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1.0 Executive Summary 

This report aims to examine and compare the use of steel and concrete as framing materials for the Burj Khalifa & Wills Tower. 




2.0 Terms of Reference 

2.1   The principal focus is:

2.1.1 Outlining the chosen building, reporting on their original design, construction and Impact. 

2.1.2 Their likely durability and climatic resistance, given the environmental
    conditions they are exposed to at the site.

2.1.3 The likely impact of the frame material's original production
     process on the environment.

2.1.4 The frames ease of assembly and the potential ease of its adaptation to
    different building shape and use, within the life cycle of the building.



2.2    The report was constrained by the information given and researched and the need to complete it by 14th January 2020. 




3.0  Procedure


This section identifies the research sources used. 

3.1:  The research included secondary sources on the chosen buildings and their material from websites and textbooks set out in the references. 










4.0 Findings 


4.1 Wills Tower - Chicago 

[bookmark: _Hlk29747109]Wills Tower formally known as ‘Sears Tower’ is the former tallest steel frame building in the world located in the heart of down town Chicago. The 110- story building was built in 1969 originally to house Sears company’s 350,000 employees. (Wills Tower, 2020)

4.1.1 Construction 

It was designed by architectural firm Skidmore, Owings and Merrill.  Unlike any other sky scrapers before, the Wills tower was the first of its design to use a ‘braced tube’ idea which was initiated by Fazlur Kahn, a structural engineer at Skidmore who first came up with the idea from a pack of cigarettes. Kahn designed a bundled tube system made up of nine tubes, combined in three’s which all connected to act as a single unit which support one and other. The core behind this idea was that it moved the skeleton of the building to the perimeter freeing the building from the traditional rectangular shape. (Youtube.com, 2020) 
Over the duration of the build it consisted of 2000 workers, 76,000 tons of steel and $175m of total investment before it was finally ready. (Wills Tower, 2020)


4.1.2: Sustainability 

On completion of the Wills tower, it stood the tallest building in the world, this was a monumental achievement at the time for Chicago and more so for Sears, a Chicago based company who built the tower as they believed it was there way of giving back to the community. Economically it proved a huge investment, providing jobs as it would now have an office space capacity enough for 15,000 employees. The Wills tower also has a sky deck which attracts more than 1.7million visitors annually. (Wills Tower, 2020)

4.1.3 Environment 

In 2018, the Wills Tower completed a green renovation programme. The programme has already proved a huge success cutting the buildings original energy consumption by a third. (Office, 2020) They have introduced schemes for all tenants to try and incentivise them to live a healthier life style through bike riding programmes and encouraging hybrid cars. (Wills Tower, 2020) Wills tower strives among other top American skyscrapers in increasing energy and water efficiency and reducing waste. The building saves 10 million gallons of water each year by relying on reduced water flow fixtures and through the recycling programme recycles 2103 tons of waste annually. (Wills Tower, 2020) Its’s due to these changes that the wills tower has been awarded a ‘LEED’ (Leader in Energy and Environmental Design) certificate. 




4.2 Burj Khalifa – Dubai 

The Burj Khalif  is currently the tallest manmade building in the world and the entire system is a reinforced concrete tower structure. The impressive design stands at over 828 meters high and was originally built as a means to diversify the traditional oil-based economy to be more tourist orientated. After taking over 6 years to complete with over 1200 workers each day the building it was finally completed in 2010. (Burjkhalifa.ae, 2020)

4.2.1 Construction 

Like the Wills tower, the Burj Khalifa was also designed by Skidmore, Owings and Merrill. The architecture of the building is designed around the Hymenocallis flower or spider lily as its otherwise known. [endnoteRef:1](Burjkhalifa.ae, 2020) It is the regional desert flower that gave inspiration to the architect of the building Adrian Smith. (See appendix 1) (Burjkhalifa.ae, 2020) [1: 
Aggregate Research International. (2020). Recycled Aggregates in Concrete • Aggregate Research International. [online] Available at: https://www.aggregateresearch.com/news/recycled-aggregates-in-concrete/ 

Aya Lowe and Samia Badih, S. (2020). Burj Khalifa is an outstanding example of sustainable architecture. [online] Gulfnews.com. Available at: http://gulfnews.com/business/general/burj-khalifa-is-an-outstanding-example-of-sustainable-architecture-1.563396 

ArabianBusiness.com. (2020). How the Burj was built. [online] Available at: https://www.arabianbusiness.com/how-burj-was-built-9706.html 

Ameinfo.com. (2020). Business Real Estate News | Technology | Travel Guide. [online] Available at: http://www.ameinfo.com/228756.html 
] 

Whilst being designed around this Hymenocallis flower, the core of the building is made up of a ‘Y’ Shaped frame structure, with three wings springing from a hexagonal core. This not only benefits the aesthetics and functional advantages but the ‘Y’ is much more suited to the structural core of the Burj Khalifa and grants stability with its great heights.[endnoteRef:2] (Burjkhalifa.ae, 2020)  [2: Burjkhalifa.ae. (2020). Architectural, Construction & Building Design| Burj Khalifa. [online] Available at: https://www.burjkhalifa.ae/en/the-tower/design-construction/ 

Burjkhalifa.ae. (2020). State-of-the-Art & Structural Design Elements | Burj Khalifa. [online] Available at: https://www.burjkhalifa.ae/en/the-tower/structures/ 

Burjkhalifa.ae. (2020). The Inspiring Story Behind the World's Tallest Tower | Burj Khalifa. [online] Available at: https://www.burjkhalifa.ae/en/stories 

Bedell, G. (2020). Dubai's Burj Khalifa | Architecture review. [online] the Guardian. Available at: https://www.theguardian.com/culture/2010/jan/10/burj-khalifa-dubai-skyscraper-architecture

Beyer, G. (2012). Wood and climate change. Tackle Climate Change. Retrieved from http://www.cei-bois.org/files/BuildWithWood.PDF

The Constructor. (2020). Structural Details of Burj Khalifa - Concrete Grade and Foundations. [online] Available at: https://theconstructor.org/structures/structural-details-burj-khalifa-concrete-grade-foundations/20512/ 

Collins, M. (2020). High strength concrete. [online] Concrete.org.uk. Available at: http://www.concrete.org.uk/fingertips-nuggets.asp?cmd=display&id=528 

Ciria.org. (2020). How Peter Irvin saved Burj Khalifa from the Wind. [online] Available at: https://www.ciria.org/News/blog/Peter_Irwin_wind_blog.aspx 

Construction Project Management, Home Build and Renovation Books. (2020). #7 Construction Challenges Faced by Burj Khalifa – The Tallest Skyscraper. [online] Available at: https://www.pn-projectmanagement.com/construction-management-blog/7-construction-challenges-faced-by-burj-khalifa-the-tallest-skyscraper# 

Engineering-timelines.com. (2020). Engineering Timelines - Burj Khalifa. [online] Available at: http://www.engineering-timelines.com/scripts/engineeringItem.asp?id=1440 

Huovila, P., Ala-Juusela, M., Melchert, L., & Pouffary, S. (2009). Buildings and Climate Change.  United Nations Environment Programme. Retrieved from http://www.unep.org/sbci/pdfs/SBCI-BCCSummary.pdf

magebuildingsystems.com. (2020). Steel 101: The Durability of Steel - Image Building Systems - Arizona Steel Buildings. [online] Available at: https://imagebuildingsystems.com/steel-101-the-durability-of-steel/ 


Office, E. (2020). Willis Tower Receives LEED Certification for Sustainability Achievements. [online] Prnewswire.com. Available at: https://www.prnewswire.com/news-releases/willis-tower-receives-leed-certification-for-sustainability-achievements-300744211.html 

Shams, S., Mahmud, K., & Amin, M. A. (2011). A comparative analysis of building materials for sustainable construction with emphasis on CO2 reduction

Sites.psu.edu. (2020). Burj Khalifa, The Tallest Building in The World | Vinicius Design. [online] Available at: https://sites.psu.edu/vdesign/2013/09/09/burj-khalifa-the-tallest-building-in-the-world/ 

Smartwaste.co.uk. (2020). [online] Available at: http://www.smartwaste.co.uk/filelibrary/True%20Cost%20of%20Waste/Concrete_information_page.pdf 

Time Out Dubai. (2020). Burj Khalifa impact. [online] Available at: https://www.timeoutdubai.com/knowledge/news/12651-burj-khalifa-impact 

Wills Tower. (2020). Wills Tower History and Facts. [online] Available at: https://www.willistower.com/history-and-facts.

Watts, J. (2020). Concrete the most destrcutive material on earth. Guardian. [online] Available at: https://www.theguardian.com/cities/2019/feb/25/concrete-the-most-destructive-material-on-earth 

Worldsteel.org. (2020). 10 reasons to use steel in residential construction. [online] Available at: https://www.worldsteel.org/steel-by-topic/steel-markets/buildings-and-infrastructure/residential-housing.html%20-%20%20%20%20%20For%20question%203 

] 


The Burj Khalifa also adapts a ‘Buttressed Core system’ which is constructed through the use of a high-performance concrete wall. (The Constructor, 2020)
This high strength concrete (HSC) is defined as ‘concrete with a specified characteristic cube strength between 60 and 100 N/mm2  (Collins, 2020)
The concrete cube strength used on the Burj Khalifa is C80 and achieved by incorporating fly ash, Portland cement and local aggregates with a young’s modulus of 43800N/mm2. (The Constructor, 2020


4.2.2 Sustainability 

” Sustainable architecture means creating designs that become buildings and objects whose values will also have meaning in the future, – Sasha Ivanovich, director of Singapore Institute of Architects.” In terms of sustainability, the Burj Khalifa is able to accommodate around 30,000 people, this means it occupies less space while accommodating more people. It’s important that these new designs are challenging old methods of construction, as experimenting with new ideas can also have a positive effect on society.

On completion of the Burj Khalifa, Dubai leader Sheikh Mohammed said "UAE is a strong country thanks to its leadership, people, economy and infrastructure". He also said that the country was "robust" and able to "confront any challenge". (Time Out Dubai, 2020) 



4.2.3 Environment 

Dubai being located in the desert means that there is not much in the way of natural resources. It’s said the Burj Khalifas air conditioning system is the equivalent of melting 12,500 tons of ice a day which city with the world’s highest per capita carbon footprint is just contributing to a an already extremely high pollution rate. (Bedell, 2020) According to the project designers the buildings botanical gardens and series of manmade lakes were designed to be environmentally friendly as possible. One way they are achieving this is through using an estimated 15,000 litres of water that is produced through condensation and collected through the air conditioning. (Sites.psu.edu, 2020)
The Burj Khalifa also uses solar panels to generate energy. Helping to save up to 3,200kw of energy. (Ameinfo.com, 2020) 




4.3 Durability and climatic resistance given the environmental conditions they are exposed to at the site.  

“First thing you need to understand in general is, you need to be very respectful of the laws of the nature like wind, heat and the gravity.  When the skyscrapers reach this height, the most dangerous and unpredictable element is wind. - George Efstathiou, Managing Architect at Skidmore, Owings and Merrill LLP
 
One of the reasons why Chicago is nicknamed the ‘Windy city’ is because of the strong winds that blow off lake Michigan. Due to the winds acting as a horizontal force from the side, without a solid construction the building will simply not withstand the force of the winds.  In order to build higher yet main structural integrity a skeletal steel frame was used to structure the building. Shifting the traditional steel frame from the inside to the outside. (Youtube.com, 2020)
Skeletal systems are made up of columns and beams to distribute the weight of the building horizontally and vertically which was then made more efficient when the bracing was added to help resist even more force. It was from this the ‘braced tube’ idea was initiated by Kahn. Khan had very cleverly designed the tubes to rise to four different heights (see appendix 2), this variation in tube heights helps to disrupt the force of the air currents, ultimately reducing stress of wind. (The Constructor, 2020)

The Burj Khalifa also adopted a similar approach, after a series of wind tunnel tests, the wind engineering team concluded that in order to achieve an aerodynamic skyscraper, reducing the width of the tower at higher levels and reorientation the tower relative to the prevailing wind directions was required through adopting the ‘Y’ structure. However, in contrast to Wills tower, through the use of the concrete structure, the central core of the building is more resistant towards the torsional resistance (Load that is applied through torque). (The Constructor, 2020)
The structure is designed to counter wind force and similar effects, this is done through the use of the corridor walls that run from the central core to the wings, at the end through the use of hammer walls. They are thickened and as a result they resist the wind shears by acting like the web and the flanges of the beams. (The Constructor, 2020)

Other environmental conditions that challenges Chicago are the freezing winters with high snow fall. Due to steels high durability it is able to withstand its freezing winters and warm summers. Durability is an important design consideration, steel will last long but should be treated regularly to keep it from corrosion. This however would be costly.
Concrete is the most durable between the two materials and will not be affected as badly by moist and insects. The material won’t require maintenance like steel in regular intervals. (Anon, 2015)
As discussed in section 4.2, due to the C80 high strength concrete used on the Burj Khalifa it guarantees low permeability and high durability. At the site, the ground water was found to be corrosive, with concentrations of chloride up to 4.5% and sulphates up to 6%. (Aldred 2010) Anti-corrosion measures to tackle this included increased concrete cover and corrosion inhibitors that were added to the concrete mix. (Aldred 2010) Steel however is very corrosion resistant due to the fact that it is alloyed with carbon and heated so that it can bond, it’s because of this its resistance to corrosion is so high. (Imagebuildingsystems.com, 2020)


4.4 The likely impact of the frames material’s original production process on the environment.

It is estimated that buildings contribute to almost one third of total global greenhouse gases, the majority is through the use of fossil fuels during the operational stage phase (Huovila, Ala-Juusela, Melchert, & Pouffary, 2009)

These statistics are currently viewed as non-sustainable. Looking at the production process of both materials, the manufacture, transport and installation is all very high in energy consumption. Concrete is considered to be the material that contains the greatest amount of carbon due to the energy and fossil fuel intensive production process. (Shams et al, 2011). Given the Burj Khalifas construction used 330,000m3 of concrete it would have had a significant impact on the environment. 
As we can see from appendix 3 that the reliance on concrete is huge and it’s this reliance which is what makes its impact so substantial. 











	Steel 

	· Climate Change – Steel production and the greenhouse gases that are associated with CO2 emissions linked to energy consumption. (Watts, 2019)


	· Emissions to air – Coke production is the most harmful results from steel production. The environmental impacts from the integrated steel mills are a result from the coke and iron making.  (Smartwaste.co.uk, 2020)


	· Emissions to water – There is large amounts of water used to cool off the coke, through this the water then becomes polluted.


	· Waste - Gaseous emissions and metal dust are the most prominent sources of waste produced during the production process. (Watts, 2019)



Table 1 – Shows the impact of steel on four key areas. 























Table 2 – Shows the impact of steel on four key areas. 

	Concrete 

	· Climate Change - This is due to the burning of the fossil fuels to heat the kilns to achieve the reaction temperatures and breaking down the calcium carbonate into calcium oxide and CO2.  


	
· Emissions to air – Cements production process is the third highest producer of anthropogenic CO2 after transport and energy. The largest part of this is due to the manufacture of clinker.


	· Emissions to water – Concrete uses almost 10% of the world’s industrial water, 75% of this consumption is in drought and water stressed areas. (Watts, 2019)


	· Waste – Air emissions, wastewater streams and kiln dusts are all results of concrete production. (Smartwaste.co.uk, 2020)




























In terms of recycling, steel is the most environmentally friendly material. It can be recycled endlessly without loss of properties, saving the use of natural resources. A total of more than 30% of new steel in the industry being made from recycled steel. (Worldsteel.org, 2020)
Concrete on the other hand can also be recycled by being converted into recycled aggregates that can be then used once again in the construction industry. Of this recycled aggregate roughly between 10-20% is beneficial. (Aggregate Research International, 2020) This however is reducing the pressure on landfill sites but in comparison to steel does show that concrete have more unsustainable impact. 


4.5 The frames ease of assembly and the potential ease of its adaptation to different building shape and use, within the life cycle of the building.

When constructing the Burj Khalifa, the ease of assembly was tested by the environmental conditions. Due to the high temperatures, there was a risk of cracks in the concrete due to shrinkage. As a means to tackling this issue the pouring was done during the night as the temperature was cooler, they also added ice to the concrete mix further facilitate the temperature. (The Constructor, 2020)

In order to pump the concrete up to a height of 600m the largest pumps in the world were used. It’s due to this pumping system which allowed the Burj Khalifa to be the world’s tallest concrete structure. BASF’s admixture glenium sky 504 (ArabianBusiness.com, 2020) allowed the concrete to be worked on for more than three hours before hardening took place.
It was not only the pumps however, prefabrication was used through the use of kangaroo cranes, the team built the moulds at the base, inserted steel reinforcement bars then poured the concrete in. After the concrete had set, the team would lift the moulds to the next level then repeat. (Construction Project Management, Home Build and Renovation Books, 2020)
In comparison to the Wills tower, who also adopted a prefabrication method of assembly. In order to streamline the production process, structural units called ‘Christmas trees’ (illustrated in figure 3) were constructed off site allowing for a 95% reduction in welding on site. (Ali ) 
[image: http://khan.princeton.edu/images/khanSears3.jpg]
Given that welding on site is the most costly and time-consuming element of steel structure construction this process would have save huge amounts of money. As the Wills tower used a bundled tube system, the nine sections could be assembled by each section. 
This method has proved more cost effective and time efficient than the concrete frame of the Burj Khalifa.  




Figure 3 – Prefabricated beams (Christmas trees) 

5.0 Conclusion 


Both steel and concrete are two very durable framing materials, each suited to the Wills Tower and Burj Khalifa given their location. They both face similar environmental conditions in terms of wind and weather to which they both combat the issues in similar ways. Where the two materials differ is that concrete has a much large impact on the environment. Given steel can be recycled this makes it much more sustainable. The design of any sky scraper can be achieved through either the use of steel or concrete, but in terms of impact and sustainability, steel would be the better option. 























 

















6.0 Appendices 


  
     Appendix 1. 
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Appendix 2 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/9/9e/Willis_Tower_tube_structure.svg/1920px-Willis_Tower_tube_structure.svg.png]






Appendix 3 










[image: http://www.greenspec.co.uk/images/web/materials/greeningofconcrete/cementincrease.gif]
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