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Introduction
Add-on Module RF-ALUMINIUM

Eurocode 9 (EN 1999-1-1:2007) provides design rules for aluminium structures in the member
states of the EU. The RFEM add-on module RF-ALUMINIUM by DLUBAL is a powerful tool for de-
signing aluminium structures modeled with member elements. Country-specific provisions are
considered in the National Annexes. In addition to the parameters given in the program, you
can define your own limit values or create new National Annexes.

1.
1.1

RF-ALUMINIUM carries out all typical ultimate limit state designs, stability analyses, and the de-
formation analysis. In the ultimate limit state design, the module considers the action of vari-
ous internal forces. You have also the option to select one of the interaction checks given in
the standard. Dividing cross-sections into the classes 1 through 4 is an important part of the
cross-sections selected for design. In this way, the program checks the limit of the resistance
and rotational capacity by local buckling of cross-section parts. RF-ALUMINIUM determines the
c/t-ratios of the cross-section parts in compression and runs the classification automatically.

In case of member segments connected by weld seams, the softening in the heat-affected
zone (HAZ) can be taken into account.

For the stability analyses, you can define for each member or set of members separately, if
buckling in y- and/or z-direction is possible. You can also define additional intermediate lateral
restraints for realistic modeling. From the boundary conditions, RF-ALUMINIUM determines
the slenderness ratios and the elastic critical buckling loads. The elastic critical moment for lat-
eral-torsional buckling necessary for the lateral-torsional buckling check can be determined
automatically or specified manually. The point of shear load application is considered, which
has a decisive effect on torsion.

The serviceability limit state design is important for slender aluminium sections. For this de-
sign, you can assign load cases, load combinations, and result combinations to the various de-
sign situations. The limit deformations are preset through the National Annex. If necessary, you
can adjust them. Furthermore, you can specify reference lengths and precambers, which will
be considered accordingly in the design.

If necessary, the module carries out an optimization of the cross-sections and exports the
changed cross-sections to RFEM. Using the design cases, you can analyze separate structural
components in complex models or analyze variants.

RF-ALUMINIUM is an add-on module integrated in RFEM. Thus, the design-relevant input data
is already preset when you start the module. After the design, you can evaluate the results in
the graphical user interface of RFEM. Finally, you can document the analyses in the global
printout report of RFEM, from determination of internal forces to design.

We hope you enjoy working with RF-ALUMINIUM.

Your DLUBAL Team
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1.2 RF-ALUMINIUM Team

The following people were involved in the development of RF-ALUMINIUM:

Program coordination

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

Programming

Ing. Zdenék Kosacek Magr. Petr Oulehle
Ing. Ph.D. Martin Cudejko Zbynék Zameénik
Dr.-Ing. Jaroslav Lain DiS. Jifi Smerak

Ing. Martin Budac

Cross-section and material library
Ing. Ph.D. Jan Rybin Ing. Jifi Kubicek

Program design, dialog box figures, and icons

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

Program testing
Ing. Martin Vasek Dipl.-Ing. (FH) René Flori

Localization, manual

Ing. Fabio Borriello Ing. Roberto Lombino

Ing. Dmitry Bystrov Eng.c Nilton Lopes

Ing. Ph.D. Martin Cudejko Mgr. Ing. Hana Mackova
Eng.c Rafael Duarte Ing. Téc. Ind. José Martinez
Ing. Jana Dunikova MA Translation Anton Mitleider
Dipl.-Ing. (FH) René Flori Dipl.-U. Gundel Pietzcker
Ing. Lara Freyer Mgr. Petra Pokorna
Alessandra Grosso Ing. Michaela Prokopova
Bc. Chelsea Jennings Ing. Marcela Svitdkova

Ing. Ladislav Kabrt Dipl.-Ing. (FH) Robert Vogl
Ing. Aleksandra Kociotek Ing. Marcin Wardyn

Technical support and final testing

M.Eng. Cosme Asseya Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Ulrich Lex

Dipl.-Ing. Moritz Bertram Dipl.-Ing. (BA) Sandy Matula

Dipl.-Ing. (FH) Steffen Clauf3 M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Stefan Frenzel Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Walter Froéhlich Dipl.-Ing. (FH) Lukas Sthnel

Dipl.-Ing. (FH) Wieland Gotzler Dipl.-Ing. (FH) Robert Vogl
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1.3  Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described
in detail in the manual of the main program RFEM. The present manual focuses on typical fea-
tures of the RF-ALUMINIUM add-on module.

The descriptions in this manual follow the sequence and structure of the module's input and
results windows. In the text, the buttons are given in square brackets, for example [View
mode]. At the same time, they are pictured on the left. The Expressions that appear in dialog
boxes, windows, and menus are set in italics to clarify the explanations.

At the end of the manual, you find the index. If you still cannot find what you are looking for,
please check our website www.dlubal.com, where you can go through the FAQ pages and find
a solution by using various filter criteria.

14  Opening the RF-ALUMINIUM Module

In RFEM, you have the following possibilities to start the add-on module RF-ALUMINIUM.

Menu
To open the add-on module, you can select in the RFEM menu
Add-on Modules — Design - Aluminium — RF-ALUMINIUM.

[add-on Modules | Window  Help

e rPUEN WER BEREREEF T

Design - Steel - BEERAOF I RIER-H- H-iT= Lo
Dresign - Concrete .3

Dresign - Timber .3

Design - Aluminium 4 E RF-ALUMINIUM L\) Design of aluminium members according to Eurocode 9
Dynamic 3

Connections 3

Foundations 3

Stability 3

Towers »

Others b

External Modules b

Stand-Alone Programs 3

Figure 1.1: Menu: Add-on Modules — Design - Aluminium — RF-ALUMINIUM
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Navigator
Alternatively, you can start the add-on module in the Data navigator by clicking

Add-on Modules — RF-ALUMINIUM.

Project Navigator - Data x
ED RFEM -
B@ Frame

) Model Data

[#-_J Load Cases and Combinations

-] Loads

----- | Results

----- |=J Sections

----- | Average Regions

----- |_J Printout Reports

@) Guide Objects

= Add-on Modules

Favorites

RF-STEEL EC3 - Design of steel members accerding te Eurocode 2

&
« RF-COMNCRETE Surfaces - Design of concrete surfaces

= RF-CONCRETE Members - Design of concrete members

i RF-TIMBER Pro - Design of timber members

RF-STABILITY - Stability analysis

E RF-STEEL Surfaces - General stress analysis of steel surfaces

-.JE] RF-STEEL Members - General stress analysis of steel members -

ﬁ Data gDisplay _ﬂ Views

m

Figure 1.2: Data navigator: Add-on Modules — RF-ALUMINIUM

Panel
RF-ALUMINIUM CAL - Beam N If results from RF-ALUMINIUM are already available in the RFEM model, you can also open the
e module from the panel.
First, set the relevant RF-ALUMINIUM design case in the load case list of the RFEM toolbar.
S Then, click the [Show Results] button to graphically display the design criterion on the
| _@-| | ::"_.."| members.

If the results display is activated, the panel is available, too. Now you can click [RF-ALUMINIUM]
in the panel to open the module.

Panel x

M

Dezign Ratio []
1.02
1.00
0.90
0.80
070
0.50
0.50
0.40
0.30
0.20
010
0.00

Max @ 1.02
Min : 0.00

Eax 4

Figure 1.3: Panel button [RF-ALUMINIUM]
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2. InputData

When you start the add-on module, a new window opens. In this window, a navigator is dis-
played on the left that manages the available input and output windows. The drop-down list
above the navigator contains the design cases (see Chapter 7.1, page 60).

The design-relevant data is to be defined in several input windows. When you open RF-ALU-
MINIUM for the first time, the following parameters are imported automatically:

e Members and sets of members

e Load cases, load combinations, and result combinations

e Materials

e (Cross-sections

o Effective lengths

o Internal forces (in the background, if calculated)

To select a window, click the corresponding entry in the navigator. To go to the previous or

next input window, use the buttons shown on the left. You can also use the function keys to
select the next [F2] or previous [F3] window.

To save the results, click [OK]. Thus, you exit RF-ALUMINIUM and return to the main program.
To exit the module without saving the new data, click [Cancel].

2.1

In the 1.1 General Data window, you select the members, sets of members, and actions that
you want to analyze. The tabs manage the load cases, load combinations, and result combina-
tions for the ultimate and serviceability limit state designs.

General Data

RF-ALUMINIUM - [Frame] |
File Edit Settings Help
CA1 -Design of aluminium members aco = | 11 General Data
Input Data Design of National Annex (NA)
General Data R PR
Materials Members:  1-15.1840.43-50,54,55 57.59-62.64.65.68-90 &)X Al sia8s BEIE
Cross-Sections = =
Sets 13 K 7 Al
Intermediate Lateral Restraints =] E
Transverse Welds :
- Effective Lengths - Members Ukimate Limt State | Serviceabilty Limt State
- Effective Lengths - Sets of Members Existing Load Cases and Combinations Selected for Design =
E-Nodal Supports LC1 | Pemanent loads CO1 | Utimate im state Persistent and Transient z
Setof membersNo. 1-Cobmn 1 | (|l (02 | imposed load
Set of members No. 2 - Coln 2 103 | imperection —
Set of members No. 3 - Continuous 07 | Servicsabity it st
- Member End Releases
Set of members No. 1 - Column 1
Set of members No. 2 - Column 2 : (-]
- Set of members No. 3 - Continuous ] ©
) g o
¥ v
W 2
-
<] [
& &
Aluminium design of
e
of members acc. to
- EN 1999-1-1:2007
Al MIETEE] HAEE
Comment
‘ i D
EEEIEY Calculaton | [ Detas... | [nat Annex.. Graphics cancel

Figure 2.1: Window 1.1 General Data
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Design of

Design of

Members:  1-15,18-40,43-50,54,55,57,59-62,64,65,68-90 5] [X] Al

?«l"'EIJAII

Sets: 13

Figure 2.2: Design of members and sets of members

You can design Members as well as Sets of Members. If you want to design only particular ob-
jects, clear the All check box. Now you can access the text boxes to enter the numbers of the
relevant members or sets of members. To select the list of the numbers preset in the text box,
double-click in the box and overwrite the list by manually entering the data. Alternatively, you
can select the objects graphically in the RFEM work window upon clicking [\].

When you design a set of members, the program determines the extreme values of all mem-
bers contained in the set of members and takes into account the boundary conditions of con-
nected members for stability analyses. The corresponding results are shown in the results win-
dows 2.3 Design by Set of Members, 3.2 Governing Internal Forces by Set of Members, and 4.2 Parts
List by Set of Members.

To define a new set of members, click [New]. The dialog box already known from RFEM ap-
pears where you can specify the parameters for a set of members.

National Annex (NA)

National Annex (NA)

Figure 2.3: National Annex

In the upper-right corner, you select the National Annex whose parameters you want to apply
for the design and the limit values of the deformation.

To check the parameters of the selected NA and, if necessary, adjust them, click [Edit]. This dia-
log box is described in Chapter 2.1.3, page 13.

Comment

Comment
Design according to British NA

Figure 2.4: User-defined comment

In this text box, you can type user-defined notes describing, for example, the current design
case.

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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Selected for Design
RC1 GZT (STR/GEQ) - Permanent | Persistent and Transient

o o o
2.1.1 Ultimate Limit State

Uktimate Limit State | Serviceability Limit State

Existing Load Cases and Combinations

| ¢ Jiw Seff-weight -

Qs LC2 Snow

I LC3 Live load

LC4  |Windin X E

LC5  |WindinY

I LC6 Imperfections in X

| imp Wiles Imperfections in Y

N LC3 Impact load

co1 1.35°1C1

co2  |1357CT1=1C6

Cco3 1.35%LC1 + LCT

Co4 1.35%LC1 + 1.5°LC2

COo5 1.35°LC1 + 1.5°LC2 + LC6 <

Co6 1.35°LC1 + 1.5°LC2 + LC7

Cco7 1.35°LC1 + 1.5°LC2 + 1.05°LC3

cos 1.35°LC1 + 1.5°LC2 + 1.05°LC3 +

Cog 1.35°LC1 + 1.5°LC2 + 1.05°LC3 +

CO10 | 1.35°LCT + 1.5°LC2 + 1.05°LC3 +

B CO11 | 1.35°1LC1 + 1.5°LC2 + 1.05°LC3 +

CO12 |1.35°LCT + 1.5°LC2 + 1.05°LC3 +

CO13 | 1.35°LCT + 1.5°LC2 + 1.05°LC3 +

CO14 |1.35°LCT1 +15°LC2 + 0.9°LC4

Co15

col6 -
Al(103) -

@ "]

Figure 2.5: Window 1.1 General Data, tab Ultimate Limit State

Existing Load Cases and Combinations

This dialog box section contains all load cases, load combinations, and result combinations

created in RFEM.

To transfer the selected entries to the To Design dialog box section, click [»]. Alternatively, you
can just double-click them. To transfer the entire list to the right, click [»>»].

To transfer multiple entries at once, select them while pressing the [Ctrl] key, as common in

Windows applications.

If a load case is highlighted in red, for example, LC6 or LC7 in Figure 2.5, this means that it can-
not be designed. This happens when the load cases are defined without any load data or the
load cases contain only imperfections. When you transfer such a load case, a corresponding

warning appears.

At the end of the list, several filter options are available. They will help you assign the entries
sorted by load case, load combination, or action category. The buttons have the following

functions:
Selects all cases in the list.
] Inverts selection of load cases.

Table 2.1: Buttons in the tab Ultimate Limit State

10
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Design of

The section on the right contains the load cases, load combinations, and result combinations
selected for design. To remove selected entries from the list, click [«] or double-click the en-
tries. To transfer the entire list to the left, click [«€«].

You can assign the load cases, load combinations, and result combinations to the following
design situations:

e Persistent and Transient

e  Accidental
This classification controls the partial safety factors ymo, ym1, and ym: that are included in the

determination of the resistances Rq for the cross-section and stability analyses (see Figure 2.9,
page 13).

To change the design situation, use the list at the end of the dialog box section. To open the
list, click the drop-down arrow [Vv].

Selected for Design

Perstortsnd Trnsit Y
CO2 | 135LC1+LC6 Persistert and Transient
Cco3 1.35°LC1 + LCT Accidental

CO4 | 135°LC1+15°C2 Persistent and Transient

Co5 1.35°LCT + 1.5°LC2 + LC6 Persistent and Transient
Co6 1.35°LC1 + 1.5°LC2 + LCT Persistent and Transient
RC1 GZT (STR/GEQ) - Permanent | Persistent and Transient

Figure 2.6: Assigning design situation

To transfer multiple entries at once, select them while pressing the [Ctrl] key, as common in
Windows applications.

Designing an enveloping max/min result combination is faster than designing all contained
load cases and load combinations. But designing a result combination also has its disadvan-
tages: First, the influence of the contained actions is difficult to discern. Second, for the deter-
mination of the elastic critical moment for LTB, M, the envelope of the moment distributions
is analyzed, from which the most unfavorable distribution (max or min) is taken. However, this
distribution only rarely reflects the moment distribution in the individual load combinations.
Thus, in the case of an RC design, more unfavorable values for M. are to be expected, leading
to higher design ratios.

Result combinations should be selected only for dynamic combinations. For "normal" combi-
nations, load combinations are recommended, because here the actual moment distributions
are taken for the determination of M.

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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2.1.2 Serviceability Limit State
Serviceability Limit State

Existing Load Cases and Combinations Selected for Design
Seffweight - SCh CO57 |LC1+LC2+0.71C3+06"L |Characteristic
sl LC2 Snow SCh CO60 |LC1+LC2+0.7°LC3 +06°L | Characteristic
IFIA LC3 Live load SCh CO72 | LC1+05°LC2 +LC3+06°L | Characterstic
LC4 | Windin X LC1+LC3 +0.6°LC5+LC7 | Characteristic
LCH Windin Y Characteristic
B LC5 | Imperfections in X Frequert 65.32)b)

[ imp Ml Imperfections in ' Quasi-permanent  6.5.3(2) c)

EM LCB Impact load

col  [135°LC1
Co2 | 1351C1+LCE
CO3  |1.35°LC1+1CT

CO4  [135°LC1+15°LC2

CO5 | 135°1C1+15°C2+LC6
CO6 | 1.35°LC1+15°LC2 + LCT

G CO7 | 1.35°LC1 + 15712+ 1.05°.C3

cos 1.35°CT + 1.5°1C2 + 1.05°LC3 +
Ccos 1.35°CT + 1.5°1C2 + 1.05°LC3 +
B CO10 | 1357007 + 1.5°C2 + 1.05°1.C3 +
EE CO11 [ 1.35°1LC1 + 1.5°LC2 + 1.05°LC3 +
CO12 |1.35°LC1+1.5°LC2 + 1.05°1.C3 +
B CO13 | 1357101 + 1.5°LC2 + 1.05°1C3 +
CO14 |1.35°C1+1.5°LC2 + 0.9°LC4

CO15 [ 1.35°1C1+1.5°LC2+0.9°LC4+ L
B CO6 (1301 +15°1C2+09°0Ch 3

Al(100) - I

Figure 2.7: Window 1.1 General Data, tab Serviceability Limit State

m

Existing Load Cases and Combinations

This dialog box section contains all load cases, load combinations, and result combinations
created in RFEM.

Design of
Load cases, load combinations, and result combinations can be added or removed as described
in Chapter 2.1.1.
You can assign different deflection limit values to the load cases, load combinations, and result
combinations. You can select from the following design situations:

e Characteristic

e  Frequent

e Quasi-permanent

To change the design situation, select it in the list at the end of the entry after clicking [¥] (see
Figure 2.7).

The deflection limits are defined in the National Annex. To adjust these values for the design
situations, click [Nat. Annex] and modify them in the appearing National Annex Settings dialog
box (see Figure 2.9, page 13).

The 1.10 Serviceability Data window manages the reference lengths governing for the defor-
mation check (see Chapter 2.10, page 32).

12
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2.1.3 National Annex (NA)

In the upper-right list of the 1.1 General Data window, you can select the National Annex
whose parameters apply to the design and the limit values of the deformation.

National Annex (NA)

B8l CEN European Union
™ DIN Germany
[ CSN Czech Republic
== DK Denmark
2 STN Slovakia
CYS Cyprus
BHIS  Ireland
B HUNI kaly
§ I NEN Belgium
— NEN Netherlands

Figure 2.8: Selecting the National Annex

To check and, if necessary, adjust the preset parameters, click [Edit] (see the following figure).
To create a user-defined National Annex, click [New].

Alternatively, you can use the [Nat. Annex] button available in all input windows in order to
open the National Annex Settings dialog box.

. S

National Annex Settings - BS

Base

Partial Factors Acc. to 6.1.3, Note 1 Serviceability Limits (Deflections) Acc. to 7.2

- For resistance of cross-sections Combination of actions (Table A1.4 of EN 1550):
1.10012 Cantilevers

Led| 15015
Led | 10015
Led | 10015

- For resistance of members to instability ™I
assessed by member checks CH: Characterisc L/ 300

FR : Frequent Li 200

NI N

- Forresistance of cross-sections to fracture due -
to tension ez 125015 QF : Quasi-permanent L/ 200

General Triaxial State of Stress in Section

Maximum ratio for trizial state of stress acc.
to 6.15 (@r. 6.2.1 (3))

(2] @) () (8] (08) (% oK | [ Cancel

Figure 2.9: Dialog box National Annex Settings - BS

L

In the first dialog box sections, you can check and, if necessary, change the Partial Factors Acc.
to 6.1.3, and in the section on the left the Serviceability Limits (Deflections) Acc. to 7.2. Further-
more, you can specify the maximum utilization for the General Triaxial State of Stress in Section.

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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The buttons at the bottom of the dialog box have the following functions:

Button

Function

Resets the program's default settings

Sets the user-defined settings

Saves the modified settings as user-defined default settings

BlENENE

Deletes the user-defined National Annex.

Table 2.2: Buttons in the dialog box National Annex Settings

2.2  Materials

The window is subdivided into two parts. The upper part shows all materials used in RFEM. The
Material Properties dialog box section shows the properties of the current material, that is, the
table row currently selected in the upper section.

1.2 Materials

Material

Material

Description Comment

I Ste=! 5 235 | EN 10025-2:2004-11

Mo

I [ Aluminium EN-AVV 6082 T6/T6511 EN 1955-1-~
F]
3

21 Aluminium EN-AW 60054 (EP/O0,ER/EB) T6 | EN

@

Material Properties

&
&
&
]

= Main Properties

>

Modulus of Hlasticity E 70000.0 | N/mm?

Shear Modulus G 27000.0 | Nmm2

Peisson’s Ratio v 0.300

Specific Weight 1 27.00 [kN/m?

Coeffiient of Themnal Expansion @ 23000605 | 1/K

Partial Safety Factor ™ 110 . .

5 Additional Propetties Material Mo. 1 used in
[ Thickness Range t < 6.0 mm Cross-sections Mo.:
Characteristic Value of 0.2% Proof Strength fo 260.0 | N/mm2 257
Characteristic Value of Ultimate Strength fu 310.0 | N/mm2
Elongation Value Measured with a Reference Length of 5654 | A 0.060 E
0.2% Procf Strengih in Heat Affected Zane, HAZ o haz 125.0 | N/mm?2 Members No.:
Utimate Strength in Heat Affected Zone, HAZ Fuhaz 185.0 | N/mm2 1.2.6.7.11,12,16,17.26-29.31-34,36-39.41
Ratio between 0.2% Proof Strength in HAZ and in Parent Mate: | p o haz 0.480
Ratio between Ultimate Strength in HAZ and in Parent Material | p uhaz 0.600 Sets of members No.:
Buckling Class BC 1.000 13
Exponent in Hamberg-Osgood Expression for Plastic Design np 25.000
[ Thickness Ranget > 6.0mm andt < 12.5mm

Charactenistic Value of 0.2% Proof Strength fo 255.0 | N/mm2 T Lengths: T Masses:
Characteristic Value of Utimate Strength fu 300.0 | Nfmm2 51.00 [m] 0.143 |
Elongation Value Measured with a Reference Length of 5654 | A 0.090
0.2% Proof Strength in Heat Affected Zone, HAZ Fo,haz 125.0 | N/mm2
Ultimate Strength in Heat Affected Zone, HAZ Fuhaz 185.0 | N/mm2
Ratio between 0.2% Proof Strength in HAZ and in Parent Mate | p o haz 0.430 =

Figure 2.10: Window 1.2 Materials

Materials that will not be used for the design appear in grey. Materials that are not allowed
appear in red. Changed materials appear in blue.

The material properties required for the determination of internal forces are described in
Chapter 4.3 of the RFEM manual (Main Properties). The material properties required for the
design are stored in the global material library. These values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select in the menu
Settings — Units and Decimal Places (see Chapter 7.3, page 64).
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Material Description

The materials defined in RFEM are preset but can be changed at any time. To do this, click the
material in column A. Then, click [¥] or press function key [F7] to open the material list.

Aluminium EN-AVW 6082 T6/T651 | EN 1999-1-1:2007 Jid |
Aluminium ASiMgMn EM 1595-1-1:2007 »
Auminium EN-AW 3004 H14 EN 1983-1-1:2007 |
Aluminium EN-AW 3004 H24/H34 EM 1985-1-1:2007
Auminium EN-AW 3004 H16 EN 1995-1-1:2007
Aluminium EN-AW 3004 H26/H36 EN 1555-1-1:2007
Aluminium EN-AVW 3005 H14 EN 1999-1-1:2007
Auminium EN-AW 3005 H24 EN 1955-1-1:2007
Auminium EN-AW 3005 H16 EN 1955-1-1:2007
Aluminium EN-AW 3005 H26 EM 1585-1-1:2007
Auminium EN-AW 3103 H14 EN 1995-1-1:2007 -

Figure 2.11: List of materials

According to standard [1], you can select only materials of the "Aluminium" category. Only al-
loys can be designed that are covered by [1], Table 3.2a, b, and c. For this reason, you cannot
edit the material properties in the module. RF-ALUMINIUM checks neither the product form of
the material according to [1], Table 3.2b nor the shape of the cross-section.

After you import a material, the design relevant Material Properties are updated.
If you change the material description manually and your entry is stored in the material library,

RF-ALUMINIUM will import the material properties, too.

Material Library

Numerous materials are already available in the library. To open it, select in the menu
Edit —> Material Library

or use the button shown on the left.

-
Material Library @
Fitter Material to Select
Material category group: Material Description Standard ke
W Metal ~ | | Aluminium EN-AW 5083 H14 & EN 1599-1-1:2007
@ Aluminium EN-AW 5083 H24/H34 Bl EN 1999-1-1:2007
Weterial category: [ Aluminium EN-AW 6061 T4/T451 B3 EN 1995-1-1:2007
& Auminium ¥ | | Aluminium EN-AW 6061 T6/TE51 & EN 1599-1-1:2007
Standard group @ Aluminium EN-AW 6061 TE51 Bl EN 1999-1-1:2007
BN < | Auminium EN-AW 6082 T4/T451 I EN 1999-1-1:2007 ‘E ‘
& Aluminium EN-AW 6082 T61/T6151 EE EN 1555-1-1:2007
Standard: [ Aluminium EN-AW 6082 T&151 B EN 1599-1-1:2007
EEN 1999-1-12007 Sl (1 Aumiium EN-AW 6082 T6/T651 |2+ EN1889-11:2007
& Aluminium EN-AVW 6082 T651 & EN 1593-1-1:2007
[ Aluminium EN-AW 7020 T6 & EN 1599-1-1:2007
@ Aluminium EN-AW 7020 T651 Bl EN 1999-1-1:2007
@ Aluminium EN-AW 8011A H14 B EN 1999-1-1:2007
[ Include invaid... [ Aluminium EN-AW 80114 H24 B EN 1999-1-1:2007 =
[] Favorites only... ) K
Material Properties Alduminium EN-AW 5082 TE/TS51 | EN 1999-1-1:2007
= Main Properties -
Modulus of Elasticity E 70000.0 | N/mm2
Shear Modulus G 27000.0 | Nfmm2
Poisson’s Ratio v 0.300
Specific Weight ¥ 27.00 | kN/m?
Coefficient of Thermal Expansion o 2.3000E-05 | /K
Partial Safety Factor ™ 1.10 3
3 Addttional Properties
3 Thickness Range t £6.0 mm
Characteristic Value of 0.2% Proof Strength fo 260.0  N/mm<2
Characteristic Value of Utimate Strength fu 310.0 | N/mm2
Elongation Value Measured with a Reference Length of 5.65400-5 A 0.060 n
0.2% Proof Strength in Heat Affected Zone, HAZ fohaz 125.0  N/mm2
Utimate Strength in Heat Affected Zone, HAZ Fuhaz 185.0 | N/mm2
Ratio between 0.2% Proof Strength in HAZ and in Parent Material Pohaz
Ratio between Ultimate Strength in HAZ and in Parent Material Puhaz
Buckling Class BC
Exponent in Ramberg-{Jsgood Expression for Plastic Design np

-

Figure 2.12: Dialog box Material Library

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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In the Filter section, Aluminium is preset as the material category. To select an alloy for design,
use the Material to Select drop-down list. You can check the corresponding properties in the
dialog box section below.

To transfer the selected material to Window 1.2 of RF-ALUMINIUM, click [OK] or [].

Chapter 4.3 of the RFEM manual describes how to filter, add, or rearrange materials.

2.3  Cross-Sections

This window manages the cross-sections that are used for the design. In addition, you can
specify optimization parameters in this window.

1.3 Cross-Sections

A | B [ C [ D NS F 3- 15 B0/46/4/60
Section | Material Cross-Section Cross-Section Type Opti-
Ne. Mo. Description for Classffication mize Remark Commert
1 3 |[[O Pipe 60725 Pipe No
2 1 |[EL LS 100/6/0 Angle B3 2
BN 1 [T IS 80/46/4/6/0 I-section welded 15
4 1 [0 TO 80/60/4/4/4/4/K Box welded No
5 1 |[ET SHAPE-THIN PROFILY General No
6 2 [+ RD &|DIN 10131 Invalid No 6) Sc—omo—=soed
7 1 |0 TO 150/120/4/4/4/4/K Box welded No E
[mm]
[ 1E 6@ @ @
Cross-Section Values - IS 80/46/4/6/0 Cross-section No. 3 used in
Cross-Section Type H |-section welded 1S Members No -
Section Height h 80.0 | mm
Section Width b 460 [mm 20.29.33.3438.39.54.59.64
‘Web Thickness tw 4.0 | mm
Fange Thickness te 60 [ mm Sets of members No.:
Cross-Sectional Area A 8.24 | cm?
Effective Shear Area Avy 552 |cm? 626
Fffective Shear Area Avz 272 | cm? =nhutw 626 E X :
Second Moment of Area ly 86.22 | cm* T Lengths T Masses
Second Moment of Area Iz 9.77 | cm* 18.00 [m] 0.040 1]
Torsional Constant It 0.77 | cm*
Radius of Gyration iy 323 |mm Material:
Radius of Gyration Iz 105 | mm 1 - Aluminium EN-AW 6082 T6/TE51
Hastic Section Modulus Saly 2155 |cm?
Elastic Section Modulus Selz 425 |cm?
Plastic Section Modulus Woly 25.05 | cm?
Plastic Section Modulus Wiz 662 | cm? -

Figure 2.13: Window 1.3 Cross-Section

Cross-Section Description
The cross-sections defined in RFEM are preset together with the assigned material numbers.
To change a cross-section, click the entry in column B, thus selecting this cell. To open the

cross-section row of the current text box, click [Cross-Section Library] or [...] in the text box or
press the function key [F7] (see Figure 2.14).

In this dialog box, you can select a different cross-section or a different cross-section row. To
select a different cross-section category, click [Back to cross-section libraryl. The general cross-
section library opens.

Chapter 4.13 of the RFEM manual describes how cross-sections can be selected from the library.

16
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RF-ALUMINIUM performs all necessary designs for the following cross-section types:

¢ |-sections: rolled/welded, doubly symmetrical or mono-symmetric about the z-axis

¢ Hollow and box sections: rolled/welded, square-edged/rectangular, doubly-symmetrical
e Massive cross-sections: circular/rectangular

e Pipes

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

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

e Channel-sections: rolled/welded, symmetrical about y-axis

RF-ALUMINIUM also designs other cross-sections from the library or SHAPE-THIN. For these
sections of the "General" type, however, not all design options are available.

Cross-Section Library @

Rolled Parametric - Thin-Walled Parametric - Massive Parametric - Timber

L0 el (o)(e][e](n]
[o)(o ) felfil] (- )(L](o) [=][e][e](a]
EN/ENE [ ER|ENENER

Buil-up

[T}

Ezle]l- (=ll=)lo)l=]
3| F3(FN(FA
E Standardized - Timber

o |lw){m])(m]
EAENENEY

[z][e] (2]

User-Defined From Cross-Section Program

not implemented.

Figure 2.14: Cross-section of the type General (stored)

You can also enter the new cross-section description in the text box directly. If the data base
contains the entry, RF-ALUMINIUM imports the corresponding cross-section properties, too.
A modified cross-section is highlighted in blue.

If cross-sections specified in RF-ALUMINIUM differ from those used in RFEM, both cross-sections
are displayed in the graphic on the right. The designs are carried out with the internal forces
from RFEM for the cross-section selected in RF-ALUMINIUM.

The welded types of cross-section are parametric sections that are manufactured by welding
plates. Note for RF-ALUMINIUM that the design of these weld seams (HAZ effects) is currently

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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Cross-Section Type for Classification

This column shows the cross-section type used for the classification. According to [1], Clause
6.1.4, the cross-sections can be designed elastically or plastically, depending on the class.
Cross-sections that are not completely covered by the provisions of the standard are classified
as General (see Figure 2.14). These can be designed only elastically (class 3 or 4).

Max. Design Ratio

This column is displayed only after the calculation. It serves as a decision support for the opti-
mization. By means of the displayed design ratio and colored reference scales, you can see
which cross-sections are little utilized and thus oversized, or overstressed and thus undersized.

Optimize

Each cross-section can undergo an optimization process. For the RFEM internal forces, the
program searches the cross-section that comes as close as possible to a user-defined maxi-
mum design ratio. This ratio can be specified in the General tab of the Details dialog box (see
Figure 3.4, page 39).

To optimize a cross-section, open the drop-down list in column D or E and select the relevant
entry: From current row or, if available, From favorites 'Description’. Recommendations for the
cross-section optimization can be found in Chapter 7.2, page 62.

Remark

This column shows remarks in the form of footers that are described in detail below the cross-
section list.

A warning might appear before the calculation: Incorrect type of cross-section No. XX. This
means that there is a cross-section that is not registered in the data base. This can be a user-
defined cross-section or a SHAPE-THIN cross-section that has not been calculated yet. To select
an appropriate cross-section for design, click [Library] (see description after Figure 2.13).

Member with Tapered Cross-Section

RF-ALUMINIUM does not support the design of tapered members with different cross-sections
at both ends of the member. If you try to design them, the following message appears:

RF-ALUMINIUM
Information No.
45206

Invalid member Mo. 73 -taper.

Figure 2.15: Message appearing when designing a taper

18
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In the Info About Cross-Section dialog box, you can view the cross-section properties, stress

f ' Info About Cross-Section TO 80/60/4/4/4/4/K @1

Cross-Section Property Symbol Value Linit = | TO S0/60/4/4/414/K
T N T

Width b 60.0 | mm

Left wall thickness tal 4.0 | mm 60.0

Right wall thickness tar 4.0 [mm 40| 40
Upper wall thickness Lt 4.0 [mm T

Lower wall thickness teb 4.0 | mm 1

Cross-sectional area A 10.56 | cm?2 317

Shear area Ay 347 [cm2 L a
Shear area Az 5.38 | cm2 3 g
Core area Ac 4256 [cm2

Moment of inertia ly 9426 |cm# = R

Moment of inertia Iz 5964 [cm* “ i ¥
Polar momert of inertia lp 153.89 | cm* i

Goveming radius of gyration Ty 255 | mm :

Goveming radius of gyration rz 238 | mm |

Polar radius of gyration To 382 (mm !

Weight wt 2.5 [ka/m b "E_F ;

Surface Asuri 0.280 [m2/m - F

Torsional constart J 110.34 | cm* 30.0 5

Warping constant refeming to M Cuw 9.15 | cm®

Blastic section modulus Sy 2356 |cm?

Elastic section modulus Sz 19.88 |cm?

Warping section modulus W 567 |cm*

Statical moment of area Gy max 7.15 | em?

Statical moment of area Qzmax 5.83 |cm?

LY N O [P S S ALY 44 p—

Figure 2.16: Dialog box Info About Cross-Section

The buttons below the graphic have the following functions:

The right part of the dialog box graphically presents the currently selected cross-section.

Function

Displays or hides the stress points

Displays or hides the c/t-parts

Displays or hides the numbers of stress points or c/t-parts

Displays or hides details of the stress points or c/t-parts (see Figure 2.17)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

Table 2.3: Buttons of the cross-section graphic

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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To view detailed information on stress points (distances to center of gravity, statical moments
of area, normalized warping constants, etc.) and c/t-parts, click [Details].

' ™
Stress Points of TO 80/60/4/4/4/4/K u
c [ o E F_ [ G H | [TO sois0iaiiaiaik
Statical Moments of Area | Thickness Wamping Core Area
Qylem?] | Qzlem?] | tlmm] | Weolem2] | Swlem®] | A*[emZ]
-4.56 -4.03 40 -153 0.09 4256
-4.26 -4.26 40 -1.61 0.21 4256
-3.95 448 40 -1.50 034 4256
0.00 -5.83 40 0.00 -1.12 4256
3.95 448 40 150 034 4256
426 -4.26 40 161 0.21 4256
4.56 -4.03 40 153 0.09 4256
7.15 0.00 40 0.00 1.0 4256
456 403 40 -1.53 0.09 4256
426 4.26 40 -1.61 0.21 4256
3595 4.48 40 -1.50 0.34 42.56
0.00 5.83 40 0.00 -1.12 4256
-3.95 448 40 150 034 4256 1
-4.26 4.26 40 161 0.21 4256 '2
-4.56 4.03 40 153 0.09 42.56
-7.15 0.00 40 0.00 1.01 4256

(=) 5 (&)
Close

s -

Figure 2.17: Dialog box Stress Points of TO 80/60/4/4/4/4/K
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In Window 1.4, you can define intermediate lateral restraints for members. RF-ALUMINIUM al-
ways assumes this kind of support as perpendicular to the minor z-axis of the cross-section (see
Figure 2.16). Thus, you can influence the effective lengths of members which are important for
the analyses for flexural buckling and torsional-flexural buckling.

Intermediate Lateral Restraints

In the analysis, intermediate lateral restraints are considered as lateral and torsional restraints.

14 Intermediate Lateral Restraints

B [ c ] D [ E | F | G [ H [ ] [ 4 [ K [ L | ~
Member|  Lateral Length Intermediate Lateral Restraints]-]
Ne. Restraint L [m] MNumber x1 x2 x3 x4 x5 X& x7 xg xg
12 =] 3
13 a
14 1 0,500
15 0
16 a
17 =]
2 0333 0.667
19 a
2 ]
21 a -
] Relatively (0.... 1) EYENRENEY

Settings - Member No. 18

Cross-Section

Lateral Restrairts

Member Length L

Number of Intermediate Lateral Restraints n 2
Location of Lateral Restraint No. 1 x1 0.333
Location of Lateral Restraint No. 2 x2 0.667

Set input for members No.

Figure 2.18: Window 1.4 Intermediate Lateral Restraints

In the upper part of the window, you can assign up to nine lateral restraints to each member.
The Settings section shows the entries in columns as an overview for the member selected
above.

To define an intermediate lateral restraint, select the Lateral Restraint check box in column A.
To graphically select the member and to activate its row, click [\]. If you select the check box,
the other columns become available for entering the parameters.

In column C, you specify the Number of the intermediate lateral restraints. Depending on the
specified number, one or more of the following Intermediate Lateral Restraints columns for the
definition of the x-locations are available.

If the Relatively (0 ... 1) check box is selected, the points of support can be defined by relative
specification. The locations of the intermediate restraints are determined from the member
length and the relative distances from the member start. If the Relatively (0 ... 1) check box is
cleared, you can define the distances manually in the upper table.

In case of cantilevers, avoid intermediate restraints because they divide the member into seg-
ments: For cantilevered beams, this would result in statically underdetermined segments with
lateral and torsional restraint only at one end.

Dlubal
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If segments of members are connected by weld seams, you can specify their arrangement and
detailing in Window 1.5. In this way, you can take into account the HAZ softening of the cross-
section.

Transverse Welds

The Designers' Guide to Eurocode 9 [3] provides further information on the topic "transverse
welds."

To select a member graphically and show its corresponding row, click [X\].
Changes are possible in the table as well as in the Settings tree.

1.5 Transverse Welds

A [ C [ © [ € T F T G [ H [owwwwes J [ K [ [ ]
Member | Transverse Length Transverse Welds [] Weld No. of
Ma. Welds L [m] Mumber x1 Xz x3 x4 Type Method Material Temperature | Hest Paths
i a E
17 =]
18 a
19 ]
2 ]
2 0333 0.667 butt Alloy Fooc 60.000 1
22 2 0333 0.667 butt MIG Alloy Foo 60.000 1
23 ]
24 a
25 a -
J] Relativety (0 . 1) ENENREY |1|
Settings - Member No. 21
Cross-Section
Member Length L m
Transverse Welds
‘Welds Count {maze. 4) 2
Weld Type butt
Method MIG
Material Alloy oo
Temperaturs 60.000 | T
Number of Heat Paths 1
Fosition of Transverse Weld No 1 x1 0.333
Position of Transverse Weld No.2 xz 0.667

Set input for members No.

Figure 2.19: Window 1.5 Transverse Welds

Transverse Welds

To define a transverse weld, select the check box in column A. Thus, further columns for speci-
fying parameters become available.

Length L

This column shows the corresponding member lengths.

Transverse Welds

Number

Column C allows you to specify the Number of the weld seams. You can specify up to four
transverse welds for each member. In the next columns, you then can specify the x-locations.

X1/ X2/ X3/ Xq

If the Relatively (0 ... 1) check box is selected, you can define the locations of the transverse
welds by means of relative input: They result from the member length and the relative dis-
tances from the member start. To specify the distances by their length, clear the selection of
the Relatively (0 ... 1) check box.

22
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Weld Type

In this column, you specify the type of the weld seam. You can select from one of two options:
butt and fillet. The weld type has an influence on the expansion of the heat-affected zone (see
[1], Clause 6.1.6.3).

Method

The welding procedure also has an influence on the expansion of the heat-affected zone. In
column |, you can specify either the MIG or the TIG method.

Material

In the list, you can select heat-treatable alloys of temper T4 and above (6xxx and 7xxx series) as
well as non-heat-treatable alloys in any work-hardened condition (3xxx, 5xxx, and 8xxx series).
They have an influence on the characteristic strengths fohsz and fuhaz.

Temperature

If the temperature is above 60 °C, there could be a build-up of temperature between weld seam
passes. This increases the extent of the heat-affected zone (see [1], Clause 6.1.6.3 (8)).

No. of Heat Paths

In the last column, you specify the number of valid heat paths.

Below the Settings table, you find the Set input for members No. check box. If selected, the set-
tings entered afterwards will be applied to the selected (manual entry of member numbers or
graphical selection by means of [\]) or All members.

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH
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2.6  Effective Lengths - Members

The window is subdivided into two parts. The upper table provides summarized information
about the factors for the lengths of buckling and lateral-torsional buckling as well as the
equivalent member lengths of the members to be designed. The effective lengths defined in
RFEM are preset. In the Settings section, you can see further information on the member whose
row is selected in the upper section.

To select the member graphically and show its row, click [\].

You can change the parameters in the table as well as in the Settings tree.

1.6 Effective Lengths - Members

E_ [ C

E | F

G

H

[ J 1 K 1T T 1T ™M ]

A
Member| Buckling

1.000
1.000

k-

|
EEEEEEEEEE

1.000
1.000
1.000
1.000
1.000
1.000
1.000

HEEEEEEEEE

Settings - Member No. 75
Cross-Section
Length
Buckling Possible
[ Buckling About Axis u Possible
Effective Length Factor
Effective Length
= Buckling About Axs v Possible
Effective Length Factor
Effective Length
B Buckling About Axis y Possible
Effective Length Factor
Effective Length
= Buckling About Axis z Possible
Effective Length Factor
Effective Length
E Lateral-Torsional Buckling Possible
Hfective Length Factor (Support Type)
Warping Length Coefficient (Support Type)
LTB Length

Set input for members No

Buckling About Auds y/u

2667
1.000

1250 [ 1.250 ]

2000
2,000
2,000
1.000
1.000
2,000
2,000

Buckling About Auds z/v
No Possible | Possible | keryiu Leryiulm] |Possible | korzv

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

keru

Leru

kery

Lerv

=
Lery

kerz
Lerz

kv
kw
Lw

Figure 2.20: Window 1.6 Effective Lengths - Members

Leraziv [m]

2667
1.000
1.000
2000
2,000
2,000
1.000
1.000
2,000
2,000

1,000
1.000 | m
1.000
1.000 [m
1.000
1.000 [m
1.0
10
1.000 [m

Fossible

OoO0O000®E& O

Lateral-Torsional Buckling
keaiv lew L [m] Lt [m] Comment

1.0 1.0 1.000 1.000
10 10 1.000 1.000

= @ (&) (@

LS 100810

100.0
728

m

[mm]

) () 5 (@

The effective lengths for buckling about the minor z-axis are aligned automatically with the
entries of the 1.4 Intermediate Lateral Restraints window. If the intermediate lateral restraints

are dividing the member into segments of different lengths, the program displays no values in
the columns G, K, and L of Window 1.6.

You can enter the effective lengths manually in the table and in the Settings tree, or define
them graphically in the work window upon clicking [...]. To enable the button, click in the text
box (see figure above).

The Settings tree manages the following parameters:
e (Cross-Section
e Length of member
e Buckling Possible for the member (corresponds to column A)
e Buckling About Axis y or u (corresponds to columns B through D)
e Buckling About Axis z or v (corresponds to columns E through G)
e [lateral-Torsional Buckling (corresponds to columns H to L)

In this table, you can specify for the currently selected member whether to carry out a buckling
or a lateral-torsional buckling analysis. In addition to this, you can adjust the Effective Length
Factor and the Warping Length Factor for the respective directions. When a factor is modified,
the equivalent member length is adjusted automatically, and vice versa.
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You can also define the effective length of a member in a dialog box. To open it, click the
button shown on the left. It is located on the right below the upper table of the window.

Select Effective Length Factor Lé]
Buckling About y-Axis Buckling About z-Axis
ky=0.7 X kz=0.7 n ! T —
; £ /
E.}. = A Y
ky =0.85 kz=0.85 ——=
z ¥
z Y y
ky = 1.0 O kz=10
Fi Y
ky = 1.25 l—_| kz=1.25 !—-—|
I e
ky = 1.5 l__—| kz=15 —
: P Y P
ky =20 l———— kz=2.0 ——
: ' y '
User-defined 1—. User-defined ﬁ—.
= : kz= .. v

@ Import from add-on module RF-STABILITY:

{Eigenvalue Analysis)

Import from add-on module RF-STABILITY
(Eigenvalue Analysis)

RF-STABILITY-Case:
|CA1 - Stability analysis - CA1 - Stability analysis
Buckling = -
mode No.: 15 S 15
Export effective length - Export effective length -
factor Ky : 1.000 factor kz: 1.000
D OK ] | Cancel

L 4

Figure 2.21: Dialog box Select Effective Length Factor

The effective length factors ke.y and k.. correspond to the following definitions in [1], Table 6.8:

k=0.70 held in position at both ends + restrained at both ends
k=0.85 held in position at both ends + restrained at both ends
k=1.00 held in position at both ends + not restrained at both ends
k=1.25 held in position at one end + restrained at both ends

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

k=2.00 held in position and restrained at one end + free at the other end

The effective length factor can also be specified as User-defined. If you performed an eigen-
value analysis in the RF-STABILITY add-on module, you can select a Buckling mode for deter-
mining the factor.

Buckling Possible

The stability analyses for flexural buckling and lateral-torsional buckling require that members
can resist compressive forces. Members for which such resistance is not possible because of
the member type (for example, tension members, elastic foundations, rigid couplings) are ex-
cluded from design in the first place. The corresponding rows appear dimmed and a message
is displayed in the Comment column.

The Buckling Possible check boxes in table column A Settings tree offer you a control option for
the stability analyses: By using them, you determine whether the analyses should or should
not be performed for a member.
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Buckling About Axis y or z

With the check boxes in the Possible columns, you decide whether a member is susceptible to
buckling about the y-axis and/or z-axis. These axes represent the local member axes, where
the y-axis is the major and the z-axis the minor member axis. You can freely select the effective
length factors keyand ke according to [1], Table 6.8 for buckling about the major or the minor
axis.

You can check the position of the member axes in the cross-section graphic in the 1.3 Cross-
Sections window (see Figure 2.13, page 16). To go to the RFEM work window, click [View mode].
In the work window, you can display the local member axes by using the context menu of the
member or the Display navigator (see Figure below).

Project Navigator - Display x
_...@& Model -

+E|¥ Nodes

+E|¥ Lines

+|:|¥ Surfaces

- [Z]% Solids

E‘& Solid Orthotropies

-[]& Openings

+-[¥] 8 Modal Supports

+E|¥ Line Supports

- [¥]&/ Surface Supports

-[v]i Members

E‘& Member Elastic Foundations

B Membe s Sysemsoye

g [#]5 Indexes

1% Member Axis Systems u,v,w

g [#]5 Indexes

&% Member Orientations

[#]5% Member End Releases =

4 T »

ﬁData EDisplay A views

Figure 2.22: Activating the member axis systems in the Display navigator of RFEM

If buckling is possible about one or even both member axes, you can enter the effective length
coefficients as well as the effective lengths in the columns C and D as well as F and G. The same
specifications are possible in the Settings tree.

Alternatively, you can define the effective lengths graphically in the work window upon click-
ing [...]. This button becomes available when you click in an L. text box (see Figure 2.20).

When you specify the effective length factor ko, the program determines the effective length
L by multiplying the member length L by the effective length factor. The text boxes ki and Lo
are interactive.

Lateral-Torsional Buckling Possible

In column H, you can control for which members the program should perform an analysis of
lateral-torsional buckling.

Effective length factor k,

To determine M by the eigenvalue method, a member model with four degrees of freedom is
created in the program background. The following definitions of k; and kw (see page 27) are
possible for representing the degrees of freedom on the supports of such a model:

k,=1.0 Lateral and torsional restraint at both beam ends

k,=0,7le Restrained at the left and lateral and torsional restraint at the right end
kz=0.7ri Restrained at the right and lateral and torsional restraint at the left end
k,=0.5 Restrained at both member ends

k;=2.0le Restrained at the left and free at the right member end

kz=2.0ri Restrained at the left and free at the right member end
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A lateral and torsional restraint with kz = 1.0 results in a support with a fixation in direction of
the y-axis and a restraint of the torsion about the x-axis (longitudinal axis) of the member. In
case of a restraint, the torsion of the cross-section about the z-axis is restrained, too. The ab-
breviations le and ri refer to the left and right end. The abbreviation /e always refers to the sup-
port conditions at the member start.

Because the definitions for k; and kw always refer to member start and member end, particular
attention must be paid when using intermediate restraints: These divide the member into in-
dividual segments for the calculation. For cantilevered beams, there would be statically un-
derdetermined segments with lateral and torsional restraints at one end only.

Warping length factor k,,

With the warping length factor ku, you define the support's fourth degree of freedom, which is
also included in the determination of the elastic critical moment for lateral-torsional buckling
M. Specify whether the cross-section is free to warp or if there is a warping restraint.

The definition is similar to the one of the effective length factor k; (see above); here, however,
itis a restraint that describes the prevention of warping. By default, RFE-ALUMINIUM takes the
member length as the length of lateral-torsional buckling. For a structural element consisting
of several members between the supports, it can make sense to define the length for lateral-
torsional buckling manually. To this end, you can use the select function [...].

kw=1.0 Support free to warp at both member ends
kw=0.7le Restrained at the left and lateral and torsional restraint at the right end
w=0.7ri Restrained at the right and lateral and torsional restraint at the left end
kw=0.5 Warping restraint at both member ends
kw =2.0le Restrained at the left and free at the right member end
w=2.0ri Restrained at the right and free at the left member end

Because the internal member model requires only four degrees of freedom, a definition of the
remaining degrees of freedom (displacement in x- and z-direction) is unnecessary.

Lateral-Torsional Buckling Length L,,

The lengths given in column K are included in the determination of the elastic critical moment
for LTB Mc..

Torsional Length L

The torsional buckling length is necessary to determine the elastic torsional buckling force Ne.r
and the elastic torsional-flexural buckling force Ncrr.

Below the Settings table, you find the Set input for members No. check box. If selected, the set-
tings specified afterwards will be applied to the selected (manual entry of member numbers or
graphical selection upon clicking [\]) or to All members. This option is useful when you want
to apply the same boundary conditions to several members. Please note, however, that this
function does not allow you to change already specified settings after the fact.

It may happen that the LTB length L« or the torsional buckling length L+ differs from the mem-
ber length or the buckling length. In these cases, it is possible to adjust the lengths L, and Lr in
the columns K and L manually.

Comment

In the last table column, you can enter you own comments to describe, for example, the se-
lected equivalent member lengths.
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2.7  Effective Lengths - Sets of Members

This window appears only if you selected at least one set of members for design in the 1.1
General Data window.

1.7 Effective Lengths - Sets of Members

e 8 | c [ o [ E [ F [ e [ W [ v [ 4 [ ® [ v ] M
Set Buckling Buckling About Auds y/u Buckling About Auds z/v Lateral-Torsional Buckling
Possible | keryw | Lenywlm] |Possible | keorzy | Lorze[m] | Possible | kaw bow L ] Lt [m] Comment
1.000 2.000 1.000 2.000 2.000
1.000 2.000 1.000 20000 O
1.000 6.000 1.000 6000 [

Settings - Set of Members No. 1 LS 1000810
[ Set of Members
Cross-Section
Length L m
Buckling Possible
= Buckling About Axs u Possible
Hfective Length Factor keru 1.000
Effective Length Leru m -
[ Buckling About Axis v Possible 2l e
Effective Length Factor ker.v 1.000 3 )
Effective Length L 2000 [m Ty
= Buckling About Axis y Possible zf,'T
Effective Length Factor leory 1.000
Effective Length Lory 2000 |m 4
= Buckling About Axis z Possible
Effective Length Factor Kerz 1.000
Efective Length Lerz 2,000 |m “
[ Lateral-Torsional Buckling Possible
Torsional Length Lt 2000 |m
Comment
Set input for sets Mo.: [mm]
'-n @ ]

Figure 2.23: Window 1.7 Effective Lengths - Sets of Members

D The concept of this window is similar to that of the previous one, 1.6 Effective Lengths - Mem-
bers. In this window, you can enter the effective lengths for the buckling about the two princi-
pal axes of the set of members as described in Chapter 2.6.

For sets of members, however, the parameters k. and kw for the checks of lateral-torsional and
torsional-flexural buckling are controlled by means of the boundary conditions that you speci-
fy in the Windows 1.8 and 1.9. Therefore, column | through K are usually not available.

Sets of Members - Member-like Input You have the option to analyze the stability behavior of sets of members by using methods

®) Do not use memberdike input that are also used for individual members. For this, the Stability tab of the Details dialog box of-
Use for all sets of members . . .

e ————— fers you three options for the Sets of Members - Member-Like Input (see Figure 3.2, page 35). In
Use only for straight sets of members without this way, you can specify the parameters for lateral-torsional buckling also conventionally for

intermediate restraints (simple beams or cantilevers)

sets of members.

g The determination of xs according to [1], Eq. (6.71) is not recommended for the check of lateral-
torsional buckling of buckled sets of members: These bending moments at the start and end
of a set of members can result in incorrect values for xs, ®, and axir, and thus lead to incorrect
results.
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~) Use for all sets of members
() Use only for straight sets of members

~ Use only for straight sets of members without
intermediate restraints (simple beams or cartilevers)
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2.8 Nodal Support - Sets of Members

This window is displayed if you selected at least one set of members for design in the 1.1 Gen-
eral Data window.

If you select the Sets of Members - Member-Like Input option in the Details dialog box (see Fig-
ure 3.2, page 35), Window 1.8 will not be shown. Intermediate lateral restraints can be defined
in Window 1.4 by means of division points.

18 Modal Supports - Set of Members No. 3 - Continuous members 3

A [ B [ C E | F [ G T H 7 I -
Support MNode Support Lat. Support Rotational Restraint Warping Eccentricity
Ma. Na Rotation B[] uy i [xNm/rad] (7 Restraint @ [kNn  ex [mm] ez [mm] Comment
1 25 0.00 [ 3240 i) 500
2 H 0.00 ] a 0.0 0.0 L
3 31 0.00 [m] [m] [m] 0.0 0.0 I
4 28 0.00 a ] a 0.0 0.0
5
6
7
8
]
10 -
EY 3@ (B (@)
Settings - Node Support No. 25
B Set of Members
Cross-Section
Node with Support Mo. 25
Support Rotation B 0oo|*
Latersl Support in Y" uy
Restrained about X' X
Restrained about Z° 9o
Warping Restraint @ 3.24D | kNm*
Eccentricity ex 0.0 | mm
Eccentricity ez £0.0 | mm
Comment

[ Set input for supports No.:
Al a

Figure 2.24: Window 1.8 Nodal Supports - Sets of members

The stability analysis of sets of members is based on the loads and boundary conditions of
these sets of members. Here, the amplifier . of the entire set of members must be deter-
mined in order to obtain the elastic critical moment for LTB M. The calculation of a. depends
on the settings in the Details dialog box (see Chapter 3.1.2, page 35).

To determine the amplifier a., the program models a plane beam structure with four degrees
of freedom per node. To determine the support conditions, use Window 1.8. This table refers
to the current set of members (selected in the navigator on the left).

For the definition of nodal supports, the orientation of the axes in the set of members is im-
portant. The program checks the position of the nodes. According to Figure 2.25 to Figure
2.28, the program specifies in its background the axes of the nodal supports for Window 1.8.

Figure 2.25: Auxiliary coordinate system for nodal supports - straight set of members

If all members in the set of members are in a straight line, the local coordinate system of the
first member in the set of members represents the equivalent coordinate system.

'2 Input Data _I_/\
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Figure 2.26: Auxiliary coordinate system for nodal supports - set of members in vertical plane

Even if the members of a set of members are not in a straight line, they still must lie in one
plane. In Figure 2.26, it is a vertical plane. In this case, the X'-axis is horizontal and orientated
in the direction of the plane. The Y'-axis is also defined as horizontal and perpendicular to the
X'-axis. The Z'-axis is orientated perpendicularly downwards.

Figure 2.27: Auxiliary coordinate system for nodal supports - set of members in horizontal plane

If the members of the buckled set of members lie in a horizontal plane, the X'-axis runs parallel
to the X-axis of the global coordinate system. The Y'-axis thus runs in the opposite direction to
the global Z-axis, while the Z'-axis runs parallel to the global Y-axis.

Figure 2.28: Auxiliary coordinate system for nodal support — set of members in an inclined plane

Figure 2.28 shows the general case of a buckled set of members: The members lie not on a
straight line but on an inclined plane. The definition of the X'-axis results from the intersection
line between an inclined plane and the horizontal plane. The Y'-axis runs perpendicular to the
X'-axis and perpendicular to the inclined plane. The Z'-axis is defined as rectangular to the X'-
and Y'-axis.
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~) Use for all sets of members
() Use only for straight sets of members

~ Use only for straight sets of members without
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2.9 Member End Releases - Sets of Members

This window is displayed if you select at least one set of members in the 1.1 General Data win-
dow for design. In this window, you can define releases for members in a set of members,
which, for structural reasons, do not transfer the degrees of freedom restrained in Window 1.8
as internal forces. This table does not refer to the current set of members (selected in the navi-
gator on the left).

If in the Details dialog box (see Figure 3.2, page 35) you select the Member-Like Input, Window
1.9 will not be shown. You can then define the intermediate lateral restraints by means of divi-
sion points in Window 1.4.

1.9 Member End Releases - Set of Members No. 3 - Continuous members 3

[ A | B [ C [ D [ E [ F [ G
Release | Member Member [Shear Release Moment Release Warp Release
No. No. Side Vy M1 Mz [kNm/rad] Mo Comment
1 53 Start a N o
[z End a 0 15.000 0
3

-

e

@

-

e

@

o

a

AEE®

Settings - Member No. 63
[ Set of Members

Cross-Section
Member wih Refease a the End Moo RS
Member Side Side End
Shear Release in y-Direction Vy ]
Torsional Release Mt a
Moment Release about z-fuis Mz 15.000 | kNm/rad
Wamping Release M
Comment

Set input for release No

Figure 2.29: Window 1.9 Member End Releases - Sets of members

In column B, you specify, at which Member Side (member end) the release exits or if both mem-
ber sides are internally hinged.

In the columns C through F, you can define releases or spring constants in order to align the
set of members model with the support conditions in Window 1.8.
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2.10 Serviceability Data

The last input window controls various specifications for the serviceability limit state design.
It is shown only if you select at least one case in the Serviceability Limit State tab of Window 1.1
(see Chapter 2.1.2, page 12).

110 Serviceability Data

A R C [ D [ E | F [ G H
Member Reference Length Direc- Precamber

No. Reference to No Manualty L [m] tion w e [mm] Beam Type Comment
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2 | Set of Members 2 2000 v.z 0.0 Beam
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4 Member 23 ] 1.000 u, v 0.0 Beam

5 | Member 43 ] 2667 vz 0.0 Beam
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Member ] 1000 vz 0.0 Cantilever End Free
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Figure 2.30: Window 1.10 Serviceability Data

In column A, you can decide if the deformation refers to individual members, lists of members,
or sets of members.

In column B, you specify the members or sets of members for the design. Alternatively, you can
select them graphically in the RFEM work window upon clicking [...]. The Reference Length is
shown automatically in column D. All lengths of the members, sets of members, or lists of
members are preset. You can adjust the values after selecting the corresponding check boxes
in column C Manually.

In column E, you specify the governing Direction for the deformation analysis. Here, you can
select the directions of the local member axes y or z (or u and v for asymmetrical sections).

In column F, you can consider a Precamber w..

To apply the limit deformations correctly, the Beam Type is very important. In column G, you
can select whether to represent a beam or a cantilever and at which end there is no support.

The selection in the Serviceability tab of the Details dialog box controls whether the defor-
mations refer to the undeformed initial system or the displaced ends of the member or set
of members (see Figure 3.3, page 38).
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3. Calculation

3.1  Detail Settings

Before starting the [Calculation], check the design details. To open the corresponding dialog
box, you can use the [Details] button available in every window of the add-on module.
The Details dialog box contains the following tabs:

e Ultimate Limit State

e Stability

e Serviceability

e Other

3.1.1 Ultimate Limit State

Details Iéj

Utmate Limit State | Stabiity | Senviceability | Other |

Alternative Values Options Classification of Cross-Sections
O ezn EN 1933-1-1: 6251 (2) [] Blastic design {also for Class 1and lanore classfication of curved parts f
[ as EN 1999-1-1:6.25.1 @) Class 2 cross-sections) n< 500 =

" -1:6.25. < (5 =
] mo EN 1999-1-1: 6.2.9.1 (1) [ Design of shear acc. to 6.2.1(5). eq. (6.15c)

- £ Separately classify the loading components acc
Ore EN 1589-1-1:6.28.1(1) [] Design of angles acc. to 6.2.1(5). eq. (6.15a) to §.3.3 NOTE 1and NOTE 2
[ e EN 1999-1-1:6.29.1(1)
Design of angles acc. to 6.2.1(5
Cw EN 1999-1-1:629.2(1) S ’ r——r
] ne EN 1999-1-1: 6.3.3.1 (12} (] Ean.s%%nga]genem\ cross-sections ace. to 6.2.1(5). Design procedure
[ by B0 ELAREE() @ Reduced stress method
B ac EN 1995-1-1: 6.3.3.1 (1L(2) Design of general cross-sections acc. to 6.2.1(5 Effedtive cross-sedion method
[ we EN 1993-11:633.1(3) Design of plate girders acc.to 6.7
Shear design of solid cross-sections
- Shear buckling design of webs
(Unjselect Al

Figure 3.1: Dialog box Details, tab Ultimate Limit State

Alternative Values

This section lists factors that can be determined differently according to EN 1999-1-1. If a check
box is selected, the standard value is used. The corresponding clauses from the standard are
given.

To select all or clear the selection of all check boxes, click the [(Un)select All] button.

Options

In RF-ALUMINIUM, cross-sections assigned to class 1 or 2 are designed plastically. If you do not
want this to happen, you can set the Elastic design also for these cross-section classes.

An elastic shear design is possible so that the shear force check is not only performed on the
basis of plastic shear resistance (default setting), but the shear stress analysis is performed, too.
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You can activate the elastic design of angle sections to design them according to [1], Clauses
6.2.5 through 6.2.10 with the stresses instead of the resistance values (default setting). The fac-
tors &, Mo, Yo and wo are taken as 1.00.

Optionally, you can also perform an elastic design of general cross-sections based on stresses
according to [1], Clauses 6.2.5 through 6.2.10. This covers some cross-sections from the RFEM
library or from SHAPE-THIN. In this case, the design is based not on the resistances (default set-
ting) but on the stresses. Furthermore, you can activate the design of general cross-sections ac-
cording to 6.2.1(5). For this, the yielding stresses according to VON MIsEs are calculated in every
stress point. The greatest design ratio according to [1], Eq. (6.15) is then used to determine the
governing stress point and the final design ratio for each x-location of the member. The pa-
rameter C can be set in the National Annex Settings dialog box (see Chapter 2.1.3, page 13).

The Design of plate girders according to 6.7 is appropriate for cross-sections that fulfill the re-
quirements of a plate girder and that are not indicated as "general" sections. However, RF-
ALUMINIUM does not design longitudinal and transverse stiffeners.

The Shear design of solid cross-sections option allows you to check the shear and bending of
solid sections. If you clear the selection, the bending moments, torsional moment, and shear
forces are neglected, even if they were calculated in RFEM.

In case of a Shear buckling design of webs, the designs are carried out according to [1], Clause
6.5.5and 6.7.4.

The partial safety factors ym of the materials are managed in the National Annex Settings dialog
box (see Chapter 2.1.3, page 13).

Classification of Cross-Sections

For sections with SHAPE-THIN arc elements, the width-to-thickness ratios can result in classifi-
cation problems, because RF-ALUMINIUM considers only unreinforced cross-section parts (see
[1], Figure 6.1 (a)). By selecting the Ignore classification of curved parts check box, you exclude
short fillet curves from the classification if the user-defined c/t-ratio is not reached. Longitudi-
nal stiffening ribs, edge lips, or bulbs have no influence on the designs.

By default, the check box Separately classify the load components acc. to 6.3.3 NOTE 1 and NOTE
2is selected. If necessary, you can clear this default setting.

Transverse Welds

If segments of members are welded to each other, the transverse welds lead to a softening in
the heat-affected zone (HAZ). To consider the reduced strength according to [1], Clause 6.1.6.2,
NOTE 2, you can choose one of two options: For the Reduced stress method, the fonaz and funaz
strength values are reduced according to [1], Table 3.2. The Effective cross-section method, on
the other hand, uses reduced cross-section values for the designs (Surface A, elastic moduli W,
moments of inertia ).

You can specify the parameters of the transverse welds in the 1.5 Transverse Welds window.
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3.1.2  Stability

Details &J

Ultimate Limit State ‘ Stability |Sewiceahilrty | Other ‘

Stabilty Analysis Sets of Members - Member-Like Input T
Perform stability analysis @ Do not use memberdike input [ Caleulate slendemess for lateraltorsional buckling
") Use for all sets of members LT ace. to Annex 1.2 (2) (I-sections and channels
u for straight sets of b covered by Table 1.5)
Flezural buckling about the major y-axis acc. to 6.3 e m!g Sels of memoers ; [ElCaeut Jend I ional and torsional
Use only for straight sets of members without I'Ia cu Elﬂg sl Ei‘l IEMess UHU’T:‘;UI‘IE Iaz _Zl)Dr?IDI‘Ia -
" int diate restraints (simple b il exural buckling &7 acc. to Annex 1.4 (2) (sections
Flezural buckling about the minor z-axis acc. to 6.3 EiamedeieeEiis b rca fietas] covered by Table |.8)

Determination of Distance for Studied Section

[T Include second-order effects acc. to 5.2.2(4) by Calculation of x < for unknown modes of buckling lossxel ey e il
increasing bending momert about the major y-axis @ Use half of the effective length || Perform design for doubly symmetrical |-sections
- 2 and sections composed of radiating outstands
1.150 D) According to EN1333-1-1eq. (6.71) classified as Class 1and 2, without applying Note
£.3.1.4(1)
D Include second-order effects acc. to 5.2 2(4) by
increasing bending moment about the minor z-axis F
11501

Limit Values for Special Cases

Unsymmetric cross-sections with
Determination of Elastic Critical Moment for LTB CamsEsuax Hedtyy
For members: Do not consider small moments and allow stability

design by 6.3.1 (intended =dal compression) if:
@ Automatically by Eigenvalue Method

_ Automatically by comparison of moment Eendin My,Ed/ Mpl,y,Rd < 000
distributions and assignment of coefficient C1 o 2 Y' -
(Czand C3 will be determined by Eigenvalue MzEd/MplzRd = 0.0100

Method, if required) D . .
o not consider small compression forces and allow
~ Manual definition in Window 1.6 stability design acc. to 6.3.2 (bending without
compression) if:
Load application of positive transverse loads

@ On cross-section edge directed to shear center Compression NeEd I Nel < 0010

(e.q. top flange, destabilizing effect)
Cross-Sections with Torsion

In shear center
N Limit shear stress for stabilty anafysis

~1 On cross-section edge dirscted from shear center i <
(e.g. bottom flange., stabilizing effect) Torsion Tt.Ed f Tt.Rd = 0.050 =

Figure 3.2: Dialog box Details, tab Stability

Stability Analysis
The Perform stability analysis check box is available if, in addition to the cross-section checks,

you also want to run a stability analysis. If you clear the check box, the Windows 1.4 through
1.9 are not shown.

If you select this check box, you can specify the axes that are relevant for the flexural buckling
analysis. In addition, you can Include second-order effects according to [1], Clause 5.2.2 (4) with a
manually definable factor for bending moments. For example for a frame, whose governing
buckling mode is lateral deflection, you can thus determine the internal forces according to
the geometrically linear static analysis and increase them by using the appropriate factors. In-
creasing the bending moments has no effect on the check for flexural buckling resistance ac-
cording to [1], Clause 6.3.1.

Determination of Elastic Critical Moment for LTB

The elastic critical moment is determined according to the default setting Automatically by
Eigenvalue Method. The program uses a finite member model to determine M, under consid-
eration of the following points:

e Dimensions of gross cross-section

e Load type and position of load application point
e Actual moment distribution

o Lateral restraints (from support conditions)

e Actual boundary conditions

The degrees of freedom can be controlled by using the factors k; and kw (see Chapter 2.6,
page 26).
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When determining the elastic critical moment Automatically by comparison of moment distribu-
tions, the coefficient C; is determined by means of the moment distribution. To view the load
and moment distributions in a dialog box, click [Info]. The coefficients C; and C; are - if re-
quired — automatically determined by Eigenvalue Method.

With the Manually in Window 1.6 option, the header in column J of Window 1.5 changes to M.
so that you can enter the elastic critical moment directly.

If transverse loads exist, it is important to define where these forces act on the section: De-
pending on the Load application, the transverse loads can have a stabilizing or destabilizing
effect, and thus have a decisive influence on the elastic critical moment.

Sets of Members - Member-Like Input

You can analyze the stability behavior of sets of members by four methods. In general, the
Member-Like Input is recommended only for straight sets of members.

If you use the default setting Do not use member-like input, the program will run a general anal-
ysis based on the factor a.. In Window 1.8, you specify the support conditions for each indi-
vidual set of members. The factors k. and kw in Window 1.7 are of no relevance.

The Use for all sets of members option allows you to analyze sets of members in relation to the
stability behavior like individual members. You can use this approach if each set of members
corresponds to a single-member model.

You can also use the member-like input only for straight sets of members with the same cross-
section (for example, continuous member). The factors k. and k., which are to be specified in
Window 1.7, are used for the determination of the support conditions B, uy, ¢x, ¢z and . The
Windows 1.8 and 1.9 are not displayed.

By using the last option, you limit the member-like input to Straight sets of members without in-
termediate restraints according to the definition in RFEM: For the member-like input, only sets
of members that have RFEM supports at their ends are considered. This option is suitable for
the design of, for example, single-span beams or cantilevers. The Windows 1.8 and 1.9 are not
displayed. Beams that are connected laterally at intermediate nodes cannot be considered.

Determination of Distance for Studied Section

The distance x; is given in [1], Figure 6.14. It describes the distance between the analyzed
cross-section and a support or point of contraflexure of the deflection curve for elastic buck-
ling of compressive force only. You can conservatively Use half of the effective length or x; ac-
cording to [1], Eq. (6.71) for members with end moments (transverse loads are not allowed).
Because the equation gives only a single value for xs, this value is used for every portion of the
member.

The Eq. (6.71) [1]is limited to linear moment distributions in the member. Furthermore, the
right side of the equation must yield a value between — 1.0 and 1.0, because the left side repre-
sents a cosine. If one of the two conditions is not fulfilled, the equation is not used: xs is then
taken as half of the effective length for the segment.

In the current program version, known buckling modes are not presupposed. The determina-
tion of x, as for the common buckling modes on the basis of bending moments and twists are
not implemented.

Limit Values for Special Cases

To check unsymmetrical cross-sections under intended axial compression according to [1],
Clause 6.3.1, you can neglect small moments about the major and minor axis in this dialog box
section.

Similarly, for the pure bending check according to [1], Clause 6.3.2, you can neglect small com-
pression forces by specifying a limit ratio Ncgd to Npi.
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Intended Torsion is not clearly specified in EN 1999-1-1. If there is torsion not exceeding the de-
fault shear stress ratio of 5 %, it is neglected in the stability analysis; results for the flexural and
torsional-flexural buckling are shown.

If one of the limits is exceed in this section, a message appears in the results window. No stabil-
ity analysis is run. The cross-section checks are run independent from this. These limit settings
are not part of the EN 1999-1-1 or a National Annex. Changing the limits is within the user’s re-
sponsibility.

Slenderness Determination

Annex | of EN 1999-1-1 provides alternative simplified methods for the calculation of the rela-
tive slendernesses for torsional-flexural buckling without axial force (Annex 1.2, clause 2) as
well as torsional and torsional-flexural buckling with axial force (Annex 1.4, section 2). You can
activate these alternative methods by selecting the corresponding check boxes.

The relative slendernesses of unequal angles, back-to-back-angles, cruciforms, sections with
fillet welds and bulbs, as well as general sections are never determined according to the alter-
native methods.

Torsional and Torsional-Flexural Buckling

Clause 6.3.1.4(1) gives cross-section types for which the check of torsional and torsional-
flexural buckling may be ignored: hollow sections, doubly-symmetric I-sections, and sections
composed of radiating outstands (angles, tees) that are classified as class 1 and 2. The check
box allows you to perform stability analyses for such sections nonetheless — except for hollow
sections which are generally excluded from the stability design.
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3.1.3 Serviceability

Details &J
Utmate Limit State | Stabilty | Serviceabity | Other
Deformation Relative To
(@) Shifted members ends / set of
members ends
) Undeformed system

Figure 3.3: Dialog box Details, tab Serviceability

Deformation Relative To

By using the options in this dialog box section, you can decide whether to refer the maximum
deformations to the Shifted member ends / set of members ends (connecting line between start
and end node of the deformed system) or to the Undeformed initial system. Usually, the defor-
mations are to be checked relative to the displacements in the global analysis.

You can check the limit deformations in the National Annex Settings dialog box and, if neces-
sary, adjust them (see Figure 2.9, page 13).
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3.1.4 Other

Details &J

Utimate Limit State | Stabity | Senviceabilty | Other |

Cross-Section Optimization Display Result Windows
Maze allowable design ratio 10005 | 2.1 Design by Load Case
|2 2 Design by Cross-Section

Check of Member Slendernesses 2.3 Design by Set of Members

Members with Alimit | 2.4 Design by Member
- Tension only: 3001= V|2 5 Design by x-Location
- Compression / flexurs 200

V| 3.1 Goveming Intemal Forces by Member

Cross-Section Database 7] 3.2 Goveming Intemal Forces by Set of Members

/| Allow design of shapes from the library of rolled steel

3.3 Member Slendemesses
cross-sections

| 4.1 Parts List by Member

Settings of SHAPE-THIN Cross-Sections V] 4.2 Parts List by Set of Members
/| Deteming symmetry by module and compare with @) Orlly for members / sets to be designed
SHAPE-THIN definition (SHAPE-THIN definition is
used as default) Of all members / sets of members
Consider cross-section as closed <
for It Bredt /It more than: 095

V| Consider overlapping elements only once:

Intemal divisions of cross-section elements for calculation

Elements: 5
Arc elements: 45 I
Point elements: 2k
@ @ Q) @) | Cancl |

Figure 3.4: Dialog box Details, tab Other

Cross-Section Optimization

The optimization is targeted on the maximum design ratio of 100 %. If necessary, you can also
specify a different upper limit in the text box.

Check of Member Slendernesses

In the two text boxes, you can specify the limit values Aimi to control the member slenderness-
es. You can make separate specifications for members with pure tension and for members
with bending and compression.

In Window 3.3, the limit values are compared with the actual member slendernesses. To dis-
play this window after the calculation (see Chapter 4.8, page 49), select the corresponding
check box in the Display Result Windows dialog box section.

Cross-Section Database

In RF-ALUMINIUM, you can also design sections that actually consist of steel (rolled sections).
If you clear the selection, only cross-sections of the categories Parametric - Thin-Walled,
Parametric - Massive, or User-Defined Sections are designed.

Settings of SHAPE-THIN Cross-Sections

This check box ensures that the cross-section is symmetric relative to the principal axis system.
Some SHAPE-THIN sections or general RFEM sections do not, among other things, meet the
requirements of the RF-ALUMINIUM design routine, because the y-axis is always assumed as
major and the z-axis as minor axis. If, for example, Iy < I, or the rotation of the main axis shows
that the z-axis represents the principal axis, the results of RF-ALUMINIUM can result in misin-
terpretations.
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The check box allows you to check the symmetry of general sections, independent from the
SHAPE-THIN analysis. If both methods yield different results, an error message appears.

For closed cross-sections, different proof strength and ultimate strengths than for open cross-
sections apply (see [1], Table 3.2b). In addition, there are different design methods, for exam-
ple according to [1], Clause 6.2.9.1 and 6.2.9.2. If the Bredt torsional constant l:geat cOMmponent
of the torsion constant I is greater than the specified value, the cross-section is taken as closed.
In this case, you can also neglect the possibility of torsional and torsional-flexural buckling (see
[1], Clause 6.3.1.4 NOTE).

The Internal divisions of cross-section elements has an influence on the calculation time for the
determination of the cross-section properties. For Arc elements, you need to specify the angle
in degrees [°].

Display Result Windows

Here, you can select which results windows including parts list you want to display. These win-
dows are described in Chapter 4 Results.

Window 3.3 Member Slendernesses is deactivated by default.

40

Program RF-ALUMINIUM © 2014 Dlubal Software GmbH



Calculation

Al [~

Al
LC  Load Cases
€0 Load Combinations
RC Result Combinations

'3 Calculation 4'&

Dlubal

3.2  Start Calculation

To start the calculation in RF-ALUMINIUM, use the [Calculation] button available in every input
window of the module.

RF-ALUMINIUM searches for available results of the load cases, load combinations, and result
combinations selected for design. If no results can be found, the program starts the RFEM cal-
culation to determine the design-relevant internal forces.

You can also start the calculation in the RFEM user interface. To do this, use the To Calculate di-
alog box (menu Calculation — To Calculate), containing design cases as well as load cases or
load combinations.

To Calculate @
Load Cases / Combinations / Module Cases | Result Tables
Not Calculated Selected for Calculation
No = Description - No = Description -

LC1 Permanent loads I CAl RF-ALUMINIUM - Design of aluminium members according to B
I LC2 Imposed load
[ imp o] Imperfection

co1 Ulitmiate limit state

coz Serviceability limit state

CA1 RF-STABILITY - Stabilty analysis

)

Figure 3.5: Dialog box To Calculate
If the RF-ALUMINIUM cases are missing in the Not Calculated list, select All or Add-on Modules in
the drop-down list at the end of the dialog box section.

To transfer the selected RF-ALUMINIUM cases to the section on the right, click [»]. Click [OK] to
start the calculation.

Alternatively, you can start the calculation of a design case by using the drop-down list in the
toolbar. In this list, select the RF-ALUMINIUM case, and then click [Show Results].

Table Options Add-on Modules Window Help

7 ||[E ]| #a RF-ALUMINIUM CA1 - Design of alumit ~ @ > @ 1[R[0 6 g g & 3 &
B-9- G- F-t@KRES- WERAGF showresuts j1 - A - | & -

Figure 3.6: Direct calculation of an RF-ALUMINIUM design case in RFEM

Subsequently, you can observe the design process in a separate dialog box.
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4. Results

Immediately after the calculation, the 2.1 Design by Load Case window is shown.

RF-ALUMINIUM - [Frame] |

File Edit Scttings Help

Input Data B [ € [ D J[EJ 3 &
General Data Load- Member | Location Design
Materials ing Description No. x[m] Ratio Design According to Fomula DS
e e Uttimate Limi State Design
Intermediate Lateral Restraints| ™ [C1 | Pemanent loads 28 0.000 0.56 | <1 334) Stability analysis - Bending and compression acc. to 6.3 3 PT
Transverse Welds LC2_| imposed load 33 2000 0.38 | £ 1 334) Stabilty analysis - Bending and compression acc. to 6.3.3 FT
Effective Lengths -Members | | prgsypey 39 2000 0.38 | <1 334) Stability analysis - Bending and compression acc. to 6.3.3 PT

Effective Lengths - Sets of Mer
) Nodal Supports Serviceabilty Limit State Design

i~ Set of members No. 1-Coll ™07 | Serviceabilty limi state 58 1.000 0.39 | 1] 401) Serviceability - Combination of actions Characteristic' - z-direction 5C
- Set of members No. 2 -Col

! Set of members No. 3 - Cor
51 Member End Releases

¢ setof members No. 1-Col

.- Set of members No. 2 -Col Max [EE-)

i Set of members No. 3 - Cor|

VB b (7 @& =)

©

Serviceabilty Data Details - Member 39 - x: 2.000 m- CO1 315 50481480
Results Material Values - Auminium EN-AW 6082 T6/T651 | EN 1999-1-12007 ~
Design by Load Case ] Cross-Section Values - 15 50/46/4/6/0
Design by Cross-Section Design Intemal Forces
Design by Set of Members [l Cross-section Classfication - Class 2 -
Design by Member =1 Design Ratio E T—T -
Design by xLocation deal Torsional Bucking Load NoeT 361.72 kN Eq. (1.16) ] l_d
Governing Internal Forces by M Moduius of Biasticky 4 T 700000 | Nfmm? 325() B 3 :[
Governing Internal Forces by §| Second Momert of Area ly 2871 om* X
Member Slendemesses Effective Member Length Loy 2000 | m .
Parts List by Member Hlastic Flenural Bucking Force Nony 4359 kN Eq (14) ] ———r
Parts List by Set of Members Limt Relative Slendsmess o 0.100 Tab.66
Relative Skndemess iy 1.921 >0 |631214)
Bucking Curve ECy 7 Tab. 66
imperfection Factor ay 0200 Tab. 66 SRS
Ausdliary Factor 2y 2528 631200 &
Reduction Factor Iy 0240 Eq. (6.50) z
Flexural Buckiing Resistance Nb,y Ra 3590 kN Eq. (6.49)
Second Momert of Area Iz 975 cm?
Effeciive Member Langth Loz 2000 | m
Elastic Flexural Bucking Force Nerz 16.85 kN Eq. (.15 -
Limit Relative Slendemess P 0.100 Tab. 65 - =
Relative Slendemess i 329 sio (63128 |~ (@) 3]

Figure 4.1: Results window with designs and intermediate values

The designs are shown in the result windows 2.1 through 2.5, sorted by different criteria.

Windows 3.1 and 3.2 list the governing internal forces, Window 3.3 provides information about
member slendernesses. Windows 4.1 and 4.2 show the parts lists by members and sets of
members.

To open a window, click the corresponding entry in the navigator. To go to the previous or
next input window, use the buttons shown on the left. Alternatively, you can use the function
keys to go the next [F2] or previous [F3] window.

To save the results, click [OK]. Thus you exit RF-ALUMINIUM and return to the main program.

Chapter 4 Results describes the different results windows one by one. Chapter 5 Evaluation of
Results describes evaluating and checking results (see page 52 f).
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4.1  Design by Load Case

The upper part of the window shows a summary of the governing checks sorted by load case,
load combination, and result combination. Moreover, the list is sorted by ultimate and service-
ability limit state design.

The lower part of the window provides detailed information about the cross-section proper-
ties, design internal forces, and check parameters for the load case selected above.

2.1 Design by Load Case

(T B | c [ b JE] F I

Load- Member | Location Design
ing Description No. x Jm] Ratio Design According to Formula Ds
Lc1 P28 0.000 0.56 | £ 1| 334) Stability analysis - Bending and compression acc. to £.3.3 PT
LC2 | Imposed load 39 2000 0.38 | = 1| 334) Stability analysis - Bending and compression acc. to 6.3.3 PT
CO1 | Ukimate limit state 39 2.000 0.98 | <1 | 334) Stability analysis - Bending and compression acc. to 6.3.3 PT

Serviceability Limit State Design
CO2 | Serviceability limit state [:3 1333 0.75 | £1| 407) Serviceability - Combination of actions CTharacteristic” - z-direction sC

Max 0981 @ E e )7 EEE 5 [E)

Details - Member 28 - x: 0.000 m- LC1 3 - IS 50/46/4/610
Material Values - Aluminium EN-AVW 6082 T6/T651 1 EN 1999-1-1:2007 -
[ Cross-Section Values - 1S 50/46/4/6/0
esign Intemal Forces
Cross-section Classfication - Class 2
= Design Ratio E
Ideal Torsional Buckling Load NerT 36172 | kN Eq. {l.18)
Modulus of Hlasticity E 70000.0 | N/mm2 325(1)
Second Moment of Area ly 2871 |cm*
Effective Member Length Lery 2.000 | m
Blastic Flesural Buckling Force Nery 4959 (kN Eq. (1.14) E
Limit Refative Slendsmess [ 0.100 Tab.6.6
Relstive Slendemess by 1921 B 63.1.2(4)
Buckling Curve BCy 1 Tab. 66
Imperfection Factar oy 0200 Tab. 66
Aupdliary Factor Sy 2528 6.3.1.2(1) &
Reduction Factor iy 0.240 Eq. (6.50) z
Fexural Buckling Resistance: Nb,y,Rd 3990 (kN Eq. (6.45)
Second Moment of Area Iz 9.75 | cm*
Hffective Member Lenath Lerz 2000 |m
Hlastic Flexural Buckling Force Nerz 16.85 kN Eq. {.15) (mm]
Limt Relative Slendemess A0 0.100 Tab.66 — —
Relative Siendemess i 32% 2o 63128 | ~| (@) (]

Figure 4.2: Window 2.1 Design by Load Case

Description

This column shows the descriptions of the load cases, load combinations, and result combina-
tions selected for the designs.

Member No.

This column shows the number of the member with the maximum design ratio for the ana-
lyzed action.

Location x

This column shows the corresponding x-location where the member's maximum design ratio
occurs. For the table output, the program uses the following member locations x:

e Startand end node
¢ Division points according to possibly defined member division (see RFEM Table 1.16)

e Member division according to specification for member results
(RFEM dialog box Calculation Parameters, tab Global Calculation Parameters)

e Extreme values of the internal forces

Design
Columns D and E show the design conditions according to EN 1999-1-1.

The length of the color scale graphically represents the respective design ratio.
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Design According to Formula

This column shows the equations of the standard used in the checks.

DS

The last column provides information about the relevant design situations (DS): PT or AC for
the ultimate limit state or one of the three design situations for the serviceability limit state
(SC, SF, SQ) according to the specifications in the 1.1 General Data window (see Figure 2.7,
page 12).

4.2  Design by Cross-Section

2.2 Design by Cross-5ection

B_[ C [ D TEJ 3 -
Section | Member | Location Load Design
No Mo. x[m] Case Ratio Design According to Formula
(3 0000 COl 0.20 | £ 1| 106) Cross-section check - Bending about y-axs acc. to 6.2.5
39 1500 CO1 0.06 | = 1| 111) Cross-section check - Shear force in z-ads ace. to 6.2.6
28 0.000, cCO1 0.00 | =1 | 121} Cross-section check - Shear buckling acc. to £.2.6(3) - Shear force in z-ads
28 0000, col 0.00 | = 1| 123) Cross-section check - Shear buckling acc. to §.2.6(3) - Shear force in z-=2ds
28 0.000, cCO1 0.15 | = 1 | 125) Cross-section check - Flange induced buckling acc. to 6.7.7
28 0000 col 0.06 | £ 1| 132} Cross-section check - Torsion and shear force in z-axis acc. to 6.2.7.3
0000 CO1 0.20| =1 | 141) Cross-section check - Bending and shearforce ace to 625and 62.8
B4 0000, col 0.20 | =1 | 150) Cross-section check - Bending, shear force and torsion acc. to 6.7 - Plate girders
39 0000 CO1 0.34 | 1| 161) Cross-section check - Biaxial bending and shear force acc.to 6.25-6.2.9
39 0400, CO1 0.20 | =1 | 171) Cross-section check - Bending, shear and axal force acc. to 6.2.9 -
M 055[<1®@ '
Details - Member 84 - x 0.000 m - CO1 3 - IS BO/M4&/4/G/0
Material Values - Aluminium EN-AW 6082 T6/T6511 EN 1393-1-1:2007
& Cross-Section Values - 15 80/46/4/6/0
Design Intemal Forces
Cross-section Classification - Class 2
[ Design Ratio
Moment My Eq 1.20 | kNm
Shape factor Oy 1.162 Tab. 64
Plastic Modulus of Gross Section Wy 25.05|cm?
Elastic Modulus of Gross Section Wely 2155 | cm?
Charactenstic Proof Strength fo 260.0 | N/mm?2 32 g
Partial Factor T™M1 1.100 6.1.3
Partial Factor M 1.250 613
Shear Force Vz,Ed 1.38 | kN
Shear Area Avz 2.96 | cm?2 626(2)
Shear Force Resistance Vzrd 40.39 | kN Eg. (6.29) ;
Criterion Vz,£4 / Vz.Rd vz 0.034 <05 |6282) B
Moment Resistance Mo y.Rd 5.52 | kNm Eg. {6.25)
Design Ratio 0.20 <1 Eq.(6.23)

Figure 4.3: Window 2.2 Design by Cross-Section

This window shows the maximum design ratios of all members and actions selected for de-
sign, sorted by cross-section. For each cross-section, the results are sorted by cross-section
check, stability analysis, and serviceability limit state design, respectively.
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4.3 Design by Set of Members

2.3 Design by Set of Members

B[ € ] D [E] F -
Set | Member | Location Load Design
Ne. No. x[m] Case Ratio Design According to Formula
17 0550 CO1 0.02 | £ 1| 304) Stability analysis - Fexural buckling about y-=¢s acc.to 6.3.1.1and 6.3.1.2 E
17 0950 CO1 0.04 | £ 1| 306) Stability analysis - Fexural buckling about v-axis acc.to 6.3.1.1and §.3.1.2 i
17 0950 CO1 0.02 | 1| 308) Stability analysis - Fexural buckling about z-=¢s acc.to 6.3.1.1and 6.3.1.2
17 0950 CO1 0.04 | £ 1| 313) Stability analysis - Torsional - Fleural buckling acc. to 6.3.1.4 and £.3.1.2{4)
16 0350 CO1 0.19 | = 1| 331) Stability analysis - Bending about u-axds and compression ace. to 6.3.3
17 1.000 CO1 0.40 | £1 | 332) Stability analysis - Bending about v-axis and compression acc. to 6.3.3
I 0000 CO1 068 | < 1| 334) Stability analysis - Bending and compression acc. to 6.3.3
17 0.000, cCo2 0.00 | £ 1| 400) Serviceability - Negligible deformations
17 1000 CO2 0.03 | =1 401) Serviceability - Combination of actions ‘Characteristic’ - v-direction
17 0500 cCo2 0.07 | £1 | 406) Serviceability - Combination of actions Characteristic’ - u-direction -
M 0s9/<1@ '
Details - Member 17 - x: 0.000 m- CO1 2- L5 100/6/0
Material Values - Aluminium EN-AVW 6082 T6/T651 | EN 1995-1-1:2007 -
[# Cross-Section Values - LS 100/6/0
Design Intemal Forces
Cross-section Classffication - Class 4 L
Effective Cross-Section Properties - Class 4 1 1.0
[ Design Ratio p i
Ideal Torsional Buckling Load MerT 11775 kN Eq. (.16} - .
Limit Relative Slendemess ko 0.400 Tah. 67 a % lﬂ Y
Relative Slendemess LT 1.189 =507 |631.2(4) § € /7 S >
Buckling Curve BCT 1 Tab. 67 e - ¥
Imperfection Factor T 0.350 Tab. 6.7 + T = o_[
Audlary Factor £ 1.345 6312(1) i N e
Reduction Factor AT 1.000 Eqg. (6.50) | 100.0 EY
Torsional Buckling Resistance MbT.R4 128.87 kN Eq. (6.49) 0
Modulus of Blasticity 700000 | Nfmm2 325(1) "7
Second Moment of Area 18271 | cm*
Effective Member Length 2.000 | m
Blastic Flexural Buckling Force 31557 kN Eq. (.14}
Limit Relative Slendemess 0.100 Tab. 6.6
Relative Slendemess ¥ 0.670 =i 0 6.3.1.2(4) (mm]
Buckling Curve BCu 1 Tab. 66

Imperfection Factor oy 0.200 Tab. 66 o

Figure 4.4: Window 2.3 Design by Set of Members
This results window is displayed if you have selected at least one set of members for design.
The window lists the maximum design ratios sorted by set of members.

The Member No. column shows the number of the one member within the set of members that
bears the maximum ratio for the respective design criterion.

The output by set of members clearly presents the design for an entire structural group (for
example, a frame).
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44  Design by Member

2.4 Design by Member

B C [D E
Member  Location Load Design D
No. x [m] Case Ratio ‘ Design According to Formula

3 | Cross-=section No. 1- Fipe 60/2.5

>

0000 COt 0.04 =1 | 136) Cross-section check - Torsion and shear force acc. to 6.2.7.3 - Round tubes and bars
1.000 CO1 0.07 | £1 | 176) Cross-section check - Bending, shear, torsion and axial force acc. to 6.2.9

0.000] CO1 052 =1 | 196) Cross-section check - Biadal bending, shear, torsion and axial force acc. to 6.2.10and 6.2.9
1000 CO1 063 <1 331) Stability analysis - Bending about y-=xs and compression acc. to 6.3.3

0.000| coO1 0.46 | =1 | 334) Stabilty analysis - Bending and compression acc. to 6.3.3

4 Cross-section Mo. 1 - Pipe 60/2.5

o0o0| co1 | 0.03 | =1 136) Cross-section check - Torsion and shear force acc. to 6.2.7.3 - Round tubes and bars
1100) cor | 0.04 | 21 176) Cross-saction check - Bending. shear, torsion and axial force ace. to 6.2.9 -
[ 0m210 BE e ,
Details - Member 3 - x: 0.000 m- CO1 1- Pipe 60/2.56
latenial Values - Aluminium EN-AW 6005A (EP/0.ER/B) T& | EN 1539-1-1:2007 -
Cross-Section Values - Pipe 60/2.5 [T
esign Intemal Forces
Cross-section Classfication - Class 2
[ Design Ratio
Ch Proof Strength fo 2250 | N/mmZ 12 L
Partial Factor Tt 1.100 613 r
Partial Factor ™2 1.250 613 .
Torsional Moment Ted 0.02 | kNm ¥
Core Ac 2597 | om2
Fudal Force Ned -1.23 [kN |5
Cross-Sectional Area A 452 | emZ
Puial Force Resistance NRd 92.37 | kN Eq. (6.22)
Exponert w 1300 6292(1)
BExponent T0 1.000 625
Shear Force Wz Ed 1.30 | kN
Shear Area Avz 271 cm? 6.26(2)
Thickness 2.5 | mm
Shear Stress TtEd 15| N/mm?2
Shear Force Resistance Vz,Ra 3200 | kN Eq. (6.2%) fmm]
Shear Force Resistance VzT,Rd 31.60 | kN 6273
Citeron V24 / Ve va 0041 <05 62100 |- EE

Figure 4.5: Window 2.4Design by Member

This results window shows the maximum design ratios for the individual designs sorted by
member number. The columns are described in Chapter 4.1, page 43.

4.5 Design by x-Location

2.5 Design by x-Location

B C [D E -
Member  Location Load Design D
No x [m] Case Ratio ‘ Design According to Formula
1 | Cross=section No. 2- LS 100/6/0
0000 COt 0.01 | £1| 117) Cross-section check - Shear force acc. to 6.2.6
0.000| CO1 0.20 | =1 1591) Cross-section check - Biaxial bending, shear and adal force ace.to 6.2.10and 6.2.9.1
0.000] CO1 0.73 | <1 334) Stability analysis - Bending and compression acc. to 6.3.3
0150 CO1 0.01 | =1 | 117) Cross-section check - Shear force acc. to 6.2.6
0.150| CO1 0.07 | =1 | 191) Cross-section check - Biadal bending. shear and adal force ace.to 6.2.10and 6.2.9.1
0150 CO1 0.73 | £1 | 334) Stability analysis - Bending and compression acc. to 6.3.3
0.200| CO1 0.01 | =1 | 117) Cross-section check - Shear force acc.to 6.2.6
0200 CO1 0.05 =1 151) Cross-section check - Bizxdal bending. shear and adal force ace.to 6.2.10and 6.2.9.1
0200 CO1 042 | £1 | 334) Stabilty analysis - Bending and compression acc. to £.3.3
e % 1@ P2 & :
Details - Member 1 - x: 0.000 m- CO1 2- LS 100/6/10
Material Values - Aluminium EN-AW 6082 T6/T651 | EN 1999-1-1:2007 -
Cross-Section Values - LS 100/6/0 ¥
esign Intemal Forces
Cross-section Classification - Class 4 L
Hfective Cross-5Section Properties - Class 4 3 (]
=1 Desian Ratio L
Ideal Torsional Buckling Load MerT 117.79 | kN Eq. {l.16) | 4 2
Limit Relative Slendemess o 0400 Tab. 6.7 BRI 2 ‘\2
Relative Slendemess LT 1117 =hor |6.31.2(4) 2 Ks
Buckling Curve BCT 1 Tab. 6.7 Foo— oy
Imperfection Factor oT 0.350 Tab. 6.7 ' . e I
Aundliary Factor &7 1.249 8.3.1.2(1) H |
Reduction Factor Fa 1,000 Eq. (6.50) 182
Torsional Buckling Resistance Nb,T.Rd 128.87 | kN Eq. (6.4%) 1 v
Modulus of Blasticity E 70000.0 | N/mm2 3.25(1) ¥
Second Momert of Area lu 18271 [cm* =
Effective Member Length Lerw 1.000 | m
Blastic Flescural Buckling Force Neru 126229 | kN Eq. {114}
Limit Relative Slendemess Lo 0.100 Tab. 6.6
Relative Slendemess Ay 0.335 =10 6.3.1.2(4) {mml
Buckling Curve BCu 1 Tab. 66
Imperfection Factor ou 0.200 Tab. 65 - @ E

Figure 4.6: Window 2.5 Design by x-Location
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This results window lists the maxima for each member at the locations x resulting from the
division points in RFEM:

e Startand end node
¢ Division points according to possibly defined member division (see RFEM Table 1.16)

e Member division according to specification for member results
(RFEM dialog box Calculation Parameters, tab Global Calculation Parameters)

e Extreme values of the internal forces

4.6  Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B [ C [ Db T E T F [ & [ H T I -
Member| Location Load- Forces [kN] Moments [lkMm] =
No. x [m] ing NEd VyjuEd VazivEd Teq Myu Ed Mziy 4 Design According to Formula 3
Crosssection No. 2 - L5 100/6/0
(MM 0000] cot 237 D050 .17 0.00 021 .16 | 117) Cross-section check - Shear force acc. to 6.2.6
1.000| co1 223 047 -1.13 0.00 0.94 0.33 | 191) Cross-section check - Biaxial bending, shear and aial forc
0.000| cCO1 227 .50 -1.17 0.00 021 -0.16 | 334) Stability analysis - Bending and compression acc. to 6.3.3

2 | Cross-section No. 2 - LS 100/6/0

0000, CO1 s34 052 055 0.00 057 -0.51 | 117) Cross-section check - Shear force acc. to 6.2.6

0550 CO1 -3.12 092 098 0.00 0.03 -0.01 | 171) Cross-section check - Bending, shear and axial force acc.
0600 CO1 Al €52 .98 0.00 -0.02 0.04 | 181) Cross-section check - Bending about v-ads. shear and axi
0.000| CO1 -4 €352 0.9% 0.00 0.57 -0.51 | 191) Cross-section check - Biaial bending, shear and axial forc
0550| CO1 K312 092 092 0.00 0.03 -0.01 | 331) Stability analysis - Bending about u-axs and compression
0600 CO1 -3 €052 098 0.00 .02 0.04 | 332) Stability analysis - Bending about v-axis and compression
0000 COil -3.14 092 099 0.00 0.57 -0.51 | 334) Stability analysis - Bending and compression acc. to 6.3.3

3 | Cross-sedtion No. 1 - Pipe 60/2.5
0000 COl 123 D11 130 -0.02 0.87 -0.12 | 136) Cross-section check - Torsion and shear force acc.to 6.2
1000 CO1 -1.23 012 0.65 -0.02 0.1 0.00 | 176) Cross-section check - Bending. shear. torsion and aial for
0000 COil 123 0.1 130 -0.02 0.87 -0.12 | 196) Cross-section check - Biaial bending, shear, torsion and =
1000, CO1 123 012 065 -0.02 01 0.00 | 331) Stability analysis - Bending about y-axds and compression &
0.000| co1 -1.23 011 130 -0.02 0.87 -0.12 | 334) Stability analysis - Bending and compression acc. to 6.3.3
4 Cross-section No. 1 - Pipe 60/2.5

0000 COil 4019 007 0.80 -0.02 0.80 -0.08 | 136} Cross-section check - Torsion and shear force acc. to 6.2
1100| col 19 a7 073 -0.02 0.08 0.00 | 176) Cross-section check - Bending. shear. torsion and adal for
1000 CO1 .19 0.07 0.79 0.02 0.00 -0.01 | 186) Cross-section check - Bending about z-axis, shear, torsion
0.000| cCO1 H0.19 007 0.80 0.02 0.80 -0.08 | 196) Cross-section check - Bizdal bending, shear, torsion and =
1.100( CO1 4019 .07 079 -0.02 0.08 0.00 | 331) Stability analysis - Bending about y-axis and compression &
1.000| CO1 .19 007 079 -0.02 0.00 -0.01 | 332) Stability analysis - Bending about z-axis and compression &
0000 COl 019 o7 0.80 -0.02 -0.80 -0.08 | 334) Stability analysis - Bending and compression acc. to 6.3.3

3 Cross-section Mo. 1 - Pipe 60/2.5

070 CoO1 -1.00 0.00 07z 0.02 0.2 0.00 | 136) Cross-section check - Torsion and shear force acc.to 6.2
2000| co1 -1.00 0.00 0.67 £0.02 0.69 0.00 | 176) Cross-section check - Bending, shear, torsion and axial for
0000 COl 100 0.00 070 0.02 0.72 0.00 | 196) Cross-section check - Bizdal bending. shear. torsion and 2 | ~

BEE E & [
Figure 4.7: Window 3.1 Governing Internal Forces by Member

This window shows for each member the governing internal forces that result in maximum
design ratios in each check.

Location x

This column shows the corresponding x-location where the maximum design ratio of the
member occurs.

Load Case

This column displays the number of the load case, load combination, or result combination
whose internal forces produce the maximum design ratio.

Forces / moments

For each member, the axial and shear forces as well as the torsional and bending moments are
shown that result in the highest design ratios for the respective cross-section check, stability
analysis, and ultimate limit state design.

Design According to Formula

The final column provides information on the check types and formulas used in the checks
according to EN 1999-1-1.
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4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members

B = | 1] | E F [ G | H 1 -

Set Location Load- Forces [kN] Moments lkNm] F

No. x [m] ing Mes | VywEd | VawEd Tea | Mywed | Maves Design According to Formula

1| Column 1 (Member No. 17,16)
0.950] CO1 237 046 0.44 0.00 0.m -0.01 | 102) Cross-section check - Compression acc. fo 6.2.4
0000 Col -194 0.66 0.08 0.00 0.22 0.27 | 113) Cross-section check - Shear force in y-ads acc. to 6.2.6
1.000| COi -1.90 121 063 0.00 0.14 -0.66 | 117) Cross-section check - Shear force acc. to 6.2.6
0ooo| Col 241 .08 -0.08 0.00 0.18 0.17 | 131) Cross-section check - Torsion acc. to 62.7.2
1.000| CO1 237 045 047 0.00 0.02 -0.03 | 138) Cross-section check - Torsion and shear force acc. to 6.2
0350 CO1 193 0.86 028 0.00 0.6 0.01 | 171) Cross-section check - Bending. shear and axial force ace.
0750 CO1 -1.91 1.08 050 0.00 0.00 .38 | 181) Cross-section check - Bending about z-axs, shear and axi | =
1.000| co1 237 049 047 0.00 0.02 -0.03 | 186} Cross-section check - Bending about z-axis, shear, torsion
1000 CO1 -1.90 121 063 0.00 0.14 -0.66 | 191) Cross-section check - Biaxial bending. shear and axial forc
0150 CO1 241 0.01 0.00 0.00 0.18 0.18 | 196) Cross-section check - Biaxial bending, shear, torsion and &
0950 CO1 237 0.46 044 0.00 .01 -0.01 | 301) Stability analysis - Flesaural buckling about y-axis acc. to 6.
0550 CO1 -237 0.46 044 0.00 0.01 -0.01 | 304} Stability analysis - Flexural buckling about y-axis acc. to 6.
0550 CO1 237 0.46 044 0.00 0.01 -0.01 | 306) Stability analysis - Flexural buckling sbout z-axis acc. to 6.
0550 CO1 237 046 044 0.00 0.0 -0.01 | 308) Stability analysis - Fexural buckling about z-ais acc. to 6.
0550| CO1 -237 0.46 044 0.00 0m -0.01 | 313) Stability analysis - Torsional - Flexural buckling ace. to 6.3,
0350 CO1 -1.53 0.86 028 0.00 .16 0.01 | 331) Stability analysis - Bending about y-axis and compression 2|~
1000 CO1 237 0.49 047 0.00 0.02 -0.03 | 332) Stabilty analysis - Bending about z-axis and compression &
0.000| cO1 241 .08 -0.08 0.00 0.8 0.17 | 334) Stability analysis - Bending and compression acc.to 6.3.3
0000 Coz 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceability - Negligible deformation:
1.000| CO2 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceabilty - Combination of actions 'Ct ‘- zd
0500| CO2 0.00 0.00 0.00 0.00 0.00 0.00 | 40€) Serviceability - Combination of actions T ic'-yd

2 Column 2 (Member No. 42 41)
0.0D0| CO1 620 226 002 012 om 0.86 | 121) Cross-section check - Shear buckling acc. to §.2.6(3) - Sh
0000, CO1 £.20 226 0.0z 012 0.0 0.86 | 123) Cross-section check - Shear buckling acc. to 6.2.6(3) - Sh
0.0D0| CO1 620 226 002 012 om 0.86 | 125) Cross-section check - Shear buckling acc. to §.2.6(3) - Sh
0.000| cCO1 £.20 226 0.0z 0.2 0.01 0.86 | 127) Cross-section check - Shear buckling acc. to 6.2 6(3) - Sh
0350 CO1 £.18 257 0.02 0412 0.m 0.02 | 1285) Cross-section check - Flange induced buckling acc. to 6.5
0.000| cCO1 £.20 226 0.0z 0.2 0.01 0.86 | 130) Cross-section check - Web induced buckling acc.to 673
1000 CO1 £.16 3.02 0.03 0.12 0.03 -1.81 | 134) Cross-section check - Torsion and shear force in y-ads ac
0350 CO1 -3.86 221 -0.09 -0.03 0.04 0.00 | 176) Cross-section check - Bending. shear. torsion and aial for
0350 coOil -3.86 2 0.09 0.03 0.4 0.00 | 180} Cross-section check - Bending, shear, axial force and torsi
0750 CO1 -384 252 -0.0% -0.03 0.00 -0.95 | 186) Cross-section check - Bending about z-ads. shear, torsion | —

Figure 4.8: Window 3.2 Governing Internal Forces by Set of Members

This window shows the internal forces that result in the maximum design ratios in the design
of each set of members.
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4.8 Member Slendernesses

3.3 Member Slendernesses

B[ ¢ [ ©® [ & [ F T 6 T # ] a
Length Major Auds y/u Minar fods z/v
L [m] Ky i yfu [mm] Tyt [H keziv [ iz'v [mm] kv [

1.000 1.000 396 25.240 1.000 19.9 50.265
2] C 1/ Flexure 1.000 1.000 396 25.240 1.000 193 50.265
3 Compression / Flexure 2,000 1.000 203 58.287 1.000 203 98.287
4 C 1/ Flesure 2,000 1.000 203 98.287 1.000 203 98.287

5 Compression / Flexure 2000 1.000 203 98.287 1.000 203 98.287 £
6 G ion / Flexure 1.000 1.000 239 3347 0.500 238 21.040
7 C 1/ Fleure 1.000 1.000 299 33471 1.000 238 42,080
8 Compression / Flexure 2,000 1.000 203 58.287 1.000 203 98.287
E] G ion / Flexure 2,000 1.000 203 98.287 1.000 203 98.287
10 Compression / Flexure 2000 1.000 203 98.287 1.000 203 98.287
11 G ion / Flexure 1.000 1.000 239 3347 1.000 238 42,080
12 C 1/ Flexure 1.000 1.000 299 33471 1.000 238 42,080
13 Compression / Flexure 2000 1.000 203 98.287 1.000 203 98.287
14 G ion / Flexure 2000 1.000 203 58.287 0.500 203 45.144
15 C ion / Flexure 2000 1.000 203 98.287 1.000 203 98.287
18 Compression / Flexure 2667 1.000 203 131.050 0.375 203 45.144
13 C 1/ Flexure 2667 1.000 203 131.050 1.000 203 131.050
23 Compression / Flexure 2667 1.000 203 131.050 1.000 203 131.050
24 G ion / Flexure 21667 1.000 203 131.050 1.000 203 131.050
25 C 1/ Flexure 2667 1.000 203 131.050 1.000 203 131.050
26 Compression / Flexure 1.000 1.000 255 3347 1.000 238 42,080
27 C 1/ Flesure 1.000 1.000 299 33471 1.000 238 42,080
28 Compression / Flexure 2000 1.000 323 61.830 1.000 10.9 183675
29 Compression / Flexure 2.000 1.000 323 61.830 1.000 10.9 183675
30 C 1/ Fleure 2,000 1.000 203 98.287 1.000 203 98.287
12 Compression / Flexure 1.000 1.000 218 45.736 1.000 145 65.188
EE] G 1/ Flesure 2000 1.000 323 61.830 1.000 10.9 183675
34 Compression / Flexure 2000 1.000 323 61.830 1.000 10.9 183675
35 G ion / Flexure 2,000 1.000 203 98.287 1.000 203 98.287

36 C 1/ Flexure 1.000 1.000 215 45736 1.000 145 69.188 <z

Members with compression / flexure:
Maxiyn| 131050 <200 @
Maxhzy: | 183675 =200 @

Figure 4.9: Window 3.3 Member Slendernesses

To show this results window, select the corresponding check box in the Other tab of the Details
dialog box (see Figure 3.4, page 39).

Details. ..

The table lists the effective member slendernesses of the designed members for both principal

member axis directions. They were determined in dependence of the load type. At the end of
the list, you find a comparison of the limit values defined in the Other tab of the Details dialog
box (see Figure 3.4, page 39).

Members of the "Tension" or "Cable" type do not appear in this table.

The table is for informational purposes only. No stability analysis for slendernesses is provided.
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4.9 Parts List by Member

Finally, RF-ALUMINIUM provides a summary of all cross-sections used in the design case.

4.1 Parts List by Member

[ A [ B 1T & [ D [ E [ F [ G [ H [ 1 ]
Part Cross-Section Number of Length Total Length | Suface Area Volume Unit Weight Weight Total Weight
No Description Members [m] [m] [m?] [m3] [kg/m] Ikal il
1 |2-1L5100/6/0 6 1.00 6.00 240 0.0 314 314 0.019
2 1 - Pipe 60/2.5 24 2.00 48.00 9.05 0.02 122 244 0.059
3 |4-TO B0/60/4/4/4/4/K 10 1.00 10.00 2.80 0.0 285 285 0.029
4 1-Pipe 60/2.5 19 267 50.67 9.55 0.02 122 325 0.062
5 |3-1S 80/46/4/6/0 5 2.00 18.00 6.05 0.01 222 445 0.040
6 | 5-SHAPE-THIN PROFILY 6 1.00 6.00 37 0.00 132 132 0.008
EN 74 138.67 3355 0.08

3
#
)
®

Figure 4.10: Window 4.1 Parts List by Member

By default, this list contains only the designed members. If you need a parts list for all members
of the model, select the corresponding option in the Other tab of the Details dialog box (see
Figure 3.4, page 39).

Part No.

The program automatically assigns part numbers to similar members.

Cross-Section Description

This column shows the cross-section numbers and descriptions.

Number of Members

This column shows for each part how many similar members are used.

Length

This column displays the length of a single member.

Total Length

This column shows the product determined from the previous two columns.

Surface Area

For each part, the program indicates the surface area relative to the total length. The surface
area is determined from the Surface of the cross-sections that can be seen in Windows 1.3 and
2.1 through 2.5 in the cross-section properties (see Figure 2.16, page 19).
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Volume
The volume of a part is determined from the cross-sectional area and the total length.

Unit Weight

The Unit Weight is the weight of the section relative to the length of one meter.

Weight
The values of this column are determined from the respective product of the entries in
columns Cand G.

Total Weight

The final column indicates the total weight of each part.

Sum

At the bottom of the list, you find a summary of the values in the columns B, D, E, F, and I. The
last cell of the Total Weight column informs you about the total amount of steel required.

4,10 Parts List by Set of Members

4.2 Parts List by Set of Members

Figure 4.11: Window 4.2 Parts List by Set of Members
The final results window is displayed if you have selected at least one set of members for de-
sign. It summarizes entire structural groups (for example, a horizontal beam) in a parts list.

The columns are described in the previous chapter. If different cross-sections are used in the
set of members, the program averages the surface area, volume, and cross-section weight.

. A ] B [ C [ D [ E [ F [ G [ H [ |
Part Set of Members Number Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
No. Description of Sets [m] [m] ImZ] [m?] [ka/m] kal il
-| Column 1 | 1 2.00 200 0.80 0.00 314 6.29 0.006
2 |Column 2 1 2.00 200 0.56 0.00 285 5.70 0.006
3 Continuous members 3 1 6.00 6.00 324 0.0é1 5.66 33.96 0.034
Sum 3 10.00 460 0.02 0.046
A& (o]
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5. Evaluation of Results

You can evaluate the design results in different ways. The buttons below the upper table can
be helpful.

2.4 Design by Member

B[ C [D] E -
Member | Location Load Design
No. x [m] Case Ratio Design According to Formula
38 | Cross-section No. 3 - IS 80/46/4/6/0
0000 CO1 0.00 | =1 121) Cross-section check - Shear buckling acc. to 6.2.6(3) - Shear force in z-axis
0000 CO1 0.00 =1/ 123) Cross-section check - Shear buckling acc. to 8.2.6(3) - Shear force in z-axis
0000 CO1 0.15 | <1 129) Cross-section check - Aange induced buckling acc.to 677
2000 CO1 0.05 | <1 | 132) Cross-section check - Torsion and shear force in z-axis acc. to 6.2.7.3 ]
0700 CO1 011 | <1 | 176) Cross-section check - Bending, shear, torsion and axal force acc. to 6.2.9 I
0700 CO1 0.08 <1 |180) Cross-section check - Bending, shear, axial force and torsion acc. to 6.7 - Plate girders J
I zoo0] co1 0.35 | =1 196) Cross-section check - Biaxial bending, shear, torsion and axial force acc. to 6.2.10 and 6.2.9 I
| 0.700| cot 0.36 | =1 331) Stability analysis - Bending about y-auds and compression acc. to 6.3.3
1 0000 Col 0.53 | < 1| 334) Stability analysis - Bending and compression acc. to 633 . -
Max: 099 <1 @
Details - Member 38 - x: 2.000 m - CO1 3 - IS BU/4B/46/10
Material Values - Aluminium EN-AVW 6082 T6/T651 | EN 1585-1-1:2007 -
Cross-Section Values - 15 80/46/4/6/0
Design Intemal Forces
Cross-section Classfication - Class 3
= Design Ratio
Characteristic Proof Strength 260.0 | N/mmZ 32 =]
Partial Factor 1.100 613
Partial Factor 1.250 613
Torsional Moment 0.00 | kNm
Torsional Constant 0.77 | cm# g >
Fodal Force 486 | kN B
Cross-Sectional Area 824 | cm2
Jodal Force Resistance 19476 (kN Eq. (6.22)
Exponert 7,000 629
Exponent 1.000 629 -
Exponent 1.000 629 =z
Shear Force 202 | kN
Shear Area 256 | cm2 626(2)
Thickness 4.0 | mm
Shear Stress 0.3 [ N/mmZ (mm]
Shear Force Resistance 40.39 | kN Eq. (£.25)
Shear Force Resistance 40.36 | kN 6273 -

Figure 5.1: Button for evaluation of results

The buttons have the following functions:

Button Description Function

. L Shows or hides the results of the ultimate limit state
Ultimate limit state

design

.g Serviceability limit | Shows or hides the results of the serviceability limit
state state design
L. r new resul mbination from th vernin

=% Result combination Creates a new result co b a'Fo om the governing

load cases and load combinations

Shows or hides the colored reference scales in the
Color bars .

results windows
>1.0 = Gives the criterion for filtering the tables:
1.0 Filter parameters ratios greater than 1, maximum value, or user-defined

=8 ..

Define limit

Shows only rows with selected filter parameter

Apply filt
pply fifter (ratio > 1, maximum, user-defined limit)

Opens the dialog box Result Diagram on Member

Result di
esult diagrams - Chapter 5.2, page 55

Exports the table to MS Excel / OpenOffice

Excel export
X P — Chapter 7.4.3, page 66
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@)

'.0" Information

*You are in the view mode.

Back

Graphics

1
15

L

Allows for the graphical selection of a member to dis-

Member selection . -
play its results in the table

View mode

O|IE

Goes to the RFEM work window for changing the view

Table 5.1: Buttons in the Windows 2.1 through 2.5

5.1 Results on the RFEM model

You can also use the RFEM work window to evaluate the design results.

RFEM background graphic and view mode

The RFEM work window in the background is useful for finding the location of a member in the
model. The member selected in the RF-ALUMINIUM results window is highlighted in the selec-
tion color in the background graphic. Furthermore, an arrow indicates the member x-location
displayed in the currently selected table row.

- 1]
. 053 Ot P
0453
108
151 0.76 ”
043
o 018 ]
RF-ALUMINIUM - [Frame]
File Edit Settings Help
CA1 - Design of aluminium meml + I 2.4 Design by Member
iput oo 2 107 E
General Data Member | Location Load Design
Materials No. x [m] Caze Ratio Design According to Formula
-~ Cross-Sections 31| Crosssection No. 5- SHAPETHIN PROFILY
- Intermediate Lateral Restraints 0500 RC1 0.04 | =1 113) Cross-section check - Shear force in y-axis acc. to 6.2.6
""TFEI'IS\."EFSE Welds AC1 0.00 | = 1| 127) Cross-section check - Shear buckling acc. to 6.2.6(3) - Shear force in y-ads
EffEEﬁ.VE Lengths - Members E RC1 1.02 | > 1| 193) Crosssection check - Biaxial bending, shear and axal force acc. to 6.2.10an
- Effective Lengths - Sets of Mer RC1 1.08 | = 1| 334) Stability analysis - Bending and compression acc. to 6.3.3
= N:ndal Supparts RC2 0.00 | =1 | 400) Serviceability - Negligible deformations
Set of members No. 1 - Col RCZ 0.39 | < 1| 401) Serviceability - Combination of actions Characteristic’ - z-direction
i 5et of members No. 2 - Cal RCZ 0.46 | < 1| 406) Serviceability - Combination of actions Characteristic’ - y-direction
i et of members No. 3 - Car

Figure 5.2: Indication of the member and the current Location x in the RFEM model

If you cannot improve the display by moving the RF-ALUMINIUM window, click [Jump to
Graphic] to start the View Mode. Thus, you hide the module window so that you can change
the display in the RFEM user interface. In the view mode, you can use the functions of the View
menu, for example zooming, moving, or rotating the display. The indication arrow remains
visible.

To return to the RF-ALUMINIUM module, click [Back].

RFEM work window

You can also graphically check the design ratios in the RFEM model. First, click [Graphics] to ex-
it the design module. In the RFEM work window, the design ratios are now displayed like the
internal forces of a load case.

In the Results navigator, you can specify which design ratios of the ultimate or serviceability
limit state designs should be graphically presented.

To display or hide design results, use the [Show Results] button similar to the display of inter-
nal forces. To display the result values, click the [Show Values] button in the toolbar to the
right.

The RFEM tables are of no relevance to the evaluation of design results.

Dlubal
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To set the design cases, you can use the list in the toolbar.

RF-ALUMINIUM CA1 - Beam Y
LC1 - Seff-weight "\I\f
LCZ - Imposed load i i i i
(o2 Imposed oad o To adjust the results display, use the Display navigator below the entry Results — Members. The
i i iosi -
NI oy s display of the design ratios is Two-Colored by default.
Project Mavigator - Display x
E‘g Model =
- Resuits
[]---EE Result Values =
----- [#][ Title Info

..... [ Max/Min Info

[-[B] [ Deformation

=-mE

..... ® [ Two-Colored

..... ([ with Diagram

----- O[F Without Diagram

----- OJF Cross-Sections

----- [ Result Diagrams Filled

..... [#][ Hatching

..... I Al Values

..... [ Extreme Values

----- 1 Display Hidden Result Diagram
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ﬁData ﬂDisplay ,ﬁ\cfiews  Results

Figure 5.3: Display navigator: Results — Members

|| When you select a multicolor representation (options With/Without Diagram or Cross-Sections),
the color panel becomes available. It provides the common control functions described in the
RFEM manual, Chapter 3.4.6.

|
b

/

i
041 i
Panel X
Max
044

_ .45 Design Ratia [-] J
.49 1.00
I e 0.90
0.80
0 / 028 070 "
0.50
/ I ) 0.50

I
034 3 040
/ | 030
053
Project Navigator - Display x / 3;3
— 026

020

07 E‘% Madel |« —--__,..-
2[5 Results Max : 0.73
- [][F Result Values E Min : 0.00
----- [ Title Info

| I R Max/Min Inf ™
WIS Max/Min Info RF-ALUMINIUM

[]---IEE Deformation
[—]IEE Members

: O Two-Colored
O with Diagram

O] | Without Diagram |
(O Cross-Sections

[1[F Result Diagrams Filled 8
[#][F Hatching

—-[I[E Al Values -

4 | i b

ﬁData ﬂDisplay AViews

=
s

Figure 5.4: Design ratios with display option Without Diagram

You can include the design result graphics in the printout report (see Chapter 6.2, page 58).

’ RF-ALUMINIUM ] To return to the add-on module, click [RF-ALUMINIUM] in the panel.
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RF-ALUMINIUM CAZ - Column
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5.2

You can also graphically evaluate the result distributions of a member in the result diagram.

Result diagrams

To do this, select the member (or set of members) in the RF-ALUMINIUM results window by
clicking in the corresponding table row of the member. Then, open the Result Diagram on
Member dialog box by clicking the button shown on the left. The button is located at the end
of the upper table (see Figure 5.1, page 52).
To display the result diagrams, select in the RFEM menu

Results — Result Diagrams for Selected Members
or use the button in the RFEM toolbar shown on the left.

A window opens, graphically presenting the distribution of the maximum design values on the
member or set of members.

] Result Diagram on Member ==
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&-L] Ultimate Limit Sta| | Ultimate Limit State - Cross-Section Design [-] Ulimte Linit State Design -
L[] Cross-Section x 53-Section Desi
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Figure 5.5: Dialog box Result Diagram on Member

To select the relevant RF-ALUMINIUM design case, use the drop-down list in the toolbar of the
dialog box.

The Result Diagram on Member dialog box is described in the RFEM manual, Chapter 9.5.
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5.3  Filter for Results

The results windows in RF-ALUMINIUM allow you to sort the results by various criteria. In addi-
tion, you can use the filter options to graphically evaluate the results as described in Chapter
9.9 of the RFEM manual.

In RF-ALUMINIUM, you can also use the Visibilities (see RFEM manual, Chapter 9.9.1) to filter the
members for the evaluation.

Filtering designs

The design ratios can easily be used as filter criteria in the RFEM work window, which you can
access by clicking [Graphics]. To apply this filter function, the panel must be displayed. If it is
not, select in the RFEM menu

View — Control Panel (Color Scale, Factors, Filter)
or use the toolbar button shown on the left.
The panel is described in the RFEM manual, Chapter 3.4.6. In the first panel tab (Color spec-
trum), you can define the filter settings for the results. Because this register is not available for

the two-colored results display, you have to use the Display navigator and set the display op-
tions With/Without Diagram or Cross-Sections first.
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Figure 5.6: Filtering design ratios with adjusted color spectrum

As the figure above shows, the color spectrum can be set in such a way that only ratios higher
than 0.50 are shown in a color range between blue and red.

If you select the Display Hidden Result Diagram option in the Display navigator (Results— Mem-
bers), you can display all design ratio diagrams that are not covered by the color spectrum.
Those diagrams are represented by dotted lines.
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Filtering members

In the Filter tab of the control panel, you can specify the numbers of particular members to
display their results exclusively, that is, filtered. This function is described in the RFEM manual,
Chapter 9.9.3.

Panel x
Show diagrams for
members Mo.:
53,5963

b

Project Navigator - Display
E-[¥]5 Model
-7 Results
-[] E Result Values
----- [#][ Title Info
----- VI Max/Min Info
[]---IEE Deformation
[—]IEE Members —
O 3 Two-Colored
(O with Diagram
(O without Diagram
@ [ Cross-Sections
[1[F Result Diagrams Filled
[#][F Hatching

& (€

[ Al Values
fr=o EE Extreme Values =
< | i b
[QiData [ Display| 4§ Views © Results BE o 4

Figure 5.7: Member filter for the design ratios of an edge beam

Unlike the partial view function (Visibilities), the graphic also displays the entire model. The
figure above shows the design ratios in the edge beam of a container. The remaining members
are displayed in the model but are shown without design ratios.
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6. Printout

6.1  Printout Report

Like in RFEM, the program generates a printout report for the RF-ALUMINIUM results, to which
you can add graphics and descriptions. The selection in the printout report determines which
data from the design module will be included in the final printout.

The printout report is described in the RFEM manual. In particular, Chapter 10.1.3.4 Selecting
Data of Add-on Modules describes how to select input and output data from add-on modules
for the printout report.

For large structural systems with many design cases, it is recommended to split the data into
several printout reports, thus allowing for a clearly-arranged printout.

6.2  Graphic Printout

In RFEM, you can add every picture displayed in the work window to the printout report or
send it directly to a printer. In this way, you can also prepare the design ratios displayed on the
RFEM model for the printout.

Printing graphics is described in the RFEM manual, Chapter 10.2.

Designs on the RFEM Model

To print the current graphic of the design ratios, select in the menu
File — Print

or use the toolbar button shown on the left.

£9 RFEM 5,02.2703 (64bit) - [Frame™]

E File Edit View Insert Calculate Results Tools Table Options
DE99RENR 2= FRQAVE [BIE 2
IR R B {PrintGraphicﬁv?& T m-8-9-5

Figure 6.1: Button [Print Graphic] in RFEM toolbar

Result diagrams

In the Result Diagram on Member dialog box, you can also send the graphic with the design
values to the report using the [Print] button. Furthermore, you can print the graphic directly.

@ Result Diagram on Member

Members No.: |37 - 5 - |;_.,ﬁ E QQ

Mavigator o x 0.400 0.100 0.200 0#h —  0.400
AT P T IR T N
e

—--DéDesignE 1

Figure 6.2: Button Print Graphic in the dialog box Result Diagram on Member

The following dialog box appears.
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Remove from Printout Report

Start with New Page

Selection...

Properties... L\\)
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Graphic Printout @
General | Options I Color Scale I Factors I Border and Stretch Factors |
Graphic Picture Window To Print Graphic Size
() Directly to a printer... ) (@) Cument onfy () As screen view
@ To a printout report: More.... : @ Window filing
() To the Clipboard () Mass print... ) Toscale 1: 100 =
() To 3D PDF
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
() Use whole page height [ Lock graphic picture {without update)
(@ Height: 49 | [% of page]
Show printout report on [OK]
Rotation: 0=
Header of Graphic Picture
RF-ALUMINIUM - Design Ratio, CA1, lsometric
oK | [ Cancel

L

Figure 6.3: Dialog box Graphic Printout, tab General

the Options and Color Scale tabs.

This dialog box is described in Chapter 10.2 of the RFEM manual. The manual also describes

To move a graphic within the printout report, use the drag-and-drop function.

To adjust a graphic in the printout report after the fact, right-click the corresponding entry in
the navigator of the printout report. The Properties option in the context menu opens the
Graphic Printout dialog box, offering various options for adjustment.

p
Graphic Printout

S

| General | Options |Co|or Scale I Factars I Border and Stretch Factors

Script Symbols Frame

() Proportional @ Proportional @ Mone

(@ Constant () Constant () Framed
Factor: 15 Factor: 15 Title bex...
Print Quality Color

() Standard {max 1000 x 1000 Pixels) () Grayscale

@ Maxdmum {mase 5000 x 5000 Pixels) (@ Texts and lines in black

() Userdefined (1 Al colored

100015

OK

] [ Cancel

L

Figure 6.4: Dialog box Graphic Printout, tab Options
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7. General Functions

This chapter describes useful menu functions and export options for the designs.

7.1 Design Cases

Design cases allow you to group members for the design. In this way, you can consider groups
of structural components or analyze members with particular design specifications (for exam-
ple, changed materials, partial safety factors, optimization).

It is no problem to analyze the same member or set of members in different design cases.

RF-ALUMINIUM CA1 - Beam < To calculate an RF-ALUMINIUM design case, you can also use the load case list in the RFEM

LC1 - Seff-weight Ir\I\f

LC2 - Imposed load toolbar.
C01-1.35°LCT + 1.5°LC2
RFE-ALUMINIUM CA1 - Beam

RF-ALUMINIUM CA2 - Column Creating new design case
To create a new design case, select in the RF-ALUMINIUM menu

File —> New Case.

The following dialog box appears:

New RF-ALUMINIUM Case [
No. Description
2 Dresign of aluminium members according to Eurocode !+
j (] 3 ] | Cancel

Figure 7.1: Dialog box New RF-ALUMINIUM Case

In this dialog box, enter a No. (one that is still available) for the new design case. An appropriate
Description will make the selection in the load case list easier.

Now click [OK] to open the 1.1 General Data window of RF-ALUMINIUM where you can enter
the design data.

Renaming design case
To change the description of a design case, select in the RF-ALUMINIUM menu

File - Rename Case.

The following dialog box appears:

Rename RF-ALUMINIUM Case [
No. Description
2 Mew Description -
j [ ak. ] | Cancel |

Figure 7.2: Dialog box Rename RF-ALUMINIUM Case

In this dialog box, you can write a different Description as well as a different No. for the design
case.
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Copying design case
To copy the input data of the current design case, select in the RF-ALUMINIUM menu
File —> Copy Case.

The following dialog box appears:

Copy RF-ALUMINIUM Case [

Copy from Case
CAZ - Mew Description v]

New Case

Mo.: Drescription:

3 Design according to [talian MA -

[ ()3 ] [ Cancel

L S

Figure 7.3: Dialog box Copy RF-ALUMINIUM

Define the No. and, if necessary, a Description for the new case.

Deleting design case
To delete design cases, select from the RF-ALUMINIUM menu

File — Delete Case.

The following dialog box appears:

- 1
Delete Cases @

Available Cases

Mo. Description

1 Dresign of aluminium members according to
2 Mew Description

ccording to [talian N

-

[ (] 3 ] [ Cancel

L 4

Figure 7.4: Dialog box Delete Case

First, select the design case in the Available Cases section. To delete the selected case,
click [OK].

Dlubal
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7.2  Cross-Section Optimization

C D The design module offers you the option to optimize overstressed or little utilized cross-

gf:ie' sections. To do this, select from the lists in column D or E of the 1.3 Cross-Sections window
whether to determine the cross-section From current row or from the user-defined Favorites
(see Figure 2.13, page 16). Alternatively, you can start the cross-section optimization in the
From favorites Test" results windows by using the context menu.

From favorites "BS"

2.2 Design by Cross-5ection

A [N C | D [ET F -

Section | Member | Location Load Design

Na. Mo. x[m] Case Ratio Design According to Formula E
HE A 280 | Euronomm 53-62

. 5 0.000| RC1 0.03 | £ 1| 101} Check of shear flow in top flange

— : 3 Go to Cross-Section Doubleclick ;2:; :: ::ﬂbom flange
13 4 Info About Cross-Section... llowable bending momert in top flange
13 4. I il!nwahle bending mn.ment in bntt.nm flange i
13 0. D&—‘ minimum allowable axial force acting on cross-section
13 0 ection Optimization Parameter maximum allowable adal force acting on crosssection
13 4. 382 & & minimum allowable bending moment about the major axis
13 4000 RC1 0.62 | =1 | 109) Check of the maximum allowable bending moment about the major axis

Mene: 11018

Bl -)v[EE

Figure 7.5: Context menu for cross-section optimization

During the optimization process, the module determines the cross-section that fulfills the de-
sign conditions in the most optimal way, that is, comes as close as possible to the maximum
allowable design ratio specified in the Details dialog box (see Figure 3.4, page 39). The required
cross-section properties are determined with the internal forces from RFEM. If another cross-
section proves to be more favorable, this new cross-section is used for the design. Then, the
graphic in Window 1.3 shows two cross-sections: the original cross-section from RFEM and the
optimized one (see Figure 7.7).

For a parametric cross-section, the following dialog box appears when you select 'Yes' from
the drop-down list.

Thin-Walled Cross-Sections - Symmetric I-Section : Optimize @

Cross-Section Optimization Parameters

25; Curment Minimum Maximum Increment

#h: ] 5000 | 100.0B> 5.0(2{+ fmm]

[Elb: 4601 = = ") [mm]

[Fs: 40 =l =l =] mm]

[ 6.0 = =l = *|| [mm] b

Ha: 00 T T ] i f N

[~ Keep cument side propartions 15 B0/46/4/6/0

OK ] [ Cancel

L 4

Figure 7.6: Dialog box Welded Cross-Sections - Symmetric I-Section : Optimize
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By selecting the check boxes in the Optimize column, you decide which parameter(s) you want
to modify. This enables the Minimum and Maximum columns, where you can specify the upper
and lower limits of the parameter. The Increment column specifies the interval by which the
dimensions of the parameter vary during the optimization process.

If you want to Keep current side proportions, select the corresponding check box. In addition,
you must select at least two parameters for optimization.

Cross-sections built up from rolled cross-sections cannot be optimized.

Please note that the internal forces will not be recalculated automatically with the changed
cross-sections in the optimization. It is up to you to decide which cross-sections you want to
transfer to RFEM for recalculation. Due to the changed stiffnesses in the structural system, the
internal forces from the optimized cross-section may vary significantly. Therefore, it is recom-
mended to recalculate the internal forces of the modified cross-section data after the first op-
timization, and then to optimize the cross-sections once again.

You can export the modified cross-sections to RFEM. To do this, go to the 1.3 Cross-Sections
window, and then select in the menu

Edit — Export All Cross-Sections to RFEM.

Alternatively, you can use the context menu in Window 1.3 to export optimized cross-sections
to RFEM.

1.3 Cross-Sections

A B C [ D [ E | F [ G 3- 15 SOMGIABI
Section | Material Cross-Section Cross-Section Type | Max. Desian Opti- RF-ALUMINIUM
No. No. Description for Classffication Ratio mize Remark Comment
1 3 OO Pipe 60725 Pipe 075 No .
z 1 |EL LS 10060 Angle 0.73 No ¥
[ 3 /R hll1s 50/46/4/6/0 - 1)
4 1 0 TO 80/60/4/4/4/47] Info About Cross-Section... ;
5 1 |ET SHAPE-THIN PROF Cross-Section Library... "
6 z . 5)
7 1 ] Edit List ‘Design of Members' in Table1.1 * 5; 3 IS BOME/46/0
Optimize Cross-Section FA=L
Cross-Section Optimization Parameters...
Export Cross-Section to RFEM [ ¢
Export All Cross-Sections to RFEM :
= Import Cross-Section from RFEM "
1] The cross-zechio ; —- _ . Y
| [RF-ALUMINILUR mport ross-Sections from = —1 B e
(@] : &= (] [e] @) (=) [«

Figure 7.7: Context menu in Window 1.3 Cross-Sections

Before the modified materials are transferred to RFEM, a query appears as to whether you want
to delete the results in RFEM.

RF-ALUMIMNIUM
Information No. 20039

Do pou want to tranzfer the changed cross-zections to RFERM?

If 20, the results of RFEM and RF-ALUMINIUM will be deleted.

Figure 7.8: Query before export of modified cross-sections to RFEM

After you confirm the query and start the [Calculation] in RF-ALUMINIUM, the RFEM internal
forces and designs are determined in a single calculation run.

If the modified cross-sections are not exported to RFEM, you can reimport the original cross-
sections in the design module by using the options shown in Figure 7.7. Please note that this
option is available in the 1.3 Cross-Sections window only.

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH

63



7 General Functions / I\

Dlubal

7.3  Units and Decimal Places

Units and decimal places for RFEM and the add-on modules are managed in one common dia-
log box. To specify the units for RF-ALUMINIUM, select on the module menu

Settings — Units and Decimal Places.

The dialog box known from RFEM appears. In the Program/Module dialog box section, RF-ALU-
MINIUM is preset.

Units and Decimal Places @
Program / Module RF-ALUMINIUM

- RFEM -
. RF-STEEL Surfaces DITIiNZE Parts List

.. RF-5TEEL Members Linit Dec. places Linit Dec. places
- RF-STEEL EC3 Froree: - .

- RF-STEEL AISC ! Lengths 2
.. RF-STEEL IS Design ratios - 2
- RF-STEEL SI1A
- RF-STEEL BS

- RF-STEEL GB = Volumes: m™3

2
2

2

- RF-STEELCS Weight per length: - 2
2

3

Ale | |l4]»
Aln | |4]»

Total lengths:

Dimensionless: - 3= Suface areas:

BN e

. RF-STEELAS
. RF-STEEL NTC.DF eziE
Total weight:
 RF-KAPPA

- RFLTE

- RFFELTB

. RFELPL

- RFCTOT

. PLATEBUCKLING

. RFCONCRETE Sufac
. RFCONCRETE Membr
. RF-CONCRETE Columi
. RF-PUNCH

- RF-TIMBER Pro

. RF-TIMBER

- RF-DYNAM

. RF-JOINTS

. RF-END-PLATE

. RFCONNECT M

@ F = @ oK

L& -

m
= | [= 3
4 4]

Ale| [l

[ Cancel

Figure 7.9: Dialog box Units and Decimal Places

To reuse the settings in other models, save them as a user-profile. The functions are described
in the RFEM manual, Chapter 11.1.3.
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7.4  Data Exchange

7.4.1 Exporting Materials to RFEM

If you adjusted the materials in RF-ALUMINIUM for design, you can export the modified mate-
rials to RFEM in a similar way as you export cross-sections. To do this, go to the 1.2 Materials
window, and then select in the menu

Edit — Export All Materials to RFEM.

You can also export the changed materials to RFEM by using the context menu in Window 1.2.

Material Library...

| Export Material to RFEM L\,J
Export All Materials to RFEM

Import Material from RFEM
Import All Materials from RFEM

Figure 7.10: Context menu of Window 1.2 Materials

Before the modified materials are exported to RFEM, a query appears as to whether you want
to delete the results in RFEM. After you confirm it and start the [Calculation] in RF-ALUMINIUM,
the RFEM internal forces and designs are determined in a single calculation run.

If the modified materials are not exported to RFEM, you can transfer the original materials to
the design module, using the options shown in Figure 7.10. Please note, however, that this op-
tion is available in the 1.2 Materials Window only.

7.4.2 Exporting Effective Lengths to RFEM

If you adjusted the effective lengths in RF-ALUMINIUM for design, you can export the modified
effective lengths to RFEM. To do this, go to the 1.6 Effective Lengths - Members Window, and
then select in the menu

Edit — Export All Effective Lengths to RFEM.

You can also export the effective lengths to RFEM by using the context menu in Window 1.6.

Export Effective Length to RFEM
| Export All Effective Lengths to RFEM

Import Effective Length from RFEM
Import All Effective Lengths from RFEM

Figure 7.11: Context menu of Window 1.6 Effective Lengths - Members

Before the modified materials are transferred to RFEM, a query appears as to whether you want
to delete the results in RFEM.

If the modified effective lengths are not exported to RFEM, you can transfer the original effec-
tive lengths to the design module, using the options shown in Figure 7.11. Please note that
this option is available only in windows 1.6 Effective Lengths - Members and 1.7 Effective Lengths
- Sets of Members.

7.4.3 Exporting Results
You can use the RF-ALUMINIUM results also in other programs.

Clipboard

To copy cells selected in the results windows to the Clipboard, press the keys [Ctrl]+[C]. To
insert the cells, for example in a word processor, press [Ctrl]+[V]. The headers of the table
columns are not transferred.

Dlubal

I Program RF-ALUMINIUM © 2014 Dlubal Software GmbH

65



7 General Functions /| I\

Dlubal

Printout report

You can print the data of the RF-ALUMINIUM module into the printout report (see Chapter 6.1,
page 58) for export. Then, in the printout report, you can export them by selecting in the report
menu

File —> Export in RTF.

This function is described in the RFEM manual, Chapter 10.1.11.

Excel / OpenOffice

RF-ALUMINIUM provides a function for the direct data export to MS Excel, OpenOffice.org Calc,
or the file format CSV. To open the corresponding dialog box, select in the module menu

File > Export Tables.

The following dialog box appears.

Export - MS Excel ﬁ

Table Parameters Application

‘With table header @ Microzoft Excel

[ Only marked rows OpenOffice.org Calc
(71 CSY file format

Transfer Parameters

Export table to active workbook
[ Export table to active workshest
Fiewite existing workshest

Selected Tables
@ Active table [ Expart tables with details
(1 Al tables
Input tables
Result tables
[ Ok ] [ Cancel

Figure 7.12: Dialog box Export - MS Excel

Having selected the relevant options, you can start the export by clicking [OK]. Excel or
OpenOffice are started automatically. You do not need to open the programs beforehand.

X H9- = Tablelxdsx [Read-Only] - Microsoft Excel (=] B [
Home Insert Page Layout Formulas Data Review View Add-Ins [~ Q o BB &
= X% Calibri -8 - = Text - B} conditional Formatting = S=lInset - X - ﬁ? l?a
B Ea- B 7 U~ A a & E9- v s [5FFormatasTable » 2% Delete - [§] - Z =
Paste - . Sort & Find &  Translate
- | E- S A B ] 5 Cel Styles ~ [ Format = <2~ Fiter~ Select~ Document
Clipboard 1= Font El Alignment El Number - Styles Cells Editing
B3 - fx | Pipe60/2.5 v
A B C D E [F G e
1  Section Member Location Load Design
2 No. No. x [m] Case Ratio | Design According to Formula
3 1 |Pipe60/2.5 -
4 as 1524 CO1 0,00(<1 (100) Negligible internal forces
5 19 1,333 CO1 0,00(<1 (101} Cross-section check - Tension acc. to 6.2.3
6 B35 0,900 co1l 0,01|=1 |102) Cross-section check - Compression acc.to 5.2.4 7
7 as 2,667 ~ CO1 0,02|<1 |106) Cross-section check - Bending about y-axis acc. to 6.2.5
8 50 0,000 co1l 0,26|=1 |107) Cross-section check - Bending about z-axis acc. t0 6.2.5
9 50 2,667 co1l 0,26|=1 |108) Cross-section check - Bending acc. to 6.2.5 - Round tubes and bars
10 a8 2,667 co1 0,04/=1 |115) Cross-section check - Shear force acc. to 6.2.6 - Round tubes and bars
11 73 1,333 co1 0,04/=1 |131) Cross-section check - Torsion acc. t0 6.2.7.2
12 71 2,667 co1 0,05/=1 |136) Cross-section check - Torsion and shear force acc. to 6.2.7.3 - Round tubes and bars
13 30 1,400/ cO1 0,09/=1 |146) Cross-section check - Bending, shear force and torsion acc. to 6.2.5 t0 6.2.8
14 50 0,000 CO1 0,26/S1 |151) Cross-section check - Bending about z-axis and shear force acc. to 6.2.5 and 6.2.8
15 a5 2,667 co1 0,26/ 1 |156) Cross-section check - Bending about z-axis, shear force and torsion acc. to 6.2.5t0 6
16 50 2,667  CO1 0,26/<1 |163) Cross-section check - Bending and shear force acc. to 6.2.5 - 6.2.9 - Round tubes and
W 4+ M| 2.2 Design by Cross-Section ~#1 nEl! il ] r [
Ready | |EEm 125w (=) »; +)

Figure 7.13: Results in Excel
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8. Worked Example: Column
Subject to Biaxial Bending

A stability analysis is performed for flexural buckling and torsional-flexural buckling of a
column subject to biaxial bending, taking into account the interaction conditions.

| 8.1 Design values

System and loading

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

Internal forces according to first-order analysis

A00KN -

200 kNm {
16.00 kN \ . AQ0KN

8.00 kNm \

\
\ .
\

100kN 800 kN

N M, M. Vy V:

Figure 8.2: Internal forces

N
Vv
Design values of the static loads
—h
- Ne =16kN
™ Qzd = 4 kN/m
BN 2m
q. Fpa = 2kN
—>
N .
F 1 Cross-section: 15300/120/5/10
ANEN y/f’ 4m
— Material: EN-AW 6005A (EP/O, ER/B) T6
BN 2m
— Lengths: Loy =4m
:: A Lcr,z = 4 m
Lw =4m
IS 300/120/5/10 T—»z Lr =4m
y

5 B00KN

Dlubal
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Design location (governing x-location)

The design is carried out for all x-locations (see Chapter 4.5) of the equivalent member.
The governing location is at x = 2.00 m. RFEM determines the following internal forces:

N=-16.00kN My=800kNm M,=200kNm V,=1.00kN V,=0.00kN

8.2  Cross-Section Properties

Cross-section property Symbol Value Unit
Cross-sectional area A 38.00 | cm?
Moment of inertia ly 5962.67 | cm*
Moment of inertia I, 288.29 | cm*
Governing radius of gyration ry 12.53 |cm
Governing radius of gyration r; 2.75|cm
Polar radius of gyration fo 12.83 | cm
Weight wt 10.30 | kg/m
Torsional constant J 8.79 |cm*

Warping constant 60552.00 | cm®

Elastic section modulus Sy 397.51 |cm?
Elastic section modulus S; 48.05 [ cm?
Plastic section modulus Zy 446.00 | cm?®
Plastic section modulus Z, 73.75|cm?

Cross-section properties IS 300/120/5/10, EN-AW 6005A

8.3  Classification

According to [1], Clause 6.3.3, NOTE 1 and NOTE 2, cross-sections with combined bending and
longitudinal forces are to be classified separately for each load component. A cross-section can
belong to different classes for shear force, bending about the major axis, and bending about
the minor axis.

Slenderness parameters according to [1], Table 6.2
Buckling class BC for EN-AW 6005A:A (see [1], Table 3.2b)

Web - internal part

Pt gy Ps2 _1g Pss 5
SS gS 85

Material properties for t; =5 mm

f,;=225MPa  f, =270 MPa

Material factor

g5 =4/250/f, =4/250/225 =1.054
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Flange - outstand part

Bra_5 Bra _,s Brs _¢
¢ ¢ &

Material properties for tr=10 mm

f,e=215MPa  f,¢ =260MPa

Material factor

g =4250/f, ¢ =4/250/215 =1.078

Compressive force N.

16 kN
ONe =— 3 =-4.21MPa
38cm

Web - internal part
Slenderness parameter according to[1], Clause 6.1.4.3 a):
- flat internal parts with no stress gradient
b,, _ 280 _

=W _ 56
BW,NC tw 5
BW,NC >Bw,3
BuNe >BW—’3'8W =22-1.054=23.19 = Class 4
gW

Flange - outstand part
Slenderness parameters according to [1], Clause 6.1.4.3 a):

- flat outstands with no stress gradient

b 575
=—="—""-=575
Bf,Nc tf 10
Brne <Bf3
Ptz _
Bene S—=-8=6:1.078=6.47 = Class 3
€

f

Bending moment M, about major axis (y-y axis)

Web - internal part

Stresses at web edges
Csamy =—18.78 MPa
Osgmy =18.78 MPa

Stress ratio

Cogmy 1878
Gs,A,My —-18.78

Yoy = =-1.000

Stress gradients

Nsmy =0.7+ 0.3y, =0.7+0.3--1.000 = 0.400

Dlubal

Eq. (6.1)

Eq. (6.1)

Eq. (6.4)
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Slenderness parameters according to [1], Clause 6.1.4.3 b):

- flat internal parts with a stress gradient that results in a neutral axis at the center

b 280
Bs,My =MNs My 't—S=0.4OO%=22.4 Eq. (6.2)
S
Bs,My S[35,3
By sBS—'3-gS =22.1.054=23.19 = Class 3
€

S
Flange - outstand part
Stresses at flange edges

Root of,amy =—20.13MPa
Toe Gf,B,My =-20.13MPa

Stress ratio

Sfamy  =2013
ofgmy —20.13

Vepmy = =1.000

Slenderness parameters according to [1], Clause 6.1.4.3 a):
- flat outstands with no stress gradient
b 575

= ——=575 Eq. (6.1)
Pty t, 10 q
Bene <Br s
Bes 3
Bf,Nc <—=-g=6-1.078=647 — Class 3
£f

Bending moment M, about minor axis (z-z axis)

Web - internal part

Stresses at web edges

CsaMz =Ospmz =0MPa = Web without compression

Flange - outstand part

Stresses at flange edges
Root ¢ amz =—1.73MPa
Toe Gt pmz =—41.62MPa

Slenderness parameters according to [1], Clause 6.1.4.3 a):

- flat outstands with maximum compression at toe

¢ 575
=—4="—""-=575 Eq. (6.1)
Ptwe t 10 a
Bt mz <Br.3
- _
Bemz <—=-&; =6-1.078 =6.47 = Class 3
g

£

Governing: Class 4

70
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8.4  Effective Cross-Section Properties
Effective cross-sectional area: Class 4 for compressive force N,
Web - internal part
Buckling factor according to [1], Clause 6.1.5(2)
G C, 32 220
CNe = - = - =0.524 Eq. (6.12)
PesNe (B one /8:) (Bune /f  (56/1054)  (56/1.054) a

Effective web thickness

tesne =Pesne - tw =0.524-5=2.622mm
Effective web area

Ag effne =tesne -bs =2.622-280=734.16 mm?

Flange - outstand part

Class 3 - no reduction according to clause 6.1.5(2), Eq. (6.11)
Pcfne =1.000

teene =t =10mm

Flange area

Af=2-Agy=2-t;-C; =2-10-120=2400 mm’

Effective area of true section

Ao =A, +A¢ =734.16 + 2400 =3134.16 mm?
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8.5  Flexural Buckling About Major Axis (L to y-y)

Elastic torsional-flexural buckling force according to [1], Annex |.3

n’Ely 72 -70000-59626700
12 4000°

cry

N

=2574652 N =2574.65 kN Eq. (1.15)

ay =

Relative slenderness for flexural buckling according to [1], Clause 6.3.1.2(1)

_ A-f .
Ay = o :\/3800 215 =0.512 Eq. (6.51)
N 2574652

cy

Limit of the horizontal plateau and imperfection factor according to [1], Table 6.6

Buckling classA = o, =0.200 Ay, =0.100

Conditions for considering buckling effects according to [1], Clause 6.3.1.2(4)

ky > 7“y,0 0.512>0.100

Neg >A%0 Ny 16>0.010-2574.65=25.746

cy

Check

oy, = Nea 1600
N TR 0Ny, 25746

cy

After the second condition, it is not necessary to consider the flexural buckling about the y-
axis.

Auxiliary factor according to clause 6.3.1.2(1)

¢, =05- [1 +ay (i, - xylo)dzy] =0.5- [1 +0.2:(0512-0.1)+0.51 22]= 0672 Eq.(6.51)

Reduction factor according to clause 6.3.1.2(1)

1 1
Ay = =
by +40F —72  0672+0,672>~0.512

=0.903 Eq. (6.50)

Results of the RF-ALUMINIUM calculation

Moment of inertia ly 5962.67 [cm*

Effective member length Lery 4.000 | m

Elastic flexural-buckling force | Nery 2574.65 [ kN

Relative slenderness Atransy 0.512 >0.1 [6.3.1.2(4)
Buckling class Class A Tab. 3.2b
Imperfection factor Oy 0.200 Tab. 6.6
Auxiliary factor dy 0.672 Eq. (6.51)
Reduction factor Ay 0.903 Eqg. (6.50)
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8.6 Flexural Buckling About Minor Axis (L to z-z)

Elastic torsional-flexural buckling force according to [1], Annex 1.3

n’El,  m%-70000-2882920

N..= =
L2, 40002

cr,z

=124483.1N=124.483 kN Eq. (1.15)

Relative slenderness for flexural buckling according to [1], Clause 6.3.1.2(1)

%= At =\/3800'215 =2327 Eq. (6.51)
Ner, V1244831

Limit of the horizontal plateau and imperfection factor according to [1], Table 6.6

Buckling classA = a, =0.200 X,0=0.100

Conditions for considering buckling effects according to [1], Clause 6.3.1.2(4)
Ay >Ry 2.327>0.100

Neg >A20 ‘N, 16>0.010-124.483=1.245

= A flexural buckling analysis is necessary.

Auxiliary factor according to [1], Clause 6.3.1.2(1)

0, =051+, (L, ~ 7,0 )+ 2] =05-1+02-(2327- 0.1)+ 23272 ]=3.429 Eq. (6.51)

Reduction factor according to [1], Clause 6.3.1.2(1)
1 1

z= =
b, +02 12 3429++/3429 - 23272

% =0.168 Eq. (6.50)

Design factor of flexural buckling resistance according to [1], Clause 6.3.1.1(2)

f
Nprdz =K %7 ~Aeff-y—° =1.000-0.168-3134.1-215/1.1=102982.3N=102.98 kN  Eq. (6.49)
M1

There are no seam welds. Therefore, the following applies for the factor k for taking into
account the weakening by the weld seams: k =1.000

Design ratio [1], Clause 6.3.1.1(1)

Neg 16

= 0. Eq. (6.48
Nopq, 102.98 a.(648)

Results of the RF-ALUMINIUM calculation

Moment of inertia ly 2882.92 [cm*

Effective member length Lerz 4.000 | m

Elastic flexural-buckling force | Ne 124.48 | kN

Relative slenderness Atrans.z 2.327 >0.1 [6.3.1.2(4)
Buckling class Class A Tab. 3.2b
Imperfection factor Oly 0.200 Tab. 6.6
Auxiliary factor dy 3.429 Eq.(6.51)
Reduction factor Xy 0.168 Eqg. (6.50)

Dlubal
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8.7 Torsional Buckling About Longitudinal Axis
(About x-x)

Elastic torsional buckling force according to [1], Annex |.3

2
1 El
Ncr,T =2 Glt + K 2 “ Eq. (1-16)
i2 L%
2
N =;2 27000-87883.6 + 2000 60552000000 =303191.1 N=303.191 kN
" 128257 4000

Relative slenderness for torsional buckling according to [1], Clause 6.3.1.4(2)

— A .- f -
A= |2 o =\/31341 215 _ 1491 Eq.(6.53)
Ne T 303191.1

Limit of the horizontal plateau, imperfection factor and effective cross-section area according
to [1], Table 6.7

General cross-section shape = XT,O =0.400 o1 =0.350 use Acf

According to [1], Clause 6.3.1.4(1), NOTE b), you can neglect the possibility of torsional buck-
ling for doubly-symmetric I-sections.

= No torsional check is necessary.

8.8 Torsional-Flexural Buckling

Elastic critical moment for lateral-torsional buckling
The elastic critical moment for LTB M is determined according to [1], Annex .1 assuming a
pinned support that is free to warp.

The point of load application is taken at the shear center. In the Details dialog box, you can
adjust the point of load application for transverse loads (see Chapter 3.1.2, page 35).

For columns supported at both ends and that are free to warp, the effective length factor
according to [1], Clause 1.1.1(2) can be taken as the standard support:

ky =1.00 k, =1.00 k, =1.00

In [1], Clause I.1.1(1), Eq. (I.1), you find the equation for determining the elastic critical moment
for LTB of a beam, which is subject to a uniform in-plane bending moment through the shear
center. The beam has a uniform, symmetric cross-section with equal flanges and a lateral and
torsional restraint at both ends:

V- (R _ myELGl, |, B,
a0 =72 42 T T =
> \2E, |, L L2Gl,

74/70000 - 288292 - 27000 - 87883.6 \/ - 7270000-6.0552e +10
4000 40002 -27000 - 87883.6

Mo =

M., o =24916960 Nmm=24.916 kNm
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According to [1], Clause I.1.2 and I.1.3, the elastic critical moment for LTB necessary for the
slendernesses is determined as follows:

The values of the factors Cio and Ci1 are taken from [1], Table I.2 (row 1, uniform load):
|

For equal flanges, the following applies: v, = If‘;lf‘ =0 = C, =0459 Eq. (1.4b)
fc + ft
Dimensionless torsional parameter
El 70000-6.0552e+10
Ky = [fo o T \/ e 1050
koL VGI; 1-4000 27000-87883.6

Factor C;

C=Cro+(Cri—Crolkue <Gy
C,=1.127+(1.132-1.127)-1.050=1.132

Relative dimensionless elastic critical moment for LTB at doubly-symmetric cross-section sub-
jected to transverse load in shear center (z; =0, zg = 0) according to [1], Clause 1.1.3(2)

C :
e =k—1~w/1+1<3vt =%~\/1+1.0502 =1.641 Eq. (1.8)
. .

Elastic critical moment for LTB according to [1], Clause 1.1.2(2), Eq. (I.2)

LGl 1641 74/70000- 288292 -27000 - 87883.6
4000

Mcr =Her
M =28205999 Nmm=28.21kNm

The elastic critical moment for LTB used for determining slendernesses can also be determined
according to the following rearranged equation:

E-l, LGl |, mJELGI, n’El,,
M =G4 2 12 +==0 1+ 2
L m-Ed, |, L L%Gl,

4/70000 - 288292 - 27000 - 87883.6 \/1+ 170000 -6.0552e +10

M, =1.132 >
4000 40002 -27000-87883.6

M., =28205999 Nmm=28.21kNm

RF-ALUMINIUM also gives the maximum elastic critical moment for LTB Mco, which is deter-
mined by assuming a uniform moment distribution.

Please note: For the results by x-location for simple bending about major axis and for sets
of members, the values of M« are also shown at each x-location. These are the
elastic critical moments for LTB referring to the elastic critical moment for LTB
at the location of the maximum moment. Then, the relative slenderness is de-
termined by using Mcx A T -
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Slenderness ratio for lateral-torsional buckling

The calculation is carried out according to [1], Clause 6.3.2.3 or |.2 for the location of the
maximum moment at x =2.0 m.

IS 300/150/4/8, cross-section class 3 for bending about y-y: W, =W, =397.51 cm?

ely
Shape factor o according to [1], Table 6.4

OL3Iu =1

Relative slenderness according to section 6.3.2.3(1), Eq. (6.58)

7 [Weyfo [1.397.51.215 1741
L M, 28206 '

Reduction factor y.r

The calculation is carried out according to [1], Clause 6.3.2.2.

The buckling curve according to [1], Clause 6.3.2.2(2) depends on the cross-section class.
Class for My: 3 = Buckling curve "2" = 24,7 =0.400 o =0.200

Auxiliary factor according to [1], Clause 6.3.2.2(1)

dr=05- [1 royr- (R —XO,LT)JFET] =0.5- [1+o.2 (1,741 —0.4)+1.7412]=2.149 Eq. (6.57)

Reduction factor according to [1], Clause 6.3.2.2(1)

1 1
O+ 02 —Tr? 21494421497 ~1.747

Yy = -0.293 Eq. (6.56)

Design value of moment resistance according to [1], Clause 6.3.2.1(2)

f
Mpa =707 -0y - W, - —2-=0.293-1.000-397511 -f%: 22788229 Nmm=22.79kNm Eq. (6.55)

Tmi

8.9 Bending with Axial Compression

Interaction factors &, &., n. and 7.

The exponents of the interaction expressions are described in clause 6.3.3.1(1), Eq. (6.61a)
through (6.61e). The standard recommends standard values but also allows for alternatives. In
the example, the standard values are used. yo is given in clause 6.2.9.1(1), Eq. (6.42b).

n. =0.80 &, =0.80 €, =0.80 Ye =70 =1.00

HAZ factors o, ®x and

Because there are no local weld seams, the factors can be taken according to [1], Clause
6.2.9.1(1) as 1.00.

(DO = (’OX = (’OX,LT = 1 .OO
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Design values of resistance Nga, Myra, M;zd

The design values of resistance are determined according to [1], Clause 6.3.3.1(5) and 6.3.3.2(1).

f
Neg = - A ~—0—=1.000-3134.1- 21> — 612583 N =612.583 kN
Ymi 1.10

Shape factor o according to [1], Table 6.4

OL3Iu =1

Design value of moment resistance about y-axis

f
My'Rd:ocy ~Wy,e|- o :1-397511-%:77695332Nmm:77.695kNm
Tmi .

Design value of moment resistance about z-axis

f
M, g =, -W, o -~ =1.000-48049 21> — 9391317 Nmm=9.391kN
/ oy 1.10

Flexural buckling according to [1], Clause 6.3.3.1

Interaction for flexural buckling about major axis and bending moment M,

N gyc M
e | YR 900 Eq. (6.59)
Xy * Oxy *Nrg ©g -My g

08
16 + 8 <1.00
0.903-1.00-612.583 1.00-77.695

0.059+0.103=0.162<1.00

Interaction for flexural buckling about minor axis and bending moment M,

Nc

N M

[ Ed J +—2E <100 Eq. (6.60)
Az Oz “Ngg ®g Mz,Rd

16 08
+ <1.00
0.168-1.00-612.583 1.00-9.391

0.225+0.29=0.516<1.00

Torsional-flexural buckling according to [1], Clause 6.3.3.2

Nc Ve Ezc
N M M
_ Ned | y Ed 4| ——2kd ] <1.00 Eq. (6.63)
Xz Ox,z *Nrd XLT - Oxit “My Rd 0o Mg pg

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

Note: In Eq. (6.59) and (6.60) for flexural buckling, xy and y. are the reduction factors for
buckling in the z-x or y-x plane.

In Eq. (6.63) for torsional-flexural buckling, y. is the reduction factor for buckling, if
one of the two flanges shows lateral deflection (buckling in x-y plane or flexural-
torsional buckling).
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Results of the RF-ALUMINIUM calculation

Elastic critical moment for Nerr 303.19| kN Eq. (1.16)

torsional buckling

Modulus of elasticity E 7000.0 | kN/cm? 3.2.5(1)

Second moment of area ly 59626700 [ mm*

Effective member length Lery 4000.0 | mm

Elastic flexural buckling force Nery 2574.65 | kN Eq. (1.14)

Second moment of area I, 2882920 | mm*

Effective member length Lerz 4000.0 | mm

Elastic flexural buckling force Nerz 124.48 | kN Eq. (1.15)

Relative slenderness Az 2.327 >A o |6.3.1.2(4)

Buckling curve BC; 1 Tab. 6.6

Imperfection factor Oz 0.200 Tab. 6.6

Auxiliary factor - 3.429 6.3.1.2(1)

Reduction factor Xz 0.168 Eq. (6.50)

Cross-sectional area A 3800.0 [ mm?

Characteristic proof strength fo 21.50 [ kN/cm? Tab. 3.2.1

Buckling curve BCir 2 6.3.2.2(2)

Imperfection factor our 0.200 6.3.2.2(2)

Shear modulus G 2700.0 | kN/cm? 3.2.5(1)

Effective length factor k. 1.000

Effective length factor Kw 1.000

Length L 4000.0 | mm

Warping constant of cross-section | I 6.0552E+10 [ mm®

Torsional constant J 87883.6 | mm*

Elastic critical moment for LTB Mecro 24.92 [kNm

Elastic critical moment for LTB Mer 28.19 | kNm

Moment G 1.131 Eigenvalue
solution

Modulus of cross-section Sy 397511 | mm?3

Relative slenderness AT 1.741 6.3.2.3

Auxiliary factor dur 2.150 6.3.2.2(1)

Reduction factor AT 0.293 Eq. (6.56)

Elastic critical load for torsional Nerr 303.19 | kN Eq. (1.16)

buckling

Axial force (compression) Ned 16.00 | kN

Factor for section with localized Wxy 1.000 6.3.3

weld

Factor for section with localized Wxz 1.000

weld

Exponent Eye 0.800 6.3.3

Exponent Ex 0.800 6.3.3
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Factor for section with localized Wo 1.000 6.2.9,6.3.3
weld

HAZ factor Wt 1.000 6.33
Exponent W 1.000 6.3.3
Exponent Ne 0.800 6.3.3
Governing cross-sectional area Aet 3134.15 | mm?

Axial force resistance Nrd 612.58 | kN Eq. (6.22)
Partial safety factor ymi 1.100 Tab. 6.1
Design component for N Nny 0.054 <1 |Eq.(6.59)
Design component for N nnz 0.225 <1 |Eq.(6.60)
Moment My ed 8.00 [ kNm

Moment AMy 4 0.00 [ kNm

Modulus of cross-section Sy 397511 | mm?3

Moment resistance My rd 77.70 [kKNm

Moment component nMy 0.35 <1

Moment Mztq 2.00 [ kNm

Moment AM_ g4 0.00 | kNm

Modulus of cross-section W, 48048.6 | mm?

Moment resistance M4 9.39| kNm

Moment component nNwz 0.290 <1

Design 1 N 0.157 <1 |Eq.(6.59)
Design 2 n2 0.516 <1 |Eq.(6.60)
Design 3 ns 0.867 <1 |Eq.(6.63)
Check n 0.867 <1

Dlubal
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