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The Reinforced Concrete Frame of the Burj Khalifa
Introduction

The Burj Khalifa in Dubai, provides an appropriate case
study for examining the design, construction and life-cycle
performance of a concrete framed building, Completed in
2010, the 830 metre tower is considered one of the most
recognisable examples of high rise reinforced concrete
construction. Designed by Skidmore, Owings & Merrill ,
with Adrian Smith as chief architect and William F. Baker as
chief structural engineer, the building combines a
reinforced-concrete primary structure with steel, aluminium |
and glass components. Its structural design was developed
specifically to resist the extreme wind, temperature and

ground conditions of Dubai while supporting its mixed use

purpose of residences, offices, hotel accommodation and
viewpoint facilities ( SOM, n.d.). (Baker and Pawlikowski, 2015).

The Burj Khalifa is particularly valuable as a case study because its structural material
was not selected simply as a conventional construction choice. The large vertical
loads, the need for high stiffness against wind, the extreme desert climate and the
logistical problems of constructing at great height all influenced the design of the

concrete frame..
Original Design and Method of Construction

The original design of the Burj Khalifa was based on a three-winged, Y-shaped plan
arranged around a central hexagon shaped reinforced-concrete core, the design was
influenced by the shape of the Hymenocallis desert flower and by religious
architectural patterns. Each of the three wings supports and stabilises the others
through the central core, creating a highly stiff structure capable of resisting both
gravity and lateral wind forces (SOM, n.d.).

The Y-shaped plan was fundamental to the building's performance because as the
tower rises, the wings progressively step back in a spiralling pattern, these setbacks

reduce the exposed building mass and hence shelters these points from high wind



speeds and force. This was particularly important because wind loading, rather than
simply gravity loading, was one of the principal structural challenges associated with
achieving the building's extreme height. This structural formation also allowed the
vertical columns and walls to remain relatively continuous throughout, avoiding major
transfer structures/link points which would have increased construction complexity
(SOM, n.d.; Baker and Pawlikowski, 2015).

The foundation consists of a large reinforced-concrete raft supported by bored
reinforced-concrete piles, the raft is approximately 3.7 metres thick and was
constructed in four separate pours using approximately 12,500 cubic metres of
concrete. The piles are approximately 1.5 metres in diameter and extend
approximately 43 metres into the ground according to the official Burj Khalifa project
information (Burj Khalifa, n.d.). The foundation design was especially important
because Dubai’'s groundwater contains high concentrations of chlorides and
sulphates, creating a potential risk for corrosion. This meant that concrete types had
to be changed and protective measures were required to improve durability of the

foundation.

The tower's primary structure contains approximately 330,000 cubic metres of
concrete and approximately 39,000 tonnes of reinforcing steel, high performance
concrete was used in the core and other heavily loaded structural elements. In
November 2007, concrete was pumped to a height of approximately 601 metres
something which had never yet been seen in the construction industry. The concrete
was pumped using specialised high pressure equipment and was designed to remain
workable for sufficient time to allow transportation, pumping and placement (Burj
Khalifa, n.d.; Construction Week, 2014).

Dubai's climate created additional construction challenges, summer temperatures are
extremely high, creating risks of rapid setting, cracking and loss of concrete
performance. This meant that major concrete pours were undertaken during cooler
night-time conditions, while ice and carefully controlled mix designs were used to
reduce concrete temperature. The 3.7 metre thick foundation raft also required
monitoring and heat control because excessive temperature gradients could have

caused cracking resulting in structural and load bearing issues (Bester, 2013).



Strength, Durability and Climate Resistance

The strength properties of a reinforced concrete frame was a major reason why
concrete was suitable for the project, concrete has excellent compressive strength,
making it appropriate for the extensive vertical loads caused by a 830 metre tower.
Reinforcing steel complements this characteristic by providing tensile capacity and
helping the structural system resist bending and cracking. In the Burj Khalifa, the core
based structural design enabled the concrete walls to function as a highly stiff system
rather than relying primarily on a conventional beam-and-column ( frame Bester, N.
(2013)

The concrete was also required to resist the specific environmental conditions of
Dubai, the building is exposed to intense solar radiation, very high temperatures and
temperature fluctuations and airborne dust. The foundation is particularly vulnerable
to aggressive groundwater containing chlorides and sulphates, the use of dense, low-
permeability concrete reduced the movement of harmful substances through the
concrete towards the reinforcing steel. The foundation and material choice therefore
demonstrates how mix design and durability requirements were directly related to the

specific site conditions of the building (Burj Khalifa, n.d.).

However, concrete is not immune to deterioration, thermal movement can create
cracking, while the ingress of chlorides can cause corrosion if the concrete becomes
damaged. High temperatures also create significant construction risks when using
concrete, as illustrated by the need for night-time pouring and cooling methods during
the Burj Khalifa project. The durability of the material and building itself therefore
depends not only on the inherent strength of concrete but also on the quality of mix

design, construction, waterproofing inspection and long term maintenance.
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Time, Labour, Programme and Cost Compared with Steel Framing

The Burj Khalifa demonstrates that reinforced concrete can be highly competitive for
extremely tall buildings, the concrete frame provided substantial stiffness and mass,
both of which were valuable in resisting wind force on the building. A steel frame could
have provided a lighter structure and potentially faster erection through prefabricated
components, but it would have required extensive fire protection and would have
offered different properties, some of which may not be suitable for a structure of this

height and weight.

Using concrete was labour intensive and required large quantities of reinforcement,
formwork, pumping and quality control, the project reportedly involved approximately
22 million man-hours of work, while construction costs were approximately US$1.5
billion (Architectural Digest, 2024; Wikipedia, 2026). The construction programme ran
from 2004 to completion in 2010. The use of repetitive formwork systems and

structural designs helped make the construction process more efficient.

Compared with steel framing, reinforced concrete generally involves slower curing and
greater dependence on site based operations, steel components can be fabricated off
site and rapidly assembled, potentially reducing the construction programme.
However, the Burj Khalifa's concrete system benefited from repetitive floor layouts and
the use of high performance pumping technology reduced programme durations and
cost. The concrete core and walls could be constructed progressively as the building

rose.

Cost comparisons must therefore consider the whole structural system rather than
simply the price of the material. Steel may reduce erection time but can involve
substantial costs for fabrication, transport, fire protection and corrosion protection.
Concrete requires cement, aggregates, reinforcement, formwork and significant
labour. In the Burj Khalifa, the choice of concrete was ultimately justified by the

structural efficiency and stiffness required for the tower's extreme height.



Ease of Assembly and Adaptation During the Building Life Cycle

The Burj Khalifa's concrete frame was relatively efficient to assemble because its
structural design was repetitive and vertically organised, the Y shaped plan and
repeated floor layouts allowed construction teams to use systematic formwork and
sequencing methods amounting to “more than 3 million square feet of interior space”.
The structure's regular load paths were also important because columns and walls

could continue vertically without the need for extensive transfer structures (SOM, n.d.).

Nevertheless, reinforced concrete is less adaptable than a steel frame once
constructed, steel beams and columns can often be removed, strengthened or
rearranged more readily than heavily reinforced structural walls and slabs. The Burj
Khalifa's central core is fundamental to its stability and contains major load bearing
circulation and service infrastructure. This means that removing or significantly altering
core walls would be extremely difficult without major temporary works and structural

strengthening.

Adaptation is therefore more achievable at the level of internal fit out than at the level
of the main structure itself, office floors can be reconfigured, partitions can be relocated
and services can be modified. However, major changes to floor loading, structural
openings or the buildings primary shape/structure would be difficult. This highlights
that using concrete for the structural designs provides long-term durability but limits

radical adaptation.




Integration of Building Services

The integration of services was a major challenge because the Burj Khalifa contains
residential, hotel, office and observation facilities within a extremely tall structure,
M&E systems had to be coordinated with the reinforced-concrete structure from the
design stage. The tower includes seven double height mechanical floors containing
equipment such as electrical substations, water tanks, pumps and air-handling

systems (Burj Khalifa, n.d.).

Concrete structures create particular coordination challenges because services
cannot simply be relocated through major structural components after construction,
creating openings through core walls, slabs and beams must be carefully designed
because excessive openings can weaken the overall strength of the building. The
solution at the Burj Khalifa was early coordination between structural, mechanical,
electrical and plumbing designers. Service floors were incorporated into the building's

overall structural and architectural planning.

The building's height also creates major pressure and pumping challenges for water
supply, the tower's water system supplies approximately 946,000 litres of water per
day, while condensation from air conditioning systems is collected for irrigation water
(Burj Khalifa, n.d.). The building therefore demonstrates that service integration in a
complex concrete-framed building requires services to be treated as a fundamental

part of the structural design rather than as systems added after the frame has been

completed.




Challenges of Potential Demolition and End of Life

In the unlikely situation that the building required to be demolished, the Burj Khalifa
would present exceptional demolition challenges. Its height, urban setting, reinforced
concrete core and extensive foundations mean that conventional explosive demolition
would be highly inappropriate because of the risk to surrounding infrastructure and the
difficulty of controlling the collapse of such a large structure which could pose risk to

life.

A more realistic approach would involve a carefully engineered top down
deconstruction process, this is where Internal finishes, mechanical equipment and
recoverable materials etc would first be removed. The structural concrete would then
need to be broken down progressively using specialised high rise or remotely operated
equipment. The steel used in the building could be separated and recycled, while
crushed concrete could potentially be processed into recycled aggregate. However,

separating concrete is energy-intensive, and may be seen as a wasteful process.

The foundation would be especially difficult to remove because of the large reinforced-
concrete raft and deep piles. Possibly, some substructure elements might be left in
place if their complete removal created greater environmental and structural risks than
abandoning the material. Therefore, the Burj Khalifa project highlights an important
disadvantage of reinforced concrete, its high durability and method of construction
provide effective and efficient performance however make complete end-of-life

demolition difficult.

The urban setting of the Burj
Khalifa is highlighted in the
image to the left gathered
from my own primary
research through a desktop
survey. The Burj is in a
highly  built up area
surrounded by national
highways, tourist attractions

etc.
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Negative Impacts of Concrete Production on the Community and Environment

The environmental impact of concrete begins with the production of cement, the main
binding material in concrete, cement manufacture requires the heating of raw materials
to very high temperatures. Co2 is released both from fuel combustion and from the
melting of limestone itself. Cement production is therefore responsible for a significant
proportion of global carbon dioxide emissions, with estimates commonly placing its

contribution at approximately 4% of global emissions (Andrew 2018: IEA, 2024).

The scale of the Burj Khalifa makes this issue particularly significant, approximately
330,000 cubic metres of concrete were used in the tower, although concrete is made
largely from aggregate, the volume of cement required represents a substantial carbon
lifecycle for the building. The extraction of limestone and aggregates can also cause
habitat loss, landscape alteration, dust generation and noise pollution. Water is
required in concrete production and construction, which is especially difficult in Dubai,

an area surrounded by desert environment.

There are also community impacts associated with the production and transport of
concrete, quarrying and cement manufacturing can generate dust, noise and heavy
vehicle movements, affecting the residential and commercial areas/communities
surrounding the Burj Khalifa’s site. During construction of the Burj Khalifa itself, the
movement of large quantities of materials and the operation of pumps, cranes and
construction equipment would have created noise, traffic and air-quality impacts also

affecting the surrounding residents.

The environmental impact of concrete production for the Burj specifically can be
compared against the long life of the building, the Burj Khalifa's durable reinforced-
concrete structure will potentially remain in place for decades/centuries, spreading its

initial carbon lifecycle over a long
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Practical work -

Sample Size: 12509
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Sieve SizeMass(g) % on sieve % Passing
(mm)

125 0 0 100
75 0 0 100
63 0 0 100
37.5 120 9.6 90.4
20 137 10.96 79.44
10 143 11.44 68
6.3 105 8.4 59.6
3.35 45 3.6 56
2 130 10.4 45.6
1.18 63 5.04 40.56
0.6 105 8.4 32.16
0.3 102 8.16 24
0.212 109 8.72 15.28
0.15 98 7.84 7.44
0.063 55 4.4 3.04

Fine and Coarse Aggregate Calculation

Coarse aggregate (>6.3 mm): Total = 505 g =40.4%

Fine aggregate (<6.3 mm): Total = 707 g = 56.56%

Material loss: 3.04%
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T
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T
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T
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This sample is not suitable for structural concrete due to quality issues highlighted by

the particle size distribution graph. It contains too much fine aggregate and insufficient

coarse aggregate. This can lead to, strength issues, reduced durability, shrinkage,

cracking and poor long term performance etc.
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