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The aim of this assignment is to compare the framing materials of two habitable structures. One frame formed of concrete and the other frame formed of steel. The two structures that I have chosen to investigate further are the Burj Khalifa in Dubai and the Willis Tower in Chicago, USA. The reason I have chosen these buildings is that they are both supersized and even though they were constructed in different decades were both innovative and ground-breaking when they were constructed. 

Concrete is one of the most widely used modern building materials and its history can be traced back to the Romans. A form of volcanic ash was discovered near Mount Vesuvius and when it was mixed with quicklime, gravel, sand and water it hardened into an extremely hard substance and was used as a building material.(McCormac and Brown,2015).
 In 1824 an English bricklayer, Joseph Aspdin after many experiments obtained a patent for a cement that he called Portland cement because the colour was like the stone that was quarried on the Isle of Portland  Aspdin used clay and limestone ground to a fine powder. Modern methods of making concrete use a combination of cement mixed with sand and water. (“Reinforced Concrete Introduction - World Housing”) Concrete has the advantage over other building materials in that it can be moulded into many shapes. 
Concrete frame is an extremely popular form of structure in the construction industry. A concrete structure consists of horizontal members called beams and vertical members called columns that are constructed on a concrete foundation that is used to support the buildings floors, walls, and roof. Concrete is extraordinarily strong under compression but has an incredibly low tensile strength so steel which is strong in tensile strength is incorporated into the concrete as a reinforcing material. This reinforcing material is called Rebar, and can be a collection of mesh steel wire or a steel bar that is used to strengthen and hold the concrete in tension. 
The two materials bond together and act as a unit in resisting external forces, and although reinforcing bars are at risk of corrosion surrounding them in concrete supplies excellent protection from corrosion.
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The Burj Khalifa
The Burj Khalifa was opened in 2010 and was designed to incorporate a variety of residential, hospitality and commercial ventures. The building is formed of 162 floors and has a height of 2,717 feet (828 metres). It was designed by an architectural firm based in Chicago and the design is based on a flower local to Dubai the Hymenocallis and has a buttressed core which is a hexagonal core reinforced by three buttresses that form a Y shape. This Y-shape allows for a reduction in wind forces on the tower and the design supplies support for both lateral loads and gravity.
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Constructing the Burj Khalifa was achieved by using 110,000 tonnes of concrete and featured 192 piles that are buried 164ft deep. The Rebar used in the Burj Khalifa weighed 39,000 tonnes and the concrete was a special mix that allowed it to be worked on for a period of 3 hours before hardening started which enabled a shorter construction time.
The durability of the building was tested by conducting wind tunnel tests that would examine the effects of the wind on the building and consisted of analysis of the façade pressure on the structure as well as micro-climate analysis of the tower base and all the terraces. 
The Burj Khalifa is officially the world's tallest building and as with all tall buildings is affected by stack or chimney effect. This is a term used to describe changes in the pressure and temperature of a building because of its height. Special testing was conducted on the Burj Khalifa to resolve any issues that could evolve because of the height of the building.
With a height of 828.8 meters, the Burj Khalifa has the potential to use a lot of energy and be a huge contributor to global warming, the air-conditioning system is said to be the equivalent of melting 12,500 tons of ice a day, (Guardian 2018) however this is being addressed by using solar panels to heat the water in the building and by collecting water produced by the air conditioning units as condensation and use it to water the extensive grounds. The exterior is glazed with a low emissive glass which allows for enhanced thermal protection against the elevated temperatures met in Dubai (Fordred 2010). However, there is no drainage system in the Burj Khalifa, so the sewage is collected in tanks found in the basement and is then transported by trucks often to water treatment sites that are out of the city which affects negatively on the environment because of the emissions of the trucks and the CO2-emitting desalination plants. 
Social sustainability was considered by the architects and mixed use of the building was incorporated into the design. The building has retail units, hotels, offices and, residential apartments some of which are occupied by employees of the businesses found at the building. This has the benefit of reducing the need of transportation and travel and because of the size of the building it can be occupied by a substantial number of people who live and exist there. 


The Willis Tower 
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The Willis Tower was completed in 1974 and was the World's tallest building for almost a quarter of a century. The tower was previously known as The Sears Tower and was built to house the headquarters of the Sears Group. The building is the highest building constructed that uses only steel structure as its frame and was one of the first in the world to use a bundled tube design. 
The bundled tube system was designed by Fazlur Khan in the 1960’s and consists of a framing system that uses framed tube, trussed tube and bundle tube. Bundled tube construction is composed of a collection of narrow steel cylinders that are bonded together to form a thicker column and instead of a central core uses tube structures at the perimeter, and because the perimeter columns bear the weight of the wind force internal wind braces are not needed, however using this system means that it is difficult to equally distribute gravity loads so to combat this the framing was rotated every five floors by ninety degrees.
This bundled tube system reduced the amount of steel that was needed for high towers (McFadden2018) and was innovative in that towers no longer had to look like boxes as the tubes could be formed into different groupings and take on various shapes. 
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The Burj Khalifa and The Willis Tower are situated in places of differing weather conditions and because of this their designs are unique to cope with different environmental conditions. Dubai has temperatures of more than 96F in the summer months, so the Burj Khalifa is covered in a cladding system which is designed to withstand Dubai's sweltering summer temperatures. 
In contrast Chicago has hot summers and very cold winters, so in 2009 the Willis Tower building was revamped to improve sustainability. Efficiency improvements included cladding the exterior in black aluminium and the use of energy efficient bronze tinted vision glass panels that allow natural lighting of the building. The glass also acts as an insulation material between the outside and the inside and supports a constant temperature. This also helps in reducing the contraction and expansion of the frame.
Both buildings because of their height are subjected to intense winds. The Burj Khalifa was tested to withstand wind gusts of over 149 miles per hour and was designed to minimise the effect the wind force would have on the building. This was achieved by changing the shape of the tower which alters the force acting on the tower. The structural system used was the buttressed core system and was constructed by using high performance concrete which guaranteed low permeability and high durability (the constructor.org). 
In contrast The Willis tower was built using the bundled tube system which is formed of several tubes connected that act as a single unit. The variations in height of the tubes disrupt the wind force on the tower. This design served two definite purposes it reduced the need for excessive amounts of steel in the building whilst simultaneously removing the need for internal wind bracing (McFadden2018).
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The Burj Khalifa and The Willis Tower are world renowned iconic structures, however they are manufactured from products namely concrete and steel that have affected greatly on the environment. (Environmental Impacts: A Comparison of Wood, Steel and Concrete).
The Burj Khalifa was constructed by using 110,000 of special mix concrete. Most of the ingredients in concrete are fabricated or excavated products but it is the cement in concrete that is the most energy-intensive because of its heavy reliance on coal and petroleum coke. Coke ovens emit air pollution such as naphthalene that is highly toxic and can cause cancer. Wastewater from the coking process is also highly toxic and has carcinogenic compounds as well as cyanide, sulphides, ammonium and ammonia. (thinkwood.com)
The Willis Tower was constructed primarily of steel and the main constituent of steel is iron ore, The mining of iron ore is highly energy intensive and causes air pollution in the form of nitrous oxide, carbon dioxide, carbon monoxide, and sulphur dioxide from diesel generators, trucks and other equipment. The mining of iron ore also causes water pollution of heavy metals due to acid that drains from the mines. 
The difficulties in assembling extremely tall buildings like The Willis Tower and Burj Khalifah are many; consideration to the surrounding habitat was a priority as if the buildings collapsed the safety of many would be compromised other issues were how to move materials around the site as it becomes taller, erecting scaffolding to cover the height of the building, and the wind. As a building get higher it sways from side to side even with the most moderate winds.
The Burj Khalifa had the added problem of being built in a desert and the soil type is not what a tall building would be built on. The solution was to build the tower on a pile foundation the idea was that the weight of the building was carried on the friction from the piles against the soil. The Burj Khalifa has 192 piles buried to a depth of 50 meters, with a raft of solid concrete on the top of it, supporting the whole structure.
 Concrete used in The Burj Khalifa had to be a special mix that would remain as liquid when transported and then settle when poured. The extremely hot temperatures in Dubai meant that it was impossible to pour concrete during the day because it would set at once, so the mix was poured during the night using special pumps to pump to the desired height (Aldred 2015).
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The Willis Tower had to overcome difficulties in meeting the 15 months construction timescale so to achieve this structural units were prefabricated offsite and then bolted together onsite. Welding onsite can be one of the most costly and time-consuming aspects of steel construction, so the use of prefabrication significantly streamlined the construction process. (Designingbuildings.co.uk) 
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Conclusion 

The Burj Khalifa in Dubai and The Willis Tower in Chicago are both examples of manufactured super-sized buildings and The Burj Khalifa was inspired by the tube bundle system designed by Farzlur Khan for The Willis Tower.
Both The Burj Khalifa and The Willis Tower have utilised and adapted this system so that despite being in separate locations and subjected to distinctive weather conditions and environments the tube system works well on both towers. 
The use of concrete for The Burj Khalifa and the use of steel frame for The Willis Tower has shown that both these construction materials are durable and are able to resist climatic changes, however both materials have affected hugely on the environment. Sustainability was not taken into consideration when The Willis Tower was constructed although since The Willis Tower was refurbished this has been addressed and the building has been awarded Leadership in Energy and Environmental design (LEED) platinum certification (Willis Tower News 2019).
The Burj Khalifa has placed solar panels on the building to heat up the 140.000 litres of water that are used daily and collects moisture from the air conditioning system to water all the landscaping.
 The Willis Tower was at one time the tallest building in the world but has been overtaken by the Burj Khalifa. Both buildings are iconic immense structures and highlight what can be achieved using engineering and construction. 
















 






COMPARISONS BETWEEN STEEL AND CONCRETE STRUCTURES

	Point of difference
	Concrete structure
	Steel structure

	Durability
	Concrete structures are more durable
	 The durability of steel can be adversely affected by weather condition and rusting 

	Earthquake resistance
	Concrete structures are brittle, so they are less earthquake resistance.
	Steel Structures can withstand earthquake more effectively than concrete structure

	Load carrying ability
	The load carrying ability of the concrete is low 
	The load carrying ability of steel structure is high

	Scrap value
	The scrap value of concrete is zero
	The scrap value of steel can be good

	Self-weight
	The self-weight of concrete is more
	The steel is 60% lighter than the concrete

	Foundation
	The foundation for the concrete structure will be stronger because of the greater weight of concrete
	The steel structure can be made without foundation

	Construction time
	The concrete structure generally needs 28 days before it is ready to use
	The steel structure is quick in fabrication and can be used soon its manufacture 

	Labour
	It requires less skilled labour
	It requires more skilled labour

	Cost
	The cost of construction is less
	The cost of construction is more
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