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INTRODUCTION
The aim of this essay is to compare and contrast concrete and steel when used as framing materials within the construction industry; by using specific case studies for each framing material mentioned. The frame’s likely durability and climatic resistance given the environmental conditions the site is exposed to, the likely impact the framing material’s original production process would have on the environment, specific to manufacture and biproducts used and the frames ease of assembly and the potential of its adaptation to the different building shape and use, within the total life span of the building will be carefully examined.
Within the construction industry different building materials such as concrete, steel and timber amongst many others have been used to create buildings and structures. These building materials have been used for different things within the construction industry, however we are looking at their use as framing materials. For a building using concrete for its frame, we would examine the Burj Khalifa located in Dubai and as for steel we will investigate the Leadenhall Building located in England, they are shown in Figure 1 and Figure 2 respectively.










Figure 1
Showing an image of Burj Khalifa in Dubai
[image: u a e, dubai, burj khalifa, architecture, city, building, skyscraper, HD wallpaper]
 (The Burj Khalifa, 2021)

Figure 2
Figure 2 image of Leadenhall in England
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[image: https://i0.wp.com/www.urbanews.fr/wp-content/uploads/2011/01/Leadenhall-Tower-Londres33.jpg]
(Leadenhall Building, 2021)

CASE STUDY 1
The Burj Khalifa is in Dubai, it is not only the tallest concrete framed building but the tallest building in the world at 828m in height. This reinforced concrete building took six years to build from 2004-2010 costing $1.5 billion USD to construct. This multifunctional masterpiece was designed by architect Adrian Smith who stated that the building is a  “A tall tower would not only give the master plan an identity but would also become the identity for EMAAR and the Country of Dubai.” (Berkheimer-Lubeck, 2016)
The Burj Khalifa’s inspiration came from the Hymenocallis or Beach Spider Lily which is a desert flower cultivated in Dubai and spiral minaret which is quite significant in the Islamic culture.
Figure 3 
An overhead view of the Burj Khalifa
[image: Burj Khalifa Facts and Information – The Tower Info]
(Reddit, 2020)





Figure 4 
Hymenocallis or Beach Spider Lily
[image: A white flower with green leaves

Description automatically generated with medium confidence]
(Pintrest, 2017)

Figure 3 and 4 shows the close resemblance the Burj Khalifa has to the Beach Spider Lily. The structure’s primary duty was to become the centerpiece of the developing area it was constructed in and to draw attention to Dubai within the tourism and business sector. Initially, when construction started it was to be 700m in height however the client wanted to go higher, Bill Baker the building’s structural engineer told Building Magazine. (Abrahams, 2010)
The Burj Khalifa is framed with high performance reinforced concrete up to floor 155 out of its 163 habitable floors. The remaining floors and spire are framed with structural steel, still making it a primarily concrete framed building.
The building’s core is described as a “buttressed” core which is hexagonal core reinforced by three buttresses that form a Y shape which is not just an aesthetic but plays a vital role in the stability of the superstructure. The Y shape helps control wind pressure and force especially from the strong North-Easterly and Southern winds experienced in Dubai, this shape redirects the wind which lessens the impact it has on the building. Along with the Y shape the building has curved edges and the cross section is constantly changing to confuse the wind and disrupt harmonic resonance, all these qualities allow the wind to have a lower impact on the structure, allowing such a tall structure to survive in an area prone to high winds and sandstorms. 
The method of cladding was used which is basically adding an extra layer to increase thermal energy efficiency. Aluminum and textured stainless steel spandrel panels and stainless-steel vertical tubular fins were used in the cladding process to cope with Dubai’s extreme summer heat.
The structure also faced problems with building the foundation, with Dubai being within the Arabian desert where the soil is sandy which is not an ideal place for foundation of building of that magnitude. There was also the problem where there is no underlying bedrock to anchor the structure to, added to that under the sand is calcilutite which is still grainy in texture and not stable enough to anchor the structure to. In an interview with Discovery Australia Bill Baker the structural engineer of the Burj Khalifa explains that along with the Y shaped foundation of the structure 194 concrete shafts were drilled in to the calcilutite under the sand which creates friction which prevents the building from sinking or moving. (The Brilliant Engineering Behind Burj Khalifa | Richard Hammond's Big, 2020)




CASE STUDY 2
The Leadenhall building shown in figure 2 above is found in England, London to be specific. This 225m high building with 47 stories was erected to provide office space. This project cost 1.15 GBP and took 3 years (2011-2014) to complete. 
The structure was given the name “Cheese Grater” because of its shape leaning at 10 degrees, the reason for the building’s strange shape is not only based on aesthetic but built in such a way to not destroy the view of the St. Paul’s Cathedral especially from Fleet Street. It will be a total shame to affect this view especially with the history and significance of the cathedral, which forced the architects to come up with this design to give it its shape.
Figure 5
A view of Leadenhall building and St. Paul’s Cathedral from Fleet Street
[image: A large building towers over a city
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(The Leadenhall Building, 2021)
The Leadenhall’s official website sates that more than 80% of the components were prefabricated off site and then delivered to be assembled. 18,000 tons of steel was used, to create the building, it required cranes that can lift 45 tons. At the time the maximum amount a crane could carry was 32 tons, so they got two cranes specially made to lift the required load.
Steve Cork, the Laing O’Rourke director in charge of construction told Building Magazine, that the surrounding operational buildings were a large cause for prefabrication to cut down on noise and vibration. A lot of work was done at night to lessen the noise pollution and vibration the structure’s neighbor will get. He further states that the building is purely steel in frame and no wet concrete was used only concrete planks which were also prefabricated. (lane, 2013)
This structure also used the cladding technique to control the temperature and keep the building cool especially from direct sunlight. 









DISCUSSION
“Concrete is a mixture of cement, aggregates, and water, together with any admixtures which may be added to modify the placing and curing processes or the ultimate physical properties.” (Lyons, 2014, p.81). While steel is an alloy (mixture of two or more metals) of iron and carbon. Both made up of different things.
The concreate used in the Burj Khalifa has a young’s modulus of 43.8KN/mm2   and steel which was used in the Leadenhall building can reach a maximum of 200KN/mm2. This shows that steel when it comes to tensile strength outweighs concrete by far, however because this fact is known the concrete used for the Burj Khalifa’s frame was reinforced with steel to negate this fact. But a building of the Burj Khalifa’s magnitude does not require the amount of elasticity associated with a high young’s modulus, a high young’s modulus equates to more swaying as can be felt in the Eiffel Tower in France.
Concrete suffers from what we call concrete cancer (shown in figure 6) which is where the steel used to reinforce the concrete frame rusts, expands, and causes the concrete to crack from contact with water making the structure weaker. Concrete can also be affected by carbonation where the Carbon dioxide in the air causes the cement to react causing the steel to corrode. These are all measures taken into consideration by the builders of the Burj Khalifa, the high-performance concrete has low permeability and high durability. Dubai is relatively dry however it has groundwater which they investigated and considered.  Once the mix is good the concrete should not experience the problems mentioned. Structural steel also corrodes because it is in fact a metal but by adding protective coatings this can be easily solved.


Figure 6 
Concrete with “concrete cancer”
[image: Concrete Cancer]
(Concrete suffering from concrete cancer, 2016)

Concrete is very harmful to the environment as defined above it is a mixture of most importantly cement and aggregate. Cement production emits a lot of Carbon Dioxide thus harming the Ozone Layer. Mixing concrete requires a fair share of cement and for a project like Burj Khalifa imagine the amount of cement needed to complete that project. Cement cannot be excluded from the mixing process; this will continue to be a problem for the earth because everyday humans build more and more. Also concrete requires aggregate most are gained from mining which destroys the earth surface and causes erosion. Steel also has somewhat the same effect on the environment if not more. The raw material, crude iron ore needs to be mined from the earth which requires blasting, to make steel also the process of converting and added materials to the raw material to make steel releases a lot of carbon emissions which harm the environment.
Steel when compared to concrete outshines when it comes to adaptability and ease of assembly. Steel allows the architect to run wild to try different shapes and angles as seen in the Leadenhall building and the Walt Disney Concert Hall in Los Angles shown in figure 7.
Figure 7
Walt Disney Concert Hall
[image: Gallery of AD Classics: Walt Disney Concert Hall / Frank Gehry - 7]
(Walt Disney Concert Hall, 2013)

Shapes that are impossible to be formed with concrete or extremely hard to be done can be easily done with a steel frame. Steel also has the ease of assembly on its side and the ability to be prefabricated easily. Once the steel frames and shapes have been prefabricated off site it is just left for the steel to be brought and assembled which can be done quite easily once the correct equipment is present and pieces properly measured; in the case of Leadenhall cranes had to be specially made. Concrete unlike steel is quite time consuming with no ease of assembly, the mould must be created it has to be reinforced it has to be mixed, poured, and wait for it to set before anything else can be done on it.
There is also the issue of expense the Burj Khalifa took 1.5 billion USD while Leadenhall Building took 1.15 GBP (1.9 billion USD) to build; Burj Khalifa is more than three times the size of Leadenhall, but it cost less to build. Reason for this being that constructing with steel is more expensive to both build and to transport; because the steel is coming prefabricated and the raw materials are harder to access than those of concrete.
In the case of fire resistance concrete wins, it takes a concrete building almost twice times the time it takes steel to be burnt or rendered useless; if both structures are on fire, you will have more time to save the concrete building than the steel.
Steel is 100% recyclable and, in a world, where pollution is an extreme problem, this helps to reduce pollution; on the other hand, less than 30% of concrete can be recycled. Steel outweighs concrete in its ability to be recycled. 




 




CONCLUSION
Both materials differ in their make-up concrete being a combination of cement water aggregate and steel a makeup of metals. 
	CONCRETE
	STEEL

	Less expensive
	More expensive

	Difficult to assemble
	Ease of assembly

	Low young’s modulus
	High young’s modulus 

	Less than 30% Recyclable 
	100% Recyclable

	Unable to be prefabricated
	Able to be prefabricated 

	Difficult/near impossible to form into certain shapes
	Easy to be formed into different shapes


Figure 8 showing contrasts between concrete and steel
The choice between these two materials for framing must be based on the intended use and magnitude of the building and the surrounding area or structures around the site and this can only be gained by in-depth investigation into the materials available, budget and purpose for the structure. Though steel seems to outshine concrete in more ways it is quite expensive and less sturdy factors that persons will choose concrete. Project budget and purpose are the key factors that will aid in making the decision clearer.
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