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[bookmark: _Toc152844937]Introduction.
In this report I will look at the design planning, construction methods and the impacts of social and environmental sustainability of the Burj Khalifa in Dubai. I will then analyse the concrete frame of the building focusing on the durability and climatic resistance to the environment that it is exposed to, the production process of the reinforced concrete and any harmful biproducts, the effects to the social and ecological environment and finally I will look at the frames ease of assembly and adaptation of the building compared to a steel frame. 
[bookmark: _Toc152844938]Burj Khalifa.
The Burj Khalifa is a reinforced concrete framed building located in Dubai United Arab Emirates (UAE). It was designed by Adrian Smith; the main contractor was Samsung Corporation, and the project management company was New York based Turner International.
[bookmark: _Toc152844939]Design. 
The construction of the Burj Khalifa (Also known as the Burj Dubai) took 22-million-man hours to complete, from January 2004 to January 2010 (Emaar , 2023). On completion the Burj Khalifa became the world’s tallest building standing at 828m with 160 stories (Emaar, 2023). The Burj Khalifa is a multipurpose building comprising of private residences, a hotel, corporate suits, and a viewing platform. 
(Emaar , 2023)The concrete central core of the Burj Khalifa is a hexagonal shape which has three concrete wings protruding from it, creating a Y shape known as a buttress core. The buttress core gives the Burj Khalifa its torsional resistance. The hexagonal core also houses all the lifts that service the Burj Khalifa. 
[bookmark: _Toc152788305][image: ] As the building height increases, the cross section of the Y shape decreases as shown below.             Figure 1 (The constructor , n.d.)
[bookmark: _Toc152844940]

Wind Loading.
[image: A grey building with many windows

Description automatically generated with medium confidence]The Burj Khalifa uses the Y Shape design to help cope with the wind loading, as the upward setbacks help reduce the wind loading. Internally there are corridor walls that extend from the hexagonal core into the centre and finish near the end of each wing with a thick hammer head wall. 
(Emaar, 2023)These corridor walls and hammer head walls behave similarly to the webs and flanges of a beam to resist the wind shears and moments. Perimeter columns and flat plate floor construction complete the system. At mechanical floors, outrigger walls are provided to link the perimeter columns to the interior wall system, allowing the perimeter columns to participate in the lateral load resistance of the structure; hence, all the vertical concrete is utilized to support both gravity and lateral loads. The result is a tower that is extremely stiff laterally and torsionally. It is also a very efficient structure in that the gravity load resisting system has been utilized to maximize its use in resisting lateral loads.
[bookmark: _Toc152788306]Figure 2 (William BAKER) 3D View of Construction Sequence Model 
This design of the Burj Khalifa has undergone extensive wind tunnel testing to ensure that the design can cope with the wind loading. Another way the design of this building helps ease the effects of the high winds, is by confusing the wind, this is achieved due to the spiral shape of the building which causes unequal pressure acting on the building. 
[bookmark: _Toc152844941]Foundation 
The foundation of the Burj Khalifa comprises of reinforced concrete piles and a reinforced concrete raft foundation. A total of 194, 1.5m diameter reinforced concrete piles that have been drilled to a depth of 43m. the piles have a capacity of three thousand tons. C60 (cube strength) SCC (self-consolidating concrete) that has a high density and low permeability, was selected for the piles, and was laid using the tremie method. The tremie method is a way of filling the piles using bagging that is continuously fed, from a hopper above. As the pile is filled with concrete the bagging is raised allowing the pile to fill from the bottom with no voids. There is little to no bedrock under the Burj Khalifa. Due to this lack of bedrock the piles rely on friction to support the weight of the building. 
The reinforced concrete raft foundation has a thickness of 3.7m and was constructed in four separate pours, using 12500 m3 of C50 SCC. This foundation supports the superstructure of the Burj Khalifa. 

 
[bookmark: _Toc152788307]Figure 3 (The constructor , n.d.)
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[bookmark: _Toc152844942]Original Portland Cement and Concrete production 
The production of Original Portland Cement requires four raw materials. 
· Limestone 
· Clay or Shale
· Sand 
· Iron ore
The limestone is crushed to a golf ball sized aggregate then added to a rotating kiln, which is angled from one end to another along with, Clay/shale, sand, and iron ore. The raw materials are mixed and heated to 2000°c and pass along the kiln. The raw materials exit the kiln as a dry state mix called Clinker. Once cooled the Clinker is then ground down into a powder to be used in concrete production. 
In the construction of the Burj Khalifa, Original Portland Cement is combined with dolomitic limestone aggregate, crushed limestone fine aggregate and dune sand to create the concrete for the Burj Khalifa. Fly ash and silica fume where also added to create a harder more workable mixture and to reduce the rate of evaporation. 
Production of concrete produces considerable amounts of CO2. There is no readily available data to show how much CO2 was produced in the production of the concrete used for the construction of the Burj Khalifa. It is likely that the amount of CO2 produced was very high due to the project using 330000m3 of concrete. (Emaar , 2023)
[bookmark: _Toc152844943]Concrete
The concrete used in the construction of the Burj Khalifa range from C60 SCC in the foundation piles, C50 used in the raft foundation and C60/C80 used in the hexagonal and buttress core. The concrete used has a guaranteed low permeability and high durability.
During the planning and construction of the Burj Khalifa, there were a number of challenges that needed to be overcome. 
(Aldred, James, The Institution of Civil Engineers, 2010) One of the main challenges was pumping C80 high performance concrete to a height of 601m. If concrete could not be pumped to this height it would have to be raised up by crane, this would severely slow the progress of the project, as the casting rate would be limited. An example of the difference in speed between using a crane and a concrete pump, was when concrete was need at 586m high to pour 48m3. This would require two cranes working constantly for 4 hours to achieve a maximum casting rate of 12m3/h, whereas pumping the concrete would achieve a casting rate of 20m3/h and be uninterrupted. The concrete that remained in the pipeline could be emptied and used for other applications on site.
A challenge faced in the Middle East for creating a pumpable concrete are the aggregates used. This is as the fine and coarse aggregates are both crushed aggregates. Two of the main aggregates used are Gabbro and high-quality limestone principally found in the Emirates and Oman. The aggregate chosen for the Burj was a dolomitic limestone with a maximum size of 20mm. 20mm aggregate was selected up to level one hundred of the Burj Khalifa and then a smaller size aggregate was used on the remaining levels due to issues with weight and cost of the pumping pipeline. Dolomitic limestone was chosen over Gabbro, as Gabbro is a highly abrasive aggregate and causes significant wear to the pipeline whilst pumping and would have a significant cost increase to the project. 
High performance concretes that are designed to be pumped have a higher proportion of fine aggregates. It was found that even with the higher proportion of fine aggregates the shrinkage and creep characteristics were still low. Fine dune sand (<600 µm) was added to the concrete mix to improve the cohesion of the mixture. 
In the construction of the Burj Khalifa the percentage of fine aggregate used was approximately 50% Fly Ash and was used at a replacement level of 13-20% and silica fume at a rate of 5-10%. The use of Fly ash improves the hardened strength of concrete and makes the concrete more workable. Silica fume can improve the durability of concrete. (The constructor , n.d.)The C80 high performance concrete used has a Youngs Modulus of 43800N/mm.
[bookmark: _Toc152844944]Laying concrete in elevated temperatures.
Laying concrete in elevated temperatures can be problematic as the elevated temperatures can speed up the rate of hydration and water evaporation from the surface is increased at higher temperatures, this can cause the concrete to have multiple surface cracks. (Nantal, 2023).
In the summer months concrete pumping was done at night when temperatures were lower, and ice was added to the concrete mix to lower its temperature before pumping. (Aldred, James, The Institution of Civil Engineers, 2010)
Higher levels of Gypsum are used to slow the rate of premature setting (Nantal, 2023). The fine dune sand used in the mix contains high quantities of Gypsum. High volumes of fly ash were also used to limit the heat of hydration. (Aldred, James, The Institution of Civil Engineers, 2010)

[bookmark: _Toc152844945]Durability 
The Burj Khalifa is exposed to elevated temperatures and high winds year-round. The use of a concrete frame helps the building defend against these elements. Concrete has a high thermal mass. The thermal mass of the concrete in the Burj Khalifa helps the building regulate its temperature. This is a factor in the buildings durability as concrete has minimal thermal expansion.
High winds in Dubai have a major effect on the Burj Khalifa. The shape of the building helps reduce the wind loading, this was made possible due to the shaping of the concrete frame, the hexagonal core, and the high-performance concretes ability to resist the stress placed upon it. 
Other factors that can affect the durability of the building is its resistance to fire. Concrete has a good resistance to fire and can resist fire for up to four hours, this is crucial to the durability of the building in the event of a fire as it has minimal thermal expansion. 

[bookmark: _Toc152844946]Environmental sustainability
The Burj Khalifa uses its concrete frame to help regulate temperatures within the building, this helps reduce the energy used to cool or heat the building. (Kivlehan, 2021)The windows of the Burj Khalifa are silver coated to improve the insulation of the building also reducing the energy used to cool or heat the building. Solar panels were added to the building to heat 150,000 litres of water each day.

[bookmark: _Toc152844947]Social effects 
(Kivlehan, 2021) Burj Khalifa was built to serve the non-local population of Dubai and to show the dominance of Dubai on a world scale.
Housing of the 12000 construction workers would have caused greater demand on public services such as travel and health care. 
Disruption to day-to-day life would have been impacted for the 6 years of construction due to the vast amounts of materials required to be brought on to site and the materials taken of site in the construction of the foundations. Noise is another factor that would have affected the local community as work in the higher temperatures was conducted at night. 
[bookmark: _Toc152844948]Ease of assembly 
[bookmark: _Hlk152600904]The Burj Khalifa has a unique design to cope with the stresses that would be placed upon it. The foundations of the Burj Khalifa are of a high specification due to the poor strata of Dubai and used approximately 12500m3 of concrete that is of high density and low permeability. The Burj is approximately 11km from the Dubai Port Rashid, this short distance would have aided in the supply of materials needed for the construction of the Burj Khalifa. 
New methods of pumping concrete were developed, to pump the concrete to the height of 601m. The aggregates used in the concrete mix had to have a low abrasiveness to ease wear on the concrete pumps and piping. 
Wind loading on the Burj is a major factor. The unique shape of the Burj Khalifa aids in resisting the winds. The changes in shape of the Burj Khalifa resist the winds and would have required in changes to formwork needed to shape the concrete. This would have added to the complexity and cost of the building process. 
The extreme daytime temperatures of Dubai sometimes reaching 42°C had massive impact on working conditions. Due to the elevated temperatures during the day, concrete had to be poured at night and extra precautions such as using ice in the mix, were taken to slow the rate of evaporation to avoid the concrete from cracking. 
Given all these factors the Burj Khalifa was a complex and difficult building to construct. It required collaboration of all parties involved, extensive testing of the materials used and pushed the boundaries of Tower construction.
[bookmark: _Toc152844949]The construction of a steel framed building is a quicker and cheaper process compared to a concrete framed building. Due to a lighter frame weight the foundations of the building would not need to be as extensive and would require less time and materials to construct. All the steel sections could be prefabricated off site and then delivered to site ready for assembly when required. This method would reduce the onsite workforce required and reduce the cost of the building. A steel frame could be assembled in almost all-weather conditions, this would also reduce the cost of construction. Steel was not selected for the construction of the Burj Khalifa as concrete frames have high compressive strength and high durability.
Ease of adaption.
The Burj Khalifa has a unique design and shape that are vital to the structures resistance to the stresses placed upon it from the environment, its size and seismic forces. Due to the Y shaped design and buttressed central core that gives the Burj Khalifa its strength. The buttress core system limits flexibility for internal adaption as columns and walls play a key role in the structural stability. Externally any adaption would be difficult as new foundations would need to be extensive to carry the buildings weight due to the poor strata below and wind loading. There would also be issues with the wind loading capacity of the building, as the spiral shape of the Burj Khalifa drastically increases the wind loading capacity, as it confuses the wind acting upon it. Changes to the shape could dramatically affect the behaviour of the Burj under wind loading, with the potential for the building to fail. These factors make adaption to the concrete frame of the Burj Khalifa extremely difficult and time consuming. 
Compared to a steel frame building, it is much harder to adapt. A steel frame could be adapted more easily and quickly than a concrete frame, as new foundations would not need to be as extensive due to the lower frame weight. Sections of the building could be bolted or welded in place to the existing building and steel sections could be precut and drilled off site and then assembled on site. A steel framed building can span larger distances between columns than a concrete framed building. This gives the building a larger useable area and a potential for more uses and a larger rental value.

[bookmark: _Toc152844950]Conclusion 
In conclusion the construction of the Burj Khalifa was a complex and labour-intensive process that overcame many different obstacles from poor strata and high wind loading to pumping concrete to new heights in an environment that has extreme temperatures.
 Burj Kalifa was a huge design, engineering, and construction achievement, which has pushed the boundaries of high performance reinforced concrete framed building to a new level and is now the centre piece of Dubai. 
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