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Lars Grote graduated in civil engineering at the
Technical University of Dortmund in Germany. Since
2006 he has been working for HALFEN GmbH in
Langenfeld in Germany. During his time as a project
engineer at HALFEN he developed a number of
proposals for flexible heavy-duty cast-in channel
fixings, among others for numerous international
high-rise projects and visited professional consultants
and designers for curtain wall fagades, especially in
the region of South East Asia. Since 2013 Lars has been
working as a product manager for HALFEN cast-in
channels and accessories.
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Abstract

More than any other structure tall buildings need a significant number of heavy-duty
fixings, e.g. for the fixing of elevator guide rails or curtain-wall fagades. For such applications
cast-in channel fixing systems offer the possibility of a fast, 2-dimensional adjustable, clean
and safe assembly under highest load conditions. Furthermore the installation does not
need any power tools, saves time and energy. At the same time cast-in channels offer a
very flexible connection which can be re-used for a new assembly even after many years.
This paper demonstrates the before mentioned features, showing examples of HALFEN's

outstanding projects around the world.
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Flexible and Safe Heavy-Duty Fixings in
Tall Buildings

Tall building structures need a significant
number of heavy duty fixings, for example
for the connection of elevator guide rails

or for the support of curtain wall facades.
These connections are subject to different
load conditions, e.g. to dynamic and fatigue
relevant loads when fixing elevator rails, or
seismic and impact loads (bomb blast) when
fixing curtain wall facades.

Generally it is a common practice in the
fastening technology to attach fixtures to
concrete structures by welding to cast-in steel
plates or by using post drilled anchors.

Like any other fixing method the two

above mentioned methods provide some
advantages but also include disadvantages
and difficulties that may occur on site. In
general, both methods are very costly and
time consuming. In case of post drilled
anchors, a hole must be drilled into the
concrete first before the actual anchor can

be installed. Hitting rebar during the drilling
process is often unavoidable, which ultimately
leads to the anchor having to be placed in a
position different to that originally planned.
This can lead to the whole connection having
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to be redesigned again. Finally this will generate additional costs and
time delay for the project as a whole.

The execution of welded connections to cast-in steel plates is often
of questionable quality, as the personnel on site is not always very
well trained in welding. Furthermore the quality of the corrosion
protection by painting the welded connection can be incorrect,
which may lead to corrosion.

The use of flexible bolted connections provided by cast-in channels
presents an excellent alternative. Cast-in channels can transfer high
loads, while at the same time they allow a fast and flexible installation
of the fixtures and offer a lot of additional benefits to the designer,
installer and owner of the building.

Cast-in Channels: Different Types and Use

Cast-in channels are available in hot-dip galvanized or stainless steel
in different lengths, profile sizes and types to suit a wide range of
applications. The range of products available in the market includes
cast-in channels for various load ranges and different load directions
(e.g. tension-, shear- and longitudinal loads) as well as cast-in channels
for different load types like fatigue or seismic loads. Cast-in channel
profiles are manufactured as standard with factory-riveted or welded
anchors, providing the anchorage in the concrete.

The raw material used for the cast-in channel production usually
contains post-consumer and pre-consumer recycled steel, so that iron
ore resources are protected.

There are two main manufacturing methods to produce cast-in
channels. One is to shape the channel profile from a flat steel coll,
which means that the cast-in channel is cold-formed. The other, more
advanced method is to roll the profile under high temperature directly
from a glowing steel billet, so that the cast-in channel is hot-rolled.
Both cast-in channel types, cold-formed and hot-rolled, can be used for
static tension and transverse shear loads.

Due to the above mentioned manufacturing procedure hot-rolled
cast-in channels offer a much better performance than cold-formed
cast-in channels do. In contrast to cold formed cast-in channels the
inherent material stress of hot-rolled cast-in channel profiles is reduced
to a minimum due to the hot rolling production process. This has

the effect that the fatigue strength of hot-rolled cast-in channels is
significantly higher than it is for cold-formed cast-in channels.

Due to this, hot-rolled cast-in channels are normally preferred for fixing
applications for elevators, machines or cranes, where fatigue relevant
(dynamic) loads occur.

Because of the manufacturing process of hot-rolling it is possible to
produce cast-in channels with an optimized geometry, with increased
material thicknesses where necessary, while cold-formed channels
usually only have a constant material thickness (see Figure 1).

Depending on the installation and load situation loads can occur which
are acting in longitudinal direction of the cast-in channel. For this purpose,
special serrated, hot-rolled cast-in channels are available in the market. In
combination with a corresponding serrated T-bolt the longitudinal loads
can be carried safely into the cast-in channel profile and from there into
the concrete structure by the welded or riveted anchors of the channel.
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Figure 1. lllustration of different cast-in channel profiles, the anchors provide anchorage
in the concrete, corresponding T-bolts are used to connect the fixture.

Cold-formed cast-in channel with rounded corners and constant material thickness
(left); hot-rolled sharp edged profile with optimized geometry and increased resistance
of the channel lips (middle); hot-rolled sharp edged profile with serration on channel lip
(right) (Source: HALFEN GmbH)
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Corresponding smooth or serrated T-bolts are used to connect a
fixture to the cast-in channels in the vast majority of cases. Figure 1

is showing the before mentioned different cast-in channel types and
corresponding T-bolts. Other methods to attach the fixture to the cast-
in channel are also feasible, for example using female locking plates or
channel nuts combined with hex-head bolts.

Before pouring the concrete in the precast plant or on site the cast-in
channel is fixed to the formwork.

As soon as the concrete has cured and the formwork has been stripped
the filler protecting the inner section of the channel can be removed
and threaded T-bolts can be inserted into the channel. Accuracy is
ensured as the fixture can be installed anywhere along the whole
length of the channel. Slotted holes in the fixture allow an adjustment
of the fixture perpendicular to the longitudinal axis of the cast-in
channel. So a 2-dimensional adjustment is possible which means that
construction tolerances can be compensated easily (see Figure 2).

Cast-in Channels: Design and Safety Concept

As for many other structural verifications in the construction industry
the design of heavy duty cast-in channel fixings unfortunately is not
subject to one worldwide uniform and global standard. Because of
different safety awareness and safety requirements, the design and
safety concept varies from country to country.

For example, the design of todays modern cast-in channel systems in
Europe is based on the safety concept of the partial safety factors. This
means in general that the value of the design action Ed must not exceed
the design value of the resistance Rd. Ed is the result of the characteristic
actual load value multiplied by a partial safety factor y. At the same time
the value of the design resistance Rd on material side is the result of the
characteristic material resistance Rk divided by a material safety factor
YM. The following equation shows the before mentioned relation:

k

y-E =E <R, = ;
M

The design principle according to ACI, for example, is a little bit
different. The ACI demands that the required strength must not exceed
the design strength. The required strength is the acting load multiplied
by a load factor which is normally greater than 1. The design strength
is the nominal strength multiplied by a strength reduction factor o,
which is smaller than 1. The following equation shows the before
mentioned relation:

required strength < design strength = nominal strength-@

Depending on national regulations the above mentioned partial safety
factors as well as the material safety and material reduction factors yM and ¢
can be different from country to country. The factors yM and ¢ also depend
on the failure mode of the different cast-in channel system components.
The failure of the channel-anchor connection or the local flexure of the
channel lips are typical examples for steel failure under tension and shear
loads. Concrete cone failure or splitting under tension load or concrete edge
or pry-out failure under shear load are typical examples for concrete failure.

The nominal strength can be calculated individually for the particular
failure mode of the cast-in channel system and is influenced by many
factors. Among others the nominal concrete strength for example is
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Figure 2. lllustration of installation: 1. Fix cast-in channel to formwork and pour
concrete; 2. Remove channel filler after formwork has been stripped; 3.Insert T-bolt in
cast-in channel and turn around 90 degrees; 4.Adjust fixture at required position and
tighten the T-bolt (Source: HALFEN GmbH)
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controlled by the planned concrete grade, the planned reinforcement
or the planned edge distance of the cast-in channel. All these aspects
have a significant influence on the design result.

However, for certain failure modes it is not possible to calculate the
nominal strength precisely. In such cases it is necessary to conduct tests
to determine the particular material resistances, which then can be found
in the corresponding country specific technical approvals of the cast-in
channel manufacturers. Besides the material resistances, the technical
approvals contain also all relevant data (e.g. anchoring depth, minimum
edge distance, etc.) which are necessary for the design according to the
particular country specific calculation standard. For this design and so for
a safe and economical cast-in channel fixing the leading manufacturers
offer special free design software which helps the engineer to calculate
and verify the connection in a quick and easy way.

Example of Typical Connections in Elevator Shafts

The fixing of the sliding door motors and gears (see Figure 3) as well as
the fixing of the elevator guide rails and spreader beams (see Figure 4) are
among the most common applications in elevator shafts. Because of the lift
cabin running along the guide rails the fixings of the guide rails are subject
to fatigue relevant (dynamic) loadings so that hot-rolled cast-in channels
should be used. In contrast to short buildings tall building structures often
use double deck elevators to increase the passenger capacity of an elevator
shaft. Due to the increased cabin capacity the loads acting on the guide
rails and ultimately on the cast-in channels are higher than the loads in a
short building using smaller cabins. At the same time tall buildings are often
serviced by high speed elevators, which means that the frequency and
finally the total number of load cycles acting on the guide rail and cast-in
channel is increased. So generally cast-in channels used in tall buildings
normally are subject to higher statical and fatigue loading than cast-in
channels used in short buildings. Furthermore cast-in anchor channels
are also generally used and suitable for structural connections in the
elevator shaft (see Figure 5); they can also be used to fix further installation
equipment like cables or pipes and keep the structure flexible for future
upgrade. Corresponding T-bolts are used to connect the fixtures to the
cast-in channels. A notch at the end of the T-bolt shaft serves as a marker
to ensure the T-bolt is correctly installed and positioned in the channel.

Figure 3. Door unit fixed with T-bolts to hot-rolled cast-in channels. The cast-in channels
together with slotted hole brackets provide a fully adjustable installation in horizontal
and vertical direction (Source: HALFEN GmbH)
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Figure 4. Elevator guide rail fixed to hot-rolled cast-in channel (left); spreader beam
fixed to hot-rolled cast-in channel (right) (Source: HALFEN GmbH)
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Figure 5. Hot-rolled cast in channels and corresponding T-bolts used for the connection
of structural elements in an elevator shaft (Source: HALFEN GmbH)
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One World Trade Center in New York, Case Study of Cast-in Channel
Connections in Elevator Shafts

The One World Trade Center (see Figure 6) in New York, United States of
America (designed by David Childs), is currently still under construction but
has already reached it's final height with 541.3 meter (1,776 feet) so that
today it already is the tallest building in the U.S. and the fourth-highest in the
world. The height of 1,776 feet refers back symbolically to the year 1776, the
year of the Declaration of Independence of the United States of America.

The 104 -story building is served by 71 elevators, 5 of these running with
a maximum speed of 9 meters per second. To attach the elevator guide
rails to the highly reinforced high strength concrete elevator shafts, post
drilled anchor solutions were already excluded in a very early design stage
due to concerns over possible problems when drilling into the highly
reinforced high strength concrete (see Figure 7).

Additionally a fast and accurate mounting of the elevator guide rails
was required, so that the choice ultimately fell on the use of hot-rolled
cast-in channels.

Figure 6. One World Trade Center in New York, 541.3 meter (1,776 feet) high (Source:
HALFEN GmbH)
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Figure 7. Highly reinforced elevator shaft (top); cast-in anchor channel fixed to the
formwork before concreting (bottom left); elevator guide rail fixed to hot-rolled cast-in
channel (bottom right) (Source: HALFEN GmbH)
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Example of Typical Connections for Curtain-Wall Facades

Cast-in channels allow rapid, safe and efficient installation of curtain
walls, especially in the assembly of prefabricated facade elements. They
allow time consuming and costly drilled anchors to be avoided, leading
to quicker installation and reduced risk of over-running the site program
and associated cost penalties.

For installation on site no electrical tools are necessary and, in contrast to
chemical anchor fixings, the installation is totally independent from any
weather and temperature conditions.

Furthermore, cast-in channels avoid the requirement for on-site welding
and the associated risk of fire. For example, in 2010 a skyscraper in Shanghai
caught fire caused by fumes because of welding.

As drilled bolts are avoided, noise and dust pollution is reduced and the
risk of injury due to vibration (vibration white finger) eliminated. Therefore
this fixing method has no harmful influence on the workers’ health. It
also saves energy as no power tools are necessary for the installation of
the cast-in channel before concreting as well as for the installation of the
T-bolts when installing the fixture. Installed cast-in channels can be reused
even after many years, for example when the facade has to be renewed
or to be changed. Last but not least cast-in anchor channels can serve
a dual purpose by providing a safe fixing for slab edge guard rails used
during construction period (see Figure 8).

Generally facade fixings can be differentiated between front of slab fixings
(FOS) and top of slab fixings (TOS) (see Figure 9). FOS fixings are mainly
used for mullion-transom constructions (stick curtain wall) and TOS fixings
are mainly used for prefabricated elements (unitized curtain wall).

Because of the better accessibility, the installation of TOS fixings is often
easier than the installation of FOS fixings.

In most TOS cases one smooth cast-in channel is cast in parallel to the edge
of the slab. The corresponding bracket is normally fixed by two T-bolts in
slotted holes located in perpendicular direction so that a 2-dimensional
adjustment of the connection is possible. To transfer the loads from bracket
to the T-bolts the bracket needs e.g. a serration with a serrated washer (see
Figure 10), so that the shear load in the bracket normally resulting from
wind suction or wind pressure is transferred by a mechanical interlock of
the bracket’s and washer’s serration directly into the shaft of the T-bolt. In
this case the T-bolts are generally affected by bolt bending.

Alternatively, one or two serrated channels could be cast-in perpendicular
to the edge of slab, so that the bracket needs two slotted holes parallel
to the edge of the slab, which do not need any serration (see Figure 10).
In this case the T-bolts are generally not affected by bolt bending.

Burj Khalifa in Dubai, Case Study of Cast-in Channel Connections
for Curtain-Wall Facade

For the curtain wall facade of Burj Khalifa in Dubai, United Arab Emirates
(designed by Adrian Smith), with 828 meter (2,716 feet) still the tallest
building in the world, cast-in channels have been used to fix the more than
25,000 prefabricated glass facade panels (see Figure 11).The anchor channels
have been cast-in into the face of the slab. Due to the limited height of the
slab of only 200 millimeter (8 in) and due to very high characteristic tension
loads with a maximum of 60 kN (13.48 kipf) acting on the cast-in channels
resulting from wind suction it was necessary to change the anchorage
from standard, smooth riveted bolt anchor to a 400 millimeter (16 in) long

Figure 8. Guard rail fixed to cast-in channel during construction period (Source: HALFEN
GmbH)
FE8: s T 8] % 3% e BUZAE 4R L #9974 (R IE: HALFEN GmbH)

Figure 9. Front of slab (FOS) fixing (top); Top of slab (TOS) fixing (bottom) (Source:
HALFEN GmbH)
E9: 42 (FOS) (TR#); TN (TOS) (J&#E) (kIF: HALFEN GmbH)

Figure 10. Smooth cast-in channel positioned parallel to edge of slab (left); serrated
cast-in channels placed perpendicular to edge of slab (right) (Source: HALFEN GmbH)
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welded ribbed rebar with diameter 16 millimeter (#5) for the worst case,
so that the tension load is transferred into the concrete by bonding and
not by activating a concrete cone when using a smooth bolt anchor (see
Figure 12 top). After concreting and removing the formwork the brackets
for the facade panels could easily be adjusted and connected to the cast-in
channels using the corresponding T-bolts (see Figure 12 bottom).

So the use of prefabricated facade panels in combination with cast-in
channel fixings finally allowed a fast and safe installation process of the
facade cladding for the tallest building in the world.

Figure 11. Burj Khalifa during the installation period of the more than 25,000 curtain
wall facade panels (Source: HALFEN GmbH)
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Figure 12. Ribbed rebar welded to cast-in channel profile (top); brackets fixed to cast-in
channels (bottom) (Source: HALFEN GmbH)
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Conclusion

In summary of this paper cast-in channel fixings offer the following benefits:

1.

Flexible bolt connection, which allows rapid and efficient
installation of elevator rails, curtain wall panels and other
components in high-rise buildings.

Easy and safe installation without any drilling, no electricity on
site is necessary.

3. No damage of existing reinforcement by drilling.

No welding necessary, so no risk of fire.

5. Connection can be reused even after many years for new

components (e.g. when the facade is renewed).

Hot-rolled cast-in channels available, which have an increased
channel lip capacity and are suitable for fatigue relevant
loads.

Serrated hot-rolled channels available, which can carry also
highest loads in longitudinal channel direction.

Quick and easy design with special free software
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