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1. Introduction
1.1 Additional Module STEEL IS

The Indian Standard IS 800 : 2007 determines rules for the design, analysis and construc-
tion of steel buildings in India. With the additional module STEEL IS from the company
DLuBAL ENGINEERING SOFTWARE all users obtain a highly efficient and universal tool to design
structures that have been analyzed in RSTAB according to this standard.

All typical designs of load capacity, stability and deformation are carried out in the module
STEEL IS. Different actions are taken into account during the load capacity design, and the
user has a choice of different interaction designs that are possible according to the Indian
standard. The allocation of designed cross-sections to classes 1 to 3 makes an important
part of the design according to IS 800 : 2007. The purpose of this classification is to deter-
mine the range in which the local buckling of cross-section parts limits the load capacity so
that the rotational capacity of cross-sections can be verified. STEEL IS further automatically
calculates the required ratios of compressed parts and carries out the classification auto-
matically.

For the stability design, you can determine for every single member or set of members
whether buckling is possible about the y-axis and/or z-axis. You can also define lateral sup-
ports. The non-dimensional slenderness ratio and elastic buckling stress are automatically
determined in STEEL IS on the basis of the boundary conditions. For the design of lateral
torsional buckling, the elastic critical moment that is necessary for the design can be either
calculated automatically by STEEL IS or entered manually. The location where the loads are
applied which influences the elastic critical moment can also be defined in the detailed set-
tings.

The serviceability limit state represents an important element in static calculations in mod-
ern civil engineering. All relevant values of the maximum deflections can be defined in the
detailed settings. In STEEL IS, the user can arrange load cases, load groups and combina-
tions individually to different design situations.

Like other modules, STEEL IS is fully integrated into the RSTAB 7 program. However, it is not
only an optical part of the program. The results of the module can be incorporated to the
central printout report. Therefore, the entire design can be easily and especially uniformly
organized and presented.

The program includes an automatic cross-section optimization and a possibility to export all
modified sections to RSTAB.

Individual design cases make it possible to flexibly analyze separate parts of extensive struc-
tures.

We wish you much success and delight when working with our module STEEL IS.

Your DLUBAL ENGINEERING SOFTWARE company.
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1.2 STEEL IS Team

Dlubal

The following people participated in the development of the STEEL IS module:

Program Coordinators

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

Programmers

Ing. Zdenék Kosacek
Ing. Ph.D. Jaromir Kfizek
Dipl.-Ing. Georg Dlubal
Dr.-Ing. Jaroslav Lain
Ing. Martin Budac

Ing. Ph.D. Jaromir Kfizek

Mgr. Petr Qulehle
Ing. Roman Svoboda
David Schweiner
DiS. Ji¥i Smerak

Library of Cross-Sections and Materials

Ing. Ph.D. Jan Rybin
Stanislav Krytinar

Jan Brnusak

Design of Program, Dialogs and Icons

Dipl.-Ing. Georg Dlubal
MgA. Robert Kolouch

Testing and Technical Support

Ing. Martin Vasek

Ing. Robert Michalovi¢

Dipl.-Ing. (BA) Markus Baumgaértel
Dipl.-Ing. (FH) René Flori

Dipl.-Ing. (FH) Matthias Entenmann
Dipl.-Ing. Frank Faulstich

Dipl.-Ing. (FH) René Flori

Ing. Jan Milér

Dipl.-Ing. (FH) Alexandra Lazar

M. Sc. Dipl.-Ing. (FH) Frank Lobisch
Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) Walter Rustler

M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) Robert Vogl

Manuals, Documentation and Translations

Ing. Jaromir Krizek
Dipl.-Ing. (FH) Robert Vogl
Mgr. Michaela Kryskova

Ing. Ladislav Kabrt
Dipl.-U. Gundel Pietzcker
Ing. Dmitry Bystrov

1.3 Using the Manual

All general topics such as installation, user interface, results evaluation and printout report
are described in detail in the manual for the main program RSTAB. Hence, we omit them in
this manual and will focus on typical features of the additional module STEEL IS.

During the description of STEEL IS, we use the sequence and structure of the different input
and output forms of this module. We feature the described icons (buttons) in square brack-
ets, e.g. [Details]. The buttons are simultaneously displayed on the left margin. The names
of dialogs, forms and particular menus are marked in italics in the text so that they can be
easily found in the program.

We also included an index in this manual so that you can quickly look up important terms.
If you should not find the requested ones, you can also use the search function on our web-
site www.dlubal.com and browse the FAQ list there.
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1.4 Starting STEEL IS

It is possible to initialize the add-on module STEEL IS in several ways.

Main Menu
You can call up STEEL IS by this command from the main menu of the RSTAB program:
Additional Modules — Design - Steel — STEEL IS.

Additional Modules | Window  Help

XX

P

R R(EE v a

i

2 o S

shape Properties il Ao v wm e Y R2BIF
STEEL General Stress Analysis

Design - Concrete 3 STEEL EC3 Design according to Eurocode 3

Design - Timber 3 STEEL AISC Design according to AISC (LRFD of ASD)

) 4
=
=
Design - Composite 3 ﬁ
=
b
&

Dwvnamic .3 STEEL SIA Design according ko SIA
Copnections 3 KAPPA, Buckling Check for Compression Members
Foundations 3 LTE Lateral Torsional Buckling Check
Stability 3 @E FE-LTE Lateral Torsional Buckling Analysis with Finite Elements
Others | I8 OELFL Elastic-plastic Design
@ C-TO-T Limiting Width-Thickness Ratios Check
“ PLATE-BUCKLING FEM Plate Buckling Analysis
Fﬁ] YEREAND Lavout and Design of Roof Bracings
IJ AsD Allowable Stress Design
,;l% CRAMEWAY Crane Girder Analysis

Figure 1.1: Main Menu: Additional Modules — Design - Steel — STEEL IS

Navigator
Further, it is possible to start STEEL IS from the Data navigator by clicking on the item
Additional Modules — STEEL IS.

Project Navigator @

ET™ RaTAB

= Teste*®
) Structural Data
] Loads

| Results

_J Printout Reports
] Guide Objects
(=43 Additional Modules

T SHAPE-THIM 7 - Section Properties of Thin-walled Sections

=l SHAPE-MASSIVE - Section Properties of Thick-walled Sections
STEEL - General Stress Analysis for Steel Members

YEREBAMD - Wind Eracings with Stabilisation Loads

W-JOINT - Light Column to Beam Connections

=, ST-FUSS - Design of Column Faokings

il

EData | 9 il 41 B

Figure 1.2: Data Navigator: Additional Modules — STEEL IS
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Panel

If results of STEEL IS are already available in the RSTAB position, you can to set the relevant
design case of this module in the list of load cases in the menu bar. The design criterion on
members is displayed graphically in the work window of RSTAB using the [Results on/off]
button.

The [STEEL IS] button which enables you to start STEEL IS is now available in the panel.

[LEH
Drezign R atio [-]

1.04
[ 1.00
0.90
0.80
0.70
0.50

0.50
0.40

020
0.20
010
0.00

kas o 1.04
Min = 0.00

STEELIS

Figure 1.3: [STEEL IS] Button in Panel
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2. Input Data

The data of the design cases is entered in different forms of this module. Furthermore, the
graphic input using the function [Pick] is available for members and sets of members.

After the initialization of the STEEL IS module, a new window is displayed. In its left part, a
navigator is shown that enables you to access all existing masks. The roll-out list of all pos-
sibly entered design cases is located above this navigator (see chapter 7.1).

If STEEL IS is called up for the first time in a position of RSTAB, the following important data
is loaded automatically:

e Members and sets of members

e Load cases, load groups and combinations

e Materials

e Cross-sections

¢ Internal forces (in the background — if calculated)

You can switch among the forms either by clicking on the individual navigator items of
STEEL IS or by using the buttons visible on the left. The [F2] and [F3] function keys can also
be used to browse the forms in both directions.

Save entered data by the [OK] button and close the module STEEL IS, while by the [Cancel]

button you terminate the module without saving data.
2.1 General Data

In the form 1.1 General Data, members, sets of members and actions are selected for the
design. You can specify load cases, load groups and combinations for the ultimate limit
state and the serviceability limit state design separately in the corresponding registers.

2.1.1 Ultimate Limit State

STEEL IS - [Project] X
File Edit Settings Help
CAT - Steel Design according e v [ S
Input D ata Desian of
General Data
Materiaks Members: [1-10 Can
Crass-sections *
Sets 1 .‘ El CJan
Lateral Intermediate Supparts = n .
Effective Lengths - Members Ul Limit 5 —
Effective Lengths - Sets of Men| | - mate Limit State | Serviceabilty Limit State (7,
= Modal Suppoite Existing Load Cases Selected for Design T
Setof Members No. 1-Set) | 1 iz 3 LG4 1201 + 1,202+ 1510 a
= Member Releases LC2 fy - J &
Set of Members No. 1 - Sat LC3 T m 'E
I:E4 P . o
LCS Impertection m b
LCE Colurnn h e
]
v k-]
W:
Load Groups and Load Combinstions
LG1 12401 + 1.5LC4 ~
LG2 12462 +1.5L.C4
LG3 1.24001 +1.2102
Steel Design of
Members and Sets of
Members acc. to
- 15 800:2007
b w
| 1 |
< b
-Qa\culatiun -Qelails... __ﬁraphic _DK -Cance\

Figure 2.1: Form 1.1 General Data - Ultimate Limit State
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You can select both Members and Sets of Members for the design. If only specific objects
are to be designed, it is necessary to clear the check box All. By doing so, both input boxes
become accessible and you can enter the numbers of the relevant members or sets of mem-
bers there. With the [Pick] button, you can also select members or sets of members graph-
ically in the RSTAB work window. To rewrite the list of default member numbers, select it by
double-clicking it and then enter the relevant numbers.

If no sets of members have been defined in RSTAB yet, they can also be created in STEEL IS
via the [New Set of Members...] button. The familiar RSTAB dialog to create a new set of
members opens in which you enter the relevant data.

Designing sets of members has the advantage that selected members can be analyzed to
determine the total maxima of the design ratios. In this case, the results forms 2.3 Design
by Sets of Members and 4.2 Parts List by Set of Members are displayed additionally.

Existing Load Cases / Load Groups and Load Combinations

All design-relevant load cases, load groups and load combinations that were created in
RSTAB are listed in these two sections. The [P] button moves the selected load cases, load
groups or combinations to the list Selected for Design on the right. Specific items can also
be selected by double-clicks. The [»»] button transfers all items to the list on the right.

If an asterisk (*) is displayed at load cases or combinations, as you can see e.g. in Figure at
load case 5, they are excluded from the design. It signifies that no loads were assigned to
these load cases or that they contain only imperfections (as in our example). Furthermore, it
is only possible to select load combinations for which the minimum and maximum values
can be determined unambiguously. This restriction is necessary because the calculation of
the elastic critical moment at lateral buckling requires the unambiguous assignment of mo-
ment diagrams. If an invalid load combination is selected, the following warning appears:

F ™
STEEL IS
! warning HNo. 687

Co1:

Error in input datal

The LC [LG, CO] selected containg either no loading or
imperfection(z) anly or haz been incarectly defined.

L "

Figure 2.2: Warning when selecting an invalid LC, LG or CO

A multiple choice of load cases can be done by using the [Ctrl] key, as a routine procedure
in Windows. Hence, you can select and transfer several load cases to the list on the right
simultaneously.

Selected for Design

The loads selected for the design are listed in the right column. By the [«] button you can
remove the selected load cases, load groups or load combinations from the list. As before,
the selection can be executed by double-clicks. The [«4«] button removes all items from the
list.

Generally, the calculation of an enveloping Or load combination is faster than the analysis
of all contained load cases or groups. On the other hand, you must keep in mind the above-
mentioned restriction: to determine the maximum or minimum values unambiguously, the
Or load combination must only contain load cases, groups or combinations which enter the
combination with the criterion Constant. Moreover, the design of an enveloping load com-
bination makes it a bit difficult to retrace the influence of the contained actions.

Program STEEL IS © 2009 by Dlubal Engineering Software
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2.1.2 Serviceability Limit State

STEEL IS - [Project]
File Edit Settings Help

CAT - Steel Design according ko
Input Data
General Data
M aterials
Cross-sections
Lateral Intermediate Supparts
Effective Lengths - Members
Effective Lengths - Sets of Men
[=- Modal Supparts
Set of Members Mo, 1- Set
(= Member Releases
Set of Members Mo, 1- Set

< ¥

E.
Design of

Memberg: [1-10

Can

sets 1 Oal

Ultirnate Limit State | Serviceability Lirnit State

Existing Load Cazes

Lt fz -~
Lcz fy
LC3 Tx -
LC4 Py
*LCE Imperfection
LCE Column
& | <
Load Groups and Load Combinations =S
LG1 1.2°LC1 +1.5LC4 -~
LG2 1.2°LC2 +1.5LC4
LG3 1.2°L01 +1.24LC2 -
LG4 1.2°LCT + 124002 + 1.5°LC: ’
v
Comment

LCalculation

Selected for Design

(o )

Dlubal

STEEL 1s

Indian Standard

Steel Design of
Members and Sets of
Members acc. to

= 1S 800:2007

1 |

Figure 2.3: Form 1.1 General Data - Serviceability Limit State

Existing Load Cases / Load Groups and Load Combinations

All load cases, load groups and load combinations that were created in RSTAB are listed in

these two sections.

Selected for Design

Adding load cases and their groups and combinations to the list for the design, resp. re-
moving them from the list is done in the same way like in the previous register tab (see

Chapter 2.1.1).

Comment

You can enter some additional notes here to describe the current design case.

10
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I aterial
Description
Steel IS 513D I |
Steel 15 5130 15 800: 2007 A
Steel IS 513D [15 800: 2007 |

Steel 15

51300 15 800: 2007
Steel |5 513 EDD 15 800: 2007
Steel 15 814 ExdOu 15 800: 2007
Steel 15 814 Exdlxx 15 800: 2007
Steel 15 814 Exd2u 15 800: 2007
Steel 15 814 Exd3m 15 800: 2007
Steel 15 814 Exddun 15 800: 2007
Steel 15 814 ExGlw 15 800: 2007

Diubal
2.2 Materials

This form is divided into two parts. The materials for the design are listed in the upper part.
In the lower part, the Material Properties of the current material are displayed, i.e. the ma-
terial whose line is selected in the upper form.

The material properties that are necessary to calculate the internal forces in RSTAB are de-
scribed in detail in the RSTAB manual, Chapter 5.2. All design-relevant material characteris-
tics are stored in the global material library. Those are automatically set as default.

The units and decimal places of the material properties and stresses can be edited from the
main menu Options — Units and Decimal Places... (see Chapter 7.4).

STEEL IS - [Project] X
File Edit Settings Help
CA1 - Steel Design according ko w [ j
Input Data X . i
General Data I aterial I aterial
W aterials 12k Description Camrert
Cross-sections Steell3 513D
Lateral Intermediate Supparts 2
Effective Lengths - Members
Effective Lengths - Sets of Men r ® [
= Modal Supports
Set of Members Mo. 1 - Set) e
= Member Releages = j
Set of Members Mo, 1 - Set (JRSTAB Helevan.t.
todulus of Elasticity E 20000.00 | kN/cm?
Shear Modulus G 7690.00 | kM/cm?
Paisson’s Ratio o 0.300
Unit W/eight ¥ 78,50 | kM/m?
Coefficient of Thermnal Expansion @ 1.2000E-05 17T
Partial Safety Factor ™ 1.00
Bl Design Relevant
*rield Strenath Fy 28.00 | kMicm? Material Mo, 1 Used in
Ultimate Tensile Strength fy 27.00 | kM/cm? Chasse
sechions: |14
Members: |1-10
Sets of
Members: |1
E Length: 27.00 [m]
Z Weight: 1.325 [1]
< >

Figure 2.4: Form 1.2 Materials

Material Description

The materials that have been defined in RSTAB are set by default. You can also enter mate-
rials manually here. If the Material Description corresponds to an entry of the material Ii-
brary, STEEL IS automatically imports the relevant material properties.

To select a material from the list, place the cursor in column A and click on the [¥] button
or press the [F7] function key. A list is opened that you can see on the left. As soon as you
have chosen the appropriate material, the material properties are updated in the form be-
low.

The list of materials includes only materials from the category Steel. How to import materi-

als from the library is described below.

Import Material from Library

A considerable number of materials is already stored in a library. Open the library via menu
Edit — Material Library...

or by clicking on the button that is visible on the left.

Program STEEL IS © 2009 by Dlubal Engineering Software
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Material Library
Fiter Choice

Material Categary:

Steel v

Caode Group:

15 w

Code:
1S 800; 2007 v

Shiow:
[] Materials of ‘0ld' Codes

[CIFavartes Only...

hiaterial Constants

haterial to Select
Steel 1S 5130

1
Steel 1S 513 DD
Steel 1S 513 EDD
Steel 15 814 Exdlax
Steel 1S 814 Exdlan
Steel 15 B14 Exd2ux
Steel 1S 814 Exd3mx
Steel 1S B14 Exddus
Steel 1S 514 ExB0xx
Steel 1S 814 ExBlax
Steel 1S 814 Ex52xx
Steel 1S 814 ExB3rx
Steel 1S 814 ExGdus
Steel 1S 814 ExB5ax

=

ERSTAB Relevant
: Moduluz of Elasticity

Shear Modulus
Poizzon’s Fatio
Unit WwWeight
Coefficient of Thermal E #pansion
Partial S afety Factor
= Design Relevant
“rield Strength
Ultimate T enszile Strength

15 B00: 2007
15 800 2007
15 800: 2007
15 800: 2007
15 800: 2007
1S B00: 2007
15 800 2007
15 B00: 2007
15 800 2007
15 800: 2007
15 800: 2007
15 B00: 2007

Steel IS 513 D | 15 8000 2007

20000.00
7630.00
0.300
7850
1.2000E-05
1.00

28.00
27.00

kMem?
kM m?

kM dm
1/7°C

kM omd
kM omd

] ’ Carcel

Figure 2.5: Material Library Dialog

In the section Filter Choice, the material category Steel is set by default. In the list Material
to Select located on the right, you can select a particular material, and in the lower part of
the dialog you can check its characteristic values. After clicking on [OK] or pressing the []

key, the material is taken over to the form 1.2 Materials of STEEL IS.

Chapter 5.2 of the RSTAB manual explains in detail how materials can be filtered, added to
the library or newly classified.

Basically, you can also select materials of the categories Cast Iron and Stainless Steel of the
library. However, you have to bear in mind that those materials are not covered by the Indi-
an Standard IS 800 : 2007. For this reason, it is also impossible to significantly modify the

material properties in STEEL IS.

12
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1 - WB 300 (India)
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2.3 Cross-Sections

This form controls the cross-sections that are to be designed. The parameters of the optimi-
zation can be defined here as well.

STEEL IS - [Project] X
File Edit Seftings Help
CA1 - Steel Design according to v [ j
riput Data & | | C | o | E 1 - B 300 (Indis)
General Data Section | Material Cross-section Cross-section Type | Opti-
Materials No. Ma. Description [mm] for Classification mize | Remark | Comment 0
[ — 1 |'wE 300 (India) I-shape rolled = 2 L T—T
Lateral Intermediate Suppoits z 1 ‘B 400 (India) I-shape ralled a 7l 4 — p—
Effective Lengths - Members 3 1 MEB 400 [India) I-shape ralled a 7l
Effective Lengths - Sets of Men) 4 1 HB 250 (India) I-shape rolled a
= Nodal Supports ] 1 HE 200H [India) I-shape rolled ] 7
Set of Members Mo, 1 - Set § Semnmc=asafy
= Member Releases - ¥
Set of Members Mo. 1 - Set
[mm]
3
Crogs-gection Mo, 1 Used in
Members: |1-7
Sets of
Members: |1
2 Length: 18.00 [m]
2 Weight 0.86 | [t]
2] The cross-section will be optimized. Therefore the most Material: |1 -Steel |5 513D
4 > optimal section of the table is sought out. b
Cross-gection Mo. 1 -WE 300 (India] in Members: 1-7

Figure 2.6: Form 1.3 Cross-Sections

Cross-Section Description

When you open this form, the sections that were defined in RSTAB are set by default, in-
cluding the assigned material numbers.

The cross-sections can be changed any time for the design. The description of a modified
cross-section is highlighted in blue color.

In order to edit a cross-section, enter the new description in the corresponding line or select
the new section from the library. Open the library by clicking on the [Import Cross-Section
from Library...] button. Alternatively, place the cursor in the corresponding line and click on
the [...] button or press the [F7] key. The library opens which is already familiar from RSTAB,
see Figure 2.7.

Chapter 5.3 of the RSTAB manual describes in detail how cross-sections can be selected
from the library.

If the cross-sections are different in STEEL IS and RSTAB, both cross-sections are shown in
the graphic window next to the table. The internal forces of RSTAB are then used for the
stress design of the cross-section that is set in STEEL IS.

Program STEEL IS © 2009 by Dlubal Engineering Software
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Cross-section Library EI

™ [T [[E[EF]
I'-HDHOI [ TITL] [E][®]e] 4]
=~ [L]n]c] Kkl
comnencrosssectons. | T || T |[ © || [ 00][000][mm ]
mjxj[T| [v]oja)| =)z 7]
Lellr][@] [T [F ]| weasemen crose soctos
HEHEORaREE
[ 2] (8| [ =] 2] ]| cous sontonrrogsane

]
) W, M, 5, HF. UB, UC, HL, HE, HD. HP, IPM, [PE. T, UE,
UC. I. IPE. IPEa. IPEo, IPEw, HE-B. HE-4, HE-M, HE-44, IPE,

Figure 2.7: Cross-Section Library

1
I

Coordinate System

The y-z coordinate system is applied for cross-sections in accordance with RSTAB, see the
figure on the left. The y-axis represents the major and the z-axis the minor axis of the cross-
section. This coordinate system is used in all results forms as well (see chapter 4).

Tapered Member

In case of tapered members with different cross-sections at the member start and member
end, both cross-section numbers are stated in two lines, following the definition in RSTAB.
You can design tapered members in STEEL IS if the following condition is fulfilled: an equal
number of stress points is required at both member ends.

For example, the normal stresses are calculated from the moments of inertia and from the
centroidal distances of the stress points. If the start and end cross-sections of the tapered
member have different numbers of stress points, STEEL IS cannot interpolate the intermedi-
ate values. An error message appears before the calculation:

s !
R5TAB
1\ EmorNo. 1614
Member Mo, 7
Crozz-zection tapering mizmatchl

Pleaze check thiz in table 1.7, ar possibly some ather table.

1, 4

Figure 2.8: Warning in Case of Incompatible Cross-Sections

To check on the stress points of the cross-section, you can display them including their
numbers: Select the cross-section in form 1.3 and then click on the [Info about Cross-
Section...] button.

14
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Info about Cross-Section

There are various display options for stress points and c/t cross-section parts in this dialog.

Info about cross-section WB 300 (India) &
Cross-section ¥ alue Description Syrrbal Value Uit A | WB 300 (Indiz)
Wwidth b 2000 | mrn
‘wieb thickness M 7.4 | mm
Flange Thickness 33 10.0 | mm
Inner fillet radius T 11.0| mm
Outer fillet radius i 41| mm
Cross-gection area & E1.30 | cm?
Shear area Ay 3215 | cm?
Shear area &z 2052 | em?
Shear area according to EC 3 Bop oy 41.36 | cm?
Shear area according to EC 3 Aoz 2424 | cm
Plastic shear area Aol 4000 | em?
Plastic: shear area Aplz 21.46 | cm?
Moment of inertia Iy 3820.00 | em# -
Moment of inertia [F3 990,00 | et = i
Governing radius of gyration Ty 127.0 | mm a ¥
Governing radius of gyration Iz 40.2 [ mm
Polar radiuz of gyration To 1332 | mm 74
Wolume W £130000.0 | mm? /m #—
‘wieight wi 481 | kgém
Surface Asurf 1.328 [ m /m
Section Factor Am s 216701 | 1/m
Torsional constant J 16.83 | em?
Warping constant Cu 280333.00 | emf
Elastic: section modulus Sy £55.00 | em?
Elastic: zection modulus Sz 99.00 | crm?
W arping constant moment Sw 193333 | cm?
Statical moment of area Oy 361.63 | em?
Statical moment of area [BF] 50.00 | cm?
Marmalized warping constant W 145.00 | crnd
‘Warping statical moment O 725.00 | cm# mm]
Plastic section modulus Z 72326 [ em? Shess Paints 3
Plastic: section modulus Z: 204.47 | em? -
Flastic: shape factor ZydS 1.104 c/t-Parts
Plastic shape factor Z:-"S:r 2065 b 2

Figure 2.9: Info about cross-section Dialog

The currently selected cross-section is displayed in the right part of the dialog. The buttons
below have the following functions:

Button

Function

The stress points are switched on and off.

The cross-section parts (c/t) are switched on and off.

The numbering of stress points, resp. of cross-section parts (c/t) is switched
on and off.

The details of stress points, resp. of cross-section parts (c/t) are displayed.

X

The dimensioning of the cross-section is switched on and off.

()8 B)E|H

The principal axes of the cross-section are switched on and off.

Table 2.1: Buttons for Cross-Section Graphics
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Max. Design Ratio

Due to this column, you can decide whether to carry out an optimization. The column is on-
ly displayed when STEEL IS has designed the cross-sections. It becomes visible from the data
and the colored relation scales in this column which cross-sections have a low design ratio
and therefore are oversized, resp. which are overstrained and therefore are too weak.

Optimize

Every cross-section can be optimized. During the optimization process, the cross-section
within the same group of cross-sections is determined on the basis of the internal forces
from RSTAB which fulfills best the maximum design ratio. Figure 2.6 shows how the optimi-
zation of a particular cross-section is set by ticking the corresponding box in column D.

The maximum allowable design ratio for the optimization is controlled in the dialog Details,
see chapter 3.1. Further information on the optimization of cross-sections can be found in
chapter 7.2 of this manual.

Remark
In this column, the references to footnotes (below the list of cross-sections) are shown.

If the message Inadmissible Cross-Section No. XX appears before the design, then this due
to a cross-section which is not contained in the cross-section library. It may be a user-de-
fined cross-section or a cross-section that was not calculated in the module SHAPE-THIN.
Via the [...] button in column B Cross-section Description you can set a cross-section that is
suitable for the design (see Figure 2.7 with following remarks).
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2.4

In this form, lateral intermediate supports on members can be defined. The program always
assumes these supports as perpendicular to the minor axis z (see Figure 2.9) of the cross-
section. Hence, it is possible to change the effective lengths of the member that are im-
portant for the design of column buckling and lateral torsional buckling. It is also important
to know that lateral intermediate supports are considered as a forked supports for the de-

Lateral Intermediate Supports

Relatively [O... 1]

sign.
STEEL IS - [Project] X
File Edit Settings Help
CAY - Steel Design according b+ [ S
Inpul Data A T 5 [wwewm 0 [ E [ F [ G [ H [ T | J [ K[ L |~
General Data Member|  Lateral Length Lateral Intermediate Supports [-]
M aterials Ne. Supports L [m] Nurmber %1 "z %3 w4 g £ X7 #g #q
Cross-sections ] 0.250 0500 0.750
Lateral Intermediate Supports 2 a
Effective Lengths - Members 3 a
Effective Lengths - Sets of Men 4 a
= Modal Supparts 3 a
Set of Members Mo. 1 - Set g a
=) Member Releases 7 a 4
Set of Members Mo 1 - Set Relatively (0 1]
= -
Al ﬂ
Crcsssection B EE T R—
Lateral Supparts Existing 5]
Member Length L m
Mumber of Lateral Intermediate Supports n ki
Pozition of Lateral Support Mo. 1 # 0.250
Pasition of Lateral Support Na. 2 Hr 0,500
Position of Lateral Support Mo. 3 w3z 0.750 P A sy
" 5 [[] et Inputs for Members Ma.:

Figure 2.10: Form 1.4 Lateral Intermediate Supports

In the upper part of this form, up to nine lateral intermediate supports can be created per
member. The lower part of the form displays the summary of the entered data for every
single member.

Lateral intermediate supports can be defined either by directly entering the distances or by
specifying the support locations Relatively. For the latter, it is necessary to tick the associat-
ed check box below the list. The relative distances of the supports are then calculated from
the member lengths.
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2.5

The form 1.5 consists of two parts so that a good overview of the data is provided. In the
upper table, the buckling length coefficients k,,, and k,,, the effective lengths KL, and KL,
and the Lateral-torsional Buckling coefficients K and K,, are summarized for every member.
In the lower part of this form, detailed information on the member that is selected in the
upper table is displayed. The lower table contains all information about the relevant lengths
of this member.

Effective Lengths - Members

STEEL IS - [Project] &
Eile Edit 3Settings Help
CAT - Steel Design according ko E
Input Data BE [ C D E F [ & H | J K |~
General Data Member  Buckling | Buckling about Major &sis [w] | Buckling about Minor &xiz [z] | Lateral-torsional Buckling
W aterials Ho. Possible | Possible | kory KLy [m] | Possible | kerz KLz [m] | Possible K [ Comment
Cross sections MR B | & 1000]  E000 G oo 3000 10 10
Lateral Intemediate Supports 2 £ E] 1.000 2000 [® 1.000 2000 @ 1.0 1.0
Effective Lengths - Members 3 5] 5] 1.000 2000 (& 1.000 2000 [d 1.0 10
Effective Lengths - Sets of Men |4 3] = 1.000 2000 (= 1.000 2000 = 1.0 1.0
= Nodal Supparts 5 = = 1.000 2000 (& 1.000 2000 [d 1.0 1.0
Set of Members Mo, 1 - Set & 5| E5 | 1.000 2000 04 1.000 2000 04 1.0 1.0
5 Member Releases 7 = = 1.000 2000 (& 1.000 2000 [d 1.0 1.0 v
Set of Members Mo. 1 - Set =
@ ||
Serviceability D ata
Se S| 8 300 (inciz)
Cross-gection 2000
Length L m
Buckling Possible [x D‘
B Buckling about Axis v Possible [x] 'D_|
Eftective Length Factor kory 1.000
Effective Lenath KLy B.000 | m o
B Buckling about Axis z Possible [x § el —->Y
Effective Length Factor ker,z 1.000 9
Eftective Length KLz 2000 m t—
[ Lateral-tarsional Buckling Possible [x]
Effective Length Factor [Support Tupe] | K 1.0
Warping Restraint Factor (Suppart Tepe, | Ku 1.0 L
Comment =
[mem]
. X
< > [] Set Inputs for Members Ma.:

Figure 2.11: Form 1.5: Effective Lengths - Members

The effective lengths for the column buckling about the minor principal axis are automati-
cally loaded from the previous form 1.4. If the member is divided into different lengths by
lateral intermediate supports, then no values are displayed in the corresponding columns D
and G of form 1.5. It is possible to change the buckling length coefficients both in the sum-
mary table in the upper part and in the detailed settings in the lower part. The data of the
corresponding part of this form is then updated automatically. The buckling length of a
member can also be defined graphically by using the function [Pick].

The tree structure in the table Settings for Member No. includes the following parameters:

e Cross-section
e Length (actual length of the member)
e Buckling Possible (cf column A)
e Buckling about Axis y (buckling lengths, cf columns B - D)
e Buckling about Axis z (buckling lengths, cf columns E - G)
e lLateral-torsional Buckling (buckling length coefficients, cf columns H - J)
It is also possible to modify the Buckling Length Coefficients in the relevant directions and

decide whether the buckling design is to be executed. If a buckling length coefficient is
changed, the respective effective member length is modified automatically.
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Buckling Possible

For the buckling and the lateral torsional buckling design, it is necessary for the member to
transfer compression forces. Members that cannot transfer compression forces due to their
definition (e.g. tension members, elastic foundations, rigid couplings) are a priori excluded
from the design in STEEL IS. In such a case, a corresponding comment is displayed in the
column Comment for this member.

The column Buckling Possible enables you to classify specific members as compression ones
or, alternatively, to exclude them from the design. Hence, the check boxes in column A and
also in table Settings for Member No. control whether the input options for the buckling
length parameters are accessible for a member.

Length

For your information, the actual length of the selected member is displayed in the lower ta-
ble. It is not possible to modify this value.

Buckling about Axis y resp. Axis z

The columns Buckling Possible control whether members are prone to buckling about their
axes y and/or axes z. The axis y represents the "major principal" member axis, the axis z the
"minor principal' member axis. The buckling length factors k., can be freely chosen for the
buckling about the major and minor axes.

The orientation of the member axes can be checked in the cross-section graphics of form
1.3 Cross-Sections (see Figure 2.6). In the RSTAB work window, which can be opened any
time via the [Graphic] button, you can display the member axes in the Display navigator.

Project Mavigator @

= [w] i Structure
[w] i Modes
+-[v] 8 Modal Supports
= [w] % Members
[w] 5 Member Elastic Foundations
15 Member Orientations
[V]5 Member Releases
(1% Connection Points
[ Cross-section Qutlines
1% Do nok Show Cross-sections at Member End
[v] i Eccentricities
= [w] S Sets of Members
+-[w] % Continuous Members
[V] Groups of Members
#-[]4&4 Loads
+- 73 Results
+-[B] 5 Guide Objects
+- (] &y General
=[] Mumbering
[+] 2 Modes
=) [w][Z Members
[]Z Member Mumbering
[C]ME Material Description
[C]0Z Material Mumbering
[C]IE Crass-section Description
[CJOE Cross-section Mumberin

+-[w][Z Sets of Members
[w] 3 Guidelines
=-[B] ' Rendering
+-[H] P Madel
+-[H] W Lighting

£ *

EB® Data | M Digplay

Figure 2.12: Displaying the Local Member Axes in the Display Navigator of RSTAB

If buckling is possible about one or both member axes, the precise values can be entered in
columns C and D respectively F and G or in table Settings for Member No. below.
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If you define the buckling length coefficient k,, the buckling length KL is determined by
multiplying the member length L with this buckling length coefficient.

Via the [...] button at the end of the KL input field, you can select two nodes in RSTAB work
window graphically. Their distance then defines the buckling length.

Lateral-Torsional Buckling

Column H controls whether a lateral-torsional buckling design is to be performed. In col-
umns | and J, you can define the effective length factor K and warping restraint factor K.
These two factors have an influence on the elastic critical moment at lateral-torsional buck-
ling M. To calculate M, via the eigenvalue method, an internal member model with four
degrees of freedom has to be created. The following definitions of K and K, are used to
model the degrees of freedom at the supports of this internal member model.

The effective length factor K corresponds to the following definitions:

K=1.0 forked support at both beam ends

K=0.7le restraint at left end and forked support at right end
K=0.7ri restraint at right end and forked support at left end
K=0.5 restraint at both beam ends

K= 2.0le restraint at left end and free right end

K= 2.0ri restraint at right end and free left end

The warping restraint factor K, corresponds to the following definitions:

K,=1.0 warp-free support at both beam ends

K, = 0.7le warping restraint at left end and forked support at right end

K, = 0.7ri warping restraint at right end and forked foundation at left end
K,= 0.5 warping restraint at both beam ends

K, = 2.0le warping restraint at left end and free right end

K, = 2.0ri warping restraint at right end and free left end

A forked support with K = 1.0 represents a rigid support in the direction of the y-axis and a
restriction of rotation around the x-axis (longitudinal axis) of the member. In the case of a
restraint, the rotation about the z-axis is restricted additionally. The abbreviations "le" and
"ri" characterize the location of the restraint. "Le" is related to the support at the member
start, "ri" at its end. The orientation of the local member axes is shown in Figure 2.13.

By the factor K,,, the fourth degree of freedom on the support is defined. It has to be deter-
mined whether warping is possible for the cross-section or not. Regarding the fact that the
internal member model uses only four degrees of freedom, no more degrees of freedom
(displacements in directions x and z) have to be defined.

The coefficients Kand K, are related to the member start or member end. You have to be
very careful if intermediate supports have been defined. Intermediate supports divide the
member into several parts for the design. Thus, intermediate supports are to be avoided for
cantilever beams because the result would be statically deficient pieces with fork-type sup-
ports on only one side each.

Figure 2.13: Member Axes for Factors Kand K,
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The check box Set Input for Members No.: is located beneath the tree structure. If you tick
this box, the data entered consequently will become valid for specific resp. All members.
You can select the members graphically using the function [Pick] or enter their numbers
manually. This option is useful when you want to assign the same boundary conditions to

several members. Please notice that this function must be activated prior to data entering.
If you define the data and choose this option later, the data will not be re-assigned.

Comment

You can insert your own remarks in the last column for every member, e.g. to explain the
defined buckling lengths.

2.6 Effective Lengths - Sets of Members

The input form 1.6 controls the effective lengths for sets of members. It is only available if
one or more sets of members have been selected in form 1.1 General Data.

This form is very similar to the previous form 1.5. With regard to the effective lengths for
buckling about the major and minor axes of the cross-sections, it is identical to form 1.5.
There are differences, however, as far as the parameters for lateral-torsional buckling are
concerned. These are defined by means of specific boundary conditions in forms 1.7 and
1.8 (see Chapters 2.7 and 2.8).

STEEL IS - [Project] EJ
File Edit Settings Help
CA1 - Steel Design according ta 15 800 E j
Input Data [ & [ B [ Cc | D [ E [ F [ G I

General Data Set | Buckling = Buckling about Major &xis [v) | Buckling about Minor Awiz 2] | Lateral Buckling

M aterials No. | Possible | Possible | kery KLy [m] | Possble | kerz KLz [m] Possible Comment

Cross-sections = ] 1.000 6000 (= 1.000 XU I

Lateral Intermediste Supports 2 IET] IET] 1000 Gooo) (@ 10000 E.000 7]

Effective Lengths - Members
Effective Lengths - Sets of Members
= Modal Supports
Set of Members No. 1 - Set of Merl
Setof Members Mo, 2 - Set of Menl
Member Releases
Set of Members No. 1 - Set of Menl

Setof Members No. 2 - Set of Menl = j WB 300 (Incia)

Serviceability Data e
[ Set of Members 2000
Cross-gection
Length L m =
Buckling Possible [x1 9_|
B Buckling abaout Axis p Passible [x]
Effective Length Factor ke 1.000 o
Effective Length KLy E.000 | m § ””” .Y
[ Buckling ahout Axis 2 Possible 53] o
Eifective Length Factar ker.z 1.000 *—
Effective Length KLz E.000 | m
| ateraltarsional Buckling Possible [oH
Comment v
z
[tnm]
P 5 []Set Inputs far to Sets Mo.: 3

Figure 2.14: Form 1.6: Effective Lengths - Sets of Members
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2.7 Nodal Supports - Sets of Members

The stability design is based on the loads and the boundary conditions of the selected sets
of members. The value of the critical factor a., has to be determined for the entire set of
members in order to obtain the critical moments M., which are necessary for the design. To
determine this value, a planar member structure with four degrees of freedom per node is
created. The specific support conditions are defined in form 1.7. This form is only available
if you have selected one or more sets of members in form 1.1 General Data.

STEEL IS - [Project] X
File Edit Settings Help
[41 - Steel Design according te v | [ - |
Input Data | B C [ [ P [ G [ H [ ~
General Data Suppart | Mode Suppart Lat. Support Rotational Restraint Warping E coentricity
M Mo Mo Fiotation f[*] uy me nz Festraint ta ex [mm] | ez [mm] Comment
Cross-sections 3 0.00 £ £ a ] 00 )
Lateral Intermediate Supports 2 4 0.00 53] 53] a a 0.0 0.0
Effective Lengths - Members 3
Effective Lengths - Sets of Men 4
(=) Nodal Supparts g
Set of Members Mo. 1 - Set g
Set of Members Mo, 2 - Set I
= Member Releases
Set of Members Mo, 1 - Set
Set of Members Mo, 2 - Set ro !
Cross-section
MNode with Support Mo, 3
Suppart Rotation B 0.00
Lateral Suppart in " uy =
Restraint around ' e 5]
FRestraint around 2' vz a
‘Warping Restraint 5l O
Eccentricity ex 0.0 mm
Eccentricity ez 0.0 mm
Camrnert
z
< 3 [] Set Inputs for Supparts No.:

Figure 2.15: Form 1.7: Nodal Supports - Set of Members

To define the nodal supports, the orientation of the axes within a set of members is im-
portant. The program internally checks the location of the relevant nodes and then deter-
mines the axis system for the nodal supports that are to be defined in form 1.7 (see Figure

2.16 to Figure 2.19).

Figure 2.16: Auxiliary Coordinate System for Nodal Supports of Set of Members

If all members within the set of members lie on a straight line as we see in Figure 2.16, the
local coordinate system of the first member in this set is applied as auxiliary coordinate sys-

tem for the entire set of members.
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Figure 2.17: Auxiliary Coordinate System for Nodal Supports of Set of Members

Even if the members within a set do not lie on a straight line, they still must lie in a plane.
We can see a vertical plane in Figure 2.17. In this case the axis X' is horizontal and in the
plane direction. The axis Y’ is also horizontal, but perpendicular to the axis X'. The axis Z’
points vertically downwards.

Figure 2.18: Auxiliary Coordinate System for Nodal Supports of Set of Members

If the members are located in a horizontal plane, the axis X' is parallel with the axis X of the
global coordinate system. The axis Y’ then points in the opposite direction of the global axis
Z. The axis Z' is parallel with the axis Y of the global coordinate system.

Figure 2.19: Auxiliary Coordinate System for Nodal Supports of Set of Members

Figure 2.19 shows the most general case. The members within a set of member do not lie
on a straight line but are located in one oblique plane. The orientation of the axis X' is then
determined by the intersection between the oblique and the horizontal plane. The axis Y’ is
perpendicular to the axis X' and is also perpendicular to the oblique plane. The axis Z' is
perpendicular to the axes X' and Y'.
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2.8 Member Releases - Sets of Members

This form is only available if one or more sets of members have been selected in form 1.1
General Data. If any member in a given set is not able to transfer internal forces correspond-
ing to the degrees of freedom restricted in form 1.7, then nodal releases can be inserted to
a set of members in form 1.8. There is also the possibility to exactly define on which side the
release is to act or to place a release at both sides.

STEEL IS - [Project] x
File Edit Settings Help
CAT - Steel Design according to v r j
Input Data L& [ B [ € [ D [ E T F [
General Data Release Member | Member |Shear Release Moment Release ‘warp Release
W aterials He. No. Side Wy M1 Mz Mey Commert
Cross-sections 3 Start a ] a a [ ]
Lateral Intermediate Supports 2
Effective Lengths - Members 3
Effective Lengths - Sets of Merr 4
(= Modal Supports 5
Set of Members Mo. 1 - Set f
Set of Members No. 2 - Sat 7 v
= Member Releases
Set of Members Mo. 1 - Set
Set of Members Mo. 2 - Set = j
Cross-section
Member with Release at the End Mo, 3
tember Side Side Start
Shear Release in y-Direction Wy a
Torsional Release MT [x]
Moment R elease around 2-Axis Mz a
Warping Releasze Mg a g
Comrment My

4 5 [] Set Inputs for Release No.:

Figure 2.20: Form 1.8: Member Releases - Set of Members
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2.9 Serviceability Data

The final input form includes different possibilities for the serviceability design. It is only
displayed if the serviceability limit state design has been selected in form 1.1 General Data
(cf Figure 2.3).

STEEL IS - [Project] X
File Edit Settings Help
CA1 - Steel Design according to » [ S
Input Data \ A [ B [ ¢ [ 0o [ E [ F ] G ~
General Data Set of Members Rieference Length Direc- Camber
Materials M Reference to Mo. Manually | [m] tiar g,z [mm] Beam Type Comment

Member 1 [m] 6000 0o Beam

Cross-sechions

Lateral Intermediate Supports List of Members 23 = 5500 z 0.0 Cantilever Start Fres
Effective Lengths - Members Set of Members h [ 2000 [ 00| Cantlever End Free I:l
Effective Lengths - Sets of Mer 4
= Modal Supports 5
Set of Members Mo. 1 - Set &
Set of Members Mo. 2 - Set 7
= Member Releases g
Set of Members Mo. 1 - Set E]
Set of Members Mo. 2 - Set il
Serviceability Data 1l
12
13
14
15
16
17
18
19
20
21
22
23
24
25 v
< ¥

Figure 2.21: Form 1.9: Serviceability Data

In column A, you can refer the deformation to individual members, lists of members or sets
of members. In column B, the relevant members or sets of members can be selected graph-
ically by using the function [Pick]. The reference lengths / in column D are then filled auto-
matically. The Reference Length is set as the length of the member or the entire length of
the set of members resp. list of members. It can be changed Manually by using the corre-
sponding checkbox in column C and setting the value in column D.

In column E, you specify the governing Direction for the serviceability design. Column F
controls whether Camber is to be taken into account as well.

For a correct determination of the serviceability limit states, the Beam Type (beam or canti-
lever) is very important. It can be entered in column G.
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A particular design is carried out with the internal forces calculated in the RSTAB program.
Before the [Calculation] you should check the detailed setting for the design. Open the ap-
propriate dialog from every input or output mask by clicking on the [Details...] button.

Check of Maximum Effective Slenderness Ratio

Members with KLir
- Tension: 200 %
- Compression ¢ Flesure: 200 %

Setviceshilty (Deflections)

Maximum Deflection: L # 200 %

Deformation Related to:
(%) Shifted Members Ends / Set of Members Ends
() Undeformed System

Stability Analysis
Check Stability

Determination of Elastic Critical Moment for LTB
For Members:

(%) dutomatically by Eigenvalue Method

OAutDmatiga\Iy By Comparison of Moment
Courses and Assignemnt of Coefficient C1
[Cz aCa Will Be Determined by Eigenvalue
Method, if Required

() Manual Defirition in Table 1.5

Paint of Load Application:

(#) On Crass-section Edge Directed to Shear Center
[e.g. Top Flange, Destabiizing Effect]

() In Shear Center

(7 On Cross-section Edge Directed from Shear Center
[e.g. Bottom Flange. Stabilizing Effect]

Partial Safety Factors

Governed by

- Yielding and Buckling o 1.100
it 1100

<54

- Ultimate Stress

Structure Type
() Non-sway
O Sway [Ty = Crmz = 0.9 according o T sble 18]

Limit Load for Special Cases

Do naot Take Small Moments into Account and
Allows Stability Design according to 7.1.2
[Intended Axial Compression] if:

Bending ity Py S 0.010

<3 e

MziMgz & noma

Do not Take Small Compression Forces into
Account and Allow Stability Design according to
8.2 2 [Bending without Compressian] if:

Compression PiPg ¢ 0010 3

Allow Futher Design if Shear Stresses due to
Tarsion does not Exceed Limit:

Tarsion TiTd S 0.0s0 5

Cptions

[[] Elastic Design (also for Class 1 and
Class 2 Crozz-sections]

Crogs-zection Optimization

Max Available Design Ratio 1.000%

Display Result Tables

2.1 Design by Load Case

2.2 Design by Cross-section
2.3 Design by Set of Members
2.4 Design by Member

2.5 Design by w-Location

3.1 Gowerning Internal Forces by Member
3.2 Gowverning Internal Forces by Set of Members
3.3 Member Slendernesses

4.1 Parts List by Member

4 2 Parts List by Set of Members
(%) Only for Members / Sets to Be Designed
O OF &l Members / Sets of Members

Figure 3.1: Details Dialog

Check of Maximum Effective Slenderness Ratio

It is possible to define the maximum effective slenderness ratio for members with tension
and compression or flexure. These maximum values are compared with the actual member
slendernesses in table 3.3 which is available after the calculation (see Chapter 4.8).

Serviceability Limits (Deflections)

In section Serviceability Limits, it is possible to set the maximum allowable deflection used
in for the serviceability limit state design. The two selection fields below control whether
the Deformation is to be related to the undeformed model or to an imaginary connecting
line between the shifted start and end nodes of the member resp. set of members within

the deformed structure.

Stability Analysis

This section controls globally whether an analysis of stability is to be carried out. If the box
is unchecked, the input forms 1.4 to 1.8 are not active.
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Determination of Elastic Critical Moment for LTB

The option to calculate M, Automatically by Eigenvalue Method is set by default. It starts
from the internal model of finite elements, regarding the following items:

e Dimensions of gross cross-section

e Load type and location of load application point

e Real distribution of moments

e Lateral forced deformations (on basis of support conditions)

e Real boundary conditions

The degrees of freedom of the internal member model are defined by the coefficients K and
K,, (see Chapter 2.5).

If the second method of the automatic calculation of the elastic critical moment is chosen,
then the calculation of the coefficient C, can be influenced via the [Info...] button. The coef-
ficients C, and G, are calculated automatically by the eigenvalue method again. If there are
loads applied on a member, their application point has to be specified because they can
have stabilizing or destabilizing effects, subject to the application point. The Point of Load
Application can be set below.

Partial Safety Factors

It is possible to separately modify the partial safety factors of the material y,,, and y,,, for
Yielding and Buckling or for Ultimate Stress. These factors are used in all cross-section and
stability checks.

Structure Type

The structure type can be either Non-sway or Sway, which affects the calculation of C,,, and
C..,- For a sway-type structure, the values of C,, and C, are assumed as 0.9.

Limit Load for Special Cases

It is possible to neglect small stresses due to bending, compressive forces and torsion and,
thus, allow a simplified design which eliminates negligible internal forces. In this dialog sec-
tion, the limits of these internal forces or stresses can be entered. Those are defined as the
ratios between existing internal forces or stresses and the corresponding resistances of each
cross-section.

Options
Cross-sections of the class 1 or 2 are not designed elastically in STEEL IS. If needed, the elas-
tic design can be activated for those cross-section classes.

Cross-section Optimization

Cross-sections can be optimized if the Optimize option is chosen in form 1.3 Cross-sections
(see Figure 2.6). The dialog Details enables you to set the maximum allowable design ratio
as a limit for the optimization process.

Display Results Tables

In this section, the results tables can be specified which are to be displayed, inclusive of a
parts list. The individual results tables are described in Chapter 4.

' Engineering Software
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3.2 Start Calculation

In all input forms of STEEL IS, you can start the design by clicking the [Calculation] button.

At first, STEEL IS searches for the results of the selected load cases, groups and combina-
tions of load cases. If they are not found, the calculation of the governing internal forces in
RSTARB is started. The calculation parameters of RSTAB are used for this analysis.

If cross-sections are to be optimized (see chapter 7.2), the required sections are calculated
and relevant designs are carried out.

The STEEL IS design can be also started from the RSTAB interface. All design cases of the
add-on modules are displayed in the To Calculate dialog similar to load cases or groups.
Open this dialog in RSTAB via the main menu

Calculate — To Calculate...

To Calculate E|

ot Calculated Selected for Calculation

Program / Mod... Mo. Description 4l Program / Mod... Mo. Description ~
RSTAB L& fz RSTAB LG1 12001 +1.5°LC4

RSTAB Lc2 |ty RSTAB LG2 | 1.2°LC2 +1.5°LC4

RSTAB LC3 | Tx RSTAB LG3 | 1.25LC1 + 1.24LC2

RSTAB LC4 | Px RSTAB LG4 | 1.2¢LC1 +1.2°LC2 + 1.5°LC4

RSTAB “LCH | Imperfection STEEL IS Cal Steel Design according to |5 80
RSTAR COT | 1.35°LC1/P or 1.35°LC2 + 1.35° STEELIS Ca2 | Steel Design according to 5 80

Show Additional Modules
Calculate ] [ Cancel

Figure 3.2: To Calculate Dialog

If the design cases of STEEL IS are missing in the list Not Calculated, it is necessary to tick
the check box Show Additional Modules.

The [»] button transfers selected design cases to the list on the right. You can then start
the calculation by the [Calculate] button.

The calculation of a specific STEEL IS design case can also be directly started from the
toolbar. Set the required design case in the list and then click on the [Results on/off] button.

Opkions  Additional Modules  Window  Help

STEEL IS CA1 - Steel Design % < L & "k R ;;E 3
ARBFEOF 4. |G 17 Resutsoniofi =

Figure 3.3: Direct Calculation of Design Case from STEEL IS in RSTAB

A dialog appears in which you can watch the design process.
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Running
RSTAR - Calculation
STEEL IS

Partial Steps

Calculation of Member Stresses

Initializating D ata...

- | Preparing O ptimization...

- | Optimizing Crozs-zections...

- | Loading Internal Forces...

- | Running Design...

- | Creating Results Data...

- Member Mo. 802 (541/747)

Murnber of Members
Murber of LC
Murber of LG
Mumber of CO

- | Loading Data for Optimization...

- | Preparing Data for Calculation...

LG1

Cancel

Figure 3.4: Calculation in STEEL IS
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4. Results
4.1 Design by Load Case

Table 2.1 Design by Load Case is displayed immediately after the design. In the upper part
of this table, a summary of all designs for every load case, load group and combination is
displayed. The lower part includes all details of the material properties, design internal forc-
es and design data of the load case which is selected in the upper part of this table.

The results tables 2.1 to 2.5 contain the detailed design summaries according to different
selection criteria. Tables 3.1 and 3.2 include the governing internal forces. In table 3.3, the
member slendernesses are compared with the maximum values as set in dialog Details (see
Chapter 3.1). The parts lists are displayed in the last two tables 4.1 and 4.2.

The results tables are accessible from the navigator in STEEL IS. You can also switch among
the tables by using the buttons visible on the left or the functional keys [F2] and [F3].

Save the results by the [OK] button and close STEEL IS.

In this chapter, we describe the particular tables in the given order. The following chapter 5
Evaluation of Results is devoted to the evaluation and checking of results.

STEEL IS - [Project] X
Eile Edit 3Settings Help
CAT - Steel Design according to E 'ﬂ
Input Data (e s | C | D JE| F | &
General Data Load Member| Location Design
W aterials Case Description Mo x [m] Fiatio Design accoiding to Formula DS
Cross-sections Ultimate Limit State Design
Lateral Intermediate Supparts 3 0.000 040 £1 | 372 Stability Analysis - Buckling about 2-Axis and Bend | ULS
Effective Lengths - Members LC2 |ty 1 0.000 012| %7 | 116) Cross-section Check - Bending about 2-8xis ace. | ULS
Effective Lergthe - Sets of Merr LC3 | Tx 1 0.000 0.07 | £1 | 101) Crose-section Check - Tension ace. to 6.2 and 6. LS
= Nodal Supparts LC4 | Px 1 0.000 0.04| %7 | 301) Stabilty Analysis - Flesural Buckling about p-dwis ¢ | LS
Set of Members Mo. 1 - Set
Set of Members Mo, 2 - Set
= Member Releases
Set of Members Mo, 1- Set
ot Set of Members Mo. 2 - Set M a1 @ o] (& 7y &
esilts
Design by Load Case — -
Design by Cross-zection D ‘ﬂ 1 - B 200H (Indiz)
Design by Set of Members Material Values - Steel 1S 13D -~ 152.0
Design by Member Cross-section ¥alues - WB 200H (India)
Design by x-Location Design Internal Forces
Goveming ntemnal Forces by My | B Closs-section Classification - Class 1
Goverming Intemal Forces by Se|| B Desian Ratio =
Mermber Slendernesses Bending Moment My 2317 kNm E
Paits List by Member Plastic Section Modulus Zpy 538,45 | cm?
Farts List by Set of Members Elastic Section Madulus Zey 47100 cm?
‘field Stress fy 28,00 kM/cm?
Partial Factar il 1.100 Tabls 5
Critical Factor ter 3652
Elastic: Critical Moment Mer T0E.51 | kNm [mm]
Slenderness Ratio ALT 1190 222 =
£ ? Imperfection Parameter HLT 0.210 822 w

Figure 4.1: Table 2.1 Design by Load Case

Description

The descriptions of the load cases, load groups and combinations that are decisive for every
relevant type of design are displayed in this column.

Member No.

The number of the member with the highest design ratio is stated for every designed load
case, load group or load combination.
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Location x

The location x on the member where the maximum stress ratio occurs is displayed in this
column. The following locations x on the member are taken into account:

e Start and end nodes

¢ Internal nodes according to a potential user-defined member division

e Extreme values of internal forces

Design

For every design type and for every load case, load group or load combination the design
Ma: 09z <1 @ ratios according to the standard are displayed.

Design according to Formula

In this column, the equations that were followed in the design are displayed.

DS

The Design Situation which is relevant for the design is stated in this column. The first letter
in the shortcuts U resp. S stands for "Ultimate Limit State" resp. "Serviceability Limit State",
the second letter stands for the decisive combination of actions.

4.2 Design by Cross-Section

STEEL IS - [Project] 3]
File Edit Settings Help

C&1 - Steel Design according to v E

Input Data [T B T C T 0 TE -~
General Data Section |Member| Location | Load Design
b aterials No Hr. % [m] Case Ratio Design according to Formula
Cross-sections ‘wB 200H [India)
Lateral Intermediate Supports ||| 5 0000 LC2 0.00] €1 [ 100] No or Very Small Intemal Forces

0.0oo| LC3 0.07 [101] Cross-section Check - Tension ace. to 6.2 and £.3.1 |
Effective Lengths - Sets of Mer 0.000| LC4 0.03 102] Cross-section Check - Compression acc. to 7.1.2
= Nodal Supports 3000 Lo 0.34 111] Crogs-section Check - Bending about y-Axis ace to 8.21.2 - Class Tar 2

Effective Lengths - Members 1 i
1 <
1 <
Set of Members Mo 1 - Set 1 0.0a0| Lc2 012 £1 | 11E] Cross-section Check - Bending about 2-Ais acc. to 82.1.2 - Class 1 or 2
1 <
1 <
1 ¢

Set of Members Mo, 2 - Set n0oon| Lo 012 121] Crogs-section Check - Shear Force in 2-Axis acc. to 8.4.1
=- Member Releases 0.ooo| LCz2 0.01 123) Cross-section Check - Shear Force in y-fxis acc. to 8.4.1

Set of Members Mo, 1 - Set 0000 Lo 0.12 126] Crogs-section Check - Shear Buckling ace. to 8.4.2.1 v
- Set af Members No. 2 - Set Max il @ @, 7
Design by Load Case — s -
Design by Cross-section D j 1 - B 200H (Indie)
Design by Set of Members tatenal Values - Steel 1S 513D A 152.0
Design by Member Crogs-gection Values - WE 200H (India)
Design by x-Location Design Internal Forces

Goverhing Intemal Forces by M Crosg-section Clagsification - Clags 3

Goverming |rternal Forces by Ge |B Design Ratio

tember Slendernesses Tengion T 100,00 kM 4
Paits List by Member Gioss Area Ay EEA0 cmd
Partz List by Set of Members ield Stiess fy 2800 kM/em?
Partial Factor ¥ 1.100 Table 5
Yielding Strength Tdg 169273 kN B2
Met Area B BE.50 | cmd
Ultimate Stress fu 27.00 kMicm? [mm]

Paitial Fact 1.100 Table 5 =
< > F\z:iaraa;rnelgth ;’:n‘ 1469.05 kN I5.53.1E w

Figure 4.2: Table 2.2 Design by Cross-section

In this table, the maximum stress ratios are displayed for all designed members and for all
designed load cases, load groups and combinations. The results are sorted according to
cross-sections. For tapered members, both cross-section descriptions are shown in the line
next to the cross-section number.
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4.3 Design by Set of Members

STEEL IS - [Project] x|
File Edit Settings Help
Ca1 - Steel Design according to E ﬂ
Input Data B [ € [ D0 TET F ]~
General Dats Set  |Member Location  Load Design
Materials No Hr. #[m] Case Ratio [resign accarding to Formula
Cross-sections 1 Set of Menbers 1 [Member No. 2-4)
Lateral Intermediate Supports 2 0000 ez 0.07 | £1 | 101] Cross-section Check - Tension acc. to 6.2 and 6.3.1
Effective Lengths - Members 0000 LC4 0.03 £1 | 102 Crogs-section Check - Compression acc. to 7.1.2
Effective Lengths - Sets of Merr| 1.0000 L1 0.21| €1 | 111) Cross-section Check - Bending about y-Axis acc. to 82.1.2 - Class 1 or 2

0ooo|  LCc2 0.12| 1 | 116] Cross-section Check - Bending about 2-Axis acc. to 8.2.1.2 - Class 1 or 2

=I- Nadal Supports

[SI I RARIPAINY

Set of Members No. 1 - Set 0ooo| L. 0.07 | £1 | 121]) Cross-section Check - Shear Force in 2-Axis acc. to 8.4.1
Set of Members No. 2 - Set 0000 LC2 0.01[£1 | 123) Crozs-section Check - Shear Force in y-4xis acc. to 8.4.1
- Member Relsases 0000 Lt 0.07 | £1 | 126) Cross-section Check - Shear Buckling acc. to 8.4.2.1
Set of Members No. 1 - Set l:l 0000 LC4 0.04 | 71 | 371) Stabilty Analysis - Buckling about w-2xis ahd Bending sbout p and z-4xis & | w

Set of Members No. 2 - Set

Max 040/ <1 @ B || T
Results
Dresign by Load Case —
Diesign by Cross-section D: ﬂ 1 -8 200H (Inclia)
Diesign by Set of Members Material Yalues - Steel 15 513 D A 152.0
Design by Member Crogs-section Values - WE 200H (India)
Design by »-Location Design Intemal Forces 7

Goverhing Internal Forces by My Crosg-gection Classification - Class 3

Governing Intemal Forces by S | B Design Ratio

o
Member Slendermesses Auial Force P 50.00] kN g
Parts List by Member Effective &rea Fe BE.50 cm?
Pate List b Set of Members Mament of Inertia Iy 479000 em
R adius of Gyration Ty 4.9 mm
Buckling Class ECy a Table 10 &
Yield Stress by 28.00 | kN/emd z
Modulus of Elasticity E 20000.00 1 kN fem®
Partial Factor i 1.100 Table 5
< 2> Effective Length KLy E.O00 | m v

Figure 4.3: Table 2.3 Design by Set of Members

This table is displayed if at least one set of members was selected for design. The maximum
design ratios are listed according to sets of members. The number of the member with the
highest design ratio within each set of members is shown as well.

4.4 Design by Member

STEEL IS - [Project] X
File Edit Settings Help

CAT - Steel Design according to » E

B |

Input Data B C [ D] E
General Data tdember| Location = Load Design
 ateriale Ne % [rm] Case Ratio Design accarding ta Farmula
Cross-sections 1 Cioss-section Mo, 1-WEB 200H (India]
Lateral Intermediate 5 upports 0000 LE3 0.07|£7 |101) Cross-section Check - Tension ace. to 6.2 and 6.2.1
Effective Lengths - Members 0000 LC4 0.03|¢1 |102) Cross-section Check - Compression ace. to 7.1.2
Effective Lengths - Sets of Mer 3000 LC1 0.34 | £1 | 111) Cross-section Check - Bending about y-Auxis acc. to 82.1.2 - Class 1 or 2
= Modal Supparts 0000 LEZ 0.12| £1 | 116] Cross-section Check - Bending about z-Axis acc. to 8.21.2 - Class 1 or 2
Set of Members No. 1 - Set 0000 L& 012[£1 | 121) Cross-section Check - Shear Force in z-4xis acc. to 8.4.1
Set of Members No. 2 - Set 0ooo ez 0.01 €1 | 123] Cross-section Check - Shear Force in p-Auis acc. to 8.4.1
= Member Relzazss 00000 LC1 0.12| &1 | 126] Cross-section Check - Shear Buckling ace. to 8.4.21
Set of Members No. 1 - Set | MR 0.000] LC4 0.04 | €1 | 301) Stability Analysis - Flesural Buckling sbout y-Axis ace. to 7.1.2 and 7.1.21 v
Set of Members No. 2 - Set 1 @ 3
Results e n40[<1 @ L
Design by Load Case _
Dezign by Cross-section D j 1 - VB 200H (Indis)
Design by Set of Members taterial Yalues - Steel 15 513D ~ 152.0
Diesign by Member Cioss-section Values - WE 200H (India)
Diesign by x-Location Design Internal Forces

Governing Intermal Forces by M Cross-gection Classification - Class 3
Governing Internal Forces by 5¢ |5 Design Ratio

Member 5lendemesses Asial Forcs P 50.007 kN 8
Pats List b Mermber Effective frea I EE.50 | cm?
Patts List b Set of Members Moment of Inertia ly 4790.00  em?
Radiuz of Gyration Iy 0,025 m
‘ield Stress fy 28.00 | kN/em?
Modulus of Elasticity E 20000.00 | kN femE
Partial Factor ¥mio 1.100 Table &
Effective Length KLy E.000 m
< > Buckling Class BCy a Table 10 |

Figure 4.4: Table 2.4 Design by Member
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In this table, the maximum design ratios are arranged according to member numbers. The
Location x at which the maximum value occurs is stated for every member.

The description of the individual columns can be found in chapter 4.1.

4.5 Design by x-Location

STEEL IS - [Project] X
File Edit Sefttings Help

CA1 - Steel Design according to » E

sl

Input Data B C [ D] E
General Data Member Location | Load Design
Materials Ha. # [m] Caze Fiatio Design according ta Farmula
Cioss-sections 1 Cross-section Mo, 1 -'wB 200H (India)
Lateral Intermediate Supports 0noo| LC3 007 £1 | 107) Cross-section Check - Tension acc. to 6.2 and £.3.1
Effective Lengths - Members 0000 LC4 0.03) €1 | 102) Cross-section Check - Compression acc. to 7.1.2
Effective Lengths - Sets of Mer 0ooo| LCz 012 £1 | 116] Crass-section Check - Bending about z-4xis ace. to 8.21.2 - Class 1 or 2
= Modal Supparts 0ooo) LC1 012 £1 | 121) Cross-section Check - Shear Foice in 2-4x%is ace. to 8.4.1
Set of Members Mo, 1 - Set 0000 Lcz 001 | £1 | 123] Cross-section Check - Shear Foice in y-xis acc. to 8.4.1
Setof Members Mo, 2 - Set ooon| Lot 012| %1 | 126] Cross-section Check - Shear Buckling acc. to 8.4.2.1
= Member Releases 0000 LC4 0.04 | £1 | 307) Stability Analysiz - Flesural Buckling about p-dxis ace. to 7.1.2 and 7.1.21
Set of Members No. 1 - Set (M| 0.000] LC4 0.03] €1 | 317) Stabilty Analysis - Flexural Buckling about z<Asis ace. to 7.1.2 and 7.1.2.1 v
Fot Set of Members Mo, 2 - Set Ma 040/<1 @ ®. 7,
esulls
Design by Load Case — i z
Design by Cross-seclion D 1 - B 200 (indis)
Design by Set of Members M atenial Walues - Steel 1S 513D ~ 152.0
Design by Member Crogs-section Yalues - WE 200H (India)
Design by =-Location Design Intemnal Forces

Governing Intemal Forces by My Cross-section Classification - Class 3
Governing Intemnal Forces by S¢ |E Design Ratio

Member Slenderesses Axial Force P 50.00] kN g
Parts List by Mernber Effective Area Ae BES0 cmi
Parts List by Set of Members Moment of Inertia Iz 814.00 cm*
Radius of Gyration Iz 0035 m
‘Yield Stress fy 28,00 kM/cm?
Modulus of Elasticity E 20000.00 | kMAem
Partial Factar Fmi 1.100 Table 5
Effective Length KLz 1.500 | m
£ ? Buckling Class BC: b Table 10 | %

Figure 4.5: Table 2.5 Design by x-Location

This results table lists the maximum values of every member at the following locations x ac-
cording to the member division points of RSTAB:

e Start and end nodes
¢ Internal nodes according to a potential user-defined member division

e Division points according to the number of member divisions that were set in the
Calculation Parameters dialog in the Options register in RSTAB

e Extreme values of internal forces
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4.6 Governing Internal Forces by Member

In this table, the governing internal forces are shown which lead to the maximum design

ratios.

STEEL IS - [Project]

File Edit Settings Help

CA1 - Steel Design according to [+ | [

0

Input Data B [ ¢ [ 0 [ E T F [T G [ H ]
General Data tdember| Location | Load Farces [kM] bdoments [khm]
W atariaks No. % [m] Case M Wy a2 M1 My Mz Diesign according to Formula
Cross-zections Cross-section Mo. 1 -'WE 200H [India)
Lateral Intermediate Supports ||| 0.000]  LC3 100,00 0.00 0.00 0.00 0.00 0.00 | 107) Cross-section Check - Tension acc
Effective Lengths - Members 0000 LC4 -50.00 .00 .00 .00 .00 0.00 | 102 Cross-section Check - Compressior
Effactive Lengths - Sete of Menr 3000 LCT 0.oo 0.00 0.oo 0.oo 4717 0.00 | 111] Cross-section Check, - Bending abc
= Modal Suppoits 0oo| LCz 0.00 E.00 0.00 0.00 0.00 E.00 | 11E) Cross-section Check - Bending abc
Set of Members Mo. 1 - Set 0noo|  LC1 0.0o 0.00 31.44 0.00 0.00 0.00 | 127]) Cross-section Check - Shear Force
Setof Members No. 2 - Set 0000 LC2 0.a0 E.00 0.a0 0.a0 0.a0 .00 | 123] Crogs-gection Check, - Shear Force
= Member Releases nooo) LCt 0.o0 0.00 31.44 0.00 0.00 0.00 | 126) Cross-section Check - Shear Buckl
Set of Members No. 1 - Set 0000| LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 307] Stability Analysis - Flexural Buckling
Set of Members No. 2 - Set 000o| LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 311) Stability Analysis - Flexural Buckling
Results 3000 LCA 0.00 000 000 000 4717 0.00| 327) Lateral Torsional Buckling accordir
Design by Load Case
Design by Cross-section 2 Crogs-section Mo, 1 -'WE 200H (India)
Design by Set of Members 0ooo| LC3 100.00 0.00 0.0o 0.0o 0.0o 0.00 | 107] Crose-section Check - Tension acc
Design by Member 000o| LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 102) Cross-section Check - Compressior
Deesign by #-Location 2000 LCH 0.00 000 648 000 2592 0.00| 117] Cross-section Check - Bending abi
Govemning Intemal Forces by Mi 0oom| LCz 0.00 E.00 0.00 0.00 0.00 E.00 | 118 Crose-gection Check - Bending abe
Governing Intemal Farces by Se noo| Lt 0.00 0.00 19.44 0.00 0.00 0.00 | 127) Crass-section Check - Shear Force
Member Slendernesses 0000 Lcz2 0.00 E.00 0.00 0.00 0.00 B.00 | 123) Cross-section Check - Shear Force
Parts List by Member noo| Lo 0.00 0.00 19.44 0.00 0.00 0.00 | 126) Cross-section Check - Shear Buckl
Parts List by Set of Members 0000 LC4 -50.00 .00 .00 .00 .00 0.00 | 307] Stability &nalysis - Flexural Buckling
0000 LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 311] Stability Analysis - Flexural Buckling
2000| LC1 0.00 0.00 E.48 0.00 2592 0.00 | 321] Lateral Tarsional Buckling accordir
0000 LC4 -50.00 0.00 0.oo 0.oo 0.oo 0.00 | 371] Stability Analysis - Buckling about ¢
1.000| LCA 0.00 0.00 12.96 0.00 16.20 0.00 | 372) Stability Analysis - Buckling about 2|

Figure 4.6: Table 3.1 Governing Internal Forces by Member

Location x

For every member, the location x on the member with the maximum design ratio is shown.

Load Case

In this column, the numbers of the load cases, load groups or combinations whose internal
forces have the most unfavorable effect are displayed.

Forces / Moments

The decisive axial and shear forces as well as the torsional and bending moments are listed

for every member.

Design according to Formula

The last column includes the relevant equations that were followed in the design.
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4.7 Governing Internal Forces by Set of Members

File Edit Settings Help
CA1 - Steel Design according to s E S
Materials -~ B [ ¢ [ o T e T F T G [ H T | [~
Cross-sections Set | Location | Load Faorces [kM] Moments [kMm]
Lateral Intermediate 5uppart No. % [m] Case i} Wy W M1 My Mz Diesign according ta Formula
Effective Lengths - Members et of Menbers 1 [Member Mo, 2-4)
Effective Lergths - Sets of b L LC3 [ 100.00 0.00 0.00 0.00 0.00 0.00 [ 107) Cross-section Check - Tension ace
= Maodal Supparts 0000 LC4 -50.00 0.0o0 0.0o0 0.0o0 0.0o0 0.00 | 102] Crose-section Check. - Compressiar
Set of Members No. 1 - 1.000| LCA 0.00 0.00 0.00 0.00 2917 0.00 | 111) Cross-section Check - Bending abc
Setof Members No. 2 - 0000 LC2 0.00 600 000 000 000 5.00 | 116] Cross-section Check - Bending abi
Setof Members No. 3 - 0000 LC1 0.a0 0.a0 19.44 0.a0 0.a0 0.00 | 121] Cross-section Check - Shear Force
Set of Members No. 4! noo| LCz 0.00 E.00 0.00 0.00 0.00 E.00 | 123) Crass-section Check - Shear Force
Set of Members No. 5 - 0.000) LCT 0.00 0.00 19.44 0.00 0.00 0.00 | 126] Cross-section Check - Shear Buck
= Member Releases 000o| LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 307) Stability Analysis - Flexural Buckling
Setof Members No. 1 - 0000 LC4 -50.00 000 000 000 000 0.00| 317] Stability Analysis - Flesural Buckling
Setof Members No. 2 - 1.000 LC1 0.a0 0.a0 0.a0 0.a0 2917 0.00 | 321) Lateral Torsional Buckling accordir
Set of Members No. 3! 000o| LC4 -50.00 0.00 0.00 0.00 0.00 0.00 | 371) Stahility Analysis - Buckling abaut
St of Members Mo, 4 - 0000 LC1 0.00 0.00 E.48 0.00 25.92 0.00 | 372) Stability Analysis - Buckling about 2
Set of Members Mo, 5
Results 2 Set of Menbers 2 (Member No. 5-7)
Design by Load Case 0000 LC2 0.00 0.00 0.00 0.00 0.00 0.00 | 100] Mo or ery Small Internal Forces
Design by Crass-section 1000 LC1 0.00 0.00 0.00 0.00 217 0.00 | 111] Crass-section Check - Bending she
Design by Set of Members 0000 LC1 0.00 0.00 1.44 0.00 0.00 0.00 | 121] Cross-section Check - Shear Force
Design by Member noo|  LC 0.00 0.00 1.44 0.00 0.00 0.00 | 12E) Cross-section Check - Shear Buckl
Deesign by #-Location 1.000) LCA 0.00 oao oao oao 217 0.00 | 327) Lateral Torsional Buckling accordir
Goverhing Intemal Forces b n.oog)  LC1 0.00 0.00 0.48 0.00 1.92 0.00 | 372) Stability Analysis - Buckling about 2
Governing Intemal Forces b
Member Slendemesses 3 Set of Menbers 3 [Member Mo, 8-10]
Parts List by Member 15600| LCA 0.00 0.00 0.00 0.00 014 0.00 | 100) No or Yery Small Intemal Forces
Parts List by S et of Members 0000 LCH 0.ao .00 077 .00 -0.38 0.00 | 112] Cross-section Check - Bending abe | &
hd
< b3

Figure 4.7: Table 3.2 Governing Internal Forces by Set of Members

In this results table, the governing internal forces that lead to the maximum design ratios of
every set of members are shown.

4.8 Member Slendernesses

File Edit Settings Help

CAT - Steel Design according to w E j
Materials -~ [ ¢ | o | & | F | & | H
Cross-sections Maijor Az y Minar Awis 2
Lateral Intermediate Support = kor,y 1y [mimm] KLy /1y kor,z 12 [rnin] KLz /12
Effective Lengths - Member: E Compression/Flesure £ E.000 1.000 g4.9 70.696 0.250 350 42.874
Effective Lengths - Sets of b 2 Campreszion/Flesure 2.000 1.000 a4.9 23565 1.000 /0 57.165

= Modal Supparts 3 Compression/Flexure 2000 1.000 84.9 23569 1.000 B0 57165
Set of Members No. 1 - 4 Compression/Flexure 2.000 1.000 84.9 23565 1.000 w0 57165
Set of Members Mo, 2 - 5 Compression/Flexure 2.000 1.000 84.9 23.565 1.000 w0 57165
Set of Members No. 3 - [ Compression/Flexure 2.000 1.000 84.9 23565 1.000 w0 57165
Set of Members Mo, 4 - 7 Compression/Flexure 2.000 1.000 84.9 23.565 1.000 w0 57165
Set of Members No. 5 - ! 8 Compression/Flexure 3.000 1.000 109.1 27.492 1.000 54.9 54.632
= Member Releazes k] Compression/Flexure 3.000 1.000 109.1 27.492 1.000 54.9 54.632
Setof Members No. 1 - 10 Compression/Flexure 3.000 1.000 1091 27.492 1.000 54.9 54.632
Set of Members No. 2 -
Setof Members No. 3 -
Set of Members No. 4 -
Setof Members No. 5-!

Results
Design by Load Case
Design by Cross-section
Design by Set of Members
Design by Member
Design by #-Location
Gowerning Intemal Forces b
Governing Intemal Forces b
Member Slendemesses
Parts List by Member
Parts List by Set of Members =

Members with Compression [ Flexure:
Mz KLy {1y 70695 €200 ]
N KLz £ 1z 57165 £200 @

< >

Figure 4.8: Table 3.3 Member Slendernesses
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In table 3.3, the effective slenderness ratios of all designed members are compared with the
maximum values that were set in the dialog Details (see Chapter 3.1). These ratios are listed
with respect to the major and minor principal axes. This table provides information on the
maximum effective slenderness ratios only. It does not give any design results. Members of
the types tension or cable are excluded from this table.

4.9 Parts List by Member

STEEL IS - [Project] X
File Edit Settings Help
£41 - Steel Design according tc v | ] -y
Cross-gections ~ T B | C | 1] | E | F | G | H | |
Lateral Intemediate Suppor Part Mumber Length | TotLength | Surf. Area | Yolume  UnitWeight| “Weight | Tot'weight
Effective Lengths - Member Ha. Cross-section embers [m] [m] [m#] [m#] [kgém] [ka] 0]
Effective Lengths - Sets of 1 E.00 £.00 787 004) 4812|0 28872(1 0289
= Modal Supparts 2 | 1-wE 300 (India) E 200 12.00 15.94 0.07 4812 96.24 0577
Set of Members Mo, 1 - 3 | 4-HB 260 (India] ] 300 a.00 1290 0.08 §1.02 153.07 0.453
Set of Members Mo, 2 - 4 | 2-wB 400 (India) 1 200 200 205 0.0z B6.72 13345 0133
Set of Members No. 3 - 5 | 2-wE 400 (India) 1 7.00 7.00 1066 0.08 B66.72 467.07 0467
Set of Members Mo, 4 - E | 2-wB 400 (India) 1 5.00 8.00 7.E1 0.04 BE.72 33362 0334
Set of Members Mo, 5§ - 7| 3-MB 400 (India) 1 E.00 .00 77 0.05 £1.54 369.26 0.363
= Member Peleases 8 | 3-MB 400 (Indig) 1 5.00 5.00 E43 0.04 £1.54 307.72 0.308
Set of Members Mo, 1 - Sum 18 52.00 7226 037 2937
Set of Members Mo, 2 -
Set of Members Mo. 3 -
Set of Members Mo, 4 -
Set of Members Mo, & -
Serviceability Data
Results
Design by Load Case
Drezign by Cross-section
Dezign by Set of Members
Dresign by Member
Diezign by w-Location
Governing Intermal Forces b
Governing Intemal Farces b
Member Slendemesses
Parts List by Member
Parts List by Set of Member:
hd
¢ >

Figure 4.9: Table 4.1 Parts List by Member

Finally, the parts list of all cross-sections that are considered in the given design case is dis-

played. This list contains only designed members by default. If all members of the structure

are to be included, you can modify the setting in the Details dialog (see Figure 3.1, page 26)
that can be opened by the [Details] button.

Part No.

The same part number is automatically assigned to identical members.

Cross-section

In this column, the cross-section descriptions are displayed.

Number of Members

The number of identical members is given for each part.

Length

This column displays the unit lengths of every single member.

Total Length

This column represents the product of the values given in the two previous columns.
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Surface Area

The surface area which is related to the total length of the relevant part is calculated on the
basis of the value A, of each cross-section. You can check on this value by clicking on the
[Info about Current Cross-Section...] button in tables 1.3 or 2.1 to 2.5.

Volume

The volume of every part is calculated from the surface area and the total length.

Unit Weight

The Unit Weight of the cross-section represents the weight per length of 1 m. In case of ta-
pered cross-sections, the unit weight is calculated as the mean value of both cross-sections.

Weight

The value in this column is calculated as the product of values in the columns C and G.

Total Weight

The total weight of each part is displayed in the last column.

Sum

The sums of the values in the individual columns are given in the final row of this list. The
cell Total Weight shows the total required amount of steel.

4.10 Parts List by Set of Members

STEEL IS - [Project]
File Edit Settings Help

CAT - Steel Design according o E ﬂ
Cross-eections ~ (e B | [ | 0 | B | F | G | H | |
Lateral Intermediate S uppor Part Description of Mumber Length | TotLength | Surf. Area | Waolume  |UnitWeight Weight | TotWeight
Effective Lengths - Membsr No. Set of Members Sets [m] [r] [m?] [m#] [kgdm] [kal [t]
Effective Lengts - Sets of t 1 E.00 E00 797 0.04 12| 2B 0,289

= Modal Supports 2 Set of Menbers 2 1 E.00 £.00 797 0.04 4812 288.72 0.283
Set of Members Mo, 1 - B Set of Menbers 3 1 9.00 9.00 12490 0.08 51.03 459.23 0.453
Set of Members Mo, 2 - 4 Set of Menbers 4 1 14.00 14.00 2132 1z BE.72 934.15 0.934

1

5

Set of Members Mo, 3 - 5 | Set of Menbers 5 11.00 11.00 1414 0.03 £1.54 E7E.58 0EF?
Set of Members Mo, 4 - Sum 46.00 £4.23 0.34 2648
Set of Members Mo, 6 -
= Member Releases

Set of Members Mo, 1 -
Set of Members Mo, 2 -
Set of Members No. 3 -
Set of Members Mo, 4 -
Set of Members Mo, 6 -

Serviceability Data

Results

Design by Load Case

Dresign by Cross-section

Diezign by Set of Memberz

Design by Member

Dresign by =-Location

Governing Intemal Forces b

Governing Intemal Forces b

ttember Slendemesses

Parts List by Mamber

Parts List by Set of Member: =

. :

Figure 4.10: Table 4.2 Parts List by Set of Members

The last mask in STEEL IS is presented when at least one set of members was selected for
the design. The advantage of this table is that a parts list is given for the various groups of
elements (e.g. for a beam).

The table columns are described in Chapter 4.9. If there are different cross-sections within
the set of members, the mean values of surface area, volume and unit weight are listed.
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5. Evaluation of Results

The design values can be evaluated in different ways. For this, the buttons in the results ta-
bles are very useful which are located below the upper tables each.

STEEL IS - [Project]
File Edit Settings Help

Input Data
General Data
M aterials
Cross-sections

Effective Lengths - Members

+- Modal Supports

= Member Releases
Serviceability D ata

Fesults
Design by Load Case
Design by Cross-section
Design by Set of Members
Design by Member
Design by #-Location
Gaveming Internal Forces by

Mermber Slendemesses
Parts List by Member

Lateral Intermediate Supports

Effective Lengths - Sets of Men

CA1 - Steel Design according ko w E

B [ c [oD] E |~
tember Location | Load Design
0. = [m] Case Ratio Design according to Formula

Cross-section No. 1 - %B 300 [India)
(| 0.000] LC3 0.07 | £1 [ 101) Cross-section Check - Tension ace. to 6.2 and £.3.1

0000 LG1 005 €1 | 102] Cross-section Check - Compression acc. to 7.1.2

3.000) LCY 0.28 £1 | 112] Cross-section Check - Bending about y-4xis acc. to 8.2.1.2 - Class 3

0000 LG3 029 £1 | 117] Cross-gection Check - Bending about z-44s acc. to8.21.2 - Class 3

0000 L&E1 0.12|£1 | 121] Cross-section Check - Shear Force in z-4xis acc. to 8.4.1

0oo|  LGZ2 001 £1 | 123) Cross-gection Check - Shear Force in y-Asis acc. to 8.4.1

0000 L&E1 0.12|£1 | 126] Cross-section Check - Shear Buckling acc. to 8.4.21

3000 LG3 0.48 | £1 | 162) Cross-gection Check - Biaxial Bending about  and z-Axiz ace. to 9.3.1.3-Class 3 | »
Mac [ T[T @ 1

—
0

1| | E Material Values - Steel IS 513D
Goverring Internal Forces by Sy Cross-zection Yalues - "B 300 (Indis)

Desiagn Intemnal Forces
Crass-gection Clagsification - Class 3

[+ - v 300 (indis)
~ 200.0

=
=

Patts List by Set of Members || B Design Ratia o
Tension T 100.00| kN 2 oSs=eme= ly
Gross Area Ag £1.30 | em? 4
“ield Stress fy 28.00 | kM/cm? T
Partial Factor ¥mi 1.100 Table 5
“rielding Strength Tdg 1560.36 | kM B2 &
Met Arsa A 51.30 | cm? E
Ultimate Stress fuy 27.00 | kN/em? [mim]
Partial Factor Fmi 1.100 Table 5 =
< Rupture Stregth Tdn 1358417 | kM £.3.1 v
Figure 5.1: Buttons for Evaluation of Results
These buttons have the following functions:
Button Name Function

Design of Ultimate Limit
State

Switch on/off the design results of the ultimate
limit state

Design of Serviceability
Limit State

Switch on/off the design results of the serviceabi-
lity limit state

Switch on/off the color background in the results
tables according to the reference scale

Show Rows with Ratio > 1

Show only rows with stress ratios greater than 1
and, accordingly, the failed design

Show Result Diagrams of
Current Member

Open the diagram Result Diagram on Member
- Chapter 5.2.

Jump to Graphics to
Change View

wi
Show Colo Brsin bl

Go to the RSTAB work window in order to change
the display settings

Pick Member in Graphics
] and Go to This Member in
Table

Click on a specific member in the RSTAB window
whose results values are to be displayed in the
table

Table. 5.1: Buttons in Results Tables 2.1 to 2.5

38

I Program STEEL IS © 2009 by Dlubal Engineering Software




5
I —

Engineering Software

5 Evaluation of Results

Dlubal

5.1 Results on RSTAB Model

You can use the RSTAB work window to evaluate the design results. The RSTAB graphics in
the background can be useful if you want to check the location of a specific member in the
model: the member that is selected in the STEEL IS results table is also highlighted in the se-
lection color in the RSTAB background graphics. Additionally, an arrow marks the member
location x which is stated as decisive in the selected line.

STEEL IS - [Bridge]

File Edit Settings Help

CAT - Steel Design according to s E S
Input Data E T [ [DT E |~
General Data Member | Location Load Design
Materials Ho. #[m] Case Ratio Design according to Farmula
Cross-sections Cross-gection Mo, 1 -'wE B00 (India]
Lateral Intermediate Supparts (| 0.000] LGt 014 £17 | 102) Cross-section Check - Compression acc. to 7.1.2
Effective Lengths - Members 5.000) LGt 013 £7 | 121] Cross-section Check - Shear Fores in 2-A0s acc. to 8.4.1
Results 5.000| LG1 013| %7 | 126) Cross-section Check - Shear Buckling acc. to 8.4.21
Design by Load Case 0.000| LG1 027 €1 | 181] Cross-section Check - Bending about v Awis, Shear and &xisl Foree ace. to 9.3.1.1
Design by Cross-section 0.000| LG1 043 51 | 347) Stability &nalysis - Buckling about y-Axis and Bending sbout v and z-Axis acc. to 9.0
Design by Member 0000| LG1 085 €1 357] Stability Analpsis - Buckling about z-Axis and Bending sbaut y and z-Axis with Later.
Design by x-Location
Governing Intemnal Forces by M 16 Cross-section Mo. 1 -WE B00 (India) [
e e [>T @ e
ks List by Member
De W [ - v 600 i)
Matenial Values - Steel 15 513 D 2500
Cross-section Values - WB 600 [India)
Design Internal Forces =
Cross-section Classification - Class 1 &~
[ Design Ratio -
Auial Force F E27.334 | kN é Poo=moe= ..Y
Effective Area A 17000.0 | mm2 12
“ield Stress fy 28.00 | kMsem? 1
Paitial Factor Fmo 1.100 Table &
Compressive Stregth 3] 4327270 kN 71z S
Diesign Ratio 014 1 71z =
[min]
X
< >

Figure 5.2: Selection of Member and Current Location x in RSTAB Model

If you do not get a favorable view even by moving the STEEL IS window, you can apply the
so-called View Mode by clicking on the [Jump to Graphics to Change View] button: the
STEEL IS window is switched off and you can change the view of the RSTAB model. In this
mode, the functions from the View menu are available, e.g. zoom, move or rotate the view.

The design ratios can also be displayed on the structural model. Close STEEL IS via the
[Graphic] button. The design ratios are then shown graphically in the RSTAB work window.

Similar to the internal forces of RSTAB, you can activate or deactivate the design results by
the [Results on/off] button. The [Show Result Values] button controls the display of the nu-
merical values in the graphics.

Regarding the fact that the RSTAB tables are irrelevant to evaluate the STEEL IS results, you
can deactivate them by using the button visible on the left.
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STEEL IS CAL - Steel Desion ] <@ © A particular design case can be selected from the list of cases in the RSTAB toolbar.
LE1 - Dead Load
L2 Imposed Load. The display of the results can be also controlled by the Display navigator, using the entry

STEEL |5 CAT - Steel Design IS 500 Results — Members. The design ratio is displayed Two Colored by default.

Project Navigator 3]

[#]3 Structure rS
4 Loads i
=1 Resulks
W[ Result Yalues
[ Title Info
[ Maxitin Infa
[®] [ Deformation
= [m] [ Members
CHEE
O colored
O Cross-sections
LIS alvalues
13 pisplay hidden result diagram
= [ support Reactions
[E 5 Guide Objects
By General
[ Murbering
[E]"p Rendering =
[E] ' Model

i ] W 1 inhkina —

EData = Digplay

Figure 5.3: Display Navigator: Results - Members — Two Colored

& BB

_ If you select the Colored results display, the panel colors become available with various op-
|| tions for the multicolor display. Those are described in Chapter 4.4.6 of the RSTAB manual.

t Mavigator |
S [w] 8 Structure ~ Max Refer ta
55 ND:els T Design Ratia [] ) Man/Min
Modal Supports 115 p
[#] 5 Members 100 8 E.us.to.mlze
Eg Sets of Members 0.90 (il
=-[«] [F] Results 0.80
L1 Result Yalues 070
[#1[3 Title Info
[ MaxMin Info ggg ] ?moolth Calar
=] Deformation 040 Lanstion
=-[m][F Members B DIBD
O Two Colared 0'20
O colored D.'I 0
@ [ Cross-sections D.DD
LIS alvalues )
1 pisplay hidden result diagram Max : 115
|:| E Reverse Resuls Y-y and V-2 Min : 0.00
=-[E] 5 Guide Objects
15 Cimensions
1% Comments
[¥] 5 suidelines —
[T15 DxF Layers bt 2
< >
ES0at: M pisplay | q b @ &4

Figure 5.4: Design ratios for Option Cross-sections in the Display Navigator
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As for the member internal forces, you can set the scale factor for the graphics of the
design results in the Factors register. If you enter the factor 0 in the input field Member
Diagrams, the design ratios will be shown with an increased line thickness.

This graphics can be incorporated to the global printout report (see chapter 0).

STEELIS You can return to STEEL IS any time by clicking on the [STEEL IS] button in the panel.

5.2 Result Diagrams

o In order to view the result diagram of a specific member, the graph of results can be used.
Select the desired member or set of members in the results table of STEEL IS and then acti-
vate the diagram by the button as seen to the left. This button is located below the upper
tables of results.

The result diagrams are also available in the RSTAB window via the main menu

Results - Member Results

wIe. or by using the corresponding button in the toolbar.

A new window is opened in which the result diagrams of the selected member or set of
members are shown.

= Result Diagram on Member

B[ sTEELIS CAL- Steel Desic v @ 2 H R L (= & A A
Herae o 0 nnln‘ L .D.ﬂln.n‘ L .1.D|D.D‘ L .1.5|D.D‘ L .Q.DID.D‘ L .2.5|D.D‘ e Iznnn m 03718 [l []Fied
[v] Ciesign Ratio GRS
Design Ratio [-] Design Ratio
H | Design Ratia
[m] 8
= 0000 0.86 A
0.750 0.42
1.500 0.33
2.250 0.42
-~ 3.000 0.86

v
[ #atdin Only ] Edges Only

Results 4k

Location x: 0,371 m Beginning ¥,Y,2: -10.0, 0.0, 0.0 m End ¥,¥,Z: -10.0, 0.0, -3.0m Order: 23

Figure 5.5: Result Diagram on Member Dialog

STEEL 15 CAl - Steel Dosan ] < A particular design case can be selected from the list in the toolbar.
e e A detailed description of the Result Diagram on Member dialog can be found in Chapter
|1 itie:s:il:ln I5 200 9.8.4 of the RSTAB manual.
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5.3 Filtering Results

The structure of the STEEL IS masks makes it already possible to select the results according
to certain criteria. Additionally, you can use the filter functions as described in the RSTAB
manual to graphically evaluate the STEEL IS results.

Firstly, you can use already defined partial views (cf RSTAB manual, chapter 9.8.6) that
group certain objects in a favorable way.

Secondly, you can set the stress ratios as a criterion to filter the results in the RSTAB work
window. For this, the so-called control panel is to be displayed. If it is not visible, you can
switch it on via the main menu

View — Control panel

or by clicking on the corresponding button in the Results toolbar.

This panel is described in chapter 4.4.6 of the RSTAB manual. The settings to filter the re-
sults are defined in the Color Spectrum register. As this register is not available in case of
the two colored stress display, it can be switched on by selecting one of the display options
Colored or Cross-sections in the Display navigator.

- [w] B Structure
#-[ |4 Loads
= [v][F7] rResults
+-[w] [ Result Yalues
[ Title Irfo
[#] [ Max/Min Irfo
+-[m] [ Deformation
= [m] [ Members
O Two Colored

O[] cross-sections

LI Al values

+-[m] [ support Reactions
[B] 5 Guide Objects

El4Y General

] Mumbering

[E]p Rendering

[B] & Additional Modules

F

™ ﬁ Display hidden result diagram

E®pata M pisplay |-—‘F.e:-l_|lt:-

4

[+

Figure 5.6: Display Navigator: Results - Members — Colored

For a colored view of the results, you can set in the panel that e.g. only stress ratios greater
than 0.3 are to be displayed. Furthermore, you can adjust the color spectrum in a way that
one single color range exactly covers the stress ratio 0.10 (see Figure 5.7).

By the option Display hidden result diagram (Display navigator, entry Results — Members)
you can also display stress diagrams that do not satisfy the given condition. Those diagrams
will then be drawn as dashed lines.
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Project Navigator E
=[] & Structure ~ M tax
[#] 8 todes Design Fatio [-]
[#] 5%/ Modal Supports 120
=[] 5 Members 110
[#] 5 Member Elastic Foundations 1.00
Dg Member Axis Systems x,v,z 0.90
Dg Member Axis Systems x,u,v 0.80
15 Member Crientations B 070
15 Member Releases 0ED
15 Tension Side of Members 050
Dg Cross-section Outlines 0'40
]85 withaut Crass-section at Member En 0'30
[#] 5/ Eccentricities )
[#] 8/ Sets of Members
=[] Results
[w] [ Result values Max : 1.15
[ Title Irfo Min : 0.00
[ Masxmin Info
[® [ Deformation
=[] Members
O Twa Colared —
@ [ cColored b
3 >
EData 9 pisplay | 4 I @ &£ ;6

Figure 5.7: Filtering Stress Ratios with Customized Color Spectrum

Filtering Members

In the Filter register of the control panel, you can enter the numbers of the members whose
result diagrams are to be shown in the graphics. This function is described in chapter 9.8.6
of the RSTAB manual.

Contrary to the partial view function, the entire structure is displayed here. The following
figure shows the stress ratios in the compressed flange of a footbridge. The other members

Refer to

O MariMin
(® Customize
) Limnits:

[] Smaath Calar
Transition

0.67

of this structure are also shown in the model but they are without any stress ratios.

Show diagrams for
members no.

29107113

All

B @ 4]

Figure 5.8: Filtering Members: Stress Ratios of Footbridge Flange
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6. Printout
6.1 Printout Report

For the design results of STEEL IS, a printout report can be created to which you can add
graphics and comments. In this printout report, it is also possible to select which results ta-
bles of STEEL IS are to be printed.

The printout report is described in detail in the RSTAB manual. In particular, Chapter
10.1.3.4 Selection of Additional Modules Data is important and deals with the selection of
input and output data in all add-on modules.

You can create several printout reports for every design case. For very large structures, it is
recommended to create several smaller reports instead of a single extensive one. If you cre-
ate a specific report only for the data of the STEEL IS design case, the printout report will be
processed fairly quickly.

6.2 Print STEEL IS Graphics

It is possible to print the stress ratios displayed on the RSTAB model. All graphics can be in-
corporated to the printout report or sent directly to the printer. Chapter 10.2 of the RSTAB
manual describes in detail how to print graphic displays.

Results on RSTAB Model

Every image of the RSTAB work window can be included in the printout report. The current
STEEL IS graphics is printed by using the main menu

File — Print...

or clicking on the corresponding button in the toolbar.

Hl RSTAB 7.02 - [Project IS]

E™® File Edit  Wew Insert  Caloulate

EDEQ%E'&;EL;‘
A ERARE -

7T —

Figure 6.1: Print Button in Toolbar in Main Window

Result Diagram

You can also print the result diagrams of members by clicking on the [Print] button in the
Result Diagram on Member dialog.

5 Result Diagram on Member

|'!‘.@‘ STEEL IS CAL - Sheel Desic v € (| EH

I
Q 0.oon 0500 ; 1.000
v

Design Ratio [-]

[¢] Diesign Ratio

Figure 6.2: Print Button in Toolbar of Result Diagram Dialog

The following dialog opens.
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Rermove from Printout Report
Start with Mew Page

Selactio
Prope
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Graphic Printout

General |Dptions Color Spectrum

Graphic Picture Tio Prirt Winchos Graphic Size

(%) Direct ta Printer. . () Current Ornly () s Sereen View
() In Prirkowt Repart: . (2 window Filling

() To Clipboard (3 ToScale 1100
Graphic Picture Size Options

Use Whale Page “idth

IUse Whole Page Height

Rotation: [l

Header of Graphic Picture
|STEEL 15 - Members Design Ratio. CAl |

oK

Figure 6.3: Graphic Printout Dialog, General Register

][ Cancel ]

This dialog is described in detail in Chapter 10.2.1 of the RSTAB manual. The remaining two
register tabs Options and Color Spectrum are also explained there.

In the printout report, any image of the STEEL IS results can be moved to a different loca-
tion by the Drag&Drop function. It is also possible to adjust inserted images subsequently:
right mouse click on the relevant entry in the report navigator, then select Properties in the
context menu. The Graphic Printout dialog is displayed again where the possible changes
can be set.

Graphic Printout

General | Opticns | Color Spectum
Soript Symhbols Frame
) Proportional (*) Proportional ) Mone
(%) Canstant () Canstant (%) Framed
Factor: |1 E= Factor: 15 [ Title Bos...
Print Guality Colar
() Standard [max 1000 = 1000 Pixelz] (®) Lines and Test Black
) Masimal [max 5000 » 5000 Fisels) © Al Colored
(%) UserDefined  Max Number <
of Fixels: 9300 2
Ok ] [ Cancel

Figure 6.4: Graphic Printout Dialog, Options Register

Program STEEL IS © 2009 by Dlubal Engineering Software

45



X
—_—

7 General Functions

STEEL I5 CA1 - Steel Design @] <@

LE1 - Dead Load

LC2 - Impozed Load

LG1 -1.2°LCT +1.5LC2

STEEL IS CA1 - Steel Design 1S 800

7. General Functions

This chapter describes the commonly used functions of the main menu as well as the export
options of the design results.

7.1 STEEL IS Design Cases

The user has the option to group the members into separate design cases. In this way, it is
possible e.g. to design separately certain structural parts or elements with specific parame-
ters (limit stresses, partial safety factors, optimization etc.).

A member or set of members can be analyzed in different design cases without any prob-
lem.

All design cases created in STEEL IS are contained in the list of load cases and load groups in
the toolbar in the RSTAB work window.

Create New STEEL IS Case
A new design case can be created from the STEEL IS main menu
File > New Case...

The following dialog opens:

New STEEL IS-Case X
Ma. D escription
1 Steel Design according to 1S 800 -

0K, ] ’ Cancel

Figure 7.1: New STEEL IS-Case Dialog

In this dialog, you need to fill in the (not yet used) Number and Description of the new de-
sign case. After closing the dialog with [OK], the STEEL IS form 1.1 General Data is shown
where you can define the new design data.

Rename STEEL IS Case

The description of a design case can be changed via the STEEL IS main menu

File — Rename Case...

The Rename STEEL IS-Case dialog is opened.

Rename STEEL 1S-Case

Figure 7.2: Rename STEEL IS-Case Dialog
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Copy STEEL IS Case

The input data of the current design case can be copied via the STEEL IS main menu
File » Copy Case...

The Copy STEEL IS-Case dialog opens. Enter the number and description of the new design
case into which the selected case is to be copied.

Copy STEEL IS-Case X

Copy fram Caze
CAl - Steel Design |5 800 w

MNew Case

Mo Description:
2 Steel Design 15 800 (2) -

[ 0K ] [ Cancel

Figure 7.3: Copy STEEL IS-Case Dialog

Delete STEEL IS Case

Design cases can be deleted via the STEEL IS main menu
File — Delete Cases...

In the Delete Cases dialog, select a specific design case from the list of Available Cases. It
will be deleted when clicking on [OK]

Delete Cases Pz|

Available Cazes
Mo. D escription ~
Steel Design 1S 800
S 800 [2)

Ok, l [ Cancel

Figure 7.4: Delete Cases Dialog

® Dlubal —
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Go to Cross-section Doubleclick.
Info abouk Cross-section...
Optimize Cross-seckion h
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7.2 Cross-Section Optimization

The module STEEL IS offers the possibility to optimize cross-sections. For this, select the
cross-section that is to be optimized in column D resp. E of form 1.3 Cross-sections by tick-
ing the appropriate box (cf Figure 2.6).

You can also start the optimization of a cross-section via the context menu in the results ta-
bles.

During the optimization, STEEL IS examines which cross-section within the same cross-
sections series satisfies the design “optimally”, i.e. is the closest to the maximum allowable
stress ratio which has been defined in the Details dialog (cf Figure 3.1). The required cross-
section properties are calculated on the basis on the internal forces from RSTAB. Finally, the
cross-section which satisfies the design with the highest possible stress ratio is chosen. For
this reason, two cross-sections are shown graphically in form 1.3 on the right - the original
cross-section from RSTAB and the optimized one (cf Figure 7.6).

When ticking the optimization box for parameterized cross-sections from the library, the
following dialog appears for you to enter detailed data.

Welded Cross-sections - | symmetric : Optimize

Crozs-zection Optimization Parameters

Ophi-
mize: Current Miriirnal I awimal Increment b

[l 500.0% »| 10000% > 20.0/2%| [
b F33 5. [mm] o5 w =
D ko

e el [min] a
iz 6405 » o]
[F= 0o [rnimn] =
— 8

# =t

[ Keep Cunent Side Proportions 15 1055, 86/31 3,944,436, 068/54. 0080

(u] l [ Cancel

Figure 7.5: Welded Cross-cections - I-Symmetric: Optimize Dialog

At first, select the parameter(s) that you want to modify in column Optimize. Hence, the
columns Minimal and Maximal become accessible where the upper and lower limits of the
optimization parameter can be defined. The column Increment controls in which intervals
the parameter dimensions vary during the optimization process.

If you want to Keep Current Side Proportions, tick the corresponding box in the lower part
of this dialog. Additionally, it is necessary to tick all parameters for the optimization.

It is not possible to carry out the optimization for combined rolled cross-sections.

Please keep in mind that during the optimization the internal forces will not be recalculated
automatically on the basis of the modified cross-sections. It depends on the user’s decision
when and which cross-sections are to be adapted in RSTAB for a new analysis. The internal
forces based on the optimized cross-sections may differ considerably due to the changed
rigidities within the structural model. Thus, we recommend recalculating the internal forces
after one optimization run and then optimizing the cross-sections once more.
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It is not necessary to transfer the modified cross-sections to RSTAB manually. Open form
1.3 Cross-sections and select in the main menu

Edit — Export All Cross-Sections to RSTAB.

The option to export the modified cross-sections to RSTAB is also contained in the context
menu of form 1.3.

STEEL IS - [Bridge] 3]
File Edit Settings Help
Ca1-Steel Desian 15800+ [ [ |
Input Data T | 0 | E [ F | 2-ve400(ndia)
General Data Section  Material EIOS.S'SECEIDH Eross—sect.l.on Type . Dfaslgn Dpll— STEEL 13
W aterials Q. Mo, Dresciiption [mm] for Classification FRiatio mize | Remark
Cross-sections 1 1 ‘wB 500 (India) |-shape ralled 056 O S
Lateral Intermediate Supports | DR 1 [TENONIRE 1 leksosoled ——_noil 03 1] ¥
Effective Lengths - Members Lfolshautlrosaeectivng
Results Cross-section Lbrary... i
D by Load C. M
o e ase. Edit List 'Design of Members'in Table 1.1 =
Design by Cross-gection
Design by Member Qptimize Cross-section 2-WWB 350 (Inclia)
Design by #-Location RSTAB
Governing Internal Forces by M.
hember Slendernesses Export Cross-section to RSTAB [ N
Parts List by Member ¥

Export: All Cross-sections to RSTAE

Import Cross-seckion from RSTAE 1
Import: All Cross-sections from RSTAS 9

Cross-section Mo, 2 Used in
Members: |17-25,42-75

Sets of

Mermbers:
Z Length: 192,45 [m]
< > Z Weight 10953 | [t]
3 . é]'I'E%eLCI:rSOSS-SBCtim in RETAR is diferant to that in Materiat |71 - Steel 1S 5130

Exports curtent cross-section to main program and deletes results

Figure 7.6: Context Menu in Form 1.3 Cross-sections

Before the cross-sections are transferred to RSTAB, a question appears because exporting
also implies deleting the results. If you then start the [Calculation] in STEEL IS, the internal
forces of RSTAB and the stresses of STEEL IS are calculated in one calculation run.

STEEL IS
! Question Ho_ 252

Do pou veant to transfer the changed crozz-sections to RSTABY

If 20, the results of RSTAB and STEEL IS will be delsted.

" "

Figure 7.7: Question before Transferring Modified Cross-Sections to RSTAB

In a similar way, you can reload the original cross-sections from RSTAB to STEEL IS by using
the appropriate functions in the main menu or context menu. Please note that this option is
only available in form 1.3 Cross-sections.

If you want to optimize a tapered member, the cross-sections of the member start and of
the member end are optimized. After that, the moments of inertia are linearly interpolated
at the intermediate locations of the member. As those are considered by the fourth power,
the stress design may be inaccurate if there are big differences in height of the start and
end cross-sections. In such a case, we recommend dividing tapers into several members
whose start and end cross-sections do not show such big differences.
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7.3 Import / Export of Materials

If you change a material in form 1.2 of STEEL IS, you can export it to RSTAB like a cross-
section or also reload the original material from RSTAB to the module. The materials that
have been modified in the module are highlighted in blue color.

It is not necessary to transfer the modified materials to RSTAB manually. Instead, open form
1.2 Materials and choose in the main menu

Edit — Export all Materials to RSTAB.

The option to export modified materials to RSTAB is also included in the context menu of
form 1.2.

STEEL IS - [Bridge] X
File Edit Settings Help
Cal - Steel Design 15800+ | [ |
Input Data | S B

General Data Material Matgrh‘a\

Ml Description Cormment

(o]

Cross-sections T
Lateral Intermediate Suppoits e o
Effective Lengths - Members Export Material to RSTAE %J
Export All Materials ko RSTAB @ E]
e Import Material from RSTAB ﬁ
LE RSTAB Relevant Import All Materials from RSTAE
Modulus of Elasticity iE 200000.000 | MPa
Shear Modulus G 76300.000 | MPa
Puiszon’s R atio M 0.300
Unit "/eight ¥ 70,50 kMN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C
Partial 5 afety Factor P 1.00
F1Design Relevant
‘Tield Strength fy 250,000 | MPa taterial Mo. 1 Used in
Ultimate Tensie Strength fy 270,000 | MPa Cross-
sections:  |1,2
Members: |1-75
Sets of
Members:
E Length: 352,45/ [m]
E Weight: 28.039| [t]

E xparts material to main program.

Figure 7.8: Context Menu in Form 1.2 Materials

Before the materials are transferred to RSTAB, a question is shown because exporting also
implies deleting the results. If you then start the [Calculation] in STEEL IS, the internal forces
of RSTAB and the stresses of STEEL IS are calculated in one calculation run.

. )

STEEL IS
! Question Mo. 366

Do vou want to tranzfer the changed maternials to RSTAB?

If o, the results of RSTAR and STEEL 15 will be deleted.

L "

Figure 7.9: Question before Transferring Modified Materials to RSTAB
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The units and decimal places are centrally managed for RSTAB and all its add-on modules.
In STEEL IS, open the dialog to set the units via the main menu

Settings — Units and Decimal Places...

The familiar RSTAB dialog opens. The module STEEL IS is already set by default.

Units and Decimal Places - CZ

Program J haocule STEELIS
RSTAB
STEEL Output Data
Unit
Sheszes: kM/em™2 w

Design Ratios:

Unitless:

@ & B (@

Dec. Places
2
2 b

iz

Partz List

Lengths:
Tatal Lengths:
Surface Areas:

Yolumes:

Single “Weights:

Weights:
Tatal wWeights:

X]

Unit Dec. Places
m v 23
m v 2|
m"2 - 2
m™3 - 2
kgdm A 2|15
ka W 2|5
t v kKl

u] l [ Cancel

Figure 7.10: Units and Decimal Places Dialog

The settings can be stored as a user profile. They can also be applied later in different cases.
This function is described in Chapter 11.6.2 of the RSTAB manual.

7.5 Export of Results

The results of the stress design can be transferred to other programs in different ways.

Clipboard

Select the relevant cells in the results tables of STEEL IS and copy them to the clipboard via
[Ctrl]+[C]. The contents can then be inserted via [Ctrl]+[V] e.g. to some text processing
program. The headers of the table columns are be exported.

Printout Report

The STEEL IS data can be sent to the printout report (cf Chapter 6.1) and then be exported

via the main menu

File — Export to RTF File or BauText...

This function is described in Chapter 10.1.11 of the RSTAB manual.
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STEEL IS enables you to directly export data to MS Excel or OpenOffice.org Calc. Call up this

function via the main menu

File —» Export Tables...

The following dialog opens:

Export - MS Excel gj

Table Parameters Application
‘wiith T able Header (&) Microzaft Excel

] Only Marked Rows () Openlffice.org Cale

Tranzfer Parameters

] Export Table to dctive ‘Workbook.

Rewrite Exizting ‘Workshest

Selected Tables

© Active Table i Export Tables with
O &Ml Tables Deetails

[ u]. ] [ Cancel

Figure 7.11: Export - MS Excel Dialog

As soon as you have chosen the relevant options, you can start the export by [OK]. Excel or
OpenOffice do not need to run in the background, they will be started automatically before

the export.
ﬂ Section  Member Location Load Design
2 M. M. * [tm] Case Ratic Design according to Formula
3 1 B 500 (Indis)
4 4 0o00| L 018[£1 101 Cross-section Check - Tension acc.to 6.2 and 6.31
5 12 0000 L& 02|41 102) Cross-zection Check - Compression acc. to 7.1.2
5] 1 0,000 L1 015|41 1217 Cross-zection Check - Shear Force in z-&xis acc. to §.4.1
7 1 0000| L&t 015[€1 126) Crozs-zection Check - Shear Buckling scc. to §.4.2.1
g 1 0000| L&t 019|< 181) Crozs-zection Check - Bending about v Axis, Shear and Sxial Force acc
9 g 5000 L1 044|141 331) Stabilty Analysis - Lateral Torsional Buckling and Axial Tension scc. to 9
10 11 0o00| L 0.30[£1 3417 Stabilty Analysis - Buckling skhout y-2xis and Bending skout v and z-4x0
11 14 0000 L 060 < 3517 Stabilty Analysis - Buckling sbout z-2:xis and Bending skout y and z-24xi
12
13 2 WB 400 (Indis)
14 21 3,000 LiC1 000|£1 1007 Mo or Very Small Internal Forces
15 52 0000| L&t 0,07 41 101) Crozs-zection Check - Tension acc.to 6.2 and 6.5.1
16 1 0000| L&t 0,09 < 102) Crogs-gection Check - Compression acc.ta 7.1.2
17 18 0000 Lt 03841 111 Crozs-zection Check - Bending sbout y-2xis acc. to §.21 .2 - Class 1 or
18 18 3000 L 046|<1 121) Crogs-section Check - Shear Force in z-Axis acc. to 841
19 18 3000 L& 046[£1 126) Crogs-gection Check - Shear Buckling scc. to 8.4.21
20 18 3000 L& 1.08=1 181) Cross-section Check - Bending about v Axis, Shear and Sxial Force acc
21 £1 0000 L& 0,09|<1 301) Stabilty Analysis - Flexural Buckling about y-Axis acc. to 71.2and 71.2
22 61 0,000 L1 04741 5117 Stakility Analysis - Flexural Buckling about z-Axis acc.to 7.1 2 and 7.1 .2
23 15 0,000 LiC1 040(£1 3217 Lateral Torsional Buckling accordingto 5§22 and 8.2.21
24 18 0000| L&t 108 =1 331 Stabilty Analysis - Lateral Torsional Buckling and Axial Tension scc. to 9
258 17 0000| L&t 03541 341) Stabilty Analysis - Buckling about y-A.xis and Bending sbout y and z-24x
2B 17 0000 L 0,86/<1 351) Stabilty Analysis - Buckling shout z-Axis and Bending shout v and z-Ax

Figure 7.12: Results in Excel
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8. Example

Column with Biaxial Bending

In the following example, the decisive stability design of buckling and lateral buckling is
carried out by analyzing the relevant interaction conditions.

Design Values

Structure and Loads

P
¥
. o<] Design values of static loads:
|
— P = 300 kN
" c d, = 5.0 kN/m
z [ o F, =7.5kN
—n
z _P £ Cross-section:  HB 225
F, = .
L / Material: IS513 DD
—— E
— o
-
— A '
HE 225 Hi—»z

¥

Figure 8.1: Structure and Design Loads (y-fold)

Internal Forces according to Linear Static Analysis

-10.00 kN

3.75kN

-300.00 kN

10.00 kNm

375KN
7.50 KNm

3T5KN

10.00 KN

N M

Figure 8.2: Internal Forces
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The design proceeds according to locations x, i.e. on defined locations x of an equivalent
member. The following internal forces act in the decisive location for x = 2.00:

N = -300.00 kN M, = 10.00 kNm M, =750kNm V, =3.75kN
Cross-Section Properties HB 225

Cross-Section Properties Symbol Value Units
Cross-section area A 54.90 | cm?
Moment of inertia about major axis Iy 5300.00 [cm?
Moment of inertia about minor axis I, 1350.00 | cm*
Radius of inertia about major axis r 9.83|cm
Radius of inertia about minor axis r, 4.96 | cm
Cross-section weight wt 43.1 | kg/m
Torsion constant I; 13.28 | cm*
Warping constant lyy 201318.00 |cm®
Elastic section modulus about major axis | Z,, 469.00 | cm?
Elastic section modulus about minor axis | Z,, 120.00 |cm?
Plastic section modulus about major axis | Z,, 514.78 |cm?
Plastic section modulus about minor axis | Z,, 233.22 |cm?
Buckling class about major axis BC, b
Buckling class about minor axis BC, C
Material Properties IS 513 DD

Material Properties Symbol Value Units
Modulus of elasticity E 200000 [ N/mm?
Modulus of rigidity G 76900 | N/mm?
Characteristic yield stress f, 250 | N/mm?
Characteristic ultimate tensile stress f, 270 | N/mm?
Partial safety factor Ymo 1.1

Classification of Cross-section

& £,/250/f, =4/250/250 =1.0
Classification of the Flange
b=1125mm

t=9.1 mm

My = 94e=94-1.0 = 9.4

A2 = 10.5¢ = 10.5-1.0 = 10.5

A3 = 15.7¢ = 15.7-1.0 = 15.7

b 1125

— = 12.363 < 15.7 = A¢3
ts 9.1 !

Class of the flange is 3.

V, = 0.00 kN
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Classification of the Web

Sw,a =—72.3N/mm?

Gy, =—37.0N/mm?

d =206.8cm
t, = 6.8cm
P 300-103
r=——07 7/ =—— ~ /(250/1.1) = 0.939
1= ar, B/ rmo) = a5 eg’ @0/
3 300-103
rh=—/(f/vm) = —/(250/1.1) = 0.240
27 A Y ImeT T s 9902
Xw1 = 848:ﬂ:43.329
’ 1+ 1+0.939
hyy = 1056 _ 10510 _ o0,
’ 1+1.5n 1+1.5-0.939
_ 126 _ 126-1.0 _ o oc

Iy -
W3 T 142, 1+42-0.240

== 220 30412 < 43329 = Ay,
th 6.8 '

Class of the web is 1.
Class of the cross-section is 3.

Classification in STEEL IS

5
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Cross-section Classification - Class 3

Flange

- Width b 11.25 cm Table 2
- Thickness t; 0.91 cm Table 2
- Yield Stress Ratio € 1.000 Table 2
- Maximal Ratio for Class 1 [\, 9.400 Table 2
- Maximal Ratio for Class 2 [A;, 10.500 Table 2
- Maximal Ratio for Class 3 |A;; 15.700 Table 2
- Ratio b/t; 12.363 < Ags

- Class of Flange 3 Table 2
Web

- Stress at the End of Web |5, 4 -72.3 N/mm?

- Stress at the End of Web |5, , -37.0 N/mm?

- Depth d 20.68 cm Table 2
- Thickness t, 0.68 cm Table 2
- Area of Cross-Section A 54.90 cm?

- Design Yield Stress L. 227.3 N/mm?

- Axial Compressive Force [P -300.000 |[kN

- Yield Stress Ratio ey 1.000 Table 2
- Stress Ratio r 0.939 Table 2
- Stress Ratio r, 0.240 Table 2
- Maximal Ratio for Class 1 |\, , 43.329 Table 2
- Maximal Ratio for Class 2 o, , 43.604 Table 2
- Maximal Ratio for Class 3 A, 5 85.085 Table 2
- Ratio d/t,, 30.412 < A

- Class of Web 1 Table 2
Class of Cross-Section 3 Table 2

I Program STEEL IS © 2009 by Dlubal Engineering Software

55



8 Example

Buckling about y-Axis (Major Axis)

KL,=4.0m
L=£:1.0<1.2 ty = 9.1 mm < 100 mm = Buckling Class b
b 225

n?E _ 7°-200000

= 1191.0N/mm?

ccy

TKL, /r,)? (410 /98.25)

Ay = l:‘/ﬂ:o.%s
Y fy V11910

a, = 0.340 (Table 7)

5
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¢, = 0.5[1 + a,(h,— 0.2) + 4,2 = 0.5 [1 + 0.340 (0.458 - 0.2) + 0.458] = 0.649

Ly = ! = ! = 0.902
Yy + (02 -22)%°]  [0.649 +(0.6497 — 0.458%)%°]

fegy =1y Ty /¥mo = 0.902:250/1.1 = 205.1 N/ mm?

Pay = Ae feay = 54.9-10%-205.1 = 1125.82kN

ny = P /Py, = 300.0/1125.82 = 0.27

Design in STEEL IS

Effective Length KL, 4.000 m

Buckling Class BC, b Table 10
Euler Buckling Stress e, 1191.0 N/mm? 7.1.2.1
Slenderness Ratio ., 0.458 7.1.2.1
Imperfection Factor y 0.340 Table 7
Auxiliary Factor 0, 0.649 7.1.2.1
Stress Reduction Factor Xy 0.902 7.1.2.1
Design Compressive Stress foa 205.1 N/mm? 7.1.2.1
Design Compressive Strength P, 1125.82 kN 7.1.2
Axial Design Ratio n, 0.27 9.3.2.2

Buckling about z-Axis (Minor Axis)

KL, = 4.0 m
Buckling Class ¢
2 2

g =t T 200000 3034N ) mm?

(KL, /r,)* (4-10° /49.6)

f

Ay = Y _ ﬂ: 0.908

. \3034
o, = 0.490 (Table 7)

¢, = 0.5[1 + o,(h,— 0.2) + ,2] = 0.5 [1 + 0.490 (0.908 — 0.2) + 0.9082] = 1.085

1 1

tz = [0, + (42 —72)%5]  [1.085+(1.0852 — 0.9082)%5]

fodz =%z Ty / Ymo = 0.595-250/1.1 = 135.2 N/mm?

= 0.595
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Py, = Ag fg, = 54.9-102.135.2 = 742.5kN
n, = P/Py, = 300.0/742.5 = 0.40
Design in STEEL IS
Effective Length KL, 4.000 m
Buckling Class BC, c Table 10
Euler Buckling Stress f., 303.4 N/mm? 7.1.2.1
Slenderness Ratio N, 0.908 7.1.2.1
Imperfection Factor o, 0.490 Table 7
Auxiliary Factor b, 1.085 7.1.2.1
Stress Reduction Factor a 0.595 7.1.2.1
Design Compressive Stress .4 135.2 N/mm? 7.1.2.1
Design Compressive Strength  |P,, 742.5 kN 7.1.2
Axial Design Ratio n, 0.40 9.3.2.2

Lateral Torsional Buckling

The check for lateral torsional buckling is based on the calculation of the critical moment
M,,. A forked support without any warping restraint is assumed for both member ends. The
point of load application is set at the upper flange (this point can be modified in the de-
tailed settings, see Chapter 3.1).

K=1.0 (Free rotation about weak axis at both ends)
K, = 1.0
L=4.0m
Vg = ; _ 225 112.5mm (Load applied at the upper flange)
y; = 0.0 (Symmetrical cross-section)
C, '=1.132
C, '=0.458
2E) K Y1, Gl (Lg)? 2 ” ,
o = C ?LLT)ZZ [EJ ﬁJrWJF(CZyg) ] ~ Gy =

n% -200000-1350-10%
(4000)?

[EJZ 201318-10°  76900-13.28-10% (4000)*
1.0) 1350-10* n* 2000001350 -10*

=1.132

, 76900-13.28 -10* (4000)?
=% 200000-1350-10%

0.5
+(0.4580112.5)2} - 0.458.112.5; =

= 192.9kNm
Boy = Zey /Zpy = 469.0/514.78 = 0.911 (Cross-section class 3)

Zoo 1 . 103,
e [PorZor s \/0.911 514.78.10°.250 _ 4 77
M, 192.9-10

ot = 0.21 (Rolled cross-section)

o = 0.5 [1 + ayr(Ar— 0.2) + 257 = 0.5 [1 + 0.210 (0.779 - 0.2) + 0.779%] = 0.865
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AT = ! = ! = 0.807
LT = = T
[op7 +(0fr —241)%1  [0.865+(0.865% — 0.779%)°°]
foa = %t fy /¥mo = 0.807-250/1.1 = 183.5 N/ mm?
Mgy = Bhy Zpy fod = 0.911:514.78-183.5 = 86.044 kNm
Design in STEEL IS
Effective Length Factor K 1.000 Annex E
Warping Restrained Factor Kw 1.000 Annex E
Length of the Segment L 4.000 m
Effective Length L+ 4.000 m
Load Application Position Ve 11.25 cm Annex E
Cross-section Factor V; 0.00 cm Annex E
Moment Factor C, 1.132 Eigenvalue
Moment Factor C, 0.458 Eigenvalue
Elastic Critical Moment M., 192.989 kNm Annex E
Slenderness Ratio it 0.779 8.2.2
Imperfection Parameter ot 0.210 8.2.2
Auxiliary Factor (LT 0.865 8.2.2
Stress Reduction Factor XLT 0.807 8.2.2
Design Compressive Stress fbd 183.5 N/mm?2 8.2.2
Bending Factor Boy 0.911 8.2.2
Bending Strength Mg, 86.044 kNm 8.2.2
Bending
Boy = Zey /Zpy = 469.0/514.78 = 0.911
Bbz = Zey /2y, =120.0/233.22 = 0.515
May = Bby Zpy fy / 7mo = 0.911-514.78-10%.250 /1.1 = 106.591kNm
Mdz = Bbz Zp: fy /Ymo = 0.515-233.22-10%.250/1.1 = 27.273kNm
Design in STEEL IS
Bending Factor By, 0.911 8.2.2
Bending Factor By, 0.515 8.2.2
Bending Strength My, 106.6 kNm 8.2.1.2
Bending Strength My, 27.3 kNm 8.2.1.2
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Equivalent Uniform Moment Factors and Interaction Factors
Bending about y-Axis (Major Axis)

The equivalent uniform moment factor C,, is set according to table 18. Uniform loading
(column 3) and maximum bending moment in the field (diagram 3) are assumed.

hy = My, /Mg, = 0.0/10.0 = 0.0

Cry = 0.95+0.05ap,, = 0.95+0.05-0.0 = 0.95

Ky=1+(y - 0.2)n, = 1+(0.458 - 0.2)-0.27 = 1.069

Bending about z-Axis (Minor Axis)

The equivalent uniform moment factor C,, is set according to table 18. Concentrated load

(column 4) and maximum bending moment in the field (diagram 3) are assumed.

Ohy = My, /Mg, = 0.0/7.5 = 0.0
Cinz = 0.90+0.10 ap, = 0.95+0.10-0.0 = 0.90

K, = 1+(h, — 0.2)n, = 1+(0.908 — 0.2)-0.40 = 1.286

Lateral Torsional Buckling

CmyLT = Cmy = 095

Kp=1- OfMgny _,  01.0779:027 _ o
(Conit — 0.25) (0.95 - 0.25)

Design in STEEL IS

Bending Moment Diagram Diagr M, |3) Max in Field Table 18
Bending Moment Diagram Diagr M, (3) Max in Field Table 18
Hogging Moments Ratio % 0.0 Table 18
Hogging Moments Ratio \ 0.0 Table 18
Hogging Moment M, 0.0 kNm Table 18
Hogging Moment M,, 0.0 kNm Table 18
Sagging Moment M., 10.0 kNm Table 18
Sagging Moment M., 7.5 kNm Table 18
Ratio M,, / M, oLy 0.0 Table 18
Ratio M,,, / M,, Oy 0.0 Table 18
Load Type Load y Unif. Loading Table 18
Load Type Load z Conc. Load Table 18
Moment Factor Cry 0.950 Table 18
Moment Factor Crny 0.900 Table 18
Moment Factor Conit 0.950 Table 18
Interaction Factor K, 1.069 9.3.2.2
Interaction Factor K, 1.286 9.3.2.2
Interaction Factor Kt 0.970 9.3.2.2
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8 Example

Buckling about y-axis (Major Axis) and Biaxial Bending

Niny = P/Pgy = 300.0/1125.82 = 0.27
Nimy = My /Mgy = 10.0/106.591 = 0.09

Nmz = M, /Mg, = 7.5/27.273 = 0.28

Cy M
n= P + KyM + 0.6KZM
de Mdy My

= Mpy + Ky Cmy Nmy + 0.6K; Cinz Mimz

Design in STEEL IS
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0.27 + 1.068-0.95-0.09 + 0.6-1.286-0.90-0.28 = 0.55 < 1.0 = Proven

Compressive Design Ratio Mny 0.27 9.3.2.2
Bending Design Ratio My 0.09 9.3.2.2
Bending Design Ratio Mims 0.28 9.3.2.2
Design Ratio m 0.55 <1 9.3.2.2
Buckling about z-axis (Minor Axis) and Biaxial Bending
Nnz = P /Py, = 300.0/742.5 = 0.40
Nmy = My /Mg, = 10.0/86.044 = 0.12
Nmz = M, /Mg, = 7.5/27.273 = 0.28
M
nzl"'KLT y +chszz
de Mdy |\/Idz
= Nny + Kit Mmy + Kz Gz Mimz
=0.40 + 0.97-0.12 + 1.286-0.90-0.28 = 0.84 < 1.0 = Provem
Design in STEEL IS
Compressive Design Ratio Mn; 0.40 9.3.2.2
Bending Design Ratio My 0.12 9.3.2.2
Bending Design Ratio Mims 0.28 9.3.2.2
Design Ratio m 0.84 <1 9.3.2.2
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