 Building Materials Science
Sean Hazelby
Alan Nantel
2460 words


[image: See the source image]








	































(beach, 2017)




Contents
Introduction	3
Burj Khalifa	3
1.	Environmental adaptions	3
2.	Social impacts	4
3.	Concrete Frame	4
4.	Concrete Production	4
5.	Fire safety	4
6.	Durability	4
7.	Cost	5
8.	Buildability	5
Leadenhall Building	5
1.	Environmental Adaptions	5
2.	Social impacts	6
3.	Steel Frame	6
4.	Steel Production	7
5.	Fire safety	7
6.	Durability	8
7.	Cost	8
8.	Buildability	8
Comparison	8
Conclusion	9
Reference list	10





















[bookmark: _Toc65604097]Introduction
In this case study I will be studying two buildings of modern architecture that are famous and well known for their innovative designs. The two I have selected is the Leadenhall building in London and the Burj Khalifa in Dubai. Both are fantastic examples of creativity and pushing boundaries to the full. In this case study I shall be comparing the two structurally, environmentally, socially and their sustainability.
[bookmark: _Toc65604098]Burj Khalifa
The Burj Khalifa currently stands as the highest building in the world at a hight of 828m tall. This a ground-breaking achievement in modern architectural terms as the amount of work that was put into such a project was unlike any other to date. The building is unique and it the punctuation to the Dubai skyline which brings in millions of tourists every year.

[image: See the source image]
(Adventures, 2021)
1. [bookmark: _Toc65604099]Environmental adaptions
At a hight of nearly a kilometre tall there are some issues that arise. One of these issues is the wind. The higher up you build, the more the wind can apply forces like tension and shaer to a building. The problem with most skyscrapers is the fact that the wind has a good grip on the building due to its flat surface areas whereas the Burj Khalifa is made into unpredictable shapes and corners so the wind can’t get a grip on the building and apply stress. The problem with most skyscrapers is at higher hights the wind will cause the building to sway, making office settings impossible to work in (Feblowitz, 2010). 
The building has a very deep foundation to compensate for the weight of the building and due to the sandy ground conditions.
The glass curtain walls used for the buildings have been adapted to the local climate, which is a hot, bright, and harsh one. The building needs to be cool on the inside.
2. [bookmark: _Toc65604100]Social impacts
The Burj Khalifa created jobs for thousands of people locally and from abroad. By having the frame made from concrete, more jobs are created than a method of steel frame. There is much more manual work that needs to be done when dealing with concrete than of steel. Concrete requires a vast workforce to complete. 
3. [bookmark: _Toc65604101]Concrete Frame
The Burj Khalifa is an example of a concrete frame building to a top-class standard. Concrete is a revolutionary framing material which has granted access to new hights unseen before at skyscraper level. Concrete is a compound which is insurmountably strong under compression thus giving it a great potential for high rise buildings. Along with a deep foundation, concrete framing is very effective at taking the weight of buildings such as the Burj Khalifa. 
Concrete although strong under compression is week under tension thus making it unsuitable in areas where the building may move laterally such as earthquake prone or high winds areas. To combat this, the concrete must be reinforced with steel. This gives a much more stable compound under the force of tension.
4. [bookmark: _Toc65604102]Concrete Production
Concrete has been around for centuries which debunks the common myth that concrete is a modern method of construction. It was first used and utilized by the Romans which even to this day their structures are still standing, proving its effectiveness. Portland cement is the most common method and was used for the Burj Khalifa. It is manufactured by burning a mix of limestone along with clay or shale. It will be burned in a kiln at temperatures of around 1500 degrees Celsius. Then intergrading the resulting clinker with a small amount of gypsum (Direct, 2019).

Concrete is made up of sand, Portland cement, water, and small stones/crushed rocks. The small stones aggregate gives the mix more strength as it can bind it’s self together easier. This will make the mix strong and reliable. We can also add additives to the mix to affect the setting time; if we want a longer setting time, we use gypsum retardant. If we want a shorter setting time, we use accelerators.

The hardening of the cement happens when its particles react with the water inside the mix. This forms bonds between the two elements and causes it to harden. The concrete will take 24-48 hours to harden and will fully set after 28 days. After cement is fully set; it is very hard to alter or demolish as concrete gets stronger as time moves on. An issue is the transport. Instead of it being off site, usually it mixed on site using mixer lorries. This takes time and relies a good supply of ingredients along with competent persons to carry out the task. It will be pumped up to the floor needed. 
(PowerBlanket, 2021)
5. [bookmark: _Toc65604103]Fire safety
Concrete is good under fire outbreaks. It won’t melt and will hold its shape must longer than steel would. “In fire, concrete performs well – both as an engineered structure, and as a material in its own right. It has the highest fire resistance classification (class AI) under EN 13501-1:2007- A1:2009” (MPA, 2021). This is clear that concrete is very reliable under fire. Concrete loses it’s supportive at 650 degrees Celsius.  Concrete has low costs for fire proofing which will save a project money.
6. [bookmark: _Toc65604104]Durability
Concrete is very durable and can last hundreds of years but only if the compound is mixed to the correct spec ratio. Concrete is a compound in which it gains strength as time goes on. It will require low maintenance over its life cycle but is not durable in environmental terms due to its insanely high CO2 production rate.
7. [bookmark: _Toc65604105]Cost
Although the maintenance costs for concrete are very low, the total cost of building a frame from concrete is very expensive due to its bad strength to weight ratio. This means a large quantity of concrete must be present to be the strength needed. It is also costly due to the manpower needed to install. This involves having to pay more wages then installing a steel frame.
8. [bookmark: _Toc65604106]Buildability
Concrete requires manpower and more personnel than steel would. To make the concrete more buildable it involves adding a lot more water. The more water in the mix, the easier it is to work with, but this means it will be weaker when set. The correct balance is key. Once set, the concrete will not require a lot of maintenance. Unfortunately, Installing services on a concrete frame is difficult. The services tend to be in the centre of the building which makes it harder to access and construct with ease. This was the case for the Burj Khalifa.
[bookmark: _Toc65604107]Leadenhall Building
The Leadenhall building in London which is also known as the ‘cheese grater’ due to its shape stands as one of the landmarks to London’s Skyline and compliments other buildings around it. It stands at a hight of 224m tall along with 52 floors of workspace. Its shape is revolutionary as they had to modify a lot of the standard building practices to make it work i.e the uneven weight distribution.
[image: ] (Grozdanic, 2013)
1. [bookmark: _Toc65604108]Environmental Adaptions
One of the distinct features of the Leadenhall building is the shape. This is with great reason as the building must comply with London’s planning permission which states that the view of St Pauls cathedral must be protected. By having the building in this shape, means the view will not be obstructed. Also, the services are placed on the back of the building to enhance office space. This means there is a lot of weight on the back of building, so it was purposely leaned in the opposite direction to sink back towards the services to a level point.
2. [bookmark: _Toc65604109]Social impacts
The Leadenhall project created jobs for locals and foreign workers. A steel frame will not create as many jobs as concrete will. This is because a steel frame requires less personnel to install. For steel framing, you will need a couple of crane drivers along with a group of people to fit the frame. This is far less than that of a concrete frame. This project made use of off-site construction, with the frame being manufactured in Ireland. It was then shipped to London. The lorry would have to deliver at night due to traffic.
3. [bookmark: _Toc65604110]Steel Frame
The Leadenhall building is a great example of the variety steel has to offer. Steel can be easily moulded into different shapes which gives it the upper hand on concrete in this area. The Leadenhall buildings ‘cheese grater’ shape wouldn’t have been possible without steel as an option. Steel gives great versatility for a city’s skyline and a durable and totally recyclable material to build from as it can be reused in other projects or even in things like cars after being used. Steel is also a very strong and reliable material as it has a high strength to weight ratio thus making it strong in low quantities making it suitable for sites like the Leadenhall where there is not a lot of surface area to build from.
[image: The Leadenhall building's steel mega-frame during construction]
(Phillips, 2014)

As is seen in the image above, the design of the steel is very innovative and unlike anything ever built before. A steel frame offers flexibility which is great for earthquake prone areas such as San Francisco. Having flex in the frame ensures that the building can absorb the force of an earthquake without collapsing. Having flex is not always a positive as it can have issues with wind.
4. [bookmark: _Toc65604111]Steel Production
Steel is a modern method of construction which has opened many doors for the industry. Steel is produced in a blast furnace which is very effective. The blast furnace will use iron ore, coke, and limestone to produce the pig iron needed. Coal is a vital part of the production of coke. Coal is crushed into powder and put into the oven where there are heats of around 982 degrees C with the absence of any oxygen. The coal will begin to melt thus getting rid of volatile matter like oil, tar, nitrogen, sulphur, and hydrogen. When the coal is cooked it is known as coke; and will be removed from the kiln after about 18-24 hours. The newly produced coke will be cooled cut up into smaller pieces ranging from 1 inch to 4 inches. Coke is a hard-black rock with vastly high carbon levels of around 90% of the rock being carbon. This is a much stronger version of coal. The large fragments of coke with high energy value will provide permeability, heat and the gases that are essential to melt the iron ore, pellets, and sinter (Institute, 2020).

This is a highly polluting process which is an environmental negative. The large amounts of CO2 produced will accelerate the natural process of global warming. This however is still nowhere near as bad as concrete production. Another problem with the production of steel is that its manufactured in Ireland or China mostly. This means we not only have the costs and environmental issues of producing the alloy, but to ship it across the world also. This has become the new trend as China leads as the world’s top steel industry produce.

[image: ]
(Peiser, 2015)
5. [bookmark: _Toc65604112]Fire safety
Steel is known for its poor performance with fire. Steel needs a lot of fireproofing which is very costly. Unfortunately, under intense heat steel is known to buckle which is a serious hazard for obvious reasons. We all have seen the destressing evens of 9/11 where the jet fuelled fires inside the twin towers caused the frame of the building to buckle and later collapse to the ground killing thousands of people. To combat the risk of fire, there needs to be fireproofing in the frame.
“The strength of steel remains essentially unchanged until about 600°F. The steel retains about 50% of its strength at 1100°F…all capacity is lost at about 2200°F.” (AISC, 2003).

	Fahrenheit
	Celsius

	600
	315.6

	1100
	593.3

	2200
	1204.4



It is very important that fire the proofing offers protection against the framing superstructure or the effects could be devastating.
6. [bookmark: _Toc65604113]Durability
Steel is very durable as a material. Steel can be moulded into any shape even after it has been used thus making it very recyclable Steel is very durable in terms of Leadenhall, the low salt in the air will mean it will not rust. However, the process of making the steel is not durable due to its high CO2 production rate. It is also not a renewable source as the iron ore is mined from the ground.
7. [bookmark: _Toc65604114]Cost
Steel is a very costly building material. Steel is not only expensive to produce but is also expensive to deliver. Steel is predominantly manufactured in China and Ireland and must be shipped over to the UK. Steel is the overall more costly material to build out of.
8. [bookmark: _Toc65604115]Buildability
Steel will mainly consist of off-site construction. This makes it easier due to no weather delays in comparison to concreate. This makes the project run smoother due to less delays. 
Steel is a very adaptable and is much easier to add/change parts of the frame than that of concrete. Steel also has a great ability to install services with ease. This was the case for the Leadenhall building. Services were separated to the back of the building. This was only possible due to the versatility and adaption ability of steel. 

[bookmark: _Toc65604116]Comparison

[image: See the source image]

Both methods require a lot of energy to produce. 1 tonne of Steel requires 5x the energy than 1 tonne of timber frame while 1 tonne of Concrete requires 24x the energy needed to produce 1 tonne of timber. Concrete is far worse than steel as it produces a lot more greenhouse emissions and seriously effects the environment
(homes, 2013).







	Concrete Frame
	Steel Frame

	More suited for skyscraper due to the tensile strength of concrete under the force of compression. Offers great strength at hight such as the Burj Khalifa.
	More suited lower high-rise buildings due to it being flexy by nature thus having impacts from wind. Loses strength quicker than concreate at hight due to it being weaker.

	Not suitable for earthquake prone areas due to poor flexibility of concrete therefore will be places generally in places where seismic activity is not an issue. Concrete is very weak under tension which is why it is not suited for earthquakes.
	Very suitable for earthquake prone areas due to steels flexy quality and ability to move thus absorbing forces of nature. Doesn’t have to be earthquake prone to use steel such as London.

	Wet material which makes it harder to use. It means it must be pumped up numerous stories which is very costly fir time and money. This was the case for The Burj Khalifa
	Dry material which means its construction method it easier. Panels are lifted by crane. This is a highly effective method and lots of work can be done in a short space of time.

	Creates more jobs because of the need of manpower. Burj Khalifa project had 12,000 people on site throughout its building prosses.
	Requires less personnel for installation thus creating less jobs 

	Very hard to change and adapt after completion due to strength of concrete
	Steel very easy to adapt/take down due to bolting method of fixing

	The best building material under fire. Holds strength well and for a long period of time.
	Very and fire performance. Steel buckles and therefore must have a lot of fireproofing which is costly.

	Concrete has a huge Co2 emissions output. This is mostly from the production of it. 
	Steel has a huge Co2 output, but this is nowhere near the amount that concrete produces. Steel produces less Co2 than concrete.

	Very expensive but not as expensive as steel
	More costly than concrete due to, mining, producing, and shipping across the world.

	Concrete requires a lot of space. The Burj Khalifa has nothing around it in the immediate area. You need a lot of room for concrete in general due to the silo lorries than have que up along with the pumping stations.

	Steel doesn’t require a lot of space to build in. This is because of offsite construction and the fact that no concrete mixing on site. This means there is more room – which was a problem for Leadenhall. 

	Concrete is hard to install services due to how concrete is so unadaptable after the setting time is up. Services are places in the centre of the building to stabilize but this makes it hard to install services than it would using a steel method.
	Ease of services install to a streel building is easier than concrete due to the versatility steel has to offer thus making it easier to adapt. In this case of Leadenhall, services were only moved to the back due to the ease of adapting that steel has to offer.

	Dimension quality of concrete is good but is tricky due to the wet nature of the mix. There is a possibility of edges of the shape to be lower than the centre due to gravity.
	Better dimension quality as it can be very accurate by using a bolting method of fixing.

	Concrete suited for the harsher environment in this case the Burj Khalifa in the Dubai desert. Must combat heavy winds and sandstorms. It also must be able to support its own weight as the environment is made up of sand. The Burj Khalifa has plenty of room to facilitate a concrete frame which is a fleet of mixing lorries along with facilities for the thousands of workers.
	Steel is more suited for the Leadenhall building in the environment of London. There was not enough room for a fleet of lorries or a vast facility for the workers on site as there were other buildings surrounding it. This is more suited for steel as it doesn’t require a large amount of room to operate compared to concrete.


689 words


[bookmark: _Toc65604117]Conclusion  
Both materials have their benefits and setbacks. You cannot say which is better in general as it totally depends on the project. Both are fantastic examples of construction for high rise buildings and will continue to be for years to come.
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