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1. Introduction
1.1 Add-on Module ALUMINIUM

Eurocode 9 determines rules for the design, analysis and construction of aluminium struc-
tures in all member states of the European Union. With the add-on module ALUMINIUM
from the company ING. SOFTwARE DLUBAL all users obtain a highly efficient and universal tool
to design aluminium structures according to this standard. The rules specific for particular
countries are set in national annexes. In ALUMINIUM a great number of national annexes is
already available. It is also possible for the user to define limit values and create new na-
tional annexes in the module.

All typical designs of load capacity, stability and deformation are carried out in the module
ALUMINIUM. Different actions are taken into account during the load capacity design and
there is the possibility to choose some interaction designs for a given standard. The alloca-
tion of designed cross-sections into classes 1 to 4 makes an important part of the design
according to Eurocode 9. The purpose of this classification is to determine the range in
which the local buckling in cross-section parts limits the load capacity so that the rotational
capacity of cross-sections can be verified. Further, ALUMINIUM automatically calculates the
¢/t ratios of compressed parts and carries out the classification automatically.

For the stability design, you can determine for every single member or set of members
whether buckling is possible in the direction of y-axis and/or z-axis. Lateral supports can be
added for a realistic representation of the structural model. All comparative slendernesses
and critical loads are automatically determined by ALUMINIUM on the basis of the bounda-
ry conditions. For the design of lateral torsional buckling, the elastic critical moment that is
necessary for the design is calculated automatically. It can also be entered manually. The lo-
cation where the loads are applied, which influences the elastic critical moment, can also be
defined in the detailed settings.

The serviceability limit state has become important in modern civil engineering as more and
more slender cross-sections are being used. In ALUMINIUM, load cases and groups and
combinations of load cases can be arranged individually to cover the various design situa-
tions.

Like other modules, ALUMINIUM is fully integrated into the RSTAB program. However, it is
not only an optical part of the program. Results from the module can be incorporated to
the central printout report. Therefore, the entire design can be easily — and uniformly - or-
ganized and presented.

The program includes an automatic cross-section optimization and a possibility to export all
modified profiles to RSTAB.

Individual design cases make it possible to flexibly analyze separate parts of extensive struc-
tures.

We wish you much success and delight when working with our module ALUMINIUM.

Your ING. SOFTWARE DLUBAL company.
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1.2  ALUMINIUM Team

The following people participated in the development of the ALUMINIUM module:

Program Coordinators

Dipl.-Ing. Georg Dlubal Dipl.-Ing. (FH) Younes El Frem
Ing. Ph.D. Martin Cudejko Ing. Pavol Cerveridk
Programmers

Ing. Zdenék Kosacek Ing. Martin Budac

Ing. Ph.D. Martin Cudejko Mgr. Petr Oulehle

Zbynék Zamecnik Ing. Roman Svoboda

Dr.-Ing. Jaroslav Lain DiS. Jifi Smerak

Library of Cross-Sections and Materials
Ing. Ph.D. Jan Rybin Jan Brnusak

Design of Program, Dialog Boxes and Icons

Dipl.-Ing. Georg Dlubal Ing. Jan Miléf
MgA. Robert Kolouch

Testing and Technical Support

Ing. Ctirad Martinec Dipl.-Ing. (FH) Walter Fréhlich

Ing. Ph.D. Martin Cudejko Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) Steffen Clauf3 Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) Matthias Entenmann M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) René Flori Dipl.-Ing. (FH) Christian Stautner

Manuals, Documentation and Translations

Ing. Ph.D. Martin Cudejko Mgr. Michaela Kryskova
Ing. Ladislav Kabrt Mgr. Petra Pokorna

Ing. Mgr. Hana Mackova Dipl.-Ing. (FH) Robert Vogl
Ing. Petr Michal Dipl.-U. Gundel Pietzcker

1.3 Using the Manual

All general topics such as installation, user interface, results evaluation and printout report
are described in detail in the manual of the main program RSTAB. Hence, we omit them in
this manual and will focus on typical features of the add-on module ALUMINIUM.

During the description of ALUMINIUM, we use the sequence and structure of the different
input and output tables. We feature the described icons (buttons) in square brackets, e.g.
[Pick]. The buttons are simultaneously displayed on the left margin. The names of dialog
boxes, tables and particular menus are marked in italics in the text so that they can be easily
found in the program.

The index at the end of this manual enables you to quickly look up specific terms.

Program ALUMINIUM © 2011 by Ing. Software Dlubal
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1.4  Starting ALUMINIUM

It is possible to initialize the add-on module ALUMINIUM in several ways.

Main Menu

You can call up ALUMINIUM by the command from the main menu of the RSTAB program:
Additional Modules — Design - Aluminium — ALUMINIUM.

Options | Additional Madules | Window  Help

161 -Tra) LR i R ERE
@ Q Shape Properties N A NI Rl il rell ol e B 6 S
] Design - Steel 4
Design - Concrete 3
Design - Timber 3

Design - Composite

Design - Aluminium b E ALUMINIUM Design of Aluminium Members
Dynamic 4
Connedtions 4
Foundations 4
Stabjlity 3
Towers 4
Others 4

Figure 1.1: Main Menu: Additional Modules — Design - Aluminium — ALUMINIUM

Navigator
Further, it is possible to start ALUMINIUM from the Data navigator by clicking on the item
Additional Modules — ALUMINIUM.

Project Mavigat @

ED™ paTAR

= £ RSTAB- Bridge*

J Structural Data

_J Loads

_ Results

J Printout Reports

_J Guide Objects

o Additional Modules

= SHAPE-THIN 7 - Section Properties of Thin-walled Sections
SHAPE-MASSIVE - Section Properties of Thick-walled Sections
STEEL - General Skress Analysis for Skeel Members

STEEL EiZ3 - Design accarding to Eurocode 3

STEEL AISC - Design according to AISC (LRFD or ASD)
STEEL ES - Design according to BS

YERBAND - Wind Bracings with Stabilisation Loads
W-J0INT - Light Colurn to Beam Connections

~, ST-FIJ55 - Design of Calumn Footings

2| ALUMINIUM - Aluminium design according to EC9

BB

[l

[ ] e

E™0ata | M pisplay | sResults 4 I

Figure 1.2: Data Navigator: Additional Modules — ALUMINIUM
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Panel
L1 - Dead Load 3 o > [ If results of ALUMINIUM are already available in the RSTAB position, you can set the rele-
LCT - Dead Load vant design case of this module in the list of load cases in the menu bar. The design criteri-
t&z{tfz on on members is displayed graphically in the work window of RSTAB by using the [Results
LG1-1.35°LC1 +1.510M on/off] button.

LGE2-1.35°LC1 + 1.5°LC2
ILG3-135°1C1 +1.5°LC2 + 151011

The [ALUMINIUM] button that enables you to start of ALUMINIUM is available in the panel.

[LEH
Drezign R atio [-]
s
0.90
Q.80
070
0.50
0.50
0.40
0.30
0.20
010
0.00
bas o 043
Min = 0.00
ALUMINIUM | ALUMINILM
E[z 4

Figure 1.3: [ALUMINIUM] button in Panel
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2. Input Data

The data of the design cases is entered in different tables of this module. Furthermore, the
graphic input using the function [Pick] is available for members and sets of members.

After the initialization of the ALUMINIUM module, a new window is displayed. In its left
part, a navigator is shown that enables you to access all existing tables. The roll-out list of
all possibly entered design cases is located above this navigator (see chapter 7.1, page 50).

If ALUMINIUM is called up for the first time in a position of RSTAB, the following important
data is loaded automatically:

e Members and sets of members

e Load cases, load groups and load combinations

e Materials

e Cross-sections

¢ Internal forces (in the background — if calculated)

You can switch among the tables either by clicking on individual navigator items of ALU-
MINIUM or by using the buttons visible on the left. The [F2] and [F3] function keys can also
be used to browse the tables in both directions.

Save entered data by the [OK] button and close the module ALUMINIUM, while by the
[Cancel] button you terminate the module without saving the data.

2.1

In the table 1.1 General Data, members, sets of members and actions are to be selected for
the design. You can specify load cases, groups and combinations for the ultimate limit state
and the serviceability limit state design separately in the corresponding tabs.

General Data

2.1.1 Ultimate Limit State

ALUMINIUM - [Demo-5eng] X
File Edit Settings Help
Ca1 - Aluminium Design ECT E S
Input D ata Diesign of National Arnes (A
Y enals Members: Y Al == DN -
Crass-sections .
Sets: @ All
Lateral Intermediate Suppoits
Effective Lenaths - Members Ultimate Limit Stat —
Effective Lengths - Sets of Men mate Limit State | Serviceability Limit State :
- Modal Supports Existing Load Cases Selected for Design —
ighienbeEizass LC3 Wind v 4% - L Dead Load FU 2
LC4 “wiind at peak v +7 Lcz Snow Load FU
LCS Wind at peals v } m—
L6 |wind posiive E
LC? Live Load z
*LCe Imperfections v +4
*LCe Imperfections v v : -g
*LC10 Imperfections v+ hd 4 g
=
Load Groups and Load Combinations < a

LG1
LG2
LG3

135101 + 135 C2 +1.35° A
1.35°LC1 +1.65°C2 + LCA ~
1.35°LC01 + 1.65°LC3 + LCE

LG4 13507 + 1.5°LC7 + LO8 Diesign Situation: T ey
tgg %%15*11:'151' wc?sﬁ?ﬁ Lcin giu"?mer:ta‘ ;Ié o Lt
LG7 1.35°LCT + 1.5°LC5 + LCA Cooiel - EN 1999-1-1:2007

LG8 1.35°LC7 + 1.36°LC2 + 1.3 ™

Comment

I

< ¥

[ Lalculation ] [ Detals. ] [ﬂal Annex ]

Figure 2.1: Table 1.1 General Data, Ultimate Limit State tab

Program ALUMINIUM © 2011 by Ing. Software Dlubal



|

2 Input Data

Mational Annex (ML)

=DM W

-
-

8]

' Ing. Software
Dlubal

Design of

You can select both Members and Sets of Members for the design. If only specific objects
are to be designed, it is necessary to clear the check box All. By doing so, both input boxes
become accessible and you can enter the numbers of the relevant members or sets of mem-
bers there. With the [Pick] button, you can also select members or sets of members graph-
ically in the RSTAB work window. To rewrite the list of default member numbers, select it by
double-clicking it, and then enter the relevant numbers.

If no sets of members were defined in RSTAB yet, they can be created in ALUMINIUM via the
[New Set of Members...] button. The familiar RSTAB dialog box to create a new set of
members opens in which you enter the relevant data.

Designing a set of members has the advantage that the total maxima of the design ratios is
determined of all members contained in the set. In this case, the results tables 2.3 Design
by Sets of Members, 3.2 Governing Internal Forces by Set of Members and 4.2 Parts List by
Set of Members are displayed additionally.

National Annex (NA)

This list box controls the national annex which is to be applied for the design parameters
and limit deformations.

Use the [Edit] button open a dialog box in which you can check or modify the settings of
the selected national annex. This dialog box is explained in chapter 2.1.3 on page 11.

Existing Load Cases / Load Groups and Load Combinations

All design-relevant load cases, load groups and load combinations that were created in
RSTAB are listed in these two sections. The [»] button moves the selected load cases, load
groups or load combinations to the list Selected for Design on the right. Single items can be
also transferred by double-clicks. The [»»] button moves all items to the list on the right.

If an asterisk (*) is displayed at load cases or combinations, as you can see e.g. in Figure 2.1
at load cases 8 to 10, they are excluded from the design. It signifies that no loads were as-
signed to these load cases or that they contain only imperfections (as in our example).

Please note that only load combinations can be chosen whose minimum and maximum val-
ues can be determined unambiguously (i.e. alternative combinations with the combination

criterion Permanent). This restriction is necessary because the calculation of the elastic criti-
cal moment at lateral buckling requires the unambiguous assignment of moment diagrams.
If an invalid load combination is selected, the following warning appears:

b Y

ALUMINIUM
I ‘Warning Mo. 687

LCg:

Errar it input datal

The LC [LG, CO] zelected containg either no loading ar
imperfection(s] only or has been incarrectly defined.

L ",

Figure 2.2: Warning when selecting invalid LC, LG or CO

A multiple choice of load cases can be done by using the [Ctrl] key, as a routine procedure
in Windows. Hence, you can select and transfer several load cases to the list on the right
simultaneously.

Selected for Design

The loads selected for the design are listed in the right column. By the [«] button you can
remove the selected load cases, load groups or combinations from the list. As before, they
can be transferred by double-clicks. The [4«] button removes all items from the list.

Program ALUMINIUM © 2011 by Ing. Software Dlubal
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g Generally, the calculation of an enveloping Or load combination is faster than the analysis
of all contained load cases or groups. On the other hand, you must keep in mind the above-
mentioned restriction: to determine the maximum or minimum values unambiguously, the
Or load combination must only contain load cases, groups or combinations which enter the
combination with the criterion Permanent. Moreover, the design of an enveloping load
combination makes it a bit difficult to retrace the influence of the contained actions.

2.1.2 Serviceability Limit State

ALUMINIUM - [Demo-5eng] 3]
File Edit Settings Help
CA1 - Design of Aluminium Mem E S
Input Data Design of Mational Annex (Ma)
General Data
W aterials Members: Y Al = DIM v
Crass-sections .
Sets Y Al
Lateral Intermediate Supparts
Effective Lenaths - Members - — FrerD
Effective Lengths - Sets of Men Ultimate Limit State: | Servicesbilty Limit State :
- Modal Supports Existing Load C: Selected for Design —
3 Mam.her F\.Pj\eases ] Dead Load H o~ z
Serviceability Data LC4 ind at peak. v +7 Lcz2 Snow Load CH
LCS ‘Wwind at peak v ' LG1 1.35°LC1 + 1.35°LC2 + | CH et
C6  |'wind posiive E
LC? Live Load :
*LCE Imperfections v +<
~LCY Imperfections v - : -g
=LC10 Imperfections v +Y vy J g
=
Load Groups and Load Combinations < a
LG2 13507 +1.8°LC2 + LCE A
LG3 135707 +1.5°LC3 + LCE »
LG4 1.35°LC7 +1.5°LC7 + LC8
LGS LCT+1.54C6 + LCB ~ | Design Combination ace. to EN 7930: Aluminium Design of
LGE 1.35°LC1 + 1.5°LC4 + LC10 Characterish 6532a  CH Members and Sets
LG7 1.35°LC1 +1.5°LC5 + LCY 8; Sraniarsie 65321k FR of Members acc. to
(B8 |135001+135102+135 HEmEt EDED - EN 1985-1-1:2007
LGS 13001 + 13502 +1.35 & O Quasipermanent  B53(2)c)  OP
1|
< >
(ot ) [ ot ] (Bon]

Figure 2.3: Table 1.1 General Data, Serviceability Limit State tab

Existing Load Cases / Load Groups and Load Combinations

All load cases, load groups and load combinations that were created in RSTAB are listed in
these two sections.

Selected for Design

Adding load cases and their groups and combinations to the list for the design, resp. re-
moving them from the list is done in the same way like in the previous tab (see chapter
2.1.1).

Design Combination acc. to EN 1990

In this dialog section, you can set different limit values that are to be applied for the deflec-
tions of combined actions.

The relevant limit value for the selected design combination can be assigned as follows:
Click the action in the list Selected for Design to select it. Then click the the blue tick [M] to
allocate the relevant criteria. The limit values are controlled by the National Annex. They
they can be modified in the dialog box that contains the parameters of the national annex
(see Figure 2.4, page 11).

The governing reference lengths for the SLS design are managed in table 2.9 (see chapter
2.9, page 26).
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Comment
In this entry field you can make a comment on the current case in ALUMINIUM.
The [Nat. Annex] button enables you to open the dialog box any time to check or modify
- the following parameters of the current National Annex: partial safety factors, limit values

for SLS design and limit ratio for general yield criterion (see chapter 2.1.3).

Mational Annes (M) 2.1.3 National Annex (NA)

=D In this list, the National Annex can be selected whose design parameters and limit defor-

W
mation values are to be applied.

Use the [Edit] button to open the dialog box with detailed settings of the selected National
Annex (see Figure 2.4). You can also modify some parameters, if necessary.

By the [New] button, it is possible to create a user-defined national annex.

: The buttons located in the left bottom corner enable you to save the modified parameters

as default or, by contrast, to restore the default settings of the program.

@ Any user-defined National Annex can be removed by using the [Delete] button.

Ed

Mational Annex Settings - DIN
Baze

Partial Factors acc.to 6.1, Note 28 Serviceshility Limits (Deflections) acc.to 7.2

Caombination of Actions (T able 41.4 of EN 1930):
- For Resistance of Members ta Buckling ombination of Actiens (T able " )

[Azzeszed for Checks in Clause £.3) | 11000 % Cantilevers
CH : Characteriztic L 00 % Led| 1505

- For Resistance of Crogs-sections to Fracture = =
due to Tension e | 1.250(% FR : Freguent Lt 200 3 Led| 10032
OF : Quasi-permanent L f 200 % Led| 1003

General Trisxial State of Stress in Section

M aximum F atio for Triaxial State of Stress ) —
acc. to 5.15 (ar. B.2.1 (5]) Lo R e e

R oK l[ Cancel

Figure 2.4: Dialog box National Annex Settings - DIN
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Material
Description

[ Alurminium EN-AVY 3004 H14 | EN.T

Aumirium EN- (EP.ET.ER/E.J66
Auminium EN-AW 6063 (EP) T66
Auminium EN-AVY 5063 (DT) T66

Auminium EN-AW 6005A (EP/0.ER/B) T6

Auminium EN-AW 6106 (EF) T6
Auminium EN-AW 6082 (EP ET ER/B) T4
Aluminium EN-AW 6082 (EP) TS
Aluminium EN-AW 6082 (EP.ET) T6
Auminium EN-AW 6082 (ER/B) T6

EN 1999-1-1:2007 [
EN 1999-1-1:2007
EN 1588-1-1:2007
EN 1999-1-1:2007
B
EN 1393-1-1:2007
EN 1998-1-1:2007
EN 1399-1-1:2007
EN 1553-1-1:2007 D
EN 1393-1-1:2007 [

-1:2007

Dlubal

2.2

This table is divided into two parts. The materials for the design are listed in the upper part.
In the lower part, the Material Properties of the current material are displayed, i.e. the ma-
terial whose line is selected in the upper table.

Materials

Materials that are not used for the design are written in gray letters. Inadmissible materials
are displayed with red, modified materials with blue fonts.

The material properties that are necessary to calculate the internal forces in RSTAB are de-
scribed in detail in the RSTAB manual, chapter 5.2. The design-relevant material characteris-
tics are stored in the global material library. Those are automatically set as default.

Units and decimal places of the material properties and stresses can be edited from the
main menu Options — Units and Decimal Places (see chapter 7.4, page 55).

ALUMINIUM - [Demo-5eng]
File Edit Settings Help
i E

3

CA1 - Alurninium Design EC

Input Data . oA [
General Data taterial M aterial
Materials s Description Comment
Cross-sections I dumirivin M- DO, [FEAULEFE) 1B | EN 1 J0] -1 st

Lateral Intermediate Supports 2 | Aluminiumn EM-&4 7020 (EP.ET.ER/B) T |EN 13931-1:2007

Effective Lengths - Members

Effective Lengths - Sets of Men r ®
+ Modal Supports L
+- Member Releasss - -
Serviceability Data E j
EIRSTAB Relevant *
Modulus of Elasticity E 70000.000 | MPa
Shear Modulus G 27000.000 | MPa
Poiszon’s Fatio M 0.300
Unit " eight ¥ 27.00| kN/m®
Coefficient of Thermal Expansion o 2.3000E-05 | 14T
Partial 5 afety Factor ™ 1.00
El Design Relevant
Max. Stuctural Thickness 3] 0.50 | cm Material Mo, 1 Used in
tax. Structural Thickness [¥] 1.00 em Cross-
tax. Structural Thickness tz 280 em gections: |1,26,71012131516
Characteristic Walue of 0,2% Proof Strength fo 225.000 | MPa
Characteristic Value of Ultimate Tensile Stength fu 270.000 | MPa Members: |1-8.11-18,21-28,31-48 51-64.8
Elongation Y alue Measured with a Reference Length | A 8.000 | % Sets of
0.2% Proof Stiength in Heat Affected Zone, HAZ | fohaz| 115,000 MPa e |2
Ultimate T ensie Strength in Heat Affected Zone, HAZ | fy haz 165.000 | MPa S Length: 456 46 | [m]
Ratio between 0.27% Praof Strength in HAZ and in Par | go ha: 0510
Fiafio bietween Ulimate Sirenath in Hi2 and in Pareni: pu.ha 0E10 | & Mase: 4TI )

< »

[ Lalculation ] [ Details... ] [Hal. Annes...

Figure 2.5: Table 1.2 Materials

Material Description

The materials that have been defined in RSTAB are set by default. You can also enter mate-
rials manually here. If the Material Description corresponds to an entry in the material li-
brary, ALUMINIUM automatically imports the relevant material properties.

To select a material from the list, place the cursor in column A and click on the [¥] button
or press the [F7] function key. A list is opened that you can see on the left. As soon as you
have chosen the appropriate material, the material characteristics are updated in the table
below.

This list of materials includes only materials from the category Aluminium. How to import
materials from the library is described below.

As a matter of principle, it is not possible to edit the material properties in ALUMINIUM.

12
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A considerable amount of materials is stored in the library. Open the library via menu

Edit — Material Library...

or by clicking on the button visible on the left.

Material Library

Fiter Choice Material to Select
. Aluminium EM-44w/ 6080 (EP.ET.ER/B) TEE | EM 1333-1-1:2007 A
Lietizne) Celizmay Aluminium EN-84/ 6050 [EF] T6E EM 1833-1-1:2007
Alurnitiurm ¢ || | Alurninium EM-A4S B0E1 (ET EP ER/B] T4 EM 1993-1-1:2007
Alurminium EM-&4w 081 (DT T4 EM 1933-1-1:2007
Code Group: Alurninium EM-&%w G081 [ET.EP.ER/B) TE EM 1999-1-1:2007
EN 3 ﬂlum?n?um EM-atf BOBT [DT)TE EM 1993-1-1:2007
Aluminium EM-&4w/ B0E3 [EP.ET.ER/B) TS EM 1939-1-1:2007
Alurninium EM-ayw B0E3 [EF] TS EM 1999-1-1:2007
Code: Alurminium EM-44w/ 083 (EP.ET.ER/B) TE EM 1933-1-1:2007
EM 1939-1-1:2007 w || | Aluminium EM-&% B0E3 [DT)TE EM 1933-1-1:2007
Aluminiurn EM-A%S B0E3 [EPET ER/B) TEE | EM 1933-1-1:2007
Alurninium EM-&4/ 8063 (EF) TEE EM 1933-1-1:2007
] TEE EM 1999-1-1:2007
Show: 0054, N 1935-11:2007
[ taterials of 'Ol Codes Alurninium EM-&4 B0054 [EP/HET) TE | EM 1993-1-1:2007 b
[C]Eavarites Only... =] *
Material Constants Aluminium EM-2v 50054 (ERAO ERB) TE | EM 1999-1-1:2007
ERSTAB Relevant -
P adulus of Elashciby E 70000.000 | MPa
Shear Moduluz G 27000.000 | MFPa
Poisson’s Ratio I 0.300
Unit W/ eight ¥ 27.00 | kN/m?
Coefficient of Thermal Expangion I3 2.3000E-05 | 1/7°C
Partial S afety Factor Fht 1.00
= Design Relevant
Max. Stuctural Thickness b 050 cm
Max. Stuctural Thickness tz 1.00| cm
Max. Stuctural Thickness t3 280 cm
Characteristic Walue of 0,2% Proof Strength fo 225.000 | MPa
Characteristic Value of Ulimate Tensile Strength fu 270.000 | MPa
Elongation Value Measured with a Reference Length of 5ED4 | A 8.000 | %
0.2% Proof Strength in Heat Affected Zone, HAZ fa.haz 115.000 | MPa b
ag l [ Cancel

Figure 2.6: Material Library dialog box

In the section Filter Choice, the material category Aluminium is set by default. In the list Ma-
terial to Select which is located on the right, you can select a particular material, and in the
lower part of the dialog box you can check its characteristic values. After clicking on [OK] or

pressing the [J] key, the material is taken over to the table 1.2 of ALUMINIUM.

Chapter 5.2 of the RSTAB manual explains in detail how materials can be filtered, added to

the library or newly classified.

Only materials included in EN 1999-1-1 (table 3.2) are supported in ALUMINIUM. Further-

more, it is not possible to modify the material properties in the add-on module.

ALUMINIUM does not check the product form of the material (see [1] Table 3.2b, column
Product form) and the shape of the cross-section. Thus, the appropriate material has to be

selected by the user.
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This table controls the cross-sections that are to be designed. The parameters for the opti-
mization can be defined here as well.

B

Cross-soction Library Fl
EE]E [= L0 [FIE]EF]
[Jla]fe] [(FIEEl] ElEle =]
(-~ 1= [L(o]fe] [oifsie]
[F][E] o [oa][sm0] ]

[Z][o][=] [=]=]]

()[]=]

=l -

(- ==

=l =]

@ =

Concal |

General cross-sections (shaded)

ALUMINIUM - [Demo-5eng] E|
File Edit Settings Help
CA1 - Aluminium Design ECT + E j
Input D'ata \ [ | D F__|z-1= 4002200100180
General Data Section | Material Cross-section Cross-section Type Max. Design) Opti-
W aterials HNo. Mo, Drescription [mm] for Classification FRiatio mize | Remark
200.0
Cross-sections 1 1 [ 15 450/200/10/20/0 | |-shape welded 1S 031 O T—T gl
Lateral Intermediate Supports | IENN| 1 [ 15 400/200/10/18/0 | |-shape welded IS 1weE-] 2 2l
Effective Lengths - Members [ 1 @15 250/250/10/15/0 | |-shape welded 1S 01z O i
Results 7 1 [ 15 250/250/10/15/0 | |-shape welded 1S 0oy O
Design by Load Case 3 2 [ 15 450/200/10/20/0 | |-shape welded 1S 023 O
Design by Cross-section 10 1 [ 15 200/200/8/15/0 |-shape welded 15 019 4 S .
Design by Member 12 1 |0 T080/80/5/5/5/5 Eox welded 043 O # T
Design by x-Location 13 1 [ Circle 24 Round Bar 022 4 oo}
Goverming rternal Forces by M| 15 1 @15 250/250/10/15/0 | |-shape welded 1S 018 O
Parts List by Member 16 1 [ 15 360/150/8/12/0 |-shape welded 15 033 0
L4
=
[mm]
X
Cross-section No. 2 Used in
Members: |15-18.24-27 4042 45 45,59 61
Sets of
Mermbers:
Z Length: 100.38 ] [m]
< 5| = Mass 2.938| [1]
2] The crozs-section wil be optimized. Therefore the mast ¥ | Materiak |1 - Aluminium EM-&4 50054 [E
< b optimal section of the table is sought out
[ Lalculation ] [ Details. ] [ﬂal Annes
Cross-section Mo. 2 - 15 400/200/410/18/0 in Members: 15-18,24-27 40,42 45 .48,59 61 B4,65 76-79,85-88

Figure 2.7: Table 1.3 Cross-sections

Cross-Section Description

When you open this table, the sections that were defined in RSTAB are set by default, in-
cluding the assigned material numbers.

The cross-sections can be changed any time for the design. The description of a modified
cross-section is highlighted in blue color.

In order to edit a cross-section, enter the new description in the corresponding line or select
the new section from the library. Open this library as in RSTAB by clicking on the [Import
Cross-Section from Library...] button. Alternatively, place the cursor in the corresponding
line and click on the [...] button or press the [F7] key. The RSTAB library resp. the dialog box
with the cross-section table of the input line opens.

Chapter 5.3 of the RSTAB manual describes in detail how cross-sections can be selected
from the library.

ALUMINIUM allows for the comprehensive design of the following types:

e | sections: rolled/welded, doubly symmetrical or symmetrical about z-axis only

¢ Hollow and box sections: rolled/welded, square or rectangular, doubly symmetrical
e Solid sections: round and flat bars

e Pipes

e Angles: rolled/welded single sections with equal or unequal legs

e T sections: rolled/welded, symmetrical about z-axis

e Channels: rolled/welded, symmetrical about y-axis

It is also possible to design other cross-sections of the RSTAB library or SHAPE-THIN which
are labeled as "General". For those, some specific features of design are not available, how-
ever. SHAPE-THIN sections must have straight elements exclusively in order to be designed.
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Cross-section Library
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Figure 2.8: Cross-Section Library

Tapered Member

It is not possible to design tapered members in ALUMINIUM. This type of combined cross-
sections is not supported. There will be error 1021) after the calculation.

Info about Cross-Section

There are different display options for stress points and ¢/t cross-section parts: Select the
cross-section in table 1.3 and open the following dialog box by clicking the [Info] button.

Info about cross-section IS 450/200/10/20/0 §|
Cross-section ¥ alue Description Symbol Walue Unit A |15 430020001 0/2000
4500
“idth b L0 | mrn
Wb Thickness t L0 | mrn
Flange Thicknezs t mm
Fillet ‘weld Thickness a 0.0 mm 2000
Cross-section area A 12100.0 | mm? . o
Shear area Ay 80000 | mm? 5]
Shear area &g 4100.0 | mm? VT rIEEEE |
Plastic: Shear area Bpl oy 80000 | mm?
Plastic: Shear area Apl2 4300.0 | mm?
Moment of inertia Iy 4 275E+08 | mm*
Moment of inertia Iz 2EFOE+07 | mm
Palar moment of inertia Ip 4 542E+08 | mm
Governing radiug of gyration Ty 188.0 | mm -
Governing radiug of gyration Iz 47.0| mm %' __________________ -
Polar radiuz of gyration Tn 1937 | mm = ¥
Radiuz of gyration of flange plus 1/5 of we | rq B2 E | mm
wieight 1t 327 | kadm 100
Surface Asgurf 1.680 | m2 /m -1
Torsional constant J 11428100 | mm#
Wwiarping constant refering to b Cu 1.233E+12 | mm®
Fade Factor h 0.000538 | 1mm
’ 3
Elastic section modulus Sy 1900000.0 | mm? e /////
Elastic: section modulus Sz 267008.0 [ mm? ¥
Warping constant moment Suw 5.733E+07 | mm* =z
Statical moment of area Oy 10701300 | mm?
Statical moment of area 2 939375 | mm?
Mormalized warping constant Whno 2150000 | mm?
‘warping statical moment G 2150E+07 | mm*
Plagtic section modulus Zy max 214025000 | mm?
Plastic: section modulus Za2,max 41025000 | mm? mm]
Plastic warping constant moment Zu 8.600E+07 | mm* Stress Points
Plastic shape factor Zy max/Sy 1126 =
Plastic: shape factor Z2 maxdSz 1.536 c/t-Parts
Plastic shape factor Zu W 1.500 ¥ =

Figure 2.9: Dialog box Info about cross-section
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The currently selected cross-section is displayed in the right part of the dialog box. The vari-
ous buttons below have the following functions:

Function

The stress points are switched on and off.

The cross-section parts (c/t) are switched on and off.

The numbering of stress points, resp. of cross-section parts (c/t) is switched
on and off.

The details of stress points, resp. of cross-section parts (c/t) are displayed.

The dimensioning of the cross-section is switched on and off.

The principal axes of the cross-section are switched on and off.

The overall view of the cross-section is restored.

NEEEIBEEE

Table. 2.1: Buttons for Cross-Section Graphics

Max. Design Ratio

This column is only displayed after the calculation. Due to those values, you can decide
whether to carry out an optimization. It is apparent from the design ratios and colored rela-
tion scales which cross-sections have a low utilization and therefore are oversized, resp.
which sections are overstrained and too weak.

Optimize
Every cross-section of the library can be optimized. During the optimization process, the

cross-section within the same table of cross-sections is determined on the basis of the in-
ternal forces from RSTAB which fulfills best the maximum design ratio.

The maximum allowable design ratio for the optimization is controlled in the Details dialog
box (see Figure 3.4, page 31). Further information on the optimization of cross-sections can
be found in chapter 7.2 on page 52.

Remark
In this column, the references to footnotes (below the list of cross-sections) are shown.

If the message Incorrect cross-section data! is shown, then this is due to a cross-section that
is not contained in the cross-section library. It may be a user-defined cross-section or a sec-
tion that was not calculated in the module SHAPE-THIN. Via the [...] button in column B
Cross-section Description, you can set a cross-section that is suitable for the design (see
Figure 2.8).

There are several Welded Cross-sections in the section library. Those are parameterized sec-
tions that are usually combined by welding sheets in steelwork. Please note that the design
of welds (effect of HAZ) is not implemented in the current ALUMINIUM program version.
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2.4 Lateral Intermediate Supports

In this table, lateral intermediate supports on members can be defined. The program always
assumes these supports as perpendicular to the minor axis z (see Figure 2.9) of the cross-
section. Hence, it is possible to change the effective lengths of the member that are im-
portant for the design of buckling and lateral torsional buckling.

Lateral intermediate supports are always considered as forked supports for the design.

ALUMINIUM - [Demo-5eng] X
File Edit Settings Help
£41 - Alumirium Design ECS | [
Input Data B [ ¢ [ o [ E [ F [ &6 [ H [ 1T T b [ K [ L ]~
General Data tdember  Lateral Length Lateral Intermediate Supports [-]
WMaterials Ha Supports L [rn] Nurnber i i w3 u4 5 i 7 g g
Cross-sections N = ] 2 0.333 0.667
Lateral Intermediate Supports 2 a
Effective Lengths - Members E] 5] 3 0.250 0.500 0.750
Effective Lengths - Sets of Men) 4 a
= Nodal Supparts 5 5] 4 0200 0400 000 0.800
Set of Members Mo, 1 g a
Set of Members Mo, 2 7 a b
e e a1 Relatively [0 1] B
Set of Members Mo, 2 =
Crass-section
Lateral Supparts Eristing [x]
Mermber Length L m
Mumber of Lateral Intermediate Suppaorts | n 2
Pasition of Lateral Support Mo, 1 = 0333
Pasition of Lateral Suppart Mo. 2 H2 0667
< 5 [[] Set Inputs for Members No.:
(o) (oo (e

Figure 2.10: Table 1.4 Lateral Intermediate Supports

In the upper part of this table, up to nine lateral intermediate supports can be created per
member.The lower part of the table displays the summary of the entered data for the mem-
ber that is selected in the upper table.

Lateral intermediate supports can be defined either by directly entering the distances or by
specifying the support locations Relatively. For the latter, it is necessary to tick the associat-
ed check box below the list. The relative distances of the supports are then calculated from
the member lengths.

If the Member-like Input (see dialog box Details, Stability tab as displayed in Figure 3.2,
page 28) is used for straight sets of members, lateral supports can be applied to the inter-
mediate nodes of each set of members. If not, it is not possible to place lateral supports di-
rectly in nodes.

Program ALUMINIUM © 2011 by Ing. Software Dlubal
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The table 1.5 consists of two parts so that a good overview of the data is given. In the up-
per table, the buckling length coefficients k., and k,,, the effective lengths L, and L, the
lateral-torsional buckling coefficients k, and k,, and the effective lengths L, and L; are sum-
marized for every member. In the lower part of this table, detailed information on the

member that is selected in the upper table is displayed.

ALUMINIUM - [Demo-5eng] 3]
File Edit Settings Help
CA1 - Aluminium DesignEC3 | {1 -y
Input Data E [ C [ D E [ F [ & [ H [ 0 ] kK [ L |~
General Data tember Buckling Buckling around Asis Buckling around Asis 2 Lateral-torsional Buckling
W aterials Ha. Possible | Possible | kery Lery [m] | Possible | kerz Lerz [m] | Possible ka ku Lus [m] Lt [mn]
B e = | = 1.000 000 @ 1.000 1000 @ 1.0 1.0 3000 2.000
Lateral Interrnedists Supports 2 [x d 1.000 3000 [d 1.000 30000 [d 1.0 1.0 2.000 £.000
Effective Lengths - Members 3 5| = 1.000 5000 MM 1.000 1.250
Effective Lengths - Sets of Men |4 5] E] 1.000 5000 [ 1.000 5.000
= Modal Supports 5 5] = 1.000 000 ™ 1.000 0600 D4 1.0 1.0 2.000 1.255
et of Members No. 1 E [x] d 1.000 3000 [d 1.000 30000 [d 1.0 1.0 3.000 £.274 v
Set of Members Mo, 2 < >
= Member Aeleases =
@ || T
Set of Members Mo, 1
Set of Members Mo. 2 = "jISZSUJQSD.ﬂU.ﬂSJO
Cross-section ~ . 2500 .
Length L m ] ] E
Buckling Possible [x
[ Buckling around Axiz v Possible [x]
Buckling Length Coefficient kery 1.000
Effective Length Lory 3000 m o
Bl Buckling around Axis 2 Possible = 2 S
Buckling Length Cosfficient kerz 1.000 10.0
Effective Length Lerz 1.000 | m
[ Lateral-torsional Buckling Possible [x] S E—
Buckling Length Coefficient [Support Ty | kz 1.0 _|_
Warping Length Coefficient (Support Typ | kw 1.0 v
LTE Length Iy 3,000 m :
Tarsional Length Lt 2000 m v [mm]
. 3
< s [] Set Inputs for Members Mo.:
(o) [ o ] (s,

Figure 2.11: Table 1.5 Effective Lengths - Members

columns G, K and L of the table 1.5.

The effective lengths for the buckling about the minor principal axis are automatically
aligned with the input in the previous table 1.4. If a member is divided into different
lengths by lateral intermediate supports, then no values are displayed in the corresponding

It is possible to change the buckling length coefficients both in the summary table in the
upper part and in the detailed settings in the lower part. The data of the corrresponding

part of this table is then updated automatically. The buckling length of a member can also
be defined graphically by using the function [Pick].

The tree structure in the lower part of the Settings for Member table contains the following
parameters:

o Cross-section

e Length (actual length of the member)

e Buckling Possible (cf. column A)

e Buckling around Axis y (buckling lengths, cf. columns B to D)

e Buckling around Axis z (buckling lengths, cf. columns E to G)

e lLateral-torsional Buckling Possible (lateral-torsional buckling length coefficient and
lengths, cf. columns H to L)

It is also possible to modify the Buckling Length Coefficients in the relevant directions and
decide whether the buckling design is to be executed. If the buckling length coefficient is
changed, the respective effective member length is modified automatically.
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If the option Lateral-torsional Buckling Possible is unchecked, there is no design of lateral
torsional buckling due to bending about the major axis. Torsional buckling and torsional-
flexural buckling due to axial compression are automatically disabled, too.

Buckling Possible

For the stability design of the buckling and lateral buckling, it is necessary for the member
to transfer compression forces. Members that cannot transfer compression forces due to
their definitions (e.g. tension members, elastic foundations, rigid couplings) are a priori ex-
cluded from the stability design in ALUMINIUM. Those lines are grayed out and a corre-
sponding comment is displayed in the column Comment.

The column Buckling Possible enables you to classify specific members as compression ones
or, alternatively, to exclude them from the design. Hence, the check boxes in column A and
also in table Settings for Member No. control whether the input options for the buckling
length parameters are accessible for a member.

Buckling around Axis y / Axis z

The columns Possible control if a member is to be designed for buckling around its axes y
and/or z. The axis y represents the "major" principal member axis, the axis z the "minor"
principal member axis. The buckling length coefficients (effective length factors) k_,, and k
can be freely chosen for the buckling around the major and minor axes.

cry cr,z

The orientation of the member axes can be checked in the cross-section graphics of the ta-
ble 1.3 Cross-Sections (see Figure 2.7). In the RSTAB work window which can be opened
any time via the [Graphic] button, you can display the local member axes from the Display
navigator.

Project Navigator @

=[] i Structure
[v] Modes
+-[w] S Modal Supports
= [w] 3 Members
[w] 5 Member Elastic Foundations

15 Member Orientations
[w] 5 Member Releases
1% Connection Points
] Cross-section Qutlines
1% Do not Show Cross-sections at Member End
[w] 5 Eccentricities
= [w] S Sets of Members
+-[w] % Continuous Members
[w] 5 Groups of Members
#-[]4 Loads
+- [ Results
+-[B] 5 Guide Objects
< [B&Y General
=[] Mumbering
[¥][E Modes
=) [w] 2 Members
[]Z Member Mumbering
[C]0Z Material Description
[C]EE Material Numbering
[C]OE Cross-section Description
[ cross-section Mumbering
Bzl ember A term X,y
+-[w][E Sets of Members
[v]E Guidelines
=-[B] ' Rendering
+-[H] P Madel
+-[H] ' Lighting

< ?

E™ Data | ™ Display

Figure 2.12: Displaying the local member axes in the Display Navigator of RSTAB
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If buckling is possible around one or both member axes, the precise values can be entered
in columns C and D respectively F and G or in table Settings for Member No. below.

If you define the buckling length coefficient k., the buckling length L, is determined by
multiplying the member length L with this buckling length coefficient. The input fields are
interactive.

Via the [...] button at the end of the L, input fields, you can select two nodes in the RSTAB
work window graphically. Their distance then defines the buckling length.

The effective length factors of the members can also be defined in a special dialog box
which is called by the button [Select Effective Length Factor] below the upper table.

Select Effective Length Factor E|
Buckling around Axis y Buckling around Lxis 7
Oky =07 . 1———| Oke=07 Xl———|
1 oy
z
Oky =085 l—-—«q Ok. =085 !—-—-a
z Y oy
® - ®kz=10
z ¥
Oky =125 l—'_| Oka=1.25 !—-—|
3 el ¥ B
Oky=15 l——.—| Ok:=15 l——.—|
: ‘P y ‘P
Oky =20 b Cke=20 —_—
z ’ ¥ ’
O User-defined 1—. O User-defined ﬁ—.
ky = M kz = ¥
Expoit Effective Length Export Effective Length
Factar ky: 1.000 Factar ka: 1.000

Figure 2.13: Dialog box Select Effective Length Factor

The predefined values of effective length factors k,
definitions in [1], Table 6.8:

«y and k., correspond to the following

k=0.70 held in position at both ends + restrained in direction at both ends

k=10.85 held in position at both ends + restrained in direction at one end

k=1.00 held in position at both ends + not restrained in direction at either end

k=1.25 held in position at one end + restrained in direction at both ends

k=1.50 held in position and restrained in direction at one end + not held in position
and partially restrained in direction at other end

k=2.00 held in position and restrained in direction at one end + not held in position
and not restrained in direction at other end

The effective length factors can be also imported from the add-on module RSBUCK.

20

Program ALUMINIUM © 2011 by Ing. Software Dlubal



|

Ing. Software

2 Input Data

ko

1.0 -
2.0l
2.

1.0
0.7l
0.7
05

Dlubal

Lateral-Torsional Buckling

Column H controls for which members a lateral torsional buckling design is to be carried
out.

To calculate M., by means of the eigenvalue method, it is necessary to create an internal
member model with four degrees of freedom. The coefficients k, and k,, (see below) convey
the degrees of freedom on the supports of this internal model:

k,=1.0 forked support at both beam ends

k,=0.7le restrained at left end and forked support at right end
k, = 0.7ri restrained at right end and forked support at left end
k,=0.5 restrained at both beam ends

k,=2.0le restrained at left end and free right end

k, = 2.0ri restrained at right end and free left end

Figure 2.14: Axis for k, and ki,

The forked support with k,= 1.0 corresponds to a rigid support in the y-direction and a re-
striction of rotation around the x-axis (longitudinal axis) of the member. If there is a full re-
straint, the rotation around the z-axis is restricted additionally. The abbreviations /e and ri
represent the left and right sides. "Left" is always related to the support conditions at the
member start.

Regarding the fact that the coefficients k, and k,, are always related to the member start
and end, intermediate supports have to be handled with care. Those supports split up the
member into segments for the design. Thus, intermediate supports are not applicable for
cantilever beams: They would imply statically underdetermined segments with fork-type
supports on only one side each.

By the factor k,, the fourth degree of freedom on the support is defined. It has to be decid-
ed whether warping is possible for the cross-section. Regarding the fact that the internal
member model uses only four degrees of freedom, no more degrees of freedom (displace-
ments in directions x and z) have to be defined.

The coefficient k,, which you can define in column J controls the torsional and torsional-
flexural buckling design. It has an effect on the calculation of the elastic critical moment at
lateral buckling M. The list contains the following options:

k,=1.0 suppport without warping restriction at both beam ends
k,=0.7le restrained at left end and forked support at right end

k,, = 0.7ri restrained at right end and forked support at left end
k,=0.5 support with warping restriction at both beam ends
k,=0.7le restrained at left end and free right end

k,, = 0.7ri restrained at right end and free left end

The values in column K represent the lengths between the points that are laterally re-
strained. L,, is used to determine the critical moments M.

The torsional lengths L; in column L are required to calculate the torsional forces N ; and
the torsional-flexural buckling critical forces N, 1.

I Program ALUMINIUM © 2011 by Ing. Software Dlubal

21



|

2 Input Data

-

. Ing. Software _____
Dlubal

The check box Set Inputs for Members No. is located beneath the Settings table. If you tick
this box, the data entered consequently will become valid for selected resp. All members.
You can select the members graphically via [Pick] or enter the numbers manually. This func-
tion can be used to assign identical boundary conditions to several members. Please notice
that this function must be activated prior to entering data. If you define the data and
choose this option later, the data will not be re-assigned.

Comment

You can insert specific remarks in the last column for every member, e.g. to explain the de-
fined buckling criteria of a member.

2.6 Effective Lengths - Sets of Members

The input table 1.6 controls the effective lengths for sets of members. It is only available if
one or more sets of members have been selected in table 1.1 General Data.

ALUMINIUM - [Demo-5eng] 3]
File Edit Settings Help
CA1 - Aluminium design accordil w [
Input Data [ & | B | c | b [ E | F [ G [ H | | [wowwm r | L |
General Data Set | Buckling Buckling around Asis Buckling around Asis 2 Lateral-torsional Buckling
W aterials Mo, Possble | Possible| kery | Lery [m]  Possible| kerz Lorz [m] | Possible| ke ku Lu [m] L7 [m]
Bre s s e etons 1 = = 1.000 37096 M 1.000 3709 M 10| 1.0 37096 37.096
Lateral Interrnedists Supports [x d 1.000 37098 [d 1.000 37096 [d 1.0 1.0; 37096 37.096
Effective Lenaths - Members
Effective Lengths - Sets af Men
= Modal Supports
Set of Members Mo. 1
Set of Members Mo, 2 < >
= Member Aeleases =
@ || T
Set of Members Mo, 1
Set of Members Mo. 2 E ilS4504‘200.’10.f20!0
Set of Members 200.0
Length L [ e 1 I
Buckling Possible [x e
Buckling around Asis v Possible [x]
Buckling around Axis 2 Possible [x
Lateral-tarsional Buckling Possible [x] a
gl - 3
Comment g »
10.0
v
z
[mm]
( n [] Set Inputs for ta Sets Na.:
(ot ) [ ot ] (Bon]
Length ...

Figure 2.15: Table 1.6 Effective Lengths - Set of Members

This table is very similar to the previous table 1.5. With regard to the effective lengths for
buckling around the major and minor axes of the cross-sections, it is identical to table 1.5.

There are diffenceces, however, with regard to the parameters k, and k,, for torsional and
lateral-torsional buckling. These are used only for straight sets of members if the Member-
like Input option is checked in the dialog box Details, Stability tab (cf. Figure 3.2, page 28).
Otherwise, the parameters can be defined by specific boundary conditions in tables 1.7 and
1.8 (cf. chapters 2.7 and 2.8) for sets of members not covered by the Member-like Input .

If the Member-like Input (cf. Figure 3.2, page 28) is enabled and if the set of members is
straight, tables 1.7 and 1.8 are not displayed. The lateral supports can be then defined by
intermediate nodes in table 1.4.

Do not use the determination of x, acc. to [1], eq. (6.71) for the lateral-torsional stability
design of non-straight sets of members: The bending moments at the start and the end of a
set of members can imply misleading values of x,, o, and ®,; and, thus, deviant results.
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2.7 Nodal Supports - Sets of Members

If the Member-like Input is enabled (cf. Figure 3.2, page 28) and if the set of members is
straight, this table is not displayed. The lateral supports can be defined by intermediate
nodes in table 1.4.

The stability design of sets of members is based on the loads and boundary conditions of
the selected sets of members. The value of the bifurcation factor a,, has to be determined
for the entire set of members in order to obtain critical moment M,,. The calculation of a,,
also depends on the settings in the Details dialog box (cf. chapter 3.1).

To determine a.,, a planar member structure with four degrees of freedom per node is cre-
ated. The specific support conditions are defined in table 1.7. This table is only available if
you have selected one or more sets of members in table 1.1 General Data.

ALUMINIUM - [Demo-5eng] X
File Edit Seftings Help

CAT - Aluminium design accordil E

Input Data B [ C [ D [ E [ F [ & [ H [ I |
General Data Support | Mode Support Lat. Suppart Ratational Restraint Warping E ccentricity
Materials No Mo, | Ratation §[] Uy e 0z Restraintw | ex [mm] | ez [mm] | Camment
Cross-sections [ 1 3. 0.00 IE] 53] a a 0.0 oo
Lateral Intermediate Supports 2 [ 0.00 ] =] ] ] 0o oo
Effective Lengths - Members 3
Effective Lengths - Sets of Men 4
= Modal Supparts 5
Set of Members Mo, 1 g
Set of Members No. 2 7 e
= Member Releases
Set of Members No. 1
Set of Members Mo, 2 —

i
i Set of Members
Mode with Suppart Mo, 12

Support Fiotation £ 0.00|
Lateral Suppart in " uy =
Restraint around = e =
Restraint araund 2 (i a
Warping Restraint Al a

E coentricity e 0.0| mm
E coentricity (=l 0.0 mm
Commet

Set Inputs for Supparts Mo.:
< b3

[ Lalculation ] [ Dietails... ] [Hat. Anmex...]

D escription of Crogs-section

Figure 2.16: Table 1.7 Nodal Supports - Set of Members

To define the nodal supports, the orientation of the axes within a set of members is im-
portant. The program internally checks the location of the relevant nodes and then deter-
mines the axis system for the nodal supports that are to be defined in table 1.7 (cf. Figure
2.17 to Figure 2.20).
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Figure 2.17: Auxiliary coordinate system for nodal supports — straight set of members

If all the members within the set of members lie on a straight line (Figure 2.17), the local
coordinate system of the first member is applied for the entire set of members.

Ko vy

LB

Figure 2.18: Auxiliary coordinate system for nodal supports — set of members in vertical plane

Even if the members within a set do not lie on a straight line, they still must lie in a plane.
We can see a vertical plane in Figure 2.18. In this case the axis X’ is horizontal and in the
plane direction. The axis Y is also horizontal, but perpendicular to the axis X'. The axis Z’
points vertically downwards.

Figure 2.19: Auxiliary coordinate system for nodal supports — set of members in horizontal plane

If the members are located in a horizontal plane (Figure 2.19), the axis X' is parallel with the
axis X of the global coordinate system. The axis Y’ then points in the opposite direction of
the global axis Z. The axis Z' is parallel with the axis Y of the global coordinate system.
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Figure 2.20: Auxiliary coordinate system for nodal supports — set of members in oblique plane

Figure 2.20 shows the most general case. The members within a set of members do not lie
on a straight line but are located in an oblique plane. The orientation of the axis X" is then
determined by the intersection between the oblique and the horizontal plane. The axis Y’ is
perpendicular to the axis X' and is also perpendicular to the oblique plane. The axis Z' is
perpendicular to the axes X' and Y'.

2.8 Member Releases - Sets of Members

This table is only available if one or more sets of members have been selected in table 1.1
General Data. If any member in a given set is not able to transfer internal forces corre-
sponding to the degrees of freedom restricted in the table 1.7, then nodal releases can be
inserted to a set of members in the table 1.8. There is also possibility to exactly define on
which Member Side the release is to act or to place the release at both sides.

ALUMINIUM - [Demo-5eng] X
File Edit Settings Help
CAT - Aluminium design accordil E
Input Data B [ C [ D [ E [ F [ G [~
General Data Release| Member | Member |Shear Release Moment Release warp Release
WMaterials Ho Mo, Side Wy Mt Mz Mey Comment
Crosz-sections Start = = 53] a
Lateral Intermediate Supports 2
Effective Lengths - Members 3
Effective Lengths - Sets of Men 4
= Modal Supports 5
Set of Members No. 1 g
Set of Members No. 2 L )
= Member Releases
@
Set of Members No. 1 E]
Set of Members No. 2 . i
[ Set of Members -
Member 14 - Cross-section
tember 18 - Cross-section
Member 27 - Cross-section
ember 4 - Cross-section
Member B5 - Cross-section
Member 79 - Cross-section ¥
tember 88 - Cross-section My
Member 102 - Cross-section
tdember with Release at the End Mo 18! ‘M:
Mermber Side Side Start
Shear Releass in y-Direction Wy =
Torsional Release MT d
Moment Release around z-4xis Mz = v
< ¥ [[] Set Inputs for Releass Na.
(i ) (o] (foier )

Figure 2.21: Table 1.8 Member Releases - Set of Members

If the Member-like Input is enabled (cf. Figure 3.2, page 28) and if the set of members is
straight, this table is not displayed. The lateral supports can be defined by intermediate

nodes in table 1.4.
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2.9 Serviceability Data

The final input table includes different possibilities for the serviceability design. It is only
displayed if the serviceability limit state design has been selected in table 1.1 General Data
(cf. Figure 2.3).

ALUMINIUM - [Demo-5eng] El
File Edit Settings Help
CAT - Alurninium design accordil E S
Input Data \ A \ B [ ¢ [ o [ E [ F_| G
General Data Member Feference Length | Direc- | Precamber
W aterials HNo. Reference to Mo, Manualy L [m] tion v [rarn] Beamn Type Comment
Cross-sections Member 18 O 301wz 0.0 EBeam
Lateral Intermediate Supparts 2 | SetofMembers |1 [x 300000 w.z 300 Beam
Effective Lengths - Members 3| Member 3 a 000 .z 0.0 Cantilever Start Free
Effective Lenaths - Sets of Men 4 Member 13 =] 4000 w.z 00| Cartilever End Free
= Modal Supports 4
Set of Members Mo, 1 &
Set of Members Mo. 2 7
= Member Releases g
Set of Members Mo. 1 E]
Set of Members Mo, 2 10
Serviceability Data il
12
13
i
15
16
17
18
19
20
21
22
23
24
25
=
< >
[ Lalculation ] [ Detals. ] [ﬂal Annex

Figure 2.22: Table 1.9: Serviceability Data

In column A, you can refer the deformation to individual members, list of members or sets
of members.

In column B, the relevant members or sets of members can be selected graphically by using
the function [Pick]. The reference lengths L in column D are then filled automatically. The
Reference Length is set as the length of the member or the entire length of the set resp. list
of members. It can be changed Manually by using the corresponding check box in column C
and setting the value in column D.

In column E, you specify the governing Direction for the serviceability design. Column F
controls whether Precamber w_ is to be taken into account as well.

For a correct determination of the serviceability limit states, the Beam Type (beam or canti-
lever) is very important. It can be entered in column G.

The settings in the dialog box Details, Serviceability tab controls whether the deformations
are referred to the undeformed initial model or to the shifted ends of the members or sets
of members (cf. Figure 3.3).
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3. Calculation
3.1 Details

The design is carried out with the internal forces calculated in the RSTAB program. Before
the [Calculation], you should check the detailed settings for the design. The corresponding
dialog box can be opened from every input or output table by clicking the [Details] button.

The Details dialog box consists of four tabs: Ultimate Limit State, Stability, Serviceability and
Other.

3.1.1 Ultimate Limit State
Details g]

Stability | Serviceability | Other
Alternative Yalues Options
[ [ EN 1993-1-1: B.251 (2] [[] Elastic Desian [alsa for Class 1 and
Class 2 Cross-Secti
O ezm EN 199311 6251 (2) b BB SalTi]
[ s EN 199311 6.281(1) [ Elastic Design of Shear
On ) Tk (281 (] [] Elastic Design of Angles [Based on Stiesses|
Ot EN 19583-1-1: 62491 (1]
O EN 139311 6292 (1] [F E\astic D]eswgn of General Cross-Sections [Based on
SR tresses|
O #e EN 13331-1: 6331 [11[2)
O EN 199311 6221 1) [] Design of General Cross-sections ace. to £.2.1(5)
yo 1-1: 6.
(] EN 1993-1-1: 6331 (1102) Deesign of Plate Girders acc. to 6.7
0 ve ENRESRES S G Shear Design of Solid Cross-Sections
Shear Buckling Design of Webs
[Un)select &l

Figure 3.1: Dialog box Details, Ultimate Limit State tab

Alternative Values

This dialog section contains a list of parameters that allow for an alternative calculation of
values according to EN 1999-1-1. If a box is not checked, the default value will be used. The
relevant code clauses are stated for each parameter.

It is possible to choose the default or alternative calculation for each value separately or to
use the button [(Un)select All] to set or to remove the check boxes of the whole list.

Options
By default, there is a plastic analysis or elastic analysis in ALUMINIUM — dependent on the

class of the cross-section. If required, only the Elastic Design can be activated. Then for all
cross-sections classified as 1 or 2 the elastic parameters (as class 3) are used for the design.

The Elastic Design of Shear can be used if the shear design is to be based on shear stress in-
stead of plastic shear resistance (default).

' Ing. Software
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The Elastic Design of Angles (Based on Stresses) can be applied if the design of angles ac-
cording to [1], clauses 6.2.5 t0 6.2.10 is to be based on stresses instead of resistance values
(default). If this option is checked, the factors &;, n,, v, and o, will be set to 1.00.

Optionally, the Elastic Design of General Cross-sections (Based on Stresses) can be per-
formed according to [1], clauses 6.2.5 to 6.2.10 for "general" types such as some sections of
the RSTAB library or SHAPE-THIN sections. The design is then based on stresses instead of
resistance values (default). Additionally, the Design of General Cross-sections acc. to
6.2.1(5) can be used. This means that the von Mises yield stresses are calculated in each
stress point. The highest ratio according to [1], eq. (6.15) is then used to determine the crit-
ical stress point and the final design ratio of each x-location of the member. The parameter
C can be set in the National Annex dialog box (see chapter 2.1.3, page 11).

The Design of Plate Girders acc. to 6.7 can be used for cross-sections which fulfill plate
girder criteria and are not marked as "general" sections. ALUMINIUM does not support the
design of transverse or longitudinal stiffeners, however.

The Shear Design of Solid Cross-sections makes it possible to check shear and bending of
massive sections. If this option is not active, bending moments, torsional moment and shear
forces are neglected even if they were calculated in RSTAB.

Shear Buckling Design of Webs implies that the design is to be performed according to [1],
clauses 6.5.5 and 6.7.4.

The partial factors y,, of the materials are controlled in the National Annex dialog box (see
chapter 2.1.3, page 11). Please also note that the design of welds (effect of HAZ) is not im-
plemented in the current program version.

3.1.2 Stability
Details X

Ulltimate Limit State | Stabiity | Serviceability | Other

Stability Analysis Sets of Members - Member-like Input Slendermess Determination

(&) Do not Use Member-fike Input [] Caleulate Slenderness far Lateral-tarsional Buckling
© Liss oy for Straight Sets of Mambers ALT ace. todnnex |2 (2] [1-sections and Channels

covered by Table 1.5]
() Use anly for Straight Sets of Members withaut

Bending around Major p-dxis
[ Calculate Slendermess for Torsional and Torsional-

Equivalent Member Method according to 6.3 Intermediate Restraints [Simple Bearns or Cantilevers) flesural Buckling A7 ace. to drmex |4 (2] [Sections
[ Include Efftects from 2nd Order Theory ace. to Covered by Table 1.8]
D2 Ay raaalig Bl s Determination of Distance for Studied Section
1.150 Caleulation of s for Unknown Shapes of Buckiing Tarsional and Torsional-Flexural Bucking
Eending around Minar z:4xis © Use a Half of Buckling Length Ignore Mate 6.3.1 4(1) and perform design
Equivalent Member Method according to 6.2 O e, 10 EN133311 eq.[671)

[ Include Eftects fram 2nd Order Theory ace. to
5.2.2[4) by Increasing Bending Moment

1.180
Litrit Load for Special Cases

Unzpmmetic Cross-sections with

Determination of Elastic Critical Moment for LTE Compression and Bending
For Members: Do not Take Small Moments inta Account and
or Memoers fllow Stability Design by 631 (Intended dsial
(%) Automatically by Eigenvalue Method Compression] if
O Automatically By Comparison of Moment Bendin My Ed £ Mploy R 3 0mo 3
Courses and Assighemnt of Coefficient C1 a - d o PL¥ *
[C2 a C3 'wil Ee Determined by Eigenvalue Mz, 54 Fhiplz,Rd £ omo g

bl R Do not Take Small Campression Forces inta
() Manual Definition in Table 1.5 Account and Allow Stability Design ace. to 5.3.2
[Bending without Compression] if:
Load Application of Positive Transverse Loads:

(%) On Cross-section Edge Directed to Shear Center LR Me, B¢ /Mgl g oo
[e.g. Top Flange, Destabilizing Effect]

(2 In Shear Center
() On Cross-section Edge Directed fram Shear Center

Cross-sections with Torsion
Limit Shear Stress for Stability Designs:

[e.0. Bottom Flange, Stabilizing E ffect] Torsion 64 f Tt,Rd i 0.050 &

Figure 3.2: Dialog box Details, Stability tab
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Stability Analysis
This section controls whether a stability analysis is to be carried out. If the check is disabled,
the input tables 1.4 to 1.8 will not be active.

It can also be specified whether the stability design is to be considered for Bending around
the Major and/or Minor Axis. The effects of the 2" Order Theory can be accounted for ac-
cording to [1], clause 5.2.2(4) by increasing the bending moments by a specific factor.
When the check is set, the enlargement factor can be entered. This factor is suited for e.g. a
frame whose governing stability failure is lateral buckling. Then, the internal forces can be
calculated according to a linear static analysis and then be magnified by suitable factors.

Determination of Elastic Critical Moment for LTB

By default, the elastic critical moment is calculated Automatically by Eigenvalue Method. In
this case, an internal model of finite elements is used to determine M, with consideration
of the following aspects:

e Dimensions of gross cross-section

e Load type and location of load application point

e Real distribution of moments

e Lateral forced deformations (due to support conditions)
e Real boundary conditions

The degrees of freedom of the internal member model are defined by means of the coeffi-
cients k, and k,, (see chapter 2.5).

If the option to determine the elastic critical moment by comparing the Moment Courses is
chosen, then the calculation of the coefficient C, can be controlled in a dialog box which is
accessible via the [Info] button. The coefficients C, and C; are calculated automatically by
the eigenvalue method.

For an unsymmetric section whose shear center has a considerable distance to the centroid
in horizonal direction (axis y), a Manual Definition in Table 1.5 of M., is recommended. This
value can be determined in the FE-LTB module, for example.

The Load Application of Positive Transverse Loads has to be accounted for if those loads
have effect on a member. Lateral loads can have stabilizing or destabilizing effects, depend-
ing on the application point. This point can be set in the final part of the dialog section.

For detailed information on the theoretical background, see [1], Annex I.

Sets of Members - Member-like Input

The stability behavior of sets of members can be analyzed according to three options. It is
recommended to apply the ALUMINIUM design only for straight sets of members.

If the default Do not use Member-like Input is set, a general analysis based on the multiplier
o, is carried out. The support conditions have to be defined in table 1.7 for all sets of
members. The factors k, and k,, from table 1.6 will not be used.

It is possible to limit the member-like input for Use only for Straight Sets of Members with
equal cross-section parameters. The factors k, and k,, as defined in table 1.6 are then used
to determine the support conditions B, u,, @,, ¢, and o. Tables 1.7 and 1.8 will not be dis-
played for straight sets. This option can be used e.g. for continuous beams. Please note that
the factors k, and k,, are identical for every segment or partial member of the set.

The third option applies the member-like input only to Straight Sets of Members without
Intermediate Restraints modeled in RSTAB. Thus, only sets of members which have RSTAB
supports/restraints at their ends will be considered for the member-like input. This option
can be used to design e.g. simple beams or cantilevers. The connection of transverse beams
to the intermediate nodes of the set is not accounted for, however. Tables 1.7 and 1.8 will
not be displayed for straight sets that have no intermediate supports.

' Ing. Software
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Determination of Distance for Studied Section

The distance x, is defined in [1], figure 6.14. It represents the distance between the studied
section and a support or point of contra flexure of deflection curve for elastic buckling of
axial force only. It is possible to apply Half of Buckling Length conservatively or to deter-
mine x, according to [1], eq. (6.71) for members that have end moments (transverse loads
are not admitted). Since the formula provides only one value for x,, this value will be used in
each section of the member.

The application of [1], eq. (6.71) is restricted to linear moment diagrams of the member.
Furthermore, the right side has to return a value between —1.0 and 1.0 since the left side of
the equation represents a cosine. If one of those two conditions is not fulfilled, the formula
will not be applied. Instead, x, is assumed as half of the buckling length for each section.

In the current program version, all buckling shapes are considered as unknown. The deter-
mination of x; as for known buckling shapes, based on bending moments and rotations, is
not implemented.

Limit Load for Special Cases

It is possible to neglect small moments around the major and also the minor axes in order
to design unsymmetrical cross-sections of axial compression according to [1], clause 6.3.1.

In a similar way, very small axial forces can be neglected so that a bending design without
compression according to [1], clause 6.3.2 is possible — by defining the limit ratio N to N,,.

Systematic torsion is not accounted for in EN 1999-1-1 adequately. If torsional shear stress-
es exist but do not exceed the default limit of 5 %, they will be neglected for the stability
design (buckling, lateral buckling).

If any of those limits is exceeded, a message is shown in the results table and the stability
design is not carried out. The results of the cross-section design are nevertheless displayed.

Slenderness Determination

Annex | of EN 1999-1-1 provides alternative, simplified procedures how to calculate relative
slendernesses for lateral torsional buckling (Annex 1.2, clause 2) and torsional and torsional-
flexural buckling (Annex 1.4, clause 2). Check the appropriate option to enable an alterna-
tive calculation.

The alternative calculation of relative slenderness is never used for angles with unequal legs,
double angles, cruciforms, cross-sections with fillets or bulbs and general cross-sections.

Torsional and Torsional-Flexural Buckling

Clause 6.3.1.4(1) refers to certain section types that can be neglected for torsional or flex-
ural-torsional design: hollow sections, doubly symmetrical I-sections and sections composed
of radiating outstands (angles, tees) and classified as class 1 or 2. The check box makes it
possible to ignore this type of stability design for the above-mentioned sections.

3.1.3 Serviceability

Ultirmate Limit State | 5 tabilit Other

Deformation Related to

(#) Shifted Members Ends / Set of
tembers Ends

(O Undefarmed System

Figure 3.3: Dialog box Details, Serviceability tab

There are two options in the dialog section Deformation Related to: The selection fields
control whether the maximum deformations are to be related to the undeformed, original
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model or to an imaginary connecting line between the shifted start and end nodes of the
member or set of members within the deformed structure.

The limit deformations can be checked
alog box (see chapter 2.1.3, page 11).

3.1.4 Other

Ultimate Limit State | Stability | S erviceability

Crozs-section Optimization

b ax dllowable Design R atio: 100 %
Check of Member Slendernesses

Members with Mlimit

- Tension Only: 300 %
- Compression # Flexure: 200 %

Cross-zection Databaze

[#] Allavs design af shapes fram databaze of ralled stesl
cross-sections

Symmetry Control

Determine Symmetry by Modul and Compare with
SHAPE-THIM Definition [SHAPE-THIM Definition is
uzed az default)

and, if necessary, modified in the National Annex di-

Display Result Tables

21 Design by Load Caze

2.2 Deszign by Crozz-gection
2.3 Deszign by Set of Members
2.4 Deszign by Member

2.5 Deszign by »-Location

3.1 Governing Internal Forces by Member
3.2 Governing Internal Forces by Set of Members
[13.3 Member Slendemesses

4.1 Parts List by Member

4.2 Parts List by Set of Members
() Only for Members / Sets to Be Designed
() OF Al Members / Sets of Members

Figure 3.4: Dialog box Details, Other tab

Cross-section Optimization

Cross-section can be optimized if the Optimize option is chosen in table 1.3 Cross-Sections
(see Figure 2.7, page 14). The dialog box Details enables you to set the maximum allowable
design ratio as a limit for the optimization process.

Check of Member Slendernesses

It is possible to set user-defined slenderness ratios for members with Tension or Compres-
sion / Flexure. These maximum values are compared with the actual member slendernesses
in table 3.3. This results table is available after the calculation (see chapter 4.8, page 39)
when the corresponding check box is ticked in the Display Results Tables section to the
right.

Cross-Section Database

The design of cross-sections which are primarily made of steel (rolled sections) is enabled by
default. If this option is unchecked, only cross-sections of the categories Welded, Solid or
User-defined will be designed.

Check of Symmetry

This option can be used to make sure whether the cross-section is symmetrical with regard
to its principal axis system. Some SHAPE-THIN sections or general RSTAB sections may not
be compatible with the design procedure settings of ALUMINIUM where the y-axis is always
considered as the major and the z-axis as the minor axis. If, for example, I, < |, or the princi-
pal axis rotation implies that the z-axis is the major axis, the ALUMINIUM results may be
misleading. Therefore, this option can be used to check the symmetry of general sections,
independently on the SHAPE-THIN definition. If the symmetry data obtained by both proce-
dures are different, an error message will be displayed.

Display Results Tables

In this section, the results tables can be specified which are to be displayed, inclusive of a
parts list. The results tables are described individually in chapter 4.
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3.2 Start Calculation

In all input tables of ALUMINIUM, you can start the design via the [Calculation] button.

At first, ALUMINIUM searches for results of the selected load cases, groups and combina-
tions. If they are not found, the calculation of the governing internal forces in RSTAB is
started. The calculation parameters of RSTAB are used for this analysis.

If cross-sections are to be optimized (cf. chapter 7.2, page 52), the required sections are
calculated and the relevant designs are carried out.

The ALUMINIUM design can be also started from the RSTAB interface. All design cases of
the add-on modules are displayed in the To Calculate dialog box, similarly to load cases or
load groups. Open this dialog box in RSTAB via the main menu

Calculate — To Calculate.

To Calculate E|
Mot Calculsted Selected for Calculation
Frogram / Mod... Mo Description -~ Program /... = Mo Description -~

RETAR LG5 LCT +1.5°LCE + LC& R5TAR LC1 | Dead Load

RSTAB LGE | 1.35°LC1 +1.55LC4 + LC10 RSTAB LCZ |Snow Load

RSTAB LG? | 1.35*LCT +1.55LC5 + LC9 RSTAE LC3 |'wind v+

RSTAB LGB | 1.35°LCT +1.35%LC2 + 1.35%LC RSTAE LC4 |'wind at peak v +'

RSTAE LGS | 1.35°LCT +1.35"LC2 + 1.35%LC RSTAB LCE |Wind at peak v -

RSTAE LG11 |LC1+LC2+LC3 +LCT +LCS RSTAE LCE |'wind positive

RETAR LGE12 |LCT1 +LCZ +LCE R5TAR LCY | Live Load

RSTAB LG13 |LC1 +LC3+LCA RSTAB LCE |Imperfections v +x

RSTAB LG14 |LC1+LC7 +LCA RSTAB LC3 |Imperfections v -v'

RSTAB LG15 | LCT1+LCE +LCa RSTAE LC1C | Imperfections v +'

RSTAE LG1E |LC1 +LC4+LC10 RSTAB LG2 |1.35*LC1 +1.5°LC2 + LCB

RSTAE LG17 |LC1+LCS+LCS RSTAE LG3 |1.35%LC1 +1.5LC3 + LC8

RETAR LG18 |LCT1 +LCZ2 + LC4 + LCF +LC0 R5TAR LG4 [ 1.35"LC71 +1.5°LCF + LCB

RSTAB LG19 |LC1+LCZ +LCE +LCT +LCY ALUMINIUM | CA1 | Aluminium design according to EC9
RSTAB col | ULS

RSTAB coz | 5LS

~ -

Show Addtional Madulss
Lalculate ] [ Cancel

Figure 3.5: Dialog box To Calculate

If the design cases of ALUMINIUM are missing in the list Not Calculated, it is necessary to
tick the check box Show Additional Modules.

The [»] button transfers selected design cases to the list on the right. You can then start
the calculation by the [Calculate] button.

The calculation of a specific ALUMINIUM design case can also be directly started from the
toolbar. Set the relevant design case in the list and then click on the [Results on/off] button.

Options  Additional Modules  Window  Help

Py ALUMINIUM CAL - Aluminiur ~ @ 5y 7|82 | Gy g g

% Q q FEDCH ﬁ' A - ||l T ’%m‘u, Wi Mr My

Figure 3.6: Direct calculation of an ALUMINIUM design case in RSTAB

A dialog box appears in which you can watch the progress of the design.
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Figure 3.7: Calculation in ALUMINIUM
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4. Results

Table 2.1 Design by Load Case is displayed immediately after the design. In the upper part
of this table, a summary of all designs for every load case, load group and combination is
displayed. The lower part includes all details of the material properties, design internal forc-
es and design data of the load case which is selected in the upper part of the table.

The results tables 2.1 to 2.5 contain the detailed design summaries according to different
selection criteria. Tables 3.1 and 3.2 include the governing internal forces. The parts lists are
displayed in the last two tables 4.1 and 4.2.

The results tables are accessible from the navigator in ALUMINIUM. You can also switch
among the tables via the buttons as seen to the left or the functional keys [F2] and [F3].

Save the results by the [OK] button and close ALUMINIUM.

In this chapter, the particular tables are described in the given order. The following chapter
5 Evaluation of Results from page 42 onward is devoted to the evaluation and checking of
results.

4.1 Design by Load Case

ALUMINIUM - [Demo-5eng] g]
File Edit Settings Help

CAT - Alurninium design accordil E

Input Data ‘ A | 8 ] C [ D | E G
General Data Load Member| Location Diesign
W aterials Caze Descriptian No. # [m] R atia Design accarding to Farmula D5
Cross-sections Ultimate Limit State Design
Lateral Intermediate Supports Dead Load 26 2175 043 21 :387) Stability Analysis - Bending Around y-Auis and Cor: 1JLS
Effective Lengths - Members L3 | 'wind v +x 5 0.000 029 %1 | 129) Cioss-Section Check - Flange Induced Buckling & | 1JLS
Effective Lengths - Sets of Men __LC4 | Wind at peak v +7 12 2.000 029 21 |129) Cross-Section Check - Flangs Induced Buckling 2| LS
= Modal Supports LC5  |'wind at peak v v ] 1.000 023 %1 |129)Cross-Section Check - Flange Induced Buckling £| LS

Set of Members Mo, 1

Set of Members Mo. 2
= Member Releasss

Set of Members Mo. 1

Set of Members Mo, 2
Fesults

b

D |2 - 15 4002001 0180
:[F] M aterial Yalues - Alurminium EM-2% 60054 [EP/0.ER/B] T A 00.0
Cross-section Walues - 15 400/200/1018/0

Design by Cross-section
Design by Set of Members
Design by Member

L) 18.0

Design by s-Location Design Intemnal Forces
Gaverning Intemal Farces by M Cross-section Classification - Class 4
Goveming rtemal Foroes by 51 Effective Cross-gection Properties =
Paits List by Member £ Design Ratio g ——— .’Yf.‘ﬁ
Parts List by Set of Members Cross-section Area A 108400 | mm? 00|
Characteristic Proof Stength | fo 20.00 | kN/cm? Tab 327
Modulus of Elasticity E 700000 | kMem? 32581
Effective Member Length Ler,T 3262 m LS
|deal Torsional Buckling Load | Ner T 2653790 kN Eq.[l.18] TEff
Second Moment of Area Iz 24030300.0 | mm [mm]
Effective Member Length Ler.z 3262 | m -
< b Elastic Flesural Buckling Foice | Merz 1558.780 | kN Eq. (115] | »

Figure 4.1: Table 2.1 Design by Load Case

Description

The load cases, load groups and combinations that are decisive for every relevant type of
design are displayed in this column.

Member No.

The number of the member with the highest design ratio is stated for every designed load
case, load group or load combination.
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The location x on the member where the maximum design ratio occurs is displayed in this
column. Those locations x on the member are taken into account:

e Start and end nodes

¢ Internal nodes according to a potential user-defined member division

e Divisions for member results according to settings in RSTAB dialog box Calculation
Parameters, Options tab

e Extreme values of internal forces

Design Ratio

For every design type and for every load case, load group or load combination, the design
quotients according to the standard are displayed in this column.

The colored bars illustrate the utilizations of every load case.

Design according to Formula

In this column, the equations that were followed in the design are displayed.

DS

The Design Situations which are relevant for the design are stated in the last column: ULS
(Ultimate Limit State) or one of the three SLS design situations (CH, FR, QP) as specified in
table 1.1 General Data (cf. Figure 2.3, page 10).

4.2

ALUMINIUM - [Demo-5eng]
File Edit Settings Help

CAT - Aluminium design accordi |+

Input Data
General Data
M aterials
Cross-sections
Lateral Intermediate Supports
Effective Lengths - Members
Effective Lengths - Sets of Men)
= Modal Supports
Set of Members Mo, 1
Set of Members Mo. 2
= Member Releasss
Set of Members Mo. 1
Set of Members Mo, 2
Fesults

Design by Load Case
Design by Cross-section
Design by Set of Members
Design by Member
Design by #-Location
Gowveming Intemal Forces by b
Governing Interal Forces by 59
Paits List by tember
Parts Lizt by Set of Members

< *

.

Design by Cross-Section

=

[ AT B [ C T 0 TE ~
Section Member| Location | Load Dresign
HNo. Mo, #[m] Caze R atio Design according to Formula
1 15 450,/20010/20/0
14 5700 LCS 000 s 100) Cross-Section Check - No or Very Smal Intemal Farces
14 0000 LC1 [N S 102) Cross-Section Check - Compression acc. o B.2.4
l:l 95 G000 LC3 0.05 £1 [108) Cross-Sechon Check - Bending &round p-&wis ace. to 5.2.5
14 3000 LC4 002 < 107) Cross-Section Check - Bending Around z-Auis acc. to 6.2.5
B 00| Lct 002 s 111] Cross-Section Check - Shear Force in 2+4xis acc. ko 6.26
5 0000 LC1 002 < 122) Cross-Section Check - Shear Buckling acc. o B.7.4.1
5 0ooo| Let 000 £ 123] Crozs-Section Check - Shear Buckling ace. to B.2.6(3]
5 0000 LC3 029 £ 129) Cross-Section Check - Flange Induced Buckling acc. to B.7.7 -
Ma: 043¢ @ e Bt

—
0

Material Yalues - Alurminium EM-2% 60054 [EP/O.ER/AB] TE

Cross-sectionWalues - 15 450/200/10/20/0
Design Intemnal Forces

Cross-section Classification - Class 2
Effective Cross-gection Properties

Bl Design Ratio
Mament My B 16.097
Shape factor y 1.000
Plastic Modulus of Gross Sectii "Wply 1300000.0
Elastic Modulus of Gross Secti| Wel,y 1300000.0
Characteristic Proof Strength | fo 20,00
Partial Factor T 1.100
Partial Factor Fhitz 1.280
tdoment Resistance Mo,y Ra 345,455

1 - 15 4502001 02000
Pl 200.0

1

0.0

g T T T M

0]

Tab B4
*

Tab. 3.2° ZEif
Tab. E1 [mm]
Tab E1 3
Ea 575 v (@)

Figure 4.2: Table 2.2 Design by Cross-section

In this table, the maximum design ratios are displayed for all designed members and for all
designed load cases, load groups and combinations. The results are listed according to

cross-sections.
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4.3 Design by Set of Members

ALUMINIUM - [Demo-5eng]
File Edit 3ettings Help

CAT - Aluminium design accordil %

Input D ats
General Data
Materials
Cross-sections
Lateral Intermediate Supports
Effective Lengths - Members
Effective Lengths - Sets of Men
(=) Modal Supports
Set of Members No. 1
Setof Members No. 2
= Member Releases
Set of Members No. 1
Set of Members No. 2
Results
Design by Load Case
Design by Cross-section
Design by Set of Members
Design by Member
Design by x-Location
Goveming Intemal Forces by b
Governing Internal Forces by 51
Parts List by Member
Parts List by Set of Members

< >

.

|
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%
-

LAl 8 [ ¢c[ 0 [E S
Set Member Location Load Design
Ho. Mo. #[m] Case Ratio Design according to Farmula
1 [Member Mo. 14.18,27 46,65,79,88,102)
46 2EB9| LCH 000 1 | 100) Cross-Section Check - Mo or Very Small Intemal Forces
14 oo Lt 001 $1 | 102) Cross-Section Check - Compression ace. to 6.2.4
_l 46 5647 | LC1 005 $1 [106] Cross-Section Check - Bending Around y-dxis acc. to 6.2.5
14 3.000 LC4 002 1 | 107) Cross-Section Check - Bending Around z-4wis acc. to 6.2.5
18 0000 Lo 001 €1 [ 111) Cross-Section Check - Shear Force in z-4uis ace. to 6.2.6
18 ooon| LCc1 000 &1 | 121) Cross-Section Check - Shear Buckling acc, to 6.2.6(3)
14 0000 LCt 001 €1 | 122] Cross-Section Check - Shear Buckling acc. ta B.7.4.1
14 0000 LC1 000 €1 | 123] Cross-Section Check - Shear Buckling acc. ta B.2.6[3] Y
Mak 043/ <1 @ P

2 - 15 4002200/ 0180

b atenal Walues - Aluminum EN-diw' 50054 [EF/OER /B TE

Cross-sectionValues - 15 400,200A10A158/0
Diesign Internal Forces

Cross-section Classification - Clags 3
Effective Cross-section Propertiss

[ Design Ratio
Moment My Ed 13229 | kKm
Shape factor ity 1.000
Elastic: Modulus of Gross Sechi| Wi,y 15152400 | mm?
Characteristic Proof Stength | fa 20,00 | kM/cm?
Partial Factor Fhtt 1.100
Partial Factor Fht 1.280
toment Resistance Mo,y Rd 275,498 | kNm
Shear Force Wz B 0029 kN

1 g

200.0

4000

Tah 6.4

— -
FEff

Tab. 3.2
Tab. 6.1
Tab. 6.1

Eq. [6.25
e

Figure 4.3: Table 2.3 Design by Set of Members

This table is displayed if at least one set of members was selected for design. The maximum
design ratios are listed according to sets of members. The number of the member with the
highest design ratio within each set of members is shown in column A.

4.4  Design by Member

ALUMINIUM - [Demo-5eng]
File Edit Settings Help

Ca1 - Aluminium design accordil »

Input D ata
General Data
Material:
Cross-sections
Lateral Intermediate Supports
Effective Lengths - bembers
Effective Lengths - Sets of Men
(=) Modal Supports
Set of Members No. 1
Set of Members No. 2
[=- Member Releases
Set af Members No. 1
Set af Members No. 2
Results
Design by Load Case
Design by Cross-gection
Design by Set of Members
Design by Member
Design by »-Location
Governing Internal Forces by M
Governing Internal Forces by 51
Partz List by Member
Partz List by Set of Members

< b

tember Location | Load Design

Ho. % [m] Case Ratio
1 Crozs-section No. 15 -15 260/260/10/15/0

A [ B [ € L |

[Diesign according to Formula

Mo or Verp Small Internal Forces
Compression acc. to 6.2.4
Bending Around p-fixis acc. o 625

5
—

Bending Around z-Axis acc. o 625

Max: 043 ¢1 @
E..
14 aterial Yalues - Aluminium EN-A4 B0054 ([EP/D.ER/B] TE
Cross-section Values - 15 260/250/10A15/0
Design Internal Forces
Cross-section Classification - Clags 4
Effective Cross-section Properties

[ Design Ratia

toment e Ed 0607 | kMm
Shape factor itz 0.95

Effective Elastic Section Modu | Wettz 297086.0 | mmd
Elastic Modulus of Grass Secti | Welz 312647.0 | mmd
Characteristic Proof Strength | fo 20.00 | kM/om?
Paitial Factor hl 1.100

Paitial Factor e 1.250

toment Resistance Moz, Ra 54.016 | kMm

0.000| LC4 0.00 41 | 100) Cross-Section Check -
0.000| LC1 000 41 | 102) Cross-Section Check -
0000| LC3 001 41 | 108) Cross-Section Check -
[  1200] Les 0.01 1 [107) Cross-Section Check -
0000| LC3 000 £1 | 111) Cross-Section Check -
0000| LC3 000 41 | 121) Cross-Section Check -
0.000| LC3 000 21 | 123) Cross-Section Check -
0000 LC3 0.01 £1 | 141) Cross-Section Check -

Shear Force in z-Awis acc. to 6.26
Shear Buckling acc. to B.2.63)
Shear Buckling acc. to 8.2.6(3]

Bending and Shear Force acc. to 6.2.5 and 6.2.8 -

w (5

15 - 15 2500250100 500

|-

250.0

2500

Tab. 6.4

L
FEif

Tab 3.2
Tab. 6.1

Tab 6.1
Eq [B.25 v (]

Figure 4.4: Table 2.4 Design by Member
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In this table, the maximum design ratios arranged according to member numbers. The
Location x at which the maximum value occurs is stated for every member.

The description of the individual columns can be found in chapter 4.1 on page 34.

4.5 Design by x-Location

ALUMINIUM - [Demo-5eng] X
File Edit 3ettings Help
CAT - Aluminium design accordil % E j
Input Data [ A [ B T € T O - |
Genersl Dats Member | Location Load Design
Materisls Ho. #[m] Case Ratio Design according to Formula
Cross-sections 1.000| LCS 0.01 <1 | 141) Cross-Section Check - Bending and Shear Force ace. to 6.2.5 and 6.2.8
Lateral Intermediate Supparts 1.000| LCS 0.01 <1 | 150) Cross-Section Check - Bending, Shear Force and Torsion ace. to 6.7 - Plate girders
Effective Lengths - Members 1.000| LC1 001 21 | 301) Stability Analysis - Flexural Buckling Sround w-&uis ace. to 6.3.7.1 and £.3.1.2(4)
Effective Lengths - Sets of Men (NNNIM|  1.000] LCT nnt | <1 [308] Stabity Analysts - Flesural Buckling Around 22w acc. to 62,11 and 6.2.1.204) |
= Nodal Supports 1.000| LC5 0.01 £1 | 321) Stability Analysis - Lateral-Torsional Buckling acc. to 5.3.21 and 6.3.2.3 - |-Profi
Set of Members Mo, 1 1500 LC1 001 21 | 102) Cross-Section Check - Compression acc. to 6.2.4
Setof Members Mo, 2 1500 LCS IR S 106] Cross-Section Check - Bending Around v-Axis acc. to 625
5 Member Feleases 1500| LC3 0.01 21 | 107) Crosg-Section Check - Bending Atound 2-Axis acc. o B.2.5
Set of Members Mo, 1 1.500| LCS 000 < 111] Cross-Section Check - Shear Force in 2244 acc. to 626 v
el Honimitlo 2 Max [ 04351 @ 2
esuilts
Design by Load Case — i
Design by Cross-section D j 10 - 15 2007200/ 510
Design by Set of Members M aterial Yalues - Sluminium EN-4' B0034 (EP/OER/B) TE 2000 o
Design by Member Cross-section Values - 15 200/200/8/15/0 o
Design by x-Location Design Internal Foices
Governing Intemal Forces by M Cross-section Classification - Class 3
Governing Internal Forces by 51 E] Desian Ratio o
Parts List by Member ndulus of Elasticity E 7000.00 | kN /cmd 3.25(1) 2 it ’Y
Parts List by Set of Members Second Moment of Area Iz 200073000 | rarnd g0
Effective Member Length Lerz 3000 m
Elastic Flexural Buckling Force Merz 1535.830 | kN Eq [1.15] 4
Cross-section Area A 7360.0 | mmt &
Characteristic Proof Strenath fa 20,00 kM/em? Tab. 3.2 =
Partial Factor Fhtt 1.100 Tab. 6.1 [mm]
Axial Force [Compression) M Ed 9,495 kM
4 ¥ Criterion Ned 4 3_0.2% Nerz M or 0E18 <10 E.3.1.2(4]

Figure 4.5: Table 2.5 Design by x-Location

This results table lists the maximum values of every member at the following locations x ac-
cording to the division points of RSTAB:

e Start and end nodes
¢ Internal nodes according to a potential user-defined member division

e Divisions for member results according to settings in RSTAB dialog box Calculation
Parameters, Options tab

e Extreme values of internal forces

I Program ALUMINIUM © 2011 by Ing. Software Dlubal
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4.6 Governing Internal Forces by Member

In this table, the governing internal forces are shown which lead to the maximum design
ratios.

ALUMINIUM - [Demo-5eng] X

File Edit Settings Help
C&1 - Alumirium design sccordi v | 1 -
Input Data B [ ¢ [ 0 [ E [ F [ & [ H ]J [ |~
General Data Member| Location | Load Farces [kN] Moments [kMm]
Materials Mo #[m] Case i} Wy Wz T by M2 Design according to Formula
Brsssmsiins Cross-section No. 15 - |5 260/250/10/15/0
Lateral Intermediate Supports | [IIM|___0.000]  LC4 0000) -0271) 0000 0000) 0000 | 0,082 100) CrossSection Check - No or Very ¢
Effective Lengths - Members oooo| LCh 8326 0.000 -0.007 0.000 0003 0.007 | 102) Cross-5ection Check. - Compression
Effective Lengths - Sets of Men 0o0od|  LC3 0016 0.000 1018 000o|  -1.258 0.000 | 108] Cross-5ection Check - Bending 4
=- Nodal Supports 1.200| LCS 0/000 0.020 0.000 0.000 0,000 -0.607 | 107) Cross-Section Check - Bending Arc
Set of Members Mo 1 000 LC3 0016 0.000 1019 0000|  -1.258 0.000 | 111] Cross-Section Check - Shear Farce
Set of Members Mo, 2 0noo| L3 001e 0.000 1039 0.000 -1.258 0.000 | 121] Cross-Section Check - Shear Buck
=- Member Releases 0o0od|  LC3 0016 0.000 1018 000o|  -1.258 0.000 | 123) Crass-Section Check - Shear Buck
Set of Members Mo, 1 0oo|  LC3 0016 0.000 1018 0000 -1.25% 0.000 | 141] Cross-Section Check - Bending am
Set of Members Mo, 2 000 LC3 0016 0.000 1019 0000|  -1.258 0,000 | 150] Cross-5ection Check - Bending, S
Results 0ooo| LC1 8326 0.000 -0.001 0.000 0.003 0.001 | 301) Stability Analysis - Flesural Buckling
Design by Load Case 0.000| LC 832k 00000 -0.001 0.000 0.003 0,007 | 305] Stability Analysis - Flesural Buckling
Design by Cross-section 0ood|  LC3 0016 0.000 1018 0000|1258 0.000 | 321] Stability Analysis - Lateral-Torsional
Design by Set of Members
Design by Member 2 Cross-section No. 15 - 15 250/250/10/15/0
Design by x-Lacation 2600 LC4 oo 0433 0.000 0.000 0,000 1-0.012 ) 100] Cross-Section Check - Mo or Very ¢
Goveming Intemal Farces by M 0oo|  LC 19659 0.001 0.001 0000 -00m 0.004 | 102] Cross-Section Check - Compressio
Goverming Intemnal Forces by S 000 LC3 0016 0.000 2620 0oo| 7317 0.000 | 108] Cross-5ection Check - Bending Arc
Parts List by Member 0000 LS 0.0oo 1.691 0000 0.000 0.000 2981 | 107] Crogs-Section Check - Bending A
Parts List by Set of Members oo, LC3 0Me 0.000 2,620 nood, 737 0.000 | 111] Crogs-Section Check - Shear Force
0oo| LCS 0/000 1.691 0.000 0.000 0.000 2.981 | 113] Cross-Section Check - Shear Force
000 LC3 0016 0.000 2620 0oo| 7317 0.000 | 121] Cross-5ection Check - Shear Buck
nooo) LC3 QUL 0.000 2620 0.000 .37 0.000 | 123 Cross-Section Check - Shear Buck
oo LC3 R 0.000 2620 0000, 317 0.000 | 141] Crogs-Section Check - Bending aru
0o0o|  LC3 0016 0.000 2620 noom| 7317 0.000 | 150] Cross-Section Check - Bending, 5k |+
4 ¥

Figure 4.6: Table 3.1 Governing Internal Forces by Member

Location x

For every member, the location x on the member with the maximum design ratio is shown.

Load Case

In this column, the numbers of the load cases, load groups or combinations whose internal
forces have the most unfavorable effects.

Forces / Moments

The decisive axial and shear forces as well as the torsional and bending moments are listed
for every member.

Design according to Formula

The last column includes the relevant equations that were followed in the design.
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4.7 Governing Internal Forces by Set of Members

ALUMINIUM - [Demo-5eng]

File Edit Settings Help

CAT - Aluminium design accordil % E

Input Data B C [ D [ E [_F [ & [ H ] 1 |~
General Data Set Location | Load Farces [kN] Moments [kHm]
b aterials Mo # [m] Caze N Wy Wz T My b2 Design according to Formula
Bt [Member No. 14.18,27.46.55.79.68.102)

Lateral Intemediate Supports ||| 2683]  LCS 0000 0011 0000 0008 0000|0134 100) Crass-Gection Check - Ma ar Very§
0.000| L& -20.995 0.000 3.7 0.000 0.000 0000 | 102] Cross-5 ection Check - Compressiol

Effective Lengths - Members

Effective Lengths - Sets of Men BE47| LC1 -a7eR n.002 0.023 0.000| 13229 0.001 | 106]) Cross-Section Check - Bending A

= Modal Supports 3000 LC4 0.000 .00 0.000 0.005 0.000 1796 | 107] Cross-Section Check - Bending Arc
Set of Members Mo, 1 nooo| Lol 4306|0002 5.983 0.000 22628 0.000 | 111]) Cross-Section Check - Shear Force

Set of Members Mo, 2 nooo| Lt -4.306 -0.002 5.983 0.000) @ -22628 0.000 | 121] Cross-Section Check - Shear Buck.

= Member Feleases 0000 LC1 20,995 0.000 277 0.000 0,000 0,000 | 122) Cross-Section Check - Shear Buck
Set of Members Na. 1 nooo| Lt -20.335 0.000 477 0.000 0000 0.000 | 123] Cross-Section Check - Shear Buck.

Set of Members No. 2 1000 LC3 0643 0.000 2353 0.000 2609 0.000 | 129) Cross-Section Check - Flangs Indu
Results 3585 L1 3877 n.onz 1041 poon 12126 0.005 | 141] Cross-Section Check - Bending an
Design by Load Case 3685 L1 k-1 n.002 1.041 0.000| 12126 0.005 | 1580 Cross-Section Check - Bending, S
Design by Cross-section 0.000| L& -4 306 -0.002 5983 0000  -22828 0.000 | 171) Cross-Section Check - Bending, 5+
Design by Set of Members nooo| Lol 4306|0002 5.983 0.000 22628 0.000 | 180]) Cross-Section Check - Bending, S
Design by Member nooo| Lot -20.935 noo 37N 0.000 0/000 0.000 | 307) Stability Analysis - Flexural Buckling
Design by x-Location 163 L1 4710|0002 avnz 0.000| 0145 0,004 | 305) Stability Analpsis - Flesural Buckling
Goveming Internal Forces by M nooo| Lot -20.935 noo 37N 0.000 0/000 0.000 | 306 Stability Analysis - Flexural Buckling
\Govemimg Internal Forces by Set of Membe|s| 5647 LC1 3788 0.002 0.029 0.000 13229 0,007 | 321] Stability Analpsiz - Lateral-Torsional
Paits List by Member 1000 Lo 18569 noo 37N 0.000|  -3FA 0.000 | 331) Stahility Analysis - Bending Around
Parts List by Set of Members nooo| Lol -20.5955 oo 37N 0.000 0/000 0.000 | 352) Stability Analpsis - Flexural Buckling
11| L0 4710|0002 370z 0.000| 0145 0,009 | 355) Stability Analysis - Flexural Buckling

0ooo| Lo 20955 oo 37n 0.000 0/000 0.000 | 356) Stability Analpsis - Flesural Buckling

BE47| L1 3788 n.002 0.023 0.000| 13229 0.001 | 371) Stability Analysis - Lateral- Tarsianal

1000 LEt -18.563 0.000 27N 0.000 377 0.000 | 381 Stability Analpsis - Bending Around

Figure 4.7: Table 3.2 Governing Internal Forces by Set of Member

This results table presents the governing internal forces that lead to the maximum design
ratios of every set of members.

4.8 Member Slendernesses

File Edit Settings Help

CA1 - Aluminium design accordil w E 'ﬂ
Input Dala B [ c [ o [ & [ F [ & [ H Ja
General Data Mermber Length aijor Auis y Miror Az 2
W aterials He. Under Stress L [m] ky iy [mm] oy ka iz [mm] he
Cross-sections 2.000 1.000 107.7 27849 1.000 E35 47.263
Lateral Intermediate Supports 2 2.000 1.000 107.7 27.849 1.000 B35 47.263
Effective Lengths - Members 3 Compression/Flesure 5.000 1.000 0.7 162938 1.000 307 162,938
Effective Lengths - Sets of Men 4 Campression/Flarure 5.000 1.000 307 162,938 1.000 307 162,938
= Modal Supports 5 Campression/Flesure 3.000 1.000 188.0 15.960 1.000 470 63863
Set of Members Mo, 1 3 CompreszionFlexure 3.000 1.000 188.0 16.960 1.000 47.0 £3.863
Set of Members Mo, 2 7 Compression/Flexure 5.000 1.000 i) 162,938 1.000 07 162,938
= Wember Releases 8 CompreszionFlexure E.000 1.000 188.0 31.921 1.000 47.0 127.727
Set of Members Mo, 1 9 Compression/Flexure 5.000 1.000 anz7 162938 1.000 an7 162938
Set of Members Mo 2 12 CompreszionFlexure E.000 1.000 188.0 31.921 1.000 47.0 127.727
Reslts 13 Compression/Flexure 5.000 1.000 anz7 162938 1.000 an7 162938
Design by Load Case 14 Compression/Flexurs E.000 1.000 1820 .91 1.000 47.0 127.727
Design by Cross-section 15 Carmpression/Flexure 3011 1.000 167.2 18010 1.000 471 53958
Design by Set of Members 18 Campression/Flarure 3011 1.000 1E67.2 18.010 1.000 471 £3.958
Design by Member 17 Carmpression/Flexure 3011 1.000 167.2 18010 1.000 471 53958
Design by x-Location 18 Campression/Flarure 3011 1.000 1E67.2 18.010 1.000 471 £3.958
Goveming Intermal Foroes by M||__19 Carmpression/Flexure E.274 1.000 107.7 58.240 1.000 B35 98,841
Goveming Intemal Forces by 51 20 Compression/Flexurs E.250 1.000 1820 33.251 1.000 47.0 133.049
Member Slendernesses 21 Carmpression/Flexure E.250 1.000 188.0 33281 1.000 47.0 133.043
Pats List by Member 24 Campression/Flarure 3.262 1.000 167.2 19512 1.000 471 £9.232
Farts List by Set of Members 25 Carmpression/Flexure 3.262 1.000 167.2 19512 1.000 471 £9.252
26 Campression/Flarure 3.262 1.000 167.2 19512 1.000 471 £9.292 | w
Members with Compression f Flexure:
e o 162938 | s 200 <]
Maz bz 199581 | < 200 =]

Figure 4.8: Table 3.3 Member Slendernesses
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In table 3.3, the effective slenderness ratios of all designed members are compared to the
maximum values that were set in the Details dialog box (see chapter 3.1.4, page 31). These
ratios are listed with respect to the major and minor principal axes. The table provides in-
formation on the maximum effective slenderness ratios only, it does not give any design re-
sults.

Members of the types "Tension" or "Cable" are excluded from this table.

4.9 Parts List by Member

ALUMINIUM - [Demo-5eng] E]

File Edit Settings Help

CAT - Aluminium design accordil w E 'S

Irput Data DS e | c | o [ E | F | &G [ H [ 1
General Data Part MNumber | Length | TotLength | Surf &rea | Volume  |UnitWwWeight  weight | Tot Weight

W aterials He. Cross-section Members [m] [m] [m?] [m] [ka/m] [kal Ul
Cross-sections 4 .00 12.00 17.76 01z 2619 7857 0314
Lateral Intermediste Supports 2 |12-T080/80/5/5/5/5 25 5.00 126.00 40.00 019 408 20.25 0.508
Effective Lengths - Members 3 |1-15 4504200/10/20/0 4 3.00 12.00 2016 018 3267 8.0 0352
Effective Lengths - Sets of Men 4 11-15 450/200/10/20/0 E £.00 36.00 £0.42 0.44 3267 196.02 1176
= Modal Supparts 5 |13-Cicle 24 4 781 a1.24 236 0.0 1.22 954 0.033
Cet of Members Mo, 1 B |2-15 400/200/10:18/0 2 3.0 24.09 38.08 0.26 29.27 2814 0.705
Set of Members Mo, 2 7| 7-15 250/250/10:15/0 4 B.27 2510 3714 0.24 2619 16431 0657
=- Member Releases 8 |9-15 450/200/10/20/0 2 £.25 50.00 84.00 0.E1 3267 20418 1.633
Set of Members Mo, 1 9 |13-Cicle 24 8 8.02 64.18 4.84 0.0z 1.22 980 0.078
St of Members Mo, 2 10| 2-15 40042001 0418/0 2 3.26 26.10 41.24 n.zg 29.27 95.43 0.764
Resuls 11| B-15 2504250/10415/0 2 3.55 7.09 10.50 0.07 2619 9287 0186
Design by Load Case 12 | §-15 260/250/10415/0 k] 3.00 4.00 1332 n.03 2619 7857 0.236
Design by Cross-section 13 |10-15 200/200/8/15/0 2 3.55 7.09 240 0.05 19.87 7047 0141
Design by Set of Members 14 110-15 200/200/815/0 k] 3.00 4.00 10,66 n.07 19.87 5962 0173
Design by Member 15 | 16-15 360/150/8/12/0 1 £.55 E55 854 0.04 16.93 111.14 011
Design by x-Location 16| 2-15 400/20010418/0 2 B.27 5019 7930 054 29.27 18363 1.463
Goveming Intemal Foroes by M| __17__| 6-15 250/250/10415/0 1 4.09 4.09 E.06 0.04 2619 107.22 0107
Goverming Intemal Forces by 5¢|__18 | 1015 200/200/8/15/0 1 4.04 4.09 485 0.0z 19.87 21.36 0.081
Parts List by Member 19 | B-15 2504250/10415/0 1 709 7.09 10.50 0.07 2619 18573 0186
Paits List by Set of Members 20 | §-15 26042501 0415/0 1 £.55 E.55 469 0.08 2619 171.44 017
Sum 102 S16.46 507.84 e} 9132
¢ >

Figure 4.9: Table 4.1 Parts List by Member

This table represents a parts list of all cross-sections that are considered in the design case.
By default, only designed members are included. If all members of the structure are to be
covered, you have to change the relevant setting in the Details dialog box (cf. Figure 3.4,
page 31) that can be opened via the [Details] button.

Part No.

The same part number is automatically assigned to identical members.

Cross-section

In this column, the cross-section description is displayed.

Number of Members

The number of identical members is given for each part.

Length

This column displays the unit lengths of every single member.

Total Length

The values of this column represent the product of the two previous columns.
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Surface Area

The surface area which is related to the total length of the relevant part is calculated on the
basis of the value A, of each cross-section. You can check on this value by clicking on the
[Info] button in tables 1.3 or 2.1 to 2.5 (cf. Figure 2.9, page 15).

Volume

The volume of every part is calculated from the surface area and the total length.

Unit Weight
The Unit Weight of the cross-section represents the weight per length of 1 m.

Weight

The value in this column is calculated as the product of values in the columns C and G.

Total Weight

The total weight of each part is displayed in the last column.

Sum

The sums of the values in the individual columns are given in the final row of the list. The
cell Total Weight shows the total required amount of steel.

4.10 Parts List by Set of Members

ALUMINIUM - [Demo-5eng] g|
File Edit Settings Help

CAT - Aluminium design accordil » [ s

Input Data L A& B | c | Db | E | F | & [ H [ 1
General Data Part Drescription of Mumber Length | TotLength | Surf. Area | Volume [Unit'weight ‘weight | Tot 'wWeight
W aterials Ha, Set of Members Sets [m] [m] [mZ] [m3] [kadm] [kal 0]
Cross-sections 2 a7i0| 7413  BaE 042 3037 || 112654 || 2283
Lateral Intermediate Supparts Surn 2 7413 59.51 042 2253

Effective Lengths - Members
Effective Lengths - Sets of Men)
= Modal Supports
Set of Members Mo, 1
Set of Members No. 2
= Member Releasss
Set of Members Mo, 1
Set of Members No. 2
Results
Design by Load Case
Design by Cross-gection
Design by Set of Members
Design by Member
Design by #-Location
Goweming Interal Forces by b
Governing Internal Forces by Sy
Parts List by Member
Parts List by Set of Members

. .

Figure 4.10: Table 4.2 Parts List by Set of Members

The last table in ALUMINIUM is presented when at least one set of members was selected
for the design. The advantage of this table is that a parts list is given for the various groups
of elements (e.g. for a beam).

The table columns are described in the previous chapter. If there are different cross-sections
within the set of members, the mean values of surface area, volume and unit weight are
listed here.
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5. Evaluation of Results

The design results can be evaluated in different ways. For this, the buttons in the results ta-
bles are very useful. They are located below the upper tables.

ALUMINIUM - [Demo-5eng]
File Edit Settings Help

CAT - Aluminium design accordil » E

5

Design by Set of Members
Design by Member
Design by #-Location

Paits List by Member 1 Design Ratio
Pats List by Set of Members Moment
Shape factor

Partial Factar
b Partial Factor

<

Crass-section Values -
Design Intemnal Forces
Goverring nternal Forces by M| | Bl Cross-section Classiication - Clags 4
Gaverming rternal Forces by 5y | B Effective Cross-section Properties

15 280/260/1041540

My B4
dy

Eftective Elastic Section Modu | Wetty
Elastic Modulus of Gross Sectii 'el
Characteristic Proof Stength | fo
Characteristic Proof Strength | fow

Thil
Thiz

Input Data [ A B | C__ [ D V]
General Data tdember  Location | Load Design
Materials o #[m] Case Ratio Design according to Formula
Cross-sections 1 Cross-section Mo. 15 - 15 260/260/10/15/0
Lateral Intermediate Suppoits 0000, LC4 000 <1 | 100] Cross-Section Check - Mo or VYery Small Intemal Forces
Effective Lengths - Members 0000, LC1 000 £1 | 102) Cross-Section Check - Compression acc. to 6.2.4
Effective Lengths - Sets of Men 0000 LC3 001 <1 | 106] Cross-Section Check - Bending Around y-duis ace. to 6.2.5
= Modal Supparts 1.200) LCS 001 £1 | 107) Crass-Section Check - Bending Around z-4wis acc. to B.2.5
Set of Members Mo, 1 000l LC3 000 21 | 111] Cross-Section Check - Shear Force in z-4xis acc. to 2.6
Set of Members Mo, 2 000l LC3 000 £1 | 121] Crass-Section Check - Shear Buckling acc. to 6.2.6[3)
= Member Aeleases 000l LC3 000 21 | 123) Cross-Section Check - Shear Buckling sce. to 6.2.6[3)
Set of Members Mo, 1 l:l 0000 LC3 0.01 |21 [147]) Cross-Section Check - Bending and Shear Farce acc. to 6.25 and B.2.8
Foat Set of Members No. 2 M 04341 @ »
eslts
Desian by Load Case —
Design by Cross-gection D: ﬂ 15 - 1S 250/2501 0150
M aterial Values - Aluminium EN-A% 60054 [EP/0.ER/B] TG ~ 260.0

— 1 §

a
g I,
7258 kN - aonff —
0,94 Tab. 6.4
BEZ005.0 |
300487.0 | o H
2000 kN/en? Teb 327 zmis
21.50 | kM/cm Tab 3.2° [mm]

1.100 Tab 61
1.250 Tab E1 |

Figure 5.1: Buttons for evaluation of results

These buttons have the following functions:

Button Name

Function

state

Design of ultimate limit

Switch on/off the design results of the ultimate
limit state

state

Design of serviceability limit

Switch on/off the design results of the servicea-
bility limit state

Show color bars in table

Switch on/off the color background in the re-
sults tables according to the reference scale

Show rows with ratio > 1

Show only rows with stress ratios greater than 1
and, accordingly, the failed design

current member

Show result diagrams of

Open the diagram Result Diagram on Member
- Chapter 5.2, page 45

© | & [ /) [9) e

view

Jump to graphics to change

Go to the RSTAB work window in order to
change the display settings

Pick member in graphics
and go to member in table

Click on a specific member in the RSTAB window
whose result values are to be displayed in the
ALUMINIUM table

Table. 5.1: Buttons in results tables 2.1 to 2.5
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5.1 Results on RSTAB Model

You can use the RSTAB work window to evaluate the design results.

RSTAB Background Graphics and View Mode

The RSTAB graphics in the background can be useful if you want to check the location of a

specific member in the model: the member that is selected in the ALUMINIUM results table

is also highlighted in the selection color in the RSTAB background graphics. Additionally, an
arrow marks the member location x which is stated as decisive in the selected line.

ALUMINIUM - [RSTAB- Bridge]
File Edit Settings Help

CAT - Aluminium design accordil % E S
Input Data [ A& [ e [ c b -~
General Data Member Location | Load Dresign
W aterials 0. #[m] Case Ratio Design according to Formula
Cross-sections ooon| LG2 000|%1 | 123) Cross-5ection Check - Shear Buckling acc. to 6.2.6(3]
Lateral Intermediate Supports 0857 L&a2 001 | £1 | 131) Cross-Section Check - Torsion acc. to B.2.7.2
Effective Lengths - Members 00oo0| LG2 000 %71 | 132] Cross-5ection Check - Torsion and Shear Force in 2-8xis acc. to B.2.7.3
Effective Lengths - Sets of Men 3000 LGZ 000| %1 | 134) Cross-Section Check - Torsion and Shear Force in y-Auis acc. to 6273
= Modal Supports 1500 LG2 01221 | 196] Crass-Section Check - Biavial Bending. Shear, Torsion and Axial Forcs acc. to 6.2,
Set of Members No. 1 - Cor| l:l 0000 LG2 028|321 [334] Stability Analysis - Bending and Campression acc. to £.3.3 |
Set of Members Mo, 2 - Cor|
= Member Releases 73 | Cross-section Mo, 14 - Circle 20
Set of Members Mo, 1 - Cor 0401 LG2 002 %71 | 131) Cross-Section Check - Torsion ace. o 6.27.2 v
- Set of Members Mo, 2 - Cor| Mas: 08l i1 @ ®. 7,
Design by Load Caze —
Design by Cross-section D W 16 - 15 1601 608 00
Design by Set of Members I aterial Y alues - Aluminium EM-&l' 0054 [EPA0ERB) TE ~ 160.0 -
Design by Member Crass-section Values - |15 160/160/6/10/0 91
Design by s-Location Design Intemnal Forces 3

Goverming |nternal Forces by M| | Bl Cross-section Classiication - Class 4
Goverhing Intemal Forces by 5 Effective Cross-section Propertiss

160.0
|
|

Parts List by Member El Design Ratio 'YEH
Parts List by Set of Members |deal Torsional Buckling Load | MerT 925121 | kN Eq. [L16] GOM
Felative Slendemess AT 0.000 ShanT 631204
Reduction Factor AT 1.000 Eq. (650 -
tadulus of Elasticity E 7000.00 | kMAemd A251) S
Second Moment of Area ly 193387000 | mm# ZEif
Effective Member Length Lery 3000 m [mm]
Elastic Flerural Buckling Force | Nery 1483110 kN Eq. [1.14] -
< ¥ Relstive Slendemess by 00748 Pap |B312(4) m

Figure 5.2: Selection of member and current Location x in RSTAB model

If you do not get a favorable view even by moving the ALUMINIUM window, you can apply
the so-called View Mode by clicking on the [Change View] button: the ALUMINIUM window
is switched off and you can change the view on the RSTAB model. In this mode, the func-
tions from the View menu are available, e.g. zoom, move or rotate the view.

Use the [Back] button to return to the ALUMINIUM module.

RSTAB Work Window

The design ratios can be also displayed directly on the structural model. Close ALUMINIUM
via the [Graphic] button. The design ratios are then shown graphically in the RSTAB work
window.

Similarly to the internal forces in RSTAB, you can activate or deactivate the design results by
the [Results on/off] button. The [Show Result Values] button controls the display of the nu-
merical values in the graphics.
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Regarding the fact that the RSTAB tables are irrelevant to evaluate any ALUMINIUM results,
you can deactivate them via the button visible on the left.

A particular design case can be selected from the list of cases in the RSTAB toolbar.

The display of results can also be controlled by the Display navigator, using the entry
Results — Members. The design ratio is displayed Two Colored by default.

Project Navigator

[w] Struckure
= [« [} Results
Y17 Result values
[#1F3 Title Info
[l Maxmin Infa
[E]F Defarmation
= [B] [ Members
| Two-Colored
L Colored
[ Cross-sections
", Result Diagrams Filed
. Hatching
) Al Yalues
., Display Hidden Result Diagram
, Reverse Results Y-y and Y-z
", Results On Couplings

Doooooooet

&

e

[E4

EData 9 pisplay | q

Figure 5.3: Display Navigator: Results —» Members — Two Colored

If you select the Colored results display, the color tab of the Panel becomes available that
offers various options for the multicolor display. Those are described in chapter 4.4.6 of the

RSTAB manual.

Project Navigator

[w] & structure
=-[w] [ Results
[w] 2 Result values

-, Two-Colored
) Colored
[ Cross-sections
[ Result Diagramns Filled
|| Hatching
o Al values
", Display Hidden Result Diagram
| Reverse Resulks W-y and ¥-z
[ results On Couplings
[B] 5 Guide Objects
[El&d General
=[] Mumbering
[¥] [ Nodes
[w] [ Modal Supparts
[se] I Members
[w][3 Sets of Members

[H-F

[iesign Ratia [-]

E

o 086
.00

ALUMIMIUM

1.00
040
n.ao
070
00
0&0
040
kel
nzo
010
000

A

(I3

EData 1 pisplay | 4

e
oo
unon

Options
Fiefer ta

) MaxMin
() Customize
() Lirriits:

]

Smaoth Calor
Transzition

Figure 5.4: Design ratios for option Cross-sections in the Display Navigator
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Similarly to member internal forces, you can set a scale factor for the graphics of the design
ratios in the Factors tab. If you enter the factor 0 in the Member Diagrams input field, the
design ratios will be shown with an increased line thickness.

This graphic view can be incorporated to the global printout report (see chapter 6.2, page
48).

You can return to the add-on module any time by clicking on the [ALUMINIUM] button in
the panel.

5.2 Result Diagrams

In order to view the detailed distribution of results of a specific member, the graph of re-
sults can be used. Select the relevant member (or set of members) in the results table of
ALUMINIUM by placing the cursor in the table line of the member. Then activate the dia-
gram by clicking the button as seen to the left. It is located below the upper tables of results
(cf. Figure 5.1, page 42).

In the RSTAB window, the result diagrams are available via the main menu
Results - Member Results
or by using the corresponding button in the toolbar.

A new window is opened in which the result diagrams on the selected member or set of
members are shown.

H Result Diagram on Member

T ALUMINIOM CAL - Auminic ¥ € ‘e B QR® =L H oF e Mer,
0.000 0.500 1.000 1.500 200 2500 3000m
) [ ! ! I 1 I » | | 4 x: 2000% [m]  [¥]Fixed
[¥] Design Ratio sfidily
Design Ratio [-] Desian Ratio
® Design Ratio
(m] [l
T 0000 016 A
T i T 1 " paze 016
e & 2 e 2w © g £ L e " g,es7 0.6
S 5 5 =5 5 & 5 |- 5 & = [, nie
: "y 00 016
____________________________________________________________ My 016
243 016
" 2571 016 ¥
[IMaxMin Only [ Edaes Only
Results 4 b
Beginning X,%,7: 15.0,0.0,0.0m  End 4,2 12.0,0.0,00m | Order: 61

Figure 5.5: Result Diagram on Member Dialog

A particular design case can be selected in the list in the toolbar.

The Result Diagram on Member dialog box is described in detail in chapter 9.8.4 of the
RSTAB manual on page 206.
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5.3  Filtering Results

The structure of the ALUMINIUM tables makes it already possible to select the results ac-
cording to certain criteria. Additionally, you can use the filter functions as described in the
RSTAB manual to graphically evaluate ALUMINIUM results.

Partial Views

You can use already defined partial views that group specific objects in a suitable way. This
function is described in the RSTAB manual, chapter 9.8.6).

Filtering Design Ratios

Secondly, you can set the design ratios as criteria for filtering the results in the RSTAB work
window. For this, the so-called control panel is to be displayed. If it is not visible, you can
switch it on in the main menu

View — Control panel
or by clicking on the corresponding button in the Results toolbar.

This panel is described in chapter 4.4.6 of the RSTAB manual. The filter settings of the re-

sults are defined in the Color Spectrum tab of the panel. If this tab is not available (in case
of a two-colored display), it has to be switched on by selecting one of the display options
Colored or Cross-sections in the Display navigator.

0-96 -0-8
896
|
|
1
{
0:94 0:07 > 1
S ——
v &
an
5 E& Structure - [rezign Fatio [-]
=[] [[3 Results T
+-[w] [F Resulk values 100
M Tite 1nfo o
13 Maxmin Info D.BU
+-[1] I3 Deformation i
=@ [ Members ol
O Two-Colared ned
@[] colored

O cross-sections
[1F Resulk Diagrams Filed
[#1F3 Hatching

O Al valees

™) E Display Hidden Resulk Diagram
I reverse Resulks Y-y and -2 Maw - 0.97

[C1F3 Resuls on Couplings Min : 0.00
+-[B] 5 Guide Objects

- [m] &Y General ALUMINILM
=) []E Mumbering
[]E hodes

4 [v] & Modal Supports

+-[] [ Members

4 [w][@ Sets of Members b W
E®Datas -!JDispIay| 4 bk =

Figure 5.6: Filtering design ratios with adjusted color spectrum

For a colored view of the results, you can set in the panel that e.g. only design ratios great-
er than 0.60 are to be displayed. Furthermore, the color spectrum can be adjusted in a way
that one color range exactly covers the design ratio 0.10 (see figure above).

By the option Display hidden result diagram (Display navigator, entry Results - Members)
you can also display design results that do not satisfy the given condition. Those design di-
agrams will then be drawn as dashed lines.
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Filtering Members
In the Filter tab of the Panel, you can enter the numbers of the members whose result de-
sign ratios are to be shown in the graphics. This function is described in chapter 9.8.6 of
the RSTAB manual on page 215.

Panel ﬁ]

Show diagrams for
members no.:

11,2437 4861.74,

Al
MHone

Figure 5.7: Filtering members to display design ratios of bottom chord

Contrary to the partial view function, the entire structure is displayed. The figure above
shows the design ratios in the bottom chord of a footbridge. All other designed members
of the structure are displayed in the model, but they are without any design ratios.
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6. Printout
6.1 Printout Report

For all data of ALUMINIUM, a printout report can be created to which you can add graphics
and comments. In this printout report, it is also possible to select the input and results ta-
bles of ALUMINIUM that are to be printed.

The printout report is described in detail in the manual of RSTAB. In particular, chapter
10.1.3.4 Selecting Data of Add-on Modules on page 227 is important. It deals with the se-
lection of input and output data in all add-on modules.

For very large models, it is recommended to use several smaller reports instead of a single
extensive one. If you create a specific report only for the ALUMINIUM data, the printout re-
port will be processed fairly quickly.

6.2 Print ALUMINIUM Graphics

It is possible to print the design ratios that are displayed on the RSTAB model. All graphics
can be incorporated to the printout report or sent directly to the printer. Chapter 10.2 of
the RSTAB manual describes in detail how to print graphic displays.

Results on RSTAB Model

Every image of the RSTAB work window can be included in the printout report. The current
ALUMINIUM graphics is printed by using the main menu

File — Print...

or by clicking on the corresponding button in the toolbar.

H RSTAB 7.04 - [RSTAB- Bridge, LC1]]

E® Ble  Edit  ¥iew [Insert  Caloulate
AT =Y

Figure 6.1: Print button in toolbar of main window

Result Diagram

You can also print the result diagrams of members by clicking on the [Print] button in the
Result Diagram on Member window.

H Result Diagram on Member

i

B %& | ALUMINIUM CAT - Aluminic v < i
e D000 0,500 100
@ + -F‘rint

Design Ratio [-]

Mavigator

[+] Design Ratio

Figure 6.2: Print button in toolbar of Result Diagram window

The following dialog box opens.
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Graphic Printout

General | Optiores

Graphic Picture wyincdowye To Prirt Graphic Size

() To Clipboard

Graphic Picture Size Options
Use Whale Page Width
[[] Use Whale Page Height

_ = . -
. " [] Shaw Results for Selected x-Location in
L Heiart: [t (] the Result Diagram

Ruotation: l:l [] [ Lock Graphic: Picture [withaut Update]

Header of Graphic Picture

|F|esult diagrams in Member - kE1 |

0K ][ Cancel ]

Figure 6.3: Graphic Printout dialog box, General tab

This dialog box is described in detail in chapter 10.2 of the RSTAB manual. The remaining
two tabs Options and Color Spectrum are also explained there.

In the printout report, any image of the ALUMINIUM results can be moved to a different lo-
cation via drag-and-drop. It is also possible to adjust inserted images subsequently: right
mouse click on the relevant entry in the report navigator, then select Properties in its con-
text menu. The Graphic Printout dialog box is displayed again in which the possible changes
can be set.

Graphic Printout

General | Opticns |

Soript Symhbols Frame

() Proportional () Proportional () MHone

(%) Canstant () Canstant (%) Framed

Eactor: |1 ES Factor: 18 [ Title Bos...

Print Guality Colar

(%) Standard [max 1000 = 1000 Pixelz] () Greyscale

() Maximal [max 5000 « 5000 Fixels) () Texts and Lines in Black

(O User Defined

[ fo0o2]

Ok ] [ Cancel

Figure 6.4: Graphic Printout dialog box, Options tab
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7.

This chapter describes the commonly used functions of the main menu as well as the export
options of the design results.

General Functions

7.1 ALUMINIUM Design Cases

Members can be assigned to different design cases. In this way, it is possible to separately
design some structural parts with specific parameters (e.g. modified material, partial safety
factor or optimization).

A member or set of members can be analyzed in different design cases without any prob-
lem.

All design cases created in ALUMINIUM are contained in the list of load cases and load
groups in the toolbar of the RSTAB work window.

Create New ALUMINIUM Case
A new design case can be created from the ALUMINIUM main menu

File - New Case...

The following dialog box opens.

New ALUMINIUM-Case

Description

= Aluminiurm design according to EC9 -

l

Figure 7.1: New ALUMINIUM Case dialog box

Ok ] ’ Cancel

In this dialog box, you need to fill in the (not yet used) Number and Description of the new
design case. After closing the dialog box with [OK], the ALUMINIUM table 1.1 General Data
is shown where you can define the new design data.

Rename ALUMINIUM Case
The description of a design case can be changed via the ALUMINIUM main menu

File > Rename Case...

The Rename ALUMINIUM Case dialog box is opened.

Rename ALUMINIUM-Case

Cancel

J |

Figure 7.2: Rename ALUMINIUM Case dialog box
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Copy ALUMINIUM Case

The input data of the current design case can be copied via the ALUMINIUM main menu

File —» Copy Case...

The Copy ALUMINIUM Case dialog box opens. Enter the number and description of the new
design case into which the selected case is to be copied.

Copy ALUMINIUM-Case X
Lopy from Caze
| CaA - Aluminiurn design according to EC3 w |
Mew Case
Mo Diescription:
|2 Jezigh of Bottam Char v |

Ok ]’ Cancel ]

Figure 7.3: Copy ALUMINIUM Case dialog box

Delete ALUMINIUM Case

Design cases can be deleted via the ALUMINIUM main menu

File — Delete Cases...

In the Delete Cases dialog box, the design case can be selected from the list of Available
Cases. It will be deleted when clicking on [OK].

Delete Cases E|

Available Cazes
Mo. D escription ~

Aluminium design according to ECS
Design of Bottan Chard
Deszign of Top Chord

i) l [ Cancel

Figure 7.4: Delete Cases dialog box

' Ing. Software
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7.2  Cross-Section Optimization

The module ALUMINIUM offers the possibility to optimize cross-sections. For this, select the
cross-section that is to be optimized in column D resp. E of table 1.3 Cross-sections by tick-
ing the appropriate box (cf. Figure 2.7 on page 14).

You can also start the optimization of a cross-section via the context menu in the results ta-
bles.

During the optimization, ALUMINIUM examines which cross-section within the same cross-
sections series satisfies the design “optimally”, i.e. is the closest to the maximum allowable
design ratio which has been defined in the Details dialog box, Other tab (see Figure 3.4,
page 31). The required cross-section properties are calculated on the basis on the internal
forces of RSTAB. Finally, the cross-section is chosen which satisfies the design with the
highest possible design ratio. For this reason, two cross-sections are shown graphically in
table 1.3 on the right — the original cross-section from RSTAB and the optimized one (see
Figure 7.6).

When ticking the optimization box for parameterized cross-sections from the library, the
following dialog box appears for you to enter detailed data.

Welded Cross-sections - | symmetric : Optimize

Crozs-zection Optimization Parameters
Opti-
mize Current tinimal b aimal Increment b
0%y 2200% 1002 » | [ram]
Ob: 80.0 3 [rmm] ¥ —
P[5 404 [ram] &
Ok BO % fm]
Oa T [mm] =
—of s
a
[ Keep Current Side Proportions 1S 100/80/4/5/0
Ok Cancel

Figure 7.5: Welded Cross-sections - I-Symmetric: Optimize dialog box

At first, select the parameter(s) that you want to modify in column Optimize. Hence, the
columns Minimal and Maximal become accessible where the upper and lower limits of each
optimization parameter can be defined. The column Increment controls in which intervals
the parameter dimensions vary during the optimization process.

If you want to Keep Current Side Proportions, tick the corresponding box in the lower part
of this dialog box. Additionally, it is necessary to tick at least two parameters for the opti-
mization to take effect.

It is not possible to carry out the optimization for combined rolled cross-sections.

Please keep in mind that during the optimization the internal forces will not be recalculated
automatically on the basis of the modified cross-sections. It depends on the user’s decision
when and which cross-sections are to be adapted in RSTAB for a new analysis. The internal
forces based on the optimized cross-sections may differ considerably due to the changed
rigidities within the structural model. Thus, we recommend recalculating the internal forces
after one optimization run and then optimizing the cross-sections once more.
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It is not necessary to transfer the modified cross-sections to RSTAB manually. Open table
1.3 Cross-sections and select in the main menu

Edit — Export All Cross-Sections to RSTAB

The option to export the modified cross-sections to RSTAB is also contained in the context
menu of table 1.3

ALUMINIUM - [RSTAB- Bridge]

File Edit Settings Help

E xports curent cioss-section to main program and deletes results.

CA3 - Design of Top Chord > [
Input Data . A __ C | D | E | F
General Data Section b aterial Crosz-zection Cross-zection Tppe Opti-
WMaterials Ho. Mo. Description [mm] far Classification mize | Remark | Comment
Cross-sections 5 1 [ 15 100/80/4/6/0 | I-shape welded 1S O
Lateral Intermnediats Supports 13 1 [ 15 30012041041 | I-shape welded |5 O
Effective Lengths - Members 14 1 O Circle 30 Fiound Bar a
1 [ 15 100A100/4/6/ | |-shape welded |5 ]
1 O 15 160/160/6410 | |-shape welded 1S O
1 ][5 200800, o = *
1 O 15 1604160841 Info about Cross-zection. ..
Cross-section Library. ..
Edit List 'Design of Members'in Table 1.1 *
Dptimize Cross-section
Export Cross-section ko RSTAB
Export &l Cross-sections ko RSTAE
Import Cross-section from RSTAE
Impork All Cross-sections From RSTAB
1] The crose-section in RS TAR iz different ta that in
ALUMINIUM.
[ Calculation ] [ Details... ] [Nal. Arnex...

17 - 15 200180/ 0150
ALUMINILINM

17 - 12 1801 80M 0M 50
RSTAR

Ty

Cross-section No. 17 Used
Members: |1,3,90,92

Sets of

embers:

Z Length: 8.00| [rn]
2 Mass 0153 [1]

Materiat |1 - Alurninium EM-&h' BO0SA (E

Figure 7.6: Context menu in table 1.3 Cross-sections

Before the cross-sections are transferred to RSTAB, a question appears because exporting
also implies deleting the results. If you then start the [Calculation] in ALUMINIUM, the in-
ternal forces of RSTAB and the design ratios of ALUMINIUM are determined in one calcula-

tion run.
,

N

ALUMINIUM

Information Ho. 20040

If 20, the results of RSTAB and ALUMIMILM will be deleted.

Do vou want to tranzfer the changed crozs-zections to RSTAB?

"

"

Figure 7.7: Question before transferring modified cross-sections to RSTAB

In a similar way, you can reload the original cross-sections from RSTAB to ALUMINIUM by
using the appropriate functions in the main menu or context menu. Please note that this
option is only available in table 1.3 Cross-sections.
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Import and Export of Materials

If you change a material in table 1.2 of ALUMINIUM, you can export it to RSTAB like cross-
sections or also reload the original material from RSTAB to the module. The materials that
have been modified in the module are marked in blue color.

It is not necessary to transfer the modified materials to RSTAB manually. Instead, open table
1.2 Materials and choose in the main menu

Edit — Export all Materials to RSTAB.

The option to export modified materials to RSTAB is also included in the context menu of

table 1.2.

ALUMINIUM - [RSTAB- Bridge]
File Edit Settings Help

T3 - Design of Top Chord v | [

Input Data Y W |
General Data Matenal Material
Materials 2 Description Corment
Cross-sections [ 1 [Eluminin
Lateral Intermediate Suppoits
Effective Lengths - Members
M

EIRSTAB Relevant

X

Material Library...

Export Material to RSTAE

Export Al Materials ko RSTAB

Import Material from RSTAG
Impork All Materials from RSTAE

Modulus of Elasticity HS 70000.000 | MPa
Shear Modulus G 27000.000 | MPa
Puaigzon’s R atio i 0.300
Linit "/ eight ¥ 27.00 | kM/m?
Coefficient of Thermal Expansion [ 2.3000E-05 | 1/°C
Partial Safety Factar i 1.00

El Design Relevant
Max. Structural Thickness §] 1.50 | cm
Max Structural Thickness ta 4.00 | cm
Characteristic: Y alue of 0,2% Praof Strength fa 240.000 | MPa
Characteristic Yalue of Ulimate Tensile Stengl | fy 350.000 | MPa
Elongation ' alue Measured with a Reference || A 10.000 | %
0.2% Proof Strength in Heat Affected Zone, HE | fo hae 205.000 | MPa
Ultimate Tensile Stength in Heat Affected Zan | fu haz 280.000 | MPa
Riatio between 0,2% Proof Strength in HAZ ant | po haz 0710
Ratio between Ultimate Strength in HAZ and ir | pu haz 0.600
Buckling Class BC 1.000 v

[ Calculation ] [ Details. ] [Nal Annes

Exports all materials ta main program and deletes results.

Material Mo. 1 Used in

Cross-

sections:  |5,1318
Members: |1-92

Sets of

tembers:

Z Length: 24266/ [rn]
& Mass 1.863| [t]

Figure 7.8: Context menu in table 1.2 Materials

Before the materials are transferred to RSTAB, a question is shown because exporting also
implies deleting the results. If you then start the [Calculation] in ALUMINIUM, the internal
forces of RSTAB and the design ratios of ALUMINIUM are determined in one calculation run.

-

Ly

ALUMINIUM
1\ Information No. 20040

Do pou want bo trangfer the changed materials to RETABY

If =0, the results of BSTAE and ALUMIMILIM will be deleted.

4

Figure 7.9: Query before transferring modified materials to RSTAB
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7.4 Units and Decimal Places

The units and decimal places are centrally managed for RSTAB and all its add-on modules.
In ALUMINIUM, open the dialog box to set the units via the main menu

Settings — Units and Decimal Places...

The familiar RSTAB dialog box opens. The module ALUMINIUM is set by default.

Units and Decimal Places E|

Program J Module ALUMIMILR

COMCRETE A~

COMCRETE Calumns Output Deta Parts List

TIMBER Pra Urit Dec. Places Unit Dec. Places

TIMBER Stresses kM/cm™2 » 285 Lengths: m 2

COMPOSITE-BEAM o

DY MaM =

EMD-PLATE Uritless: kl Surface Areas: m"2 28

COMNECT Yolumes: o] 2|

FRAME-IOINT Pro N

FRAME-JOINT =
2[5
32

Design Ratios: 2B Tatal Lengths: m

Mazzes per Length: | kg/m

DSTY Masses: kg
DOWwEL Total Masses: t
HSS

RSBUCE

DEFORM

RSMOVE Members

RSIMP

TOWER Structure

TOWER Equipment

TOWER Loading

ALUMINILIM
TOWER Design
STEEL GB

HOKNOT

TOWER Effective Len
STENOT

L L $]2]2]%]%

v

= [u]:8 ][ Cancel

Figure 7.10: Units and Decimal Places dialog box

The settings can be stored as a user profile. They can also be applied later in different cases.

This function is described in chapter 11.6.2 of the RSTAB manual.

7.5 Export of Results

The design results can be transferred to other programs in different ways.

Clipboard

Select the relevant cells in the results table of ALUMINIUM and copy them to the clipboard
via [Ctrl]+[C]. The contents can then be inserted via [Ctrl]+[V] to e.g. some text processing
program. The headers of the table columns are not exported.

Printout Report

The ALUMINIUM data can be sent to the printout report (cf. chapter 6.1, page 48) and then
be exported via the main menu

File — Export to RTF File or BauText...

This function is described in chapter 10.1.11 of the RSTAB manual on page 239.

' Ing. Software
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Excel / Open Office

ALUMINIUM enables you to directly export data to MS Excel or OpenOffice.org Calc. Call up
this function via the main menu

File —» Export Tables...

The following dialog box opens:

Export - MS Excel ]

Takle Parameters Application

‘with T able Header (%) Microsoft Excel

[] Only Marked Bows () OpenDifice. org Cale
O csv

Tranzfer Parameters

[#]:E wpart Table to Active Workbooki

Rewrite Eisting ‘W orkshest

Selected Tables

() Active Table Fl Expo_rt T ables with
@ Al Tables Db
[ Input T ables

Fezult Tables

[ ak. ] [ Cancel ]

Figure 7.11: Export - MS Excel dialog box

As soon as you have chosen the relevant options, you can start the export by [OK]. Excel or
OpenOffice do not need to run in the background, they will be started automatically before

the export.
A B C D E | F G
1 Section Member Location Load —Design
2 Mo Mo x[m] Case Ratio Design according to Formula
3 5 |IS 100/80/4/8/0
4 17 0424 LG2 | 0,02|21 |101) Cross-Section Check- Tension acc.to 6.2.3
5 41 0,000 LG2 | 0,17|21 |106) Cross-Section Check - Bending Around y-Axis acc. ta 2.5
6 41 0,000 LG2 | 00121 |111) Cross-Section Check - Shear Force in z-Axis acc. 10 6.2.6
7 13 0,000 LG2 | 0,00(21 |121) Cross-Section Check - Shear Buckling acc. to 6.2.6(3)
8 13 0000 LG2 | 00021 |123) Cross-Section Check - Shear Buckling acc. to 6 2 6(3)
9 4 0000 LG2 | 0,14|<1 |129) Cross-Section Check - Flange Induced Buckling acc to 677
10 18 0000 LG2 | 0,00/<1 |131) Cross-Section Check - Torsion acc. to 6.2 72
11 26 2121/ LG2 | 00121 |132) Cross-Section Check - Torsion and Shear Force in z-Axis acc. to 627 .3
12 41 0,000 LG2 | 017|<1 |141) Cross-Section Check - Bending and Shear Force acc. to 625 and 6.2.8
13 41 0,000 LG2 | 017|<1 |150) Cross-Section Check - Bending, Shear Force and Torsion acc. to 6.7 - Plate girders
14 15 0429| LG2 | 0,08/<1 |171) Cross-Section Check - Bending, Shear and Axial Force acc. to 6.2.9
15 26 2121/ LG2 | 0,112 1 |176) Cross-Section Check - Bending, Shear, Torsion and Axial Force acc. to 6.2.9
16 39 2121/ LG2 | 0,10/21 |180) Cross-Section Check - Bending, Shear, Axial Force and Torsion acc. to 6.7 - Plate girders
17 15 0,000 LG2 | 0,10/ 1 |181) Cross-Section Check - Biaxial Bending, Shear and Axial Force acc.to 62.10and 6.2.9
18 41 0,000 LG2 | 0,28|21 |321) Stability Analysis - Lateral-Torsional Buckling acc. to 6.3.2.1 and 6.3.2.3 - -Profil
19 5 0,000 LG2 | 0,19|21 |331) Stability Analysis - Bending Around y-Axis and Compression acc. to 6.3.3
20
21 13 IS 300/120/10/15/0
22 21 0300 LG2 | 00121 |106) Cross-Section Check - Bending Around y-Axis acc to 625
23 21 3000 LG2 | 000/<1 |111) Cross-Section Check - Shear Force in z-Axis acc 10 6 2 6
24 48 0000 LG2 | 0,00/<1 |113) Cross-Section Check - Shear Force in y-Axis acc t0 6 26
25 8 3000 LG2 | 000/<1 [121) Cross-Section Check - Shear Buckling acc. to 6.2 6(3)
26 8 3,000 LG2 | 000/<1 |123) Cross-Section Check - Shear Buckling acc. to 6.2 6(3)
27 34 0,000 LG2 | 016|< 1 |129) Cross-Section Check - Flange Induced Buckling acc. to 8 7.7

Figure 7.12: Results in MS Excel
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|8. Example

Column with Biaxial Bending

In the following example, the decisive stability design of buckling and lateral buckling is car-
ried out by analyzing the relevant interaction conditions.

Design Values

Structure and Loads

N
v
" Design values of static loads:
—>
- 2m Ng =16 kN
q d,q = 4 kN/m
> Fra = 2kN
" F _lam .
AN V/V’ Cross-section: IS 300/120/5/10
—»
- 2m Material: EN-AW 6005A (EP/O, ER/B) T6
—
(N Lengths: L, =4m
L A Lo, =4m
Ly =4m
IS 300/120/5/10 T—q L =4m
y

Figure 8.1: Structure and design loads (y-fold)

Internal Forces according to Linear Static Analysis

-|DUH-\_\ 800 kN

1600 kN AD0RNA,

N M

Figure 8.2: Internal forces
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Design Location (Decisive Location x)

The design proceeds according to locations x, i.e. on defined locations x of the equivalent
member. The following internal forces are determined for the decisive location x = 2.00 m:

=-16.00 kN M, = 8.00 kNm M,=2.00 kNm V,=1.00kN V,=0.00kN

Cross-Section Properties IS 300/150/4/8, EN-AW 6005A

Cross-Section Value Description Symbol Value Units
Cross-section area A 3800 | mm?
Moment of inertia l, 59626700 | mm*
Moment of inertia I 2882920 | mm*
Radius of inertia iy 125.265 | mm
Radius of inertia i, 27.544 | mm
Polar radius of inertia ly 128.257 |mm
Cross-section weight G 10.3 | kg/m
Moment of torsional rigidity J 87883.6 | mm*
Warping moment of inertia ly 60552000000 | mmé®
Cross-section modulus S, 397511 | mm3
Cross-section modulus S, 48048 | mm3
Plastic cross-section modulus Z,, 446000 | mm?3
Plastic cross-section modulus Zy. 73750 | mm3

Classification of Cross-Section

As specified in EN 1999-1-1, 6.3.3 Notes 1 and 2, cross-sections with combined bending
and axial force are to be classified separately for each loading component according to
clause 6.1.4. A cross-section can belong to different classes for axial force, bending around
major axis and bending around minor axis.

Limit Slenderness Parameters according to [1], Table 6.2
Buckling class for EN-AW 6005A is A(1).
Web (Internal Part - 1)

BW,'I -1 BW,Z -16 BW,3 =22

Ew Ew Ew
Material properties for t, =5 mm

fo,w =225MPa fu,w —=270MPa BC = A(1)

Material factor

g, =4/250/f,, =4250/225 =1.054

Flange (Symmetrical Outstanding Part - SO)

Bta _5 Bra _, 5 Btz _¢
&f ef ef

Material properties for t;= 10 mm

f()’f =215MPa fu’f =260MPa BC = A(1)
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Material factor

g, =4/250/f,, =4250/215 =1.078

Compression Axial Force N.
oy = -4.21MPa
Web (Internal Part - 1)

Slenderness parameter - flat internal part with no stress gradient, cl. 6.1.4.3 a), eq. (6.1)

c 280
——w _22" _5g
BW,NC tw 5
Bw,Nc > BW,B
BW,3

Bune > 22 .5, =22-1.054 = 23.19 = Class 4

€

w

Flange (Symmetrical Outstanding Part - SO)

Slenderness parameter - flat outstands with no stress gradient, cl. 6.1.4.3 a), eq. (6.1)
¢, 575

=L =5.75

Bf,Nc tf 10

Bt.ne <Bf3

Bine < Bf—'3-sf =6-1.078 =6.47 = Class 3
€

f

Bending M, about Major Axis (y-y Axis)
Web (Internal Part - 1)
Stresses at the web edges

c =-18.78MPa

w,A My

Guomy = 18.78MPa

Stress ratio

Yoy = o 1878 _ 4 609
Y Gy —18.78 '

Stress gradient - eq. (6.4)
Nw,my = 0.7 +0.3y, \y =0.7+0.3--1.000 = 0.400

Slenderness parameter - flat internal part with a stress gradient that results in a neutral axis
at the center, cl. 6.1.4.3 b), eq. (6.2) or (6.3)

B —mu < —040028% 224
My My tw 5
ﬁw,l\/ly SBW,3
By < Pus -g,, =22-1.054=23.19 = Class 3

€

w

I Program ALUMINIUM © 2011 by Ing. Software Dlubal
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Flange (Symmetrical Outstanding Part - SO)
Stresses at the flange edges

Root Giamy = —20.13MPa

Toe Gigmy = —20.13MPa

Stress ratio

Wiy =t 22013 _ 4 g9
M Gy —20.13

|
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Slenderness parameter - flat outstands with no stress gradient, cl. 6.1.4.3 a), eq. (6.1)

¢, 575

= =5.75
t, 10

Bf,My =

Bending M, about Minor Axis (z-z Axis)
Web (Internal Part - 1)
Stresses at the web edges

Ow,AMz = Ow Mz = OMPa= No compression at the web

Flange (Symmetrical Outstanding Part - SO)
Stresses at the flange edges

Root Giame = —1.73MPa

Toe Gome = —41.62MPa

Slenderness parameter - flat outstands with peak compression at toe, cl. 6.1.4.3 a), eq. (6.1)

¢, 575

=—t-2-_575
Bf,Mz tf 10
Bime <Bis
Biwe < Pus | g, =6-1.078 =6.47 = Class 3
e

f

Effective Cross-Section Properties

Effective Cross-Section Area (Class 4 for Axial Load N,)

Web (Internal Part - 1)

Reduction factor, cl. 6.1.5(2), eq. (6.12)

¢ ¢ 3 220

Pewne = Bun/t) Bun/enf (56/1.054) (56/1.054)
Reduced thickness of web

twne = Perone -ty = 0.524-5 = 2.622mm

Reduced area of web

A, ine = toune Gy = 2.622-280 = 734.16mm?

=0.524
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Flange (Symmetrical Outstanding Part - SO)
Class 3 - no reduction, cl. 6.1.5(2), eq. (6.11)

Peinc = 1.000 toene =t =10mm

Area of flanges

A =2-A,,=2-t-¢,=2-10-120 = 2400mm’
Effective area of whole cross-section

A=A, +A, =734.16+2400 = 3134.16mm’

Buckling around Major Axis (L to y-y Axis)

Elastic critical force for flexural buckling according to [1], Annex 1.3, eq. (1.15)

N - El, _ m*-70000-59626700
w2 4000’

ay

=2574652 N =2574.65 kN

Relative slendernees for flexural buckling, cl. 6.3.1.2(1), eq. (6.51)

T A :\/3800215 0512
Y 2574652

cry

Limit of horizontal plateau of buckling curve and imperfection factor, table 6.6
Material buckling class according to table 3.2 A(1) = Xm =0.100 o, =0.200
Conditions for ignoring buckling effects, cl. 6.3.1.2(4)

%y >y 0.512>0.100

Neg > 22 N 16 >0.010-2574.652 = 25.746

cry

According to 2n condition, it is not necessary to carry out the buckling design for y-y axis.
Auxiliary factor, cl. 6.3.1.2(1), eq. (6.51)
9, =05 [1+a, (%, -7, )+ 22]=0.5.1+0.2-(0.512-0.1)+ 0.512?] = 0.672

Reduction factor, cl. 6.3.1.2(1), eq. (6.50)

1 1
by + 02 -X  0.672+40.672° ~0.512°

1 -0.903
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Moment of inertia ly 59626700 mm*

Effective length of member |L 4.000 m

Elastic critical force Nery 2574.65 kN

Relative slenderness )\bar’y 0.512 > 0.1 16.3.1.2(4)
Buckling stress curve BSC, |A(1) Table 3.2b
Imperfection factor a, 0.200 Table 6.6
Auxiliary factor ¢y 0.672 Eq. (6.51)
Reduction factor Xy 0.903 Eqg. (6.50)

Buckling around Minor Axis (L to z-z Axis)

Elastic critical force for flexural buckling according to [1], Annex 1.3, eq. (1.15)

_ n’El, n*-70000-2882920
R 4000°

.z

N

=124483.1N =124.483kN

Relative slendernees for flexural buckling, cl. 6.3.1.2(1), eq. (6.51)

N 124483.1

cr,z

XZ:\/A-fO :\/3800-215 5327

Limit of horizontal plateau of buckling curve and imperfection factor, table 6.6

Material buckling class according to [1], table 3.2 A(1) = Xz,o =0.100 «, =0.200

Conditions for ignoring of buckling effects, cl. 6.3.1.2(4)
X, >, 2.327>0.100

Ney > 22N, 16 >0.010-124.483 =1.245
It is necessary to carry out the buckling design.

Auxiliary factor, cl. 6.3.1.2(1), eq. (6.51)

6, =05 [1+a, - (t, -7, )+ 32]=0.5.1+0.2-(2.327-0.1)+2.327°] = 3.429

Reduction factor, cl. 6.3.1.2(1), eq. (6.50)

1 1

- - =0.168
V62 -2 3.429+43.429° -2.327?
o, +40; —A; 3. : :

Xz

Design buckling resistance, cl. 6.3.1.1(2), eq. (6.49)

Npras = K- %o Ay /73y =1.000-0.168-3134.1-215/1.1=102982.3N = 102.98kN

k - factor for the weaking effects of welding, no welds are allowed, therefore k = 1.000

Design ratio, cl. 6.3.1.1(1), eq. (6.48)

N, 16

= =0.155
Ny, 102.98
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Result Values of Design in ALUMINIUM
Moment of inertia I 2882920 mm?#
Effective length of member |L_,, 4.000 m
Elastic critical force N, 124.48 kN
Relative slenderness Mbar.2 2.327 > 0.1 16.3.1.2(4)
Buckling stress curve BSC, [A(1) Table 3.2b
Imperfection factor oL, 0.200 Table 6.6
Auxiliary factor d, 3.429 Eq. (6.51)
Reduction factor ' 0.168 Eqg. (6.50)

Torsional Buckling around Longitudinal Axis (around x-x Axis)
Elastic critical force for torsional buckling according to [1], Annex .3, eq. (1.16)

1 7El,
Ncr,T = F|:Glt +T:|

s T

7*70000 - 60552000000

! {27000-87883.6+ =303191.1N=303.191kN

N =
«T " 128.2572

4000°

Relative slenderness for torsional buckling, cl. 6.3.1.4(2), eq. (6.53)

XT:‘/AeH-fO :\/3134.1-215 1491

N 303191.1

cr, T

Limit of horizontal plateau of buckling curve, imperfection factor and governing cross-
section area, table 6.7

General cross-section shape = 4, , = 0.400 a; =0.350 use A
Condition to ignore buckling effects, cl. 6.3.1.4(1), NOTE b) doubly symmetrical I-sections

= Not necessary to carry out torsional buckling design.

Lateral Torsional Buckling

Elastic Critical Moment for Lateral Torsional Buckling

The elastic critical moment M, for lateral-torsional buckling is calculated according to [1],
Annex I.1.

The assumption is based on a hinged support without the restriction of warping. The point
of load application is assumed in the shear center. This location can be modified in the de-
tailed settings for transversal loads (see Figure 3.2, page 28).

For the simply supported beam with no warping restraint, the buckling length factors can
be applied according to [1], cl. 1.1.1(2) - standard conditions of restraint:

k, =1.00 k,=1.00 k, =1.00
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[1], cl. 1.1.1(1), eq. (I1.1) specifies the determination of the elastic critical moment of a beam
of uniform symmetrical cross-section with equal flanges, under standard restraint condi-
tions and subject to uniform moment in plane going through the shear center.

w2.El, [2-G, I mfELGlL [ EL
Mcr.o = . +—== 1+ 2
2 \mEl L L Gl

_Tc\/7OOOO-288292~27000-87883.6 \/1 n*70000-6.0552e + 10
<o 4000 40007% - 27000 - 87883.6

M

M, , = 24916960Nmm = 24.916kNm

Next, the the elastic critical moment as stated in clauses 1.1.2 and 1.1.3 is calculated which is
required to determine the slendernesses.

The values of the constants C, , and C, , are given in table 1.2 (1st row - uniform loading).

C,,=1.127 C,,=1.132
. . I —I
For equal flanges is according to eq. (1.4b): , = f‘—lf‘ =0 = C,=0.459
fc + ft
Non-dimensional torsion parameter
i El i 70000 -6.0552e +10
Ky = | —+ = . =1.050
k,L \VGl, 1-4000 27000 -87883.6

Constant C,
CG=C,+ (Cm _CLO)Kwt <G,
C,=1.127+(1.132-1.127)-1.050 = 1.132

Relative non-dimensional critical moment of doubly symmetric section for transverse loads
applied at the shear center (z;= 0, z, = 0), cl. 1.1.3(2), eq. (1.8)

e =%v,/1+1<§,t =%- 1+1.050? =1.641

Elastic critical moment, cl. 1.1.2(2), eq. (1.2)

T4/ELLGl, —1.641 74/70000 - 288292 - 27000 - 87883.6

M. =
cr IJ‘CI' 4000

M., =28205999Nmm =28.21kNm

The elastic critical moment for slenderness determination can also be calculated according
to the transformed equation:

2E- 2-G- JELGI 2
I\/Icr:C1TE E Iz_ L>-G It+|&=C1n 23t 1+TEZE|W
L2 n2-E-l, |, L Gl

M. =1 13211\/70000-288292-27000~87883.6 \/‘I n*70000 -6.0552e + 10

4000 40007 - 27000 - 87883.6
M,, =28205999Nmm = 28.21kNm

The program also calculates M, ,, based on the assumption that the moment diagram is
constant.
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Note: In the results for simple bending about major axis or for sets of members, M, is
displayed for the location x in question. It is the elastic critical moment at lateral
buckling at this x-location, related to the critical moment at lateral buckling at the
location of the maximum moment. The comparative slenderness at lateral buckling
A7 is calculated from the moment M., -

Comparative Slenderness at Lateral Torsional Buckling

The calculation is based on clauses 6.3.2.3 or I.2 for the location of the maximum moment
atx=2.0m.

IS 300/150/4/8, cross-section of class 3 for bending around y-y: W, =W, =397511mm3

The formula for the shape factor a is given in table 6.4.

o o Wa, _ 397511
YT W, 397511

ely

=1.000<1.250

Relative slenderness, cl. 6.3.2.3(1), eq. (6.58)

_ w, . -f 1. .

T = aWy, - T, _ 1-397511-215 _1.741
M., 28205999

Lateral Buckling Coefficient y,;

The calculation is based on cl. 6.3.2.2.

The lateral buckling curve depends on the cross-section class and it is given by cl. 6.3.2.2(2).

Class for M,: 3 = Lateral buckling curve ,2" = hoir = 0.400 o, =0.200
Auxiliary factor, cl. 6.3.2.2(1), eq. (6.57)

by =051+ ay (b — 7 )+ 74 ]=0.5-[1+0.2-(1741-0.4)+ 1.741] = 2.149

Reduction factor, cl. 6.3.2.2(1), eq. (6.56)

o = ! ! -0.293

0 R, 2.149+42.1497 —1.747
Design buckling resistance moment, cl. 6.3.2.1(2), eq. (6.55)

My = Xur - @, - W,,, - f, /7y, =0.293-1.000-397511-215/1.100 = 22788229Nmm
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Bending and Axial Compression
Interaction Exponents &, &, n. and v,

The interaction exponents are given by cl. 6.3.3.1(1), eq. (6.61a) to (6.61e). The standard
gives default values, but alternative values can also be calculated. In the example, the de-
fault values of exponents are used. For vy, see cl. 6.2.9.1(1), eq. (6.42b).

ne =0.80 &yc =0.80 £y =0.80 Ye =70 =1.00

HAZ softening Factors ®, ®, and o,

Welds are not implemented in the current program version. Therefore, the values of these
factors are set to 1.00 as for sections without localized welds (cf. cl. 6.2.9.1(1)). For more
information on the factors, see clauses 6.3.3.3 to 6.3.3.5.

Wy =Wy = OJX,LT =1.00

Design Resistances Ngy, Mgy, M, g

The design resistances are calculated according to clauses 6.3.3.1(5) and 6.3.3.2(1).

Ny = k- Ay T, /7, =1.000-3134.1-215/1.100 = 612583N = 612.583kN

The formula for the shape factor a is given in table 6.4.

o o Wy _ 397511
YW, 397511

ely

73750

=1.000<1.25 a, =
73750

=1.000<1.25

Bending moment capacity about y-axis

Mg =0, W -f,/yw =1.000-397511-215/1.100 = 77695332Nmm = 77.695kNm
Bending moment capacity about z-axis

M, g =, -W, - f, /7y; = 1.000-48049-215/1.100 = 9391317Nmm = 9.39kN

Flexural Buckling according to [1], clause 6.3.3.1

Interaction Design for Buckling around Major Axis and Bending M,

N &yc M
Ed +—25<1.00 eq. (6.59)
Ay Oy “Neg Wy ‘My,Rd

0.8
16 + 8 <1.00
0.903-1.00-612.583 1.00-77.695 =

0.059+0.103=0.162<1.00

Interaction Design for Buckling around Minor Axis and Bending M,

nc
M
Neg + ztd  <1.00 eq. (6.60)
“Nig ®,-M

Xz ! (’Ox,z z,Rd

16 o8 2
+ <1.00
[0.1684.00612.583) 1.00.9.391

0.225+0.29=0.516<1.00
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Lateral-Torsional Buckling according to [1], clause 6.3.3.2
nc ¥C £zcC
M M
[ Neg J + y£d +( 2£d j <1.00 eq. (6.63)
Az O 'NRd Air - Our 'My,Rd ®, 'Mz,Rd

0.8 1.0 0.8
16 + 8 + 2 <1.00
0.168-1.00-612.583 0.293-1.00-77.695 1.00-9.391 -

0.225+0.351+0.29=0.867<1.00

Notes: In the equations (6.59) and (6.60) for flexural buckling, y, and y, are the reduction
factors for buckling in the z-x plane resp. y-x plane.

In equation (6.63) for lateral-torsional buckling, y, represents the reduction factor
for buckling when one or both flanges deflects laterally (buckling in the y-x plane
or lateral-torsional buckling).

Result Values of Design in ALUMINIUM

Ideal Torsional Buckling Load N 1 303.19 kN Eq. (1.16)
Modulus of Elasticity E 7000.0 kN/cm? 3.2.5(1)
Second Moment of Area Iy 59626700 mm4

Effective Member Length Lery 4000.0 mm

Elastic Flexural Buckling Force Nery 2574.65 kN Eq. (1.14)
Second Moment of Area I, 2882920 mm4

Effective Member Length L., 4000.0 mm

Elastic Flexural Buckling Force N, 124.48 kN Eq. (1.15)
Relative Slenderness A, 2.327 >A, [6.3.1.2(4)
Buckling Curve BC, 1 Table 6.6
Imperfection Factor o, 0.200 Table 6.6
Auxiliary Factor 0, 3.429 6.3.1.2(1)
Reduction Factor e 0.168 Eq. (6.50)
Cross-section Area A 3800.0 mm?

Characteristic Proof Strength f, 21.50 kN/ecm? Table 3.2.1
Buckling Curve BC: [2 6.3.2.2(2)
Imperfection Factor oLt 0.200 6.3.2.2(2)
Shear Modulus G 2700.0 kN/cm?2 3.2.5(1)
Length Factor k, 1.000

Length Factor k., 1.000

Length L 4000.0 mm

Warping Constant of Cross- Iy 6.0552E+10 [ mmé®

section

Torsional Constant R 87883.6 mm?#

Ideal Elastic Critical Moment M,o [24.92 kNm

Ideal Elastic Critical Moment for |M,, 28.19 kNm

Lateral-Torsional Buckling
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Moment Factor C, 1.131 Eigenvalue

Solution
Modulus of Cross-section W, 397511 mm3
Relative Slenderness Aot 1.741 6.3.2.3
Auxiliary Factor o 2.150 6.3.2.2(1)
Reduction Factor it 0.293 Eq. (6.56)
Ideal Torsional Buckling Load N.r [303.19 kN Eq. (1.16)
Axial Force (Compression) Neg 16.00 kN
HAZ-softening Factor W, 1.000 6.3.3
HAZ-softening Factor w, , 1.000
Exponent Eye 0.800 6.3.3
Exponent E 0.800 6.3.3
HAZ-softening Factor Wy 1.000 6.2.9 or

6.3.3
HAZ-softening Factor W, 1.000 6.3.3
Exponent W, 1.000 6.3.3
Exponent Ne 0.800 6.3.3
Governing Cross-section Area At 3134.15 mm?
Axial Force Resistance Ngg 612.58 kN Eq. (6.22)
Partial Factor Y 1.100 Table 6.1
Design Component for N Ny 0.054 <1 Eq. (6.59)
Design Component for N Nz 0.225 <1 Eq. (6.60)
Moment M,c  [8.00 kNm
Moment AM, ¢4 (0.00 kNm
Modulus of Cross-section W, 397511 mm3
Moment Resistance Myra |77.70 kNm
Moment Component Ny 0.35 <1
Moment M,eq |2.00 kNm
Moment AM, ¢, [0.00 kNm
Modulus of Cross-section W, 48048.6 mm?3
Moment Resistance M,rg [9.39 kNm
Moment Component Nz 0.290 <1
Design 1 N 0.157 <1 Eq. (6.59)
Design 2 n, 0.516 <1 Eq. (6.60)
Design 3 Ns 0.867 <1 Eq. (6.63)
Design n 0.867 <1
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