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Question:   
Through your own research, select two existing habitable buildings from around the world, one of Concrete frame, one of Steel frame and report on the details of their original design planning, construction method and potential impact in consideration of social and environmental sustainability, at the site of the build. 
Your case studies should then analyse the framing material of each building by COMPARING and CONTRASTING them in the following areas: 
 
1. The frames likely durability and climatic resistance, given the environmental 
    conditions the site is exposed to. 
2. The likely impact the framing material's original production process would have 
    had on the environment, with particular reference to resource use in manufacture 
    and in bi-products produced.  
3. The frames ease of assembly, and the potential ease of its adaptation to 
    different building shape and use, within the total life cycle of the building. 
Include photographs and tabled data of your case study choices and comparisons in contrast, to enhance and justify your presentation and argument within the written text. 











Burj Khalifa- Concrete Frame
For my concrete frame research I have chosen to focus my efforts on the “Burj Khalifa” in Dubai. The “Burj Khalifa” is the tallest building in the world, that stands at 828m high. The tower is used for residential apartments and is occupied by corporate officers. Due to the height of the building and climate of Dubai, environmental problems such as wind and heat would have needed to be considered during the planning phase.
1.
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The Burj Khalifa consists of a Y shaped floor plan. The Y shaped structure was used because it allows a full view of the Persian gulf, the shape, accompanied with the upward setbacks, make the structure more resistant to wind, due to the tripod like stance of the building. 
The structural system employed for Burj Khalifa is known as a Buttressed Core System. The system is constructed by using high performance concrete wall. Each wing supports the other through a hexagonal central core.
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Description automatically generated]The central core is designed to be resistant to twisting, which is prone, if part of the building is damaged by wind. whereas the structure itself is designed to be more resistant to wind.


The structure of the Burj Khalifa is supported by a large reinforced concrete raft. This raft is in turn supported by bored reinforced concrete piles. The raft has a thickness of 3.7m and was constructed in four separate pours.
There were 194 piles used in total. The piles were 1.5m in diameter and have a length of 43m. Each pile has a capacity of 3000 tons.
Dubai has a 5.9 magnitude standard for its taller buildings, in case of any earthquakes. Due to the mass dampener equipped within the structure, the Burj Khalifa can withstand tremors up to a magnitude of 7.0. In 2008 during its construction, the Burj remained intact and unharmed after tremors from the Iran earthquake. 

2.
 Around 330,000 M^3 of concrete was used to construct the Burj Khalifa. Concrete is composed of cement, water, sand and gravel. The production of cement causes a lot of harm to the environment. Cement is made from raw materials that must be extracted from a quarry, such as limestone, clay, shells, shay, slate, silica sand and iron ore. These materials are extracted by machinery that run off fossil fuels that damage the Earth’s atmosphere. The materials then need to be crushed using more machinery; after this process the crushed materials are burned in a furnace that results in the creation of Co2 which is a pollutant. 
Machinery is also used to stop concrete hardening, this again uses energy and gives off pollution. As concrete is very heavy, machinery will also have to be used to transport precast concrete to and around the site.

3. 
As the building is so large, the concrete frame took a very long time to complete. Concrete piling commenced in February 2004, with the superstructure started in March 2005; it took until April 2008 to finish the frame and structure for all 160 levels. 
 As the average temperature in Dubai is so high( ), there were high chances of shrinkage in the concrete, which can cause cracks. The concrete pouring was carried out in the night, due to the temperature being cooler. Ice was also added to the concrete mix to make it the desired temperature, to stop cracking. This would have made the construction process lengthier as work could only be completed at certain times of the day.
To access the higher levels, the largest concrete pumps in the world were used to pump concrete to heights up to 600 m in one stage. Two of these large pumps were required for this.
To withstand the excessive pressure caused due to the building weight, special concrete mixes were employed. Every batch was tested before placing, adding to assembly time.
It would be hard to adapt the structure of the building due to the shape of the frame. The frame has been specifically designed to be wind resistant, changes made to the design could cause torsion in the building’s core. Also, as the building is so tall, numerous resources would be needed to make changes. Concrete framing is extremely heavy, thus making it harder to assemble, due to the concrete, when set, it becomes very hard and strong; it would need to be destroyed for changes to be made, depending on what adaptations are under way.


Empire state building- steel frame
For my steel frame research I wanted to choose another sky scraper. So I have chosen the 102 story, empire state building. What once was the world tallest building was constructed in 1931, the inside of the building is used mainly as office space. With its tip included it stands at 443.20 m high.
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The Empire state building was designed to be able to handle its gravitational stresses and wind loads, by the riveted steel frame design. The steel beams and columns form a 3d grid within the construction. The foundation that the steel frame is stood on consists of 60,000 tons of steel.
The vertical frame consists of 210 steel columns, 12 of these columns run up the entire building. Other columns run from 6-8 stories in length.
As New York’s climate can range from very low to very high temperatures, the building had to be made strong and resilient to all weathers. The steel columns were encased in concrete, making the building stronger. The steel columns were also fireproof in case of any emergencies.
The frame and building itself has a symmetrical shape. Due to its short base, the frame has setbacks; these being the 21st, 25th, 30th, 72nd, 81st, and 85th storeys which are all set back from the level below. This makes the frame more resistant to wind, while also making the structure itself sturdier, as the gravitational stress is eased from heavy loads at the top of the building.

2.
The Empire state building consists of 60,000 tons of steel. Steel production impacts the environment in many ways. Iron ore is the main ingredient in steel production, iron ore needs to be mined from the earth. From the over 2000 million tons of iron that is mined every year, 95% is used by the steel industry.
The mining of iron ore consumes a lot of energy, from using diesel generators, trucks and other pieces of machinery. These machines all emit nitrous oxide, carbon dioxide, carbon monoxide and sulphur dioxide, which pollute the earth and are harmful to the environment.
Another environmental problem caused by the mining of iron is water pollution of heavy metals and acid that drains from the mines. The acid drainage process can continue for thousands of years after mining has taken place. 
The process of getting steel from iron ore consumes a lot of energy. The production of steel is the most energy consuming and CO2 releasing industrial process in the world. For a ton of steel to be produced, around 20 gigajoules of energy is needed. Three quarters of this energy is used on burning coal. These coal ovens require large amounts of coke, that is extremely damaging to the environment. The ovens also release air pollution that is highly toxic and causes cancer.
Although the creation of steel is harmful to the environment, it is very sustainable. Steel is recyclable and can be collected from old buildings, machinery and other products. Steel is very strong and durable, so less steel is needed to create structures, in comparison to concrete or wood. It also does not give off any hazardous chemicals, meaning that workers can work in a safe environment. 

3.
Due to the Empire State Buildings steel frame, the building only took 1 year and 45 days to build. The structural steel was prefabricated and pre-ordered to the standard of the city’s new building code, reducing the amount of steel needed for the building. Several derricks were used to transport steel girders up to higher floors as girders could not be raised more than 30 storeys at a time.

Builders placed the first steel columns on the completed footing on March 17th. Instillation of steel framework first took place on April 1st, construction took place at a very fast pace, 14 floors were built in the space of 10 days. On September 19th, the steel structure was completed, 23 weeks after construction stared and ahead of schedule.

Comparison
1-Durability
Concrete and steel frames are both very strong. A concrete frame offers better protection against fire and water. Water can cause a steel frame to corrode which makes the frame weaker and puts it at risk of cracking. Also, steel isn’t flame retardant, which means during a fire the steel frame may become weaker and lose its stiffness, at very high temperatures. Flame retardant coatings can be applied to the steel to minimise the changes of these effects.
Concrete has a high compressive strength, although unlike steel it does not have a very high textile strength. If concrete needs elasticity, it will need to be reinforced with steel rebar. Whereas a steel frame will not.
Both frame designs appear to be working successfully as there has been no problems due to environmental issues.
…
2-Environmental
Both concrete and steel use a vast amount of energy during there manufacture, concrete and steel both require raw materials that are mined from the earth. The machinery used while mining, emits a range of harmful pollutants.  Both steel and concrete are mad using coke furnaces that do a lot of harm to the environment by emitting these harmful, toxic gasses. Although a concrete frame would use a lower amount of iron ore in compared to a steel frame, meaning that more gasses would be produced in the manufacture of steel. 
Concrete recycling is on the rise, many waste materials can actually be used in the concrete mix. Although issues such as moisture content make this an unviable option. On the other hand steel is 100% recyclable, a lot of steel used to make buildings is recycled and will more than likely be recycled again in the future. 
The fact that steel is 100% recyclable in my opinion makes it superior over concrete from an environmental point of view.
3-Ease of erection
Steel frames are known for being able to construct very quickly, this is because a lot of steel framework turns up at the site prefabricated. Meaning that its just a case of assembling parts of the frame. Whereas a concrete frame, although sometimes can be precast usually take longer as the concrete frame will have to be made on site. 
In Terms of weight, steel is 65% lighter than concrete meaning that it can be moved around a lot easier. Meaning that labour costs will be a lot lower as with steel the job can be completed relatively quickly. Although lower skilled workers can work with concrete, whereas steel workers are harder to come by. As steel is lighter it may also mean that the frame may be placed on a cheaper foundation system.
Concrete needs to be in a suitable temperature to set correctly. If its too hot or too cold the concrete is at risk off cracking. Steel on the other hand can theoretically be set up whenever.
Although a concrete frame in most cases takes longer, concrete can be cast in relatively any shape, whereas steel, although is flexible cant retain some of the shapes concrete can. 
In terms of modification to a concrete frame, in most cases parts of the frame will have to be destroyed and taken down, where as a steel frame can be modified by adding other beams or removing them a lot easier.
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