











Hilti X-HVB system

Improvement of the flexural behavior

Older existing building slabs are generally designed for modest live loads, far below
the values prescribed by current regulations in relation to the new intended use of
the structure. A higher stiffness is generally required, both to prevent damage to the
partition walls and floors, and to improve occupancy comfort, limiting vibrations
due to trampling and improving soundproofing.

The immediate effect is not only improved flexural stiffness of the slab due to the
beams no longer working separately, but also the creation of a monolithic structure
that improves overall stiffness thanks to interconnection with the new composite
slab.

Improvement of the technical performance

Reinforcement of existing slabs using the composite slab technique results in other

significant benefits to the properties of the floor.

* Sound insulation
The creation of a new concrete slab, combined with a specific acoustic mat and,
where possible, with a finishing screed, significantly improves performance in
terms of the apparent sound reduction index for airborne noise and the normal-
ized impact noise level for structure-borne noise.

* Thermal insulation
The use of lightweight solutions, in addition to improving the static behavior of the
slab, ensures an increase in the thermal insulation of the horizontal partition. In
fact, structural lightweight concrete in conjunction with light finishing screeds, by
virtue of low thermal conductivity, contributes to the improvement of the thermal
transmittance of the entire horizontal partition.

* Fire protection
The presence of a new concrete slab improves the fire behavior of the floor thanks
to the presence of a layer filled with fireproof insulating material.

Figure 27: Example of rehabilitation
where X-HVBs are installed on existing
old beams
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Figure 28: (from left to right):

» standard push-out test setup accord-
ing to EN 1994-1-1

* example of push-out specimen with
X-HVB 40 installed in shallow solid
slab
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4. SHEAR CONNECTOR DESIGN ACCORDING TO EC4

4.1 DUCTILITY REQUIREMENTS

According to EN1994-1-1 section 6.6.1, shear connection and transverse reinforce-
ment is to be provided in order to transmit the longitudinal shear force between the
concrete and the structural steel element, ignoring the effect of a natural bond
between the two.

In order to allow any inelastic redistribution of shear assumed in design (i.e. plastic
analysis), connectors are required to have sufficient deformation capacity, namely,
their characteristic slip capacity , must be at least 6 mm.

Where plastic stress distribution is taken into account in the beams, Eurocode 4
allows partial shear connection limited to 0.4 to be taken into account. The degree
of shear connection is calculated as follows:

n=N,/N

Where

* N, is the design value of the compressive force in the concrete,

* N, is the design value of the compressive force in the concrete with full shear
connection.

The ductility of a shear connection is tested with push-out tests as defined in
EN1994-1-1 section B2 guidelines, with the setup shown in Figure 28.
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Test results have shown that Hilti X-HVB shear connectors are ductile in all sizes
and therefore meet Eurocode 4 requirements for connections with plastic
properties.
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4.2 DISTRIBUTION OF SHEAR CONNECTORS

If elastic design is required, the shear connectors are distributed along the beam
according to shear loads, i.e. higher shear loads near the supports or concentrated
load are resisted by closer spacing of shear connectors. Such distribution ensures
that each connector carries an equal share of the longitudinal shear force acting on
the beam (Figure 29).

In case of plastic design, the shear connectors are distributed equally and uniformly
along the beam, as the load is redistributed by the shear connectors. The shear
connector used must fulfill the ductility requirements of the applicable section of
Eurocode 4.

UL Figure 29: Gracluated versus uniform

distribution of shear connectors for a
simply supported beam with distributed

Static scheme

load.
Shear force ’\ \‘
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graduated distribution
of shear connectors
Plastic design: LA AL A
uniform distribution
of shear connectors
4.3 LONGITUDINAL SHEAR FORCE
Shear connectors are designed to resist the longitudinal shear forces (as per stress
distribution of the cross sections) in the horizontal plane between the concrete slab
and top flange of the steel beam.
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In case of plastic design, the full shear connection capacity, developed between the
support and the center of the beam, must be equal to or greater than the design
compressive force N (in case of simple supported beam with uniform load
applied). Therefore, in full shear connection, the number of shear connectors to be
used is determined by the design longitudinal shear force of the beam divided by
the design shear resistance of single shear connector.
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Table 6: Characteristic and design
resistance in solid slabs

Figure 31: Profiled decking geometries
for open-trough and re-entrant profiles

Figure 32: Profiled sheeting parallel to
the beam axis
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4.4 DESIGN SHEAR RESISTANCE

The loadbearing capacity of the X-HVB, i.e the shear resistance in a solid concrete
slab, is the combined result of:

* hole elongation in the fastening leg of the connector,

* local deformation of the base steel plus bending of the nails,

* bending of the X-HVB,

* and local deformation of concrete in the contact zone with the connector.

For composite beams with solid slabs, characteristic and design resistances are
listed in Table 6.

Designation Characteristic resistance P, Design resistance P,
X-HVB 40 29.0 kN 23 kN
X-HVB 50 29.0 kN 23 kN
X-HVB 80 32.5 kN 26 kN
X-HVB 95 35.0 kN 28 kN
X-HVB 110 35.0 kN 28 kN
X-HVB 125 37.5 kN 30 kN
X-HVB 140 37.5 kN 30 kN

When profiled sheeting is present, the shear resistance of the X-HVB is calculated
by multiplying the shear resistance without steel decking with reduction factors that
are dependent on decking orientation and profile geometry.
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Decking ribs parallel to the beam axis

In case of profiled sheeting with ribs parallel to supporting beam, the design shear
resistance of the X-HVB (P.,) must be multiplied by the reduction factor k, given by
the following expression:

by [hsc
k=06—-(=X-1])<10
hp hp

where,
* Db, is the width of the steel decking profile

* h, is the height of the steel decking profile
* hg is the height of the X-HVB

Hence, the design shear resistance must be considered as

Pra1 = K - Prq

Solutions for shear connections



Decking ribs transverse to the beam axis
In case of profiled sheeting with ribs transverse to supporting beam, the design
shear resistance of the X-HVB (P;,) is influenced also by the orientation of the shear

connector in relation to the beam axis.

In case of X-HVB positioned longitudinally to the beam axis, the reduction factor k,,
is as follows:

, _0.66 by (hg <10
tl = Vi by \h, s L
Where n, corresponds to the number of X-HVBs per rib.

In this case, the design shear resistance must be considered as

Prael = Ke1 - Pra

In case of X-HVB positioned transversely to the beam axis, the reduction factor k,,
is as follows:

o 118 b <hsc 1><10
tt = =" |\~ = L
vn,. hp \hp

And the design shear resistance is

Praee = 0.89 - K¢ - Pry

For more details please refer to the relevant annexes in ETA
and check the technical specifications of the Shear Connector Design software
(https://shearconnectordesign.hilti.comy).

Solutions for shear connections
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Figure 33: Profiled sheeting transverse
to the beam axis, X-HVB parallel

Figure 34: Profiled sheeting transverse
to the beam axis, X-HVB transverse
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https://shearconnectordesign.hilti.com/
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Figure 35: Positioning in solid concrete
slab with one row of X-HVB

20

5. X-HVB POSITIONING AND SPACING

In composite beams with solid concrete slabs or with profiled sheeting parallel with
the beam, the X-HVBs must be positioned parallel with the beam axis and opposing
each other (Figure 35).

In composite beams with profiled sheeting transverse with the beam, the X-HVBs
may be positioned parallel or transverse with the beam axis.

Since load transfer between X-HVBs and the slab is accomplished predominantly
by a concrete strut, when profiled decking has narrow ribs and/or stiffeners,
the X-HVB should be positioned on the favorable side of the rib, which is towards
the nearest beam support, as per Figure 36, to allow sufficient load transfer.

Not Preferred Preferred Wrong
On the unfavourable side On the favourable side Too close to the web

B | B [
| | |
S W 1 B \ {1k Hbn
e

\
Shear forces
|

Towards nearest support

Figure 36: Positioning with profiled sheeting and X-HVBs transverse with the beam

In rehabilitation projects with thin concrete solid slabs, it is necessary to use “duck
walk” positioning, i.e. the center of the X-HVB base is positioned on the center line
of the beam’s top surface and the X-HVBs are positioned alternately obliquely to
the longitudinal axis of the beam.

In the event of uniformly distributed loads, as is often the case, the X-HVBs are
positioned symmetrically with the heads pointing towards the nearest support
(Figure 37).

\ QA e /5 _ /s
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Figure 37: Positioning in solid concrete slab with one row of X-HVB

For detailed information on positioning, spacing and edge distances to be
considered, refer to “ETA-15/0876".

Solutions for shear connections



Hilti X-HVB system

6. SPECIAL CONSIDERATIONS
6.1 FIRE RESISTANCE
The temperature-dependent characteristic shear resistance of X-HVB shear

connectors in a solid slab, in the fire situation, should be determined according to
the following expression:

Pri
Y™ fi

Prira = Kuex-nve -

Where

* P, is the characteristic shear resistance of X-HVB, as provided in ETA-15/0876,

* Yus IS the partial safety factor for shear resistance for the fire situation (as stated
in EN 1994-1-2, section 2.3, the recommended value for vy, is 1),

* K,oxnve IS the temperature dependent strength reduction factor given in the
following table.

Temperature of top flange Strength reduction factor
X-HvB ku,e,X-HVB
20°C 1.00
100 °C 1.00
200 °C 0.95
300 °C 0.77
400 °C 0.42
500 °C 0.24
600 °C 0.12
>700 °C 0

Table 7: Temperature dependent strength reduction factor

The temperature of shear connectors to be considered is the temperature of the
upper flange of the beam.

When profiled steel decking is used, the characteristic resistance P, of X-HVB
should be further multiplied by the reduction factors which are dependent on
decking rib orientation, as presented in Annex C5 of ETA-15/0876.

When designing for a fire situation, the total characteristic shear resistance of
X-HVBs is compared to the longitudinal shear force acting on the beam with fire
loading.

6.2 REHABILITATION

Results of push-out tests carried on in cooperation with the University of Stuttgart
indicate similar performance for X-HVBs installed on normal weight concrete and
lightweight concrete solid slabs.

According to these results, lightweight concrete can be chosen to utilize all benefits
related to a lighter structure (reduced self weight, greater loading capability, better
seismic response).

In case of fastening on old steel beams with an ultimate strength of F,< 360 N/mm?
(with a F, ,,= 300 N/mm?), a conservative reduction factor for design shear resist-

ance P, must be taken into account (please refer to Annex C3 of ETA-15/0876). Figure 38: X-HVB installed with “duck
walk” positioning on an old steel beam

..
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Figure 39: Out-of-plane collapse

Figure 40: Out-of-plane collapse
prevented, rigid diaphragm
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6.3 SEISMIC RESPONSE IN REHABILITATION

A major source of vulnerability of existing buildings (particularly masonry structures
with wooden/steel beam slabs) is associated with local collapse mechanisms
(out-of-plane response of the bearing walls). By improving connections between the
elements, through new composite slabs interconnected with perimeter walls, the
seismic behavior of the entire building can be improved.

For proper seismic improvement, it is extremely important to create diaphragms
(slabs) capable of transferring the horizontal actions of the earthquake to the
shear-resistant walls. Diaphragms help to constrain the out-of-plane deformation of
the walls, preventing the collapse, through keeping the box-like configuration; the
stiffness of the diaphragms in their plane influences the distribution of the horizontal
forces between different sidewalls. To be able to represent an effective constraint,
diaphragms have to be able to transmit forces and tensile stresses and must also
be properly connected to the walls, as evidenced by Eurocode 8 - Part 3.

6.4 DEFLECTION CONTROL

If the shear connection is only required for deflection control there is no minimum
degree of connection. However, maximum allowable connector spacing applies
and the steel beam must have sufficient capacity to carry the self-weight and all
imposed loads.

For more details, please refer to following technical document(s): ETA-15/0876.

Solutions for shear connections
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8. ANNEXES

Annex A: Design examples
Annex B: Examples of commercial profiled sheeting

Annex C: Designation and item numbers
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ANNEX A: DESIGN EXAMPLES

6.1 Substituting welded studs with X-HVB

Section 6.6.3.1 of EN1994-1-1 states that the design resistance of a headed stud,
automatically welded to a steel beam, should be the lesser value of:

P = 0,8f,md?*/4
RA= "
_0,29ad?fekEcm
Ppa=—""—7—""
Yv
Where:

e a=0,2(h,/d+1),for3<h_/d<4

e ao=1,forh,/d>4

* vy, is the partial safety factor (recommended value = 1.25)

e d isthe diameter of the stud shank

« f, isthe specified ultimate tensile strength of the stud material (< 500 N/mm?)
* h, is the overall nominal height of the stud.

When profiled sheeting is used, the shear resistance of the welded stud is calculated
by multiplying the design shear resistance (PRd) by reduction factors that are depend-

ent on profiled sheeting orientation and profiles.

For profiled sheeting with ribs parallel to the supporting beam, the reduction factor k; is:

For profiled sheeting with ribs transverse to the supporting beam, the reduction fac-
tor is governed by Table 8 (Table 6.2 of EN1994-1-1) and the following expression:

_ 07 by (he
kt_\/n—r hy, (hp 1)

Where n, is the number of studs in one rib, not to exceed two.

Hilti X-HVB system

Number of Thickness of _Stus:ls not exceeding 20 mm Profiled sheeting with holes
studs " . in diam. and welded through and studs 19 mm or 22 mm
per rib profiled sheeting profiled sheeting in diameter
=1 <1mm 0.85 0.75

r =21 mm 1.00 0.75
h=o <1mm 0.70 0.60

’ =21 mm 0.80 0.60

Table 8: Upper limits for reduction factors k,

Solutions for shear connections
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Figure 42: Holorib 51 profiled sheeting
geometry
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For this example, the design hypothesis is as follows

* Slab thickness: 120 mm

 Concrete: class C25/30, f,, = 25 N/mm?®

* Stud: diameter = 19 mm, height = 100 mm, fu = 450 N/mm?

* Profiled sheeting: Holorib 51, transverse to supporting beam, with holes for studs

The design resistance of a welded stud, is the minimum value of:

Uik T S A Y PP ok N S
Rd = Yo -\ Ty )15 T
0,29ad?,/f4E 1
Prq = ——— Y-S _ (029 1-192-+/25 - 31000). ——= = 73.7 kN
Yv 1.25
Since hy./d = % =25>4, a=1.
Therefore Prq = 73.7 kN.
The reduction factor kt is given by:
0.7 by (hg 0.7 114 (100
== [ 22— =—-—-<——1>=1.50
va, h, \h, 1 51 \51

According to Table 8, the maximum value is 0.75, hence
Pra = 73.7-0.75 = 55.3 kN.

The design shear resistance of X-HVB, assuming the X-HVB 110 is used, is 28 kN
(Table 6). Considering that X-HVBs are positioned longitudinally to the beam axis,
the reduction factor, kt,| is given by:

* Assuming one shear connector per rib

— 066 by (hse ;) _ 066 114 (110 Y _
kt'l_\/n_r by (hp 1)— — (51 1)—1.71, capped at 1

* Assuming 2 or more shear connectors per rib

0.66 by (hee ) _ 066 114 (110 ) _
( 1)— AT ( 1)—1.21, capped at 1

Hence, in both cases, P, = 28 kN.

Accordingly, in this case, two X-HVBs are required to replace one welded stud
per rib (65.3 /28 = 1.975).
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ANNEX B: EXAMPLES OF COMMERCIAL PROFILED
SHEETING
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Holorib HR51/150 - Orientation: Longitudinal to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
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Holorib HR51/150 - Orientation: Longitudinal to direction of beam
Steel deck supported by beam, 3 X-HVB per rib
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Cofrastra 40 - Orientation: transverse to direction of beam
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Cofrastra 40 - Orientation: transverse to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
Steel deck supported by beam, 3 X-HVB per rib
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Cofrastra 70 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
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Cofrastra 70 - Orientation: Transverse to direction of beam
Steel deck supported by beam, 3 X-HVB per rib
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ComFlor-SR - Orientation: Longitudinal to direction of beam

Steel deck supported by beam, 1 X-HVB per rib
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ComFlor-SR - Orientation: Longitudinal to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
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ComFlor-SR - Orientation: Longitudinal to direction of beam

Steel deck supported by beam, 3 X-HVB per rib
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ComFlor 60-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 1 X-HVB per rib
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ComFlor 60-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
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ComFlor 60-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 3 X-HVB per rib
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Note: For optimized utilization of available beam width, reduction of the spacing from 65 to 50 mm is possible. However, with respect to tool accessability,
both nails of the left X-HVB of section B..B need to be driven first, before the adjacent X-HVB is fixed.
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ComFlor 80-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 1 X-HVB per rib
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ComFlor 80-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 2 X-HVB per rib
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ComFlor 80-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 3 X-HVB per rib
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Note: For optimized utilization of available beam width, reduction of the spacing from 65 to 50 mm is possible. However, with respect to tool accessability,
both nails of the left X-HVB of section B..B need to be driven first, before the adja-cent X-HVB is fixed.F

ComFlor 80-600 - Orientation: Transverse to direction of beam

Steel deck supported by beam, 4 X-HVB per rib A-A
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ANNEX C: DESIGNATION AND ITEM NUMBERS

Designation

Category

Iltem number

X-HVB 40

X-HVB 50

X-HVB 80

X-HVB 95

X-HVB 110

X-HVB 125

X-HVB 140

X-ENP 21 HVB
6.8/18M 10 STD Blue
6.8/18M 10 STD Red
6.8/18M 10 STD Black
DX 76 HVB

DX 76 MX

DX 76 PTR
X-76-P-HVB
X-76-P-HVB-PTR
X-76 PS

X-76-F-HVB
X-76-F-HVB-PTR

Shear connector
Shear connector
Shear connector
Shear connector
Shear connector
Shear connector
Shear connector
Nail

Cartridge
Cartridge
Cartridge

Tool

Tool

Tool

Piston

Piston

Piston stopper
Fastener guide
Fastener guide

2112256

56467

239357, 2336938
348179, 2336939
348180, 2337010
348181, 2322101
348321, 2337011
283512

416485

416484

416486

2090391

285789

384004

285493

388847

285494

285486

388846

Powder adjustment gauges are available in each X-ENP-21 HVB fastener box.
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