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Bolt failure — in bearing | Bolt failure — in shear
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vlate failure — end plat | plate failure — end plate
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Model name: Model_1

Study name: Model_1 (C7a)

Plot type: Static Nodal stress-Plot1

Deformation Scale: 39.2212

von Mises (Nin*2)
4.900e+008
4.491e+008
4.083e+008

.3.675e+008
3.267e+008
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Model name: Model_1
Study name: Model_1 (C7a) 289kN
Plot type: Static Nodal stress-Plot1
Deformation Scale: 28.857

von Mises (Nim*2)
6.4352+008
I 5.599+008
L5.362e+008
.4.826+008

.4.290e+008
~.3.754e+008

3.218e+008
2681e+008
. 2.145e+008
. 1.609e+008
1.073e+008
5.365e+007
3.342e+004
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Modify
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Web cleat (assumed to be
simple construction)
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Flushend plate (simple
semi-continuous)
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Finplate (assumed to be
simple construction, could
be semi-continuous)
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Secondary beam-main beam connection
(web cleat) (assumed as pin connection)
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Extended end plate
with haunch

Extended end plate

Full depth end plate
(thick)

Full depth end plate (thin)

Fin plate
‘artial depth end plate

Double angle web cleat

@
a) Typical connections b) Stiffness classification
M, = plastic moment capacity of the beam

Figure 7.3 Moment rotation characteristic
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Column splice (continuous)
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Double shear
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BS EN 1993-1-8:2005

Eurocode 3: Design of Steel Strutures
Part 1-8 : Design of Joints

Introduction

Basis of Design

Bolted Connections

Welded Connections

Analysis, Classification and Modelling
Structural Joints connecting H or | sections
Hollow section joints

NouUhkwNE

ocw.utm.my @ _UTM

= 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

12/14/11
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HUT 2. Basis of Design
Resistance of bolts
Resistance of rivets Preload of high

— + r =11 = strength bolls
Resistance of pins -+— Y2=1.25 d

“Resistance of welds
“Resistance of plates in bearing Resistance of
o pins at
Partial safety 1 Ve zer Maiin Topic — serviceabilty
) | limitstate
Slip resistance at ultimate factors for ]omts
Imitstate (Category€) | — T3 =1.26 — Table 2.1
‘ _ Resistance of joints
Ly =40 inhollow section
‘ ts =0 lattce girder
Slip resistance at serviceabilty — ———
limit state (Gategory B) — Mo =11 ‘ Bearing resistance
1 =1.0% on an injection bolt
[ E T =h ]
ocw.utm.my

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 ultimate limit state

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

12/14/11
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Bolt Connection

[AII values are in N/mm? }

Inspiring Creative and Innovative Minds

Bolt Connection

Foze £ Fone
Foze <
W Beana e} L 2 S P
No pre-loading required
Used in bolt class from 4.6 to 10.9
Fizise € Finae
Fize < Fone
Foze < Fone
A(B) Slip-resistant at i ili |—
Should use in
pre-loaded 8.8
Fize < Fine or 10.9 bolts
Fize < Fone resistance at
serviceability
o e 0\ snid
Izt s
Fize < Fose
B
Fize < Fins (C) Slip-resistant at ultimate
Fiza < Bpme
(E) Preloaded
Pre-loaded 8.8 or 10.9
bolts should be used

Inspiring Creative and Innovative Minds
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Positioning of holes

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

. . : 1)2)3
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 | Steel not exposed to
weather or other the weather or other
corrosive influences | corrosive influences

Steel used
unprotected

The larger of
8tor 125 mm
The larger of
8tor 125 mm

End distance e; 1.2do 41+ 40 mm

Edge distance e, 1.2d, 4t + 40 mm

Distance e;

. 5dy ¥
in slotted holes 1.5ds
Distance ey n
X S5
in slotted holes 1.5do
Spacin 224 The smaller of The smaller of The smaller of
pacing py oo 147 or 200 mm 147 or 200 mm 1475, or 175 mm
Spacing The smaller of
pacing pio 147 or 200 mm
Spacing The smaller of
PACINg P1i 287 or 400 mm
i . The smaller of The smaller of The smaller of
Modify cingp * 2.
y s P2 Ado 147 or 200 mm 147 or 200 mm 147min or 175 mm
T

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

Failure mode Bolts Rivets D ESI G N

Shear resistance per shear Fora= a, fo 4 Fupa= 0.6 1, 4, RES'STANCE
plans Va2 Va2
- where the chear plane passes through the
threaded portion 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 classes 4.8, 5.8, 6.8 and 10.9:
a, =05
- where the chear plane passes through the
wnthreaded portion of the bolt (4 15 the zross cross
section of the bolt): a, =06

Bearing resistance ' 7 Fanu= k, ".:.f.df

Va2
where @, 15 the smallestof ay f—"alO
in the direction of load transfer:
“fwendbolt o= - forimmer bols o= 3‘;‘:. -%
perpendicular to the direction of load transfer:
-foredgebolts: K is the smallest of 28:—‘ -17 or25
- for imer bolts: ky 1 the smallestof 14 fi’: -17or25
Tension resistance ” Fis= ky fu 4 Fsa= 06 1. 4
: EETH] ’ 7‘11
where k,=0.63 for countersunk bolt.
otherwize Kk, =09.
o stance | By = 0.6 xdutof/ N No check needed —
Modify —F ’ @980
vEd B : 140
tension Foos 14F

12/14/11
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Design resistance

Shear resistance
per shear plane
p

/

® Bearing resistance

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

Combined shear F_.'_
and tension K

Punching shear | 1Bots Bzae = 06dnty i/ ]
e

For countersunk bolt &, =0,41

ky= 09 Otherwise

Tenslon resistance

Inspiring Creative and Innovative Minds
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Shear resistance per shear plane

Design resistance :

Shear resistance per
shear plane

Bolts P fu A4
vid
Vw2
F 061, 4,
e v

Classes 4.6,
56 and 8.8

=06

Class 4.8, 5.8,
6.8 and 10.9

a,=05

Shear plane
passes through
the unthreaded
portion of bolt

=06

Inspiring Creative and Innovative Minds
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Design resistance :
Bearing resistance

_ka, f,dt

Y m2

. FIN

Both Bolts and Rivets ]—

€
For end bolts = ———

[ Bearing resistance ]

Inspiring Creative and Innovative Minds
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3d0
. - ph )
Forinner bolts @ 3d, 4
28517
k, Foredge bolts d,
is smallest of (
125
afe 17
4, Forinner bolts d,
is smallestof [
12.5

A

> | I

R
-9 ¥

A
v

Definition of p1, el, p2 and e2

Inspiring Creative and Innovative Minds
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Other conditions of
resistance in bolt connection

Li-15d
Bu= 1 - g tut0.75 < B <10

9d
ﬂ"cdm, butf, <10
Packing plates
====— b
T
’
+4 0+
+1 0+
+it
+ 4+
Il bk
o v \i?g

200d

L,~15d
By=1--5— but0.75 < ;< 10

Inspiring Creative and Innovative Minds

Slip resistant connections

ks given in table 3.6

n is the number of friction surfaces}

U is the slip factor given in table 3.7}
Fpc= 0.7 X 8004,

Fp,c =07 fubAs

_ksnu(Fp c—08Ftgqser) Category B

connections

= ; ksnpu
Design sli ===
resisst;ancep | Frne YM3 e
Slip resistant
connections
using 8.8 or 10.9
bolts (cl.3.9)
c . F, sRdser —
ombined YM3
tension and
shear _ ksnulFpc08Fizd) Category ©
sRd — Y3

connections

Inspiring Creative and Innovative Minds
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Slip resistant connections (continue

Table 3.6: Values of k;
Description ky
Bolts m normal holes, 1,0
Bolts m either oversized holes or short slotted holes with the axis of the slot
. o . 085
perpendicular to the direction of load ransfer,
Bolts in long slotted holes with the axis of the slot perpendicular to the direction of load 0]
transfer, i
Bolts m short slotted holes with the was of the slot parallel to the direction of load 076
ransfer, )
Bolts m long slotted holes with the axis of the slot parallel to the direction of load 063
transfer, w
Modify (@ISR
ocw.utm.my

Slip resistant connections (continue)

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

Class of friction surfaces (see 1.2.7 Reference Shp factor g
Standard: Group 7)
A 0.5
B 0.4
C 03
D 0.2

NOTE 1: The requirements for testing and inspection are given in 1.2.7 Reference Standards:
CGrroup 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 out i 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 ocour over time.

Modify

ocw.utm.my
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Deduction for fastener holes

[ 4. is net area subjected to tension ]

_ e | (3f Ane
Veerana Yu2 + Yo

1/43
V,,u_.,,=°5f é,,,+( / )I,,Au'

a2 Ym0

2.0 (e3-05dg)tfy
Nura™
YM2
Moo BaAnetfu
ora=
M2
~Pahnethy
Nuge™
YM2

Deduction for
fastener holes
(C1.3.10)

Inspiring Creative and Innovative Minds

Angles connected by one leg

Table 3.8: Reduction factors fi; and fi;

Pitch ™ =254, > 504,

2 holts fh 0.4 0.7

3 bolts or more f 0.5 0.7

|__"1_._| a) 1 bolt

b) 2 bolts

P ‘_:E"’ =i | - *!' c) 3 belts

- I By E : Rt oy B
[+ 1 [=+=1}

Inspiring Creative and Innovative Minds
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Pin connection

[ fip ultimate tensile strength of pin ]

f yield strength of pin

Combined

shear and 2 2
bending [ﬁ +rﬂl <
resistance of Mre!  [Fuge

Shear
resistance Foze=06Af, /My 2 Foge

of the pin the pin

Bending
resistance MRd;n=0'8Walfyp/7M6;w 2 Mygser
of pin

Bearing

resistance of £, = 15tdf /y,, = F
the plate and e it 2 s
the pin

If the pin is
intended tobe  (®
replaceable.

Inspiring Creative and Innovative Minds

Pin connection (Continue)

Fyseser= 068f Yyg sor 2 Mg

If the pin is intended to be
replaceable, check if
- d Diameter of the pin
o J%ﬂ(do-d) - dy Diameter of the pinhoe
Ose S fopa he d%t Design force to be transferred in
- Fatr bearing under load combination
for serviceabilty limit states

E

Inspiring Creative and Innovative Minds
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Pin connection (Continue)

OPENCOURSEWARE

o= l-E,.,T l"-;"i Ta.a -
B 1

L1

Fiew
=

e, = L e ]

Figure 3_.11: Bendimng rmorment inmn a pinm

Inspiring Creative and Innovative Minds

Welded Connection

OPENCOURSEWARE

' Type of weld and design
resistance

Long joints

Welded connections
Section 4

Connection of the un-stiffened flanges -

Inspiring Creative and Innovative Minds
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WELDED CONNECTIONS

* When using metal arc welding, the
mechanical properties of weld metal
should be compatible with the parent

metal N
¢ The material thickness should be at | /' AN > ST
least 4 mm N N7

* Welds are classified as fillet welds, butt
welds, plug welds and flare groove
welds

* For afillet welds, the throat thickness, a
is defined as below:

Design Resistance of Fillet Weld

Directional method

* The internal force is resolved into normal stresses
and shear stresses on the critical plane of the weld
throat.

» The design resistance is sufficient if both
conditions below are satisfied:

\/af +3(z'l2 +r//2) S

ﬂWyMZ Stresses on the throat
section of a fillet weld

A

Modify

12/14/11
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& UTM Design Resistance of Fillet Weld

Qe ustEiem TEOKRLON MALKYEA

Simplified method

— Independent of the orientation of the weld throat plane
to the applied force, the design resistance per unit
length,

F

w,Rd = fvw,da

— The design shear strength f,,, ;, of the weld:

B
fmd p w? M2 &F wRd Fu

Design of fillet weld independent of

the direction of loading
Modify

Table 3.1 Correlation factor Bw for weld resistance

Standard and steel grade Correlation factor
Bw
EN 10025 EN 10210 EN 10219
S 235 S235H S235H 0,8
S235 W
S275 S275H S275H 0,85
S 275 N/NL S 275 NH/NLH S 275 NH/NLH
S 275 M/ML S 275 MH/MLH
S 355 S355H S355H 0,9
S 355 N/NL S 355 NH/NLH S 355 NH/NLH
S 355 M/ML S 355 MH/MLH
S355 W
S 420 N/NL S 420 MH/MLH 1,0
S 420 M/ML
S 460 N/NL S 460 NH/NLH S 460 NH/NLH 1,0
S 460 M/ML S 460 MH/MLH
S 460 Q/QL/QL1

Modify

24
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Comprising fillet welds in circular or
elongated holes.

Used only to transit shear or to prevent J

the buckling or separation of lapped parts

lo transmit shear

to prevent the buckling or
separation of lapped parts

to inter-connect the components
of built-up members

noto be used to resist extemally applied tension

f Design shear strength of
wid 3 weld as in ¢1.4.5.3.3(3)

Design resistance £,z = fiy oy H A, Design throat area and taken

as the area of the hole,

Inspiring Creative and Innovative Minds

OPENCOURSEWARE Design of Fillet weld
(cl.4.5 EN 1993-1-8)

Angle between 60 and 120

Smaller than 60 is considered as partial
penetration butt weld

Greater than 120, resistance should be
check using EN 1990 Annex D

ntermittent fillet welds

0. normal stress perpendicular to throat

0y normal stress parallel to the axis of the weld

T, shear stress perpendicular to axis of weld

0,243+ 7)) <

fu fu
ado, < Directional method — 7y shear stress parallel to the axis of weld
Bwymz YM2

f nominal ultimate tensile strength of the

B, the appropriate correlation factor (Table 4.1)

F,, g4 design value of weld force per unit length

Fopa SFyra |
1 F,, ra design weld resistance per unit length

Fyrd = fuw,a @ Subtopic

_ f‘u,/J§
vd Bw)'Mz fvw,a design shear strength

Inspiring Creative and Innovative Minds

| simplified method

12/14/11

25



Design of butt weld

(cl.4.7 EN 1993-1-8)

Joint penetration is less
- that full tickness of the

[c«w peneiraton and fusion of weld j
and parent metal throughout the |
thickness of the joint
[Dosign resistance should be taken equal
to the design resistance of the weaker
parts connected

( 1\

=
Oy 1 Oge 21
T-but joints &w CueShould be the smaller of 15 and 3 mm
d |
\. J

Inspiring Creative and Innovative Minds

Long joints for weld

ﬂLW.i - 1.2 - 02[4}/ 1500 blll ﬁLW.i S 1.0

isoverallengt ofthe lapin the
! iteton of h fore angter,

B 1-L /10 e, <108, 206

L i e engh of e wel

Inspiring Creative and Innovative Minds
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Weld unstiffened flanges
(cl.4.10 EN 1993-1-8)

k= (t/t,)fy/fp btk < 1

§ =1 for rolled sections

5= \2a forwelded secons

b2 (/)b Shoud sy

Or else flange should be stiffened

Such as box sections
or channel sections
Width of the connected

plate s simlar lo the width
of the flange,

Inspiring Creative and Innovative Minds
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by =2, St, bt bgS2t,t Skf,

Example 1 : Connections

Inspiring Creative and Innovative Minds
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