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Figure 6.31 - Length of stiff bearing

6.7.5.4 Reduction factor yp for resistance

(1) The reduction factor yp for resistance should be obtained from:

IF= % but not more than 1,0 (6.136)
F
where:
Iyt
Ap = Iytwlow (6.137)
F F
Ccr
Fo =0.9kpELS, / 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

ke =6+ 2(hy, /a)? +(5,44by /a —021)\[y (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(cz/hw)3 +210(0,3-5;/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<5;/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 /,, should be calculated using the two dimensionless parameters m; and m,

obtained from

_ Jorbr (6.141)
fow tw
5 2
m2=0,02(z—wj if Ap >0,5 otherwise =0 (6.142)
f
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where by is the flange width, see Figure 6.31. For box girders, b in expression (6.141) is limited to 15¢¢ on
each side of the web.

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

ly=ss+2tf (1 +\Jmy +my ), but /,, < 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, sq 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
I
Iy=1le +ig \/%+ (—CJ +my (6.144)

e

Zy:le +ipa/m +my (6.145)

where
kp Et2

b= W < te (6.146)
2f0w 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 Mpq>M¢grq the following two expressions (corresponding to curve (2) and (3) in Figure 6.32)
should be satisfied:

Mgy + M 1% M
Ed f,Rd n Ed 1— £Rd <1,00 (6 147)
Mprd Vwrd | Mplrd

Mgq =M, Rq
where:
My rq is the design bending moment resistance according to 6.7.2 (4).
Mt Rd is the design bending moment resistance of the flanges only,
(= min(Awhefo/ v, A hefo/ ) @il

M pl,Rd is 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

MNRdI=Mplrd| - (6.148)
Rd™ M plRd [(Af1+Af2)fo/7M1 J
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where Ay, Ap are the areas of the flanges.

Vird ¥ Virg(Mgq = 0)
Vw,Rd
Virg
2
00 / A \
Mf,Rd M MpI,Rd
c,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

Frg Mgq  Neg
+ 0,8( + <L4 (6.149)
IRy MoRrd NeRrd
where:
M, rq is the design bending moment resistance according to 6.7.2 (4).
NcRrd is 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 by, /¢, of
the web should satisfy the following expression

bw kE |Aw (6.150)
Iw fof Afe

where:
Ay is the cross section area of the web

Age is the cross section area of the compression flange
Jor  1s the 0,2% proof strength of the flange material

The value of the factor &k should be taken as follows:
- plastic rotation utilized k=0,3

- plastic moment resistance utilized k=04
- plastic moment of resistance utilized k= 0,55
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(2) If the girder is curved in elevation, with the compression flange on the concave face, the ratio by, /¢, for
the web should satisfy the following criterion:

by KE A4y 1 (6.151)
3rfor

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 by, /t,, may be increased by
the factor 1+ (by, /a)*.

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) Ml The stiffener at the girder end should have a cross-sectional area of at least 4hft&, /e where e is
the centre to centre distance between the stiffeners and e > 0,145 , see Figure 6.27(b).

(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:

Lep > b3t R /(250Wig) (6.152)

where:
te is the maximum value of flange thickness along the girder

Rpq s the reaction at the end of the girder under design loading
Wgq s 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 < 40t,.

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.
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(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 <N2:  Ig 21502 8,/ (6.153)

if alhy 221  142075h, 7, (6.154)

The strength of intermediate rigid stiffeners should be checked for an axial force equal to
Vid — pybwtw fyv !/ 7v1 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 0,54, 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
Pyvhgty fo /(\/3_ ym1) - For larger values the weld between flanges and webs should be designed for the shear
flow 1ty fo /(\J3 ¥Mm1) unless the state of stress is investigated in detail.

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  For transverse loads the rules in 6.7.7 can be used as a conservative estimate.
6.8.1 Bending moment resistance

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

bytah foge / YM tension flange
My rg =ming btyhe for /v compression flange (6.155)
bityhe it for ! M1 compression flange

where Jor 1s characteristic value of 0,2 % proof strength of the flange material

where f ;. = p,for includes {2} includes the reduction due to transverse moments in the flanges
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M
Pz:1_0,4 M (6.156)
of/yMl

M, is the transverse bending moment in the flange

Lt is 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).
z
T = by T _Vea Ty
2 hv2 . _V, )
C o R e
‘ \\/ T1 = KZ an 2’ \\ ‘ mA
\3 W, ,J ©
4 v
g <
0.5a0 l« a4 s a1 ylea 0.5a
‘4 2a | ‘ "
@ Sy ralliiiiine
0a @ ai () ~qm M(x)
[y <> z
— 7 @ Ve on
as |/ \J( N N »X zmax — 4_’7w 33( Amax 34)
F ;ag 8max = Max(ap; a1)
(b)
Figure 6.33 - Corrugated web
6.8.2 Shear force resistance
(1) The shear force resistance J g4 may be taken as
= Jo 6.157
Vra= Pt 20— (6.157)
3-ymi

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

Pe,g and HAZ softening factor p;, p,; :

(2) The reduction factor p. for local buckling may be calculated from:

Pei LS <10 (6.158)

1709+ Ag

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

f
2.1=0354max [/o 6.159
cl ty E ( )

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
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L5 <10

Peg =——7=<
“8 05+ 42,

where the relative slenderness 4., may be taken as

_|Jo
Acg™ B
3 Terg
where the value 7., , may be taken from:
324 4 3
Terg = P Bsz
tWhW
where:
s 2a  Ef
Y ay+a +2a, 109
B, - El
2a

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

I, 1is second moment of area of one corrugation of length 24, see Figure 6.33.

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

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

7.1 General

(HPIA) 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

7.21 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 Al.4 limits for horizontal deflections according to Figure Al.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 Al.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

Ogr

fo (Igr - Ietr) (7.1)

Iser=1Igr -
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, see [A) 6.2.5.2

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

119

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/DIN/917657749/DIN-EN-1999-1-1?src=spdf

DIN EN 1999-1-1:2014-03
EN 1999-1-1:2007 + A1:2009 + A2:2013 (E)

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 y for joints should be applied to the characteristic resistance for the various
types of joints.

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

Table 8.1 - Recommended partial factors y for joints

Resistance of members and cross-sections i and s see 6.1.3

Resistance of bolt connections

Resistance of rivet connections A2 =1,25

Resistance of plates in bearing

Resistance of pin connections wp =125

Resistance of welded connections Aw = 1,25

Slip resistance, see 8.5.9.3

- for serviceability limit states Msser = 1,1
- for ultimate limit states Aasare = 1,25
Resistance of adhesive bonded connections Ma  =3,0
Resistance of pins at serviceability limit state Aipser = 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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