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1 Introduction 1

1 Introduction

1.1 Add-on Module RF-STEEL EC3

Eurocode 3 [1] describes design, analysis, and construction of steel structures in the member states
of the European Union. With the RFEM add-on module RF-STEEL EC3, DLUBAL provides a powerful
tool for designing steel structures modeled with member elements. Country-specific regulations
are taken into account by National Annexes (NA). In addition to the parameters included in the pro-
gram, you can define your own limit values or create new National Annexes.

RF-STEEL EC3 can carry out all typical ultimate limit state designs as well as stability and deforma-
tion analyses. The program takes into account various actions for the ultimate limit state design.
Furthermore, you can choose between the interaction formulas given in the standard. An essential
part of the analysis according to Eurocode 3 is the classification of the designed cross-sections
into the Classes 1 to 4. In this way, you can check the limitation of the design and rotational
capacity by means of the local buckling of cross-section parts. RF-STEEL EC3 determines the c/t-ra-
tios of the cross-section parts subjected to compression stress and performs the classification
automatically.

For the stability analysis, you can specify for each member or set of members whether flexural
buckling occurs in the y-and/or z-direction. You can also define additional lateral restraints in order
to represent the model close to reality. In addition, the stabilizing effect of purlins and sheeting
can be taken into account by rotational restraints and shear panels. RF-STEEL EC3 determines
the slenderness ratios and elastic critical buckling loads on the basis of boundary conditions.
The elastic critical moment for lateral-torsional buckling required for the lateral-torsional buckling
analysis can be determined automatically or specified manually. There is the load application
point of transverse loads considered, effecting the torsional resistance considerably.

RF-STEEL EC3 can also perform the fire resistance design according to EN 1993-1-2 [2]. The design
is carried out on the bearing capacity level according to the simplified calculation method. As fire
protection, you can select encasements with various physical properties.

For structures with slender cross-sections, the serviceability limit state represents an important
design. The load cases, load combinations, and result combinations can be assigned to different
design situations. The limit deformations are preset by the National Annexes and can be adjusted,
if necessary. In addition, you can specify reference lengths and precambers that are considered
accordingly in the design.

RF-STEEL EC3 also allows you to design structural components made of stainless steel according
to EN 1993-1-4 [3].

The program allows you to optimize cross-sections, if required, and then export the modified
cross-sections to RFEM. Using the design cases, you can design separate structural components in
complex structures or analyze variants.

Since RF-STEEL EC3 is integrated in the main program RFEM, the design relevant input data is
already available when you open the module. After the calculation, you can evaluate the designs
graphically in the RFEM work window. Last but not least, it is possible to cover the analysis progress
in the global printout report, from determination of internal forces up to the results of the design.

We wish you enjoyment and success with RF-STEEL EC3.

Your DLUBAL team
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1.2 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 features
of the RF-STEEL EC3 add-on module.

@ | Thedescriptions in this manual follow the sequence and structure of the module’s input and result
windows. In the text, the described buttons are given in square brackets, for example [View mode].
At the same time, they are pictured on the left. Expressions appearing in dialog boxes, windows,
and menus are set in italics to clarify the explanation.

At the end of the manual, you find the index. However, if you still cannot find what you are
looking for, please check our website www.dlubal.com where you can go through our FAQ pages
by selecting particular criteria.

1.3 Opening RF-STEEL EC3 Add-on Module

RFEM provides the following options to open the RF-STEEL EC3 add-on module.

Menu

To open the program from the RFEM menu bar, click
Add-on Modules — Design - Steel — RF-STEEL EC3.

Moduli aggiuntivi

| Acciaio k| & RF-STEEL Surfaces Analisi tensionale generale delle superfici di acciaio

Caleestruzzo 4 ﬁ RF-STEEL Members Analisi tensionale generale delle aste di acciaio
Legno. ) ' -ﬁ RF-STEEL EC3 [,};' Progettazione delle aste di acciaio secondo EC 3|

Alluminio ' ﬁ RF-STEEL AISC Progettazione delle aste di acciaio secondo AISC (LRFD o ASD)

Pinamica ' ﬁ RF-STEEL IS Progettazione delle aste di acciaio secondo 15

Collegamenti ' ﬁ RF-STEEL SIA Progettazione delle aste di acciaio secondo SIA

Fom?aIZjom ' ]'E’; RF-STEEL BS Progettazione delle aste di acciaio secondo BS

Statl““_ta ' ﬁ RF-STEEL GE Progettazione delle aste di acciaio secondo GB

Traliccl ' g RF-STEEL C5A Progettazione delle aste di acciaio secondo CSA

Altr ' ﬁ RF-STEEL AS Progettazione delle aste di acciaio secondo AS

Moduli esterni L4 ﬁ RF-STEEL NTC-DF Progettazione delle aste di acciaio secondo NTC-DF

ﬁ RF-STEEL 5P Progettazione delle aste di acciaio secondo 5P

ﬁ RF-STEEL Plastic Progettazione delle aste di acciaio secondo PIFM

ﬁ RF-STEEL SANS Progettazione delle aste di acciaio secondo SANS

ﬁ RF-STEEL NEBR [Versione trial} Progettazione delle aste di acciaio secondo NBR

ﬁ RF-STEEL Fatigue Members Progetto a fatica delle aste di acciaio

"} RF-KAPPA Analisi di instabilita flessionale

{l} RF-LTE Analisi di instabilita flesso-torsionale

{%E RF-FE-LTB Analisi di instabilita flesso-torsionale con FEM

I8 RF-EL-PL Progetto elastico-plastico

5 RF-C-TO-T Analisi della snellezza limite (c/t)

H RF-PLATE-BUCKLIMNG Analisi di instabilita delle piastre

ﬁ VERBAMND [non installato) Progettazione dei controventi di falda

ﬂgure 1.1: Menu: Add-on Modules — Design - Steel — RF-STEEL EC3
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Navigator

As an alternative, you can open the add-on module in the Data navigator by clicking
Add-on Modules — RF-STEEL EC3.

Project Navigator - Data |
ED RFEM ~
2-4¥) Hall*

- Model Data

[+ Load Cases and Combinations

= Loads

----- |_J Results

----- |l Sections

----- |l Average Regions

----- | Printout Reports

[#-_J Guide Objects

= Add-on Modules

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

RF-STEEL Members - General stress analysis of steel members

RF-STEEL EC3 - Design of steel members accerding to Eurocode 3

RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
RF-STEEL IS - Design of steel members according te IS

RF-STEEL SIA - Design of steel members according to 514

; RF-STEEL BS - Design of steel members according to BS v

£
| ﬂDEtE gDisplay _ﬂ Views
ﬂgure 1.2: Data navigator: Add-on Modules — RF-STEEL EC3

Panel

RF-STEEL EC3 CA1 - Beams ¥ If results from RF-STEEL EC3 are already available in the RFEM model, you can also open the design

LC1 - Self-weight 3

LC2 - Imposed Load modaules from the panel:
RC1-1.35°LC1 = 1.5°LC2

RF-STEEL EC3 CA1 - Beams

RF-STEEL EC3 CAZ - Columns Set the relevant RF-STEEL EC3 design case in the load case list of the RFEM toolbar. Click the [Show
Results] button to graphically display the design criterion on the members.

RF-STEEL EC3 Now you can use the [RF-STEEL EC3] button in the panel to open the module.

Panel x|

Max
Design Ratio [-]

1.06
1.00
0.50
0.80
0.70
0.50
0.50
0.40
0.30
0.20
0.10
0.00

Min : 0.00

RF-5TEEL EC3

B

Ele 4

ﬂgure 1.3: Panel button [RF-STEEL EC3]
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e 2 Input Data 2
After you open the add-on module, a new window appears. In this window, a navigator is dis-
played on the left, managing the tables that can be selected currently. The drop-down list above
the navigator contains the design cases (see Chapter 7.1, page 73).
The design-relevant data is defined in several input windows. When you open RF-STEEL EC3 for
the first time, the following parameters are imported automatically:
e Members and sets of members
e Load cases, load combinations, result combinations
e Materials
e Cross-sections
e Effective lengths
e Internal forces (in background, if calculated)
2= To select a window, click the corresponding entry in the navigator. To set the previous or next input
window, use the buttons shown on the left. For scrolling in windows, you can also use the function
keys to select the next [F2] or previous [F3] window.
0k Cancel [OK] saves the results. Thus, you exit RF-STEEL EC3 and return to the main program. To exit

the add-on module without saving the new data, click [Cancel].

2.1 General Data

In the 1.1 General Data window, you can select the members, sets of members and actions you
want to design. The tabs manage the load cases, load combinations, and result combinations for
different designs.

RF-STEEL EC3 - [Hall] “
File Edit Settings Help
CA1 -Design of steel members v | 1.1 General Data
Input Data Design of National Annex (A}
- General Data
- Materisls Members: | 4.8183.9186.99.100.103104.107.108 112121124 | %y || K Clan EICEN B
- Cross-Sections
Sets 15 i Al
- Intermediate Lateral Restraints 51 [%l O
- Effective Lengths - Members — m
EJ-Nodal Supports Ultimale Limit $tate | Serviceabilty Limit State | Fire Riesistance @)
Setof members No. 1-Cell | Existing Load Cases and € Selected for Design w 14
. Self-weight " RC1 | Bxreme Design Values Persistent and Transient ;
Set of members No. 3 - Firs o
Set of members No. 4 - St Windin X J
Set of members No. § - St \lind on Gable in ¥ m
EJ-Member Hinges Wind on Gable in -Y
Set of members No. 1 - Cei Wiind Lfting m
Set of members No. 2 - Cei imposed Load - Plate
Set of members No. 3 - Firs imperectionsin X = h b
Set of members No. 4 - 5t Imperfections in Y - é ]
Set of members No. § - 5ti imperfections in Y > m
5.erviceab\hty Data Erommmes 1 [ "
- Fire Resistance - Members Sweseip LL gd
- Fire Resistance - Sets of Memb Sweneeelmp < s
- Parameters - Members Somrios z E &
- Parameters - Sets of Members SwWind Ifting+imp «
Swewy+mp
Swew(y)+imp
P Design of steel members
S and sets of members acc. to
(yp+imp “EN 1993-1-1
SwisswxpImp (char. value) “EN 199312
Swis+imp (char value) - EN 199314
Swaunc+Imp (char. valug) - EN1993-1-5
Swip+imp (char value)
SwWind fting+Imp (char value) | v
Al v| v |88 HAlE:]
e
Desian acoording to NA Eurcpean Lnion B
< >
@ 8| Calculation Details... Nat. Amnex... Graphics Cancel

ﬁgure 2.1: Window 1.1 General Data
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Design of

Design of

Members: | 1.211.12.21.22.31 32 44 51 52 61-64.81-83.91-96.£ Q K a0
Sets: 18 D K |'|m| Ma

ﬁgure 2.2: Design of members and sets of members

% | Thedesign can be carried out for Members as well as for Sets of Members. If you want to design only
selected objects, clear the All check box. Then you can access the text boxes to enter the numbers
of the relevant members or sets of members. You can remove the list of preset numbers in the text
box using the [Delete] button. Use the [Select] button to display the objects graphically in the
RFEM work window.

&t

When you design a set of members, the program determines the extreme values of the analyses
of all members contained in the set of members and takes into account the boundary conditions
of connected members for the stability analysis. The results are shown in the result windows
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.

= Click [New] to create a new set of members. The dialog box that you already know from RFEM
appears where you can specify the parameters for a set of members.

National Annex (NA)

National Annex (NA)
ECEN v | |||

ﬁgure 2.3: National Annex
In the drop-down list box in the upper-right corner of the window, you can define the National
Annex. The annex parameters apply for the design and the limit values of the deformation.

= Use the [Edit] button to open a dialog box where you can check and/or adjust the parameters of

the selected National Annex. This dialog box is described in Chapter 2.1.4, page 11.

Comment

Comment

Dresign according to MA European Union

Figure 2.4: User-defined comment

In this text box, you can enter user-defined notes, for example to describe the current design case.
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2.1.1 Ultimate Limit State

Ultimate Limit State | Serviceabily Limit State | Fire Resistance

Existing Load Cases and C inati Selected for Design

| ¢ s Seff-weight ~ RC1 Extreme Design Values Persistent and Transient
aEN LC2 Snow

LC3  |Windin X

LC4 | Wind on Gablein Y
LC5 | Wind on Gablein -Y
LCE Wind Lifting

LC7 Imposed Load - Plate

| imp Imperfections in X =
A LCS Imperfections in -Y
MM LC10 | Imperfectionsin Y =
Cco1 Sws+nncp=lmp
coz Sws+mp
CO3 | Swewnc+mp <
Co4 Swep+lmp P
Co5 Sw+Wind lifting+Imp
COo& Sw+wy+imp
Cco7 Sw+w(y)+mp
Co8 Swsswy+p=lmp
Cos Sws+w(yp+mp
CO11 | Swes+anc+p+Imp (char. value)
CO12 | Swas+lmp (char.value)
CO13 | Sw+wx+mp (char. value)
CO14 | Sw+p+lmp (char. value)
CO15 | Sw+Wind lifting+Imp (char. value) | v
Al MG 2| |58

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

Existing Load Cases and Combinations

This column lists all load cases as well as load and result combinations that have been created in
RFEM.

Use the | = | button to transfer the selected entries to the Selected for Design table on the right.
Alternatively, you can double-click the entries. To transfer the entire list to the right, use the >
button.

To transfer multiple entries of load cases, click the entries while pressing the [Ctrl] key, as common
for Windows applications. Thus, you can transfer several load cases at the same time.

Load cases marked in red, like LC 8 to 10 in Figure 2.5, cannot be designed: This happens when
the load cases are defined without any load data or contain only imperfections. Then, when you
transfer the load cases, a corresponding warning appears.

At the end of the list, several filter options are available. They will help you to assign the en-

(0 Lont o tries sorted by load case, load combination, or action category. The buttons have the following
€0 Load Combinations
RC Result Combinations i .
Rl Cor functions:
Imposed - category A: domestic, residential arsas
= Srow 5 10meal) A
Wind
Imperfection

24 | | Select all cases in the list

2= | | Invert selection of load cases
./
ﬁble 2.1: Buttons in tab Ultimate Limit State
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Selected for Design

The column on the right lists the load cases as well as the load and result combinations selected
for design. Use the | € | button or double-click the entries to remove selected entries from the list.
Use the <2 button to transfer the entire list to the left.

The load cases, load combinations, and result combinations can be assigned to the following
design situations:

e Persistent and Transient

e Accidental

This classification controls the partial factors vy, Ym1 @and vy, that are included in the determina-
tion of the resistances R for the cross-section and stability analyses (see Figure 2.10, page 12).

To change the design situation, use the list at the end of the text box, which you can open by
clicking the drop-down arrow =l

Selected for Design
Sws+lmp
Swnc+mp
Swp=lmp Accidental

Sw+wy+imp Persistent and Transient
Swsswy+p=lmp Persistent and Transient
Impact Accidental

Persistert and Transient B
Persistent and Transient

ﬁgure 2.6: Assigning design situation

For multiple selection, press [Ctrl] and click the corresponding entries. Thus, you can change
several entries at once.

I]g The design of an enveloping max/min result combination is performed faster than the design of

all contained load cases and load combinations. However, the analysis of a result combination has
also disadvantages: First, the influence of the contained actions is difficult to discern. Second, for
the determination of the elastic critical moment M, for lateral-torsional buckling, 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. Therefore, more unfavorable values for M, are to be expected in RC design,
leading to higher ratios.

Result combination

Result combinations should be selected for design only in case of dynamic combinations.
For "usual" combinations, load combinations are recommended, since there are the actual moment
distributions taken for the determination of M.

| M oDlubal Software GmbH 2015
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2.1.2 Serviceability Limit State

Ultirnate Limit State | Serviceabilty Limit State | Fire Resistance

Existing Load Cases and C inati Selected for Design

| ¢ s Seff-weight ~ CO11 | Swas+wx+p+lmp (char. value | Characteristic

W= LC2 Snow C012 | Swss+Imp (charvalue) Characteristic

LC3 Wind in X C013 | Swewx+mp (char. value) Characteristic

LC4 | Wind on Gablein Y ol ot -

I LC5 Wind on Gable in -Y i 390 »
LC6 Wind Lifting Erequent EN 1390 6.5.3(2) b)
LCc7 Imposed Load - Plate Quasipermanent  EN 1330 6.5.32) c)
| imp Imperfections in X =

A LCS Imperfections in -Y

MM LC10 | Imperfectionsin Y =

LC11 | Accidental Loads

Cco1 Sws+nncp=lmp

coz Sws+mp <
Co3 Swnc+mp P
Co4 Swep+lmp

Co5 Sw+Wind lifting+Imp

COo& Sw+wy+imp

Cco7 Sw+w(y)+mp

Co8 Swsswy+p=lmp

Cos Sws+w(yp+mp

CO10 | Impact

CO15 | Sw+Wind lifting+imp (char. value)

CO16 | Sw+wy+mp (char. value)

CO17 | Sw+w(y)}+Imp (char. values) W

Al MG 2| |58

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

Existing Load Cases and Combinations

This section lists all load cases, load combinations, and result combinations that have been created
in RFEM.

Selected for Design

= | Youcanadd or remove load cases as well as load and result combinations as described in Chap-
ter 2.1.1.

You can assign different deflection limit values to the individual 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, use the list at the end of the text box, which you can open by
clicking = (see Figure 2.7).

Nat. Annex... | T1he limit values of the deformations are defined in the National Annex. To adjust these values
according to the design situation, click the [Nat. Annex] button. The National Annex Settings dialog
box appears (see Figure 2.10, page 12).

In the 1.9 Serviceability Data window, you can specify the reference lengths that are governing for
the deformation analysis (see Chapter 2.9, page 31).
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Dlubal

2.1.3 Fire Resistance

Ultimate Limit State | Serviceabily Limit State | Fire Resistance

Existing Load Cases and C inati Selected for Design
| ¢ s Seff-weight ~ RC3 | Fire
aEN LC2 Snow

LC3  |Windin X

LC4 | Wind on Gablein Y

LC5 | Wind on Gablein -Y
LC6 | Wind Lifting

LC7 Imposed Load - Plate

| imp Imperfections in X =
A LCS Imperfections in -Y
MM LC10 | Imperfectionsin Y =

LC11 | Accidental Loads

Cco1 Sws+nncp=lmp

C02 | Swss+mp <
Co3 Swnc+mp

CO4 | Swepslmp o
Co5 Sw+Wind lifting+Imp

COo& Sw+wy+imp

Cco7 Sw+w(y)+mp

Co8 Swsswy+p=lmp

Cos Sws+w(yp+mp

CO10 | Impact

CO11 | Swes+anc+p+Imp (char. value)

CO12 | Swas+lmp (char.value)

CO13 | Sw+wx+mp (char. value) W

Al {30) M av | B2

ﬁgure 2.8: Window 1.1 General Data, tab Fire resistance

Existing Load Cases and Combinations

This section lists all load cases, load combinations, and result combinations created in RFEM.

Selected for Design

=~ | You can add or remove load cases as well as load and result combinations, as described in Chap-
ter 2.1.1. In this dialog section, you can select the actions that have been determined according to
| EN1991-1-2[21.

2.1.4 National Annex (NA)

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

National Annex (NA)

=9 DIN Germany
ZEBS United Kingdom
J CSH Czech Republic

i=DK Dienmark
1= MEN  Metherlands
LANF France

= ONORM sustia
- PN Paland
=i 5FS Finland
@ SIST  Slovenia
=SS Sweden
©mSTHN  Slovakia

LHUN Italy
== BDS Bulgaria
= Y5 Cypruz

== L5T Lithuaria
ISR Ramania
[ gg Singapare
B EMEN  Belgium
EE NP Portugal
= UME  Spain

ﬁgure 2.9: Selecting the National Annex

) Click the [Edit] button to check and, if necessary, adjust the preset parameters (see the following
figure).
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Mat. Annex...

2 Input Data

p

Click the [New] button to create a user-defined National Annex.

In addition, you can use the [Nat. Annex] button available in all input windows. Thus, you open

the National Annex Settings dialog box, that consists of two tabs.

Base

Mational Annex Settings - CEN

Base | Stainless Steel (EN 1993-1-4)

Partial Factors Acc. to 6.1, Note 2B

Parameters for Lateral-Torsional Buckling

Imperfection coefficients of lateraltorsional
buckling curves acc. to Table 6.3:

Use factor f for modffication of y1

Serviceability Limits (Deflections) Acc. to 7.2

Determine lateral-torsional buckiing
curves for 6.3.2 and 6.3.3:

For resistance of cross-sections MO 1.0005 Combination of actions (Table A1.4 of EN 1530):

For member resistance to stability failure Cartilevers

{member design), as well as cross-section - = =

resistance to stabilty failre Characteristic L 300 Lel 150%

(cross-section design acc. to second Frequent L 20012 Let 10012

ey o 0
Quasi-permanent L/ - Le! -

For resistance of cross-sections to fracture due to < = ©

Fire Design Settings Shear Acc. to 6.2.6(3) and Shear Buckling Acc. to EN 1993-1-5

Partial factor for fire stuation TMAi 1.0005 Factor LE 12005

General Method Acc. to 6.3.4
["] Enable also for non |-sections
[ Always use General Method for stability design

Imperfection () Always according to Eq. (6. according to 6.3.4
Coefficient c.LT - Genag,:" Case {csnseiqaﬁ{\re?ﬁ} {not applicable if bending about z-axds)
Buckling  a: 0210 (") Mlways according to Eq. (6.57)
Curve b rolled or uniformly equivalent cross-sections
e (®)  possible, according to Eq. (6.57), ctherwise
e according to Eq. (6.56)
Parameters for L1 acc. to 6.3.2.3(1):
Rolled Welded Deterrn_ine interaction factors for 6.3.3(4) [ use adapted method according to [6]
|-Sections |-Sections according to Method: {enable double bending)
e - - ()1 according to Annex A [6] Naumes, J., Feldmann, M., Sedlacek, G.:
T 0400/ 0400/ :
| | | | (®) 2 according to Annex B Biegeknicken und Biegedrillknicken von Staben
B: | 0.7501% | | 0.750 % | = 9 und Stabsystemen auf einheitlicher Grundlage.

Stahlbau 70 (2010)

[Juse interpolation acc. to Eq. (6.66)

according to 6.3.2.3(2)

D TE fE L Cancel

D | |og

ﬁgure 2.10: Dialog box National Annex Settings - CEN, tab Base

In the individual sections of this tab, you can check the Partial Factors, the Serviceability Limits
(Deflections), as well as the Parameters for Lateral-Torsional Buckling and adjust them, if necessary.

In the General Method Acc. to 6.3.4 section, you can determine the stability analysis to be always
performed according to [1], Clause 6.3.4. The German National Annex sets the General Method
applicable only for I-shaped cross-sections. The option Enable also for non I-sections allows you to
use the method also for other cross-sections.

In addition, you can perform the stability analysis using the European lateral-torsional buckling
curve according to NAUMES [4]. In his dissertation [5], NAUMES adapted the “General Method for
buckling and lateral-torsional buckling designs of structural components” according to [1], Clause
6.3.4 for additional transverse bending and torsion. This Adapted Method is now available for
designing unsymmetrical cross-sections as well as for tapered members and sets of members with
biaxial bending (torsion is currently not considered in RF-STEEL EC3).

According to [1], Clause 6.3.4 (4), the reduction factor Xop is to be calculated either

a) as the minimum value of buckling according to 6.3.1 or x, for lateral-torsional buckling ac-
cording to 6.3.2 using the slenderness ratio A, or

b) as the value interpolated between x and 1 - see also [1], Equation (6.66).

Since the method according to NAUMES is based on the standardized European lateral-torsional

buckling curve considering the modified imperfection factor a*, the interaction between local
buckling and lateral-torsional buckling according to [1], Equation (6.66) is not applied.
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Calculation

Main plans Secondary plane
xerle) - o ilr) 2o Mepal)
apglr) = —————— =1 Balr) = (1 —qu-
£4(®) a1 - M. gal(zx) ( )
Design
simplified exact
A — 0 Anp=1-—L [1 1}2(}32{)
=1 np=1- 11— . x) - &
e ) f agalz) apg(x) xer LT

1
_ - e
d(‘l-') + .'rjz(.l") &nﬂ

ﬁgure 2.11: Calculation for the method according to NAUMES

In the first step, the calculation is carried out separately for the main and the secondary load-bear-
ing plane. Simultaneously, the moment factor q,; is determined according to Figure 2.12.

In the second step, the design criterion Ang is determined.

Finally, the design is performed by summing up the design ratios for the main and the secondary
load-bearing plane and compared to the design criterion Ang.

Moment distribution M. qag.

) 1 1
E gar. = 0.21 (1 —0.) + 0.36 - (0.33 — a0, ) - =

Derit it

max| M. gq .
1 (1 T2El, - 11'1ax|(5y|)
gy, = — e  ar
max|M. ga| | max|d,| is the major transverse bending distribution,

I max| Mgy is the major transverse bending distribution along
the component longitudinal axis.

1
S dar, = 018

Qorit

) e T

Cppit

ﬂgure 2.12: Determining the moment factor gy,

The buttons in the National Annex Settings dialog box have the following functions:

Button Function

IT' Reset original settings of the program
I@| Import user-defined default settings
I@' Save modified settings as default
Izl Delete user-defined National Annex

Eﬁble 2.2: Buttons in the dialog box National Annex Settings
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Stainless Steel (EN 1993-1-4)

In RF-STEEL EC3, it is possible to design also structural components made of stainless steel accord-
ing to EN 1993-1-4 [3].

In the second tab of the National Annex Settings dialog box, you can find the relevant Partial Factors
and Parameters for Stability Design.

Base | Stainless Steel (EN 1333-1-4) |

Partial Factors Acc. to 5.1

- For resistance of cross-sections TMO - 1.1DDE|
- For resistance of members to buckling

(@ssessed for checks in Clause 6.3) ™I 1.1DDE|

- For resistance of cross-sections to fracture
due to tension TMZ

Shear According to 5.6(2) and Shear Buckling
Factor m: 1.ZDDE|

Parameters for Stability Design

Imperfection coefficients o and values Lo for centric
compression according to Table 5.3

Buckling
- Cold formed open sections: : 0.400
- Hollow sections {welded or seamless): ? 0.400
- Welded open sections (@bout the major axds): ? 0.200
- Welded open sections (@bout the minor axds): 0.200

Parameter for &
Lo

Torsional and Lateral-Torsional Buckling
- All structural members: ¥ 0.200 E"

Imperfection coefficients oLt for lateral-torsional i
buckiing according to 5.4.3.1(1) Imperfection
Coefficient cLt
- Cold formed sections and hollow sections <
(welded and seamless): D-mlzl

- Welded open sections and

other sections:

@I - X Cancel

ﬁgure 2.13: Dialog box National Annex Settings - CEN, tab Stainless Steel (EN 1993-1-4)
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2.2 Materials

The window is subdivided into two parts. The upper part lists all materials created in RFEM. The Ma-
terial Properties section shows the properties of the current material, that is, the table row currently
selected in the upper section.

1.2 Materials
B
Material
Description Comment
Steel 52351 EN 10025-2:2004-11 E
2 | Steel 5 3551 EN 10025-2:2004-11
3 Concrete C30/37 | EN 1332-1-1:2004/AC:2010
L &[®] %] [®
Material Properties.
[=] Main Properties
Modulus of Elasticity E 210000.0 | N/mm2
Shear Modulus G 807692 | N/mm2
Poisson’s Ratio v 0.300
Specific Weight Tt 7850 | kN/m*
Coefficient of Thermal Expansion o 1.2000E-05 | 1/K
EMZ;:‘:IEIS::;;::M o 1.00 Material No. 1 used in
Coefficient for Limiting Stresses of Welds [ow [ 0.950 Cross-sections MNo.
Comelation Factor for Filst Welds [Bw [ 0.800 | 1.6.7.9.10,12,15.17
Thickness Range t < 1.60 cm
[ Thickness Range t > 1.60 cm andt <4.00 cm Members No.:
[ Thickness Range t > 4.00 cm andt < 10.00 cm e
Yield Strength |fy | 2150 | kN/em2 1,24-711,12,22,31-40 44 51,52 61-64,66
Uttimate Strength [Fu [ 36.00 | kN/em?
[ Thickness Range t > 10.00 cm and t £ 15.00 cm Sets of bers No.:
[ Thickness Range t > 15.00 cm and t < 20.00 cm 12
[ Thickness Range t > 20.00 cm and t < 25.00 cm
[ Thickness Range t > 25.00 cm andt £ 40.00 cm
T Lengths: T Masses:
223.81/ [m] 11.736 | B

ﬂgure 2.14: Window 1.2 Materials

Materials that will not be used in the design are dimmed. Materials that are not allowed are
highlighted in red. Modified materials are displayed in blue.

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

You can adjust the units and decimal places of material properties and stresses using the menu
Settings — Units and Decimal Places (see Chapter 7.3, page 77).
Material Description

The materials defined in RFEM are preset, but you can always modify them: To do this, click
the material in column A. Then click =l or press function key [F7] to open the material list.

ESteeISZE’.EIEN 10025-2:2004-11 |

Fine Grain Steel 5 420 N EN 10113:13593-04 ~
Fine Grain Steel 5 460 N EN 10113:15533-04
Steel 5 220 GD EN 10147:2000-07
Steel 5 250 GD EN 10147:2000-07
Steel 5 280 GD EN 10147:2000-07
Steel 5 320 GD EN 10147:2000-07
Steel 5 350 GD EN 10147:2000-07
Steel 5 550 GD EN 10147:2000-07
Steel 5 235 R EN 10025:1354-03
Steel 5 235 JRG1 EN 10025:1554-03 v

ﬁgure 2.15: List of Materials

According to the design concept of the Standard [1], only materials of the Steel category are
available in the list.
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When you have imported a material, the design-relevant Material Properties are updated.

If you change the material description manually and the entry is stored in the material library,
RF-STEEL EC3 will import the material properties, too.

Generally, the material properties are not editable in the RF-STEEL EC3 add-on module.

Material Library

Numerous materials are already available in the library. To open the material library, click
Edit — Material Library

Q) oruse the button shown on the left.

Material Library “
Fitter Material to Select
Material category group: Material Description Standard G
[ Metal v < EN 10025-2:2004-11
M Steel S5 275 I EN 10025-2:2004-11
Meterial category: I Steel 5 355 I EN 10025-2:2004-11
B Steel | | Stes 5 450 I EN 10025-2:2004-11
Standard group: [ Steel 5 185 I EN 10025-2:2004-11
[ Steel 5 235R I EN 10025-2:2004-11
BEN e [ Steel S 23500 I EN 10025-2:2004-11
Standard: [ Steel 5 235 J2 I EN 10025-2:2004-11
Al || | Steel S 275.UR I EN 10025-2:2004-11
M Steel S 27500 I EN 10025-2:2004-11
W Steel S 27502 I EN 10025-2:2004-11
M Steel S 355 R I EN 10025-2:2004-11
M Steel S 35500 I EN 10025-2:2004-11
[ Include invalid... S || | Steel S 3552 I EN 10025-2:2004-11 e
[] Favorites anly... = | = K
Material Properties Steel S 235 | EN 10025-2:2004-11
] Main Properties
Modulus of Hlasticity E 210000.0 | N/mm2
Shear Modulus G 80769.2 | N/mm2
Poisson’s Ratio v 0.300
Specific Weight r 78.50 [ kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 17K
[ Additional Properties
Coefficient for Limiting Stresses of Welds [ow [ 0.950 |
Comelation Factor for Filet Welds | Bw | 0.800 |
Thickness Ranget <1.60cm
Thickness Ranget > 1.60cmandt =4.00 cm
[ Thickness Range t > 4.00 cm and t < 10.00 cm
Yield Strength [Fy [ 215.0 [ N/mm2
Uttimate Strength [Fu | 360.0 | N/mm2
Thickness Ranget > 10.00cmandt < 15.00 cm
Thickness Ranget > 15.00cm and t < 20.00 cm
Thickness Ranget >20.00cmandt <25.00 cm
Thickness Ranget >25.00cmandt < 40.00 cm
| @ Corce

ﬁgure 2.16: Dialog box Material Library

In the Filter section, the current Steel material category is preset. Select the specific material in
the Material to Select list. You can check the corresponding properties in the dialog section below.

ak, Click [OK] or use the [«-] button to transfer the selected material to Window 1.2 of RF-STEEL EC3.

Chapter 4.3 of the RFEM manual describes in detail how materials can be filtered, added, or re-
arranged.

In the library, you can also select materials of categories Cast Iron and Stainless Steel. Please check,
however, whether these materials are allowed by the design concept of the Standard [1].

| M oDlubal Software GmbH 2015

EEE
16



i

2 Input Data 2

Dlubal

2.3 Cross-Sections

This window lists the cross-sections used for design. In addition, you can specify optimization
parameters here.

1.3 Cross-Sections

A B C D [ E  am G 2 IPE 300 | Euronorm 1957
Section | Material Cross-Section Cross-Section Type | Cross-Section Opti-
Ho Mo. Description for Classification Classffication mize Remark | Comment
1 1 [ IPE 400 | Euronom 13- |-section rolled A icall No 5
1 [ IPE 300 | Euronom 18- l-section rolled A From Cument Row_ = 2)
3 1 [ ICU IPE 300 + IPE 300 General A MNo 3
4 1 [ ICU IPE 300 = IPE 300 General A om cument ro 3 i
5 2 [ IPE 300 | Eurono 9 |-section rolled AL From favorites "Euronom’ B - K
L] 1 Isection rolled A No 5 2 -
7 1 I-section rolled A No 5) - ¥
B 1 Fipe A No 5) i
L] 1 |-section rolled AL No ) K
10 1 General A No 5) "
v
z
< >
F'I'he cross-section will be optimized. utilizing the best section from the table. [mm]
AR £
Cross-Section Properties - IPE 300 | Euronorm 19-57 Cross-section No. 2 used in
Cross-Section Type |-section rolled * | Members No -
Section Height h 300.0 | mm
Saction Width b 150.0 [ mm 1£89,11-13,17.2130,34 43475760 |
Web Thickness bw 7.1 | mm
Flange Thickness %1 10.7 | mm Sets of members No.:
Roct Radius r 15.0 | mm ‘1_4 |
Cross-Sectional Area A 53.80 | cm2
Fffective Shear Area Ay, 3367 | cme : :
Effective Shear Area Ruz 2567 om? | =nhatw | 6.26038) Elcin x Masses:
Noment of Inertia Iy 5360.00 | cm# | 4s86ml | 197[M
Moment of Inertia Iz 604.00 | cm*
Torsional Constant It 20.20 | cm* Material:
Radius of Gyration iy 125.0 | mm ‘1 Sieel 5 235 |
Radius of Gyration iz 33.5 | mm
Hastic Section Modulus Sely 557.00 | cm?
Hlastic Section Madulus Salz 8050 | cm?
Plastic Section Modulus Wty 628.00 [cm? v

ﬂgure 2.17: Window 1.3 Cross-Sections

Cross-Section Description
The cross-sections defined in RFEM are preset together with the assigned material numbers.

If you want to modify a cross-section, click the entry in column B. Click [Cross-Section Library] or
[.]in the box or press function key [F7] to open the cross-section table of the current cross-section
box (see the following figure).

EI In this dialog box, you can select a different cross-section type. To select a different cross-section
category, click [Back to cross-section library] to access the general cross-section library.

Chapter 4.13 of the RFEM manual describes how cross-sections can be selected from the library.
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Thin-Walled Cross-Sections - Symmetric |-Section “
Cross-Section Type Parameters
T[T~ ]
b ] b
rlejiLjog. o
clizllT![y]x 205k - 7
o é
ollv]|lo| o 7
? 03
n|o|n|n ;
7
T E(|+] e -:#: A
= |T ||L || T
T|L|G&|L
z|l0o]|l @ % &
2
Favorites Group
Euronorm v ||| | @1 IS 340/150/8/12/0 =) ks
@ @ =] ks Cancel
ﬁgure 2.18: IS cross-section types in the cross-section library
2 e 0 | B You can directly enter the new cross-section description in the input window. If the entry is listed
in the database, RF-STEEL EC3 imports these cross-section parameters, too.
I_ T A modified cross-section will be highlighted in blue.
i_ If the cross-sections in RF-STEEL EC3 are different from the ones used in RFEM, both cross-sections
are displayed in the graphic on the right. The designs will be performed for the cross-section

2 - |PE 300 | Euronorm 1%-57

RFEM selected in RF-STEEL EC3, using the internal forces from RFEM.

I Cross-Section Type for Classification
i= The program displays a cross-section type that will be used for the classification. The cross-sec-
o . & tions listed in [1], Table 5.2 can be designed plastically or elastically depending on the Class.
Cross-sections not included in this table are classified as General and can only be designed elasti-

cally (Class 3 or 4).

Classification
%’“55?“‘“’” RF-STEEL EC3 performs the classification Automatically. If this is not desired, you can determine
assification
the cross-section class manually using the drop-down list.
oy’ Max. Design Ratio

Class 4 possibl
e This column is displayed only after the calculation. It provides a decision support for the opti-

mization. By means of the displayed design ratio and colored relation scales, you can see which
cross-sections are little utilized and thus oversized, or overloaded and thus undersized.

Optimize
You can optimize every cross-section from the library: For the RFEM internal forces, the pro-

gram searches the cross-section that comes as close as possible to a user-defined maximum ratio.
You can define the maximum ratio in the Details dialog box, tab Others (see Figure 2.8, page 49).

If you want to optimize a cross-section, open the corresponding drop-down list in column D or E
and select the desired entry: From current row or, if available, From favorites ‘Description’. Recom-
mendations for the cross-section optimization can be found in Chapter 7.2 on page 75.
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Remark
This column shows remarks in the form of footers that are explained below the cross-section list.

@ | Awarning might appear before the calculation: Incorrect type of cross-section! It means that there
is a cross-section that is not stored in the database. This may 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 the design, click the [Library] button (see description below Figure 2.17).

Member with Tapered Cross-Section

For tapered members with different cross-sections at the member start and member end, the mod-
ule displays both cross-section numbers in two rows, in accordance with the definition in RFEM.

RF-STEEL EC3 also designs tapered members, provided that the cross-section at the member start
has the same number of stress points as the cross-section at the member end. The normal stresses,
for example, are determined from the moments of inertia and the centroidal distances of the stress
points. If the cross-section at the start and the end of a tapered member have a different number
of stress points, the intermediate values cannot be interpolated. Then, the calculation is possible
neither in RFEM nor in RF-STEEL EC3.

o The cross-section’s stress points including numbering can also be checked graphically: Select
the cross-section in Window 1.3 and click the [Info] button. The dialog box shown in Figure 2.19
appears.

Info About Cross-Section

a nn the Info About Cross-Section dialog box, you can see the cross-section properties, stress points,
and ¢/t-parts.

o Info About Cross-Section HE B 360 | Euronorm 53-62 “
Cross-Section Property Symbaol Value Unit # |HEEB 380 | Euronorm 53-82
Width b 300.0 mm
Web thickness tw 12,5 | mm
Flange thickness tf 22,5 [mm
Root filet radius r 27.0 | mm
Cross-sectional area A 181.00 |cm2
Shear area Ay 112.55 [em?2
Shear area Az 39.66 | am2
Shear area according to EC 3 Ay 139.94 [cm?2
Shear area according to EC 3 Avz 60.96 |cm? -
Web area Awsb 39.40 [em2 2 >
Plastic shear area Aply 135.00 [ecm?2 i v
Plastic shear area Aplz 42,19 [em?2
Moment of inertia Iy 43190.00 | cm#
Moment of inertia Iz 10140.00 | em#
Governing radius of gyration Ty 155.0 [ mm
Governing radius of gyration rz 74.9 [ mm ¥
Polar radius of gyration ro 172.1 [ mm ‘If
Radius of gyration of flange plus 1/5 of we |rzg 80.3 [ mm B
Volume v 18100.00 | cm3fm
Weight wt 142.1 | kgfm
Surface Asuf 1.850 | m2/m mm)
Section factor AmiV 102.210 | 1jm
Torsional constant 1 293.00 [em# X =g, | Stress points ag
L oooEEERe s o Ejeee )
D Ii Close

ﬂgure 2.19: Dialog box Info About Cross-Section

The buttons below the cross-section graphic have the following functions:
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Button Function

Display or hide the stress points

Display or hide the cross-section c/t-parts.

Display or hide the numbering of stress points or c/t-parts

Display the details of stress points or c/t-parts (see Figure 2.20)

Display or hide the cross-section dimensions

Display or hide the principal axes of the cross-section

Reset the full view of the cross-section graphic

& 1)¥]| & B H

ﬁble 2.3: Buttons of cross-section graphic

Click [Details] to call up detailed information on stress points (centroidal distances, statical mo-
ments of area, warping constants etc.) and c/t-parts.

C | D
Statical Moments of Area
Qy [em?] Qz[cm?]

Close

ﬁgure 2.20: Dialog box Stress Points of HE B 260

I]g If circumstances require it, you can change the buckling curves in the Cross-Section Properties
table of the 1.3 Cross-Sections window. This function is described in the following article of

the DLUBAL Blog: www.dlubal.com/blog/8684
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2.4 Intermediate Lateral Restraints

In Window 1.4, you can define intermediate lateral restraints for members. In RF-STEEL EC3, this
kind of support is always perpendicular to the minor z-axis of the cross-section (see Figure 2.19).
Thus, you can influence the members’ effective lengths which are important for the stability
analysis of flexural buckling and lateral-torsional buckling (only for the Lateral and torsional restraint

type).
14 Intermediate Lateral Restraints
A [ E [ F [T 6 [ H T T [ J T K [ T [ ™ |a
Member | Lateral Restraint Intermediate Lateral Restraints []
No Restraints Type X1 X2 w3 x4 x5 X6 X7 XE X3
14 O
15 ¥ Lateral and torsional 0.400 0.750
3 O
£ O
e =
36 ¥ Lateral (Upper Flange) 1 0.500
41 O
42 O
¥ User-Defined  ~ 6274 1 0.500
51 O 3.000 v
[+] Relatively (0 ... 1) EREIRRIRE S
Settings - Member No. 43
Cross-Section 2 - |PE 300 | Euronom 13-57
Lateral Restraints ] |
(] Restraint type User-Defined
Lateral Restraint in y Uy |
Restrained about x 9x ]
Eccentricity Bz -124 3 | mm
Member Length L 5274 |m
MNumber of Intermediate Lateral Restraints n 1
Location of Lateral Restraint No. 1 x1 0.500

[] Set input for members No.:

T Al a

ﬁgure 2.21: 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 entry in a column overview for the member selected above.

To define the intermediate restraints of a member, select the Lateral Restraints check box in col-
umn A. To graphically select the member, click | % . If you select the check box, the other columns
become available and you can enter the parameters.

HeTmim In column B, you can select the Restraint Type from the drop-down list. The lateral and torsional

=

restraint is preset. Furthermore, you can place the intermediate restraints also at the lower or upper

flange. The User-defined restraint type allows you to individually specify the restraint parameters
era WEr Flange . . . . . . . .

Lateral (Upper Flangs)| 1IN the Settings section (lateral support in the direction of the member axis y, restrained about

Ussr-Defined longitudinal member axis x, eccentricity of a restraint).

In column D, you can specify the Number of the intermediate restraints. Depending on the spec-
ification, one or more of the following Intermediate Lateral Restraints columns are available for
the definition of the x-locations.

Relatively (0. 1) If you select the Relatively (0... 1) check box, you can define the support points by relative input.
The positions of the intermediate restraints are determined by the member length and the relative
distances of the member start. If you clear the Relatively (0... 1) check box, it is possible to define
the distances manually in the upper table.
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In case of cantilevers, you should avoid intermediate restraints as they divide the member into seg-
ments. For cantilevered beams, this would result in segments with lateral and torsional restraints
(on one end each) that are statically underdetermined.

2.5 Effective Lengths - Members

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

Click | % | to select a member graphically and show its row.

You can make any changes in the upper table as well as in the Settings tree.

1.5 Effective Lengths - Members

A BE [ C E [ F [ & H | L1 J 1 K1 L M ~

Member | Buckling Buclding About s y Buckling About fuds z Lateral-Tarsional and Torsional-Flexural Buckling

No Possible | Possible kery Lery [m] | Possible kerz Lerz[m] | Possible kz kw Lw [m] Lt [m] Comment
& & 1.000 [ 1.000 5000 & 10 1.0 6.000 6.000
2 & & 1.000 E000| & 1.000 5000 10 10 6.000 6.000
11 [v] [v] 4.040 24240 W 1.086 3258 [ 1.0 1.0 3.000 3.000
12 ] ] 3.855 23130 W 1.036 3108 1.0 1.0 3.000 3.000
21 = = 1.000 c000| [ & 10 1.0
2 = = 1.000 6000| [ & 1.0 1.0
3 & & 1.000 3000] & 1.000 3000 o 10 10 3.000 3.000
32 [¥] [l 1.000 3000 ™ 1.000 3000 [ 1.0 1.0 3.000 3.000
44 ¥l ] 1.000 6274 1.000 6274 [ 1.0 1.0 6274 6.274
51 [ [ 1.000 3.000 ¥ 1.000 3.000 N 1.0 1.0 3.000 3.000 b4
INENIE AR
Settings - Member No. 1 IPE 300 | Euronorm 19-57
Cross-Section 2-1PE 300 onorm 19-57
Length L
Buckling Possible
[ Buckling About fuxis y Possible .
Effective Length Factor Koy
Effective Length Lery $

[ Buckling About Axis z Possible E] 15.0
Effective Length Factor kerz
Effective Length Lorz . -

[ Lateral-Torsional Buckling Possible 2 Semsmo=nmel
Effective Length Factor (Restraint Type) ke 1.0 -
Warping Length Factor {Restraint Type) lew 1.0 Hrt
LTB Length Lw 6.000 | m
Torsional Length Lt 6.000 | m 1

Comment v

z
[ 5et input for members No.: [mm]
H  MAa a a

ﬁgure 2.22: Window 1.5 Effective lengths - Members

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 intermediate lateral restraints are dividing
the member into member segments of different lengths, the program displays no values in the ta-
ble columns G, K, and L of Window 1.5.

You can enter the effective lengths manually in the table and in the Settings tree, or define them
graphically in the work window by clicking the =] button. The button is active when you place
the cursor in the text box (see the figure above).

The Settings tree includes the following parameters:
o (Cross-Section
e Length of the member
e Buckling possible for the member (cf. columns B, E and H)

e Buckling about Axis y Possible (cf. columns C and D)
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e Buckling about Axis z Possible (cf. columns F and G)

e Lateral-Torsional Buckling Possible (cf. columns | to K)

In this table, you can determine a buckling analysis or lateral-torsional buckling analysis to be
performed for the selected member. In addition, you can adjust the Effective Length Factor and
the Warping Length Factor for the respective lengths. If you modify the factor, the equivalent
member length is adjusted automatically, and vice versa.

B Youcan also define the effective length of a member in a separate 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 “
Buckling About Axis y Buckling About Axis z
O Rigid - free O Rigid - free
kery = 2.0 ;E.:; l—""_ kenz=2.0 z ! —
z Y
(_)Hinged - hinged z (®) Hinged - hinged ¥
kay =10 #"- ------ S kerz=1.0 ;‘-- ,,,,,, -9
z y
(_J Rigid - hinged (_J Rigid - hinged
ke =0.2 I SRS ¢ kez=0.7 | QT
o Y
(_J Rigid - rigid (_J Rigid - rigid } y
ke =0.5 i TreeeestT kerz=0.5 v
z Y
() User-defined B a () Uger-defined B a
kay = ... kaz=...
O] Import from add-on module RF-STABILITY @] Import from add-on module RF-STABILITY
(Eigenvalue Analysis) (Eigenvalue Analysis)
RF-STABILITY-Case:
CA1 - Stability analysis W CA1 - Stability analysis
Buckling mode Mo.:
17 1:1 1 (S
Export effective length - Export effective length -
factor kery : 1000 - |[] factor kerz: 1000 - | []
® Canc

ﬁgure 2.23: Dialog box Select Effective Length Factor

For each direction, you can select one of the four Euler buckling modes or set the effective length
factor as User-defined. If the eigenvalue analysis has been performed in the RF-STABILITY add-on
module, you can import the Buckling mode from there in order to determine the factor.

Buckling Possible

The stability analysis for flexural and lateral-torsional buckling requires compressive forces to be
included. Members for which this is not possible due to a member type (for example tension
members, elastic foundations, rigid couplings) are excluded from the analysis a priori. The corre-
sponding rows are dimmed and a note appears in the Comment column.

The Buckling possible check boxes in table row A and in the Settings tree allow you to control
the stability analyses: They determine whether the analyses for a member are or are not to be
performed.

Buckling About Axis y or Axis z

The Possible columns control if there is a buckling risk 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 is the “minor”
member axis. You can freely select the effective length factors k., , and k, , for buckling about
the major or the minor axis.

cry

@ | Youcancheckthe position of the member axes in the cross-section graphicin the 1.3 Cross-Sections
window (see Figure 2.17, page 17). To access the RFEM work window, click the [View Mode] button.
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Axes definition for k,
and k,,

There you can display the local member axes by using the member’s shortcut menu or the Display
navigator.

Project Navigator - Display Bl
1[5 Model ~
[j--Eg MNodes

B Eg Lines

[j--D% Surfaces

- [¥]& Solids

-] Solid Orthotropies

Dg Openings

B Eg Modal Supports

[j--lﬂ% Line Supports

-.[#]&& Surface Supports

- [w]i Members

Eg Member Elastic Foundations

E| Eg Member Axis Systems x,y,z

- [] i Indexes
DE Member Orientations

Eg Member Hinges w

£
ﬁData EDisplay ,ﬂ Views

ﬁgure 2.24: Selecting the member axis system in the Display navigator of RFEM

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

To specify the effective lengths in the work window graphically, click []. You can click the button
only if the cursor is placed in a L, text box (see Figure 2.22).

When specifying the effective length factor k,, the program determines the effective length L,
by multiplying the member length L by the effective length factor. The text boxes k., and L., are
interactive.

Lateral-Torsional Buckling Possible

Column H shows which members are included in the analysis of lateral-torsional buckling.

To determine M, by the eigenvalue calculation method, a member with four degrees of freedom is
created in the program background. You can define these degrees of freedom using the factors k,
and k,,. Both factors determine the support conditions for lateral-torsional buckling (for example
a lateral and torsional restraint).

Effective Length Factor k,

The factor k, specifies the lateral restraint u, and the rotational restraint ¢, on member ends.

k, =1.0 lateral restraint u, on both member ends

k, = 0.7le lateral restraint u,, on both ends, restrained about z on the left

k, = 0.7ri lateral restraint u,, on both ends, restrained about z on the right

k, =0.5 lateral restraint Uy, restrained about z on both ends

k, = 2.0le lateral restraint u,, restrained about z on the left; free end on the right
k, = 2.0ri lateral restraint (o restrained about z on the right; free end on the left
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Warping Length Factor k,
1u -

The factor k,, specifies torsion ¢, about the member axis and the warping restraint w.

e
0.7 k, = 1.0 restrained about x on both ends; free to warp on both ends
05 . . .
5 0e k,, = 0.7le restrained about x on both ends; warping restraint on the left
20

k, = 0.7ri restrained about = on both ends; warping restraint on the right

k, = 0.5 torsion and warping restraint on both ends

k,, = 2.0le restrained about x, warping restraint w on the left; free to warp on the right
k,, = 2.0ri restrained about x, warping restraint w on the right; free to warp on the left

@ The abbreviations le and ri refer to the left and right side. The abbreviation /e always describes
the support conditions at the member start.

[@ You can model a lateral and torsional restraint using the factors k, = 1.0 (lateral restraint in y,
free torsion about z) and k,, = 1.0 (restrained about x, free to warp). Since the internal member
model requires only four degrees of freedom, the definition of the other boundary conditions is
not necessary.

If the lateral-torsional length L,, or the torsional buckling length L; differs from the member or
buckling length, you can define the lengths L, and L; manually in columns K and L or determine
them graphically using the [l button.

Comment

In the last column, you can enter your own comments for each member, for example to describe
the selected equivalent member lengths.

Set Input for Members No.

Under the Settings table, you find the Set input for members No. check box. If you select the check
box, the subsequent settings will be applied to the selected members or All members (you can
enter the member numbers manually or select them graphically using the |2 | button). This option
is useful when assigning several members to the same boundary conditions (see also DLUBAL Blog
www.dlubal.com/blog/11115/).

@ With this function, you cannot subsequently change the settings already made before.
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2.6 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 (see Figure 2.2, page 44) and selected the Equivalent Member Method for sets of
members in the Details dialog box. If applied, Windows 1.7 and 1.8 will not be displayed. Then,
you can define the intermediate lateral restraints by using division points in Window 1.4.

1.6 Effective Lengths - Sets of Members
A [ B [ C [ E | F [ G H [ 1+ 0 1T "« 1T v M
Set Buckling Buckling About fuis y Buckling About fuds z Lateral-Torsional and Torsional-Fexural Buckling
No Possible | Possible |  keory Lery [m] | Possible Lerz[m] | Possible bz kw Lw [m] Lt [m] Comment
1 = = 1.000 6000 5000 & 1.0 1.0 25.000 25.000
2 [¥] [v] 1.000 12548 [0 12548 | W 1.0 1.0 12.548 12.548
3 ¥ ¥ 1.000 12548 [ 12548 W 1.0 1.0 12.548 12.548
= = 1.000 E5iE] o 6546 o] 1.0 1.0 6545 6.546
5 [¥] [v] 1.000 7084 W) 7084 1.0 1.0 7.0%4 7.0%4
Settings - Set of Members No. 4 HE A 140 | Euronorm 53-82
E Set of Members Cal £
Cross-Section 62
Length L
Buckling Possible
[E Buckling About Awds y Possible
Effective Length Factar Kory
Effective Length Lery
[E Buckling About Aws z Possible
Effective Length Factor kerz o
Effective Length Lerz & -
[ Lateral-Torsional Buckling Possible ’
Effective Length Factor (Restraint Type) kz
Waming Length Factor (Restraint Type) kw
LTE Length T
Torsional Length Lt
Comment
[] Set input for ssts No.: [mm]

ﬂgure 2.25: Window 1.6 Effective Lengths - Sets of Members

The concept of the window is similar to the previous 1.5 Effective Lengths - Members window. Here
you can enter the effective lengths for buckling about both principal axes of the set of members,
as described in Chapter 2.5.
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wws. | 2.7 Nodal Supports - Set of Members

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

The stability analysis for sets of members is usually carried out in compliance with the General
Method according to [1], Clause 6.3.4. However, if you select the Equivalent Member Method for sets
of members in the Details dialog box (see Figure 2.2, page 44), Window 1.7 will not be displayed.
Then, you can define the intermediate lateral restraints by using division points in Window 1.4.

1.7 Nodal Supports - Set of Members No. 5 - Set of Members 5

B [ I F G I H ] "
Support Node Support Lat. Support Rotational Restraint Warping Eccentricty
No Mo Rotation f [7] uy QX 9T Restraint @ kNm?]|  ex Jmm] ez [mm] Comment
23 0.00 W i ¥ 14 418 2000 0.0 | Warp spring detemmined at
2 M4 0.00 v = [¥] 14418 2000 00
3 38 0.00 I ] O 14418 2000 00
4 32 0.00 s ¥ O 14.418 200.0 00
5
[
7
8
E]
10 v
2 % % e
Settings - Node Support No. 29
E Set of Members Set of Members 5
Cross-Section 5 - IPE 360 | Euronom 1357
MNode with Support Mo 23
Support Rotation B 0.00|°
Lateral Support in Y uy" ¥
Restrained about X' ox &
Restrained about Z oz ]
Warping Restraint @ 14.418 | kNm3
Eccentricity ex 200.0 | mm
Eccentricity ez 0.0 mm
Comment Warp spring determined a
[] Set input for supports No.:
7] Al EEMENLLICS Sl =R

ﬁgure 2.26: Window 1.7 Nodal Supports - Set of Members

I@ The current table manages the boundary conditions of the set of members selected in the navigator
on the left!

The supports defined in RFEM, such as the supports in Z of a continuous beam, are not relevant in
this window. The program imports the distributions of moments and shear forces for determina-
tion of amplification factor automatically from RFEM. You can define several support conditions
here that have an impact on stability failure (buckling, lateral-torsional buckling).

Supports on the start and end nodes of a set of members are preset. Any other supports, for
example as a result of additional members, has to be added manually. You can select nodes
graphically in RFEM work window using the | % | button.

I]g According to [1], Clause 6.3.4 (1), you can design monosymmetrical cross-sections that are loaded
solely in their principal plane. For this analysis method, it is necessary to know the amplification
factor o, o, Of the entire set of members. In order to determine this factor, the program creates
a planar framework with four degrees of freedom for each node.

@ The axes orientation in a set of members is important for the definition of nodal supports. The pro-
gram checks the position of nodes and internally defines the axes of nodal supports for Window 1.7,
according to Figure 2.27 to Figure 2.30. The [Local Coordinate System] button below the model
graphic can help you with the orientation. With this button, you can display the set of members in
a partial view where the axes are clearly visible (see DLUBAL Blog www.dlubal.com/blog/9763).
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ﬁgure 2.27: Auxiliary coordinate system of nodal supports - straight set of members

If all members of a set of members rest on a straight line, as shown in the Figure 2.27, the local
coordinate system of the first member in the set of members corresponds to the equivalent
coordinate system of the entire set of members.

ﬂgure 2.28: Auxiliary coordinate system of nodal supports - set of members on vertical plane

If members of a set of members do not rest on a straight line, they still have to be located in
the same plane. In Figure 2.28, the members rest on a vertical plane. In this case, the X’-axis is
horizontal and it is oriented in the direction of the plane. The Y’-axis is horizontal as well and
defined as perpendicular to the X-axis. The Z’-axis is oriented perpendicularly downwards.

ﬁgure 2.29: Auxiliary coordinate of nodal supports - set of members on horizontal plane

If members of a buckled set of members rest on a horizontal plane, the X’-axis is defined parallel to
the X-axis of the global coordinate system. Thus, the Y’-axis is oriented in the opposite direction
to the global Z-axis and the Z’-axis is directed parallel to the global Y-axis.

)
[~

z

ﬁgure 2.30: Auxiliary coordinate system of nodal supports - set of members on inclined plane

Figure 2.30 shows the general case of a buckled set of members: The members do not rest on
a straight line, but on an inclined plane. The definition of the X"-axis results from the intersection
line between the inclined plane and the horizontal plane. Thus, the Y’-axis is perpendicular to
the X’-axis and directed perpendicularly to the inclined plane. The Z’-axis is defined perpendicular
to the X’-axis and Y’-axis.
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The buttons below the graphic have the following functions:

Button Function

Display the model or the system sketch

Display the members as a 3D rendering or a wireframe model

Display the current set of members or the entire model

Display the irrelevant members of the model transparent or opaque

Display the set of members in the local coordinate system or the entire model

Show the view in the direction of the X-axis

Show the view against the Y-axis

Show the view in the direction of the Z-axis

Display the isometric view

Q||| =) % M| 0| @)

ﬁble 2.4: Buttons of cross-section graphic

Click the [Edit warp stiffener and import the warp spring] button to determine the constant of
awarp spring.

Type of Warp Stiffening
() End plate

() Channel section

() Angle

(®) Connecting column
() Cantilevered portion

Material
|Steel 5 235

(]

Column and Beam

Cross-section for column
| HE A 400 | Euronom 53:62

Jmi[%e)

Cross-section for beam:
|IPE 360 Euronom 1957~ |

Beam height hm: [mm]

Resulting warp
spring

@] &) oK

ﬂgure 2.31: Dialog box Edit Warp Spring

cm:|

1&413|m~nrm

| | cancel |

In the Edit Warp Spring dialog box, you can select one of the following types of warp springs:

e End plate

e Channel section

e Angle

e Connecting column

e Cantilevered portion
You can select the materials and cross-sections using the lists and [Library] buttons. Click the
button for a graphical selection in the RFEM model.

RF-STEEL EC3 determines the Resulting warp spring C, from the parameters and then imports
the result in Window 1.7 by clicking [OK].
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2.8 Member Hinges - Set of Members

This window appears only if you have selected at least one set of members for the design in
the 1.1 General Data window. In this window, you can define hinges for members and sets of
members that do not transfer locked degrees of freedom specified in Window 1.7 as internal forces
for structural reasons. Please note, that no double hinges are generated in the interaction with
Window 1.7.

The table manages the hinge parameters of a set of members selected in the navigator on the left.

If the Equivalent Member Method is selected in the Details dialog box (see Figure 2.2, page 44),
Window 1.8 is not displayed. You can define intermediate lateral restraints by using division points
in Window 1.4.

1.8 Member Hinges - Set of Members No. 2 - Column Members 2

B 1_ C 0] [ E F G "
Relezze | Member Member \Shear Release Moment Releaze Warp Releasze
HNo Na. Side Vy M7 Mz lNm/rad] Mg Comment
i 15 Start a ] 0
13 . End O O 15.000 a
3
4
5
L]
7
8
E]
10

Settings - Member No. 13

H Set of Members Column Members 2
Crogs-Section 2 -1PE 300 | Euronorm 18-57

Member with Release at the End No 13

Member Side Side End

Shear Release in y-Direction Wy O

Tarsional Release Mr ]

Momert Release about z-Ads Mz 15.000 | kNm/rad
Waming Releasze Mgy O

Comment

[] et input for release No.:

Al

ﬂgure 2.32: Window 1.8 Member Hinges - Set of Members

Column B shows the Member Side on which a hinge is located or if there are hinges on both member
sides.

In columns C to F, you can define hinges or spring constants to adjust the set of members model
to the support conditions in Window 1.7.
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Reference to

Member 2

Set of Members

Beam Type

Beam =

Cartilever Start Free
Cantilever End Free

2.9 Serviceability Data

This input window controls various settings for the serviceability limit state design. The window is
available only if you have entered the corresponding data in the Serviceability Limit State tab in
Window 1.1 (see Chapter 2.1.2, page 10).

1.9 Serviceability Data

B c | D E F G H
Set of Members Reference Length Direc- Frecamber
Mo Reference to No Manualy L [m] tion w g [mm] Eeam Type Commert
Set of Members = 2 O 12,548 v.2 0.0 Beam
2 | Set of Members 5 O 7.094 v.2 0.0 Beam
3 Member 82 O 7.054 y.2 0.0 Beam
4 Member 81 ¥ 4.546 ¥.2 0.0 Cantilever End Free
5 Member 83 ] 4 546 y.2 00 Cantilever End Free
[ Member 15 O 6.274 y.z 0.0 Beam
7 Member 16 O 6.274 | y/u,ziv 0.0 Beam
8 Member 25 O 6274 | yiu. i 0.0 Beam
9 | Member 26 O 6.274 | ylu.ziv 00 Beam

13| <) &) 8] B ) ) ) R 3| R

ﬁgure 2.33: Window 1.9 Serviceability Data

Column A shows if the deformation refers to single members, lists of members, or to sets of
members.

Column B shows the numbers of members or sets of members to be designed. You can select
the numbers graphically in the RFEM work window using the L] button. Then, the Reference Length
automatically appears in column D. You can define the values Manually if you select the check box
in column C.

In column E, you can define the governing Direction for the deformation analysis. You can select
the directions of the local member axes y and z (or u and v for unsymmetrical cross-sections).

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

For the correct application of limit deformations, the Beam Type is especially crucial. In column G,
you can specify whether a beam or a cantilever is to be designed and which end is free of support.

The setting in the Serviceability tab of the Details dialog box indicates whether the deformations
are related to the undeformed system or to shifted members ends / set of members ends (see
Figure 2.3, page 46).
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3 Sides
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Type

Contour _ ~
onto

Hollow

2.10 Fire Resistance - Members

This input window includes the fire resistance parameters. It appears only if you have entered
the corresponding data in the Fire Resistance tab of Window 1.1 (see Chapter 2.1.3, page 11).

.10 Fire Resistance - Members
[ —— B C D E F G H ! |
Fire Fire Protection Unit Mass Themal Conductivity Specffic Heat Thickness
MNo. Members Mo. Exposure Protection Type pplka/m?] Lp W/m K] cp [0/ kg™K)] dp [mm] Comment
1 |64 All Sides O Contour 300.00 0.12 1200.00 10.00
2 8183 3 Sides ¥ Contour 300.00 01z 1200.00 10.00
3 |39.59.60.109 3 Sides ¥ Hollow 300.00 012 1200.00 10.00
4 i All Sides O Contour 300.00 0.12 1200.00 10.00
2131 Al Sides & Contour 300.00 012 1200.00 10.00
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
i
23
24
25
26
27
28
29
30
3
32

ﬂgure 2.34: Window 1.10 Fire Resistance - Members

Column A contains the members considered in the fire resistance design. Click I to graphically
select the members in the RFEM work window.

It is possible to perform analyses only for members selected for design in the 1.1 General Data
window (see Figure 2.2, page 7).

In column B, you can define the number of cross-section sides exposed to fire. The Fire Exposure
affects the determination of the section factors according to [2], Table 4.2 and Table 4.3.

If there is an encasement for fire resistance, you can select the Protection Type in column D. You can
choose between a contour encasement, following the geometry of the cross-section (for exam-
ple intumescent coating) and a hollow encasement of the cross section. Then, you can specify
the corresponding parameters in columns E to H.

The general parameters for the fire resistance design are managed in the Fire Resistance tab of
the Details dialog box (see Figure 2.4, page 47).

The fire resistance design in RF-STEEL EC3 is described in the following article of DLUBAL Blog:
www.dlubal.com/blog/1242
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2.11 Fire Resistance - Sets of Members

This window appears only if you have selected at least one set of members for design in the 1.1 Gen-
eral Data window and entered the corresponding data in the Fire Resistance tab of Window 1.1
(see Chapter 2.1.3, page 11).

1.11 Fire Resistance - Sets of Members

[ — B c D E F G H I |
Fire Fire Protection Unit Mass Themal Conductivity Specific Heat Thickness
Mo Sets of Members No. Exposure Protection Type ppkg/m?] hp W/m K] cp [ kg k)] dp [mm] Comment
1 All Sides O Contour 300.00 0.12 1200.00 10.00
2 3 Sides ¥ Contour 300.00 012 1200.00 10.00
34 =] Al Sides ¥l Hollow 300.00 0.12 1200.00 12.00

HESEQQBEEBHBBGGQSGZBKS:EwM‘Jmm“EIE—'

ﬂgure 2.35: Window 1.1 Fire Resistance - Sets of Members

The concept of the window is similar to the previous 1.10 Fire Resistance - Members window. You can
enter the fire protection parameters of the corresponding sets of members, as described in Chap-
ter 2.10.
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2.12 Parameters - Members

This window allows you to enter specifications for beams that are laterally supported by sheeting
or purlins (see [6], Clause 10.1 and 10.3).

The upper section lists the members selected for design together with the parameters relevant
for the lateral-torsional buckling design. These parameters interact with the specifications in
the Settings - Member No. section below.

To the right of the Settings table, you can see information or selecting options in the form of
graphics facilitating the definition of boundary conditions. The views vary depending on the

currently selected parameter.

1.12 Parameters - Members
A C D ~
Member Shear Rotational Cross-Sectional
o Panel Restraint Area Comment
1 O ¥ O Puriin
2 O O a
5 O O g
L] i V] O Trapezoidal sheeting
14 ¥ [w] O Trapezoidal sheeting
15 O O g
15 O O O
2 O ¥ O Purlin
27 O O g
28 O O O w
B % % e
Settings - Member No. 14 T sheeting shear panel
Cross-Section 1-1PE 400 | Euronomm 19-57 ~
[E Shear panel [
(] Shear panel type Trapezoidal shesting
Shear panel length ls 20.000 [m
Beam spacing s 5.000 | m
Position on section On upper flange ~ Shear panel
E Trapezoidal sheeting d Fl +100/275-1.00 1 /h -
Shear panel coefficient K1 0.190 | mAN =
Shear panel coefficient Kz 16.560 | mZ/kN //
Fastening amangement Every Rib =
[ Rotational restraint | s
E Type of rotational restraint Continuous (e g Sheeting) [
B Materials Steel 5235 ‘“Z
Modulus of Elasticity E 21000.00 [kN/em2
El Component description FI+100/275-1.00 S
Sheeting thickness t 1.000 [ mm
Position of sheeting Positive position
Second moment of area Is 198.00 [ cm*/m
Distance of ribs br 275.0 | mm v
[] Set input for members No.:
T 1Al (i)

ﬁgure 2.36: Window 1.12 Parameters - Members

Below the Settings table, there is the Set input for members No. check box. If selected, the sub-
sequent settings applies to the selected members or All members (you can enter the member
numbers manually or select them graphically using the & button). This option is useful when
assigning several members to the same boundary conditions.

In the Comment column, you can enter user-defined comments for each member, for example to
describe a member’s parameters relevant for lateral-torsional buckling.

Cross-Section

This column shows the cross-section description. For a tapered member, the description of the start
and end cross-section is displayed.

| M oDlubal Software GmbH 2015

EEE
34



N
——
Dlubal

Trapezoidal sheeting 'I
Bracing

Trapezoidal sheeting and bracing
Define S-prov

Trapezoidal sheeting shear panel

~ Shear panel

On upper flange 'I
In centroid

On lower flange

Define

Every Rib =

Every Rib

Every second rib

Shear Panel
To enter the shear panel parameters, select the check box in column A or in the Settings table.

You can select the shear panel type in the drop-down list.

Settings - Member No. 14 Bracing type shear panel
Cross-Section 57
[E] Shear panel
[ Shear panel type Bracing |
Shear panel length ls Trapezoidal shesting
Beam spacing 5 Bracing
Position on section Trapezoidal shesting and bracing . ~ Shear panel
= - Diagonels 7
Post spacing b Define S-prov Post _\_\ o
Number of bracings 1] A T
[E Section Description Diagonals RD 20 \.
CS-Area A-Diagonals 314 | cme (-
E Section Description Posts RRO Bledh v —
CS-Area A-Fosts 10.80 | cm2 b =
: : ¥
Rotational restraint O
Cross-sectional area for tension design O
Comment Trapezoidal shesting
[] Set input for members No.:

ﬂgure 2.37: Selecting shear panel type

Trapezoidal sheeting

The application of a continuous lateral support is described in EN 1993-1-1 [1], Annex BB.2.1 and
EN 1993-1-3 [6], Clause 10.1.5.1.

To determine the shear panel stiffness of a trapezoidal sheeting (corrugated sheet), the following
specifications are required (see Figure 2.36):

e Shear panel length I

e Beam spacing s

e Position of trapezoidal sheeting on section
e Trapezoidal sheeting description

e Fastening arrangement

You can enter the Shear panel length and the Beam spacing manually or select them graphically
by clicking [l This button becomes available when the cursor is placed in one of these text
boxes. Then, you can select two snap points in the RFEM work window defining the shear panel
or the beam spacing.

The Position on section of the trapezoidal sheeting can be considered in different ways by means
of the list shown on the left. The selected point of torsion D is marked in the cross-section graphic,
even for user-defined entries. The distance d is relative to the centroid here; the sign results from
the z-axis of the cross-section.

To access the corrugated sheets library, click the [l button displayed after you click in the Trape-
zoidal sheeting description text box (see Figure 2.36). The RFEM cross-section library appears (see
Figure 2.38), where you can select the trapezoidal sheeting by double-clicking or clicking [OK].
Thus, the shear panel coefficients K, and K, (according to the approval certificate) are automatically
entered in the Settings table. The basic width b of the trapezoidal sheeting has no influence on
these coefficients.

The Fastening arrangement of the trapezoidal section affects the shear stiffness that the sheeting
provides to the beam. If the trapezoidal sheeting is fastened only in every second rib, the shear
stiffness to be applied is reduced by a factor of 5.
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p

Cross-Section Type To Select To Select Fl + 85/280 - 0.88 (b: 1000.0 mm) | Fischer FI
Table Manufacturer/Standard A | | Cross-Section
E— Fi+39207-063
@EIEI ~ Fl- T Fischer FI Fl+ 35/207-0.75
~HSA+ Arcelorittal Hairom Fl+ 35/207- 0.88
El El El w HSA- Arcelorbittal Hairom, Fl+35/207-1.00 -
~n HSW + Ked Hoesch £ Fl+ 35/207- 125
o HSW - el Hoesch E Fl+ 35/207- 150 ﬂ‘ﬁ
~ PAB+ < PAB Fl+ 40/183- 063 -
e PAB- . PAB Fl+ 40/183-0.75 g]: TN T N
= |~ TBS+ @ Thyssen T Fl+40/183-0.88 T
fiter s TES - @ Thyssen T Fl+40/183- 1.00 i
~~PS+ 7 Salzgitter Fl+40/183-125 ‘ 1000.0 ‘
Manufacturer,/Standard group:  Pg 7, Salzgtter Fl+ 404183150 i
o MPB + wee MPE Fl+ 50/250 - 0.63 i
Manufacturer/Standard P8 - e MPE Fl+50/250-075 l
: e PP-Prof + U Laukien Fl+ 50/250 - 0.88 z
. PP e N Lauen Fl+50/250-1.00
Cross section shape ~ GOSTH+ == GOSTH Fl+ 50/250- 125
v GOSTH- - GOSTH Fl+ 50/250- 1.50
~ GOSTHC + == GOSTHC Fl+ 85/280- 075
Cross-saction note  GOST HC - - GOST HC Fl + 85/,
" ~GOSTC + - GOSTC Fl+ 85,280 1.00 L]
~ GOSTC- == GOSTC Fl+85/280- 125
~~ ThyssenKrupp + @ ThyssenKupp Hoes Fl+85/280- 150
s ThyssenKiupp - @ ThyssenKupp Hoes Fl+ 1004275 -0.75 Ll
e Arval + &l Apval Fl + 100/275-0.88 ‘.T-SleelSZSﬁIEN'IDDZ&ZZﬂM—H vl
[Jinclude invalid ~ Arval - soo Arval Fl+ 100/275- 1.00 @]
=2 Holorib - il Holorib 51/150 Fl+100/275-1.25
[ Favorites group
~~ Hoesch + K& Hoesch 200
Euronam e = 58 o| o[ 10000F ] fmml FI-+ 85/280 - 0.8 p: 1000.0 mm) | Fischer FI |
@] (@ 2

ﬁgure 2.38: Cross-section library Rolled Cross-Sections - Corrugated Sheets

Bracing

Settings - Set of Members No. 2

Bracing type shear panel

[ Set of Members Column Members 2
Cross-Section 1-IPE 400 | Euronom 19-57
[ Shear panel
= Shear panel type Bracing =
Shear panel length ls 33.000 [m
Beam spacing 8 5.500 | m . Shear panel
Position on section In centroid o Fost_ /
Post spacing b 3.500 | m \
Number of bracings 1 | “\ h
[ Section Description Diagonals RD 20 1
CS-Area A-Diagonals 3.14 [em? ‘ ‘IA/ i
Bl Section Desciption Posts IPE 120 (EN) s " S
CS-Area A-Posts 13.20 [em? &
Rotational restraint O
Commenrt
[] Set input for sets No.:
Y <] Al

ﬂgure 2.39: Shear panel type Bracing

To determine the provided shear panel stiffness, the following specifications are required:

e Shear panel length I

e Beam spacing s

Post spacing b

e Number of bracings

Section of diagonals

Section of posts

Position of the bracing on section
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On upper flange i |

In centroid
On lower flange
Define

You can enter the Shear panel length, the Beam spacing, and the Post spacing manually or select
it graphically by clicking L. This button becomes available when the cursor is placed in one of
these text boxes. Then, you can select two points in the RFEM work window, defining the shear
panel or the spacing.

The bracing’s Position on section can be considered in different ways using the list shown on
the left. The selected point of torsion D is marked in the cross-section graphic, even for user-de-
fined entries. The distance d is relative to the centroid here; the sign results from the z-axis of
the cross-section.

You can easily define the cross-sectional area of the diagonals and posts by selecting the Section
Description in the RFEM library. To access the library, click the [] button at the end of the text box.
Then, the CS-Area is imported automatically. You can also enter the value directly.

Trapezoidal sheeting and bracing

Settings - Set of Members No. 2

ing type shear panel
[E Set of Members
Cross-Section
E Shear panel
[ Shear panel type Trapezoidal sheeting and bracing
Shear panel length ls 33.000 |m
Beam spacing B 5.500 | m . ~ Shear panel
Position on section In centroid o Post _.\ ./
H Trapezoidal sheeting d Fl + 85/280 - 1.00 =
Shear panel coefficient K1 0.170 | m/AN \‘
Shear panel coefficient Kz 8710 | mZ/kN (-
Fastening arangement Every second rib 4-/+/’
Post spacing b 3.500 | m b a
Number of bracings 1] =70
[ Section Description Diagonals RD 20
C5-Area A-Diagonals 3.14 [cm? S S
El Section Description Posts IPE 120 (EN)
CS-Area A-Posts 13.20 [cm2
Rotational restraint
Comment
[] Set input for sets No.:

T 1Al (i)

ﬁgure 2.40: Shear panel type Trapezoidal sheeting and bracing

To determine the provided shear panel stiffness due to trapezoidal sheeting and bracing, the fol-
lowing specifications are required:

o Shear panel length Ig
e Beam spacing s

e Position of shear panel on section

Trapezoidal sheeting description

Fastening arrangement

Post spacing b

e Number of bracings
e Section of diagonals
e Section of posts

This way of defining the shear panel combines the parameters of the aforementioned options
Trapezoidal sheeting and Bracing.
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Defining S-prov

Settings - Set of Members No. 2 Define S-prov
H Set of Members
Cross-Section 7
[ Shear panel
[ Shear panel type Define Sprov |
Position on section In centroid
Shear panel stiffness S prov 24037.00 | kN -~ Shear panel
Rotational restraint ol
Comment
Sprn =2
[] Set input for sets No.:
%K A i)
ﬁgure 2.41: Defining shear panel stiffness S,
You can also enter the value of the provided Shear panel stiffness S, ., directly. In addition, you
In certroid have to specify the shear panel’s Position on section.
On lower flange
Define . .
Rotational Restraint
To enter the rotational restraint parameters, select the check box in column B or in the Settings
table.
[Cortinuous (e g Sheeting) =1 You can select the type of rotational restraint in the drop-down list.
Discrete (e g. puriins) Continuous (g.g. sheeting) -]
Define Manualy

Discrete (g.g. purins)
Define Manually

ﬁgure 2.42: Selecting the type of rotational restraint

Continuous rotational restraint

Continuous rotational restraint

In order to determine the stiffness components from trapezoidal sheeting and the connection
deformation, the following specifications are necessary (see Figure 2.42):

Material and description of the trapezoidal sheeting

Method of determining Cp, 5
e Beam spacing s

e Continuous beam effect

To access the corrugated sheet library, click the [d button displayed after you click in the Com-
ponent description text box. The RFEM cross-section library appears (see Figure 2.38, page 36),
where you can select a corrugated sheet by double-clicking or clicking [OK]. The section parame-
ters Sheeting thickness t, Position of sheeting, effective Second moment of area |, for the downward

loading direction, Distance of ribs by, (corrugation width), and Width of the flange b; are imported

automatically.

In the case of continuous rotational restraint, you have to consider the deformation of the con-
nection. You can specify the rotational spring stiffness C,,, for the individual load cases and
combinations in the Method of determining Cp, , entry, or the program determines it according
to [6], Table 10.3. For automatic calculation, click the [.] button shown after clicking in the text box
of the row C,,. A dialog box appears where you can select the appropriate coefficient.
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Positioning of sheeting Sheet fastened through Positioning of sheeting

Washer C

100
diameter

Positive 1) |Negaﬁve1) Trough | Crest e=h_

=

[mm] [kNmJm]

Far gravity loading:

[x] [x [x

22 52

E3] E3]

22 3.1

e 10.0

Ky 52

22 31

20

For uplift loading:

26

1.7

by, is the corrugation width

b, is the width of the sheeting flange through which it is fastened to the purlin.

K, indicates a steel saddle washer as shown below with t 2 .75 mm

TN

Sheet fastened:
- through the trough:

I S . I W
by e
- through the crest:

bry e

The values in this table are valid for:

- shest fastener serews of diameter: Zi=6.3 mm;
- steel washers of thickness: 1, 2 1.0 mm;
- sheeting of nominal core thickness: t 2 0.86 mm;

br

is on the purlin.

1) The position of the sheeting is positive when the narrow flange is on the purlin and negstive when the wide flange

MNote:

Select by mouse the
required lines in the
table and import by
dicking [OK] the
coeffident.

[@]

ﬁgure 2.43: Dialog box Import of Coefficient C-100 from Table 10.3, EN 1993-1-3

Click [OK] to assign this value to all load cases and combinations selected for the design. In order
to assign the coefficient by load case, you have to open the Import of Coefficient dialog box via

the C, 4, text boxes of the individual load cases and combinations.

You can also define the Beam spacing manually or graphically by clicking the [] button. For this,
click two nodes in the RFEM work window defining the distance between the beams.

The Continuous beam effect has an impact on the coefficient k of the rotational restraint Cp ¢,
definable by means of the list in this row (End panel: k = 2, Internal panel: k = 4).

Discrete rotational restraint

Settings - Member No. 11

restraint

Cross-Section 2 - |PE 300 | Euronorm 153-57
Shear panel
= Rotational restrairt |
El Type of rotational restraint Discrete (s.g. purins |
E Materials Steel 5235
Modulus of Elasticity E 21000.00 [kN/em?
BCr ction ption IPE 180 (EN}
Second moment of area ly 132000 | cm*
Purdin spacing = 3250 |m
Beam spacing B 5200 |m
Continuous beam effect End panel
Cross-sectional area fortension design Disorete
Comment

[] et input for members No :

w

E

| All

restraint

ﬁgure 2.44: Type of rotational restraint Discrete

| M oDlubal Software GmbH 2015

EEE
39



i

Dlubal

Irtemal panel

In order to determine the stiffness component from isolated columns (for example purlins), the fol-
lowing specifications are required:

e Material and description of the cross-section
e Purlin spacing e
e Beam spacing s

e Continuous beam effect

Material and Cross-section description can be selected from the RFEM library using the L button.
Select the relevant text box and click in it.

You can enter the Purlin spacing and the Beam spacing manually or graphically by clicking the [d
button. For this, select two nodes defining the spacing of the purlins or beams by clicking them in
the RFEM work window.

The Continuous beam effect has an impact on the coefficient k of the rotational restraint Cp
definable by means of the list in this row (End panel: k = 2, Internal panel: k = 4).

Define Manually

Settings - Member No. 2
Cross-Section 1- IPE 400 | Euronom
Shear panel a [

[ Rotational restraint |
= Type of rotational restraint Define Manual =l

Total Rotational Spring Stiffness Co 18.50 | leNm./m
Cross-sectional area for tension design a
Comment

1957

|
ﬁgure 2.45: Rotational Spring Stiffness - Define Manually

You can also directly enter the existing Total Rotational Spring Stiffness C, .

Cross-Sectional Area for Tension Design

Settings - Member Mo. 52
Cross-Section
Shear panel
Rotational restraint
[H Cross-sectional area for tension design

o
o
[=]

~®EOO -

=
=
T

= Start =0 m}) 8- RO 107.6x5 (Cold Forme:
Cross-Sectional Area A 152 |t:rn2
Met Cross-Sectional Area Arnet 12.70] em2
B End fe=l) 8- RO 101.6x5 {Cold Formed)
Cross-Sectional Area A 15.
Net Cross-Sectional Area Anet 15.20 [emZ
Comment

et

[] et input for members No :

0y 7] Al )

Figure 2.46: Cross-sectional area for tension design

According to [1], Clause 6.2.3, holes for fasteners are considered in tensile stress design. You can
define the Net Cross-Sectional Area A, separately for the Start and End of the member - fasteners
are usually located at these two x-locations. The table also shows the gross cross-sectional area A.
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2.13 Parameters - Sets of Members

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

1.13 Parameters - Sets of Members

A C
Shear Rotational
Panel Restraint Comment

awmﬁozﬁ’

I |
<] || ]

Settings - Set of Members No. 1 restraint
= Set of Members Ceiling beam B-B
Cross-Section 3-ICU IPE 300 + IPE 300-HMAX | Euronom 15-57 + Euronom 13-57
Shear panel O I
[ Rotational restraint :
[ Type of rotational restraint Cortinuous (g.g Sheeting)
B Materials Steel 5235
Modulus of Blasticty E 21000.00 [ kN/om?
E Compaonent description H3W-E135-1.00
Sheeting thickness t 1.000 [ mm
Pasition of sheeting Negative position
Second moment of area Is 387.00 cm*/m
Distance of ribs br 3100 | mm
Width of the flange br 43.0 mm
E Method of determining Co & According to EN 1993-1-3, Table 10.3 Beam stabilized through elastic
I Spring stiffness Cim Nm/m rotatmilnal resl.raint (. g. frapezoidal
= 000 b/ sheeting, purfins)
Beam spacing s 6.000 | m
Continuous beam effect End panel
Comment
[ 5et input for sets No.:

&Rl =

ﬂgure 2.47: Window 1.13 Parameters - Sets of Members

The concept of this window is similar to the previous 1.12 Parameters - Members window. In this
window, you can define the parameters of shear panels and rotational restraints for each set of
members as described in Chapter 2.12.
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3 Calculation

3 Calculation

3.1 Detail Settings

Before you start the calculation, it is recommended to check the design details. You can access
the corresponding dialog box in all windows of the add-on module by using the [Details] button.

The Details dialog box has the following tabs:

Ultimate Limit State

Stability

Serviceability
Fire Resistance

Other

3.1.1 Ultimate Limit State

Uttimate Limit State |Stabi|'rty I Serviceabiity | Fire Resistance I Other |

Classification of Cross-Sections Cross-Section with Class 4 and Torsion
Type of determination of w and « acc. to Table 5.2 Limit shear stress for cross-section designs:
() Fixed Neg, increase Megto reach fyg

Torsion TtEd/ TtRd < D.D&DEI
(®) Increase Ne4 and Meg uniformly

| For limit o/t of Class 3, increase material
factors ace. to 5.5.2(9)

[ Use SHAPE-THIN for classffication of all supported
cross-section types (only Classes 3 and 4 possible)

[[] Determine effective widths according to EN 1593-1-5, Annex E

lgnore classfication of curved parts i

crs 50 ]

Options

["] Blastic design (also for Class 1and Class 2
cross-sections)

Stability Analyses with Second-Order Internal Forces

[Juse 71 for determination of the cross-section
resistance

Cross-Section Check for M+N
[ Use linear interaction acc. to 6.2.1(7)

@I 0K | | Cancel

ﬂgure 3.1: Dialog box Details, tab Ultimate Limit State

| M oDlubal Software GmbH 2015

L] ]|
42



i

i 3 Calculation 3

Classification of Cross-Sections

If stresses from compression and bending occur together in a cross-section, you can determine
the stress deformation ratio v with regard to the compression zone factor « in two ways (the fac-
tor ¢ is required for the determination of the appropriate c/t-ratio according to [1], Table 5.2):

e Fixed Ny, increase Mgy to reach f, 4
Only the flexural stress component is increased to reach the yield strength.

o Increase Ngy and Mgy uniformly
The flexural stress components from axial force and bending are increased uniformly until
the yield strength f, 4 is reached.

The For limit ¢/t of Class 3, increase material factor € acc. to 5.5.2(9) check box appears if the stability
analysis has been deactivated in the Stability tab. This is based on the specifications for classification
in [1], Clause 5.5.2 (10). If the stability analysis is deactivated you can consider the cross-sections
classified as Class 4 for cross-sections of Class 3 by increasing the factor ¢.

If you select the Use SHAPE-THIN for Classification of all supported cross-section types check box,
the effective cross-section properties of Class 4 sections will be calculated according to the method
used in SHAPE-THIN. For cross-sections classified as ‘General’ (that is, they belong neither to
a rolled nor a parametrized cross-section table), the classification will be generally performed
with SHAPE-THIN. You can design these cross-sections only elastically as Class 3 or Class 4 cross-sec-
tions.

Optionally, you can Determine effective widths according to EN 1993-1-5, Annex E. [7], Annex E
describes the alternative methods for determining effective cross-section areas for stresses below
the yield strength (see also DLUBAL Blog www.dlubal.com/blog/5535).

The width/thickness ratios relevant for the classification could cause problems with section in case
of SHAPE-THIN curved elements. Using the Ignore classification of curved parts check box, you can
exclude short fillet arcs from the classification once the user-defined c/t-ratio is below the limit
(see DLuBAL Blog www.dlubal.com/blog/11166). Longitudinal ribs or slopes of thin sheetings has
no influence on the design.

Options

Cross-sections assigned to Class 1 or 2 are designed plastically in RF-STEEL EC3. If you do not want
to perform a plastic design, you can activate the Elastic Design also for these cross-section classes.

Stability Analyses with Second-Order Internal Forces

If the stability analyses are not performed with the equivalent member method according to [1],
Clause 6.3, but with second-order internal forces , you can use this check box to specify whether
to use the partial safety factor ~y,, (instead of ) for the cross-section design.

Nat. Annex... | 1he partial safety factor vy, is relevant for the resistance determination in case of instability (struc-
tural component check). You can check and/or modify the safety factor in the National Annex
Settings dialog box (see Chapter 3.10, page 12).

Cross-Section Check for M+N

The Use linear interaction acc. to 6.2.1(7) check box determines whether to use the linear addition
of the utilization ratios for the moments and axial forces according to [1], Eq. (6.2), or Eq. (6.44) as
conservative approximation for the resistance verification of the cross-section.
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3 Calculation

Dlubal

3.1.2 Stability

Details “

Uttimate Limit State | Stabilty | Serviceability | Fire Resistance | Other

Stability Analysis Model Type According to Table B.3
Perform stability anatysis ] Swayy -y Cmy =039)

Stability Analysis [ swayz-z (Cmz=09)

Flexural buckling according to 6.3 about: Limit Values for Special Cases

Major y-ads Unsymmetric Cross-Sections with Compression and Bending

Minor z-aods
Do not consider small moments and allow stability design acc. to 6.3.1

Include second-order effects acc. to 5.2.2{4) by increasing bending {intended adal compression) i
pone ot Bending MyEd/MpyRrd<|  0.010[

L] Major y-ancs Factor [ ] Mzgd/Mpizrd <] D010
[ Minor z-ads Factar: l:l

Determination of Elastic Critical Moment for LTB

For members: Compression Ne,Ed ! Npi < 0.010/=

(®) Automatically by Eigenvalue Method

Do not consider small compression forces and allow stability design
acc. to 6.3.2 {bending without compression) if:

= U etric Cross-Sections, Tapered Memb Sets of Memb
() Automatically by comparison of moment distribution and 6 e i ks SMAsts or 98is Smasrs

assignn;egrt ofllc:e?cierrt C;d 5 | Do not consider small moments about minor s z and allow stability
(Czan Spili= stermined by Eigenvalus design acc. to 6.3.2 {bending without axial compression) or acc. to
Method, if required) 6.3.4 (General Method) if:

() Manual definition in Window 1.5

Bending MzEd/ MpizRd <
Load application of positive transverse loads: Cross-Sections with Torsion
(®) On cross-section edge directed to shear center Limit shear stress for stability analysis:
(e.g. top flange, destabilizing effect) X
Torsion TtEd / Tt.Rd =

() In shear canter
() On cross-section edge directed from shear center
(e.g. bottom flange, stabilizing effect) Stability Analysis Method of Sets of Members Acc. to

s 6.3.1 ... 6.3.3 (Equivalent Member Method, valid for
" straight and uniform sets of members)

(®6.3.4 (General Method)

D | 7| |» r—E CE Cancel

ﬁgure 3.2: Dialog box Details, tab Stability

Stability Analysis

The Perform stability analysis check box controls whether to run a stability analysis in addition to
the cross-section designs. If you clear the check box, the Windows 1.4 to 1.8 will not appear.

If you select the check box, you can define the axes relevant for the determination of Flexural
buckling according to 6.3 of [1].

In addition, you can Include second-order effects acc. to 5.2.2(4) by increasing bending moment about
an axis that you can define manually. In this way, when designing for example a frame with gov-
erning buckling mode represented by lateral displacement, you can determine the internal forces
according to linear static analysis and increase them with the appropriate factors. The bending
moment increment has no effect on the flexural-buckling analysis according to [1], Clause 6.3.1,
which is performed by using the axial forces.

| M oDlubal Software GmbH 2015

[ 1]
44



.
-——
Dlubal
H 11 K_[ L]
Lateral-Torsional and Torsional-Flexural Buckling
Fossible | kz | MereNm] | Lwfm] | L7 [m]
1.0 100.00 = 6.059 | 6.059
1.0 100.00| 3.843| 3.843

1.0 100.00
1.0 100.00

6.700| 6.700
6.700| 6.700

HEEE

M, user-defined

3 Calculation 3

Determination of Elastic Critical Moment for LTB

By default, RF-STEEL EC3 determines the elastic critical moment for lateral-torsional buckling
Automatically by Eigenvalue Method. For the calculation, the program uses a finite member model
to determine M, with regard to the following items:

e Dimensions of gross cross-section

e Load type and position of load application point
e Effective distribution of moments

e Lateral restraints (by support conditions)

e Effective boundary conditions

You can specify the degrees of freedom by the factors k, and k,, (see Chapter 2.5, page 22).

You can also determine the elastic critical moment Automatically by comparison of moment distribu-
tion and assignment of the coefficient C,. Click the [Info] button to open the corresponding dialog
box and view the load and moment distributions. The coefficients C, and C; will be determined
automatically by the Eigenvalue Method, if required.

Select the Manual definition in Window 1.5 check box to change the name of column J to M, so
you can directly enter the elastic critical moment for LTB.

If there are transverse loads, it is necessary to define the location where these forces are acting on
the cross-section: Depending on the load application point, transverse loads can be stabilizing or
destabilizing, and thus influence the elastic critical moment.

Model Type According to Table B.3

According to [1], Annex B, Table B.3, the equivalent uniform moment factor for structural compo-
nents with buckling in the form of lateral deflection should be taken as C,, = 0.9 orC,,, = 0.9.
Both check boxes are cleared by default. If you select the check boxes, the program determines
the factors C,, and C,,,, according to the criteria defined in Table B.3.

Limit Values for Special Cases

To design unsymmetric cross-sections with the intended axial compression according to [1],
Clause 6.3.1, you can neglect small moments about the major and the minor axes using the settings
defined in this dialog box section.

For the pure check of bending according to [1], Clause 6.3.2, you can similarly neglect small com-
pression forces where the limit ratio of N ¢4 / N, is defined.

According to [1], Clause 6.3.4, the design of Unsymmetric Cross-Sections, Tapered Members or Sets of
Memobers is only possible for uniaxial bending in the principal plane and/or compression. In order
to neglect the small moments about the minor axis, you can define a limit for the moment ratios
Mz,Ed / Mpl,z,Rd'

The intended torsion is not clearly specified in [1]. If there is a torsional stress not exceeding
the shear stress ratio of 5 % preset by default, it is not considered in the stability design; only
results for flexural and lateral-torsional buckling are displayed.

If one of the limits in this dialog section is exceeded, a note appears in the result window and no
stability analysis is performed. However, the cross-section designs are performed independently.
These limit settings are not part of the Standard [1] or any National Annex. Modification of the limits
is in the user’s responsibility.
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Stability Analysis Method of Sets of Members
I]g The stability behavior of sets of members can be analyzed according to two methods.

According t0 6.3.1 ... 6.3.3 (Equivalent Member Method), it is possible to treat sets of members as one
large member. For this, define the factors k, and k,, in the 1.6 Effective Lengths - Sets of Members
window. These factors are used to determine the support conditions 3, Uy, Oy Pz and w. If applied,
Windows 1.7 and 1.8 will not be displayed. Please note that the factors k, and k,, are identical for
each section or member of the set of members. In general, you should use the equivalent member
method only for straight sets of members.

If you select 6.3.4 (General Method), the program performs a general analysis according to [1],
Clause 6.3.4, based on the coefficient a,. In the 1.7 Nodal Support - Set of Members window, you
can define the support conditions with regard to the stability failure (buckling and lateral-torsional
buckling) for each set of members individually. The factors k, and k,, from Window 1.5 are not
used.

3.1.3 Serviceability

Details “

Uttimate Limit State | Stabilty | Serviceabilty | Fire Resistance | Other

Deformation Relative to

(®) Shifted members ends / set of members ends
() Undeformed system

Limitation of Web Breathing
[] Design as steel bridge structure according to
EM 19932, 7.4

® Road bridge
Railway bridge

D | 7| |» {E fﬁ Cancel

ﬁgure 3.3: Dialog box Details, tab Serviceability

Deformation Relative To

These options specify whether the maximum deformations are relative to the shifted members
ends / set of members ends (connection line between start and end nodes of a deformed system)
or to the undeformed initial system. Generally, the deformations are designed as relative to
the displacements in the entire structural system.

Mat. Annex... | You can check and, if necessary, adjust the limit deformations in the National Annex Settings dialog
box (see Figure 3.10, page 12).
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Limitation of Web Breathing

In the case of the serviceability limit state design of steel bridges, it is necessary to check the slen-
derness ratio of web plates in order to avoid excessive rippling and breathing of plates as well
as stiffness reductions due to plate buckling. The Design as steel bridge structure according to
EN 1993-2, 7.4 [8] check box allows you to analyze the breathing (repeated out-of-plane deforma-
tion), which can result in fatigue problems at the web-to-flange connections.

It is necessary to define whether you design a Road bridge or a Railway bridge as there are different
criteria for each case.

3.1.4 Fire Resistance

In this tab, you can control detail settings for the fire resistance design.

Details “

Utimate Limit State | Stabiity | Serviceabilty | Fire Resistance | Other

Fire Design Settings

Required time of fire )
resistance thirequ: |15 w | [min]

Time interval of analysis

- Unprotected members At: [=]
- Protected members At: sl

Temperature Curve for Determination of Temperature of Gazes

Mominal temperature curves: (®) Standard temperaturetime curve

__) Extemnal fire curve

() Hydrocarbon curve

Coefficient of heat transfer by

convection [T Wim2K]

Thermal Actions for Temperature Analysis

Factors for detemmination of net heat flue

- Configuration factor &: 1.000H [
- Surface emissivity of member Em: 07005 M
- Emissivity of fire & 100055 0

Manual Definition of Temperature

[] Define final temperature manually

@] (@] ] [0z][03

Cancel

ﬁgure 3.4: Dialog box Details, tab Fire resistance

In order to determine the temperature change, you should define the Required time of fire resistance
and the Time interval of analysis as well as the Temperature Curve for Determination of Temperature of
Gases. You can select one of three nominal temperature curvesillustrated in Figure 3.5 to Figure 3.7
on the next page.

The Factors for determination of net heat flux are preset in accordance with [9] and [2]. However,
you can adjust them according to specific conditions.

If you select the Define final temperature manually check box, then it is possible to individually
define the temperature @, in Window 1.10 and 1.11.
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Fy Standard temperature-time curve
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ﬁgure 3.5: Standard temperature-time curve

a External fire curve
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ﬂgure 3.6: External fire curve
4 Hydrocarbon curve
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ﬂgure 3.7: Hydrocarbon curve
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3 Calculation 3

3.1.5 Other

Details “

Uttimate Limit State | Stabilty | Serviceability | Fire Resistance | Other

Calculation of Result Combinations with OR Type

(®) Analyze load components of result combinations separately
{more precise solution, slower for many load components)

Dizplay Result Windows
2.1 Design by Load Case

- 2.2 Design by Cross-Section
() Analyze result combinations generally -
(generally conservative and faster solution) 2.3 Design by Set of Members
2.4 Design by Member
Cross-Section Optimization 25 Design by x-Location

Max allowable design ratio: 1.0004 []3.1 Goveming Intemal Forces by Member
7 ;

T e e e 3.2 Goveming Intemal Forces by Set of Members
o4

Members with - 3.3 Member Slendemesses

- Tension only: 3005 4.1 Parts List by Member

- Compression / flexure: 2005 4.2 Parts List by Set of Members

(®) Only for members / sets to be designed

Design of Welds () Of all members / sets of members
Activate
2| @ A

ﬁgure 3.8: Dialog box Details, tab Other

Cross-Section Optimization

By default, the optimization is targeted on the maximum allowable design ratio of 100 %. If neces-
sary, you can set a different design ratio in this text box.

Check of Member Slendernesses

In both text boxes, you can specify the limit value A, in order to define member slendernesses.
You can enter specifications separately for members with tension forces only and for members
with flexure and compression.

The limit values are compared to the real member slendernesses in Window 3.3. This result window
is available after the calculation (see Chapter 4.8, page 59), if you have selected the corresponding
check box in the Display Result Tables dialog box section.

Design of Welds

If you select this check box, the weld designs are performed in the course of the analysis.
The program performs the typical designs according to EN 1993-1-8 [10]. After the calculation,
you can find the results under the cross-section designs (see also the following DLUBAL Blog:
www.dlubal.com/blog/3675).

| M oDlubal Software GmbH 2015

EEE
49



i

Dlubal

Calculation

Al [v
Al

LC  Load Cases

€0 Load Combinations
Piping Combinations

RC  Result Combinations

I Add-on Modules

2

3 Calculation 3

Display Result Windows

In this dialog section, you can select which result windows including the parts list should be
displayed. These windows are described in Chapter 4 - Results.

The 3.3 Member Slendernesses window is deactivated by default.

3.2 Start Calculation

In all input windows of the RF-STEEL EC3 add-on module, you can start the calculation using
the [Calculation] button.

RF-STEEL EC3 searches for the results of the load cases, load combinations and result combinations
to be designed. If they cannot be found, the program starts the RFEM calculation to determine
the design-relevant internal forces.

You can also start the calculation in the RFEM user interface: The To Calculate dialog box (menu
Calculate — To Calculate) lists design cases of the add-on modules like load cases and load
combinations.

To Calculate “
Load Cases / Combinations  Module Cases | Result Tables
Not Calculated Selected for Calculation
Ma. Description 2 Ma. Description =
Il L1 Selfweight FEE CAl RF-STEEL EC3 - Design of steel members according to Eurocot
0=l 1C2 Snow
Lc3 Wind in X
Lc4 Wind on Gable in Y
LCE Wind on Gable in -Y
LC& Wind Lifting
IE LC7 Imposed Loads - Plate
| imp e Imperfections in X >
I LCS Imperfections in -Y e
BT LC10 | Imperfections in Y
LC11 [ Accidental Loads
RC1 Extreme design values <
RC2 Extreme characteristic valuss e

RC3 |Fire
I CA1 RF-STEEL Members - General stress analysis of steel members

-

Al v

@ f_ﬁ @ Cancel
ﬁgure 3.9: Dialog box To Calculate

If the RF-STEEL EC3 design cases are missing in the Not Calculated section, select All or Add-on
Modules in the drop-down list below the section.

Use the | > | button to transfer the selected RF-STEEL EC3 cases to the list on the right. Click [OK]
to start the calculation.

To calculate a design case directly, use the list in the toolbar. Select the RF-STEEL EC3 design case
in the toolbar list and click [Show Results].

Tools Table QOptions Add-on Modules Window Help

F 2w & BE ey
ta-O-#- GeF-|>-% mm B "'JQ_“_"ShowRemts ADF| kAR
ﬁgure 3.10: Direct calculation of a RF-STEEL EC3 case in RFEM

¥y RF-STEELEC3 CA1-Design of steelme|[v] @ > @ 17| @& 4

i

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

4 Results

Chapter 4 - Results describes the different results windows one by one. The evaluation of and
checking results is described in Chapter 5 - Results Evaluation, page 63 ff.

The 2.1 Design by Load Case window appears immediately after the calculation.

File Edit Settings Help

CA1 - Design of steel members

2.1 Design by Load Case

Input Data

Results

B | Cc [ D TE] 3 [ G ]
General Data Load- Member | Location Design
Materials ing Description No. x[m] Ratio | Design According to Formula DS
Cross-Sections Uttimate Limit State Design
Intermediate Lateral Restraints Ses ey T 2 | &000] 094 [ <1 [ 181) Crosssection check - Bending, shear and axal force ace. to §.2.9.1 [Pt |
Effective Lengths - Members LC2 | Swas+imp | 2 | eom0] 0.98 | 1 181) Cross-section check - Bending, shear and aal force acc. to 6.2.9.1 | PT |
= Nodal Supports LC3 | Swewocslmp |2 | &om| 035 1| 181) Cross section check - Bending, shear and axal force ace. to §.2.9.1 G
Set of members No. 2 - Ceilir|
£ Member Hinges Senviceabilty Limi State Design
Setof members No. 2 -Ceiir| [™RC2 | Bdreme characteristic values | 82 | 6.385) 066 = 1 401) Senviceabillty - Combination of actions Ch - 2-dirsction [ ]
- Serviceability Data
- Fire Resistance - Members B
- Fire Resistance - Sets of Membe [TRCT | Fire [ 64 | 0000 0.36 | <1 853) Fire design - Stabilty analysis - Biaxial bending acc. to EN 1993-1-2,4235 | |
- Parameters - Members
e Woc|  0%8/51@ = %

¥ Design by Load Case Details - Member 22 - x: 6.000 m-LC1 1 - IPE 300 | Euronorm 19-57
Desian by Cross-Section Material Propetties - Stesl S 235 | EN 1993-1-1:2005-05 ~

Design by Set of Members [ Crogs-Section Propetties - IPE 300 | Euronom 19-67

Design by Member Design Intemal Forces

Design by x-Location [ Cross-Section Cl -Class 1

Governing Internal Forces by M| | Bl Design Ratio

Governing Internal Forces by Sef Momert My Ed 139.32 | kNm

Parts List by Member Yield Strength Fy 235.0 | N/mm?2 321

Parts List by Set of Members Partial Factor ™D 1.000 61
Momert Resistance Mply Rd 147.58 | kNm Eq.(6.13) 5
Shear Force VzEd 39.86 kN 2 —mmm
Effective Shear Area Avz 2567 [ cm? 62603) - ¥
Shear Resistancs VelzRa 34828 |kN Eq.(6.18)
Criterion Vzd / VplzRd vz 0.114 05 62.102)
Hodal Force Mg -38.82 kN
Cross-Sectional Arsa A 53.80 | om?
Audal Force Resistancs NelRa 1264.30 [kN Ea.(66) =
Wieb Height hw 27856 | mm
Vieb Thickness by 71 [mm
Crterion 1 n 0.031 025 |Eq.(6.33)
Crterion 2 nw 0.084 <050 |Ea.(6.34) ]
Momert Resistance Moy Rd 14758 | kNm Eq.(6.13
‘Section Height vy 034 21 (BBl v £

>

<
@]

ﬂgure 4.1: Result window with designs and intermediate values

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

Windows 3.1 and 3.2 list the governing internal forces, Window 3.3 gives information on member
slendernesses. The last two Windows 4.1 and 4.2 show the parts lists by member and set of
members.

Every window can be selected by clicking the corresponding entry in the navigator. To set the pre-
vious or next window, use the buttons shown on the left. You can also use the function keys to
select the next [F2] or previous [F3] window.

[OK] saves the results. RF-STEEL EC3 is closed and you return to the main program.
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4 Results

4.1 Design by Load Case

The upper part of the window shows a summary of the governing designs, sorted by load case,
load combination, and result combination. Furthermore, the list is divided in ultimate limit state
design, serviceability limit state design, and fire resistance design.

The lower part includes detailed information on the cross-section properties, analyzed internal
forces, and design parameters for the load cases selected above.

2.1 Design by Load Case
B C D JE F G
Load- Member | Location Design
ing Description Ma. x [m] Ratio | Design According to Formula DS
Ultimate Limit State Design
LC1 | Swes+ax+p+Imp 22 6.000 0.94 | < 1| 181) Cross-section check - Bending, shear and axial force acc. to 6.2.9.1 PT
Swes+lmp ol 6.000 0.58 | £1| 181) Cross-section check - Bending, shear and axial force acc. to 6.2.9.1 PT
Swp+Im 12 3.000 0.93 | £1 | 361) Stability analysis - Bending and compression acc. to £.3.3, Method 2 PT
Serviceability Limit State Design
RC2 | Edreme ot icvalues [ 82 [ 6.385] 0.66 | =1 [ 401) Serviceabiity - Combination of actions Ct istic’ - z-direction [sc]
Fire Resistance Design
RC3 | Fre [ 64 [  o0000] 0.36 [ = 1 853) Fire design - Stability analysis - Bizxial bending acc. to EN 199312, 42.35 [ [
Mac|  098[21 @ aEwe  v[r][EHE] S [e
Details - Member 12 - x: 3.000 m- LC4 1 - IPE 300 | Euronorm 19-57
Cross-Section C ion - Class 1 A
[ Design Ratio
Elastic: Critical Load for Torsional Buckling NgrT 2715.35 [ kN
Modulus of Elasticity E 210000.0 | N/mm2
Moment of Inertia ly 8360.00 | cm*
Effective Member Length Lory 23130 |m
Elastic Flexural Buckling Force Nery 323.87 | kN ENarT
Cross-Sectional Area A 53.80 | em2
Yield Strength Fy 235.0 [ N/mm2 321 -
Slendemess iy 15976 02 | 631204 = N
Buckling Curve KLy a Tab. 62 - ¥
Imperfection Factor Dy 0210 Tab. 6.1
Awcdliary Factor Ty 2638 6.3.1.2(1)
Reduction Factor 1y 0.228 Eq.(6.49)
Section Height h 3000 | mm
Section Width b 150.0 | mm
Criterion h/b 200 £2 Tab. 6.5
Buckling Curve KLLT b Tab 65
Imperfection Factor «LT 0.340 Tab. 6.3
Shear Modulus G B0769.2 | N/mm2 (mm]
Fffective Length Factor kz 1.000
Effective Length Factor ko 1000 RGES a

ﬁgure 4.2: Window 2.1 Design by Load Case

Description

This column shows the descriptions of the load cases, load combinations, and result combinations
used for the designs.

Member No.

This column shows the number of the member with the maximum design ratio of the designed
actions.

Location x

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

e Start and end node

e Division points according to possibly defined member division (see RFEM Table 1.16)

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

Extreme values of internal forces
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4 Results 4

Design Ratio

Columns D and E show the design conditions according to [1], [2] and [3]. The length of colored
bars represents the respective design ratios.

Design According to Formula

This column displays the code’s equations by which the designs have been performed.

DS

The last column provides information on the respective check-relevant design situations (DS): PT
or AC for the ultimate limit state or one of three design situations for serviceability (CH, FR, QP)
according to the specifications in the 1.1 General Data window (see Figure 4.7, page 10).

4.2 Design by Cross-Section

2.2 Design by Cross-Section
B C D JE F ~
Section | Member | Location Load- Design
M. Mo x [m] ing Ratio | Design According to Formula
1 IPE 300 | Euronom 13-57
1 0.000| LC4 0.07 | £1 | 102) Cross-section check - Compression acc. to 6.2.4
1 0.000| LC4 0.06 | £1 | 127) Cross-section check - Shearforce in z-2ds acc. to 6.2.6
1 0.000| LC1 0.00 | <1 | 126) Cross-section check - Shear buckding acc. to 6.2.6(6)
- 1 4000 Lc2 0.22 | £1| 181) Cross-section check - Bending, shear and axal force acc. to 6.2.9.1
1 6000 LC4 0.53 | £1 | 227) Cross-section check - Biaxial bending, shear and adal force acc. to 6.2.10and 6.2.9
1 2.000 LC4 0.65 | <1 | 367) Stability analysis - Bending about y-=xis and compression acc. to 6.3.3, Method 2
1 0.000 LC4 0.80 | <1 | 364) Stability analysis - Bending and compression acc. to 6.3.3, Method 2
HE A 120 | Euronom 53-62 W
M| 0B0[21@ AE® BEEw v[v[EE][S]e
Details - Member 1 - x: 4000 m - LC2 1 - IPE 300 | Euronorm 19-&7
[# Cross-Section Properties - [PE 300 | Euronom 19-57 ~
Design Intemal Forces
Cross-Section Cl 1-Class 1
[ Design Ratio
Moment My Ed 32.73 | kNm
*ield Strength Fy 235.0 | N/mm< 321
Partial Factor M0 1.000 6.1
Moment Resistance Mpiy.Ra 147.58 | kNm Eq.{6.13)
Shear Force VzEd 19.07 | kN -
Fffective Shear Area Ayz 2567 |cm? 6263 =
Shear Force Resistance VplzRd 34828 | kN Eq.{6.18) -
Criterion Vz,£4/ Vplz,Rd vz 0.055 205 |6210@)
Fodal Force Nes -27.88 |kN
Cross-Sectional Area A 53.80 | cm?
Hial Force Resistance MNgl,Ra 1264.30 | kN Eq.(6.6)
Web Height hw 278.6 | mm
Web Thickness tw 71 | mm
Criterion 1 n 0.022 <025 |Eq.(6.33)
Criterion 2 M 0.060 <050 |Eq.(6.34]
Moment Resistance Mgl Rd 147.58 | kNm Eq. (6 13)
Moment Component My 022 z1 Eq.{6.31
Design Ratio Pl (] <1 Eq. (5367 |w ko)

ﬁgure 4.3: Window 2.2 Design by Cross-Section

In this result window, the maximum design ratios of all members and actions selected for design
are listed by cross-section. The results are sorted by cross-section design and stability analysis as
well as serviceability limit state design and fire resistance design.

If there is a tapered member, the cross-sections of the member start and end are listed separately.
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4 Results

4.3 Design by Set of Members

2.3 Design by Set of Members

B C D [E F ~
Set | Member | Location Load- Design
Mo No. x [m] ing Ratio ‘ Design According to Formula
2| Set of Members 2 {Member No. 13-15)
14 0.000 LC2 0.03 | = 1| 102) Cross-section check - Compression acc. to 6.2 4
15 0.000 LC1 0.04 | 1] 121) Cross-section check - Shear force in z-adis acc.to 6.2.6
14 0.000 LC2 0.01 | £ 7| 137) Cross-section check - Torsion acc.to 6.2.7
13 2677| LCZ 0.06 | = 1| 132) Cross-section check - Torsion and shear force acc. to 6.2.7(3)
15 5647 LC1 0.42 | 21| 181) Cross-section check - Bending, shear and axial force acc. to 6.2.9.1
15 bE4T| LCZ2 0.44 | =1 | 186) Cross-section check - Bending, shear, torsion and axial force acc.to 6.2.9.1
14 214 LC1 0.00 | = 1 | 208) Cross-section check - Bending about z-axds. shear, torsion and axial force acc.to 6.2.9.1
15 5647 LC1 0.45 | = 1| 221) Cross-section check - Biaxial bending, shear and adal force ace. to 6.2.10and 6.2.5
15 5.960 Lcz2 0.48 | =1 | 226) Cross-section check - Bizdal bending, shear, torsion and adal force acc.to 6.2.10and 6.2.9 "]
M| 0%[<1@ Me[® PE]Fw viv[&EE][s]e]
Details - Member 15 - x: 5960 m - LC2 1-IPE 300 | Euronorm 18-57
] Design Ratio A
Moment M. Ed 65.46 | khm
Plastic Section Modulus Wty 628.00 | cm?
Yield Strength Fy 235.0 | N/mm2 321
Partial Factor TMD 1.000 6.1
Moment Resistance Mgl,y.Rd 147.58 | kNm Eq.[6.13)
Shear Force VzEd 0.89 | kN
Effective Shear Area Avz 25.67 |cm? 6.2.6(3)
Shear Force Resistance Vplz.Rd 348.28 | kN Eq.[6.18) -
Torsional Moment Ted 0.01 | kNm 2 [
Torsional Constant It 20.20 [cm* - ’
Thickness tv.z 7.1 | mm
Shear Stress Ttw_Ed 0.2 | N/mm2
Shear Force Resistance VelzT.Rd 348.06 | kN 6.2.7(%)
Criterion Vy,£4 / Vpl,y,Rd vz,T 0.003 =05 6.2.10(2)
Podial Force Nes 28.73 | kN
Cross-Sectional Area A 53.80 | cm?
Auial Force Resistance Ngi,Rd 1264.30 | kN Eg.(6.6)
Web Height hw 2786 | mm
Web Thickness bw 7.1 | mm (mm]
Criterion 1 n 0023 =025 |Eq 633
Citeron 2 e 0062 <050 (263 v ?

ﬂgure 4.4: Window 2.3 Design by Set of Members

This result window is displayed if you have selected at least one set of members for the design.
The window lists the maximum design ratios sorted by set of members.

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

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

2.4 Design by Member
B [ ) E ~
Member | Location Load- Design
No x [m] ing Ratio | Design According to Formula
1 Cross-section No. 1-IPE 300 | Euronom 15-57
0.000 Lc2 0.03 | <1 | 102) Cross-section check - Compression acc. to 6§.2.4
0.000| LC2 0.05 [ <1 | 121) Cross-section check - Shear force in z-adis acc. to 6.2.6
0.000| LC1 0.00 | <1 | 126) Cross-section check - Shear buckling acc. to 6.2 6(6)
4000 Lc2 0.22 | £1| 181) Cross-section check - Bending, shear and axal force acc. to 6.2.9.1
6.000| LC2 050 | £1 | 221) Cross-section check - Bizdal bending, shear and dal force acc.to 6.2.10and 6.2.9
0.000| RC2 0.00 | =1 | 400) Ser bility - Negligible defi ions
4500 RC2 0.54 | <1 | 401) Serviceability - Combination of actions Ch ic' - z-direction
[ | Cross-section No. 1- IPE 300 | Euronom 19-57 v
Mex|  0%[=1@ Fev BEFw v[v][EE][%]e]
Detailz - Member 1 -x:4.500 m - RC2 1-1PE 300 | Euronorm 19-57
[ Material Properties - Steel S 235 | EN 19%3-1-1:2005-05 ~
Modulus of Elasticity E 210000.0 | N/mm2
Shear Modulus G 80769.2 | N/mm?
Yield Strength fy 235.0 | N/mmZ 321
Uttimate Tengile Strength Fu 360.0 | N/mm £ 321
[ Cross-Section Properties - IPE 300 | Euronom 19-57
E Deflections
Direction x Wx -0.3 | mm
Direction y Wy -7.3 | mm -
Direction z Wz -187 | mm El SV
= Design Ratio - o
Deflection WQinstz -18.7 | mm
Refer Lenath | 6000 | m
Limit Value Criterion | / wa,inst,lim 300.00
Limit Value of Deflection W, inst fimit,z 20.0 | mm
Design Ratio n 0.54 z1 Gl. (40)
[mm]
v 8]'®

ﬁgure 4.5: Window 2.4 Design by Member

This result window shows the maximum design ratios for individual designs sorted by member
number. The columns are described in detail in Chapter 4.1 on page 52.
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4.5 Design by x-Location

2.5 Design by x-Location
B c [D E )
Member | Location Load- Design
Mo. x[m] ing Ratio ‘ Design According to Formula
5 | Crosssection No. 17 - IPE 300 | Euronom 1357
0000 LC2 0.05| =1 102) Cross-section check - Compression acc. to 6.2.4
0.000| LC1 0.12 | =1 121) Cross-section check - Shearforce in z-axis acc.to 6.2.6
0.000 LC1 0.00 1| 126) Cross-section check - Shear buckling acc. to 6.2.6(6)
0000 LC3 0.33 | 1 181) Cross-section check - Bending, shear and adal force ace. to 6.2.9.1
m L1 0.81| =1 221) Cross-section check - Bizxdal bending, shear and avdal force acc.to 6.2.10and 6.2.9
0.000 Lc2 0.05 =1/ 102) Cross-section check - Compression acc.to 6.2.4
0000 L1 0.12 | £1 | 121) Cross-section check - Shearforce in z-axis acc. to 6.2.6
0.000| LC1 0.00 | =1 126) Cross-section check - Shear buckling acc. to 6.2 6(5)
0.000 LC1 046 =1/ 181) Crosssection check - Bending, shear and axial force acc. 0 6.2.9.1 w
Mac| 03821 @ [M&[® E]rw vv][E[E][s]e]
Details - Member 22 - x: 0.000 m- LC1 17 - IPE 300 | Euronorm 18-57
[ Cross-Section Cl ion - Class 1 -
=1 Design Ratio
Momert My Ed 111.83 | kNm
Plastic Section Modulus Woely 628.00 | cm?
Yield Strength fy 235.0 | N/mm2 321
Partial Factor pi] 1.000 6.1
Moment Resistance Mgl Rd 147.58 | kNm Eq.[6.13)
Shear Force VzEd 4341 |kN
Effective Shear Area 2567 |cmi 6.26(3) -
Shear Force Resistance VplzRd 34828 | kN Eq.(6.18) 2 S —
Criterion Vz.£4 / VpizRa vz 0.125 =05 62102 - ¥
Fodal Force Nes -60.43 | kN
Cross-Sectional Area A 53.80 | cm2
Puial Force Resistance Ml R 1264.30 | kN Eq.(6.6)
Web Height hw 278.6 | mm
Web Thickness 1 7.1 | mm
Criterion 1 n 0.048 =025 |Eq.(6.33)
Momert i 0.130 <050 |Eq.[6.39)
Shear Force Mz Eq 0.07 | kNm
Plastic Section Modulus Wiz 125.22 |cm? fmml
Moment Resistance Mgz R4 29.43 | kNm Eq.[6.13)
Shear Force VyEd 0.01 [kN v L o)

ﬁgure 4.6: Window 2.5 Design by x-Location

This result window lists the maxima for each member at all locations x, resulting from the division
points defined in RFEM:

e Start and end node

e Division points according to possibly defined member division (see RFEM Table 1.16)

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

e Extreme values of internal forces
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4 Results 4

4.6 Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B c [ b [ E F [ G [ H ] "
Member  Location Load- Forces [kN] Moments [lkNm]
No. x [m] ing MNEd ‘ Wy Ed ‘ VzEd Ted ‘ My Ed ‘ Mz Eq Design According to Formula
1 Cross-section No. 1 - IPE 300 | Euronom 13-57
0.000] LK2 -43.98 0.04 -19.07 0.00 43.84 0.12 | 102) Cross-section check - Compression acc. to 6.2.4
0.000 LK2 4358 0.04 -19.07 0.00 43.84 0.12 | 121) Cross-gection check - Shear force in z-2ds acc. to 6.2.6
0.000 LK1 42 61 004 -15.08 0.00 34 58 0.12 | 126) Cross-section check - Shear buckling acc. to 6.2 6(6)
4000 LK2 -27.88 0.04 -19.07 0.00 -32.71 -0.05 | 181) Cross-section check - Bending, shear and axial force acc.
6.000 LK2 -19.82 0,04 -19.07 0.00 -70.79 0.14 | 221) Cross-section check - Bidal bending, shear and adal forc
0.000| EK2 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceability - Negligible def ions
4500 EK2 0.00 0.00 0.00 0.00 0.00 0.00 | 401} Serviceabilty - Combination of actions ‘Characteristic” - z-d
2 | Cross-section No. 1 - IPE 300 | Euronom 13-57
0000 LK2 4435 0.00 2068 0.00 -50.30 -0.04 | 102) Cross-section check - Compression acc.to 6.2.4
0.000 LK1 4325 0.00 2147 0.00 -52.70 -0.05 | 121) Cross-section check - Shearforce in z-=ds acc. 10 6.2.6
0.000 LK1 4325 0.00 147 0.00 -5270 -0.05 | 126) Cross-section check - Shear buckling acc. to &.2.6{6)
6000 LK2 -20.19 0.00 2068 0.00 74.06 -0.04 | 181) Cross-section check - Bending, shear and axal force acc
0.000| EK3 85047 0.04 2095 0.00 -50.04 0.04 | 602) Fire design - Cross-section check - Compression acc. to E
3500 EK3 4560 0.04 20.95 0.00 3166 -0.11 | 621) Fire design - Cross-section check - Shear force
0000 EK3 5047 0.04 20.95 0.00 L50.04 0.04 | 681) Fire design - Cross-section check - Bending, shear and axi
6.000| EK3 -2143 0.04 2095 0.00 7565 -0.18 | 721) Fire design - Cross-section check - Biaxial bending, shear:

11| Crosssection Mo. 1- IPE 300 | Euronom 19-57

0.000 LK2 -52.82 0.02 -30.65 0.00 65.91 0.07 | 102) Cross-section check - Compression acc. to 6.2.4

0.000| LK2 -52.82 0.02 -30.65 0.00 65.91 0.07 | 121) Cross-section check - Shear force in z-axis acc. to 6.2.6

0.000| LK1 -50.76 0.02 23.01 0.00 48.02 0.07 | 126) Cross-section check - Shear buckling acc. to 6.2.6(6)

6.000 LK2 -31.21 0.02 -30.65 0.00 -118.19 -0.05 | 181) Cross-section check - Bending, shear and adal force acc.

0.000| LK2 -52.82 0.02 -30.65 0.00 65.91 0.07 | 221) Cross-section check - Biaxial bending. shear and axal forc
12 | Cross-section Mo. 1- IPE 300 | Euronom 18-57

0.000| LK2 -56.98 0.0 20.93 0.00 0.00 0.00 | 102) Cross-section check - Compression acc. to 6.2.4

0.000| LK1 -54 76 0.m 2168 0.00 0.00 0.00 | 121} Cross-section check - Shear force in z-adis acc. to 6.2.6

0.000| LK1 -4 76 4.m 21.68 0.00 0.00 0.00 | 126) Cross-section check - Shear buckling acc. to 6.2.6(6)

4500 LK2 4077 .M 2093 0.00 9572 0.06 | 181) Cross-section check - Bending. shear and axial force acc.

6000 LK2 -35.37 0.0 2093 0.00 126.74 0.07 | 221) Cross-section check - Biaxial bending, shear and adal forc

13 | Crosssection MNo. 3 - IPE 400 | Euronom 18-57 ... 2 - IPE 300 | Euronom 15-57

EllE & (%] [e]

ﬁgure 4.7: Window 3.1 Governing Internal Forces by Member

For each member, this window displays the governing internal forces, that is, the internal forces
that result in the maximum utilization in each design.

Location x

This column shows the respective x-location where the member’s maximum design ratio occurs.

Loading

This column shows numbers of the load case as well as load and result combination with internal
forces resulting in the maximum design ratio.

Forces /| Moments

For each member, this column displays the axial and shear forces as well as the torsional and
bending moments producing the maximum ratios in the respective cross-section designs, stability
analyses, serviceability limit state designs, and fire resistance designs.

Design According to Formula

The last column shows the design types and equations used for the designs according to [1], [2],
or[3].
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4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members

B c [ 0 T E F [ G [ H I
Set Location Load- Forces [kN] Moments [kNm]
No. x[m] ing NEed ‘ Vy Ed ‘ VzEd Ted ‘ My Ed ‘ Mz Eq Design According to Formula

1 | Set of Members 1 (Member No. 51,52)
3000: K3 -1 0.03 007 0.00 -0.01 0.08 | 100) Negligible intemal forces
0000 LK1 6298 -0.01 1.15 0.00 -3.53 0.08 | 102) Cross-section check - Compression acc. to 5.2.4
0.000 LK3 -13.29 -0.03 151 0.00 220 -0.01 | 121) Cross-section check - Shearforce in z-=ds acc. 10 6.2.6
0.000 LK1 6298 -0.01 115 0.00 -353 0.08 | 126) Cross-section check - Shear buckling acc. to 6.2.6(6)
0000 LK2 -15.66 0.02 0.12 00 0.46 0.02 | 131) Cross-section check - Torsion acc.to 6.2.7
0.000 LK1 -15.44 -0.02 141 0.01 -219 0.02 | 132) Cross-gection check - Torsion and shear force acc. to 6.2.7(3
0000 LK1 -6298 00 1.15 0.00 -353 0.08 | 181) Cross-section check - Bending, shear and axial force acc
0000 LK1 -15.44 -0.02 141 00 -219 0.02 | 186) Cross-section check - Bending, shear, torsion and axial force

& 3.000 LK2 -3267 -0.01 0.14 0.00 -0.38 0.10 | 221) Cross-section check - Bizdal bending, shear and adal force
0000 LK2 -4475 00 0.14 0.00 -0.81 0.08 | 301) Stability analysis - Fiexural buckling about y-axs acc. to 6.3.1.1
0000 LK2 4475 001 0.14 0.00 081 0.08 | 321) Stability analysis - Torsional buckling acc. to 6.3.1.4 and 6.3.1.
0000 LK1 6298 0m 115 0.00 -3.53 0.08 | 364) Stability analysis - Bending and compression acc. to 6.3.3, Met
0000 LK1 £2.98 00 1.15 0.00 -353 0.08 | 371) Stability analysis - Bending and compression acc. to 6.3.4. Ger

2 Set of Members 2 (Member No. 13-15)
0000 | K2 -3283 0.03 2138 -0.02 4546 0.02 | 102) Cross-section check - Compression acc. to 6.2.4
0000 LK1 -27.90 0.07 14.85 00 1857 0.10 | 121) Cross-section check - Shearforce in z-axis acc.to 6.2.6
0.000 LK2 -3283 -0.03 2138 0.02 -45.46 0.02 | 131) Cross-gection check - Torsion acc.to 6.2.7
2677 LK2 -3284 -0.03 7 -0.02 -49.90 0.02 | 132) Cross-section check - Torsion and shear force acc. to 6.2.7(5)
5647 LK1 -26.58 0.07 019 00 61.69 .32 | 141) Cross-section check - Bending and shearforce acc.to 6.2.5 a
5647 LK2 -28.81 0.09 0.07 0.01 65.57 -0.39 | 181) Cross-section check - Bending, shear and adal force acc. to &
211 LK1 -30.32 0.06 16.13 -0.02 726 0.14 | 186) Cross-section check - Bending. shear, torsion and axial force 3
5647 LK1 -26.58 0.07 019 00 61.69 40,32 | 221) Cross-section check - Bizxdal bending, shear and axial force ac
5960 LK2 -2868 0.09 -142 0.01 65.16 0,43 | 226) Cross-section check - Biaial bending, shear, torsion and adal
5647 LK2 -28.81 0.09 0.0 -0.01 6557 -0.39 | 271) Cross-section check - Awial stress and torsion - Blastic design

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

For each set of members, this window shows the internal forces that result in the maximum ratios
of the design.
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4.8 Members Slendernesses

3.3 Member Slendernesses
B C | D E F | G H -
Length Maijor fuis y Minor fuis z
Under Stress L [m] ky [ iy [mm] Ly [ kz[] iz [mm] iz []
Compression / Flexure 6.000 4.029 1247 193.526 1.000 3358 179.070
& Ci ion J/ Flescure 6.000 1.000 1247 43133 1.000 335 179.070
3 Ce ion / Flexure 6.000 4.040 1247 154456 0.543 35 97235
4 Compression / Flexure 6.000 3.885 1247 185.551 0518 3358 52.758
5 Ci ion J/ Flexcure 6.000 1.000 1247 48133 0.400 335 71628
[ Ce ion / Flexure 6.000 1.000 1247 48133 0.600 35 107.442
7 Compression / Flexure 3.000 1.000 1247 24066 1.000 3358 89.535
8 Ci ion J/ Flescure 3.000 1.000 1247 24,066 1.000 335 89.535
E] Ce ion / Flexure 6.274 1.000 1247 50.330 1.000 35 187.247
1 Compression / Flexure 3.000 1.000 8238 36.224 1.000 493 60.112
12 Ci ion / Flexure 3.000 1.000 828 36224 1.000 455 60.112
13 Ce ion / Flexure 6.274 1.000 573 109.541 1.000 352 178.246
14 Compression / Flexure 6274 1.000 573 109.544 1.000 352 178.251
15 Ci ion / Flexure 6274 1.000 573 109.544 1.000 352 178.251
16 Ce ion / Flexure 6.274 1.000 573 109.541 1.000 352 178.246
17 Compression / Flexure 6.546 1.000 656 59.778 1.000 398 164.286
18 Ci ion / Flexure 7.094 1.000 656 108.131 1.000 3538 178.040
21 Ce ion / Flexure 6.546 1.000 65.6 99.778 1.000 35.8 164.286
22 Compression / Flexure 5.000 1.000 310 161.515 1.000 310 161.515
23 Ci ion J/ Flescure 5.000 1.000 310 161515 1.000 310 161515
24 Ce ion / Flexure 5.000 1.000 3.0 161.515 1.000 3.0 161.515
25 Compression / Flexure 5.000 1.000 30 161.515 1.000 30 161.515
26 Ci ion J/ Flescure 5.000 1.000 310 161515 1.000 310 161.515
27 Ce ion / Flexure 5.000 1.000 30 161.515 1.000 3o 161.515
28 Compression / Flexure 5.000 1.000 310 161.515 1.000 310 161.515
E]l Ci ion / Flexure 5.000 1.000 310 161515 1.000 310 161515
32 Ce ion / Flexure 5.000 1.000 3.0 161.515 1.000 3.0 161.515
33 Compression / Flexure 5.000 1.000 30 161.515 1.000 3.0 161.515
34 Ci ion J/ Flescure 5.000 1.000 310 161515 1.000 310 161.515
35 Ce ion / Flexure 5.000 1.000 3o 161.515 1.000 3o 161.515 v
Members with compression [ flexure:
Maxiy | 194456[ <20 @
Maxiz | 187247 <20 @ @
ﬂgure 4.9: Window 3.3 Member slendernesses
This result window appears only if you have selected the respective check box in the Details dialog
box, tab Other (see Figure 4.8, page 49).
The table lists the effective slendernesses of the designed members for both directions of the prin-

cipal axes. They are determined in compliance with the load type. At the end of the list, there is
a comparison with the limit values that have been defined in the Details dialog box, tab Other (see

Figure 4.8, page 49).

Members of the "Tension" or "Cable" type are not included in this window.

This window is only of an informative character. It provides no stability analysis of slendernesses.
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4.9 Parts List by Member

Finally, there is a summary of all cross-sections included in the design case.

4.1 Parts List by Member

A B [ D E B G H
Part Cross-Section Number of Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
No Description Members [m] [m] [m2] [m¥] [ka/m] [kal 1]
1 1-IPE 300 | Euronomm 19-57 6 6.00 36.00 4172 0.1% 4223 253.40 1.520
2 | 2-IPE 300| Euronorm 19-57 ... 3- IPE 4001 g am 2409 3163 017 5428 163.46 1.308
3 | 2-IPE 300| Euronorm 19-57 ... 3- IPE 4001 8 326 2610 30.25 0.14 4223 137.78 1.102
4 | 2-IPE 300 Euronorm 18-57 ... 3- IPE 4001 8 6.27 5019 58.17 0.27 4223 264597 2120
5 1-IPE 300 | Euronomm 1557 4 3.00 12.00 1393 0.06 4223 126.70 0.507
6 10-HE A 140 | Euronom 53-62 3 3.00 9.00 718 0.03 2465 7395 0.222
7 10-HE A 140 | Euronom 53-62 2 355 7.09 563 0.02 2465 874 0.175
[ 10 - HE A 140 | Euronom 53-62 1 4.09 409 325 0.01 2465 100.91 0.1
9 15-HE A 200 | Euronom 53-62 4 3.00 12.00 1368 0.06 4223 126.70 0.507
10 | 6-HE A 160 | Euronom 53-62 2 3.00 6.00 5.44 0.02 3046 51.37 0.183
11| 6-HE A 160 | Euronom 53-62 2 3.55 7.09 6.43 0.03 3046 108.00 0.216
12| 6-HE A 160 | Euronom 53-62 1 4.09 4.09 37 0.02 3046 12470 0.125
13 | 16 - Rectangle 200,200 1 3.00 3.00 240 0.12 314.00 942.00 0.942
14 | 7-HE A 140 | Euronom 53-62 4 6.27 2510 1593 0.08 2485 154.64 0613
15 | §-IPE 360 Euronom 1§57 g 6.25 50.00 67.65 0.36 5707 356.68 2853
16 | 6-HE A 160 | Euronom 53-62 2 6.55 13.09 11.86 0.08 3046 199.38 0.359
17| 6-HE A 160 | Euronom 53-62 1 7.09 7.09 6.43 0.03 3046 216.07 0.216
18 | 12-QRO 80xd | EN 10210-2:2006 25 5.00 125.00 3913 0.15 942 47.10 1.178
19 | 13-RD 24| Macsteel 4 781 .24 236 0.0 3.55 277 011
20 |13-RD 24| Macsteel g 8.02 6418 484 0.03 355 2847 0.228
Sum 102 516.46 37555 1.86 14.630:

ﬂgure 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 Details dialog box, tab Other (see Figure 4.8,
page 49).

Part No.

The program automatically assigns part numbers to similar members.

Cross-Section Description

This column lists the cross-section numbers and descriptions.

Number of Members

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

Length

This column shows the respective length of an individual member.

Total Length

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

e 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 t0 2.5
in the cross-section properties (see Figure 4.19, page 19).

Volume

The volume of a part is determined from the cross-sectional area and the total length.

Unit Weight

The Unit Weight of the section is relative to the length of one meter. For tapered cross-sections,
the program averages both cross-section weights.

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
row of the Total Weight column shows the total amount of required steel.

4.10 Parts List by Set of Members

4.2 Parts List by Set of Members
A B C 1] E F G H
Part Set of Members Mumber Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
e Description of Sets m] m] [m?] [m*1 lka/m] kal il
1 Set of Members 1 1 6.00 6.00 6.84 0.03 4223 25340 0.253
2 | Set of Members 2 1 1255 1255 1501 0.07 4512 566.22 0.566
3 | Set of Members 3 1 1255 1255 15.01 0.07 4512 566.22 0.566
4 | Set of Members 4 1 6.55 6.55 5.20 0.02 2465 161.35 0.161
5 | Set of Members 5 1 709 709 563 0.02 2465 174.86 0.175
Sum 5 4474 4768 022 1722¢
%] [e

ﬁgure 4.11: Window 4.2 Parts List by Set of Members

The last result window is displayed if you have selected at least one set of members for design.
The window summarizes an entire structural group in a parts list, for example horizontal beams.
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Details on the various columns can be found in the previous chapter. If there are different
cross-sections used in a set of members, the program averages the surface area, the volume

and the cross-section weight.
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5 Results Evaluation

5 Results Evaluation

You can evaluate the design results in different ways. For this, you can use the buttons below
the upper table.

2.4 Design by Member
] C [D E "
Member | Location Load- Desian
No. x[m] ing Ratio | Design According to Formula
1 Cross-section No. 1-1PE 300 | Euronom 19-57
0.000| LC2 0.03 | £1| 102) Cross-section check - Compression acc. to 6.2.4
0.000| LC2 0.05 | £1 | 121) Cross-section check - Shear force in z-ads acc. to 6.2.6
0.000 LC1 0.00 | <1 | 126) Cross-section check - Shear buckling acc. to 6.2 6(6)
4.000| LC2 0.22 | <1 | 181) Cross-section check - Bending, shear and aial force acc. to £.2.9.1
6.000 LC2 0.50 | <1 | 221) Cross-section check - Biadal bending, shear and axdal force acc.to 6.2.10and 6.2.9
0.000| RC2 0.00 | £1 | 400) Ser lity - Negligible def ions
4500 RC2 0.94 | £1 | 401) Serviceability - Combination of actions Tt istic’ - z-direction
[ | Cross-section No. 1-IPE 300 | Euroniom 19-57 v
Mac|  0%[=1@ |[FE® 2Ebw v [v[&[&]%[e]
Deetails - Member 1 - x:4.500 m - RC2 1 - IPE 300 | Euronorm 19-57
B Material Properties - Steel 5 235 | EN 1593-1-1:2005-05 4 ~
Modulus of Elasticity E 210000.0 | N/mm2
Shear Modulus G 80769.2 | N/mm2
Yield Strength Fy 235.0 | N/mm 2 321 o0
Uttimate Tensile Strength fu 360.0 | N/mm 2 321 T—I’
[ Cross-Section Properties - IPE 300 | Euronom 15-57 .
E Deflections E 50
Direction x Wi 0.3 | mm
Direction y Wy -7.3 | mm -
Direction z Wz -187 | mm 2 e
H Design Ratio - g
Deflection WQjinstz -187 | mm j A
Refer. Length | 6.000 m
Limit Value Criterion |/ wQ,inst,lim 300.00
Limit Value of Deflection W Q,inst, limit,z 200 | mm ‘I'
Design Ratio 1 0.54 <1 Gl. (40) z
[mm]
v 0%
ﬂgure 5.1: Buttons for results evaluation
The buttons have the following functions:
Button Description Function

o

Ultimate Limit State Designs

Display or hide the results of ULS design

>

Serviceability Limit State Designs

Display or hide the results of SLS design

Fire Protection Designs

Display or hide the results of the fire protection
design

Result Combination

Create a new result combination from the
governing load cases and load combinations

Color Bars

Display or hide the colored relation scales in
the result windows

Filter Parameter

Describe the criterion for filtering results in
tables: ratios greater than 1, maximum or
user-defined limit

[«

Apply Filter

Display only the rows with applied filter
parameter (design ratio > 1, maximum,
user-defined limit)

Result Diagrams

Open the Result Diagram on Member window
— Chapter 5.2, page 67

& e

Excel Export

Export the table to MS Excel / OpenOffice —
Chapter 7.4.3, page 78
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Select a member graphically to display its

ﬁ Member Selection .
results in the table

he RFEM k wi h
® View Mode Jump to the work window to change
the view

e
ﬁble 5.1: Buttons in the result windows 2.1 to 2.5

&-HEA 180 | Euronorm 53-62 When evaluating the fire resistance design, you can check the steel temperature development
graphically: Click the button shown on the left (below the cross-section graphic in the result
window) to open the Temperature Curves diagram, as shown in Figure 5.5 to Figure 5.7, page 48.

5.1 Results in RFEM Model

You can also evaluate the design results in the RFEM work window.

RFEM background graphic and view mode

The RFEM work window in the background is useful when you want to find the position of a
particular member in the model: The member selected in the result window of RF-STEEL EC3 is
highlighted in the selection color in the background graphic. An arrow indicates also the member’s
& x-location that is displayed in the active table row.

RF-STEEL EC3 - [Hall]
File Edit Settings Help
CA1-Design of steel members v | 2.4 Design by Member
Input Data B C D E
- General Data Member | Location Load- Design
- Materials No. x [m] ing Ratio | Design According to Form
PSR 44| Cross-section No. 17 - IPE 300 | Euronom 19-57
- Intermediate Lateral Restraints 6274 | LC2 0.05 |= 1 | 102) Cross-section check - Compression acc.to 6.2.4
- Effective Lengths - Members 0000 LC1 0.00 |=1 | 126) Cross-section check - Shear buckling acc. to 6.2.6(8)
9 Nodal Supports 0000 LC2 0.01 [= 1 | 131) Cross-section check - Torsion acc.to 6.2.7
- Set of members No. 2 - Set 6274 LC2 0.04 |=1 | 132) Cross-section check - Torsion and shear force acc. to 6.2.7(3)
& M:ember Hinges 4078| LC2 0.24 |=1 | 186) Cross-section check - Bending, shear, torsion and axial force acc. to
- Set of members No. 2 - Set 1568 LC2 0.37 |=1 | 226) Cross-section check - Bizdal bending, shear, torsion and axdal force
-~ Fire Resistance - Members 4.078 LC2 0.72 |=1 | 361) Stability analysis - Bending about y-a¢is and compression acc. to 6.3.
-~ Fire Resistance - Sets of Memb 6274 LC2 0.73 |=1 | 364) Stability analysis - Bending and compression acc. to 6.3.3, Method 2
- Parameters - Members | |
- Parameters - Sets of Members

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

@ | Incaseyou cannotimprove the display by moving the RF-STEEL EC3 module window, click [Jump
to Graphic] to activate the View mode: The program hides the window so that you can modify
the display in the RFEM user interface. The view mode provides the functions of the View menu,
for example zooming, moving, or rotating the display. The pointer remains visible.

Click [Back] to return to the RF-STEEL EC3 add-on module.

*You are in the view mode.

Back
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RFEM work window

Graphics You can graphically check the design ratios in the RFEM model: Click [Graphics] to exit the design
module. In the RFEM work window, the design ratios are now displayed like the internal forces of
aload case.

In the Results navigator, you can specify which design ratios of the serviceability and ultimate limit
state or fire resistance design you want to display in the graphic.

0 g
" =TT 1T I'lll‘in p
AR
Project Mavigator - Results x| U%‘I:Eﬁ
=[] Design
', e
.[w],La Cross-Section Design
[v], L4 Stability Design

(R}
[v] , Ls Weld Design \ I|I II I||DI ) Uﬁéﬁ_ 1y ||
.[],%4 Pressure Design DIL‘% - _%

1 Serviceability Limit State
] Deformations

] Web Breathing

=- |:| & Fire Resistance

..... . Cross-Section Design
----- L. & stability Design

ﬁData DlerIa\ ,ﬁ'v"\e»‘.-'s T Results

ﬁgure 5.3: Results navigator for Ultimate limit state, Serviceability and Fire resistance

& =5 To turn the display of design results on or off, click the [Show Results] button, that you know from
the display of internal forces in RFEM. To display the result values, click the [Show Values] button
on the right.

E1 The RFEM tables are not relevant for the evaluation of the design results.

RF-STEEL EC3 CA1 - Beams You can set the design cases by means of the list in the RFEM menu bar.
LC1 - Seffsweight 3]
RC1 TR 2 To adjust the graphical representation of the results, you can select Results — Members in the Dis-
RF-STEEL EC3 CA2 - Columns play navigator. The display of the design ratios is Two-Colored by default.
Project Navigator - Display B
(2 E‘g Model -

El---@. Results
; Result Values
; Title Info
 Max/Min Info
Deformation

wo-Colored
With Diagram
Without Diagram
Cross-5ections
Result Diagrams Filled
Hatching
All Values
Extrerne Values
-, Display Hidden Result Diagram
----- "1 Reverse Results V-v and V-z hd

ﬁData QDlsplay ,é\-lé\-.s © Results

ﬁgure 5.4: Display navigator: Results — Members
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If you select a multicolor representation (options With/Without Diagram or Cross-Sections), the color
panel becomes available, providing common control functions. These functions are described
in detail in the RFEM manual, Chapter 3.4.6.
%an
0z Panel
e 0 gmolt - Max
dg =082 [resign Ratio [-]
1.05
011000 002 l ;$
034 080
0.70
021 1R 050
016 0.50
0.40
0.30
103 0.20
0.10
e 0.00
oy
037
J Result Values 056 94 Max : 1.05
itle Info L Min : 0.00
Max/Min Info 0.2 013
| Deformation h""‘-. T 0i RF-STEEL EC3
1 Members
Two-Colored 0.07
With Diagram I !
Cross-Sections
Result Diagrams Filled
~F Hatching |
- AllValues v ElZ 4
£ >
ﬂData gDisplay ,ﬂ'v"ie»\.-'s © Results
ﬁgure 5.5: Design ratios with display option Without Diagram
You can transfer the graphics of design results to the printout report (see Chapter 6.2, page 71).
RF-5TEEL EC3 To return to the add-on module, click [RF-STEEL EC3] in the panel.
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RF-STEEL EC3 CA1 - Beams

LC1 - Seff-weight

LC2 - Imposed Load
RC1-1.35°LC1 + 1.5°LC2
RF-STEEL EC3 CA1 - Beams

RF-STEEL EC3 CAZ - Columns

5 Results Evaluation

5.2 Result Diagrams

You can also graphically evaluate member’s result distributions in a result diagram.

To do this, select the member (or set of members) in the RF-STEEL EC3 result window by clicking
in the 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 below the upper result table (see Figure 5.1,
page 63).

To display the result diagrams, select the command from the menu of RFEM graphic

Results — Result Diagrams for Selected Members
or use the corresponding button in the RFEM toolbar.

A window appears, graphically showing the distribution of the results on the member or set of
members.

=]
<> B iR BIRRELHE[ ]9 >[I
o x 0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5031 m ol

Branctosnd ettt et \Y\|| L e e w| 2300 m [JFeed

M3l aMEEe
Ultimate Limit State - Cross-Section Design [-]

<3 Result Diagram on Member

| /|55 | RFSTEELEC3 CA1 -Desic = €@ >

Members No.: 33,58 -

ate Limit State Ultimate Limit State Design

i.-[¥] Cross-Section Design x ss-Section Desi
)| Stability Design [m] Fm 5] ]
..[] Weld Design ) ) o000 055 A
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ﬁgure 5.6: Dialog box Result Diagram on Member

Also here, you can display the designs of ultimate limit state, serviceability and fire resistance using
the Results navigator.

Use the list in the toolbar above to select the relevant RF-STEEL EC3 design case.

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

The RF-STEEL EC3 result windows allow you to sort the results by various criteria. In addition,
you can use the filter options for the windows (see Figure 5.1, page 63) to limit the numerical
output by design ratios. This function is described in the following article of the DLUBAL Blog:
www.dlubal.com/blog/11217

Furthermore, you can use the filter options described in Chapter 9.9 of the RFEM manual to evaluate
the results graphically.

% |, For RF-STEEL EC3, you can also use the Visibility options to filter the members in order to evaluate
them (see RFEM manual, Chapter 9.9.1).

Filtering designs

Graphics You can easily use the design ratios as filter criteria in the RFEM work window which can be accessed
by clicking [Graphics]. To apply this function, the panel must be displayed. If the panel is not active,
you can activate it in the RFEM menu by clicking

View — Control panel
or use the toolbar button shown on the left.

The panel is described in the RFEM manual, Chapter 3.4.6. The filter settings for the results must
be defined in the first panel tab (Color scale). As this tab is not available for the two-colored
results display, you have to set the display option Colored With/Without Diagram or Cross-Sections
in the Display navigator.

054 102

Panel
Max
ng Deesign Ratio [-]
1.05
1.00
x| 0.95
0.50
E‘g Model - 0.5
- [ Results 0.0
[]---E‘ Result Values 075
| Title Info 070
..... [ Max/Min Info 065
- [B][FF Deformation 0.60
= Members 055
7, Two-Colored 0.50
With Diagram
Without Diagram Maxe : 1.05
Cross-5ections Min : 0.00
Result Diagrams Filled
Hatching RF-STEEL EC3
All Values
|:| Extreme Values Y]
abata @Display ,ﬁ'."ie-.‘.-:  Results
E x4

ﬁgure 5.7: Filtering design ratios with adjusted color scale

As the figure above shows, the color scale can be set in such a way that only ratios greater than
0.50 are shown in a color range between blue and red.
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The function Display hidden result diagram in the Display navigator (Results — Members) shows
all design ratios out of the value spectrum. Those diagrams are represented by dotted lines.

Filtering members

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

Panel

Show diagrams for |

‘--__________ members No.: I,'
2128 !

T (A — j
MNone — ]
21-28 [

-_-_'_'—-—-—__

Project Navigator - Display x| I
E| g Medel -
[]---Iz‘ Result Values
..... W[ Title Info
(4 Max/Min Info -
Deformation @ @ @ X

L Members

O Two-Colored

(O with Diagram

O without Diagram

@ Cross-Sections

-J Result Diagrams Filled

E| Hatching

- AlValues v

£
ﬁData gDisplay ,{j'v"ieu.-'s © Results 85 @ ﬁ
ﬂgure 5.8: Member filter for the design ratios of a hall frame

In contrast to the visibility function, the model will be displayed completely in the graphic. The fig-
ure above shows the design ratios of a hall frame. The remaining members are displayed in

the model but are shown without design ratios.
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6 Printout

Dlubal

6.1 Printout Report

Similar to RFEM, the program generates a printout report for the RF-STEEL EC3 results, to which
you can add graphics and descriptions. The selection in the printout report determines what data
from the design module will be included in the printout.

I]% 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.

rintou report - +Input data and reduced results’ -
Q Printout report - PR1: Input data and reduced results* =
File View Edit Settings Insert Help
BREBM <[« u[alpo s Rl oDl & salal
Printout Report N; it
Ll L L a Gross-section classification - Class 1 o
-8 Printout Report
=3 RFEM Flange
=8 RF-STEELEC3 cr 56.5 mm Rt 9.000 chy 5276
CA1 - Compressed nine memhers te mm Fen ass
p 07 10000 Cl 1
@8 CA2 - Frame Printout Report Selection - PR1
117 1.1 Gener:
L[ 12Materi ProgramiModues [ Giobal Selection | Input Data | Resuits 38 411
i RFEM
13 Cross- | 10117
i D17Nm:| RESTEELEEY Display. o117
T Nodsl e e e Members Setfiler
{113 Parar 1
£ Results [[121 Design by Load Case: No. Selection (e.. 1-5,201 2 1
[ 23De [[] 22 Diesign by Cross-Section Cioss-sections: | Al =
o[ 24De < - Sat
PR [¥] 2.3 Diesign by Set of Members ets Al V| O 2045
& CAd- Gablek 2.4 Design by Member Members: Al v|[S O
23 CAS - Hingec [ 25 Design by s Losation Members Al %= 430 mm
8 CAG - Platfor 40.0 mm
3 CAT7 - Tensiol Select Intermediate Results “ =
[[]3.1 Governing Intemal Forc, 4 0964
[] 22 Governing Inemal Forc | Pinout Repor ) 33.98 kNrm/m
133 Member Slndemesses| | (41t emedte esuts Forn: (8) Shot & 3019 kNm/m
= )
©long
[7]4.1 Parts List by Member Chapters to Display
[14.2Pans Listby Setof Ment | | L Paramters for Fre Resistance Check 264.30 kN
(] Materal Data 001
Fiter settings [ Gross-Section Properties
T v Cross-Section Class
= fective Widths
sign Irtemal Forces
sign
o
2 Cancel 52800 cme
Display
[ Coversheet = 12522 cm?
[] Corterts 0000 ¢me
] Irfo pictures 314.00 cm?
£ 3009 cm?®
a
® s °
< HIE >
[MoDEL Pages: 74 Page: 18

ﬁgure 6.1: Selecting designs and intermediate results in the printout report

Click the [Details] button to specify if you want to include intermediate results in the printout
report and document them as a list in a Short form (compact representation) or a Long form (list
representation).

A

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

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

n@ The printing of graphics is described in the RFEM manual, Chapter 10.2.

Designs in RFEM model

To print the currently displayed graphic of the design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

E®™ File Edit View Insert Calculate Results  Tools

X N EIREY-E EEN

ﬂgure 6.2: Print Graphic button in RFEM toolbar

Result Diagrams

Also in the Result Diagram on Member dialog box, you can click [Print] to transfer the graphic to
the printout report or print it directly.

: Members No.: 64 Qe G

iﬁ‘l RF-STEEL EC3 CA1-Comyp © @ »

B RE | = &l =]

Print

ﬁgure 6.3: Print button in the dialog box Result Diagram on Member

The following dialog box appears:

General |0ptions I Color Scale I Factors I Border and Stretch Factors|

Graphic Picture Window To Print Graphic Size
() Directly to a printer... = (®) Current only () As screen view
(®) To a printout report: PR1 w More... (®) Window filing

() To the Clipboard () Mass print... (O Toscale 1:

(0 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: [% of page]
Rotation: [1

Show printout report on [OK]

Header of Graphic Picture
|F{F—STEEL EC3 - Design Ratio, CA1, |

[@]

ﬁgure 6.4: Dialog box Graphic Printout, tab General

The Graphic Printout dialog box is described in detail in the RFEM manual, Chapter 10.2. The RFEM
manual also describes the Options and Color Scale tab.
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Remove from Printout Report

Start with New Page

Selection...

Properties... I}

You can move a graphic anywhere within the printout report by using the drag-and-drop function.

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the naviga-
tor of the printout report. The Properties option in the shortcut menu opens the Graphic Printout
dialog box, offering various options for adjustment.

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

Script Symbols Frame
() Proportional (®) Proportional (®) None
(®) Constant () Constart () Framed

Factor: 1 EI Factor: 1 EI [C] Title bo...

Print Quality Color
() Standard (max 1000 x 1000 Pixels) () Grayscale
(®) Maximurm {max 5000 x 5000 Pixels) (®) Texts and lines in black
() User-defined () All colored
M & number of pixels: ‘IDDDZ|

ﬂgure 6.5: Dialog box Graphic Printout, tab Options
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7 General Functions

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

7.1 Design Cases

Design cases allow you to group members for a design. In this way, you can combine groups
of structural elements or analyze members with particular design specifications (for example
modified materials, detail categories, optimization).

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

RF-STEEL EC3 CA1 - Beams ¥  To calculate a RF-STEEL EC3 design case, you can also use the load case list in the RFEM toolbar.
LC1 - Seff ht 3]
LC2 - Infp:::égLnad

RC1-1.35°LC1 + 1.5°LC2

Create New Design Case

RF-STEEL EC3 CA2 - Columns

To create a new design case, use the RF-STEEL EC3 menu and click

File — New Case.

The following dialog box appears:

New RF-STEEL EC3 Case

No. Description
Design of steel members according to Eurocode 3 Y]
® Carc

ﬁgure 7.1: Dialog box New RF-STEEL EC3 Case

In this dialog box, enter a Number (that is still available) of the new design case. The corresponding
Description makes the selection in the load case list easier.

Click [OK] to open the 1.1 General Data window in RF-STEEL EC3 where you can enter the design
data.
Rename Design Case

To change the description of a design case, use the RF-STEEL EC3 menu and click
File — Rename Case.

The following dialog box appears:

Rename RF-STEEL EC3 Case

No. Description
2 | Mew Description Y]
? Carc

ﬁgure 7.2: Dialog box Rename RF-STEEL EC3 Case

In this dialog box, you can specify a different Description as well as a different Number of the design
case.
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Copy Design Case

To copy the input data of the current design case, use the RF-STEEL EC3 menu and click
File — Copy Case.

The following dialog box appears:

Copy from Case
CA1 - Design according to Eurocode 3

New Case

MNo.: Description:
|3 | |Design according to MA United Kingdom

[@]

ﬁgure 7.3: Dialog box Copy RF-STEEL EC3 Case

Define the Number and, if necessary, a Description for the new case.

Delete Design Case

To delete design cases, use the RF-STEEL EC3 menu and click
File — Delete Case.

The following dialog box appears:

Available Cases

-

Description
Design of steel members according to Euro
Mew Description
Design according to MA United Kingdom

ﬁgure 7.4: Dialog box Delete Case

You can select the design case in the list of Available Cases. To delete the selected case, click [OK].
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mize

Mo,

Mo

From cumrent row

From favorites "Euronom’

7 General Functions

7.2 Cross-Section Optimization

The RF-STEEL EC3 design module offers you the option to optimize overloaded or little utilized
cross-sections. To do this, open the drop-down listin column D or Ein the 1.3 Cross-Sections window
and select whether the cross-section is to be determined From current row or from the user-defined
Favorites (see Figure 7.17, page 17). You can also start the optimization in the result windows by
using the shortcut menu.

2.2 Design by Cross-Section

B G D [E F
Section | Member | Location Load- Design
Na. Mo. x [m] ing Ratio | Design According to Formula
5 IPE 360 | Euronom 1957
i_r 1 nnonl  1pn | nnn L1 1100) Negligible intemal forces
[ Go to Cross-Section Doubleclick ) Cross-section check - Tension acc. to 6.2.3
[ Info About Cross-Section... Cross-section check - Bending about y-zds acc. to 6.2.5-Class Tor 2
f = — = ;| Cross-section check - Shear force in z-ads acc. to 6.2.6
El Optimize Cross-Section .,l\ | Cross-section check - Shear buckling acc. to 6.2.6(6)
Cross-Section Optimization Parameters... Cross-section check - Torsion acc. to 6.2.7
65 ALY o1 g = 1] 152) Cross-section check - Torsion and shearforce acc. to 6.2.7(3)
66 3125 LC1 0.23 | 21| 141) Cross-section check - Bending and shear force acc.to 6.25and 6.2.8
(] 3125 LC1 0.23 | 1| 146) Cross-section check - Bending, shear force and torsion acc.to 6.2.5t0 6.2 8
Mac: 098[<1 @ FAEARS E|>we v

ﬁgure 7.5: Shortcut menu for cross-section optimization

During the optimization process, RF-STEEL EC3 determines the cross-section that fulfills the re-
sistance analysis requirements in the most “optimal” way, that is, it comes as close as possible to
the maximum allowable design ratio specified in the Details dialog box (see Figure 7.8, page 49).
The required cross-section properties are determined with the internal forces from RFEM. If an-
other cross-section proves to be more favorable, this 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).

If you select the Optimization option for a parametrized cross-section, the following dialog box
appears.

Thin-Walled Cross-Sections - Symmetric |-Section : Optimize “
Cross-Section Optimization Parameters
Opti-
mize Cument Minimum Maximum Increment
“h: i 300k | so0.0pr 20013+ fmm]
[Cb: 17001 o o 20| mm]
Os: [ soll] | =l s [ mm]
Ot | 14.DC’| | :’H :’| | :’|[mm] b
a: | D.DC’| | :’H :’| | :’|[mm] i:
- 7
?
/
7
2 =
7
?
7
Z
‘4: A
[ Keep cument side propartions 15 360/170/8/14/0
2| [® o

ﬂgure 7.6: Dialog box Thin-Walled Cross-Sections - Symmetric I-Section: Optimize
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By selecting the check boxes in the Optimize column, you determine 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 determines the interval in which the size
of the parameter varies during the optimization process.

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

Cross-sections composed of combined rolled cross-sections cannot be optimized.

I]g Please note that the internal forces are not automatically recalculated with the modified cross-sec-
tions during the optimization: It is up to you to decide which cross-sections should be transferred
to RFEM for recalculation. As a result of optimized cross-sections, the internal forces may differ
significantly because of the modified stiffnesses in the structural system. Therefore, it is recom-
mended to recalculate the internal forces of the modified model data after the first optimization
and then to optimize the cross-sections once again.

You can export the modified cross-sections to RFEM: Go to the 1.3 Cross-Sections window and click
Edit — Export All Cross-Sections to RFEM.

You can also use the shortcut menu in Window 1.3 to export optimized cross-sections to RFEM.

1.3 Cross-5ections
A C D E F G | 2-1PE270| Euronorm 19-57
Section | Material Cross-Section Cross-Section Type Cross-Section Opti- RF-STEEL EC3
Na. Mo. Description for Classffication Classification mize Remark | Comment
1 1 IPE 400 | Euronom 13- Isection rolled A P No 5 I,
1 IPE 2701 B E No 1) ¥
1 ICU PE Info About Cross-Section... No 3
1 CU IPE 3 Cross-5Section Library... Mo 3) H
2 : — ,.. No 5) o
] Edit List 'Design of Members' in Window 1.1 » Mo 5
1 Optimize Cross-Section No 5) 2 - IPE 300 | Evronorm 19-57
1 % N No 5 RFEM
ross-Section Optimization Parameters...
1 Mo 5)
1 Export Cross-5ection to RFEM N | No 5 ———p
Export All Cross-Sections to RFEM :
Import Cross-5ection from RFEM i
v
1) The ord Import All Cross-Sections from RFEM STEEL =
EC3.
o 1@ (% [e] @ &[] (&
Cross-Section Properties - IPE 270 | Eurenorm 18-57 Cross-gection No. 2 used in
Cross-Section Type |-section rolled | Members No.:
Section Height h 270.0 | mm -
Section Width b 135.0 | mm 4,8.9,11-13,17.21,30,34 43 47 57-60
Web Thickness tw 6.6 | mm
Flange Thickness |13 10.2 | mm Sets of members No.:
Root Radius r 15.0 | mm 14
Cross-Sectional Area A 45.90 | cm2
Effective Shear Aea Avy 28.57 | cm?
2 I Length M E
Effective Shear Area Aoz 2209 [em? | = vhtw | 62603R) gins asses
Momert of Inertia Ty 5790.00 | cm® 45.86 | Iml 1.652| B]
Moment of Inertia Iz 420.00 | cm*
Torsional Constart It 16.00 | cm* Material:
Radiug of Gyration iy 112.0 | mm 1 - Steel S 235
Radius of Gyration iz 30.2 | mm
Elastic Section Modulus Sely 429.00 | cm?
Elastic Section Modulus Selz 62.20 | cm?
Plastic Section Modulus Wy 484.00 | cm?® v

ﬁgure 7.7: Shortcut menu in window 1.3 Cross-Sections

Before the modified cross-sections are transferred to RFEM, a security query appears as to whether
the results of RFEM should be deleted.

. RF-STEEL EC3
i h Information No. 20041

Do you want to transfer the changed cross-sections to RFEM?

i so, the results of RFEM and RF-STEEL EC3 will be deleted.

ﬁgure 7.8: Query before transfer of modified cross-sections to RFEM
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Calculation

By confirming the query and starting the [Calculation] in the RF-STEEL EC3 module, the RFEM
internal forces as well as the design ratios will be determined in a single calculation run.

If the modified cross-sections have not been exported to RFEM yet, 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 only available in the 1.3 Cross-sections window.

If you optimize a tapered member, the program modifies the member start and end and linearly
interpolates the second moments of area for the intermediate locations. Since these moments are
considered with the fourth power, the designs may be inaccurate if the depths of the start and
end cross-section differ considerably. In such a case, it is recommended to divide the taper into
several members, thus modeling the taper layout manually.

7.3 Units and Decimal Places

Units and decimal places for RFEM and the add-on modules are managed in one dialog box.
In RF-STEEL EC3, you can use the menu to adjust the units. To open the corresponding dialog box,
click

Settings — Units and Decimal Places.

The following dialog box appears which you already know from RFEM. RF-STEEL EC3 is preset in
the Program / Module list.

Units and Decimal Places “

Program / Module RF-STEEL EC3
- RFEM ~

- RF-STEEL Surfaces Loililen Parts List

- RF-STEEL Members Unit Dec. places Lnit Dec. places
= RF-STEEL EC3 Shresses: [ — 1= Lengths: m " 2

- RF-STEEL AISC

- RF-STEEL IS Design ratios: - 25 Total lengths: m W
- RF-STEEL S1A
- RF-STEEL BS
- RF-STEEL GB Volumes: ~ ©
- RF-STEELCS ) ]

. RF-STEEL AS Weight per length: ka/m v
- RF-STEEL NTC-DF Weight: kg ©
- RF-STEEL 5P

- RF-STEEL Plastic

- RF-STEEL SANS

- RF-STEEL Fatigue Mer

- RF-STEEL NER

- RF-ALUMINILM

- RF-KAPPA

- RF-LTB

- RF-FE-LTB

- RF-EL-PL

- RF-C-TO-T

- PLATE-BUCKLING

- RF-CONCRETE Surfac

- RF-CONCRETE Memk»

- RF-CONCRETE Columi

- RF-PUNCH

- RF-TIMBER Pro v

? & D& [® ok ][ cancel

Dimensionless: - 3= Surface areas: m"2 W

R R R R R
A (e [ ] A e

Total weight: t Y]

ﬁgure 7.9: Dialog box Units and Decimal Places

You can save the settings as a user profile to reuse them in other models. These functions are
described in Chapter 11.1.3 of the RFEM manual.
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7.4 Data Transfer

7.4.1 Exporting Materials to RFEM

When you have adjusted the materials in RF-STEEL EC3 for design, you can export the modified
materials to RFEM in a similar way as you export cross-sections: Open the 1.2 Materials window
and then use the menu

Edit — Export All Materials to RFEM.

You can also export the modified materials to RFEM using the shortcut menu in Window 1.2.

Material Library...

Export Material to RFEM

Export All Materials to RFEM L\;J
Import Material from RFEM

Impoert All Materials from RFEM

ﬁgure 7.10: Shortcut menu in the window 1.2 Materials

Calculation Before the modified materials are transferred to RFEM, a security query appears as to whether the
results of RFEM should be deleted. By confirming the query and starting the [Calculation] in the
RF-STEEL EC3 module, the RFEM internal forces as well as the design ratios will be determined in a
single calculation run.

If the modified materials have not been exported to RFEM yet, you can reimport the original
materials in the design module by using the options shown in Figure 7.10. Please note, however,
that this option is only available in the 1.2 Materials window.

7.4.2 Exporting Effective Lengths to RFEM

When you have adjusted the effective lengths in RF-STEEL EC3 for design, you can export the mod-
ified effective lengths to RFEM in a similar way as you export cross-sections: Go to the 1.5 Effective
Lengths - Members window and click

Edit — Export All Effective Lengths to RFEM

or use the corresponding option in the shortcut menu of Window 1.5.

Export Effective Length to RFEM

| Export All Effective Lengths to RFEM F
Import Effective Length from RFEM
Import All Effective Lengths from RFEM

ﬁgure 7.11: Shortcut menu of window 1.5 Effective Lengths - Members

Before the modified cross-sections are transferred to RFEM, a security query appears as to whether
the results of RFEM should be deleted.

If the modified effective lengths have not been exported to RFEM yet, you can reimport the original
effective lengths in the design module by using the options shown in Figure 7.11. Please note
that this option is only available in the windows 1.5 Effective Lengths - Members and 1.6 Effective
Lengths - Set of Members.

7.4.3 Exporting Results

The RF-STEEL EC3 results can also be used by other programs.
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Clipboard

To copy cells selected in the result windows to the Clipboard, use the keys [Ctrl]+[C]. Press [Ctrl]+[V]
to insert the cells, for example in a word processing program. The headers of the table columns
will not be transferred.

Printout Report

You can print the data of RF-STEEL EC3 into the global printout report (see Chapter 7.2, page 71)
to export them subsequently. Then, in the printout report, click

File — Export to RTF.
The function is described in the RFEM manual, Chapter 10.1.11.

Excel / OpenOffice

RF-STEEL EC3 provides a function for directly exporting data to MS Excel, OpenOffice.org Calc, or
the CSV file format. To open the corresponding dialog box, click

File — Export Tables.

The following export dialog box appears:

Export of Tables “
Table Parameters Application
With table header (®) Microsoft Excel
[ only marked rows OpenOffice.org Calc
() csv file format

Transfer Parameters
Export table to active workbook

[ Export table to active worksheet
Rewrite existing worksheet

Selected Tables
(®) Active table [C]Export hidden columns
() All tables [C]Export tables with details
| Input tables
Result tables
@ Cancel

ﬁgure 7.12: Dialog box Export of Tables
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When you have selected the relevant options, you can start the export by clicking [OK]. Excel or
OpenOffice will be started automatically, you do not need to open the programs first.

H % & = Sheet! - Excel 7 B - B X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
LT Aa = FZ Conditional Formatting = &= Insert ~ > v 7~
D B - DFormat as Table~ E" Delete - - -
Pa‘ste ~ B I U-~ A A- = DCeIIStyIs' EI Format- & -
Clipboard & Font I Alignment G Mumber 1 Styles Cells Editing ~
B3 - ﬁ IPE 300 | Euronorm 13-57 v
A B C D E F G
1 |Section Location = Load- Design ﬁ
2 Mo. No. x [m] ing Ratio | Design According to Formula
3 1 |IPE 300 | Euronorm 19-57
4 39 0.000| LC1 0.07|= 1 |102) Cross-section check - Compression acc. to 6.2.4
5 40 0.000| LCZ 0.18|=1 |121) Cross-section check - Shear force in z-axis acc t0 6.2 6
6 1 0.000| LC1 0.00|=1 |126) Cross-section check - Shear buckling acc. to 6.2.6(6)
7 22 6.000| LC2 0.98|=1 |181) Cross-section check - Bending, shear and axial force acc.t0 6.2.9.1
8 12 6.000| LC2Z 0.89|= 1 |221) Cross-section check - Biaxial bending, shear and axial force acc. to 5.2.10 and 65.2.9
g 21 2000 LC1 005/ 1 |301) Stability analysis - Flexural buckling about y-axis acc. to 6.3.1.1 and 6.3.1.2(4)
10 12 0.000| LC2 0.22|=1 |302) Stability analysis - Flexural buckling about y-axis acc. to 6.3.1.1and 6.3.1.2
11 40 0.900| LC3 0.03|= 1 |311) Stability analysis - Flexural buckling about z-axis acc. to 6.3.1.1 and 6.3.1.2(4)
12 12 0.000| LCZ 0.06|=1 |321) stability analysis - Torsional buckling acc. to 6.3.1.4 and 6.3.1.2(4)
13 12 3.000| LC2 0.86/2 1 |361) Stability analysis - Bending about y-axis and compression acc. to 6.3.3, Method 2
14 40 0.000| LC2 0.98(=1 |354) Stability analysis - Bending and compression acc. to 6.3.3, Method 2 -
| 2.1 Design by Load Case | 2.2 Design by Cross-5Section | (O] [«] ] ]
READY B mo-—

ﬁgure 7.13: Results in Excel
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8 Examples

8.1 Stability

In the following example, we perform stability analyses for flexural buckling and lateral-torsional
buckling for a column with double-bending, considering the interaction conditions.

Design Values

System and loads

Design values of static loads
N

Y N, =300kN
— i ¢,y =5.0KkN/m
E—<
- _ F,,=T5kN

s | o
—>
I .
ANEN F I R
N
. e
—p N
>
e &
HEB160 T—»z
y

ﬁgure 8.1: System and design loads (y times)

Internal forces according to linear static analysis

-10.00 kN

375KN

-300.00 kN

10.00 KNm
375KN
7.50 KNm

375KN

10.00 kN

N M, M, , 8

ﬁgure 8.2: Internal forces
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Design locations (governing x-location)

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

N =-300.00kN M =10.00kNm M, =750kNm V, =3.75kN V, =0.00kN

Cross-Section Properties HE-B 160, S 235

Property Symbol Value Unit
Cross-Sectional Area A 5430  cm?
Moment of Inertia ly 2,490.00 | cm*
Moment of Inertia l, 889.00 | cm*
Radius of Gyration iy 6.78 ' cm
Radius of Gyration i, 4.05 | cm
Polar Radius of Gyration in 790 cm
Polar Radius of Gyration ip.M 4190 ' cm
Section Weight G 42.63 | kg/m
Torsional Constant [ 31.40  cm*
Warping Constant of Cross-Section | |, 47,940.00 cm®
Elastic Section Modulus W, 311.00 | cm3
Elastic Section Modulus W, 111.00 | cm3
Plastic Section Modulus Wy 354.00 | cm?
Plastic Section Modulus Wi, 169.96 | cm3
Buckling Curve BC, b
Buckling Curve BC, C

./
ﬁble 8.1: Cross-Section Properties HE-B 160, S 235

Flexural buckling about the minor axis (_L to z-z axis)
_ 21,000 - 889.00 - 7 2

N, = 1,151.60 kN

ez 400.002 ,151.60

_ A-f 54.30 - 23.5

Az \/NCT’Z \/ 1,151.60 053

Xz =1.053 > 0.2 — Design for flexural buckling must be performed.

h
Cross-sectional geometry 7 =1.00<1.2 Structural steel S 235 t <100 mm

[1], Table 6.2, row 3, column 4: Buckling curve ¢
= o, =049 (Table 6.1)
=05 [1 +0.49- (1.053 — 0.2) + 1.053 2] = 1.263

X. = ! = 0.510
1.263 + v/1.2632 — 1.0532
Ny, 300

= (.461

X. A [ /7. 0.510-54.30-23.5/1.0
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Result values of RF-STEEL EC3 calculation
g S

Moment of Inertia l, 889.00 | cm*

Effective Member Length Ler s 4.000 | m

Elastic Flexural Buckling Force | N, | 1,151.60 | kN

Slenderness A, 1.053 > 0.2 6.3.1.2(4)
Buckling Curve BC, d Tab. 6.2
Imperfection Factor o, 0.490 Tab. 6.1
Auxiliary Factor D, 1.263 6.3.1.2(1)
Reduction Factor Xz 0.510 Eq. (6.49)

L/
&able 8.2: Result values of RF-STEEL EC3 calculation

Flexural buckling about the major axis (_ to y-y axis)
21,000 - 2,490.00 - 7 2

= = 3,225.51 kN
ery 400.002 ’
A - f 54.30 - 23.5
\/ 3 225.51 = 0629
)\y =0.629 > 0.2 — Design for flexural buckling must be performed.

h
Cross-sectional geometry 7 =1.00<1.2 Structural steel S 235 t < 100 mm

[1], Table 6.2, row 3, column 4: Buckling curve b

=, = 0.34 Table 6.1

@ =0.5-[1+0.34-(0.629 —0.2) + 0.629%] = 0.771
1

- —0.822
YT 0771 + VOTTIE — 0.6292
Ng, B 300

= 0.286

Xy A f/vw: 0.822-54.30-23.5/1.0

Result values of RF-STEEL EC3 calculation

. ]
4

Moment of Inertia ly 2,490.00  cm

Effective Member Length Lery 4.000 | m

Elastic Flexural Buckling Force | N, , | 3,225.51 | kN

Cross-Sectional Area A 5430  cm?

Yield Strength f, 23.50 | kN/cm? 3.2.1
Slenderness y 0.629 > 0.2 63.1.2(4)
Buckling Curve BC, b Tab. 6.2
Imperfection Factor ay 0.340 Tab. 6.1
Auxiliary Factor diy 0.771 6.3.1.2(1)
Reduction Factor Xy 0.822 Eq. (6.49)

L/
ﬁble 8.3: Result values of RF-STEEL EC3 calculation
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Lateral-Torsional Buckling

Ideal elastic critical moment

In this example, the elastic critical moment for lateral-torsional buckling is determined according
to the Austrian National Annex with assumption of hinged supports free to warp.

The load application point is in the shear center (for transverse loads, you can adjust the application
point in the Details dialog box, see Chapter 3.1.2, page 44).

m-E-L [I, L?>-G-]
Mcrzcl'T'\/z+m

=215.71kNm

M, =1.13-

w2 - 21,000 - 889 47,940 4002 - 8,100 - 31.40
4002 889 w2 - 21,000 - 889

The program also shows M, o, which is determined on the basis of a constant moment distribution.

l]g For the results by x-location, the program also shows the value Mcr,x, that is, the elastic critical
moment at the x-locations relative to the elastic critical moment at the location of the maximum

moment. Using M, ,, the program calculates the relative slenderness X 7.

cr,x’

Slenderness for lateral-torsional buckling
Calculation according to [1], Clause 6.3.2.2, for location with the maximum moment at x = 2.00 m:

HEB-160, Cross-section Class 1: Wy = Wpl,y =354.0cm3

- W, - f /354 -23.5
App= | —LE = = 0.621
LT M, T

Reduction factor x ¢

Calculation according to [1], Clause 6.3.2.3

HEB-160: h/b = 1.0 < 2.0 = Buckling curve according to b, Table 6.5
Auxiliary factor: &, »r=0.5- [1 +oap (XL — AL T,t) +06- Xi T]
@, p=0.5-[140.34-(0.621 — 0.40) + 0.75 - 0.621 ?] = 0.682
Limiting slenderness: AL 0= 0.40
Parameter (minimum value): 3 = 0.75

Imperfection factor: oy p=0.34 (Table 6.3)
1 1

XLT= =
~2 2 _ . 2
B, ot /45% —B- % 0682+ v0.6822 — 0.75 - 0.621

According to [1], Clause 6.3.2.3, the reduction factor may be modified as follows:

XL T o= X%T where f =1-05-(1—F%)-[1—20- (X, ;—0.8?)]

0,908
XL T,m od— 0‘972

= 0.908

=0.934

For a parabolic moment diagram, we obtain the following correction factor k_:
k,=0.94 (Table6.6)
f=1-05(1—k) [1 —20- (A, o— 0.8)2} = 1-0.5:(1—0.94):[1 - 2.0 - (0.621 — 0.8) *]

f =0972
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Interaction factors k,, and k,

Determination according to [1], Annex B, Table B.2, for structural components susceptible to
torsional deformations. The equivalent moment factor C,, 1 according to Table B.3 for i) = 0 is

obtained as:
Cry=0Chp7=095+0.05 -, =0.95 where ap =77 :1—0=0
— N N
k,, =C,. ~<1+ X, —0.2 -—Ed)gcm -<1+0.8~—Ed)
vy Y (y ) Xy’NRk/’YM1 Y Xy'NRh/'YMl

k,, = 0.95 - (1+ (0.629 — 0.2) - 0.286) < 0.95 - (1 + 0.8 - 0.286) = 1.067_ < 1.167
k,.=0.60-k,, = 0.60-1.481 = 0.888

Interaction factors k,, and k,,

Determination according to [1], Annex B, Table B.2, for structural components susceptible to
torsional deformations

The equivalent moment factor C,, 1 according to Table B.3 for i) = 0 is obtained as:

M. 10

S

C, .=090+001l-a, =090 where a,=

i :<1_ 0.1-X . Ng g >>(1_ 0.1 . Ng 4 )
i Cor1—025 X, Npw/vui) — Corir1—025 X, Npi/vu

0.1-1.053 0.1

= 0461 ) > (1 — ——————-0.461) = 0.892 < 0.934

( 0.95—0.25 )‘( 0.95 —0.25 ) -
,=0.934
_ N N
k,.=C,, . (1+ 2-)\,—0.6 $) <C, . (1+1.4-¢>
( ) X Ne /s X Ne /T

k,,=090-(1+(2-1.053—0.6)-0.461) < 0.90- (1+ 1.4-0.461) = 1.525 > 1.481
k,,=1481

Interaction design for buckling about the major axis and lateral-torsional buckling

Ng g4 M, 54 M, g4 .

—_— 4tk : +k,,-——— <1 accordingto[1], Eq.(6.61)
Xy'NRlJ“YM1 vy XLT'My,Rh/VM1 Y Mz,Rk,/rYMl
M, p=Wy - [, =354-23.5=18319kNcm = 83.19 kNm
M, gy=Wy . f, =169.96 - 23.5 = 3,994.1 kNcm = 39.94kNm

300 10.0 7.50

1.067 - 0.888 ——— =0.594 <1

0.822-1,276.05/1.0 + 0.908 - 83.19/1.0 + 39.94/1.0 ———

Interaction design for buckling about the minor axis and lateral-torsional buckling

Ng 4 M, 5 q M, g4 .
— 4k, - +k,,-——— <1 accordingto [1], Eq.(6.62)
Xz'NRk/’YM1 Y XLT'My,Rl/7M1 Mz,RJJ’YMl
300 10.0 7.50
0.934 - 1481 ——— =0.863 <1
0.510 - 1,276.05/1.0 + 0.908 - 83.19/1.0 + 39.94/1.0 ———
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Result values of RF-STEEL EC3 calculation
(S

Section Height h 160.0  mm

Section Width b 160.0 mm

Criterion h/b 1.00 <2 | Tab. 65
Buckling Curve BCt b Tab. 6.5
Imperfection Factor ot 0.340 Tab. 6.3
Shear Modulus G 8,100.00 | kN/cm?

Length Factor k, 1.000

Length Factor K 1.000

Length L 4,000 m

gili'_’;gcct;”nﬂa"t of » 47,940.00 | cm®

Torsional Constant i 3140 cm*

Elastic Critical Moment for LTB

for Determination of Related M o 190.90 | kNm

Slenderness

Moment Distribution Diagr My 6) Parabola

Maximum Sagging Moment My max 10.00 | kNm

Boundary Moment M, A 0.00 | kNm

Moment Ratio P 0.000

Moment Factor G 1.130 [2]

Ideal elastic critical moment Mc, 21571 | kNm

Elastic Section Modulus W, 354.00 | cm?

Slenderness AT 0.621 6.3.2.2(1)
Parameter ALT,0 0.400 6.3.2.3(1)
Parameter 153 0.750 6.3.2.3(1)
Auxiliary Factor ot 0.682 6.3.2.3(1)
Reduction Factor XLt 0.908 Eq. (6.57)
Correction Factor k. 0.940 6.3.2.3(2)
Modification Factor f 0.972 6.3.2.3(2)
Reduction Factor XLT,mod 0.934 Eq. (6.58)
Moment Distribution Diagr M, 3) Max in Span Tab. B.3
Moment Factor Yy 1.000 Tab. B.3
Moment M,y 0.00 | kNm Tab. B.3
Moment M, 10.00 | kNm Tab. B.3
Ratio My, , /Ms, y Qhy 0.000 Tab. B.3
Load Type Load z Uniform load Tab. B.3
Moment Factor Crny 0.950 Tab. B.3
Moment Distribution Diagr M, 3) Max in Span Tab. B.3
Moment Factor P, 1.000 Tab. B.3
Moment M , 0.00 | kNm Tab. B.3
Moment M, , 7.50 | kNm Tab. B.3
Ratio M, , /M, Qh 0.000 Tab. B.3
Load Type Loady Concentrated load Tab. B.3
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Moment Factor Crz 0.900 Tab. B.3
Moment Distribution Diagr M, ¢ 3) Max in Span Tab. B.3
Moment Factor Yy i1 1.000 Tab. B.3
Moment My i1 0.00 | kNm Tab. B3
Moment My i1 10.00 | kNm Tab. B3
Ratio M, , \1/M, 1 Qpy (T 0.000 Tab. B.3
Load Type Load z Uniform load Tab. B.3
Moment Factor Cout 0.950 Tab. B.3
Component Type Component | Torsionally Weak

Interaction Factor kyy 1.067 Tab. B.2
Interaction Factor ky, 0.888 Tab. A1
Interaction Factor Ky 0.934 Tab. A1
Interaction Factor k,, 1.481 Tab. A1
Axial Force (Compression) Neg 300.00 kN

Cross-Sectional Area A 5430 | cm? Tab. 6.7
Compression Resistance Nrk 1,276.05 | kN Tab. 6.7
Partial Factor T 1.000 6.1
Design Component for N Ty 0.29 <1 Eq. (6.61)
Design Component for N hy, 0.46 <1 Eq. (6.62)
Moment M, eq 10.00 | kNm

Moment Resistance M, g 83.19 | kNm Tab. 6.7
Moment Component Ty 0.13 Eq. (6.61)
Moment M, eq 7.50 | kNm

Elastic Section Modulus W, 169.96 | cm3

Moment Resistance M, pi 39.94 | kNm Tab. 6.7
Moment Component Mz 0.19 Eq. (6.61)
Design 1 ™ 0.59 Eq. (6.61)
Design 2 7, 0.86 Eq. (6.62)

.
ﬂable 8.4: Result values of RF-STEEL EC3 calculation
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2.1 Fire Resistance

In this example, we perform the fire design of a steel column.

System and Loads

l G+Q Column cross-section: HE-B 300, Steel S 235
System: Hinged column, 5 = 1.0
System height: 3.00m
Loading: Gg = 1,200 kN
E
g Qg = 600 kN
o

=z

ﬁgure 8.3: System and loads

Ultimate Limit State Design for Room Temperature

Flexural buckling about the minor axis (_L to z-z axis)
_ 21,000 - 8,560.00 - w2

=19,712.90 kN
300.002
A - f 149.0 - 24.0
= 0.426
\/ 19 712.90
)\z =0.426 > 0.2 — Design for flexural buckling must be performed.

Cross-sectional geometry h/b =1.00 < 1.2 Structural steel S 235 t <100 mm
[1], Table 6.2, row 3, column 4: Buckling curve c
= o, =049 (Table 6.1)

®=0.5-[140.49- (0.426 — 0.2) + 0.4262] = 0.646
1

Xg = = 0.884
0.646 + v/0.6462 — 0.4262

Np,=135-Gg+15-Q, =1.35-1,200+ 1.5- 600 = 2,520 kN

Design ratio
Nga B 2,520

- =0.877 < 1.0
Xz A f /v, 0.884-149.0-24.0/1.1 =
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Result values of RF-STEEL EC3 calculation
g N

Moment of Inertia l, 8,560.00 cm?

Effective Member Length Ler s 3.000 | m

Elastic Flexural Buckling Force N, | 19,712.9 kN

Slenderness A, 0.4,259 > 0.2 6.3.1.2(4)
Buckling Curve BC, c Tab. 6.2
Imperfection Factor o, 0.490 Tab. 6.1
Auxiliary Factor D, 0.646 6.3.1.2(1)
Reduction Factor Xz 0.884 Eq. (6.49)
Buckling Resistance Nprd | 2872.27 | kN Eq. (6.47)
Design ratio n 0.877 < 1.0  Eq. (6.46)

L/
ﬁble 8.5: Result values of RF-STEEL EC3 calculation

Fire Resistance Design

After a fire exposure of 90 min, the mean steel temperature is 524 °C, according to the standard
temperature-time curve.

As a fire resistance material, a box-shaped GRP encasement (glass-reinforced plastic) is used, hav-
ing the following properties:

Unit Mass: p, = 945.0 kg/m?
Thermal Conductivity: A, = 0.20 W/K
Specific Heat: ¢, = 1,700 J /kgK
Thickness: d, =18 mm

p
Determination of reduction factors

ky o = 0.703 according to [2], Table 3.1

kE,Q = 0.528 according to [2], Table 3.1

Design in fire situation according to [2], 4.2.3.2

Imperfection factor a:

235 235
= 0.65- |22 = 0.65- /= = 0.643
“ f, 240

Non-dimensional slenderness ratio \g:

- [k, 01" 0.7031°°
g = N | € :0.426.[‘—] —0.491
e kg 7@] 0.528 )

Auxiliary factor:

: - 1
By =5 [L+a- Dy +X,] =5 [1+0.643-0.491 + 0.491%] = 0.778

Reduction factor for flexural buckling in the fire design situation:
1 1

Xpi= = T 078t Vo o
cotJoz—x, OTFVOTIE -0

723
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Buckling resistance of structural component subjected to compression:
XritA ko fy ~0.723-149.0-0.703 - 24
T fi L0

Nb,fi,Rd: = 1,817.83

Loading in case of fire:

Ny p=10-Gy+0.9-Q, = 1.0- 1,200 + 0.9 - 600 = 1,740 kN

Design ratio

 Nyipa 1740
1= Nyina L8783

=0.957 < 1.0

Result values of RF-STEEL EC3 calculation
S

Reduction Factor ky79 0.703 [2], Tab. 3.1

Reduction Factor ke.o 0.528 [2], Tab. 3.1

Slenderness )\279 0.4,915 [2], Eq. (4.7)
Imperfection Factor «@ 0.6,432 [2],4.2.3.2(2)
Auxiliary Factor @Z’@ 0.778 [2],4.2.3.2(2)
Reduction Factor Xa fi 0.723 [2], Eq. (4.6)
Buckling Resistance Npfizord  1,817.83 | kN

Design ratio n 0.957 < 1.0 [2],Eq. (4.7)

L
ﬁble 8.6: Result values of RF-STEEL EC3 calculation

| M oDlubal Software GmbH 2015

EEE
20



i

Literature

[11 EN 1993-1-1: Bemessung und Konstruktion von Stahlbauten Teil 1-1: Allgemeine Bemessungs-
regeln und Regeln fiir den Hochbau. Beuth Verlag GmbH, Berlin, 2005.

[2] EN 1993-1-2: Eurocode 3: Bemessung und Konstruktion von Stahlbauten Teil 1-2: Allgemeine
Regeln - Tragwerksbemessung fiir den Brandfall. Beuth Verlag GmbH, Berlin, 2006.

[31 EN 1993-1-4: Bemessung und Konstruktion von Stahlbauten Teil 1-4: Ergédinzende Regeln zur An-
wendung von nichtrostenden Stéhlen. Beuth Verlag GmbH, Berlin, 2006.

[4] Johannes Naumes, Isabell Strohmann, Dieter Ungermann and Gerhard Sedlacek. Die neuen
stabilitatsnachweise im stahlbau nach eurocode 3. Stahlbau, 77, 2008.

[5] JohannesNaumes, Markus Feldmannand Gerhard Sedlacek. Biegeknicken und Biegedrillknicken
von Stdben auf einheitlicher Grundlage, volume 70. Shaker Verlag, 2010.

[6] EN 1993-1-3: Bemessung und Konstruktion von Stahlbauten Teil 1-3: Allgemeine Regeln —
Ergéinzende Regeln fiir kaltgeformte diinnwandige Bauteile und Bleche. Beuth Verlag GmbH,
Berlin, 2006.

[71 EN 1993-1-5: Bemessung und Konstruktion von Stahlbauten Teil 1-5: Plattenférmige Bauteile.
Beuth Verlag GmbH, Berlin, 2006.

[8] EN 1993-2: Eurocode 3: Bemessung und Konstruktion von Stahlbauten - Teil 2: Stahlbriicken.
CEN, Briissel, 2007.

[9]1 EN 1991-1-2: Eurocode 1: Einwirkungen auf Tragwerke - Teil 1-2: Allgemeine Einwirkungen -
Brandeinwirkungen auf Tragwerke. Beuth Verlag GmbH, Berlin, 2002.

[10] EN 1993-1-8: Bemessung und Konstruktion von Stahlbauten Teil 1-8: Bemessung von An-
schliissen. Beuth Verlag GmbH, Berlin, 2005.

| M oDlubal Software GmbH 2015

EEE
91



i

Dlubal

Index

A

Accidental .. ... ... ... ... ... 9
Adapted method ... .......... .. ... .. ... 12
AXiS . . 23
B

Background graphic ........... .. o 64
Beamspacing.............. 35,37,38,39,40
Beamtype. .. ... ... ...l 31
Boundary conditions. . ............. L. 34
Bracing......... .. ... . . i 36,37
Buckling. ...l 23
Bucklingcurve . ...... ... ... .. 20
Buttons . ......... ... .. 63
C

Calculation . ... ... ... .. 42
Cantilever ........... ... ... . ... . ... 22,31
Characteristic . ......................... 10
Classification. . ...................... 18,43
Clipboard. ....... ... ... ... ... ... ... .. 79
Colorbars ................ ... ... ... ... 63
Colorscale.......................... 68,71
Comment ........................... 7,25
Connection deformation . ............... 38
Continuous beam effect. . .......... .. 39,40
Continuous rotational restraint . . ... ... .. 38
Controlpanel .......... ... .. .. ... .. 68
Corrugatedsheet. . ......... ... ... ... .. 38
Cross-section . ................ 17,34,60,75
Cross-sectionclass...................... 43
Cross-sectiondesign.................... 53
Cross-sectioninfo....................... 19
Cross-section library . ................ ... 17
Cross-section optimization ........ ... 49,75
Cross-sectiontype . ..................... 18
Cross-sectionalarea. . ................... 40
D

Decimalplaces................ ... ... 15,77
Deflection . ... ... ... ... ... ... ... .. 10
Deformation analysis ................ 10, 31
Design............... 7,51,52,53,54,55,57
Designcase...................... 65,73,74
Designcolored .. ....... .. ... .. ... ... 68
Designofwelds . ..................... .. 49
Designratio .............. ... ... 18,52,53
Designsituation. .......... ... ... ... .. 9,53
Detail settings. . ........................ 42

Diagonal ........... . ... ... .. 37
Discrete rotational restraint . . . ........ ... 39
Display hidden result diagram .. .......... 69
Display navigator.............. ... 65, 68, 69
E

Effectivelength . ... .. ... ... .. 22,23,26,78
Effective lengthfactor. . ............. ... 24
Elastic critical moment for lateral-torsional
buckling............ ... 45
Endpanel ............... ... ... 39,40
Equivalent memberlength ...... ... .. .. 22

Equivalent member method . . . . 26, 27, 30, 46
European lateral-torsional buckling curve . . 12

Excel ... 79
Exit RF-STEELEC3 ... ... ... ... .. ... ..... 6
Export ... ... ... 78
Exporting cross-section . .......... ... .. 76
Exporting effective lengths .. ............ 78
Exporting materials . ........... ... .. .. 78
F

Fastening arrangement. . ........... ... .. 35
Favorite . . ... .. ... 75
Filter. ... ... ... .. ... ... ..... 63, 68, 69
Filteringmembers ... ... ... ... ... ... 69
Fireexposure . ....... ... .. ... ... ... .. 32
Fire protectiondesign................... 63
Fireresistance.................... 11,47,88
Fire resistancedesign . ............... 32,47
Flexural buckling .. ............... 21, 23,44
Frequent ... ... ... ... ... ... 10
G
Generaldata........... ... ... ... ... ... 6
Generalmethod . .. ......... .. ... ... 46
Graphicprintout . ............ ... ..., 71,72
Graphics. ... 65
H

Hollow encasement. . ................... 32
I

Incrementfactor.................. ... ... 44
Installation. . ............. ... ... ... ... .. 4
Interaction...... ... ... ... .. 43
Intermediate lateral restraints . ... ........ 21
Internalforces. ............ ... ... ... 57,76
Internalpanel .. ......... . ... .. .. 39,40

| M oDlubal Software GmbH 2015



i

L

Lateral and torsional restraint . . ... .. .. 21,25
Lateralrestraints. .. ..................... 21
Lateral-torsional buckling . . . 12,21, 24,81, 84
Length...... .. ... ... ... ... ..., 22,60
Limitdeformation . ..................... 46
Limitvalues. ... ........... ... ... 7,10,11,45
Listofmember...................... ... 31
Load application .............. ... ... ... 45
Loadcase.......................... 8,9,10
Load combination . .......... ... .. ... ... 9
Loading....... ..., 57
Locationx ........... ... .. ... 52
M

Material . ......... ... ... .. .. ... ... .. 15,78
Material description. . ............. ... ... 15
Material library .. ......... ... o 16
Material properties .. .............. .. 15,16
Member. .. ... ... ... ... ... ... ... 7
Memberhinge . ... ... ... . oo o 30
Member slenderness. . ............. .. 49,59
Modeltype ... ... ... 45
N

National Annex....................... 7,11
Naumes ... ...... ... ... ............ 12
Navigator........... ... ... ... ... ..., 6
Net cross-sectionalarea ................. 40
Netheatflux........................... 47
Nodal support . ............. .. ... ... ... 27
o

Opening RF-STEELEC3 .. .............. ... 4
OpenOffice ............................ 79
Optimization .............. ... 18,49,75,76
P

Panel ...... ... ... ... ... ... .. .. 5,66, 68
Parameter .. ......... .. .. .. ... ... ... 34,41
Parametrized cross-section . ............. 75
Part. ... ... ... 60
Partialfactors . ......................... 12
Partslist............................ 60,61
Persistent. ... ... ... ... ... ... ... ... 9
Post. ... ... ... 37
Precamber....... .. ... ... ... ... ... ... 31
Printgraphic................. ... ... ... 71
Printoutreport.......... ... .. ... ... 70,72
Programstart ........ ... ... ... ... ... 4
Protectiontype.......... ... ... ....... 32
Purlin. .. ... ... .. ... ... 40

Q

Quasi-permanent. ...................... 10
R

Referencelength .......... ... ... ... ... 10
Relatively . ......... ... .. ... ... .. ... 21
Remark........ ... ... ... ... ... ... 19
Rendering ............... .. ... ... ... ... 68
Result combination................ 9,10,63
Resultdiagram ........... ... ... ... .. 67,71
Resultvalues...... .. ... ... ... ... .. ... 65
Resultwindow ......... ... ... .. ... .. ... 51
Resultsdisplay . ................. ... ... 65
Results evaluation .. ......... ... ... 51,63
RE-STABILITY . . ... ... . 23
RFEM graphic........... ... ... ... .. 67,71
RFEM work window ... ... ............ 65,68
Rotational restraint .. ........... ... ... .. 38
Rotational spring .. ............ ... ... ... 40
Rotational spring stiffness C;pg ... ... ... .. 38
S

Scrollinginwindows . . ......... ... ... ... 6
Second-order analysis. ............... 43,44
Serviceability . .......... ... 46
Serviceability limitstate ... ...... .. 10,31, 63

Set of members.7, 26,27, 30,31, 41, 46, 54, 58,
61

Shearpanel ............. ... ... ... ... .. 35
Shear panellength . ........... ... ... 35,37
Shear panel stiffness .. .................. 38
Shifted membersends . ......... ... .. ... 46
SHAPE-THIN ........................... 43
Slenderness. ................. . ..., 59
Specialcases. . ..., 45
Stability analysis . .. ... ... 9,12,23,43,44,53
Stability analysis method ... ....... ... .. 46
Stabilitydesign. ......... ... 14, 45
Stainlesssteel . ........... ... ... ... .. 14,16
Starting calculation .. ... oo 50
Steelbridge. ....... ... ... ... o 47
Stresspoint......... ... ool 20
Sum .. 61
Surfacearea ........................... 61
T

Table. ... ... . ... ... ... ... 6
Taper ... . 19,45,53,77
Temperaturecurve. . .................... 47
Tensiondesign................. ... ... 40
Torsion........ ... ... ... ... ... 45
Transient .. ... . 9

| M oDlubal Software GmbH 2015

EEE
93



i

Transverseload......................... 45
Trapezoidal sheeting.............. ... 35,37
U

Ultimate limitstate . . .............. 8,42,63
Undeformed system .................... 46
Units............................... 15,77
Userprofile ............................ 77
\'}

Viewmode ............ ... ... ... ... ... 64

Visibility ... 68
Volume. ... ... .. ... 61
X

x-Location....... ... .. ... .. .. .. ... 52,57
w

Warping length factor................ 23,25
Web breathing . ............. ... ... ... 47
Weight . ... .o 61

| M oDlubal Software GmbH 2015

EEE
924



	1 Introduction
	1.1 Add-on Module RF-STEEL EC3
	1.2 Using the Manual
	1.3 Opening RF-STEEL EC3 Add-on Module

	2 Input Data
	2.1 General Data
	2.1.1 Ultimate Limit State
	2.1.2 Serviceability Limit State
	2.1.3 Fire Resistance
	2.1.4 National Annex (NA)

	2.2 Materials
	2.3 Cross-Sections
	2.4 Intermediate Lateral Restraints
	2.5 Effective Lengths - Members
	2.6 Effective Lengths - Sets of Members
	2.7 Nodal Supports - Set of Members
	2.8 Member Hinges - Set of Members
	2.9 Serviceability Data
	2.10 Fire Resistance - Members
	2.11 Fire Resistance - Sets of Members
	2.12 Parameters - Members
	2.13 Parameters - Sets of Members

	3 Calculation
	3.1 Detail Settings
	3.1.1 Ultimate Limit State
	3.1.2 Stability
	3.1.3 Serviceability
	3.1.4 Fire Resistance
	3.1.5 Other

	3.2 Start Calculation

	4 Results
	4.1 Design by Load Case
	4.2 Design by Cross-Section
	4.3 Design by Set of Members
	4.4 Design by Member
	4.5 Design by x-Location
	4.6 Governing Internal Forces by Member
	4.7 Governing Internal Forces by Set of Members
	4.8 Members Slendernesses
	4.9 Parts List by Member
	4.10 Parts List by Set of Members

	5 Results Evaluation
	5.1 Results in RFEM Model
	5.2 Result Diagrams
	5.3 Filter for Results

	6 Printout
	6.1 Printout Report
	6.2 Graphic Printout

	7 General Functions
	7.1 Design Cases
	7.2 Cross-Section Optimization
	7.3 Units and Decimal Places
	7.4 Data Transfer
	7.4.1 Exporting Materials to RFEM
	7.4.2 Exporting Effective Lengths to RFEM
	7.4.3 Exporting Results


	8 Examples
	8.1 Stability
	2.1 Fire Resistance

	A Literature
	B Index

