
 

GRISPE 
Guidelines and Recommendations for Integrating Specific Profiled steel sheets in the Eurocodes 

(GRISPE) 
 

                                                                

 

 

 

 

 

 

 

Working Package 3 

 

 

 

 

WP3 Background guidance for EN 1993-1-3 to design of sheeting 
with perforations or with a hole 

 

 

 

30
th

 November 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Deliverable D 3.5 

 

 
 



 2 

 

Guidelines and Recommandations for Integrating Specific Profiled Steels sheets in the Eurocodes (GRISPE) 

 

Project co-funded under the Research Fund for Coal and Steel 

Grant agreement No RFCS-CT-2013-00018 

Proposal No RFS-PR-12027 

 

Author(s) 

Palisson Anna, Sokol Palisson Consultants 
 
 

Drafting history 

Draft Version  1                                                                                 30th November 2015 
 
Final  Version  Revision 01                                                                  28TH March 2016 
Final  Version  Revision 02                                                                  5th  June 2016 
Final  Version  Revision 03                                                                  29th August 2016 
Final  Version  Revision 04                                                                  30th August 2016 
 
 

 
Dissemination Level 

PU Public  
PP Restricted to the Commission Services, the Coal and Steel Technical Groups and the 

European Committee for Standardisation (CEN) 
 

RE Restricted to a group specified by the Beneficiaries   
CO Confidential, only for Beneficiaries (including the Commission services) x 

 

Verification and Approval 

Coordinator        David Izabel, SNPPA                                                             
WP3 Leader      SOKOL PALISSON CONSULTANTS                                                                                                               
Other Beneficiaries SNPPA, Bac Acier, IFL, Joris Ide, KIT 
 

Deliverable 

D 3.5 WP3 Background and guidance for EN 1993-1-3  Due date : 30.11.2015 
Completion date: 30.11.2015 
 

 

  



 3 

1. INTRODUCTION 

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

(Fig. 1), with different types, geometries and distribution of micro-perforations on the profile web 

and flange, are increasingly developed and used.  

 

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

 

As we could see in the state of the art [2] completed within GRISPE project, 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 sheeting with square distribution of 

perforations exist on the market. For perforated sheeting with triangular and quadratic pattern 

perforations, some useful information was given by Th. Misiek [3] and [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. 

 

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

the passage of services (Fig. 2).  

 
Fig. 2 - Round holes in the flange of sheeting 

EN 1993-1-3 doesn’t cover profiles with a hole, it deals only with plane walls without a hole. And 

the studies on profiles with a hole [5] to [10] only deal with buckling and postbuckling of plates 

subjected to compression and shear loadings, and don't give any data about moment resistance.  

This lack in the EN 1993-1-3 is even more disturbing and serious as several previous studies have 

shown that holes [5] to [10], and perforations [11] to [14] reduce the strength locally and globally 

and have an impact on its bending resistance.  

Therefore the one way to design sheeting with perforations or with a hole on the upper flange is to 

determine resistance values by testing, which takes a long time and is expensive.  
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The aim of this study is to develop a calculation method for steel decks with perforations arranged 

in square and for steel decks with a round or a square hole in the upper flange, based on a huge 

testing program performed within GRISPE project [15], [16].  

 

2. ACQUIRED DATA THROUGH GRISPE PROJECT 

 

2.1. Steel sheeting test analysis 

 

A huge program of 272 tests was performed on steel trapezoidal sheeting in order to determine 

and compare resistance values of sheeting without and with perforations in the upper flange, in the 

webs, in the upper flange and in the webs, and without and with a hole [15], [16]. Two different 

profiles PML 73 (Fig. 2.1.1) and PML 56 (Fig. 2.1.2) from JORIS IDE, were tested: 

 PML 73: without and with perforations in the upper flange, in the webs, in the upper 

flange and in the webs, with two different thicknesses of the sheets. And without and with 

a square or a circular hole, with two different thicknesses of the sheets. 

 PML 56: without and with a square or a circular hole, with two different thicknesses of 

the sheets. 

 

Fig. 2.1.1: PML 73 from JORIS IDE 

 

Fig. 2.1.2: PML 56 from JORIS IDE 

 

An example of perforation arranged in equilateral triangles, currently used in practice, is shown in 

the Fig. 2.1.3 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.3 Dimensions of existing perforation arranged in equilateral triangles 

 

e 

e 

d = 5 mm 

e = 12.5 mm 

perforation percentage: 15% 
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The perforation arranged in squares adopted for testing is shown in the Fig. 2.1.4 

 

 

 
 

 

 

 

 

 

 Fig. 2.1.4 Dimensions of perforation arranged in squares 

 

The profiles were tested according to EN 1993-1-3, Annex A:  

 single span tests (profiles without and with perforations or with a hole) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.5. – Test set-up for single span tests 

 

- end support tests (profiles without and with perforations) 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

Fig. 2.1.6 – Test set-up for end support test  
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 internal support tests (profiles without and with perforations) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.7 – Test set-up for internal support tests  

 

The effect of perforations on resistance and stiffness is summarized in table 2.1.1 

 

 
Table 2.1.1 – Effect of perforations on resistance 

 

The effect of a square and  circular holes on resistance is similar, it is summarized in table 2.1.2 

 

 
Table 2.1.2 – Effect of a hole on resistance 
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The analysis of those tests allowed us to conclude: 

 Moment resistance:  

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

moment decreases from 6,2% to 8,6%, for profiles with web or flange perforation. 

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

37,1% for the resistant 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 end support resistance (web crippling):  

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

o Is significantly decreased by web perforations (from 24% to 30%)  

o Is the most decreased by total perforations (from 37% to 40%) 

 

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

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

 

2.2. Local tests analysis 

 

As we pointed out in the state of the art [2] completed within GRISPE project, in section 10.4 of 

EN 1993-1-3 it is specified that perforated sheeting with the perforations arranged in the shape of 

equilateral triangles may be designed by calculation, provided that the rules for non-perforated 

sheeting are modified by introducing the effective thicknesses given below. 

 

 gross section properties may be calculated using part 5.1, but replacing  t  by  ta,eff  

obtained from: 

   









  

a

d
 -   t ,t

9,0
1181effa,

   (eq. 2.2.1) 

where: 

     d  is the diameter of the perforations; 

     a  is the spacing between the centers of the perforations. 

 effective section properties may be calculated using Section 5, but replacing  t  by  tb,eff  

obtained from: 

        (eq. 2.2.2) 

 the resistance of a single web to local transverse forces may be calculated using part 6.1.9, 

but replacing  t  by  tc,eff  obtained from: 

     (eq. 2.2.3) 

where: 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

Within the present GRISPE project local testing on coupons without perforations and with 

perforations arranged in square and with perforations arranged in triangle was performed with two 

different thicknesses in order to determine the influence of perforations arranged in square and in 

triangle and to define effective thickness teff (s) for sheeting with perforations arranged in square 

as a function of effective thickness teff (t) for sheeting with perforations arranged in triangle. 

  

 3  a /  d -   ,   tt 1181effb, 

   s  / 1  wper 

2/3  

effc, s  a /  d  -     tt 2 
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2.2.1. Tensile testing 

 

The coupons were tested according to EN ISO 6892-1. 
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b0 = 22 mm and 23 mm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2.1.1 Dimensions of coupons for tensile tests with perforated sheet 

Key: 

L = total length 

b) coupons with perforation arranged in squares  
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 30  
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Lc = parallel length 

L0 = initial gauge length  

b0 = width of the coupon 

e = perforations space  

 

In the Table below Yield Strength is given for all the coupons [15] 

 
Table 2.2.1.1 – Results of coupons tensile tests 

 

Ratios between the yield stress of the coupons with perforation in triangle (t) and the yield stress 

of the coupons without perforation (ft) are calibrated for the same width b0 and for the same core 

thickness (Table 2.2.1.2 in blue):   

ratio = fy(t) / fy (ft)* t(ft) / t(t) * b0(ft) / b0(t)  (eq. 2.2.1.1) 

Ratios between the yield stress of the coupons with perforation in square (s) and the yield stress of 

the coupons without perforation (fs) are calibrated for the same width b0 and for the same core 

thickness (Table 2.2.1.2  in red):  

ratio = fy(s) / fy (fs)* t(fs) / t(s) * b0(fs) / b0(s)  (eq. 2.2.1.2) 

 

fy 



 10 

   
Table 2.2.1.2 – Ratios between the yield stress of the coupons with perforation and without 

perforation 

 

In order to compare the influence of perforations arranged in square and in triangle, ratios 

between the yield stress of the coupons with perforation in square and the yield stress of the 

coupons with perforation in triangle are calibrated taking into account the actual perforation rate 

and core thickness (Table 2.2.1.3) 

ratio = fy(s) / fy (t)* t(t) / t(s) * b0(t) / b0(s)   (eq. 2.2.1.3) 

 

   
Table 2.2.1.3 – Ratios between the yield stress of the coupons with perforation arranged in square 

and with perforation arranged in triangle 

 

In the Table 2.2.1.3 are presented the ratios for thicknesses t=0.75 mm and t=1.00 mm. 

This leads to the effective thickness (in the meaning of the clause 10.4(2) EN 1993-1-3) for 

sheeting with perforations arranged in square as a function of the thickness for sheeting with 

perforation arranged in triangle: teff (s) =  * teff (t) for the perforation rate where  = 0,93 is the 

minimum value of ratio defined above for thicknesses t=0.75 mm and t=1.00 mm for safety 

reason.  

        

2.2.2. Flexion testing 

 

Dimension of plates: 

 

 

 

 

 

 

 

 

 

 

a) plates without perforation 

b 

L 
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Fig. 2.2.2.1 Dimensions of coupons for plate flexion tests 

 

The testing is performed on plates: 

a) without perforation 

b) with perforation arranged in triangles 

c) with perforation arranged in squares 

 

 

 

 

 

 

 

 

 

Fig. 2.2.2.2 Test set-up for plate flexion tests 

Key: 

e = perforations space  

L = coupon length  

s = test span  

b = coupon width  

P = applied force 

 

Ratios between the flexural stiffness of the coupons with perforation in triangle (t) and the 

stiffness of the coupons without perforation (ft) are calculated taking into account the observed 

width b0 and core thickness (Table 2.2.2.1, in blue): 

 

ratio = Rp(t) / Rp(ft)* t(ft) / t(t) * b0(ft) / b0(t)  (eq. 2.2.2.1) 

Ratios between the stiffness of the coupons with perforation in square (s) and the stiffness of the 

coupons without perforation (fs) are calculated taking into account the observed width b0 and core 

thickness (Table in red): 

P 

s 

 
L 

F1, F2  

b) plates with perforation 

arranged in squares 

b 

L 

c) plates with perforation 

arranged in triangles 

b 

L 
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ratio = Rp(s) / Rp(fs)* t(fs) / t(s) * b0(fs) / b0(s)  (eq. 2.2.2.2) 

 

 
 Table 2.2.2.1 – Ratios between the stiffness of the coupons with perforation and without 

perforation 

 

In order to compare the influence of perforations arranged in square and in triangle, ratios 

between the stiffness of the coupons with perforation in square and the stiffness of the coupons 

with perforation in triangle are calculated for the same surface area of perforations and for the 

same core thickness (Table 2.2.2.2): 

 

ratio = Rp(s) / Rp(t)* t(t) / t(s) * b0(t) / b0(s)  (eq. 2.2.2.3) 

 

  

Table 2.2.2.2 – Ratios between the Stiffness of the coupons with perforation arranged in square 

and with perforation arranged in triangle 

 

Stiffness with perforation arranged in square is superior to the stiffness with perforation arranged 

in triangle, nevertheless the ratio = 0,93 for teff (s) =  * teff (t) defined by tensile testing is 

adopted for safety reason.    

In conclusion the =0,93 is proposed to be generally adopted for the evaluation of the effective 

thickness for sheeting with perforations arranged in square as a function of the effective thickness 

for sheeting with perforations arranged in triangle: teff (s) = 0,93 * teff (t) for the same percentage 

of perforations. With teff (t) defined according to section 10.4 of EN 1993-1-3 and taking for “a” 

the spacing between the centers of the perforations arranged in triangle the distance calculated as 

a function of “e” the spacing between the centers of the perforations arranged in square. 
 

 
 

 

 

 

 

 

 

 

 

 

Fig. 2.2.2.5 Surface area with perforations arranged in square and perforations arranged in triangle 

l=(N-1) a √3 /2  

L=(N-1) e L=(N-1) a 
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For the surface with perforations arranged in square the surface area is (Fig. 2.2.2.5): 

 (N-1)
2
 e

2
 

 

For the surface with perforations arranged in triangle the surface area is (Fig. 2.2.2.5): 

(N-1) a (N-1) (√3 /2) a =  (N-1)
2
 √3 /2 a 

2
 

 

Therefore for the same surface area and the same percentage of perforation 

 

 (eq. 2.2.2.4) 

 

 

or in the following simplified form:      (eq. 2.2.2.5) 

 

As a conclusion it is proposed that perforated sheeting with the perforations arranged in the shape 

of squares may be designed by calculation, provided that the rules for non-perforated sheeting are 

modified by introducing the effective thicknesses given below. 

 

 gross section properties may be calculated using part 5.1, but replacing  t  by  ta,eff  

obtained from: 
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or in the following simplified form: 
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 where: 

     d  is the diameter of the perforations; 

     e  is the spacing between the centers of the perforations. 

 effective section properties may be calculated using Section 5, but replacing  t  by  tb,eff  

obtained from: 

 

 (eq. 2.2.2.8) 

 
or in the following simplified form: 

 (eq. 2.2.2.9) 
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 the resistance of a single web to local transverse forces may be calculated using part 6.1.9, 

but replacing  t  by  tc,eff  obtained from: 

 

 (eq. 2.2.2.10) 

 

 
or in the following simplified form: 

 (eq. 2.2.2.11) 

 

 

where: 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

3. STUDY ON CALCULATION METHOD OF SHEETING WITH PERFORATIONS OR 

WITH A HOLE  

 

Resistances of the profiles PML 73 and PML 56 without and with perforations or with a hole are 

calculated in order to be compared to the test results presented in § 2.1. 

The profiles (with and without profiles or a hole) resistance is calculated according to EN 1993-1-

3. 

The geometrical proportions b/t, h/t, c/t and d/t are inside the range of width to thickness given in 

Table 3.1. (Table 5.1 of EN 1993-1-3) 
 

 

b / t  500 

 

45    90 

 

h / t  500 sin 

Table 3.1 - Maximum width to thickness ratios 

 

For the comparison the tests results are not adjusted and the calculation are made with the actual 

observed properties and geometry of the test specimen. 

 

3.1. SHEETING WITH PERFORATIONS 

 

3.1.1. Span moment resistance  

 

3.1.1.1. Resistance values of profiles without perforation 
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The moment resistances of the effective section are calculated according to EN 1993-1-3 and are 

compared to the values defined by testing for PML 73 in Table 3.1.1.1.1  

 

PML 73: 

 

The tested profile properties are:  

t= 0,709 mm and fyb = 397 N/mm
2
 

t= 0,924 mm and fyb = 377 N/mm
2
 

 

   
Table 3.1.1.1.1 – Comparison between calculated and defined by testing moment resistances for 

PML 73 

 

The calculated resistance moment is lower than the tested one for PML 73 t=1mm of 7,5% . 

 

On the contrary the calculated resistance moment is higher than the tested one for PML 73 

t=0,75mm of 5%. The width and the angle of the web stiffener and the angle of the web were not 

measured on the tested profiles therefore for these values, theoretical values were taken for the 

calculation. The possible differences between the theoretical and the actual geometry can explain 

that the calculated resistance moments are higher than the tested ones. 

 

3.1.1.2. Resistance values of profiles with perforation arranged in square 

 

The moment resistances of the effective section are calculated according to EN 1993-1-3, 

determining for the perforated section the thickness as below (§ 2.2.2)  

 

 gross section properties may be calculated using part 5.1, but replacing  t  by  ta,eff  

obtained from eq. 2.2.2.7: 
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     d  is the diameter of the perforations; 

     e  is the spacing between the centers of the perforations. 

 effective section properties may be calculated using Section 5, but replacing  t  by  tb,eff  

obtained from eq. 2.2.2.9: 
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In Table 3.1.1.2.1 the calculated resistance moments and the defined by testing resistance 

moments are presented. 

    

 

Table 3.1.1.2.1 – Comparison between calculated and defined by testing resistance moment for 

PML 73 with perforation arranged in square 

   

 
Table 3.1.1.2.2 – Perforation influence on resistance moment defined by testing and calculation 

for PML 73 

 

As shown in the Table 3.1.1.2.1 the difference between the calculated moment resistances and the 

tested ones for thickness t=0,75 mm is of -3,7% for flange perforation and of 1,6% for web 

perforation. This difference is coherent with the difference observed in 3.1.1.1.1 where for the 

profiles without perforation the calculated moment resistance was higher than the tested one of 

5%. These superior values are probably due to the possible differences between the theoretical 

and the actual geometry. 

 

The difference between the calculated moment resistances and the tested ones for thickness t=1 

mm is of 6,8% for flange perforation and of 12,2% for web perforation. This difference is 

coherent with the difference observed in 3.1.1.1.1 where for the profiles without perforation the 

calculated moment resistance was lower than the tested one of 7,5%. 

 

The decreases induced by a perforation in the flange and by a perforation in the web defined by 

calculation are coherent with the decrease defined by testing (Table 3.1.1.2.2). 

 

However, as far as total perforation is concerned the difference between the calculated moment 

resistances and the tested ones for thickness t=0,75 mm is of 30,4% and for thickness t=0,75 mm 

of 13%. This difference is non coherent with the differences observed in 3.1.1.1.1. for the profiles 

without perforation. 

 

This finding calls into question the use of the formula (10.25), EN 1993-1-3, for totally perforated 

sheeting.  

Moreover, it makes impossible to propose a coherent equivalent formula for the totally perforated 

sheeting with perforation arranged in square. 

 

3.1.2. Web crippling resistance 

 

3.1.2.1. Web crippling resistance values of profiles without perforation 

 

The web crippling resistances, calculated according to equation (6.18) EN 1993-1-3, are 

compared to the values defined by testing for PML 73 in Table 3.1.2.1. 
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The tested profile PML 73 properties are:  

t= 0,709 mm and fyb = 397 N/mm
2
 

t= 0,924 mm and fyb = 377 N/mm
2
 

 

   
Table 3.1.2.1.1 – Comparison between calculated and defined by testing web crippling resistances 

for PML 73 

 

The calculated web crippling resistance at the end support is much lower than the tested one: 

about 58%. 

This confirms the observation already noticed by M. Bakker [14] and in the Work Package 1 [17] 

that web crippling prediction formula gives the results very different and considerable 

underestimated compared to the tests results.  

 

3.1.2.2. Web crippling resistance values of profiles with perforation arranged 

in square 

 

The web crippling resistances of the effective section are calculated according to EN 1993-1-3, 

determining for the perforated section the thickness as below (§ 2.2.2)  

 

 the resistance of a single web to local transverse forces may be calculated using part 6.1.9, 

but replacing  t  by  tc,eff  obtained from eq. 2.2.2.11: 

 

 

where: 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

In Table 3.1.2.2.1 the calculated resistance moments and the defined by testing resistance 

moments are presented. 

 

 
Table 3.1.2.2.1 – Comparison between calculated and defined by testing web crippling resistance 

for PML 73 with perforation arranged in square 
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As for the profile without perforation, the difference between the calculated web crippling 

resistances and the tested ones is very important, higher than 56%. The web crippling prediction 

formula for sheeting with perforation arranged in square gives very underestimated results from 

test results. 

 

Moreover the decrease induced by web perforation and total perforation defined by calculation is 

much higher than the decrease defined by testing (Table 3.1.2.2.2). 

 

 
Table 3.1.2.2.2 – Perforation influence on resistance moment defined by testing and calculation 

for PML 73 with perforation arranged in square 

 

Therefore it is proposed to calculate the web crippling resistance at support for profiles with 

perforation arranged in square as it is specified in section 10.4 of EN 1993-1-3 for perforated 

sheeting with the perforations arranged in the shape of equilateral triangles: using part 6.1.9, but 

replacing  t  by  tc,eff  and replacing a by : 

 

 (eq. 3.1.2.2.1) 

 
or in the following simplified form: 

 (eq. 3.1.2.2.2) 

 

where: 

 a  is the spacing between the centers of the perforations arranged 

in triangle 

 e  is the spacing between the centers of the perforations arranged 

in square 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

 

 
Table 3.1.2.2.1 – Comparison between web crippling resistance calculated with the formula from 

eq. 3.1.2.2.2 and web crippling resistance of PML 73 with perforation arranged in square defined 

by testing  
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3.1.3. Moment-Reaction interaction 

 

The web crippling resistance is calculated according to EN 1993-1-3. 

 

For the purposes of the present study, the theoretical resistance to combined action of moment 

MEd and reaction REd, (M-R theor.) used in the calculation model defined by the eq. (6.28c), EN 

1993-1-3 is transformed in the following form: 

 

         (1a) 

 

M0 = 1.25Mc,Rd        (1b) 

R0 = 1.25Rc,Rd         (1c) 

 

These relations are presented in the Fig. 3.1.3.1 

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1.3.1 Graphical presentation of the equation (1) 

 

3.1.3.1. Resistance values of profiles without perforation 

 

The theoretical values of moment resistance and the web crippling reaction are calculated using 

the observed values of the thickness and yield stress 

The observed values of the thickness and yield stress of the tested profiles properties are:  

t= 0,709 mm and fyb = 397 N/mm
2
 

t= 0,924 mm and fyb = 377 N/mm
2 

 

In the Fig. 3.1.3.1.1 to 3.1.3.1.4 the results of theoretical calculation are compared to the results of 

testing. 
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Figure 3.1.3.1.1 – Comparison between calculated and defined by testing moment-reaction 

interaction resistances for PML 73 without perforation, 0,75 mm and bu= 60 mm 

 

  

 
Figure 3.1.3.1.2 – Comparison between calculated and defined by testing moment-reaction 

interaction resistances for PML 73 without perforation, 0,75 mm and bu= 160 mm 
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Figure 3.1.3.1.3 – Comparison between calculated and defined by testing moment-reaction 

interaction resistances for PML 73 without perforation, 1 mm and bu= 60 mm 

 

 
Figure 3.1.3.1.3 – Comparison between calculated and defined by testing moment-reaction 

interaction resistances for PML 73 without perforation, 1 mm and bu= 160 mm 
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3.1.3.2 Resistance values of profiles with perforation arranged in square 

 

The moment and web resistances of the effective section are calculated according to EN 1993-1-3, 

determining for the perforated section the thickness as below (§ 3.1.1.2 and 3.1.2.2)  

 

 gross section properties may be calculated using part 5.1, but replacing  t  by  ta,eff  

obtained from eq. 2.2.2.7: 

 











e
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t,t eff,a
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where: 

     d  is the diameter of the perforations; 

     e  is the spacing between the centers of the perforations. 

 effective section properties may be calculated using Section 5, but replacing  t  by  tb,eff  

obtained from eq. 2.2.2.9: 

 

 

 the resistance of a single web to local transverse forces may be calculated using part 6.1.9, 

but replacing  t  by  tc,eff  obtained from eq. 3.1.2.2.2 

 

 

where: 

 e  is the spacing between the centers of the perforations arranged 

in square 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

The tested profile properties are:  

t= 0,709 mm and fyb = 397 N/mm
2
 

t= 0,924 mm and fyb = 377 N/mm
2
 

 

In the Fig. 3.1.3.2.1 to 3.1.3.2.12 the results of the proposed calculation for profiles with 

perforations (dotted color lines) are compared to the results of theoretical calculation without 

perforation (dotted black lines), and to the results of testing (with perforation color lines and 

without perforation black lines) 
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Fig. 3.1.3.2.1 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=60 mm, without and with flange perforation 

 

  

 
Fig. 3.1.3.2.2 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=160 mm, without and with flange perforation 
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Fig. 3.1.3.2.3 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=60 mm, without and with flange perforation 

 

 
Fig. 3.1.3.2.4 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=160 mm, without and with flange perforation 
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Fig. 3.1.3.2.5 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=60 mm, without and with web perforation 

 

 
Fig. 3.1.3.2.6 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=160 mm, without and with web perforation 
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Fig. 3.1.3.2.7 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=60 mm, without and with web perforation 

 

 
Fig. 3.1.3.2.8 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=160 mm, without and with web perforation 
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Fig. 3.1.3.2.9 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=60 mm, without and with total perforation 

 

 
Fig. 3.1.3.2.10 Comparison between proposed calculation method and tests results for PML 73  

0.75 mm at the support width bu=160 mm, without and with total perforation 
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Fig. 3.1.3.2.11 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=60 mm, without and with total perforation 

 

 
Fig. 3.1.3.2.12 Comparison between proposed calculation method and tests results for PML 73  

1 mm at the support width bu=160 mm, without and with total perforation 
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3.2. SHEETING WITH A HOLE 

 

3.2.2. Span moment resistance of profiles without a hole 

 

The moment resistances of the effective section are calculated according to EN 1993-1-3 and are 

compared to the values defined by testing for PML 56 in Table 3.2.1.1 and for PML 73 in Table 

3.2.1.2.  

 

PML 56: 

The tested profiles properties are:  

t= 0,698 mm and fyb = 357,67 N/mm
2
 

t= 0,929 mm and fyb = 370 N/mm
2
 

 

 
Table 3.2.1.1 – Comparison between calculated and defined by testing moment resistances for 

PML 56 

 

PML 73: 

The tested profiles properties are:  

t= 0,700 mm and fyb = 357,33 N/mm
2
 

t= 0,945 mm and fyb = 361,67 N/mm
2
 

 

  
Table 3.2.1.2 – Comparison between calculated and defined by testing moment resistances for 

PML 73 

 

The calculated resistance moments are lower than the tested ones for PML 56 t=1mm and for 

PML 73 t=1mm, from 7,3% to 9,5%. 

 

On the contrary the calculated resistance moments are higher than the tested ones for PML 56 

t=0,75mm and for PML 73 t=0,75mm, respectively 1,7% and 7,1%. The width and the angle of 

the web stiffener and the angle of the web were not measured on the tested profiles therefore for 

these values theoretical values were taken for the calculation. The possible differences between 

the theoretical and the actual geometry can explain that the calculated resistance moments are 

higher than the tested ones. 

 

3.2.3. Resistance values of profiles with a hole 

 

As shown in the Deliverable D34 [16] when the diameter of the hole (d) is equal to the width of 

the hole (w) the influence on resistant moment is quite similar for circular and square holes. (Fig. 
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3.2.3.1) Therefore the same model of calculation is proposed for square holes and circular holes 

depending on the width of the hole in the flange section (Fig. 2.2.2.6). 

 

 
Fig. 3.2.3.1 Square (width=w) or circular (diameter=d) hole in the upper flange  

  

The moment resistance of the profile is calculated according to EN 1993-1-3 where the global 

modulus  is the sum of the effective section without a hole modulus and of the effective 

section  with a hole modulus. The effective flange area is calculated according to EN 1993-1-5 

with the gross cross-sectional area Ac: Ac,eff = ρ Ac  where ρ is the reduction factor for plate 

buckling. 

  

 The flanges without a hole are considered as internal compression elements, the reduction 

factor ρ is : 

 
and effective width b is determined according to Table 4.1:Internal compression elements of 

EN 1993-1-5  

 

 Both parts of the flange with a hole are considered as outstand compression elements, the 

reduction factor ρ is : 

 
and effective width b is determined according to Table 4.2: Outstand compression elements of 

EN 1993-1-5  

 

PML 56: 

 

PML 56 profile was tested with: 

 circular holes of diameter d=103,15 mm; d=66,6 mm (t=0,75 mm) 

 circular holes of diameter d=100,9 mm; d=65,75 mm (t=1 mm) 

 square holes of width w=101,55 mm; w=66,7 mm (t=0,75 mm) 

 square holes of width w=101,9 mm; w=66 mm (t=1 mm) 

  

The tested profiles properties are:  

t= 0,698 mm and fyb = 357,67 N/mm
2
 

t= 0,929 mm and fyb = 370 N/mm
2
 

 

In Table 3.2.2.1 and 3.2.2.2 the calculated moment resistance and the defined by testing moment 

resistance are presented. 

effW

w=d 
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Table 3.2.2.1 – Comparison between calculated and defined by testing resistance moment for 

PML 56 with a square hole 

 

 
Table 3.2.2.2 – Comparison between calculated and defined by testing resistance moment for 

PML 56 with a circular hole 

 

In Table 3.2.2.3 and 3.2.2.4 the influence of square and circular hole on calculated moment 

resistance and on the defined by testing moment resistance is presented. 

 

    

Table 3.2.2.3 – Square Hole influence on resistance moment defined by testing and calculation for 

PML 56  

 

  
Table 3.2.2.4 – Circular Hole influence on resistance moment defined by testing and calculation 

for PML 56 

 

As shown in the Tables 3.2.2.1 and 3.2.2.2 the difference between the calculated moment 

resistances and the tested ones are from -0,2% to 13,3%.  

The decrease induced by a circular hole and a square hole defined by calculation for PML 56 are 

coherent with the decrease defined by testing for all the width and the diameters of the holes  

(Table 3.2.2.3 and 3.2.2.4). 

 

PML 73: 

 

PML 73 profile was tested with: 

 circular holes of diameter d=121,45 mm; d=106,45 mm; d=91,8mm (t=0,75 mm) 

 circular holes of diameter d=121,95 mm; d=106,3 mm; d=91,5mm (t=1 mm) 

 square holes of width w=121,65mm; w=106,35mm; w=91,2mm (t=0,75 mm) 
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 square holes of width w=121,6mm; w=106,55mm; w=92,15mm (t=1 mm) 

 

The tested profiles properties are:  

t= 0,700 mm and fyb = 357,33 N/mm
2
 

t= 0,945 mm and fyb = 361,67 N/mm
2
 

 

In Tables 3.2.2.5 and 3.2.2.6 are presented calculated moment resistance and moment resistance 

defined by testing 

 
 

 
Table 3.2.2.5 – Comparison between calculated and defined by testing resistance moment for 

PML 73 with a square hole 

 

 
Table 3.2.2.6 – Comparison between calculated and defined by testing resistance moment for 

PML 73 with a circular hole 

 
 

 
Table 3.2.2.7 – Square hole influence on moment resistance defined by testing and calculation for 

PML 73  

 

 
Table 3.2.2.8 – Circular hole influence on moment resistance defined by testing and calculation 

for PML 73  

 

As shown in the Tables 3.2.2.5 and 3.2.2.6 the difference between the calculated moment 

resistances and the tested ones for thickness t=0,75 mm varies from –4,5% to -8,8%. This 

difference is coherent with the difference observed in 3.2.1 where for the profiles without a hole 

the calculated moment resistance was higher than the tested one of 7,1%. These superior values 

are probably due to the possible differences between the theoretical and the actual geometry. 

 

The difference between the calculated moment resistances and the tested ones for thickness t=1 

mm varies from 5,4% to 12,3%. This difference is coherent with the difference observed in 3.2.1 
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where for the profiles without a hole the calculated moment resistance was higher than the tested 

one of 7,3%. 

 

As for PML 56, the decrease induced by a circular hole and a square hole defined by calculation 

for PML 73 are coherent with the decrease defined by testing for all the width and diameters of 

the holes (Table 3.2.2.7 and 3.2.2.8). 

 

These comparisons confirm that the calculation method for the resistance moment of the steel 

sheeting with a circular or a square hole adopted in the present study gives results that are 

coherent and in the same time safe in relation with the testing results.    

 

4. CONCLUSION 

 

Based on the study of results of tests performed on coupons and on steel trapezoidal sheeting it is 

proposed to calculate the resistances of the effective section, with perforation arranged in square, 

in the flange or in the web (but not for a total perforation), according to EN 1993-1-3, determining 

for the perforated section the thickness as below:  

 gross section properties may be calculated using part 5.1, but replacing  t  by  ta,eff  

obtained from eq. 2.2.2.7: 
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where: 

     d  is the diameter of the perforations; 

     e  is the spacing between the centers of the perforations. 

 effective section properties may be calculated using Section 5, but replacing  t  by  tb,eff   

obtained from eq. 2.2.2.9: 

 

 

 the resistance of a single web to local transverse forces may be calculated using part 6.1.9, 

but replacing  t  by  tc,eff  obtained from eq. 3.1.2.2.2: 

 

where: 

     sper  is the slant height of the perforated portion of the web; 

     sw  is the total slant height of the web. 

 

For a totally perforated sheeting with perforation arranged in square the calculation results are 

much higher than the test results. This important difference makes it impossible to propose a 

coherent equivalent and safe formula for the totally perforated sheeting. Moreover it calls into 

question the use of the formula (10.25), EN 1993-1-3, for totally perforated sheeting. 

 

As far as steel trapezoidal sheeting with a hole is concerned the same model of calculation is 

proposed for a square hole and circular hole depending on the width of the hole in the flange 

section 

The moment resistance of the profile is calculated according to EN 1993-1-3 where the global 

modulus  is the sum of the effective section without a hole modulus and of the effective 

section  with a hole modulus. The effective flange area is calculated according to EN 1993-1-5 
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with the gross cross-sectional area Ac: Ac,eff = ρ Ac  where ρ is the reduction factor for plate 

buckling. 

 

 The flanges without a hole are considered as internal compression elements, the reduction 

factor ρ is : 

 
and effective width b is determined according to Table 4.1:Internal compression elements of 

EN 1993-1-5  

 

 Both parts of the flange with a hole are considered as outstand compression elements, the 

reduction factor ρ is : 

 
and effective width b is determined according to Table 4.2: Outstand compression elements of 

EN 1993-1-5  
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