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[bookmark: _Toc65005532]Introduction 
Depending on the environment in which a building is constructed will determine the design planning, construction method and potential impact of social and environmental sustainability at the site of the build. Haseeb (2017) stated that the Burj Khalifa was developed with a rising “Y” shaped plan, which was used to shape the structural core of the building. whereas the 30 St Mary Axe (Gherkin) has a circular structure, that widens in shape as it rises and then narrows towards the top (Archinomy, 2011). An analysis of the framing material of each building will be completed to assess the environmental sustainability of both buildings and will be reported.
[bookmark: _Toc65005533]1.0 Concrete Frame – Burj Khalifa
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1.1 The Design Plan
Skidmore, Owings & Merrill were the architecture firm behind the design and engineering of the Burj Khalifa. They developed what has become known as a rising “Y” shaped plan, which was used to shape the structural core of the building (CW Staff, 2018). Many of the key considerations were the impact of wind forces. The design employs a ‘buttressed core’, which has each wing of the building buttressing the others via a six-sided central core. It is this central core that provides the structure’s torsional resistance. The design of wall and corridor intersections means that all the vertical concrete is used to support both gravity and lateral loads. As the building spirals in height, the wings set back to provide many different floor plates. This stepping and shaping of the tower have the effect of disrupting the flow of the wind over the height of the building. At the highest point of the Burj Khalifa, it can sway up to one and a half meters.
[bookmark: _Toc65005535]1.2 Construction Method  
[bookmark: _Toc65005536]1.2.1 Foundations
[image: ]The Tower foundations consist of a pile supported raft foundation. The solid reinforced concrete raft (the mat) is 3.7 meters thick and was poured utilizing C50 self-consolidating concrete. The raft was assembled in four separate pours, the three wings first then the centre core. Each raft pour happened over at least a 24-hour period. Over 45,000m3 of concrete with an approximate weight of around 110,000 tonnes were used to construct the concrete foundation. Around 192 piles were buried more than 50 metres deep, the pile load test supported over 6,000 tonnes. The C60 is the cube strength. Self-consolidating concrete was placed by using the tremie method utilizing polymer slurry. The Burj Khalifa’s construction would have used around 330,000 m3 of concrete and 39,000 tonnes steel rebar. Haseeb (2017) proposes that a high density, low permeability concrete was used in the foundations, as well as a cathodic protection system under the mat of the building which is 3.7m thick and was constructed in four separate pours totalling 12,500m³ of concrete. This is done to counter the effects of the highly corrosive ground water. The thickness and size of the column walls were adjusted to decrease the impact of concrete shrinkage and creep. To decrease the impact of differential column curbing between internal walls and outside columns, the size of the boundary columns was changed to suit the gravity stress acting on the tower due to its own weight.
[bookmark: _Toc65005537]1.2.2 External Cladding
[image: ]The external cladding of the Burj Khalifa began in May 2007. The total weight of aluminium used on Burj Khalifa is equal to that of five A380 aircraft. The exterior cladding is made up of reflective glazing with aluminium and textured stainless-steel spandrel panels and stainless steel vertical tubular fins. Close to 26,000 glass panels, each individually hand-cut, were used in the exterior cladding of the tower. CW Staff (2018) states that over 300 cladding specialists from China were brought in to do the work. The cladding system is designed to resist Dubai's extreme summer heat, and to further ensure its reliability, an airplane engine was used for dynamic wind and water testing.
[bookmark: _Toc65005538]1.3 Durability
According to Ireland (2019), durability is defined as the capability to last an amount of time before significant deterioration. Mocan (2021) shows us that the durability of concrete means that once constructed there is very little maintenance as concrete can last up to around100 years or more when properly maintained, even when faced with the most severe weather conditions. It is also far more resistant to pests such as termites than other structures. Haseeb (2017) suggests that due to the long life of most concrete structure the material impact on the environment is kept to an absolute minimum. 
[bookmark: _Toc65005539]1.4 Climatic Resistance
Ireland (2019) suggests that the concrete has little to no organic content and is resistant to deterioration due to rot or rusting by in hot, humid climates which is ideal for our example. Moisture can only enter a building through joints between the concrete elements. Annual inspection and repair of joints will minimize this potential. More importantly, if moisture does enter through joints, it will not damage the concrete. Walls need to breathe, or concrete will dry out if not covered by impermeable membranes.


[bookmark: _Toc65005540]1.5 Ease of assembly 
According to Design Building (2018), concrete has two different types: precast and prestressed. Prestressed concrete was used for the Burj Khalifa because it is a structural material that allows for prearranged, manufacturing stresses to be placed in members to counteract the stresses when a load occurs It combines the high strength and compressive properties of the properties with the help of the tensile strength of steel. 
[bookmark: _Toc65005541]1.6 Social & Environmental Factors
[image: ]The Burj Khalifa being built would have brought a lot of tourism to Dubai for its unique structure and aesthetically pleasing design. As well as just tourism it would generate a new workforce within the area and would also massively help the economy by generating money. There are also negatives to the building of the structure. The concrete content being one of the main factors because it would have had a big contribution to the carbon footprint within the area as it produces carbon dioxide. Concrete does not 'burn' but it loses structural integrity at 650 degrees C due to internal expansions. It was thought that one reason why the concrete core of the Twin Towers collapsed was due to the intense heat of the plane fuel (1200 degree C) being alite across many levels internally. In 2018 the standardised mix value was 72.1 kg CO2/tonne for concrete. In 2018 CO2 emissions were at 80.2kg CO2/tonne of concrete. This is a reduction of 15% from 94.7kg CO2/tonnes. 





[bookmark: _Toc65005542]2.0 Steel Frame – 30 St Mary Axe (The Gherkin)
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[bookmark: _Toc65005543]2.1 Design Plan 
[image: ]The design has a circular plan, that widens in shape as it rises and then narrows towards the top, giving it the distinctive shape (Archinomy, 2011). The Burj Khalifa, which has a ‘Y’ shape structure due to the height and weight of the building whereas the Gherkin has an oval shape for wind transfer around the building. However, despite the building’s curved glass shape, the only piece of curved glass is the cap at the very top. The shape of the tower is influenced by the physical environment of the city. The internal structure of the building comprises of conventional steel beams and columns with composite profiled decking floors. The shape of the building allows wind to travel around the building and is made up of 2 structures which compared to the concrete frame example uses rotated floor levels to control the wind traveling around the building. The two types of structure stated above are diagrid and the central core. The diagrid reacts to the building’s curved shape and provides vertical support to the floors so allowing large internal column free office space it also resembles an ‘A’ shape. 


[bookmark: _Toc65005544]2.2 Foundations
Pile foundations would have been used. The piles were around 25m in depth 2.5 feet in diameter and around 333 no. piles were installed. All this took place within 1 working day to create a monolithic foundation as well as to suit site restrictions. Much like the Burj Khalifa, Poulos (2016) found that the pile foundation needs to be designed to carry a significant load. The Gherkin uses steel frame and is known for its fast erection on site and its flexibility compared to concrete and can allow the building to be constructed a lot quicker. Which would reduce labour costs massively in comparison with concrete which is a lot more time consuming. 
[bookmark: _Toc65005545]2.3 Glass
[image: ]The building structure makes it look like there is curved glass throughout the building. However, there is only 1 piece of curved glass and it’s the lens at the top. Which is 2.4m in diameter and weighs roughly around 250kg. the glass dome provides a 360-degree view of London. Bengani (2015) found that the outer glass is openable which allows air to transfer from the outer skin to the inner skin. 7429 glass panels were used for the external skin which they were all made from recycled glass panels. Compared to the Burj Khalifa around 26,000 individually hand cut glass panels were used in the exterior cladding of the tower. However, the Burj Khalifa used a steel rebar so the glass would have been fixed slightly different. 


[bookmark: _Toc65005546]2.4 External Cladding & Façade
The external cladding was a fully glazed double skinned façade made from around 5,500 flat triangle and diamond shaped glass panels (Bengani, 2015). These metal and glass prefabricated panels are fixed to the diagrid shown in the design plan section. Archinomy (2008) told us that the façade is cladding with double glazed glass that is filled with argon. The frame of the façade was made of extruded aluminium. The façade used perforate aluminium louvers which acted as an internal sunscreen. 
[image: ]
[bookmark: _Toc65005547]2.5 Durability 
Steel construction (2021) expresses that steel-framed structures are highly durable and decay or age as fast as other construction materials, with a longer life cycle before refurbishment is required. Buildings that can be easily adapted, avoid costly and environmentally harmful demolition and redevelopment. Steel’s inherent adaptability and flexibility also means that future changes or extensions can be carried out with minimal disruption and cost. Bengani (2015) shows that steel requires fire protection whereas within the Burj Khalifa concrete frame this is inherent, which is one of the most important comparisons. Prefabrication of steel can allow thin film intumescent coatings to be applied offsite. Also, concrete is strong in compression but weak in tension. Steel is incorporated in concrete as a reinforcing material as steel makes up for the tension weakness.
[bookmark: _Toc65005548]2.6 Climatic Resistance
Weather is a key consideration when deciding the type of construction method. Concrete has its advantages as well as its disadvantages. In harsh winter weathers and cold temperatures, which is common in the U.K, it is possible and often likely that the concrete will not set properly. However, the environment in Dubai has a much higher temperature and poses different risks than when pouring concrete in the UK. In hot climates, it is possible that concrete shrinkage can occur where the concrete cracks because of it setting too quickly. 
[bookmark: _Toc65005549]2.7 Ease of assembly
Steel structures can be erected quickly, the accuracy of steel components speeds up the process. The speed of erection is often one of the main criteria for selecting steel this is because of its quick lead time turn around. In many city projects, it is also important to reduce disruption to nearby buildings and roads which was important for the construction of the Gherkin due to it’s central location in the UK’s capitol. All steel structural elements can be fabricated to tight tolerances before delivery to site, facilitating rapid and waste-free assembly. From the very beginning, specialist designers work with the construction team to ensure that the steel frame design can be manufactured and erected safely. Erection procedures can be planned in detail using 3D models (SteelConstructionInfo, 2021).
[image: ]2.8 Environmental
The building maximises the use of natural light and ventilation. Its design allows in extra daylight, reducing the need for artificial light. Skanska (2008) suggests that the Gherkin was designed to increase the flow of air through the building, reducing the use of air conditioning. It is also aerodynamically designed to reduce the wind load on the structure, whilst the lower part of the building narrows so the wind wraps around the tower. Sensors make sure the lights are only on when they need to be. The façade design has advanced glazing technologies which provides 85% solar protection. Bengani (2015) shows the ventilation layout between office floors. Steel can be multicycled several times with no significant effect on its properties. When a steel-framed building is demolished, its components can be reused or returned to the steelmaking process to create brand new components. In the UK, 96% of steel construction components are recovered in this way. Globally, recycled steel accounts for 50% of new steel production. Sustainable Concrete (2019) suggests that in 2018 concrete gave off 80.2kg CO2/tonne, in comparison to steel which emits 1.9 tonne of CO2 for every tonne of steel produced, averaging around 5% of the global CO2 emissions. Steel is around 60% more lightweight in comparison to concrete. 
[bookmark: _Toc65005550]2.9 Social
[image: ]The social impact of the gherkin would be the work force it created; 4000 jobs were created as well as this around 118 bicycle spaces which is 3 times more than the legal limit (Bengani, 2015). As it has no car parking space for employees and visitors it would encourage employees to cycle to help the carbon footprint. The building has a restaurant which is a popular tourist attraction due to the buildings unusual shape, which would also bring in revenue. 





[bookmark: _Toc65005551]Conclusion 
This report compares the design planning, construction methods and potential social and environmental factors of two structures. The framing materials of each building were analysed to identify the similarities and differences. The design planning and construction methods took into consideration the frames durability and climatic resistance given the sites conditions. As well as the impact of the production process would have had on the environment and the potential ease of assembly and its adaptation to the different building shape and use within the total life cycle of the building. It has been found that while both structures have very different construction processes and environmental impacts, the design and construction of each site were the optimal processes based on the factors identified throughout.
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