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Abstract | {HE

This paper introduces a facade system integrated with the vertical transportation of building
materials and climbing weather protection for the faster and safer construction of high-rise
buildings. In the presented case study, the general contractor estimates building a high-

rise in half the originally planned construction time with the use of these innovations. The
system is designed with a focus on reducing time for projects and, instead promoting flow
on construction sites according to lean principles, recognizes the problems in traditional
installation systems, such as the chain reactions of delay and high-rise logistical bottlenecks.
This weather-independent system is to be installed and run from the building exterior and
require only minimal on-floor work. This innovative, climbing weather protection system
acclimates the working area, providing a controlled environment for welding and concrete work.
The system, including patented technologies, has successful onsite trials and is ready for full

commercialization.
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Introduction

On construction sites for high-rise buildings
today, there is a constant battle between
contractors over the use of lifting equipment
(e.g., tower cranes) and space, both on

the ground and on floor slabs. This creates
logistical bottlenecks and slows down the
building process. General contractors are
constantly searching for solutions that
decouple subcontractors from the use of
tower cranes and other lifting equipment.

This paper presents a system of innovative
products designed to reduce different

types of waste, both materialistic and time
related, and promote efficiency in high-rise
construction sites according to principles of
lean construction. With integrated, vertical
logistic solutions, this system not only handles
the transportation and installation of unitized
curtain wall fagades without using ordinary
building-site cranes, but also takes over
other tasks from the tower cranes, freeing

up valuable time for the main task of raising
the building’s core. All of this happens on
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Figure 1. An overview of the system (Source: Brunkeberg Systems)

E1. ZRZHEM (SR Brunkeberg Systems)

the building’s exterior, and therefore requires
minimal on-floor work, allowing other
contractors onsite to use the space inside the
building. Itis also done with minimal

use of the valuable ground space around

the building.

Combined with the fast offloading of
transportation trucks, this system heavily
reduces the negative impact that the
construction site has on the surrounding area,
which is particularly important in urban areas.
With the ability to simultaneously minimize
the area affected by a building’s construction
and impact on city traffic, a building project
will cause less negative publicity and, instead,
get citizens focused on the positive aspects
of the project being raised in their city. This
paper also includes a case study of how
utilizing this system can heavily reduce the
construction time of a real high-rise building
project planned in Stockholm, Sweden.

The Facade System with Integrated Vertical
Logistics

Brunkeberg Systems AB has developed and
patented the Brunkeberg System (henceforth
referred to as the system) that enables
building companies to increase efficiency,
not only for fagade installation, but also for all
workplace logistics at the building site
(Figure 1).

The development started in 2005 by
Brunkeberg's inventor Henrik Falk. With a
dedication for building logistics, he saw a
lot of potential in increasing the efficiency
on construction sites for high-rise buildings.
First, he gave the system the working name
"higher level construction”and during the
development of the system, the company
Brunkeberg System AB was formed.

The system controls the material in an
integrated installation process, from offloading
of transportation trucks to final installation
location. Curtain wall facade units and
customized containers preloaded with goods,
such as interior and building materials, are
quickly and safely brought right to the specific

part of the specific floor the contractor requires.

Within minutes of loading the goods into the
room, that part of the building’s envelope is
weather sealed by the installation of the curtain
wall facade unit. When the truck arrives at

the building site, it stops under an offloading
station where the goods are hoisted straight
up from the truck into a small hanging storage
system located a few stories off the ground.
The offloading station can be placed anywhere
around the perimeter of the building, or even
remotely within a reasonable distance from the
building, which means it requires no access

to the ground below the facade. Here, each
facade element and goods container hang
from an individual conveyer trolley and can be
transported safely around the building site on
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Figure 2.The lifting jig (Source: Brunkeberg Systems)
B2, FP&Y (KR Brunkeberg Systems)

the system’s conveyor tracks. When it is time
to transport a fagade element or container
vertically up the building, a track-guided lifting
jig is lowered down by the system'’s portable
crane, operated by the installer, to pick up the
unit from the conveyor system and guide it
into the system's vertical tracks (Figure 2).

The portable crane then hoists up the lifting
jig and its load along the outside of the
building with a speed of up to 60 meters per
minute (Figure 3). Once the lifting jig reaches
the preferred position, the crane operator

can safely unload the goods containers or,
correspondingly, install the facade element
by lowering it down to customized brackets.
During transportation in the system, both
facade units and goods containers are
continuously handled vertically and controlled
by the integrated rails which make the system
independent from windy weather conditions.
The rails are located in the vertical profiles,
called wind posts, which are installed (shortly
before the facade units themselves) in the
vertical joints between the units (Figure 4).

System Components

- Wind posts — The vertical profiles are located
in the vertical joints between the facade
units and fulfill multiple functions. They act
as support for the fagade units, guiding the
vertical transport system during installation,
and later maintain the facade while acting as
attachments for decorative elements on the
building’s exterior (Figure 4).
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Figure 3. Track-guided vertical transportation (Source:
Brunkeberg Systems)
B3, EERE (KJR: Brunkeberg Systems)
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Figure 4. 1) facade bracket, 2) fall protection fence attachment, and 3) bracket for climbing weather protection

The horizontal cross section: 1) wind post, 2) facade unit, 3) guiding track, 4) bracket between facade unit and wind
post, 5) facade bracket, and 6) floor slab (Source: Brunkeberg Systems)
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- Conveyor System (for the Lateral Handling
of Facade Elements and Containers) — A
conveyor system, mounted onto the
building frame on all sides, serves as a
temporary system for the lateral handling of
facade units and goods containers during
installation. The conveyor system consists
of equipment for offloading units from the
delivery truck and transporting them to the
appropriate facade section. If desired, there
is also an option to have weather-protected
hanging storage integrated in the conveyor
system between the offloading station and
the facade installation.

- Portable Crane — The compact, flexible
crane is customized, developed, and
manufactured for the system. It is
transported around the building on wheels.
In transport mode, it is moved manually
between wall sections. In operation mode,
it's lowered down from the wheels so that it
stands stable on the floor slab.

- Lifting Jig — The lifting jig transfers facade
units and containers from the conveyor
to the vertical rails and then handles the
vertical transport to the installation position
in the facade. It is suspended and moved
vertically by the crane, which is positioned
above the floor where facade elements are
being installed (Figure 2).

« Trailer — Inloader trailers will allow direct
connection for offloading to the conveyor
system upon arrival onsite.

- Goods Containers — Specially designed
containers are transported in the system in
exactly the same way as the fagade units.
These are weather-proof and have three
hard sides and one open-able side facing

Figure 5. Container logistics (Source: Brunkeberg Systems)
B5. 52EYpAR (SRR Brunkeberg Systems)

the building to allow easy loading and
unloading of goods (Figure 5).

- Climbing Weather Protection — The climbing

weather protection keeps the floors

free from rain and snow until the facade
installation takes place. It is designed to run
around the perimeter of the building and is
located between the current top floor of the
building and the floor where the facade is
being installed, meaning it climbs up at the
same pace as new floors are added to the
building. This creates a stable environment
inside, allowing concrete to dry and welding
to be done in a controlled manner. It also
gives the construction workers a safer and
much more comfortable workplace. With
the climbing weather protection in place,
the floor inside the building will be nice

and dry by the time the logistics and facade
installation crew reaches it. Therefore, goods
can be moved into the building directly
before the facade installation without
risking being damaged by elements, such as
moisture. The large surface on the outside
of the weather protection can be a lucrative
place for advertising (see Case Study). The
size, combined with its location on the
outside of a high-rise building, makes it
visible for large amount of people. Adding
advertising to the weather protection can
generate income far higher than the cost of
the weather protection itself, meaning that
instead of a discussion between the main
contractor and the contractor of the system
regarding how to finance the weather
protection, the discussion turns into how to
share the profit from it.

- Fagade Brackets — The facade brackets in

the system have three functions: first, to
secure the facade to the building; second,
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to secure the climbing weather protection;
and third, to connect the personal fall-
protection fence (Figure 6). Instead of having
the three different subcontractors drilling

or casting their different brackets to the
building, this can all be done by the system
installer, which would reduce the cost for the
general contractor. The patented interface
between the bracket and attachment of the
fall protection fence is two M12 threads in
the facade bracket. The general contractor
can then decide to include fall protection

in the scope for the facade installer, or use

a separate contractor to install the fence
between the facade brackets.

Promoting Flow and Reducing Waste

Taichii Ohno, the “Father of Lean
Manufacturing,’defines seven types of waste:
(1) defects in products, (2) overproduction,

(3) inventories, (4) unnecessary processing,

(5) unnecessary movement of people, (6)
unnecessary transports, and (7) waiting (Friblick
2009). Waste is a failure to meet customers’
unique requirements. It stems from “an activity
that uses resources without creating any value
for the customer, and the added design of
goods and services that fail to meet customer
needs” (Womack and Jones 1996).

Today, waste is considered to be a natural
part of the traditional construction process,
and it is standard to take the waste in to
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Figure 6. 1) facade bracket, 2) fall protection fence attachment, and 3) bracket for climbing weather protection (Source: Brunkeberg Systems)
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consideration while doing cost and time
calculations for a project. The system has
stepped up to the challenge to minimize
waste in all the areas noted above to, instead,
create flow on the building site:

- Defects in Products — The risks of
damaging the facade elements and the
goods in the containers are radically
reduced given that no on-ground or on-
floor staging is necessary, and there is full
control over onsite transports using fully
integrated equipment.

- Overproduction — By minimizing the risk
of damaging the fagcade components, the
facade contractor can keep the production
of spare components to a minimum.

- Inventories — No on-floor staging is
needed since facade elements and goods
containers are transported via the system
directly to the installation positions,
thereby not affecting space, neither on the
ground at the building site, nor on the
floor inside the building.

- Unnecessary Processing — Today, facade
units pass through several interim storage
places on a building site before reaching
the final destination. Using the system, the
process of handling the facade units
instead is streamlined and track controlled
in a single piece, just-in-time system.

- Unnecessary Movement of People —
Reducing facade installation teams from
five to two people means that fewer
people in total have to be transported
up and down the building. Vertical
transport of people is often a bottleneck
in high-rise construction, and the main
contractor would welcome any reduction
of the amount of workers required by the
subcontractors up in the building.

- Unnecessary Transportation — Onsite
transport is minimized by lifting the fagade
elements and goods containers directly
from the truck onto the system and
forwarding them to their installation
positions, without any interim on-floor
staging. This avoids internal transportation
and reduces the need for trucks and
other smaller lifting equipment on the
building site.

- Waiting — Unitized curtain wall fagades
can be installed in several ways. The tower
crane or elevators are often used to
transport the units to their installation

level, and the installation is then done
utilizing monorails or floor cranes. Another
common method involves lifting each unit
directly from the ground to its installation
position using the tower crane. Using the
system, both transport and installation of
facade units are done independently of
the tower crane or building elevators,
potentially reducing the waiting time

both for the facade installers and

other contractors.

Promoting Flow — The system has
equipment that handles the material

flow through the whole process, from
factory to installation point. Contractors

are not subject to unnecessary handling

or reliance on potentially unsuitable lifts.
The system has integrated support for
optimized logistics as well as installation and
maintenance, according to the principles of
lean construction. It is an innovative system
designed to make the facade installation
process independent of other site activities
and equipment. Decoupling interacting
trades has been the driver in this system’s
product development process.

Case Study

Introduction

In this case study, the system is assessed and
compared with traditional building methods.
The reference buildings are two super-slim,
high-rise towers — one of 78 and the other

of 58 floors — to be erected in Stockholm,
Sweden. Each tower has a footprint of 26
meters by 26 meters and a building geometry
suitable for the system.

Facade Installation

Facade contractors normally take into account
the fact that windy weather conditions

often force fagade installation to a standstill.
According to a leading fagade contractor

in Sweden', the estimated wind-caused
downtime for tall buildings in Stockholm is
normally about 20 percent. Using the system,
facade installation is much less sensitive to
windy conditions and the contractor for the
reference building can remove that factor
from the calculations.

Before utilizing the system in the facade
design, the reference building was designed
with 1.5-meter-wide facade units. After
implementing the system, the faced units are
now designed to be five meters wide, which
is close to the maximum width of 5.4 meters
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Figure 7. A conventional installation system versus the Brunkeberg system (Source: Brunkeberg Systems)

B7. oz ge 1. BhhsEk 2 MEEE 3 BRE 4 BERERCH 5 BRRECEH 6 BEEE 7
LREH 8 TE Brunkeberg®4t 1. EMbini 2 fEREER 3 SAHXS 4 MOEH 5 MEEAES 6
EEH 7. 3 8. EMNIR CRJR: Brunkeberg Systems)

the current version of the system allows. This
reduces not only the required number of
elements for the facade to one-third, but also
the number of brackets used to attach the
facade to the building construction.

The system also reduces the number of staff
required from five people, which is normal for
traditional installations, down to two people
(Figure 7).

An external consultant and expert in
construction effectiveness and efficiency
(also a co-writer for this paper) monitored a
recent project, KTM Motorcycles’ Scandinavian
headquarters in Orebro, Sweden, that

used the system (see Figure 12 ). The study
reveals radically improved facade installation
performance; for example, the installation

was more than 10 times faster than traditional
methods (Friblick et. al., 2015).

Logistics of Interior and Building Material
Even if facade installation gains many
benefits using the system when compared
to traditional installation methods, it's when
workplace logistics are compared that the
system really outshines other methods. On
today’s building sites, including the reference
building, facade units and other building
material are transported up the building
with cranes and lifts provided by the general
contractor. The subcontractors are then
allocated specific time slots to transport
their material. This creates a situation very
sensitive to disturbance and often causes
chain-reaction delays. By usage of the system,
facade contractors do not have to be limited
by the use of the tower crane or any of

the general contractor’s lifting equipment
for fagade installation. Parallel to that, the

system can transport building and interior
material in the customized containers not
only to the requested floor, but also to the
specific apartment or office. The containers
suitable for the building in this case study are
4.8 meters x three meters x 0.8 meters, and
can carry goods up to 1,000 kilograms per
container. Today, the logistics of transporting
these materials normally cost 20 to 30 percent
of the value. With the system, these costs
would be reduced by at least 50 percent
(Figure 8).

Erection of the Core Structure and
Climbing Weather Protection

Construction of the building’s core structure
sets the pace for all construction processes in
tall buildings. For the reference building, the
developer’s plan was to build one story per
week. After being introduced to the system,

DT BT RSB E R AINE T 728
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ZEREI’A (B7) .

— TR TERRESREERIINBIE (78
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FEROELL E (Friblick 2, 2015).
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Figure 8. An example of a logistic plan at the building site (Source: Brunkeberg Systems)
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Figure 9. Advertising, facade cleaning machine, sun shades, and BMU (Source: Brunkeberg Systems)
Eo. Bl &, INUEEN, EERSBMU (R Brunkeberg Systems)

especially the climbing weather protection, an
expert in high-rise construction® is confident
that the developer can build two stories per
week instead — an increase of 100 percent.
The reason for this is that concreting, welding,
or the assembly of MEP-parts can take

place in a weather independent controlled
environment, faster methods can be used.
The fact that equipment and material can

be transported in a container solution less
sensitive to wind also speeds up the process.

The advertising on the climbing weather
protection for the reference building

in Stockholm will, according to a local
advertising company?, generate an estimated
revenue of 2.8 million euros during the 24
months of construction. The cost for the
weather protection is about 0.3 million euro,
which would result in a net revenue of about
2.5 million for the reference project.

Aesthetics

The reference building was originally
designed with 1.5-meter-wide facade units,
which results in a view-obstructing mullion
every 1.5 meters. After being introduced to
the system and the ability to handle larger
facade units, the architect has redesigned
the facade with five-meter-wide units with
wider glass panels to create less-obstructed,

Figure 10. Examples of profiles connected to the XYZ-
tracks (Source: Brunkeberg Systems)

E10. EEEIXY Z-Hr0s2 528 EEG)

(38 Brunkeberg Systems)

panoramic views. Care has to be taken in
regards to the weight and strength of the
glass panels in relation to wind pressure and,
in some cases, a glass dividing mullion will
be required.

Add-On Products Related to the Facade

- Building Maintenance Unit (BMU) - Tall
buildings, including the reference building,
require a BMU to be able to reach the outside
of the building if a problem occurs. By using
the system, the BMU can be redesigned into
a lighter and safer version that is secured to
the building by the vertical tracks.

- Window Cleaning Machine — Brunkeberg has
also developed and patented an automated
facade cleaning machine that moves up
and down the building securely guided by
the systems vertical tracks. The original plan
for the reference building was either to use
window cleaners hanging in ropes abseiling
down the building or to clean the windows
from the BMU. By using the system’s
automatic cleaning machine, the window
cleaning costs for the building would be
reduced by at least 50 percent, which could
lead to increased cleaning frequency.

- Sunshades — When using wind-resistant
external sunshades on tall buildings, it's a
must to add guiding tracks or wires to handle
the wind loads. The system already has
guiding tracks and, therefore, saves the extra
profiles and work to attach sunshades without
the need to puncture the weather seals.

- Advertising Banners — Advertising banners
can be added to the track of the system in
the same way as sunshades (Figure 9).

« XYZ-Track — The system can also be equipped
with patented seamless click-in connections
to the building structure and the interiors,
such as curtain profiles, and ceiling and floor
connections that enable fast and easy fire
proofing (Figure 10).
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2: Joop Mul, ATB consult, co-writer in this article (see authors bios).
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Figure 11. Recladding system work flow (Source: Brunkeberg Systems)

B11. NESESASFTIIER KR Brunkeberg Systems)

Upgradability and Future Proofing
Innovation in facade technology progresses
at a rapid pace, with new designs, materials,
and functions being developed every

year. The system is designed to meet future
needs to upgrade parts of the fagcade at
low cost when the next-generation
technology or a redesign is desired. Using
the system, safe and simple replacement

is available without increasing costs or time
for the initial installation.

Recladding System

The system can also be used as a unique
replacement system for old curtain walls. Its
container solution makes it extra suitable for
projects where transportation of material
and debris is difficult, while speed and safety
are also of particular importance.

All curtain walls need to be replaced sooner
or later to reduce repair costs, save energy,
and increase comfort. The building is
typically closed off for a long time, and the
tenants need to be relocated at tremendous
cost. With the system, the tenants can stay
while the recladding takes place from the
outside, floor by floor, behind a climbing
weather protection. The system facilitates
the transport and installation of new

facade elements as well as the transport of
containers. The containers accommodate
debris and panels from dismantling the old
facade, as well as materials, tools, or any
other components for interior refurbishment

that need to be transported up or down.
This reduces risks and the need for protective
measures associated with handling waste
and material through the interior and
elevators. A highly automated, controlled
workflow maximizes safety and security,

and minimizes the disturbance caused by
external climbing platforms, building hoists,
or cranes (Figure 11).

Conclusion

The construction industry of tall buildings
strives to perform projects in a safe and

fast way while also trying to minimize the
negative impact caused to surrounding
areas and the environment. Designed with
these interests in mind, and with the use

of lean construction principles, the system
enables a faster and safer methodology

for both the general contractor during the
erection of the core structure, as well as

the fagade contractor, when installing the
external envelop of a building. Adding a
logistic container solution that enables more
pre-assembly of various components and

a fast and safe way of transporting them

to the final location, the system is a game
changer for the whole construction industry
of tall buildings. The system, including
patented technology, has been successfully
demonstrated in onsite trials, and is ready
for full commercialization all over the world
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Figure 12. Visitors from all over the world experience the system’s first commercial project (Source: Brunkeberg

Systems)

12 RERIRSHMNE, ARARGHINITRE—IEULMLIE GBR: Brunkeberg Systems)

(Figure 12). Thus far, the system is certified
for the European market, according to

the Construction Product Regulations

and Machine Directive. Projects outside
Europe would probably require additional
certifications depending on which country
the project is taking place.
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