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Introduction
Function
ISY Design Steel Cross Section is a tool for strength analysis and design of steel cross sections. An
outline of key functionality is presented below.
Designs of steel cross sections in accordance with applicable standards.
Support for a large number of types of parameterised cross sections, as well as providing an
option for defining completely general cross section geometries.
Full stress control of the various cross section elements.
 Elastic or plastic normal stress.
 Elastic or plastic shear stress calculation.
 Interaction between all relevant stresses.
 Graphic presentation of the stresses in the cross section, including shear flow.
Support for all cross section classes (1, 2, 3 and 4).
 Calculation of class 4 effective cross section properties.
Control of resistance to shear and flange-induced buckling.
Full global stability control.
 Buckling about both axes.
 Torsional buckling and lateral torsional buckling.
 LTB.
 Interaction between the above.
Control of transverse forces
Fire design
Ability to calculate from a selection of cross sections the best cross section to withstand the
applied forces.

Licensing model
All ISY Design modules exist in two versions – Standard and Enterprise. The Standard version
replaces the equivalent module in G-Prog Teknikk, while the Enterprise version is meant to add new
and in-demand possibilities.
The extension in Steel Cross Section Enterprise is national annexes for all Nordic countries except
Iceland.
Please contact Norconsult Informasjonssystemer to get access to the Enterprise version.
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Installation and licensing
ISY Design uses a licensing system from FLEXERA. This is installed together with the program. There
is also a separate program (ISY License) which provides a complete overview of all NOIS programs
using the same licensing system. This requires separate installation but does not have to be installed
in order to use ISY Design. See the manual for installation of the licensing system on our website.
Single user licence
Licence for installation on one local PC, and permanently linked with this. This licence can also be
linked with a physical dongle for anyone who needs to transfer it between multiple machines.
Multiple user licence
Licence for installation on a server so that multiple users can use the program. The licence server
controls the number of simultaneous users.

Support
REMARKS: Users outside Norway should preferably contact their local vendor for support.
Norconsult Informasjonssystemer AS has its own support service where prompt help is available to
customers. Give us a call or get in touch by e-mail.
User support

(+47) 67 57 15 30

E-mail

support.isydesign@nois.no

Internet

https://www.nois.no/

New versions of the program can be downloaded from our website.
It is often easier to help you if you send an e-mail containing the document/file you are asking about.
If you need an answer quickly, we recommend that you also phone. We also have remote control
tools so that we can view your screen, or you can view our screen.
To further reinforce our support service, we have invested in a joint support system aimed at
improving our communication with you in connection with user support. As a client, you can
continue to use telephone and e-mail services, but the new solution gives both us and you a range of
new options for structured follow-up of each client and each individual case.
The support service is set up with a portal with “your page” where you can register as a user, report
cases and follow up the status of your own cases. The portal also has a separate page offering access
to questions and answers on a range of subjects. You can register as a user by logging in to the
support pages on our website. Use the link in the program.
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User interface
We will start off by describing a selection of details from the program. For a more exhaustive list,
please see “User manual, ISY Design General”.

Toolbar
This has three tabs: File, Home and Layout. There are also a number of shortcuts at the top of the
screen.

File
The standard menus for document management and printing can be found here. Licence
information, document options and company information are also available here.

Home
All the options available for inputting and editing data are displayed here. The contents vary in that
they are adapted according to what is displayed on screen. Note that in the calculation group the
button “Settings” opens the possibility to edit calculation settings.

Layout
What is displayed and how it is displayed can be influenced here.

Navigation menu
The Navigation menu (see the figure below) provides access to the entire model and all calculation
results. This is designed to allow you to follow it from the top downwards.

6
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Message bar
If it turns out that the cross section is unable to withstand the applied forces, or if you have input
invalid data, this is displayed in the message bar (see the figure). All errors, warnings and
information messages end up here. The same is true for failed validations.

To provide a better overview, messages that appear several times are collected together in a node
that can be opened in the same way as folders in Windows Explorer. Detailed information on the
cause of the message is also displayed here. In most cases, you will also be able to double-click on
the message to display the window in which the message was generated.

Input data validation
Input data validation may cause info messages, warnings and errors, the last two meaning that the
cross section cannot be calculated. Double-clicking on the error message takes you to the screen in
which the error can be found. Auto calculated data may cause errors like this occasionally. Users of
the program are expected to have enough knowledge of the theory to understand what input data
has to be corrected so that auto calculation does not give error messages. The C factors used for
interaction calculation according to Annex A are one example. A compressive force in excess of
Euler’s load for the member in question may give these a value beyond the permitted limits.

Coordinate systems
Signs in graphical and alphanumeric input data
The coordinate system in the user interface does not always correspond with the coordinate system
in the theoretical basis. An explanation of this can be found in the general user manual.

Cross sectional plane
Three different coordinate systems are used to describe the geometry of the cross section in the
user interface. A fourth system (hor, vert) is also used to specify forces for asymmetrical cross
sections.

Global main axes (y, z) – Member data, section forces and results
This coordinate system is dependent on the rotation of the cross section, with the y-axis to the right
and the z-axis up the screen. Used to describe bar geometry as the geometric length and buckling
option about the horizontal axis (y) and the vertical axis (z). Also used to specify section forces and
display the majority of calculation results, with the exception of shear force calculations.
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Local axes (y’, z’) - Cross sectional geometry
This coordinate system is statically linked with the cross section and dynamically in relation to the
member (screen), and is used to display cross section data in the Geometry window, for example.
The axes in this coordinate system are named y’ and z’ (i.e. with “little extra signs”) so that you can
easily see whether data in the program is available in a local or a global coordinate system.

Initially, the local coordinate system coincides with the global one, where the y’-axis is horizontal
and the z’-axis is vertical. However, when rotating the member for the cross section through 90
degrees, the axes will point to the top and left of the screen respectively, as illustrated in the figure
in the next section.

Local main axes (u, v) - For asymmetrical cross sections
In the case of cross section geometries that are not symmetrical about either the y’-axis or the z’axis, a local coordinate system (u, v) is defined in order to describe cross section data specified in the
main axes for the cross section. The angle between the y’-axis and the u-axis is calculated by means
of 𝐼𝑦′ , 𝐼𝑧′ and 𝐼𝑦′ 𝑧′ . For more details, see the section on cross sectional calculations.
The axes (u, v) are always parallel or perpendicular to (y, z). u and v follow the user controlled
rotation of the member, while as specified (y, z) are independent of this rotation.
8
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Coordinate system for section forces in asymmetrical cross sections (hor, vert)
A coordinate system for asymmetrical cross sections is also needed so that it is easy to specify the
forces along the sides of the angle of the L cross section used as an example. Generally, the sides of
the angle will be oriented horizontally and vertically in a design, and it is common to specify the
forces along the same orientation. Therefore, we will use the designations “hor” (horizontal) and
“vert” (vertical) to specify the forces along the sides of the angle.
Note: As it is conventional for a positive moment about the horizontal axis to give the member
tensile stresses in the bottom edge, we have chosen to show moments about this axis, and
horizontal shear force, using an arrow towards the left!
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Implications in the user interface
Geometry
Numerical data displayed under Geometry is presented in (y’, z’) and (u, v). These are unaffected by
the rotation of the cross section.

Member data
The global main axes (y, z) are shown under Member data and all data is entered in these axes.

Section forces
Under Section forces, it is possible to select between specifying forces in (y, z) or (hor, vert) if the
cross section is asymmetrical. Irrespective of this choice, all input data for calculation of interaction
and lateral torsional buckling will be displayed in (y, z) as this coordinate system has to be used in
the calculations.
The only thing affected by rotation of the cross section is LTB data under “Interaction and lateraltorsional buckling”, as LTB is linked to the moment about the strong axis.

Transverse forces
The menu item Transverse forces is affected by the rotation of the cross section. An I cross section
rotated through 90 degrees can no longer be calculated as the concentrated load specified in the
global system now acts across the web plane.

Stress control
Most of the results in (y, z) are displayed in the stress control, With the exception of shear force
control and buckling. These are displayed in the local (y’, z’) system as the shear forces occurring in
thin-walled cross sections act along the cross section elements (flanges and web) and hence are
necessary for calculating the capacities in (y’, z’).
It is important to note that values in Effective cross section are displayed in the global coordinate
system and hence differ from cross section data under Geometry with 90-degree rotation. Data in
Interaction is displayed in the global coordinate system, and hence shear forces in the global
coordinate system are used; unlike what is displayed under Shear force and torsion and Web
buckling.

Global stability
All stability results are displayed in the global coordinate system, which is static in relation to the
screen. Hence all results are affected by rotation of the cross section. LTB is linked with the strong
axis, and when the cross section is rotated through 90 degrees the strong axis will be linked to other
bar data and section forces. Flexural buckling about the two axes will also be linked with other
section forces and bar data with rotation through 90 degrees. Results for LTB and interaction will
also be changed as a consequence of changes to results for LTB and flexural buckling.

10
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Practical application
A number of typical applications are reviewed here. A selection of options in the program are
described for each step. The examples do not cover everything, but they should be sufficient to help
you understand the rest yourself.
Note that the details in the screenshots may differ slightly from what you can see in the program.

Calculation settings
1. Open the window containing the advanced calculation settings.

2. Check that the preferred settings are selected, or change to the preferred settings. Here, you
can indicate whether you want to use Annex A, B or both in the stability control. The
references in this dialog box are to Eurocode 3 part 1-1.
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Modelling of steel cross sections
1. Create a new steel cross section document as shown in the figure.

2. Input material data for the steel grade (follow the Navigation menu).
3. Input geometry data. This is done either by creating a new profile or by importing one or
more existing profiles from a profile table. If you want to add more profiles to the document
at a later date, find Get from table... in the toolbar. You can also copy and edit profiles using
the toolbar.

Note: Not all cross section types can handle transverse forces. If you select a cross section type that
does not handle transverse forces, these will be removed from the document. The only way of getting
them back is to undo the change of cross section. This is also applicable when the change of cross
section is a consequence of the program calculating the optimal cross section.
4. Input member data.

12
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Capacity control
1. Insert section forces.
The screen for interaction and lateral torsional buckling under section forces
must be opened manually.

Note that input data is disabled where it is not relevant. This means that input
data for interaction assumes that the geometry has buckling options and that
the load case has compressive force. In the same way, input data for LTB
assumes that the geometry has LTB option and that the load case has a
moment about strong axis.

 NOIS AS
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Note: All moments (𝑀𝑣 , 𝑀𝑚 , 𝑀ℎ ) in the screen for interaction and lateral torsional buckling are
merely an illustration of the shape of the moment curve.
2. Insert transverse forces. Concentrated loads do not affect the rest of the design operation,
so you will find both input data and results in this window. The calculation is executed
automatically when relevant data is edited in the document, so these results will always be
updated and correct.

3. Run the calculation.
“Execute calculation” will execute calculations for the selected cross section.

14
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Where necessary, you can give the program the option of selecting the most
optimal1 of the available profiles in the cross section document. This is done
by pressing “Choose best cross section”, which then starts calculation in order
to find the optimal cross section. The optimal cross section is selected by
sorting all cross sections in the document according to area, from smallest to
largest. The program then calculates the cross sections in sequence until it
finds a cross section that has a utilisation that is less than or equal to 1.0. The
calculations do not take into account the fact that the document may include
several different cross section types with different restrictions on what is
calculated, for instance that lateral-torsional buckling is not controlled for
asymmetrical profiles.
You may choose to always use elastic theory for calculations, regardless if the
cross section class is 1 or 2. The same applies to selection of elastic shear
stress distribution. (See figure).

4. Inspect the results.
The results can be accessed via the Navigation menu.
Results gives you a summary of the most important results from the stress and
stability control.
Stress control gives the results from the stress control of the cross section.
 Each set of section forces gives a unique set of results.
 The graphic display can be changed using the menu shown below.
Among other things, you can select to display shear stresses instead of
normal stresses. The layout of the menu will vary depending on
whether or not elastic calculation is executed.

Global stability gives the results from the stability control, which includes
buckling about the y-axis and the z-axis, torsional buckling, lateral-torsional
buckling and interaction between these.

1

The most optimal profile is defined as the profile with the smallest cross sectional area giving a
utilisation of less than 1.0.
 NOIS AS
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Selection of cross sections
It is sometimes necessary to find the optimal cross section within a limited selection, e.g. all
standard I- profiles with a height of between 200 and 400 mm. Instead of having to search through
the profile table manually, it is possible to filter the profile table display so that only the relevant
profiles are shown.
1. Open the profile selector by selecting Get from table... in the toolbar.
2. Right-click on the column header and select Filter Editor.

3. Add the preferred criteria using the plus sign next to And. Edit criteria by clicking on the part
of the criterion you want to change.

4. Click Apply to use the filter without closing the filtering dialog box so that you can see what
your selection will look like, or click OK to use the filter and close the dialog box.
You can see how filtering works by viewing the description of filtering at the
bottom of the profile table, as shown in the image below.

16
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NOTE: Clicking OK in the filter dialog box merely selects which cross sections are displayed.
You have to select which of these is to be used.

Create and edit user defined cross sections
Steel cross section documents
1. You can create user defined profiles in a steel cross section document using the profile
symbol in the toolbar, as shown in the figure below. The profile is then selected as active in
the document and you can edit geometry and data both numerically and graphically.

2. The profile can be copied, and the copy can be added to the same document, an existing
profile table or a new profile table.

 NOIS AS
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3. Profiles that are retrieved from a profile table using Get from table... cannot be edited
initially, but they can be made editable using Edit in the toolbar.
4. Standard profiles such as “HE 100 A” cannot be edited, so as to prevent abuse. If you do
nevertheless need to edit a profile of this kind, you can do this by creating a copy that you
can edit. The copied profile will be named “HE 100 A – Copy” to emphasise the fact that this
is not a standardised profile.

Profile table
1. Create a new profile table or open an existing one.

2. Select the profile type that you want to add to your profile table.
18
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3. Enter the preferred values for the cross section.
4. Save the profile table. The profile table will now be accessible for use in the steel cross
section documents you create.

General cross sections
Calculations of general cross sections require the input of a range of geometric data, and some of
this data may be difficult to find. Therefore, it is useful to be clear that the shear area 𝐴𝑉,𝑦’ and 𝐴𝑉,𝑧’
are only of significance if shear forces have been input and St. Venant’s torsion constant 𝐼𝑇 is only
used to calculate LTB, torsional buckling and interaction according to Annex A. (Torsion is not
controlled for general cross sections.) LTB and torsional buckling are not calculated when the LTB
option and critical buckling option for torsional buckling are set to 0.
In these instances, the shear area 𝐴𝑉,𝑦’ and 𝐴𝑉,𝑧’ and St. Venant’s torsion constant 𝐼𝑇 will not be
used and the size of these is not important.
It is also important to be aware that the program assumes that all cross section elements
contributing to the specified shear area are oriented in parallel with the local y’ and z’-axes.
Therefore, for the program to be able to calculate shear correctly, the coordinates for the cross
section must be specified so that all web and flanges (which are included in the specified shear area)
are either horizontal or vertical.

Overwrite auto calculated values
Both the geometry window and the window containing data for interaction and lateral torsional
buckling include a range of auto calculated values that can be overwritten. It is worth noting that
these then remain unchanged, even if the criteria for calculation of these are changed. One example
is the C-factors for LTB, which are affected by the degree of asymmetry (ψf ) for monosymmetrical
cross sections. Therefore, all overridden auto calculated values must be reassessed when the cross
section has been changed.

 NOIS AS
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Geometrical restrictions
Some cross section types have geometrical restrictions that are not obvious. For example, I-sections
must have twice as wide flanges as the web thickness. This is because I-sections may have inclined
flanges and in such a case the thickness of the flanges must be measured midway between the web
centre line and the flange end. An error message will be shown if this or similar restrictions are not
respected, and you should consider using another cross sectional form.

Critical temperature
The program has no independent calculation of critical temperature. This is because the calculation
in Eurocode is limited to pure stress control and does not take instability into account. Instead, we
recommend iteration up to the temperature giving a utilisation of 1.0.

Cut and paste
ISY Design gives you the option of copying the contents of an individual input data field to the
clipboard and then pasting this information into another data field or another program. It is also
possible to copy one or more rows from tables in this way.
It must be noted that some input data fields and the tables have contents that cannot be copied into
ISY Design in this way. Therefore, it is necessary always to check data after performing a copying
function of this kind.

20
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Theoretical basis
General information
The formulae are applicable to calculation of steel cross sections in accordance with the following
standards, with Norwegian, Swedish, Danish and Finnish national annexes. See User Manual ISY
Design General for more information on included versions of the standards and associated national
annexes.
Eurocode 3, EN 1993-1-1 (EC3-1-1)
Eurocode 3, EN 1993-1-2 (EC3-1-2)
Eurocode 3, EN 1993-1-5 (EC3-1-5)
Eurocode 9, EN 1999-1-1 (EC9-1-1)
The program uses the constants and formulae specified in the relevant national annex, but it is also
possible to use the recommended values specified in the standard version. In this case, note that you
are not allowed to use these calculations for structures in any countries, and they are intended only
as a basis for comparison.
If the formulae are taken directly from the standard, the item/table number in the standard is
specified.

Rules on signs
The y-axis is located in the horizontal plane, while the z-axis is located in the vertical plane. For a
steel beam (or steel column), the local axis system is positioned so that the x-axis is in the
longitudinal axis of the member, the y-axis points to the left and the z-axis points up when you view
the cross section from the start location to the end location. Positive axial force causes tension.

When we consider forces that act on the start location of the member, this then gives us the
following signs:

 NOIS AS

Theoretical basis

21

ISY Design

Version 1.6

Positive axial force is equal to tension.
Positive moment about the y-axis gives tension at the bottom edge.
Positive moment about the z-axis gives tension at the left-hand side.
Positive shear force in the y-direction will move the end of the member to the left.
Positive shear force in the z-direction will move the end of the member up.

Calculations
Main axes
All calculations carried out are based on the criterion specified in EC3-1-1, 1.7(4):
“NOTE: All rules in this Eurocode relate to main axis properties, which are generally defined by the
axes y-y and z-z but for sections such as angles are defined by the axes u-u and v-v.”
This means that the forces applied to all asymmetrical cross sections, no matter how they are
applied, will be transformed to the main axes before calculations are executed.
Note: The shear forces specified are nevertheless decomposed so that they act in the local
coordinate system (y’, z’) of the cross section. More information about this can be found in the
section on calculations.

Continuous calculations
The following calculations are executed constantly as you edit input data, and can therefore be
assumed always to be updated and correct:
Material data.
Cross section data.
Member data (buckling options, LTB option), as long as these are set to auto calculation.
Input data for stability control (interaction and lateral torsional buckling), as long as these
are set to auto calculation. There are some exceptions that are not auto calculated (e.g. 𝑧𝑔 ),
and these have to be set by the user.
Concentrated loads (“Transverse forces”).

Material data (EC3-1-1: 3)
General information
Steel grades are normally found in the product standards EN 10025-2 to 6, EN 10210-1 and EN
10219-1, but can also be taken from Table 3.1 in EC3-1-1. The nominal thickness of the product (the
thickest part of the cross section) determines the yield stress and fracture stress calculated by the
program.
You also have the option of selecting a “User defined” steel grade, and in this case, you have to input
all material data yourself, except for the modulus of elasticity and the shear modulus. In the case of
user defined steel grades, calculations according to EC3-1-1 are no longer valid and you yourself
have to document the fact that the formulae in the standard are valid for the user defined steel
grade.

22
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Yield stress ratio ε
This value is calculated by the program and is used for operations such as classification of cross
sections.

235
𝜀=√
, 𝑤ℎ𝑒𝑟𝑒 𝑓𝑦 𝑖𝑠 𝑖𝑛𝑠𝑒𝑟𝑡𝑒𝑑 𝑖𝑛 𝑀𝑃𝑎.
𝑓𝑦

Physical sizes
These sizes are hardcoded into the program and cannot be edited by the user.
Modulus of elasticity:

𝐸 = 210 𝐺𝑃𝑎

Poisson’s ratio:

𝜈 = 0,3

Shear modulus:

𝐺=

(can be changed if user-defined material)

𝐸
2∗(1+𝜈)

≈ 81 𝐺𝑃𝑎

Partial factors
During design, a design material strength is established by dividing characteristic strength by a
partial factor γM. Characteristic material strength is equal to the nominal values for fy and fu. The
partial factors must take into account the uncertainty in respect of material strength and cross
sectional geometry and are defined in the national annex.
𝛾𝑀0 = 1,0
Norwegian annex: 𝛾𝑀0 = 1,05
Swedish annex: Equal to the standard version
Danish annex: 𝛾𝑀0 = 1,1𝛾0 𝛾3 . If 𝛾3 is unequal to 1,0 the user
must calculate 𝛾𝑀0 , while 𝛾0 is included automatically (see below).
Finnish annex: Equal to the standard version

𝛾𝑀1 = 1,0
Norwegian annex: 𝛾𝑀1 = 1,05
Swedish annex: Equal to the standard version
Danish annex: 𝛾𝑀1 = 1,2𝛾0 𝛾3 . If 𝛾3 is unequal to 1,0 the user
must calculate 𝛾𝑀1 , while 𝛾0 is included automatically (see below).
Finnish annex: Equal to the standard version, but provided that modified table 6.2 is used.

𝜸𝟎 in Danish annex
In the Danish annex, the material factors 𝛾𝑀0 and 𝛾𝑀1 are multiplied by the factor 𝛾0 . This value
depends on the load combination used in the calculations, which means that it is different for every
set of section forces. The program includes this value in the calculations automatically. Therefore,
the real value of 𝛾𝑀0 and 𝛾𝑀1 varies for each set of section forces.
1,0
𝛾0 = { 𝐾𝑓𝑖
1,2𝐾𝑓𝑖
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𝑓𝑜𝑟 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 1 𝑜𝑔 2
𝑓𝑜𝑟 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 3 𝑜𝑔 4
𝑓𝑜𝑟 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 5
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Safety classification
In the material data, there is added a factor, 𝐾𝑓𝑖 , which takes into account the safety classification of
the construction. This value is handled the same way as in Static Beam (see User manual ISY Design
Static Beam).
Norwegian annex: 𝐾𝑓𝑖 is not in use
Swedish annex: 𝐾𝑓𝑖 is not in use
Danish annex: 𝐾𝑓𝑖 affects the material factors for every set of section forces,
depending on the chosen load combination number.
Finnish annex: 𝐾𝑓𝑖 is not in use

Compatibility of cross sections and materials
The program can use material data from either Table 3.1 in EC3-1-1 or from the product standards.
The national annexes decide which of the two options that may be used, as stated in EC3-1-1
paragraph 3.2.1(1). Choose between the two methods by altering the calculation settings for the
current document.
Norwegian annex: Equal to the standard version
Swedish annex: Only the product standards are allowed
Danish annex: Only the product standards are allowed
Finnish annex: Equal to the standard version

The product standards (and Table 3.1) specify which material types that are compatible with
different cross section types. The program will display a warning if the choice of material and cross
section is not in accordance with the product standards.
The table below shows which cross sections that are valid in combination with materials from the
relevant standards.
Cross section
General
All welded profiles
I, T, U, L and double L-profiles and
solid sections
Circular hollow
Rectangular hot finished
Rectangular cold formed

EN 10025 (2 to 6)
Valid
Valid
Valid

EN 10210-1
Valid
Invalid

EN 10219-1
Valid
Invalid

Invalid

Invalid

Valid
Valid
Invalid

Valid
Invalid
Valid

Invalid
Invalid
Invalid

Cross section geometry
Parameterised cross sections
Cross section types
The user can create their own parameterised cross sections, both welded and rolled, in ISY Design.
The table below shows a summary of the parameterised cross section types available in the
program.
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Welded

Rolled

x
x
x
x

x

I
I, monosymmetrical
Hat
U
U, cold formed
T
L
L, cold formed
L, double
Circular solid
Circular hollow
Rectangular solid
Rectangular hollow

x
x
x
x
x
x
x
x
x
x

x
x
x

x

Cross section classes
(stress control)
All
All
All
All
All
All
3, 4
3, 4
All
1
1, 2, 3
1
All

Note that cold formed U- and L-sections differ from the hot finished and welded cross sections in
that they have radii at the outer edges of the corners as well as at the inner edges.

Cross section calculations
Attempts are made to calculate as many values as possible in general, irrespective of cross section
type. Some values can be calculated by means of the geometry of the cross sections. Some values
are dependent on whether the cross section is welded or rolled, e.g. the shear area.
The calculations specific to each cross section type have limited validity. This is because some of the
formulae used require the geometry to be fairly standardised. The main rule is that the span of a
cross section element (flange, web) should be greater than the thickness, in other words the thin
wall. The table below shows which values are calculated more or less generally.
Symbol
𝐴
𝐴𝑚
𝜇
𝑒𝑐𝑜𝑔,𝑦’
𝑒𝑐𝑜𝑔,𝑧’
𝑒𝑐𝑜𝑎,𝑦’

𝑒𝑐𝑜𝑎,𝑧’

𝐼𝑦’

 NOIS AS

Description
Area
External surface, e.g.
for painting
Dead weight per
linear metre
Distance to centre of
gravity in y’ direction
Distance to centre of
gravity in z’ direction
Distance to vertical
area centre line in y’
direction
Distance to horizontal
area centre line in z’
direction
Moment of inertia
about y’-axis

Calculation method
Using points list
𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 ⋅ 1000 [𝑚𝑚]

𝑚𝑚2
𝑚𝑚2 /𝑚

𝐴 ⋅ 7850 [𝑘𝑔/𝑚3 ]

𝑘𝑔/𝑚

Using points list

𝑚𝑚

Using points list

𝑚𝑚

Iteration, with individual starting
assistance in each cross section

𝑚𝑚

Iteration, with individual starting
assistance in each cross section

𝑚𝑚

Using points list

𝑚𝑚4

Theoretical basis
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𝐼𝑧’
𝐼𝑦𝑧’
𝑊𝑦’

𝑊𝑧’

𝑊𝑝𝑙,𝑦’

𝑊𝑝𝑙,𝑧’

Moment of inertia
about z’-axis
Moment of inertia
about y’ and z’.
Elastic moment of
resistance about the
y’ axis
Elastic moment of
resistance about the
z’ axis
Plastic moment of
resistance about the
y’ axis
Plastic moment of
resistance about the
z’ axis

Using points list

𝑚𝑚4

Using points list

𝑚𝑚4

𝑚𝑖𝑛 (

𝑚𝑖𝑛 (

𝐼𝑦 ′

,

𝐼𝑦 ′

ℎ − 𝑒𝑐𝑔,𝑧’ 𝑒𝑐𝑔,𝑧’

)

𝐼𝑧’
𝐼𝑧’
,
)
𝑏 − 𝑒𝑐𝑔,𝑦’ 𝑒𝑐𝑔,𝑦’

Divide the cross section into two
by 𝑧’ = 𝑒𝑐𝑜𝑎,𝑧’

𝑚𝑚3

𝑚𝑚3

𝑚𝑚3

𝑊𝑝𝑙,𝑦’ = ∑ 𝐴𝑖 (𝑒𝑐𝑔,𝑧’,𝑖 − 𝑒𝑐𝑜𝑎,𝑧’ )
Divide the cross section into two
by 𝑦’ = 𝑒𝑐𝑜𝑎,𝑦’

𝑚𝑚3

𝑊𝑝𝑙,𝑧’ = ∑ 𝐴𝑖 (𝑒𝑐𝑔,𝑦’,𝑖 − 𝑒𝑐𝑜𝑎,𝑦’ )

For asymmetrical cross sections (L), cross sectional values are also calculated for the main axes as
shown in the table below.
Symbol
𝛼

𝑃⃗𝑖
𝑐𝑜𝑠𝜃𝑎,𝑖

𝑒𝑐𝑜𝑔,𝑢

𝑒𝑐𝑜𝑔,𝑣

Distance from outer
edge to centre of
gravity along weak
main axis

𝐼𝑢

Moment of inertia
about strong main axis
Moment of inertia
about weak main axis

𝐼𝑣
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Description
Angle between main
axes (𝑢, 𝑣) and local
coordinates (𝑦’, 𝑧’)
Auxiliary vector,
between point 𝑖 and
the centre of gravity
Auxiliary size. Angle
between 𝑃⃗𝑖 and vector
𝐴 along any axis 𝑎
Distance from outer
edge to centre of
gravity along strong
main axis

Calculation method
−2 ⋅ 𝐼𝑦’𝑧’
1
tan−1 (
)
2
𝐼𝑦’ − 𝐼𝑧’

Unit
𝑚𝑚2

−

𝐴 ⋅ 𝑃⃗
|𝐴||𝑃|

−

The longest vector projection
of all points in the geometry
on the 𝑢-axis:
max(𝑃𝑟𝑜𝑗𝑢⃗ 𝑃⃗𝑖 ) =
⃗⃗𝑖 |𝑐𝑜𝑠𝜃𝑢,𝑖 )
max(|𝑃
The longest vector projection
of all points in the geometry
on the 𝑣-axis:
max(𝑃𝑟𝑜𝑗𝑣⃗ 𝑃⃗𝑖 ) =
⃗⃗𝑖 |𝑐𝑜𝑠𝜃𝑣,𝑖 )
max(|𝑃
2
𝐼𝑦’ 𝑐𝑜𝑠 𝛼 + 𝐼𝑧’ 𝑠𝑖𝑛2 𝛼
− 𝐼𝑦’𝑧’ 𝑠𝑖𝑛 2𝛼
2
𝐼𝑦’ 𝑠𝑖𝑛 𝛼 + 𝐼𝑧’ 𝑐𝑜𝑠 2 𝛼
+ 𝐼𝑦’𝑧’ 𝑠𝑖𝑛 2𝛼

𝑚𝑚

Theoretical basis
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𝑚𝑚4
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𝑊𝑣
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𝐼𝑢
𝑐𝑣
𝐼𝑣
𝑐𝑢

Moment of resistance
about strong main axis
Moment of resistance
about weak main axis

𝑚𝑚3
𝑚𝑚3

Comments on the cross sectional calculations:
Calculating the St. Venant torsion constant, 𝐼𝑇 , for any cross section. Different formulae
used for each cross section type have been compared so as to be able to model the torsion
constant as effectively as possible, and the formula that best matches the analytical solution
(element method) for the most common dimensions has been selected. Formulae from EC91-1, Annex J and from an article published by the University of Bochum2 have been used,
among others. There is some uncertainty as to how the formulae will behave outside the
most common dimensions, as some of the formulae probably have limited validity.
The figure below shows the difference between formulae used previously (on the left) for
the torsion constant for double symmetrical I cross sections, along with a new formula (on
the right) taken from an element analysis carried out in the article referred to. The new
formula is more precise for the common European I-sections, but with overestimated
capacity of around 1%.

The formula for hot-formed L-sections is also taken from the same article. This formula is
almost 100% adapted to the element method results in the article and is considerably more
precise than formulae used previously. Replicating exactly the same FEM results as in the
article is not clear, but for most L-sections there is a match. Regardless, therefore, the new
formula is considered to be better than the old ones. The main point is to model the
increased rigidity provided by the radius in the corner.
Increased radii also increase torsion capacity. EC9-1-1, Annex J.1 provides formulae that can
be used to simulate radii and increase the capacity of the cross sections.
2

“St. Venants Torsion Constant and Hot Rolled Steel Profiles and Position of the Shear Centre”, found
in a publication from NSCC 2009 (Nordic Steel Construction Conference).
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The warping constant, 𝐼𝑊 , for I-, L-, U- and T-sections is taken from EC9-1-1, Figure J.2. For I
cross sections there is another deduction, with the same results, in the collection of profiles
from the Norwegian University of Science and Technology.
The positioning of shear centres for I-, L- and U-sections is taken from EC9-1-1, Figure J.2.
Radii and rounded corners have not been taken into account. Box sections (hats) are
processed in the same way as I cross sections.

I
The following values are used:
ℎ
Height
𝑏𝑓
Width
𝑡𝑓
Flange thickness
𝑡𝑤
Web thickness

𝑟1
𝑟2
Inclination

The following values are calculated:
𝑑
Auxiliary size
𝑎

Auxiliary size

𝛼

Auxiliary size

𝐼𝑇

St. Venant torsion
constant

𝐼𝑊

Cross sectional
constant for warping

Radius in corners
Radius, flange ends
Inclination of flanges, %

2
𝑡
(𝑡𝑓 + 𝑟) + 𝑡𝑤 (𝑟 + 4𝑤 )
2𝑟 + 𝑡𝑓
𝑟 2 (4 − 𝜋)
𝑡𝑤 +
2(𝑑 − 𝑡𝑓 )
2
𝑑
0.46 − 0.5 ( − 1.15)
𝑎

(2𝑡𝑓 3 (𝑏−𝑎)+𝑡𝑤 3 (ℎ−2𝑑)

+ 𝛼 ⋅ 𝑎 ⋅ 𝑑3 , (but
if 𝑡𝑓 < 𝑡𝑤 , the formula for monosymmetrical I is used)
Same formula as for monosymmetrical I
3

Monosymmetrical I
The following values are used:
ℎ
Height
𝑏𝑡
Flange width, top
𝑡𝑡
Flange thickness, top
Flange width, bottom
𝑏𝑏
𝑡𝑏
Flange thickness, bottom
The following values are calculated:
𝑒𝑐𝑠,𝑧’
Vertical distance to
shear centre (CS)
from top edge
Auxiliary size
𝑑
𝛼
Auxiliary size

28

𝑡𝑤
𝑟1
𝑟2,𝑡
𝑟2,𝑏
Inclination

𝑒𝑐𝑔,𝑧’ −

Web thickness
Radius in corners
Radius, flange at top
Radius, flange at bottom
Inclination of flanges, %

𝑡𝑓𝑡
𝑡𝑓𝑏
) − 𝑏𝑏 3 𝑡𝑓𝑏 (ℎ − 𝑒𝑐𝑔,𝑧’ − )
2
2
3
3
𝑏𝑡 𝑡𝑓𝑡 + 𝑏𝑏 𝑡𝑓𝑏
Same as for double symmetrical I.
𝑟 𝑡𝑤
(0.145 + 0.1 )
𝑡𝑓 𝑡𝑓

𝑏𝑡 3 𝑡𝑓𝑡 (𝑒𝑐𝑔,𝑧’ −
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𝐼𝑇

St. Venant torsion
constant

ISY Design

𝑡𝑓𝑡 3 (𝑏𝑡 −0.63𝑡𝑓𝑡 )+𝑡𝑓𝑏 3 (𝑏𝑏 −0.63𝑡𝑓𝑏 )+𝑡𝑤 3 (ℎ−𝑡𝑓𝑡 −𝑡𝑓𝑏 )

𝑡

𝑡 2
𝑡𝑓𝑡 2 + 𝑤
4

0.145 𝑡 𝑤 (
𝑓𝑡

𝐼𝑧’,𝑡

𝐼𝑧’,𝑏

𝐼𝑊

2nd moment of
area for top flange,
about weak axis
2nd moment of
area for bottom
flange, about weak
axis
Cross sectional
constant for
warping

𝑡𝑓𝑡

4

3
𝑡

𝑡 2
𝑡𝑓𝑏 2 + 𝑤
4

) + 0.145 𝑡 𝑤 (
𝑓𝑏

𝑡𝑓𝑡

+

4

) ,

(the last two elements are only added if 𝑡𝑓 > 𝑡𝑤 )
Using points list

Using points list

𝑡𝑓𝑡 𝑡𝑓𝑏 2
𝐼𝑧’,𝑡 𝐼𝑧’,𝑏
(ℎ −
− )
𝐼𝑧’,𝑡 + 𝐼𝑧’,𝑏
2
2
(the flange thickness is equal to the thickness at the
flange end if the flange is inclined)

Hat
The following values are used:
ℎ
Height
𝑡𝑡
Flange thickness, top
𝑏𝑡
Flange width, top
𝑡𝑏
Flange thickness, bottom
Flange width, bottom
Web thickness
𝑏𝑏
𝑡𝑤
The following values are calculated:
𝑡𝑓𝑡
𝑡𝑓𝑏
𝑒𝑐𝑠,𝑧’ Vertical distance
𝑏𝑡 3 𝑡𝑓𝑡 (𝑒𝑐𝑔,𝑧’ − ) − 𝑏𝑏 3 𝑡𝑓𝑏 (ℎ − 𝑒𝑐𝑔,𝑧’ − )
2
2
to shear centre
𝑒𝑐𝑔,𝑧’ −
3
3
(CS) from top
𝑏𝑡 𝑡𝑓𝑡 + 𝑏𝑏 𝑡𝑓𝑏
edge
𝑠
Auxiliary size
𝑚𝑖𝑛(𝑏𝑡 , 𝑏𝑏 ) − 𝑡𝑤
𝑡𝑓𝑏 + 𝑡𝑓𝑡
𝑎
Auxiliary size
ℎ−
2
𝑡𝑓
𝐼𝑇
St. Venant
|𝑏 − 𝑏𝑏 | ⋅ 𝑡𝑓3
(1
−
0.63
2 2
4𝑎 𝑠
|𝑏𝑡 − 𝑏𝑏 | 𝑡
torsion constant
+
2𝑎
𝑠
𝑠
3
+
+
𝑡𝑤 𝑡𝑓𝑡 𝑡𝑓𝑏
(Bredt’s 2nd formula + flange contribution)
𝑡𝑓𝑡
𝑡𝑓𝑏
𝐼𝑊
Cross sectional
𝑎 = 𝑀𝑖𝑛(𝑏𝑡 , 𝑏𝑏 ) − 𝑡𝑤 , 𝑏 = ℎ − 2 − 2
constant for
𝑡𝑓𝑡
𝑡𝑤
𝜃1 =
, 𝜃2 =
warping3
𝑡𝑓𝑏
𝑡𝑓𝑏
𝑏
𝛽=
𝑎
4
𝜇1 =
1 2𝛽
1+ +
𝜃1 𝜃2
3

Taken from “Handbok i analys av balkars vridning” by Bengt Å. Åkesson, 1970, Chalmers University
of Technology.
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(1 − 𝜃1 )𝜇1
)
2𝜃1
𝜇2 =
1 + 𝜃1 + 6𝛽𝜃2
1
𝜇1
𝜇3 = [𝜇2 −
]
2
2𝜃1
1
𝜇1
𝜇4 = [𝜇2 − 1 + ]
2
2
1 2
𝜇5 = [𝜇3 𝜃1 + 𝜇42 + 2𝛽𝜃2 (𝜇32 + 𝜇3 𝜇4 + 𝜇42 )]
3
𝐼𝑤 = 𝜇5 𝑎3 𝑏 2 𝑡𝑓𝑏
1 + 3𝛽𝜃2 (1 +

U
The following values are used:
ℎ
Height
𝑏𝑓
Width
𝑡𝑓
Flange thickness
𝑡𝑤
Web thickness

𝑟1
𝑟2
Inclination

The following values are calculated:
𝑒𝑐𝑠,𝑦’
Horizontal distance to
shear centre (CS) from
left edge
𝑐
𝛼

Correction factor
Auxiliary size

𝑑

Auxiliary size

𝐼𝑇

St. Venant torsion
constant

ℎ𝑠
𝑏𝑠

Centre distance, height
Centre distance, width

𝐼𝑊

Cross sectional constant
for warping

Radius in corners
Radius, flange ends
Inclination of flanges, %

𝑡𝑤 2
3
(𝑏
−
𝑡𝑤
2 ) 𝑡𝑓
−
2 6 (𝑏 − 𝑡𝑤 ) 𝑡 + (ℎ − 𝑡 )𝑡
𝑓 𝑤
2 𝑓
0.35
𝑡𝑤
𝑟
(0.145 + 0.1 )
𝑡𝑓
𝑡𝑓
(𝑡
+ 𝑟)
(𝑡𝑓 + 𝑟)2 + 𝑡𝑤 𝑤 4
2𝑟 + 𝑡𝑓
3
2𝑡𝑓 (𝑏 − 0.63𝑡𝑓 ) + 𝑡𝑤 3 (ℎ − 2𝑡𝑓 )
+ 2𝑐𝛼𝑑4
3
(the last element is only added if 𝑡𝑓 > 𝑡𝑤 )
ℎ − 𝑡𝑓
𝑡𝑤
𝑏−
2
ℎ𝑠2 𝑏𝑠3 𝑡𝑓 2ℎ𝑠 𝑡𝑤 + 3𝑏𝑠 𝑡𝑓
⋅
12
ℎ𝑠 𝑡𝑤 + 6𝑏𝑠 𝑡𝑓

U, cold formed
The following values are used:
ℎ
Height
𝑏
Width

𝑡
𝑟1

The following values are calculated:
𝐼𝑇
St. Venant torsion constant
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𝐼𝑊
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Cross sectional constant for warping

Uses the same as for hot forming and
welding U.

T
The following values are used:
Height
ℎ
𝑏𝑓
Width
𝑡𝑓
Flange thickness
𝑡𝑠
Web thickness

The following values are calculated:
𝑒𝑐𝑠,𝑧’ Vertical distance to shear
centre (CS) from top edge
𝐼𝑇
St. Venant torsion
constant
𝐼𝑊
Cross sectional constant
for warping

𝑟1
𝑟2
𝑟3
Inclination

𝑡𝑓
2

Radius in corners
Radius, flange ends
Radius at bottom of web
Inclination of flanges
and web, %

, displacement of shear centre due to radius is ignored.

Calculated as a half I profile. If 𝑡𝑓 < 𝑡𝑤 , the formula for
monosymmetrical I is used.
3

3
𝑏𝑓3 𝑡𝑓3
(ℎ − 𝑒𝑐𝑠,𝑧’ ) 𝑡𝑤
+
36
144
(𝑡𝑓 is equal to the thickness at the flange end and 𝑡𝑤 is equal
to the thickness at the bottom of the web if the flange is
inclined)

L
The following values are used:
ℎ
Height
𝑏
Width
𝑡
Thickness

𝑟1
𝑟2

The following values are calculated:
𝑒𝑐𝑠,𝑦’ Horizontal distance to shear centre (CS)
from left edge

𝑡
2

𝑒𝑐𝑠,𝑧’

Vertical distance to shear centre (CS)
from bottom edge

𝑡
2

𝑊𝑝𝑙,𝑢

Plastic moment of resistance about
strong main axis
Plastic moment of resistance about
weak main axis
Shear area for forces parallel with weak
main axis
Shear area for forces parallel with
strong main axis
St. Venant’ torsion constant

𝑊𝑝𝑙,𝑣
𝐴𝑣,𝑢
𝐴𝑣,𝑣
𝐼𝑇

Radius in corners
Radius, flange ends

, displacement of shear centre due to radius is
ignored.
, displacement of shear centre due to radius is
ignored.
Not calculated
Not calculated
Not calculated
Not calculated

Hot rolled:

 NOIS AS

𝑡 3 (ℎ+𝑏−𝑡)
3
𝑡 3 (ℎ+𝑏−2𝑐)

Welded:

Theoretical basis
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+ 0.237𝑐 4
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𝑐 = 𝑡 + 0.4𝑟1
𝐼𝑊

3

Cross sectional constant for warping

3

𝑡 3 (ℎ − 𝑒𝑐𝑠,𝑧’ ) +𝑡 3 (𝑏 − 𝑒𝑐𝑠,𝑦’ )
36

L, cold formed
The following values are used:
ℎ
Height
𝑏
Width
The following values are calculated:
𝐼𝑇
St. Venant torsion
constant
𝐼𝑊

Cross sectional
constant for warping

𝑡
𝑟1

Thickness
Internal corner radius

𝑡
𝑡 3 (ℎ + 𝑏 − 2(𝑟 + 𝑡) + 0.5𝜋𝑟) (1 − 0.63 𝑤 )
3
Uses the same as for hot finished and welded L (as this
formula is not all that important).

L, double
Double L is a profile consisting of two angles. The two angles are generally connected together at the
beam ends, but not along the beam. In other words, many of the cross sectional properties have
double values in comparison with a single L profile.
The following values are used:
Determined by selected L profile.
The following values are calculated:
𝐼𝑇
St. Venant torsion constant
𝐼𝑊
Cross sectional constant for warping

2⋅formula for selected L profile.
2⋅formula for selected L profile.

Circular solid
The following values are used:
𝑑

Diameter

The following values are calculated:
𝐼𝑇
St. Venant torsion constant
𝐼𝑊

𝜋 𝑑 4
( )
2 2
0

Cross sectional constant for warping

Circular hollow
The following values are used:
𝑑
External diameter

𝑡

The following values are calculated:
𝐼𝑇
St. Venant torsion constant
𝐼𝑊

32
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Rectangular solid
The following values are used:
ℎ
Height
The following values are calculated:
Thickness
𝑡
𝑤
Width
𝐼𝑇
St. Venant torsion constant
𝐼𝑊

Cross sectional constant for warping

𝑏

Width

min(ℎ, 𝑏)
max(ℎ, 𝑏)
3
𝑤𝑡
𝑡
𝑡 5
[1 − 0.63
+ 0.052 ( ) ]
3
𝑤
𝑤
𝑤 3𝑡3
𝑡2
𝑡3
(1 − 4.884 2 + 4.97 3
144
𝑤
𝑤
5
𝑡
− 1.067 5 )
𝑤

Rectangular hollow
The following values are used:
ℎ
Height
𝑡
Thickness
The following values are calculated:
𝑟𝑚
Auxiliary size (mean
radius)
𝐼𝑇

St. Venant torsion
constant

𝐼𝑊

Cross sectional
constant for warping

𝑏
𝑟

Width
Radius

𝑡
𝑟 ≥ 𝑡: 𝑟 −
2
𝑟
𝑟 < 𝑡:
2
((ℎ − 𝑡)(𝑏 − 𝑡) − ((2𝑟𝑚 )2 − 𝜋𝑟𝑚2 ))2
4
2𝜋𝑟𝑚 + 2(𝑏 − 𝑡 − 2𝑟𝑚 ) + 2(ℎ − 𝑡 − 2𝑟𝑚 )
(Bredt’s 2nd formula)
ℎ2 𝑏2 𝑡(ℎ − 𝑏)2
24(𝑏 + ℎ)

General cross sections
The calculations of general cross sections have some limitations, and it is necessary for the user to
input a little extra data compared with the other types of cross section. This is due to the fact that
the general cross section has no knowledge of cross section elements, cross sectional form or panel
thicknesses. Therefore, the following is applicable to general cross sections:
Cross section data to be input by the user:
 Maximum panel thickness, 𝑡𝑚𝑎𝑥
 Position to shear centre, 𝑐𝑠𝑦’ and 𝑐𝑠𝑧’
 St. Venant constant, 𝐼𝑇
 Cross sectional constant for warping, 𝐼𝑊
 Active cross sectional area at shear, 𝐴𝑉,𝑦’ and 𝐴𝑉,𝑧’ .
 Note: Be aware that the program assumes that all cross section elements
contributing to the specified shear area are oriented in parallel with the
local y’ and z’-axes. Therefore, for the program to be able to calculate shear
correctly, the coordinates for the cross section must be specified so that all
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web and flanges (which are included in the specified shear area) are either
horizontal or vertical.
 𝑧𝑗 and 𝜓𝑓 for positive moment
Cross section class 1 is used unless you have checked elastic calculation. Cross section class 3
is used in this case.
This is only possible with plastic shear control. A reduction of yield stress is calculated due to
shear force for each direction, and the greatest of these is used in the stress control in the
same way as for other cross sections.
Just as for L-sections with different legs, it is assumed that the profile does not support
calculation of LTB if the cross section is fully asymmetrical. You can also choose not to
control LTB by setting 𝐼𝑊 = 0.
Torsion is not controlled.
Resistance to shear and flange induced buckling are not controlled.

Classification of cross sections (EC3-1-1: 5.5)
Classification of cross sections is controlled in accordance with section 5.5 in EC3-1-1. The cross
section or cross section elements of a component can be grouped into four classes.
Class 1 cross sections are those which can form plastic hinges with sufficient rotation
capacity to allow plastic analysis to be used.
Class 2 cross sections are those which can develop their plastic moment capacity but have
limited rotation capacity.
Class 3 cross sections are those that can achieve yielding in the most stressed fibre before
local buckling occurs.
Class 4 cross sections are those in which local buckling has to be taken into account when
calculating rigidity and capacity.
The limit for the slenderness of cross section elements, expressed as the width-to-thickness ratio, is
specified in Table 5.2 (EC3-1-1) for class 1, 2 and 3 cross sections. Cross section elements that do not
meet class 3 requirements belong to class 4. The formulae for outstand flanges are used for angle
profiles, unless the entire angle is under pressure.
The cross section class is normally equal to the class of the cross section element with the highest
cross section class. Section 5.5.2(6) provides an opportunity for exceptions to this rule, in
accordance with 6.2.1(10) and 6.2.2.4(1). The program only takes the first section into account. The
elastic stress distribution is used as a basis for determining the proportion of compressive stress (𝛼𝑐 )
in the cross section element viewed for class 1 and 2 cross sections. This is a conservative and
satisfactory simplification as it is easier to find the pressure zone in an elastic stress distribution than
in a plastic stress distribution.

Stress points
To determine the cross section class, it is necessary to calculate axial stress, 𝜎𝑥 , at both ends of the
cross section elements (EC3-1-1, Table 5.2) so that it is possible to assess whether the element has
tension, compression or bending. The axial stress is measured along the centre line of the cross
section element. For inclined cross section elements, it is assumed that the centre line is horizontal
or vertical respectively.
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Effective cross section (EC3-1-5: 4)
The program takes into account local panel buckling of cross section elements by using the effective
cross section in the calculations for class 4 cross sections. Circular and general cross sections cannot
be calculated in class 4.
The calculations for panel buckling follow the procedure in EC3-1-5, section 4 and use the following
assumptions:
The panels are rectangular and the flanges are parallel (or almost parallel).
If there are stiffeners, these are parallel or transverse to the cross section.
The area of open holes or “cut outs” is much smaller than the total area (𝐴𝑛𝑒𝑡 ≈ 𝐴𝑔𝑟𝑜𝑠𝑠 ).
Members are of uniform cross section.
There is no flange induced buckling (EC3-1-5, section 8).
EC3-1-5, section 4.4(3) is not taken into account. The stress condition from class 3 elastic
stress control is used here.
Any transverse stiffeners are included in this calculation.
The panels can be calculated as long panels.
Gross cross sectional parameters are used when calculating the critical buckling load and
moment of LTB, in line with the standard. If the effective cross section is significantly
reduced in relation to the gross cross section, it is up to the user to assess whether this is
valid use.
The effective cross sectional parameters are calculated as follows (EC3-1-5 4.3(3) and (4)):
A negative axial force is applied in order to calculate the effective area and the associated
displacement of the centre of gravity which gives rise to additional moments.
A positive moment and a negative moment, about the y-axis and the z-axis, are applied in
order in order to calculate effective moments of resistance and moments of inertia about
the axis in question.
The effective cross sectional parameters are taken from the calculations above and
presented in the numerical part of the window. These are also included in the calculations in
EC3-1-5, section 4.6 when the utilisation for the cross section is to be calculated.
The program then attempts to carry out iteration until it achieves the “correct” effective
cross section, with associated stress plane, for the given combination of section forces as
referred to in the note to EC3-1-5, section 4.3(4). The calculations are described in the
section Cross section class 4 under Biaxial bending with axial force.
𝐴𝑐,𝑒𝑓𝑓 = 𝜌𝐴𝑐

𝑏𝑒𝑓𝑓 = 𝜌𝑏𝑐 = 𝜌

𝑏̅
1−𝜓

𝑏̅⁄
𝑓𝑦
𝑡
̅̅̅
𝜆𝑃 = √
=
𝜎𝑐𝑟 28,4𝜖√𝑘𝜎
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𝜎𝑐𝑟 = 𝑘𝜎 𝜎𝐸
𝜎𝐸 =

𝜋 2 𝐸𝑡 2
𝑡 2
=
190000
(
) [𝑀𝑝𝑎]
12(1 − 𝜈 2 )𝑏2
𝑏

The following is applicable to internal cross section elements subjected to
pressure:
1,0,
̅̅̅
𝜌 = {𝜆𝑃 − 0,055(3 + 𝜓)
,
2
̅̅̅
𝜆𝑃

𝜆𝑃 ≤ 0,5 + √0,085 − 0,055𝜓
𝜆𝑃 > 0,5 + √0,085 − 0,055𝜓

The following is applicable to external cross section elements subjected to
pressure:
1,0,
𝜆𝑃 − 0,188
𝜌 = {̅̅̅
,
2
̅̅̅
𝜆𝑃

𝜆𝑃 ≤ 0,748
𝜆𝑃 > 0,748

𝜌: reduction factor for panel buckling.
𝑏̅: taken from Table 5.2 in EC3-1-1, with the exception of:



L profiles: The entire height is used here, and possibly the width.
Hollow rectangular profiles: The program uses the value 𝑐 from Table 5.2 in EC3-1-1, despite
the fact that the standard indicates that 𝑏̅ = 𝑏 − 3𝑡 can be used. The difference in the
results is minimal.

𝜓: stresses (4.4(3) and 4.4(4) in EC3-1-5) (𝜓 =

𝜎1
)
𝜎2

𝑘𝜎 : is the buckling factor corresponding to the stresses and edge conditions. Taken from Table 4.1
and 4.2 in EC3-1-5 for long panels.
Note: “Shear lag” control is not included in the program.

Stress control
Stress control in the program consists of calculation of stresses and capacities for axial force,
moment and shear force in two directions and torsion, and of the interaction between these. This
also includes local instability in the form of resistance to shear and effective cross section for class 4.
Each of these calculations can be executed in a plastic state or an elastic state or with local buckling.
For moment and axial force, both of which give rise to axial stresses, interaction must be controlled
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in the same state for all section force components. The same is true of shear forces and torsion
giving rise to shear stresses. On the other hand, there is no demand for interaction between axial
stresses and shear stresses to be controlled in the same state. Instead, the rule here is that the shear
stresses must be calculated in a plastic state unless Eurocode expressly states otherwise.
When resistance to shear is of relevance, axial stresses in all states must be combined with
resistance to shear.
It must only be possible to combine elastic shear stress with elastic axial stress, and only when
elastic design is selected.

Stress points
Stresses calculated for selected points in the cross section. 𝜎𝑥 and total 𝜏 are calculated for each
stress point in the cross sections. In addition, stresses are always calculated in the neutral axes. The
von Mises yield criterion (𝜎𝑗 , smooth transition stress) is also calculated at each stress point.

Axial force (EC3-1-1: 6.2.3 and 6.2.4)
𝑈𝑡𝑛𝑁
𝑁𝐸𝑑
𝑁𝑅𝑑

Utilisation for axial force
Design axial force
Design axial force capacity

Tension (EC3-1-1: 6.2.3)
𝑈𝑡𝑛𝑁 = 𝑛 =

𝑁𝑅𝑑 =

𝑁𝐸𝑑
≤ 1,0
𝑁𝑅𝑑
𝐴𝑓𝑦
𝛾𝑀0

Compression (EC3-1-1: 6.2.4)
𝑛=

𝑁𝑅𝑑

𝑁𝐸𝑑
≤ 1,0
𝑁𝑅𝑑

𝐴𝑓𝑦
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 1, 2 𝑎𝑛𝑑 3
𝛾𝑀0
=
𝐴𝑒𝑓𝑓 𝑓𝑦
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 4
{ 𝛾𝑀0

𝐴𝑒𝑓𝑓 is calculated according to section 4.3 in EC3-1-5.

Bending moment (EC3-1-1: 6.2.5)
𝑈𝑡𝑛𝑀
 NOIS AS
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𝑀𝐸𝑑
𝑀𝑅𝑑
𝑊𝑝𝑙
𝑊𝑒𝑙,𝑚𝑖𝑛
𝑊𝑒𝑓𝑓,𝑚𝑖𝑛

Version 1.6

Design moment.
Design moment capacity.
Plastic resistance moment of the cross section.
Resistance moment for the fibre with the greatest stress.
Resistance moment for the fibre with the greatest stress for the respective
effective cross section according to section 4.3 in EC3-1-5.
𝑈𝑡𝑛𝑀 =

𝑀𝑅𝑑

𝑀𝐸𝑑
≤ 1,0
𝑀𝑅𝑑

𝑊𝑝𝑙 𝑓𝑦
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 1 𝑎𝑛𝑑 2
𝛾𝑀0
𝑊𝑒𝑙,𝑚𝑖𝑛 𝑓𝑦
=
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 3
𝛾𝑀0
𝑊𝑒𝑓𝑓,𝑚𝑖𝑛 𝑓𝑦
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 4
{ 𝛾𝑀0

Elastic moment of resistance
This is provided by the 2nd moment of area about the centre of mass divided by the distance to the
point farthest from the centre of mass. In practice, this moment of resistance is calculated on both
sides, following by setting of the design: 𝑊𝑒𝑙 = 𝑊𝑒𝑙,𝑚𝑖𝑛 .

Plastic moment of resistance
Full yield in the entire cross section is assumed for calculation of plastic moment of resistance. The
plastic neutral axis is located so that the area is distributed evenly on the tension side and the
compression side. The plastic moment of resistance is then provided as:
𝑊𝑝𝑙 = ∑(𝑎𝑖 ⋅ 𝐴𝑖 )𝑠𝑡𝑟𝑒𝑘𝑘 + ∑(𝑎𝑖 ⋅ 𝐴𝑖 )𝑡𝑟𝑦𝑘𝑘
where 𝑎𝑖 is the arm from the centre of mass of the cross section to the centre of mass on the
tension side and the compression side respectively. For cross sections that are symmetrical, this
corresponds to 2 ⋅ 𝑆 (1st moment of area), while asymmetrical cross sections are given a different
value.

Moment of resistance for effective cross section
For class 4 cross sections, the moment of resistance is calculated for an effective cross section, 𝐴𝑒𝑓𝑓
(see the section on stress control of axial force), where parts of the area are omitted due to the risk
of local buckling.

Shear (EC3-1-1: 6.2.6)
If shear buckling is relevant, this may be a design value for the shear force capacity (see the section
on resistance to shear).
Calculation of the shear force capacity in Eurocode assumes loading parallel to web and flanges for
both elastic and plastic capacity. Hence the section forces provided are always transformed if the
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main axes for the cross section do not coincide with the direction of web and flanges. The section
forces in the calculations are therefore given in the local axis system, designated 𝑦 ′ or 𝑧 ′ in order to
differentiate them from the global axes.

Reduced yield stress
Plastic stress control for shear forces in combination with moment and axial force includes a
simplification on the safe side in relation to Eurocode. This simplification is that Eurocode specifies a
reduction of yield stress for the shear area (EC3-1-1, sections 6.2.8 (3) and 6.2.10 (3)). In extreme
cases, e.g. when the web is first fully utilised for shear, this may end up far on the safe side (the
moment capacity is more or less gone), but in normal cases the effect is within the range where it
will not be detected.
On the other side, a complete calculation will be very complicated when there is both moment and
axial force. The formulae for interaction between bending and axial force in EC3-1-1, section 6.2.9
assumes that the axial force is withstood by the area nearest to the neutral axis, while the moment
is withstood by the rest. When there is different yield stress, and hence different capacity, the
formulae have to be modified. However, Eurocode states that reducing the thickness of the areas
taking shear is an acceptable simplification.
The details can be found in sections on Bending, shear and axial force (EC3-1-1: 6.2.10).

Plastic shear force capacity
𝑖
𝑈𝑡𝑛𝑉,𝑖
𝑉𝑖,𝐸𝑑
𝑉𝑖,𝑝𝑙,𝑅𝑑
𝐴𝑉,𝑖
𝜏𝑦

Viewed direction, either 𝑦 ′ (parallel with flanges) or 𝑧 ′ (parallel with web).
Utilisation for shear force in viewed direction.
Design shear force in viewed direction.
Design plastic shear force capacity in viewed direction.
Plastic shear area for viewed direction.
Design yield stress for shear.
𝑈𝑡𝑛𝑉,𝑖 =

𝑉𝑖,𝐸𝑑
≤ 1,0
𝑉𝑖,𝑝𝑙,𝑅𝑑

𝑉𝑖,𝑝𝑙,𝑅𝑑 = 𝜏𝑦 𝐴𝑉,𝑖 =

𝑓𝑦
√3𝛾𝑀0

𝐴𝑉,𝑖

Active shear area
When the program calculates shear area, the cross section is divided into two parts. AV,𝑦’ is
calculated to be the area of one part, the area of the other part is AV,z’. As a result, the program has
a few small discrepancies in relation to how the standard calculates the size of these values (EC3-1-1,
6.2.6 (3)). The differences are shown in the table below.
For individual welded profiles, the program also calculates supercritical capacity and the factor 𝜂 is
used.4 This is due to the fact that steel is hardened by shear, and it is hardened more quickly for
shear than for tension. It is also assumed that the flanges contribute in some extent to the capacity.
The program also calculates the shear area in both directions for asymmetrical cross sections, even if
it is uncertain as to whether it is possible to calculate plastic shear capacity for these.

4

The value of 𝜂 is defined in the section “Shear buckling (EC3-1-5: 5)” on page 52.
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For circular tubes, and circular solid and rectangular solid sections, the shear area is presented for a
load corresponding to the resultant of shear forces in the y’ and z’ direction. Such cross sections are
therefore controlled for one value.

Rolled I and H

𝑨𝑽,𝒚’ according to
EC3
2𝑏𝑡𝑓

𝐴 − 2𝑏𝑡𝑓 + (𝑡𝑤 + 2𝑟)𝑡𝑓

Welded I and H

𝐴 − ℎ𝑤 𝑡𝑤

𝜂 ⋅ ℎ𝑤 𝑡𝑤

Welded hats

𝐴 − 2ℎ𝑤 𝑡𝑤

2𝜂 ⋅ ℎ𝑤 𝑡𝑤

Rolled U

2𝑏𝑡𝑓

𝐴 − 2𝑏𝑡𝑓 + (𝑡𝑤 + 𝑟)𝑡𝑓

Welded U

𝐴 − ℎ𝑤 𝑡𝑤

𝜂 ⋅ ℎ𝑤 𝑡𝑤

Rolled T

-

Welded T

-

Cross section

L

Circular hollow

Circular solid

40

𝐴

𝑏
ℎ+𝑏

𝐴

2
𝜋

𝐴

𝑨𝑽,𝒛’ according to EC3

𝐴 − 𝑏𝑡𝑓 + (𝑡𝑤 + 2𝑟)
𝑡𝑤 (ℎ −
𝐴
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𝑡𝑓
2

𝑡𝑓
)
2

ℎ
ℎ+𝑏

𝐴

2
𝜋

𝐴
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Rolled rectangular
hollow

𝐴

𝑏
ℎ+𝑏

ISY Design

𝐴

ℎ
ℎ+𝑏

Welded rectangular
hollow

𝐴 − 2ℎ𝑤 𝑡𝑤

2𝜂 ⋅ ℎ𝑤 𝑡𝑤

Square solid

𝐴

𝐴

Whole area

Elastic shear force capacity
Elastic shear capacity is calculated on the basis of the shear stresses found at the stress points
specified in the section on stress points. Class 3 and 4 cross sections must be processed in exactly
the same way, without using an effective cross section.
𝑖
𝑗
𝑈𝑡𝑖𝑙𝑉
𝑉𝑖,𝐸𝑑
𝑉𝑖,𝑅𝑑
𝑡
𝑆𝑖

𝜏𝑉,𝑖,𝐸𝑑
𝜏𝐸𝑑
𝜏𝑦

Viewed direction, either 𝑦 ′ (parallel with flanges) or 𝑧 ′ (parallel with web).
Node no.
Total utilisation for shear forces.
Design shear force in viewed direction.
Design elastic shear force capacity, for the shear force 𝑉𝑖,𝐸𝑑 .
Thickness of the cross section at a given node/section.
First moment of area, about 𝑖, for the area on the outside of a given node/section.
“The outside” means the area on the opposite side of the section in relation to the
centre of gravity.
Design elastic shear stress, for the shear force 𝑉𝑖,𝐸𝑑 .
Total design elastic shear stress, for shear forces in both directions.
Design yield stress for shear.

The free faces in a cross section have no shear stresses normal to the face, unless the cross section
has concentrated loads at this point. As shear stresses always occur in pairs, this means that shear
stresses in a thin-walled cross section are always parallel to the outer edges. These are calculated
according to the following formula, with 𝑦’ equal to 𝑦 and 𝑧’ equal to 𝑧, in order to provide simpler
notation:

𝜏𝐸𝑑,𝑗 = 𝜏𝑉,𝑦,𝐸𝑑 + 𝜏𝑉,𝑧,𝐸𝑑 = −

𝑆𝑧 𝐼𝑦 − 𝑆𝑦 |𝐼𝑦𝑧 |
(𝐼𝑧 𝐼𝑦 −

2
𝐼𝑦𝑧
)

⋅𝑡

𝑉𝑦,𝐸𝑑 +

𝑆𝑦 𝐼𝑧 − 𝑆𝑧 |𝐼𝑦𝑧 |
2
(𝐼𝑧 𝐼𝑦 − 𝐼𝑦𝑧
)⋅𝑡

𝑉𝑧,𝐸𝑑

This formula is not compensated for the fact that 𝐼𝑦𝑧 also changes its sign when the coordinate
system is turned. However, we have found that there must be an absolute sign for this, and so this
does not matter. All values in the formula are given in y and z’ coordinates.
When the shear forces are specified along the main axes, this formula is simplified to:
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𝜏𝐸𝑑,𝑗 = 𝜏𝑉,𝑦,𝐸𝑑 + 𝜏𝑉,𝑧,𝐸𝑑 = −

𝑆𝑦
𝑆𝑧
𝑉𝑦,𝐸𝑑 +
𝑉
𝐼𝑧 ⋅ 𝑡
𝐼𝑦 ⋅ 𝑡 𝑧,𝐸𝑑

The formulae are taken from course literature from the Norwegian University of Science and
Technology, and the signs are then corrected in the same way as for axial stresses. The thickness 𝑡 is
defined as the shortest line that can be drawn from the node so that it intersects another edge of
the cross section. In practice, an average thickness is defined for each cross section element used for
all nodes within the cross section element. In nodes joining more than one cross section element,
the smallest thickness among the component cross section elements are used.
The first moment of area 𝑆𝑖 is calculated about the relevant axis through the centre of gravity for the
element of the cross section that is outside the viewed section. The dividing line is essentially
perpendicular to the shear stress, but rotation of this so that it becomes shorter or easier to
calculate essentially has little or no significance.
Formulae assumed section is divided into two parts by means of a simple section. This is nonproblematic for open cross sections. For closed cross sections, this requires two sections (or even
more for more complex cross sections than those referred to here). As long as these sections are
positioned symmetrically, the formulae will continue to apply. This covers profiles with the exception
of hat profiles with horizontal shear forces. These will have greater shear stresses in the strongest
flange. As this rarely occurs, and nevertheless will not be critical, sections with the same y
coordinate are used in the flanges.
Division into cross sectional areas in corners (welded or rolled) requires a little extra care. For Lshaped corners, internal or external, a dividing line on the tangent in the node will normally be good
enough. This is also applicable for circular tubes. However, for T-shaped corners (these are always
internal), this may occasionally result in misleadingly long dividing lines. Here, we use the rule that
states that the dividing line is drawn perpendicular to the shear force for nodes where the tangent
forms an angle with the shear force which is less than or equal to 45 degrees, or otherwise drawn
parallel to the shear force.
What is stated above is applicable only to true corners, i.e. corners that are a separate cross section
element. Corners that constitute a free edge are part of a flange or web. As far as these are
concerned, they must always be divided using a line which is perpendicular to the main direction of
the cross section, i.e. width for flange and height for web.
After that, cross section utilisation and capacity can be found by viewing the node with the greatest
stress:
𝜏𝐸𝑑 = max(|𝜏𝐸𝑑,𝑗 |)
𝑈𝑡𝑖𝑙𝑉 =

𝜏𝐸𝑑
=
𝜏𝑦

𝜏𝐸𝑑
𝑓𝑦

≤ 1,0

√3𝛾𝑀0

𝑉𝑅𝑑 =

42

𝑉𝐸𝑑
𝑈𝑡𝑛𝑉

Theoretical basis

 NOIS AS

Version 1.6

ISY Design

Solid cross sections, on the other hand, can withstand shear stresses in different directions, and so
other formulae are applicable to these. For a thick-walled cross section, the shear stresses must be
calculated according to a combination of these formulae, which in practice requires a FEM analysis.
Control of elastic shear force capacity is irrelevant for a solid or thick-walled cross section as this can
always be assumed to be of cross section class 1 or 2.

Torsion (EC3-1-1: 6.2.7)
𝑈𝑡𝑖𝑙 𝑇
𝑇𝐸𝑑
𝑇𝑅𝑑
𝑡𝑖

𝐴𝑚
𝑏
𝑡

Utilisation for torsional moment.
Design torsional moment.
Designed torsional moment capacity.
Thickness of current cross section element. For open cross sections, thicker cross
sections have higher torsional stress, and so the program uses the greatest thickness in
areas with internal radii.
The area inside the centre line of the material.
Width of a rectangular cross section (longest side edge).
Thickness of a rectangular cross section (shortest side edge).

In the first version of the program, calculation will only take place using St. Venant torsion. Including
the warping effect may be relevant at a later date. Both plastic and elastic torsion capacity are
calculated. For closed cross section (cross section elements), the capacity is the same. For open cross
sections, the effect of radii is taken into account for elastic cross sections, while it is omitted for
plastic cross sections. This is conservative, and in some cases, this may cause plastic capacity to be
less than elastic capacity, which is obviously wrong. Therefore, plastic capacity is equal to elastic
capacity or plastic capacity, whichever is the greater.

Plastic torsion capacity
The formulae are taken from “Stålkonstruksjoner – Profiler og Formler, Tapir Academic Press”,
where 𝜏𝑦 =

𝑓𝑦
√3𝛾𝑀0

:

𝑇𝑅𝑑

𝑇𝑅𝑑

2
𝜏𝑦 ⋅ 𝜋𝑟 3
𝐹𝑜𝑟 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑠𝑜𝑙𝑖𝑑 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠
3
={
1
1𝑡
𝜏𝑦 ⋅ 𝑏𝑡 2 (1 − ) 𝐹𝑜𝑟 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑜𝑙𝑖𝑑 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠
2
3𝑏

1
𝑚𝑎𝑥 (𝜏𝑦 ⋅ ∑ 𝑏𝑖 𝑡𝑖2 ,
2
={

𝑇𝑅𝑑,𝑒𝑙𝑎𝑠𝑡𝑖𝑐 )

𝐹𝑜𝑟 𝑜𝑝𝑒𝑛 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑖

𝜏𝑦 ⋅ 2𝐴𝑚 𝑡𝑚𝑖𝑛

𝐹𝑜𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

Utilisation:
𝑈𝑡𝑖𝑙 𝑇 =
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Elastic torsion capacity
As solid cross sections are always calculated with plastic shear stress distribution in the program,
torsion capacity for these will not be presented here.
First, we calculate the stress at all points specified in the section on stress points:

𝜏𝐸𝑑,𝑖

𝑇𝐸𝑑 𝑡𝑖
𝐼𝑇
=
𝑇𝐸𝑑
{2𝐴𝑚 𝑡𝑖

𝐹𝑜𝑟 𝑜𝑝𝑒𝑛 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠
𝐹𝑜𝑟 𝑐𝑙𝑜𝑠𝑒𝑑 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

After that, we find the utilisation and capacity by looking at the greatest stress in the cross section:
𝜏𝐸𝑑 = max(|𝜏𝐸𝑑,𝑖 |)
𝑈𝑡𝑖𝑙 𝑇 =

𝜏𝐸𝑑
=
𝜏𝑦

𝜏𝐸𝑑
𝑓𝑦

≤ 1,0

√3𝛾𝑀0

𝑇𝑅𝑑 =

𝑇𝐸𝑑
𝑈𝑡𝑖𝑙 𝑇

Torsion and shear (EC3-1-1: 6.2.7(9))
For plastic design, 𝑉𝑅𝑑 is reduced to 𝑉𝑇,𝑅𝑑 by means of a combination of shear force and torsion. It is
worth noting that the following expressions or equivalent, and the latter is used in the code as it is
more suitable:
𝜏 𝑇,𝐸𝑑
𝜏 𝑇,𝐸𝑑 𝑇𝐸𝑑
=
=
𝑓𝑦
𝜏𝑦
𝑇𝑅𝑑
√3𝛾𝑀0

Open cross sections
𝑉𝑇,𝑅𝑑 =

√

1−

𝜏 𝑇,𝐸𝑑
𝑉
1,25𝑓𝑦 𝑅𝑑
√3𝛾𝑀0

44

Theoretical basis

 NOIS AS

Version 1.6

ISY Design

Closed cross sections
𝑉𝑇,𝑅𝑑 =

1−
(

𝜏 𝑇,𝐸𝑑
𝑓𝑦

𝑉𝑅𝑑

√3𝛾𝑀0 )

Circular and solid cross sections
For circular and solid cross sections, the total utilisation is calculated for shear forces in both
directions, and torsion is calculated by using the resultant of the two shear forces:

√𝑉𝑦,𝐸𝑑 2 + 𝑉𝑧,𝐸𝑑 2
𝑈𝑡𝑛𝑉+𝑇 =

𝑉𝑇,𝑅𝑑

In addition, separate utilisations are calculated for shear force in each direction, in combination with
torsion.
Capacity for circular solid steel
The lower bound theorem is used for circular solid steel, with torsion capacity for circular solid steel
from the section on torsion. The torsional moment applied is balanced using the external area in the
circle, giving the radius 𝑟𝑉 for the internal area that has to withstand the shear forces:
3
2
3𝑇𝐸𝑑
𝑇𝐸𝑑 = 𝑇𝑅𝑑 = 𝜏𝑦 ⋅ 𝜋(𝑟 3 − 𝑟𝑉3 ) → 𝑟𝑉 = √𝑟 3 −
3
2𝜋 ⋅ 𝑇𝑦

Hence the reduced shear capacity can be calculated with ease:
𝑉𝑇,𝑅𝑑 = 𝜋𝑟𝑉2
Capacity for rectangular solid steel
It is also possible to deduce the lower bound theorem for rectangular solid steel, but the analytical
solution is complex. Therefore, it is better to use the same formula as for closed cross sections, with
linear reduction of the shear force capacity. The figure below shows a comparison between the
lower bound theorem and linear reduction for a rectangle of size 15𝑥10 𝑚𝑚2 , where 𝜏𝑦 = 1:
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Bending and axial force
Cross section classes 1 and 2
𝑖
𝑛
𝑀𝑖,𝐸𝑑
𝑀𝑁,𝑖,𝑅𝑑
𝐴𝑓
𝐴𝑤
𝑎𝑓
𝑎𝑤

Current axis, either y or z.
Utilisation for axial force.
Design moment about current axis.
Reduced moment capacity about current axis.
Total flange area.
Total web area.
Proportion of area belonging to flanges.
Proportion of area belonging to web.

Bending and axial force are tackled using the lower bound theorem from plasticity theory. The area
nearest to the area centre, about the current axis, is allocated to balance the axial force. The
remaining area is used to balance the moment.
Double symmetrical cross sections
It is relatively easy for double symmetrical cross sections to find the areas that allow the moment to
balance. Capacity is determined using the following formula:

𝑈𝑡𝑛𝑀,𝑖+𝑁 =

𝑀𝑖,𝐸𝑑
≤ 1,0
𝑀𝑁,𝑖,𝑅𝑑

Solid, rectangular cross section without bolt holes
2

𝑀𝑁,𝑖,𝑅𝑑 = 𝑀𝑝𝑙,𝑖,𝑅𝑑 [1 − (

𝑁𝐸𝑑
) ]
𝑁𝑝𝑙,𝑅𝑑

I- or H-sections (rolled and welded)
It is not necessary to take into account the effect of axial force on the design plastic moment
capacity about the y-axis if both of the following criteria are met:
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𝑁𝐸𝑑 ≤ 0,25𝑁𝑝𝑙,𝑅𝑑
𝑁𝐸𝑑 ≤

0,5ℎ𝑤 𝑡𝑤 𝑓𝑦
𝛾𝑀0

The latter criterion can be written using the following observations:

𝑛=

𝑁𝐸𝑑
→ 𝑁𝐸𝑑 = 𝑁𝑝𝑙,𝑅𝑑 ⋅ 𝑛
𝑁𝑝𝑙,𝑅𝑑

It is obvious to assume that ℎ𝑤 𝑡𝑤 and 𝐴 − 2𝑏𝑡𝑓 as specified in EC3-1-5, 6.2.9.1(4) and (5)
respectively, should correspond to the web area, illustrated by the red area in the figure above.
Hence in practice, ℎ𝑤 𝑡𝑤 is equal to 𝑎𝐴, which leads to a more generally formulated criterion (which
is more suited to use in the program):
𝑓𝑦
𝑁𝑝𝑙,𝑅𝑑 ⋅ 𝑛 ≤ 0.5𝑎𝐴
= 0.5𝑎𝑁𝑝𝑙,𝑅𝑑 → 𝑛 ≤ 0.5𝑎
𝛾𝑀0
Capacity is calculated according to the formula below.

𝑀𝑁,𝑦,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑

1−𝑛
≤ 𝑀𝑝𝑙,𝑦,𝑅𝑑
1 − 0,5𝑎

It is not necessary to take into account the effect of axial force on the design plastic moment
capacity about the z-axis if the following criterion is met:

𝑁𝐸𝑑 ≤

ℎ𝑤 𝑡𝑤 𝑓𝑦
𝛾𝑀0

This corresponds to:
𝑛≤𝑎
Capacity is calculated according to the formula below.
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𝑀𝑝𝑙,𝑧,𝑅𝑑

≤ 𝑀𝑁,𝑧,𝑅𝑑 , 𝑛 ≤ 𝑎
2

𝑛−𝑎
𝑀𝑁,𝑧,𝑅𝑑 = {
𝑀𝑝𝑙,𝑧,𝑅𝑑 [1 − (
) ] ≤ 𝑀𝑁,𝑧,𝑅𝑑 , 𝑛 > 𝑎
1−𝑎

𝑎=

𝐴 − 2𝑏𝑡𝑓
≤ 0,5
𝐴

Rectangular hollow cross sections with constant thickness
The capacity is calculated according to the formulae below.

𝑀𝑁,𝑦,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑

𝑎𝑤 =

𝐴 − 2𝑏𝑡
≤ 0,5
𝐴

𝑀𝑁,𝑧,𝑅𝑑 = 𝑀𝑝𝑙,𝑦,𝑅𝑑

𝑎𝑓 =

1−𝑛
≤ 𝑀𝑝𝑙.𝑦,𝑅𝑑
1 − 0,5𝑎𝑤

1−𝑛
≤ 𝑀𝑝𝑙,𝑧,𝑅𝑑
1 − 0,5𝑎𝑓

𝐴 − 2ℎ𝑡
≤ 0,5
𝐴

Welded rectangular box sections
EC3-1-1 provides clarification for box sections where the flanges and webs are of different
thicknesses. All rectangular hollow profiles in ISY Design are of constant thickness, so this is not
referred to here.
Circular cross sections (hollow and solid)
The capacity is calculated according to the formulae below, and this is applicable to the moment
about both the y-axis and the z-axis.
𝜋
𝑀𝑁,𝑅𝑑 = 𝑀𝑝𝑙,𝑅𝑑 cos (𝑛 )
2
For hollow circular tubes, the formula is derived from Per Kr. Larsen’s book, p. 98. The same basis
and derivation are used for solid cross sections. In the figure below, this corresponds to the models
on the left and right respectively, while the model in the centre is assumed to be the ideal for solid
cross sections. As the model on the right satisfies the lower bound theorem, this is used as it is
assumed to be sufficiently precise.
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Axial force capacity for solid cross sections:
1
𝑁𝐸𝑑 = 4𝑓𝑑 ⋅ 𝐴(𝜙0 ) = 4𝑓𝑑 ⋅ 𝑟 2 𝜙0 = 2𝑓𝑑 𝑟 2 𝜙0
2
𝑁𝑝𝑙,𝑅𝑑 = 𝑓𝑑 ⋅ 𝐴𝑠𝑖𝑟𝑘𝑒𝑙 = 𝑓𝑑 ⋅ 𝜋𝑟 2
This gives the angle 𝜙0 :

𝑁𝐸𝑑 =

2
𝜋 𝑁𝐸𝑑
𝑁𝑝𝑙,𝑅𝑑 𝜙0 → 𝜙0 =
𝜋
2 𝑁𝑝𝑙,𝑅𝑑

Moment capacity for solid cross sections:
𝜋/2

𝜋/2

𝑀𝐸𝑑 = 4𝑓𝑑 ∫ 𝑧(𝜙) ⋅ 𝑑𝐴(𝜙) = 4𝑓𝑑 ∫
𝜙0

𝜙0

𝑀𝑝𝑙,𝑅𝑑 = 2 𝑓𝑑 ⋅ 𝐴ℎ𝑎𝑙𝑓 𝑐𝑖𝑟𝑐𝑙𝑒 ⋅

2
1
4
𝑟 ⋅ sin(𝜙) ⋅ 𝑟 2 𝑑𝜙 = 𝑓𝑑 𝑟 3 cos(𝜙0 )
3
2
3

4𝑟
𝜋𝑟 2 4𝑟 4
= 2𝑓𝑑 ⋅
⋅
= 𝑓 𝑟3
3𝜋
2 3𝜋 3 𝑑

Reduced moment capacity 𝑀𝑁,𝑅𝑑 is thus exactly the same as for thin-walled tubes:

𝑀𝐸𝑑 = 𝑀𝑁,𝑅𝑑 = 𝑀𝑝𝑙,𝑅𝑑 cos (

𝑁𝐸𝑑 𝜋
)
𝑁𝑝𝑙,𝑅𝑑 2

The annex to EC3-1-1 published in 2014 has added a formula to section 6.2.9.1(6) which deviates
from the formula above. The formula in the standard is slightly more conservative (~2%) for lower
utilisation factors for axial force, while it is a little more favourable when approaching full axial force
utilisation. We have chosen not to take this into account as we are not as familiar with the formula
in the annex.
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Monosymmetrical and asymmetrical cross section types
For other cross sectional forms, it is more complicated to find the area – or, more correctly, the
zones – that are to balance the external axial force and at the same time not give rise to a new
moment. Here, Eurocode does not state how interaction is to be calculated, and in such instances a
safe approach is applied on the basis of equation (6.2) in EC3-1-1, modified for moment about just
one axis. The two-axis variant of the equation is provided in the section on biaxial bending with axial
force for cross section classes 1 and 2.

𝑈𝑡𝑖𝑙𝑀,𝑖+𝑁 =

𝑁𝐸𝑑 𝑀𝑖,𝐸𝑑
+
≤ 1,0
𝑁𝑅𝑑 𝑀𝑖,𝑅𝑑

As reduced moment capacity 𝑀𝑁,𝑖,𝑅𝑑 is not defined, these are concealed in the user interface.
Double L cross sections
See the section on double L profiles under stress control.

Cross section classes 3 and 4
There is no check of bending and axial force for class 3 and 4 cross sections. Instead, this check is
carried out by means of biaxial bending with axial force (see the section on biaxial bending with axial
force).

Biaxial bending with axial force
Cross section classes 1 and 2
Double symmetrical cross sections
For double symmetrical cross sections, equation (6.41) in EC3-1-1 is used to calculate the utilisation:
𝛼

𝛽

𝑀𝑦,𝐸𝑑
𝑀𝑧,𝐸𝑑
𝑈𝑡𝑖𝑙𝑀+𝑁 = [
] +[
] = 𝑈𝑡𝑖𝑙𝑀,𝑦+𝑁 𝛼 + 𝑈𝑡𝑖𝑙𝑀,𝑧+𝑁 𝛽 ≤ 1,0
𝑀𝑁,𝑦,𝑅𝑑
𝑀𝑁,𝑧,𝑅𝑑
Exponent I and H
cross
sections
𝛼
2
𝛽

5𝑛 ≥ 1,0

Circular
cross
sections
2
2

Rectangular
hollow cross
sections
1,66
≤6
1 − 1,13𝑛2
𝛼

Rectangular
cross sections

Conservative
value

1,73 + 1,8𝑛3

1

𝛼

1

In the program, the denomination “utilisation” is used to define the degree to which the cross
section is capable of withstanding the section forces. In reality, this wording is slightly imprecise as a
number of the interaction formulae in the standard have no linear relationship between applied
forces and capacity. Therefore, the standard uses the expression “capacity”, while we use
“utilisation” as we prefer to provide an indicator of the degree of utilisation even though this is
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misleading in some cases. One misleading example may be a circular cross section, with two sets of
forces which are essentially alike but are executed in different ways:



An axial force 𝑁, and a uniaxial moment 𝑀
An axial force 𝑁, and two moments 𝑀𝑦 and 𝑀𝑧 which together have the same size as 𝑀.

The first instance will provide higher utilisation for the interaction 𝑀 + 𝑁 than for 𝑀𝑦 + 𝑁 and 𝑀𝑧 +
𝑁 respectively from the second instance. This is essentially understandable as the individual
moments in the second instance are smaller, but it leads to higher utilisation for biaxial bending with
axial force in the first instance. Utilisation should be the same, but the controls and the standard
merely provide assurance that you are on the conservative side. When the applied individual forces
approach their capacity, the interaction formulae will converge and the results will be as expected.
Monosymmetrical and asymmetrical cross sections
For other cross sectional forms, it is more complicated to find the area – or, more correctly, the
zones – that are to balance the external axial force and at the same time not give rise to a new
moment. Here, Eurocode does not specify how interaction should be calculated, and in such
instances a safe approach from EC3-1-1, 6.2.1(7) is used:
𝑁𝐸𝑑 𝑀𝑦,𝐸𝑑 𝑀𝑧,𝐸𝑑
𝑈𝑡𝑖𝑙𝑀+𝑁 =
+
+
≤ 1,0
𝑁𝑅𝑑 𝑀𝑦,𝑅𝑑 𝑀𝑧,𝑅𝑑
Circular cross sections
For circular cross sections, the resultant moment of 𝑀𝑦,𝐸𝑑 and 𝑀𝑧,𝐸𝑑 in the calculation of biaxial
bending is used as the reduced moment capacity is the same in both directions. There is no need to
use 𝛼 and 𝛽 as only the axis about which the resultant acts are calculated.
√𝑀𝑦,𝐸𝑑 2 + 𝑀𝑧,𝐸𝑑 2
𝑈𝑡𝑖𝑙𝑀+𝑁 =

𝑀𝑁,𝑅𝑑

≤ 1,0

Cross section class 3
𝜎𝑥,𝐸𝑑 ≤

𝑓𝑦
𝜎𝑥,𝐸𝑑
→ 𝑈𝑡𝑛𝑀+𝑁 =
≤ 1,0
𝑓𝑦
𝛾𝑀0
𝛾𝑀0

Formula 3.6 in PKL, compensated for differences in coordinate system:

𝜎𝑥,𝐸𝑑 =

𝑦𝐼𝑦 − 𝑧𝐼𝑦𝑧
𝑁𝐸𝑑 𝑧𝐼𝑧 − 𝑦𝐼𝑦𝑧
−
𝑀𝑦,𝐸𝑑 +
2
2 𝑀𝑧,𝐸𝑑
𝐴
𝐼𝑧 𝐼𝑦 − 𝐼𝑦𝑧
𝐼𝑧 𝐼𝑦 − 𝐼𝑦𝑧

This formula is not compensated for the fact that 𝐼𝑦𝑧 also changes its sign when we turn the
coordinate system. However, we have chosen only to calculate the moment about the main axes in
this version, and so the formula above is only used with 𝐼𝑦𝑧 = 0.
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Cross section class 4
Maximum axial stress utilization must be calculated with an effective cross section in accordance
with EC3-1-5, sections 4.3(3) and 4.3(4). The following formula is used for utilisation of combined
axial force and moment (4.15):
𝑈𝑡𝑖𝑙𝑀+𝑁 = |

𝑀𝑦,𝐸𝑑 + 𝑁𝐸𝑑 𝑒𝑁,𝑦
𝑁𝐸𝑑
𝑀𝑧,𝐸𝑑 − 𝑁𝐸𝑑 𝑒𝑁,𝑧
|+|
|+|
| ≤ 1,0
𝑓𝑦
𝑓𝑦
𝑓𝑦
𝐴𝑒𝑓𝑓 𝛾
𝑊𝑒𝑓𝑓,𝑦,𝑚𝑖𝑛 ⋅ 𝛾
𝑊𝑒𝑓𝑓,𝑧,𝑚𝑖𝑛 ⋅ 𝛾
𝑀0
𝑀0
𝑀0

Here, it is worth noting that it is necessary to use correct signs for included moments and
eccentricities, but that utilisations are then totalled. This is described somewhat inadequately in
Eurocode. It is also important to note that 𝑒𝑁,𝑦 is the eccentricity of the y-axis, i.e. measured in the z
direction, not in the y direction as the name may imply. The same is applicable to 𝑒𝑁,𝑧 .
In addition to the control of the summation of utilizations, the largest axial stress from the iteration
explained below is controlled. Normally, the utilization of the axial stress is lesser, but in some cases
the “accurate” method yields a larger utilization than the simplified method of summation of
utilizations. The application uses the utilization based on the iterated stress plane in these cases,
which is a recommendation from Standards Norway.
Calculation of “accurate” stress plane in class 4
With elastic shear stress and von Mises calculations it is necessary to know the axial stresses in every
node. In addition, it is preferable show the stress distribution graphically, also with plastic shear
calculations, even though the axial stresses are not used anywhere in the calculations. This is why
calculations of axial stresses in each node are also carried out by applying the rules of EC3-1-5:
4.3(4). This is an iteration process based on the following rules:
1. Displacement of the centre of gravity from the original to the reduced, effective cross
section is calculated for every iteration step. These eccentricities give rise to additional
moments that also are updated in each step of the iteration process.
2. We disregard the effect of any rotation of the main axes during the transition from original
to reduced cross section, 𝐴𝑒𝑓𝑓 , 𝐼𝑦,𝑒𝑓𝑓 and 𝐼𝑧.𝑒𝑓𝑓 , are calculated, and the following stress
distribution is found:
3. 𝐵 = −

𝑀𝑦,𝐸𝑑 +𝑁𝐸𝑑 𝑒𝑁,𝑦
𝐼𝑦,𝑒𝑓𝑓

𝑀𝑧,𝐸𝑑 + 𝑁𝐸𝑑 𝑒𝑁,𝑧
𝐶=
𝐼𝑧.𝑒𝑓𝑓
𝑁𝐸𝑑
𝐴=
− 𝐵𝑒𝑁,𝑦 − 𝐶𝑒𝑁,𝑧
𝐴𝑒𝑓𝑓
𝜎𝑥,𝐸𝑑 = 𝐴 + 𝐵𝑧 + 𝐶𝑦
4. This stress distribution is used to calculate a new effective cross section. If the new one
differs significantly from the last iteration step, the we return to step 1. When the centre of
gravity in the effective cross section is moved less than a given tolerance from the previous
iteration step, iteration is terminated.
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5. In some cases – E.g. the case of very slender cross sections – the iteration may not converge.
It will then terminate after 100 cycles, and instead the stress distribution from the 1st
iteration step is used. (This corresponds to the values described in EC3-1-5, sections 4.3(3)
and 4.3(4) before the note.)
Using elastic shear stress distribution will lead to use of the von Mises yield criterion for calculating
utilization. This is not entirely in accordance with Eurocode, since it assumes utilization to be based
on summation of the individual utilizations for 𝑁, 𝑀𝑦 and 𝑀𝑧 . In such a case, a message will be
displayed informing the user that using an axial stress plane, that we only have estimated values for
in class 4, is not an ideal basis for estimating von Mises stress. If the iteration of the axial stress plane
doesn’t converge at all, the user will instead be warned about this, and encouraged to use plastic
shear stress distribution for class 4, in order to avoid use of the von Mises criterion.

Shear buckling (EC3-1-5: 5)
Shear buckling is only controlled for internal flanges and/or webs, and hence is of no relevance to
cross sections with no internal cross section elements. Nor is it controlled for general or circular
cross sections (CHS). In the case of cross sections with multiple internal webs (internal flanges when
looking at the y direction), only the web with the smallest 𝑡𝑤 is controlled.
Assumptions:
The panels are rectangular
Stiffeners, if present, are located transverse or longitudinal to the panel, or in both
directions.
All holes and “cut outs” are small.
The beams are of uniform cross section.
ℎ

If 𝑡 𝑤 ≥
𝑤

72
𝜖
𝜂

ℎ

for a web which is not stiffened or 𝑡 𝑤 ≥
𝑤

31
𝜖√𝑘𝜏
𝜂

for a stiffened web, the panel must be

checked for resistance to shear according to the formulae below.
1,2 𝑓𝑜𝑟 𝑓𝑦 ≤ 460
𝜂={
1.0 𝑓𝑜𝑟 𝑓𝑦 > 460
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: 𝜂 = 1,0 for fire design where the steel temperature exceeds 400°C

𝜂3 =

𝑉𝐸𝑑
≤ 1,0
𝑉𝑏,𝑅𝑑

Here, 𝑉𝐸𝑑 is the design shear force including shear from torsion. Torsion gives no shear forces for
open profiles, but this must be included for close profiles. The standard does not say much about
how this is to be calculated, so we have had to develop our own approach based on finding the
greatest torsional force occurring from all webs, and then adding this with the same sign as the
shear force.
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The design shear force for the most critical web is then:
𝑉𝐸𝑑,𝑤𝑒𝑏 = 𝑉𝐸𝑑

𝐴𝑉,𝑤𝑒𝑏
+ 𝑉𝑇,𝐸𝑑
𝐴𝑉,𝑡𝑜𝑡𝑎𝑙

𝑉𝑇,𝐸𝑑 = 𝑡

𝐴𝑉,𝑤𝑒𝑏 𝑓𝑦
√3𝛾0

We find the capacity of the most critical web
𝑉𝑏,𝑅𝑑 = 𝑉𝑏𝑤,𝑅𝑑 + 𝑉𝑏𝑓,𝑅𝑑 ≤

𝑡
𝜂3
𝑉𝑏,𝑅𝑑
𝑉𝑏𝑤,𝑅𝑑
𝑉𝑏𝑓,𝑅𝑑
𝜒𝑤
𝜆𝑤
𝜂
𝑘𝜏
𝑀𝑓,𝑅𝑑
𝑎
𝑐
ℎ𝑤

𝜂𝑓𝑦𝑤 ℎ𝑤 𝑡𝑤
√3𝛾𝑀1

Utilisation for torsion alone.
The utilisation degree for design capacity for resistance to shear.
Design capacity for resistance to shear.
Contribution to design capacity for resistance to shear from the web.
Contribution to design capacity for resistance to shear from the flange.
Reduction factor for resistance to shear.
Relative slenderness for resistance to shear.
Factor dependent on steel grade.
Shear resistance coefficient.
Moment capacity where only the effective area of the flanges is included.
Horizontal distance between stiffeners.
Factor used in connection with calculation of 𝑉𝑏𝑓,𝑅𝑑 .
Web height minus radii at the ends (the same as 𝑐 in Table 5.2 in EC3-1-1).

Web contribution
Note: The formulae below are applicable to vertical forces. For horizontal forces in hats and
rectangular hollow cross sections, the flanges will behave as webs.

𝑉𝑏𝑤,𝑅𝑑 =

𝜒𝑤 𝑓𝑦𝑤 ℎ𝑤 𝑡𝑤
√3𝛾𝑀1

𝜒𝑤 Contributions from the web to resistance to shear.
𝝀𝒘

𝜆𝑤 <

Stiff end stiffener

0,83

0,83

𝜆𝑤

𝜆𝑤

𝝌𝒘

0,83
𝜂

0,83
≤ 𝜆𝑤 < 1,08
𝜂
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Soft end
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𝜂
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1,37

0,83

0,7 + 𝜆𝑤

𝜆𝑤

𝜆𝑤 ≥ 1,08

The modified slenderness is calculated as follows:

𝜆𝑤 =

ℎ𝑤
37,4𝑡𝑤 𝜖√𝑘𝜏

ℎ𝑤 2
5,34 + 4,00 ( ) ,
𝑎
𝑘𝜏 =
ℎ𝑤 2
4,00 + 5,34 ( ) ,
𝑎
{

𝑎
≥ 1,0
ℎ𝑤
𝑎
< 1,0
ℎ𝑤

Flange contribution
The flange contributes to the capacity against resistance to shear, but only if there is no torsional
moment.
The formulae below are applicable to vertical forces. For horizontal forces in hats and rectangular
hollow cross sections, the webs will act as flanges.

𝑀𝑓,𝑅𝑑 =

𝑀𝑓,𝑘 𝑊𝑝𝑙,𝑓 𝑓𝑦𝑘
=
𝛾𝑀0
𝛾𝑀0
2

0≤𝑚 =1−(

𝑀𝐸𝑑
) ≤1
𝑀𝑓,𝑅𝑑

If 𝑀𝑓,𝑅𝑑 = 0 is 𝑚 = 0

𝑉𝑏𝑓,𝑅𝑑 =

𝑏𝑓 𝑡𝑓2 𝑓𝑦𝑓
𝑚
𝑐𝛾𝑀1

𝑐 = 𝑎 (0,25 +

1,6𝑏𝑓 𝑡𝑓2 𝑓𝑦𝑓
)
2𝑓
𝑡𝑤 ℎ𝑤
𝑦𝑤

𝑏𝑓 and 𝑡𝑓 is taken from the flange that gives the least resistance to axial forces. This will apply to hats
and monosymmetrical I cross sections. 𝑏𝑓 is restricted to a maximum of 15𝜖𝑡𝑓 on either side of the
web.
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𝑊𝑝𝑙,𝑓 is the plastic moment of resistance for a cross section comprising only the effective area of the
flanges. This is found by taking the effective cross section for moment in the relevant direction (with
the correct sign) and “cutting away” the web before executing calculation of 𝑊𝑝𝑙 .
To compensate for the fact that the axial force “uses up” part of the capacity in the flanges, 𝑀𝑓,𝑅𝑑
must be reduced by the following factor:

0≤1+

𝑁𝐸𝑑
(𝐴𝑓1 + 𝐴𝑓2 )𝑓𝑦𝑓
𝛾𝑀0

≤1

The sum of 𝐴𝑓1 + 𝐴𝑓2 is the effective area of the cross section (from axial force alone) where the
web is cut away.

Bending, shear and axial force (EC3-1-1: 6.2.10)
Interaction between bending, shear and axial force comprises two controls, with and without
resistance to shear. The two controls are carried out independently of one another, and both may be
design values for the member.

Without shear buckling
𝑓𝑦,𝑟𝑒𝑑
𝑚𝑁𝑣𝑦
𝑚𝑁𝑣𝑧
𝑖
𝜌𝑖
𝐴𝑣,𝑖
𝜌

Reduced yield stress due to shear force.
The degree of utilisation for bending, shear and axial force due to shear force in the y
direction.
The degree of utilisation for bending, shear and axial force due to shear force in the z
direction.
Viewed direction, either the y-axis or the z-axis.
Reduction factor due to shear force in viewed direction.
Plastic shear area for viewed direction.
Combined reduction factor for shear forces in both directions, weighted according to the
proportion of shear area.

If the design shear force 𝑉𝐸𝑑 does not exceed 50% of the design shear force capacity, you do not
need to reduce the capacity due to shear force. Otherwise, the combination of moment and axial
force should be calculated with a reduced yield limit.
𝑓𝑦,𝑟𝑒𝑑 = (1 − 𝜌𝑖 )𝑓𝑦
The reduction factor is stated independently of cross section class as plastic shear distribution is also
used in classes 3 and 4:
2

𝜌𝑖 = (
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2𝑉𝐸𝑑,𝑖
𝑉𝐸𝑑,𝑖
− 1) , if
≥ 0,5
𝑉𝑝𝑙,𝑖,𝑅𝑑
𝑉𝑝𝑙,𝑖,𝑅𝑑
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NB: It is worth noting that, because of the way the Eurocode is written, torsion will not affect the
moment utilization as it does with combined bending, shear and axial force with shear buckling. This
is directly stated in 6.2.7(6) and 6.2.10 in EC3-1-1. Still, warping may affect the calculations but the
program do not account for it (warping not supported).
Implementation of reduced yield stress
In principle, the reduced yield limit must only be used inside the shear area, as this is where
interaction will occur. By way of simplification, we have chosen to use the reduced yield stress over
the entire cross sectional area. This means that the reduction has to be modified in order to tackle
forces in both directions simultaneously.
A reduction factor, weighted according to the proportion of shear area in web and flanges
respectively, ensures a result that corresponds to what you get if the yield stress is only reduced
inside the shear area in the relevant direction:

𝜌=

𝜌𝑦 𝐴𝑉,𝑦
𝜌𝑧 𝐴𝑉,𝑧
+
𝑀𝑎𝑥(𝐴, 𝐴𝑉,𝑦 + 𝐴𝑉,𝑧 ) 𝑀𝑎𝑥(𝐴, 𝐴𝑉,𝑦 + 𝐴𝑉,𝑧 )

The formula has been changed so that it is also correct when the sum of the two shear areas is not
equal to the total area. This assumes that when the sum is greater than the total area, this is due to
the fact that the cross section either has a reinforced capacity or is not to be regarded as thin. When
the sum is less, this is due to the fact that parts of the cross section do not take shear.
It is also worth noting that the shear areas in this formula should actually be calculated with 𝜂 = 1.
This is because 𝜂 is a factor that increases the capacity, not the area. This is only implemented for
parameterised cross sections.
As the reduction is to be used for the combination of axial force and moment, reduced axial force
and moment capacities must be calculated for use in EC 3-1-1, section 6.2.9. Reduction of axial force
capacity is distributed evenly for webs and flanges, and hence it is possible to use the weighted
reduction factor directly:
𝑁𝑅𝑑,𝑟𝑒𝑑 = 𝑁𝑅𝑑 ⋅ (1 − 𝜌𝑁 ) = 𝑁𝑅𝑑 ⋅ (1 − 𝜌)
Since area far away from the centre of gravity has the greatest impact on the moment capacity, it is
difficult to say for an arbitrary cross section whether reduction of the yield limit in webs or flanges is
the most significant. Therefore, we have chosen to use the greatest reduction factor for y and z
respectively so as to be on the safe side when calculating the reduced moment capacity:
𝑀𝑅𝑑,𝑖,𝑟𝑒𝑑 = 𝑀𝑅𝑑,𝑖 ⋅ (1 − 𝜌𝑀 ) = 𝑀𝑅𝑑,𝑖 ⋅ [1 − max(𝜌𝑦 , 𝜌𝑧 )]
I-sections
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For I-sections, the reduction of moment is optimised as follows:
If horizontal shear force occurs at the same time as moment about the horizontal axis, 𝜌𝑦 is normally
crucial to the reduction of moment capacity as the flange areas are far away from the centre of
gravity in relation to the web area:
𝑀𝑅𝑑,𝑦,𝑟𝑒𝑑 = 𝑀𝑅𝑑,𝑦 ⋅ (1 − 𝜌𝑀𝑦 ) = 𝑀𝑅𝑑,𝑦 ⋅ [1 − max(𝜌𝑦 , 𝜌)]
For moment about the vertical axis, 𝜌𝑦 always determines the reduction of moment capacity as the
web area is positioned in the centre of gravity and hence has no opportunity to be able to reduce
the moment capacity:
𝑀𝑅𝑑,𝑧,𝑟𝑒𝑑 = 𝑀𝑅𝑑,𝑧 ⋅ (1 − 𝜌𝑀𝑧 ) = 𝑀𝑅𝑑,𝑧 ⋅ (1 − 𝜌𝑦 )
Rectangular hollow cross sections
For rectangular hollow cross sections, the situation is the same as for moment about the horizontal
axis in I cross sections.
𝑀𝑅𝑑,𝑦,𝑟𝑒𝑑 = 𝑀𝑅𝑑,𝑦 ⋅ (1 − 𝜌𝑀𝑦 ) = 𝑀𝑅𝑑,𝑦 ⋅ [1 − max(𝜌𝑦 , 𝜌)]
𝑀𝑅𝑑,𝑧,𝑟𝑒𝑑 = 𝑀𝑅𝑑,𝑧 ⋅ (1 − 𝜌𝑀𝑧 ) = 𝑀𝑅𝑑,𝑧 ⋅ [1 − max(𝜌𝑧 , 𝜌)]
Circular and solid cross sections
For both circular and solid cross sections, the sum of the shear areas in the y and z direction is
greater than the total area. This means that it is necessary to calculate one reduction factor on the
basis of the resultant of the shear forces, and for this to be used in both directions. In other words, if
capacity utilisation for the resultant force is greater than 50%, interaction control must be carried
out.
2
2

2√𝑉𝑦,𝐸𝑑 + 𝑉𝑧,𝐸𝑑
𝜌=

𝑉𝑝𝑙,𝑅𝑑

2

−1

(

)

Class 1 and 2 interaction
Utilisation for interaction between bending, shear and axial force is thus calculated in each direction
according to section 6.2.9 in EC 3-1-1, using the reduced axial force and moment capacities from the
sections above. This reduction must only be used for combinations of axial force and moment in
6.2.9 and is not applied retroactively to earlier sections in the standard. In other words, utilisation
for axial force alone and moment alone is unaffected.
The final utilisation is specified as utilisation for biaxial bending with reduced yield limit, utilisation
for bending and axial force with reduced yield limit, and utilisation for shear force alone, whichever
is the greatest.
Double symmetrical cross sections (with the exception of circular and solid)
Utilisation for uniaxial bending and axial force with reduced yield stress:
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𝑀𝑖,𝐸𝑑

𝑚𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. =

𝑀𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. (𝜌𝑀𝑖 )

Utilisation for biaxial bending and axial force with reduced yield stress:
𝑚𝑁,𝑦𝑧,𝑟𝑒𝑑 = 𝑚𝑁,𝑦,𝑅𝑑,𝑟𝑒𝑑. 𝛼(𝜌𝑁) + 𝑚𝑁,𝑧,𝑅𝑑,𝑟𝑒𝑑. 𝛽(𝜌𝑁)
Monosymmetrical and asymmetrical cross sections
Utilisation for uniaxial bending and axial force with reduced yield stress:

𝑚𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. =

𝑁𝐸𝑑
𝑀𝑖,𝐸𝑑
+
𝑁𝑅𝑑 (1 − 𝜌𝑁 ) 𝑀𝑖,𝑅𝑑 (1 − 𝜌𝑀𝑖 )

Utilisation for biaxial bending and axial force with reduced yield stress:

𝑚𝑁,𝑦𝑧,𝑟𝑒𝑑. =

𝑁𝐸𝑑
+
𝑁𝑅𝑑 (1 − 𝜌𝑁 ) 𝑀

𝑀𝑦,𝐸𝑑

𝑦,𝑅𝑑

(1 − 𝜌𝑀𝑦 )

+

𝑀𝑧,𝐸𝑑
𝑀𝑧,𝑅𝑑 (1 − 𝜌𝑀𝑧 )

Circular cross sections
The reduction factor 𝜌 is provided by the section on circular and solid cross sections under bending,
shear and axial force in the stress control.
Utilisation for uniaxial bending and axial force with reduced yield stress:

𝑚𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. =

𝑀𝑖,𝐸𝑑
𝑀𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. (𝜌)

Utilisation for biaxial bending and axial force with reduced yield stress:

√𝑀𝑦,𝐸𝑑 2 + 𝑀𝑧,𝐸𝑑 2
𝑚𝑁,𝑦𝑧,𝑟𝑒𝑑. =

𝑀𝑁,𝑅𝑑,𝑟𝑒𝑑. (𝜌)

Solid rectangular cross sections
The reduction factor 𝜌 is provided by the section on circular and solid cross sections under bending,
shear and axial force in the stress control.
Utilisation for uniaxial bending and axial force with reduced yield stress:
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𝑚𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. =

𝑀𝑖,𝐸𝑑
𝑀𝑁,𝑖,𝑅𝑑,𝑟𝑒𝑑. (𝜌)

Utilisation for biaxial bending and axial force with reduced yield stress:
𝑚𝑁,𝑦𝑧,𝑟𝑒𝑑 = 𝑚𝑁,𝑦,𝑅𝑑,𝑟𝑒𝑑. 𝛼(𝜌) + 𝑚𝑁,𝑧,𝑅𝑑,𝑟𝑒𝑑. 𝛽(𝜌)
Class 3 and 4 interaction
There is no differentiation between axial stresses in the y and z direction for interaction between
elastic axial stresses and plastic shear stresses, and hence a decision has been made to calculate one
collective interaction. The elastic capacities are linearly dependent for the yield stress, and therefore
it is easy to calculate a new utilisation for axial stresses due to reduced yield stress:
𝜌 = 𝑚𝑎𝑥(𝜌𝑦 , 𝜌𝑧 )
𝜎𝑥,𝐸𝑑 ≤ 𝑓𝑦,𝑟𝑒𝑑 =

𝑓𝑦
1−𝜌

The final utilisation is given as utilisation for axial stresses with reduced yield limit or utilisation for
shear force alone in the y direction and z direction, whichever is the greater.

With shear buckling (EC3-1-5: 7)
𝑀𝑓,𝑅𝑑
𝑀𝑝𝑙,𝑅𝑑
ℎ𝑓

Plastic moment capacity for a fictitious cross section comprising the effective area of the
flanges.
Plastic moment capacity for a fictitious cross section comprising the effective
area of the flanges plus the entire web (see EC3-1-5, 7.1).
The distance between the centres of gravity of the flanges.

If 𝜂3 ≤ 0,5, it is not necessary to reduce the capacity for bending and axial force in order to take the
shear force into account.
𝑉𝐸𝑑
𝜂3 =
𝑉𝑏𝑤,𝑅𝑑
If this is not the case, the following requirements must be met:

𝑈𝑡𝑛𝑀+𝑁+𝑉 = 𝜂1 + (1 −

𝑀𝑓,𝑅𝑑
𝑀𝑓,𝑅𝑑
2
) (2𝜂3 − 1) ≤ 1,0 for 𝜂1 ≥
𝑀𝑝𝑙,𝑅𝑑
𝑀𝑝𝑙,𝑅𝑑

𝜂1 =

60

𝑀𝐸𝑑
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Point 7.1(1) in EC3-1-5 says that “In addition to the requirements in sections 4.6 and 5.5 should be
met”. This was interpreted as such; shear force, and moment and axial force must be controlled
separately, and the requirements in EC3-1-5: 4.6 should only be met if the cross section is of class 4,
otherwise use the associated rules with class 1, 2 and 3. The alternative would be that requirement
of the axial stresses was significantly stricter when the cross section has to be controlled for shear
buckling, since the linear summation of the utilizations had to be used for the lower cross section
classes. This interpretation, which is implemented in the application, is a sheared opinion of
Standards Norway, even though they did not wish to make an official recommendation of this point.
No interaction occurs if 𝑀𝑓,𝑅𝑑 ≥ 𝑀𝐸𝑑 , i.e. when the flanges are capable of withstanding the entire
moment applied. This is trivial as the web(s) must withstand a vertical shear force. 𝑀𝑓,𝑅𝑑 calculated
in the same way as in the section on resistance to shear, and hence the simplification in section
7.1(3) is not used.
If axial force occurs, 𝑀𝑓,𝑅𝑑 should be reduced in the same way as described in the section on
resistance to shear, and 𝑀𝑝𝑙,𝑅𝑑 should be reduced in EC 3-1-1, 6.2.9. For class 1 and 2 double
symmetrical cross sections, 𝑀𝑝𝑙,𝑅𝑑 is reduced in the same way as for bending and axial force. For
class 3 and 4 double symmetrical cross sections, the same 𝑀𝑝𝑙,𝑅𝑑 is used.
There is no expression for reduced moment capacity for monosymmetrical and asymmetrical cross
sections. In such cases, 𝑀𝑝𝑙,𝑅𝑑 = 0, 𝑀𝑓,𝑅𝑑 = 0 and 𝜂̅1 are in accordance with equation (4.14)
(section 4.6(1)), with linear summation of utilisations for axial force and moment.
If the axial force (pressure) is so great that the entire web is compressed, section 7.1(5) must be
used.
𝑉

The final utilisation is indicated as the utilisation for resistance to shear (𝜂3 = 𝑉 𝐸𝑑 ) or the
𝑏,𝑅𝑑

utilisation 𝑈𝑡𝑛𝑀+𝑁+𝑉 from the requirement above, whichever is the greater.
Class 3 and 4 interaction
Class 3 interaction gives the same results as for classes 1 and 2. Plastic capacities must be used. For
class 4 interaction, 𝑀𝑓,𝑅𝑑 and 𝑀𝑝𝑙,𝑅𝑑 will be calculated using effective flanges, otherwise no
modifications are necessary.
Section 7.1(5) in EC 3-1-5
A flange in a box girder should be verified using 7.1(1) taking 𝑀𝑓,𝑅𝑑 = 0 and 𝜏𝐸𝑑 taken as the
average shear stress in the flange which should not be less than half the maximum shear stress in the
flange and 𝜂̅1 is taken as 𝜂1 according to 4.6(1).
NOTE: There are also instructions for control of panel sections; these are not relevant for the program
as longitudinal stiffeners are not used.
Interpretation:
-

A flange in a box girder should be verified using 7.1(1) taking 𝑀𝑓,𝑅𝑑 = 0
o By making 𝑀𝑓,𝑅𝑑 equal to 0, you ensure that interaction must be controlled as the
moment applied cannot be withstood by the flanges, but must be withstood by the
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web. When we have shear forces in both directions, it cannot be assumed that the
moment can be withstood by the flanges, it must be taken by the webs together
with the shear force acting on the web.
𝜏𝐸𝑑 taken as the average shear stress in the flange which should not be less than half the
maximum shear stress in the flange
o The average shear stress in the flange is relevant for panels with extension in the
longitudinal direction, as the shear stress typically varies along a panel. Quite
simply, we use the shear stress occurring in the flange due to horizontal shear force
and torsion.
o It is unclear as to why the intention is apparently to combine moment about the
horizontal axis with shear stress in the flange if plastic control is used. In such cases,
the shear stress in the webs is what will interact with this moment.
𝜂̅1 is taken as 𝜂1 according to 4.6(1).
o Axial force must be taken into account, as described in section 7.1(4). It makes most
sense to use equation (4.14), not (4.15), as we are viewing forces acting in a single
direction. This applies to all profile types.

Horizontal forces in box sections
For these cross sections, interaction must be controlled in the horizontal direction. The principle is
exactly the same, but it is necessary to take care to switch the calculations for webs and flanges. In
other words, 𝑀𝑓,𝑅𝑑 – among others – is now based on the effective area in the webs instead of the
flanges.

Flange induced buckling (EC3-1-5: 8)
EC3-1-5, section 8 states that “To prevent the compression flange buckling in the plane of the web,
the following criterion should...”. In a best case scenario, this is a misleading description of what this
section relates to. This section discusses a geometrical requirement that must ensure that the web is
not subjected to buckling as a consequence of compression between two flanges. This is described
more effectively in Prof. Per Kristian Larsen’s book “Dimensjonering av stålkonstruksjoner” (on page
335 in the 2nd edition).
The requirement must be controlled separately for 𝑀𝑦 and 𝑀𝑧 , and only needs to be controlled for
cross sections with a compression flange in the direction in question. In the same way as for
resistance to shear, only internal webs have to be controlled, and if there are several webs the
control is carried out for the critical web only.
Flange induced buckling is prevented if:
ℎ𝑤
𝐸 𝐴𝑤
≤𝑘
√
𝑡𝑤
𝑓𝑦𝑓 𝐴𝑓𝑐
where Aw is the area of the web, Afc is the effective area of the compression flange, including the
transition to the web (taken from effective area from moment giving the same compression flange),
fyf is the yield stress of the flange, and the factor k is dependent on the cross section class.
If there are several webs, Afc is divided equally over each web.
If there are several flanges under pressure, this must be controlled for all flanges under pressure.
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k = 0.3 for cross section class 1
k = 0.4 for cross section class 2
k = 0.55 for cross section classes 3 and 4.

The von Mises yield criterion
For class 3 and 4 cross sections, and when elastic shear calculation is selected, the von Mises yield
criterion is controlled.
In general, von Mises is calculated using the formula
1
2
2
𝜎𝑗 = √ [(𝜎𝑥 − 𝜎𝑦 ) + (𝜎𝑦 − 𝜎𝑧 ) + (𝜎𝑧 − 𝜎𝑥 )2 ] + 3𝜏𝑥𝑦 2 + 3𝜏𝑦𝑧 2 + 3𝜏𝑧𝑥 2
2
With the simplifications applicable to this program (𝜎𝑦 = 𝜎𝑧 = 𝜏𝑦𝑧 = 0), we get

𝜎𝑗 = √𝜎𝑥 2 + 3𝜏𝑥𝑦 2 + 3𝜏𝑧𝑥 2

Double L-sections
These must be calculated as two separate L-sections, with half the force on each, but with the
modification of the formulae above where 𝐼𝑦𝑧 is equal to 0, and where the directions of the sides are
viewed as main axes. This is applicable to elastic stress control. The cross section class is calculated
for each part individually. Plastic stress control is calculated in the same way.
The capacity shown relates to the entire cross section and is used in the stability control.

Global stability control
There is normally differentiation between the following stability phenomena in the case of
members: Flexural buckling, torsional buckling and LTB. We have chosen to divide flexural buckling
into buckling about a strong and a weak axis, also known as controlled and free buckling.
Torsional buckling, and combined flexural and torsional buckling, may occur for cross sections with
little torsional rigidity. The interaction formulae use either free buckling or torsional buckling,
depending on which is most critical.
LTB is a stability phenomenon that occurs for long, high beams with no lateral bracing. Instability
occurs when the beam experiences lateral deflection in combination with rotation about the x-axis.
Unlike buckling, however, LTB could occur without axial load being applied to the beam, in that
moment about strong axis (the y-axis) will give a driving moment component about the x-axis when
the beam is deformed.
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Buckling and LTB can be calculated according to either elastic or plastic theory. LTB will not be
controlled for asymmetrical profiles. A final stability phenomenon is panel buckling, but this is a local
phenomenon and is dealt with as part of the stress control. Hence it is not described here.
All calculations carried out in the stability control are carried out in the global axis system so that all
input data is transformed to the system prior to use.
𝑁𝑐𝑟 and 𝑀𝑐𝑟 are always calculated on the basis of the gross cross section. On the other hand, 𝐴𝑒𝑓𝑓
and 𝑊𝑒𝑓𝑓 are included when the capacities 𝑁𝑏,𝑅𝑑 and 𝑀𝑏,𝑅𝑑 are calculated for a cross section of class
4. This is in compliance with the Eurocode.

Flexural buckling
𝑁
For 𝜆̅ ≤ 0,2 or 𝑁𝐸𝑑 ≤ 0,04, buckling check is not required (EC3-1-1, 6.3.1.2(4)).
𝑐𝑟

𝑛𝑐 =

𝑁𝑏,𝑅𝑑

𝑁𝐸𝑑
≤ 1,0
𝑁𝑏,𝑅𝑑

𝜒𝐴𝑓𝑦
for cross section class 1, 2 or 3
𝛾𝑀1
=
𝜒𝐴𝑒𝑓𝑓 𝑓𝑦
for cross section class 4
{ 𝛾𝑀1
𝜒=

1
Φ + √Φ2 − 𝜆̅2

≤ 1,0

Φ = 0,5[1 + 𝛼(𝜆̅ − 0,2) + 𝜆̅2 ]

𝜆̅ =

𝐴𝑓𝑦
√
for cross section class 1, 2 or 3
𝑁𝑐𝑟
𝐴𝑒𝑓𝑓 𝑓𝑦
√
for cross section class 4
{ 𝑁𝑐𝑟

The imperfection factor α and buckling curve are also taken from Tables 6.1 and 6.2 respectively in
EC3-1-1. Any thick welds on welded box girders (hat profiles) are not taken into account when
calculating buckling curves. All hollow circular profiles are assumed to be cold formed.
Finnish annex: Table 6.2 is modified for rolled I-profiles and material S460 (see subchapter).

Finnish annex
The program uses a partial factor 𝛾𝑀1 = 1,0 for Finnish annex. A prerequisite for using this value is
the use of modified Table 6.2 when determining buckling curves for calculation according to 6.3.1 or
6.3.4 in EN 1993-1-1. The modification applies to rolled I-profiles with material S460.
Limits
ℎ/𝑏 > 1,2
ℎ/𝑏 > 1,2
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Flange thickness
𝑡𝑓 ≤ 40mm
40mm < 𝑡𝑓 ≤ 100mm

Bucking around axis
z-z
z-z

Theoretical basis

Buckling curve
𝑎 (instead of «𝑎0 »)
𝑏 (instead of «𝑎»)
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𝑡𝑓 ≤ 100mm

z-z

𝑏 (instead of «𝑎»)

Critical buckling load
𝜋 2
𝑁𝑐𝑟 = 𝐸𝐼 ( )
𝐿𝑐𝑟
The moment of inertia 𝐼 is calculated for the class 4 gross cross section as well. This is because
panels subjected to local buckling have a supercritical capacity. Therefore, an area which is not
active in the stress control may still contribute to the critical buckling load. However, this is
applicable only to cross sections where there is local buckling in a limited area. EC3 provides no
instructions on where this limit lies, and so we have not added any such restrictions to the program.
Therefore, you must assess this yourself on the basis of the differences between gross and effective
cross section data found from the calculations.

Torsional buckling
Torsional buckling is calculated according to the same formulae as flexural buckling. 𝜆̅ from flexural
buckling is replaced with 𝜆̅ 𝑇 , which is calculated in the same way but with a different critical buckling
load. The value of 𝑎 (equivalent form error factor) is taken from Tables 6.1. and 6.2 in EC3-1-1,
normally using the values for z-z. If, on the other hand, pure buckling in the y direction is critical,
there is a risk of the z-z curve being too conservative for I profiles. Therefore, a rule has been added
which indicates that if 𝑁𝑏,𝑅𝑑,𝑦 < 𝑁𝑏,𝑅𝑑,𝑧 , 𝑁𝑏,𝑅𝑑,𝑦 < 𝑁𝑏,𝑅𝑑,𝑇 and 𝑁𝑐𝑟,𝑦 = 𝑁𝑐𝑟,𝑇 , the y-y curve is used
instead.
(The formulae in this section relate to the global coordinate system.)

Critical buckling load
𝑁𝑐𝑟 = min(𝑁𝑐𝑟,𝑇 , 𝑁𝑐𝑟,𝑇𝐹 )
𝑁𝑐𝑟,𝑇 is the critical buckling load for torsional buckling
𝑁𝑐𝑟,𝑇𝐹 is the critical buckling load for flexural-torsional buckling

𝑁𝑐𝑟,𝑇 =

𝐴
𝜋 2
[𝐺𝐼𝑇 + 𝐸𝐼𝑤 ( ) ]
𝐼𝑝
𝐿𝑐𝑟

𝐼𝑝 = 𝐼𝑦 + 𝐼𝑧 + 𝐴(𝑒𝑦2 + 𝑒𝑧2 )
𝑁𝑐𝑟,𝑇𝐹 can also be calculated in general by solving the following set of equations:
(The formulae are taken from P.K. Larsen’s book on steel design, but have been modified for
adaptation to differences in coordinate systems.)
𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑦
0

0
𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑧

𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹

𝑒𝑧 𝑁𝑐𝑟,𝑇𝐹

[
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𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹
𝑒𝑧 𝑁𝑐𝑟,𝑇𝐹

𝑦
0
[ 𝑧 ] = [ 0]
𝐼𝑝
0
(𝑁
− 𝑁𝑐𝑟,𝑇 )] 𝜙
𝐴 𝑐𝑟,𝑇𝐹
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𝑁𝑐𝑟,𝑦 and 𝑁𝑐𝑟,𝑧 are the critical buckling loads from flexural buckling about the y-axis and z-axis.
The equation is solved by finding out when the determinant for the 3x3 matrix is 0. This gives a cubic
equation, and the smallest (actual) solution to the equation is the right answer.
𝐼𝑝
2
(𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑦 ) ((𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑧 ) ( (𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑇 )) − (𝑒𝑧 𝑁𝑐𝑟,𝑇𝐹 ) ) + 𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 (−(𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑧 )𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 ) = 0
𝐴
(𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑦 ) (𝑁𝑐𝑟,𝑇𝐹

𝐼𝑝
𝐼𝑝
𝐼𝑝
𝐼𝑝
2
𝑁
− 𝑁𝑐𝑟,𝑇𝐹 𝑁𝑐𝑟,𝑇 − 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇𝐹 + 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 − 𝑒𝑧2 𝑁𝑐𝑟,𝑇𝐹
) − 𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 𝑁𝑐𝑟,𝑇𝐹 + 𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 𝑒𝑦 𝑁𝑐𝑟,𝑇𝐹 𝑁𝑐𝑟,𝑧 = 0
𝐴 𝑐𝑟,𝑇𝐹
𝐴
𝐴
𝐴

𝐼𝑝 3
𝐼𝑝
𝐼𝑝 2
𝐼𝑝
𝐼𝑝 2
𝐼𝑝
𝐼𝑝
𝐼𝑝
3
2
3
2
𝑁
− 𝑁 𝑁 2 − 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇𝐹
+ 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 𝑁𝑐𝑟,𝑇𝐹 − 𝑒𝑧2 𝑁𝑐𝑟,𝑇𝐹
− 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑇𝐹
+ 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑇 𝑁𝑐𝑟,𝑇𝐹 + 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 + 𝑁𝑐𝑟,𝑦 𝑒𝑧2 𝑁𝑐𝑟,𝑇𝐹
− 𝑒𝑦2 𝑁𝑐𝑟,𝑇𝐹
+ 𝑒𝑦2 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇𝐹
=0
𝐴 𝑐𝑟,𝑇𝐹 𝐴 𝑐𝑟,𝑇 𝑐𝑟,𝑇𝐹
𝐴
𝐴
𝐴
𝐴
𝐴
𝐴

Finally, the equation is:
(

𝐼𝑝
𝐼𝑝
𝐼𝑝
𝐼𝑝
3
2
− 𝑒𝑧2 − 𝑒𝑦2 ) 𝑁𝑐𝑟,𝑇𝐹
+ (𝑒𝑧2 𝑁𝑐𝑟,𝑦 + 𝑒𝑦2 𝑁𝑐𝑟,𝑧 − (𝑁𝑐𝑟,𝑇 + 𝑁𝑐𝑟,𝑧 + 𝑁𝑐𝑟,𝑦 )) 𝑁𝑐𝑟,𝑇𝐹
+ (𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 + 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑇 + 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 )𝑁𝑐𝑟,𝑇𝐹 − 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 = 0
𝐴
𝐴
𝐴
𝐴

Or, more legibly,
3
2
𝐶1 𝑁𝑐𝑟,𝑇𝐹
+ 𝐶2 𝑁𝑐𝑟,𝑇𝐹
+ 𝐶3 𝑁𝑐𝑟,𝑇𝐹 + 𝐶4 = 0

where
𝐶1 = 1 −
𝐶2 =

𝐴 2
(𝑒 + 𝑒𝑦2 )
𝐼𝑝 𝑧

𝐴 2
(𝑒 𝑁
+ 𝑒𝑦2 𝑁𝑐𝑟,𝑧 ) − 𝑁𝑐𝑟,𝑇 − 𝑁𝑐𝑟,𝑧 − 𝑁𝑐𝑟,𝑦
𝐼𝑝 𝑧 𝑐𝑟,𝑦
𝐶3 = 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 + 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑇 + 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇
𝐶4 = −𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇

𝑒𝑦 and 𝑒𝑧 is the distance from the centre of gravity to the shear centre in the y direction and z
direction respectively.
If you choose to disregard buckling (by setting the buckling length to 0) in one of the three
“directions”, or if you have symmetry that disengages buckling in one of the directions, the equation
is reduced to a quadratic equation:
Note: If there is symmetry about the z-axis, buckling about the y-axis is decoupled, and vice versa.
If 𝐿𝑐𝑟,𝑦 = 0 or 𝑒𝑦 = 0:
(1 − 𝑒𝑧2
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𝐴
− (𝑁𝑐𝑟,𝑧 + 𝑁𝑐𝑟,𝑇 )𝑁𝑐𝑟,𝑇𝐹 + 𝑁𝑐𝑟,𝑧 𝑁𝑐𝑟,𝑇 = 0
) 𝑁2
𝐼𝑝 𝑐𝑟,𝑇𝐹
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If 𝐿𝑐𝑟,𝑧 = 0 or 𝑒𝑧 = 0:
(1 − 𝑒𝑦2

𝐴
− (𝑁𝑐𝑟,𝑦 + 𝑁𝑐𝑟,𝑇 )𝑁𝑐𝑟,𝑇𝐹 + 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑇 = 0
) 𝑁2
𝐼𝑝 𝑐𝑟,𝑇𝐹

If 𝐿𝑐𝑟,𝑇 = 0:
2
𝑁𝑐𝑟,𝑇𝐹
− (𝑁𝑐𝑟,𝑦 + 𝑁𝑐𝑟,𝑧 )𝑁𝑐𝑟,𝑇𝐹 + 𝑁𝑐𝑟,𝑦 𝑁𝑐𝑟,𝑧 = 0

If the user chooses to disregard at least 2 of the 3 buckling forms, there is no need to check the
“combination” of the last remaining one. Normally, this comes from when the statics have been
calculated with 2. order theory. Then 𝐿𝑐𝑟,𝑦 and 𝐿𝑐𝑟,𝑧 are set to 0.
𝑁𝑏,𝑅𝑑,𝑦
𝑁𝑏,𝑅𝑑,𝑧
𝐿𝑐𝑟,𝑦
𝐿𝑐𝑟,𝑧
𝐿𝑐𝑟,𝑇
𝑁𝑐𝑟,𝑦
𝑁𝑐𝑟,𝑧
𝑁𝑐𝑟,𝑇
𝑁𝑐𝑟,𝑇𝐹
𝑒𝑦
𝑒𝑧

Normal force capacity for buckling about the y-axis
Normal force capacity for buckling about the z-axis
Buckling length for buckling about the y-axis
Buckling length for buckling about the y-axis
Buckling length for torsional buckling
Critical normal force for buckling about the y-axis
Critical normal force for buckling about the z-axis
Critical normal force for torsional buckling
Critical normal force for the combination of flexural buckling and torsional buckling.
(Flexural torsional buckling)
Distance between shear centre and centre of gravity, measured in the y direction
Distance between shear centre and centre of gravity, measured in the z direction

Torsional buckling for cantilevers
Cantilevers can be evaluated the same way as for spans with supports at both ends, where, in the
normal case, 𝑘𝑤 = 2,0 and 𝐿𝑐𝑟,𝑇 = 𝑘𝑤 𝐿. 𝐿𝑐𝑟,𝑇 may be overridden, if desirable.

Moment curves
The calculations of lateral torsional buckling (LTB) and interaction need to know the shape of the
moment curves for the member which the cross section is a part of. The curves are specified by the
user under the tab “Interaction and lateral-torsional buckling” in the Section forces window. They
are briefly discussed herein.
In the interaction control, the moment curves must be specified for both axes, and for lateraltorsional buckling. The curve used for LTB is basically identical to the one of the strongest of the two
aforementioned curves. It can be overridden, for instance if there are points that have supports
against lateral torsional buckling along the member.
A separate moment curve is specified for the calculation of 𝑀𝑐𝑟 . This curve is based on the
aforementioned moment curve for LTB, but the moment values (𝑀𝑣 , 𝑀𝑚 , 𝑀ℎ ) are more restricted,
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because table I.3 and I.4 in EC3-1-1 only supports very basic load models. This moment curve can
also be overridden.
The user can choose between three main types of moment curves, which can be adjusted by
manipulating the moment values in the middle and at the ends of the member. In this way, all the
curves from the theoretical basis are covered.

Theory
In the interaction control, tables A.2 and B.3 in EC3-1-1 are relevant. For interaction in fire
dimensioning Figure 4.2 in EC3-1-2 shall be used. For the calculation of lateral torsional buckling
both table 6.6 in EC3-1-1 and tables I.1 to I.4 in EC9-1-1 are relevant.

Lateral torsional buckling
Criteria for calculation of lateral torsional buckling (LTB):
LTB is calculated according to section 6.3.2.2 in EC3-1-1.
 I-sections are dealt with separately in the standard and are calculated according to
section 6.3.2.3 instead. It is possible to insert an option in the GUI in order to
override this so that 6.3.2.2 is used for I profiles as well. (In this case, this will give a
more conservative result but should be used for slender profiles.)
Asymmetrical profiles (also including double L profiles) are not controlled for LTB
Calculation of critical lateral torsional buckling moment is carried out in accordance with
EC9-1-1, annex I. This assumes actual symmetry about weak axis. The program carries out
calculation regardless, even in the case of asymmetry about the weak axis, but a warning
about this is issued in this case. (Particularly applicable to U-sections, but also for special
geometries of T-, Hat- and monosymmetrical I-sections.)
𝑀
LTB is not calculated if 𝜆̅𝐿𝑇 ≤ 𝜆̅𝐿𝑇,0 , or if 𝑀𝐸𝑑 ≤ 𝜆̅2𝐿𝑇,0 , or if you only have moment about
𝑐𝑟

weak axis.
Nor is LTB calculated if 𝐼𝑦 = 𝐼𝑧 , otherwise LTB is calculated for 𝑀𝑧 when 𝐼𝑧 > 𝐼𝑦 and 𝑀𝑦
when 𝐼𝑦 > 𝐼𝑧 .
𝑛𝐿𝑇 =

𝑀𝐸𝑑
𝑀𝑏,𝑅𝑑

Note: Lateral torsional buckling is controlled alone, with 𝑁𝐸𝑑 = 0. Thus, it is clear that 𝑀𝐸𝑑 in the
formula above is without potential eccentricity moments, Δ𝑀𝐸𝑑 , due to cross section class 4.

𝑀𝑏,𝑅𝑑
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𝜒𝐿𝑇 𝑊𝑝𝑙,𝑦 𝑓𝑦
𝑓𝑜𝑟 cross section class 1 and 2
𝛾𝑀1
𝜒𝐿𝑇 𝑊𝑒𝑙,𝑦 𝑓𝑦
for cross section class 3
=
𝛾𝑀1
𝜒𝐿𝑇 𝑊𝑒𝑓𝑓,𝑦 𝑓𝑦
𝑓𝑜𝑟 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 4
𝛾𝑀1
{

Theoretical basis

 NOIS AS

Version 1.6

ISY Design

1

𝜒𝐿𝑇 =
ΦLT +

√Φ2LT

≤ 1,0
−

2
𝛽𝜆𝐿𝑇

ΦLT = 0,5[1 + 𝛼𝐿𝑇 (𝜆̅𝐿𝑇 − 𝜆̅𝐿𝑇,0 ) + 𝛽𝜆̅2𝐿𝑇 ]

𝑊𝑝𝑙,𝑦 𝑓𝑦
√
cross section class 1 and 2
𝑀𝑐𝑟
𝜆̅𝐿𝑇 =

𝑊𝑒𝑙,𝑦 𝑓𝑦
√
for cross section class 3
𝑀𝑐𝑟
𝑊𝑒𝑓𝑓,𝑦 𝑓𝑦
√
for cross section class 4
𝑀𝑐𝑟
{

Cross sections in compliance with 6.3.2.3
I-sections are dealt with separately in the standard and are calculated according to section 6.3.2.3.
We have also decided to demand that 𝐼𝑦 ≥ 𝐼𝑧 to allow use of this section. It is possible for the user
to actively deselect this special adaptation in the calculation settings.
Which profiles that may be calculated using 6.3.2.3 is overridden by the national annexes, but the
standard choice is the one mentioned above.
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: Exceptions: Rolled hollow sections with ℎ⁄𝑏 ≤ 3,1 may also use 6.3.2.3.
I-sections with ℎ⁄𝑏 > 3,1 must use 6.3.2.2.

The value for the imperfection factor for LTB 𝑎𝐿𝑇 is taken from Tables 6.3 and 6.5 in EC3-1-1.
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: Table 6.5 is modified (User-defined hollow sections are assumed to be cold-formed).

𝜆̅𝐿𝑇,0 = 0,4
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: 𝜆̅𝐿𝑇,0 = 0,2 for welded I-sections

𝛽 = 0,75
Norwegian annex: Equal to the standard version
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Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: 𝛽 = 1,0 for welded I-sections

For I-sections, the following restriction on 𝜒𝐿𝑇 is also applicable:
𝜒𝐿𝑡 ≤ 1⁄ 2
𝜆𝐿𝑇
To take into account the moment distribution between lateral retention points for the member, 𝜒𝐿𝑇
is modified.
𝜒𝐿𝑇
𝜒𝐿𝑇,𝑚𝑜𝑑 =
𝑓
2
𝑓 = 1 − 0,5(1 − 𝑘𝑐 ) [1 − 2,0(𝜆̅𝐿𝑇 − 0,8) ] ≤ 1,0

Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: 𝑓 = 1,0
Finnish annex: 𝑓 = 1,0

The value of 𝑘𝑐 is dependent on the moment curve and is taken from Table 6.6 in EC3-1-1. If the
moment curve does not match the base curves, interpolation between them is employed. Note that
the interpolated value may not be conservative. Thus, it is in need of consideration. For cantilevers
𝑘𝑐 is set to 1,0.

Remaining cross sections
All other profiles are calculated according to section 6.3.2.2. In practice, this is done by using the
calculations from 6.3.2.3 (described in the general section above), with the following values:
𝜆̅𝐿𝑇,0 = 0,2
𝛽 = 1,0
The value for the imperfection factor for LTB 𝑎𝐿𝑇 is taken from Tables 6.3 and 6.4 in EC3-1-1.
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: Equal to the standard version

Calculation of Mcr
Mcr is the linearized LTB moment for the member and is dependent on the stress conditions, the
moment variation along the member and the point of attack of the loads. This can be calculated in
several different ways, but EC3 provides no instructions on this. Calculation is independent of the
standard, and the program calculates in accordance with EC9-1-1, annex I.
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The calculation below is carried out for cross sections with 𝐼𝑧 < 𝐼𝑦 (buckles laterally for moment
about the y-axis). The principle becomes the same when the member buckles for moment about the
z-axis by exchanging replacing 𝐼𝑧 with 𝐼𝑦 , 𝑘𝑧 with 𝑘𝑦 , and measure ℎ𝑠 in the other direction.
The calculation here is carried out for cross sections with 𝐼𝑧 < 𝐼𝑦 . The calculation is the same in the
other direction if we replace 𝐼𝑧 with 𝐼𝑦 , 𝑘𝑧 with 𝑘𝑦 , and measure ℎ𝑠 in the other direction.
𝜋√𝐸𝐼𝑧 𝐺𝐼𝑇
𝐿
The calculation of 𝜇𝑐𝑟 is described in the next subchapters.
𝑀𝑐𝑟 = 𝜇𝑐𝑟

𝜅𝑤𝑡 =

𝜋

𝐸𝐼𝑤
√
𝑘𝑤 𝐿 𝐺𝐼𝑇

𝜁𝑔 =

𝜋𝑧𝑔 𝐸𝐼𝑧
√
𝑘𝑧 𝐿 𝐺𝐼𝑇

𝜁𝑗 =

𝜋𝑧𝑗 𝐸𝐼𝑧
√
𝑘𝑧 𝐿 𝐺𝐼𝑇

𝑧𝑔 = 𝑧𝑎 − 𝑧𝑠
𝑧𝑗 = 0,45𝜓𝑓 ℎ𝑠

𝜓𝑓 =

𝐼𝑓𝑐 − 𝐼𝑓𝑡
𝐼𝑓𝑐 + 𝐼𝑓𝑡

The cross sectional parameters 𝐼𝑇 , 𝐼𝑧 and 𝐼𝑊 are calculated for the class 4 gross cross section as well.
This is because panels subjected to local buckling have a supercritical capacity. Therefore, an area
which is not active in the stress control may still contribute to the critical LTB moment. However, this
is applicable only to cross sections where there is local buckling in a limited area. EC3 provides no
instructions on where this limit lies, and so we have not added any such restrictions to the program.
Therefore, you must assess this yourself on the basis of the differences between gross and effective
cross section data found from the calculations.
ℎ𝑠
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Distance between shear centres in upper and lower flange. If one side has no flange, the
distance is calculated to the middle between the centre of gravity and the edge of the
cross section.
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ky
kz
kw
𝜅𝑤𝑡
zg
𝜁𝑔
zj
𝜁𝑗
za
zs
𝐼𝑓𝑐
𝐼𝑓𝑡
𝑒𝑐𝑔,𝑓𝑡
𝑒𝑐𝑔,𝑓𝑏

Version 1.6

In addition, the value for T cross sections and double L profiles is modified using the
following factor:
0.6888888 for 𝜓𝑓 < 0
0.5333333 otherwise
Ratio of buckling length about the y-axis to geometric length.
Ratio of largest buckling length to geometric length.
Factor which takes into account the warping stress at the ends of the member.
Dimensionless torsion parameter.
The distance between the coordinate of the point of load attack and shear centre. (Input
data in ISY Design)
Relative dimensionless coordinate for load application point in relation to shear centre.
(zj = 0 when the cross section is symmetrical about the y-axis)
Relative dimensionless monosymmetrical cross section parameter.
Coordinate for point of load attack.
Coordinate for shear centre.
2nd moment of area for the compression flange about the weak axis of the cross section.
2nd moment of area for the tension flange about the weak axis of the cross section.
Distance from centre of gravity to uppermost flange.
Distance from centre of gravity to lowermost flange.

Calculation of 𝜇𝑐𝑟 for different kinds of members
In EC9-1-1, Annex I, how to find 𝜇𝑐𝑟 is described for member supported at both ends (from now on
denoted as “inner spans”), and for pure cantilevers with a point load or distributed load. How to
handle a combination, such as a cantilever with a lateral support at the free end, is not described.
The program needs to know if the member is to be considered as a cantilever with regards to lateral
torsional buckling, and if the moment distribution comes from a cantilever. This is determined by
looking at the value of 𝑘𝑤 , as well as the 𝑘-factor for the strong axis. (𝑘𝑤 > 1.0 means that we
calculate LTB as for a cantilever, while 𝑘𝑦 > 1.0 (possibly 𝑘𝑧 > 1.0) causes the moment distribution
to be assumed to come from a cantilever.
The program utilizes data from the following tables to calculate 𝜇𝑐𝑟 .
Field type
Inner span for both calculation
and moment distribution
Moment from cantilever, inner
span when calculating
Moment from inner span,
cantilever when calculating
Cantilever for both calculation
and moment distribution

Linear moment curve

Point load

Table I.1

Distributed
load
Table I.2

Table I.1

Table I.1

Table I.1

Table I.1 with 𝜓 = 1,0
(constant moment)
(Double length)
Table I.1 with 𝜓 = 1,0
(Double length)

Not
supported

Not
supported

Table I.3

Table I.4

Table I.2

Example
Simply supported
beam
Cantilever with
lateral restraint
Simply supported
beam without lateral
restrain in the ends
«Normal» cantilever

There are several points in this table that need explanation:
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The k-factor used for buckling determines if cantilever or inner span should be used. If the
value is larger than 1,0 a cantilever is assumed about the relevant axis.
When cantilever about y and inner span about z, the member buckles laterally like an inner
span (since the whole chapter considers members with 𝐼𝑦 > 𝐼𝑧 ). Considering the
calculations, the use of tables I.1 and I.2 is correct, but because of the difference in moment
curves for point load and distributed load table I.2 is not relevant. Point loads can be
considered as a special case of a linear distribution, while a distributed load can be
calculated conservatively as a linear distribution. Thus table I.1 is employed for all cases.
When inner span about y and cantilever about z, the member buckles laterally as a
cantilever, while the moment distribution arrives from an inner span. This type of curve is
not supported by tables I3. And I.4. Therefore, this kind of combination is not included in the
program, with one exception; constant moment distribution (se point below).
A cantilever with a general linear moment distribution is not covered by the Eurocode, but if
there is a constant moment distribution the cantilever could be considered equivalent to a
twice as long simply supported beam when calculating the lateral torsional buckling using
table I.1. This yields the same critical buckling moment 𝑀𝑐𝑟 .
These calculation methods set certain requirements to the member’s k-factors. If these are not
fulfilled the program will issue a warning telling the user to validate 𝑀𝑐𝑟 . The requirements are listed
in the table below.
Field type
Inner span y and z

Linear moment

Distributed and point load
0,5 ≤ 𝑘𝑦 ≤ 1
0,5 ≤ 𝑘𝑧 ≤ 1
0,5 ≤ 𝑘𝑤 < 1
0,5 ≤ 𝑘𝑧 ≤ 1
𝑘𝑤 = 1

0,5 ≤ 𝑘𝑧 ≤ 1
𝑘𝑤 = 1

Cantilever y and inner span z
Inner span y and cantilever z
Cantilever y and z

0,5 ≤ 𝑘𝑧 ≤ 1
𝑘𝑤 = 1
𝑘𝑧 = 2
𝑘𝑤 = 2
𝑘𝑧 = 2
𝑘𝑤 = 2

𝑘𝑧 = 2
𝑘𝑤 = 2

Calculation of 𝜇𝑐𝑟 after tables I.1 and I.2 (inner spans)
For inner spans (simply supported, fixed supports, etc.) 𝑀𝑐𝑟 is calculated by finding three C-factors
and use them to calculate 𝜇𝑐𝑟 (the same applies to cantilevers with a constant moment distribution
which are treated as twice as long inner spans).

𝜇𝑐𝑟 =

C1
C2
C3
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𝐶1
𝑘𝑧

2

[√1 + 𝜅𝑤𝑡 2 + (𝐶2 𝜁𝑔 − 𝐶3 𝜁𝑗 ) − (𝐶2 𝜁𝑔 − 𝐶3 𝜁𝑗 )]

Coefficient for LTB which takes into account the shape of the moment curve.
Coefficient for LTB which takes into account the vertical positioning of the load.
Coefficient for LTB which takes into account the monosymmetry of the beam.
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In the case of a simply supported beam and load with linear variation, the values for C1 and C3 are
taken from Table I.1 in EC9-1-1. Here, ky and kw are equal to 1.0. The values for C1 and C3 are
dependent on the shape of the moment curve and the ratio of LTB length to geometric length (kz). In
addition, C1 is dependent on 𝜅𝑤𝑡 . C3 is also dependent on the monosymmetry factor (ψf ) of the cross
section.
𝐶1,0 + (𝐶1,1 − 𝐶1,0 )𝜅𝑤𝑡 ≤ 𝐶1,1
𝐶1 = {
𝐶1,0
𝐶1,1
ψf =

𝜅𝑤𝑡 = 0
𝜅𝑤𝑡 ≥ 1

Ifc − Ift
Ifc + Ift

In the case of a freely supported member, and distributed load or point load in the middle, the
values for C1, C2 and C3 are taken from the top part of Table I.2. ky is equal to 1.0 here, while kz and
kw may vary. The values for C1, C2 and C3 are dependent on the shape of the moment curve, the ratio
of LTB length to geometric length (kz) and the warping support conditions at the ends of the
member. In addition, C1 is dependent on 𝜅𝑤𝑡 . C2 and C3 are also dependent on the monosymmetry
factor (ψf ) of the cross section.
In the case of a fixed member and distributed load or point load in the middle, the values for C1, C2
and C3 are taken from the bottom part of Table I.2. ky is 0.5 here, while kz and kw may vary. The
values for C1, C2 and C3 are dependent on the shape of the moment curve, the ratio of LTB length to
geometric length (kz) and the warping support conditions at the ends of the member. In addition, C1
is dependent on 𝜅𝑤𝑡 . C2 and C3 are also dependent on the monosymmetry factor (ψf ) of the cross
section.
Note: Linear multidimensional interpolation is used.
Calculation of 𝜇𝑐𝑟 after tables I.3 and I.4 (cantilevers)
Cantilevers with point load or distributed load the value of 𝜇𝑐𝑟 is determined by direct interpolation I
table 1.3 or table I.4 in EC9-1-1. Thus, no C-factors are used in the caluclations.
The following principles build the foundation for the choosing of 𝜇𝑐𝑟 :
𝜅𝑤𝑡0 , 𝜁𝑗0 , 𝜁𝑔0 are found the same way as 𝜅𝑤𝑡, 𝜁𝑗 and 𝜁𝑔 for inner spans, only

independent of 𝑘𝑤 , 𝑘𝑦 and 𝑘𝑧 .
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If 𝜅𝑤𝑡0 > 4, or 𝜁𝑔0 > 4 or 𝜁𝑗0 < −4, linear interpolation between the two closest
values is used. For these values 𝜇𝑐𝑟 cannot normally be calculated, but a plot of the
development of the values in tables I.3 and I.4 show that this assessment is on the
conservative side. On the other hand, when 𝜅𝑤𝑡0 > 4 lateral torsional buckling is
rarely critical.
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If 𝜁𝑗0 < −4 the value found by setting 𝜁𝑔0 = −4 is used.



If 𝜁𝑔0 > 4 the value found by setting 𝜁𝑗0 = 4 is used.

ISY Design

𝑘𝑤 , 𝑘𝑦 and 𝑘𝑧 do not affect the results, and are assumed to be equal to 2,0 for

cantilevers (according to tables I.3 and I.4).
The choice of the shape of the moment curve is input data (same as for inner spans).
 Three-dimensional non-linear interpolation in table I.3 are employed to find 𝜇𝑐𝑟
when point load.
 Three-dimensional non-linear interpolation in table I.4 are employed to find 𝜇𝑐𝑟
when distributed load.

Interaction
This chapter concerns interaction between bending and compression when considering stability.
𝑖
𝑒𝑁,𝑗
Δ𝑀𝑖,𝐸𝑑
= 𝑁𝐸𝑑 ⋅ 𝑒𝑁,𝑗
𝜒𝑖
𝜒𝐿𝑇
𝑁𝑅𝑘
𝑀𝑖,𝑅𝑘
𝛾𝑀1
𝑘𝑦𝑦 , 𝑘𝑦𝑧 , 𝑘𝑧𝑦 , 𝑘𝑧𝑧

Viewed axis.
Displacement of the centre of gravity for cross section class 4, in direction 𝑗.
Additional moment about axis 𝑖 due to displacement of centre of gravity in
direction 𝑗.
Reduction factor as a consequence of flexural buckling about axis 𝑖.
Reduction factor as a consequence of LTB.
Characteristic axial force capacity.
Characteristic moment capacity for bending about axis 𝑖.
Partial factor for the member’s capacity against instability.
Factors for interaction between moment and axial force.

Criteria for the interaction calculation:
Interaction is calculated according to section 6.3.3 in EC3-1-1. The section is formulated with
regard to double symmetrical cross sections.
6.3.3 is also used for monosymmetrical and asymmetrical cross sections, but that is not an
optimal solution. Therefore, asymmetrical and monosymmetrical cross sections will give a
warning in each case which indicates that the results have to be assessed.
For monosymmetrical cross sections, 6.3.4 can be used for buckling out of the plane and
LTB. It is not possible to take into account buckling in the plane (about a vertical axis). This is
not implemented in this application.
There is differentiation between cross sections that are sensitive to cross section changes
(e.g. open cross sections) and those that are not (e.g. hollow circular ones).
The interaction formulae are based on a model of a one-field member in a yoke bearing with
or without lateral restraint at points, which is subjected to compressive forces, end
moments and/or transverse loads.
Interaction is not controlled if at least two of the section forces moment around the strong
axis, moment around the weak axis, and compression force is present. (This implies that
interaction may be controlled even though global buckling and lateral torsional buckling are
not, and that global buckling or lateral torsional buckling is controlled while interaction is
not).
Control of interaction cannot be conducted on cantilevers which are exposed to both
buckling and lateral-torsional buckling.
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Control in EC 3-1-1
Members subjected to combined bending and compressive force must be compliant with equations
(6.61) and (6.62) in EC3-1-1. Eurocode assumes that the y-axis is the strong axis and that LTB occurs
due to moment about this.
Interaction according to formula (6.61), with the y-axis as the strong axis:
𝑀𝑦,𝐸𝑑 + Δ𝑀𝑦,𝐸𝑑
𝑁𝐸𝑑
𝑀𝑧,𝐸𝑑 + Δ𝑀𝑧,𝐸𝑑
+ 𝑘𝑦𝑦
+ 𝑘𝑦𝑧
≤ 1,0
𝜒𝑦 𝑁𝑅𝑘
𝑀𝑦,𝑅𝑘
𝑀𝑧,𝑅𝑘
𝜒
𝐿𝑇 𝛾
𝛾𝑀1
𝛾𝑀1
𝑀1

𝑢𝑡𝑖𝑙1 =

Interaction according to formula (6.62), with the y-axis as the strong axis:

𝑢𝑡𝑛2 =

𝑀𝑦,𝐸𝑑 + Δ𝑀𝑦,𝐸𝑑
𝑁𝐸𝑑
𝑀𝑧,𝐸𝑑 + Δ𝑀𝑧,𝐸𝑑
+ 𝑘𝑧𝑦
+ 𝑘𝑧𝑧
≤ 1,0
𝑀𝑦,𝑅𝑘
𝑀𝑧,𝑅𝑘
𝜒𝑧 𝑁𝑅𝑘
𝜒
𝐿𝑇 𝛾
𝛾𝑀1
𝛾𝑀1
𝑀1

When interaction has to be controlled in the program, it is necessary to take into account the fact
that the member can tilt for moment about both the y-axis and the z-axis, depending on which axis
has the greatest moment of inertia. Therefore, we have chosen to use the designation “s” for strong
and “w” for weak instead of “y” and “z” as can be found in EC3-1-1, so that it is possible to compile a
set of “programming friendly” equations applicable to both instances.
𝐼𝑦 ≥ 𝐼𝑧 → 𝑦 𝑖𝑠 𝑠𝑡𝑟𝑜𝑛𝑔
𝐼𝑦 < 𝐼𝑧 → 𝑧 𝑖𝑠 𝑠𝑡𝑟𝑜𝑛𝑔
Interaction according to formula 6.61:

𝑢𝑡𝑖𝑙1 =

𝑁𝐸𝑑
𝑀𝑠,𝐸𝑑 + Δ𝑀𝑠,𝐸𝑑
𝑀𝑤,𝐸𝑑 + Δ𝑀𝑤,𝐸𝑑
+ 𝑘𝑠𝑠
+ 𝑘𝑠𝑤
≤ 1,0
𝑀𝑠,𝑅𝑘
𝑀𝑤,𝑅𝑘
𝜒𝑠 𝑁𝑅𝑘
𝜒
𝐿𝑇
𝛾𝑀1
𝛾𝑀1
𝛾𝑀1

Interaction according to formula 6.62:

𝑢𝑡𝑖𝑙2 =

𝑁𝐸𝑑
𝑀𝑠,𝐸𝑑 + Δ𝑀𝑠,𝐸𝑑
𝑀𝑤,𝐸𝑑 + Δ𝑀𝑤,𝐸𝑑
+ 𝑘𝑤𝑠
+ 𝑘𝑤𝑤
≤ 1,0
𝑀𝑠,𝑅𝑘
𝑀𝑤,𝑅𝑘
𝜒𝑤 𝑁𝑅𝑘
𝜒𝐿𝑇 𝛾
𝛾𝑀1
𝛾𝑀1
𝑀1

All results are presented by means of y and z. Therefore, it is important to be aware of the links
between y and z, and s and w:
Value
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𝑰𝒚 < 𝑰𝒛
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𝜒𝑠
𝜒𝑤
𝑘𝑠𝑠
𝑘𝑠𝑤
𝑘𝑤𝑠
𝑘𝑤𝑤
𝑀𝑠
𝑀𝑤

𝜒𝑦
𝜒𝑧
𝑘𝑦𝑦
𝑘𝑦𝑧
𝑘𝑧𝑦
𝑘𝑧𝑧
𝑀𝑦
𝑀𝑧

ISY Design

𝜒𝑧
𝜒𝑦
𝑘𝑧𝑧
𝑘𝑧𝑦
𝑘𝑦𝑧
𝑘𝑦𝑦
𝑀𝑧
𝑀𝑦

The national annex determines which methods can be used. The standard version permits use of
both annex A and annex B.
Norwegian annex: Equal to the standard version
Swedish annex: Only annex A can be used
Danish annex: Equal to the standard version
Finnish annex: Equal to the standard version

Reduction factors for bending (𝜒𝑦 and 𝜒𝑧 )
Reduction factors as a consequence of flexural buckling must take into account lateral torsional
buckling in the same way as stated in the section on torsional buckling. In other words, in the
interaction formulae the reduction factor for bending about the two axes must also take into
account flexural torsional buckling, depending on the symmetry of the cross section.
To account for the unfavourable effect of torsional buckling in the interaction, it is necessary to
modify 𝜒, 𝑁𝑐𝑟 and 𝜆 for one or both axes (y and z) using corresponding T- and TF-values. The method
stated below is used to clarify which axis shall be affected, and the values for the axis are then set to
the most critical value of the axis itself, and the T- and TF-values. For instance, 𝜒𝑦 =
min(𝜒𝑦 , 𝜒𝑇 , 𝜒𝑇𝐹 ) if the y-axis shall be modified.
1) If 𝑒𝑦 ≠ 0 (asymmetrical about the z-axis) the T- and TF-values shall be included in the y-values.
2) If 𝑒𝑧 ≠ 0 (asymmetrical about the y-axis) the T- and TF-values shall be included in the z-values.
3) If neither case 1 nor case 2 is used (double symmetry, 𝑒𝑦 = 𝑒𝑧 = 0): Find the most critical axis
and include the T- and TF-values with that axis. The critical axis is found by the following
procedure:
a) The lowest value of 𝜒𝑦 and 𝜒𝑧 determines the critical axis.
b) If the values from point a) are equal, then check 𝑁𝑐𝑟,𝑦 and 𝑁𝑐𝑟,𝑧 . The lowest value yields the
critical axis.
c) If the values from point b) are equal, then check 𝐼𝑦 and 𝐼𝑧 . The lowest absolute value yields
the critical axis.
d) If the values from point c) are equal, then the z-axis is assumed to be the critical axis (𝜒𝑧 is
modified).

Circular (and monosymmetrical and asymmetrical cross sections)
Course literature from the Norwegian University of Science and Technology states:
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The criterion for summation of bending stresses from 𝑀𝑦,𝐸𝑑 and 𝑀𝑧,𝐸𝑑 is that the maximum normal
stresses from the two occur at the same point, as is the case for I- and RHS-sections. For a circular
cross section, on the other hand, the stress due to 𝑀𝑧,𝐸𝑑 is equal to zero at the points where the
stress from 𝑀𝑦,𝐸𝑑 reaches its maximum. This can be resolved by calculating the resultant of the two
moment components.
With the exception of circular cross sections, all the double symmetrical cross sections in the
program, and U-sections, fulfil the criterion of the maximum bending stresses occurring at the same
point. The criterion may be incorrect for all other cross sections, depending on the sign for the
moments, and for circular cross sections the criterion is always wrong. We have chosen to calculate
monosymmetrical and asymmetrical cross sections in the same way as double symmetrical ones, and
display a warning stating that double symmetry is assumed.
As circular cross sections do not tilt and do not have additional moments due to displacement of the
centre of gravity for class 4, the interaction formulae will be simplified. Otherwise, ISY Design has not
been created to calculate class 4 circular hollow cross sections.
As the cross sectional properties are the same in all directions, there is no need to differentiate
between strong and weak axis, and so y and z are used in the formulae here. The only thing that will
differentiate between interaction about strong axis and interaction about weak axis is the moment
distribution and buckling length of these.
If moment distribution and buckling option are different for the axes, the following interaction
formulae are used:
Interaction according to formula 6.61:
𝑀𝑦,𝐸𝑑
𝑁𝐸𝑑
𝑀𝑧,𝐸𝑑
𝑢𝑡𝑖𝑙1 =
+ 𝑘𝑦𝑦
+ 𝑘𝑦𝑧
≤ 1,0
𝜒𝑦 𝑁𝑅𝑘
𝑀𝑅𝑘
𝑀𝑅𝑘
𝛾𝑀1
𝛾𝑀1
𝛾𝑀1
Interaction according to formula 6.62:
𝑀𝑦,𝐸𝑑
𝑁𝐸𝑑
𝑀𝑧,𝐸𝑑
𝑢𝑡𝑖𝑙2 =
+ 𝑘𝑧𝑦
+ 𝑘𝑧𝑧
≤ 1,0
𝜒𝑧 𝑁𝑅𝑘
𝑀𝑅𝑘
𝑀𝑅𝑘
𝛾𝑀1
𝛾𝑀1
𝛾𝑀1
Optimisation for circular cross sections
If moment distribution and buckling options are identical for both axes, the interaction factors will
be equal in pairs to (𝑘𝑦𝑦 = 𝑘𝑧𝑧 and 𝑘𝑦𝑧 = 𝑘𝑧𝑦 ) for class 3 and 4 cross sections in both annexes A and
B (with the exception of 𝑘𝑧𝑦 = 0.8𝑘𝑦𝑦 ). In this case, the equations below are used. The interaction
factors used are 𝑘𝑦𝑦 and 𝑘𝑧𝑧 as these are more conservative than 𝑘𝑦𝑧 and 𝑘𝑧𝑦 .
Interaction according to formula (6.61):
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√𝑀𝑦,𝐸𝑑 2 + 𝑀𝑧,𝐸𝑑 2
𝑁𝐸𝑑
𝑢𝑡𝑖𝑙1 =
+ 𝑘𝑦𝑦
𝜒𝑦 𝑁𝑅𝑘
𝑀𝑅𝑘
𝛾𝑀1
𝛾𝑀1

ISY Design

≤ 1,0

Interaction according to formula (6.62):
√𝑀𝑦,𝐸𝑑 2 + 𝑀𝑧,𝐸𝑑 2
𝑁𝐸𝑑
𝑢𝑡𝑖𝑙2 =
+ 𝑘𝑧𝑧
𝜒𝑧 𝑁𝑅𝑘
𝑀𝑅𝑘
𝛾𝑀1
𝛾𝑀1

≤ 1,0

Cases where interaction control is fully or partly unemployed
If the axial force is a tensile force, and there are moments such that an interaction control is
necessary, the control is performed with 𝑁𝐸𝑑 = 0. This way lateral torsional buckling and biaxial
moments are controlled. The factor 𝑛𝑝𝑙 for class 1 and 2 cross sections I annex A is the exception.
Here the actual size of the tensile force is used in the calculations.
I addition to the rules stated here, there are separate rules for cantilevers, which are described in
the section Interaction control of cantilevers.

Torsional buckling, and special treatment of second order analysis
In the interaction control, all sort of stability controls which are given as input data are included. The
application module (Steel cross section) has basically no relation to whether the statics have been
calculated using first or second order analysis. However, this is reflected in the buckling lengths
about the y- and z-axis (𝐿𝑐𝑟,𝑦 and 𝐿𝑐𝑟,𝑧 ), by the fact that they are set to 0 when the statics are
calculated using second order analysis. This naturally leads to not including them in the interaction
control, since 𝑁𝑐𝑟 = ∞ when the buckling length is 0. The application includes torsional buckling
nonetheless, unless 𝑁𝑐𝑟,𝑇 also is 0. This way the torsional buckling effect is included in the
interaction whenever it has any significance. If you think that torsional buckling can be ignored, you
can easily disable it by setting 𝑁𝑐𝑟,𝑇 = 0.

Interaction control of cantilevers
If the beam is considered to be a cantilever (𝑘𝑦 > 1 or 𝑘𝑧 > 1) in at least one of the axes (y or z),
there is basically nothing in the Eurocode explaining how the interaction between buckling and LTB
should be evaluated (those rules are meant for a simply supported beam). Therefore, it is not
supported by this application.
If, on the other hand, either buckling or LTB can be ignored the Eurocode can be applied. Therefore,
we been established certain criteria to determine when buckling and/or LTB cannot be ignored. An
error message is issued if both LTB and buckling (flexural and/or torsional) must be included.
The rules of EC3-1-1, respectively section 6.3.1.2 (4) for buckling, and 6.3.2.2 (4) for lateral torsional
buckling, are used to determine whether these should be controlled on their own, while the control
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of the interaction between them is basically always conducted. To decide if these are relevant in the
interaction control the occurring forces are used. If either moment around the strong axis or the
axial force is 0, the interaction control may be conducted for cantilevers. Otherwise, the previously
stated error message will be issued.
As long as the application can evaluate the interaction (either LTB or buckling can be ignored)
equations (6.61) and (6.62) are used in addition to annex A, B or the fire dimensional Eurocode as
usual.

Annex A
Interaction factors (𝑘𝑖𝑗 )
The interaction factors are calculated according to Table A.1 in EC3-1-1.
𝑘𝑠𝑠
𝑘𝑠𝑤
𝑘𝑤𝑠
𝑘𝑤𝑤
𝐶𝑚𝑖
𝐶𝑚𝐿𝑇
𝑁𝑐𝑟,𝑖
𝜇𝑖
𝐶𝑖𝑗
𝑤𝑖
𝜆̅𝑚𝑎𝑥

Factor for interaction due to buckling and moment about strong axis.
Factor for interaction due to combination of buckling and moment.
Factor for interaction due to combination of buckling and moment.
Factor for interaction due to buckling and moment about weak axis.
Moment factor for bending about axis 𝑖.
Moment factor for LTB.
Ideal buckling load about axis 𝑖.
Reinforcement factor for buckling about axis 𝑖.
Various factors for using the calculation of 𝑘𝑖𝑗 for class 1 and 2 cross sections.
The ratio of plastic to elastic moment of resistance about axis 𝑖.
The maximum relative slenderness of the slenderness for buckling about both axes,
also taking into account torsional and lateral torsional buckling.
Relative slenderness for LTB at constant bending moment (𝜓𝑦 = 1 in Table A.2).

𝜆̅0
𝐶1

1

Factor dependent on the load and support conditions, equal to 𝑘 2, where 𝑘𝑐 is
𝑐

indicated in Table 6.6.
Ideal buckling load for lateral torsional buckling.
Ideal buckling load for torsional buckling.

𝑁𝑐𝑟,𝑇𝐹
𝑁𝑐𝑟,𝑇

𝑁𝑐𝑟,𝑇𝐹 equals 𝑁𝑐𝑟,𝑇 for double symmetrical profiles as 𝑁𝑐𝑟,𝑇𝐹 is undefined.
Interaction factor
𝑘𝑠𝑠
𝑘𝑠𝑤

𝑘𝑤𝑠
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Classes 3 and 4

Classes 1 and 2

𝜇𝑠
𝐶𝑚𝑠 𝐶𝑚𝐿𝑇
𝑁
1 − 𝑁 𝐸𝑑
𝑐𝑟,𝑠
𝜇𝑠
𝐶𝑚𝑤
𝑁
1 − 𝐸𝑑
𝑁𝑐𝑟,𝑤
𝐶𝑚𝑠 𝐶𝑚𝐿𝑇

𝜇𝑤
𝑁
1 − 𝑁 𝐸𝑑
𝑐𝑟,𝑠

𝐶𝑚𝑠 𝐶𝑚𝐿𝑇

𝐶𝑚𝑤

𝜇𝑠
1
𝑤𝑤
0,6√
𝑁
𝑤𝑠
1 − 𝐸𝑑 𝐶𝑠𝑤
𝑁𝑐𝑟,𝑤

𝐶𝑚𝑠 𝐶𝑚𝐿𝑇

Theoretical basis

𝜇𝑠
1
𝑁𝐸𝑑 𝐶𝑠𝑠
1−𝑁
𝑐𝑟,𝑠

𝜇𝑤
1
𝑤𝑠
0,6 √
𝑁
𝑤𝑤
1 − 𝑁 𝐸𝑑 𝐶𝑤𝑠
𝑐𝑟,𝑠
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𝑘𝑤𝑤

𝐶𝑠𝑠
𝐶𝑠𝑤
𝐶𝑤𝑠
𝐶𝑤𝑤
𝑎𝐿𝑇
𝑏𝐿𝑇
𝑐𝐿𝑇
𝑑𝐿𝑇
𝑒𝐿𝑇
𝜖𝑠

𝑤𝑠
𝑤𝑤
𝜇𝑠

𝜇𝑤

𝑛𝑝𝑙

𝐶𝑚𝑤

ISY Design

𝜇𝑤
𝑁
1 − 𝐸𝑑
𝑁𝑐𝑟,𝑤

1 + (𝑤𝑠 − 1) [(2 −

𝐶𝑚𝑤

𝜇𝑤
1
𝑁𝐸𝑑 𝐶𝑤𝑤
1−𝑁
𝑐𝑟,𝑤

1,6
𝑊𝑒𝑙,𝑠
2
𝐶𝑚𝑠 2 (𝜆̅𝑚𝑎𝑥 + 𝜆̅𝑚𝑎𝑥 )) 𝑛𝑝𝑙 − 𝑏𝐿𝑇 ] ≥
𝑤𝑠
𝑊𝑝𝑙,𝑠

1 + (𝑤𝑤 − 1) [(2 − 14

2
𝐶𝑚𝑤 2 𝜆̅𝑚𝑎𝑥

𝑤𝑤5

𝑤𝑤 𝑊𝑒𝑙,𝑤
) 𝑛𝑝𝑙 − 𝑐𝐿𝑇 ] ≥ 0,6√
𝑤𝑠 𝑊𝑝𝑙,𝑤

2
𝐶𝑚𝑠 2 𝜆̅𝑚𝑎𝑥
𝑤𝑠 𝑊𝑒𝑙,𝑠
1 + (𝑤𝑠 − 1) [(2 − 14
) 𝑛𝑝𝑙 − 𝑑𝐿𝑇 ] ≥ 0,6√
5
𝑤𝑤 𝑊𝑝𝑙,𝑠
𝑤𝑠

1,6
𝑊𝑒𝑙,𝑤
2
𝐶𝑚𝑤 2 (𝜆̅𝑚𝑎𝑥 + 𝜆̅𝑚𝑎𝑥 ) − 𝑒𝐿𝑇 ] 𝑛𝑝𝑙 ≥
𝑤𝑤
𝑊𝑝𝑙,𝑤
𝐼𝑇
1− ≥0
𝐼𝑠
𝑀
𝑀𝑤,𝐸𝑑
2
𝑠,𝐸𝑑
0,5𝑎𝐿𝑇 𝜆̅0
𝜒𝐿𝑇 𝑀𝑝𝑙,𝑠,𝑅𝑑 𝑀𝑝𝑙,𝑤,𝑅𝑑
2
𝜆̅0
𝑀𝑠,𝐸𝑑
10𝑎𝐿𝑇
4𝐶 𝜒 𝑀
5 + 𝜆̅𝑤 𝑚𝑠 𝐿𝑇 𝑝𝑙,𝑠,𝑅𝑑
𝜆̅0
𝑀𝑠,𝐸𝑑
𝑀𝑤,𝐸𝑑
2𝑎𝐿𝑇
4𝐶 𝜒 𝑀
0,1 + 𝜆̅𝑤 𝑚𝑠 𝐿𝑇 𝑝𝑙,𝑠,𝑅𝑑 𝐶𝑚𝑤 𝑀𝑝𝑙,𝑤,𝑅𝑑
𝜆̅0
𝑀𝑠,𝐸𝑑
1,7𝑎𝐿𝑇
4𝐶 𝜒 𝑀
0,1 + 𝜆̅𝑤 𝑚𝑠 𝐿𝑇 𝑝𝑙,𝑠,𝑅𝑑
𝑀𝑠,𝐸𝑑 𝐴
𝑐𝑙𝑎𝑠𝑠 1, 2 𝑎𝑛𝑑 3:
𝑁𝐸𝑑 𝑊𝑒𝑙,𝑠
𝑀𝑠,𝐸𝑑 + Δ𝑀𝐸𝑑 𝐴
𝑐𝑙𝑎𝑠𝑠 4:
𝑁𝐸𝑑
𝑊𝑒𝑓𝑓,𝑠
𝑊𝑝𝑙,𝑠
≤ 1,5
𝑊𝑒𝑙,𝑠
𝑊𝑝𝑙,𝑤
≤ 1,5
𝑊𝑒𝑙,𝑤
𝑁
1 − 𝑁 𝐸𝑑
𝑐𝑟,𝑠
𝑁
1 − 𝜒𝑠 𝑁 𝐸𝑑
𝑐𝑟,𝑠
𝑁𝐸𝑑
1−𝑁
𝑐𝑟,𝑤
𝑁
1 − 𝜒𝑤 𝑁 𝐸𝑑
𝑐𝑟,𝑤
𝑁𝐸𝑑
𝑁𝑅𝑘 /𝛾𝑀0

1 + (𝑤𝑤 − 1) [2 −

Limit for slenderness for determination of 𝐶𝑚𝑖 factors:
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4

𝜆̅0,𝑙𝑖𝑚𝑖𝑡 = 0,2√𝐶1 ⋅ √(1 −

If flexural-torsional buckling is not relevant,

𝑁𝐸𝑑
𝑁𝑐𝑟,𝑇𝐹

𝑁𝐸𝑑
𝑁𝐸𝑑
) (1 −
)
𝑁𝑐𝑟,𝑤
𝑁𝑐𝑟,𝑇𝐹

is the largest utilization of the three other buckling

forms.
𝐶𝑚𝑖 factors:
𝐶𝑚𝑠
̅
̅
𝐶
𝜆0 ≤ 𝜆0,𝑙𝑖𝑚𝑖𝑡 → { 𝑚𝑤
𝐶𝑚𝐿𝑇

𝐶𝑚𝑠

𝐶𝑚𝑠,0 + (1 − 𝐶𝑚𝑠,0 )

𝐶𝑚𝑤

𝜆̅0 > 𝜆̅0,𝑙𝑖𝑚𝑖𝑡 →

𝐶𝑚𝐿𝑇

𝐶𝑚𝑠,0
𝐶𝑚𝑤,0
1,0

𝐶𝑚𝑠 2

{

√𝜖𝑠 𝑎𝐿𝑇
1 + √𝜖𝑠 𝑎𝐿𝑇

𝐶𝑚𝑤,0
𝑎𝐿𝑇
𝑁
𝑁
√(1 − 𝑁 𝐸𝑑 ) (1 − 𝑁 𝐸𝑑 )
𝑐𝑟,𝑤
𝑐𝑟,𝑇

≥1

Equivalent moment factors (𝐶𝑚𝑖,0)
The equivalent moment factors for annex A (𝐶𝑚𝑦,0 and 𝐶𝑚𝑧,0 ) are calculated according to Table A.2
in annex A in EC3-1-1. The calculation of these factors includes a dimensionless ratio of maximum
deflection and maximum moment in the member of which the cross section is part:

𝒌′𝒊 =

𝐶𝑚𝑖,0

𝐸𝐼𝑖 |𝛿𝑥 |
2
𝐿 |𝑀𝑖,𝐸𝑑 (𝑥)|

𝜋 2 𝐸𝐼𝑖 |𝛿𝑥 |
𝑁𝐸𝑑
𝑁𝐸𝑑
=1+( 2
− 1) ⋅
= 1 + (𝜋 2 𝒌′𝒊 − 1) ⋅
𝐿 |𝑀𝑖,𝐸𝑑 (𝑥)|
𝑁𝑐𝑟,𝑖
𝑁𝑐𝑟,𝑖

NOTE: The ideal buckling load, about the axis 𝑖, which is included in 𝐶𝑚𝑖,0 is unaffected by lateral
torsional buckling in the program. In reality it probably is not, but it is assumed that this does not
have major significance for the interaction factors. In addition, it very rare that double symmetrical
cross sections have a lower ideal buckling load for flexural torsional buckling than for pure flexural
buckling. Monosymmetrical cross sections are not adapted to suit the interaction formulae in the
standard, and therefore this has little influence if an incorrect value for 𝑁𝑐𝑟,𝑖 is used.
Moment distribution specified by input in the user interface is then decomposed into parts for which
deflection can easily be calculated. In the figure below, the green diagram represents typical user
input, while the other moment diagrams represent the decomposition.

82

Theoretical basis

 NOIS AS

Version 1.6

ISY Design

Elementary moment curves for a freely supported member/beam:
𝒏
1

Decomposition (moment)
Constant, 𝑀

|𝑴𝑬𝒅 (𝒙)|
𝑀

2

𝑀

3

With linear variation (point
moment at one end, 𝑀)
Square (distributed load, 𝑞)

|𝜹𝒙 |
𝑀𝐿2
2⋅
16𝐸𝐼
𝑀𝐿2

4

Partly linear (point load, 𝑃)

𝑞𝐿2
8
𝑃𝐿
4

9√3𝐸𝐼
5𝑞𝐿4
384𝐸𝐼
𝑃𝐿3
48𝐸𝐼

𝒌′𝒏
2
= 0.125
16
1
≈ 0.06415
9√3
40
≈ 0.10412
384
4
≈ 0.08333
48

Calculation of the total 𝒌′ is indicated in the table below, based on the selected moment curve and
moment values 𝑀𝑣 (left end), 𝑀𝑚 (centre of span) and 𝑀ℎ (right end). For decomposition 1, 3 and 4,
the greatest deflection occurs in the middle of the span, while for 2 it is displaced slightly to the side
1
(𝑥 = 𝐿). A correction factor has been introduced in order to compensate for instances where
√3

component 2 dominates.
Description

Value (w/example)

Chosen
moment curve

𝑀𝑣 = −10, 𝑀𝑚 = 6, 𝑀ℎ = −4

Auxiliary
moment

𝑀1 = −4 = The largest of 𝑀𝑣 og 𝑀ℎ , with sign (constant
part).

Auxiliary
moment

𝑀2 = Difference between the largest and smallest end
moment with sign (linear part).
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𝑀2 = −6
Auxiliary
moment

𝑀3 = 𝑀𝑚 −

𝑀𝑣 +𝑀ℎ
2

(Quadratic or bi-linear part).
𝑀3 = 13

Auxiliary
moment

𝑀𝑚𝑎𝑥 = max(𝑀𝑣 , 𝑀𝑚 , 𝑀ℎ ) = Largest moment, with sign.
-10

𝜓

Linear curve

𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑒𝑛𝑑 𝑚𝑜𝑚𝑒𝑛𝑡, 𝑤𝑖𝑡ℎ 𝑠𝑖𝑔𝑛
𝑀1
𝒌′ = 𝑘1′ ⋅

𝑀1
M2
+ 𝑘2′ ⋅
|𝑀𝑖,𝐸𝑑 (𝑥)|
|𝑀𝑖,𝐸𝑑 (𝑥)|

Distributed load
curve

′
𝒌′ = 𝑘𝑙𝑖𝑛𝑒𝑎𝑟
+ 𝑘3′ ⋅

𝑀3
|𝑀𝑖,𝐸𝑑 (𝑥)|

Point load curve

′
𝒌′ = 𝑘𝑙𝑖𝑛𝑒𝑎𝑟
+ 𝑘4′ ⋅

𝑀3
|𝑀𝑖,𝐸𝑑 (𝑥)|

Correction
factor

0,4

𝑀3
𝑀3 2
′
′
2
1 − | | ≥ 0 → 𝒌 = 𝒌 ⋅ 0.004 ⋅ (1 − 𝜓) ⋅ (1 − | |)
M2
M2

(Same principle as
for distributed
load curve)
|13|

1 − |−6| < 0

To make sure that the simplified calculation works correctly, the moment values at the ends must be
limited in relation to the moment at the middle. Otherwise the assumption that the largest
deflection occurs approximately at the middle could fail. The application support moment
distributions that arise from point loads and distributed loads, on a member that is fixed at both
ends, but not more extreme cases than that. When point load is chosen a warning is displayed when
the average value of the end moments has opposite sign and a larger absolute value than the middle
moment. If distributed load is chosen the average value of the end moments cannot be larger than
twice the middle moment. See Figure below for an illustration of the edge cases. In addition, 𝑘′ is

set to 0,125.
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Cantilever
Interaction between buckling and moments on a cantilever gives a stress distribution identical to
that of a simply supported, twice as long model member where the moment curve is mirrored about
the fixed end of the cantilever (see figure below).

That means that for annex A the 𝐶𝑚 -factors are calculated by use of the general equation in table
A.2, where 𝐿2 where is replaced by 4𝐿2 . 𝑁𝑐𝑟,𝑖 , |𝛿𝑥 | and 𝑀𝑖,𝐸𝑑 (𝑥) will then be identical for the
cantilever and the simply supported model beam (see table).
Elementary moment curves for cantilevers:

|𝑴𝑬𝒅 (𝒙)|

|𝜹𝒙 |

𝒌′𝒏

Constant, 𝑀 (point moment in
free end)

𝑀

𝑀𝐿2
2𝐸𝐼

1
= 0.5
2

2

Linear variation (see 4)

-

-

-

3

Quadratic (distributed load, 𝑞)

𝑞𝐿2
2

𝑞𝐿4
8𝐸𝐼

1
≈ 0.25
4

4

Linear (point load, 𝑃)

𝑃𝐿

𝑃𝐿3
3𝐸𝐼

1
≈ 0.333
3

𝒏

Decomposition (moment)

1

Derivation of equivalent moment factor for cantilever and simply supported model beam:

𝐶𝑚𝑖,0,𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 = 1 + (

𝜋 2 𝐸𝐼𝑖 |𝛿𝑥,𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 |
𝐿2𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 |𝑀𝑖,𝐸𝑑,𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 (𝑥)|

=1+(

𝜋 2 𝐸𝐼𝑖 ⋅ 4|𝛿𝑥, |
4𝐿2 |𝑀𝑖,𝐸𝑑 (𝑥)|

=1+(

𝜋 2 𝐸𝐼𝑖 |𝛿𝑥, |
𝐿2 |𝑀𝑖,𝐸𝑑 (𝑥)|

− 1) ⋅

− 1) ⋅

− 1) ⋅

𝑁𝐸𝑑
𝑁𝑐𝑟,𝑖,𝑐𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟

𝑁𝐸𝑑
𝑁𝑐𝑟,𝑖

𝑁𝐸𝑑
𝑁𝑐𝑟,𝑖

= 𝐶𝑚𝑖,0,𝑠𝑖𝑚𝑝𝑙𝑦 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑒𝑑
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The same relation between moment and deflection is used, both for constant and linearly varying
moment curve. The figure below (simply supported member to the left and a cantilever to the right)
show that the statics are equivalent.

When there is a quadratic moment curve (due to distributed load) the curvature for the cantilever
will be inverse to that of the model member. In this case the relation between the moment and
deflection is handled in its own way, see figure below.

By comparing the two figures the factor would be 0,0625 (since the factor is 0,08333 in the top
figure). As expected there is a significant drop when compared to curves from distributed loads
(0,10412) or point loads (0,08333) on a simply supported beam.
The correction factor that is used when the moment curve is unevenly distributed towards one of
the ends of a simply supported beam is not used for cantilevers since the largest deflection occurs at
the free end of the cantilever. Also, with the method described in this section, where cantilevers are
mirrored at the fixed point, asymmetrical moment distributions will not be possible to apply.

Annex B
Annex B differentiates between “members not susceptible to torsional deformations” and
“members susceptible to torsional deformations”. This text previously was translated in an
ambiguous way. Section 6.3.3(1) in the standard uses the expressions “members that are not
susceptible to torsional deformations, e.g. circular hollow sections or sections restraint from torsion”

86

Theoretical basis

 NOIS AS

Version 1.6

ISY Design

and “members that are susceptible to torsional deformations, e.g. members with open cross
sections and not restraint from torsion”.
We have interpreted “members not susceptible to torsional deformations” to mean members with
closed cross sections or members where the factor 𝑘𝑤 in the buckling calculation is equal to 0.5.
𝑘𝑤 = 0.5 corresponds to the fact that the member is clamped at both ends in the direction of the
deformation due to LTB. Hence “members susceptible to torsional deformations” are open cross
sections where 𝑘𝑤 > 0.5. If LTB is not applicable, the member will be interpreted as being not
susceptible to torsional deformations.
Interaction factors (𝑘𝑖𝑗 )
Interaction factors for annex B are calculated according to Tables B.1 and B.2 in annex B in EC3-1-1.
Table B.1 (Members not susceptible to torsional deformations)
The formulae for I-sections in Table B.1 are used for open cross sections. The formulae for RHSsections in the same table are used for closed cross sections.
Interaction
factor
𝑘𝑠𝑠

Cross section Classes 3 and 4
type
Both

Classes 1 and 2

𝐶𝑚𝑠 (1 + 0,6𝜆̅𝑠

𝑘𝑠𝑤
𝑘𝑤𝑠

Both
Both
Special case

𝑘𝑤𝑤

Open

𝑁𝐸𝑑
)
𝜒𝑠 𝑁𝑅𝑘
𝛾1

𝐶𝑚𝑠 (1 + (𝜆̅𝑠 − 0,2)

𝑁𝐸𝑑
)
𝜒𝑠 𝑁𝑅𝑘
𝛾1

where 𝜆̅𝑠 ≤ 1
where 𝜆̅𝑠 ≤ 1
𝑘𝑤𝑤
0,6𝑘𝑤𝑤
0,8𝑘𝑠𝑠
0,6𝑘𝑠𝑠
𝑘𝑤𝑠 = 0 if there is pressure, moment about strong axis and
moment utilisation about weak axis is less than 0.001.
𝐶𝑚𝑤 (1 + 0,6𝜆̅𝑤

𝑁𝐸𝑑
)
𝜒𝑤 𝑁𝑅𝑘
𝛾1

where 𝜆̅𝑤 ≤ 1

𝐶𝑚𝑤 (1 + (2𝜆̅𝑤 − 0,6)

𝑁𝐸𝑑
)
𝜒𝑤 𝑁𝑅𝑘
𝛾1

where 𝜆̅𝑤 ≤ 1

Closed
𝐶𝑚𝑤 (1 + (𝜆̅𝑤 − 0,2)

𝑁𝐸𝑑
)
𝜒𝑤 𝑁𝑅𝑘
𝛾1

where 𝜆̅𝑤 ≤ 1
Table B.2 (Members that can tilt)
Compared with Table B.1, only 𝑘𝑤𝑠 change.
Interaction factor
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𝑘𝑤𝑠
[1 −

0,05𝜆̅𝑤
𝑁𝐸𝑑
]
𝜒
(𝐶𝑚𝐿𝑇 − 0,25) 𝑤 𝑁𝑅𝑘
𝛾1
where 𝜆̅𝑤 ≤ 1

[1 −

0,1𝜆̅𝑤
𝑁𝐸𝑑
]
𝜒
(𝐶𝑚𝐿𝑇 − 0,25) 𝑤 𝑁𝑅𝑘
𝛾1

where 𝜆̅𝑤 ≤ 1
If 𝜆̅𝑤 < 0,4:
𝑘𝑤𝑠 = 0,6 + 𝜆̅𝑤
≤ 𝐸𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑎𝑏𝑜𝑣𝑒

Equivalent moment factors (𝐶𝑚𝑖 )
The equivalent moment factors for Annex B (Cmy, Cmz, CmLT) are calculated according to Table B.3 in
annex B in EC3-1-1.
The value of CmLT is calculated using the moment curve for LTB and the critical length for LTB. If LTB is
not applicable, CmLT is set to 1.0. By default, the moment curve for LTB is the same as the curve for
moment about strong axis.
It is up to the user to account for the special case in the bottom of table B.3 concerning “members
with displaceable endpoints”. Eurocode uses the expression “members with sway buckling”. Hence,
we interpret this as only relevant for members that are part of a frame structure, where both ends
can move in the longitudinal direction of the member when axial loads are present. The fact that 𝐶𝑚
can be set to 0,9 is interpreted as that it is hard to determine the shape of the moment curve, but it
changes sign along the member so a value below 1,0 is still acceptable.

Cantilever
Interaction between buckling and moments on a cantilever gives a stress distribution identical to
that of a simply supported, twice as long model member where the moment curve is mirrored about
the fixed edge of the cantilever (see figure below).

The same way as in annex A the cantilever can be modelled as a simply supported beam. The middle
moment 𝑀𝑠 in the model member is set to be equal to the moment at the fixed edge of the
cantilever, while Ψ = 1 so that the end moments (calculated as 𝑀ℎ and Ψ𝑀ℎ in table B.3) are equal
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in the model member. In most cases 𝑀ℎ = 0 because, normally, there is no moment at the free
edge of the cantilever. Since the moment curve of an evenly distributed load on a cantilever is
concave (curves inwards), while it is convex for a simply supported beam, the moment curve for an
evenly distributed load is less critical than that of a point load. This is considered a conservative
assessment, and we register that the equations yield 𝐶𝑚 = 0,9 in the normal case where the end
moment is 0.
The case of 𝐶𝑚,𝐿𝑇 is a bit different (in annex B). The theoretical basis for the calculation of this value
for cantilevers is insufficient. 𝐶𝑚,𝐿𝑇 is affected by warping, which is hard to determine for
cantilevers. The application utilizes 𝐶𝑚,𝐿𝑇 = 1,0 for cantilevers, which is on the conservative side.

Fire (EC3-1-2)
Fire design is carried out in accordance with EC3-1-2, and more specifically the simplified calculation
in section 4.2 is used. The program only supports steel grades based on carbon steel at the moment,
although the standard also provides scope for calculating fire design for stainless steel. At the
moment, the program does not calculate fire design for class 4 cross sections, as this is rarely an
appropriate design of the structure anyway.
Assumptions:
Uniform temperature distribution over the cross section.
 The standard provides the option of increasing capacity in the case of non-uniform
temperature distribution, but this is not taken into account in the program.
The criteria for potential use of EC3-1-2 are met.
Fire design has its own partial factor, 𝛾𝑀,𝑓𝑖
𝛾𝑀,𝑓𝑖 = 1,0
Norwegian annex: Equal to the standard version
Swedish annex: Equal to the standard version
Danish annex: Equal to the standard version
Finnish annex: Equal to the standard version

General information
Fire design is based on the normal calculations, with just minor modifications specified by EC3-1-2. In
all calculations below, a reduced value is used for yield stress (𝑓𝑓𝑖,𝜃,𝑦𝑘 instead of 𝑓𝑦 ) and E and G
modulus, and 𝛾𝑓𝑖 replaces material factors 𝛾𝑀0 and 𝛾𝑀1 . Otherwise the calculations are identical
unless specified otherwise.

Strength properties
The values for the strength properties of steel at 20 °C are taken from EC3-1-1.
Reduction factors:
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𝑘𝑦.𝜃 =

𝑓𝑦,𝜃
𝑓𝑦

Effective yield stress, relative to the yield stress at 20 °C.

𝑘𝐸.𝜃 =

𝐸𝑎,𝜃
𝐸𝑎

Inclination in the linear elastic area, relative to the inclination at 20 °C.

Reduction factors are taken from Table 3.1 in EC3-1-2. Linear interpolation is used in the case of
intermediate values.

Cross section classification
Cross sections are classified according to EC3-1-1 with reduced ε. The reduction factor 0.85 takes
into account the influence of increasing temperature (section .2.2).

235
𝜖 = 0,85√
, 𝑓 𝑖𝑠 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑠𝑠 𝑎𝑡 20°𝐶 𝑖𝑛 𝑀𝑃𝑎
𝑓𝑦 𝑦

Stress control
Stress control in the case of fire design is implemented in the program according to section 4.2.3 in
EC3-1-2. This stress control is initially identical to the stress control described in EC3-1-1 (see the
section on stress control), but uses a modified yield stress.
𝑓𝑓𝑖,𝜃,𝑦𝑘 = 𝑘𝑦,𝜃 𝑓𝑦

𝑓𝑓𝑖,𝜃,𝑦𝑑 =

𝑓𝑓𝑖,𝜃,𝑦𝑘
𝛾𝑀,𝑓𝑖

Carrying out this modification of 𝑓𝑦 means that all other calculations in the stress control will
automatically be in accordance with EC3-1-2, and further modifications of normal force calculation,
moment calculation, shear calculation or torsion calculation are not necessary.

Cross sections in cross section class 4
The program does not support fire design of Class 4 cross sections at the present time. This is
because it is very rarely necessary to use class 4 cross sections in locations requiring fire design.

Shear Buckling
There are no further modifications of resistance to shear and flange induced buckling other than
those specified in the general section on fire design.
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Interaction in the stress control
There are no further modifications of the interaction for stress control other than those specified in
the general section on fire design.

Stability control
Stability control in the case of fire design is implemented in the program according to section 4.2.3 in
EC3-1-2. This stability control is based on the results achieved during stability control at 20 °C
according to EC3-1-1 (see the section on global stability control).

Flexural buckling, torsional buckling and lateral torsional buckling
Buckling must always be controlled for fire design, even if the criteria in EC3-1-1 seem to indicate
that the control is not necessary. The formulae below are used for buckling about both the y-axis
and the z-axis, as well as torsional buckling and lateral torsional buckling. There will be minor
variations in name choices when this is to be displayed in the GUI (such as 𝜆̅ will be 𝜆𝑦 , 𝜆𝑧 , 𝜆 𝑇 or 𝜆 𝑇𝐹
respectively), but otherwise the formulae are the same.
𝑁𝑏,𝑓𝑖,𝑡,𝑅𝑑 = 𝜒𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑
1

𝜒𝑓𝑖 =

φθ + √φθ − 𝜆𝜃
2

2

≤ 1,0

2

φθ = 0,5(1 + 𝛼𝜆𝜃 + 𝜆𝜃 )
235 [𝑀𝑝𝑎] 0,65
𝛼 = 0,65√
=
𝜖
𝑓𝑦
0,85
NOTE: In the formula for 𝛼, the unmodified 𝑓𝑦 is included.
𝜆𝜃 is calculated based on 𝜆 according to EC3-1-1
𝑘𝑦,𝜃
𝜆𝜃 = 𝜆̅√
𝑘𝐸,𝜃

LTB
LTB must always be controlled for fire design, even if the criteria in EC3-1-1 seem to indicate that the
control is not necessary. The formula below is used for both plastic and elastic design; the only
difference is that 𝑊 will be 𝑊𝑝𝑙 or 𝑊𝑒𝑙 respectively.
𝑀𝑏,𝑓𝑖,𝑡,𝑅𝑑 = 𝜒𝐿𝑇,𝑓𝑖 𝑊𝑓𝑓𝑖,𝜃,𝑦𝑑
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𝜒𝐿𝑇,𝑓𝑖 is calculated according to the same formulae as for buckling, where the only difference is that
𝜆𝜃 is equal to 𝜆𝐿𝑇,𝜃
𝑘𝑦,𝜃
𝜆𝐿𝑇,𝜃 = 𝜆𝐿𝑇 √
𝑘𝐸,𝜃

Interaction (EC3-1-2, section 4.2.3.5)
Interaction calculation for fire is carried out according to section 4.2.3.5 in EC3-1-2. We differentiate
between plastic and elastic interaction calculation here. The formulae are the same for plastic and
elastic calculation, apart from the fact that 𝑊 are 𝑊𝑝𝑙 or 𝑊𝑒𝑙 respectively.
𝑁𝑓𝑖,𝐸𝑑
𝑘𝑦 𝑀𝑦,𝑓𝑖,𝐸𝑑 𝑘𝑧 𝑀𝑧,𝑓𝑖,𝐸𝑑
+
+
≤ 1,0
𝜒𝑚𝑖𝑛,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑 𝑊𝑦 𝑓𝑓𝑖,𝜃,𝑦𝑑 𝑊𝑧 𝑓𝑓𝑖,𝜃,𝑦𝑑
𝜒𝑚𝑖𝑛.𝑓𝑖 is 𝜒𝑦,𝑓𝑖 , 𝜒𝑧,𝑓𝑖 , 𝜒𝑇,𝑓𝑖 and 𝜒𝑇𝐹,𝑓𝑖 , whichever is the smallest. (In practice, it is calculated by
finding the value that maximizes 𝜒

𝑁𝑓𝑖,𝐸𝑑
𝑚𝑖𝑛,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

).

Interaction considering LTB must be controlled with various data depending on the direction in
which the cross section tilts.
If it tilts for moment about the y-axis:
𝑁𝑓𝑖,𝐸𝑑
𝑘𝐿𝑇 𝑀𝑦,𝑓𝑖,𝐸𝑑
𝑘𝑧 𝑀𝑧,𝑓𝑖,𝐸𝑑
+
+
≤ 1,0
𝜒𝑧,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑 𝜒𝐿𝑇,𝑓𝑖 𝑊𝑦 𝑓𝑓𝑖,𝜃,𝑦𝑑 𝑊𝑧 𝑓𝑓𝑖,𝜃,𝑦𝑑
If it tilts for moment about the z-axis:
𝑁𝑓𝑖,𝐸𝑑
𝑘𝐿𝑇 𝑀𝑧,𝑓𝑖,𝐸𝑑
𝑘𝑦 𝑀𝑦,𝑓𝑖,𝐸𝑑
+
+
≤ 1,0
𝜒𝑦,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑 𝜒𝐿𝑇,𝑓𝑖 𝑊𝑧 𝑓𝑓𝑖,𝜃,𝑦𝑑 𝑊𝑦 𝑓𝑓𝑖,𝜃,𝑦𝑑
The method for finding 𝜒𝑦,𝑓𝑖 and 𝜒𝑧,𝑓𝑖 is the same as described earlier in the chapter on interaction
in global stability control. The moments that are included in the factors with 𝑘𝐿𝑇 is, in practice,
retrieved from the area of the beam that affect lateral torsional buckling.
Equivalent moment factors
The equivalent moment factors fire (βM,y, βM,z) are calculated as shown in Figure 4.2 in EC3-1-2.
The value of βM,LT is calculated according to the moment curve selected by the user for LTB, but you
can choose to override this yourself. If LTB is not applicable, βM,LT is set to 1.0.
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Interaction factors
Eurocode assumes that the member tilts at moment about the y-axis, and so it has the following
procedure for finding interaction factors:

𝑘𝐿𝑇 = 1 −

𝜇𝐿𝑇 𝑁𝑓𝑖,𝐸𝑑
≤1
𝜒𝑧,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

𝜇𝐿𝑇 = 0,15𝜆𝑧,𝜃 𝛽𝑀,𝐿𝑇 − 0,15 ≤ 0,9

𝑘𝑦 = 1 −

𝜇𝑦 𝑁𝑓𝑖,𝐸𝑑
≤3
𝜒𝑦,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

𝜇𝑦 = (2𝛽𝑀,𝑦 − 5)𝜆̅𝑦,𝜃 + 0,44𝛽𝑀,𝑦 + 0,29 ≤ 0,8
𝑘𝑦,𝜃
𝑤ℎ𝑒𝑟𝑒 𝜆̅𝑦,20°𝐶 ≤ 1,1 which in turn gives 𝜆𝜃 ≤ 1,1√𝑘

𝐸,𝜃

𝑘𝑧 = 1 −

𝜇𝑧 𝑁𝑓𝑖,𝐸𝑑
≤3
𝜒𝑧,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

𝜇𝑧 = (1,2𝛽𝑀,𝑧 − 3)𝜆̅𝑧,𝜃 + 0,71𝛽𝑀,𝑧 − 0,29 ≤ 0,8
Note: The values for 𝜇𝑦 and 𝜇𝑧 are taken from the correction sheet (AC:2009), modification 6.
When calculations are to be carried out in the program, it is necessary to take into account the fact
that the member may tilt for moment about the z-axis instead. To compensate for this, and to make
the formulae more suitable for programming, we have modified the calculations slightly. First you
find the 𝜇 values to be included in the formulae. If 𝐼𝑧 > 𝐼𝑦 , you switch to 𝜆 and 𝛽 factors in the
formulae below, so that e.g. 𝜆̅𝑦,𝜃 is used instead of 𝜆̅𝑧,𝜃 , and vice versa.
𝜇𝑦 = (2𝛽𝑀,𝑦 − 5)𝜆̅𝑦,𝜃 + 0,44𝛽𝑀,𝑦 + 0,29 ≤ 0,8
𝑤ℎ𝑒𝑟𝑒 𝜆̅𝑦,20°𝐶 ≤ 1,1
𝜇𝑧 = (1,2𝛽𝑀,𝑧 − 3)𝜆̅𝑧,𝜃 + 0,71𝛽𝑀,𝑧 − 0,29 ≤ 0,8
𝜇𝐿𝑇 = 0,15𝜆𝑧,𝜃 𝛽𝑀,𝐿𝑇 − 0,15 ≤ 0,9
If 𝐼𝑧 > 𝐼𝑦 , you then switch to 𝜇𝑦 and 𝜇𝑧 to ensure that strong axis is always calculated with the top
formula, and weak axis with the bottom formula.
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After that, 𝑘 factors are calculated using the formulae below.

𝑘𝑦 = 1 −

𝜇𝑦 𝑁𝑓𝑖,𝐸𝑑
≤3
𝜒𝑦,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

𝑘𝑧 = 1 −

𝜇𝑧 𝑁𝑓𝑖,𝐸𝑑
≤3
𝜒𝑧,𝑓𝑖 𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

𝑘𝐿𝑇 = 1 −

𝜇𝐿𝑇 𝑁𝑓𝑖,𝐸𝑑
≤1
𝜒𝐴𝑓𝑓𝑖,𝜃,𝑦𝑑

Where
𝜒𝑦,𝑓𝑖
𝜒={
𝜒𝑧,𝑓𝑖

𝐼𝑧 > 𝐼𝑦
𝑒𝑙𝑠𝑒

Interaction control of cantilevers
Cantilevers have the same limitations in fire design as in regular design. For example, a cantilever
subjected to both buckling and lateral torsional buckling cannot be controlled for interaction. See
chapter “Global stability” for more information.
Since the moment curve of an evenly distributed load on a cantilever is concave (curves inwards),
while it is convex for a simply supported beam, the moment curve for an evenly distributed load is
less critical than that of a point load. Thus 𝛽𝑀 is set to 1,4 when distributed load is present, and not
1,3.
In the same way as for Annex B (see chapter “Global stability”), the procedure to determine a valid
value of 𝛽𝑀,𝐿𝑇 is uncertain. Therefore, the value is always set to 1,1 for cantilevers, which is the most
conservative choice.

Transverse forces (EC3-1-5: 6)
The calculation follows section 6 in EC3-1-5. The program supports calculation of concentrated loads
for I-sections, rectangular cross sections and hat profiles. The actual calculation of concentrated load
is independent of the section forces at the cross section, and the program does not calculate the
interaction between concentrated loads and other section forces.
Concentrated loads may be located close to the end, between stiffeners, or in a location entirely
without stiffeners. Depending on your choice here, you can choose between one sided and two
sided force (not for loads close to ends), and three geometric dimensions; load width (ss), distance
between stiffeners (a) and distance to end (c). Other data used is taken from material data and the
cross sectional geometry. This is applicable to E, fyw, fyf, 𝛾𝑀1 , tw, hw, tf and bf. Some cross sections
may have different thicknesses and widths in the upper and lower flange. If the force then acts from
both sides, the smallest flange thickness is always used, along with the smallest product 𝑓𝑦𝑓 ∗ 𝑏𝑓 .
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For box sections, with two webs, the load is halved and only one web is used for calculation. The
restriction 𝑏𝑓 ≤ 15𝜖𝑡𝑓 is also applicable here.
The load width must also be restricted by ℎ𝑤 , so that
𝑠𝑠 = min(𝑠𝑠 , ℎ𝑤 )
The calculations take place as follows:
ℎ𝑤 2
6 + 2 ( ) 𝑇𝑦𝑝𝑒 𝑎
𝑎
ℎ𝑤 2
𝑘𝐹 =
3.5 + 2 ( ) 𝑇𝑦𝑝𝑒 𝑏
𝑎
𝑠𝑠 + 𝑐
2 + 6(
) ≤ 6 𝑇𝑦𝑝𝑒 𝑐
{
ℎ𝑤

𝐹𝑐𝑟 = 0,9𝑘𝐹 𝐸

𝑚1 =

𝑡𝑤 3
ℎ𝑤

𝑓𝑦𝑓 𝑏𝑓
𝑓𝑦𝑤 𝑡𝑤
2

ℎ𝑤
0,02 ( ) ,
𝑚2 = {
𝑡𝑓

𝜆𝐹 > 0,5

0,

𝜆𝐹 ≤ 0,5

First, we suppose that 𝜆𝐹 > 0,5. if 𝜆𝐹 later turns out to be less than or equal to 0.5, 𝑚2 , 𝑙𝑦 and 𝜆𝐹
must be recalculated.
For types a) and b):
𝑙𝑦 = 𝑠𝑠 + 2𝑡𝑓 (1 + √𝑚1 + 𝑚2 ), 𝑙𝑦 ≤ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑡𝑖𝑓𝑓𝑒𝑛𝑒𝑟𝑠 (𝑎)
For type c), 𝑙𝑦 is the smallest of the formula above (for type a) and b)), and these:
2

𝑚1
𝑙𝑒
𝑙𝑦 = 𝑙𝑒 + 𝑡𝑓 √ + ( ) + 𝑚2
2
𝑡𝑓
𝑙𝑦 = 𝑙𝑒 + 𝑡𝑓 √𝑚1 + 𝑚2
𝑙𝑒 =

𝑘𝐹 𝐸𝑡𝑤 2
≤ 𝑠𝑠 + 𝑐
2𝑓𝑦𝑤 ℎ𝑤

We then find
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𝑙𝑦 𝑡𝑤 𝑓𝑦𝑤
𝜆𝐹 = √
𝐹𝑐𝑟

When 𝑚2 , 𝑙𝑦 and 𝜆𝐹 have been recalculated if necessary, the final calculations are straight ahead:
𝜒𝐹 =

0,5
𝜆𝐹

≤ 1,0

𝐿𝑒𝑓𝑓 = 𝜒𝐹 𝑙𝑦

𝐹𝑅𝑑 =

𝑓𝑦𝑤 𝐿𝑒𝑓𝑓 𝑡𝑤
𝛾𝑀1

𝜂2 =

𝐹𝐸𝑑
≤ 1,0
𝐹𝑅𝑑

Leff: effective length for resistance to vertical (concentrated) forces.
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Restrictions
Most restrictions are accounted for in the section on theory, but in this section, you will find other
restrictions that are worth commenting on.

LTB for asymmetrical cross sections
The theoretical basis for LTB assumes symmetry about weak axis. The program nevertheless
calculates LTB for all monosymmetrical profiles, but a warning will be displayed if there is no
symmetry about weak axis. For completely asymmetrical profiles (L-sections with different sides, all
double L-sections and fully asymmetrical general cross sections), LTB is not controlled. It is then your
responsibility to ensure that either LTB is not applicable, or that you have controlled LTB on your
own.

The stability control for asymmetrical cross sections
The formulae for interaction between buckling and LTB are derived for double symmetrical cross
sections. This is applicable to annex A, annex B and fire. A general calculation of this requires an
advanced FEM analysis. In many cases, a calculation according to these formulae will nevertheless be
able to provide a useful indicator of whether there is acceptable safety. Therefore, the program
calculates according to the same formulae, but gives a warning stating that you yourself have to take
responsibility for assessing whether this is sufficient.

Summation of utilisation
In the case of elastic stress control, class 3, it is possible to carry out a precise calculation of the
utilisation. In the case of plastic stress control, EC3 provides formulae for interaction between
normal force and moment for some cross section types. For other cross section types, we have
chosen to total the plastic utilisations for each section force component to be on the safe side. For
cross sections with a high degree of asymmetry, this may lead to plastic utilisation being higher than
elastic utilisation for some combinations of section forces.
A precise analysis of elastic stress control, class 4, requires an iterative calculation where the stress
pattern influences which cross section elements are ineffective, and this in turn influences the stress
pattern. As class 4 cross sections have to be handled with caution, we have chosen instead to use
summation of individual utilisations here as well.

Elastic shear stress distribution
General and solid cross sections cannot be calculated using elastic shear stress distribution. General
cross sections have no explicit definition of panel elements and panel thicknesses, which are
required for calculation of elastic shear stress. For solid cross sections, the distribution of shear
stresses is not as easy to define as is the case with cross sections consisting of thin panels. Moreover,
solid cross sections can be considered to be of class 1 or 2, and there is rarely a need for elastic
calculation.
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Improvements compared with G-Prog
A range of improvements, error corrections and other changes have been made to ISY Design Steel
Cross Section compared with ISY G-PROG Steel Cross Section. The most important of these are listed
here. Please see the theoretical basis for details on the individual items.
In ISY Design, all cross section data is recalculated for all cross sections used. This means that
data from profile tables is overwritten and only geometric data is retained. G-PROG, on the
other hand, uses the values found in the profile table (if they exist). The reason for this
change is that many of the values in the profile tables appear to have undergone poor
quality assurance, and that the calculations in ISY Design are very precise.
For each set of section forces in ISY Design you may choose to perform stress and/or stability
control.
ISY Design can calculate an optimal cross section from all cross section types in the
document, not only within a single cross section type.
When calculating interaction between normal force and shear force, a reduced yield stress is
used for the shear area. Both ISY Design and G-Prog use this reduction factor over the entire
cross section area, but in G-Prog the factor was combined directly with the utilisation for
bending and axial force. In ISY Design, a complete new calculation of the normal force and
moment capacities is carried out before these are combined in order to calculate the
utilisation for combined bending and normal force. This takes into account instances where
there is no linear link between reduction factor and utilisation for the combination of forces.
The calculation of critical moment (𝑀𝑐𝑟 ) has been greatly improved. The same applies to the
calculation of equivalent moment factors which are used in the interaction.
ISY Design supports control of global stability for cantilevers.
Fire design can be carried out for individual sets of section forces, with different
temperature, rather than all or none.
The calculation of effective cross section (class 4) has received a significant improvement.
Among other things, an “accurate” stress plane is calculated by an iterative procedure. This
procedure may uncover flaws in the Eurocode, which ISY Design accounts for.
Weak transverse stiffeners provide no contribution to 𝑘𝜏 in connection with resistance to
shear. This is in accordance with EC3-1-5, annex A. Transverse stiffeners are always taken
into account in G-Prog.
G-Prog disregards the flange contribution during control of shear buckling.
ISY Design includes torsion in calculation of shear buckling and interaction with shear
buckling.
The interaction formulae in the stress control have been changed for a number of cross
section types. G-Prog used dubious formulae for asymmetrical cross sections, and these
have now been changed in order to use a simplified, conservative summation of utilisations
instead.
Flange induced buckling is calculated in G-Prog for more cross section types than those to
which it is applicable. ISY Design calculates flange induced buckling only for webs located
between two flanges.
ISY Design also calculates LTB for T profiles, L-sections with equal legs and general cross
sections with single or double symmetry.
Torsion capacity can be calculated in both plastic and elastic terms.
𝐼𝑊 and 𝐼𝑇 are calculated with new formulae (having been quality checked against FEA) for a
number of profile types.
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ISY Design uses more points in the cross section when calculating stresses. The advantage of
this is that the effect of shear stresses is addressed more effectively.
ISY Design is able to calculate elastic shear stress distribution in the cross section and the
distribution can be displayed graphically over the entire cross section, with the direction of
the shear stress. Hence it is also possible to see von Mises stresses graphically.
It is possible to choose between plastic and elastic shear stress distribution in elastic stress
control.
There are more possibilities to enter radii in different cross sections. It is also possible to
specify inclinations for flanges in I- and U-sections, and for both flanges and webs in Tsections.
If shear buckling had to be controlled in G-Prog, the capacity for shear force was overwritten
with the capacity for shear buckling unless the former was lower.
Utilisation for interaction with shear buckling was always at least as critical as interaction
without shear buckling in G-Prog, while in ISY Design both controls are always executed.
Interaction in the stability control has been changed to a relatively great extent. Among
other things, the programs take into account the fact that LTB may occur in different ways
for moment about the z-axis.
For class 4 cross sections, the moment of resistance is calculated for an effective cross
section, 𝐴𝑒𝑓𝑓 (see the section on stress control of axial force), where parts of the area are
omitted due to the risk of local buckling. In G-Prog, this is calculated specifically for each
cross section type.
New profile types have been introduced in ISY Design:
 Rectangular solid steel
 Circular solid steel
 Cold-formed L- and U-sections
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Version history
This section provides a log for the module described in this user manual. The version number and
what the revision involves will be described here as ISY Design is revised.

Version 1.0
Launched in ISY Design v. 4.0.

Version 1.0.1
Launched in ISY Design v. 4.0.1.
For interaction between normal force and shear force utilisation > 0.5, but not moment, the
utilisation was incorrect. This has now been corrected.

Version 1.1
Launched in ISY Design v. 4.1.
Extensive improvements to the option for creating new cross sections directly in a cross
section document, independently of the profile tables.
Some of the main points are:
 It is possible to create new cross sections directly in a cross section document.
 Cross sections in the cross section document can be exported to any profile table.
 Cross sections in the cross section document can be changed directly without going
via a profile table.
 It is possible to create general cross sections on the basis of an existing cross section.
(The general cross section then has the same data as that calculated for the
parameterised cross section.)
L-sections and general profiles can now also be calculated according to plastic theory
(classes 1 and 2).
Various error corrections for calculations of cross sections with rotated main axes.
It is possible to enter a tolerance limit lower than 1.0 for validation of utilisations. This is also
taken into account in the calculation of an optimal cross section.
When using profiles which have rotated main axes, input data and results must relate to
slightly different coordinate systems. Some are specified along the main axes, while others
are specified in the same coordinate system as the one in which the cross section is defined.
Attempts have been made to make this clearer.
Whether you want to specify the section forces along the main axes or in the cross section’s
coordinate system is now optional.
The window for interaction and lateral torsional buckling has been improved slightly so as to
indicate more clearly which coordinate system the results relate to.
Member data has been moved out of the window for cross sectional geometry and into a
separate menu item.
LTB is now also calculated for equal L profiles, but no longer for fully asymmetrical general
cross sections. (There was a warning here previously, but a new assessment has shown that
the results are often highly misleading, so this has now been removed entirely.)
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A few new warnings have been added for if the values of the shear areas for general cross
sections seems suspect.
Standard material has been changed to S355.

Version 1.2
Launched in ISY Design v. 4.2.
The big news is Steel Cross Section Enterprise, with national annexes for all Nordic countries
(Norway, Sweden, Denmark and Finland) except Iceland.
Material data from the product standards are added, and set as default for new documents
instead of the data given in Table 3.1.
Warning when using materials and cross section types that are incompatible.
Warning when using cold formed thin-walled U- and L-sections. These require control in
accordance with EN 1993-1-3.

Version 1.3
Launched in ISY Design v. 4.3.
There is now support for control of global stability for cantilevers, both with and without
lateral restraint.
The calculation of critical lateral torsional buckling moment (𝑀𝑐𝑟 ) is significantly improved.
A warning is displayed if other values than 0,5 and 1,0 are used for 𝑘𝑦 , 𝑘𝑧 and 𝑘𝑤 when
calculating 𝑀𝑐𝑟 using Table I.2, since interpolated values not necessarily are on the
conservative side.
The window (tab) “Interaction and lateral torsional buckling” is changed so that it is easier to
distinguish data for interaction control from data for lateral-torsional buckling.
𝑀𝑐𝑟 is calculated continuously and is shown in the section forces table and in the mentioned
window.
The calculation of equivalent moment factors, 𝐶𝑚 (𝛽𝑀 for fire design), which are used in the
interaction is also improved, especially for cases that deviate substantially from the basis
cases illustrated in the respective tables.
Torsional buckling will now, in some cases, be included in interaction control in a more
favourable way than before.
A warning is displayed for members subject to torsional moment where 𝑘𝑤 is unequal to
1,0, informing that additional stresses due to warping are not considered.
Improved visualization of axial stress plane for class 4 cross sections.
If the iterated stress plane converges for class 4 cross sections, the plane will be used in an
eventual calculation of von Mises stresses, if it proves to be more critical than when using
the simplified method. This is because experience has shown that the simplified method has
shortcomings in some cases.
Safety classification in the beam do now affect the calculations in Steel Cross Section. The
load combination number can be chosen in the Section forces and Transverse forces
windows.
The material factor 𝐾𝑓𝑖 is now present in the material window (with Danish annex).
For every set of section forces the user can choose whether or not to do the stress control or
stability control.
This version also includes several improvements to the user experience, which normally
does not affect the results.
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Version 1.3.1
Launched in ISY Design v. 4.3.1.
Amendment A1 for EN 1993-1-5 from July 2017 is included. Affects calculation of transverse
forces.
Calculation of the factor 𝑘𝑐 used for lateral torsional buckling (LTB) has been improved in
some cases.

Version 1.4
Launched in ISY Design v. 4.4.
Several adjustments in data for interaction and LTB.
Option to abort long lasting calculations.

Version 1.5
Launched in ISY Design v. 5.0.
Calculation settings is added to the report.
The critical axial force and moment is now not modified in fire design. The modification
happens in the calculation of the slenderness (see theoretical basis).
An error in the fire design calculations of cross section class 4 (not supported by the program
and therefore yields an error message) that caused the ultimate limit state section forces to
not be calculated is fixed.
The calculation of 𝑘𝑐 is improved.
Stability interaction is now calculated even though global buckling/lateral torsional buckling
do not need to be checked.
ISY Design does not support the control of stability interaction for asymmetrical cross
sections.
Several improvements and fixes are implemented in the stability control.
An error that occurred for hollow circular cross sections in class 4 (note that this is not
supported by the program) that caused the calculations to fail is fixed.
The single utilizations (𝑈𝑡𝑖𝑙𝑀,𝑦 , 𝑈𝑡𝑖𝑙𝑀,𝑧 and 𝑈𝑡𝑖𝑙𝑁 ) with elastic design will now be validated.
The calculation of optimal/best cross section is improved. The calculation time is
considerably reduced for documents with many cross sections.
Otherwise, this version consists of several small improvements of the user experience that
normally do not affect the calculation results.

Version 1.5.1
Launched in ISY Design v. 6.0.
This version consists of several small improvements of the user experience that normally do
not affect the calculation results.

Version 1.5.2
Launched in ISY Design v. 6.1.
This version consists of several small improvements of the user experience that normally do
not affect the calculation results.
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Version 1.6
Launched in ISY Design v. 7.0.
The plastic resistance moment, 𝑊𝑝𝑙 , could be calculated wrong with cross sections with
holes because of the order of the points of the holes. This is fixed.
This version consists of several small improvements of the user experience that normally do
not affect the calculation results.

Version 1.6.1
Launched in ISY Design v. 7.1.
The product standards for steel have received updated values for some steel grades.
Changes in the calculation of buckling curves for the Finnish national annex.
Various minor bugs are corrected.

Version 1.6.2
Launched in ISY Design v. 8.0.
Various minor bugs are corrected.

Version 1.6.3
Launched in ISY Design v. 8.1.
Fixed an issue where some values in the section forces grid were not updated.
Various minor bugs are corrected.

Version 1.6.4
Launched in ISY Design v. 8.2.
Various minor bugs are corrected.

Version 1.6.5
Launched in ISY Design v. 8.3.
Various minor bugs are corrected.
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