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1. Introduction
1.1 Add-on Module STEEL

The RSTAB add-on module STEEL performs general stress designs by calculating normal, shear,
and equivalent stresses and comparing them with the limit stresses. The add-on module pro-
vides a comprehensive library for cross-sections and materials with standard-specific limit
stresses that can be adjusted and expanded. All cross-sections are provided with design rele-
vant stress points. The results of these points can also be used for graphical evaluations.

As STEEL is integrated in the graphical user interface of the main program, you can use all in-
put data of the model as well as the internal forces for the design. You can evaluate the stress-
es and stress ratios in the RSTAB work window graphically and include them in the global
printout report.

The internal forces that are found to be governing for the design are indicated for each mem-
ber. During the stress analysis, you can also determine the maximum stresses of sets of mem-
bers. In addition, STEEL offers you an automatic cross-section optimization including an export
option for modified cross-sections to RSTAB.

Using the so-called design cases, you can analyze the different types of stress designs. A parts
list with quantity surveying completes the design.

The following useful features facilitate the work with STEEL:

o 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 selecting, for example,
the current member of the table in the background graphic

e View mode to change the view in the RSTAB work window
e Colored relation scales in results windows
¢ Infoicon for successful or failed stress design
e Representation of STEEL stresses and ratios in the form of result diagrams
o Filter options for the stresses displayed in the RSTAB graphic
e Display of stresses and stress ratios on rendered model
e Export of modified cross-sections and 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 EN 1993-1-1 or DIN 18000 part 2, cannot be performed.
For such analyses, the add-on modules STEEL EC3 or KAPPA and LTB are recommended.

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

Your DLuBALTeam
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1 Introduction

tures of the STEEL add-on module.

RSTAB provides the following options

Menu

[ Add-on Modules | Window  Help

&

I | EL-PL [not installed)
= c1oT

# | PLATE-BUCKLING
P8 | VERBAND

IJ | ASD

2 | CRANEWAY

1.3  Using the Manual

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

14  Open the Add-on Module STEEL

to start the add-on module STEEL.

To start the program in the RSTAB menu bar, click
Add-on Modules — Design - Steel — STEEL.

’ Q> P B s R R (R DA

Shape Properties 4 ﬂ' T % - f il e | LT T e e e R E
Design - Steel L4 ﬁ STEEL L\\, General stress analysis of steel members
Design - Concrete - ) )

2; STEEL ECS Design of steel members according to Eurocode 3
Design - Timber A _ ) )

E STEEL AISC Design of steel members according to AISC (LRFD or ASD)
Design - Compaosite L3 - ) _

ﬁ; STEEL IS Design of steel members according to IS
Design - Aluminium L3 - X i

:; STEEL SIA Design of steel members according to SIA
Dynamic L3 - . .

E STEEL BS Design of steel members according to BS
Connections A .

E STEEL GB Design of steel members according to GB
Foundations | 3 s . _

K STEEL CS Design of steel members according to CS
Stability 4 r . . . .

A | STEEL AS [not installed) Design of steel members according to AS
Towers 3
Others v “? KAPPA Flexural buckling analysis

@ LTB Lateral-torsional and torsional-flexural buckling analysis

Q}E FE-LTB Lateral-torsional and torsional-flexural buckling analysis by FEM

Elastic-plastic design
Analysis of limit slenderness ratios (/)

Plate buckling analysis
Design of wind bracings for roofs
Design of steel members according to AISC [ASD)

Design of crane runway girders

Figure 1.1: Menu: Add-on Modules — Design - Steel — STEEL
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The descriptions in this manual follow the sequence of the module's input and results windows
as well as their structure. The text of the manual shows the described buttons in square brack-
ets, for example [View mode]. At the same time, they are pictured on the left. Expressions ap-
pearing in dialog boxes, windows, and menus are set in jtalics to clarify the explanations.

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

I Program STEEL © 2013 Dlubal Engineering Software
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Navigator

As an alternative, you can start the add-on module STEEL in the Data navigator by clicking the
corresponding entry.

Add-on Modules — STEEL.

Project Mavigator - Data x
E™ RSTAB -
-5 Hall
] Model Data

] Load Cases and Combinations

| Loads

] Results

_J Printout Reports

) Guide Objects

= Add-on Modules

= SHAPE-THIM 7 - Design of thin-walled cross-sections
SHAPE-MASSIVE - Design of massive cross-sections
STEEL - G | stress analysis of steel bers

STEEL EC3 - Design of steel members according to Eurocot
STEEL AISC - Design of steel members according to AISC (1
STEEL IS - Design of steel members according to IS

STEEL SIA - Design of steel members according to SIA

----- 2a STEEL BS - Design of steel members according to BS

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

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

----- s ALUMINIUM - Design of aluminium members according t
-{t| KAPPA - Flexural buckling analysis

m

-|i4 LTB - Lateral-torsional and torsional-flexural buckling analh ~
“ 1 ¢

aData €Display A views

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

Panel
STEEL CAL - Stress Analysis[3| < > In case STEEL results are already available in the RSTAB model, you can also open the design
LC1 - Seff-weight by i .
(G aorueid module in the panel:
LC3 - Imperfection
LG1 - Characteristic vall i i i ;
Set the relevant §TEEL fje5|gn ca.se in thg load case list of the RSTAB toolbar. To display the
STEEL CA2 - Stress Analysis - Columns stresses and design ratios graphically, click [Show Results].
| -?i‘l | — When the results display is activated, the panel is available, too. Now you can use the button
T [STEEL] to open the module.
Panel *
Stresses
Sigma-eqy [M/mmi ]
95.2
0.0
-2272
Max 95.2
Min : 2272
S
BEla 4

Figure 1.3: Panel button [STEEL]
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2. InputData

When you have started the add-on module, a new window opens. In this window, a Navigator
is displayed on the left, managing the tables that can be selected currently. The drop-down list
above the navigator contains the design cases (see chapter7.1, page 53).

The design relevant data is defined in three input windows. When you open STEEL for the first
time, the following parameters are imported automatically:

e Members and sets of members

e Load cases as well as load, result, and super combinations

o Materials

e Cross-sections

o Internal forces (in background, if calculated)
IEI @ To select a table, click the corresponding entry in the navigator. To set the previous or next in-

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

oK | | Cancel | Click [OK] to save the results. Quit STEEL and return to the main program. When you click

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

2.1 General Data

In window 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 window 1.2 because the material
properties are related to the standard.

STEEL - [Hall] ==
File Edit Settings Help
Ca1 - General shiess analysis of_~ | 1.1 General Data
Input Data T
- General Data
Matrials Members: | 1-811-18.21-28.3146.51-64 666971748183, 914) [ % | [ 740
Cross-sections NFE v
Sets 18 IE 7] Al
Fissubs J|= a"
BeEnlp s deia Existing Load Cases Selected for Design 0
Stiesses by Set of Members
Ml (C1 | Sefweight -
- Strasses by Member
- Sesses by x-Locatian & tgi i“”“;‘ ’ ]
Stiesses at Every Shess Point e oA L s
G \ntemal F pyr EEH LC4 [ Windin X E
overning Intemal Forces by
T (C5  |WindinY
- Governing Intemal Forces by 51 L ‘
M © L6 | Imperections in X —
Paits List by Hember . ! =
Pats List by Set of Members | (008 LC7 | Imperfectionsin Y
WM LC2 | Shockload
B o1 135101
il C02 | 1.35°C1 +LC6
B co3  |135°LC1 +LCT — m
S CO4 | 135LCT + 15°C2 )
S CO5 | 1.35°LCT + 15°LC2+LCG | h
i C08 | 1.35°LCT1 +15°1C2+1C7
B C07 | 1.35°LC1 + 1512+ 10513 m
S C08 | 135°C1 +15°1C2+ 105703 + LC6
i C09 | 1.35°C1 + 15°1C2 + 1.05°LC3 + LC7
ST COT0 | 1.35°LC1 + 15°LC2+ 1.05°1.C3 + D9°LCA
I COT1 | 135°C1 + 15°1C2 + 105103 + D9°LC4 +
ISl CO12 | 1.35°LCT + 1.5°LC2+ 1.05°1.C3 + 0.9°LCE Stress Analysis
il COT3 | 13571 + 15°1C2.+ 1.05C3 + DFLCE + of Members
Bl CO14 | 135°C1 + 15102 +05°1C4 e
I CO15 | 1.35°LC1 + 15°1C2+D5"LC4 + LC6 - o
- - Optimization
Al - B¢)[Ea EJES] Parts List
« i D
@) (&= Caloulztion | [ Detai, Graphics Cancel

Figure 2.1: Window 1.1: General Data
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Load Combinations and Result Combinations

LC Load Cases

€0 Load Combinations

RC Result Combinations
IEE Femanent
B CO ULS [STRIGEQ] - Permanent / transient - Eq. 6,10
A RCULS [STR/GED) - Permanent / transient - Eq. 6.10
I Imposed - category & domestic, residential areas

Q=7 Snow H<=1000m asl]
T wind
W Accidental
SCh CO LS - Characteristic
SCh RCS5LS - Characteristic
ET Impertection

\oe

Engineering Software

Design of

Design of

Members:  |1-811-18,21-28 3146 51-64.66-69 71-74,81-83.911| [ %5 | [ ¢ 7] 41
Sets: 18 K| [m) @an

Figure 2.2: Design of members and sets of members

The design can be carried out for Members as well as for Sets of Members. If you want to design
only selected objects, clear the All check boxes. Then you can access the input fields to enter
the relevant members or sets of members. The list of the numbers preset in the field can be se-
lected by double-clicking and overwritten by entering the data manually. Use the button [\] if
you want to display the objects graphically.

When you design a set of members, STEEL determines the maximum stress ratio of all mem-
bers contained in the set of members. The results are shown in the window 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.

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

Existing Load Cases

In this column, all load cases as well as load and result combinations that have been created in
RSTAB are listed.

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

Use the button [P] to transfer selected entries to the list Selected for Design on the right. You
can also double-click the entries. To transfer the complete list to the right, use the button [»»].

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

Load cases that are marked by an asterisk (*), like load case 6 and 7 in Figure 2.1, cannot be de-
signed: This happens when the load cases are defined without any load data or the load case
contains imperfections. Then, when you transfer the load cases, a corresponding warning ap-
pears.

At the end of the list, there are several filter options available. They will help you assign the en-
tries sorted according to load cases and combinations or action categories. The buttons are re-
served for the following functions:

Select all cases in the list.

[

]
B

Table 2.1: Buttons in dialog section Existing Load Cases

Invert selection of load cases.

Selected for Design

The column on the right lists the load cases as well as the load and result combinations select-
ed for the design. Click [«] or double-click the entries to remove selected items from the list.
With the button [««], you can transfer the entire list to the left.

The design of an enveloping max/min result combination is performed faster than the analysis
of all load cases and load combinations that have been globally set. However, when analyzing
a result combination, the influence of the contained loads is difficult to infer.

Program STEEL © 2013 Dlubal Engineering Software
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Comment

Comment
Stress Design Resistance

Figure 2.3: User-defined comment

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

2.2  Materials

The window is subdivided into two parts. In the upper part, all materials created in RSTAB are
listed. In the Material Properties section, the properties of the current material, that is the table
row currently selected in the upper section, are displayed.

1.2 Materials
[ A | B [ D [ E | 3 [ G
Material Material Safety Factor | Yield Strength Limit Stresses [M/mmZ]
No Description ™[] fy [N/mm2] | Manually Limit ax Limit Limit Gequ
1 [ Steel S 235 | DIN 18800:1990-1 110 2400 ] 2182 126.0 2182
2 110 360.0 ] 3273 183.0 3273
3 1.00 0.0 ] 0.0 0.0 0.0
@= i®] (%] (@]
Material Properties
:[=] Main Properties
Modulus of Elasticity E 210000.0 | N/mm 2
Shear Modulus G $1000.0 | N/mm2
Peisson’s Ratio 0.296
Specific Weight T 78.50 [ kN/m*
Coefficiert of Thermal Expansion o 1.2000E-05 | 17K
Partial Safety Factor ™ 110 . .
[E Additional Properties Material Mo. 2 used in
Coefficient for Limiting Stresses of Welds o 0.800 Cross-sections No
[ Thickness Range t < 4.00 cm 23
Uttimate Strength Fu 490.0 | N/mm2
Yield Strength Fy 360.0 | N/mm?2
tembers Mo,

3.8,13,18,23,28.41.46

Sets of members No.:
3

T Lengths: T Masses:

24.09 [ml 1.508 [

Figure 2.4: Table 1.2 Materials

Materials that won't be used in the design appear in gray lettering. 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 are described in chap-
ter 4.2 of the RSTAB manual (Main Properties). The material properties required for design are
stored in the global material library. The values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select in the mod-
ule's Settings — menu Units and Decimal Places (see chapter 7.3, page 57).

10
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Material Description

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

Stegl S 355 | DIN 13800:1990-~

Steel 5 235 DIN 18800:1390-11 -
Steel 5 275 DIN 18800:1990-11
Steel 5355 DIN 18800:1390-11
Fine Grain Steel 5 275 N DIN 18800:1990-11
Fine Grain Steel 5 275 M DIN 18800:1390-11
Fine Grain Steel 5 355 N DIN 18800:1990-11
Fine Grain Steel 5 355 M DIN 18800:1390-11
Fine Grain Steel 5 460 N DIN 18800:1990-11
Fine Grain Steel 5 460 M DIN 18800:1390-11
Improved Steel C 35+N DIN 18800:1990-11 i

Figure 2.5: List of materials

Only "Steel" materials are available in the list. In principle, you can carry out the design with dif-
ferent materials if their stress design concept is based on the comparison of existing normal,
shear, and equivalent stresses with allowable stresses (for example the design of cross-sections
consisting of aluminum or stainless steel). Of course, you must additionally take into account
further standard specifications.

When you have imported a material, the design relevant Material Properties are updated.

Limit stresses of a material that is not allowed (for example coniferous timber) can be defined
by means of Yield Strength (column C) or by ticking the check box Manually (column D) and
entering user-defined specifications. When you have defined the allowable stresses in the col-
umns E to G, the red color will disappear.

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

The import of materials from the library is described later.

Safety Factor ym

This factor describes the safety factor contained in the design values of the material stiffnesses.
Therefore, M is indicated. By means of the factor yw, the characteristic value of the yield strength
fu is reduced in order to determine the limit normal stress orq (see Equation 2.1) and the limit
shear stress tra (Equation 2.2).

Thus, for example for DIN 18800, the factor ywm is considered twice for the design if the calcu-
lation is carried out according to second-order or large deformation analysis: According to
DIN 18800 part 2, el. (116) you must consider the influence of deformations by a stiffness that
is reduced about 10 % when determining internal forces. Moreover, you must reduce the de-
sign values of the stiffnesses by the safety factor ym 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
EN 1993-1-1, section 3 or DIN 18800 part 1, section 4.

When modifying the yield strength, the limit stresses in columns E, F, and G are adjusted au-
tomatically.

For some materials, there is a relation between the characteristic yield strength f,« and the
thickness t of the relevant structural component. In the section Material Properties, the Thick-
ness Range of the material selected above is shown with the corresponding yield strength.

Dlubal ———
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@ The zones of the yield strength are specified in the standards, for example DIN 18800 part 1,
table 1. To control and, if required, adjust the thickness of structural components including
yield strength, click [Edit] (see Figure 2.7, page 14).

Limit Stresses

The limit stresses of materials that are stored in the material library are preset automatically.

E If you want to adjust the limit stresses, you can use the check box Manually or the button
[Edit Material] (see Figure 2.7, page 14).

Manually

If the check box is ticked, you can define the limit stresses in columns E to G manually.

_ . Modified material properties are marked by an asterisk in the column Material Description.
ateral ateral

Na. Description

[ Stee! S 2351 DIN 18800:1990-~] Limit Ox

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 ym.

f
yk
OxRd =
Tm
Equation 2.1
Limitt

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

TRy = fyk
Rd =
Tm \/5
Equation 2.2
Limit Geqv

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

I Program STEEL © 2013 Dlubal Engineering Software
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Material Library

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

Edit — Material Library

or use the button shown on the left.

-

Material Library
Fitter Material to Select
M aterial categary group: M aterial Description Standard i
M tdetal - -
I Stesl S 275 =] DIN 18500:1930-11 L
latcralcainon) M Steel S 355 9 DIN 18500:1990-11 1
W steel ¥ | | Bl Fine Grain Steel S 275N = DIN 18500:1990-11
M Fine Grain Steel § 275 M =] DIN 18500:1930-11
Standard group: . X
M Fine Grain Steel S 355 N =] DIN 18500:1930-11
DN T || Bl Fine Grain Steel S 355 M =] DIN 18500:1930-11
Standard: M Fine Grain Steel S 460 N =] DIN 18500:1930-11
) 0N 18500:1990-11 » | | Fine Grain Steel 5 460 M =] DIN 18500:1930-11
M Improved Steel C 35+H = DIM 18800:1930-11
M Improved Steel C 45+H = DIM 18800:1930-11
[ Stesl S5t 37-2 =] DIN 18500:1930-11
[ Stesl USE37-2 =] DIN 18500:1930-11
[ Include invalid... W Stesl RS 372 =] DIN 18500:1930-11 e
[ Favarites anly... = K
Material Properties. Steel 5 235 | DIN 18800:1990-11
E Main Properties
Modulus of Elasticity E 210000.0 | N/mm2
Shear Modulus G 81000.0 | N/mm2
Poisson’s Ratio v 0.296
Specific Weight T 78.50 | kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 17K
Partial Safety Factor M 1.10
[ Additional Properties
Coefficiert for Limiting Stresses of Welds Cw 0.950
[ Thickness Range t < 4.00 cm
Uttimate Strength fu 360.0 | N/mm2
Yield Strength Fy 240.0 | N/mm2
[ Thickness Range t > 4.00 cm and t < 10.00 cm
Uttimate Strength fu 360.0 | N/mm2
Yield Strength Fy 215.0 | N/mm2
ok ] [ Cancel

Figure 2.6: Dialog box Material Library

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

Click [OK] or use the [] key to transfer the selected material to window 1.2 of the add-on
module STEEL.

Chapter 4.2 in the RSTAB manual describes in detail how materials can be filtered, added, or re-
arranged.

You can also select materials of categories like Cast Iron or Stainless Steel. Please check, however,

whether these materials are allowed by the standard's design concept.

Program STEEL © 2013 Dlubal Engineering Software

13



2 Input Data

i AN
- —

Edit Material

Dlubal —

Engineering Software

To adjust the yield strengths and limit stresses of the currently selected material, click the
button shown on the left. The following dialog box appears:

Edit Material (=23
Material Description
Steel§ 235 ][
Safety Factor
T 110 [
“ield Strengths and Limit Stresses Subject to Component Thicknesses
[ A | B [ C [ D [ E [ F
Range Thickness t [mm] Yield Strength Limit Stresses [N/mmZ]
Na. from to fyk [N/mm2] Limit 5 Limit T Limit Geqy
[ 1T 40.0 2400 2182 126.0 2182
2 100.0 2150 195.5 112.8 195.5
Mumber of User-defined, independent definition of limit stresses
Tanges: 25
Comment
j g Ok ] | Cancel

Figure 2.7: Dialog box Edit Material

ranges is defined in the standards.

and Equation 2.2.

In the table Yield Strengths and Limit Stresses Subject to Component Thicknesses the limits of the
Component Thickness t can be shifted by entering values manually in column B. The number of

If the check box User-defined, independent definition of limit stresses is ticked, you can define the
limit stresses for each range individually. If this check box is not active, the limit stresses are de-
termined by the yield strength f,x (column C) and the safety factor ym according to Equation 2.1

14
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2.3  Cross-Sections

This window lists the cross-sections that are used for the design. In addition, the window al-
lows you to specify optimization parameters.

STEEL - [Hall] [

File Edit Settings Help

CA1 - General stiess analysiz of + | 1.3 Cross-sections

Input Data A ] D_| E 1~ IPE 500 | DIN 1025-6:1984
General Data Section | Material Cross-Section Opti-
- isteisls Mo o Descrption —— Note Comment i
rcoceeime 1 [BIT IPE 5001 DIN 10255:1994 P T&T
1 [T IPE 3601 DIN 10255:13994 No 5
1 [T IPE 4501 DIN 1025-5:1394 From curert row uﬂ A
1 [T HE A 1601DIN 1025-3:1994 From favortes ‘SIA"
1[I HEA 1201 DIN 102531994 From favortes 'BS" .
2 |MT IPE 3601 DIN 1025-5:1994 No =1 I >
1 [BT HE A 140| DIN 1025-3:1394 No e g
1 [BIC GRO 80¢4 | DIN 534101574 No oz
1 W@ Crcle 24 No
1 [T HE A 2001 DIN 102531994 No
v
2
fem]

B EEEG

Cross-section No. 1 used in

Members No.

Sets of members No,

T Lengh  Weight
48,00 [m] 4371 [
Matsiis
1-5teel 5 235
20 The canss-section wil be cptiized. Therstors, the optimsl ssction fom the
Rable will b s =R ] (]
| el wilbs uss &% % [e
@] (&[] S Detais Ao ]

(Cross-section No. 1 - IPE 500 | DIN 1025-5:1994 in members: 1,2,1,12,21 22.31,32,3940

Figure 2.8: Window 1.3 Cross-Sections

Cross-Section Description
The cross-sections defined in RSTAB are preset together with the assigned material numbers.
If you want to modify a cross-section, click the entry in column B to activate this field. Click

[Cross-section Library] or [...] in the field or press function key [F7] to open the cross section
table of the current input field (see figure on the left).

In this dialog box, you can select a different cross-section or a different row. To select a differ-

ent cross-section category, click [Back to Cross-section Library] and access the general cross-
section library.

Chapter 4.3 of the RSTAB manual describes how cross-sections can be selected from the library.

Program STEEL © 2013 Dlubal Engineering Software
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Welded Cross-5ections - I symmetric @
Cross-Section Type Parameters
IRIERIER R 3600/ [ram]
— = = 170,05 ] (mm] I‘;ﬂ
T = L O & B0 | ] :1:
e ——— = = 'y
I 14.055# || [mm]
CILT||T|[Y = g
a 0.0 || [mm] ?
———— 7
BN EAEAED
- g =
Z
o[ 1| I ;
— 4
7
Tt ~11: T 777 1
= || I (/LT
I| &
GIEY &) & [«
1 - HE A 340 | DIN 1025-3:1994 - -
STEEL 2 & (2] [E3]| 15 38017080470
T IZI @ ak. ] | Cancel
i_ Figure 2.9: IS section types in the cross-section library

bl b <R The new cross-section description can be entered directly in the input field. If the data base

=1 contains an entry, STEEL imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

Y If the STEEL cross-sections are different from the ones used in RSTAB, both cross-sections are

displayed in the graphic in the right part of the window. The stress analysis will be performed
with the internal forces from RSTAB for the cross-section selected in STEEL.

Max. Design Ratio

This column will be shown after the calculation. It is a decision support for the optimization.
By means of the displayed design ratio and colored relation scales, you can see which cross-
sections are little utilized and thus oversized, or overloaded and thus undersized.

Optimize
You can optimize every cross-section from the library: Search for the cross-section in the same

row that comes as close as possible to a user-defined maximum ratio. The maximum ratio can
be defined in the dialog box Details (see Figure 3.1, page 19).

If you want to optimize a cross-section, open the corresponding drop-down list in column D or
E and select the relevant entry: From current row or, if available, From favorites ‘description’.
Recommendations for the cross-section optimization can be found in chapter 7.2 on page 55.

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

E A warning might appear before the calculation: Incorrect type of cross-section! In this case, there

is a cross-section that is not registered in the data base. This may be a user-defined section or a
SHAPE-THIN section that has not been calculated yet. To select an appropriate section for the
design, use the [Library] button (see description in Figure 2.8).
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Member with tapered cross-section

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

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 nor-
mal stresses, for example, are determined from the moments of inertia and the centroidal dis-
tances of the stress points. If the start and the end cross-section of a tapered member have not
the same number of stress points, the intermediate values cannot be interpolated. A calcula-
tion won't be possible neither in RSTAB nor in STEEL.

To produce the same number of stress points, you can, for example, define the second cross-
section as a copy of the cross-section start with adjusted geometry parameters. The easiest
way to do this is to describe both cross-sections as parametric cross-sections. In such a case,
the cross-section group IVU I-Section Plus Lower Flange is recommended.

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

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

Cross-section graphic

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

The buttons below the graphic are reserved for the following functions:

Function

Opens the dialog box Info about Cross-section (see Figure 2.10)

Displays or hides the dimensions of the cross-section

Displays or hides the principal axes of the cross-section

IR

Displays or hides the stress points

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

Resets the full view of the cross-section graphic

&

Table 2.2: Buttons of cross-section graphic

Info About Cross-Section

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

Dlubal ———
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7| Info About Cross-Section HE A 400 | DIN 1025-3:1994

Crozz-Section Yalue Description Symbal Walue
Depth

‘width

web thickness

Flange Thickness

Foaot fillet radius

Cross-sectional area

Shear area

Shear area .
Shear area according to EC 3 By 11818
Shear area according to EC 3 Ayz 57.35
‘Wb area Aweb 38.70
Plastic shear area Aply 114.00
Plastic shear area Aplz 40.81
Moment of inertia ly 45070.00
Moment of inertia Iz 8560.00
Governing radius of gyration Ty 168.0
Governing radius of gyration Iz T34
Polar radiuzs of gyration Io 1833
R adiuz of gyration of flange plus 1/5 of we | 1z 794
Wolume W 15900.00
Wweight wit 124.8
Surface Agurf 1910
Section factor Amh 120126
Torsional constant J 130,00
“Warping constant Cw 2.942E+06
Flaztir sectinn madolns G.. Fnnn

mm
mm
mm
cm®/m
ka/m
m/m
1ém
cm
cm?

rmd

==l

+ |HE A 400 | DIN 1025-3:1954

= Stress points
il = c/t-Parts

390.0
]
|
]
|
]
|
]
|
*

[

Cloze

Figure 2.10: Dialog box Info About Cross-section

Click the button [Details] to receive detailed information on stress points (distance to center of
gravity, statical moments of area, normalized warping constants etc.) and c/t-parts.

Stress Points of HE A 400 | DIN 1025-3:1994

==l

B [ [ [ D [ E [ F [ G HE A 400
StressP Coordinates Statical Momerts of Area Thickness Wamping
No. y [mm] z [mm] Qy [em?] Qz[cm?] t [mm] Wno [em?] Safem?]
[ 1 1500 135.0 0.00 0.00 19.0 27825 0.00
2 -325 -195.0 41453 -203.75 19.0 60.29 -3778.92
3 0o -195.0 -537.44 -214.82 19.0 0.00 -3965.06
4 325 -195.0 -414.53 203.75 19.0 -60.23 377892
5 150.0 -195.0 0.00 0.00 19.0 -278.25 0.00 L
[ -150.0 195.0 0.00 0.00 19.0 -278.25 0.00
7 -325 195.0 41459 203.77 19.0 60.29 -3778.92
2 0.0 195.0 -537.44 214.82 19.0 0.00 -3965.06
9 325 195.0 -414.59 -203.77 19.0 60.29 3778.92
10 150.0 195.0 0.00 0.00 19.0 27825 0.00
11 0.0 -149.0 -1153.46 0.00 11.0 0.00 0.00
12 0.0 149.0 -1153.16 0.00 11.0 0.00 0.00
13 0.0 -1275.73 0.00 11.0 0.00 0.00

Figure 2.11: Dialog box Stress Points of HE A 400
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Sigma-eqy - ]
Sigma Total

Sigma M

Sigra -y

Sigma M-z

Sigma H+-y
Sigma M+ -z
Sigma k

Sigma Tensile
Sigma Compressive
Sigma Delta

Tau Total

Tau'-y

Tau¥-z

Tau'

TauM-T St¥enart
TauM-T Bredt
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3. Calculation

3.1

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

Detail Settings

Details

==l

Dizplay Result Tables Consider Plastification

Allow local plastification according to DIM 18800 Part 1,
Element [743]
[Exceed Sigma-eqy by 10%)]

| 2.1 Strezzes by Cross-Section
| 2.2 Strezzes by Set of Members
| 2.3 Strezzes by Member

Calculate normal streszes with plastic shape factors

V| 2.4 Streszes by x-Location Alpha-pl according to DIM 18800 Part 1, EI [750]

/] 2.5 Shesses by Stress Paint [Only congsidered with respect to rolled |-sections]

| 3.1 Goveming Internal Forces for:

Sigma-eqv -

| 3.2 Goveming Internal Forces by Set of Members

Eccentric Transverse Loads on F-Beams

Simplified congideration of eccentric loading for |-beams
with large depth [Rolled 1-zections, [5]

| 4.1 Partz List by Member

. Analyze streszes caused by M-z only at top chord with
| 4.2 Partz List by Set of Members 3 g v 2

substitute cross-gection [Half of an |-section]
@ 0Of designed members / stz of members only

OF all members / sets of members Calculation of Equivalent Stress Sigma-eqv

Method of Stress Calculation Factor for o 100E
For result combinations: Factor for © 200
Streszes from internal forces
@) Calculate stresses from single load cazes in AC and then combine ETEEESEI DL ER I
strezzes according to RC criteria M awirnurn allowable design
ratic: 1,00
Combine stresses from individual extreme values
Iﬁl I@I m Eﬂﬁl 0K ] | Carcel

Figure 3.1: Dialog Details

Display Result Tables

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

Window 2.5 Stresses by Stress Point is inactive by default because the stress graphic can also
provide an evaluation of the results in the stress points. For a check of stress points listed in
tables, activate the display of this window.

The values displayed in window 3.1 Governing Internal Forces are related to the maximum
equivalent stress c.qv (default setting). If you want to evaluate the results specifically, you can
select a different stress type in the list.

Method of Stress Calculation for Result Combinations

A biaxial loading in different load cases may result in the fact that the combined member in-
ternal forces do not produce the maximum stresses. This is the case, for example, when the
first load case with vertical load has only My moments but no M: moments, and the second
load case with horizontal load has only M moments but no My moments. If you superimpose
the load cases with the value "permanent” in a result combination, RSTAB will display in the
table 4.1 Members - Internal Forces that the moment M is not classified as belonging to the
maximum moment My: The horizontal load does not contribute to the increase of the moment
due to vertical load. The RC design is then carried out separately for the maximum moments
My and M. so that the simultaneous effect of both moments for the combined analysis of the
bending stresses is not taken into account.

Program STEEL © 2013 Dlubal Engineering Software
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Stresses from Internal Forces

This type of calculation makes direct use of the RSTAB table 4.1 Members - Internal Forces. By
processing the maximum or minimum internal forces row by row, the stresses for each ex-
treme value together with the corresponding internal forces are determined.

The advantage is that the values of the result combinations can be used directly. This has a
positive impact on the speed of the calculation. In addition, the designed internal forces be-
come transparent because in the STEEL window 3.7 Governing Internal Forces by Member the
module displays the result rows from the RSTAB results table 4.7 Members - Internal Forces.

Calculate Stresses from Single Load Cases and then Combine

This type of calculation is preset to calculate the stresses of result combinations. First, the pro-
gram determines the normal and shear stresses of the load cases contained in the RC. Then,
these stress components are superimposed according to the conditions specified in the com-
bination criterion. Thus, the program ensures that a biaxial bending stress from different load
cases results in correct stresses in a biaxial load state.

The calculation is performed for each stress point. The compression, tension and shear stresses
determined for each load case are summed up according to the RC superposition criterion and
displayed subsequently as stresses of the result combination. The equivalent stress Geqy repre-
sents an exception because it is determined by the RC components of Giotal aNd Tiotal. A SUper-
position of equivalent stresses from the load cases would not be correct as it would lead to too
high stress ratios.

This type of calculation requires more computing time than the direct use of RC internal forces.
Furthermore, the values displayed in window 3.1 Governing Internal Forces by Member for the
equivalent stresses are more difficult to understand.

As pure uniaxial bending usually does not occur in complex 3D models, both calculation meth-
ods should show the same ratios in the output.

Combine stresses from individual extreme values

The check box is deactivated by default so that the stresses are considered row by row (table
of internal forces from RSTAB or stresses from load case internal forces).

If you select this check box, STEEL calculates the stresses not from the according internal forces
or stresses but from the extreme values of the internal forces or stress components at each x-
location (for example max/min values of N, My, and M, for normal stress). These "extreme value
diagonals" guarantee that the most unfavorable constellation is considered (see the text above
introducing the section "Method of Stress Calculation").

Consider Plastification

Allow Local Plastification

If a local plastification according to DIN 18800 part 1, el. (749) is allowed, the equivalent stress
Geqv May exceed the allowed limit stress by 10 % in "small areas".

STEEL analyzes the conditions mentioned in el. (749) for the small areas.
‘GN + GMy ‘ <0.8- GR,d

Equation 3.1
|GN + GMZ | <0.8- GR,d

Equation 3.2

If the conditions are fulfilled, the limit stress for the design of Geqv Will be increased.

20
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Calculate normal stresses with plastic shape factors o,

According to DIN 18800 part 1, el. (750), stresses can be reduced by plastic shape factors o
This reduction refers to the normal stresses om due to the bending moments My and M..

Equation 3.3

If you use this plastification option, STEEL applies the plastic shape factors o,y = 1.14 and
Opiz = 1.25 which are mentioned in the standard.

The reduction of normal stresses by plastic shape factors according to DIN 18800 part 1,
el. (750) is allowed only for rolled I-shaped cross-sections.

Eccentric Transverse Loads on I-Beams

If transverse loads are introduced on the upper flange of beams, their influence on the bend-
ing stress in the lower flange decreases with increasing cross-section depth. For this reason, it
is possible to consider eccentrically acting transverse loads by a simplified method for high
I-sections. For each(!) rolled or parametrical symmetrical I-section that is set for design, the
bending moment M. is calculated only on the upper flange. STEEL uses a substitute cross-
section with half of the moment of inertia I. for stress determination.

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 recommended

to design all high I-beams in a separate STEEL case (see chapter 7.1, page 53).

Equivalent stress Geqv

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

_ 2 2
Geqv _\/f1 *Ototal T f2 *Ttotal

where fi: factor for normal stresses
fa factor for shear stresses

Equation 3.4
The factors mentioned in DIN 18800 part 1, el. (748) are preset with fi = 1.0 and f. = 3.0.

Cross-Section Optimization

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

Dlubal ———
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3.2 Stresses and Ratio

The normal stresses Giotal, Trotal, aNd Ceqy are displayed as presettings in the windows 2.1 to 2.5.
To display further stress components, click [Select Stresses to Show] and [Extended Stress
Diagram] (see Figure 5.1, page 39).

Normal stresses

For signs, the following rule applies in STEEL: Tensile stresses are indicated by positive signs
and compressive stresses by negative signs (see Figure 3.2).

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

The normal stresses o have the following meanings:

Stress due to axial force N
N
ON c=—
A
where A: cross-sectional area of cross-section
Stress due to bending moment My
M
o=V e,
Olpy °
Oy ply "'y
where oy plastic shape factor according to DIN 18800 part 1, el. (750)
ly: second moment of area related to principal axis y
e centroidal distance of the stress point in direction z
Stress due to bending moment M,
M
o= ——Zl-e
Ay 7
Omz Pz
where  dpiz plastic shape factor according to DIN 18800 part 1, el. (750)
l2: second moment of area related to principal axis z
ey: centroidal distance of stress point in direction y
Stress due to bending moments My and M;
M M
o)
M c=—"7—.e,——2—-e,
%ply “ly %piz I
Tensile stress due to axial force N and bending moments My and M.
Gensi N M M
tension c=—+ y .ez _ z e
A agycly %piz I
Compressive stress due to axial force N and bending moments My, and M,
G i N M M
compression c=—+ y .ez _ z e
A agycly %piz I
o Maximum difference between normal stresses of different load cases that are
anee required, for example, for the fatigue design
Normal stress due to axial force N and bending moments My and M,
c N M M
total c=—+ y e, — z e,
A (X,pLy 'Iy apl,z '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 My is positive if tensile stresses are generated on the positive member
side (in direction of the z-axis). M. is positive if compressive stresses occur on the positive
member side (in direction of the y-axis). The sign definition for torsional moments, axial forces,
and shear forces conforms to the following convention. These internal forces are positive if
they act in a positive direction.

If the Type of Model was defined as 2D in the General Data of RSTAB, the design of unsymmet-
rical cross-sections like angles or C-sections needs to be handled with care. In a plane model,
only moments about the member axis y are possible so that RSTAB performs a division of the
moment in the direction of the principal axes u and v. STEEL designs only the part of the
moment about the y-axis. Therefore, systems with unsymmetrical cross-sections should be
checked by means of a spatial model (model type 3D).

Dlubal ———
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Shear stresses

The shear stresses T have the following meanings:

Stress due to shear force Vy
e NQ
l,-t
Tv-y i . .
where Q: statical moment related to principal axis z
l2: second moment of area related to principal axis z
t: governing thickness of cross-section
Stress due to shear force V;
e Y29y
ly -t
Tvz
where  Qy: statical moment related to principal axis y
ly: second moment of area related to principal axis y
t: governing thickness of cross-section
Stress due to shear forces Vy and V.,
T __ %% V.9
I, -t ly -t
Stress due to torsional moment Mr in case of open cross-section
M
T=—1.t
TM-T, St.Venant J
where J: Saint Venant torsional constant
t: governing thickness of cross-section
Stress due to torsional moment My in case of closed cross-section
M
S L
TM-T, Bredt 2: Am -t
where  Am: area enclosed by the center lines of the cross-section
t: governing thickness of cross-section
Stress due to torsional moment Mr
T™T M M
t=—T.tort= 1
J m-t
Shear stress due to shear forces Vy and V; and torsional moment Mr
Ttotal _ "
T=Ty 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.
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For shear stresses due to torsion, please note:

¢ 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. The shear stress will be determined exclusively
according to the Bredt formula. Thus, STEEL won't perform any pro-rata analysis for
M stvenant aNd Mrgreat like it is done in the cross-section module SHAPE-THIN.

e Theinfluence of the warping torsion is not considered in STEEL. The design, like the de-
termination of internal forces in RSTAB, is limited to the primary torsional moment. How-
ever, if you have to consider warping stresses due to the secondary torsional moment or
the warping bimoment, it is recommended to use the add-on module FE-LTB for the
analysis.

For thin-walled cross-sections, we can assume as a simplification that the shear stress runs par-
allel to the wall of the cross-section. Therefore, the parts of the shear stresses resulting from
both the components of the shear forces are added. The sign of the statical moments defines
here which parts are applied positively and which negatively.

The shear stress due to the torsional moment is to be considered differently for the total shear
stress, depending on whether it is an open or a closed cross-section. For an open cross-section,
the torsion shear stress is added with the sign to that sum from the individual shear stresses
that results in the greatest absolute value of the sum.

For a closed cross-section, on the other hand, the torsional shear stress is simply added to the
sum from the individual shear stresses. Here, the signs for core area and statical moments are
set in such a way that they correspond to the program-specific sign conventions of the shear
stress that is dependent on the loading.

Shear stresses within the cross-section

Stress points lying within the cross-section do not permit the assumption mentioned above
that the shear stress runs parallel to the wall of the cross-section. Here, a special method with
twin stress points is used that creates two stress points with identical coordinates in the cross-
section.

The one stress point considers the statical moment about the y-axis (parameter for the shear
stress due to vertical shear force), the other considers the statical moment about the z-axis
(parameter for shear stress due to horizontal shear force). For these stress points, the comple-
mentary statical moment is zero, respectively. It is possible to assign different thicknesses to
the twin stress points that have an influence on the calculation of the shear stress. The shear
stresses are considered as interdependent components acting perpendicularly to each other:
they are components of one stress state. For the determination of the total shear stress, both
parts are quadratically added. The shear stress due to the torsional moment is not considered
in these points.

The shear stresses of result combinations in the twin stress points may not be combined linear-
ly. Therefore, the extreme values of both components are evaluated with the corresponding
complementary shear stresses in order to determine the greatest total shear stress.

Dlubal ———
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Equivalent stress

The equivalent stress Geqy, for example according to DIN 18800 part 1, el. (748), is determined

as follows:
Equivalent stress from normal stresses o and shear stresses t
_ 2 2
GCeqv _\/f1 *O'total +f2 *Ttotal
Geqv
where fi: factor for normal stresses
fa factor for shear stresses

Table 3.3: Equivalent stress Geqv

" Details_ Factors fi and f2 can be defined in the dialog box Details (see Figure 3.1, page 19). The factors
fi=1.0and 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.

o

ORrd

Equation 3.5: Design condition for normal stresses
T 4
TRd

Equation 3.6: Design condition for shear stresses
(¢
8V
Ord

Equation 3.7: Design condition for equivalent stresses
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 40). The ratios due to normal, shear, and equivalent
stress are displayed in the table output by default.

@ If the limit stress is not exceeded, the ratio is less than or equal to 1 and the stress design was

Max: 096 | =1 k
carried out successfully.
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3.3 Start Calculation

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

STEEL searches for the results of the load cases, load combinations, and result combinations
you want to design. If they cannot be found, the program starts the RSTAB calculation to de-
termine the design relevant internal forces.

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

To Calculate @
Load Cases / Combinations / Module Cases | Result Tables |
Not Calculated Selected for Calculation
No = Description i Mo. = Description -
| ¢ Jiw] Self-weight CA1 STEEL - General Stress Analysis of Steel Members
IEEA LC3 | Live load A
@8 LC2 | Snow F
L4 [Windin X
LC5  [WindinY
N LC8 Shock load
[ imp QY Imperfections in X
M LC7 Imperfections in Y
CO1 | 1.35°LC1
CO2 | 1.35°LC1+LCE
EEICO3  [1.357LC1 + LCT
CO4 | 1351C1+15°1C2
EICO5 [ 1.35°1C1 +1.5°LC2+ LCE
EEICO6 | 1.35°LC1 + 1.5°LC2 + LCT
co7 1.35°LCT + 1.5°LC2 + 1.057LC3
Eil C08 [ 1.35°LCT + 1.5°LC2 = 1.05°LC3 + LCE
EEICo3 | 1.35°1C1 + 1.5°LC2 + 1.05°LC3 + LCT
CO10 | 1.35°LCT + 1.57°LC2 + 1.05°LC3 + 0.9°LC4
CO11 | 1.35°LC1 + 1.5°1C2 + 1.05°LC3 + D.9°LC4 + LCE
EE 012 [ 1.35°LC1 + 1.5°LC2 + 1.05°LC3 + 0.9°LCE
EEl CO13 | 1.35°LC1 + 1.5°LC2 + 1.05°LC3 + 0.9°LC5 + LCT
CO14 | 135°1C1 +15°C2 « 0.9°LC4
i €015 | 1.35°LC1 + 1.5°LC2 + 0.9°LC4 = LCE —
Gl CN1R (13RI C 1 < 1R 2 N9 R b |
CE— -
Add-on Modules l:]
Al Figure 3.3: Dialog box To Calculate

LC Load Cases
€0 Load Combinations

RC_ Result Combinations If the STEEL design cases are missing in the Not Calculated list, select All or Add-on Modules in
Bl Add-on Modules . .
the drop-down list below the list.

To transfer the selected STEEL cases to the list on the right, click [»1. Click [OK] to start the cal-
culation.

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

Help
Q> ;';‘-,_‘w,.ﬂ@\: f B e S BE R BB A E O

& - | (£ - [show Resuits T P P TR e [ RS B E

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

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

The window 2.1 Stresses by Cross-Section is displayed immediately after the calculation.

Dlubal —

STEEL - [Hall] ==
File Edit Settings Help
CA1 - Allgemeine Spannungsan + | 2.1 Stresses by Cross-Section
Irput Dt B [ C [ D E [ F 1 G T H || [1-HEA400 DN 102531994
- Genersl Data Section | Member | Location | 5-Font | Load- Siress Siress [N/mm?2] Siress Sigma Total
- Materials Mo No. x [m] No. ing Type Existing Limiting Ratio Member No. 22, x: 0.000 m
- Crass-sections HE A 4001 DIN 1025-3:1934
Hlesuts M 2z | ooo| 6 RC1 | Sigma Total 1882 2182 0.86
SliesseslbCioss Seolon 39 0000] 1 RC1 | SigmaN 161 2182 007
Stresses by Set of Members | ™55 6000 10 RC1 | Sigma My 1749 282 0.80|=
Elieanlp 'y | 2 0000] 10 | RC1 | SigmaMz 05 2182 014
" Stresses by wlocation | T ap 0000 13 | RC1 |TauTotal 474 1250 038
" Stresses ot Every Stiess Paint | 7™ 4p 0000] 13 | Rl | TaV 470 1250 037 5 @y w0
- Governing Intemal Forces byM| [~ | 55 so00 Bl TawMT 4z 1250 003 £
» Goveming Intemel Forces by 51 ™1™ 25 0000 6 RC1 | Sgmaeav 1882 2182 086
P List by Menber
Fars List by Set of Menbers 515 TR0
2 301 6 | RC1 | SigmaTowl 3127 273 096
45 00| 1 RC1 | SigmaM 247 273 008
28 am 5 RC1 Sigma My 2877 3273 0.88
3 3011 10 | RCT | Sigma M= 28 273 003
i 3011 13 | RCT | TauTowl 320 183.0 017
2 000 13 | RCT |TauV 275 183.0 015
18 011 1 RCT | Tau WT 116 189.0 006
= 3011 6 | RCT | Sgmaeay 327 273 095
3|15 500/ 1T70/8/14/0
am 6 RC1 Sigma Total 3127 3273 0.96 3
4 no00| 1 RC1 | Sgmal 247 273 008
2 3011 5 | RCl | SigmaMy 2877 273 088
2 3011 10 | RCT | Sigma M- 88 273 003 s L
18 3011 13 | RCT | TauTowl 320 1890 017
2 0000[ 13 | RCT |TauV 275 189.0 015
18 011 1 RCT | Tau T 116 189.0 006
2 301 6 | AC1 | Somaear 3127 273 096
§ | HE A16D| DIN 1025-3:1354
82 0000[ 10 [ RCT | Sigma Total 1486 2182 068
52 0000 |1 RC1 | Sgmai 20 2182 01| | o ;o182 Wenm? )
52 0000[ 5 | RCT | SigmaMy 1256 2182 058 v| |Max: 1658 Nmm2 (5)
v |05 57 @ PEEE-EAnE @EE
g it v
[gj E] E] Calculation Detaiks: Graphics Cancel

Figure 4.1: Results window with stresses and stress ratios

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

The windows 3.1 and 3.2 list the governing internal forces. In the last two results windows 4.1
and 4.2, parts lists are displayed by members and set of members.

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

Click [OK] to save the results. You exit STEEL and return to the main program.

Chapter 4 Results describes the different results windows one after the other. Evaluating and
checking results is described in chapter 5 Results Evaluation, page 39 ff.

28
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4.1  Stresses by Cross-Section

In this results window, the maximum stress ratios of all designed members and actions are
listed by cross-sections. The ratios for the internal forces of the governing load cases and com-
binations are sorted by stress types.

21 Stresses by Cross-Section

BE_[ C [ D T E [ F [ G [ H | ~|[1-HE & 400 DN 1025-3-1994
Section | Member | Location | S-Point Load- Stress Stress [N/mm2] Stress Sigma Total
No Mo. x Jm] No. ing Type Existing Limiting Ratio Wember No. 22, x: 0.000 m
HE A 400 | DIN 1025-3:1334
I 0000] 6 RC1 | Sigma Total 1882 2182 0.6
0.000 1 RC1 Sigma N -16.1 2182 0.07
6000 10 RC1 | Sigma My 1745 2182 0.80| =
0000 10 RC1 | Sigma Mz 305 2182 0.14
0.000 13 RC1 Tau Total 474 126.0 038
0000 13 RC1 | TauV 470 1260 037 e wn T (SR
6.000 1 RC1 | Tau M-T 42 126.0 0.03 ' r s i
0.000 6 RC1 Sigma-eqv 1882 2182 0.86
2 1S 360/170/8/14/0
28 o 6 RC1 | Sigma Total 3127 3273 0.96
45 0.000 1 RC1 Sigma N -247 3273 0.08
i} 301 5 RC1 | Sigma My 2877 3273 0.88
28 30 10 RC1 | Sigma Mz 83 3273 0.03
18 on 13 RC1 Tau Total -320 189.0 017
2B 0.000 13 RC1 TauV 275 185.0 015
18 301 1 RC1 | Tau M-T -116 189.0 0.06
28 3o 6 RC1 | Sigma-eqv 27 3273 0.96
3 1S 500/170/8/14/0
28 o 6 RC1 | Sigma Total 3127 3273 0.96 5 YE]
45 0000 1 RC1 | Sigma N 247 3273 0.08 ahd T
i} 301 5 RC1 | Sigma My 2877 3273 0.88 Z
28 30 10 RC1 | Sigma M-z 88 3273 0.03 o 1849 A
18 on 13 RC1 Tau Total -320 189.0 017
2B 0.000 13 RC1 TauV 275 185.0 015
18 301 1 RC1 | Tau M-T -116 189.0 0.06
28 3o 6 RC1 | Sigma-eqv 27 3273 0.96
6 HE A 160 | DIN 1025-3:1554
82 o000 10 RC1 | Sigma Total -1486 2182 0.68
82 0000] 1 RC1 | Sigma N 230 2182 011 Min - 1882 Nimm? (5)
82 0.000 5 RC1 | Sigma My 1256 2182 058 ~ | [Max: 1658 NimmZ (5)

Ma [ 0% [<1 @ O EHE ExE R & (o) ExE

&

Figure 4.2: Window 2.1 Stresses by Cross-Section

Section No.

The results are listed by cross-section numbers. The description of the cross-section is displayed
to the right of the cross-section number.

Member No.

It shows the number of the member that bears the maximum stress ratio within the set of
members indicated in column E.

Location x

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

e Startand end node
¢ Dividing points according to possibly defined member division (see RSTAB table 1.6)

e Member division according to specification for member results (RSTAB dialog box
Calculation Parameters, tab Global Register 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 are defined
by centroidal distances, statical moments, and cross-section thicknesses, which allow for a de-
sign according to Table 3.1 and Table 3.2 (see page 22).
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All default cross-sections of the library as well as the SHAPE cross-sections are provided with
stress points on the design relevant cross-section locations. For user-defined cross-sections,
the parameters of the stress points must be defined manually or else a design in STEEL will not
be possible.

The cross-section dialog graphic on the right shows the stress points, including numbering.
The currently selected stress point (that means the stress point of the table row where the
pointer is placed) is highlighted in red.

H

To check the stress point's properties, click [Extended Stress Diagram] (see chapter 5.2, page

B

42).
Loading
Column D displays the numbers of the load cases, load combinations, and result combinations
whose internal forces produce the respective maximum stresses.
Stress Type
Ratios due to normal stress Grotal, Shear stress Trora, and equivalent stress Geqy are set by default.
The determination of these stresses is described in Table 3.1, Table 3.2, and Table 3.3 on page
22 to 26.
E You can display the components of the total stresses in order to check the data (see Figure 4.3).
The stress components can be selected in the dialog box Stresses - Filter (see Figure 5.2, page
40).
Stress Existing
This column displays the extreme values of the existing stresses determined according to the
equations in Table 3.1, Table 3.2, and Table 3.3 (see page 22 to 26).
Stress Limiting
This column shows the limit stresses of window 1.2, column E to G (see chapter 2.2, page 10).
In particular, they are the following:
¢ Limit normal stress o as the allowable stress for actions due to bending and axial force
e Limit shear stress T as the allowable shear stress due to shear and torsion
e Limit equivalent stress Geqv as the allowable equivalent stress for the simultaneous effect
of normal and shear stresses
Stress ratio
M 0% [T | The last column shows the quotient from the existing and the limiting stress. If the limiting
- ' _ stress is kept, the ratio is less than or equal to 1 and the stress design was carried out success-

fully.

The length of the colored scales represents the respective stress ratios.
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Stresses by Set of Members

B C [ D T E F [ G H | «| [o-PE 380 DIN 1025-5:1994
Set | Member | Location | S-Point Load- Stress Stress [N/mm<] Stress Sigma Total
No No x [m] No. ing Type Existing Limiting Ratio Wember No. 68, x: 3.125m
Floor beam B-B (Member No. 66-65)
- 3125] 6 RCT | Sigma Total 2064 2182 095
66 0000 13 RC1 | Sigma N M7 8.2 0.16
69 3.125 10 RC1 Sigma My 1826 2182 0.84
68 3125 6 RC1 Sigma M-z 34 N8z 0.02
66 6250 13 RC1 | Tau Total 415 126.0 0.33 (=
69 0.000 13 RC1  |TauV 415 126.0 0.33
66 3125 1 RC1 | Tau M-T 42 126.0 0.03
68 3125 6 RC1 Sigma-eqv 2064 2182 0.5
2 Floor beam A-A (Member Mo. 71-74)
73 3125 6 RC1 Sigma Total 1876 282 0.86
71 3125 1 RC1 | Sigma N 16 2182 0.00 3
71 3125| 10 RC1 | Sigma My 1843 2182 0.85
73 2813 6 RC1 Sigma M-z 40 N8z 0.02
71 0000 13 RC1 | Tau Total 420 126.0 0.33
Fill 6.250 13 RC1  |TauV 413 126.0 033
71 3125 1 RC1 | Tau M-T 43 126.0 0.03
73 3126| 6 RC1 | Sigma-eqv 1876 8.2 0.86
3 Ridge beam E-E (Member No. 1-8)
8 3om 10 RC1 Sigma Total -162.3 3273 0.50
7 3262 1 RC1 | Sigma N 83 82 0.04 5
3 3.0 5 RC1 | Sigma My 1475 3273 0.45
2 0.000 10 RC1 Sigma M-z 0.5 282 0.4
3 3011 13 RC1 | Tau Total 177 189.0 0.0%
2 0.000 13 RC1 |TauV 170 1260 013
& 0.000 10 RC1 | Tau M-T 7. 126.0 0.06
3 301 10 RC1 | Sigma-eqv 162.3 3273 0.50
4 | Column 1-1 {Member No. 31,32)
32 3.000 10 RC1 Sigma Total -1553 2182 07
3 0000 1 RC1 | Sigma N -16.1 2182 0.07 Min @ A725 Nmm2 (5)
32 3000 5 RC1 | Sigma My 1486 8.2 068) ~| |Max: 2064 WmmZ (8)
Ma [ 0% [<1 @ OER EEE & (¢ @EER

Figure 4.3: Window 2.2 Stresses by Set of Members
This results window is displayed when you have selected at least one set of members for the
design. The table lists the maximum ratios sorted by sets of members.

Column Member No. shows the number of the one member within the set of members that
bears the maximum stress ratio for the respective stress type.

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

B [ C D [ E [ F [ G ||[1-HEAd400|DIN 1025311904
Member| Location | 5-Point Load- Stress Stress [N/mm=2] Stress =| [sigma Total
No. x [m] Na. ing Type Existing Limiting Ratio Member Ne. 1, x: 6.000 m
Cross-section No. 1-HE A 400 | DIN 1025-3:1394
I 6000] s AC1 | Sigma Total 927 2182 042
0000 1 RC1 [Sigma N 82 218.2 0.04
600D 5 RC1 | Sigma My 885 2182 041
0.000] 10 RC1 | Sigma Mz 269 2182 012
6000| 13 RC1 | Tau Total -16.1 126.0 0.13
2100[ 13 RC1 [TauV 157 126.0 0.12 8443 g4.88 8521 55,51
6000 10 RC1 | TauMT 13 1260 0.01 F i *
6000 6 RC1 | Sigma-eqv 927 2182 0.42
2 | Crosssection No. 1-HE A 400 | DIN 1025-3:1994
000 6 RC1 | Sigma Total -99.3 2182 0.46
0000 1 RC1 [Sigma N 82 218.2 0.04
6000] 10 RC1 | Sigma My 90.0 2182 041
0000| 10 RC1 | Sigma Mz 05 2182 0.14
0.000] 13 RC1 | Tau Total 170 126.0 0.4
0.000] 13 RC1 [TauV 17.0 126.0 0.13
6000 1 RC1 | TauMT 21 1260 0.02
0000 & RC1 | Sigma-eqv 39.3 2182 0.46
3 | Crosssection Mo 3-1S 500/170/8/14/0 2 -1S 360/170/8/14/0
000 6 RC1 | Sigma Total -154.9 327.3 047 s g
3011 1 RC1 [Sigma N 26 327.3 0.03
0000 5 RC1 | Sigma My 1455 3273 0.44
0000| 10 RC1 | Sigma Mz 35 3273 0.01 y
0000 13 RC1 | Tau Total 16.1 185.0 0.08 26 =
3011 13 RC1 [TauV 142 189.0 0.08
0.000| 10 RC1 | TauMT 48 189.0 0.03
0000 & RC1 | Sigma-eqv 155.1 3273 047
4| Crosssection No. 17 - IPE 360 DIN 1025-5:1934
0000 6 RC1 | Sigma Total -95.2 2182
0000 1 RC1 [Sigma N 88 218.2 Min 0 927 Nmm2 (&)
0000 5 RC1 | Sigma My 2182 M 53 Nmm2 (5)

Max: 0% (=1 @

Figure 4.4: Window 2.3 Stresses by Member
This results window presents the maximum ratios for different stress types sorted by member
numbers. The columns are described in detail in chapter 4.1 on page 29.

If you have a tapered member, both cross-section descriptions are displayed in the table row
next to the section number.
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4.4  Stresses by x-Location

2.4 Stresses by x-Location

I D [ E [ F [ G ||[1-HEAd400|DIN 1025311904
Member| Location | 5-Point Load- Stress Stress [N/mm 2] Stress Sigma Total
No. x [m] Na. ing Type Existing Limiting Ratio Member Ne. 1, x: 0.000 m

No. 1-HE A 400 | DIN 1025-3:1594
I 1 RC1 | Sigma Total 915 2182 042

0000 1 RC1  [Sigma M 8.2 2182 0.4

0000 10 RC1 | Sigma My 635 2182 032

0000 10 RC1 | Sigma M= 263 2182 012

0000 13 RC1 | Tau Total 157 126.0 0.12

0000 13 RC1  [TauV 155 126.0 0.12

0000 10 RC1 | TauM-T 03 126.0 0.00

0000 1 RC1 | Sigma-eqv 315 2182 042

1 Cross-section No. 1-HE A 400 | DIN 1025-3:1954

1.000] 1 RC1 | Sigma Total 574 218.2 026
1000 1 RC1 | Sigma N 3 2182 0.03 J
1000 10 RC1 | Sigma My 432 2132 0.20 20
1.000] 10 RCT | Sigma Mz 143 218.2 0.07

1000 13 RC1 | Tau Total 457 1260 0.12

1000) 13 RC1 | TauV 157 1260 012

1000[ 1 RCT | TauMT 01 1260 0.00

1000 1 RC1 | Sigma-eqy 574 218.2 026

1 Cross-section No. 1-HE A 400 | DIN 1025-3:1354

1.200 1 RC1 | Sigma Total -50.8 2182 0.23
1.200 1 RC1 | Sigma M -7 2182 0.03
1200 10 RC1 | Sigma My 79 2182 0.17
12000 10 RC1 | Sigma Mz 123 2182 0.06
1200 13 RC1 | Tau Total -15.8 126.0 0.13
1200 13 RC1  |TauV -15.7 1260 0.12
1200 1 RC1 | Tau M-T 01 126.0 0.00
1.200 1 RC1 | Sigma-eqv 50.8 2182 0.23

1 Cross-section No. 1-HE A 400 | DIN 1025-3:1354

1500[ 1 RC1 | Sigma Total 410 218.2 019
1500 1 RC1 | Sigma N 70 218.2 0.03 Mn o 815 Nmm2 (1)
1500 10 RC1 | Sigma My 300 2182 074] ~| [Max: 754 wmm? (10)

Mac [ DE [T @ 0 HER EER & (o) &

Figure 4.5: Window 2.4 Stresses by x-Location

This results window lists the maximum stresses for each member at all locations x resulting
from the division points defined in RSTAB:

e Startand end node
¢ Dividing points according to possibly defined member division (see RSTAB table 1.6)

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

e Extreme values of internal forces
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2.5 Stresses at Every Stress Point

B [ C 1 D [ E [ F [ G =] [2-3153801n70/8M410 - 15 5001701410
Member| Location | 5-Point | Load- Stress Stress [N/mm -] Stress Sigma Total
No. x [m] Na. ing Type Existing Limiting Ratio Member No. 18, x: 1.004 m
1.004 1 RC1 Sigma-eqv 1936 3273 053

18 | Cross-ssction No. 2- 15 360/170/8/14/0 ... 3- IS 500/170/8/14/0

LS ] RC1 | Sigma Total 1303 3273 0.58
I RC1 |Sigma M 115 3273 004
1004 2 RC1 | Sigma My 1395 3273 061
1004 2 RC1 | Sigma Mz 02 3273 0.00 1935 1903 1885
104 2 ACT | Tau Total 5.1 189.0 0.05 L
10| 2 RCT  [TauV 55 183.0 .03 /
1004 2 RC1 | TauMT 56 189.0 0.03
[ RC1 | Sigma-eqv 1308 3273 058

18| Cross-section No. 2- 15 360/170/8/14/0 ... 3-15 500/170/8/14/0

1004 3 RC1 | Sigma Total 190.1 3273 0.58
1004 3 RC1 |Sigma M 115 3273 0.4
1004 3 RC1 | Sigma My 1395 3273 061 . _ >
1004 3 RC1 | Sigma Mz 00 3273 0.00 -1 ¥
1004 3 RCT | Tau Total ER 1890 005
1004 3 RCT  [TauV 52 183.0 .03
1004 3 RC1 | TauMT 56 189.0 0.03
1004 3 RC1 | Sigmaeqv 1307 3273 058

18 | Cross-ssction MNo. 2 - 1S 360/170/8/14/0 ... 3 - 1S 500/170/8/14/0

1004 4 RC1 | Sigma Total 189.9 3273 058
1004 4 RAC1 | Sigma N 115 3273 0.04
1004 4 RCT | Sigma My 1395 3273 061
1004 4 RC1 | Sgma Mz 02 3273 000
1004 4 RC1 | Tau Total X 183.0 005
1004 4 RCT | TauV 54 183.0 0.03
1004 4 RCT | TsuMT 55 183.0 0.03
1004 4 RC1 | Sgmaeqv 1305 3273 058
18| Crosssection No. 2- IS 360/170/8/14/0 ... 3 - IS 500/170/8/14/0 Min c 2123 Wmm? o)
1004] 5 RC1 | Sigma Total 186.5 3273 057| ~| |uax: 1938 wmm2 (1)
Mac [ 0% [T ® 0 ER BEE R G (e &

Figure 4.6: Window 2.5 Stresses at Every Stress Point

= This results window is inactive by default because STEEL determines the maximum stresses,
and thus the governing stress points, automatically. In addition, the windows 2.1 to 2.4 allow
you to check the results of each stress point graphically and numerically by clicking the button
[Extended Stress Diagram] (see chapter 5.2, page 42).

If a results evaluation by stress points is required, you can display the window by opening the
dialog box Details (see Figure 3.1, page 19). The dialog box can be opened in every window by

clicking [Details].

The stresses in window 2.5 are listed for each member according to Location x and S-Point No.
The different columns of this window are described in detail in chapter 4.1 on page 29.
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4.6 Governing Internal Forces by Member

31 Goveming Internal Forces by Member

. B | C [ D [ E [ F [ G [ H [ -
Member | Location Load- Forces [kN] Moments [lNm]
No. xml ing N Vy Vz Mt My Mz
I 6000] RCY L5469 0.49 6066 -0.08 204 52 044
2 0.000] RCI -130.16 520 6136 0.03 116431 1142
3 0.000] RCi 164.92 0.19 4868 0.10 203.37 035
4 0.000] RCI 6377 035 36.39 008 76.05 028 L
5 4705] RC1 +60.93 033 179 0.10 7749 034 3
& 0.000] RC1 61.06 059 476 021 75.45 096
7 3262 RCI 6472 012 3668 D10 7863 016
8 3011 RC1 466.13 0.10 49.13 0.05 207.85 0.90
11 6000] RC1 189.74 046 9177 .14 336.66 029
12 6000 RCI 19741 D04 5938 008 38286 027
13 0.000| RCI 198.28 0.00 70.66 0.08 336.72 013
14 0.000] RCI 196.38 0.16 59.05 0.06 14134 027
15 5378] RCi 184.16 D.12 131 0.06 156.32 056
16 0.941] RC1 +75.95 026 0.15 0.06 157.30 0.16
17 3262 RCI 17218 0.10 -68.52 0.08 143.04 0.01
18 3011 RC1 17517 0.15 -90.81 0.10 1383.03 0.78
21 6000] RCI 1117 059 0227 020 37257 049
22 0.000] RC1 -178.15 025 136.96 0.02 402.74 1158
23 0.000] RCI -110.48 007 8950 026 37270 024
24 0.000] RCI 10756 004 6769 [ 113584 0.18
25 5333 RC1 195.05 0.03 -1.18 0.02 154.34 035
26 0.896| RC1 10766 0.4 .88 0.05 152.18 0.02
27 3262 RCl -134.86 0.02 69.54 0.02 161.17 0.10
28 3011 RC1 1138.14 024 -91.39 0.00 40422 119
31 3.000] RCI 22237 210 72.81 .08 187.7 0.76
32 3.000] RCi 198.36 0.18 17674 0.14 343.44 030
33 0.000] RCI 21625 502 009 D.00 D22 317
34 0.000] RC1 118 023 0.04 0.00 0.15 0.83
35 0.000] RC1 21646 5.05 0.10 0.00 0.35 330
36 0.000] RCI 136 020 006 0.00 023 081
37 0.000| RCI 21624 493 .09 0.00 020 332
33 0.000] RCI 118 028 0.04 0.00 0.15 1.02
39 3000] RCI 22276 032 6354 004 19407 275
40 3.000] RC1 198.56 0.08 178.80 0.05 348.43 013 -

Figure 4.7: Window 3.1 Governing Internal Forces by Member

This window displays for each member the governing internal forces, whose stresses result in
maximum stress ratios. They refer to the maximum equivalent stress Geq by default. In the dia-
log box Details (see Figure 3.1, page 19), which can be accessed by using the [Details] button,
you can set another stress type.

If you Calculate stresses from single load cases in RC and then combine stresses according to RC cri-
teria (see Figure 3.1, page 19), you disable the direct evaluation of the RC result rows of RSTAB
table 4.1 Members - Internal Forces. Instead, compression, tension, and shear stresses deter-
mined for each load case are summed up according to the RC superposition criterion. The
equivalent stress c.q, represents an exception because it is determined by the RC components
of Giotal aNd Trotal. Therefore, the governing internal forces for result combinations are not im-
mediately transparent.

Location x

This column shows the respective x-location where the member's maximum stress ratio occurs.

Loading

Column B displays the numbers of the load case or the load and result combinations whose in-
ternal forces produce maximum stresses.

Forces / Moments

For each member, the normal and shear forces as well as the torsional and bending moments
producing maximum stresses are displayed.

Program STEEL © 2013 Dlubal Engineering Software
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4.7 Governing Internal Forces by Set of Members

3.2 Govemning Internal Forces by Set of Members

[ A C | D | E | F | G | H | |
Set Location Load- Forces [kN] Momerts flcNm]
No. xm] ing N Wy Vz M My Mz
P 3138] RCl 16934 0.00 0.00 0.02 163.37 0.29
2 3125| RCI 0.04 0.00 0.00 0.02 167.00 0.34
3 3011| RC1 66.13 .10 49.13 0.05 -207.85 0.90
4 3.000] RCi -98.36 0.18 7674 014 34344 0.30
5 0.000] RCI 21625 502 0.09 0.00 022 317
& 0.000] RCI 21646 505 .10 0.00 0.35 330
7 0.000] RC1 21624 493 0.09 0.00 0.20 3R
8 3000] RCI1 -98.56 .08 178.80 .05 34843 013

&
®
#
0

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

This window shows the internal forces that result in the maximum stress ratios for each set of
members.
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4.8 Parts List by Member

Finally, STEEL provides a summary of all cross-sections that are included in the design case.

4.1 Parts List by Member

r. A | ] [ c [ D [ E [ F [ G [ H [ 1
Part Cross-Section Number Length Total Length | Surface Area Volume  [Cross-Section Mass Total Mass
No. Description Members [m] [m] mZ] m2] [kg/m] kal it
-I 1-HE A 400 | DIN 1025-3:1554 ] & 6.00 36.00 68.76 0.57 12482 74885 4452
2 |2-15380/170/8/14/0 ... 3- 1S 500/170/8/14/0 ) am 2408 367 019 6261 18854 1.508
3 7-IPE 360 | DIN 1025-5:1994 8 326 26.10 3531 013 57.07 186.19 1.430
4 17-IPE 360 ] DIN 1025-5:1994 8 6.27 50.19 67.91 0.36 57.07 358.05 2.864
5 1-HE A 400 DIN 1025-3:1554 4 300 12.00 2292 019 12482 37445 1.438
6 10- HE A 140 | DIN 1025-3:1594 3 30 5.00 715 0.03 2485 7385 0.222
7 10-HE A 140 | DIN 1025-3:1594 2 355 709 563 0.02 2485 8741 0.175
8 10-HE A 140 | DIN 1025-3:1994 1 409 4098 325 0.01 2485 10091 0.101
9 15-HE A 200 | DIN 1025-3:1994 4 300 12.00 1368 0.06 4223 12670 0.507
10| 16 - Rectangle 200/200 3 0 9.00 720 0.36 100.00 300.00 0.500
11 | 6-HEA 160 DIN 1025-3:13%4 2 3.55 7.08 643 0.03 3046 108.00 0.216
12 |6-HEA 1601 DIN 1025-3:1994 1 409 4.09 A 0.02 30.46 12470 0.125
13 | 7-HEA 1201 DIN 1025-3:1994 4 6.27 25.10 16.99 0.06 19.86 12460 0.438
14 | 3-IPE360|DIN 1025-5:1594 2 6.25 50.00 67,65 0.36 57.07 356.68 2853
15 |6-HEA 1601 DIN 1025-3:1394 2 6.55 13.09 11.86 0.05 3046 199.38 0.33%
16 | 6-HE A 160 DIN 1025-3:1994 1 703 708 643 0.03 3046 21607 0.216
17| 12-GRO 8ix4 | DIN 53410:1574 25 5.00 125.00 3513 0.15 9.42 4710 1178
18 | 13-RD 24| DIN 10131 4 781 31.24 236 0.01 3.55 277 0.111
18 | 13-RD 241DIN 10131 ) 802 6418 434 0.03 3.55 2847 0.228
Sum 102 516.46 42751 274 19.581

Figure 4.9: Window 4.1 Parts List by Member

e By default, this list contains only the designed members. If you need a parts list with all mem-
Details... ; Lo gy .
bers of the model, select the corresponding option in the Details dialog box (see Figure 3.1,
page 19).
Part No.

The program assigns automatically item numbers for similar members.

Cross-Section Description

This column lists the cross-section numbers and descriptions.

Number Members

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

Length

This column displays the respective length of an individual member.

Total Length

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

Surface Area

a For each part, the program indicates the surface area related to the total length. The surface
area is determined from the Surface of the cross-sections that can be seen in windows 1.3 and
2.1 to 2.5 in the cross-section information (see Figure 2.10, page 18).
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Volume
The volume of a part is determined from the cross-sectional area and the total length.

Cross-Section Mass

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

Mass

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

Total Mass

The final column indicates the total mass of each part.

Sum

At the bottom of the list, you find a summary of the summed up values of columns B, D, E, F,
and I. The last data field of the column Total Mass shows the total amount of steel required.

49  Parts List by Set of Members

4.2 Parts List by Set of Members

[ A [ B | C D E [ F G [ H
Part Set of Members Number Length Total Length | Surface Area Volume  Cross-Section Mass Total Mass
No Description Set [ml [m] [m2] [m?] [ka/m] kgl i)
1 Floor beam B-B 1 25.00 2500 3383 0.18 57.07 142674 1.427
2| Floor beam A-A 1 25.00 2500 3383 0.18 57.07 1426.74 1.427
3 | Ridge beam EE 1 EFALY 3710 57.90 0.38 79.88 2963.35 2963
4 | Column 1-1 1 6.00 6.00 1146 0.10 12482 748.89 0.74%
5 | Column 22 1 6.55 6.55 5.20 0.02 2465 161.35 0.161
6 |Column 3-3 1 7.08 705 5.63 0.02 2465 174.86 0.175
7 | Column 4-4 1 6.55 6.55 5.20 0.02 2465 161.35 0.161
8 | Column 55 1 6.00 6.00 1146 0.10 12482 748.89 0.743
[ Sum | ) 11928 164.50 1.00
&) & (&

Figure 4.10: Window 4.2 Parts List by Set of Members

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

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

38
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5. Results Evaluation

To evaluate the results, use the buttons at the end of the table.

21 Stresses by Cross-Section

BE_ [ C [ D ] E [ F [ G [ H ]| [17-Pe360|DIN 1025-5:1994
Section | Member | Location | S-Point | Load- Stress Stress [N/mm2] Siress Sigma Total
No. Mo. x Jm] No. ing Type Existing Limiting Ratio Wember No. 27, x: 3.262 m
0000 12 RC1 TauTotdl 140 1260 011
114 5.000 8 RC1 | TauV 13 126.0 0.0
98 00| 1 RC1 | Tau M-T 131 1260 010
59 5.000 6 RC1 Sigma-eqv 685 2182 0.31
13 | RD 24| DIN 10131
122 0000 37 RC1 | Sigma Total 345 2182 043
12 0000 37 RC1 Sigma N 945 2182 043
121 0000 1 RC1 | Sigma My i} 2182 0.00
121 00| 1 RC1 | Sigma Mz 00 2182 0.00
12 0000 37 RC1 | Tau Total 0.0 126.0 0.00
122 0oon| 37 RC1 | TauV 0.0 126.0 0.00
121 00| 1 RC1 | Tau M-T 00 1260 0.00
12 0000 37 RC1 Sigma-eqv 945 2182 043
15 | HE A 200 DIN 1025-3:1394
51 0000 10 RC1 | Sigma Total 744 2182 034
59 0.000 1 RC1 Sigma N -340 2182 0.16
51 00| 5 RC1 | Sigma My 4239 2182 0.20
59 0000 10 RC1 | Sigma Mz 216 2182 0.10
51 0000 13 RC1 | Tau Total 52 126.0 0.04 >
51 ooon| 13 RC1 | TauV 439 126.0 0.04 3 ) 0
52 00| 1 RC1 | Tau M-T 14 1260 00 >
g 0000 10 RC1 Sigma-eqv 744 2182 0.34 =
17 | IPE 360 DIN 10255:1954
3262] 10 RC1 | Sigma Total 1976 2132 0.91
45 3262 1 RC1 Sigma N 252 2182 012) =
27 3262 5 RC1 | Sigma My 1783 2182 082
3 6274 & RC1 | Sigma Mz 117 2182 0.05
7 3262 13 RC1 | Tau Total -30.0 126.0 0.24
7 3262 13 RC1 | TauV 275 126.0 0.22
44 0000 1 RC1 | Tau M-T 73 126.0 0.06 Min © 1978 Nimm2 (10
7 3262 10 RC1 Sigma-eqv 157.7 218.2 051| ~| |Max: 160.5 NimmZ (1)

Max: 0% [21 @ | @

o

& E] & (o] &

Figure 5.1: Buttons for results evaluation in the windows

The buttons are reserved for the following functions:

Button Description Function

Lo Opens the dialog box Info about Cross-section
Cross-section info :
= Figure 2.10, page 18

— Chapter 5.1, page 40

. Opens the dialog box Stresses - Filter
ﬁ Stress selection

Extended stress diaaram Opens the dialog box Cross-Section Values and Stress
9 Diagram = Chapter 5.2, page 42

Turns on and off the colored relation scales in the
Show color bars
results tables

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

Opens the window Result Diagram on Member
— Chapter 5.4, page 46

®

Result diagrams

- Excel export Opens the dialog box Export - MS Excel

=

Enables the graphical selection of a member to

display its results in the module window

— Chapter 7.4.2, page 59
- Member selection

View mode Jumps to the RSTAB work window to change the view

Table 5.1: Buttons of results windows 2.1 to 2.5
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5.1  Selection of Stresses

The following stress types are displayed by default in the results windows:
e Normal stress Giotal
e Shear stress Trotal

e Equivalent stress Geqy

Click [Select Stresses to Show] to activate further stress components. In this way, you can check

the components affecting the total stress. The button is at the bottom of the table (see Figure
5.1).

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

Stresses - Filter @
£ Tautfp
| Sigma M Taul-z
V| Sigma b-y V] Tauy
| Sigma M-z TauM-T St\enant
Sigma M+hd-y Taub-T Bredt
Sigma M+h-z V| Tauk-T
Sigma M V| Sigma-eqy
Sigma Tensile
Sigma Compressive
Sigma Delta
| Tau Total
() &)
Iﬁl [ (] 3 ] | Cancel

Figure 5.2: Dialog box Stresses - Filter

The stress types are described in Table 3.1 and Table 3.2 on page 22 to 24.

The buttons in the dialog section To Show facilitate the selection of the stress types.

Button Description Function
-.JE Select All Ticks all stress type check boxes
HE Deselect All Deactivates all check boxes

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 maxi-
mum stresses for a combined calculation (for example Giota) Must not be summed up: Often,
the maximum stresses occur at different stress points. You have to superimpose the stress
components that are available in the same stress point.

The specifications in the dialog box Stresses - Filter affect also the printout report: The report
displays only stress types shown in the results windows.

40
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5.2

The results from the table are visualized by a dynamic stress graphic. This graphic shows the
stress distribution on the cross-section for the current x-location of the selected stress type. If a
different x-location or stress type is selected by mouse-click, this is shown in the graphic. The

Engineering Software

Results on Cross-section

governing stress point is highlighted in red.

The graphic can display stresses as well as stress ratios.

Sigma Total

7-HE A 120 | DIN 1025-3:1954

Member No. 61, x: 6274 m

Win :  -1648 Nimm2 (10)
Max 165.9 N/mmZ (1)

Figure 5.3: Diagram of normal stresses on cross-section

The buttons below the graphic are reserved for the following functions:

Dlubal ———

Values

Button Description Function
,f."_‘.- Stress diagram Displays or hides the stress points
i Stress ratio Displays or hides the ratios
HKX

Switches on and off the result values

Cross-section outlines

Displays or hides the cross-section outlines

H |7 |1

Stress points

Displays or hides the stress points

=
b4
fa

Numbering

Switches on and off the numbering of stress points

gl

Show all graphic

Resets the full view of the results graphic

Table 5.3: Buttons of graphic in results windows 2.1 to 2.5

Program STEEL © 2013 Dlubal Engineering Software
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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.

2

Extended Diagram of stresses and ratios

To evaluate every stress point specifically, click [Extended Stress Diagram]. The dialog box
Cross-Section Values and Stress Diagram opens.

=

Cross-Section Yalues and Stress Diagram @
Position 1- HE A 400 | DIN 1025-3:1994
— 7 = . Sigma Total
Member No.: | 22 -H % %0000 w5 m] Member No. 22, x: 0.000 m
Stress Points. 180.3 -5-.2_5-5.3 6% L
B € | D T E - ; 300.0
Point Coordinates [mm] Static Moments [cm?] Thickness
z Qy Qz t [mm]
-155.0 0.00 0.00 15.0
-195.0 -414.53 -203.75 15.0
-195.0 -537.44 -214.82 19.0
-195.0 -414.53 20375 150
-155.0 0.00 0.00 19.0 1~
195.0 0.00 0.00 15.0
195.0 -414.59 20377 19.0
195.0 -537.44 21482 19.0
155.0 -414.59 -203.77 15.0 =
195.0 0.00 0.00 15.0 a
-149.0 -1153.46 0.00 11.0
145.0 -1153.16 0.00 1.0
BE_[ _C [ D -
Paint Stress [N/mm <] Stress
Mo Stress Type Existing Limiting Ratio
E[Gigma Total | 160.3 2182 7
Sigma N -12.3 2182 0.1
Sigma M-y 174.3 2182 0.8
Sigma M-z -145 2182 01
Sigma N+M-y 163.1 218.2 .7 e L L -4
Sigma N+M-z 255 2182 0.1 Rt SERTSET e
L |SigmaM 5 2182 D'E Min : 1882 NimmZ (6)
Sigma Tensile 160.3 2182 0.7 Max - 16858 Nmm2 (5) [mm]
Sigma Compressive 0.0 218.2 0.0 - — .
Sigma Deka 1123 =
Tau Total 0.2 126.0 0.0 = (] —
— [ w
Tau Vy 0.0 1260 00|~ lgHiJ M@]
6}

Figure 5.4: Dialog box Cross-Section Values and Stress Diagram

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

The dialog section Stress Points lists all stress points of the cross-section. The two Coordinates
columns show the respective centroidal distances e, and e.. The Static Moments columns dis-
play the corresponding first moments of area Q, and Q.. The final column indicates the Thick-
ness t of the cross-section part which is required to determine the shear stresses.

In the Stresses dialog section, all stresses are displayed for the stress point that is currently se-
lected in the dialog section above. In this dialog, you can also select a stress type by mouse-
click to display its diagrams in the graphic.

Most of the buttons below the graphic are identical with the buttons in the results windows
(see Table 5.3, page 41). As usual, they are described by ScreenTips. To print the current stress
graphic, click [Print] (see chapter 6.2.1, page 49).
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‘You are in the view mode.

Back
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5.3 Resultsin RSTAB Model

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

RSTAB background graphic and view mode

The RSTAB work window in the background is useful when you want to find the position of a
particular member in the model: The member selected in the STEEL results window is high-
lighted in the selection color in the background graphic. Furthermore, an arrow indicates the
member's x-location that is displayed in the active table row.

STEEL - [Hall]
File Edit Settings Help
I‘ LAl - Allgemeine Spannungsan v| 2.3 Stresses by Member
»
Iy Bt B [ C | D [ E T _F T G
z Gener.al Data Member| Location | 5-Point | Load- Stress Stress [N/mmZ] Stress
- Materials . Na. % [m] Mo. ing Type Existing Limiting Ratio
- Cross-sections Cross-section No. 17- IPE 360 | DIN 1025-5:1934
Results | 1705] 5 RC1 | Sigma Total 963 218.2 i
- Shesses by Cross-Section 0.000| 1 RC1 | Sigma N 87 218.2 i
- Shesses by Member 5013 10 RC1 | Sigma My 86.9 218.2 i
- Shesses by wlocation 0000 6 RC1 | Sigma Mz 8.0 218.2 i
- Shesses &t Every Stress Paint 0000 13 RC1 | Tau Total 33 126.0 i
- Governing Internal Forces by b 0.000 13 RC1 Tau V 87 1260 i
- Pats List by Member B274| 1 RC1 | Tau MT 56 126.0 i
4705 5 RC1 | Sigma-eqv 37.0 218.2 i
6 Cross-section No. 17 - IPE 360 | DIN 1025-5:1554
0.000] 1 RC1 | Sigma Total 997 218.2 i
B274| 1 RC1 | Sigma N 87 218.2 i
1255 10 RC1 | Sigma My 867 218.2 i
8274| & RC1 | Sigma Mz 17 218.2 i
B274| 13 RC1 | Tau Total 9.0 126.0 i
8274 13 RC1 | TauV 88 126.0 i
0.000| 10 RC1 | Tau MT 7. 126.0 i
0.000] 1 RC1 | Sigma-eqv 1004 218.2 i

Figure 5.5: Indication of member and current Location x in RSTAB model

In case you cannot improve the display by moving the STEEL module window, click [Jump to
Graphic] to activate the view mode: The program hides the STEEL window so that you can
modify the display in the RSTAB user interface. The view mode provides the functions of the

View menu, for example zooming, moving, or rotating the display. The pointer remains visible.

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

Program STEEL © 2013 Dlubal Engineering Software
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RSTAB work window

The stresses and stress ratios can also be checked graphically in the RSTAB model. Click
[Graphics] to exit the design module. Now, the design results are displayed in the RSTAB work
window like the internal forces of a load case.

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

Project Navigator - Results =
= [B] = Stresses

..... O 2= Sigma Total

..... O 2= Sigma N

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

..... 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

..... O 2= TauV-y

..... O 2 TauV-z

..... O % TauV

..... O &= Tau M-T 5tVenant

..... O & Tau M-T Bredt

..... O 2= TauM-T

..... ® 2= Sigma-eqv

(- [B] Ll Stress Ratio

----- () -l Sigma Total

..... O - Sigma N

..... O L Sigma M-y

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

..... () -l Sigma N+M-y

----- O -l Sigma N+M-z

..... O L Sigma M

----- () -l Sigma Tensile

----- () -l Sigma Compressive

----- © L Sigma Delta

----- Ol Tau Total

EaData €Display Aviews > Results

Figure 5.6: Results Navigator for STEEL

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

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

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

STEEL CAL - Stress Analysis| © Q4 >

LC1 - Sef-weight Ly
LC2 - Snow

LC3 - Imperfection

LG1 - Characteristic values

STEEL CA1 - Stress Analysis - Beams

STEEL CA2 - Stress Analysis - Columns

44

I Program STEEL © 2013 Dlubal Engineering Software



5 Results Evaluation

A AN
- —
Dlubal

STEEL

Engineering Software

The graphical representation of the results can be set in the Display navigator by clicking
Results — Members. Stresses and stress ratios are displayed Two-Colored by default.

Project Navigator - Display x
-5 Model ~
BEE Results F

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

..... [ Max/Min Info

- [B] [ Deformation

- [E [ Members

..... @ [ Two-Colored

..... (O with Diagram

----- O[S Without Diagram

..... (O Cross-Sections

----- [ Result Diagrams Filled

..... [#][F Hatching

..... I Al values

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

----- [JJF Results on Couplings

..... [ Transparent

i-[B] 5 Guide Objects =
ﬁData @Display ,ﬁ\c’iews  Results

m

Figure 5.7: Display navigator: Results — Members

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

detail in the RSTAB manual, chapter 3.4.6.

076
045 ah Tr— .73 e———
/ il e 1. o
[ = __"u.?s_’/____] o
739 of 1SN, L
= l‘ U._34
0.19 0N ’-0'31 0?60;47<-" . [
e 0
044 013 ; ’
(ET — oz :
015 \013 -i? ' ML——— 8
014 s/ Stresses
DA?ui?D T D.%_L i 0Pl 0.01| Sigma-eqy [M/mmi ]

l ! ' \A 1N\

Project Navigator - Display X Ukl - o 100
E-[¥]5 Model - / gx
=[] [} Results .

0.70
- [ Result Values i 0.60
----- [ Title Info | f D:Eﬂ
..... I Max/Min Info 3 0.40
- [B] [ Deformation 0.30
- [E [ Members 020
----- O Two-Colored 010
----- O with Diagram 0.00
..... 0] | Without Diagram |
----- (O Cross-Sections Max : 0.3
----- [1[F Result Diagrams Filled S0 = ([0
..... [#][F Hatching
----- 5 v
----- [1[F Display Hidden Result Diagram
----- I Reverse Results V-y and V-z
----- [JJF Results on Couplings
----- [ Transparent - =
< 1 | »

ﬁData @Display ,ﬁ\c’iews  Results

Figure 5.8: Stress ratios with display type Without Diagram

The graphics of stresses and stress ratios can be transferred to the printout report (see chapter

6.2, page 49).

You can return to the add-on module by using the panel button [STEEL].
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54  Result Diagrams

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

To do this, select the member (or set of members) in the STEEL results window by clicking in
- the table row of the member. Then open the dialog box Result Diagram on Member by clicking
on the button shown on the left. You find the button below the table (see Figure 5.1, page 39).
The result diagrams are available in the RSTAB graphic. To display the diagrams, click

Results — Result Diagrams for Selected Members

w:rh or use the button in the RSTAB toolbar shown on the left.
A window opens, graphically showing the distribution of the results on the member or set of
members.
&l Result Diagram on Member = x
Members No; |82 - > T e | B R&| = = F e o | Al | BT | s
0. -b{) 1.000 2.000 3.000 4.000 5.000 8.000 7.054
LT e A T Lo TR T \+’ " x| 00002 ] Foxed
= [=iStresses] 2MEZs
¥ sigma Total Stresses - Sigma Total [NimmZ] Stresses Sigma Total
L sigma N J x Sigma Total
-[] sigma M-y b Im] [H/mm ]
- sigma M-z = 1486 N/mm2 2 oo 1486 ~
[ Sigma N+M-y 0.708 -850 |
-[J sigma N+M-z 1.013 743
-] Sigma M 1.419 -489
[ Sigma Tensile ! : ; : : ! : : : 1773 289
-] Sigma Compressi 2027 216
% inga Dellta 2838 -456 -
au Tota
O TauV-y [T Max/Min Only  [] Edges Only
-] TauV-z
Z
O Tauv Stresses - Sigma-eqv [N/mm=<] Stresses Sigma-egv
-] Tau M-T St.Venan x Sigma-eqv
-] Tau M-T Bredt [m] [N/mmZ]
O Tau M-T B o000 1489 =~
-] Sigma-eqv : : ; ! : ! : : : 0.709 954 |
- [H] Stress Ratio 1.013 747
Sigma Total 1419 494
g
[ sigma N 1773 331
- sigma M-y 2027 265
1489 H/mm2 ! :
[ sigma M-z . 2838 456 -
-[] sigma N+M-y B N
Maox/Min Orly ] Edges Gy
[ Sigma N+M-z
[ sigma M 5
| Stresses - Sigma Delta [W/imm2] herer et
[ sigma Tensile
[ Sigma Compressi X Sigma Delta
[ Sigma Delta i L
O] Tau Total T o000 1762 =
O Tauvy 0.709 050
] Tau Vs 1.013 768
O Tauv 1419 431
[ Tau M-T 5t.Venan 1773 158
-] Tau M-T Bredt e — 2027 60
- TauM-T - 2.838 487 -
[ Sigma-eqv [] Mae/Min Orlly [ Edges Only
4 . »
Results B
Beginning X¥Z: 12.5,00,00m  EndXYZ 12500, 7im  Order 2281248 .

Figure 5.9: Dialog box Result Diagram on Member

STEEL CAL - Stress Analysis|5] 9 Use the list in the toolbar above to choose the relevant STEEL design case.

LC1 - Sef-weight by

Il:gé:a?s:rlfedion The dialog box Result Diagram on Member is described in detail in the RSTAB manual, chapter
LG1 - Characteristic values 95

STEEL CA1 - Stress Analysis - Beams:
STEEL CAZ - Stress Analysis - Columns
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5.5 Filter for Results

The STEEL results windows allow you to sort the results by various criteria. In addition, you can
use the filter options described in chapter 9.7 of the RSTAB manual to evaluate the design
results graphically.

You can use the option Visibility also for STEEL (see RSTAB manual, chapter 9.7.1), to filter the
members for evaluation.

Filtering designs

The stresses and stress ratios can be used easily as filter criteria in the RSTAB work window,
which can be accessed by clicking [Graphics]. To apply this filter function, the panel must be
displayed. If the panel is not active, you can activate it in the RSTAB menu by clicking

View — Control Panel (Color Scale, Factors, Filter)
or use the toolbar button shown on the left.
The panel is described in the RSTAB manual, chapter 3.4.6. The filter settings for the results
must be defined in the first panel tab (Color spectrum). As this register is not available for the

two-colored results display, you have to set the display option Colored or Cross-Sections in the
Display navigator first.

*

Panel

Stresses

Sigma-eqy [M/mmi ]
2100
200.0
190.0
180.0
1700
160.0
1500
1400
1300
1200
1100

206.4 100.0

Max : 206.4
2063 Mn @ 00

| STEEL

Project Mavigator - Display x
- [¥] 5 Model -
—E‘@ Results

+E|@ Result Values

----- [#][ Title Info

----- VI Max/Min Info

+-[A] [ Deformation

—D@ Members . E=}

D Two-Colored 1973

@ [ with Diagram

1294 '.

m

]
Ise

O without Diagram

O Cross-Sections

[#][ Result Diagrams Filled

[#][F Hatching

LI Allvalues

[ Display Hidden Result Diagram -

ﬁData EDisplay Aviews D Results

Figure 5.10: Filtering equivalent stresses with adjusted color spectrum

As the figure above shows, the color spectrum can be set in such a way that the equivalent
stresses greater than 100 N/mm? are shown in a color range between blue and red. Further-
more, the color spectrum can also be adjusted in such a way that a color range covers exactly
10 N/mm?, for example.

Dlubal ———
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With the option Display Hidden Result Diagram in the Display navigator (under Results —
Members) you can display all stress diagrams that are not within this value spectrum. Those
diagrams will be represented by dotted lines.

Filtering members

In the Filter tab of the control panel, we can specify the numbers of particular members to dis-
play their results exclusively, that means filtered. That function is described in detail in the
RSTAB manual, chapter 9.7.3.

Panel x

Show diagrams for \ f
members Mo.:

I AN
T T~ l

T [Mone
“‘““-““‘-\_
Project Navigator - Display X —
- [¥] 5 Model -
- ¥I[F Results ——
+E|@ Result Values
----- [ Title Info
----- VI Max/Min Info
+-[B] [ Deformation
—D@ Members
: O Two-Colored
O With Diagram
O Without Diagram
@[ Cross-Sections
-[1JF Result Diagrams Filled
-C1[ Hatching
~-[I[E Al Values -

4 I 2

ﬁData EDisplay ,ﬁ\fiews  Results gu

m

o)
=
X

& 4

Figure 5.11: Memboer filter for normal stresses of a hall frame

In contrast to the visibility function, the model will be displayed completely in the graphic. The
figure above shows the normal stresses of a hall frame. The remaining designed members are
displayed in the model but are shown without stresses.
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PR1

dialog box.
Print Type

@ To a printout report:

6 Printout

6.

Printout
6.1

Printout Report

84 Y

data in add-on modules.

graphics and descriptions can be added. In this printout report, you decide which data from
the design module should appear in the final printout.

Similar to RSTAB, the program generates a printout report for the STEEL results to which

6.2

The printout report is described in the RSTAB manual. In particular, chapter 10.1.3.4 Selecting

Data of Add-on Modules provides information concerning the selection of input and output
The printout report shows the stress types that are displayed in the STEEL results windows.

Therefore, if you want to print, for example, the stresses due to axial force, activate the stresses

on for display. The selection of the stresses is described in chapter 5.1 on page 40.

For large structures with many design cases, it is recommended to split the data into several

printout reports, thus allowing for a clearly-arranged printout.
Printing STEEL Graphics

6.2.1

Results on Cross-Section

window (see Figure 5.1, page 39).

Print Info About Cross-Section

To access the print function, use the dialog box Cross-Section Values and Stress Diagram. To

open this dialog box, click [Extended Stress Diagram] at the end of the tables in the results

Printout Selection

To the Clipboard

| Graphics of crozz-section
| Az

In the dialog box Cross-Section Values and Stress Diagram (see Figure 5.4, page 42), you have to

Dimensions

| Stress points

specify the member, the x-location, and the stress type whose diagram you want to print. Click
Diirectly to a printer...

the [Print] button in the bottom right corner of the dialog box to open the following printing
| Silhouette

| Mumbering

Stress points
Info picture
Shear center Mumbering
| Stress diagram
V| Values c/t-parts
Info pick
c/t-parts " D:IC L;[e_
Mumbering A
Crozz-section properties
Info picture
V| Streszes in all stress points
[e.g. Modules STEEL, TIMBER]
N Description of Graphics
| Show printout report on [OF]
HE & 400 | DIM 1025-3:1994
5] ok |
Figure 6.1: Dialog box Print Info About Cross-Section
Print Type

Program STEEL © 2013 Dlubal Engineering Software

Cancel
In this dialog section, the common options from RSTAB are available for selection:
Directly to a printer sends the current graphic to the printer.
To a printout report inserts the graphic into the printout report.
To the Clipboard provides the graphic for other applications.

49

A AN
- —

Dlubal

Engineering Software



i AN
- —
Dlubal —

6 Printout

Engineering Software

If several printout reports are available, you can select the number of the target report in the
selection field.

Printout Selection

In this dialog section, you decide which details should appear in the print graphic and in the
output table. The check boxes for Graphics of cross-section are self-explanatory. If you tick
Cross-section properties, the properties will be printed as a table, to which you can add an Info
picture in the margin. In the same way, you can integrate the properties of the Stress points and
c/t-parts as well as the Stresses in all stress points in the printout.

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

Engineering Office Bavaria Constructions Fage 4552

= Joseph-Street 111, SBTES Rainbow Valley st L
=7 S Tl ORETITTO - Fa CRETIA TN STEEL

Project heodel  Hall Date 24092012

MHE A 400 | DIN 1025-3:1994
i - HE A 400 | D 0253193

Sms Toos

Mamps Mo, 22, x: 0.000m

T e )
e 1853 Nemd (5

Figure 6.2: Stress graphic in printout report

6.2.2 Resultsin the RSTAB Model

In RSTAB, every picture that is displayed in the work window can be included in the printout
report or send directly to a printer. Thus, the stresses and stress ratios displayed in the RSTAB
model can be prepared for the printout, too.

g The printing of graphics is described in chapter 10.2 of the RSTAB manual.
I .h_-; I To print the currently displayed graphic of the STEEL results directly, click the menu
= File > Print Graphic
or use the toolbar button shown on the left.
=l
File Edit View Insert Calculate Results Tools
=299 mli:iﬁ?'l%. no Q@R
- DVRE I BYP ™ -FE
Figure 6.3: Button Print Graphic in RSTAB toolbar

-
0
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Remove from Printout Report

Start with New Page

Selection...

Properties... M

The following dialog box opens:

Graphic Printout

General | Options | Color Spectrum

Graphic Picture Window To Print Graphic Size

diagram
() Use whole page height
451 [% of page]

[ Lock graphic picture {without update)
@ Height:

Rotation: 0 I

Header of Graphic Picture
STEEL - Members Sigma-eqv, CA1, lsometric

() Directly to a printer.. = (@) Cument onfy @ As screen view
@ To a printout report: FR1 =~ More.... () Window filing
() Ta the Clipboard () Mass print ) Toscale 1:
Graphic Picture Size and Rotation Options

Use whole page width Show results for selected xdocation in result

100

[ ok I+ [ caneel

Figure 6.4: Dialog box Graphic Printout, tab General
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This dialog box is described in the RSTAB manual, chapter 10.2. The RSTAB manual also de-

scribes the Options and Color Spectrum tab.

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

in the report by using the drag-and-drop function.

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the

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

Graphic Printout

| General | Options |COI0r Spectrum

==l

Script Symbols Frame

() Proportional @ Proportional @ Mone

(@) Constant () Constant () Framed
Factor: 1= Factor: 1= [ Title b
Print Quality Color

() Standard (max 1000 1000 Pixels)
(@ Maxdmum {mase 5000 x 5000 Pixels)

() Grayscale
(@ Texts and lines in black

() Userdefined () All colored

10005

[ ok I+ [ caneel

Figure 6.5: Dialog box Graphic Printout, tab Options
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6.2.3 Result Diagrams

| }.-_;; | In the dialog box Result Diagram on Member (see Figure 5.9, page 46), you can also transfer the
= design values by clicking [Print] or print them directly.

=l Result Diagram on Member

Members No.: | 22 - > 4 © .'."—‘;1,\ = C" Q & . lg

- o 0 2 —— [ B B0
Navigator “ o x 0.000 | .:I-:-:- 2.000 (prnt 00 | 4.000 5.000 £.000 m

StresTes - Sigma N [N/mm2]
Figure 6.6: Button Print in the dialog box Result Diagram on Member

The dialog box Graphic Printout opens (see Figure 6.4 and Figure 6.5), where you can adjust the
settings before printing the result diagrams.
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7. General Functions

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

7.1 Design Cases

Design cases allow you to group members for design: In this way you can, for example, com-
bine groups of structural components or check members with particular design specifications
(for example modified materials, calculation of result combinations, optimization).

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

To calculate a design case, you can also use the load case list in the toolbar.

Create a new design case
To create a new design case, use the STEEL menu and click

File - New Case.

The following dialog box appears:

New STEEL-Case (=23
No. Description
[ General strezs analysiz of steel members -
? [ aK ] | Cancel

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

When you click [OK], window 1.1 General Data opens where you can enter the design data.

Rename a design case
To change the description of a design case subsequently, use the STEEL menu and click

File - Rename Case.

The following dialog box appears:

Rename STEEL-Case @
No. Description
2 Mew Description -
? ak ] | Cancel

Figure 7.2: Dialog box Rename STEEL-Case

In this dialog box, you can define a different Description as well as different No. for the design
case.

Dlubal ———
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Copy a design case
To copy the input data of the current design case, use the STEEL menu and click

File - Copy Case.

The following dialog box appears:

Copy STEEL-Case (=23

Copy from Case

CA1 - General stress analysiz of steel members v]

New Case

Mo.: Drescription:

3 Reduced Limit Stresses -

[ ok ] I Cancel

Figure 7.3: Dialog box Copy STEEL-Case

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

Delete a design case
To delete design cases, use the STEEL menu and click

File — Delete Case.

The following dialog box appears:

Delete Cases @

Available Cases

Mo. Description
1 General strezs analysiz of steel members
2 Mew Description

Reduced Limit 5

-

[ ()3 ] I Cancel

Figure 7.4: Dialog box Delete Case

The design case can be selected in the list Available Cases. To delete the selected case,
click [OK].
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7.2  Cross-Section Optimization

The design module offers you the possibility to optimize overloaded or little utilized cross-
sections. To do this, open the drop-down lists in columns D or E of the corresponding cross-
sections in the window 1.3 Cross-Sections and select whether the cross-sections should be de-
termined From the current row or from user-defined Favorites (see Figure 2.8, page 15). You can

Dlubal ———

also start the cross-section optimization out of the results windows by using the context menu.

2.3 Stresses by Member

N B [ C | D [ E T F T &6 ]
Member| Location | S-Point Load- Stress Stress [N/mm<] Stress
Na. % [m] Mo. ing Type Existing Limiting Ratio
- Cross-section No. 17 - IPE 360 | DIN 1025-5:1994

— g Go to Cross-Section Doubleclick _3_':; ;:::; gﬁ

1 Info About Cross-Section... 867 218.2 0.40

g | Optimize Cross-Section N 1_15:;} igﬁ gg?

6 Cross-5ection Optimization Ek}?ameters... 28 126.0 0.07

0.000 10 RLT Tau W-T 7.0 126.0 0.06

0.000 1 RC1 | Sigma-egv 1004 2182 0.46

Figure 7.5: Context menu for cross-section optimization

During the optimization process, STEEL determines the cross-section that fulfills the analysis
requirements in the most optimal way, that is, comes as close as possible to the maximum al-
lowable ratio specified in the Details dialog box (see Figure 3.1, page 19). The required cross-
section properties will be determined with the internal forces from RSTAB. If another cross-
section proves to be more favorable, this cross-section will be used for the design. Then the
graphic in window 1.3 will show two cross-sections: the original cross-section from RSTAB and
the optimized one (see Figure 7.7).

When optimizing a parameterized cross-section, the dialog box Optimization appears.

Welded Cross-Sections - I symmetric : Optimize @
Cross-Section Optimization Parameters
Opti-
mmize: Current Minirnum I awirnum Increment
#h =l 34005 500005 20015+ [mm]
Ob: 170.05 > H> | [mm]
= 8.015 =l =l - [mm]
O 140k b 3B = trom
[ 0.05 =l =l - [mm]
X

. 7772772
[ Keep cument side proportions 1S 252/170/8/13.6/0
(0] 3 ] I Cancel

Figure 7.6: 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 activates the Minimum and Maximum columns where you can
specify the upper and lower limits of the parameter. The Increment column determines the in-
terval in which the size of the parameter varies during the optimization process.

If you want to Keep current side proportions, tick the corresponding check box. In addition, you
have to select at least two parameters for optimization.
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Cross-sections based on combined rolled cross-sections cannot be optimized.

‘g Please note that the internal forces won't be recalculated automatically with the modified
cross-sections: It is up to you to decide which cross-sections should be transferred to RSTAB for
a new calculation. As a result of optimized cross-sections, the internal forces may differ signifi-
cantly because of the changed stiffnesses in the structural system. Therefore, it is recommend-
ed to recalculate the internal forces of the modified cross-sections after the first optimization
and then to optimize the cross-sections once again.

The modified cross-sections can be exported to RSTAB: Set window 1.3 Cross-Sections and use
the menu

Edit — Export All Cross-Sections to RSTAB.

The context menu in window 1.3 provides options to export optimized cross-sections to

RSTAB.
1.3 Cross-sections
A [ - C [ D [ E | F 6-HE A 140] DN 1025-3:1884
Section | Material Cross-Section Max. Design Opti- STEEL
No. No. Description Ratio mize Remark Comment e
1 1 [T HE A 400| DIN 1025-3:1934 086 O .,
2 2 [BT 1s 380170781440 0% [ ¥
3 2 W T 1S 500/170/8/14/0 0.96 O ]
B | (BI[HEA140IDIN 1025-3:1954 > e = * i
7 1 |[BIT HEA 1201 DIN 102531994 Infobont CiuesSectionsy b
9 1 Il I IPE 360 DIN 10255:1594 Cross-Section Library..,
10 1 BT HE A 1401 DIN 1025-3:1984 = = = 6- HE A 160 | DIN 1025-3:1994
12 1 I QRO B4 | DIN 53410:1974 Edit List ‘Design of Members' in Table1.1 ¥ RSTAB
- e ]
13 1 = RD 24| DIN 10131 Optimize Cross-Section
15 1 |BIT HE A 2001 DIN 10253:1994 " o I
6 3 BN Rectange 200200 Cross-section Optirnization Parameters... ¥
17 1 BT IPE 3601 DIN 10255:1994 Export Cross-Section to RSTAB N m-_hm
Export All Cross-Sections to RSTAB W :
Import Cross-Section from RSTAB N — I —
X
Import All Cross-5ections from RSTAB @] M @ @ @J
Cross-section No. 6 used in
tembers Mo.:

54.56,58,81-83

Sets of members No.

T Lengths: T Masses:
31.37 [m] 0,958 [t

M aterial

1-5teel 5 235

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

(]

#
¥
(]

Figure 7.7: Context menu in window 1.3 Cross-Sections

When data has been modified, a security query appears as to whether the results of RSTAB
should be deleted.

STEEL
. Question No. 252

Do pou weant ko transfer the changed cross-sections to RSTAB?

If z0, the results of RSTAR and STEEL will be deleted.

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

et | When you confirm the query and start the [Calculation] subsequently in the STEEL add-on
Calculation . . . . .
module, the RSTAB internal forces as well as the design will be determined and performed in
one single calculation run.
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If the modified cross-sections were not exported to RSTAB yet, you can import the original
cross-sections in the design module by using the options shown in Figure 7.7. Please note that
this option is only available in window 1.3 Cross-Sections.

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

7.3  Units and Decimal Places

Units and decimal places for RSTAB and the add-on modules are managed in one dialog box.
In the add-on module STEEL, you can use the menu to adjust the units. To open the corre-
sponding dialog box, click

Settings — Units and Decimal Places.

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

Units and Decimal Places @

Program / Module STEEL

- RSTAB -

Stresses Parts List

- STEEL EC3 Linit Dec. places Linit Dec. places

- STEEL AISC . [ —] - . Y

L STEELIS Stresses: N/mm™2 - 1= Lengths: 2=

- STEEL SIA Stress ratios: - 25 Total lengths: 2

-- STEEL BS 2

-- STEEL GB

- STEELCS Volumes: m"3 - 2
2
2
3

L

Surface areas: m"2 -

- ALLIMINIUM
- KAPPA

- LTB Masses: kg
- FE-LTB

- CTOT

- PLATE-BUCKLING

- ASD

- CRANEWAY
--CONCRETE

- CONCRETE Columns

- TIMBER Pro

- TIMBER

- COMPOSITE-BEAM

- D'YNAM

- Joints

- END-PLATE

- CONNECT

- FRAME-JOINT Pro

- FRAME-JOINT

- DSTV -

@ ¥ @ o

Figure 7.9: Dialog box Units and Decimal Places

Masses per length: kag/m -

m
N AR R AR

Total masses:

i

| Cancel

The settings can be saved as user profile to reuse them in other models. These functions are
described in chapter 11.1.3 of the RSTAB manual.
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7.4  Data Transfer

7.4.1 Material Export to RSTAB

When you have adjusted the materials in STEEL for the design, you can export the modified
materials to RSTAB, similar to the export of cross-sections: Set window 1.2 Materials and then
click the menu

Edit — Export All Materials to RSTAB.

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

Material Library...

Export Material to RSTAB
Export All Materials to RSTAB

Import Material from RSTAB
Import All Materials from RSTAB

Figure 7.10: Context menu of window 1.2 Materials

" Calculation Before the modified materials are transferred to RSTAB, a security query appears as to whether

the results of RSTAB should be deleted. 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 in one single calculation run.

If the modified materials were not yet exported to RSTAB, you can transfer the original materi-
als to the design module, using the options shown in Figure 7.10. Please note that this option
is only available in window 1.2 Materials.

7.4.2 Export of Results

The STEEL results can also be used by other programs.

Clipboard

To copy cells selected in the results windows to the clipboard, use the 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 chap-
ter 6.1, page 49) to export them subsequently. Then, in the printout report, click

File > Export to RTF.

The function is described in the RSTAB manual, chapter 10.1.11.

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, click

File —» Export Tables.

The following export dialog box appears.
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Export - M5 Excel

Table Parameters

With table header
[ Only marked rows

Application

@ Microzsoft Excel
OpenDffice.org Calc

() C5Y file format

Transfer Parameters
Export table to active workbook

[ Eport table to active workshest
Fiewrite existing workshest

Selected Tables
@ Active table
() Al tables

Input tables

[ Expart tables with details

Result tables

(

Figure 7.11: Dialog Export - MS Excel

(] 8 ] [ Cancel
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When you have selected the relevant parameters, start the export by clicking [OK]. Excel or

OpenOffice will be started automatically, that means the programs do not have to be opened

first.

' ™
IE“ HY-®-|= Tablel.xlsx - Microsoft Excel |_|_|ﬂ:' =
Home Insert Page Layout Formulas Data Review View Add-Ins & e o B ER

'—'"'j % Calibri 1o = Text - S=lnset - E <+ W [ﬁ
Paste = BIO-|AA EE' I Styles .?.‘Dmte . @. S(:rt& Find &
- - A- %o 28 + | EdFormat - | 2~ Filter~ Select~
Clipboard Font Fl Alignment Fl Mumber Fl Cells Editing
B4 - fe | 68 v
A B C D E F G H 1 e
1 Set | Member | Location S-Point Load- Stress Stress [N/mm?] Stress
2 | No. No. % [m] No. ing Type Existing | Limiting | Ratio
3 1 |Floor beam B-B (Member MNo. 66-69) =
4 68 3,125 6 RC1 Sigma Total 206,4 218,2 0,95
5] 66 0,000 13 RC1 Sigma N 34,7 218,2 0,16
6 69 3,125 10 RC1 Sigma M-y 182,6 218,2 0,84
7 68 3,125 6 RC1 Sigma M-z 3,4 218,2 0,02
8 66 6,250 13 RC1 Tau Total -41,5 126,0 0,33
9 69 0,000 13 RC1 Tau V 41,5 126,0 0,33
10 66 3,125 1 RC1 Tau M-T -4,2 126,0 0,03
11 68 3,125 6 RC1 Sigma-eqv 206,4 218,2 0,95
12
13 2 | Floor beam A-A (Member No. 71-74)
14 73 3,125 6 RC1 Sigma Total 187,6 218,2 0,86
15 71 3,125 1 RC1 Sigma N -0,6 218,2 0,00
16 71 3,125 10 RC1 Sigma M-y 1848 218,2 0,85
17 73 2,813 6 RC1 Sigma M-z 4,0 218,2 0,02
18 71 0,000 13 RC1 Tau Total 42,0 126,0 0,33
19 71 6,250 13 RC1 Tau V -41,9 126,0 0,33
20 71 3,125 1 RC1 Tau M-T -4,3 126,0 0,03
21 73 3,125 6 RC1 Sigma-eqv 187,6 218,2 0,86 +
4 4 » ¥| “Tabelle3 | 2.2 Stresses by Set of Members -~ #1 || 4| [ | ]
Ready | ||§| [ 100% (=) o
i

Figure 7.12: Result in Excel
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