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Abstract

Interconnecting sky bridges provide the building occupants and pedestrians an alternative to
using vehicles as a way of transport in the urban fabric. In extreme climate environments the
added advantages of linked networks are immediately apparent as they provide pedestrians
shelter from the environment. Sky bridges have been proven successful in several locations
worldwide such as the Minneapolis skywalk system in USA and the Calgary +15 skywalk in
Canada, both systems connecting dozens of city blocks with an overall length of over 18km.

When introduced early in the design process, the sky bridges can be an economic and effective
solution to a more sustainable way of circulation within the vertical urban environment.

The Skywalks in King Abdullah Financial District (KAFD) - KSA will be presented as a case study.

Keywords: Skywalks, Pedestrian Bridges
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Urban Fabric and Skywalk Systems

Inter connecting sky bridges provide the
building occupants and pedestrians an
alternative to using vehicles as a way of
transport in the urban fabric. In extreme climate
environments the added advantages of linked
networks are immediately apparent. Sky bridges
have been proven successful in several locations
worldwide such as the Minneapolis skywalk
system in USA and the Calgary +15 skywalkin
Canada, both systems connecting dozens of
city blocks with overall length of over 18km
(http//www.skywaydirectory.com/history.php
and http//www.calgary.ca/PDA/LUPP/Pages/
Centre-City/centre-city-projects/Calgarys-plus-
15-skywalk/Calgarys-Plus15-Skywalk.aspx

The group of buildings connected by sky walks
became "more than just a unique shopping
experience but a complete indoor experience
for the businessman. A downtown worker can
drive to work and park in the convenience of
covered parking, pick up a hot coffee, go to
work, lunch, back to work then return to his
car to go home at the end of the day without
going outdoors” (http://www.bycitylight.com/
spotlight-archive.php?article=1) (see Figure 1)
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KAFD Skywalks

The KAFD Skywalks project is a prestigious and complex project within
the King Abdullah Financial District in Riyadh- KSA. The circulation
strategy within the development is to decrease the traffic in the
central area by limiting the number of vehicles within the district. The
solution is proposed by locating parking areas on the periphery of
the development, then transporting people into the development
centre via a monorail system. Due to the size of the project 6 monorail
lines are provided to link the necessary carpark areas. In addition, the
monorail system is also linked to the Riyadh metro system, linking the
users to the skywalks network. There are a total of 98 skywalks within
the development linking all the building in the district and covering a
total length of over 11 Km.

The KAFD skywalks are located at the buildings level 1, which is in
average about 6-8m above the ground and road levels. At this level,
the towers and buildings will have cafes, restaurants and small shops to
encourage the pedestrian circulation.

The skywalks have various lengths depending on the distance
between the buildings that they are connecting. The maximum
skywalk length for a single span is 42m. For longer lengths, an
intermediate support is introduced and the longest double span
skywalk is approximately 80m long. The skywalk width also varies
depending on its location and the calculated traffic flow in the area,
with two typical internal widths of 4m and 6m.

The design intent of all the skywalks is the same across the whole
development. A systemized approach was provided with each bridge
consisting of a combination of individual octagonal module units 4.7m
long. The modules are repeated as required in order to achieve the
total bridge span.

The typical module is formed by two different octagonal frames
which forms the module “rings” The two rings are connected by at
their nodes by the “diagonal” members, forming a closed diagrid
triangulated structure- refer Figure 2.

At the connection between the bridge and the building, there is a non
typical module, which is unique at every connection. The non typical
end module provides the final length adjustment to the bridge and
absorbs any required skew and level differences between the buildings.

System Design and Main Challenges

Although the design of the bridge span is relatively simple, the

design of the end modules proved to be extremely challenging. The
complexity arose due to the great amount of coordination required
with each individual building within the district and their respective
different disciplines: structural, internal finishes, mechanical and facades.

The main components required to make up the bridge are:

- Structural Steel Framing

- Glazed Fagade System

« Concrete Works (required on double span bridges)
« Structural Steel Sub floor framing

+ MEP fixtures and items

- Internal finishes including timber floor, fabric ceiling and
glazed handrails
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Figure 1. Map of Mineapolis skywalk system and the first skywalk built in Mineapolis
spanning the 7th Street between Marquette and Second Avenues and connecting the
new Northstar Center with the Northwestern National Bank (now Wells Fargo)- sources
www.skywaydirectory.com/minneapolis-skyway.php and Minosota Historical Society
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All of the components above required coordination with the
adjoining buildings to ensure a smooth transition between the
building and the skywalk.

Structural Framing

The bridge modules can be classified as truss a tubular structure with
all elements made out of uniform diameter pipes with varying wall
thickness. The diagonals pinned members while the octagonal “ring”
frames form a rigid frame.

The pedestrian platform is part of the structural system of the bridge
and it is structured in a way to span between the ring frames. It is made
of UB sections tailored to provide access for the MEP installation below
the platform and to provide stiff support for the glass parapet at each
side of the walkway- refer figure 3 for the bridge structural steel typical
general arrangement. (See Figure 3)

The bridge support are pinned vertically with some free lateral
movement and rotations designed to incorporate all the movements
that can occur due to differential temperatures and movements born
from the connecting buildings including building deflections, vertical
column shortening, movements due to seismic and wind action and
differential settlements.

In order to accommodate all the movements expected, the bridge is
supported on a combination of fixed, guided and free pot bearings
which in many cases have been custom designed to suit the specified
combination of reaction loads, movements, rotations, bearing support
material- concrete or steel- and the dimension constrains within the
bearing position. Also, the structural steel over the bearing has been
designed to incorporate "ears”to allow for hydraulic jacking of the bridge
in order to carry out bearing inspections and replacement if required.

Steel Fabrication and Erection Methodologies

The KAFD skywalks triangulated diagrid frame, although repetitive,
requires a high level of precision during fabrication. Because of

the nature of the structure shape, the fabrication of the nodes are
dimensionally sensitive and must be fabricated to very tight tolerances
in order to ensure that the overall structure will hold its shape when
the members are assembled.

Steel Member’s Fabrication

In order to ensure the highest level of quality during the structural
steel fabrication, the fabrication drawings have been prepared in 3D
software in which the drawing files could be uploaded directly into
the steel cutting CNC machines. This approach not only considerably
minimizes the amount of fabrication drawings and paper work
produced, but it also ensures 100% accuracy in the steel cutting as
there is no room for human errors.

Frame Pre-Assembly

After fabrication of the steel members, the whole bridge was pre
assembled in the work shop and all the overall dimensions were
checked. The pre-assembly of the structure is a final way of controlling
the structure shape accuracy before the steel is sent to site. In case any
discrepancies are found during the pre-assembly, the structure can be
easily corrected as it is still in the workshop.
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Figure 2. Skywalk typical module (source AGC-A)
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Figure 3. Structural steel framing general arrangement (source AGC-A)
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Figure 4. structure pre-assembly in the steel workshop (source AGC-A)

4. % 5] g T4 R 45 4 (1 B AGC-A)

After the structure is pre-assemble and the accuracy of the dimensions
are satisfactory, the structure is cut into manageable pieces for
transportation, numbered and sent to site. (see Figure 4)

On Site Workshop

A steel workshop has been set up on the KAFD site. The workshop

is located in a strategic area near one of the development entries
and main roads to facilitate the transportation of the steel to its final
location. The purpose of this workshop is to re-assemble the steel
members into modules. These modules are then transported to each
respective final bridge location for erection.

Steel Erection

Several method statements for the steel erection have been developed
in order to satisfy all the different site situations with regards to access,
site location (road, wadi, plaza, tunnel, podium), load capacity of the
floor below the erection area (slab, ground) and available area on the
site for the bridge pre-assembly.

Some of the methods developed and used during the steel erection
are described below:

Erection of Full Bridge Span

This construction method consisted of bringing in pre-assembled
modules to the bridge location, the modules were positioned on

the ground just below the bridge area. The modules are then linked
together with purposed designed individual bolted members. At this
stage, the MEP ducts and the fagade brackets can also be installed

to the structural steel. Once the full bridge span is assembled, the
structure is erected using two mobile cranes lifting operation.
Although this was the preferred method of erection, it was rarely used
due to site access constraints.

Erection Of Bridge Modules

This method was used at locations where the assembly of the whole span
was not possible due to limited available area for the bridge pre-assembly
or areas where the access of big mobile cranes was not possible.

In this method, temporary supports were built under the bridge
and the steel structure was erected by sections of one, two or three
modules connected together depending on crane capacity are
available area at the ground for modules pre-assembly. (see Figure 5)
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Stick Type Construction

This method was used at areas where there were no access or no ground
capacity for mobile cranes. This method consisted in building a full
scaffolding under the bridge and erecting member by member on a stick
build fashion using very small cranes. This method is time consuming and
it was only used where no other alternatives were available. (see Figure 6)

Facade System

The original facade system selected for this project was based on

a stick facade type solution in which the aluminium framing is
connected to the structural steel using a stick build fashion (member
by member), followed by the glass installation and finally the internal
back pan at the spandrel areas. In this system, the glass is supported via
cover caps, which are installed once the glass is erected into position.

During the design process, a mock up of one complete bridge module
was produced and the facade was built based on the original stick type
proposal. A number of challenges were faced during the installation

of the stick fagade, specially the inclined panels at the bottom of the
bridge which had to be temporarily supported on an angle until all
fixings of the external cover cap were completed. (see Figure 6)

After the mock up construction, it was decided to change the fagade
design to a semi-unitized solution, which was adopted and it is the
current solution used in the project. In this solution, the fagade consists
of an aluminium sub frame connected to the bridge structure and

a glazing panel supported on the panel frame. The sub frame has

two purposes: to support the external panel and to provide a back

up drainage to the fagade system. The glazing is structurally bonded

to the panel frame. In the case of spandrel panels, the back pan and
insulation will also be attached to the panel frame, this will allow for a
one stage installation of glazing and spandrel panels.

The sub-frame and the panel frame are interlocked via a hooking
mechanism and an aluminium extrusion member is fixed between
two panels to mechanically fix the panels in position to ensure that the
panels will not un-hook. - refer Figure 7

The glazing consists of double glass insulated unit with laminated glass
on the outside. The outer plane of the laminated glass is stepped in
order to have a flush finish with the external aluminium trim.

The glazing consists of double glass insulated unit with laminated glass
on the outside. The outer plane of the laminated glass is stepped in
order to have a flush finish with the external aluminium trim.

Figure 5. Erection of bridge module (source: AGC-A)
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Figure 6. stick built construction (source: AGC-A)
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Figure 7. Facade system typical detail
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The facade frame hooking interlock system proved to be extremely
advantageous during the fagade erection, once the panels were
hooked to the sub-frame, the crane used for the erection of this
panel could be released and start the erection of a new panel as

no temporary support is required on this system. This system has
significantly improved the installation rate on site reaching the record
installation rate of 15 panels per shift per installation team.

External Lighting Proposal

Due to the prominent location of these bridges, especially those spanning
over the major collector roads within the development, it was concluded
that external facade lighting would be an appropriate proposal.

An idea to introduce high resolution screens replacing some of the
facade panels was presented to the client as an alternate design
solution. The key purpose was to use the screens predominately for
advertising purpose to generate a profitable income from the bridges
facade, whilst further enhancing the external envelope.

The screens are triangular shaped, in line with the architectural design
intent and they are located on the panels that are slightly inclined
downwards. The position for the screens has been purposely selected
to gain the clearest image the public could view whilst driving within
the development area- refer to Figure 8 showing the high resolution
screen on a prototype.

Nineteen bridges have been selected to incorporate the high
resolution screen, the location of these bridges have been selected
based on studies of the traffic flow on those areas.

Providing fagcade lighting not only brings the bridge architecture to life
at night, but in this case, it also provides means of generating revenue
from the bridges facade.

MEP and Internal Finishes

The interior space of the skywalks follows the external geometry. The
interior space is very open to allow for the pedestrian flow inside the
bridge.

The internal walls and ceiling are covered by a stretched fabric panels
on large triangular shapes. The panels are prefabricated and supported
on an aluminium frame. The flooring consists of raised flooring with
word finish. At either side of the skywalk corridor glass balustrades

are placed. All the internal finishes in the skywalk are modular and
matching with the structure module size, this has ensured a effective
design and installation due to the repetition of the modular elements.

All the services are located under the bridge flooring deck. The skywalks
have their own ventilation and cooling system with supply coming
from one of the adjoining buildings. Fresh air intake is achieved by a
grill integrated in the faced at the bottom of the bridge. lllumination is
provided by a linear modular LED located along the balustrades base.
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Figure 8. Prototype of a typical module with high resolution external screen solution
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Conclusion

The KAFD development master planning has incorporated the skywalks
very early in the design, when a lot of the buildings were still under
design stage. This has permitted the building owners to integrate the
skywalks into the building at early design stages. This is an advantage
when compared to other skywalk systems in the world which the
provision for skywalks came after all the buildings were completed,
thus requiring the building design to be adapted to provide adequate
circulation and the building structure to be stiffened to support the
bridges, which can be a time consuming and expensive exercise.

The KAFD development master planning has incorporated the skywalks
very early in the design, when a lot of the buildings were still under
design stage. This has permitted the building owners to integrate the
skywalks into the building at early design stages. This is an advantage
when compared to other skywalk systems in the world which the
provision for skywalks came after all the buildings were completed,
thus requiring the building design to be adapted to provide adequate
circulation and the building structure to be stiffened to support the
bridges, which can be a time consuming and expensive exercise.
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