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1. Introduction
1.1 RF-STEEL Add-on Modules

Both RF-STEEL programs are integrated as additional modules in the graphical user interface
of the main program RFEM. They are no stand-alone modules, which means that the main
program is always required. RF-STEEL Surfaces is used for the stress design of surface and
shell elements. Member elements are designed by RF-STEEL Members. Both modules are
described in this manual.

The design relevant input data as well as the internal forces are imported automatically
when you open the modules. Of course, the design results from RF-STEEL Surfaces and RF-
STEEL Members are also available in the RFEM work window to evaluate them graphically
and to integrate them into the global printout report.

RF-STEEL carries out general stress designs according to the elastic-elastic method by calcu-
lating existing stresses and comparing them with the limit stresses. The programs provide
an expandable material library with the standard-specific limit stresses as well as a compre-
hensive cross-section library for member elements. For each member cross-section, design
relevant stress points that can also be used for graphical evaluations are already available.

During the stress analysis process, the maximum stress ratios of surfaces, members and sets
of members are determined. The governing internal forces of each member and set of

members are documented additionally. Furthermore, the modules provide optimization op-
tions for surfaces and cross-sections including a transfer function to transfer data to RFEM.

Separate RF-STEEL design cases allow for a flexible analysis of stresses. The design is com-
pleted by a parts list with quantity surveying.

Some of the new features in both RF-STEEL modules are the following:
e Determination of equivalent stresses according to different approaches:
VON MISES, TRESCA, RANKINE, BACH
o Selection of calculation method for load combinations
e Serviceability limit state design by checking surface displacements
e Output of stress ranges A for fatigue designs
e Optimization of surface thicknesses and option to transfer data to RFEM
e Selection of a maximum stress ratio for optimization process
e Export option for modified materials to RFEM
o Detailed output of different stress components and ratios in tables and graphic
o Filter function for surface, line and node numbers in tables
e Output of governing internal forces for sets of members
e Parts list of designed surfaces

o Direct data export to MS Excel and OpenOffice.org Calc

We hope you will enjoy working with the RF-STEEL add-on modules.

Your team from DLUBAL ENGINEERING SOFTWARE
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1.2 RF-STEEL Team

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

Program coordination

Dipl.-Ing. Georg Dlubal
Dipl.-Ing. (FH) Younes El Frem

Programming

Ing. Zdenék Kosacek Ing. Roman Svoboda
Mgr. Petr Oulehle Dis. Jiti Smerak
Ing. Tomas Pecholt Lukas Tima

David Schweiner

Cross-section and material database

Ing. Ph.D. Jan Rybin
Jan Brnusak

Program design, dialog figures and icons

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

Program supervision

Ing. Hana Robovska
Ing. Martin Vasek

Manual, help system and translation

Dipl.-Ing. (FH) Robert Vogl Dipl.-U. (Uni) Gundel Pietzcker
Jan Jerabek

Technical support and quality management

Dipl.-Ing. (BA) Markus Baumgaértel M.Sc. Dipl.-Ing. (FH) Frank Lobisch
Dipl.-Ing. (BA) Sandy Baumgartel Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. (FH) Matthias Entenmann Dipl.-Ing. (BA) Andreas Niemeier
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1.3 Using the Manual

Topics like installation, graphical user interface, results evaluation and printout are de-
scribed in detail in the manual of the main program RFEM. The present manual focuses on
typical features of the RF-STEEL add-on modules.

The description of the modules follows the sequence of their input and results tables as well
as their structure. RF-STEEL Surfaces is described in chapter 2, RF-STEEL Members in chap-
ter 3. The subsequent chapters describe common functions.

The text of the manual shows the described buttons in square brackets, for example [New].
At the same time, they are pictured on the left. In addition, expressions used in dialog
boxes, tables and menus are set in italics to clarify the explanations.

Finally, you find an index at the end of the manual. 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 Start RF-STEEL Modules

RFEM provides the following options to start the RF-STEEL add-on modules

Menu

To start the programs,

point to Design - Steel in the Additional Modules menu, and then select RF-STEEL
Surfaces or RF-STEEL Members.

[ additional Madules | Window  Help J——

= xx op:e . . -

#E | Current Module L Ve @ HHEBRERLE VAR EEE
Stresses 'VERARREEOS 4- @M= | o@$=85-28 ES-M-
Shape Properties b
Design - Steel >C§ RF-STEEL Surfaces General Stress Analysis for SurfaceD
Design - Conerete ¥ | &AW RF-STEEL Surfaces [2003) General Stress Analysis for Surfaces
Design - Timber {2 @ RF-STEEL Members General Stress Analysis for I‘-]embers)

Dynamic 3
ﬁ RF-STEEL EC3 Design according to Eurocode 3
Connections L3
ZZ K RF-STEEL AISC Design according to AISC [LRFD or ASD)
Foundations g -
- f; RF-STEEL IS Design according to IS 800
Stability 3
Y ﬁ RF-STEEL SIA Design according to SIA
Towers 3
Others v “? RF-KAPPA Buckling Check for Compression Members
@ RF-LTB Lateral Torsional Buckling Check
Q}E RF-FE-LTB Lateral Torsional Buckling Analyse with Finite Elements
I | RF-EL-PL Elastic-plastic Design
5 RF-C-TO-T Limiting Width-Thickness Ratios Check
u PLATE-BUCKLING FEM Plate Buckling Analysis
fﬁ VERBAMND Layout and Design of Roof Bracings
IJ | RF-ASD Design according to US-Morm AISC ASD

Figure 1.1: Menu: Additional Modules — Design - Steel — RF-STEEL Surfaces or RF-STEEL Members

The add-on module RF-STEEL Surfaces (2003) is a previous version. The present manual
does not go into detail regarding its description.
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Navigator
To start the RF-STEEL modules in the Data navigator,
open the Additional Modules folder and select RF-STEEL Surfaces or RF-STEEL Mem-

bers.
Project Navigator x
ED nreM A

= @ STEEL Surfaces [RF-STEEL]
4| Structural Data

3 Loads

] Results

_J Sections

__J Printout Reports

- Guide Object

=@

F [

T SHAPE-THIM 7 - Section Properties of Thin-walled Sections
i SHAPE-MASSIVE - Section Properties of Thick-walled Sections
[=] RF-STEEL Surfaces {2003) - General Stress Analysis For Surfaces
RF-STEEL Surfaces - Stress Analysis for Surfaces D
RF-STEEL Members - General Stress Analysis for Steel Member:
RF-STEEL EC3 - Steel Design according to Eurocode 3 L
E RF-STEEL AISC - Steel Design according to AISC (LRFD or ASD)
E RF-STEEL I5 - Steel Design according to IS 800
E RF-STEEL SIA - Steel Design according o SIA 263:2003
m RF-KAPPA - Buckling Analysis For Compression Members
RF-LTE - Lateral Torsional Buckling Analysis
RF-FE-LTE - Lateral Torsional Buckling Check with Finite Members
E RF-EL-FL - Elastic-plastic Design
RF-C-TO-T - Limiting Width-Thickness Ratio Check {c/t)
E PLATE-BUCKLING - FEM Plate Buckling Analysis
@ WERBAND - Wind Bracings with Stabilisation Loads
E RF-a3D0 - Steel Design according to US-Morm AISC ASD
CRAMEWAY - Crane Girder Analysis
< RF-COMCRETE Surfaces - Reinforced Concrete Design of Surfaces B |
= RF-COMCRETE Members - Concrete Design of Members Il

™ Data 9 pisplay ~—Results 4 I

Figure 1.2: Data navigator: Additional Modules — RF-STEEL Surfaces or RF-STEEL Members

Panel
RF-STEEL Surfaces CAL - Stre] € & 4 In case RF-STEEL results are already available in the RFEM structure, you can set the corres-
i\ 4
tg;'ge'f_'ﬁiﬂh‘ gnd finishes L ponding RF-STEEL case in the load case list of the RFEM toolbar. By using the button [Re-
-Vanable loa . . . .
LE3 - Imperfection tovards +7 sults on/off], you can display the stresses or stress ratios in the graphic.
LGT - Desi.gn values steel
EE?S'TEEfgSnU:}ZE:;EE?C_'EfBSSAnawSiS If the results display is activated, the panel appears showing the button [RF-STEEL Surfaces]
RF-STEEL Members LAT - Shess Analpsis or [RF-STEEL Members] which you can use to open the RF-STEEL module.
L
|§| |: Panel x
Stresses
Sigma-s+ [kN/om? |

E1E

533

450

3E8

285

202

1.20

037

-0.46

-1.28

211

-2.94

Max : BB
Min : -2.94

RF-STEEL Sufaces

4 I

a4

[}
n

Figure 1.3: Panel button [RF-STEEL Surfaces]
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2. RF-STEEL Surfaces
2.1 Input Data

The data for the definition of design cases is entered in tables.

When you have started RF-STEEL Surfaces, a new window opens where a navigator is dis-
played on the left, managing all tables that can be selected currently. The pull-down list
above the navigator contains the design cases that are already available (see chapter 6.1,
page 82).

If you open RF-STEEL Surfaces in an RFEM structure for the first time, the module imports
the following design relevant data automatically:

e Surfaces

e Load cases, groups and combinations

e Materials

e Surface thicknesses

e Internal forces (in background, if calculated)

To select a table, click the corresponding entry in the RF-STEEL navigator or page through
the tables by using the buttons shown on the left. The function keys [F2] and [F3] can also
be used to select the previous or subsequent table.

To save the defined settings and quit the module, click [OK]. When you click [Cancel], you
quit the module but without saving the data.

2.1.1 General Data

In table 1.1 General Data, you define the surfaces that you want to design. The two tabs
below contain the actions that you can select for the ultimate and the serviceability limit
state design.

RF-STEEL Surfaces is able to design both plane and curved surfaces.

The design standard is specified in table 1.2, even though indirectly, because the material
properties are related to the standard.

Design of

The design is carried out for Surfaces, but the surface thickness in the add-on module is re-
stricted to the thickness types 'Constant" and 'Variable'. If you want to design only selected
surfaces, clear the All check box. Then you can access the input field to enter the numbers
of the relevant surfaces. The list of the preset numbers can be selected quickly by double
click and overwritten by entering the data manually.

To select the surfaces graphically in the RFEM work window, use the [Pick] button.

Multiple Selection
Pick Surfaces
Surface Mo. 28

Selected:
[2528

Clear (] 8 Cancel

Figure 2.1: Graphical selection in the model

Program RF-STEEL © 2010 Dlubal Engineering Software
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2.1.1.1 Ultimate Limit State

RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
a1 - Stress analysis [+] 1.1 General Data
Input Data Design of
General Data
b aterialz Surfaces: |17-24 Clan
Surfaces
Serviceability Data Ultirnate Limit State | 5erviceability Limit State J 3
Existing Load Cazes Selected for Design m L")
LC1 Fermanent Loads coz LG1AP o LG2/P or LG3/P o | T
Lc2 “ariable Loads & m t
LC3 Shiow =
LC4 Show [Morthern Germany] h
LCs wind in 4 nv
LCE Wind in 4 m
LC¥# Wind in +7 ]
LCa “wind in ' i I l
Load Groups and Losd Combinstions m
L&1 1.351C1 +1.35"LC2 + 1.35° [,
LG2 1.35°LC1 +1.35°LC2 + 1.35°
LG3 1.35°LC1 + 1.35°LC2 + 1.35°
LG4 135101 + 1.35°LC2 + 1.35° Stress Analysis
LGE 1.35°LCT + 1.5°LC2 [ of Samfaces
LGE 1.35°LC1 + 1.5°LC3 L
LG7 1.354C1 + 1.5°LC5 + 1.5°LC L
LG& 1.35°C1 + 1.5*LC6 + 1.5°LC | @ i
Comment / \
C'ezign - Basic 'wall -

Figure 2.2: Table 1.1 General Data, tab Ultimate Limit State

Existing Load Cases / Load Groups and Load Combinations

These two sections list all load cases, load groups and load combinations defined in RFEM
that are relevant for the ultimate limit state design. Use the button [»] to transfer selected
load cases or combinations to the list Selected for Design on the right. You can also double-
click the entries. To transfer the complete list to the right, use the button [»»].

Selected for Design

The column on the right lists the loads selected for the design. Use the button [«] to re-
move selected load cases or combinations from the list. You can also double-click the en-
tries. With the button [4«], you can transfer the entire list to the left.

The stress analysis of an enveloping Or load combination is often carried out more quickly
than the global design of all created load cases and load groups. When you select load
combinations, it is recommended to check the settings for Analysis Method for Load Com-
binations in the Options tab of the Details dialog box additionally (see chapter 2.2.1.3, page
26).

I %EH ¥

Details. .

Comment

This input field allows for user-defined remarks, for example to describe the current design
case.
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RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
a1 - Stress analysis [+] 1.1 General Data
Input Data Design of
General Data
b aterialz Sufaces: |17-24 [lan
Surfaces
Serviceability Data Ultirnate Limit State | 5 erviceability Limit State I 3
Existing Load Cazes Selected for Design m L")
LC1 Fermanent Loads A co1 LC1/P+LC2+LC3+|CH | T
Lc2 “ariable Loads m t
LC3 Shiow < =
LC4 Show [Morthern Germany] h
LCs wind in 4 nv
LCE Wind in 4 m
LC¥# Wind in +7 ]
LCa “wind in ' M J I l
Load Groups and Losd Combinstions m
LG9 1.350C1 + 1.5°LC7 + 1.5°LC |
LG10 1.35°LC1 + 1.5°LCE + 1.5°LC v
LG11 LCT +0.9°LC2 + LC4 + 0.9°L -
LG12 LCT + 0.9°LC2 + LC4 + 0.9 Combination of Actions: Stress Analysis
LE13 LET +0.9°LC2 + LCA+ 0.3 = Characteristic £.5.302) 5) CH of Surfaces
LG14 LCT +0.9°LC2 + LC4 + 0.9°L 8 - 553205 FR
coz LG1/P ar LG2/P ar LGI/P o o
~ () Quasi-permanent  6.5.302) ¢ arP
Comment / \
C'ezign - Basic 'wall -

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

Existing Load Cases / Load Groups and Load Combinations

In these two sections, all load cases, load groups and load combinations are listed that have

been created in RFEM.

Selected for Design

Adding and removing load cases, load groups or load combinations is described in the pre-

vious chapter. The serviceability limit state design requires particular partial safety factors
that can be considered in corresponding combinations of load cases and actions.

Combination of Actions

In the lower part of the Selected for Design section, you can assign limit values to the se-

lected load cases, load groups and load combinations with regard to deflection: First, select

an entry in the Selected for Design list, and then choose one of the three action combina-
tions. To assign the action combination to the selected load case, click the button [M].

The following action combinations are available:
e Characteristic (CH)
e Frequent (FR)
e Quasi-permanent (QP)
The deformation limit values are defined in the standards and can be modified for the dif-

ferent action combinations in the Serviceability tab of the Details dialog box (see chapter
2.2.1.2, page 25).

The reference lengths that are decisive for the serviceability limit state design are deter-
mined in table 1.4 Serviceability Data (see chapter 2.1.4, page 18).

Program RF-STEEL © 2010 Dlubal Engineering Software
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M aterial Description

Steel 5 235 R

Steel StE 350

Steel 5 235.R G1
Steel 5 235JR G2
Steel 5 2350
Steel 5 23502 G3
Steel 5 23502 G4
Steel 5 275.JR
Steel 5 2750
Steel 5 275 J2G3

DIN 17162 1980-03 |

EM 10025: 1334-03
EN 10025: 1934-03
EM 10025: 1334-03
EN 10025: 1934-03
EM 10025: 1334-03
EN 10025: 1934-03
EM 10025: 1334-03
EN 10025: 1934-03  |»

Dlubal

2.1.2 Materials

The table is subdivided into two parts. In the upper part, the materials used for the design
are listed with the limit stresses. In the Material Properties section below, the properties of
the current material, i.e. the table row currently selected in the upper section, are displayed.

The material properties required for the determination of internal forces in RFEM are de-
scribed in detail in chapter 5.3 of the RFEM manual. The design relevant material properties
are stored in the global material library and are preset automatically but can be adjusted in
the present table.

To adjust the units and decimal places of material properties and stresses, select Units and
Decimal Places in the module's Settings menu.

RF-STEEL Surfaces - [Chimney]
Eile Edt Settings Help
LA - Shess analysis ~ | 1.2 Materials
Input Data [ A | B | C [ o | E [ F [ & __H
Bt Ty ara Material Safety Factor | ield Strength Lirnit Stresses [M/mmi |
W aterials 0. M aterial Description [ fule [MAMM2] | Manually | Limit ox Lirvit 7| Limit deqy |Limit deqv,m
S T | Stesl 5 235.0R -1 1.10 ] 71364 17334| 21364 21364
Serviceabiliy Data 2 [ Steel 5 275.R 110 7sm0 [0 5000 14434 25000 25000
g Sheel 5 355.R 110 355.00 ] 32273 186.33 32273 32273
4 Concrete C30/37 1.00 000 O o.ng 0.o0 0.00 0.00
=
Material Properties
E RFEM Relevant
Madulus of Elasticity E 21000000 | Némm?
Shear Modulus G 21000.00 Mémm?
Foiszon's Fatio o 0.300
Uriit Wwzight ¥ 78.50 | kNAm?
Coefficient of Thermal Expansion i3 1.2000E-05 17T
Partial Safety Factor Fhd 110
= Design Relevant
“ield Stiength by 235.00 | Memmt
Ultimate Tensile Strength fy 360,00 | M/mm?
tan Stuctural Thickness [for Range 1] ty 3.0 mm
Yie.\d Strength (for Range 2] by 2 235.00 | WAmme Waterial Mo. 1 Used in
Ultimate Tensile Strength [for Range 2] fuz 240,00 | H/mm?
Max. Stuctural Thickness [for Range 2] tz 16.0 | mm Sufaces: | 1-18.23188170.171.173
*rield Strength [for R ange 3) by 2 225,00 | M/mm? S 468.52| [m2]
Ultimate Tenzile Strenath [for Range 3] fus 340,00 | W Amm? :
Maw. Stuctural Thickness [for Range 3] [ 250 mm £ weight: 285247 [ka]

Figure 2.4: Table 1.2 Materials

Material Description

The materials defined in RFEM are already preset. But it is possible to select another materi-
al by using the list: Place the pointer in a table row of column A, and then click the button
[¥] or use the function key [F7]. The list shown on the left opens. When you have selected a
new material, the design relevant properties are entered into the corresponding table row
and are highlighted in blue.

Only steel materials are available in the list. In principle, you can carry out the design with
any material whose stress concept is based on the comparison of existing normal, shear and
equivalent stresses with the respective allowable stresses. Therefore, it would be possible to
design structural components made of aluminum or stainless steel. However, you must con-
sider the corresponding standard specifications additionally.

If you have set a material whose limit stresses are not defined (for example glass), the entry
is highlighted in red. It is possible, however, to define the limit stresses by ticking the check
box Manually in column D and entering user-defined specifications. When you have defined
the allowable stresses in the columns E to G, the red color of the table row will disappear.

The import of materials from the library is described on page 14.

12
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Safety Factor y,,

This factor describes the safety factor used to calculate the design values of the material
stiffnesses. Therefore M is indicated. By using the factor v,, the characteristic value of the
yield strength f,, is reduced for the determination of the limit stresses according to
Equation 2.1 or Equation 2.2.

Thus, the factor y,, is considered twice for the design if the calculation is carried out accord-
ing to the second-order or the large deformation analysis: On the one hand, for example
according to DIN 18800 part 2, el. (116), you must consider the influence of deformations
by a stiffness that is reduced about 10 % when determining internal forces. On the other
hand, additionally, you must reduce the design values of stiffnesses by the partial safety
factor y,, when you design the ultimate limit state.

Yield Strength f,

The yield strength describes the limit to which the material can be strained without plastic
deformation. The characteristic values of several steel grades can be found for example in
DIN 18800 part 1, section 4 or EC 3, section 3.

Limit Stresses

The limit stresses for materials from the general material library are preset automatically.
Those entries provide no access for modifications.

In case you want to modify the limit stresses, you can use the [Edit Material] button to open
the Edit Material dialog box where you can change the material properties (see Figure 2.6,
page 15). You can also use the check box Manually in column D.

Manually

If the check box is ticked, you can define the limit stresses in the subsequent columns
manually. Materials that have been modified are highlighted in blue and marked by an
asterisk in the column Material Description.

Limit o,
The limit normal stress as the allowable stress for stresses due to bending moments and

membrane forces is determined, for example according to DIN 18800 part 1, el. (746), by
the characteristic value of the yield strength, reduced by the partial safety factor y,.

f
yk
Ox,R,d =
™M
Equation 2.1
Limit ¢

The limit shear stress indicates the allowable shear stress due to shear and torsion. For
example according to DIN 18800 part 1, el. (746), the partial safety factor y,, is also
considered in the equation for the determination of limit shear stress.

f

T = vk

R,d =
w3

Equation 2.2

Limit o,

The limit equivalent stress represents the allowable equivalent stress for the simultaneous
effect of several stresses. According to DIN 18800 part 1, el. (746), it is determined by
Equation 2.1.

Program RF-STEEL © 2010 Dlubal Engineering Software
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Limit 6oy m
The limit membrane equivalent stress describes the allowable equivalent stress due to
membrane stresses. It is determined according to Equation 2.1.

Yield strength depending on thickness of structural components

For some materials, there is a relation between the characteristic yield strength £, and the
thickness t of the relevant structural component. The Max. Structural Thickness of the re-
spective ranges with the corresponding yield strength is indicated in the Material Properties
section of table 1.2.

The yield strengths of structural thicknesses are defined in the standards, for example DIN
18800 part 1, table 1. To check and adjust, if necessary, the structural thicknesses and as-
signed stresses, use the [Edit Material] button (see Figure 2.6, page 15).

Material Library

A number of materials is stored in the library that you can access by using the button below
column A. The following dialog box opens which you already know from RFEM.

Material Library
Fitter Chaice haterial to Select
. Steel 5 350 GD EM 10147: 2000-07 ”~
MaterialZateno) Stesl 5 550 GD EN 10147: 2000-07
Steel i g
Steel 5 235 R G1 EM 10025: 1934-03
Code Group: Steel § 235JR G2 EM 10025: 1934-03
N - Steel 5 2350 EM 10025: 1934-03
Steel 5 2352 G3 EM 10025: 1934-03
Steel 5 2352 G4 EM 10025: 1934-03
Code: Steel S 275 JR EM 10025: 1394-03
All w || | Steel 5 27500 EM 10025: 1934-03
Steel § 2752 G3 EM 10025: 1934-03
Steel § 27502 G4 EM 10025: 1934-03
Steel 5 355.JR EM 10025: 1934-03
Shov: Steel S 3550 EM 10025; 199403
[[] Materials of 'Old' Codes Steel 5 3552 G3 EM 10025: 1934-03 ot
[ Eavarites Orly... = .
hiaterial Constants Steel 5 235 JR | EN 10025 1994-03
ERFEM Relevant S
Modulus of Elashciy iE 210000.00 | M/mm?
Shear Modulus G 21000.00 | Mmm?
Poiszon’s R atio M 0.300
Unit ‘+'eight ¥ 78.50 | kN/m?
Coefficient of Thermal Expanzion o 1.2000E-05 | 17°C
Partial Safety Factor Fhi 1.10
E Design Relevant
‘Yield Strength fy 235.00 | Mmm?
Ultimate Tensile Strength fu 360,00 | MAmmé
Max. Structural Thickness (for Fange 1) 51 3.0 mm
“ield Strength [for Range 2) fy 2 235,00 | M/mmé
Ultimate Tensile Strength [for Range 2] fuz 340,00 | M/mmé
Max. Structural Thickness (for Range 2) tz 16.0 | mm
*ield Strength [for Range 3) fy .z 225.00 | Nmm? w

()8 ] [ Cancel

Figure 2.5: Dialog box Material Library

In the Filter Choice section, Steel is preset as material category. You can select a material
from the list Material to Select on the right and check the corresponding parameters in the
lower part of the dialog box. To transfer the material to table 1.2, click [OK], [1] or double-
click the material itself.

Chapter 5.3 in the RFEM manual describes in detail how materials can be filtered, added or
rearranged.

14
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When you select another material category than Steel, be aware that you can design only
materials whose stress concept is based on the comparison of existing normal, shear and
equivalent stresses with the respective allowable stresses. Under these conditions, it would
be possible to design, for example, structural components made of aluminum or stainless
steel.

When you import a material whose limit stresses (for example glass) are not defined, the
entries of the corresponding table row in table 1.2 are highlighted in red. It is possible,
however, to define the limit stresses of this material by ticking the check box Manually in
column D and entering user-defined specifications. The red color of the entries disappears
as soon as you have entered the allowable stresses into column E to H. Please note that
some stress designs, for example for glass surfaces, can only be carried out to some extent.
In such a case, the use of the add-on module RF-GLASS is recommended.

Edit Material

The yield strengths and limit stresses of the currently selected material can be adjusted by
clicking the button below column A. It is also shown on the left. The following dialog box
appears:

Edit Material

Material Description

Steel 5 355.R

.
Safety Factor
P 110035 [

Yield Strencgths and Limit Stresses Subject to Componert Thicknesses

& | B [ o | 1] l B | B | G
Fange Thickness t [cm] *rield Strength Lirnit Streszes [MAmm? |
No. from to Fyke [NAmmZ] | Limit o Lirnit 7 Lirnit Taqy | Limit feqw m
1] 000 o030 355.00 32273 186.33 32273 32273
2 0.30 1.60 355.00 32273 186.33 32273 32273

2%

[] User-defined, Independent Definition

Mumber of Ranges:
of Limit Stresses

Comment

Adjusting ranges possible

oK.

Figure 2.6: Dialog box Edit Material

] [ Cancel

The Safety Factor y,, determines how the characteristic values of the yield strength f, indi-
cated in column C are reduced. The determined limit stresses (cf. Equation 2.1 and Equation
2.2, page 13) are listed in column D to G.

In the dialog section Yield Strengths and Limit Stresses Subject to Component Thicknesses,
you can change the ranges of the component Thickness t. The number of ranges is preset in
accordance with the standard, but it can be adjusted in the input field Number of Ranges
below the table. In addition, you can modify the range limits by manual data input in col-
umn B. Column A will be adjusted automatically. For each range, you must assign a particu-
lar Yield Strength f,,.

To define the limit stresses individually, tick the check box User-defined, Independent Defi-
nition of Limit Stresses. Then you can access column D to G to enter user-defined data.

Materials that have been modified are marked by an asterisk in table 1.2.
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2.1.3 Surfaces

In this table, the surfaces that should be designed are listed. The material numbers already
assigned in RFEM are preset (see description of previous table 1.2 Materials). Additionally, it
is possible to define optimization parameters.

RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
CA1 - Stress analysis |»| 1.3 Surfaces
Input Data L& 1 B [ [ | D [ E 1 F | G | H | |
General Data Surface | Material Thickness tax Stress | Opti- Airea “wheight
W aterials Ho. Mo, Tupe d [mrn] Ratio [-] mize Remark. A m?] G [ka] Camment
Sufaces 17 3 Canstant 4.0 [ | 247 776
Serviceabiity Data 18 3 Constant 4.0 024 O 247 776
Results 19 2 Constant 40 021 043 247 776
Stresses by Load Case 20 3 Canstant 4.0 015 04 247 776
Shresses by Material 21 2 Constant 40 011 O3 1485 4EE.2
Stresses by Surface 22 3 Constant 4.0 013 043 14.85 466.2
Shresses bw Line ] 3 Constant 20 048 [ 14.85 9325
Displacements 24 3 Constant 10.4 122[@ =1 7 1485 12102
o i 169 4 Constant 200.0 [ | 4 12.00 3000.0
170 il Orthotropic 200 0.oo 1] 15.00 23550
17 1 Warighles 000 ] 7.50 18251
172 2 Constant 200 054 O 15.00 23850
3 - Steel 5 355.R 7] Thickness iz not the same as that given in RFEM. *
EN 10025 1934-03
Surface Mo. 24 - Type: Constant - Thickness o 104 mm

Figure 2.7: Table 1.3 Surfaces

Thickness

Type
When you open the table, the thickness types of the surfaces used in RFEM are preset to-
gether with the assigned material numbers.

The surface thickness in the add-on module is restricted to the RFEM thickness types Con-
stant, Variable and Membrane isotropic. The design of other thickness types like orthotropic
surfaces is currently not possible. But if you want to design such a surface, you can use the
table 1.3 to change the thickness type to Constant: Place the pointer into the corresponding
table row and click the button [¥] or use the function key [F7] to access the selection list.
Then the design will be carried out with the RFEM internal forces as a surface with constant
thickness and isotropic properties.

d

The thicknesses already defined in RFEM are preset but can be modified in column C. If you
click in an input field, you can enter the new thickness manually or adjust it by using the
spin buttons.

Please note that the internal forces won't be redetermined automatically after optimizing
parameters or modifying surface thicknesses. As a result of modified thicknesses, internal
forces may vary considerably because of the changed stiffnesses in the structural system.
Therefore, after the first design, it is recommended to adjust the thicknesses also in RFEM.
Then you can design the surfaces again with the RF-STEEL Surfaces add-on module.

16
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Max Stress Ratio

This column will be displayed as soon as a design has been carried out. It is intended to be
a decision support for the optimization process. By means of the displayed ratios and co-
lored relation scales, you can see which surfaces are hardly utilized and thus oversized, or
extremely stressed and thus undersized.

Optimize
For each surface, you can carry out an optimization analysis. By using the RFEM internal

forces, the program determines the surface thickness that comes as close as possible to the
maximum stress ratio.

To optimize a particular surface, tick its corresponding check box in column D. The follow-
ing dialog box appears.

COptimization Parameters
Surface Thickness Global Parameter
Max fvailable
Current: 10.4 [rm] Stress Ratio: 1.00 13
Minirurn: 2.1 | [mm]
Maimurn: 22,9 {5/ [mm]
Mote:
Increment: 0.5 :3:}_ L] Optimation of Thickness due to
Stress Ratio
[ Ok ] [ Cancel

Figure 2.8: Dialog box Optimization Parameters

This dialog box is described in chapter 6.2.1 on page 84. There, you find further recom-
mendations concerning the optimization process.

Remark

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

If the display indicates remark 7) Surface cannot be designed because it is of type
'Orthotropic', you can set the thickness type to 'Constant' to experiment, if required. Click in
the corresponding input field of column B and use the button [¥] to open the selection list.

Area

This column gives information about the area of each surface.

Weight

This column displays the masses of the surfaces that you want to design.

Comment

The final column allows for user-defined comments, for example to document surface mod-
ifications.

Program RF-STEEL © 2010 Dlubal Engineering Software
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Manual L [rnm]
3] 400.0 -]

2.1.4 Serviceability Data

The last input table provides setting options for the serviceability limit state design. It is only
available if you have set the relevant entries in the Serviceability Limit State tab of table 1.1
(see chapter 2.1.1.2, page 11).

RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
CA1 - Stress analysis |~ | 1.4 Serviceability Data
Input Data [ A [ B | C [ O | E
General Data Mo, List of Reference Length Cariti-
W aterials Surfaces Manual L [rrirn] lesver Comment
Suitaces 1[4 a 480 0O
Serviceabilly Data 2 21 = 3520.0 ~[.] O |Userdefined specification
3 |170172 =] EIGIe]
1
=

Figure 2.9: Table 1.4 Serviceability Data

List of Surfaces

In this column, you enter the numbers of the surfaces that you want to design. You can al-
so use the [Pick] function to select the surfaces graphically in the RFEM work window. The
respective reference lengths will be entered automatically in column C.

In case several surfaces are entered in one input field, they should have the same geome-
trical conditions. The reference length L is preset as the maximum length of all boundary
lines included in these surfaces.

Reference Length

Column C contains the values of the longest boundary lines in the respective surfaces. Here,
the program refers to the lengths of single lines, continuous lines are not considered.

To adjust a reference length, tick the Manual check box. Then you can access the input field
for L where you can enter the value manually. You can also click the button [¥] to select it
from the list or use the [...] function to determine it graphically in the RFEM work window.
Manual corrections may be required, for example for surfaces that are placed within other
surfaces.

I ~

Distance Measure
Fick two points to meazure distance

between them.
Mode Mo, 24
Digtance [mm]

Cancel

\ .

Figure 2.10: Dialog box to determine boundary points graphically
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Cantilever

To apply limit deformations correctly, it is also important to know if the surface is sup-
ported on all sides or if it is a cantilevered surface.

In column D, you can determine the surface to be a cantilever in order to apply other servi-
ceability limit values. They can be checked and, if necessary, also adjusted in the Serviceabil-
ity tab of the Details dialog box (see Figure 2.12, page 25).

2.2 Calculation

The stress analysis is carried out by using the internal forces determined in RFEM. Before
you start the calculation by clicking the [Calculation] button, it is recommended to check
the design details. To open the corresponding dialog box, use the [Details] button. Details
on this dialog box can be found in chapter 2.2.1.2 on page 25.

2.2.1 Calculation Details

2.2.1.1 Stresses
Tables 2.1 to 2.5 display the following stresses by default:

e Shear stresses ©

max

e Principal stresses o in direction of principal axes on the surface's top and bottom side
e Membrane stresses o,, in direction of the principal axes
e Equivalent stress G,

¢ Membrane equivalent stress

eqv,m

The display of stresses and stress components can be adjusted in the Stresses tab of the De-
tails dialog box.

Details
Stresses | Serviceahility | Options
Streszes to Calculate Shear Stresses
DO o+ .
Calculate Transversal Shear Stresses in Meutral
e ay+ Azes of Sufaces according to:
Eg e @ Kirchheff
X
O oy O Mindin
O o, O User-defined
DO T,
Eg Ty.m Equivalent Stresses according to
Ty
O oxb (3 ¥on Mises, Huber, Hencky
O ovb Shape Modification Hypothesiz
Oe « (O Tresca, Caulamb, Mohr
e Maximumn Shear Strezs Theory
[ Tmar () Bankine, Lamé
[ o1+ b aximum Principal Stress Criterion
M oz () Bach, Mavier, St. Yenant, Poncelet
e a+ Frincipal Strain Criterion
e o1,
e o2,
Oe «
IE‘ - Ti.m
IEO o2.m
Oe am
IEO Tequ
IEO Tequ,m
DO Tequ,+
O o,
[ Gl [ Cancel

Figure 2.11: Dialog box Details, tab Stresses

The stresses listed in the dialog section Stresses to Calculate are described in detail in the
following table.
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Stress in direction of the local x-axis on the positive side of the surface (that
means the side in direction of the positive surface axis z)
Ox+ ny 6-my . .
Oy + :T+ pr with d: thickness of surface
Stress in direction of the local y-axis on the positive side of the surface
o n 6-m
v+ Gys = _y+ y
B d dz
Torsional stress on the positive side of the surface
Oy, + s B Nyy +6.mxy
XY,+ d dz
Stress in direction of the x-axis on the negative side of the surface
Oy~ Gx_:n_x_6'mx
y d d2
Stress in direction of the y-axis on the negative side of the surface
Gy _ n 6-m
v, Gy = v y
» d d2
Torsional stress on the negative side of the surface
Oyy,~ an 6- mxy
O Ty T T 2
d
Membrane stress due to axial force n,
Gx,m nx
Oym =—
X,m d
Membrane stress due to axial force n,
c n
y,m y
Gym=——
y,m d
Membrane stress due to shear flow n,;
Oyxy,m an
c =—
Xy, m d
Stress due to bending moment m,
Oyb 6-my
Oxp =
X, d?
Stress due to bending moment m,
c. 6-m
y.b y
(e} b =
y d2
Shear stress orthogonal to the surface in direction of the x-axis
T, 3-vy
2.d
Shear stress orthogonal to the surface in direction of the y-axis
T, 3-vy
2.d
Maximum shear stress perpendicular to the surface
Tmax [2 2
Tmax =4 Tx  + 7Ty
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Stress in direction of the principal axis 1 on the positive side of the surface
(that means the side in direction of the positive surface axis z)
oy,
’ _1 — 2,4 2
O+ = 5| Ox+ F Oy F (Ox,+ =Oy, )" +4- 0y,
Stress in direction of the principal axis 2 on the positive side of the surface
Gy, 1 2 2
* G2+ = 5(Gx,+ +Oy+ — \/(Gx,+ - Gy,+) +4- Oxy,+
Angle between local axis x (or y) and principal axis 1 (or 2) for stresses on the
positive side of the surface
a
* 1 2-0yy,,
o, =—|arctan| —————
2 Ox,+ ~Oy,+
Stress in direction of the principal axis 1 on the negative side of the surface
o
K O1_ = %(cxy_ +oy_+ \/(GX,_ - cy,_)z +4. ny’_z )
Stress in direction of the principal axis 2 on the negative side of the surface
Gy~ 1 ( \/ 2 2 j
' Gy_=—|0y_+0y_ —4Jlogy_—0y_) +4-0u _
2, 21°% Ys (o, y,-) Xy,
Angle between local axis x (or y) and principal axis 1 (or 2) for stresses on the
negative side of the surface
o_
2-c
a_ = arctan| = S9 _
2 Gy, —Oy —
Membrane stress due to axial force n,
(e} n4
o Stm ="y . .
with d: thickness of surface
Membrane stress due to axial force n,
cyZ,m nz
Gym=—"r
2,m d
Angle between axis x and principal axis 1 (for axial force n,)
a 2-n
m 1 arctan| ——2—
2 ny —ny
Cequ Maximum equivalent stress as maximum of G, and G, - (see below)
Equivalent stress on the positive side of the surface (that means the side in
Gequ,+ direction of the positive surface axis z) according to selected stress hypothesis
(see Table 2.2 to Table 2.5)
o Equivalent stress on the positive or negative side of the surface according to
v selected stress hypothesis (see Table 2.2 to Table 2.5)
o Membrane equivalent stress according to selected stress hypothesis
eavm (see Table 2.2 to Table 2.5)
Table 2.1: Stresses
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Shear Stresses

To determine the Transversal Shear Stresses in the surfaces' neutral axes, select one of the
following three methods (see Figure 2.11, page 19).

Kirchhoff
v
=15.-%
Tx d
Yy
d
Equation 2.3
Mindlin

Ty :1,0~VTX

\%
=10 Y
Ty d

Equation 2.4

User-defined

You can specify a Factor that is used by the program to determine the shear stresses 1, and
7, in terms of Equation 2.3 or Equation 2.4.

Equivalent Stresses

The equivalent stresses from the individual stress components can be determined according
to four different approaches (see Figure 2.11, page 19).

Von Mises, Huber, Hencky

This stress hypothesis is also known as Shape Modification Hypothesis or "equivalent stress
according to vON MISEs". It is assumed that the material fails as soon as the shape modifying
energy exceeds a certain limit. This shape modification energy represents the kind of energy
that causes distortion or deformation of the element.

The equivalent stress according to the shape modification hypothesis is the most well-
known and frequently used equivalent stress hypothesis. It is the appropriate method for all
materials that are not brittle. Therefore, it is widely used in steel building construction.

However, the hypothesis is not applicable for hydrostatic stress conditions with similar prin-
cipal stresses in all directions, as the equivalent stress is zero in such cases.

The equivalent stresses according to von Mises for the plane stress conditions have the fol-
lowing meanings:

Dlubal

Equivalent stress on the positive side of the surface (that means the side in
direction of the positive surface axis z)
cyeqv,-*—

2

_ 2 2
Ceqv,+ = \/Gx,+ + Oy,+ ~Ox,+ "Oy+ +3- Oxy,+

Equivalent stress on the negative side of the surface

Gequ—
qu, _ 2 2 2
Cequ,- = \/er +oy, “—o, 6, +3:0,

22
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Membrane equivalent stress as the maximum absolute value of

2
Ox,m T Oym Ox,m ~Oy,m 2
Cequm = 5 + 5 +Gyym OF

2
_ Oxm*Oym Oxm ~Oym 2
Oeqvm = - + Oxy,m or

2 2
Geqv,m Ceqvm = \/(Gx,m - cyy,m)z +4- ny,m2
where
Ox,m = nTX
Oy,m :nTy with d: thickness of surface
Oxy,m = n%

Table 2.2: Equivalent stresses according to VON MisEs, HUBER, HENCKY

Tresca, Coulomb, Mohr

In the Maximum Shear Stress Theory, which is also known as "equivalent stress according to
TRescA", it is assumed that failure is caused by the maximum shear stress.

As this hypothesis is especially applicable for brittle materials, it is frequently used in me-
chanical engineering.

These equivalent stresses are determined according to the following equations:

Equivalent stress on the positive side of the surface (that means the side in
direction of the positive surface axis z)

Gequ, +

_ 2
Oeqv,+ = \/(Gx,+ - Gy,+)z +4- Oxy,+

Equivalent stress on the negative side of the surface

_ 2
Oeqv,- = \/(Gx,f - Gyr)z 40y,

Gequ—

Membrane equivalent stress

_ 2
Oeqv,m = \/(Gx,m - cYy,m)z +4-0ym

Geqv,m

Table 2.3: Equivalent stresses according to TRESCA, COULOMB, MOHR
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Rankine, Lamé

This equivalent stress hypothesis is also known as Maximum Principal Stress Criterion or as
"equivalent stress according to RANKINE". It is assumed that failure is caused by the maximum
principal stress.

The equivalent stresses are determined according to the following equations:

Maximum absolute value of equivalent stress on the positive side of the
surface

(¢
equ,+ 1

1

2
Oequ,+ = E(GX’+ TOy. )i E\/(Gx,+ - cyy,+)z +4-0yy .

Maximum absolute value of equivalent stress on the negative side of the
surface

(e} _
- L Je 1 f F ’
Ceqy,- = E Oy +t0y_JEt—y/log_—o, |+ 4. Oy,

Maximum absolute value of membrane equivalent stress

c —l(cs +0 )+l (G -c )2+4'G 2
eqv,m — 2 X,m y,m/)— 2 Xx,m y,m Xy,m

Oeqv,m

Table 2.4: Equivalent stresses according to RANKINE, LAME

Bach, Navier, St. Venant, Pocelet

For the Principal Strain Criterion, also known as the "equivalent stress according to BAcH", it
is assumed that the failure occurs in direction of the maximum strain. This approach is simi-
lar to the stress determination according to RANKINE described above. Here, the principal
strain is used instead of the principal stress.

These equivalent stresses are determined as follows:

Maximum absolute value of equivalent stress on the positive side of the
surface

_ U ( )z 2
Gequ, + Cequ,+ = —(csx,+ + Gy,+)_ Ox+ —Oy.) + 4. Oyy+

1-u +1+
2 2

with p : Poisson's ratio of material

Maximum absolute value of equivalent stress on the negative side of the
surface
Cequ,-

Ceqy,- = FTH(GXr + Gyﬁ)i HT“\/(GXf - Gyﬁ)z +4- nyﬁz

Maximum absolute value of membrane equivalent stress

c T-p ( ) T+p ( ; 2
eav.m Ceqv,m = 2 Ox,mtOym x 2 Ox,m ~Oy,m +4- Oxy,m

Table 2.5: Equivalent stresses according to BACH, NAVIER, ST. VENANT, POCELET
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Details

Stiesses | Serviceabilty | Options

Serviceabilty Limits (Deflections)

Combination of Actions

Cantilevers
CH: Characteristic  L/|  300(%] Le/| 15003
FR - Freuent Lo 20 e 10

QP : Guasi-permanent L/ 20.0.:33 Let| 1.00.33:

(] 8 ] [ Cancel

Figure 2.12: Dialog box Details, tab Serviceability

The six input fields are used to manage the Serviceability Limits of the allowable deflections.
It is possible to enter specific settings for the different action combinations (Characteristic,
Frequent, Quasi-permanent) as well as for both- and one-sided supported surfaces.

The classification of action combinations is determined in the Serviceability Limit State tab
of table 1.1 General Data (see chapter 2.1.1.2, page 11). The reference lengths L are defined
for each surface in table 1.4 Serviceability Data (see chapter 2.1.4, page 18).

® Diubal —
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2.2.1.3 Options

Details

Stresses | Serviceability | Options
Analysis Method for Losd Combinations Dizplay Result Tables
(O Enumeration Methad 2.1 Maximum Streszes by Load Case

All Pozsible Combinations are Enumerated and Analyzed . .

[in Case of Many Load Cases Yery Time Consuming) 2.2 Marimum Stresses by Material

= : :

© Envelope Method 2.3 Magimum Stresses in Sufaces

Only Combination Possibilities of Max/Min Basic Stresses 2.4 Mawimum Streszes in Lines

ill be Analyzed
adllii=chss [[] 2.5 Strezses in Al Points

() Mired Method
Usze Enumeration § [] 26 Stress Ranges
Method if less than: 1003 Combination Possibilities
Othenwize Apply Envelope Methode 3.1 Max Displacements
4.1 Partz List
() Only for Surfaces to Be Designed
O Of &l Surfaces
Results in
(O Grid Paints

(®) EE Mesh Paints

Optimization of Surface Thicknesses

4 ax Allowable Stress R atio: 1.001%

Figure 2.13: Dialog box Details, tab Options

()8 ] [ Cancel

Analysis Method for Load Combinations

To some extent it is possible to influence the method of stress determination for the design
of load combinations. The Mixed Method is preset by default: Before the design is carried
out, the program checks if the Enumeration Method is more effective than the Envelope
Method or vice versa.

Enumeration Method

If this method is selected, the module evaluates the internal forces from RFEM line by line to
superimpose them appropriately. This is the approach that comprehends all combination
possibilities accurately.

The disadvantage of the enumeration method is that the number of combinations for the
analysis is growing exponentially with the number of load cases when processing the data
line by line. The relation is the following:

Number of combination possibilities = 2"
with n = number of load cases

The more load cases the combination contains, the more time is required for the stress
analysis. In the results, however, all possible combinations are included.

Envelope Method

If this method is selected, the module considers only the extreme values of the basic
stresses of each load case to combine them subsequently. In this way, this approach may
possibly not comprehend the most unfavorable combinations that would be included in a
line by line process. However, the computing time for a relatively large number of load cas-
es in a load combination is quite acceptable when this kind of method is used.

26
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As only the maximum values are analyzed, the stresses designed according to this method
may be incorrect. In particular structures with load cases whose effective directions tend to
be orthogonal must be handled carefully. In such cases, a calculation according to the
enumeration method is recommended to check the results.

Mixed Method

If this method is selected, the module checks how many combination possibilities exist on
the basis of the load cases contained within (cf. enumeration method) before the actual de-
sign will be carried out. For example, if a load combination contains seven load cases,

27 =128
combination possibilities must be analyzed. As this number is higher than the preset num-

ber of 100 possibilities, the subsequent design will be carried out according to the envelope
method.

The choice of the analysis method can be influenced by means of the input field. This field
defines the upper limit of the combination possibilities for the design according to the ac-
curate enumeration method.

Thus, the Mixed Method represents a compromise between result accuracy and design ve-
locity, and therefore it becomes the appropriate method for most of the application cases.

Results

By default, stresses and displacements are displayed in all FE Mesh Points. As an alternative,
the results output is available in the user-defined Grid Points managed as surface properties
in RFEM (see RFEM manual, chapter 9.9).

Especially for small surfaces, the default mesh size of 500 mm for the results grid may pro-
duce only few grid points or even only one grid point in the grid origin. In these cases, the
maximum values are often not considered in the output tables because the results grid is
too coarse. The spacing of grid points in RFEM should be adjusted to the surfaces' dimen-
sions in order to generate more grid points.

Optimization of Surface Thicknesses

If the optimization process does not gear towards the maximum possible stress ratio of 100
%, you can specify a different limit value in this input field.

Display Result Tables

This dialog section controls the display of the results tables. You can select several output
tables for stresses, displacements and parts lists which can be switched on and off by tick-
ing the corresponding check boxes.

The results tables are described in detail in chapter 2.3.
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[Calculation]

2.2.2 Start Calculation

button.

select To Calculate on the Calculate menu.

Dlubal

You can start the calculation out of each of the three or four input tables by clicking the

RF-STEEL Surfaces searches for the results of the load cases, load groups and load combina-
tions that should be designed. If they cannot be found, the program starts the RFEM calcu-
lation to determine the design relevant internal forces. In this determination process, the

calculation parameters preset in RFEM are applied.

You can also start the calculation for RF-STEEL Surfaces out of the RFEM user interface. The
add-on modules are listed in the dialog box To Calculate like load cases or load groups. To
open the dialog box in RFEM,

To Calculate
Mot Calculsted Selected for Calculstion
Program / Module Mo. Drescription i Program / Module Mo. Drescription fad

RFEM LC1 Permanent Loads (RF-STEEL Surtaces | CAT Stress analysis

FFERM LC2 Wariable Loads RF-STEEL Members | Cal Beam design

RFEM LC3 | Snow

FFERM LC4 Snow [Marthern Germany]

RFEM LCE  |'wind in +x

RFEM LCE  |'wind in

RFEM LC?  |'wind in +v

RFEM LC8  |'windin -

FFERM LCS Imperfection towards +

FFERM LC10 | Imperfection towards -+

RFERM LC11 | Imperfection towards +1

RFEM LC12 | Imperfection towards - <4

RF-STEEL Members | CAZ Column design

RF-STEEL 514 Al | Steel design according to 14

L |

Shaow Additional Modules
Lalculate ] [ Cancel

Table Options

5] | ¥a RF-STEEL Surfaces CAL -Stre: = &

Figure 2.14: RFEM dialog box To Calculate

Additional Modules  Window Help

3UT | | o R e R RN B R
-9-G tmnA Y- - %@Qﬁﬁﬁﬁ?ﬂﬁﬁ' @7 = %

RFEM

. Question No. 30
Fesultz from RF-STEEL Surfaces CAT - Stresz analysiz not found!

Start calculation™

LCancel

Figure 2.15: Direct calculation of an RF-STEEL design case in RFEM

If the design cases of RF-STEEL are missing in the Not Calculated list, tick the check box
Show Additional Modules.

To transfer selected RF-STEEL cases to the list on the right, use the button [»]. Start the cal-
culation by using the [Calculate] button.

To calculate an RF-STEEL case directly, use the list in the RFEM toolbar. Select the relevant
design case in the toolbar list and click the button [Results on/off].
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2.3 Results

Table 2.1 Stresses by Load Case is displayed immediately after the calculation. All stresses
are shown in the results tables 2.1 to 2.5, sorted by different criteria.

Table 2.6 Stress Ranges lists the maximum differences between the stresses (for example for
fatigue designs). Table 3.1 Displacements contains the maximum deformations in relation
to the allowable limit values.

The final table 4.1 Parts List offers an overview about the required amount of steel.

In the Options tab of the Details dialog box, you can select the results tables that you want
to display in particular (see Figure 2.13, page 26).

To access the results tables, use the RF-STEEL navigator. You can also use the two buttons
shown on the left or the function keys [F2] and [F3] to select the previous or subsequent
table.

By default, the result values are displayed in the FE mesh points. As an alternative, the re-
sults output is available in the user-defined grid points. The corresponding setting can be
defined in the Options tab of the Details dialog box.

Click [OK] to save the results and quit the add-on module RF-STEEL Surfaces.

In the following, the different results tables are described in sequence. Evaluating and
checking results is described in chapter 4 Results Evaluation.

2.3.1 Stresses by Load Case

RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
CA - Stress analsis w | 2.1 Stresses by Load Case
Input Data & T B T C [ D [ E [ F T G [ H [ ] [ J i
General Data Load- | Surface |FE Mesh Point Coordinates [mm] Stress [NAmme | Stress
A ng Mo, |Point Mo, = ¥ Z Symbol | Existing Lirmit Ratio [-]
Surfaces LG1
Serviceaiity Data 24 ] T -3105.9 H253|  -4765.0 ) Tmax 4.04 126.97 0.03
Resuls 172 738 -13000.0 00|  -2500.0 014+ 130.44 21818 0ED
Stresses by Load Case 19 14 oo 31500|  -3000.0 o2+ -101.65 21818 0.47
Stresses hy Material 24 728 -3105.9 5263 5765.0|01- E7.43 21818 031
Shresses by Surface 172 733 -13000.0 00| -2500.0) o2 -114.83 21818 053
Shresses by Line 24 726 -3105.9 5253 5765.0 o1m 3350 21818 015
Displacements 19 2836 J14.4 30744  -3000.0 ozm -59.01 21818 027
Parts List 172 738 -13000.0 00| -2500.0 | geq 1417 21818 05z
19 85 -3180.0 00| -3500.0 fequm 5376 21818 028
LG11
24 727 -3105.9 253 -4765.0 ) Tmax 27 126.97 0.0z
172 738 -13000.0 00|  -2500.0 014+ 9663 21818 044
14 14 oo 31500|  -3000.0 o2+ 71.93 21818 033
24 726 -3105.9 5263 B765.0| 01~ 4616 21818 0z1
172 733 -13000.0 00| -2500.0) a2 8510 21818 033
18 70 E14.5 30895  -3000.0 o1m 12373 21818 011
19 2836 J14.4 30744  -3000.0 ozm 3977 21818 01g
172 739 -13000.0 00| -2500.0 geq 8457 21818 033
19 85 -3180.0 00| -3500.0 fequm 29.02 21818 01g
Mawimum Stresses
24 727 -3105.9 253 -4765.0 ) Tmax 404 126.97 003
172 738 -13000.0 00| 25000 o1+ 130.44 21818 0.E0 “
Mar: 0Bl [$1 @ 7

Figure 2.16: Table 2.1 Stresses by Load Case

The table shows a summary of results for each load case, load group and/or load combina-
tion that has been selected for design in the Ultimate Limit State tab of table 1.1 General
Data. The relevant load cases, load groups and/or load combinations are indicated in the
first column, specifying the arrangement of the results output.
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Surface No.

The column lists the numbers of surfaces for which maximum stress components or ratios
have been determined. The output is displayed by load cases.

FE Mesh Point No. / Grid Point No.

The column displays the numbers of grid or FE mesh points in which the ratios' maximum
values occur. The grid points represent an option to display the results in user-defined, reg-
ular spacings, completely independent from the FE mesh. The number of grid points and
their arrangement is managed in the Grid tab of the RFEM dialog box Edit Surface.

By selection in the Options tab of the Details dialog box, you can decide if you want to con-
sider either FE mesh nodes or user-defined grid points for the evaluation (cf. Figure 2.13,
page 26). When data has been modified, a query appears before the results will be recalcu-
lated.

Point Coordinates X/Y/Z

The three columns contain the coordinates of the governing FE mesh or grid points. They
refer to the global coordinate system XYZ.

Stress - Symbol

The following stresses are displayed by default:
e shear stresses t,,,,

e principal stresses ¢ in direction of the principal axes on the surface's top and bottom
side

e membrane stresses o, in direction of the principal axes

e equivalent stress G,

e membrane equivalent stress G,

Each stress type or component has its own symbol. The indices of the normal stresses o, the
shear stresses T and the equivalent stresses o, have the following meanings:

eqv

Dlubal

Symbol | Meaning
X Direction of the local surface axis x
y Direction of the local surface axis y
1 Direction of the principal axis 1
2 Direction of the principal axis 2
+ Positive surface side (side in direction of the positive local surface axis z)
- Negative surface side (side in the opposite direction of the positive surface axis z)
m Stress due to membrane force (axial force)
b Stress due to bending moment

Table 2.6: Symbols of stresses

The display of stresses and stress components can be adjusted in the Stresses tab of the De-
tails dialog box (see Figure 2.11, page 19). To open the dialog box, use the button shown
on the left (at the bottom of the list below column E).

The definition of positive and negative surface sides corresponds to the conventions given
in RFEM: The positive surface side is always defined in direction of the positive local axis z of
each surface, regardless of the orientation of the global axis Z.

Program RF-STEEL © 2010 Dlubal Engineering Software
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FE Mesh Refinement 3

Create Intersection

LR

Delete Intersection

Create Solid with Contact

i)
Extrude 3

l‘p Reverse Local Axis System
4y | split Surface...
5? Centroid and Infos...

oa Move/Copy...
CD Rotate...
A:B Mirrar...

|IZ| Local Axis Systems on/off I

A

Result Values 3
Display Properties...

Show Selected Objects Only
Hide Selected Objects

o
=]
o

Context menu of surface

Ecjuivalent Streszes according to
(&) Won Mises, Huber, Hencky
Shape Modification Hypothesis

() Tresca, Coulomb, Mobr
M amimum Shear Stress Theory

() Barkine, Lamé
I awimumn Principal Stress Criterion

() Bach, Mavier, 5t Wenant, Pancelst
Frincipal Strain Criterion
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To display the local surface axes, use the Display navigator in RFEM or the context menu of
the corresponding surface.

Project Mavigator x

=-[¢]% Structure
[ ]8 Nodes

@% Far Resulks

DM Orthotropic Directions x',v'
[ srid for Numerical Results
1% Color Scale of Thicknesses in Panel
- [w] B Solids

----- [#]% Openings

-] B Modal Supports

-] B, Line Supports

- [] 8 Members

-] B, Sets of Members

----- [#] %/ FE Mesh Refinements

Results

B FE Mesh

ﬁ Sections

5 Guide Objects

oY General

[ Mumbering

W Rendering

& Additional Modules

-

(=] =] <] (=] =] (=] 1 ]

E
E
E
E
E
E
E
E

EData E‘Display 4 B

¥

Figure 2.17: Activating the surface axis systems in the Display navigator of RFEM

Stress - Existing
This column displays the extreme values of the existing stresses analyzed according to the
equations described in Table 2.1 (see page 20).

For each stress type, the program calculates the maximum (positive) and minimum (nega-
tive) stress values to compare their results subsequently. The value that is higher than the
other one will appear in column G.

The equivalent stresses o, are determined according to the equivalent stress hypothesis
specified in the Stresses tab of the Details dialog box (see Figure 2.11, page 19). Four ap-
proaches, that are described in detail in chapter 2.2.1.1 page 22, are available for selection:

o shape modification hypothesis according to von Mises, HUBER, HENCKY
e maximum shear stress theory according to TRescA, COULOMB, MOHR
e maximum principal stress criterion according to RANKINE, LAME

e principal strain criterion according to BACH, NAVIER, ST. VENANT, PONCELET

Stress - Limit
This column shows the limit stresses of table 1.2 (see chapter 2.1.2, page 13). In particular,
they are the following:
e Limit normal stress G as the allowable stress for actions due to bending moments and
membrane forces
e Limit shear stress 1 as the allowable shear stress due to shear and torsion

e Limit equivalent stress G, as the allowable equivalent stress for the simultaneous ef-
fect of several stresses

e Limit membrane equivalent stress G4, n as the allowable equivalent stress due to
membrane stresses

Program RF-STEEL © 2010 Dlubal Engineering Software
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Equation 2.5: Design condition for normal stresses

o<1

TR,d

Equation 2.6: Design condition for shear stresses
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2.3.2 Stresses by Material

Thus, column | allows for a quick evaluation of efficiency.

Equation 2.7: Design condition for equivalent and membrane equivalent stresses
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For each stress component, RF-STEEL Surfaces determines the quotient from the existing
and the limit stress, as shown for example in DIN 18800 part 1, el. (747). The stress ratio of
the surface on the respective FE mesh or grid point is displayed for every selected stress
type. If the relevant limit stress is not exceeded, the ratio is less than or equal to 1 and the

RF-STEEL Surfaces - [Bulkhead]

File Edit Settings Help

CA - Stress analsis v 2.2 Stresses by Material

Max:

Input D ata L& | e | [ [ D | E | H [ | J |
General Data taterial | Suface |FE Mesh Fuoint Coordinates [m] Stress [NAmm< | Shress
WM aterials Hn Mo, |Point No. * Y = Loading | Symbol | Existing Lirrit Ratio [-]
Ciifaces 2 | Stesl5 235
Serviceaiity Data 3 291 £.000 -1.000 0000 LG1 | deqe 147.2 2182 067
Resuls 4 14 £.000 0.000 0000 LG1 | fequm a1 2182 0o
Stresses by Load Case ) 291 £.000 -1.000 0000 LG1 | fequs 147.2 2182 067
Stresses hy Material 3 291 £.000 -1.000 0000 LG1 | deqe- 1488 2182 0E7
Strezzes by Suface
Stresses by Line E] Steel 5 355
Stresses in All Paints 2 13 4.000 -1.000 0000 LG1 | feqr 2401 3273 0.73
Displacemerts 2 E 4.000 0.000 0000 LG1 | dequm 0.0 3273 0.00
Parts List 2 13 4.000 -1.000 0000 LGl | deqvs 2401 3273 073
2 1= 4.000 -1.000 0000 LG1 | deqy- 2401 3273 073
4 | Aluminium EM A4/-5083 0/H111
1 66 2.000 -1.000 0000 LG1 | deqy 125.2 1136 110
1 21 2.000 -0.200 0000 LG1 | dequm 0.0 1136 0.00
1 66 2.000 -1.000 0000 LG1 | feqvs 125.2 1136 110
1 66 2.000 -1.000 0000 LG1 | fequ- 125.2 1136 110

170 [>1 @

Figure 2.18: Table 2.2 Stresses by Material

The different columns are described in detail in the previous chapter 2.3.1.

The maximum stress ratios listed in this table are sorted by materials. The materials are indi-
cated in the first column, specifying the arrangement of the results output.
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RF-STEEL Surfaces - [Bulkhead]

File Edit Settings Help

CAT - Stress analysis

Input Data
General Data
Materials
Surfaces
Serviceability Data
Fesults
Strezzes by Load Case
Stresses by Material
Streszes by Surface
Stresses by Line
Stresses in All Points
Stress Ranges
Displacements
Parts List

|+ | 2.3 Stresses by Surface

| [ D E] [ G 1 [E— ] ~
Surface |FE Mesh Paint Coardinates [m] Stress [MAmm? ] Stress
Ho. |Paint No, # ke Z Loading | Symbol | Existing Lirnit Ratio [-]
1 Material: Steel 5 235 - Thickness d: 18.0 mm
1] 0.000 0.000 0000| LG1 | Tmax (1] 1260 005
E0 0.800 -1.000 0000| LG1 o1+ 1102 2182 051
6 2.000 -1.000 0000| LG1 | o2+ -203.9 2182 033
EE 2.000 -1.000 0o00| LG1 o1 2039 2182 093
B0 0.800 -1.000 0o0o| LG1 | o2 -110.2 2182 0.51
2 2.000 0.000 00| LG1 ovm oo 218.2 0.oo0
E6 2.000 -1.000 0o0o| LG1 | ozm oo 2182 0.oo
EE 2.000 -1.000 0000| LG1 | oeqy 181.2 2182 0.83
2 2.000 0.000 0000 LGl | fequm oo 2182 0.0o0
2 Matenal: Steel 5 355 - Thickness d: 15.0 mm
EE 2.000 -1.000 0000 LG1 | Tmax 39 1230 ooz
176 2.000 -1.000 0000| LG1 o1+ 1238 3273 03g
EE 2.000 -1.000 0000| LG1 o2+ £94.2 3273 040
EE 2.000 -1.000 0ooo| LG1 ot 294.2 3273 0.30
176 2.000 -1.000 0o00| LG1 o2 1238 3273 0.3s
E 4.000 0.000 0ooo| LG1 | dim oo 3273 0.oo0
151 4.000 -0.400 00| LG1 | oim oo 3273 0.oo
EE 2.000 -1.000 0000| LGT | deq 2E1E 3273 080
B 4.000 0.000 0000 LGl | oequm oo 3273 0.oo
3 | Material: Steel 5 235 - Thickness d: 20.0 mm
291 E.000 -1.000 0000 LG1 | Tmax 24 1260 ooz
286 5.000 -1.000 0000| LG1 o1+ E3E 2182 03z R
Ma 05 [ @ %

Figure 2.19: Table 2.3 Stresses by Surface

This results table contains the maximum stresses and stress ratios that are available for each
designed surface. The results are listed by surfaces. In addition, information concerning ma-
terial and thickness is displayed.

2.3.4 Stresses by Line

RF-STEEL Surfaces - [Bulkhead]

File Edit Settings Help

CaT - Stress analysis

Input Data
General Data
Materials
Surfaces
Serviceability D ata
Results
Strezges by Load Case
Shiesses by Material
Stiesses by Suface
Shiesses by Line
Shieszes in All Points
Displacements
Parts List

v || 2.4 Stresses by Line

& B8 [ c [ 0 [ E [ F [ N I A [ J ~
Line |FE Mesh Point Coordinates [m] Stress [MAmm? ] Stress I
Mo |Paint Mo, ® i 2z Loading | Symbol | Existing Limit R atio [-]
i Mode No.: 1.2
1] 0.000 0.000 0000| LG1 | Tmax [=A1] 126.0 0.05
il 0.000 0.000 0000| LG1 o+t 96.4 218.2 0.44
11 0.200 0.000 0000| LG1 | ;24 529 2182 0.24
m 0.200 0.000 0ooo| LG1 et 529 218.2 0.24
i 0.000 0.000 0o0o| LG1 | o2 -96.4 218.2 0.44
2 2000 0.000 0ooo| LG1 | eim 0o 218.2 0.0o
2 2.000 0.000 00| LG1 | ozm [ull] 218.2 0.00
m 0.200 0.000 0000| LG1 | deqw B5.5 2182 0.33
2 2.000 0.000 0000 LGl | Jequm Jull] 2182 0.0
2 Mode Mo, 2.3
6 2000 -1.000 0000| LG1 | Tmax a8 1260 0.03
[ 2.000 -1.000 0o00| LG1 | adta+ -61.1 218.2 0.zg
BB 2000 -1.000 0000| LG1 | aza+ 2039 218.2 0.53
[ 2.000 -1.000 0ooo| LG1 a1 2038 218.2 053
BB 2000 -1.000 0000| LG1 a2 &1.1 218.2 0.28
2 2.000 0.000 00| LG1 [ dm ol 218.2 0.00
BB 2000 -1.000 0o00| LG1 | azm 0o 218.2 0.00
5 2.000 -1.000 0000| LG1 | deqw 181.2 2182 0.83
2 2000 0.000 0000| LG1 | Sequm 0o 2182 0.00
2 Node Mo.: 3.4
4 0.000 -2.000 0000| LG1 | Tmax [=A1] 126.0 0.05
4 0.000 -2.000 0o0o| LG1 | aota+ 964 2182 044 b
Max @[l @

Figure 2.20: Table 2.4 Stresses by Line
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The maximum stresses are displayed for all lines that are available in the designed surfaces.
The results are listed by line numbers.

2.3.5 Stresses in All Points

RF STEEL Surfaces - [Bulkhead]
File Edit Settings Help
CA1 - Stress analysis || 2.5 Stresses in All Points
Input Data s B [ c© [ D [ E [ F [ 6 [HT 1 T 4 [ K [LIJ~
FE Mesh Surface | Line Mode Point Coordinates [m] Stress [Mmmé ] Stiess
General Data i X % - 5
W aterials Foint Ma, Mg No. Mo ® i z Loading | Spmbol | Existing Limit FRatio [-]
clifaces 10 34 ]9.101 10 E.000 0.000 0.000| LGT | daqe 1449 218.2 n.o7
Results Tequm 0z 218.2 0.oo
Stresses by Load Case Taqy .+ 1439 218.2 0.07
Stresses by Material Tequ,- 146 2182 07
Streszes by Surface
Shresses b Line 11 34 10,11, 1 E.000 -2.000 0000| LGT | dequ 1449 218.2 0.07
Sitresses in All Points Tequ.m 0.2 218.2 0.00
Stress Ranges Taqy + 1439 218.2 0.07
Parts List Teqy.- 146 218.2 007
14 4 13,14 14 £.000 0.000 0000| LGT | dequ B34 218.2 03z
Tequm 21 218.2 0.0
Dequ 4 BT 218.2 031
Teqy.- E9.4 218.2 03z
15 4 14,15 15 8.000 -2.000 0000| LG1 | deqe E9.4 218.2 03z
Tequm 2.1 218.2 0.0
Dequ 4 BT 218.2 031
Teqy.- E9.4 218.2 03z
250 3.4 10 £.000 -0.200 0000 LGT | feqw 593 218.2 027
Tequm 0z 218.2 0.00
Tequ+ 593 218.2 0.27 L
4 |w|al |w)lal s LGT |
T T
Max: 068 |1 @ Ty

Figure 2.21: Table 2.5 Stresses in All Points

This results table is inactive by default because the program must manage a considerable
amount of data when complex structures are analyzed. However, for a specific numerical
evaluation, it is possible to activate the table by selecting the corresponding option in the
Options tab of the Details dialog box (see Figure 2.13, page 26).

The table shows the stresses and stress ratios for each FE mesh or grid point that is availa-
ble in the designed surfaces. By selection in the Options tab of the Details dialog box, you
can decide if you want to consider either FE mesh nodes or user-defined grid points for the
evaluation (cf. Figure 2.13, page 26). When data has been modified, a query appears before
the results will be recalculated.

The display of stresses and stress components can be adjusted in the Stresses tab of the De-
tails dialog box (see Figure 2.11, page 19). To open the dialog box, use the button shown
on the left at the bottom of the list.

The different columns are described in detail in chapter 2.3.1, page 30.

The table results can be sorted according to surface, line and node numbers as well as load
cases if you want to evaluate the results specifically. Use the lists below the corresponding

columns to select the data. You can also use the [Pick] function to select structural objects

graphically.
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2.3.6 Stress Ranges

RF-STEEL Surfaces - [Chimney]
File Edit Settings Help
C41 - Stess analysis ~ | 2.6 Stress Ranges
Input Data [T B [ C [ 0 [ E T F [ G T H T T [ J T KT LT [ [a
General Data FE Mesh Surface | Line Mode Fuaint Coordinates [rm] Strese [M/mm]
W aterials Puaint Mo, g Mo, Mo * W Z Syrbol | Loading | Marimum | Loading | Minimum | Range
Surfaces 12 17.18 113,27, 12 0.0 -3150.0 | -3000.0 | Tmax LG2 030 LG13 0.0 029
Serviceatilty Diata 014 LGS 2929| LGz -43.08 237
Resuls 034 LG13 640 LG1 7919 62.79
Sesses by Load Case o LGS 3061 LGI 4666 7728
Shresses by Material 03, LG13 16.23| LG2 7581 53.58
Stresses by Surface om LG3 13.28| LGS -19.33 3281
Stresses by Line ozm LGS 873 LG1 -40.07 30.34
Shress Aanges Taqw LG1 EB.ES| LG13 16.32 5333
Displacements Oeqvm | LG1 34.85| LGE 13.20 21.78
Paits List
13 1720 |28 45, 13 21800 0.0 -3000.0| Tmax LG2 06| LGE 0.0 018
o1+ LGS 24.42| LGH -10.85 36.27
a3 LG10 114 LG2 -44.82 3363
o1, LGE 3373 LG4 -30.80 £4.53
03, LGE 1067 | LG4 5334 £4.01
fMm LG2 16.88| LG2 1671 3388
o1m LGE 181 LG4 3411 2230
Taqr LG4 46.79| LGB 11.04 375
Oeqvm| LG4 3016| LGE 10.44 19.72
14 19,20 |29, 46, 14 0.0| 31500 -3000.0| Tmax LG2 0.21) LGE 0.0z 019
o1+ LG7 3249| LGZ2 3458 £7.07
[ LGE 1656| LG1 B5.7F 4321 R
Al s AL s |lA v
= = =

Figure 2.22: Table 2.6 Stress Ranges

This results table is inactive by default. However, to activate the table, tick the correspond-
ing check box in the Options tab of the Details dialog box (see Figure 2.13, page 26).

The stress ranges of the stress intensities are required for fatigue designs when analyzing
the fatigue behavior. The table displays the stress differences for each FE mesh or grid point
of the designed surfaces. By selection in the Options tab of the Details dialog box, you can
decide if you want to consider either FE mesh nodes or user-defined grid points for the
evaluation (cf. Figure 2.13, page 26).

The display of stress types can be defined in the Stresses tab of the Details dialog box (see
Figure 2.11, page 19). To open the dialog box, use the button shown on the left at the bot-
tom of the list.

The table results can be filtered according to surface, line and node numbers. Use the lists
below the corresponding columns to select the data. You can also use the [Pick] function
for the graphical selection.

Details on columns A to G can be found in chapter 2.3.1 on page 30.

Loading

Columns H and J show the relevant load cases, load groups or load combinations that bear
the maximum and minimum stress components. In these two columns, all actions that have
been set for the ultimate limit state design are considered.

Maximum / Minimum

Column | lists the maximum stress values that are available for each stress type. Column K
lists the minimum stress values. The Maximum is represented by the positive extreme values,
the Minimum is represented by the negative ones.
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Range

The values displayed in this column represent the range of stresses that results from the re-
levant extreme values in column | and K.

2.3.7 Displacements

RF-STEEL Surfaces - [Bulkhead]
File Edit Settings Help
CA1 - Stress analysis ~ | 3.1 Displacements
Input Data & | B [ C | 1] o G | H [ | | J
General Data Surface |FE Mesh Pairt Coordinates [m] Combi- | Displacements [mm] Fiatio
W aterials Ho. | Paint Mo, b3 N = Loading = nation Uz Limit uz [1
Ciifaes 1 [ 0.800 -1.000 0ooo| LG1 CH 1.8 165 072
Serviceabilty Data 2 176 2.000 -1.000 0o0o| LG CH 73 2.3 1.00
Results 3 286 £.000 -1.000 00| LG1 CH 73 23 1.00
Siresses by Load Case 4 397 7.200 -1.000 00| LG1 CH 1.8 155 077
Shresses by Material
Shresses by Surface I arimum Displacement by Value / R atio
Shesses by Line 4 397 7.200 -1.000 00| LG1 CH 1.9 1558 0.77
Stresses in All Paints 2 176 2.000 -1.000 0o0o| LG CH 7.3 ] 1.00
Displacements
Paits List Mirirumn Displacement by Value / Ratio
1 1 0.000 0.000 00| LG1 CH oo 165 0.00
1 1 0.000 0.000 0000|  LG1 CH oo 165 0.00

Ma: 10021 @

Figure 2.23: Table 3.1 Displacements

The deformation analyses are only displayed when you have selected at least one action for
the design in the Serviceability Limit State tab of table 1.1 General Data (see chapter
2.1.1.2, page 11). Furthermore, it is necessary to have defined surface reference lengths for
the limit deformations in table 1.4 Serviceability Data (see chapter 2.1.4, page 18).

The results table displays the maximum displacements due to the serviceability load cases or
combinations. The results are listed by surfaces.

In addition, the table shows the deformations and stress ratios for each FE mesh or grid
point that is available in the designed surfaces. The settings in the Options tab of the De-
tails dialog box (see Figure 2.13, page 26) determine if the table displays nodes of the FE
mesh or user-defined grid points.

Details on columns A to D can be found in chapter 2.3.1 on page 30.

Loading

All actions that have been selected for the deformation analysis are listed by surfaces in col-
umn E. In this way, you can evaluate specifically the maximum deformation for each single
load case or load combination.

Combination

This column shows the action combinations that have been assigned in the Serviceability
Limit State tab of table 1.1 General Data (see chapter 2.1.1.2, page 11).

e Characteristic (CH)
e Frequent (FR)

e Quasi-permanent (QP)
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Rotate...
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Local Axis Systems on/off

Result Values 3
Display Properties...

Show Selected Objects Only
Hide Selected Objects

Context menu of surface
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Displacements - u,

This column displays the governing deformations in direction of the local surface axes z. The
maximum deformations u, refer to the non-deformed original structural system.

To display the local surface axes, use the Display navigator in RFEM or the context menu of
the corresponding surface (see Figure 2.17, page 31).

Displacements - Limit u,

Column H contains the limit deformations in direction of the z-axis of each surface. These
deformations are determined by the reference lengths L of the boundary lines that have

been defined in table 1.4 (see chapter 2.1.4, page 18) and the general serviceability limits
specified in the Serviceability tab of the Details dialog box (see chapter 2.2.1.2, page 25).

Ratio

The final column shows the quotients determined from the existing displacement u, (col-
umn G) and the allowable displacement Limit u, (column H). If the limit deformations are
not exceeded, the ratio is less than or equal to 1.00 and the serviceability limit state design
was carried out successfully.

Maximum and Minimum Displacement by Value / Ratio

At the bottom of the table, a summary is displayed showing the extreme displacement val-
ues and stress ratios of all designed surfaces. The output is divided in maximum (positive)
and minimum (negative) results.

2.3.8 Parts List

RF-STEEL Surfaces - [Column Base]
File Edit Ssttings Help
LA - Shress analysis +~ | 4.1 Parts List
Input Data L A \ B [ ¢ [ 0 [ ¢ [ F W
Goreial Dl Part Thickness Area Coaling Yolume “wieight
A Ha Material Type d [ram] [ ] [m#] [m?] [kal
e z Steel S 235 Constant a0 009 0139 0.00 65
e 3 Constant a0 009 0139 0.00 65
i aesat b load o 4 Constant 150 010 0.20 0.00 138
S Mae 5 Constant 150 010 0.20 0.00 18
e B Constant 150 010 0.zn oo 118
S e 7 Constant 150 010 0.20 0.00 138
SEE [ Canstant 50.0 0z 0.49 (] 953
10 Constant 50.0 0.25 0.43 om 963
Sum 1.08 215 0.03 2629
13 Steel 5 355 Constant a0 0.03 013 0.00 ES
20 Constant a0 0.o3 013 0.00 E5
21 Constant 160 010 0.20 0.00 118
22 Constant 150 010 0.20 0.00 18
23 Constant 150 010 0.20 0.00 1.8
24 Constant 160 010 0.20 0.00 118
Sum 053 117 0. .2
Sum 1.66 332 0.04

Figure 2.24: Table 4.1 Parts List

Finally, RF-STEEL Surfaces provides a summary of all surfaces that are included in the design
case. By default, the list contains only the designed surfaces. If you want to display a parts
list with all surfaces of the structure, select the corresponding option in the Options tab of
the Details dialog box (see Figure 2.13, page 26).
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Part No.

Referring to the surface numbers, the program assigns part numbers to the surfaces.

Material

The surfaces are listed by materials. Each material is closed by the Sum of the values that
are displayed in column D to G.

Thickness

Columns B and C show the Type of thickness as well as the thickness d. The entries refer to
the input data in table 1.3 Surfaces.

Area

This column gives information about the area of each surface.

Coating

The surface area of a surface is determined from the top and bottom side of the surface. As
steel surfaces are usually thin-walled, the lateral surfaces are not considered.

Volume

The volume of a surface is determined by the product of its thickness and area. If the sur-
face has a variable thickness, the program considers this property accordingly.

Weight

The final column displays the masses of each surface. The value is determined from the rele-
vant volume of the surface and the weight density of the material that is used.

Sum

At the bottom of the list, you find a summary showing the sums of the columns D to G. The
results output in the Weight column gives information about the overall steel mass that is
required.
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3. RF-STEEL Members
3.1 Input Data

The data for the definition of design cases is entered in tables.

When you have started RF-STEEL Members, a new window opens where a navigator is dis-
played on the left, managing all tables that can be selected currently. The pull-down list
above the navigator contains the design cases already available (see chapter 6.1, page 82).

If you open RF-STEEL Members in an RFEM structure for the first time, the module imports
the following design relevant data automatically:

e Members and sets of members

e Load cases, groups and combinations

e Materials

e Cross-sections

e Internal forces (in background, if calculated)
To select a table, click the corresponding entry in the RF-STEEL navigator or page through

the tables by using the buttons shown on the left. The function keys [F2] and [F3] can also
be used to select the previous or subsequent table.

To save the defined settings and quit the module, click [OK]. When you click [Cancel], you
quit the module but without saving the data.

3.1.1 General Data

In table 1.1 General Data, you define the loads and members that you want to design. The
design standard is specified in table 1.2, even though indirectly, because the material prop-
erties are related to the standard.

RF-STEEL Members - [Steel Structure]
File Edit Settings Help
CA1 - Stress analysis |~ | 1.1 General Data
Input Data Design of
General Data
W aterials Members: 16.44,45,48-73,75-83,85,89.91100-116,137 Can
Eross-sections Sets of Members: E Al I
Existing Load Cases Selected for Design m
L1 Self-weight ~ coz2 Design ~
LC2 Self-weight platfarm lining m
LC3 Traffic load 500 kg/mf h E
LC4 Horizartal load it 4 a
LCs Horizontal load in m
*CE Imperfection towards + -Q
*LCF Imperfection bowards +7 o E
5 Mg
Load Groups and Load Combinations
LG1 1 35:LC1 + 1.35:LE2 + 1.5*I:E A Stress Analysis
LGZ 1.36°LCT + 1.35°LC2 + 1.35°1
i i i of Members and
LG3 1.35°LC1 + 1.35°LC2 + 1.35°0 - Seis e Manbas
LG11 LC1 +LC2+LC3 » :
LG1Z2 LC1 +LC2+LC3 +LC4 e Cross-section
LG13 LC1 +LC2+LC3 +LC5 s Optimization
col Usage Parts List
V. b
Comment / \
Ultimate Limit State Desighn -

' Engineering Software
Dlubal

Figure 3.1: Table 1.1 General Data
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Details. ..

Design of

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 boxes. Then you can access the two input
fields to enter the numbers of the relevant members or sets of members. The list of the pre-
set member numbers can be selected quickly by double click and overwritten by entering
the data manually.

To select the objects graphically in the RFEM work window, use the [Pick] button.

Multiple Selection
Pick Members
Member Mo. 49
Selected:

[44,45,45-73,75-83,88,89,91 100-116,137.152]

Clear 1] 8 Cancel

Figure 3.2: Graphical selection in the model

In case that you have not yet defined any sets of members in RFEM, you can create them in
the RF-STEEL module by clicking the [New] button. The dialog box that you already know
from RFEM appears where you can specify the data for a new set of members.

By means of a set of members design, it is possible to design several selected members and
determine the total maxima of the stresses and stress ratios of all members contained in the
set of members. In such a case, table 2.2 Stresses by Set of Members and table 4.2 Parts List
by Set of Members are displayed.

Existing Load Cases / Load Groups and Load Combinations

These two sections list all load cases, load groups and load combinations defined in RFEM
that are relevant for the design. Use the button [»] to transfer selected load cases or com-
binations to the list Selected for Design on the right. You can also double-click the entries.
To transfer the complete list to the right, use the button [»p].

When load cases are marked by an asterisk (*) like load cases 6 and 7 in Figure 3.1, they
cannot be calculated. This may be the case when no loads are defined or when the load
case contains only imperfections.

Selected for Design

The column on the right lists the loads selected for the design. Use the button [«] to re-
move selected load cases or combinations from the list. You can also double-click the en-
tries. With the button [4«], you can transfer the entire list to the left.

The analysis of an enveloping Or load combination is often carried out more quickly than
the global design of all created load cases and load groups. On the other hand, when ana-
lyzing the entire load combination, the influence of the contained loads is hardly transpar-
ent: RF-STEEL Members uses the max/min results of the RFEM table 3.5 Members - Internal
Forces where the internal forces of the different load cases are superimposed accordingly.
Therefore, when selecting load combinations, it is recommended to check the settings for
the Method of Stress Calculation in the Details dialog box additionally (see chapter 3.2.2,
page 50).

Comment

This input field allows for user-defined remarks, for example to describe the current design
case.
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taterial D ezcription

Steel 5 235 R

Steel StE 350

Steel 5 235.R G1
Steel 5 235JR G2
Steel 5 23500
Steel 5 23502 G3
Steel 5 23502 G4
Steel 5 275.R
Steel 5 2750
Steel 5 27502 G3

DIN 17162 1980-03 |

EN 10025:
EN 10025;
EN 10025:
EN 10025;
EN 10025:
EN 10025:
EN 10025:
EN 10025;

: 1994-03
: 1934-03
- 195403
: 1934-03
: 1994-03
: 1934-03
: 1994-03
:1994-03 |w

Dlubal

3.1.2 Materials

The table is subdivided into two parts. In the upper part, the materials used for the design
are listed with the relevant limit stresses. In the Material Properties section below, the prop-
erties of the current material, i.e. the table row currently selected in the upper section, are
displayed.

The material properties required for the determination of internal forces in RFEM are de-
scribed in detail in chapter 5.3 of the RFEM manual. All design relevant material properties
are stored in the global material library and are preset automatically but can be adjusted in
the present table.

To adjust the units and decimal places of material properties and stresses, select Units and
Decimal Places in the module's Settings menu.

RF-STEEL Members - [Steel Structure]
File Edt Settings Help
CAT - Stress analysis ~ | 1.2 Materials
Input Data [ A \ B [ C o | E [ F [ G
General Data taterial I aterial- Safety Factar | Yield Strength Limit Streszes [NAmmi ]
W aterials Ho. Description it fy NAmm2] | Manually Limit i Limit 1 Lirnit raqu
Eraseseetions 1 Steel 5 235 = | 110 2400 a 218.2 126.0 2182
2 |Stesl5 275 110 a7s.0 O 250.0 1443 2500
3 | Steel5 355 1.10 360.0 O 3273 183.0 3273

Material Properties
E RFEM Relevant

Modulus of Elasticity g 210000.0 | Nt

Shear Modulus G 21000.0 | M/mm?

Poiszon’s Ratio 2 0.300

Unit weight ¥ 7850 | kN/m?

Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C

Partial Safety Factor bl 110

E Design Relevant Material Mo, 1 Used in

Yield Strength by 240.0 | N/mm? (e

Ultimate Tensile Strength fy 3R0.0| MemmE sections: (125791113

bdar. Stiuctural Thickness [for Range 1) ty 40.0 | mmn

Yield Strength (for Range 2) Ty 2 215.0) M/mme tdembers: |1-9,11-16.48,49 58 53.66-73.7

Max. Stuctural Thickness [for Range 2] Iz 100.0 | mm Sets of

Coefficient for Limiting Stresses of Welds I 0.950 Members: |16,
Z Lenght: 102,60 [m]
£ Weight 3303 [

Figure 3.3: Table 1.2 Materials

Material Description

The materials defined in RFEM are already preset. But it is possible to select another materi-
al by using the list: Place the pointer in a table row of column A, and then click the button
[¥] or use the function key [F7]. The list shown on the left opens. When you have selected a
new material, the design relevant properties are entered into the corresponding table row
and are highlighted in blue.

Only steel materials are available in the list. In principle, you can carry out the design with
any material whose stress concept is based on the comparison of existing normal, shear and
equivalent stresses with the respective allowable stresses. Therefore, it would be possible to
design cross-sections made of aluminum or stainless steel. However, you must consider the
corresponding standard specifications additionally.

If you have set a material whose limit stresses are not defined (for example timber), the en-
try is highlighted in red. It is possible, however, to define the limit stresses by ticking the
check box Manually in column D and entering specified data. When you have defined the
allowable stresses in the columns E to G, the red color of the table row will disappear.
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The import of materials from the library is described on page 14.

Safety Factor y,,

This factor describes the safety factor used to calculate the design values of the material
stiffnesses. Therefore M is indicated. By using the factor v,, the characteristic value of the
yield strength f,, is reduced for the determination of the limit normal stress o 4 (see
Equation 2.1) and the limit shear stress t; 4 (Equation 2.2).

(g Thus, the factor y,, is considered twice for the design if the calculation is carried out accord-
ing to the second-order or the large deformation analysis: On the one hand, you must con-
sider, for example according to DIN 18800 part 2, el. (116), the influence of deformations
by a stiffness that is reduced about 10 % when determining internal forces. On the other
hand, additionally, you must reduce the design values of stiffnesses by the partial safety
factor y,, when you design the ultimate limit state.

Yield Strength f,

The yield strength describes the limit to which the material can be strained without plastic
deformation. The characteristic values of several steel grades can be found for example in
DIN 18800 part 1, section 4 or EC 3, section 3.

Limit Stresses

The limit stresses for materials from the general material library are preset automatically.
Those entries provide no access for modifications.

In case you want to modify the limit stresses, you can use the [Edit Material] button to open
the Edit Material dialog box where you can change the material properties (see Figure 2.6,
page 15). You can also use the check box Manually in column D.

Manually
If the check box is ticked, you can define the limit stresses in the subsequent columns
M aterial Description manually. Materials that have been modified are highlighted in blue and marked by an
Steel 5 235 JO0F asterisk in the column Material Description.
limit o,

The limit normal stress represents the allowable stress for actions due to bending and
membrane force. It is determined, for example according to DIN 18800 part 1, el. (746), by
the characteristic value of the yield strength that is reduced by the partial safety factor y.

f
yk
Ox,R,d ="
™
Equation 3.1
limit ©

The limit shear stress indicates the allowable shear stress due to shear and torsion. For
example according to DIN 18800 part 1, el. (746), the partial safety factor y,, is also
considered in the equation for the determination of limit shear stress.

T fyk

R,d =
w3

Equation 3.2

limit o,

The limit equivalent stress represents the allowable equivalent stress for the simultaneous
effect of several stresses. According to DIN 18800 part 1, el. (746), it is determined by
Equation 3.1.
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Yield strength depending on thickness of structural components

For some materials, there is a relation between the characteristic yield strength £, and the
thickness t of the relevant structural component. The Max. Structural Thickness of the re-
spective ranges with the corresponding yield strength is indicated in the Material Properties
section of table 1.2.

The yield strengths of structural thicknesses are defined in the standards, for example DIN
18800 part 1, table 1. To check and adjust, if necessary, the structural thicknesses and as-
signed stresses, use the [Edit Material] button (see Figure 2.6, page 15).

Material Library

A number of materials is stored in the library that you can access by using the button below
column A. The dialog box which you already know from RFEM opens (see Figure 2.5, page
14).

The import of materials from the library is described in chapter 2.1.2 on page 14. Chapter
5.3 of the RFEM manual describes in detail how materials in the library can be filtered, add-
ed or rearranged.

When you select another material category than Steel, be aware that you can design only
materials whose stress concept is based on the comparison of existing normal, shear and
equivalent stresses with the respective allowable stresses. Under these conditions, it would
be possible to design, for example, structural components made of aluminum or stainless
steel.

When you import a material whose limit stresses (for example timber) are not defined, the
entries of the corresponding table row in table 1.2 are highlighted in red. It is possible,
however, to define the limit stresses of this material by ticking the check box Manually in
column D and entering user-defined specifications. As soon as you have defined the allow-
able stresses in the columns E to G, the red color of the table row disappears. Please note
that some stress designs, for example for timber cross-sections, can only be carried out to
some extent. The corresponding standard criteria are implemented in the add-on module
TIMBER Pro.

Edit Material

The yield strengths and limit stresses of the currently selected material can be adjusted by
clicking the button below column A. It is also shown on the left.

The Edit Material dialog box shown in Figure 2.6 and described on page 15 opens. The ma-
nual text describes how to adjust the partial safety factor, the characteristic values of the
yield strength f,, or the yield strengths and limit stresses in relation to the component
thickness as well as the ranges of the component thicknesses.

Program RF-STEEL © 2010 Dlubal Engineering Software
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3.1.3 Cross-sections

In this table, the cross-sections that should be designed are listed. The material numbers al-
ready assigned in RFEM are preset (see description of previous table 1.2 Materials). Addi-
tionally, it is possible to define optimization parameters.

RF-STEEL Members - [Steel Structure]
Eile Edt Settings Help
C&1 - Stress analysiz v 1.3 Cross-sections
Input Diata & | B | ¢ "o | E | F 5 - L 80x40x8
General Data Section | Material Cross-gection Max Design  Opti- RF-STEEL Members
W aterials Ha. Mo, Description Fiatio mize | Remak | Comment
Cross-sections 1 1 HE-A 240 0.54 O
Results 2 1 IPE 200 03 4
Streszes by Croge-section 3 3 u 200 073 0O
Streszes by Set of Members 4 1 g
Stresses by Member 5 1 L 80:40:8 183 m 2
Stresses by x-Location g 1 8
Gowveming Interal Forces by b 7 1 L 100:50:6 0.03 a 5 - L 80x65x8
Goveming Intemal Forces by 51 g 1 RO 8252 O 7] RFEM
Pats List by Member d 1 15 450/200/4.5/5.5/0 0E4| [ or
Paits List by Set of Members 1a 2 15 245/225/6/8.5/0 0es| O Y
11 1 15 315/120/4.5/6.5/0 03 O Kimio ey
iz 1 g s
13 1 SHAPE-THIN ZETA-PROFIL 023 o
=
X
=)
Cross-section No. 5 Used in
Mermbers: | 108,109
Sets of
M embers:
E Length: 2,50 [m]
 Weight 0018 [
2) The cross-section will be optimized. Therefare the most - Material |1 -Stesl 5 235
< 2| optimal section of the table is sought out,
Crozs-section Mo. 5 - L §0x40x3 in Members: 105,109

Figure 3.4: Table 1.3 Cross-sections

Cross-section Description

When you open the table, the thickness types of the cross-sections used in RFEM are preset
together with the assigned material numbers.

It is always possible to modify the preset cross-sections for the design. The description of a
modified cross-section is highlighted in blue.

If you want to modify a cross-section, you can enter the new cross-section description di-
rectly into the corresponding table row. As an alternative, you can select the relevant cross-
section from the library. The library can be opened by clicking the button [Import Cross-
section from Library], by placing the pointer into the corresponding table row to enable the
[...] button or by using the function key [F7]. The library dialog box from RFEM appears with
the selected cross-section table.
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Tahle Crozz-section IPE 200
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LB (IPE 200
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IPM [ARBED] IFE 360

IFE [AREBED] IFE 400
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HD [AREED] IFE 500

HL [4RBED] IFE 550

HF [&RBED] IFE E00

W [AREED]
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LB [4REBED]
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|

e

IPEa

[0 v ~| | IPE 200

Medium ‘wide |-Beams with Parallel Flanges - T able IPE
[Hat Rolled), according to EUROMORK 19-57 or DIM 1025 Part 5, Edition 03,94

[ ok

Figure 3.5: Dialog box of cross-section library Rolled cross-sections - I-Sections

] [ Cancel

The selection of cross-sections from the library is described in details in chapter 5.13 of the
RFEM manual.

If the cross-sections in RF-STEEL are different from the ones used in RFEM, both cross-
sections are displayed in the graphic in the right part of the table. In such a case, the pro-
gram will carry out the stress designs for the cross-section selected in RF-STEEL with the in-
ternal forces from RFEM.

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 accordance with the RFEM definition, in
two table rows. RF-STEEL Members can design tapered members when both cross-sections
have the same number of stress points.

The normal stresses are determined from the moments of inertia and the centroidal dis-
tances 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. In
such a case, RFEM applies the corresponding cross-section properties up to the middle of
the member to facilitate the calculation and the rendering. In RF-STEEL, however, a design
is not possible. Therefore, a warning appears before the calculation will be carried out.

RF-STEEL Members
I Warning No_ 195

Member Mo, 1 iz tapered and conzists of incompatible
zections Mo. 1 ahd Mo, Bl

The sections are not of the zame profile type.

. A

Figure 3.6: Warning in case of incompatible cross-sections

To check the data, you can display the cross-section's stress points including numbering in
the cross-section graphic (in the right part of the table). For more information on stress
points, see chapter 3.3.1 on page 55.
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To produce the same number of stress points for tapered members, you can, for example,
model the taper's end cross-section as a copy of the cross-section start adjusting only the
geometry parameters. If required, you define both cross-sections as parameterized
("Welded") cross-sections. With the cross-section group /-Section Plus Lower Flange, the
library provides cross-sections especially for tapers.

Max. Design Ratio

This column will be displayed as soon as a design has been carried out. It is intended to be
a decision support for the optimization process. By means of the displayed ratios and co-
lored relation scales, you can see which cross-sections are hardly utilized and thus over-
sized, or extremely stressed and thus undersized.

Optimize
For each cross-section, you can carry out an optimization process. By using the RFEM inter-
nal forces, the module determines the cross-section within the respective cross-section table

that comes as close as possible to a user-defined maximum ratio. This ratio is defined in the
Details dialog box (see Figure 3.8, page 50).

To optimize a particular cross-section, tick its corresponding check box in column C or D.
Recommendations for the cross-section optimization can be found in chapter 6.2.2 on page
85.

Remark

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

If the display indicates remark 6) Incorrect cross-section data! Members of this cross-section
will not be designed., you have defined an unknown cross-section, i.e. it is not available in
the cross-section database. This may be the case for a user-defined or not yet calculated
SHAPE cross-section. In such a case, define the required settings in RFEM, for example the
Stress Points (see chapter 5.13 of the RFEM manual, section Create User-defined Cross-
sections).

Cross-section graphic

In the right part of table 1.3, the currently selected cross-section is displayed graphically.
The buttons are reserved for the following functions:

Dlubal

Function

Opens the dialog box Info about cross-section with the cross-section properties.

Displays or hides the dimensions of the cross-section.

Displays or hides the principal axes of the cross-section.

Displays or hides the stress points.

Displays or hides the numbering of stress points.

NEEEEEE

Resets the cross-section graphic.

Table 3.1: Buttons of cross-section graphic
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3.2 Calculation

The stress analysis is carried out by using the internal forces determined in RFEM. Before
you start the calculation by clicking the [Calculation] button, it is recommended to check
the design details. To open the corresponding dialog box, use the [Details] button. Details
on this dialog box can be found in chapter 3.2.2 on page 50.

Stresses and Ratio

Tables 2.1 to 2.5 show the normal stresses Giytai, Tiotal aNd Geqy by default. To display the in-
dividual stress components, use the buttons [Select Stresses to Show] and [Extended Stress

Normal stresses

The normal stresses ¢ have the following meanings:

Stress due to axial force N
N
GN O = X
with A cross-sectional area of cross-section
Stress due to bending moment M,
M
o= e,
o Ly -
Gy pLY "y
with Oy plastic form factor according to DIN 18800 part 1, el. (750)
ly: moment of inertia related to principal axis y
e, centroidal distance of the stress point in direction z
Stress due to bending moment M,
M
c=———%2 . ey
Upl,z 15
Om-z . . i
with Ol - plastic form factor according to DIN 18800 part 1, el. (750)
I moment of inertia related to principal axis z
e, centroidal distance of the stress point in direction y
Stress due to bending moments M, and M,
Om o= My e. — M, e
- z
oy ly aplz -l
Tensile stress due to axial force N and bending moments M, and M,
Gitensile G—E+ My e, — MZ e
= . y
A apyly oz Iz
Compressive stress due to axial force N and bending moments M, and M,
G compressive G = E + My e — MZ e
- z
A opyly Apizly
5 Maximum difference between the normal stresses of the different load cases
delta that are required, for example, for the fatigue design
Normal stress due to axial force N and bending moments M, and M,
Gtotal G_E+ My e — M, .e
= , y
A opyly Upl,z 1z

Table 3.2: Normal stresses ¢
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According to the common conventions, tensile stresses are indicated by positive signs and
compressive stresses by negative signs.

The local member axis system has a certain impact on the signs of the internal forces and
stresses.

positive area of cross-section

2

positive internal forces
s —
My

Figure 3.7: Positive definition of internal forces

The bending moment M, is positive if tensile stresses are generated on the positive member
side (in direction of the z-axis). M, is positive if compressive stresses occur on the positive
member side (in direction of the y-axis). The sign definition for torsional moments, axial
forces and shear forces conforms to the usual conventions. These internal forces are positive
if they act in a positive direction.

The analysis is carried out for each single stress point so that normally the components of
the maximum stresses must not be summed up for a combined calculation (for example
Oiota): Often, the maximum stresses occur on different stress points. You have to superim-
pose the stress components of the respective stress point!

Shear stresses

The shear stresses T have the following meanings:

Stress due to shear force V,
- %Q
-t
Tvy . . o .
with Q,: static moment related to principal axis z
l: moment of inertia related to principal axis z
t: governing thickness of cross-section
Stress due to shear force V,
- V2-Q
Iy -t
Tyz . . . . .
with Q,: static moment related to principal axis y
ly: moment of inertia related to principal axis y
t: governing thickness of cross-section
Stress due to shear forces V, and V,
Tv :_VV’QZ_VZ'QV
l,-t Iy -t

48

Program RF-STEEL © 2010 Dlubal Engineering Software



N
3 RF-STEEL Members I

Engineering Software

Dlubal

Stress due to torsional moment M; in case of open cross-section

M
T=—T .t

)
TM-T, St.Venant St.V.

with Joev: Saint Venant torsional constant

t: governing thickness of cross-section

Stress due to torsional moment M; in case of closed cross-section

M
iabwwer
TM-T, Bredt “fm
with A area enclosed by the center lines of the cross-section
t: governing thickness of cross-section
Stress due to torsional moment M;
Ty M M
M-T T=—T .t or T=— 1 —
Joov. 2-A, -t
Shear stress due to shear forces V, and V, and torsional moment M;
Tiotal

T=1Ty +TMT

Table 3.3: Shear stresses T

As the equations show, the program uses the static moments instead of the shear areas of
the cross-section to determine the shear stresses due to shear force.

Concerning the shear stresses due to torsion, please note the following:

o If you have a cross-section that is partially open but has one closed cell, the program
will classify the entire cross-section as closed. In this case, the shear stress will be de-
termined exclusively according to the Bredt formula. RF-STEEL Members won't carry
out any pro-rata analysis for My ¢ venant aNd My g4 like it is done in the cross-section
module SHAPE.

e The influence of the warping torsion is not considered in RF-STEEL. The design, like
the determination of internal forces in RFEM, is exclusively limited to the primary tor-
sional moment. However, if you have to consider warping stresses due to the sec-
ondary torsional moment or the warping bimoment, it is recommended to use the
add-on module RF-FE-LTB for the analysis.

Equivalent stress

The equivalent stress G, for example according to DIN 18800 part 1, el. (748), is deter-
mined as follows:

Equivalent stress from normal stresses o and shear stresses ©

2 2
Ceqv = \/f1 *Gotal T fZ * Ttotal
Gequ

with f.: factor for normal stresses

f,: factor for shear stresses

Table 3.4: Equivalent stress Geq,

Factors f, and f, can be defined in the Details dialog box (see Figure 3.8, page 50). Accord-
ing to DIN 18800 part 1, el. (748), the factors are preset with f, = 1.0 and f, = 3.0.
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For stress designs, RF-STEEL Members determines the quotient from the existing and the

limit stress, as described for example in DIN 18800 part 1, el. (747).

For each internal force component, you can display the cross-section's stress ratio on the
governing stress point (cf. chapter 4.2.2, page 70). The ratios due to normal, shear and
equivalent stress are displayed in the results table by default. If the limit stress is not ex-

ceeded, the ratio is less than or equal to 1 and the stress design was carried out successful-

ly.

<1

OR,d

Equation 3.3: Design condition for normal stresses

L <1

TR,d

Equation 3.4: Design condition for shear stresses

Geqv <1

OR,d

Equation 3.5: Design condition for equivalent stresses

3.2.2 Calculation Details

To check the different calculation parameters, open the corresponding dialog box by using
the [Details] button. The dialog box can be accessed from any results table in the module.

Details

Dizplay Result Takles

2.1 Streszes by Crozz-section

2.2 Strezzes by Set of Members
2.3 Streszes by Member

2.4 Strezzes by v-Location

[] 2.5 Stresses at Every Stress Point

3.1 Govemning Intemal Forces for: | Sigma-eqy
3.2 Governing Internal Forces by Set of Members

4.1 Partz List by Member

4.2 Partz List by Set of Members
(%) 0f Designed Members / Sets Only
O 0f &)l Members / Sets

Method of Stress Calculation
for Load Combinations:
(O Stesses from Internal Forces

(®) Caleulate Stresses from Single Load Cases in CO and
then Combine Streszes according to CO Criteria

Crozs-section Cptimization

Max Allowable Design R atio: 1.000%

Conzider Plastification

[] Allows Local Plastification according ta
DIM 13800 Part 1, Elemnent [743)
[Excesd Sigma-eqv by 10%)

[[] Caleulate Mormal Stresses with Plastic
Shape Factors Alpha-pl according to
DIM 18800 Part 1, EI [750)

[Only considered with respect to

|-Shaped Rolled Cross-sections]
Calculation of Equivalent Stress Sigma-sgy
Factor for a: 1.00 ¢
Factor for 1: 3.00¢

<] [l

Eccertric Transverse Loads on |-Beams

[] Simplified Consideration of Eccentric
Loading for |-beams with Large Depth
[Rolled I-Crogs-zections, 15]

Analyze Streszes Caused by M-z Only at
Top Chord with Substitute Crozs-section
[Half I-Crozs-zection]

[ oK [ Cancel

Figure 3.8: Dialog box Details
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Sigma-eqy w
Sigma Tatal DE
Sigma M

Sigma M-y

Sigma M-z

Sigma M+k-p

Sigma M+h-z

Sigma b

Sigma Tenzile

Sigma Compressive
Sigma Delta

Tau Tatal

Tau'-y

Tau'-z

Tau'

TauM-T St¥enant
TauM-T Bredt
TauM-T

Sigma-eqy

Dlubal

Display Result Tables

This dialog section controls the display of the results tables.

Table 2.5 Stresses at Every Stress Point is inactive by default as the stress graphic also pro-
vides access to the stress point results. However, for a detailed table check of the stresses, it
may be useful to activate the table's display.

The values displayed in table 3.1 Governing Internal Forces are generally related to the
equivalent stress G,,. Use the list to select another stress type.

Method of Stress Calculation

In case of a biaxial loading, it may occur that the combined member internal forces do not
produce the maximum stresses. This is the case, for example, when a load case with vertical
load has M, moments but no M, moments, and another load case with horizontal load has
M, moments but no M, moments. Both load cases are superimposed with the setting "Vari-
able" in a load combination. In the RFEM table 3.5 Members - Internal Forces, the program
will display the moment M, as not corresponding to the maximum moment M, because the
horizontal load does not contribute to the increase of the moment due to vertical load.
Therefore, in a separate design carried out only for the maximum moments M, and M,, a
simultaneous influence of both internal forces on the combined bending stresses would not
be considered.

Stresses from Internal Forces

The calculation method Stresses from Internal Forces uses the result rows of the RFEM table
3.5 Members - Internal Forces. The max/min results are processed row by row. Thus, the
program determines the stresses for each extreme value together with the corresponding
internal forces.

The advantage of this type of calculation is that the results of the load combinations can be
used directly. This has a positive impact on the speed of the calculation. In addition, the de-
signed internal forces are transparent: In table 3.1 Governing Internal Forces, the module
displays the result rows from the RFEM table 3.5 Members - Internal Forces.

Calculate Stresses from Single Load Cases and then Combine

This type of calculation is preset for the stress analysis of load combinations. The program
determines the normal and shear stresses of the contained load cases and superimposes
them subsequently according to the specified CO combination criteria. In this way, the pro-
gram ensures that the effects described above, in case of bending stresses that are each un-
iaxial, do not result in too low stress ratios.

The analysis is carried out stress point by stress point. The compressive, tensile and shear
stresses available in the single load cases are summed up respectively and then displayed in
the results tables. The equivalent stress G, is an exception: It is determined by the compo-
nents of Gy, aNd Tyoa- A superposition of equivalent stresses from the single load cases
would not be correct and thus would result in too high stress ratios. However, this calcula-
tion method may produce problems in "Or" superpositions because the equivalent stresses
determined according to this approach possibly do not occur in such a way.

This type of calculation requires more computing time. Furthermore, the values displayed in
table 3.1 Governing Internal Forces are more difficult to understand, in case they refer to
the equivalent stresses.

As pure uniaxial bending usually does not occur in complex spatial systems, both calcula-
tion methods are supposed to show the same stress ratios in the output.

Cross-section Optimization

If the optimization process does not gear towards the maximum stress ratio of 100 %, you
can specify a different limit value in this input field.
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Consider Plastification

Allow Local Plastification

Optionally, you can allow a Local Plastification for the design according to DIN 18800 part
1, el. (749). This means that the equivalent stress 6., may exceed the allowable limit stress
by 10 % in small cross-section areas. RF-STEEL checks if both conditions mentioned in el.
(749) are fulfilled for the assumption "small areas".

‘GN +GMy‘ SO,S'GR,d

Equation 3.6

|GN +GMZ|S0’8'GR,d

Equation 3.7

If this is the case, the limit stress for the design of 64, will be increased appropriately.

Plastic shape factors a,,

You can reduce the stresses by the Plastic Shape Factors o, mentioned in DIN 18800 part 1,
el. (750). This option refers to the normal stresses o, due to the bending moments M, and
M

7

M M

om =|t Y e+ Z_.e

M I, Z LY
Oply ly Opl,z "Iz

Equation 3.8

If you use this plastification option, RF-STEEL applies the plastic shape factors o, = 1.14
and a,,, = 1.25 which are suggested in the standard. The allowance of local plastification is
applied exclusively to rolled I-shaped cross-sections.

Calculation of Equivalent Stress Sigma-eqv

In this dialog section, you can adjust the factors for the determination of the equivalent
stress.

_ 2 2
Ceqv = Vf1 * Ototal +f2 * Ttotal

with fi: factor for normal stresses

f,: factor for shear stresses

Equation 3.9
The factors mentioned in DIN 18800 part 1, el. (748) are preset with f, = 1.0 and f, = 3.0.

Eccentric Transverse Loads on I-Beams

If transverse loads are introduced on the upper flange of beams, their influence on the
bending stress in the lower flange decreases with the increasing cross-section depth. This is
the reason why it is possible to consider eccentrically acting transverse loads by a simplified
method for high I-sections: For each(!) rolled or welded symmetrical I-section that is set for
design in the current RF-STEEL case, the stress due to the bending moment M, is calculated
only on the upper flange. In such a case, the program uses an equivalent cross-section with
half of the moment of inertia .

The advantage of this option is that you can enter the loads in the RFEM model in relation

to the centroidal axes in order to avoid torsion. As the ticked check box affects all symmet-
rical I-sections of the design case, it is recommended to create a separate RF-STEEL case for
such high I-beams.
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3.2.3 Start Calculation

You can start the calculation out of each of the three input tables by clicking the [Calcula-
tion] button.

RF-STEEL Members searches for the results of the load cases, load groups and load combi-
nations that should be designed. If they cannot be found, the program starts the RFEM cal-
culation to determine the design relevant internal forces. In this determination process, the
calculation parameters preset in RFEM are applied.

If you have specified an optimization of cross-sections (see chapter 6.2, page 83), the pro-
gram determines the required cross-sections first and calculates their stresses subsequently.

add-on modules are listed in the dialog box To Calculate like load cases or load groups. To
open the dialog box in RFEM,

select To Calculate on the Calculate menu.

The dialog box is shown in chapter Figure 2.14 on page 28.

If the design cases of RF-STEEL are missing in the Not Calculated list, tick the check box
Show Additional Modules.

To calculate an RF-STEEL case directly, use the list in the RFEM toolbar. Select the relevant
design case in the toolbar list and click the button [Results on/off].

Results Tools Table Options Additional Modules Window Help
AT E|E] #a RF-STEEL Members CaL-Stre = < » 4 4| &0 | 6 pE Ry B OEE |G B S
'- wm-a-9- T 4k & % v :.3' v }% @ q Results on/off I__AFF ﬁ T E!J =]

« , RFEM
\,“\/ Question Ho_ 30
Fesults from RF-STEEL Members C&1 - Stress analysiz not found!

Start calculation?

Hil LCancel

Figure 3.9: Direct calculation of an RF-STEEL design case in RFEM

You can also start the calculation for RF-STEEL Members out of the RFEM user interface. The

® Diubal —
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3.3 Results

Table 2.1 Stresses by Cross-section is displayed immediately after the calculation. All
stresses are shown in the results tables 2.1 to 2.5, sorted by different criteria. Tables 3.1

and 3.2 contain the governing internal forces, tables 4.1 and 4.2 show the parts lists for the
members and sets of members.

In the Details dialog box, you can select the results tables that you want to display in par-
ticular (see Figure 3.8, page 50).

To access the results tables, use the RF-STEEL navigator. You can also use the two buttons
shown on the left or the function keys [F2] and [F3] to select the previous or subsequent
table.

Click [OK] to save the results and quit the add-on module RF-STEEL Members.

In the following, the different results tables are described in sequence. Evaluating and
checking results is described in chapter 4 Results Evaluation.

3.3.1 Stresses by Cross-section

RF-STEEL Members - [Steel Structure]
File Edit Settings Help
CA1 - Stress analysis |»| 2.1 Stresses by Cross-section
Input Data AT B [ C [ 0 [ E T F [ G [ H Jali-Heazo
General Data Section |Member| Location 5-Point| Load Shess Stress [N/mm?] Stiess Sigma Totsl
WMaterials Hn Nao. % [m] Mo Case Type Exigting | Limiting | Ratio Member Mo, 58, % 0.300 m
Craoss-sections 1 HE 4 240
Resuls 0300 & C0Z | Sigma Total A1159| 2182 053
Stresses by Crass-section 53 0300 13 C0Z2 | TauTotal 18| 1260 0.41
Shesses by Set of Members i) 0300, 12 C0z2 | Sigma-eqv 1406 2182 064
Strezzes by Member
Stresses by wLocation 2 |IPE 200
Goveming Internal Forces by M 15 000, & CO2 | Sigmna Tatal 1729|2182 0.33
Goveming Internal Forces bw 51 15 oo 13 CO2 | Tau Total 21| 1260 n.oz
Paits List by Member 15 00i0, & CO2 | Sigma-agv 729| 2182 0.33
Paits List by Set of Members
3 |uUz00
116 000 & C0Z2 | Sigma Total 2447 3273 0.75
El 0o & C02 | TauTotal EE3| 1830 035 7
116 000 & C02 | Sigma-eqv 2453| 3273 0.75 I
3760/
5 |LBOn55.8 R T T IS X
109 0625 1 C02 | Sigma Total 2064|2182 0.95
109 1250 4 CO02 | TauTatal F152| 1260 012
109 0E25 1 02 | Sigma-eqy 2064| 282 0.55
7 | L 10045046 Min : -115.9 MimmE (8)
. Max 1054 NinmZ (5)
a1 8833 9 C02 | Sigma Total 86| 282 0.04
23 oo 1 C02 | TauTotal 00| 1280 0.00 — g
a1 8833 9 02 | Sigma-eqv 86| 282 0.04
[
2
9 |15 450/200/4.5/5.5/0 5
< > 5 0000 1 C0Z |SigmaTetal | 1393 2182 054 [v| M3 095 [$1 @

Figure 3.10: Table 2.1 Stresses by Cross-section

The table shows the maximum stress ratios of all designed members resulting from the se-
lected load cases, load groups and load combinations. The results are listed by cross-
sections. If you have a tapered member, both cross-section descriptions are displayed in the
table row next to the section number.

The stress components displayed in the column Stress Type are based on the settings se-
lected in the dialog box Stresses - Filter (see Figure 4.7, page 69). To open the dialog box,
use the button shown on the left.

Member No.

For each cross-section and each stress type, the table shows the number of the member
with the maximum stress ratio.
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Location x

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

e Start and end node
e Partition points according to possibly defined member division
e Extreme values of internal forces

S-Point No.

The design is carried out on certain stress points of the cross-section. These points are cross-
section locations that are defined by centroidal distances, static moments and cross-section
thicknesses. Due to these cross-section properties, the design according to equation Table
3.2 and Table 3.3 is possible.

All default cross-sections of the library as well as the SHAPE cross-sections are already pro-
vided with stress points on the design relevant cross-section locations. The parameters for
user-defined cross-sections must be imported or defined manually.

In the dialog graphic on the right, you can display the stress points together with their
numbering. The currently selected stress point (that means the stress point of the table row
where the pointer is placed) is highlighted in red.

Use the button [Info about Current Cross-section] to check the stress point's properties.
First, the dialog box Info about cross-section opens showing a list of all section properties.
Below the dialog graphic, you find the button [Details of Stress Points] that provides access
to the stress point information.

Info about cross-section IPE 200
Cross-zection ¥ alue Description Syrnbol Walue Unit || |IPE 200
width b 1000 | mm
‘web thickness b 5.6 | mm
Flange Thickness b 8.5 | mm
Fillet radius T 12.0| mm
Cross-section area A 28.50 | cm?
Shear area By 14.24 | cm?
Shear area &z 10.34 | em?
Shear area according to EC 3 By 17.99 | cm? =]
Shear area according to EC 3 Az 14.02 | cm? § PR e e ’Y
Wweb area Aieh 10.20 | cm?
Plastic shear area Aply 17.00 | cm?
Plastic shear area Aplz 10.72 | em? 56
Moment of inettia Iy 134000 | cm
Moment of inertia Iz 142.00 | em*
Goverming radius of gyration Ty 82,6 | mm
Goverming radius of gyration Iz 224 | mm
Polar radiuz of gyration Ta 85.6 | mm g g TE 1o
Radius of gyration of flange plus 1/5 of we | rzg 25,2 | mm 'Z
Wolume W 2850000.0 | mm? /m
Mormalized warping constant e 47.88 | cm2 Lmm]
Warping statical moment Qw 101.73 | em? = | Stress Points
Flastic section modulus Ly 22000 | cm?

Stress Points of IPE 200 «—

B [ B [ D | _E 1| E [ G IPE 200
StressP Coordinates Statical Moments of Area Thickness Warping 1 5 5

Ho.  [rnmn] 2 [mn] Oy [cm3] Oz [em?] t [rm] o [em2 | Sea [cm] 5

1 -100.0 0.00 0.00 8.5 47.88 0.00

= -14.8 -100.0 -28.73 -3.70 8.5 1417 -92.82

3 0.0 -100.0 -41.14 -10.68 8.5 0.00 -101.73

4 14.8 -100.0 -28.73 9.70 8.5 1417 §2.82

5 50.0 1000 0.00 0.00 85 4788 .00 oo R
B 0.0 100.0 0.00 0.00 85 -47.88 0.00 e
7 -14.8 100.0 -28.69 470 85 1417 -92.82

g 0.0 100.0 -41.14 10.68 85 0.00 -101.73

H 14.8 100.0 -28.69 470 85 1417 9282

10 50.0 100.0 0.00 0.00 85 47.88 0.00

11 [ 795 -51.90 0.00 56 0.00 0.00 o

12 0.0 745 -91.91 0.00 5.6 0.00 0.00

13 0.0 0.0 -109.70 0.00 5.6 0.00 0.00

EE®E

Figure 3.11: Dialog box Info about cross-section and Stress Points
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In the dialog box Stress Points (Figure 3.11), the relevant centroidal distances e, and e, are
listed below y and z of the Coordinates column. Columns Q, and Q, of the Statical Moments
of Area show the static moments in relation to the principal axis y or z. Thickness t
represents the component thickness at the corresponding stress point. The values contained
in the Warping column are not relevant for the design carried out with the add-on module
RF-STEEL Members.

The stress analysis is carried out for each single stress point so that normally the compo-
nents of the maximum stresses must not be summed up for a combined calculation (for ex-
ample 64,): Often, the maximum stresses occur at different stress points. You have to supe-
rimpose the stress components of the respective stress point! To evaluate the stress point
results, use table 2.5 (see chapter 3.3.5, page 59) or the dialog box Cross-section Values
and Stress Diagram (see Figure 4.9, page 71).

Load Case

Column D shows the relevant load cases, load groups or load combinations that produce
the maximum stress ratios.

Stress Type

The normal stresses Gy, the shear stresses 1,4, and the equivalent stresses 6, are dis-
played by default. The determination of these stresses is documented in Table 3.2, Table 3.3
and Table 3.4 on page 47 to 49.

The stress components considered in the total stresses can be displayed as shown in Figure
3.12 below. You can select the different stress components in the dialog box Stresses - Filter
(see Figure 4.7, page 69). To access this dialog box, use the button shown on the left.

Stress Existing

This column displays the extreme values of the existing stresses determined according to the
equations of Table 3.2, Table 3.3 and Table 3.4 shown on page 47 to 49.

Stress Limiting

This column shows the limit stresses of table 1.2 (see chapter 3.1.2, page 41). In particular,
they are the following:

e Limit normal stress G, as the allowable stress for actions due to bending moment and
membrane force

e Limit shear stress T as the allowable shear stress due to shear and torsion

e Limit equivalent stress G, as the allowable equivalent stress for the simultaneous ef-
fect of normal and shear stresses

Stress Ratio

For each stress component, RF-STEEL Members determines the quotient from the existing
and the limit stress. If the limit stress is not exceeded, the ratio is less than or equal to 1 and
the stress design was carried out successfully.
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3.3.2 Stresses by Set of Members

RF-STEEL Members - [Steel Structure]
File Edt Settings Help
CA1 - Stress analysis v 2.2 Stresses by Set of Members
Input Data & T &8 T &1 0 T B [ F T G [ H J»sl[-+Heaz40
BeriaiDas Set  |Member| Location 5-Point | Load Stress Stress [N/mm?] | Stess Sigma-sqy
M aterials Ha. Mo, #[m] Mo, Caze Tppe Existing | Limiting | R atio Member Mo, 58, % 0.300 m
Cross-sections 5 Harizontal Beam 2-2 [Member Mo, 11,58,66,114)
Resulls 1 BE30 & C02 | Sigma Total 0685|2182 0.48
Stresses by Cross-section R nooo| 1 02 | SigmaMN 31| nsz 0.0 o ez 1Z7 o
Stresees by Set of Members 53 0300 & C02 | Sigma M-y 7EO| 2182 035 = g -
Stresses by Member 5E30 B COZ | Sigma M-z 437 2182 0.20 /
Stresses by x-Location 5630 ] Sigma Delta 1055
Gaveming Internal Forces by M 0300 13 C02 | TauTotal A11] 1260 0.41
Gowerming Internal Forces by 51 0000 3 CO02 | TauVy 20| 1260 0.02
Paits List by Member 0300 13 002 | TauVe B11| 1260 0.41
Paits List by Set of Members oo 10 002 | TauM-T 433 1260 0.34
030 12 02 | Sigma-eqy 131.0] 2182 0.0

7 Horizontal Beam 3-3 [Member Mo, 10,44,45)
10 0000 1 CO2 | Sigma Total 108.9| 250.0 0.44

45 | 4137 13 | c02 | SignaN 47, 2800 ooz
10 | 0000 & | CO02 | Sigma My 1043 2500 042
44 | 0000 10 | CO2 | Sigmabz 67 2500 003 4
10 | oooo 1 SigmaDeta | 1083
10 | 0000 13 | £02 | TauTotal 529] 1a43) . 037
A1 | 1020 8 | co2 |Tauvy 13 1443 001
10 0000 13 | C02 | TauVz 525| 1443) 036 .2 N"m’“;
0| 0000 1 | o0z | TauMT 11| 1443 035 ey i
10 | 0o 11| o2 | Signaeqv 1624] 2500 067
8 Horizontal Beam 4-4 (Member Mo, 12 59,67, 103]
53 | 0300 6 | C02 |SignaTota | 1159] 2182 053
< | > 55 | 0200 1 £0Z | SigmaN 38| 2182 002 [w| M3 055 | £1

Figure 3.12: Table 2.2 Stresses by Set of Members

This results table is only displayed when you have selected at least one set of members for
the design in table 1.1 General Data (see chapter 3.1.1, page 39). The maximum stress ra-
tios listed in this table are sorted by sets of members.

The advantage of this results output is that the design results of a complete structural
group, for example a frame beam, are clearly arranged in one results table, which facilitates
the results evaluation.

Details on the columns can be found in the previous chapter 3.3.1. In addition, the column
Member No. is displayed. It shows the number of the member that bears the maximum
stress ratio within the set of members.
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RF-STEEL Members - [Steel Structure]

File Edit Settings Help

CAT - Shress analysis +| 2.3 Stresses by Member

57 | Cross-section No. 3 - L 200

1.020 1 CO2 | Sigma Total
1.020 1 C02 | Sigma N
1.020 1 C02 | Sigma M
0.000 ] COZ | Tau Tatal
0.000 ] 0oz | Tau¥
0.000 1 02 | TauM-T
1.020 1 CO2 | Sigma-eqv

Ihput Data & 7 8 [ C T E [ F T G |~
General Data tMember| Location | S-Point | Load Stresz Stress [N/mm?] Shess
Materials Hao. # [m] Mo. Case Tupe Existing Lirniting Ratio
Cross-sections 56 | Cross-section No. 3 - U 200

Resultz oooo] & C02 | Sigma Tatal 1883 e} 058
Stesses by Cross-sechion o.ood) 1 C02 | Sigma N 4.8 3273 0.01
Stiesses by Set of Members 0.000 B COZ2 | Sigma M -185.4 3273 057
Stresees by Member 0000 4 C02 | Tau Tatal 137 183.0 0.07
Sthesses by x-Location 0000 4 002 | Tauy 135 183.0 0.07
Goveming Intemal Forces by M 2.295 3] CO2 | Tauk-T 25 183.0 0.01
Goverming Intemal Farces by S 0ood) B C02 | Sigma-eqy 1883 e} 058
Parts List by Member
Parts List by Set of Members 96| Cross-section No. 3-U 200

ooool 1 C02 | Sigma Tatal 2396 e} U]
ooodl 1 C0z2 | Sigma M 1.5 3273 0.00
ooool 1 C02 | Sigma M 2411 3273 074
0000, & C02 | Tau Tatal 64 183.0 0.04
0200, 4 0oz | Tau¥ 5.1 183.0 00z
ooool 1 CO02 | TauM-T 6.7 183.0 0.04
ooool 1 C02 | Sigma-eqy 2398 ez} ]

240.2 323 073

0.8 3273 0.00
241.0 3273 074
-23.8 183.0 013
-16.7 183.0 003

45 183.0 0.05
240.4 3203 073

3-Uz00
Signa Total
Member Mo. 95, x: 0.000m

1333
B 1]9.6

A 7
105.0°
38

1883

Min : -1883 MimmZ (6)

133.2 MNinm? (3)

Figure 3.13: Table 2.3 Stresses by Member

This results table shows the maximum stress ratios sorted by member numbers. For each
member, the program indicates the Location x on which the maximum ratio occurs.

The different columns are described in detail in chapter 3.3.1 on page 54.

3.3.4 Stresses by x-Location

RF-STEEL Members - [Steel Structure]

File Edit Settings Help

CAT - Shress analysis | 2.4 Stresses by x-Location

Strezzes by Member
Shesses by x-Location 109 | Crass-section Mo, 5 - L 80x65:8

Governing Intemal Forces by M 0.313 1 CO2 | Sigma Total
Goverring Intemal Forces by S 0313 4 CO2 | TauTotal
Parts List by Member 0313 1 C02 | Sigma-eqv
Parts List by Set of Members

109 | Cross-section Mo. 5 - L 80658

0625 1 C02 | Sigma Tatal
0.625 3 C02 | Tau Tatal
0.625 1 CO2 | Sigma-eqv

109 | Cross-section Mo, 5 - L 80«65:8

0.938 1 CO2 | Sigma Total
0.928 4 C02 | Tau Tatal
0.938 1 CO2 | Sigma-eqv

109 | Cross-section Mo. 5 - L 802658

1.250 2 CO2 | Sigma Total
1.250 4 COZ | Tau Tatal
1.250 4 CO2 | Sigma-eqv

110 | Cross-section No. 3 -U 200
< I ¥ 0.000 E CO02 | Sigma Tatal

Irput Data & [T B [ C 7T [i] E [ F T G |~
General Data tMember| Location | S-Point | Load Stresz Stress [N/mm?] Shess
Materials Hao. # [m] Mo. Case Tupe Existing Lirniting Ratio
Cross-sections 109 | Cross-section No. 5 - L B0<65x8

Results 0.000 i C02 | Sigma Tatal HE 218.2 0.04
Stesses by Cross-sechion 0.000 4 CO2 | TauTotal 148 126.0 01z
Stresses by Set of Members 0.000 4 CO2 | Sigma-eqv 27 2182 013

-156.7 218.2 07z
T4 126.0 0.08
156.7 218.2 07z

-206.4 218.2 095
0.4 1260 0.o0
206.4 218.2 095

1867 218.2 07z
T8 126.0 0.08
156.7 218.2 nzz

87 218.2 0.04
-15.2 126.0 oaz|
277 218.2 013

86.0 3273 0.26 |»

5 - L 80xB5xE
Signa Total
Member Mo. 109, 0625 m

-208.4 MimmE (1)

109.7 Minm? (5)

Figure 3.14: Table 2.4 Stresses by x-Location
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For each member, the table shows the maximum stress ratios on each x-location that is de-
termined by the following types of RFEM divisions:

e Start and end node
e Partition points according to possibly defined member division

e Specification of member division for member results in the Options tab of the RFEM
dialog box Calculation Parameters

e Extreme values of internal forces

3.3.5 Stresses at Every Stress Point

RF-STEEL Members - [Steel Structure]
File Edit Settings Help
C41 - Stess analysis |» | 2.5 Stresses at Every Stress Point
Input Data [ B [ C J D [ E T F [ & Jne-1s4s020045850
General Data tdember | Location | S-Point | Load Stress Stress [NAmm?] Stiess Tau Total
WM aterials Ha % ] M, Case Type Exigting | Limiting | Ratio Member Mo, 5, x 0,000 m
Cross-sections ] Cross-section Mo, 9-15 450/200/4.5/5.5/0
Resuls noon 12 C0Z | Sigma Total %3] 2182]0 044 ; - .
Sitresses by Crogs-section oooo) 12 C02 | TauTotal 21 126.0 n.oz —
Shresses by Set of Members 0.000 12 CO2 | Sigma-eqy 996 2182 0.46
Streszes by Member
Stresses by w-Location [ Crogg-zection Mo, 9 -15 450/200/4.5/5.5/0 o i
Sihresses at Every Stiess Point 0.000 1 CO2 | Sigma Total -19.7 218.2 0.03 :
Goveming |nternal Forces by M 0.000] 13 CO2 | TauTotal 21 126.0 0.0z I S R e
Gaverning Intemal Forces by 51 0.000 13 CO2 | Sigma-eqy 2 218.2 017 3 ¥
Paits List by Member
Parts List by S et of Members 5! Crozs-section Mo, 3 - 15 450/200/4.5/5.5/0 208
0.300 1 CO2 | Sigma Total 1267 218.2 058
0,300 1 COZ2 | Tau Total 23 126.0 0.0z
0.300 1 Co2 | Sigma-eqv 1268 218.2 0.68 7 0
v
5 Cross-gection Mo, 9-15 450/2004/4.5/5.5/0 e g
0.300 2 CO2 | Sigma Total 1254 218.2 057 .
0.300 2 CO2 | TauTatal 2.3 126.0 0.0z
0.300 2 CoO2 | Sigma-eqv 126.0 218.2 0.58
5| Cross-seclion No. 3-15 450/200/45/55/0 mi” : ; f :ﬂmi (1 ?)
030 3 | CD2 [SigmaTotal fn254]  2182([ os7| M - A ()
0300 3 | C02 | TeuTosl 23| 1260]] 002
0.300 3 Co2 | Sigma-eq 126.0 218.2 0.68
=
2
5 Crozs-section Mo, 3-15 450/200/4.5/6.5/0 =
< 3] 0300 4 C0Z | Sigma Total A4 2192|057 [w] Max 055 [$1 @
"

Figure 3.15: Table 2.5 Stresses at Every Stress Point

As a results evaluation by stress points is not required in most cases, the table is not dis-
played by default. However, you can display it by using the Details dialog box (see Figure
3.8, page 50). To open the dialog box, use the corresponding button shown on the left.

The display of this results table includes a considerable amount of data. As the maximum
stresses, and thus the governing stress points of RF-STEEL Members, are determined auto-
matically, you usually do not need the display of this table.

For each member, the stresses are listed by Locations x and stress points. The different col-
umns of the table are described in detail in chapter 3.3.1 on page 54.

As an alternative to this table, specific evaluation options are available for the previous
tables, which can be accessed by clicking the button [Cross-section Values and Stress Dia-
gram]. The dialog box Cross-section Values and Stress Diagram opens (see Figure 4.9, page
71) where you can evaluate the design results of every single stress point graphically and
numerically.
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3.3.6 Governing Internal Forces by Member

RF-STEEL Members - [Steel Structure]
File Edt Settings Help
CA1 - Stress analysis + | 3.1 Governing Internal Forces by Member
Input Data MmN & [ ¢ [ o [ e [ F [ & [ AH ~
General Data Member| Location Load Farces [kN] Mornents (kMm]
Materials No. | xm] Case N Yy Ay YoMy M MydMy | MMy
SR 7 Z640] CO2 7422 1.37 343 0.01 714 221
Raat z noon|  coz EEr] L] 398 0.00 637 056
e s aention El 0000 coz 9595 0.26 650 0.00 1662 037
Stresses by Set of Members q noon| coz 7896 002 768 0.00 1242 015
Chatins by et 5 0000 coz 823 007 2883 002 7458 004
Sirosass by #Locotio B noon| coz f233 008 2281 0.00 5231 014
R T 7 3300 COZ Z3EA 013 2051 0.00 3397 0.6
Bl e s | noon| coz 214 GRE] 1768 0.00 3488 032
Goveming Intermal Forces by S| [ noon|  coz 7 797 4510 .34 3080 0,99
Pats List by Member 0 noon| coz 1162 1.43 G752 064 4997 011
Pats b 5 ot o armbiers 17 BEI0|  COZ A6EG 4.0 536 0.38 40.34 10.08
12 5630 COz 1991 -1.66 g8 0.44 41.33 8.43
13 0ooo) coz e 0.33 168 0.00 -1.68 0.36
14 nooo)  coz 1138 n.22 0.0s 0.00 016 0.29
15 0ooo) coz -4.34 -1.26 203 0.01 21FE 7 -1.80
18 nooo)  coz 416 .45 242 0.00 223 -1.03
44 0ooo) coz 1165 0.23 a7 088 3075 0.95
45 R835 CO2 24164 0.08 -4.87 0.00 2280 0.34
48 1020 Coz T2 7.0 2754 -1.40 1074 863
43 nooo)  coz 25143 1.28 178 0.25 71 .47
50 1178 CoOz2 005 0.35 167 0.00 9.80 211
51 0205 coz2 04z 10.40 6374 010 1113 213
52 0ooo) coz B34 -18.30 2446 0.0z 17 375
53 0ooo) coz o4 1.23 13,43 0.03 2967 217
54 nooo) coz 29.07 2.4 -16.94 0.0z 1717 251 v
¢ >

Figure 3.16: Table 3.1 Governing Internal Forces by Member

For each member, the table shows the governing constellation of internal forces that leads
to the respective maximum stress ratio. By default, the output refers to the equivalent stress
Geqv- IN the Details dialog box (see Figure 3.8, page 50) that can be accessed by using the
[Details] button, you can change the reference for another stress component.

When analyzing load combinations, please note the following concerning the results out-
put: If you select Calculate Stresses from Single Load Cases in CO and then Combine
Stresses according to CO Criteria (see Details dialog box, Figure 3.8, page 50), it is not poss-
ible to evaluate the result rows of the RFEM results table 3.5 Members - Internal Forces di-
rectly. The compressive, tensile and shear stresses resulting from the single load cases are
summed up according to the superposition rules and then displayed as total stresses in the
results tables. The equivalent stress G4, however, is determined with the components of
Oiotal AN Tyopa according to Table 3.4 on page 49. Thus, the internal forces displayed in ta-
ble 3.1 are not directly transparent, if they are related to the equivalent stresses.

Location x

The column shows the respective x-location for which the program has determined the
member's maximum stress ratio.

Load Case

This column indicates the numbers of the load case, load group or load combination whose
internal forces result in the maximum stress ratio on the member.

Forces / Moments

For each member, the governing normal and shear forces as well as the torsional and bend-
ing moments are displayed.
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3.3.7 Governing Internal Forces by Set of Member

RF-STEEL Members - [Steel Structure]

File Edt Settings Help

CA1 - Stress analysiz

Input Data
General Data
M aterials
Cross-sections

Results
Stresses by Crozs-section
Streszes by Set of Members
Stresses by Member
Streszes by x-Location
Stresses at Ewery Shess Point
Goveming Intermal Forces by b
Gaweming Internal Forces by S
Parts List by Member
Paitz List by Set of Members

< f

v 3.2 Governing Internal Forces by Set of Member

A [ &8 | C | 1] | E [ F G [ H |
Set Laocation Load Farces [kN] Maoments [kMm]
Ho. «[m] Case M Wy ' Mt My M2
1 nooo)  Coz 2141 018 17.68 0.00 -34.88 -08e
2 3300| cCoz 2389 013 2051 0.00 3397 026
3 noon|  coz 8233 -0.08 2281 0.0o 523 014
[] nooo|  coz 8236 0.07 2883 002 74.58 0.04
5 noon|  coz 7.3 797 4510 -1.34 -30.80 088
& 0300| coz 2011 E.45 7487 1.37 -48.00 1.9
7 nooo|  coz 11.62 1.49 E7.52 -0E4 -49.97 011
8 0300| Coz -26.45 455 7228 1.48 -E614 1.3

e

EEE
-

Figure 3.17: Table 3.2 Governing Internal Forces by Set of Member

This results table is only displayed when you have selected at least one set of members for
the design in table 1.1 General Data (see chapter 3.1.1, page 39). The governing internal
forces are sorted by sets of members.
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3.3.8 Parts List by Member

RF-STEEL Members - [Steel Structure]
File Edt Settings Help
L&l - Stress analysis ~| 4.1 Parts List by Member
Input Data [ & [ B [ © [ © [ € [ F T & [ H [0 Jn
General Data Part MHumber Length | TotLlength | Surf. Area Volume  Unitwieight| ‘Weight | TotWeight
il Ha. Cross-section tembers [m] [m] [m?] [m#] [kg/m] [kal It]
B e chion s 8 [z-IPE200 2 288 530 407 0.0z 2237 59.29 0119
Reslls 9 | 13- SHAPE-THIM ZETA-PR 1 28 2E8 203 0.00 558 15.84 0016
Shesses by Cross-saction 10 | 11-15 315120/4.5/6.5/0 1 288 2E8 292 0o 22491 E0.72 0.081
Siresses by Set of Members 11| 10-15 245/226/6/8.5/0 1 1.02 1.02 1.41 om 40,77 41.58 0.042
Shresses by Mamber 12 ]110-15 245/225/6/8.5/0 1 E83 E23 450 0.04 077 281.08 023
Sesses by sLocation 13 |1-HE-&240 2 1.02 208 418 0.0z E0.29 £1.49 01a4
Shresses at Every Stiass Point 14 |1-HE-A 240 1 E83 E83 945 0.05 E0.23 41569 0416
Goveming |rtermal Farces be (|15 [3-U 200 2 2E8 5.30 250 0.0z 2528 .98 0134
Goveming ntermal Forces by 5|18 [ 3-U 200 ] 0.21 1.03 0.8 0.00 25.28 518 0.026
Paits List by Member 17 _|3-uzm ] 1.02 510 37 002 2528 2578 0123
Paits List by Set of Members 18 |3-u200 4 229 418 E.07 0.03 25.28 52.00 0.232
189 |3-uzm 2 020 0.40 0.26 0.00 2528 5.06 o1
20 |1-HE-A240 2 0.0 0.0 naz 0.00 E0.239 12.09 0.036
21 [ 1-HE-A 240 10 0.20 200 274 0.02 E0.23 12.06 0121
22 |3-uz2m 4 272 10.88 718 0.04 25.28 E8.76 0.275
23 [3-U200 2 0.98 1.96 130 0.0 2528 2479 0.050
24 |3-Uz200 2 0.77 1.54 1.02 0.00 25.28 19.46 0.033
25 [3-U200 4 258 0.1 E75 0.03 2528 £4.51 0.258
26| 7-L 10045046 2 2.E1 17.23 5.03 0.0z E.85 53.04 0118
27 | 7-L100:50:5 2 884 1768 518 0.02 E.85 E0.57 01
28 |1-HE-&240 2 1.28 250 243 0.0z E0.23 7836 0151
23 [3-u200 1 142 142 0.54 0.00 2528 36.02 0.036
30 | 5-L 802658 2 1.28 250 071 0.00 864 10,78 n.0zz
31| 7-L100x50:6 1 423 423 1.24 0.00 B85 23.00 0.023
Sum 74 157.82 13270 0E2 “
*
< >

Figure 3.18: Table 4.1 Parts List by Member

Finally, RF-STEEL Members provides a summary of all cross-sections that are included in the
design case. By default, the list contains only the designed members. If you want to display
a parts list with all members of the structure, select the corresponding option in the Details
dialog box (see Figure 3.8, page 50).

Part No.

The program assigns automatically part numbers for similar members.

Cross-section

This column lists the cross-section numbers and descriptions.

Number Members

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

Length

This column displays the respective length of an individual member.

Tot Length

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

Surf. Area

For each part, the program indicates the surface area related to the total length. The sur-
face area is determined from the Surface of the cross-sections. You can find the relevant en-
try in the cross-section information, available in table 1.3 to 2.5 (see Figure 3.11, page 55).

Volume

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

The Unit Weight of the cross-section represents the mass in relation to the length of one
meter. For tapered cross-sections, the program averages both cross-section properties.

Weight
The values of this column are determined from the product of the entries in column C and
G.

Tot Weight

The final column indicates the total weight of the respective part.

Sum

At the bottom of the list, you find a summary of the summed up values of column B, D, E, F
and I. The data field of the column Tot Weight shows the amount of steel that is required.

3.3.9 Parts List by Set of Members

RF-STEEL Members - [Steel Structure]
File Edit Settings Help
L&l - Stress analysis ~ | 4.2 Parts List by Set of Members
Input Data L A 2 | 5 A O \
GenaralDats Part Description of Number | Length | TotLength | Surl Area | Volume  UnitWeight)  WWeight | TotWeight
W aterials Ho. Set of Members Sete [m] [m] [m2] [m#] [kg/m] [ka] It
B e chion s 1 Column &-4, il 5.94 594 214 n.o0s E0.23 358.11 0358
Resulte 2 | Calumn BB 1 5.94 5.94 214 0.05 E0.23 35811 0358
Shresses by Cross-section 3 | ColumnC-C il 5.94 594 7.25 00z 3852 23478 0z3m
Stresses by Set of Members 4 | Calumn DD 1 5.94 5.94 8.20 00z 46.00 267.33 0.267
Stresses by Member 5 | Horizontal Beam 1-1 il 8.20 220 11.23 0.08 E0.23 494,38 0434
Sitresses by w-Location & | Horizontal Beam 2-2 1 8.20 220 11.23 0.08 E0.23 494.36 0,494
Shresses at Every Shiess Paint 7| Horizontal Beam 33 i 8.20 220 11.30 0.04 4077 334.27 0334
Goveming Internal Forces by M 8 | Horizontal Beam 4-4 1 8.20 220 11.23 0.08 E0.23 494.36 0,494
Geweming |rteral Forces by 5| S0m 8 56.56 e 033 2026
Parts List by Member
Paitz List by Set of Members
< ;

Figure 3.19: Table 4.2 Parts List by Set of Members

The final results table is only displayed when you have selected at least one set of members
for the design in table 1.1 General Data (see chapter 3.1.1, page 39). The advantage of the
output by sets of members is the display of a summarized parts list for particular structural
groups (for example a frame beam).

Details on the columns can be found in the previous chapter. When different cross-sections
are used in the set of members, the program averages the surface area, the volume and the
unit weight.
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4. Results Evaluation

The results of the stress analysis can be evaluated in numerous ways. A specific evaluation is
already available due to the data arrangement in the tables. They present the results sorted
according to particular criteria. In addition, the tables provide useful buttons.

RF-STEEL Surfaces

RF-STEEL Surfaces - [Bulkhead]
File Edt Settings Help
C41 - Stress analysis ~ | 2.2 Stresses by Material
Input Data s | B | C | D | E | F 1 & | H [ | J | i3
ol Dl taterial | Suface |FE Mesh Point Coordinates [m] Stiess [N/mm? | Siress
WMaterials o Mo,  |Point Mo, = ¥ Z Loading | Symbal | Existing Lirnit Ratia [-]
S 2 | SteelS 235
Servicaabiity Data 1 2000 -1.000 0000 LGl |oas 2099 218.2 0.93
Resuls 1 &0 ogon| 000 0000 LG1 | oy 94.1 718.2 0.43
Shesses by Load Case 1 101 oz00]  .E00 0000 LGl | doye 5.4 218.2 0.31
e — 1 3 2000 4000 0000 LGT |ow 203.5 215.2 0.93
Shesses by Surface 1 50 ogon| 000 0000 LG1 | oy 941 218.2 0.43
i 1 101 0200  A800] 0000 LGT | owy. 67.4 2152 [ik]
Sresses in Al Paints 1 1 0.000 0.000 0000 LG1 | fmax 5.0 126.0 0.05
PRl e 1 3 2000 A000) 0000 LGT | deqr 1812 7152 0es
Parts List 1 3 2000]  -t.ood 0000 LG1 | Geque i81.2 218.2 0.83
1 BE 2000 -1.000 0000 LG1 | ;equ.- 181.2 2182 0.83
3 Steel 5 355
2 =] 2.000 -1.000 0000 LG1 | fws 294.2 3273 0.90
2 66 2,000 -1.000 0000 LG1 [ows 877 3273 0.z7
2 124 2400 0.200 0000 LG1 | owys 51.6 3273 016
2 66 2000 -1.000 0000 LG1 | & 2942 3273 0.90
2 =] 2000 -1.000 0000 LG1 | oy 897.7 327.3 0.27
2 124 2400 0.200 0000 LG1 | fwy. 1.6 323 0,16
2 BE 2000 -1.000 0000 LG1 | 7max 359 189.0 0.02
2 EE 2000 -1.000 0000 LG1 | feqe 2616 3273 0.80
2 BE 2000 -1.000 0000 LG1 | ;eqe+ 261.6 3273 0.80
2 =] 2.000 -1.000 0000 LG1 | fequ.- 261.6 3273 0.80
( Ma | 083 )€1 @ 3

Figure 4.1: Buttons for results evaluation in the add-on module RF-STEEL Surfaces

The buttons are reserved for the following functions:

Description Function
. Opens the Details dialog box to select the displayed
Details
stresses = chapter 4.1.1, page 66
View mode Opens the RFEM work window for a graphical check

without closing RF-STEEL — chapter 4.1.2, page 67

Object selection

Opens the RFEM work window to select a surface or line
graphically

Result distribution

Displays the results of the currently selected table row in
the RFEM background graphic

Displays only the table rows where the ratio is more

E di
xceeding than 1
Turns on and off the display of the colored relation
Color bars .
scales in the results tables
Excel Exports the content of the current table to MS Excel or

OpenOffice.org Calc — chapter 6.4, page 87

Table 4.1: Buttons of results tables in RF-STEEL Surfaces
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RF-STEEL Members - [Steel Structure]
File Edit Settings Help
C41 - Stress analysis v 2.1 Stresses by Cross-section
Input Data YN O 00 O | A = | Jiv][1 - HE-2. 240
Gareial Diata Section |Member| Location| S-Point | Load Shess Stress [M/mm? ] Shiess Sigma Tatal
WM aterials Ho. Na. # [rm] Mo, Case Type Exigting | Lirniting | Fatio Member Mo, 59, 0.300 m
Cross-sections 1 HE-4 240
Results 59 ] 0300 6 CO02 | Sigma Total 1159|2182 0.53
Shresses by Cross-section %9 0300 13 COZ2 | Tau Tatal A18| 1260 0.4 105 1 1071 108.4
Shresses by Set of Members jais] 0300 12 Co2 | Sigma-egy 1406 2182 0.64 F F 47 &
Stresses by Member
Strezzes by w-Location 2 IPE 200
Shesses at Every Stress Paint 15 | 0000 & | COZ | SigmaTotal 724 282 033
Goveming Internal Forces by M 15 0.0ao| 13 CO2 | Tau Total 21 126.0 n.oz
Gowerming Internal Forces by S 15 nooo; 6 COZ2 | Sigma-eqv 723| 2182 0.33
Partz List by Member
Paits List by Set of Members 3 |u20n
116 0ooo) 6 CO2 | Sigma Total 2447 3273 0.75
1 0ooo) 6 CO02 | Tau Total 663 1830 0.35
116 0ooo) 6 Co2 | Sigma-eqv 2453 3273 0.75
5 L 8026548
109 0E25 1 C02 | Sigma Total 2064|2182 0.35
103 1260 4 CO2 | Tau Total 152 1260 01z
109 0e2s 1 Co2 | Sigma-eqy 2064 2182 0.95
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Figure 4.2: Buttons for results evaluation in the add-on module RF-STEEL Members

Description

Function

Stress diagram

Displays the stress diagram in the cross-section graphic
above

Stress ratio

Turns on and off the graphic display of the stress ratios,
as an alternative to the stress diagram

Values

Displays the values in the cross-section graphic

Cross-section
outlines

Displays the cross-section's shape in the cross-section
graphic

Stress points

Displays the stress points in the cross-section graphic

Numbering

Turns on and off the numbering of stress points in the
cross-section graphic

Cross-section info

Opens the dialog box Info about cross-section showing
the properties of the currently selected cross-section =
chapter 4.2.2, page 71

Result diagrams

Opens the window Result Diagram on Member = chap-
ter 4.2.4, page 75

Color bars

Turns on and off the display of the colored scales in the
results tables

Exceeding

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

Stress selection

Opens the dialog box Stresses - Filter = chapter 4.2.1,
page 69
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Opens the dialog box Cross-section Values and Stress

without closing RF-STEEL — chapter 4.2.3, page 72

2 Detail display Diagram — chapter 4.2.2, page 71
. Resets the stress graphic in full view (zooming by wheel
Full view .
button, moving by drag-and-drop)
View mode Opens the RFEM work window for a graphical check
=
<

Object selection

Opens the RFEM work window to select a member
graphically

4.1

4.1.1

The following stress types are displayed by default when the design has been carried out:

Table 4.2: Buttons of results tables in RF-STEEL Members

RF-STEEL Surfaces

Shear stresses 1

max

Selection of Stresses

Principal stresses o in direction of the principal axes on the surface's top and bottom

side

Membrane stresses o,, in direction of the principal axes

Equivalent stress o,

Membrane equivalent stress o

@R M e

eqv,m

Use the [Details] button to select the stress types that you want to be displayed.

093 [s1 @ .,

Start Dialog Box 'Details’ and Select Stresses to Show, ..
[ = - h1 Cancel

—_—

Figure 4.3: Button [Start Dialog Box 'Details' and Select Stresses to Show]

The Details dialog box appears (see Figure 2.11, page 19). In the Stresses tab, you can tick
or clear the check boxes of the corresponding stress components that you want to display
in the results table. All available stress types are shown on the left.

The different stress components and their formulas are described in detail in chapter
2.2.1.1, page 20.

The settings in the Details dialog box influence the results tables as well as the printout re-
port. The stress components displayed in the tables can also be found in the printout. As
you cannot select the stress types in the printout report (see chapter 5.1, page 78), you
must specify the corresponding settings in the Details dialog box.
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4.1.2 Results in the RFEM Model

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

Background graphic and view mode

E The RFEM graphic in the background may be useful when you want to check the position of
a particular surface in the model. An arrow in the RFEM background graphic indicates the

location of the FE mesh or grid point that you have selected in the results table. When the

button [Show Current Results] is set active, the current stresses are displayed additionally.

RF-STEEL Surfaces - [Throttle] E
File Edit Settings Help
LA - Shress analysis + | 2.3 Stresses by Surface
Input Data £ B [ C [ D E F [ & [ H 1 1 ~
General Data Surface |FE Mesh Pairt Coordinates [m] Stress [Mimm? ] Stress [l
WM aterials Ho. | Paint Mo, b3 ‘ N | Zz Loading 5ymbol| Existing | Lirnit Ratio [-]
Surfaces 45 | Matenial: Steel S 235 - Thickness d: 20.0 mm
Fesuls Eill 03893 nEw 1.375 COT | 7max 167 12547 001 3
Shresses by Load Case 2345 0216, 0057 1375 001 oia 8392 218l 038
Stressas by Material 457 0o 02z 1.375| CO1 |2+ EXr AL 017
izl Sulizs 2545 (B 1375 co1 o1, GE7|  #ats 038
eyl 456 noon, 022 1375 o1 | e 40E6| 21818 [iRE] L
Patts List 2845 0218 0087 1.375| 001 |&tm AL 038
456 0.000 -0.225 1376 CO1 ozm -38.51 21818 01g
2945 0.218 -0.057 1375 CO1 | deqv a1.18 21818 037
2945 0.218 0.057 1376 CO1 | Jequum a1z 21818 0.37
48 | Matensl: Steel 5 235 - Thickness d: 20.0 mm
306 -1.100 0.250 1376 CO1 | Tmax 1.67 125.97 0m
3276 -0.895 -0.045 1375 CO1 o1s 90.93 21818 04z
3267 0.745 0195 1375 CO1  o;z+ -36.01 21818 017
3276 -0.8595 -0.045 1376 CO1 o1 90.75 21818 04z
3267 0.745 0195 1375 CO1 oz -30.03 21818 014
3276 -0.895 -0.045 1375 001 dim 90.73 21818 04z
3267 -0.745 0195 1376 CO1 ozm -33.02 21818 015
3275 -0.900 0.000 1375 CO1 | gequ 8317 21818 0.41
3275 -0.900 0.000 1378 CO1 | fequm 28.91 21818 04
51 I aterial: Steel 5 235 - Thickness d: 20.0 mm
39 | o0860] 0230 1375 001 tmax | | 3718] 12597 030
465 | 0742] 0000 1.3 CO1 ome | | 73B0] 21818 0.34] [
Mec [T [T @ (B [%] (BB (L

Figure 4.4: Indication of the current FE mesh point in the RFEM model

In case the graphic view cannot be displayed appropriately by moving the RF-STEEL module
window, use the button [Jump to Graphics] to change to the view mode. The program
j ) Information hides the RF-STEEL window so that you can modify the display in the RFEM user interface.
‘\l) The view mode only provides the functions of the View menu, for example zooming, mov-
YYou are in the view mode. ing or rotating the display, as well as the partial view options.
Back Click [Back] to return to the add-on module RF-STEEL Surfaces.
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RF-STEEL Surfaces CAL - Strel[®] @ >
LC1 - Self-weight and finishes L\E

LC2 - Wariable load

LC3 - Imperfection towards +7'

LG1 - Design walues steel

C071 - Design values concrete

RF-STEEL Surfaces

RFEM work window

All stresses and stress ratios can be visualized directly in the structural model. Use the
[Graphic] button to quit the RF-STEEL module. Now, you can evaluate the results, such as
the internal forces of a load case or a load group, in the RFEM work window graphically.

The Results navigator is adjusted to the design results from RF-STEEL. In the graphic, you
can display and check the different stress types as well as the corresponding stress ratios for
each of the designed actions.

Project Navigator *
=-[w]4_ ByLoad Case

.| Stresses
Sigma-s,- [MAmm]
54.36
4296
3155
2015
874
266
-14.07
25,47
-36.87
-48.28
-59.68
-71.09

[+ [E] e Stress Ratio
=[] 24 Values on Surfaces

w0 24 Specific

- [W] 33 Extreme Values

EJ-"O:ﬂj On grid and user-defined points
""" 53 On FE mesh points

Max :
Min :

5436
-71.03

""" El oo
_____ 12 Humbering RF-STEEL Surfaces
----- 122 Transparent

EData = Display = Results 4 b

Ea 4

Figure 4.5: Results navigator to select stresses and stress ratios from designed actions

To turn the display of design results on or off, use the button [Results on/off], as you know
it from the RFEM internal forces.

As the RFEM tables are of no relevance for the evaluation of RF-STEEL results, you may
deactivate them.

The design cases are selected as usual by means of the list in the RFEM menu bar.

To display the surface results and the result values, you can use all options that are available
in RFEM. The corresponding display functions are described in detail in chapter 10.4 of the
RFEM manual.

It is always possible to return to the RF-STEEL add-on module by clicking the button
[RF-STEEL Surfaces] in the panel.

68

Program RF-STEEL © 2010 Dlubal Engineering Software

Dlubal



4 Results Evaluation

i AN
—_—

4.2 RF-STEEL Members

4.2.1 Selection of Stresses

The following stresses are displayed by default in the table display of the add-on module
RF-STEEL Members:

e Normal stress Gy,
o Shear stress Tyg,
e Equivalent stress G,q,

Use the button [Select Stresses to Show] to display further stress components. In this way,
you can check the stress components integrated in the total stress.

2

Maw: 095 | €1 @szlect Stresses to Shaw... |

Figure 4.6: Button [Select Stresses to Show]

The following dialog box appears:

Stresses - Filter
Ta Show
[+] Sigma Tatal [CTaut-pAdu
[1Sigma M [Taut-zAdv

[]Sigma t-p/td-u [OTaut

[]Sigma M-zt [1TauM-T St¥enant
[1Sigma M+-pitd-u ] Tau M-T Bredt
[1Sigma M+-z/td-v [ Taud-T
[1Sigma M Sigma-eqy
[1Sigma Tensile

[]Sigma Compressive

[]Sigma Delta

Tau Tatal

[ ok [ Cancel

Figure 4.7: Dialog box Stresses - Filter

In this dialog box, you can define the relevant stress components. The different stresses are

described in Table 3.2 and Table 3.3 on page 47 and 49.

The two dialog buttons facilitate the selection and are reserved for the following functions:

® Diubal —

Button Description Function

Select all All stress components are selected.

Deselect all All stresses are canceled.

Table 4.3: Buttons in the dialog box Stresses - Filter

The analysis is carried out for each single stress point so that normally the components of
the maximum stresses must not be summed up for a combined calculation (for example
Oiota): Often, the maximum stresses occur at different stress points. You have to superim-
pose the stress components of the respective stress point!

The selection made in the dialog box Stresses - Filter affects also the printout report. The
printout includes the stress components that are active in the tables. However, it is not
possible to select stress types in the printout report (see chapter 5.1, page 78).
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4.2.2 Results on the Cross-section

In addition to the stresses listed in tables, a stress graphic is displayed on the right in the re-
sults tables. This graphic is dynamic, that means it shows the stress diagram of the current
x-location and the current stress point that is determined by the pointer position in the ta-
ble. The currently selected stress point is highlighted in red in the graphic.

2-IPE=E0
Sigma Total
Member Mo, 15, % 8668 m

Min : 17E13 Mimm? (5
Max : 108725 Minm? (8)

Figure 4.8: Diagram of normal stresses on cross-section

Use the wheel button to maximize or minimize the display. Use the drag-and-drop function
to move the stress graphic. The button shown on the left resets the graphic's full view.

The functions of the buttons below the graphic are described in Table 4.2 on page 66. Use
these buttons to display

- , e the stress or stress ratio diagram including values
s y :

e the cross-section outlines

e the stress points and their numbering.

To evaluate the stresses for each stress point specifically, use the button [Show or Print
Cross-section Values and Extended Stress Diagram]. The dialog box Cross-section Values and
Stress Diagram opens (see Figure 4.9).
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Cross-section Values and Stress Diagram
Postion 11 - 15 3150120/4 55,50
Member Mo | & | 0000 | Zc'_ [m] fﬂlg:nnze.[olzlzl. 6,3 0.000 m
Stress Poirts
a0 B [ B 1] E _J»
Faint Coordinates [mm] Static Moments [cm?] | Thickness
Ha, i z Oy (P t [rarn]
1 | 575 0.00 0.00 ES
2 2.3 -157.5 B7.53 -11.68 ES . i J
3 00| 575 G263 170 E5 2038 iR 1R
4 23 -157.5 -57.53 11.68 ES
5 0.0 -1567.5 0.00 0.00 4]
B -60.0 157.5 0.00 0.00 4]
7 2.3 157.5 -57.53 11.68 4]
8 [ 157.5 -B9.69 11.70 4] = (R
5] 23 157.5 A7.53 -11.68 2] = ik ¥
10 0.0 157.5 0.00 0.00 ES
11 0.0 -151.0 -121.23 0.00 4.5 |
Stresses 458
[ & [ B [ C [ 1] [l
Paint Stress [MAmm? ] Stress  |[
Ha, Stress Type Existing Limiting Fiatio [%] 1387
1 -205.9 218.2 [z
-321 218.2 01
Sigma M-y 1736 218.2 0s i
Sigma M-z 7.4 218.2 o] z
Sigma M+M-y 202.2 218.2 04
Sigma N+M-z -39.5 218.2 0z ) M
SignaM__ 177.3 218.2 O] | G S )D) i
Sigma T enzile 0o 218.2 0o
Sigma Compres 205.9 182 09 H 100 () [%]
Sigma Delta 2059
Tau Total 0.1 126.0 0.0 ||

Figure 4.9: Dialog box Cross-section Values and Stress Diagram

The current Member No. and the location x on the member are already preset in the dialog
section Position. To select another member or x-location, use the list.

The dialog section Stress Points lists all stress points of the cross-section. The two Coordi-
nates columns show the respective centroidal distances y and z. The Static Moments col-

umns display the corresponding static moments Q, and Q,. The final column contains the
values of the Thickness t of the respective cross-section element. This thickness is relevant
for the determination of shear stress.

In the Stresses dialog section, the stress components are displayed in detail for the stress
point that is currently selected in the dialog section above. To visualize a particular stress
type in the dynamic graphic on the right, select it by clicking the relevant entry.

Most of the buttons below the graphic are identical with the buttons in the results tables
(see Table 4.2, page 66). As usual, they are described by ScreenTips. A special feature is
provided by the [Print] button that enables the printout of the current stress graphic on the
cross-section. For more information, see chapter 5.2.2, on page 80.
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4.2.3 Results in the RFEM Model

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

Background graphic and view mode

The RFEM graphic in the background may be useful when you want to check the position of
a particular member in the model. The member that is selected in the results table is hig-
hlighted in the RFEM background graphic in the selection color. In addition, an arrow indi-
cates the current x-location on the member.

RF-STEEL Members - [Steel Structure]
Eile Edt Settings Help
C&1 - Stress analysis LV 2.3 Stresses by Member
Input Data A B C i} E [ F G |~/l2-1PE 360
Eeneral Data Member| Location | S-Point | Load Shress Stress [N/mm] Shiess Sigma Total
W aterials Ho. % ] M, Case Type Exigting | Limiting | R atio Member ko, 66, x 0.000 m
ErossmEcens ES | Cross-section Mo. 3- U 200
Results 1472 1 C02 | Sigma Tatal 1180 3273 0.36
Stresses by Cross-section 0.000 ] C02 | Tau Total 115 183.0 0.0E
Shresses by Set of Members 1.472 1 CO2 | Sigma-eqv 1180 3273 0.36
Streszes by Member
Stesses by xLocation BE | Cross-section Mo. 2 - IPE 360
Sitresses at Every Stiess Point 0.000 & CO2 | Sigma Total 0.8 218.2 0.2g
Goveming Internal Forces by M 0.000 10 CO2 | TauTotal 47.8 126.0 0.38
Gaverning Intemal Forces by 5 0.000 5 CO2 | Sigma-eqy n02.7 218.2 0.47
Paitz List by Member
Parts List by Set of Members E7 | Cross-section Mo, 1-HE-A 240
1.020 & C02 | Sigma Total 8.7 2182 037 g o
0000 10 | C0OZ | TauTotal 477 160 038)F i i
1.020 a C02 | Sigma-eqyv 1208 2182 0.55 EE :
B8 | Cross-section Mo. 1-HE-4 240 2 7 f G 10
0oo| 10 C02 | Sigma Total -15.9 2182 n.07 =z
nooo| 13 COZ | Tau Total 120 126.0 0o
nooo| 13 C0z2 | Sigma-eqy 211 2182 01n
B9 | Crosssection No, 1 - HE4 240 Mhg; 808 ﬁm; o
0.200 ] C02 | Sigma Total 123 2182 0.0
noo| 13 C02 | Tau Total E7 126.0 0.05 @
nzo| 11 C02 | Sigma-eqy 144 2182 n.o7
;
70| Cross-section Mo. 1 - HE-4 240
(%] M \ B 0200] 1 | CO02 [SigmaTotal | E I L 0%5 (1 @
( Lalculation ails. Graphic ancel
® Lal I Graphi 0K Cancel

Figure 4.10: Indication of the member and the current Location x in the RFEM model

In case the graphic view cannot be displayed appropriately by moving the RF-STEEL module
window, use the button [Jump to Graphics] to change to the view mode. The program
hides the RF-STEEL window so that you can modify the display in the RFEM user interface.
The view mode only provides the functions of the View menu, for example zooming, mov-
ing or rotating the display, as well as the partial view options.

Click [Back] to return to the add-on module RF-STEEL Members.
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LC3 - Snowe

CO1 - Uszage

CO2-Design

FF-STEEL Surfaces CAT - Stress analysis

RF-STEEL Members CAZ - Colamn design
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RFEM work window

All stresses and stress ratios can be visualized directly in the structural model. Use the
[Graphic] button to quit the RF-STEEL module. Now, you can evaluate the results, such as
the internal forces of a load case or a load group, in the RFEM work window graphically.

The Results navigator is adjusted to the design results from RF-STEEL Members. You can se-
lect the individual stress components as well as the stress ratios in relation to the respective
stress components.

Project Navigator X

=[] e Stresses
() == Sigma Tatal
() == Sigma M
() &= Sigma M-y{M-u
() &= Sigma M-z/M-v
() &= Sigma N+M-y/M-u
() &= Sigma N+M-zfM-v
() == Sigma ™
() == Sigma Tensile
(O) &= Sigma Compressive
() &= Sigma Delta
() &= Tau Total
() &= Tauw-ylv-u
() &= Tauw-zv-v
(O & Tau ¥
() == Tau M-T St.Wenant
() == TauM-T Bredt
) &= TauM-T
(0 e Sigma-eqv

=[] =l Stress Ratio
(7 el Sigma Tatal
() 'l Sigma N
() 'l Sigma M-y/M-u
() 'l Sigma M-z/M-v
()l Sigma NA+M-y/M-u
() adl Sigma N+M-zfM-v
() 'l Sigma M
(7) 'l Sigma Tensile
(7) 'l Sigma Compressive
(7) 'l Sigma Delea
()l Tau Tatal
() ll Tau Y-y v-u
(0l Tau V-zfy-v
()l Tauy
(7) all Tau M-T 5t.Wenant
(7) sl Tau M-T Bredt
()l TauM-T
(@) -l Sigma-eqv

P™pata W Display = Results 4 B

Figure 4.11: Results navigator of RF-STEEL Members

To turn the display of design results on or off, use the button [Results on/off], as you know
it from the RFEM internal forces. To display the result values, use the toolbar button [Show
Result Values] to the right.

As the RFEM tables are of no relevance for the evaluation of stresses and stress ratios, you
may deactivate them.

The design cases are selected as usual by means of the list in the RFEM menu bar.
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Stresses and stress ratios are two colored by default. To adjust the results display, use the
Display navigator, select Results and then Members.

Project Navigator x

[w]& structure
=-[#] [ Results
¥ Result values
[ Title Info
[P MaxmMin Infa
=3 veformation
=-miE
@[] Two Colored
O colored
O cross-sections
LIS Al values

™ E Display hidden result diagram
1 Reverse Resulks v-y and ¥-z
IE‘E Type of Display

[w]EH FE Mesh

[B] == sections

[E] 5 auide Ohjects

[El&Y General

[C]EE Mumbering

[®] ¥ Rendering

[B] & Additional Modules

EData ) Display == Results 4 I

Figure 4.12: Display navigator: Results - Members

The stresses are represented with two colors, conforming to the signs. Positive stresses are
displayed in blue, in direction of the positive member axis z. Negative stresses are red, ap-
plied in opposite direction. Thus, it is possible that the stress diagram on the member, in
case of discontinuity, changes the sign and therefore the color and member side.

RF-STEEL Members

Figure 4.13: Stresses due to bending moments M with display option Cross-sections

| | In case of a multicolor display representation, a panel is available, providing the common
2 control functions. The panel functions are described in detail in the RFEM manual, chapter
4.4.6, page 77. In the Filter tab shown on the left, you can scale the design results, as you
Panel * know it from the member internal forces. If you enter the factor 0 in the input field Member
Ehnd Diagrams, the stresses and stress ratios will be represented directly on the member axes
D efarration: with an increased line thickness.
Project Navigator Panel =
tember Diagrams: M Structure Stresses
0 E:} = &[] Results Sigma M [MAmm?]
V[ Result values 2411
Surface Diagrams: [ Title Info 1337
[ Maxmin Info 145.4
B[ Deformation 93.0
=[] [ Members 51.7
Section Diagrams: O Two Colored 43
O colored -431
@E 904
X ) IS Al values 378
Reaction Forces: [ pisplay hidden result diagram -185.1
] reverse Resulks v-y and v-z 2725
[E][Z Type of Display 2798
Trajectories: [w]E FE Mesh
[B] 2= sections M?“ -l
[B] 5 Guide Objects Min : -279.8
B4 General
IS areres
[E]p Rendering
| [E] & additional Madules
gz 4
—_— EData ® pisplay = Results

It is always possible to return to the RF-STEEL add-on module by clicking the button [RF-

STEEL Members] in the panel.
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4.2.4 Result Diagrams

To display the distribution of stresses and stress ratios for a particular member, you can also
use the result diagram you already know from RFEM. First, select the member or set of
member in the results table of RF-STEEL Members, and then click the button below the
stress graphic shown on the left.

Alternatively, the result diagrams are available in the RFEM graphic. To display the dia-
grams,

select Result Diagrams on Selected Members on the Results menu,

or use the button in the RFEM toolbar shown on the left.

A window opens that shows the stress and stress ratio diagrams on the selected member or
set of members.

9 Result Diagram on Member I
|[E| %5 | RF-STEEL Members CAL - = @ e B Qe = L = 7w o e o | AN N -] i Members No.: -
SR 2 x o0 o0 % T 20 za0 5350 sseom e[ 58 DlFeed
=g 4 L L st . vy . 0758
~Sigma B ~
%igx Lotal Stresses - Sigma Total [H/mm?] o e ot
g . Sigma Tota
L Sima vy g @ ] /me]
[ Sigma M-z = @ o 000 PR
[ Sigmma M-y : - 2 = :
AR . T 0,300 1279
[l Sigrna N2 ; 30,6 N/mm2 « e T
; ; & @ X 113!
[] Sigma M . ik =
[] Sigma Tensie a g ;500 el
(] sigma Campressive ! i 1.200 B8
[] Sigma Dela : : 1.500 0.1
[] Tau Total 1.800 56.6
[ Tau'-y 2.100 -43.3 I
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[]TauMT Stvenant || gyresses - Tau Total (immZ]
[] Tau M-T Bredt Stresses Tau Total
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[ siama-eav Il [N ]
=[] Stress Ratio - 0.000 0.1 [
[] Sigma Total 0.300 0.1
[ sigma N 0.600 01
[ sigma -y 0.900 0.z
[] sigma M-2 1.200 02
[] Sigma M-y H 1,500 0z
o o N o o - - i
[ sigma M 0.2 N/mmz & o of oo o b S 1.800 0z
[] sigma Tensile ) 2100 0z
L] Sigma Compressive [C]MasMin Orly ] Edges Orly
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[] Tau Tetal —
[ Tau -y Stress Ratio - Sigma-equ -] Stress Ratio Sigmareqy
%Ta“ v W Sigmasay
Tau¥ m] 4
[ Tau M-T St.¥enant T o000 0.65 |~
[] TauM-T Bredt 0,300 0.5
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[] Sigmazeqy. 0.900 045
1.200 039
1.500 033
1.800 027
r Y 2.100 0.21 1%
m [CIMax/MinOrly - [ Edges Onlp
Beginning XY.Z: 00,00, 59m | EndXVZ: 00,00,-26m | Order 5

Figure 4.14: Dialog box Result Diagram on Member

In the navigator on the left, define the types of stresses and stress ratios that you want to
be displayed in the result diagram. Use the lists in the toolbar above to choose a particular
design case or member.

For more detailed information on the dialog box Result Diagram on Member, see the RFEM
manual, chapter 10.5, page 311.

Program RF-STEEL © 2010 Dlubal Engineering Software

75



A NN
——

Engineering Software

4 Results Evaluation

4.3 Filter for Results

Due to their data arrangement, the RF-STEEL results tables already provide a specific selec-
tion according to certain criteria. In some detail tables, you find additional filter functions
for structural objects and actions (see Figure 2.21, page 34).

T nm | w2 . 00 31500 56027| LGT | 7max
1,
o
R E
B by
6
20

Figure 4.15: Filtering structural objects and actions in table 2.5

In principle, you can use all filter functions described in the RFEM manual for the graphical
evaluation of RF-STEEL design results. For example, you can activate or recreate partial views
already defined (cf. RFEM manual, chapter 10.9, page 321) containing selected objects that
are arranged appropriately. You may also use sections (cf. RFEM manual, chapter 10.6,
page 313).

In the RFEM work window, you can also use the stresses and stress ratios as filter criteria.
The required specifications are defined in the panel. If the panel is not displayed, select
Control Panel on the View menu in RFEM, or use the corresponding button in the Results
toolbar.

The panel is described in the RFEM manual, chapter 4.4.6, page 77. The filter settings for
the results are defined by the color spectrum in the first panel tab. As this tab is not availa-
ble for the two colored results display of members, you have to set the display option Co-
lored or Cross-sections in the Display navigator (see Figure 4.13, page 74).

You can use the panel, for example, to specify that only stresses higher than 100 N/mm? are
displayed. Furthermore, the color spectrum can be modified in such a way that a color
range covers exactly 10 N/mm?. In this way, you may handle singularity effects for the do-
cumentation.

Panel x
Stresses

Sigma-eqy [M/mmi ]
235.00
200.00
130.00
180.00
170.00
160.00
150.00
140.00
130.00
120.00
110.00
100.00

Max © 23452
Min :  0.04

RF-STEEL Surfaces

Figure 4.16: Filtering equivalent stresses with adjusted color spectrum
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In the Filter tab of the control panel, you can define the numbers of the surfaces or mem-
bers whose results diagrams should be displayed exclusively in the graphic. For more de-

tailed information, see the RFEM manual, chapter 10.9, page 321.

In contrast to the partial view function, the structural model is now displayed completely in
the graphic. The following figure shows the equivalent stresses of an internal hall frame. All
the other designed members are displayed in the model, but are shown without stresses.

Project Mavigator
= [B] 4 Stresses
(O == Sigma Tatal
O == Sigma M
(O == Sigma M-y{M-u
O == Sigma M-z/M-v
(O == Sigma N+HM-yM-u
(O == Sigma N-+M-z{M-v
(O == Sigma M
(O == Sigma Tensile
(O == Sigma Compressive
(O == Sigma Delta
(O == Tau Total
(O == Tau¥-y/v-u
O = Tau v-zjv-v
O e Tauy
() == Tau M-T 5t.Yenant
() == Tau M-T Bredt
O = TauM-T
@) == Sigma-eqv
[] Sl Stress Ratio

EData .!JDispIay == Results

4

3

Panel

" | Show diagrams
members no.:

far

£1-70

All
Mone
£1-70
43.50

Figure 4.17: Filtering members: equivalent stresses of a frame
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5. Printout
5.1  Printout Report

As you know it from RFEM, the program generates a printout report for the RF-STEEL de-
sign results that can be added by graphics and descriptions. In this report, you also decide
which results tables from RF-STEEL appear in the printout.

The printout report is described in detail in the RFEM manual. In particular, chapter 11.1.3.4
Selecting Data of Add-on Modules on page 338 provides information concerning the selec-
tion of input and output data in add-on modules.

When your structure is quite extensive, it is advisable to split the data into several small re-
ports. For example, if you create a new printout report only for the data of a single design
case from RF-STEEL Surfaces, this printout report will be generated relatively quickly.

The printout report shows the stress components that are active in the results tables of the
corresponding RF-STEEL design case. For example, if you want to show the stresses due to
axial force in the printout, you have to activate the stresses ¢, ., and o, ,, in RF-STEEL Sur-
faces. In RF-STEEL Members, you would have to select the stresses . The corresponding
functions are described in chapter 4.1 RF-STEEL Surfaces on page 66 and 4.2 RF-STEEL
Members on page 69.

5.2  Print RF-STEEL Graphics

As described in chapter 4 Results Evaluation, all stresses and stress ratios can be evaluated
graphically. It is also possible to document each graphic by integrating it in the printout re-
port or sending it directly to the printer.

Printing graphics is described in detail in the RFEM manual, chapter 11.2, page 354.

5.2.1 Results in the RFEM Model

Every picture that is displayed in the graphic window of the main program RFEM can be in-
tegrated in the printout report. The result diagrams of sections and members can be im-
ported to the report as well by using the [Print] button.

To print the current RF-STEEL graphic in the RFEM work window,
select Print on the File menu

or use the toolbar button shown on the left.
E File Edit Wiew Insert Calculate Resulis Tools
DﬁQﬁu'Qliﬂ noa FREE
e / /I" I;I, 5. _Print - 3| B a-a

Figure 5.1: Button Print in the toolbar of the main window

|[E]| 5 | RF-STEEL Members CAL - ~ < |:,~;_'%| H GG =
Mavigator o x 0.000 0.050
+"""Print|"""'
= [B] Stresses =
Sigrna Takal Stresses - Sigma Total [NimmZ]

Figure 5.2: Button Print in the toolbar of the Result Diagram window
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Remave from Printout Report
Stark with Mew Page

Selection. ..

Properties...

The following dialog box opens:

Dlubal

Graphic Printout

General | Optiors | Colar Spectrum

Graphic Picture To Print Wincow:

(&) Current Only

Graphic Size

(O Az Screen View
() Window Filling

(O ToScale 1: 100

(O Direct to Printer... [
(& Ini Prickout Beport: (07 [+
(O To Clipboard

Graphic Picture Size

Usze Whale Page Width

[[] Use whale Page Height

[ Height: | 5337 [ of Page]

Options
[[] Show Brintout Repart an
|

Raotation: i} 3 [] [ Lock Graphic Picture [without Update)
Header of Graphic Picture

RF-STEEL Members - Members Sigma-eqv, Cal

v

[ ok

] [ Cancel

Figure 5.3: Dialog box Graphic Printout, tab General

This dialog box is described in detail in the RFEM manual, chapter 11.2, page 354. The
RFEM manual also describes the Options and Color Spectrum tab.

A graphic from RF-STEEL, that has been integrated in the printout report, can be moved an-
ywhere within the report by using the drag-and-drop function.

In addition, it is possible to adjust imported graphics subsequently: Right-click the relevant
entry in the navigator of the printout report and select Properties in the context menu. The
dialog box Graphic Printout opens again, offering different options for modification.

Graphic Printout

Properties | Options | Calor Spectum | Factors

Script Symbols Frame

O Propartional (®) Propartional (&) Hone

(®) Constant (O Constant ) Framed

Factar; |1 3 Factor: 1 3 [ Title Bo...

Prirt Guality Colar

(O Standard [max 1000 1000 Pizels) (&) Greyscale

(&) Maximal [max 5000 = 5000 Pixels) (O Texts and Lines in Black
(O User Defined O &)l Colored

[ o

] [ Cancel

Figure 5.4: Dialog box Graphic Printout, tab Options
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5.2.2 Results on the Cross-section

In RF-STEEL Members, the access to the print function is not directly available. Instead, the

corresponding button can be found in the dialog box Cross-section Values and Stress Dia-
gram. To open the dialog box, use the button [Print Cross-section Values and Extended
Stress Diagram].

11 - 15 3151 2004 506 510
Sigma Total
Member Mo. 6, x: 0.000 m

1 22 5
s

2042 2006 -196.7

aas ¥

130.6) 1435 143.1

Min 0 2042 Minm? (1)
Max © 1471 Minm2 (100

==
w (€] B

M aw: 09 |1 @ @Show of Prink Cross-section Values and Extended Stress Diagraml

Figure 5.5: Button Show or Print Cross-section Values and Extended Stress Diagram in the graphic of the results tables

In the dialog box Cross-section Values and Stress Diagram (see Figure 4.9, page 71), you
specify the member, the relevant x-location and the stress type. To open the following
printing dialog box, use the [Print] button at the bottom right in the dialog box.

Print Info about Cross-section
Print Type Printout Selection
(] Qi_rect to [ Lreate Graphics of Crozs Section [ Stress Paints
Frinter... Luxiz Silhouette
® %0 P'i?tUUt T [‘)1 ] [ Dimensions [ 5hear Center
PR L L Strezz Paints Stresz Diagram
() To Cliphoard Murmbering Yalues [ edtParts
O c/t-Paits

[] Cross-section Properties

Show Printout Report Steszes in Al Stress Paints
on [OE] [e.0. Modules RF-STEEL, RF-TIMBER]

Deszcription of Graphics
15 315/120/4.5/6.5/0

Ok ] [ Cancel

Figure 5.6: Dialog box Print Info about Cross-section

In the dialog section Print Type, the common options are available for selection:

e Direct to Printer sends the current graphic to the printer.
e To Printout Report inserts the graphic into the printout report.
e To Clipboard provides the graphic for other applications.

If several printout reports are available, you can select the number of the target report in
the selection field to the right.
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In the dialog section Printout Selection, you decide which elements appear in the print
graphic and in the output table. The objects listed under Create Graphics of Cross Section
can each be displayed or hidden for the stress graphic. If you tick the check box for Cross-
section Properties, the cross-section properties will be printed as a table, optionally added
by a symbolic Info Picture in the margin. In the same way, you can integrate the properties
of the Stress Points and c/t-Parts as well as the Stresses in All Stress Points in the printout.

When you click [OK], the printout report usually opens. If you want to import several graph-
ics consecutively into the printout report, clear the check box Show Printout Report on [OK].

N IS 315/120/4.5/6.510

11- 53151204 5550
Sgma Toll

Member Wo. 5,1 0000 m

Min o 2042 NmmZ (1
Mar @ 1470 Nmm2 (10

CROSS-SECTION VALUES

A? Engineering Office Bavaria Constructions Page: 83132
£ 5 Joseph-Street 111, 98765 Rainbow Valley Sheet: 1
I ' Tel: D9GT1770 - Fax: D967 770 RF-STEEL Me

Project: Structure: Steel Structure Diate: a3M7i2010

Exam||)le RF-STEEL
Members

133151204 .55 50

Cross-section Walue Description Symbaol Value Unit
Depth d 250( mm
Wiidth b 1200 mm
Wiab Thick ness t 45| mm
Flange Thickness t G5 mm
FilletWiield Thidness a ag|mm
Cross-section area A 20.19| em*
Shear area Fy 1560 | em”
Shear area Az 1288 | om?
Plastic She ar area Pl 15.60| em>
Plastic Shear area EE 13.88| em?
Moment of inertia Iy 4515 | em
Moment of inertia Iz 187.43 | om*
Folar moment of inertia In 3253 | om*
Governing radius of gyration I 1275| mm
Gonrerning radius of gyration = 253| mm
Falar radius of gyration ] 1200 mm
Radiuz of guration of flange plus 195 of web area = 205 mm
Wieig hit wart 2291 [ kgim
Surface Acart 140 m¥m
Torsional constant J 2.06| em*
N arping corstant refering o bl Cw A454E+04 | em®
Fade Factor A 0.000515 | 14mm
Elastic ection modulus Sy 301.28| om”
Elastic section madulus z 31.24| em?
‘Warping corstant momert S 491,25 em*
Statical moment of area Oy 17182 | em®
Statical moment of are a = 1170 | om?
Normalize d warping constant Wi o285 | em*
¥ arping statical moment Qw 1804 | emt
Plastic section modulus Zymax 343.23| em?
Plastic zection mo dulus Tz az.3z| em?

m T RFEM 4.04.0120 - frbitrary 30 Structures solved uzing FEM

(]
I e dlubal corm

Figure 5.7: Stress graphic in the printout report
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RF-STEEL Members CAL - Bea|™, 4 &>

57

LC1 - Permanent Loads
LC2Z -Wariable Loads
LC3 - Snow

CO1 - Usgage

CO2 - Dezign

RF-STEEL Surfaces CAT - Shess analysis

RF-STEEL Members CA1 - Beam design

[&1"

RF-STEEL Members CAZ - Column design

6. General Functions

The final chapter describes some menu functions as well as export options for the design
results.

6.1 RF-STEEL Design Cases

Surfaces or members can be managed specifically in separate design cases. In this way, you
can, for example, combine groups of structural components or define particular design spe-
cifications for them (limit stresses, partial safety factors, optimization etc.).

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

The RF-STEEL cases are available in the RFEM workspace and can be displayed like a load
case or load group by means of the toolbar list.
Create a new RF-STEEL case

To create a new design case,

select New Case on the File menu in the RF-STEEL add-on module.

The following dialog box appears.

New RF-STEEL Surfaces-Case
[do. Description
2 Stress Analysiz K
[ Ok, ] [ Cancel ]

Figure 6.1: Dialog box New RF-STEEL Surfaces-Case

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new de-
sign case. When you click [OK], table 1.1 General Data of the respective RF-STEEL add-on
module opens where you can enter the new design data.

Rename a RF-STEEL case

To change the description of a design case subsequently,

select Rename Case on the File menu in the RF-STEEL add-on module.

The dialog box Rename RF-STEEL Surfaces-/Members-Case appears.

Rename RF-STEEL Surfaces-Case
[do. Description
2 Mew Description K

[ Ok, ] [ Cancel ]

Figure 6.2: Dialog box Rename RF-STEEL Surfaces-Case
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Copy a RF-STEEL case

To copy the input data of the current design case,

select Copy Case on the File menu in the RF-STEEL add-on module.

The dialog box Copy RF-STEEL Surfaces-/Members-Case appears where you can specify the
number and description of the new case.

Copy RF-STEEL Surfaces-Case

LCopy from Caze

CAT - Stress analyzis v

Mew Case

Mo

3 [resign of end plate v

Description:

l

Figure 6.3: Dialog box Copy RF-STEEL Surfaces-Case

Ok, ][ Cancel ]

Delete a RF-STEEL case

To delete design cases,

select Delete Case on the File menu in the RF-STEEL add-on module.

In the dialog box Delete Cases, you can select the relevant design case in the Available Cas-
es list to delete it by clicking [OK].

Delete Cases
Available Cazes
Mo. Drescription ad
1 Stress analyzis
2 Mew Description
=] Design of end plate
B
[ Ok, ] [ Cancel

Figure 6.4: Dialog box Delete Cases

6.2 Optimization

In both RF-STEEL modules, it is possible to optimize the surface thicknesses or cross-
sections. During the optimization process, the program determines the surface thickness or
cross-section within the respective cross-section table that fulfills the analysis requirements
for the existing RFEM internal forces in the most optimal way, that means comes as close as
possible to a user-defined maximum ratio.

The maximum allowable stress ratio is defined in the Details dialog box (see Figure 2.13,
page 26 or Figure 3.8, page 50).

Optimization of Surface Thicknesses

M ax Allowable Stress Ratio: 1.001%

Figure 6.5: Specification of the maximum stress ratio
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Please note that the internal forces won't be recalculated automatically with the changed
surface thicknesses or cross-sections! It is up to you to decide when to use the initial or op-
timized surface thicknesses or cross-sections for a new calculation run in RFEM. As a result
of optimized objects, internal forces may vary considerably because of the changed stiff-
nesses in the structural system. Therefore, it is recommended to recalculate the internal
forces after the first optimization and then to modify the surface thicknesses or cross-
sections once again.

6.2.1 RF-STEEL Surfaces

During the optimization process, the program determines the surface thickness that comes
as close as possible to the maximum stress ratio for the existing RFEM internal forces.

The optimization options are only available in table 1.3 Surfaces. To optimize a particular
surface, tick its corresponding check box in column D or E (see Figure 2.7, page 16). The fol-
lowing dialog box opens.

COptimization Parameters
Surface Thickness Global Parameter
Max fvailable
Current: 20.0 [rm] Stress Ratio: 1.00 13
Minirurn: 4.0 (5| [mm]
Maimurn: 44,0 (5| [mm]
Mote:
Increment: 2.0 :3:}_ L] Optimation of Thickness due to
Stress Ratio
[ Ok ] [ Cancel

Figure 6.6: Dialog box Optimization Parameters

In the input fields Minimum and Maximum, you define the upper and lower limits of the al-
lowable surface thicknesses. The current thickness is also displayed so that you can compare
the values. The Increment determines the interval in which the thickness may vary during
the optimization process.

When you have recalculated the data, table 1.3 Surfaces shows the optimized thicknesses.
You do not need to transfer the new surface thicknesses to RFEM manually: Set table 1.3
Surfaces, and then

select Export All Surfaces to RFEM on the Edit menu.

The context menu in table 1.3 also provides options to export modified surfaces to RFEM.

1.3 Surfaces
| | B e | o [ e | F | G |

Surface | Material Thicknezz Max Stress | Opti- Area
Ma. Mo. Tupe d [rm] Fiatio [-] mize Femark. Amé]
15 2 Congtant 10.0_= a3l 1 7l 0.25
19 2 Conztant Optimize Thickness 023
30 2 Conztant 0.41
31 2 Conztant 0.41
32 2 Canztant Expart Surface ko RFEM 0.50
33 2 Constant 0.17
= 5 Constart Export All Surfaces ko RFEM 034
35 2 Constant Impork Surface from RFEM 0.34

Import All Surfaces from RFEM

Figure 6.7: Context menu in table 1.3 Surfaces

By using the menu functions described above, you can also import the original RFEM sur-
faces to RF-STEEL Surfaces. Please note that this option is only available in table 1.3 Surfac-
S.

D
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6.2.2 RF-STEEL Members

To optimize a particular cross-section, tick its corresponding check box in column C or D of
table 1.3 Cross-sections (cf. Figure 3.4, page 44). You can also start the cross-section opti-
mization out of the results tables by using the context menu.

During the optimization process, RF-STEEL determines the cross-section within the specified
cross-section table that fulfills the analysis requirements in the most optimal way, that
means comes as close as possible to a user-defined maximum ratio. The program deter-
mines the second moment of area required for the RFEM internal forces and uses the cross-
section of the given cross-section table that completes the design with a stress ratio that is
as high as possible. After the calculation, the graphic in table 1.3 Cross-sections shows two
cross-sections: the original from RFEM and the optimized (cf. Figure 3.4, page 44).

For parameterized cross-sections of the cross-section library, a dialog box with detailed spe-
cifications appears when you start the optimization process.

Welded Cross-sections - | unsymmetric : Optimize

Crozs-gection Optimization Parameters
Opti-

mmize Current Minimal I aximal Increment bo

h: 300.0 5 _>' B00.0 5 [ .02 [rm] o]

e 1800 4]k [mm] "7 ARG
Ote: 135 {mm] é 2

= 962 d [rrn] g

Obe [ 150003 | (e 7 =
Ot 1352 from] ?

(e 005 [rmrn] z ?

Oau: 005 [rmn] :’: VIII//;/////A

[[] Keep Current Side Propartions 1L 400/180413.5/8.6/150/13.5/0/0

3

Figure 6.8: Dialog box Welded Cross-sections - | unsymmetric : Optimize

] [ Cancel

By ticking the check boxes in the Optimize column, you decide which parameter(s) you
want to modify. The ticked check box enables the Minimal and Maximal columns that de-
fine the upper and lower limits of the corresponding parameter for the optimization. The
Increment column determines the interval in which the parameter varies during the optimi-
zation process.

If you want to Keep Current Side Proportions, tick the corresponding check box. In addi-
tion, you have to select at least two parameters for the optimization.

For cross-sections based on combined rolled cross-sections, no optimization options are
available.

You do not need to transfer the modified cross-sections to RFEM manually: Set table 1.3
Cross-sections, and then

select Export All Cross-sections to RFEM on the Edit menu.
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Also the context menu in table 1.3 provides options to export modified cross-sections to
RFEM.

1.3 Cross-sections

[ & | B [ c [ o | E | F
Section | Material Crozs-zection M ax. Design  Opti-
Ma. Mo D escription Fiatio mize | Remark | Comment
1 1 HE-& 240 070 [® 2]
2 1 [JPE 160 1 — = —
3 3 U 400414 Info about Cross-section, ..
4 1 Cross-section Library. ..
5 1 L B0x65x4
5 1 Edit List 'Design of Members'in Table 1.1 ¥
7 1 L 100:504 Optimize Cross-section
g 1 RO 52 5.
5] 1 15 450,20
10 2 15 245/22 Export Cross-section to RFEM
11 1 15 31612 )
12 1 Export All Cross-sections ko RFEM
13 1 SHAPE-T Import Cross-section from RFEM
Import All Cross-sections from RFEM

Figure 6.9: Context menu in table 1.3 Cross-sections

Before the changed cross-sections are transferred to RFEM, a security query appears, be-
cause the transfer requires the deletion of results. When you confirm the query and start
the calculation subsequently in RF-STEEL Members, the RFEM internal forces as well as the
RF-STEEL stresses are determined in one continuous calculation run.

RF-STEEL Members
Huestion No. 252

[0 you want to trangfer the changed crozs-gections to RFEM?

If 30, the results of RFEM and RF-STEEL Members will be deleted.

Figure 6.10: Query before transfer of modified cross-sections to RFEM

By using the menu functions described above, you can also import the original RFEM cross-
sections to RF-STEEL Members. Please note that this option is only available in table 1.3
Cross-sections.

If you optimize a tapered member, the program modifies the member's start and end and
interpolates the second moments of area for the intermediate locations. As these moments
are considered with the fourth power, the stress determination may be inaccurate if the
depths of the start and end cross-section differ considerably. In this case, it is recommended
to divide the taper into several single members whose start and end cross-sections have mi-
nor cross-section differences.
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6.3 Units and Decimal Places

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

select Units and Decimal Places on the Settings menu.
The following dialog box opens, which you already know from RFEM. In the Program /

Module list on the left, the relevant RF-STEEL Surfaces or RF-STEEL Members add-on module
is already preset.

Units and Decimal Places

Program [ Module
RFEM »
RF-STEEL Swfaces [2
RF-STEEL Surfaces
RF-STEEL Members
RF-STEELEC3
RF-STEEL &ISC
RF-STEELIS
RF-STEEL 514
RF-KAPPA
RF-LTE
RF-FE-LTE
RF-EL-PL
RF-C-TO-T
PLATE-BUCKLING
RF-45D
CRAMEWAY
RF-COMCRETE Surfac
RF-COMCRETE Memb
RF-COMCRETE Calum
RF-PURCH
RF-TIMBER Pra
RF-TIMBER
RF-DhvMA
RF-EMD-PLATE
RF-COMMECT
RF-R&HMECEK Pra
RF-FRAME-JOINT i

Units

Streszes Surfaces
Uit

Mimm™2 |

Uit

m"2 4

Dec. Places
2%
2 :c

1.

Dec. Places
e
7 -

2%

Streszes Areas:

Angles: rad v Yolumes: m"3 v

Stress Batiog: wieights: ka w

Ok, ] [ Cancel

Figure 6.11: Dialog box Units and Decimal Places

The settings can be saved as user profile to reuse them in other structures. The functions
are described in the RFEM manual, chapter 12.6.2, page 453.

6.4

The results of the stress analysis can be provided for other programs in various ways.

Export of Results

Clipboard

To copy cells selected in the RF-STEEL results tables to the clipboard, use the keyboard keys
[Ctrl]+[C]. To insert the cells, for example in a word processing program, press [Ctrl]+[V].
The headers of the table columns won't be transferred.

Printout report

The data of the RF-STEEL add-on modules can be printed into the global printout report (cf.
chapter 5.1, page 78) to export them subsequently. In the printout report,

select Export to RTF File or BauText on the File menu.

The function is described in detail in the RFEM manual, chapter 11.1.11, page 350.
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Excel / OpenOffice

RF-STEEL provides a function for the direct data export to MS Excel or OpenOffice.org Calc.
In the RF-STEEL add-on module,

select Export Tables on the File menu.

The following export dialog box appears.

Export - MS Excel E
Tahble Parameters Application
“Wwith Table Header (® Microsoft Excel
[ Only Marked Bows () Openlffice.ong Cals

Tranzfer Parameters

Expart Table to Active Workbook
Export Table ta Active Workshest

Fiewrite Existing “Workshest

Selected Tables
O Active Table | Expo_rt T ables with
@ All Tables Belells

Input T ables
Fiesult Tables

[ Ok, J[ Cancel ]

Figure 6.12: Dialog box Export - MS Excel

When you have selected the relevant parameters, start the export by clicking [OK]. Excel or
OpenOffice will be started automatically. It is not necessary to run the programs in the
background.

I:/ \ il = Tabellel - Microsoft Excel - = X
Start Einflgen Seitenlayout Formeln Daten Uberpriifen Ansicht  Add-Ins @ - 3 X
| B3 -G fe | Material: Steel 5 235 - Thickness d: 18.0 mm
|
A B c | o | E T T ) i

1 | Surface | FEMesh Point Coordinates [m] Stress [N/mm®] Stress

A No.  |Point No. % | i | i Loading syrrmot| Existing | Limit Ratio[]

B 1 Material: 5teel 5 235 - Thickness d: 18.0 mm

4 23 2,000 -1,000 0,000 Le1 |0, 131,2 218,2 0,33

5 2 2,000 0,000 0,000 LGl |0, 0,0 218,2 0,00

6 EE 2,000 -1,000 0,000 LGl |o,. 131,2 218,2 0,22

7 33 2,000 -1,000 0,000 L61 |o... 181,2 218,2 0,22

2

9 X Material: Steel § 355 -Thicknessd: 15.0 mm

10 [ 2,000 -1,000 0,000 LG1 |0, 261,6 327,3 0,80

11 & 4,000 0,000 0,000 L6l |0oum 0,0 327,3 0,00

12 13 2,000 -1,000 0,000 LG61 |o_,. 261,6 327,3 0,30 3

13 EE 2,000 -1,000 0,000 LG61 |o_, 261,6 327,3 0,30

14

15 3 Material: Steel 5 235 - Thickness d: 20.0 mm

16 251 5,000 -1,000 0,000 LG1 |0, 147,86 218,2 0,68

17 10 5,000 0,000 0,000 L61 |i..- 0,2 2182 0,00

18 291 5,000 -1,000 0,000 L61 |o,. 147,6 2182 0,68

19 291 5,000 -1,000 0,000 L61 |0, 147,3 2182 0,68

20

21 4 IMaterial: Steel 5 235 - Thickness d: 20.0mm

22 291 5,000 -1,000 0,000 LGl |0, 147,2 2182 0,67

23 14 8,000 0,000 0,000 LGl |o_,. 2.1 218,2 0,01

24 291 5,000 -1,000 0,000 LG61 (o, 147,2 218,2 0,67

25 231 £,000 -1,000 0,000 LG1 |o... 147,0 2182 0,57

4 4 » b [ ] 2.3 Stresses by Surface < 2.4 Stresses by Line _{[Hl[

Bereit |

Figure 6.13: Result in MS Excel: Table 2.3 Stresses by Surface
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