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STROBE

EXECUTIVE SUMMARY

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

e Development of a spreadsheet tool,

e 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
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STROBE

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.
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Figure 1.1 — Simplified flowchart of the design engine.

OSM\OSM640 STROBE\WPASTROBE D4-1 Online design tool for HSS beams.docx




STROBE

APPENDIX A USER GUIDE AND TECHNICAL
BACKGROUND FOR ONLINE
BEAM DESIGN TOOL

OSM\OSM640 STROBE\WPA\STROBE D4-1 Online design tool for HSS beams.docx 3



Steel Knowledge

STROBE

Stronger Steels in the Built Environment

Helpfile

User Guide & Technical background



STROBE - Stronger Steels in the Built Environment

LU=
N
AVsci

Steel Knowledge

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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Steel Knowledge STROBE - Stronger Steels in the Built Environment

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

4 A
STROBE

Stronger Steels in the Built Environment
Research Programme of the Research Fund for Coal and Steel

N | y,

The web tool

This software has been engineered and developed by SCI - The Steel Construction Institute and HOCHTIEF Engineering for the 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 5690. 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. A quick user guide can be found here.

Disclaimer

Although care has been taken to ensure that the calculated values are commect, 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.

[obena College "OIMBRA  DILLINGER® I HocHTIEF

- European | ﬁ‘"
Commission Stmal Rnowiedge

© 2020 | STROBE - Stronger Steels in the Built Environment | SCI - The Steel Construction Institute | Version 1.12 Build: &
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The “Web Tool” tab shows the user interface for the design tool.

| HepFile | | Reset | |Choose File |No fie chosen Submit Optimization
Calculate ‘ | Save File | | Load File ‘ Run Optimization

Buog tange [MiM]

| ZEEr= N tioarianee [mm] . Position - G/Qj [m] .lafce. [kN]
e s [mm] g [kN/m?] Il
] o [N/]
Nes kNI, N [kN]
or [mm]
=== l:.,mm..« fange [MM)]

i
Baottor angs [mm]

Project Details Geometry Inputs Design Inputs Load Inputs

Design company F ompany name L[m] l‘l(li National Annex EN
Client: Company name Sright [M] 10 Buckling checks Yes

M All inputs are characteristic loads,
v

Sie v
v
v

Design combination - EN 1990 (6 10)

gi [kN/m?] 10

Load applyed on
Project Name Project name Sten [m] o EN 199511 (6.50) [§EB
Element: Descnption /1D a [m] 5,5 1 calcuiation Calculated
Designed by: Name & surname Leritz [M] 10 C-LTB I‘lﬁsi Ned k permanent [KN] |z—150
Checked by: Name & surname Lttt [M] 10 ke LTB |°-357 Ned k imposea [KIN] 595
B Gk [kN] 100
Merit - Override (Override

gk [kN/m?] 10

§ " ) Gak [KN] 100
Steel Profile Definition Steel Properties
Inputs for SLS checks Qg [kN] 200
Element Type Fabricated v Top Flange 8460 v —
Botiom Flange 5460 v|  Womame - Vibrations [0.10 Qax N oo

Web 5355 ¥ Frinioum [H2] 3 Postton - Gi[m] [

Piotat [rmm] 1500

O Min. Total Load - L/ ESO Pasition - Gz [m] IE
Diop flange [MM] 700 EMPa] |51oooo SE—

| Min. Imp. Load - L/ (360 Position - Qux[m] |8

Dpottom flange [MM] 545
_ Position - Qzx [m] IE

tyep [MM] 12

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

| HelpFile | | Reset | | Choose File |Nofile chosen Submit Optimization
‘ Calculate ‘ ‘ Save File ‘ ‘ Load File ‘ Run Optimization

e The “User Guide” button: allows user to download the user guide for the web
tool;

e 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:

| HelpFile | | Reset | | ChoosefFile Nofilechosen Submit Optimization SLS utilization factor:  0.423
v
Calculate ‘ Save File ‘ ‘ Load File | Run Optimization ULS utilization factor: |0.999 ]

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.

Calculation Messages

Material Standard - Top Flange: EN10025-3
Material Standard - Web: EN10025-2
Material Standard - Bottom Flange: EN10023-3

Gross Section properties Design properties & resistances ULS OQutputs Design Loads

Agross [mm?] 40164 Top Flange class 4 UF - Bending & Axial |0.743 Neg [KN] 1500
Self-weight [kg/m] ~ [315.29 Web class 4 UF - Shear 0.984 Med ma [kNM] 5355.7
Az [mm?] 16704 Ae [Mm?] 37787 UF - M+N+V 0.000 x - Mg max [M] 5

Iy gross [mm?] 13891237158 Iyt [mm¥] 13266941658 UF - EC3-1-1 (6.61) |0.867 Ved at Meamax [kN]  |57.85

Iz [mm#] 605934948 Mga,gesign [kNm] 8328 UF -EC3-1-1 (6.62) [0.999 Vedmax [kN] 1881.28
& [mm*] 4840472 VRd design [KN] 1913 UF - EC3-1-1 (6.54) |0.810 X - Vd max [M] 0

hy [mm®] 231156793976043 Ny gesign [KN] 15273 Med at Vieqmax [kNm] |0

Wely [mm?] 16734334 Xy 0.874 SLS Outputs My Ed von Mises [KNM] |5211.08
Wiz [mm?] 2019783 Xe 0482 Total Deflection: L/ [726 Vedvontses [N] 72426
Wity [mm?] 21564802 X 0.796 Imposed Load: L/ g} x-vonMises[m] |6

Wiz [mm?] 3294162 6 7ot oad (M) “ Med excentricity [KNm]14.04

O imposed Load [MM] |7

f[Hz] 674

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

e 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;

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

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

e 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:

Help File Reset Choose File | No file chosen Submit Optimization Number of possible Solutions: 14580. Calculation time: < 1min \
Press 'Run Optimization' to proceed and wait for results. For long &
Calculate Save File Load File Run Optimization calculation times, re-define geometry contraints and re-submit.

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:

Help File Reset Choose File | No file chosen Submit Optimization Optimization Running ( }
Please wail (this may take a while)
Calculate Save File Load File Run Optimization

After completing the Optimization calculation, the following message will be displayed:
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| HelpFile | | Reset | |ChooseFile |Nofilechosen

| calculate | | SaveFile | | Load File |

Submit Optimization | Results available!

__ Check output table.

Run Optimization

The user can the find the optimization outputs if the following table (scroll down in the
web page to find it):

Optimization Outputs

D H [mm] | tw [mm] | b,top [mm] | tf,top [mm] | b,bottom [mm] | tf, bottom [mm] | SW [kg/m] |UF - M+N | UF - V| UF - M+N+V | UF - 6.54 | UF - 6.61 | UF - 6.62 | Total - L/ | Imposed - L/|f - [Hz]
12020(1500 |12 600 25 500 15 31416 |072 097 (0 0739 084 098 770 1410 6.93
11667 | 1500 |12 600 25 525 1% 37 0.72 097 (0 0.79 0.84 0.97 783 1434 6.98

| | 11559 1500 |12 600 25 500 16 31799 |071 097 (0 078 083 097 786 1440 7

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.

Optimization Outputs

1D |Name H [mm] | b [mm] | SW [Kg/m] |UF - M+N | UF - V| UF - M#N+V | UF - 6.54 |UF - 6.61 |UF - 6.62 | Total - L/ | Imposed - L/  f - [Hz]
7 [HL1100 R 1118 405 |49864 |0.67 032 |0 0.62 0.81 0.99 706 1301 6.61
1 |[UB1100x400x 499 (1118 (405 |502.01 |0.66 0.31 |0 0.81 0.81 0.98 712 1312 6.64
2 |UB920x420x537 |965 (425 |53575 |07 034 |0 078 |077 |092 |58 1071 599
3 |UB 1000 x 400 x 539 (1030 (407 |539.43 |0.66 03 |0 0.76 0.76 0.92 655 1209 6.37
8 |HL1000 X 554 1032 |408 |554.06 |0.64 02% |0 074 0.74 0.89 671 1239 6.44
9 [HL1000 X 642 1048 |412 |641.85 |0.55 025 |0 062 0.61 0.75 788 1458 6.97
10| HD400 X 990 550 448 |990.99 |0.8 03 |0 0.76 0.74 0.82 278 522 412
4 |UC356x406x990 (550 |448 |990.99 (0.8 03 |0 0.76 0.74 0.82 278 522 412
11 |HD400 X 1086 269 454 |1087.81 |0.71 027 |0 0.68 0.66 0.74 18 599 4.4
5 |UC356x 406 1086|569 (454 |1087.81 |0.71 027 |0 068 [086 [0.74 (319 599 44

| |6 |UC356x406% 1202|580 471 |120155 (065 |023 |0 062 |08 067 |[354 867 463

Optimization Messages

No solutons for 'HEA' section type
No solutons for 'HEAA' section type.
No solutons for 'HEB' section type
No solutons for 'HEM' section type.
No solutons for 'HP' section fype.
No solutons for 'IPE' section type
No solutons for 'IPEA’ section type.
No solutons for 'IPEQ' section type
| No solutons for 'IPEV" section type.

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.

Optimization Outputs

D H [mm] | tw [mm] | b,top [mm] | tftop [mm] | b,bottom [mm| tf, bottom [mm] | SW [kg/m] | UF - M+N |UF - V| UF - M+N+V | UF - 6.54 | UF - 6.61 | UF - 6.62 | Total - L/ | Imposed - L/ - Hz]
12020|1500 |12 600 25 500 15 31416 |0.72 097 |0 0.79 0.84 0.98 770 1410 6.93
11667 | 1500 |12 600 25 525 15 3171|072 |097 |0 07 |084 |097 (783 1434 698

| |11559 1500 |12 600 25 500 16 31798 071 097 |0 078 |083 |097 |788 1440 7

Optimization Messages

Geometry constraints changed to fulfil design requirements
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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:

Project Details Geometry Inputs Design Inputs Load Inputs
Design company:  [Company name Lm] 10 National Annex EN M All inputs are characteristic loads,
3 [ —— = | Buckling checks Yes v Design combination - EN 1990 (6.10)
Client Company name Srignt [M] 10
e Load applyed on SC. il 2
Project N Project E 10 Gi [kN/M7] 10
roject Name roject name Left [M] EN 1993-1-1 (6.58) [Yes = vt —
T /m*
Element: Description /1D a[m] E.s 1 calcuation Calculated v Ik

Designed by Name & surname Legitz [m] 10 c1-LTB & | NEd k permanent [KN] |Z50
Checked by Name & surname Leit o [M] 10 Ke-LTB 0.6 Nied kimposed [KN] P9
- G [kN] 100
Merit - Override Override —

Gak [kN] 100
Inputs for SLS checks Qi [kN]
Q2 [KN]

Steel Profile Definition Steel Properties

Element Type Fabricated v Top Flange S460 v
Bottom Flange S460 v Waynamic - Vibrations (0.10

EOO
200
Trnini Hz] 3 Position - Gy [m]
Piotal [Mm] 1500 Wz 8355 Y| imum [H2] 1

Ee———— Min. Total Load - L/ [250 Position - Gz [m]
Dtop fiange [MM] 700 E [MPa] 310000 ’

Min. Imp. Load -L / [360 Pasition - Qqx [m]

Dootiom fiange [MmM] 945 .
Position - Qz [M]

tugen [MM] 12
tiop flange [MM] |55
Ihottom flangs [MM] 15

II.  Inputs for the optimization tool:
Optimization Inputs General Inputs Geometry Constraints Inputs
Number of solutions: | 3 v Max. Profile Depth  [1500 fuymin. [MM] 8 v
Max. UF M+N 1.00 Web Step 50 v fwmax [mm] 18 A
Max. UF Shear 1.00 Web class 4 v Dtop min_ [MM] 450 hd
Max. MeN+V 100 Top flange Class |4 v|  Otepmac (mm] 400 =
Max. EC3-1-1 (6.54) [1.00 Bottom Flange Class |4 { oo i M
. ftop.max. [MM] 30 i
Max. EC3-1-1 (6:61) [1.00 Equal flanges? o T 0 — =0 =
Max EC3-141 (6.62) I Web optimization 1 - Maximum de ¥ I
Max. EC3-1-1 (6.62) Dpotiom,max, [MM] 700 T
Sort resutls by Weight v toottom,min, [MM] 15 v
Thottom max. [MM] 30 v

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.
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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.

About STROBE:

Strobe seeks to overcome obstacles to the wider use of High Strength Steels sections, both homogeneous and hybrid through the development of:
- Less conservative ductility and toughness requirements,

- Plastic design rules for HSS continuous beams and frames,

- Design rules to ensure stability of HSS members,

= A web tool to facilitate the design of HSS floor beams, both homogeneous and hybrid,

- Study to evaluate the dynamic response of HSS floor systems,

- Comparative designs (HSS versus $355) guantifying weight, carbon and cost savings resulting from the application of the research.

Proposed amendments to Eurocode 3 will be proposed.

Useful publications:
The design of hybrid fabricated girders - Part 1
The design of hybrid fabricated girders - Part 2

The project partners:

- SCI - THE STEEL CONSTRUCTION INSTITUTE

= RWTH - RHEINISCH-WESTFAELISCHE TECHNISCHE HOCHSCHULE AACHEN
= IC - IMPERIAL COLLEGE OF SCIENCE TECHNOLOGY AND MEDICINE LONDON
= UC - UNIVERSITY OF COIMBRA

= DILLINGER - AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE

- HOCHTIEF - HOCHTIEF ENGINEERING - GMBH

RWTHAA I ial Colles UNIVERSIDADE B
» i o COTMERA onuncer®
Sl Kids
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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.

Contacts

SCI - The Steel Constructions Institute
Address: Silwood Park, Ascot. SL5 7QN

Phone: +44 (0)1344 636525

Web: www steel-sci.com

Support: rpimentel@steel-sci.com

)

Steel Knowledge

®© 2020 | STROBE - Stronger Steels in the Built Environment | SCI - The Steel Construction Institute | Version 1.11 Build: 2

Contact SCI for more details:

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

| HelpFie | | Reset || Choose File | Nofle chosen Submit Optimization
| cacuate | | saveFle | | LoadFile | Run Optimization
Buop tange [mim]
| E— )] Position - G/Qu« [m] | G/, [kn]
: : .
ol Tuon [mm] q [kN/m?] il
hmm] . (A TN
- [kN] Mo [kN]
| |
=" | thonom fange [mm]
D tonge ] |

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

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.

Design company: Company name
Client: Company name
Project Name: Project name
Element: Description / 1D
Designed by: Name & surname
Checked by: Name & surname

For fabricated profiles, users need to specify the section dimensions.

Element Type Fabricated v
bh:!pﬂan,g: [mm]
-
Mtgtal [Mm] I1435 1 I - T Fvop Nangs [mm]
Dtop flange [MIM] EOO
Dhaottom flange [MM] IETIJ —#d[+— Fuen [rm]
T h [mm]
fyeb [MM] 12
ftop flange [MM] |55 ll;rr [mm]
e I18 " ‘—'J faottam flange II"I"IH"I]
I N -
r[mm . Bractiam flange [mm]

10
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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:

Element Type Standard v

Section Type uc v
Section Size |UC 356 x 406 x 1299 r

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

L [m] 10
SRight [M] 10
Siett [M] 10
a[m 25
Leritz [m] 10
L it b [M] 10

L — Beam span in meters;

Sright— Beam spacing to the right;

Si.eit— Beam spacing to the left;

The influence width for the beam is obtained by (Sright + Stet)/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;

Leitz — Is the minor axis flexural buckling critical length; Major axis critical length is
assumed as equal to the beam span;

Leitio— IS the critical segment length for lateral torsional buckling; usual assumed as
equal to Leritz

These inputs are also used for the optimization tool.

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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Grade 5359 v
E [MPa] 210000

Fabricated profiles:

Top Flange 5460 v
Bottom Flange S460 v
Web 5355 v
E [MPa] 210000

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.

MNational Annex EN v
Buckling checks Yes v
Load applyed on SC. ¥
EM 1993-1-1 (6.58) |Yes ¥
4 calculation Calculated ¥
C1-LTB .35

ke - LTB lo.ss

Merit - Override :Duerride

“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”;

‘K¢ - LTB" — This input is only assumed if EN 1993-1-1 (6.58) is used. The UK national
annex specifies a calculated value for K¢, meaning that the user input will not be used.

“M.. — 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.

Weynamic - Vibrations |0.10
Fminimum [HZ] 3

Min. Total Load - L/ |250
Min. Imp. Load-L /7 [360

“Waynamic — 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.

13
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4.7 Load Inputs

gk [kN/m?] 10
gk [kN/m?] 10
MEed k permanent [KN] 430
NEd k imposed [KN] "G5

Gk [kN] 100
Gak [KN] 100
Q1 [KN] 200
Q2 k [KN] 200

FPosition - G4, [m] 4

[

Position - Gzx [m]  [6
[
[

Position - @Qqx[m] |4

Position - Qzx [m]  [6

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.

Position - G/Q;x [m] JG/Q‘ [kN]

(g [kN/m?] |
g [kN/m’]
Nea [kN] Lo | Neo [kN]
= —
) o 2

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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Mumber of solutions: | 3 v
Max. UF M+N 1.00
Max. UF Shear 1.00
Max. M+N+V 1.00

Max. EC3-1-1 (6.54) |1.00
Max. EC3-1-1 (6.61) |1.00
Max. EC3-1-1 (6.62) |1.00
Sort resutls by: Weight v

“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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Profile Depth [mm] 15{:”3 2 A

Web Step [mm] 50 v
Web class 4 v
Top flange Class = v
Bottom Flange Class | 4 v
Equal flanges? No v
Web optimization: 1 - Maximum de v

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 = fyfiange * No*L / (4,8*E), where ng is the total load
deflection ratio (usually 250); the values are rounded to the defined web step;

“3 — Step based”: h = fy fiange * No*L / (4,8*E) — (1 x Web step) up to h = fy fiange * No*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 = fyfiange * No*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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tywmin. [mm] 8 v
fwmax. [mm] 16 v
btop,min. [Mmm] 500 v
btop,max. [mm] 700 v
ftop,min. [mm] 15 v
ftop,max. [Mm] 30 v
bpottom,min. [mm] 500 v
bhottom, max. [MM] 700 v
toottom,min. [MmM] 15 v
fbottom,max, [MmM] 30 v

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.

Max. Profile Depth  |1500

Max. Flange Width |500

Y UB
UC
HEA
HEAA
HEB
HEM M

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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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.

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

annex:
Factor Eurocode UK DE PT
YMo 1.00 1.00 1.00 1.00
YM1 1.00 1.00 1.10 1.00

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 a and y, EN 1993-1-1 Tab. 5.2:

Symmetric cross section:

tw
fyw

fyw

ad

\ _

\ N Ed/ twfyw

For plastic cross section (class 1 and 2):

1 <d Nga )
a=—(d-
2d twfyw

STROBE - Stronger Steels in the Built Environment

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

(MEdd _ Ngg
21, A

()
21, A

Asymmetric cross sections:

bu

tful

a
| >
> o
o
pLN.A || _J
el. N. A
| | tw
fyw
L 1 =H _]
fy
bl

ey_pl

Fiw

N Ed/ twfyw

For plastic cross section (class 1 and 2):

ad
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_ 1 _ _ Ngg
*= d (ey tfu twfyw)

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

[MEd (ey - tfu) _ NEd

I A
Y= -
Mgq(d + try —ey) 4 Nia
21, A

For both cases above, if f,,, # f,,, the e, ,,; shall be used instead of e,,.

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).

ber=pbg

Oz

b

B>020:
o, =125(8-020)0,

oly)=0,+(c,—0c,)(1-v/ib,}
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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 Neq and My,eq this method is applied using the following criteria:

N M.
id_|__y'Ed <1

Npqg  Myprq

Nrd @and My,rq 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:

Ngq = —
Ymo

Class 1, 2 cross-sections:

wpi f
pl y
Mpgq = Mpira =
Ymo
Class 3 cross-sections:
Wel,minfy
Mpq=Mepg =———
Ymo

For Class 4 cross-sections:

Aesif,
Nrg = Ncrga =
Mo
Weff,minfy
Mpg=Mcpqg =——
Ymo

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
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For cross sections subjected to axial and bending, the method described on EN1993-1-
5 4.3 (4):

4.3 Effective cross section

i1y In calculating longitudinal stresses, account should be taken of the combined effect of shear lag and
plate buckling using the effective areas given in 3.3.

(2) The effective cross sectional properties of members should be based on the effective areas of the
compression elements and on the effective® area of the tension elements due to shear lag.

(3} The effective arca Aer should be determined assuming that the cross section is subject only to stresses
due to uniform axial compression. For non-symme trical cross sections the possible shift ey of the centroid of
the effective area A,y relative to the centre of gravity of the gross cross-section, see Figure 4.1, gives an
additional moment which should be taken into account in the cross section verification using 4.6.

i4) The effective section modulus Wy should be determined assuming the cross section is subject only to
bending stresses, see Figure 4.2. For biaxial bending effective section moduli should be determined about
both main axes.

NOTE: As an alternative to 4.3(3) and (4) a single effective section may be determined from Ny and M4 acting
simultaneously, The effects of ex should be taken into account as in 4. 3(3). This requires an iterative procedure.

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

(1) Member verification for uniaxial bending should be performed as follows:
nl — NE&' + MEd + NEd eN
](1; Ac_ﬂ‘ f} Wfﬁ
?M 0 ?M 0

<10

where A.g Is the effective cross-section area in accordance with 4.3(3);
ex 1s the shift in the position of neutral axis, see 4.3(3);
My4 1s the design bending moment;
Ngg  1s the design axial force:

Weir 18 the effective elastic section modulus, see 4.3(4);

The interaction check is performed according to EN 1993-1-5 section 7.1 as follows:
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(1) Provided that 77, (see below) does not exceed 0,5, the design resistance to bending moment and axial

force need not be reduced to allow for the shear force. If 77, is more than 0.5 the combined effects of
bending and shear in the web of an I or box girder should satisfy:

M — 2 - M
1"""’}(27731) <10 forn, >t (7.1)

M pl.Rd Mo Ra

E]*

where M;ira is the design plastic moment of resistance of the section consisting of the effective area of
the flanges:
My rq is the design plastic resistance of the cross section consisting of the effective area of the
flanges and the fully efffective web irrespective of its section class.

E — ME:.’
=
MJ?I‘.R(f
_ /
— l'J':'c.'
ny=
bw,Rd

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

Vi
B _ g
VpIRrd

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

_ AV (fyw/\/g)

pLRd —
YMmo

where:

A, - is the shear area.

For hot rolled sections, with load parallel to the web, the shear area A, is given by:
Av=A-2bti+ (tw + 20) t;

For a plated / hybrid girder:

A= (h -t - ta) 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.

Vi
Bd _ 4
Vb,rd

With (eq. 5.2):

waywhwt
Vord = Vowra = —=——
v \/§VM1
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Table 5.1: Contribution from the web y,, to shear buckling resistance

| Rigid end post Non-rigid end post
A, <083/ 7 7
083/ <A, <1,08 083/ 4, 0.83/ 4,
7. > 1,08 13707+ 7. 0.83/ 1,

In this tool, the condition of non-rigid end post is assumed where the value of 5 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.

Where shear is present, allowance should be made for its effect on the bending

resistance.

Where Veq < 0.5Vyird the effect of the shear force on the bending resistance may be
neglected, except where shear buckling reduces the section resistance.

Where Veq 2 0.5Vpre the reduced moment resistance should be taken as the design
resistance of the cross-section, calculated using a reduced yield strength (1 - p) f, for the

shear area, where:

2
2VEq >
p= -1
(Vpl,Rd

and Vpird is calculated as described in 5.5.2.
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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.

A compression member is verified against buckling by the relationship:

N
Ed < 1.0
Np rd

where:

Neq is the design value of the compression force;
Np.rd is the design buckling resistance of the compression member;

Af
Npgra = X—=
Ym1

For axial compression in members, the value of the reduction fagtor for the relevant
buckling mode y for the appropriate non-dimensional slenderness 4 is determined from
the appropriate buckling curve according to:

1
X= m <1.0
Where:
¢ =0.5[1+a(1-0.2) + 2?]
Where:
a is an imperfection factor;

The non-dimensional slenderness 2 is given by:

_ A
1= i
NCI'

where N¢; is the elastic critical force for the relevant buckling mode assumed in the tool
as:

3 m?EIl

cr 2
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For Class 4 cross-sections, the area should be:
A = Aege

The imperfection factor a 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).

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

Mgq

My ra

<1.0

Where:

Meq is the design value of the moment;
Mo,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 Leit,itb.

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

The appropriate section modulus is defined as follows:

For Class 1 and 2 cross-sections:
Wy = Wpiy

For Class 3 cross-sections:
Wy = Welyy

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 y;t for lateral-torsional buckling with
the appropriate non-dimensional slenderness A, is determined from (eq. 6.57 of
EN1993-1-1):

1
XLT = <1.0
/ - 2
bur + (P’ — it

where:

¢ = 0.5 [1 + aLT(ZLT - /TLT,O) + B/TLTZ:I
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UK:

For hot rolled sections:
iLT,O =04

B=0.75

For Fabricated:

A_LT,O =0.2

p=1

DE and Eurocode:

/TLT,O =04
p=0.75

PT:

A_LT,O =0.2
p=1
Being;

_ Wyfy
Aur = M,

The value of the imperfection parameter a.r 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 y, can be
modified as follows by the factor f.
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NA.2.18 Modification factor, f
[BS EN 1993-1-1:2005+A1:2014, 6.3.2.3(2)]

The recommended expression for f should be used in which k_is
given by:

k=
Jo
where:

_ M, for the actual bending moment diagram
1 M, for a uniform bending moment diagram

values of C, are given in the references listed in NA.4.
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NCCI document SNO0O3 provides appropriate expressions to calculate M for doubly
symmetric sections:

m2El,

M = € 12

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

Mg = € + (CZZP)Z + CZZP

L2

where:

n2El, b 12GI,
I,  m2El

E, G are material properties;
I, I, lw are section properties;
L is the buckling length of the member (Lerititw);

C: and C; is a factor that depends on the shape of the bending moment diagram —

see figure below.

Baustatisches System | Momentenverlauf c, ke | &
I ¥ 39934, max M, (112
y f
V. 2 | T |oa5|0%4|112
'LFZ max M, {1.35
¥ f
5 2 | <7 |os5 0,86{1,35
nély ﬂgy max My 11904 00]1.00
A D — | :
n(ny L W7\ 0785177
g o, ,
= maxM, 1104| _1)
n .y 7 047|098 —
L4 |L/4) '
v ¥ v V¥ v vy
4 qu |><Imax Myl A 2,58 0.90| —
1 N 1 157|"
F
2 ‘z N '\ il My/l 1,68 077 —
7 R ~J 1,51]
AR EEE LD Imax M- {222) o |
P N 0,89
F
* = N Imax Myl)ﬂ 1’79 0 82 —
i N | Y17 1,08("
Dmit VI7C, gemafR NA zur DIN EN 1993-1-1 berechnet

Z, is the distance from the force exerting point to the shear centre of the cross sections:
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For simply symmetric sections, the elastic critical moment of lateral-torsional buckling
Mecr can be calculated as follow:

w?El, |I, L2GI;
2
MCI' Cl LZ Z + T[ZEIZ + k23 + k23

2
Izu tfu tﬂ z'qu
=—'h—____ 7
=g =5 =) = ey =)

I, = [tfub& + tﬂblz + (h =t — tﬂ)tw]/lz

Ly = tﬂb12/12

Considering:

ey_pl

=

©

pLN.A. || J
el. N. A.

|
-~
=
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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-A 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:

NEgg My kg
+k —<1.0
Npyra Y Mpra
N
Bd 4, —YE <10

Ned, Myeqd and M, eq are the design values of the compression force and the maximum
moments about the y-y and z-z axes along the member, respectively;

Nbyrd and Np 2 rd are the design buckling resistances of the member about the major and
minor axis, respectively;

kyy and k,y 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.

Table B.1: Interaction factors k; for members not susceptible to torsional
deformations

Interaction Type of Design assumptions
factors sections clastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
= N - N
C_.|1+0,64, —F C..|1+ ()H - O,Z)A
K I-sections %y Nrw /Y ' Ly Nee /Y
w RHS-sections N N
<C_. |1+ 0,6——H <C_. |1+ 08—
%y N/ Yan %y N /Yo
I-sections
Kye RHS-sections ke, 0.6 ks,
I-sections
ey RHS-sections 0.8 Ky 0.6 kyy

For I- and H-sections and rectangular hollow sections under axial compression and uniaxial bending M; x4
the cocfficient k,, may be k,, = 0.
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Table B.2: Interaction factors k;; for members susceptible to torsional

deformations

Interaction Design assumptions
factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
k., k., from Table B.1 k,, from Table B.1
Ky, k., from Table B.1 k., from Table B.1
| 005k, Ny, [1 0k, N, }
(CmLT - 0725) X.sz\- /VMl (CmLT 70,25) XZNRI‘ "‘Ym
[, o0 Ngy 2{1 0. N, }
k., (Cm.LT 70’25) XZNR_k ’/YMl (CmL'l' —O,ZS)XZNM /71\-11
for &, < 0,4:
kl\ :0,6-4-%4 <l- 012 NF'd
] (Cer _0»25) X.zNR_k /Y
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 ¢,,,, and ¢y, according to Kindmann, "Stahlbau” Teil 2,

section 6.8.

For doubly symmetric sections:

For the cases where C; > 1.3:

For the cases where C1 < 1.3:

C.,=0.65;
CmLt = 0.90;
Crmy = 0.90;
C,=0.45;
CmLt = 0.95;
Crmy = 0.95;

For doubly mono-symmetric sections:

For the cases where: C1 > 1.3

C.=1.36;
C,= 0.55;
Cs3=1.73;
CmL = 0.9;
Cmy = 0.9;
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For the cases where C1 < 1.3:
C1 = 1.13;

C.=0.46;

Cs;=0.53;

CmLT = 0.95;

Cmy = 0.

95;

It's clear that for non-symmetric sections, the value of C; may be overridden by the
calculation engine.

The generic calculation of the C1 values is based on the following principles:

C =

1

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:

35M_*
Mmaj + 9,‘\/122 + 16M32 + 9M42

Mmax=M5
My

M

l M
|
My | e M, M, M,
M, | My My
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The buckling curves are selected based on the selected national annex.

UK national annex:

NA.2.17

[*2 Table NA.1 Selection of buckling curve for a cross-section

Lateral torsional buckling for rolled
sections or equivalent welded sections
[BS EN 1993-1-1:2005+A1:2014, 6.3.2.3(1)]

For buildings and bridges the following values of 4,5, and p should be

used:

a) For rolled sections and hot-finished and cold-formed hollow

sections:
=04
p=0.75

b) For welded sections:

hro = 0.2
B =1.00

BS EN 1993-1-1:2005+A1:2014, Table 6.5 should be replaced with

Table NA.1:

Cross-section Limits Buckling
curve

Rolled doubly symmetric | and H sections and hot-finished hib =2 b
hollow sections 2.0 <hb <3.1 c

h/b > 3.1 d
Angles (for moments in the major principal plane) d
All other hot-rolled sections. d
Welded doubly symmetric sections and cold-formed hib =2 C
hollow sections 20<hb<3.1 d

Portuguese national annex:

Seccdo transversal Limites Curva de encurvadura
Hot-rolled sections Wb <2 !
Wb >2 b
] hWb<2 c
Welded sections Wb > 2 d
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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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