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Introduction

The applied rules for EN 1999-1-1 are explained and illustrated.

EC-EN => EN 1999-1-1:2007
More and detailed references to the applied articles can be found in (Ref.[1])

SCIA Engineer Aluminium Code Check
Theoretical Background

Release : 2010.0.408

Revision : 08/2010

The explained rules are valid for SCIA Engineer 2010.0.

The examples are marked by ‘ * Example’
The following examples are available :

Project Subject

wsa_001.esa

global analysis

wsa_00la.esa

nodal displacement

wsa_001b.esa

relative displacements

wsa_002.esa

classification Z-section

wsa_003.esa

thinwalled cross-section

wsa_004.esa

shear

wsa_005.esa combined bending - transverse welds
wsa_006.esa flexural buckling
wsa_008.esa lateral torsional buckling

wsa_009a.esa

combined stability — xs 1

wsa_009b.esa

combined stability — xs 2

wsa_010.esa

shear buckling - stiffeners




Materials and Combinations

Aluminium grades

The characteristic values of the material properties are based on Table 3.2a for wrought aluminium
alloys of type sheet, strip and plate and on Table 3.2b for wrought aluminium alloys of type extruded
profile, extruded tube, extruded rod/bar and drawn tube (Ref.[1]).

EN 1999-1-1: 2007 (E)

Table 3.2a - Characteristic values of 0,2% proof strength fy, ultimate tensile strength fy (unwelded
and for HAZ), min elongation A, reduction factors po haz and pyha in HAZ, buckling class and
exponent np for wrought aluminium alloys - Sheet, strip and plate

} ick o | . ) | 2) | 2 2
Alloy i Thj%]».— f ) fy At Fo bz ) ki ) E-I.'-\Z-fﬂc[-;\rjl e .
EN- Temper ness, - = T3 4 ] pc.-
AW mm N/mm* o N/mm® Mope | popaz| B | B
1004 Hi4 |H24/H3 | <613 [1B01170(220 | 113 7 155 0421044 0,70 B |23118
] Hi6 |H26/H36 | <413 2001190240 | 113 ' T 0381039 | 0,65 B |25120
i Hi14 | H24 <63 (15001 130(170 | 114 2 - (0371043 | D6k B 38118
3005 - = = — 56 | 115 = =
Hi6 | H26 <413 [1751160]195 | 1I: 0321035 | 0,59 B 43124
303 |HI41H24  [£251125 1201 110 | 140 214 ” gy |03710401064 [ B [31120
S Hl6 | H26 = 1451135160 | 112 0.3010,33 | 0.56 B |48128
S O/H111 < 50 35 100 ] 35 100 1 | B 5
';‘['U:’“ H12 |H22/H32| <125 | 95(80 [125 | 214 0461055 [ 0.80 [ B [18111
SO05A - —— 44 100 - - —
Hid |H2/HM | <125 1201 110]145 | 213 0,37 10,40 | 0,69 B [25117
o HI2ZITH22H32Z| <40 1601 130|210 | 415 0.5010,62 | 0,81 B [17110
5052 - - — 80 170 — = -
Hid |H24/H34 | <25 1801 150(230 | 314 0441053 [ 074 B 19111
5040 O/HIL =100 50 190 12 20 190 1 I B 6
) Hid |H24/H34 | =25 (1901160240 | 316 | 100 190 (0531063 | 079 | B |20112
5454 O/H111 < 80 B3 215 12 25 215 | I B 5
o HI4H24H3 | <25 220012000270 | 214 105 215 (0481053 [ 080 [ B 22115
5754 /H111 < 100 50 190 12 80 190 I I B 6
T |HI4H24H34 | =25 (1901160240 | 316 | 100 | 190 [0531063| 079 [ B [20112
1] 125 275 11 125 275 B
OHITL A AT l ! 6
5083 S0<r=R0 1135 270 115 270 B
T [HI2H2MHE2 | =40 [2501215(305 | 313 155 175 0,6210,72 | 0,90 B |22114
HI4H24/H34 | <25 [2801250 (340 | 214 o T 0551062 | 081 A 22114
T4/ T451 <125 110 205 12 95 150 0,86 073 B b
ailal Te/Thil <125 240 290 ] & ;
T 115 175 0,45 060 [ A 23
Th31 125<=80| 240|290 | 67
T4/ T451 <125 110 205 12 100 160 0,91 078 B 2
TelTa151 | <125 | 205 280 | 10 0.61 066 | A | 15
€083 Tel51  Jizse<ion| 200 [275 [ 127 0.63 D67 | A | 14
- TeTes1 =6 260 310 6 125 185 0,48 Dol | A 23
] br<12,5| 255 300 9 0,49 062 | A 27
Th51 250 240 [295 | 77 0,52 063 [ A | 21
7020 |19 SI25 | ggp |aso |5 205 [ 280 | 073 |os0 | A | 19
- Tas1 =40 - B g ¥ o B T ) ’
2 <12.5 { 25| 213 5 41103 .68 37122
S011A H14 | H24 <125 l} 11100 ]...‘j 4 37 g5 ﬂ..’:-i:l :).37" :).63 PRE 122
H16 | H26 =4 1301120145 | 112 028 10,31 | 0.59 33133
1y IF two (three) tempers are specified in one line, tempers separated by “T" have different technological values but
separated by /7 have same values, (The tempers show differences for fo, A and np. )
2) The HAZ-values are valid for MIG welding and thickness up to |5mm. For TIG welding strain hardening alloys
(Jxxx, Sxxx and B011A) up to 6 mm the same values apply, but for TIG welding precipitation hardz ning alloys (bxxx
and 7xxx) and thickness ap to & mm the HAZ valve s have to be multiplied by a factor 0.8 and so the p-factors, For
higher thickness — unkess other data are available — the HAZ values and o-factors have to be further reduced by a factor
0.8 for the precipitation hardening alloys (6xxx and Txxx) and by a factor 0.9 for the strain hardening alloys {3xxx,
Sxxx and 801 1A ). These reductions do not apply in temper O,
JyBasedonA (= A oo ). notAsp.
43 BC = buckling class. See 6144, 6.1.5 and 63,1,
54 u-valve 1n Ramberg-Osgood expression for plastic analysis. It applies only in connection with the listed fo-value.
&) The minimum elongation values indicated do not apply across the whole range of thickness given, but mostly to the
thinmer materials, In detail see EN 485-2,




Table 3.2b - Characteristic values of 0,2% proof strength f; and ultimate tensile strength fy (unwelded

and for HAZ), min elongation A, reduction factors po haz and py haz in HAZ, buckling class and
expanent np for wrought aluminium alloys - Extruded profiles, extruded tube, extruded rod'bar and

drawn tube
Alloy . Thick- S s 2| . 43| 4 SR ]
EN. Prfud ucl Teitiper | ness To | fa A fonaz  |[fuha | HAZ-factor %ﬁ: iy
AW O mm 13 [ Nmnd | g Nmm® | e | punae | il
ET.EPEREB (O/HIL1 r<200 |10 (270 12 ) 410 | 270 | 1 i | B |5
5083 HI2022/32 00| 280 & &8
DT i t= 10 200 | 280 i 270 0.68 | 0,96 B 14
HI14/24/34 r<35 235 | 300 4 057 | 090 | A 13
EP.ET.ER/B <5 120 | 160 b 042 | 050 ¥
TS Sii 50 | 80 | B
EP S<r= 25| 100 ] 140 8 0,50 | 057 B 14
ET.EP.ER/B =15 140 [ 170 8 o 043 | 0,5¢ A 24
_ Té i 60 | 100 )59 A
a6l DT t=20 1ai [ 215 12 038 | 0,47 A 16
EP.ET.ER/B Ta4 r< 15 1200] 180 12 60 e [ 050 | 056 A 12
EP.ET.ER/B =3 160 | 215 8 ) ) 041 | 0,51 A 16
Tan - — 65 10—
EP l<r< 25| 150 195 2 043 | 056 | A I8
qie) | FPETERB.DT T4 1<25 10| 180 | 50 95 150 | 086 | 083 | B | 8
EPETERBDT | Té p<20 | 240|200 8 115 | 175 | 048 | pe7 | A | 55
EP.ET.ER/B <3 130 175 8 : 046 | 057 16
TS = i 60 | 100 |- =
EP Yer=25 (110 | 160 7 0,55 | 0,63 B 13
EP.ET.ER/B r< 25 160 | 195 b ) ) 041 | 056 A 24
- Té 65 10
6063 DT p=20 190 (220 10 034 | 050 | A | 31
EP.ET.ER/B t= 10 200 | 245 b 0.38 | 053 A 22
EP Ta6 10 << 25| 180 [ 225 b 75 130 | 042 | 058 A 21
DT r=20 195 | 230 il 0.38 | 057 A 28
i<§ |225|270| & 051 | 06l | A | 25
EF/O. ER/B Ta S<r=10] 215 260 8 053 | 063 A 24
BO05A 10 <r< 25| 200 | 250 8 115 165 0.58 | 0.66 A 20
<5 215 | 255 b 0,53 | 065 A 26
EP/H, ET Te |~ :
scr=10| 200|250 s 058 [ 066 | A | 20
6106 EP Ta <10 2001 250 b 95 160 [ 048 | 064 A 20
EP.ET.ER/B T4 t< 25 110 ] 205 14 100 160 [ 091 | 078 B 5
EF/O, EP/H T3 r<3 230 [ 270 b 125 185 0,54 | D69 B 28
EF/OLEFH Té 1<5 2500 [ 290 8 050 | 064 A 32
5
: ET S<r=15] 260|310 10 048 | 060 A 25
6082 — — 50 . s
<20 250 | 205 8 0, 0,63 ; 27
ER/B T6 |12 125 | 185 089 | A
Wz <150 260 | 310 8 048 [ 0,60 A 25
<5 255 | 310 8 0,49 [ 060 22
5 G = .60 | A
S<r=<20 | 240 | 310 10 0,52 | 060 A 17
EP.ET.ER/B Ta t=<15 290 [ 350 10 071 | 080 A 23
7020 | EP.ET.ER/B Ta 15<r <40 | 275 [ 350 10 205 280 [ 075 | 080D A 19
DT Ta t=20 280 | 350 1] 073 | 080 A [

In SCIA Engineer, the following materials are provided by default:




M Materials

A0 28 & 6o B Be S @wEE A

EN-AWW 5083 (Sheet) O/MH111 (0-50)
EW-AV/ 5053 (Sheet) O/M111 (50-80)
EN-AW 5083 (Sheet) H12

EN-AYY 5083 (Sheet) H22MH 32
EW-AW 5083 (Sheet) H1d

EM-AVY 5083 (Sheet) Hz4/M34
EM-&4V 5083 (ET,EPER/E) Of111FH112
EN-AVW 5083 (DT) H12/22/32

EW-AW 5053 (DT) H14/24/34

E-AVY E0054 (EF/0 ER/B) T6 (0-5)
EM-AVW 50054 (EP/0ER/E) TS (5-10)
EM-AVW 50054 (EP/0 ER/B) TS (10-25)
EW-A4Y 50054 (EP/MH,ET) T6 (0-5)
EM-AVW 50054 (EP/H,ET) T6 (5-10)
EN-&4W £060 (EP ET ER/B) TS (0-5)
EW-AW/ 5080 (EP) TS (5-25)

EN-AW 5060 ([ET,EP ER/B) TG (0-15)
ER-AW 5060 (D7) T6 (0-20)

EN-AW 5060 (EP ET ER/B) T64 (0-15)
EN-AW 5060 (EP ETER/B) T66 ([0-3)
EN-A4W £060 (EP) TE6 (3-25)

EM-AW 5063 (EP,ETER/B) TS

EM-AW 5063 (EP) TS

EW-AW £063 (EP ETER/EB) TS
EN-AW 5063 (DT) T

EN-AVY 5063 (EP ET ER/B) T66
EM-AW 5063 (EP) TE6

EM-AW 5063 (OT) T66

EN-AWW 5082 (Sheet) T4/T451

EN-AW & ) T61/T6 151 (0-1;
EN-AW 5052 (Sheet) T6 151 (12.5-100)
EW-AVW 5082 (Sheet) T&/TE51 (0-6)
EN-AW 5082 (Sheet) T6/T651 (6-12.5)
EM-AVW 5082 (Sheet) Te51 (12.5-100)
EM-&VW £052 (EP ET ER/B) T4

EN-AW 5082 (EP/0EPH) TS

EN-AW 6082 ([P0 EPHET) TS (0-5)
EW-AVY 5082 (BP0 EP/HET) TE (5-15)
EM-AW 5082 (ER/E) T6 (0-20)

EN-AVW 5052 (ER/E) T6 (20-150)
EW-AW 5082 ([DT) T8 (0-5)

EM-AW 5082 (D7) T6 (5-20)

EW-&WW 7020 (Sheet) T8 (0-12.5)
EW-AW 7020 (Sheet) T651 (0-40)
EN-AW 7020 (P ETER/B) TG (0-15)
E-4VY 7020 (EP ET ER/E) T6 (15-40)
EM-AW 7020 (D7) Té (0-20)

EM-AVW 0114 (Sheet) H14 (0-12.5)
EW-A4W 0114 (Sheet) H24 (0-12.5)
EM-AVW B0 114 (Sheet) H16 (0-4)
EM-AW B0 114 (Sheet) H26 (0-4)

Mame

Selector switch
Code independent

tAaterial type

Thermal expansion [m/mk]

Unit mass [kofm 3]

E modulus [MFPa]

Foisson coeff.

Independent G modulus

G modulus [MPa]

Log. decrement

Colour

Specific heat [Jfgk]

Thermal conductivity [/mk]
Other characteristic values
0.2% proof strength (fo) [MPa]
ultimate tensile strength (fu) [MPa]
min elongation [%4]

0.2% proof strength (fo.haz) [MPa] _
ultimate tensile strength for HAZ (fu.haz... |
buckling class (BC)

revalue for plastic analysis (np)

TEN-A 6082 (Sheet) TE1/TE151 (1-12.5)

000

270,00

7.0000e+004

03

_D

015
=
6,0000e-001

45000e+001

2050
2800

1250

B =

O

10

185.0

45

I Insert ” Edit ]I Deleta ]




Combinations

In SCIA Engineer, both the SLS and ULS combinations can be set according to the code rules for EC-
EN1990. In this setup, partial safety factors and Psi factors can be set.

= ECEM Name
= Combination B Combination
(STR/GED) alternative B (STR/GEO) alternative et 4 3.7 (3)
- Fsifactors f.Drb.uiIdings S SmEraiion Eq6.10 ;J
- Load combination factors B |Psi factors for buildings Is o nex A1 Table A
|Psifactors for buildings _ m
B Load combination factors |
Bl Fundamental combination (STR/GEO) SetB |EN T ;
Partial factor permanent action - unfavourable [] 1135
Partial factor permanent action - favourable [] |1.00
Partial factor for prestress action - favourable [-] |1.00
Partial factor for prestress action - unfavourable [-] (120
Partial factor leading variable action [-] 1150
% Partial factor accompanying variable action [-] 1150
Reduction factor ksi [-] .0'85
Partial factor for shrinkage action [-] |1.00
B Fundamental combination (STR/GEQ) SetC |ENT
Partial factor permanent action - unfavourable [-] |1.00
Partial factor permanent action - favourable [-] .00
Partial factor for prestress action - favourable [-] |1.00
Partial factor for presiress action - unfavourable [-] 120
Partial factor leading varniable action [-] |1.30
Partial factor accompanying variable action [-] |1.30
Partial factor for shrinkage action [] 1.00

Following EC-EN 1990:2002 the ULS combinations can be expressed in two ways.
- Using Equation 6.10

261G * VP * VoiQu ™ 2 Yo tloiQ

-]l_Jlsing Equations 6.10a and 6.1(;)1

ZJ:VG,J'Gk,j +VeP+ Vs i/’o,le,1I+IZ>1:yQ,iwo,iQk,i

j= i

2 6YeGus + VeP+ Vo0 iQua+ 2 Voo Qo

E;zlth methods have been implemer:(lad in SCIA Engineer. The method which needs to be applied will
be specified in the National Annex.

2 Example

Consider a simple building subjected to an unfavorable permanent load, a Category A
Imposed load and a Wind load

for unfavorable permanent actions yg = 1,35




for the leading variable action yg, = 1,50
for the non-leading variable actions yo; = 1,50

Y, for Wind loads equals 0,6
W, for an Imposed Load Category A equals 0,7

Reduction factor for unfavourable permanent actions & = 0,85

Using equation 6.10:
- Combination 1: 1,35 Permanent + 1,5 Imposed + 0,9 Wind
- Combination 2: 1,35 Permanent + 1,05 Imposed + 1,5 Wind

Using equations 6.10a and 6.10b:

- Combination 1: 1,35 Permanent + 1,05 Imposed + 0,9 Wind
- Combination 2: 1,15 Permanent + 1,5 Imposed + 0,9 Wind
- Combination 3: 1,15 Permanent + 1,05 Imposed + 1,5 Wind

10




Structural Analysis

Global analysis

Global analysis aims at determining the distribution of the internal forces and moments and the
corresponding displacements in a structure subjected to a specified loading.

The first important distinction that can be made between the methods of analysis is the one that
separates elastic and plastic methods. Plastic analysis is subjected to some restrictions. Another
important distinction is between the methods, which make allowance for, and those, which neglect the
effects of the actual, displaced configuration of the structure. They are referred to respectively as
second-order theory and first-order theory based methods. The second-order theory can be adopted in
all cases, while first-order theory may be used only when the displacement effects on the structural
behavior are negligible.

The second-order effects are made up of a local or member second-order effects, referred to as the
P-0 effect, and a global second-order effect, referred to as the P-A effect.

P
H—J"'P‘T H—
B
4|
| L
|
|
v i -r"-'r’.n"ll?
M(x) = Hx Mx)=Hx+P§+Pa x/L
M(L) = HL M(h) =HL+ P a
First Order Theary Second Order Theory

According to the EC-EN 1999, 1* Order analysis may be used for a structure, if the increase of the
relevant internal forces or moments or any other change of structural behaviour caused by
deformations can be neglected. This condition may be assumed to be fulfilled, if the following criterion
is satisfied:

a, = P =10 for elastic analysis.
Ed
With:  ag The factor by which the design loading has to be increased
to cause elastic instability in a global mode.
Feq The design loading on the structure.
Fer The elastic critical buckling load for global instability,
based on initial elastic stiffnesses.

If o, has a value lower then 10, a 2™ Order calculation needs to be executed. Depending on the type
of analysis, both Global and Local imperfections need to be considered.

Eurocode prescribes that 2" Order effects and imperfections may be accounted for both by the global
analysis or partially by the global analysis and partially through individual stability checks of members.

Global frame imperfection ¢
The global frame imperfection is given by 5.3.2(3) Ref.[1]:

11



butgsahslo

With: h The height of the structure in meters

m The number of columns in a row including only those columns which carry a
vertical load Ngg4 not less than 50% of the average value of the vertical load
per column in the plane considered.

This can be calculated automatically by SCIA Engineer

Initial deformation E‘

Marne

[Den |

Type

|accordingt0 code V|

Basic imperection value : 1/
1/ [e00 |

m

MNumber of columns per plane :
4 |

Height of structure

Ok l ’ Cancel

Mame IDefl
Type according to code j
Basic imperfection value : 1/[-] 20000

Height of structure : [m] 5.000

12



Initial bow imperfectione

The values of e0/L may be chosen in the National Annex. Recommend values are given in the
following Table 5.1 Ref.[1]. The bow imperfection has to be applied when the normal force Ngq in a

member is higher than 25% of the member’s critical buckling load N;.

Buckling class elastic analysis | plastic analysis
acc. to Table 3.2 eo/L ey/L

A 1/300 1/250

B 1/200 1/150

Where L is the member length.

SCIA Engineer can calculate the bow imperfection according to the code automatically for all needed
members or the user can input values for ey. This is done via ‘Project data’ > ‘National Annex’ > ‘EN

1999: Design of aluminium structures’ > ‘EN 1999-1-1 (General structural rules)’.

Aluminium setup

3

I = Standard EN
= Alurniniurm
Member check

In order to input Global and Bow imperfections in SCIA Engineer, the user has to select the
functionality ‘Nonlinearity’ + ‘Initial deformation and curvature’ + 2" Order — geometrical nonlinearity’ in
this the input of a non-linear function is possible.

the ‘Project data’. Only after doing

Project data

MName
B Aluminium
B Member check
Value []
Value []

Value []

Value []

=} Bow Imperfections

B el/L Class A elastic
B e0/L Class A plastic
B el/L Class B elastic
B e0/L Class B plastic
Member Imperfection

Partial Safety Factors
Resistance Yield Criterion

Basic data.  Functionality 1 Loads] Combinations] Protection] Mational Annexes]

300.00

250.00

200.00

150.00

Dynamics a B Nonlinearity
Initial stress m] Initial oris an e =
Subsoil [m} 2nd order - geometrical nonlinearity B
I{anlin E Beam lacal nanlinearity o
Stahbility o Support nonlinearity/Soil spring o
Climatic loads [} Friction supporfSoil spring o
Prestressing [m] Membrane elements O
Fipelines [} Analysis after analysis o
Structural madel a B Aluminium |
Parameters [m] LTE 2nd Order 0
tMobile loads a
Overview drawings m}
LTA -load cases o
External application checks [m}

(0] | Cance|

13




Nonlinear combinations - NC1

Contents of combination

List of load cases

= Load case = @ Load case
L1 - LC1
i LC2 - LC2
MName : e Delete | Add |
Coeff: [ 1 Canect Delete Al | Addan |
T JUItimate :J i~ Inclination functions |
o Z ]None LJ 2 |N0ne LJ
Description : ]
dy Z ]None :J = |N0ne j
dz X ]None _V_] i |N0ne LJ
Bow impeection i .
Global imperfection Inclination function 1
Ok | Cancel ‘

By selecting a specific member, the user can adjust the property “Buckling and relative length” for

inputting the Bow imperfection.

Buckling and relative lengths.
Base settings | Buckiing data |

Ly L]

[~ Xdiagonals

Name |BCI

Buckling systems relationship

= 2z )
Ye= |z -
t= [z -

Mcr Ce@lated

Number of parts

X

ky factor ICuID.:IatE

kz factor |Culculate

Sway vy !acc to Steel>Beams>Setup

Sway 22 |acc‘ to Steel>Beams>Setup

Influence of load pasition INormal

Bow imperfection

CleXe YAl according to code - elastic

eodz |ucccrding to code - elastic

Relative deformation systems relationship

defz= |y -

[~ Warping check

defy= |2z -

Buckling system

Standard method

The buckling curve used for calculation of the imperfection is the curve indicated in the material

properties.

The general procedure for EC-EN1999 is shown in the following diagram.

14



Structural Frame Stability J

5.2.1(3)
g = 10 i
Tes Ne 5.2.203)b 5223l 53201
Global Imperfection &
£.3.2(6)
291 No Tes
factor (=20 Nea>25%Ne  >p e
{member)
eqif ep1n all
required members
() & G SROIO
1¥ Order Analysis 2% Order Analysis
Increase sway
3 effe_ctsd ; b No Members Yeg
etermined by il with g
modification
factor
5.2.2(Hc 5.2.2(5)h
1, based on a global I, taken equal to L
buckling mede

Stability Check in plane

5.2.2(5)a

Stability Check out of plane + LTB Check

Section Check

With:  ng Elastic critical buckling mode.
L Member system length
lp Buckling Length

Path 1a specifies the so called “Equivalent Column Method”.

In step 1b and 2a “l, may be taken equal to L". This is according to EC-EN so the user does not have
to calculate the buckling factor =1.

Path 2 specifies the “equivalent sway method”. In further analysis a buckling factor smaller than 1
may be justified.

2 Example
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wsa_001 global analysis (and wsa_001a.esa)

Method 2c according to EC-EN is used
- Set ULS combinations
- Set non-linear ULS combinations with:

- Non-linear calculation using Timoshenko

global imperfection = according to the code
bow imperfection = according to the buckling data

" Scia Engineer - [wsa_001a.esa :

1]

[ File Edit View Libraries Tools
F = = N

Modify Tree Setup Window Help

- | EH wsa_00la.esa

lmssunenn sSauan s :]z.al
i ,4@_@]}!5@_} ﬂ,:;.'ll?f.ﬁg

mgpa ko wEe B PBeberaaaac s
= | Results x
EﬂJR“ 2

0=

f - TF Displacement of nodes

1 =-£& Supports

i3] ¢ %5 Reactions

L.Lﬁ 1 Resultant of reactions

L5 .

Tl] El: Q Foundation table

i t Nodal space support resultant

i} == Beams

|

P ¥ Deformations on beam |
= Relative deformation
- By Member Stress
# Shear stress
PR ?" Connection input
: TF Connection Forces
[ gill of material
.. calculation protocol

|

714 kPim
.96 kNm

4,93 kNm
22.37 kNm

-

Properties

‘Imemalfurces on member (1) —15.36 khm

Internal forces on member
Selection Current
Type of loads
Class
Filter
Values
F | Text output
Extreme
- | Drawing setup

Wx\] Section
=

[Class
ALLNC
No
My

|Text

|Local

[l

A A == 1 <[

12,90 kNm —10.87 kN 17.54 khm

Wﬁ_?? kM

AL

Command line
Refirsh === B vz us oz
= &
= Detailed . ettt
Preview . Command >

| Ready

The bow imperfection can be visualized through 'Alu
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Aluminium slenderness
Linear calculation
Member | CS Name | Part | Swayy Ly ky ly Lam y| e0y |[ILTE lyz
[m] [ [m] [ [mm] | [m] [m]
Sway z Lz kz Iz Lam z| e0,z
[m] [ [m] [ [mm]
B1 column A 2| Yes 2.500 145 3616 | 6019 8.3 | 5500| 5500
No 5.500 1.00 | 5.5001(196.15 18.3
B1 column A 1|Yes 3.000 114 | 3.420| 5693 100 | 5500 | 5500
No 5500 1.00 | 550019615 18.3
B2 column B 3| Yes 1.000 200| 2.003| 2664 3.3 | 6500| 6500
No 6.500 1.00 | 6.500|213.76 217
B2 column B 1|Yes 3.000 128 | 3.833| 5095 100 | 6.500| 6.500
No 6.500 1.00 | 6.500|213.76 217
B2 column B 2| Yes 2.500 184 | 4598 | 6112 8.3 | 6500| 6500
MNo 6.500 1.00 | 6.500|213.76 217
B3 column C 1|Yes 3.900 103 | 4018 | 66.89 130 3.900| 3.900
No 3.900 1.00 | 3.900|139.09 130

According to Table 3.2 (Ref.[1]).
Buckling class according to material = EN-AW 6082 (Sheet) T6/T651 (0-6) > A

- Column B1
- Column B1

- Column B2:
- Column B2:
- Column B2:

- Column B3:
- Column B3:

: Ly =2500mm - ey = 1/300 * 2500 = 8,3mm
: L, =3000mm - ey = 1/300 * 3000 = 10,0mm

L; =3000mm - e, = 1/300 * 3000 = 10,0mm
L, = 2500mm - e, = 1/300 * 2500 = 8,3mm
L; =1000mm - e; = 1/300 * 1000 = 3,3mm

L; =3900mm - e, = 1/300 * 3900 = 13,0mm
L, =3900mm > e, = 1/300 * 3900 = 13,0mm

17



Initial shape, classification and reduced shape

Initial shape

For a cross-section with material Aluminium, the Initial Shape can be defined. For a General Cross-
section, the ‘Thinwalled representation’ has to be used to be able to define the Initial Shape.

The inputted types of parts are used further used for determining the classification and reduction
factors.

The thin-walled cross-section parts can have for the following types:

F Fixed Part — No reduction is needed

I Internal cross-section part

SO Symmetrical Outstand

uo Unsymmetrical Outstand

A part of the cross-section can also be considered as reinforcement:

none Not considered as reinforcement

RI Reinforced Internal (intermediate stiffener)

RUO Reinforced Unsymmetrical Outstand (edge stiffener)

In case a part is specified as reinforcement, a reinforcement ID can be inputted. Parts having the same
reinforcement ID are considered as one reinforcement.

The following conditions apply for the use of reinforcement:
- RI: There must be a plate type | on both sides of the RI reinforcement.

- RUO: The reinforcement is connected to only one plate with type I.

18



For standard cross-sections, the default type and reinforcement can be found in (Ref.[1]). For non
standard section, the user has to evaluate the different parts in the cross-section.

The Initial Shape can be inputted using ‘Cross-sections’ > ‘Edit’ > ‘Initial shape’. When this option is
activated, the user can select ‘Edit initial shape’. In this box also welds (HAZ — Heath Affected Zone)
can be inputted.

The parameters of the welds (HAZ) are:

-  Plate ID

- Position

- Weld Method: MIG or TIG

- Weld Material: 5xxx and 6Xxx or 7xxx
- Weld Temperature

- Number of heath paths

These parameters will be discussed further.

M Cross-section

B Source and Type de... -~
Source description Bts uildine B
Z Type description
B| Parameters
Material EN-# 6082 (Sheet) =]
General cold formed se... | Z(MET 2022
I B General
Draw color Mormal colour j
Colour |
Froperies editable =)
Buckling editable =
N Buckling y- h Jd |
Buckling z-z b =
T Fabrication welded =
Y 3 Curve dividing 36
= ) Rer on &
Use reduction factars )
Edit named items Jii |
Edit joints _
Edit cuts Jaw
8| Reduced section =
Editinitial shape j
Fiun analysis
I Use reduced shape [}
2 Geometry et
l Update ] [ Document ]
Picture | Initial shape | l oK ] [ Cancel ]




Initial shape and HAZ data

X

HAZ data.

Plate 1D [ Pos type

Ssition[mr

Sosition[- | ‘eld h"xei‘hz| eld mater |‘n;ﬂera{’u‘rs |'n’1'he@t"pf

Dirawing

Inital shape
e [mm] | Zc [mm] | A [mm”2] Yheg[mm] | Zbeg [mm] | Yend [mm] ‘ Zend [mm] 1 [mm] Flate type Feinftype FeinflD
1 £ | -840 | 40 AR -840 [ -58 | -100 g (W] ~ | nona -0
2 -24 | -1000 | 16 -58 -100 i] -100 2 | ~ | none Zl 1]
3 0 | 0 L am 0 100 0 100 2 [ ~|nane ~|0
4 32 | 100 | 126 il 100 63 100 2 | | none ha L
5 63 1 . 3 63 100 53 82 2 o +|none -0

1[5 Jela <] o0 05 MG cfbeair] so0 3 ‘Ej[
=i vlabso | D 000 MG v/ Boocall +| 6000 3
i Ok i [ Cancel ]
Classification

Four classes of cross-sections are defined, as follows (Ref.[1]):

- Class 1 cross-sections are those that can form a plastic hinge with the rotation capacity
required for plastic analysis without reduction of the resistance.

- Class 2 cross-sections are those that can develop their plastic moment resistance, but have
limited rotation capacity because of local buckling.

- Class 3 cross-sections are those in which the calculated stress in the extreme compression
fibre of the aluminium member can reach its proof strength, but local buckling is liable to

prevent development of the full plastic moment resistance.

- Class 4 cross-sections are those in which local buckling will occur before the attainment of

proof stress in one or more parts of the cross-section.

Classification for members with combined bending and axial forces is made for the loading
components separately. No classification is made for the combined state of stress.

Classification is thus done for N, My and Mz separately. Since the classification is independent on the
magnitude of the actual forces in the cross-section, the classification is always done for each

component/part.
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Taking into account the sign of the force components and the HAZ reduction factors, this leads to the
following force components for which classification is done:

Compression force | N-

Tension force N+ with pg paz

Tension force N+ with pypaz

y-y axis bending My-

y-y axis bending My+

Z-z axis bending Mz-

Z-z axis bending Mz-

For each of these components, the reduced shape is determined and the effective section properties
are calculated.

The following procedure is applied for determining the classification of a part:

- Step 1: calculation of stresses:
For the given force component (N, My, Mz) the normal stress is calculated over the rectangular
plate part for the initial (geometrical) shape.

- Step 2: determination of stress gradient over the plate part.

- Step 3: calculation of slenderness:

» Depending on the stresses and the plate type, the slenderness parameter B is calculated.
Used formulas can be found in (Ref.[1]).

if <P :class 1
if B1<B < B, : class 2
if Bo<B < B3 : class 3
if B3<B : class 4

Values for B4, B> and B3 are according to Table 6.2 of (Ref.[1]):

Material classification Internal part Outstand part
according to Table 3.2 Bile Ble Bale Bile Bl Byl e
Class A, without welds 11 16 22 3 4.5 6
Class A, with welds 9 13 18 2,5 4 5
Class B, without welds 13 16,5 18 3.5 4,5 5
Class B, with welds 10 13,5 15 3 3.5 4

£ =m L foin N,f’mm2

Reduced Shape

The gross-section properties are used to calculate the internal forces and deformations.
The reduced shape is used for the Aluminium Code Check and is based on 3 reduction factors:

- pc: reduction factor due to ‘Local Buckling’ of a part of the cross-section. For a cross-section
part under tension or with classification different from Class 4, the reduction factor p. is taken
as 1,00.

- X (Kappa): reduction factor due to ‘Distortional Buckling'.

- Puaz: reduction factor due to HAZ effects.
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Reduction factor p. for local buckling

In case a cross-section part is classified as Class 4 (slender), the reduction factor p for local buckling

is calculated according to art. 6.1.5 Ref.[1]:
C1 Cy

Pe =816~ /ey
Table 6.3 - Constants C, and C, in expressions for p.
Material classification according Internal part Outstand part
to Table 3.2 C, C, C C,
Class A, without welds 32 220 10 24
Class A, with welds 29 198 9 20
Class B, without welds 29 198 9 20
Class B, with welds 25 150 8 16

For a cross-section part under tension or with classification different from Class 4 the reduction factor
pc is taken as 1,00.

In case a cross-section part is subject to compression and tension stresses, the reduction factor p is
applied only to the compression part as illustrated in the following figure.

compression stress

tensile stress

- b

Reduction factor ¥ (Kappa) for distortional buckling

In SCIA Engineer a general procedure is used according to Ref.[2] p66.

The design of stiffened elements is based on the assumption that the stiffener itself acts as a beam on
elastic foundation, where the elastic foundation is represented by a spring stiffness depending on the
transverse bending stiffness of adjacent parts of plane elements and on the boundary conditions of
these elements.

The effect of ‘Local and Distortional Buckling’ is explained as follows (Ref.[1]):
When considering the susceptibility of a reinforced flat part to local buckling, three possible buckling
modes should be considered.

The modes are:

a) Mode 1: the reinforced part buckles as a unit, so that the reinforcement buckles with the same
curvature as the part. This mode is often referred to as Distortional Buckling (Figure (a)).
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b) Mode 2: the sub-parts and the reinforcement buckle as individual parts with the junction between
them remaining straight. This mode is referred as Local Buckling (Figure (b)).

— —-

T (h) = | /
! ! !
' ! e f_ =t

¢) Mode 3: this is a combination of Modes 1 and 2 in which sub-part buckles are superimposed on the
buckles of the whole part.

The following procedure is applied for calculating the reduction factor for an intermediate
stiffener (RI) or edge stiffener (RUO):

Step 1) Calculation of spring stiffness
Step 2) Calculation of Area and Second moment of area

Step 3) Calculation of stiffener buckling load
Step 4) Calculation of reduction factor for distortional buckling

Step 1. Calculation of spring stiffness

Spring stiffness ¢ = ¢, for RI:

Real system

Equivalent system

H—H

< e
&
Spring stiffness

|
¢p=— where

i

_A(1-v?)bib3
Ef3(b1+b2)

ife;=e:=10

Yy

Spring stiffness ¢ = ¢ for RUO:
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c=c,=—
Ys
R
s~ =3 @
Et C,
3
o = Z att,
3
121-v2)b, 4
With: tad Thickness of the adjacent element
by ad Flat width of the adjacent element
Cs The sum of the stiffnesses from the adjacent elements
a equal to 3 in the case of bending moment load or when the cross section

is made of more than 3 elements (counted as plates in initial geometry,
without the reinforcement parts)

equal to 2 in the case of uniform compression in cross sections made of 3
elements (counted as plates in initial geometry, without the reinforcement
parts, e.g. channel or Z sections)

These parameters are illustrated on the following picture:
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considered plate

edge stiffener

tad = r—=—

bp,ad adjacent element

Step 2: Calculation of Area and Second moment of ar ea

After calculating the spring stiffness the area Ar and Second moment of area Ir are calculated.

With: Ar the area of the effective cross section (based on t = p. t ) composed
of the stiffener area and half the adjacent plane elements
Ir the second moment of area of an effective cross section composed of

the (unreduced) stiffener and part of the adjacent plate elements, with
thickness t and effective width b, referred to the neutral axis a-a

Dest For RI reinforcement taken as 15 t
For ROU reinforcement taken as 12 t

These parameters are illustrated on the following figures.

Ar and Ir for RI:
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O Zh yt \ A

F 3
o
»

Step 3: Calculation of stiffener buckling load

The buckling load N, ., of the stiffener can now be calculated as follows:

N, , = 24/cEl,

With: c Spring stiffness of Step 1
E Module of Young
Ir Second moment of area of Step 2
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Step 4: Calculation of reduction factor for distort ional buckling

Using the buckling load N, and area Ar the relative slenderness A, can be determined for
calculating the reduction factor x:

/]C = fOA’
NI’,CI’

a =020

A, = 060

@= 050L0+a (A, — ;) + 12)

if A <A, =>x=100

. 1

if A,.24, = )y=—F——=<100
i P+ @ - A

With: fo 0,2% proof strength

Ac Relative slenderness

Ao Limit slenderness taken as 0,60

a Imperfection factor taken as 0,20

X Reduction factor for distortional buckling

The reduction factor is then applied to the thickness of the reinforcement(s) and on half the width of

the adjacent part(s).

Reduction factor ppaz for weld effects
The extent of the Heat Affected Zone (HAZ) is determined by the distance by,, according to Ref.[1].

*) If this distance is less than 3by,,, assume that the HAZ extends to the full width of outstand,

The value for by, is multiplied by the factors a, and 3/n:

_.. (T1-60
For 5xxx & 6xxx alloys: @, =1+-——+>
12C
For 7xxx alloys: a, =1+ 1_5@
12C
With: T1 Interpass temperature
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Note:

Number of heat paths

The variations in numbers of heath paths 3/n is specifically intended for fillet welds. In case of a butt
weld the parameter n should be set to 3 (instead of 2) to negate this effect.

The reduction factor for the HAZ is given by:

_ 'uphaz

P uhaz — f
f ohaz

P ohaz f

By editing a profile in SCIA Engineer, the user can evaluate for each component (N, My and Mz) the
determined classification and reduction factors via the option ‘Run analysis’.

Farts a Psi | Sgm beg | Sigma fnd | Cf T2 | Beb | Bebi | Bew? | Betd | Chss |Beg x |End x| Ro ¢ | Chi | Ro haz | Re | Rerf. | #r ir
Jehim?] Jhim] o] | e 1D | [mm? | fmmY
R 1| oom 0.00 000 (2000 [20000 [10000 |21 447 |52 4| o000| 20 |tow |10 [1o0 | 1m0 o| ooo| o000
— T 2 | aom 0.00 000 | 22000 [1s8000 | 2000 |39 |1e3e |18 a| om| mo|too |10 |1o0 |1me o| oo0| om
000 0.00 00m | 22000 | 138000 | 70000 |sms |1es | vz s| oo0| moo|tow |10 [1mo  [rme o| oo0| oo

7500 | 12500 [ 100|100 |00 | oe0

w2500 | 200 |tom |10 |too | 1o
000 0.00 000 | 22000 [1s8000 | 22080 |9 |16 | 12878 a| oo| eso|tow |10 |10 |10 o| oo0| om0
0.0 0.000 oow |som 2000 |ewo |em |ssr s s| oo0| woo|row [so0 [1oo  [soo ol oo0| oo

|] 2

Calculation of the effective properties

For each part the final thickness reduction p is determined as the minimum of x.p. and ppa;.

ﬂ"lﬁ{,ﬂn nazly

The section properties are then recalculated based on the reduced thicknesses.

2z + 1,4

P““?E_\.m
7227

z-»|

o 2k

Worked example

Example wsa_ 002

Al

-l—l-l-l—b—l-
L_f_

‘\\TZ{

7

'1

mi Fl{,u'l. nazlt Pe )

= p.t,

In this example, a manual check is made for a cold formed ZED section (lipped Z-section).
A simple supported beam with a length of 6m is modelled. The cross-section is taken from the profile
library: Z(MET) 202/20 .
The dimensions are indicated:

28




Z

(4) B3mm
l 5) 18mm

3) 200mm

{1} 20mm |

{2) 58mm

The material properties are as indicated in EC-EN1999: EN-AW 6082 T61/T6151 (0- 12.5):
fo =205 N/mmz, fO,HAZ =125 N/mm?2

f, = 280 N/mm2, f, yaz = 280 N/mm?2

Buckling Curve: A

Fabrication: welded

A weld is made in the middle of part (3). The parameters of this weld are:

- MIG- weld
- 6xxx alloy
- Interpass temperature = 90°

The 5 parts of the cross-section (type) are as indicated by SCIA Engineer:

Inital shape
Ye[mm] | Ze[mm] | A[mm"2] | Ybeg[mm] | Zbeg[mm] | Yend[mm] | Zend[mm] | t[mm] | Platetype | Reinftype = ReinflD
1 58.20 -89.90 40,00 58.20 -79.90 58.20 -99.90 200 uo ~|none ~[o
2| 2920 -99.95 11600 -58.20 -99.90 020 -100.00 200 | ~|none ~|o
3] om0 0.00 400.00 -0.20 -100.00 0.20 10000 200 [ “v|none ~|o
4| 3 99.95 126,00 020 100.00 63.20 99.90 200 [ ~|none ~|o
5| &30 90.90 36.00 63.20 99.90 63.20 81.90 200 uo | none ~|o

The manual calculation is done for compression (N-).

Classification

According to 6.1.4 Ref.[1]:
Y = stress gradient = 1 (compression in all parts)

= g£= @: @:1104
f, V205

=>n =070+ 030/ =1

For all parts with no stress gradient (6.1.4.3 Ref.[1]):

B =Db/t
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1 RUO 20 2 10
2 I 58 2 29
3 I 200 2 100
4 I 63 2 31,5
5 RUO 18 2 9

Next, the boundaries for class 1, 2 and 3 are calculated according to 6.1.4.4 and Table 6.2 Ref.[1].
Boundaries 31, B> and Bz are depended on the buckling class (A or B), the presence of longitudinal
welds and the type (internal/outstand part).

Bi/e Bole Bale Bs classification
1 RUO 3 45 6 3,31 4,97 6,62 4
2 I 11 16 22 12,14 17,66 24,29 4
3 I 9 13 18 9,94 14,36 19,88 4
4 I 11 16 22 12,14 17,66 24,29 4
5 RUO 3 4,5 6 3,31 4,97 6,62 4

Reduction factor

p. for local buckling

p.is calculated according to 6.1.5 and Formulas (6.11) and (6.12) Ref.[1] (all parts class 4):

__ G G
P = Ble) (Bley
B Pc
1 10 10 24 0,811
2 29 32 220 0,899
3 100 29 198 0,296
4 31,5 32 220 0,851
5 9 10 24 0,866

Reduction factor

X for distortional buckling

Distortional buckling has to be calculated for Part 1-2 and Part 4-5.

Part 1-2

Stepl: calculation of spring stiffness

1
c=c,=—
Ys

_ 4 b

° Et® C,

=Y aEt?,
s 12(1-v2)b

p.ad

With: a =3 want meer dan drie delen
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E = 70000 N/mm2

v=0,3

tag =2 mm

bp.ad = 200 mm (lengte van deel 3)

Thus this gives:
2x70000x 2°

= =51282Nrad
& 12(1- 0,3%) x200 B

20mmn

S8mrm

—

b_1

_ 68x2) xS% + (20x2) x58

= 3644mm
(58x2) + (20%2)

_4x(1-03")x 3644 N 3644

= 2903m?/N
¥ 70000x 2° 51282 ?
C=C, :i:i:0,344N/mm2
ys 2903

Step2: calculation of Area and Second moment of area

=> half of the adjacent member =%3mm
p. for Part (2) = 0,899

A =20X2+%8X2X 0899= 92142mn?

24rmm

beit = For RUO reinforcement taken as 12xt
t=2mm
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=> P = 24mm

_ (20x2)x20) + (24x2)x20
- (20x 2) + (24x2)

y =1545mm

| = + (24x 2)x (20— 1545)? = 353115mm*

r

3
2x20° | 0w 2 (1545—2_20)2 + 241"22

Step3: calculation of stiffener buckling load

N, , =2x,JcxExI, =2x,/0344x70000x353115=184544N
) =\/fox/-\ :\/zosx 92142 _, 5147

¢ N, o 184544

a=02

A, = 060

=4 >4

= @=050% (1+02x% (1,0117-06) + 1,0117) =10529
1

- yY=— = =0743
P+ - A

c

Kappa = reduction factor for distortional buckling

Calculation of effective thickness

t;, t> and t; are the thicknesses Part (1) and (2)
t, =2xp, x y=2x 0811x 0743= 1205mm

t, =2xp, x y = 2x 0899x 0743= 1336mm
t,=2xp, =2x 0899= 1798mm

20 t1

a8/2mm

58/2mm

Part 4-5

Stepl: calculation of spring stiffness
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1

c=c,=—
Ys

41-v2)b} | b?

y, = A0Vl b

Et C,

aEt?,
Ca= ) ———=
$ ZlZ(l—vz)b

p.ad

With: a=3
E = 70000 N/mmz2
v=0,3
tag =2 mm
bp,ad = 200 mm (thickness of Part 3)

Thus this gives:
2x70000x 2°

C, = > =51282Nrad
12(1- 03°) x 200

B3mm

18rmm

(63x2)x63) + 18x 2) x63

= 385mm
(63x2) + (18x2)
y, = 4x@-03) X3085 , S8 _32613me/N
70000% 2 51282
c=c, =i=i=0,3066'\”n']m2
ys 326

Step2: calculation of Area and Second moment of area

=> half of the adjacent member =%)’mm

p. for Part (4) =0, 851
A =18><2+%J’><2>< 0851= 89%13nm?
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24rmm

beit = For RUO reinforcement taken as 12xt
t=2mm

=> b = 24mm

(24x2)x18+ (18x2) ><33
y = 2 = 141 4mm
(24x2) + (18%x2)

| = 24x 23

r

+ (24% 2)x (18- 1414)°

+

2’;83 +(18x 2)x (1414—%)2 =265429mm’

Step3: calculation of stiffener buckling load
N, o =2x/cXEx|, =2x,/0,3066x70000< 265429 =15095N

)|c=\/f°xA :\/205>< 8%13_ 1103

Nr,cr 150958
a=02
A, = 060
=>4 >4
= @= 050x% (1L+02x (1103- 06) + 1103F) = 1159
=X= 1 = 0661

P+ - A

Kappa = reduction factor for distortional buckling

Calculation of effective thickness

ty, t; and t; are the thicknesses Part (4) and (5)
t, =2xp, =2x% 0851= 1702nm

t,=2xp, %y =2x 0851x 0661= 1125mm

t, =2%xp. % y =2x% 0866x 0661= 1145mm
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B3 2mm
B3 2mm

t2 Bram

Reduction factor ppaz for weld effects

The weld is situated in the middle of Part (3)

b HAZ
200rmm |
b_HAZ
Data:
t=2mm
MIG-weld:

Following Ref [1] 6.1.6.3:

(3) For a MIG weld laid on unheated material, and with interpass cooling to 60°C or less when multi-pass
welds are laid, values of by,, are as follows:

O<rt < 6mm: Ppaz =20 mm
6<r= 12mm: by, =30mm

12<t < 25mm: by, =35 mm
t>25 mm: Ppaz =40 mm

0<t<6mm=b,,, =20mm

Temperature (6xxx alloy):
90-60 =125

a, =1+
12C

Thus this gives:
b, =125%20=251tm= HAZ - zone=2xb,,, =50mm

fornz _ 125
= _0HAZ 222~ 0610
pO,HAZ fo 205 6

pc in Part (3) = 0,296.
This means that Local Buckling is limiting and not the HAZ-effect (pyaz = 0,61)

Thickness of Part (3):



t,=2xp. x Y =2x 0296= 0592

Calculation of effective Area for uniform compressi on (N-)

Part (1): 20x 1205= 241mm?
5 _
% x 1336= 387mn®

5 —

% x 1798= 521mne
75% 0592= 444mm?

Part (3): 50x 0592= 296mm?
75% 0592= 444mm?

6—23>< 1702= 536mm?

Part (2):

Part (4):

%3 x 1064= 354mm?

Part (5): 18x 1145= 206mm?

The total effective Area is the sum of the above values = 343 mm?

Comparison with SCIA Engineer

Via ‘Profile’ > ‘Edit’ > ‘Reduced section’ > ‘Run analysis’, the user can manually check the calculated
classification, reduction factors and intermediate results.

M Cross-section

Reduced section analysis

My [kN] 0,00 1
Mz [<IN] 0,00
]

e

12

|2

| ‘I: 6
Refresh e |5

w

Editinitial shapa o
Previcw e [ OK ] [ Cancel ]
| Ficture |Fibres || ‘Warping lines ” Sheary | Shearz | Centre lines | Initial shape || Feduce <« » ’ oK ] ’ Cancel ]
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M Cross-section

Z1.CS

[—

HECS

CYLES [imim]
| cZLCS [mm]

dy [mim]

dz [mm]

Afmm*2)
Ay [mm™2]

Az from™2]
AL fm"2jm]

tfmm™4]
y fmm 4]

2 fmm™4)
IYZLCS fmm™4]

| IYLCS [mm™4]
IZLCS [mm™4]

| lw [mm™6]
Alpha [deg]

| Wely [mm™3]
Welz [mm”3]

| Wply [mm?”3]
Wplz [mm”3]

| cYLCS [mm]
€2LCS fmm].

dy frm)

dz [mm]

B Reduced properiies ...

Amm™2]
| Ay [mm"2]
Az [mm"2]

=] Reduced properties

v

Reduced shape M+ (pu) || Reduced shape M+ (p0) | Feduced shape M- | Reduced shape ¢ »

I [ oasiren |

J |

Cancel

J

General Cross-section

2 Example

wsa 003 thinwalled cross -section

- read profile from DWG-file (dwg profile.dwg)
- convert into thinwalled representation to be used in Aluminium Check.
- set scale, select polylines, select opening, import, convert to thinwalled representation
- only after this, reduced shape can be used
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 Example

wsa_001a nodal displacement

- SLS combinations
- Limit for horizontal deflection & for Beam B1 is h/150 — 5500/150 = 36,7 mm
- Maximum horizontal deformation = 21 mm < 36,7 mm

Displacement of nodes

Linear calculation, Extreme : Global

Selection © N2, N9 N6 N4

Combinations : SLS

Node Uz Case Ux Uz
[mm] [mm] [mm]

N4 0.3 |sLen -20.5 0.3

N6 0.2 | SLS2 211 0.2

N4 0.3 | SLSA 0.3 0.3

N4 0.3 | SLS/H4 197 0.3

Relative deformations

For each beam type, limiting values for the relative deflections are set, using the menu 'Aluminium’ >

‘Setup’ > ‘Member check’ > ‘Relative deformations'.

SLS check

Nodal displacement

With the option 'Aluminium’ > ‘Beams’ > ‘Member check’ > ‘Relative deformation’, the relative
deformations can be checked. The relative deformations are given as absolute value, relative value
related to the span, or as unity check related to the limit for the relative value to the span.

Aluminium setup

oo xam

= Standard EN
(= Aluminiurm

Mermber check
Felative defarmation
Alternative values
Buckling defaults

# Example

()
Name
B Aluminium

Member check

B
General [] 200.00
Beam [] 1000.00
Column [-] 200.00
Gable column [] 200.00
Secondary column [-] 200.00
Rafter [] 500.00
Purlin [] 200.00
Roaofbracing [] 200.00
Wall bracing [-] 200.00
Girt[-] 200.00
Truss chord [-] 200.00
Truss diagonal [-] 200.00
Plate rib [] 200.00

Alternative values

Buckling defaults

| wsa_001b relative deformations
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- Set beam type for member B5 & B6: Beam and Rafter
- Set limits for relative deformations: Beam 1/1000 and Rafter 1/500
- Relative deformation check on member B5 & B6

Relative deformation

Linear calculation, Extreme

Selection : B5,B6
Combinations : SLS

: Global, System : LCS

Case - combination | Member dx uz Rel uz | Check uz
[m] | [mm] | [1/xx] []
SLSAH B6 5.064 -6.2 | 1/1629 0.31
SLSR2 B6 5.064 89 (11136 044
SLSA3 Bs 2.765 8.5 1713 140
SLS/4 B5 2765 -3.311/1849 0.54

-B5: L=6.1m - limit: 6083/1000 = 6,1mm

Uz = 8.5mm - 8.5/6083 = 1/715
Check: (1/715)/(1/1000) = 1,4

-B6: L=10.127m - limit: 10127/500 = 20,3mm

Uz = 8.9mm - 8.9/10127 = 1/1137
Check: (1/1137)/(1/500) = 0,44
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Additional Data

Setup

The national annexes of the Aluminium Code Check can be adapted under ‘Project data’ > ‘National
annex’ > ‘EN 1999: Design of aluminium structures’ > ‘EN 1999-1-1 (General structural rules)’. In this
window the following options can be adapted:

Bow imperfections for each class
- Member imperfections

Partial Safety Factors
Resistance Yield Criterion

= Standard EM Name
(= Aluminium B Aluminium
. Member check

B Bow Imperfections
B eld/L C_Iass_A elastic |
Value [-] |300.00
B ed/L C_Iass_A plastic |
Value [-] 1250.00
B ed/L C_Iass B elastic |
Value [-] |200.00
B ed/L C_Iass B plastic |
Value [-] |150.00
B Member Imperfection
Bk |
Value [] | 0.50
Bl Partial Safety Factors El
B Gamma M1 |
Value [] l].‘lD
B Gamma M2 |
Value [] [125
B Resistance Yield Criterion EN 18
Bc ' _
Value [] 1.20

Using ‘Aluminium’ > ‘Setup’, the user can change the basic setup-parameters for the Aluminium Code
Check. A change of these values will affect all members.

In ‘Member check’, the following parameters can be adapted:

- Sway type

- Buckling length ratios

- Calculation of xs for unknown buckling shape
- Calculation of xs for known buckling shape

Next to these parameters, the user can input:

Elastic check only
All sections will be classified as class 3.

Section check only
Only section check is performed. No stability check is performed.

Only LTB stability check in 2" Order calculation
After performing a non-linear calculation with global and local (bow) imperfections and second order
effects, only LTB needs to be checked.
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In ‘Member check’ > ‘Relative deformations’, the user can input admissible deformations for different

type of beams.

In ‘Member check’ > ‘Alternative values’, the user can choose between alternative values for different
parameters according to EC-EN 1999-1-1.

In ‘Member check’ > ‘National Annex’, the user can choose between alternative values for different
parameters according to the National Annex

In ‘Buckling defaults’, the user can input the default buckling system applied on all members. Via the

property window of a separate beam, the buckling parameters can be changed locally.

Aluminium setup |

= Standard EN
(= Aluminium
tMember check
Relative defarmation
Alternative values

Buckling defaults

Aluminium member data

The default values used in the Setup menu can be overruled for a specific member using Member

Data.

Section classification

Name

El Aluminium
Member check
Relative deformation
Alternative values

2] Buckling defaults

B Buckling systems relation

Z frd
vz frd
It Z
B Relative deformation systems relation
defy zz
defz Yy
ky factor Calculate
kz factor Calculate
Influence ofload position Mormal

Lele]

Lelelele]e

For the selected members, the section classification generated by the program, will be overruled by

this user settings

Elastic check only

The selected members will be classified as class 3.

Section check only

For the selected members, only section check is performed. No stability check is performed.

Field

Only the internal forces inside the field are considered during the steel code check
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B Aluminium member data

Marne

Section

Elastic check anly
| Section check anly
B Field

| Position

From begin (x)
From end )

1]

Class 2 (compact section)

Mo

Lelals

£

X
Br
(] | Cancel

fj"-l_-—\;_\_, -

G T =

e -
\\“\.
T ey
—_
T
\‘\.
s
Stability check data

Transverse welds

Via ‘Transverse welds’, the user can input different welds in certain sections of the member. Data
needed for calculation of these welds are:

44

Weld method: MIG or TIG

Weld material: type of alloy
Temperature of welding

Geometry: position of weld in member



M Transverse weld

=

o

(g
(n-1) x Ax
O

ES

MName T™W1
B HAZ data
Weld Method MIG

Weld Matenal Bxoc Alloy

EHE]

Temperature [C] 120,00
B Geometry
Coord. definition Rela LJ
Position x 0.200
Crigin From start LJ
Repeat (n} 1
Ok, H Cancel

Member buckling data

This group of parameters specifies where the member data relating to buckling are taken from. This

can be taken from the Buckling Data Library. This data is displayed in the property window when a

beam is selected: ‘Property’ > ‘Buckling and relative lengths’.
Using Member Buckling Data, the user can input for every beam of a buckling system a different

setup of the buckling parameters.

M Buckling data @
= Name BB1

1+ Edit buckling El

Member(s) material \ I
Buckling ky. kz coefficients or .. |userinput fid
All other and LTB coefficients | defaultfrom LIB manager =

Dzl Dy B Buckling systems relation
Ly Lg z z I
LyZ yz zz Jud
Ltb B coefficient

“I\ ky factor Factar fid
e kz factor Calculate &
Sway yy acc. to Aluminium>Beams>Setup id
Sway zz acc. to Aluminium>Beams>Setup =

Ok

]_[ Cancel ]__

LTB restraints

The default LTB data, defined in the buckling data dialog, are overruled by the LTB restraints. Fixed
LTB restraints are defined on top flange or on bottom flange. The LTB lengths for the compressed
flange are taken as distance between these restraints. The LTB moments factors are calculated

between these restraints.
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M | TB Restraints

X

Mame LTBAT
Paosition z [+Z lJ
+z B Geometry
= i/ Coord. definition Rela l.l
-z Position x | 0.000
Repeat(n) 4
[ Reguiary B
Deltax _ 333
@ On begin E yes
] On end B yes

Ok, ” Cancel

Stiffeners

The stiffeners define the field dimensions (a,d) which are only relevant for the shear buckling check.
When no stiffeners are defined, the value for ‘a’ is taken equal to the member length.
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———
Y
4 d —a] | tw
| S
a
M Stiffener E|
Name Sti
D B Stffener
— Material EN-AW 6082 (Sheet) T61/T6151 (0-12.5) ] |0
- Thickness[mm] 120 Jud
ll D Decrease [mm] i1
D EH Geometry
Coord. definition Rela ~|
Position x 0.000
@ Repeat(n) 5
LI Regularly ]
& Deltax .25
" On begin B yes
@ (n-1) x Ax Onend ® yes

Ok J_l Cancel

Diaphragms
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The settings for the diaphragm are:

48

k The value of coefficient k depends on the number of spans of the
diaphragm:
k =2 for 1 or 2 spans,
k = 4 for 3 or more spans.
Diaphragm|The position of the diaphragm may be either positive or negative.
position Positive means that the diaphragm is assembled in a way so that
the width is greater at the top side.
Negative means that the diaphragm is assembled in a way so that
the width is greater at the bottom side.
Bolt Bolts may be located either at the top or bottom side of the
position  |diaphragm.
Bold pitch |Bolts may be either:
in every rib (i.e. "br"),
in each second rib (i.e. "2 br").
Frame The distance of frames
distance
Length The length of the diaphragm (shear field.)




ULS Check

Aluminium Slenderness

Via ‘Aluminium’ > ‘Aluminium slenderness’, the user can ask for the system length, buckling ratio,
buckling length, relative slenderness and bow imperfection according to the 2 local axis. In addition,
also the Lateral Torsional Buckling length and the torsion buckling length can be displayed.
Aluminium slenderness

Linear calculation

Member CS Name Part Sway y Ly ky ly Lam y ely I LTB lyz
[m] [ [m] [ [mm] [m] [m]
Sway z Lz kz Iz Lam z elz
[m] [l [m] [l [mm]
B1 column A 2| Yes 2.500 145 3616 60.19 83 5.500 5.500
No 5.500 1.00 5500 196.15 18.3
B1 column A 1|Yes 3.000 1.14 3.420 56.93 10.0 5.500 5.500
No 5.500 1.00 5.500| 196.15 18.3

Section check

Partial safety factors

The partial safety factors may be chosen in the National Annex. Recommend values are given in Table
6.1 (Ref.[1]).

Resistance of cross-sections whatever the class is ym: = 1,10
Resistance of member to instability assessed by member checks ym: = 1,10
Resistance of cross-sections in tension to fracture ymz = 1,25

Using the menu 'Project data’ > ‘National annex’ > ‘EN 1999: Design of aluminium structures’ > ‘EN
1999-1-1 (general structural rules)’, the user can input values for yy; and yys.

Aluminium setup

X

= Standard EN MName
= Alurninium
Member check

B Aluminium

E Member check
Bow Imperfections
Member Imperfection

=} Partial Safety Factors

B Gamma M1

Value [-] 1.10
B Gamma M2
Value [-] 125

Resistance Yield Criterion

Bending moments
According to section 6.2.5.1 Ref.[1], alternative values for a3, and a3, can be chosen. In SCIA

Engineer, the user can input these alternative values using ‘Aluminium’ > ‘Setup’ > ‘Member check’ >
‘Alternative values’.
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Aluminium setup

X

= Standard EN MName
= Alurninium B Aluminium
tember check Member check

Felative deformation Relative deformation

Buckling default
Hexing aetauls Alpha 3.u EN1999-1-1:6.25.1 (2)

Alpha 3w EN1993-1-1: 5.25.1 (2)
Eta 0 EN1999-1-1:6.25.1 (2)

Gamma0 EN1999-1-1:6.2.9.1 (1)
XiD  EN1999-1-1:6.2.9.1(1)
Psi EN1999-1-1: 6.2.9.2 (1)
Etac  EN1999-1-1:6.33.1(1).(2)
Xiye  EN1999-1-1:6.33.1(1)
Xizc  EN1999-1-1:6.3.3.1(1).(2)

Psic EMN1999-1-1: 6.3.31(3)

Etac EMN1999-1-1: 6.3.3.2(1)

Xizc EN1999-1-1:6.3.3.2(1)
Buckling defaults

Shear

The design value of the shear force Vg4 at each cross-section shall satisfy (Ref.[1]):

\ﬁsl

Rd

Where Vgq is the design shear resistance of the cross-section.

Slender and non-slender sections

The formulas to be used in the shear check are dependent on the slenderness of the cross-section

parts.

For each part i the slenderness B is calculated as follows:

oot )

With: Xend End position of plate i .
Xbeg Begin position of plate i.
t Thickness of plate i.

For each parti the slenderness 8 is then compared to the limit 39¢

With & = 25% and f, in N/mm2
0

B <39 => Non-slender plate

B >39¢ => Slender plate

I) All parts are classified as non-slender
B <39

The Shear check shall be verified using art. 6.2.6. Ref.[1]
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Default
Default
Default
Default
Default
Default
Default
Default
Default
Default

Leldafafafalalafefe




[)One or more parts are classified as slender
B >39%

The Shear check shall be verified using art. 6.5.5. Ref.[1].

For each part i the shear resistance Vgy; is calculated.

Non-slender part:
Formula (6.88) Ref.[1] is used with properties calculated from the reduced shape for
N+(Py Haz)

For Vy: Anety,i = (Xeng — Xbeg)i DOU,HAZ [, [tos a;

For Vz: Anet,z,i = (Xend - Xbeg)i |$U,HAZ |:'Iti &inz ai

With: i The number (ID) of the plate
Xend End position of plate i
Xpeg Begin position of plate i
t Thickness of plate i
Pu,HAz Haz reduction factor of plate i
a Angle of plate i to the Principal y-y axis

Slender part:

Formula (6.88) Ref.[1] is used with properties calculated from the reduced shape for
N+(pynaz) in the same way as for a non-slender part. => Vggi yield

Formula (6.89) is used with a the member length or the distance between stiffeners
(for I or U-sections)
=> VR, buckiing

=> For this slender part, the resulting Vgq; is taken as the minimum of Vgq;yiew and
VRd,i,buckling

For each part Vgg; is then determined.

=> The Vgq Of the cross-section is then taken as the sum of the resistances Vg, Of all parts.

Veg = 2 Ve

Note:
For a solid bar, round tube and hollow tube, all parts are taken as non-slender by default and formula
(6.31) is applied.

2 Example

wsa_ 004 shear check
- calculate project
- aluminium check, detailed output

39¢ Slender? Avy,i Avz,i VRD,y,yield,i | VRD,z,yield,i
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1 RUO 10 43,07 no 2,9 37,1 0,31 4
2 I 29 43,07 no 53,9 4,1 5,8 0,45
53,9 4,1 5,8 0,45
3 I 100 43,07 yes 10,5 139,5 1,13 15
4,6 61,5 0,5 6,61
10,5 139,5 1,13 15
4 I 31,5 43,07 no 58,5 4,5 6,3 0,48
58,5 4,5 6,3 0,48
5 RUO 9 43,07 no 2,6 33,4 0,28 3,6

- In addition: for the slender part 3
- a/b = 6000/200 = 30 with a=6m and b = 200mm and v, = 0,280

- Sum ( VRD,y,yield,i ) = 27,44 kN

- Sum ( VRD,z,yield,i ) = 46,08 kN

- VRD,y = 0,31+11,59+0,85+12,59+0,28 = 25,61 kN
- VRD,z = 4,00+0,89+11,21+0,97+3,60 = 20,67 kN

Shear check
According to EN1999-1-1 article 6.5.5 and formula (6.87).
Shear force Vy
Part ID Beta VRd,Yielding [kN] VRd,Buckling [kN]
1 10,00 0,31
2 29,00 11,60
3 100,00 277 085
4 31,50 12,60
5 900 0.28

Table of values

Vy Rd 2563 kN
Unity check 022 -

Shear force Vz

Part ID | Beta | VRdYielding [kN] | VRd Buckiing [KN]
7 70,00 |4,00

2 2000 0,88

3 100,00 |36.62 11,21

4 3150 |09

5 9.00 3.60

Table of values
Vz.Rd 20.64 kN
Unity check 0.08 -

Calculation of Shear Area

The calculation of the shear area is dependent on the cross-section type.
The calculation is done using the reduced shape for N+(po naz)

a) Solid bar and round tube

The shear area is calculated using art. 6.2.6 and formula (6.31) Ref.[1]:
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A,

=LA

With: ny 0,8 for solid section

0,6 for circular section (hollow and solid)
Ae Taken as area A calculated using the reduced shape for N+(po naz)

b) All other Supported sections

For all other sections, the shear area is calculated using art. 6.2.6 and formula (6.30) Ref.[1].

The following adaptation is used to make this formula usable for any initial cross-section shape:

A/y = zin:l(xend - Xbeg) wO,HAZ (i ECO§ a

A, = Zin:l(xend - Xbeg) DOO,HAZ i sin° a

With: [ The number (ID) of the plate
Xend End position of plate i
Xbeg Begin position of plate i
t Thickness of plate i
Po,HAz HAZ reduction factor of plate i
a Angle of plate i to the Principal y-y axis

Should a cross-section be defined in such a way that the shear area A, (A, or A,;) is zero, then A, is
taken as A calculated using the reduced shape for N+(pg yaz)-

Note:

For sections without initial shape or numerical sections, none of the above mentioned methods can be
applied. In this case, formula (6.29) is used with Av taken as Ay or Az of the gross-section properties.

Torsion with warping

In case warping is taken into account, the combined section check is replaced by an elastic stress
check including warping stresses.

With:

fo
O tor.Bd = i
I Ml
e
tot.Ed — 'E
V¥ i
[ 2 a2 [~ fG
[ 2 2 N
\NOCwtpa + 3Tz SVC

Y

Crotid “CONEd YO Es TOsE: YOk

TiorEd —VryEd Y Trmd Y Tegd + Twia

fo 0,2% proof strength

OtotEd Total direct stress

TrotEd Total shear stress

Vi Partial safety factor for resistance of cross-sections

C Constant (by default 1,2)

Oned Direct stress due to the axial force on the relevant effective cross-
section

Owy,ed Direct stress due to the bending moment around y axis on the
relevant effective cross-section

Owz,Ed Direct stress due to the bending moment around z axis on the

relevant effective cross-section
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Owed Direct stress due to warping on the gross cross-section

Tvy.ed Shear stress due to shear force in y direction on the gross cross-
section

Tvzed Shear stress due to shear force in z direction on the gross cross-
section

= Shear stress due to uniform (St. Venant) torsion on the gross cross-
section

Twed Shear stress due to warping on the gross cross-section

The direct stress due to warping is given by Ref.[3] 7.4.3.2.3, Ref.[4]. A more detailed explanation can
be found in Ref.[20].

Bending, shear and a xial force

According to section 6.2.9.1.(1) and 6.2.9.2 (1) Ref.[1], alternative values for yo, no, € and g can be
chosen. In SCIA Engineer, the user can input these alternative values using ‘Aluminium’ > ‘Setup’ >
‘Member check’ > ‘Alternative values’.

Localised welds

In case transverse welds are inputted, the extend of the HAZ is calculated as specified in paragraph
“Calculation of Reduction factor pyaz effects” of the Aluminium Code Check Theoretical Background
and compared to the least width of the cross-section.

The reduction factor ay is then calculated according to art. 6.2.9.3 Ref.[1].
When the width of a member cannot be determined (Numerical section, tube ...) formula (6.44) is
applied.

Note:

Since the extend of the HAZ is defined along the member axis, it is important to specify enough
sections on average member in the Solver Setup when transverse welds are used.

Note:

Formula (6.44) is limited to a maximum of 1,00 in the same way as formula (6.64).

Shear reduction

Where Vg4 exceeds 50% of Vgq4 the design resistances for bending and axial force are reduced using a
reduced yield strength as specified in art. 6.2.8 & 6.2.10. Ref.[1].

For Vy the reduction factor p, is calculated
For Vz the reduction factor p, is calculated

The bending resistance M, rq is reduced using p,
The bending resistance M, gq is reduced using py

The axial force resistance Ngq is reduced by using the maximum of p, and p,

2 Example

wsa_005 bending - transverse welds

- calculate project

- aluminium check combination UGT, detailed output of Beam B6
- classification for My- = 4

- check ends of Beam B6

- Combined Bending, Axial force and Shear force Check
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Combined Bending, Axial force and Shear force Check.

According to EN1999-1-1 article 6.291 &6.2.10 andformula (6.40),(6.41).

Table of values

Etal (6.42a) 1,00

Gamma0 (6.42b) 1.00

X1 0 (642c) 1,00

w0 1,00

NRd 1659.85 kN
My.Rd 342 68 kNm
Mz Rd 47.36 kNm

Unity check (6.40) = 0.00 + 0.08 = 0.08 -
Unity check (6.41) = 0.00 + 0.08 + 0.00 = 0.08 -

wsa_005 bending - transverse welds

- input 5 transverse welds regulary distance, begin and end of the beam B6

- MIG weld, 90°C
M Transverse weld @
MName _TW?
B HAZ data |
+z s Weld Method MIG |
%\V G Aoy H]
-z Temperature [C] 30.00
B Geometry
Coord. definition 'Rela Lj
) Positionx |0.000
2 @ Origin From start |
2 Repeat (n) 5
R Regularly B
r Deltax :
é) (n-1) x Ax On begin ® ves
X On end B yes

[6]4 H Cancel

- check ends of Beam B6

Combined Bending, Axial force and Shear force Check.

According to EN1999-1-1 article 6.291 & 6.2.10 and formula (6.40),(6.41)

Table of values

Eta0 (6.42a) 1,00

Gammal (6.42b) 1.00

Xi 0 (6.42c) 1,00

wi 0,63

NRd 1659 85 kM
My, Rd 342 68 kNm
Mz Rd 47.36 kNm

Unity check (6.40)=0.00+0.12 = 0.13 -
Unity check (6.41)=0.00 +0.12+0.00=0.13 -




Stability check
Flexural Buckling
General remarks

The different system lengths and sway type have to be introduced. The defaults can be overruled by
the user.

During the non-linear analysis, the sway type can be set by user input, or by ‘non-sway’. See
‘Aluminium’ > ‘Setup’ > ‘Member check’:

Aluminium setup

= Standard EN Name
= Aluminium B Aluminium
- Member check B Member check

- Relative deformation

i : B Default sway types
- Alternative values

; . VY B yes
- Buckling defaults = oo
B Buckling length ratios ky. kz |
Max. k ratio [-] |10.00
] 00 O
! Zndorderbuckingratios  EIEEIETEN ;J]
Unknown buckling shape |Use half of buckling length il
Known buckling sﬁape :Use half of buckling length =
B General settings |
Elastic check only O no
Section check only O no
Only LTB stability check in 2nd order calculation O no

Relative deformation
Alternative values
Buckling defaults

Buckling Ratio

General formula

For the calculation of the buckling ratios, some approximate formulas are used. These formulas are
treated in reference [5], [6] and [7].

The following formulas are used for the buckling ratios (Ref[7],pp.21):

For a non-sway structure:
UL = (PP, +5p, +5p,+24)(pyp, +4p, +4p,+12)2
(2p,p, +11p, +5p, +24)(2p,p, +5p, +11p, +24)

For a sway structure:

L =x /i +4
p1X

With: System length
Modulus of Young
Moment of inertia

Stiffness in node i

O — mr
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M; Moment in node i

o) Rotation in node i
- 4p,py+ lepl
le(pl"' pz) +8p1p2
_GL
pl EI
G= Mi
qQ

The values for M; and @ are approximately determined by the internal forces and the deformations,
calculated by load cases which generate deformation forms, having an affinity with the buckling shape.
(See also Ref.[8], pp.113 and Ref.[9],pp.112).

The following load cases are considered:

load case 1: on the beams, the local distributed loads qy=1 N/m and gqz=-100 N/m are used, on the
columns the global distributed loads Qx = 10000 N/m and Qy =10000 N/m are used.

load case 2: on the beams, the local distributed loads qy=-1 N/m and qz=-100 N/m are used, on the
columns the global distributed loads Qx = -10000 N/m and Qy=-10000 N/m are used.

The used approach gives good results for frame structures with perpendicular rigid or semi-rigid beam

connections. For other cases, the user has to evaluate the presented bucking ratios. In such cases a
more refined approach (from stability analysis) can be applied.

Crossing diagonals

When the option ‘crossing diagonal’ is selected, the buckling length perpendicular to the diagonal
plane, is calculated according to DIN18800 Teil 2, Table 15 Ref.[10]. This means that the buckling
length si is dependent on the load distribution in the element, and it is not a purely geometrical data.
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member length

length of supporting diagonal

moment of inertia (in the buckling plane) of the member

moment of inertia (in the buckling plane) of the supporting diagonal
compression force in member

compression force in supporting diagonal

tension force in supporting diagonal

elastic modulus




Buckling and relative lengths.

Base setings | Buckiing data |

[ ¥ diagonals

X

Name |BC1 MNumber of parts
Buckling systems relationship
zz= |2z - ke factor |Calcu\ﬂte L‘
vz = 22 - kz tactor |Cal:u\ata L‘
= [ = Swayyy  [ace to Aluminium>Beams>Setup -]
Sway 2z Iat:c to Aluminiurn>Beams>Setup L‘
Influence of load position |Nurma\ L‘
Mer |Calcu\ﬂted L‘
Bow imperfection
aly ‘nn bow imperfection LI
elz Jnn b imperfection LI
Pelative deformation systems relationship
defz= m defy= |z b
[ Warping check
Buckling system Standard method ~]

OK Cancel J

When using cross-links, this option is automatically activated. The user must verify if this is wanted or

not.

Stability analysis

When member buckling data from stability are defined, the critical buckling load N, for a prismatic

member is calculated as follows:
Ncr = /1 |:INEd

Using Euler’s formula, the buckling ratio k can then be determined:

Ncr =W:) —;.

7.E.l 1

With: A Critical load factor for the selected stability combination
Ngg Design loading in the member
E Modulus of Young
I Moment of inertia
s Member length
2 Example

| wsa_006 flexural buckling
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- calculate project

- aluminium check combination UGT, detailed output of Beam B1

- critical check on 3,00m

- classification for N- = 4 and My- = 4

- Flexural buckling check

Flexural Buckling check

According to EN1999-1-1 article 6.3.1.1 andformula (6.48).

Buckling parameters vy s
Sway type sway non-sway
System Length L 2.500 5.500 m
Buckling factor k 145 1,00
Buckling length Lcr 3.616 5.500 m
Critical Euler Load Ncr £90_86 £65.05 kN
Relative slenderness Lambda 108 3,52
Limit slenderness Lambda( 0,10 0,10
Imperfection Alpha 020 0,20
Reduction factor Chi 0,60 0,08
Welding factor Kappa 1,00 1,00
Buckling resistance Nb,Rd 440.99 55.60 kN
Table of values
Aeff 3092 mm*2
Nb,Rd 5580 kN
Unity check 0.29 -
wsa_006 flexural buckling
- input transverse weld on beam B1 at position = 3,00m
M Transverse weld E|
Mame TW2
B HAZ data
+z < V Weld Method MIG ~
N Weld Material Bioce Alloy =]
-z Temperature [C] |30.00
B Geometry
Coord. definition |Abso LJ
Paosition x [m] |3.000
From start LJ

A2
% @ Crigin
Repeat (n)

A

(n-1) x Ax
O

]

oK

H Cancel

- aluminium check combination UGT, detailed output of Beam B1

- critical check on 3,00m
- classification for N- = 4 and My-
- Flexural buckling check
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.. STABILITY CHECK :...
Flexural Buckling check

According to EN1999-1-1 article 6.3.1.1 and formula (6.48).

Buckling parameters vy 7z
Sway type sway non-sway
System Length L 2.500 5.500 m
Buckling factor k 145 1,00
Buckling length Lcr 3616 5.500 m
Critical Euler Load Ncr 690 86 65.05 kN
Relative slenderness Lambda 1,08 3,92
Limit slenderness Lambda0 0,10 0,10
Imperfection Alpha 0,20 0,20
Reduction factor Chi 0,60 0,08
Welding factor Kappa 063 0,63
Buckling resistance Nb.Rd 276.13 34.94 kN
Table of values
Aeff 3092 mm*"2
Nb.Rd 34 94 kN
Unity check 0.46 -

The difference between the two examples can be found in the value for Ny rq.
Around the y-axis:

Nb,Rd,withaut weia = 440,99 kN

Np rawith weta = 440,99 kN -k = 440,99 kN - 0,63 = 278kN

Torsional (-Flexural) Buckling

If the section contains only Plate Types F, SO, UQ it is regarded as ‘Composed entirely of radiating
outstands . In this case A is taken as A calculated from the reduced shape for N+(po naz) according
to Table 6.7 Ref.[1].

In all other cases, the section is regarded as ‘General .
In this case Ay is taken as A calculated from the reduced shape for N-

a) "Outstand" sections ) "zeneral” cross secliions

Note:

The Torsional (-Flexural) buckling check is ignored for sections complying with the rules given in art.
6.3.1.4 (1) Ref.[1].

The value of the elastic critical load N, is taken as the smallest of N, r (Torsional buckling) and N, 1¢
(Torsional-Flexural buckling).

Calculation of N ¢ 1

The elastic critical load N, 1 for torsional buckling is calculated according to Ref.[11].
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i§ =iy +iZ +y5+z§

With: E Modulus of Young
G Shear modulus
I Torsion constant

ly Warping constant

I+ Buckling length for the torsional buckling mode

Yo Coordinates of the shear center with respect to the centroid
and

Zp

iy radius of gyration about the strong axis

iz radius of gyration about the weak axis

Calculation of N ¢ 1¢
The elastic critical load N, 1¢ for torsional flexural buckling is calculated according to Ref.[11].

Ncr e is taken as the smallest root of the following cubic equation in N:

ig(N - Ncr,y)(N - Ncr,z)(N - Ncr,T) - Nzyg(N - Ncr,z) - szé(N - Ncr,y) =0

With: Nery Critical axial load for flexural buckling about the y-y axis
Ner 2 Critical axial load for flexural buckling about the z-z axis
Ner T Critical axial load for torsional buckling

2 Example

wsa_007 torsional - flexural buckling

- calculate project

- aluminium check for Loadcase “LC1"

- critical check on 3,00m

- classification for N- =4 , My+ =4 and My- =4
- Torsional - Flexural buckling check
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Torsional (-Flexural) Buckling check
According to EN1999-1-1 article 6311 &6.3.1.4 andformula (6.48).

Table of values
Cross-section Type General
Torsional Buckling length 6.000 m
Mcr, T 14.99 kN
Ncr, TF 466 kN
Relative slenderness Lambda,T 3,71
Limit slendemess Lambda0 040
Imperfection Alpha 035
Aeff 327 .39 mm*2
Reduction factor Chi 0,07
Buckling resistance Nb,Rd 406 kN
Unity check 247 -

Lateral Torsional Buckling
The Lateral Torsional buckling check is verified using art. 6.3.2.1 Ref.[1].

For the calculation of the elastic critical moment M, the following methods are available:

- General formula (standard method)
- LTBII Eigenvalue solution
- Manual input

Note:
The Lateral Torsional Buckling check is ignored for circular hollow sections according to art. 6.3.3 (1)
Ref.[1].

Calculation of M  — General Formula

For | sections (symmetric and asymmetric) and RHS (Rectangular Hollow Section) sections the elastic
critical moment for LTB M, is given by the general formula F.2. Annex F Ref. [12]. For the calculation
of the moment factors C1, C2 and C3 reference is made to the paragraph “Calculation of Moment
factors for LTB” of the Aluminium Code Check Theoretical Background.

For the other supported sections, the elastic critical moment for LTB M, is given by:

Mo = TCELs [lw , L?GI,
I, T?El,
With: E Modulus of elasticity
G Shear modulus
L Length of the beam between points which have lateral restraint (= I 1g)
Iy Warping constant

le Torsional constant
I, Moment of inertia about the minor axis

See also Ref. [13], part 7 and in particular part 7.7 for channel sections.
Composed rail sections are considered as equivalent asymmetric | sections.

Diaphragms

When diaphragms (steel sheeting) are used, the torsional constant |, is adapted for
symmetric/asymmetric | sections, channel sections, Z sections, cold formed U, C, Z sections.
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See Ref.[14], Chapter 10.1.5., Ref.[15],3.5 and Ref.[16],3.3.4.

The torsional constant I; is adapted with the stiffness of the diaphragms:

|2

l.., =1 +vorh
tid t C’BTEZG

1 _ 1 + 1 1
VOI’hCS Cmvl,k Cz‘)A,k Csp,k
Comx =K Eles

Conx = Cloo[loao
c.. =125, | Pa
A k 100 100
_3[ED,
Pk hot)

| =5

° 12

With: |
vorh

Comk
Coak

Cop x

Eleff
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2
b } if b, <125

if 125<hb, <200

LTB length
Shear modulus
Actual rotational stiffness of diaphragm

Rotational stiffness of the diaphragm

Rotational stiffness of the connection between the diaphragm and the
beam

Rotational stiffness due to the distortion of the beam
Numerical coefficient

= 2 for single or two spans of the diaphragm

= 4 for 3 or more spans of the diaphragm

Bending stiffness per unit width of the diaphragm
Spacing of the beam

Width of the beam flange (in mm)

Rotation coefficient - see table

Height of the beam

Thickness of the beam flange

Thickness of the beam web



P”’;'mg of Shﬁrﬁg‘;“"d Pitch of fasteners m&f‘ Ciow | brom
Positive | Megative | Trough Crest £ = by e = Uy {mm] | [kNm/m] | [mm]
For gravity loading:

*® ® x 2 52 40

x x S 22 31 40

% % " K, 10,0 40
" * kS - 52 40
® ® x 22 31 120
s x » n 2.0 120
For uplift loading:
® * » 16 2,6 4
*® ES * 16 1.7 40

Key:
by is the corrugation width [185 mm maximuem];
by s the width of the sheeting flange through which it is fastened to the purlin.

K, indicates a steel saddle ‘washer as shown below with 1 = 0,75 mm

Sheet fastened;
- through the trough:

Va L I e 72 TN
b Vi
The values in this table are valid for: - through the crest:
- sheet fastener screws of diameter: ¢ = 6,3 mm; by
ars |-t—
- steel washers of thickiess: f, & 1L0mm; -
S e W e WY e VN

- shesting of nominal core thickness: ¢ = 0,66 mm,

LTBII Eigenvalue solution

For calculation of Mcr using LTBII reference is made to chapter “LTBII: Lateral Torsional Buckling 2"
Order Analysis” of the Aluminium Code Check Theoretical Background.

2 Example

wsa_008 lateral torsional buckling

- calculate project

- aluminium check, LC1

- critical check on 3,00m

- classification for N- =4, My+ =4 and My- =4
- Lateral Torsional buckling check

- LTB-length = 6,00m




Lateral Torsional Buckling Check

According to EN1999-1-1 article 6.3.2.1 and formula (6.54).

LTB Parameters

Alpha 0,688
Wely 4159923
Elastic critical moment Mcr 0.72
Relative slenderness Lambda, LT 2,860
Limit slendemess Lambda O LT 0,400
Imperfection Alpha,LT 0,200
Reduction factor Chi, LT 0114
Buckling resistance Mb,Rd 0.61
Unity check 2.73

mm*"3
kKMNm

kKMNm

Mcr Parameters

LTB length 6.000 m
k 1.00

bowe 1.00

C1 1,13

C2 045

C3 053

Load Paosition Naormal

wsa_008 lateral torsional buckling

- aluminium check, LC1
- critical check on 3,00m

- Lateral Torsional buckling check
- LTB-length = 2,00m

- input 4 LTB-restraints regulary on topflange of beam

- classification for N- =4 , My+ =4 and My- =4

Lateral Torsional Buckling Check

According to EN1999-1-1 article 6.3.2.1 and formula (6.54).

LTB Parameters

Alpha

Wely

Elastic critical moment Mcr
Relative slendemess Lambda,LT
Limit slendemess Lambda,0LT
Imperfection Alpha, LT

Reduction factor Chi, LT
Buckling resistance Mb,Rd
Unity check

0.668
41599 23
571
1,014
0.400
0,200
0,698
372

0.45

mm*"3
kNm

kKNm

Mcr Parameters

LTB length 2.000 m
k 1,00

kw 1.00

C1 1,10

c2 0,16

C3 1,00

Load Position Mormal

66



Bending and Axial compression

Flexural Buckling

According to section 6.3.3.1.(1), (2), (3) Ref.[1], alternative values for n¢, €., €., Y can be chosen. In
SCIA Engineer, the user can input these alternative values using ‘Aluminium’ > ‘Setup’ > ‘Member
check’ > ‘Alternative values’.

Lateral Torsional Buckling

Members containing localized welds

In case transverse welds are inputted, the extend of the HAZ is calculated as specified in chapter
“Calculation of Reduction factor pyaz” and compared to the least width of the cross-section.

The reduction factors, HAZ softening factors wy, wy, and w1 are calculated according to art. 6.3.3.3
Ref.[1].

Unequal end moments and/or transverse loads

If the section under consideration is not located in a HAZ zone, the reduction factors w, and w,  are
then calculated according to art. 6.3.3.5. Ref.[1].

In this case ay is taken equal to 1,00.

Calculation of xs

The distance x; is defined as the distance from the studied section to a simple support or point of
contra flexure of the deflection curve for elastic buckling of axial force only.

By default X, is taken as half of the buckling length for each section. This leads to a denominator of
1,00 in the formulas of the reduction factors following Ref.[18] and [19].

Depending on how the buckling shape is defined, a more refined approach can be used for the
calculation of xs.

Known buckling shape

The buckling shape is assumed to be known in case the buckling ratio is calculated according to the
General Formula specified in chapter “Calculation of Buckling ratio — General Formula”. The basic
assumption is that the deformations for the buckling load case have an affinity with the buckling shape.

Since the buckling shape (deformed structure) is known, the distance from each section to a simple
support or point of contra flexure can be calculated. As such xs will be different in each section. A
simple support or point of contra flexure are in this case taken as the positions where the bending
moment diagram for the buckling load case reaches zero.
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Note:
Since for a known buckling shape x5 can be different in each section, accurate results can be obtained

by increasing the numbers of sections on average member in the ‘Solver Setup’ of SCIA Engineer.

Unknown buckling shape

In case the buckling ratio is not calculated according to the General Formula specified in chapter
“Caculation of Buckling ratio — General Formula”, the buckling shape is taken as unknown. This is thus
the case for manual input or if the buckling ratio is calculated from stability.

When the buckling shape is unknown, xs can be calculated according to formula (6.71) Ref.[1]:

Xs7T M -M N 1
cos (L) — (Mea1-Mraz) Nra but Xs = 0

c T.MRd ' N_Ed ' 1/,1’_1
With: e Buckling length
Meq 1 and Design values of the end moments at the system length of the
Meq.2 member
NEeg Design value of the axial compression force
MRgg Bending moment capacity
NRg Axial compression force capacity
X Reduction factor for flexural buckling

Since the formula returns only one value for X, this value will be used in each section of the member.

The application of the formula is however limited:

- The formula is only valid in case the member has a linear moment diagram.
- Since the left side of the equation concerns a cosine, the right side has to return a value
between -1,00 and +1,00
If one of the two above stated limitations occur, the formula is not applied and instead x; is taken as
half of the buckling length for each section.

Note:
The above specified formula contains the factor Ttin the denominator of the right side of the equation.
This factor was erroneously omitted in formula (6.71) of EN 1999-1-1:2007.

The user can change the calculation protocol for xs. This input can be changed in the menu

‘Aluminium’ > ‘Setup’ > ‘Member check’. Here the user can choose between the formulas discussed
above or to use half of the buckling length for x.
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Aluminium setup

K

= Standard EMN MName
= Aluminium B Aluminium
Member check B Member check

Felative deformation

- B Default sway types
Alternative values

Only LTB stability check in 2nd order calculation O no
Relative deformation
Alternative values
Buckling defaults

2 Example

. ¥y H yes
Buckling defaults 7z O o
B Buckling length ratios ky. kz
Max. k ratio [-] 10.00
Max. slendemess [-] 200.00
2nd order buckling ratios Acc. to input
S
Unknown buckling shape According to EN1393-1-1 formula(6.71)
Known buckling shape According to buckling load case
Bl General settings
Elastic check only O no
Section check only O no

wsa_009a xsl

- B1: default calculation of buckling factors ky and kz according to General Formula
-> buckling shape is “known” for both directions

- B2: default calculation of buckling factors ky, manual input of buckling factor kz
-> buckling shape is known for yy, but unknown for zz

-B3: default calculation of buckling factors ky, manual input of buckling factor kz
-> buckling shape is known for yy, but unknown for zz

- calculation of xs for unknown buckling shape: according to formula (6.71) Ref.[1].
- calculation of xs for known buckling shape: according to buckling load case
- check is done at the ends of the beams

Results for Beam Bl

- check moments My and Mz
-Bl:xs_y=xs_z =6,00m

Table of values

Method for xs.y Buckling Loadcase
Method for x5,z Buckling Loadcase

XS)Y 6.000 m
X5,Z 6.000 m
w0 1,000

WXy 1,000

WX, Z 2732

wxLT 1,296

Results for Beam B2

- check moments My and Mz

-B1l:xs_y=6,00m and xs_z = 1,50m

- for xs_z, the buckling shape is unknown. Thus formula (6.71) will be used, but the
limitations of this formula are not respected. As such, Half of the buckling length will be
used.

The buckling length =kz *L = 0,5 * 6,00m = 1,5m

Le

KWKl
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Table of values
Method for xs,y Buckling Loadcase
Method for xs.z Half of Buckling Length
xS Y 6.000 m
X5, Z 1.500 m
wo 1,000
WX,y 1,000
WX, Z 1,000
wxLT 1,000

Results for Beam B3

- check moments My and Mz
-B1l: xs_y=6,00mand xs_z=1,134m
- for xs_z, the buckling shape is unknown. Thus formula (6.71) will be used.

Table of values

Method for xs)y Buckling Loadcase

Method for xs,z Formula (6.71)

XSY 5.000 m

X5,Z 1.134 m

wi 1,000

WX, Y 1,000

WX, 7 1.011

wxLT 1,009

MEd 1,z 10.00 kNm

MEd,2,z 0.00 kNm
3 Example

wsa_009b xs2

- B1 and B2: default calculation of buckling factors ky and kz according to General
Formula

-> buckling shape is “known” for both directions

- Length of beams = 4,00m

- calculation of xs for unknown buckling shape: use half of buckling length
- calculation of xs for known buckling shape: according to buckling load case

Results for Beam B1

- check moments for LC1 = buckling load case = load case as in General formula

-> inflextion point for My is to be found at dx = +-3,00m

Thus the distance left the support in yy-direction is +-1,00m > xs_y = 4,00m — 3,00m =
0,994m

-Xs z =4,00m
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Combined Bending and Axial Compression Check
According to EN1999-1-1 article 6.3.3.1,63.32 andformula (6.59),(6.63).

Table of values

Eta.c (6.61a) 0.80

Xiyc (661b) 0,80

Xizc (661c) 0,80

Gamma,c 1,00

Alpha.y 1,00

Alpha,z 1,00

NRd 746.45 kN
My, Rd 44 28 kNm
Mz Rd 6.26 kNm

Unity check y-y (6.59) = 0.00 + 0.03 = 0.03 -
Unity check z-z (6.59) = 0.00 + 0.96 = 0.96 -
Unity check (6.63) = 0.00 + 0.21 + 0.97 =1.18 -

Table of values

Method for xs.y Buckling Loadcase
Method for xs,z Buckling Loadcase

X5Y 0994 m
XS, Z 4000 m
w0 1,000

WX,y 1,000

WX, Z 1,000

wxLT 1,000

Shear Buckling

The shear buckling check is verified using art. 6.7.4 & 6.7.6 Ref.[1].
Distinction is made between two separate cases:

- No stiffeners are inputted on the member or stiffeners are inputted only at the member ends.
- Any other input of stiffeners (at intermediate positions, at the ends and intermediate positions

).

The first case is verified according to art. 6.7.4.1 Ref.[1]. The second case is verified according to art.
6.7.4.2 Ref.[1].

Note:
For shear buckling only transverse stiffeners are supported. Longitudinal stiffeners are not supported.
In all cases rigid end posts are assumed.

Plate girders with stiffeners at supports

No stiffeners are inputted on the member or stiffeners are inputted only at the member ends. The
verification is done according to 6.7.4.1 Ref.[1].

The check is executed when the following condition is met:

h, 237 |E
t, 7 fo
With: hy Web height
tw Web thickness
n Factor for shear buckling resistance in the plastic range
E Modulus of Young
fo 0,2% proof strength
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The design shear resistance Vgq for shear buckling consists of one part: the contribution of the web
Vw,Rd-

The slenderness A,, is calculated as follows:
f

A1 =0 5& [1o

w= 03 t, VE

Using the slenderness A, the factor for shear buckling p, is obtained from the following table:

Ranges of A, py for rigid stiffener
A< 083 1
n
083 3, <0037 | L8
r," r\“_.
0,937<A,, 2.3
1,66 +A,

In this table, the value of n is taken as follows:
n=0,7+035 f ./ fo. but n<12

With: fuw Ultimate strength of the web material
fow Yield strength of the web material

The contribution of the web V,, rq4 can then be calculated as follows:

V., za=p0.00, _—fﬂ

V3V

For interaction see paragraph “ Interaction .

Plate girders with intermediate web stiffeners

Any other input of stiffeners (at intermediate positions, at the ends and intermediate positions ...). The
verification is done according to 6.7.4.2 Ref.[1].

The check is executed when the following condition is met:

h, 1,02 k. E
fl r-'. \; fD
With: hw Web height
tw Web thickness
n Factor for shear buckling resistance in the plastic range
K+ Shear buckling coefficient for the web panel
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E Modulus of Young
fo 0,2% proof strength

The design shear resistance Vgq for shear buckling consists of two parts: the contribution of the web
Vwra @nd the contribution of the flanges Vigg.

Contribution of the web

Using the distance a between the stiffeners and the height of the web h,, the shear buckling coefficient
k; can be calculated:

h,’ .. a
k,=534+400(—) if 7-=1
a W

h,~ .. a
k =4,00+534(—=) if ?_{1
T 7 ?11-'

The value k; can now be used to calculate the slenderness A.,.

083 ) _go37 | %83
n "\w
0,937<A, 23
1,66 +A,,

In this table, the value of n is taken as follows:
n=0,7+035f,/fo but n=<12

With:  fu Ultimate strength of the web material
fow Yield strength of the web material

The contribution of the web V,, rq4 can then be calculated as follows:

fo
V\t-‘, Rd = pvrw f?“__ NE

V3Yi
Contribution of the flanges

First the desigh moment resistance of the cross-section considering only the flanges M;rq is calculated.
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M =M

When F.Rd then Vigg = 0

Mo, <M

When F.8d then Vg is calculated as follows:

bfff‘-fﬂf 1_( Ji{lrEd )‘-
J'Jl{{f,Rd

With:  bs and t; the width and thickness of the flange leading to the lowest resistance.

b <151

f' On each side of the web.

4.4b.1;
c=al0,08 +_Ljﬂ
4 W bw f ey
With:  fy Yield strength of the flange material
fow Yield strength of the web material

If an axial force Ngq is present, the value of M¢rq is be reduced by the following factor:

NEd

1—

Y

With: A and Ay, the areas of the top and bottom flanges.

The design shear resistance Vggq is then calculated as follows:
Vea=VizatV s za

For interaction see paragraph “

Interaction .

Interaction

If required, for both above cases the interaction between shear force, bending moment and axial force
is checked according to art. 6.7.6.1 Ref.[1].

M d =M

If I.%d the following two expressions are checked:
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MoAM i, Ve ( M

)s 1,00
2M pl,Rd Vw, Rd

M, zi

M <M _,,

with:  Me =Wz folyan

M¢ra design moment resistance of the cross-section considering only the flanges
Mpira Plastic design bending moment resistance

If an axial force Ngg is also applied, then My, rq is replaced by the reduced plastic moment resistance
My ra given by:

N, )

Sor
(A + A )5
Y

My gg=M i ra| 1-

With: A and Ay, the areas of the top and bottom flanges.

2 Example

wsa_010 shear buckling - stiffeners
- B1, B2 and B3 loaded by line load 10kN/m
- B4 loaded by line load of 10kN/m and normal compression force of 1200kN

- B1: no stiffeners

- B2: stiffeners at ends

- B3: stiffeners at ends and interior
- B4: stiffeners at ends and interior

- input of result-sections at beginning of beams

Results for Beam B1

- using formula (6.122) and (6.147, Interaction)
- VRd = VW,Rd = 905,61kN

-u.c. =0,03




Shear buckling check.
According to EN1999-1-1 aricle 6.7.4.1 &6.7.6.1 andformula (6.122), (6.147).

Rigid end posts

Table of values

b/ tw

Eta
Lambda,w
Rho v

Af1

Af2

Mf, Rd
VRd
Mpl.Rd
Mc,Rd
Unity check (6.122)

Unity check (6.147 curve 2)
Unity check {6147 curve 3)

81333
1,18
1,541
0.72
3600
3600
662 66
905.61
1157 10
756.43
0.03

mm*"2
mm"2
kNm

kKMNm
kNm

Results for Beam B2

-u.c.=0,03

- stiffeners at ends, idem as results for B1
- using formula (6.122) and (6.147, Interaction)
-Vrd = Vyrd = 905,61kN

Results for Beam B3

-u.c.=0,03

- stiffeners at ends and intermediate stiffeners
- a = distance between stiffeners = 1,5m

- using formula (6.124) and (6.147, Interaction)
-Vkd = Vwrd+ Vira = 964,75 + 54,28 = 1019,03kN

Shear buckling check
According to EN1999-1-1 article 6. 742 &6.7.6.1 and formula (6.124), (6.147).

Rigid end posts

Table of values

b twe

a

k Tau

Eta
Lambda,w
Rho,v

Af1

Af2

C

Mf, Rd

Vw Rd
ViRd
VRd
Mpl,Rd
Mc, Rd
Unity check (6.124)

Unity check (6.147 curve 2)
Unity check (6147 curve 3)

81333
1500
7.033
1,18
1344
0,77
3600
3600
145
662 86
964.75
54.28
1019.03
1157 10
756.43
003

mm

| Results for Beam B4
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- stiffeners at ends and intermediate stiffeners (+ extra normal force)

- a = distance between stiffeners = 1,5m

- using formula (6.124) and (6.147, Interaction)

- Normal force exist, M¢gq SO needs to be reduced

- Meq > Mrg = shear contribution of the flanges may not be taken into account
-Vgg = VW,Rd + Vf'Rd = 964,75 + 0,00 = 964,75kN

-u.c.=0,03 (6.122)

- u.c. = 0,39 (6.147 curve (2))
- u.c. = 0,13 (6.147 curve (3))

Shear buckling check.

According to EN1999-1-1 article 6742 &6 761 andformula (6.124), (6.147).

Rigid end posts

Table of values
hw/tw 81,333
a 1500 mim
k Tau 7.033
Eta 1,18
Lambda,w 1,344
Rho.v 0.77
Af1 3600 mm*2
Af2 3600 mm*2
C 145 M
Mi, Rd 70.06 kNm
Vw Rd 964.75 kN
Vi Rd 0.00 kN
VRd 964.75 kN
Mpl,Rd 231.67 kNm
Mc.Rd 756.43 kNm
Unity check (6.124) 0.03 -
Unity check (6.147 curve 2) 0.39 -
Unity check (6.147 curve 3) 0.13 -
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