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EXECUTIVE SUMMARY 

A web tool for designing high strength steel beams has been developed. The work fell 
into two phases: 

• Development of a spreadsheet tool, 

• Development of a web tool by converting the spreadsheet tool into a DLL and 
developing a user interface. 

 

The web tool is available here: http://strobe.steel-sci.org  

It is also available from the project web site:  www.steel-sci.com/strobe.html  

http://strobe.steel-sci.org/
http://www.steel-sci.com/strobe.html
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1 DEVELOPMENT OF TOOL 

The spreadsheet tool for the design of beams developed in this task is suitable for steel 
sections with conventional strength and high strength, ranging from S235 to S690. It 
consists of two parts: the design tool carries out resistance checks of a beam in 
accordance with EN 1993-1-1 and then the optimisation facility can be used to find the 
lightest sections which satisfy the ULS and SLS, given a combination of imposed loads.    

Firstly, a simple beam with uniformly distributed and concentrated loads is defined.  
Verifications according to Eurocode 3 for ULS and SLS are carried out. Then the cross-
section of the beam can be optimised. The optimisation can be performed for the hot 
rolled sections (UK and European standard profiles) and welded sections, which are 
defined by the user. Class 4 cross-sections and hybrid girders can also be designed 
using the tool (in accordance with EN 1993-1-5). The National Annex of UK, Germany 
and Portugal can be used in the calculation, as well as the recommended values in the 
Eurocode.  

The results of the tool were validated extensively against other published sources, 
including the ArcelorMittal Orange book (https://orangebook.arcelormittal.com).  

The design and optimisation spreadsheet tool was converted into a dynamic link library 
(DLL) in order to create a web tool and enable its integration into other design and 
analysis software, including the Floor Vibration Analysis tool developed in Task 4.2. The 
DLL was created in C# using Microsoft Visual Studio 2017. 

The web interface content was developed using typical Hypertext Markup Language 
(HTML). Standard Model–view–controller (usually known as MVC) together with web 
forms technology were used for the web development and to incorporate the C# DLL. 
The technology used ensures appropriate behaviour within commonly used web 
browsers. The web tool was tested in browsers such as Internet Explorer, Microsoft 
Edge, Firefox and Google Chrome. All showed satisfactory behaviour. 

A simplified flowchart of the calculation engine is given in Figure 1.1. 

The web tool is available here: http://strobe.steel-sci.org  

It is also available from the project web site:  www.steel-sci.com/strobe.html  

A full helpfile is available with the tool which acts as a user guide and gives the technical 
background, as well as an explanation of the optimization process. It is included in this 
report as Appendix A. 

 

  

https://orangebook.arcelormittal.com/
http://strobe.steel-sci.org/
http://www.steel-sci.com/strobe.html
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Figure 1.1 – Simplified flowchart of the design engine. 
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SCI (the Steel Construction Institute) has been a trusted, independent source of 
information and engineering expertise globally for over 30 years, and is one of the 
leading, independent providers of technical expertise and disseminator of best practice 
to the steel construction sector. 

We support everyone involved in steel construction; from manufacturers, consulting and 
design engineers, architects, product developers to industry groups. 

 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Version Issue Date Purpose Author Reviewer Approved 

1  19/03/2020 Software release RJP   

2  17/06/2020 Software release RJP   

       

Although all care has been taken to ensure that all the information contained herein is 
accurate, The Steel Construction Institute assumes no responsibility for any errors or 
misinterpretations or any loss or damage arising therefrom. 
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1. Introduction 

This software has been engineered and developed by SCI - The Steel Construction 
Institute and HOCHTIEF Engineering for Research Programme of the Research Fund 
for Coal and Steel STROBE. The software performs the design of bare steel beam-
column elements and offers an optimization tool. The design tool covers standard hot-
rolled profiles and fabricated steel sections with normal and high strength steels up to 
S690. For fabricated sections, different steel grades may be specified for flanges and 
web plates (hybrid profiles). The optimization can be carried out for hot rolled sections 
(UK and Euro-standard profiles) and welded sections based on user inputs. The tool 
covers the design of class 1, 2, 3 and 4 cross sections. Core Eurocode, UK, German and 
Portuguese national annexes to Eurocode 3 are available. 
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2. Disclaimer  

Although care has been taken to ensure that the calculated values are correct, users 
should verify the output. The Steel Construction Institute, HOCHTIEF Engineering and 
other parties associated with this software and website assume no responsibilities for 
errors or misuse of this software, or damage arising from the use of this software. 
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3. The User Interface 

The functionalities of the software are grouped under separate tabs. Below is quick guide 
for each tab and the main buttons on each tab. 

3.1 The “STROBE” tab 
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3.2 The “Web Tool” tab 

The “Web Tool” tab shows the user interface for the design tool. 

 

On top of the “Web Tool” tab, the user can find a group of buttons to run the web 
application: 

 
• The “User Guide” button: allows user to download the user guide for the web 

tool; 

• The “Calculate” button: performs the calculations based on the user input 
variables. This button will make design outputs available; 

 
After pressing the “Calculate” button, user will find a design output summary on the top 
right area of the web interface for ULS and SLS limit states: 
 

 
 
There is a section called “Calculation Messages” that will be populated after completing 
the calculations.  
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Section properties, resistances, ULS outputs, SLS outputs and design loads will be 
also displayed. 

 
 

• The “Reset” button: reset default input for the web tool; 

• The “Save File” button: allow users to download an input file that can be later 
uploaded to the web tool; the file has a clear XML structure that can be 
manually edited; 

• The “Choose File” button: allows users to browse and select an input file 
previous downloaded from the web tool using the button “Save File”; 

• The “Load File” button: allows users to load the selected file through the 
“Choose File” button to the web tool; 

• The “Submit Optimization” button: submits the optimization options to the 
engine and reports an estimated calculation time. For an optimization using 
standard profiles (say HEB or UC profiles) this is not critical, but for 
“Fabricated”/welded/custom profiles, depending on the user defined 
optimization inputs, the calculation time may be unreasonable; the following 
message will be displayed: 
 

 
 
The user can judge if the calculation time is acceptable. If the calculation time is to 
high, user can red-define optimization inputs and re-submit the optimization. 
 

• The “Run Optimization” button: triggers the optimization engine. After pressing 
the button, the following message will the displayed: 
 

 
 
After completing the Optimization calculation, the following message will be displayed: 
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The user can the find the optimization outputs if the following table (scroll down in the 
web page to find it): 
 

 
 
There is a section called “Optimization Messages” where the user can find output 
messages related with the optimization process. As an example, if user selects a certain 
profile type for which there are no solution available, a message will be displayed 
referring that “No solution for XX section type” exist.  

 

For “Fabricated” profiles, the optimization message “Geometry constraints changed to 
fulfil design requirements.” means that the minimum flange width was adapted so that 
existing rules for buckling curves according to Eurocode are applicable.  
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User input cells are highlighted with a light grey background. There are two groups of 
inputs:  

I. General inputs for the design tool containing the following sections:  

 

II. Inputs for the optimization tool: 

 

 
Most of the general inputs are also used for the optimization tool. The only inputs that 
are not used for the optimization tool are the ones that define the section geometry under 
the “Steel Profile Definition” group of inputs. 

The “Element Type” input will change the options available in the interface. 

Most of the input or output text boxes have a “ToolTip” option which provides useful 
information about the input/output. To trigger tis option please pass the cursor over the 
text box.  

  



 STROBE - Stronger Steels in the Built Environment  

 

 8 

3.3 The “About” tab 

The “About” tab gives more information about the project and the project and the project 
partners. Users can find two useful technical publications about the design of hybrid 
girders. 
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3.4  The “Support” tab 

The “Support” tab gives the contacts that ca be used to report any issues found related 
to the web tool as well as to request any further clarification about the project or the web 
tool. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contact SCI for more details: 

https://steel-sci.com/contact/ 

 

  

https://steel-sci.com/contact/
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4. Inputs 
The user can find two figures on the top of the “Web Tool” tab that illustrates the inputs 
related with section dimensions, systems geometry and loads.  

 

As introduced, user input cells are always highlighted with a light grey background. Next 
sections will give more details about the Web Tool inputs. 

4.1 Project details 

These inputs are not necessary for calculation. They allow users to specify project data 
to the calculation. This data will be stored while the file is saved. 

 

4.2 Cross section dimensions 

For fabricated profiles, users need to specify the section dimensions. 
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For standard sections, user need to specify the type of section. Based on the type of 
section, the dropdown list for the section size will be updated: 

 

The optimization tool will pick the Element type input (standard or fabricated section). 

 

4.3 Geometry Inputs 

 

L – Beam span in meters; 

SRight – Beam spacing to the right;  

SLeft – Beam spacing to the left;  

The influence width for the beam is obtained by (SRight + SLeft)/2. 

a – Is the distance of vertical web stiffeners in meters; this is only relevant for slender 

web; important for fabricated profiles; see EN1993-1-1 6.2.6 (6) &amp; EN 1993-1-5 

Section 5; 

Lcrit,z – Is the minor axis flexural buckling critical length; Major axis critical length is 

assumed as equal to the beam span; 

Lcrit,ltb – Is the critical segment length for lateral torsional buckling; usual assumed as 

equal to Lcrit,z 

 

These inputs are also used for the optimization tool. 

 

4.4 Steel properties 

User needs to define the steel grade for the standard profile of for the flanges and web 
plates. The design yield strength will be defined according to EN10025-2, EN10025-3 or 
EN10025-6 based on the plate thickness. 

Standard profiles: 
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Fabricated profiles: 

 

EN1993-1-5 section 4.3 (6) specifies a limit for the ratio between the yield strength of the 

flanges and the web. It is recommended that the yield strength of the web is at least half 

of the yield strength of the flanges. If this limit is not respected, the tool will show an error 

in the Calculation Messages area. 

 

These inputs are also used for the optimization tool. 

4.5 Design inputs 

 

“National Annex” – allows user to specify the national annex to EN1993-1-1. The core 

Eurocode, UK, German and Portuguese national annexes are available. This has 

implications in buckling curves and   material factors. 

“Buckling checks” – enables or disables the buckling checks. If “No” is selected, the 

design will be based on the resistances of cross sections. 

“Load applied on” – Position within the cross section where the load is applied. Used to 

calculate the elastic critical moment for lateral torsional buckling. S.C - is the shear centre 

of the cross section. 

“EN 1993-1-1 (6.58)” – If “Yes” is selected, the equation (6.58) form EN 1993-1-1 will be 

used.   
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“C1 calculation” – This allows users to define if C1 value used to calculate the elastic 

critical moment is calculated by the engine or assumed as a user input; the user input is 

based on the value introduced in the “C1 - LTB” input box; 

“C1 - LTB" – User defined C1 values. Only used if “C1 calculation” is defined as 

“Manually”; 

“Kc - LTB" – This input is only assumed if EN 1993-1-1 (6.58) is used. The UK national 

annex specifies a calculated value for Kc, meaning that the user input will not be used. 

“Mcrit – Override” – This input allows used to specify a user defied value for the elastic critical 

moment; 

These inputs are also used for the optimization tool. 

 

4.6 Inputs for SLS checks 

 
 
“ψdynamic – Vibrations”:  this input specifies the percentage of imposed load that is used 
to calculate the natural frequency of them beam; 0.10 means that the natural frequency 
is calculated using 10% of imposed load; 
fminimum [Hz] “: this input specifies the required minimum natural frequency of the beam. 
This is just a scheme design criterion. Please check SCI 354 for a more detailed analysis. 
 
“Min. Total Load - L /”: this input specifies the deflection limit for the total load applied on 
the beam; 
 
“Min. Total Load - L /”: this input specifies the deflection limit for the imposed load 
applied on the beam; 
 
The deflections are check for the characteristic load combination according to EN1990. 
 
These inputs are also used for the optimization tool. 
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4.7 Load Inputs 

 
 
Load inputs are characteristic values for permanent of imposed lads. The deflections 
are check for the characteristic load combination according to EN1990 while for ULS 
checks, combination of actions from EN1990 equation (6.10) is used.  
 

 
 
Lower-case variables represent uniformly distributed loads while upper-case variables 
represent point loads or axial load.  
 
These inputs are also used for the optimization tool. 
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4.8 Optimization Inputs 

 
 
“Number of solutions”:  User can specify the required number of solutions. Requesting 3 
solutions means that the 3-best solutions (the three solution with lower self-weight) will 
be reported to the user. For the cases where standard profiles are used, the number of 
solutions is related to each selected profile type. 
 
“Max. UF M+N”: maximum allowed utilization factor for the cross section check where 
axial and bending moment are considered; 
 
“Max. UF Shear”: maximum allowed utilization factor for the cross section check against 
vertical shear force; 
 
“Max. M+N+V”: maximum allowed utilization factor for the cross section check where 
axial, bending and shear force are considered; 
 
“Max. EC3-1-1 (6.54)”: maximum allowed utilization factor for the member against LTB – 
EN1993-1-1 equation (6.54); 
 
“Max. EC3-1-1 (6.61)”: maximum allowed utilization factor for the member against LTB 
and flexural buckling – EN1993-1-1 equation (6.61); 
 
“Max. EC3-1-1 (6.62)”: maximum allowed utilization factor for the member against LTB 
and flexural buckling – EN1993-1-1 equation (6.61); 
 
“Sort results by”: this input is available for the cases where an optimization using standard 
profiles is selected. If the user selects multiple section types, say UC, UB and HD profiles, 
the optimization results can be sorted by type of section of by sorting all results by self-weight. 
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4.9 General inputs (Fabricated sections optimization) 

  

These inputs are available while running the optimization tool for fabricated profiles. 

“Profile Depth [mm]”: this input defined the preferable depth of the fabricated profile 
defined by the user; 

“Web Step [mm]”: this defined the web step that can be used while looking for the optimal 
profile depth; 

“Web class”: this input defined the maximum allowable web class for the fabricated 
sections; 

“Top flange class”: this input defines the maximum allowable top flange class for the 
fabricated sections; 

“Bottom flange class”: this input defines the maximum allowable bottom flange class for 
the fabricated sections; 

“Equal flanges”: this input defines if the user requires that the fabricated profile have 
equal flanges; 

“Web optimization”: this input defines the type of web optimization required. Four options 
are available: 

 “1 – Maximum depth”: assumes the profile according to the input “Profile Depth [mm]” 
input; 

 “2 – Scheme design criteria”: h = fy,flange * n0*L / (4,8*E), where n0 is the total load 
deflection ratio (usually 250); the values are rounded to the defined web step;  

“3 – Step based”: h = fy,flange * n0*L / (4,8*E) – (1 x Web step) up to h = fy,flange * n0*L / 
(4,8*E) + (2 x Web steps); four different web depths are considered; the values are 
rounded to the defined web step;  

“4 – Between scheme design and span/8”: the minimum value for the web depth is 
obtained by the minimum of: (h = fy,flange * n0*L / (4,8*E) ; span/20); the maximum value 
of for the web depth is considered as the maximum of: (the value specified by “Profile 
Depth [mm]” ; span/8); the values are rounded to the defined web step; this is the most 
comprehensive web optimization option and the one that will require more calculation 
time. 
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4.10 Geometry Constraints Inputs (Fabricated sections) 

 

These inputs are available while running the optimization tool for fabricated profiles. 

User can define the maximum and minimum thicknesses for the web and flanges plates 
as well as the maximum and minimum width for the flange’s plates. These limits will allow 
the engine evaluate every possible option based on these constrains. Used may which 
to mind that large scatter for plate thicknesses or flanges widths will require larger 
calculation time. 

 

4.11 Profiles for Optimization (standard sections) 

 

These inputs are available while running the optimization tool for standard profiles. 

User can define the maximum profile depth and flange width as well as select the section 
types for which the optimization tool will be performed. 
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5. Technical background and tool features 

5.1 What the tool does 

The optimization tool for the design of beams is suitable for steel sections with normal 
strength and high strength, such as S235/S275/S355/S420/S450/S460/S620/S690. The 
optimization can be carried out for the hot rolled sections (UK and Euro standard profiles) 
and welded sections, which are defined by custom. The cross sections in class 4 and 
hybrid girders can be also considered. 

 

5.2 Partial factors for resistance 

 

The following partial factors are used by the web tool based on the selected national 
annex: 

Factor Eurocode UK DE PT 

𝛾M0 1.00 1.00 1.00 1.00 

𝛾M1 1.00 1.00 1.10 1.00 

 

5.3 Classification of cross sections 

Four classes of cross sections are defined in EN 1993-1-1:  

• Class 1 cross-sections are those which can form a plastic hinge with the 

rotation capacity required for plastic analysis without reduction of the 

resistance. 

• Class 2 cross-sections are those which can develop their plastic moment 

resistance, but have limited rotation capacity because of local buckling. 

• Class 3 cross-sections are those in which the stress in the extreme 

compression fiber of the steel member assuming an elastic distribution of 

stresses can reach the yield strength, but local buckling prevents development 

of the plastic moment resistance. 

• Class 4 cross-sections are those in which local buckling will occur before the 

attainment of yield stress in one or more parts of the cross-section. 

 

The class of the cross section is determined from Table 5.2 of EN 1993-1-1.  
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Determination of factor  and , EN 1993-1-1 Tab. 5.2: 
 
 
Symmetric cross section:  

 
 
For plastic cross section (class 1 and 2):  
 

𝛼 =  
1

2𝑑
(𝑑 −

𝑁𝐸𝑑

𝑡𝑤𝑓𝑦𝑤
)  

 
For elastic cross section (class 3) and effective cross section (class 4): 
 

𝜓 =  −

(
𝑀𝐸𝑑𝑑

2𝐼𝑦
−

𝑁𝐸𝑑
𝐴

)

(
𝑀𝐸𝑑𝑑

2𝐼𝑦
+

𝑁𝐸𝑑
𝐴

)
 

 
Asymmetric cross sections:  
 

 
 
For plastic cross section (class 1 and 2): 
 

Asymmetric cross section: 

 

 

C 
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𝛼 =  
1

𝑑
(𝑒𝑦 − 𝑡𝑓𝑢 −

𝑁𝐸𝑑

𝑡𝑤𝑓𝑦𝑤
)    

 
For elastic cross section (class 3) and effective cross section (class 4): 
 

𝜓 =  −

[
𝑀𝐸𝑑(𝑒𝑦 − 𝑡𝑓𝑢)

𝐼𝑦
−

𝑁𝐸𝑑
𝐴

]

[
𝑀𝐸𝑑(𝑑 + 𝑡𝑓𝑦 − 𝑒𝑦)

2𝐼𝑦
+

𝑁𝐸𝑑
𝐴

]

 

 
 
For both cases above, if  𝑓𝑦𝑢 ≠  𝑓𝑦𝑙, the 𝑒𝑦_𝑝𝑙 shall be used instead of 𝑒𝑦. 

 

 

5.4 Effective cross section 

For the cross section in class 4, the effective section of web and flange are determined 
according to EN 1993-1-5. Section Classification is performed according to EN1993-1-
1. 
 
For the flange, the effective area of the compression zone is calculated according to the 
EN 1993-1-5, section 3.2 and 4.4 (equation 4.3 and table 4.2), considering combined 
effects of shear lag and local buckling. If there is a wide flange (b>L/50), the distribution 
of longitudinal stresses across the flange plate due to shear lag is considered (see fig. 
3.3 of EN1993-1-5 as below).   
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5.5 Resistance of cross sections 

5.5.1 General 

The design value of an action effect in each cross-section should not exceed the 
corresponding resistance and if several action effects act simultaneously, the combined 
effect should not exceed the resistance for that combination. As a conservative 
approximation for all cross-sections, a linear summation of the utilization ratios for each 
resistance are used (EN1993-1-1, section 6.2.1). En1993-1-5 section 4.6 is also 
applicable. 
 
For the combination of NEd and My,Ed this method is applied using the following criteria:  
 

𝑁Ed

𝑁Rd
+

𝑀y,Ed

𝑀y,Rd
≤ 1 

 
NRd and My,Rd are the design values of the resistance depending on the cross-sectional 
classification and including any reduction that might be caused by shear effects.  
 
For Class 1, 2, 3 cross-sections: 
 

𝑁Rd =
𝐴𝑓

y

𝛾M0

 

Class 1, 2 cross-sections: 

𝑀R,d = 𝑀pl,Rd =
𝑤pl𝑓y

𝛾M0

 

Class 3 cross-sections: 

𝑀R,d = 𝑀el,Rd =
𝑤el,min𝑓

y

𝛾M0

 

For Class 4 cross-sections: 

𝑁R,d = 𝑁c,Rd =
𝐴eff𝑓y

𝛾M0

 

 

𝑀R,d = 𝑀c,Rd =
𝑤eff,min𝑓

y

𝛾M0

 

 
The determination of design values of the resistance depending of hybrid girder is 
described in the following publications: 

 

https://www.newsteelconstruction.com/wp/wp-
content/uploads/TechPaper/NSCJune2017tech.pdf 
 

https://www.newsteelconstruction.com/wp/wp-
content/uploads/TechPaper/NSCJuly17tech1707.pdf 
 

https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.newsteelconstruction.com/wp/wp-content/uploads/TechPaper/NSCJune2017tech.pdf
https://www.newsteelconstruction.com/wp/wp-content/uploads/TechPaper/NSCJune2017tech.pdf
https://www.newsteelconstruction.com/wp/wp-content/uploads/TechPaper/NSCJuly17tech1707.pdf
https://www.newsteelconstruction.com/wp/wp-content/uploads/TechPaper/NSCJuly17tech1707.pdf
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For cross sections subjected to axial and bending, the method described on EN1993-1-

5  4.3 (4): 

 

 
 
The resistance of cross sections is evaluated according to the following method (EN 
1993-1-5 section 4.6): 

 

 
 
 
The interaction check is performed according to EN 1993-1-5 section 7.1 as follows: 
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5.5.2 Shear resistance 

The design value of the shear force VEd at each cross-section should satisfy:  
 
𝑉Ed

𝑉pl,Rd
≤ 1 

 
In the absence of torsion, the design plastic shear resistance is given by:  
 

𝑉pl,Rd =
𝐴V(𝑓yw/√3)

𝛾M0
 

   
where:  

Av - is the shear area. 

 
For hot rolled sections, with load parallel to the web, the shear area Av is given by:  
 
Av = A - 2b tf + (tw + 2r) tf  
 
For a plated / hybrid girder:   
 
Av = (h - tfu - tfl) tw 
 
For the plate girder, the shear resistance can be limited by shear buckling. The shear 
resistance of plate considering shear buckling at the ultimate limit state is computed 
according to chap. 5, EN 1993-1-5. 
 
𝑉Ed

𝑉b,Rd
≤ 1 

 
With (eq. 5.2):     
      

𝑉b,Rd = 𝑉𝑏𝑤,𝑅𝑑 =
𝜒𝑤𝑓𝑦𝑤ℎ𝑤𝑡

√3𝛾𝑀1

 

 

https://www.steelconstruction.info/Steel_construction_products#Standard_open_sections
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In this tool, the condition of non-rigid end post is assumed where the value of 𝜂 is 
assumed to be equal to 1. The use of the German national annex allows for ta value of 
1.20 if the yield strength of the is less or equal to 440 MPa. 
 

5.5.3 Bending and shear 

Where shear is present, allowance should be made for its effect on the bending 
resistance.  
 
Where VEd < 0.5Vpl,Rd the effect of the shear force on the bending resistance may be 
neglected, except where shear buckling reduces the section resistance.  
 
Where VEd ≥ 0.5Vpl,Rd  the reduced moment resistance should be taken as the design 
resistance of the cross-section, calculated using a reduced yield strength (1 - ρ) fy for the 
shear area, where:  
 

𝜌 = (
2𝑉Ed

𝑉pl,Rd
− 1)

2

 

 
and Vpl,Rd is calculated as described in 5.5.2.  
 

 

 

  

https://www.steelconstruction.info/Member_design#Bending
https://www.steelconstruction.info/Member_design#Bending
https://www.steelconstruction.info/Member_design#Bending
https://www.steelconstruction.info/Steel_material_properties#Yield_strength
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5.6 Buckling resistance of members 

EN 1993-1-1 covers three modes of buckling when subject to axial compression:  
Flexural buckling (commonly known as strut buckling).  
 
Torsional buckling, which may be critical for cruciform sections subject to axial 
compression, while torsional-flexural buckling, which may be critical for asymmetric 
sections subject to axial compression.  
 

5.6.1 Uniform members in compression 

A compression member is verified against buckling by the relationship:  
 
𝑁Ed

𝑁b,Rd
≤ 1.0 

 
where:  
 
NEd is the design value of the compression force; 
Nb,Rd is the design buckling resistance of the compression member; 
 

𝑁𝑏,𝑅𝑑 = 𝜒
𝐴𝑓𝑦

𝛾𝑀1
 

 
For axial compression in members, the value of the reduction factor for the relevant 

buckling mode   for the appropriate non-dimensional slenderness 𝜆̅ is determined from 
the appropriate buckling curve according to:  
 

𝜒 =
1

𝜙 + √𝜙2 − 𝜆̅2
≤ 1.0 

 
Where:  
 

𝜙 = 0.5[1 + 𝛼(𝜆̅ − 0.2) + 𝜆̅2] 

 
Where: 
 

  is an imperfection factor; 
 

The non-dimensional slenderness 𝜆̅ is given by:  
 

𝜆̅ = √
𝐴𝑓y

𝑁cr
 

 
where Ncr is the elastic critical force for the relevant buckling mode assumed in the tool 
as: 
 

𝑁𝑐𝑟 =
𝜋2𝐸𝐼

𝐿2
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For Class 4 cross-sections, the area should be: 
 
𝐴 = 𝐴eff 
 
The imperfection factor α corresponding to the appropriate buckling curve is obtained 
from table below (EN 1993-1-1, Tab. 6.1). The choice of buckling curve is obtained from 
the table 6.2 of EN1993-1-1 or appropriate national annex).  

5.6.2 Lateral torsional buckling resistance 

A laterally unrestrained member subject to major axis bending is verified against lateral-
torsional buckling by the relationship:  
 
𝑀Ed

𝑀b,Rd
≤ 1.0 

 
Where:  
 
MEd is the design value of the moment; 
Mb,Rd is the design buckling resistance moment. 

 
Beams with sufficient restraint to the compression flange are not susceptible to lateral-
torsional buckling. This is controlled by the buckling length Lcrit,ltb. 

 
The design buckling resistance of a laterally unrestrained beam is given by:  
 

𝑀b,Rd = 𝜒LT

𝑤y𝑓y

𝛾M1
 

 
The appropriate section modulus is defined as follows:  

For Class 1 and 2 cross-sections: 
wy = wpl,y  

For Class 3 cross-sections: 
wy = wel,y 

For Class 4 cross-sections: 
wy = weff,y 

For member of constant cross-section in bending (for rolled sections or equivalent 
welded sections), the value of the reduction factor 𝜒LT for lateral-torsional buckling with 

the appropriate non-dimensional slenderness 𝜆̅LT is determined from (eq. 6.57 of 
EN1993-1-1):  

𝜒LT =
1

𝜙LT + √𝜙LT
2 − 𝛽𝜆̅LT

2
≤ 1.0 

 
where: 
 

𝜙LT = 0.5 [1 + 𝛼LT(𝜆̅LT − 𝜆̅LT,0) + 𝛽𝜆̅LT
2

]  

 

https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
https://www.steelconstruction.info/Member_design#Classification_of_cross_sections
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UK: 
 
For hot rolled sections:  
 

𝜆̅LT,0 = 0.4 

  

 = 0.75 
 
For Fabricated:  
 

𝜆̅LT,0 = 0.2 

  

 = 1 
 
 
DE and Eurocode: 
 

𝜆̅LT,0 = 0.4 

  

 = 0.75 
 
 
PT: 
 

𝜆̅LT,0 = 0.2 

  

 = 1 
 
 
Being; 
 

𝜆̅𝐿𝑇 = √
𝑤y𝑓y

𝑀cr
 

 
The value of the imperfection parameter αLT corresponding to the appropriate buckling. 
The Values are given in table below (Tab. 6.3 of EN1993-1-1). The choice of buckling 
curve is given in the Tab. 6.4 and 6.5 of EN 1993-1-1. 

In this optimization tool, it is possible to consider the modification to the reduction factor 
for lateral-torsional buckling according to the eq. 6.58. Considering the moment 
distribution between the lateral restraints of members, the reduction factor 𝜒𝐿𝑇 can be 
modified as follows by the factor f. 
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5.6.3 Elastic critical moment 

 
NCCI document SN003 provides appropriate expressions to calculate Mcr for doubly 
symmetric sections: 
 

𝑀cr = 𝐶1

𝜋2𝐸𝐼𝑧

𝐿2
√

𝐼w

𝐼z
+

𝐿2𝐺𝐼t

𝜋2𝐸𝐼z
 

 
In consideration of force exerting point (zp), the Mcr can be determined[L 1]:  
 

𝑀cr = 𝐶1

𝜋2𝐸𝐼z

𝐿2
√

𝐼w

𝐼z
+

𝐿2𝐺𝐼t

𝜋2𝐸𝐼z
+ (𝐶2𝑧p)

2
+ 𝐶2𝑧p 

where:  
 
E, G are material properties; 
Iz, It, Iw are section properties; 
L is the buckling length of the member (Lcrit,ltb); 
C1 and C2 is a factor that depends on the shape of the bending moment diagram –  
see figure below. 
 

 
 
Zp is the distance from the force exerting point to the shear centre of the cross sections: 

https://www.steelconstruction.info/Member_design#Resources


 STROBE - Stronger Steels in the Built Environment  

 

 30 

 
 
For simply symmetric sections, the elastic critical moment of lateral-torsional buckling 
Mcr can be calculated as follow:  
 

𝑀cr = 𝐶1

𝜋2𝐸𝐼𝑧

𝐿2
√

𝐼w

𝐼z
+

𝐿2𝐺𝐼t

𝜋2𝐸𝐼z
+ 𝑘23

2 + 𝑘23 

 

𝑘23 =  𝐶2(𝑧p − 𝑧m) + 𝐶2

𝑟z

2
 

 

𝑟z =
1 

𝐼y
{𝑏u𝑡fu (𝑒y −

𝑡fu

2
)

2

− 𝑏l𝑡fl (ℎ − 𝑒y −
𝑡𝑓𝑙

2
)

2

+
𝑡𝑠

4
[(ℎ − 𝑒𝑦 −

𝑡𝑓𝑙

2
)

4

 −  (𝑒𝑦 −
𝑡𝑓𝑢

2
)

4

]

+ 𝑧m𝐼z} − 2𝑧m 

 

𝑧m =
𝐼z,u

𝐼𝑧
(ℎ −

𝑡fu

2
−

𝑡fl

2
)  −  (𝑒y −

𝑡fu

2
) 

 

𝐼𝑧 = [𝑡fu𝑏u
2 + 𝑡fl𝑏l

2 + (ℎ − 𝑡fu − 𝑡fl)𝑡w]/12 

 

𝐼zu = 𝑡fl𝑏l
2/12 

 

Considering: 
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5.6.4 Uniform members in bending and axial compression 

For members of structural systems, verification of buckling resistance of doubly 
symmetric cross-sections may be carried out on the basis of the individual single span 
members regarded as cut out of the system. Second order effects of the sway system 
(P-Δ effects) should be considered, either by the end moments of the member or by 
means of appropriate buckling lengths about each axis for the global buckling mode. 
Members, which are subjected to combined bending and axial compression, should 
satisfy:  

 
𝑁Ed

𝑁b,y,Rd
+ 𝑘𝑦𝑦

𝑀y,Ed

𝑀b,Rd
≤ 1.0 

𝑁Ed

𝑁b,z,Rd
+ 𝑘𝑧𝑦

𝑀y,Ed

𝑀b,Rd
≤ 1.0 

 

Where:  

 
NEd, My,Ed and Mz,Ed are the design values of the compression force and the maximum 
moments about the y-y and z-z axes along the member, respectively; 
 
Nb,y,Rd and Nb,z,Rd are the design buckling resistances of the member about the major and 
minor axis, respectively; 
 
kyy and kzy are interaction factors, which can be determined from the Annex A or B of 
BS EN 1993-1-1.; 
 
The Annex B is recommended as the simpler approach for manual calculations. Use of 
either the Annex is permitted by the National Annexes.  
 
The value of the k factors is calculated according to Tab. B.1 and B.2 of EN1993-1-1. 
 

 

 

 

  

https://www.steelconstruction.info/Allowing_for_the_effects_of_deformed_frame_geometry#Second_order_effects
https://www.steelconstruction.info/Member_design#Buckling_resistance_of_members
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Where: 

 
For concentrated load:  
𝑐𝑚𝑦 = 0,90 

𝑐mLT = 0,90 
 
For uniform loading: 
𝑐my = 0,95 

𝑐mLT = 0,95 
 
The tool assumes the values of 𝑐𝑚𝑦 and 𝑐mLT according to Kindmann, "Stahlbau" Teil 2, 

section 6.8. 

 
For doubly symmetric sections: 
 
For the cases where C1 > 1.3: 
C2 = 0.65; 
cmLT = 0.90; 
cmy = 0.90; 
For the cases where C1 ≤ 1.3: 
C2 = 0.45; 
cmLT = 0.95; 
cmy = 0.95; 
 
For doubly mono-symmetric sections: 
 
For the cases where: C1 > 1.3 
C1 = 1.36; 
C2 = 0.55; 
C3 = 1.73; 
cmLT = 0.9; 
cmy = 0.9; 
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For the cases where C1 ≤ 1.3: 
C1 = 1.13; 
C2 = 0.46; 
C3 = 0.53; 
cmLT = 0.95; 
cmy = 0.95; 
 
 
It’s clear that for non-symmetric sections, the value of C1 may be overridden by the 
calculation engine. 
 
The generic calculation of the C1 values is based on the following principles: 
 

• User will define the critical buckling length for LTB; 

• Tool will pick the bending moment diagram shape centring the critical buckling 
length with point of maximum bending moment; 

• If the maximum bending moment is close to a support, the length is taken form 
the support to the mid span of the beam; 

• The toll will pick bending moments values along the critical segment; as shown 
below: 
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5.6.5 Buckling curves 

 

The buckling curves are selected based on the selected national annex. 

UK national annex: 

 

Portuguese national annex: 

 

  

Hot-rolled sections 

Welded sections 
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DE national annex:  
 

Section type Limits tf Yield strength Curve 

Hot-rolled h/b≤ 2 >100 >420 c 

≤ 420 d 

≤100 - b 

h/b> 2 - - c 

Welded h/b≤ 2 - - c 

h/b> 2 - - d 
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