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Iconic Tower- New Capital

Introduction and Background

Although Africa is not generally known for its abundance of skyscrapers, it has
undergone a building surge in many cities. The number of tall buildings has been
growing significantly throughout the continent over the last few decades. Since the
2000s, skyscrapers have been constructed in many African cities including Maputo,
Abuja, Addis Ababa, Dar el salaam, El-Alamein, and New Administrative Capital of
Egypt. Between 1973 and 1999, the tallest skyscraper in Africa was Johannesburg’s
Carlton Center, which stands 223m. Since 2019, the tallest skyscraper is the
Leonardo, also in Johannesburg, which is 234 m high. The Leonardo, a 55-story
building, contains a mixture of office space, shops, apartments and hotel rooms.
The architects chose to use thin sheets of Dekton, a super-strong material, for its
exterior cladding as shown in Figure. 1.

o

Figure 1. The Leonardo building in Johannesburg

Currently, construction work is rapidly progressing on Central Business District
(CBD), which is being built in the New Administrative Capital of Egypt. The new
capital is located 50km East of Cairo. The CBD project features 20 towers, including
a 385 m high 80-storey Iconic Tower, which upon completion is expected to be the
tallest skyscraper in Africa. Design and supervision of the construction is carried out
by Dar Al-Handasah and the main contractor is China State Construction
Engineering Corporation (CSCEC). An overview of the CBD area is illustrated in
Figure 2.



Figure. 2 Overall view of the Central Business District at the New
Administrative Capital of Egypt

Structural Design Aspects of the Iconic Tower at New Capital CBD
Project Description

The Iconic Tower is an instant landmark and a focal point of the New Administrative
Capital of Egypt. The tower is simply stated and elegantly proportioned with refined
details to convey a sense of strength and stability. The Iconic Tower form calmly
elevates from the ground and stands out to be the icon of the new administrative
capital. Asthe tapering tower rises, a central core maintains the vertical continuity
and the floor plan morphs decreasing on each ascending level as shown in Figure
3a. The Iconic Tower comprises a mixed usage of a 5-star hotel, serviced
apartments, offices and retails. The Offices lobby is located at the upper ground
floor while the hotel lobby is located at the lower ground floor surrounded by



interesting sunken gardens. The structural system for the Iconic Tower is comprised
of a highly efficient assembly of central concrete core and composite peripheral
columns configured to respond to the architectural form of the building, while
addressing the stringent design requirements of a tall building. Figure 3b. shows
the layout of the central core along the tower height. The external wall thickness is
800 mm and internal wall thickness is 600 mm. The concrete cube compressive
strength of the vertical elements was varied from 80 MPa to 60 MPa along the
tower height to increase the lateral stiffness/strength of the tower at lower floors
and hence reduce the overall tower drift under lateral loads as shown in Figure 3c.
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Presence of the central core locates the center of lateral stiffness very close to the
center of mass and minimizes torsional effects on the tower. The height of the
tower is 385 m above grade, with an average height-to-width ratio of
approximately 7.7. Typical floor-to-floor height is 4.2 m. It shall be noted that in-
house analytical tools through Revit allow generating the 3D tower model in a very
short time specially during the numerous iterations at the concept phase.

Tower Structure
Structural engineering of the tower is predicated by the concern for overall
strength and stiffness in resisting lateral loads due to wind and seismic effects.
The aspect ratio of the tower height to core width at base is approximately 12.
Since this aspect ratio is far exceeding six as reported by many researchers [ Choi
et al., 2017], the central core by itself will not be sufficient to resist all lateral
loads and to control drift due to wind and seismic loads and thus presence of
outriggers is necessary. Different initial trials have been made and concluded
that simple thickening of core walls for more stiffness reduced rentable area
significantly without a considerable enhancement of building drift due to lateral
loads. Introducing outriggers alleviates dependence on the core system and
maximizes useful space between core and exterior columns. Resistance to
lateral loads is provided by a combination of frame action resulting from slanted
composite columns/structural steel beams, central concrete core and outriggers
at levels 49 and 73. The tower is tapered with height to reduce wind tributary
area at upper floors and to provide stiffer outrigger system from reduced arm
lengths at the building top. Figure 4 shows typical outrigger configuration used
in two floors of the tower. It is worth mentioning that composite columns and
composite floor system may not be the most cost-effective system in Egypt, but
it was essential to achieve the tight construction period dictated by the client.



Figure. 4 Ourigger floor confiuration at level

Geotechnical Conditions and Foundation Design

Foundation design is always challenging for tall buildings due to large vertical forces
from gravity and large overturning forces from wind and seismic loading. The
selection of foundation type is based on the soil/rock conditions encountered on
site and magnitude of structural stresses applied to the ground. The serviceability
of the building is assured by carrying out appropriate ground deformation analyses
to enable the prediction of settlement. The safety factors against a bearing type
failure of the supporting ground complied with the Egyptian Code of Practice for
shallow foundation. The serviceability requirements respect the limiting values
recommended by the ECP with regards to angular distortion (1:600). The design
criteria considered the deformation analysis of foundation to maintain
serviceability and safety of foundation against shear failure. The design process
regarding deformation analysis is a soil-structure interaction issue, and is based on
an iterative procedure between the geotechnical and structural engineers. The
soil/rock formations are represented as springs per unit area. The values of these
springs’ stiffness are calculated using finite element analysis where soil/rock
formations are represented as continuum elements. The applied loads on the
geotechnical finite element models are the reactions and contact stresses
calculated by structural engineers. lterations converge when the incremental
changes in contact stresses calculated by structural engineers and subgrade moduli
calculated by geotechnical engineers are insignificant.



Two main approaches for foundation systems were considered to support the
Iconic Tower namely; raft, and piled-raft foundation. The choice of foundation type
and depth was dictated by the following considerations:

Geological conditions.

Subsurface conditions (depth to bedrock as well as the groundwater
conditions in the short and long term).

Structural loads and serviceability requirements

Cost effectiveness and time constraints imposed by a fast track
construction scheme.

The raft option that covers the entire basement plan area with a constant thickness
of 5.0 m was adopted for the following advantages:

The raft foundation is resting on weathered basalt rock layer of uniform
thickness ranging from 37 to 41 m. The location of the tower footprint
was excavated to exclude any decomposed or substandard rock. The
difference between the bottom of raft and the final excavation level was
filled up using plain concrete to ensure that the tower is resting on
competent strata .

Raft foundation can tolerate larger settlements and are capable of
bridging over any loose pockets or limited zones of weak material that
may exist at or below foundation level without suffering any significant
distress.

Figure 5 shows a typical section in the raft foundation. Casting of the raft is
depicted in Figure 6. It shall be noted that the raft foundation (around 18,500
m3 of concrete) was cast without any construction joints, which required
uninterrupted concrete pouring of about 36 hours. The 28 days cube
compressive strength of the concrete was 45 MPa.
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Figure. 6 Casting of the raft foundation



