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1. Introduction
1.1 Additional Module STEEL AISC

The U.S. Specification for Structural Steel Buildings (ANSI/AISC 360-05 and ANSI/AISC 360-10) de-
termines 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 DLUBAL ENGINEERING SOFTWARE compa-
ny all users obtain a highly efficient and universal tool to design steel structures according to
this standard.

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 allo-
cation 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 wheth-
er 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 boundary 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 de-
tailed 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 cas-
es, load combinations and result combinations can be arranged individually to cover the vari-
ous design situations.

If required, you can use the add-on module to optimize cross-sections and export the modified
cross-sections to RSTAB. Using the design cases, you can design separate structural compo-
nents in complex structures or analyze variants.

STEEL AISC is an add-on module integrated in RSTAB. For this reason, the design relevant input
data is already preset when you have started the module. Subsequent to the design, you can
use the graphical RSTAB user interface to evaluate the results. Finally, the design process can
be documented in the global printout report, from determination of internal forces to design.

We hope you will enjoy working with STEEL AISC.

Your DLUBAL Team

I Program STEEL AISC © 2013 Dlubal Engineering Software
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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 Dipl.-Ing. Georg Dlubal
Ing. Ph.D. Peter Chromiak Dr.-Ing. Jaroslav Lain
Ing. Martin Budac Ing. Zbynék Zamecnik
Mgr. Petr Oulehle DiS. Jifi Smeréak

Library of Cross-Sections and Materials

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

Design of Program, Dialog Boxes and Icons

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

Testing and Technical Support

Ing. Martin Vasek Dipl.-Ing. (BA) Andreas Niemeier
Ing. Ph.D. Peter Chromiak Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) Steffen Clauf3 M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) René Flori Dipl.-Ing. (FH) Lukas Stuhnel
Dipl.-Ing. (FH) Walter Frohlich Dipl.-Ing. (FH) Robert Vogl

Manuals, Documentation and Translations

Ing. Ph.D. Peter Chromiak Dipl.-Ing. Frank Faulstich
Dipl.-Ing. (FH) Robert Vogl Dipl.-U. Gundel Pietzcker
Ing. Ladislav Kabrt

1.3 Using the Manual

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

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

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

I Program STEEL AISC © 2013 by Dlubal Engineering Software 5
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1.4  Starting STEEL AISC

RSTAB provides the following options to start the add-on

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

[ Add-on Modules | Window  Help

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

Navigator

Add-on Modules — STEEL AISC.

Project Mavigator - Data

= Add-on Modules
L] STEEL - General stress analysis of steel members

--{Ig STEELIS - Design of steel members according to IS
+dia| STEEL SIA - Design of steel members according to SIA
|88 STEEL BS - Design of steel members accerding to BS
--|&el STEEL GB - Design of steel members according to GB
~|#s STEEL C3 - Design of steel members according to C5
-|&el STEEL AS - Design of steel members according to AS
&/ STEEL 5P - Design of steel members accerding to 5P

-{"t| KAPPA - Flexural buckling analysis

~12d| EL-PL - Elastic-plastic design

B C-TO-T - Analysis of limit slenderness ratios (c/t)
~{#| PLATE-BUCKLIMNG - Plate buckling analysis

-|H] BRACING - Design of wind bracing for roofs

--|Ee STEEL EC3 - Design of steel members according to Eurocode 3
el STEEL AISC - Design of steel members according to AISC (LRFD or ASD)

{L4 STEEL NTC-DF - Design of steel members according to NTC-DF
- igedl ALUMINIUM - Design of aluminium members according to Eurocode 8

|8 LTB - Lateral-torsional and torsional-flexural buckling analysis
FE-LTE - Lateral-torsicnal and torsional-flexural buckling analysis by FEM

Dlubal

module STEEL AISC.

£Z| Cument Module S o FHp WERPEREL VOAXTB @
Design - Steel 4 ﬁ STEEL General stress analysis of steel members
Des?gn ) C.-:uncrete ' E STEEL EC3 Design of steel members according to Eurocode 3
Des?gn—ﬂmbér- ' ﬁ STEEL AISC % Design of steel members according to AISC (LRFD or ASD)
Design - Aluminium ' ﬁ STEEL IS Design of steel members according to 1S
Dynamic ' ﬁ STEEL SIA Design of steel members according to SLA
Connections ' ﬁ STEEL BS Design of steel members according to BS
Foundations ' ﬁ STEEL GB Design of steel members according to GB
stability ' ﬁ STEEL CS Design of steel members according to C5
Towers 3
Others v ’g KAPPA Flexural buckling analysis
{%} LTE Lateral-torsional and torsional-flexural buckling analysis
- stand-Alone Programs ' {QE FE-LTB Lateral-torsional and torsional-flexural buckling analysis by FEM

You can also start the add-on module in the Data navigator by clicking

m

1

4
ﬂData gDisplay _ﬁViews © Results

Figure 1.2: Data Navigator: Add-on Modules — STEEL AISC

I Program STEEL AISC © 2013 Dlubal Engineering Software
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Panel

If results from STEEL AISC are already available in the RSTAB model, you can also open the de-
sign module in the panel:

Set the relevant STEEL AISC design case in the load case list of the RSTAB toolbar. Use the but-
ton [Show Results] to display the design criterion on the members graphically.

When the results display is activated, the panel is available, too. Now you can click [STEEL AISC]
in the panel to open the module.

Panel X

M

Diesign Ratia [-]
113
1.00
0.50
0.20
0.70
0.50
0.50
0.40
0.30
0.20
010
0.00

Mak © 113
Min : 0.00

STEEL AISC

gz 4

Figure 1.3: Panel button [STEEL AISC]

Program STEEL AISC © 2013 by Dlubal Engineering Software
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When you have started the add-on module, a new window opens. In this window, a Navigator
is displayed on the left, managing the tables that can be currently selected. The drop-down list
above the navigator contains the design cases (see chapter 7.1, page 49).

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

¢ Members and sets of members

e Load cases, load combinations, result combinations, and super combinations
e Materials

e Cross-sections

o Effective lengths

o Internal forces (in background, if calculated)

|§| g To select a table, click the corresponding entry in the navigator. To set the previous or next in-
put table, use the buttons shown on the left. You can also use the function keys to select the
next [F2] or previous [F3] table.

0K | | Cancel | Click [OK] to save the results. Thus you exit STEEL AISC and return to the main program. If you

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

2.1 General Data

In table 1.1 General Data, you select the members, sets of members, and actions that you want
to design. The tabs are managing the load cases, load combinations, result combinations and
super combinations for the different designs.

STEEL AISC - [Demo-Seng] =
File Edit Settings Help

CA1 - Design of steel members ¢« = | 11 General Data

Input Data

Design of Design According to
- General Data

Materials Members: [16,11-18.21-28,31 46,5164 56-60.71-74 182,81 1) [ % | [ W 7140 T=ASD 2005 -
- CrossSections Sets: B 5| (X [E] Za

Lateral Intermediate Supports
Design Parameters

Effective Lengths - Members
Effective Lengths - Sets of Men)

Ultimate Limit State. | & arviceability Limit Stats |

Existing Load Cases and Combinations Selected for Design

= Nodal Sz I Lo 1| Dead Lot
Set of members No 2-Set| | |gmmy - 103 mperfections v 01 LC2 | Snow Load
= Member End Releases META “ LC10 | Imperfections v +Y TN LC3 | Wind v +X
SebafiEnniin 2-8e0 €O1 | 135°1CT+135°C2+1357C3+1 I LC4 | Wind at peakc v +Y
- Serviceabilty Data €02 | 1351C1+151C2+1C8 I LC5 | Wind at peak v -Y
€03 | 1357C1+151C3+LCE G LC6 | Wind postive
€04 [135%C1+151C7+1C8 M LC7 | Live Load

Co5 LC1+1.57C6 + LCB 3
cos 1.35°LCT + 15°LC4 + LC10 —
co7 1.357LC1 + 1.5°LC5 + LC9 \3/
cos 1.35°LCT + 13572+ 1.35°1C4 + 1
co9 1.35°LC1 +1.35°LC2 + 1.35°LC5 + 1
CO11 | LC1+1C2+L1C3+LC7+LC8
CO12 |LC1+LC2+1CB

STEEL AIsC

€O13 | LC1+LC3+1LC8 (=]

€O14 | LC1+LCT+LCB

CO15 | LC1+LC6+LCe

CO16 |LC1+LC4+LC10

€O17 | LC1+LC5+LCY e
CO18 | LC1+LC2+LC4+LC7+LC10 mem

€019 | LC1+LC2+LCE+LC7+LCY of members acc. to
RC1 | Bxrémni nivhovs hodnoty T,
RCZ | Extrémni charakteritické hodnoty

A0 ~ (8] [83] 8v] (B3]

Comment

@) (&= T Details B [

Figure 2.1: Table 1.1 General Data

I Program STEEL AISC © 2013 Dlubal Engineering Software
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Design of

Design of

Members:  1-8.11-18,21-28,31-46 51-64 6669 (&) @ Al
Sets: 1358 (&) @ EI 7] &l

Figure 2.2: Design of members and sets of members

The design can be carried out for Members as well as for Sets of Members. If you want to design
only selected objects, clear the All check box: Then you can access the input fields to enter the
numbers of the relevant members or sets of members. The list of the numbers preset in the
field can be selected by double-clicking and overwritten by entering the data manually. Click
[N]to select the objects graphically in the RSTAB work window.

When you design a set of members, the program determines the extreme values of the de-
signs of all members contained in the set of members and takes into account the boundary
conditions of connected members for the stability analysis. The results are shown in the result
table 2.3 Design by Set of Members, 3.2 Governing Internal Forces by Set of Members, and 4.2 Parts
List by Set of Members.

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

Design according to

Design According to

E=ASD 2010 [=)

E5 ASD 2005 Allowable Stress Design

“5 LRFD 2005 Load and Resistance Factor Design
E= ASD 2010 Allowable Stress Design

Z= LRFD 2010 Load and Resistance Factor Design

Figure 2.3: Design according to standard

The options of the list box control whether the analysis is carried out according to the provi-
sions of the Allowable Strength Design (ASD) or the Load and Resistance Factor Design (LRFD).
There are design methods available for both ANSI/AISC 360-05 and ANSI/AISC 360-10.

Program STEEL AISC © 2013 by Dlubal Engineering Software
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2.1.1 Ultimate Limit State

Existing Load Cases and Combinations Selected for Design

I -LC2 [ Imperfections v X | LC1 Dead Load

M “LCY | Imperfections v -Y 0= LC2 Snow Load

IEM - LC10 | Imperfections v +1 I LC3 Wind v +X
cn 1.35°LCT + 1.35°LC2 + 1.35°LC3 + 1. = LC4 Wind at peak v +Y
co2 1.35°LC1 + 15°LC2 + LCB = LC5 Wind at peak v -Y
co3 1.35°LC1 + 1 5°L.C3 + LCB = LC6 Wind positive

Co4 1.35°LC1 + 15°LC7 + LCB | ai Jiew) Live Load
COo5 LC1+ 15°LC6 + LCB -
CO6 1.35°LC1 + 1.5°LC4 + LC10

Cco7 1.35°LC1 + 1.5°LCS + LC9
co8 1.35°LCT + 1.35°LC2 + 1.35°L.C4 + 1.

Cos 1.35°LCT + 1.35°LC2 + 1.35°LCH + 1.

COMl | LC1=LC2+LC3+LCT=LCE

C012 | LC1+LC2+LC8

CO13 |LC1+LC3+LCE
CO14 | LC1=LC7=LCE

CO15 | LC1=LCE=LCE

CO16 | LC1=LC4=LCI0

CO17 |LC1+LC5+LCY

CO18 |LC1+LC2+LC4+LCT=LCI0

CO19 |LC1+LCZ2+LC5+LCT+LCY

RC1 Bxtrémni ndvrhové hodnoty

RC2 Bxtrémni charakteristické hodnaty

a1 (30) - (8¢ [Ba)

Figure 2.4: Table 1.1 General Data, Ultimate Limit State tab

g
#|

Existing Load Cases and Combinations

In this column, all load cases, load combinations, result combinations and super combinations
created in RSTAB are listed.

Click [»] to transfer selected entries to the list Selected for Design on the right side. You can also
double-click the items. To transfer the complete list to the right, click [»»].

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

Load cases marked by an asterisk (*), like load case 8 in Figure 2.4, cannot be designed: This
happens when the load cases are defined without any load data or the load cases contain only
imperfections. When you transfer the load cases, a corresponding warning appears.

2l 7] (3] 28 At the end of the list, several filter options are available. They will help you assign the entries
__ __ sorted according to load cases, load combinations, or action categories. The buttons are re-
Load Combinations and Result Combinations

LC Load Cases served for the following functions:
€0 Load Combinations

RC  Result Combinations
co 2.4 Select all cases in the list.
RC 2
IEE Pemanent
I |mposed T .
I wind e Invert selection of load cases.

Table 2.1: Buttons in the tab Ultimate Limit State

Selected for Design

The column on the right lists the load cases as well as the load and result combinations select-
ed for design. To remove selected items from the list, click [«] or double-click the entries. To
transfer the entire list to the left, click [4«(].

The design of an enveloping max/min result combination is performed faster than the design

of all contained load cases and load combinations. However, the analysis of a result combina-
Result tion has also disadvantages: First, the influence of the contained loads is difficult to discern.

combination

1 o I Program STEEL AISC © 2013 Dlubal Engineering Software
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Second, for the determination of the elastic critical moment for lateral-torsional buckling, the
envelope of the moment distributions is analyzed, from which the most unfavorable distribu-
tion (max or min) is taken. However, this distribution only rarely reflects the moment distribu-

tion in the individual load combinations. Thus, in the case of a RC design, more unfavorable
values for the elastic critical moment are to be expected, leading to higher ratios.

Result combinations should be selected for design only for dynamic combinations. For "usual”

combinations, load combinations are recommended.

2.1.2 Serviceability Limit State
Serviceability Limit State

Existing Load Cases and Combinations Selected for Design

ET LC4  Wind at peak v =Y e LC1 Dead Load
2 LCS Wind at peak v -Y as LC2 Snow Load
2 LCE Wind positive T LC3 Wind v +X

| ai Jiey) Live Load
M *LC8 | Imperfections v +X
M *LCS | Imperfections v -
M * LC10 | Imperfections v +Y
co 1.35%LCT + 1.35°LC2 + 1.35°LC3 +
coz2 1.35°LCT + 1.5°LC2 + LCB —
co3 1.35°LCT + 1.5°LC3 + LCB ‘3’
Co4 1.35°LCT + 1.5°LCY + LCB =
COb LC1+1.5%L.C6 = LCB
Co6 1.35%LC1T + 1.5"LC4 + LC10 .
cov 1.35°LCT + 1.5"LCE + LCY o
cog 1.35%LCT + 1.35°LC2 + 1.357LC4 + IEI
Cog 1.35%LC1T + 1.35°LC2 + 1.35°LCH +
CO11 |LC1+LC2+LC3+LCT7+LC8
CO12 |LC1+LC2+LCB
CO13 |LC1+LC3+LCE
CO14 |LC1+LCT+LCE
CO15 |LC1+LC6+LCE
CO16 |LC1+LC4+LC10
CO17 |LC1+LCH+LCo
CO18 |LC1+LC2+LC4+LCT+LC10 -

&Il (30 - (8¢ Ba)

g
#)

Figure 2.5: Table 1.1 General Data, Serviceability Limit State tab

Existing Load Cases and Combinations

This section lists all load cases, load combinations, and result combinations created in RSTAB.

Selected for Design

Load cases, load combinations, and result combinations can be added or removed, as de-
scribed in chapter 2.1.1.

The limit values of the deformations are controlled by the settings in the Details dialog box
(see Figure 3.1, page 28) which you can call up by clicking the [Details] button.

In the table 1.10 Serviceability Data, the reference lengths decisive for the deformation check
are managed (see chapter 2.10, page 27).

Program STEEL AISC © 2013 by Dlubal Engineering Software
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2.2  Materials

The table consists of two parts. In the upper part, all materials created in RSTAB are listed. In
the Material Properties section, the properties of the current material, that is, the table row cur-
rently selected in the upper section, are displayed.

1.2 Materials
& | B
Material Material
Description Comment

Ma.
B Steel A36 | ANSI/AISC 360-05:2005-03 I
2 |l Steel A441] ANSI/AISC 360-05:2005-03

o &)E (5 [
Material Properties
iE Main Properties

Modulus of Hlasticity H 159538.000 | MPa

Shear Modulus G 76899.200 | MPa

Poisson’s Ratio v 0.300

Specific Weight T 78.50 | kN/m?

Coefficient of Themmal Expansion o 1.2000E-05 | 1/K

R b o i 100 Waterial No. 1 used in

[ Additional Properties =
[ Thickness Range t £ 20.32 cm Cross-sections Mo,

Uttimate Strength Fu 399.376 | MPa 1671072131516
Yield Strength Fy 243199 | MPa

Members No.
1-8,11-18,21-28,31-46,51-64,81-83.91-111

Sets of members No.:
2

I Lengths: T Masses:

466.45 [m] 17.854 11

Figure 2.6: Table 1.2 Materials

Materials that will not be used in the design are dimmed. Materials that are not allowed are
highlighted in red. Modified materials are displayed in blue.

The material properties required for the determination of internal forces are described in chap-
ter 4.2 of the RSTAB manual (Main Properties). The material properties required for design are
stored in the global material library. The values are preset (Additional Properties).

To adjust the units and decimal places of material properties and stresses, select in the mod-
ule's menu Settings — Units and Decimal Places (see chapter 7.3, page 53).

Material Description

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

Material
Description
_&ael A36 | ANSI/AISC 360-05:2005-03 J |
Steel A6 ANSI/AISC 360-05:2005-03 .
Steel Ad41G1.2 ANSI/AISC 360-05:2005-03
Steel A441G3 ANSI/AISC 360-05:2005-03
Steel Ad41G4.5 ANSI/AISC 360-05:2005-03
Steel Add1 ANSI/AISC 360-05:2005-03
Steel AST2, Grade 42 ANSI/AISC 360-05:2005-03
Steel AST2, Grade 50 ANSI/AISC 360-05:2005-03
Steel AB72, Grade 55 ANSI/AISC 360-05:2005-03
Steel AST2, Grade 60 ANSI/AISC 360-05:2005-03
Steel AST2, Grade 65 ANSI/AISC 360-05:200503

Figure 2.7: List of materials

I Program STEEL AISC © 2013 Dlubal Engineering Software
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According to the design concept of the ANSI/AISC 360-05 and ANSI/AISC 360-10 standards,
you can select only materials of the “Steel” category.
When you have imported a material, the design relevant Material Properties are updated.

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

Principally, it is not possible to edit the material properties in the add-on module STEEL AISC.

Material Library

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

Edit —> Material Library

or use the button shown on the left.

Material Library &J
Fitter Material to Select
b aterial categony group: td aterial Description Standard i
W Metal - 3
[ Steel 2441 G1.2 5 ANSIAAISC 360-05:2005-03
Materal category I Steel 4441 G3 = ANSIAAISC 360-05:2005-03
M Steel T | [ Steel 5441 G45 =5 ANSIAAISC 360-05:2005-03
B W Steel 5441 =5 ANSIAISC 360-05:2005-03
— W Steel 4572, Grade 42 =5 ANSIAAISC 360-05:2005-03
—SASTH 7 [ Steel 4572, Grade 50 5 ANSIAAISC 360-05:2005-03
Standard: [ Steel 572, Gradz 55 5 ANSI/AISC 360-05:2005-03
E=ANSI/AISE 360-05:2005-0 w | | I Steel AST2, Grade B0 E5 AMSI/AISC 360-05:2005-03
[ Steel 4572, Grade 65 =5 ANSIAISC 360-05:2005-03
W Steel 5242 G1.2 =5 ANSIAAISC 360-05:2005-03
[ Steel 5242 G3 =5 ANSIAAISC 360-05:2005-03
[ Steel 5242 G45 =5 ANSIAAISC 360-05:2005-03
[ Include: irvalid [ Steel 4588 E5 AMSI/AISC 360-05:2005-03 i
[ Favorites only... [ "
Waterial Properties Steel A36 | ANSVAISC 360-05:2005-03
E Main Properties
Madulus of Elasticity E 199938.000 | MPa
Shear Modulus G 76899.200 | MPa
Poisson’s Ratio v 0.300
Specific Weight b 78.50 | kN/m?
Coefficient of Themal Expansion o 1.2000E-05 | 1/K
[H Additional Properties
[ Thickness Ranget < 20.32 cm
Utimate Strength Fu 399.876 | MFa
Yield Strength Fy 248.133 | MPa

Figure 2.8: Dialog box Material Library

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

Click [OK] or [.1] to transfer the selected material to table 1.2 of the add-on module STEEL AISC.

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

You can also select material categories like Cast Iron or Stainless Steel. Please check, however,
whether these materials are covered by the design concept of the ANSI/AISC 360-05 or 360-10
standards.

Program STEEL AISC © 2013 by Dlubal Engineering Software
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2.3  Cross-Sections
This table manages the cross-sections used for design. In addition, the table allows you to

specify optimization parameters.

Coordinate System

The sectional coordinate system yz of STEEL AISC corresponds to the one of RSTAB (see image
in Figure 2.9). 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.

1.3 Cross-Sections

A | B | C | 1] [ E I G 1-W 18260 | AISC 9
Section | Material Cross-Section Cross-Section Type | Max. Design Opti-
No. Mo Description for Classification Ratio mize Remark | Comment —
B ' (BT wisxe0|AISCY shape rolled 085 T—T"'
2 1 T W 16x45] AISC 9 I-shape rolled 1.13 |5 k 4 4
3 1 I W 164D AISC S |-shape rolled 1.13 | From cument row ﬂ‘» ;]
8 1 [BT HP 10x10.1x42 | AISC 9 I-shape rolled 0.14 Mo -
7 1 T HP 28236 AISC 9 I-shape rolled 011 Mo -
E) 2 [T wW1ad0|AISCS I-shape rolled 0.75 Mo a L _ ——
10 1 [T HP 8236 AISC 9 I-shape rolled 0.09 Mo M ‘
12 1 [B@ SHS 30.125| AISC 9 Box rolled 073 Mo $or
il 1 [H® Cicle 24 Round bar 0.59 No
15 1 [T HP 10x10.1x42 1 AISC § I-shape rolled 0.17 Mo
16 1 BT W143BIAISCS Ishape rolled 023 No ",
17 1 HL Angle No 5 E
18 2 |lT General Mo 5)
[mm]
8] (@
Cross-section No. 1 used in
Members Mo,
12111221,2231.3233.40
Sets of members No.:
I Lengths: I Masses:
48.00 [m] 4278 [
Material
1 - Steel A36
o EYENRENE

Figure 2.9: Table 1.3 Cross-Sections

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

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

In this dialog box, you can select a different cross-section or a different cross-section table. To
select a different cross-section category, click [Back to cross-section library] to access the gen-
eral cross-section library.

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

14
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1-W1exTT | AISC 13
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Welded Cross-5ections - I symmetric @
Cross-Section Type Parameters

b 360.05 | [mm]

b 170,05 | [mm]

S B0 fmm]

] 14002 [mm] “:’: ¥

: 0.0 x| [mm]

BEEEE

|HEEEEE
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4—‘_1‘_’;

70 EEEREE
0|0 BEEEIEE

[v)
)

EIENE R
@I @ Ok ] | Cancel

Figure 2.10: IS cross-sections in the cross-section library

The new cross-section description can be entered in the input field directly. If the data base
contains an entry, STEEL AISC imports these cross-section parameters, too.

A modified cross-section will be highlighted in blue.

If cross-sections set in STEEL AISC are different from the ones used in RSTAB, both cross-
sections are displayed in the graphic in the right part of the table. The designs will be per-
formed with the internal forces from RSTAB for the cross-section selected in STEEL AISC.

HSS cross-sections can only be designed if the thicknesses of web and flanges are the same. If they
are different, footnote 71004) Non-permissible cross-section type of ‘Rectangular HSS' is shown.

Cross-Section Type for Classification

The cross-section type used for the classification is displayed (e.g. I-shape rolled, welded, box,
round bar etc.) Cross-sections that are not covered by this table are classified as General.

Max. Design Ratio

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

Optimize

You can optimize every cross-section from the library: For the RSTAB internal forces, the pro-
gram searches the cross-section in the same table that comes as close as possible to a user-
defined maximum ratio. The maximum ratio can be defined in the Details dialog box (see
Figure 3.1, page 28).

If you want to optimize a cross-section, open the drop-down list in column D or E and select
the desired entry: From Current Row or, if available, From favorites ‘Description’. Recommenda-
tions for the cross-section optimization can be found in chapter 7.2 on page 51.

Program STEEL AISC © 2013 by Dlubal Engineering Software
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Remark

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

A warning might appear before the calculation: Incorrect type of cross-section! This means that
there is a cross-section that is not registered in the data base. This may be a user-defined cross-
section, or a SHAPE-THIN cross-section that has not been calculated yet. To select an appropri-
ate cross-section for design, click [Library] (see description after Figure 2.9).

Member with tapered cross-section

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

STEEL AISC also designs tapered members, provided that the cross-section at the member's
start has the same number of stress points as the cross-section at the member end. The normal
stresses, for example, are determined from the moments of inertia and the centroidal distanc-
es of the stress points. If the start and the end cross-section of a tapered member have not the
same number of stress points, the intermediate values cannot be interpolated. The calculation
is neither possible in RSTAB nor in STEEL AISC.

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

the cross-section in table 1.3 and click [Info]. The dialog box shown in Figure 2.11 appears.

Info About Cross-Section

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

1 ' Info About Cross-Section W 18x60 | AISC 9 @
Cross-Section Property Symbol Walue Unit 4 | W18x80 | AISC 8
-
Width b 192.0 | mm
‘web thickness b 10.7 | mm
Flange thickness ke 17.8 [ mm
Root fillet radiuz T 17.0 | mm
Depth of shraight web T 3937 | mm .
Distance k 34.8 | mm £ E'
Distance ks 7.9 mm
Cross-sectional area A 11354.8 | mm2
Shear area By 5717.8 | mm2 - ~
Shear area Az 4B08.5 | mm2 § S _F,E:_ ........ »
Shear area according to EC 3 Ayy 7123.7 | mm2
Shear area according to EC 3 Avz 5321.3 | mm2
Plastic zhear area Bply £828.4 | mm2 o7
Plastic shear area Aplz 4752.8 | mm2
Moment of inertia ly 4 096E+03 | rmrn#
Moment of inertia Iz 2.085E+07 | mm#
Governing radius of gyration Ty 189.7 | mm
Governing radiuz of gyration Iz 429 [ mm
Radiuz of gyration of flange plus 1/5 of we | rzg 486 [ mm
Yalume W 1.135E+07 | mm?/m
‘wieight wit 891 | ka/m
Surface Bz 1.712 [ m2/m — — .
Section factor AmN 150791 | 1/m (L) (] (R Shess points
i 4 = = | o/t
pr—— : o RN = 311V

. 4

Figure 2.11: Dialog box Info about Cross-Section

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

16
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The buttons below the graphic are reserved for the following functions:

Button Function

Displays or hides the stress points
Displays or hides the c/t-parts

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

Displays or hides the details of the stress points or c/t-parts (see Figure 2.12)
Displays or hides the dimensions of the cross-section
Displays or hides the principal axes of the cross-section

Resets the full view of the cross-section graphic

g

Table 2.2: Buttons of cross-section graphic

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

Stress Points of W 16x57 | AISC 13 | = ‘
B [ c [ D [ E | F [ G W 16x57

StressP Coordinates Statical Moments of Area Thickness Warping
No. y [mm] z [mm] Qy [cm?] Qz [em?] t [mm] Wne [cm?] Sa [em*]

-E ] -208.3 0.00 0.00 183 180.07 0.00
2 -208.3 -271.52 -72.53 183 3.1 -1444.43
3 -208.3 -324.87 7472 183 0.00 -1488.86
4 -208.3 -271.52 7253 183 =1a0 144443
5 -208.3 0.00 0.00 183 -180.07 0.00
[ 208.3 0.00 0.00 183 -180.07 0.00
7 208.3 -271.52 7253 183 =il -1444 43
[ 208.3 -324.87 7472 183 0.00 -1488.86 SR
9 208.3 -271.52 -72.53 183 31.11 144443 ¥
10 2083 0.00 0.00 183 180.07 0.00
11 -179.8 -687.49 0.00 10.9 0.00 0.00
12 179.8 -687.49 0.00 10.9 0.00 0.00
13 0.0 -864.06 0.00 10.9 0.00 0.00

z

Figure 2.12: Dialog box Stress Points of W 16x57
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24  Lateral Intermediate Supports

In table 1.4, you can define lateral intermediate supports for members. STEEL AISC always as-
sumes this kind of support to be perpendicular to the cross-section's minor axis z (see (see Fig-
ure 2.9). Thus, it is possible to influence the members' effective lengths which are important for
the design of column buckling and lateral torsional buckling.

(Er For the calculation, all lateral intermediate supports are considered as forked supports.
1.4 Lateral Intermediate Supports
e & | ¢ [ o [ e [ F [ 6 [ H T T [ 5 T ¥k | T -
Member|  Lateral Length Lzteral Intermediate Supports [
No. Supports L [m] Number X xz x3 x4 x5 X5 X7 XE x5
[T . 1 0500
2 g
3 2 0333 D.667
[ a
5 a
6 5 0.250 0.500 0.750
7 ]
8 a
11 =]
12 4 -
7| Relatively [0 1) = & (=
Settings - Member No. 1
Cross-Section
Lateral Supports Existing
Member Length
Mumber of Lateral Intermediate Supports n 1
Position of Lateral Support No. 1 x1 0.500

Set inputs for members No.

OE CEEe

Figure 2.13: Table 1.4 Lateral Intermediate Supports

In the upper part of the table, you can assign up to nine lateral supports for each member. The
lower table part shows you a summary of the data entered for the member selected above.

7] Relatively (0. 1] If the check box Relatively (0... 1) is selected, the support points can be defined by relative-
input. The positions of the intermediate supports are determined from the member length
and the relative distances from the member start. When the check box Relatively (0... 1) is
cleared, you can define the distances manually in the upper table.

l/_\f' In case of cantilevers, avoid intermediate supports, as such supports divide the member in
segments. Thus for cantilevered beams, this would results in segments that are forked sup-
ported on one side and thus statically underdetermined (forked support respectively on one
end only).
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2.5 Effective Lengths - Members

The table 1.5 consists of two parts. In the upper table, the effective length factors K, and K, the
effective lengths K, L and KL, the Torsional Buckling effective length factors Kx and the effective
lengths KxL for torsional buckling are listed for every member. The effective lengths defined in
RSTAB are already preset. In the section Settings, further information is shown about the mem-
ber whose row is selected in the upper section.

Click the button [X] to select a member graphically and to show its row.

Changes can be made in the table as well as in the Settings tree.

1.5 Effective Lengths - Members

B [ c | 1] E F G 1 J K L -

Member|  Buckling Buckling About Axis y Buckling About Awxis z Torsional Buckling LT.E.

No. Possible | Possible Ky Kyl |m] | Possible Kz Kzl [m] | Possible Kx Kzl [m] | Possible Commert
[ . 1.000 £.000 1.000 3.000 1.000] 3000
2 1.000 6.000 1.000 5.000 1000|6000
3 1.000 am 1.000 1.004 1.000| 1.004
4 1.000 3.262 1.000 3.262 1.000) 3262
5 1.000 6.274 1.000 6.274 1.000| 6274
3 1.000 6.274 1.000 1.568 1.000| 1568
7 1.000 3.262 1.000 3.262 1.000| 3262
B 1.000 3011 1.000 3011 1000|3011
11 1.000 6.000 1.000 6.000 1.000| 6000
12 1.000 6.000 1.000 6.000 1.000| 6000 2
& &)@ (&) (@
Settings - Member No. 1 W 18x60 | AISC 9
Cross-Section
Length L m
Buckling Possible

[ Buckling About Major Axis y Possible
Effective Length Factor Ky 1.000
Effective Length Kyl 6.000| m

[ Buckling About Minor Auwis z Possible
Effective Length Factar Kz 1.000
Effective Length KL 3.000|m -

[ Torsional Buckling Possible o S,
Effective Length Factor for Torsional Buckling) Kx 1.000 M £
Effective Length ffor Torsional Buckling) Kl 3000 | m

Lateral-Torsional Buckling Possible
Comment

Set inputs for members No.

All

[mm]

EIE @

Figure 2.14: Table 1.5 Effective Lengths - Members

The effective lengths for the column buckling about the minor principal axis and the effective
lengths for torsional buckling are aligned automatically with the entries of table 1.4 Lateral
Intermediate Supports. If lateral intermediate supports are dividing the member into member
segments of different lengths, the program displays no value in the table columns G and J of
table 1.5.

The effective lengths can be entered manually in the table and in the Settings tree, or defined
graphically by clicking the button [...] in the work window. This button is enabled when you
click in the input field.
The Settings tree manages the following parameters:

e (Cross-section

e length (actual length of the member)

e Buckling Possible (cf column A)

e Buckling About Major Axis y Possible (buckling lengths, cf columns B - D)

e Buckling About Minor Axis z Possible (buckling lengths, cf columns E - G)

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

e [Lateral-Torsional Buckling Possible (cf column K)

Program STEEL AISC © 2013 by Dlubal Engineering Software
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Itis also possible to modify the Effective Length Factors in the relevant directions and decide
whether the buckling design is to be executed. When a buckling length factor is modified, the
equivalent member length will be adjusted automatically, and vice versa.

The buckling length of a member can also be defined in a dialog box that can be accessed by
clicking the button shown on the left. The button is located below the table.

Select Effective Length Factor [ﬁj
Type of K Value
Thearetical
@ Recommended
Buckling About Axis y Buckling About Axis z Torsional Buckling
Ky =065 o Kz=065 2 —_ Kx=065 o ).;
:!}:, Zt ' oy, )t. : :!} Be !
Ky=08 l_('l Kz=038 !_4 Kx=038 ——
z Ty
Ky=12 —— Kz=12 —— Kx=12 P—
b y |
@ Ky=10 l’l—"l Kz=10 DI—*‘J @ Kx=10 Dbl
2 IV
!-.....—. o
Ky =21 . Kz=21 Kx=21 B
z
L —
Ky=20 Kz=20 ¥ Kx=20 iy
1—. 1—1’ B a
Userdefined Uszer-defined M User-defined
Ky= .. “ Kz= .. Y K=
Import from add-on module RSBUCK @) |mport from add-on module RSBUCK y N
(Bigenvaiue Analysis) [Eigenvalue Analysis) |-  Rotation fixed and translation fixed
RSBUCKCase: P Rotation free and translation fixed
CAT - Stability analysis CAT - Stabilty analysis hd O—  Rotation fixed and translation free
: Buckling — —— a—  Rotation free and translation free
1= % Shape Mo.: 35| B
Export effective length Export effective length = Export torsional buckding =
factor Ky 1.000 factor Kz: 1.000- length factor Kx : 1.000-
@) )

Figure 2.15: Dialog box Select Effective Length Factor

fined K factors or to enter User-defined values.

also select a Buckling Shape to determine the factor.

Buckling Possible

indicated in the Comment column.

buckling length parameters are accessible for a member.

In this dialog box, the Theoretical or Recommended values of the K factor can be defined that
are to be assigned to the selected member or group of members. The theoretical and the rec-
ommended values are described in [3] on page 240. Generally, it is possible to select prede-

If a RSBUCK case calculated according to the eigenvalue analysis is already available, you can

A stability analysis for buckling and lateral buckling requires the ability of members to absorb
compressive forces. Therefore, members for which such absorption is not possible because of
the member type (for example tension members, elastic foundations, rigid connections) are

excluded from design in the first place. The corresponding rows appear dimmed and a note is

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 options for the

20
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Buckling About Axis y resp. Axis z

With the check boxes in the Possible table columns, you decide whether a member has a risk of
buckling about the axis y and/or z. The axis y represents the "major" principal member axis, the
axis z the "minor" principal member axis. The effective length factors Kyand K for buckling
about the major or the minor axis can be selected freely The effective length factors K, and K.
can be freely chosen for the buckling around the major and minor axes.

The position of the member axes can be checked in the cross-section graphic in table 1.3
Cross-Sections (see Figure 2.9, page 14). To access the RSTAB work window, click [View mode].
To show the local member axes in the RSTAB work window, you can use the member's context
menu or the Display navigator.

Project Mavigator - Display x

=[] 5 Model o
E& Nodes

-[v]i Nodal Supports
—E‘& Members
-[¥]& Member Elastic Foundations <

m

M e s e

e [#]5 Indexes z

+|:|¥ Member Axis Systemns u,v,w

----- [ Member Orientations — “

----- [#]5% Member End Releases

----- 1% Material Descriptions

----- 1% Bottom Fibers “

..... 1% Cross-Section Outlines /‘/< /\
----- [ Cross-Section Descriptions //

----- & Line Mode at Member Ends z

..... [#]5 Eccentricities
----- 1% Front Areas Distinguished by - e

4 I 2

ﬁData EDisplay A views

Figure 2.16: Displaying the member axes in the Display navigator of RSTAB

If buckling is possible about one or even both member axes, you can enter the buckling length
coefficients as well as the buckling lengths in the columns D and E respectively F and G. The
same is possible in the Settings tree.

To specify the buckling lengths in the work window graphically, click [...]. This button becomes
available when you click in a KL input field.

If you define the effective length factor K, the program determines the effective length KL by
multiplying the member length L by this buckling length coefficient.

Torsional Buckling

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

z

Figure 2.17: Member Axes
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Lateral-Torsional Buckling L.T.B.
Column K controls whether a lateral torsional buckling design is to be carried out. The lateral-

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 Cy, for lateral-torsional buckling can be defined in table 1.7 Design
Parameters (see chapter 2.7).

Comment

In the last table column, you can enter user-defined comments for each member to describe,
for example, the effective member lengths.

Below the Settings table you find the check box Set inputs for members No. If selected, the set-
tings entered afterwards will be applied to the selected or even to All members. Members can
be selected by typing the member number or by selecting them graphically using the [X\] but-
ton. This option is useful when you want to assign the same boundary conditions to several
members. Please note that settings that have been already defined cannot be changed subse-
quently with this function.

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.

1.5 Effective Lengths - Sets of Members

R B [ C [ D [ E [ F [ G [ 8 [ 1 [ 3 [ K | L
Set Buckling Buckling About Axis y Buckling About Awxis z Torsional Buckling LT.E.
No Possible | Possible Ky Kyl Im] | Possible Kz KzL [m] |Possible Kx KxL [m] | Possible Comment
1000 5.000 1.000 2,000 1000 3000

Settings - Set of Members No. 2 W 18x60 | AISG 9
[ Set of Members
Cross-Section
Length L
Buckling Possible 220
[ Buckling About Major Axis y Possible T;T
Effective Length Factor Ky 1.000
Effective Length Kyl 6.000 | m gt ;]
[ Buckling About Minor Axis z Possible “
Effedtive Length Factor Kz 1.000 -
Effective Length KaL 3.000 | m > - -
[ Torsional Buckling Possible b £
Effective Length Factor ffor Torsional Buckling) Kx 1.000 o
Effective Length for Torsional Buckling) Kaxl 3000 | m
Lateral-Torsional Buckling Possible I
Comment A
-
z
Set inputs for sets Mo - [mm]

Al @ @

Figure 2.18: Table 1.6 Effective Lengths - Set of Members

This table's concept is similar to the one in the previous table 1.5 Effective Lengths - Members. In
this table, you can enter the effective lengths for the buckling about the two principal axes of
the set of members as described in chapter 2.5.

There are differences, however, as far as the parameters for torsional and lateral-torsional
buckling are concerned. Those are defined by means of specific boundary conditions in table
1.8 and 1.9 (see chapters 2.8 and 2.9).

22
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In this table, several parameters can be defined that are necessary for design.

1.7 Design Parameters

B [ © [ D [ E [ F [ G -
Member| Modification Distance Gross Aea Net Area Shear Lag Effective Arez
No. Factor Co [] Ly [m] Ag ImmZ] An [mmZ] Factor U [ Ae[mmZ] Comments
[ 1 | 6.000 113548 1135438 1.000 113543
2 1.000 6.000 11354.8 11354.8 1.000 11354.8
3 1.000 im 76129 76129 1.000 76129
4 1.000 3262 8580.6 8580.6 1.000 8580.6
5 1.000 6.274 8580.6 8580.6 1.000 8580.6
6 1.000 6.274 8580.6 85806 1.000 8580.6
7 1.000 3262 8580.6 8580.6 1.000 8580.6
8 1.000 3011 7612.9 76129 1.000 7612.5
1 1.000 6.000 11354.8 11354.8 1.000 11354.8
12 1.000 6.000 11354.8 113548 1.000 11354.8 i
)= (&) (@]
Settings - Member No. 1 VW 18x60 | AISC 9
Cross-Section
Modification Factor C b o 1DDD‘ -
Distance acc. to G6 Ly 6.000 | m
Gross Area Ag mmZ
Met Area An 11354.8 | mm2
Shear Lag Factor u 1.000
Effective Area Ae mmZ
Comment
] ——
1
*
z
] Set inputs for members Mo,
Al a5

Figure 2.19: Table 1.7 Design Parameters

Modification Factor

In column A, there is the possibility to choose among the three options of the lateral-torsional
buckling modification factor Cs. The default value is set to 1.0. The Cs, factor can also be en-
tered manually or determined by the program according to Equation F1-1 [1], [2].

DistanceL,

The distance L, specifies the distance between the points of maximum and zero shear force
according to the Section G6 [1], [2]. 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], [2].

Effective Area A.

Column F lists the effective areas of the members which are determined according to
Equation D3-1 [1], [2] from the net areas and the shear lag factors.
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2.8 Nodal Supports - Sets of Members

This table is only available if you have selected one or more sets of member in table 1.1 General
Data.

The stability design of sets of members is carried out according to Chapter C of the ANSI/AISC
Specification. 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. For this analysis method, it is necessary to know the amplification factor o, of the
entire set of members to obtain the critical moment. To determine this factor, a planar frame-
work is created with four degrees of freedom for each node which is to be defined in table 1.8.
This table refers to the current set of members (selected in the add-on module's navigator on
the left). The calculation of o, the bifurcation factor, also depends on the setting in the Details
dialog box (see chapter 3.1, page 28).

1.8 Nodal Supports - Set of Members No. 2 - Set of Members 2

A T B [ C [ D [ E NG G | A ] I -
Support | Node Support Lat. Support Rotational Restraint Warping Eccentricity
No. Ma. Ratation B [7] uy x {74 Restraint @ &3 [mm] ez [mm] Comment
(. 0.00 00 00
2 3 0.00 a a 0.0 0.0
3 E
4
5
6
7
8
3
10 -
& AOBI0

Settings - Node Support No. 1
[ Set of Members
Cross-Section

Mode with Support
Support Rotation
Lateral Support in Y

Comment

Set inputs for supports No.:

Mo.

uy

1
000|*

Restraint About X' X
Restraint About Z' QF

Warping Restraint @®
Eccentricity Bx 0.0 | mm
Eccentricity ez 0.0 mm

All

E EEGk

Figure 2.20: Table 1.8 Nodal Supports - Set of Members

The orientation of axes in the set of members is important for the definition of nodal supports.
The program checks the position of the nodes and internally defines, according to Figure 2.21
to Figure 2.24, the axes of the nodal supports for table 1.8.

Figure 2.21: Auxiliary coordinate system for nodal supports - straight set 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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X¢ »Y

N+

Figure 2.22: Auxiliary coordinate system for nodal supports - set of members in vertical plane

If members of a set of members are not lying in a straight line, they must at least lie in the
same plane. In Figure 2.22, they are lying in a vertical plane. In this case, the axis X' is horizontal
and aligned in direction of the plane. The axis Y' is horizontal as well and defined perpendicu-
lar to the axis X'. The axis Z'is directed perpendicularly downwards.

Figure 2.23: Auxiliary coordinate system for nodal supports - set of members in horizontal plane

If the members of a buckled set of members are lying in a horizontal plane, the axis X' is de-
fined parallel to the X-axis of the global coordinate system. Thus, the axis Y'is set in opposite
direction to the global Z-axis and the axis Z' is directed parallel to the global Y-axis.

Figure 2.24: Auxiliary coordinate system for nodal supports - set of members in inclined plane

Figure 2.24 shows the general case of a buckled set of members: The members are not lying in
one straight line but in an inclined plane. The definition of the axis X' arises out of the intersec-
tion line of the inclined plane with the horizontal plane. Thus, the axis Y' is defined right-
angled to the axis X' and directed perpendicular to the inclined plane. The axis Z' is defined
perpendicular to the axis X'and Y'.
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2.9 Member End Releases - Sets of Members

This table is displayed only if you have selected at least one set of members for the design in
table 1.1 General Data. Here, you can define releases for members and sets of members that,
due to structural reasons, do not pass the locked degrees of freedom specified in table 1.8 as
internal forces. There is also the possibility to exactly define on which side the release is to act
or to place a release at both sides.

This table refers to the current set of members (selected in the add-on module's navigator on
the left).

1.8 Member End Releases - Set of Members No. 2 - Set of Members 2

[ B [ € [ D (e ¢ | G
Release | Member Member Shear Release Moment Release 'Wamp Release
Mo. No. Side Vy MT Mz My Commert
[T ] Stat m]
z

=1

N

en

@

-~

@

w

=

Settings - Member No. 1
[ Set of Members

Cross-Section
Member with Release at the End Mo 1
Member Side Side Start
Shear Release in y-Direction Vy
Torsional Release Mr
Moment Release About z-Auds Mz H i
Warping Release Mg

Comment

Set inputs for release No.:

Al aj Bl [
Figure 2.25: Table 1.9 Member Releases - Set of Members
Member In table column B, you define the Member Side to which the release should be assigned. You
Side ;
can also connect the releases to both member sides.
In the columns C to F, you can define releases or spring constants to align the set of members
Both model with the support conditions in table 1.8.
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Reference to

Member
List of Members
Set of Members

Beam Type

Beam -1

Cartilever Start Free
Cantilever End Free

Dlubal —

2.10 Serviceability Data

The last input table controls several settings for the serviceability design. It is only available if
you have set relevant entries in the Serviceability Limit State tab of table 1.1 General Data (see
Figure 2.5, page 11).

1.10 Serviceability Data

B [ c 1 ] [ E 1| F [ G H
Member Reference Length Direc- Precamber
No. Reference to No Manualy L [m] tion we [mm] Beam Type Comment
[ T | 2 d 6000 y.z 0.0 Beam
2 List of Members 132 a 9.000 Y.z 0.0 Beam
3 Member 7 4 3262 v,z 0.0 Beam
4 Member 1 ] 6.000 y.z 0.0 Beam
5 | Member 16 [m] 6274 y.z 0.0 Beam
6 | Set of Members 2 a 6000 y.z 0.0 Beam

~l

o

@

10
11
12
13
14
15
16

=

=

©

=

=

Bﬁ‘kﬂ

=

R‘Eﬁ

=

B

S‘E

Ell
32

Figure 2.26: Table 1.10 Serviceability Data

In column A, you decide whether you want to apply the deformation to single members, lists
of members, or sets of members.

In table column B, you enter the numbers of the members or sets of members that you want to
design. You can also click [...] to select them graphically in the RSTAB work window. Then, the
Reference Length appears in column D automatically. This column presets the lengths of the
members, sets of members, or member lists. If required, you can adjust these values after se-
lecting the Manually check box in column C.

Table column E defines the governing Direction for the deformation analysis. You can select
the directions of the local member axes y and z (or u and v for unsymmetrical cross-sections).

A precamber w. can be taken into account by using entries specified in column F.

The Beam Type is of vital importance for the correct application of limit deformations. In table
column G, you can select the girder to be a beam or a cantilever and decide which end should
have no support.

The settings of the Details dialog box determine whether the deformations are related to the
undeformed initial model or to the shifted ends of members or sets of members (see Figure
3.1, page 28).
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3. Calculation
3.1 Details

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

Details - ASD 2005 [th
Check of Maximum Effective Slenderness Ratio Limit Load for Special Cases Display Result Tables
Members with KL /v Do not consider small moments i V| 21 Design by Load Caze
- Tension: 3002 EBending Mry i Moy £ 0o V| 2.2 Design by Cross-Section
- Compression / flexure: 200-% MrzfMoz = ook V| 2.3 Design by Set of Members
Dizplap slendemess check for all member types V| 2.4 Design by Member

Do nat consider small axial forces i | 2.5 Design by #-Location

Serviceabilty (Deflections) Tension PrifPot < R

Compression PrefPee < 0010

V| 3.1 Governing Internal Forces by Member
Limiting deflection: L/ 360 V| 3.2 Governing Internal Forces by Set of Members

3.3 Member Slendermesses

. . Do nat consider small shear forces i
Deformation relative to

< = v i
@ Shifted member ends / set of members ends Sl Ve Ve L0 1 (Rep Uy e

e e VizfVer € ook V| 4.2 Pants List by Set of Members
@) Only far members / sets to be designed

Determination of Elastic Critical Moment for LTB * Limk shear stress for cross-sections with Ot all members / sets of members
Load application of positive transverse Tarsion Trito < Bomos
lnads:
@ On cross-s=ction edge directed to shear center Cross-Section Optimization Design Wall Thickness of HSS

[e.0. top flange, destabilizing effect) <

tdax allowable design ratio 1.000 5 | Use design wall thickness for design of HSS

In shear center [Fieduction of nominal thickness for HS5 according

On cioss-section edge directed from shear center B EE

[2.q. bottarn fllange, stabilizing effect]
* (et of members only]
@ @D EE [owes )

Figure 3.1: Dialog box Details

Check of Maximum Effective Slenderness Ratio

For members designed according to Chapter D [1], [2], 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], [2], the slen-
derness ratio preferably should not exceed 200. This value is applicable to all members with
compression or flexure.

Itis 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) if the corresponding check
box is selected in the dialog section Display Result Tables.

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 option fields below control whether the Deformation is to be related to the shifted
ends of members or sets of members (connection line between start and end nodes of the de-
formed system) or to the undeformed initial system. As a rule, the deformations have to be
checked relative to the displacements in the entire structural system.

I Program STEEL AISC © 2013 Dlubal Engineering Software




X
—_—

3 Calculation

Calzulation

Dlubal —

Determination of Elastic Critical Moment for LTB

The elastic critical moment (Mc) for set of members is calculated automatically.

Usually, loads act on members (transverse loads). It is important to define where these forces
are acting on the cross-section: Depending on the Load Application point, transverse loads can
be stabilizing or destabilizing, and in this way they can critically influence the ideal critical
moment.

Limit Load for Special Cases

Itis possible to neglect small stresses due to bending, tension or compression, shear and tor-
sion and, thus, allow a simplified design which eliminates negligible internal forces. In this dia-
log 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.

These limit settings are not part of the ANSI/AISC Specification. Changing the limits is in the re-
sponsibility of the program user.

Cross-Section Optimization

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

Display Results Tables

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

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 electric-
resistance-welded HSS, not for submerged-arc-welded HSS.

3.2 Start Calculation

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

STEEL AISC searches for the results of the load cases, load and result combinations to be de-
signed. If these cannot be found, the program starts the RSTAB calculation to determine the
design relevant internal forces.

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

Load Cases / Combinations / Module Cases | Result Tables

Not Calculated Selected for Calculation
=
No. Description - No Description *
B C8 | Imperfections v +X CA1 | STEEL AISC - Design of steel members according to AISC (LAF

| imp Jle:] Imperfections v -Y
W& LC10 | Imperfections v +Y
co 1.357LCT +1.35°LC2 + 1.35°LC3 + 1.35°LC7 + LCB
CO2  |1.35°LC1+151C2+LCE
CO3  |1.35°LC1+15°1C3 = LCB
CO4  |1.35°LC1+15°LCT «LCE
CO5  |LC1+15°LCE=LCB
Ccoe 1.357LCT + 1.57LC4 « LC1D
CO7  |1.35°LC1+1.5°LC5 « LCS
CO8  [1.35°LC1 +1.35"LC2 + 1.35"L.C4 = 1.35°L.C7 + LC10
co9 1.357LCT + 1.35°LC2 + 1.35°LC5 + 1.35°LC7 + LCY
CO11 |LCT+LC2+LC3+LCT+LCE
CO12 |LC1+LC2+1C8
CO13 |LCT+LC3+LCE
COM4 |LC1+LCT7+LCE
CO15 |LC1+LC6+LCE
CO16 |LCT1+LC4+LC10
CO17 |LC1+LC5+LCY
CO18 |LC1+LC2+LC4+LC7+LCI0
CO19 |LCT+LC2+LC5+LCT+LCY
RC1 Extreme design value

1,

A -
Al I~ 3
Al Figure 3.2: To Calculate Dialog box
LC Load Cases
oo poa sembnatens. If the STEEL AISC design cases are missing in the Not Calculated list, select All or Add-on Mod-
ules in the drop-down list at the end of the list.

To transfer the selected STEEL AISC cases to the list on the right, use the button [P]. Click [OK]
to start the calculation.

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

Add-on Modules  Window  Help

STEEL AISC CAL - Design o = <
RAE-4- &-

Figure 3.3: Direct calculation of a STEEL AISC design case in RSTAB

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

Table 2.1 Design by Load Case is displayed immediately after the calculation.

STEEL AISC - [Demo-Seng] =)

File Edit Settings Help

CA1 - Design af steel members ¢ — | 21 Design by Load Case

Input Dala A [ [ _C [ 0 [t s | G

- Gieneral Data Load- Wember | Location Design

- Materials ing Desciiption No. x[m] Ratio Design According to Formula DS
ErseEinD Utimate Limit State Design
Lateral Intemediate Supports LC1 | Dead Load 7 3125 0.69 | = 1] 113) Chapter F - Latersk<orsional buckling - acz. to F2-F5 uLs

- Diesign Parameters LC2 | Snow Load 23 0.000 1.13 | > 1| 334) Chapter H - Compressive force with single/major axs bending - ace.to H1.3 uLs
Effective Lengths - Members Wind v +X 13 0.000 0.19 | < 1 [173) Chapter F - LateraHorsional buckling - acc.to F2-F5 ] uLs
Effective Lengths - Sets of Men| | 106 | Wind postive 28 3011 0.42 | =1 333) Chapter H - Single axis /or biasdal/ flexure with tensile force - ace.to H1.2 uLs

=~ Hodal Supports

Set of members No. 2- Set Senviceabilty Limit State Design

- Member End Releases LCZ | Snow Load 16 3137 0.48 | = 1] 401) Chapter L - Design for Servicsability - Deflsction in z-direction (Beam)
- Set of members No. 2- Get

- Serviceabilty Data
Results

Diesign by Load Case Ma 11351 @ BERENEND

- Design by Cross-Section

Design by Set of Members Details - Member 13 - x: 0.000 m- LC3 3-2: W 16x40 | AISC 8- W 16x45 | AISC|
Design by Member Waterial Values - Steel A36
- Design by #Location & Cross-Gection Properties - W 16x40 [AISC §
Governing Inteinal Forces by M Design Intemal Forces
Governing Intemal Forces by S| | B Cross-Seclion Type
~ Member Slendsmesses 1 Design Ratio
- Parts List by Membar Required Flesural Strength Mry 29,661 [khm
Parts List by Set of Members Braced Length Lo 30 |m >Lpanc
Limiting Length Ly 1986 | m F25)
Limting Length L 5576 | m (F2-6) N
WModulus of Blasticty E 19993.80 | kN/em? s =
Radius of Gyration rz 398 | mm o B
Yield Stress Fy 24.82 | kN/am?
Eftective Radius of Gyration rs 47.2[mm F27)
Torsional Constart J 326823.0 | mm*
Constart c 1.000 (F2:8a) &
Blastic Section Modulus Sy 1060240.0 | mm? f
Modfication Factor Co 1.000
Plastic Bending Momert Moy 296,503 | kNm
Nominal Flexural Strength Mn 267.636 | kNm F2:2)
Sefety Factorfor Flexure 0p 1670 F1) -
Allowable Flexural Strength WMo/t 160.261 | kNm

Desian Fiatio o 0E] BRI @l @
“ m 4

Figure 4.1: Results table with designs and intermediate values

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

The tables 3.1 and 3.2 list the governing internal forces. Table 3.3 informs you about the mem-
ber slendernesses. In the last two results tables, 4.1 and 4.2, parts lists are displayed by mem-
ber and set of members.

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

Click [OK] to save the results. Thus you exit STEEL AISC and return to the main program.

Chapter 4 Results describes the different results tables one by one. Evaluating and checking re-
sults is described in chapter 5 Results Evaluation, page 41 ff..
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4.1  Design by Load Case

|?| g The upper part of this table offers a summery, sorted by load cases, load combinations and re-
sult combinations of the governing designs. Furthermore, this table is divided into Ultimate
Limit State Design and Serviceability Limit State Design results.

The lower part of the table contains detailed information on the cross-section characteristics,
analyzed internal forces and design parameters for the load case selected above.

2.1 Design by Load Case

[ A [ B [ ¢C [ D [ E [ | G
Load- Member | Location Design
ing Description No. x [m] Ratio Design According to Formula Ds
Uttimate Limit State Design
LC1 | Dead Load 71 3125 D69 | =1/ 113) Chapter F - Lateralorsional buckling - acc.to F2 - F5 uLs
LC2 || Snow Load 23 0.000 1.13 | = 1| 334) Chapter H - Compressive force with single/major axis bending - acc. to H1.3 ULs
= Wind v +X 13 0.000 0.19 | £ 1 [113} Chapter F - Lateral{orsional buckling - acc. to F2 - F5 | uLs
LCE | Wind posttive 28 3011 D42 | =1/ 333) Chapter H - Single axis /or biaxial/ flexure with tensile force - acc. to H1.2 uLs
Serviceability Limit State Design
LC2 | Snow Load 16 3137 048 | =1/ 401) Chapter L - Design for Serviceability - Deflection in z-direction (Beam)
Mas|  13)51@ BE B (%] (o
Details - Member 13 - x: 0.000 m- LC3 3-2: W 18x40 | AISC 8 - W 16x45 | AISC
Material Values - Steel A36
[# Cross-Section Properties - W 16240 | AISC §
Design Intemal Forces
Cross-5ection Type
[ Design Ratio
Required Flexural Strength Mry 29.661 | kNm
Braced Length Ly 301 | m >Lpanc
Limiting Length Lp 1.986 |m {F2-5)
Limiting Length Lr 5976 |m {F2-6) .
Modulus of Elasticty E 19993.80 | kN/cm?2 o S,
Radius of Gyration rz 398 [ mm b £
‘field Stress Fy 24.82 | kN/cm?
Effective Radius of Gyration Its. 47.2 | mm F2-7)
Torsional Constant J 328823.0 | mm*
Constart c .00 {F2-8a) ",
Elastic Section Modulus Sy 1060240.0 [ mm? z
Modffication Factor Ce 1.000
Plastic Bending Moment Mgy 296.503 | kNm
MNominal Flexural Strength Mn 267636 | kNm {F2-2)
Safety Factor for Flexure Qb 1670 F1)
Allowable Fexural Strength Mn/CQp 160.261 | kNm —
Design Ratio ne 019 i1 B3 a)
Figure 4.2: Table 2.1 Design by Load Case
. .
Description
This column shows the descriptions of the load cases, load and result combinations used for
the design.
Member No.

This column shows the number of the member that bears the maximum stress ratio of the de-
signed loading.

Location x

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

e Startand end node

¢ Division points according to possibly defined member division (see RSTAB table 1.6)

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

e Extreme values of internal forces

Design Ratio

Columns D and E display the design conditions according to the ANSI/AISC Specification [1],
. I @
et 0s2 <1 @ [2]. The lengths of the colored scale represent the respective utilizations.
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Design according to Formula

This column lists the code's equations by which the designs have been performed.

DS

The last column contains information on the respective design-relevant design situation (DS):
ULS (Ultimate Limit State) or SLS (Serviceability Limit State).

4.2  Design by Cross-Section

2.2 Design by Cross-5ection

[ A T B [ C T D TE -
Section | Member | Location Load Design
No. Mo. % [m] Case Ratio Design Acconding to Formula
1 W 1860 AISC 9
2 0000 LC3 0.01 [ < 1| 100) Negligible intemal forces
3 0.000 LC6 001 | <1/ 101) Chapter O - Tensile strength ace. to D2
n 0000 LC1 0.07 | = 1| 102) Chapter E - Compressive strength acc. to E3
pal 6000 LC2 0.56 | = 1| 111) Chapter F - Yielding - Bending about y-axis acc. to F2 - F12
21 6.000 LC2 0.81 | =1 113) Chapter F - Lateral4orsional buckling - acc.to F2-F5
1 1.000 LC1 0.00 | = 1| 122) Chapter F - Flange local buckling does not apply - acc. to F2-F5
32 0000 LC2 0.16 | £ 1 [160) Chapter G - Mominal shear strength in z-axis - acc. to G2 (G4.G5) - Unstiffened web
3 0.000 LC1 0.07 | £ 1| 301) Chapter E - Flexural buckling about y-axis acc. to E3
21 0o000| 1C1 0.13 | 1| 311) Chapter E - Flesural buckling about 2-ads ace. to E3

[GETS 1131 @

Details - Member 32 - x: 0.000 m- LC2

Material Values - Steel A6

[# Cross-Section Properties - W 18¢60 | AISC 3
Design Intemal Forces

Cross-Section Type

- W 18x60 | AISC @

[ Design Ratio T—T
Required Shear Strength Viz 76.386 | kN
hAu-Ratio htw 36.905 gt ﬁ] 5
Shear Area Awz 4942 4 [ mmZ G2) b -
Web Shear Coefficient Cv 1.00 G2-2) - .
Modulus of Elasticity E 19993.80 | kN/cm?2 a | B
Yield Stress Fy 7482 | kN/om? N . ¥
Nominal Shear Strength Vnz 736.025 | kN G2-1) $er
Safety Factor for Shear 0y 1.500 G1)
Allowable Shear Strength Vaz/Cy 490684 | kN
Design Ratio 0.16 =1 B3-2)

[mm]

Figure 4.3: Table 2.2 Design by Cross-Section

This table lists the maximum ratios of all members and actions selected for design, sorted by
cross-section. The results are sorted by cross-section design and serviceability limit state de-
sign.

If you have a tapered member, both cross-section descriptions are displayed in the table row
next to the section number.
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4.3

2.3 Design by Set of Members

A T B [ C

1]

[E

Set | Member | Location Load
No. Mo. % [m] Case

1 1000 LC1
1 0000 LC2
1 0000 LC1
1 0000 LC1
1 0000 LCY
1 6000 LC2
1 6000 LC2
1 6000 LC2
1 0000 LC2
1 3000 1LC2

Maw:

Details - Member 1 - 6.000 m- LC2
Materal Values - Steel A6

Design Intemal Forces
Cross-Section Type
= Design Ratio
Required Compressive Strength
Buckling About Axis y
Effective Length of Set
Slendemess Ratio
Elastic Critical Buckling Stress
Critical Stress
Safety Factor for Compression
MNominal Compressive Strength
Allowable Compressive Strength
Design Ratio
Buckling About fxis z
Effective Length of Set
Slendemess Ratio
Blastic Critical Buckling Stress
Critical Stress
Safety Factor for Compression
Nominal Compressive Strength

Design
Ratio

0.00|=

0.03
0.05

0.06|<

0.05
0.31

023 =1

0.29
0.00

0.14 |=<

113

Cross-Section Properties - W 1860 | AISC 9

Design According to Formula
< 1| 122) Chapter F - Flange local buckling does not apply - acc.to F2-F5
= 1| 160) Chapter G - Nominal shear strength in z-axis - acc. to G2 (G4,G5) - Unstiffened web

Design by Set of Members

3

=1 301) Chapter E - Flexural buckling about y-axis acc. to E3

< 1| 311) Chapter E - Flexural buckling about z-ads acc. to E3
< 1| 321) Chapter E - Torsional buckling acc. to E4

=1 332) Chapter H - Single axds /or biaxial/ flexure with axial compressive force - ace. to H1.1
334) Chapter H - Compressive force with single /major axis bending - acc. to H1.3

Dlubal

~

1,

4

ITD) Set of Members - Stability analysis of doubly and singly symmetric members acc. to Chapters E, Fand H

=

>1@

Pr 23438
Leity £.000
KyLiry 31582
Fey 1577
Foy 2355
[} 1670
Pry 2674000

T 1601.200

0.01
Leitz 3.000
[ 70.004
Fez 2027
Forz 19.18
Q- 1670
Pnz 2177.390

Figure 4.4: Table 2.3 Design by Set of Members

kN

m

kN/cm2
lN/em?

kN

kN

m

kN/ecmZ
kN/gm2

kN

400) Chapter L - Design for Serviceability - Megligible deflections
401) Chapter L - Design for Serviceability - Deflection in z-direction (Beam)

=4 71| (E2)
(E34)
(E3-20rE33
ET}
EF1)

< B32)

2471 E2)
(E3-4)
(E3-2or E3-3
[ET)
(E31)

m,

-

&~ (& &

- W 18x60 | AISC @

192.0
_s
2 :] (]
3
b
z -l
= ¥
"-37
]
*
2
[mm]

This results table is displayed if you have selected at least one set of members for design. The

table lists the maximum ratios sorted by set of members.

The Column Member No. shows the number of the one member within the set of members
that bears the maximum ratio for the individual design criteria.

The output by set of members clearly presents the design for an entire structural group (for

example a frame).

34
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2.4 Design by Member
A B C [D -
Member | Location Load Design D
No x[m] Caze Ratio ‘ Design According to Formula
1 Cross-section No. 1-W 18«60 | AISC §
0.000 LC1 0.04 | = 1| 102) Chapter E - Compressive strength acc. to E3
6.000 LC2 0.28 | =1/ 111) Chapter F - Yielding - Bending about y-axds acc. to F2-F12
6.000| LC2 0.30 | =1 113) Chapter F - Lateral4orsional buckling - acc.to F2 - F5
1.000 LC1 0.00 | =1 122) Chapter F - Flange local buckling does not apply - acc. to F2 - F5
(N com| 2 0.03 | = 1 [T60] Chiapter G - Nominal shear strengih in 2.2 - ace. to G2 [G4.65) - Unsiffened web
0.000 LC1 0.05 | =1 | 301) Chapter E - Aexural buckling about y-adis acc. to E3
0000 LC1 0.06 | =1 | 3117) Chapter E - Alexural buckling about z-axis acc. to E3
0000 LCY 0.05 | =1 | 321) Chapter E - Torsional buckling acc. to E4
6.000 LC2 0.31 | <1 332) Chapter H - Single axis /or bizudal/ flewure with axial compressive force - ace. to H1.1
e[ 137510 HE EE

Details - Member 1 - x: 0.000 m- LC2

Material Values - Steel A36

ss-Section Properties - W 18«60 AISC S

esign Intemal Forces

1-W 18280 | AISC 8

Cross-Section Type
] Design Ratio 1920
Required Shear Strength Viz 13.941 | kN
h#wRatio hiw 36.905 72
Shear Area Awz 4942 4 | mm? G2)
Web Shear Coefficient Cv 1.00 1G2-2) - -
Modulus of Elasticity E 19993.80 | kN/cm2 @ RN | R
Yield Stress Fy 2482 | kNiom? h - ¥
Mominal Shear Strength Vnz 736025 | kN {52-1) 10.7
Safety Factor for Shear Qy 1.500 iG1)
Allowsble Shear Strength WVn 2/ Qi 430,684 | kN :
Design Ratio nw 003 =1 {B3-2) H
z
[mm]

(&I (@

Figure 4.5: Table 2.4 Design by Member

This results table presents the maximum ratios for the individual designs sorted by member

number. The columns are described in detail in chapter 4.1 on page 32.

4.5 Design by x-Location

2.5 Design by x-Location

A B C [D -
Member | Location Load Design D
No x [m] Case Ratio | Design According to Formula
1 Cross-section No. 1-W 18¢60 | AISC 9
0000 LC1 0.04 | £ 1 102) Chapter E - Compressive strength acc. to E3
0.000 LC2 0.03 | = 1| 160) Chapter G - Nominal shear strength in z-ais - acc. to G2 {G4.G5) - Unstiffened web
0.000 LC1 0.05 | £ 1| 307) Chapter E - Aexural buckling about y-axis acc. to E3
0.000 LC1 0.06 | = 1| 311) Chapter E - Aexural buckling about z-axis acc. to E3
0.000 LC1 0.05 | £ 1| 321) Chapter E - Torsional buckling acc. to E4
0.000 LC1 0.03 | = 1| 350) Set of Members - Stability analysis of doubly and singly members ace. to Chapters E, Fand H
0.000 LC2 0.00 | £ 1| 400) Chapter L - Design for Serviceability - Negligible deflections
ﬁ 1.000 LC1 0.04 | =1 102) Chapter E - Compressive strength acc. to E3
1.000 LC2 0.05 | £1/| 111) Chapter F - Yielding - Bending about y-axis acc. to F2 - F12
1151518 e OuE

Details - Member 1 -x:1.000 m-LC1

Material Values - Steel A36

ss-Section Properties - W 18x60 | AISC &

lesign Intemal Forces

1- W 18x80 | AISC &

Cross-Section Type
El Design Ratio 120
Required Compressive Strength Pr 63.148 | kN
Yield Stress Fy 24.82 | kN/em2
Gross Area of Member Ag 11354.8 | mm?
Critical Stress Fer 24.82 | kN/em2 E3-2) .
Safety Factor for Compression Qc 1.670 E1) @
Mominal Compressive Strength Pn 2818.250 | kN E3-1) &
Allowable Compressive Strength Pn/Qc 1687580 | kN
Design Ratio 1 0.04 £1

[mm]

(&I @

Figure 4.6: Table 2.5 Design by x-Location
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This results table lists the maxima for each member at the locations x resulting from the divi-
sion points defined in RSTAB:
e Startand end node

¢ Division points according to possibly defined member division (see RSTAB table 1.6)

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

e Extreme values of internal forces

4.6  Governing Internal Forces by Member

3.1 Goveming Internal Forces by Member

8 [ ¢ [ b [ E [ F T & | H® ] [ -
Member| Location Load- Forces [kN] Moments [<Nm)] =
Mo. x [m] ing N Vy Vz Mr My Mz Design According to Formula =
Cross-section No. 1- W 18¢60 | AISC 9
(| 0000] LC 72,140 0D000]  -10.808 0.001 0.000 0,000 | 102) Chapter E - Compressive strength ace. to £3
6.000| LC2 23438 0.000 -13.941 0.000 -83.646 0/000 | 111) Chapter F - Yielding - Bending about y-axis acc. to F2-F1
6000 LC2 23438 0.000 -13.541 0.000 -831.646 D/000 | 113) Chapter F - Lateraltorsional buckling - acc.to F2-F5
1.000| LC1 £3.148 0.000 -10.808 0.001 -10.808 0,000 | 122) Chapter F - Fange local buckling does not apply - acc. to
0.000 LC2 23438 0.000 -13.941 0.000 0.000 0000 | 160) Chapter G - Nominal shear strength in z-axis - acc. to G2 ((
0ooo|  LCi 72140 0.000 -10.808 0.001 0.000 0/000 | 301) Chapter E - Flesural buckling about y-ads ace. to E3
0o L1 -72.140 0.000 -10.808 0.001 0.000 0/000 | 311) Chapter E - Flexural buckling about z-ads acc. to E3
0.000| LC1 72140 0.000 -10.808 0.001 0.000 0,000 | 321) Chapter E - Torsional buckling acc. to E4
6.000 LC2 -23.438 0.000 3941 0.000 83646 D000 | 332) Chapter H - Single =ds /or bizxal/ flexure with adal compr
6.000| LC2 -23.438 0.000 -13.941 0.000 -83.646 0.000 | 334) Chapter H - Compressive force with single/major axis benc
6.000| LC2 23438 0.000 -13.941 0.000 83646 0,000 | 350} Set of Members - Stability analysis of doubly and singly syn
0.000| LCZ 0.000 0.000 0.000 0.000 0.000 0/000 | 400) Chapter L - Design for Serviceabilty - Negligible deflection
joon|  Lc2 0.000 0.000 0.000 0.000 0.000 D/000 | 401) Chapter L - Design for Serviceabilty - Deflection in z-direct
2 | Crosssection No. 1- W 18x60 | AISC 9
0000 LC3 -1.170 0.000 4278 0.000 0.000 0/000 | 100) Negligible intemal forces
0.000| LC1 72140 0.000 10.808 -0.001 0.000 0,000 | 102) Chapter E - Compressive strength acc. to E3
6.000| LC2 23438 0.000 13.941 0.000 83.646 0,000 | 111) Chapter F - Yielding - Bending about y-zds acc. to F2- F1
6000 LC2 -23438 0.000 13541 0.000 33646 0/000 | 113) Chapter F - Lateraltorsional buckling - acc.to F2-F5
1000 L1 63.148 0.000 10.808 -0.001 10.808 0/000 | 122) Chapter F - lange local buckling does nat apply - acc. to
0.000| LC2 23438 0.000 13.941 0.000 0.000 0,000 | 160} Chapter G - Nominal shear strength in z-ads - acc. to G2 1
0.000| LC1 72140 0.000 10.808 -0.001 0.000 0/000 | 301) Chapter E - Flesural buckling about y-ands ace. to E3
0000 L1 -72.140 0.000 10.808 -0.001 0.000 0/000 | 311) Chapter E - Flexural buckling about z-ads acc. to E3
0.000| LC1 72140 0.000 10.808 -0.001 0.000 0,000 | 321} Chapter E - Torsional buckling acc. to E4
6.000| LC2 -23.438 0.000 13.941 0.000 83646 01000 | 332) Chapter H - Single =ds /or bizdal/ flexure with 2dal compr
6000 LC2 -23438 0.000 13541 0.000 83646 D/000 | 334) Chapter H - Compressive force with single/major axis benc
0.000| LC2 0.000 0.000 0.000 0.000 0.000 0,000 | 400} Chapter L - Design for Serviceabiliy - Negligible deflection
3000 LC2 0.000 0.000 0.000 0.000 0.000 0,000 | 401) Chapter L - Design for Serviceability - Deflection in z-direct
3 Cross-section No. 3- W 1640 [AISCS ... 2 - W 16x45 | AISC'S
0.000| LC2 -15.920 0.000 2141 0.000 83646 0,000 | 102) Chapter E - Compressive strength acc. to E3
0oon| LC2 -15.520 0.000 22141 0.000 831646 0/000 | 111) Chapter F - Yielding - Bending about y-axis acc. to F2-F1
0000 L1 -12.328 -0.005 17.010 -0.001 -64.847 -0/001 | 116) Chapter F - Lateraltorsional buckling does not Apply -acc | —

BE B (& (e

Figure 4.7: Table 3.1 Governing Internal Forces by Member

This table displays for each member the governing internal forces that result in maximum
stress ratios in each design.

Location x

At this x location of the member, the respective maximum design ratio occurs.

Load Case

This column displays the number of the load case, the load combination or result combination
whose internal forces produce maximum stresses.

Forces / Moments

For each member, this column displays the axial and shear forces as well as the torsional and
bending moments producing maximum design ratios in the respective ultimate limit state and
serviceability limit state designs.

Design According to Formula

The final column informs you about the design types and the equations by which the designs
according to [1] or [2] have been performed.
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4.7 Governing Internal Forces by Set of Members

3.2 Govemning Internal Forces by Set of Members

B | [ D [ E F [ G [ H 1
Set Location Load- Forces [kN] Moments [<Nm]
No. x[m] ing N Vy Vz Mr My Mz Design According to Formula
2 | Set of Members 2 (Member No. 1)
[ LC1 72140 0.000 -10.808 0.001 0.000 0.000 | 102) Chapter E - Compressive strength acc. to E3

6000 LC2 23438 0.000 -13.541 0.000 -831646 0.000 | 111) Chapter F - Yielding - Bending about y-axs acc. to F2-F12
6.000| LC2 23438 0.000 -13.941 0.000 83646 0.000 | 113) Chapter F - Lateralorsional buckling - acc.to F2-F5
1.000) LC1 -63.148 0.000 -10.808 0.001 -10.808 0.000 | 122) Chapter F - Flange local buckling does not apply - acc. to F2 -
0.000 LC2 -23438 0.000 -13.941 0.000 0.000 0.000 | 160) Chapter G - Nominal shear strength in z-axds - acc. to G2 (G4.£
0000 L1 -72.140 0.000 -10.808 0.001 0.000 0.000 | 301) Chapter E - Flexural buckling about y-ads acc. to E3
0.000| LC1 72140 0.000 -10.808 0.001 0.000 0.000 | 311) Chapter E - Flexural buckling about z-axis acc. to E3
0.000| LC1 72140 0.000 -10.808 0.001 0.000 0.000 | 321) Chapter E - Torsional buckling ace. to E4
6.000| LCZ2 -23438 0.000 -13.941 0.000 -83.646 0.000 | 332) Chapter H - Single axds /or bizxial/ flexure with axial compress
6.000| LC2 -23.438 0.000 -13.541 0.000 -83.646 0.000 | 334) Chapter H - Compressive force with single/major axis bending
6.000| LC2 23438 0.000 -13.941 0.000 -83.646 0.000 | 350) Set of Members - Stability analysis of doubly and singly symme
0.000 LC2 0.000 0.000 0.000 0.000 0.000 0.000 | 400) Chapter L - Design for Serviceability - Negliaible deflections
3000 LC2 0.000 0.000 0.000 0.000 0.000 0.000 | 401) Chapter L - Design for Serviceability - Deflection in z-direction

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

This table contains the internal forces that result in the maximum ratios within the design of
each set of members.
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48 Member Slendernesses

3.3 Member Slendemesses

A B [ C [ D [ E [ F [ G [ H [ -
Member Length Major Axis y Minor Axds z
L m] kyl iy [mm] iyl kz[] iz [mm] izl]

6.000 1.000 189.5 31.592 0.500 425 70.004
2 ompression / Flexure 6.000 1.000 1899 31.592 1.000 429 140.009
3 Compression / Fexure im 1.000 1683 17.894 0.333 394 25,503

4 Compression / Aexure 3.262 1.000 1686 15.350 1.000 385 81.750 3
5 Compression / FAexure 6.274 1.000 1686 37212 1.000 399 157.289
6 Compression / Flexure 6.274 1.000 1686 37212 0.250 399 35322
7 Compression / Flexure 3.262 1.000 168.6 19.350 1.000 39.9 81.750
8 Compression / Aexure 3.011 1.000 168.3 17.894 1.000 394 76.509
11 Compression / FAexure 6.000 1.000 1899 31.592 1.000 429 140.009
12 Compression / Fexure 6.000 1.000 189.9 31.592 1.000 425 140.009
i) Compression / Aexure 3.011 1.000 168.3 17.894 1.000 394 76.509
14 Compression / FAexure 3.262 1.000 168.6 19.350 1.000 399 81.750
15 Compression / Fexure 6.274 1.000 1686 372 1.000 399 157.289
16 Compression / Aexure 6.274 1.000 1686 3722 1.000 385 157.285
17 Compression / FAexure 3.262 1.000 1686 19.350 1.000 399 81.750
12 Compression / Flexure m 1.000 1683 17.854 1.000 84 76.509
21 Compression / Flexure 6.000 1.000 189.9 31.592 1.000 425 140.009
2 Compression / FAexure 6.000 1.000 189.9 31.592 1.000 425 140.009
23 G 1 / Flexure 3.0 1.000 168.3 17.894 1.000 394 76.509
24 Compression / Fexure 3262 1.000 168.6 19.350 1.000 399 81.730
Compression / Aexure 6.274 1.000 1686 37212 1.000 395 157.285
26 Compression / FAexure 6.274 1.000 168.6 37212 1.000 399 157.289
Compression / Fexure 3262 1.000 1686 19.350 1.000 399 81.750
28 Compression / Aexure 3.011 1.000 168.3 17.834 1.000 354 76.509
31 Compression / FAexure 3.000 1.000 189.9 15.796 1.000 429 70.004
32 Compression / Flexure 3.000 1.000 1899 15.796 1.000 425 70.004
3 Compression / Flexure 3.000 1.000 85.1 35.251 1.000 49.5 60.574
34 Compression / Aexure 3.546 1.000 85.1 41.666 1.000 495 71559
35 Compression / FAexure 3.000 1.000 85.1 35.251 1.000 495 60.574

36 Compression / Fexure 4094 1.000 851 43.105 1.000 495 B2.664 5

Members with compression [ flexure:
MaxKyl fry | 1BB575| 200 @
MKl iz | 193406 <200 @

Figure 4.8: Table 3.3 Member Slendernesses

This results table is shown only if you have selected the respective check box in the Details dia-
log box (see Figure 3.1, page 28).

The table lists the effective slendernesses of the designed members for both directions of the
principal axes. They were determined depending on the type of load. At the end of the list, you
find a comparison with the limit values that have been defined in the Details dialog box.

Members of the member type "Tension" or "Cable" are not included in this table.

This table is displayed only for information. No design of the slendernesses is intended.
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4.9  Parts List by Member

Finally, STEEL AISC provides a summary of all members that are included in the design case.

4.1 Parts List by Member

[ A I c [ D [ E [ F [ G [ H [ !
Part Cross-Section Number of Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
No. Description Members [m] [m] [m2] [m?] ka/m] kal il
-I 1-W 1860 AISC § ] ] 6.00 36.00 61.64 041 83.14 53481 3.209
2 |2-W 16451 AISCI ... 3-W 18401 AISC S 3 am 2409 37.33 0.20 63.56 191.40 1.531
3 2-W 16451 AISC Y 8 326 26.0 4062 022 67.36 21575 1.758
4 |2-W1ed5]AISCY 2 6.27 50.18 8.1 043 67.36 42260 3.381
5 | 1-W1aB0IAISCI 4 3.00 12.00 2055 0.14 83.14 26741 1.070
6 10-HP 88236 AISC 5 3 3.00 5.00 1072 0.06 53.68 161.05 0.483
7 10-HP 8«8 236 | AISC 3 2 3.55 709 8.45 0.05 53.68 150.36 0.381
8 | 10-HP &8 236 | AISC § 1 4.09 4.09 488 0.03 53.68 219.78 0.220
9 | 15-HP 1010, 1x42 | AISC 9 4 3.00 12.00 17.62 0.10 62.80 188.40 0.754
10 | 6-HP 10x10.1x42 | AISC 9 3 3.00 9.00 13.22 0.07 62.80 188.40 0.565
11| 6-HP 10x10.1x42 | AISC 5 2 3.55 7.08 10.41 0.06 62.80 22269 0.445
12 | 8-HP 10x10.1x42 | AISC 9 1 4.09 4.09 6.01 0.03 62.80 257.10 0.257
13 | 7-HP 88236 AISC Y 4 6.27 2510 2350 017 53.68 336.80 1.347
14 |3-W 1401 AISCY 2 6.25 50.00 7718 038 53.76 37351 2588
15 | 16-W 1438 | AISC 9 1 6.55 6.55 9.29 0.05 56.72 nAn 0.371
16 | 6-HP 10x10.1x42 | AISC § 1 708 7.08 10.42 0.06 62.80 44550 0.446
17 | 6-HP 10x10.1x42 | AISC § 1 6.55 6.55 9.61 0.05 62.80 411.08 041
18 | 12-5HS 30125 AISC 25 5.00 125.00 36.74 0.1 709 35.45 0.886
18 |13-Circle 24 4 78 31.24 236 0.0 3.55 277 0.111
20 | 13-Circle 24 8 a.02 64.18 484 0.03 355 2849 0.228
Sum 102 516.46 489.95 266 20342

Figure 4.9: Table 4.1 Parts List by Member

By default, this list contains only the designed members. If you need a parts list for all members
of the model, select the corresponding option in the Details dialog box, tab Other (see Figure
3.1 on page 28).

Part No.

The program automatically assigns item numbers to similar members.

Cross-Section Description
This column lists the cross-section numbers and descriptions.

Number of Members

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

Length

This column displays the respective length of an individual member.

Total Length

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

Surface Area

For each part, the program indicates the surface area related to the total length. The surface
area is determined from the Surface Area of the cross-sections that can be seen in tables 1.3
and 2.1 to 2.5 in the cross-section information (see Figure 2.11, page 16).

Program STEEL AISC © 2013 by Dlubal Engineering Software

39



I
4 Results I

Diubal —
Volume

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

Cross-Section Mass

The Cross-Section Mass is related to the length of one meter. For tapered cross-sections, the
program averages both cross-section properties.

Mass

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

Total Mass

The final column indicates the total mass of each part.

Sum

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

4,10 Parts List by Set of Members

4.2 Parts List by Set of Members

A EEEN C [ D [ E [ F [ G [ H [ I
Part Set of Members MNumber Length Total Length | Surface Area Wolume Unit Weight Weight Total Weight
No. Description of Sets [m] [m] [mZ] [m?] fkg/m] Tkal ]

[t of Nembers 2 1 6.00 6.00 1027 0.07 2314 53481 0535
Sum 1 6.00 10.27 0.07 0535

B
a
5
]

Figure 4.10: Table 4.2 Parts List by Set of Members

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

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

40
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Results Evaluation

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.

2.2 Design by Cross-Section

E

A B | ] [E
Section | Member | Location Load Design
No Mo. % [m] Case Ratio
1 | W1a601AISCI
2 0.000 LC3 0.01
3 0000 LCE 0.01
] 0000 LC1 0.07
pal 6.000 Lcz2 0.56
21 6.000 Lc2 0.81
[ 1.000] LCT 0.00
32 0000 LC2 0.16
N 0.000 LC1 0.07
A 0000 LC1 0.13
[GEHS 113

Details - Member 1 - 1.000 m- LC1
Material Values - Steel A36
[# Cross-Section Properties - W 18«80 | AISC §
Design Intemal Forces
Cross-5ection Type
[ Design Ratio
bA-Limit for Compact Flange
bA-Limit for Noncompact Flange
bA-Ratio
Design Ratio

Design According to Formula

=1 100) Negligible intemal forces

<1 101) Chapter D - Tensile strength acc. to D2

£ 1| 102) Chapter E - Compressive strength acc. to E3
=1/ 111) Chapter F - Yielding - Bending about y-axis acc. to F2 - F12

= 1| 113) Chapter F - Lateraltorsional buckling - acc.to F2-F5

< 1 [122) Chapter F - Flange local buckling does not apply - acc. to F2- F5

= 1| 160) Chapter G - Nominal shear strength in z-axis - acc. to G2 (G4,G5) - Unstiffened web
= 1| 301) Chapter E - Flexural buckling about y-axis acc. to E3
<1 311) Chapter E - Flexural buckling about z-ads acc. to E3

>1@

G0,

- W 18x60 | AISC &

10.785
28382
5400
0.00

Tab. B4.1
Tab. B41

Tt

bA)N Zipt
s =1

(B3-2)

4633
T

[mm]

Figure 5.1: Buttons for results evaluation

These buttons have the following functions:

Button

Description

Function

Designs

Ultimate Limit State

Turns on and off the results of the ultimate limit
state design

Designs

Serviceability Limit State

Turns on and off the results of the serviceability
limit state design

Show Color Bars

Turns on and off the colored reference scales in
the results tables

Show Rows with Ratio > 1

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

Result Diagrams

Opens the window Result Diagram on Member
— chapter 5.2, page 44

Excel Export

Exports the table to MS Excel / OpenOffice
— chapter 7.4.3, page 54

-y

Member Selection

Allows you to graphically select a member to dis-
play its results in the table

View Mode

ONEHERCSIGIN

Jumps to the RSTAB work window to change the
view

Table 5.1: Buttons in results tables 2.1 to 2.5
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5.1 Results in the RSTAB Model

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

RSTAB background graphic and view mode

The RSTAB work window in the background is useful for finding the position of a particular
member in the model: The member selected in the STEEL AISC results table is highlighted in
the selection color in the background graphic. Furthermore, an arrow indicates the member's
x-location that is displayed in the selected table row.

‘erEL—AxngN— e %

STEEL AISC - [RSTAB- Bridge]

File Edit Settings Help
CA1 - Design of steel members ¢ '] 24 Design by Member
Input D ata [ A [ B C [D
- General Data Member| Location Load Design
- Materials No x[m] Case Ratio Design According to Fermula
- Crass-Sections 3.000| LC1 0.09 | =1 113) Chapter F - Lateraltorsional buckling - acc.to F2-F5
Lateral Intermediate Supports 0000| LC1 0.00 | = 1| 122) Chapter F - Flange local buckling does not apply - ace. to F2 - F5
- Design Parameters 0.000] LCd 0.03 | <1/ 160) Chapter G - Nominal shear strength in z-ads - acc. to G2 (G4,G5) - Unstiffened web
Effective Lengths - Members 0000 LC1 0.04 | = 1/ 303) Chapter E - Fleseural buckling about y-ais acc. to E7 - Slender elements
Resulls l:l 0.000| LC1 0.05 | < 1 [313) Chapter E - Hexural buckling about z-axds acc. to E7 - Slender elements
Design by Load Case ooo0| LC1 0.04 | £ 1 323) Chapter E - Torsional buckiing acc. to E4 and E7 - Slender elements
- Design by Cross-Section 3000 LC1 0.11] =1 332) Chapter H - Single axis /or bizdal/ flexure with aial compressive force - ace. to H1 1
- Design by Member 3.000] LC1 0.09 | =1/ 334) Chapter H - Compressive force with single/major axis bending - ace. to H1.3
- Design by x-Location
- Governing Internal Forces by M 156 | Cross-section No. 20- W 12426 | AISC 9
- Parts List by Member
Ma 016[ <1 @ ol (=

Figure 5.2: Indication of the member and the current Location x in the RSTAB model

In case you cannot improve the display by moving the STEEL AISC module window, click
[Jump to Graphic] to activate the View Mode: The program hides the module window so that
you can modify the display in the RSTAB user interface. The view mode provides the functions
of the View menu, for example zooming, moving, or rotating the display. The pointer remains
visible.

0

'o' Information

r'ou are in the wview mode.

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

Back

| —

RSTAB work window

The ratios can also be checked graphically in the RSTAB model. Click [Graphics] to exit the de-
_ sign module. The ratios are displayed in the RSTAB work window like internal forces of a load

case.

® To turn the display of design results on or off, use the [Show Results] button known from the
L B L display of internal forces in RSTAB. To display the result values, use the toolbar button [Show
Values] to the right.

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

o The design cases can be set by means of the list in the RSTAB menu bar.
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The graphical representation of the results can be controlled in the Display navigator by select-
ing Results — Members. The display of ratios is Two-Colored by default.

Project Navigator - Display x
E‘g Model -
BEE Results

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

..... [ Max/Min Info

[-[B] [ Deformation

=T

..... ® [ Two-Colored

..... O with Diagram

----- O[S Without Diagram

..... O[S Cross-Sections

----- [ Result Diagrams Filled

..... [#][F Hatching

..... IS AllValues

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

----- [JJF Results on Couplings

..... [I[E Transparent S

ﬁData @Display A views

Figure 5.3: Display navigator: Results — Members

In case of a multicolor representation (options With/Without Diagram or Cross-Sections), the
color panel is available, providing common control functions. The functions are described in
detail in the RSTAB manual, chapter 3.4.6.

Panel x
0.090.07
| Man
R Dresign Ratio []
A~ wo' 105
dop 0T J 1.00
011001 002 I — 0.90
o 0.80
0.70
021 1R 0.50
0.50
040
ra 0.30
020
/Projed Mavigator - Display x obs 3, 0,10
Eg Model - on 0.00
BEE Results / oy
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Figure 5.4: Design ratios with display option Without Diagram

This graphics of the design results can be transferred to the printout report (see chapter 6.2,
page 47).

You can return to the STEEL AISC module by clicking the panel button [STEEL AISC].
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You can also evaluate a member's result distributions in the result diagram graphically.

Result Diagrams

To do this, select the member (or set of members) in the STEEL AISC results table by clicking in
the table row of the member. Then open the dialog box Result Diagram on Member by clicking
the button shown on the left. The button is at the bottom of the upper results table (see Figure
5.1, page 41).
The result diagrams are available in the RSTAB graphic. To display the diagrams, click

Results — Result Diagrams for Selected Members
or use the button in the RSTAB toolbar shown on the left.

A window opens, graphically showing the distribution of the maximum design values on the
member or set of members.

& Result Diagram on Member = | B b
Members No.: 172 > % i B RKR =L E oF B¢ od | AN GBS STEELAISC CAL-Design - @
500 =) 0% 50 700 750 Tohm
Navigator : 2 x 3 1 i L i i i v = 16651 ] [7]Fixed
= iDesign} ! S il
[w] Ultimate Limit Sta| | Desian [-] Design
Serviceability Limi x Design
[m] H
- 0000 03 -
L—L: ‘ ‘ ! | ‘ 4‘—__1 033 034
& - - B < = p 0667 0.3 |=
a g a 5 & 8 03 R 5 & 3 3 1000 037
1333 0.38
" 1500 038
1667 038 -

] Max/Min Orly ] Edges Only

Design - Ultimate Limit State [-] Design Utimate Limt State

x Utimate Lk Sists
m] H
- 00w [
—— | e
z - - = : = < = p 0567 036 =
S b 2 g g g B3 g 3 z 3 1000 037
1333 038
" 1500 038
1567 03 -

[7] Max/Min Only ] Edges Only.

Design - Serviceability Limit State [] Design Serviceabilty Limit State

x Serviceabilty Limit
m] H

- 0000 0.00 -

- 3000 0.00

[ Mae/Min Oty ] Edgess Only

< i b

Results 4 b

Location x 1665 m

Beginning X2 120,30,-20m  EndXYZ 90,30,-20m  Order: 172] .

Figure 5.5: Dialog box Result Diagram on Member

Use the list in the toolbar above to choose the relevant STEEL AISC design case.

The dialog box Result Diagram on Member is described in detail in the RSTAB manual, chapter
9.5.
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5.3

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

Filter for Results

You can use the option Visibility also for STEEL AISC (see RSTAB manual, chapter 9.7.1) to filter
the members in order to evaluate them.

Filtering designs

The design ratios can easily be used as filter criteria in the RSTAB work window, which can be
accessed by clicking [Graphics]. To apply this filter function, the panel must be displayed. If the
panel is not active, click

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

two-colored results display, you have to use the Display navigator and set the display options
Colored With/Without Diagram or Cross-Sections first.

085

054 102

Dresign Ratio []

1.05
1.00
Project Mavigator - Display x g:;
E‘& Model - D:ES
-4 Resuits 0.0
[]---E@ Result Values 075
----- E‘@ Title Info 070
----- E‘@ Max/Min Info L 0.65
- [B] [ Deformation 1 0.60
- [E [ Members 0.55
O@ Two-Colored 050
@@ With Diagram
O without Diagram Max : 1.05
O@ Cross-Sections Min : 0.00
[#][F Result Diagrams Filled
o s
D@ All Values
[ Display Hidden Result Diagram -
EaData €Display ,ZjViews

]
Ise

Figure 5.6: Filtering design ratios with adjusted color spectrum

As the figure above shows, the color spectrum can be set in such a way that only ratios higher
than 0.50 are shown in a color range between blue and red.

If you select the option Display Hidden Result Diagram in the Display navigator (Results —
Members), you can display all stress ratio diagrams that are not covered by the color spectrum.
Those diagrams will be represented by dotted lines.
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Filtering members
In the Filter tab of the control panel, you can specify the numbers of particular members to
display their results exclusively, that is, filtered. This function is described in detail in the RSTAB

manual, chapter 9.7.3.

|II
)
Panel x |
Shaw diagrams far -"“‘-—-______ {
i
i
i

| members Na:
!

i
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Y/,
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[ Without Diagram
[ Cross-Sections
[ Result Diagrams Filled
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- b
g a4

I

=

ﬁData é"Display A views

Figure 5.7: Memboer filter for the stress ratios of a hall frame
Unlike the partial view function, the model is now displayed completely in the graphic. The
figure above shows the design ratios of a hall frame. The remaining members are displayed in

the model but are shown without design ratios.
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6. Printout

6.1  Printout Report

Similar to RSTAB, the program generates a printout report for the STEEL AISC results, to which
graphics and descriptions can be added. In the printout report, you can select the data from
the design module to be included in the printout.

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

For large structural systems with many design cases, it is recommended to split the data into
several printout reports, thus allowing for a clearly-arranged printout.

6.2  STEEL AISC Graphic Printout

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

The printing of graphics is described in the RSTAB manual, chapter 10.2.

Designs in the RSTAB model
To print the currently displayed graphic of the design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

JE| RSTAB 8.00 {64bit) - [Hall*]

E File Edit View Insert Calculate Results Tools
D;?Qéiuﬁﬂmﬂﬁ no | fQAQRE
W - L PR B[ Print Graphic B | - 2| §

Figure 6.1: Button Print Graphic in RSTAB toolbar

Result Diagrams

You can also transfer the Result Diagram on Member to the report by using the [Print] button. It
is also possible to print it directly.

¢l Result Diagram on Member

Members No.: 181 = > N -] il B2
i 0000 0,500
Heviaster o b [P

timate Lirnit Sta| | Design []

{

Figure 6.2: Button Print Graphic in the dialog box Result Diagram on Member

The dialog box Graphic Printout opens (see following page).
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Graphic Printout

General | Options

Graphic Picture

Graphic Picture Size and Rotation
Use whole page width

() Use whole page height

(@ Height: 100 | [ of page]

Header of Graphic Picture
Result diagrams in Member - M181

() Directly to a printer... =
(@) To a printout report: PR1 ~
() To the Clipboard

(s |
Window To Print Graphic Size
@ As scresn view
() Window filling
Mass print... Toscale 1: 100
Options
[] Show results for selected xdocation in resutt
diagram
[] Lock graphic picture (without update)
Show [OK]
ok | [ Cancel

L

function.

Figure 6.3: Dialog box Graphic Printout, tab General

This dialog box is described in the RSTAB manual, chapter 10.2. The RSTAB manual also de-
scribes the Options and Color Spectrum tab.

A graphic can be moved anywhere within the printout report by using the drag-and-drop

To adjust a graphic subsequently in the printout report, right-click the relevant entry in the
navigator of the printout report. The option Properties in the context menu opens the dialog
box Graphic Printout, offering various options for adjustment.

Graphic Printout

General | Options

Script
() Proportional

(@) Constant

Factar: 1=

Print Quality

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

s |

Symbols Frame
(@) Propartional () None
(71 Constart @ Framed
Factor: 1% [T Title b

Color

) Grayscale

() Texts and lines in black

@) All colored

ok || Cancel

L

Figure 6.4: Dialog box Graphic Printout, tab Options
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7. General Functions

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

7.1 Design Cases

Design cases allow you to group members for the design: In this way, you can combine groups
of structural components or analyze members with particular design specifications (for exam-
ple changed materials, partial safety factors, optimization).

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

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

Create New Design Case
To create a new design case, use the STEEL AISC menu and click

File — New Case.

The following dialog box appears:

New STEEL AISC Case (S
No. Description
2 Design of steel members according to AISC [LRFD ary

@I oK ] | Cancel

Figure 7.1: Dialog box New STEEL AISC Case

In this dialog box, enter a No. (one that is still available) for the new design case. The corre-
sponding Description will make the selection in the load case list easier.

Click [OK] to open the STEEL AISC table 1.1 General Data where you can enter the design data.

Rename a Design Case
To change the description of a design case, use the STEEL AISC menu and click

File — Rename Case.

The following dialog box appears:

Rename STEEL AISC Case =50

No. Description

1 tew D escription| -

@ n]S ] | Cancel

Figure 7.2: Dialog box Rename STEEL AISC Case

In this dialog box, you can define a different Description as well as a different No. for the design
case.
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Copy a Design Case
To copy the input data of the current design case, use the STEEL AISC menu and click

File —> Copy Case.

The following dialog box appears:

Copy STEEL AISC Case =5

Copy from Case

Cal - Diesign of steel members according to AISC (LR V]

New Case
Ma.: Description:
2 D ezign of Batton flangs) -

Ok ] [ Cancel

Figure 7.3: Dialog box Copy STEEL AISC Case

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

Delete a Design Case
To delete design cases, use the STEEL AISC menu and click

File > Delete Case.
The following dialog box appears:

.
Delete Cases @

Available Cases

Mo, Description
1 Design of steel members accaording to AISC

2 Design of Bottom flange

Design of Upper flange

-

[ 0K ] [ Cancel

Figure 7.4: Dialog box Delete Cases

.

The design case can be selected in the list Available Cases. To delete the selected case, click
[OK].
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The design module offers you the option to optimize overloaded or little utilized cross-
sections. To do this, select in column D of the relevant cross-sections in table 1.3 Cross-Sections
whether to determine the cross-section From the current row or the user-defined Favorites (see
Figure 2.9, page 14). You can also start the cross-section optimization in the results tables by
using the context menu

Cross-Section Optimization

2.2 Design by Cross-Section

B | D [ET F
Section | Member | Location Load Design
Na. Mo. % [m] Case Ratio Design According to Formula

[ 6 |wex15]AISC13
[ -

e o-nnLed AN bl ~lgihle intemal forces
82 Go to Cross-Section Doubleclick  ter E - Compressive strength ace. to E3
82 Info About Cross-Section... ter F - Yielding - Bending about y-=ds does not apply acc. to F3
83 — = r F - Yielding - Bending about z-axis acc. to F2- F12
83 | Optimize Cross-Section [~ iter F - Flange local buckling - acc.to F&
82 Cross-Section Optimization ﬁ\grameters... iter E - Flexural buckling about y-ais acc. to E3
82 O =T TErT=TTIrrenapter E - Flexural buckling about z-=ds acc. to E3
82 0.000| LC1 0.24 | =1 | 321) Chapter E - Torsional buckling acc. to E4
82 0.000 LC1 0.83 | =1 |332) Chapter H - Single axis /or biaxial/ flexure with axial compressive force - acc. to H1.1
Max: 083[21@® z

Figure 7.5: Context menu for cross-section optimization

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

For a parameterized cross-section, the dialog box Optimization appears if you select the corre-
sponding check box.

Welded Cross-Sections - I symmetric : Optimize &J

Cross-Section Optimization Parameters. |/\\)
Opti-
mize Current irirnurn b axirum Increment b

4145 45492 2075+ [mm] I
[b: 133312 . : < fmm] ‘_,‘If 7 15
s 585 S | _a
e g4l <[] trrem] /
Ela 0.0/% | [mre]

=
-] 4—5
a

7

[T Keep curent side proportions

Figure 7.6: Dialog box Welded Cross-Sections - | symmetric : Optimize

15 206, 756/133.35/5.842/8.382/0

By selecting the check boxes in the Optimize column, you decide which parameter(s) you want
to modify. This enables the Minimum and Maximum columns, where you can specify the upper
and lower limits of the parameter. The Increment column determines the interval in which the
size of the parameter varies during the optimization process.
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If you want to Keep current side proportions, select the corresponding check box. In addition,
you have to select at least two parameters for optimization.

Cross-sections based on combined rolled cross-sections cannot be optimized.

Please note for the optimization process that the internal forces will not be recalculated auto-
matically with the changed cross-sections: It is up to you to decide which thicknesses or cross-
sections should be transferred to RSTAB for recalculation. As a result of optimized cross-
sections, internal forces may vary significantly because of the changed stiffnesses in the struc-
tural system. Therefore, it is recommended to recalculate the internal forces of the modified
cross-section data after the first optimization, and then to optimize the cross-sections once
again.

The modified cross-sections can be exported to RSTAB: Set table 1.3 Cross-Sections, and then
click

Edit — Export All Cross-Sections to RSTAB.
The context menu in table 1.3 provides options to export optimized cross-sections to RSTAB.

1.3 Cross-Sections

[_A | —— T c [ D [ E | E 9 - 1S 206.756/133.35/5.842/8.38210
Section | Material Cross-Section Crose-Section Type Opti- STEEL AISG
No. Mo Description for Classffication mize Remark Commert
1 1 [WI |-shape rolled Mo 5) N
2 1 I Ishape rolled Mo 5)
3 1 I I-shape rolled No 5)
[ 1 |-shape rolled Mo 5 h
7 1 |[BT HEA 1201 DIN 1025-3:1994 I-shape rolled From Cument Row 2) =
BE : B 1 Ishape welded | No )
10 1 Info Abeut Cross-Section.., ) 9- IPE 380 | DIN 1025-5:1984
12 1 e a—_— ) .
a3 : ross-5ection Library... 5
15 1 Edit List 'Design of Members' in Tablel1 ¥ §) oD
16
17 ]‘ Optimize Cross-Section )
18 3 Cross-Section Optimization Parameters ) i
O I Export Cross-Section to RSTAB | ;
20 1 [T Wiz AISCO Expart Lross-section to S e e s
Export All Cross-Sections to RSTAB o olle ag
Import Cross-Section from RSTAB
Cross-section No. 9 used in
Import All Cross-Sections from RSTAB
Members No.
Sets of members No.:
I Lengths: I Masses:
0.00 [m] 0.000 [
Material
2 - Steel A3G

5) Mo member with this cross-section is selected for design.

™

#
&

30
Figure 7.7: Context menu in table 1.3 Cross-Sections

Before the modified cross-sections are transferred to RSTAB, a security query appears as to
whether the results of RSTAB should be deleted.

STEEL AISC
. Information No. 20038

Do vou want ta transfer the changed cross-sections to RSTAR?

If 30, the results of RSTAB and STEEL AISC will be deleted,

" &

Figure 7.8: Query before transfer of modified cross-sections to RSTAB
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By confirming the query and starting the [Calculation] subsequently in the STEEL AISC add-on
module, the RSTAB internal forces as well as the designs will be determined in one single cal-
culation run.

If the modified cross-sections have not been exported to RSTAB yet, you can import the origi-
nal cross-sections in the design module by using the options shown in Figure 7.7. Please note
that this option is only available in table 1.3 Cross-sections.

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

7.3  Units and Decimal Places

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

Settings — Units and Decimal Places.

The program opens the following dialog box that you already know from RSTAB. STEEL AISC
will be preset in the list Program/Module.

S5

Units and Decimal Places

Program / Module

- RSTAB -
- STEEL

- STEEL EC3

- STEEL IS

- STEEL SIA

- STEEL BS

- STEEL GB

- STEELCS

- STEEL AS

- ALUMINIUM E
. KAPPA

- LTE

- FE-LTB

. EL-PL

- CTOT

- PLATE-BUCKLING

- CONCRETE

- CONCRETE Columns

- TIMBER Pro

- TIMBER

- DYNAM

- JOINTS

- END-PLATE

- CONNECT

- FRAME-JOINT Pro

.. DSTV

- DOWEL

..HS5 -

oK

STEEL AISC

Output Data

Parts List

Linit Linit Dec. places

20

Dec. places
21
25

Stresses: Lengths:

L

Design ratios: Total lengths:

Dimensionless: - 3= Surface areas: m"2 -

Volumes: m™3 -
Weight per length: kag/m -

Weight: kg

Wl M RN R R
Al (1l | (|l |l ] o | o]

1

Total weight:

I Cancel

Dialog box Units and Decimal Places

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

If you have adjusted the materials in STEEL AISC for design, you can export the modified mate-
rials to RSTAB in a similar manner as you export members and cross-sections: Open table 1.2
Materials, and then click

Edit — Export All Materials to RSTAB.

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

Material Library...

| Export Material to RSTAB [

Export All Materials to RSTAB

Import Material from RSTAB
Import All Materials from RSTAB

Figure 7.9: Context menu of table 1.2 Materials

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

the results of RSTAB should be deleted. After you confirm the query and start the [Calculation]
subsequently in STEEL AISC, the RSTAB internal forces and designs will be determined in one
single calculation run.

If the modified materials have not been exported to RSTAB yet, you can transfer the original
materials to the design module, using the options shown in Figure 7.9. Please note, however,
that this option is only available in table 1.2 Materials.

7.4.2 Export Effective Lengths to RSTAB

If you have adjusted the materials in STEEL AISC for design, you can export the modified mate-
rials to RSTAB in a similar manner as you export cross-sections: Open table 1.5 Effective Lengths
- Members, and then click

Edit — Export All Effective Lengths to RSTAB.

The modified effective lengths can also be exported to RSTAB via the context menu of table 1.5.

Export Effective Length to RSTAB
| Export All Effective Lengths to RSTAB M

Import Effective Length from RSTAB
Import All Effective Lengths from RSTAB

Figure 7.10: Context menu of table 1.5 Effective Lengths - Members

Before the modified materials are transferred to RSTAB, a security query appears as to whether
the results of RSTAB should be deleted.

If the modified effective lengths have not been exported to RSTAB yet, you can retransfer the
original effective lengths to the design module, using the options shown in Figure 7.10. Please
note, however, that this option is only available in table 1.5 Effective Lengths - Members and 1.6
Effective Lengths - Sets of Members.

7.4.3 Export Results

The STEEL AISC results can also be used by other programs.

Clipboard

To copy cells selected in the results tables to the Clipboard, press the keys [Ctrl]+[C]. To insert
the cells, for example in a word-processing program, press [Ctrl]+[V]. The headers of the table
columns will not be transferred.
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Printout report

The data of the STEEL AISC add-on module can be printed into the global printout report (see
chapter 6.1, page 47) for export. Then, in the printout report, click

File —> Export to RTF.
The function is described in the RSTAB manual, 10.1.11.

Excel / OpenOffice

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

File > Export Tables.

The following export dialog box appears

Export - MS Excel [&J
Table Parameters Application
| 'with table header @ Microsoft Excel
Only marked rows OpenDffice.org Calc
CSY file format

Transfer Parameters
| Export table to active workbook

Export table to active worksheet
| Rewrite existing workshest

Selected Tables

@) Active table E=port tables with details
All tables
Input tables
Result tables
|E| [ QK ] | Cancel

L% S

Figure 7.11: Dialog box Export - MS Excel

When you have selected the relevant parameters, you can start the export by clicking [OK].
Excel or OpenOffice will be started automatically, that is, the programs do not have to be
opened first.

A B C D E F G
1 | Section  Member  Location Load Design
2 Mo. Plr. * [tm] Case Ratio Deszign according to Formula
3 1 IPE 500
4 21 OO0 LC2 03651 1117 Chapter F - Yielding - Bending sround y-Axis scc. to F2 -F12
5 21 BO00  LC2 056 %1 113) Chapter F - Lateral-Torsional Buckling - acc. to F2 -F5
5] 1 1,000 L2 00041 122) Chapter F - Flange Local Buckling does not Apply - acc. toF2 - F5
7 32 oooo LC2 01051 1607 Chapter G - Mominal Shear Strendgth in z-Axis - acc. to G2 (G4 G5) - Uns
g 21 OO0 LC2 05151 2047 Chapter H - Compressive Force with SingleMdsjor Axis Bending - acc. to
9 21 o000 LC2 00241 303) Chapter E - Flexural Buckling around y-Axis acc. to E7 - Slender elemert
10 21 oooo LCZ 0,07 (41 313) Chapter E - Flexural Buckling around z-Axis acc. to E7 - Slender element
11 21 oooo LC2 00351 323) Chapter E - Torsional Buckling scc. to E4 and E7 - Slendet elements
12 1 10000 LC2 1331 3500 Set of Members - Stability &nalysis of Doubly and Singly Symmetric Mem
13
14 2 |IPE 450
15 23 oooo LC2 04551 1117 Chapter F - Yielding - Bending sround y-Axis scc. to F2 -F12
16 25 5647 LC2 05641 113) Chapter F - Lateral-Torsional Buckling - acc. to F2 -F5
17 3 oooo LCZ 0,001 122) Chapter F - Flange Local Buckling does nat Apply - acc. toF2 - F3
18 23 oooo LC2 00751 1607 Chapter G - Mominal Shear Strendgth in z-Axis - acc. to G2 (G4 G5) - Uns
19 23 oooo LC2 04741 2047 Chapter H - Compressive Force with SingleMdsjor Axis Bending - acc. to
20 43 o000 LC2 0,04 41 303) Chapter E - Flexural Buckling around y-Axis acc. to E7 - Slender elemert
21 43 oooo LC2 01551 313) Chapter E - Flexural Buckling around z-Axis acc. to E7 - Slender element
22 43 oooo LC2 005 %1 323) Chapter E - Torsional Buckling scc. to E4 and EV - Slender elements
23
24 3 |PE450
25 23 oooo LC2 045 51 111) Chapter F - Yielding - Bending around y-Axis scc. to F2 -F12
25 23 oooo) LC2 05341 113) Chapter F - Lateral-Torsional Buckliing - scc. to F2 -F2

Figure 7.12: Results in Excel
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| 8. Example

Column with Biaxial Bending

In this example, the 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

System and loads

2m
Design values of static loads:

— 4m P =300kN

S "/" ) w =50KkN/m

1 V =75kN
2m
Cross-section: W 8x24

— A Material: ASTM A36

W 8x24 4T—*z

y

Figure 8.1: System and design loads (y-fold)

Internal forces according to linear static analysis

-10.00 kN

375N

-300.00 kN

10.00 kNm
375N
7.50 kNm

375N

10.00 kN

P: My M.

Figure 8.2: Internal Forces
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Design location (decisive location x)

The design is performed for all locations x (see chapter 4.5) of the member. The following in-
ternal forces act in the decisive location at x = 2.00 m:

Pr=-300.00kN My=10.00kNm M.=750kNm Vy=3.75kN V.,=0.00kN

Cross-section properties W 8x24, A36

Property Symbol Value Unit
Gross area of cross-section Aq 45.677 |cm?
Moment of inertia ly 3446.40 | cm*
Moment of inertia I, 761.70 |cm*
Radius of inertia ry 8.687 |cm
Radius of inertia re 4.089 | cm
Cross-section weight G 35.9 |kg/m
Moment of torsional rigidity J 14.57 |cm*
Warping moment of inertia Cw 69550.80 | cm®
Elastic cross-section modulus Sy 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=8249/10.16=8.119

Lo =N/A

A, =056,[E/F, =0.561199938/248.2 =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

Ao =N/A

A, =1.49,[E/F, =1.494199938/248.2 = 42.29

Web is NonCompact in compression.

The section is NonCompact in compression.
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Flexure
Case 1 - Flexure in flanges of rolled I-shaped section:
b/t=8249/10.16=8.119

A =038,JE/F, =0.381199938/248.2 =10.785
Je =1.0,JE/F, =1.04/199938/248.2 = 28.382

Flange is Compact in flexure.

Case 9 - Flexure in web of doubly symmetric rolled I-shaped section:
h/t,, =155.7/6.22=25.02

Ay =3.76,[E/F, =3.761199938/248.2 =106.717

b =5.7,[E/F, =5.71199938/248.2 =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:

KL _1.0-4000 _ 97.953
r, 4089
Check limit:

4.71 £ =4.71- "M =133.73
F, 248.2

Calculate the elastic critical buckling stress Fe:

2 2
oo TME__ 0199938 s 665MPa

KLY (104000j
r, 40.89

Calculate flexural buckling stress Fez:

Because &S 4,71 E
r, Fy

Fl 248.2
Fo, =|0.658% |-F, =| 0658205665 |.248.2=149.773 MPa

Nominal compressive strength Py

P

n,z

=F. ,-Ag=149.773-4567.7 = 684 120 N = 684.12 kN

Design compressive strength

¢ Py, =0.9:684.12=615.71kN

Design ratio

i 300 0.487 - OK, decisive

Ny, 0968412
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Chapter E

Buckling about major axis (L to y-y Axis)

Check slenderness ratio:

K,L .

Byt _1.0-4000 _ 0 s
r, 8687

Check limit:

471 £ =471 ‘/M =133.73
F 248.2

Calculate the elastic critical buckling stress Fe:

2 2
Feo_™E __ 199938 o35 55Mpa

KoL) (104000j
T 86.87
y

Calculate flexural buckling stress Fey:

K,L
Because ——<4.71 £
Ty y

Fl 248.2
Fory =| 0.658% |-F, =| 065893055 |.248.2=221.981MPa

Nominal compressive strength P.y:

Poy =Fury ‘Ag =221.981-4567.7=1013950N=1013.95kN

Design compressive strength

¢ -Pny =0.9-1013.95=912.56 kN

Design ratio

p
ny=—t——— 3% ___g3g - 0K
¢c P,y 09:1013.95

Chapter F
I-shaped member bent about major axis

Note: The nominal flexural strength My, 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 Mny:

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

ny =

Design flexural strength

9 My, =0.9-94.36 = 84.92 kNm

Design ratio

M
nbyzizl:ojn -0K
TodpM,, 8492
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2. Lateral-torsional buckling

formula F1-1.
Calculate Cs:

12.5M ,ax
2.5Max +3Mp +4Mg +3Mc

Cb = Rm S3O

B 12.5-10 1
25-10+3-7.5+4-10+3-75

Cp 0<3.0

Cp =1.136<3.0

Limiting lengths L, and L

L, =1.76r, £ =1.76-40.89- ‘/w =2039.9mm
F 248.2

2
0.7F, S,h
L, =1.95n, - | 1.0+\/1.0+6.76[ EVV—OJ -

0.7F, | S,ho Jc

2
M C . 0.7F, S h
_195 |Yztw E )10 1.0+\/1.0+6.76{ y oy OJ
s, o.7Fy\/syhO E J10
105 \/\/7617000-69550.8-106 199938 145700
' 342490 072482 3424901912

199938 145700
Check limit:
Lp < Ly <Lr - formula (F2-2)

Calculate the nominal flexural strength Mn,:

My, = Co| M, (M, —07F,s, | 22 || <m
ny = ~b| Wipy Py YIY L L ="py

r p

M,y =1 .136-{94.36406 - (94.36-106 —0.7-248.2-342490)-[

M,y =93.26-10° Nmm = 93.26 kNm

Design flexural strength

dp ‘M, =0.9-93.26 =83.93kNm

Design ratio
M
Moy My 10 0.119 - OK, decisive
op-M,, 8393

2
-J1 .0+J1 .o+6.76~(°'7’248‘2 342490 '191‘2j =7597.9 mm

4000 -2039.9

7597.9-2039.9

Dlubal

Note:  The calculation of lateral-torsional buckling modification factor Cy is based on

Hs94.36-106 Nmm
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I-shaped member bent about minor axis

Note: The nominal flexural strength My, 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 Mnz:
M,,=M,,=FZ,<16-FS,

FyZ, =248.2:140440 = 34 857 208 Nmm = 34.86 kNm
1.6-F,S, =1.6-248.2-92260 =36.64 kNm

My, =34.86 kNm

Design flexural strength

dp M, , =0.9-34.86 =31.37 kNm

Design ratio

M
My, = vz _ 72 _ (539 - 0K
“ gpM,, 3137

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 Vay of unstiffened or stiffened webs is calculated according to
the limit states of shear yielding and shear buckling

Calculate the nominal shear strength Viy:
Vhy =06-F,CA,,
k,=1.2

Check limit:

b/t <1.10,fk, -E/F,

8.119<34.2

if true C, =1.0

Shear area Awy:

Aw,y =2-bste =2-164.97-10.16 = 3352.25 mm’

after

Vn,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

Vv
L_i_o‘o(ﬁ -0K

Y T, 49922
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ChapterH
H1. Interaction of flexure and compression in doubly symmetric members

Check limit:

o™ soo
Pc d)c 'Pn,y
0.487>0.2 - true, then formula (H1-1a)

Interaction formula:

P_r+§ &4_& <1.0
Pc 9( M,

C

.8 Mry s Mz g
¢c'Pn,y 9 ¢b'Mn,y d)b'Mn,z

30 8(_ 10 75
09-684.12 9(09-9326 09-34.86)

0.487 +§(o.1 19+0.239)<1.0

0.805<1.0 -0K
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