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= Connections, treated as structural elements

" Rules provided to determine the design parameters
e.g. stiffness, strength and rotation capacity

" Connections modeled by using component-based
approach
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2. Basis of Design

Resilanceof o
Redsteecl el
Rescactpirs} - 12125
Rosilangs ol vl
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Partial safety
factors for joints
Tahle 2.1

| Yuger Main Topic

e

Vi3 ser =1.1

Resistance of
pins at
servicaability
limit state

- Yus =10

latlice girder

Resistance of joints
K‘x s =10 in hollow section
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BOLTED CONNECTIONS '

* Bolt classes 4.6, 4.8, 5.6, 5.8, 6.8, 8.8 and 10.9

* Bolted connection loaded in shear should be designed as:
— Category A: Bearing type
— Category B: Slip-resistant at serviceability limit state

— Category C: Slip-resistant at vltimate limit state

* Bolted connection loaded in tension:
— Category D: non-preloaded
— Category E: preloaded



Bolt Connection
{ fy = 240
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OPENCOURSEWARE Bolt Connection

(A) Bearing type

b
b
1A
el
i

{(B) Slip-resistant at serviceability |—

Should use in
- pre-loaded 8.8 |
Fiza = Fina or 10.9 bolts

Shear connections ]— For slip
resistance at -
sarviceability

J

g
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e
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| (D) Non-preloaded |-

A
P
#

Fv.!-:l =

L Fl'.'Bd E FIH

——[ Tension connections Fizd < Fauma

Fizs £ Fins 1 (C) Slip-resistant at ultimate |—

(E) Preloaded

Pre-loaded 8.
| Byns soe Table 3.4
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Positioning of holes

®UT

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

. . . ¥
Distances and Minimum Maximum®” > *
spacings. —
_ L Structures made from steels conforming to . .
see Figure 3.1 . Structures made from
EN 10025 except steels conforming to reel £ ot
steels conforming to
EN 10025-5 =
EN 10025-5
Steel exposed to the | Steel not exposed to !
Steel used
weather or other the weather or other
. . unprotected
corrosive influences | corrosive influences
) The larger of
End distance ¢; 1.2dq 41+ 40 mm =
Sror 125 mm
) The larger of
Edge distance e; 1.2d, 4f + 40 mm =
= 8for 125 mm
Distance e
. 3 1.5d, ¥
in slotted holes
Distance e
. e 1.5d, ¥
in slotted holes
L - The smaller of The smaller of The smaller of
Spacing py 2.2d, R
147 or 200 mm 147 or 200 mum 147 0r 175 mm
Spacing The smaller of
SPaciilg pio 147 or 200 mm
Spacing The smaller of
SPac :
P 8P 287 or 400 mm
) . 5) - The smaller of The smaller of The smaller of
Spacing p» 2.4dy R
147 or 200 mm 147 or 200 mm 14imin o 175 mim

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

tension

Fahwe mode

Balis Fivets

Shear resistance per shear
plane

A4 0.6
-l-'--._E.]= £ Eﬁi=£

'i-ll.l.l. ] 'I-II.I.I. :
- where the shear plane passes through the
threaded porhion of the bolt (4 15 the tensile stress
area of the bolt 4.):
- for classes 4.6, 5.6 and 8.8:
o, =06
- for classe= 48, 5.8, 6.8 and 10.9:
a, =035
- where the chear plane passes thwough the
unthreaded portion of the bolt (4 15 the gross cross
section of the bolt): o, =06

Bearing resistance ' **

¥
where o, 15 the smallest of oy ; Ju ar 10

=

m the direction of load transfer

g, . p 1
- for end bolts: oy, = — ;for mmer bolts: oy = =— ——
T 3d, T 3d, 4
perpendicular to the direction of load transfer
a, -
- for edge belis: k) 15 the smallest of lﬁd—' —1L7 ar25
forimerbolts: &, is the smallest of 14 % 17 ar2S
Tension resistance _ k, fu 4 _ 0.6 1, 4
Fipa= Fipa=
Fus Fars
whers &, = 0,63 for counters=unk bolt,
otherwnze k=009
Punching shear resistance | Bopn = 0.6 xd tofe f Mo check needed
Combmed shear and F, e + F.,.r.,- <10
tension F .. L4F ., T

DESIGN
RESISTANCE

©0e0
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Design resistance

and tension

Combined shear
" Shear resistance
per shaar plana

/ N
Design resistance
of individual
fasteners Bolts Bpaq = 06mdptof /v }
subjected to shear .
and/or tension Rils 0 reed o check

# Bearing resistance }"’! Table 3.4

For countarsunk boll & =043

k[ A
Bolts (| Fa” b= 09 Otherwise
"
Tansion resistance
06 [, 4
Fa™—
M
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esign resistance :
Shear resistance per shear plane

i o
Shear resistance per
shear plane
b 4
Rivets

Fond

=.frvf‘A

r.l-l'l

067, 4

Classes 4.6,
56and 8.8 0
Class 4.8,5.8,  _
68and 109 “ "
Shear plane

passes through
the unthreaded

riﬂ

portion of bolt

i, = 0,6
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Design resistance :

Bearing resistance

_ kya, [, di
Yz

Fi pa

Ju

Js

e

For end bolts ™= —

3d

+ o Bllsali Bl ]_-—{ For inner bolts @4= ;%_L
[

4

[ Bearing resistance ]

285017
i, Foredge bolts d,

is smallestof

1 2.5
~ 1482 17
;. Forinner bolts 0

is smallest of (

1 2.5
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Definition of p1, el, p2 and e2




Other conditions of
resistance in bolt connection

OPENCOURSEWARE

15" sanar, Pt <10
Packing plates

=154 .
ﬂ;ﬁi—ﬂW but 0.75 < f,; <10 i E .+}.

¢
+ 4+
14

I LI
L~154
iﬂf 1= Lo but0.75 < B <10 |
| et B MG ZH
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Slip resistant connections

- k< given in table 3.5}
-1 is the number of friction surfaces |
: ; k. | L " L L |
Design slip A E = s Fp,c U is the slip factor given in table 3.7
resistance YM3 I Foc= 07X EGDA,I
Foc
) W 1<) [em 07|
Slip resistant
connections
using 8.8 or 10.9
bolts (cl.3.9)
< J
_ ksnu(Fp c—0.8Ftgdser) CategoryB |
Combined FyRrdser = ¥M3a connections
 tension and
shear e, = ksnu(F, c—08F gq) o ategory C
¥m3 connections
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Slip resistant connections (continue)

Table 3.6: Values of k,

Description k,
Bolts m normal holes, 1,0
Bolts m either oversized holes or short slotted holes with the axis of the slot 085
perpendicular to the direction of load transfer. ’
Bolts in long slotted holes with the axis of the slot perpendicular to the direction of load 07
transfer, ’
Bolts in short slotted holes with the axis of the slot parallel to the direction of load 076
transfer, ’
Bolts in long slotted holes with the axis of the slot parallel to the direction of load 063

fransfer,
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Iip resistant connections (continue)

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

Class of fnction surfaces (see 1.2.7 Reference Shp factor u
Standard: Group 7)
A 0,5
B 04
C 03
D 0.2

NOTE 1: The requirements for testing and imspection are given in 1.2.7 Reference Standards:
Group 7.

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 outin 1.2.7
Reference Standards: Group 7.

NOTE 3: The definitions of the class of friction surface are given in 1.2.7 Reference
Standards: Group 7.

NOTE 4: With painted surface treatments a loss of pre-load may occur over time.
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Deduction for fastener holes

l A.. is net area subjected to tension J

-
T

l Aav s net area subjected to shear ]

_ [yAnt +{1f+’i]f,,ﬂm'

Yy ¥mo

_05f Am | (/3)An
Yuz2 Ym0

Deduction for
fastener holes

o e -
- N g™
¥Mz2

_EBaAnethu

“”u.i:u

YM2z
"t s
. Hu.ﬂd'
¥M2
B; and B;
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Angles connected by one leg

Table 3.8: Reduction factors f; and f;

Pitch P <254, >5,0d,

2 bolts A 0,4 0.7

3 bolts or more fs 0,5 0,7

I' -, _: a) 1 bolt

b) 2 bolts

_ _% _I"' =k -9 c) 3 bolts

I -y I 2y ’ : .‘*—2 > { = _:
& o o & <

=)

Figure 3.9: Angles connected by one leg

(el
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