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1. INTRODUCTION 

 

1.1. Aim of the tests analysis and interpretation 

 

For architectural reasons and also in order to improve the acoustic performance perforated profiles 

(Fig. 1.1.1), with different types, geometries and distribution of micro-perforations on the profile 

web and flange, are increasingly developed and used.  

 

 
Fig. 1.1.1 - Trapezoidal sheet with perforated web (Montana Bausysteme AG, Villemergen [1]) 

 

European Standard EN 1993-1-3 dealing with design rules for cold-formed members and sheeting 

covers only the triangular distribution of such perforations while many exist on the market.  

  

As far as round or square holes in the flange of sheeting are concerned, they are often required for 

the passage of services (Fig. 1.1.2). But only plane walls without holes are covered by EN 1993-1-

3. 

 
Fig. 1.1.2 - Round holes in the flange of sheeting 

 

The background information about sheeting with holes only deals with buckling and postbuckling 

of plates with holes subjected to compression and shear loadings, and doesn't give any data about 

moment resistance, web crippling resistance and interaction moment-reaction resistance. As far as 

perforated sheeting with triangular and quadratic pattern perforations are concerned, some useful 

information found in the literature was given by Th. Misiek [2], [3], [4], investigations on the 

effective width and web crippling resistance. However, this investigation was based on numerical 

computer analysis that doesn't lead directly to the analytical formulation. 

 

Therefore the aim of the tests analysis and interpretation is: 

- to determine the resistance values of different types of sheeting 

- to compare these values for sheeting without and with flange perforations, with web 

perforations and with total perforations 

- to compare these values for sheeting without and with a circular or square single hole in 

the middle of the span 
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- to determine the effect sheeting flange perforations, web perforations, total perforations 

 and circular or square single hole, on the structural behaviour:  resistance and stiffness of 

the steel decks 

 

1.2. General 

 

A huge test program including 272 tests was performed on steel trapezoidal sheeting.  

The profile PML 73 from JORIS IDE was tested without perforations and with triangular and 

square arrangement of perforations in the flange, in the web and in both flange and web 

The profile PML 73 from JORIS IDE was tested without a hole and with a square or circular hole 

in the upper flange in the middle of the span. 

The profile PML 56 from JORIS IDE was tested without a hole and with a square or circular hole 

in the upper flange in the middle of the span. 

All the profiles were tested with two different thicknesses of the sheets 0,75 mm and 1 mm. 

 

 

Fig. 1.2.1: PCB 73 from JORIS IDE 

 

 

Fig. 1.2.2: PML 56 from JORIS IDE 

 

 

The general behaviour of profiles was tested according to EN 1993-1-3, Annex A:  

- single span tests for PML 73 and PML 56 

- internal support tests for PML 73 

- end support tests for PML 73 

 

The local behaviour of sheets with perforations was tested on coupon tests. 
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2. RESISTANCE VALUES 

 

2.1 Single span tests 

Tests set-up: 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.1 – Test set-up for single span tests 

 
The failure mode observed was the same for profiles without, with perforations and with holes. In all tests 

failure occurred by buckling of the upper flange near the load applying traverse. 

  

 

 
Fig. 2.1.2 – Failure mode (PML 73, without perforations and with flange, web and total 

perforations) 
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Fig. 2.1.3 – Failure mode (PML 73, with square and circular  hole in the upper flange, in the 

middle of the span) 
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Resistant Moment and Inertia Moment for 1m width of profile: 

 

PML 73 without/with perforations: 

  
 

 
 

PML 73 without/with circular hole: 

 
 

 
 

PML 73 without/with square hole: 
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PML 56 without/with circular hole: 

 
 

 
 

 

PML 56 without/with square hole: 

 
 

 
 

Flange perforation and web perforation induce similar decrease. The resistant moment decreases 

from 6,2% to 8,6%, and inertia moment decreases from 9,2% to 10,9% for profiles with web or 

flange perforation. Total perforation (flange + web) induces much more decrease: from 36,1% to 

37,1% for the moment resistance and from 33,3% to 33,6% for the inertia moment. 

 

As far as PML 73 holes influence on resistant moment is concerned it’s quite similar for circular 

and square holes. For d=120mm the decrease due to holes is from 12,9% to 15,3% , for d=105mm 

the decrease is from 5,8 to 10,5%, for d=90mm the decrease is from 4 to 6,9%. 

The influence of holes on inertia moment ranges from an increase of 1,2% to a decrease of 9,4%. 

The increase of 1.2% was obtained with the 90 mm square hole and may be only considered as 

being in the range of practical dispersion of the tests results.    

 

PML 56 circular and square holes decrease the resistant moment from 3,9% to 7,6%, and the 

inertia moment from 0,1% to 4,3% 
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2.2 End support tests  

 

 Test set-up: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2.1 – Test set-up for end support test  

 
Web-crippling occurred in all profiles without and with perforations.  

  

 

  

  
Fig. 2.2.2 – Web-crippling (PML 73, 1 mm without and with perforations) 
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Web crippling resistance for 1m of profile: 

 

PML 73: 

 

 
 

We can observe that web crippling resistance is: 

 slightly decreased by flange perforations (from 1,3% to 4%) 

 significantly decreased by web perforations (from 24,4%  to 28,7%)  

 the most decreased by total perforations (from 34,9% to 38,4%) 

 

 

2.3 Internal support tests  

Test set-up: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.3.1 – Test set-up for internal support tests  

 

The rotation is obtained in accordance with EN 1993-1-3 using: 
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Fig. 2.3.2 – Relation between load F and net deflection  

 
The failure mode observed was the same for profile without and with perforations. In all tests failure 

occurred by plastic deformation of the webs (web-crippling). 

 

  

   
 

Fig. 2.3.3 – Failure mode for PML 73, with and without perforations 
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Reaction and Moment at support, for 1m width of profile: 

 

PML 73 tnom = 0.75 mm and bu = 60 mm 

  
  

 
 

Interaction M-R 
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PML 73: tnom = 0.75 mm and bu = 160 mm 

 
 

 
    

Interaction M-R 
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PML 73: tnom = 1.00 mm and bu = 60 mm 

 
 

 
 

Interaction M-R 
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PML 73: tnom = 1.00 mm and bu = 160 mm 

 

 
 

Interaction M-R 
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Our study based on 80 tests performed at intermediate support allows to determine the effect and 

to quantify the influence of perforations.  

 

The influence of flange perforations on support reaction and negative moment ranges from an 

increase of 2,1% to a decrease of 5,4%. The increased value is considered as being in the range of 

practical dispersion of the tests results and for the safety reason is considered as negligible.    

 

The influence of web perforations is a decrease of support reaction and negative moment from 

11,4% to 19,1% 

 

Total perforation (flange + web) induces the bigger decrease of support reaction and negative 

moment from 35% to 41,9%  

 

Therefore we can conclude that the interaction resistance of profile is decreased by web and total 

perforations  

 

2.4 Tensile tests  

The tests are performed on coupons: 

a) without perforation 

b) with perforation arranged in triangles 

c) with perforation arranged in squares 
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Figures 2.4.1 and 2.4.2 show all the stress-strain curves without and with perforations arranged in 

triangle. 

Figures 2.4.3 and 2.4.4 show all the stress-strain curves without and with perforations arranged in 

square. 
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Fig. 2.4.1 – Stress-strain curves without (black curves) and with perforations (red curves) 

arranged in triangle for thickness tN = 0.75 mm 
 

 
Fig. 2.4.2 – Stress-strain curves without (black curves) and with perforations (red curves) 

arranged in triangle for thickness tN = 1 mm 
 

 
Fig. 2.4.3 – Stress-strain curves without (black curves) and with perforations (red curves) 

arranged in square for thickness tN = 0.75 mm 
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Fig. 2.4.4 – Stress-strain curves without (black curves) and with perforations (red curves) 

arranged in square for thickness tN = 1 mm 

 
The stress is decreased by the both perforations, arranged in triangle and in square. The further detailed 

analysis will allow to determine the ratios between the yield stress of the coupons without perforation and 

the yield stress of the coupons with perforations.  

 

2.5 Flexion tests  

The tests are performed on plates: 

a) without perforation 

b) with perforation arranged in triangles 

c) with perforation arranged in squares 
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Figures 2.5.1 and 2.5.2 show all the load-deflection curves without and with perforations arranged 

in triangle. 

Figures 2.5.3 and 2.5.4 show all the load-deflection curves without and with perforations arranged 

in square. 
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Fig. 2.5.1 – Load-deflection curves without (black curves) and with perforations (red curves) 

arranged in triangle for thickness tN = 0,75 mm 

 

 
Fig. 2.5.2 – Load-deflection curves without (black curves) and with perforations (red curves) 

arranged in triangle for thickness tN = 1 mm 
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Fig. 2.5.3 – Load-deflection curves without (black curves) and with perforations (red curves) 

arranged in square for thickness tN = 0,75 mm 

 

 
Fig. 2.5.4 – Load-deflection curves without (black curves) and with perforations (red curves) 

arranged in square for thickness tN = 0,75 mm 

 

Flexion stiffness are lower for both perforations arranged in square and arranged in triangle. The 

further detailed analysis will allow to determine the ratios between the flexion stiffness of the coupons 

without perforation and the yield stress of the coupons with perforations.  

 

 

3 CONCLUSION 

 

A huge program of 272 tests was performed in order to determine and compare resistance values 

of profiles without and with perforations (in flange, in web and in both) and with a hole in the 

upper flange in the middle of the span. It allowed us to conclude: 

 

 The moment resistance:  

o Flange perforation and web perforation induce similar decrease. The resistant 

moment decreases from 6,2% to 8,6%, and inertia moment decreases from 9,2% to 

10,9% for profiles with web or flange perforation. Total perforation (flange + web) 
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induces much more decrease: from 36,1% to 37,1% for the resistant moment and 

from 33,3% to 33,6% for the inertia moment. 

o Circular and square holes induce similar decrease. The bigger the hole is, the 

bigger the decrease of resistant moment is (-12,9% to -15,3% for d=120mm; -5,8 to 

-10,5%, for d=90mm; -4 to 6,9% for d=105mm). The influence of holes on inertia 

moment ranges from an increase of 1,2%  to a decrease of 9,4%. However, the 

increasing value is considered as resulting from normal dispersion in the practical 

conditions and for the safety reason is to be neglected. 

 

 The end support resistance (web crippling):  

o Is slightly decreased by flange perforations (from 1,3% to 4%) 

o Is significantly decreased by web perforations (from 24,4%  to 28,7%)  

o Is the most decreased by total perforations (from 34,9% to 38,4%) 

 

 The moment-reaction interaction, in general tendency, is significantly decreased by web 

perforations (11% to 19%) and total perforations (35% to 42%)   

 

 

These logical results are comforting the way to further detailed analysis with a view to define the 

behaviour low of bending and reaction resistance of sections with perforation and with a hole.    
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