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Assignment 1 – Construction Materials
The Burj Khalifa – An Analysis of the Framing Material
[image: ]
An Introduction to the Burj Khalifa
[image: ]	The Burj Khalifa is one of the most famous buildings in the world and is known for its incredible status of being the tallest building ever created. The skyscraper is located in Dubai, Unted Arab Emirates and stands at an outstanding height of 828m (2,717ft). In comparison, Merdeka 188, the second tallest building in the world stands at 678.9m (2,227ft). That is 149.1m smaller than the Burj Khalifa, which greatly demonstrates the enormous size of the building. The skyscraper is well-known for its structural design of a concrete frame. The use of concrete in the structure of the Burj Khalfa plays a crucial role in the performance and durability, especially for a building of its size. This case study will analyse in detail how the use of a concrete frame makes the Burj Khalifa such an impressive landmark in the construction industry.
Planning the Structural Design
Since the Burj Khalifa is one of the biggest construction projects ever produced, the planning of its build was a stage that had to be completed flawlessly, with precise consideration of aspects such as the design planning, construction methods, environmental impacts etc. 
[image: ]The final outcome of the Burj Khalifa’s design, that originated from the early design planning, was the appearance of a Y-shaped tripartite floor. The decision for this look was not purely for the building’s appearance, but for an improvement in the functionality of the skyscraper, helping to reduce potential impacts on the performance. The main reason for the Y-shaped structure was to reduce the wind forces on the tower. In Dubai, wind forces are generally at high speeds, which is a huge health and safety concern when building such a tall structure. The three arms of the structure help funnel the wind around the tower, reducing any movement or sway of the building. 
[image: ]The construction method that was implemented on the Burj Khalifa was the use of a ‘buttressed core’, which is a hexagonal core reinforced by three buttresses that form a Y-shape. The ‘buttressed core’ was chosen to primarily increase stability with excellent distribution of the large amounts of gravitational and lateral forces that impact the skyscraper. The central core also helps provide torsional resistance against twisting as a torque.
Large consideration was put into the social and environmental sustainability factors at the planning stage of the Burj Khalifa. One of the main considerations was the conservation of water. Around the world, water is constantly being wasted, however the Burj Khalifa was designed to fight this with the integration of Reverse Osmosis technology, which is a water treatment process to prevent contamination by using pressure to force water molecules through a semipermeable membrane. Another consideration was the use of sustainable materials. In the construction of the Burj Khalifa, recycled materials were implemented where feasible which helped reduce the environmental impact.
[image: ]The Burj Khalifa’s Framing Material
The underlying structure of the Burj Khalifa consists of a perimeter-framed tube system around a central reinforced concrete core. It was a calculated decision to use a concrete frame. The walls and floors of the core were constructed using steel reinforcements and high-strength reinforced concrete. This method offered the enormous structural stability and strength required to offset the encountered lateral and gravitational pressures. The use of concrete plays a massive role in the performance of the skyscraper in multiple areas. Three areas that will be analysed in this case study will be how the concrete frame resists durability and climatic conditions, how the material fights off social and ecological impacts and the concrete frame’s ease of assembly.
Durability and Climatic Resistance
The Burj Khalifa's concrete frame was designed to endure a variety of environmental challenges, such as Dubai’s frequent sandstorms, high humidity, and extreme high temperatures. The reason concrete is able to resist these climatic impacts is because of its excellent durability. Durability is concrete’s ability to resist weathering action, chemical attack, abrasion, or any other process of deterioration. 
[image: ]There are many reasons why concrete is so durable. One of the reasons is because of how concrete is formed. Concrete is a composite material, consisting of cement, water, coarse aggregates (such as gravel and crushed rock), fine aggregates (such as sands) and chemical additives. The mixture of these components causes tight chemical bonds, which helps concrete become extremely strong. The reason this occurs is because of a compound called tricalcium silicate, which distributes heat, hydroxide ions, and calcium ions. This distribution causes an acceleration in the chemical reaction which crystallises calcium hydroxide and forms calcium silicate hydrate. The crystallisation of calcium hydroxide creates a thick material that continues to grow until the concrete mixture is completely absent of any empty spaces. Concrete then becomes non-porous, which means that no liquid or air can pass through the material. 
Since the concrete frame of the Burj Khalifa is extremely strong, the structure is able to withstand the environmental challenges over time without suffering major damage. The strength and structural integrity of the concrete help the skyscraper’s weight and fight off high amounts of fast wind loads during Dubai’s desert climate that is consistent throughout the year. Furthermore, concrete’s strength comes from its exceptional performance in compression and capacity in load-bearing. This is perfect for a skyscraper as immense vertical loads are able to be controlled effectively. Another reason for concrete’s great durability is its excellent lifespan that is achieved through careful mixing, placing, and curing of high-quality concrete. Concrete’s resistance to weathering, corrosion, and chemical reactions help the building to keep its structural integrity and aesthetic appeal for a long time.
Concrete has several traits that help resist the extremely high temperatures in Dubai. One feature of concrete is its high thermal mass, which gives the material the ability to absorb high levels of heat and release it slowly. As a result, the Burj Khalifa and other buildings in the region will stay cool in temperature. Since Dubai experiences high humidity as well, the use of concrete becomes a great choice for the Burj Khalifa. Concrete's absence of organic components makes it durable in humid climates. It is extremely difficult for moisture to infiltrate concrete other than through the seams between slabs since, unlike wood and other materials that include organic materials, there is nothing to rot or decompose.
The Production Process of Concrete
	As previously mentioned, concrete is a composite material that is formed by cement, water and aggregates. These three raw materials that create concrete all have a significant role in the material’s performance. Cement is a binder that sets and hardens independently. The cement that is used in concrete is called Portland Cement which is composed of material that includes iron oxide, silica, alumina, and calcium compounds. These ingredients are usually made from limestone (calcium carbonate), clay, fly ash, sandstone, or shale. Portland cement get its strength from chemical reactions with water. This process is defined as a ‘hydraulic cement’. Hydration is the chemical process that occurs when the aluminate and H2O interact. The paste hardens into a stiffer substance and gets stronger as a result of this process. Usually, the aggregates consist of coarse rock, such as gravel or crushed stone, and fine sand. Concrete's high structural durability is mostly due to its aggregate content, which accounts for about 75% of the material. In relation to the Burj Khalifa and Dubai, the region uses gabbro and high-quality limestone as its two main aggregate types.
	The first step in the production of concrete is by preparing the Portland cement, which is the cement that was used in the construction of the Burj Khalifa A powder is created through the use of calcareous material which is then heated and burned in a large rotary kiln at 1,400 degrees Celsius. The powder is created by cooling and grounding the substance in a tube or ball mill. Tricalcium silicate, dicalcium silicate, tricalcium aluminate, and tetracalcium aluminoferrite are the various compounds that make up the final composition, which leads to the next step, the mixing stage. 
Before the mixing of the main components that make up concrete, a proportioning process must be completed to make sure that the mixture will form strong and sturdy concrete. During the mixing process, the cement, water and local aggregates to Dubai (gabbro and high-quality limestone) are mixed together. Rotation or stirring is used in the mixing process to evenly mix the other ingredients and apply cement paste to the aggregate's surface. After completion of the mixing stage, the concrete mixture is transported to site.
[image: ]The method of transporting concrete used in the construction of the Burj Khalifa was by pumping the mixture. A record was made in the Burj Khalifa project as the biggest concrete pumps in the world were used, being able to pump concrete up to 600m in height. The extremely high temperatures in Dubai meant that the pumping process had to be done at night. High amounts of heat could cause the mixture to fracture, which would greatly weaken the concrete. Ice was even added to the mixture to help reach the desired temperature.

Social & Ecological Impacts of Concrete Production
	The production of concrete would have produced multiple social and ecological impacts in the region, especially for a structure as massive as the Burj Khalifa. Social impacts are when people and communities have experienced positive or negative change as a result of a direct/indirect action. One positive social impact the use of concrete would have had on communities in the region of Dubai is the creation of jobs. Concrete production is a process with many steps and stages, requiring large amounts of workers which provides opportunities for people. Also, local economies in the region can be boosted from concrete production since the process involves sourcing of raw materials, transportation and manufacturing. However, concrete production can have the potential to disturb the surrounding communities with noise pollution. The well-being of the local communities can be harmed by operations like raw material quarrying, aggregate transportation, and concrete plant operations.
[image: ]	Ecological impacts are positive or negative changes that effect organisms and their environments due to actions made by humans/natural events. Due to Dubai’s extreme climate, multiple ecological impacts from the construction of the Burj Khalifa would have occurred. One example of an ecological impact that has been caused from the use of concrete on the Burj Khalifa is the carbon emissions that are produced. The main instigator of carbon dioxide emissions in the production of concrete is cement. The heating of limestone is the chemical process that increases greenhouse gas emissions and exacerbates climate change. Furthermore, the manufacture of concrete can form other harmful bi-products that produce ecological impacts. An example of a harmful bi-product produced from concrete production is silica dust which occurs from the cutting, grinding and drilling in the manufacture. The dust that is released can easily be inhaled by the workers which can lead to health problems and even a harmful lung disease called silicosis if chronic exposure to the silica dust is consumed. In Dubai, health issues and silicosis could have been accelerated due to the regional climate of sandstorms and high winds.
The Concrete Frame’s Ease of Assembly
	Concrete has both its uses and downsides in its assembly. Concrete frames can be time consuming as it takes longer to pour, cure and set than a material such as steel. Shaping the concrete requires formwork, which extends the assembly time. Time consumption would have been a massive factor in the construction of the Burj Khalifa as it is the largest structure ever built. Also, the provision of building services is a consideration when constructing concrete. Building services such as plumbing and electrical systems are incorporated into concrete structures but may form a challenge due to the necessity to create chambers or conduits inside the concrete. The need for the building services in concrete structures increases the length of planning and requirement for accuracy in order for the concrete to have a high performance. 
[image: ]However, concrete frames provide a huge advantage in its adaptability in assembly. Concrete is a material that has versatility and capacity to be moulded into different shapes and forms, due to particle shapes that are found in the aggregates used in manufacture. In terms of shape and surface area, a more rounded aggregate will show much higher workability than aggregates shaped with angular, flaky or elongated forms. This is due to the irregular shaped aggregates with rougher textures requiring more water than rounded aggregates. Rounded particles will have much less of a surface area which causes the aggregate to have less friction resistance, creating better workability. Also, aggregates with textures that are smooth will show more workability than aggregates with textures that are rough because rougher aggregates will show an increase of friction. For a project the size of Burj Khalifa, the concrete mix would need to have a certain workability in order to make it easier to function at specific sections and heights. Certain aggregate shapes would have been selected to guarantee the ideal ratio between cohesiveness and workability.
Concrete Frame vs Steel Frame
[image: ]	Concrete and steel contrast in their properties relating to adaptability. In construction, concrete provides excellent shaping and moulding properties due to its various particle shapes, allowing complex structures to be designed and built. However, steel provides a great strength-to-weight ratio in construction which allows for easy flexibility and quick alterations if required. Structures that are built with a steel frame can be modified without a compromise to the integrity of the material. 
In resistance to environmental conditions, concrete provides much more properties of durability than steel. Properties such as its high thermal mass, long lifespan and permeability allow for great suitability in various climates around the world. Although steel has great resilience against earthquakes, the material includes properties that decreases its durability in extreme climates. Steel is particularly prone to corrosion which is accelerated in hot and humid climates. This is one of reasons why the choice of a concrete frame was beneficial for the Burj Khalifa in Dubai.
Concrete and steel also greatly contrast in their adaptability in load-bearing. Concrete provides properties of great strength in compression, which allows for excellent control of heavy vertical forces. This in turn means that the material’s tensile strength is lacking in performance. Steel provides high quality tensile strength but a lacking in compression. Due to the extreme height of the Burj Khalifa, the decision for a concrete frame makes sense because of its great distribution of vertical loads. 


Conclusion
	In conclusion, the use of a concrete frame provides many benefits to the Burj Khalifa, given the extreme climatic conditions the building is located in. Properties such as its great resistance to high temperatures and excellent distribution of immense vertical loads are some of the wide range of reasons why the use of a concrete frame was a great choice when planning the skyscraper’s construction. 
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