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1. Introduction
1.1 Add-on Module STEEL

STEEL is not a stand-alone program. STEEL is one of the add-on modules integrated in the
graphical user interface of the main program RSTAB. Due to the integration, all structure-
specific input data as well as the internal forces are automatically available in the STEEL
module. In return, you can evaluate the design results in the RSTAB work window graphical-
ly and include them in the global printout report.

STEEL performs general stress designs by calculating existing stresses and comparing them
with the limit stresses. The program provides a comprehensive cross-section library as well
as an expandable material library with standard-specific limit stresses. For each cross-
section, design relevant stress points that can also be used for graphical evaluations are al-
ready available.

During the stress analysis process, the program determines also the maximum stresses of
sets of members and shows the governing internal forces for each member. In addition,
STEEL offers you an automatic cross-section optimization including an export option for
modified cross-sections to RSTAB.

Different STEEL design cases allow for a flexible analysis of stresses. The design is completed
by a parts list with quantity surveying.

The following useful features facilitate the work with the STEEL add-on module:
¢ Display of maximum stress ratios in the cross-section table helping you to decide how
to optimize the cross-section

e Connection between STEEL tables and RSTAB work window, thus it is possible to select
active objects in the background graphic

¢ View mode for modifying the view in the RSTAB work window

e Colored relation scales in results tables

e Info icon for successful or failed stress design

e Representation of STEEL stresses and ratios in the form of result diagrams

e Filter options for the stresses displayed in the RSTAB graphic

e Display of stresses and stress ratios on rendered model

e Export of modified materials to RSTAB

e Data export to MS Excel and OpenOffice.org Calc or as a CSV file
Therefore, STEEL is the appropriate program for general stress analyses. However, stability
analyses, as required for example in DIN 18000 part 2 or EN 1993-1-1, cannot be per-

formed. To analyze the stability of a structure, use the add-on modules KAPPA, LTB or STEEL
EC3.

We hope you will enjoy working with the add-on module STEEL. Your comments and sug-
gestions are always welcome.

Your team from ING.-SOFTWARE DLUBAL
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The following people were involved in the development of STEEL:
Program coordination
Dipl.-Ing. Georg Dlubal
Dipl.-Ing. (FH) Younes El Frem
Programming
Ing. Zdenék Kosacek Ing. Roman Svoboda
Mgr. Petr Oulehle Dis. Jifi Smerak
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Program supervision
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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 RSTAB. The present manual focuses on
typical features of the STEEL add-on module.

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

At the end of the manual, you find the index. However, if you don’t find what you are look-
ing for, please check our website www.dlubal.com where you can go through our FAQ
pages by selecting particular criteria.

1.4 Open the Add-on Module STEEL

RSTAB provides the following options to start the add-on module STEEL.

Menu
To start the program in the menu bar,

point to Design - Steel on the Additional Modules menu, and then select STEEL.

[ Additional Modules | Window Help

Figure 1.1: Menu: Additional Modules — Design -

&5 | Current Module I S (= N o= = e Wl - e |
Shape Properties rvpifm=®e| AT T s e el P (B
Design - Steel L3 ﬂ STEEL General Stress Analysis
Design - Concrete L [ [} ) )

E STEEL EC3 Dresign according to Eurocode 3
Design - Timber = _ . _

J5e | STEEL AISC Design according to AISC (LRFD or ASD)
Design - Composite  #| _g ) .

ﬁ; STEELIS Design according to IS 800
Dynamic LY = . .

ﬁ; STEEL SIA Design according to SLA
Connections 3 _ _

H STEEL BS Design according to BS
Foundations »
Stability N “? EAPPA Buckling Check for Compression Members
Towers » {}3 LTB Lateral Torsional Buckling Check
Others N @25 FE-LTE Lateral Torsional Buckling Analysis with Finite Elements

I | EL-PL Elastic-plastic Design

5 LC-TO-T Limiting Width-Thickness Ratios Check

ﬁ PLATE-BUCKLING FEM Plate Buckling Analysis

fﬁi VERBAND Layout and Design of Roof Bracings

IJ | ASD Design according to US-Norm AISC ASD

#J‘i CRANEWAY Crane Girder Analysis

Steel — STEEL
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Navigator
To start STEEL in the Data navigator,
select STEEL in the Additional Modules folder.

Project Navigator x

E™ RSTAB

B.@ Steel Structure™

| Structural Data

|—J Loads

| Results

|_J Printout Reports
|—) Guide Objects
=28 Additional Medules
----- T SHAPE-THIM 7 - Section Properties of Thin-walled Sections =
@8 SHAPE-MASSIVE - Section Properties of Thick-walled Sections
{2 STEEL EC3 - Design according to Eurocode 3

-] STEEL AISC - Design according to AISC (LRFD or ASD)

-.{f2 STEELIS - Design according to 15 800

@ STEEL SIA - Design according to SIA 263:2003

STEEL BS - Design according to BS =
-2 COMCRETE - Concrete Design of Members

----- 1) CONCRETE Celumns - Concrete Design of Columns

----- @& TIMBER Pro - Design of Timber Members -
4| 1 | 3

»

P™Data| M Display = Results 4 p

Figure 1.2: Data navigator: Additional Modules — STEEL

Panel
STEEL CAL - Stress Analysis|5| 4 5 In case STEEL results are already available in the RSTAB structure, you can set the relevant
LC1 - Seff-weight by STEEL design case in the load case list of the RSTAB toolbar. Maybe you have to activate the
::g% ﬁ;;fedion graphical results display first, showing the stresses and design ratios by using the button
LG1 - Characteristic values [Results on/off].

STEEL CA1 - Stress Analysis - Beams

STEEL CA2 - Stress Analysis - Columns When the results display is activated, the panel is available, too. To access the add-on mod-

|§| |E ule quickly, use the panel button [STEEL].
Panel x
Streszes

Sigrna Taotal [kNAemd |

318
0.00
378
Max : 318
Min : 375

STEEL STEEL

Ea 4

Figure 1.3: Panel button [STEEL]
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2. Input Data

All data required for the definition of design cases is entered in tables. The [Pick] button al-
lows for a graphical selection of the members and sets of members that you want to de-
sign.

When you have started the add-on module, a new window opens where a navigator is dis-
played on the left, managing all available tables. The pull-down list above the navigator
contains the design cases (see chapter 7.1, page 51).

If you open STEEL in an RSTAB structure for the first time, the module will import the fol-
lowing design relevant data automatically:

e Members and sets of members
e Load cases, load groups and load combinations as well as super combinations
e Materials
e Cross-sections
e Internal forces (in background, if calculated)
To select a table, click the corresponding entry in the STEEL navigator or page through the

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

Click [OK] to save the entered data and quit the add-on module STEEL. When you click
[Cancel], you quit the module but without saving the data.

2.1

In table 1.1 General Data, you select the members, sets of members and actions that you
want to design. The design standard will be specified in table 1.2 because the material
properties are related to the standard.

General Data

STEEL - [Demo-5] (3]
File Edit Settings Help
|CA1 - Stress Analysis '| h..l General Data ‘
Input Data Design of
& Gencral Data =
- Materialz Members: 1-8.11-18.21-28,31-46 Y All
gCiessedion Sets of Members: |15 Y3 B
Existing Load Cases Selected for Design
LC3 Wwind in ++ B com Extreme design values -
LC4 ‘wind on Beam in'Y I
LCE Wind on Bear in >
LCE Wind lifting E >T m
L7 | Load- Floor s L
*LC8 Impertections in ¥ h
#LC9 Imperfections in -7 b ] m
Load Groups and Load Combinations IE
LG1 Egw-+e+u+pHmp o Stress Analysis
LG2 Egw+s+imp = of Msrfnhnri l:nl:l
LG3 Egw+ms+mp e M'_m ]
= 5 o
LGS Egw-+wind lifting+mp plLlE.
LGE | Egwenpemp LI/ Tl
LG7 Egw+il-yl+mp ~ =
Comment / \
Dresign for Frame B-B -
T ? @ Calculation Details... Graphic Cancel

Figure 2.1: Table 1.1 General Data
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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 input fields
to enter the numbers of the relevant members or sets of members. To select the objects
graphically in the RSTAB work window, use the [Pick] button. The list of the object numbers
preset in the field can be selected quickly by double click and overwritten by entering the
data manually.

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

When you design sets of members, STEEL determines the maximum stress ratio of all mem-
bers contained in the set of members. Subsequent to the analysis, the results are shown in
table 2.2 Stresses by Set of Members, 3.2 Governing Internal Forces by Set of Members and
4.2 Parts List by Set of Members.

Existing Load Cases / Load Groups and Load Combinations

The two dialog sections list all load cases, load groups and load combinations as well as su-
per combinations defined in RSTATB that are relevant for the design. Dynamic load cases, if
available, are listed, too. Use the button [P] to transfer selected entries to the list Selected
for Design on the right. You can also double-click the items. To transfer the complete list to
the right, use the button [P ].

Load cases that are marked by an asterisk (*), like case 8 and 9 in Figure 2.1, cannot be de-
signed. This happens when you haven't defined any loads or when the load case contains
only imperfections as shown in the example.

Furthermore, STEEL is able to design super combinations and dynamic load cases from the
add-on module DYNAM.

Selected for Design

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

The design of an enveloping "Or" load combination is often performed more quickly than
the analysis of all actions that have been globally set. On the other hand, the influence of
the actions contained in such a total CO are less transparent. Therefore, it is recommended
to check the Method of Stress Calculation for load combinations in the Details dialog box
(see chapter 3.1, page 18).

Comment

In this input field, you can enter user-defined notes describing in detail, for example, the
current design case.

2.2 Materials

The table is subdivided into two parts. In the upper part, the materials defined in RSTAB are
listed with their 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.

Materials that won't be used in the design appear gray in color. Materials that are not al-
lowed are highlighted red. Modified materials are displayed in blue.

The material properties required for the determination of internal forces in RSTAB are de-
scribed in detail in chapter 5.2 of the RSTAB manual. The design relevant material properties

10
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Description
W Steel S 235| DIN 18800:1590-1

ll{Steel S 355 DIN 18800:1990- 7.
Steel 5235

Steel 5 275

Steel 5 355

Fine Grain Steel 5 275 N
Fine Grain Steel 5 275 M
Fine Grain Steel 5 355 N
Fine Grain Steel 5 355 M
Fine Grain Steel 5 460 N
Fine Grain Steel 5 460 M
Improved Steel C 35+N

Dlubal

are stored in the global material library. They 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 (see Figure 7.10, page 56).

STEEL - [Demo-5] (|
File Edit Settings Help
CAT - Stress Analysis '| h..! Materials ‘
Input Data B C 1] [ E [ F__ [ G
. General Data Material Material- Safety Factor | “ield Strength Limit Stresses [lkM/cm<]
= s o Description ™ fyk kN/em2] | Manually Limit &3 Limit © Limit Teqy
B Grreeciony (B Steel 3235| DIN 13300:1390-1 | 110 um| O 21.82 1260 21.82
[ 2 [[IE™H ; 1.0 36.00 [} 27 18.90 1273
3 |M Concrete C30/3
L= )ES
Natena\ Properties
= RSTAB Relevant
E Modulus of Elasticity iE 21000.00 | kN/cm?2
Shear Modulus G 8100.00 | kN/cm?2
Poisson’s Ratio U 0.300
Unit Weight t 7850 | kN/m3
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C
Partial Safety Factor ™ 1.10
El Design Relevant | Material Mo. 2 Used in
Yield Strength fy 36.00 | kN/cm?2 Cross-
Utimate Tensile Strength Fu 49.00 |kN/em2 | sections: 9
Mae. Structural Thickness t1 4.00 | cm
Yield Strength fy.2 3350 |kN/cm2 | Members: EE-B3.71-74
Max. Structural Thickness (%] 8.00 [cm Sets of
Coefficient for Limiting Stresses of Welds ow 0.800 Members:
T Length S0.00 [m]
I Mass 2.853 1]
? ? @ Calculation Details. Graphic Cancel

Figure 2.2: Table 1.2 Materials

Material Description

The materials defined in RSTAB are already preset. When you modify the material descrip-
tion and the manually entered material name corresponds to an entry of the material li-
brary, STEEL will import the material properties that are required for the design.

You can also modify the material by using the list: Place the pointer in a table row of col-
umn A, and then click the button [¥] or use the function key [F7] to open the list shown on
the left. When you have selected a new material, the design relevant properties are entered
into the remaining fields of the corresponding table row.

Only Steel materials are available in the list. You can choose among various steel grades of
different standards and codes for steel construction. In principle, you can carry out the de-
sign with any material whose stress concept is based on the comparison of existing normal,
shear and equivalent stresses with the respective allowable stresses (for example the design
of cross-sections consisting of aluminum or stainless steel). Of course, you must take into
account the respective 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 user-defined specifications. The red color
disappears as soon as you have defined the allowable stresses in the columns E to G.

The import of materials from the library is described later.

Program STEEL © 2011 Ing.-Software Dlubal
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Safety Factor vy,,

This factor describes the safety factor used to calculate the design values of the material
stiffnesses. Therefore M is indicated. By means of the factor y,, the characteristic value of
the yield strength f,, is reduced in order to determine the limit normal stress o; 4 (see Equa-
tion 2.1) and the limit shear stress t; 4 (Equation 2.2).

Thus, for example for DIN 18800, the factor v,, is considered twice for the design if the cal-
culation is carried out according to the second-order or the large deformation analysis: Ac-
cording to DIN 18800 part 2, el. (116), you must take into account the influence of defor-
mations by a stiffness that is reduced about 10 % when determining internal forces. More-
over, you must reduce the design values of the 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 and EN 1993-1-1, section 3.

Limit Stresses

The limit stresses of materials that are stored in the general material library are preset au-
tomatically. These entries provide no access for modifications.

If you want to adjust the limit stresses, you can use the [Edit Material] button (see Figure
2.4, page 14). 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 columns E to G manually.
Modified material properties are marked by an asterisk in the column Material Description.
Limit o,

The limit normal stress represents the allowable stress for actions due to bending and axial

force. According to DIN 18800 part 1, el. (746), it is determined by the characteristic value
of the yield strength, reduced by the partial safety factor v,,.

f
_ Yk
OxRd =
™
Equation 2.1
Limit ¢

The limit shear stress indicates the allowable shear stress due to shear and torsion.
According to DIN 18800 part 1, el. (746), the partial safety factor v,, is also taken into
account by the equation used to determine the limit shear stress.

T = fyk
Rd —
Tm \/g
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.

12

Program STEEL © 2011 Ing.-Software Dlubal



I —

Ing. Software

2 Input Data

Dlubal

Yield strength depending on thickness of structural components

For some materials, there is a relation between the characteristic yield strength f,, and the
thickness t of the relevant structural component. The Max. Structural Thickness of the indi-
vidual ranges together with the corresponding yield strength is indicated in the dialog sec-
tion Material Properties below.

The zones of the yield strength are specified in the standards, for example DIN 18800 part
1, table 1. Use the [Edit Material] button to check and adjust, if necessary, the structural
thicknesses and the assigned stresses (see page 14).

Material Library

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

select Material Library on the Edit menu

or use the button shown on the left.

Material Library @
Fitter Choice Material to Select
Material Category: S ol gl i
Steel 5 275 DIM 182800:1930-11
[Stes )| | St 355 DIN 18300:1330-11
Code Group: Fine Grain Steel 5 275 N DM 18800:1990-11
[ ~| | Fine Grain Steel 5 275 M DIN 15500:1330-11
Fine Grain Steel 5 355 N DIM 18800:1930-11
odc] Fine Grain Steel 5 355 b DIN 18300199011
[an *|| | Fine Grsin Stest s 460N DIN 18500:1990-11
Fine Grain Steel 5 460 M DIM 18800:1930-11
Show: Improved Steel C 35+ DM 18800:1990-11
Materials of '0ld' Codes Improved Steel C 45+8 DIM 18800:1990-11 =
Favorites Only... @I Iﬁl =1 @ b
Material Constants Steel S 235 | DIN 18800:1590-11
E RSTAB Relevant
Modulus of Elasticity iE 21000.00 | kN/cm?2
Shear Modulus G 8100.00 | kN/cm2
Poisson’s Ratio [ 0.300
Unit Weight 7850 | kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C
Partial Safety Factor M 1.10
E Design Relevant
Yield Strength Fy 24.00 | kN/em2
Uttimate Tensile Strength fu 36.00 | kN/cm2
Max. Structural Thickness L 4.00 | cm
Yield Strength fy.2 21.50 | kN/cm?2
Max. Structural Thickness & 10.00 | cm
Coefficient for Limiting Stresses of Welds Cw 0.950
Iﬁl (0] 3 ] | Cancel

Figure 2.3: Dialog box Material Library

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

Click [OK] or use the [] button to import the selected material to table 1.2 of the add-on
module.

Chapter 5.2 of the RSTAB manual describes in detail how materials can be filtered, added or
rearranged. By using the [Create New Material] button, you can create new types of steel
with user-defined material properties and store them for later use.

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

Program STEEL © 2011 Ing.-Software Dlubal 1 3
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equivalent stresses with the respective allowable stresses. Therefore, it would be possible,
with some restrictions, to design cross-sections consisting of aluminum or stainless steel.

If you have set a material whose limit stresses are not defined (for example timber), the en-
tries of the corresponding table row in table 1.2 will be highlighted in red. However, you
can define the limit stresses by ticking the check box Manually in column D and entering
user-defined specifications. The red color disappears as soon as you have defined the allow-
able stresses in the columns E to G. Please note that designs, for example for timber cross-
sections, won't be performed completely: Timber standards require further criteria imple-
mented 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 shown on the left. The following dialog box appears:

Edit Material (=23

Material Description
Steel§ 235 ][

Safety Factor
T 11054 [

“ield Strengths and Limit Stresses Subject to Component Thicknesses

A c D | E | F
Range Thickness t [mm] Yield Strength Limit Stresses [kN/cm<2]
Na. from to fyx [kN/cm2] Limit 5 Limit T Limit oy

1 00 40.0 24.00 2182 12.60 2182
[ 2 ] 400 1000 = 21.50 19.55 1128 19.55

Mumber of Ranges: 2= User-defined, Independent Definition
of Limit Stresses

Comment

@I I@ (0] 3 ] | Cancel

Figure 2.4: Dialog box Edit Material

By means of the factor y,, in the dialog section Safety Factor you can reduce the characteris-
tic values of the yield strength f, defined in column C in the dialog section below. The limit
stresses determined according to Equation 2.1 and Equation 2.2 on page 12 are listed in
the columns D to F.

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
conforming to standards. You can shift the limits for the ranges by entering values manual-
ly in column B. Column A will be adjusted automatically. For each range, you can assign a
specific 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 F to enter user-defined data.

Material- Modified material properties are marked by an asterisk in table 1.2.

Description

|. Steel 52357 | DIN 18800:1950-

1 4 I Program STEEL © 2011 Ing.-Software Dlubal
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2.3 Cross-sections

This table lists the cross-sections that are relevant for the design. In addition, the table al-
lows for the definition of optimization parameters.

STEEL - [Demo-5] @
File Edit Settings Help
CAT - Stress Analysis - | h..B Cross-sections ‘
Input Data [ A | B [ ¢ [ D = F 3 - IPE 330
- General Data Section | Material Cross-section Max. Design  Opti- STEEL
- Materialz No No. Description Ratio mize | Remark | Comment
- Cross-sections 1 1 |H IPE300 116 O
Fesuts 2 1 W IPE 300 034 O ===l
Stresses by Cross-section El W IPE 330 0.94 IE' 2)
- Ghresses by Set of Members [ 1 B HE-A 160 046 O ;
- Gtresses by Member 7 1 W HEAT20 028 0O .
Stresses by w-Location 9 2 | IPE 360 [H] 7
- Goverming Intermal Farces by M 10 1 W HE-A 140 0.59 a 3 - IPE 400
- Gowerning Internal Forces by S 12 1 B QRO 804 a 7 RETAB
Paits List by Member 13 1 M Circle 24 a 7
- Parts List by Set of Members 15 1 B HE-A 200 026 O
16 3 | Rectangle 400350 ] g) Se=ecl,

|
L]

@ EEF @k
Cross-section Mo, 3 Used in
Members: 3.81318.2328.41.46

Sets of

Members: 2,3

T Length: 24.09 [m]
T Mass: 1.308 1]

51 | 2] The cross-zection wil be optimized. Therefore the most [ =7 (. |  Material: 1 - Steel 5 235
- optimal section of the table is sought out. lil I;‘I

@ @I@ Details... Graphic W

« e s

Figure 2.5: Table 1.3 Cross-sections

Cross-section Description

The cross-sections used in RSTAB are preset together with the assigned material numbers.

It is always possible to modify the cross-sections for the design. The description of a mod-
ified cross-section is highlighted in blue. A cross-section that is not allowed to be used (for
example a solid cross-section) is highlighted by red letters.

To modify a cross-section, enter the new cross-section description directly into the corres-
ponding table row. You can also select a new cross-section from the library. To open the Ii-
brary, use the button [Import Cross-section from Library] below the table. Alternatively,
place the pointer in the respective table row and click the [...] button, or use the function
key [F7]. The RSTAB cross-section library, or the cross-section table of the input field, ap-
pears.

The selection of cross-sections from the library is described in detail in chapter 5.3 of the
RSTAB manual.

Program STEEL © 2011 Ing.-Software Dlubal 1 5
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Cross-section Library @

Rolled Cross-sections Welded Cross-sections Solid Cross-sections

@) @EE]
(L)[g][o]
=)d(2)] (L] (n][(E]
Combined Cross-sections E@
m)x)[T) [v](3a]
EAFIFAREIEEN
2]

@J Cancel

Figure 2.6: Cross-section Library

3 _|PE 330 If the STEEL cross-sections are different from the ones used in RSTAB, both cross-sections
STEEL . are displayed in the graphic in the right part of the table. The stress analysis will be per-
formed with the internal forces from RSTAB for the cross-section selected in STEEL.
_______ o
! Member with tapered cross-section
== For tapered members with different cross-sections at the member start and member end,
2 the module displays both cross-section numbers, in accordance with the definition in
y— RSTAB, in two table rows.
e STEEL also designs tapered members provided that the cross-section at the member's start
has the same number of stress points as the cross-section at the end of the member: The
TN normal stresses, for example, are determined from the second moments of area and the
; centroidal distances of the stress points. If the start and the end cross-section of a tapered
Jr_ member have not the same number of stress points, the intermediate values cannot be in-
‘ terpolated. Then, the rendering in RSTAB will display the cross-sections each to the middle
of the member, but a calculation won't be possible, neither in RSTAB nor in STEEL.
( STEEL )
. Information Mo. 5133
tember Mo, 44 iz tapered and congsists of incompatible
sections No. 2 and Na. 11
The sections are not of the same profile bype.
Figure 2.7: 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 to the right. For more information on stress points, see chapter
4.1 on page 27.

IIl It is important for the design to have the same number of stress points. To produce the
same number, you can create the second cross-section by copying the start cross-section
and adjusting the geometry parameters. If required, you define both cross-sections as pa-
rameterized ("Welded") cross-sections. With the cross-section group /-Section Plus Lower
Flange, the library provides cross-sections especially used for tapers.
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Max. Design Ratio

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

Optimize

Each cross-section can be improved by an optimization process. By means of the internal
forces of RSTAB, the program determines the cross-section of the cross-section table that
comes as close as possible to the maximum stress ratio specified in the Details dialog box
(see Figure 3.1, page 18).

If you want to optimize a cross-section, tick the corresponding check box in column C or D.
Recommendations for optimizing cross-sections can be found in chapter 7.2 on page 53.

Remark

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

Remark 6) Incorrect cross-section data! Members of this cross-section will not be designed.
indicates an unknown cross-section, which means a section that is not registered in the
cross-section database. This may be a user-defined cross-section, or a SHAPE-THIN cross-
section that has not yet been calculated. In such a case, switch to RSTAB and specify the
settings for the Stress Points (see chapter 5.3 of the RSTAB manual, section Create User-
defined Cross-sections).

Cross-section graphic

In the right part of table 1.3, a graphic of the currently selected cross-section is displayed.
To adjust the size of the cross-section's graphical representation, use the zoom function
(wheel button of the mouse device).

The buttons below the cross-section graphic are reserved for the following functions:

Function

Opens the dialog box Info about cross-section showing the cross-section details.

Displays or hides the dimensions of the cross-section.

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

BEEE:

Displays or hides the stress points.

Displays or hides the numbering of stress points.

-
i

Resets the full view of the cross-section graphic.

Table 2.1: Buttons of cross-section graphic

Program STEEL © 2011 Ing.-Software Dlubal
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3. Calculation

To start the calculation, click the [Calculation] button that is available in all input tables. The
stress analysis is carried out by using the internal forces determined in RSTAB. Before you
start the calculation, it is recommended to check the calculation parameters.

3.1 Calculation Details

To check the calculation parameters, use the [Details] button to open the following dialog
box that can be accessed from any table in the module.

Details (=23

Dizplay Result Tables

Consider Plastification

Allow Local Plastification according to
DIN 13800 Part 1. Elemnent (743)
[Exceed Sigma-eqv by 10%)

| 2.1 Strezzes by Cross-gection
2.2 Strezzes by Set of Members

Vv

4 2.8 Hirzsses by (amiien Calculate Mormal Stresses with Plastic
] Shape Factors Alpha-pl according to
DIM 18800 Part 1, EI [750)

[Only considered with respect to
|-Shaped Rolled Crozs-sections]

2.4 Strezzes by x-Location

2.5 Shrezzes at Every Stress Point

V| 3.1 Goveming Internal Forces for. | Sigma-eqy -

| 3.2 Governing Internal Forces by Set of Members Calculation of Equivalent Stress Sigma-eqv
V| 4.1 Parts List by Member Factar for o: 1.00-

V| 4.2 Parts List by Set of Members Factor for ©: 300

@ 0Of Designed Members / Sets Only
Of &ll Members / Sets

Method of Stress Calculation Eccentric Transverse Loads on -Beams

for Load Combinations: Simplified Conzideration of Eccentric
Loading for |-beams with Large Depth

Streszes from Internal Forces :
[Rolled |-Cross-sections, 15]

@ Calculate Strezzes from Single Load Cases in CO and
then Combine Streszes according to CO Criteria

(S quare Addifion Will Not Be Considered) el ltessos ety e il el

Top Chord with Substitute Crozs-section

Cross-Section Optimization (LR =ation)

Max Allowable Design R atio: 1.00

@ @ III @I@ Ok ] | Cancel

Figure 3.1: Dialog box Details

Display Result Tables
This dialog section controls the display of the results tables including parts list. The different
results tables are described in chapter 4.

Table 2.5 Stresses at Every Stress Point is inactive by default because the stress graphic also
can provide an appropriate evaluation of the results in the stress points. For a detailed table
check of stresses, however, you may activate the display of this table.

The values displayed in table 3.1 Governing Internal Forces are normally related to the
equivalent stress G,,. If required, you can use the list to select another stress type.
Consider Plastification

Allow Local Plastification
If a Local Plastification according to DIN 18800 part 1, el. (749) is allowed for the design,
the equivalent stress c.,, may exceed the allowed limit stress by 10 % in small areas.

STEEL checks if both conditions mentioned in el. (749) are fulfilled for the assumption of
"small areas".

18
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‘GN +0My‘ < O'S'GR,d

Equation 3.1

|GN +GMZ| < O’S'GR,d

Equation 3.2

If the conditions are fulfilled, the limit stress for the design of o, will be increased appro-
priately.
Plastic Shape Factors o,

According to DIN 18800 part 1, el. (750) stresses can be reduced by Plastic Shape Factors
.. This reduction refers to the normal stresses o, due to the bending moments M, and M,.

Equation 3.3

If you use this plastification option, STEEL applies the plastic shape factors a,, = 1.14 and
Oy, = 1.25 which are suggested in the standard. The allowance of local plastification is ap-

plied 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 = \/f1 “Clotal + T2 * Thotal

with f.: factor for normal stresses
f,: factor for shear stresses

Equation 3.4

The program presets the factors f, = 1.0 and f, = 3.0. which are mentioned in DIN 18800
part 1, el. (748).

Method of Stress Calculation for Load Combinations

A biaxial loading in different load cases may result in the fact that the combined member
internal forces do not produce the maximum stresses. This is the case, for example, when
the first load case with vertical load has only M, moments but no M, moments, and the
second load case with horizontal load has only M, moments but no M, moments. If both
load cases will be superimposed with the "Variable" setting in a load combination, RSTAB
will display the moment M, as not related to the maximum moment M, in table 3.1 Mem-
bers - Internal Forces: The horizontal load does not contribute to the increase of the mo-
ment due to vertical load. If these CO internal forces are designed according to the maxi-
mum moments M, and M, separately, the program does not take into account the simulta-
neous influence of both internal forces for the combined analysis of the bending stresses.

Stresses from Internal Forces

The calculation method Stresses from Internal Forces uses the result rows of the RSTAB ta-
ble 3.1 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.

Program STEEL © 2011 Ing.-Software Dlubal
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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 become transparent because in the STEEL table 3.1 Governing Inter-
nal Forces by Member the module displays the result rows from the RSTAB results table 3.1
Members - Internal Forces.

Calculate Stresses from Single Load Cases and then Combine

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

The analysis is performed for each stress point: The compression, tension and shear stresses
determined for the individual load cases are summed up according to the CO superposition
criterion and displayed subsequently in the results tables.

The equivalent stress G, represents an exception because it is determined by the compo-
nents of Gy, and Ty,- A superposition of equivalent stresses from the single load cases
would not be correct and would result in stress ratios which are too high.

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 normally supposed to show the same stress ratios in the output.

Cross-section Optimization

In case the optimization is not targeted on the maximum stress ratio of 100 %, you can
specify another limit value in this input field.

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 STEEL case, the stress due to the bending moment M, is calculated on-
ly 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 RSTAB model in relation
to the centroidal axes in order to avoid torsion.

As the ticked check box affects all symmetrical I-sections of the design case, it is recom-
mended to design the high I-beams in a separate STEEL case.

The button [Preset of Default Values] resets the program's presettings.

20
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Stresses and Ratio

The normal stresses Gigsis Trotal aNd Gqy are displayed as presettings in the tables 2.1 to 2.5.
To display the individual stress components, use the buttons [Select Stresses to Show] and
[Extended Stress Diagram].

Normal stresses

According to the common conventions, tensile stresses are indicated by positive signs and
compressive stresses by negative signs.

The analysis is carried out for each single stress point. Therefore, the components of the
maximum stresses must not be summed up for a combined calculation (for example G).
Often, the maximum stresses occur at different stress points. You have to superimpose the
stress components of the respective stress point.

The normal stresses ¢ have the following meanings:

Stress due to axial force N
N
GN o = X
where A: cross-sectional area of cross-section
Stress due to bending moment M,
M
o= e,
Oply *
Gy pLY "y
where  a plastic shape factor acc. to DIN 18800 part 1, el. (750)
l: second moment of area related to principal axis y
e, centroidal distance of stress point in direction z
Stress due to bending moment M,
M
= __ZI ey
Opl,z "1z
OM-z P .
where  a,: plastic shape factor acc. to DIN 18800 part 1, el. (750)
l,: second moment of area related to principal axis z
e, centroidal distance of stress point in direction y
Stress due to bending moments M, and M,
Owm o= My oo — M, e
- z
%pl,y -1y oplz Iz
Tensile stress due to axial force N and bending moments M, and M,
Giension o= N 4 My e Mz e
=— e, - .
A opyly tpizlz
Compressive stress due to axial force N and bending moments M, and M,
O compression o= N " My e MZ e
= e, — .
A apyly apzly )
o Maximum difference between normal stresses of different load cases that are
delta required, for example, for the fatigue design
Normal stress due to axial force N and bending moments M, and M,
cF‘cotal G_ﬂ+ My e, — Mz e
- y4
A opy -l Oplz Iz

Table 3.1: Normal stresses
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The local member axis system has a certain impact on the signs of the internal forces and
stresses.

positive area of cross-section

Figure 3.2: Positive definition of internal forces

The bending moment M, is positive if tensile stresses are produced 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.

Shear stresses

The shear stresses T have the following meanings:

Stress due to shear force V,
__%Q
I, -t
TV-y . . .
where Q,: statical moment of area related to principal axis z
l,: second moment of area related to principal axis z
t: governing thickness of cross-section
Stress due to shear force V,
= 2
ly -t
Ty-z . HS H
where  Qy;: statical moment of area related to principal axis y
l: second moment of area related to principal axis y
t: governing thickness of cross-section
Stress due to shear forces V, and V,
T W@ Vo
I, -t ly -t
Stress due to torsional moment M; in case of open cross-section
M
T=—T .t
TM-T, St.Venant JSt'V'
where  Jg,: Saint Venant torsional constant
t: governing thickness of cross-section

22

Program STEEL © 2011 Ing.-Software Dlubal



3 Calculation

I —

Ing. Software

Dlubal
Stress due to torsional moment M; in case of closed cross-section
M
AL
TM-T, Bredt “m
where A: area enclosed by the center lines of the cross-section
t: governing thickness of cross-section
Stress due to torsional moment M,
T M M
MT 1=—" .t or T=— 1 —
Jst.v. 2-Ap -t
Shear stress due to shear forces V, and V, and torsional moment M;
T
total =1y + TMT

Table 3.2: 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.

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

e 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. Thus, STEEL won't perform any
pro-rata analysis for My s; venant @aNd My gq; like it is done in the cross-section module
SHAPE-THIN.

¢ The influence of the warping torsion is not considered in STEEL. The design, like the
determination of internal forces in RSTAB, is exclusively limited to the primary torsional
moment. However, if you have to consider warping stresses due to the secondary tor-
sional moment or the warping bimoment, it is recommended to use the add-on mod-
ule 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 ¢ and shear stresses ©

2 2
Ceqv = \/f1 “Gtotal + B * Thotal
Gequ

where f;: factor for normal stresses

f,: factor for shear stresses

Table 3.3: Equivalent stress Geqy

The factors f, and f, can be defined in the Details dialog box where f, = 1.0 and f, = 3.0
are preset according to DIN 18800 part 1, el. (748).

Stress ratio

For stress designs, as described for example in DIN 18800 part 1, el. (747), STEEL determines
the quotient from the existing and the limit stress.

For each internal force component, you can display the cross-section's stress ratio on the re-
spective stress point (see chapter 5.1, page 37). The ratios due to normal, shear and equiva-
lent stress are displayed in the table output by default.
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If the limit stress is not exceeded, the ratio is less than or equal to 1.00 and the stress de-

sign was carried out successfully.

° <1

OR,d

Equation 3.5: Design condition for normal stresses

Lo«

TR,d

Equation 3.6: Design condition for shear stresses

o
v_<1

OR,d

Equation 3.7: Design condition for equivalent stresses

3.3 Start Calculation

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

STEEL searches for the results of the load cases, load groups and load combinations that
should be designed. If they cannot be found, the program starts the RSTAB calculation to
determine the design relevant internal forces. In this determination process, the calculation
parameters preset in RSTAB are applied.

If cross-sections should be optimized (see chapter 7.2, page 53), the program determines
the required cross-sections and calculates the stresses.

It is also possible to start the calculation for STEEL results in the RSTAB user interface. The
add-on modules are listed like load cases and load groups in the dialog box To Calculate. To
open the dialog box in RSTAB,

select To Calculate on the Calculate menu.

To Calculate @
Not Calculated Selected for Calculation
Program / Module Mo, Description - Program / Module Mo, Description -
RSTAB LC1 Self-weight STEEL CAl Stress Analysis - Beams
RSTAB LC2 Snow STEEL CAZ Stress Analysiz - Columns
RSTAR LC3  |'Windin +
RSTAB LG1 Design Intemal Forces
Show Additionsl Modulss
Calculate I I Cancel

Figure 3.3: Dialog box To Calculate
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If the STEEL design cases are missing in the Not Calculated list, tick the check box Show Ad-
ditional Modules below the list.

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

You can also use the list in the RSTAB toolbar to calculate a design case directly: Select the
STEEL case and click the button [Results on/off].

e Options Additional Modules  Window Help
Uy STEEL CAS - Fire M- R SRS o L
}% Q Q ﬁ t‘T Iff? f;ﬁ ﬂP ﬁ - |®| 7 Results on/off | vz Mr My Mz py  pz :

Figure 3.4: Direct calculation of a STEEL design case in RSTAB

Subsequently, you can observe the calculation process in a separate dialog box.

- | Loading D ata for Optimization. ..
~ | Optimizing Crozs-sections...
~ | Preparing D ata for Calculation. .

- | Loading Intermal Forces. ..

Calculation... @
m Running
LL RSTAB - Calulaion - 0=
STEEL
>%)
Fartial Steps
Calculation of Member Stresses Mumber of Members 102
o 5B — | Initializating Data... Mumber of LC i}
m v = | Preparing Optimization... Humber of LG 18
1 Mumber of CO 2
A

- | Solving Stresses...
- | Creating Resultz Data...
— | Member No. 3 (3/102) LG19

I

Figure 3.5: STEEL calculation
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4. Results

Table 2.1 Stresses by Cross-section is displayed immediately after the calculation. The tables
2.1 to 2.5 show the stresses and ratios according to various criteria. The subsequent tables
3.1 to 4.2 display the governing internal forces as well as the parts lists in relation to mem-
bers and sets of members. Use the STEEL navigator to access the relevant results table. 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 the [OK] button to save the results. The add-on module STEEL will be closed and you
will return to the RSTAB work window.

Chapter 4 Results describes the different results tables one after the other. Evaluating and
checking results is described in detail in chapter 5 Results Evaluation on page 36.

4.1 Stresses by Cross-section

STEEL - [Demo-5] @
File Edit Settings Help
IE‘A‘I - Shress Analysis vl P.l Stresses by Cross-section ‘
Input Data B [ C [ D T E [ F [ G [ H a|t-reso
General Data Section |Member| Location | 5-Point | Load Stress Stress [kN/cm<] Stress Sigma Total
- Materials Mo Mo. | x[m] | Mo. | Case Type Existing | Limiting | Ratio Member No. 22, x: 6.000 m
- Cross-sections IPE 500
Resul 60O0D[ 5 G2 |SigmaTotal | -2360 2182 108
0750 13 LG2 | Tau Total 393 1260 0.31 . 2 o34 5
- Giresses by Set of Members 6.000 5 LG2 | Sigma-eqv 2360 2182 .08 W
Stresses by Member ,:‘
- Stresses by «-Location 2 IPE 450 o/
- Governing Intemal Forces by M 28 3011 6 LG2 | Sigma Total -1895| 2182 0.87 5T 355 Baen
Gaowerning Internal Forces by 5 28 0167 13 LG2 | Tau Total 212 1260 017
- Parts List by Member 28 30 6 LG2 | Sigma-eqv 1895, 21.82 0.87
- Partz List by Set of Members 1 A L
3 IPE 550 i 5
28 3011 [ LG2 | Sigma Total -1895| 21.82 0.87 i}
28 | 0167 13 [ 1G2 |TauTotal 212 1260 017 nugaLe 2138
28 im & LG2 | Sigma-eqv 1895, 2182 0.87 /y
6 |HEA 160 ML vrrn
55 0000 5 LG1 | Sigma Total =13595| 2182 0.64 : ; : :
55 0.ooo| 13 LG6 | Tau Total 088 1260 0.07 E
55 0000 5 LG1 | Sigma-eqv 1355 2182 0.64
7 |HEA120 WMin -23.60 KicmZ (5}
G2 | 0000 6 | LGI [SgmaTotal |  -1761] 2182] 0g1| (Max' 2150 Kiem® (G}
B | 0000 13 | LG2 |TauTot 312 1260 025
62 0000 6 LG1 | Sigma-eqv 1761 2182 0.81
)
10 | HE-A 140
‘ L ’ 3% | 0000 5 | 1G4 [SgmaTotal | -1259] 2182[ o058« |Max 108 [>1 @
FREIES Caleuiation | [ Detais Graphic [ ok ][ conece

Figure 4.1: Table 2.1 Stresses by Cross-section

The table shows the maximum stress ratios of all members selected for the design, resulting
from the internal forces of the governing loads or combinations. The results are listed by
cross-sections.

The stress components displayed in column E Stress Type refer to the settings selected in
the dialog box Stresses - Filter (see Figure 5.3, page 37). 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 on the member for which the maximum value
of stress has been determined. For the table output, the program uses the following RSTAB
member locations x:

e Start and end node

e Partition points according to possibly defined member division

¢ Member division according to specification for member results (Options tab of RSTAB

dialog box Calculation Parameters)
e Extreme values of internal forces

S-Point No.

The design is carried out on certain stress points of the cross-section. These points on the
cross-section are defined by centroidal distances, static moments and cross-section thick-
nesses. Due to these cross-section properties, the design according to Table 3.1 and Table
3.2 is possible.

All default cross-sections of the library as well as the SHAPE-THIN and SHAPE-MASSIVE
cross-sections are already provided with stress points on the design relevant cross-section
locations. The parameters for user-defined cross-sections must be imported or defined ma-
nually.

The dialog graphic on the right shows the stress points including numbering. The active
stress point (that means the stress point of the table row where the pointer is placed) is
highlighted in red.

To check the stress point's properties, use the button [Info about Current Cross-section].
First, the dialog box Info about cross-section opens showing the list of the section proper-
ties. At the bottom right below the dialog graphic, you find the button [Details of Stress
Points] that provides access to further stress point information.

Info about cross-section IPE 500 =]
Cross-section Yalue Description Symbel Walue Urit i | FE 500
Depth d
Width
Web thickness tw
Flange Thickness ts
Filet radius I |
Cross-section area A 7
Shear area by
Shear area be
Shear area accarding to EC 3 Auy
Shear area according to EC 3 Bz
Web area Aies 2
Plastc shear aiea Aply =
Plastic shear area Aplz
Moment of inertia Iy 4320000 | om*
Moment of inertia 2 214000 | em*
Governing radius of gyration i 204.0 | mm
Governing radius of gyration = 431 | mm
Polat radius of gyration o 2085 | mm
Radius of gyration of flange plus 1/5 of we | 1z 496 | mm
Wolume W T.TB0E+D07 | mm? /m
Weight Wt a1.1 [ kgim
Surface Asut 1.748 | m2/m
Section factor B 150,345 | 1/m ]
Tersional constant 1 9970 | emé = SIS |
Stress Points of IPE 500 / - ==
[ A | B | C [ D [ | [ PE 500
StressP Coordinates Statical Moments of Area Thickness Warping ‘
No. |y frm] zfm] | Qylem®] | Qzfm3] | tinm] | Weofem2] | Swlemd]
[ ooo] 250.0 0.00 0.00 160 24200 0.00
261 2500 -286.10 7454 160 63.16 -1804.12
0.0 -250.0 -383.22 -80.33 16.0 0.00 -1936.00
261 -250.0 -286.10 7454 160 63.16 1804.12
100.0 -250.0 0.00 0.00 16.0 24200 0.00
-100.0 250.0 0.00 0.00 160 -242.00 0.00
-26.1 2500 -286.14 7455 16.0 6316 ez |00 - L
00 250.0 -389.22 80.33 160 0.00 -1936.00
264 2500 -286.14 T455 16.0 63.16 1804.12
100.0 250.0 0.00 0.00 160 24200 0.00
00 2130 -B58.50 0.00 102 0.00 0.00
0.0 2130 85952 0.00 102 0.00 0.00
00 00| -108988 0.00 102 0.00 0.00
@ & Close

Figure 4.2: Info about cross-section: Stress Points
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The columns Coordinates y and z show information about the centroidal distances e, and
e,. The columns Statical Moments of Area Q, and Q, list the first moments of area in relation
to the principal axis y or z. Thickness t represents the component thickness at the corres-
ponding stress point. The values contained in the Warping columns are not relevant for the
design carried out with STEEL.

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 the combined calculation (for
example ceqv): Often, the maximum stresses occur at different stress points. You have to
superimpose the stress components that are available on the same stress points. Table 2.5
(see chapter 4.5, page 31), for example, or the window Cross-section Values and Stress Dia-
gram (see Figure 5.5, page 39) allow you to evaluate the results by stress points.

Load Case

Column D displays the numbers of the load cases, load groups and load combinations
whose internal forces cause the respective maximum stresses.

Stress Type

The normal stresses G, the shear stresses 1,4, and the equivalent stresses o, are listed
by default. The determination of these stresses is shown in Table 3.1, Table 3.2 and Table
3.3 on page 21 to 23.

You can display all stress components affecting the total stresses in order to check the data
(see Figure 4.3). The individual stress components can be selected in the dialog box Stresses
- Filter (see Figure 5.3, page 37). To access the 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 3.1, Table 3.2 and Table 3.3 shown on page 21 to 23.

For unsymmetrical cross-sections such as L-sections in 2D systems, please note the follow-
ing: As member rotation angles are only available for 0° and 180°, only the component in
direction of the member axis y will be taken into account for the division of moments. The
component about z is not applied in a 2D system. Therefore, STEEL designs only the mo-
ment about the y-axis. It is recommended to define cross-sections, that are stressed not on-
ly in direction of the principal axis y, as spatial 3D models. This is the only way how the
stresses can be determined correctly.

Stress Limiting

This column shows the limit stresses of table 1.2 (see chapter 2.2, page 10). In particular,
they are the following:

e Limit normal stress o, as the allowable stress for actions due to bending and axial force
¢ Limit shear stress 1 as the allowable shear stress due to shear and torsion

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

Stress Ratio

For each stress component, STEEL 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 1.00 and the stress
design was carried out successfully.

The colored scales represent the stress ratios of each cross-section.
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4.2 Stresses by Set of Members

STEEL - [Demo-5] (|
File Edit Settings Help

CA1 - Stress Analysis '] P.Z Stresses by Set of Members ‘
Input Data B [ C T 0 [ E [ F T G [ H ][15-HEA200
.. General Data Set  |Member | Location | 5-Point | Load Stress Stress [kN/cm<] | Stress Sigma Total
- Materialz No No. x [m] Na. Case Type Exsting | Limting | Ratio Member No. 51, x: 0.000 m
- Cross-sections Stabzug 1 (Member No. 51,52}
Fiesults Y 0000 10 | LG1 |SigmaTotal | 1046 21.82] 048
- Giresses by Cross-section 51 0000 1 LG1 | Sigma N 1335 2182 0.15
51 0000 5 LG1 | Sigma My 696 2182 0.32
- Siresses hy Member 51 0000 10 LG6 | Sigma M-z 260, 2182 0.12|=
- Giresses hy w-Location all 0.000 1 LG1 | Sigma Tensi 377 2182 017
Governing Internal Forces by M 51 0000( 10 LG1 | Sigma Compr | -1046| 21.82 0.48
- Goveming Intermal Forces by Si 51 0ooo| 13 LG1 | Tau Total 0.81 1260 0.06
- Paits List by Member 51 0.000 ] LGE | TauVy 010 1260 0.0
Paits List by Set of Members 52 0000| 1 LG1 [ Tau M-T 015 1260 0.01
51 0000| 10 LG1 | Sigma-eqv 1046 2182 0.48

2| Stabzug 2 (Member No_ 13-15)

13 0000, 6 LG2 | Sigma Total -1565) 21.82 0.72
14 0000 1 LG2 | Sigma N 02| 2182 0.05 p
13 0000 5 LG2 | Sigma My 1485 2182 0.68
15 6274 10 LG2 | Sigma Mz 048 282 0.02

13 0000, 5 LG2 | Sigma Tensi 1413 2182 0.65
13 0000, 6 LG2 | Sigma Compr -1565, 2182 0.72

13 | 3011 13 | (G2 |TauTota 182] 1260] 014 .
15 | 128 3 | G2 |TauVy 001 1260[ o000| (Min o 1046 Kifem (10)
14 | 0000] 1 | (G2 [TauMT 007 1260] om| |Mex SESTkNC R
13 | 0000] & | (G2 |Sigmaeqv 1565 2182| 07

3| Stabzug 3 (Member No_ 41-43)
41 0000] 6 | LGZ |SgmaTotal | [-1700] 2182] 078
‘ i ’ 2 0000 1 G2 |SigmaN Hed| 2182] oo | Max 108 [>1 @

Calculation

Figure 4.3: Table 2.2 Stresses by Set of Members

This table lists the maximum stress ratios sorted by sets of members. Details on the table
columns can be found in the previous chapter 4.1. The table column Member No. shows
the number of the member that bears the maximum stress ratio within the set of members.

The results output by sets of members clearly presents the stress design for an entire struc-
tural group (for example a frame).
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4.3 Stresses by MemberStresses

STEEL - [Demo-5] @
File Edit Settings Help
[CM - Shress Analysis '] |23 Stresses by Member |
Input D at B [ C | D [ E [ F [ G |a|3-2pess0-pE4s0
.. General Data Member | Location | S5-Poirt | Load Stress Stress [kN/cm2] Stress Sigma Total
Materials No % [m] No Case Type Existing Limiting Ratio = Member No. 3, x: 0.000 m
Cross-sections ion No. 3- IPE 550 ... 2- IPE 450
Results (I 6 LG2 | Sigma Total 978 2182 045

Stresses by Cross-section 301 1 LGZ | Sigma N 068 21.82 0.03
Stresses by Set of Members 0.000 5 LGZ | Sigma My 8.21 21.82 0.42
ber 301 ] LG2 | Sigma M-z 0.14 21.82 0.0

Shesses by x-Lacation 0.000 5 LG2 | Sigma Tensile 876 21.82 0.40
Gaovering Internal Forces by M 0.000 & LG2 | Sigma Compressi 578 2182 045
Gaverning Intemal Forces by S mi) 13 LG2 | Tau Total 125 12,60 0.10
Parts List by Member 301 8 LG6 | TauVy 0.00 12,60 0.00
.. Parts List by Set of Members 301 1 LGZ2 | TauM-T 4 12.60 0.02
0.000 ] LG2 | Sigma-eqv 978 .82 0.45

4 Cross-section Mo. 2 - IPE 450

0000 10 | LG2 | Sigma Total 59| 2182 027

0.000] 1 G2 | Sigma N 068 2182 003

0.000] 5 G2 | Sigma My 514 2182 024

3262 6 LG1 | Sigma Mz 033 2182 002

0000 1 (G2 | Sigma Tensie 460 2182 o2

0.000 10 LG2Z | Sigma Compressi -5.96 21.82 0.27

0000] 13 | LG2 |TauTotal 124 1260 010 .
0000 8 LGE | TauVy 000[ 1260 Q00| |[Min - 978 kiem® ()
000 1 (G2 |Taul-T 021 1260 0pz| |Mex: 576 khem® (5)
0000] 10 | LGZ | Sigmaeav 557 2182 027

5 Cross-section No. 2- IPE 450
B 6274 1 LG2 | Sigma Total 844 2182 039
‘ in r no0d| 1 G2 | Sigma N 066 2182 003 | M 108 [>1 @

Figure 4.4: Table 2.3 Stresses by Member

This table lists the maximum stresses and stress ratios sorted by member numbers. The dif-
ferent columns are described in detail in chapter 4.1 on page 26.

If a taper is used, both cross-section descriptions are displayed.

4.4  Stresses by x-Location

STEEL - [Demao-5] @
File Edit Settings Help
CAT - Stress Analvsis '] PA Stresses by x-Location |
Input D ata A C T D [ E_ T F T G ]~«[12-croame
L. General Data Member | Location | 5 Load Stress Stress [cN/cm<] Stress Sigma-egv
Materials Ne x [m] No Case Type Bdsting | Limiting | Ratio Member No. 100, x: 2750 m
‘... Cross-sections 100 | Cross-section MNo. 12 - QRO 80x4
Aesults 2750 3 LG2 | Sigma Total 225 .82 0.10
.. Shresses by Cross-section 2750 16 LG1 | Tau Total 011 12.60 0.0

Stresses by Set of Members _l 2750
Strezzes by Member

LGZ | Sigma-eqv 226 2182 0.10

100 | Cross-section No. 12 - QRO 80x4

Governing Interal Forces by b 3.000 3 LG2 | Sigma Total -2.03 21.82 0.09
Governing Internal Forces by Si 3000 16 LG1 | Tau Total 012 12.60 0.01
Parts List by Member 3.000 3 LGZ | Sigma-eqv 203 2182 0.09
. Parts List by Set of Members
100 | Cross-section No. 12 - QRO 80x4
3.250 3 LGE | Sigma Total -1.74 21.82 0.08
3250| 16 LG1 | Tau Total 013 1260 0.01
3250 3 LGE | Sigma-eqv 174 2182 0.08

100 | Cross-section No. 12 -GQRO 80«4

4000) 3 | LGE | Sigma Total 159]  2182] 007
2000] 16 | LG1 | TauTatal 014 1260 001
2000] 3 | LGE |Sigmaeav 159 2182] 007
100 | Cross-section No. 12 -GRO 80«4 bt ) [0 [SE’
5000] 13 | LG1 |Sigma Total 245] 2182 aQn| |Max: 226 Kiemt (3
5000 16 | LG1 |Tau Total 017 1260 001
5000] 13 | LG |Sogmaeav 246] 2182 011

- 101 | Cross-section No. 12 -QRO 80«4
1 n ¥ 0.000| 10 LG1 | Sigma Total 239 21.82 01| =

Figure 4.5: Table 2.4 Stresses by x-Location
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This results table lists the maximum stresses of each member at the locations x resulting
from the divisions defined in RSTAB:

e Start and end node

e Partition points according to possibly defined member division

¢ Member division according to specification for member results (Options tab of RSTAB
dialog box Calculation Parameters)

e Extreme values of internal forces

4.5 Stresses at Every Stress Point

STEEL - [Demo-5] (===
File Edit Settings Help
CA&1 - Stess Analysis vl P.S Stresses at Every Stress Point ‘
Input Data B [ C T D [ E [ F T G J]a|t-res00
General Data Member | Location | S-Point | Load Stress Stress [kN/cmZ] Stress Sigma Total
- Materials No x m] No Case Type Existing | Limiting | Ratio Member No. 40, x: 2250 m
- Cross-sections .E- Cross-section No. 1- IPE 500
Results I 1 LG2 | Sigma Total 1405[  2182[ 064
- Stresses by Cross-section 2.250 1 LG2 | Sigma N -1.03 21.82 0.05
- Giresses by Set of Members 2230 1 LG2 | Sigma My =13.07 21.82 0.60
Shresses by Member 2250 1 LG6 | Sigma M-z 025 2182 0.01
- Siresses hy x-Location 2250 1 LG1 | Tau Total 0.06 1260 0.00
. 2230 1 LG1 | Tau V. 0.00 1260 0.00
Gowerning Intemal Forces by M 2250 1 LG1 | TauVz D00 1260 (.00
- Goveming Intermal Forces by Si 2.250 1 LG1 | Tau M-T 0.06 1260 0.00
- Paits List by Member 2230 1 LG2 | Sigmaeqgv 14.05 21.82 0.64
Paits List by Set of Members
40 | Cross-section No. 1-IPE 500
2230 2 LG2 | Sigma Total -14.0% 21.82 0.65
2250 2 LG2 | Sigma N -1.03 21.82 0.05
2250 2 LG2 | Sigma My 13.07 21.82 0.60
2230 2 LG6 | Sigma M-z 0.07 21.82 0.00
2250 2 LG1 | Tau Total 062 1260 0.05
2250 2 LG6 | Tau Vy 0.01 1260 0.00
2230 2 LG2 | TauVz 0.65 1260 0.05
2250 2 LG1 | Tau M-T 0.06 1260 0.00 N
2250 2 1G2 | Sigma-eqv M414] 2182| o065 |[Mn @ -14.15 kem? (5)
Max 1210 kiemZ (8)
40| Cross-section No. 1-IPE 500
2250 3 LG2 | Sigma Total 1410 21.82 0.65
2230 3 LG2 | Sigma N -1.03 21.82 0.05
2250 3 LG2 | Sigma My 13.07 21.82 0.60
‘ i r 2250 3 LG1 | Sigma M2 000 2182] ooo| - |Me 1081 @
5 ? @ Calculation Details. Graphic Cancel

Figure 4.6: Table 2.5 Stresses at Every Stress Point

This results table is set inactive by default because a results evaluation by stress points is on-
ly required in exceptional cases. To display the table, tick the corresponding check box in
the Details dialog box (see Figure 3.1, page 18). To open the dialog box, use the [Details]
button shown on the left which is available in all tables.

The table manages a large amount of data. As STEEL determines the maximum stresses au-
tomatically, and thus the governing stress points, you usually do not need the display of ta-
ble 2.5. In addition, the tables 2.1 to 2.4 provide appropriate evaluation options by clicking
the button [Cross-section Values and Extended Stress Diagram]. The dialog box Cross-
section Values and Stress Diagram opens (see Figure 5.5, page 39) where you can check the
results of every single stress point graphically and numerically.

The stresses in table 2.5 are listed for each member according to Location x and S-Point No.
(stress point). The different columns of this table are described in detail in chapter 4.1 on
page 26.
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4.6 Governing Internal Forces by Member

STEEL - [Demo-5] (===
File Edit Settings Help
IE‘A‘I - Shress Analysis vl E.l Governing Internal Forces by Member ‘
Input Data BT L% [ D [ E [ = [ G [ H [ [ ~
General Data Member| Location Load Forces [kN] Moments [lkNm]
- Materials Ho x[m] Case N Vy Vz Mt My Mz
.. Cross-sections 16 0.8%| LG2 2110 0.25 0.09 002 1571 .00
Resuits 17 3262 LG2 80,18 014 76.26 002 13438 022
|- ey Brssestn 18 30| LG2 8244 012 10235 002 | 40363 062
- Stresses by Set of Mermbers 71 BO00| LG2 a09.31 009 10016 0.00| | 38587 a1
T v - 2 | s000| LGz 2178 010 12300 D01 43366 012 =
= 22 T 72 0.06 9.7 002 | -38557 0.22
- Stresses it Every Stress Paint ||__22 0.000] G2 1500 0.07 7395 002 2451 0.00
e vl 25 5019 LG2 1527 002 0.06 001 18410 017
.- Governing Intemal Foroes by 5|28 0.8%| LG2 H22.43 0.12 058 o0 180.24 0.43
- Parts List by Member 77 3262| G2 135.87 0.09 Fi.82 003 F161.00 015
R SR e En 28 3011| LG2 3813 006 1-103.27 003 43383 033
31 3.000| LG2 -192.01 0.13 533 .01 142.80 0.09
32 3.000| LG2 110.53 0.17 -173.82 0.01 -379.76 .12
33 0.000| LG4 -216.27 455 -0.09 0.00 018 257
4 0.000| LG4 H.18 0.25 -0.04 0.00 015 0.88
35 0.000| LG4 21645 5.04 0.10 0.00 0.21 309
36 0.000| LG4 H.36 0.15 -0.04 0.00 016 0.81
37 0.000| LG4 -216.26 499 -0.09 0.00 013 312
38 0.000| LG4 -1.18 0.25 .04 0.00 0.13 0.88
39 3.000| LG1 -238.83 014 +36.13 0.03 -135.28 0.20
40 3.000| LG2 <110.90 0.05 176.21 0.01 38434 0.16
41 0.000| LG2 -183.67 0.01 9467 0.06 -379.66 .18
42 0.000| LG2 -181.40 0.02 69.37 0.06 -13263 .18
43 4705 | LG2 -175.66 028 -1.25 0.03 14197 1.01
44 1.568| LG2 -175.96 0.25 0.78 0.04 141.22 0.96 -
lﬁj EJ E] Calculation Dietails. Graphic Cancel

Figure 4.7: Table 3.1 Governing Internal Forces by Member

This table displays for each member the governing internal forces resulting in maximum
stress ratios. The output refers to the equivalent stress G4, by default. In the Details dialog
box (see Figure 3.1, page 18) that can be opened by using the [Details] button, you can
change the reference for the output of the governing internal forces and set another stress
component.

If you Calculate Stresses from Single Load Cases in CO and then Combine Stresses according
to CO Criteria, you prevent to evaluate the result rows of the RSTAB table 3.1 Members - In-
ternal Forces directly. Instead, the compressive, tensile and shear stresses available in the
single load cases will be summed up respectively. The equivalent stress o, will be deter-
mined by the components of G, and T,.,. For this reason, in case of load combinations,
you can retrace the internal forces displayed in table 3.1 only by retroactive calculation.

Location x

The column shows the respective x-location where the member's maximum stress ratio oc-
cur.

Load Case

This column indicates the numbers of the load case or load group, load combination or su-
per 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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4.7 Governing Internal Forces by Set of
Members

STEEL - [Demo-5] @
File Edit Settings Help
CA&1 - Stess Analysis vl E.Z Governing Internal Forces by Set of Members ‘
Input Data (s B | [ [ D [ E [ F [ G [ H [
General Data iei Location Load Forces [kN] Moments [lkNm]
- Materials ° Case N Vy Vz Mt My Mz
- Cross-sections -E i LGl -180.00 001 8.55 £0.02 -27.03 021
Resulls 2 0.000| LG2 -101.89 £0.05 31n £0.03 -36257 0.08
- Siresses hy Cross-section 3 0.000| LG2 -183.67 0.01 9467 0.06 -379.66 0.18
- Siresses by Set of Members 4 0.000| LG4 -216.27 439 -0.09 0.00 0.18 297
Shresses by Member 5 0.000| LG4 -216.45 504 -0.10 0.00 0.21 3.09

- Stresses by «-Location
- Slrezzes at Every Stress Point
Governing Intermal Forces by M
ning Intemal Fo
- Partz List by Mamber
Parts List by Set of Members

4 nr 13

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

This result table is displayed when sets of members have been selected for design. The in-
ternal forces that result in the maximum stress ratios are shown for each set of members.
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4.8 Parts List by Member

The output is completed by a parts list.

STEEL - [Deme-5] @
File Edit Settings Help
CAT - Stress Analysis '] F.l Parts List by Member ‘
Irput Data I 8 | c | b [ E [ F [ G [ H 1
- Geneal Data Part Number | Length |Tot Length | Surf. Area | Volume |Unit Weight| Weight | Tot Weight
- Materials Mo Cross-section Members Im] [m] [mZ] [m*] kg/m] [kal t]

- Cross-sections 1 1-1PE 500 6 6.00 36.00 6278 042 91.06 546.36 3278
Results [ 2 ] E 450 8 3m 2409 41.94 0.28 91.37 275.16 2201
- Giresses by Cross-section 3 |2-1PE450 8 326 2610 41.89 0.26 7156 253.03 2024
Shresses by Set of Members 4 | 2-IPE450 8 627 50.19 80.56 0.50 7756 48660 3.893
- Siresses by Member 5 |1-IPE500 4 3.00 12.00 2093 0.14 91.06 27318 1.083
- Giresses by w-Location 6 |10-HE-A140 3 3.00 5.00 715 0.03 2455 7395 0222
Shesses at Every Stress Paint 7 |10-HE-A 140 2 355 7.08 5.63 0.02 2485 8741 0.175
- Goveming Intemal Forces by M 8 |10-HE-A 140 1 409 409 325 0.01 2465 100.91 0.0
- Governing Intemal Forces by |3 | 15-HE-A 200 4 3.00 12.00 1368 0.06 4223 126.70 0.507
10 |6-HE-A160 3 3.00 5.00 8.15 0.03 3046 5137 0.274
- Paits List h Set of Members 11 |6-HE-A160 2 355 7.09 6.43 0.03 3046 108.00 0.216
12 |6-HE-A160 1 409 409 an 0.02 3046 12470 0.125
13 | 7-HE-A120 4 627 2510 16.99 0.06 19.86 124 60 0.438
14 |5-IPE 360 8 6.25 50.00 67.65 0.36 57.07 356.68 2.853
15 |6-HE-A160 2 6.55 13.09 11.86 0.05 3046 195.38 0.399
16 |6-HE-A160 1 705 7.08 6.43 0.03 3046 21607 0.216
17 |12-QRO 80xd 25 5.00 125.00 3913 0.15 942 47.10 1.178
18 |13 -Circle 24 4 78 3124 236 0.01 355 277 0111
19 | 13-Circle 24 8 8.02 6418 484 0.03 355 2845 0.228
Sum 102 516.46 44535 250 19.591

4 n 13

Figure 4.9: Table 4.1 Parts List by Member

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 3.1, page 18). To open the dialog box, use the [Details] button shown on the
left.

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 length of an individual member.

Tot Length

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

Surf. Area

The program indicates the surface area of the respective parts in relation to the total length.

The surface area is determined from the Surface of the cross-sections. You can find the rele-
vant entry in the cross-section information, available in table 1.3 to 2.5 (see Figure 4.2,
page 27).
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Volume

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

Unit Weight

The Unit Weight 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 showing the sums of column B, D, E, Fand I.
The data field in the column Tot Weight shows the amount of steel that is required.

4.9 Parts List by Set of Members

STEEL - [Deme-5] @
File Edit Settings Help
C&1 - Stress Analysis - | F.E Parts List by Set of Members ‘
Irput Data s 8 | c | o | E [ F | & | H |
- General Data Part Description of Number | Length |Tot Length | Surf. Area | Volume |Unit Weight| Weight | Tot Weight
- Materials Mo Set of Members ] Sets Im] [m] [mZ] [m*] kg/m] [kal t]
-~ Crass-sections N St ofmembers 1R 600|600 | &&a[ om3|| 4223[ 253401 0253
Results 2 | Set of members 2 1 12.55 12.55 20.55 0.13 80.87 || 101479 1.015
Shresses by Cross-section 3 | Set of members 3 1 1255 1255 20.55 013 80.87 || 101479 1.015
- Ghresses by Set of Members 4 | Set of members 4 1 6.55 6.55 5.20 0.02 2485 161.35 0.161
- Siresses by Member 5 | Setof members § 1 709 709 563 0.02 2455 174.86 0.175
Stresses by x-Location Sum 5 4474 5877 033 2619
- Shresses at Every Stress Point
- Governing Internal Farces by M
Governing Interal Forces by S
- Parts List by Member
=P Members
L — ' ey
? ? @ Caleulation Details... Graphic Cancel

Figure 4.10: Table 4.2 Parts List by Set of Members

The final STEEL table is displayed when sets of members have been selected for design. The
advantage of the output by sets of members is the display of a summarized parts list for an
entire structural group (for example a frame).

Details on the table columns can be found in the previous chapter 4.8. 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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Results Evaluation

When the design is complete, several options are available for results evaluation. The but-
tons below the graphic can be helpful for the evaluation process.

STEEL - [Demo-5] (==
File Edit Settings Help
C&1 - Stress Analysis '] P.l Stresses by Cross-section ‘
Input Data B [ ¢ [ b [ E [ F [ & [ H [[2-3pe4s0-IpESSO
- General Data Section (Member | Location | S-Point | Load Stress Stress lkM/cm<] Stress Sigma Total
- Materialz Mo No. x [m] Na. Case Type Exsting | Limting | Ratio Member No. 28, x: 3.011 m
- Cross-sections 1 IPE 500
Fesults E2) 6000 5 G2 |SigmaTotal || 2360] 2182| 1.08|=
5 0000, 1 LG1 | Sigma N 23| 2182 011
- Shresses by Set of Members 22 6000| 10 LG2 | Sigma My 2249| 2182 1.03
- Gtresses by Member 2 0.000) 10 LG6 | Sigma M-z 491 2182 0.22
Shresses by x-Location 40 0750 13 LG2 | Tau Total 353 1260 0.3
- Ghresses at Every Stress Point 2 0000, 8 LGE | TauVy 017 1260 0.01
- Governing Intemal Forces by M 40 070 13 LGZ2 |TauV=z 352 1260 0.3
Governing Internal Forces by S )l 0000, 1 LG1 | Tau M-T 007 1260 0.01
- Parts List by Member 22 6.000 LG2 | Sigma-eqv 2360| 2182 1.08 [ Ci ’.J.
- Partz List by Set of Members
] IPE 450
[ 735 3011 & | LG2 |SgmaToal | 1895 21.82[ 087
45 3262 1 LG2 | Sigma N 84| 2182 0.08
28 3011 5 LG2 | Sigma My 1777 2182 0.81
& 0000 10 LG2 | Sigma Mz 156 2182 0.07
28 0167 13 LG2 | Tau Total 212 1260 017
6 4705| 8 LG2 | TauVy 002 1260 0.00
28 0.167| 13 G2 | TauVz 208 1260 017
7 0.000) 10 LG2 | TauM-T 022 1260 0.02 -
28 3011 6 (G2 | Sigma-equ 1895 2182| 087| (Min @ -1885 kicm? (6)
Ma 16,89 kNjicm2 (5}
3 IPE 550
28 3011 6 LG2 | Sigma Total -1885| 2182
46 0000, 1 LG2 | Sigma N -84 2182
28 30m 5 LG2 | Sigma My 1777 2182
1 i, + ] 30 6 LG1 | Sigma Mz 030 2182

Figure 5.1: Buttons for results evaluation

The buttons are reserved for the following functions:

Button Description Function
..{’_[- Stress diagram Turns on and off the graphic display of stresses on the

cross-section

Ratio

Turns on and off the graphic display of stress ratios on
the cross-section

Values

Switches on and off the display of values in the stress
or stress ratio graphic

Cross-section out-
lines

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

Stress points

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

Numbering

Switches on and off the numbering of stress points

Cross-section info

Opens the dialog box Info about cross-section showing
the properties of the currently selected cross-section
= Figure 4.2, page 27

Result diagrams

Opens the window Result Diagram on Member
- Chapter 5.4, page 44
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Show Color Bars

Turns on and off the colored relation scales in the re-
sults tables

-
P
-

Exceeding

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

Stress selection

Opens the dialog box Stresses - Filter
= Chapter 5.1, page 37

Extended Stress

A ﬁ

Opens the dialog box Cross-section Values and Stress

Diagram Diagram = Chapter 5.2, page 38
Resets the stress graphic in full view (zooming is poss-
Full view ible by using the wheel button, moving by drag-and-
drop)
. Jumps to the RSTAB work window to change the view
View mode

- Chapter 5.3, page 40

5[ @

Member selection

Enables the selection of a member in the RSTAB win-
dow to display its stresses in the table

5.1

e Normal stress Gy,
o Shear stress Ty,
e Equivalent stress Ggqy

[
—

Table 5.1: Buttons of results tables 2.1 to 2.5

Selection of Stresses

Subsequent to the design, the following stress types are preset in the results tables:

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

(O] &) B (%] (8] -.
[GETS 108 | =1 @ SelectStre ses to Show...

Figure 5.2: Button Select Stresses to Show

The dialog box Stresses - Filter appears where you can select the stress components.

Stresses - Filter

To Show

igma
Sigma M-y

Sigma M-z

[ Sigma M+t-p

[ Sigma M+-z

[ Sigma M

[ Sigma Tensile

[ Sigma Compressive
[ Sigma Delta

Tau Tatal

. .
[ Taut
[]TauM-T St¥enant

[T]TauM-T Bredt
TauM-T
Sigma-eqy

==l

[

] [ Cancel

Figure 5.3: Dialog box Stresses - Filter

The different stresses are described in Table 3.1 and Table 3.2 on page 21 and 23.
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The two dialog buttons facilitate the selection. They are reserved for the following func-
tions:

Button Description Function

Select all All stress components are selected.

Deselect all All stresses are canceled.

Table 5.2: Buttons in the dialog box Stresses - Filter

The analysis is carried out for each single stress point. Therefore, the components of the
maximum stresses must not be summed up for a combined calculation (for example G,):
Often, the maximum stresses occur at different stress points. You have to superimpose the
stress components that are available on the same stress points.

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.

5.2 Results on Cross-section

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

9 - IPE 360
Sigma Total
Member No. 66, x: 3.125 m

Min : -17.35 kNicm2 (5)
Max :  20.38 kNicm?Z (8)

Figure 5.4: 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 [Show All Graphic] resets the graphic's full view.

The functions of the buttons below the graphic are described in Table 5.1 on page 37. The
buttons control the graphic display with regard to

e the stress or stress ratio diagram including values
e the cross-section outlines
e the stress points and their numbering.

To evaluate the stresses for each stress point in detail, use the button [Show or Print Cross-
section Values and Extended Stress Diagram]. The dialog box Cross-section Values and
Stress Diagram opens.
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Cross-section Values and Stress Diagram @
Posttion 9 - IPE 360
vl - Sigma Total
tember Nao: | 65 s 3125 » | [m] Member No. 66, x: 3.125 m
Stress Points
B [ € [ b [ E J-
Poirt Coordinates [mm] Static Moments [cm3] | Thickness
No. y z Qy Qz t [mm]
1 850] -1800 0.00 0.00 127
2 220 -180.0 -138.91 -42.80 1237
3 0.0 -180.0 -188.90 -46.09 127 2
4 220 -180.0 -138.91 4280 1277
5 850 -180.0 0.00 0.00 127
[ -85.0 180.0 0.00 0.00 1237
7 -22.0 130.0 -138.94 4281 127
8 0.0 180.0 -188.90 46.09 1237 2 __3_ I, -
9 20 180.0 -138.94 -42.81 127 ] ¥
10 85.0 180.0 0.00 0.00 1237
11 0.0 -149.3 -416.66 0.00 80|~
Stresses
B [ € [ D |-
Foinit Stress [lkN/cm 2] Stress
No. Existing Limiting Ratio [%]
1 17.35 273 0.53
g 313 3273 0.10
Sigma My -18.48 3273 0.56
Sigma M-z 0.00 3273 0.00
Sigma N+M-y -17.35 3273 0.53
Sigma N+M-z 313 3273 0.10 ; . 5 ey
Sigma M 18.48 1273 as6| |[[jgm o rEs e E;}';
Sigma Tensile 0.00 3273 0.00 = o
Sigma Compres -17.35 3273 0.53 +| [%]
Sigma Delta 1213 =
Tau Total 0.02 18.50 0.00| ~

Cancel

Figure 5.5: 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 the 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 static moments Q, and Q,. The final column indicates the Thickness t of
the cross-section part which is required to determine the shear stresses.

In the Stresses dialog section, the stress components are displayed for the stress point that
is currently selected in the dialog section above. To visualize a particular stress component
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 5.1, page 37). As usual, they are described by ScreenTips. The [Print] button
enables the printout of the current stress graphic on the cross-section. For more informa-
tion, see chapter 6.2.1 on page 47.
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5.3 Results in the RSTAB Model

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

RSTAB background graphic and view mode

The RSTAB 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 STEEL results table
is highlighted in the selection color in the RSTAB background graphic. In addition, an arrow
indicates the member's x-location that is displayed in the active STEEL table row.

STEEL - [Demo-5] (===l
File Edit Settings Help

[C.M - Stress Analysis v] P.B Stresses by Member ‘

Input Data B [ C T D [ E T F T G |a[s-rE30
- General Data Member | Location | 5-Point | Load Stress Stress [N/mm<] Stress Sigma-eqv
- Materialz No x [m] MNo. Case Type Existing | Limting | Ratio Member No. 72, x: 3.125 m
e s e chions 71| Cross-section No. 9- IPE 360

Resulls 3125 10 LG4 | Sigma Total 185.0 3273 0.57

Shresses by Cross-saction 0000 13 LG4 | Tau Total 415 185.0 0.22
- Giresses by Set of Members 3.125 10 LG4 | Sigma-egv 1185.0 3273 0.57
=)
- Stresses by x-Location 72 | Crosssection No. 9-IPE 360
- Giresses at Every Stress Point 3125 10 LG4 | Sigma Total n84.8 3273 0.56
- Governing Intermal Forces by M 13 LG4 | Tau Total 415 185.0 0.22
- Gowerning Internal Forces by 5 10 LG4 | Sigma-eqv le4.s 3273 0.56

Parts List by Member
- Paits List by Set of Members 73 | Cross-ssction No. 9 - IPE 360

3125 1 LG4 | Sigma Total -184.3 3273 0.56
0000 13 LG4 | Tau Total 415 185.0 0.22
3.125 5 LG4 | Sigma-eqv 1848 3273 0.56

m

74 | Cross-section No. 3 - IPE 360

3125 1 | LG4 | Sigma Total a850]  327.3] 057
0000] 13 | LG4 | TauTotl 416 1890| 02
3125 5 LG4 | Sgmaeav 1850 3273 057

81| Crosssection No. 6- HE-A 160 :-:‘" 01 Nimm" (13}
0000 6 | LGE | Sigma Total Si278]  2182] (059| (Mex: 1848 Nmm< (6)
0000] 13 | LG6 | TauTotal 191 1260] 015
0000 6 | LGE | Sigmaeav 1278 2182|059

82 | Cross-section No. 6 - HE-A 160
LI} + 0000 10 LG6 | Sigma Total -147.0 2182 067 ~

4

Calulation Det

Figure 5.6: Indication of the member and the current Location x in the RSTAB model

If you move the STEEL window to another place in the display and you still cannot see the
graphic clearly, use the button [Jump to Graphics] to activate the view mode: The STEEL
window will be hidden so that you can adjust the view in the RSTAB user interface appro-
priately. The view mode provides the functions of the View menu, for example zooming,
moving or rotating the display.

Click [Back] to return to the add-on module STEEL.
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STEEL CAL - Stress Analysis e q &

LC1 - Seff-weight be

LC2 - Snowr

LC3 - Imperection

LG1 - Characteristic values
STEEL CA1 - Stress Analysis - Beams
STEEL CAZ - Stress Analysis - Columns

RSTAB work window

It is also possible to visualize the stresses and stress ratios directly in the structural model:
Click the [Graphic] button to quit the STEEL module. Now, the individual design results like
the internal forces or deformations of a RSTAB load case are displayed in the RSTAB work
window.

The Results navigator is aligned with the results from the add-on module STEEL. You can
choose several stress components as well as the stress ratios in relation to the respective
stress components.

Project Mavigator x
- [B] T+ Stresses

----- O 2= Sigma Total

----- O 2= Sigma N

..... O 2= Sigma M-z

..... O 2= Sigma N+M-y

..... O < Sigma N+M-z

..... O 2= Sigma M

..... (O 2= Sigma Tensile

..... (O 2= Sigma Compressive
..... O 2= Sigma Delta

..... O 2= Tau Total

----- OF dsigma-cq |
(1 [B] il Stress Ratio

..... () -l Sigma Total
..... O - Sigma N

..... O -l Sigma M-y

..... () -l Sigma M-z

..... () -l Sigma N+M-y
..... () -l Sigma N+M-z
..... O L Sigma M

----- () -l Sigma Tensile
----- () -l Sigma Compressive
..... () -l Sigma Delta
----- () 'l Tau Total

P®Data M Display = Results 4 I

Figure 5.7: Results navigator

To turn the display of design results on or off, use the button [Results on/off] shown on the
left. To display the result values in the graphic, use the toolbar button [Show Result Values]

to the right.

As the RSTAB tables are of no relevance for the evaluation of STEEL results, you may deacti-
vate them.

The design cases can be set as usual by means of the list in the RSTAB menu bar.

' Ing. Software
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The graphical representation of results can be set in the Display navigator, by opening Re-
sults and selecting Members. Stresses and stress ratios are two-colored by default.

Project Navigator

[vIB Structure

Result Values

Title Info

Max/Min Info
Deformation

Members

Colored
Cross-sections

Result Diagrams Filled

Display Hidden Result Diagram
Reverse Results V-y and V-z

----- |:| Results On Couplings

-[B] 5 Guide Objects

- [E&Y General

(- []IZ Numbering

=

[=

- [B]p Rendering
+-[B] & Additional Modules

EData -E.‘Display = Results q

Figure 5.8: Display navigator: Results - Members

The representation of stresses is conforming to signs: Positive stresses are displayed in blue,
in direction of the positive member axis z. Negative stresses are red, applied in opposite di-
rection. Therefore, it is possible that the stress diagram on the member, in case of disconti-
nuity for example due to concentrated loads, changes the sign and thus color and side.

In case of a multicolor representation (options Cross-sections or Colored), the color panel is
available, providing common control functions. The panel functions are described in detail

in the RSTAB manual, chapter 4.4.6, page 67.

Panel X -
Stress Fatio

Project Mavigator

- [W]B Structure
=-[v| [ Results

Result Values
Title Info
Max/Min Info
Deformation
Members

4 Two-Colored
Colored

Cross-sections

Hatching
2 All Values

Result Diagrams Filled

Sigma b-p [-]

1.00
030
0.0
070
0.0
0.50
0.40
030
0.20
010
0.00

Max : 091
Min : 0.00

STEEL

Display Hidden Result Diagram
Reverse Results V-y and V-z

0UO0O0®O OF

-, Results On Couplings
[-[B] 5 Guide Objects

[]---IE‘& General

[ []E@ Mumbering

[ [B] W Rendering

=-[H] % Additional Modules

EData E'Display = Results

Options
Refer to
@ MaxMin

(0 Limnits:
[+]:
=1

Smoath Color

Trangition

Customize

@ 4

Figure 5.9: Stress ratios due to bending moments M, with display option Cross-sections
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Panel X

Stresses
Sigra M [Nl |

3.3

[ 222
130

38
5.2
143
-23.4
325
-41.6
50,7
-59.8
-68.9

Max : 3.3
Min : -E8.9

Exz 4

T—r,
0.05 =~

7
Jois
LA
o2
[T L L —
1 & 0.56 i

Dizplay
Factors

Deformation:

Member Diagrams:

Reaction Forces:

Maix Sigma-v: 0.89, Min Sigma-v: 0.00

Figure 5.10: Panel tab Factors

6.2.2, page 49).

-
H
O

Panel x

B a4

Dlubal

In the Factors tab, you can scale the design results, as you know it from the member inter-
nal forces. If you enter the factor 0 in the input field Member Diagrams, the results will be
represented without scaling but with an increased line thickness.

The graphics can be transferred like RSTAB graphics to the printout report (see chapter

To return to the STEEL module, use the [STEEL] button in the panel.
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5.4 Result Diagrams

The result diagram can be useful if you want to see a member's result distribution displayed
graphically. Select the member (or set of member) in the STEEL results table by placing the
pointer in the corresponding table row and open the result diagram by clicking the button
shown on the left. You find the button below the stress graphic (see Figure 5.1, page 36).
The result diagrams are available in the RSTAB graphic. To display the diagrams,

select Result Diagrams on Selected Members on the Results menu,
or use the button in the RSTAB toolbar shown on the left.

A window opens showing the distribution of the results on the selected member or set of
members.

E Result Diagram on Member ——
|[E] |5 STEEL CAL - Stress Analys = & 2 8 G =L © = e o | AN | 7| i Members No. |22
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000 5.500 8.000
Navigator S [T Lorestin et bbb e e ) "o 07305 Im] Fixed
-[] Stresses SMZ2s
- 2z -
... ] Sigma Total Stresses - Sigma Total [N/mm?2] SrEme s
g Sigma N R [x] Sigma Total
.1 Sigma M-y - 2 m [N/mm?]
o
] Sigma M-z 2 @ o g g - 0000 2048 -
n : - 2 =
- [ sigma N+ M-y B e g : 1.000 1343
- [ sigma N+M-z ; - v 1.500 93 |~
L sigma M ! : 1.800 784
[ Sigma Tensile : : ‘ i ! ! ! 2000 645
- [ sigma Compressi : " 2100 576
- [ Sigma Delta 2400 368 -
- [¥] Tau Total
o[ Tau V-y [[] Max/Min Only ] Edges Only
~OTauvz .
O Tauv Stresses - Tau Totdl [imm?] T T
- [ Tau M-T St.Venant * Tau Total
- [ Tau M-T Bredt iml [/mm2]
] Taum-T 2 0000 298 »
- Dl sigrma-eav s s 1 1 : s s Lo 352
-[H] Stress Ratio : : : : : : : 1.500 204 7| |
- [ Sigma Total : : : : H H H 1800 203 1
] Sigma N : ; ; : : : : 2000 292
L sigma M-y = AE H 3 3 % & g g 2100 22
[ sigma M-z a & o & & & & & & & & 2400 290 -
[ Sigma N+M-y [] Max/Min Only ] Edges Only
[ sigma N+M-z
[ sigma M .
[ Sigma Tensile Stress Ratio - Sigmp-eqv [] Stress Ratio Sigma-eqv
[ sigma Compressive bg Sigma-eqy
[ sigma Detta [mu] o Hu -
[ Tau Total = o 9 )=
D Tauvey : ! ! ! ] ] ] 1.000 062 |
O Tauver 1.500 046
OTauv 1800 036
[ Tau M-T St.Venant 2,000 031
[C] Tau M-T Bredt 2.100 0.29
O TauM-T 2400 024 ~
liSigma-eqv | [] Max/Min Only ] Edges Ony
Results q b e

Beginning X,\,Z 250, 10.0,00m EndXY,Z: 250,100, 6.0 m Order: 22 .t

Figure 5.11: Dialog box Result Diagram on Member

In the navigator on the left, you can select the stresses and stress ratios that you want to be
displayed in the result diagram. Use the list in the toolbar above to choose the relevant
STEEL design case.

For more detailed information on the dialog box Result Diagram on Member, see the RSTAB
manual, chapter 9.8.4, page 205.
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| 5.5 Filter for Results

In addition to the results tables which already allow for a particular selection according to
certain criteria because of their structure, you can use the filter options described in the
RSTAB manual to evaluate the STEEL design results graphically.

| ﬁ -| Generally, you can take advantage of already defined partial views (see RSTAB manual,
chapter 9.8.6, page 209) used to group objects appropriately.

Filtering designs
The stresses and stress ratios can be used easily as filter criteria in the RSTAB work window.
To apply this filter function, the panel must be displayed. If the panel is not active,

select Control Panel (Colour scale, Factors, Filter) on the View menu

| | or use the toolbar button shown on the left.

The panel is described in the RSTAB manual, chapter 4.4.6, page 67. The filter settings for
the results must be defined in the panel tab Color spectrum. As this tab is not available for
the two-colored results display, you have to set the display option Colored or Cross-sections
in the Display navigator.

Panel x
Stresses

Sigma-eqy [M/mmi ]
2200
2100
200.0
150.0
180.0
170.0

Project Mavigator

-8 Structure 160.0
=-[I[f3 Results 180.0
T E‘E Result Values 1400

1300
1200
100

V[ Title Info

[ Max/Min Info

[B][ Deformation

- [E[F Members

..... O Two-Colored

..... O] | Colored |

..... O[S Cross-sections

----- [VI[F Result Diagrams Filled

..... 1 Hatching

..... I Al values

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

----- [ Results On Couplings . &
@-[B] 5 Guide Objects
- m &Y General
(-] Mumbering
- [B] W Rendering
[

Max © 215.3
Min : 0.0

STEEL

Bl

Ex 4

i-[B] & Additional Modules

™ Data | M Display == Results 4 I

Figure 5.12: Filtering equivalent stresses with adjusted color spectrum

If you use a colored results display, you can use the panel to define that only equivalent
stresses for example larger than +110 N/mm? are displayed. Furthermore, the color spec-
trum can be adjusted in such a way that a color range covers exactly 10 N/mm? as shown in
the figure above.
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When you select the option Display Hidden Result Diagram (under Results — Members in
the Display navigator), you can even display all stress diagrams that do not fulfill the condi-
tions. Those diagrams will be represented by dotted lines.

Filtering members
In the Filter tab of the control panel, you can define he numbers of the members whose re-

sults should be shown exclusively, which means filtered. The function is described in detail
in the RSTAB manual, chapter 4.4.6, page 70.

%

Show diagrams for
members no.:

A 2
-1 i Panel x ,‘
Project Navigator —=
_ = [B] = Stresses
----- © +
..... O &= Sigma N
..... O 2= Sigma M-y
..... O = Sigma M-z
..... O 2= Sigma N+M-y
..... O 2= Sigma N+M-z
..... O 2= Sigma M
..... (O &= Sigma Tensile
..... (O &= Sigma Compressive
..... O &= Sigma Delta
..... O = Tau Total

----- O % Tau M-T Bredt
----- O % TauM-T E
----- O = Sigma-eqv
- [B] sl Stress Ratio

&
s

EData 9 pisplay = Results 4 B

Figure 5.13: Filtering members: normal stresses of a frame

Unlike the partial view function, the structure is now displayed completely in the graphic.
The figure above shows the normal stresses of a frame inside a hall. The remaining de-
signed members are displayed in the model, but are shown without stresses.
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6. Printout
6.1 Printout Report

Similar to RSTAB, the program generates a printout report for the STEEL results that can be
added by graphics and descriptions. In the report you also decide which results will finally
appear in the printout.

The printout report is described in detail in the RSTAB manual. In particular, chapter
10.1.3.4 Selecting Data of Add-on Modules on page 227 provides information concerning
the selection of input and output data in add-on modules.

For complex structures with a high number of design cases, it is recommended to split the
data into several small printout reports which allows for a clearly-arranged printout and a
faster work.

The printout report only shows the stress types that are active in the STEEL design case for
the results tables. For example, if you want to print the stresses due to axial force, activate
the stresses oy in the STEEL add-on module (see chapter 5.1 Selection of Stresses, page 37).

6.2 Print STEEL Graphics

In addition to the graphical results evaluation, it is possible to provide the stresses and de-
sign ratios on the cross-section as well as in the RSTAB model for the printout. The graphics
can be either integrated in the printout report or sent directly to the printer. Printing graph-
ics is described in detail in the RSTAB manual, chapter 10.2.

6.2.1 Results on Cross-section

The access to the print function is not directly available. Instead, open the dialog box Cross-
section Values and Stress Diagram (see Figure 5.5, page 39) by using the button [Show or
Print Cross-section Values and Extended Stress Diagram] available in each results table.

2 - 3: IPE 450 - IPE 550
Sigma Total
Member No. 28 x: 3.011m

1858 167.8168.9

77

189.5

Min @ -189.5 Nimm2 (8)
Max : 168.9 NimmZ (5)

ErE IO
OEE " R

Ma: 0g7 (=1 @ Show or Print Cross-section Values and Extended Stress Diagram |

Figure 6.1: Button Show or Print Cross-section Values and Extended Stress Diagram in the graphic of the results tables
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In the dialog box Cross-section Values and Stress Diagram (see Figure 5.5, page 39), specify
the member, the relevant x-location and the type of stress for which you want to print the
diagram. With the [Print] button in the bottom right corner of the dialog box, you open the
following printing dialog box.

Print Info about Cross-section @
Print Type Printout Selection
Di_rec:t to = /| Create Graphics of Crozz Section Stress Points
Printer... | Az V| Silhouette Info Picture
@ Ta Printaut Dimensions Shear Center Mumbering
Report: [N 4 R .
| Stress Points | Stress Diagram
To Clipboard | Mumbering | Walues &/tParts
Info Picture
c/t-Parts Numbering
Mumbering

Crozz-section Properties

Info Picture
| Show Printout B eport V| Streszes in All Stress Paints
on [OK] [e.g. Modules STEEL, TIMBER]
Description of Graphics
IPE 550
? (0] 3 ] | Cancel

Figure 6.2: Dialog box Print Info about Cross-section

In the dialog section Print Type, the common options from RSTAB 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.

In the dialog section Printout Selection, you decide which elements appear in the print
graphic and in the output table. The objects specified under Create Graphics of Cross Sec-
tion do not require any further explanation. If you tick the check box for Cross-section
Properties, the properties will be printed as a table, optionally added by a symbolic Info Pic-
ture 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.

If you want to import several graphics consecutively into the printout report, clear the check
box Show Printout Report on [OK].

A Engineering Office Bavaria Constructions Page: 1250134
& RS Joseph-Street 111, 98765 Rainbow Valley Sheet: 1

11 . Tel: 036 B/1770 - Fax: 09673170 S-I-EEL
Project: Steel Hall Structure Demo-5 Date: 02282011

Steel design according to 3D Steel design acc. to
Eurocode Eurocode

HE-A 160 HORMAL STRE SSES
5-smn 1w

LT
Max Do

Figure 6.3: Stress graphic in the printout report
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6.2.2 Results in the RSTAB Model

Every picture that is displayed in the graphic window of the main program RSTAB can be in-
cluded in the printout report. Thus, the stresses and ratios displayed in the RSTAB model
can be prepared for the printout, too.

Designs in the RSTAB model
To print the STEEL graphic currently displayed in the RSTAB work window,
select Print on the File menu

or use the toolbar button shown on the left.

ED™ File Edit View Insert Calculate Results Tools Table

DE9aEgkR »neaREE I ER =

Figure 6.4: Button Print in the toolbar of the main window

Result diagrams

In the same way, you can integrate the result diagrams of members into the report by using
the [Print] button. It is also possible, to print them directly.

E=| Result Diagram on Member
|E]| 552 | STEEL CA1 - Stress Analys ~ € & |b;;h[ B g =, |= ©
Navigatar 2 x 0.000 0500 [01000 1500 2000 250 300 350 400
+....|....I....[prim \hallnnanllannnfinnnnlannnlnnaallinnainnaalannninnanllhanainnallaos
- [H] Stresses aMd4s
L[] Sigma Total Stresses - Sigma Total [NimmZ2]

Figure 6.5: Button Print in the toolbar of the Result Diagram window

The following dialog box opens:

Graphic Printout @

General | Options | Color Spectrum

Graphic Picture Window To Print Graphic Size

(*) Direct to Printer... |55 (@) Cument Only () As Screen View

(@) In Printout Report: Al @ Window Filing

() To Clipboard ) ToScale 1: 100 ~
Graphic Picture Size Options

Use Whole Page Width Show Printout Report on

[7] Use Whole Page Height [OK]

e ] g Show Results for Selected x-Location in

[T Height: | 5615 [% of Page] the Result Diagram

Rotation: 0| 1 [ Lock Graphic Picture {without Update)

Header of Graphic Picture

STEEL - Members Sigma Total, CA1

[ ok ][ cancel

Figure 6.6: Dialog box Graphic Printout, tab General

This dialog box is described in detail in the RSTAB manual, chapter 10.2, page 243. The
RSTAB manual also describes the Options and Color Spectrum tab.
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[ J STEEL - Members Sigma Total, CAl
Remove from Printout Report

Start with Mew Page

A STEEL graphic that has been integrated in the printout report can be moved anywhere
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 prin-

Selection... . . . . .
:E ':_” tout report and select Properties in the context menu. The dialog box Graphic Printout ap-
roperties... k . i . .
bs pears again, offering various options for adjustment.
Graphic Printout @
| General | Options |COIor Spectrum
Script Symbols Frame
() Proportional @ Proportional @ Mone
(@ Constant () Constant () Framed
Factor: 1= Factor: 1= [ Title Box...
Print Quality Color
(@) Standard {mz« 1000 x 1000 Pixels) () Greyscale
() Mzxdmal {ma 5000 5000 Picels) () Texts and Lines in Black

(7) User Defined — @) All Colored

[ok ][ caneel

Figure 6.7: Dialog box Graphic Printout, tab Options
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7. General Functions

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

7.1  STEEL Design Cases

You can group members in separate design cases. In this way you can, for example, com-
bine groups of structural components or define particular design specifications for them
(limit stresses, partial safety factors, optimization etc.).

It is no problem to analyze the same member or set of member in different design cases.
The STEEL design cases are available in the RSTAB work window and can be displayed like a

load case or load group by means of the toolbar list.

Create a new STEEL case
To create a new design case,

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

The following dialog box appears.

New STEEL-Case (=23
No. Description
2 Stress Analysiz -
j [ ak. ] | Cancel

Figure 7.1: Dialog box New STEEL-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 opens where you can enter the new
design data.

Rename a STEEL case
To change the description of a design case subsequently,

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

The dialog box Rename STEEL-Case appears.

Rename STEEL-Case @
No. Description
2 Mew description -
j [ ak. ] | Cancel

Figure 7.2: Dialog box Rename STEEL-Case
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Copy a STEEL case

of the new case.

To copy the input data of the current design case,

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

Copy STEEL-Case

Copy from Caze
CaZ - Stress Analysiz v]

Mew Case

Mo.: Description:

3 Fire protection dezign -

[ (0] 3 ] [ Cancel

Figure 7.3: Dialog box Copy STEEL-Case

Delete a STEEL case

To delete design cases,

Delete Cases @

Available Cazes
Mo. Description

1 Stress Analysis - Beams
2 Stress Analysiz - Columns

Fire protection design

=
[ (0] 3 ][ Cancel ]

Figure 7.4: Dialog box Delete Cases

select Delete Case on the File menu in the STEEL add-on module.
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The dialog box Copy STEEL-Case appears where you can specify the number and description

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].
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7.2 Cross-section Optimization

As mentioned in chapter 2.3, STEEL offers you the possibility to optimize cross-sections. Se-
lect the relevant cross-section by ticking its check box in column C or D in table 1.3 Cross-
sections (see Figure 2.5, page 15).

You can also start the cross-section optimization out of the results tables by using the con-
text menu.

During the optimization process, STEEL determines the cross-section within the same cross-
section table that fulfills the analysis requirements in the most optimal way, that means
comes as close as possible to the maximum possible ratio specified in the Details dialog box
(see Figure 3.1, page 18). The required cross-section properties will be determined with the
RSTAB internal forces. If a cross-section proves to be more favorable, two cross-sections will
be displayed on the right of table 1.3 as shown in Figure 7.6, the original cross-section from
RSTAB and the optimized one.

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

Welded Cross-sections - I symmetric : Optimize @
Cross-zection Optimization Parameters.
Opti-
mmize: Current Minimal I aximal Increment b
I h: =l 26002 | 400002 1000+ from]
b 150.05 > > = | fmm] > 22777
s 8.015 =l =l = [ ? i
t 1005 P 2 ~ | o] ?
a 005 = =l = v [mm] ? =
..
%
0 2
2
- WI//M
Keep Current Side Proportions |5 200/150/8/10/0
j F ak. ] | Cancel

Figure 7.5: Dialog box Welded Cross-sections - | symmetric : Optimize

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 where you
specify the upper and lower limits of the parameter. The Increment column determines the
interval in which the size of this parameter varies during the optimization process.

If you want to Keep Current Side Proportions, tick the corresponding check box. Additional-
ly, you have to select at least two parameters for optimization to make the specification ef-
fective.

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

Please note for the optimization process that the internal forces won't be recalculated au-
tomatically with the changed cross-sections. It is up to you to decide which cross-sections
should be transferred to RSTAB for a recalculation. As a result of optimized cross-sections,
internal forces may vary considerably because of the changed stiffnesses in the structural
system. It is recommended to recalculate the internal forces after the first optimization and
then to optimize the cross-sections again.
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You do not need to transfer the modified cross-sections to RSTAB manually: Set table 1.3
Cross-sections, and then

select Export All Cross-sections to RSTAB on the Edit menu.

Also the context menu in table 1.3 provides options to export optimized cross-sections to
RSTAB.

|1.3 Cross-sections |
A (N C [ D [ E ] F - 15 250/150/8M10/0

Section | Material Cross-section Max. Design| Opti- STEEL
Na. Mo. Description Ratio mize | Remark | Comment g
1 1 M IPE 550 08| 0O 1)
2 1 |H IPE450 07 o | [y *y
3 1 M IPE 550 087 0O
[ & N WIS 250/150/810/0 .. 0571 11 i} ;
7 1 ] Info about Cross-zection... *
El 2 | L B
Cross-section Library...
10 1 || Ly 6 - HE-A 160
12 1 -] Edit List 'Design of Members' in Table11 * RSTAB
13 1 -] - - ————
15 1 ] Optimize Cross-section
Cross-section Optimization Parameters.. [ [ F 777 e
Export Cross-section to RSTAB e S
r‘ i
Export All Cross-sections to RSTAB *
Import Cross-section from RSTAB M — — —
X
Import All Cross-sections from RSTAB @J liJ @ l@

Cross-section Mo. 6 Used in

Members:  53-58,81-83

Sets of

Members:

T Length: 4037 [m]
T Mazz 1.661 [t]

Material 1 -Steel 5 235

1] The cross-zection in RSTAB iz different to that in
STEEL.

Figure 7.6: Context menu in table 1.3 Cross-sections

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

STEEL
. Question Ho. 252

Do you want to transfer the changed crozs-sections o RSTAB?

If 2o, the results of RSTAB and STEEL will be deleted.

Figure 7.7: Query before transfer of modified cross-sections to RSTAB

By using the menu functions described above, you can also import the original RSTAB cross-
sections to STEEL. 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 linearly. As these
moments are considered with the fourth power, the stress analysis may be inaccurate if the
depths of the start and end cross-section differ considerably. In this case, it is recommended
to divide the tapers into several single members whose start and end cross-sections have
minor cross-section differences.
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7.3 Material Export to RSTAB

When you have changed materials in the STEEL table 1.2, you can export the modified ma-
terials to RSTAB, similar to the export of modified cross-sections. It is also possible to import
the originally used materials from RSTAB. Materials modified in the add-on module are hig-

hlighted in blue.

You do not need to transfer the modified materials manually to RSTAB.
Set table 1.2 Materials and then

select Export All Materials to RSTAB on the Edit menu.

Also the context menu of table 1.2 provides options to transfer modified materials to

RSTAB.
|1.2 Materials |
A | B C DI E [ F [ G
Material Material- Safety Factor | Yield Strength Limit Stresses [kN/cm<2]
Na. Description T™ fyx kN/em?2] | Manually Limit @ Limit © Limit Geqv
1 | Stesl 5275 SFS EN 1393-1-1 1.00 27.50 a 27.50 15.88 27.50
[ 2 |[JeS 235 DIN 18800:1390-11 i e — 21.82 12,60 21.82
3 |M Concrete C35/45 | DIN 1045- Material Library...
| Export Material to RSTAB |
Export All Materials to RSTAB L
Material g Import Material from RSTAB —|
EIRSTAB Relevant Import All Materials from RSTAB
Modulus of Elasticity iE 21000.00 | kN/cm?2
Shear Modulus G 8100.00 | kN/cm2
Poisson’s Ratio [ 0.300
Unit Weight f 7850 | kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C
Partial Safety Factor M 1.10
B Design Relevant | Material Mo, 2 Uzed in
Yield Strength Fy 2400 |kN/em2 | ppoee.
Uttimate Tensile Strength fu 3600 | kN/em? | sections:
Max. Structural Thickness L 4.00 | cm
Yield Strength Fy.2 2150 | kN/emZ  |Members: 1267
Max. Structural Thickness 2 10.00 | cm Setz of
Coefficient for Limiting Stresses of Welds Cw 0.950 Members:
T Length: 20000 [rn]
T Mazs: 1.551 [t

Figure 7.8: Context menu of table 1.2 Materials

Before the changed materials will be transferred to RSTAB, a security query appears, be-
cause the transfer requires the deletion of results. When you confirm the query and start
the calculation subsequently in the STEEL add-on module, the RSTAB internal forces as well
as the design will be determined and performed in one single calculation run.

Calculation

- !

STEEL
.. Question Ho. 366

Do you want ta transfer the changed materials to RSTAB?

If 50, the results of RSTABR and STEEL will be deleted.

. -

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

The units and decimal places for RSTAB and all add-on modules are managed in one global
dialog box. In the add-on module STEEL, you can use the menu to define 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 RSTAB. The add-on module
STEEL is preset.

Units and Decimal Places - Metric * @

Program / Module STEEL

- RSTAB -
Stresses Parts List

- STEEL EC3 Unit Dec. Places Unit Dec. Places
-~ STEEL AISC Stresses: kN/em™2 - 15 Lengths: m - 2k
- STEELIS Stress Ratios: 2t | Total Lengths:

. STEEL SIA ress ios: - = al Lengths: m -

.- STEEL BS Surface Areas: m"2 -
- KAPPA
. LTB

. FELTB
L EL-PL

- C-TO-T Total Masses: t hd
- PLATE-BUCKLING -
.. ASD

. CRANEWAY

. CONCRETE

- CONCRETE Columns

- TIMBER Fro

.- TIMBER

. COMPOSITE-BEAM

- DYNAM

.. END-PLATE

. CONNECT

- FRAME-JOINT Pro

- FRAME-JOINT

.. DSTV

4

Volumes: m"3 -

Masses per Length: | ka/m -

m

Masses: kg -

R R R RS R

Alw | {0 {00 ][] lf4]>

@@lﬁ“ﬂ”ﬁl OK ]| Cancel

Figure 7.10: Dialog box Units and Decimal Places

The settings can be saved as user profile to reuse them in other structures. The correspond-
ing functions are described in the RSTAB manual, chapter 11.6.2, page 336.

7.5 Export of Results

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

Clipboard

To copy cells selected in the 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 STEEL add-on module can be printed into the global printout report (see
chapter 6.1, page 47) to export them subsequently. Then, in the printout report,

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

The function is described in detail in the RSTAB manual, chapter 10.1.11, page 239.
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Excel / OpenOffice

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

select Export Tables on the File menu in the STEEL add-on module.

The following export dialog box appears.

Export - M5 Excel @
Table Parameters Application
‘with Table Header @ Microsoft Excel

[ Only Marked Rows | OpenDffice.org Calc
@ csv
Transfer Parameters
Export Table to Active ‘Workbook
Export Table ta Active ‘Workshest
Fiewrite Existing “Workshest
Selected Tables
() Active Table [ Expart T ables with
D etails

@) &l Tables
[ Input T ables
Fiesult Tables

[ (0] 3 J[ Cancel ]

Figure 7.11: 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.

|§“ HwY-o- = Sheetl - Microsoft Excel N
Home Insert Page Layout Formulas Data Review View Add-Ins (4] e o R ER
'ﬁ“j ¥ calibri -85 - == Text ||| A S=lnset - X - W [ﬁ

- Ed 3 Delete - @ e -
B A =k [ElFomat - | 2+ Fiter~ telect-
Clipboard Font Fl Alignment Fl Mumber Fl Cells Editing
B3 - fe | 1PE300 v

A B c D E F G | H =
1  section Member Location SPoint Load Stress Stress [kN/cm®] Stress || |
2 No. Nao. x[m] Na. Case Type Existing Limiting Ratio
3 1 IPE 300
! 22 £,000 5 Lc1 Sigma Total -18,20 21,82 0,83||_
5 40 0,000 13 Lc1 Tau Total 2,20 12,60 0,17 i
6 22 6,000 3 Lc1 Sigma-eqv 18,20 21,82 0,33
7
8 2 IPE 300 LS
9 28 3,011 3 Lc1 Sigma Total 5,13 21,82 0,42
10 28 0,000 13 LCc1 Tau Total 0,98 12,60 0,08
11 28 3,011 3 Lc1 Sigma-sqv 9,13 21,82 0,42
12
13 3 IPE 400
14 28 3,011 3 LCc1 Sigma Total 9,13 21,82 0,42
15 28 0,000 12 Lc1 Tau Total 0,32 12,60 0,08
16 28 3,011 3 LC1 Sigma-eqv 5,13 21,82 0,42
17
18 6 HE-4 180
19 13 0,000 5 Lc1 Sigma Total -3,83 21,82 0,18
20 a3 0,000 3 LC1 Tau Total 0,02 12,60 0,00 w
4 4 b #| 2.1 Stresses by Cross-section .~ 2.2 Stresses by Set of| | 4 | il | » 1]
Ready | |[EEE m 100% (=) N, (1)

Figure 7.12: Result in MS Excel: Table 2.1 Stresses by Cross-section
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DIN 18800 Teil 1: Stahlbauten, Bemessung und Konstruktion, 1990

Erlduterungen zu DIN 18800 Teil 1 bis 4, Beuth-Kommentar, Beuth Verlag,
2. Auflage 1994
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SCHNEIDER Bautabellen, Werner Verlag, 17. Auflage 2006
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