factor obtained either by specific tests for the
friction surface in accordance with 2.8 Reference
Standards: Group 7 or given in Table 3.7.

PEECIV"

11. Dimensionamento

Atrito — Eurocode 3 pt. 1.8

For class 8.8 and 10.9 bolts conforming with 2.8 Reference
Standards: Group 4, with controlled tightening in conformity
with 2.8 Ref. Standards: Group 7, the preloading force Fp,C
should be taken as:

Foc=0.7 fu A, 7)

17
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11. Dimensionamento

= Atrito — Eurocode 3 pt. 1.8

Table 3.6: Values of ks

Description

Bolts in normal holes.

Bolts in either oversized holes or short slotted holes with the axis of the slot

perpendicular to the direction of load transfer.

Bolts in long slotted holes with the axis of the slot perpendicular to the direction of load

transfer.

Bolts in short slotted holes with the axis of the slot parallel
transfer.

to the direction of load

Bolts in long slotted holes with the axis of the slot parallel to the direction of load

transfer.

PEECIV"

11. Dimensionamento
= Atrito — Eurocode 3

pt. 1.8

Table 3.7: Slip factor, y, for pre-loaded bolts

Class of friction surfaces (see 2.8 Reference
Standard: Group 7)

Slip factor ¢

0.5

0.4

0.3

D

0.2

Group 7.

Standards: Group 7.
Group 7.

oceur over time.

NOTE 3: The definitions of the class of friction surface ar

NOTE 1: The requirements for testing and inspection are given in 2.8 Reference Standards:

NOTE 2: The classification of any other surface treatment should be based on test specimens
representative of the surfaces used in the structure using the procedure set out in 2.8 Reference

¢ given in 2.8 Reference Standards:

NOTE 4: With painted surface treatments account should made for any loss of pre-load which

18
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11. Dimensionamento
= Atrito - Norma Inglesa BS5950 - Edificagfes

Tisbde £,

Baic equations {iing notation of B5 95 Part 1)

Tension P,

‘capacily in shear in of
i ulm-u*uﬂutlni

PEECIV"

11. Dimensionamento

Bassc rquanoas (usng notation of BS 340 Part 1)

Temion Py = 0,4,
Ta¥er

= Atrito - Norma n
Inglesa BS5400  J=
- Pontes

a7 = K7

—_—
[EE AN

" aams

[ RN} o]

SH1.0.45
[(EERE]
512 % 045
[EERE

A
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11. Dimensionamento

= Reducao na resisténcia ao atrito para juntas com

furos alongados

Tabile 5.6 Reduction (actors for sfip resistance of HSFG

bolted joints with non-standard clearance holes

BS 5950:

Part |

BS 5400
Pann 3

Oversize hole 045
Short-slotted hole 0.85
Long-sloticd hole loaded perp.

toslot .85
Long-slotied hole loaded

paralicl o slot 0.60

0.RS
0.85

0.

0.70

PEECIV"

12. Exemplos

Determinar a carga axial maxima de projeto P, suportada
pela ligagao aparafusada abaixo. Assumir furos padrao,
borda cortada a magcarico e rosca fora do plano de corte.

Dados: d = 7/8” com Fu = 825MPa

Ago ASTM 572 (Fy = 350MPa e Fu = 460MPa)

20
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12. Exemplos

Resisténcia dos parafusos ao corte

d=7/8"*25,4mm = 22,2mm

A, = nd?/ 4 = (22,2)?/ 4 = 387Tmm?

V,=0,60 b nmA, F,=0,60.0,80.1.2.387.0,825 = 306,5kN

4.V, =4.306,5=1226kN
b) Verificagdo do esmagamento da chapa

3drtndF,=3.067.(8+8).4.22,2.0,460 = 1313,7kN
dortneFy=0,67.(8+8).4.38.0,460 = 749,5kN (ummm

PEECIV"

12. Exemplos

¢c) Verificagdo dos espagamentos

= Furo a borda

v d=7/8.254mm = 22,2mm = 24mm — e > 30 mm (borda cortada a
magarico — OK)

= Entre furos
v L>27d=5994mm

< 76mm — OK
v L>3d=66,6mm

v L<12t=12.16=192mm

> 76mm — OK
v' L<150mm

21
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12. Exemplos

d) Verificagio da placa a tragdo

= Areabruta
v Ag =150 . 16 = 2400mm?

*  Arealiquida (reduz-se 2 furos com didmetro 24mm)
v A= {150-2.24) 16-=1632mm?

= Resisténcia
v T.=¢.A;.F,=090.2400.0,350 = 756kN (escoamento da segéo bruta)
v T,=085.4.A,.F,=0,90.1632.0,460 = 574,3kN (ruptura da se¢io

’ liquida)

t=8mm — Py/2

t=8mm Py/2

PEECIV"

12. Exemplos

2. Repetir o exemplo anterior considerando:
a) Rosca no plano de corte
b) Ligac&o por atrito (superficies limpas — classe “A”)

a) Resisténcia dos parafusos ao corte
d=7/8"*25,4mm = 22,2mm
A, = nd?/ 4 = (22,2)?/ 4 = 387mm?

V,=0,70.0,60 , nmA, F,=
=0,70.0,60.0,80.1.2.387.0,825 = 214,5kN

4.V =4 .306,5=858,2kN > T, (logo T, ainda controla o
dimensionamento)
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12. Exemplos

Ligacdo por atrito (superficies limpas — classe “A”)

Ve=0,93.¢i.k.m.n. A . F,
ondec,;=0,82 e k,=0,33

V,=053.0,82.0,33.2.4.387.0,825 = 366,32 kN (n&o ponderada
—» P, < 366KkN)
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