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1. INTRODUCTION 

 

Due to its many construction advantages steel decking is frequently used in steel-framed 

construction for both roofs and floors for interior design, commercial and industrial 

refurbishments and for the building trade. In order to increase the shear connection between the 

steel and the concrete in the composite slabs, steel decks are reinforced with connectors such as 

outwards stiffeners on the upper flange (Fig. 1.1).  

 

 
Fig. 1.1 – Outwards stiffeners in a composite slab (Comflor 80 Tatasteel) 

 

As we could see in the state of the art [1] completed within GRISPE project, at the construction 

stage there is a real lack of data and knowledge about outwards stiffeners in the upper flange and 

about the effect of embossments on these stiffeners. The European Standard EN 1993-1-3 dealing 

with design rules for cold-formed members and sheeting doesn't cover profiles with outwards 

stiffeners. Therefore the one way to design sheeting with outwards stiffeners in the upper flange is 

to determine resistance values by testing, which takes a long time and is expensive.  

 

The aim of this study is to develop a calculation method for steel decks: 

 with outwards stiffeners in the upper flange, based on global testing on sheetings  

 and with embossments on these stiffeners, based on global testing on sheetings and on 

local tensile testing with and without embossments 

 

2. ACQUIRED DATA THROUGH GRISPE PROJECT 

 

2.1. Steel sheeting test analysis 

 

A program of 8 single span tests was performed on steel trapezoidal sheeting (Comflor 80 

profile from TataSteel) in order to determine the resistance and stiffness values of steel decks with 

outwards stiffeners in the upper flange [2], [3]. The Comflor 80 profile was tested in positive 

flexion, with two different thicknesses 0,9 mm and 1,2 mm (Fig. 2.1.1.) 
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Fig. 2.1.1: Comflor 80 profile from TataSteel 

 

 

The profiles were tested according to EN 1993-1-3, Annex A, single span configuration (Fig. 

2.1.2 and Fig. 2.1.3): 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.2. – Test set-up for single span tests 
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Fig. 2.1.3 – Test set-up with Comflor 80 0,9 mm 

 

The failure mode occurred by buckling of the upper flange near the load applying traverse (Fig. 

2.1.4) 

 

 

Fig. 2.1.4 – Failure mode (Comflor 80 0,9 mm) 

 

The tested profile properties are:  

t= 0,875 mm and fyb = 470,5 N/mm
2
 

t= 1,164 mm and fyb = 467,5 N/mm
2
 

 

The tests analysis and interpretation allowed us to determine the resistance moment and inertia 

moment for 1m width of profile (Table 2.1.1): 
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Table 2.1.1 - Resistance moment and inertia moment  

 

These resistance moments will be compared to resistance moments calculated according to EN 

1993-1-3 determined for inwards stiffeners. 
 

2.2. Coupon tensile test analysis [4] and [5] 

 

54 tensile testing on coupons with and without embossments were performed with two different 

thicknesses in order to determine the influence of embossments on the yield stress. 

 

a) plate coupons 

 

 

Fig. 2.2.1: Tensile plate coupon 

 

b) coupons with embossment 

 

 

Fig. 2.2.2: Tensile coupon with embossment 

 

Values of he: 0 mm; 1 mm; 2 mm; 3 mm; 4 mm 

Values of be: 0 mm; 10 mm 

Thickness: 0.75 mm; 1 mm 

The stress decreases in accordance with the embossments. The more important the embossment is 

the more important the stress decrease is.  

 

The relationship obtained between the stiffness of folded and flat samples is shown in the 

deliverable D1.5, paragraph 2.2. 

In this document is also explained the determination of the ratio  value for the determination of 

the effective thickness teff =p*t of the embossment, where p= Kpe/Kp (Tables 2.2.2.5 et 2.2.2.6) 

 

These relations between p= Kpe/Kp and the actual height of the embossment “he” will be used to 

model the embossment on the outwards stiffener. 

 

L = 200 mm 
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3. STUDY ON CALCULATION METHOD OF STEEL DECKS WITH OUTWARDS 

STIFFENERS 

 

As a rule, in the calculation according to the EN 1993-1-3 it is assumed that the flange stiffeners 

are oriented inwardly of the section, i.e. downwards in the case of the upper flange (Fig. 3.1)  

 

 

Fig. 3.1 - Typical forms of stiffeners in upper flange of cold-formed sections 

 

In order to study the behaviour of the section with outwards stiffener in the upper flange, we 

choose the existing on the market Comflor 80 profile shown in the Fig. 2.1.1. 

The geometrical proportions b/t, h/t, c/t and d/t of this profile are inside the range of width to 

thickness given in Table 3.1.1 (Table 5.1 of EN 1993-1-3) 

 

 

b / t  500 

 

45    90 

 

h / t  500 sin 

Table 3.1.1 - Maximum width to thickness ratios 

 

However, the internal radius r=25 mm is superior to limit value indicated in the EN 1993-1-3 for 

the theoretical calculation, which is equal to 0,04 t E / fy (16 mm for t=0,9 mm and 21 mm for 

t=1,2 mm). According to this: 

- for t=0.9 mm: r=0.064 t E / fy >  0,04 t E / fy = 16 mm 

- for t=0.9 mm: r=0.048 t E / fy >  0,04 t E / fy = 16 mm 

 

Therefore, performing the theoretical calculation with the actual radius r=25 mm we verify in the 

same time if the limit given in the current version of the EN 1993-1-3 can be increased.    

 

 

 

 

 

 

Fig. 3.2 – Internal radius r 

 

r 
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Three options of theoretical calculation are performed to determine the resistance to positive 

bending moment. The results of this theoretical calculation are compared to the tests results. 

The tested profile properties are:  

t= 0,875 mm and fyb = 470,5 N/mm
2
 

t= 1,164 mm and fyb = 467,5 N/mm
2
 

 

3.1. First design 

First design is based on 2 assumptions: 

1) The upper part of the outwards stiffener is considered as a plate element without an 

embossment, i.e. the embossment is neglected (Fig. 3.1.1) 

                 

Fig. 3.1.1 – Upper part of the outwards stiffener considered as a plate element 

 

2) The definition of the effective section modulus  Weff  is based on an effective cross-section with 

a stress  1, and a distance zc from neutral axis to the upper part of the outwards stiffener (Fig. 

3.1.2).  

With  1 =  2 /and = (h - zc)/ zc

 

 

 

 

 

 

 

 

Fig. 3.1.2 – Stresses  1,  2 and distance zc from neutral axis 

 

The calculated resistance moments are much lower than resistance moments defined by testing 

(Table 3.1.1).  

 

 
Table 3.1.1 – Resistance moments defined by testing and by first design calculation  

 

The effective section modulus  Weff  defined according to the first design seems to be much too 

low. The assumption of the effective section modulus  Weff  based on an effective cross-section 

with a stress  1, and a distance zc from neutral axis up to the upper part of the outwards stiffener 

(Fig. 3.1.2) is given up. 

 

3.2. Second design 

Second design is based on 2 assumptions: 

zc 

1 

2 

h=95 
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1) The upper part of the outwards stiffener is considered as a plate element without embossment, 

i.e. the embossment is neglected as in the § 3.1 (Fig. 3.1.1) 

2) The definition of the effective section modulus  Weff  is based on an effective cross-section with 

a stress  1 in  the upper flange and the upper part of the outwards stiffener and 2 in the bottom 

flange (Fig. 3.2.1). 


 

 

 

 

 

 

Fig. 3.2.1 – Stresses  1,  2 and distance zc from neutral axis 

 

Depending on the distance zc the yield stress is reached in the upper or lower flange.  

If the yield stress is reached in the lower flange then  2 = fyb and  1  fyb 

If the yield stress is reached in the upper flange then  1 = fyb and  2  fyb 

In each case the stress 1s is limited to the fya value defined according to the EN 1993-1-3 clause 

3.2.2(3) , corresponding to the stiffener area As according to the EN 1993-1-3 clause 5.5.3.3(4), 

i.e. 1s  fya. 

Based on these assumptions, the calculated resistance moment for t = 0,9 mm is overestimated 

comparing to resistance moment defined by testing (Table 3.2.1).  

 

Table 3.2.1 – Resistance moments defined by testing and by first design calculation 

This means that neglecting the influence of the embossment leads to an unsafe result. 

 

3.3. Third design 

 

Third design is based on 2 assumptions: 

1) The embossments in the outwards stiffener and in the web are taken into account in the 

calculation: 

a) The upper part of the outwards stiffener is considered as a plate element with a reduced 

thickness instead of embossment tred =  * t (Fig. 3.3.1) (see the deliverable D1.5). 

                 

Fig. 3.3.1 – Upper part of the outwards stiffener with a reduced thickness replacing the 

embossment 

b) The web embossments (Fig. 3.3.2) are considered as plate elements with a reduced 

thickness instead of embossment tred =  * t (see the deliverable D1.5). The calculation is 

zc 
h=80 

2fyb 

1fyb 

1sfya 
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performed in different sections of the web in order to determine the section which induces 

the most important reduction of the resistance moment. 

 
Fig 3.3.2 – Web embossments  

 

Ratio  is defined according to D.15 § 2.2 (p=Kpe/Kp) for thickness t = 0,75 mm and t = 1 mm.,  

considering two factors: 

I. height of the embossment “he” (the height of the outwards stiffener embossment = the 

height of the web embossment)  

II. thickness (t=0,9 mm and t= 1,2 mm  being thicknesses of tested Comflor 80 profile) 

 

Ratio  for t=0,9mm is interpolated between the values for t=0,75mm and t=1mm, and ratio  for 

t=1,2mm is taken equal to t=1mm for safety reason, in order to avoid an extrapolation. 

Therefore ratio  values defined in this way are presented in Table 3.3.1: 

 

Table 3.3.1 - Ratio  values corresponding to the height of embossment “he” of COMFLOR 80 

outwards stiffener and to the different thicknesses 

2) The definition of the effective section modulus  Weff  is based on an effective cross-section with 

a stress  1 in  the upper flange and 2 in the bottom flange (Fig. 3.2.1), as in the § 3.2. 

 

In Table 3.3.2 are presented resistance moments calculated according to the third design but only 

with the outwards stiffener embossment modeled with a reduced thickness (assumption 1) a) ). 

The calculated resistance moment for t = 0,9 mm is very close to resistance moment defined by 

testing therefore it is not safe. 

 

Table 3.3.2 – Resistance moments defined by testing and by calculation with outwards stiffener 

embossment modeled with a reduced thickness 

 

In Table 3.3.3 are presented resistance moments calculated according to the third design with both 

the outwards stiffener embossment and the web embossments modeled with a reduced thickness 



 11 

(assumption 1) a) and b)). The presented results are those for the section of the web which induces 

the lowest resistance moment.  

 

Table 3.3.3 – Resistance moments defined by testing and by calculation with outwards stiffener 

embossment and web embossments modeled with a reduced thickness 

 

We can conclude that the third design with the upper part of the outwards stiffener and the web 

embossments considered as a plate element with a reduced thickness instead of embossment tred = 

 * t and ratio  defined according to D.15 § 2.2 (p=Kpe/Kp) gives a resistance to bending 

moment close to the values by testing and on the safe side.  

 

4. CONCLUSION 

 

This study allowed us to develop a calculation method for steel decks: 

 with outwards stiffeners in the upper flange, based on global testing on sheetings  

 and with embossments on these stiffeners and on the web, based on global testing on 

sheetings and on local tensile testing with and without embossments 

 

In this calculation method: 

1) The embossments in the outwards stiffener and in the web are considered as a plate element 

with a reduced thickness instead of embossment tred =  * t and ratio  defined according to D.15 

§ 2.2 (p=Kpe/Kp)  

2) The definition of the effective section modulus  Weff  is based on an effective cross-section with 

a stress  1 in  the upper flange and the upper part of the outwards stiffener and 2 in the bottom 

flange 
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