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11. Dimensionamento

= Tracdo no parafuso

v'Influéncia

g

TRACAO NO PARAFUSO kN
5]
o

da Protensao

[-= |- — = CARGA DE PRE-TENSAO
105 mm

|

” Trg" a32s

“TRAGED DIRETA

TRAGAO POR ROTACAO DA PORCA

i 2 3
ALONGAMENTO DO PARAFUSO mm
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11. Dimensionamento

»_T=AF; A, =P/4 d*> (1 —KP/D)?
v K =0,9743 para roscas UNC
v K =0,9382 para roscas métricas grossas
v P é o Passo D é o diametro do parafuso
A, =75% A, muito conservador para didmetros maiores que 25mm

T w T o Tow| [- [o T s aw [ion Towo]

PEECIV

11. Dimensionamento

—— " do=0,80
" Resisténcia a tragao ®Ayp = &rea da secdo transversal do

parafuso (bruta)

T = 0,75 ¢p Ap Fu F, = tensao ultima do parafuso

= Parafusos sem protenséo
v' Comprimento de rosca, b
v’ Material
v AIA,
v' 3 roscas inteiras + final da rosca
v 4.6 — ductil
st v I:u rosca I:u ,parafuso

]
G o) v’ Espanar a rosca nag ocorre —
e tolerancias e especificagdes

v"Nao é valido para F <F

Grode 8.8, 2 = 105,56 = Imm

Grade 8.8, 2= 108, & = 20 mm

u,rosca u,parafuso

2
Elongetion (mem)
Figure 5.9 Tensile behaviour of dowel bolts
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11. Dimensionamento

= Tragdo no parafuso

m&:ommmmﬂm(m-nw
1- Plastificacdo das Roscas — &
2- Parte inferior escoa
3- Reduz area de contacto
4- deformacao cilindrica no topo visivel

contacto

"peECIV]
11. Dimensionamento

= Tragdo no parafuso — Eurocode 3 pt. 1.8
= A) Category D: non-preloaded

v Bolts from class 4.6 up to class 10.9 should be used.
v"No preloading is required

v Should not be used where the connections are frequently subjected
to variations of tensile loading

v" May be used in connections designed to resist normal wind loads.
= B) Category E: preloaded

v'Preloaded 8.8 and 10.9 bolts with controlled tightening in conformity
with 2.8 Ref. Stand. Group 7 should be used.
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11. Dimensionamento

= Tracdo no parafuso — Eurocode 3 pt. 1.8

Table 3.2: Categories of bolted connections

Category Criteria Remarks
Tension connections
No preloading required.
g < g

non- r]glo‘ided ‘,‘:"E“ p [B-t fd Bolt classes from 4.6 to 10.9 may be used.

prelo thd = PRA By ra see Table 3.4.
E Fipg = Fira Preloaded 8.8 or 10.9 bolts should be used.

preloaded Fipa = By ra B ra see Table 3.4

The design tensile force 7 rq should include any force due to prying action, see 3.1 1. Bolts subjected to
both shear force and tensile force should also satisty the criteria given in Table 3.4

PEECIV"

11. Dimensionamento

= Tracdo no parafuso — Eurocode 3 pt. 1.8

Failure mode

Rivets

Tension resistance *

Fira™

where

otherwise

k2 fnﬁ A\

Vaz

k> = 0,63 for countersunk bolt,
o= 0,9,

0’6 ;u' 4
Fira= 00w 4y

Varz

Punching shear resistance

Byra

0,6 Tty fu! a2 No check needed
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12. Tragao x Cisalhamento

= Tracdo + cisalhamento combinados

(sem atrito) (com atrito)

V, = resisténcia ao corte Vs = resisténcia ao atrito
T, = resisténcia a tragao
Vi e Tr = esforcos atuantes

PEECIV"

12. Tragao x Cisalhamento

- Interagao Tracdo x Cisalhamento (Owens)

Com rosca no plano de corte (eq. elipse)
(Ty/ oy—0,63-0 68)

Sem rosca no plano de corte
(ry/ cy —0,75-0 89)

Com rosca no plano de corte

08P

I

05

Q/F,
P - tragédo no parafuso na ruptura
Q -cisalhamento no parafuso na ruptura
Po - resisténcia a tragao do parafuso

0 790'
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12. Tragao x Cisalhamento

= |nteracdo: Tracdo x Cisalhamento (Owens)

v Modo de ruina (incertezas na posicdo do plano de ruptura)

= Tracdo na area rosqueada
= Cisalhamento e tracdo combinados no plano de corte

= Se a parte rosqueada esta distante do plano de corte, o
cisalhamento pode ser desprezado
u ﬂGrip”
= Quanto maior, mais flexdo pode ser provocada — segao

transversal eliptica, ndo-ortogonal ao plano de cisalhamento
— aumentando a resisténcia ao cisalhamento

PEECIV"

12. Tragao x Cisalhamento

= |nteracdo: Tracdo x Cisalhamento — Canadense

Table 3-8 For A325M and A325 (
Shear Tension Bolt Size \ Vr
Ratio
X = VylTy 3/4 M20 M22 /8 m24 1
% 1 Vi Ts Vi Ts Vi Ts Vi Te Vi T¢ Vi Tt

0 Tr 1] 118 0 13 o 158 (1] 181 o 188 0 210
0.0 11.7 (117 130 | 130 15.7 | 167 16.0 | 160 18.7 | 187 208 | 208
0.20 230 | 115 254 | 127 308 | 154 .4 | 157 366 | 183 408 | 204
0.30 333 | 369 | 123 44,7 | 149 453 | 151 53.1 | 177 59.4 | 198
0.40 42.4 [ 106 472 | 118 56.8 | 142 58.0 | 145 67.6 | 169 756 | 189
0.50 60.5 | 101 560 | 112 675 | 135 69.0 (138 805 | 161 80.0| 180
0.60 574 | 857 636 | 106 76.8 | 128 786 | 131 91.2 | 152 102 170
0.0 63.1 | 90.2 | 70.0 | 100 847 | 121 881 (123 |10 144 | 113 | 161
n.&o 68.0 | 85.0 7556 844 912|114 g28 | 116 108 136 121 151
0.80 720 | 800 | 79.9 888 | 963|107 98.1 [ 109 1156 128 128 142
100 | 100 754 | 754 | 837 | 837|101 |[101 |103 |103 120 120 | 134 | 134
111 090 788 | 70.7 87.1 78.4 | 106 84,6 | 107 964 | 126 113 140 126
1.26 080 816 | 663 80.6 726 | 109 874 |1 89.1 | 130 104 1456 116
143 | 070 B47 | 59.3 | 84.0 | 658 | 113 724 | 116 808 | 138 845 | 151 | 106
167 | o060 877 | 526 | 973 | =SB4 | 118 705 | 120 718 | 140 838 | 158 93.7
2.00 050 906 | 453 | 100 50.2 | 121 606 | 124 618 | 144 721 | 161 805
2.50 040 930 | 37.2 | 103 413 | 125 498 | 127 50.8 | 148 59.3 | 166 66.2
3.33 030 946 | 285 | 106 317 | 127 38.2 | 129 389 | 151 45,6 | 168 50.8
5.00 020 946 | 19.3 | 105 215 | 127 25.9 | 129 264 | 151 30.8 | 168 344

10.0 0.0 948 9.8 | 108 10.8 | 127 13.3 | 129 133 | 151 15.6 | 168 174
Ve 946 0 105 o 127 0 129 a 151 o 168 a
V= xTy, Ty BT 2% + B) where = 0.69 for threads excluded, .
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12. Tragao x Cisalhamento

= |nteracdo: Tracdo x Cisalhamento — Canadense
Table 3-9 For A490M and A490 Bolts

Shear Tenzion Bolt Size
Ratio = o B
K= VyTy

I"’!

®

Tr

888B8anliz88B3BELES

CBMWMNMNasaa.0000000000

Me=XTy Tg= \/ET 2yix? + ) where 8 = 0.66 for thread excluded.

PEECIV"

12. Tragao x Cisalhamento

= Corte + Tragdo no parafuso — Eurocode 3 pt. 1.8

Failure mode Rivets

: - Fo. F. .
Combined shear and v bd nid 10

tension F,_M 14 f':r..ru -




12. Tragao x Cisalhamento

Tragdo + Atrito — Eurocode 3 pt. 1.8

If a slip-resistant connection is subjected to an tensile
force, Fygq OF Fig4cens + Shear force, F gy or F
tending to produce slip, the slip resistance is:
Cat.B jOint: _kompu (F, . —08F ;.. )

's:R.d,:erc
Vs

v,Ed,servs

Cat. C joint: Ck nu (F,. - 08F,,)

"5 Rd

Vs

If, in @ moment connection, a contact force on the
compression side counterbalances the applied tensile force
no reduction in slip resistance is required

PEECIV"

12. Tragao x Cisalhamento

= |igagdes com Soldas e Parafusos — Eurocode 3 pt. 1.8

= Preloaded class 8.8 and 10.9 bolts in connections
designed as slip-resistant at the ultimate limit state
(Cat. C) may be assumed to share load with welds,
provided that the final tightening of the bolts is carried
out after the welding is complete.
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13. Tracao x Cisalhamento - Exemplos

Verificar a resisténcia da parte aparafusada da ligagao
apresentada a seguir considerando-se que as roscas estao
fora do plano de corte sem considerar o atrito.

Dados: parafusos A325 ¢/ d = 7/8" (F, = 635MPa e F, = 825MPa)

Ago MR250 (F, = 250MPa ¢ F, = 400MPa)
) , W410x85
Perfil “T” extraido de um W410x85 1
=3D=60mm
BB
Pilar “H”
(mesa c/
12,5mm)

.

=3D=60mm >

T -

ptch = 90mm

181

8 Parafusos %” (A325)

PEECIV" —

FEN

13. Tragao x Cisalhamento - Exemplos

Cisalhamento em cada parafuso:

3 (N,) 3(800
V, = Na ) 22 0 okN
’ \/32+42(8] 5(8)

Tragdo em cada parafuso:

Area do parafuso:

d=3/4"*254mm = 19,05mm =
A, =nd2/4 = x(19,05)2/ 4 = 285mm?
4 ’ V. =72,7kNe T = 97,2kN




r
F,

PEECIV" FEN

13. Tragao x Cisalhamento - Exemplos
a) Resisténcia de 1 parafuso ao corte
V,=0,60 ¢, nmA, F,=0,60.0,80.1.1.285.0,825=112,9kN

b) Verificagdo do esmagamento da chapa
3dprtndF,=3.0,67.125.1.19,05.0,400 = 191,5kN -

dortnefFy=0,67.125.1.60.0,400 = 201,0kN

V.= 112,9kN
C) Resisténcia a tragéo
= T,=075.¢y.Ay.F,=0,75.0,80.285.0,825 = 141,1kN

d) Resisténcia combinada

PEECIV"

14. Tabelas Manual Canadense

A Fy** (kM)
A32S

- Calculo
deA, F,

38.00 e 845 1080
3|0 1140

M is the nominal bolt dismater in millimetres,
tenaile Fy

10
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14. Tabelas Manual Canadense

CAN/CSA-S16.1-M89 SUMMARY
Table 3-2 Bearing-Type Connections

Bolt Situation in Joint ; e g s Resumo das

BOLTS IN SHEAR ; 18112 equacoes

Shear on bolts with thveads excluded from da Norma
shear plans Vi=080mnmAgFy | Vi=040F, 13.11.2(b)
Shear on bolts with threads intercepled by Canadense
shear plane VimOd2mnmAgFy | Vi=0.28F,
For joints longer than 1300 mm Shear = 0.8 V;

| Beanng on main material (ihe lesser of) Brm=3gtdnFy By=201dF,
B=#tnef, B,=0.671eF, 13.10.1(c)

!BOLTSINTEPBDN Tim0.7S dunAgFy Ti=050 Fy 13.11.3

Nolea: 1. Oversize holes are NOL pedmitied In bearing-fype connections (ses Clause 23.3.2(a) of CANCSA-516.1-M89,
2. Ses Clnuse 23.3.2(b), |:wcm|csa-s|a| MaS re use of siolied holes in bearing-Type connections.
3. See Clause 73.3.2(e) of CAN/CSA-516.1-M80 for hole dismaters permitied with M20 or Wé-inch diameter,
MZ2 or TM-inch dlameter, and M24 or 1-inch diameter bolls.

PEECIV]

14. Tabelas Manual Canadense

Resisténcia ao cisalhamento e tragéo para
A,=m=n=1
UNIT FACTORED SHEAR AND

TENSILE RESISTANCES™ Table 3-3
o= 067

Unit Factored Shaar

Threads Excluded Threads Intercepted
0.40 Fy, (MPa) 0.28 Fy (MPa)

134

AJ2S d< 1) i3z
A325 (d> 1-1/8") 20
A490 T

A7’ s1s 18 ‘1

* Use of A307 boits in connections is covered in Clauses 22.2 and 22.4 of CANCSA-S16.1-M89,
*“Valuss lor Wperial series bolts ane based on ASTM specificalions A28 and A480 soht converted © Si units

11
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14. Tabelas Manual Canadense

Resisténcia a tragédo e corte m = 1 por parafuso

FACTORED SHEAR AND
TENSILE RESISTANCES
(kN PER BOLT)

E

EE R R R NS |
ulnuiiia”;

i
EE:

1 For joinas longe: han 1 300 mm, use B0% of T (aciored shead resisiance.
+* Far double shear, muliply mbuinied values oy 2.0.

™ SHLNAING for Minkmiam BOs ¥ BCk- (esugh (P ).

PEECIV"

14. Tabelas Manual Canadense

Resisténcia ao esmagamento 0,67 F,

Table 3-5 UNIT FACTORED BEARING RESISTANCE

Specified 06T F Maximum
Material Standard and Grade Minimum Tensile (MPs) 20F,
Strangth, F, (MPs) (MPa)

380 255 760
410 275
410 2715
302
322
322
348
396

380W and JBOWT for HSS only
400W, 400WT, 400A, 400AT
4B0W, 480WT, 480A, 4BOAT

CAN/CSA G40 21-M

§ | 888 &8

a38 — MRZ2s5D
AS72 Grade 42

Grade 50
Ad41 F =42

Fy =48

Fy =50

268
278
302
2
308
azs

-
-
o

Bt g

12
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FACTORED BEARING RESISTANCE, Br* (kN/bolt)

C5A GAD.Z1-M _300W, I50W, 300WT (Fy = 450 MPa)

s = F.=450MPa

50 80

E

603 | 724
814
204

Com
espessura e
distancia a
borda —
resisténcia ao
esmagamento

guy

EFFERIER
Kaauny

-
o

g Efiﬁﬂl?iﬁii EEET

RHEE H'ﬁ&;‘!““ e wpe g-f
3gee §§$s|a§§sa|
pesfszeses

I

Distancias
minimas e 3D

Apgroximats Fangs of B,
for bolt dlametens

=% For 8 2 3d use i, walue for & = 3d,
Nows. 1 Bolt shaar governs il lews then besring. See Table J-4,
7 Basring values Delow deshed [

PEECIV"

14. Tabelas Manual Canadense

ASTM A36 (F, = 400 MPal MR250

a"". » lmm|

F, chapa
F, = 450MPa

!ﬂ'ﬁii[

lﬁ!!!ﬁ|§§§ ¥
%

i
5£|m;§

8

-
&

[:saa]esmlm

Iaissl?
Iamisz

13



TSA GAO.21-M 350G, 350WT, 350R, 3604, 380W, J80WT (F, = 480 MPa)

"reECIV)

14. Tabelas Manual Canadense

Dintance **. & lmm)

A5 &0 80
BEY R S
651 | 724 | 868
724 B0A

96.5
868 | 965 | 116
faor |13 |3s
e 128 |54
145 174

193

12

130
145

181

1% (177
174 193
188 | 209

ns
n7 41

3

T
ﬁzzsqaz
szﬁﬁapsaiisaqs

|

SEE|BREN

2 | 287
73

LEEH
EH

306

322
|25
338
154

8
iﬁpeszg

]

=
-
H

o
188

ﬁasaﬁpﬁsiqis

selgutyelssgs

gzis:

@
=

gleszss

=
515

LER L 1

i3t

'erqzsﬁ

Luid

*

{
g
by
H

/ a
C C C CA .
& |58 M8 =
B | V4, M0 Approximars 1d line.
ig wiz.718
3| Mae
g = _war
g 1-1/8, 30| Appromimate minimum i
;2 114 nd distence lhne =
[M38, 1172
T AEIEAEAEAENA [“Se] 016|111
45 34| w2| 470 | 549 | 627 | 708 | 784 | B0 [110 2%
5 . 435 | 523 | 610 69.7 | TBA | 87.1 | 106 172 138
L] 418 | 523 732 | 836 | 94 [ 105 125 146 167
7 @10 | 732 654 | 976 | 110 {122 m 195
8 687 | &8 86 | 978 {111 125 129 187 195 Frs)
9 62.7 | T8A | 840 | 110 125 141 157 188 |9 51
"0 9.7 | 87.1 | 106 122 139 167 174 00 | 244 79
n 788 | 958 | 115 124 153 2 192 268 307
12 _ﬂ.} bl 126 146 187 188 251 291 134
13 13 136 158 1 272 nr 162 408 _}ﬂ_
“ @78 1212 148 m 195 ne 244 341 a3
15 106 13 157 183 208 235 281 114 188 418 470 533
16 m 187 195 23 Fo 1l 278 14 380 448 E 587
7 18 148 178 07 237 267 %8 2155 a5 ﬁl 531 582
18 125 587 188 il 51 282 114 e 439 7 564 827
19 132 185 189 _m, 265 08 m E LN E 8 596 562
o0 139 174 209 e 314 348 418|488 557 627 97
n 148 15 Fil] 256 Fo] kol 366 438 512 585 858 732
e 163 182 o 268 307 J4E Jal Ag0 |53 813 680 788
F2 180|200 240 80 an 8 401 a8 581 Ba1 m a0 |
24 09 51 03 78 (418 502 586 889 753 B |
25 18 81 205 435 Lr=] 810 {1 184 a7
m 244 33 341 B0 419 1 585 L] 780 as
0 281 14 366 418 ﬁ_ 523 627 732 B36 L2
n 334 390 A5 557 860 780 w2
5 — J66 1427 A10 712 _LBSA
Matnsiad 0 5 30 35 40 45 50 60 70 B0 ! 100
I’h;:mn End Distance**_ s imm|
Imen) TSA G40.21-M 400W, 400WT, 400A, S00AT (Fy, = 520 MPs}
"B, -0BT1aF, = For & = 3d use B, value for ® = 3d.
MNotm: 1. Hti—mlluu‘mmmTﬂ!-& 31

2 WMWWMMMMMMW|M

F, chapa
Fu=480MPa

14
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Table 3-10 UNIT SLIP RESISTANCE, 0.53 c1 ks Fu* (MPa)

For 5% Probability of Slip
Clase A 8 c Resisténcia
Gouiaol Sikas cl-::m l:l-m Hot-dnp galvanssd ao atrito por
W o taaned - € el it we e Diushed .
olfemdpum e Srpeteie aa unidade de
ky=0.33 Kqs=050 ky=040 érea em
AZ25M €1 082 089 0.60 -
Fu=B830MPa | 0.630cy ke Fu (MPa) 1e 196 158 fungao da
5 " i - . classe, D,
Fu=1040MPa | 053¢y ke Fy (MPa) 142 24 197 :
e . om oss 0% tipo de
Fu=825MPs | %53¢1kaFu (UPa) 1e ws 187 parafuso
B & 0.82 089 090
. =725 MPa 053 ¢1 ka Fu (MPa) 104 m 138
A4D0 € ‘o718 0.8as 085
Fy= 1035 MPa 0.53 ¢y ke Fy (MPa) 141 233 1.7

* Goa CAMCEA-S1L 1-M00, Clawse 1212.2 for vatues of ¢ and ke

PEECIV"

14. Tabelas Manual Canadense

_ SLIP RESISTANCE, Vs,* (kN/BOLT)
Table 3-11 For Single Shear ** (m = 1)

Class A Surfaces Class B Suriaces
AJ25M, AZ25 | A4DOM, AAB0 | AJ2SM, AX25

154 e il Resisténcia

234 28.0

e s ao atrito
"y 462 : param =1

4“s
45.2 3.9
S48

LCR]
e
na
0.5
100
1=144
1018

1=12 1140 181

* Thess resisiances ars bor use with s pecdied loads o sscordance wih Clawss 13,17 of CANCEA-SIL -0l
n by 2.0,

The

15



Table 3-12
C1=0.82
kg = 0.33

PEECIV]

14. Tabelas Manual Canadense

Example
Given:

A single shear connection is subject to 370 kN at specified load level and 550 kN at
factored load level. Select the number of M20 A325M bolts required for a slip-critical
connection. Steel is G40.21-M 300W 6mm thick, and the surface is clean mill scale
(Class A).

(a) For specified loads
From Table 3—-11, Va = 37.4 kN (M20 A325M bolt for clean mill scale).
Number of bolts required = 370/37.4 =9.9 —use 10

(b) Check connection at factored loads

. From Table 34 (page 3-8), Vr = 73.5 kN (M20 A325M, threads intercepted)
Whrmdjmntu 10x73.5=T35kN >5650 —OK

‘The factored bearing resistance of the joint for factored loads also needs to be checked, based
upon thicknesses and end distances of the connected material:

For 6 mm thick material and an end distance of 30 mm, Table 3-6 (page 3-9) lists a
mmﬂmmwhlt which is less than 55.0 kN required for the 550 kN

Increass the edge distance, possibly to 35mm (Br = 63.3 kN).

PEECIV

14. Tabelas Manual Canadense

SPECIFIED SHEAR AND TENSION (k
Slip-Critical Connections, Class A Surfaces

Rato X = VI T

= ‘ = Aproximada

x

T . v [+ pela equacao

wx

05
06
o7

490 . 5 363 | Tos

v
4.5
8.0 4 B ¥ . T4 | 824
a2

ma 55.9
5 :ll . 405 | S0.8
me 8 B 483
me . x 428 | 428
435 | 392 . ) ,
ol : Ao invés de:
445 | 2T9
aT8 28
487 s
ane
524 L=

538 a

A325M and A325 Boits  [AN((I (ORI F=1e72 (0]

16
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Example
Given:
Find the number of M20 A325M bolts required in a slip-critical connection to resist

a specified tension force of 320 kN and a specified shear force of 400 kN. The single
faying surface consists of clean mill scale.

Solution:
Prying is not a factor when making the specified shear vs. specified tension
_interaction check. Within permitted loadings, prying is only a redistribution of the

contact forces between the material surfaces, having no significant affect upon
resistance to slipping.

However, the connection also has to be confirmed for strength as a bearing-type
connection at factored loads.

Shear-tension ratio is 400/ 320 = 1.25
From Table 3-12, for M20 bolts and V/ T = 1.25,
permitted V = 30.9 kN and T = 24.7 kN per bolt
Therefore, sumber of bolts required is 400/ 30.9 or 320/ 24.7 = 12.9
Try 14 bolts " :

PEECIV"

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

Placas grossas

Carga menor do que
o somatorio das
cargas de protensao
minimas aplicadas
nos parafusos

Apos este limite nao
ocorre mais
deformacao na placa
devido sua rigidez
elevada

Bolt force 8 (kN)

Applied load F (kN)

17
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15. Efeito de Alavanca
= Efeito de Alavanca (“Prying Action”)

Placas finas (flexiveis)
2B = 2F + 2Q
Q — efeito de

alavanca que
Prwng force Q ] ampllflca d Cal'ga
3 3 nos parafusos (B)
// 22 mm a

A separagao das
placas é antecipada

s ari T Reducao na rigidez
v T e

capacidade ultima
Applied load F (kN) 260kN — 190kN

Bolt force 8 (kN)

100 200 3 400

PEECIV"

15. Efeito de Alavanca

= Efeito de Alavanca (“Prying Action”)
= 1- Analise Elasto-Plastica

= 2- Efeito das imperfei¢bes/tolerancias na
distribuicao final das forcas

= 3- Avaliagao da rigidez real dos parafusos

= 4- Incerteza na distribuicdo de pressoes de contacto
(cabega do parafuso x porca)

= 5- Incerterza da curvatura inicial na linha de agéo
das forgas de alavanca

= 6- Efeitos locais ao longo da espessura da placa na
regido proxima aos furos




PEECIV"

15. Efeito de Alavanca

= Ffeito de Alavanca (“Prying Action”) — Canadense
" P,.b=Q.a—Q/P;=b/a
K=4b"10*/ (0 p Fy)

§=1-d/p

1/2
_ K Pr
Range of t= (—(14—5&)}

tmin when o= 1.0
tmax when o= 0.0

_ [ETx _a
cx—( & 1]x5(a’+h')’ 0za<10

Connection capacity = (t*/K) (1 +80)n

PEECIV"

15. Efeito de Alavanca
Efeito de Alavanca (“Prying Action”) — Canadense

K — parametro conforme apresentado anteriormente

P; — carga fatorada aplicada em cada parafuso

Q —>(f8rga_|_de F?;avanca por parafuso em fungéo da carga fatorada
= g

T; — carga fatorada por parafuso incluindo as for¢as de alavanca

T, — resisténcia a tragéo fatorada dos parafusos (¢, . 0,75 . A, . F)

F, — tenséo de escoamento da mesa do T-stub (MPa)

a — distancia da linha de parafusos até a extremidade livre da mesa
do T-stub n&o maior que 1,25b (mm) 3

a’'— a+d/2 (mm)

? —>)disténcia da linha de parafusos até a face da alma do T-stub
mm
b’— b -d/2 (mm)
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d — didmetro do parafuso (mm)

d’ — didmetro nominal do furo (mm)

n — numero de parafusos em tragao

p — comprimento da mesa a ser considerado para cada parafuso
t — espessura da mesa do T-stub

o — Raz&o entre momento positivo e momento negativo

M,
a=M;/M,

M,

d — razao entre a area liquida e a area bruta da face do T-stub
¢ — fator de resisténcia do material do T-stub (0,9)

PEECIV"

15. Efeito de Alavanca

= Ffeito de Alavanca (“Prying Action”) — Canadense

Design Procedure
Trial Section

1) Select an intended bolt size as a function of the applied factored tensile load per bolt Pr
and the anticipated prying ratio. (D — Pf eQ)

2) With Py, the bolt size, and trial values of b and p, use Eqns. 1, 2 and 3 (with o =0.0 and
o = 1.0) to identify a range of acceptable flange thicknesses. (Alternatively, use Table
3-13 on page 3-24.) (tnax © toin Para a mesa)

3) Identify an intended flange thickness. (t escolhido)

Figure 3-2 (page 3—25) may also be used to identify an intended bolt size and flange
geometry, based on the amplified bolt force being less than the bolt tensile resistance.

Design Check
1) Calculate o by using Eqn. 4, for use in Eqn. 5.

2) Calculate the connection capacity with Eqn. 5. If o from Eqn. 4 < 0.0, use o = 0.0, and
if o> 1.0, use o = 1.0.

3) Equations 6 and 7 can be used, if desired, to determine the total bolt tension including
prying (amplified bolt force), that results from the applied load.
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RANGE OF t e L Table 3-13

(1+50) -

tmin When a = 1.0 and t,,,x when a = 0.0

P¢ = 60 kN Pg =80 kN P¢ = 100 kN P¢= 120 kN
pitch p (mm) pitch p (mm) pitch p (mm) pitch p (mm)
80 90 [ 100 80 90 80 90 [ 100 80 90
128 119 112 147] 138 165 | 154 | 145
16.8 | 159 | 15.0 [ 194 | 183 21.7 | 205 | 194
TP R B e P [ e [ 16.4 | 153 | 14.4
16.7 | 15.7| 149 | 192 181 215 | 203 | 19.2
140 | 131 123 | 161 | 151 18.0 | 169 | 159
184 | 173 | 165 | 21.2| 200 238 | 224 | 21.2
13.9| 13.0| 122 16.1 15.0 179 | 16.8 | 15.8
183| 17.2| 163 | 21.1| 199 236 | 222 | 211
161 | 141 | 133 | 174 163 194 | 182 | 171
19.9| 187 | 178 | 229 216 266 | 242 | 229
50| 140 [ 132 | 17.3| 16.2 194 181 | 17.1
19.7| 186 | 17.6 | 228 215 255 | 24.0 | 228
16.1| 16.0| 142 | 186 174 208 | 19.4 | 18.3
212 200| 190 | 245| 231 274 | 258 | 245
16.1| 150 | 141 | 185| 17.3 20.7 | 194 | 182
211 199 | 189 | 243| 230 27.2| 267 | 243
171| 159| 150 | 19.7| 184 220 | 206 | 19.4
225| 212 | 201 | 26.0| 245 29.0 | 27.4 | 26.0
17.0[ 159 | 160 | 19.7| 18.4 22.0 | 205 | 19.4
224| 211 | 200| 258| 243 28.9| 27.2 | 25.8
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P = 100 kN
pitch p (mm)
90 100 110

Pf = 160 kN
pitch p (mm)
90 100 110

I
pitch p
90 100

Bolt
(mm) | Size

m22 16.6| 156 | 14.8 196 | 185
40 21.8| 207 | 19.8 259 | 245
7/8 166 156 | 148 196 | 185 20| 197 | 187
218| 207 197 | 239| 227| 216 | 258| 245 | 233 | 276| 262 | 24
M22 18.0 16.9 16.0 19.7 185 17.6 21.3 20.0 19.0
45 23.7| 224| 21.4| 259| 246| 23.4| 280| 266 | 253

7/8 18.0( 169 16.0 19.7 185| 175 21.2| 200 18.9 227 214 203
236 224 | 214 259 245| 234 279 | 2656 | 263 299 | 283 27.0
M22 19.2| 18.1 17.2 211 19.8| 188 228| 214 | 203
50 253| 240 229 27.8 26.3| 25.1 300 284 | 271
718 19.2| 18.1 17.2 21.1 19.8( 18.8 228 | 214 | 203 243 229 ( 21.7
253 | 240 | 229 27.7 26.3| 25.1 299 | 284 | 271 320 | 304 | 289
m22 204 | 19.2 18.2 22.4 21.1| 20.0 242 | 228 | 216
55 269| 255 | 243 29.5 28.0| 26.7 318 | 30.2 | 28.8

7/8 204 | 19.2( 182 22.4 211 200 242 | 228 | 216 258 | 243 [ 231
269| 2665 243 29.4 279 266 318 | 30.2 | 288 340 ) 323 | 308
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; Pf = 140 kN Pf = 160 kN Ps = 180 kN Pj = 200 kN
(mbml Bs?z; pitch p (mm) pitch p (mm) pitch p (mm) pitch p (mm)

100 110 120 100 110 120 100 110 120 100 110 120

M24 18.3 17.3 16.5 19.5 18.5 17.6 20.7 19.6 18.7

40 24.1 23.0 22.0 25.8 24.6 23.5 27.3 26.1 24.9
1 18.1 17.1 16.3 19.4 18.3 17.4 20.5 19.4 18.5 21.6 20.5 19.5
23.8 227 21.7 254 243 23.2 27.0 25.7 246 284 271 26.0

M24 19.8 18.8 17.9 21.2 20.1 19.1 225 21.3 20.3

45 26.2 24.9 23.9 28.0 26.7 25,5 29.7 28.3 27.1
1 19.7 18.7 17.8 211 19.9 19.0 22.3 211 201 23.5 223 21.2
259 24.7 23.6 27.7 26.4| 253 29.3 28.0 26.8 309 29.6 28.2

M24 21.3 20.2 19.2 22.8 21.5| 205 241 229 21.8

50 28.1 26.8 25.6 30.0 28.6 27.4 31.8 30.4 29.1
1 21.2 20.0 191 226 214 | 204 24,0 22.7 216 25.3 24.0 228
27.8 26.5 254 297 284 | 271 315 | 30.1 28.8 332 31.7 30.3

M24 226 21.4 20.4 24.2 229 | 218 25.7 24,3 23.1

55 29.9 285 27.3 31.9 30.4 29.1 33.9 323 30.9
1 225 213 20.3 24.1 228 | 21.7 25.6 242 23.0 26.9 255 24.3
29.6 28.2 27.0 31.7 30.2| 28.9 33.6 32.0 30.7 35.4 338 | 32.3

K =4ab’ 10° ! (¢p FV) where ¢ = 0.90 and Fy =300 MPa
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Figure 3.2 AMPLIFIED BOLT FORCE, Tt (kN)

AMPLIFIED BOLT FORCE T, [kN) AMPUSED BOLT FIRCH T, O

T
|
150

E—B—E—E—

APPLIED LOAD PER BOLT P, (kN)

Piteh Pitch K
120 ' 120 408
10 £ " 458
100 00 548
$=08, F, = 300 MPa F, = 100 MPa
2 24 %5 i

FLANGE THICKNESS 1 [mm) FLANGE THICKNESS 1 (mmj)
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AMPLIFIED BOLT FORCE T, (kN)

ta ==
Mt mm
b

AMPLIFIED BOLT FORCE T, (kN)

l 16 18 20 22 24 26 28 30 | R 19 21 23 25 27 29 31

FLANGE THICKNESS t (mm) FLANGE THICKNESS t (mm)
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= 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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6.2.4 Equivalent T-stub in tension
6241 General

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

Methods for modelling these basic components as equivalent T-stub flanges. including the values to be
used for eyy. oz and m. are grven m 6.2.6.

The possible modes of failure of the flange of an equivalent T-stub may be assumed to be similar 1o
those expected to occur in the basic component that it represents.

The total effective length ¥ (.# of an equivalent T-stub, see Figure 6 2. should be such that the design
resistance of its flange 1s equivalent to that of the basic joint component that it represents.

PEECIV"
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= Efeito de alavanca — Eurocode 3 pt. 1.8
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Table 6.2: Design Resistance Frqq of a T-stub flange

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

Mode 1 Method 1 Method 2 (altemative method)

rithout —
withou L _(8n=2 )My

plates 2mn—e, (m+n)

with
backing | frira= 741”?‘- 12+ IMpp
plates

Frimam (8n—2e, )M, 55 +40M 5

m 2mn—e,(m+n)

IM g +PIF, oy

Mode 2 Fromg=
. m+n

Mode 3

PEECIV"
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Mode 1: Complete yielding of the flange

Maode 2: Bolt failure with yielding of the flange

Mode 3: Bolt failure

Ly, 1s -the bolt elongation length, taken equal to the grip 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’4,
Bty

Frpais the design tension resistance of a T-stub flange

Q 15 the prying force

Myeira = U=25Zf¢r1112 55 a0
Mpiapd = ozZSquﬂ- 2 t[:fy ”?MU

5
Mgrs = O,ZSquﬂ.]!bp'f;_bp ! ¥ao
n = @min but n= 125m
Fira 1s the design tension resistance of a bolt, see Table 3.4:
3 Fpa1s the total value of Finy for all the bolts in the T-stub:
3 legy1sthe value of ¥ [z for mode 1:
¥ (ego isthe value of ¥ (¢ for mode 2
@min . 1 and f; are as mndicated mn Figure 6.2,
fywp 1s the yield strength of the backing plates:
fop 15 the thickness of the backing plates:
=d,/4:
1s the diameter of the washer. or the width across pomnts of o
the bolt head or nut, as relevant.

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

NOTE 2: In method 2. the force applied to the T-stub flange by a bolt 15 assumed to be umformly
distributed under the washer, the bolt head or the nut, as appropnate, see figure, instead of
concentrated at the centre-line of the bolt. This assumption leads to a higher value for mode 1. but
leaves the values for Fr).2z4 and modes 2 and 3 unchanged.

PEECIV] =/¢ FEN

16. Efeito de Alavanca - Exemplos |

4- Verificar o efeito de alavanca na ligagao abaixo.

Dados: parafusos A325 ¢/ d = 7/8" (F, = 635MPa e F, = 825MPa)
Ago MR250 (F, = 250MPa e F, = 400MPa)

W4
Perfil “T” extraido de um W410x85 10x85

181
=3D=60mm

-

Pilar “H”
(mesa c/
12,5mm)

4
=3D=60mm >
90

ptch = 90mm

8 Parafusos %” (A325)
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Avaliagéo da forga de alavanca

P; = 60kN

W410x85 — t=18,2mm, w=10,9mm e b=181mm
b=(90-10,9)/2 = 39,6mm; b’ = 39,6 - 19,05/2 =30,1mm e
1,25b = 49,5
a=(181-90)/2=455<1,25Db;a’=45,5+19,05/2 =55mm
K=(4.30,1.10%)/(0,9.90.250)=5,95
6=1-19,05/90=0,788

PEECIV"
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Forca de alavanca (continuagao)
=  Usando o méximo T; permitido na equag&o (4), ou seja, T=97,2kN

(por parafuso)

= (Capacidade da ligagdo (almado T) =

= For¢a amplificada no parafuso

(para a carga aplicada)
5.0=0,078
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Forca de alavanca (continuagao)
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= Ffeito de Alavanca (“Prying Action”) — Exemplo 5

Example 1
Given:

Design a tension tee connection with 4 ASTM A325M bolts in tension for a factored
static load of 500 kN assuming the bolts on a 100 mm gauge, at a pitch of 110 mm,
with the tee connected to rigid supports. Use G40.21-M 300W steel.

Solution: tf? i
Trial Section
Applied load per bolt = 500/4 = 125 kN = Pr
Assume M22 bolts, 24 mm hole diameter, 15 mm web. Tr= 158 kN

(tabela de
parafusos 3-4)
Available prying ratio Tr/ Pris 158/125 = 1.26 . OK for near minimum flange

1,00<Tf/Pf<1,33
b= (100~ 15)/2 = 42.6mm; b'=42.5-11=315 i Bu
K=4x31.5%10°/(0.9x110x300)=4.25 (Egn.1)
5=1-(24/110)=0.782 (Eqn. 2)

1/2 1/2
] = 17.3mm; tmax= [%] = 230mm (Eqn. 3)

(Alternatively, the range of ¢, by rough interpolation from Table 3-13 on page 3-24,
could be seen to be about 17 to 23 mm.) .

Two possible solutions are W460x97, ¢t = 19.0 mm, and W530x138, t = 23.6 mm, the
choice being determined by the maximum available prying ratio Ty /Py for the bolt
size finally selected.

oo _ [4:25%125
min= |7 782
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Design Check
Try W460x97 with M22 bolts, d = 22 mm, d’ = 24 mm
t=19.0, w= 114, flange width = 193
b=(100-11.4)/2=44.3mm; b'=44.3-11=33.3; 126b=05564
K=4x%333x10°/(09%110%300) =448 (Eqn. 1)
§=0.782 (as above, by Eqn. 2)
a=(193-100)/2=46.5mm < 1.25b; a’'=46.5+ 11=567.5; a'+b'=90.8

4,48 158 515
2 e, = Eqn. 4
¢ ( 19.0° 1]"0.?32x90,s 0418 ;G- &)

da = 0,608
Connection capacity = (19.0*/4.48) (1.608) 4 = 518 kN > 500 (Eqn. 5)
To find actual bolt tension, if desired:

4.48% 125 1
a = [ 0l —1] Xgags = 0705  (Egn. 8)

§a = 0.551

333 0551 \]_
Tr= 125{!&[57‘5)( 1+0_551]:| = 151kN, <158 (Egn.T)

Tee stem capacity is 0.9(2x110)11.4x300/1000=677TkN =500 .. OK
(With M20 bolts, Tr /Pr = 131 /125 = 1.05, and the heavier W530x138 is required.)
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Example 2 W460x106
Given:

Use Table 3—13 to select bolt sizes and trial dimensions for a factored tensile load
of 480 kN, assuming tees cut from a W460x106 section (G40.21-M 300W), and a
gauge dimension of 90 mm.

Solution:

Since Table 3-13 is intended only for the selection of a trial section which must be
checked with Eqns. 1, 2, 4 and 5 on page 3-20 (illustrated in the previous example),
precise interpolation is not ry. A comparison of the available ratio Tr /Py for
the bolts chosen, to the ratio of tmax to flange thickness, for the value of tmax selected
from Table 3-13, will indicate whether a combination of bolt size, flange thickness
and geometry may be a suitable choice.

For W460x106, t = 20.6 mm and w = 12.6 mm
Forg=90 mm, b=(90-12.6)/2=38.7 (Use b = 40 for Table 3-13)

With 4 bolts, Pr = 480/4 = 120 kN, and Ty /Pr = 131/120 = 1.09 for M20 bolts, and
159/120 = 1.32 for M22 bolts. Tabela 3-4

Table 3-13, with & = 40, M20 bolts and Pr= 120, p = 100 gives ¢max = 23.1 mm
tmax/t=23.1/206=112 >Te/Pr=109 LikelynotOK [l

Table 3-13, with b = 40, M22 bolts and Pr= 120, p = 90 gives tmax = 23.9 mm
tmax/t=23.9/206=116 <Tr/Pr=132 . OK,check the design [l
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Alternatively, Fig. 3—2 can be used to select the bolt size based on the flange thickness and
the amplified bolt force.

Use graph for b = 40 mm (b = 38.7, see above)

Enter graph at applied load per bolt of 120 kN and flange thickness t = 20.6 mm
With M20 bolts, amplified bolt force = 138 kN > Tr=131kN No good

With M 22 bolts, amplified bolt force =~ 126 kN <Tr=158kN .. OK
Proceed with design check using M22 bolts; p = 5d = 110 mm.

b=38.7; b'=38.7T-11=27.7; 1.25b=48.4
K=4x27.7x10°/(0.9x110x300)=3.73 (Eqn. 1)

8=1-(24/110)=0.782 (Eqgn. 2)

a=(194-90)/2=52.0mm >1.25b >

Usea=125b=48.4; a’=484+11=59.5; a’+b' =872
| A i — — ——
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=0; 4 = 0.265
20.62 oiszxatss oey - (Band) §o &9

Connection capacity = (20.6 2/ 3.73) (1.265) 4 = 576 kN > 480 (Eqn. 5)
Check bolt tension (amplified bolt force)

= ___3-72%"6120 _1J —L_ _0070 (Ean.6) ba =.0.056

= [3.73>< 158 _IJ P11

*0.782

27.7 _ 0.055
59.5 % 1+0'055]:| = 123kN, <158 (Eqn.T)

Tr= 120|:1 +[
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