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Duration of the EU Project: July 2017 – March 2021
Aim of the project is to overcome specific obstacles 
in the wider use of HSS (S460 to S700) in building structures

STROBE _ Stronger Steels in the Built Environment

Results is presented under “https://steel-sci.com/strobe.html”

Institutions
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A. Online Design Tool 

http://strobe.steel-sci.org
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Scope of the design and optimization tool

1. Structural system
- simple beams 
- concentration loads and 
distribution loads
- axial force

2. Steel grades
- standard steels S235, S275, S355
- HSS S420, S460, S690

A. Online Design Tool 
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Scope of the design and optimization tool

4. Optimization
- determination of dimensions with
the lightest weight 

- optimization considerations:
deflection limit, lateral-torsional
buckling, section height etc.

3. Cross-sections
- cross-sections classes 1-4 
- standard hot-rolled sections 
- welded plate girders
- welded hybrid girders

A. Online Design Tool 
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Investigated parameters

B. General Parametric Study

System:
- simple beams

Loading:
- uniform distributed load 
- pk = 2.5/5/10/15/20/30/40/50 kN/m

Span:
- l = 2.5 / 5 / 10 / 20 m 

Deflection limit:
- Yes / No

Lateral-torsional buckling:
- Yes / No

Sections and steel grades:
- hot-rolled sections in S235/S355/S460
- welded plate/hybrid girders in               

S235/S355/S460/S690
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Results for the hot-rolled sections

When no deflection limit & 

no lateral-torsional buckling

 weight reduction up to 40%

for S460 compared to S235

B. General Parametric Study
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Results for the hot-rolled sections

When no deflection limit & 

with lateral-torsional buckling

weight reduction for S460

compared to S235 is reduced 

to 0-20%

no benefit for S460

compared to S355

B. General Parametric Study
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Results for the hot-rolled sections

When deflection limit is l/300 

for dead and imposed load & 

no lateral-torsional buckling

 no benefit for S460

compared to S235 and S355

B. General Parametric Study
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Example: Beam with large span (L=20m)

B. General Parametric Study

Hot-rolled section

Load ratio: g /q =1

Deflection limit: l/300 for imposed load

+ precamber the beam for dead load

No lateral-torsional buckling

Total load: pd = g+q = 40 kN/m 

Welded plate girder Welded hybrid girder
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Example: Beam with large span (L=20m)

B. General Parametric Study

S235
S355&S460

11%

S355
S460
S690 S690/S355

28%
35%
47% 44% % weight 

reduction

S355
S460
S690
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Constructive measures for using HSS
Lateral-torsional buckling:
- Lateral constraints on the upper flange are recommended

Deflection limit:
Deflection limit has to be reduced - for example precamber the beam to balance 
the dead loads - deflection limit only for the imposed loads

precamber of the beam

For more information see SCI P432

B. General Parametric Study
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C.  Case Study

floor system: 7.2m x 7.5m

Main Girder: welded profiles 
IS 600x200x20x25 with S355

Secondary beam: 
IPE 500 with S235

Loads:
dead load: 9 kN/m²
live load: 10 kN/m²
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C.  Case Study

Steel Grade
Section 
Height

Top 
flange
Width

Bottom 
flange
Width

Web 
Thickness

Top 
flange

Thickness

Bottom 
flange

Thickness

Section 
Weight

Comparison
Steel 

Weight

Comparison 
with

sym. Profile

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]
S355 600 200 100 CL 1 - 8 CL 1 - 22 None - 25 88.9 100% 73%

S460/S355 600 200 100 CL 2 - 8 CL 1 - 18 None - 22 80.7 91% 71%
S460 600 200 100 CL 2 - 8 CL 1 - 18 None - 18 77.8 88% 69%

Section Weight
[kg/m]

S235 IPE500 90.7 100%
S355 IPE450 77.6 86%
S460 IPE400 66.3 73%

Steel Grade Profile Comparison

Comparative studies for steel main girder with unsymmetrical welded profile

Optimization of steel Secondary beam



16

Conclusions
• Especially for large spans and high loadings, welded plate sections 

with HSS are highly effective
• More benefits for welded profiles than standard profiles with HSS
• Larger girder heights + smaller plate thicknesses are effective 

geometries
• Hybrid sections with lower strength of the web are very effective
• Generally lateral constraints on the upper flange are recommended
• Deflection limit has to be reduced

i.e., considering precamber of the beam for dead loads

D. Recommendations for HSS Beams
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