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License and Copyright

If you do not agree with the terms of the following Disclaimer and License Agreement, return the program
before you install and activate it, to RUNET Norway as, within 30 days of purchase for a full refund of
software cost and sales tax.

Disclaimer

This software should be used only from experienced and licensed professional engineers. The software
must be considered as a helping tool for the designer engineer, and can never replace the knowledge, the
experience and the judgment of a professional engineer. The user of this software must understand that
no matter how advanced and well checked this software is, he should carefully check the results and take
responsibility of their use.

Copyright
This software is owned by RUNET Norway as, and it is protected by EC (European Community) Copyright

Laws and International Treaty Provisions. This software and the accompanying materials must be treated
like any other copyrighted material (e.g. book). It is allowed although to make one copy of the Software
for backup or archive purposes. You may not copy and distribute the accompanying materials. It is strictly
prohibited by law unauthorized reproduction or resale of this software product and the accompanying
materials.

Software License

This is a legal agreement between the legal user of this software and RUNET Norway as. By installing this
software you agree to be bound by the terms of this agreement. If you do not agree to the terms of this
agreement then do not install this software and return within 30 days after purchase, for a fully refund of
your payment.

Scope of License

Each licensed copy of STEELexpress, must be used either on a single computer, or installed on a single
workstation used non-simultaneously by multiple people, but not both. This is not a concurrent use
license.

You may not rent or lease this software. You may not modify, adapt, translate, reverse engineer,
decompose, or disassemble the software. Any violation of this agreement terminates your right to use this
software.

Liability Limitations

STEELexpress, in no event shall be liable for any damages whatsoever (including without limitations,
damages for loss of business profits, business interruption, or any other loss) arising of the use of this
software. RUNET makes no warranties, either expressed or implied, as to the quality or performance of
this software, that the results and calculations of this software will meet your requirements, or that the
operation of this software will be error free.

This software is a helping tool to aid you in the design of timber structures. The results of this software
must be reviewed and interpreted from experienced licensed engineers, and by no means constitute an
acceptable engineering design.

STEELexpress and related documentation are provided "AS IS" and without warranties as to performance
or merchantability or any other warranties whether expressed or implied. Because of the various hardware
and software environment into which this software may be put, no warranty of fitness for a particular
purpose is offered.

Under no circumstances shall RUNET Norway as and its personal be liable for any direct or indirect,
incidental special or consequential damages resulting from the use or inability to use of this software or
related documentation, even if RUNET Norway as has been advised of the possibility of such damages.

This agreement shall be governed by EC (European Community) laws. If for any reason a court or
competent jurisdiction finds any provision of this agreement, or portion thereof, to be unenforceable, that
provision of the agreement shall be enforced to the maximum extend permissible so as to effect the intent
of the parties, and the remainder of this agreement shall continue in full force effect.

If this license is too restrictive with the laws of your country, do not use this software and return within 30
days after purchase, for a fully refund of your payment.
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1 General about STEELexpress

The software STEELexpress covers the design and analysis of structural steelwork elements
according to Eurocode 3 EN 1993:2005. In a unified environment you design steelwork
elements in a simple way. The design of steel structural components cover many needs of a
structural design firm. It simplifies all the repetitive and time-consuming every day
calculations for concrete elements. In addition, with the analytical reports and Eurocode
references, helps for engineers and engineering students to gain familiarity with design
according to Eurocode 3.

In a graphical added environment you specify the necessary dimensions, loads and design
code parameters of steel components, and the design is immediately performed. Default
values and checks for erroneous input values, facilitate the input data process. The detailed
calculations can be viewed immediately.

The report, which is created simultaneously, shows in detail all the calculations and the design
steps with references to the corresponding design code paragraphs. In case of inadequate
design warnings in red colour appear in the report, and on the calculation window. The report
quality is high with sketches, graphs and formulas, and with user specified title block, logos
and fonts.

In one project you can create as many structural elements (design objects) as you desire. All
the data are stored automatically in one file. A dedicated window helps you working with the
design objects in a project. Each structural element is well marked with a name and an icon.
You can edit, copy or delete design objects in a project with a click of the mouse.

You can select the design objects to be included in the final project report.

With double clicking on a design object you enter its calculation window. With right clicking on
a design object you can select actions like computations, report previewing and export file, or
drawing.

A help system, guides you through the use of the program and the Eurocode provisions. On-
line user's manual and frequently asked questions (F.A.Q.) are included in the program.

The design code parameters and the material properties are according to the requirements of
the National Annex. The user can select National Annex region. Parameters and materials can
also be adjusted by the user.

1.1 Steelwork elements included in the program

Basic design charts and graphs of Eurocode 3
o Buckling curves
o Elastic critical moment for lateral buckling Mcr,
o Effective length of braced and unbraced members
e Steel sections
o dimensions, geometric properties
o classification
o resistance values
o buckling resistance and lateral buckling resistance for various buckling lengths.
e Resistance of cross-sections for various single or combined actions
¢ Buckling and lateral buckling of members
e Connections of steel members
o Simple tension connections (single double shear and splice joints)

o Beam to beam connections (beam continuation, Gerber connection, connection
with web cleats)

o Beam to column connections (with web cleats or end plates)

o Portal frame connections (Apex connection, eve connections simple or with
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hunch, Base connections simple or fixed).
o Connections with pins. (Pin ended member, Gerber beam)
e Steel Beam design

o Single beams (simply supported, fixed in one end or fixed in both ends).
Combination of uniform triangular or concentrated loads. Various lateral length
supports.

o Floor beams of one or two spans or one span and cantilever. Laterally
unrestrained, restrained at one or two intermediate points, or totally
restrained.

o Roof beams of one or two spans. Snow, wind pressure and under pressure,
imposed load.

o Purlin design. Simply supported or continuous. Laterally restrained or
unrestrained.

e Steel column design
o Single members in compression (various end conditions and buckling lengths)
o Columns under axial load, or axial load and single or double bending.

o Columns in simple constructions (simple columns, columns in braced or
unbraced frames)

e Steel frame design
o Single bay portal frames under vertical and horizontal loadings

o Single bay portal frames under vertical and horizontal loadings, with
concentrated loads on the columns

o Single bay portal frames under snow, wind and seismic loading.
e Design of bracing systems
o Vertical bracing system
o Horizontal bracing systems
e Design of footings of steel structures
o Pinned footing under vertical and horizontal loading
o Fixed footing under vertical and horizontal loading and moment
o Footings resisting horizontal forces only with passive earth pressure

Footings with horizontal ties in order to resist horizontal forces

o

o Design base plate design and base anchoring system. For simple and fixed
base connection
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2 After program installation

The program is based on the structural Eurocodes. The application as well as the parameters
of Eurocodes may differ from country to country.

It is advisable to consult the National Application Documents, which define the parameters,
the supporting standards and provide national guidance on the application of Eurocodes.

After the installation of the program, you must select the National Annex of your area. If it is
necessary you may also adjust various parameters such as material constants, safety factors
Eurocode 3 options, snow and wind regions, and default values.

The user can decide the appearance of the report by adjusting: user defined graphic and logo
text, page margins, font selection, size of indentation etc. The Report settings must also be
adjusted to meet the requirements of the program user.

From Parameters:

¢ NA-National Annex, Select the National Annex to apply in the design

e Design Parameters, Check and select options or modify (if it is necessary) the
various design parameters of the Eurocode.

e Materials, You can adjust the characteristic material properties. It is advisable to
consult the National Application Document of the Eurocodes 0, 1, 2, 6, 7, 8.

¢ Snow load on the ground Default region and snow zone

e Basic wind velocity Default region and wind zone

e Seismic design Default region and seismic zone

From Report setup:
You can adjust the report appearance (margins, font, cover, company logo, page caption,
page footnote, indentations, graphic appearance, pagination).

From [Setup/Decimal point] you can select type of decimal point symbol.

You can change program language from [Setup/Language Set-Up]. By changing the
language and confirm it by [apply]. You must recalculate the design objects to take the new
language in the report.

From [Help/Program user's manual] you can read or print the program user's manual.

3 Basic philosophy in program use

With the program you create and manipulate various design objects or structural steelwork
elements. The design objects can be a variety of steelwork parts of a structure such as:
beams, columns, connections, simple frame structures, footings, etc. All the program activity
takes place within the main window.

Within a project you may create as many design objects as you want. All the data are saved in
one project file. A common report is created. You can select the steelwork objects that you
want to include in the report. The main window displays and handles all the necessary
information and actions for the design objects of the project.

You can create new design objects with the action buttons at the top of the main program
window.

Each design object, with a name you specified, and a characteristic icon, is shown in a list in
the [Design objects] window. From this window you can regulate their appearance and the
order of appearance in the report. The right side window shows the calculations of the
selected design object.

By double clicking a design object you enter its calculation window, where you specify the
dimensions, the loads and the design code parameters. When the object is created the
parameters take the default values. All the required data are well marked with a sketch, and
the appropriate dimensions. The program constantly checks for wrong or inappropriately
entered values.
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With right clicking a design object you can select from the popup menu actions like
computation, report previewing, printing, exporting, or CAD drawing.

In front of every design object is a check box. Only the objects that are checked will be
included in the common report.

3.1 The basic steps in using the program are:

e Open a Project File from menu [File].

e Select a design object, from the [Design objects] window, or create a new one from the
action buttons at the top of the main program window.

e Activate the computations of the object, by double clicking the design object or by clicking
the computations button. If it is @ new object the computations are activated
automatically.

e In the object's calculation window enter the necessary data for the particular design object
and do the computations.

e In the calculation window you can see the drawing of the object, its reinforcement lay out,
and you can preview or print the report of that particular design object.

e Check the objects you would like to appear in the report, and adjust their order of
appearance in the [Design objects] window.

e Preview and Print the report and the reinforcing bar schedules, for the marked objects.

Specify the design and code parameters, and the default values from the menu Parameters
Adjust the report appearance and the contents. Adjust also the units used in the report.
Adjust program appearance and basic parameters.

Tools Tables EC3 action buttons to create design code parameters, ) . report setup,
ools abl TS properties structure objects default materials report preview  printreport margins, font.ete
4 1

/fm esign of steel structures [\Program Files\RUNET\STHEL express\Project Demo] — [m] x
File | Design aterials  Repgrts Print  Setup Help | Update
EFIS-B--2-4--&- | [F] EEE<-

Diesign obj ﬁ Steel Section Properties L3 l STEE.fE‘){Dfe.S‘S
7 3 STRENGTH-00 3
Z 1. COLUMN-ODT &t Classification and Resistance of cross-sections (tables) ’ ~
+2:3-4
w4 *= BEAM-001
o4 2hs JOINTAOm ﬁ Classification and Resistance of cross-sections (detailed report)
1234
o JOINTd0 (EC3 EN1553-1-1:2005, §5.5)
i iy BEAM-002
A BT STRO1-O01 Profile : IPE 100
@ f COLUMN-002] Actions : Mzz Bending
4 FRAME-OM Design objects Steel Class : § 355
o gy FOOT-001 Design codes
i & BEAM-003
SECTIONDO urocode 0 Basis of Structural Design
(% SECTION-O0T Eurocode 3 1-1 Design of Steel struetures
EN1393- 005, Eurocode 3 1-3 Cold-formed members
EN1353-1-5:2006, Eurocode 3 1-5 Plated structural elements
Materials

Steel: S 355 (EN1933-1-1, §3.2)

@ t<= 40 mm, Yield strength fy= 355 N/mm®, Ultimate stzength fu= 510 N/mm®
40mmet<= 80 wm, Yield stzength fy= 335 N/mm®, Ultimate strength fu= 470 N/zm®
Modulus of elasticity E=210000 N/mm¢, Poisson ratic v=0.30, Unit mass p= 7850 Kg/m®

Arrange design objects
Partial safety factors for actions (EN1930, Annex A1)

B vE= 1.35, yg= 1.50, y0= 0.70
; 7

iz Partial factors for materials (EN1993-1-1, §&.1)
= VMO= 1.00, yMl= 1.00, yM2= 12§
1

v

#oe wrh Cross-section actions
Bending Mz, ed
Cross-section properties

Proco—continn  TDP 4AN-8 28R

STEELexpress (&) Runet4 Vers.22.09/2015 Classification and Resistance of cross-sections (detailed report) | Registered user: Runet Software 1. 01001 —ZVEE—IJ
1

T T
Program version Registered user

4 Design objects

The design objects can be a variety of steelwork parts of a structure such as: beams, columns,
connections, bracing systems, footings etc...

We refer to these calculations as design objects or structural steelwork elements.

You create the design objects with the action buttons on the top. In a project you may create
as many design objects, as you want. Automatically the program gives a default name to each
object, (which you may change), and assigns a small characteristic icon in front to recognize
the type of the design object. You may change the name of the design object. Design objects
must have different names.
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The design objects are autonomous and each one has its own drawings, material properties
and computations. All the design objects of the project are listed in the window at the left,
which is the basic window in working with the design objects. By selecting (clicking at) an
object, the corresponding computations appear on the right window. If the object appears in
red colour, the computations have errors or are not satisfying. A characteristic sketch of the
selected design object appears underneath.

With double clicking on a design object you enter its calculation window. With right clicking on
a design object you can select actions like computations, report previewing and printing
exporting, or drawing.

The objects checked in front, ¥l are included in the report. A common report is produced from
the selected objects. In the Report Setup you may specify the report of each design object to
start in a new page.

The order of the objects, which is also the order of appearance in the report, is regulated with

the two buttons - ¥ . You can delete one or more selected objects by clicking at Del key
or |, (multiple selection of design objects with [Shift] and mouse click, or [Ctrl] and mouse

click). You can duplicate a selected object by clicking at =

Design obiects Project name| Project 22/09/2015
design object =& STREMGTH-DM
checked objects j. COLUMN-001
appear in the A ™2 BEAM-001 FRAME-001
object in red if Errm:"__gm JDINTE-00T Single-span Erame
in computations ¥ By JOINT002 ( EC3 EN1533-1-1:2005)
o iy BEAM-002
4 =F STRO-001 FRAME-001 selected object
% ﬁ_ COLUMM-002 Design codaes computations
FRAME-01 EN1990:2002, Eurocode 0 Basis of Struc
M g FOOT-00 EN1591-1-1:-2002, Eurccode 1-1 Actions
EN1991-1 1-3 Snow loa
EN1991-1 1-4 Wind act
up-down move of EN1333-1-1-2005 3 1-1 Design
selected object EN1993-1-3:2005 3 1-3 Cold-£
EN1993-1 3 1-5 Plated
delete uhject/ EN1993-1-8 3 1-8 Design

CEN/TS 1332-4-1:2003, Design of fasten
CEN/TS 1992-4-2:2003, Design of fasten
EN1398-1-1:2004, Eurocode 8 Design in

duplicate object

activate computations

of selected object {or Basic data
double ckick on object)| T
Ceonetry of frame structure
shetch o selectod——{— HH e Bl Teel
object H e _/ Column height HL = 5.000 m
1 . et Total length E = 21.000 m (5x
Spacing of frames s = 4.200m
5 Calculation Window
. . 3 B Singie-span frame (€G3 19031 <
A calculation window has a typical o Comptions g
sketch of the steelwork object thatis | ™™ T oo —
to be designed. All the necessary = — T ®sm
input data are marked with their I P - l ‘ | s B il
dimensions. Depending on the speed g0 S Tl oo
of the computer the user can choose ’ ) : i e L
to have the computations performed ~ |== ——lﬁ e, e =T
simultaneously with the data : Loom 3 coomi[ 1008 e Somee 606
input/change or when clicking the ot Tl —
button [Computations] a0 e e
The calculations appear in the ' TR G
window underneath. This window can =

expand by clicking [Report Up].
Warnings and errors for inadequate

B s P T T

design values are shown in red in the
calculations.

When the object is created all the parameters take default values. A check is always made for
wrong or erroneous input values. After the computations an OK or Error (in red) message is
shown on top left. With Preview you can preview the full report of that design object. From the
preview window you can print or export the report to PDF or Word file.

%ﬂ Copyright © RUNET Software ® www.runet-software.com 9
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6 Files

File

You create, open and save files. The data are saved automatically as you
change them and you do computations. All the structure objects are saved
in the same unique file with an extension [SteelExpressData]. When you

specify a new file name you don't have to type in the extension.

Step by step, program use

Design Materials Reports
New ...

Open ..

Save

Save As

Delete ..

Read Command Line File

Print report ..
Preview report
Report setup ..
Printer setup ...
Exit

EN\STEEL express\Projects\Pri0

Print

Open a Project File. Use New for new project and Open for an existing project

File
[ [=0
Open
Save
Sawe As..
Delete

¥ -
% Beams, EN1983-1-1,563 ¥
Ty

=]

=7 Design of Floor Beams 4

? Design of Roof Beams 4

=]
==

JrTHTTY

—

Beam of one span
Continuous beam of two spans

Beam of one span with cantilever

file. All the data are saved in the same file. The data are saved automatically.

Create a new Design object. From the drop-down
buttons on the top, automatically you enter the
computation window for this object.

You may select an existing design object, from the

[Design objects] window, and activate the
computations by double clicking at the object, e.g.

BEAM-001, or by clicking at @ .

In the window with the computations, enter the necessary data for the particular design object

and click on

Computations [auta computation

When the Auto-computation is checked, the calculations are performed automatically when
you change the data.

M of n abiect
Stuctiral sheel grack [EN13931-1 §12)
Pasal safey bcwces o ackions

Parsal factors for mafesiake
Stesl seeliorn EN139311 5]
Stend ction for beam
Beamoac

Femarieet load [EN1361-11 85.2)
T Vaiselomd [EN199111 569

=

=
aly Lk et A Lal sosh al
et Li2 )

aEa o0
5355

10=135 |5 2|

G CER

R B O~

0] %
0E  we1E]E

T @ St sechuns

fapmpr——

IPE 300

k1700 |13 mum
k- 800 |3 wm

RS0

) Wekded [abricated) secions

@2 700 | 3 wnm

@2 800 | 3 wnm

L2 E000 & {m

ST T T
el TR
——LL- L Li—
-]
Xcwcs | 7 oo

Click to see

more of calculations.
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Computations
¢ Design OK

x Etrar, Inadecuate design

™1 Drawing

& Fieport

Design objects
v [} JOINT 400

gl
5 FRAME-DDT

()] (=B

All the computations for the design object are performed.

A message appears if design is OK, the computations and the dimensions
are adequate.

If the design has problems due to inadequate dimensions this message
will appear.

Automatic generation of CAD drawings.

Preview report. From preview you can export the file to PDF or Word
format.

Select (check) the objects you want to include in the report. With the
arrows you can adjust their order of appearance in the report. In the
report only the objects checked in front will appear.

Report setup. Adjust the appearance of the report. You can adjust: font
size, margins, captions and footnotes, line distances, character font, new
page after each object printout, line thickness and paragraph indentation
Print the report

%H Copyright © RUNET Software ® www.runet-software.com 11
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8 Parameters

Basic program parameters for materials, design o
parameters and regions for snow, wind and MA - Mational Annes,  NA Gresce ELOT EN +MA-ELOT:2010
earthquake loading.

Design Parameters, y&a=1,35, yQ=1.50, vM0O=1,00, yM1=1,00, vM2=1.25

Materials, =355, C25/30-B500C

8.1 National Annex

Snow load on the ground,  Alpine Region, z=1, A=100m, Sk=2 50k /m*
) Basic wind velocity, Eurocods EM, Ub,0=30,00m/s

Select the National Annex of the country you
want to work. To do this, first click [Locked] to Sakmic design,  Eurape, Seismic zane; 0, aqrig=0.040
unlock. The various design parameters (load
factors, material factors etc.) are set according to the National annex. This does don affect the
regions for snow, wind and earthquake, which have to be selected from the next menu lines of
the parameter menu.

8.2 Materials

Structural steel, Concrete, Reinforcing steel and Soils for the foundation. You can change
(edit) material properties.
In order to avoid accidental material changes the edit capabilities are locked. To edit, click first

& Locked | Unlock the edit capabilities. With x| - you add or delete lines from the

Reset

property tables, with the original program values are loaded.

Concrete properties (EC2 EN1992-1-1:2004, 83.1) X
Reinforcing Steel (EC2 EN1992-1-1:2004, §3.2) x
Class | fck | foke | fom  |ick.05 o095 | foull | fvek 3 e w
i i Iyk fik.c Es euk L [mPa) [mPa] [MPa] [mPa) [mMPa] [MPa] [mMPa] [GPa] [GPa] [kN/m?]
Reinforcing steel Class o e =, = g
c12/15 1200 15.00 1.60 110 200 3.20 027 27 il 25
=0 i “nm oo =0 1400 Clg | 1600 200 | 1s0 13 25 R00 0® | & 12 b3
5400 400,00 400,00 200,00 250 1400 s | wm | mm | 2w | m | om
5500 500.00 500,00 200,00 250 1400 Oy 0 300
55005 500.00 50000 0.0 750 1400 CHM5 | W00 4E00 | 30 220 420 | 840 045 | 3 15 =
B5004 500.00 500,00 20000 250 14.00 C40/50 40.00 50.00 350 250 460 9.20 045 k) 15 Bl
BS00B 500.00 500,00 20000 1400 C45/55 4500 55,00 280 270 490 a60 045 *® 16 E
B450C 450,00 45000 20000 1400 T 00 6700 | 420 300 550 lo4) 045 @ 18 b3
SE70/900 £70.00 a00.00 200,00 750 1400 CBO/75 E0.00 75.00 440 3 570 10,40 045 E:) 18 Bl
BE504 550.00 55000 0000 250 1400 C70/85 70.00 85.00 460 320 £.00 10,40 045 Ll 18 25
C80/95 80.00 95.00 4.80 340 B30 10,40 045 42 18 25
BIS0R 550.00 550,00 200,00 500 1400
Co0/os 000 10500 500 350 B0 1040 045 M 18 b3

fyk: characterisic yield srength, ftk,c: tensile strength, Es: modulus of elasticly, euk: masimum stain, L: steel bar length

Anchorages & Locked | &y Piint P Help

fek: characterisiic cylinder compressive sirength at 28 days, fok,c: characteristic cube compressive strength, tm: mean avial tensie stiengih,
fietk.05: minimum tensile strength, fetm0.95: masimum tensie strength, fel i flesuraltensile siength, fuck: shear strength, Ec: madulus of

elasticty, Ge: Shear modulus, W unit weiaht
& Locked | @yPirt | ? Hep

Soil properties x
Seil type [k‘ft’m!} i1 =2 P [hﬁr‘:ll:n'l n?pa] ‘ v [kzlsm’]
Large gravel 16.00 2000 4500 0o 03 050 8000 015 200000
Mean iavel 16.00 2000 4000 0o 0w 040 7000 015 140000
Thin gravel 1600 000 3500 5000 015 100000

o e D L e L i

Sand 1500 1300 000 2500 020 90000
Loose sand 1400 1800 2500 om 020 025 1500 020 30000
Sity sand 21.00 2300 2500 000 015 015 1000 025 80000
Clay 000 21.00 2000 o2 015 015 500 030 50000
Clay 000 21.00 2000 o 015 015 500 030 50000

vy dry unit weight, .0 saturated unit weight, ¢ angle of internal friction, ¢ cohesion,
q, allowshle hearing pressure, g, bearing capacity, Es: modulus of elasticity,
1 Foisson ratio, Ks: modulus of subgrade reaction

@ Locked | By Piint ? Help
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8.3 Design Parameters

The National Annex parameters are set according to
the National Annex you select. You may although want
to change some of them, or specify some design
considerations not mentioned in the national Annex.

NAD parameters

e Action coefficients for Ultimate limit states
EQU and STR. According to Eurocode 0 Table
Al1.2A and Table A1.2B.

Click Reset to reset to National Annex values.

¢ Load Combination coefficients according to
EurocodeO Table Al1.1.
Click Reset to reset to National Annex values

e Material factors for Steel according to Eurocode
386.1

e Material factors for Reinforced concrete
according to Eurocode 2 §2.4.2.4., used for the
reinforced concrete in the foundation.

e Material factors for Soil according to Eurocode 7
Annex A. Used for the foundation design.

8.3.2 Eurocode 3, design parameters

Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.56, and Tables T 6.3, and T 6.4.
(most common)

Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.57, and Table T 6.5.

Method for Bending and compression.

Method 1 Annex A or method 2 Annex B (most
common)

8.3.3 Ciritical elastic moment for lateral
torsional buckling Mcr

The values of coefficients C1,C2,C3, for the evaluation

of elastic critical moment Mcr can be found in

literature. You may choose the source of definition of

these parameters

e prEN 1993-1-1:2002 Annex C This is an
intermediate publication of Eurocode 3 in 2002.
After this the subject has been removed from
Eurocode 3.

e ENV 1993-1-1:1992 Annex F

e ECCS 119/Galea SNO30a-EN-EU Access Steel
2006

National Annex parameters [ x |
| Load combination factors | Material factors | EN1993-1-1
ULS (EQU) ECO EN1390:2002 §6.4 Tab A1.24
Action coefficient for permanent loads, unfavourable
Action coefficient for permanent loads, favourable
Action coefficient for variable loads, unfavourable
ULS (STRIECO EN1330:2002 §6.4 TabA1.28
Action coefficient for permanent loads, unfavourable Yoam= 1
Action coeflicient for permanent loads, favourable ¥6.ing= 1.00
Action coefficient for variable loads, unfavourable Yo= 150
National Annex parameters [ x |
Action coefficients n factors || Material factors | EN1993-1-1
Load ion factors ECO EN1990:2002 Tab A1.1
Action wo | w1 w2 |
Category A (domestic and residential areas) 0.70 0.50 0.30
Category B (office areas) 0.70 0.50 0.30
Category C (common areas) 0.70 0.70 0.60
Category D (shopping areas) 0.70 0.70 0.60
Category E (storage areas) 1.00 0.90 0.80
Category F (parking areas light <=35kN) 070 0.70 0.60
Category G (parking areas medium 35kN< ~ <=160kN) 0.70 0.50 0.30
Category  (roofs) 0.00 0.00 0.00
Snow loads on buidings (H>100 ma.s.L) 070 0.50 0.20
Snow loads on buidings (H<=100 ma.s.L) 0.50 0.20 0.00
Wind loads on buidings 060 0.20 0.00
National Annex parameters B
Action Load jon factars |} | EN199311
Eurocode 3 [Steel stuctures) EC3 EN1333-1-1:2005 §6.1
Ywo= 1.00 Y 1.00 Y= 1.25
Eurocode 2 [Reinforced concrete] EC2 EN1332-11:2004 §2.4.2.4
Yc=/1.50 ¥s=1.15

Eurocode 7 [Geotechnical design] EC7 EN1937-1-1:2004 Annex &
YyuEQU.CEO)= 1.40 ¥ (EQU,GEO)= 1.25

National Annex parameters

Action caefficients | Load combination factors | Materal factors { ENTS331-17:

Lateral torsional buckling (EN1993-1-1 §6.3.2.3)
Method of computation

(OEC3EqB56 (@ ECIEqBS57

ALTo 0.40

B= 075

Bending and compression (EN1993-1-1 §6.3.3)
Method of computation
(®) Method 1

Method 2 Method 1 and 2

National Annex parameters

Action cosfficients  Load combination factors  Material factors  EN1353-11 SLSEC3§7.2

Lateral torsional buckling (EM1993-1-1 $6.3.2.3)
Method of computation
(O ECIEQESE

KLT, o 040

@ ECIEQEST
p=|o7s

Bending and compression [EN1993-1-1 86.3.3)
Methad of computation
O Methad 1

@ Method 2 (O Method 1 and 2

Elastic critical moment for lateraktorsional buckling
ECCS 11 Oa-EN-E

E
ECCS 119/Galea SNO302-EN-EU Access Steel 2008
Kelekova Y-Balaz |, Eng. Mechanics 2012

Wagias |., Stahlbau T3(2004), Heft 2

B55550:1:1950, Tab 15,Tab 16

NSME771 Tab 3

e Kolekova Y-Balaz I. Engineering Mechanics 2012

e Vagias 1., Stahlbau 73(2004), Heft 2
e BS5958:1:1990 tables 15 and 16

e NSN 6771 Table 9

%H Copyright © RUNET Software ®
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8.3.4 Parameters for Portal frames

Specify some parameters that are not covered from national annex. Such as:

1. Deflection limits for Serviceability limit state (SLS)

The limits for these deflections are usually defined in the National Annex. EN1993-1-1 § 7.2
and EN 1990 Annex Al1.4 According to EN1993-1-1 these limits may be specified for each
project and agree with the client.

Usual values: vertical deflection L/200, horizontal deflection H/150, vertical deflection due to
bending L/200.

National Annex parameters n

Action coefficients  Load combination factors  Material factors EN1953-1-1

i

Limit for vertical deflection we=LA1 f= | 2000

Limit for horizantal deflection ue=H/f2 f2= | 150.0 —_—r

" f
i
I aximurn roof deflection in general Wmawe=LA3 fa= | 2000 2 —|— {ﬂf/_’:f_‘p

H
Fioof deflection dus to variable action wa<=L/f4 4= l L L -_
H
I L — rz—H —|'
fy
H
Fieset / 0K ? Help l

2. Design parameters for buckling control

Columns
(1): (most reasonable default)

e In plane buckling, critical buckling length Lcr=system length points of axis.

e Out of plane buckling and torsional buckling and lateral torsional buckling, critical buckling
Lcr the column height up to the haunch, or the distance of lateral restrains Lm1, if is
specified smaller than the column length.

(2): (conservatively)

e In plane buckling Lcr = system length points of axis.

e Out of plane buckling and torsional buckling and lateral torsional buckling, Lcr the system
length or the distance of lateral restrains Lm1.

Rafters

(1) (most reasonable default)

e In plane buckling Lcr = system length. This s computed from the total span L and the
first buckling mode.
e Lateral buckling length at span the purlin space, torsional buckling the distance
between torsional restraints Lm2
(2) (conservatively)
e In plane buckling Lcr=system length
e Lateral and torsional buckling length, the distance between torsional restraints Lm2.

e T

Le
Le

[ [ I
At haunch bottom At system length
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Default region and snow zone.

8.4 Snow load on the ground

Click and select the snow region of your area. The snow zone and the amplitude, and
the characteristic snow load value on the ground sk is set according to Eurocode

EN1991-1-3:2003.

Climatic region - Snow load

Snow load on the ground Sk (EC1 EN1991-1-3:2003, §4, Annex C)

8.5 Basic wind velocity

Select wind region and wind zone. The default

basic wind velocity is set.

8.6 Seismic zone

Default seismic region and seismic zone. The ground

acceleration a=Qg/g is set.

Basic wind velocky [EN129114 542)

i > Zone 1l 21to 23avs

i | O Eurape Zf o 4 _§ 7 :‘é:"j:,f"‘ Snow zone Aliude above sea level
b O lesland B = . -2000m
Q
() Norway
r = Lf::ﬁ,’;‘j ) Sweden, Finland J
[ Sweden, Finland o : . Py : =
B UK, Republic of Ireland | | UK. Republic of reland O2
[ Iberian Peninsula O tbetian Peri 5 § -1000m
B Conal woet O Ibetian Peninsula 0
[ Central East < -4
[ Czech Rebublic O Cenlral West ) o9
Poland ~ . ‘
I Aine Region O Central East 2 !
= g;deﬁ'anean Fregion () Czech Republic B % m ,
5 2 m

() Poland ,‘ ,f\{“‘? 045

= =| 4

® ApineRegion | 55, / A=| 40 m

- Zone :
O Medteranean Region T |1 || Showload on the ground
O / B 2
O Greece S, j e = 3 " Sk= 0824 |kwme
&Y J i
® Snow Wind A
/0K | X Cancel | Sk=0.1644(3}:0.082+400/966=0.824 kN/rr? K || X Cancel
Basic wind velocity (EN1991-1-4 §4.2)
Ewocode EN

] zone1 c2vmn

Fustia GENORM EN
Bugaria BDS EN
—\ [ zomem 2310 250w Cpna CYS EN
Czech Republe CSN EN
Dermark DS/EN.
France NFEN

Filnd SFS6N

Greece ELOT EN
leskrd ST EN

oy UM EN

Zore | Vbo < 21 mis Norway NSEN

Zone l 21m/s< Vb <2amis Fomania SR

Zore il 23m/s¢ V.0 <25
® Unied Kingdom B5 EN
Zone IV Zm/s< Vb.o <27m/s

® Zore V 27m/sc Vibo i kEN

Sweden SSEN

Slovakia STN EN

V0K | X Cancel

Horizontal acceleration ratio (EC8 §3.2.2.2) “

0.509
0.409
0.329
0.249
0.169
0.08g

0.04g

0.029
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9 General input data for steelwork components

Most of the steelwork design objects have some basic common data as follows:
Name of design object
Structural steel grade
Partial safety factors for actions

Partial factors for materials

Actions

Steel section

M ame of dezign object

Structural steel grade [EM1993-1-1 §3.2)

Partial zafety factors for actions

Fartial factors for materialz

|STHENGTH-EIEI2

|5 355 M/ML  fy=355N/mn fu=470M/mmé |

0= 135 3

EC3 Yo" 1003

9.1.1 Name of design object

Q=] 150§
'}"M1= =

'}"Me s

Every design object has a name, which appears in the report. In the creation of each object
the program assigns a default name e.g. Beam-001, Beam-002 etc. which may be changed
any time. (names up to 16 characters long). Names of structural design objects must be

unique. Two design objects cannot have the same name.

9.1.2 Structural steel grade
Eurocode 3 EN1993-1-1:2005 § 3.2

Select the steel grade from the steel materials available. Most of the used
steel grades are included in the program, and are loaded according to the
national Annex you select. You can add steel grades, or change properties
for steel grades in the menu Parameters/materials/Structural Steel. The
program automatically sets the respective steel properties (fyk, fuk, Es

etc.).

9.1.2.1 Steel grades included in the program

S 235
S 275

S 355

S 450

S 275 N/NL
S 355 N/NL
S 420 N/NL
S 460 N/NL
S 275 M/ML
S 355 M/ML
S 420 M/ML
S 460 M/ML'
S235W

S 355 W

S 460 Q/QL
S 235 H

EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN
EN

10025-2
10025-2
10025-2
10025-2
10025-3
10025-3
10025-3
10025-3
10025-4
10025-4
10025-4
10025-4
10025-5
10025-5
10025-6
10210-1

fy40:235;fu40:
fy40:275;fu40:
fy40:355;fu40:
fy40:440;fu40:
fy400:275;fu4:
fy40:355;fu40:
fy40:420;fu40:
fy40:460;fu40:
fy40:275;fu40:
fy40:355;fu40:
fy40:420;fu40:
fy40:460;fu40:
fy40:235;fu40:
fy40:355;fu40:
fy40:460;fu40:
fy40:235;fu40:

360
430
510
550
390
490
520
540
370
470
520
540
360
510
570
360

5 275

Fy=275M /ot fu=430M /i

5 235
5 275
5 355

Fy=235N A Fu=360N /mmé
Fy=275N A Fu=430N /e
Fy=355M A Fu=510M /e

5.450

5 275 N/NL
5 355 N/NL
S 420 N/NL
5 460 N/NL
5 275 M/ML
5 355 M/ML
5 420 M/ML
5 460 M/ML
5235w

Fy=275N A Fu=330N A
Fy=355N Aref Fu=430M e
Fu=4 20N Aooreé Fu=520M frmé
Fy=4B0N A Fu=540N A
Fy=275M Aref Fu=370M Ao
Fu=355N A fu=470M frmé
Fy=420N Ao Fu=520N /i
Fy=4B60M Araree Fu=540M e
Fu=235N Amnreé Fu=360M frmé
Fy=355N A fu=510N /e
Fy=4B60M Araref Fu=570M /e
Fy=235N A Fu=360N /mmé
Fy=275N A fu=430N /e
Fy=355N Are Fu=510M e
Fy=275N A Fu=230M /e
Fy=355N A fu=430N /mm®
Fy=820N A fu=540N /e
Fy=4B0N Ao fu=BE0N /rmé
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S275H EN 10210-1 fy40:275;fu40:430
S355H EN 10210-1 fy40:355;fu40:510
S 275 NH/NLH EN 10210-1 fy40:275;fu40:390
S 355 NH/NLH EN 10210-1 fy40:355;fu40:490
S 420 NH/NLH EN 10210-1 fy40:420;fu40:540
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560

S 220GD+Z EN 10147 fy40:220;fu40:300
S 250GD+Z EN 10147 fy40:250;fu40:330
S 280GD+Z EN 10147 fy40:280;fu40:360
S 320GD+Z EN 10147 fy40:320;fu40:390
S 350GD+Z EN 10147 fy40:350;fu40:420
H240LA EN 10268 fy40:240;fu40:340
H280LA EN 10268 fy40:280;fu40:370
H320LA EN 10268 fy40:320;fu40:400
H360LA EN 10268 fy40:360;fu40:430
H400LA EN 10268 fy40:400;fu40:460
H260LAD EN 10292 fy40:240;fu40:340
H300LAD EN 10292 fy40:280;fu40:370
H340LAD EN 10292 fy40:320;fu40:400
H380LAD EN 10292 fy40:360;fu40:430
H420LAD EN 10292 fy40:400;fu40:460
220GD+ZA EN 10214 fy40:220;fu40:300
250GD+ZA EN 10214 fy40:250;fu40:330
280GD+ZA EN 10214 fy40:280;fu40:360
320GD+ZA EN 10214 fy40:320;fu40:390
350GD+ZA EN 10214 fy40:350;fu40:420

The steel grades for cold formed steel C, Z and U sections are included.

9.1.3 Partial safety factors for actions
Eurocode 0 EN 1990:2002 § 6, Miv. Al1.2, A1.3, A1.4

The partial safety yG, yG.sup (permanent loads unfavourable), yG.inf (permanent loads
unfavourable), yQ (variable loads), and coefficients wo, w1, w2 for combining actions, are set
according to the national Annex selected. They can be changed from the menu
Parameters/Design parameters/Action coefficients. And Parameters/Design parameters/Load
combination factors.

Common values yG=1.35, yG.inf:=1.00, yQ:=1.50, wo:=0.70.

9.1.4 Partial factors for materials
Eurocode 3 EN1993-1-1:2005 § 6.1

The material partial factors yM0 yM1, yM2, are set according to the national Annex selected.
They can be changed from the menu Parameters/Designh parameters/Material factors.

Usual values:

ymo = 1.00
ym: = 1.00
Yym2 = 1.25

9.1.5 Actions
Eurocode 0 EN 1990:2002 § 6.3

In some cases (as the cases of evaluating the resistance of cross-section) you specify the
design value for actions Ned (axial force), Medy Medz (bending moments), etc. which is the
result of combining permanent and variable actions.

Ned
Med

YG:Ng + yQ-Ngl + yQ-wo-Ng2 (Eq.6.10)
YG'Mg + yQ-Mql + yQ-yo-Mq2
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In most cases you specify the permanent and variable actions and the program evaluates the
design actions.

In cases of designing structural parts as floors, or roofs you specify the environmental loads
permanent and variable on the structure.

9.1.5.1 Permanent loads on floors

Weight of floor finishing, the weight of the floor finishing (tiles etc.)

Weight of floor structure then weight of the floor structure If you select thin concrete slab
(70mm) or timber floor. The floor beams are checked as unrestrained. For thicker concrete
slab are checked restrained, and for steel floor (steel plates etc.) are checked later restrained
at one middle point. The lateral restraining selection can be altered afterwards

9.1.5.2 Variable loads on floors Floars 200 kM,
Floors 2.00 kMAn?

. Stairs 380 khim?
Variable load You can select from the table of EN1991-1-1 6.3). Bialoonies 5.00 khiin?
Category B (office areas) 2.00 khAn?

C1 -Areas with Tables 3.00 kpATE

9.1.5.3 Permanent loads on roofs 2 -Areas with Fixed seats 5.00 kNinE

C3 -Areas without obstacles for - 5.00 khlin®
. ) ) Cd -Areas with possible physical 500 khlin?
] Load of roof covering [kN/m2] It includes the weight of the C5 -Areas susceptible to large © 750 kNim?

: : : H 3 D1 -Areas in general retail shop 500 khlin?
sheeting, pl_,lrllns and insulation materials. D2 -Areas in departmert stores. 5,00 ke
e Load of ceiling under the roof [kN/m2] £ Eiorace areas 750 ke
: F -Traffic and parking aress==35 250 khin?
* self weight of frame elements, calculated by the program & Traffie and parking sreaeodtk 500 ki
from the element cross sections with Unit mass p= 7850
Kg/m3
Concrete floer 100mm  2.50 kN/m® L
. Concrete floor 70mm  1.75 kN/m*
9.1.5.4 Variable loads on roofs Concrete floor 100mm 2,50 kNim?

Concrete 100w 1G0mm . 3. 75, khime
. Concrete floor 200mm  S.00 kMN/m®
e Imposed load according to EN1990-1-1 Tab 6.1, calculated |concrete fioor 250mm .25 khim=

by the program according to the selected National Annex Concrete floor 300mm  7.50 kN
Timber floor 0.30 kM/m®
Steel floor 0.70 kN/m*

e Snow load according to Eurocode 1-3:2004

Snow load on the ground Sk (ECT EN1991-1-3:2003, §4, Annex ©)

The characteristic snow load on the ground sk a——

is specified in kN/m2.

Click (\f, and a special dialog window appear.
In this window you set the snow zone and the
height above the sea level. The characteristic
snow load on the ground is computed
according to Eurocode 1-3:2004, and the
National Annex. The snow region can be

1000 m

} om
45

) A= 0 S
selected from Parameters/snow load on the E C S e e g
ground. The snow load on the roof is computed = : e[ TTT o
according to Eurocode 1-3:2003.
Sk=0.4584(1]-0.203x(1+(100/452F]=0.303 kN/né
e Wind load, according to Eurocode 1- Vi ek vl s T BB 1 420085 o
4 : 2005 | lI:'l‘jl-tauf'mvu‘.(uui(zsunnuzsku-w e i ety ENT 14, 641 o TR

‘m i R o 000 4

The wind pressure on vertical surface is

specified in kN/m2. Click ™ and in this

window you compute the wind pressure from

the wind velocity and the topography of the
region according to Eurocode 1-4:2005.

The wind load is computed for various places

at the roof and the vertical walls according to
Eurocode 1-4:2005 §7.2.5 and Tab 7.4a and
Tab. 7.1.

The wind region, which specifies the wind ,
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velocity, is selected from Parameters/Basic wind velocity.
Wind internal pressure wi in kN/m2. This is internal pressure and it acts from inside outwards
on the walls and roof. It is subtracted directly (without further multiplication by pressure
coefficients) from any uplift wind pressure on the outside surfaces.

9.1.5.5 Seismic load Eurocode 8-1:2004

The program performs a verification of the
structure under seismic loading, using both Lateral
force method, and Modal superposition spectrum

analysis. U=dgr/g| D160|5 -’ﬂ

Basic value used in the seismic design is the ratio

of horizontal seismic acceleration. Click -’ﬂ and a
special dialog window appears where you may in
detail specify all the necessary seismic parameters
(soil factors, spectra periods, behaviour factors,
etc.) for the design spectrum, according to
Eurocode 8-1:2004.

10 Eurocode 3, Tables and charts

From the menu you can see various helpful charts and tables

of Eurocode 3.

Flexural buckling
Lateral torsional buckling

ENIG9A-1-1, §5.1.1 Busking curees
110 - AEA
i a
L 1<100mm y.y- b, z.2: €
T — — — — — — hib<t.2 b2t
= e IR B
030 \ P
. T
040 \ b= afi-02+ 7|
\
70 \
ey B0z A
x 060 an:| 0% cold: ¢
H 0so ¥ = el
- b 0884
-
H o[us6
130
- a0
020
e 7. Cm
000
02 e 1.00 150 175 200 226 280 2 300
Norrdimensional sisndemess A
The

T

H 3000 2

H | 0 2

3000 2

Effective length of columns in braced and unbraced frames.

Seismic coeffisients (EC8 EN1998-1-1:2004) a
Seismic action [EC8 §32.1 -
Seisnicegion Eucpe * | srag 0<T<Ty p=qlE+ 3 3530
TpsTsTe p=25" B
Seimic zne 0 ~ To<TaTy p=25 (Te/T)
= Tp ST p=25(T¢Tp /TH
Harizertal aceslerstion rafio [EC8 §3.22.2) eeelg= 00 |5
Verti fhoriz. scceleration (EC8 §3.22.3) opfog= 045 |3 2 ——[harizental]
Fiesponse spectim parometers (ECB §3.2.2) — pertical]
Importance factor (EC8 §3.2.1. 7.4 3] n=[1m |3
Sl Factor [horzental] EC6 §3.22.2) s=1m |5 . S).430miy?
Soil factor [vertical] S,= 1.00
Behavior factor [horzontal) EC3$3.2.2.5) ap= 150 |2 T~ |
Behavior factor [vertical] Q=150 |5
I Tsec)_2
Fundamental vibration period [EC8 §4.3.3.22.3) T=/03s — ES =
o | Soectuntype
Spectil shape factor herizontall ECB§3.2.25) B2 3] | S Oupe?
Spectial shaps factor [verlcal] (EC8 §3.2.2.3) BMy= 300 |31 | Giound ype [ECBT32,T33)
Lateral Force Method [ECE 84,332 8- Very dense sand, gravels it clsy v
Carrection facter ECE84.3.3.221) A=1.00 5 | Charactetistic spectil periods
_ 7 = [horizontal]  [vertical]
Force distiibution (EC8 §4.332.3) C=gW/LW;=150 |5 157005 | [0 lses
Fp=ag1 s Byl £ 1g, By =(augfa ) agg ¥1 B A 6 gy 025 | [015 sec
. - Td= 120 | 100 sec
lesponse spectium parameters S
Live ad combination factor (ECO TAT1) Wp=nag |5 | mPottantclasses (ECET.43)
Il Ordinary buildings -
Show load combination Factar [ECO T.A1.1] Y= 020 |5
= X coeet| [ 2 rom
323 e
| ﬂ.l Flexural Buckling, EMN1993-1-1, §6.3.1 4
7 Lateral torsional buckling, EN1993-1-1,563.2 >
H Effective length of columns 4
Elastic critical mament fo latera-torsionsl buckingprEN 1993-1-1:2002 Annex € x
2 P CE——ry
2w e Y 1, (kEFar e
M. = s 2 = B 2 oz -z, T -lopz, - 0z,)
NG [VI{R—] I, AtE, e o] oG -6,
ram ra o = =)
-~ 100 1000 1000
050 L1a7 1018
———— - ) [ ".a00
050 1268 1017
— - 100 1320 om0
050 1482 +.000
— = 100 1551 +.000
050 1730 +.000
T 100 1201 r.000
050 202 +000
— - 100 2200 .00
050 230 o0
— ) 201 .00
= - 0.50 2619 0.950
— - 100 2882 1000
— 050 2006 oo
T 100 2mm
— 050 230 ues
100 112 w5
:‘_,—/ 0.50 0997 [
_ 100 1363 sann
T 0.50 1.087 0.338
100 o ™ usez
~—_—_~ 0% 0360 s s
[ 100 2608 1582 a8
050 1515 0500 aste
[E— 100 1726 1368 ane
— 05 e o s
a
)
T
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11 Design tables for Structural Steel Sections,
(Eurocode 3, EN1993-1-1:2005 § 5.5)
I -

. . . . Steel Section Prapert v

Tables with steel sections, with their ﬁ °€ Sechen ropemes |

dimensions, properties, classification, N @

resistance and bUCkIIng resistance &t Classification and Resistance of cross-sections (report) ﬁ MNon standard sections

Standard sections

values according to Eurocode 3 tead
Welded (fabricated) sections
Three (3) groups of sections are included in
the program.
e Standard sections. All international section profiles.
e Non-standard sections. Sections with dimensions given by the user.
e Welded sections. Welded sections made from rectangular
steel plates, with dimensions given by the user.

11.1 Tables with dimensions and properties of standard steel sections

From the left tree you select the section type e.g. IPE, HE etc. On the right the table shows all
the standard sections for this group and their dimensions and properties. Moving up and down
the table on the right the section drawing is shown in scale (you can grab and move the
section drawing around the window and you can make it small or bigger with the arrows).

Click ' **?_| or double click on a section and you obtain analytical report for the

classification, resistance values and buckling resistance of the selected section.

) steel Section Properties m} b3
T Steel sections ‘ h ‘ b | hw ‘ i ‘ ' ‘ & | G ‘ Iy | Wy ‘ Wplp| i ‘ av.z ‘ Iz | Wz ‘Wp\z| iz ‘ Ay | It ‘ I |
=N Py
Iy [ o [ [ur [ oo | ont | kam [ ene | ow | e | om | o | et | o [ ew | om | e | e | o |
: % ':EE I 180 80 | 42| 39 53 39| 757 | 534 7780 1950 2270| 321 330 629 300 546 | 0912 495 | 0798 1000
#-E HD I 1o 100 50| 45 68 45 1060 | B34 171.0| 3420 3970| 402 472 1220| 488 B4 | 107 | 680 | 147 3076
I HP
: % P I nz0 120 58| 51 77 51 1420 | 111 3280| 5470 6350| 48 645 2150| 741 1363| 123 893 | 249  7ead
2 %W[ASTM} I 4o 40 65| 57 86 A7 1820 143 5730 G150 9520 GA1 832 3520 1070 1373 133 1135 3% 1773
w-I UB.UC[B5)
%I 1SME. 5C.He I 160 160 74| B3 95 63 2280 | 179 980 1170 1960| 640 1054 5470| 1480 2741 155 1406 BOT | 36W
il IE:JEUST I a0 180 82 | B3 104 63 2780 218 1450 1610 1870 721 1300 B1.30 1980 3686 171 1708 BYE  EE73
A
wL L I 1200 200 90| 75 113 7.5 3340 | 262 2740| 2140 2490| 800 1580 117.0| 2600 4825 167 | 2034| 123 1222
g E'ﬂ ted I 120 220 98| 81 122 &1 3360 31 3060 2780 3230 880 1855 1620 3310 6179 203 2391 1657 2066
B ot rclle |
5[0 hot alled [z 240 106 B7 131 87 4610 362 4250 3540 4110 960 2175 2210 M70 7764 219 2777 2276 33469 |
-] ok foed T 1260 280 113 | 94 141 94 5330 413 5740 4420 5130 1038 2541 2880 5100 9514 232 3187 3052 51258
- cold formed
@ D=10.2-337 mm I 120 #0119 101 152 101 BL00 | 479 7590 5420 630 1115 2943 —— 16— ¥
a1} D=38.0-635 mm - _
46 D= 700509 T 1300 300 125 | 108 162 108 BI00 | 542 9800 6530 7E10| 1182 3375 5] =
ggD=TUT £159.0mm I 130 320013 115 173 115 7770 BLO0 12510 7820 9130 1263 383 |
i1 D=188.31937 mm
400 D=2131-356 6 mm o||| T 1340 M0 1% | 122 183 122 8570 | 680 | 15700/ 9230 1078| 1346 4326 |
b I 1360 30 143 130 135 130 9700 761 19510 1090 1274 1422 4863|1240 fs7
p——
I 130 30 149 | 137 205 137 1070 | 840 24010 1260 1480 1498 5434 |
_ °
trz ;:' I 1400 400 185 144 20E 144 1IB0 | 924 23210 1460 1712 1573 6037 — =~z
r I 1425 425 163 | 153 230 153 1320 | 1040 360, 1740 2041 1674 6759 :
tw I 150 450 170 | 182 243 162 1470 1150 45850 2040 2334 1766 7618 |
r v |h I 1475 475 | 178 | 171 256 171 1630 | 1280 55480/ 2380 2735 | 1861 6500 | 0
I 150 500 185 | 180 27.0 180 1790 | 1410 68740 2750 3235 1960 9368 —— ]
I 1550 550 200 | 190 300 190 2120 | 1650 99180 3IE10 4229 2163 1091 N - 0
:;' I 1500 600 215 | 216 324 Z16 2540 1930 133000 4630 5485 2338 1367 e —0
show steel section diawing \\_t,_ . & Close
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11.2 Classification and resistance of standard steel sections

Classification of cross section according to EN1993-1-1:2005 §5.5.
Resistance values of cross section according to EN1993-1-1:2005 §6.2.
Buckling resistance and lateral buckling resistance according to EN1993-1-1:2005 §6.3

From the tree on the left you select the section with its designation. On the right, a drawing of
the section profile is displayed together with the section dimensions and properties.

On the right window are also displayed:

Classification (1,2,3,4) according to EN1993-1-1:2005 §5.5 for axial loading and loading

with bending moments.

Resistances of the section in compression, bending in y-y and z-z axis, and shear according
to EN1993-1-1:2005 §6.2

Buckling resistance for various buckling lengths (Lc) according to EN1993-1-1:2005 §6.3.1

Lateral torsional buckling resistance for various lateral buckling lengths (L) according to
EN1993-1-1:2005 §6.3.2

I

2 Steel section with properties defined by the user, Classification and Resistance, (EN1993-1-1:2005 §5.6, 56.2) m}
@I Cal Cross-section HP 320x103-5 450
- IPE s ——— Dimensions of cross section
@ I HEA Depth of cross section
m I HE Width of cross section
=2 HP Web depth
-IC HP 220457 2 Depth of straight portion of web
-TC HP 260475 Web thickness
T HF 260457 3 Flange thickness
T HP 305x28 Radiuz of root fillet
~T HP 305435 ¥ass
T HP 3054110 Properties of cross section
L HP 305126 Area A= 13100 mm
T HP 3056143 Second moment of area
I HP 305180 . D
T HP 305188 N Section modulus fiy= 1‘43{906 mm:
T HP 0522 o=
T HP 3204885
T Cross-section HP 320x103-3 450
Classification and Resistance of cross section (EN19393-1-1:2005 £5.6, $6.2)

T HP 320147 Steel Class Tension Compression  Moment resistance  Shear resistance
Nx Myy Mzz NtRA[kN] NcRA[kN] McRdy[kNm] McRdz[¥m] VcRdz [iN] VcRdy [EN]
-d0 HP 3204184 = = = = = =
T HP 043 5 235 1 1 1 3079 3079 379 159 744 1162
T HP 304108 5 275 2 2 2 3603 3603 443 186 a71 1360
" 5 355 3 3 3 4651 4651 510 156 1124 1756
&L HP 360133 s 450 3 03 3 5764 5764 632 193 1393 2177
I HP 3604152 (yMO= 1.00, yMl= 1.00, yM2= 1.00)
~IL HP 360174 Buckling resistance, Buckling length Lcm], .
-~ HP 360160 Lefm] 1.0 1.5 2.0 2.5 3.0 . 8.0 8.0 10.0 12.0
-J0 HP 4004122 S 235 Nexdy 3079 3073 3073 30 3028 293 2484 2343 2189 1869
I HP 4004140 Fbrdz 3079 3042 2925 2808 2684 242 1348 1145 979 733
I HP 4004158 5 275 Nbrdy 3603 3603 3603 3574 3516 339 2796 2605 2339 1892
-IL HP 4004175 Fbrdz 3603 3523 3376 3224 3066 272 1409 1185 1005 742
~T HP 400x134 S 355 Nbrdy 4651 4651 4646 4562 4478 429 3339 3037 2739 2186
T HP 4004213 Fbrdz 4651 4469 4251 4027 3786 3269 1507 1251 1051 772
T HF 400:231 5 450 Nbrdy 5764 5764 5712 5597 5476 5222 3810 3395 3003 2329
o T IFM Fbrdz 5752 5453 5147 4824 4484 4127 3758 3043 2432 1954 1581 1308 1095 785
: Nbyrd: buckling resistance sbout y-y axis, Nbzrd: buckling resistance about z-z axis
- C ug
i L equal angles Lateral torsional buckling resistance, Buckling length Llt[m], (EC3 §6.3)
oL Lunsqusl angles __Llefm] 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 6.0 8.0 10.0 12.0
o O Square hollow 5235 Mpral 378 378 373 368 363 387 32 M0 328 s 0l 287 273 46 B
5 [ Rectangular hollow Mbrd2 379 376 369 363 357 351 344 331 317 303 289 275 262 237 &5
-1 hectang ¥ )| ls 995 wheas  asa aa1 435 a28 491 414 ans  aon 373 asa 35 21& 907 as9
Preview | 2y Print (i Close ? Help

11.2.1 Symbols
. NtRd [kN]:
NcRd [kN]:

[kNm]:
Vcrdz [kN]:

Vcrdy [kN]:

4 et 9 g9 oo

Tension resistance EN1993-1-1:2005 §6.2.3

Compression resistance EN1993-1

-1:2005 §6.2.4

Mcrdy Bending resistance about the strong y-y axis EN1993-1-1:2005 §6.2.5
[kNm]:
Mcrdz Bending resistance about the weak z-z axis EN1993-1-1:2005 §6.2.5

Shear resistance in the axis z-z parallel to web EN1993-1-1 §6.2.6

Shear resistance in the axis y-y axis parallel to flanges EN1993-1-

1:2005 §6.2.6
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Nbrdy [kN]: Buckling resistance in compression about the strong y-y or weak z-z
Nbrdz [kN]: axis, for various buckling lengths Lc (1.00,1.50...15 m) EN1993-1-

1:2005 §6.3.1
Mbrd1 Lateral torsional buckling resistance for various lengths between
[kNm]: constrains LIt (1.00,1.50 ....15 m) EN1993-1-1:2005 §6.3.2
Mbrd2
[kKNm]:
Mbrd1: Lateral torsional buckling resistance for constant (uniform) bending
moment diagram along the beam
Mbrd2: Lateral torsional buckling resistance for parabolic bending moment
diagram along the beam
h [mm]: Depth of cross section
b [mm]: Width of cross section
hw [mm]: Web depth
dw [mm ]: Depth of straight portion of web
tw [mm]: Web thickness
tf [mm]: Flange thickness
r [mm]: Radius of root fillet
G [Kg/m]: Mass
A [cm?2]: Area
Iy [cm*]: Moment of area about axis y-y
Iz [em*]: Second moment of area about axis z-z
Wy [cm3]: Section modulus about axis y-y
Wz [cm3]: Section modulus about axis z-z
Wpy [cm]: Plastic section modulus about axis y-y
Wpz [cm3]: Plastic section modulus about axis z-z
iy [cm]: Radius of gyration about y-y axis
iz [cm]: Radius of gyration about z-z axis
Avz [cm?2]: Shear area parallel to web
Avy [cm?2]: Shear area parallel to flanges
It [cm*]: Torsional constant
Iw [cm®]: Warping constant

11.3 Tables of non-standard steel sections

Tables with steel sections organized as the standard sections, but the user can change the
basic dimensions. Changes are activated with the [Edit]. As you change the dimensions the
new geometric and strength properties are evaluated. These sections can be used as standard
sections.

11.4 Tables of user defined welded steel sections

Click [Edit] and you enter the window where you can enter the basic dimensions of a welded
steel section. The strength properties of the section are listed at the same time.

For adding new section or deleting existing click "t' = . Click [Stop edit] to stop editing.

H ¥

= M | £

o

user 1100 e 1 = user TI00-8 355

B e | BPw | coe | 7 He
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11.5 Classification and resistance of steel sections (detailed report)

1. Select section group (standard, non- standard,

welded)

2. From the tree on the left select the section.
3. Select the combination of actions on the cross-section.
If it is combination with axial force and bending

moments specify the actions.

N -
Q | Steel Section Properties

3

Qi Classification and Resistance of cross-sections (tables) *

254

%i Classification and Resistance of cross-sections (report)

1-2-3-4

You obtain a detailed report of the section classification according to EN1993-1-1:2005 §5.5.
You can adjust also the steel grade and the partial safety factors.

- IFE
= HE
= HE & (IFB1) Euronom 5362

HE 1004
HE 1204
HE 1404
HE 1604
HE 1804
HE 2004
HE 2204
HE 2404

Cross-section Class 1

HE 3004

HE 3204

HE 3404

HE 3604

HE 4004

HE 4504

HE 5004

HE 5504

HE 6004

HE B504

HE 7004

HE 2004

HE 9004

HE1000 &
HE &
HE B (IFB] Euronom 5362
HE 4 [IFBv] Ewonom 53-62
HE Euronom 5362
HL

]

®-HD

~

v

M

lame of design object

SECTION-001

Structural steel grade (EM1993-1-1 83.2) 5 275 fy=275M /i fu=430M/mne

Partial salety factors for actions

Partial factors for materials

Selected
section

D

HE 260 A

Cross-section HE 260 A

Dimensions of cross seq

epth of cross section

Width of cross section
Ueb depth

D

epth of straight portio

Web thickness
Flange thickness
Radius of root fillet

w=[ 136 ][2] w0150 2] w={n30]f2]
Yoo 100 [ 3] tr 100 ]3] e 12512
Section actions

Me-Myyp Co -Bending} v

Ht Tension

Me: Compression

yy Bending

Mzz Bending

Myu-Mzz Bi-awial bending
- di

nding
Ne-Mzz Compression-Bending
by Tension-Bending

Mt
T Standard sectons - @

Nc.ed=

Mz ed=

T Ralled | H and channel sections
[ Square and rectangular hallow sections
£ Circular hollaw sections

Mon standard sections

‘welded [Fabricated] sections

ty= 7.50 mm
tf= 12.50 um
r=  24.00 mm

Mass = 68.20 Kg/m
Properties of cross section

Area A= 8652 um*

Second moment of area Iy= 1.04SE005 mm*4

Iz= 3.668E007 mm~4
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Resistance of cross-sections (Eurocode 3, EN1993-1-1:2005 § 6.2)

Design of cross-section in Ultimate limit state, for various combinations of actions

i;" Tension Nt, EN1993-1-1,56.2.3
gF
"B

Buckling resistance-Compression » 77

Design load combinations

e Single actions
Tension Nt
Compression Nc
Bending Myy
Bending Mzz

Shear Vz
Shear Vy

e Double actions
Bending and compression Nc-Myy
Bending and compression Nc-Mzz
Biaxial bending Myy-Mzz
Compression and shear Nc-Vz
Compression and shear Nc-Vy

e Combined actions
Compression, bending and shear Nc-Vz-My
Tension, bending and shear Nt-Vz-My F
Bending and compression Nc-Myy-Mzz p
Bending and tension Nt-Myy-Mzz T ,
Axial force shear and bending N-V-M IR

’

% Buckling resistance-Bending

Double action Compression Ne, EN1993-1-1, §6.24

Combined action Bending Myy, EN1993-1-1,§6.2.5

Bending Mzz, EN1993-1-1,§6.2.5

E—

Buckling resistance-Bending » Ij ShearVz, EN1993-1-1, 5 6.2.6

L shearVy, EN1983-1-1, 5626
5% single action »

B 0
5 Combined action &

Buckling resistance-Compressian ¥ _é

27

Bending and compression Ne-My, EN1993-1-1,§6.2.9
Bending and compression Ne-Mz, EN1383-1-1,562.9
4
i Bending and tension Nt-My, EN1893-1-1,56.2.9
% Buckling resistance-Bending Bending and tension Nt-Mz, EN1993-1-1, §6.29
Bi-axial bending My-Mz, EN1993-1-1,§6.2.9

Compression and shear Ne-Vz, EN1993-1-1,56.2.10

Compression and shear Ne-Vy, EN1993-1-1,5§6.2.10

Bending and shear Vz-My, EN1993-1-1,56.2.8

g iy MW

Bending and shear Vy-Mz, EN1993-1-1,5§6.2.8

5 Compression, bending and shear Ne-Vz-My, EN1993-1-1, 56210
Buckling resistance-Compression ¥ ] Tension, bending and shear Nt-Va-My, EN1993-1-1,6.2.10
v 47 Bending and compression Ne-My-Mz, EN1993-1-1,5 6.2.10
J5  Bending and tension Ne-My-Mz, EN1993-1-1, 56210

5 sl force shear and bending N-V-M, EN1993-1-1,56.2.10

Select section group (standard, non- standard, welded)
From the tree on the left select the section.
Specify the design actions on the cross-section.

Detail report is obtained for the design of the selected cross-section under the specified
loading. If the cross-section is not appropriate to resist the loading, error messages are

displayed.

#" Design OK = IFE A
= IFE Ewonom 1967
IPE 80
IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200 ®
IPE 220
IPE 240
IPE 270
IPE 300
IPE 330
IPE 350
IPE 400
IPE 450
IPE 500
IPE 550
IPE 600
# IPE &
w IFE D
w IFEY
 IFE 750
# HE
# HD
# HP
# 1PN
W (ASTME
# U, UC (B3]
# ISME, SC.HB
B U
=

L

Name of desian object STRENGTH-IT1
Structural steel grade [EN1993-1-1 §3.2) 5275 Fp=275M /mmé fu=430N/mm v
Falal safety factors for actions vo=[ 135 5] =150 (3] w0303
Parial factors for mateisls ot 100][2] i 100[[2] e 125 (2]
Loading

Need=[13000 |2l Myed=[adm  |2liin ()
Sdlected g 180 T Standard sections PO

~
T T SOS G T Rolled |, H and channel sections
RO @ EEES Easeam [0 Square and rectangular hollow sections
Depth of cross section 1 ) Circular hollow sections
Uidth of cross section b T Non stsndard sections
Teb depth hw . .
Depth of straight portion of weh du- ﬂ%‘?ﬁ”i‘fﬁ'eamd] sections
Teb thickness tw=  5.30 m
Flange thickness tf=  B8.00 mm
Radius of root fillet r=  9.00 m
Mass = 18.80 Kg/m
Properties of cross section
Area A= 2395 mm*
Second moment of area  Iy= 1.317E007 mw*4
Iz= 1.00SE006 mw*4
Section modulus Uy= 146300 mw?
Tz= 22160 mu?
Flastic zection modulus Wpy= 166400 mw?
Wpz= 34600 mm?
Radins nf ruratinon = 74 mm b
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13 Buckling resistance of members (Eurocode 3, EN1993-1-1:2005 § 6.3)

13.1 Uniform members in compression EN1993-1-1:2005 § 6.3.1

13.1.1 Columns with axial load only

WN =

Select section group

From the tree on the left select the section.
Specify the design actions. Axial load Nc,ed

[KN].

j:/; Single action
) Doubleaction
$ Combined action
+

(]
% Buckling resistance-Bending

L
L]

y

v

Buckling resistance of members in compression N, EN1993-1-1,§6.3.1

Buckling resistance of members in compression Nc-My-Mz, EN1993-1-1, §6.3.1

Specify the member length L in meters, and the buckling lengths in y-y and z-z direction. The
buckling lengths are specified by the ratios to the member length. The ratios may be selected

from the standard buckling lengths by click at Eg or from the buckling lengths of frame

columns by clicking at Tyry for braced or unbraced frames according to Eurocode 3.

= IFE
# IPE Euronorm 18-57
= IPEA
- = IPEO
IPE 0180
IPE O 200
IPE O 220
¥ IPE O 240
IPE O 270
IPE 0 300
z IPE 0330
IPE O 380
IPE O 400

# Design OK

IPE O 500
IPE O 550
IPE O 600
® IPEY
® IPE 750
=-HE
# HD
= HP
- IPN
W PASTM])
®-UB, UC (BS)
#=-1SMB, 5C HE
2 WU
IPEO 4501 " oy
— g @ hot rolled
= hot rolled

-t
Fas

o 192 —]
B I

- cold formed
- cold formed
w-D=10.2-33.7 mm
w-D=38.0-63.6 mm
7 @ D=70.0-86.9 mm

IPE O 450 @

Name of design object
Structural steel grade (EN1353-1-1 §3.2)
Partial safety factors for actions

Partial factors for materials

Compression

Buck-No-E4
S 355 H=365M/ mim? fu=510N/mm* ¥

vo=[138 o180 ) w=fosn ]

tor 100 |2 v 100 12 w125 [

Ne,ed=| 100000 |-y @

Colurnn height L=|5.000 F;{m
@ Lery=| 1.00

Buckling length y-y }
[

r o[y

Buckling length z-z

Selected

section IPE O 450

Cross-section IPE O 450-5 355
Dimensions of cross section

X 500 m = Lor=1.000%L
Lerz=[100 2l 500 || (] #——=" Ler=2000¢

=———=" | or=2.000x

@ I Standard secti <=+ LEr=05000

e = LOr=0.333xL
f———""% | cr=1.0001L 2
gt o | or=0.500x0

4 == Lcr=0.700xL

Depth of cross ssction h=
Width of cross section b= 192.00 mm
Web depth hw=  420.80 mm
Depth of straight portion of web dw= 378.80 mm
Web thickness o= 11.00 mm
Flange thickness tf=  17.60 mm
Radius of root fillet r=  21.00 mm
Mass = 92.40 Eg/m
Properties of cross section

Area a= 11770 mmm®
Second moment of area Iy= 4.092E008 mm™4

Iz= Z.025E007 nmw™4
Section modulus wWy= 1.735E006 mu?

wz= 217200 mmd v

13.2 Uniform members in bending EN1993-1-1:2005 § 6.3.2

13.2.1 Beams with vertical load only

1.
2.
3

Select section group

From the tree on the left select the section.
Specify the beam loading as a combination of
uniform [kN/m] and concentrated [kN] loads. For
concentrated loads specify the distance x [m] from

¥ single action
45 Doubleaction

0 Combined action

left support. The loads are for permanent and live s
loading conditions. é
Specify the end support conditions of the beam

(simply supported, fixed at one end or fixed at both

ends).

Buckling resistance-Compression  *

% Torsional buckling My, EN1993-1-1,§6.3.2

% Lateral torsional buckling Nc-My, EN1993-1-1,§6.3.2

Specify the member length L in meters, and the lateral buckling length Lc [m]. The lateral
buckling length is the distance of lateral supports.
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J/ Design OK

stz

min V=-228.25WH]
mar V=228 25 H]

mat 067401 pobim]
mann

7

masarssmm]

——23m0—

=
v
115

HE 450 A l
= ¥

440

% IPE
5 HE

=-HE A(IPB1) Euronorm 53-62

HE100A
HE 120 A
HE 140 A
HE 160 A
HE 180 A
HE 200 A
HE 220 A
HE 240 A
HE 260 A
HE 280 A
HE 300 A
HE 320 A
HE 340 A
HE 360 A
HE 400 A
HE 460 A
HE 500 A
HE 660 A
HE 600 A
HE 650 A
HE 700 A
HE 800 A
HE 300 A
HE1000 A

- HE A4

#-HE B (IPB) Euronorm 53-62
- HE M (IPEv) Euronorm 53-62
- HE Euronarm 53-62

- HL

® HD
® HP
® PN

Name of design ohject Bh-M-ETT

Structural steel grade (EN1993-1-1 §3.2) 3 236 fw=236MN/mm? fu=360MN/mm? ¥

Partial safety factors for actions o138 [ wo1sn | we0s [

Partial factors for materials w110 2 e 110 2 v 125 [

Support conditions (OF; 128 O s O BY @

Span length L=[2000 [[&m B @

Lateralbrecing length Le Le=[ 3000 [&m  F——L——

Loading mmmmmmmTn - gl=(160  Eim q1= 000 [Fkhim ©)
- G500 [N 01=9500 [N wi=3000 [
—— Gos 5000 [y oze[9500 [k eeBom [
e g2 000 [ am g2= 000 [ knm
Commm—— g3= 000 [Nm g3= 000 [k
e g4 000 S m o4= 000 [ knm

e ME4sDA T Standard sections v O_)

section

Cross-section HE

450 A-5 235

Dimensions of cross section

Depth of cross section
Width of cross section

Wek depth

Depth of straight portion of
ek thickness

Flange thickness

h= 440.00 1o
b= 300.00 mm
396.00 mum
344.00 mum
= 11.50 o
tf= Z1.00 mm

weh

13.3 Uniform members in bending and axial compression,
(EN1993-1-1:2005 § 6.3.3)

13.3.1 Columns with axial compression and end moments

1.Select section group

2.From the tree on the left select the section.

3.Specify the column axial load Ng [kN] (permanent) and Nq [kN] (live).

4 .Specify the column end moments at top point A and bottom point B. Moments Myy [KNm]
for the bending around the main axis and Mzz [kNm] for bending around the secondary
axis. Moments MyyAg, MzzAg, MyyBg, MzzBg for permanent loading and MyyAq, MzzAq,
MyyBq, MzzBq for live loading.

5.Specify the member length L in meters.

6.Specify the buckling lengths in y-y and z-z direction. The buckling lengths are specified by
the ratios to the member length. These ratios may be selected from the standard buckling

lengths by click at [S or from the buckling lengths of frame columns by clicking at Tyry
for braced or unbraced frames according to Eurocode 3.

/ Design OK

g 47‘%;«

- 100x50 -110x60 mm DIN 59410

12060 -120x80 mm DIN 53410
T40x70 -140xE0 mm DIN 53410
160x100mm DIN 68410
TB0x80 -160x30 mm DIN 53410
180x100-200x120 mm DIN 53410
220x120-260x140 mm DIN 53410
260x180-400x260 mm DIN 53410
260x180x6.3
2E0x180x:71
260x180x6.0
260x180x8.8
2B0x180x10.0
260x180x11.0
260x180x12.5
260x180x14.2
2E0x180x16.0
2B0x180x71
260x180x6.8
2B0x180x11.0
280x220x8.0
260x220x10.0
280x220x12.5
320x180x6.8
320x180x10.0
320x180x12 &
320x220x8.8
320x220x10.0
320x220x12.5
360x220x10.0
360x220x12 5
360x220x16.0
400x260x17.0
400x260x14.2
400x260x17 &

“| Mame of design object

Structural steel grade (EN1933-1
Partial safety factors for actions
Partial factors for materials

Loading

Column height
Buckling length -

Buckling length 2z

Selected

section 320x180x8.8

320x:
Dimensions of cross

Cross-section

Depth of crass sectio
wWidth of cross sectio
Web depth
Depth of straight por
web thickness
Flange thickness

V||| [Redius of root fillet

COLURMN-002
41532) 5275
¥0=[ 135 [ o150

Yine®| 1.00 {i‘ Yoa| 1.00

la]  ylpenlle)
Gl
(a] . (a]
Ea N G AEEN

Fw=278N/mm? fu=430N/mm? (¥

®

- [ g Lol
Ng= 20000 | 5kN Ng=|15000  |=HkN
MyyAg= 4500 [=dkNim MyAo= 2250 [k
Mzzage 000 = khim Mezage 000 [ hkum

MyyBag=| 25.00
MzzBig=| 0.00

I Standard sections

180x8.8-5 275
section
n k= 320.00 ram
n b= 180.00 rm
hw= 302.40 rm
tion of web dw= 293.60 mm
o= 8.80 mm
tf= 8.80 mm
r= 17.60 mm

[a]

MyyBey=| 12.50 |i|kNm

MeeBge 000 [Eium

%H Copyright © RUNET Software ®

www.runet-software.com

26



STEELexpress RUNET software

13.3.2 Beams with vertical load and axial compression

1. Select section group

2. From the tree on the left select the section.

3. Specify the axial load of the beam Ng[kN] permanent, Ng [kN] live load.

4. Specify the beam loading as a combination of uniform [kN/m] and concentrated [kN]
loads. For concentrated loads specify the distance x [m] from left support. The loads are
for permanent and live loading conditions.

5. Specify the end support conditions of the beam.

6. Specify the member length L in meters, and the lateral buckling length Lc [m]. The lateral
buckling length is the distance of lateral supports.

/ Design OK = IPE A1 Name of design objsct BEAM-002
- IPE Euronorm 1857
= IPE & Shuctural steel grade (EN1893-1-1 §32) 5275 f=275N/mm? fu=430N/mm? ¥
IPE 4 &0
IPE A 100 Partial safety factars for actions o= 135 [ w150 2 we[nan &
IPE 4120 = R R
o IPE A 140 Pariial factors for materials o 100 [ v 100 [ w125 2]
IPE A 160 _ . - -
e PE A 130 Support candiions @8 T O [ O G
IPE A 200 _ ]
=[5.0m %
e 220 Span length L e O
[— IPE A 240 Lateralbracing length Le~ Le=| 4000 [&m  F——L—H
i IPE 4270
IPE 4 300 q _ ) _ la)
Compression Ng=| 0000 [k Nq=| 25000 &l @
IPE A 330 g L = q =
IPE 4 360 ] [
IO = = 2l
P 00 Loading gi=800  Fkim gi= 200 [knm

F—
IPE 4 450 s G1= 1000 [ o4 kv <2000 2w ®
IPE A 600 @ [
@ PE A 550 —x—a Ge= 1000 [N o400 kv <6000 [[m

IPE A BOOD - a
e g2=[000 ki 2= 000 [ nim

IPED
- F—200—] &

S = & IPEV Cmmmm—— o3= 000 Ekm 3= 000 [Eknym
R —eorUmmen gae 000 kN 4= 000 2
# HE o i G gkN/m
IPE A 500 {°* ‘e Selecied
e watton IPEAS00 T Standrd sections )
N o
|
i W ASTM} ~
¥ E%E%S?B Cross-section IPE & 500-5 275
i o Dimensions of cross section
& C Depth of cross section b= 497.00 mm
& Width of cross section b= 200.00 wmm
- hot rolled Wel depth bw=  468.00 nm 7
2 @ hot rolled O] it . . P s

14 Connections EN1993-1-8:2005

Design of various connections. For most types of connections there is

1. Connection design, Specify the connection loading and the program selects optimum
connection geometry and bolt arrangement to satisfy the design of the connection.

2. Connection capacity, you specify the connection geometry and the bolt arrangement, and
the capacity of the connection is evaluated

14.1 Connection types B -
== Design of single shear joint
14.1.1 Tension connections (design and F Beom o beom comnectons, EN1S83-1-8,86  »| =~ Design o doubl shea jint
capacity)

#: Beam to column connections, EN1993-1-8,§6  »|~==== Design of splice joint

% Connections of portal frames, EN1993-1-8,56  * Chord continuity of | sections

e shear joint

e double shear joint TS BECSE O o g cegern

b splice _]Olnt. ) ) = Capacity of double shear joint

e chord continuity I sections

. == Capacity of splice joint

Capacity of chord continuity of | sections

14.1.2 Beam to beam connections (design and & -

ca paCity) Tension connections, EN1993-1-8, §3.6 4

i

ﬁ Beam to column connections, EN1993-1-8,§6  » Gerber-beam connection

Beam-centinuation connection

e Beam-continuation connection
e Gerber-beam connection
e Beam-on-beam connection with web cleats

% Connections of portal frames, EN1993-1-8,§6  » ﬂ Beam-on-beam connection with web cleats

Capacity of bezm-continuation connection

Connections made with pins, EN1993-1-8,§3.13 »

Capacity of Gerber-beam connection
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14.1.3 Beam to column connections

e Beam on column connection with web cleats
e Beam on column connection with end plates

14.1.4 Connections of portal frames

Bolted connections with end or base plate.

Apex connection

Usual loading with positive bending moment, the bottom of the connection is
in tension. A small haunch is provided at the bottom to increase the lever arm

for the tension bolts.

Eve connection with haunch
e Eve connection without haunch

For connections with high bending moment a haunch is
provided to increase the level arm of the bolts in tension.

The height of the haunch is assumed the save as the
height of the connected rafter beam. A compression

stiffener is provided in the column at the bottom of the

connection to take the increased compressive forces.

Simple column base connection,
¢ Fixed column base connection

The connection has a base plate connected to the column
by fillet welds. Holding down anchoring bolts are designed.
The bolts are anchored in the concrete foundation with

hooks or washer plates. If the connection is simple

connection then the connection is not designed to carry

bending moment. (pin connection). In the case of pin
connection the bolts are located in the middle of the
column. If the connection is designed to carry bending

moment (fixed connection), the bolts are located outside

and close to the peripheral of the column.

14.1.5 Connections made with pins (design and
capacity)

e Pin ended member

e Gerber-beam connection

Tension connections, EN1993-1-8, § 3.6 »
F Beamto beam connections, EN1993-1-8,56 >
| ‘ ﬁI Prmeral mmam st ettt

&3 Connections of portal frames, EN1993-1-8,56  »| JET Beam on column connection with end plates

Connections made with pins, EN1993-1-,§3.13 »

Tension connections, EN1993-1-8,5 3.6 4
¥ Beam to beam connections, EN1993-1-8, § 6 3
JF= Beam to column connections, ENISS3-1-8,55

H}& Al Asex connection

Connections made with pins, EN1993-1-8,§3.13 l:; Eave cennection (Haunch)

‘ #: Eave connection

Ll simple column base connection

Ll Fixed column base connection

M24 5.

[& <

Tension connections, EN1993-1-8,§ 3.6 3
F Beamtobeam connections, EN1993-1-8,§6 »
#: Beam to column connections, EN1983-1-8,56  »
Hiﬁ Connections of portal frames, EN1993-1-6,56  »

BE_ Pin ended member

Gerber-beam connection

WD Capacity of pin ended member

Capacity of Gerber-beam connection
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14.2 Connection data

14.2.1 Connection loading

Design forces and moments on the connected members as the drawing shows.

14.3 Connection bolts EN1993-1-8 §3.1

Diameter of bolts in mm M (from 8 to 30 mm)
Grade of bolts. (From 4.6 to 10.9) according to EN1993-1-8 Tab3.1.
Regular or preloaded bolts (only for bolts of grades 8.8 and 10.9) EN1993-

case of preloaded bolts give the values of Ks, u ,yM3 according to EN1993-1

Shear plane through the treated part or not. EN1993-1-8 Tab 3.4.

Balts (EN1933-1-8 83.1) () Fregular balks

Bolts, diameter, strength grade M 22 v | Grade/109  » (%) Preloaded bolts
through the through the .
Shear plane of bolt (EM19933-1-3 §3.5) threated ﬁ ) unthreated t ® Loading
partion partion

[a]

Slip-resistance connection ka= 1.00 E} p=| 0.50 E{ Tz 129 |[3]

14.4 Connection plates

Dimensions of the connection plates are given in mm.

Connected platez

Plate-1, width b and thickness t b1=| 240 E{ mm 1= 10 Ei mm

Plate-2, width b and thickness t bz= 240 |[Slwm tz= 8|Sl

14.5 Joint geometry

In case of evaluating the capacity of a joint, the number and positioning of the
chosen. The basic distances between the bolts have to be specified.

In the case of designing a connection for a given load, the program selects the
geometry and the necessary number of bolts.

The distances from the edges and between the bolts are according to EN1993-
Fig. 3.1

“TO =[O0 =10 =10
Joint type ZEO EI:C‘ E[O @[O
=[O WO =[O =0
Edge distances of bolts el=ex=| 55 E{ mm  eZ=ey=| 50 E{ mm
Spacing of bolts pl=pu=| 113 5{ mm p2=py=| 140 E{ mm

1-8 §3.1.2. In
-8 §3.9.1

Nc.ed=| 400.00 [{2{ky

bolts has to be
optimum

1-8 Tab 3.3 and
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15 Design of Steel Beams

15.1.1 Beams in Uniform load [/ e e
qu:uIm WL—L]‘” Beam of one span
e Beams of One span, 2P Design of Floor Beams  + |
¢ EWO Spart]rs] or one Span d tl ? Design of Roof Beams L4 W:ulw Bearn of one span with cantilever
L] eam Wwi one span and cantilever.
Beam Ioads Beam loads
Uniformly distributed permanent and variable load ~ Pemaentioa Enigs 11552 &K1=[700 [ S im g 700 | & haum
in Kn/m. The program adds the beam self weight. Vaiisble oad EN1991-11 563 oK1 800 [m de-{ 800 [ S wum
Beam spans L1= = L2= =1
Conditions of lateral restraining qklﬂ'mﬂﬂ'wmqm
Laterally Laterally Lat. rest. at  Lat. restr. at MO OO OO
unrestrained  restrained Lé2 L3 gkl gkl
Te"To"Fo"Fo | |
PN
} L1 JT{\‘ L2 |

Beam span and lateral restrains
Beam span L in Meters
Conditions of lateral restrains, laterally unrestrained, laterally totally restrained, and laterally
restrained in middle span or at one third span.
% -

% Beams, EMN1393-1-1,§6.3 »

15.2 Design of floor beams

e Floor of one span

e Floor of two spans P4 Design of Beams v
=F =ZF Floor of one span
Floor Ioads ? Design of Reof Beams L4 é‘_f Floor of two spans

e Weight of floor finishing, the weight of the floor finishing

(tiles etc.) Steel floor 0.70 kMjm? v
e Weight of floor structure then weight of the floor structure. Concrete floor 70mm  1.75 krin?
If you select thin concrete slab (70mm) or timber floor. Cancrete fioar 100mm__2.50 khim®
. . Concrete floor 150mm__ 375 kMim?
The floor beams are checked as unrestrained. For thicker Conorete floor S00Mmm & 00 knine
concrete slab are checked restrained, and for steel floor Concrete floor 250mm 625 khlim?
(steel plates etc) are checked later restrained at one A S A
middle point. The lateral restraining selection can be Steel floar 0,70 kMim?

altered afterwards
e Variable load. You can select from the table of EN1991-1-1 6.3).

Beam span and lateral restrains

Beam spans (L) of main floor beams and beam spacing (s) in Meters.
Conditions of lateral restrains, laterally unrestrained, laterally totally restrained, and laterally
restrained in middle span or at one third span

Floor dimensions

Span of floor beam

Spacing of floar beams 3= 4.500 |3 m
(O T T q

Conditionz of lateral restraining

Laterally Laterally Lat restr at  Lat restr. at
Letorfly o LEEED D L OO LT ek

T TOTTo T k =
2K

<

%ﬂ Copyright © RUNET Software ® www.runet-software.com 30




STEELexpress RUNET software

15.3 Design of Roof beams v -
% Beams, EN1993-1-1, 6.3 4
¢ Roof beam of one and two spans H5 Design of Beams 5
e Purlins
=ZF Design of Floor Beams 4
? % Roof of cne span
? Roof of two span
Dimensions % Design of purlins
Main roof, beam spans and spacing. The Purlin Roof dimersions
span is equal to the beam spacing. Beam spans L= 2.000 |2 m
Spacing of beams e=| 5.200 |5 m
Loads

Permanent loads

Roof lnads

® Load of roof covering [kN/mz] Permanent load (EN1331-1-1 §6.3) ok=[ 02504 ke Floof slape) 10.00 |13
It includes the Weight of the sheeting, Srow lnad [EN1991-1:3 55.3) gk 3043 | 2 e | | [Sweden, Finland, 2=3, A=100m, Sk=3.0kNAE |
pu rlins and insulation materials. wind load pressure [EN19911-4§7.2)  qukls)<| 0000 |k | [Firkand SFS-EN, Ub.o=26 00m/s |
i Wind load suction (EN1391-1-4 57.2) auk(=] 0300 || 2 |k
¢ Load of ceiling under the roof Imposed load [EN1331-1-1 §6.34.2) ak=[ 04002 |
[kN/m?2]

e self weight of beams, is calculated by the program from the beam cross sections with
Unit mass p= 7850 Kg/m3

Variable loads

e Imposed load according to EN1990-1-1 Tab 6.1, calculated by the program according
to the selected National Annex

e Snow load, according to Eurocode 1-3:2004

e Wind load, according to Eurocode 1-4:2005

15.4 Design of Purlins

The cladding is supported on purlins. The thickness of the sheeting tw
[mm] and the profile height hw [mm] are used for estimating the
degree of lateral restrain of the purlins.

Purling

Furlin spacing 3000 | -2 mm (®) Simply supported purlin

() Continuous purlin

Claddina(Sheeting) Sheeting thickness tw= - mm W Rl ey uestetied

Profile depth hw= 2 (®) Purlin laterally restrained

The spacing of purlins is the distance between the purlin axes. The section of purlins can be a
symmetric section (I) or a non symmetric Z, C or U section. In the case of non symmetric
purlin section the purlin is considered laterally restrained completely for downwards loading
(sagging).

If you select purlin laterally unrestrained then the possible restraining of the purlin due to
sheeting is disregarded. If you select purlin laterally restrained then the restraining due to
sheeting is evaluated and used for wind pressure (sagging). The purlin is considered laterally
unrestrained for wind uplift (hogging).

For the evaluation of the dimensioning bending moments and shear forces you may choose
Simply supported purlin or Continuous purlin. In the second case the purlin is considered
continuous over many spans.
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16 Design of Steel Columns

16.1 Column design

Columns, EN1993-1-1,56.3 3

= A=

. Columns in axial load ﬁ" Column under Axial load
. Columns in Axial load and Simple bending %ﬂ Design of columns in simple constructions  » ﬁ Column under Asxial load and Bending
e Columns in Axial load and double bending

H Effective length of columns o ﬁ Column under Asial load and Deuble Bending

T

Loading

Loading

Pemanent load [EN133111 §52) No=| 626,00 [ 211 Myg 4000 |2 iim  Mzge 2000 |2 aim
Vaiiable Ioad [EN1991-1-1 §6.3)  No= 360.00 | 3 kN Myq<[ 2000 |4 km  Mzg= 10.00 || % kiim

Axial load in (kN) and bending moments in (kNm) in the two bending directions. Y-y is the
main bending direction, z-z is the secondary bending direction. Permanent and variable load.

Column height and buckling lengths

Colurnn height L=|3400 |2m U EC3(586.3.2.2) EC3(36.3.3)

. = rw| (OEC3EqEsE O Method
Buckling length vy Ler,p=| 2.000) 3% 3400 £.800m (S ] @ Method 2
Buckling length 2-2 Ler,z=| 1.00) x| 3 400 3.40m /¢ § @EC3EABST ) pethod 1 and 2
Buckling lengths. In-plane buckling Buckling lengths Out-of-plane buckling

cC ® O O O cC ® O O O
¥ ¥ 1

Column height and buckling lengths in the two bending directions, y-y and z-z n. The buckling
lengths are specified by the ratios to the column length. The ratios may be selected from the

standard buckling lengths by click at {S or from the buckling lengths of frame columns by
clicking at Tyry for braced or unbraced frames according to Eurocode 3.

Eurocode 3 options

You can select the lateral buckling curves of Eq 6.56 or Eq. 6.57.

You can select the method (1 or 2 or both) for computing the interaction factors Kyy, kyz, kzy
and kzz.

16.2 Columns in simple constructions

=

* Slmple COlumn ; Columns, EN1993-1-1,§6.3 4
e Column in Braced frames
e Column in unbraced frames | e '
% I Simple column
T Effective length of columns 3 f G T e e
f Column in unbraced frame
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17 Design of single-bay steel portal frames

e Single bay Portal frame under snow, wind 0
and seismic load. (common in portal frame for =1 4™ single-span frame g, as, qw, ge
industrial buildings)

e Single Bay portal frame under vertical and
horizontal load. (common in portal frame of one % Design of Roof Beams  »| 4{ Single-span frame g, 41,01, H2

g Design of Floor Beams 4 ’ﬁm—uﬂ Single-span frame g, g1, H2

ﬂoor bUIldlngS) %ﬂ Design of Columns L4
e Single Bay portal frame under vertical and
horizontal load with concentrated loads on % HeaquistiBiaciyisten i

the columns. (common in portal frame in
buildings with many floors)

17.1 Basic structure dimensions

e Bay width L [m], the distance between Bay width |_s| | L=¢ 0
column _axes' . . Tatal heightmax) - / H= -m

e Total height H [m] column height at axis | H | | E L
pOintS. Total length I _/ B= > m

e Total transverse length B [m]. Spacing of frames ———— [ ——— s 4200 [Sm

e Spacing s [m] of frames, transverse Supports A® A0
distance of column_ axis. . R w3000 |3

e Type of support. Pinned or fixed.

e The spacing of the lateral bracing for Lateral bracing af columns L= 5000_|3im (T
columns and torsional bracing for rafters is Torsional restraing of rafters Lm2=| 3201 |3 m EC3
used for the lateral-torsional buckling
design.

17.2 Design parameters for buckling
CO ntrol Column buckling

(®) Lateral and torsional buckling length at haunch bottom, or distance between torsional restraints

() Lateral and tarsional buckling length at system length or distance between torsional restraints [conservatively)

Select the way they apply the lateral

bracing. By clicking at E you define the Rafter buckling
|a te ra | su p po rt Of t h e co | umns an d rafte rs. (®) Lateral buckling lenath at span the purlin spacing, torsional buckling the distance between torsional restraints

() Lateral and torsional buckling length, the distance between torsional restraints [conservatively]

Column buckling
(1): (most reasonable default)
e In plane buckling, critical buckling length Lcr=system length points
of axis. =
e Out of plane buckling and torsional buckling and lateral torsional
buckling, critical buckling Lcr the column height up to the haunch,
or the distance of lateral restrains Lm1, if is specified smaller than
the column length.
(2): (conservatively)
e In plane buckling Lcr=system length points of axis.
e Out of plane buckling and torsional buckling and lateral torsional buckling, Lcr the
system length or the distance of lateral restrains Lm1.

Le

N

=

Rafter buckling
(2) (most reasonable default)
e In plane buckling Lcr=system length. This s computed from the total span L and
the first buckling mode.
e Lateral buckling length at span the purlin space, torsional buckling the distance
between torsional restraints Lm2
(2) (conservatively)
e In plane buckling Lcr=system length
e Lateral and torsional buckling length, the distance between torsional restraints Lm2.
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17.3 NAD parameters

Click EC3 to see and adjust (if needed) the Eurocode 3
and National Annex parameters

Action coefficients for Ultimate limit states EQU and
STR.

According to Eurocode 0 Tables A1 2A and Al 2B.
Click Reset to reset to National Annex values.

Load Combination coefficients according to Eurocode0
Table Al1.1.

Material factors for Steel according to Eurocode 3 §6.1

Reinforced concrete according to Eurocode 2 §2.4.2.4.,
used for the reinforced concrete in the foundation.

Eurocode 3, design parameters.

Lateral torsional buckling computations base on Eurocode 3
Eg. 6.56, and Tables T 6.3, and T 6.4. (most common)

Lateral torsional buckling computations base on
Eurocode 3 Eq. 6.57, and Table T 6.5.

Method for Bending and compression.

Method 1 Annex A or method 2 Annex B (most
common)

Source for computing elastic critical moment for lateral
buckling.

Parameters for Portal frames

Specify some parameters that are not covered from
national annex. Such as:

Deflection limits for Serviceability limit state (SLS)
The limits for these deflections are usually defined in
the National Annex. EN1993-1-1 § 7.2 and EN 1990
Annex Al.4 According to EN1993-1-1 these limits may
be specified for each project and agree with the client.
Usual values: vertical deflection L/200, horizontal deflection
H/150, vertical deflection due to bending L/200.

r

|

H
g

—L—

I‘L

e | e

National Annex parameters

Action coefficients ¥ Material factors | EN199311

Load factors ECO EN1930:2002 Tab.A1.1
Action w0 | w1 | w2
Category A (domestic and residential areas) 0.70 0.50 0.30
Category B (office areas) 0.70 0.50 0.30
Category C (common areas) 0.70 0.70 0.60
Category D (shopping areas) 0.70 0.70 060
Category E (storage areas) 1.00 0.90 0.80
Category F (parking areas light <=35kN) 0.70 0.70 0.60
Category G (parking areas medium 35kN< ~ <=160kN) 0.70 050 0.30
Category H (roofs) 0.00 0.00 0.00
Snow loads on buildings (H>100 m.a.s.l.) 0.70 0.50 0.20
Snow loads on buildings (H<=100 m.a.s.L) 0.50 0.20 0.00
Wind loads on buildings 0.60 0.20 0.00
National Annex parameters
ity 5 Load combination factors | Material factors | EN1933-1-1
ULS [EQU] ECO EN1330:2002 §6.4 Tab.A1.24
Agction coefficient for permanent loads, unfavourable Vesup= 1.10
Action coefficient for permanent loads, favourable VYG.inf= 0.90
Action coefficient for variable loads, unfavourable Vo= 1.50
ULS [STR]ECO EN1930:2002 §6.4 Tab.A1.28
Action coefficient for permanent loads, unfavourable Yosup= 1.35
= 0850
Action coefficient for permanent loads, favourable VG ine= 1.00
Action coefficient for variable loads, unfavourable Ya= 150
National Annex parameters
Action coefficients | Load combination factors | M EN1993-1-1
Eurocode 3 [Steel structures] EC3 EN1993-1-1:2005 §6.1
Vo= 1.00 Y= 1.00 Y= 1.25
Eurocode 2 [Reinforced concrete] EC2 EN1932-1-1:2004 §2.4.2.4
Yc= 150 ¥s=1.15
Eurocode 7 [Geotechnical design] EC7 EN1997-1-1:2004 Annex &
You(EQU.GEO)= 1.40 Y (EQU,GEQ)= 1.25
National Annex parameters
Action coefficients | Load combination factors | Material factors | EN
Lateral torsional buckling (EN1993-1-1 §6.3.2.3)
Method of computation
(OEC3EqBS56 (@ EC3EqBS57
ALto- 040 B=075
B
Bending and compression (EN1993-1-1 §6.3.3)
Method of computation
(® Method 1 () Method 2 ) Method 1 and 2
Parameters for Portal Frames
L >
Limit for vetical deflecion we=L/f1 <] 2000 h

Limit for horizontal deflection u<=H/f2 f2= 150.0

Maximum roof deflection in general Wmax<=L/3 f3= 2000
Roof deflection due to variable action w3<=L/f4 f4= 250.0
Limit roof slope, to consider snow and wind load as for flat frame. a= 20

Column bucking

® Lateral and torsional buckling length at haunch bottom, o distance between torsional restraints

) Lateral and torsional buckling length at system length or distance between torsional restraints [conservately)

Rafter buckling

® Lateral buckling length at span the purlin spacing, torsional buckling the distance between torsianal restiaints

) Lateral and torsional buckiing length, the i b
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17.4 Cross-sections

A steel Section Properties | X
- Steel sections N 1 ‘ h | b ‘ tw ‘ 1 | i ‘ & ‘ G | Iy | iy ‘Wply‘ iy ‘ hvz | 2 | w2 ‘Wplz‘ 2 ‘ Ay | It | I |
iy [ [ | o [ | e | e | Fam | et | v | om | ow | e | ot | o | o [ om | ot | o | oot |
:%‘:‘; I i= 80 42 33 53 33 757 534 7780 1850 2270 321 330 623 300 G546 0812 43 0798 1000
s HD I 100 00 S0 45 B8 45 1060 834 1710 20 70 402 472 1220 488 833 107 680 147 376
:%m T 1 120 5 51 A7 51 1420 111 3280 5470 6350 480 645 2150 741 1363 123 893 249 7894
eI W [ASTMY I 4o 140 66 57 86 57 1820 143 5730 G190 520 561 832 B0 1070 1973 13 1135 3% 17
:% ‘USEA:CS[EBSJE I neo 60 74 63 95 B3 2280 173 90 1170 10 640 1054 5470 1480 2741 155 1406 601 36W
@I 1GOST I nao 180 82 53 104 B9 2780 219 1450 1610 1670 720 1300 H130 1980 3886 17 1706 876 6873
:EE e 00 %0 75 113 75 3340 262 2140 2140 2430 800 1560 1170 2600 4826 187 2034 1236 12222
:-Et;mued T 1220 20 % 81 122 81 /S0 1| 3060 2780 330 8O0 1855 1620 330 6173 203 2391 1697 20659
#-0 hotrolled I3 240 106 87 131 87 4670 32 4750 /40 410 980 276 220 4170 7784 213 277 2275 33489
:%gz:g:zxj I 1260 0 13 94 141 54 5330 419 5740 4420 5130 1038 2541 2880 5100 9514 232 3187 3052 51258
@ D=10.2- 337 mm I 1280 280 118 101 152 101 B1.00 478 | 7590 5420 B30 1115 2943 106 —— 3
:g g:;ﬁg g;:m I 1300 30 125 108 162 108 6300 642 9800 6530 7EI0 1182 3 P
@@ D=101.6153.0mm I 1320 320 131 115 173 115 7770 10 | 12510 7820 9130 1263 3834
7€) D=168.31937 rm
-0 D219 135 B rm V|| X 130 M0 137 122 183 122 G670 680 15700 930 1078 1346 4326
b I 1380 30| 143 130 195|130 900 761 | 19610 1080 1274 1422 d4gg3 |1240
— T 1330 /0 143 137 205 137 1070 840 24010 1260 1480 1438 5434
tri ';i' I 1400 40 185 144 205 144 1180 924 29200 1480 1712 1873 BLFT
r I 1425 425 163 153 230 153 1320 1040 36970 1740 2041 1674 6758
tu T 1450 450 170 162 243 162 1470 1150 45850 2040 234 1755 7613
¥ ¥ |h T 1475 475 178 171 256 171 1630 1280 56480 2380 2735 1851 8500 ]
T 1500 500 185 180 270 180 1730 1410 68740 2750 3235 1360 5368 ]
I 1550 S0 200 190 300 180 2120 1860 99180 3G 4229 2163 1081 . ]
:4:| I 600 800 216 216 324 216 2540 1390 133000 4630 5485 23| 1B/ 0
SmdsaHm 3&* - A ciose

Specify the cross section for the columns, the rafters. Select if you use Standard section
profiles, Non-standard or fabricated (welded) sections). The sections are from the library of
sections of the program. In which you specify the properties for the non-standard sections as
well as you make the welded sections.

Steel sections (EN1393-1-1 §5) (B ® standard sections
Steel zection for column IPE 300 @ () Non standard zections
Steel section for rafter IPE 400 @ O welded [fabricated) sections

All the standard hot- rolled or cold-format cross sections are included.

Click E the library with the section appears to select section profile.

You select the section type on the left tree and at the same time all the sections of this group
with their geometric properties are displayed on the right window together with the section
drawing in scale.

Section geometric properties are calculated precisely including fillets.

The notation is shown at the drawing at the low left window.

17.5 Estimate of member sizes

Click g" and you get a rough estimate of member sizes for the structural elements of the
structure with the dimensions you have specified. You can start with this estimate to continue
for better design.

17.6 Portal frame Connections

Apex and eave bolt-connections with end plate are designed to resist moment and shear
forces. For the apex and eave connection the end plate (thickness and steel grade) and bolts
(diameter, grade) are the same. The thickness of Apex and eave end plate should be at least
as thick as the flange thickness of the rafter and column section. At the base of the haunch, a
stiffener is designed to resist the increased compressive forces.
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Connections EM1933-1-8 Design of connections

End Plate [eave, apes) Thickness tp= ~ mm[]

Balts, diameter, strength grade M | 20 | |1D.9 ~ |Bo|t strength grade
Base Plate Thickness tb= = ]
Anchar bolts E 9] E (O] éo M | 200 | |5.E ~ |Bo|t strength grade

Concrete-Steel class C25/30 - B500OC 13‘

Base plate bolt-connection is designed for the column over the concrete foundation. The
anchor bolts are designed to resist shear and pullout forces due to uplift wind or seismic
forces. CEN/TS 1992-4-1:1992 and CEN/TS 1992-4-2:1992 are used for the design of the
fastenings in concrete

The holding down anchor bolts of the base plate are extended with anchors. The anchor
system can be (simple hook, bended hook or washer plate). The hook type anchoring (first
two choices) cannot be selected for bolt grade with fy>300N/mm2 (M>5.6), according to
Eurocode 1993-1-8:2005, 6.2.6.12 (6). Anchor bolts with hook have much lower capacity of
anchors with washer plate.

The design of connections is skipped if Design of connections is unchecked.
The design of connections is skipped automatically if hollow cross section is selected.

If in the design process the base plate thickness or the bolt diameter is not adequate the

program adjust them (if possible) to new higher values if the boxes next to them are not
checked. Connections are designed according to EN1993-1-8.

17.7 Portal frame loading

17.7.1 Single Bay portal frame under snow, wind and seismic load

The program automatically forms and evaluates all the load combinations in ultimate limit
state ULS (EQU, STR), and serviceability limit state SLS. The partial factors for loading and
load combination factors are taken according to Eurocode 0 and National Annex. The basic

loads are:
Loads EN1991-1-1, EN1998-1-1
Snow load on the ground (EN1391-1-3 §4) Ske| 0683 | 2] kuime |~ |[IBF, 2=4, 4=100m, Sk=0.00KN /v, Ce=1.00, Ct:|
wind pressure on vertical surface [EN1991-1-4 54) qwk= o ke ?‘\ |Fin|and SFSEN |
Wind internal pressure (EM1931-1-4 §7.2.9) wi=C|:-i-qwk= > kNime
Load of roof covering (EM1351-1-1 ) gk1= =1l
Load of celing under the roof gk2= =L
Seismic loading (EN1995-1-1 ] Q- ugRIg = 4| Europe. Seisic zone: 0, agr/g=0040

Permanent loads

e Load of roof covering [kN/m?2]
It includes the weight of the sheeting, purlins and insulation materials.
Load of ceiling under the roof [kN/m?2]

o self weight of frame elements, calculated by the program from the element cross
sections with Unit mass p= 7850 Kg/m?3

Variable loads

e Imposed load according to EN1990-1-1 Tab 6.1, calculated by the program according
to the selected National Annex

e Snow load according to Eurocode 1-3:2004
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The characteristic snow load on the ground sk is specified in kN/m2.

Aliitude above sea level
2000 m

Click A and a special dialog window appears
from where by entering the zone and the
height above the sea level the characteristic
snow load on the ground is computed
according to Eurocode 1-3:2004, and the
National Annex. The snow region can be
selected from Parameters/snow load on the
ground. The snow load on the roof is computed
according to Eurocode 1-3:2003.

Snow load on the ground Sk (ECT EN1991-1-3:2003, §4, Annex C)

Snow zone

@1

-1000 m

X -

Lo
- ‘-\’{\7 A= 100 | T m
{».,“m ar

Snowload on the ground

B : Sk= 003

KNimE

Sk=0.498(1)-0.209:(1+/100/452F1=0.303 kN /rr?

e Wind load, according to Eurocode 1-
4:2005

Wind peak velocity pressure (EC1 EN1981-1-42005, 54.5) - |

The wind pressure on vertical surface is

specified in kN/m2. Click ™ and a special P e ;{J
dialog window appear from where you can '
compute the wind pressure from the wind e
velocity and the topography of the region (S E— === R N,
according to Eurocode 1-4:2005. ‘
The wind load is computed for various places
at the roof and the vertical walls according to j
Eurocode 1-4:2005 §7.2.5 and Tab 7.4a and j . e 1y
Tab. 7.1. oy
The wind region, which specifies the wind
velocity, is selected from Parameters/Basic
wind velocity.

Wind internal pressure wi in kN/m2. This is internal pressure and it acts from inside outwards
on the walls and roof. It is subtracted directly (without further multiplication by pressure
coefficients) from any uplift wind pressure on the outside surfaces.

Town o ERI 4T 4110 v

7o | [ K cwes

Seismic coeffisients (EC8 EN1998-1-1:2004) n

Seismic load Eurocode 8-1:2004

| siag 0<TeTy =02+ X @5-2)]
TysrsT, pe2s 1207
Te<T<Tp p=25 (Te/T)

Tp ST p=25(TcTp T

Seismic zone i

OerlZ=
Ouy/og=| 025

Herizontal aceeleration ratio (ECE §3.2.2.2)

The program performs a verification of the
structure under seismic loading, using both b

leration [EC3 §3.2.2.3]

— [horizontal]

—— [vertical]
100 ! I

S=)430ms

A 4Dl

100

. |m;;lam:e¥a|:lm[EEE§3Z‘,T63]
Lateral force method, and Modal superposition

= e 1-5
spectrum analysis. " agr/y 01603 28

Basic value used in the seismic design is the

ratio of horizontal seismic acceleration. Click [#*
and a special dialog window appears where you

may in detail specify all the necessary seismic
parameters (soil factors, spectra periods,

behaviour factors, etc.) for the design spectrum,

according to Eurocode 8-1:2004.

Soil facter [horizental] (EC5 §3.2.2.2) 5
3,

Soil factor [verical] =100

Behaviar factor [horizontal] [ECB 822.25) = 150

Behavior factor [vertcal] =150

Fundamental vibration peried (ECE §4.332.2.3) T= 038
BTy= 250
pm,= 200

Spectral shape factor [rorzontall EC8 §3.2.2.5)
Spectial shape factor [vetical] EC853223)

Lateral Force Method [EC8 §4.3.3.7]
Carrection factor (ECB54.3.322.1) 2= 100

Force distibution [EC5 §4.33.2.3) & =5 Wi/Ei W= 150
Fo=aggn S Pk Glg,  Fy=Gulagag 8 lar

Plesponse sectrum parameters [ECO §6.4.3.4)

Live load combination factor (ECO T.A1.1) W= 030

Srow load combination factor (ECO T.41.1) W= 020

Reset

If seismic loading is specified 0 (zero), the seismic analysis is skipped.

17.7.2 Single Bay portal frame under vertical and horizontal load

Permanent load gk kN/m (total load except self weight of rafter)
Variable load-1 vertical load gk kN/m (imposed floor loads or snow load etc.)

Variable load-2 concentrated Horizontal load Hk kN (wind or seismic load)

TS

A 4y

T

IE 1 Tleec)_2

Spectium type
Otype 1

Ground pe [ECBT32.7.33)
8- Very dense sand. aravel.s tif clay

@ype2

Cheracteristc speciral periods

o [vettcal]

Td= 120 | 100 |sec
Important classes (EC8T.4.3)
11 Ordinary buidings

X carce

7 Help

The two variable loads gk and Hk are combined if they act together with wo factor wyo=0.70
The design loads obtained from load combinations as:

ULS (Ultimate limit state):
L.C. 201: 1.35gk+1.50gk (Eq.6.10)
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L.C. 202: 1.35gk+1.50Hk (Eq.6.10)

L.C. 221: 1.35gk+1.50qk+0.70x1.50Hk= 1.35xgk+1.50gk+1.05Hk (Eq.6.10)

L.C. 222: 1.35gk+1.50Hk+0.70x1.50gk= 1.35xgk+1.50Hk+1.05gk (Eq.6.10)
SLS (Serviceability limit state)

L.C. 301: Gk+Qk (Eq.6.14a)

L.C. 302: Gk+Hk (Eq.6.14a)

L.C. 311: G + Qk + 0.70Hk (Eq.6.14a)

L.C. 312: G + Hk + 0.70Qk (Eq.6.14a)

Loads f233aasyy3333y3000000000000000 01 [
fS5ssssressssssannaneesssnsest
Iﬂg 2k

Permanent load gk=| 2100 % khim

Variable load-1 -
ke 8.400 | & km | H |
| 1

arable load-2 Hk=| 6.300 | &k L

17.7.3 Single Bay portal frame under vertical and horizontal load with concentrated
loads on the columns

Permanent load gk kN/m (total load except self weight of rafter)
Variable vertical load gk kN/m (imposed floor loads or snow load etc.)
Permanent Concentrated load Gk kN (load from higher floors)
Variable vertical concentrated load Qk kN (load from higher floors)
Variable concentrated Horizontal load Hk kN (wind or seismic load)

Loads

Pktmmm:&ﬁxmmdpk
Permanent load gk=[ 2100 |3 kN/m Pgk=| 16.80() 5 kN }h‘. EE
Variablz load1 gk=] 2.400 |2 knim Paj=| 67.20( % kn

|
) H
Y ariable load-2 Hie=| £.300 | i ﬂ_

18 Design of Bracing systems

-

H Design of frame structures »
Bracing systems are required to resist transverse actions, 57 Designof Floor Beams  +
due to wind and earthquake. B vesignotRootbeams >

For this two bracing systems are provided.

Vertical bracing system in the sidewalls between the ‘% "[D{]] Vertical bracing system
columns. This system transmits the horizontal transverse 3355 Reof bracing system
loads from the roof to the ground and temporary stability

during the erection. ‘% Brang S

Horizontal roof bracing system. On the roof to transmit the transverse loads from the roof to
the vertical bracing and to provide temporary stability during the erection.

For the vertical bracing system basic data are the
dimensions length (Ly) and height H in meters, and
the concentrated load on the top of the bracing system
Qed?2. For a structure with N bracings in the transverse
direction and wind pressure wk (kN/m2), and wind
pressure coefficients Cpe,D (pressure) on the upwind
face and Cpe,E (suction) on the downwind face ,

Qed2=("a)yqX(Cpe,0+Cpe,e) XWiXA/N.

(A is the area of the face to the wind)
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For the horizontal bracing system basic data are the length Lx and the width Ly and the load
on the nodes Qed1l. For a bracing system as above with k nodes

Qed1=("2)yqX(Cpe,n0+Cpe,e)xWiXA/(Nx(k-1))

For A general bracing system (vertical and horizontal) the loading is the uniform distributed
load on the roof level ged.

ged=("2)YqX(Cpe,0+Cpe,e)XWiXA/(NXL).

18.1.1 Example

Wk=0.91kN/m2, Cpe,D=0.80, Cpe.E=-0.50, L=24m, H=6m, Lx=6m, Ly=8m, N=3,
k=24/6+1=5.

ged==("2)1.50x(0.80+0.50)x0.91x(24x6)/(3x24)= 1.78 KN/m
Qed1=("2)1.50x(0.80+0.50)x0.91x(24x6)/(3x4)=qedxLx=10.68 kN
Qed2=(")1.50x(0.80+0.50)x0.91x(24x6)/3=qedxL/2=21.36 kN

The necessary number of connection bolts to connect the bracing members to the structure
components are computed. You specify the desired bolt diameter and steel grade.

19 Fundaments of Steel columns

The concrete footing of steel structures has to be &
designed to resist soil pressure for maximum
vertical load, and it must have enough weight to 7 -
resist uplift (from wind or seismic forces). Wl Beseplateanchoring | gl Footing (ixed) N-H-M
e Pin (N-H) and Fixed (N-H-M) Column
foundations.
e You can also specify if the foundation has
an horizontal tie to take the horizontal
outwards forces or not

prn
ﬁ Footing (pinned) N-H

k-3
* Footing with tie (pinned) N-H

e
* Footing with tie (ficed) N-H-M

19.1 Loading on the fundament

The final design actions, after multiplication of permanent and variable loading with safety
factors (Y and Yq), Eurocode 0-19990-1-1, Tabl.A1.2.

Neq= YG'Ngk+ YQ'qu-

N(-) eqa Axial load downwards.

N(+),ed, Axial load upwards (uplift)

H eq Horizontal force on the top of the base column. The height over the foundation surface of
the base column ch must be specified for the correct application point of the horizontal force.
M4 Moment at the top of the base column.

For download loading usual values are Y =1.35 (unfavourable), yo=1.50.

For uplift loading usual value are Y =0.90 (favourable), yo=0.00.

Structural steel grade [EM1993-1-1 §3.2) |S 355 Fp=355M A fu=510M fmré vl
Partial zafety factars for actions 'YG'= = '¥Q= > Yeme=| 1.00 (5
Partial factars for materials EC3 "r"m: : '}’MF : }"Mg :
Loading

NE.ed=[17500  [$  Hed=[12500 |4 im]

N()ed=[7500 |3

ooy

Concrete-Steel class
Colurnn Baze |T| Lo
I .

Footing —B—

F

Soil properties

Footing depth

 CorretecoverCoome | & mm 402 |13
owe] 0800 [$im e 0800 [Sm  che 2000 [4fm

Bu=] 2000 |4/ ] Ey<| 2000 | &{n ] Bh< 0700 |5 @[5 |+
quk= =0 \rk 2 kNim® mk@: : b =

hi= 2700 [ 4 m

%H Copyright © RUNET Software ®

www.runet-software.com 39



STEELexpress RUNET software

19.2 Dimensions of Fundament

The Dimensions of the fundament are Bx (length) ,By(breadth) and Bh height. The dimensions
of the base column are cx,cy and ch. Select the concrete and steel classes, the concrete cover

and the preferable diameter of steel reinforcement. Click I3 to select the concrete
cover from environmental conditions according to Eurocode 2 4.2.

For the soil you specify the soil bearing capacity qux the soil unit weight y, and the
angle of shearing resistance ¢y °.

You may obtain the soil properties from the table with soil properties m

The soil bearing capacity can be estimated by clicking o .

19.3 Estimate of fundament dimensions (pre-dimensioning)

+—t

Click IQI to get a pre-dimensioning and a first estimate of the fundament dimensions. If

next to the fundament values Bx, By or Bh is checked Eh_ = then this dimension
value will not be changed in the pre-dimensioning. In pre-dimensioning the fundament
dimensions are adjusted by the program so the fundament weight is enough to resist uplift
forces. The width By and the height are also adjusted to be adequate so the passive earth
force to resist the horizontal base force outwards

19.4 Steel Tie and Passive earth pressure

The high horizontal forces acting at the base are acting outwards as a result of bending in the
columns due to vertical loading on the roof.
This is resisted in two ways: | |

e Steel tie at column base A tie cast into the floor slab connected (_ ]
to the base of the columns. This should be considered more safe
method to resist the horizontal forces at the base of the columns

e Passive earth pressure on the side of the foundation. In
this case the earth filling and compacting on the side of the Hed
foundation must be performed carefully, so that the passive -
earth pressure is not reduced. The fundament transverse width Forg
By and the height Bh are used to compute the active area for —>§
passive earth pressure.

19.5 Foundation, Bearing resistance

The basis for the design of foundations is the bearing resistance of the soil.

The design bearing resistance may be calculated using analytical or semi empirical methods.
Annex D of Eurocode 7 EN1997:2004 describes a method of obtaining the design bearing
strength of the soil.

The methods of Annex D for drained and undrained conditions are implemented in the
program.

The Design bearing strength of the soil is estimated for EQU, STR and GEO conditions.

The computation of design bearing strength is for drained and undrained soil conditions. For
drain soil conditions the important soil property is the angle of shearing resistance ¢ [°] and
the cohesion intercept ¢, [kPA]. For undrained soil conditions the important soil property is the
undrained strength ¢, [kPa].

For the computation of design bearing strength other parameters are the dimensions and
foundation depth of the footing, as well as the loading and the load eccentricities.

In the foundation design of the program for the soil strength we use the soil bearing pressure
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quk (N/mmz2). This is a corresponding soil strength to the soil allowable pressure. In the

foundation design we use as Design bearing soil pressure qud=quk/yqu, where gqu is the
partial factor for unconfined strength. (Eurocode 7, Annex A). So to be consistent the convert
the design strength estimated from Annex D of Eurocode? to the soil bearing pressure used in

the program the design value have to be multiplied by Yqu.
Is Yqu =1.40 for EQU and 1.00 and 1.4 for (STR-GEO).

Click o , In the design of fundaments or in the design of retaining walls, and you get into a
calculation window for design bearing resistance.

Soil bearing resistance calculations. B
Sl properies Fogting dinensions Foolingloads
Undhained shear suength  Cog=| 200 | 2 kPa Footingbreadth <[ 200 |m Venicalload  Ned=[ 436 | T
angle of sheating resivance. Fi=| % | Fooinglengh L= 200 |m Horonalload Hed=[ 125 |k I
Cohesion intercep! G 0 | Fooingdepth 4=/ 270 |m Moment  Medx| 0|k h
weight densiy H= e Total height w270 |m Moment  Medy-| D |km \
TITTTTTITTTTT Taw
—— Bl ——
Drained conditions , Soil bearing pressure quk— 0.93 N/mm?
"
{2C7 EN1997-1-1:2004 Annex D)
70=338% ¥m, Myad=0 Km
. ey=dyed/Ned=0/486=0.00 =
(2C7 EN1997-1-1:2004 Annex D.4) w
i e i%‘ Include caleulations in report [l Ciose || 2 Hep

There you have an estimate of the soil bearing resistance Quk which you may use in the
program, from the soil and fundament parameters.

If there you check to include the calculations in the report, then the design bearing resistance
will be set to the minimum estimated and the calculations will be included in the report of the
footing design. (Remember that if you alter the dimensions or loading you have to revaluate

quk).

20 Base Plate design

Base plate bolt-connection is designed for the

column over the concrete foundation. The anchor “ 7

bolts are designed to resist shear and pullout forces & Cooting of stecl column >
due to uplift wind or seismic forces. CEN/TS 1992-4- - ’

1:1992 and CEN/TS 1992-4-2:1992 are used for the ﬁ ﬂ Simple column base connection
design of the fastenings in concrete. The connection & _
is designed according to EN1993-1-8 iy Fixed column base connection

e Simple column base connection. Connection that resists only
vertical and horizontal forces. Usual connection of Pin support of
Portal frames.

e Fixed column base connection. Connection that resists vertical,
horizontal forces and moments. Usual connection of Fixed support
of Portal frames.

M24 5.

The connection has a base plate connected to the column by fillet welds. Holding down
anchoring bolts are designed. The bolts are anchored in the concrete foundation with hooks or
washer plates.
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If the connection is simple connection then the
connection is not designed to carry bending moment.
(pin connection). In the case of pin connection the P Nt 11
bolts are located in the middle of the column. I i
If the connection is designed to carry bending
moment (fixed connection), the bolts are located
outside and close to the peripheral of the column.

20.1 Loading

The final design actions, after multiplication of permanent and variable loading with safety
factors (Yg and Yq), Eurocode 0-19990-1-1, Tabl.A1.2. Neg= Yo Ngk+ Yq-Ngk-

N(-)eqa Axial load downwards.

N(+) eq, Axial load upwards (uplift)

V eq Horizontal shear force on the connection.

Meq Moment.

For download loading usual values are Y =1.35 (unfavourable), yqo=1.50.

For uplift loading usual value are yg =0.90 (favourable), yq=0.00.

20.2 Anchor type

The holding down anchor bolts of the base plate are extended with anchors into the
foundation. The anchor system can be (simple hook, bended hook or washer plate).

The holding down bolts are usually anchored into the foundation by bonding or by bonding and
bearing. When there are moderate tension forces (usually in pin type connections) the anchor
system can be with simple anchor hooks. The anchoring type with anchor hooks (first two
choices) cannot be selected for bolt grade fy>300N/mm2 (M>5.6), according to Eurocode
1993-1-8:2005, 6.2.6.12 (6). Anchor bolts with hook have much lower capacity of anchors
with washer plate. In case of very high tensile forces special anchor bolts must be provided.

If in the design process the base plate thickness or the anchor bolt diameter is not adequate
the program adjust them (if possible) to new higher values if the boxes next to them are not
checked.

20.3 Bearing capacity of concrete base

The partial loaded base area, develops local crushing and transverse forces. The bearing
capacity is computed according to Eurocode 2 6.7. We assume (on the conservative side), that
the maximum design distribution area has sides 50% more than the loaded area Ao,
Ac1=1.50x1.50xAco, Ac1/Aco=2.25, (Acl/Aco)=1.5.
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21 Short theoretical overview

21.1 Units

The units used in the program are SI (System International Metric) units. The unit of any
input value is marked next to the place you enter the data. The unit of every value in the
report is also marked.

Units used in the program:
length [m].and [mm]
forces [kN]

moments [KNm]

stresses [N/mm2] = [GPa]
concentrated loads [kN]
distributed loads [kN/m2]
line loads [kN/m]

21.2 Coordinate system

21.3 Design Loads, EN1991:2005 :

21.3.1 Permanent loads, EN1991-1:2005
Weight of structural elements.

2.0
21.3.2 Imposed loads EN1991-1:2005
A distributed imposed load gk according to Eurocode 1 EN1991-1-1 Tab 8
6.1 is considered on top of the roof.

1.0
21.3.3 Snow load EN1991-3:2003 55
Snow load is computed according to Eurocode 1-3 EN1991-3:2003, from
the characteristic snow load on the ground and the roof slope.

nl

s=p; Ce Ce 5, (EN1991-3:2003 §5.2) [kN/m2] el U

The three characteristic load arrangements of EN1991-3:2003 §5.3.3 are considered in the
load cases. If the frame is flat (a=0°) one load arrangement is considered s= 0.80 C. C; S
The characteristic snow load on the ground sy can be defined directly by

selecting the snow region, snow zone and the altitude, according to py(a) i)
EN1991-3:20 Annex C. (n

The snow load arrangements according to Eurocode 1-3 are QSMME“*’
Flat roofs. Load case (I) (1
Pitched roofs Load cases (I) (II) III) Fil@)  0,5p ()

If the roof slop is low, only snow load arrangement (I) is Iy
necessary. The limit slope for this is angle a=2°. You can I

set this angle to a bigger value at Parameters/Design
parameters/ parameters for Portal frames.

ay  ay(
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21.3.4 Wind load of EN1991-4:2005

Wind load is computed according to of EN1991-4:2005 §7.2.5 —10,60 - — 1060 <
from the wind peak velocity pressure q(z). 140 140

=]
w
= E

Wind pressure on surfaces we=q(z)-Cpe [kN/m2]

The wind pressure coefficients Cpe are computed from EN1991-

4:2005 Tab.74a for roof surfaces and EN1991-4:2005 Tab 7.1 for

the vertical wall surfaces. |:>
The wind peak velocity pressure q(z), can be defined directly from

the wind velocity the terrain roughness and the oreography.

According to EN1991-4:2005 §4.5 and Annex A.

The wind pressure or under pressure on roof and wall surface are

computed according to Eurocode 1-4. For roof slopes (a<=8°) one

load arrangement is considered. For higher slope values two wind 24 00 e
load cases are considered according to the pressure coefficients of

Table 7.4a of Eurocode 1-4.
The specified internal pressure is always added (increase under H_T_]_T_

3.50
T

pressure) to the external wind pressure situation. A B c

21.3.5 Earthquake loading EN1998-1:2004
The earthquake loading is defined from the ground acceleration and
the design spectrum according to Eurocode 8 EN1998-1:2004. |:>

T’{
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21.4 Design load combinations EN1990:2002

All the necessary load combinations defined in Eurocode0 EN1990:2002 are considered and
the resulting design forces are checked in the strength verifications.

21.4.1 Load combination factors (EN1990 Tab.Al1.1)

Category H (roofs) Qk wo=0.00, w1=0.00, y2=0.00
Snow loads on buildings Qs wo0=0.50, w1=0.20, wy2=0.00
Wind loads on buildings Qw wo=0.60, w1=0.20, w2=0.00

21.4.2  Ultimate Limit State (ULS) (EQU)

Ed = yG-Gk + yQ:Qkl + yQ-wo:Qk2 (Eq.6.10)
vG,sup=1.10 (Unfavourable)

vYG,inf=0.90 (Favourable)

yQ =1.50 (Unfavourable)

vyQ =0.00 (Favourable)

21.4.3 Ultimate Limit State (ULS) (STR)

Ed = yG-Gk + yQ-Qkl + yQ-wo-Qk2 (Eqg.6.10)

Ed = yG-Gk + yQ-wo-Qkl + yQ-wo-Qk2 (Eqg.6.10a)
Ed = & yG-Gk + yQ-Qkl + yQ-wo-Qk2 (Eqg.6.10b)
vYG,sup=1.35 (Unfavourable)

vG,inf=1.00 (Favourable)

vyQ =1.50 (Unfavourable)

vyQ =0.00 (Favourable)

£=0.850, &yG=0.850x1.35=1.15

21.4.4 Serviceability Limit State (SLS)

Ed = Gk + Qkl + wo-Qk2 + wo-Qk3 (Characteristic combination) (Eq.6.14b)
Ed = Gk + w1-Qkl + w2-Qk2 + w2-Qk3 (Frequent combination) (Eq.6.15b)
Ed = Gk + w2:Qkl + w2:Qk2 + w2:Qk3 (Quasi-permanent combination) (Eq.6.16b)

21.4.5 Ultimate Limit State (ULS) Seismic situation

Ed = Gk + Aed + w2:Qkl + w2:Qk2 + y2-Qk3 (Eq.6.12b)
Snow load Qs, Wind load Qw, Seismic load Aed
L.C. 601: Gk + 0.30Qs1 + Aed (Eq.6.14a)

21.5 Materials EN 1993-1-1:2005 § 3.2

The steel grades listed in Eurocode EN 1993-1-1 Table 3.1 and EN 1993-1-3 are included in
the program.

The steel properties (yield strength f, and ultimate strength f,) can be changed from
Parameters/Material.

Design values for: Modulus of elasticity E=210000 N/mm?2, Poisson ratio v=0.30, Unit mass
p= 7850 Kg/m3

21.5.1 Steel grades included in the program

S 235 EN 10025-2 fy40:235;fu40:360
S 275 EN 10025-2 fy40:275;fu40:430
S 355 EN 10025-2 fy40:355;fu40:510
S 450 EN 10025-2 fy40:440;fu40:550

S 275 N/NL EN 10025-3 fy400:275;fu4:390
S 355 N/NL EN 10025-3 fy40:355;fu40:490
S 420 N/NL EN 10025-3 fy40:420;fu40:520
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S 460 N/NL EN 10025-3 fy40:460;fu40:540
S 275 M/ML EN 10025-4 fy40:275;fu40:370
S 355 M/ML EN 10025-4 fy40:355;fu40:470
S 420 M/ML EN 10025-4 fy40:420;fu40:520
S 460 M/ML' EN 10025-4 fy40:460;fu40:540

S235W EN 10025-5 fy40:235;fu40:360
S355W EN 10025-5 fy40:355;fu40:510
S 460 Q/QL EN 10025-6 fy40:460;fu40:570
S235H EN 10210-1 fy40:235;fu40:360
S 275H EN 10210-1 fy40:275;fu40:430
S 355H EN 10210-1 fy40:355;fu40:510

S 275 NH/NLH EN 10210-1 fy40:275;fu40:390
S 355 NH/NLH EN 10210-1 fy40:355;fu40:490
S 420 NH/NLH EN 10210-1 fy40:420;fu40:540
S 460 NH/NLH EN 10210-1 fy40:460;fu40:560

S 220GD+Z EN 10147 fy40:220;fu40:300
S 250GD+Z EN 10147 fy40:250;fu40:330
S 280GD+Z EN 10147 fy40:280;fu40:360
S 320GD+Z EN 10147 fy40:320;fu40:390
S 350GD+Z EN 10147 fy40:350;fu40:420
H240LA EN 10268 fy40:240;fu40:340
H280LA EN 10268 fy40:280;fu40:370
H320LA EN 10268 fy40:320;fu40:400
H360LA EN 10268 fy40:360;fu40:430
H400LA EN 10268 fy40:400;fu40:460
H260LAD EN 10292 fy40:240;fu40:340
H300LAD EN 10292 fy40:280;fu40:370
H340LAD EN 10292 fy40:320;fu40:400
H380LAD EN 10292 fy40:360;fu40:430
H420LAD EN 10292 fy40:400;fu40:460
220GD+ZA EN 10214 fy40:220;fu40:300
250GD+ZA EN 10214 fy40:250;fu40:330
280GD+ZA EN 10214 fy40:280;fu40:360
320GD+ZA EN 10214 fy40:320;fu40:390
350GD+ZA EN 10214 fy40:350;fu40:420

The steel grades for cold formed steel C Z and U sections are included.

21.6 Partial factors EN 1993-1-1:2005 § 6.1

The partial factors yv are applied to various characteristics resistance values. The partial
factors are defined in the program from the selected National Annex., and can be overwritten
in Parameters/National Annex parameters.

Usual values for steel structures

Vio = 1.00
Ymi = 1.00
Ym2 = 1.25

Usual values for concrete structures (EN1992-1-1 Tab. 2.1N)
Yc = 1.50 (concrete)
Ys = 1.15 (reinforcing steel)

21.7 Second order effects EN1993-1-1 §5.2.1

The material behaviour is considered linear elastic. The second order effects are geometrical
(P-A and P-0) effects. The practical consequence of (P-A)-effects is to reduce the stiffness of
the frame, with a result the increase of the deflections and the internal forces beyond the ones
calculated from first-order analysis.

The effects of the deformed geometry are quantified using the factor a.- EN1993-1-1 §5.2.1
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acr=Fcr/Fed EN1993-1-1 Eq. (5.1)

Fed: is the design loading of the structure

Fcr: is the elastic critical buckling load for global instability mode based on initial elastic
stiffness.

The frame is considered sufficiently stiff and second order effects may be ignored in a first
order analysis if a; = 10

For portal frames with shallow slopes according to EN1993-1-1 §5.2.1 (4) a.- can be estimated
as

H h
Ay = (—EdJ —— | EN1993-1-1 Eq (5.2)
VEd H,Ed

Hed : total design the total design horizontal load

Ved : total design vertical load

Oned : is the horizontal displacement at the top of the columns
h : is the column height

Axial force in the rafters may be assumed to be significant if

_ Af
A <05 |—~ EN1993-1-1 Eq (5.3)
NEd

According to EN1993-1-1 §5.2.2 (5), single story portal frames designed based on elastic
analysis the global analysis second order effects due to vertical load may be calculated by
increasing the horizontal loads Hed by equivalent loads ¢ Ved due to imperfections and other
possible sway effects according to the first order theory by an amplification factor

1
1— provided that a, = 3 EN1993-1-1 Eq (5.4)
%cr

If a, < 3, second order analysis is necessary

21.8 Imperfections EN1993-1-1 §5.3.1

Global initial sway imperfection: @ = Qg e a, e ¢,
@o: Initial value =1/200
an: Reduction factor for column height = 2/vh (2/3 < ay, < 1) (h: structure height)

®m: Reduction factor for number of columns in a row a,, = 1/O.5‘1+}{ni
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21.9 Steel section types included in the program

L IPE T IPE Ewonom 1957
T IFE &
T IFED
T IFEY
T IPE 750
L HD T Hp-
T HD-2 ASTM AGA BM
T HP
T IFH

I UE UC[BS]T UE-1 BS 4 part 1-1993
I UE-2 BS 4 part 11993
I UC BS 4 part 1-1993

T IGOST T MNol0 No0 GOST 8239-89
T 10B1.45B2 GOST 26020-83
;“33'3“ T 50B1.100B4 GOST 26020-83
ANAArdS P ongHy, 70SHT GOST 26020-83
T 20K1.40K5 GOST 26020-63
T 24DB1.50DHT GOST 2R020-63

L L[ L20x20s3. 80808 Euronorm 56-77
L, L100x10045..1602160x19 Euronom 56-77
L, L180x180416. 250x250428 Euonom 56-77

O et ralied
|E| cold formed

© b= 10.2 - 1016 mm
C C.C Steadman C140-C300
C Ruukki C100-C350
C Albion C1252226
C Albion C246-Z401
C Dimond DHS150-DHS400

I He HE & [IPE1] Ewronorm 53-52
HE A,

HE B [IPE] Euronorm 53-62
HE M [IPE+] Euronorm 53-62
HE Euronorm 53-62

HL

T WIASTMET w1 ASTM AGAS GM
T w-2 ASTM AG/A BM
T -3 ASTH AE/A BM

HHHHHHA

I ISMB,SC.HE I ISME Indian Standard
T 155C Indian Standard
T ISHE Indian Standard

C UL UPM

AP MF A 45-255

IPE

By 40 GOST 8240-89

5P.40F GOST 8240-89

i r

L Lal L30x20x3. 80240+3 Euronomm 57-78
L LA0sE0xE. 130540512 Evronom 57-75
L L150x75%9..250x90416 Ewonom 57-78

[0 hot ralled

|E| cold formed

L 2 7 Steadman 21402300
L Ruukki Z100-Z350
L Albion 21252226
L Albion Z246Z4M
1L Metzec Z142.7202
1 Metzec 72327342
L IC5 Z152-2254
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21.10 Classification of cross sections EN 1993-1-1:2005 § 5.5

The design of steel elements can be done with elastic or plastic analysis depending on the

class of the cross section.

The design of sections of classes 1 and 2 is based on the plastic resistance, the design of
cross-sections of class 3 is based on elastic resistance, and the design of cross-sections of

class 4 is based on elastic resistance and effective cross section properties.
The classification of cross sections in 1, 2, 3 and 4 classes depends on the ratios of thickness
to width of the parts of the cross-section which are in compression according to tables 5.2 of
EN 1993-1-1:2005.

Table 5.2 EN 1993-1-1:2005 - Internal compression parts

Internal compression parts
I—\—,—l | —
_HTC _ _ IC _ _ _ ¢ _ Axis of
bending
th t- *l t - T‘(t
————  — 1
t
[ iI 1 ] *
» NS — * 1 Bt Axis of
C c Cc :
- - L - - - - — bending
[ ] L 1 L ] ‘uF.—“J \—J
Class Part subj_ect o Part subj ectto Part subject to bending and compression
bending COMPression
f f f
Stress — — —
d1s_.'t1'1b11t10n + + + | e
¢ 1n parts c c c
compression - _
positive) — == \:
tY fS’ fh’
when o> 0.5: ¢/t < 129681
1 c/t<72e c/t<33e 36{:_
when 0 <0.5: ¢/t <—
o
456e
when o> 0.5: ¢/t < o1
2 c/t<83 c/t<38e o=
41.5¢
when 0 £0.5: ¢/t <
o
f f
Stress ! _f g
distribution
1n parts c . c c
(compression | |c2
positive) L
fy v,
42¢e
wheny>-1: ¢/t ——
3 c/t<124e c/t<42e 0.67+0.33y
when w<—17: ¢/t <62¢e(1 —q!}\,'"(—lp)
e= [235/F y 235 275 355 420 460
VT € 1,00 0,92 0,81 0,75 0,71
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Table 5.2 EN 1993-1-1:2005 - Outstanding flanges

Outstand flanges

- o I [ S

t t t t
Rolled sections Welded sections
Class Part subject to compression — Part sub_]ec.t o bending and compression
T1ip 1n compression Tip 1n tension
Stress ac ac
distribution __ N +
1n parts 2 | e —
(compression - ' _
positive) I H J c | | c
9e 9e
1 c/t=9e c/lts— c/tE—
o oo
10e 10e
2 c/t<10e clts— e/t ——
o oA o
Stress /
distribution __ — + _ 1+
s | — | N | :
compression ! |~—-| | f—=C | —2C .
positive) '
t<2le,fk
3 c/t<14e N V¥o
For k; see EN 1993-1-5
e= [235/F f, 235 275 355 420 460
oo £ 1,00 0,92 0.81 0,75 0,71

Table 5.2 EN 1993-1-1:2005 - Angles

Angles
—
t Does not apply to angles m
Refer also to “Outstand flanges™ b continuous contact with other
(see sheet 2 of 3) components
Class Section in compression
Stress
distribution f
across c ~
section
(compression u
positive)
b+l
3 h/t<15e: <115
Tubular sections
t-
ﬂ&*\ d
Class Section 1n bending and/or compression
1 d/t<50¢
2 d/t <70’
2 d/t <90¢’
NOTE For d/t >90¢e? see EN 1993-1-6.
. £ 235 275 355 420 460
£= \I.'JSS £, € 1.00 092 0.81 0,75 0,71
g’ 1,00 0,85 0.66 0,56 0,51
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21.11 Ultimate limit states EN 1993-1-1:2005 § 6.2

21.11.1 Tension EN 1993-1-1:2005 § 6.2.3
N
—H <] (EN 1993-1-1, 6.5)
Nt,Rd
Design plastic resistance of the cross-section.
A-f,
Noira = (EN 1993-1-1, 6.6)
MO

Design ultimate resistance of net cross-section at holes for fasteners.

Ny ra L AN (EN 1993-1-1, 6.7)
Ym2

A area of cross-section
Awt area of net cross-section (minus holes)

f, yield strength of steel

fLI ultimate strength of steel

Vmo » Vmo Partial factors for material

21.11.2 Compression EN 1993-1-1:2005 § 6.2.4

N

ZTE (EN 1993-1-1, 6.9)

Nc,Rd

NC’Rd for class 1, 2, 3 cross-sections (EN 1993-1-1, 6.10)
Y mo
Aefr ’ fy .

NC’Rd = ——— for class 4 cross-sections (EN 1993-1-1, 6.11)

Ymo

A area of cross-section
Ay effective area of cross-section

fy yield strength of steel

Vo partial factors for material

In case the design value of shear is Vg, > 0.50Vp,’Rd the reduced yield strength is used.
2

Ne 4 (EN 1993-1-1, 6.29)

(l—p)ﬁ/, where p =

pl,Rd
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21.11.3 Bending moment EN 1993-1-1:2005 § 6.2.5

M
£ < (EN 1993-1-1, 6.12)

Mc,Rd

Design resistance of cross section for bending about the principal (y-y) or secondary (z-z)
axis.

Wpl y fy
My,Rd =M olyrd = forclass 1, 2 cross-sections (EN 1993-1-1, 6.13)
Ymo
Wplz ’
MZ’Rd =Mpl,z,Rd =—-="" forclass 1, 2 cross-sections
MO
Wel y ' fy
My’Rd = |\/|e|1y’Rd =—"2_" for class 3 cross-sections (EN 1993-1-1, 6.14)
Ymo
Wel z”
M, rs =My, gy =—— forclass 3 cross-sections
Mo
W, - f
M, g =M, = — " for class 4 cross-sections (EN 1993-1-1, 6.15)
Y mo
M, =M, ==L for class 4 cross-sections
Y mo
WpLy Wpl‘Z plastic section modulus about principal and secondary axis,
Wel,y We,’Z elastic section modulus about principal and secondary axis,
W y Wy , effective section modulus about principal and secondary axis,
fy yield strength of steel

VMo partial factors for material

When bending moment acts together with axial force design check is performed according to :

M
—H-<1 (EN 1993-1-1, 6.31)
N,Rd
N 2
My i =M 1- £d
> pl,Rd
LR (EN 1993-1-1, 6.32)

In case the design value of shear is Vg > 0.50V oy the reduced yield strength is

used.
2

(1-p)fy, where p = 2V—Ed—l (EN 1993-1-1, 6.29)

pl,Rd
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21.11.4 Bi-axial bending EN 1993-1-1:2005 § 6.2.9
M\ (M., Y
y.Ed J{ Z’E"j <1 (EN 1993-1-1, 6.41)
My,Rd Msz

For I and H sections: a=2, B=5n, B=1 (N=Ngy/Npj rda)
For circular hollow sections: a=2, =2

For rectangular hollow sections a=B=1.66/(1-1.13 n?)

21.11.5 Shear EN 1993-1-1:2005 § 6.2.6
V

—E_ < (EN 1993-1-1, 6.17)
c,Rd

Plastic shear resistance parallel to the cross-section web.

A/z'fy

Vg =V, ng =——2 (EN 1993-1-1, 6.18)
, pl,Z,Rd ’
V3ro

Plastic shear resistance parallel to the cross-section flanges.

A\/y'fy

V, o =V =— (EN 1993-1-1, 6.18)
y,Rd pl,y,Rd r
\/§7M0

A,y A, shear areas parallel to the cross-section web or flanges,
fy yield strength of steel

VMo partial factors for material
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21.11.6 Buckling resistance of uniform members in compression

EN 1993-1-1:2005 § 6.3.1

Buckling resistance due to compression.

N

—H-<1 (EN 1993-1-1, 6.46)
b,Rd
YAf
Nb’Rd ==Y forclass 1, 2, 3 cross-sections (EN 1993-1-1, 6.47)
M1
ZAe' f
Nb R = Ly for class 4 cross-sections (EN 1993-1-1, 6.48)
, Y

The reduction factor y is determined from the non-dimensional slenderness A

- (EN 1993-1-1, 6.49)
D+VD2— 1

®=05p+ali-02)+ 7]

_ [4 2 1,
A= fy;Ncr=ﬁ]§A;i=¢”;i=\/z
N A i A

cr

Z non-dimensional slenderness,
N, elastic critical buckling load,

Lcr equivalent buckling length,
A slenderness,
i radius of gyration.

The imperfection factor & that corresponds to the appropriate buckling curve ao,a,b,c,d should
be obtained from Table 6.2 of Eurocode 3, EN 1993-1-1:2005:

Buckling curve ao a b C d
Imperfection factora | 0.13 | 0.21 | 0.34 | 0.49 | 0.76

Equivalent buckling lengths Lcr/L

' ' ¥
I| I'.II E
{
10 20 p7 050 10 .=<10 2.0
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Table 6.2 EN 1993-1-1:2005 Selection of buckling curve of a cross-section

Buckling curve
Buckling | § 235
Cross section Limmts about S 275
axis S 355 S 460
S 420
ts z v-y a o
_ I t; = 40 mm :
— O it zZ—Z b ag
w :"5 r—v b a
£ = | 40mm<t;<100 | 7Y
B Z—Z C a
2 hi vy y
- 7 — %7 b
é: - tr< 100 mm 1 _; c :
= ik,
L. Wi
; o .
z = tz> 100 mm yoy d €
b Z—Z d c
" j'rtrtf ! ! :Hf tr < 40 mim 1 - l ICJ E
= B -
o o
5 ; Y Ty Yy —"Jf_‘_ Y
= 7 ' -y c c
z | : y-)
y ty> 40 mm 7z d d
z z
> @ hot finished any a 4
=22
k-
- cold formed any c C
1Z t
_ ! | generally (except as .
é @ below) any b b
= h| y - -—y
= o -
G tu thick welds: a > 0,5t;
= [ ] b/t < 30 any c c
- Zb h/t,. <30
G-
i3 - my | e | e
52 .
2
P
; n - any b b
7
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21.11.7 Lateral torsional buckling for uniform members
EN 1993-1-1:2005 § 6.3.2

Lateral torsional buckling of uniform members in bending.

M
—H-<1 (EN 1993-1-1, 6.54)
Mb,Rd
W, f
My gy = 2500 (EN 1993-1-1, 6.55)
ygvil

Wy =WpI , for class 1, 2 cross-sections,
W, =W, , for class 3 cross-sections,

W, =W , for class 4 cross-sections.

The reduction factor ¥, ; is determined from the non-dimensional slenderness ALt

1
Xt = <1 (EN 1993-1-1, 6.56)

(DLT + \/(DiT - /12LT

D= O-Sb"' a ¢ (ZLT - 0.2)+ KJ

- W, f
Aur = |2

cr
The imperfection factor & which corresponds to the appropriate buckling curve a,b,c,d:

Buckling curve a b C d
Imperfection factor a,t 0.21 0.34 0.49 0.76

Recommended values for torsional buckling curves:
Rolled Sections h/b<2 buckling curve a, h/b>2 buckling curve b
Welded sections h/b<2 buckling curve ¢, h/b>2 buckling curve d

The critical elastic moment for lateral torsional buckling is computed according to Annex F of
Eurocode 3-1-1 (1992).

M, =C, "‘(Cng -GZ, )2 _(szg _C3Zj)

cr

2
7’EL| | kI, . (kL) GI,
(kL) |\\k,) 1. =°EI,

C1, C2, C3, coefficients depending on the loading conditions and support conditions,
for a beam with uniform bending moment diagram C1=1.000, C2=0.000, C3=1.000
for a beam with parabolic bending moment diagram C1=1.132, C2=0.459, C3=0.525
|

|, warping constant,

«  St. Venant torsional constant,

I, second moment of inertia about the weak axis,

L beam length between the support points,
k, kW coefficients depending on the support conditions,

Zg distance of shear center from point of load application
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21.11.8 Uniform members in bending and compression EN 1993-1-1:2005 § 6.3.4

NEd

M

Y,Ed k z,Ed
X, N / ! M ! M/ B
vV e Vv Xty e 1Y ke Vo
Ny My g M. g
zy zz -
X N !V ZLTMy,Rk/7M1 Mz,Rk/7M1
Rk = Afy
M, o =W, f, forclass 1, 2 cross-sections
M,y =W, [, for class 3 cross-sections,
M, o =W, . f, for class 4 cross-sections,
M pzzf for class 1, 2 cross-sections
M W,..f, for class 3 cross-sections,
M.y = e/,fzf for class 4 cross-sections.

The interaction coefficients k

Table B.1 interaction coefficients kyy Ky, Ky K,

yzr Dy

(EN 1993-1-1, 6.61)

(EN 1993-1-1, 6.62)

K., . K, K, are determined from tables B.1 and B.2

yz ! tzy !
. . Design assumption
In}zglgi;on ;?3;:)35 elastic cross-sectional properties plastic cross-sectional properties
] ' class 3, class 4 class 1, class 2
N — ' N
C (1+0 okyiﬁ] cm_\{1+(1}. —o.z)_iﬁJ
k. Lsections ' T XyNre ' Tan
i RHS-sections ( N.. N
EC‘M,[1+D.6_7E" <C [1+037&J
' XN /Y XyNr /Y
I-sections
ke RHS-sections ke 0.6 k
I-sections
Key RHS-sections 0.8 kyy 0.6 kyy
{ _ \ N
c 140 —06)—8
. XNz /Yan
I-sections | N ’
C 1+0.6LN$J < Cu| 14145 ]
K = X:Nr /Y AaNw ha
[ Ny 3\ N \
stm[1+0_67\] J e [1af —0n) Nu
b Xm e = \ X=Nr: /Y
RHS-sections NZ
C m[l + Oks_iﬁd]
X=Ng /T
For I- and H-sections and rectangular hollow sections under axial compression and uniaxial bending M, rg
the coefficient k., may be ka =0.
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Table B.2
Inferaction Design assumptions
factors elastic cross-sectional properties plastic cross-sectional properties

’ class 3, class 4 class 1, class 2
k. from Table B.1 k. from Table B.1
ke k- from Table B.1 k- from Table B.1
| 0.05A- N, {1 0k N, }

(Cer _O'ES}XzNRk M (Car —0.25) X Nsw / Yan

0.05

NEd

N_,

> 1- 2{1—__ T }
kezy {C'm]_T—U.ES)xZICRk M (c er—O-Ei‘)le\Rk Yan

0.1 Ng

k_ =06+h:<1-

(Cmu —0,25) %Ny /Y

k. kE from Table B.1 l‘:E from Table B.1
Factor Bending axis Points braced in direction
Cmy y-y z-z
Cmz z-z y-y
CmLT y-y y-y
Table B.3
Cr. Cpz B Cyryunder loading
Moment Diagram Range ——
Distributed Concentrated
M s wM d=y=1 0.6+04yz=04
M M
e YWl gcao=1 |-1=ys1|  02+080.204 0.2+08a,>04
= D=y=1 01-080:=04 - 038u;=04
1=a, <0
a, = MM, 1=y=<0|01(1-v)-08a;204| 02(-v)—08a;=04
[+ M, . - -
OD=op=1 |-1=2w=1 0,95 + 0,05 ap 0,90 + 0,10 oy
M, WM, | D=y=1 0.95+0.05 oy 090 +0.10 ay
Al =<0
o, = M,/ M, 12w =0| 095+005ay(l +2vy) 0,90 - 0,10 ap(1 + 2y)

%H Copyright © RUNET Software ®

www.runet-software.com

58



STEELexpress RUNET software

22 Standards and Bibliography

EN 1990:2002/A1:2005/AC:2010
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