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Connections
Introduction

important part of every structure

e account for a minimum of 50% of the total value of constructional
steelwork

* in cold-formed steel structures are used for:
e connecting steel sheets to supporting structure (thin-to-thick), e.g. roof
sheeting to purlins, cladding sheeting to side-rails etc.
* interconnecting two or more sheets (thin-to-thin), e.g. seam fastening of
sheeting
* assembling bar members (thin-to-thin or thick-to-thick), e.g. for framed
structures, trusses etc.

* influenced by the reduced stiffness of thin walls => additional effects
* tilting of the fastener in hole bearing failure under the shear
distortion of the sheet when the fastener is loaded in tension and
the sheet is pulled over the head of the fastener
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Connections
Introduction

e Joining methods (Toma et al, 1993; Yu, 2000)
* fastenings with mechanical fasteners
* fastenings based on welding
* fastenings based on adhesive bonding

e three main groups depending on the thickness of the parts

Thin-to-thin Thin-to-thick or thin-to-hot Thick-to-thick or

rolled thick-to-hot rolled
- self-drilling, self- - self-drilling, self- - bolts;
tapping screws; tapping screws; - arc welds.
- blind nvets; - fired pins;
- press-joints; - bolts;
- single-flare V welds; - arc spot puddle welds;
- spot welds; - adhesive bonding.

- seam welding;
- adhesive bonding.




Connections
Introduction

* Factors influencing the selection of suitable fasteners (Davies, 1991)

* Load-bearing requirements
e Strength
e Stiffness
* Ductility (deformation capacity)

* Economic requirements
* Number of fasteners required
e Cost of labour and materials
« Skill required in fabrication
* Design life
* Maintenance
e Ability to be dismantled

* Durability
* Water tightness
* Appearence (architectural aspect)
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners (Yu et al, 1993)

Thin Steel Thin
-to- -to- to-thi Fasteners Remark
thick | wood |[™°™M"
X X Bolts M5-M16
% Self-tapping screw ¢$6.3 with washer
2 16 mm, | mm thick with elastomer
Hexagon head screw ¢6.3 or $6.5 with
X X . .
washer 2 16 mm, | mm thick with elastomer
Self-drilling screws with diameters:
- $4.22 or $4.8 mm
X X - $5.5mm
- $6.3 mm
Blind rivets with diameters:
X d:’: " ¢4-0 mm
- (4.8 mm
- (6.4 mm
X --- Shot (fired) pins
X Nuts
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
e Bolts with nuts

: |

] /JF\ ;

! | !

| I

: | | | M5 to M16

| | | ! 8.8 and 10.9
| !

. = == ==

Hexagon Cup Countersunk Hexagon flanged
* Failure modes in shear:
- ‘\“‘\“‘\\“‘\‘SI,)‘:E\';IIIIIIIIIIIIIIA L e \\\\\\l\/>> >>>1/////////////| —
shearing of the bolt shearing of the bolt

(rupture) (crushing )



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
e Bolts with nuts

T -~ ; jasna|

M5 to M16
8.8 and 10.9

! | !
| | I
| | I
| | |
l | |

—— — —
| |

Hexagon Cup Countersunk Hexagon flanged

* Failure modes in shear:

- ‘
al—— DOOOSOOISISNNNNNNNNN RN
\ _________——'-—' VZZA X7 7777777777773 —

bearing or piling
of thinner material

yielding



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e Mechanical fasteners for sections
e Bolts with nuts

T -~ ; jasna|

M5 to M16
8.8 and 10.9

! | !
| | I
| | I
| | |
l | |

—— — —
| |

Hexagon Cup Countersunk Hexagon flanged

* Failure modes in shear:

Sy s

tearing of the sheet end failure by shearing
in the net sections of thin material
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
e Bolts with nuts

T ; |

M5 to M16
8.8 and 10.9

|
I
|
I
I
]

| 1 '

Hexagon Cup Countersunk Hexagon flanged

* Failure modes in tension:

!

or rupture of

s [[T] &~ Pull-through
S f1ure



Connections
Fastening techniques of cold-formed steel constructions

 Mechanical fasteners — usual fasteners
 Mechanical fasteners for sections
* Screws (self-tapping and self-drilling)
e Self-tapping screws

thread types for thread-forming screws

threads and points of thread-cutting screws



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
* Screws (self-tapping and self-drilling)
* Self-drilling screws

drill flute

g |&
S
3 (B
a
o
/. / .
drill thread
length length
screw length

washers for self-tapping/self-drilling screws:



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
* Screws (self-tapping and self-drilling)
e Application examples

Tl

fastening of wall sheeting on side rails fastenings of wall cassettes on stanchions



Connections
Fastening techniques of cold-formed steel constructions

 Mechanical fasteners — usual fasteners
* Mechanical fasteners for sections
* Screws (self-tapping and self-drilling)
* Failure modes
* Inshear

SISy AR A A AL A AR AL LA C L AR LR E SR R®Y

tilting and pull-out of fastener (inclination failure)

* In tension (in addition to usual steel connections)

gross distortion
of sheeting

pull-out pull-over
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
* Screws (self-tapping and self-drilling)
e Failure modes

Tilling and pull-out of screw

Shearing of screw Net section failure
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
* Rivets - blind rivets (Yu, 2000)

Cut at rivet head and g g,rmd

AANANN

Y

Open end Closed end

Pull-stem Rivets
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

e  Mechanical fasteners for sections
* Rivets - blind rivets (Yu, 2000)

2/ W

Open end Closed end

Explosive Rivets

Drive-pin Rivets
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

* Mechanical fasteners for sections
* Rivets — tubular rivets
* Diameter from 0.8 to 7.9mm
e Length from 0.8 to 6.4mm

* Failure modes
e similar to those of screwed connections
* the mode of failure of a connection preferred to be ductile
e aluminium blind rivets are particularly prone to shear failure
 other modes of failure, adequate deformation capacity of
connections may be taken (Davies, 1991):

* for seam fasteners between adjacent cladding elements: 0.5 mm;
e for all other connections: 3.0 mm.



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

* Mechanical fasteners for sections

e Special Mechanical Fastenings
* Nuts

(L7

“a
| Ei ‘3 ’ ~
Inserting Locking

Assembled Self-locking tapped holes
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Connections

Fastening techniques of cold-formed steel constructions

Mechanical fasteners — usual fasteners
Mechanical fasteners for sections

Joint /

Special Mechanical Fastenings
* Press joints (Clinched connections)

Sheets

s
7z ) being
N joined

Advantages

no additional items are required

it does not destroy protective coatings

it is very rapid, taking less than one second to form a joint

it is very efficient, requiring about 10% of the energy for spot welding
multipoint joining tools can produce several joints simultaneously
the joint can be made air and water tight



Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

* Mechanical fasteners for sections

e Special Mechanical Fastenings
 “Rosette” system




Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners
* Mechanical fasteners for sheeting

iigi

v, VR

Five types of powder actuated fasteners

L

IR

Three types of air driven fasteners

-
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners
* Maechanical fasteners for sandwich panels

http://www.sfsintec.biz
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Connections
Fastening techniques of cold-formed steel constructions

* Mechanical fasteners — usual fasteners

* Maechanical fasteners for sandwich panels
Sandwich panel

Fi
trrrerrrery

Trapezoidal sheeting

Sandwich
panel
heet
——Sub-structure ——
Connection loaded by tensile force
Sandwich
panel

i S ——Sub-structure

Connection loaded by shear force



Connections
Fastening techniques of cold-formed steel constructions

 Welding
e arcwelds
* fusing material together by an electric arc and the addition of
weld filler material
* resistance welds
« commonly used for connecting thin sheets steels in the
automotive industry



Connections
Fastening techniques of cold-formed steel constructions

 Welding
* Fusion arc welding

* SMA - Shield Metal Arc Welding;
* FCA - Flux Cored Arc Welding
 SA -Submerged Arc Welding
e GMA - Gas Metal Arc Welding
* GTA — Gas Tungsten Arc
* TIG - Tungsten Inert Gas Welding and Plasma Welding

®
®
—— [ i -

Grove welds in butt joints Arc spot weld (puddle weld)
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Connections
Fastening techniques of cold-formed steel constructions

 Welding
* Fusion arc welding

* SMA - Shield Metal Arc Welding;
* FCA - Flux Cored Arc Welding
 SA -Submerged Arc Welding
e GMA - Gas Metal Arc Welding
* GTA — Gas Tungsten Arc
* TIG - Tungsten Inert Gas Welding and Plasma Welding

,I

[ )] — b | ] —

Plug and slot welds Fillet welds
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Connections
Fastening techniques of cold-formed steel constructions

 Welding
* Fusion arc welding

* SMA - Shield Metal Arc Welding;
* FCA - Flux Cored Arc Welding
 SA -Submerged Arc Welding
e GMA - Gas Metal Arc Welding
* GTA — Gas Tungsten Arc
* TIG - Tungsten Inert Gas Welding and Plasma Welding

]1 | IH l(end view)

[ ] ——

Flare bevel grove weld Flare V-grove weld
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Connections
Fastening techniques of cold-formed steel constructions

 Welding
* Resistance welding

projection
welds

electrodes or

/ dies
D

glectrodes or
1ding tips

“weldi
welding tips

electrodes or

<

i
_ (AT
Before After

welding welding

spot welding seam welding projection welding
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Connections
Fastening techniques of cold-formed steel constructions
* Welding

* Behaviour of cold-formed steel welds (Yu, 2000)
e Stress resisting areas are more difficult to define
* Welds such as spot and slot welds are made through the welded
sheet without any preparation
* Galvanising and paint are not normally removed prior to welding
* Failure modes are complex and difficult to categorise

t t
.._PA—,K - p _A’q " op

- — T R
- =| | Geometry
' _ L |
: = Geomet
-2, R - 7

A Inclination failure

Failure
% “ modes
weld shear

\ weld shear,
weld tearing and tearing

& plate tearing at weld contour

Transverse plate

Failure
modes




Connections
Fastening techniques of cold-formed steel constructions

 Welding
* Behaviour of cold-formed steel welds (Yu, 2000)
e Stress resisting areas are more difficult to define
* Welds such as spot and slot welds are made through the welded
sheet without any preparation
* Galvanising and paint are not normally removed prior to welding
* Failure modes are complex and difficult to categorise

>0 b 2>
2P AP ool [

L] .| | Geometry and
! failure mode

—
IDJ
—
-

p) N A

Geometry and
failure mode

-
somin| ()
b

Sheet tear
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Connections
Fastening techniques of cold-formed steel constructions
 Welding

* Behaviour of cold-formed steel welds (Yu, 2000)
e Stress resisting areas are more difficult to define
* Welds such as spot and slot welds are made through the welded
sheet without any preparation
* Galvanising and paint are not normally removed prior to welding
* Failure modes are complex and difficult to categorise

P
Pe=—1 # ] —— inclination failure

Sheet
tear

.._Bulca‘t"ed P tearing and bearing at weld contour
plate

Peo

I

Sheet | Buckled P .

Pe-— tear —r- ‘EE— plate —_— edge failure
1

. . Sheet Buckled P
net section failure P=—o/ "ear ﬁ“'+ T plate —

weld shear failure Po—ee—




Connections
Fastening techniques of cold-formed steel constructions

* Fastening based on adhesive bonding
e epoxy adhesive types — best hardening will appear under elevated
temperature (typically 80-120°C);
e acrylic adhesive types — more flexible than the epoxy types.

* Advantages
e uniform distribution of forces over the connection
* high resistance to repeated loading

 Disdvantages
 the surface should be flat and clean
* hardening time



Connections
Mechanical Properties of Connections
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Strength

= \
F I F
-f_ — O - —l:.-
Stiffness = = —
Deformation
1 -
Deformation capacity N




Connections
Mechanical Properties of Connections

e Strength (Ultimate Limit State)
e type of the fastener
e properties of connected elements e.g. thickness and yield stress

e Stiffenes
e pinned
* rigid

* semirigid (recent research)

 Deformation capacity
* ductile behaviour is required in order to allow local redistribution
of forces without detrimental effects
* local overloading > brittle fracture
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Connections
Design of Connections

* General design considerations

* Connection
* location at which two or more elements meet. For design purposes it
is the assembly of the basic components required to represent the
behaviour during the transfer of the relevant internal forces and
moments at the connection

* Joint
* zone where two or more members are interconnected. For design
purposes it is the assembly of the basic components required to
represent the behaviour during the transfer of the relevant internal
forces and moments between the connected members.

e Joint configuration
* type or layout of the joint or joints in a zone within which the axes of
two or more inter-connected members intersect.
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Connections
Design of Connections

* General design considerations

* General design assumptions

* Realistic assumption of the distribution of internal forces and
moments, having regard to relative stiffness within the joint

* Allowance may be made for the ductility of steel in facilitating the
redistribution of internal forces generated within a joint

e Ease of fabrication and erection shall be taken into account in the
detailing of connections and splices

* Determination of any structural property of fastener or joint shall be
based on design assisted by testing

/ i Fasteners
s hY

Setting out lines
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Connections
Design of Connections

* Design of connections with mechanical fasteners
* bolts, self-tapping screws, blind rivets and cartridge fired pins

F;.Ed < F;.Rd
where
Firs 1s the design stress for the fastener, corresponding to failure
mode /;
Fira  1s the design strength for the fastener, corresponding to failure
mode i.
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* General rules
e should be compact in shape
positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
maximum and minimum spacing are imposed in terms of d,

LWt , > 1.2d,
‘ L L 2 "4d
e"
"_¢_ _¢- -é_ ) '& + '¢_-¢'" P
-} P, - {HF A -
. s i T P v sl
Staggered rows of fasteners
P, Pro
r— 1 [ —
e o [
R i S e T o o
- L
Pis 14t and € 200 mm Pios14t and £ 200 mm
P-$ 141 and < 200 mm I outer row

Py, $ 281 and £ 400 mm
2 inner row



Connections

Design of Connections

* Design of connections with mechanical fasteners
* General rules

should be compact in shape

positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation

maximum and minimum spacing are imposed in terms of d,
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Connections
Design of Connections

* Design of connections with mechanical fasteners
* General rules
e should be compact in shape
« positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,
* shear forces on individual mechanical fasteners in a connection may
be assumed to be equal
* the fasteners have sufficient ductility
e shear is not the critical failure mode

Nominal f, and f,, for bolts
Bolt grade 4.6 4.8 5.6 5.8 6.8 8.8 10
£» (N/mm®) 240 320 300 400 480 640 90
for (N/mm®) 400 400 500 500 600 800 10




@4l L@m: surcor

Connections
Design of Connections

* Design of connections with mechanical fasteners

* General rules
e should be compact in shape
« positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,
* shear forces on individual mechanical fasteners in a connection may
be assumed to be equal
* the fasteners have sufficient ductility
e shear is not the critical failure mode

Characteristic shear resistance F, ;, of self-tapping screws (N/screw)

The outside diameter of the The material of the screw
thread (mm) Hardened steel Stainless steel
4.8 5200 4600
5.5 7200 6500
6.3 9800 8500

8.0 16300 14300
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Connections
Design of Connections

* Design of connections with mechanical fasteners
* General rules
e should be compact in shape
« positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,
* shear forces on individual mechanical fasteners in a connection may
be assumed to be equal
* the fasteners have sufficient ductility
e shear is not the critical failure mode

Characteristic shear resistance F, . of blind rivets (N/blind rivet)

The diameter of the shank The material of the blind rivet
(mm) Steel Stainless steel Monel Aluminium
4.0 1600 2800 2400 800
4.8 2400 4200 3500 1100
5.0 2600 4600 - -

6.4 4400 6200 2000
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Connections
Design of Connections

* Design of connections with mechanical fasteners
 General rules
* should be compact in shape
e positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,
* shear forces on individual mechanical fasteners in a connection may
be assumed to be equal
* the fasteners have sufficient ductility
* shear is not the critical failure mode

:

min( F p.Rd > F, ;) min(F, ... F, z)
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* General rules
e should be compact in shape
« positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,

on may
b,

1.0 ;
0.81 \ Ly

E i F N O I O B F
061 | | I
041 i L s L |
0.2 ; i _-F_ lllll|II|||||||||| _F-—

: : B R
0 : i - ]

15d 65d
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* General rules
e should be compact in shape
« positions of the fasteners should be such as to prevent corrosion and
local buckling and to facilitate their installation
* maximum and minimum spacing are imposed in terms of d,
* shear forces on individual mechanical fasteners in a connection may
be assumed to be equal
* the fasteners have sufficient ductility
e shear is not the critical failure mode
* The design rules for blind rivets are valid only if the diameter of the
hole is not more than 0.1 mm larger than the diameter of the rivet
* Insingle lap joints with only one bolt row the bolts should be
provided with washers under both the head and the nut

d
[ tl t2

S e o e 1 -
o '

! |
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of bolted connection
* normally used as shear, tension or moment resistant connections

* Design resistances for bolts (bolts loaded in shear)
* Bearing resistance (for t<3mm)

Fopg =2.5-ay -k - f,-d-tly,,

* Net-section resistance
F:r.Rd =(l +3""(do /“_0'3))' Ane: ju /}’.\12 but Fn.nd < Am'.' 'j;:/y.uz

 Shear resistance
- for strength grades 4.6, 5.6 and 8.8: Fla =06 fo, A7y

¥

- for strength grades 4.8, 5.8, 6.8 and 10.9: F oo =05f,-A417,

* Condition (if deformation capacity is needed)
F o 212F, 0o Y F . >12-F

v, Rd b, Rd n,Rd




®

Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of bolted connection
* normally used as shear, tension or moment resistant connections

* Design resistances for bolts (bolts loaded in tension)
e Pull-through resistance
F, ra to be determined by testing.

e  Pull-out resistance
Not relevant for bolts.

e Tension resistance
Fley=09f,-A 1Y\,

f

* Condition (if deformation capacity is needed)

Froa 22 F,




Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of bolted connection
* normally used as shear, tension or moment resistant connections

* Rage of validity
e, 21.0-d, p,23-d, 3mm>720.75mm
e, 21.5-d, p,23-d,
Minimum bolt size: M6
Strength grades: 4.6-10.9

£, <550 N/mm’

* Bolts may be used beyond this range of validity if the resistance is
determined from the results of tests
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Connections
Desig
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f
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Start

Design of connections with mechanical fa

[ ]
Member
data
' l
loading
combination Choose bolt type &
connection configuration o, -
Design shearand oo o D J
1el;:saon fgm 1 minimum bolf size: M6
vEd » FuEa 7 | Strength grades 4.6-10.9
< 0.75mm <t < 3nm
P Cd
§§7422 Are details within
Table7.7 » range of validity fordesign |—{N A
\esistanoeformule‘?
L)
Yes
PN
ToB

Arebolts
subjected ©
V

\ 4
Determine bearing resistance,
netsection resistance and

shear resistance for the bolis

§§7.422
Table 7.7
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C
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Stop
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Are bolts
subjected 0
tension?

C

Connect

Yes
=
§§7.422 Determine pulkthrough
Table7.7 ——H resistance Fura tension » Fors Ao
resistance Fpy of the boks 2
§§7.422
Table 7.7
. . —_— 7 I

The required conditions should be | , Yes
fulfilled when deformation capacigs

of the connection is needed.

FL_E‘d <1 L No——
Fora

min(F ra: Fara)
<1?

. Ffiga
Fp.R.d
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Connections
Design of Connections

L i}u&

M(\’f
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« EXAMPLE 1: Design resistance of the lap bolted connection in
tension

Given: Steel grade S350GD+Z
Connected part: £,,=350 N/mm’, £,=420 N/mm’

Bolt grade 8.8 with a bolt diameter d=12 mm; d,=13 mm, f,=800 N/mm?;

4,=84.3 mm’.
25mm  (S0mm  25mm
l 1y
i 25
P s 19 oy P
- X § ! : 50mm X — -
- i ? -7 25mm
| !
P ' 2.5mm P
o 1 \—i E— 5 —_—

Bolt pitch distance between centre of the holes:

pr=p>=50mm> 3d =36 mm;

Distance from the centre of the hole to the end of part:

e;=25mm>1.5d=

18 mm.

Choose bolt type&
connectian configuration

ez1.0d, ; pi23d,
e=1.54,; p23d,

-

i bolt size: M6

. * | Strength grades 4.6-10.9
0.75mm <t < 3nm

”

Are details witin
range of validity for design
resistance formulae?

_Nc._,@

T
Yes

Arebolts
subjected
shear?

Yes

¥

§§7.422
Table 7.7

Determine bearing resistance,

$| netsection resisiance and

shear resistance for the bolts

§§7.422
Table 7.7

'

The required conditions should be /7
futfilled when deformation capacity |
of the connection is needed.

()
Fopa
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« EXAMPLE 1: Design resistance of the lap bolted connection in

tension
T ) a
25mm ISOmm 25mm
[ 1
T
p . E ® o 25mm p
- X § g : 50mm X — -
E - | ® T 5mm
| '
P ' 2.5mm p
. —i == : —
= 2.5mm |
'a
=3¥.4KN

A, fil ¥y =185mm’ x 420 N/mm® /1.25/1000 = 62.6kN

F, o =58.4kN < 62.6kN

The tension resistance of the connected part is governed by the net section
resistance of connection.

Member
data
U
loading
combination

Start

g4
i

[ erton: pi23a,

minimum bolt size: M6
Strength grades 4.6-10.9
0.75mm <t < 3nm

resistance formulae?

rd
A -
= R
Are details witin
range of validity fordesign -

v
Yes

Determine bearing resistance,
net-section resistance and

shear resistance for the bolts

ra
The required conditions shouid be |
fulfilled when deformation capacity [ Yes

of the connection is needed.
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Connections
Design of Connections

« EXAMPLE 1: Design resistance of the lap bolted connection in

tension
Bearing resistance:
Fora=25-a,:k-f,-d-tly,, — e
=2.5%0.694 x1x420 N/mm® x 12mm x 2.5mm/1.25/1000 = 17.5kN/ bolt

where Tae7s mgﬁ'ﬁ‘;%i‘.?;".‘,’ﬂ{él;.gn -N@
k;=1.0 for 1> 1.25mm
ap=min(1, e,/(3d)) = min(1, 25/(3-12) = min(1, 0.694) =0.694 -

Total bearing resistance = 4 boltsx17.5 kN/bolt = 70 kN. N

[ ext.od,;pa3d,
82154, ; p23d,

minimum bolt size: M6

.7 | Strength grades: 4.6-10.9
0.75mm <t < 3nm

shear resistance for the bolts

Shear resistance of bolts: s57422 Determine bearing resstance.

Fu.&l=0'6'fub"4.\-/}’ﬂ¥2 : i
=0.6x800N/mm” x84.3mm?/1.25/1000 = 32.4kN/ bolt swazz Les(ie?)
Total bolt shear resistance = 4 boltsx32.4 kN/bolt = 129.6 kN > 70 kN The reaued condions shoud B3 < Yo

of the connection is needed. gy b




Connections
Design of Connections

« EXAMPLE 1: Design resistance of the lap bolted connection in

tension
Paga: —.l.
Bearing resistance: Arebors ) N
Fora=25a,-k-f,-d-tly,, e
=2.5%0.694 x1x420 N/mm® x 12mm x 2.5mm/1.25/1000 = 17.5kN/ bolt v

§§7422 Determine pulkthrough
Table7.7 i Fara tension
Where — — resistance Fypgof the boks 1
k;=1.0 for > 1.25mm

ap=min(1, e,/(3d))=min(1, 25/(3-12) = min(1, 0.694) =0.694 T
Total bearing resistance = 4 boltsx17.5 kN/bolt = 70 kN. e

The required conditions should be ,l Yes
fulfilled when deformation capacity
of the connection is needed.

Shear resistance of bolts:
F, ra =0.6 'fub A /}’Mz
=0.6x800N/mm?* x84.3mm?/1.25/1000 = 32.4kN/bolt

Total bolt shear resistance = 4 boltsx32.4 kN/bolt = 129.6 kN > 70 kN D

Conclusions: The net section resistance of the connection governs the
connection resistance, F, ,, =58.4kN .
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with self-tapping screws
 used for thin-to-thin and thin-to-moderate thick connections

* Design resistance for self-tapping screws (screws loaded in shear)
* Bearing resistance

Forg=a f,-d-t]y,,

e Net-section resistance
F::.Rd = Arwt ' f;l / 7 M2

* Shear resistance
" F, ,, to be determined by testing and

Fori =F, [ ¥ars

* Condition (if deformation capacity is needed)
Fv,Rd >1.2 Fb,Rd or ZF‘,_R([ >1.2 Er,Rd
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with self-tapping screws
* used for thin-to-thin and thin-to-moderate thick connections

* Design resistance for self-tapping screws (screws loaded in tension)

e Pull-through resistance
- for static loads: F, ., =d, -t- f, /7,

- for screws subjected to wind loads and combination of wind loads and static

loads: F,,, =0.5-d, -t /7,,

e  Pull-out resistance
Iftg,/s<1:F, =045-d-t,,-f, .. /7y, (sisthe thread pitch)

sup

Iftg,/s=1: F ,, =0.65 d oty S ! Vi

* Tension resistance
F’, ra to be determined by testing.

* Condition (if deformation capacity is needed)
F;.Rd 2 ZF:'LRd or F;.Rzl 2 F;).Rll




Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with self-tapping screws
* used for thin-to-thin and thin-to-moderate thick connections

* Rage of validity
Generally: ¢ >3-d p,23-d;3mm<d<8mm; e, 215d; p,23-d
For tension: 0.5mm</<1.5mm and ¢, >0.9mm
£, < 550 N/mm’

Pull-through resistance, F , (kN) for SFS Intec screws
£, Thickness of the fastened plate, ¢, in mm

2
(N/'mm’) 40 050 060 065 070 080 090 1.00 125 1.50

250 1.50 1.88 225 244 263 3.00 338 375 469 5.63
280 1.68 2,10 252 273 294 336 378 420 525 6.30
350 210 2.63 3.15 341 3.68 420 473 525 6.56 7.88

Note: The diameter of washers is d,=14 mm.
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with self-tapping screws
* used for thin-to-thin and thin-to-moderate thick connections

* Rage of validity

Generally: ¢ >3-d p,23-d;3mm<d<8mm; e, 215d; p,23-d
For tension: 0.5mm</<1.5mm and ¢, >0.9mm
£, < 550 N/mm’

Pull-out resistance, F, z4 (kN) for d=5.5 mm SFS Intec screws

£ { (mm)
(N/m

2
m’) 0.60 0.65 0.70 0.80 0.90 1.00 1.25 1.50 2.00 2.50 3.00 4.00 5.00

270 0.38 0.42 047 0.58 0.69 081 1.13 1.49 229 321 421 649 9.07
320 0.45 0.50 0.56 0.69 0.82 096 1.34 1.77 272 3.80 499 7.69 10.75

350 049 055 062 075 09 1.05 147 193 297 416 546 841 11.75
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Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with self-tapping screws
e used for thin-to-thin and thin-to-moderate thick connections
e Pull-through resistance

Assume a sheet of steel grade $280GD+Z with f = 320 N/mm2and
f, = 360 N/mmZ2and consider five different thicknessesi.e. 1) t = 0.4
mm;2)t=0.5mm;3)t=0.7mm;4)t=1.0mm; and 5) t=1.5 mm.
The washer diameter d = 14 mm. (static loads only)




Connections
Design of Connections

* Design of connections with mechanical fasteners
* Design of connections with self-tapping screws
e used for thin-to-thin and thin-to-moderate thick connections
e Pull-out resistance

* Assume a supporting member of steel grade S350GD+Z with
f,=350N/mm?and f, = 420 N/mm?, and consider five different
thicknesses, i.e. 1) t= 0.6 mm; 2) t= 1.0 mm; 3) t=1.25 mm; 4) t= 1.5 mm
and 5) t= 2.5 mm. The nominal diameter of the screwisd = 5.5 mm.

/ Fora (kKN)

(mm) Fp =045-d -1, - fo !V Table 7.11
0.60 0.49 0.49
1.00 0.83 1.05
1.25 1.04 1.47
1.50 1.25 1.93

2.50 2.08 4.16
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Design of Connections

e EXAMPLE 2: Sheeting-to-purlin connection. Determine the design
resistance of the screwed connection of the sheeting on the purlin

Member
data

Given:
Sheet material, £ = 0.6 mm, S250GD+Z: £, = 250 N/mn?’, £, = 330 N/mm?’; pe—
) connection configuration ,=30d: p23d
Base material, / = 2.5 mm, S350GD+Z: £, = 350 N/mm?2, £, = 420 N/mm?’. e . ( e
; Fups  Rigo y For tension:
Screw d = 4.8 mm, washer d,,= 16 mm and F, g = 5.2 kN, F, z,= 5.0 kN. A h osmme<1Smm
£ 550 Nmm#
Sheet ?T T rs e > (%)
Yes
Are bolts
- —@)
v \Suprorting member )
(purlin) v
Tibers | “hetsecion recarcaang” Foria Fuss
L " | shear resistancafor the boitss. Fors
Distance between centres of fastener: py=36mm > 3d
Distance from centre of fastener to the end of part: ;=36 mm > 3d s57a23 ()
_— >
Tension Resistance: Tension resistance must be evaluated for pull-through, ::;u'.;ﬂg‘::m::ﬂ,/ T
deformation capacity of

pull-out, and screw tension resistance. the commecton s nesced
()



Connections
Design of Connections

e EXAMPLE 2: Sheeting-to-purlin connection. Determine the design
resistance of the screwed connection of the sheeting on the purlin

Member
Pull-through resistance (screws subjected to wind load)
%
combination Choosebolt type &
nnection configuration

FP-Rd - 0‘5 . d“‘ . I . ﬂ‘ /}/M' 2 Design shear and ” .| 2:%;:3
=0.5x16mmx0.6mmx330 N/mm? /1.25=1.27 kN P = Fw
a5

Pu“-o Ut §5§7.4.23 Avre details within
Table 78 range of validity fordesign | —N.
resistance formulae? D_’®

F:).Rd =0‘65.d 'tsup .f::.sup/yﬂ-ll

=0.65x4.8mmx 2.5mmx420 N/mm’ /1.25 = 2.62kN >
—©

Tension resistance of screw
Consider that one sheet is fixed on the supporting member with the screw

Yes

;;7.4.2,; R Determine bearing resistance, Fors Frses
F; Rd 2 F Rd \_‘_:b;—*\ o sh:’a':::l:n::x?nuc::;?ss Fora
- P.
. . §§7.423
The manufacturers tested tension resistance of screw | "
F g =50kN>F, ., =127kN, therefore the screw is adequate. Tension T:.dﬂb,:d,mmﬂ T
deformation capacity of

resistance is governed by the pull-through of the fastener in the connection. e cmachn B ame % &
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Design of Connections
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e EXAMPLE 2: Sheeting-to-purlin connection. Determine the design
resistance of the screwed connection of the sheeting on the purlin

Bearing resistance:

=0.6 mm, £,=2.5 mm

1/t=4.17, therefore linear interpolation must be used to determine ¢

a=3.2-t/d but
H=2.5mm=> 2.5 x0.6 mm= 1.5 mm, = 0.6mm < 1.0 mm
—a=32-\t/d=3.2/0.6/48 =1.13<2.1, use a@=1.13
Fo=a-f,d-tly,,
=1.13x330 N/mm? x4.8 mmx0.6mm/1.25 = 0.86 kN/screw

Shear resistance of screw:

Fopa=F, ! ¥n2=52kN/1.25=4.16kN
Fpe >1.2-F, 3, =1.2x0.86kN =1.03kN/screw

Because 7, 22.5-f and 7 < 1.0 mm: a<2.l

Member
data
0
loading
combination

Design shear and
tension for

Choosebolt type &
connection configuration

LI‘LMV.

For tension”
oSmm=¢<1.5mm

and 2Q9mm
£ 550 NmIn®

€,230d: o =223d

&215d: pE3d

3mm <d-<8 mm
|

Conclusion: The shear resistance of the connection 1s governed by the
bearing resistance = 1.03 kN. The tension resistance of the connection is

overned by the pull-through resistance = 1.27 kN.

cest
Fupo . Aips
e
§§7.423 Are ddlallm B
Table 78 range of validily for design N
resistance formulae?
1
Yes
-
Are bolts
subjected to |—No @
shear?
Yes
g;u.za Determine bearing resistance,
able7.8 netsection resistanceand
\_/——\ shear resistance for the boltss
ST Fura=12Fos
Table7.8 > ezl No @
_—
The req d i
should be fulfilled when |~ Yes
deformation capacity of &
the connection is needed.
@
“"'knl&ﬁ.n)
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Design of Connections
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e EXAMPLE 3: Sheeting-to-sheeting seam connection in shear — the
shear resistance capacity of 1m length seam fastener line

When sheeting is acting as a diaphragm, the seam connectors are working in
shear. The shear performance of the diaphragm is strongly dependent on the
seam fastening performance, which usually is the weakest component of the
system. Figure 7.35 shows a decking system with seam and edge
connections. The floor decking system is assumed to be covered with
corrugated sheet of 0.7 mm thickness and with a steel grade of S350GD+Z
(f. = 350 N/mm® and f, = 420 N/mm?®). Seam fastening is realized with
d = 4.8 mm self-tapping screws, d,, = 16 mm, F, z;= 4.2 kKN, F, p; = 5.0 kN.
Four seam fasteners are installed per meter along the seam line.

Determine the shear resistance capacity of 1m length seam fastener line.

Bearing resistance (shear of sheeting and fastener tilting)

t=1,=0.7mm

t/=1.0; @=3.2-t/d =3.24/0.7/4.8 =1.22<2.1

Member
data
0
loading
combination

Design shear and

Choosebolt type &
connection configuration

tension forces:

r's

Fupo . s

o

-
kL -

For tension”

©,230d: py23d
& 215d: p23d
3mm <d=<8mm

osmm=<f<15mm

Are details within
range of validily fordesign
resistance formulas?

and £y 2Q9mm
l_ £, = 550 Nm?

i
Yes
e

Are bolts
subjected to
shear?

Yes

fibe7e

¥
Determine bearing resistance.

neksection re
shear resistance for the boltss

sistanceand H

§§7.42.3
Table 7.8 —»

:

S

The

the connection is needed.

shoud be fulfiled when |, 7
deformation capacity of

Py =1-2Rpo
e
-
Yes
L
A
m [ ™
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Design of Connections

EXAMPLE 3: Sheeting-to-sheeting seam connection in shear

Fb.xd=a'.’:p'd't/}'uz

=1.22x420 N/mm* x 4.8 mmx0.7mm/1.25 =1.38kN/screw < 4.2kN Choosebol type & ]

"

connection configuration
Design shear and

tension forces:
Fupo . s

©,230d: py23d
& 215d: p23d
3mm <d=<8mm

A . L7 osmm=¢<15mm

For tension”

and £y 2Q9mm
’ [l =550 nmme
§§7.423 Are details within [
Table 78 range of validily fordesign —N
resistance formulas?.

Are bolts
subjected to |—No @
shear?

=< =
T2 ‘I—:

seam fasteners '
nvets) /. ’

(screws or blind )
W/

4.2.3 Determine bearing resistance.
"ng.a netsection resi and H F"F“F’ Fure
_ shear resistance for the boltss vid
J

edge faslencm

(screws or fired pins)

§§7.423 Fow = 1-2Rp0
Table7.8 e by — @
\_/—\

The req it
should be fulfilled when |, ~

. . . . deformation capacity of
The shear resistance capacity of one meter length of seam fastener line is: e comecion s rsce

|

I
Yes
n

_F._,;.

4 screws/m x 1.38 kN/screw=5.52 kN/m. SN O
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Design of Connections

EXAMPLE 4: Design resistance of a screwed connection of cold-formed

members. Screwed connection of a lipped channel section wall stud

Basic Data

Nominal diameter of the screw
Total number of screws

End and edge distance for screw
Spacing of screws

The dimensions of the stud cross section are:

Total height

Total width of flange

Total width of edge fold

Nominal thickness

Steel core thickness

Gross area of the stud cross section:

The dimensions of the rail cross section:

Total height

Total width of flange
Nominal thickness
Steel core thickness

ry ﬂ
data

d - 6-3 mm cor?r:‘:;l?:lbot\:ymr&n n H
Des:g n shear and i Ziggiz
n,=4 Ly . R
=20 ; €, =25 mm . ‘ e "ot zoomm
el - mm ’ e2 - §§7.4.23 Aredelallknl\l__ G
py=25mm Sl i)
Yes
h, =150 mm
b, =50 mm ‘"'_'. (9)
¢, =17.5mm
' Yes
£y om = 2.0 0 e Comen g |
t = 1 96 mm _ shear resistance for the boltss vPd
1 - )
A4, =543 mm’ !
§§7.4.23 - 1.
h=155mm %r?:;naoen;rﬁnedmm - Yos
rmation caj &
b=‘70mm lhconnectur?ed:.’re_d;
o = 1.5 mm
t=1.46 mm
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« EXAMPLE 4: Design resistance of a screwed connection of cold-formed
members. Screwed connection of a lipped channel section wall stud

Basic Data

N
TNE " T Ed
[y, h,
L e
L |
s i I
- I * S I [
| &
| & I I
h__ 1
€5 ey h

The material properties are (S320GD+Z):
f,, =320 N/mm®

£, =390 N/mm’
E =210000 N/mm’
v=0.3

N,, =17.6kN.

Basic yield strength

Ultimate strength
Modulus of elasticity
Poisson’s ratio

The design force on the connection is:

|e. P 91’

Member
data
0
loading
combination

Design shear and
tension forces:

]

connection conﬁguranon

©,230d: py23d
&215d; p23d

_|

Choosebolt type & .|
-

3mm <d-<8mm
For tension
osSmm=£<1.5mm

fibe7e

range of vahdily fordesign
resistance formulas?.

-
A P
L
Aredﬂalm [ :::
| —r

and £y 2Q9mm
£, = 550 Nm?

Are bolts
subjected to
shear?

_N

=< =
T2 ‘I—:

netsection

§§7.42.3
Table 7.8

shear resistance for the boltss

Determine bearing resistance.
! a U

'

Fumo = 12Rpa

S

The

Fupo= 12Fva

should be fufiled when |,

deformation capacity of
the connection is needed.

_‘F'P_g|
"'“#nl&ﬁwu)

\
L <) °
\Q <
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« EXAMPLE 4: Design resistance of a screwed connection of cold-formed
members. Screwed connection of a lipped channel section wall stud

Net-section resistance:

A
Fopa= —Mf"
Yz

where the net cross sectional area is:
A=A —2dt, =543-2x6.3x1.96=518.3 mm’

The net-section resistance is:

A, f, 518.3x390
F::.Rd = =
Va2 1.25

=161711IN =161.71kN

Shear resistance
For =F, n /}’.uz
F, o =13500 N (according to manufacturer catalogue)

Fyra = Fy i [ Y2 =13500/1.25=10800 N =10.8 kN

Member
data
0
loading
combination

Design shear and
tension forces:

Choosebolt type &
connection configuration

]

_|

©,230d: py23d

& 215d: p23d

3mm <d=<8mm
-

For tension”
osSmm=£<1.5mm

fibe7e

resistance formulas?.

-
- — and fy=09mm
l_ £, = 550 Nm?
Are details within [
range of vahdily fordesign —Nu—b®

Are bolts
subjected to
shear?

_N

=< =
T2 ‘I—:

netsection

shear resistance for the boltss

Determine bearing resistance.
! a Ul

'

Fuero 2 1-2Rp0

§§7.423
Table7.8
_—

The

XFups 12Fn

deformation capacity of

should be fufiled when |,

the connection is needed.

—_—t gy
mr#nln:ﬁuu

m
i} =
=
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Design of Connections
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« EXAMPLE 4: Design resistance of a screwed connection of cold-formed
members. Screwed connection of a lipped channel section wall stud

The design shear force per screw in the ultimate limit state is:

v

Fpy=Ng[n, =17.6/4=4.4KkN.

Check the range of validity for design resistance formulas
The following conditions should be satisfied:

e23d ; p=23d ; ¢215d : 3.0mm<d <8.0mm

e, =20mm > 3d=3x63=18.9mm OK
e,=25mm > 1.5d=1.5x6.3=9.45mm OK
p=25mm > 3d=3x63=18.9mm OK
30mm < d=63mm < 8.0mm OK

Member
data
0
loading
combination

Design shear and
tension for

Choosebolt type &

connection conﬁguranon

]

_|

©,230d: py23d

& 215d: p23d

3mm <d-<8mm
-

For tension
osSmm=£<1.5mm

fibe7e

ra

nge of validily fordesign

resistance formulas?.

-
- — andty zQ9mm
l_ £, = 550 N/min?
Are details within [ :::
| —r

Are bolts
subjected to
shear?

_N

=< =
T2 ‘I—:

Determine bearing resistance.
netsection resi d H

shear resistance for the boltss

'

§§7.423
Table7.8
S

The

Fow = 1-2Rp0
YRire= 12Fnva

deformation capacity of

the connection is needed.

should be fufiled when |,

—_—t gy
"'“#nln:ﬁuu

m
i} =
=
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« EXAMPLE 4: Design resistance of a screwed connection of cold-formed
members. Screwed connection of a lipped channel section wall stud

Resistance check for self-tapping screws loaded in shear
Bearing resistance

af dt
F ,=—=
b,Rd }'Mg

where:

t <t, <2.5t so « is obtained by linear interpolation:

a=32\ftfd =3.2x1.16/6.3 =1.54

for t,22.5¢ and 1 =21.0 mm:

for t, =t:
a=2.1
= for t, [t =1.96/1.46 =1.342 , by linear interpolation: a =1.683

The bearing resistance of one screw is:

_afdt 1.683x390x6.3x1.46
Vm2 1.25

Fyw = 4830 N =4.83 kN

Member
data
0
loading
combination

Design shear and
tension forces:

Choosebolt type &
connection configuration

]

_|

©,230d: py23d

& 215d: p23d

3mm <d-<8mm
-

For tension
osSmm=£<1.5mm

-
A P
L
Aredﬂalm [ :::
| —r

and £y 2Q9mm
£, = 550 Nm?

_N

§§7.4.23
Table 78 range of vahdily for design
resistance formulas?.
1
Yes
-
Are bolts
subjected to
shear?
Yes
%ym Determine bearing resistance.
able7.8 netsection resi and H
L shear resistanca for the boitss
ST P> 12Fang
Table7.8 YFupe> 12Fnn
—

The

deformation capacity of

should be fufiled when |,

the connection is needed.

—_—t gy
"'“#nln:ﬁuu

m
i} =
=
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EXAMPLE 4: Design resistance of a screwed connection of cold-formed

members. Screwed connection of a lipped channel section wall stud

Member
data
0
loading
combination

Design shear and
tension forces:

When deformation capacity of the connection is needed, the shear resistance
should satisfy the following conditions (not required for this example): F, zy

F:-.Rd 21.2 Fh.Rd or ZF»M 21.2 F::.Rd

The resistance of a fastener in shear may be verified using:

Choosebolt type &
connection configuration

]

©,230d: py23d
&215d; p23d

_|

J

3mm <d-<8mm
For tension
osSmm=£<1.5mm

A rd
!
Are delalm [
range of vahdily fordesign | —N

and £y 2Q9mm
£, = 550 Nm?

_N

Tibe7
F resistance formulae?
- - <1 Yee
mm(ﬂ.&,; F, ni /”_r ’ F;nd) ‘L
subjected to
- i) = iy =0.911<1 OK y
min(4.83;161.71;10.8)  4.83 2
gg:.;,g D?‘x;r:eir;;eariqg lesislfr:a |
L shear resistanca for the boitss
'
Tavers I o
— "

The

should be fufiled when |,

deformation capacity of
the connection is needed.

—_—t gy
"'“#nln:ﬁuu

m
i} =
=
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Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with blind rivets
* used for thin-to-thin connections mainly as seam fasteners for
sheeting panels
* work in shear and/or tension

* Design resistance for blind rivets (rivets loaded in shear)

* Baring resistance
Fh.m =a'f;'d'”7_uz but Fh.m Sj;"’l"/(l-z'}’_uz)

e Net-section resistance
F::.Rd = Am! '.fu/}/MZ

e Shear resistance
F o t0 be determined by testing and Foni =Fo ! Vo

» Condition (if deformation capacity is needed)
Fop 212-F, 4 /("_r‘ ’ﬁl__r) or Fl gy 21.2:F, p4

¥
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with blind rivets
* used for thin-to-thin connections mainly as seam fasteners for
sheeting panels
* work in shear and/or tension

* Design resistance for blind rivets (rivets loaded in tension — not usual)
e Pull-through resistance
Pull-through resistance F, z; to be determined by testing

e  Pull-out resistance
Not relevant

e Tension resistance
F, ra to be determined by testing.

e Condition
Fr.nd 2 ZFp.Rd
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with blind rivets
* used for thin-to-thin connections mainly as seam fasteners for

sheeting panels
 work in shear and/or tension

* Range of validity
e 21.5-d p,=23-d 26mm<d <6.4mm

e, 21.5-d p,23-d £, <550 N/mm’
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Connections
Design of Connections

* Design of connections with mechanical fasteners
* Design of connections with fired pins
* used for thin-to-thick connections (usually to fasten roof and floor
decking)

* Design resistance for cartridge fired pins (pins loaded in shear)

* Bearing resistance
Fopa =32 f,-d-t/yy,

e Net section resistance
F;r.Rd = Ane! '.fu/}/MZ

e Shear resistance
F o t0 be determined by testing and Foni =Fo ! Vo

» Condition (if deformation capacity is needed)
Rd—ls ZF;er or FRJZLS'Fn.Rd

v,
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Connections
Design of Connections

* Design of connections with mechanical fasteners

* Design of connections with fired pins
* used for thin-to-thick connections (usually to fasten roof and floor
decking)

* Design resistance for blind rivets (pins loaded in tension — not usual)

e Pull-through resistance
- for static loads: F, ., =d, -t f, /7y,

- for wind loads and combination of wind loads and static loads:
Fp.Rd = 0'5 ’ du' - fu /}’Mz

* Pull-out resistance
F, rq to be determined by testing

* Tension resistance
F',rq to be determined by testing

e Condition
F::.Rd 2 sz.m or

e

g
\Y
o

o, Rd




® [ T (Or= o

Connections
Design of Connections

* Design of connections with mechanical fasteners
* Design of connections with fired pins

* used for thin-to-thick connections (usually to fasten roof and floor
decking)

* Range of validity

Generally:

e =24.5-d 3.7mm <d £6.0mm

e, 245-d for d=3.7mm;¢ , >4.0mm
p=24.5-d for d =45mm;z, >6.0mm
p, 24.5-d for d=52mm;z ~=>8.0mm

£, <550 N/mm’

For tension: 0.5mm<7<1.5mm 7, >6.0mm
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Connections

Design of Connections

Design of connections with mechanical fasteners

* Design of connections with fired pins
X — ENP Siding and Decking Nail Roof decking Floor decking
7.4
8 7.4
—y

bas o @ 3.7 0
o N

yellow 215 6\45

Carbon steel shank: HRC 58
Zinc coating: 8 — 16 pm

s eperlne o

(www hilti.com)




Connections
Design of Connections

* Design of connections with mechanical fasteners
* Design of connections with fired pins

X - ENP Siding and Decking Nail Roof decking Floor decking

Characteristic loads - steel sheeting

Sheeting Trapezoidal profile Liner trays * /

thickness (symmetric loading) (asymmetric loading)

L [mim] Char. resistance Char. resistance Jui
according to ETA-04/0101 keeping to ETA-04/0101 R
Shear Tension Shear Tension

nominal Vak [kN] Ngk [kN] Ve [kN] Ngk [kN]

0.75 4.70 6.30 3.30 4.40 P

0.88 5.40 7.20 3.80 5.00

1.00 6.00 8.00 4.20 5.60

1813 7.00 8.40 4.90 5.90

1.25 8.00 8.80 5.60 6.20

1.50 8.60 8.80 6.00 6.20

1.75 8.60 8.80 6.00 6.20

2.00 8.60 8.80 6.00 6.20

2.50 8.60 8.80 6.00 6.20

* Nrk and Vrk are valid for steel sheet with minimum tensile strength = 360 N/mm? (= S280 EN 10326).

* For intermediate sheel thicknesses, use recommended load for next smaller thickness or linear interpolation.

(www.hilti.com)
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Connections
Design of Connections

* Design of connections with mechanical fasteners
* Design of connections with fired pins

X — ENP Siding and Decking Nail Roof decking Floor decking
Recommended loads - steel sheeting
Sheeting Trapezoidal profile Liner trays " -
thickness (symmetric loading) (@symmetric loading)
ti [mm) Recommended loads Recommended loads a
Shear Tension Shear Tension b -
nominal Vrec [kN] Nrec [kN] Viec [KN] Nrec [kN]
0.75 2.50 3.35 1.75 2.35
0.88 2.90 3.85 2.00 2,70 f
1.00 3.20 4.25 2.25 3.00
1.13 3.75 4.50 2.65 3.15
1.25 4.25 4.70 3.00 3.30
1.50 4.60 4.70 3.20 3.30
1575 4.60 4.70 3.20 3.30
2.00 4.60 4.70 3.20 3.30
2.50 4.60 4.70 3.20 3.30
* Nrec and Vrec are valid for steel sheet with minimum tensile strength = 360 N/mm? (= S280 EN 10326).
* Forintermediate sheet thicknesses, use recommended load for next smaller thickness or linear interpolation.
¢ Recommended loads Nyrec and Vyac are appropriate for Eurocode 1 wind loading design with a partial safety

] factor iF =1.5 for wind load and a Eartial resistance factor ym = 1.25 for the fastening. a

(www.hilti.com)
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Connections
Design of Connections

* Design of welded connections
* General design and workmanship consideration

EN1993-1-3 (CEN, 2006a) provides procedures to calculate the
resistances of spot welds, fillet welds and arc spot welds. The provisions will
be presented in the following paragraphs §§7.4.3.2 to §§7.4.3.4. They apply
to thin materials only (# < 3 mm for spot welds, or < 4 mm for fillet and arc
spot welds). For thicker materials (1 > 4 mm) the welds have to be designed
according to EN1993-1-8 (CEN, 2005¢), which provides design procedures
for welded connections (that are not presented in this book). EN1993-1-8

also refers to groove butt and flare groove bevel welds.

* main difference between the strength of a welded connection in
cold-formed steel and a welded connection in hot-rolled steel is the
dominance of sheet/weld tearing as failure mode in cold-formed steel
connections
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Connections
Design of Connections

* Design of welded connections

* General design and workmanship consideration
e generally, the design is limited by the tearing of the base metal

e design project specifications must stipulate details pertaining to
welded connections that require special loading procedures, special
levels of quality control, special inspection procedures, or special
tests procedures

* welding of steel sheets shall not be done when the ambient
temperature is lower than —30°C or when the surfaces are wet

e visual inspection is always necessary



Connections

Design of Connections

* Design of welded connections
* Design of spot welds

resistance welded or fusion welded
generally made using an arc welding procedure

may be used as rolled or galvanised parent material up to 4.0 mm
thick, provided that the thinner connected part is not more than
3.0mm thick



Connections
Design of Connections

* Design of welded connections

* Design of spot welds
* Design resistance for spot welds
* Tearing and bearing resistance
- if <, <25t Fyp=27-Nt-d - f 17,, [withtin mm]

- if 4225
Fypra = 2-7'\/;"1; o Vaas but Fypa < 0-7'ds2 S Vaia and
Fypg <3.1-t-d - f, 17y

* End resistance
Fopg=14t-¢- 1,17

e Net section resistance
Fopg = A 1. Vi

* Shear resistance
T >
E-.Rd =Z'd.: fu /7,113

* Conditions
F:-.Rd 2 l'zs'Eh.Rd or F:-.Rd 2 1‘25'1::-.Rd or ZF:~.RJ 2 l.25-Fn'M
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Connections
Design of Connections

* Design of welded connections

* Design of spot welds
* Design resistance for spot welds
* Range of validity

2-d <e £6-d,
e, <4-d,
3-d, <p <8-d,
3-d, <p,<6-d,
. Fsa F :
: P L = S—— , —Sd — A a—
ds 3 400 3 ds
Resistance weld ! . ! [ Fusion weld
=] 6ds




Connections

Design of Connections

* Design of welded connections
e Design of fillet lap welds

The procedure shall be used for the design of arc-welded lap welds
where the parent material is 4.0 mm thickness or less

The weld size shall be chosen such that the resistance of the

connection is governed by the thickness of the connected part or
sheet.



Connections
Design of Connections

* Design of welded connections
e Design of fillet lap welds
* The design resistance
- for a side fillet that is one of a pair of side fillets:

Ll




Connections
Design of Connections

* Design of welded connections

e Design of arc spot welds
 often made by melting through the top sheet and fusing the sheets

together with additional filler metal

* should have an interface diameter d, of not less than 10 mm

end and edge distance

Connected
part
or sheet Weld washer - if f,/f, <L.15
. =] 8' Fw.Sd
mm L Vi
- if f,/f, 2115
F,
=21 N
Supporting LS Vs

member
F, sq 1s the design stress (load)
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Connections
Design of Connections

* Design of welded connections

e Design of arc spot welds
e Circular arc spot welds
* The design shear resistance

F, o =(r/4)-d; -0.625- 1., /7,

where

Joow is the ultimate tensile strength of the welding electrodes.

- ifd,/Ti<18-(420/ £,)":
F‘w.Rd = I'S.dp Zt -fr‘: /}/M.?

- if 18-(420/f“)0'5 <dp/Zt <30-(420/f“)°'5 :
Fora= 27‘(420/.&)05 : (21)2 “Ju Va2

- if d,/X1=230-(420/ f,):
frw.Rd = 09 dp ' th;c /}/,'.-12



- Wt S

g
L C - N L
@ ee e : 3

de Litge - o

Connections
Design of Connections

* Design of welded connections

e Design of arc spot welds
e Circular arc spot welds
* The design shear resistance

Fop=(n/4)-d}-0.625-f, /7,

where
Jaw is the ultimate tensile strength of the welding electrodes.
" d =0.7d, —-1.5>tbutd =0.55d,
1
lsup
dw
I =




Connections
Design of Connections

* Design of welded connections

e Design of arc spot welds
* Elongated arc spot weld
* The design shear resistance

F:r.l\’d =[(ﬂ-/4) d;l + Lw ’ de] 0625 '.f;m'/}/M2
Fw.Rd =(0-5'L“- +1.67 'dp) 'Zt'fu /7,u2

Connected
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Connections

Design of Connections
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« EXAMPLE 5: Resistance of the spot weld lap joint

Given: Base material, Steel grade S355 MC, £,=355 N/mm’, £.=430 N/mm?

of thickness 7= 1.0 mm and 7, = 3.0 mm;
Fusion welds: d=0.5t + 5Smm= 5.5 mm.

al
T /t—lmm
"
P . ® O
- = 2 <~
s ® ©
r
7
13130 |13
T o (REARELN REY|
a

Weld position:
2-d,=llmm<e¢ =13mm <6-d, =33mm
e, =13mm<4-d =22mm
3-d,=16.5mm < p, =30mm <8-d_=44mm
3-d,=16.5mm< p, =20mm <6-d, =33mm

Member
data
uLs

loading
combination

§§7.4.32
Table 7.16

-

Choose spot weld &
connection configuration

20,<6,<6d, ; 3d,=py<Bdl

_-_exdd, ; zpr=bd,

7

Are details within

range of validity for design

§§7.4.32

resistance formulae?

()

Yes

A 4
Determine tearing and bearing
resistance, end resistance,

Table 7.16

§§7.4.32
Table 7.16 |

P9

net-section resistance and
shear resistance of spot welds
in shear

Fh.ﬁd- F,, Rds
Feps, Fupa

Fura21.25Fppg
Fuma 21.25F pq
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Connections
Design of Connections

« EXAMPLE 5: Resistance of the spot weld lap joint

Tearing and bearing resistance:

t=1.0mm; ¢ =3.0mm and ¢, > 2.5¢

F;b.m=2'7"‘/’_‘d.:‘ﬁ/hn

Member Jv_
=2.7-4/1.0-5.5-430/1.25/1000 = 5.1 1kN/ weld Choose spol weld &

connection configuration
uLs

loading

combination 20,<e1=6d, ; 3ds<pyBd,
but _- e;<4d, ; 3d,<p,<Bd,

Fipra $0.7-d}2-f,17,,=0.7-5.5 -430/1.25/1000 = 7.28 KN/ weld B3 s e o(7)

resislance formulae?

and = Yes

Determine tearing and bearing

Fypy <3.14t-d. - f.1 7, =3.1-1-5.5-430/1.25/1000 = 5.87kN/ weld B S Y R

= F, ¢s =5.11kN/weld

§§7.4.32
Table 7.16 |
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Connections
Design of Connections

« EXAMPLE 5: Resistance of the spot weld lap joint

End resistance:

Fo o =141-¢f,17,,=14-10-13-430/1.25/1000 = 6.26 kN/weld

|
Net section resistance: -
,
F

— A7 . f / Choose spot weld &
n,Rd net u }/‘\12 connection configuration

uLs
loading

Corresponding to section a-a comnson C P Eerere
A =1- (46 -2 55) =35 mmz §§7.4.32 Are details within N :

S Table 7.16 range of validity for design

F;I.Rd - 35 J 430/ ] .25/ 1000 = 12.04kN resistance formulag?

Yes

——————————
Determine tearing and bearing
§§74.32 resistance, end resistance, F

Weld shear resistance: s o b/ Feme

shear resistance of spot welds
in shear

Fpa = %-df L =%-5.52 -430/1.25/1000 =8.17 kN/ weld

§§74.32
Table 7.16 |

P9
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Connections
Design of Connections

e EXAMPLE 5: Resistance of the spot weld lap joint

Checking ductility conditions:

F o =8.17kN>125-F, ., =6.39kN
F o =817kN>125.F . =7.83kN
nF, ., =16.34kN >1.25.F, ., =15.05kN(n, =2)

-

Choose spot weld &
connection configuration

20, <e,<Bdj ; 3d,<py<Bd;
. . . . . ” e2<4d, ; 3d,<p,<Bd,
The total resistance of the connection is governed by the tearing and bearing (:F — L
resistance and is: T 16 ang t vy o s _No_.@
4 welds -5.11kN/weld =20.44kN (n, =4)

Yes

Determine tearing and bearing
§§74.32 resistance, end resistance, Fana F.
Table 7.16 net-section resi and » R F"“"‘
shear resistance of spot welds eRd, FvRd
in shear

|

§§7.4.32 Fore>1.25Fnz
Table 7.16 Funs 21.25Fs g4 |—No
e = 1,25F,

P9
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Connections
Design of Connections

« EXAMPLE 6: Fillet lap joint. Design resistance of the lap side welded
strap-to-gusset connection

fi=3 mm, =1 mm and f, =420 N/mm’

-
— ch Id &
P _30k N conn::ﬁssnsgg;f‘;vgirminn
-

2dy<0,=60, ; 30,<py<Bdly
- e2<4d, ; 3d,<p,<Bd,

il
7

\— = §§74.32 Are details within
= l L Table 7.16 range of validity for design N
resistance formulae?

H=3mm

Yes

Design resistance of weld: @ Do e b —
L“.‘I = 40 mm < b = 80 mm - shearresisl;r;:ﬁ spot welds Fera Fups
Lw.Rd =i Lw..r ’ (0'9 —0.45- Lw.s /b) ’ j;: /yM 2 §§7.4.32
—1.0-40-(0.9—0.45-40/80)-420/1.25/1000 = 9.07kN/weld fhere

The total welded connection resistance, for two sided fillet weld is:
2-9.07kN/weld=18.14kN < P =30kN
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Connections
Design of Connections

« EXAMPLE 6: Fillet lap joint. Design resistance of the lap side welded
strap-to-gusset connection

fi=3 mm, =1 mm and f, =420 N/mm’

-

P=30kN

Choose spot weld &
connection configuration

2dy<e=6dy ; 3ds<pyBd,
e | eAd.; 3d,<py=Bd,

Are details within
range of validity for design
resistance formulae?

AY
@ \— =lmm

n=3mm

Yes

§§74.32
Table 7.16

In order to improve the resistance of the connection an end fillet is added, — Gate i aing s | —
with a supplementary capacity of: | """’:"“ h“““".’":h:%.w‘.’d Fm-JFw
Fopg=t-L, -(1=03-L /b1, ¥y,
=1.0-80-(1—0.3-80/80)-420/1.25 =18.82kN | 7% | (o)

The total resistance of connection in this case is:

18.14kN +18.82kN = 37kN Thus, the force P =30kN <37kN




