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1. Introduction
1.1 Add-on Module RF-STEEL AS

The Australian Standard AS 4100 for Steel Structures describes the design, analysis, and con-
struction of steel structures. With the RFEM add-on module RF-STEEL AS the DLUBAL company
provides a powerful tool to design steel structures according to the Australian code.

RF-STEEL AS performs all typical ultimate limit state designs as well as stability and deformation
analyses. The program is able to take into account various actions for the ultimate limit state
design. Furthermore, you can choose between the interaction formulae mentioned in the
code. In accordance with the Australian code, RF-STEEL AS divides the cross-sections to be de-
signed into the cross-section slenderness types. In this way, you can check the limitation of the
design capacity and of the rotational capacity due to local buckling for cross-section parts.
Moreover, RF-STEEL AS determines the c/t-ratios of the cross-section elements subjected to
compression and classifies the cross-sections completely automatically.

In RF-STEEL AS, the indices of the member axes are different from those used in the code: The
longitudinal axis is denoted by the index is x instead of z. For the axes in the cross-section
plane, the axes y and z are used (see figure to the left).

For the stability analysis, you can specify for each member or set of members whether flexural
buckling occurs in y- and/or z-direction. Furthermore, you can define additional lateral sup-
ports in order to represent the model close to reality. RF-STEEL AS determines the slender-
nesses and elastic critical buckling loads from the boundary conditions. The ideal critical mo-
ment for lateral torsional buckling required for the lateral torsional buckling design is deter-
mined automatically. In addition to that, it is possible to take into account the load application
point of transverse loads, which is affecting the torsional resistance considerably.

For structures employing extremely slender cross-sections, the serviceability limit state repre-
sents an important design. The load cases, load and result combinations can be assigned to
different design situations. The limit deformations are preset by default settings and can be
adjusted, if necessary. In addition, it is possible to specify reference lengths and precambers
that are considered accordingly in the design.

If required, you can use the add-on module to optimise cross-sections and export the modified
cross-sections to RFEM. Design cases enable you to separately design structural components
of complex models or to analyse variants.

RF-STEEL AS is an add-on module integrated in RFEM. For this reason, the design relevant in-
put data is already preset when you have started the module. Subsequent to the design, you
can use the graphical RFEM user interface to evaluate the results. Finally, the design process
can be documented in the global printout report, from determination of internal forces to
design.

We hope you will enjoy working with RF-STEEL AS.

Your DLUBAL Team

I Program RF-STEEL AS © 2013 Dlubal Engineering Software
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1.3  Using the Manual

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

The descriptions in this manual follow the sequence of the module's input and results tables as
well as their structure. The text of the manual shows the described buttons in square brackets,
for example [View mode]. At the same time, they are pictured on the left. Expressions appear-
ing in dialog boxes, tables, and menus are set in italics to clarify the explanations.

At the end of the manual, you find the index. However, if you don't 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.

1.4 Open the Add-on Module RF-STEEL AS

RFEM provides the following options to start the add-on module RF-STEEL AS.

Menu
To start the program in the RFEM menu bar, click
Add-on Modules — Design - Steel — RF-STEEL AS.

[ Add-on Modules | Window  Help

- TA> PR R WHEBAERE L D

Design - Steel k| & RF-STEEL Surfaces General stress analysis of steel surfaces
Design - Concrete 4 fj RF-STEEL Members General stress analysis of steel members
Design - Timber [ . )

E RF-STEEL ECS Design of steel members according to Eurocode 3
Design - Aluminium LY - i . .

K RF-STEEL AISC Design of steel members according to AISC [LRFD or ASD)
Dynamic L[ . .

ﬁ; RF-STEEL IS Dresign of steel members according to IS
Connections LY = . .

ﬁ; RF-STEEL SIA Design of steel members according to SIA
Foundations b . _

H RF-STEEL BS Design of steel members according to BS
Stability L[ . .

K RF-STEEL GEB Design of steel members according to GB
Towers b o

E RF-STEEL C5 Design of steel members according to CS
Others L3 (= . "

m RF-STEEL AS I} Design of steel members according to AS
External Modules 4 . .

“? RF-KAPPA Flexural buckling analysis
Stand-Alone Programs 4 {}} RF-LTE Lateral-torsional and torsional-flexural buckling analysis

{25 RF-FE-LTE Lateral-torsional and torsional-flexural buckling analysis by FEM

I | RF-EL-PL Elastic-plastic design

g RF-C-TO-T Analysis of limit slenderness ratios (o)

H PLATE-BUCKLING Plate buckling analysis

_ﬁﬁ VERBAMD [not installed) Design of wind bracings for roofs

Figure 1.1: Menu: Add-on Modules — Design - Steel — RF-STEEL AS
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Navigator
As an alternative, you can start the add-on module in the Data navigator by clicking

Add-on Modules — RF-STEEL AS.

Project Mavigator - Data b4
=-4# Hall A

f-- ) Model Data

H--_J Load Cases and Combinations

/| Loads

i) Results

----- | Sections

----- | Average Regions

----- | Printout Reports

- | Guide Objects

- Add-on Modules

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

----- L, RF-STEEL Members - General stress analysis of steel members

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

----- Ae| RF-STEEL AISC - Design of steel members according to AISC (LRFD

----- Iz RF-STEEL IS - Design of steel members according to IS

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

----- &a RF-STEEL BS - Design of steel members according to BS

----- Zs RF-STEEL GB - Design of steel members according to GB

----- &s RF-STEEL C5 - Design of steel members according to C5

..... z

----- gy RF-ALUMINIUM - Design of aluminium members according to Eur =

< | mn 3

Iy Data| [ Display  2f Views

m

i O O s WO

T
M-

Figure 1.2: Data navigator: Add-on Modules — RF-STEEL AS

Panel
RF-STEEL AS CAL - Girders ™ In case results from RF-STEEL AS are already available in the RFEM model, you can also open
LC1 - Seff-weight the design module in the panel:
LC2 - Snow
RC1 - Extreme design val. . . .
RE-STEEL AS CA] - Girders Set the relevant RF-STEEL AS design case in the load case list of the RFEM toolbar. Use the but-

RF-STEEL AS CAZ-Columns ton [Show Results] to display the design criterion on the members graphically.

| _@-l | f.-“ When the results display is activated, the panel is available, too. Now you can click [RF-STEEL AS]
- in the panel to open the module.

Panel >

Max

Design Ratio [-]
1.01
1.00
0.90
0.80
0.70
0.50
0.50
0.40
0.30
0.20
0.10
0.00

Max : 1.01
Min : 0.00

esteE s |

Ex 4

Figure 1.3: Panel button [RF-STEEL AS]

I Program RF-STEEL AS © 2013 Dlubal Engineering Software 7
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2. InputData

When you have started the add-on module, a new window opens. In this window, a Navigator
is displayed on the left, managing the tables that can be currently selected. The drop-down list
above the navigator contains the design cases (see chapter 7.1, page 52).

The design relevant data is defined in several input tables. When you open RF-STEEL AS for the
first time, the following parameters are imported automatically:

o Members and sets of members

e Load cases, load combinations, and result combinations
e Materials

e (Cross-sections

o Effective lengths

o Internal forces (in background, if calculated)

|§| g To select a table, click the corresponding entry in the navigator. To set the previous or next in-
put table, use the buttons shown on the left. You can also use the function keys to select the
next [F2] or previous [F3] table.

oK | | Cancel | Click [OK] to save the results. Thus you exit RF-STEEL AS and return to the main program. If you

click [Cancel], you exit the module but without saving the data.

2.1 General Data

In table 1.1 General Data, you select the members, sets of members, and actions that you want
to design. The tabs are managing the load cases, load and result combinations for the different
designs.

RF-STEEL AS - [Hall] ==
File Edit Settings Help

CA1 - Design of steel members ¢ v | 1.1 General Data

Irput Diata Design of
General Data
Materials Members: 1-8.11-18,21-28,31-46.51-64.66-69,71-74.81-83.911) | T3 | | K VR
Cross-Sections o ] (o]
Sets: 3 Al
Lateral Intermediate Supparts = I_‘/ Ill \E‘ o

- Effective Lengths - Members

Ultimate Limit State | Serviceabilty Limit State

Existing Load Cases and Combinations Selected for Design
HLC1 | Sefweght A RC1 | Bxreme design values
B LC2 | Snow
IET LC3 | Side windin X
KE LC4 | Wind on gablein Y
== LC5 Wind on gable in -Y
T (C6 | Windlfing
T LC7 | Rooflive load
MEW ¢ LC8 | Impefections in X
BT ©LCY | Imperfections in <Y
WEE - LCT0 | mperfections in Y E

CO1 | Swtssswxsp+imp

C02 | Swisstmp

CO3 | Swiswxsimp

CO4 | Swhspsimp

CO5 | Swt+Wind lfting+imp

CO6 | Swtewysimp

CO7 | Swtswly}+imp

C028 | Swtesswysp=imp

C09 | Swtssswlyhpeimp

COM | Swtssswxsp+imp (char. values) and sets of members

CO12 | Swiss+imp (char. values) ace.to

CO13 | Swhswssmp (char. values) _ AS 4100:1098

CO14 | Swtsp=imp (char. values)

CO15 | Swt+Wind fingimp (char. vaiues | ~

,
Ik
¥

(8]
RF-STEEL As

Australian Standard

Design of steel members

(33 - (838 28]
I I
(@] [&][=] LCaloulation Details. Graphics Cancel

Figure 2.1: Table 1.1 General Data

I Program RF-STEEL AS © 2013 Dlubal Engineering Software
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Design of
Design of
Members:  1-8.11-18.21-28,31-46,51-64,66-69 %) %) Al
Sels 1358 %) (K] (a) @a

Figure 2.2: Design of members and sets of members

The design 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 input fields to enter the
numbers of the relevant members or sets of members. The list of the numbers preset in the
field can be selected by double-clicking and overwritten by entering the data manually. Click
[X] to select the objects graphically in the RFEM work window.

When you design a set of members, the program determines the extreme values of the de-
signs 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
table 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.

Program RF-STEEL AS © 2013 Dlubal Engineering Software
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. . .
2.1.1 Ultimate Limit State
Existing Load Cases and Combinations Selected for Design
=l LC1 Self-weight - RC1 Extreme design values
Tl LC2 Snow
I LC3 Side wind in X
=T LC4 Wind on gable in Y
I LC5 Wind on gable in -Y
=7 LC6 Wind lifting
Tl LC7 Roof live load
B < LC8 | Imperfectionsin X -
WM LCS | Imperfections in -Y
Il - LC10 | Imperfectionsin Y L
CO1 | Swissswxsp+mp 3
coz Swi+s+Imp
co3 Swtswnc+mp <
Co4 Swi+p+imp
Co5 Swi-+Wind lifting+Imp
COo& Swi-swy+Imp
Cco7 Swit-+w 3y l+Imp
Co8 Swiss+wy+p+imp
Cos Swiss+w(ylp+imp
CO11 | Swi+s+wx+p+imp (char. values)
CO12 | Swi+s+Imp (char. values)
CO13 | Swtswx+Imp (char. values)
CO14 | Swi+p+Imp (char. values)
CO15 Swi+Wind lifting+Imp (char. values | ~
&l ~ (8v] [B=] 2| [Ba

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

Existing Load Cases and Combinations

In this column, all load cases, load combinations, and result combinations created in RFEM are
listed.

Click [»] to transfer selected entries to the list Selected for Design on the right side. You can also
double-click the items. To transfer the complete list to the right, click [»>»].

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 by an asterisk (¥), like load case 9 in Figure 2.3, cannot be designed: This
happens when the load cases are defined without any load data or the load cases contain only
imperfections. When you try to transfer those load cases, a corresponding warning appears.

At the end of the list, several filter options are available. They will help you assign the entries
sorted according to load cases, load combinations, or action categories. The buttons have the
following functions:

RC  Result Combinations
gg ) Select all load cases in the list.
IEl Fermarent
Tl Imposed — .
T ind e Invert selection of load cases.
Table 2.1: Buttons in the tab Ultimate Limit State
Selected for Design
The column on the right lists the load cases as well as the load and result combinations select-
-
ed for design. To remove selected items from the list, click [«] or double-click the entries. To
transfer the entire list to the left, click [«€«].
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 combina-
Result tion has also disadvantages: First, the influence of the contained loads is difficult to discern.
combination Second, for the determination of the factor 3m according to clause 4.4.2.2 (b), 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
1 o I Program RF-STEEL AS © 2013 Dlubal Engineering Software
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individual load combinations. Thus, in the case of a RC design, more unfavorable values for m
are likely that lead to higher ratios.

Result combinations should be selected for design only for dynamic combinations. For "usual”
combinations, load combinations are recommended.

2.1.2 Serviceability

Ultirnate Limit State | Serviceability Limit State |

Existing Load Cases and Combinations Selected for Design

EE LC1 Self-weight - CO11 | Swi+s+nocsp+imp (char. valu | Short term effects
I LC2 Snow C012 | Swtes+imp (char. values) Short tem effects
LC3 Side wind in X CO13 | Swiswoc+lmp (char. values) Short term effects
LC4 Wind on gable in Y Swtep+imp (char. values) Short term effects
LC5 Wind on gable in -Y Short term effects
LCE | Wind liting Long tem effects

Tl LC7 Roof live load

Il - LC8 | Imperfectionsin X 5

IEW LCS | Imperfections in -Y

M - LC10 | Imperfections in Y
Cco1 Swiss+wxsp+imp
coz Swi+s+imp

CO3 | Swtewxsimp
Co4 Swt+p+imp

Co5 Swi+Wind lifting+imp
COo& Swi-+wy+lmp

Cco7 Swi+w(ykmp

Co8 Swiss+wysp+imp

CO9 i Swiss+wiykp+imp

CO15 | Swt+Wind liting+Imp (char. values

CO16 | Swt=wy+imp (char. values)

CO17 | Swiswiy)}+Imp (char. values)

CO18 | Swies+wy+p+imp (char. values)

CO15 | Swies+wiypp+Imp (char. values) | —

All[33) -

Figure 2.4: Table 1.1 General Data, tab Serviceability Limit State

m

Existing Load Cases and Combinations

In this column, all load cases, load and result combinations created in RFEM are listed.

Selected for Design
Load cases, load combinations, and result combinations can be added or removed, as de-
scribed in chapter 2.1.1.
You can assign different limit values for deflection to the individual load cases, load combina-
tions, and result combinations. The following design situations can be selected:

e  Short term effects

e Long term effects
To modify the design situation, use the list which can be accessed at the end of the input field
by clicking [¥] (see Figure 2.4).

The limit values of the deformations are defined in the design details. To adjust these values

according to the design situation, click [Details] to open the dialog box Details, tab Serviceability

(see Figure 3.3, page 31).

In the table 1.9 Serviceability Data, the reference lengths decisive for the deformation check are
managed (see chapter 2.9, page 26).

Program RF-STEEL AS © 2013 Dlubal Engineering Software
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This table is subdivided into two parts. In the upper part, all materials created in RFEM are
listed. In the Material Properties section, the properties of the current material, that is, the table
row currently selected in the upper section, are displayed.

1.2 Materials
A
Material Material
Mo. Description

IS Steel 400 (Flats and Sections) | AS/NZS 2679.1 |

@)

Material Properties

I

Comment

&
&
0

] Main Properties

Medulus of Elasticity
Shear Modulus
Poisson’s Ratio
Specific Weight
Coefficiert of Thermal Expansion
Partial Safety Factor
B Addttional Properties
[ Thickness Ranget < 1.70cm
Ultimate Strength
Yield Strength
[ Thickness Ranget = 1.70cm
Ultimate Strength
Yield Strength

Figure 2.5: Table 1.2 Materials

Fu
fy

Fu
fy

200000.0 | N/mm2
80000.0 | N/mmZ
0.250
78.50 | kN/m3
1.7000E-05 | 1/K
1.00

5200 | N/mm?Z
400.0 | N/mm2

5200 | M/mm2

280.0 | N/mmZ Material No. 1 used in

Crass-sections Mo.:
13673101516

Members No.:
1-8.11-18,21-28.31-46.51-64 B6-63

Sets of members No.
13

T Lengths: T Masses:

250.85 [m] 10,952 [

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 4.2 of the RFEM manual (Main Properties). The material properties required for design are
stored in the global material library. The values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select in the mod-
ule's menu Settings — Units and Decimal Places (see chapter 7.3, page 56).

Material Description

The materials defined in RFEM are already preset, but it is always possible to modify them: To
select the field, click the material in column A. Then click [¥] or press function key [F7] to open

the material list.

[W|Steel 400 (Flats and Sections) | AS/NZS 3679, 1 IS

Steel C450
Steel C450L0
Steel C350
Steel C350L0
Steel C250
Steel C250L0
Steel HA40D
Steel HW350
Steel HA350
Steel HA300/1

Figure 2.6: List of materials

A5 1163
A5 1163
A5 1163
A5 1163
A5 1163
A5 1163
AS/NZS 1534
AS/NZS 1534
AS/NZS 1534
AS/NZS 1534

-

12
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According to the design concept of the Australian Standard [1], you can select only materials
of the “Steel” category.

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 AS will import the material properties, too.

Principally, it is not possible to edit the material properties in the add-on module RF-STEEL AS.

Material Library

Numerous materials are already available in the library. To open the corresponding dialog box,
click

Edit —> Material Library

or use the button shown on the left.

Material Library @
Fitter Material to Select
Material category group: I aterial Description Standard i
W Metal - 0 ( 5
. [ Steel 400L0 [Flats and Sections] o] A5/NZS 36791
Materal category: [ Steel 400L15 [Flats and Sections] &l A5/NZS 36791
B Steel ~ | | O Stesl 350 [Flats and Sections) &l A5/NZS 36791 e
Standard group: [ Steel 350L0 [Flats and Sections] r.ﬂ AS/MES 36791
ol A5 . [ Steel 350L15 [Flats and Sectians) ol A5/NZ5 36791
[ Steel 300 [Flats and Sections) o] A5/NZS 36791
Standard: [ Steel 300L0 [Flat: and Sections] ol 45/NZ5 36791
A A5 /NZS 3679 + | | [ Steel 300L15 [Flats and Sections) o] A5/NZS 36791
[ Steel 250 [Flats and Sections) o] A5/NZS 36791
[ Steel 250L0 [Flats and Sections] o] A5/NZS 36791
[ Steel 250115 [Flats and Sections) o] A5/NZS 36791
[ Steel 400 [Hexagaons, Rounds and Squares] o] A5/NZS 36791
[ Include invalid... @ [ Steel 400L0 [Hexagons, Rounds and Squares) ol AS/NZS 36791 i
[ Eavarites anly... @ @ = .
Material Properties. Steel 400 (Flats and Sections) | AS/NZS 3679.1
E Main Properties
Modulus of Elasticity E 200000.0 | N/mm2
Shear Modulus G 80000.0 | N/mm2
Poisson’s Ratio v 0.250
Specific Weight T 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.7000E-05 | 17K
[ Additional Properties
[ Thickness Ranget < 1.70 cm
Uttimate Strength fu 520.0 | N/mm2
Yield Strength Fy 400.0 | N/mm2
[ Thickness Ranget > 1.70 cm
Uttimate Strength fu 520.0 | N/mm2
Yield Strength Fy 380.0 | N/mm2
@J @J ()3 ] I Cancel

Figure 2.7: Dialog box Material Library

In the Filter section, Steel is preset as material category. Select the material quality that you
want to use for the design in the list Material to Select. The corresponding properties can be
checked in the dialog section below.

Click [OK] or [1] to transfer the selected material to table 1.2 of the RF-STEEL AS module.
Please check, however, whether these materials are allowed by the design concept of the
Australian Standard [1].

Chapter 4.3 in the RFEM manual describes in detail how materials can be filtered, added, or
rearranged.
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This table manages the cross-sections used for design. In addition, the table allows you to

specify optimisation parameters.

1.3 Cross-5ections

Section | Material
No
1

I\JIOZ

w

@

-~

@

10
12
13

=

@

B C | 1] I E 1] F
Cross-Section Cross-Section Type Opti-
Description for Classffication mize Remark Comment

[JT IPE3001DIN 10255:1934 |-shape rolled From Current Row ™ 2)
T IPE 3001 DIN 1025-5:1354 Ishape rolled No
[T IPE 400 DIN 1025-5:1994 Ishape rolled No
] HE A 160 DIN 1025-3:1554 l-shape rolled No
[JT HEA 1201 DIN 1025-3:1894 l-shape rolled No
[CIT IPE36D1DIN 10255:1394 lshape rolled No
T HE A 1401 DIN 1025-3:1934 Ishape rolled No
(m[x] Box rolled No 5

- Round bar No 5
1T HE A 2001 DIN 1025-3:19594 lshape rolled No
[CJE Rectangle 200/200 General No

2] The cross-section will be optimized, utilizing the best section from the table.

) EYENRID

Figure 2.8: Table 1.3 Cross-sections

Cross-Section Description

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

1 - IPE 300 DIM 1025-5:1934

150.0

3000

frm]
@] (&) (&

Cross-section No. 1 used in

Members No.:
1.211,12,21,22.31.32,39.40

Sets of members No.

I Masses:

2027

T Lengths:
43,00 [m]

I aterial
1 - Steel 400 [Flats and Sections)

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

In this dialog box, you can select a different cross-section or a different cross-section table. To
select a different cross-section category, click [Back to cross-section library] to access the gen-
eral cross-section library.

Chapter 4.13 of the RFEM manual describes how cross-sections can be selected from the library.
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Welded Cross-5ections - I symmetric @
Cross-Section Type Parameters
() () -
S ——— L0 [mm
T L L O - 8.0 [mm
\?/ \?/ \?/ \?/ v 1405 {mmi .{1: - f
a 005+ | [mm]
o)(v](m](m] .
(o)l (] (]
B R # -
SERIE
I1][g]
CIREY & @
E‘ R E‘ E‘ 15 3604170484140
(2] (=] ok | [ Cancel

Figure 2.9: 1S cross-sections in the cross-section library

The new cross-section description can be entered in the input field directly. If the data base
contains an entry, RF-STEEL AS imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

If cross-sections set in RF-STEEL AS are different from the ones used in RFEM, both cross-
sections are displayed in the graphic in the right part of the table. The designs will be per-
formed with the internal forces from RFEM for the cross-section selected in RF-STEEL AS.

Cross-Section Type for Classification

The cross-section type used for the classification is displayed. The cross-sections listed in [1]
table 5.2 can be designed plastically or elastically depending on the Class. Cross-sections that
are not covered by this table are classified as General.

Max. Design Ratio

This table column is displayed only after the calculation. It is a decision support for the optimi-
sation. By means of the displayed design ratio and coloured relation scales, you can see which
cross-sections are little utilised and thus oversized, or overloaded and thus undersized.

Optimise

You can optimise every cross-section from the library: For the RFEM internal forces, the pro-
gram searches the cross-section in the same table that comes as close as possible to a user-
defined maximum ratio. The maximum ratio can be defined in the dialog box Details, tab Other
(see Figure 3.4, page 32).

If you want to optimize a cross-section, open the drop-down list in column D or E and select
the desired entry: From Current Row or, if available, From favourites ‘Description’. Recommenda-
tions for the cross-section optimisation can be found in chapter 7.2 on page 54.

Remark

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

Dlubal ——
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A warning might appear before the calculation: Incorrect type of cross-section! This means that
there is a cross-section that is not registered in the data base. This may be a user-defined cross-
section, or a SHAPE-THIN cross-section that has not been calculated yet. To select an appropri-
ate cross-section for design, click [Library] (see description below Figure 2.8).

Member with tapered cross-section

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

RF-STEEL AS also designs tapered members, provided that the cross-section at the member's
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 distanc-
es of the stress points. If the start and the end cross-section of a tapered member have not the
same number of stress points, the intermediate values cannot be interpolated. The calculation
is neither possible in RFEM nor in RF-STEEL AS.

The cross-section's stress points including numbering can also be checked graphically: Select

the cross-section in table 1.3 and click [Info]. The dialog box shown in Figure 2.10 appears.

Info About Cross-Section

In the dialog box Info About Cross-Section, you can view the cross-section properties, stress
points, and c/t-parts.

[ 1 ' Info About Cross-Section HE B 360 | DIN 1025-2:1995 [&J
Crozs-Section Value Description Symbol Walue Unit + |HEB 380 DIN 1025-2:1935
width .

Web thickness

Flange Thickness

Fioot fillet radiuz -

Cross-sectional area i

Shear area

Shear area

Shear area according to EC 3

Shear area according to EC 3 Avz B0.95 | cm2

‘web area Aweb 39.40 | em?2 8

Plastic shear area Aply 135.00 | em? 8

Plastic shear area Az 4219 | em?2

tMament of inertia ly 43190.00 | cm*

Moment of inertia Iz 1014000 | cm*

Governing radius of gyration Ty 15.50 [ em

Governing radius of gyration Iz 749 [cm

Polar radius of gyration To 17.21 [ em

R adiuz of gyration of flange plus 1/5 of we | 1z 8.03 | cm

Wolume W 18100.00 | em/m

Weight it 1421 | kasm

Surface Azurt 1.850 | m2/m

Section factor B 102210 | 1/m fem)
Tarsional constant J 293.00 | em* = Stress paints
Wharping constant Cw 2.833E+06 | cm® y
Flazhr eectnn randihs G.. 2400 0N | erm? i = /tFars

\

Figure 2.10: Dialog box Info About Cross-Section

In the right part of the dialog box, the currently selected cross-section is displayed.

In RF-STEEL AS, the indices of the member axes are different from those used in the code: The
longitudinal axis is denoted by the index is x instead of z. For the axes in the cross-section
plane, the axes y and z are used (see Figure 2.10).
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The buttons below the graphic are reserved for the following functions:

Button Function

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

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

Displays or hides the details of the stress points or c/t-parts (see Figure 2.11)
Displays or hides the dimensions of the cross-section
Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

g

Table 2.2: Buttons of cross-section graphic

Click [Details] to call up detailed information on stress points (distance to centre of gravity,
statical moments of area, normalised warping constants etc.) and c/t-parts.

Stress Points of HE B 260 | DIN 1025-2:1995 &J
B [ c [ D [ E | F [ G HE B 260
StressP Coordinates Statical Moments of Area Thickness Warping
No. y [em] z [em] Qy [em?] Qz[em?] t [cm] Wno [cm?] Sa [em*]
[ 1T ] -13.00 0.00 0.00 175 157.63 0.00
2 -2.950 -13.00 -213.55 -140.47 1375 3516 -1703.76
3 0.00 -13.00 -280.04 -148.63 175 0.00 -1792.98
4 230 -13.00 -213.95 140.47 175 -35.16 1703.76
5 13.00 -13.00 0.00 0.00 175 -157.63 0.00
6 -13.00 13.00 0.00 0.00 175 -157.63 0.00
7 2.50 13.00 21431 140.52 175 -35.16 -1703.76
[ 0.00 13.00 -280.04 148.63 175 0.00 -1792.98
9 250 13.00 -214.1 -140.52 175 35.16 1703.76
10 13.00 13.00 0.00 0.00 175 157.63 0.00
11 0.00 -8.85 -599.75 0.00 1.00 0.00 0.00
12 0.00 8.85 -600.56 0.00 1.00 0.00 0.00
13 0.00 0.00 63851 0.00 1.00 0.00 0.00 : TEe
%

L 4

Figure 2.11: Dialog box Stress Points of HE B 260
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24 Lateral Intermediate Supports

In table 1.4, you can define lateral intermediate supports for members. RF-STEEL AS always as-
sumes this kind of support to be perpendicular to the cross-section's minor axis z (see Figure
2.10). Thus, it is possible to influence the members' effective lengths which are important for
the stability analyses concerning flexural buckling and lateral-torsional buckling.

For the calculation, all lateral intermediate supports are considered as forked supports.

1.4 Lateral Intermediate Supports

e s [ c [ o0 [ E [ F | 6 [ _H [ 1 [ 5 [ K [ L ]
Member|  Lateral Length Lzteral Intermediate Supports [
No Supports L [m] Number x1 x2 x3 xg xs X8 x7 x8 xg
15
16
17
13
1 0.500
22 1 0.500
23 a
24 a
2 a
26 a -
7] Relativaly [0 ... 1) A= (&) (@]
Settings - Member No. 21
Cross-Section
Lateral Supports Existing
Member Length L m
Number of Lateral Intermediate Supports n 1
Position of Lateral Support MNo. 1 x1 0.500
Set inputs for members Mo.:
A ) & [«

Figure 2.12: Table 1.4 Lateral Intermediate Supports

In the upper part of the table, you can assign up to nine lateral supports for each member. The
lower table part shows you a summary of the data entered for the member selected above.

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

In case of cantilevers, avoid intermediate supports, as such supports divide the member in
segments. Thus for cantilevered beams, this would results in segments that are forked sup-
ported on one side and thus statically underdetermined (forked support respectively on one
end only).
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2.5 Effective Lengths - Members

The table is subdivided into two parts. The table in the upper part contains summarised infor-
mation about the factors for the lengths of buckling and lateral-torsional buckling as well as
the equivalent member lengths of the members to be designed. The effective lengths defined
in RFEM are already preset. In the section Settings, further information is shown about the
member whose row is selected in the upper section.

Click the button [X] to select a member graphically and to show its row.
Changes can be made in the table as well as in the Settings tree.

1.5 Effective Lengths - Members

B I ¢ [ b0 [ E T FT G [ H [ I [ J 1 K [ L [ wm [ n ] 0 -
Member  Buckling Buckling About Axis y Buckling About Axis z Lateral-Torsional and Torsional-Flexural Buckling Member Type g
No Possible | Possible | Ky | Kyl [n] |Possible | Kz | Kl [m] |Possble | Lw[m] | Lt[m] om Ky Typeyy @ Typezz Comment 3

1 1.000[ 6000 1000 6.000 6.000] 6.000|Eigenvalue 564 | 100 | Beam Beam

2 1.000| 6.000 1.000| 6.000 6.000| 6.000 | Eigenvalue 564 | 1.00 Beam Beam

3 1.000) 3011 1.000| 3011 3.011| 3011 Eigenvalue 5.6.4 | 1.00 Beam Beam

4 1.000| 3262 1.000| 3.262 3.262| 3.262 | Eigenvalus 5.6.4 | 1.00 Beam Beam

5 1000| 6274 1000 6374 6.274| 6274 | FEigenvalue 564 | 1.00 Beam Beam

6 1000 6274 1.000| 6274 6.274 | 6274 | Egenvalue 564 | 1.00 Beam Beam

7 1.000| 3262 1.000| 3.262 3.262| 3.262 | Eigenvalue 5.6.4 | 1.00 Beam Beam

2 1000) 3011 1.000| 3.011 3011 3.011 | Eigenvalue 5.6.4 | 1.00 Beam Beam

11 1.000| 6.000 1.000| 6.000 6.000| 6.000 Egenvalue 564 | 1.00 Beam Beam

12 1.000| 6000 1.000| 6.000 6.000| 6.000 | Eigenvalue 5.6.4 | 1.00 Beam Beam -
= E® & (@]

Settings - Member No. 1 IPE 300 | DIM 1025-5:1994

Cross-Section
Length L m
Buckling Possible

= Buckling About Major fudis y Possible
Effective Length Factar Ky 1.000
Effective Length Kyl 6.000 | m

[ Buckling About Minor Axs z Possible
Effective Length Factar Kz 1.000
Effective Length Kzl 6.000 | m -

[ Lateral-Torsional Buckling Possible 2 NS
LTB Length Lu 6.000 | m ° &
Torsional Length I 6.000 |m
om Eigenvalue 5.6
K¢ 1.00

= Member Type I
Typeyy Bezm z
Type 22 Beam

Comment
Set inputs for members Mo. [rmim]

& @l (&)

Figure 2.13: Table 1.5 Effective Lengths - Members

The effective lengths for local buckling about the minor axis are aligned automatically with the
entries of table 1.4 Lateral Intermediate Supports. If lateral intermediate supports are dividing
the member into member segments of different lengths, the program displays no value in the
table columns G, |, and J of table 1.5.

The effective lengths can be entered manually in the table and in the Settings tree, or defined
graphically by clicking the button [...] in the work window. This button is enabled when you
click in the input field (see figure above).

The Settings tree manages the following parameters:
e (Cross-Section
e Member Length
e Buckling Possible for member (cf columns B and E)
e Buckling about Axis y Possible (cf columns C and D)
e Buckling about Axis z Possible (cf columns F and G)
e Lateral-Torsional Buckling Possible (cf columns | - L)
e Member Type y-y
e Member Type z-z
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In this table, you can specify for the currently selected member whether to carry out a buckling
or a lateral-torsional buckling analysis. In addition to that, you can adjust the Buckling Length
Coefficient and the Warping Length Coefficient for the respective lengths. When a coefficient is
modified, the equivalent member length will be adjusted automatically, and vice versa.

The buckling length of a member can also be defined in a dialog box that can be accessed by
clicking the button shown on the left. The button is located below the table.

Select Effective Length Factor @
Buckling About Axis v Buckling About Axis z
ky=07 !—-——{ kz=07 !—-——{
z y
f z
ky =085 :;E’y = ke=085 I,I f—
‘ 2 Yy y
DI—-CI @kz=10 DI—-CI
z y
ky=12 kz=12 P
V EEEEE
ky=22 kz=22 ! = .
v o
ky=22 kz=22 _
z Y
User-defined o o User-defined o o
by = .. kz= .

Dlubal —

Import from Add-on Module RF-STABILITY
(Eigenvalue Analysis)

CA1 - Stability analysis

Export effective length

Import from Add-on Module RF-STABILITY
(Eigenvalue Analysis)

CA1 - Stability analysis

Export effective length

factor ky : 1.000 factor kz : 1.000

@] ok | [ Cancel

Figure 2.14: Dialog box Select Buckling Length Coefficient

For every direction, the buckling length can be defined according to one of the four Euler
buckling modes or User-defined. If a RF-STABILITY case calculated according to the eigenvalue
analysis is already available, you can also define a Buckling Shape to determine the factor.

Buckling Possible

A stability analysis for flexural buckling requires the ability of members to absorb compressive
forces. Therefore, members for which such absorption is not possible because of the member
type (for example tension members, elastic foundations, rigid connections) are excluded from
design in the first place. The corresponding rows appear dimmed and a note is indicated in the
Comment column.

The check boxes Buckling Possible in table row A and in the Settings tree offer you a control op-
tion for the stability analyses: They determine whether the analysis should or should not be
performed for a member.

Buckling about Axis y or Axis z

With the check boxes in the Possible table columns, you decide whether a member has a risk of
buckling about the axis y and/or z. These axes represent the local member axes, with axis y be-
ing the major and axis z the minor member axis. The buckling length coefficients Kyand K for
buckling about the major or the minor axis can be selected freely.

The position of the member axes can be checked in the cross-section graphic in table 1.3
Cross-Sections (see Figure 2.8, page 14).
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0.85
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The indices of the member axes are different from those used in the Australian Standard: The
longitudinal axis is denoted by the index is x instead of z. For the axes in the cross-section
plane, the axes y and z are used.

To access the RFEM work window, click [View mode]. To show the local member axes in the
RFEM work window, you can use the member's context menu or the Display navigator.

Project Navigator - Display x
=[] Model -
4[]l Nodes
1[I Lines
v [l Surfaces
[Vl Solids
[#]& Solid Orthotropies
[ Openings
[¥1&¢ Nodal Supports
i) [¥]i Line Supports
: [#]& Surface Supports
[v1& Members
E{ Member Elastic Foundations
=
15 Indexes
[I& Member Axis Systems u,v,w
[l Indexes
[1& Member Orientations
[¥] &/ Member End Releases -
4 m 3

[QData [ Display 4 Views

Figure 2.15: Selecting the member axis systems in the Display navigator of RFEM

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

To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a KL input field (see Figure 2.13).

If you specify the buckling length coefficient K, the program determines the effective length KL
by multiplying the member length L by the buckling length coefficient K. The input fields K
and KL are interactive.

Lateral-torsional Buckling Possible
Table column H shows you for which members the program performs an analysis of lateral-
torsional buckling.

With the check box in the Possible table columns, you decide whether a member has a risk of
torsional-flexural and lateral-torsional buckling. When you have set the check, you can edit the
buckling lengths Lwand Lrin columns land J.

Moment Modification Factor a,,

The moment modification factor am can be calculated according to the options given in clause
5.6.1.1 of the standard. It is also possible to define this factor Manually.

Lateral Rotation Restraint Factor K,

The lateral rotation restraint factor depending on the arrangement of the restraint is given in
Table 5.6.3 (3) of the standard.

Member Type

Columns M and N define the restraint type of member segment according to clauses 5.6.1 and
5.6.2 of the standard: Beam or Cantilever. The member type is equal for all member segments.

Comment

In the last table column, you can enter user-defined comments for each member to describe,
for example, the selected equivalent member lengths.

Dlubal ——
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Below the Settings table you find the check box Set inputs for members No. If selected, the set-
tings entered afterwards will be applied to the selected or even to All members. Members can
be selected by typing the member number or by selecting them graphically using the [X\] but-
ton. This option is useful when you want to assign the same boundary conditions to several
members. Please note that settings that have been already defined cannot be changed subse-
quently with this function.

2.6  Effective Lengths - Sets of Members

This table appears only if at least one Set of Members has been selected for design in the table
1.1 General Data.

1.6 Effective Lengths - Sets of Members

A c [ b | E [T F 1T G [ #H T 1 [ 3 7 K | M [ N [ [4]
Set | Buckling Buckling About fods y Buckling About Axis z Lateral-Torsional and Torsional-Fexural Buckling Member Type
Ho. | Possible | Possible Ky | KyL[m] Possible | Kz | KzL[m] | Possible Lw[m] | Lt[m] otm Kr Typeyy | Typezz Comment
1000 6000 1.000| 6000 6.000| 6.000|Figenvalue 564 100 Beam Beam
1.000| 12548 a 12548 | 12548 | Eigenvalue 564 | 1.00 Beam Beam
1.000| 12548 (O 12548 | 12.548 | Eigenvalue 5.64 | 1.00 Beam Beam
1.000| 6546 1.000| 6546 6.546| 6546 Eigenvalue 564 | 1.00 Beam Beam
1000 7.094 1.000| 7.094 7.054 | 7.094 | Eigenvalue 564 | 1.00 Beam Beam
E &)@ & (@]
Settings - Set of Members No. 1 HE & 200 DIM 1025-3:1994
B Set of Members
Cross-Section
Length L
Buckling Possible
= Buckling About Major Axis y Possible
Effective Length Factor Ky
Effective Length Kyl 6.000 | m
] Buckling About Minor Axs z Possible
Effective Length Factor Kz 1.000 =
Effective Length KL 6.000 [m 3 >
[ Lateral-Torsional Buckling Possible B &
LTB Length Lw 6.000 |m
Torsional Length Lt £.000 | m
om Eigenvalue 5.6. d
Kr 1.00 r
£ Member Type =
Typeyy Beam
Type zz Beam
Comment
Set inputs for sets No: [mim]

a @] &

Figure 2.16: Table 1.6 Effective Lengths - Sets of Members

This table's concept is similar to the one in the previous table 1.5 Effective Lengths - Members.
In this table, you can enter the effective lengths for the buckling about the two principal axes
of the set of members as described in chapter 2.5.
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2.7

This table is displayed when you have chosen at least one set of members for the design in ta-
ble 1.1 General Data. Table 1.7 is not available if in the dialog box Details, tab Stability (see Fig-
ure 3.2, page 29) the Member-like input has been selected for sets of members. In this case, you
can define the lateral intermediate supports by division points in table 1.4.

Nodal Supports - Sets of Members

1.7 Nodal Supports - Set of Members Mo, 2

[CA T B [ C E [ F [ 6 T H T I -
Support | Node Support Lat. Support Rotational Restraint Warping Eccentricity
No Mo Raotation B[] uy i feNm/rad] oz Restraint & ex [mm] ez [mm] Comment
13 0.00 [m] [m] 0.0 00
2 I 0.00 a a 00 1500
3 =
4
5
6
7
[
9
10 -
2 ENERENEY
Settings - Node Support No. 16
[ Set of Members
B Member 13
Start
End
Member 14 - Cross-Section
Member 15 - Cross-Section

Node with Support
Support Rotation
Lateral Support in Y
Restraint About X'
Restraint About Z
Warping Restraint
Eccentricity
Eccentricity
Comment

No.

Uy
9
oz

ex
eZ

[ Set inputs for supports Mo,
4 e&E

Figure 2.17: Table 1.7 Nodal Supports - Set of Members

To determine the critical factor for lateral-torsional buckling, a planar framework is created
with four degrees of freedom for each node which you have to define in table 1.7. This table
refers to the current set of members (selected in the add-on module's navigator on the left).

The orientation of axes in the set of members is important for the definition of nodal supports.
The program checks the position of the nodes and internally defines, according to Figure 2.18
to Figure 2.21, the axes of the nodal supports for table 1.7.

X

Figure 2.18: Auxiliary coordinate system for nodal supports - straight set of members

If all members of a set of members are lying in a straight line as shown in Figure 2.18, 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.
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M+

Figure 2.19: Auxiliary coordinate system for nodal supports - set of members in vertical plane

If members of a set of members are not lying in a straight line, they must at least lie in the
same plane. In Figure 2.19, they are lying in a vertical plane. In this case, the axis X' is horizontal
and aligned in direction of the plane. The axis Y' is horizontal as well and defined perpendicu-
lar to the axis X'. The axis Z'is directed perpendicularly downwards.

Figure 2.20: Auxiliary coordinate system for nodal supports - set of members in horizontal plane

If the members of a buckled set of members are lying in a horizontal plane, the axis X' is de-
fined parallel to the X-axis of the global coordinate system. Thus, the axis Y' is set in opposite
direction to the global Z-axis and the axis Z' is directed parallel to the global Y-axis.

vy
\

+
- z
Figure 2.21: Auxiliary coordinate system for nodal supports - set of members in inclined plane

Figure 2.21 shows the general case of a buckled set of members: The members are not lying in
one straight line but in an inclined plane. The definition of the axis X' arises out of the intersec-
tion line of the inclined plane with the horizontal plane. Thus, the axis Y' is defined right-angled
to the axis X' and directed perpendicular to the inclined plane. The axis Z' is defined perpendic-
ular to the axis X'and Y.
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2.8 Member End Releases - Sets of Members

This table is displayed only if you have selected at least one set of members for the design in
table 1.1 General Data. Here, you can define releases for members and sets of members that,
due to structural reasons, do not pass the locked degrees of freedom specified in table 1.7 as
internal forces. This table refers to the current set of members (selected in the add-on mod-
ule's navigator on the left).

f— Table 1.8 is not available if in the dialog box Details, tab Stability (see Figure 3.2, page 29) the
Member-like input has been selected for the sets of members.

1.8 Member End Releases - Set of Members No. 2 - b

[ A | B - | D [ E | F [ G
Release | Member Member Shear Release Momernt Release Warp Release
No. No. Side Vy Mt Mz lkNm/rad] Mo Comment
1 15 Start (] ] ] ]
[ 2 kR End [} a 15,000 [}
3

-

en

@

~

@

@

=

5% (&) (e
Settings - Member No. 13
[ Set of Members -
Member 1 - Cross-Section
El Member 3
Start
End

Member 4 - Cross-Section
Member 5 - Cross-Section
Member 6 - Cross-Section
Member 7 - Cross-Section

m

= Member 8 o
Start T My
End
Member 2 - Cross-Section
Member with Release at the End Na.
Member Side Side
Shear Release in y-Direction Wy O
Torsional Release Mt O
Moment Release about z-Ads Mz 15.000 | kNm/rad
Warping Release Mg O =
Setinputs for release Na.:
al @ = [«
Table 2.22: Table 1.8 Member Releases - Set of Members
Member In table column B, you define the Member Side to which the release should be assigned. You
SS‘de can also connect the releases to both member sides.
In the columns C to F, you can define releases or spring constants to align the set of members
Both model with the support conditions in table 1.7.
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Member
List of Members
Set of Members
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Direc-
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W

Beam Type

Beam |

Cantilever Start Free
Cartilever End Free

Deta
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2.9 Serviceability Data

This input table controls several settings for the serviceability limit state design. It is only avail-
able if you have set relevant entries in the Serviceability Limit State tab of table 1.1 (see chapter
2.1.2,page 11).

1.9 Serviceability Data

B [ € 1 D [ E | F [ G H
Set of Members Reference Length Direc- Precamber
No. Reference to Na. Manually L [m] tion wg [mm] Beam Type Comment

2 I} 37.096| y.z 0.0 Beam

2 Set of Members 5 O 25.000 ¥y.z 0.0 Beam

3 | Member 81 (] 606 vz 0.0 Beam

4 Member 82 7.094 ¥.7 0.0 Cartilever End Free

5 Member 83 6.546 y.Z 0.0 Cantilever End Free

€ | Member 15 [m] 6274 y.z 0.0 Beam

7 Member 16 O 6.274 v.z 0.0 Beam

8 Member 25 ] 6.274 Y.z 0.0 Beam

9 | Member 2% [m] 6274 y.z 0.0 Beam

=

12
13
14
15
16
17

=

@

]

=

E‘Rﬂ

2

E‘E

A

B

E‘E

Ell
32

Table 2.23: Table 1.9 Serviceability Data

In column A, you decide whether you want to apply the deformation to single members, lists
of members, or sets of members.

In table column B, you enter the numbers of the members or sets of members that you want to
design. You can also click [...] to select them graphically in the RFEM work window. Then, the
Reference Length appears in column D automatically. This column presets the lengths of the
members, sets of members, or member lists. If required, you can adjust these values after se-
lecting the Manually check box in column C.

Table column E defines 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).

A precamber w. can be taken into account by using entries specified in column F.

The Beam Type is of vital importance for the correct application of limit deformations. In table
column G, you can select the girder to be a beam or a cantilever and decide which end should
have no support.

The settings shown in the dialog box Details, tab Serviceability determine whether the defor-
mations are related to the undeformed initial structure or to the shifted ends of members or
sets of members (see Figure 3.3, page 31).
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3. Calculation

3.1  Detail Settings

@ Before you start the calculation by clicking [Calculation], it is recommended to check the de-
sign details. The corresponding dialog box can be accessed in all tables of the add-on module
@ by clicking [Details].

The dialog box Details contains the following tabs:
e Ultimate Limit State

e Stability
e Serviceability
e Other

3.1.1 Ultimate Limit State

Details ==
Utimate Limit State | Stabilty | Serviceabilty | Gther |
Options Cross-Section Manufacture
Plastic design acc. to 4.5and 8.4.3 (only |-sectionsf To calculate slendemess limits acc. to Tab. 5.2 or Tab. 624
. L . of general cross-section or cross-section without defined
Hlastic design (also compact cross-sections) manufacture plate elemerts use:

Elastic design (based on Von Mises stress)

@ St lieved
| Shear design of solid cross-sections ENEE R

| Shear buckling design of webs b
Use proportioning method acc. to 5.12.2 for cross-sections with ot fiiated
slender webs Coldformed
Use alttemative calculation acc.to 8.3and 8.4 Lightly welded longitudinalty
General elastic design of simple shear based on shear stress Heavy welded longitudinaly

Limit Internal Forces for Interaction
Allow design without influence of torsion if:

Tt/ 06fy £ (0.500 =

(2] =] (3] (8] (o8] ok | [ Cancel

Figure 3.1: Dialog box Details, tab Ultimate Limit State

Options
The Plastic design according to clause 4.5 can be used I-shape sections. When the conditions

described in clause 4.5 are satisfied, hot-formed doubly symmetric I-sections can also be de-
signed according to clause 8.4.3.
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Generally, cross-sections of the type “compact” are designed plastically. If you do not want to
perform a plastic design, you can activate the Elastic design for compact cross-sections.

The conservative general Elastic design is based on a stress analysis in stress points and the
VON MISES equivalent stresses. It can be useful for cross-section that have complicated shapes,
for members with torsional moments etc.

The Shear design of solid flat or round bars or Shear buckling design of webs is not required in
special cases. Those design options can be deactivated, if appropriate.

By default, the shear and bending interaction method is set according to clause 5.12.3. It is
possible to set the proportioning method according to clause 5.12.2 for cross-sections where
bending is assumed to be resisted only by the flanges.

The Australian standard offers alternative formulae for the compression and bending interac-
tion design of doubly symmetric I-sections and rectangular hollow sections. They can be used
to determine the cross-section capacity (clause 8.3) and member capacity (clause 8.4).

The conservative general elastic design based on shear stress analysis in stress points can be
activated, if appropriate.

Limit Internal Forces for Interaction

The Australian standard gives no exact procedure how the design of torsional moments is to
be handled. Therefore, RF-STEEL AS includes an option to ignore shear stresses due to torsion,
which makes it possible to design those cross-sections. The ratio of stress and shear strength
can be defined manually.

Cross-section Manufacture

According to the Commentary on the Australian standard [2], residual stresses should be tak-
en into account for the determination of element slenderness limits and cross-section types. In
this dialog section, the type of manufacture can be specified that is to be applied for general
and SHAPE-THIN cross-sections.
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3.1.2  Stability
Details (=2

| Ultimate Limit State | Stability |Ser\-'iceabil'rt3‘r | Cther |

Stability Analysis Setz of Members - Member-Like Input
| Use @ Do not use memberdike input

Use for all sets of members
Second Order Effects Acc. to 4.4 and 45

LUse only for straight sets of members

Use only for straight sets of members without intermediate restraints
{simple beams or cantilevers)

Bending about major y-axis

include effects from second order theory by

in

Bending about minor z-zds Welded | and H Sections Fabrications Acc. to 6.3.3

Include effects from second order theory by @ Rolled flange edges

increasing bending moment Flame-cut flange edges

Determination of factor Bm Limit Load for Special Cases

@cl 44223 Brm=-1.00 Cross-sections with compression and bending
cl. 4422 ) Bending moment diagrams. € || Do not consider small momerts and allow stability
design by 6.3 (Intended axial compression) if:
Structure Type Bending My [ & Msply < 0.0108
Swayy -y Mzl @ Mspiz < 001012
Swayz-z
) ) - Do not consider small compression forces and allow
Elastic buckling factor acc. to cl. 4.7.2 stability design acc. to 5.6 {bending without
e: |5.000 - compression) if:
Compression N @ Nsp £ 0.010[=

Lateral-torsional Buckling

Load application of positive transverse loads: Cross-sections with torsion

'@ On cross-section edge directed to shear center Limit shear stress for stabilty designs:
{e.q. top flange, destabilizing effect) Tt/ 0.6fy < 000

In shear center

On cross-section edge directed from shear center
{e.g. bottom flange, stabilizing effect)

@I @ III @I@ [1[:8 ] | Cancel

Figure 3.2: Dialog box Details, tab Stability

Stability Analysis
The check box Use controls whether to perform, in addition to the cross-section designs, a sta-
bility analysis. If you clear the check box, the input tables 1.4 to 1.8 will not be displayed.

Second Order Effects

You can Include the effects from second order theory according to clauses 4.4 and 4.5. When you
design, for example, a frame whose governing buckling mode is represented by lateral dis-
placement, you can determine the internal forces according to linear static analysis and in-
crease them with the appropriate factors. If you increase the bending moment, this does not
affect the flexural-buckling analysis according to [1], which is performed by using the axial
forces.

The Determination of factor Bm can be conservative according to clause 4.4.2.2 a) or approxi-
mate according to clause 4.4.2.2 b) by matching the distribution of the bending moment along
the member according to figure 4.4.2.2 in the Australian standard. The moment distributions
can be displayed via the [Info] button.

Structure Type

According to clause 4.4.2, the type of member is required for determination of moment ampli-
fication factor. The check boxes of this dialog section define whether there are Sway or braced
members in the model.

Additionally, the Elastic buckling factor A\ of whole frame (model) according to clause 4.7.2 can
be specified.
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Lateral-torsional Buckling

If transverse loads exist, it is important to define where those forces are acting on the cross-
section: Depending on the Load Application point, transverse loads can be stabilizing or desta-
bilizing, and in this way they can critically influence the ideal critical moment. These settings
have an effect on the determination of the load height factor K (see [1] table 5.6.3(2)).

Set of Members - Member-Like Input

The input of stability data of sets of members can be realised as member-like (table 1.6) or as
general (tables 1.7 and 1.8). It is recommended to apply the RF-STEEL AS design only for
straight sets of members. If the default Do not use member-like input is set, the support condi-
tions have to be defined in table 1.7 for all sets of members. The factors K; of table 1.6 will not
be used.

The option Use for all sets of members makes it possible to define all stability data for sets of
members in table 1.6 — analogically to table 1.5 for single members. In this case, tables 1.7 and
1.8 are not displayed. The factors K. and member types y-y and z-z as defined in table 1.6 are
used to determine the support conditions 3, uy, ¢x, ¢z and w.

It is possible to Use only for Straight Sets of Members the member-like input. Additionally, equal
cross-section parameters must apply. The factors K; as defined in table 1.6 are applied; tables
1.7 and 1.8 are not be displayed for straight sets. This option can be used e.g. for continuous
beams. Please note that the factor K: is identical for every segment or partial member of the
set.

The last option Use only to straight sets of members without intermediate restraints applies the
member-like input only to sets of members which have supports or restraints at their ends that
have been defined in RFEM. Thus, it is possible to design e.g. simple beams or cantilevers. The
connection of transverse beams to the intermediate nodes of the set is not accounted for,
however. Tables 1.7 and 1.8 are not displayed for straight sets that have no intermediate sup-
ports.

Welded | and H Sections Fabrications Acc. to 6.3.3

For the fabrication of welded | and H sections, rolled or flame-cut plates can be used. The
member section constant a, depends on the fabrication of the plates. It is given in table 6.3.3
of the Australian standard. The type of fabrication which is set in this dialog box applies to all
cross-sections of the design case.

Limit Load for Special Cases

To design unsymmetrical cross-sections for intended axial compression according to [1] 6.3, it
is possible to neglect small moments about the major and the minor axis by settings defined in
this dialog section.

In the same way, you can switch off small compression forces for the pure design of bending by
defining a limit ratio for N* to ®N;l.

Intended torsion is not clearly specified in AS 4100. If a torsional stress is available that is not
exceeding the shear stress ratio of 5 % preset by default, it is not considered in the stability de-
sign. In this case, the output shows results for flexural buckling and lateral-torsional buckling.

If one of the limits in this dialog section is exceeded, a note appears in the results table. No
stability analysis is carried out. Nevertheless, the cross-section designs are performed. These
limit settings are not part of the Australian standard. Changing the limits is in the responsibility
of the program user.
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3.1.3 Serviceability

Details (=2

Uttimate Limit State | Stabilty | Serviceabilty | Other

Deformation Related to

9

Undeformed system

Serviceability Limits (Deflections) Annex B

Combination of actions acc. to AS 1170.0. cl. 4

Cartilevers
Short term effects L/|360 = Le/ 180 :
Long temn effects L/ (200 $ Le /(100 $

Iil I@I m mlﬁl 0K | | Cancel

Figure 3.3: Dialog box Details, tab Serviceability

Deformation Related to

The option fields control whether the maximum deformations are related to the shifted ends
of members or sets of members (connection line between start and end nodes of the de-
formed system) or to the undeformed initial system. As a rule, the deformations have to be
checked relative to the displacements in the entire structural system.

Serviceability Limits (Deflections) Annex B

In this dialog section, the limit deformations can be checked and, if necessary, adjusted.
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3.1.4 Other

Details ==
Utimate Limit State | Stabilty | Serviceabilty | Other |
Cross-Section Optimization Display Result Tables
Max allowsable designi - /| 2.1 Design by Load Case
ratio: [1.000}S . )
| 2.2 Design by Cross-Section
Check of Member Slendernesses /12 3 Design by Set of Members
Members with ofimit /|2 4 Design by Member
~Tension only: EE +| 2.5 Design by x-Location
- Compression / flexure: 200 +/| 3.1 Goveming Intemal Forces by Member

| 3.2 Goveming Intemal Forces by Set of Members

3.3 Member Slendemesses

+/|4.1 Parts List by Member
|42 Parts List by Set of Members
@ Only for members / sets to be designed

Of all members / sets of members

Ill I@I Ill lﬁ“ﬁl 0K | | Cancel

Figure 3.4: Dialog box Details, tab Other

Cross-Section Optimisation

The optimisation is targeted on the maximum stress ratio of 100 %. If necessary, you can speci-
fy a different limit value in this input field.

Check of Member Slendernesses

The two fields allow for the input of limit values Aimit in order to define member slendernesses.
Itis possible to enter specifications separately for members with pure tension forces and
members with bending and compression.

In table 3.3, the limit values are compared to the real member slendernesses. This table is
available only after the calculation (see chapter 4.8, page 40 ) and if the corresponding check
box is selected in the dialog section Display Result Tables.

Display Result Tables

In this dialog section, you can select the results tables including parts list that you want to be
displayed. The tables are described in chapter 4 Results.

The table 3.3 Member Slendernesses is inactive by default.
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3.2  Start Calculation

To start the calculation, click the [Calculation] button that is available in all input tables of the
RF-STEEL AS add-on module.

RF-STEEL AS searches for the results of the load cases, load combinations, and result combina-
tions to be designed. If these cannot be found, the program starts the RFEM calculation to de-
termine the design relevant internal forces.

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

To Calculate @
Load Cases / Combinations / Module Cases | Result Tables |
Not Calculated Selected for Calculation
No Description o No Description -
MW LC7 | Live Load CAl RF-STEEL AS - Girders
IEM LC8 | Imperfections +X
[ imp Blec] Imperfections -Y
I LC10 | Imperfections +Y
coz2 1.35°LCT + 1.57LC2 + LCB
CO3 |1.35LC1+1.51C3+LCB
CO4  |1.351C1+151C7+LCB
Ccos5 LC1+1.57LC6 + LC8
CO6 |1.35°LC1+1.5°LC4 +LC10
CO7  |1.35LC1+1.51C5+LCo
CO8 [1.35°LC1 +1.35"LC2 + 1.35°LC4 =+ 1.35°L.C7 + LC10
CO3  |1.35°LC1+1.35°LC2 + 1.35°LC5 + 1.35°LCT + LC9
C012 |LC1+1C2+1C8
013 [LCT-LC3-1C8 3
CO14 |LC1+LC7+LCE
CO15 |LC1+LCE=+LCE
CO16 |LC1+LC4-LCI0
CO17 |LC1+LC5+LCH
CO18 |LC1+LC2+LC4+1C7+1C10
CO19 |LC1+LC2+LC5+LC7+LCY
RC1  |ULS
RC2 |5Ls
CAZ | RF-STEEL AS - Columns —
Al -

Figure 3.5: Dialog box To Calculate
If the RF-STEEL AS design cases are missing in the Not Calculated list, select All or Add-on Mod-
ules in the drop-down list at the end of the list.

To transfer the selected RF-STEEL AS cases to the list on the right, use the button [»]. Click [OK]
to start the calculation.

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

Table Options Add-on Modules Window Help
[T ||[E|E] | #a RF-STEEL AS CAL - Girders M Il AR =
-B-Q- G- -t EmREY- %@%mﬁﬂﬁm@-%- ® -

Figure 3.6: Direct calculation of a RF-STEEL AS design case in RFEM

Subsequently, you can observe the design process in a separate dialog box.
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Table 2.1 Design by Load Case is displayed immediately after the calculation.
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RF-STEEL AS - [Hall]
Eile Edit Settings Help

Input Data
General Data
- Materiels
- Cioss-Sections
- Lateral Intermediate Supports
- Effective Lengths - Members
- Effective Lengths - Sets of Men
£ Madal Supports
L. Get of members No. 1
Set of members No. 2
- Member End Releases

i Set of members No. 1
*. Set of members No. 2
Results
- Design by Load Case
- Design by Cross-Section
- Design by Set of Membsrs
- Design by Member
Design by Location
Governing Intemal Forces by M
Governing Intemal Forces by 51
Parts List by Member
Parts List by Set of Members

. i, b

2EE

CAl - Design of steel members ¢ « | 2.1 Design by Load Case

Caloulstion | [ Detaiks

Graphics

=
B C T 0 TEJ F [6]-
Load- Member | Location Design
ing Description No x [m] Ratio Design according to Formula Ds
[ | Utimate Limit Stats Design 3
Dead [oad T 3011 0.13 | < 1 333) Stabiity analysis - Bending about y/u-ads and compression ace. to 8.4.22
Snow Load 16 0.000 022 | <1 333) Stabiity analysis - Bending about y/u-ais and compression acc. to 8.4.22
Wind v +X 3 3011 0.04 | <1 105) Cross-section check - Bending abou y-as ace. to 5.1
Wind at peak v +Y 11 0.000 0.06 | < 1| 101) Cross-section check - Tension acc. to 7
Wind at peak v -Y 10 0.000 0.08 | < 1| 101) Cross-section check - Tension acc. to 7
Wind postive 15 0.000 0.05 | £ 1| 141) Cross-section cheok - Bending about y-ads and shear force ace. fo 5
Live Load 20 3125 0.02 | < 1| 105) Cross-section check - Bending about y-axis acc. to 5.1
87 30m 053 | = 1| 333) Stabilty analyss - Bending about y/u-aris and compression acc. to 8.4.22
87 EX 0.56 | < 1 333) Stabilty analyss - Bending about y/u-auts and compression acc. to 8.4.22 -
M 0521 @ & (= w (&) @) (%] (@
Details - Member 87 - x: 3.011 m- LC1 2 - IS 400/200/10M15i0
Material Values - Stes! 400 (Flats and Sections)
Cross-Section Values - 15 400/200/10/15/0
esign Intemal Forces
[ Cross-Section Type s
Effective Cross-Section Propetties T—T gl
B Design Ratio )
Beam Type BTy Beam ™ 0.0
Compression Axial Force: N 9.848 kN
Bending Momert Wy 50.141 khm =
Yield Strength fy 40.00 | kN/om?2 21 s ey
Nomiral Member Capacity Ne 434257 kN 63 N
Equivalert Moment Factor By -1.000 8422 .
Nomiral Section Capacity Msy 452335 kim 52 e
Nomiral Section Capacity Mry 451.045 | Kim 82 :
Nemiral Inplanc Capacity My 440,997 KkNm 84 .
Capacty Factor B 0.900 Tab.34 22
Design Ratio n 013 1 [g4z

[mm]

(&
ok Cancel

gl

Figure 4.1: Results table with designs and intermediate values

The designs are shown in the results tables 2.1 to 2.5, sorted by different criteria.

The tables 3.1 and 3.2 list the governing internal forces. Table 3.3 informs you about the mem-
ber slendernesses. In the last two results tables, 4.1 and 4.2, parts lists are displayed by mem-
ber and set of members.

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

Click [OK] to save the results. Thus you exit RF-STEEL AS and return to the main program.

Chapter 4 Results describes the different results tables one by one. Evaluating and checking
the results is described in chapter 5 Results Evaluation, page 44 ff.
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4.1  Design by Load Case

The upper part of this table offers a summery, sorted by load cases, load and result combina-
tions of the governing designs. Furthermore, the list contains ultimate limit state, serviceability
and stability design.

The lower part contains detailed information about the cross-section characteristics, analysed
internal forces, and design parameters for the load case selected above.

2.1 Design by Load Case

[ A [E [ ¢ 1 b TE -
Load- Member | Location Design
ing Description Mo x[m] Ratio Design acconding to Formula Ds A
Utimate Limit State Design 3
LC1 | Dead Load a7 3.011 0.13 | £ 1 333) Stabiliy analysis - Bending about y/u-axis and compression acc. to 8.4.2.2
LC2 | Snow Load 16 0.000 0.22 | = 1| 333) Stabilty analysis - Bending about y/u-axis and compression acc. to §.4.2.2
LC3 | Wind v +X 86 3011 D.04 | = 1| 105) Cross-section check - Bending about y-axis acc. to 5.1
LC4 | 'Wind at peak v =Y 11 0.000 0.05 | £ 1| 101) Cross-section check - Tension acc. to 7
LCE | Wind at peak v -Y 10 0.000 0.08 | £ 1| 101) Cross-section check - Tension acc. to 7
LCE | Wind posttive 16 0.000 005 | = 1| 141) Cross-section check - Bending about y-=¢s and shear force acc.to &
LCY | Live Load 20 3125 0.02 | £ 1| 105) Cross-section check - Bending about y-&xis acc. to 5.1
87 3m 0.59 | £ 1 [333) Stability analysis - Bending about y/u-axis and compression acc. to 8.4.2.2 |
87 3.011 0.56 | =1 333) Stabilty analysis - Bending about y/u-axis and compression acc. to 8.4.2.2 -
Mar: 05[<1@ 2, w (&) &) (5] (@)
Details - Member 87 - x: 3.011 m- CO1 2 - 1S 400/200/110M15/0

Material Values - Steel 400 (Fats and Sections)
Cross-Section Values - IS 400,/200/10/15/0
Deesign Intemal Forces

Cross-5ection Type

Effective Cross-Section Properties T—T zl
B Design Ratio =

Beam Type BTy Beam . 0.0
Compression fxdal Force N™ 34.981 | kN

Bending Moment M"y 217.835 | kNm -

Yield Strength Fy 40.00 | kN/em2 21 s

Mominal Member Capacity Nec 4342597 | kN 6.3 =

Equivalert Moment Factor By -1.000 8422 R .
Mominal Section Capacity M=y 452.355 | kNm 52 /_
MNominal Section Capacity Mry 447,597 | kNm 83 i
MNominal In-plane Capacity Miy 411.908 | kNm 84 o
Capacity Factor & 0.300 Tab. 3.4 ZEEE

Design Ratio n 0.5% 21 842

[mm]

(R (] (@)

Figure 4.2: Table 2.1 Design by Load Case

Description

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

Member No.

This column shows the number of the member that bears the maximum stress ratio of the
designed loading.

Location x

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

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

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

e Extreme values of internal forces

Design
Columns D and E display the design conditions according to AS 4100-1998.

The length of the coloured scale represents the respective stress ratio.
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Design according to Formula

This column lists the code's equations by which the designs have been performed.

DS

The final column contains information about the respective design-relevant design situation
(DS): ULS (ultimate limit state) or one of the two design situations for serviceability (Short Term
Effects, Long Term Effects) according to the specification in table 1.1 General Data (see Figure
2.4, page 11).

4.2  Design by Cross-Section

2.2 Design by Cross-Section

AT & T €[ b T¢ .
Section | Member | Location Load Design
Ne. Mo % [m] Case Ratio Design According to Formula
. 3011 o1 0.52| <1 [171) Cross-section check - Axal force. bending about y-as and shear force acc_to 5 ]~
Ma 088 1@ 2l = 2

Details - Member 86 - % 3.011 m- CO1 2 - 1S 400/200/10/15/0

Effective Cross-Section Properties -

(] Design Ratio
Pzl Force N -36.234 | kNm
Bending Moment My 210.667 | kNm
Shear Force V2 50.535 kN
Web Depth d 3700 mm 5112
Web Thickness tw 100 mm
Shear Area Az 3700.0 | mm2
Shear Reduction Factor Pz 1.000 5.12.3 200.0 -
MNominal Shear Yield Capacity Vaz 888.000 kN 5114 El
Shear Force Viy 0.007 | kN +
Shear Area Ay 6000.0 | mmZ 0
MNominal Shear Yield Capacity Viwy 1440.000 | kN 5114
‘field Strength 40.00 [ kN/em? 21 =]
Blastic Section Modulus Zy 13233000 | mm? s
Plastic Section Modulus Sy 14572500 | mm? 0.0
Yield Slendemess Limt s 40.000 P
Plasticity Slendemess Limit 30.000 E L
Slendemess Ratio 46.802 1
Effective Section Modulus Zey 1130850.0 | mm # v
Nominal Section Capacity Msy 452.395 [ kNm 52 e
Gross Area Ag 97000 mm2
Form Factor ke 0.545 6.22
Effective Aea [ 9162.3 | mm2
Nominal Section Capacity Ns 3664910 | kN
Nominal Section Capacity My 447.425 | kNm 83
Capacity Factor L3 0.500 Tab. 3.4
Design Ratio M1 0.52 1 83
Design Ratio nz 0.06 <1 [mm]
Dlesign Ratio n: 0.00 21 51

Design Ratio 1 0.52 =1 2

Figure 4.3: Table 2.2 Design by Cross-Section
This table lists the maximum ratios of all members and actions selected for design, sorted by

cross-section. The results are sorted by cross-section design, stability analysis and serviceability
limit state design.

If you have a tapered member, both cross-section descriptions are displayed in the table row
next to the section number.
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4.3  Design by Set of Members

2.3 Design by Set of Members

a1 B L c 1 1] [ E F o
Set | Member | Location Load Design
Nao. No x [m] Case Ratio Design According to Formula L
1 (Member No. 14,18.27.46,65.79.88.102) 1
14 1.000| LC6 0.00 | =1 100) Negligible intemial forces
102 0.000| CO2 0.01 | =1 102) Cross-section check - Compression acc. to 6
46 5647 CO15 0.04 | £ 1| 105) Cross-section check - Bending about y-ads acc. to 5.1
14 3000 LC4 0.01 | =1 106) Cross-section check - Bending about z-@ds acc. to 5.1
79 1.468| CO2 0.02 | < 1| 115) Cross-section check - Shearforce in z-=ds acc.to 5.11.4
14 0.000| LC1 0.00 | < 1| 126) Cross-section check - Shear buckling acc. to 5.11.5 - Shear force in z-axis
18 0000| COl5 0.09 | £1| 141) Cross-section check - Bending about y-axis and shear force acc. to 5
88 am co 0.28 | =1 [171) Cross-section check - Axial force, bending about y-axis and shear force acc.to 5
7 1631 Co2 0.02 | £1| 181) Cross-section check - Axial force, bending about z-axis and shear force acc.to 5 -
Max: 059 1@ F
Details - Wember 88 - x: 3.011 m- CO1 2 - IS 400/200/10/1 540
Material Values - Steel 400 (Fats and Sections) -
Cross-Section Values - |5 400/200/10/15/0
esion Intemal Forces
Cross-Section Type =0
Effective Cross-Section Properties T—T 2
(] Design Ratio rl
Puial Force N™ -19.505 | kNm 0.0
Bending Moment My 113.507 | kNm £
Shear Force Vz 28.145 | kN o
Web Depth d 370.0  mm 5112 S
Web Thickness 100 | mm =
Shear Area 37000 mmZ2 R .
Shear Reduction Factor 1.000 5123
Nominal Shear Yield Capacity 888.000 | kN 5114
Shear Force 0.000 kN ;
Shear Area 6000.0 | mm2 ZEEE
Nominal Shear Yield Capacity Viy 1440.000 | kN 5114
Yield Strength Fy 40.00 | kN/ecm? 21
Elastic Section Modulus Zy 1323300.0 | mm *
Plastic Section Modulus Sy 1457250.0 | mm 3 [mm]
Yield Slendemess Limit hey My 40.000
Plasticity Slendemess Limit e, My 30.000 -

Figure 4.4: Table 2.3 Design by Set of Members
This results table is displayed if you have selected at least one set of members for design. The
table lists the maximum 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 ratio for the individual design criteria.

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

Program RF-STEEL AS © 2013 Dlubal Engineering Software
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44  Design by Member

24 Design by Member
A B c_ [o -
Member |~ Location Load Design
No. x m] Case Ratio | Design According to Formula 3
8 Cross-section Mo. 1-15 450/200/12/20/0
2400 LC4 0.00 | 1| 100) Negligible intemal forces
0.000| COB 0.02 | =1 102) Cross-section check - Compression acc.to &
5.700 LC3 0.02 | £1 | 105) Cross-section check - Bending about y-axis acc. to 5.1
0.000| cCo2 0.03 | = 1| 115) Cross-section check - Shear force in z-axis ace. to 5.11.4
0.000 LC1 0.00 | £1 126) Cross-section check - Shear buckling acc. to 5.11.5 - Shear force in z-axis
6000 CO15 0.04 | =1 141) Cross-section check - Bending about y-axis and shearforce acc.to 5
;i §000| Co2 0.3¢ | =1 [T77) Cross-sechion check - Aial force, bending sbolt y-=es and shearforce acc. 1o 5
0000 CO2 0.02 | =1 302) Stability anatysis - Flexural buckling about y-axis acc. to 6.3
| | o000 cos 0.07 | £ 1| 306) Stability analysis - Flexural buckling about z-axis acc. to 6.3 -
Max 0591 @ E] (% (=] &)
Details - Member & - x: 5.000 m - CO2 1 - 1S 450/200/12/20/0
Material Values - Steel 400 (Flats and Sections) -
Cross-Section Values - 1S 450/200/12/20/0 B
esign Intemal Forces
Cross-Section Type FRR
Effective Cross-Section Properties g
B Design Ratio — s
Hxial Force N™ -57.267 | kNm s . 0.0
EBending Moment My 205.174 | kNm b
Shear Force V'z 33914 kN -
Web Depth d 410.0 | mm 5112 G ommme—omel
Web Thickness Fy 120 | mm = EEE
Shear Area Az 4920.0 | mm2 T
Shear Reduction Factor Pz 1.000 5123
MNominal Shear Yield Capacity Vawz 1180.800 | kN 5114 b oo
Shear Force vy 0015 [kN ‘
Shear Area Ay 8000.0 | mm2 ZEEE
Nominal Shear Yield Capacity Vg 1824000 | kN 5114
Yield Strength Fy.f 38.00 | kN/cm2 21
Yield Strength Fyw 40.00 | kN/em?2 2.1
Hastic Section Modulus Zy 1951060.0 mmi {mm]
Plastic Section Modulus Sy 2224300.0 | mm
Yield Slendemess Limi Ly 40,000 < = E]

Figure 4.5: Table 2.4 Design by Member

This results table presents the maximum ratios for the individual designs sorted by member
number. The columns are described in detail in chapter 4.1 on page 35.

4.5 Design by x-Location

2.5 Design by x-Location

A B c_I0 -
Member | Location Load Design
No = [m] Case Ratio Design According to Formula
1562 CO8 0.15 | £ 1| 171) Cross-section check - Adal force, bending about y-axis and shear force acc. to 5
1568 CO1 0.18 | =1 191) Cross-section check - Adal force. biaxial bending and shear force acc. to 5
1562 CO8 0.16 | £ 1| 333) Stability analysis - Bending about y/u-axis and compression acc.to 8.4.2.2 D
1568 CO1 0.09 | = 1| 344) Stability analysis - Biaxial bending and compression acc. to 8.4.5.1
1.793| LE7 0.00 | 1| 100) Negligble intemal forces
1.793| CO5 0.01 | = 1| 105) Cross-section check - Bending about y-=ds acc. to 5.1
1793 LC1 0.00 | 1| 126) Cross-section check - Shear buckling acc. to 5.11.5 - Shearforce in z-axis
1793 CO& 0.06 | = 1| 147) Cross-section check - Bending about y-zxis and shearforce acc.to 5
1793| CO8 0.16 | £ 1| 171) Cross-section check - Adal force. bending about y-ads and shearforce acc.to &
I 17| con 0.19 | £ 1 [197) Cross section check - Axal force, biasial bending and shearforce acc fo 5 -
M 05921 @ 8. Bl (% B
Details - Member 42 -x: 1.793 m- CO1 2 - 1S 400/20010M 510
Material Values - Steel 400 (Hats and Sections) -
Cross-Section Values - 15 400/200/10/15/0 W
esign Intemal Forces
Cross-Section Type oot
Effective Cross-Section Properties T—T s
= Design Ratio E — -
Axial Force N™ -33.803 | kNm 00
Bending Moment My 83.362 | kNm
Bending Moment Mz 0.245 | kNm -
Shear Force V2 14.184 kN - gl " >
Web Degth d 370.0 [ mm 5112 N vEes
Web Thickness tw 0.0 |mm R
Shear Area Az 3700.0 [mm? e
Shear Reduction Factor Pz 1.000 5123 o)
MNominal Shear Yield Capacity Vwz 888.000 | kN 5114 "
Shear Force Viy 0.047 kN ZLEE
Flange Width b 95.0 | mm 5112
Flange Thickness tf 15.0 | mm
Shear Area Ay 6000.0 | mm2
Shear Reduction Factor Py 1.000 5123 fmm]
Nominal Shear Yield Capacity Vwy 1440.000 | kN 5114
Yield Strengih fy 40,00 KN/em? 21 - BEE

Figure 4.6: Table 2.5 Design by x-Location
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This results table lists the maxima for each member at the locations x resulting from the divi-
sion points defined in RFEM:

e Startand 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 (RFEM dialog box
Calculation Parameters, tab Global Register Parameters)

e Extreme values of internal forces

4.6

3.1 Governing Internal Forces by Member

Governing Internal Forces by Member

E C D E F G H 1 o
Member | Location Load- Forces [kN] Moments fkNm]
No. x[m] ing M Vy Vz Mr My Mz Design According to Formula
Cross-section No. 15 - 15 250/250/10/15/0
M| 1500] coi3 63973 0.000 0.467 0000 ‘0250 0.000 | 100) Neglgile infemal forces
0000 CO2 417.393 -0.003 0.130 0.000 10.389 -0.009 | 102) Cross-section check - Compression acc. to &
0.150 LC3 -0.018 0.000 0.932 0.000 11.033 0.000 | 105) Cross-section check - Bending about y-ads acc.to 5.1
1200 LC5 0.000 0.01% 0.000 0.001 0.000 -0.607 | 108) Cross-section check - Bending about z-ads acc. to 5.1
0000 LC3 -0.018 0.000 0.992 0.000 77 0.000 | 126) Cross-section check - Shear buckling acc. to 5.11.5 - She
0ooo| LC3 -0.018 0.000 0.852 0.000 A7 0.000 | 141) Cross-section check - Bending about y-adis and shear forc
0.000( CO3 =15.210 0.000 1.599 0.000 12.083 0.001 | 171) Cross-section check - Auial force, bending about y-ais an
1350 CO7 -5.972 -0.038 0.002 0.001 0.003 -0.873 | 187) Cross-section check - Axial force, bending about z-axis an
0000 Co2 417.393 -0.003 0.130 0.000 40.38% -0.009 | 302) Stability analysis - Flexural buckling about y-adis acc. to 6.
nooo| coz -17.353 -0.003 0.130 0.000 40.389 -0.009 | 306) Stability analysis - Flexural buckling about 2-ads acc. to 6.
2 | Cross-section No. 15 - IS 250/250/10/15/0
3000| LC5 0.000 0.451 0.000 0.001 0.000 -0.252 | 100) Negligible irtemal forces
2250 CO9% 41357 0813 0.007 0.000 0.009 0.189 | 102) Cross-section check - Compression acc.to &
0.000 LC5 0.000 1691 0.000 0.001 0.000 2.980 | 106) Cross-section check - Bending about z-ads acc. to 5.1
0000 LC3 0.018 0.000 2.652 0.000 $7.334 0.000 | 126) Cross-section check - Shear buckling acc. to 5.11.5 - She
0000 LC3 0.018 0.000 2.652 0.000 7334 0.000 | 141) Cross-section check - Bending about y-axis and shear forc
0ooo| cot 50.067 -0.007 4520 0.000 -12.159 -0.034 | 171) Cross-section check - Axial force. bending about y-axis an
0.000( CO7 35.399 2363 0.003 0.001 0.003 4.052 | 181) Cross-section check - Aual force, bending about z-axis an
0000| CO4 49.461 0.001 0.832 0.000 2,755 0.004 | 302) Stability analysis - Flexural buckling about y-axds acc. to 6.
0.000| CO4 49.461 0.001 0.832 0.000 2.755 0.004 | 308) Stability analysis - Flesural buckling about z-axds ace. to 6.
0ooo| cot 50.067 -0.007 4520 0.000 -12.159 -0.034 | 333) Stability analysis - Bending about y/u-ads and compressiol
0.000( CO7 35.399 2363 0.003 0.001 0.003 4.052 | 337) Stability analysis - Bending about z-axis and compression
3 | Cross-section No. 12 - TO 80/80/5/5/5/5
0o00| LC5 -0.748 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
2500 co7 -1.085 0.000 0.000 0.000 0.502 0.000 | 105) Cross-section check - Bending about y-ads acc. to 5.1
0000| CO7 -1.055 0.000 0.401 0.000 0.000 0.000 | 11%) Cross-section check - Shear force in z-axs acc. to 5.11.4
0000 LSl 0.004 0.000 0.294 0.000 0.000 0.000 | 126) Cross-section check - Shear buckling acc. to 5.11.5 - She
4 | Cross-section No. 12 - TO 80/80/5/5/5/5
0000 LC4 -0.061 0.000 0.000 0.000 0.000 0.000 | 100) Negligible intemal forces
2500 CO% -0.153 0.000 0.000 0.000 0437 0.000 | 105) Cross-section check - Bending about y-axis acc.to 5.1 | ~

BEE R (e

Figure 4.7: Table 3.1 Governing Internal Forces by Member

This table displays for each member the governing internal forces that result in maximum
stress ratios in each design.

Location x

At this x location of the member, the respective maximum stress ratio occurs.

Load Case

This column displays the number of the load case, the load or result combination whose inter-
nal forces produce maximum stresses.

Forces / Moments

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

Design According to Formula

The final column informs you about the design types and the equations by which the designs
according to [1] have been performed.
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4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Farces by Set of Members

B = | D [ E F | G | H |
Set Location Load- Forces [kN] Moments [kkNm]
No x [m] ing N | Wy | Wz Mt | My ‘ Mz Design According to Formula
1 (Member No. 14,18,27.46,65,79,88,102)

1.000) LC6 2.500 0.000 1.493 0.000 1.483 0.000 | 100) Nedligible intemal forces
0.000 co2 -85.735 0.000 17.82% -0.003 0.000 0.000 | 102) Cross-section check - Compression acc. to 6
5647 CO15 -5.856 0.002 0.014 0.000 20.694 0.001 | 105} Cross-section check - Bending about y-axs acc. to 5.1
3000 LC4 0.000 0.001 0.000 0.005 0.000 1.797 | 106) Cross-section check - Bending about z-2xis acc to 5.1
1468 CO2 -18578 0.002 -16.282 0.001 -0.382 -0.003 | 115) Cross-section check - Shear force in z-ads acc. to 5.11.4
0000, L1 -31.485 0.000 -7.565 0.000 0.000 0.000 | 126) Cross-section check - Shear buckling acc. to 5.11.5 - Shear fi
0000 CO15 -6.813 -0.002 9.353 0.000 -35.294 0.000 | 141) Cross-section check - Bending about y-axis and shear force a
3.0 col -19.505 0.000 -28.145 0.001 -113.507 -0.003 | 171) Cross-section check - Axial force, bending about y-zds and st
1631 cCo2 -18708 -0.060 16.302 -0.002 -0.236 0.272 | 181) Cross-section check - Awial force. bending about z-axis and st
5700 CO8 -30.271 1.483 -16.594 0.008 -34.986 0.464 | 191) Cross-section check - Axial force, biaxial bending and shear fc
0.000, cCO2 -55.735 0.000 17.82% -0.003 0.000 0.000 | 302) Stabilty analysis - Aexural buckling about y-axis acc.to 6.3
0.000| cCo2 -55.735 0.000 17.829 -0.003 0.000 0.000 | 306) Stability analysis - Aexural buckling about z-axis acc. to 6.3
3.0m co1 -19.505 0.000 -28.145 0.001 -113.507 -0.003 | 333) Stability analysis - Bending about y/u-axis and compression ac
5700 CoO8 -30271 1.483 -16.554 0.008 -94.986 0.464 | 344) Stability analysis - Bizdal bending and compression acc. to 8.

2 (Member No. 12,17.26 .45,64.78.87.100)

5333 LC3 -0.167 0.000 -1.316 0.000 1.040 0.000 | 100) Negligible intemal forces

0000, LC5 7085 -0.013 0.885 0.005 0.251 -0.142 | 101) Cross-section check - Tension acc. to 7

0000 CO9 -80.451 0.002 31414 0.007 0.000 0.000 | 102) Cross-gection check - Compression acc. to &

6274 CO7 -0.780 -0.018 0.914 0.007 46.520 -0.079 | 105) Cross-section check - Bending about y-2xds ace. to 5.1

1.631| cCo2 -35.111 0.003 -32.055 0.001 -0.340 -0.004 | 115) Cross-section check - Shear force in z-ads ace. to 5.11.4
0o L& -26.749 0.000 -8.219 0.000 0.000 0.000 | 126) Cross-section check - Shear buckling ace.to 5.11.5 - Shear fi
5647 CO7 -0.851 0.M7 1725 0.007 45.692 -0.081 | 141} Cross-section check - Bending about y-axis and shear force a
3m co1 -34.981 -0.001 -49.897 0.001 -204.707 -0.003 | 171) Cross-section check - Axal force. bending about y-mds and st
2121| coz2 -33 550 -0.059 29.755 -0.001 0.197 0.299 | 181) Cross-gection check - Axial force. bending about z-axis and st
2510 Cco2 -33.016 0.051 15.258 -0.001 B4.221 0.230 | 191) Cross-section check - Axial force, bisdal bending and shear fc
0.000| CO3 -80.451 0.002 31414 0.007 0.000 0.000 | 302) Stability analysis - Flexural buckling about y-zds acc. to 6.3
0.000 COS -80.451 0.002 3414 0.007 0.000 0.000 | 206} Stability analysis - Fexural buckling about z-ads acc. to 6.3
3011 co1 -34.581 -0.001 -49.897 0.001 -204 707 -0.003 | 333) Stability analysis - Bending about y/u-axis and compression ac
2510 cCoz2 -33.016 0.051 15.258 -0.001 84.221 0.230 | 344) Stabilty analysis - Biaxial bending and compression acc. to 8.

&E

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

This table contains the internal forces that result in the maximum ratios within the design of
each set of members.

4.8 Member Slendernesses

3.3 Member Slendernesses

B c I ] I E F I G I H I -
Length Major Audis y Minar Auds z
Under Stress L [m] ky H iy [mm] y[H k21 iz [mm] kz[]

Compression ,/ Flesure 3.000 1.000 107.7 27.845 1.000 635 47.263
2 Compression / Flexure 3.000 1.000 1077 27.843 1.000 63.5 47.263
3 Ce ion // Flexurs 5.000 1.000 30.7 162.938 1.000 307 162.938

4 Compression / Flexure 5.000 1.000 307 162.938 1.000 307 162.938 =
5 Ce ion // Flexurs 3.000 1.000 1843 16.275 1.000 455 65.961
6 Compression / Flexure 3.000 1.000 1843 16.275 1.000 455 65.961
7 Ce ion // Flexurs 5.000 1.000 30.7 162.938 1.000 307 162.938
8 Compression / Flexure 6.000 1.000 1843 32.550 1.000 455 131.922
9 Ce ion // Flexurs 5.000 1.000 30.7 162.938 1.000 307 162.938
12 Compression / Flexure 6.000 1.000 1843 32.550 1.000 455 131.522
13 Ce ion // Flexurs 5.000 1.000 30.7 162.938 1.000 307 162.938
14 Compression / Flexure 6.000 1.000 1843 32.550 1.000 455 131.522
15 Ce ion // Flexurs 3.0 1.000 1652 18.231 1.000 454 66.267
16 Compression / Flexure 3.0m 1.000 1652 18.231 1.000 454 66.267
17 Ce ion // Flexurs 3.0 1.000 1652 18.231 1.000 454 66.267
18 Compression / Flexure 3.0m 1.000 1652 18.231 1.000 454 66.267
15 Ce ion // Flexurs 6.274 1.000 107.7 58.240 1.000 635 98.841
20 Compression / Flexure 6.250 1.000 188.0 33.251 1.000 47.0 133.049
21 Ce ion // Flexurs 6.250 1.000 188.0 33.251 1.000 47.0 133.045
24 Compression / Flexure 3.262 1.000 1652 18.751 1.000 454 71733
25 Ce ion // Flexurs 3.262 1.000 1652 19.751 1.000 454 71.793
26 Compression / Flexure 3.262 1.000 1652 18.751 1.000 454 71.793
27 C 1/ Flesure 3.262 1.000 1652 19.751 1.000 454 71.793
28 Compression / Flexure 3.546 1.000 1233 27.432 1.000 63.5 55.865
25 C 1/ Flesure 3.000 1.000 1293 23.208 1.000 635 47.263
30 Compression / Flexure 5.000 1.000 307 162.938 1.000 307 162.938
3 C 1/ Flesure 5.000 1.000 30.7 162.938 1.000 307 162.938
32 Compression / Flexure 3.546 1.000 362 41.123 1.000 52.1 68.012
3 C 1/ Flexure 3.000 1.000 362 34791 1.000 521 57540

34 Compression / Flexure 5.000 1.000 307 162.938 1.000 307 162.938 i

Members with compression [ flexure:

Ma Kyl i ryc 162938 =200 @
M Hel i re 162938 =200 @ E .

Figure 4.9: Table 3.3 Member Slendernesses

I Program RF-STEEL AS © 2013 Dlubal Engineering Software




A AN
- —

4 Results
Dlubal
Engineering Software
" Detals. This results table is shown only if you select the respective check box in the dialog box Details,

tab Other (see Figure 3.4, page 32).

" Detals The table lists the effective slendernesses of the designed members for both directions of the

principal axes. They were determined depending on the type of load. At the end of the list, you
find a comparison with the limit values that have been defined in the Details dialog box, tab
Other (see Figure 3.4, page 32).

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

This table is displayed only for information. No stability design of slendernesses is intended.

4.9 Parts List by Member

Finally, RF-STEEL AS Cross-sections provides a summary of all members that are included in the
design case.

4.1 Parts List by Member

L A 00000 | B c D E | F G H | |
Part Cross-Section Number of Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
No. Description Members [m] [m] mZ] m3] [kg/m] [ka] ]
P15 - 1S 250/250/10/15/0 | 4 3.00 12.00 1776 0.12 7615 22844 0514
2 12 - TO B0/BO/5/5/5/5 25 5.00 125.00 40.00 0.19 11.78 58.88 1472
3 |1-15 450/200/12/20/0 1 3.00 12.00 2011 0.16 10142 30427 1217
4 |1-15 450/200/12/20/0 5 600 36.00 60.34 047 10142 50853 3651
5 13 - Circle 24 4 8 N2 236 0.m 355 27T 0.1
6 | 2-15 400/200/10/15/0 g 30 2408 33.06 0.23 7615 22530 1.834
7 |7-15 250/250/10/15/0 4 627 2510 37.14 0.24 7615 4777, 1511
8 9- 15 450/200/10/20/0 8 625 50.00 8400 061 5499 593.66 4745
5 |13-Ccle 24 8 202 6412 434 0.03 355 2845 0.228
10| 2-15 400/200/10/15/0 g 326 2610 4124 0.5 7615 24842 1587
ifil 6 - 15 300/250/10/18/0 2 355 709 1.2 0.08 5137 324M 0648
12 6 - 15 300/250/10/18/0 3 3.00 9.00 1422 0.10 5137 27412 0.822
13| 10- 1S 200/200/8/15/0 2 355 7.08 840 0.05 57.7 204 87 0.410
14 10 - 1S 200/200/8/15/0 3 3.00 9.00 10.66 0.07 57.78 17333 0.520
15 6 - 1S 300/250/10/18/0 2 6.55 13.09 2069 0.15 51.37 598.13 1.196
16| 2-15 400/200/10/15/0 g 627 50.15 79.30 045 7615 4777 1822
17_|6-15 300/250/10/18/0 1 409 408 647 0.05 9137 37408 0.374
18 10 - 1S 200/200/8/15/0 1 409 409 485 0.03 577 23653 0237
19 |[6-15 300/250/10/18/0 1 709 7.05 1.2 0.02 9137 54821 0642
Sum 102 51646 51284 341 26752
EVIENED
Figure 4.10: Table 4.1 Parts List by Member
r—— 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
3.4, page 32).
Part No.

The program automatically assigns item 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.
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Length

This column displays the respective length of an individual member.

Total Length

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

Surface Area

For each part, the program indicates the surface area related to the total length. The surface
area is determined from the Surface Area of the cross-sections that can be seen in tables 1.3
and 2.1 to 2.5 in the cross-section information (see Figure 2.10, page 16).

Volume

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

Cross-Section Mass

The Cross-Section Mass is related to the length of one meter. For tapered cross-sections, the
program averages both cross-section properties.

Mass

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

Total Mass

The final column indicates the total mass of each part.

Sum

At the bottom of the list, you find a summary of the summed up values of column B, D, E, F,
and |. The last data field of the column Total Mass gives information about the total amount of
steel required.
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4.10 Parts List by Set of Members

4.2 Parts List by Set of Members

Y B | c [ D [ E [ F [ G [ H [ |
Part Set of Members Mumber Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
Ne. Description of Sats [m] [m] mZ] m3] [ka/m] kal il
[ 1 : 2 3710 7419 11953 0.80 8432 312797 6.256
Sum 2 7419 11953 0.80 6.256

Figure 4.11: Table 4.2 Parts List by Set of Members

The last results table is displayed if you have selected at least one set of members for design.
The table summarises an entire structural group (for example a horizontal beam) in a parts list.

Details on the various columns can be found in the previous chapter. If different cross-sections
are used in the set of members, the program averages the surface area, the volume, and the
cross-section mass.
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5. Results Evaluation

You can evaluate the design results in various manners. The buttons below the first table part
can be helpful for the evaluation process.

2.4 Design by Member

[ A T B T C [D -
Member | Location Load Design
Na. x [m] Case Ratio Design According to Formula
61 | Cross-section No. 2 - IS 400,/200/10/15/0
0627 LC3 0.00 | = 1| 100) Negligible intemal forces
5378 LC5 0.00 | £ 1| 102) Cross-section check - Compression acc. to §
0.000| CO6 0.09 | = 1| 105) Cross-section check - Bending about y-axds acc. to 5.1
0.000| cCo2 0.00 | £ 1| 126) Cross-section check - Shear buckling ace. to 5.11.5 - Shearforce in 2-axis
0.896| CO6 0.09 | £ 7 | 141} Cross-section check - Bending about y-axis and shear forcs acc. to &
0627 CO2 024 | <1 171) Cross-section check - Axial force, bending about y-axis and shear force acc.to 5
5.378 LCS 0.00 | £1 | 302) Stability analysis - Flexural buckling about y-axis acc. to 6.3
5.378 LCS 0.01 | =1 | 306} Stability anatysis - Flexural buckling about z-axis acc. to 6.3
[ 087 co2 0.25 | £ 1 [333) Stability analysis - Bending about y/U-ais and compression acc. to 8.4.22 ] -
L | |0 ) g

Details - Member 61 - x: 0.627 m- CO2

Material Values - Steel 400 (Fats and Sections)
Cross-Section Values - 15 400/200/10/15/0
Design Intemal Forces

Cross-Section Type

Effective Cross-Section Properties T—T gl
Bl Design Ratio —1

2 - 1S 400/200/110M 510

Beam Type BTy Beam S oo
Compression Axial Force N 33.961 | kN

Bending Moment My 115.354 | kNm -

Yield Strength Fy 40.00 | kN/em? 21 E]

Nominal Member Capacity Ne 817.369 | kN 63 N

Equivalent Moment Factor By -1.000 8422

Nominal Section Capacity Mey 529.322 | kNm 52

MNominal Section Capacity Mry 523.872 | kNm 83 .
Nominal In-plane Capacity Miy 504.885 | kNm 34 +
Capacity Factor * 0.500 Tab. 3.4 ZE£E
Design Ratio 0.25 =1 842

[mm]

Figure 5.1: Buttons for results evaluation

The buttons are reserved for the following functions:

Button Description Function

Ultimate Limit State
Designs

Turns on and off the results of the ultimate limit
state design

Serviceability Limit State
Designs

Turns on and off the results of the serviceability
limit state design

Show Colour Bars

Turns on and off the coloured reference scales in
the results tables

Show Rows with Ratio > 1

Displays only the rows where the ratio is more
than 1, and thus the design is failed

Result Diagrams

Opens the window Result Diagram on Member
— chapter 5.2, page 47

Excel Export

Exports the table to MS Excel / OpenOffice
— chapter 7.4.3, page 58

o

Member Selection

Allows you to graphically select a member to
display its results in the table

ONEHESIEI

View Mode

Jumps to the RFEM work window to change the
view

Table 5.1: Buttons in results tables 2.1 to 2.5
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5.1 Results in the RFEM Model

To evaluate the design results, you can also use the RFEM work window.

RFEM background graphic and view mode

The RFEM work window in the background is useful for finding the position of a particular
member in the model: The member selected in the RF-STEEL AS results table is highlighted in
the selection colour in the background graphic. Furthermore, an arrow indicates the member's
x-location that is displayed in the selected table row.

[~

RF-STEEL AS - [Hall]
File Edit Settings Help

CAl - Design of steel members ¢ v| 2.4 Design by Member

Input D ata [ A [ B | C [D
- General Data Member | Location Load Design
- Materials No. x[m] Case Ratio Design According to Fom
- Cross-Sections |59 | Crosssection No. 2- 1S 400,/200/10/15/0
- Lateral Intermediate Supports po00| LC3 0.00 | £ 1| 100) Negligible intemal forces
- Effective Lengths - Members 5960| CO3 0.01 | = 1| 102) Cross-section check - Compression acc. to &
- Effective Lengths - Sets of Men 6274| LC3 0.02 | = 1| 105) Cross-section check - Bending about y-ads ace. to 5.1
=+ Modal Supparts 5960 CO3 0.01| =1 115) Cross-section check - Shear force in z-2ds acc. to 5.11.4

et of members No. 1 0.000| LC1 0.00 | £ 1| 126) Cross-section check - Shear buckling acc. to 5.11.5 - Shear force in z-
- Set of members Mo, 2 l:l 1793 CO2 0.16 | £1 [171) Cross-section check - Axal force, bending about y-axis and shear force

Member End Releases 5560 CO3 0.01 | = 1| 302) Stability analysis - Flexural buckling about y-zds acc. to 6.3

- Set of members No. 1 5960 | CO3 0.04 | £ 1| 306) Stability analysis - leseural buckling about z-ads acc. to 6.3

et of members Mo, 2 1793 Co2 0.18 | = 1| 333) Stability analysis - Bending about y/u-axis and compression acc. to 8.4
- Serviceability D ata
Results Max: 059/ =1 @ E
Design by Load Case
Design by Cross-Section Details - Member 59 - x: 1.793 m- CO2

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

In case you cannot improve the display by moving the RF-STEEL AS module window, click
[Jump to Graphic] to activate the View Mode: The program hides the module 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 add-on module RF-STEEL AS.

RFEM work window

The ratios can also be checked graphically in the RFEM model. Click [Graphics] to exit the de-
sign module. The ratios are displayed in the RFEM work window like internal forces of a load
case.

In the Results navigator of RF-STEEL AS, you can choose which design ratios of the ULS or SLS
analyses are to be displayed graphically.

To turn the display of design results on or off, use the [Show Results] button known from the
display of internal forces in RFEM. To display the result values, use the toolbar button [Show
Values] to the right.

As the RFEM tables are of no relevance for the evaluation of design results, you can hide them.

Program RF-STEEL AS © 2013 Dlubal Engineering Software
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RF-3TEEL AS CA1 - Girders [*

LC1 - Seffweight |>\§

LC2 - Snow

RC1 - Extreme design val.
RF-STEEL AS CA1 - Girders

RF-STEEL AS CA2 - Columns

RF-STEEL AS

Engineering Software

The design cases can be set by means of the list in the RFEM menu bar.

The graphical representation of the results can be controlled in the Display navigator by

selecting Results — Members. The display of ratios is Two-Coloured by default.

Project Navigator - Display x
E-[¥]5 Model A
BEE Results

-] E Result Values
----- [ Title Info =

..... [ Max/Min Info

[-[B] [ Deformation

=T

..... ® [ Two-Colored

..... O with Diagram

----- O[S Without Diagram

..... O[S Cross-Sections

----- [ Result Diagrams Filled

..... [#][F Hatching

..... IS AllValues

----- [1[F Display Hidden Result Diagram
----- [JJFS Reverse Results V-y and V-z

----- [JJF Results on Couplings

..... [I[E Transparent S

ﬁData @Display Aviews O Results

Figure 5.3: Display navigator: Results — Members

In case of a multicolour representation (options With/Without Diagram or Cross-Sections), the
colour panel is available, providing common control functions. The functions are described in

detail in the RFEM manual, chapter 3.4.6.

A
th1 Panel
003 Jonn i Max
£ 005 004 I 004 Dezign Ratio [-]
I 400z
000420 — o U“
i ® —32 003 e 100
i 003 024 u a5 i LED
003 ‘\ o0 u 03 . 0.04 0.80
/ ols O g _ 0.0 0 a3 -r\ 023 070
Project Navigator - Display X hgos o’ m 2%
‘ . 0.03 U 37 050
=[] [ Results - 0.40
- [ Result Values ﬂ..?ﬂ
----- [ Title Info D.Zﬂ
----- [ Max/Min Info 0.10
- [B] [ Deformation F 0.00
- [E [ Members
..... O Two-Colored Max © 0.90
----- (O with Diagram Min : 0.00
..... @ [ without Diagram
..... (O Cross-Sections RF-STEEL AS
----- [ Result Diagrams Filled
[INH .
----- [#][F Hatching
..... O AlValues 003,y
b Y [ S S 8 [1[F Display Hidden Result Diagrar 0.26 3
| play 9
{0 [ Reverse Results V-y and V-z I N 026 l
A 21 [ T S 1 Results on Couplings 002 =
----- [ Transparent @ 4
=-[E % Guide Objects o TT— 07
[ B—T 3 T
ﬁData @Display ,ZiViews  Results

Figure 5.4: Design ratios with display option Without Diagram

The graphics of the design results can be transferred to the printout report (see chapter 6.2,

page 50) by clicking the panel button [RF-STEEL AS].
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5.2  Result Diagrams

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

To do this, select the member (or set of members) in the RF-STEEL AS results table by clicking
in the table row of the member. Then open the dialog box Result Diagram on Member by click-
ing the button shown on the left. The button is at the bottom of the upper results table (see
Figure 5.1, page 44).
The result diagrams are available in the RFEM graphic. To display the diagrams, click

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

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

= Result Diagram on Member = x
Members No.: &7 - > B i | B & 2L [E >
|| %5 | RF-STEEL AS CA1 - Girder = €
0.000 0.500 1.000 1.500 2.000 2.500 3011 m
av.. L O O A B Y S SO RO L) x 29175 m]  [V] Fixed
5 3MET>
Design [-] Design -
X Design
[m] 5
_ -— 0.000 023 = |-
0.502 030 1
1.004 036 |E
! 1.004 0.36
| g 1.506 043
« » N 1.656 045
Resul 4 p 2.008 051 ~| -

Beginning X,¥,Z: 22.0, -50, 63 m End X,¥,Z: 25.0,-5.0, 6.0 m Order: 87| .:

Figure 5.5: Dialog box Result Diagram on Member

Use the list in the toolbar above to choose the relevant RF-STEEL AS design case.

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

The RF-STEEL AS results tables allow you to sort the results by various criteria. In addition, you
can use the filter options described in chapter 9.9 of the RFEM manual to evaluate the design
results graphically.

You can use the option Visibility also for RF-STEEL AS (see RFEM manual, chapter 9.9.1) to filter
the members in order to evaluate them.

Filtering designs

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

View — Control Panel (Colour Scale, Factors, Filter)
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 (Colour spectrum). As this register is not available for the

two-coloured results display, you have to use the Display navigator and set the display options
Coloured With/Without Diagram or Cross-Sections first.

045

054 102

I ax
il Dresign Ratio [-]
1.05
1.00
Project Mavigator - Display b4 g:;
2[5 Model i 085
i [ Resuits 0.80
- (][] Result Values 075
----- [#][F Title Info 0.70
----- VI Max/Min Info L 0.65
[]---DE Deformation 1 D60
[—]DE Members 055
: 0.50
@[ With Diagram
O[F Without Diagram Max : 1.05
O Cross-Sections Min : 0.00
[#][F Result Diagrams Filled
O o
I3 Al values
----- [1JF Display Hidden Result Diagram -
EaData é"Display ,ZjViews D Results

&
s

Figure 5.6: Filtering design ratios with adjusted colour spectrum

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

If you select the option Display Hidden Result Diagram in the Display navigator (Results —
Memobers), you can display all stress ratio diagrams that are not covered by the colour spectrum.
Those diagrams will be represented by dotted lines.
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Filtering members

manual, chapter 9.9.3.

Show diagrams for

Project Navigator - Display
@-[v]E Model
BEE Results
(- [w] [ Result Values
..[#] [ Title Info
-] [ Max/Min Info
[]---DE Deformation
(=8| E Members
- O Two-Colored
-(OJF With Diagram

@E Cross-Sections

-[w][ Hatching
[ AlvValues

q [ [T

OE Without Diagram

-[_1[F Result Diagrams Filled

m

3

ﬁData é"Display Aviews © Results

| members Nou:

—_—
—_— 28
—_—

"

)

Figure 5.7: Member filter for the stress ratios of a hall frame

the model but are shown without design ratios.
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In the Filter tab of the control panel, you can specify the numbers of particular members to
display their results exclusively, that is, filtered. This function is described in detail in the RFEM

Unlike the partial view function, the model is now displayed completely in the graphic. The
figure above shows the design ratios of a hall frame. The remaining members are displayed in
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6. Printout

6.1  Printout report

Similar to RFEM, the program generates a printout report for the RF-STEEL AS results, to which
graphics and descriptions can be added. In the printout report, you can select the data from
the design module to be included in the printout.

‘/_\51 The printout report is described in the RFEM manual. In particular, chapter 10.1.3.4 Selecting
Data of Add-on Modules provides information concerning the selection of input and output da-
ta in add-on modules for the printout.

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

6.2  RF-STEEL AS Graphic Printout

In RFEM, every picture that is displayed in the work window can be included in the printout re-
port or send directly to a printer. Thus, the design ratios displayed in the RFEM model can be
prepared for the printout, too.

g The printing of graphics is described in the RFEM manual, chapter 10.2.

Designs in the RFEM model
I .h_-; I To print the currently displayed graphic of the design ratios, click
= File — Print Graphic

or use the toolbar button shown on the left.

9

™ File Edit View Insert Calculate Results Toals

299& i:;—;’ Bl F3aR
| ./ ;'; - :J ™ | 4 Print Graphic |1 ~ o i~ N

Figure 6.1: Button Print Graphic in RFEM toolbar

Result Diagrams

I "“'_.Z'll You can also transfer the Result Diagram on Member to the report by using the [Print] button. It
b is also possible to print it directly.

P Result Diagram on Member
Members No.: 38 - > N | iliga| B2 C'{ Q = Lg -
|[E] |5 | RF-STEELAS CAL - Girder = < B ar—
Navigator 1 X 0.000 0. Ei':() '.CI').J '.Ei{)I) 2.-:|-:>: 2.5;:-:) 3.-:|-:-3 3 EiCO
TR BT [ P [ [ [ P [ [ I
- [] Design 238
=-[¢] Ultimate Limit State Design [-]

Figure 6.2: Button Print Graphic in the dialog box Result Diagram on Member
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Remove from Printout Report

Start with New Page

Selection...

Properties... L\\)

The following dialog box opens:

Graphic Printout @
General | Options I Color Spectrum I Factors |
Graphic Picture Window To Print Graphic Size
() Directly to a printer.. = (@) Cument onfy () As screen view
@ To a printout report: More.... @ Window filing
() Ta the Clipboard () Mass print... ) Toscale 1: 100 =
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
() Use whole page height S .
[ Lock graphic picture {without update)
(@ Height: 53| [% of page]
Show printout report on [OK]
Rotation: 0 I
Header of Graphic Picture
RF-STEEL AS - Design Ratio, CA1, lsometric
ok | [ cancel

Figure 6.3: Dialog box Graphic Printout, tab General
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This dialog box is described in the RFEM manual, chapter 10.2. The RFEM manual also de-

scribes the Options and Colour Spectrum tab.

A graphic can be moved 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

navigator of the printout report. The option Properties in the context menu opens the dialog
box Graphic Printout, offering various options for adjustment.

Graphic Printout @
| General | Options |COI0r Spectrum I Factors|

Script Symbols Frame

() Proportional @ Proportional () None

() Constant @ Framed

Factor: 1= Factor: 1= [ Title b

Print Quality Color

() Standard (max 1000 1000 Pixels) () Grayscale

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

@ Userdefined @ Al colored

Max number of picels: 1000 =

ok | [ cancel

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

The final 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 the design: In this way, you can combine groups
of structural components or analyse members with particular design specifications (for exam-
ple changed materials, partial safety factors, optimisation).

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

To calculate a RF-STEEL AS design case, you can also use the load case list in the RFEM toolbar.

Create a New Design Case
To create a new design case, use the RF-STEEL AS menu and click

File - New Case.

The following dialog box appears:

New RF-STEEL AS Case (=23
No. Description
2 Design of steel members according to AS -
@ [ ok ][ cancel

Figure 7.1: Dialog box New RF-STEEL AS-Case
In this dialog box, enter a No. (one that is still available) for the new design case. The corre-
sponding Description will make the selection in the load case list easier.

Click [OK] to open the RF-STEEL AS table 1.1 General Data where you can enter the design data.

Rename a Design Case
To change the description of a design case, use the RF-STEEL AS menu and click

File - Rename Case.

The following dialog box appears:

Rename RF-STEEL AS Case (=23
No. Description
2 Mew description -
@ oK | [ Cancel

Figure 7.2: Dialog box Rename RF-STEEL AS-Case

In this dialog box, you can define a different Description as well as a different No. for the design
case.
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To copy the input data of the current design case, use the RF-STEEL AS menu and click

File —> Copy Case.

The following dialog box appears:

Copy from Case
CAZ2 - New desciption -

New Case

MNo.: Description:

Copy RF-STEEL AS Case (=23

3 Copy of case 2 -

[ok [ caneel

Figure 7.3: Dialog box Copy RF-STEEL AS-Case

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

Delete a Design Case

To delete design cases, use the RF-STEEL AS menu and click

File — Delete Case.

The following dialog box appears:

Delete Cases @

Available Cases
Mo. Description
1 Girders

2 Mew description

-

[ ok [ cancel

Figure 7.4: Dialog box Delete Case

The design case can be selected in the list Available Cases. To delete the selected case, click

[OKI.
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7.2 Cross-Section Optimisation

T om | The design module offers you the option to optimise overloaded or little utilised cross-

r:":e _ sections. To do this, select in column D of the relevant cross-sections in table 1.3 Cross-Sections
o whether to determine the cross-section From the current row or the user-defined Favorites (see
Figure 2.8, page 14). You can also start the cross-section optimisation out of the results tables

From favarites "AS"

by using the context menu.

2.2 Design by Cross-Section

B | D [ET F
Section | Member | Location Load Desian
No. No. x [m] Case Ratio Design According to Formula

IS 450/200/12/20/0

15000 ICH 000 | =11 100) Nedligible intemal forces
54 Go to Cross-Section Doubleclick  j-section check - Compression acc. to &
12 Info About Cross-Section... ﬂecﬁon check - Bend?ng about y—ax?s acc.to 5.1
14 -section check - Bending about z-ads acc. to 5.1
53 | Optimize Cross-5ection -section check - Shear force in z-ais acc.to 5.11.4
] Cross-Section Optimization Parameters... ﬂecﬁon check - Shea!' buckling ace. to 5.11.5 - Shear force in z-ads
14 : : -section check - Bending about y-=ds and shear force acc.to 5
8 6.000| CO2 0.37 | =1 | 171) Cross-section check - Adal force, bending about y-axds and shear force acc.to &
14 5700| CO8 0.17 | =1 | 191) Cross-section check - Adal force, biadal bending and shear force acc.to &

M 05121 @ S B

Figure 7.5: Context menu for cross-section optimisation

During the optimisation process, the module determines the cross-section within the same
cross-section table that fulfils the analysis requirements in the most optimal way, that is,
comes as close as possible to the maximum allowable stress ratio specified in the Details dialog
box (see Figure 3.4, page 32). The required cross-section properties will be determined with
the internal forces from RFEM. If another cross-section proves to be more favourable, this
cross-section will be used for the design. Then, the graphic in table 1.3 will show two cross-
sections: the original cross-section from RFEM and the optimised one (see Figure 7.7).

For a parameterised cross-section, the dialog box Optimise appears if you select the corre-
sponding option.

Welded Cross-Sections - I symmetric : Optimize @
Cross-Section Optimization Parameters
Opti-
mize Current Minirmum b awimum Increment b

& =l 200005 600005 2005+ | [mm] |

b 200,005 2 2 - [m] ‘;If —r
Bs 120/2] 3B 3B ] o F._a

B EIE ] = ] tom) ) 2
B 005 = =l =+ [mm] /
=
7

[7] Keep curent side praportions 15 450/200/12/20/0

@J @ ()3 ] I Cancel

Figure 7.6: Dialog box Welded Cross-Sections - | symmetric : Optimise

By selecting the check boxes in the Optimise column, you decide which parameter(s) you want
to modify. This enables the Minimum and Maximum columns, where you can specify the upper
and lower limits of the parameter. The Increment column determines the interval in which the
size of the parameter varies during the optimisation process.
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If you want to Keep current side proportions, select the corresponding check box. In addition,
you have to select at least two parameters for optimisation.

Cross-sections based on combined rolled cross-sections cannot be optimised.

Please note for the optimisation process that the internal forces will not be recalculated auto-
matically with the changed cross-sections: It is up to you to decide which thicknesses or cross-
sections should be transferred to RFEM for recalculation. As a result of optimised cross-
sections, the internal forces may vary significantly because of the changed stiffnesses in the
structural system. Therefore, it is recommended to recalculate the internal forces of the modi-
fied cross-section data after the first optimisation, and then to optimise the cross-sections
once again.

The modified cross-sections can be exported to RFEM: Set table 1.3 Cross-Sections, and then
click

Edit — Export All Cross-Sections to RFEM.
The context menu in table 1.3 provides options to export optimised cross-sections to RFEM.

1.3 Cross-Sections

[_A [T C [ D 1 E [ F [ @ 6 - 15 350250/8/12/D
Section | Material Cross-Section Crose-Section Type | Max. Design Opti- RF-STEEL AS
No No Description for Classfication Ratio mize Remark Comment -
1 1 [MT 15 450/200/12/20/0 I shape welded IS 038 No .
2 1 T IS 300-200/10/12/0 |-shape welded IS 0.47 No 1) E
[ & IR Bulis 350/250/8/1] Info About C Sect No )] —_—
7 1 [T s z00/200/8/1 nfa ADOUE Lrass—section... No ;
5 2 T 15 450/200/10/ Cross-Section Library... No .
10 1 [T 15 200/200/8/1 A o No
17 ] WO 10 100enss Edit List 'Design of Members' in Table11 * No D) 6 - 1S 300/250/3112/0
13 1 ) Circle 24 Optimize Cross-Section No RFEM N,
15 1 T 1S 250/250/10/ I ) - No
% ] .I S 450/200/107" Cross-Section Optimization Parameters... No .
Export Cross-Section to RFEM
Export All Cross-Sections to RFEM b mim
Import Cross-Section from RFEM "
Import All Cross-Sections from RFEM — — —=
: () (%) 5 (a8
Cross-section No. 6 used in
Members Mo,
28,28,37 47 43,56 66.67.75
Sets of members Mo.:
I Lengths: I Masses:
40,37 [m] a7
I aterial:
71 - Steel 400 [Flats and Sections]
1) The cross-section in RFEM is different from the cross-section in RF-STEEL
—— 1AS . —
) a)® (& (@]

Figure 7.7: Context menu in table 1.3 Cross-Sections

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

RF-STEEL AS
I Information No. 26851

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

If so, the results of RFEM and RF-STEEL AS will be deleted.

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

By confirming the query and starting the [Calculation] subsequently in the RF-STEEL AS mod-
ule, the internal forces of RFEM and the designs will be determined in one single calculation
run.
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If the modified cross-sections have not been exported to RFEM yet, you can import 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 table 1.3 Cross-sections.

If you optimise a tapered member, the program modifies the member start and end. Then it
linearly interpolates the second moments of area for the intermediate locations. As these mo-
ments 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 manually modelling the taper layout.

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 AS, you can use the menu to define the units. To open the corresponding dialog box,
click

Settings — Units and Decimal Places.

The program opens the following dialog box that you already know from RFEM. RF-STEEL AS
will be preset in the list Program / Module.

Units and Decimal Places @

Program / Module RF-STEEL AS

. RFEM A .
. RF-STEEL Surfaces Output Data Parts List

.. RF-5TEEL Members Linit Dec. places Linit Dec. places
- RF-STEEL EC3 Stresses: MPa - e Lengths: 2k

- RF-STEEL AISC -
.. RF-STEEL IS Design ratios: - 2 Total lengths:

L

- RF-STEEL SIA Dimensiorless: - 3% Surface areas: m"2 ~
- RF-STEEL BS

2
2
.. RF-STEEL GE Wolumes: m‘e.iv 2
2
2
3

m

- RF-STEEL CS Weight per| .
Weight per length: kag/m -
= RF-STEEL AS

- RF-ALUMINIUM Weight: ka -
~ RF-KAPPA Total weight:
- 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

- RF-TIMBER

- RF-DYNAM

- RF-JOINTS

- RF-END-PLATE

- RF-CONNECT

- RF-FRAME-JOINT Pro ™

[

B N I N R A

|

2 @ BE o

Figure 7.9: Dialog box Units and Decimal Places

I Cancel

The settings can be saved as user profile to reuse them in other models. These functions are
described in the RFEM manual, chapter 11.1.3.
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7.4  Data Transfer
7.4.1 Material Export to RFEM

If you have adjusted the materials in RF-STEEL AS for design, you can export the modified ma-
terials to RFEM in a similar manner as you export members and cross-sections: Open table 1.2
Materials, and then click

Edit — Export All Materials to RFEM.

The modified materials can also be exported to RFEM by using the context menu of table 1.2.

Material Library...

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

Import Material from RFEM
Import All Materials from RFEM

Figure 7.10: Context menu of table 1.2 Materials

Before the modified materials are transferred to RFEM, a security query appears as to whether
the results of RFEM should be deleted. After you confirm the query and start the [Calculation]
subsequently in RF-STEEL AS, the RFEM internal forces and designs will be determined in one
single calculation run.

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

7.4.2 Export Effective Lengths to RFEM

If you have adjusted the materials in RF-STEEL AS for design, you can export the modified
materials to RFEM in a similar manner as you export cross-sections: Open table 1.5 Effective
Lengths - Members, and then click

Edit — Export All Effective Lengths to RFEM.

The modified effective lengths can also be exported to RFEM via the context menu of table 1.5.

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

Import Effective Length from RFEM
Import All Effective Lengths from RFEM

Figure 7.11: Context menu of table 1.5 Effective Lengths - Members

Before the modified materials 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 retransfer the
original effective lengths to the design module, using the options shown in Figure 7.11. Please
note, however, that this option is only available in table 1.5 Effective Lengths - Members and 1.6
Effective Lengths - Sets of Members.

7.4.3 Export of Results

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

Clipboard

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

Dlubal ——
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Printout report

The data of the RF-STEEL AS add-on module can be printed into the global printout report (see
chapter 6.1, page 50) for export. Then, in the printout report, click

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

Excel / OpenOffice

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

File — Export Tables.

The following export dialog box appears.

Export - MS Excel

(S

Table Parameters

“with table header
[ Only marked rows

Transfer Parameters

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

Selected Tables

@ Active table

() All tables
Input tables
Result tables

Application

@ Microzoft Excel
OpenDffice.org Calc

() CSY file format

[ Expart tables with details

[ ()8 ] [ Cancel

L% S

Figure 7.12: Dialog box Export - MS Excel

When you have selected the relevant parameters, you can start the export by clicking [OK].
Excel or OpenOffice will be started automatically, that is, the programs do not have to be
opened first.

(@2 = Table2.xlsx [Read-Only] - Microsoft Excel =)
E'.IE Home Insert Page Layout Formulas Data Review View Add-Ins & e o @ ER
==K Calibri = Text A S=lnset - I - f‘v \?a

F ~ L'g' % r o Delete ~ E' z
of £ Styles | ., Sort & Find &
TG0 5.0 - | EFormat v | 27 Filter~ Select~
Clipboard Alignment Mumber Cells Editing
B3 - f | 15 450/200/12/20/0 w
A B c D E |F G 3
1  Section |Member| Location Load- Design E|
2 No. No. 3 [m] ing Ratio | Design According to Formula
3 | 1 | IS 450/200/12/20/0
4 8/1.500 LCS 0.00 =1 100) Negligible intemnal forces
5 94 |0.000 o1 0.02 =1 102) Cross-sediion check - Compression acc. to 6
6 12 |5.700 LC3 0.02 =1 105) Cross-sedion check - Bending about y-axis acc. to 5.1
7 14|3.000 LCa 0.0 =1 106) Cross-sedion check - Bending about z-axis acc. to 5.1
8 93|1.200 Cog 0.09 =1 115) Cross-sediion check - Shear force in z-axis acc. to 5.11.4
9 5|0.000 LC1 0.00 =1 126) Cross-sedion check - Shear buckling acc. to 5.11.5 - Shear force in z-axi:
10 14 |6.000 Lc2 0.05 =1 141) Cross-sedion check - Bending about y-axis and shear force acc. to 5
11 8|6.000 co2 037 =1 171) Cross-section check - Axial force, bending about y-axis and shear force
12 14|5.700 COB 017 =1 191) Cross-section check - Axial force, biaxial bending and shear force acc. 1
13 100 |0.000 Cog 015 =1 302) Stability analysis - Flexural buckling about y-axis acc. to 6.3
14 100 |0.000 Cog 0.07 =1 306) Stability analysis - Flexural buckling about z-axis acc. to 6.3 -
4 4 » M| 2.1 Design by Load Case | 2.2 Design by Cross-Section . #2 [I| 4 | [T | » [
Ready | o @ 1005 (=) ! (+)

L

Figure 7.13: Result in Excel
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In our example we perform the stability analyses of flexural buckling and lateral-torsional
buckling for a column with double-bending, taking into account the interaction conditions.

Design values
System and Loads
N
|
—»
—»
(N Nad
£
& [ — ~ qz,d
I Fya
N c
NN F <
I
N e
L N
>
— A
HEB160 T—»z

y

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

Internal forces according to linear static analysis

-300.00 kN

10.00 KNm
7.50 kNm

Figure 8.2: Internal forces

3.75kN

3T5KN

3T5KN

10.00 kN

| Design values of the static loads
=300 kN

=5.0 kN/m

=7.5kN

-10.00 kN

V.
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Design location (decisive x-location)

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

N=-300.00kN M,=10.00kNm M,=750kNm Vy=375kN V,=0.00kN

Cross-Section Properties HE-B 160, Steel 250

Property Symbol Value Unit
Cross-section area A 5425.00 | mm?
Moment of inertia ly 24920000.00 | mm*
Moment of inertia I, 8892000.00 | mm*
Governing radius of gyration ry 67.80 | mm
Governing radius of gyration re 40.50 | mm
Polar radius of gyration fo 78.97 |mm
Polar radius of gyration oM 419.00 | mm
Cross-section mass M 42.63 | kg/m
Torsional constant J 312400.00 | mm*
Warping constant C, 47940000000.00 | mm®
Elastic section modulus Z, 311500.00 | mm?
Elastic section modulus Z, 111200.00 | mm?
Plastic section modulus Sy 354000.00 | mm?3
Plastic section modulus S, 169960.00 | mm?

Flexural buckling about the minor axis (L to z-z axis)

2
N T -200000-8892000 ..o .\

ome 40002

Cross-section class is compact, Ae= A, ki= 1.0

I f, 4000 250
A= 22 | ke || = | = 2= Who || 222 | =98.765
ne [rzj f [250] (40.5) 250

~2100-(r,,-135)  2100-(98.765—13.5)
A%, —153L,,+2050 98.765° —15.3-98.765+ 2050

=17.395

aa,z

The appropriate section constant ow is given in Table 6.3.3(1).
aw = 0.00 for hot-rolled I-section (tr < 40 mm)
Ay =hng+0,, op=98.765+17.395-0=98.765

n, =0.00326- (%, —13.5)=0.00326 - (98.765—13.5)=0.278

2 2
(28) +14+1, (98;)65) +1+0.278
£, = = =1.031

,(*2Y (98765
90 90
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2 2
aczzéz 1- 1- 90 =1.0311- 1—[Lj =0.549
' &N, 1.031-98.765

Ny =A,, f,w +A¢f, ¢ =1759-260 +3666 250 =1373.84 kN

N¢, = a,-Ng =0.549-1373.84 = 75450 kN
®=09

N ___ 390 5440
®-N., 09.75450 ———

C,z

Result values from RF-STEEL AS calculation
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Manufacture HR

Compression Axial Force N* 300 kN

Nominal Section Capacity Ns 1373.840 kN

Form Factor ke 1.000 6.2.2
Yield Strength fy 250 MPa 2.1
Modulus of Elasticity E 200000 MPa

Gross Area Aq 5425 mm?

Second Moment of Area I, 8892000 | mm*

Radius of Gyration rz 40.486 mm

Effective Length lez 4000 mm

Geometrical Slenderness Aoz 98.801 6.3.1
Elastic Flexural Buckling Load |Nom. | 1097.010 kN 4.6.2
Auxiliary Factor az 17.392 6.3.3
Section Constant Ob 0 Tab.6.3.3
Modified Slenderness Anz 98.801 6.3.3
Slenderness A\ 98.801 6.33
Auxiliary Factor Nz 0.278 6.3.3
Auxiliary Factor & 1.030 6.3.3
Reduction Factor Ocz 0.549 6.3.3
Capacity Factor 0] 0.900 Tab. 3.4
Nominal Member Capacity Ncz 754172 kN 6.3
Design Ratio n 0.442 <1 |6.1
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Flexural buckling about the major axis (L to y-y axis)

_ 7% -200000 - 24920000

N =
omy 40002

=3074.38 kN

Cross-section class is compact, Ae= A, ki= 1.0

| f 4000 250
hoy =| <2 e || == :[—j\h.o (—j:58.997
" (ry] f (250 67.8 250

L 2100(r,,-135)  2100-(58.997-135)
92, -1531,,+2050 589977 —15.3-58.997 +2050

=20.645

The appropriate section constant aw is given in Table 6.3.3(1).
aw = 0.00 for hot-rolled I-section (tr < 40 mm)
Ay =Rpy +0yy -0y =58.997 +20.645-0 = 58.997

1, =0.00326- (1, ~13.5)=0.00326-(58.997 ~13.5)=0.148

Ay Y 58997\
—| +1+n +140.148
90 y 90

g, = - -1.836

2 2
NN 2.(58.997)
20 90
90 YV 90 2
oy =& 1- || 1- =1.0311- 1—(—J =0.814
g Ay 1.836-58.997

Ny =Ay f, +A¢-f, ¢ =1759-260 +3666-250 = 1373.84 kN

Ne, =0, N =0.814-1373.84 =1118.63 kN

® =09
N = 300 =0.298 <1
®-N., 09111863 —

Result values from RF-STEEL AS calculation

Manufacture HR

Compression Axial Force N* 300 kN

Nominal Section Capacity Ns 1373.840 kN

Form Factor ke 1.000 6.2.2
Yield Strength fy 250 MPa 2.1
Modulus of Elasticity E 200000 MPa

Gross Area Ay 5425 mm?
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Second Moment of Area ly 24920000 mm?*
Radius of Gyration ry 67.776 mm
Effective Length ley 4000 mm
Geometrical Slenderness Aoy 59.018 6.3.1
Elastic Flexural Buckling Load |Nomy | 3074.380 kN 4.6.2
Auxiliary Factor Qay 20.645 6.3.3
Section Constant Qb 0 Table 6.3.3
Modified Slenderness Nz 59.018 6.3.3
Slenderness Ay 59.018 6.3.3
Auxiliary Factor ny 0.148 6.3.3
Auxiliary Factor & 1.835 6.3.3
Reduction Factor Oy 0.814 6.3.3
Capacity Factor 0] 0.900 Table 3.4
Nominal Member Capacity Ney 1118.470 kN 6.3
Design Ratio n 0.298 <1 |6.1

Lateral-torsional buckling

Effective length
Twist restraint factor ke= 1.0

The point of load application is assumed to be in the shear centre. The application point for
transverse loads can be adjusted in Details dialog box (see chapter 3.1.2, page 29).

Load height factor ki=1.0

Lateral rotation factor k.= 1.0

Effective length according to clause 5.6.3
L, =k; -k, -k, -L =4000mm

Reference buckling moment

The reference buckling moment for lateral torsional buckling will be determined for this ex-
ample according to Eq. 5.6.1.1(3), taking into account pinned supports free to warp.

oo [ (]

5 2
[n 2.0e5 8892000}[8‘0(%4.3124004_[7: 2.0e5 4.794610}H:184'132kNm

M. =

[¢]

40007 40007
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Nominal member moment capacity

The nominal member moment capacity of the segment without full lateral restraint, fully
restrained at both ends of open cross-section with equal flanges constant along member is
calculated according to Eq. 5.6.1.1(1).

The moment modification factor can be determined according to clauses 5.6.1.1 (a) (i) to (iv).
We can use data from table 5.6.1 for a parabolic moment diagram: a.m = 1.13.

The slenderness reduction factor is calculated according to Eq. 5.6.1.1(2).

The nominal section moment capacity is determined in accordance with clause 5.2 for the
gross cross-section:

HEB-160, cross-section type “compact”: Sy = 354000mm?
MS,y = fy . min(Sy 1.5- Zy )=250-min(354000;1.5-311500) =88.5kNm

RF-STEEL AS calculates value of Msy, taking into account different yield strengths of the materi-
al depending on the material thickness. Therefore, we can use:

M, =88.86kNm

Now we can calculate the slenderness reduction factor:

2
88.86 3] 88.86 —0.789
184.132 184.132

Finally, we determine the nominal member moment capacity:

Mp,y =y - 0t -M, , =1.13-0.789-88.86 = 79.25TkNm

y Sy

Interaction of biaxial bending and compression

The design ratio is determined according to clause 8.4.5.1.

Calculation of M;y M;; and M,,,

Nominal in-plane member moment capacity My acc. to clause 8.4.2.2

My =My, | 1-—— |=88.86-[ 1-—>20___|_65.029kNm
v N, 0.9-1118.63

We can use the alternative calculation for doubly symmetric compact I-sections with kq= 1.0:

3 3
1+ * 1+ *
My =M, 4| 1- Prny -N +1.18.ﬂ -N
' ' 2 DN, 2 DN,

In this equation, we use the equivalent moment factor Bmy = -1.0 according to clause 4.4.2.2(a).

3 3
Miy:88.86. 1— E ‘I_& +1.18- E []_L
' 2 09-1118.63 2 0.9-1118.63

M;, =62.38TkNm
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Nominal in-plane member moment capacity M;: acc. to clause 8.4.2.2

M, =f, -min(S,;1.5-Z,)=250-min(170000;1.5-111200) = 41.70kNm

M, =M, | 1- N 1o4170(1-—3%_|_25.119kNm
' ' ®N,, 0.9-754.50

We can use the alternative calculation for doubly symmetric compact I-sections with k¢= 1.0:

3 " 3 N
1+ 1+
M, =M, 4| 1- P, 1- N +1.18- Bz 1— N
’ ’ 2 ON_, 2 ®N_,

In this equation, we use the equivalent moment factor Bm. =-1.0 according to clause 4.4.2.2(a).

3 3
M,, =41.70-{| 1— T390 )220 o300
' 2 0.9-754.50 2 0.9-754.50

M, , =23.277kNm

Nominal out-of-plane member moment capacity M.,y acc. to clause 8.4.4.1

Mgy =My, | 1- N 1_79251(1-—3% )_47740kNm
oy R4 ON 0.9-754.50

cz

Interaction design ratio acc. to clause 8.4.5.1

For M.y, the lesser value of the nominal in-plane member capacity Miy and the nominal out-of-
plane capacity Moy has to be applied. In our example, Moy is relevant.

" 14 14
M *
Y + M, <1
CD'Mc,y O-M;,

1.4 14
10.00 4 7.50 ~0367<1
0.9-47.74 0.9-23.277 —
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Result values from RF-STEEL AS calculation

Beam Type Beam

Beam Type BT, Beam

Compression Axial Force N* 300.000 kN

Nominal Member Capacity Nc 754.172 kN 6.3

Bending Moment M*, 10.000 kNm

Maximum Bending Moment M*y segm 10.000 kNm

Modulus of Elasticity E 200000 MPa

Shear Modulus G 80000 MPa

Second Moment of Area I, 8892000 mm*

Torsional Constant J 312400.000 mm?*

Warping Constant lw 4.79400E+10 | mm®

Segment Length I 4000 mm

Twist Restraint Factor ke 1.000 Table 5.6.3(1)
Load Height Factor ki 1.000 Table 5.6.3(2)
Lateral Rotation Restraint Factor ke 1.000 Table 5.6.3(3)
Effective Length le 4000 mm 5.6.2

Section Constant B 0.000 56.1.20rH.4
Modification Factor Om 1.130 5.6
Slenderness Reduction Factor as 0.789 5.6
Amended Elastic Buckling Moment [ Mo 184.132 kNm

Nominal Out-of-plane Capacity May 79.268 kNm 56
Equivalent Moment Factor By -1.000 8.4.2.2
Nominal Section Capacity My 88.859 kNm 52

Nominal Section Capacity My 67.299 kNm 83

Nominal In-plane Capacity My 62.377 kNm 8.4

Nominal Out-of-plane Capacity Moy 44233 kNm 8.4.2
Nominal Moment Capacity My 44233 kNm 84

Design Component for My Nmy 0.251

Bending Moment M#*, 7.500 kNm

Equivalent Moment Factor Bz -1.000 8.4.2.2
Nominal Section Capacity M, 41.700 kNm 5.2

Nominal Section Capacity M 31.582 kNm 83

Nominal In-plane Capacity M 23.269 kNm 8.4

Design Component for M, Nmz 0.358

Capacity Factor 0] 0.900

Design Ratio n 0.382 <1 |84.5.1
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