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Table 8.2: Design resistances for self-tapping screws "

Screws loaded in shear:

Bearing resistance: Fora = afudt! we

In which « is given by the following:

-ifr = 1: a=32 tld but a <21
-if 5, > 251 and r<1,0mm: a=3,2+t/d but a <21

-if ;> 25¢rand t>1,0mm: a=2,1

-ift <t <2,5¢: obtain « by linear interpolation.

Net-section resistance: Fuora =  Anefu/ %2

Shear resistance: Shear resistance F,gq to be determined by testing *2)

Fira = Fore! %o

Conditions: ¥ Fyrq = 12Fyge  oOr SFora 2 12F,pg
Screws loaded in tension:

Pull-through resistance: 2
- for static loads: Fora = dytfil Yn

- for screws subject to wind loads and combination of wind loads and static loads: F,,rq = 0,5 dy t fu/ Y2

Pull-out resistance: If f,, /s < 1: Fora = 045dtupfusep! Ko (sis the thread pitch)

If tsup /s>1: Fo,Rd = 0,65 d tsupfu,sup/ K2

Tension resistance: Tension resistance Firq to be determined by testing *2)

Conditions: ¥ Fira 2 ZFpra or Fira 2 Fora

Range of validity: *

Generally: e 2> 3d p1 = 3d 3,0mm < d £ 8,0 mm
e > 1,5d p2 = 3d

Fortension: 0,5mm < ¢t < 1,5 mm and t; = 0,9 mm

£ <550 N/mm?

Y In this table it is assumed that the thinnest sheet is next to the head of the screw.

? These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably
or pulled over the head of the fastener.

¥ Self-tapping screws may be used beyond this range of validity if the resistance is determined from the
results of tests.

» The required conditions should be fulfilled when deformation capacity of the connection is needed. When
these conditions are not fulfilled there should be proved that the needed deformation capacity will be
provided by other parts of the structure.

NOTE:*” The National Annex may give further information on shear resistance of self-tapping screws loaded in
shear and tension resistance of self-tapping screws loaded in tension.
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Table 8.3: Design resistances for cartridge fired pins

Pins loaded in shear:

Bearing resistance:

Fora = 32fudt! %n
Net-section resistance: Fyra =  Anetfo/ %2
Shear resistance: Shear resistance Fygq to be determined by testing **’
Fira =  Fr! e
Conditions: * Fyra 2 15X Fyrg oOr 2Fra 2 1,5Fra

Pins loaded in tension:

Pull-through resistance: "

- for static loads: Fora = dytfil o
- for wind loads_and combination of wind loads and static loads: Fora = 05dytfi/ Yn

Pull-out resistance:

Pull-out resistance F,rq to be determined by testing #3)

Tension resistance:

Tension resistance Firq to be determined by testing #3)

Conditions: ¥ Fora 2 ZF,ra or Fira 2 Fora

Range of validity: *

Generally: e > 4,5d 3,7mm <d < 6,0 mm
e, =2 45d for d = 3,7 mm: ty, = 4,0 mm
p1 = 4,5d for d = 4,5 mm: t,, = 6,0 mm
pr = 45d for d = 5,2 mm: t,, = 8,0 mm
£ <550 N/mm”

For tension: 05mm < r < 1,5mm fap = 6,0 mm

" These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably
or pulled over the head of the fastener.

? Cartridge fired pins may be used beyond this range of validity if the resistance is determined from the
results of tests.

% The required conditions should be fulfilled when deformation capacity of the connection is needed. When
these conditions are not fulfilled there should be proved that the needed deformation capacity will be
provided by other parts of the structure.

NOTE:*” The National Annex may give further information on shear resistance of cartrige fired pins loaded in shear
and pull-out resistance and tension resistance of cartridge fired pins loaded in tension.
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Table 8.4: Design resistances for bolts
Bolts loaded in shear:
Bearing resistance: *
Fora = 250k fud t | % with ¢, is the smallest of 1,0 or ¢, / (3d) and
k=0,81+1,5)/2)5 for 0,75 mm<=<¢<125mm; k=10 fors> 1,25 mm
Net-section resistance:
Fira = (143r(do/u-03))Anfu/ Y but Fira S A/ Y
with:
r = [number of bolts at the cross-section]/ [total number of bolts in the connection]
u = 2e but u < p

Shear resistance:

- for strength grades 4.6, 5.6 and 8.8:
Fira = 0,6 fuwAs / 2
- for strength grades 4.8, 5.8, 6.8 and 10.9:

Fira = 0,5fwAs/ %

Conditions:  Fyrg = 12X Fypa oOF SFura 2 12F,pg

Bolts loaded in tension:

#4)

Pull-through resistance: Pull-through resistance Fjrq to be determined by testing

Pull-out resistance: Not relevant for bolts.

Tension resistance: Fra = 09fwA/ %

Conditions: *' Fira 2 ZXZFyra
Range of validity:
e; =2 1,0d, p1 = 3d, 0,75 mm < ¢< 3 mm{@&4] Minimum bolt size: M6
e, > 1,5d, p2 = 3d, 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.
? For thickness larger than or equal to 3 mm the rules for bolts in EN 1993-1-§ should be used.

% The required conditions should be fulfilled when deformation capacity of the connection is needed. When
these conditions are not fulfilled there should be proved that the needed deformation capacity will be
provided by other parts of the structure.

NOTE:*" The National Annex may give further information on pull-through resistance of bolts loaded in tension.
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8.4 Spot welds

(1) Spot welds may be used with as-rolled or galvanized parent material up to 4,0 mm thick, provided that the
thinner connected part is not more than 3,0 mm thick.

(2) Spot welds may be either resistance welded or fusion welded.
(3) The design resistance Fygrq of a spot weld loaded in shear should be determined using table 8.5.

(4) In table 8.5 the meanings of the symbols should be taken as follows:

Avet is  the net cross-sectional area of the connected part;

Ny is the number of spot welds in one connection;

t is  the thickness of the thinner connected part or sheet [mm];
4 is the thickness of the thicker connected part or sheet [mm];

and the end and edge distances e; and e, and the spacings p; and p, are as defined in 8.3(5).
(5) The partial factor %, for calculating the design resistances of spot welds should be taken as Jy».

NOTE: The National Annex may chose the value of J%,. The value %1, = 1,25 is recommended.

Table 8.5: Design resistances for spot welds

Spot welds loaded in shear:

Tearing and bearing resistance:

-if 1< <2,5¢:

Fora = 271 Aol Vo [with t in mm]

-if 1,>2,5¢:

Fora = 27Vtd folypm but Fue<07d2 folyp and  Fypq <311d, ful ¥y
End resistance: Fera = ldtefu! %n
Net section resistance:  Fjrq = Awdu/ %2
Shear resistance: Fyra = %d 2 Y

Conditions: Fvde > 1,25 Ftb,Rd or Fvde > 1,25 Fe,Rd or X Fv,Rd > 1,25 Fn,Rd

Range of validity:
2d; £ e £ 6d; 3d; < p;1 £ 8d
e, < 4d 3d; < p, £ 6d

(6) The interface diameter d; of a spot weld should be determined from the following:

- for fusion welding: d; = 0,57+ 5 mm ... (8.3a)

- for resistance welding: d; = 5«/; [with ¢ in mm] ...(8.3b)
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(7) The value of d; actually produced by the welding procedure should be verified by shear tests in
accordance with Section 9, using single-lap test specimens as shown in figure 8.3. The thickness ¢ of the
specimen should be the same as that used in practice.

F
a—— ___ s Wy
d 1 FSd d 1
—>{ & e 400 mm —>f &
Resistance weld " i Fusion weld
I
() 6dg
I

e | e
3,5d; < e < 5dg k)bl

Figure 8.3: Test specimen for shear tests of spot welds

8.5 Lap welds

8.5.1 General

(1) This clause 8.5 should be used for the design of arc-welded lap welds where the parent material is 4,0 mm
thick or less. For thicker parent material, lap welds should be designed using EN 1993-1-§.

(2) The weld size should be chosen such that the resistance of the connection is governed by the thickness of
the connected part or sheet, rather than the weld.

(3) The requirement in (2) may be assumed to be satisfied if the throat size of the weld is at least equal to the
thickness of the connected part or sheet.

(4) The partial factor ¥4, for calculating the design resistances of lap welds should be taken as ..

NOTE: The National Annex may give a choice of Jy,. The value %5, = 1,25 is recommended.

8.5.2 Fillet welds

(1) The design resistance Fyrq of a fillet-welded connection should be determined from the following:

- for a side fillet that is one of a pair of side fillets:

tLy(09-045Lys/b)fu! Yro if Ly <b ... (8.4a)

F w,Rd

0,45¢b ] %o if Ly, >b ... (8.4b)

F w,Rd

- for an end fillet:

Fyra tLye(1-0,3Lye/b)fo! %o [for one weld and if Ly, < b] ... (8.4¢)
where:

b is  the width of the connected part or sheet, see figure 8.4;

Ly, is the effective length of the end fillet weld, see figure 8.4;

Ly s is  the effective length of a side fillet weld, see figure 8.4.
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Figure 8.4: Fillet welded lap connection

(2) If a combination of end fillets and side fillets is used in the same connection, its total resistance should be
taken as equal to the sum of the resistances of the end fillets and the side fillets. The position of the centroid
and realistic assumption of the distribution of forces should be taken into account.

(3) The effective length L, of a fillet weld should be taken as the overall length of the full-size fillet,
including end returns. Provided that the weld is full size throughout this length, no reduction in effective length
need be made for either the start or termination of the weld.

(4) Fillet welds with effective lengths less than 8 times the thickness of the thinner connected part should not
be designed to transmit any forces.

8.5.3 Arc spot welds

(1) Arc spot welds should not be designed to transmit any forces other than in shear.

(2) Arc spot welds should not be used through connected parts or sheets with a total thickness X't of more
than 4 mm.

(3) Arc spot welds should have an interface diameter d of not less than 10 mm.

(4) If the connected part or sheet is less than 0,7 mm thick, a weld washer should be used, see figure 8.5.

(5) Arc spot welds should have adequate end and edge distances as given in the following:

(i) The minimum distance measured parallel to the direction of force transfer, from the centreline of an arc

spot weld to the nearest edge of an adjacent weld or to the end of the connected part towards which the
force is directed, should not be less than the value of e,;, given by the following:

if fu/fy<1,15

ACq emin :1,8&
tfu/}/MZ
if fi/f,>1,15
F
e =21 —2R
tfol a2

(i) The minimum distance from the centreline of a circular arc spot weld to the end or edge of the connected
sheet should not be less than 1,5d,, where d,, is the visible diameter of the arc spot weld.

(iii) The minimum clear distance between an elongated arc spot weld and the end of the sheet and between the
weld and the edge of the sheet should not be less than 1,0 d.
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Connected
part Weld washer
or sheet
Supporting

member

Figure 8.5: Arc spot weld with weld washer

(6) The design shear resistance Fyrq of a circular arc spot weld should be determined as follows:
Fura = (T/4)d?x 0,625/ %o ... (8.52)

where:
Juw is the ultimate tensile strength of the welding electrodes;
but Fyrqe should not be taken as more than the resistance given by the following:
- if dy /Tt < 18(420/£)% -
Fyra = 15d,Xt ful hoo ... (8.5b)
- if 18 (420/£)* < d, /Xt < 30(420/£) :

Fyra = 27(420/£)% 02 fil %o ... (8.5¢)
- if dy /Xt >30(420/£)% :
Fyra = 094Xt fil ... (8.5d)
with d,, according to (8).
(7) The interface diameter d; of an arc spot weld, see figure 8.6, should be obtained from:

ds = 07d, -15Xt but d;>0,55d, ... (8.6)

dy is the visible diameter of the arc spot weld, see figure 8.6.
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b) Two connected sheets (Xt = t1+ t2 )
dw

Weld washer
¢t

% t sup

| a. |

c¢) Single connected sheet with weld washer

Figure 8.6: Arc spot welds

(8) The effective peripheral diameter d, of an arc spot weld should be obtained as follows:

- for a single connected sheet or part of thickness #:

d, = dy-t .. (8.7a)

- for multiple connected sheets or parts of total thickness Xi:

d, = dy,-2X%t ... (8.7b)
(9) The design shear resistance Fyrq of an elongated arc spot weld should be determined from:
Fura = [(m/4)d?+ Lyd,]1%0,625f ./ % ... (8.82)

but Fyrqe should not be taken as more than the peripheral resistance given by:
Fyra = (05L,+1,67d,)Xtf./ hn ... (8.8b)

where:

L, is the length of the elongated arc spot weld, measured as shown in figure 8.7.
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Connected
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Figure 8.7: Elongated arc spot weld

9 Design assisted by testing
(1) This Section 9 may be used to apply the principles for design assisted by testing given in EN 199( and in

Section 2.5. of EN 1993-1-1f, with the additional specific requirements of cold-formed members and sheeting.
(2) Testing should apply the principles given in Annex A.

NOTE 1: The National Annex may give further information on testing in addition to Annex A.
NOTE 2: Annex A gives standardised procedures for:

- tests on profiled sheets and liner trays;

- tests on cold-formed members;

- tests on structures and portions of structures;

- tests on beams torsionally restrained by sheeting;

- evaluation of test results to determine design values.

(3) Tensile testing of steel should be carried out in accordance with [EN 10002-1. Testing of other steel
properties should be carried out in accordance with the relevant European Standards.

(4) Testing of fasteners and connections should be carried out in accordance with the relevant European
Standard or International Standard.

NOTE: Pending availability of an appropriate European or International Standard, information on testing procedures for
fasteners may be obtained from:

ECCS Publication No. 21 (1983): European recommendations for steel construction: the design
and testing of connections in steel sheeting and sections,

ECCS Publication No. 42 (1983): European recommendations for steel construction: mechanical

fasteners for use in steel sheeting and sections.
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10 Special considerations for purlins, liner trays and sheetings
10.1 Beams restrained by sheeting

10.1.1 General

(1) The provisions given in this clause 10.1 may be applied to beams (called purlins in this Section) of Z, C,
2, U and Hat cross-section with h/t <233, ¢/t<20 for single fold and d/t <20 for double edge fold.

NOTE: Other limits are possible if verified by tersting. The National Annex may give informations on tests. Standard
tests as given in Annex A are recommended.

(2) These provisions may be used for structural systems of purlins with anti-sag bars, continuous, sleeved and
overlapped systems.

(3) These provisions may also be applied to cold-formed members used as side rails, floor beams and other
similar types of beam that are similarly restrained by sheeting.

(4) Side rails may be designed on the basis that wind pressure has a similar effect on them to gravity loading
on purlins, and that wind suction acts on them in a similar way to uplift loading on purlins.

(5) Full continuous lateral restraint may be supplied by trapezoidal steel sheeting or other profiled steel
sheeting with sufficient stiffness, continuously connected to the flange of the purlin through the troughs of the
sheets. The purlin at the connection to trapezoidal (AC1] sheeting may be regarded as laterally restrained, if clause
10.1.1(6) is fulfilled. In other cases (for example, fastening through the crests of the sheets) the degree of
restraint should either be validated by experience, or determined from tests.

NOTE: For tests see Annex A.

(6) If the[Ac) trapezoidal sheeting is connected to a purlin and the condition expressed by the equation (10.1a)
is met, the purlin at the connection may be regarded as being laterally restrained in the plane of the sheeting:

2 2
SZ(EIW%+GI[ +Elzz—20,25h2JZ—(2) ..(10.1a)

where

S is the portion of the shear stiffness provided by the sheeting for the examined member connected to
the sheeting at each rib (If the sheeting is connected to a purlin every second rib only, then §
should be substituted by 0,20 S);

I, is the warping constant of the purlin;

I, is the torsion constant of the purlin;

I, 1s the second moment of area of the cross-section about the minor axis of the cross-section of the
purlin;

L is the span of the purlin;

h s the height of the purlin.

NOTE 1: The equation (10.1a) may also be used to determine the lateral stability of member flanges used in combination
with other types of cladding than trapezoidal sheeting, provided that the connections are of suitable design.

NOTE 2: The shear stiffness S may be calculated using ECCS guidance (see NOTE in 9(4)) or determined by tests.

(7) Unless alternative support arrangements may be justified from the results of tests the purlin should have
support details, such as cleats, that prevent rotation and lateral displacement at its supports. The effects of
forces in the plane of the sheeting, that are transmitted to the supports of the purlin, should be taken into
account in the design of the support details.

(8) The behaviour of a laterally restrained purlin should be modelled as outlined in figure 10.1. The
connection of the purlin to the sheeting may be assumed to partially restrain the twisting of the purlin. This
partial torsional restraint may be represented by a rotational spring with a spring stiffness Cp. The stresses in
the free flange, not directly connected to the sheeting, should then be calculated by superposing the effects of
in-plane bending and the effects of torsion, including lateral bending due to cross-sectional distortion. The
rotational restraint given by the sheeting should be determined following 10.1.5.
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