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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
embossments or indentations (Fig. 1).

Fig. 1 - Indentations in a composite slab

As we could see in the state of the art [1] completed within GRISPE project, at the composite
stage the behavior of composite slabs with embossments has been determined by numerous
studies [2] to [8], embossments increase for the composite steel-concrete slab shear connection,
moment capacity, mid-span deflections and end slips whereas at the construction stage there is a
real lack of data and knowledge about the effect of embossments and indentations on the steel
deck resistance and stiffness. The European Standard EN 1993-1-3 dealing with design rules for
cold-formed members and sheeting doesn't cover profiles with embossments and indentations.
Moreover the existing studies and researches on this type of profile [9], [10], [11] don't allow to
quantify precisely by calculation the effect of embossments and indentations. This lack is even
more disturbing and serious, as these studies have shown that the effect is unfavorable to certain
criteria as bending resistance. Therefore the one way to design sheeting with embossments /
indentations 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 embossments /
indentations based on a huge testing program performed within GRISPE project [12], [13]

2. ACQUIRED DATA THROUGH GRISPE PROJECT

2.1. Steel sheeting test analysis

A huge program of 144 tests was performed on steel trapezoidal sheeting in order to determine
and compare resistance values of steel decks without and with embossments and indentations
[12], [13]. Two different profiles PCB 60 and PCB 80 from BACACIER, France, with different
shapes of embossments/indentations (decking 1 and decking 2) were tested. The same profiles
were tested with and without embossments/indentations, with two different thicknesses of the
sheets.



Sigure A1 Cross-section of PCB 80

Fig. 2.1.1: PCB 80 from BACACIER SAS
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Figura A.2: Cross-sechon of PCB B0

Fig. 2.1.2: PCB 60 from BACACIER SAS

The profiles were tested according to EN 1993-1-3, Annex A:
e single span tests
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Fig. 2.1.3. — Test set-up for single span tests



- end support tests

b, = support length
u = length from internal edge of end support to end of sheet
Fig. 2.1.4 — Test set-up for end support test

e internal support tests
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Fig. 2.1.5 — Test set-up for internal support tests

The analysis of those tests allowed us to conclude:

o for the moment resistance: the_embossments and indentations decrease moment resistance
from 3,5% up to 9,7%, and decrease inertia moment from 1,4% up to 10,7%. The study
performed by P. Luure and M. Crisinel [9] which showed a decrease of about 10% on the
resistance and the study performed by J. M. Davies [10] who found in his finite element
analysis a decrease of 3 to 10% of the bending strength are consistent with our study.




e for the end support resistance (web crippling) the embossments and indentations increase
the web crippling resistance from 5,5% up to 20,3%. P. Luure and M. Crisinel [9] found
an increase of about 10%, which is consistent with our values.

o for the moment-reaction interaction, it is observed that in general tendency:
- for smaller span s values, the interaction resistance of profile with embossments /
indentations is equal or bigger than without embossment
- for bigger span s values, the interaction resistance of profile with embossments /
indentations is equal or smaller than without embossment

This observation may be logically explained by the following:
- from end support and simply span tests it results that the embossments decrease the
moment resistance and increase the reaction resistance
. for smaller s values (right side of the M-R diagram) the interaction resistance is governed
by the reaction resistance (that is higher)
. - for bigger s values (left side of the M-R diagram) the interaction resistance is governed
by the moment resistance (that is lower)

2.2. Coupon tensile test analysis

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.
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L =200 mm

Section A-A

a) plate coupons

b) coupons with indentations
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Fig. 2.2.1 Dimensions of coupons

e

Key:

L = total length

L. = parallel length

Lo = initial gauge length
b = total width



bo = width of the parallel reduced part

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.

2.2.1. Yield stress with and without embossments
a) 0.75 mm

Plate samples

Complete tensile traction diagrams

A detailed analysis allowed us to determine the ratios between the yield stress of the coupon plate
without embossment and the yield stress of the coupon plate with embossment.
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Truncated diagrams until 0,5% strain in yield stress area

TT-e-075-0-0-0-1
400
a5 ¥ =271828x6- 584127x° + 469756x*- 1711453 + 24206x%+ 651,01x + 6,6316
| —R*=0,9997
300 //
w 250 /
£ 500 ,
8 /
o
_E 150 /
100 /-
50 /
0
0,00 0,10 0,20 0,30 0,40 0,50
strain [%]
Fig.2.2.1.4

TT-e-075-0-0-0-2

400

350 __Eill_tlﬂL';Eiﬁ(M&_?&@“;lﬁ87 X3+ 19156x2+ 1257, 1%+ 8,654

—R? = 0,9996

300 /
= 250
a /
2 500
g /'
u
£ 150 /

100 /

50 /
0
0 0,1 0,2 0.3 0,4 0,5
strain [%]
Fig.2.2.1.5
TT-e-075-0-0-0-3
400
350 y =273561x% - 555021x°+ 419072x* - 139685x% + 15717x2 + 1485,1x+ 10,276

200 /—“R’-_O,_QQQS
250 /
/|
150 /
100 /
50 /
/

0 0,1 0,2 0,3 0,4 0,5
strain [%]

Fig. 2.2.1.6

stress [MPa]
N
8
1. N

Average equation curve:

y = 285713.667*x"6-588405*x"5+453457.6666*x"4-156567.3*x"3+19693.07 *x"2+1131.7*x+8.52

Determination of the vield strength value

Principle
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Fig. 2.2.1.7
Stress—strain curve showing typical yield behavior. Stress (&) shown as a function of strain (&).

1: True elastic limit

2: Proportionality limit
3: Elastic limit

4: Offset yield strength
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Fig. 2.2.1.8 Determination of the f, value


https://en.wikipedia.org/wiki/Stress%E2%80%93strain_curve
https://en.wikipedia.org/wiki/Stress_(mechanics)
https://en.wikipedia.org/wiki/Strain_(mechanics)
https://en.wikipedia.org/wiki/True_elastic_limit
https://en.wikipedia.org/wiki/Proportionality_limit
https://en.wikipedia.org/wiki/Elastic_limit
https://en.wikipedia.org/wiki/Yield_strength

The fy value is defined by the 2 equations system:

y = 285714x° - 588405x° + 453458x* - 156567x° + 19693x” + 1131.7x + 8.52

y = E*(x-0.2)

The solution of the above equation system gives:

y = 343.976177 ={,
x = 0.36973 = g,

The elastic limit o, (see Fig. 2.2.1.7, point "3" on the curve) is assumed as being defined by
0.05% strain, as shown in the Fig. 2.2.1.9.

This is performed by solution of the two equations system:

y = 285714x° - 588405x° + 453458x* - 156567x° + 19693x° + 1131.7x + 8.52

y = E*(x-0.05)

The solution of the above equation system gives:

y = 333.881491 = 5,
x=021729 = ¢,
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Fig. 2.2.1.9 Determination of the proportionality limit

The curve o - € diagram is replaced by two broken lines diagram:
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Fig. 2.2.1.10 Simplified bi-linear diagram (black line)

The E, is to be used in the area 0 - o,
The Ey is to be used in the area o), - fy

Embossed samples
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L =200 mm

Test Core thickness Measured height Geometry according to Joris Ide
es te [mm] h, + ty [mm] [mm]

TT-e-075-0-0-0-1 0.698 .

TT-e-075-0-0-0-2 0.701 -

TT-e-075-0-0-0-3 0.702 .

TT-e-075-1-1-0-1 0.701 2.14

TT-e-075-1-1-0-2 0.701 2.12 -

TT-e-075-1-2-0-3 0.700 2.12

TT-e-075-2-2-0-1 0.699 3.31

TT-e-075-2-2-0-2 0.705 3.25 -

TT-e-075-2-2-0-3 0.702 3.30

TT-e-075-3-3-0-1 0.694 4.00 .

TT-e-075-3-3-0-2 0.698 3.96 - I— u

TT-e-075-3-3-0-3 0.679 3.94 T N\

TT-e-075-4-4-0-1 0.701 485 0

TT-e-075-4-4-0-2 0.700 4.85 4251 r A ]

TT-e-075-4-4-0-3 0.696 4.91 Tl N

TT-e-075-1-1-10-1 0.693 2.40 s 2
[1 -

TT-e-075-1-1-10-2 0.699 2.41 . . N

1,65 / \W

TT-e-075-1-1-10-3 0.695 2.40 : 4

TT-e-075-2-2-10-1 0.699 3.39 1ss 2
r‘ >

TT-e-075-2-2-10-2 0.699 3.35 . pm—

° 2,65 # \W
TT-e-075-2-2-10-3 0.700 3.34 " 4 e
TT-e-075-3-3-10-1 0.698 3.57 125 21
TT-6-075-3-3-10-2 0.698 3.57 PR — _ W

2,85 7 N
TT-e-075-3-3-10-3 0.702 3.56 \ :
TT-e-075-4-4-10-1 0.691 5.06 02 3
TT-e-075-4-4-10-2 0.699 5.11 g e— W

4,25 e
TT-e-075-4-4-10-3 0.698 5.10 b e

Table 2.2.1.1 — Results of tensile tests with embossments, nominal thickness ty = 0.75 mm

Diagrams in the area 0 - gy
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The above diagrams corresponding to the folded samples are interpreted in the similar manner as

the diagram corresponding to the plate samples (see Fig. 2.2.1.8) illustrated on the example of the
sample TT-e-075-1-1-0-1:
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Remark:

In the Figure 2.2.1.35 gy and &y are those defined for the plate samples:
€pe = €p = 0.21729
€ye =8y = 0.36973

the ope and oye are the actual stresses in the given folded sample corresponding to epe and &ye
strains

b) Imm

Plate samples

Complete tensile traction diagrams
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Fig. 2.2.1.37
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Fig. 2.2.1.38

Truncated diagrams until 0,5% strain in yield stress area
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Average equation curve:

y=227814.666*x"6-450361.333*x"5+341647.333*x"4-119267.333*x"3+15545.667*x"2+1087.08*x +7.201

Determination of the yield strength value (see. Fig. 2.2.1.42)
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Fig. 2.2.1.42




400
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Fig. 2.2.1.43

Determination of the f, value

The fy value is defined by the 2 equations system:

y = 227815x° - 450361x° + 341647x* - 119267x° + 15546x* + 1087.1x + 7.201

y = E*(x-0.2)
The solution of the above equation system gives:

y = 361.911991 = f,
x =0.37962 = g,

The proportionality limit o, ( see Fig. 2.2.1.7, point "3" on the curve) is assumed as being defined

by 0.05% strain, as shown in the Fig. 2.2.1.44.
This is performed by solution of the two equation system:

y = 227815x° - 450361x° + 341647x* - 119267x> + 15546x* + 1087.1x + 7.201

y = E*(x-0.05)
The solution of the above equation system gives:

y = 361.911991 = 5,
x = 0.22859 = ¢,
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Fig. 2.2.1.44 Determination of the proportionality limit

The curve o - € diagram is replaced by two broken lines diagram:
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Fig. 2.2.1.45 Simplified bi-linear diagram (black line)

The Ej is to be used in the area 0 - o
The Ey is to be used in the area o, - fy



Folded samples

5| Ce
= <Th.
e
|5 b:‘i ; /l\
| L/2
! L =200 mm
Test Core thickness Measured height Geometry according to Joris Ide
te [mm] h, + ty [mm] [mm]
TT-e-100-0-0-0-1 0.934 -
TT-e-100-0-0-0-2 0.931 -
TT-e-100-0-0-0-3 0.934 -
TT-e-100-1-1-0-1 0.935 2.31
TT-e-100-1-1-0-2 0.928 2.31 .
TT-e-100-1-2-0-3 0.938 2.33
TT-e-100-2-2-0-1 0.930 3.24
TT-e-100-2-2-0-2 0.933 3.25 -
TT-e-100-2-2-0-3 0.935 3.24
TT-e-100-3-3-0-1 0.931 4.00 8
TT-e-100-3-3-0-2 0.934 3.96 . A
3 N
TT-e-100-3-3-0-3 0.927 3.94
TT-e-100-4-4-0-1 0.930 4.85 103
TT-e-100-4-4-0-2 0.934 4.85 . |
s AN
TT-e-100-4-4-0-3 0.933 4.91 e N
TT-e-100-1-1-10-1 0.934 2.40 7 o
TT-e-100-1-1-10-2 0.927 2.41 . : iy
16 4 \W
TT-e-100-1-1-10-3 0.934 2.40 ' 2
TT-e-100-2-2-10-1 0.928 3.39 25 25
TT-e-100-2-2-10-2 0.933 3.35 pr—
2’3 // \
TT-e-100-2-2-10-3 0.934 3.34 v
TT-e-100-3-3-10-1 0.934 3.57 124 25
TT-e-100-3-3-10-2 0.931 3.57 . —
2,85 y 4 N
TT-e-100-3-3-10-3 0.928 3.56 . : :
TT-e-100-4-4-10-1 0.934 5.06 13 24
TT-e-100-4-4-10-2 0.933 5.11 —
' ' 4 /
TT-e-100-4-4-10-3 0.934 5.10 N e

Table 2.2.1.2 — Results of tensile tests with embossments, nominal thickness ty =1 mm
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Diagrams in the area 0 - &y
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The above diagrams corresponding to the folded samples are interpreted in the similar manner as

the diagram corresponding to the flat samples (see Fig. 2.2.1.45) illustrated on the example of the
sample TT-e-075-1-1-0-1:
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Remark:

In the Figure 2.2.1.70 gpea and &yeq are those defined for the plate samples:
€pea = €pa = 0.22859
€yea = €ya = 0.37962

the ope and oye are the actual stresses in the given folded sample corresponding to ep, and &y,
strains.

The evolution of the stress depending on the strain simultaneously for both types of samples: flat
(blue line) and embossed (black line), is shown in the Fig. 2.2.1.71.:
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2.2.2. Determination of the effectiveness of embossed part of the section
From the above tests results, using the Navier's plane strain section hypothesis we can now derive
the effective stress in the embossed part of the section wall (see the Fig. 2.2.1)

In the first step is defined the relation between the stiffness of the flat coupon and the global
stiffness of the embossed coupon tests for the same strain &.

The elongation of the flat coupon under stress o is:

AL, =Log Ot (2.1)
Ef Kf
The elongation of the embossed coupon under Stress ce, is:
L c
AL . =—0 g5 —_"ea 2.2a
ea Eea Gea Kea ( )
where:

Es is the Young's modulus measured on the flat coupon

Ec. is the Young's modulus measured on the embossed coupon

Kt is the stiffness constant of the flat coupon = Lo/E¢

Kea is the stiffness constant of the embossed coupon = Lo/Ee,

The "a" index is used to point out that this is an average value obtained on the embossed
coupon containing the embossed and flat parts

The same strain in both coupons occurs when AL = ALy, S0 comparing (2.1) and (2.2a) we
obtain:

Kea= L
Sf

Ky

In the second step is defined the relation between the stiffness of the flat coupon and the local
stiffness of the embossment for the same strain e.

For this, we observe that the elongation AL, can be also expressed as:
AL, =Zea 4 O (2.2b)
K, K,
Comparing (2.2a) and (2.2b) we obtain the equation defining the local stiffness factor of the
embossment:

K, = KiKes (2.3)
Kf - Kea
This behaviour model leads to a notion of the effective (equivalent) thickness
terr =p*t (2.4)
of the embossment, where:
K
= e 2.5

PER. (2.5)

This ratio is variable depending on the stress level.

In the Tables 2.2.2.1 and 2.2.2.2 are presented the p ratios for the two stress levels shown in the
Fig. 2.2.1.7:

- oye (elastic limit stress)

- fy (yiel stress)

and for different thickness t=0.75 mm and t=1.00 mm.
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Kp | Kpea | Kpe Ky | Kyea | Kye ratio p
N/mm?%/mm Koe/K, K,e/K,
TT-e-075-1-1-0 573 821 411 645 0.4339 0.5690
TT-e-075-1-1-10 315 378 297 403 0.1995 0.3553
TT-e-075-2-2-0 199 223 158 184 0.1177 0.1624
TT-e-075-2-2-10 1893 115 123 1133 111 123 0.0650 0.1088
TT-e-075-3-3-0 138 149 117 130 0.0788 0.1150
TT-e-075-3-3-10 103 109 95 104 0.0575 0.0920
TT-e-075-4-4-0 57 59 49 51 0.0310 0.0451
TT-e-075-4-4-10 40 41 37 39 0.0214 0.0341

Table 2.2.2.1 — Ratios p for the different coupons t = 0,75 mm

Ko | Kpea | Kpe Ky Kyea Kye ratio p
N/mm?/mm Koe/K, | Keo/K,
TT-e-100-1-1-0 745| 1288 535 984 0.7283 0.8396
TT-e-100-1-1-10 408 531 380 563 0.3003 0.4806
TT-e-100-2-2-0 338 418 273 357 0.2362 0.3044
TT-e-100-2-2-10 1768 174 193 1172 166 194 0.1092 0.1653
TT-e-100-3-3-0 153 167 129 145 0.0947 0.1240
TT-e-100-3-3-10 117 125 111 122 0.0709 0.1044
TT-e-100-4-4-0 81 85 69 74 0.0480 0.0630
TT-e-100-4-4-10 68 71 63 67 0.0400 0.0570

Table 2.2.2.2 — Ratios p for the different coupons t = 1,00 mm

Another presentations of p values depending on the h, (Table 2.2.2.1 and Table 2.2.2.2) and be;
dimensions are given in the Table 2.2.2.3 and 2.2.2.4.

hE pp = er/Kp py = Kye/KV
bs=0 |[b.=10 |b,=0 b.=10 be;=0 b.=10
1,38| 1,65 0,4339 0,1995| 0,5690| 0,3553
2,54 2,61 0,1177 0,0650 0,1624| 0,1088
322 2,82 0,0788 0,0575| 0,1150| 0,0920
4,12 434| 0,0310 0,0214| 0,0451| 0,0341

Table 2.2.2.3 Ratios p depending on the he et bej dimensions for t = 0,75 mm

h. Py = Koo /K, p, = K,/K,
by=0 |b,=10 |b,=0 b, =10 b;=0 b, =10
1,32| 14| 0,7283 0,3003| 0,8396| 10,4806
2,24| 2,36| 0,2362 0,1092| 0,3044| 10,1653
2,97| 2,57 0,0947 0,0709| 0,1240| 0,1044
3,87| 4,09 0,0480 0,0400| 0,0630| 0,0570

Table 2.2.2.4 Ratios p depending on the he et bej dimensions for t = 1,00 mm
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Considering the variation of the ratios p depending of the stress level, the question arises as to the
choice p value for the determination of the effective thickness tes .

Three cases are regarded:

1. Section under axial normal force (traction of compression): in this case the stress are constant
over whole section so the representative safe value is pp=Kpe/K,

2. Section under bending: the stress level is varying, depending on the distance of the embossment
to the neutral axis

3. Section under combiner action under normal force and bending: the stress level is varying,
depending on the distance of the embossment to the neutral axis, as in the case 2.

It is obvious that taking into account of the ratio p depending on the stress level in the
embossment is excessively complex and not adapted for a current practice.

The practical solution is then to take a constant safe p value, regardless the stress level in the
embossment.

One observes that in the cases 1 and 2 the bigger is distance to the neutral axis, the bigger is the
influence of the tes variation on the inertia moment. In conclusion, also in this case the adoption of
the pp=Ke/K, seems to be the most rational safe choice.

We observe that the sheeting with embossment is designated to the composite slabs, where it is
working under simultaneous action of bending and traction: near the support the predominant
action is bending and increasing the distance from the support the tension gradually becomes
predominant.

In conclusion the pp=Ke/K, is proposed (taking the minimum value of p between p (bei = 0 mm)
and p (bei = 10 mm) for safety reason) to be generally adopted for the evaluation of the effective
thickness of the embossment: tesr =pp *t. This ratio is then calculated for the height of the
embossment, making an interpolation between the h, bracketing the value (Table 2.2.2.5 and
Table 2.2.2.6)

t=0,75mm
h. (mm) Pp = Kpe/K,
0 1.000
1.5 0.221
2 0.150
2.5 0.080
2.75 0.060
3 0.053
3.5 0.041
4 0.029

Table 2.2.2.5 Ratios p depending on the he dimensions for t = 0,75 mm

t=1mm
h. (mm) P, = Ko /K,
0 1.000
1.5 0.280
2 0.181
2.5 0.084
2.75 0.067
3 0.062
35 0.052
4 0.042

Table 2.2.2.6 Ratios p depending on the he dimensions for t = 1 mm
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3. STUDY ON CALCULATION METHOD OF STEEL DECKS WITH EMBOSSMENTS
/ INDENTATIONS

Resistances of the profiles PCB 60 and PCB 80 without and with embossments / indentations are
calculated in order to be compared to the test results presented in § 2.2.

The profiles (with and without embossments / indentations) resistance is calculated according to
EN 1993-1-3.

The geometrical proportions b/t, h/t, ¢/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 b
H Hl b/t <500

N

t
>l

" - - : 45° < < 90°
h h h/t <500 sing
¢ ¢

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. Span moment resistance

3.1.1. Resistance values of profiles without embossments / indentations

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 PCB 60 in Table 3.1.1.1 and for PCB 80 in Table
3.1.1.2

PCB 60:

The tested profile properties are:
t= 0,698 mm and f,, = 341 N/mm?’
t= 0,932 mm and f,, = 364 N/mm?

PCB 60
thom Mg (kN*m/m)
mm Test Calculation
0.75 5.03 4.85 3.8%
1.00 7.40 7.23 2.3%
Table 3.1.1.1 — Comparison between calculated and defined by testing resistances moment for
PCB 60
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PCB 80:

The tested profile properties are:
t= 0,684 mm and f,, = 363 N/mm?
t= 0,961 mm and f,, = 370 N/mm?

PCB 80
thom Mg (kN*m/m)
mm Test Calculation
0.75 9.00 8.45 6.1%
1.00 13.62 12.24 10.1%
Table 3.1.1.2 — Comparison between calculated and defined by testing resistances moment for
PCB 80

The calculated resistance moments are lower than the tested ones, from 2,3% to 3,8% for PCB 60
and from 6,1% to 10,1% for PCB 80.

3.1.2. Resistance values of profiles with embossments / indentations

The moment resistances of the effective section are calculated according to EN 1993-1-3,
considering the embossments / indentations (Fig. 3.1.2.1) as plate elements with a reduced
thickness teq = p * t Where the ratio p defined accordingto §2.2.2 .

e

PCB 80
Fig. 3.1.2.1- Embossments / indentations

PCB 60

For both PCB 60 and PCB 80 the calculation is performed in different cross sections in order to
determine the section which induces the most important reduction of the resistance moment.

PCB 60:

Ratio p is defined according to Tables 2.2.2.5 and 2.2.2.6 for thickness t = 0,75 mm and t =1
mm., considering the height of embossments “hg”

Ratio p values defined in this way are presented in Table 3.1.2.1:
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t (mm) 0,75 1

ratio p for

PCB 60 0,150 0,201

Table 3.1.2.1 - Ratio p values of embossments of PCB 60

The tested profile properties are:
t= 0,698 mm and f,, = 341 N/mm?’
t= 0,932 mm and f,, = 364 N/mm?

In Table 3.1.2.2 the calculated resistance moments and the defined by testing resistance moments
are presented. The calculation of Mg = 4,42 KN*m/m for t=0,75mm is explained in Annex A.

PCB 60 with embossments

thom Mg (kN*m/m)

mm Test Calculation
0.75 4.54 4.42 2.7%
1.00 7.07 6.69 5.3%

Table 3.1.3.2 — Comparison between calculated and defined by testing resistance moment for PCB
60 with embossments

Embossment influence
Test Calculation
0.75 -9.7% -8.8%
1.00 -4.4% -7.4%

Table 3.1.2.3 — Embossment influence on resistance moment defined by testing and calculation
for PCB 60
As shown in the tables 3.1.2.2 the calculated resistance moments are lower than the tested ones
from 2,7% to 5,3%.

PCB 80:

Ratio p is defined according to Tables 2.2.2.5 and 2.2.2.6 for thicknesst = 0,75 mmand t = 1
mm., considering the height of the embossments “he” (the height of the conical embossment = the
height of the longitudinal embossment Fig. 3.1.2.2)

Conical R

embossments ' Longitudinal
embossments
(indentation)

Fig. 3.1.2.2 Conical embossments and longitudinal embossments (indentation) of PCB 80
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t (mm) 0,75 1

ratio p for

PCB 80 0,179 0,221

Table 3.1.2.4 - Ratio p values of embossments of PCB 80

The tested profile properties are:
t= 0,684 mm and f,;, = 363 N/mm?
t= 0,961 mm and f,, = 370 N/mm?

In Table 3.1.2.5 are presented calculated resistance moments (with Ratio p from Table 3.1.2.4)
and resistance moments defined by testing

PCB 80 with embossments

thom Mg (KN*m/m)

mm Test Calculation
0,75 8,69 7,13 18,0%
1,00 13,06 10,42 20,2%

Table 3.1.2.5 — Comparison between calculated and defined by testing resistance moment for PCB
80 with embossments

Based on these p values, the calculated resistance moment is underestimated comparing to
resistance moment defined by testing. Therefore the assumption is made that a conical
embossment has an influence less important than a longitudinal indentation, therefore for the
conical embossments ratio p is calibrated on the mean value between 1 (corresponding to the case
without embossment) and the value for the height “he” of a longitudinal embossment

ratio p conical =(1+ratio p longitudinal)/2)

Ratio p values defined in this way are presented in Table 3.1.2.6:

t (mm) 0,75 1

ratio p for
longitudinal 0,179 0,221
embossments

ratio p for
conical 0,589 0,610
embossments

Table 3.1.2.6 - Ratio p values of conical embossments and longitudinal embossments
(indentation) of PCB 80

In Table 3.1.2.7 are presented calculated resistance moments (with ratio p from Table 3.1.2.6) and
resistance moments defined by testing
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PCB 80 with embossments

thom Mg (KN*m/m)

mm Test Calculation
0.75 8.69 7.77 10.6%
1.00 13.06 11.28 13.6%

Table 3.1.2.7 — Comparison between calculated and defined by testing resistance moment for PCB
80 with embossments

Embossment influence
Test Calculation
0.75 -3.5% -8.1%
1.00 -4.1% -7.8%

Table 3.1.2.8 — Embossment influence on resistance moment defined by testing and calculation
for PCB 80
As shown in the tables 3.1.2.7, taking for the conical embossments ratio p equal to the mean value
between 1 and the value for the height “h.” and for the longitudinal embossment ratio p value for
the height “he” gives results closer to the test results and still lower, from 10,6% to 13,6%.

We can conclude that for PCB 60 with embossments and for PCB 80 with embossments the
differences between calculation and testing are similar to the differences observed for the profiles
without embossments.

Moreover the decrease induced by embossments defined by calculation for PCB 60 and for PCB
80 varies from 7,4% to 8,8% which is consistent with the decrease defined by testing (from 3,5%
t0 9,7%) (Table 3.1.2.3 and 3.1.2.8).

This comparison confirms that the calculation method for the resistance moment of the steel
sheeting with embossments / indentations adopted in the present study gives the results that are
coherent and in the same time safe in relation with the testing results.

3.2. Web crippling resistance

3.2.1. Web crippling resistance values of profiles without embossments /
indentations

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

compared to the values defined by testing for PCB 60 in Table 3.2.1 and for PCB 80 in Table
3.2.2.

Repa=ar’ [ 7o E (1 -0t ) 0.5+ 0021, 71 |(24 + 61907 )/ 3y 6.18)

PCB 60:

The tested profile properties are:
t= 0,698 mm and f,, = 341N/mm?
t= 0,932 mm and f,, = 364 N/mm?
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PCB 60
thom Rg (kN/m)
mm Test Calculation
0,75 22,41 6,64 70,4%
1,00 37,03 11,99 67,6%
Table 3.2.1 — Comparison between calculated and defined by testing web crippling resistances for
PCB 60
PCB 80:
The tested profile properties are:
t= 0,684 mm and f,;, = 363 N/mm?
t= 0,961 mm and f,, = 370 N/mm?
PCB 80
thom Rg (kN/m)
mm Test Calculation
0.75 16.05 7.97 50.4%
1.00 29.84 15.14 49.3%
Table 3.2.2 — Comparison between calculated and defined by testing web crippling resistances for
PCB 80

The calculated web crippling resistance at the end support is much lower than the tested one:
about 50% for PCB 80 and about 70% for PCB 60.

This confirms the already noticed fact by M. Bakker [14] that web crippling prediction formula
gives results different from test results.

3.2.2. Web crippling resistance values of profiles with embossments / indentations

As seen at § 3.1.2 the calculated web crippling resistance is much lower than the tested one.
Moreover the difference between resistances with and without embossments is much lower than
the difference between resistances calculated and tested (D1.4) therefore seek a fine solution
would be illusory, and would not bring any practical advantage. Consequently, it is proposed to
calculate web crippling resistance at support for profiles with embossments / indentations to take
the usual formula (6.18) EN 1993-1-3

Rums=ar [ FE (1 -0t ) 0.5+ 0027, 77 (24 + 4190 )/ g

(6.18)

3.3. Moment-Reaction interaction

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

For the purposes of the present study, theoretical resistance to combined action of moment Mgy
and reaction Rgg, (M-R theor.) used in the calculation model defined by the eq. (6.28c), EN 1993-
1-3is transformed in the following form:
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e L TE g la
M, " R, (12)
Mo = 1.25M¢rq (1b)
Ro= 1.25R¢ kg (1c)

These relations are presented in the Fig. 3:3.1

M A
M0:1.25Mcde N

Mc,Rd

0.25M¢rg

0.00 0.25Ryrg Rugd Ro=1.25 Ry

Fig. 3.3.1 Graphical presentation of the equation (1)

PCB 60:

The tested profile properties are:
t= 0,698 mm and f,, = 341N/mm’
t= 0,932 mm and f,, = 364 N/mm?

Ratio p is defined according to Tables 2.2.2.5 and 2.2.2.6 for thickness t = 0,75 mmand t =1
mm., considering the height of embossments “hg”

Ratio p values defined in this way are presented in Table 3.3.1:

t (mm) 0,75 1
ratio p for
PCB 60 0,150 0,201

Table 3.3.1 - Ratio p values of embossments of PCB 60

In the Fig. 3.3.2 to 3.3.9 the results of theoretical calculation (black lines) according to the EN
1993-1-3 eq. (6.28) for profiles without embossment are compared to the results of testing without
embossment (blue lines). On these graphs are also superposed the results of testing with
embossments (green lines).
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PCB 60 0.75mm, b,=60mm

without embossments

PCB 60 0.75mm, b,=60mm
with embossments

MRk_max RRk_rnin MRk_max RRk_min

3,64 9,66 3,51 9,33

without embossment

MRk_min RRk_max MRk_min RRk_max Mcalculated Rca\cu\ated

2,05| 20,52 2,08 20,75 4,43 23,25

6.00

5.00 A\——Pe%eefe%mm%uﬁew

4.00 %

3.00

2.00

\\
1.00 hes
0.00 r r T T : S ,
0.00 5.00 10.00 15.00 20.00 25.00 35.00

Fig. 3.3.2. Results for the profiles PCB60/0.75 mm, at the support width bu=60 mm

PCB 60 0.75mm, b,=160mm

without embossments

MRk_ma)-c RRk_min
4,54 12,06
MRk_min RRk_max
3,22 32,14

&,00
‘-'-.

500 7

4.00

300

2,00 -

100

0,00

0,00

5,00

10,00

PCB 60 0.75mm, b,=160mm
with embossments

MRILmax RRk_min
4,22 11,21

MRk_min RRk_max
3,34| 33,43

without embossment

Mcalculated

Rca\cu\ated

1,43

33,90

Tast PCRBEDe/D.7Smim, Bu=160 mm

s Test PCBEDSD.Y5mm, bu=160 mm

15,00 20,00

25,00

Theor. without bossage

30,00 3500 40,00 45,00

Fig. 3.3.3. Results for the profiles PCB60/0.75 mm, at the support width bu=160 mm
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PCB 60 1.00mm, b,=60mm
without embossments

PCB 60 1.00mm, b,=60mm

with embossments

MRLmax Rngmin MRk_max I:{Rk_min
5,91 15,71 5,59 14,86 .
without embossment
MRk_min RRk_max MRk_min RRk_max Mcalculated Rcalculated
3,30 33,00 3,31 33,08 6,80 40,69
9.00
N
3.00 \\ e PCB60e/1.00mm, bu=60mm
\\
7.00 @ PCB60/1.00mm, bu=60mm
6.00
5.00 e |\/-R theor
4.00
3.00
2.00 N
\\\
1.00 S
0.00 T T T T \x‘ 1
0.00 10.00 20.00 30.00 40.00 50.00 60.00

Fig. 3.3.4. Results for the profiles PCB60/1.00 mm, at the support width bu=60 mm

PCB 60 1.00mm, b,=160mm
without embossments

PCB 60 1.00mm, b,=160mm
with embossments

M Rk_max

RRk_min

7,18

19,10

Mgic_min

RRk_max

5,37

53,67

9,00

&,00 -

7,00

6,00

5,00

4 00

3,00

2,00

1,00

Test PCEGOe /1. 00mm, bu=160r

MRk_max RRk_min
6,72 17,86

MRk_min RRILmax
5,48 54,75

—Test PCEGBO/1.00mm, Bu=160mim

m—Theor. without bossage

0,00
000

10,00

20,00 30,00 40,00

s0.00

60,00

J0.00

without embossment

Mcalculated

Rcalculated

6,80

58,57

a0,00

Fig. 3.3.5. Results for the profiles PCB60/1.00 mm, at the support width bu=160 mm
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PCB 80:

The tested profile properties are:
t= 0,684 mm and f,, = 363 N/mm?
t= 0,961 mm and f,, = 370 N/mm?

Ratio p values defined in this way are presented in Table 3.3.2:

t (mm)

0,75

1

ratio p for
longitudinal
embossments

0,179

0,221

ratio p for
conical
embossments

0,589

0,610

Table 3.3.2 - Ratio p values of conical embossments and longitudinal embossments (indentation)

PCB 80 0.75mm, b,=60mm
without embossments

of PCB 80

PCB 80 0.75mm, bu=60mm
with embossments

MRi_max | Rrk_min Mri_max | Rei_min
4,58 10,72 4,56 10,69 :
without embossment
IVle_min RRk_max MRk_min RRk_max Mcalculated Rcalculated
2,98| 23,82 2,99| 23,94 5,86 29,34
8.00
7.00 >~
Sae e PCB80e/0.75mm, bu=60 mm
6.00 =
\ —— PCB80/0.75mm, bu=60 mm
5.00
4.00 -
3.00
2.00 \\
1.00 e
0.00 : , : AL ,
0.00 10.00 20.00 30.00 40.00

Fig. 3.3.6 Results for the profiles PCB80/0.75 mm, at the support width bu=60 mm
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PCB 80 0.75mm, bu=160mm

without embossments

MRLmax Rngmin
5,591| 13,111
MRk_min RRk_max
4,395| 35,144
8,00

=——=Test PCBEO=/0.T5mm, bu=

200 ==Test PCBEHD. T5mm, bu=1a mm ™
[
1,00 e
Theor. withouwt bossage
.00
a,00 10,00 20,00k 30,00 40,00 50,00

PCB 80 0.75mm, b,=160mm

with embossments

MR_max RILrnin
5,38 12,62

MILmin RR_max
4,72 37,75

without embossment

Mcalculated Rcalculated

5,86 42,77

60,00

Fig 3.3.7 Results for the profiles PCB80/0.75 mm, at the support width bu=160 mm

PCB 80 Tmm, b,=60mm
without embossments

PCB 80 1Tmm, b,=60mm
with embossments

MRk_ma)-c RRk_min MRILmax RRILmin
7,86 18,44 7,90 18,52 i
without embossment
MRk_min RRk_max MRLmin RRk_max Mcalculated Rca\cu\ated
5,14 41,09 5,36| 42,83 9,99 53,80
14.00
1200 < —— PCB80e/1.00mm, bu=60 mm
10.00 =
\ —— PCB80/1.00mm, bu=60 mm
8.00
= \M-R theor.
6.00
\
N
4.00 \
2.00 N
0.00 . ; ' ,
0.00 20.00 40.00 60.00 80.00

Fig. 3.3.8. Results for the profiles PCB80/1.00 mm, at the support width bu=60 mm
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PCB 80 Tmm, b,=160mm PCB 80 1Tmm, b,=160mm

without embossments with embossments
MRk_max RRk_min MRLmax RRILmin
9,38 22,02 9,32 21,87
without embossment
MRk_min RRk_max MRLmin RRk_max Mcalculated Rcalculated
7,86| 62,83 8,16| 65,23 9,99 77,23

14,00
= PLBE0e/1.00, B=160 mm

12,00 ~

. ===Test PCEE0S1.00, B=160 mm

e m

8,00 \ Theorwithoot bossage—
6,00 ‘\\

4,00

2,00 S
| ~.1

0,00 !
0,00 20,00 40,00 60,00 80,00 100,00 120,00

Fig. 3.3.9. Results for the profiles PCB80/1.00 mm, at the support width bu=160 mm

Adaptation of the eq. (6.18), EN 1993-1-3 for the calculation of the web crippling resistance of
the profiles with embossment.

The moment resistance is calculated according to EN 1993-1-3, considering the embossments /
indentations as plate elements with a reduced thickness teq=p *tasin § 3.1.2

As a reminder, below is presented the eq. (6.18), EN 1993-1-3 for the theoretical calculation of
the web crippling resistance of the profiles with embossment:

Rura =at? | T,E (1 -0,01t )| 0,5+ {0,021, /t [(24 + ($/90) )17, @

where:
hw is the web height between the midlines of the flanges;
r is the internal radius of the corners;
Q is the angle of the web relative to the flanges (degrees)
I, is the effective bearing length, in the present case |, = b,
a is the coefficient for the relevant category, in the present case « = 0.15
t is the design thickness of the section

ym1  partial safety coefficient, in the present case we take ymy = 1.0

This equation is used for the determination of the web crippling resistances of the profiles without
embossments, presented in the Fig. 3.3.2 to 3.3.9.

However, the results obtained with this equation are in some cases, especially for the large
support widths, not accurate. This confirms the-already observed tendency pointed out-in § 3.2.1
and by M. Bakker [14] that web crippling prediction formula give results different from test
results.
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In this study we tested a possibility of a safe adaptation of this equation for the profiles with
embossments, searching an equivalent design thickness to put in the equation (4).

One difficulty lies in the fact that the thickness t appears in different members of the eq. (4),
where its role is different as to the mechanical behaviour.

For instance, firstly used t value (%), corresponds to the buckling resistance of the web.

The next one (r/t) corresponds to the influence of the transversal bending of the web depending on
the internal angle of the corners r.

The next one (l4/t) corresponds probably to the spread of the stress on neighbouring zones.

In this study, we tested a possibility of adaptation of the eq. (4), by calculating the equivalent
thickness tess depending on the inertia of the indentations in the web, and replacing the firstly and
thirdly used t with the effective thickness tef, and leaving the secondly used t without changing.
The results of this test was excessively incoherent with the test results, and in some case very
unsafe, therefore this way was given up

However, the performed tests prove that in case of the section with embossments the resistance at
the support decreases in case of long test spans s and increases, less or more in case of short test
spans s.

This observation is used for the proposed safe adaptation of the equation (4) which is the
following:
1) Firststep:
Calculation of the two extreme points of the segment corresponding to the interaction M-R:
Mmax = I\/lr,c,e ; -Rmax = Rr,c,n
Muin = 0.25M; ¢ ; Rmin = 0.25R ¢
where:
M; e Is the moment resistance calculated for the section with embossment
M, cnis the moment resistance calculated for the section without embossment
R:cn IS the web crippling resistance calculated for the section without embossment

2) Second step:
Calculation of the values Mg and Ry from the equations (2) and (3)

3) Third step:
Use of the equation (1) for verification of the interaction Mg - Re

The graphical presentation of this adaptation is shown in the Fig. 3.3.10a and 3.3.10b
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PCB60/1.00mm, bu=160

mm
MO,c,n i\
g L
‘\
M >~
Oc.e Fa ‘\\ ==l==E(3-1-3 theoretical calculation embgssment
M7 —= -
rcn T
_ ' ==m=EC3-1-3 theoretical calculation no embossment
Mmgt' Mr,c,e S N
i—ﬂi\
i =2=Proposed theor. with embossment

ﬂ _____________ o
Mmln =D'25Mr,t,n E '::‘\
1 ™

= X
i Rr,c,n ““'\
0 : \Ro,c,n
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00
Rmiﬂ =0'25Rh¢,l‘l Rmiau = Rr,c,.n

Fig. 3.3.10.a Determination of the parameters for calculation of the resistance to combined action
Moment -Reaction of the profiles with embossments, full presentation

PCB60/1.00mm, bu=160 mm

=i==EC3-1-3 theoretical cglculation emboss

7
M .
ren \ =x=EC3-1-3 theoretical calculation ng emboss
Mmax6=N1r,c,e N
T\ =&=Proposed|calculation model
5 \\
4

|

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Rmin=0.25R, . ,

Y
4

Rmax= Rr,|:,n

Fig. 3.3.10.b Determination of the parameters for calculation of the resistance to combined action
Moment -Reaction of the profiles with the embossment, simplified presentation

In the Fig. 3.3.11 to 3.3.18 the results of the proposed calculation for profiles with embossments
(green lines) are compared to the results of theoretical calculation without embossments (blue
lines), and to the results of testing results (with embossments dotted green lines and without
embossments dotted blue lines)
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Proposed theoretical with embossment

Rmin Mmax Rmax Mmin MO RO
5,81 3,77 23,25 1,11 4,66 30,51
5,00
4,50
4,00 \\
3,50 - N
3,00
\ - o
2,50 "=""= Test PCB60e/0.75mm, bu=60 mm \\\
2,00 \ll
= == Tast PCB60/0.75mm, bu=60 mm
1,50
i
1,00 Theor. without bossage |
0,50 1
s Proposed theor. with bossage
0,00 . . . —at .
0,00 5,00 10,00 15,00 20,00 25,00
Fig. 3.3.11. Comparison between proposed calculation method and tests results for PCB60

3,00
4,50
4,0
3,30
3,00
2,50
2,00
1,50
1,00
0,50

0,00

Fig. 3.3

0.75 mm at the support width bu=60 mm

Proposed theoretical with embossment
Rmin Mmax |Rmax Mmin MO RO
8,48 3,77 33,90 1,11 4,66 44,49
—————— —
oy
— - =
S
= = Tect PLEADe/ 0 F5mim, bu=160 m
= = Tect FLEa/IT5mim, bu=1a0 mm
== Theor. without bossage
Proposed theor. with bossage
0,00 5,00 1000 1500 20,00 2500 30,00 3500 40,00
.12. Comparison between proposed calculation method and tests results for PCB60

0.75 mm at the support width bu=160 mm
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g ol

F.00

6,00

5,00

4,00

300

200

1,00

o000
0,

Proposed theoretical with embossment

Rmin

Mmax

Rmax

Mmin

MO

RO

10,17

5,95

40,69

1,70

7,37

52,89

oo S, 00 10,00

15,00 20,00

=="Test PCEE0e/1.00mm, BU=E0mm

= = Tast PCBEO,1.00mm, bu=60mm

25,00

.
—

30,00 35,00

Thaor. without bossage

40,00

Proposed theor. with bossage

45,00

Fig. 3.3.13. Comparison between proposed calculation method and tests results for PCB60
1 mm at the support width bu=60 mm

Proposed theoretical with embossment

Rmin Mmax Rmax Mmin MO RO
14,64 5,95 58,57 1,70 7,37 76,13
B,00
o0 b I
b, 00 i -y -
3
500 o
||
4,00 sEs et PCEROe1.00mm, bu=16
00 T T = Test PCBAO1.00mM, bu=160mm
£,00 1
=—Theor. without boszage
1,00 o
Proposed theor. with embossment
0,00 T T T
0.0 10,00 20,00 3000 a0.0n 50,00 B0, 00

FLIRE N

Fig. 3.3.14. Comparison between proposed calculation method and tests results for PCB60
1 mm at the support width bu=160 mm
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Proposed theoretical with embossment

7,00

6,00

5,00

4,00

3,00

2,00

1,00

0,00

Rmin Mmax |Rmax Mmin MO RO
7,33 4,95| 29,34 1,46 6,11 38,58
- -\H\
~—
-
== == Tast PCBEU&!D.?Smm,W o -~
= == Test PCB80/0.75mm, bu=60 mm
= Theor. without bossage {
1
=== Proposed theor. with bossage !
0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00

Fig. 3.3.15. Comparison between proposed calculation method and tests results for PCB80

fua

.00

500

4,00

3.00

2.00

100

.0

0.75 mm at the support width bu=60 mm

Proposed theoretical with embossment
Rmin Mmax Rmax Mmin MO RO
10,69 4,95 42,77 1,46 6,11 56,24

= = Test PCREDe/D.75mm, bu=160 mm

—
— o o e sl

= = Test PCRE0/0.75mm, Bu=160 mm

Thear. without bossage

Proposed theor. with bossage

U, i 3, L 1000 1500 2000 2500 3000 3500 4000 45,00

Fig. 3.3.16. Comparison between proposed calculation method and tests results for PCB80

0.75 mm at the support width bu=160 mm
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Proposed theoretical with embossment
Rmin Mmax Rmax Mmin MO RO
13,45 8,98 53,80 2,50 11,14|] 69,36

12,00

10,00

6,00 -

== == Tast PCBB0O/1.00mm, bu=60 mm

4,00

mTheor. without bossage

2,00

e Proposed theor. with bossage

0,00 T T T i i i
0,00 10,00 20,00 30,00 40,00 50,00 60,00

Fig. 3.3.17. Comparison between proposed calculation method and tests results for PCB80
1 mm at the support width bu=60 mm

Proposed theoretical with embossment
Rmin Mmax |Rmax Mmin MO RO
19,31 8,98| 77,23 2,50 11,14 99,57

12,00
10,00
—-—o . .
_—
8,00 -~ - I"1
| |
.00 = = PCEEDeS1.00, B=1&0rmm
= = Tast PCES0/1.00, B=160 mm
4,00 7
Theor. withouwt boscage
200
Proposed theor, with bossage
oo

o, 1000 2000 000 4000 50,00 B000D 0 000 B000 B0 00

Fig. 3.3.18. Comparison between proposed calculation method and tests results for PCB80

1 mm at the support width bu=160 mm
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3. CONCLUSION

The above presented study of tensile tests results on coupons with and without embossments
provides a valuable basis to determine the influence of embossments on the resistance moment by
modeling the plate element with an embossment as a plate element with reduced thickness instead
of embossment teg=p *t.

Based on this model and on the test results of the huge testing program on steel trapezoidal
sheeting performed within the WP1, is proposed for steel decks with embossments / indentations

e To calculate span moment resistance according to EN 1993-1-3, considering the
embossments / indentations as plate elements with a reduced thickness treg = p * t
e To calculate web crippling resistance at support taking the usual formula (6.18) EN 1993-
1-3
e To determine moment-reaction interaction at intermediate support
o calculating the moment resistances Mmax according to EN 1993-1-3 considering
the embossments / indentations as plate elements with a reduced thickness teq = p
* t and Mpn according to EN 1993-1-3 without embossments
o and calculating the web crippling resistances Rmax and Rmin without embossments
taking the usual formula (6.18) EN 1993-1-3
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Annex A : Calculation of span moment resistance value of PCB 60 0,75 mm profile with

embossments

The moment resistance of the effective section is calculated according to EN 1993-1-3,
considering the embossments / indentations (Fig. Al) as plate elements with a reduced thickness

trea = p * t Where the ratio p is defined according to § 2.2.2 .

1) Determination of the embossment height

The height of the embossments is called in Annex F of D1.3 Test Report “Depth of embossments

Veb”.

The mean value of the measures performed on three ribs: 1,9; 2,0; 2,1 (Table Al) is considered.

Therefore the height = 2 mm|

% x
3 X
~ A £
N \\/ .
N S o 7 |
e f,’. b,
Detail of envbhossmenn
Fig. Al- Embossments / indentations
PCB 60 ty=0.75

1st Rib 2nd Rib 3rd Rib 1st Rib Znd Rib 3rd Rib
Thickness ty 0,72 0,73 0,73 0,76 0,74 0,74
Depth of profile h 60,2 58,3 59,6 60,1 58,7 60,6
Depth of stiff. valley hra/hry 1,1 - 13 - 07 - 0,6 - 14 - 14 -
Depth of stiff. crown hyy/hy2 1.7(28| 20| 25|23 23| 25| 23| 26| 21 - -
Widths of crown by 107,0 1070 107,0 106,0 106,0 -
Position of stiff. crown by /by 215 (260|200 250|200 | 250 (210 | 255 | 20,0 | 255 - -
Position of stiff. valley bya/bys 250|155 | 210|185 | 250 | 155 | 20,0 21,0 245 | 175
Widths of valley by, 61,0 60,0 60,5 61,0 60,5 61,5
Radius of bends r, 5,5/6,0 5.0 Radius of bends r, 6,0 5.5
Ancle of embossment a. - - - 450 450 450
Widths of embossment hg, - - - 12.8 12.9 13,1

rf)epth of embossment v, - - - 1,9 2.0 2,1 |
height of embossment h, - - - 420 42 4 423
distance of the embossments b. - - - 222 226 228
Table Al
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2) Determination of ratio p

The ratio p is defined according to the Table A2 (Table 2.2.2.5 in § 2.2.2) for thickness t = 0,75
mm, considering the height of embossments = 2mm

t=0,75mm
h, (mm) P, = Kie/K,
1,5 0,200
| 2 0,150 |
2,5 0,080
2,75 0,060
3 0,053
3,5 0,041
4 0,029

Table A2: Ratios p depending on the height dimensions for t = 0,75 mm

Therefore Ratio p = 0,150)

3) Calculation of effective cross-section

The effective cross-section of the web is calculated according to EN 1993-1-3, considering the
embossments / indentations as plate elements with a reduced thickness teq = p * t = 0,15 * t for
the Iength Iembossmem (Fig A2)

45° I

Width of |
embossment
(Table Al)

bossment

Fig. A2: Length of the reduced thickness

Iembossment = Wldth / Sin (450)
and Width is the mean value of the measures performed on three ribs: (12,8; 12,9; 13,1) (Table

Al)

‘Thel’efore Iembossment: 18,29 mm‘
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4) Calculation of the moment resistance

The calculation is made with the actual measured properties of the tested profile:

t= 0,698 mm and fy, = 341 N/mm? (Table A3 issued from D1.3 Test Report))

ot tr:ioc:lr:::!s Core ﬂ:::'.k ness | Yield F:';’::ngth Tensil; ih'engﬂ'l EID#E:;;?E at
thl -'E"La-ﬂlilmr":
[mm] [mm] [Mfmm?] [Mimm?] [%]
0.638 362 493 235
0.686 363 494 255
0.75 0.682 363 495 249
0.682 362 495 241
PCB 80 0.684 364 496 241
(profile 1) 0.962 378 474 254
0.954 363 470 267
1.00 0.961 360 459 270
0.964 B2 481 243
0.962 366 459 272
342 450 239
341 458 237
0.75 339 456 232
340 457 232
PCB B0 342 458 231
(profile 2} - 480 248
0.932 360 480 249
1.00 0.933 369 482 253
0.931 365 479 255
0.931 364 480 253
Table A3

Therefore the reduced thickness teg = p * t = 0,15 * t of the embossment is tq = 0,15 * 0,698 =
0,105 mm for the length lempossment = 18,29 mm

The calculation is performed in different cross sections in order to determine the section which
induces the most important reduction of the resistance moment, and it is the section which cuts
symmetrically 2 embossments as in Fig. A3
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Fig. A3: Section of the calculation

The positions z1 and z2 of the embossments (z1=18,64 and z2=41,18) are calculated with values
measured on the profile (Fig. 4 and Table Al)

Detail of embossment

Fig. A4

The resistance moment calculated with two embossments (z1=18,64 and z2=41,18) in the cross-
section is

M = 4,42 KN*m/m|
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