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1. Introduction
1.1 Additional Module STEEL AISC

The U.S. Specification for Structural Steel Buildings (ANSI/AISC 360-05) determines rules for
the design, analysis and construction of steel buildings in the United States of America.
With the add-on module STEEL AISC from the company DLuUBAL ENGINEERING SOFTWARE all users
obtain a highly efficient and universal tool to design steel structures according to this stan-
dard.

All typical designs of load capacity, stability and deformation are carried out in the module
STEEL AISC. Different actions are taken into account during the load capacity design. The al-
location of designed cross-sections into three types (compact, noncompact and slender)
makes an important part of the design according to the Specification mentioned above. The
purpose of this classification is to determine the range in which the local buckling in cross-
section parts limits the load capacity so that the rotational capacity of cross-sections can be
verified. Further, STEEL AISC automatically calculates the limiting width-to-thickness ratios
of compressed parts and carries out the classification automatically.

For the stability design, you can determine for every single member or set of members
whether buckling is possible in the direction of y-axis and/or z-axis. Lateral supports can be
added for a realistic representation of the structural model. All comparative slendernesses
and critical stresses are automatically determined by STEEL AISC on the basis of the boun-
dary conditions. For the design of lateral torsional buckling, the elastic critical moment that
is necessary for the design can be either calculated automatically or entered manually. The
location where the loads are applied, which influences the elastic critical moment, can also
be defined in the detailed settings.

The serviceability limit state has become important for the static calculations of modern civil
engineering as more and more slender cross-sections are being used. In STEEL AISC, load
cases and groups and combinations of load cases can be arranged individually to cover the
various design situations.

Like other modules, STEEL AISC 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 uni-
formly organized and presented.

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

Your DLUBAL ENGINEERING SOFTWARE company.
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1.2 STEEL AISC Team

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

Program Coordinators

Dipl.-Ing. Georg Dlubal Ing. Ph.D. Peter Chromiak
Dipl.-Ing. (FH) Younes El Frem

Programmers

Ing. Zdenék Kosacek Ing. Roman Svoboda
Ing. Ph.D. Peter Chromiak David Schweiner
Dipl.-Ing. Georg Dlubal Ing. Tomas Jelinek
Dr.-Ing. Jaroslav Lain Ing. Zbynék Zamecnik
Ing. Martin Budac DiS. Ji¥i Smerak

Mgr. Petr Oulehle

Library of Cross-Sections and Materials

Ing. Ph.D. Jan Rybin Jan Brnusak
Stanislav Krytinar

Design of Program, Dialog Boxes and Icons

Dipl.-Ing. Georg Dlubal Ing. Jan Milé¥
MgA. Robert Kolouch

Testing and Technical Support

Ing. Martin Vasek M. Sc. Dipl.-Ing. (FH) Frank Lobisch
Ing. Ph.D. Peter Chromiak Dipl.-Ing. (BA) Andreas Niemeier
Ing. Ph.D. Jaromir K¥izek Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) René Flori M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Matthias Entenmann Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. Frank Faulstich Dipl.-Ing. (FH) Robert Vogl

Manuals, Documentation and Translations

Ing. Ph.D. Peter Chromiak Ing. Ladislav Kabrt
Dipl.-Ing. (FH) Robert Vogl Dipl.-U. Gundel Pietzcker
Mgr. Petra Pokorna Ing. Dmitry Bystrov

Ing. Petr Michal Mgr. Michaela KrySkova

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 add-on module STEEL AISC.

During the description of STEEL AISC, we use the sequence and structure of the different
input and output tables. We feature the described icons (buttons) in square brackets, e.g.
[Details]. The buttons are simultaneously displayed on the left margin. The names of dialog
boxes, tables and particular menus are marked in jtalics in the text so that they can be easily
found in the program.

The index at the end of this manual enables you to quickly look up specific terms.
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It is possible to initialize the add-on module STEEL AISC in several ways.

Main Menu

You can call up STEEL AISC by the command from the main menu of the RSTAB program:

Add-on Modules — Design - Steel — STEEL AISC.

Additional Modules | Window  Help

IR e ) e W peEEER DM
Shape Properties Ml pT = = i e WM WM o o =
]_‘_: STEEL General Stress Analysis
Design - Concrete » ﬁ STEEL EC3 Design according to Eurocode 3
Design - Timber » I‘E
Design - Composite 4 I;s' STEEL IS k Design according to I3 500
Dwnamic 4 H STEEL 514 Design according to 514
Connections » b KAPPA, Buckling Check for Compression Members
Foundations v £ LTE Lateral Tarsional Buckling Check
Stability » {}25 FE-LTE Lateral Torsional Buckling Analysis with Finite Elerments
Qthers b I8 EL-PL Elastic-plastic Design
5 Z-TO-T Limiting Width-Thickness Ratios Check,
H PLATE-BUCKLIMG FEM Plake Buckling Analysis

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

Navigator

Further, it is possible to start STEEL AISC from the Data navigator by clicking on the item

Add-on Modules — STEEL AISC.

Project Navigator @

= Additional Modules

I.| STEEL - General Stress Analysis for Steel Members
Ee| STEEL EC3 - Skeel Design according to Eurocode 3
“b| KaPPA - Buckling Analysis For Compression Members
i LTE - Lateral Torsional Buckling Analysis

EL-PL - Elaskic-plastic Cesign

Z-TO-T - Limiting Width-Thickness Fatio Check {c/t)
PLATE-BUCKLIMNG - FEM Plate Buckling Analysis
WERBAMD - Wind Bracings with Stabilisation Loads
A3SD - Steel Design according ko US-MNorm AISC ASD
CRAMEWAY - Crane Girder Analysis

CONCRETE - Concrete Design of Members

RSBUCEK - Analysis af Stability

DEFORM - Defarmation Analysis

RSMOVE Members - Generation of Moving Loads

T SHAPE-THIM 7 - Section Properties of Thin-walled Sections
50 SHAPE-MASSIVE - Section Properties of Thick-walled Sections

4| FE-LTE - Lateral Torsional Buckling Check with Finite Members

A

b s S T P 2 S [

S | o] | o)

=7
Il

RSIMP - Generation of Imperfections or Pre-deformed Initkial Stru
RSCOMET 2006 - Generating Load Groups or Load Combinations
RSCCOMET - Generation of Load Groups and Load Combinations
STEEL &, an .Eu:l:l:lr'ljil'u;] ko & (LRFD or & :'::| k
STEEL I3 - Steel Design according ko IS5 800

<
E®pata | 9 pisplay 4

Figure 1.2: Data Navigator: Additional Modules — STEEL AISC
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Panel
o1 - vz ¥ If results of STEEL AISC are already available in the RSTAB position, you can set the relevant
L0 - vz 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 by using the [Results on/off]
button.
|E| |E| The [STEEL AISC] button that enables you to start STEEL AISC is now available in the panel.
-_d
o
Max
Deszign Ratia [-]
1.00
I
0.a0
0.70
0.50
0.50
0.40
0.30
0.20
010
0.00
Max : 0.50
Min : 0.00
I

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

The data of the design cases is entered in different tables 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 AISC module, a new window is displayed. In its left part,
a navigator is shown that enables you to access all existing tables. The roll-out list of all
possibly entered design cases is located above this navigator (see chapter 7.1, page 46).

If STEEL AISC 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

e Internal forces (in the background - if calculated)

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

Save entered data by the [OK] button and close the module STEEL AISC, while by the [Can-
cel] button you terminate the module without saving data.

] B

Cancel
2.1 General Data

In the table 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 tabs.

2.1.1 Ultimate Limit State

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CAT - Stesl Design according to (v E S
Input Data Design of Design according to
General Data -
M aterials fembers: > Al E=A50 v E
Crass-sections . =
Sets a Al =
Lateral Intermediate Suppoits 5
Effective Lengths - Members — - -
Effective Lengths - Sets of Men Ulimats Limit State: | Sersiceabilty Limit State g a g
Design Faiameters Existing Load Cases Selected for Design — g E
=~ Nodal Supports L3 iy % S LT Diead Load ~ g 5
Set of Members Mo, 1-Cor| | [ Yhind &t peak v 5 ez Snow Load 2
= Member Releasss L5 ‘wind at peak v Y : s8¢
Set of Members Mo. 1-Car| | LCE “Wwind positive J & &
Lc7 Live Load L kg
=LC& Imperfections v+ -4 ]
=LCa Imperfections v m o =
=LC10 Imperfections v +7 vy % g
Load Groups and Load Combinstions *x E E
LG1 T.35°CT + 13502 + 1.35° A m = o
LG2 1.359°CT +1.5°C2 + LCB
LG3 1.35°CT +1.5°LC3 + LCB
LG4 1.35¢C1 +1.5°LC7 + LCB
LGS LC1 +1.5%.C6 +LC8 Steel Design of
LGE 1351+ 15104 + LD Mambers e i
LG7 1,350 + 15105+ LCY N L
LG8 13501 + 135102 1,35 & v firs & 5T TIRE
| 1 |
< >

Figure 2.1: Table 1.1 General Data, Ultimate Limit State tab
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Design of

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 graphi-
cally 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 be created in STEEL AISC via
the [New Set of Members...] button. The familiar RSTAB dialog box 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 tables 2.3 Design
by Set of Members and 4.2 Parts List by Set of Members are displayed additionally.

Design according to

The list box controls whether the analysis is carried out according to the provisions of the
Allowable Strength Design (ASD) or the Load and Resistance Factor Design (LRFD).

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.qg. in Figure 2.1
at load cases 8 to 10, they are excluded from the design. It signifies that no loads were as-
signed 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 moment diagrams. If an invalid load combination is selected, the following
warning appears:

STEEL AISC
! Warming Mo. 687

LCE:

Error in input datal

The LC [LG, CO) selected contains either no loading or
imperfection[z] only ar has been incorrectly defined.

LN 4

Figure 2.2: Warning when Selecting 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 [««] button removes all items from the
list.

Program STEEL AISC © 2010 by Dlubal Engineering Software
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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.

2.1.2 Serviceability Limit State

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according te v | [ |
Input Diata Design of Design according to
General Data —_
Materials Members Y [¥] &l ES 45D v E
Cross-sections . =%
Sets: & Al =t
Lateral Intermediate Supports 5
Effective Lengths - Members = T
Effective Lengths - Sets of Men Ulimate Lirit State | Serviceabity Limi State g a 2
Design Parameters Existing Load Cases Selected for Design = g é
= Nodal Supports LC3 Wind v - Lct Dead Load ~ g 5:
Setof Members Mo, 2-Sle) || g Wind at peak v +v |2 Snow Load 2
= Member Releases LC5 ‘wind at peak v Y - LG1 1.35°.C1 + 1.35°LC2 + 1.35 i g
Set of Members Mo, 2 - Sles LCB wfind positive J 28
Serviceability Data LC7 Live Lﬂa‘# m ]
*LC8 Imperfections » +< & H
“LCY Imperfections v ' m = :
=LC10 Imperfections v +7 b % H
Load Groups and Load Combinations I E E
LizZ2 it R I oy = P m < S
LG 1T.35°LCT + 1.5°LC3 + LCE
LG4 1.35°LCT + 1.5°LC7 + LC8
LGE LCT +1.68°LCE + LC3
LGE 1.35°CT +1.5°LC4 +LC10 - Steel Design of
LG7 1,350 + 1505 + LCY [>>] Mambers .
LGa 13501 +1.354.C2 + 1.35 o
LG3 135101 + 135102+ 1.35 & v Ty i i
I
< >

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

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).

10
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b aterial
Descriptian

Stesl Ad41

Steel 36

Gteel 4441 G1.2
Gteel 4441 G3

Steel 441 G456

& 441

Steel AGT2 Grade 42
Steel 4572 Grade 50
Steel AD7Z Grade 55
Steel AS72 Grade 60
Steel AST2 Grade A5

ANSIAAISC 360-05: 2005-02 A
ANSIAAISC 360-05: 2005-03
AMSIAAISC 360-08: 200503
ANSIAAISC 360-06: 2005-03

ANSIABISC 360-05: 200503
ANSIAAISC 360-05; 2005-03
ANSIAAISC 360-05: 2005-03
ANSIAAISC 360-05: 200503

o Biubal

2.2 Materials

This table 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 table.

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. The 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, page 51).

STEEL AISC - [Demo-5eng] E]
File Edit Settings Help
C41 - Steel Design according te + | [ ==
Input Data | B
General Data M aterial Malenf‘nl
Materials 12 Description Comnment
Cross-sections Steel A36 |
Lateral Intermediate Supports 2 Steel AS01
Effective Lengths - Members
Design Parameters ‘:‘
— "j
E RSTAB Relevant ~
H Modulus of Elasticity iE 199938.000 MPa
Shear Modulus G 7E293.200 MPa
Poigzon’s Ratio H 0.300
Unit '/ gight ¥ 7850 kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 17T
Partial Safety Factor bl 1.00
= Design Relevant
‘ield Strength fye 243.193 MPa Material No. 1 Used in
Ultimate Tensile Strength fu 339.876 MPa Cross-
Max Structural Thickness [far Range 1] t 2032 cm sections;  [1-36,7.10,12,13,15
“¥ield Strenath [for Range 2) fyr.2 220621 MPa
Modulus of Elasticity Parallel Eo 199938.000 MPa Members: | 1-8.11-18,21-28.31-46.51-64.8
odulus of Elasticity Perpendicular Eop 199938.000 MPa Sets of
Shear Modulus Parallel Go 76899.200  MPa Members:
Shear Mot?lulus F’elpendi.cular Gaon 76839.200 MPa % Length 46,46 [m]
Stress Limit for Compression Parallel Oc.0 245193 MPa ;
Stress Limit for Tension Parallel ot0 248199 | MPa v | & Weidht 16525| [
N

Figure 2.4: Table 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 in the material li-
brary, STEEL AISC 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 characteristics are updated in the table
below.

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

rials from the library is described below.

Import Material from Library

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

or by clicking on the button visible on the left.

Program STEEL AISC © 2010 by Dlubal Engineering Software
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Material Library

Filter Chaice

I aterial Categony:
Steel

Code Group:
ASTH

Code:
All

Shaw:
[] Materials of ‘0ld' Codes
[ Favorites Orly...

haterial Constants

Material to Select

Steel 4441 G1,2
Steel 8441 G3

Steel 4441 G4.5
Steel A441

Steel AR72 Grade 42
Steel AB72 Grade 50
Steel A572 Grade 55
Steel ART2 Grade B0
Steel A572 Grade 65
Steel 8242 G1,2
Steel AZ421G3

Steel 4242 G4.5
Steel ARSE

Stesl ABSZ

= &

EIRSTAB Relevant
: Modulus of Elasticiy

Shear Modulus
Poisson’s Ratio
Unit weight

Partial 5afety Factar

= Design Relevant
‘rield Strength

Coefficient of Thermal Expanzion

Ultimate Tenzile Stength
Max. Structural Thickness [for Range 1)
‘rield Strength [far Range 2]

ANSIAAISC 360-05: 2005-03
ANSIAAISC 360-05: 2005-03
ANSIARISC 360-0 2008-03
ANSIAAISC 360-05: 2005-03
ANSIARISC 360-05: 2005-03
ANSIAAISC 360-05: 2005-03
ANSIARISC 360-05: 2005-03
ANSIARISC 360-05 2008-03
ANSIAAISC 360-05: 2005-03
ANSIAAISC 360-05: 2005-03
ANSIAAISC 360-05: 2005-03
ANSIAAISC 360-05: 2005-03
ANSIARISC 360-05: 2005-03
ANSIAAISC 360-00 2006-03 %

K

Steel A56 | AMSWAISC 360-035: 2005-03

199935.000 | MPa
76899.200 | MPa
0.200

7850 kN/m?
1.2000E-05 | 14°C
1.00

248199 MPa
399.376 | MPa

2032 | cm
220621 | MPa

ak. ] [ Cancel
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Figure 2.5: Material Library Dialog Box

In the section Filter Choice, the material category Steel is set by default. In the list Material
to Select which is located on the right, you can select a particular material, and in the lower
part of the dialog box you can check its characteristic values. After clicking on [OK] or press-
ing the [1] key, the material is taken over to the table 1.2 Materials of STEEL AISC.

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 thoroughly covered
by the ANSI/AISC 360-05 standard. For this reason, it is not possible to significantly modify
the material properties in STEEL AISC.

12
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16 - ¥V 10:26 (AISC)
STEEL AISC

el
I
L
=

16 - 101 2 (AISC)
FETAB
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2.3 Cross-Sections

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

Coordinate System

The sectional coordinate system yz of STEEL AISC corresponds to the one of RSTAB (see im-
age in Figure 2.6). The y-axis is the major principal axis of the cross-section, the z-axis the
minor axis. This coordinate system is used for both the input data and the results.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according to v E ﬂ
Input Data [ a | B | C | D F | [1-wisxs0aisc
General Data Section | Material Crogs-section Crosg-gection Type May. Design  Opti-
W aterials Ha. Ma Drescription [rmm] far Classification Ratia mize | Remark —
B mr— 1 | W 18x50 [AISC) I-shape alled 1.07 @ 2 T—T
Lateral Intermediate Supports 2 1 W 16445 [AISC) I-shape ralled 0.48
Effective Lengths - Members 3 1 e 16x40 [AISC) |-shape rolled 043 a m_ﬁ ,t]
Effective Lengths - Sets of Men 5 1 HP 10:10.1242 [8) |-shape rolled (A | kS i
Design Parameters v 1 HP Bx8.2x36 [AISC |-shape rolled oo 4
= Modal Supports 9 2 w1840 [A15C) |-zhape rolled 066 ] o [ B
Set of Members Mo, 2 - Slel|__10 1 HP Bx8.2x36 [AISC |-shape rolled ooy 4 # kS v
= Member Releases 12 1 SHS 3x0.125 [AISC Eox Ralled 013 O 105
Set of Members Mo, 2 - Slel|__13 1 Circle 24 Found Bar 0 0O
Serviceabiity Data 15 1 HF 10:10.1542 |8 |-shape rolled oo O
Fesults 16 1 ' 1438 [RISC) |-shape rolled 022 d !
Design by Load Case 17 1 Angls g) 'z
Design by Cross-gection
Design by Set of Members
Design by Member [mm]
Design by «-Location AN od
Governing Internal Forces by b
Gowveming Intemal Forces by 51 Bessestmie 1 Us=dli
Member Slend
B 2 EreeEees Members: |1,211,12,21,22,31,32,29.40
Paits List by tember 3 i
i etz ol
Paits List by Set of Members Members: |2
E Length: 48.00 | [m]
< 5 | & Weight: 4278 [
2) The cross-section will be optimized. Therefare the most Material: |1 -Steel 5 355
< > optimal section of the table is sought out,
Cross-section Mo, 1-W 1860 [AISC) in Members: 1.211.12,21.22,31,32,39.40

Figure 2.6: Table 1.3 Cross-Sections

Cross-Section Description

When you open this table, 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 AISC and RSTAB, both cross-sections are shown in
the graphic window next to the table. The internal forces from RSTAB are then used for the
stress design of the cross-section that is set in STEEL AISC.
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Cross-section Library g]
Rolled Cross-sections vWelded Cross-sections | Solid Cross-sections
()T [T)T]T] [B)F][s|7]
(Llojo] [T]T]L] [Z|T][e|d]
=o~la] [L][o]le] [o][m][@]
camescrssseiors | T[T ][O] [ 00 ][0m0)[ @]

o) x|[T| [v|[O|a] =]z 7]
‘."- H -"- || I" ‘n || n H I‘ Uzer-defined Crozs-zections
FIT]I] [2][+] -] [B]D]B]E]

‘ I H I ||§II‘ ‘ = || I H 1 ‘ Cross-zection Programs
]
) WM, 5 HP, UB, UC, HL, HE, HD, HP. IPN, IPE. W TH, UE,
UC, I, IPE, IPEa, IPEa, IPEw, HE-B, HE-&, HE-M, HE-&4, IFE,

Figure 2.7: Cross-Section Library

HSS cross-sections can only be designed if the thicknesses of web and flanges are the same.
If they are different, footnote 7004) Non-permissible cross-section type of ‘Rectangular HSS’
is shown.

Tapered Member

In case of a tapered member 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 AISC 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 AISC cannot interpolate the inter-

mediate values. An error message appears before the calculation:

" a!

RSTAB
'\ Eror No. 1614

L
M ember Mo, ¥
Crogg-zection tapering mizmatchl

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

LN s

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 the table 1.3 and click on the [Info about Cross-
Section...] button.

14
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There are different display options for stress points and c/t cross-section parts in this dialog

box.

Info about cross-section W 10x26 (AISC)

Cross-section Yalue Description

Width

Wweb thickness

Flange Thickness

Fillet radius

Depth of straight web
Distance

Distance

Cross-section area

Shear area

Shear area

Shear area according to EC 3
Shear area according to EC 3
Plastic shear area

Plastic shear area

Moment of inertia

Moment of inertia

Governing radius of guration
Governing radius of gyration
Fadiuz of gyration of flange plus 1/5 of we
Yolume

wieight

Surface

Section factor

Tarsional constant

warping constant

Elastic section modulus
Elastic section modulus
“warping conztant maoment
Statical moment of area
Statical moment of area
Marmalized warping constant
warping statical moment
Plastic: section modulus
Plastic section modulus

Symbol

B.934E+07
S8683E0.0
1105

345

83
4309670.0
feisR ]

1122
228.440
166493.0
9.264E+10
457193.0
amazz
1.004E+07
255632.0
996334
92258
37EER90.0
512915.0
122903.0

mm#
mm#

mm
mm
mm
mm? /m
kg/m
m? /m
1dm
mm
mm®
ram?
i
mm
i
i
mm
mm
mm?
mm?

~

X

W 10326 (AISC)

= Stress Paints

- = c/t-Parts

Cancel

Figure 2.9: Info about Cross-Section Dialog Box

The currently selected cross-section is displayed in the right part of the dialog box. The vari-

ous buttons below have the following functions:

Function

B

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.

utton
[

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

]

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

Table 2.1: Buttons for Cross-Section Graphics
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Cross-Section Type for Classification

In this column, the various cross-section types are listed which are applied for the design
(e.g. I-shape rolled or welded, box, round bar etc.)

Engineering Software

Dlubal

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CAT - Stesl Design according to (% [ S
Input Data A B [ D E F 17 - L Bxd0.625 (AISC)
General Data Section | Material Cross-section Cross-section Type | Opti-
M aterialz No. Ho. Description [mm] for Classification mize | Femark | Comment
Cross-sections 1 1 W '+ 18x60 [A1SC) |-shape rolled O
Lateral Intermediate Supports 2 1 W ' 16145 [A15C) |-shape ralled a
Effective Lenaths - Members £l 1 I/ 16x40 [AISC) |-shape ralled a
Effective Lengths - Sets of Men||__& 1 B HP 104101542 I-shape ralled a + N
Design Parameters 7 1 I HF 8x8 2436 (Al |-shape rolled a ] P ‘1“
= Modal Supports k] 2 | W 18k40 [AIST) |-shape ralled a =Y
Set of Members Mo, 2-Set/ |10 1 B HP 828236 (4l |-shape ralled ]
= Member Releases 12 1 W SHS 30125 (8l Eox Rolled a
Set of Members Mo, 2 - Set) |13 1 M Cicle 24 Fiound Bar a
Serviceability Data 1 I HP 10410142 |-shape ralled a
1 W 14438 [AISC) |-shape rolled O
1 1] g
2 ] General g
[mem]
3
Cross-section No. 17 Used
Members: |-
Sets of
Members: |-
2 Length: 0.00] [m]
I Mass: 0.000/ [t]
8] Cross-section not assigned o any member. % | Materal |1 -SteelS 355
< >
Cross-section Mo. 17 - L Brdxl0.625 [A15C) in Members: -

Figure 2.10: Cross-section Types for Classification

Max. Design Ratio

Due to this column, you can decide whether to carry out an optimization. This column is
only displayed after STEEL AISC 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 Details dialog
box, see chapter 3.1. Further information on the optimization of cross-sections can be
found in chapter 7.2 on page 48.

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

If the message Non-permissible Cross-Section No. XX appears before the design, then this is
due to a cross-section which is not contained in the cross-section library. It may be a user-
defined 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 Lateral Intermediate Supports

In this table, lateral intermediate supports on members can be defined. The program always
assumes these supports as perpendicular to the minor axis z (see Figure 2.6) of the cross-
section. Hence, it is possible to change the effective lengths of the member that are impor-
tant for the design of column buckling and lateral torsional buckling. It is also important to
know that lateral intermediate supports are considered as forked supports for the design.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according te v | [ -
Input Data B [ C [ o [ E [ F [T G [ H [ 1T [ J [ K [ L |~
General Data tdember | Lateral Length Lateral Intermediate Supports [-]
M aterials o Supports L [m] Number al K2 "3 &) i ] uy HE “a
Cross-sections 1 5] 3 0.250 0.600 0.750
Lateral Intermediate Supports: 2 a
Effective Lengths - Members ] 5] 4 0.200| 0400) 0800 0800
Effective Lengths - Sets of Men 4 a
Design Paramelers [ G | 4 0200/ 0330 0610] 0800
= Modal Supports “ a
Set of Members Mo, 1 - Cor a b

= Member Releasss
Set of Members Mo, 1 - Cor
Serviceabilty Data

FRelative [0 ... 1]

5 —
Cross-section
Lateral Supports Existing
Member Length L
Murnber of Lateral Intermediate Supparts | n 4
Pasition of Lateral Support Ma. 1 ®1 0.200
Pasition of Lateral Suppart Mo, 2 W2 0.330
Pasition of Lateral Suppart Mo, 3 =3 0.610
Position of Lateral Support No. 4 H4 0.800
< s [] Set Inputs for Members No. ¥

Figure 2.11: Table 1.4 Lateral Intermediate Supports

In the upper part of this table, up to nine lateral intermediate supports can be created per
member. The lower part of the table 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 asso-
ciated check box below the list. The relative distances of the supports are then calculated
from the member lengths.

You have to be very careful if the model contains cantilever beams. Intermediate supports
divide the member into several parts for the design. Therefore, intermediate supports are to
be avoided for cantilever beams because they would imply statically underdetermined piec-
es with fork-type supports on only one side each.
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2.5 Effective Lengths - Members

The table 1.5 consists of two parts so that a good overview of the data is provided. In the
upper table, the effective length factors K, and K,, the effective lengths K, L and K, L, the
Torsional Buckling effective length factors K, and the effective lengths K, L for torsional
buckling are summarized for every member. In the lower part of this table, detailed infor-
mation on the member that is selected in the upper table is displayed. The lower table con-
tains all information about the relevant lengths of this member.

STEEL AISC - [Demo-5eng] X

File Edit Settings Help
C&1 - Steel Design according ke F ‘q
Input Data B [ C [ D [ E [ F [ G [ H [ 1 [ T [ K T L ]~
General Data tdember | Buckling Buckling around Axis piu Buckling around Axis z/v Torsional Buckling LTE
Waterials No. | Possible Possible| Kya | Kyallml Possible Kz | Keal[m] | Possible| K KxL [m] | Possible | Comment
Cross-sections =] 1.000[  000) [ 1000 3000 @ 1000 3000) (@
Lateral Intermediate Suppoits 2 E] = 1.000 6000 (@ 1.000 3000 [ 1.000) 30000 (@
Effective Lengths - Members E d [x] 1.000 3011 [ 1.000 1506 [d 1000, 1506 [d
Effective Lengths - Sets of Men 4 E] = 1.000 322 = 1.000 1631 @ 1000 163 (@
Design P, 5 = [x] 1.000 627 [ 1.000 3137 [ 1000 3137 [
= Modal Supparts g = = 1.000 627 1.000 3137 @ 1000 3137 M@
Set of Members Mo, 2 - Sler v = (= 1.000 3262 @ 1.000 1631 [ 1000 163 [& b
= Member Releases =
@
Set of Members Mo, 2 - Sles L
Serviceability Data ;— ‘i V1850 (A1)
Cross-section 19149
Longin S —— 7
Buckling Possible = i
= Buckling around Major Axis v Possible = & tl
Effective Length Factor Ky 1.000 o
Effective Length Kyl £.000 | m o ~
[ Buckling around Minar Axis z Possible = g . '§ i F‘Y
Effective Length Factar Kz 1.000 b
Effective Length Kel 3000 m
= Torsional Buckling Possible =
Effective Length Factor (for Torsional Bu | K 1.000
Effective Length [for Torsional Buckling) | KxL 3,000 m ¥
Lateral-torsional Buckling Possible = =
Carmrment [mim]
3
< ¥ [] Set Inputs for Members No. 5
Length ...

Figure 2.12: Table 1.5 Effective Lengths - Members

The effective lengths for the column buckling about the minor principal axis and the effec-
tive lengths for torsional buckling are automatically loaded from the previous table 1.4. If a
member is divided into different lengths by lateral intermediate supports, then no values
are displayed in the corresponding columns G and J of table 1.5. It is possible to change the
buckling length coefficients both in the summary table in the upper part and in the detailed
settings in the lower part. The data of the corresponding part of this table 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 lower part of the Settings for Member table contains the following
parameters:

e Cross-section

e Length (actual length of the member)

e Buckling Possible (cf column A)

e Buckling around Axis y (buckling lengths, cf columns B - D)

e Buckling around Axis z (buckling lengths, cf columns E - G)

e Torsional buckling (buckling lengths, cf columns H - J)

e lateral-torsional Buckling Possible (cf column K)
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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The effective length factors of the members can also be defined in a special dialog box
which is called by the button [Select Effective Length Factor...] below the upper table.

Select Effective Length Factor E|
Type of K valus
) Thearetical
(*) Recommended
Buckling around Axis y Buckling around Axis = Tot=zional Buckling
X
O Ky =065 * t——l OK:=085 s | Ox.-055 < —
> t Y
S “H ) p28
Oky =08 i r—"l Okz =08 v b——1 | Ok:-us i P
M
z ¥
Oky =12 l——D Ok =12 !—D Oky=12 f—*“—D
b - y -2 . -
b3 | @Oke-10 D1 @K, =10 Pi—q
— | AT
z M
X
!—‘—'- - Okz=21 'l—'—'- Okx=21 P~
z M
X
Oky =20 rI’ —9 | Oke=20 F' T | OKx=20 o v -
z - y
X
O Userdefined 1 a O Ugerdefined L a O Userdefined B
Ky = ... i 2= \’ X =

|-  Rotation fixed and translation fixed
[>  Rotation free and translation fixed
B—  Rotation fixed and translation free
—

Rotation free and translation free

To Exparted Effective
Length Factar Koyt

To Exparted Effective
Length Factar Kz

To Exported Torsional

1.000 Buckling Length Factor

1.000 Kx 1.000

Figure 2.13: Dialog box: Select Effective Length Factor

The Theoretical or Recommended values of the K factor that are to be assigned to the se-
lected member or group of members can be defined in this dialog box. The theoretical and
the recommended values are described in [2] on page 240. Generally, it is possible to select
predefined K factors or to enter User-defined values.

The effective lengths for buckling can also be imported from the add-on module RS-BUCK.

Buckling Possible

For the stability design of the buckling and lateral buckling, 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 ex-
cluded from the stability design in STEEL AISC. 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 according to Chapter E. Hence, the check
boxes in column A and also in table Settings for Member No. control whether the input op-
tions 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 around Axis y resp. Axis z

The columns Buckling Possible control members are prone to buckling around their axes y
and/or axes z. The axis y represents the "major" principal member axis, the axis z the "minor"

Dlubal
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principal member axis. The buckling length factors K, and K, can be freely chosen for the
buckling around the major and minor axes.

The orientation of the member axes can be checked in the cross-section graphics of this ta-
ble. In the RSTAB work window which can be opened any time via the [Graphic] button,
you can display the local member axes from the Display navigator.

Project Navigator @

= [w] & Structure
[w] 5% Modes
[v] 5 Modal Supparts
2 [w] & Members
[w] & Member Elastic Foundations
&4 = Syt
18 Member Orientations
[w] i Member Releases
(] Connection Points
[ Cross-seckion Cutlines
[[]% Do not Show Cross-sections at Member End
[v] 5 Eccentricities
= [w] & Sets of Members
[v] & Cantinuous Members
[w] i Groups of Members
03 Loads
13 resulks
[B] 5 Guide Objects
By General
[ Mumbering
[¥]E Nodes
- [w] I Members
[w]E Member Numbering
[C]EZ Material Description
]I Material Mumbering
[C]EE Cross-section Description
] ross-section Mumbering

BB

m-&

[w] 2 Sets of Members
[V]E Guidelines
(=[] ¥ Rendering
B Madel
[=]p Lighting

< ?

E Data | @ Display

Figure 2.14: Displaying the Local Member Axes in the Display Navigator of RSTAB

If buckling is possible around one or both member axes, the precise values can be entered
in columns D and E respectively F and G or in table Settings for Member No. below.

If you define the buckling length coefficient K, the buckling length KL is determined by mul-
tiplying the member length L with this buckling length coefficient.

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

Torsional Buckling

Column H controls whether a torsional buckling design is to be performed. The effective
length factors K, and the torsional buckling lengths K, can be defined in columns | and J.
The axis x represents the centre line of a member.

Figure 2.15: Member Axes

20

Program STEEL AISC © 2010 by Dlubal Engineering Software



2 Input Data I

-y

o Biubal

Lateral-Torsional Buckling L.T.B.

Column K controls whether a lateral torsional buckling design is to be carried out. The lat-
eral-torsional buckling lengths depend on the settings of table 1.4 Lateral Intermediate
Supports. There is no possibility to insert a user-defined value here.

The modification factor C, for lateral-torsional buckling can be defined in table 1.7 Design
Parameters (see Chapter 2.7).

Comment

In the last column the user can write down his own remarks at every member, e.g. to ex-
plain more closely the specific lengths of a member.

The check box Set Inputs for Members No. is located beneath the tree-structure lower table.
If you tick this box, the data entered consequently will become valid for specific resp. All
members. You can select the members graphically by using the function [Pick] or enter their
numbers manually. This option is useful when you want to assign the same boundary con-
ditions 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 is not re-assigned.

2.6 Effective Lengths - Sets of Members

The input table 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 table 1.1 General Data.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
£41 - Steel Design according te v | [ |
Input Data mwrwm e | Cc | o | E [ F | &G [ H | 1 | 4 | & | L
General Data Set | Buckling Buckling around Axis » Buckling around Axis z Torsional Buckling LTE
Materials Ma Possible | Possible Koy Kyl [m] | Possible ke KeL[m] Possible Ky FxL[m] Possible | Comment
Cross-sactions N | = 1000 6000 @ 1000 e000 @M@ | 1000 600 [
Lateral Intermediate Supports
Effective Lengths - Members
Effective Lengths - Sets of Men
Design Parameters
= Modal Supparts
Setof Members Mo. 2 - Set
= Member Releases =
@ || L
Setof Members Mo. 2 - Set J
Serviceabilty Data : i "W 1880 (AISC)
1 5et of Members [GelofMembersz & 191.8
Crogs-section
Length L m o
Buckling Possible 3] & ¢I
Bl Buckling around Major Axis y Possible = sl
Effective Length Factar Ky 1.000 n =
Elfective Length Kyl EO00 m g e .§ o ’Y
[ Buckling around Minor Axis z Possible 3] s
Effective Length Factar Kz 1.000 -
Effective Length Kel E.000 m
[ Torsional Buckling Possible =
Effective Length Factor [for Torsional Bu | Ky 1.000 ¥
Effective Length [far Tarsional Buckling) | KxL E.000 | m =
Lateral-torsional Buckling Possible 3] w [tmim]
. =
‘ 2 [] Set Inputs for ta Sets Na.: k

Figure 2.16: Table 1.6 Effective Lengths - Set of Members

This table is very similar to the previous table 1.5. With regard to the effective lengths for
buckling around the major and minor axes of the cross-sections, it is identical to table 1.5.

There are differences, however, as far as the parameters for torsional and lateral-torsional
buckling are concerned. These are defined by means of specific boundary conditions in ta-
ble 1.8 and 1.9 (see Chapters 2.8 and 2.9).
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2.7 Design Parameters

In this table, several parameters can be defined that are necessary for design.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according ko w [
Input Data B [ c [ ] [ E [ F [ G S
General Data Mermber Modification Distance Gross Area Met Area Shear Lag Effective Area
W aterials Hn Factor Cb [] Ly [m] Ag [mm?] B [mm? ] Factor L [] Ae [mm?] Comments
Cross-sections 1.000___~ £.000 113548 113548 1.000 113548
Lateral Intermediate Supparts 2 1.000 E.000 11354.8 11354.8 1.000 11354.8
Effective Lengths - Members El 1.000 30m 78129 76129 1.000 76129
Effective Lengths - Sets of Men 4 1.000 3.262 H5080.6 H580.6 1.000 B580.6
Deesign P 5 1.000 £.274 85B0.6 o580.6 1.000 8580.6
= Modal Supparts B 1.000 6274 85806 85806 1.000 85806
Set of Members No. 2 - Set 7 1.000 3.262 85B0.6 S580.6 1.000 8580.6 v
= Member Releases
@ ||
Set of Membars No. 2 - Set
Serviceability Data i RO AISE]
Cross-gaction | 191.9
Modification Factar Ch 1.000 | -
Digtance acc. to GE Ly E.000 | m t h‘
Gross &rea Ag i o2 ‘.-:]
Met Area An 11354.8 | mmd =
Shear Lag Factor u 1.000 o b
Effective Area Ae mme g e —
23 T
Comment
105
i
z
[mm]
¢ 5 [] Set Inputs for Members Mo.: R

Figure 2.17: Table 1.7 Design Parameters

Modification Factor

In column A, there is the possibility to choose among the three options of the lateral-tor-
sional buckling modification factor C,. The default value is set to 1.0. The C, factor can also
be entered manually or determined by the program according to Equation F1-1 [1].

Distance L,

The distance L, specifies the distance between the points of maximum and zero shear force
according to the Section G6 [1]. This applies to round HSS members.

Gross Area A,/ Net Area A,

In the columns C and D, the gross and net areas of all members are listed. If required, the
net area can be modified in order to consider holes.

Shear Lag Factor U

For every member, the shear lag factor for tension design can be defined according to
Table D3.1 [1].

Effective Area A,

Column F lists the effective areas of the members which are determined according to
Equation D3-1 [1] from the net areas and the shear lag factors.
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2.8 Nodal Supports - Sets of Members

The stability design of sets of members is carried out according to Chapter C of the ANSI/
AISC Specification [1]. According to Chapter H of this standard, you can design doubly
symmetrical, singly symmetrical and unsymmetrical cross-sections stressed by compression
and/or bending in a plane. The value of the multiplier o, has to be determined for the en-
tire set of members in order to obtain the critical moment M, which is necessary for the de-
sign. The calculation of a, the bifurcation factor, also depends on the setting in the Details
dialog box (see Chapter 3.1, page 27).

To determine oy, a planar member structure with four degrees of freedom per node is
created. The specific support conditions are defined in table 1.8. This table is only available
if you have selected one or more sets of member in table 1.1 General Data.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help

CA1 - Steel Design according to » E
Input Data B [ c [ D [ E [ F [ G [ H [ | |~
General Data Support . Mode Support Lat. Support Rotational R estraint ‘Warping Eccentricity
M Ho. Mo Fiotation f[*] uy me wz Fiestraint ta ex [mm] | ez [mm] Comment

Cross-sections 0.00 = 53] 53] a i1} i}

Lateral Intermediate Suppoits
Effective Lengths - Members
Effective Lengths - Sets of Men
Design P.
Modal Supparts

Set of Members Mo, 2 - Set
Member Releases

Set of Members Mo, 2 - Set

~i| @ || w| s

Serviceability Data — j
bl
Crass-section
Made with Suppart Mo,
Support Rotation I
Lateral Support in " uy' [x
Restraint around 3 [ [x
Restraint araund 2 wz [x]
Warping Restraint ] O
Eccentricity ex 0.0 mm
Eccentricity ez 0.0 mm
Comment
+ 5 [[] Set Inputs for Supports No.
L ox J

Figure 2.18: Table 1.8 Nodal Supports - Set of Members

To define the nodal supports, the orientation of the axes within a set of members is impor-
tant. The program internally checks the location of the relevant nodes and then determines
the axis system for the nodal supports that are to be defined in table 1.8 (see Figure 2.19 to
Figure 2.22).

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

If all members within the set of members lie on a straight line, the local coordinate system
of the first member within this set is applied for the entire set of members.
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Figure 2.20: 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 2.20. 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 2.21: 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 2.22: Auxiliary Coordinate System for Nodal Supports of Set of Members

Figure 2.22 shows the most general case. The members within a set of members 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.

24
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2.9 Member Releases - Sets of Members

This table is only available if one or more sets of members have been selected in table 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 table 1.8, then nodal releases can be inserted to
a set of members in table 1.9. 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 AISC - [Demo-5eng]
File Edit Settings Help

CA1 - Steel Design according tc r

)
-

5 [] Set Inputs for Release No

Calculation

<

Input Data [ & 1 B [ C [ 5] F | G 2
General Data Release Member | Member |Shear Release Moment Release ‘warp Release
M aterials Ho Mo Side Wy M7 [F My Comment
Cross-seclions 1 Start ] @ [ M ] QO
Lateral Intermediate Supports 2
Effective Lengths - WMembers 3
Effective Lengths - Sets of Men 4
Design P. 5
= Modal Supports g >
Set of Members No. 2 - Set| £ >
= Member Releases =,
Set of Members No. 2 - Set
Serviceability Data E 5
Cross-section
Merber with Release at the End No, 1
tember Side Side
Shear Releaze in w-Direction Wy
Torgional Release MT
Moment Release around z-Axis Mz
W arping Release [P e
Comment My

Figure 2.23: Table 1.9 Member Releases - Set of Members
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2.10 Serviceability Data

The final input table includes different possibilities for the serviceability design. It is only
displayed if the serviceability limit state design has been selected in table 1.1 General Data
(cf Figure 2.3, page 10).

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according to » [
Input Data \ A [ B [ c [ D F G [ H |~
General Data Mermber Reference Lenath Direc- Camber
W aterials NI Fieference ta Mo, Manually 1] tion Heamb [mm] Beam Type Camment
Cross-sections 1| Member a1 53] B546| .z 4.0 Beam
Lateral Intermediate Supports 2 | Member a2 = 70| wz 0.0 Eeam
Effective Lengths - Members 3 | Member a3 ad E546| .z oo Beam
Effective Lengths - Sets of Men 4 | Member 11 a EO0D| w2 8.0 Cantilever Start Free
Design P 5 | Member 21 [x] G000, w.z oo Beam
= Modal Supports E | Member 123 a 7810 .z oo Eeam
Set of Members Mo, 2 - Sle 7| SetofMembers |2 O G000 .z 0.0 Cantilever End Free
= Member Releases ]
Set of Members Mo, 2 - Sles L]
Serviceability Data 10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
L v
¥
’ ,

Figure 2.24: Table 1.10 Serviceability Data

In column A, you can refer the deformation to individual members, list of members or sets
of members. In column B, the relevant members or sets of members can be selected graphi-
cally 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 corres-
ponding check box 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 A, is to be taken into account as well.

cam!

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 box from every input or output table by clicking on the [Details...] button.

Details

Check of Maximum Effective Slenderness Ratio

Members with KL ir

- Tension: 00 5
- Compression / Flesure: 200 %
Serviceahility (Deflections)

Limiting Deflection: Li 360 5

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

Determination of Elastic Critical Moment for LTE
Point of Applied Load:

() On Cross-section Edge Directed to Shear Center
(.9. Top Flange, Destabilizing Effect)

(O In Shear Center

(©) On Cross-section Edge Directed from
Shear Center

Limit Load for Special Cases

Do nat Take Small Moments into Account if:
My i Moy & omo
oomo

Bending

4h (40

Mrz ibez €

Do not Take Small Axial Forces into Account if:

Tenszion PriiPoct & omo

4 4

Compression Pre/Pogs £ 0mo

Do not Take Small Shear Forces into Account if:

Shear Wy d oy & oo 3
VrziVes < 0010 &

Lirnit Shear Stress for Cross-sections with:

Tarsion Trd Te £ oo 3
Crozs-section Optimization
tax Allowable Design Fatio: 1.00%

3
Display Result Tables
2.1 Design by Load Caze
2.2 Design by Cross-section
2.3 Deszign by Set of Members
2.4 Design by Member
2.5 Design by »-Location

3.1 Goveming Internal Forces by Member
3.2 Goveming Internal Forces by Set of Members
3.3 Member Slendemesses

4.1 Partz List by Member

4 2 Partz List by Set of Members
(=) Only for Members / Sets to Be Designed
() OF &l Members / Sets of Members

Design WWall Thickness of H3S

Use Design Wall Thickness for Design of HSS
[Reduction of Mominal Thickness for HSS
according to B3.12)

Figure 3.1: Details Dialog box

Check of Maximum Effective Slenderness Ratio

For members designed according to Chapter D [1], the slenderness ratio preferably should
not exceed 300. This does not apply to the member types "Tension" and "Cable" because
they are excluded from this check. For members designed according to Chapter E [1], the
slenderness ratio preferably should not exceed 200. This value is applicable to all members

with compression or flexure.

It is possible to set user-defined slenderness ratios for members with tension resp. compres-
sion 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 (Deflections)

In this section, it is possible to change set the allowable deflection for the serviceability limit
state design if the default value L/360 is not appropriate.

The two selection fields below control whether the Deformation is to be related to the un-
deformed 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.

Program STEEL AISC © 2010 by Dlubal Engineering Software
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Determination of Elastic Critical Moment for LTB
The elastic critical moment M, for set of members is calculated automatically.
Usually, loads act on members. Then their application point has to be specified because this

can have stabilizing or destabilizing effects, subject to the eccentricity. The Point of Applied
Load can be set globally for all loads.

Limit Load for Special Cases

It is possible to neglect small stresses due to bending, tension or compression, shear and
torsion and, thus, allow a simplified design which eliminates negligible internal forces. In
this section, 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.

Cross-section Optimization

Cross-sections can be optimized if the Optimize option is chosen in table 1.3 Cross-Sections.
(see Figure 2.6, page 13). The dialog box 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 results tables are described individually in Chapter 4.

Design Wall Thickness of HSS

The design wall thickness shall be taken equal to 0.93 times the nominal wall thickness for
Hollow Structural Sections if the check is set here. This reduction is recommended for elec-
tric-resistance-welded HSS, not for submerged-arc-welded HSS.

3.2 Start Calculation

In all input tables of STEEL AISC, you can start the design via the [Calculation] button.

At first, STEEL AISC 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
RSTAB is started. The calculation parameters of RSTAB are used for this analysis.

If cross-sections should be optimized (see Chapter 7.2, page 48), the required sections are
calculated and relevant designs are carried out.

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

Calculate — To Calculate...

28
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To Calculate rz|
ot Calculated Selected for Calculation
Program / kod... Mo, Description -~ Program / Mod... Mo, Description ~
RSTAB LC2 Show Load STEEL AISC Cal Steel Design according ko A1SC
RSTAR LC3  |'Wwind v+
RSTAR LC4  |'Wind at peak v+
RSTAR LCR Wind at paak v Y
RSTAR LCE Wind positive
RSTAR LC? | Live Load
RSTAR LCE Imperfections v +<
RSTAR LC10 | Imperfections v +Y
RSTAR L1 1.35°LC1 + 1.35°LC2 + 1.35LC
RSTAB LGZ2 | 1.35°LC1 +1.5°LC2 +LCa
RSTAB LG4 | 1.35°LCT +1.5°LCF +LCB
RSTAB LGS |LC1 +1.5°LCE + LCE Q
RSTAB LGE | 1.35°LCT +1.5°LC4 +LC10
RSTAB LGS | 1.35°LCT +1.35%LC2 + 1.35°LC <
RSTAB LGS | 1.35°LCT +1.35%LC2 + 1.35°LC
RSTaE cot E streme design walue
STEEL&ISC Caz Steel Design according to &15C

Shew Additional M odules

Calculate ] [ Cancel

Figure 3.2: To Calculate Dialog box

If the design cases of STEEL AISC 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.

Lkl The calculation of a specific STEEL AISC design case can also be directly started from the

|E| toolbar. Set the required design case in the list and then click on the [Results on/off] button.
r‘

Additional Modules  'Window  Help

STEEL AISC CAL - SteelDes v < ) -

> V@ e R
ﬁmmﬁﬁvgw?ﬂﬁﬁmmwm

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

A dialog box appears in which you can watch the progress of the design.

x|

o

Fiunning
RSTAE - Calculation [llllllllllllllllllllllllq
STEELAISC
A |
Partial Stepz
Calculation of Member Stresses Murnber of Members 102
- e MHurnber of LC ]
J — | Initializating Data... Muriber of LG 3
Y
- | Preparing 0 ptimization... Murber of CO 0

- | Loading Data for Optimization...
— | Optimizing Cross-sections. ..
— | Preparing D ata for Calculation...

~ | Loading Internal Forces...

- RS-SOLVER

-

4

- | Running Design...
- | Creating Results D ata...

- | Member Mo 13 (11/102) LT

[lllll ]

Cancel

N\
/

Figure 3.4: Calculation in STEEL AISC
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4. Results
4.1

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
forces and design data of the load case which is selected in the upper part of the table.

Design by Load Case

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 the Details dialog
box (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 AISC. You can also switch
among the tables via the buttons as seen to the left or the functional keys [F2] and [F3].

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

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 AISC - [Demo-5eng] X

File Edit Settings Help

CA1 - Steel Design according to » E 'ﬂ

Input Data [ 4 [ C [ © | E | F | &
General Data Load Member| Location Design
W aterials Caze Description Mo # [m] Ratio Diesign according to Formula D5
Cross-sections Ultimate Limit State Design
Lstersl Intermediats Supports Dead Load 1 1.000 0.94] <1 | 350] Set of Members - Stabilty Analysis of Doubly and | ULS
Effective Lengths - Mambers LC2 | Srow Load 21 5.000 1.44|>71 | 204] Chapter H - Compressive Force with Single/Majar - ULS
Effective Lengths - Sets of Men LC3 | 'wind v+ 11 5.400 0.21| %1 | 113 Chapter F - Lateral-Tarsional Buckling - acc. to . ULS
Design Parameters LC4  |'wind at peak v +7 108 0.000 070 £1 | 307] Chapter E - Flesural Buckling around y-dusis ace. t | ULS

= Modal Supports
St of Members Mo, 2 - Set Serviceability Limit State Design
= Member Releases LC1 | Dead Load 1 2.000 010 £1 | 401) Chapter L - Design for Serviceability - Deflection it

Set of Members Mo, 2 - Set
:

Serviceability Data
Results
Design by Load Case —
D D[ - vt (215
Design by Set of Members M aterial Values - Steel 5 355 A
Design by Member Cross-section Values - W 8x48 [8I15C)
Goveming |ntermal Foroes by M| | B Cross-section Type
Goveming Internal Forces by 5| B Design Ratio

M 1451 @

Design by Cross-gection
Design by x-Location Design Intemnal Foices

301

Mernber Slendernasses Required Compressive Strengl | Pr B3.148 | kM E
Paits List by Member Buckling around Axis p
Parts List by Set of Members Effective Length of Set Left.y 6.000 | m
Slendemess Ratio KoLy F5.331 <47 [E2)
Elastic Critical Buckling Stress | Fe,y 4247 | kM Aom? [E3-4]
Critical Stress Fery 26.13 | kN/om? [E3-2or E
Safety Factor for Compression | Re 1.670 [ET)
Nominal Compressive Strengtt | Pr,y 237E.750 | kN [E31]
< > Allowable Compressive Streng | Pnoy/flc 1423.210 | kN v

Figure 4.1: Table 2.1 Design by Load Case

Description

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 Ratio

- For every design type and for every load case, load group or load combination, the design
&EE 092 €1 @ quotients according to the standard are displayed in this column.

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: ULS (Ultimate
Limit State) or SLS (Serviceability Limit State).

4.2 Design by Cross-Section

STEEL AISC - [Demo-5eng] X
File Edit Settings Help

CA1 - Steel Design according to » E

Input Data LA T B [ © [ D [ | | ~
General Data Section Member Location | Load Dezign
I aterials 2 Hr % [m] Caze Fiatio Design according ta Formula
Cross-sections W/ 848 [AISC)
Lateral Intermediate Supports | & 4676 LC1 ool s 100 Mo or Wery Small Internal Forces
Effective Lengths - Members ||| 21 6000 LC2 033 1 [T17] Chapter F - Vielding - Bending araund y-fais ace toF2 - F12
Effective Lengths - Sets of Men 1 3000 LC4 0.07 1 | 112) Chapter F - Yielding - Bending around z-Axis acc. to F2 - F12
Design P b il E00O| LCZ2 117 »1 | 113] Chapter F - Lateral-Torsional Buckling - acc. to F2 - F5
= Modal Supparts 1 1.000 LC1 000 21 |122) Chapter F - Flange Local Buckling does not Apply - acc. to F2 - F§
Set of Members Mo, 2 - Set 1 1000 LC4 000 271 | 124] Chapter F - Flange Local Buckling does not Apply - acc. to FB
= Member Feleases 32 nooo| Lcz2 0.25 21 |160) Chapter G - Mominal Shear Strength in 2-Axis - acc. ta G2 [G4,G5] - Unstiff
Set of Members Mo, 2 - Set 21 EO00 LCZ 1.44 > 1 | 204] Chapter H - Compressive Force with Sinale/Major Axis Bending - acc. to H |
Hesilztaslwceablhly Data Mas: 1451 @
Design by Load Caze —
Design by Cross-section D j T - W BxdE (AISC)
Design by Set of Members M aterial Yalues - Stesl 5 355 206 o
Design by Member Cross-section Values - 'w' Bxd8 [AISC)
Design by w-Location Design Intemal Forces 77,
Goveming Internal Forces by M) Cross-section Type
Gowveming Intemal Forces by 51| B Design Ratio &
Member Slendernesses Required Flexural Strength Mry 167.291 | kNm E
Parts List by Member “ield Stress Fy 35.50 | kM Aomd
Paits List by Set of Members Plastic Section Madulus Ly 8029660 | rmm?
Plastic Bending Maoment tlplye 285.053 | kNm
Mominal Flexural Strength tn oy 285.053 | kNm [F2-1]
Safety Factor for Flesure 17y 1.670 [F11
Allowsble Flexural Stength by Al 170.690 | kNm [mm]
Design Ratio 098 €1 [B3-2) -
< >

Figure 4.2: Table 2.2 Design by Cross-Section

In this table, the maximum design 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 AISC - [Demo-5eng] 3
File Edit Settings Help
CAT - Steel Design according tc v | 2 =
Input Data El [ C T ©D [ET F |~
General Data Set  Member Location | Load Design
Materials No. Hr. * [m] Caze Fiatio Design according to Foimula
Cross-sections | ] 1.000) LC4 0.00 21 | 124) Chapter F - Flange Local Buckling does not &pply - acc. to FE
Lateral Intermediate Supparts 1 0000, LC2 0.04 21 | 160) Chapter G - Mominal Shear Strength in z-4xis - acc. to G2 [G4,G5) - Unstiff
Effective Lengths - Members 1 gOon| LC2 050|271  204] Chapter H - Compressive Force with Single/Major &xis Bending - acc. ta H
Effective Lengths - Sets of Men 1 0ooo) LC1 0.05|21 301 Chapter E - Flexural Buckling around w-&uis acc. to E3
Design P 1 0000, LCt 0.09 21 | 311) Chapter E - Flexural Buckling around z-Awis acc. to E3
=- Nodal Supports 1 0000 Lo 0.05 21 | 321) Chapter E - Torsional Buckling acc. to E4
Set of Members Mo, 2 - Set 1 1000 LC2 117 | » 1 | 350) Set of Members - Stability Analysis of Doubly and Singly Symimetric M embe
= Member Feleases 1 0oon| Lt 000|271 | 400] Chapter L - Design for Serviceability - Mo or Very Small Deflections
Set of Members Mo, 2 - Set 1 3000 LC1 010 21 | 407) Chapter L - Design for Serviceability - Deflection in 2-Direction (B eam) v
Serviceability Data M a1 @
Results
Design by Load Caze

=

[ - v et (21SC)
M aterial Walues - Steel 5 355 206 .0

Cross-section Walues - W Bx48 [AI5C)

Design Intemal Forces

Drezign by Crogs-section
Drezign by Set of Members
Design by Member
Design by #-Location

Goveming Intemal Forces by M 3'023'350”?"1 Type é
Goveming Intemal Forces by 51 B Design Ratio -
Member Slendemesses bet-Limit for Compact Flange | hp 1 9.242 Tab. B4.1 E
Parts List by Member bt-Limit for MonCompact Flan | e 24.322 Tab. B4
Parts List by Set of Members bét-Ratio (bt 5.920 < hpt

Design Fatio b 0.00 €1 [B3-2)

[mm]

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 AISC - [Demo-5eng] ®
File Edit Settings Help

CAT - Steel Design according to » E

sl

Input Data B [ C TD]J E
General Data Member| Location | Load Deesign
Materials i #[m] Case Ratio Design according to Formula
Cross-sections nooo| LC1 010 £1 | 311] Chapter E - Flexural Buckling around 2-Axis acc. to E3
Lateral Intermediate Supports 0000 LC1 005 21  321) Chapter E - Torsional Buckling ace. to E4

Effective Lengths - Members
Effective Lengths - Sets of Men |__13__| Cross-section No. 3 -/ 16:40 [AISC) ... 2 -/ 16245 [AIST)

Design Parameters Lc2 0611 | 111] Chapter F - Yielding - Bending around p-éxis acc. to F2 - F12
= Nodal Supparts 0ooo| LCc2 0.72 21  113) Chapter F - Lateral-Torzsional Buckling - acc. to F2 - F5
Set of Members Mo, 2 - Set 0000 LCt 000 £1 | 122] Chapter F - Flange Local Buckling does not &pply - acc. to F2 - F5
= Member Aeleases 0ooo|  LC2 008 <71  160) Chapter G - Mominal Shear Strength in z-fwis - ace. ta G2 [G4.G5] - Unstiffened Wwe
Setof Members Mo, 2 - Set ooon|  LCc2 062 21 | 204] Chapter H - Compressive Force with Single/Major Axis Bending - acc. to H1.3 v
Serviceability Data Mz 1441 @
Results

g:z:gz :i I&?::gz:zzm Di O[3 - 2w 18d0 (AISC) - W 1645 (AISC)

Diesign by Set of Members Material ¥ alues - Steel 5 355 1wy

Desian by Member Cross-section Walues - 'w' 16x40 [AISC)

Design by #Location Design Intemal Forces o 3

Goveming Internal Forces by M | B Cioss-section Type gr gl

Goveming Intemal Forces by 51 B Design Ratio -

Mermber Slendemesses Required Flexural Strength ey 154.308 | kNm g o= = ’Y

Pats List by Member Yigld Shress Fy 3560 kM/om? lrr

Parts List by Set of Members Plastic Section Modulus Ly 1194620.0 | mmd
Flastic Bending Moment Mply 424.089 | kNm
Mominal Flexursl Strength Mr oy 424.083 | kNm [F2-1) &
Safety Factor for Flexure b 1.670 [F1] =
Allowable Flesural Strength I o Al 253.946 | kMNm [mm]
Design Fatio b 0.61 €1 [B3-2)

< ¥ {

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 on page 30.

4.5 Design by x-Location

STEEL AISC - [Demo-5eng] X
File Edit Settings Help

CA1 - Steel Design according to » E

ot Dote LA T8 [ C [ | e
General Data Member Location | Load Design
I aterials No. % [m] Case Ratio Diesign according to Formula
Cross-sections 3000 LC4 025 £71 | 311) Chapter E - Flesural Buckling around z-Axis acc. to E3
Lateral Intermediate Supports 2000) LC4 005 £1 | 321) Chapter E - Torsional Buckling acc. to B4
Effective Lengths - Members 4000 LC3 00o 100] Mo arVery Small Intemal Forces
Effective Lengths - Sets of Men 4000 LCH 003 < 111] Chapter F - Yielding - Bending around y-fxis acc. to F2 - F12
Disign Parameters l:l 4000 LCH 0.00 £1 [126) Chapter F - Local Buckling of HSS Section does nat Apply - ace. ta F7
=) Nodal Supparts 4000 LC4 02 2 301) Chapter E - Flexural Buckling around y-fixis acc. o E3
Set of Members Mo, 2 - Set 4000| LC4 026 £ 311) Chapter E - Flesural Buckling around z-2xis ace. to E3
= Member Feleases 4000 LC4 005 2 321] Chapter E - Torsional Buckling acc. to E4
Set of Members Mo, 2 - Set 5000) LCH 000 £1 | 100) Mo or Very Small Internal Forces v
e b [ TEA[C)
Design by Load Case
Design by Cross-section j 12 - 3HS 3x0.125 (AISC)
Design by Set of Members b aterial Values - Steel 5 355 762
Design by Member Cross-section Walues - SHS 3x0.125 [AI5C)
Design by x-Location Design Intemal Forces
Gawverning Internal Forces by M Emss'sectign Type KRN
Gaveming Intermal Forces by 5| & Desan _H‘_i“D -
Member Slendernesses b."trL!m!t for Compact Flange | dp.f 27.240 Tab. B4.1 F [ -bY
Paits List by Member bt-Limit for MonCompact Flan | Ar g 34.051 Tab. B4.1 1
Pats List by Set of Members bitRatio b/t 18.000 < hpt :
Dresign Ratio I 0.00 1 [B3-2] n
v
=
[rmm]

. ,

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 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
RSTAB Calculation Parameters dialog box in the Options tab

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 AISC - [Demo-5eng] X

File Edit Settings Help

CA1 - Steel Design according to » F ‘1
Input Data B | C [ o [ E [ F [ & [ H T ! |~
General Data Member Location  Load Forces [kM] Maoments [kNm]
I aterials Mo # [m] Caze H Wy Wz T My Mz Design according to Formula
B asiTs Cross-section Mo, 1 - W 8xd8 [A15C]
Lateral Intermediate Supports ||| __6.000]  LC4 0o00) 3783 0000 o0ig)  0000)  -0.020( 100)Noorery Smal Intemal Forces
Effective Lengths - Members E000 LC2 -231438 0000 13441 0000, -B3.646 0.000 | 117) Chapter F - Yiglding - Bending arou
Effective Lengths - Sets of Men 2000 LC4 0/000 0.003 0.000 0.o01g 0.000 615 | 112] Chapter F - Yielding - Bending arou
Design P. 1 EO000  LCZ -231438 0000 -13.941 0.000| -B3.646 0.000 | 113] Chapter F - Lateral-Torsional Buckl
= Modal Supparts 10000 Lot 63148 0000 -10.808 0001 | 10808 0,000 | 122] Chapter F - Flange Local Buckling
Set of Members Mo, 2 - Set 1.000 LC4 0000 2457 0.000 0018 0.000 3122 | 124) Chapter F - Flange Local Buckling
= Member Feleases 0000 L2 23433 0000 -13.941 0.000 0.000 0.000 | 160) Chapter G - Maminal Shear Strengt
Set of Members Mo, 2 - Set EO00 LC2 23438 0000 -13.541 0.000| 83646 0.000 | 204] Chapter H - Compressive Force wit
Serviceabilty Data nooo Lot 721140 0000 -10.808 0.001 0.000 0,000 | 301] Chapter E - Flerural Buckling arour
Results 0000 L& 721140 0000, -10.808 0.0m 0.000 0.000 | 311] Chapter E - Flexural Buckling arour
Deszign by Load Case nooo Lot 721140 0000 -10.808 0.001 0.000 0,000 | 321] Chapter E - Torsional Buckling acc
Design by Cross-section 1000 LC2 -231438 000 13894 0000 -13.541 0.000 | 350] Set of Members - Stability Analysis
Design by Set of Members nooo Lot 721140 0000 -10.808 0.001 0.000 0,000 | 400] Chapter L - Design for Serviceabilt
Design by Member 3000 Lo -45/16E 0000 -10.808 0o | 32423 0.000 | 401] Chapter L - Desian for Serviceabilt

Design by w-Location .
Goveming Internal Forces by M 2 | Cross-section Ho. 1 - BxdB [A15C)

oooo Lez 23,438 0000 13341 0.000 0.000 0.000 | 160) Chapter & - Nominal Shear Strengt
E000 LC2 -23.438 0000 13941 0.000| 83.646 0.000 | 204] Chapter H - Compressive Force wit |+

< >

Goverhing Intemal Forces by 5 E000  LC4 0,000 3753 0.000 0018 0.000 -0.020 | 100) Mo or Yery Small Intemnal Foces
Member Slendernesses E.000 LC2 231438 0000 13941 0.000| 83646 0.000 | 111] Chapter F - Yielding - Bending arou
Paits List by hember 3000 LC4 0000 0.003 0.000 0.018 0.000 5,615 | 112] Chapter F - Yielding - Bending arou
Parts List by Set of Members E.000 LC2 231438 0000 13941 0.000| 83646 0.000 | 113) Chapter F - Lateral-Torsional Buckl
1.0000 L& B3148 0.000 10808 0.00 10.808 0.000 | 122) Chapter F - Flange Local Buckling
1.000 LC4 0000 24597 0.000 0.018 0.000 3122 | 124) Chapter F - Flange Local Buckling
)
]

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 combination whose internal
forces have the most unfavorable effects 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

[ - Steel Dission acoording te + | [ e
Input Data e o | c | o | E | F | & | H | |

General Data Location | Load Forees [kMN] Moments [kMm]

M aterials # [m] Case H Wy Wz M My Mz Design according to Famula

Set of Members 2 [Member Mo, 1]
6.000) LC4 0.000 4753 0.o00 0018 0.000 -0.020 | 100) Mo ar Very Small Intemal Forces

Cross-sections

Lateral Intermediate Supports
Effective Lengths - Members EO000  LCZ -23.438 0000 1384 0.000| 83646 0.000 | 111] Chapter F - Yielding - Bending around 1

)
)
2000 LC4 0.000 0.003 0.000 0018 (0.000 5.615 | 112] Chapter F - Yielding - Bending around ;
E.000 LC2 -23.438 0,000 1384 0.000|  -B3.646 0.000 | 113) Chapter F - Lateral-Torsional Buckling
1000 L -63.148 0.000  -10.808 0001 -10.808 0.000 | 122] Chapter F - Flange Local Buckling dos
1.000 LC4 0.000 2,497 0.000 0.018 0.000 3122 | 124] Chapter F - Flange Local Buckling doe
0000 LC2 -23.438 0.000 1334 0.000 0.000 0.000 | 160] Chapter G - Nominal Shear Stenath in
E.000 LC2 -23.438 0,000 1384 0.000|  -B3.646 0.000 | 204] Chapter H - Compressive Force with Si

)

)

)

)

)

)

Effective Lengths - Sets of Men
Design Parameters
=I- Modal Supports:
Set of Members Mo. 2 - Set
= Member Releases
Set of Members Mo. 2 - Set
Serviceability Data
Results
Design by Load Case
Design by Cross-section
Design by Set of Members
Design by Member
Design by #-Location
Gowveming Intemal Forces by b
Governing Interal Forces by 5
Member Slendemesses
Parts List by Member
Paits List by Set of Members

0000 L1 72140 0000  -10.808 0.001 0.000 0,000 | 301] Chapter E - Flesural Buckling around v
0000 L& 72140 0000 -10.808 0.0 0.000 0.000 | 317) Chapter E - Flexural Buckling around =
n.ooo LE 72140 0.000  -10.808 0.00m (0.000 0.000 | 321) Chapter E - Torsional Buckling ace. to
1.0000 LC2 -23.438 0,000 1384 0.000] 13549 0.000 | 350) Set of Members - Stability Analysis of C
0000 L& 72140 0.000  -10.808 0.00m 0.000 0.000 | 400) Chapter L - Design for Serviceability - b
30000 L& 45,166 0000 -10.808 000 | -32.423 0.000 | 401] Chapter L - Design for Serviceability - [

< b4

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
CA1 - Steel Design according ko w E 'j
Input Data B [ [ [ D [ E [ F [ G [ H |~
General Data Mermber Length Maijor Auis y Minor Asis 2
W aterials Hn Under Stress L [m] Ky fye [rrm] Kyl 1y 53 Tz (] Kel /12
Cross-sections E.000 1.000 a1.8 E5.391 1.000 528 113,663
Lateral Intermediate Supports 2 Compression/Flexure E.000 1.000 91.8 E5.391 1.000 528 113,663
Effective Lengths - Members 3 Campression/Flexure 301 1.000 168.3 17.834 1.000 394 TE.475
Effective Lengths - Sets of Men 4 Carmpression/Flexure 3.262 1.000 1686 19.350 1.000 334 81.790
Design P 5 Compression/Flexurs E.274 1.000 1686 3r212 1.000 384 157.289
= Modal Supports E Compressian/Flexurs 6.274 1.000 168.6 ar22 1.000 EER:] 157.269
Set of Members Mo 2 - Set 7 Compreszion/Flexure 3.262 1.000 168.6 19,350 1.000 399 81.790
= Member Releases 8 Compression/Flexure 3o 1.000 168.3 17.834 1.000 9.4 76475
Set of Members No. 2 - Set/ 11 Compreszion/Flexure E.000 1.000 91.8 E5.391 1.000 528 113.663
Serviceability Data 12 Compression/Flexurs E.000 1.000 9.8 E5.391 1.000 528 113,662
Results 13 Compression/Flexure 301 1.000 168.3 17.894 1.000 394 TE.475
Design by Load Case 14 Compression/Flexurs 3.262 1.000 1686 19,350 1.000 384 81.790
Design by Cross-section 15 Compression/Flexure E.274 1.000 1686 72 1.000 344 157.289
Design by Set of Members 18 Compression/Flexurs E.274 1.000 1686 Iz 1.000 384 157.289
Design by Member 17 Compression/Flexure 3262 1.000 1686 19.350 1.000 344 81.750
Design by x-Location 18 Compression/Flexurs 30 1.000 1683 17.894 1.000 384 76.475
Goveming Intermal Foroes by M||__2] Carmpression/Flexure £.000 1.000 91.8 E5.391 1.000 528 113,663
Goveming Intemal Forces by 51 2 Compression/Flexurs E.000 1.000 9.8 E5.351 1.000 52.8 113.663
M ember Slendernssses 23 Compression/Flexure aom 1.000 168.3 17.834 1.000 9.4 76475
Pats List by Member 24 Compression/Flexure 3.262 1.000 1B8.E 19.350 1.000 399 1.730
Paits List by Set of Members 25 Campression/Flexure E.274 1.000 1686 37212 1.000 3349 157.289
26 Compression/Flexure E274 1.000 1686 2 1.000 394 157.289 | »
Members with Tension Only; Members with Compression [ Flexure;
MaxkyL (ry | 16BS75| $300 @ Maxkyliry | 168975) <200 @
3 2 Wtanc Kol fra: 193406 | <300 @ Ma: Wel fra 192406 c200 @

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 Details dialog box (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

File Edit Settings Help

CA1 - Steel Design according te v | [ -~

Input Data L & B | c | o | E | F | _G | H I
General Data Part Mumber Length | TotLength | Surf Area | “olume |[Unit'weight ‘weight | Totweight
W aterials o Cross-section Members [m] [m] [m?] [m] [lkg/m] [kal 0]

Cross-sections & 6.00 36.00 4552 033 7141 42846 2571
Latersl Intermediate Supports 2w 1BGAS0) _3-Wikx || 8 am 2403 3r.dn 020 | B35 | 1940|1531
Effective Lengths - Members 2w 1645 |A/S0) E] 326 2610 4082 022| &736|| 21975|| 1758
Effective Lenaths - Sets af Men| & | 2-W 16x45 (45C) B B27|| 5019|7812 043 | G736 422R0| |  a381
Design Paramelers 5 [1-w 8edg [AIST) 4 2000 1200/ 1517 01 741 | 2423|0857

= Nadal Supports 6 | 10- HP BxB.2436 [AIST) 3 300 aon| 072 005 | 5368 161051 0483
St of Members No. 2- Set| 7| 10- HP 8482436 (AISC) F] 355 7.09 .45 005 | 53EE | 190.36|| 0381

- Member Reloases 8|10 HP BsB.2438 [AIST) 1 403 403 488 003 | 5368 21978|1 020
St of Members No. 2- Set| 9| 15- HP 10x10.1542 [AISC) 4 2000 1200/ 17E2 010 | E280 | 18840/ 0784
Semviceatilly D ot 10| 6-HP 10¢10.1x42 [AISE) 3 300 aon| 1322 007 | G260 16640|1 0565
Fresute 11| 6-HP 108101442 [41ST) F] 355 709 1040 006 | B280 | 22283|| 0445
Design by Load Case 12| 6-HP 10¢10.1x42 [AISE) 1 403 403 B0 003 | B2E0| 2570|0257
Design by Crass-section 13| 7 - HP 88,2436 IAI5C) 4 6271 2510 2980 017||  5a66|| 33680[| 1347
Design by Set of Members 14| 9w/ 1840 JAISC) B 625 5000|7718 036 | 5975|| 37351 2,988
Design by Member 15| 16\ 14438 [415D) 1 .55 6.55 9.29 006 | 8672 | a713 0,371
Deesign by L ocation 16| 6-HP 10¢10.1x42 [A1SC) 1 7.09 703 1042 005 | B280| 44550|1 0446
Goveming Internal Forces by M|__17__| 6~ HP 104101642 [A15C) 1 B.55 655 961 006 | E280 | 411.09]1 0411
Goveming Intermal Foross by 5118 | 12 5HS 30,125 (A15C) 25 500 1500|3674 01 709 | 3545|0  n@m
Mernber Slendemessss 13| 13- Circle 24 4 781 .24 236 oo am | |l
Parts List by Member 20| 13- Circle 24 F] a0z B418 484 003 355 | 2843|0228
Paits List by Set of Members |54 102 5IG46| 46847 255 19,991

< >

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 box (see Figure 3.1 on
page 27) that can be opened via the [Details] button.

Part No.

The same part number is automatically assigned to identical members.

Cross-section

In this column, the cross-section description is 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 the list. The
cell Total Weight shows the total required amount of steel.

4.10 Parts List by Set of Members

STEEL AISC - [Demo-5eng] X
File Edit Settings Help

CA1 - Steel Design according to » [ S

Input Data T B | [ | D | E | F [ G [ H | 1
General Data Part Description of Mumber Length | TotLlength | Suwrf Area | Volume  Unitweight  “Weight | Tot'Weight
W aterials No. Set of Members Sets [m] [m] [m?] [m#] [% [ka/m] [ka] [
Cross sections 1 B0 600|753 005 7I41 | 42845| 0428
Lateral Intermediate Supports Sum 1 E.00 7.59 0.05 0428

Effective Lengths - Members
Effective Lengths - Sets of Men
Design Parameters
= Modal Supports
Set of Members Mo, 2 - Set
= Member Releages
Set of Members Mo, 2 - Set
Serviceability Data
Results
Design by Load Caze
Design by Cross-section
Design by Set of Members
Design by Member
Design by w-Location
Governing Interal Forces by M
Gowveming Internal Forces by S
Mermber Slendermnesses
Parts List by Member
Parts List by Set of Members

‘ >

Figure 4.10: Table 4.2 Parts List by Set of Members

The last table in STEEL AISC 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 results can be evaluated in different ways. For this, the buttons in the results
tables are very useful which are located below the upper tables.

STEEL AISC - [Demo-5eng]

CA1 - Steel Design acc
Input Data
General Data
M aterials
Cross-sections

Effective Lengths -

Effective Lengths -

Design Parameters
=I- Modal Supports:

File Edit Settings Help

arding ke + E

Section Member| Location | Load
Mo, Mr. # [m] Case
3 |'w 1Bx40AISC)

[T 8 [ ¢ E F |
Diesign
R atio Design according to Formula

Lateral Intermediate Supports 8 ami| LC4
Members 23 nonoo| Lcz
Sets of Men 23 nooo| LCz2

3 0000 Lo

Set of Members Mo, 2 - Set 23 nooo| Lcz2 067 21 | 204] Chapter H - Compressive Force with Single/Major Axis Bending - acc. to H
= Member Releasas 41 nooo| LCz2 005 £71 | 303 Chapter E - Flewural Buckling around y-Axis ace. to E7 - Slender elements
Set of Members Mo, 2 - Set 4 n0noo|  Lcz 0.08 21 | 313 Chapter E - Flexural Buckling around z-Axis acc, to E7 - Slender elements |+
Serviceability Data Ma: 1441 @
Fesults
Design by Load Case —
Design by Cross-section D j 3= 20W 1 Bd0 (AISC) - W 1Bx45 (AISC)
Deesign by Set of Members Material Values - Steel 5 355 A 1777
Design by Member Cross-section Walues - 'w 16240 [4/5C]
Diesign by #-Location Design Intemnal Forces R -y
Gowveming Intemal Forces by b E'U“'SEC“?” Tupe & ﬁ[
Gaverning Intemal Forces by 5 & Design Ha“D . &
Wember Slendernesses Hequuec! Shear Strength Yra 44.282 | kN g S ..Y
Pats List by Member h/ty-Ratio bty 44,689 7.7
Parts List by Set of Members Shear Area Bz 3150.3 | mm? [G2)
web Shear Coefficient Cy 1.00 [G2-2]
tdodulus of Elasticity E 2100000 | kN Ao )
‘Yield Stress Fy 35.50 | kN/em? z
Mominal Shear Stiength W,z E71.024 | kNm [G21) [mm]
Safety Factor for Shear Ry 1.500 [G1]
< ¥ Allowable Shear Strength W2y 447350 | kNm B

l:l 23 0000| Lc2 <1 | 160] Chapter G - Nominal Shear Stiength in 2-4uis - ace. to G2 [G4,G5] - Unstiff

000 £71 | 100 Mo or Ve Small Intermal Forees

066 £1 | 111 Chapter F - Yielding - Bending around y-duxis acc. toF2 - F12

078 £1 | 113] Chapter F - Lateral-Torsional Buckling - acc. to F2 - F&

000 £1 | 122) Chapter F - Flange Local Buckling does not &pply - acc. to F2 - F5

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

Show Color Bars in Table

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

Show Rows with Ratio > 1

Show only rows with the 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, page 41

[©)| [ =] [ 9| B

Jump to Graphics to
Change View

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

«d

Pick Member in Graphics
and Go to This Member in
Table

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

Table 5.1: Butto

ns in Results Tables 2.1 to 2.5
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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 AISC results table is also highlighted in the
selection color in the RSTAB background graphics. Additionally, an arrow marks the mem-
ber location x which is stated as decisive in the selected line.

STEEL AISC - [RSTAB- Bridge]
File Edit Settings Help

Ca1 - Steel Diesign according to w E S
|nput D ata [ A [ B | [ [ D E A
General Data tfember| Location | Load Design
M aterials No. * [m] Case Fatio Diesign according ta Formula

Cross-gections 0000 LET 0.25 £1 | 111] Chapter F - ielding - Bending around y-4xis acc. o F2 -F12

Lateral Intermediate Supports 0000 LET 0.00 £1 | 116] Chapter F - Lateral-Torsional Buckling does not Apply - acc. to F2 - F5

Effective Lengths - Members 0000 LET 0.00 £1 | 122) Chapter F - Flange Local Buckling does not Apply - acc. to F2 - F&

Effective Lengths - Sets of Men 0o00| LC1 010 £1 | 160) Chapter G - Mominal Shear Strength in z-Axis - acc. to G2 (54.G5) - Unstiffened 'we

Design P
=I- Nodal Supports

155 | Cross-section No. 18 - 8«10 (4I5C

)
Set of Members MNa. 1 - Cor| 3000 LCA 017 £1 | 111) Chapter F - Yielding - Bending around p-Axiz acc. ta F2 - F12
Set of Members Mo 2 - Corl 3.000| LcA 0.26 <1 [113] Chapter F - LateralT orsional Buckling - ace. taF2-F5 |
5 Member Releases 0.000) Lcd 0.00 £1 | 122) Chapter F - Flange Local Buckling does not &pply - acc. to F2 - F5
Set of Members No. T - Cor| Mas: 077 il @ & »
Set of Members No. 2 - Cor|
Results —
Design by Load Case D ﬁ 18 - W Ex10 (AISC)
Design by Crass-section Material Values - Steel A36 A 00.1
Design by Set of Members Cross-section Values - W Bx10[AISC)
Desigh by Mamber Drecign Internal Forces C't (_!I
Design by w-Location Cross-section Type = “
Governing Intemal Forces by M| | B Desion Ratio .
Gaverning Internal Forces by 51 Fieguired Flexural Strength ey JE08 kMm g - -»Y
Member Slendemesses Braced Length Lp 3000 m #Lp anc 43
Parts List by Member Liriting Lenth Lp 1.086 m [F25]
Parts List by Set of Members Limiting Length Lr 3178 m [F2-6)
tdodulus of Elasticity E 19393.80  kM/em? S
Fiadiuz of Gyration Iz 213 mm =
“ield Stress Fy 24.82 kMsem?
Effective Fadius of Gyiation | s 258 mm [F2-7)
< > Torsional Constant J 16649.3 | m# v

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 AISC window, you can apply

the so-called View Mode by clicking on the [Change View] button: the STEEL AISC window
is switched off and you can change the view on the RSTAB model. In this mode, the func-

tions from the View menu are available, e.g. zoom, move or rotate the view.

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

Similarly 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 AISC results,
you can deactivate them by using the button visible on the left.
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A particular design case can be selected from the list of cases in the RSTAB toolbar.

The display of the results can be also controlled by the Display navigator, using the entry

Results — Members. The design ratio is displayed Two Colored by default.

Project Mavigator

[l Structure
[#]1[] Results
[l [ Result values

Mermbers, Supports, Sections

Two Colored

Colored

Cross-sections

all values

Display hidden result diagram
------ [ reverse Results v-y and ¥-z
- [H] 5 Guide Chjects
EJ---EQ General
&[] Mumbering

(- [B] QP Rendering

(- [B] & Additional Modules

&

E®ata M pisplay | 4

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

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

Project Mavigator

[w]& Structure
Results Dezign Ratio [-]
1.10
1.00
0.90
0.e0
070
Supports 060
Modal Displacements 050
., Connecting Lines 0.40
Members 090
- Two Colored 020
----- (. Colored 010
----- ., Cross-sections 000
----- L] Al Values
----- .| Display hidden result diagram Max : 082
----- |:| \| Reverse Results V-v and V-2 Min ; 0.00
- [H] B Guide Objects
S B o
(- [C]EE Mumbering
[+ [B] ¥ Rendering —
[]---% & additional Modules
E®ata Displa -
] S pisp v| 4 b BT 4

Refer to

) MawMin

(%) Customize
() Lirnitz:

[+]:

=g

Smooth Color

Transition

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 tab. If you enter the factor 0 in the Member Diagrams input
field, the design ratios will be shown with an increased line thickness.

This graphic view can be incorporated to the global printout report (see Chapter 6.2 on
page 44).

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

5.2 Result Diagrams

In order to view the detailed distribution of results of a specific member, the graph of re-
- sults can be used. Select the relevant member or set of members in the results table of
STEEL AISC and then activate the diagram by the button as seen to the left. This button is
located below the upper tables of results.

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

Results - Member Results

é. 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.

B Result Diagram on Member g@g‘

| @& | steeL a1sc cal - SteelDe v @ e B & =L@ o e o A
Members Mo.:  Z v > ‘.‘ :
T 0000 0500 T.000 1500 7121
Havidolay 1 i . | . I I T [
[¥] Cesign Ratio B
i o [- ~
Cesinnitoli) Design Ratio
] Design Ratio
[rn] &
- 0,000 042 &
0.354 0,44
0.707 0.46
1061 0.49
1414 0.51
1.788 0.52
R3] 054
Results 4 b sl
Beginning ¥,¥,2: 19.5,-1.5,0.0m End ¥,Y,2: 18.0, 0.0, 0.0m Crder: 2

Figure 5.5: Result Diagram on Member Dialog Box

Lol - vz ¥ A particular design case can be selected from the list in the toolbar.

The Result Diagram on Member dialog box is described in detail in Chapter 9.8.4 of the
STEEL AISC CA1 - Steel Design RSTAB manual.

I Program STEEL AISC © 2010 by Dlubal Engineering Software

0 Biubai ——



- —

Engineering Software

5 Evaluation of Results

Dlubal

5.3 Filtering Results

The structure of the STEEL AISC tables makes it already possible to select the results accord-
ing to certain criteria. Additionally, you can use the filter functions as described in the
RSTAB manual to graphically evaluate the STEEL AISC 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 criteria for filtering 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 in 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 tab of the panel. 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.

Project Mavigator E]

- [w] 3¢ Structure
#-[|db Loads
- [#][F] Results
- [w] [ Result values
[« Title Info
[#13 Max/min Info
= [m] [ Deformation
- [m] [ Members
S supports
1[5 Modal Displacements
][ Connecting Lines
= [®[F Members
O Two Colored
@ [ colored
O[] Cross-sections

LISl values

I @ Display hidden result diagram
[ Reverse Resulks Y-y and Y-z

+-[m] [ Support Reactions

[B] 5 Guide Cbjects

By General

] Mumbering

[E]"Qp Rendering

+-[B] S Additional Modules

= E--E-E

E®pata M Display |--‘Results 4 I

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 design ratios great-
er than 0.30 are to be displayed. Furthermore, you can adjust the color spectrum in a way
that one single color range exactly covers the design ratio 0.05 (see Figure 5.7).

By the option Display hidden result diagram (Display navigator, entry Results - Members),
you can also display design results that do not satisfy the given conditions. Those design di-
agrams will then be drawn as dashed lines.
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0.39 ltas 0.37>
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Project Navigator 1
W] Structure Max
=[] [F] Results Dresign Ratio [-]
[V [F Result values 0,85
[ [3 Title Info 00
[ 3 Maxmin Info 075
(=[] [F3 Deformation 070
I supports D.BS
I3 Modal Displacements D.ED
[ connecting Lines 055
=-[E[F3 Members 0'50
O Two Colored 0'45
@[ colored D.dﬂ
O Cross-sections -
[ Al values 0'30
DE Display hidden result diagram '
1[5 Reverse Resulks -y and v-z Max : 0.82
[9] 5 Guide Objects Min - 0.00
[l dxh General
] Mumbering STEEL AISC
[E] ' Rendering
[H] & Additional Modules
E®0at: M Display | 4 b §§ @Z |4

Figure 5.7: Filtering of Stress Ratios with Adjusted Color Spectrum

Filtering Members

In the Filter tab of the control panel, you can enter the numbers of the members whose de-
sign ratios 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 design ratios in the compressed flange of a footbridge. The other mem-
bers of this structure are also shown in the model but they are without any design ratios.

\\.\__ Show diagrams for
z members ho.:
\\' 147.185,163171.1
2l T " 1

Bz 4]

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

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

The printout report is described in detail in the manual of the RSTAB program. In particular,
Chapter 10.1.3.4 Selecting Data of Add-on Modules on page 227 is important. It 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 data of the STEEL AISC design case, the printout report will be
processed fairly quickly.

6.2 Print STEEL AISC 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 AISC graphics is printed by using the main menu

File — Print...

or by clicking on the corresponding button in the toolbar.

= RSTAB 7.02 - [STEEL AISC]

B File  Edit  View Insert Calculate

ED&'Q%J-": 2
: Print

: By D Y A 2
+ 3 . & F:

o A a3 '

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 window.

= Result Diagram on Member

e

tos  STEELAISC CAl-SteslDew < 3 »,ﬁ =]

0.000 JELETH TR

Design Ratio [-]

Figure 6.2: Print Button in Toolbar of Result Diagram Window

The following dialog box opens.
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Remove from Printout Report
Start with New Page

Selectio
Propel
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Graphic Printout

General |Dpti0ns Color 5pectium

Graphic Picture To Pririt Wincowy Graphic Size

(%) Direct to Printer... () Current Only () As Soreen View

(I Prinkaut Repart: ; (%) Wwindow Filling

() To Clipboard (O ToScale 1; 700w
Graphic Picture Size Options

Use whale Page 'width

Use Whale Page Height

Riotation: [l

Header of Graphic Picture
[STEEL AISC - Members Design Ritio. CA1 |

oK

Figure 6.3: Graphic Printout Dialog Box, General Tab

l[ Cancel ]

This dialog box is described in detail in chapter 10.2 on page 243 in the RSTAB manual. The
remaining two tabs Options and Color Spectrum are also explained there.

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

Graphic Printout

General | Options | Color Spectrum

() Standard (max 1000 » 1000 Pixels)
(1 Maximal [max 5000 « 5000 Pixels]

() User Defined l:l

Script Symbals Frame

() Propartional (%) Propartional () Moke

(%) Constant ) Constant (%) Framed
Factar: |1 £ Factar: 1|8 [ Title Bos...
Prirt Guality Color

() Lines and Text Black
(#3141 Colored

0K l [ Cancel

Figure 6.4: Graphic Printout Dialog Box, Options Tab
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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 AISC Design Cases

There is an option to group members into separate design cases. In this way, it is possible
to design separately certain structural parts with specific parameters, for example.

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

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

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

The following dialog box opens:

New STEEL AISC-Case

ak ][ Cancel

Figure 7.1: New STEEL AISC-Case Dialog Box

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

Rename STEEL AISC Case
The description of a design case can be changed via the STEEL AISC main menu
File > Rename Case...

The Rename STEEL AISC-Case dialog box is opened.

Rename STEEL AISC-Case %]

Ma. Drezcription

ak ][ Cancel

Figure 7.2: Rename STEEL AISC-Case Dialog Box
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Copy STEEL AISC Case

The input data of the current design case can be copied via the STEEL AISC main menu
File —> Copy Case...

The Copy STEEL AISC-Case dialog box opens. Enter the number and description of the new

design case into which the selected case is to be copied.

Copy STEEL AISC-Case X

Copy fram Case

CA1 - Steel Design according to AISC [LRFD or »

Mew Case
Mo D escription:
3 Diezign of battom flange] w

I k. ][ Cancel

Figure 7.3: Copy STEEL AISC-Case Dialog Box

Delete STEEL AISC Case
Design cases can be deleted via the STEEL AISC main menu

File — Delete Cases...

In the Delete Cases dialog box, select a specific design case from the list of Available Cases.

It will be deleted when clicking on [OK].

Delete Cases E|
Available Cazes
Mo. Description ~
1 Steel Dezign

2 Design of battam flange
El Design of bop flange

ak l ’ Cancel

Figure 7.4: Delete Cases Dialog Box
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7.2 Cross-Section Optimization

The module STEEL AISC offers the possibility to optimize cross-sections. For this, select the
cross-section that is to be optimized in column D resp. E of table 1.3 Cross-sections by tick-
ing the appropriate box (see Figure 2.6 on page 13).

o to Cross-section Doubledlick You can also start the optimization of a cross-section via the context menu in the results
Info about Cross-section, .. tables.
Edit List Design of Members'in Table 1.1 b During the optimization, STEEL AISC examines which cross-section within the same cross-

sections series satisfies the design “optimally”, i.e. is the closest to the maximum allowable
design ratio which has been defined in the Details dialog box, section Cross-section Optimi-
zation (see Figure 3.1). The required cross-section properties are calculated on the basis of
the internal forces from RSTAB. Finally, the cross-section is chosen which satisfies the design
with the highest possible design ratio. For this reason, two cross-sections are shown graph-
ically in table 1.3 on the right — the original cross-section from RSTAB and the optimized
one (see Figure 7.6).

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

Welded Cross-sections - | symmetric : Optimize

Crozs-section Optimization Parameters
Qpti-
miz Current Mimimal M aximal Increment b
[l 5000 %+ 1000023 » 20045 5 [om]
O 335 [mm] " —7
Os: E1E [mm] a
O 64.0 % » [mm]
[FI= 00 [rrirn] =
.
a
[ Keep Current Side Propartions I5 1055 88/313 344/36. 068/54.008.0
ag. l [ Cancel

Figure 7.5: Welded Cross-Sections - I-Symmetric: Optimize Dialog Box

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 each
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 box. 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 table
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 table 1.3.

STEEL AISC - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according to » [ S
Input Data [ A | oo—m— E | o [ e | F 16 - W 10x19 (AISC)
General Data Section | Material Cross-gection Cross-section Tppe | Opti- STEEL MISC
W aterials - No. Description [mm] for Classification mize | Remark | Comment
[ — 1 1 IPE 600 |-shape ralled a
———
Lateral Intermediate Supports 2 1 IPE 450 I-shape rolled a r
Effective Lengths - Members E] 1 |IPE 450 I-shape rolled a
Effective Lengths - Sets of Men| & 1 HE-4 160 I-shape ralled a ;
Design Parameters 7 1 HE-A 140 |-shape rolled a *
= Nodal Supparts k] 2 IPE 400 |-shape ralled a
Set of Members Mo, 2 - Sle||__10 1 | HE-A140 I-shape rolled a 16 - W 10301 2 CAISC)
= Member Qeleases 12 1 QRO 80x4 Eox Rolled a RETAR
Set of Members Mo, 2 - Sle||__13 1 Circle 24 Raound Bar a
15 1 HE -4 200 |-shape rolled a
1 W 019 [AI5C] A Lak Ml ] 1 Ty
17 1 Info about Cross-section. .
Cross-section Library, .. 1
v
Edit List 'Design of Members'in Table 1.1 ¥ N
Optimize Cross-section
Cross-section Mo, 16 Used
Export Cross-section ta RSTAB [ Members: |81
Export All Cross-sections to RSTAB Sclnal
Import Cross-section from RSTAB fcrberss
TImport Al Cross-sections from RETAR Z Length 6.55] [m]
2 ‘Weight: 0,186 [t]
1) The cross-section in BSTAB iz different ta that in ¢ Material: |1 - Steel 5 355
< > STEELAISC.
Exports current crogs-section to main program and deletes results

Figure 7.6: Context Menu in Table 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 AISC, the inter-
nal forces of RSTAB and the design ratios of STEEL AISC are calculated in one calculation
run.

STEEL AISC
! Question No. 252
Do you want to transfer the changed cross-zections ta RSTARY

If 0, the results of RSTAB and STEEL AISC will be deleted.

% A

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 AISC by us-
ing the appropriate functions in the main menu or context menu. Please note that this op-
tion is only available in table 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 this, 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 table 1.2 of STEEL AISC, you can export it to RSTAB like cross-
sections or also reload the original material from RSTAB to the module. The materials that
have been modified in the module are marked in blue color.

It is not necessary to transfer the modified materials to RSTAB manually. Instead, open table
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
table 1.2.

STEEL AISC - [Demo-5eng] El
File Edit Settings Help

CAT - Steel Design according to |4 [ j

Input Data | ]
General Data Material Material
: Ho. Description Comment
M aterials
Cross-sections 1 Stesl S 355
Lateral Intermediate Supports [ 2 ]
Effective Lengths - Members

Effective Lengthe - Sets of Men ‘ Export Material to RSTAR
DesoniRaeleier Exzport All Materials to RSTAB

Material Library...

= Modal Supports v [ﬂ
Set of Members Mo, 2 - Sles E! FeTARTEE e Import Material From RSTAB
Merrgkzrji::ﬂs;;s Mo 2. 5lal] Wi oF Elsstioi Irnport All Materials fram RSTAB

Shear Modulus G 76839.200 | MPa

Puiszon’s R atio M 0.300

Unit "/eight ¥ 7050 kM/m?

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

Partial Safety Factor il 1.00

ElDesign Relevant

‘Yield Strength Fy 248193 | MPa Material Mo, 2 Used in

Ultimate Tensile Strength fu 399.676 | MPa Cross-

tdax. Structural Thickness [for Range 1] 3] 2032 | cm sections: |9

*field Strength [for Range 2) fy2 220621 | MPa
Members: |BE-63.71-74
Sets of
Members:
E Length: 50.00| [m]
£ Weight: 337 [

< b

E xparts material to main program.

Figure 7.8: Context Menu in Table 1.2 Materials

Caloulation 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 AISC, the internal

forces of RSTAB and the design ratios of STEEL AISC are calculated in one calculation run.

" y

STEEL AISC
Question No. 366

il

Do you want to transfer the changed materials to RSTAR?

If g0, the rezults of RSTAE and STEEL AISC will be deleted.

% A

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 AISC, open the dialog box to set the units via the main menu

Settings — Units and Decimal Places...

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

Units and Decimal Places

Program f Module STEEL AISC
RSTAE
STEEL Output Data
ASD Urit
RSEBLUCK Shreszes: kMNdem™2 W

STEEL AISC i .
STEELIS Design Ratios:
STEEL Sl& Unitless:

@ & BE ®

Dec. Places
2
gl

I

Partz List

Lengths:
Total Lengths:
Surface Areas:

Yolumes:

Single \Weights:

Wisights:
Total wWeights:

3

Unit Dec. Places
m v 28
m v 2%
m"2 - 28
m"3 v 215
kadm w 2|8
ka ~ 2|8
t v 38

Ok l ’ Cancel

Figure 7.10: Units and Decimal Places Dialog Box

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 Exporting Results

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

Clipboard

Select the relevant cells in the results table of STEEL AISC and copy them to the clipboard
via [Ctrl]+[C]. The contents can then be inserted via [Ctrl]+[V] to e.g. some text processing
program. The headers of the table columns are not exported.

Printout Report

The STEEL AISC data can be sent to the printout report (see Chapter 6.1, page 44) 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 on page 239.
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Excel / OpenOffice

STEEL AISC 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 box opens:

Export - MS Excel @

Takle Parameters Application
[¥]'with Table Header (® Microsaft Excel
[10nly Marked Fows () OpenOffice. org Cals

Tranzfer Parameters

[ Export Table to Active wWarkbook

Rewrite Existing Worksheet

Selected Tables
e [ Expart T ables with
O &1 Tables Details

0K ] [ Cancel

Figure 7.11: Export - MS Excel Dialog Box

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.

A B c D E F G
1 | Section |Member  Location Load Design
2 Ma. [r. * [m] Caze Ratin Design according to Formula
3 1 IPE 500
4 21 6000 LC2 0,36(41 11171 Chapter F - Yielding - Bending around y-Axis acc, to F2 - F12
5 21 6000 LC2 066|414 113) Chapter F - Lateral-Torsional Buckling - acc.to F2 - F5
B 1 1,000 LC2 00031 1221 Chapter F - Flange Local Buckling does nat Apply - acc.to F2 - F5
7 32 0000 Lo2 010[£1 1600 Chapter G - Mominal Shear Strendgth in 2-Axis - acc, 1o G2 (64,65 - Uns
g 21 6000 LC2 0,51 (41 2047 Chapter H - Compressive Force with SingleMajor &xis Bending - acc. to
9 21 0,000 L2 0,02|41 303) Chapter E - Flexural Buckling around y-2xis acc. to EY - Slender element
10 21 0000 Lc2 0,07|41 313) Chapter E - Flexural Buckling around z-Axiz acc. to E7 - Slender element
11 21 0000 Lo2 0,03[41 323 Chapter E - Torsionsl Buckling acc. to E4 and E7 - Slender elements
12 1 1,000 LC2 1,33)=1 3500 Set of Members - Stabilty Analysiz of Doubly and Singly Symmetric Mem
13
14 2 IPE 450
15 23 0oo0|  Lo2 0,452 1113 Chapter F - Yielding - Bending around y-Axis acc. to F2 - F12
16 25 5 647 L2 0,56(41 113) Chapter F - Lateral-Torsional Buckling - acc.to F2 -F5
17 3 0000 Lc2 0,00 1221 Chapter F - Flange Local Buckling does not Spply - acc.to F2 - F5
18 23 0000 Lo2 00741 1600 Chapter G - Mominal Shear Strendgth in 2-Axis - acc, 1o G2 (64,65 - Uns
19 23 0000 LC2 047|441 204) Chapter H - Compressive Force with SingleMajor Axis Bending - acc. to
20 43 0000 Lc2 00431 303) Chapter E - Flexural Buckling around v-Axis acc. to E7 - Slender element
21 43 0000 Lc2 016[<1 313 Chapter E - Flexural Buckling around z-2Axis acc. to ET - Slender element
22 43 0oo0|  Lo2 0,06(£1 323 Chapter E - Torsional Buckling acc. to E4 and E7 - Slender elements
23
24 3 |IPE450
25 23 0000 Lo2 046[41 11171 Chapter F - Yielding - Bending around y-Axis acc, to F2 - F12
2R 23 0000 Lcz2 05341 113) Chapter F - Lateral-Torsional Buckling - acc.to F2 -F5

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. The calculation described below
follows the Load and Resistance Factor Design provisions.

Design Values

Structure and Loads

P
v
— d
] 2
>
—
W;, Design values of static loads:
e
1 4m P = 300kN
— V w = 5.0 kN/m
7 V =7.5kN
" 2
7 Cross-section: W 8x24
e
— A Material: ASTM A36
W8x24 4 z
y

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

Internal Forces according to Linear Static Analysis

ERET B

Figure 8.2: Internal Forces
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Design Location (Decisive Location x)

The design proceeds according to locations x, i.e. on defined locations x of the equivalent
member. The following internal forces act in the decisive location at x = 2.00 m:

P, =-300.00kN M, =10.00kNm M, =7.50kNm V, =3.75kN V, =0.00 kN

Cross-Section Properties W 8x24, A36

Cross-Section Property Symbol Value Units
Gross area of cross-section A, 45.677 |cm?
Moment of inertia l, 3446.40 |cm?
Moment of inertia l, 761.70 | cm?
Radius of inertia ry 8.687 |cm
Radius of inertia r, 4.089 | cm
Cross-section weight G 35.9 | kg/m
Moment of torsional rigidity J 14.57 |cm?
Warping moment of inertia C, 69550.80 | cm®
Elastic cross-section modulus S, 342.49 | cm?
Elastic cross-section modulus S, 92.26 |cm?
Plastic cross-section modulus Z, 380.18|cm?
Plastic cross-section modulus Z, 140.44 |cm?

Classification of cross-section — Table B4.1

Compression
Flange

Case 3 — Uniform compression in flanges of rolled I-shaped section:
b/t=82.49/10.16=8.119

Xp =N/A

A =0.56,fE/F, =0.56,199938/248.2 = 15.894

Flange is NonCompact in compression.

Web

Case 10 — Uniform compression in web of doubly symmetric rolled I-shaped section:
h/t, =155.7/6.22=25.02

Xp =N/A

Ay =1.49 E/Fy =1.494199938/248.2 =42.29

Web is NonCompact in compression.

The section is NonCompact in compression.

Flexure

Case 1 - Flexure in flanges of rolled I-shaped section:
b/t=82.49/10.16=8.119
Ap =0.38,JE/F, =0.38/199938/248.2 =10.785

A =1 .0\/E/Fy =1.04/199938/248.2 = 28.382

Flange is Compact in flexure.
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Case 9 - Flexure in web of doubly symmetric rolled I-shaped section:

h/t, =155.7/6.22 = 25.02

Xp =3.76 E/Fy =3.764/199938/248.2 =106.717
A =57 E/Fy =5.74/199938/248.2 =161.779
Web is Compact in flexure.

The section is Compact in flexure.

Chapter E
Buckling about Minor Axis (L to z-z Axis)

Check slenderness ratio:

&: 1.0-4000 ~97.953
r, 40.89
Check limit:

4.71 £ =471 ‘/w =133.73
Fy 248.2

Calculate the elastic critical buckling stress F,:

2 2
Feo_TE__ 199938 05 665MPa

KLY (1.0-4000Y’
T, 40.89

Calculate flexural buckling stress F_,:

Because &£4.71 £
r, Fy

R 248.2

Forz =|0.658" |-F, =|0.658205-665 |.248.2 =149.773 MPa

Nominal compressive strength P, ,:

Pz =Fr,-Ag=149.773-4567.7 = 684 120 N = 684.12 kN

Design compressive strength

¢c P, =0.9-684.12=615.71kN

Design ratio

P, 300

= = =0.487 - 0.K, Decisive
Oc Py, 0.9-684.12

Nz
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Chapter E
Buckling about Major Axis (L to y-y Axis)

Check slenderness ratio:

K,L .

Y- m =46.05
ry 86.87

Check limit:

4.71 £ =471 ‘/w =133.73
Fy 248.2

Calculate the elastic critical buckling stress F,:

2, 2
Fo — n°E _.x -199938 ~930.55 MPa

K,L 2 [1 .04000)2
- 86.87
y

Calculate flexural buckling stress F, :

K,L
Because ~Y- <4.71 |5
fy Ry
R 248.2
Fery =|0.658% |-F, =| 0.65893055 |.248.2 = 221.981MPa

Nominal compressive strength P, :

Pay =Fery A9 =221.981-4567.7=1013950N =1013.95 kN

Design compressive strength

dc Py =0.9-1013.95=912.56 kN

Design ratio

P, 300

- - -0.328 -0.K
0c-Pny 0.9:1013.95

Ny

Chapter F
I-Shaped Member Bent about Major Axis

Note: The nominal flexural strength M

ny’

I —

Engineering Software

Dlubal

shall be the lower value obtained according to

the limit states of yielding (plastic moment) and lateral-torsional buckling.

1.Yielding

Calculate the nominal flexural strength M, :

Mpy =M, =F,Z, =248.2-380180 = 94 360 676 Nmm = 94.36 kNm

Design flexural strength

dp M, =0.9-94.36 = 84.92kNm

Design ratio
10

M
Yoo~ 0117 -0K

Moy = M, 84.92
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2.Lateral-Torsional Buckling

Note:  The calculation of lateral-torsional buckling modification factor C is based on
formula F1-1.

Calculate C,;

12.5M 2

C =
P 2 5M iy + 3My + 4Mg + 3Mc

Ry, <3.0

12.5-10

= -1.0<3.0
25-10+3-7.5+4-10+3-7.5

G
¢, =1.136<3.0

Limiting lengths L, and L;:

Ly =176, | = =1.76.40.89 12380 _ 5039 9 mm
F, 248.2

2
0.7F, S,h
L, =1.950 —— |2 1.0+ [1.046.76| ——x. 200 | _
0.7F, | S,ho E I

2
M C . 0.7F, S,h
_195 Vztw E )10 1.0+\/1.0+6.76{ y VOJ -
s, o.7F”/syho E J1.0
_195\/\/7617OOO~69550.8~106 199938 [ 145700
' 342490 0.7-248.2 \342490-191.2

2
[1.0+4/1.0+6.76 - 0.7-248.2 342430-131.2 =7597.9 mm
199938 145700

Check limit:

Lp <L, <Lr - formula (F2-2)

Calculate the nominal flexural strength M, :

My, = Co| My, ~(M, , 0.7, | 222 | <m
ny = =bi Mpy T Wlpy TH Y2y L, =WVpy

r

4000-2039.9

My =1.136- 94.36-106—(94.36-106—0.7~248.2~342490 —
' 7597.9-2039.9

ﬂ <94.36-10° Nmm

M,y =93.26-10° Nmm =93.26 kNm

Design flexural strength

9 -Mpy =0.9-93.26 = 83.93 kNm
Design ratio

Mr,y _ 10

= = =0.119 - 0.K, Decisive
op-M,, 83.93

Mo,y

I Program STEEL AISC © 2010 by Dlubal Engineering Software 57




I —

Engineering Software

8 Example

I-Shaped Member Bent about Minor Axis

Note: The nominal flexural strength M, ,, shall be the lower value obtained according to
the limit states of yielding (plastic moment) and flange local buckling.

1.Yielding

Calculate the nominal flexural strength M, ,:

M, =M,, =F,Z, <1.6FS,

FyZZ =248.2-140440 = 34 857 208 Nmm = 34.86 kNm
1.6- FySZ =1.6-248.2-92260 = 36.64 kNm

M, , = 34.86 kNm
Design flexural strength
dp My, =0.9-34.86 =31.37 kNm

Design ratio
M
Mo =z = 75 _ 239 -0.K
? ¢p-M,, 31.37
2.Flange Local Buckling

For section with compact flanges, the limit state of yielding shall apply.

Chapter G
Shear in the Major axis

Note: The nominal shear strength V,  of unstiffened or stiffened webs is calculated ac-
cording to the limit states of shear yielding and shear buckling

Calculate the nominal shear strength V, :
Voy =0.6-F,C,A,,

k, =1.2

Check limit:

b/t¢ <1.10,fk, -E/F,

8.119<34.2

if true C, =1.0

Shear area A, !

Ayy =2-bst; =2:164.97-10.16 = 3352.25 mm’

after

Vh,y =0.6-248.2-1.0-3352.25 =499 220 N = 499.22 kN
Design shear strength

by Viy =1.0-499.22 = 499.22kN/m

Design ratio

v,
Ny =—2—= 375 _0.007 -0.K
O Vy 499.22
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Chapter H

H1. Interaction of Flexure and Compression in Doubly Symmetric Members
Check limit:

P,

r

=—7"L _>0.2
Pc d)c 'Pn,y

0.487 >0.2 - true, then formula (H1-1a)

Interaction formula:

L My Mz | g0
Po 9(Mcy M,

i +§[ M.y + M., ]<‘IO
5 <1.

¢c ‘Pn,y ¢b 'Mn,y ¢b 'Mn,z
300 8 10 7.5
+—= + <
0.9-684.12 910.9-93.26 0.9-34.86

0.487 +§(o.1 19+0.239)<1.0

0.805<1.0 -0.K

o Biubal —
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