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Introduction 

Function 
ISY Design Steel Beam is a tool utilized to do strength analysis and steel design on continuous beams. 
The key features are as follows: 

 Steel beam design according to current Eurocodes.  

 Full stress- and stability control. 

 Every cross section class is supported (1, 2, 3 and 4). Calculation of effective cross 
sections in class 4.  

 Fire design. 
 Unlimited number of different cross sections where the user defines the cross section 

parameters. 
 The user may calculate the optimal cross section, from a set of selected cross sections, that 

has the capacity to handle the applied forces.  
 Unlimited number of support types – including springs. 
 Different cross section within the same span is supported.  

 Note that global stability control requires equal cross sections within each span. 
 Unlimited number of load cases and load combinations.  
 Point loads, point moments, line loads, load trains and prescribed displacements/rotations 

are supported.  
 Automatic generation of load combinations according to Eurocode (load standard). 
 Calculation of section forces, displacements and support forces. 
 Graphical illustrations of the results. 
 Automatic generation of printable report with a summary of the model and presentation of 

the calculated results.  

Licence model 
The modules in ISY Design are available in two versions – Standard and Enterprise. The Standard 
version of ISY Design Steel Beam replaces “ISY G-Prog Stålbjelke”, while the Enterprise version 
replaces “ISY G-Prog Avansert Stålbjelke”.  

The following are the Enterprise additions compared to the Standard for ISY Design Steel Beam: 

 Loads in two directions (biaxial calculations) 
 Axial forces, including 2. order theory 
 Hinges 
 Prescribed displacements/rotations 
 Load trains 
 Load states (load groups) 
 Several national annexes (the standard version has one optional annex, while Enterprise 

have Norwegian, Swedish, Danish and Finnish). 

Contact NoIS 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 with the application. If you want to 
keep track of all your licences, there is a separate program (ISY License) providing this option. This 
requires separate installation but does not have to be installed to use ISY Design. This program is 
available from our website. 

Single user licence 

Licence for installation on one local PC.  

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/  

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. Our customers can 
continue using 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 customer 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.  

User manuals 
ISY Design consists of several modules. Relevant information to Steel Beam may be found in the 
following user manuals too: 

 User manual ISY Design General;  
 User manual ISY Design Steel Cross Section;  
 User manual ISY Design Static Beam;  

mailto:support.isydesign@nois.no
https://www.nois.no/
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User interface 
We will start off by describing a selection of details from the program. See “User manual ISY Design 
General” for a more comprehensive list. 

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

 

File 

The standard menus for document management and printing can be found here. Licence 
information, document options, user manuals 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 

Here you can customize how different things are shown. The content of the tab varies as well, but 
some features are the same.  

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.  
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Message bar 
If it turns out that the model 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. 

Validation of input data 

The validation of input data may result in information messages, warnings and errors, where the 
latter makes the calculations prohibited. Double click the error message to be guided to the screen 
where the error is present. Sometimes the auto calculated fields contain said errors. The users of the 
application are expected to have enough knowledge of the theoretical basis to understand which 
data needs correction to give valid values of the auto calculated results. An example is the C-factors 
that are used for interaction calculations according to Annex A. A compressive force that exceeds the 
Euler load of the current member may give the factors a value that lies outside the allowed limits.  

Coordinate systems 
The model is oriented in the global x-y-z coordinate system where the beam is located along the x-
axis. Each member may have different rotations of their local coordinate systems (u-v and y’-z’). The 
main axis (u-v) of the cross section in each member must always be equally oriented in the global 
axis system (may be rotated 90 degrees related to each other). Load cases (and load trains) are 
specified primarily in the global coordinate system. If every member has the same angle of their 
main axis you may specify the loads in the cross section’s local coordinate system. The forces will 
work through the web and flanges in, as an example, a L-cross section. The coordinate system in use 
is then the one called “hor-vert” – described in User Manual ISY Design Steel Cross Section.  

For more information about signs, coordinate systems and implications of these, see the user 
manuals of Static Beam and Steel Cross Section.  
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Practical application 
Several 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. 

Additional information about practical application see other user manuals: 

 User manual ISY Design Steel Cross Section 

 Selection of cross sections 

 Create and edit user defined cross sections 

 Profile table 

 Overwrite auto calculated values 

 Geometrical restrictions 

 Critical temperature 
 User manual ISY Design Static Beam 

 Directions and signs 

 Axial forces and biaxial calculations 

 Generation of load combinations 
 User manual ISY Design General 

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

 

 

 

2. Choose the settings. 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 beams 
1. Create a new steel beam document as shown in the figure.  

 

 
 

2. Input material data for the steel grade (follow the Navigation menu). 
 

3. Input the data describing the geometry of the model. 

Hint:  It is most practical to select current cross sections and eventual user defined 
support types first.  
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 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. 

 

 
 

 In Steel Beam the user may select a cross section as “favourite” by clicking at 
the star in the same row. This cross section will be chosen automatically when 
creating new members.  

 

 
 

 Define eventual support types (see User Manual ISY Design Static Beam). 
 

4. Model geometry 
 

 Define the geometry of your beam/column. 

 You may change both member lengths and joint coordinates as you see 
fit.  

 You may also place and move joints and change span lengths 
graphically. 

 Change 𝑘- and 𝑁𝑐𝑟-values if needed. Note that critical forces may only be 
edited if you choose to calculate with forces in the x-direction. 

 
5. Laster 

 
 Define the load cases to be included. 
 Load trains are defined similarly.  
 Specify the loads to be included in each load case/train. 

 Numerical addition: Use the table. 

 Graphical addition:  Choose Point load/Line load as the tool and 
click on the model. 
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 If «User defined» is selected as the category, the 𝜓-factors can be set at your 
own discretion. Otherwise, they are predetermined in accordance with Table 
NA.A.1.1 in NS-EN-1990.  

 Prescribed displacements and rotations are limited to directions where the 
joint is fixed. 

 You may also choose to specify the load cases in the local cross section 
coordinate system if you have biaxial calculations and all cross sections in the 
model have the same rotated main axis.  

 

6. Load combinations 
 

 Press the “Generate load combinations”-button to get all load combinations of 
the relevant load cases in accordance with 6.4.3.2 and 6.5.3 in the respective 
national annex to NS-EN 1990.  
 

 
 

 Other load combinations you may create and define yourself. 
 

7. Stability basis 
 

 This window displays all input data of the stability calculations.  
 Because the window is relatively complicated a separate chapter, Stability 

basis, is dedicated to describing how you use the window and what to watch 
out for. 

Stability basis 
In ISY Design Steel Beam we let the user edit/overwrite stability data such as 𝐶𝑚-factors, 𝛽-factors 
and 𝑀𝑐𝑟, that are specified per member/span per load combination. This is conducted in the window 
“Stability basis”. The following describes how this window is utilized.  

 

To automatically calculate the values in the stability basis the statics must be calculated. By entering 
this window in the navigation menu, the calculation of static results is automatically conducted. 
Thus, it is important to build your model in the order described in Modelling of steel beams so that 
the statics may be calculated correctly. The most important static results (moment curves, and 
potentially axial and displacement curves) are displayed in the graphics so that you may easily 
validate the stability data. See Moment factors for interaction in the theoretical basis for more 
information.  

As for each set of section forces in ISY Design Steel Cross Section the stability data may be 
overwritten for each member per load combination in Steel Beam. The same procedure is employed 
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for calculating interaction- and lateral torsional buckling factors. See User Manual ISY Design Steel 
Cross Section for more information.  

 

The program expects the stability data to be equal for members within the same span. A warning is 
issued if that is not fulfilled. If you want to overwrite the values of a span you may overwrite the 
values of one member and continue to click the “Synchronise span” button (for each span type) so 
that all other members in the span get the same user defined values. 

NB: You should be critical of the values in this window. The static results and boundary conditions 
are used to calculate all values, but complicated models can lead to reduced accuracy.  

Capacity control 
1. Run the calculations  

 
 After all the steps illustrated in the section Modelling of steel beams are 

completed the beam may be calculated. “Execute calculation” starts the 
calculations.   

 You can give the application the option to find the most optimal1 of the 
available profiles in the document. This is done by pressing “Choose best cross 
section”, which then starts a calculation in order to find the optimal cross 
section for the beam. Design results are also given. Note that the calculation 
results in one cross section geometry that is set on the entire beam (see 
Restrictions for more information). 

 Edit the different calculation settings to decide what/how the beam is 
calculated: 

 Calculate by elastic theory, even for cross sections of class 1 and 2. 

 Calculate statics only, or steel design in addition.  

 Calculate with 2. order effects. 

 Laterally supported. 
 

2. Inspect the results  

 

                                                           
1 The most optimal profile is defined as the profile with the smallest cross sectional area giving a 
utilization of less than 1.0 or the limit that the user has chosen in the calculation settings.  
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 The results can be accessed via the Navigation menu. 
 The results are presented in tables and graphically. If you wish to take a closer 

look at the details (results of each node) expand the tables.  
 Results presents an overview/summary of the most important results of the 

stress- and global stability control of all load combinations.  
 Stress control contains the results of the cross section stress control.  

 Each node has stress control results calculated for every set of section 
forces. The critical values are shown. 

 The graphic illustration of the results may be edited with the menu 
shown below located in the “Layout” tab.  

 

 
 

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

 If you have both fire and ultimate limit load combinations, you may choose 
which results of the two you would like to inspect. Select from the list to the 
left. This is possible in both Stress Control and Global Stability.  

Inspection of single nodes 
The result presentation is comprehensive but sometimes a deeper dive into the details of the 
calculations is desired. Thus, every result window has a tool called “Inspect cross section”.  

 

When you select this tool and continue to click in the graphics window, a new ISY Design Steel Cross 
Section document is created. This document contains all input data and results used by the 
application to calculate the steel design of the current node in the beam.  

Sometimes it may be difficult to select the desired node with sufficient accuracy. That is why we 
have added the same functionality in the alphanumerical presentation. If you right-click on a row 
you are presented with the following choices: 

 

Here, “Inspect cross section” results in a Steel Cross Section document of the node in the x-
coordinate of the selected row. This applies to all rows containing results where there exist one x-
coordinate. Rows that do not contain any x-coordinate (ex. Summary in static results) or more than 
one (most summaries of the steel design), do not have the option to be inspected – for obvious 
reasons.   
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Note that the results of the global stability control are per member and do not have a x-coordinate. 
However, you may still execute the cross section inspection. In the graphics, nodes may be 
inspected, but in the numeric the node in the middle of the member is selected.  

Simplified data on inspection 

Creating a new Steel Cross Section document by inspecting a single node may be time and resource 
demanding when there are many section forces to validate. Therefore, ISY Design Steel Beam select 
the sets that are the most critical. See chapter Inspection of single nodes in the theoretical basis 
section for more information.  

Difference in results 

When using the inspection of single node functionality, the results in the cross section document 
may vary from the results in the beam document. This applies to stability results, because the beam 
document has more accurate values for stability calculations.  

Because ISY Design Steel Cross Section operates with one cross section class and axial force in the 
global stability control, while Steel Beam operates with (potentially) three different cross section 
classes and axial forces (one for each span the member is a part of), you might experience that the 
results in the inspected cross section document differ from the results of the beam document. 

Load states (groups) 
The program supports several load states per load case. Load states that are included in a load case 
are mutually exclusive. This means that only one load state can occur at a time in the calculations. Se 
User Manual Static Beam for more information about load states/load groups.  

Hinges 
The stiffness matrix will not be singular when hinges are included in the model, even when parts of 
the construction are instable. This happens because hinges are internal degrees of freedom only. 
Consequently, these types of constructions will be able to be calculated without error messages. 
However, the results are of course not valid. Normally they result in unreasonable displacement, 
while the forces have normal values still.  

Another consequence of this is that rotations in nodes with hinges are shown with the same value 
for both sides of the node. Simply put, the hinge is placed immediately at the side of the node. This 
has no practical meaning because the rotation of the node is not used for anything.   

Cantilevers 
Cantilevers that are a part of a continuous beam may rotate in the fixed point of the member. Then, 
the 𝑘-values may often be incorrect. Thus, such a construction should be calculated with 2. order 
effects. The value of 𝑘𝑤 may also be incorrect if the boundary is a fork support. Here, it is expected 
that the constructor verifies that the support is fixed against warping.  

If there is a varying axial force or the model contains multiple spans with cantilevers the calculation 
of critical buckling loads is not necessarily correct. You have the option to overwrite the values in the 
window Model geometry.  
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Spans 
It is worth noting that spans are defined in the y- and z-direction, and for lateral torsional buckling 
(𝑘𝑤), separately. At supports that are fixed in one direction (such as side supports) the number of 
spans of the three “directions” may vary, and a member may belong to different spans depending on 
which direction that is considered. In the figure below a simply supported beam with a side support 
in the middle is shown. Note that the y-direction span is the entire beam but the z- and LTB-direction 
has two spans (half of the beam).  

 

 

 

The spans are split according to the rules at the bottom of Table B.3 in EN 1993-1-1. For 𝑘𝑦 the spans 

are split at all supports that are fixed (or has a spring constant) in the translation degree of freedom 
in the z-direction or in the rotational degree of freedom about the y-axis. Similarily, for 𝑘𝑧 the spans 
are split at all supports that are fixed (or has a spring constant) in the translation degree of freedom 
in the y-direction or in the rotational degree of freedom about the z-axis. For 𝑘𝑤 the spans are split 
at all supports that are fixed in the translation degree of freedom in the strong axis direction (y-
direction if the y-axis is the strong axis) or in the rotational degree of freedom about the strong axis. 

Optimally there would be one 𝑘-value per span, but in special cases you can edit the auto calculated 
𝑘-values.  

Joints 
If two connected members have different cross sections, the transition point is considered a joint. 
The application does not do any calculations on the joint itself, but the node that lies on the 
transition between the members is calculated (design) twice – one for each cross section. This way 
we may be certain that the construction holds if the connection is designed strong enough.  

Uniaxial calculation without axial force 
If you use uniaxial calculation without axial forces and 2. order effects (always applies to the 
standard version of ISY Design Steel Beam), the application will still include the 𝑘- values (𝑘𝑦, 𝑘𝑧 and 

𝑘𝑤) and the option of supports constraining translation in/rotation around the secondary axis. This is 
because the information is needed to calculate lateral torsional buckling. Thus, you should consider 
these values if you have a construction exposed to lateral torsional buckling. You may also use the 
window “Stability basis” to affect the LTB calculation.  

It is worth noting that the shear forces that are specified is decomposed in the cross section 
calculation so that they always act in the local coordinate system y’-z’. As a consequence, 
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asymmetrical cross sections actually conduct a biaxial shear calculation – in the Standard version as 
well. Nonetheless, there is only one total utilisation that is presented in the results. 
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Theoretical basis 

General 
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 0, EN 1990 (EC0) 
 Eurocode 1, EN 1991-1-1 (EC1-1-1) 
 Eurocode 1, EN 1991-1-2 (EC1-1-2) 
 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. 

Other user manuals 
As in the Eurocode, information is not duplicated in several user manuals. This implies that 
references to the user manuals of Steel Cross Section and Static Beam are given when these modules 
use the same calculation routines. This may deviate because of practical reasons. 

Calculations 
Some calculations are executed continuously as the user edit his or hers input data, and therefore 
the data may be assumed updated and correct. If you have chosen to overwrite auto calculated 
values, you must make sure that the values are correct yourself. Other calculations (results) will first 
be executed when the user presses “Execute calculations” (note that the static calculation is 
automatically run when the Stability basis window is entered). Each node (from the static 
calculation) is calculated, and it is assumed that the utilization is at its maximum at the nodes (i.e. 
utilization is not greater between the nodes). Even though nodes are always created with point 
loads, the assumption is not necessarily safe (distributed loads, second order effects etc.). Note that 
for load trains the nodes where the point loads are located will not be created. Here, you must 
adjust the number of load positions so that it is high enough to include all relevant positions. Hinged 
nodes will not be subject to design calculation. See Steel design nodes for more information about 
how the nodes are calculated.  
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Material data 
There are no differences compared to Steel Cross Section with the exception of the weight density 𝛾. 
Furthermore, the factor 𝐾𝑓𝑖  (𝛾𝑑 with Swedish national annex) that takes the safety class into account 

is shown for all national annexes.  

Static calculation 
The application uses the same static calculation routine in Steel Beam as in Static Beam but without 
the possibility of other accident loads than fire. See User Manual ISY Design Static Beam for more 
information. 

Displacements 

The calculation of displacements is the only serviceability limit state calculation that is conducted by 
the program. The results are presented directly in the static calculation results, and the calculation is 
a fully elastic statics analysis. If the stresses in serviceability limit state exceeds the yield stress this 
assumption is non-conservative. But there are no rules concerning this in the Eurocode and is 
therefore not accounted for in ISY Design Steel Beam.  

 

The user may choose to include displacement requirements of the serviceability limit state 
combinations in the calculation settings. Note that these requirements do affect the calculation of 
the optimal cross section.  

Geometric imperfection (EC3-1-1 5.3) 
It is necessary to take geometric imperfections into account according to chapter 5.3 in EC3-1-1 for 
all constructions that are calculated with second order effects and compression forces. The 
calculations in the program is conducted according to point 5.3.2(3) that splits the geometric 
imperfection in two categories that together impacts the construction and reinforces each other.  

 A relative initial local bow imperfection on each member 
 An expected global initial sway imperfection of the entire construction 

 

As long as geometric imperfections are included in the calculations, the local bow imperfection is 
always accounted for by the program. Global sway imperfection is only included for pure cantilevers, 
either in the start or the end of the model. If there are spring supports in the model, where the 
global sway imperfection should be accounted for, the user is responsible to include it manually 
when applying the load cases. (The program does not handle global sway any further than this. The 
reason is that the question has many aspects that can hardly be included in the input data).  

 

The rules stated in point 5.3.2(3) are unambiguous and simple for simply supported spans. For all 
other constructions the intended way of calculation is not obvious. Point 5.3.2(1), and the general 
method described in point 5.3.2(11), indicate that the calculations should be based on the elastic 
buckling form of the construction. This is used by the program. All geometric imperfection loads (in 
accordance with point 5.3.2(3)) is applied directly on all spans in the entire model, in the directions 
the model would buckle elastically.  
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Because the rules for geometric imperfections is stated in the general part of the Eurocode (chapter 
5), the imperfections are included in both ultimate limit state and serviceability limit state 
combinations. 

 

It is worth noting that using the construction’s elastic buckling form to decide the direction of the 
geometric imperfection in each span, will not necessarily maximize the moment in some cases. 
There are examples, especially when spring supports are included in the model, where the opposite 
sign of the geometric imperfection would lead to a larger moment in one or more spans. However, 
the standard strictly states that the imperfections should be based on the buckling form of the 
construction. This is also supported by the main purpose of the geometric imperfections – to take 
the global stability into account. Then forces that force the construction towards its buckling form 
are always the most critical.  

Relative initial local bow imperfections 

Point 5.3.2(3) m) (that should be b)) specifies how the initial bow imperfection may be replaced with 
an evenly distributed load perpendicular on the beam. The principle here is that the evenly 
distributed load yields approximately the same moment curve as second order moment would be on 
a bow shaped member with largest displacement equal to 𝑒0. The intensity is calculated according to 
Figure 5.4: 

 

𝑞 =
8𝑁𝐸𝑑

𝐿

𝑒0

𝐿
 

 

The relationship 𝑒0/𝐿 is retrieved from Table 5.1 in EC3-1-1 but may be overridden by the national 
annex. It is only the elastic values that are relevant. If the span consists of multiple different cross 
sections, the most critical buckling curve is used in the entire span. 

 

Buckling 
curve 

𝒆𝟎/𝑳  

𝑎0 1/350 

𝑎 1/300 

𝑏 1/250 

𝑐 1/200 

𝑑 1/150 
Norwegian annex: Same as standard 

Swedish annex: Same as standard 
Danish annex: Same as standard 
Finnish annex: Same as standard 

 

𝑁𝐸𝑑 is the design axial pressure force on the current member. The force is retrieved from the static 
calculation where it is calculated to find the transfer figures in the stiffness matrix. Largest 
compression force (most negative 𝑁𝐸𝑑) in each span is used in the entire span. This may be 
conservative in the cases where the axial force is varying in the span. Therefore, if you want 



 

20 Theoretical basis  NOIS AS 

  

ISY Design Version 1.3  

 

increased accuracy, you can achieve it by adding geometric imperfection manually. Tension do not 
lead to geometric imperfection, so the program uses 𝑁𝐸𝑑 = 0 for spans without pressure forces.  

 

In addition to the evenly distributed load, there is applied point loads in the start and end of each 
span, to keep sideways equilibrium in the beam. The intensity of the point loads shall, according to 
Figure 5.4 in EC3-1-1, be equal on both sides of the span, and set to 

 

𝑃 = 4𝑁𝐸𝑑

𝑒0

𝐿
 

 

Normally, this will only lead to smaller support forces. However, it has a real effect on cantilevers 
and spans that start/ends in a horizontal/vertical spring.  

Global initial sway imperfections 

The global sway imperfection should be controlled for all constructions where the joints may be 
displaced in relation to each other. It may occur both for groups with one or more spans, and for the 
entire construction. A general consideration of how and if it should be included in the current 
construction would be very complicated to make. When you look at the construction practically you 
may often simply say how it shall be included. Thus, the program leaves it to the user to account for 
global initial sway imperfections.  

 

The exception is pure cantilevers, in the start and/or end of the model. Here it is obvious how to 
account for the sway imperfection and how it should be done. So here the program automatically 
includes the calculation of the sway imperfection. It is conducted according to point 5.3.2(3) l) (that 
should be a)) and is added in addition to the effects of the bow imperfection. 

 

The point load et the end of the cantilever is calculated as 

 

𝑃 = 𝜙𝑁𝐸𝑑 

 

𝜙 = 𝜙0𝛼ℎ𝛼𝑚 

 

𝜙0 =
1

200
 

 

𝛼ℎ =
2

√ℎ
 men 

2

3
≤ 𝛼ℎ ≤ 1,0 

 

ℎ is «the height of the construction in meters”, which is equivalent to the length of the cantilever in 
ISY Design Steel Beam. The program does not include the calculation of a construction with multiple 
columns, and therefore uses 𝛼𝑚 = 1,0. 
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The sway imperfection shall have the same sign as the point load that balance the evenly distributed 
load that simulate the local bow imperfection. Thus, the sign is opposite for the point load for sway 
imperfection and the evenly distributed load for local bow imperfection. This is the most critical for 
the construction.  

Sign 

For complicated models it is not apparent in which direction the geometric imperfection should be 
applied. The Eurocode uses the most unfavourable of all elastic buckling forms as the basis for 
selecting the sign but does not define the term “most unfavourable”. Over a simple support the 
moment would be far greater if the geometric imperfection is applied with the same sign on the two 
adjoining members. Still, there are no buckling forms with that kind of deformation pattern. For 
supports that are fixed against vertical displacement (horizontal if buckling around the z-axis), the 
buckling deformation will always be opposite on the right and left side of it.  

 

The program utilizes this. It changes the sign on the geometric imperfection at each support that is 
fixed, entirely or partly (spring), against vertical/horizontal displacement. The geometric 
imperfection is applied to the entire model simultaneously as a “variable total” (𝛾-factors equal to 
1,0 and -1,0) load case per load combination. When calculating biaxially the geometric imperfection 
is added in both y- and z-direction, but not at the same time.  

 

A potential problem with the method is spring supports. If the vertical/horizontal spring is weak 
enough, the first buckling form has the same deformation direction in the two adjoining spans, so 
the method that is employed by the program is not necessarily conservative. Thus, an informative 
message will be issued by the program for such cases, where it is recommended to validate the sign 
of the geometric imperfection. Note that this only affects internal spring supports. In the ends of the 
model you may have spring stiffness without the method being unsafe.  

Steel design nodes 
In ISY Design Steel Beam all nodes are calculated, including the ones that are positioned at 
supports/joints and hinges. Note that the program calculates nodes in joints (where there is a cross 
section transition) twice, once for the right and once for the left side of the node. In practice, this is 
conducted by putting two nodes at the same coordinate but with different cross sections.  

Design section forces 
In steel design the selection of which combination of axial forces, moments and shear forces that is 
most critical for the steel beam, when considering both the stress and stability control, is difficult. 
Basically, every set of section forces found in the static calculation is picked out for each node. In the 
static calculations each load combination is split into several sub-combinations, especially for 
variable per module load cases and load trains. It is these sub-combinations that are calculated and 
each of them produces one moment, shear force, axial force and displacement curve. When every 
sub-combination is calculated they are joined together and max/min-values are presented. 

 

In Steel Beam the results of every sub-combination are needed for the section forces selection 
process. For each sub-combination there are two set of section forces that must be calculated – one 
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for the right and one for the left side of the node. An important exception is the node in the 
transition between two members. Here, there is positioned a node at each side of the transition, so 
that each side receives the set of section forces from the side that the current node represents. 

 

To make it possible to calculate this way in a practical manner the application employs routines that 
removes all section forces that we know do not yield critical results. This selection process removes 
the majority of the section forces so that a manageable amount is left for each node. 

Stability control 

To control the stress in each node the program utilizes sets of forces as in Steel Cross Section and its 
routines. The situation is different considering the stability control. Here, spans are calculated, not 
single nodes. For each sub-combination one set of forces is selected per member. Together they 
form the design section forces for the span(s), of which the member is a part during the stability 
control.  

 

In addition, the sets of forces differ some from the ones used in Steel Cross Section. A member may 
be part of three different spans (spans that have different collections of members). The forces are 
the span’s most critical values (see below) and must then store the axial force, moment and cross 
section class for each the three spans. This way the stability is controlled with the values that belong 
to its span. 

 

Critical forces in the span is determined using the following method: 

 Axial force: Largest force in compression, 0 if tension.  
 Moment: Largest (away from zero) moment in the span. 
 Cross section class: Worst (highest) cross section class of all section forces (nodes) in the 

span.  

Simplified calculation 

The user may choose to run the calculations simplified or exact (the option is located in the 
calculation settings). In practise, this controls whether the calculations employ the section forces 
from the max/min-curves of the static calculations for each load combination or employ the section 
forces from every sub-combination.  

Note: If the statics are calculated with axial forces and/or 2. order effects the exact calculation 
method is used because super-positioning cannot be employed anyway (see User Manual ISY Design 
Static Beam).  

 

It is recommended to calculate using the exact method – all sub-combinations are calculated (steel 
design). A large amount of sub-combinations, e.g. load trains and loads that are variable per module, 
may result in a long calculation time. It is up to the user to decide if he or she wants to run a 
simplified calculation instead, which is much faster.  

 

Note that cross sections that can be calculated as class 3 or 4 but end up in a lower class based on 
the section forces that are retrieved, suggest that there are sets of section forces more critical than 
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the ones presented when calculating simplified. A warning is then given by the program telling the 
user that there may exist a set of section forces that is more critical than the ones being calculated.  

Inspection of single nodes 

Creating a new Steel Cross Section document by inspecting a single node may be time and resource 
consuming when there are many section forces to validate. Therefore, ISY Design Steel Beam selects 
the sets that are the most critical.  

 

When inspecting a single node, section forces that yield the highest utilization for the following 
values are selected:  

 Stress control 

 Interaction 𝑀 + 𝑁 + 𝑉 

 Interaction shear buckling 𝑀𝑦 + 𝑁 + 𝑉𝑏,𝑧 

 Interaction shear buckling 𝑀𝑧 + 𝑁 + 𝑉𝑏,𝑦 

 Axial stresses 𝑀 + 𝑁 

 Shear stresses 𝑉 + 𝑉𝑏 

 𝑀𝑦 

 𝑀𝑧 
 𝑁 
 𝑉𝑧 + 𝑉𝑏,𝑧 

 𝑉𝑦 + 𝑉𝑏,𝑦 

 Flange induced web buckling 

 Cross section class 4 
 The one with the lowest effective area is selected. 

 Stability control 

 Interaction 1 (equation (6.61)) 

 Interaction 2 (equation (6.62)) 

 Lateral torsional buckling 

 Buckling around y 

 Buckling around z 

 Torsional buckling  

 Flexural torsional buckling 
 

The selected section forces are given a representative name (load combination and the value that 
was used in the selection process), and equal sets are removed. The ones that remain follow the 
priority presented in the list above. As an example, if selected set for 𝑀𝑦 and Axial stresses 𝑀 + 𝑁 

are equal the 𝑀𝑦 set is removed. Note that several of the rows in the list are unnecessary if the 

calculations do not include forces in the x-direction and/or biaxial calculations.  

 

In the global stability control the largest (most negative) 𝑁𝐸𝑑 is used, while 𝑀𝑦 and 𝑀𝑧 are found in 

their respective span types. This implies that there may be deviances in the results when inspecting a 
single node compared to the results in the beam document.  
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If there exists at least one fire combination (accident), separate sets of section forces are selected 
with the same procedure. It is then possible to get up to 38 sets of section forces when inspecting a 
single node.  

 

Note that all sets of section forces containing an error (not validation error) will always be included 
in the new cross section document.  

Stress control 
The stress control is executed using the routines implemented in Steel Cross Section on every node 
that should be calculated. See User Manual ISY Design Steel Cross Section for more details about the 
stress control. 

Global stability control 
Stability control is not calculated/relevant when: 

 At least one span has varying cross sections (see Restrictions). 
 The model is continuously laterally supported and is calculated  

 Either without forces in the x-direction 

 Or with 2. order effects 
 The document is calculated uniaxially without forces in the x-direction, and all members in 

the model has either an asymmetrical cross section (does not support lateral torsional 
buckling) or a cross section where 𝐼𝑧 ≥ 𝐼𝑦. 

 There are only serviceability limit load combinations in the document. Stability (and stress) is 
only controlled for ultimate limit load combinations and fire. 

 

Note that if the stability control is not calculated/relevant the values of the stability basis are not 
editable. Also, an informative message will be shown. 

 

Otherwise global stability of the model will always be controlled. However, how the control is 
conducted may be affected largely. Common to all methods is that the control is done per span, 
where the span has constant cross section geometry, with the combination of the most critical single 
values of 𝑁𝐸𝑑, 𝑀𝑦,𝐸𝑑 and 𝑀𝑧,𝐸𝑑 in the span. 

Generally about stability calculations 

The global stability control in Steel Beam is mainly conducted with the same routines as Steel Cross 
Section, but with some extended functionality due to more details about the distribution of forces in 
the entire model. The calculations are executed for a number of sets of forces per span, where each 
set consists of 6 section forces and 3 cross section classes as described in chapter Design section 
forces. 

 

Summarized, the global stability control is conducted as follows: 

 Several values are calculated in advance because they are independent of the forces 

 𝑁𝑐𝑟 (and 𝑘-factors) are retrieved from the model geometry. 
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 𝑀𝑐𝑟 and 𝐶𝑚/𝛽-factors are retrieved from the stability basis. 
 Each member is calculated separately, even if more than one member is included in the 

span. Thus, the control of varying spans in different directions is supported, even if they may 
consist of different collections of members.  

 The calculations are executed with the routines in Steel Cross Section, where now additional 
information that is available is accounted for. (In Steel Cross Section there are only 3 section 
forces with one associated cross section class, which is input data, while in Steel Beam there 
are 6 section forces and 3 cross section classes.) 

 The interaction calculations in annex A and B are based on the worst of the three 
cross section classes. 

Member data 

The steel design calculation of each node is executed with the routines of ISY Design Steel Cross 
Section, which need data associated to the span where the node is situated. This chapter describes 
how these values are found. Note that the stability control presupposes equal cross section 
geometry of the members in each span. 

 

Some of the values are input data in Steel Beam and can be retrieved directly from the current 
member. This applies to 

𝑘𝑦 A factor that indicates the relationship between the actual length and the 
buckling length of the span around the (global) y-axis. 

𝑘𝑧 A factor that indicates the relationship between the actual length and the 
buckling length of the span around the (global) z-axis. 

𝑘𝑤 A factor that is used in connection to lateral torsional buckling (see EN 1999-1-1 
Table I.2), and relates to the member supports’ prevention of warping. 

Rotation angle The user defined rotation of the cross section.  

 

The remaining data is calculated in Steel Beam or is set to its standard/auto calculated value: 

𝐿𝑦 The length of the span when considering buckling around the y-axis. (Only used 
to calculate data below) 

𝐿𝑧 The length of the span when considering buckling around the z-axis. (Only used 
to calculate data below) 

𝐿𝐿𝑇 Span length of lateral torsional buckling (distance between lateral torsional 
buckling constraints, shown as “Spans (𝑘𝑤)” in the graphics). 
If the model is laterally supported (selected in the calculation settings) the 
length is set to 0, i.e. 𝐿𝐿𝑇 = 0. 

Member type,y The member type is determined from the bending support constraints around 
the y-axis (see details below the table). 

Member type,z The member type is determined from the bending support constraints around 
the z-axis (see details below the table). 

𝐿𝑐𝑟,𝑦 The buckling length around the y-axis. Normally set to its auto calculated value 
but is set to 0 when the statics are calculated with 2. order effects, i.e. 𝐿𝑐𝑟,𝑦 =

0. 
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𝐿𝑐𝑟,𝑧 The buckling length around the z-axis. Normally set to its auto calculated value 
but is set to 0 when the statics are calculated with 2. order effects, i.e. 𝐿𝑐𝑟,𝑧 =
0. 

𝐿𝑐𝑟,𝑇 Buckling length for torsional buckling. Set to its auto calculated value (𝐿𝑐𝑟,𝑇 =
𝑘𝑤𝐿𝐿𝑇). 

𝑎 Distance between the stiffeners. Set to 0 mm (which suggests that there are no 
stiffeners).  

End stiffeners In Steel Beam the end stiffeners are always weak.  

 

Method for determining the span type 
For each span the ends (right/left) are determined to be free (cantilever), simply supported or fixed.  

 

In Steel Cross Section the member type (span type) decides the moment curves, the 𝑘-factors do not 
have any affect. In Steel Beam, on the other hand, it is the opposite; the user may define the 𝑘-
factors themselves which affect the model. To ensure that cross section calculations may be 
executed the span type must be determined for each member (both y- and z-direction). In the 
following a method is described for determining the span type based on 𝑘-factors and support 
conditions in the y-direction (same principle apply to the z-direction).   

 

Finding the span type: 

 𝑘𝑦 > 1,0 results in cantilever.  

 𝑘𝑦  ≤ 0,5 results in both ends fixed.  

 1,0 ≥  𝑘𝑦  > 0,5 results in special cases depending on the span support conditions. 

Determine, for both ends of the span, if the end is free (cantilever), simply supported or 
fixed employing the method described in Determining the span support. Then, follow the 
points below to determine the span type.  

 Fixed – simply supported: “FixedFree” 

 Simply supported – fixed: “FreeFixed” 

 Otherwise simply supported (“FreeFree”). This is conservative because it is known 
that 𝑘𝑦 is between 1,0 and 0,5. 

Determining the span support 
Three different support constraints are used to determine the span type for each span. There are 
many more types in Steel Beam but only these are employed in Steel Cross Section.  

 Fixed. 
 Simply supported. 
 None. 

 

Finding support type in span (y-direction): 

 Fully fixed or spring support constraining both translation in the z-direction and rotation 
around the y-axis results in a fixed support type.  

 Fully fixed or spring support constraining translation in the z-direction but not rotation (free 
to rotate) around the y-axis results in a simply supported support type.  

 Otherwise the support is treated as a cantilever (none).  
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The selection of 1. or 2. order analysis 

The option of including 2. order effects greatly affect the global stability control, as well as the stress 
control. Point 5.2.1(3) in EC3-1-1 indicates the limit value determining when 2. order should be 
employed. However, the criteria of this point look at the entire construction as a whole, so the 
control of the limit value is not conducted by ISY Design Steel Beam. Still, the program issues a 
warning (in the results) if occurring axial force exceeds 10% of the critical buckling load (minimum of 
𝑁𝑐𝑟,𝑦, 𝑁𝑐𝑟,𝑧, 𝑁𝑐𝑟,𝑇 and 𝑁𝑐𝑟,𝑇𝐹) in at least one node.  

 

The global stability control is affected by 2. order effects as follows: 

 If 2. order analysis is selected: 

 The static calculation will include the global buckling control about the y-axis, and 
the z-axis if the calculation is biaxial.  

 If biaxial calculation is not used, global buckling about the z-axis will be 
controlled in accordance with section 6.3 in EC3-1-1. In practice, this is done 
by using the relevant value of 𝐿𝑐𝑟,𝑧 instead of 0.  

 Geometric imperfection is added to the model in the static calculations (see 
Geometric imperfection (EC3-1-1 5.3) for more details). 

 Lateral torsional buckling is controlled by the rules stated in section 6.3. 

 Torsional buckling too is controlled by the rules stated in section 6.3. 

 Flexural torsional buckling is automatically controlled with the Steel Cross Section 
routines. The control is not relevant if second order analysis is selected, because it 
would always be equal to torsional buckling. It will, however, be controlled if first 
order analysis is selected.  

 Interaction is controlled normally by the rules stated in section 6.3. Note that the 
buckling lengths in the y- and z-direction are 0, while torsional buckling is always 
calculated. If the torsional buckling should be included or not is determined in the 
interaction calculations. Details regarding this is found in User Manual ISY Design 
Steel Cross Section. 

 If 1. order analysis is selected (see chapter Interaction (EC3-1-1 6.3) for more details): 

 The control of global buckling (around y/z, torsional and flexural torsional), lateral 
torsional buckling and interaction is conducted in accordance with section 6.3 in 
EC3-1-1.  

 Geometric imperfection is not necessary to take into account because it is included 
in the formulae in section 6.3. 

 

The stability calculations in EC3-1-1 presupposes that the span has fixed endpoints. If the span has 
displaced joints in the y- or z-direction you are beyond what the standard covers. Then you should 
use 2. order analysis.  

 

Continuous lateral support 

It is possible to specify that the model has a continuous lateral support. This will affect the 
calculations as follows: 
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 The control of global buckling around the z-axis, torsional buckling and flexural torsional 
buckling will not be conducted.  

 Lateral torsional buckling is not controlled for members where the y-axis is the strong axis 
(buckles because of moment about the y-axis). 

 In the Enterprise version of the program the possibility of a biaxial analysis is removed (the 
statics are only calculated for moment about the y-axis). 

 If 2. order effects and continuous lateral support are selected there will not be conducted 
any stability control.  

 Continuous lateral support prevents global buckling around the z-axis (and 
torsional/flexural torsional buckling) and lateral torsional buckling 

 2. order effects causes global buckling around the y-axis to not be calculated. 

 Only stress control remains.  

 

Global buckling 

Global buckling is calculated per span in accordance with section 6.3 in EC3-1-1, with the routines in 
Steel Cross section (see user manual). In practice, the calculations are executed per member to take 
into account that a member may belong to different spans considering buckling around the y- and z-
axis and torsional buckling (see Design section forces for more information). Design axial force for 
flexural torsional buckling is set to the largest 𝑁𝐸𝑑 of the “directions” that is included in the 
calculation of 𝑁𝑐𝑟,𝑇𝐹. 

 

Lateral torsional buckling 

Lateral torsional buckling is calculated per span in accordance with section 6.3 in EC3-1-1, with the 
routines in Steel Cross Section (see user manual). In practice, the control is conducted per member, 
as the rest of the stability control. Design moment and cross section class are retrieved from the 
span that lateral torsional buckling applies to (span 𝑘𝑤).  

 

The values that are retrieved from the stability basis: 

 The factor 𝑘𝑐 is calculated automatically with the routines in Steel Cross Section. It may also 
be overwritten.  

 𝑀𝑐𝑟 is basically input data but a qualified suggestion is automatically calculated by the 
program. The value is found using the routines in Steel Cross Section. However, because of 
the routines do not support all combinations of member types and moment curves there are 
some limitations. 

 The program always calculates 𝑀𝑐𝑟 with a generalised moment curve, that of course 
reflects the real curve’s shape in the best way possible. 

 The program will sometimes choose to calculate 𝑀𝑐𝑟 with a constant moment 
distribution, even though it is not the case. This is the most conservative option we 
may generally assume, and apply if  

 The program is not able to determine the moment curve shape. 
 Selected moment shape is not supported by current span type.  
 The span is calculated as a cantilever and has an end-moment that is not 

negligible.  
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 A warning is issued if a span does not support the combination of current moment 
curve and the 𝑘-factors.  

 

If the program selects constant moment distribution, as in most cases is a conservative solution 
because the real moment curve is not supported or hard to interpret, the most critical sign of the 
moment must be determined. If the moment has the same sign in the entire span, the largest 
moment is selected (with the sign). Otherwise, the moment that yields the lowest value of 𝜓𝑓 is 

selected.  

 

Interaction (EC3-1-1 6.3) 

Interaction is calculated per span, with the routines in Steel Cross Section, by controlling formulae 
(6.61) and (6.62) in EC3-1-1. Note that the routines in Steel Cross Section do take into account the 6 
section forces and 3 cross section classes found in Steel Beam. See Design section forces for more 
information about how the forces are determined.  

 

Important details about the interaction calculations: 

 The values of 𝑁𝐸𝑑  in the formulae are retrieved from the set of forces based on relevant 
buckling-direction, usually with accompanying 𝑁𝑐𝑟 (e.g. 𝑁𝐸𝑑,𝑦 is always used in equations 

that include 𝑁𝑐𝑟,𝑦, and 𝑁𝐸𝑑,𝑧 is always used with 𝑁𝑐𝑟,𝑧, while 𝑁𝐸𝑑,𝑇 is used where 𝑁𝑐𝑟,𝑇 is 

used. Where 𝑁𝑐𝑟,𝑇𝐹 is used 𝑁𝐸𝑑 is selected as described in chapter Global buckling). 

 The routines in Steel Cross Section take into account the adverse effect of torsional 
buckling by modifying 𝜒, 𝑁𝑐𝑟 and 𝜆 for one or both axes (y and z) with equivalent T- 
and TF-values. This is described in chapter “Reduction factors for bending (𝜒𝑦 and 

𝜒𝑧)” in the Steel Cross Section user manual. The routines are somewhat modified 
when used in Steel Beam. 

 It is still the asymmetry that is the main deciding criteria of which values (y 
or z) that should be modified. 

 If double symmetry a new criterion is added before the 4 that is described 

there. It says that the largest value of 
𝑁𝐸𝑑

𝜒
 shall determine the critical axis. 

 The modification of y- and/or z-values itself must, in Steel Beam too, 

consider associated 𝑁𝐸𝑑 so that the set that maximizes 
𝑁𝐸𝑑

𝜒
 is used. In the 

interaction this set is used consequentially in all equations (e.g. if the y-

values are modified, and 
𝑁𝐸𝑑,𝑇

𝜒𝑇
<

𝑁𝐸𝑑,𝑦

𝜒𝑦
,  𝑁𝐸𝑑,𝑇, 𝑁𝑐𝑟,𝑇, 𝜆𝑇 and 𝜒𝑇  shall be used 

instead of equivalent y-values in all calculations that formulae (6.61) and 
(6.62) involve). 

 In annex A it is not totally apparent which span type the different values should be 
retrieved from. Therefore, it is clarified here: 

 𝜖𝑦 use the values from the lateral torsional buckling span (span 𝑘𝑤). 

 𝑛𝑝𝑙 use the largest 𝑁𝐸𝑑 (most negative) of the three span types. 

 �̅�0 use the modified values of 𝑁𝐸𝑑,𝑧/𝑁𝑐𝑟,𝑧 as descried previously. 

 In formulae (6.61) and (6.62) Δ𝑀𝐸𝑑 is calculated for the cross section class and axial 
force that applies to current span type. If Δ𝑀𝐸𝑑 has the opposite sign of the 
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associated 𝑀𝐸𝑑, Δ𝑀𝐸𝑑 is set equal to 0. (The program does not calculate with 
stabilizing moment). 

 Equally, the design moment, 𝑀𝐸𝑑, is retrieved from the value that is relevant in each single 
case. (As an example, is 𝑀𝐸𝑑,𝑦 always combined with 𝑊𝑦). 

 In formulae handling lateral torsional buckling, normally where der 𝑀𝑐𝑟, 𝜆𝐿𝑇 or 𝜒𝐿𝑇 
is included, the moment from the set that applies to lateral torsional buckling is 
used. Otherwise, the moment is retrieved from the sets that relates to global 
buckling around the y- or z-axis.  

 In annex A and B, the worst of the 3 cross section classes determine if the interaction 
factors, 𝑘𝑦𝑦, 𝑘𝑦𝑧, 𝑘𝑧𝑦 and 𝑘𝑧𝑧, is calculated elastically or plastically.  

 The value of 𝑁𝑅𝑘 in formulae (6.61) and (6.62) is calculated based on the worst cross section 
class from the y- and z-spans.  

 It is worth noting that 𝐿𝑐𝑟,𝑦 and 𝐿𝑐𝑟,𝑧 are set to 0 when calculating with second order effects. 

Thus, 𝜒𝑦 and 𝜒𝑧 will be equal to 1,0, while the slenderness factors are 0,0 and 𝑁𝑐𝑟 is infinite.  

 

Moment factors for interaction 
The moment factors for interaction are calculated by the formulae in annex A and/or B in EC3-1-1 
and by Figure 4.2 in EN 1993-1-2 for fire design. See Stability basis and User Manual ISY Design Steel 
Cross Section for more information.  

 

Necessary input data: 

 The shape of the moment curve. 

 The program analyses the static results and automatically calculates the shape of the 
moment curve. Note that this is conducted for max/min-values because the sub-
combinations are not stored after finished static calculations. 

 The moment intensity in the left and right support. 

 For other moment curves than approximate linear the intensity of the moment in 
the middle of the span is needed too.  

 For annex A: 

 The relationship between the largest displacement and largest moment value – both 
absolute values.  

 As in Steel Cross Section the 𝐶𝑚𝑖0𝐴-factors are calculated using Table A.2 in EC3-1-1. 
However, in Steel Beam accurate displacement and moment values are retrieved 
from the static results. The largest absolute displacement and moment in the span 
(not necessarily in the same x-coordinate) is used, together with design axial force 
that is the most critical force in compression (largest negative axial force), to 
calculate the factors.  

 Other values (including 𝑁𝑐𝑟 in annex A) are calculated based on the cross section and 
member data. 

 

Even though the program may determine a moment distribution with associated moments in the 
left, right and middle, it may not be a distribution the calculations support. In some cases, the 
moment factors and critical moment (𝑀𝑐𝑟) will therefore be calculated for a more conservative 
moment curve than the real one.  
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NB: Be critical to the automatically calculated values. Static results and support conditions are used 
to calculate the values. However, complicated models may lead to less accurate calculations. This 
applies to values related to lateral torsional buckling too. 

 

Cantilevers 
A span is defined as a cantilever if 𝑘 > 1,0 in the current direction. With first order analysis 
cantilevers cannot be controlled for interaction when both lateral torsional buckling and global 
buckling is present. However, if only one of them is present, interaction may be controlled. 

 

In the calculation of cantilevers the program needs to define one of the ends of the span as “the free 
end”. Normally, it is evident, but for special boundary conditions it is not always as simple to 
determine which of the ends is free. ISY Design Steel Beam defines the cantilever end-conditions as 
follows. 

1. If one of the ends is fully fixed against both rotation and translation it is considered “the 
fixed end”, and the other is then “the free end”. This always applies, also when the free end 
is actually fixed too. (This may happen when the user chooses to overwrite the 𝑘-factor to a 
value larger than 1,0. The program do not account for this.) 

2. If a free and fixed end is not determined in point 1., the program defines the end with the 
least absolute moment value as “the free end” of the cantilever.  

 

The details of the calculations are located in the Steel Cross Section user manual. 

 

Fire design 
Fire design is conducted using the routines implemented in Steel Cross Section. In addition, the static 
calculation must take the reduced elastic modulus into account, 𝐸𝑓𝑖 = 𝑘𝐸,𝜃𝐸. Note that 𝑁𝑐𝑟 and 𝑀𝑐𝑟 

(auto calculated or user defined) are expected specified at 20 degrees Celsius, even for fire design. 
They are included in formulae regarding the slenderness of the construction, which are modified in 
the Steel Cross Section routines. 

 

In the section Design section forces it is explained which design forces to be used and how they are 
determined. The same routines are conducted for fire design, i.e. the program collects, determines 
forces from, and designs all ultimate limit combinations and fire combinations separately. This is 
reflected in the results. The user may choose to inspect the ultimate limit results or the fire results.  

 

For more information about fire design see User Manual ISY Design Steel Cross Section. In addition, 
where fire design is included in the theoretical basis it is described there.   
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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. Note that several of the same calculation routines in ISY 
Design Steel Cross Section applies to Steel Beam also. See the Steel Cross Section user manual for 
more information. However, the following presents a short summary: 

 Lateral torsional buckling for asymmetrical cross sections is not validated by the program 
because the theoretical basis assumes symmetry about the weak axis.  

 Global stability interaction control for asymmetrical cross is validated but the program 
displays a warning because the interaction formulae used are derived for double symmetric 
cross sections (applies to Annex A, Annex B and fire design).  

 Summation of utilisations is employed in plastic stress control of the cross section 
geometries that are not explicitly mentioned in chap. 6.2.9.1 in EC3-1-1, which is at the safe 
side. This may lead to cross sections with a high degree of asymmetry to get a plastic 
utilisation larger than elastic utilisation. Summation of utilisations is also used with cross 
section class 4.  

Asymmetrical cross sections in Steel Beam 
All rules in the Eurocode applies to main axis characteristics. Therefore, all asymmetrical cross 
sections must be calculated in the main axes. The cross section calculations handles this in each 
node but there are other consequences in Steel Beam.  

To make sure that it is possible to calculated e.g. global stability the model supports must be 
oriented in the same coordinate system as the cross section’s main axes. This means that 
asymmetrical profiles, such as L-profiles, cannot be oriented with vertical web and horizontal flange. 
They must, however, be aligned in an angle so that the main axes are vertical/horizontal.  

Still, there is an option to calculate L-profiles with its flange and web aligned horizontally and 
vertically, respectively. However, then the supports will be oriented with an angle equivalent to the 
angle of the cross section main axes. In practice, this is only a visual rotation of the entire model. The 
results will thus be equal if the user decides to decompose the loads and specify them in the cross 
section main axes instead.  

However, the option to have a vertical web and horizontal flange has limits. If the model consists of 
members with different main axes angles it is impossible to rotate the model to get all cross section 
parts vertical/horizontal. The model is then always displayed so that the main axes are parallel with 
the global axis system (y/z). 

Elastic shear stress distribution 
Elastic shear stress distribution is not supported in ISY Design Steel Beam, even though it is 
supported in Steel Cross Section. The reason is that it is too time and resource consuming. In 
addition, the Eurocode do not normally recommend the use of elastic shear stress distribution (EN 
1993-1-1: 6.2.6(4)). If elastic shear stress calculations are desired the cross section inspection tool 
may be used to create a cross section document to execute the calculations with the option of 
elastic shear stress distribution turned on.  
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Transverse forces 
Transverse forces are not supported in ISY Design Steel Beam. However, it may easily be calculated 
in ISY Design Steel Cross Section (e.g. inspection of single node). 

Varying cross sections in span 
EC3-1-1 has no well-defined methods for global stability control of beams with varying cross sections 
in a span. Thus, the program does not calculate anything related to stability if there exist at least one 
span with varying cross sections. Here “varying cross sections” mean different cross section 
geometries or equal cross sections that is rotated in relation to each other.  

Optimal cross section 
The calculation of optimal cross section is limited to one cross section geometry in the beam. In ISY 
Design Steel Beam varying cross sections are supported. However, global stability is not controlled if 
there are varying cross sections within a span. The problem of the change in static results due to 
cross section changes will be avoided too when the beam is limited to one cross section when 
calculating the optimal cross section. The number of times the static is calculated may then be 
limited significantly, which lead to reduced calculation time.  

Note that if the model has at least one spring support, finding the optimal cross section may take a 
while. The static calculation (and design) must be calculated for each cross section.  

The optimal cross section may not be found if all results cannot be calculated for the cross sections. 
An example is a cantilever where both global buckling and lateral torsional buckling are relevant so 
that the interaction cannot be calculated.  
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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. 5.0. 
 First version of ISY Design that include Steel Beam. 

Version 1.0.2 
 Launched in ISY Design v. 6.0. 
 The temperature is now included in the report for fire combinations.  
 Various minor bugs are corrected.  

Version 1.1 
 Launched in ISY Design v. 6.1. 
 Displacement control of serviceability limit state combinations is added.  
 Various minor bugs are corrected.  

Version 1.2 
 Launched in ISY Design v. 7.0. 
 Changed the use of mass density to weight density in the material data.  
 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.  
 Various minor bugs are corrected.  

Version 1.2.1 
 Launched in ISY Design v. 7.1. 
 The product standards for steel have received updated values for some steel grades. 
 Members with different cross-sections are now shown in the graphic with the center of 

gravity in the same coordinate, to better illustrate how the calculations are performed. 
 Changes for load combinations according to formula 6.10a for Swedish national annex. 
 Changes in the calculation of buckling curves for the Finnish national annex. 
 Various minor bugs are corrected.  

Version 1.2.2 
 Launched in ISY Design v. 8.0. 
 New load cases will now be considered "dominating" as default. 
 Load case for dead weight will automatically be created for new documents. 
 Various minor bugs are corrected.  
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Version 1.2.3 
 Launched in ISY Design v. 8.1. 
 Fixed an issue where some values in the stability basis grid were not updated.  
 Various minor bugs are corrected.  

Version 1.3 
 Launched in ISY Design v. 8.2. 
 Load groups (load states) are now supported (in the Enterprise version). See chapter “Load 

states (groups)” for more information.   
 Various minor bugs are corrected.  

Version 1.3.1 
 Launched in ISY Design v. 8.3. 
 Various minor bugs are corrected.  

Version 1.3.2 
 Launched in ISY Design v. 8.5. 
 Improved calculation of permanent part of load cases. 
 Various minor bugs are corrected.  

 


