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1. Introduction
1.1 Additional Module STEEL BS

The British Standard BS 5950-1:2000 determines rules for the design, analysis and construc-
tion of steel buildings in the United Kingdom. With the add-on module STEEL BS from the
company ING. SOFTWARE DLuBAL all users obtain a highly efficient and universal tool to design
steel structures according to this standard. Furthermore, the design can be carried out ac-
cording to BS EN 1993-1-1:2005 (Eurocode 3) with consideration of the National Annex for
the United Kingdom.

All typical designs of load capacity, stability and deformation are carried out in the module
STEEL BS. Different actions are taken into account during the load capacity design. The allo-
cation of designed cross-sections into four classes (plastic, compact, semi-compact and
slender) makes an important part of the design according to BS 5950-1:2000. The purpose
of this classification is to determine the range in which the local buckling in cross-section
parts limits the load capacity so that the rotational capacity of cross-sections can be veri-
fied. Further, STEEL BS automatically calculates the limiting width-to-thickness ratios of
compressed parts and carries out the classification automatically.

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

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

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

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

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

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

Your ING. SOFTWARE DLUBAL company.
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The following people participated in the development of the STEEL BS module:

Program Coordinators

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

Programmers

Ing. Zdenék Kosacek

Ing. Ph.D. Peter Chromiak
Dipl.-Ing. Georg Dlubal
Dr.-Ing. Jaroslav Lain

Ing. Martin Budac

Ing. Ph.D. Peter Chromiak

Mgr. Petr Oulehle
Ing. Roman Svoboda
David Schweiner

Ing. Zbynék Zdmecnik
DiS. Jiti Smerak

Library of Cross-Sections and Materials

Ing. Ph.D. Jan Rybin
Stanislav Krytinar

Jan Brnusak

Design of Program, Dialog Boxes and Icons

Dipl.-Ing. Georg Dlubal
MgA. Robert Kolouch

Testing and Technical Support

Ing. Ctirad Martinec

Ing. Martin Vasek

Ing. Ph.D. Peter Chromiak
Dipl.-Ing. (FH) René Flori

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

Ing. Jan Milér

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

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

Manuals, Documentation and Translations

Ing. Ph.D. Peter Chromiak
Dipl.-Ing. (FH) Robert Vogl
Mgr. Petra Pokorna

Ing. Petr Michal

Ing. Ladislav Kabrt
Ing. Dmitry Bystrov
Mgr. Michaela Kryskova

1.3 Using the Manual

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

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

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

Main Menu

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

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

additional Modules | Window  Help

' REERL T LY TR

Shape Properties DT = ; - M

[Design - Concrete »

Desian - Timber 3
Design - Composite 4

Dryniammic b

STEEL 214

Connections 3

Foundations

Stability b "? EAPPE Buckling Check For Compression Members
Towers » i} LE Lateral Tarsional Buckling Check.
Cithers . E}; FE-LTE Lateral Torsional Buckling Analysis with Finite Elements

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

Navigator

STEEL EC3 Design accarding to Eurocode 3

STEEL AISC Design according to AISC (LRFD ar ASD)

E
dise
Te STEELIS
b=

By pr : = E

General Skress Analysis

Design according to IS 800
Design according to SIA

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

Add-on Modules — STEEL BS.

_J Guide Ohjects ~
(=) Additional Modules

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

& SHAFPE-MASSIVE - Section Properties of Thick-walled Sections
STEEL - General Stress Analysis for Steel Members
STEEL EC3 - Steel Design according to Eurocode 3
STEEL AISC - Steel Design according to A1SC (LRFD or ASD)
STEEL IS - Steel Design according to IS 800
STEEL 5IA - Steel Design according o SIA 263:2003
KaPPA - Buckling Analysis for Compression Members
LTE - Lateral Torsional Buckling Analysis
FE-LTE - Lateral Torsional Buckling Check with Finite Members
EL-PL - Elastic-plastic Design
C-TO-T - Limiting Width-Thickness Ratio Check {cft)
PLATE-BIUCKLIMG - FEM Plate Buckling Analysis
VERBAMD - Wind Bracings with Stabilisation Loads
AsD - steel Design according to US-Morm AISC ASD
CRANEWAY - Crane Girder Analysis
COMCRETE - Concrete Design of Members
COMCRETE Columns - Concrete Design of Columns
TIMBER. Pro - Design of Timber Members

2l 1 L s

=
[«

B E R HERESNEE

Project Navigator @

TIMBER - Design of Timber Members -

<
EData 9 pigplay 4 b

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

STEEL B5 CA1 - Steel Desigr V] If results of STEEL BS are already available in the RSTAB position, you can set the relevant
design case of this module in the list of load cases in the menu bar. The design criterion on
members is displayed graphically in the work window of RSTAB by using the [Results on/off]
button.

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

M ax
Drezign Ratio [-]

1.00

L

0.80
0.70
0.50
0.50
0.40

0.30
020
01a
0.00

Max : 0.42
Min - 0.00

B [@ 4

Figure 1.3: [STEEL BS] button in panel
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2. Input Data

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

After the initialization of the STEEL BS module, a new window is displayed. In its left part, a
navigator is shown that enables you to access all existing tables. The roll-out list of all pos-
sibly entered design cases is located above this navigator (see chapter 7.1, page 51).

If STEEL BS is called up for the first time in a position of RSTAB, the following important da-
ta is loaded automatically:

¢ Members and sets of members

e Load cases, load groups and combinations

e Materials

e Cross-sections

¢ Internal forces (in the background — if calculated)

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

Save entered data by the [OK] button and close the module STEEL BS, while by the [Cancel]
button you terminate the module without saving data.

2.1 General Data

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

2.1.1 Ultimate Limit State

STEEL BS - [Demo-5eng] X
File Edit Settings Help
Cal - Steel Design according to % E S
Input D1t Design of Dresign according ta
General Data —
M aterials Mermbers: a [ =t BS 5950-1:2000 R
Cross-sections .
Sets: A Al
Lateral Intermediate Supports
Effective Lengths - Members Ulimate Limit Stah P —
Effective Lengths - Sets of Men mate Limit State | Serviceability Limit State m
= Nodal Supports Existing Load Cazes Selected for Design m
St of Members No. 2.- St Ji ) 75 Wind v+ ~ Lot Dead Laad U a
=) Member Releases LC4 ‘wind at peak v+ = Lc2 Srow Load FU -
Set of Members No. 2-5et| | | LCS ‘wind at peak v Y g d E
Serviceahility D ata LCE ‘wind positive °
Lc7 Live Load A e
*LCE Impetfections v +5 m &
“LCa Imperfections v - -
=LC10 Imperfections v +1" v h .‘uﬁ
Load Groups snd Load Combinations m E
LG1 13501 +1.35°LC2 + .35 w
LG2 1.35°C1 +1.54.C2 + LCA v
LG3 13501 +1.5*LC3 + LCA
LG4 1.35°LC1 + 1.5*LC7 + LCB “ | Design Situation: Steel Design of
LGS LC1 +151CE+LC& Furdl tal FU Members and Sets of
(@6 |135LC1+151C4+LC10 8 Pl i Members acc. to
LG7 135101 +1.5°LC5 + LS coema 5% BN ey
LGE 135101 + 1.35°LC2 + 1.35 ¥ 1
| 1 |
< >

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

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

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

Designing sets of members has the advantage that selected members can be analyzed to
determine the total maxima of the design ratios. In this case, the results tables 2.3 Design
by Set of Members, 3.2 Governing Internal Forces by Set of Members and 4.2 Parts List by
Set of Members are displayed additionally.

Design according to

The list box controls whether the analysis is carried out according to the provisions of the
BS 5950-1:2000 or the British National Annex of EN 1993-1-1.

Existing Load Cases / Load Groups and Load Combinations

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

If an asterisk (*) is displayed at load cases or combinations, as you can see e.g. in figure 2.1
at load cases 8 to 10, they are excluded from the design. It signifies that no loads were as-
signed to these load cases or that they contain only imperfections (as in our example).

Furthermore, it is only possible to select load combinations for which the minimum and
maximum values can be determined unambiguously. This restriction is necessary because
the calculation of the elastic critical moment at lateral buckling requires the unambiguous
assignment of moment diagrams. If an invalid load combination is selected, the following
warning appears:

STEEL BS
! Warming No. 687

LCe

Errar in input datal

The LC [LG, CO) zelected containz either na loading or
imperfection(s] only or hag been incomrectly defined.

W 4

Figure 2.2: Warning when Selecting Invalid LC, LG or CO

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

Selected for Design

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

Program STEEL BS © 2011 by Ing. Software Dlubal
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l/_f' Generally, the calculation of an enveloping Or load combination is faster than the analysis

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

2.1.2 Serviceability Limit State

File Edit Settings Help
CA1 - Steel Design according ko w [ S
Input Diata Dresign of Design according to
General Data —
M aterials I embers: a [ == BS 5950-1:2000 v
Cross-sections . .
Sets: A Al
Lateral Intermediate Supports
Effective Lengths - Members 3 bty Limit Sta
Effective Lengths - Sets of Men Ultimate Limit State | = &razeabiity Linit state m
=I- Modal Supports Exigting Load Cases Selected for Design m
Set of Members No. 2-Set | Mg ind v 45 3 LC1 Dead Load H A
=I- Member Releases LC4 wind at peak v +1 . LC2 Srnow Load cH -
Set of Membars No. 2 - Set LCH 'wiind at peak v 7' g LG1 1.35°LC1 +1.35°LCZ + | CH d H
Serviceahilty D ata LCE ‘wfind positive o
Ly Live Load 7y &
*LCE Imperfections v +3 m b
*LC3 Imperfections v -7 =
“LC10 | Imperfectiong v +v ~ h .‘ﬂ‘
Load Group= and Load Combinations m E
LG ot Mg I vy =
LG3 13501 +1.5°LC3 + LCR
LG4 1.35°LC7 +1.5°LCT + LCE =
LGS LCT + 1.5°LCE + LC8B » Dresign Combination stgell?esign;i -
LGE 13907 + 15104 + LETD Characteristic 653(2)a) CH Eiambers Anti S
LG7 1.35°LCT + 1.5°LC5 + LC3 2 R peget L 1
G |135LC1 +1.350L2+ 135 9= BETAD PLl S
LG3 13501 + 13502+ 135 & O Quasipermanent  653(2)c) QP sreasati i
| 1 |
< >

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

Existing Load Cases / Load Groups and Load Combinations

All load cases, load groups and load combinations that were created in RSTAB are listed in
these two sections.

Selected for Design

Adding load cases and their groups and combinations to the list for the design, resp. re-
moving them from the list is done in the same way like in the previous register tab (see
chapter 2.1.1).

Design Combination

In this dialog section, you can set different limit values that are to be applied for the deflec-
tions of combined actions. The relevant limit value for the selected design combination can
be assigned as follows: Click the action in the list Selected for Design to select it. Then click
the blue tick [M] to allocate the selected combination.

You can choose among the following criteria as specified in EN 1990:
e Characteristic (CH)
e Frequent (FR)
e  Quasi-permanent (QP)

I Program STEEL BS © 2011 by Ing. Software Dlubal
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The limit values are settled by the standard. They can be modified in the dialog box that
controls the details (see figure 3.1, page 29) resp. the parameters of the National Annex
(see figure 2.4, page 11).

Comment

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

2.1.3 National Annex (NA)

If the design is to be carried out according to BS EN 1993-1-1, the button [National Annex]
is accessible in all input tables. You can use it call up the dialog box National Annex Settings
that consists of two register tabs.

Base

National Annex Settings - BS EN 1993-1-1 ==

Base | Stainless Steel (EN 1993-1-4)

Partial Factors acc. to 6.1, Note 2B Serviceability Limits (Deflections) acc. to 7.2
- For Resistance of Cross-sections TMO - 1.000= Combination of Actions (Table A1.4 of EN 1330):
- For Resistance of Members to Buckling Cartilevers
(For design according 6.3 an/or in case of < . - s s
activation for cross section resistance M1 100015 Gz Gk LI E Lelll 190
detection) FR: Frequent ] 20015 Let| 1001
- For Resist of Cro ctions to Fract R - . = =
dEre t:ﬁll'e:;gﬁ Ssseclionsto Fracie  yyp: 1100 QF : Quasi-permanent L/ 20055 Let| 1005
Fire Design Settings Shear acc. to 6.2.6(3) and Shear Buckling acc. to EN 1993-1-5
Partial Factor for Fire Situation TMLi 1.000= Factor 7: 1.2001%
Parameters for Lateraltorsional Buckling General Method acc. to 6.3.4
Imperfection Coefficients of Lateral4orsional Determine Lateral-torsional Buckling Enable Also for Non |-Sections
Buckling Curves acc. to Table 6.3: Curves for 6.3.2 and 6.3.3: - )
Imperfecﬁnn ) Aways ac:c:on:l!ng to Eq. (6.56) = :.Ic\c;aoyr;inngsteoGggiml Method for Stability Design
ETHEETATT General Case (Conservative) {Mon-applicable if Bending around z-Awxis)
guckllng o 021015 ~) Always according to Eq. (6.57)
urve b: 0.34012 Rolled or Uniformly Equivalent
Cross-sections
c: 0.490% .
= @) If Possible, according to Eq. (6.57),
d: 0.760 = Ctherwise according to Eq. (6.56)
Parameters for .7 acc. to 6.3.2.3(1): Determine Interaction Factors for 6.3.3(4)
Rolled Welded according to Method: ] Use Adapted Method according to (6]
I-Sections |-Sections “1 1 according to Annex A (Enable Double Bending)
e 0.400% 0.200= @) 2 according to Annex B [6] Naumes, J., Feldmann, M., Sedlacek, G.:
' : Biegeknicken und Biegedillknicken wvon
B: 0.750 = 1.000 Staben und Stabsystemen auf einheitlicher
Grundlage.
Stahlbau 70 (2010)

Use Factor f for Modification of .7
according to 6.3.2.3(2)

K [ Ok ] I Cancel

L S

Figure 2.4: Dialog box National Annex Settings, tab Base

In the dialog sections you can check the Partial Factors, the Serviceability Limits as well as
the Parameters for Lateral-torsional Buckling and adjust them, if necessary.

In the dialog section General Method according to 6.3.4, it is additionally possible to decide
if you want to perform the stability analysis always in accordance with [1], section 6.3.4.
(According to the German National Annex, the general method is only allowed to be used
for I-shaped cross-sections. By activating the option Enable Also for Non I-Sections you can
use the method also for other cross-sections.)

In addition, it is possible to perform the stability analysis using the European lateral-
torsional buckling curve according to NAuMEs [5]. In his dissertation from November 2009,
he completed the “General method for lateral and lateral torsional buckling of structural
components” design according to EN 1993-1-1:2007 clause 6.3.4 by additional transverse
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bending and torsion. This method is available in STEEL BS in order to design unsymmetrical
cross-sections as well as tapered members and sets of members with biaxial bending.

According to section 6.3.4 (4), the reduction factor Xop is to be calculated

a) as minimum value of the values for buckling according to 6.3.1 or Y, for lateral-
torsional buckling according to 6.3.2 by means of the slenderness degree 7, , or

b) as avalue that is interpolated between ¥ and ¥ (see also equation (6.66) of
EN 1993-1-1).

As the method according to NAUMES is based on the standardized European lateral-torsional
buckling curve taking into account the modified imperfection factor a*, the interaction be-
tween local buckling and lateral-torsional buckling according to equation (6.66) can be
omitted. In the first step, the calculation is carried out separately for the principal and the
secondary load-bearing plane.

Calculation
Principal plane Secondary plane
_ (2) - vors B {2 L M. palx)
apalz) = “‘T“Lqr“.k ) - Bulw) = 17 :u} (1= qars)
Design
simplified accurate
1 1 . =2
Ang = Mnp=1————- 11— ———| yip(®)- A p(z
g = 0.9 Hng ppn [ m.:,,l(w}J xir() - Applr)

3. (x) < An
agd(r) +A:(2) = Bna

Figure 2.5: Calculation run for the method according to NAUMES

In the second step, the design criterion Ang is determined. Finally, the design concerning
the summation of the design ratios for the principal and the secondary load-bearing plane
is performed and compared to the design criterion Ang.

Moment diagram M. UEYR

_ 1
e qar. = 021 (1 —4.) + 0.36 - (0.33 — 1) - <
eyt Cepit

max|M. g4l

~ 1 . T2 EI, - max|d,

Q i ] M. = Crorit 12 max| M. ga
max| M. g4l

B‘vAi

1
e aa, = .18

Chopit

1
Dopit

Figure 2.6: Determination of the moment factor qy;,
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STEEL BS also allows for the design of structural components made of stainless steel accord-
ing to EN 1993-1-4 [4].

In the second tab of the dialog box National Annex Settings you find the relevant Partial
Factors and Parameters for Stability Design.

National Annex Settings - BS EN 1993-1-1 ==

Base | Stainless Steel (EM 1593-1-4) |

Partial Factors acc. to 5.1

- For Resistance of Cross-sections TMOD 11005

- For Resistance of Members to Buckling
(Assessed for Proofs in Clause 6.3) TMI 1100

- For Resistance of Cross-sections to Fracture
due to Tension TMZ 12505

Shear according to 5.6(2) and Shear Buckling
Factor m: 1200

Parameters for Stability Design

Imperfection Coefficients «e and Values Lo for

Centric Compression according to Table 5.3 Imperfection Parame_ter for @

Buckling Coefficient o Lo
- Cold Formed Open Sections: 0.490 = 0.400 =
- Hollow Sections (Welded or Seamless): 0.490 = 0.400 =
- Welded Open Sections (ground Major fuds): 0.490 = 0200
- Welded Open Sections (ground Minor fxds): 0.760 = 0200
Torsional and Lateral4orsional Buckling
- All Structural Members: 0.340% 0.200%
Imperfection Coefficients c.LT for LateraHorsional i
Buckling according to 5.4.3.1(1) Imperfection
Coefficient oLt

- Cold Formed Sections and Hollow Sections <

(Welded and Seamless): 0.340=
- Welded Open Sections and ~

(Other Sections: 0.760 =

K Ok ] [ Cancel

L S

Figure 2.7: Dialog box National Annex Settings, tab Stainless Steel (EN 1993-1-4)
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| Grade 5 275 Steel | BS 5950-1:2['|

Grade 5 275 Steel
Grade 5 355 Steel
Grade 5 460 Steel
Grade 43 Steel
Grade 50 Steel
Grade 43 Steel
Grade 50 Steel
Grade 55 Steel
Grade 5 275 Steel
Grade 5 355 Steel

BS 5950-1:2000 A
BS 5350-1:2000

BS 5350-1:2000

BS 4360:1336

BS 4360:1336

BS 5350:1330

BS 5950:1330

BS 5350:1330

BS 5350:1330

BS 5350:1330 v

Dlubal

2.2 Materials

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

Materials that won't be used in the design appear gray in color. Materials that are not al-
lowed are highlighted in red. Modified materials are displayed in blue.

The material properties required to calculate the internal forces in RSTAB are described in
detail in the RSTAB manual, chapter 5.2. The design-relevant material characteristics are
stored in the global material library. Those are automatically set as default.

The units and decimal places of the material properties and stresses can be edited from the
main menu Options — Units and Decimal Places (see chapter 7.4, page 56).

STEEL BS - [Demo-5eng] 3]

File Edit Settings Help

CAT - Steel Design according ko % r 5
Input Data X _ E

General Data Material Material

M aterials MNo. Description Comment

Cross-sections W[ Grade 5 275 Gteel | BS 596001207

Lateral Intemediate Supports 2 | M Grade 5 355 Steel | BS 55350-1:200
Effective Lengths - Members

Effective Lengths - Sets of Men r
Madal Supparts
Set of Members No. 2 - Set| g

Mermber Releazes .
Set of Members Mo, 2 - Get| EIRSTAB Relevant

Serviceabilty Data Modulus of Elasticity E 205000.000 | MPa
Shear Modulus G 76846.200 | MPa
Puaigson’s Ratio M (0.300
Unit W/eight ¥ 750 kN/m?
Coefficient of Thermnal Exparsion I3 1.2000E-05 | 1/°C
Partial Safety Factor Fht 1.00

Bl Design Relevant
“ield Strength Py 275.000 | MPa Material Mo. 1 Used in
Mazx. Structural Thickness b 1.60 | em Cross-
“Tield Strength Py 265.000 | MPa sections:  |1-36.7101213.15.16
Max. Structural Thickness t2 4.00 | cm
“Vield Shrength Py 255,000 | MPa Members: [1-8,11-18,21-28 31465164 8
tdax. Structural Thickness t3 E.30 | cm Sets of
*field Strenath Py 245000 | MPa Members: |2
tax. Structural Thickness 123 8.00 cm % Length: 466,46 | [m]
‘ield Strength Py 235.000 | MPa
Mazx. Structural Thickness ts 10.00 | em | EMass: 17.927| [
< ¥

Figure 2.8: Table 1.2 Materials

Material Description

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

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

According to the design concept of British Standard, the list of materials includes only ma-
terials from the category Steel. How to import materials from the library is described below.

Basically, it is not possible to edit the material properties in STEEL BS.

14
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Material Library

A considerable amount of materials is stored in the library. Open the library via menu

Edit — Material Library

or by clicking on the button visible on the left.

Material Library
Fittet Chaice

taterial Category:
Steel

Code Group:
BS

Code:
All

Show:

[C] Favarites Only...

haterial Constants

[] Materials of ‘0ld' Codes

Matetial to Select

Grade 5 460 Steel
Grade 43 Steel
Grade 50 Steel
Grade 43 Steel
Grade 50 Steel
Grade 55 Steel
Grade 5 275 Steel
Grade 5 355 Steel
Grade 5 450 Steel

= @&

E R5TAB Relevant

M odulus of Elasticity

Shear Modulus
Poizzon’s Fatio
Unit \wWeight

= Design Relevant
field Strength
field Strength
field Strength

Yield Strength

Coefficient of Thermal Exparnsion
Fartial S afety Factor

Maw. Structural Thickness
Maw. Structural Thickness

Maw. Structural Thickness

BS 4360:1986
BS 4360:1986
BS 5950:1930
BS 5950:1930
BS 5950:1930
BS 5950:1930
BS 5950:1930
BS 5950:1930

W

K

Grade S 275 Steel | BS 5350-1:2000
~
205000000 | MPa
78046.200  MPa
0.300
7850 | kNAm?
1.2000E-05 | 1/°C
1.00

275.000 | MPa
1.60[ em
265.000 | MPa
4.00| em
255,000 | MPa
£.30 | em
245.000 | MFa “

i) l [ Cancel

/X
—_—
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Figure 2.9: Material Library Dialog Box

In the section Filter Choice, the material category Steel is set by default. In the list Material
to Select which is located on the right, you can select a particular material, and in the lower

part of the dialog box you can check its characteristic values.

After clicking on [OK] or pressing the [1] key, the material is taken over to the table 1.2
Materials of STEEL BS.

Chapter 5.2 of the RSTAB manual explains in detail how materials can be filtered, added to

the library or newly classified.

You can also select materials of the categories Cast Iron and Stainless Steel from the library.
However, please reflect whether those materials are covered by the design rules of British

Standard.

Program STEEL BS © 2011 by Ing. Software Dlubal
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2.3 Cross-Sections

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

Coordinate System

The sectional coordinate system yz of STEEL BS corresponds to the one of RSTAB (see image
in figure 2.10). The y-axis is the major principal axis of the cross-section, the z-axis the mi-
nor axis. This coordinate system is used for both the input data and the results.

STEEL BS - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Desing according tc |+ [ S
Input Data [ | B | C | © F | [1-1PE 450 (British Steel)
General Data Section | Material Cross-section Cross-section Type Max Design  Opti-
M aterials (e Mo, Description [mm] for Classification Ratio mize | Femark —-—
Cross-sections 1 I IPE 450 (Brtish I-shape rolled 1.02 IT_‘D& K] T—T
Lateral Intermediate Supparts 2 1 | IPE 400 [British |-shape rolled 103 O 4
Effective Lengths - Members 3 1 | IPE 400 [British |-shape rolled 0ra O ﬂ
Effective Lengths - Sets of Men & 1 B UBP 254x254x7 |-shape ralled 011 a -
= Modal Supparts 7 1 | UBP 203:203x4 |-shape ralled 010 O
Set of Members Mo, 2 - Set 9 2 | IPER 450 [Britiz |-shape rolled o036 O 2 .
= Member Releases 10 1 [ UBP 203:203:5 |-shape ralled 01z, O ¥ T
Set of Members Mo, 2-Set| |12 1 | GR0O 8050 (B Box Rolled 004 J EEY
Serviceabilty Data 13 1 M Circle 24 Found Bar ooz O
Results 13 1 |l UBP 254x254:6 |-shape rolled o015 O
Design by Load Case 16 1 | IPE 380 [British |-shape ralled 014 O
*
Design by Cross-section 17 1 =] Angle )] A
Design by Set of Members 18 2 1] General el
Design by Member
Design by x-Location [mm]
Goveming Internal Forces by M) =T
Goveming Internal Forces by 59
e s Crass-section No. 1 Used in
Paitg List by b ember
Farts List by Set of Members Members: |1.21112.21.22,31,32.35.40
Sets of
Members: |2
Z Length: 48.00 [m]
< 3| & Mass 3723 [
2] The cross-section will be optimized. Therefore the most Materiak |1 - Grade 5 355 Steel
< > optimal gection of the table is sought out.
Cross-section No. 1 - IPE 450 [British Steel) in Members: 1,2,11,12,21,22,31,32,39.40

Figure 2.10: Table 1.3 Cross-Sections

Cross-Section Description

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

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

In order to edit a cross-section, enter the new description in the corresponding line or select
the new section from the library. Open the database by clicking on the [Library] button. Al-
ternatively, place the cursor in the corresponding line and click on the [...] button or press
the [F7] key. The library opens which is already familiar from RSTAB (see figure 2.11).

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

16
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Cross-section Library EI

Rolled Cross-sections welded Cross-sections Solid Cross-sections
[Z]c]T] [T][T]T] EHERE
lcjlojlo] [T]IT][L] [=]®] o] &)
=] [L][o][c] [o]@] @]
s | L ] D |
mjxjT| [v|Ooja]| =] Z) 7]
‘."- H ."- H I' ‘ ‘n H n || I | User-defined Cross-sections
[F][T][T] [2][+] AN
LT[ T][=2] [= ][ T[] cosssccionrrograns

[~]
) WM. S HF LB UC HL HE HD HP PN IFE WTH. LB,
UC. I, IPE, IFEa, IFEo, IFEw, HE-B, HE-&, HE-M, HE-&4, IFE,

Figure 2.11: Cross-Section Library with Admissible Sections

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

Tapered Member

In case of a tapered member with different cross-sections at the member start and member
end, both cross-section numbers are stated in two lines, following the definition in RSTAB.

You can design tapered members in STEEL BS if the following condition is fulfilled: an equal
number of stress points is required at both member ends: For example, the normal stresses
are calculated from the moments of inertia and from the centroidal distances of the stress

points. If the start and end cross-sections of the tapered member have different numbers of

stress points, STEEL BS cannot interpolate the intermediate values. An error message ap-
pears before the calculation:

RSTAB
1\ ErorNo. 1614

Member Mo, ¥

-

Crozs-zechion tapering mismatchl

Please check thiz in table 1.7, or pozzibly some ather table.

LN "

Figure 2.12: Warning in Case of Incompatible Cross-Sections

To check on the stress points of the cross-section, you can display them including their
numbers: Select the cross-section in the table 1.3 and click on the [Info] button. The dialog
box Info about cross-section appears (see figure 2.13).

' Ing. Software
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Info about Cross-Section

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

box.
Info about cross-section IPE 450 (British Steel) §|
Cross-section Yalue D escription Syrbal Yalue Linit # | |IPE 430 (British Steel)
width b 190.0 | mm
Wweh thickness b 9.4 | mm
Flange Thicknesz L 146 | mm
Fillet radiuz r 21.0 | mm
Cross-section area A 9880.0 | mm?
Shear area Ay 4642.4 | mm?
Shear area Bz 3975.5 | mm?
Shear area according to EC 3 By 5833.8 | mm?
Shear area according to EC 3 Aoz 5082.4 | mm?
Wweb area b 3955.5 | mim?
Plastic: shear area Aply 5548.0 | mm?
Plastic: shear area Aplz 4092.8 | mm?
Moment of inertia Iy 3.374E+08 | mm* o
Moment of inertia [F3 1.676E+07 | mm# = | S »
Governing radius of gyration Ty 185.0 | mm =+ ki
Governing radius of gyration Iz 41.2 | mm
Polar radius of gyration Ta 1895 | mm 94
Radius of gyration of flange plus 1/5 of we | rzg 47.2 | mm S
Wolume W 9880000.0 | mm? /m
wieight it 76 | kgim
Surface Asurt 1.605 | m? /m
Section factar Am 162464 | 1/m
Torsional constant J BEF000.0 | mm
Warping constant Cu 7.940E+11 | mrn®
Elastic section modulus Sy 1500000.0 | mm?
Elastic: section modulus Sz 176000.0 |
Warping constatit morient Sw 3.839E+07 | mm#
Statical moment of area Oy 851000.0 | mm?
Statical moment of area [BF] E5E82.5 | mm?
Narmalized warping constant W 206815 | mm? [mem]
‘warping statical momert G 1.434E+07 | mm? Shrass Points X
Plastic: section modulus Ly 1702000.0 | mm? =)
Plastic: section modulus Zz 276380.0 [ mm? c/t-Parts
Plastic warping constant moment Zm 5.737E+07 | mm# v =

Figure 2.13: Info about Cross-Section Dialog Box

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

Button | Function

The stress points are switched on and off.

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

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

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

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

l

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

Table 2.1: Buttons for Cross-Section Graphics

I Program STEEL BS © 2011 by Ing. Software Dlubal




- —

Ing. Software

Dlubal

Cross-Section Type for Classification

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

—
| = |

.

| B e 0 | E | F 18 - TU 1504 0S0SH 00
Section | Material Crozs-zection Crozs-zection Type Opti-
Ho. Mo, Drezcription [mm] for Clazzification mize | Remark | Comment
1 1 I IPE 450 [British 5 |-shape ralled a .
2 1 I IPE 400 [British 5 |-shape ralled a
3 1 I IPE 400 [British 5 |-shape ralled a
3 1 B UBP 254x254x7 |-shape ralled a
7 1 B UBP 2032034 |-shape rolled a . | SEETt o I-Y
q 2 M IPER 450 [British |-shape rolled ] % =1 o il ‘u
10 1 B UBP 2032035 |-shape ralled a - |
12 1 W QRO 80=5.0[Brit Box Rolled d !
iE 1 B Circle 24 General a —
15 1 B UBP 25452546 |-shape ralled a
16 1 I IPE 360 [British 5 |-shape ralled a ]
17 1 ] Angle =]
| [ Goned | &)

frm]
(]

Cross-section No. 18 Used

Members: |-

Sets of

Members: |-

Z Length: 0.00 [m]
Z Mass: 0.000] [f]

r 8] Crozs-zection not azzigned to any member. Material: |2 - Steel S 450
()

Figure 2.14: Cross-section Types for Classification

Max. Design Ratio

This column is only displayed after STEEL BS has designed the cross-sections. It is useful to
decide whether to carry out an optimization. The values and the colored relation scales in
this column indicate which cross-sections have a low design ratio and therefore are over-
sized, resp. which are overstrained and therefore are too weak.

Optimize

Every cross-section can be optimized. During the optimization process, the cross-section
within the same group of cross-sections is determined on the basis of the internal forces
from RSTAB which fulfills best the maximum design ratio. Figure 2.10 shows how the opti-
mization of a particular cross-section is set by ticking the corresponding box in column D.

The maximum allowable design ratio for the optimization is controlled in the Details dialog
box, see chapter 3.1. Further information on the optimization of cross-sections can be
found in chapter 7.2 on page 53.

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

If the message Non-permissible Cross-Section No. XX appears before the design, then this is
due to a cross-section which is not contained in the cross-section library. It may be a user-
defined cross-section or a cross-section that was not calculated in the module SHAPE-THIN.
Via the [...] button in column B Cross-section Description, you can set a cross-section that is
suitable for the design (see figure 2.11 with following remarks).

Program STEEL BS © 2011 by Ing. Software Dlubal
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2.4

In this table, lateral intermediate supports on members can be defined. The program always
assumes these supports as perpendicular to the minor axis z (see figure 2.10) of the cross-
section. Hence, it is possible to change the effective lengths of the member that are im-
portant for the design of column buckling and lateral torsional buckling.

Lateral Intermediate Supports

Please note that lateral intermediate supports are considered as forked supports for the de-
sign.

STEEL BS - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Design according ko E
Input Data [ & [ B wwom 0 [ E [ F [ & [ H [ T [ T [ KT T |a
General Data Member  Lateral Length Lateral Intermediate Supports []
W aterials Ha Supports L [rn] Nurnber i i u3 4 5 i 7 i Ha
Cross-sections 1 a
Lateral Intermediate Supports 2 = 1 0.500
Effective Lengths - Members 3 a
= Modal Supports 4 [xl 2 0333 0667
Set of Members Mo, 2 - Set g a
= Member Releasss 53] 0.250 0500 0.750
Set of Members Mo, 2 - Set a b
Fielatively [0... 1)
¢ |
Cross-section I:|
Lateral Supports Eristing [x] B ’I
Mernber Length L m B -
Mumber of Lateral Intermediate Supparts | n 3
Pasition of Lateral Support Mo, 1 bl 0250
Pazition of Lateral Suppart Mo, 2 K2 0.500
Pasition of Lateral Suppart No. 3 Wi 0750
. ¥
¢ 5 [[] Set Inputs for Members Na.:
(i) (o) (e
D ezciiption of Cross-gection

Figure 2.15: Table 1.4 Lateral Intermediate Supports

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

Lateral intermediate supports can be defined either by directly entering the distances from
the member start or by specifying the support locations Relatively. For the latter, it is neces-
sary to tick the associated check box below the list. The locations of the supports are then
calculated from the member lengths and the defined intervals.

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

20
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2.5 Effective Lengths - Members

The table 1.5 consists of two parts so that a good overview of the data is provided. In the
upper table, the effective length factors K, and K,, the effective lengths KL, and KL,, the
equivalent uniform moment factor m,;, lateral-torsional factor K, and the effective length
for lateral-torsional buckling KL,; are summarized for every member. In the lower part of
this table, detailed information on the member that is selected in the upper table is dis-
played. The lower table contains all information about the relevant lengths of this member.

STEEL BS - [Demo-5eng] x

File Edit Settings Help
CAT - Steel Desing according tc r
Input Data [ & c [ o [ e [ F [ & [ H T 1 [ J [ K [ L |a
General Data Member Buckling | Buckling about Major &xis [] | Buckling about Minor Asis (2] Lateraltorsional Buckling
W aterials Hn Possible | Possible Ky KLy [m] | Possible Kz KLz [m] | Possible | mot [ kit KLt [m] Comment
Cross-sections [T - I T T 1.000) 3000 @@ 1.000]  1.000]  3.000
Lateral Intermediate Supports 2 [x 1.000 6000 [d 1.000 6000 [d 1.000 1.000 E.000
Effective Lengths - Members 3 5| E5 | 1.000 A RE- | 1.000 0753 M 1.000 1.000 0.753
Effective Lengths - Sets of Men 4 [ = 1.000 3262 = 1.000 3262 (= 1.000 1.000 3.262
=) Nodal Supparts 5 = 5 1.000 6274 (4 1.000 627 4 1.000 1.000 E.274
Set of Members Mo, 2 - Set 3 5] = 1.000 6274 M 1.000 6274 M 1.000 1.000 E.274
=- Member Releases 7 [x 5 1.000 3262 [ 1.000 3262 [ 1.000 1.000 3262 v
Set of Members Mo, 2 - Set =
Serviceability D ata
Se W0 PE 500 (British Steel)
Cross-gection 2000
Length L |:| m
Buckling Possible = D‘
E Buckling abaout Az v Possible =] ;4
Effective Length Factor Ky 1.000
Effective Length KLy E.000 | m o
Bl Buckling about Axis z Possible [x % oo ’Y
Effective Length Factor Kz 1.000 ma
Effective Length KLz 3000 m —
B Lateral-torsional Buckling Possible
Equivalent Uniforrn Moment Factor mLT 1.000
Effective Length Factor [for LTB] K 1.000 ki
Effective Length for Lateral-torsional Buc | kLLT 3.000| m =
Comment [mm]
< 5 Set Inputs for Members Mo S el
Length ...

Figure 2.16: Table 1.5 Effective Lengths - Members

The effective lengths for the column buckling about the minor principal axis are automati-
cally loaded from the previous table 1.4. If a member is divided into different lengths by
lateral intermediate supports, then no values are displayed in the corresponding columns D
and G of table 1.5.

It is possible to change the buckling length coefficients both in the summary table in the
upper part and in the detailed settings in the lower part. The data of the corresponding
part of this table is then updated automatically. The buckling length of a member can also
be defined graphically by using the function [Pick].

The tree structure in the lower part of the Settings for Member table contains the following
parameters:

e Cross-section

e Length (actual length of the member)

e Buckling Possible for member (cf column A)

e Buckling/Lateral-torsional Buckling Possible (cf columns B, E and H)

e Buckling about Mayor Axis y Possible (buckling lengths, cf columns C and D)

e Buckling about Minor Axis z Possible (buckling lengths, cf columns F and G)

e Lateral-torsional Buckling Possible (lateral-torsional length, cf columns H to K)

I Program STEEL BS © 2011 by Ing. Software Dlubal

21



2 Input Data

/X
—_—

Ing. Software

Dlubal

It is also possible to modify the Buckling Length Coefficients in the relevant directions and

decide wheth
changed, the

er the buckling design is to be executed. If a buckling length coefficient is
respective effective member length is modified automatically.

The effective length factors of the members can also be defined in a special dialog box
which is called by the button [Select Effective Length Factor] below the upper table.

Select Effective Length Factor gl
Buckling around &xis y Buckling around Axis z
Oky =07 o 1 | Ox-ur M i
>y Z A Y
Fe S pa—
Oky =085 ? Ok =085 ¥ Fromoe
z Y oy
O Ky =085 t | Oke-055 b~
z y
@F, =18 | e “ | @k2=10 I"
z y
QOky=12 1—-—| > Oke=12 aTT—
Oky=15 t"_‘ Ok.=15 l——| —
z P y P
Oky =20 l_— Okz=20 —
. ) Ee—— o
O User-defined O User-defined |
Ky = z z2=.. y
Expart Effective Length Export Effective Length
Factar Ky 1.000 Factor Ka: 1.000

Figure 2.17: Dialog box: Select Effective Length Factor

The predefine
tions:

K=0.7
K= 0.85
K= 0.85
K=1.0
K=1.2
K=1.5
K=2.0

The effective |

d values of the effective length factor K corresponds to the following defini-

effectively held in position at both ends + effectively restrained in direction at
both ends

effectively held in position at both ends + partially restrained in direction at
both ends

effectively held in position at both ends + restrained in direction at one end

effectively held in position at both ends + not restrained in direction at either
end

effectively held in position and restrained in direction at one end + not held
in position and effectively restrained in direction at other end

effectively held in position and restrained in direction at one end + not held
in position and partially restrained in direction at other end

effectively held in position and restrained in direction at one end + not held
in position and not restrained in direction at other end

engths for buckling can also be imported from the add-on module RSBUCK.
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Buckling Possible

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

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

Buckling about Axis y resp. Axis z

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

The orientation of the member axes can be checked in the cross-section graphics of table
1.3 Cross-Sections (see figure 2.10). In the RSTAB work window which is accessible any time
via the [Graphic] button, you can display the local member axes from the Display navigator.

Project Navigator X

=[] i Structure
[w] 5 Modes
+-[w] ¢ Modal Supports
=[] 3¢ Members
[w] 5 Member Elastic Foundations
A ember Ax 4,
15 Member Orientations
[w] i Member Releases
[[]& Connection Points
[ Cross-section Qutlines
1% Do not Show Cross-sections ak Member End
[w]& Eccentricities
= [w] i Sets of Members
- [w] B¢ Continuous Members
[w] i Groups of Members
#-[]4 Loads
+- [ Results
+- [0 5 Guide Objects
+-[B] &y General
=[] Mumbering
[¥][E Modes
= [w] [ Members
[W]EE Member Mumbering
[ Material Description
[ Material Mumbering
[ Cross-section Description
I cross-section Mumbering
[EliEzRember Axis Sy 4,2 L
+-[W][E Sets of Members
[]E Guidelines
=[] Rendering
+- (1] Model
+-[H] W Lighting
< >

E®™ Data | ™ Display

Figure 2.18: Displaying the Local Member Axes in the Display Navigator of RSTAB

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

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

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

' Ing. Software
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Lateral-Torsional Buckling

Column H controls whether a lateral torsional buckling design is to be carried out.

In column |, three options are available for defining the equivalent uniform moment factor
m,;. The default value is 1.0. The factor can also be determined by the program according
to table 18 [1] or entered manually.

Column J enables you to modify the lateral-torsional buckling coefficient K, which has an
influence on the calculation of the lateral-torsional buckling length. The value of K ; is pre-
set to 1.0.

If the lateral-torsional buckling coefficient is changed, the respective lateral-torsional buck-
ling length KL,; is modified automatically. The values in column K depend on the settings in
table 1.4 Lateral Intermediate Supports. It is also possible to enter values of KL ; manually.

Comment

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

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

2.6 Effective Lengths - Sets of Members

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

STEEL BS - [Demo-5eng] 3
File Edit Settings Help

CA7 - Steel Design according te E 'ﬂ
Input Data e £ [ C | 0 | E [ F [ & [ H ] | | Jd

General Data Set | Buckling | Buckling about Major Axis [v] | Buckling about Minor Axis [2] Lateral Buckling
Materials Ho. Possible | Possible % KLy [m] | Possible Fz KLz [m] | Possible | mot[-] Camment
Cross-sections [ 2 [ECEEE] 1000 6000 [@ 1000 6ood| G4 1.000
Lateral Intermediate Supports
Effective Lengths - Members
Effective Lengths - Sets of Men
= Modal Supports
Setof Members Mo. 2 - Set
= Member Releases

Setof Members No. 2 - Set Y
f ﬁ IPE 450 (Britizh Stesl)
[ Set of Members 100.0
Crogs-section
Lenath L m =
Buckling Possible = gl
3 Buckling about Axis v Possible [x]
Effective Length Factor Ky 1.000 o
Effective Length KLy E.000 m § Tl
[ Buckling about Axis z Possible = o
Effective Length Factor Kz 1.000
Effective Length KLz E.000 | m
[ Lateraltorsional Buckling Possible [x]
Equivalent Uniform Moment Factor mLT 1.000 A
Comment =
- 2 [[]Set Inputts far ta Sets Ma.: _‘

Figure 2.19: Table 1.6 Effective Lengths - Set of Members
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This table is very similar to the previous table 1.5. With regard to the effective lengths for
buckling about the major and minor axes of the cross-sections, it is identical to table 1.5.

There are differences, however, as far as the parameters for torsional and lateral-torsional
buckling are concerned. These are defined by means of specific boundary conditions in ta-

ble 1.8 (see chapter 2.8).

2.7 Nodal Supports

The stability design of sets of members is based on the loads and the boundary conditions
of the selected sets of members. The value of the multiplier a., has to be determined for the
entire set of members in order to obtain the critical stress p, which is necessary for the de-
sign. The calculation of a.,, the bifurcation factor, also depends on the settings in the De-

tails dialog box (see chapter 3.1, page 29).

To determine a,, a planar member structure with four degrees of freedom per node is cre-
ated. The specific support conditions are defined in table 1.7. This table is only available if
you have selected one or more sets of member in table 1.1 General Data.

STEEL BS - [Demo-5eng]
File Edit Settings Help

CAT - Steel Desing according ko f

D [ E [

F

Set of Members Mo, 2 - Set
Serviceability D ata

<,

iE] Set of Members

Cross-section
Mode with Suppart
Support Rotation
Lateral Support in "
Restraint around X'
Restraint around Z'
‘wharping R estraint
Eccentricity
Eccentricity
Comment

5 [[] Set Inputs for Supports No.

Calculation

<

Desciiption of Cross-section

Input Data [ & T B [ C
General Data Support Node Support Lat. Support

M aterials No. No. | Rotation §[°] uy

Cross-sections 1 0.00 E]
Lateral Intermediate Supparts 2
Effective Lengths - Members E]
Effective Lengths - Sets of Men 4
= Modal Supports 4
Set of Members Mo, 2 - Set &
= Member Releases 7

Mo,

Uy
(2
[y

e
B

Rotational Restraint
Ly [z

] E7]

W arping

Restraint w1

Q

[ G [ H [~
Eccentricity
ey [mm] | ez [mm] Comment

Figure 2.20: Table 1.7 Nodal Supports

To define the nodal supports, the orientation of the axes within a set of members is im-
portant. The program internally checks the location of the relevant nodes and then deter-
mines the axis systems of the nodal supports that are defined in table 1.7 (see figure 2.21

to figure 2.24).
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Figure 2.21: Auxiliary coordinate system for nodal supports — straight set of members

If all members within the set of members lie on a straight line, the local coordinate system
of the first member within this set is applied for the entire set of members.

S

-+

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

Even if the members within a set do not lie on a straight line, they still must lie in a plane.
We can see a vertical plane in figure 2.22. In this case, the axis X' is horizontal and in the
plane direction. The axis Y’ is also horizontal, but perpendicular to the axis X'. The axis Z’
points vertically downwards.

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

If the members are located in a horizontal plane, the axis X' is parallel with the axis X of the
global coordinate system. The axis Y’ then points in the opposite direction of the global axis
Z. The axis Z' is parallel with the axis Y of the global coordinate system.
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Figure 2.24: Auxiliary coordinate system for nodal supports — set of members in inclined plane

Figure 2.24 shows the most general case. The members within a set of members do not lie
on a straight line but are located in one oblique plane. The orientation of the axis X' is then
determined by the intersection between the oblique and the horizontal plane. The axis Y’ is
perpendicular to the axis X’ and is also perpendicular to the oblique plane. The axis Z' is
perpendicular to the axes X' and Y'.

2.8 Member Releases

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

STEEL BS - [Demo-5eng] 3]
File Edit Settings Help
CAT - Steel Desing accarding o v r
Input Data A E [ Cc [ © F ] G |~
General Data Release Member | Member Shear Release Moment Release ‘W arp Release
Materials No. No Side Wy Mt Mz Mo Comment
Cross-sections 3 Start E] = a
Lateral Intermediate Supports 2
Effective Lengths - Wembers ]
Effective Lengths - Sets of Men 4
= Modal Supports 5
Set of Members No. 2 - Set 5
(= Member Releases 7 v
Set of Members No. 2 - Set .
@
Serviceability Data 4
Se —
[ Set of Members
Cross-section ]
Member with Release at the End No. 3
Mermber Side Side Start
Shear Release in p-Direction Wy [x
Torsional Release M7 =
tMoment Release around z-Auxs Mz B v m
Warping Release Mea [} M
Cornment
P 3 [] Set Inputs for Release Ma.:
Cross-zection

Figure 2.25: Table 1.8 Member Releases
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2.9 Serviceablility Data

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

STEEL BS - [Demo-5eng] X
File Edit Settings Help
CA1 - Steel Desing according ko E 3
Irput Data [ A | B | c | o [ E | F [ G | H
General Data ember Reference Length Direc- Camber
W aterials Hr Reference to Nao. Manuzly| L [m] tion ez [mm] Beam Type Comment
Cross-sections 1 Member 2 = 6000wz 0.0 Beam
Lateral Intermediate Supports 2 tdember il = BR4E| w2z 0.0| Canlilever Start Free
Effective Lengths - Members 3| Member a2 O 7094 w2 0.0 Cantilever End Free
Effective Lengths - Sets of Men 4 List of Members | 21212122122 a 336200 w.z 0.0 Beam
= Madal Supports 5 |SetofMembers | 2 O EO0D w.z 0.0 Cantilever Start Free
Set of Members Mo, 2 - Set ]
= Member Releases 7
Set of Members Mo, 2 - Set g
Serviceability Data E]
10
11
12
13
14
15
16
17
18
19
20
il
22
23
24
[ 25 | I
¢ >

Figure 2.26: Table 1.9 Serviceability Data

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

In table column B, you enter the numbers of the members or sets of members that you
want to design. You can also use the [Pick] function to select them graphically in the RSTAB
work window. The respective Reference Length L will be entered automatically in column D.
In this column, the lengths of the member, sets of members or member lists are preset. If
required, you can adjust those values after ticking the Manually check box in column C.

Table column E defines the governing Direction for the deformation analysis. If necessary, a
Camber A, can be taken into account in column F.

The Beam Type (beam or cantilever) is very important to correctly apply the limit defor-
mations. It can be entered in column G.

The settings shown in the Serviceability tab of the Details dialog box determine whether the
deformations are related to the undeformed initial structure or to the shifted ends of mem-
bers or sets of members (see chapter 3.1, page 29).
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3. Calculation
3.1 Details
A particular design is carried out with the internal forces calculated in the RSTAB program.

Before the [Calculation], you should check the detailed setting for the design. Open the ap-

propriate dialog box from every input or output table by clicking the [Details] button.
Detalls...

The Details dialog box consists of four tabs: Ultimate Limit State, Stability, Serviceability and
Other.

Ultimate Limit State
Options

STEEL BS carries out a plastic design for cross-sections of classes 1 or 2. If needed, the Elas-
tic design can be activated for those cross-section classes in the Ultimate Limit State tab.

Stability
Details g]

IUItimateLimitState Stability | Serviceabilty | Other I

Stahilty Analysis Structure Type
Check Stability O Sway y - v [my 2 0.85)

[ Swapz -z [ms 2 0.85)
Determination of Elastic Critical Mament for LTE

Pint of Load Application: Limit Load for Special Cases
(%) On Cioss-section Edge Directed to Shear Center Do nat Take Small Maments into Account and
[e.0. Top Flange, Destabilizing Effect] Allows Stability Design according to Annex C

[Axial Compression without Bending) if:
() InShear Center [Mormal Effect) ¢ = el

R X Bending My Moy & 0.mo
() On Cross-section Edge Directed from Shear Center
[e.q. Bottom Flange, Mormal Effect] Mz Mez & noma

<3 [<>

Do not Take Small Compression Forces inta
Account and Allow Stability Design according to
4.3.6 [Bending without Campression] if:

Compression FelPe £ oo 5

Allows Futher Design if Shear Streszes due to
Tarsion does not Exceed Limit:

Torsion Ttipw % 0050 %

Ok Cancel

Figure 3.1: Details dialog box, tab Stability

Stability Analysis

In this section you can decide whether the stability analysis is to be carried out in general. If
the check is disabled here, the input tables 1.4 to 1.8 will not be active.
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Determination of Elastic Critical Moment for LTB

Usually, loads act on members. Then their application point has to be specified because this
can have stabilizing or destabilizing effects, subject to the eccentricity. The Point of Applied
Load can be set globally for all loads.

The elastic critical stress p is calculated automatically for sets of members.

Structure Type

The structure type can be either Non-sway or Sway, which affects the calculation of m, and
m,. For a sway-type structure, the values of m, and m, are assumed as 0.85.

Limit Load for Special Cases

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

If one of those limits is exceeded, a comment will be given in the results table. There will be
no stability design. Nevertheless, the design of the cross-section itself is carried out. Please
not that those limit values are not part of the British Standard. If you change the limits, it
will be in your own area of responsibility.

Serviceability

Serviceability (Deflections)
In this section, it is possible to check or change the allowable deflections for the serviceabil-
ity limit state design. The default values are L/360 for beams and L/180 for cantilevers.

The two selection fields below control whether the Deformation is to be related to the un-
deformed model or to an imaginary connecting line between the shifted start and end
nodes of the member resp. set of members within the deformed structure.

Other

Cross-section Optimization

Cross-sections can be optimized if the Optimize option is chosen in table 1.3 Cross-Sections.
(see figure 2.10, page 16). The dialog box Details enables you to set the maximum allowa-
ble design ratio as a limit for the optimization process.

Check of Member Slendernesses

It is possible to set user-defined slenderness ratios KL/r for members with tension resp.
compression or flexure. These maximum values are compared with the actual member slen-
dernesses in table 3.3 which is available after the calculation (see chapter 4.8).

Display Results Tables

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

30

Program STEEL BS © 2011 by Ing. Software Dlubal



/X
—_—

3 Calculation

Calculation

Calculate

®

' Ing. Software
Dlubal

3.2 Start Calculation

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

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

If cross-sections are to be optimized (see chapter 7.2, page 53), the required sections are
calculated and relevant types of design are carried out.

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

Calculate — To Calculate...

To Calculate @|
Mot Calculatedd Selected for Calculation
Frogram / Mod... Mo, Degcription -~ Frogram / Mod... Mo, Degcription -~
RSTAB LA Dead Load STEEL BS Cal Steel Desing according to BS
RSTAE LC2 Show Load
RSTAE LE3  |'Wind v+
RSTAB LC4  |'Wind at peak « +7
RSTAB LC5  |'Wind at peak w v’
RSTAR LCE wind pozitive
RSTAE LC? | Live Load
RSTAR LCa Imperfections v ++
RSTAR LC9 Imperfectionz v -1
RSTAR LC10 | Imperfections v +v'
RSTAE LG1 1.35°LCT + 1.35%LC2 + 1.35°LC
RSTAE LG2 | 1.35*LCT +1.55LC2 + LCB q
RSTAE LG3 | 1.35*LCT +1.55LC3 + LCB
RSTAE LG4 | 1.35*LCT +1.55LC7 + LCB K
RSTAE LG5 | LC1+1.5CE +LCE
RSTAE LGE | 1.35*LCT +1.55LC4 + LC10
RSTAB LG7 | 1.35*LCT +1.5*LC5+LCI
iRoTAE [muj] Extreme design values

Shaw Additional Modules

Calculate ] ’ Cancel

Figure 3.2: To Calculate dialog box

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

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

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

Additional Modules  Window — Help

STEEL BS CA1 - Steel Desing v < L i ef hﬁ
FrOS%- @i .,

Figure 3.3: Direct calculation of STEEL BS design case in RSTAB
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A dialog box appears in which you can watch the progress of the design.

Calculation...
Fiunning
R5TAB - Calculation
STEEL BS
|
Fartial Stepsz

Calculation of Member Stresses

— | |nitializating D ata...

- | Loading Internal Forces. ..

— | Preparing O ptimizatior. ..
— | Loading D ata for Optimization.

~ | Optimizitg Crozs-sections...

) |

- RS-SOLVER
-

-

.| Running Diesign...
- | Creating Results Data. .

— | Member No. 63 [58/102)

- | Preparing [ ata for Calculation.

3

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

LG11

[ L

N\
/

Cancel

102
3

17

Figure 3.4: Calculation in STEEL BS
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4. Results

Immediately after the design, table 2.1 Design by Load Case is displayed. The upper part of
this table gives a summary of all designs for every load case, load group and combination.

The lower part includes all details of the material properties, design internal forces and de-
sign data of the load case which is selected in the upper part of the table.

The results tables 2.1 to 2.5 contain the detailed design summaries according to different

selection criteria. Tables 3.1 and 3.2 include the governing internal forces. In table 3.3, the
member slendernesses are compared with the maximum values as set in the Details dialog
box. The parts lists are displayed in the last two tables 4.1 and 4.2.

The results tables are accessible from the navigator in STEEL BS. You can also switch among
the tables via the buttons as seen to the left or the functional keys [F2] and [F3].

The [OK] button saves the results. The add-on module is STEEL BS ‘closed, and you return to
the work window of RSTAB.

In this chapter, all results tables are described in the given order. The following chapter 5
Evaluation of Results is devoted to the evaluation and checking of results.

4.1 Design by Load Case

STEEL BS - [Demo-5eng] &
File Edit Settings Help
CAT - Steel Desing according ko E ﬂ
Input Diata B [ Cc [ D TET F [ G ]|~
General Data Load Member| Location Design
W aterials Caze Diesciiption MNo. w [m] Ratia Diesign accarding to Farmula D5
Cross-sections i imi i _ : : :
Lateral Intermediate Supports 21 0.000 044 21 | 351) Stability Analysis - Buckling about z-4xis and B | LS
Effective Lengths - Members LC2 | Snow Load 25 0.000 1.07 »71 | 351) Stability Analysis - Buckling about -4z and B | UILS
Effective Lengths - Sets of Men |_LC7_| Live Load 5 0.893 0.20 21 |322)Lateral Torsional Buckling according to 4.3 an | LS
= Modal Supports
Set of Members Mo, 2 - Set Serviceability Limit State Design
= Member Feleases LC1 | Dead Load 2 3.000 012 271 | 401) Serviceshilty - Deflection in z-Direction for Be:

Set of Members Mo, 2 - Set||_LE2 | Snow Load 2 3.000 016 21 |401) Serviceabilty - Deflection in z-Direction for Be:
Serviceabilty Data LC3 | Wwind v+ 2 3.000 0nd 2 401] Serviceability - Deflaction in z-Direction for Be: v
Design by Load Case
Design by Cross-section — =
Design by Set of Members D ‘ﬂ 1 - IPE 500 (British Steel)

Design by Member Material Values - Grade 5 355 Steel ~ 200.0
Design by #-Location Cross-section Values - IPE 500 [British Steel)
Goverming Interal Forces by i) | B Design Intemnal Forces =
Goveming ntemal Forces by 5| B Cross-section Classification - Class 3 E
hember Slendemesses Bl Design Ratio -
Farts List by Member Ayial Compresgion Fo 79.948 | kN g o= .’Y
Paits List by Set of Members Design Strength Py 35.50 | kN/cm? 02
Gross Area Ay T1600.0 | mm?
tdodulus of Elasticity E 20500.00 | kM /cm?
Maominal Effective Lenath KLz £.000 | m &
Fiadius of Gyration Iz 430 mm =
Slendemess ha 139.627 472 [rmm]
Limiting Slendemess A0 15.093 C2 =
£ > Strut Curve 5C: b Table 23 | m

Figure 4.1: Table 2.1 Design by Load Case

Description

In this column, the descriptions of the load cases, load groups and combinations are dis-
played that are decisive for every relevant type of design.

Member No.

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

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

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

e Member division according to specification for member results (Options tab of RSTAB
dialog box Calculation Parameters)

e Extreme values of internal forces

Design Ratio

For every design type and for every load case, load group or combination, the design quo-
tients according to the standard are displayed in this column.

The colored scales represent the design ratios due to the individual load cases.

Design according to Formula

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

DS

The final column contains information about the respective design-relevant Design Situa-
tion: ULS (ultimate limit state) or one of the three design situations for serviceability (CH,
FR, QP) according to the specification in table 1.1 General Data (see figure 2.3, page 10).

4.2 Design by Cross-Section

STEEL BS - [Demo-5eng] 3
File Edit Settings Help

C&1 - Steel Desing according ko w E

Input Data LA [ B | T | D L [ )
General Data Section Member Location | Load Design
W aterials e, Hr. #[m] Case Ratia Design according to Formula
Cross-sections 1 |PE 500 [British Stesl)
Lateral Intermediate Supparts 3z 0.0oo|  LC7? 000 21 | 100) Mo or'ery Small Intemal Forces
Effective Lengths - Members N 00| et 003 s 102) Cross-gection Check - Compression acc. to 4.7.4
Effective Lengths - Sets of Men l:l 32 00oo| Lz 0.07 1 [121] Cioss-section Check - Shear Capacity - Load Parallel to the b acc. to 4]
= Modal Supports 1 00| et 000 £1 |126) Cross-section Check - Shear Buckling acc. to 4.4.5
Set of Members Mo, 2 - Set 21 6000 LC2 036 < 181) Cross-section Check - Bending about p Awis, Shear and Axial Force acc. ic
= Member Feleasss 21 00oo|  Lc2 03 = 341) Stability Analsis - Buckling and Bending about » and 2-Axis ace. to 4.8.3.2
Set of Members Mo. 2 - Set | 00oo| Lcz 1.01 > 1 | 351) Stability Analysis - Buckling about z-4sis and Bending about p and 2-Axis w
Serviceability D ata 1 3000 LCY 00g £ 371) Stability Analyzis - Buckling about p or z-Axis and Bending about v and 2.4 | &
Design by Load Case
Design by Cross-section — i
Design by Set of Members D j 1 - IPE 500 (British Steel)
Design by Member I aterial Walues - Grade 5 355 Steel 2000
Design by #-Location Cross-section Yalues - IPE 500 (British Steel]
Gaveming Internal Forces by b Design Intemal Forces nl
Govemning Internal Farces by 51 Crass-gection Clagsification - Class 1 g
Member Slendemesses E1 Design Ratio -
Paits List by hember Shear Force Fuz 7096 | kM | R _.Y
Paits List by Set of Members Design Strength Py 35.50 kN/em? 102
Shear Aisa Aoz 5100.0 | mm? 123
Shear Capacity Pz 1086.300 | kN 423
Shear Design Ratio I 0.07 21.0 <
H =

< b

Figure 4.2: Table 2.2 Design by Cross-Section
In this table, the maximum design ratios are shown for all designed members and load cas-
es. The results are sorted according to cross-sections.

For tapered members, both cross-section descriptions are shown in the line next to the
cross-section number.
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4.3 Design by Set of Members

STEEL BS - [Demo-5eng] X
File Edit Settings Help
Ca1 - Steel Desing according o v E j
Input Data [ AT & [ ¢ o TE A
General Data Set  |Member Location | Load Design
Materials M N # [m] Case Ratio Design according to Formula
Cross-sections 1 00oo|  LC7 0.00) 2 100) Mo or Very Small Internal Forces
Lateral Intermediate Supports 1 000 LCi 0.02 | =1 | 102]) Cross-section Check - Compression acc. to 4.7.4
Effective Lengths - Members 1 0000 LC2 001 (< 121] Cross-section Check - Shear Capacity - Load Parallel to the 'web acc. to 4
Effective Lengths - Sets of Men 1 ooon| Lct 0.0a) s 126) Cross-section Check - Shear Buckling acc. to 4.4.5
= Modal Supparts 1 E.000 LC2 01121 | 181) Cross-section Check - Bending about y Asis, Shear and Asial Force acc. to
Set of Memberz Mo, 2 - Set 1 0000 LC1 0ns| < 341] Stability Analysis - Buckling and Bending about p and z-Axis acc. to 4.8.3.2
S Member Releases 1 30000 LCZ 015 % 351] Stability Analysis - Buckling about z-4xis and Bending about y and z-Axis w
Set of Members Mo, 2 - Set 1 3000 LC1 006 | £ 371] Stability Analysis - Buckling about y or z-:&4xis and Bending about v and z-2:
Serviceability Data l:l 1 4000 LC2 0472 37 2] Stability Analysis - Buckliing about v or 2:4xis and Bending about v and 2.4+«
Result Mae w7 @ E][%

Dresign by Load Case
Design by Cross-section
Design by Set of Members
Drezign by Member
Dresign by «-Location

S0 1 - IPE 500 (British Steel)
M aterial ¥ alues - Grade 5 355 Steel HE 200.0

Cross-section alues - [PE 500 [Eritish Steel] 1

Goverring Intemnal Forces by M | B Desian Intemal Forces =
Goveming Internal Forces by 5 | B Cross-section Classification - Class 1 =
ember Slendemesses £ Design Ratio -
Pats List by Member Lyl Compression Fe 23438 kN H pRee=em e 'Y
Parts List by Set of Members Design Strength Py 3550 kH/em? Juoz
Grass &rea Ag 11600.0 | mm?
b odulus of Elasticity E 20600.00 | kN/omé
Compression Resistance Pez 4118.000° kM 4.7.4 and
Compressive Design A atia Anz 0.0 4833
M aimum Moment MLT 5 ma 83468 kMm
Effective Length Le 3.000 m 435
< > Slendemess X E3.814 4367 v

Material Values - Grade 5 355 Steel ..

Figure 4.3: Table 2.3 Design by Set of Members

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

4.4 Design by Member

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

CA1 - Steel Desing according to E j

nput Data T o L T L YW
General Data Member| Location | Load Design
M ateriale No. # [m] Case Ratio Design according to Formula
Crozs-sections 3.262| Lc2 0.06 | %71 | 181) Cross-section Check - Bending about y Axis, Shear and Axial Force ace. to 48224
Lateral Intermediate Supports 3262 LC2 00921 | 351) Stability Analpsis - Buckling about 2-2xis and Bending about v and 2-&uis with Laters

Effective Lengths - Members
Effective Lengths - Sets of Men 8 Crogs-section No. & - IPE 400 [British Steel] ... 3 - IPE 400 (British Steel)

- Nodal Supparts 0000 LC? 0.00 271 | 100) Mo or Yery Small Internal Forces
St of Members Mo, 2 - Set l:l ami1| LC2 0.01 |1 [102] Crass-section Check - Compression acc. to 4.7.4
= Member Feleases 301 LC2 003 £1 | 121] Cross-section Check - Shear Capacity - Load Parallel to the ‘w'eb acc. to 4.2.3
Set of Members Mo, 2 - Set 0ooo| Ll 0.00| %1 | 126) Cross-section Check - Shear Buckling acc. to 4.4.5
Serviceability Data 3.011 LCc2 013 %1 181] Cross-section Check - Bending about y &xis, Shear and Axial Force ace. to 4.8.2.21 | »
A= Max: 10731 @ ™)

Drezign by Load Case

Design by Cross-section - -
Desian by Set of Members | LU S0 [z - 3 IPE 400 (Brtish Stesl) - IPE 400 (Ert...

Design by Member Material Values - Grade 5 355 Steel 1500
Design by »Location Crogs-zection Yalues - IPE 400 (Britizh Steel]

Goveming Intemal Forces by M Design Intemal Forces o
Goveming Intermal Forces by 5, | B Crass-section Classification - Class 1 2
Member Slendemesses g Design Ratia : a
Parts Lizt by Member Auial Compression Fe 15.890 kM . g - - —- by
Parts List by Set of Members Gross Area Ag 54500 mm les
Design Strength Py 3550 kW/emd
Campression Resistance 33 2999.750 | kM 474
D'esign Fatio 0.0 1 474

w -

< 2
afealEy

Figure 4.4: Table 2.4 Design by Member
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In this table, the maximum design ratios are arranged according to member numbers.

The description of the individual columns can be found in chapter 4.1 on page 33.

4.5 Design by x-Location

STEEL BS - [Demo-5eng] E|
File Edit Settings Help
CAT - Steel Desing according ko E j
Input Data L A T B T T O | - |
General Data Member Location | Load Design
b aterials No. # [m] Caze Fiatio Design according to Formula
Cross-sections 1.000) LC? 000 <1 | 100) Mo or Yery Small Intermal Forces
Lateral Intermediate Supports 1.000) LT 0.02|£1 | 102 Cross-section Check - Compression acc. to 4.7 4
Effective Lengths - Members 1.000 LC2 001 < 121] Cross-section Check - Shear Capacity - Load Parallel to the ‘Web acc. to 4.2.3
Effective Lengths - Sets of Men l:l 1.000 LCT 0.00] £1 [126]) Cross-section Check - Shear Buckling acc. to 4.4.5 ]
=) Nodal Supports 1.000| LCt 0.03| ¢1 | 181]) Cross-section Check - Bending sbout y Axis, Shear and Axial Force acc to 4822,
Set of Members Ma, 2 - Set 1.000 LCY 00z 347 Stability Analysis - Buckling and Bending about v and z-Axis acc. to 4.8.3.3.1
=- Member Releases 1.000 LC1 008 < 351] Stability Analypsis - Buckling about z-4wis and Bending about » and z-fixis with Latere
Set of Members Ma, 2 - Set 1.000 LCY 004 < 371 Stability Analysis - Buckling about v or z-Axis and Bending about v and z-Axis acc. o
Serviceability Data 1.000 LC2 044/« 372) Stability Analpsis - Buckling about v or z-Axis and Bending about y and z-fwis acc. | v
Results . £ [F]
Max: 107 1 &
Design by Load Case = e
Design by Cross-section — i
Design by Set of Members D j 1 - IPE 500 (British Steel)
Design by Member Material Values - Grade 5 355 Steel 200.0
Design by #-Location Cross-section Walues - IPE 500 (British Steel]
Goverhing Intemal Forces by M| | Bl Design Inteinal Forces E)
Goverming |rnternal Forces by S Cross-section Classification - Class 1 g
Member Slendemesses £l Design Ratio -
Paits List by Member Depth of Wweb d 468.0 | mm 8 o .'Y
Parts List by Set of Members Thickness af Web b 10.2 | mm 0z
Diesign Strength Py 3550 | kMJem?
“field Stress Ratio of Web £ 0.880
Limit Criterion 7l E1.61 445 S
Riatio d/ty 45.83 170 445 =z
i [rmm]
< >

Figure 4.5: Table 2.5 Design by x-Location

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

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

e Member division according to specification for member results (Options tab of RSTAB
dialog box Calculation Parameters)

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

In this table, the governing internal forces are shown, i.e. those internal forces that lead to
the maximum design ratios.

STEEL BS - [Demo-5eng] ®

File Edit Settings Help
CA1 - Steel Desing according ko w F
Input Dala B [ ¢ [ b [ E T F [ & [ H ] [ |~
General Data tember Location | Load Forces [kh] homents [kNm]
W aterials Mo # [m] Case N Wy Wz M1 My Mz Diesign according o Formula
Cross-sections Cross-section Mo. 1 - IPE 500 [Britizh Steel)
Lateral Intermediate Supparts ||| 0.000]  LC? 0000/ 0ooo  oooo|  0o000] 0000 | 0.000]100)NoorVery Smal Intemal Forces
Effective Lengths - Members 0000 LC1 71719 0000 -10.852 0001 0.000 0.000 | 102] Crosg-section Check - Compression
Effective Lengths - Sets of Men nooo| Lcz2 23438 0o0o - -13.91 0.000 0.000 0.000 | 121]) Cross-section Check - Shear Capac
= Modal Supparts noon| Lo 71.718 0000 10852 0.0071 0.000 0.000 | 126) Cross-section Check - Shear Buckli
St of Members Mo 2 - Set EO000| LC2 23438 0o0o - -13.91 0.000| -83486 0.000 | 181) Cross-section Check - Bending abo
= Member Feleases 0000 LC1 71719 0000 -10.852 0001 0.000 0.000 | 341] Stahility Analysis - Buckling and Be
St of Members Mo 2 - Set 2000 Lcz2 23438 0o0o - -13.91 0000| -41.733 0.000 | 351) Stability Analysis - Buckling about 2
Serviceabilty D ata 2000 LCT -45.092 0000 -10.852 0001, 32558 0.000 | 371] Stability Analyzis - Buckling about y
Fesults 4000 LC2 23438 0.00o -13.591 0.000| -B5E44 0.000 | 372) Stability Analysis - Buckling about »
Design by Load Case
Design by Cross-section 2 Crogz-gection Mo. 1 - IPE 500 (Britich Steel)
Design by Set of Members 0000 LCF 0/000 0.000 0.000 0.000 0.000 0.000 | 100] Mo or Very Small Internal Forces
Design by Member noon| Lo 71718 0000 10852 0.000 0.000 0.000 | 102) Cross-section Check - Compression
Design by #-Location nooo| Lc2 23438 0000 1381 0.000 0.000 0.000 | 121]) Cross-section Check - Shear Capac
Goveming Internal Forces by M noon| Lo 71718 0000 10852 0.000 0.000 0.000 | 126) Cross-section Check - Shear Buckli
Goveming Internal Farces by 51 EO00| LC2 23438 0000 1381 0.000| 83466 0.000 | 181] Cross-section Check - Bending abo
WMermber Slendemesses noon| Lo 71718 0000 10852 0.000 0.000 0.000 | 341 Stability Analysis - Buckling and Bes
Paits List by Member 0000, Lc2 -23.438 0000 1391 0.000 0.000 0.000 | 351] Stability Analysis - Buckling sbout 2
Paits List by Set of Members noon| Lo 71718 0000 10852 0.000 0.000 0.000 | 400) Serviceability - No or Yery Small De
2000 Lc2 23438 0000 1381 0000| 41733 0.000 | 401) Serviceability - Deflection in z-Dies
2000 LC4 0/000 0.004 noon| - o-0m: 0.000 5,613 | 402) Serviceability - Deflection in y-Diec
3 Crogz-gection Mo. 3 - IPE 400 (Britich Steel] ... 2 - IPE 400 [Eritish Steel]
a0 LG 0.000 0.000 0.000 0.000 0.000 0.000 | 100] Mo or Very Small Intermal Forces |
< >

Figure 4.6: Table 3.1 Governing Internal Forces by Member

Location x

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

Load Case

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

Forces / Moments

The decisive axial and shear forces as well as the torsional and bending moments are listed
for every member.

Design according to Formula

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

File Edit Settings Help

CAT - Steel Desing according ko E S
Input Data e & | c | o | E | F | & | H | 1
General Data Set  Location | Load Forces [kM] toments [kNm]
M aterialz Ne. * [m] Case N Wy Wz M My Mz Diesign accarding to Farmula
Cross-sections 2 Set of Members 2 [Member No. 1)
Lateral Intermediate Supports LC? 0.000 0.000 0.000 0.000 0.000 0.000 | 100) Mo or Yery Small Internal Forces
Effective Lengths - Members 0ooo| L1 717139 0000 -10852 o.oot 0000 0.000 | 102] Cross-section Check - Compression ac
Effective Lengths - Sets of Men nooo| Lcz2 -23.438 0000 13811 0.000 0.000 0.000 | 121] Crosg-section Check - Shear Capacity -
= Nodal Supports 0.0a0| L&t 71719 0000 -10.852 0.001 0.000 0.000 | 126) Cross-section Check - Shear Buckling .
Set of Members Mo, 2 - Set EO000| LC2 -23.438 0000 - -13.811 0000 83 466 0.000 | 181] Cross-section Check - Bending about y
— Member Beleases 0ooo| L1 717139 0000 -10852 o.oot 0000 0.000 | 341] Stability &nalysis - Buckling and Bendir
Set of Members Mo, 2 - Set 3000 LC2 -23.438 0000 -13.911 0000 -41.733 0.000 | 351] Stability Analpeiz - Buckling about -4
Serviceability Data 3000 L& -45.092 0000 -10.852 0001 -32555 0.000 | 371) Stability Analysis - Buckling sbout v or &
Fesults 4.000| LC2 23438 0.000 13811 0000 55644 0.000 | 372) Stability Analysis - Buckling about v or :
Design by Load Case

Design by Cross-section
Design by Set of Members
Design by Member

Design by #-Location
Gowveming Internal Forces by b
Governing Internal Forces by Sy
Member Slendemesses

Parts List by Member

Paitg List by Set of Members

< >

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

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

4.8 Member Slendernesses

File Edit Settings Help

CAT - Steel Desing according ko E S
Input Data B [ [ [ D [ E [ F [ G [ H |~
General Data Member Length Maiar Auis y Minor Az 2
M aterials o Under Stress L m] Ky ry [mm] KLy A1y Ka 1z [mm| KLz 412
BrE s s e tons 1 Compression/Flexure 5.000 1.000 2038 29.435 0.500 430 E9.814
Lateral Intermediate Supparts 2 Compression/Flexure E.000 1.000 2038 29.435 1.000 430 139627
Effective Lengths - Members 3 Campression/Flerure 3.0 1.000 168.0 18.2583 0.250 395 19.085
Effective Lengths - Sets of Men 4 Campression/Flexure 3.262 1.000 165.4 19.719 1.000 395 82,607
= Nodal Supports 5 Compression/Flesure E.274 1.000 165.4 37921 1.000 395 158,860
Set of Members Mo, 2 - Set [ Compression/Flexure B.274 1.000 165.4 3791 1.000 3558 158,860
= Member Releases 7 Compreszion/Flexure 3.262 1.000 165.4 18.718 1.000 385 82607
Set of Members Mo, 2 - Set 8 Carnpression/Flexure 3011 1.000 165.0 18.253 1.000 395 76.258
Serviceability Data 11 Campression/Flerure E.000 1.000 2038 29.435 1.000 43.0 139627
Reslts 12 Compression/Flexure £.000 1.000 2038 29435 1.000 430 139627
Design by Load Case 13 Compression/Flexure 301 1.000 165.0 18.253 1.000 395 76,258
Design by Cross-section 14 Compression/Flesure 3.262 1.000 165.4 19.719 1.000 395 82607
Design by Set of Members 15 Compression/Flexure B.274 1.000 165.4 37.921 1.000 395 158,860
Design by Member 16 Compression/Flesure E.274 1.000 165.4 3r.az1 1.000 395 158,860
Design by #-Location 17 Compression/Flexure 3262 1.000 165.4 19719 1.000 355 82607
Goveming Intemnal Forces by M 18 Compression/Flexurs 301 1.000 165.0 18.263 1.000 395 76,258
Goveming Irtemal Forces by Si|__21 Carnpression/Flexure £.000 1.000 2038 29.435 1.000 430 139627
tember Slendemesses 22 Compreszion/Flexure E£.000 1.000 203.8 29.435 1.000 43.0 139.627
Partz List by Member 23 Compression/Flexurs 301 1.000 165.0 18.253 1.000 335 76.258
Parts List by Set of Members 24 Campression/Flexure 3.262 1.000 165.4 19.719 1.000 395 82,607
25 Compression/Flexsure E.274 1.000 165.4 37.921 1.000 395 158860
B.274 1.000 165.4 379211 1.000 385 158,860 | »
Members with Tension Only; Members with Compression ! Flexure:
Nae KLy f ry: 163703 €300 @ M KLy 41y 163703 £ 200 a
W KLz frz: 163703 $300 @ Max KLz fra 172823 <200 @

< >

Figure 4.8: Table 3.3 Member Slendernesses

38

I Program STEEL BS © 2011 by Ing. Software Dlubal



/X
—_—

Ing. Software

4 Results

Dlubal

In table 3.3, the effective slenderness ratios of all designed members are compared with the
maximum values that were set in the Details dialog box (see chapter 3.1). These ratios are
listed with respect to the major and minor principal axes. This table provides information on
the maximum effective slenderness ratios only, it does not give any design results.

Members of the types "Tension" or "Cable" are excluded from this table.

4.9 Parts List by Member
Finally, the parts list of all cross-sections that are considered in the design case is displayed.

STEEL BS - [Demo-5eng] &

File Edit Settings Help

CAT - Steel Desing according ko lr j

Input Data & [ | D | E [ F [ G | H |
General Data Part MNumber | Length | TotLength | Suf. Arsa | Volume  UnitWeight  WWeight | TobWeight

W aterials No. Cross-gection Members [m] [m] [m?] [m?] [ka/m] [kg] I
Cross sections 6 BOO| 3600|6277 | 042 | SI0B|| G4E36|| 3278
Lateral Intermediate Supports 2 | 2-IPE 400 [British Steel)... 3-1F g a0 24.09 35.33 n.z0 EE.33 198.78 1.538
Effective Lengths - Members 3 | 2-IPE 400 [Biitish Steel) g 326 2610 3828 0zz EE.33 21841 1731
Effective Lengths - Sels of Men 4 | 2-IPE 400 [Biitish Steel) g E27 5019 7362 042 EE.33 41617 2329
= Modal Supparts 5 | 1-IPE 500 [Biitish Steel) 4 3.00 12.00 2092 014 91.08 27318 1.033
Set of Members Mo, 2 - Set E | 10-UBF 2031203454 (Briish Ste 3 200 4.00 1073 0.08 5393 161.79 0.485
5 Member Releases 7 | 10- UBP 203x203x54 (British Ste 2 358 7.09 850 0.05 5393 191.23 0352
Set of Members Mo, 2 - Set 8 | 10-UBF 2031203454 (Briish Ste 1 4.09 4.09 4491 0.03 5393 22079 0.z
Serviceabilty Data 3 | 15- UBP 254x254xE3 (British Ste 4 3.00 12.00 17.73 010 E2.96 188.87 0.755
Results 10| & - UBP 2548254571 [British Steel 3 200 4.00 1337 0.08 7096 21289 0633
Design by Load Case 11 | B- UBP 254x254+71 [British Steel 2 358 7.09 1054 0.08 7096 251.64 0503
Design by Cross-section 12| 6 - UBP 254x254x71 [British Steel 1 4.09 4.09 E08 0.04 7096 290,53 0.291
Design by Set of Members 13 | 7- UBP 203x203x45 [British Steel 4 E27 2510 25.80 014 44.90 281.71 1127
Design by Member 14 | 9-IPER 450 (British Steel] g E.25 50.00 80,47 0E1 94.99 593,66 4748
Design by #-Location 15 | 16 - IPE 3E0 (British Steel] 1 E.55 E.55 888 0.05 57.07 37358 0.374
Goverming Intemal Forces by M| |__18__| 6 - UBP 2544254471 [British Steel 1 7.09 7.09 10.54 0.08 7096 603.42 0503
Goveming Intemal Forces by Si__17__| 6 - UBP 254254471 (British Steel 1 E.55 E.55 372 0.08 7096 464.53 0.465
Member Slendernesses 18 |12 - OR0O 8045.0 ([British Steel) 25 5.00 126.00 3863 n1s 11.70 58.48 1.462
Farts List by Member 19 |13 -Circle 24 4 781 3124 236 0.0 355 2774 0111
Paits List by Set of Members 20 113 - Circle 24 g 202 E4.18 484 0.03 3588 2849 0.zza
Sum 102 51646 488,05 297 23325
¢ >

Figure 4.9: Table 4.1 Parts List by Member

This list contains only designed members by default. If all members of the structure are to
be included, you can change the settings in the Other tab of the Details dialog box (see
chapter 3.1). This dialog box is accessible via the [Details] button.

Part No.

The same part number is automatically assigned to identical members.

Cross-section

In this column, the cross-section description is displayed.

Number of Members

The number of identical members is given for each part.

Length

This column displays the unit lengths of every single member.

Total Length

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

I Program STEEL BS © 2011 by Ing. Software Dlubal
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Surface Area

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

Volume

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

Unit Weight

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

Weight

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

Total Weight

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

Sum

The sums of the values listed in columns B, D, E, F and | are given in the final row of the list.
The cell Total Weight shows the total required mass of steel.

4.10 Parts List by Set of Members

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

C&1 - Steel Desing according ko » { j

Input Data | B | c | Db | i [ F [ G H 1
General Data Part Description of Mumber Length | TotLength | Surf. Area = Wolume  [Unitweight| ‘weight | Tot 'weight
W aterials Ha, Set of Members Sets [m] [m] [mf] [m3] [ka/m] [kal 0}
Cross-sections 1 6.00 £.00 10,46 007 91.06 | 54636 0546
Lateral Intermediate Supparts Sum 1 E.00 10,46 o7 0546

Effective Lengths - Members
Effective Lengths - Sets of Men)
= Modal Supports
Set of Members Mo, 2 - Set
= Member Releases
Set of Members Mo, 2 - Set
Serviceability Data
Results
Design by Load Caze
Design by Cross-gection
Design by Set of Members
Design by Member
Design by x-Location
Governing Internal Forces by M
Gowveming Internal Forces by 51
Mermber Slendemesses
Paits List by tember
Parts Lizt by Set of Members

. ;

Figure 4.10: Table 4.2 Parts List by Set of Members

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

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

40
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Evaluation of Results

The design results can be evaluated in different ways. For this, the buttons in the results ta-

bles are very useful which are located below the upper tables.

STEEL BS - [Demo-5eng]

X

File Edit Settings Help
CA1 - Steel Desing according ko w E
Input Data [ [ B8 [ ¢ [ b [E ~
General Data Section hMember| Location | Load Dresign
b aterials Mo Nr. % [m] Case Ratio Design according to Fomula
Cross-sections 1 |PE 500 [British Steel)
Lateral Intermediate Supparts a2 nooo|  LC? 000 $1 | 100) Mo or Very Small Intenal Foices
Effective Lengths - Members ]| 0ooo| e 003 < 102) Cross-section Check - Compression acc, to 4.7.4
Effective Lengths - Sets of Men 32 0ooo| Lcz 007 < 121) Cross-section Check - Shear Capacity - Load Parallel to the 'web acc. to 4
= Modal Supparts l:l 1 0000 LCt 0.00] £1 [126] Crass-section Check - Shear Buckling ace. lo 4.4.5 |
Set of Members Mo 2 - Gat il E000) LC2 036 < 181) Cross-section Check - Bending about p Awis, Shear and Axial Force acc. ic
= Member Feleases 21 0ooo|  LcZ 03 < 347) Stability Analyzis - Buckling and Bending about v and z-4xis acc. to 4. 8.3.2
Set of Members Mo. 2 - Set | 00oo| Lcz 1.01 > 1 | 351) Stability Analysis - Buckling about z-4sis and Bending about p and 2-Axis w
Serviceability D ata 1 3000 LCT 00s £ 371 Stability Analysis - Buckling about v or z-Axis and Bending about y and z:4: |+
Mas [ 10757 @ EEEEEOD)
Design by Load Case
Design by Cross-section — i _
Design by Set of Members D: ﬂ 1 - IPE 500 (British Steel)
Design by Member Material Yalues - Grade 5 355 Steel 2000
Design by #-Location Crogs-gection Yalues - IPE 500 (British Steel]
Goveming |rternal Forces by M|| B Design Intemal Farces =y
Goveming Intemnal Farces by 51 Crogs-section Classification - Mo Compression g
Mermber Slendernesses B Design Ratia 5
Paits List by Member Depth of Web d 462.0 | mm = prommmeety
Paits List by Set of Members Thickness of Wb tw 102 | mm 0z
Dezign Strength Py 35.50 | kM/emi
“ield Stress Ratio of Web € 0.880
Lirit Criterion E1.61 445 <
Fiatia 45.88 <70 445 z
[mm]
i3
< >
Figure 5.1: Buttons for evaluation of results
These buttons have the following functions:
Button Name Function

Design of Ultimate Limit

State limit state

Switch on/off the design results of the ultimate

Design of Serviceability

Limit State lity limit state

Switch on/off the design results of the serviceabi-

Switch on/off the color

Show Color Bars in Table .
tables according to the

background in the results
reference scale

Show Rows with Ratio > 1

and, accordingly, failed

Show only rows with stress ratios greater than 1

design

Show Result Diagrams of
Current Member

Open the diagram Result Diagram on Member
- chapter 5.2, page 46

Jump to Graphics to
Change View

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

Pick Member in Graphics
and Go to This Member in
Table

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

Table 5.1: Buttons in results tables 2.1 to 2.5

Program STEEL BS
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5.1 Results on RSTAB Model

You can use the RSTAB work window to evaluate the design results.

RSTAB background graphic and view mode

The RSTAB graphics in the background can be useful if you want to check the location of a
particular member in the model. The member that is selected in the STEEL BS results table is
also highlighted in the selection color in the RSTAB background graphic. Additionally, an ar-
row marks the member location x which is stated in the active table row.

STEEL BS - [RSTAB- Bridge] X

File Edt Settings Help

CA1 - Steel Design according to » F 'q

Input Data [ & [ & Tl E |~
General Data Member| Location | Load Drezign
Materials Ha. # [m] Caze Riatio Design according to Formula
Cross-sections 000 Lot 003 $1 | 121) Cross-section Check - Shear Capacity - Load Parallel to the Web acc. to 4.2.3
Lateral Intermediate 5 upports ooon| o LC1 000 &1 | 126) Cross-section Check, - Shear Buckling acc. to 4.4.5
Effective Lengths - Members 3000 LC1 €1 | 181) Cross-section Check - Bending about y Asis, Shear and Arial Force acc. to 4.8.2.24
Effective Lengths - Sets of Men 0000 Lel 009 €1 341) Stability Analysis - Buckling and Bending about v and z-4uis acc. to 4.8.3.3.1

= Modal Supparts 0000 L1 015( €1 | 351) Stability Analysis - Buckling about 2-4zis and Bending about v and 2-Axis with Laterz

Set of Members No. 1 - Cor
Set of Members No. 2 - Cor |__198

Cross-section Mo, 20 - IPE 330 [British Steel)

= Member Releases 0000 Lt 003 | £1 | 102) Cross-section Check - Compression acc. to 4.7.4
Set of Members No. 1 - Car 0000 LC1 003 £1 | 121) Cross-section Check - Shear Capacity - Load Parallel to the 'wieb acc. to 4.2.3 ~
Aot Set of Members No. 2 - Cor Mas: 28051 @ ®.
esults

Design by Load Case _

Design by Cross-section D W [0 - 1PE 330 (British Steel)

Design by Set of Members I aterial Values - Grade 5 275 Steel A 160.0

Design by Member Cross-sechion Walues - [PE 330 [British Steel]

Diesign by w-Location Dezian Intemal Forces ﬂ
Governing Intemal Forces by M | B Cross-section Classification - Class 1 =

Governing Intemal Forces by 51| & Design Ratio

Member Slendemesses Aial Fampression Fe -BE.041 | kM g e ,Y

Parts List by Member Bending Moment My 14.833 | kNm s

Parts List by Set of Members Flastic Section Modulus Sy 804000.0 | mm?
Dresign Strength Py 2750 | kM/om?2
Shear Design R atio vz 0.0z <08 -
Maoment Capacity ey 221100 kMm 42582 z
Compression Resistance Pe 1721.500 | kN 474 [rmim]
Compression Design Ratio Jo 003 i =

< EBiending Diesign Ratio Imy o7 v

0 Information
| |

ou are in the view mode.

Back

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

If you move the STEEL BS window to another place in the display and still cannot see the
graphic clearly, use the so-called View Mode by clicking on the [Change View] button. The
STEEL BS window will be hidden so that you can adjust the view in the RSTAB interface ap-
propriately. The view mode provides the functions of the View menu, for example zooming,
moving or rotating the display.

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

RSTAB work window

It is also possible to visualize the design ratios directly in the structural model: Click the
[Graphic] button to quit the add-on module STEEL BS. The ratios are displayed in the RSTAB
work window like internal forces of a load case.
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| ® | - To turn the display of design results on or off, use the button [Results on/off] shown on the
| | left. To display the result values in the graphic, use the toolbar button [Show Result Values]

to the right.
As the RSTAB tables are of no relevance for the evaluation of STEEL BS results, you may de-

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

The graphical display of results can be set in the Display navigator by opening the Results
folder and selecting the Members entry. By default, the ratios are shown Two-Colored.

Project Navigator @

[w] i Structure
=-[»][F] Results
=-[w] [ Result values
[w] 3 Members, Supports, Sections
[ [ Title Info
[w] [ Max/Min Info
[m] [ Deformation
=-[m] [ Members
@ [ Two Colored
O colored
O [ Cross-sections

LIRS Al values
1[5 Display hidden result diagram

I Rreverse Results Y-y and Y-z
[B] 5 Guide Objects
[y General
] Mumbering
[E] W Rendering
[E] & Additional Modules

BT ot !Display| 4 P

STEEL BS CAT - Steel Design

Figure 5.3: Display navigator: Results - Members — Two Colored
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If you select the Colored results display, the panel colors becomes available with various op-
tions for the multicolor display. Those are described in chapter 4.4.6 of the RSTAB manual.

[#]5 Sets of Members A Max
[w] Tendons h | DesignRatio[]
[l Line TR
[¥] & Description 1.00
Results i 090
Result Values 3 030
IZ| Members, Supports, Sections 070
Title Infa 050
MaxMin Info 050
-, Deformation 040
| Supports 030
Modal Displacements 070
-, Connecting Lines 010
Members 0.00 Options 5]
§ Two-Colored
£ Refer to
. Colored Max : 0.35 .
" Cross-sections Min : 0.00 © MaxsMin
7 Allvalues @ Custorize (5]
-, Display Hidden Result Diagram (2 Lirits:
" Reverse Results Y-y and ¥-z [+]:
[C1F3 Rresults Oon Couplings — e
D [m] B Guide Objects | v [0
"" 2 [+] Smoath Calar
EData 9 Displary | 4 b E &Z 4| Transition

Figure 5.4: Design ratios with option Cross-sections in Display navigator
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In the Factors tab, you can scale the design results, as you know it from the member inter-
nal forces. If you enter the factor 0 in the input field Member Diagrams, the results will be
represented without scaling but with an increased line thickness.

Te—7a,
H- -

1~
/I“ -

4
Jois
—.57 046
0.21 S—
Loz7
1017 —ose L 056

——— = i o,
Panel x

Dizplay
Factors

Deefarmation:
- 0.26

tember Diagrams:
0 =

Reaction Forces:

B2 4

Max Design Ratio: 0.89

Figure 5.5: Panel tab Factors

The graphics can be transferred like RSTAB graphics to the printout report (see chapter 6.2
on page 49).

STEELES To return to the add-on module STEEL BS, use the [STEEL BS] button in the panel.
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5.2 Result Diagrams

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

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

Results - Member Results

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

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

& Result Diagram on Member. g@]&l
| @5 | sTeELes cAl - Stesl Desi v < 2 B g 2L = = e o Ao ¢ Mer
b 0000 0,500 T.000 1500 2000 m
Leie C) i : i : . . i e 12375 ml [Fieed
[¥] Design Ratio HL4E>
Design Ratio [-] ESERIEE -~
" Design Ratio
[rn] 2
T o000 027 A
0.333 0.19
0.687 0.15
1.000 0.15
1.333 0.15
1.667 0.138
- 2,000 0.26
v
[ tassdin Only ] Edges Only
Results 4 b v
Location =i 1.237 m Beginning ¥,*¥,Z: 21.0,-3.0, 0.0m End %,%,2: 21.0,-3.0,-2.0m Order: 146

Figure 5.6: Result Diagram on Member dialog box

STEEL B CAL - Steel Desigr [V | A particular design case can be selected from the list in the toolbar.
tE; :32 The Result Diagram on Member dialog box is described in detail in chapter 9.8.4 of the

STEEL BS CA1 - Steel Design RSTAB manual.
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5.3 Filter Results

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

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

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

View — Control panel
or by clicking on the corresponding button in the Results toolbar.

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

Projeckt Navigator E

- [w] 5 Structure
H-[ |4 Loads
= [#][F] Results
+ - [v] [ Result Values
[w] [ Title Info
[ Max/Min Info
=-[m] [ Deformation
- [m] [ Members
O supports
1[5 Madal Cisplacements
][] cornecting Lines
=@ [ Members
O Twa Colored
@ [ colored
O[] Cross-sections

LIS All values

Il @ Display hidden resulk diagram
[ Reverse Resulks Y-y and Y-z

- [m] [ Support Reactions

[E] 5 Guide Objects

[El&h General

[ Mumbering

[E]"@p Rendering

[B] & Additional Maodules

T A

E®pats W Display |r—‘ResuIts 4 b

Figure 5.7: Display navigator: Results - Members — Colored

For a colored view of the results, you can set in the panel that e.g. only design ratios great-
er than 0.1 are to be displayed. Furthermore, you can adjust the color spectrum in a way
that one single color range exactly covers the design ratio 0.1 (see figure 5.8).

By the option Display hidden result diagram (Display navigator, entry Results - Members),
you can also display design results that do not satisfy the given conditions. Those design di-
agrams will then be drawn as dashed lines.
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019

0.25
Project Navigator E
[ Sets of Members ~ Maw
=[] 5, Tendons Design Ratio [-]
[~]i#, Line 110
[w] % Description 1.00
=[] [ Results 080
= [w] [ Result values 0.2
EE Members, Supports, Sections 070
[ Title Info 06D
[ maximin Infa 050
= [m] [ peformation 040
1 supports e
[ nodal Displacements 020
[ connecting Lines UITU
=B [ Members )
OF wo-colored
@[] colored Max : 0.35
O] cross-sections Min : 0.00
1T all values
™ E Display Hidden Resulk Diagram
[ reverse Results -y and vz
I Results on Couplings
= [W] 5 Guide Objects )
< b4
E®pars M pisplay | q b gg Z |4

Figure 5.8: Filtering of stress ratios with adjusted color spectrum

Filtering Members

In the Filter tab of the control panel, you can enter the numbers of the members whose de-
sign ratios are to be shown in the graphics. This function is described in chapter 9.8.6 of
the RSTAB manual.

Contrary to the partial view function, the entire structure is displayed here. The following
figure shows the design ratios in the compressed flange of a footbridge. The other mem-
bers of this structure are also shown in the model but they are without any design ratios.

Show diagrams for
members no.:

147.155,163.171.1

Al
MNone \6——‘__‘___1
47 15 1

T@ 4] |

Figure 5.9: Filtering members: design ratios of footbridge flange
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6. Printout
6.1 Printout Report

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

The printout report is described in detail in the manual of the RSTAB program. In particular,
chapter 10.1.3.4 Selecting Data of Add-on Modules on page 227 is important. It deals with
the selection of input and output data in all add-on modules.

For complex structures with a high number of design cases, it is recommended to split the
data into several small printout reports which allows for a clearly-arranged printout and a
faster work.

6.2 Print STEEL BS Graphics

Every picture that is displayed in the graphic window of the main program RSTAB can be in-
cluded in the printout report. This means that the design ratios displayed in the RSTAB
model can be prepared for the printout, too. The graphics can be integrated in the global
printout report or sent directly to the printer. Printing graphics is described in detail in the
RSTAB manual, chapter 10.2.

Design results in RSTAB model
To print the STEEL BS graphic that is currently displayed in the RSTAB work window,

select Print on the File menu

or use the toolbar button shown on the left.

H RSTAB 7.03 - [STEEL BS]

E™ File Edit  Wiew Insert Calculate

Do9auERE =
% DR R J-ﬂ 3

Figure 6.1: Print button in toolbar of main window

Result diagrams

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

= Result Diagram on Member

||T@ STEEL BS CAL - Steel Desig v < IR =
0.000 0fpri
g v E

|
Desig+ Ratio [-]

Mawvigakar

Figure 6.2: Print button in toolbar of Result Diagram window

The following dialog box opens.

' Ing. Software
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Graphic Printout

General |Dptions Color Spectrum

Graphic Picture wincdon Ta Print Graphic Size

() Ditect to Printer... [ (%) Current Orly (@) Ag Screen View
(%) In Printaut Repart: (1 window Filling

() To Clipboard () ToScale 1 (100
Graphic Picture Size Options

Usze Whale Page Width

[ Use Whale Page Height

O Height [ of Page]
Fiotation: "1

Header of Graphic Picture
|STEEL BS - Members Design Ratio, CAT |

ok |

Figure 6.3: Graphic Printout dialog box, General tab

[ Lock Graphic Ficture [without Update)

Cancel ]

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

A STEEL BS graphic that has been integrated in the printout report can be moved anywhere
within the report by using the drag-and-drop function. In addition, it is possible to adjust
imported graphics subsequently: Right-click the relevant entry in the navigator of the
printout report and select Properties in the context menu. The dialog box Graphic Printout
appears again, offering various options for adjustment.

Graphic Printout

General | Options | Color Spectum
Script Symbols Frame
() Proportional (%) Proportional () None
(%) Canstant () Constant (%) Framed
Factor: |1 £ Factor: 1 [ Title Baow...
Prinit Guuzlity Colat
(%) Standard [max 1000 = 1000 Pixelz] () Lines and Test Black
() Maximal (max 5000 » 5000 Fixels) (3 Al Colored
() User Defined l:l
il l [ Cancel

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

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

7.1 STEEL BS Design Cases

Members can be arranged in groups for different design cases. In this way, you can com-
bine groups of structural components or analyze members with particular design specifica-
tions (for example changed materials, partial safety factors, optimization).

It is no problem to analyze the same member or set of members in different design cases.
The STEEL BS design cases are available in the RSTAB work window and can be displayed

like a load case or load group by means of the toolbar list.

Create a new STEEL BS case
To create a new design case,

select New Case on the File menu in the STEEL BS add-on module.

The following dialog box appears.

Mew STEEL B5-Case

Mo, Dezscription

P Steel Design according to BS w

QK ] [ Cancel

Figure 7.1: New STEEL BS-Case dialog box

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new de-
sign case. When you click [OK], table 1.1 General Data opens where you can enter the new
design data.

Rename a STEEL BS case
To change the description of a design case subsequently,

select Rename Case on the File menu in the STEEL BS add-on module.

The dialog box Rename STEEL BS-Case appears.

Rename STEEL BS-Case

Mo Diescription

1 MNew Description] v

[ Ok l ’ Cancel

Figure 7.2: Rename STEEL BS-Case dialog box
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Copy a STEEL BS case

To copy the input data of the current design case,
select Copy Case on the File menu in the STEEL BS add-on module.
The dialog box Copy STEEL BS-Case appears where you can specify the number and descrip-

tion of the new case.

Copy STEEL BS-Case X

Copy from Caze
CAT - Steel Design accaording to BS -

Mew Caze

MHa: D ezcription:
2 Desian of Eottom Flange w

QK ] [ Cancel

Figure 7.3: Copy STEEL BS-Case dialog box

Delete STEEL BS Case
To delete design cases,

select Delete Case on the File menu in the STEEL BS add-on module.

In the dialog box Delete Cases, you can select the relevant design case in the Available
Cases list to delete it by clicking [OK].

Delete Cases &l

Awailable Cazes

Mo Description ~
Steel Design according to BS

QK. l ’ Cancel

Figure 7.4: Delete Cases dialog box
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7.2 Cross-Section Optimization

As mentioned in chapter 2.3, STEEL BS offers you the possibility to optimize cross-sections.
Select the relevant cross-section by ticking its check box in column D or E in table 1.3 Cross-
sections (see figure 2.10, page 16).

You can also start the cross-section optimization via the context menu in the results tables.

During the optimization, STEEL BS determines the cross-section within the same cross-
sections table that fulfills the analysis requirements in the “optimal” way, i.e. comes as close
as possible to the maximum possible ratio specified in the Details dialog box, tab Other (see
chapter 3.1). The required cross-section properties will be determined with the internal
forces of RSTAB. If another cross-section proves to be more favorable, it will be used for the
design. In this case, two cross-sections will be displayed on the right of table 1.3 as shown
in figure 7.6 — the original cross-section from RSTAB and the optimized one.

For parameterized cross-sections of the cross-section library, a dialog box with detailed
specifications appears when you tick the check box for optimization.

Welded Cross-sections - | symmetric : Optimize

Crozs-section Optimization Parameters
Qpti-
mize Current Minimal I aximal Increment b
[l 500.0 = »|[ 10000 %> 2002 8] ]
Ob: 3394 [rorn] - Sk
s w15 [mm] el
O £40 % » o]
Oa: 005 [mm] =
i =
a

il 777777 A
[ Keep Curmert Side Propartions 15 1055.55/313.5944/36, 065/64. 00840
I Ok l ’ Cancel

Figure 7.5: Welded Cross-Sections - I-Symmetric: Optimize dialog box

By ticking the check boxes in the Optimize column, you decide which parameter(s) you
want to modify. The ticked check box enables the Minimal and Maximal columns where you
specify the upper and lower limits of the parameter. The Increment column determines the
interval in which the size of this parameter varies during the optimization process.

If you want to Keep Current Side Proportions, tick the corresponding check box. In addi-
tion, you have to select at least two parameters for the optimization.

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

Please note for the optimization process that the internal forces won't be recalculated au-
tomatically with the changed cross-sections. It is up to you to decide which cross-sections
should be transferred to RSTAB for a recalculation. As a result of optimized cross-sections,
internal forces may vary considerably because of the changed stiffnesses in the structural
system. It is recommended to recalculate the internal forces after the first optimization and
then to optimize the cross-sections again.
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You do not need to transfer the modified cross-sections to RSTAB manually: Set table 1.3
Cross-sections, and then

select Export All Cross-sections to RSTAB on the Edit menu.

The context menu in table 1.3 also provides options to export optimized cross-sections to
RSTAB.

STEEL BS - [Demo-5eng] X
File Edit Settings Help
£41 - Steel Desing according te | [ - |
Input Data [ & | —— L [ o [ E [ E 15 - IPE 240 (British Steel)
General Data Section  Material Cross-section Cross-section Type Opti- STEFL BS
W aterials Ho. Mo Drescription [mm] for Classification mize | Remark | Comment
[ — 1 1 [ IPE 500 (British 5 |-shape ralled ] 1]
Lateral Intermediate Supports 2 1 I IPE 400 [British § |-shape rolled O Peney,
Effective Lengths - Members 3 1 | IPE 400 [British § |-shape rolled a
Effective Lenaths - Sets of Men f 1 W UBP 25425447 I-shape rolled a i
= Nodal Supparts 7 1 |l UBF 203:203x4 |-shape rolled ] G
Set of Members Mo, 2 - Set E] 2 | IPER 450 [British |-shape ralled ]
= Member Releases 10 1 B UBP203:203:8 | |-shape rolled ] 15 - UBP 25425453 (British Steel)
St of Members Mo, 2 - Set|__12 1 | GRO 80:5.0 (Bt Eox Rolled ] RSTAB
Serviceatilty Data 13 1 W Cicle 24 Round Bar a ————
1 |[IPE 240 [British Lushane tollad ] 10
16 1 | IPE 350 [British Info about Cross-section, .. TR
17 1 ] Cross-section Library, . B ]
18 | d
Edit List ‘Design of Members' in Table 1.1 » .
Optimize Cross-section
X
Export Cross-section bo RSTAR ‘ Crosz-section No. 15 Used
Export All Cross-settions ko RSTAE Members: |51,52,59,60
Import Cross-section from RSTAB Edil:n;fels'
Import All Cross-sections From RSTAB
Z Length: 12.00 [m]
3 Mass; 0363 [1]
1] The croze-zection in RSTAR iz different ta that in Material |1 - Grade 5 355 Steel
< > STEELES
E xparts cunent cross-section to main program and deletes results.

Figure 7.6: Context menu in table 1.3 Cross-Sections

Before the changed cross-sections are transferred to RSTAB, a question appears because ex-
porting also implies deleting the results. When you confirm the query and then start the
[Calculation] in STEEL BS, the internal forces of RSTAB and the design ratios of STEEL BS are
calculated in one calculation run.

i ™y

STEEL B5S
Question Ho. 2562

»

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

IF 20, the resultz of RSTAB and STEEL ES will be deleted.

" 4

Figure 7.7: Question before transferring modified cross-sections to RSTAB

By using the menu functions described above, you can also import the original RSTAB cross-
sections to STEEL BS. Please note that this option is only available in table 1.3 Cross-
sections.

If you optimize a tapered member, the program modifies the member's start and end and
interpolates the second moments of area for the intermediate locations linearly. As these
moments are considered with the fourth power, the designs may be inaccurate if the
depths of the start and end cross-section differ considerably. In this case, it is recommended
to divide the taper into several single members whose start and end cross-sections have mi-
nor cross-section differences.
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7.3 Import / Export of Materials

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

You do not need to transfer the modified materials to RSTAB manually. Set table 1.2 Mate-
rials, and then

select Export All Materials to RSTAB on the Edit menu.

The context menu of table 1.2 also provides options to transfer modified materials to

RSTAB.
STEEL BS - [Demo-5eng] X
File Edit Settings Help
CAT - Stesl Desing according to (% E S
Input Data N ] B
General Data Material Material
M aterials a Description Cormment
Cross-sections 1 | Grade 5 355 Steel | BS 535

Lateral Intermediate Supports [ 2 ][]
Effective Lengths - Members

Effective Lengths - Sets of Men Expart Material to RSTAB RS | @
~

[Material Library...

= Modal Supports
Expart All Materials to RSTAE
Set of Members Mo. 2 - Set) o R

Mermber Releazes w
Set of Members Mo 2 - Set| |5 RS TAB Relevant

todulus of Elasticity

Import Material From RSTAB
Impott All Materials from RSTAB

Serviceability D ata

Shear Modulus G 76846.200 | MPa
Fuoisson’s Ratio 2 0300
Unit ‘#/eight ¥ 7850 | kM/m?
Coefticient of Thermal Expansion I3 1.2000E-05 | 1/°C
Partial 5 afety Factor il 1.00
E Design Relevant
‘rield Strength fy 450,000 | MPa Material No. 2 Used in
Max. Structural Thickness t 1.60 | cm Cross-
‘field Strength fy 440.000 | MPa sections: |9
Max. Structural Thickness t 4.00 | cm
*ield Strength Fy 430,000 | MPa Members: |BE-63.71-74
tax. Structural Thickness t E.30 cm Sets of
“Tield Strength fy 410,000 | MPa Mernbers:
Mas. Structural Thickness t 8.00 cm % Length 50,00 [m)
‘Yield Strength fy 400,000 | MPa
Ma. Structural Thickness t 10.00 em | EMass: AT43] 1

< >

E xports material to main program and deletes results,

Figure 7.8: Context menu in table 1.2 Materials

Caloulation Before the changed materials are transferred to RSTAB, a question appears because export-
= ing also implies deleting the results. When you confirm the query and then start the [Calcu-

lation] in STEEL BS, the internal forces of RSTAB and the design ratios of STEEL BS are calcu-
lated in one calculation run.

STEEL BS
! Question No. 366

L
Do wou want ba transfer the changed materials to RSTARY

If 20, the results of RSTAE and STEEL BS will be deleted.

% o

Figure 7.9: Question before transferring modified materials to RSTAB
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The units and decimal places for RSTAB and all add-on modules are managed in one global
dialog box. In the add-on module STEEL BS, you can use the menu to define the units. To

open the corresponding dialog box,

select Units and Decimal Places on the Settings menu.

The program opens the following dialog box that you already know from RSTAB. The add-

on module STEEL BS is preset.

Units and Decimal Places

Program f podule
R5TAB ~
STEEL Cutput Data
STEELEC3 Unit
STEEL AISC
STEELIS
STEEL 514

STEELES

Stresses
Design Ratios:

Unitless:

KAPPA

LTE

FE-LTE

EL-PL

CTo-1
PLATE-BUCKLING
ASD

CRANEWAY
COMCRETE
COMCRETE Colurnn
TIMBER Pra
TIMBER
COMPOSITE-BEAM
DYNAM
EMD-PLATE
COMMECT
RAHMECK Pro
FRAME-JOINT
DSTY

DOWEL o3

@D @@ ®

kMAom™2 »

Dec. Places
23
25

35

Parts List

Lengths:
Taotal Lengths:
Surface Areas:

Volumnes:

Iasses per Length:

M asses:

Total Maszes:

3

Uriit Dec. Places
m v 2%
m i 2%
"2 R 2%
3 “ H
kagfm b 2|8
ka v 2%
t v I8

ak. l [ Cancel

Figure 7.10: Units and Decimal Places dialog box

The settings can be saved as a user profile to reuse them in other structures. The corre-
sponding functions are described in chapter 11.6.2 of the RSTAB manual.

7.5 Export Results

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

Clipboard

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

Printout Report

The STEEL BS data can be printed to the global printout report (see chapter 6.1, page 49)
and then be exported via the printout report menu

File — Export to RTF File or BauText.

This function is described in chapter 10.1.11 of the RSTAB manual on page 239.

56
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STEEL BS enables you to directly export data to MS Excel or OpenOffice.org Calc. To open

the corresponding dialog box,

select Export Tables on the File

menu in the STEEL BS add-on module.

The following export dialog box appears.

Export - MS Excel E

Table Parameters

[¥]'with Table Header
[ 0nly Marked Rows

Application
(%) Microsoft Excel

Tranzfer Parameters

[C]Espart T able to Active Workbook

Fiewrite Existing Worksheet

Selected Tables
(®) Active Table

3 4l Tables Details

() DpenOffice.org Calc

[C] Export T ables with

Ok

l [ Cancel

Figure 7.11: Export - MS Excel dialog box

When you have selected the relevant parameters, start the export by clicking [OK]. Excel or
OpenOffice will be started automatically. It is not necessary to run the programs in the

Design according to Formula

1007 Mo of Wery Small Internal Forces

1011 Cross-section Check - Tension acc. to 4.6

102) Cross-section Check - Compression acc.to 4.7 4

1111 Cross-section Check - Bending ahout y-Axis for Low Shear acc.to 4.2.52 - Clas
116) Crozs-section Check - Bending shout z-Axis for Low Shear acc.to 4.2.52 - Clas
12171 Cross-section Check - Shear Capacity - Load Parallel to the Web acc. to 4.2.3
1231 Cross-section Check - Shear Capacity - Load Parallel to the Flange acc. to 4.2.3
126) Cross-section Check - Shear Buckling acc. tod4 4.5

181) Cross-section Check - Bending shout v Axis, Shear and Axial Force acc.to 4.5.2
322) Lateral Torsional Buckling sccording ta 4.3 and B.2 (1, H and Channel Crozs-Sectic
3417 Stability Analysis - Buckling sand Bending sbout v and z-Ax0 acc. 1o 4.8.3.3.1
351) Stability Analysis - Buckling sbout z-Axis and Bending about v and z-&xis with Lz

1007 Mo ar Wery Small Internal Farces

1011 Cross-section Check - Tension acc. to 4.6

1021 Cross-section Check - Compression acc.to 4.7 4

1111 Cross-section Check - Bending about yv-8xis for Low Shear acc. to 4252 - Clas
116) Cross-section Check - Bending ahout z-Axis for Low Shear acc.to 4.2.52 - Clas
121) Crozs-section Check - Shear Capacity - Load Parallel to the Web acc. to 4.2.3
1231 Cross-section Check - Shear Capacity - Load Parallel to the Flange acc, to 4.2.3
126) Cross-section Check - Shear Buckling sacc. to 445

background.
A B [ D E

1 Member  Location Loz Design

2 Mo, % [m] Case Ratio

3 1 Crogg-zection Ma. 1 - [PE 500 (Britizh Steel)
4 5,000 Lcs 0,001
=3 0000 LB 00051
G 0000 Lo 00231
7 5400 LC3 002|41
g 3,000 Lca 00541
9 0,000 L2 00151
1a 5,000 Lod 00051
11 0000 Lo 0,003
12 5,000 L2 0,11[41
13 3,000 LCR 00641
14 0,000 L 0,08 51
15 3,000 Loz R
16

17 2 |Cross-section Mo. 1 - IPE 500 (British Steel)
18 §,000) LCS 0,00(<1
19 0,000 LCE 0,001
20 0000 L 002%1
il 5,000 LS 00231
22 3,000 Lca 00541
23 0,000 L2 0,01 |<1
24 5,000 Lcd 0,001
25 0000 L 00051
2B 5,000 Loz 04131

Figure 7.12: Results in Excel

1811 Cross-section Check - Bending shout v Axiz, Shear and Sxial Force acc.to 462
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8. Example

Column with Biaxial Bending

In the following example, we perform the governing stability designs of flexural buckling
and lateral-torsional buckling for a column with biaxial bending. The calculation described
below follows the Load and Resistance Factor Design provisions.

Design values

Structure and loads

Fe
v
— oy
e
BN 2m
w4>
N Design values of static loads:
— 1 4m F. =300 kN
o Il w = 5.0 kN/m
" F, =7.5kN
>
7 2m Cross-section: IPE 300
e
— A Material: Steel Grade S 275
IPE 300 T,_.Z
y

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

Internal forces according to linear static analysis

-10.00 kN

3T5KN

-300.00 kN

10.00 kNm

375kN
7.50 KNm

3T5KN

10.00 KN

N M

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

The design is performed by x-location, i.e. on defined locations x of the equivalent member.
The decisive location is x = 2.00 m with the following internal forces of RSTAB:

Classification of cross-section

8=\/275/py =+/275/275=1.0

Classification of flange

b=75mm

T=10.7 mm

Ai1 =8¢ =8-1.0=38
Ay =9e=9-1.0=9
Aiz3 =13 =13-1.0 =13
b5 ;g s,
T 10.7 '

Class of the flange is 1.

F.=-300.00kN M, =10.00kNm M,=750kNm F,=375kN F,=0.00kN
Cross-section properties - IPE 300

Cross-Section Properties Symbol Value Unit
Gross area A, 53.80 | cm?
Moment of inertia about major axis Iy 8356.00 |cm*
Moment of inertia about minor axis I 604.00 | cm*
Radius of gyration about major axis r, 12.5|cm
Radius of gyration about minor axis r, 3.35|cm
Cross-section weight A 42.2 | kg/m
Torsion constant J 19.90 | cm*
Warping constant C., 126000.00 | cm®
Elastic section modulus about major axis |Z, 557.00 |cm?
Elastic section modulus about minor axis |Z, 80.50 | cm?
Plastic section modulus about major axis |S, 628.00 | cm?
Plastic section modulus about minor axis |S, 125.22 |cm?
Strut curve for buckling about major axis | SC, a

Strut curve for buckling about minor axis | SC, b
Material properties — steel grade $275

Material Properties Symbol Value Unit
Modulus of elasticity E 205000 | N/mm?
Modulus of rigidity G 78865 | N/mm?
Yield strength P, 275 | N/mm?

Program STEEL BS © 2011 by Ing. Software Dlubal
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Classification of web
Gw,a =—40.9N/mm?

Gwp =—70.6N/mm?

d = 278.6 mm
t=7.1Tmm
F 300-10°3

= 0.552

rhn = =
' dtpy, 278671275

F 300-103
b =—/(p,) = ———-/(250/1.1) = 0.240
2 AT T 549102
W1:&:M:43_329
’ 1+,  1+0.939
Mz 105¢ _ 10510 o0,

1+1.55  1+1.5-0.939

126 ¢ 126-1.0

A3 = = = 85.085
W3 T 9+2r,  1+2-0.240

d _ 2068 _ 35412 < 43.329 - 2,
tw 6.8 !

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

Classification in STEEL BS

/X
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Cross-section Classification - Class 1

Flange

- Width b 75.0 mm Table 11
- Thickness T 10.7 mm Table 11
- Constant & 1.000 Table 11
- Maximal Ratio for Class 1 L 9.000 Table 11
- Maximal Ratio for Class 2 i, 10.000 Table 11
- Maximal Ratio for Class 3 L 15.000 Table 11
- Ratio b/T  |7.009 <t

- Class of Flange 1 Table 11
Web

- Stress at Web Start G, |-40.9 N/mm?

- Stress at Web End 6.5 |-70.6 N/mm?

- Depth d 278.6 mm Table 11
- Thickness t 7.1 mm Table 11
- Gross Area A, 5380 mm

- Design Strength of the Web |p,,, [275.0 N/mm?

- Axial Compressive Force Fc -300.00 |kN

- Constant £ 1.000 Table 11
- Stress Ratio r, 0.552 3.5.5

- Stress Ratio r, 0.203 3.5.5

- Maximal Ratio for Class 1 My1 |51.563 Table 11
- Maximal Ratio for Class 2 Ao, |54.727 Table 11
- Maximal Ratio for Class 3 A3 185.376 Table 11
- Ratio d/t 39.239 < At

- Class of Web 1 Table 11
- Class of Cross-Section 1 Table 11
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Buckling about y-axis (major axis)
KL, = 4.0 m
t=10.7 mm <40 mm = strutcurvea
Slenderness
KL
hy=—2L= 4000 _ 354
ry 125
Limit slenderness
n’E 3.14157 - 205000
ho=02|| — |=02 || —————— |=17.155
Py 275
Robertson constant for strut curve a: ay=2.0
Perry factor
2.0(32.1-17.155)
=alh, -1y )/1000=—————""2=0.03
My ( y 0) 1000
Euler buckling stress
2 2
Pe, = b ;E _ 3.1415 2205000 — 1964.04 MPa
Ly 32.1
Buckling factor
+In, +1 .
o, (ny +1)pey _ 275+(0.03+1)-1964.04 1148.56 MPa
2 2
Compressive strength
e, - Py Pgy _ 275-1964.04 — 265.84 MPa
9, .\/(q)yz ~Pgy -py) 1148.86~\/(1 148.86> —275-1964.04)
Compression resistance
Py =Py -Ag = 265.84-5380=1430.08 kN
Design Ratio
n= F. /Py = 300.0/1430.08 = 0.21 - 0.K.
Design in STEEL BS
Axial Compression F. 300.00 kN
Design Strength p, 275.000 N/mm?
Modulus of Elasticity E 205000.000  [N/mm?
Nominal Effective Length KL, 4000.000 mm
Radius of Gyration r, 124.626 mm
Slenderness ., 32.096 4.7.2
Limiting Slenderness o 17.155 C.2
Strut Curve SC, a Table 23
Robertson Constant a, 2.000 C.2
Perry Factor m, 0.030 C.2
Factor b, 1148.860 N/mm? C.1
Euler Buckling Stress Pe, 1964.040 N/mm? C1
Compressive Strength Pe, 265.814 N/mm? C.1
Gross Area A, 5380.000 mm?
Compression Resistance P, 1430.08 kN 47.4/4.75
Design Ratio m 0.21 <1.01|474
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Buckling about z-axis (minor axis)
KL, = 4.0 m
t=10.7 mm <40 mm = strut curve b
Slenderness
=K. 4000 _ 44q
r, 335
Limit slenderness
n’E 3.1415° - 205000
Ag=02|| — |=02 || —————— |=17.155
P, 275
Robertson constant for strut curve b: a, =3.5
Perry factor
3.5-(119.4-17.155)
=alr, —Ay)/1000 = =0.358
N; ( z O) 1000
Euler buckling stress
2 2
PE, = b 2E _ 3.1415 225000 — 141.97 MPa
A, 1194
Buckling factor
+(n, +1 .
0, =P Mz +1Pez _275+(0358+1)-14197 oo o
2 2
Compressive strength
po=— L P 27514197 ~ 108.74 MPa
b, ~\/(¢Z2 —pg, .py) 233.88-\/(233.882 —275-141.97)
Compression resistance
P, =Pe; *Ag = 108.74 5380 =585.04 kN
Design Ratio
n= F. /P, = 300.0/585.04 = 0.51 - 0.K., decisive
Design in STEEL BS
Axial Compression F. 300.00 kN
Design Strength P, 275.000 N/mm?
Modulus of Elasticity E 205000.000  [N/mm?
Nominal Effective Length KL, 4000.000 mm
Radius of Gyration r, 33.5 mm
Slenderness \, 119.4 4.7.2
Limiting Slenderness o 17.155 C.2
Strut Curve SC, b Table 23
Robertson Constant a, 3.500 C.2
Perry Factor m, 0.358 C.2
Factor b, 233.88 N/mm? C.1
Euler Buckling Stress Pe, 141.97 N/mm? C1
Compressive Strength Pe, 108.74 N/mm? C.1
Gross Area g 5380.000 mm?
Compression Resistance P, 585.04 kN 4.7.4/4.75
Design Ratio m 0.51 <1.014.7.4
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Lateral-torsional buckling
Effective length for lateral-torsional buckling
KL= 4.0 m
Slenderness
KL
)L:J:ﬂ: 119.38
r, 5
Limit equivalent slenderness
n’E 3.1415% .205000
AMo=04 || — =04 || 220 | = 3431
Py 275
Equivalent slenderness
M1 = UVAyBy
in which:
- distance between shear centers of the flanges h, ‘= 289.3 mm
x=0.566h/(A/J) :0.566-289.31”5380/ 19.9.10%)=26.92
v= ! = ! =0.84
525 525
[1 +0.05(%/x) ]0 [1 +0.05(119.38/26.92) ]0
[ -10*
y=1-z_q 00410 =0.927
ly 8356-10
0.25 0.25
45,2y 4.628-10%.0.927
u=|l—— = 3 3 =0.88
A“h, 5380 -289.3
- for class 1: B, =1
finally
AT =UuvAyB,, =0.88-0.84-119.38-/1=88.69
Check of slendernesses
AT > Ao — 88.69 > 34.31 - lateral-torsional buckling occurs
Robertson constant
- for LTB: a1 =7.0
Perry factor
8.0-(88.69 —34.31)
=alr T —ALp)/1000 = =0.381
Mt ( LT LO) 1000
Euler lateral-torsional buckling stress
2 2
E 1415° .2
pyy =0 = 214157205000 _ 557 51 ppa
. 88.69
Buckling factor
+ +1 .
T (r +Vpesr _ 275+ (0381+1)-257.21 . oo
2 2
Bending strength
Py -PeLT , 275-257.21  146.15 MPa

T dur -\/(¢LT2 ~PELT -py): 315.06-(315.06? - 275-257.21)
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Buckling resistance moment
- for class 1:

Mp = pp -Sy =146.15-628-10 = 91.78 kNm

Bending

About y-Axis (Major Axis)

Moment capacity

Mpy = Py -Zy = 275-557-10% = = 153.175kNm
About z-Axis (Minor Axis)

Moment capacity

Mp, = py -Z, = 275-80.5-10% = = 22.137kNm

Equivalent uniform moment factors and interaction factors
Bending about y-axis (major axis)
Equivalent uniform moment factor according to table 26

024 01Mp +0.6M3 +0.1My _ > 0.1-7.540.6-10+0.1-7.5 _ oo

my
Mmax 10

Bending about z-axis (minor axis)
Equivalent uniform moment factor according to table 26

N 0.1M; +0.6M3 +0.1M, 0.1-3.75+0.6-7.5+0.1-3.75 _

m, =0.2 Mo, =0.2+ 75 0.9
Lateral-torsional buckling

Equivalent uniform moment factor according to table 18

i =02+ 0.15M, +0.5M3 +0.15M, _ ,, 0.15-7.5+40.5-10+0.15-7.5 oo

Mmax 10

Member buckling resistance

The buckling resistance of a member may be verified by checking that the following
relationships are both satisfied:

e Check according to 4.8.3.3.1a

P. —is the smaller of P, and P, - for our case P, .

F_C + my—'vly + mZ_IVlZS'I
Pc Mby sz

300 095-10 0.9-75
+ + <1
585.04 153.175 22.137

0.51+0.07+0.34 <1

0.88 < 1.0 - Satisfied
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Design in STEEL BS - check no.341

Axial Compression F. 300.00 kN

Design Strength P, 275.000 N/mm?

Gross Area . 5380.000 mm?

Modulus of Elasticity E 205000.000 |N/mm?

Nominal Effective Length KL, 4000.000 mm

Radius of Gyration r, 33.506 mm

Slenderness A, 119.380 4.7.2
Limiting Slenderness Ao 17.155 C.2

Strut Curve SC, b Table 23
Robertson Constant a, 3.500 C.2
Perry Factor n, 0.358 C.2
Factor 0, 233.881 N/mm? C.1

Euler Buckling Stress Pe, 141.967 N/mm? C.1
Compressive Strength [ 108.744 N/mm? C.1
Compression Resistance P, 585.04 kN 4.7.4/4.7.5
Compressive Design Ratio Mnz 0.51 4.8.3.3
Maximum Moment M, max 10.00 kNm

Elastic Section Modulus Z, 557000.000 |mm?

Moment Capacity M., 153.18 kNm 4.2.5.2
Structure Type Type Non-sway 4.8.3.3.4
Equivalent Uniform Moment m, 0.950

Factor

Maximum Moment M, o 7.50 kNm

Elastic Section Modulus z, 80500.000 mm?3

Moment Capacity M., 22.14 kNm 4.2.5.2
Structure Type Type Non-sway 4.8.3.3.4
Equivalent Uniform Moment m, 0.900

Factor

Bending Design Ratio Mums 0.07 4.8.3.3.1
Bending Design Ratio Mg 0.34 4.8.3.3.1
Design Ratio ul 0.88 <1 4.8.3.3.1
e Check according to 4.8.3.3.1b

Ff  mgMy  mM,_,

Pcz Mb sz

300 0,925-1O+0.9-7.5S1

585.04 91.78 22.137

0.51+0.11+0.34 <1

092 <1.0 - Satisfied
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Design in STEEL BS - check no.351
Axial Compression F. 300.00 kN
Design Strength P, 275.000 N/mm?
Gross Area A, 5380.000 mm?
Modulus of Elasticity E 205000.000 |N/mm?
Nominal Effective Length KL, 4000.000 mm
Radius of Gyration r, 33.506 mm
Slenderness A, 119.380 4.7.2
Limiting Slenderness Ao 17.155 C.2
Strut Curve SC, b Table 23
Robertson Constant a, 3.500 C.2
Perry Factor n, 0.358 C.2
Factor 0, 233.881 N/mm? C.1
Euler Buckling Stress Pe, 141.967 N/mm? C.1
Compressive Strength [ 108.744 N/mm? C.1
Compression Resistance P, 585.04 kN 4.7.4/4.7.5
Compressive Design Ratio m 0.51 4.8.3.3
Maximum Moment M1y max  |10.00 kNm
Effective Length L 4000.000 mm 4.3.5
Slenderness A 119.380 4.3.6.7
Limiting Slenderness Mo 34.310 B.2.2
Equivalent Slenderness it 88.692 >N
Robertson Constant aT 7.000 B.2.1
Perry Factor U 0.381 B.2.1
Factor Ot 315.062 N/mm? B.2.1
Euler Buckling Stress Pe.ir 257.211 N/mm? B.2.1
Bending Strength Py 146.151 N/mm? 4.3.6.5
Plastic Section Modulus S, 628000.000 |mm?
Elastic Section Modulus Z, 557000.000 |mm’
Buckling Resistance Moment M, 91.78 kNm 4.3.6.4
Moment Factor m; 0.925 4.3.6.6
LTB Design Ratio Mo i1 0.11 4.8.3.3.1
Maximum Moment M, max 7.50 kNm
Elastic Section Modulus Z, 80500.000 mm?
Moment Capacity M., 22.14 kNm 4.2.5.2
Structure Type Type Non-sway 4.8.3.3.4
Equivalent Uniform Moment m, 0.900
Factor
Bending Design Ratio Mg 0.34 4.8.3.3.1
Design Ratio m 0.92 <1 4.8.3.3.1
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