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1 INTRODUCTION 

In this document a comparative design study and four case studies are presented based 
on existing projects. In the case studies a comparison of the design of floor systems with 
conventional strength steel S235/S355 and with high strength steel systems are 
conducted. The benefits of solutions using modern high strength steels (HSS) for 
sustainable construction relative to conventional strength steel S235/S355 in terms of 
saving weight will be highlighted. 

The chosen case studies from existing projects include the following four different types 
of buildings:  

- industrial building, 

- industrial hall, 

- multi-storey office building, 

- public structure.  

The span length varies in the projects between 6 m and 20 m. In the case studies, the 
important topics for possible use of HSS such as lateral torsional buckling and deflection 
limits under dead and imposed loads are taken into account.  

In the table below, the four case studies are summarised.    

Table 1.1 Summary of the 4 case studies 

 
 

The case studies and the comparative study were carried out with the optimization facility 
in the online design tool for HSS beams developed in WP 4.1 within the STROBE project 
and available from http://strobe.steel-sci.org. Using the online design tool for HSS 
beams, not only the design of floor beams can be carried out, but also an optimization 
for the smallest cross section is possible, in order to achieve the best benefit from using 
different steel grades. 

 

span load radio lateral torsional  critical failure

 L [m] gK/qK  buckling  mode

1 B015
industrial 

building
6 0.07 yes deflection

2 VAC
industrial

hall
16.73 ~1.0 yes deflection

3
Hafenbogen

Frankfurt a.M.

office

building 
7.5 0.82 no ULS

4
Museum

Berlin

public 

building
20 2 no deflection

Name typeNo.

http://strobe.steel-sci.org/
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2 CASE STUDY 1: INDUSTRIAL BUILDING 

The steel platform of a multi-storey industrial building, which is currently under 
reconstruction, consists of a light grating slab resting on steel floor beams. The beams 
are supported by steel girders between the columns. The grid of the floor system is 6.5 
m x 6.0 m, as shown in Figure 2.1. The focus in the case study is on the secondary 
beams that are chosen in the existing project as rolled section HEA220 with the steel 
grade S235. The span length of the beam is 6 m, while the spacing between the beams 
takes 1.97 m.  

 

Figure 2.1 Floor system of an industry building  

Apart from the self-weight of the beams and girders, the following dead and imposed 
loads are acting: 

- dead load:    0.35 kN/m² 

- imposed load:   5.00 kN/m² 

For the optimization, the parameters as follows are considered: 

- Deflection limits according to the client's specifications,  
  for total Load:   L/200 
  for imposed Load:  L/300 

- Load radio    gK/qK = 0.35/5.00 = 0.07 

- Stability:   with lateral torsional buckling 
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Figure 2.2 shows the results of the re-calculation in agreement with the values of the 
design of the existing project. 

 

Figure 2.2 Re-calculation of the steel beam with the online design tool for HSS beams 
of WP 4.1 

The results of the optimization for different steel grades is summarized in Table 2.1 for 
rolled sections, in Table 2.2 for doubly symmetric welded sections and in Table 2.3 for 
singly symmetric welded sections. 

If only rolled sections as standard profiles are considered, there is almost no benefit with 
HSS, because starting with the steel grade S355 the deflection limit is decisive for the 
design. If the deflection limits for imposed Load is reduced to L/250, a weight reduction 
can be achieved up to 16% for the steel grades S355, S460 and S690 compared to S235 
(see the bottom line of  Table 2.1). Note that rolled I sections are not available in S690 – 
their inclusion is for information only. 

Table 2.1 Optimization of the steel beam with standard profile 
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Table 2.2 Optimization of the steel beam with doubly symmetric welded sections  

 

By the optimization with fabricated welded doubly symmetric profiles (see Table 2.2), the 
results are just a little bit better than the results with the rolled sections; a weight reduction 
up to 13% for the steel grade S355 and 19% for the steel grade S460 with plate girders 
compared to the steel grade S235 can be achieved. The same results can be also 
realized by using a hybrid girder with a web in S235 or S355. Within the Table 2.2 it can 
be seen that there is just minor benefit for using S690 compared to S460 (~2%). The 
reason for the only small weight reduction with the HSS is again that the deflection limit 
for imposed load is the governing design criterion. 

Table 2.3 Optimization of the steel beam with singly symmetric welded sections  

 

More benefits could be obtained by using welded singly symmetric profiles (see Table 
2.3). The self-weight of the beam profiles can be reduced by 25% compared to the steel 
grade S235 if the steel grade S355 is used. However, for the optimization of the steel 
beam with singly symmetric profiles as well as with doubly symmetric sections, the 
advantage of the usage of the steel grades S460 and S690 is negligibly small because 
of the decisive deflection limits. 

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top 

flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

Comparison

Steel Weight

initial design

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S235 220 150 150 8 15 15 47.26 100% 94%

S355 220 200 200 8 10 10 43.96 93% 87%

S460/S235 220 225 225 8 8 8 41.07 87% 81%

S460/S355 220 225 225 8 8 8 41.07 87% 81%

S460 220 225 225 8 8 8 41.07 87% 81%

S690 220 175 175 8 10 10 40.03 85% 79%

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top 

flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

symmetrical 

profile

Comparison

Steel Weight

initial design

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S235 220 250 150 8 8 12 42.39 90% 84%

S355 220 225 150 8 8 10 38.59 82% 76%

S460/S235 220 200 125 8 10 10 38.07 81% 75%

S460/S355 220 200 125 8 10 10 38.07 81% 75%

S460 220 200 125 8 10 10 38.07 81% 75%

S690 220 175 125 8 10 12 37.95 80% 75%
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Figure 2.3 results of optimization for a secondary beam of floor system-industrial building 

The results of the optimization of the beams are summarized in Figure 2.3. It can be 
seen that homogenous plate/hybrid girders are very effective for weight reduction, 
especially when singly symmetric profiles are used. The reason therefore is that this type 
of profiles has advantages to resist the lateral-torsional buckling due to the larger upper 
flanges.  

In addition, it can be highlighted that identical results are achieved for the optimization 
with doubly symmetric and singly symmetric profile if  a homogenous plate girder a hybrid 
section with flanges in HSS and a reduced steel grade for the web is used for example 
S235 or S355.  

For the secondary beams of a floor system in an industrial building, if the ratio of the 
dead to imposed loads is relatively small, there is no essential benefits for S460 and 
S690 compared to S355. 
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3 CASE STUDY 2: INDUSTRIAL HALL 

The roof structure of an old industrial hall, which was built in the late 1930’s, made as 
steel truss girders has to be renovated in the near future. In order to obtain more space 
between the roof structure and the electric overhead traveling crane, the steel truss 
girders should be replaced with standard profile sections.  

 

Figure 3.1 Renovation of the steel roof structure of an industrial hall 

The basic information of the industrial hall with a middle column are shown as follows: 

- Hall width:    33.46 m (2 x 16.73 m) 

- Hall length:                   60 m  

- Truss spacing:           6 m 

- Planning:   IPE600 – S235 
 

Because the roof of this industrial hall is generally not walkable, the snow load is the only 
imposed load that has to be taken into account.  

For the optimization, the parameters as follows are considered: 

- Deflection limits according to the client's specifications, 
  for total Load:   L/200 
  for imposed Load:  L/300 

- Load radio:   gk/qk = 0.5/0.52  1.0 

- Stability:   against lateral torsional buckling 
 

Using the online design tool for HSS beams of WP 4.1 the results of the design for 
optimization of the steel roof girder with standard profiles (rolled sections) in S355 are 
given in Table 3.1. Up to 28% weight reduction can be reached for S355 compared to 
S235 (88.33 to 122.45 kg/m, see Table 3.1). 
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In this case, the total deflection limit becomes the critical design criteria, so there is no 
benefit for using HSS as a standard profile (rolled section).  

Table 3.1 Optimization of the roof girder with standard profiles in S355 

 

In contrary to the standard profiles, more benefits for HSS can be realized with the doubly 
symmetric or singly symmetric welded profiles (see Table 3.2), due to the flexibility of 
dimensions for the cross section.  

Table 3.2 Optimization of the roof girder with singly and doubly symmetric profile  

  

By using S460 for doubly symmetric cross sections, the self-weight of the welded profile 
can be reduced by 34%, both in homogeneous and hybrid girders compared to the steel 
grade S355. In this case, the width of flange can be reduced; however, there is no 
considerable reduction of self-weight compared to S355, because the flange thickness 
of 8mm is already very thin and should not be further reduced for practical reasons. 

In the case that the singly symmetric welded profile is considered, the self-weight of the 
plate girder in S460 could be decreased between 44% and 49% compared to the steel 
grade S235.  

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top 

flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel 

Weight

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S235 600 220 220 12 19 19 122.0 100%

S355 550 400 400 8 8 8 83.8 69%

S460/S235 575 375 375 8 8 8 82.2 67%

S460/S355 550 375 375 8 8 8 80.6 66%

S460 550 375 375 8 8 8 80.6 66%

S690 550 375 375 8 8 8 80.6 66%

S235 550 375 125 8 10 8 70.7 58%

S355 525 375 125 8 8 10 64.9 53%

S460/S235 550 375 125 8 8 8 64.9 53%

S460/S355 550 375 125 8 8 8 64.9 53%

S460 500 375 100 8 8 10 61.7 51%

S690 475 375 100 8 8 10 60.1 49%

doubly symmetric profile 

singly symmetric profile 
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The advantage of using HSS in S690 is to reduce the section height of the steel girder 
under the same boundary conditions. It could be useful, if more clearance height is 
needed.  

 

Figure 3.2 Optimization of the steel roof structure of an industrial hall 

In summary, it can be concluded that for the roof girder of this industrial hall the greatest 
benefits from using HSS could be gained if a fabricated doubly symmetric or singly 
symmetric welded profile is chosen, instead of a standard rolled section. Both the 
homogeneous plate girder and hybrid section with S235/S355 in the web are suitable. 
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4 CASE STUDY 3: OFFICE BUILDING 

In a project located in Frankfurt am Main, a composite basement floor girder in an office 
building - floor system had to be designed. The cross section of this basement girder is 
shown in Figure 4.1.  

 

Figure 4.1  Basement floor girder in an office building 

Within this case study, the focus is on the steel girder. The basic information of the steel 
girder is shown as follows: 

- Plate girder:  850/600/100/120 

- Steel:   S355 

- Concrete:  2000/300 + 1100/850  

- Span max.:  L= 7.5 m 

- Dead load:  qK = 20 kN/m 

- Imposed load: pK = 24.5 kN/m 

   Pk = 4150 kN 

 

First of all a re-calculation for the basement floor girder was carried out with the online 
design tool for HSS beams of WP 4.1 (see Figure 4.2). The utilization factor of the load 
bearing capacity for the permanent and variable loads in the ultimate limited state is 
taken into account as a reference value for the further optimization (see Figure 4.3).  
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Figure 4.2 Re-calculation of the basement floor girder 

For the optimization, the parameters as follows are considered: 

- Deflection limits:  
  for total loads:  L/200 
  for imposed loads:  L/300 

- Load radio    gK/qK = 20/24.5 = 0.82 

- ULS utilization factor: 0.745 

- Stability:   without lateral torsional buckling 
 

 

Figure 4.3 Optimization with welded doubly symmetric profile 
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Figure 4.4 Comparative studies for steel girder in different steel grades  

Figure 4.4 shows the results of the comparative studies for the basement floor girder. In 
case of a doubly symmetric cross section, the self-weight of the welded profile can be 
reduced by 32% for the steel grade S460 compared to the steel grade S355 and 53% 
for steel grade S690.  

The results for a homogeneous plate girder and a hybrid girder with S355 for the web 
are similar (~2-4% deviation, see also Table 4.1). The hybrid girder could be preferred for 
cost reasons. 

 

Figure 4.5 Comparative studies for steel girder in different flange width 
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Table 4.1 Comparative studies of steel girder in different flange width  

  

The influence of the flange width on different steel grades was also examined. The 
weight reductions for the steel grades S460 and S690 are the minimum (<2%), while the 
reduction is 9% for the steel grade S355 (see Figure 4.5 and Table 4.1). That means the 
section weight can be reduced with increased flange width only with the profile in the 
steel grade S355 because of the reduction of web thickness. Nonetheless, for profiles in 
S690 there is no more benefit for a wider flange, because the thickness of the flange 
could not be reduced more in light of the verification for load carrying capacity of shear. 
In this case, a value of 0.8 is the given limit for the ULS check for shear force (VEd/Vpl,Rd). 
With the smallest flange width, the minimum thickness of flange is already obtained. In 
the flange the reduction of thickness is compensated by the increase of width.     

 
 

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 650 850 850 120 100 100 1758.40 100%

S460/S355 650 850 850 50 80 80 1259.92 72%

S460 650 850 850 35 80 80 1202.23 68%

S690/S355 650 850 850 35 55 55 882.34 50%

S690 650 850 850 20 55 55 818.75 47%

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

b=850mm

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 650 900 900 60 100 100 1624.95 92%

S460/S355 650 900 900 40 75 75 1216.75 69%

S460 650 900 900 35 75 75 1197.12 68%

S690/S355 650 900 900 35 50 50 857.61 49%

S690 650 900 900 20 50 50 782.85 45%

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

b=850mm

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 650 950 950 50 95 95 1597.48 91%

S460/S355 650 950 950 45 70 70 1224.21 70%

S460 650 950 950 35 70 70 1184.17 67%

S690/S355 650 950 950 55 45 45 912.96 52%

S690 650 950 950 20 50 50 832.10 47%
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5 CASE STUDY 4: PUBLIC BUILDING 

In a museum project located in Berlin, there are a few large-scale halls with a composite 
floor system. The floor system is 30 m long and 20 m wide in layout, which is supported 
by 6 floor girders with a span length of 20 mm. The spacing of the girders is 4.5 m. 

The composite floor girder consists of a 30 cm thick concrete slab and a 95 cm high steel 
girder connected with head bolts. In order to reduce the deflection, a precamber for the 
composite beam is intended. In Figures 5.1 – 5.3 more details of the existing project are 
shown. 

 

Figure 5.1 Composite floor system of the Museum 

 

Figure 5.2 Layout of the floor system of the Museum 
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Figure 5.3 Cross-section of the existing composite floor system with steel grade S355 

The online design tool for HSS beams, is just suitable for pure steel cross sections at 
present. Therefore, the optimization for the steel girder based on this project should be 
done for the following boundary conditions: 

- dead load:    0.3x25+2.5 = 10 kN/m² 

- imposed load:   5 kN/m² 

- Load radio:   gK/qK = 10/5 = 2 

- Deflection limits:  
  for total load:   L/150 or L/50 (with precamber) 
  for imposed load:  L/300 

- Stability:   without lateral torsional buckling 
 

The optimization results for doubly and singly symmetric welded profiles in terms of steel 
grade are given in Figure 5.4 (see also Table 5.1 and Table 5.2). It can be seen that a 
weight reduction can be reached of 19% and 21% respectively compared to the initial 
design with the steel grade if only an adaption of the dimensions is conducted. 

The use of HSS allowed a reduction of weight of up to 33% compared to its weight in the 
initial design with the steel grade S355. In light of the deflection limits for the total load, 
there is no additional benefit for S690. The most efficient profile combination is a hybrid 
girder with a flange in S460 and web in S355. The singly symmetric profile has a minor 
advantage over the doubly symmetric one in S355, with a total savings of 2% (see 
Figure 5.4). 

  



 STROBE 

STROBE D4-5 Re-design of floor systems in HSS 15 

Table 5.1 Optimization of the floor girder with doubly symmetric welded profile 

 

Table 5.2 Optimization of the floor girder with singly symmetric welded profile 

 

 

Figure 5.4 Optimization for steel girder with singly and doubly symmetric profile 

 

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 950 500 500 20 25 35 375.23 100%

S355 950 425 425 15 30 30 304.97 81%

S460/S355 950 450 450 12 25 25 261.40 70%

S460 950 425 425 12 25 25 251.59 67%

S690/S355 950 425 425 12 25 25 251.59 67%

S690 950 425 425 12 25 25 251.59 67%

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 950 500 500 20 25 35 375.23 100%

S355 950 425 575 15 30 20 296.34 79%

S460/S355 950 525 550 12 25 15 253.52 68%

S460 950 425 525 12 25 20 251.08 67%

S690/S355 950 425 575 12 25 18 250.09 67%

S690 950 425 575 12 25 18 250.09 67%
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It is very interesting to compare the optimization results with and without precamber for 
the steel girder. When precamber of the girders is assumed to compensate the dead 
load deflections, only the deflection limits for the imposed load have to be considered.  

In this case, more benefits can be realized with girders in the steel grade S690, the self-
weight could be reduced by up to 48%. In comparison with a singly symmetric 
homogenous plate/hybrid girder without precamber, a reduction of 21.6% (196 to 
250kg/m) could be reached, as shown in Figure 5.5 and Table 5.3.  

Table 5.3 Optimization with singly symmetric welded profile considering precamber 

 

 

Figure 5.5 Optimization with singly symmetric profile considering precamber 

It is worthwhile mentioning that the results for a homogeneous plate girder, and a hybrid 
girder with flanges in S690 respectively and a web in S355, are almost the same. 

Steel Grade
Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m]

S355 950 500 500 20 25 35 375.23 100%

S355 950 425 575 15 30 20 296.34 79%

S460/S355 950 525 525 12 25 15 250.57 67%

S460 950 525 475 12 25 15 244.68 65%

S690/S355 950 400 400 12 20 15 196.09 52%

S690 950 400 450 12 18 15 195.89 52%
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In this public building, due to the slender composite girder construction in relation to the 
span length, not only structural analysis will be performed, but also the vibration of the 
floor system shall be analysed to determine the response to human-induced vibrations.  

According to SCI Publication P3541, floors should be designed to have a natural 
frequency of over 3 Hz because the fundamental harmonic of walking has a significantly 
larger amplitude than higher harmonics, and by making the natural frequency of the floor 
sufficiently high, the off-resonant vibration of the floor from this first harmonic is avoided. 
 
For the initial design, the verification of serviceability of the steel girder is not satisfied, 
because the natural frequency calculated by using a simplified method is lower than 
3 Hz. In this case, further analysis with a sophisticated method is required. 

 

Figure 5.6 Output of calculation result for SLS check 

Using the SCI floor vibration analysis (FVA) tool developed in WP4.2, the acceleration 
and vibration response of sensitive floors could be determined based on the design 
procedures in SCI P354. The result of the analysis shows a natural frequency of 4.14, 
which is higher than the minimum value of 3Hz (Figure 5.7). The response factors are 
low because the beams are deep and heavy with a very thick 300 mm slab, and the 
permanent and imposed loads are also high, which increases the stiffness and mass of 
the system.  

                                                 
1 Smith, A.L., Hicks, S.J. and Devine P.J., Design of Floors for Vibration, A New Approach 
P354. Revised Edition, Steel Construction Institute, 2009 
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Figure 5.7 Input and results of vibration analysis of floor system initial design   
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The response of a functionally equivalent floor system with an optimized HSS steel 
girder is given in Table 5.4 and Figure 5.8. A doubly symmetric profile in S690 with 
precamber is considered.  

Table 5.4 Input and Output of optimization with doubly symmetric profile for S690  

 

In Table 5.5 it can be seen that the self-weight of the optimized girder in S690 can be 
reduced to 47% in cooperation with the initial design. The fundamental frequency is 
indeed smaller but still satisfies the criteria > 3 Hz.  

Table 5.5 Optimization and vibration analysis for doubly symmetric welded profile  
  considering precamber 

 

 

Steel 

Grade

Section 

Height

Top 

flange

Width

Bottom 

flange

Width

Web 

Thickness

Top flange

Thickness

Bottom 

flange

Thickness

Section 

Weight

Comparison

Steel Weight

Fundemental

Frequency

[mm] [mm] [mm] [mm] [mm] [mm] [kg/m] --- [Hz]

S355 950 500 500 20 25 35 375.23 100% 4.14

S690 950 400 400 12 18 18 199.14 53% 3.49
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Figure 5.8 Input and results for vibration analysis of floor system with HSS steel girder   
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6 GENERAL COMPARATIVE STUDY 

In addition to the case studies, the potential of HSS beams with yield strengths from 460 
to 690 MPa versus standard steel grades S235 and S355 for building structures was 
studied in a comparative design process. The comparative study was carried out with 
the online design tool for HSS beams described in WP4.1 for simple beams with uniform 
distributed loads, see Figure 6.1. The investigated parameters of the comparative study 
are as follows: 
 
Sections and steel grades: 

- rolled sections in S235 / S355 / S460 

- welded plate girders in S235 / S355 / S460 / S690 

- welded hybrid girders combined S235 / S355 / S460 / S690 

Uniform distributed loads: 

- pk = 2.5 / 5 / 10 / 15 / 20 / 30 / 40 / 50 kN/m  

Span: 

- l = 2.5 / 5 / 10 / 20 / 40 m 

Deflection limit: 

- Yes / No 

Lateral-torsional buckling: 

- Yes / No 

  
Figure 6.1 Simple beam system for the comparative study 

The results of the comparative study for the rolled sections are provided, for example, 
for single beams with a design load of 20 kN/m shown in figures 6.2-6.4. For other loads, 
the results are similar, practically speaking. 
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Figure 6.2  Results of the comparative study with no deflection limit and no lateral-

torsional buckling for design loading of 20 kN/m. 

It can be seen from Figure 6.2 that if there is no deflection limit and lateral-torsional 
buckling is not critical, the higher strength of the steel grades results in a reduction in 
weight. The weight saving amounts up to 40% for HSS S460 compared to the standard 
steel grade S235. 
 

 
Figure 6.3: Results of the comparative study with no deflection limit but lateral-torsional 

buckling is considered for design loading of 20 kN/m. 

In the case that lateral-torsional buckling has to be considered and there is no deflection 
limit, the weight saving is decreased to 0-20% for HSS S460 compared to the standard 
steel grade S235. 
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Figure 6.4: Results of the comparative study with deflection limit of l/300 for the total load 

but lateral-torsional buckling is not considered for design loading of 20 kN/m 

For the examinations where a deflection limit of l/300 for the total load at SLS was 
considered, there were no weight savings at all for the HSS, see Figure 6.4. 
 
Consequently, it can be summarized that the application of HSS is effective and results 
in weight savings if the deflection limit and lateral-torsional buckling do not govern 
design. That means that for the beams, lateral constraints are recommended, for 
example through bracing, concrete slabs, trapezoidal sheeting or sandwich elements, 
see Figure 6.5 for example. 
 

 
 
Figure 6.5  Lateral constraints to prevent lateral-torsional buckling 

Since vertical deflection is critical in many cases for HSS, it is recommended to take 
measures which decrease deflection. One option, for example, is to precamber the beam 
in order to compensate for the deflection due to dead loads and check the deflection limit 
only for the imposed load, see Figure 6.6.  



STROBE  

STROBE D4-5 Re-design of floor systems in HSS 24 

 
Figure 6.6  Precamber of the beam to reduce deflection limits 

In the following, an optimized example for the possible application of HSS using the 
online design tool for HSS beams is given, see Figure 6.7. It can be seen that under the 
condition that lateral-torsional buckling is prevented and precamber of the beam is 
applied to reduce the critical deflection, HSS is very effective to reduce weight for 
structural members. In the given optimization example it is shown that a weight reduction 
of 47% is attainable if, instead of the rolled section of steel grade S355, a welded section 
of steel grade 690 is used. If a hybrid section with steel grade S355 for the web and the 
steel grades S690 for the flanges is used, a similar weight reduction can be achieved.  
 

 

 

 
Figure 6.7 Exemplary optimized application of HSS in building structures  

– vibration analysis has to be checked in addition 

precamber of the beam 
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7 CONCLUSIONS  

The main reason for the application of HSS in building structures is the dimensional 
reduction of structural members in comparison with standard steel grades. Due to the 
smaller dimensions, weight reduction and thus cost saving can be achieved, but lateral-
torsional buckling, vertical deflection and dynamic response are critical in many cases 
by using HSS beams. 
 
Based on the four case studies from the re-design of existing projects for different types 
of buildings and an additional comparative study, the following conclusions can be 
drawn: 

 

1. On condition that lateral-torsional buckling is restricted: 

- The influences of flange widths on optimization are insignificant. 

- Rolled sections of steel grade S460 are efficient if no deflection limit, or the 
proportion of the dead load is high and a precamber of the beam for the dead 
load can be considered. 

- Welded plate girders in HSS are highly effective for members with larger spans 
and higher loadings. If the deflection limit has to be considered, the proportion of 
the dead load should be sufficiently high so that a precamber of the girder is 
possible.  

- For a large span girder, HSS is effective especially if the ratio of height to span 
of a girder is chosen within a range of 1/20 to 1/25. 

- In general, if HSS is applied and a weight reduction is possible, the verification of 
structural response with a simplified vibration check may not be sufficient. A 
supplementary design tool which gives a more accurate analysis of dynamic 
response, which was developed by SCI STROBE in WP 4.2, can be applied. 

2. On condition that lateral-torsional buckling has to be considered: 

- The influences of flange width on optimization for the HSS S460 or S690 are 
significant. 

- More benefits for HSS could be gained, if a fabricated doubly symmetric or singly 
symmetric welded profile is chosen instead of standard rolled sections. 

- Singly symmetric welded profiles with larger upper flanges are highly effective for 
the optimization.  

- For normal spans (say L=6m), if the ratio of dead to imposed loads is relatively 
small, there are no essential benefits for S460 and S690 compared to S355 
because of deflection limits. 

3. Hybrid sections 

- In the case that a hybrid girder with HSS for the flanges and standard steel for 
the web is chosen, the obtained cross section reductions are usually of a similar 
magnitude to those for homogeneous cross sections. Therefore, hybrid sections 
with lower strength of the web S235/S355 are useful solutions. 

 


