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1. Introduction

Composite construction has dominated the multi-storey building sector for o
thirty years. Its success is due to the strength and stiffness that can be achie
with minimum use of materials.

The reason why composite construction is often the ideal solution can be ex-
tension.

By joining the two materials together structurally these strengths can be expl :
to result in a highly efficient and lightweight design in which the resistance m
increase by up to a factor of two and the stiffness may increase by up to a fag
of three. The reduced self-weight of composite elements has a knock-on effed
reducing the forces in those elements supporting them, including the foundat
Composite systems also offer benefits in terms of speed of construction. The
depth reductions that can be achieved using composite construction can also
provide significant benefits in terms of the costs of services and the building
envelope.

Fure 1: Installation of profiled sheeting
for a composite slab

The purpose of the X-HVB shear connector is to ensure mechanical connection
between steel beams and concrete slabs. It is therefore designed to resist shear
forces acting between these structural elements, promoting composite behavior.

This document is intended as a guide to the use of the Hilti X-HVB shear connector
in building construction.

It shows how the calculations are made and covers the following topics:

e Characteristics of the X-HVB shear connection system,

* Benefits and value propositions of nailed shear connection,

* Shear connector design according to Eurocode 4,

* Layout of shear connectors,

» Considerations regarding fire resistance and utilization in rehabilitation projects.

The information in this document is in accordance with European Regulations.

Solutions for shear connections page 3
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1.1 Composite beam design

As already mentioned, concrete is a material that works well in compression but has
negligible resistance in tension. Hence for structural purposes it traditionally relies
on steel reinforcement to take up any tensile forces (this is the role played by the
steel part of a composite cross section, which is effectively external reinforcement),
or must be pre-stressed so that even when subject to tension, an element is in net
compression.

If the concrete part (within the so-called effective width) of a cross section is to carry
compression, and the steel part is to carry tension, the two materials must be
structurally tied together. With beams this is achieved by using shear connectors
which are attached to the upper flange of the steel beam. The profiled metal deck-
ing that forms the basis of the composite slabs is sandwiched between the base of
the connector and the top flange, and the welding/fixing process joins all three
together.

When a beam is designed with full shear connection (Figure 2-C), it means that
sufficient connectors are present to either fully utilize the concrete in compression,
or fully utilize the steel section in tension (whichever is the smaller force).

——
+ > Mpl, Rd

Figure 2: Degrees of shear connection, assuming plastic characteristics

Reduced numbers of connectors may however be used, resulting in so-called
partial shear connection. This usually happens if the applied loading is at a low
enough level, for example, in common cases where a beam design is governed by
construction stage or serviceability considerations. However, building codes also
specify a certain minimum degree of connection that is needed to prevent exces-
sive slip between the steel and concrete.

Composite beam design is especially suitable for cross-sections under positive
bending moments, as concrete has good resistance to compression. If steel
decking is used, the decking’s resistance to compression should be neglected.

bet
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Figure 3: Example of plastic stress distribution for a composite beam with a solid
slab and a full shear connection (positive bending moment)
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Continuity of the beam can also create negative bending moments near supports.
For negative bending moments, the slab’s reinforcement is in tension and shear
connectors must ensure that tensile force in the reinforcement is transmitted to the
steel beam.

! i
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Ma

fyd

Figure 4: Example of plastic stress distribution for a composite beam with a solid
slab and a full shear connection (negative bending moment).

Since the composite member's cross-section is larger than the beam’s cross-sec-
tion alone, the respective moment of inertia is higher, resulting in higher resistance
to bending. These considerations allow for slimmer design of structural compo-
nents. The main benefits related to composite beam design are therefore related to
the fact that use of a composite section allows for savings in material and space.

In modern construction, profiled sheeting is used as permanent formwork for the

concrete slab and as reinforcement for the composite deck. The decking is utilized
to limit the amount of slab propping during construction.

Solutions for shear connections
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1.2 Types of shear connectors

Welded shear studs

Welded shear studs are a traditional type of shear connector. Typically, welded
shear studs exhibit ductile behavior and have good resistance to horizontal shear
and vertical uplift, i.e. horizontal shear is resisted by the shank and vertical uplift is
prevented by the head.

When steel decking is used, either the studs are welded through the decking or the
decking is perforated and pre-welded studs are fitted through the perforations.

Inherent concerns related to welding are as follows:
» welding requires skilled/experienced labor,
» quality control checks may be ambiguous, i.e. visual inspection, sound produced

A . when hammered, bending test,
Figure 5: X-HVB shear connector in re- « equipment required on site, resulting in transportation costs and effort,
habilitation e numerous electric cables required, which may lead to tripping hazards,
* welding quality is largely dependent on beam surface conditions, i.e. humidity,
rust, etc.,

* welds on wrought iron beams might be brittle and not effective,

direct welding onto galvanized beams may cause health issues,

» finishing work is necessary after welding on coated/painted beams,

» sites with fire regulations (fire watch) may restrict hot works, i.e. welding.

Hilti X-HVB shear connector

The Hilti X-HVB shear connector is an L-shaped shear connector which is fastened
to a beam with two nails driven by a powder-actuated tool. The X-HVB is ductile in
all sizes and designed to resist longitudinal shear force, while vertical uplift is
prevented by the X-HVB head and the nails.

It is suitable for use at the connection between concrete slabs and steel beams with
or without steel decking. As the X-HVB is fastened using the Hilti direct fastening
technique, its great versatility allows it to be used in situations where welded studs
are not applicable and/or not effective.

The X-HVB system does not require electric power, has an easy and approved
inspection procedure and, unlike welding, it is not weather dependent and does not
infringe site hot works, i.e. fire-watch, regulations. X-HVB placement is also not

| ] sensitive to the beams’ surface treatment.

Figure 6: Hilti X-HVB installed on

profiled deck Typical features of the X-HVB are:

* simple, inexpensive installation equipment,

» fastening quality largely independent of weather conditions,

» fast installation allows flexible scheduling of work on the jobsite,

* zinc coatings or moisture do not affect the fastening quality.

When retrofitting/renovating older buildings, i.e. rehabilitation projects, the X-HVB
shear connector is fastened to old existing beams that will support newly cast
slabs. This method is used in flooring systems for rehabilitation purposes, mostly
subjected to static loading.

The main advantages of using the rehabilitation technique are the increase in

bending resistance and the decrease in deformability/deflection, hence the ability
to adapt structures to modern load requirements and usage.
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2. Hilti X-HVB system

The X-HVB system is an effective and efficient solution for secure shear connection.
Direct fastening technology makes this shear connector easy to install since it can
be set securely and reliably by workmen with simple training.

X-HVB shear connectors are fastened to steel components, typically the top flange

of a steel beam, using a Hilti DX 76 (or DX 76 PTR) tool equipped with accessories
specifically for this purpose. The nail-driving energy is provided by Hilti DX cartridges
(powder-actuated system).

As no welding is required, the X-HVB system can be installed under almost any site
conditions. In addition, fastening quality assurance is provided by an easy and
approved inspection process.

The system comprises the following items:

* X-HVB shear connector, available in different heights,

* X-ENP-21 HVB nails, two for each X-HVB shear connector,
* 6.8/18M cartridges, black, red or blue,

*« DX 76 (or DX 76 PTR) tool equipped for X-HVB installation.

- \

Figure 7: Hilti X-HVB shear connector Figure 8: X-ENP-21 HVB nail

Figure 9: Black, red and blue cartridgesFigure 10: DX 76 HVB tool

The L-shaped shear connectors are cold formed from steel and comprise the

fastening leg, the anchorage leg and the head. The anchorage leg is cast into t Anchorage leg

concrete while the fastening leg is fastened to the steel beam with two X-ENP-2

HVB nails (Figure 11). g 2 | @ 3
The shear connectors are available in seven different anchorage leg heights for Fastening leg

different steel decking and slab configurations (detailed geometry in next chapf

Note that X-HVB 40 and X-HVB 50 are used specifically for thin slabs without ; ,
profiled sheeting.

\2 powder-actuated fasteners: Hilti X-ENP-21 HVB \

Figure 11: Hilti X-HVB in composite
beam

Solutions for shear connections page 7
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2.1 Geometry and material specifications

The dimensions and material specifications for the various shear connectors are
shown and listed in the following illustrations and table.

X-ENP-21 HVB X-HVB 40 X-HVB 50
77.4
- (K;W @ FN |I‘
o . N
245 & 514\ |243 [ s ‘
Washer: \/ 9% 88 ‘
E a— Dot —1
X-HVB 95 X-HVB 110 X-HVB 125 X-HVB 140
T
o |
o || 9
2l 4 25] \ 25] ||
\
50 | 23] 51 ‘ﬁ st | 2086]
o 63 3L 63 31
‘@oaH o @

Figure 12: Dimensions of X-ENP-21 HVB fastener and X-HVB shear connectors

Designation Material

Non-alloy quality steel DC04, as per EN 10130

X-HVB shear connectqr_, .
Zinc plating: = 3 um

Carbon steel C67S, as per EN 10132-4, quenched,
X-ENP-21 HVB nail tempered and galvanized - nominal hardness: 58 HRC
Zinc plating: = 8 um

Non-alloy quality steel DCO1, as per EN 10139

X-ENP-21 HVB washer| _. .
Zinc plating: = 10 um

Table 1: X-HVB and X-ENP-21 HVB material specifications
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2.2 Application requirements

The X-HVB system is intended to provide the connection between steel and 9

concrete in composite beams and composite decks according to EN 1994-1-1, i

either in new buildings or for the renovation of existing buildings, in dry/indoorz

conditions.

In order to ensure that the system functions correctly, the following factors mu ] $SSOLFRD|EOHUDC
taken into account: 7| EDVHPDWHULDOV|

|

Type of loading

VHPDWHULDQWKLFNQH
o
m\

a
X-HVBs may be used for shear connection in composite structures subject to sttic

and quasi-static loading. 6

As the X-HVB is a ductile shear connector according to EN 1994-1-1, section 6.6, ‘ 6
seismic loading is covered if the X-HVB is employed as the shear connector in
composite beams used as secondary seismic members in dissipative as well as %DVHPDWHULDOVWUHQITRED@

non-dissipative structures according to EN 1998-1.
Figure 13: Base material application

Base material limit

X-HVBs may be used for shear connection on structural steel S235, 5275 and S355
in qualities JR, ]JO, J2, K2 according to EN 10025-2, with a minimum thickness of 6
mm (for details, please refer to the European Technical Assessment ETA-15/0876).

Old steels which cannot be classified accordingly are still suitable provided these
consist of unalloyed carbon steel with minimum yield strength fy of 170 N/mm?3.

Concrete class

X-HVBs may be used for shear connection with the following concrete classes:
* Normal-weight concrete C20/25 - C50/60
* Light-weight concrete LC20/22 - LC50/55, with a raw density p = 1750 kg/m

Concrete cover

As specified in EN1994-1-1, section 6.6.5.2, if concrete cover is required (exposure
class as identified in EN1992-1-1, table 4.1), the nominal concrete cover can be 5
mm less than the values in EN1992-1-1, table 4.4 but not less than 20 mm.

If concrete cover is not required, the code allows for the top of the shear connector
to be flush with the top of the concrete slab. Recommended concrete slab thick-
nesses for the different X-HVBs are listed in Table 2.

Without corrosion effect With corrosion effect
[mm] [mm]
X-HVB 40 50 60
X-HVB 50 60 70
X-HVB 80 80 100
X-HVB 95 95 115
X-HVB 110 110 130
X-HVB 125 125 145
X-HVB 140 140 160

Table 2: Minimum slab thickness [h]

Solutions for shear connections page 9
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Profiled sheeting

- X-HVBs may be used for shear connection in composite beams with or without
profiled sheeting.

/ = With profiled sheeting, the following values for the maximum total thickness of the
{‘ profiled sheeting must be taken into account:

p
hsc

¢ 2.0 mm, for X-HVB 80, X-HVB 95 and X-HVB 110
Figure 14: Profiled sheeting geometry « 1.5 mm for X-HVB 125 and X-HVB 140

E—zals 1.0<ﬁ—2<1.8 E—Zsl.o
[mm] [mm] [mm]
X-HVB 80 45 45 30
X-HVB 95 60 57 45
X-HVB 110 75 66 60
X-HVB 125 80 75 73
X-HVB 140 80 80 80

Table 3: Maximum profiled sheeting height, dependent on decking geagshetry [h

! b/ h, = 1.0 for profiled sheeting perpendicular to the beam combined with X-HVB
orientation parallel with the beam
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2.3 Tools and accessories
Hilti supplies the DX 76 HVB tool which is already suitably equipped to fasten
X-HVBs (Figure 15 and Figure 16). In addition, the DX 76 and DX 76 PTR tools can

be used. In this case, the fastener magazine has to be replaced with the required
piston and fastener guide for X-HVB installation. Table 3 gives an overview.

*—-ﬁa

Figure 15: DX 76 HVB Figure 16: DX 76 PTR HVB

e

Figure 17: DX 76 tool Figure 18: DX 76 PTR tool

Figure 19: DX 76 fastener guide Figure 20: DX 76 PTR fastener guide

- -

Figure 21: DX 76 piston and X-76-PS  Figure 22: DX 76 PTR piston and
piston stopper X-76-PS piston stopper

Solutions for shear connections page 11
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2.4 Cartridges

The DX 76 and DX 76 PTR tools use 6.8/18 M10 cartridges. The type of cartridge,
black, red or blue, is dependent on steel beam strength and thickness (Figure 23).

For thin base material, from 6 to 8 mm thickness, red cartridges and power setting
%ODEN %ODEN 1 are recommended (blue cartridges may also be suitable in some cases).

If necessary, increase the power setting until the correct fastener stand-off is
achieved (refer to the chapter Fastening quality assurance).

Based on the cartridge recommendations, fine adjustments can be made by

%DVHPDWHULDOWKLFNQHVV>PP@

| 5HG %ODFN carrying out nail-driving tests on site. If nail standoff lies between 8.2 and 9.8 mm
%ODFN after the nail is driven, the cartridge and the tool power settings are considered
appropriate for the base material.
5HG 5HG
‘ 6 ‘ ‘ 6 Color code Power Ielvel
— Black Extra high
6WHHOJUDGH Red Medium-high
Figure 23: Cartridge pre-selection and Blue Medium

power setting
Table 4: Color code and power level

! 2.5 Fastening quality assurance

X-HVB
Metal decking

///////////l\/://////////A

\\\\\\\\\\\‘w§¢\\\\\\\\\\\\‘

The primary means of checking the quality of the nail fastening is a visual check of
nail stand-off (Figure 24).

Structural steel

The visual appearance of the top washer and the nail stand-off hNVS indicates how
Figure 24: Nail stand-off the tool power setting should be adjusted (Table 5).

Corresponding nail

stand-off, hys [mm] Adjustment required

Visual appearance

Visible damage to top hooe < 8.2 Reduce power setting or
washer nvs s = use lighter cartridge

Clearly visib No adjustment:
gj'ztr?(”on 8.2 < s=<9.8 Cartridge and power
top washer setting are correct

Undeformed| =
top washer | hoc> 9.8 Increase power setting
Nvs . or use heavier cartridge

Table 5: Fastening inspection and nail stand-off

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

page 12 Solutions for shear connections
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3. Benefits and value proposition

An optimal composite structure is one that exploits the benefits of both materials, in
a truly unified structural system that overcomes the drawbacks of each material
taken individually.

The main advantages of steel are:

* high strength / weight ratio, which leads to a significant reduction of forces acting
on the foundation,

* ductility of the material, which makes it especially useful in seismic areas,

* ability to easily use self-supporting profile decks and casting finishing concrete,

e possibility of realizing large spans,

¢ speed of construction,

¢ ease of structural changes and subsequent additions.

The advantages of concrete may include:

* the excellent compression behavior, enhanced by the increasing use of high-
strength concrete, makes it possible to design elements characterized by smaller
cross sections,

¢ reduced instability and deformability due to the increased stiffness of the ele-
ments,

* good performance under exposure to fire,

* moldability of the structural elements.

The combination of these inherent characteristics makes it possible to simply define
the main structural advantages of steel/concrete composite structures:

* excellent static performance in terms of strength, stiffness and ductility,

* reduction of local and global instability issues,

* excellent performance in case of fire,

e good speed of construction.

IPE 270 IPE 270 IPE 330 Figure 25: Example of the resulting
without X-HVBs with X-HVBs without X-HVBs benefits, taking the following parame-
3.5 kN/m2 8.0 kN/m2 8.0 kN/m2

ters into account:
* beam: 6.0 m span, 2.0 m spacing,
S275, unpropped during construction
Wl L phase
e slab: 0.11m thickness, C25/30
——————————————————————————————————————————————————————————— * profiled decking: Hi-Bond 55/800

_*_

=

-25% beam weight
+22% clearance

+230% load capacity

+

A further advantage, typical of steel structures, is related to the possibility of
making openings in the beam web, which allows a more rational and less invasive
distribution of the installations. This is extremely important for production and
supply services facilities.

Solutions for shear connections page 13
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Figure 26: Installation phases for

X-HVBs on profiled sheeting (from top

left clockwise):

¢ laying profiled sheeting on steel
beams,

¢ installing of X-HVBs through profiled
sheeting,

* laying welded mesh reinforcement, '

¢ pouring the concrete.

page 14

Major benefits of the X-HVB system, compared to traditional welded shear studs,
can be listed as follows:

* does not infringe site hot works, i.e. fire-watch, regulations,

* easy and approved inspection method,

» avoids pre-punching of steel decking which enables longer spans and less
propping,

* can be installed on coated and painted beams without need for subsequent
finishing,

* does not require use of welding equipment and generators, i.e. no equipment
transportation to/from and on site,

* installation quality is independent of site conditions, i.e. moisture after rain, light
surface rust, etc.

The X-HVB system therefore supports fast construction assembly especially:

* where welded shear studs are pre-welded on primary beams in the yard/shop
(ideal welding conditions) and shear connectors are required to be installed on
secondary beams on site using the Hilti direct fastening method,

* in case of limited transportation and crane access,

* in remote areas.

The following can be considered as the main benefits of using composite structures
in rehabilitation.

Increasing the load-bearing capacity

Renovation projects often originate from requirements related to the change of
intended use of the building, for example from house premises to offices, with the
consequence of higher loads transferred to the floor (both permanent and variable
loads). It is therefore necessary to structurally strengthen the floor, thereby making
the structure compatible with the new load-bearing capacity requirement.

Solutions for shear connections
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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.

e 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: Existing slab to be strength-
ened by an additional thin concrete
layer
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Figure 28: (from left to right):

P
* standard push-out test setup accord-1 _ ( /J_ ( / )( 180 18Q, 18Q

ing to EN 1994-1-1

* example of push-out specimen with
X-HVB 40 installed in shallow solid
slab

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 capacityndust be at least 6 mm.

Wﬁé/rg B 39 |(r:-snc?(\é\{<,£0ris%l}|a§’ution is taken into account in the beams, Eurocode 4
EB?MEIQ%{FEA&Q?.@ connection limited to 0.4 to be taken into account. The degree
of shear connection is calculated as follows:

N =N/N

Where
FNMER BRYRyARalue of the compressive force in the concrete,
* N; is the design value of the c?g}pressive force in the concrete with full shear
connection. '
. ( / 2 for  / . o
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.

Formula at page 19

[ 1 i
o . o
O = : 2
o (@}
Forr | _20g 0
I g 3
5 o [=)
L. & S
[ ] [ 19
150,260/ 1500 w 200,200/200| Q
2 3
/ for /
o,for / 4
3
o
=t
( / /) ) EN1994-1-1, (6.22)

Test results have shown that Hilti X-HVB shear connectors are ductile in all sizes
pBehtherafqrggoeat Eurocode 4 requirements for connections with plastic
properties.

C WO/ 7)) EN1994-1-1, (6.23)

Table at page 26 — Table 11

page 16

a=50 mm
a>100 mm
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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.

Static scheme

Shear force

Elastic design:
graduated distribution
of shear connectors

Plastic design:
uniform distribution
of shear connectors

4.3 Longitudinal shear force

UL

Figure 29: Graduated versus uniform

distribution of shear connectors for a
simply supported beam with distributed

load.

O

]

VLR L O IS

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.

Det

L

i

Figure 30: Typical plastic stress

0.85 feq Ne 1 distributions for positive and negative
= “ bending moments
Mpi, ra
+ — Npja
fyd
fsd
— Ns

[+]

-

f yd

% Na ) Mo, ra
Ma

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.

Solutions for shear connections
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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.

Tab.le 6 Ch.aractlerlst|c and design g g Characteristic resistance Ry Design resistance Ry
resistance in solid slabs Designation [kN] [kN]

X-HVB 40 29.0 23

X-HVB 50 29.0 23

X-HVB 80 32.5 26

X-HVB 95 35.0 28

X-HVB 110 35.0 28

X-HVB 125 37.5 30

X-HVB 140 37.5 30

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.

open trough profile
bo br bo br

Figure 31: Profiled decking geometries ]

for open-trough and re-entrant profiles
AN LN/

bs bs

he
hc

Np

1/2hp
—_— -

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 () must be multiplied by the reduction facbivdn by
the following expression:

- )

where,:

WIE'T? the width of the steel decking profile

* h, ibehish&lghtwdfltiie efedingesitieglprsitiking profile
Sh Esstﬁg hﬁgggggg %ﬂgjﬁ@éld@élﬁkiﬁgpﬁ%ﬂ@e
Figure 32: Profiled sheeting parallel to 8 * Rg 15 t t OJF thge SXa@lg decking profile

the beam axis . hsc is the height of the X-HVB

ence, the design shear resistance must be considered as
Ii—'lence, hc%e ge%lgn shear resistance mus(% %e considered as

Hence, the design shear resistance must be considered as
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Decking ribs transverse to the beam axis

In case of profiled sheeting with ribs transverse to supporting beam, the desic
shear resistance of the X-HVBPis influenced also by the orientation of the sheat
connector in relation to the beam axis. L \ ”

Figure 33: Profiled sheeting transverse
In case of X-HVB positioned longitudinally to the beam axis, the reduction, factar the beam axis, X-HVB parallel
is as follows:

)

Where ncorresponds to the number of X-HVBs per rib.

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

In case of X-HVB positioned transversely to the beam axis, the reductionfacto

is as follows: e ‘ ______

) i T
Figure 34: Profiled sheeting transverse
to the beam axis, X-HVB transverse

And the design shear resistance is

éo utions for shear connections page 19



Hilti X-HVB system =L

<4 he
<600 mm

=100 mm

he

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.

Figure 35: Positioning in solid concrete Since load transfer between X-HVBs and the slab is accomplished predominantly

slab with one row of X-HVB

page 20

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

v s

\ |
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).

AW A Wilwa i

X/ 4
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 Annex A, “ETA-15/0876".
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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:

Where

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

* s Is the partial safety factor for shear resistance for the fire situation (as stated
in EN1994-1-2, section 2.3, the recommended valug{fory),

* Kexnve IS the temperature dependent strength reduction factor given in the
following table.

Temperature of top flange: 6 K
[oc] u,0,X-HVB
20 1.00
100 1.00
200 0.95
300 0.77
400 0.42
500 0.24
600 0.12
>700 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 resistaoéX#VB
should be further multiplied by the reduction factors which are dependent oni..
decking rib orientation, as presented in Annex C5 of ETA-15/0876. et _'

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 fi
loading.

6.2 Rehabilitation

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

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

In case of fastening on old steel beams with an ultimate strengtliB60MN/mm

(with a Emin= 300 N/m#), a conservative reduction factor for design shear resistigure 38: X-HVB installed with “duck
ance Ry must be taken into account (please refer to Annex C3 of ETA-15/0876)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.

Solutions for shear connections
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7.2 Hilti publications

The Hilti Direct Fastening Technology Manual (DFTM) is intended as a guide o
to use and choose suitable and correct direct fastening solutions for each spe
application. The DFTM provides all the technical data necessary for the correc
utilization of Hilti’'s direct fastening products and describes the main principle
techniques that have an influence on direct fastening.

7.3 Project references

Figure 41: Hilti Direct Fastening
For up-to-date project references, please refer to your local Hilti Website. Technology Manual
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8. Annexes

Annex A: European Technical Assessment

Annex B: Design examples

Annex C: Examples of commercial profiled sheeting

Annex D: Designation and item numbers
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Annex A: European Technical Assessment

Bumbsr ol

ey e i

A o] Dol hor Coneanecisey peaduds ir
and Eypes ol cona leucSion " *

e agratad
Blasrive hermsrharg, P fane o EEdkag e W

Artichs 7 of Regals-

e D T g Mo ANeET
il aopaen (kgern
& el e Tl o w
AR ERC T
h § "
: _
European Technical ETA-15/0876
Assessment of 3 June 2016

English translation prepared by DIBt - Original version in German language

General Part

Technical Assessment Body issuing the Deutsches Institut fiir Bautechnik
European Technical Assessment:
Trade name of the construction product Nailed Shear Connector X-HVB
Product family Nailed shear connector
to which the construction product belongs
Manufacturer Hilti AG

FeldkircherstraRe 100

9494 Schaan

FURSTENTUM LIECHTENSTEIN
Manufacturing plant Plant 1

Plant 2
This European Technical Assessment 20 pages including 15 annexes which form an integral
contains part of this assessment
This European Technical Assessment is European Assessment Document (EAD)
issued in accordance with Regulation (EU) 200033-00-0602

No 305/2011, on the basis of

Dhaiimseltsid drrpmnu fur Bautechnik
Enlannanitials 32 B | 1003 Rariin | QFRWANY | Phass + 49 30 000 300 Fax: & 58230 M7 0-0H | Bmait gise s Sk de | vaemadiil.da

Z19737.16 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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European Technical Assessment
ETA-15/0876 Page 2 of 20 | 3 June 2016

English translation prepared by DIBt

The European Technical Assessment is issued by the Technical Assessment Body in its official language.
Translations of this European Technical Assessment in other languages shall fully correspond to the
original issued document and shall be identified as such.

Communication of this European Technical Assessment, including transmission by electronic means,
shall be in full. However, partial reproduction may only be made with the written consent of the issuing
Technical Assessment Body. Any partial reproduction shall be identified as such.

This European Technical Assessment may be withdrawn by the issuing Technical Assessment Body;, in
particular pursuant to information by the Commission in accordance with Article 25(3) of Regulation
(EU) No 305/2011.

Z19737.16 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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European Technical Assessment
ETA-15/0876 Page 3 of 20 | 3 June 2016

English translation prepared by DIBt

Specific part
1 Technical description of the product

The nailed shear connector X-HVB is a mechanically attached shear connector for use in
steel-to-concrete composite beams and in composite decks with profiled sheeting as an
alternate to welded headed studs.

The nailed shear connector consists of an L-shaped cold-formed cantilever metal connector
made from steel sheeting with a thickness of 2 mm or 2.5 mm. The cantilever metal part
consists of a fastening leg and an anchorage leg. The fastening leg of the connector is fastened
by 2 powder-actuated fasteners X-ENP-21 HVB to the steel member, whereas the anchorage

leg embeds in the concrete deck of the composite beam. The nailed shear connector can be

used for composite beams with and without profiled composite decking.

The height of the anchorage leg varies in order to take the different thicknesses of the concrete
slab as well as the different heights of composite deck into account.

The different models of the X-HVB are:
X-HVB 140, X-HVB 125, X-HVB 110, X-HVB 95, X-HVB 80, X-HVB 50 and X-HVB 40.
The number in the product designation refers to the height of the X-HVB connector.

The powder-actuated fasteners X-ENP-21 HVB are made of zinc plated carbon steel. The
fasteners comprise of a pin with a shank diameter of 4.5 mm and they are assembled with two
metal washers. The washers serve to guide the fastener while it is being driven into the base
material and they contribute to the shear resistance. The powder-actuated fastening tools Hilti

DX 76 or Hilti DX 76 PTR are used in order to install the X-ENP-21 HVB together with the
X-HVB shear connector. The driving force of the fastening tool is provided by the power load of

the cartridge. The application limit of the powder-actuated fastening system depends on the
strength and thickness of the base material. The fastening tools (incl. cartridges) are an integral
part of this assessment with regard to the capacity of the nailed shear connector X-HVB and the
application of the respective system.

The nailed shear connectors can be placed in one or more rows along the length of the
composite beams. Aside of the use as shear connector for composite beams, nailed shear
connectors may also be used for the end anchorage of composite decks, see Annex Al.

The shear connectors X-HVB and the powder-actuated fastener X-ENP-21 HVB are detailed in
Annexes Al and A2.

2 Specification of the intended use in accordance with the applicable European
Assessment Document

The nailed shear connector X-HVB is intended to be used as connection device between steel
and concrete in composite beams and composite decks according to EN 1994-1-1. The nailed
shear connector can either be used in new buildings or for the renovation of existing buildings
with the aim to increase the bearing capacity of aged floor constructions.

Shear connections of composite structures subject to static and quasi-static loading.

As the X-HVB is a ductile shear connector according to EN 1994-1-1, section 6.6, seismic
loading is covered if the X-HVB is used as shear connector in composite beams used as
secondary seismic members in dissipative as well as non-dissipative structures according to
EN 1998-1.

The intended use is also specified in Annex Al and B1 to B4.

Positioning of the connectors follows Annexes B5 to B8.

The installation is only carried out according to the manufacturer’s instructions.

719737.16 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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ETA-15/0876 Page 4 of 20 | 3 June 2016

English translation prepared by DIBt

3.1

Z19737.16

In combination with composite decking the steel sheeting is in direct contact with the steel base
material in the area of the connection.

Cartridge selection and tool energy settings in order to match the application limit diagram are
taken into account.

Installation tests are carried out (e.g. check of nail head standoff h  ys), provided the fitness of

the recommended cartridge cannot be checked otherwise.

The performances given in Section 3 are only valid if the nailed shear connector is used in
compliance with the specifications and conditions given in Annexes B1 to B8.

The verifications and assessment methods on which this European Technical Assessment is
based lead to the assumption of a working life of the nailed shear connector of at least 50 years.
The indications given on the working life cannot be interpreted as a guarantee given by the
producer, but are to be regarded only as a means for choosing the right products in relation to

the expected economically reasonable working life of the works.

Performance of the product and references to the methods used for its assessment

Mechanical resistance and stability (BWR 1)

Essential characteristic Performance

Characterlstl_c re3|§tance in solid concretg decks, shear See Annex C1
connector orientation parallel to beam axis

Characteristic resistance in solid concrete decks, shear
connector orientation perpendicular to beam axis

Characteristic resistance in composite decks — decking
ribs perpendicular to beam axis — shear connector See Annex C1
orientation parallel or perpendicular to beam axis

Characteristic resistance in composite decks — decking
ribs parallel to beam axis — shear connector orientation | See Annex C2
parallel to beam axis

Characteristic resistance in composite decks — decking )
ribs parallel to beam axis — shear connector orientation | No performance determined
perpendicular to beam axis

No performance determined

Characteristic resistance of end anchorage of composite | gee Annex C4
decks

Characteristic resistance for use in seismic areas under

e . X See Annex B1
seismic actions according to EN 1998-1

Characteristic resistance in solid concrete decks in

renovation application with old metallic iron or steel See Annex C3
material with an actual yield strength less than 235 MPa
Application limit See Annex B3, pass

8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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English translation prepared by DIBt
3.2 Safety in case of fire (BWR 2)
Essential characteristic Performance
. . Class Al according to
Reaction to fire EN 13501-1:2007+A1:2009
Resistance to fire See Annex C5
3.3 Hygiene, health and the environment (BWR 3)
Essential characteristic Performance
Content and/or release of dangerous substances no performance determined
4 Assessment and verification of constancy of performance (AVCP) system applied, with

reference to its legal base

In accordance with EAD No. 200033-00-0602, the applicable European legal act is:
Decision 1998/214/EC.

The system to be applied is: 2+

5 Technical details necessary for the implementation of the AVCP system, as provided for
in the applicable EAD

Technical details necessary for the implementation of the AVCP system are laid down in the
control plan deposited with Deutsches Institut fir Bautechnik.

Issued in Berlin on 3 June 2016 by Deutsches Institut fir Bautechnik

Uwe Bender beglaubigt:
Head of Department Stohr
Z19737.16 8.06.02-26/14

Electronic copy of the ETA by DIBt: ETA-15/0876
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English translation prepared by DIBt

Page 6 of European Technical Assessment
ETA-15/0876 of 3 June 2016

suinchins

Har
Banoch ik

MNailed shear connector X-HVE with powder-actuated fastener X-ENP-21 HVE

m = |"'-'1.-'|
o LLF
(]

@  Powder-aciuated fastaners

@ Connectar X-HVE

X-ENP-21 HVB

Malled shear connactor X-HVE

g A0

Proguct and inbended use

734612.16

8.06.02-26/14

Electronic copy of the ETA by DIBt: ETA-15/0876
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Page 7 of European Technical Assessment
ETA-15/0876 of 3 June 2016
English translation prepared by DIBt
Types of shear connecior X-HVE
X-HVE 140 X-HVE 125 X-HVE 110 X-HVB 95
= 1
|( P e
| |/: p 'l
I L
L
1k IE
i g -
k1 | L f:/:’ 1 | =
UL S - |  we— i i;
S| - i TN f 1
B . Sy - B T
= lll-"n—- - — - =
X-HVE 80 X-HVB 50
— - 1
I
2l s | -
2 'l
e _J 2 i, 7
. 4 _-'-J r-\--.r:-.-- [ =
i e 1
- = = HI = 5, - .
I-' L) & e 2t ] % . :
1 1
Table 1: Materials Powdar-actusied lastener
Designation Material X-EMP-21 HVE
Shear connecior | Steal DCOM of a thickness of 2 or 2.5 mm according _O74
X-HVE to EM 10430, zinc plating & 3 um B
Powder-actuated | Mall; Carbon siesl G675 in keaping with EN 10132.4,
fastangr quenched, empaered and gahanized,
X-ENP-21 HVB Hominal hardness: 58 HRC,
Inc plaling = & pm
Washes: Stesl DCO1 acconding 1o EN 10139,
zne plating & 10 wm
Halled shear connector X-HVEB
Anrus A2
Dimangions and materias
734612.16 . 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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Specification of intended use

The nailed shear cornactor X-HVEB & infended o be used as connection devica between siesl and concrate in
composie baams and composite decks according 1o EM 1984-1-1, Tha nailed shear connecior can ether be used
in maw biuilsngs or for tha randgvabon of existing buldings with tha aim to incraase the baanng capacity of aged
Foaf Conatmetiong.

Shear connectlons of composite structures subjact to:

+  Sialic and guasi-static nading.

= Agtha X-HVB i3 a ductile shaar connactor sccording to EM 1964-1-1, saction 6.6, setamic loading |s coverad if
tha X-HVB is usad as shaar comnector in composie baams used &5 secondary selsmic membsars in dissipative
a5 wall a8 non-dissipative Structures acconding b EN 1998-1.

Bass materials!
= Structural steel 5235, 5275 and 5355 in qualities JR, JO, J2, K2 sceanding to EM 10025-2,
thichnass sea Anngx B3,

= Ol slesds which canncd be classifed accordingly afe still applicable provided these ane mace of unalloyed
carban sheel with mnimum yield strength 1, of 170 Nimm®.

Concrete:

= Mormal waight concrete C20025 — C50/60 acconding to EN 206, mindmum slab thichness ses Annax B4,

»  Light weight concrete LG 20022 - LS 50455 accarding to EN 206 with & raw denaity p 2 1750 kgim”,
minimum slab thicknass see Annex B4

Composite decking:
= Stesl for profiled sheating Tolbows EN 1893-1-3 and the material codas given thane.

Design:
= Design of the composite beams with X-HVE shear connecions ks mage according to EM 1994-1-1.
= The X-HVE shear connecions ana ductle shear connecions according 1o EM 1584-1-1, section 6.6

+  The partial salaty factor of v, = 1.25 Is used provided no othar values ana given in nabonal reguiations of the
member siales,

Inslallation:

= Tha instaflation is only carriad out acconding b the manutactuners insinciions.

= In combination with composite decking the sleed sheating is in direct contact with the steel base materdal in the
argza of the conneclion,

+ Cartridge selection and tool enangy sattings in ondar to maich the application imi giagram are taken ino
accaunt, Sha Anneo: B3,

*  installalion lesis are carried owl (9.9, check of nal head standofl hies), provided the fness of the recommendad
cartrigge cannal e checked athensise

Halled shear connector X-HYE

Amna B
Spectication of intended usa

734612.16 X 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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Powder-actuated fastening tools and cartridge 6.8/18M

-

Powder-actisated fastening fool Powdar-actuated fasiening foo

DX 76 HVB

Fasiener guide Fastener guice
X-T6-F-HVEB X-TG=F-HVB-PTR
Pisian Pisbon
X-76-P-HVE X-7T6-P-HVB-PTR
Buflar; X-T6-PS Buffes: X-76-PS

Cartridges 6.8/18 M

Red: Madium high load (kevel 6]
Dietail of wheel en ool allwing Biack: Extra high load {level 7)
continuous regulation of the diving
@nargy within o carlridge colowr:
Ssefling 1: Minsmum anergy
Setling 4: Maximum enangy

Blue: Medium load (ke 51, see Annigx B

Hailed shear connector X-HVE

Annox B
Powder-actualed fastening ool and componants

Z34612.16 . 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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Application limit and tool energy setting

= 20
18
18
17
E
£ g
b i :
14 -~ Applicable range c
] of 2
5 12 base materials || =
g 12 T
E 11 §
i ;
| ———0
: —|— sas |
5275 |
7 ¢ z
5 358
B

IS0 400 450 S00 550 600 650
Base malerial strength A, [N/mm?]

= 3
14
18
i7
16
15
Black 4 Black 4
14
13
12
1"
10
Black 3
g Red 4
Blnck 2
8
T Ried 1 Red 1
L]
5235 S 355
Steel grade

Hobes:
Minimum section covened: IPE 100 (590 anmex £3)
Minemum base matenal hicknoas lor beams wilh composiia

docking: 8 mm

HiotEE

in case of (hn base mabenals, shi b canrkigs ks possiblo
1o be usod. Biys 3 cormesponds 1o Fed 1.

Firse afjusiment on (hi ensngy bassd on job sibe gk,

Fastener inspection
i
""“r X-HVB
Metal decking
Structural stesl

Clearly wvisibla piston mark on top
winshiar

8.2 mm < hyys < 9.8 mm

Hailed shear connecior X-HVE

Application limi, cartridge selection and lastensr inspection

fnngx B3

734612.16

8.06.02-26/14
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Composite decking geomedry

by

I:"':'11--|| -

Maximum total thickness of fixed sheeting 1.
2.0 mm for X-HVB 80, X-HVE 85 and X-HVE 110
1.5 mm for X-HVB 125 and X-HVB 140

Minimum slab thickness
Minimum slab thicknass h [mm)
A-Hva Without effect of With effect of
GOFTaEIon COrFOSon

40 50 G0

il i1} 70

it 80 1080
95 95 115
110 110 130
125 125 145
140 140 160

Maximum decking height h, dependent on decking geometry

Maximum haight of composite decking b, [mm]

X-HVE by by by =
1 i. < 1.

hpz 1.8 M= hy < a h, =1.0
&0 45 45 30
a5 80 57 45
110 75 B& &0
125 ] 75 73
140 B0 B0 1]

% lo'hy = 1 for compasite decking perpandicular ta beam combined with X-HVE

oramation paralal with Baam
Hailed shear connector X-HVB

Geomatric paramaters

Amnae B4

Z34612.16

Electronic copy of the ETA by DIBt: ETA-15/0876

8.06.02-26/14
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One row of connectors

Positioning of X-HVE connectors in solid concrete slabs,
X-HVB are to be positioned parallel with beam

54 he
_ SEHO0 mm _
100 mem

L1

Ceniric

-

Allarnating vs. wab
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Mailed shear connector X-HVB
Annex BS
Positianing in compesie beams with solid concrole slabs
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Spacing and positioning within cross seclion

| a2 50 mm for compact profiled
a1l decking with by, = 1.8
___ﬂ_ _H___ ”__.; = g 100 mm for ather decking
{1
T (T
L] Threa rows
Thwo rows

Minimum rib width and spacing to decking in case of single row positioning

“for rib width < 105 mm [ For rib width 2 105 mm

] =
- = =

SRR

240 mm

_i1ﬁ|‘i’rﬂ_

Minimum rib width in case of multiple row positioning

Halled shear connector X-HVE

Aringx BE
Positianing in composie beams with composie decking transverse and
¥.-HVE positioning paralel with baam axis

734612.16 X 8.06.02-26/14
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Spacing and positioning within cross seclion

nrams]lass=a

Cna row

T Pows

Thraa rows

Two rowws:

a2 100 mem for all ypes decking

Thirae rovws:

a;z 50 mm for compact profiled
dacking with byh, = 1.8

g 100 mm for other decking

Positioning in one row with composile deck with or without rib stiftener

Without riby stiffenar

Z40mg

canter in rib

Wilh rib stilfener: Gondact of shear connecior at nb, pralerred case B) in tha

comprasson zone of the concrate b

i 40 v

——
¥
i
— -
Case a)

Casa b)

PﬂElﬁﬂl‘lll‘lH in two or three rows

Ilinimum widih
of dack b

Schame a) Contact with rib stilfenar
Schems b) conter positioning
T rows

|
= T =

Hailed shear connecior X-HVE

Positioning in compasite beams with compesite decking transversa
and X-HVE posiioning iransverss with baam axis

Anngtx BY
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Spacing and positioning within cross seclion,
X-HVB are to be positioned parallel with beam

D 2 100 mim

2d0mm, | Eaﬁ-ﬂrnr_rt
-E'_.mﬂ"l_'l"l = =

b, 2 100mm
— -

=

the decking needs to ba split;

o 50 m

= ==

| o =3 mm

Il & Sl posstioneng within e conchate nb 5 nol possibhs dud (o e shape of the CXMPposte decking,

Halled shear connector X-HYE

Positioning in composite beams with composita decking
paralial with baam axis

Annex BE
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Table 3: Characteristic and design resistance in composite beams with solid slabs"

Shear Characteristic Dasign Minimum base L-HVE Ductiity
Connector Resistance Resistance | malerial thickness Hioning? .
P [KM] Pra [KN] [rmirn]

E-HVE 40 Fin! 23 & - i

X-HVE 50 Fatl 23 &

£-HVB 80 a2s 26 Drictile

X-HVE 35 35 28 i acconding o EN
3 ol paraligl wit 111

E-HVE 110 &5 28 B beam

K-HVB 125 3.5 30

£-HVE 140 5 a0

* Rasduction to 8 me minimur base malorksl eckness possible, see Annex C3

Conditions:
+  Mormal weight concrate C20025 o CEOM0

s Cibsarvation of positianing rulas accanding o Annex BS and Annex C3

" in the alsence of other national regulations a partial salety factor v, = 125 apples

¥ Ouckwab” positianing scconding io Annes C3, positioning “parallel with baam” according to Arnax BS

= Light weight concrete LC2022 to LOSOUSS with & minimwem dansity o = 1750 kg'm?

Table 4: Design resistance in composite beams with decking ribs transverse o beam axis

X-HVE positioning Design Resistance Pa,, ] Ductility assessment
E ” E Fegrr = kpp- Pog
N ! &
I ..=u—:h-?-l[h—"—1:]-.—.m
x-HVE positianing longinucingl with e s E
B Ductie
H |] ncoonding o EM 1554-1-1
"""""""" Pragr = MBY -k Pay
' 118 h
P " Kpp = ?‘hh'(h—ﬁ—l}ﬁl.ﬂ
X:HVE positioning transserse with the wHy g P
Esarm

Conditions:
Dwasign resisiance Py for solid concrete slabs accornding to Takla 3
Marmial waight concrete C20035 o C50/60

Cibsanvation of positiening rndes according b Annex BE and Annex BY
Applicabla for X-HVE 80, X-HVE 95, X-HVE 110, X-HVE 128, X-HVE 140

« Light woight concrote LC20422 to LCSOEE with a minimum raw dénsity p = 1750 kgm?
« Geomatric paramaters by by, and hee: accteding o Annex B4, n, comesponds 1o the numbar of X-HYBs poer rib
L

Malled shear connector X-HVEB

Characteriatic and design values ol resisiance:

Sold concrate slabs and composibe slabs with decking ransverss (o beam

Annex C1

Z34612.16 X
Electronic copy of the ETA by DIBt: ETA-15/0876
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Table 5; Design resistance in composite beams with decking ribs parallel to beam axis

Marmial weight conenste G225 o G500

¥ ¥ 8 ¥ ¥ & @

X-HVB positioning Design Resistance Py, I Ductility assessmant
by 100 mm
amm
250mm
i Pagr = ki Fayg
Buctia
i =11
ﬁ,-uﬁ-i—"-{%—"--]}g].u acoonding o EM 1504-1
1 >
X-HVE positioning longitudenal with e
Fstenim
Conditions

Design resistance Py, for solid concrete slabs according fo Annex C1, Tabla 3
2-HVE ara 1o be pos:toned parallel with beam

Light waight concrode LCH0E2 to LOSQES with a minimuym density p = 1750 kg/m*
Gieomatric parameters by, by, and hs: according o Annex B4

Oibservation of posilioning rues acoonding o Annex BE

Applicable for X-HVE 80, X-HVEB 95, X-HVE 110, X-HVE 125, X-HVB 140

Nailled shear connector X-HVE

Characierislic and design valuas of ressimnes:
Composibe slabs with decking pasalk fo beam

At G2

Z34612.16

Electronic copy of the ETA by DIBt: ETA-15/0876
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Design resistance: Effect of reduced base material thickness for X-HVE B0 to X-HVE 140

Roeduction of design resisiance Parawith the factor (.. / 8] s required in case the actual base maberial
thickness is lass than & mm.

f
Pagrea = =5 Pra 2 230 kN

with:

Prges --.- reduced dasign resistancd of XK-HVE B 16 X-HVE 140 in Salid consrets Slab for Actudl Bake manerial
thickNeEs Ly .« B mm and a minimuoem ihickness ol G mm.

P iisciis dEsign regstance in Lolid concrete slab of X-HVE 80 1o X-HVE 140 aceording bo Anmex C1, Table 3

Motes: Comesponding values can also be applied in new consiruction.
Mo exwapalalion of above lormula lor base materisl dickness Lo B min

Design resistance: Efect of reduced base material strength

Reduction of design registance Ppg with the 13ctor g .es I8 required in case the actual base material f,
strength of the old congtruction steel is less than 360 Nimm?,

Minimum uitimate strangth f, .. = 300 Mmm? (with a minimum yield strength £, = 170 Nimm®)
Padred = Sasired " Prd

"B.'H'_ﬂ‘ﬂ - ﬂqr.:l-

with:
Pagps --.. reduced design sirengih of X-HVE for base material sirength batvween 300 and 360 Nimm?
Prag veeerie design resasiance of X-HVE acconding o Anndx C1, Tabie 3 and Table 4

Ogugsey--. ASE mabarial sirength reduction tacior

“Duckwalk” positioning of X-HVE 40 and 50 in combination with thin solid slabs:

% F % 7 % & % & i Jlr-r-.i e J-Jr—:-.
_I_"_l‘.-""-"I T ~ J _I_‘:'—r_ _| T -
,1“11&..::&3,3‘ § I
& ' .L TT: LI = b iy | i
53 i~ e " - s
% ' Prolile Profile Profik Profile
'x,n ; I | B0 1 100 1A 100 IPE 100
L] 1‘:\'\.}
Minimum section width = 40 mm (e.g. old section LAC 100),
Minimum cenfer distance of sleal seclions = 400 mm
Halled shear connector X-HVEB
Annex C3

Liga in renovalion consinciion: Sesign resssiance and “ouckwalk” posihonng

734612.16 X 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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End anchorage in composite slabs
Design resistance:
1
Viaga = 508~ fyp b
with:
Vaips, ... 088ign strengih of X-HVE BO to X-HVE 140 for end ancharage of compogite dacking.
| [—— design cong thickness of composile sheed
hin voms chasacteristic sirength of steal composiie deckng, Indapandent on tha applied steel grade, f,. used in
1hu lormuka shall mol excesd 360 Wmme.
T -=e- iprtial salaty factar, in the absence of national regulitions yy = 1.25 applies
Hailed shear connector X-HVE
Anree G4
Characteristic and design values of end anchorage of composie slabs
Z34612.16 8.06.02-26/14
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Table &: Temperature dependent strength reduction tactor

Temparature of
10p Hange B [C] s

20 100
104 100
200 0,595
300 i B
400 .42
5-']‘[? 24
GO0 012

& 700 L1}

The gesign of the X-HVEB Shiar connector in case of a fire is done according 1 EN 19594-1-2. The réduction fachar
Ko nsevn Shaall B datarminad with the temparatune of the steel tap flangs o which the X-HVB is connected.
The characteristc resisiance of e X-HVE nailed shear connechon al alevabed emperatung i calculased:
in case of sold concrata alabs:
Prioe = kypx-mva * Pax
with:
Pam ... chamclaristic resisiance ol ¥-HVE shear connecior ai alevabed temperature.
P, ... chasactaristic resistance of X.HVE shear connecior accosding ko Annex C1, Table 3,

In case of composite beams with decking ris ransverse 1o the beam:
Prige = kygxwve "Ry " Par o0 Prige = 089 -Eyp v nve “Feg ' P

with:
Pars .... charactaristic resistance of X-HVE shear connecior at elevated temparabure.
P ...  chasacharistic resisiance of X-HYE shear connecice accosding to Annex G1, Table 3

by o Ky, - reduction lacior seconding 1o Anndx C1, Table 4

I case of composite beams with decking rios paralel to the beam:
Prige = kygxwea " Kr " Prae

with:

Fam ... charactaristic resisiance of X-HVE shear connecior Al alevaied tempearature.

P ...  chamacleristic resistancn of X-HVE shear conngcior acoording to Annex G, Table 3
R reduction Tachor accanding ta Anndx C2, Tabée 5

pxsn  |Bmparaiune depandent redwclion faclor according to Table 6.

Tha casign resistance of e X-HVE nailed shaar connacior al elavabed tempearaiura s calculated as follows:
Priag B
riad = PO Trink
with

Ty ---- [partal sataty factor in casa of a fire, in the abssnce of national regulations y ., = 1.0 applies

Hailed shear connecior X-HVEB

Annex G5
Charactaristic and design resistance to firg

734612.16 X 8.06.02-26/14
Electronic copy of the ETA by DIBt: ETA-15/0876
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Annex B: 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:

/

- v

Where:

e a=0,2Kd+1), for3 sid =4

e a=1, forHHd >4

e Y is the partial safety factor (recommended value = 1.25)

e d isthe diameter of the stud shank

e [ is the specified ultimate tensile strength of the stud material (= 30 N/mm
¢ his 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 reductigrsfactor k

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:

)

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

Number of Thickness of Studs not exceeding 20 mm Profiled sheeting with holes
studs profiled sheeting in diam. and welded throughand studs 19 mm or 22 mm
per rib [mm] profiled sheeting in diameter

h=1 =1 0.85 0.75

' =1 1.00 0.75

h =2 =1 0.70 0.60

' =1 0.80 0.60

Table 8: Upper limits for reduction facters k

Solutions for shear connections page 45
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150
114

N7 |
[/ YY), WB*V

138 365 | 65| 365 }
600 |

Figure 42: Holorib 51 profiled sheeting
geometry

page 46

For this example, the design hypothesis is as follows

Slab thickness: 120 mm
e Concrete: class C20/25, & 25 N/mrn
* Stud: diameter = 19 mm, height = 100 mm, fu = 450 N/mm

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

Since / —, a=1.
Therefore

The reduction factor kt is given by:

=)

According to Table 8, the maximum value is 0.75, hence

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,l is given by:

* Assuming one shear connector per rib

=~ (— ) _— (— ) , cappecapped at 1
e Assuming 2 or more shear connectors per rib

= = (— ) - (— ) , cappecapped at 1
Hence, in both caseszP= 28 kN.

Accordingly, in this case, two X-HVBs are required to replace one welded stud
perrib (55.3 /28 = 1.975).

Solutions for shear connections

Profiled sheeting: Holorib 51, transverse to supporting beam, with holes for studs
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Annex C: Examples of commercial profiled
sheeting

Solutions for shear connections page 47
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Holorib HR51/150 - Two X-HVBs per rib

Section A-A
| A -1B | 4

g olo e g s

"i__'_'__'__'_'__ I R N —I_ Section B-B
| >50

_____ _________________________________! Z
T = [5o8] (] 58] (D [ -———{}—[ R
N I

=) o= = e = e

Holorib HR51/150 - Three X-HVBs per rib
Section A-A
z

‘ <—| '250‘ 250'

Secticz)n B-B
| =50

i
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Cofrastra 40 - Two X-HVBs per rib

Section A-A

————

..|.|
| oG |
| [1©@20[00[}

T 000000

| |
| [@-B[eoa]}|

Cofrastra 40 - Three X-HVBs per rib

Section A-A

Section B-B
zZ

00000qO0

| [[eele

| (E-elE-elioa]]

0

mi:

QQ_D

——t
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Cofrastra 70 - Two X-HVBs per rib

Section A-A
<—|A >100
\

AAIAIATAT

-—A -—B z

Section B-B
>100

T _ T

[ o6}
60
@e©)
©®0©@
ON©)

_L__.____._+__.__#_.___4.____.___+.

I

|

t

o

I

|

@

®

®

[©0@11 |

I

|
—_—

Cofrastra 70 - Three X-HVBs per rib
Section A-A

z

A B >100 | >100
<—| <—| i | | |

Section B-B

z
>100 | =100
1

[©oef} |
[@-01]
(@O |
.

©°0)
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(@001
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L ‘ rereror—roshear connections
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Annex D: Designation and item numbers

Designation Category Iltem number
X-HVB 40 Shear connector 2112256
X-HVB 50 Shear connector 56467
X-HVB 80 Shear connector 239357
X-HVB 95 Shear connector 348179
X-HVB 110 Shear connector 348180
X-HVB 125 Shear connector 348181
X-HVB 140 Shear connector 348321
X-ENP 21 HVB Nail 283512
6.8/18M 10 STD Blue Cartridge 416485
6.8/18M 10 STD Red Cartridge 416484
6.8/18M 10 STD Black Cartridge 416486
DX 76 HVB Tool 2090391
DX 76 MX Tool 285789
DX 76 PTR Tool 384004
X-76-P-HVB Piston 285493
X-76-P-HVB-PTR Piston 388847
X-76 PS Piston stopper 285494
X-76-F-HVB Fastener guide 285486
X-76-F-HVB-PTR Fastener guide 388846

Solutions for shear connections
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