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1 Introduction 1

1 Introduction

1.1 Add-on Module RF-/STEEL CSA

The Standard CSA S16, Design of steel structures [ 1] describes the design of steel buildings in Canada.
With the add-on modules RF-STEEL CSA (for RFEM) and STEEL CSA (for RSTAB), DLUBAL provides
powerful tools for the design of steel beam models according to this Standard.

In the following, the add-on modules of both main programs are described in one manual and are
referred to as RF-/STEEL CSA.

RF-/STEEL CSA performs all typical ultimate limit state designs as well as stability and deformation
analyses. The program takes into account various actions for the ultimate limit state design. The
allocation of designed cross-sections into four classes makes an important part of the design
according to the Canadian Standard. 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 ca-
pacity of cross-sections can be verified. RF-/STEEL CSA determines the limiting width-to-thickness
ratios of compressed parts and carries out the classification automatically.

For the stability analysis, you can determine for every single member or set of members whether
buckling and lateral-torsional buckling is possible. Lateral restraints can be added for a realistic
representation of the structural model.

For models with slender cross-sections, the serviceability limit state has become an essential aspect
of the design. The deflection limits are preset according to the Standard, but can be adjusted. In
addition, you can specify the reference lengths and precambers, if necessary.

The program allows you to optimize cross-sections and to export them to RFEM or RSTAB. Using
the design cases, it is possible to design separate structural components of complex structures or
analyze alternatives with different sections or materials.

Since RF-/STEEL CSA is integrated in the main program, the design relevant input data is preset
when the module is called up. After the analysis, the design results can be evaluated graphically in
the work window of RFEM or RSTAB. Last but not least, it is possible to keep records of the analysis
in the global printout report which includes the internal forces and the design results.

We hope you will enjoy working with RF-/STEEL CSA.

Your DLUBAL team

1.2 Using the Manual

Topics like installation, graphical user interface, results evaluation, and printout are described in
detail in the manuals of the main programs RFEM and RSTAB. The present manual focuses on
typical features of the RF-/STEEL CSA add-on module.

The descriptions in this manual follow the sequence and structure of the module’s input and result
windows. In the text, the described buttons are given in square brackets, for example [View mode].
At the same time, they are pictured on the left. Expressions appearing in dialog boxes, windows,
and menus are set in italics to clarify the explanations.

At the end of the manual, you can find the index. If you cannot find what you are looking for, go
to the Knowledge Base where you can search for the solution of the problem. Or consult the FAQs
on our website.
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1.3 Starting RF-/STEEL CSA

RFEM and RSTAB provide the following options to open the RF-/STEEL CSA add-on module.

Menu

To start the program from the menu bar, select
Add-on Modules — Design - Steel — RF-/STEEL CSA.

Add-on Modules | Window  Help
43| current Moduie CcsPrer wEm FPERERE S
| Design - Steel k| & RF-STEEL Surfaces General stress analysis of steel surfaces
Dresign - Concrete 4 ﬂ RF-STEEL Members General stress analysis of steel members
Design - Timber g ﬁ RF-STEEL EC3 Dresign of steel members according to Eurocode 3
Design - Aluminum g ﬁ RF-STEEL AISC Design of steel members according to AISC [LRFD or ASD)
Dynamic. ' ﬁ RF-STEEL IS Dresign of steel members according to IS
COHHECtI.OI"IS g ﬁ RF-STEEL SIA Design of steel members according to Sl&
Foundations g ﬁ RF-STEEL BS Design of steel members according to BS
stability g ﬁ RF-STEEL GB Design of steel members according to GB
Towers ' Iﬁ RF-5TEEL C5A Design of steel members according to €54 |
Fiping ' ﬁ RF-STEEL AS D‘? Design of steel members according to AS
Others ' ﬁ RF-STEEL MTC-DF Design of steel members according to NTC-DF
External Modules 4 ﬁ RF-STEEL 5P Design of steel members according to SP
stand-Alone Programs » ﬁ RF-STEEL Plastic Design of steel members according to PIFM
ﬁ RF-5TEEL SANS Design of steel members according to SANS
m RF-STEEL MER. Design of steel members according to NER
ﬁ RF-STEEL Fatigue Members Fatigue design of steel members
ﬁ RF-STEEL HK Design of steel members according to HE
"} RF-KAPPS Flexural buckling analysis
E,!} RF-LTE Lateral-torsional and torsional-flexural buckling analysis
QE RF-FE-LTE Lateral-torsional and torsional-flexural buckling analysis by FEM

ﬁgure 1.1: Menu Add-on Modules — Design - Steel — RF-STEEL CSA

Navigator
You can also start the add-on module in the Data navigator by selecting
Add-on Modules — RF-/STEEL CSA.

Project Navigator - Data x

=¥ Canadian-Club [2017] ~
i-- ) Model Data

H--|_J Load Cazes and Combinations

t--_J Loads

t--_J Results

----- | Sections

----- |_J Average Regions

----- | Printout Reports

@) Guide Objects

=8 Add-on Modules

Ba Favorites

E RF-STEEL Surfaces - General stress analysis of steel surfaces

..|E] RF-STEEL Members - General stress analysis of steel members

-.{&]| RF-STEEL EC3 - Design of steel members according to Eurocode 3

|

----- < RF-COMCRETE Surfaces - Design of concrete surfaces

- RF-COMCRETE Members - Design of concrete members

-|@ RF-TIMBER Pro - Design of timber members

-.{¥] RF-DYNAM Pro - Dynamic analysis

----- % RF-JOINTS - Design of joints

-] RF-STABILITY - Stability analysis

RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
RF-STEEL IS - Design of steel members according to 15 v

£
£
[
£

L4
| ﬂ Data gDisplay _ﬁ‘u’iews
ﬂgure 1.2: Data navigator Add-on Modules — RF-STEEL CSA
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2 Input Data

When you have started the add-on module, a new window appears. In this window, a Navigator
is displayed on the left. It manages the different window that can be currently selected. The
drop-down list above the navigator contains the design cases (see Chapter 7.1, page 45).

The design-relevant data is to be defined in several input windows. When you open RF-/STEEL CSA
for the first time, the following parameters are imported automatically:

o Members and sets of members
e Load cases, load and result combinations

Materials

Cross-sections

Effective lengths

Internal forces (in background, if calculated)

To select a window, click the corresponding entry in the navigator. To set the previous or next
input window, use the buttons shown on the left. You can also use the function keys to select the
next [F2] or previous [F3] window.

ok ] [ Cancel ] [OK] saves the results. Thus, you quit RF-/STEEL CSA and return to RFEM or RSTAB. To exit the
add-on module without saving any changes, click [Cancel].

2.1 General Data

In the 1.7 General Data Window, you can select the objects and the loading relevant for the design.
The two tabs manage the load cases, load combinations, and result combinations for the different

types of design.
RF-STEEL C54 - [Hall-Quebec] X
File Edit Settings Help
CA1 - Design of steel members ~ | 1.1 General Data
Input Data Design of Design According to
General Data _
- Materials Members: | 42-58,64,70,76,82,88,91,92,95,96,105-112 ‘ ﬁ x DAII I#l516-14 ~
-~ Cross-Sections 3
Sets: 2,3 LI al
Intermediate Lateral Restraints | i) al <
- Effective Lengths - Members ; =
- Effective Lengths - Sets of Mer| | UMtimate Limit State | Serviceability Limit State m
[ Nodal Supports Existing Load Cases and C Selected for Design U '
i o 2y C1 | Sefweight n 722 AC1 | Clause 7.22 (without Eathquake) a
Set of members No. 3 - Ob = |z ] /
[=-Member Hinges LC3 Irvelined -
~Setof membersMNo. 2-Oby |l 104 | Windin +X m -
SetofmembersNo. 3-Ob) ST 1C5 | Windin-Y ]
I (C5  Imperfectonin X Wl =
MR LC7 | imperfaction in -Y .
722C01 | 1250 +Imp1 > P ]
722002 | 1250+ Imp2 7,) M
722C03 | 12501501+ imp1 > 3
7.22C04 | 12501501+ imp2 £
723 CO5 | 1.250 + 1501 + 1502 + Imp1 m H
722C0B | 1250150141502+ imp2 3 &
7.22C07 | 1250 +15L2+ impl =~ m S
722 C08 | 1250+ 1502+ imp2
722C09 | 1250+10501+105W1+mpl
7.22 CO10 | 1.250 + 1.05L1+ 1.05W1 + Imp2
722 CO11 | 1250 +105L1+105W2 + Imp1 Design of sl L oo
7232 C012 | 1250 +105L1+105W2 + mp2 s
7.22 CO13 | 1250 +1.05L1+ 1,05L2 + 1.05W T
722 CO14 | 125010511+ 10502+ 1.05W e
7.2 CO15 | 1250 +1.05L1+1,05L2 + 1.05W
7.22 CO16 | 1250 +1.05L1+ 1,05L2 + 1.05W
722017 135010505105V < mp1 v
[ e ~][8v] [Ba o (3=
Comment
< >
D &= Calculation Details... Graphics Cancel

ﬁgure 2.1: Window 1.1 General Data
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Design of

Members:  1.2.4-6,8,81-83,98-102 @ i
Sats: 15 % | X FA

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 text boxes and enter the
numbers of the relevant members or sets of members. The [Delete] button clears the list of preset
numbers. The [Select] button enables you to define the objects graphically in the work window of
RFEM or RSTAB.

A

When you design a set of members, the program determines the extreme values of the analyses
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 Windows 2.3 Designs 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 RFEM or
RSTAB appears. There you can specify the parameters of the set of members.

Comment

In this text box, you can enter notes, for example to describe the current design case.

2.1.1 Ultimate Limit State

Ultimate Limit State  Serviceability Limit State

Existing Load Cases and Combinations Selected for Design
LC1 Seff-weight ~ 7.22 CO5 1.25D0 + 1.5L1 + 1502 + Imp1
Lc2 Snow 7.22 CO6 1.25D + 1.5L1 + 1.5L2 + Imp2

LC3 Live load

BOW LC4 | Windin +X

Bl LC5  |Windin-Y

| imp e Imperfection in +X
I LC7 Imperfection in -Y

7232 C01 1.250 + Imp1 =
722C02 |1.25D+mp2
722C03 | 1.25D+150L1+Impl >

7.22 CO4 1.250 + 1.5L1 + Imp2
7.22 CO7 1.250 + 1.5L2 + Imp1
7.22 C03 1.250 + 1502 = Imp2 2
7.22 C09 1.250 + 1.05L1 + 1.05W1 + Imp1

7.22 CO10 |1.25D +1.05L1 + 1.05W1 + Imp2
7.22 CO11 | 1.25D +1.05L1 + 1.05W2 + Imp1

7.22 CO12 |1.25D +1.05L1 + 1.05W2 + Imp2
7.22 CO13 |1.25D +1.05L1 + 1.05L2 + 1.05W
7.22 CO14 |1.25D +1.05L1 + 1.05L2 + 1.05W
7.22 CO15 |1.25D +1.05L1 +1.05L2 + 1.05W
7.22 CO16 |1.25D +1.05L1 +1.05L2 + 1.05W
7.22 CO17 |1.25D +1.05L2 + 1.05W1 = Imp1

7.22 CO18 |1.25D +1.05L2 + 1.05W1 + Imp2

7.22C019 |1.25D+1.05L2 + 1.05W2 +Imp1 |

e MIEAEE 5| |82

ﬁgure 2.3: Window 1.7 General Data, tab Ultimate Limit State

Existing Load Cases and Combinations

This column lists all load cases, load combinations, and result combinations that have been created
in RFEM or RSTAB.

To transfer selected items to the Selected for Design list on the right, click . Alternatively, you
can double-click the items. To transfer the complete list to the right, click E]

To select several items at once, click them while pressing the [Ctrl] key — as common for Windows
applications.

[ N ©DLUBAL SOFTWARE 2017
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Al (30) ~| av |58

LC Load Cases (7)
€O Load Combinations (22)
€O Load Combinations - Generated (22)
RC Result Combinations (1)
RC  Result Combinations - Generated (1)
Load and Result Combinations (23)
Load and Result Combinations - Generated (23)
EEM Dead (1)
Live (2)
A vind (2)
7.2.2 CO Clause 7.2.2 (without Earthquake) (22)
7.2.2 RC Clause 7.2, 2 {without Earthquake) {1)

Imperfection (2)

ISy

Result combination

)6

2 Input Data 2

If a load case is highlighted in red, it cannot be designed. This happens when a load case has no
loads or if it contains only imperfections (see Figure 2.3).

At the end of the list, several filter options are available. They help you to assign the items by
load case, load combination, or action category. The buttons next to the box have the following
functions:

Selects all load cases in the list

Inverts the selection of load cases

ﬁble 2.1: Buttons in the Ultimate Limit State tab

Selected for Design

The column on the right lists the load cases, load and result combinations selected for design. To
remove an item from the list, select it and click E] You can also double-click the item. To transfer
the entire list to the left, click .

The design of an enveloping max/min result combination, RC, is faster than the design of all
contained load cases and load combinations. However, the influence of the contained actions is
difficult to check afterwards.

2.1.2 Serviceability Limit State

Ultimate Limit State  Serviceability Limit State

Existing Load Cases and Combinations Selected for Design

LC1 Self-weight ~ C025 | Deflection Analysis
LC2 | Snow

LC3 Live load

T LC4 Wind in +X

Bl LC5 |Windin-Y

I LCs Imperfection in +X
I LC7 Imperfection in -Y
23 CO1 1.250 + Imp1
723 CO2 1.250 + Imp2
722003 |1.25D+1501+Imp1 =
7.22C04 1.25D + 1.5L1 + Imp2

723 CO5 1.250 + 1501 + 1.5L2 + Imp1
7.22 CO6 1.250 + 1.5L1 + 1.5L2 + Imp2
=3 CO7 1.25D0 + 1.5L2 + Imp1

7.22C08 1.25D + 1.5L2 + Imp2

723 CO9 1.250 + 1.05L1 + 1.05W1 = Imp1
722 C010 |[1.25D+1.05L1 +1.05W1 + Imp2
722 CO011 [1.25D +1.05L1 + 1.05W2 + Imp1
722 C012 |[1.25D +1.05L1 + 1.05W2 + Imp2
722 C013 |1.25D +1.05L1 +1.05L2 + 1.05W
722 C014 |[1.25D+1.05L1 +1.05L2 + 1.05W
722 C015 |[1.25D +1.05L1 +1.05L2 + 1.05W
722 C016 |1.25D +1.05L1 +1.05L2 + 1.05W
722 C017 |[1.25D +1.05L2 + 1.05W1 =+ Imp1 | v

e MIEAEE 5| |82

v

&

ﬂgure 2.4: Window 1.7 General Data, tab Serviceability Limit State

Existing Load Cases and Combinations

This section lists all load cases, load combinations, and result combinations that have been created
in RFEM or RSTAB.

Selected for Design

You can add or remove load cases, load and result combinations as described in Chapter 2.1.1.

The limit values of the deflections are preset in the Details dialog box (see Figure 3.1, page 23). To
adjust those values, click the [Details] button.

In the 1.9 Serviceability Data Window, you can specify the reference lengths of the deformation
analysis (see Chapter 2.9, page 22).
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2.2 Materials

This window consists of two parts: The upper table lists all materials created in RFEM or RSTAB. The
Material Properties section below shows the characteristics of the current material, i.e. the table

row which is selected above.

1.2 Materials
B
Material
No Description Comment
Steel 350W (Rolled Shapes and Sheet Piling, Groups 1-3) ~
2 |M Steel 300W (Rolled Shapes and Sheet Piling, Groups 1-3) 1
3 Concrete fc = 30 MPa | C5A AZ3.3-14
[¥] B ® (4 [e
Material Properties
] Main Properties
Modulus of Blasticity = 200000.0 | MPa
Shear Modulus G 77000.0 | MPa
Poisson’s Ratio v 0.429
Specfic Weight T 78.50 | kN/m?*
Coefficient of Themal Expansion o 1.2000E-05 | 1/°C
Partial Safety Factor M 1.00 . .
5 Addtional Propetties Material No. 1 used in
Yield Strength Fy 350.00 | MPa Cross-sections Mo.:
Uttimate Strength Fu 450.00 | MPa ‘ < |
Members No.:
[ 56-58 |

Sets of members No.:

I Lengths:

I Masses:

[ 2z200]m

[ iass|m

ﬁgure 2.5: Window 1.2 Materials

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

The material properties required to determine the internal forces (Main Properties) are described
in Chapter 4.3 of the RFEM manual and Chapter 4.2 of the RFEM manual. The material properties
required for design (Additional Properties) are stored in the global material library. These values
are preset.

To adjust the units and decimal places of the material properties and stresses, select Settings —
Units and Decimal Places from the menu bar of the module (see Chapter 7.3, page 49).

Material Description

The materials defined in RFEM or RSTAB are preset, but you can always modify them: Click the
material in column A, and then click the =/ button or press the function key [F7] to open the

material list.

Material
Description

I: Steel 350W (Rolled Shapes and Sheet Piling, Groups 1 - 3) | CAN/CS5A-516.1-94:1994-12 ~

Steel 350AT (Plates, Sheets, Floor PI., Bars, Welded Shapes)
Steel 400AT (Plates, Sheets, Floor PI., Bars, Welded Shapes)
Steel 480AT (Plates, Sheets, Floor I, Bars, Welded Shapes)
Steel 550AT (Plates, Sheets, Floor PI., Bars, Welded Shapes)
Steel 700Q (Plates, Sheets, Floor Pl., Bars, Welded Shapes)
Steel 700QT (Plates, Sheets, Floor PI., Bars, Welded Shapes)
Steel 260W (Rolled Shapes and Sheet Piling, Groups 1-3)
Steel 260W (Rolled Shapes and Sheet Piling, Group 4)
Steel 300W (Rolled Shapes and Sheet Piling, Groups 1-3)
Steel 350W (Rolled Shapes and Sheet Filing, Groups 1- 3)

ﬂgure 2.6: List of materials

CAN/C5A-516.1-34:1994-12 9

CAN/C5A-516.1-54:15994-12 o
CAN/C5A-516.1-94:1554-12
CAN/C5A-516.1-34:1554-12
CAN/C5A-516.1-94:1554-12
CAN/C5A-516.1-34:1554-12
CAN/C5A-516.1-94:1554-12
CAN/C5A-516.1-34:1554-12
CAN/C5A-516.1-94:1554-12
CAN/C5A-516.1-54:1554-12
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According to the design concept of the Standard [1], only materials of the Canadian Steel category
are available in the list.

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

As a matter of principle, the material properties cannot be edited in the RF-/STEEL CSA module.

Material Library

Alternatively, you can use the material library to change a material. To open the library, select

Edit — Material Library

or use the [Library] button.

Material Library *
Fitter Material to Select
Material category group: Material Description Standard A
| EmMetal w~ | [ Steel 350AT (Plates, Sheets, Floor PI., Bars, Welded 5 | 1#] CAN/CSA-516.1-94:1994-12

[ steel 400AT (Plates, Sheets, Floor PI., Bars, Welded 5 | 1#0] CAN/CSA-516.1-94:1994-12
PRl I Steel 430AT (Plates, Sheets, Floor Pl., Bars, Welded § | 1#0 CAN/CSA-516. 1-94:1994-12
| Msteel > | [ Steel S50AT (Plates, Sheets, Floor PI., Bars, Welded S | I+] CAN/CSA-516.1-94:1994-12
Standard group: B Steel 700Q (Plates, Sheets, Floor Pl., Bars, Welded Sk ?"l CAN/fCSA-516,1-94:1994-12
| ToICAN/CSA " | [ Steel 700QT (Plates, Sheets, Floor Pl., Bars, Welded = !"l CAN/fCSA-516,1-94:1994-12

[ steel 260w (Rolled Shapes and Sheet Piling, Groups 1 | 1#0 CAN/CSA-516.1-94:1994-12
Standard: [ steel 260w (Rolled Shapes and Sheet Piing, Group 4) | 1#0 CAN/CSA-516.1-94:1994-12
| [*CAN/CSA-516.1-94:1994-] [ steel 300w (Rolled Shapes and Sheet Piing, Groups 1 | 1#0 CAN/CSA-516.1-94:1994-12

[ steel 350w (Rolled Shapes and Sheet Piling, Groups 1 "0 CAN/CSA-516.1-94:1994-12

[ steel 330w (Rolled Shapes and Sheet Piling, Groups 1 | 1#0 CAN/CSA-516.1-94:1994-12

[ steel 400w (Rolled Shapes and Sheet Piling, Groups 1 | 1#0 CAN/CSA-516.1-94:1994-12

[ steel 430w (Rolled Shapes and Sheet Piling, Groups 1 | 1#0 CAN/CSA-516.1-94:1994-12

[ steel 550w (Rolled Shapes and Sheet Piling, Groups 1 | 1#0] CAN/CSA-516.1-94:1994-12

[ steel 260WT (Rolled Shapes and Sheet Piling, Groups | 1#0 CAN/CSA-516.1-94:1994-12

[ steel 260WT (Rolled Shapes and Sheet Piling, Group 4 | 1+ CAN/CSA-516.1-94:1994-12
(Wi etk & W steel 260WT (Rolled Shapes and Sheet Piling, Group 5 | 1+ CAN/CSA-516,1-34:1994-12
[(JFavarites group: W Steel 300WT (Rolled Shanes and Sheet Pilina. Gronns | 140 CANICSA-51R.1-94:1984-17 v

Béton - NF il IIE =1 = Search: | K

Material Properties.

Steel 350W (Rolled Shapes and Sheet Piing, Groups 1 - 3) | CAN/CSA-516.1-34:1994-12

[ Main Properties
Modulus of Elasticity E 200000.0 | MPa
Shear Modulus G 77000.0 | MPa
Poisson's Ratio v 0.429
Specific Weight b 78.50 [ kN/m?
Coefficient of Thermal Expansion o 1.2000E-05 | 1/°C

[ Additional Properties
Yield Strength fy 350.0 | MPa
Utimate Strength fu 450.0 | MPa

D] i@ Cancel

ﬁgure 2.7: Dialog box Material Library

In the Filter section, CAN/CSA-S16 is the default Standard. Select the material quality that you want
to use for the design in the Material to Select list. You can check the corresponding properties in
the dialog section below.

Click [OK] or press [«] to transfer the selected material to Window 1.2 of RF-/STEEL CSA.

Chapter 4.3 of the RFEM manual and Chapter 4.2 of the RSTAB manual describe in detail how
materials can be filtered, added, or rearranged.

In the library, you can also select materials of categories Cast Iron and Stainless Steel. Please check,
however, whether those materials are covered by the design concept of the Standard [1].
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2.3 Cross-Sections

This window manages the cross-sections used for design. In addition, the module window allows
you to specify parameters for the optimization.

I]g Coordinate System

The sectional coordinate system yz of RF-/STEEL CSA corresponds to the one of RFEM or RSTAB:
The y-axis represents the strong principal axis of the cross-section, the z-axis is its weak axis. This
coordinate system is used for both the input data and the results.

¥ 1.3 Cross-Sections
¥ A C D E F |l [1-wW 530x108 | CAN/CSA-516-01
Section | Material Cross-Section Cross-Section Opti-
o Na. Description Type mize Remark Comment —_
1 T|W 530<109 | CAN/CSA-516-01 .| |-section rolled No TL—T
2 1 T W 36072 | CAN/CSA-516-01 I-section rolled No 4
3 1 T W 460x74 | CAN/CSA516-01 Isection rolled No ;] G
5 1 T HP 250x62 | CAN/CSA-516-01 l-section rolled No
& 1 [T W 310x60 | CAN/CSA-516-01 lsection ralled No .
7 4 M GRO B3x08%4.8 | CAN/CSAG40.20 Box rolled No =1 N . »
3 2 [+ rD2 Round bar No e
E] 3 300500 Invalid No 5 116
10 1 WL L 152102111 CAN/CSA-516-01 Angle No
v
[mm]
1] = (B[] @ &
Cross-Section Properties - W 530x109 | CAN/CSA-S16-01 Cross-section No. 1 used in
Cross-Section Type |-section rolled A | Members No.:
Section Height h 535.0 [ mm -
Section Width b 211.0 | mm | 92.48,50,55 |
Web Thickness bw 11.6 | mm
Flange Thickness 13 18.8 | mm Sets of members No.:
Root Radius r 11.6 | mm ‘ - |
Gross Area Ag 139.00 | cm2
Shear Area Aw, 79.34 [cm? . .
Shear Area A-A-‘: 6252 | cm? B e I Masses:
Second Momert of Area ly 66700.00 [ cm+ ‘ LY ‘ [m] | LD | M
Second Momert of Area Iz 2950.00 [em*
Torsional Constant J 126.00 | cm* Material:
Radius of Gyration Ty 219.0 | mm ‘ 1 - Steel 3500 (Rolled Shapes and Shee'|
Radius of Gyration rz 46.0 | mm
Hlastic Section Modulus Sy 2480.00 [ cm?
Blastic Section Modulus Sz 280.00 | cm?
Plagtic Section Modulus Zy 2830.00 | cm? w
ﬂgure 2.8: Window 1.3 Cross-Sections
Cross-Section Description
The cross-sections defined in RFEM or RSTAB are preset with their material numbers.
If you want to modify a cross-section, select the entry in column B. Click the button or [ in
the box, or press the function key [F7] to open the cross-section table of the current cross-section
type (see Figure 2.9).
LT s In this dialog box, you can select a different cross-section. To select a different section category,
T click [2] to access the global library of cross-sections.
: Chapter 4.13 of the RFEM manual and Chapter 4.3 of the RSTAB manual describe how sections can
i be selected from the library.
e V= ToT0 You can directly enter the new cross-section description in the text box. If the entry is listed in the
ki database, RF-/STEEL CSA imports the cross-section parameters.
TNy A modified cross-section will be highlighted in blue.
i If the cross-section in RF-/STEEL CSA is different from the one of RFEM or RSTAB, both sections
) are displayed in the graphic area. The designs will then be performed with the internal forces of
o * /7] &1 RFEM/RSTAB for the section defined in RF-/STEEL CSA.
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Cross-Section
Type

l-section rolled

l-section rolled

l-section rolled

l-section rolled

l-section rolled

Box rolled

Round bar

Invalid

Angle

2 Input Data 2
Rolled Cross-5ections - |-Sections X
Cross-Section Type To Select To Select W 530x109 | CAN/CSA-516-01
C T L Table Manufacturer/Stand... * | | Cross-Section 2
IH Bl GB/T 11263-2010 W 460x128
0 o] 0 a Iw Bl GB/T 11263-2010 W 460x 144 2110
I Bl cB/T 705-2008 W 450x158
1T 2w . I wH Bl vB 330105 W 460x177 ey
Tcs NER. 5834 W 450x193 ® 1.5
Tvs NER 5834 W 460213
Tcvs NER 5834 W 460x235
I ‘® K5 D 3503, 3515/35 W 460260
Sl 1 l KS D 3503, 3515/35 W 460x286 =
Fiter Tw i} K5 D 3503, 3515/35 W 460x315 ﬁ it~ Ox
-
FErEET S ETE THp 1+0 canjcsAS16-01 W 460x384 -
Al ~| | IsB 140 canjcsA-516-01 W 460x421 —
Is 1#0 canjcsA-516-01 W 460x464
Manufacturer (Standard: .
Tue i3 BS 4-1(RSA) W 530x66
Al > | Tuep 215 BS -1 (RSA) W 530%74 N i
Cross section shape: Tuc i3 BS 4-1 (RSA) W 530x85 "z
IH ® 1S G 3192 (RSA) W 53082
Al “l 1 213 85 41 (RsA) W 530x101
Cross-section nate: Ims =i 15308:1989 W 530x109
Al Ims i 15 808:1989 W 530x123 {mm]
I8 i 15808:1989 W 530133 a &
Iwe =i 15808:1989 W 530x150
Isc =i 15808:1989 W 530x165
Ine —ia [5808:1989 W 530x182
(incude invalid... B |[Iu ArcelorMittal W 530x196
W s T usP ArcelorMittal (2011) W 530x219
. I1 ArcelorMittal W 530%248
A58 Gl | Tuc ArcelorMittal v W §3N1%277 v || W 530108 | CAN/CSA-516-01
@) | A% B & Cancel

ﬁgure 2.9: Rolled I-sections in cross-section library

Cross-Section Type

The program displays the type of cross-section that will be used for the classification according to
[1] Clause 11.

Max. Design Ratio

This column is shown only after the calculation. It is useful for the optimization: By means of the
design ratios and colored relation scales, you can see which cross-sections are little utilized and
thereby oversized, and overloaded and for this reason undersized.

Optimize

It is possible to optimize every cross-section from the library. The program searches the cross-sec-
tion that comes as close as possible to a user-defined maximum utilization ratio. You can specify
this maximum ratio in the Details dialog box (see Figure 3.1, page 23).

To optimize a cross-section, open the drop-down list in column D (resp. E) and select From current
row. Recommendations on the optimization can be found in Chapter 7.2 on page 47.

Remark

This column shows remarks as footers. They are explained below the cross-section list.

Member with Tapered Cross-Section

For tapered members with different cross-sections at the member start and member ends, the
module displays both section numbers in two rows, according to the definition in RFEM or RSTAB.

RF-/STEEL CSA also designs tapered members, provided that the section at the member start has
the same number of stress points as the section at the member end. If the two sections have
different numbers of stress points, the intermediate values cannot be interpolated. In this case,
the calculation is neither possible in RFEM/RSTAB nor in RF-/STEEL CSA.
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The stress points including their numbering can be checked graphically: Select the cross-section
in Window 1.3 and click the [Info] button. The dialog box shown in Figure 2.10 appears.

Info About Cross-Section

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

B Info About Cross-Section HP 250x62 | CAM/CSA-516-01 *
Cross-Section Property Symbaol Value Unit # | HP 250x82 | CANIGSA-318-01
d | 246.0 | mm
Width b 256.0 [ mm
Web thickness tw 10.5 | mm
Flange thickness tf 10,7 | mm . 256.0
Root filet radius r 10.5 [mm
Toe radius ry 5.4 | mm
Cross-sectional area A 79.80 |em?2
Shear area By 45.50 |em?
Shear area Az 21.71 |am2
Shear area according to EC 3 Ay 56.99 | cm? =
Shear area according to EC 3 Avz 28.39 |am? E
Plastic shear area Aply 54.78 |cm?
Plastic shear area Aplz 24.71 [em?2
Moment of inertia Iy 875000 [cm#*
Moment of inertia Iz 3000.00 |em*
Governing radius of gyration Ty 105.0 [ mm
Governing radius of gyration rz 61.3 [mm
Polar radius of gyration ro 121.6 [ mm
Volume v 7980.00 | cm3fm
Weight wt 62.6 | kg/m
Surface Asurf 1.500 | m2/m
Section factor AmiV 187.970 | 1/m (mml
Torsional constant ] 33.90 |em*
Warping constant Bo 415000.00 | cm® X G| 5tresspoints [
S > nelm v EEE]es o
@ a Close

ﬁgure 2.10: Dialog box Info About Cross-Section

The buttons below the cross-section graphic have the following functions:

Click the buttons find detailed information on the Stress points (centroidal distances, statical
moments of area, warping constants etc.) or ¢/t-Parts, respectively.

Stress Points of HP 250x62 | CAN/CSA-516-01 *
C [ D E F [ G | |HP 250x82
Statical Moments of Area Thickness Warping
Qy [em?] Qzem?] t [mm] W o [em?] Quw fem?]
0.00 0.00 10.7 150.59 0.00
-140.67 -85.55 10.7 18.53 -1015.64
-160.03 -86.94 10.7 0.00 -1031.25
-140.67 85.55 10.7 -18.53 1015.64 q
0.00 0.00 10.7 -150.53 0.00 »
0.00 0.00 10.7 -150.53 0.00
-140.62 85.55 10.7 -18.53 -1015.64
-160.03 86.94 10.7 0.00 -1031.25
-140.62 -85.55 10.7 18.53 1015.64
0.00 0.00 10.7 150.59 0.00
-337.88 0.00 105 0.00 0.00
-337.90 0.00 105 0.00 0.00
-352.23 0.00 105 0.00 0.00
&|[F]a
@ a Close

ﬁgure 2.11: Dialog box Stress Points of HP 250x62
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2.4 Intermediate Lateral Restraints

In Window 1.4, you can define lateral restraints for members. In RF-/STEEL CSA, this kind of support
acts perpendicular to the z-axis of the cross-section (the minor axis, see Figure 2.10). Thus, you
can manipulate the effective lengths of the members for the stability design concerning flexural
buckling and lateral-torsional buckling.

1.4 Intermediate Lateral Restraints

A c [ o [ €& T F T & T[T w 1T 1 T 3 T ® T 1T I~

Member |  Lateral Length Intermediate Lateral Restraints []

Mo Restraint X1 X2 x3 X4 X5 X8 X7 X8 X3

11 O

12 O

13 [+ 0.500
¥ 0333 0.667

15 O

16 O

15 O

20 O

21 O

22 O v

B refatively (0 ... 1) EUESNRIRES

Settings - Member No. 14

Cross-Section 2 - W 360x72 | CAN/CSA-51601

Lateral Restraints

Member Length L 5.099

Number of Intermediate Lateral Restraints n 2

Location of Lateral Restraint No. 1 x1 0333

Location of Lateral Restraint No. 2 X2 0.667

[ setinput for members Mo.:

%) Al a

ﬂgure 2.12: Window 1.4 Intermediate Lateral Restraints

In the upper table, you can assign up to nine lateral restraints to each member. The Settings section
below shows a column overview for the member selected above.

To define the restraints of a specific member, select the Lateral Restraints check box in column A.
Then the other columns will be accessible where you can enter the parameters. To graphically
select the member, click .

In column C, you can specify the Number of the intermediate restraints. Depending on the specifi-
cation, one or more of the following Intermediate Lateral Restraints columns will be available for
the definition of the x-locations.

Relatively (0... 1) When the Relatively (0 ... 1) check box is activated, you can define the support points by their
relative spacings. The positions of the intermediate restraints result from the member length and
the relative distances from the member start. When you clear the Relatively (0... 1) check box, you
can define the absolute distances.
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2.5 Effective Lengths - Members

The window consists of two parts. The upper table presents a summary of all length factors of buck-
ling, torsional buckling, and lateral-torsional buckling as well as the respective member lengths.
The effective lengths defined in RFEM or RSTAB are preset. In the Settings section, additional
information about the member selected in the upper table is given.

You can make any changes in the upper table as well as in the Settings tree.

Click to select a member graphically and show its row.

1.5 Effective Lengths - Members
A B [ C E [ F [ G HO[ T 1 J K1 L [ ™ N "
Member | Buckling Buckling About Axis y/u Buckling About Axis z/v Torsional Buckling Lateral-Torsional Buckling
o Possible | Possible Kyiu Kyiul [m] | Possible Kziv KzwL[m] |Possible | Kx | Kel[m] | Possible wz2[] Lsegm [m] | Comment
N = ¥ 1000 6000 ] © 1.000 6000 W 1000 s000[ O3 1.000 6.000
43 ¥ ¥ 1.000 1734 & 1.000 1794 | W] 1000 1.794| W 1.000 1.794
44 [¥] [v] 1.000 3058 W) 1.000 3055 W 1000 3088 W 1.000
45 ] ¥ 1.000 5088 1.000 508 1.000| 5085 W 1.000
46 [¥] [¥] 1.000 5093 1.000 5099 W 1000| 5083 1.000
47 ¥ [¥] 1.000 3059 1.000 3059 1000 3058 1.000
43 ¥ ] 1.000 17| & 1.000 1734 W] 1000 1.794| W) 1.000
45 [¥] [¥] 1.000 6000 1.000 5000 1000 6000 OO 1.000
50 ¥ [¥] 1.000 6000 o 1.000 6000 W 1.000| 6000 (7 1.000 6.000
51 [ ¥ 1.000 4344 1.000 4844 ] 1000 4844| [ 1.000 4844 v
B & ® (5 e
Settings - Member No. 42 W 530x108 | CAN/CSA-518-01
Cross-Section 1-W 53 N/CSA-516-01
Length L
Buckling Possible

Bl Buckling About Axis y Possible 2110
Effective Length Factor Ky
Effective Length Kyl

E Buckling About Axis z Possible ;l 1.6
Effective Length Factor Kz
Effective Length KzL 1 -

E Torsional Buckling Possible = I »
Effective Length Factor for Torsional Buckling) Kx 1.000 b ¥
Efective Length for Torsional Buckling) Kl 6.000 |m W

Lateral-Torsional Buckling Possible O
Comment
v
=
[Isetinput for members Ma.: [mm]
&5 al a &

ﬁgure 2.13: Window 1.5 Effective lengths - Members

The effective lengths for buckling about the minor z-axis and torsional as well as lateral-torsional
buckling are aligned automatically with the settings of Window 1.4 Intermediate Lateral Restraints
(see Chapter 2.4). If intermediate lateral restraints divide the member into segments of different
lengths, no values are displayed in the table columns G, J, and L.

You can enter the effective lengths manually in the table and in the Settings tree, or define them
graphically in the work window by clicking the ] button. The button is active when you place the
cursor in the text box (see Figure 2.13).

The Settings tree includes the following parameters:

Cross-Section

Length of the member

Buckling possible for the member (cf. column A)

Buckling about Major Axis y Possible (cf. columns B to D)

Buckling about Minor Axis z Possible (cf. columns E to G)

Torsional Buckling Possible (cf. columns H to J)

Lateral-Torsional Buckling Possible (cf. columns K to M)
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The table controls for which members an analysis of buckling, torsional or lateral-torsional buckling
is to be performed. In addition, the Effective Length Factor can be adjusted for the respective
designs. If you modify the factor, the equivalent member length is adjusted automatically, and
vice versa.

You can also define the effective length of a member in a separate dialog box. To open it, click the
button below the upper table.

Select Effective Length Factor *

Type of K Value

(O Theoretical
(® Recommended
Buckling About y-Axis Buckling About z-Axis Tersional Bucking
Oky =05 X B ; Okz=0.65 Okx=0.65 x B —
1‘|_i-y ! 1'|_i.,,
Oky=0.8 _ . Okz=0.8 Okx=0.8 e
z
Oky=12 - Okz=12 Okx=12 P—an
A Rt
o X
@K = ®Kz=10 ®ky=10 D=
Eee——
Oky=20 Okz=20 Okx=20
"a
[ e SE—
Oky=20 | T —n Okz=20 = Okx=20
b4 v
X
1—. 1—. ——_3a
@] User-defined @] User-defined @] User-defined
Ky = o z Kz=.. ¥ Kx=...

@] Import from add-on module RF-STABILITY @] Import from add-on module RF-STABILITY

({Eigenvalue Analysis)

RF-STABILITY-Case:
CA1 - Stability analysis

Euckling mode

Export effective length

No.: 1

({Eigenvalue Analysis)

RF-STABILITY-Case:
CA1 - Stability analysis

Euckling mode —
Ho, 1+

Export effective length

|— Rotation fixed and translation fixed

>~ Rotation free and translation fixed

O— Ratation fixed and translation free

° Rotation free and translation free

Export torsional buckling

factor Ky L000 % factor Kz: 1000 - length factor Kx : 1000 %
D oK Cancel

ﬂgure 2.14: Dialog box Select Effective Length Factor

In this dialog box, the Theoretical or Recommended values of the factor, K, can be defined that
are to be assigned to the selected member. The recommended values are described in [1] Annex
F. For each direction, you can also select one of the theoretical Euler buckling modes or apply a
User-defined factor.

If an eigenvalue analysis has been performed in the RF-STABILITY or RSBUCK add-on module, you
can import the Buckling mode in order to determine the relevant factor.

Buckling Possible

The stability analysis for flexural and lateral-torsional buckling requires compressive forces to be
included. Members for which this is not possible due to their member types (tension members,
elastic foundations, rigid couplings) are disabled by default. The corresponding rows are dimmed,
and a note appears in the Comment column.

The Buckling possible check boxes in table row A and in the Settings tree allow you to control the
stability analyses: They determine whether the analyses for a member are to be performed or not.
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@z

Lateral-Torsional Buckling

Lsegm [m]

1.000 -

1.754

1.0

3.055

== ==

acc.to 136

5.059

manually

5.059

Buckling About Axis y / Buckling about Axis z

The Possible columns control whether there is a buckling risk about the y-axis and/or z-axis. Those
axes represent the local member axes, where the y-axis is the strong and the z-axis is the weak
member axis. You can freely define the effective length factors, K, and K, for buckling about the
strong or the weak axis.

You can check the position of the member axes in the cross-section graphic in the 1.3 Cross-Sections
Window (see Figure 2.8, page 10). To access the RFEM or RSTAB work window, click the [View Mode]
button. There you can display the local member axes by using the shortcut menu of the member
or the Display navigator.

Project Navigator - Display *
E-[¥]5 Model -
I i MNodes 4
i [] i Lines ‘:‘

-] Surfaces

- [ Solids
[w]& Solid Orthotropies
[J& Openings

; [#1& Nodal Supports

[#1& Line Supports

[#1&/ Surface Supports

E‘g Members

: [#]%/ Member Elastic Foundations

B iember o Stem e |

[#] & Indexes
=[]l Member Axis Systems u,v,w
[wli Indexes
[[J& Member Orientations
| [#]&/ Member End Releases -
4 | m 3

ﬁData |gf'Di5|::Ia',l _d\."iews

ﬁgure 2.15: Displaying member axes in Display navigator of RFEM

If buckling is possible about one or both member axes, you can enter either the effective length
factors, K, (columns C and F) or the effective lengths, KL, (columns D and G). The same is possible
in the Settings tree.

When specifying the effective length factor K, the program determines the effective length KL by
multiplying the member length L by the effective length factor. The K and KL boxes are interactive.

To define the effective lengths graphically in the work window of RFEM or RSTAB, click . This
button becomes available when you place the cursor in a KL box (see Figure 2.13).

Torsional Buckling

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

Lateral-Torsional Buckling
Column K controls whether a lateral-torsional buckling analysis is to be carried out.

In column L, there is the possibility to choose among three options of the moment coefficient,
w,, as seen to the left. The default value is 1.0. The coefficient can also be defined manually or
determined by the program according to [1] Clause 13.6.

The lateral-torsional buckling lengths, L, are shown in column M. To define the relevant lengths
graphically in the work window of RFEM or RSTAB, click [-].
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Comment

In the last column, you can enter your own comments for each member, for example to describe
the selected buckling lengths.

Set Input for Members No.

Below the Settings table, you find the Set input for members No. check box. If you select this
check box, the subsequent settings will be applied to the selected members or All members (you
can enter the member numbers manually or select them graphically with the button). This
option is useful when you want to assign identical boundary conditions to several members (see
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/000726).

[@ With this function, you cannot change the settings you have already made.

2.6 Effective Lengths - Sets of Members

This window controls the effective lengths for sets of members. It is only displayed when you have
selected one or more sets of members for design in the 1.7 General Data Window (see Figure 2.2,

page 6).
1.6 Effective Lengths - Sets of Members
A B [ C |mwmm E [ F [ G H [T 1 4 K L M
Set Buckling Buckling About Axis y Buckling About Axis z Torsional Buckling LTB LTB coefficient
o Possible | Possible Ky KyL [m] | Possible Kz KzL[m] |Possible | Kx | Kyl [m] |Possible wz2[] Comment
0256 5095 ] 0O 1.000 19.905 0256 5.099 1.000
3 0.256 5.09% O 1.000 19.505 0256| 5.059 1.000
B 8% % e
Settings - Set of Members No. 2 W 4B0x74 | CAMNICSA-516-01
[E Set of Members Chord 2
Member 11
Member 12 - Cross-Section
Member 13 - Cross-Section 190.0
Member 14 - Cross-Gection 2- 60 T—T
Member 15 - Cross-Section 2 AN 60
Member 16 < N a0
Length L 05
Buckling Possible -

Bl Buckling About Axis ¥ Possible E ____________ .
Effective Length Factor Ky 0.256 .
Effective Length Kyl 5.098 |m $£o

Buckling About Axis z Possible O

Hl Torsional Buckling Possible ==
Effective Length Factor for Torsional Buckling) Kx 0.256 ‘I.

Effective Length for Torsional Buckling) Kxl 5.099 |m =

[ Lateral-Torsional Buckling Possible
LTB coefficient 02 1.000 | -

Comment
[ setinput for sets No.: [mm]
e a [(&]07] [a

ﬂgure 2.16: Window 1.6 Effective Lengths - Sets of Members

The concept of the window is very similar to the previous 1.6 Effective Lengths - Members Window.
Here you can define the buckling lengths for sets of members, as described in Chapter 2.5.

There are differences, however, with respect to the parameters for torsional and lateral-torsional
buckling. Those are to be defined by means of boundary conditions in Windows 1.7 Nodal Supports
(see Chapter 2.7) and 1.8 Member Hinges (see Chapter 2.8).
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2.7 Nodal Supports - Sets of Members
This window is displayed if at least one set of members has been selected for design in Window
1.1 General Data.

The stability design of each set of members is based on the respective loads and the boundary
conditions. They are essential for the determination of the critical elastic moment, M,, which is
required for the design of the entire set of members.

1.7 Nodal Supports - Set of Members No. 2 - Chord 2

B C | ] E F G | H ! "

Support Node Lat. Support Rotational Restraint Warping Support Eccentricity

o No. uy" oz Ratation ( [7] ey [mm] ez [mm] Comment
12 0.00 0.0 0.0
18 0.00 0.0 0.0

15 0.00 0.0 0.0
14 0.00 0.0 0.0
16 0.00 0.0 0.0

oo =

a
o0& =

EEEEE

r:‘r.nwﬂaam-a-il:—‘z

Al

EREIRRIRE

Settings - Nodal Support No. 15
E Set of Members Chord 2 ~
Bl Member 11
Start
End
Member 12 - Cross-Section
Member 13 - Cross-Section
Member 14 - Cross-Section
Member 15 - Cross-Section
£ Member 16
Start
End
Mode with Support Mo.
Support in Y uy
Restrained about X' o
Restrained about Z' oz

H
Warping Restraint @ O
Support Rotation B °
Eccentricity ex mm
Eccentricity ez

H
0[mm v z \r
|:| Setinput for supports No.:

Al %@ Q[ BB EZ 8

I00E:
=il

=
=]
=]

=
=]

=
=]

ﬁgure 2.17: Window 1.7 Nodal Supports - Set of Members

[@ The current table manages the boundary conditions of the set of members that is selected in the
navigator on the left!

The supports defined in RFEM or RSTAB (for example, in Z for a continuous beam) are not relevant in
this table: The distributions of moments and shear forces for the determination of the critical elastic
moment are automatically imported from RFEM/RSTAB. Here, you define the support conditions
with respect to the failure modes of stability (buckling and lateral-torsional buckling).

Supports on the start and end nodes of each set of members are preset. Any other supports, for
example due to connected members, must be added manually. Use the button to select
nodes graphically in the RFEM/RSTAB work window.

According to [1] Clause 13.6, it is possible to design singly symmetric Class 1, 2, or 3 |-sections and
T-sections that are subjected to uniaxial strong axis bending. In order to determine the critical
elastic moment of the entire set of members, the program creates a planar framework model with
four degrees of freedom for each node.

For the nodal supports, the orientation of axes within a set of members is important. The pro-
gram checks the position of the nodes and internally defines the axes of the nodal supports for
Window 1.7 according to Figure 2.18 through Figure 2.21. The [Local Coordinate System] button
below the model graphic can help you with the orientation: Use it to display the set of members
exclusively, with the axes being clearly visible (see also Knowledge Base article on our website).
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ﬁgure 2.18: Auxiliary coordinate system for nodal supports — straight set of members

If all members of a set of members lie on a straight line, as shown in Figure 2.18, the local coordinate
system of the first member within this set of members is applied to entire set of members.

ﬁgure 2.19: Auxiliary coordinate system for nodal supports — set of members in vertical plane

If the members do not lie on a straight line, they nevertheless must be located in one plane. We
can see a vertical plane in Figure 2.19. In this case, the X'-axis is horizontal and oriented in the
plane direction. The Y'-axis is horizontal as well, but perpendicular to the X'-axis. The Z'-axis points
downwards.

ﬁgure 2.20: Auxiliary coordinate system for nodal supports — set of members in horizontal plane

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

ﬁgure 2.21: Auxiliary coordinate system for nodal supports — set of members in inclined plane

Figure 2.21 shows the general case: The members do not lie on a straight line, but are located in an
inclined plane. The definition of the X'-axis results from the intersection line between the inclined
and the horizontal plane. The Y'-axis is perpendicular to the X'-axis (and also perpendicular to the
inclined plane). The Z'-axis is perpendicular to the X'- and Y'-axes.
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The buttons below the graphic have the following functions:

Button Function

Shows model or schematic sketch

Shows members as 3D rendering or wire-frame model

Shows current set of members or entire model

Displays irrelevant members of model as transparent or opaque

Shows set of members with local coordinate system or entire model

Shows view in direction of X-axis

Shows view in opposite direction of Y-axis

Shows view in direction of Z-axis

Shows isometric view

&[5 ) v | ) )

Table 2.2: Buttons for graphic window

r

I]g If the set of members is laterally supported in specific locations, these nodes must be added
manually in Window 1.7 Nodal Supports. In this way, it is possible to consider, for example, the
effect of a purlin which is connected in the spatial model of RFEM or RSTAB. If this support is
neglected in the reduced set of members model, instabilities may occur.

The [-d button (see Figure 2.17) enables you to define the supported nodes graphically in the work

window of RFEM or RSTAB.
Lat-Swepet | |n columns B to N of the table, you specify the support conditions of the selected nodes. To
(Tl
-] activate or deactivate the supports and restraints for the corresponding degrees of freedom, select
:ff the check boxes. Alternatively, you can enter the constants of a translational or rotational Spring
Spring manually.

The Support rotation and Eccentricity parameters allow for modeling support conditions close to
reality.

With the [Edit warp stiffener] button (below the table) it is possible to make the program determine
the constant of a warp spring.

Edit Warp 5pring >

Type of Warp Stiffening
(O End plate

(O Channel section

O Angle Beam
(®) Connecting column

(O Cantilevered portion -
E
=
Material

| Steel 350W (Rolled Shapes and Sh|

Column and Beam | .~ Celumn
Cross-section for column:
|w 530x109 | CAN/CSA-516-01 | [G]a]

Cross-section for beam:

|w 360x72 | CANJCSA-516-01 v|
Beamneight ha: | 442.5 [ fmm] [Ty |

[ o ]| coneat |

ﬁgure 2.22: Dialog box Edit Warp Spring
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The following warp stiffening types are available in the Edit Warp Spring dialog box:
e End plate

Channel section

Angle

Connecting column
e Cantilevered portion
Materials and cross-sections can be selected via the lists and [Library] buttons. With the | % | button,
you can select them also graphically in the model of RFEM or RSTAB.

Based on the parameters, RF-/STEEL CSA determines the Resulting warp spring, C,,, which can then
be transferred to Window 1.7 with [OK].

2.8 Member Hinges - Sets of Members

This window is displayed if at least one set of members has been selected in the 1.7 General Data
Window. Here, you can define hinges for members within the set of members that, for structural
reasons, do not transfer the degrees of freedom locked in Window 1.7 as internal forces. Make
sure that no double hinges are generated in coaction with Window 1.7!

1.8 Member Hinges - Set of Members No. 2 - Chord 2

A B [ ] F G -
Hinge | Member Member Shear Release Moment Releaze Warmp Release
No No Side Vy M kNm.rad] Mz Mg Comment
13 End m} 2500 O -
2 Yes
3 Mo
4 Spring
5
6
7
3
3
10 w
% % e
Settings - Member No. 13 W 4B0x74 | CAN/CSA-518-01
E Set of Members Chord 2
Member 11
Member 12 - Cross-Section 6-01
Member 13 - Cross-Section 601
Member 14 - Cross-Section 601
Member 15 - Cross-Section 6-01
Member 16
Member with Hinge at the End No 13
Member Side Side End -
Shear Release in y-Direction Wy O 5 —————p
Torsional Release M7 2.500 | kNm/rad o g
Moment Release about z-Axis Mz O
Warping Releasze M
Comment
[ setinput for release No.: [mm]

Al 0 Q‘

ﬁgure 2.23: Window 1.8 Member Hinges

l@ The current table manages the hinges of the set of members that is selected in the navigator on

the left.
M;f:bﬁ In column B, you specify the Member Side where the hinge is located, or if there are hinges on both
as
=i =] Mmember sides.
End In columns C to F, you can define the releases or spring constants in order to adjust the set of
Bath

members model to the support conditions defined in Window 1.7.
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Reference to

Member =

Set of Members

tion
y.z 2

Details. ..

=
~

Beam Type

§
El
g
3
4

Cantilever Start Free
Cartilever End Free

Details. ..

2.9 Serviceability Data

The last input window controls the settings for the serviceability limit state design of specific
objects. It is available when you have selected one or more load cases or combinations in the
Serviceability Limit State tab of Window 1.1 (see Chapter 2.1.2, page 7).

1.9 Serviceability Data

E c | 1] E F G H
Member Reference Length Direc- Frecamber
Mo Reference to No Manually L [m] tion we,v [mm] Beam Type Comment
Set of Members = 2 O 12,548 v.2 0.0 Beam
2 | Set of Members 5 O 7.094 v.2 0.0 Beam
3 Member 82 O 7.054 y.2 0.0 Beam
4 Member 81 ¥ 4.546 ¥.2 0.0 Cantilever End Free
5 Member 83 ] 4 546 y.2 00 Cantilever End Free
[ Member 15 O 6.274 y.z 0.0 Beam
7 Member 16 O 6.274 | y/u,ziv 0.0 Beam
8 Member 25 O 6274 | yiu. i 0.0 Beam
9 | Member 26 O 6.274 | ylu.ziv 00 Beam

ﬁgure 2.24: Window 1.9 Serviceability Data

In Column A, you define whether the deformation refers to single members, lists of members, or
sets of members.

Fora list or set of members, the orientation and rotation of all contained members must be identical.
This will guarantee that the components of the deformation are taken into account correctly.

In column B, you can specify the numbers of the members or sets of members that are to be
analyzed. The -] button enables you to select the objects graphically in the work window. In
column D, the Reference Length of each object is shown. The geometrical lengths of the members,
lists or sets of members are set by default. If necessary, you can adjust those values after having
selected the Manually check box in column C.

Column E controls the governing Direction for the deformation analysis. You can select the direc-
tions of the local member axes y and z (or u and v for unsymmetrical cross-sections).

You can consider a Precamber, w,, in column F, if applicable. The reference to the axes is controlled
by the specification in the Details dialog box (see Figure 3.1, page 23).

The Beam Type is important for the correct reference to the limit deformations. In column G, you
can specify whether a beam or a cantilever is to be analyzed. For the latter, you can define which
end has no support.

The Details dialog box controls whether the deformations are related to the undeformed system
or the shifted ends of the members or sets of members (see Figure 3.1, page 23).
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3 Calculation

3.1 Detail Settings

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

Details - 516-14 *
Check of Maximum Effective Slenderness Ratio Limit Values for Special Cases Display Result Windows
Members with KLiT Do not consider small moments if: 2.1Design by Load Case
- Tension: 300 |5 Bending Wiyl Mey < 0,010 & 2,2 Design by Cross-Section
- Compression / flexure: 00 5 MiziMez < 0.010 [ 2.3 Design by Set of Members
2.4 Design by Member
e ) Do not consider small axial forces if: 2.5 Design by x-Location
Limiting deflection: L/| 360 -5 Le/| 180 |5 Tension TilT = 0.010 |5
2 . § 3.1 Governing Internal Forces by Member
Compression CilCr < 0.010 F X
Deformation relative to: 3.2 Governing Internal Forces by Set of Members
X . . [] 3.3 Member Slendernesses
(®) shifted members ends / set of members ends Do not consider small shear forces if:
O Undeformed system Shear ViylViy = 0.010 12 4,1Parts List by Member
) N ) VizlVez = 0.010 = 4,2 Parts List by Set of Members
Determination of Critical Elastic Moment for LTB *) .
(®) Only for members / sets to be designed
Load application of positive transverse imi i Jithe
loads: Limit shear stress for cross-sections with: O OF all members [ sets of members
(®) On cross-section edge directed to shear center Torsion ey = 0.010 =
(e.q. top flange, destabilizing effect)
O In shear center Cross-Section Optimization Parameter for Compressive Resistance
(0) On cross-section edge directed from shear center ’ . vz
{e.g. bottom flange, stabilizing effect) Max allowable design ratio: 1.000 (= Consu:ler_ oxy-flame-cut ﬂange edages for doubly
symmetric welded I-sections
*) Set of members only
Structure Type Direction of Precamber
[Junbraced frame in y-direction (U 1y = 1) Consider precamber in
[JUnbraced frame in z-direction (U1z = 1) ®zjv
Oy
@ @ ) [ [0 cancel

ﬁgure 3.1: Dialog box Details

Check of Maximum Effective Slenderness Ratio

According to [1] Clause 10.4.2.2, the slenderness ratio, KL /r, preferably should not exceed 300 for
members in tension. For members in compression or flexure, the slenderness ratio should not
exceed 200 (cf. [1] Clause 10.4.2.1). If required, the limit ratios can be adjusted.

The limit ratios are compared to the real member slendernesses in Window 3.3. That window is
available after the calculation (see Chapter 4.8, page 33) when the corresponding option has been
checked in the Display Result Windows section of the Details dialog box.

Serviceability (Deflections)

For the SLS design, the limiting deflections can be separately defined for beams (default: L/360)
and cantilevers (default: L./180). Annex D of the Standard [1] gives recommendations on the
maximum values for deflections.

The options below specify whether the deformations are related to the shifted member ends or set
of members ends (line between start and end nodes of deformed model) or to the undeformed
original system. The difference is illustrated by an example in the Knowledge Base on our website:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/001081
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Determination of Critical Elastic Moment for LTB
The critical elastic moment, M,,, is calculated automatically for sets of members.

If there are transverse loads, it is important to define the location where those forces are acting:
Depending on the location of Load application, they can have stabilizing or destabilizing effects
due to their eccentricities. Thus, they have a major impact on the critical elastic moment. This
setting is globally applied to all loads and all sets of members of the design case.

The signs of the eccentricities are related to the shear center, M, of each cross-section. The following
article on our website provides more information about the sign convention for transverse loads:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/000880

Structure Type

According to [1] Clause 13.8, a distinction is made between braced and unbraced frames. Both
check boxes are cleared by default. If one or both check boxes are selected, the program assumes
the factor U, to be 1.0 for unbraced frames.

Please note that the settings are globally applied to all members and sets of members. If there
are both types of frames in the model, the objects can be designed in separate design cases with
specific settings (see Chapter 7.1, page 45).

Limit Values for Special Cases

For a simplified design, it is possible to neglect small bending moments, axial forces, or shear
forces, as well as shear stresses due to torsion. The limit ratios of the moments, forces, or stresses
can be defined separately in this dialog box section.

l]g The preset limits are not part of the Standard [1]. Changing the values is in the responsibility of
the user.
Cross-Section Optimization

By default, the optimization is targeted on the maximum design ratio of 100%. If required, you
can change this limit value.

Direction of Precamber

When you specify two directions in column E of the 1.9 Serviceability Data Window and apply a
precamber in column F, you can determine for which direction the precamber is to be considered.

Display Result Windows

In this dialog section, you can select which result windows including parts list are to be displayed
in the output. Those windows are described in Chapter 4.

Window 3.3 Member Slendernesses is deactivated by default.

Parameter for Compressive Resistance

This check box enables you to define the type of fabrication for doubly symmetric cross-sections.
It has an effect on the parameter, n, which controls the value of the compressive resistance, C, (see
[1] Clause 13.3.1).

[ N ©DLUBAL SOFTWARE 2017

L]
24



i

3 Calculation

Dlubal

3.2 Starting Calculation

In all input windows of RF-/STEEL CSA, you can start the design via the [Calculation] button.

The add-on module searches for the results of the load cases, load combinations, and result
combinations that are to be designed. If they are not available yet, RF-/STEEL CSA starts the
calculation in RFEM or RSTAB to determine the relevant internal forces.

You can also start the calculation in the RFEM or RSTAB user interface: The To Calculate dialog box
(menu Calculate — To Calculate) lists the design cases of the add-on modules like load cases or
load combinations.

To Calculate X

Load Cases / Combinations / Module Cases  Result Tables

Mot Calculated Selected for Calculation
Na Description & MNa Description &
LCA Seff-weight I CA1 ‘ RF-STEEL CSA - Design of steel members according to CSA
Lc2 Snow
LC3 Live load
T LC4 Wind in +X
Tl LC5 Wind in -Y
[ imp Qe Imperfection in +X
IEMA LC7 | Imperfection in -Y
722C01  |1.250+Impl >
722C02 1.250 + Imp2 =
7.22C03 1.280 + 1501 + Imp1
722 C04 1.280 + 1501 + Imp2
7232 C05 1250+ 1501+ 15L2 + Imp1 <
722 CO6 1.250 + 1501+ 1.5L2 + Imp2 Py
7.22C07 1.250 + 1502 = Imp1
722C08 1.250 + 1502 + Imp2
7.22C0% 1.250 + 1.05L1 + 1.05W1 + Imp 1
7.22CO10 [1.250 +1.0501 + 1.05W1 + Imp2
7.22C01 [1.250 +1.0501 + 1.05W2 + Imp1
7.22C012 [1.250 +1.05L1 + 1.05W2 + Imp2
7.22C013 [1.250 +1.0501 = 1.05L2 = 1.05W1 + Imp1
7.22C014 [1.250 +1.0501 = 1.0502 = 1.05W1 = Imp2
7.22C015 [1.250 +1.0501 = 1.050L2 + 1.05W2 + Imp1
7.22CO16 [1.250 +1.0501 = 1.0502 + 1.05W2 + Imp2
7330017 |1 980+ 1 0817 + 1 NN = Imn1 s e
Al v 2
D) 78] [08 e

ﬁgure 3.2: Dialog box To Calculate

Al | If the RF-/STEEL CSA design cases are missing in the Not Calculated section, select All or Add-on
All

Il Load Cases Modules in the drop-down list below the list.
€0 Load Combinations

Piping Combinations To transfer the selected RF-/STEEL CSA cases to the list on the right, use the button. Then, click

RC  Result Combinations

[OK] to start the calculation.

<

|'Q,| You can also calculate a design case directly by using the list in the toolbar: Set the RF-/STEEL CSA
case and click the [Show Results] button.

Table Options Add-on Modules Window Help
[7 |El|E] | #a RF-STEEL CSA CA1-Design of steel members aco ~ @ > @ 1" | @) | 6y o gy 89 26 | 40|
a- ﬁ"ﬁ '[ﬁ' oF - % QE & % T ﬁ@%@ﬁ 3??'?'3 Show Besults r @' 7=

ﬁgure 3.3: Direct calculation of an RF-STEEL CSA design case in RFEM

Subsequently, you can follow the calculation in a separate dialog box.
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4 Results

4 Results

Window 2.7 Design by Load Case appears immediately after the calculation.

RF-STEEL CSA - [Hall-Quebec] X
File Edit Settings Help
CA1 - Design of steel members ~ | 2.1 Design by Load Case
Input Data B | C | D I ET 3 | 6]
- General Data Load- Member | Location Design
Materials ing Description No xm] Ratio | Design According to Formula DS
FEmanton Utimate Limit State Design
Intermediate Lateral Restraint ﬁ 7250 + 1,501 + Imp] 19 0.000 0.41 < 1| 350) Set of members - Stabilty analysis of doubly and singly symmetric members ace. ta 13. | ULS
Effective Lengths - Members CO4 [125D <1501+ mp2 19 0.000 041 | 1| 350) Set of members - Stabilty analysis of doubly and singly symmetiic members acc. to 13. | ULS
~Effective Lengths -Sets of Mer| 005 (1250« 1501« 152« Imp | 19 0.000 0.77 | <71 350) Set of members - Stability analysis of doubly and singly symmetiic members acc. to 13. | ULS
=) Nodal Supports CO6 (1250 +15L1+152<mp | 19 0.000 0.77 | =1/ 350) Set of members - Stability analysis of doubly and singly symmetric members ace. to 13. | ULS
Setof members No. 2-Ch¢ ™05 | 1250« 1.05L1 + 1.05W1 =1 | 13 0.000 0.33 ] = 1 350) Set of members - Stabilty analysis of doubly and singly symmetric members acc. to 13. | ULS
~ et of members No. 3-Che 76010 [ 125D+ 105L1 + 1.05W1+1| 19 0.000 033 | 1 350) Set of members - Stabilty analysis of doubly and singly symmetic members ace. to 13. | ULS
[ Member Hinges
~ Set of members No. 2 - Ch Serviceabilty Limt State Design
- 3 ";‘"t‘:g"zs Ne. 3-Chd 70025 | Deflection Analysis [ 2550] 0.13 [ < 1] 401) Senviceabilty - Defiection in z-direction (Beam) I
erviceability Da
Resuits Max: 0771 @ L >0~ v [ E% e
Design by Cross-Section Details - Member 19 - x: 0.000 m - CO3 3-2W 450x74 | CAN/CSA-516-01 - W
Design by Set of Members Material Properties - Steel 350W (Rolled Shapss and Shest Piing, Groups 1- 3} | CAN/CSA-516.1-94:1334-12
Design by Member Cross-Section Properties - W 46074 | CAN/CSA-S516-01
Design by xLocation B Desian Intemal Forces
- Governing Internal Forces by M Avial Force P -5.53 kN o0
Governing Internal Forces by § Shear Force Vy 0.00 [kN T—T
Parts List by Member Shear Force Vs 652 kN
Parts List by Set of Members Torsional Moment T 0.00 [ kNm gl a0
Bending Moment My 2116 kNm
Bending Moment Mz 0.0 kNm .
Cross-Section Classification - Class 1 5 e
i Besign Hatio h =
Bending About the y Axis £
Bending Moment Mey 2141 [ kNm
Amglificr Gor 2835 :
Hlastic Crtical Momert for Lateral-Torsional Buckling Mery 5769 khm i
Resistance Factor % 0.500 131 z
Moment Resistance My 5152 kNm
Factor Uty 1.000 1384
Design Ratia Ty 041 =1
Design Ratio for Combined Forces ‘ | ‘ | | T
Design Ratio Bl 04 =1 1383
. . \ | I — a &
@ &2 Calulation Detals... Graphics Cancel

ﬂgure 4.1: Result window with design results and details

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

Windows 3.1 and 3.2 list the governing internal forces, Window 3.3 gives information on the
member slendernesses. The last two Windows 4.1 and 4.2 show the parts lists of members and
sets of members.

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

[OK] saves the results. RF-/STEEL CSA is closed and you return to the main program.

Chapter 4 describes the different result windows one by one. The evaluation and checking of the
results is described in Chapter 5 starting on page 36.
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4.1 Design by Load Case
The upper part provides a summary of the results, sorted by load case, load and result combina-
tions of the governing designs. Furthermore, the list is split into Ultimate Limit State Design and
Serviceability Limit State Design results.
The Details section below includes specific information on the cross-section properties, internal
forces, and design parameters for the load case or combination selected in the upper table.
2.1 Design by Load Case
B C D [E F G |
Load- Member | Location Design
ing Description Mo. « [m] Ratio ‘ Design According to Formula Ds
Ultimate Limit State Design
Self-weight 19 0.000 0.51| =1 | 350) Set of bers - Stability analysis of doubly and singly i bers acc.to 13. | ULS
LCZ | Snow 19 0.000 0.74 | =1 350) Set of members - Stability analysis of doubly and singly symmetric members acc.to 13. | ULS
LC3 | Live load 19 0.000 0.58 | =1 350) Set of bers - Stability analysis of doubly and singly i bers acc.to 13. | ULS
LC4 | Wind in +X 57 0.300 0.75 | = 1| 325) Stabilty analysis - Lateral4orsional buckling acc. to 13.6 ULs
LCS | Windin - 57 7.500 0.29 | =1 | 325) Stability analysis - Lateral4orsional buckling acc. to 13.6 ULs
Serviceability Limit State Design
CO25 | Deflection Analysis | 46 | 2550 | 013 ‘ <1 ‘ 401) Serviceability - Deflection in z-direction (Beam) |
| | | I |
e[ 098/21@ == Bl ~|[7]EE]E e
Detailz - Member 19 - x: 0.000 m- LC1 3-2:W 13028 | CAM/CSA-S18-01 - W ..
Material Properties - Steel 350W (Rolled Shapes and Sheet Piling, Groups 1- 3} | CAN/CSA-516.1-94:1534-12
[ Cross-Section Properties - W 130x28 | CAN/CSA-516-01
Design Intemal Forces
[ Cross-Section Classification - Class 1
&l Design Ratio
Bending About the y Axis
Bending Moment Ms 6.19 | kMNm
Amplfier Ter 2159
Blastic Critical Moment for Lateral-Torsional Buckling Mer.y 13.37 | kNm -
Resistance Factor & 0.500 13.1 = So=acc=am(s
Moment Resistance My 12.03 | kNm - B
Factor Uty 1.002 1384
Design Ratio Ty 0.51 =1
Design Ratio for Combined Forces . 3
Design Ratio 0 051 =1 1383 2
[mm]
a &
ﬁgure 4.2: Window 2.1 Design by Load Case
Description
This column shows the descriptions of each designed load case, load or result combination.
Member No.
In this column, the number of each member is given that has the maximum design ratio of the
respective loading.
Location x
The column shows the x-location of each member where the maximum design ratio occurs. For
the tabular output, the program uses the following member locations x:
e Start and end nodes
Y
z e Division points according to optionally defined member divisions (see RFEM Table 1.16 or

RSTAB Table 1.6)

Member divisions according to specification for member results (see RFEM/RSTAB dialog box
Calculation Parameters, tab Global Calculation Parameters)

Extreme values of internal forces
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Design Ratio
Mac IWI? ® Columns D and E show the design conditions according to [1].

The lengths of colored bars represent the respective design ratios.

Design According to Formula

This column lists the references of the Standard [1] according to which the different types of design
have been performed.

DS

The last column provides information on the respective design situations.

4.2 Design by Cross-Section

2.2 Design by Cross-Section

B C 0] [E F "
Section | Member | Location Load- Design
Mo No. x[m] ing Ratio | Design According to Fomula
1 W 530109 | CAN/CSA-516-01
49 [ 2571] cog | 0.01 [ =1 100) Negligble intemal forces
49 | 6.000 | COo5 | 0.04 | =1 | 111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1or2
2 W 20059 | CAN/CSA-516-01
20 1.530| CO3 0.01 | £ 1| 100) Negligible intemal forces
24 1.794| CO5 0.20 [ =1 111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1or 2
24 1794 | CO5 0.03 | =1 | 160) Cross-section check - Shearin z-axis - acc. to 13.4 - Unstiffened web
48 D588 | CO5 0.16 | £ 1| 325) Stability analysis - Lateral4torsional buckling acc.to 13.6
7§ 0.000| cos 0.91 =1 350) Set of members - Stabilty analysis of doubly and singly e members ace. to 13.80r 13.9 v
Max 031[1@ Ewd 3 BE]Fw vy
Details - Member 19 - x: 0.000 m- CO5 3 -2 W 200x59 | CANICSA-516-01 - W
(] Cross-Section Classification - Class 1 "
Flange
- Half of Full Flange Width be 102.5 | mm Chapt. 11.3
- Thickness t 14.2 | mm Chapt. 11.3
- Yield Strength Fy 350.00 | MPa
- Maximum Ratio for Class 1 A1 7.751 Table 1or2
- Maximum Ratio for Class 2 iz 9.087 Table 1or2
- Maximum Ratio for Class 3 113 10.650 Table 1or 2
- beyt-Ratio bat 7218 BN -
- Class of Flange 1 Table Tor2 2 oo oo
Web - v
- Length h 181.6 | mm Chapt. 11.3
- Thickness w 9.1 | mm Chapt. 11.3
- Yield Strength Fy 350.00 | MPa
- Maximum Ratio for Class 1 dow,1 58.797 Table 1or2
- Maximum Ratio for Class 2 fow,2 50.869 Table 1or 2
- Maximum Ratio for Class 3 wd 101.559 Table 1or2
- h/w-Ratio hsw 19.956 w1
- Class of Web 1 Table 10r2
Class of Cross-Section 1 Table 1or2 {mm]
E] Design Ratio
Bending About the y Axis ¥

ﬁgure 4.3: Window 2.2 Design by Cross-Section

This window lists the maximum ratios of all members and loadings selected for design, sorted by
cross-section. For each section, the results are given for cross-section design, stability analysis, and
serviceability limit state design.

If there is a tapered member, the cross-sections of the member start and end are listed separately.
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4.3 Design by Set of Members

2.3 Design by Set of Members

A B c D [E "
Set | Member | Location Load- Design
No No. % [m] ing Ratio | Design According to Formula

2 | Chord 2 {Member No. 11-16)
14 5.099| CO17 0.01 | =1 | 100) Neglighble intemal forces

1 0.000| CO16 0.16 | =1 ¢ 111) Cross-section check - Bending about y-axis acc.to 13.5, Class 1or 2
16 1794 | CO5 0.03 | =7 | 160) Cross-section check - Shearin z-axis - acc. to 13.4 - Unstiffened web
14 5.099| CO6 0.17| =1 | 350) Set of bers - Stability analysis of doubly and singly i bers acc to 13.80r 139

3 Chord 3 (Member No. 19-24)

20 1.530| CO10 0.01 | £ 1| 100) Negligible intemal forces
24 1794 CO5 0.20 [ =1 111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1or 2
24 1.794| CO5 0.03 | =1 | 160) Cross-section check - Shearin z-axis - acc. to 13.4 - Unstiffened web W
x| 0s1[21@ AR BE]Fw |
Dietails - Member 11 - x: 0.000 m- CO16 3-2: W 200x58 | CAM/CSA-516-01 - W ..
Material Properties - Steel 350W {Rolled Shapes and Sheet Piling, Groups 1- 3} | CAN/CSA-516.1-54:15994-12
@ Cross-Section Properties - W 200x5% | CAN/CSA-516-01
[E] Design Intemal Forces
Puial Force F -11.23 [ kN
Shear Force Wy 0.00 | kN
Shear Force Vz 59.54 | kN
Torsional Moment T 0.00 | kNm
Bending Moment My -32.08 | kNm
Bending Moment Mz 0.00 | kNm -
Cross-Section Classfication - Class 1 =
=] Design Ratio e
Bending Moment Ms 32.08 | kNm
ield Strength Fy 350.00 | MPa
Plastic Section Modulus Zy 653.00 [cm?
Plastic Bending Moment Mgy 228.55 | kNm
Resistance Factor % 0.500 131
Moment Resistance My 205.70 | kNm 135
Design Ratio Ty 0.6 =1
[mm]

ﬁgure 4.4: Window 2.3 Design by Set of Members

This result window is displayed when you have selected at least one set of members for the design.
It lists the maximum design ratios sorted by set of members.

The Member No. column shows the number of the member within the set which has the maximum
ratio with respect to the specific design criterion.

The output by set of members clearly presents the design for an entire structural group, e.g. a
frame.
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4 Results

4.4 Design by Member

2.4 Design by Member
A B C [D "
Member | Location Load- Design
No x [m] ing Ratio | Design According to Formula
57 | Cross-section Mo. 5- WT 125¢19.5 | CAN/CSA-516-01
8.000| COl6 0.01 | =1 | 100) Neglgible intemal forces
0.000| CO5 0.01 | =1 | 102) Cross-section check - Axial compression acc.to 13.3
4000, CO10 0.23 | =1 | 112) Cross-section check - Bending about y-axis acc.to 13.5, Class 3
4000, CO5 0.03 | =1 | 115) Cross-section check - Bending about z-axis acc.to 13.5, Class 3
3200 COl6 0.12 | =1 | 202) Cross-section check - Compression and uniaxial or biaxial bending acc.to 13.8.2(g) or 13.8.3
- 4000 CO17 0.23 | =1 : 203) Cross-section check - Biaxial bending acc. to 13 6f)
0.000| CO5 0.12 | =1 | 307) Stability analysis - Flexural buckling about y-axis acc. to 13.3.1 and/or 13.3.2
0.000| CO5 0.13 | =71 | 317) Stability analysis - Flexural buckling about z-axis acc. to 13.3.1 andsor 13.3.2
0000 CO5 0.11 | £1 | 327) Stability analysis - Torsional buckling acc.to 13.3.2 v
Max: 091[1@ L [ETE] EE]Fw [ EE]S][e]
Details - Member 57 - x: 4.000 m - CO17 5-WT 125x19.5 | CAN/CSA-516-01
Material Properties - Steel 350W (Rolled Shapes and Sheet Piling, Groups 1 - 3) | CANACSA-516.1-94:1994-12
[ Cross-Section Properties - WT 125195 CAN/CSA-S16-01
Design Intemal Forces
Cross-Section Classification - Class 3
[ Design Ratio
Bending Momert Ms .y 211 | kNm 470
Yield Strength Fy 350.00 | MPa . N
Resistance Factor @ 0.500 131 = @
Hlastic Section Modulus Sy 31.30 [em? B =] o *y
Yield Momert My 10.35 [ kNm = 0
Moment Resistance Mry 5.86 | kNm 135 n
Design Ratio My 0 =1
Bending Mamert M:z 0.21 | kNm 1
Hlastic Section Modulus 5z 40.40 | em? *
Yield Momert Mz 14.14 [ kNm “
Moment Resistance Mr.z 12.73 | khNm 135
Design Ratio Mz 0.02 =1
Design Ratio bl 0.23 =1
[mm]

ﬁgure 4.5: Window 2.4 Design by Member

This result window lists the maximum ratios of the individual designs for each member. The

columns are described Chapter 4.1 on page 27.

4.5 Design by x-Location

2.5 Design by x-Location
A B C [D "
Member  Location Load- Design
N x [m] ing Ratio | Design According to Formula
76 | Cross=section No. 7-GQRO 8%xB33.2 | CAN/CSAG40.20
0000 CO5 0.04 | =1 | 102) Cross-section check - Axial compression acc.to 13.3
0000 CO5 0.14 | =1 | 307) Stability analysis - Flexural buckling about y-axis acc. to 13.3.1 and/or 13.3.2
0000 CO5 0.14 [ £1| 311) Stability analysis - Flexural buckling about z-axis acc. to 13.3.1 and/or 13.3.2
0.000| CO25 0.00 | =1 400) Serviceability - Neglighble deflections
0833 CO5 0.04 [ £1| 102) Cross-section check - Axial compression acc.to 13.3
- 0833 CO5 0.14 | =1 : 301) Stability analysis - Fexural buckling about y-axis acc. to 13.3.1 and/or 13.3.2
0.833| CO5 0.14 | = 1| 311) Stability analysis - Flexural buckling about z-axis acc. to 13.3.1 and/or 13.3.2
0.833| CO25 0.03 | =1 | 401) Serviceability - Deflection in z-direction {Beam)
1667| CO5 0.04 | = 1| 102) Cross-section check - Axial compression acc.to 13.3 v
M 091[10 <[] BEbw v ER]S]e]
Details - Member 76 - x: 0.833 m- COS T - QRO 89¢39%3.2 | CANICSA-G40.20
Material Properties - Steel 300W (Hollow Structural Sections) | CAN/CSA-516.1-34:1554-12
Cross-Section Properties - QRO 8%8%3.2 | CAN/CSA-G40.20
=] Design Intemal Forces
Puial Force F -10.76 | kN
Shear Force Vy 0.00 | kN £0
Shear Force Vz 0.00 | kN
Tarsional Moment T 0.00 | kNm
Bending Moment My 0.02 | kNm 152
Bending Momert Mz 0.00 | kNm
[ Cross-Section Cl 1-Class 3 E el
g ¥
= Design Ratio 1
Compression Force Cs 10.76 | kN |
Effective Member Length Leffy 5.000 | m !
Yield Strength Fy 300.00 | MPa g
Modulus of Elasticity E 200000.00 | MPa -
Slendemess Ratio KyLiry 143.327 =
Euler Buckling Stress Fey 96.09 | MPa 13.31
Gross Area Ag 10.60 | cm?
Parameter for Compressive Resistance n 1.340 1331
Resistance Factor & 0.500 131
Factored Compressive Resistance Cry 79.15 | kN 13.3.1
Design Ratio My 0.14 =1

ﬁgure 4.6: Window 2.5 Design by x-Location

[ N ©DLUBAL SOFTWARE 2017

]
0



i

e 4 Results 4

This result window lists the maxima for each member at all locations x resulting from the division
points in RFEM or RSTAB:

e Start and end nodes

e Division points according to optionally defined member division (see RFEM Table 1.16 or
RSTAB Table 1.6)

Member divisions according to specification for member results (see RFEM/RSTAB dialog box
Calculation Parameters, tab Global Calculation Parameters)

Extreme values of internal forces

4.6 Governing Internal Forces by Member

3.1 Governing Internal Forces by Member

B C | 0] [ E F [ G | H | "
Member | Location Load- Forces [kN] Moments lkNm]
HNo x[m] ing 7 | Vyiu | Wz 1T ‘ Myiu | Mz Design According to Formula
11| Cross-sedtion No. 3 - W 200x59 | CAN/CSA-516-01 ... 2- W 20059 | CAN/CSA-516-01
0.000] CO16 -11.23 0.00 9.54 0.00 3208 0.00 | 111) Cross-section check - Bending about y-axis acc.to 13.5, (
0.000| CO6 -15.12 0.0 11.40 0.00 <3133 0.00 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unsti
0.000| CO6 =15.12 0.01 11.40 0.00 31.33 0.00 | 350) Set of members - Stability analysis of doubly and singly sym
12 | Cross-section No. 2 - W 200x59 | CAN/CSA-516-01
1.530| CO17 £.14 0.01 323 0.00 0.52 0.02 | 100) Negligible intemal forces
0.000| CO16 -10.73 0.00 7.53 0.00 -17.01 0.0 | 111) Cross-section check - Bending about y-axis acc. to 13.5, (
0.000| CO6 -14.52 0.0 872 0.00 <1366 0.02 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unsti
0.000| CO6 -14.52 0.0 872 0.00 S13.66 0.02 | 350) Set of members - Stability analysis of doubly and singly sym
13 | Cross-section No. 2 - W 200x59 | CAN/CSA-516-01
2550| CO5 -18.12 0.01 0.14 0.00 11.39 0.01 | 111) Cross-section check - Bending about y-axis acc. to 13.5, (
0.000| CO6 -15.54 0.0 403 0.00 5.96 0.05 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unsti
0.000| CO6 =19.54 0.01 403 0.00 5.96 0.05 | 350) Set of members - Stability analysis of doubly and singly sym
14 | Cross-section No. 2 - W 200x59 | CAN/CSA-516-01
5083 | CO17 =11.10 0.01 -2.26 0.00 202 .02 | 100) Negligible intemal forces
2550| CO6 -15.15 0.0 -0.16 0.00 11.30 0.0 | 111) Cross-section check - Bending about y-axis acc. to 13.5, (
50989 CO5 18.51 0.0 -4.06 0.00 581 0.04 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unsti
5.08%| CO6 -15.54 0.0 -4.03 0.00 557 0.05 | 350) Set of members - Stability analysis of doubly and singly sym
15 | Cross-section No. 2 - W 200x59 | CAN/CSA-516-01
0.000| CO17 -8.25 0.00 -2.34 0.00 202 0.02 | 100) Negligible intemal forces
3059 CO5 -14.52 0.0 876 0.00 <1352 0.02 | 111) Cross-section check - Bending about y-axis acc.to 13.5. (
3.059| CO5 -14 52 0.01 876 0.00 -13.92 0.02 | 160} Cross-section check - Shear in z-axis - acc. to 13.4 - Unst
0.000| CO6 -14.06 0.01 -4.10 0.00 557 0.05 | 350) Set of members - Stability analysis of doubly and singly sym

16 | Cross-section No. 2 - W 20055 | CAN/CSA-516-01 ... 3- W 200x59 | CAN/CSA-516-01

1.794| CO5 -15.13 0.01 +11.43 0.00 3171 0.00 | 111) Cross-section check - Bending about y-axis acc.to 13.5, (
1794 CO5 1513 0.m 41143 0.00 417 0.00 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unsti
0.000| CO6 <1473 0.01 -8.36 0.00 J13.66 0.02 | 350) Set of members - Stability analysis of doubly and singly sym
19| Cross-sedtion No. 3 - W 200x55 | CAN/CSA-516-01 ... 2- W 20059 | CAN/CSA-516-01 v
& & (5[

ﬁgure 4.7: Window 3.7 Governing Internal Forces by Member

For all designed members, the internal forces are listed that effectuate the maximum ratios of each
type of design.

Location x

This column shows the x-locations where the maximum design ratios occur.

Loading

This column displays the numbers of the load case, load or result combination whose internal
forces result in the maximum design ratios.

Forces / Moments

For each member, these columns present the axial and shear forces as well as the torsional and
bending moments which give the maximum ratios in the respective cross-section designs, stability
analyses, and serviceability limit state designs.
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4 Results

Design According to Formula

4

The final column informs you about the design types and equations by which the designs have
been performed according to the Standard [1].

4.7 Governing Internal Forces by Set of Members

3.2 Governing Internal Forces by Set of Members

B c [ b [ E F [ G [ H |
Set Location Load- Forces [kN] Moments [kNm]
No « [m] ing P Vy | Vz T ‘ My | Mz Design According to Formula
2 | Chord 2 (Member No. 11-16)
5093; CO17 -11.10 0.01 226 0.00 202 0.03 | 100) Negligible intemal forces
0.000| CO16 -11.23 0.00 9.54 0.00 -32.08 0.00 | 111) Cross-section check - Bending about y-axis acc. to 13.5, Clas
1.794| CO5 -15.13 0.01 -11.43 0.00 -31.71 0.00 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffen
5.08%| CO6 -15.54 0.01 -4.03 0.00 557 0.05 | 350) Set of members - Stability analysis of doubly and singly symme
3| Chord 3 {Member No. 15-24)
1.530| CO10 442 0.00 348 0.00 -1.05 0.01 | 100) Negligible intemal forces
1734 CO5 -10.67 0.0 -13.49 0.00 -41.03 0.05 | 111) Cross-section check - Bending about y-axis acc. to 13.5. Clas
1.794| CO5 -10.67 0.01 -13.4% 0.00 -41.03 0.05 | 160} Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffen
0000 CO5 -5.52 0.0 5.58 0.00 6.38 0.02 | 325) Stability analysis - Lateraltorsional buckling acc.to 136
0000| CO5 -10.65 0.00 1344 0.00 -40 56 0.00 | 350) Set of members - Stability analysis of doubly and singly symme
4 Chord 4 {(Member No. 27-32)
5.09%| CO17 5.79 0.00 -3.25 0.00 203 0.00 | 100) Negligible intemal forces
1.794| CO5 -10.76 0.00 -13.45 0.00 -41.62 0.00 | 117} Cross-section check - Bending about y-axis acc. to 13.5, Clas
1.794| CO5 -10.76 0.00 -13.45 0.00 -4162 0.00 | 160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffen
0.000| CO3 5963 0.00 5.96 0.00 557 0.00 | 325) Stability analysis - Lateraltorsional buckling acc.to 13.6
0.000| CO6 -10.76 0.00 13.43 0.00 -41.43 0.00 | 350) Set of members - Stability analysis of doubly and singly symme
[3 Chord & {Member No. 43-48)
5093| CO17 -11.10 0.0 -2.26 0.00 202 -0.03 | 100) Negligible intemal forces
1734 CO5 -15.12 0.0 -11.44 0.00 -31.72 0.00 | 111) Cross-section check - Bending about y-axis acc.to 13.5. Clas
1.794| CO5 -15.12 0.01 -11.44 0.00 -31.72 0.00 | 160} Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffen
0593| CO5 -14.86 0.01 -9.41 0.00 -19.26 -0.01 | 325) Stability analysis - Lateraltorsional buckling acc.to 13.6
0.000| CO6 -15.09 0.01 11.41 0.00 -31.45 0.00 | 350) Set of members - Stabilty analysis of doubly and singly symme
0.000| CO25 0.00 0.00 0.00 0.00 0.00 0.00 | 400) Serviceability - Negligible deflection
2550 | CO25 0.00 0.00 0.00 0.00 0.00 0.00 | 401) Serviceability - Deflection in z-direction (Beam)

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

For each set of members, this window shows the internal forces that result in the maximum design
ratios. The respective equations according to [1] are referred to in the last column.
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4.8 Member Slendernesses

Window 3.3 is shown when you have selected the respective check box in the Details dialog box
(see Figure 3.1, page 23).

3.3 Member Slendernesses
B 5 | 0] | E F | G | H
Length Major Asis y/u Minor Axis 2./v
Under Stress L [m] Ky H iy [mm] hyiu [ kziv [ izrw [mm] hziv H

Compression  Flexure 5083 1.000 839 56.719 1.000 519 98.160
22 Compression / Flexure 5099 1.000 859 56.719 1.000 519 98.160
23 C ion J/ Flexure 5.099 1.000 859 56.719 1.000 519 98.160
30 C ion / Flexure 5093 1.000 859 56.719 1.000 515 58.160
7 Compression / Flexure 5099 1.000 899 56.719 1.000 519 98.160
38 C ion J Flexure 5089 1.000 859 56.719 1.000 519 98.160
43 Compression / Flexure 1.754 1.000 359 19.958 1.000 519 34540
44 Compression / Flexure 3.059 1.000 299 34.031 1.000 51.9 58.896
45 C ion / Flexure 5083 1.000 839 56.719 1.000 519 58.160
46 Compression / Flexure 5089 1.000 859 56.719 1.000 515 58.160
47 Compression / Flexure 3.059 1.000 299 34.031 1.000 519 58.896
43 C ion / Flexure 1.754 1.000 859 19.958 1.000 515 34540
43 Compression / Flexure 6.000 1.000 2191 27.390 1.000 46.1 130241
50 C ion J Flexure 6.000 1.000 2131 27.350 1.000 46.1 130.241
51 C ion / Flexure 4.844 1.000 61.7 78.504 1.000 225 214.505
52 Compression / Flexure 5099 1.000 61.7 82636 1.000 225 226216
53 C ion / Flexure 5083 1.000 61.7 82.636 1.000 225 226.216
54 Compression / Flexure 4844 1.000 61.7 78.504 1.000 225 214.505
55 Compression / Flexure 6.000 1.000 2191 27.350 1.000 46.1 130.241
56 C ion / Flexure 7.000 1.000 364 152.230 1.000 47 201453
57 Compression / Flexure 8.000 1.000 364 219.760 1.000 M7 230239
58 Compression / Flexure 7.000 1.000 364 192.290 1.000 47 201.459
[} C ion / Flexure 5.000 1.000 45 143.327 1.000 435 143327
70 Compression / Flexure 5.000 1.000 349 143.327 1.000 3435 143327
76 C ion J/ Flexure 5.000 1.000 343 143.327 1.000 45 143327
a2 C ion / Flexure 5.000 1.000 45 143.327 1.000 45 143327
a8 Compression / Flexure 5.000 1.000 349 143.327 1.000 345 143327

Members with compression / flexure:
Max Kyl fryn:|  219.760 [ =200 @
Max Kawl/rzy: | 230.239 ) =200 @

ﬁg ure 4.9: Window 3.3 Member Slendernesses

The table lists the effective slenderness ratios of the designed members for both directions of the
principal axes. They are determined in compliance with the load type.

Details. .. Below the list, you find a comparison of the most unfavorable values with the limit values that
have been defined in the Details dialog box (see Figure 3.1, page 23).

Members of the types ‘tension’ or ‘cable’ are not included in this table.

[@ This window is only informative. It does not provide any stability analysis of slendernesses.
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4 Results 4

Dlubal

4.9 Parts List by Member

Finally, RF-/STEEL CSA provides a summary of all cross-sections contained in the design case.

4.1 Parts List by Member
A B c D E F G H
Part Cross-Section MNumber of Length Total Length | Surface Area Volume Unit Weight Weight Total Weight
o Description Members [m] [m] m2] m31 [ka/m] [kal i
1 |2-W 2006591 CAN/CSA-S16-01 8 5.10 4073 4577 03 59.35 30261 2421
2 |2-W 20053 | CAN/CSASIEN . 3-W20 | 2 173 359 438 0.03 59.35 106.48 0213
3 |2-W 20058 CAN/CSA-S1601 2 3.06 612 746 0.05 50,35 181.56 0.363
4 |1-W 530x109 1 CAN/CSA-S16-01 3 6.00 18.00 3420 0.25 109.11 654,69 1564
5 |6 W 150x13CAN/CSA 51601 2 484 559 668 0.02 1264 61.22 0122
6 | 6-W 150x13] CAN/CSA-51601 2 5.10 10.20 7.04 0.02 1264 6444 0129
7| 5-WT 12519.5 CAN/CSAS 1601 2 7.00 14.00 764 0.03 18.31 135.18 0270
8 |5 WT 125¢19.5 CAN/CSAS1EDT 1 .00 200 438 0.02 19.31 164.49 0.154
5 | 7-QRO 8%B%32|CAN/CSAGAD.2D 5 5.00 25.00 875 003 8.32 4160 0.208
10 [10-L 10276664 CAN/CSAS1601 4 781 3124 10.92 0.03 8.56 66.83 0.267
1 |8-RD24 2 7.4 57.13 430 0.03 3.55 2534 0.203
kL) 22375 145,51 030 5315]
1B [e
t Figure 4.10: Window 4.7 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 (see Figure 3.1, page 23).

Part No.

The program automatically assigns item numbers to members with identical features.

Cross-Section Description

This column lists the cross-section numbers and descriptions.

Number of Members

Column B shows how many similar members are used for each part.

Length

This column shows the respective length of an individual member.

Total Length

In this column, the product determined from the two previous columns is given.

Surface Area

For each item, the program gives the surface area relative to the total length. This area is deter-
mined from the Surface Area of the cross-sections. It can be checked in Windows 1.3 and 2.1 to 2.5
in the cross-section properties (see Figure 2.10, page 12).
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Volume
The volume of a part is determined from the cross-sectional area and the total length.
Unit Weight

The unit mass of a cross-section is related to the length of one meter. For tapered sections, the
program averages both cross-section masses.

Weight

The values of this column represent the products of the entries in columns C and G.

Total Weight

The final column gives the total mass of each sectional part.

Sum

At the end of the list, you find a summary of the values in the columns B, D, E, F, and I. The last row
of the Total Weight column shows the total amount of required steel.

4.10 Parts List by Set of Members

4.2 Parts List by Set of Members
A B = 1] E F G H
Part Set of Members Mumber Length Total Length | Suface Area Wolume Unit Weight Weight Total Weight
o Description of Sets [m] [m] [m?] [m?3] fka/m] [kal 3]
1 Chord 2 1 1591 1991 2428 015 59.35 118130 1181
2 |Chord 3 1 19.91 1991 2428 0.15 59.35 118130 1.181
3 |Chord 4 1 1551 1991 2428 015 53.35 1181.30 1.181
4 |Chord & 1 1591 1991 2428 015 59.35 118130 1181
5 | Column A 1 8.00 8.00 436 0.02 19.31 15449 0.154
Sum 5 87.62 101.50 0.62 4830
%[«

ﬁgure 4.11: Window 4.2 Parts List by Set of Members

The last result window is displayed when you have selected at least one set of members for design.
It represents the parts list of structural groups, for example horizontal beams.

Details on the various columns can be found in Chapter 4.9. If a set of members consists of different
cross-sections, the program averages the surface area, volume, and cross-section weight.
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5 Results Evaluation

Dlubal

5 Results Evaluation

You can evaluate the design results in different ways. For this, the buttons below the tables are
very useful.

2.2 Design by Cross-Section

B C D [E F "
Section | Member | Location Load- Design
No No. x [m] ing Ratio | Design According to Formula
1 W 530109 | CAN/CSA-516-01
45 [ 2571 cow | 0.01[ = 1] 100) Negligible intemal forces
45 | 6.000 | Cos | 0.04 | =1 | 111) Cross-section check - Bending about y-axis acc. to 13.5, Class Tor 2
2 | W 20059 | CAN/CSA-S16-01
30 5.09%| CO17 0.01 | =1 | 100) Negligble intemal forces
3z 1734| CO5 0.20 | =1 | 111) Cross-section check - Bending about y-axis acc.to 13.5. Class 1or 2
24 1794 | CO5 0.03 | =1 | 160) Cross-section check - Shearin z-axis - acc. to 13.4 - Unstiffened web
48 0.598 | CO5 0.16 | =1 | 325) Stabilty analysis - Lateral4orsional buckling acc.to 13.6
[ ) 0.000] CO5 0.51 | =1 350) Set of members - Stability analysis of doubly and singly ic members acc. o 13.8or 13.9 v
e 031[1@ =[] 2El>w v &E S8
Details - Member 19 - x: 0.000 m - COS 3- 2. W 20053 | CAN/CSA-S16-01 - W
Material Properties - Steel 350W (Rolled Shapes and Sheet Piling. Groups 1- 3) | CAN/CSA-516.1-94:1954-12

B Cross-Section Properties - W 200x59 | CAN/CSA-516-01
Design Intemal Forces

Cross-Section Classification - Class 1
[E Design Ratio
Bending About the y Axis
Bending Moment Ms 41.03 | kNm
Amplifier Cer 1.216
Blastic Critical Moment for Lateral-Torsional Buckling Mery 45.87 | khm -
Resistance Factor & 0.9500 131 = »
Moment Resistance Mry 44.89 | kNm - B
Factor Uy 1.002 1384
Design Ratio Ty 0.91 <1
Design Ratio for Combined Forces
Design Ratio 7 051 =1 1383

[mm]

ﬁgure 5.1: Buttons for results evaluation

The buttons have the following functions:

Button Description Function
Mode Shape Opens Mode Shape View Window showing buckling shape
— Chapter 5.4, page 42
Ultimate Limit

) Shows or hides the results of the ULS design
State Design

Serviceability Limit

: Shows or hides the results of the SLS design
State Design

Creates a new result combination from the governing load

Result Combination o
cases and load combinations

&IWEEEE
1

Color Bars Shows or hides the colored relation scales in the tables
- 10 Describes the filter criterion for the output in the tables:
- Filter Parameters Design ratios greater than 1, maximum value or user-defined
Define limit

Displays only rows where the filter parameters are valid

Apply Filt
pply Fiiter (ratio > 1, maximum, user-defined limit)

Opens the Result Diagram on Member Window
— Chapter 5.2, page 40

Exports the table to MS Excel
— Chapter 7.4.3, page 50

Result Diagrams

SIS

Excel Export
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Dlubal

@ Information
- 4

You are in the view mode.

Back

5 Results Evaluation

Member Selection Option to select a member graphically to display its results in
the table

) Jumps to the work window of RFEM or RSTAB to view objects
View Mode in model

&ble 5.1: Buttons in Windows 2.1 to 2.5

5.1 Results in RFEM/RSTAB Model

You can also evaluate the design results in the work window of RFEM or RSTAB.

Background graphic and view mode

The work window of RFEM or RSTAB in the background is useful for you to find the location of a
particular member in the model: There, the member selected in the RF-/STEEL CSA result window
is highlighted. Furthermore, an arrow indicates the relevant location x on this member.

B

z
\/
A
RF-STEEL CSA - [Hall-Quebec]
File Edit Settings Help
CA1 - Design of steel members | 2.1 Design by Load Case
Input Data B C D [ E F
General Data Load- Member | Location Design
- Materials ing Description MNo. x[m] Ratio ‘ Design According to Formula
Cross-Sections ) Uttimate Limit State Design
e ey et 1.25D + 1.5L1 = 1.5L2 + Im 19 0.000 0.91] = 1] 350) Set of members - Stabity analysis of doubly and singly symmetric members a
- Effective Lengths - Members COB [1250+15L1+152=lmp | 19 0.000 0.91 =1/ 350) Set of members - Stability analysis of doubly and singly symmetric members a
~-Effective Lengths - Sets of Mer ["cog [ 125D+ 1.05L1 < 1.05W1+1| 19 0.000 0.39 | <1/ 350) Set of members - Stability analysis of doubly and singly symmetric members 3
=)+ Nodal Supports CO10 125D +105L1+105W1+1| 18 0.000 0.39 | <1/ 350) Set of members - Stabiliy analysis of doubly and singly symmetric members a
i~ SetofmembersNo. 2-Che "CO1E | 1250 + 1.05L1 + 10612 + 1 19 0.000 0.69 | =1 350) Set of members - Stability analysis of doubly and singly symmetric members a
Setof membersNo. 3-Che "0 17 (1250 + 1.0502 + 1.05W1 + | 13 0.000 0.47 | 1| 350) Set of members - Stability analysis of doubly and singly symmetric members 2
i Set of members Mo, 4 - Che
= Mfmba" Linges Serviceabilty Limit State Design
i~ Setof members No. 2 -Che "ER25 | Defiection Analysis [ 46 | 2s80] 0.13 | = 1[401) Serviceabilty - Deflection in z-direction (Beam) |
i~ Set of members Mo. 3 - Che 5
i Set of members Mo, 4 - Che Manc: 0911 @ = > 10 v|[r &

ﬁgure 5.2: Indication of member and relevant Location x in RFEM model

If you cannot improve the display by moving the RF-/STEEL CSA module window, click the
button to activate the view mode. Thus, you hide the module window so that you can change the
view in the user interface of RFEM or RSTAB. In the view mode, you can use the functions of the
View menu, e.g. zoom, move, or rotate the view. The arrow will remain visible when doing so.

Click [Back] to return to the RF-/STEEL CSA module.
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RFEM/RSTAB work window

You can also check the design ratios graphically in the RFEM/RSTAB model: Click [Graphics] to quit
the design module. In the work window of RFEM or RSTAB, the design ratios are now displayed
like the internal forces of a load case.

In the Results navigator, you can select whether the ratios of the ULS and/or SLS designs are to be
displayed.

Max Design Ratio [-]

-
RF-STEEL CS& CA1 - Design of steel members 0 ;7 n.oF002 iz
Project Navigator - Results e 0.02g o7

=Rl Desion|
£1-[], 24 Ultimate Limit State T 1]
i [¥],E Cross-Section Design [_'L‘L)-”’E;;d_
[¥], L. Stability Design et ’

- Serviceability Limit State
-..[#] 71 Deformations

IS s

1| b oar 0B g
073

R S o e
4 JI_IFJ‘_LF“/L 030
A 053

033 _7
066
R —— =TT 11T 11 [ 4
T s 017 L
04z 0.50 050

ﬁData gD\splay _ﬁ\)‘lews © Results J——- ><

z

ﬁgure 5.3: Results navigator for Ultimate Limit State and Serviceability Limit State designs

|'Q,| |ﬂ| To turn the display of the design ratios on or off, use the [Show Results] button which is familiar
from the display of internal forces. To switch the result values on or off, click the [Show Values]
button next to it.

The tables of RFEM or RSTAB are of no relevance for the steel design results.

LC1 - Seffsweight
LC2 - Live load

RC1-1.25°LC1/p + 1.5°LC2
RF-STEEL C5A CA1 - Beams

RF-STEEL CSA CAT - Beams @ You can set the relevant RF-/STEEL CSA design case in the list of the toolbar.

The graphical representation of the design results can be controlled in the Display navigator, item

RF-STEEL CSA CA2 - Columns Results — Members. The ratios are shown Two-Colored by default.
Project Mavigator - Display x
E‘g Model |-
= Results
-[] Result Values

Title Info
Max/Min Info
-] Deformation

* Two-Colored

J With Diagram

-, Without Diagram
Cross-Sections

m

-J Result Diagrams Filled
-} Hatching

- All Values

- Extrerne Values

i Display Hidden Result Diagram
-] Reverse Results V-y and V-z
Results on Couplings

" Stresses
- [B [ Type of Display
Result Beams

ﬁData gDisplay ﬁ\iiews D Results

ﬁgure 5.4: Display navigator: Results — Members
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When you have selected a multicolor display (options With/Without Diagram or Cross-Sections),
the color panel is available. It provides the common control functions which are described in the
RFEM/RSTAB manual, Chapter 3.4.6.

Project Navigator - Display
- [¥]BZ Model
- [ Result Values
..... [w][# TitleInfo
..... [wl[ Max/Min Info
- [E][F] Deformation
_:||E| Members
..... OJF Two-Colored

ross-5ections

Result Diagrams Filled
Hatching

..... I Al Values

..... [ Extreme Values

----- [wI[ Display Hidden Result Diagram
----- |:| Reverse Results V-y and V-z
----- |:| Results on Couplings

- (B[ Stresses

o[ Type of Display

..... |z| Result Beams

..... |:| Transparent

»

m

[Qlpata (& Display 4 views % Results

ﬂgure 5.5: Design ratios with display option Without Diagram

—

040

040

o

0.80

o

0.80

Panel x

Max
Dezign Ratio [-]

Max : 0.95
Min : 0.00

RF-STEEL CSA

o
&
s

The graphics of the design results can be transferred to the printout report (see Chapter 6.2,

page 44).

To return to the add-on module, use the [RF-/STEEL CSA] button in the panel.
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RF-STEEL CSA CA1 - Beams
LC1 - Seffsweight

LC2 - Live load

RC1-1.25°LC1/p + 1.5°LC2
RF-STEEL C5A CA1 - Beams

RF-STEEL CSA CA2 - Columns

5 Results Evaluation

5.2 Result Diagram

You can graphically evaluate the design ratios in a result diagram, without using the work window

of RFEM or RSTAB.

Select the member (or set of members) in the RF-/STEEL CSA result window by clicking in the

relevant table row. Then click the [#2] button to open

the Result Diagram on Member dialog box.

This button is located below the upper table (see Figure 5.1, page 36).

If you want to open the result diagram in the work window of RFEM or RSTAB, select the menu

Results — Result Diagrams for Selected Members

or the toolbar button shown on the left.

A new window opens. It presents the distribution of the maximum design values on the member

or set of members.

‘@ Result Diagram on Member
Members No.: |22 MR-

|[E]|%& | RF-STEELCSACA1-Desic ~ <@ =

[ 1B AR B

- [m] x

M e ew ik A

Design - Serviceability Limit State [-]

Navigator 3 x O-?O ) ‘-OI'OO ) A-(fm ) 2400 ) 4-°|’°° ) Ffe"' - ml 2 Fieed
Na4, W22 Nz
7| Uttimate Limit State Design - Uitimate Limit State [-] Design Uttimate Limit State
D Cross-Section Design X ‘Ultimate Limit State
[ Stability Design m] z
=[] Serviceability Limit State B 0.000 1.07 ~
I:‘ Deformations ' § ' ! | " 0,000 1.07
"R 0850 1.07
: : : : : g6 1.07
: : : : ; 1632 107
; ; ; ; : MR 2550 107
: : : : ; "R 3309 107
E 4249 107
: : 5 3 ; % 508 1.07
------- ey B PP TP PP i LCCOCt CERPURT UOUPPE T FPPPY PP PRPEPRE S8 POPor eerer
5 5 5] 5 5 5 1075 5 5] 5
- - - - - - = - - - - w

[Max/min only  [] Ends only

Design Serviceability Limit State

@
=)

023 froses
026
027 fornen

Results 4 I

x ’Ser\riceabilrty Limit
[m] H
- 0000 000 A~
: 0.000 0.00
‘ - 0850 016
0 & z : 1632 0.25
= | 1632 0.25
‘ R 550 0.27
3399 0.23
4248 0.14
~ 508 0.00
W

[ Max/min only [ Ends only

Start X,¥,Z2 10,0, 10.0, -8.0 m

End X¥Z 15.0,10.0,70m  Order 22 .

ﬁgure 5.6: Dialog box Result Diagram on Member

You can switch the ULS and SLS results on or off in the Results navigator.

Use the list in the toolbar to select the relevant RF-/ST

The Result Diagram on Member dialog box is described

EEL CSA design case.
in the RFEM or RSTAB manual, Chapter 9.5.
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5.3 Filter for Results

The RF-/STEEL CSA result windows allow you to sort the results by various criteria. In addition, you

e can use the filter options for the tables (see Figure 5.1, page 36) to reduce the numerical output
Define according to specific ratios. This function is described in the Knowledge Base on our website:

https://www.dlubal.com/en/support-and-learning/support/knowledge-base/000733
Furthermore, you can apply the filter options described in Chapter 9.9 of the RFEM manual or
Chapter 9.7 of the RSTAB manual to evaluate the results graphically.

||~ You can also use the Visibility options for RF-/STEEL CSA to filter the members and evaluate them
(see RFEM manual, Chapter 9.9.1 or RSTAB manual, Chapter 9.7.1).

Filtering design ratios
The design ratios can be used as filter criteria in the RFEM/RSTAB work window which you access
by clicking [Graphics]. To apply this filter function, the panel must be displayed. If it is not, select.
View — Control Panel (Color scale, Factors, Filter)

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

The panel is described in the RFEM/RSTAB manual, Chapter 3.4.6. The filter settings for the results
can be defined in the first tab (Color scale). As this tab is not available for the two-colored results

Panel

Max
Dresign Ratio []
display, you have to set the display option Colored With/Without Diagram or Cross-Sections in the
1.00 : . .
035 Display navigator (see Figure 5.4, page 38).
ﬁ:ﬁ As seen in the figure to the left, the color spectrum can be set in such a way that only ratios greater
o than 0.50 are shown in the color ranges between blue and red.
0.70
o Filtering members
0.55
050 In the Filter tab of the control panel, you can specify the numbers of particular members to display
vox : 0.85 their results exclusively, i.e. filtered. This function is described in the RFEM manual, Chapter 9.9.3
Min : 0.00 or RSTAB manual, Chapter 9.7.3.
RF-STEEL CSA e -
Show diagrams for
members MNo.:
21-28
B @ 4 A ﬁz fene
7 2128 |
.f- ] i f;,‘h,,\__\ =l -
I| L . __)\,__f"”d_ ||
‘I / l 1 |}-
L CIs
-~
E @

ﬁgure 5.7: Filtering design ratios of one frame

Unlike the Visibility function, the entire model is displayed. Figure 5.7 shows the design ratios of
one frame only. All other members are displayed in the model, but they have no design results.
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5.4 Mode Shapes

The mode shapes of the sets of members can be checked graphically in a separate window: Go
to the relevant set of members in the result window, and then select its row of Set of members -
Stability analysis results. Now you can click the [Mode Shapes] button.

" Mode Shape View ] X

-

z

L) B3l =20 =2 ] Display factor: 1,00 3

ﬂgure 5.8: Mode shape of a set of members

The mode shapes of the sets of members are created automatically when determining the critical
elastic moment, M,. The mode shapes are not available in numerical form.

The buttons below the graphic are described in Table 2.2 on page 20.

Use the Display factor to scale the representation of the mode shape.

[ N ©DLUBAL SOFTWARE 2017

L] ]|
42



i

Dlubal

ISy

6 Printout

6 Printout

6.1 Printout Report

Similarly to RFEM or RSTAB, the program generates a printout report for the RF-/STEEL CSA results.
It can be supplemented by graphics and descriptions. The selection in the printout report controls
which data of the design module are included in the final printout.

The printout report is described in the RFEM or RSTAB manual. In particular, Chapter 10.1.3.5
Selecting Data of Add-on Modules describes how the input and output data of add-on modules

can be selected.

&, Printout report - PR1: Input data and reduced results - o X
File View Edit Settings Insert Help
BEeBd e vne 8 f2s- MR BDEEDILHEQ
Printout Report Mavigator x i I ~
523 Printout Report 2.4 DESIGN BY MEMBER
3 RFEM Wember | Location | LCICO! Design Desion Description
No. x[m] RC L No.
& RF-STEEL CSA " Cross-section No. 3 - W 460x74 | CAN/CSA-516-01 ... 2- W 360x72 | CANIC SA-516-01
o8y car- Design of steel members according t 0.000 co8 0.08 =1 | 111} ‘ Cross-section check - Bending sbout y-axis acc to 12.5, Class 1
or2
9 1.1 General Data Cross-Section Classification - Class 1
[T 1.2 Materials
. ba 850 mm Ry 7751 baust 6552
[3 1.2 Cross-Sections + 145 mm 2.087 - Clsss of 1 -
[T 15 Effective L - o x
[ 1.6 Effective L¢
[ 1.7 Nodal Sup| Program Global Selection Input Data  Results
[ 1.9 Serviceabil | RFEM i
13 Resuks BESTEELCSA DRy
P 2.2 Design | RFSTABILITY
7 24 Design [[] 2.1 Design by Load Case MNo. Selection (e.q. 1-5,20)
T RF-STABILITY [[12.2 Desian by Cross-Section Cross-sections: |l
2.3 Design by Set of Members Sets: All
2.4 Design by Member Members: All
[] 2.5 Design by x-Location Members: All
[13.1 Governing Internal Forces Select Intermediate Results x®
[[]3.2 Governing Intemal Forces (et Riee
[] 2.3 Member Slendernesses With intermediate results Form: (@) Short
O Long
[14.1Parts List by Member i [v
Chapters to Display
[[] 4.2 Parts List by Set of Members L] Material Data [v
Fiter settings [ Cross-Section Properties
Cross-section Class
> 1,0 v Effective Widths
[] Design Intemal Forces
Design
== 2 Cance
[ICover sheet =
[ Contents
Info pictures | [E
Uppercass titles
@D oK Cancel
~No Compression st Flange! -
Web
- No Compressicn at Web! Ad
< > | € >
RFSTEELCSA Pages: 84 Page: 49

ﬁgure 6.1: Selecting designs and intermediate results in printout report

Click the [Details] button when you want to include all or specific intermediate results in the
printout report. They can be documented in a Short (compact list) or Long (descriptive list) form.

If you work on complex models featuring many design cases, you can split the data into several
printout reports. This allows for a clearly arranged documentation.
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Remaove frem Printout Report

Start with New Page

Selection...

Properties... P

6.2 Graphic Printout

In RFEM or RSTAB, you can add any picture of the work window to the printout report or send it

directly to the printer. In this way, the design ratios shown on the RFEM/RSTAB model can be used
for the documentation.

The printing of graphics is described in the RFEM or RSTAB manual, Chapter 10.2.

To print the currently displayed graphic of the design ratios, click
File — Print Graphic

or use the toolbar button shown on the left.

E File Edit WView Insert (Calculate BRBesults Tools Table Options

DNE99EEBwER na FAIRQFT I ES| %
w5 Y- B | et Graphic gl 7 2 m-O-a-G

ﬂgure 6.2: [Print Graphic] button in RFEM toolbar

The Graphic Printout dialog box appears.

Graphic Printout b4

General  Options Color Scale  Factors  Border and Stretch Factors

Graphic Picture Window To Print Graphic Scale

(O Directly to a printer... =] (@) Cumrent only () As screen view

(®) To a printout report: PRI: It~ More.... ~ | @ Window filing

(O To the Clipboard () Mass prirt... §=l O Toscale 1: 10
(O To 3D PDF

Graphic Picture Size and Rotation Optiens

Use full page width Show results for selected xJocation in result

diagram
(O Use full page height

(®) Height: 50| [% of page]

[ Lock graphic picture (without update)

Show prirtout report on [0K]

Rotation: 0 I
Header of Graphic Picture
|Design Ratio
6 Cancl

ﬂgure 6.3: Dialog box Graphic Printout, tab General

The dialog box is described in the RFEM or RSTAB manual, Chapter 10.2. This chapter also describes
the other tabs of the dialog box.

You can move a graphic anywhere within the printout report by using the drag-and-drop function.

If you want to modify an image in the printout report, right-click the relevant entry in the navigator
of the printout report. The Properties option in the shortcut menu opens the Graphic Printout
dialog box again. It offers you several options to adjust the image.
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7 General Functions 7

7 General Functions

This chapter describes the menu functions and export options for the design results.

7.1 Design Cases

Design cases allow you to arrange members for specific analyses. In this way, you can combine
groups of structural components or analyze members with particular design specifications, e.g.
modified materials, cross-sections, structure type, or optimization parameters.

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

To calculate a RF-/STEEL CSA design case, you can also use the load case list in the toolbar of RFEM
or RSTAB.

Create design case
To create a new design case, use the RF-/STEEL CSA menu and select

File — New Case.

The following dialog box appears.

Mew RF-STEEL C5A Case x
No. Description
|2 | |Design of steel members according to CSA ~
@ Cancel

ﬁgure 7.1: Dialog box New RF-STEEL CSA Case

Enter a No. (one that is still available) for the new design case and an optional Description. It
facilitates the selection in the load case list.

Then click [OK] to open the 1.7 General Data Window of RF-/STEEL CSA where you can enter the
data of the new design case.

Rename design case
To change the description of a design case, use the RF-/STEEL CSA menu and select

File — Rename Case.

The following dialog box appears.

Rename RF-STEEL CSA Case x
No. Description
|2 | |New description -
» Cancel

ﬁgure 7.2: Dialog box Rename RF-STEEL CSA Case

You can specify a different Description as well as a different No. for the design case.
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Copy design case
To copy the input data of the current design case, use the RF-/STEEL CSA menu and select
File — Copy Case.

The following dialog box appears.

Copy RF-STEEL CSA Case bt

Copy from Case
CA1 - Design of steel members according to CSA ~

New Caze

No.: Description:

|3 | |Reduced material strength w
? Corcel

ﬁgure 7.3: Dialog box Copy RF-STEEL CSA Case

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

Delete design case

To delete a design case, use the RF-/STEEL CSA menu and select
File — Delete Case.

The following dialog box appears.

Delete Cases b4

Available Cases

No. Description el

1 Design of steel members according to CSA

2 New description
Reduced material strength

[«

@ Cancel
ﬂgure 7.4: Dialog box Delete Cases

Select the design case in the list of Available Cases. To delete this case, click [OK].
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7 General Functions

7.2 Cross-Section Optimization

The design module offers you the option to optimize overstressed or little utilized cross-sections.
Open the drop-down list in column D resp. E in Window 1.3 Cross-Sections (see Figure 2.8, page 10)
and select the optimization option From current row.

You can also start the optimization in the result windows via the shortcut menu.

2.2 Design by Cross-5ection

A C D [E F
Section | Member | Location Load- Design
Na. Mo. % [m] ing Ratio | Design According to Formula

1 W 530x109 | CAN/CSA-516-01

49 [ 174 cos | 0.01[ =1 100) Negligible intemal forces |
49 goOnl cne | nosl<1T1IN G ctipn check - Bending about y-axis acc. to 13.5, Class 1or 2 |

Go to Cross-Section Doubleclick
2 W 360x72 | CAN Info About Cross-Section...
22 g ptemal forces
24 ‘I| Optimize Cross-Section N | n check - Bending about y-axis acc.to 13.5, Class 1or 2
24 1 Cross-Section Optimizatilé\; Parameters... n check - Shearin z-axis - acc. to 13.4 - Unstiffened web
43 v —ooo— =TTy yewalysis - Lateraltorsional buckling acc.to 13.6
19 0.000 | Co5 | 0.15 | <1 | 350) Set of members - Stabilty analysis of doubly and singly tri b

ﬁgure 7.5: Shortcut menu to Optimize Cross-Section

During the optimization, the module determines the section that fulfills the analysis requirements
in the “optimal” way, i.e. comes as close as possible to the maximum allowable design ratio
specified in the Details dialog box (see Figure 3.1, page 23). The required cross-sectional properties
are calculated with the internal forces of RFEM or RSTAB. If a different cross-section proves to be
more favorable, it will be used for the design. In this case, the graphic in Window 1.3 shows two
cross-sections — the original section from RFEM or RSTAB and the optimized one (see Figure 7.7).

When you optimize a parametric cross-section, the following dialog box appears:

Thin-Walled Cross-5ections - Symmetric [-5ection : Optimize *

Cross-Section Optimization Parameters

Opti-

mize Cument Minimum Maximum Increment

Mh: o 3600k | 5500k 10015 fmm]

[b: 280.01%] o o 2 v | mm]

Os [ 1202} | M| 1 ¢ o)

Ot | 2ﬂ.ﬂ:’| | :’H :’| | :’|[mm] b

Oa: | D.DC’| | :’H :’| | :’|[mm]
]
/
7
4
g
7
2 =
]
7
4
4
-]
7
4

= ’//II///I//IIIJ
[ Keep cument side propartions 1S 450/280/12/20/0
29 Cancel

ﬁgure 7.6: Dialog box Thin-Walled Cross-Sections - Symmetric I-Section: Optimize

By selecting the check box(es) in the Optimize column, you decide which parameter(s) you want
to modify. They activate the Minimum and Maximum columns where you can specify the upper
and lower limits of each parameter. The Increment column controls the interval in which the value
of the parameter varies during the optimization.
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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 the optimization.

Cross-sections composed of combined rolled cross-sections cannot be optimized.

Please note that the optimization does not recalculate the internal forces with the modified
cross-sections: It is up to you to decide which sections should be transferred to RFEM or RSTAB for
a new analysis. As a result of optimized cross-sections, the internal forces may vary considerably
because of the changed stiffnesses of the model. Therefore, it is recommended to recalculate the
internal forces resulting from the modified cross-sections after the first optimization, and then to
optimize the sections once again.

To export the modified cross-section(s) to RFEM or RSTAB, go to Window 1.3 Cross-Sections and
select

Edit — Export All Cross-Sections to RFEM/RSTAB.

You can also use the shortcut menu in Window 1.3 to export one or all optimized cross-sections to
RFEM or RSTAB.

1.3 Cross-Sections

[ A [ E—— T c [ D | E [ F | & 2-W 150x24 | CANICSA-516-01
Section | Material Cross-Section Cross-Section Max. Design Cppti- RF-STEEL CSA
Na. MNo Description Type Ratio mize Remari Comment
1 1 T W 530105 CAN/CSA-S1 I-section rolled 0.05 No | 0 .
1 [ I[W 150x24 | CAN/CSAS lsertinn miled na7 Mo 1) ¥
3 1 T W 46074 | CAN/CSAY Info About Cross-Section..,
5 1 T WT12519.51 CAN/CY Cross-Section Library... i
6 1 T W 150¢13| CAN/CSA-Y \
7 4 [E@ GRO 83x8%3.2 | CAN Edit List 'Design of Members' in Window 1.1 ¥
2-W 380x72 | CAN/CSA-S16-01
g ; EEl ?EJZ_A 007500 Optimize Cross-Section 5 RFEM l
10 1 ML L 102:76x6.4 | CAN/CS Cross-Section Optimization Parameters...
Export Cross-5ection to RFEM | ''''' =0
I ¥
Export All Cross-Sections to RFEM b
Import Cress-Section from RFEM L
1) The cross-gection in Import All Cross-Sections from RFEM 3
CSA.
[ B # (%] [¢] O & &

ﬁgure 7.7: Shortcut menu in Window 1.3 Cross-Sections

Before the modified cross-sections are transferred to RFEM or RSTAB, a confirmation is required as
to whether the RFEM/RSTAB results should be deleted.

RF-STEEL CSA
/b information No. 20045

Do you want to transfer the changed cross-sections to RFEM?
if so, the results of RFEM and RF-5TEEL C5A will be deleted.

ﬁgure 7.8: Confirmation when exporting cross-sections

By approving the confirmation and starting the [Calculation] in the RF-/STEEL CSA module, the
internal forces of RFEM or RSTAB as well as the design ratios will be determined in one single
calculation run.

If the modified cross-sections have not been exported to RFEM or RSTAB yet, you can reimport the
original sections in the design module by using the last two menu options shown in Figure 7.7.
Please note that this shortcut menu is only available in Window 1.3 Cross-sections.

When optimizing a tapered member, the program modifies the cross-sections of the member start
and member end. For the intermediate locations, the second moments of area are linearly inter-
polated. Since those values are considered with the fourth power, the designs may be inaccurate
if the depths of the start and end cross-sections differ considerably. It is then recommended to
divide the taper into several members, thus modeling the taper layout manually.
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7.3 Units and Decimal Places

The units and decimal places of RFEM or RSTAB and of all add-on modules are managed in one
dialog box. To define the units for RF-/STEEL CSA, select

Settings — Units and Decimal Places.

The dialog box which is familiar from RFEM or RSTAB appears. RF-/STEEL CSA is preset in the
Program / Module list.

Units and Decimal Places b

Program/ Module RF-STEEL CSA

- RFEM A

. RF-STEEL Surfaces Output Data Parts List

.. BF-5TEEL Members Unit Dec. places Lnit Dec. places
- RF-STEEL EC3 Stresses: MPa ~ E = Lengths: m ~
. RF-STEEL AISC

.- RE-STEEL IS Design ratios: - E o Total lengths: m ~
-~ RF-STEEL SIA Dimensionless: - E = Surface areas: m"2 ~
- RF-STEEL BS
- RF-STEEL GB fokimes: m"3 i
s RF-STEEL CSA - . =
Rrrs=yr Weight per length: kg/m

- RF-STEEL NTC-DF Weight: kg =7
- RF-STEEL SP

- RF-STEEL Plastic

- RF-STEEL SANS

- RF-STEEL Fatigue Mer

-- RF-STEEL NBR

- RF-STEEL HK

- RF-ALUMINUM

- RF-ALUMINUM ADM

- RF-KAPPA

--RF-LTB

- RF-FE-LTB

- RF-EL-PL

- RFC-TO-T

- PLATE-BUCKLING

-- RF-CONCRETE Surfac

- RF-CONCRETE Membs

- RF-CONCRETE Columi

?| & B[&] (08 Cancel
ﬁgure 7.9: Dialog box Units and Decimal Places

Ak e

Ak e

Total weight: t ~

AR NNA

You can save the settings as a user-defined profile to reuse them in other models. Those functions
are described in the RFEM or RSTAB manual, Chapter 11.1.3.
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7.4 Data Transfer

7.4.1 Exporting Materials to RFEM/RSTAB

If you have modified the materials in RF-/STEEL CSA for the design, you can export those materials
to RFEM or RSTAB in a similar way as you export cross-sections: Open the 1.2 Materials Window
and then select

Edit — Export All Materials to RFEM/RSTAB.

You can also export the modified materials to RFEM or RSTAB by using the shortcut menu in
Window 1.2.

Material Library...

Export Material to RFEM

Export All Materials to RFEM C\f‘
Import Material from RFEM
Import All Materials from RFEM

ﬁgure 7.10: Shortcut menu of Window 1.2 Materials

Before the modified materials are transferred to RFEM or RSTAB, a confirmation is required as to
whether the results of the main program should be deleted. When you approve this confirmation
and then start the [Calculation] in RF-/STEEL CSA, the new internal forces and design ratios will be
determined in one single calculation run.

If the modified materials have not been exported to RFEM or RSTAB yet, you can transfer the
original materials to the design module via the last two menu options shown in Figure 7.10. Please
note that this shortcut menu is only available in Window 1.2 Materials.

7.4.2 Exporting Effective Lengths to RFEM/RSTAB

If you have adjusted the effective lengths in RF-/STEEL CSA for the design, you can export the
modified values to RFEM or RSTAB in a similar way as you export cross-sections: Go to Window
1.5 Effective Lengths - Members and then select

Edit — Export All Effective Lengths to RFEM/RSTAB.

You can also use the corresponding option on the shortcut menu of Window 1.5.

Export Effective Length to RFEM

| Export All Effective Lengths to RFEM Q—J
Import Effective Length from RFEM
Import All Effective Lengths from RFEM

ﬁgure 7.11: Shortcut menu of Window 1.5 Effective Lengths - Members

Before the modified effective lengths are transferred to RFEM or RSTAB, a confirmation has to be
approved as to whether the results of the main program should be deleted.

7.4.3 Exporting Results

The RF-/STEEL CSA results can also be used by other programs.

Clipboard

To copy cells selected in the result windows to the Clipboard, use the keys [Ctrl]+[C]. Press [Ctrl]+[V]
to insert the cells, for example, in a word processing program. The headers of the table columns
will not be transferred.
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Printout Report

You can print the data of RF-/STEEL CSA to the printout report (see Chapter 6.1, page 43). To export
the tables and graphics, then select the printout report menu

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

Excel

RF-/STEEL CSA provides a function for the direct data export to MS Excel or the CSV file format. To
open the corresponding dialog box, select

File — Export Tables.

Export of Tables *
Table Parameters Application
With table header (® Microsoft Excel
[ only marked rows (O csv file format

Transfer Parameters

[JExport table to active workbook
Export table to active worksheet
Rewrite existing worksheet

Selected Tables
(®) Active table [C]Export hidden columns
(O all tables [CExport tables with details

Input tables
Result tables

» Cancel
ﬁgure 7.12: Dialog box Export of Tables

When you have selected the relevant options, you can start the export by clicking [OK]. Excel will
be started automatically, i.e. you do not have to open the program before.

F™ e AR Tablel - Microsoft Excel — O X
Home Insert Page Layout Formulas Data Review View Add-Ins 2 0 = 22
B3 - I | Cross-section No. 3 - W 460x74 | CAN/CSA-516-01 ... 2 - W 150%24 | CAN/CSA-516-01 w
A B c D |E F =
1 Member Location | Load- Design E|
2 No. x[m] ing Ratio | Design According to Formula
3 11 |Cross-section No.3 - W 460x74 | CAN/CSA-516-01 ... 2 -W 150x24 | CAN/CSA-516-01
4 1.794| COB 0.02|=1 |102) Cross-section check - Axial compression acc.to 13.3
5 1794 COB6 0.32|£1 |111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1 or 2
6 0.000| COB 0.02|£1 |160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffened web
7 1784 COB 0.29|£1 |202) Cross-section check - Compression and uniaxial or biaxial bending acc. to 13.8.2(a) or 13.8.3
8 17584, COB 0.04|£1 |301) Stability analysis - Flexural buckling about y-axis acc. to 13.3.1 and/or 1332
9 1794 COB 0.02|£1 |321) Stability analysis - Torsional buckling acc.to 13.3.2
10 1794 COB 0.66|=1 |350) Set of 5 - Stability analysis of doubly and singly symmetric sacc.to 13.80r 139
11
12 12 |Cross-section No. 2 -W 150x24 | CAN/CSA-516-01
13 0.000| COB 0.02|£1 |102) Cross-section check - Axial compression acc.to 13.3
14 0.000| COB 0.32|£1 |111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1 or 2
15 0000 COB 0.05|£1 |160) Cross-section check - Shear in z-axis - acc. to 13 4 - Unstiffened web
16 0.000, COB 0.29|£1 |202) Cross-section check - Compression and uniaxial or biaxial bending acc. to 13.8.2(a) or 13.8.3
17 0.000, COB 0.04|=1 |301) Stability analysis - Flexural buckling about y-axis acc. to 13.3.1 and/or 13.3.2
18 0.000| CO6 0.02|£1 |321) Stability analysis - Torsional buckling acc.to 13.3.2
19 0.000| COB6 0.66|=1 |350) Set of bers - Stability analysis of doubly and singly symmetric bers acc. to 13.8 or 13.9
20
21 13 |Cross-section Mo. 2-W 150x24 | CAN/CSA-516-01
22 0000 COB 0.03|£1 |102) Cross-section check - Axial compression acc. to 133
23 2550 CO5 0.26/=1 |111) Cross-section check - Bending about y-axis acc. to 13.5, Class 1 or 2
24 0.000, COB 0.03|=1 |160) Cross-section check - Shear in z-axis - acc. to 13.4 - Unstiffened web
25 2550 COS 0.25|=1 |202) Cross-section check - Compression and uniaxial or biaxial bending acc. to 13.8.2{a) or 13.8.3 -
4 4 » M| 2.4 Design by Member %1 (4] i | i
Ready | [EEm 0w U &) o

ﬁgure 7.13: Results in Excel
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8 Example

Column with Compression and Biaxial Bending

This example illustrates the stability design of a column with regard to flexural buckling and lateral
torsional buckling. Furthermore, the interaction of bending moments and axial compressive forces
is examined. The analysis follows the Limit State Design provisions.

8.1 Design Values

Model and loads
W 310x562 | CANMCSA-S16-01
Cf 167.0
o l
—
Lyl 2m -
= S
w I =) ¥
—
— 14m
T
.
o |
2m 'z [mm]
N Material: Steel 260W
Ly

PaN

Design values of loads:

W 310x52 , C, = 300 kN
w = 5.0kN/m
y Vi =7.5kN
ﬂgure 8.1: Model and loads

Internal forces due to linear analysis

-10.00 kKN

3.75kN

-300.00 KN

10.00 kNm
3.75kN
7.50 kNm

-3.75kN

10.00 kN

N M
ﬁgure 8.2: Internal forces

X vy
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Design location

The design proceeds according to x-locations, i.e. for specific positions x of the member. The
governing location is at x = 2.00 m in the middle of the member, with the following internal
forces:

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

8.2 Cross-Section Properties - W 310x52

Cross-Section Property Symbol|Value Unit
Gross area Aq 66.70 cm?
Moment of inertia about strong axis ly 11,900.00 |cm?
Moment of inertia about weak axis I, 1,030.00 |cm*
Radius of gyration about strong axis ry 13.40 cm
Radius of gyration about weak axis r, 3.90 mm
Cross-section weight wt 52.40 kg/m

Torsional constant J 30.80 cm?
Warping constant C, 238,000.00 cm®
Elastic section modulus about strong axis Sy 750.00 cm’
Elastic section modulus about weak axis S, 123.00 cm?
Plastic section modulus about strong axis Z, 841.00 cm’
Plastic section modulus about weak axis z 189.00 cm’

8.3 Material Properties - 260W

Material Property Symbol|Value Unit
Modulus of elasticity E 200,000 MPa
Shear modulus G 77,000 MPa
Yield strength Fy 260 MPa
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8.4 Classification of Cross-Section

Flange
b, = 83.5mm
t=13.2mm
145 145
My=——==—— =899
T VF o V260
170 170
Ny= —=— = —— = 10.54
P2 JF, V260
200 200
A3 = —==—==12.40
B V260
b, 835
- = —6.33<899 = lass 1
: 132 6.33<899=)X; —Class
Web
h =291.6 mm
w=7.6mm
1,100 G 1,100 300,000
Ap1 = 1-039— | =—~= (1—-039 ————— | =63.11
w1 = JF, ( cy) V260 ( 0.9 - 260 - 6,670)
1,700 G 1,700 300,000
Ayy = — 1—-061—— | =—— (1-0.61 ——————— | =93.07
w2 JF, ( g) V260 ( 0.9-260- 6,670)
1,900 G 1,900 300,000
Ay3 = 1—0.65— — (1—-0.65 ——————— | =103.11
w3 =, ( ¢cy> 260 ( 0.9 - 260 - 6,670)
h  291.6
— =——=13837<63.11=),; —Class1
w 7.6 ’

= Class of section: 1

Classification in RF-/STEEL CSA

[ Cross-Section Classification - Class 1
Flange
- Half of Full Flange Width bz 83.5 | mm Chapt. 11.3
- Thickness t 13.2 | mm Chapt. 11.3
- Yield Strength Fy 260.00 | MPa
- Maximum Ratio for Class 1 e 8.953 Table 1or 2
- Maximum Ratio for Class 2 Liz 10.543 Table 1or 2
- Maximum Ratio for Class 3 Lia 12.403 Table 1or 2
- bait-Ratio bart 6.326 Zhid
- Class of Flange 1 Table 1or 2
Web
- Length h 291.6 | mm Chapt. 11.3
- Thickness W 7.6 | mm Chapt. 11.3
- Yield Strength Fy 260.00 | MPa
- Compression Force Ct 300.00 | kN
- Gross Area Ag 66.70 | cm2
- Resistance factor & 0.900 Chapt. 13.1
- Compressive Load at Yield Stress Cy 173420 | kN
- Maximum Ratio for Class 1 w1 63.105 Table 1or 2
- Maximum Ratio for Class 2 w2 53.068 Table 1or 2
- Maximum Ratio for Class 3 w3 103111 Table 1or 2
- h/w-Ratio hiw 38.368 = w1
- Class of Web 1 Table 1or2
Class of Cross-Section 1 Table 1or2

ﬂgure 8.3: Classification in RF-/STEEL CSA
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8.5 Flexural Buckling

8.5.1 Buckling about y-Axis (Strong Axis)

Effective length:
Ly =K,L=4.0m

Parameter for compressive resistance:

n=134

Euler buckling stress:

2 2.
_ mE _ m-200000 o5 05 Mpa

F
i Lo \? (4,000)2
T, 134

Slenderness:

| F | 260
N=4/2L =)o =034
v~ \/F, '\ 220105

Factored axial compressive resistance:

AF 0.9-6,670 - 260
ny = ¢ Y 1/n = ? 1/1 34 == 1’497.38 kN
’ (1 +>\2n) (140.34271.34)/ "
y
Design ratio:
@ 300.00
=1 =——"=0.20<1.00 = OK
¢, 1497.38 -

Buckling design in RF-/STEEL CSA

[ Design Ratio
Compression Force Cr 300.00 [ kN
Effective Member Length Leffy 4.000 | m
Yield Strength Fy 260.00 | MPa
Madulus of Blasticity E 200000.00 | MPa
Slendemess Ratio Ky Lfry 29,5947
Euler Buckling Stress Fery 2201.05 | MPa 1331
Gross Area Ag 66.70 | cm2
Parameter for Compressive Resistance n 1.340 13.31
Registance Factor & 0.500 131
Factored Compressive Resistance Cry 1457.38 [ kN 1331
Design Ratio My 0.20 =1

ﬁgure 8.4: Design details in RF-/STEEL CSA (check no. 301)
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8.5.2 Buckling about z-Axis (Weak Axis)

Effective length:
Leff - KZL - 40 m

Parameter for compressive resistance:

n=1.34

Euler buckling stress:

2 2.
_ _mE _m-200000 00 ¢ mpa

Ler\? (M)Z
() (%59
Slenderness:

F 2
A==/ 60 =1.17
Fe 190.51

Factored axial compressive resistance:
PAF, 0.9 - 6,670 - 260

e,z

C ., = = = 783.76 kN
rz (1 4 /\ZZn)l/n (1 + 1.172.1.34)1/1.34
Design ratio:
C 300.00
= afz = 8378 = 0.38 < 1.00 = OK - governing for flexural buckling

Buckling design in RF-/STEEL CSA

= Design Ratio
Compression Force Cs 300.00 [ kN
Effective Member Length Lesiz 4.000 | m
Yield Strength Fy 260.00 | MPa
Modulus of Elasticity E 200000.00 | MPa
Slendemess Ratio KzLfrz 101.750
Euler Buckling Stress Fez 150.51 | MPa 13.31
Gross Area Ag 66.70 | cm2
Parameter for Compressive Resistance n 1.340 13.31
Resistance Factor & 0.500 131
Factored Compressive Resistance Crz 78376 | kN 1331
Design Ratio Nz 0.38 =1

ﬁgure 8.5: Design details in RF-/STEEL CSA (check no. 311)
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8.6 Lateral-Torsional Buckling

Effective length:

Leff = Ky LLTB = 40 m

Coefficient to account for increased moment resistance:
4AM,ax 4.10

— =1.13
\/Mz +AM2 47 MZ +4M? V102 +4.752+7-102 +4.7.52
max a C

(A}z:

Critical elastic moment:

2
Wy T TE
M, = -2=[EI,GJ+ (L—> 1,C,
LTB LT
1137 7 - 200,000 2
= ———4/200,000 - 10,300,000 - 308,000 - 77,000 ————") -10,300,000-2.38 - 10"
4,000 \/ ’ T ’ ’ + ( 4,000 ) T
= 293.82 kNm
Plastic moment resistance:
M, = 218.66 kNm
M, = 293.82 kNm > 0.67 - M, = 146,50 kNm
Factored moment resistance:
0.28M,
M, =115¢6M, (1 — , <oM,
0.28 - 218.66
M =1.15-09-218661— —— | <0.9-218.66
! ( 293.82 > -

M, =179.16 MPa < 196.79 MPa

Design ratio:
Mg, 10.00
=—>=——=0.06<1.00 = OK
=M, T 1796 =

Lateral-torsional buckling design in RF-/STEEL CSA

[ Design Ratio
Maximum Momert My, max 10.00 | kNm
Coefficient [ 113 136
Length of the Segment L 4.000 | m
Madulus of Elasticity E 200000.00 | MPa
Maomert of Inertia Iz 1030.00 | cm*
Shear Modulus G 77000.00 | MPa
‘Warping Torsional Constant Cw 238000.00 [ cm®
St. Venant Torsional Constant J 30.80 [cm*
Registance Factor & 0.500 131
Elastic Crtical Moment My 25382 [ kNm 1316
Plastic Bending Moment Mp,y 218,66 | kNm
Moment Resistance Mey 179.16 | kNm My = 0.67Mpy (136
Design Ratio nNLTE 0.06 =1

ﬁgure 8.6: Design details in RF-/STEEL CSA (check no. 325)
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8.7 Member Strength and Stability

Finally, the capacity to resist both bending moments and the axial compressive force is examined.
The design follows the rules specified in [1] Clause 13.8.2.

8.7.1 Cross-Sectional Strength

Coefficient for bending in beam-columns:

B=06

Factors to account for moment gradient and second-order effects:
Wiy . 1.0

Uy=—% =7 30~ "2
- q 14,680.20
where
wy, = 1.0 for members subjected to distributed loads
m2El 2..200,000 - 119,000,000
oy = y T i S — 14,680.20 kN
; L2 4,0002
W, 0.85
Uy, = Zcf =300~ "
G, ~ 1,270.63
where

wy, = 0.85 for members subjected to a concentrated load

2El,  72-200,000 - 10,300,000
Cor= "3t = o = 1:270.63kN

Compressive resistance:

C, = ¢pAyF, = 0.9 6,670 260 = 1,560.78 kN

Moment resistances (Class 1):
M,, = ¢Z,F,=0.9-841,000-260 = 196.79 kNm

M,,=¢Z,F,=0.9-189,000 - 260 = 44.22 kNm

Design according to [1] Clause 13.8.2 a):

¢ 085 ULy Mf,y B U, M
E + Y +

r ry rz
300 +0.85~1.02~10+0.6'1.11-7.5
1,560.78 196.79 44.22

2 <10

=0.19+0.054+0.16 < 1.0

Design ratio:

0.34 <1.00 = OK
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Cross-sectional strength design in RF-/STEEL CSA

= Design Ratio
Compression Force Ct 300.00 | kN
Yield Strength Fy 260.00 | MPa
Gross Area Ag 66.70 | cm2
Resistance Factor & 0.500 131
Factored Compressive Resistance Cr 1560.78 | kN 13.31
Design Ratio Ne 0.19 =1
Bending Moment Mty 10.00 | kMNm
Plastic Section Modulus Zy 841.00 | cm?
Plastic Bending Momenrt Mp.y 218.66 | kNm
Coefficient @1y 1.000 1385
Factor U1y 1.021 1384
Moment Resistance Mry 136.79 | kNm 13.5
Design Ratio Ty 0.05 =1
Bending Moment Mtz 7.50 [ kMNm
Plastic Section Modulus 7z 189.00 | cm?
Plastic Bending Moment Mp.z 4914 | kNm
Coefficient @iz 0.850 1385
Coefficient B 0.600 1382
Factor Uiz 1113 1384
Moment Resistance Mrz 44 23 | kNm 135
Design Ratio Nz 017 =1
Design Ratio m 0.34 =1

ﬁgure 8.7: Design details in RF-/STEEL CSA (check no. 202)

8.7.2 Overall Member Strength

Coefficient for bending in beam-columns:
B=06+04)\=06+04-1.17=1.07 >0.85 — 3= 0.85

where

F 260
A ==L = =1.17 Chapter 8.5.2
== \F, V19051 (see Chapter 8.5.2)

The values of the factors, U, are the same as for the cross-sectional strength (see Chapter 8.7.1):

Uy, =1.02

Up, =111

Compressive resistance:

G, =min(C,;C, ;) = min (1,497.38;783.76) = 783.76 kN  (see Chapters 8.5.1 and 8.5.2)

ry» -rz

Moment resistances (Class 1):
M,’y = ¢Zy Fy =0.9-841,000- 260 = 196.79 kNm

M,, = ¢Z,F,=0.9-189,000 - 260 = 44.22 kNm

Design according to [1] Clause 13.8.2 b):
0.85U, M u,,m

9+ 1y f7y_|_’8 1,z f,Z S 10

G M’?y rz

r
300 +0.85-1.02-10+0.85-1.11~7.5
783.76 196.79 44.22

=038+0.05+0.16<1.0

Design ratio:

0.59 < 1.00 = OK
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Overall member strength design in RF-/STEEL CSA

= Design Ratio
Compression Force Ct 300.00 | kN
Yield Strength Fy 260.00 | MPa
Gross Area Ag 66.70 | cm2
Resistance Factor & 0.500 131
Factored Compressive Resistance Cr 78376 | kN 13.31
Design Ratio Ne 0.38 =1
Maximum Moment My, max 10.00 | kMm
Plastic Section Modulus Zy 841.00 | cm?
Plastic Bending Momenrt Mp.y 218.66 | kNm
Coefficient @1y 1.000 1385
Factor U1y 1.021 1384
Moment Resistance Mry 136.79 | kNm 13.5
Design Ratio Ty 0.05 =1
Maximum Moment Mz, max 7.50 [ kMNm
Plastic Section Modulus 7z 189.00 | cm?
Plastic Bending Moment Mp.z 4914 | kNm
Coefficient @iz 0.850 1385
Coefficient B 0.850 1382
Factor Uiz 1113 1384
Moment Resistance Mrz 44 23 | kNm 135
Design Ratio Nz 017 =1
Design Ratio m 0.59 =1 13.82.b)

ﬁgure 8.8: Design details in RF-/STEEL CSA (check no. 333)

8.7.3 Lateral-Torsional Buckling Strength

Coefficient for bending in beam-columns:
B=06+04)\=06+04-1.17=1.07 >0.85 — 3= 0.85

where

F 260
A ==L = =1.17 Chapter 8.5.2
== \F, V19051 (see Chapter 8.5.2)

The values of the factors, U, are the same as for the cross-sectional strength (see Chapter 8.7.1):

Uy, =1.02

Up, =111

Compressive resistance:

G, =min(C,,;C, ) = min (1,497.38;783.76) = 783.76 kN  (see Chapters 8.5.1 and 8.5.2)

Moment resistances:

M,, =179.16 kNm (see Chapter 8.6)

M,, = ¢Z,F,=0.9-189,000 - 260 = 44.22 kNm

Design according to [1] Clause 13.8.2 ¢):
0.85U, M u,,m

9+ 17y f7y_|_’8 1,Z f,Z S 10

G M’?y rz

r
300 +0.85-1.02-10+0.85-1.11-7.5
783.76 179.16 44.22

=038+0.05+0.16<1.0

Design ratio:

0.59 < 1.00 = OK
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Lateral-torsional buckling strength design in RF-/STEEL CSA

= Design Ratio
Compression Force Ct 300.00 | kN
Yield Strength Fy 260.00 | MPa
Gross Area Ag 66.70 | cm2
Resistance Factor & 0.500 131
Factored Compressive Resistance Cr 78376 | kN 13.31
Design Ratio Ne 0.38 =1
Maximum Moment My, max 10.00 | kMm
Coefficient 2 1131 136
Length of the Segment L 4.000 |m
Modulus of Elasticity E 200000.00 | MPa
Moment of Inertia Iz 1030.00 | cm*
Shear Modulus G F7000.00 | MPa
Warping Torsional Constant Cw 233000.00 | em®
St. Veenant Torsional Constart J 3080 | cm*
Resistance Factor & 0.500 131
Blagtic Critical Moment My 25382 | kNm 1316
Plastic Bending Momenrt Mp.y 218.66 | kNm
Factor U1y 1.021 1384
Moment Resistance Mry 173.16 | kNm My=0%|13.6
Design Ratio nLTe 0.06 =1
Maximum Moment Mz, max 7.50 [ kMNm
Plastic Section Modulus 7z 189.00 | cm?
Plastic Bending Moment Mp.z 4914 | kNm
Coefficient B 0.850 1382
Factor Uiz 1113 1384
Moment Resistance Mrz 44 23 | kNm 135
Design Ratio Nz 017 =1
Design Ratio m 0.59 =1 13.8210c)

ﬂgure 8.9: Design details in RF-/STEEL CSA (check no. 335)

In addition, the following requirement is to be met:

My, M
W T <10
Mr,y Mr,z

10 75

—— + ——==0. A7 <1
196.79+44.22 0.05+017<1.0

Design ratio:

0.22 < 1.00 = OK

= Design Ratio

Bending Moment Mty 10.00 | kMNm

Yield Strength Fy 260.00 | MPa

Resistance Factor & 0.500 131
Plastic Section Modulus Zy 841.00 | cm?

Plastic Bending Momenrt Mp.y 218.66 | kNm

Moment Resistance Mry 136.79 | kNm 13.5
Design Ratio Ty 0.05 =1

Bending Moment Mtz 7.50 [ kMNm

Plastic Section Modulus Zz 189.00 | cm?

Plastic Bending Moment Mp.z 4914 | kNm

Moment Resistance Mrz 44 23 | kNm 135
Design Ratio Nz 017 =1

Design Ratio m 0.22 =1

ﬁgure 8.10: Design details in RF-/STEEL CSA (check no. 203)
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