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1. INTRODUCTION

The calculation module of the HVB software allows the user to perform the design of composite beams using
HILTI connectors according to the rules of the Eurocodes. This document gives the technical specifications for the
assumptions, the methods and the calculations carried out by the module.

The scope of application of the module is defined as follows:

= The beam is assumed to be simply supported;

= The beam is a structural element of a building;

= The cross-section of the steel profile is a doubly symmetric I-section;

= The cross-section is uniform along the beam;

= The connection between the concrete slab and the steel profile is achieved through HILTI connectors;

=  For the checks at Ultimate Limit States (ULS), only the plastic design is carried out;

=  For the checks at Serviceability Limit States (SLS), the elastic deflection and the natural frequency of the
beam are calculated.

= The calculations and design checks are carried out according to the relevant Eurocodes (see references in
7). As an option, a specific national annex may be applied. The list of national annexes that are covered in
this module is given in paragraph 2.1.1.

2. BAsIC DATA

2.1. Nationally Determined Parameters

2.1.1. National Annexes

National annexes covered in the HVB Calculation module are:

®=  France

= Spain

=  Portugal

= Belgium

=  Luxemburg
= Jtaly

When no national annex is chosen, recommended values of the Eurocodes will be applied.

Additionally, if the user modifies one of the parameters defined either by the national annex or by the Eurocode,
the case will be dealt as a custom parameter.

2.1.2. Combination factor y, and category of loaded areas

The category of loaded area is used to determine the value of the combination factor y, according to the chosen
National Annex. Its values are given in Table 1.
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Category of loaded areas
A B c1 D1 El H
Residential | Office | Congregation | Shopping | Storage | Roof

Calves of urocodes | ©7 | 07 | 07 07 | 10 | 0
France 0,7 0,7 0,7 0,7 1,0 0
Spain 0,7" 0,7"" 0,7" 0,7"" 1,0 | o™
Portugal 0,7 0,7 0,7 0,7 1,0 0
Belgium 0,7 0,7 0,7 0,7 1,0 0
Luxemburg 0,7 0,7 0,7 0,7 1,0 0
Italy 0,7 0,7 0,7 0,7 1,0 0

Table 1 : Values of the combination factor v .

Note: (*)indicates that the recommended value is used because no national annex is available.

The value of the combination factor may also be modified by the user.

Error Code (see [27] §7):
Error code 4 is returned if the following condition is not met:
o Osy,s1

2.1.3. Partial factors

Partial factors on actions for ULS combinations are:
Iz for permanent actions
% forvariable actions

Partial factors for design resistances are:
o for the section resistance of the structural steel
1 for the element resistance of the structural steel
% for the compression resistance of the concrete
K for the resistance of shear connectors
% for the resistance of reinforcement steel bars

Yo for the resistance of the profiled steel

Values of partial factors, determined according to the chosen National Annex, are given in Table 2.
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Y Ya Ywmo Ymi1 Ve w Vs »

saelcuoeTcheEnudrzio des | L35 | 150 | 1,00 | 100 | 1,50 | 1,25 | 1,15 | 1,00
France 1,35 | 1,50 | 1,00 | 1,00 | 1,50 | 1,25 | 1,15 | 1,00

Spain 1,35 | 1,50" | 1,05 | 1,05 | 1,50 | 1,25 | 1,15 | 1,00"
Portugal 1,35 | 1,50 | 1,00 | 1,00 | 1,50 | 1,25 | 1,15 | 1,00"
Belgium 1,35 | 1,50 | 1,00 | 1,00 | 1,50 | 1,25 | 1,15 | 1,00
Luxemburg 1,35 | 1,50 | 1,00 | 1,00 | 1,50 | 1,25 | 1,15 | 1,00

Italy 1,30 | 1,50 | 1,05 | 1,05 | 1,50 | 1,25 | 1,15 | 1,05

Table 2 : Values of the partial factors.

Note: (*)indicates that the recommended value is used because no national annex is available.
Parameters in italic and red indicate the values which differ from the recommended values.
The values of partial factors may be modified by the user.

Error Code (see [27] §7):
Error code 3 is returned if the following condition is not met:
0 dsysz

2.2. Geometrical description of the beam

A beam has to be defined either as an intermediate beam or as an edge beam.

—— —1— ——
b1 lb2 b1 bZ
I
Edge beam Intermediate beam

Figure 1 : Edge beam and intermediate beam
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The geometry of the beam is defined by (see Figure 1):

= Forintermediate beam:
L is the beam length
b, is the spacing of the beam to the left beam
b, is the spacing of the beam to the right beam

=  For edge beam:
L is the beam length
b, is the spacing of the beam to the slab edge
b, is the spacing of the beam to the adjacent beam

Error Code (see [27] §7):
Error code 5 is returned if the following condition is not met:
e 2m<L<20m
Error code 6 is returned if the following conditions are not met:

e 05m<b;<20m
e 05m<b,<20m

For the type of the beam, the user can chose either:

=  Primary beam (default)
= Secondary beam

When the option “Primary beam” is chosen, the following additional parameters must be defined:
ng  is the number of secondary beams

Dimensions of the steel section of secondary beams (all secondary beams are assumed to have the same
cross-section)

Secondary beams are regularly spaced along the primary beam. The location of the secondary beams is defined
by the parameter L. This parameter is automatically calculated by the program (Ul) as follows:
i

L =
ng +1

L (1)

For intermediate beams, secondary beams are located between the main girder and each adjacent beam, i.e. on
each side of the primary beam. For edge beams, secondary beams are located only on the same side than the
adjacent beam (see Figure 2).

Secondary beams Secondary beams

P f Y L - f/f\/f 7
rlmary beam Primary beam -
\ 0N 0N
JAN VAN JAN

L1

E————_—

L2

intermediate beam edge beam

Figure 2: Primary and secondary beams
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The linear mass of secondary beams, denoted my, is calculated by using the following formulae:
ms = Ag X ps (2)
Where:
As  is the area of the secondary beams

ps is the density of the steel, taken as: p, = 7850 kg/m3

According to 29/03/17 meeting, there will be no secondary beams defined for the geometry of the beam in the
interface.

2.3. Steel section

2.3.1. Geometry

The steel profile of a beam (either primary or secondary) is defined by its geometrical parameters as follows
(Figure 3):

h; is the total height

b is the width of the flanges

ty isthe thickness of the flanges

tyw s the thickness of the web

r; isthe root radius

T, s the toe radius

Error Code (see [27] §7):
Error code 8 is returned if the following conditions are not met:

. t >3mm
w

. tf>0
o r120
o r220

. b>2r, +2r +t
1 2 w
o ht>2r1+2tf
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Section withr, = 0 Section withr, > 0
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Dz Dz

Figure 3: Steel profile

Analytical formulas that will be used by the module for calculating the section properties are given in Annex A.
The thickness of the base material must fulfil the following conditions (according to [1] Annex B3):

*  For solid slabs, the minimum thickness of flanges is 6 mm, i.e t; = 6 mm. Two profiles IPE100 and IPN100
which have the flanges thickness smaller than 6 mm are also covered.
* For slabs with profiled steel sheeting, the minimum thickness of flanges is 8 mm, i.e t; = 8 mm

Error Code (see [27] §7):
Error code 22 is returned when this condition is not met.

2.3.2. Steel grade

The steel grade is to be chosen among the following list (as indicated in the ETA-15/0876 [1]): S235, S275, S355 or
custom (the yield strength, defined by the user, should verify: 170 Sfyk < 355 MPa).

By default, the steel grade is S235.

Error Code (see [27] §7):

Error code 9 is returned when the hereunder condition is not met. Error code 10 is returned when the steel grade is not among the
authorised list.

The steel properties are calculated according to EN 1993-1-1 [12]:
E is the elasticity modulus: E = 210000 MPa
G isthe shear modulus: G = 80770 MPa

= 7850 kg/m?;

fyk is the characteristic yield strength of the steel. For predefined grades (5235, S275 and S355), this value is
obtained from EN 10025-2 [2] from the maximal thickness (t. and t,) of the profile, according to Table 3.

For a custom steel, the characteristic yield strength is constant and is equal to the value defined by the
user.

P.iee 1S the steel density: p

steel
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Steel grade S$235 S275 S$355

;<16 mm 235 275 355

16 <t <40 mm 225 265 345

40< ;<63 mm 215 255 335

63 <t <80 mm 215 245 325

80<t: <100 mm 215 235 315

100 < <150 mm 195 225 295

150< ;<200 mm 185 215 285

Table 3: Yield strength of the steel

2.4. Concrete slab

Two types of slabs are covered by the application. The user has to choose one of them:

= Solid slab (default)
= Slab with profiled steel sheeting

For both types of slabs, the concrete slab is defined by the following parameters:
h is the slab thickness. The minimum slab thickness, depending on the connector type and the effect of
corrosion, is given in Table 4 (also in ETA-15/0876 [1])
pe s the density of the concrete (default value 2000 kg/m? for normal concrete and 1800 kg/m® for light
concrete, minimal value is 1750 kg/m?).

Error Codes (see [27] §7):
Error code 24 is returned when the condition on the slab thickness is not met.

Error code 13 is returned when the condition on the slab is not met.

Minimum slab thickness h [mm]
X-HVB Concrete coverage Concrete coverage
not required required

40 50 60
50 60 70
80 80 100
95 95 115
110 110 130
125 125 145
140 140 160

Table 4: Minimum slab thickness

R-38
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The concrete type can be chosen between:

= Normal weight concrete
= Light weight concrete

For the normal weight concrete, the concrete class, as indicated in ETA-15/0876, can be chosen from:

= (C20/25
= (C25/30
= (C30/37
= (C35/45
= (C40/50
= (C45/55
= (C50/60
For the light weight concrete, the concrete class, as indicated in ETA-15/0876, can be chosen from:
= 1C20/22
= |C25/28
= LC30/33
= LC35/38
= LC40/44
= LC45/50
= LC50/55

The mechanical properties for concrete, given in Table 3.1 of EN 1992-1-1 [7] for the normal weight concrete or in
Table 11.3.1 of EN 1992-1-1 for the light weight concrete, are defined by:

fck

fcd

is the characteristic value of the compression strength of the concrete “cylinder compressive test at
28 days”. Its value is obtained from the concrete class, see Table 5 or Table 6.

is the design compressive strength of the concrete, calculated by:

fea = fex/ Ve (3)

is the mean secant modulus of elasticity of the concrete for short term loading. For normal
concrete, its value is obtained in Table 5 from the concrete class. For light weight concrete, its
mean secant modulus of elasticity is calculated by using the following formulae:

Ejem = cm g (4)

where: 77, = (p./2200)? and E_, is obtained in Table 5 from the associated normal weight
concrete class.

Normal weight concrete Class i Fem
MPa kN/mm?
C20/25 20 30
C25/30 25 31
C30/37 30 33
C35/45 35 34
C40/50 40 35
C45/55 45 36
C50/60 50 37

Table 5: Mechanical properties of the normal weight concrete
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Light weight concrete Class =
MPa
LC20/22 20
LC25/28 25
LC30/33 30
LC35/38 35
LC40/44 40
LC45/50 45
LC50/55 50

Table 6: Mechanical properties of the light weight concrete

For solid slabs, it will also be possible for the user to define a haunch. Its width will be equal to the top flange
width whereas its depth will be defined by the user.

2.5. Profiled steel sheeting

The profiled steel sheeting is defined by its geometry and its surface weight:
is the deck depth

ty is the deck thickness

bs  is the though spacing

b;  isthe top width of the rib

b,  isthe bottom width of the rib

G4eck 1S the deck surface weight

fypk is the yield strength of the steel

e

[

k

A s i
.

L=
C

[=3

w

Figure 4: Dimensions of a profiled steel sheeting

The orientation of ribs can be chosen between:

= Perpendicular to the beam axis. In this case, the decking may be: continuous or not continuous on the
beam;
=  Parallel to the beam axis

R-38
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The design yield strength of the profiled steel sheeting is obtained from the following relation:

fypd = fypk/yp

(5)

Error Codes (see [27] §7):
Error code 16 is returned when the following conditions are not met:
. 50kg/m2 2G, 20
. 355MPa zfypk > 170 MPa
Error code 15 is returned when the following conditions are not met:

. 2mm 2 t, 2 0,5mm

e  350mm 2 b,>100mm
e 200mm 2 b; 2 30mm
e  200mm 2 b, 230mm

bs + 30mm = max(by; b;)

2.6. Reinforcement steel bars

Only the steel grade of reinforcement steel bars is necessary in calculations. It can be chosen from:

= B500: it covers B500A, B500B, B500C
= B450: it covers B450B, B450C

The characteristic value of the yield strength of the reinforcement steel, denoted f,,, is given in Table 7.

Steel grade B450 B500
Fork [MPa] 450 500

Table 7 : Yield strength of the reinforcement steel

The design yield strength of the reinforcement steel is calculated by:

fyrd = fyrk/ys

(6)

Error Code (see [27] §7):

Error code 17 is returned when the steel grade is not among the authorised list.

2.7. Shear connection

2.7.1. General parameters

The shear connection is defined by:
Pri. is the characteristic resistance of the connector
Pry is the design resistance of the connector
Dimensions used in calculations and for drawings are (see Table 8 for values):
hg. is the total height
wp  is the bottom length
w is the transverse width
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The user can chose the connector type from the following list:

= X-HVB 40 (used only for solid slabs)
= X-HVB 50 (used only for solid slabs)

= X-HVB 80
= X-HVB 95
= X-HVB 110
= X-HVB 125
= X-HVB 140

For slabs with profiled steel sheeting, connectors X-HVB 40 and X-HVB 50 are not applicable.
The values of Pg, and Py, are given in Table 8 (according to Table 3 of ETA 15-0876):

X-HVB CI:::?:tt: r?c?c reziiilag:ce hse v e
Pei [KN] Pe [kN] mm mm mm
40 29 23,2 43 24,3 51
50 29 23,2 52 24,3 50
80 32,5 26 80 24,3 50
95 35 28 95 24,3 50
110 35 28 112,5 31 51
125 37,5 30 127,5 31 51
140 37,5 30 142,5 31 51

Table 8 : Properties of connectors

Error Code (see [27] §7):
The consistency of the selected connector with the previously defined parameter should also be checked.

e first check: control of the minimum slab thickness, according to the requirement of concrete coverage — see Table 4. If
the check is negative, a warning message should alert the user about the inconsistency of the values. If this control is
negative, the calculation module will send back an error index = 24.

e second check: for slabs with profiled steel sheetings, a second check should be performed regarding the maximum height
of the composite decking, see Table 9. If the check is negative, a warning message should alert the user about the
inconsistency of the values. If this control is negative, the calculation module will send back an error index = 25.

Maximum value of hp (mm)
X-HVB
bO/hp 21,8 1< bO/hp <1,8 bO/hp <1,8
80 45 45 30
95 60 57 45
110 75 66 60
125 80 75 73
140 80 80 80

Table 9 : Maximum height of the profiled steel sheeting
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2.7.2. Orientation of connectors

The user has to choose the orientation of the connectors among 3 possible choices:

= duckwalk (used only for solid slab with X-HVB 40 and X-HVB 50 connectors)
= |ongitudinal
= transverse

For slabs with profiled steel sheeting transverse to the beam axis, the orientation of connectors must be chosen
between:

= Longitudinal with the beam axis
=  Transverse with the beam axis

For others slabs (solid slabs or slabs with profiled steel sheeting parallel with the beam axis), connectors are
always longitudinal with the beam axis.

2.7.3. Degree of connection

The user has to choose the degree of connection for the calculation. The 2 possible choices are:

= full connection;
= partial connection.

2.7.4. Spacing and positioning of connectors

The spacing between connectors within cross section must fulfil conditions that are indicated in ETA 15-0876.

= For solid slab with multiple rows of connectors:

Two rows Three rows

250mm 250mm 250 mm

— - -

I

— —

Figure 5 : Spacing of connectors for solid slabs

The flange width, denoted b, of the steel section must fulfil the following condition:
b>50n,—1)+w

Where: w is the transverse width of the connector.

This condition may limit the maximum number of connectors in a row —see § 6.4.1.
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=  For slabs with transverse decking and connectors parallel with the beam axis (single row)

for rib width < 105 mm For rib width 2 105 mm
m - -
=290 mm ~ i T =~

VLA semsf |

_240 mm’

| 2105 mm _|

Figure 6 : Spacing of connectors for slabs with transverse decking and connectors parallel with the beam (single row).

For the rib width smaller than b, < 105 mm, the width at mid-height of the rib must fulfil the following
condition:

by, = max(w;, + 40 mm; 90mm)
Where: w,, is the bottom width of the connector.

Error Code (see [27] §7):

Error code 26 is returned when this condition is not met.

=  For slabs with transverse decking and connectors parallel with the beam axis (multiple rows)

Two rows Three rows

— Three rows
Two rows

Figure 7 : Spacing of connectors for slabs with transverse decking and connectors parallel with the beam.

The following conditions must be fulfilled:
=  For the flange width of the steel section:
b>m,—1Da; +w
Where: a; = 50 mm for profiled decking with by/h,, = 1,8
a; = 100 mm for other decking

This condition may limit the maximum number of connectors in a row —see § 6.4.1.

=  For the bottom width of the rib:
b, = 60 mm
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Error Code (see [27] §7):

Error code 26 is returned when this condition is not met.

=  For slabs with transverse decking and connectors transverse to the beam axis (single row)
Only the deck without rib stiffener is considered in this document.

Without rib stiffener

z40mm
-— -

.

center in rib

Figure 8 : Spacing of connectors for slabs with transverse decking and connectors transverse to the beam (single row).

The width at mid-height of the rib must fulfil the following condition:

b,2w+80 mm

Error Code (see [27] §7):
Error code 26 is returned when this condition is not met and if b, <40 mm (see conditions for multiple rows).

Error code 26 is also returned if one of the 2 following conditions is not fulfilled:

. bb>w

. br>W

When the 2 following conditions are met:
e b,<w+80mm
e b, 240mm
Sometimes, it is not possible to have a single row but it is possible to have multiple row. So when the

software designs the number of connectors, it starts the design process by considering 2 connectors in a
row (see 6.4.1).

=  For slabs with transverse decking and connectors transverse to the beam axis (multiple rows)
Only the deck without rib stiffener is considered in this document.

e at - _at__rat__
-1 I 1T
\—\ — 1

Two rows Three rows

Figure 9 : Spacing of connectors for slabs with transverse decking and connectors transverse to the beam (multiple rows).
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The following conditions must be fulfilled:
=  For the flange width of the steel section:

b>m,—1a;

Where: a, = 50 mm for profiled decking with by/h;,, = 1,8 and with two rows of connectors
a; = 100 mm for other decking or with three rows of connectors
This condition may limit the maximum number of connectors in a row — see § 6.4.1.
=  For the bottom width of the rib:
b, = 40 mm

This condition may limit the maximum number of connectors in a row.
=  For the bottom width of connectors:

ag = 2wy

=  For slabs with decking parallel with the beam axis (single row)

_b_0260mm

- —— -

Figure 10 : Spacing of connectors for slabs with transverse decking and connectors transverse to the beam (multiple rows).

The width at mid-height of the rib must fulfil the following condition:
by = 60 mm

Error Code (see [27] §7):

Error code 26 is returned when this condition is not met.

=  For slabs with decking parallel with the beam axis (multiple rows)

b2100mm

>
>20mm_| - be2100mm _

lIV I

. ]
. /-
F _220mm

50 mm 250 mm
I

Figure 11 : Spacing of connectors for slabs with decking parallel with the beam (multiple rows).
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The following conditions must be fulfilled:
=  For the flange width of the steel section:
b = wy, +50mm

=  For the width at mid-height of the rib:
by = max(100 mm; wy, + 90 mm)

Error Code (see [27] §7):

Error code 26 is returned when this condition is not met.

=  For slabs with duckwalk positioning (X-HVB-40 and 50) — single row only.
The minimum spacing between 2 connectors is 100 mm.

This condition may limit the maximum number of connection rows —see § 6.4.1.

2.8. Loads
2.8.1. General definitions

The calculation module allows the user to define elementary variable load cases that will be used in the
combinations of actions for ULS or SLS according to EN 1990 [3].
Only gravity loads are considered (downwards).
Up to for elementary load cases are considered within these specifications:

= One permanent load case, denoted G

* one live load during construction stage, denoted Q_

= Up to two live load cases during the final stage, denoted Q; and Q,
The dead weight of the steel profile and concrete slab will be automatically calculated and added in the
permanent load case.
For each load case, it’s possible to define:

=  One uniformly distributed surface load, denoted g

= Up to ten point loads along the beam, denoted P,
= Up to three patch loads along the beam, denoted g;

For the permanent load case G, 2 surface loads could be defined:

= the first one associated to the dead loads of the beam and acting during the construction phase; q_ ., is

by default automatically calculated by the program but may be modified by the user;
= the second one g associated to additional permanent loads, acting only during the composite stage.

surf,u

For live load construction stage live loads case, only the uniformly distributed surface load can be defined in the
ul.

For the final stage live load Q1, only the uniformly distributed surface load can be defined in the Ul.
2.8.2. Specific treatment of surface loads

For the check of the beam, and especially the calculation of internal forces, the surface load of each load case is
derived either as uniformly distributed loads or as a set of point loads.
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For a “secondary intermediate beam”, a linear uniformly distributed load along the beam is derived:

Qiin = Qsurf (bl + bz)/z (7)
For a “secondary edge beam”, this relation is replaced by:
Qiin = surf (by + b /2) (8)

For a “primary beam” defined without secondary beams, the same 2 previous equations are applied, considering
the option intermediate or edge beam.

For a “primary beam” defined with one or several secondary beams, the surface load applied on the concrete slab
(gsurr) is transferred by secondary beams to the primary beam. Considering a “primary intermediate beam”, a
point load is derived at the location of the i-th secondary beam (note: no secondary beams in the first version of
the HVB software):

Psi = [qsurf (Liv1 — Li—1)/2] (by + by)/2 (9)
Where: Lo=0and L, 4+; =L

For the global equilibrium of the applied forces, point loads are also applied at both supports:

Pso = [qsurs L/ (2(ns + 1))] (by + by) /2 (10)
For a “primary edge beam”, these 2 equations are replaced respectively by the 2 following ones:

Psi = [qsury (Livs = Li1)/2](by + b2 /2) (11)

Py = [qsurf L/(2(ns + 1))](b1 + b,/2) (12)

2.8.3. Automatic dead load assessment

The dead loads of the beam, of the potential secondary beams, of the slab and of the potential steel profiled
sheetings are automatically included in the permanent load case G.

The dead load of the beam is treated as an uniformly surface load defined by:

for intermediate beams : Osurfd = 2 9 Psteel A
' bl + b2
A (13)
for edge beams : — 2 9 Psteel
g Qsurf,d 2 by + by

where: g is the gravity constant: g = 9,81 m/s2
Pyreel- SEE §2.3.2

A is the area of the beam profile (see Annex A)

For primary beams, the dead load of the secondary beams is defined with point loads. For a “primary
intermediate beam”, the point load at the location of the i-th secondary beam is given by (not used in the first
version):

Pi =g mg (by +by)/2 (14)
where: m_, b,, b,: see § 2.2
For a “primary edge beam”, this equation is replaced by (idem):

Pi =g mg (by +by/2) (15)
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The dead load of a slab is defined as a surface load given by the following equation:
Osiab =9 Pc Neq (16)
where: p_:see § 2.4
heq: is the equivalent thickness of the slab defined by:
heq = h for plain slabs
hoo =hth, 2700 =20s ¢ abe with profiled steel sheeting
€q p 2 bS
hp, b,b,b:see§2.5
h:see §2.4
The dead load of a profiled steel sheeting is defined as a surface load given by:
Odeck =9 Gdeck (17)

where: Gyoei: S€€ § 2.5

2.8.4. Default surface live loads

The default surface live load (for live load case Q1) is defined according to the category of loaded surface and the

National Annex — see Table 10. Values are given in EN 1991-1-1 and the associated NA.

Category of loaded areas
A(*) B C(*) D (*) E (%)
Residential Office Congregat. Shopping Storage Roof
Recommended 2,0 3,0 3,0 4,0 7,5 0,4
values of Eurocodes
France 1,5 2,5 2,5 5,0 7,5 0,8
Spain 2,07 3,0 3,0 4,0 7,5" 0,4
Portugal 2,0 3,0 3,0 4,0 7,5 0,4
Belgium - >
e 2,0 3,0 3,0 5,0 7,5 0,8-A/100 >
0,2
Luxemburg 2,0 3,0 3,0 5,0 7,5 0,4
Italy 2,0 2,0 3,0 4,0 6,0 0,5
For category A, sub category Floors is considered.
For category C, sub category C1 is considered.
For category D, sub category D1 is considered.
For category E, sub category E1 is considered.
). recommended value is used

Table 10 : Default surface live load (kN/m?)

Mapping with the Ul:
A routine is provided with the DLL that calculates this default surface load - see [27].
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3. COMBINATIONS OF LOADS

3.1. Ultimate Limit States (ULS)
The ULS combinations are automatically generated according to EN 1990:
=  For the case with two variable load cases:
YeG +7vqQ1+Voy,Q2
YeG +voQ2 +Vvo¥,Q1
=  For the case with one variable load case:

YeG +vo0Q1

3.2. Serviceability Limit States (SLS)

The SLS combinations for the verification of deflections are automatically generated according to EN 1990:

=  For the case with two variable load cases:
G+0Q1+ y,Q:
G+Q:+ y,Q1
=  For the case with one variable load case:
G+ Qq
The SLS combinations for the calculation of natural frequencies are:

G +poQ1
G +pyQ;

where: pg is the percentage of the variable load case in the SLS combination.

(18)

(19)

(20)

(21)

(22)

Error Code (see [27] §7):
Error code 21 is returned if the following condition is not met:

* 0sp <50%
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4. GLOBAL ANALYSIS

4.1. Design points

Shear forces, bending moments and deflections are calculated at design points along the beam. Initially, design
points are regularly spaced along the beam with the spacing of L /50 between two consecutive design points. An
additional design point may be added at each point load if the last one is not located at existing design points.

4.2. Critical sections

ULS verifications are carried out at critical sections (EN 1994-1-1 [22] 86.1.1 (4)) where:

- The bending moment is maximum
- Atsupports
- At point load locations

4.3. Calculation of internal forces, moments and deflections for basic loads

The calculation of internal forces and moments is described hereafter for each individual point load and patch
load. Any surface load will be considered with these 2 methods according to § 2.8.2.

4.3.1. Point load

Figure 12 : Point load.

The reactions at supports are calculated by:

R, =—P(L —xp)/L at the Left support
Rp = —Pxp /L at the Right support
where: P is the applied point load;
Xp is the abscissa of the point load from the left support

The shear force in a section located at the abscissa x is calculated by:

V(x) = R, ifx < xp
V(x) = —Rp if x > xp

The bending moment in a section located at the abscissa x is calculated by:
M(x) = —Ryx ifx < xp

M(x) = —Rgr(L —x) if x > xp
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The deflection in a section located at the abscissa x is calculated by:

F .

w(x) = “EIL [L2 — (L — xp)? — x2](L — xp)x ifx < xp
F .

w(x) = “EIL [12 — (L — x)? — x3](L — x)xp if x > xp

4.3.2. Patch load

(oF3
(S}1

A\ A

X1 |

X2 |

A
A

Figure 13 : Patch load.

The reactions at supports are calculated by:

R, = [ql (xl;sz - 1) + qzqu (xl;r% — 1)] (xy — x1) at the Left support
Rp = [—ql (x12+sz) - q2;q1 (x1+2x2)] (x, — x1) at the Right support

Where x3, g1, X, and g, define the distributed load as shown in Figure 13.
The shear force in a section located at the abscissa x is calculated by:

V(x) = R, if x < X1
V(x) = R, + [ql + fh;‘h (;2_’;11)] (X — xl) if X1 <x < Xy
The bending moment in a section located at the abscissa x is calculated by:
M(x) = —R.x ifx < x;
X—x4 (x— xl) .
M(x) = —Ryx — [3‘11 + (32 — q1) ( )] ifx; <x < x,
M(x) = —Rzr(L —x) if x > x,
The deflection in a section located at the abscissa x is calculated by:
3
w(x) = l(RL%+A1x+Bl) ifx < xp
w(x) = ( Re= s LR +A3x+B3) ifx> x,

And, ifx; < x < xy:

()_1 x3+( ) )2+ px2 — 2ax, R
W= P10 T T PR 6 R

2
(RRL + a;)] x?+ Ayx + Bz}

O\IR
NIH
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Where:

p = (g2 —q1)/(x2 — x1)
a=-pxg +q +2¢q;
Bl = 0
3

B, =R, x3_1 +w'(x)x —w(xg)

x; x% 1
B3 = W(xz) + Bz - [_RR? + RRL7 +w (.xz)xz]

1 L3

A= (Re %~ Bs)

2
AZ = A3 - (W’(xz) - RR xz_z + RRsz)

x7

Al = W,(xl) +A2 + RL?

4.4, Precamber

In the previous formulas for the calculation of the deflection at each design cross-section, the second moment of
area will be calculated for the composite stage considering the following assumptions:

When a precambering has been defined by the user, the following deflection is added in each cross-section:

Where: w, is the precambering.

The precambering deflection is not considered when assessing the deflections used for the natural frequency.

4.5. Influence of the connectors slip

Decision during the 29/03/2017 meeting.

The influence of the connector slip on the beam deflection will be treated according to the simplified version
provided by the clause 5.2.2 (6) of ENV 1994. For beams with partial connection, all deflections will be increased
by the following factor:

)
for propped beams during construction : Kp =1+0,5(1—ﬂ){8—a—1}
[9

(24)
0
for unpropped beams during construction : ke =1+0,3 (1—11){8—3—1}

C

where: 1 is the degree of connection of the beam (see § 6.4.5)

d_ is the maximum deflection of the beam considering only the steel beam flexural stiffness

d, is the maximum deflection of the beam considering the composite action with a full connection.

Note: The specific formulas given by the French DAN of ENV 1994 is not considered in this project.
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5. VERIFICATIONS AT THE CONSTRUCTION STAGE

5.1. General

Verifications at the construction stage are carried out only when the beam is unpropped.
The weight of the concrete is considered as a variable action in the load case q.
The ULS verifications for the steel beam (without slab) include:

= Bending resistance of sections

= Shear resistance of sections

= Resistance of sections to M-V interaction

= Shear buckling resistance

=  Shear buckling resistance — M-V interaction
= Lateral torsional buckling (LTB) resistance

The SLS verifications for the steel beam include:

= Total deflection
= Deflexion under variable load cases

All verification criteria (except for LTB resistance) are calculated at each design point along the beam. In the
calculation report, the maximum value of each criterion will be displayed.

5.2. ULS verifications
5.2.1. Classification of the cross-section

The classification of the cross-section is carried out according to the Table 5.2 of EN 1993-1-1.
The class of the cross-section is the highest class of the uniformly compressed flange and the web in bending:
=  For the compressed flange:
o Class1, if0,5(b-t,-2r)/ts <9
o Class2, if0,5(b-t,-2r)/tr <10¢

Where: ¢ = ,/235/f, ;fy is expressed in N/mm?

=  For the web in bending:
o Class1, ifws 72¢
w

o Class2, if (h.-2ts-2r)/t,, <83¢

Since only the plastic design is covered in this document, the class of the cross-section must be Class 1 or 2.

Error code:

If the class of the cross-section is 3 of 4, other calculations will not be performed and an error message will be sent back to the Ul
(error code = 11).
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5.2.2. Bending resistance of sections

The criterion for the bending resistance of sections is calculated according to EN 1993-1-1 §6.2.5:

where: Mgq
Mc,Rd

WpI /- see Annex A

Iy =Mgq /Mcpg <1

is the design bending resistance given by:

is the maximum design bending moment along the beam

Mcrq = Wpl,y fy/yMO

5.2.3. Shear resistance of sections

The criterion for the shear resistance of sections is calculated according to EN 1993-1-1 86.2.6:

where: Vgq

Vc,Rd

is the maximum design shear force along the beam

Iy =Veq / Vera =1

is the design shear resistance:

is the shear area of the cross-section (see Annex A):

For hot rolled profile sections (i.e. defined from the profile database), the shear area is obtained

by A, =A, , (see Annex A).

For custom profiles, the shear area is obtained by the formula:

h,t,t, see§23.1

n

AV :n(ht -2 tf)tw

is a factor for shear resistance as defined in EN 1993-1-5[17] § 5.1:

U
\Ijae Icu(:er? (r;eEnudr((e)(iodes 120
France 1,20
Spain 1,20
Portugal 1,20
Belgium 1,20
Luxemburg 1,20
Italy 1,20

(25)

(26)

(27)

(28)

(29)

Table 11 : Value of the factor n
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5.2.4. Bending moment and Shear force Interaction

The influence of the plastic moment resistance on the shear force is considered if the latter is greater than a half

of the plastic shear resistance, i.e. V, / Viira 2 0,5

In this case, the reduced moment resistance is calculated by:

2
P Aw fy

My g =| Woi,y — —— <McRd (30)

( Y4ty Jyme
A, =(h. =2t t,, (31)

2
p=| 2VEd (32)
VpI,Rd
The interaction criterion is:

v =My / Mygg <1 (33)

r,,=I,whenVv,/ V. ra < 0,5.

5.2.5. Web resistance to shear buckling

Only unstiffened webs are considered in this document.
The web resistance to shear buckling must be calculated according to EN 1993-1-5 85 when then ratio h /t
exceeds 72 ¢/n, whereh =h —2t.

The verification criterion is:
T =Ved / Vora =1 (34)

The contribution of the flange to the shear buckling resistance is neglected. The shear buckling resistance is then
calculated by:

Vi _ Aw hw tw fyk (35)
bRd =7 =
V3 Tm1
X, is the reduction factor, given by:
if XW<0’83: %y =M
n
T 0,83 0,83
if Aw=>—: =
w n Aw 7bw (36)
where xy —w
86,4t,, €

When the web is compact (i.e. for h /t <72 ¢/m), T, =0.

It is to be noted that within the scope of the software (Class 1 and 2 cross-sections only), most of the cross-
sections won’t have slender webs.
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5.2.6. Web resistance to shear buckling — Interaction M-V

When the criterion for web resistance to shear buckling, calculated in paragraph 5.2.5, is greater than 0,5, i.e. ',
> 0,5, the influence of the interaction between bending moment and shear force must be taken into account
according to EN 1993-1-5 §7.1.

The verification criterion is:

M, M
Ty = —0 +[1-—"% o1, —1)2 <1 (37)
Mpi rd Mpird

Where: Mgrq is the design plastic moment resistance of the section consisting of the effective area of the
flanges (here gross area, as the cross-section are not in Class 4)

My rq is the design plastic moment resistance of the section consisting of the effective area of the
flanges and the fully effective web irrespective of its section class (here the plastic resistance of
the gross cross-section as the latter in in Class 1 or 2).

5.2.7. Resistance to Lateral Torsional Buckling

The criterion for LTB resistance is calculated according to EN 1993-1-1 86.3.2:
vt =Mgg / Mprg <1 (38)
where: Mgq  is the maximum design bending moment along the beam
My rq is the design LTB resistance, calculated by:
My ra = 2.7 Woly fy/ VM1
X7 is the reduction factor, calculated according to the general method (EN 1993-1-1 86.3.2.2):

1
Lt = <10

-2
@ur + | P — Air

@LT = 0,5 [1 + aLT(zLT — 0,2) + Zi'r]

dir = Wolyly
My
ayt is the imperfection factor that depends on the LTB curve:

Cross-section Limits Reduction curve o

Hot rolled (i.e. from h/b;<2 a 0,21

the profile database) h/b,>?2 b 0,34

, h/b. <2 c 0,49
Custom profile

h/b.>?2 d 0,76

Table 12 : Imperfection factor o
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M, is the elastic critical moment, calculated by:

cr — “1 12

n2EL | |I, GIL?
I,  m2EI,

+ (szg)z - szg

Zg = +h;/2 : loads are assumed to be applied on the top flange of the section

Cy and C, are given in Table 13.

AN Y

¢ 1,35 0,59
A JA
YYYVYYYYYYYYYYYVYY 115 0.5

Table 13 : Factors C1 and C2

When the French National Annex is selected, the reduction factor y,, is calculated by the following formula:

1 1

Xir=7% =
f (DLT +1[(I)LT2 —7LLT2

with:  y,<land X1 <=
My

where: £=1-0,5 (1K )JL-200r ~0,8)

5.3. SLS verifications

No SLS checks at construction stage.

The software will provide the deflection under SLS combination.
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6. VERIFICATION AT FINAL STAGE

6.1. Effective width of the concrete slab

The effective width of the concrete slab is determined according to EN 1994-1-1 §5.4.1.2:

= Forx < L/4: bess(x) = bo[B +4(1 — B)x/L] + by
= Forx > 3L/4: bess(x) = be[B +4(1 —B) (L —x)/L] + b,
= Otherwise: besr(x) = be + by

where: by =min{L/8;b,/2}+minlL/8;b,/2} for an intermediate beam
be =minL/8; b} +min{L/8; b, /2} for an edge beam
B = 0,55+ 0,025 L/b, < 1,0
b,= 0 according to EN 1994-1-1 85.4.1.2 (9)

6.2. Design resistance of the connector

The design horizontal shear resistance of a connector is obtained as follows:

= For solid slabs: the design resistance Pgq is directly obtained from the Table 8.
=  For slabs with decking transverse to the beam axis:
o Connector longitudinal with the beam: the design resistance Pgg ¢ is obtained from the formulae
given in Table 4 of ETA-15/0876:

Pra = k¢ 1Pra
_ 0,66 by

where: k; | = = (Z—: - 1) <1

o Connector transverse with the beam: the design resistance Prq is directly obtained from the
formulae given in Table 4 of ETA-15/0876:

Pra = 0'89kt,tPRd

40
where: k;; = 1’—\/22—;@—: — 1) <1 (40)

(39)

* For slabs with decking parallel to the beam axis: the design resistance Pgy is directly obtained from the
formulae given in Table 5 of ETA-15/0876:

Pray1 = kiPrqa
41
where: k; = 0,6;;:—0(h — 1) <1 (41)

php

For formulas (39) to (41):
b,=(b+b,)/2
b, b, hp: see §2.5
h,:see Table 8
n:see§2.7.1
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For connectors X-HVB 80 to 140, a reduction factor is applied to the design resistance of the connector if the
flange thickness is less than 8 mm:

t
Prdred = gf Prq > 23 KN (42)

For custom steel (see § 2.3.2), an additional reduction factor is applied to the resistance of the connector:

aBM,red = 0’95 (43)

This reduction factor will be applied for each custom steel, where fyk < 235 MPa (see decision in email MdS
24/03/17).

6.3. Participating depth of the concrete slab

The participating depth of the concrete slab considered in the calculation of plastic resistance is given by:

= for plain slabs : =mh

epart

44
= for slabs with steel sheeting : €=M (h— hp) (44)

Where: 1 is the degree of connection (see § 2.7.3); = 1 for full connection.
See following chapters for the calculation of the degree of connection for partial connection.

6.4. Number of connectors
6.4.1. Principles

For plastic design, the shear connectors are distributed equally and uniformly along the beam. The number of
connectors is determined according to the option of degree connection that can be chosen between:

= Full connection
= Partial connection

The number of connectors is calculated for the shortest segment between supports and the section where the
bending moment is maximum.

The number of connectors per each row of connection is denoted n_.The final output of the software will be the
number of rows of connection and the number n_of connectors per row. The software always begins by
considering n_= 1. In some specific cases, the initial number can be switched to 2 (see 2.7.4). If the requirements

for full or partial connection are not met, he will try to increase the number of connectors per row, until the
requirements are fulfilled. The maximum number of connectors per row is 3.

6.4.2. Design strategies

The final number of connectors that is selected by the software depends upon the following parameters:

e User option for full or partial connection
e the values of the SLS and ULS criteria.
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Table 14 gives the software strategies according to the value or state of these parameters.

ULS criteria for | SLS criteria for User option
resistance deflection Full connection Partial connection
Results are displayed for the maximum number of connectors that can be
Full = not OK all cases
located on the beam
. . Results are displayed considering the
Results are displayed considering the u . Splay aering
. minimum number of connectors
Full = OK Full = not OK minimum number of connectors . . .
. . with partial connection where the
with full connection o
ULS criteria are met
Full = OK Full = OK
Partial = OK Partial = Not OK | Results are displayed considering the minimum number of connectors with
Full = OK Full = OK full connection
Partial = Not OK Partial = OK
. . Results are displayed considering the
Results are displayed considering the minimum nupmger of connectfrs
Partial = OK Partial = OK minimum number of connectors

with full connection

with partial connection where both
SLS and ULS criteria are met

Table 14 : Software strategies for the assessment of the number of connectors

6.4.3. Number of connectors for full connection

For a critical cross-section (see § 4.2), the number of connectors is obtained when the resistance of all the
connectors between the critical cross section and the closest support is equal to the minimum plastic resistance
of the slab and of the profile. The process is detailed hereafter taking into account the type of slab.

The location of the i-th critical cross-section is denoted x..

a) Slab with decking transverse to the beam axis

The number of ribs between the critical cross-section and the closest support is obtained by:

where: b_:see § 2.5

_ min{xc ;L—xc}
ribs T b

s

At the first trial, the degree of connection is then calculated by:

Where: N, rq

Nc,Rd

_ _Mribs (nPrayt)
min{Na,Rd; Nc,Rd}

Na,Rd =A fy/yMO

(45)

is the design axial resistance of the steel profile, calculated by:

is the design compression resistance of the concrete slab, calculated by:
Nc,Rd = (h - hp) X begr(xc) X 0,85fcq
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The number of connectors, denoted ny, is then determined according to the value of 7:

= |fn < 1, the full connection is not possible. An error code will be provided.
= |f1§1’]<2 Ng = Nyribs

f2<n<3: Ns = Nyips/ 2 (A connector is placed at every two ribs)

= etc..

b) Slab with decking parallel with the beam axis

ne = min{Na,Rd;Nc,Rd}
£ =
nPrqy
c¢) Solidslab
ne = min{Na,Rd;Ncs,Rd}
f=
anRd

Where: Ncs,Rd = h X beff(xc) X 0,85f:q

The number of connectors n, must fulfil the requirements of connectors positioning as defined in § 2.7.4. If this
control is negative, an error code will be sent back to the Ul.

6.4.4. Minimum number of connectors for partial connection

a) Minimum degree of connection

The minimum degree of connection, denoted Mmins 1S calculated according to EN 1994-1-1 86.6.1.2:
= fL<25m:

=1-(355/f,)(0,75 — 0,03L) = 0,4

nmin
= QOtherwise:
nmin =1
b) Slab with decking transverse to the beam axis
At the first trial, the number of connectors is calculated by assuming the degree of connection equal to 77, ;
The minimum number of connectors, denoted n,;,, is then determined as follows:
= If n.ps < N, the partial connection is not possible. An errorcode will be provided.

g < Npjps < 2ng: Nmin = Nribs (A connector is placed at each rib)
I 2ny < Nypjps < 3N Nmin = Nribs/ 2 (A connector is placed at every two ribs)
= etc.

c) Otherslabs

The minimum number of connectors is calculated by:

Nmin = Tpin™f

6.4.5. Determination of the number of connectors for partial connection

Step 1: ULS and SLS verifications with the full connection. If the resistance and deformation criteria are not
checked, they will neither be with the partial connection. Otherwise, continue Step 2.
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Step 2: ULS and SLS verifications with the partial connection. If the resistance and deformation criteria are
checked, the number of connectors for partial connection is equal to:

N = Npin
Otherwise, continue Step 3.

Step 3: Increase the number of connectors until the resistance and deformation criteria are checked.

6.5. Moment resistance

The bending resistance to bending of a cross section is assessed considering the participating depth of the slab
(see § 6.3).

6.5.1. PNA in the concrete slab

hI IZPNA,C :| 0,85 feq
| E—— 3 |t/ o

(1-p)fy I o0

ZpNAa (1-0)fy I 1o

v fy/ o

The position of the PNA in the concrete slab is calculated by:

N,
pla,Rd
= <h-h
ZPNAC = )85 % fea X bege(x) P

where: beg(x) is the effective width of the concrete slab at the abscissa x
hy, = 0 for solid slabs

Np1,a,ra is the design plastic resistance to axial force of the steel section, given by:
Npl,a,Rd = [A - pAv,z] fy/yMO

The moment resistance of the concrete slab is calculated by:

hy — ZPNA,c)
2
Where: N, is the resulting compression force in the concrete slab, determined by:

N. = 0,85 x ZpNAc X fcd X beff(x)

MC=NC(h+
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6.5.2. PNA in the steel section

1) If Npjara = Nc = Npigra, PNAis located in the top flange:
Np1,ard — Ne
ZpNAa = Mt — 2b £, /v
Where: Ny cra = (A — 2bt) (1 — p) fy/Ymo
The moment resistance of the section is calculated by:
Mgq = (he — Zpnaa)bZpnaa fy/ VYo + M
2) If Npjw,rda = N, PNA s located in the web:
_ ht N¢
ZPNAR = g T St = ) fy Yo
Where: Npjwra = (hy — 2t — 21t (1 — p) f5/Ymo
The moment resistance of the section is calculated by:

L
Ymo

2
1 N
Mgq = |(1 = p)Wpy + bte(he — to)p — 1(1 ~ Ptw (t 1- p;f /VMO)
w y

3) If Npierd > Ne > Nppw,rd, PNA is located in the fillets. The position of the PNA and the associated moment
resistance are calculated by using an iterative procedure.

6.6. ULS verifications

6.6.1. Classification of the cross-section

The classification of the cross-section is carried out according to the Table 5.2 of EN 1993-1-1.
The class of the cross-section is the highest class of the uniformly compressed flange and the web in bending:
* For the flange: it has to be classified only when the PNA is located in the fillets or web, i.e. Npjrrq > Nc
o Class1, if0,5(b-ty,-2r)/ty <9
o Class2, if0,5(b-t,-2r)/ty <10¢
* Forthe web: it has to be classified only when the PNAis located in the web, i.e. Ny ra = Nc
o Class1, if (he-2ts-21)/t,, <396¢/(13a — 1)
o Class2, if (he-2ts-2r)/t,, <456¢/(13a — 1)

ht—tf—11—ZpNAa
he—2te—274

Since only the plastic design is covered in this document, the class of the cross-section must be Class 1 or 2.

Where: a = . It should be noted that: @ > 0,5.

6.6.2. ULS verifications

The same verifications for the section resistance as presented in paragraph 5.2 are carried out:

= Bending resistance of sections: the plastic moment resistance is calculated according to the paragraph 6.5
by taking the reduction factor p = 0;

= Shear resistance of sections

= Resistance of sections — M-V interaction

=  Web resistance to the shear buckling

=  Web resistance to the shear buckling — M-V interaction
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6.7. SLS verifications

6.7.1. General

According to EN 1994-1-1 87.3.1 (2), the elastic design can be used for the SLS verifications that include:

= Deflections of the composite beam: the same verifications are carried out as presented in paragraph 5.3;
= Natural frequency of the composite beam

The second moment of area of the composite section (instead of the one of the steel section) is used in these
calculations.

For unpropped beams, the deflection under the dead loads (in permanent load case) is obtained considering the
steel part only (without composite effect). If the user has defined additional loads in the permanent load lase, the
effect on deflection is calculated considering the composite effect with the long term modular ratio.

For fully propped beams, the deflection under permanent load case is obtained considering the composite effect
with the long term modular ratio.

For the composite stage live loads, the deflections are calculated considering the composite effect with the short
term modular ratio.

For the calculation of the natural frequency, all deflections are calculated considering the composite effect with
the short term modular ratio.

The modular ratio to be used for the calculations of composite stage deflections are defined as follows:
=  short term actions: n,. =E, /E.,
= |ongterm actions: Ngg = (1+wy, ¢)E,/E,, (seeclause5.4.2.2(2) of EN 1994-1-1)

As a simplification, it is considered here that (1 + y, ¢,) = 3.

6.7.2. Position of the Elastic Neutral Axis (ENA)

The position of the Elastic Neutral Axis (ENA) is calculated by:

AR/2 + begr(x) X (h — hy)[he + (h + hy)/2]/Neq
A+ begr(x) X (h — hy) /Teq

The second moment of area of the composite section is calculated by:

3
beff(X) X (h - hp) + beff(X) X (h —h
12neq Neq

ZENA —

Iy = I, + A(he/2 — zgna)* +

p) [ht + (h + hp)/Z - ZENA]Z

Where : [y , and A are the second moment of area and the section area of the steel profile, given in Annex A.

6.7.3. Calculation of the natural frequency

The eigen frequency of the composite beam, expressed in Hz, is assessed by the Rayleigh method, expressed by
the following general formula:

(46)
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where: P, is the applied load at design point no i, obtained by:

Pi=PGi+quQij

P, is the applied load at design point no i for permanent load case G
Py is the applied load at design point no i for permanent load case Q
p,: see §3.2

w;, is the deflection of the beam at design point no I under the applied loads P..

6.8. Longitudinal shear resistance

6.8.1. Introduction

The HVB software calculation module will assess the transverse reinforcement required to carry the longitudinal
from the concrete to the connectors.

Following assumptions will be considered:

=  For beams, with plain slabs, two layers of reinforcement are assumed. The connectors go through the
bottom layer but not trough the top one. Calculations are performed for 2 shear areas (a-a and b-b). See
Figure 14 a).

=  For slabs with profiled steel sheeting, either longitudinal or perpendicular, only one layer is assumed
(Figure 14 b) to d). Calculations are performed for one shear area (a-a).

= For perpendicular profiled sheeting, the contribution of the sheeting to the longitudinal shear resistance
is taken into account when the sheeting is continuous over the beam flange (See Figure 14 c).

a a

! vt ~N

b W[ b a a
a) plain slab b) slab with longitudinal profiled sheeting

] [

T T

¢) slab with continuous d) slab with not-continuous
perpendicular profiled sheeting perpendicular profiled sheeting

Figure 14: Transverse reinforcement configurations and shear areas
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6.8.2. Minimum transverse reinforcement ratio

The minimum transverse reinforcement ratio is obtained according to EN 1992-1-1 89.2.2 (5):

008 i

Pw,min = f (47)
yrk
where: f:see § 2.4

fyrk: see§0

6.8.3. Design of transverse reinforcement

'
T .
Py
.o

i
¥
v

'S

Figure 15 : Transverse reinforcement.

The calculation is carried out for a segment between each critical section (see § 4.2) and the closest support. For

plain slabs, it is performed for the 2 shear areas, where the most unfavourable results are kept.
Following steps are applied:

Calculation of the longitudinal shear to be transferred by the reinforcement through the shear area

The longitudinal shear AF, between the critical section and the closest support that should be transferred
by the reinforcement through the shear area is given by:

maxib Xe ) besf ri X
For a shear area a-a: AF4 = NRg stab Bet e (e) eff, right( o)

besr (X¢) (48)

For a shear area b-b: AFg = NRg,slab

(49)
where: x_ is the location of the critical section;
Neyoan 1S the plastic resistance in compression of the slab at the critical section, given by:
Pesr (Xc) €part (Xc ) fex
NRd,slab = 0.85 - (50)
Ye
beff(xc)

is the effective width of concrete slab at the critical section (see § 6.1);

R-38
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bt n(x ) and b
beff(xc) = beff,left(xc) + beff,right(xc)

epart(xc) see § 6.3

fo see§2.4

eff,right(xc) are the part of this effective width on the LHS and RHS respectively, with:

Check of the concrete strut under compression and calculation of the orientation of the strut
According to 6.2.4 (4) of EN 1992-1-1, the resistance of the concrete strut in compression is checked by

the following formula:
AF4

=—— 2 <Vpq=vVvf.,y SNO; cosO
N AX Ny Rd cd f f (51)

VEd

where: Ax s the shear length.
h; is the height of the concrete slab (h; = h for plain slabs and h,= h — hp for slabs with profiled
steel sheeting).
 the number of faces in the shear area: n, = 2 for the shear area b-b of an intermediate
beam with plain slab, and n = 1 for any other case.

fqg see§2.4
\% is a strength reduction factor for concrete cracked in shear, given by equation 6.6N of EN
1992-1-1:
v=06[1-Jok (52)
’ 250
0, is the orientation of the concrete strut under compression, which is calculated by the
following equation:
2 8 2v
elearcsi “Ved | pyt | — <=E<q (53)
2 v fy 15 vf,
and:
1 o (o]
arcta > =26,56°<0; <arctan()=45 (54)

The shear length Ax is obtained as follows:

= for a critical section associated to a concentrated load, the shear length is the distance to the closest
support,

= for a critical section associated to the maximum bending of the ULS combination, the shear length is
the shortest distance between a support and the cross-section where the compression force in the
slab is obtained. For partial connection, this distance is equal to the distance to the closest support.
But in full connection, the shear length is lower than the distance to the relevant support (see Figure
16).
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Composite beam
with full connection

n for maximum bending

Critical sec

Composite beam
with partial connection

AX

L

Figure 16 : Shear length

The criterion for the resistance of the concrete strut under compression is finally assessed, with the last
orientation obtained with the previous process:

V|
Destrut :degl (55)

Rd

Assessment of the transverse reinforcement
For each shear area, the transverse reinforcement required is obtained by:

(ﬁ]> Ved Py (56)

S¢ B fyd cot Of
where: fyd: see §0
Vg, and O are the shear stress and the orientation of the strut obtained at the previous step for

the resistance of concrete.

For slabs with profiled steel sheeting, with only one layer of transverse reinforcement, this previous
equation directly gives the transverse reinforcement required for the slab.

For plain slabs, the calculation performed for the shear area b-b gives directly the design of the bottom
layer of reinforcement Ab/sb. The calculation performed for the shear area a-a gives Af/sf = At/st + Ab/sb.
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Influence of continuous perpendicular profiled steel sheeting

For slabs with continuous perpendicular profiled steel sheeting, the previous equation (56) is replaced by:

[EJZmax 0; Ved he _Ape fVP,d (57)
Sf fya cot B¢ fyd

where: fypd: see§2.5

Ape is the area of the profiled sheeting per length unit, calculated by:

A :t_P[b +by —by +1/(by —b )2 +4h 2} (58)
pe bs S r b r p

t, hp, b,b,b.:see§2.5

Control of the minimum reinforcement criterion

At the end of the process, it is checked that the transverse reinforcement obtained by calculation are
greater than the minimal requirement, i.e.

A p i hf A P ] hf
For plain slabs: (—bjzﬁ and [—t}&
Sh 2 St 2

A
For slabs with profiled steel sheeting: (—SfJZPw,min he

St
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Annex A : Properties of the steel section
The following section properties are calculated using analytical formulae:
A Section area
A = 2bsty + (h — 2t6)ty, + (4 — )72
I, Second moment of area about the strong axis
1 3 h 2
ly=15 [bfh3 + (by — tw)(h — 2tf) ] + 4kt + (4= mr |5 — b - t3a- n)]

with:

I, Second moment of area about the weak axis

1 t 2,
L= 'V [2t¢b} + (h — 2tf)t5 ] + 4krd + (4 — )72 [7‘” +7,— 3(4—_Cﬂ)]
W1,y Plastic modulus for bending about the strong axis
t,,h? h (3r —10)r3
Wpl,y = —W4 + tf(bf - tw)(h - tf) + (4‘ - T[)Tcz (E — tf) + —3 <
Wiz Plastic modulus for bending about the weak axis
teb? 273
fo
Wiz == +—{h—nﬂ+(4 @n( +q)—7§

Wey,y Elastic modulus for bending about the strong axis

Wel,y = 2%
W, , Elastic modulus for bending about the weak axis
_ 21,
elz — E
Ay, Shear area for a shear force perpendicular to the web
Ayy = 2bsty

A, , Shear area for a shear force parallel to the web
AU,Z =A- betf + tf(tw + ZTC)

I Torsional constant

Io=2pe2|1-063Z(1 i Fig(h-2t)
T3 b\~ 12b})] 37" !

2 4
(tr+ 1) + byl + ty/4)
tf + ZT'C

t T,
+2%(0,1-L+0,15
ty ty

I,  Warping constant

I, = 0,25,(h — t;)°




