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It
ap = [ fwfow (6.137)
FCr

Fo =09kpEL], | hy (6.138)

Iy is effective loaded length obtained from 6.7.5.5.

(2) For webs without longitudinal stiffeners the factor kg should be obtained from Figure 6.30

(3) For webs with longitudinal stiffeners kg should be taken as

kp =6+ 2(hy /a)? +(5,44b 1 a— 0217, (6.139)
where:

by is the depth of the loaded sub-panel taken as the clear distance between the loaded flange and the

stiffener

Vs =10,91 /(hwtgv) < 13(a/hw)3 +210(0,3=b;/h,,) (6.140)

where [ is the second moment of area (about z—z axis) of the stiffener closest to the loaded flange
including contributing parts of the web according to Figure 6.29. Equation (6.140) is valid for
0,05<b,/h,, <0,3 and loading according to type (a) in Figure 6.30.

6.7.5.5 Effective loaded length

(1) The effective loaded length [y, should be calculated using the two dimensionless parameters m; and m;

obtained from

—Lis (6.141)
fow Tw
h 2
ma= 0,02 [;_w J if Ap>0,5 otherwise my=0 (6.142)
f

where by is the flange width, see Figure 6.31. For box girders, by in expression (6.141) is limited to 15¢¢ on
each side of the web.

(2) For cases (a) and (b) in Figure 6.30, ly should be obtained using:

ly=ss+21f (1 +4/my +my ), but ly < distance between adjacent transverse stiffeners (6.143)

(3) For case (c) in Figure 6.30, ly should be obtained as the smaller of the values obtained from the

equations (6.143), (6.144) and (6.145). However, sg in (6.143) should be taken as zero if the structure that
introduces the force does not follow the slope of the girder, see Figure 6.31.

2
m I
ly=le +1; \/71+ (i} +m, (6.144)

ly=le + g Jmy +my (6.145)
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where
2
kv Et
p=— W <y te (6.146)
2f()w hW

6.7.6 Interaction
6.7.6.1 Interaction between shear force, bending moment and axial force
(1) Provided that the flanges can resist the whole of the design value of the bending moment and axial force

in the member, the design shear resistance of the web need not be reduced to allow for the moment and axial
force in the member, except as given in 6.7.4.2(10).

(2) If Mpg >MgRy the following two expressions (corresponding to curve (2) and (3) in Figure 6.32)
should be satisfied:

Mpqy +M v M
Ed f,Rd 4 _Ed | f,.Rd <1,00 (6.147)
2M i Rrd Vw.Rd M ;1 rd
MEd< Mg rd

where:
)M, rq s the design bending moment resistance according to 6.7.2 (4).
MgRrq s the design bending moment resistance of the flanges only Bo(= min(s hefo/ a1, A B fo Yar)-
M plRd 1s the plastic design bending moment resistance

(3) If an axial force Ngq is also applied, then M rq should be replaced by the reduced plastic moment
resistance My rq given by

2

NEd

MNRA=Mplrd|1- (6.148)
P [(Af1+Af2)f0/?’M1 J

where Ayg, Ap are the areas of the flanges.

Vird + Vira(Meq = 0)

Vw, Rd
Vg
2
0
f,Rd M I,Rd
Mo, Rd

Figure 6.32 - Interaction of shear force resistance and bending moment resistance

6.7.6.2 Interaction between transverse force, bending moment and axial force

(1) If the girder is subjected to a concentrated force acting on the compression flange in conjunction with
bending moment and axial force, the resistance should be verified using 6.2.9, 6.7.5.1 and the following
interaction expression

F M N
id+o,8{ Ed |, __"Fd Js1,4 (6.149) &l

Fra Mord  NcRrd
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where:
MyRrq s the design bending moment resistance according to 6.7.2 (4).
NcRrd  1s the design axial force resistance, see 6.3.1.1.

(2) If the concentrated force is acting on the tension flange the resistance according to 6.7.5 should be
verified and in addition also 6.2.1(5)

6.7.7 Flange induced buckling

(1) To prevent the possibility of the compression flange buckling in the plane of the web, the ratio b, /t,, of
the web should satisfy the following expression

Tw fof AfC

Ay, s the cross section area of the web

Ag.  is the cross section area of the compression flange
for  is the 0,2% proof strength of the flange material

The value of the factor k should be taken as follows:

- plastic rotation utilized k=03
- plastic moment resistance utilized k=04

- elastic moment of resistance utilized k£ =0,55

(2) If the girder is curved in elevation, with the compression flange on the concave face, the ratio b, /¢, for
the web should satisfy the following criterion:

3rfo

in which r is the radius of curvature of the compression flange.

(3) If the girder is provided with transverse web stiffeners, the limiting value of b, /t,, may be increased by
the factor 1+ (by, /a)2 .

6.7.8 Web stiffeners
6.7.8.1 Rigid end post

(1) The rigid end post (see Figure 6.27) should act as a bearing stiffener resisting the reaction from bearings
at the girder support, and as a short beam resisting the longitudinal membrane stresses in the plane of the
web.

(2) A rigid end post may comprise of one stiffener at the girder end and one double-sided transverse stiffener
that together form the flanges of a short beam of length A, see Figure 6.27(b). The strip of web plate

between the stiffeners forms the web of the short beam. Alternatively, an end post may be in the form of an
inserted section, connected to the end of the web plate.

(3) The double-sided transverse stiffener may act as a bearing stiffener resisting the reaction at the girder
support (see 6.2.11).

(4) The stiffener at the girder end should have a cross-sectional area of at least 4hft3v /e where e is the
centre to centre distance between the stiffeners and e > 0,14 , see Figure 6.27(b).
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(5) If an end post is the only means of providing resistance against twist at the end of a girder, the second
moment of area of the end-post section about the centre-line of the web (/) should satisfy:

Tep 2 byt f Req /(250Wig) (6.152)

where:
t¢ is the maximum value of flange thickness along the girder

Rgq s the reaction at the end of the girder under design loading
WEq 1s the total design loading on the adjacent span.

6.7.8.2 Non-rigid end post and bolted connection

(1) A non-rigid end post may be a single double-sided stiffener as shown in Figure 6.27(c). It may act as a
bearing stiffener resisting the reaction at the girder support (see 6.2.11).

(2) The shear force resistance for a bolted connection as shown in Figure 6.27(c) may be assumed to be the
same as for a girder with a non-rigid end post provided that the distance between bolts is p < 40¢y,.

6.7.8.3 Intermediate transverse stiffeners

(1) Intermediate stiffeners that act as rigid supports of interior panels of the web should be checked for
strength and stiffness.

(2) Other intermediate transverse stiffeners may be considered flexible, their stiffness being considered in the
calculation of k; in 6.7.4.2.

(3) Intermediate transverse stiffeners acting as rigid supports for web panels should have a minimum second
moment of area [ :

if alhy <2: Iq 2151 7,/ 42 (6.153)

if alhy22: [4>075h, 4, (6.154)

The strength of intermediate rigid stiffeners should be checked for an axial force equal to
Vied — Pyvbwitw fyv ! ¥Mm1 where p, is calculated for the web panel between adjacent transverse stiffeners

assuming the stiffener under consideration removed. In the case of variable shear forces the check is
performed for the shear force at distance 0,5k, from the edge of the panel with the largest shear force.

6.7.8.4 Longitudinal stiffeners

(1) Longitudinal stiffeners may be either rigid or flexible. In both cases their stiffness should be taken into
account when determining the relative slenderness A, in 6.7.4.2(5).

(2) If the value of A, is governed by the sub-panel then the stiffener may be considered as rigid.

(3) The strength should be checked for direct stresses if the stiffeners are taken into account for resisting
direct stress.

6.7.8.5 Welds

(1) The web to flange welds may be designed for the nominal shear flow Vg4 /h,, if Vgq does not exceed
Pyhyty fo /(\/? ¥m1) - For larger values the weld between flanges and webs should be designed for the shear
flow nty, fo /(\/gl;//lMl) unless the state of stress is investigated in detail.
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6.8

Members with corrugated webs

(1) For plate girders with trapezoidal corrugated webs, see Figure 6.33, the bending moment resistance is
given in 6.8.1 and the shear force resistance in 6.8.2.

NOTE 1  Cut outs are not included in the rules for corrugated webs.
NOTE 2
6.8.1 Bending moment resistance

(1) The bending moment resistance may be derived from:

bztzhffof,r ! it
bltlhf-fof,r ! Y
bthex o for | P

M,y = min

tension flange
compression flange
compression flange

For transverse loads the rules in 6.7.7 can be used as a conservative estimate.

(6.155)

Where f,r is characteristic value of 0,2 % proof strength of the flange material

where fofr = pfor includes @2 the reduction due to transverse moments in the flanges

Bp, =1-0,4 /w
Jot I P

M, is the transverse bending moment in the flange

(6.156)

X1 1s the reduction factor for lateral torsional buckling according to 6.3.2.

NOTE The transverse moment M , may result from the shear flow introduction in the flanges as indicated in Figure 6.33(d).
AZ b
- < 1 > & :L@ Tu
4 2 hy2 _ _V, )
A C 1A —_— T, = h_ ap =5
— II.f T w—' Vz s }
1= 75 a1 )
—_» !31>\ ®
< <
0.58) l«—81-—»le 81— »aas » 0.58 e
|‘ 2a : >
(@) s by, | i
< 22,2, &, © M;(x)
ty, (d) A
63: 7 ‘- wt- _’\“.k' N Ve N § > X Mz.max - 4h, as (zamax + 34)
S22 8max = Max(ao; a1)
(b)
Figure 6.33 - Corrugated web
6.8.2 Shear force resistance
(1) The shear force resistance V g4 may be taken as
/ (6.157)

VRdzpctwhW\/——O
3-7mu

where p, is the smallest of the reduction factors for local buckling p ;, reduction factor for global buckling

Pc,g and HAZ softening factor p;, p,; :
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(2) The reduction factor p; for local buckling may be calculated from:

LIS

-2 <10
Pel 09+ A

— L

where the relative slenderness A for trapezoidal corrugated webs may be taken as

fo

Ael= 0,35 4%max |70
, .

with a,,,, as the greatest width of the corrugated web plate panels, ag, a; or a,, see Figure 6.33.

(3) The reduction factor p., for global buckling should be taken as

L5

=—> <10
0.5+ A2,

Pcg

where the relative slenderness 4., may be taken as

fo
\/5 Tcr,g

where the value 7., may be taken from:

/?/C,g =

32,4
crg = i BXBZ3
, 2
tWhW
where:
B = 2a Etfv
* ag+a;+2a, 109
B, - EI,
2a

2a 1is length of corrugation, see Figure 6.33
ag,ap and a, are widths of folded web panels, see Figure 6.33

I, is second moment of area of one corrugation of length 2a, see Figure 6.33.

NOTE Equation (6.162) applies to plates with hinged edges.

(4) The reduction factor P, 1., in HAZ is given in 6.1.6.
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7 Serviceability Limit States

7.1 General

()P IA» An aluminium structure shall be designed and constructed such that all relevant serviceability
criteria are satisfied.

(2)  The basic requirements for serviceability limit states are given in 3.4 of EN 1990.

(3)  Any serviceability limit state and the associated loading and analysis model should be specified for a
project.

(4)  Where plastic global analysis is used for the ultimate limit state, plastic redistribution of forces and
moments at the serviceability limit state may occur. If so, the effects should be considered.

NOTE The National Annex may give further guidance.

7.2 Serviceability limit states for buildings

7.2.1 Vertical deflections

(1)  With reference to EN 1990 — Annex Al.4 limits for vertical deflections according to Figure Al.1 in
EN 1990 should be specified for each project and agreed with the owner of the construction work.

NOTE The National Annex may specify the limits.

7.2.2 Horizontal deflections

(1)  With reference to EN 1990 — Annex A1.4 limits for horizontal deflections according to Figure A1.2 in
EN 1990 should be specified for each project and agreed with the owner of the construction work.

NOTE The National Annex may specify the limits.

7.2.3 Dynamic effects

(1)  With reference to EN 1990 — Annex A1.4.4 the vibrations of structures on which the public can walk
should be limited to avoid significant discomfort to users, and limits should be specified for each project and
agreed with the owner of the construction work.

NOTE The National Annex may specify limits for vibration of floors.

7.2.4 Calculation of elastic deflection

(1) The calculation of elastic deflection should generally be based on the properties of the gross cross-section
of the member. However, for slender sections it may be necessary to take reduced section properties to allow
for local buckling (see section 6.7.5). Due allowance of effects of partitioning and other stiffening effects,
second order effects and changes in geometry should also be made.

(2) For class 4 sections the following effective second moment of area /.., constant along the beam may be

used
Tser=1gr - _(Igr - Ieff) (7.1)
fo
where:
I is the second moment of area of the gross cross-section

I¢ 1s the second moment of area of the effective cross-section at the ultimate limit state, with
allowance for local buckling, [A) see 6.2.5.2

Oy is the maximum compressive bending stress at the serviceability limit state, based on the gross
cross-section (positive in the formula).

(3) Deflections should be calculated making also due allowance for the rotational stiffness of any semi-rigid
joints, and the possible recurrence of local plastic deformation at the serviceability limit state.
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8 Design of joints
8.1 Basis of design
8.1.1 Introduction

(1)P All joints shall have a design resistance such that the structure remains effective and is capable of
satisfying all the basic design requirements given in 2.

(2) The partial safety factors 74 for joints should be applied to the characteristic resistance for the various
types of joints.

NOTE Numerical values for [ may be defined in the National Annex. Recommended values are given in Table 8.1

Table 8.1 - Recommended partial factors 4, for joints

Resistance of members and cross-sections % and % see 6.1.3

Resistance of bolt connections

Resistance of rivet connections we =125

Resistance of plates in bearing

Resistance of pin connections wp = 1,25

Resistance of welded connections Kaw = 1,25

Slip resistance, see 8.5.9.3

- for serviceability limit states Risser = 1,1
- for ultimate limit states Wasae = 1,25
Resistance of adhesive bonded connections Kia 23,0
Resistance of pins at serviceability limit state Kapser = 1,0

(3) Joints subject to fatigue should also satisfy the rules given in EN 1999-1-3.

8.1.2 Applied forces and moments

(1) The forces and moments applied to joints at the ultimate limit state should be determined by global
analysis conforming to 5.

(2) These applied forces and moments should include:
- second order effects;

- the effects of imperfections (see 5.3);
- the effects of connection flexibility

NOTE For the effect of connection flexibility, see Annex L.

8.1.3 Resistance of joints

(1) The resistance of a joint should be determined on the basis of the resistances of the individual fasteners,
welds and other components of the joint.
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(2) Linear-elastic analysis should generally be used in the design of the joint. Alternatively non-linear
analysis of the joint may be employed provided that it takes account of the load deformation characteristics
of all the components of the joint.

(3) If the design model is based on yield lines such as block shear i.e., the adequacy of the model should be
demonstrated on the basis of physical tests.

8.1.4 Design assumptions

(1) Joints may be designed by distributing the internal forces and moments in whatever rational way is best,
provided that:

(a) the assumed internal forces and moments are in equilibrium with the applied forces and moments;
(b) I* each part ¢l in the joint is capable of resisting the forces or stresses assumed in the analysis;

(c) the deformations implied by this distribution are within the deformation capacity of the fasteners or welds
and of the connected parts, and

(d) the deformations assumed in any design model based on yield lines are based on rigid body rotations (and
in-plane deformations) which are physically possible.

(2) In addition, the assumed distribution of internal forces should be realistic with regard to relative stiffness
within the joint. The internal forces will seek to follow the path with the greatest rigidity. This path should be

clearly identified and consistently followed throughout the design of the joint.

(3) Residual stresses and stresses due to tightening of fasteners and due to ordinary accuracy of fit-up need
not usually be allowed for.

8.1.5 Fabrication and execution
(1) Ease of fabrication and execution should be considered in the design of all joints and splices.

(2) Attention should be paid to:

the clearances necessary for safe execution;

the clearances needed for tightening fasteners;

the need for access for welding;

the requirements of welding procedures, and

the effects of angular and length tolerances on fit-up.

(3) Attention should also be paid to the requirements for:

- subsequent inspection;

- surface treatment, and

- maintenance.

Requirements to execution of aluminium structures are given in [*) EN 1090-3 ¢4l
8.2 Intersections for bolted, riveted and welded joints

(1) Members meeting at a joint should usually be arranged with their centroidal axes intersecting at a point.

(2) Any kind of eccentricity in the nodes should be taken into account, except in the case of particular types
of structures where it has been demonstrated that it is not necessary.
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8.3 Joints loaded in shear subject to impact, vibration and/or load reversal

(1) Where a joint loaded in shear is subject to frequent impact or significant vibration either welding,
preloaded bolts, injection bolts or other types of bolts, which effectively prevent movement and loosening
of fastener, should be used.
(2) Where slipping is not acceptable in a joint because it is subject to reversal of shear load (or for any
other reason), preloaded bolts in a slip-resistant connection (category B or C as appropriate, see 8.5.3),
fitted bolts or welding should be used.
(3) For wind and/or stability bracings, bolts in bearing type connections (category A in 8.5.3) may be
used. ¢l

8.4 Classification of joints

NOTE Recommendations for classification of joints are given in Annex L.

8.5 Connections made with bolts, rivets and pins
8.5.1  Positioning of holes for bolts and rivets

(1) The positioning of holes for bolts and rivets should be such as to prevent corrosion and local buckling and
to facilitate the installation of the bolts or rivets.

(2) In case of minimum end distances, minimum edge distances and minimum spacings no minus tolerances
are allowed.

(3) The positioning of the holes should also be in conformity with the limits of validity of the rules used to
determine the design resistances of the bolts and rivets.

(4) Minimum and maximum spacing, end and edge distances are given in Table 8.2.
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