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This report aims to cover the structural frames of two existing habitable structures in use around the world today. It aims to cover specific details regarding the use of a steel frame in comparison and contrast to that of a concrete frame and how different climates can affect each one. It aims to cover the impact each material process has on the environment and the sustainability of both building methods. It will also cover the ease of assembly and potential to adapt the building shape. It aims to assess the advantages and disadvantages of each frame and make an accurate conclusion on the findings. 
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[image: Image result for empire state building details]Standing 381 meters high to the architect’s top and 443 meters to the tip, the Empire State building Is still currently the nineth tallest building in the USA. Initially designed by an architectural firm called Shreve, Lamb and Harmon in just two weeks, it is believed to be based on a previous building called the Carew Tower in Ohio which had been previously designed by this company. The makeup of the building consists of a of a riveted steel frame sitting in a 17-meter-deep concrete foundation. A façade of Indiana limestone panels, granite, bricks, aluminium, and stainless steel giving the building its unique pre-World War two art deco look. 
Built during the great depression in 1930-1931, immigrants from Europe were utilised for low cost labour. Up to 3500 people worked on the project. 
Image taken from google (Anon, 2020).                The building has distinctive setbacks as the building rises due to a law at the time trying to reduce building shadows within the city. During the planning stage, long term forecasting for the life cycle of the building was accounted for by ensuring the future intended uses would not be restricted (Rosenburg, 2019).

Contactors Starlett Bros, & Eken were awarded the construction contract. After excavations had been completed, building works started on 17/03/1930. Due to the solid bedrock that underlays New York City it is deemed to be extremely safe from earthquakes and the perfect location for skyscrapers. Due to the population of New York, space for materials proposed a big issue, with the streets being too busy to have millions of bricks and other materials laid about waiting to be used, a specific rail line was proposed that could bring materials to site for the exact time they would need to be used. This rail line was not motorised but did allow for materials to be moved in large quantities without too much manual labour. Excessive materials that did turn up to site where put into a chute and stored in the basement of the site and distributed by crane when required, thus ensuring the streets were kept clear. Precise timing and collaboration between all those working was essential to the smooth running of this project (Rosenburg, 2019). 

210 steel columns give the structure its height with 12 of these running the full height of the building. All steel columns and beams were prefabricated off site and brought to site when required. Once on-site cranes were used to take steel to the required level, and it was then rivetted into place. Due to the size of the project, instead of second-hand equipment being used, all new tools and equipment were purchased specifically for the project. This allowed workers to be more efficient and work quicker without equipment letting them down. Leading to the project being finished just over three months earlier than anticipated. Building an average of four floors a week construction was complete in just one year and 45 days. Costing a total $40,948,900, nearly $10,000,000 lower than anticipated, most likely due to the lowered labour costs due the great depression. 
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The current tallest building in the world located in Dubai, standing at an architectural height of 828 meters is called the Burj Khalifa. Designed by Adrian Smith who was working for the firm of Skidmore, Owings and Merill. The firm that also designed one of the World Trade Centres in New York [image: Image result for the burj khalifa]City. 
Due to the proposed height of the building it needed a new unique structural design. The base consists of a triple lobed footprint, an abstraction of a flower called Hymenocallis flower. As the building rises, setbacks are at different heights, the building shape is curved and there are 27 different levels in the building’s length stopping the wind forming harmonic residence and causing the building to collapse or fall over. (Australia, 2020) was a good source of information to visualise this and was also backed up by (O’Neill, 2020).
There are 192 steel and concrete pile foundations that go to a depth of up to 50 meters with a 3.7-meter-thick solid concrete base sits on top of them. Due to the ground and rock make up underneath the site being consistently poor, the design for the foundations was not for them to sit on a hard rock bed but in fact work as friction piles, Image taken from (Anon, 2020)                  meaning in the design process they had to account for 75mm of settlement. The piles had to be cast in situ and consisted of more than 110,000 tonnes of concrete, this is equivalent to nearly 18 Olympic swimming pools worth. 
The Burj Khalifa consists of 156 floors of reinforced concrete, the remaining 7 floors were made of a lighter structural steel. For the construction of the tower a special concrete had to be made. A unique mix allowed the concrete to stay fluid when being pumped up to record breaking heights and then when in cast, set and cured extremely quick, allowing the frame to be progressed quickly. Averaging a floor every three days towards the end of the build. (Geographic, 2014) was a great source of information on this.
During the peak of the build, over 12,000 workers would be on site working concurrently. An estimated 22,000,000-man hours were put into constructing the Burj Khalifa. Piling officially started in February 2004 and it wasn’t till September 2009 the exterior cladding had been completed and the official opening was in January 2010.
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Steel Frame 
Steel has been used within the construction industry for over a century, mostly because of its proven strength and reliability. Heavy research has been put into steel since it has been identified as a solid framing structure and its reaction to heat and fire is now well understood. The steel columns within the Empire State Building have been encased by concrete protecting them from external elements (Steelconstruction.info, 2021). 
The steel used for the Empire State Building was prefabricated off site to a high standard, building codes and standards ensure that the steels would have been designed to tolerate  corrosion and in areas of risk, barrier paints can be used to ensure the steel does not come into contact with oxygen and water, ensuring it cannot corrode. (Buildusingsteel, 2021).  
Known for its high tensile strength the steel frame in the Empire State Building is more than capable of withstanding the high strength winds that are recorded at the higher levels of New York City. 
Due to New York’s geographical location it is subjected to a sub-tropical climate which include cold winters and warm moist summers. Mould could thrive in these weather conditions and cause problems to structures. However, steel is resistant to mould as it does not provide a food source for it to grow (Buildusingsteel, 2021). 
In 1945 a US B52 bomber crashed into the side of the Empire State building whilst out in heavy fog. Although killing 14 people in this tragedy and the plane directly hitting into the 79th floor, the structural integrity of the frame was not affected, showing just how durable and strong the frame was, (History.com 2020). 

Reinforced Concrete Frame 

Standing 156 stories tall of reinforced concrete the main structure of the Burj Khalifa differs hugely from that of the Empire State Building. The shape of the tower adds to the durability of this building. At 829 meters high, wind speeds can be a serious cause for concern. 26 upward setbacks aide in stopping the pressure of the wind affecting the building and the shear mass and rigidity of the reinforced concrete provides twice the dampening effect compared to that of a steel frame therefore providing a more durable frame against the wind, this will also result in less swaying, which residents of the building will prefer (Nasvik, 2008).
A special concrete mix was used while building the Burj Khalifa. The mix guaranteed low permeability and a higher durability. Concrete to a strength of C80 and C60 was used, this was possible by incorporating fly ash with Portland cement and local aggregates (Arjun, 2021). Ensuring the concrete has low permeability is essential in Dubai due to the occasional storm but more importantly the humidity that comes from the tropical dessert climate. Humidity can have a detrimental effect on concrete. Unlike a steel structure, if moisture manages to penetrate the concrete it can decrease the compressive strength. However, this would have been accounted for in the planning stage for the concrete and the PH level adjusted before the poor to ensure its durability. A special modified super plasticiser was developed by BASF to give the concrete better workability and a better early strength development, meaning it could be pumped and cured better and resulting in a more durable build (Alfred, 2015).
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Steel
The mass production of steel is one that has been going since the late 1850’s making steel widely available since the 1860’s (Services, 2021). Utilising iron ore, coke, and limestone, when added into a furnace creates pig iron, the raw material needed to create steel. By doing this process bi products are created and although they can have other uses, the bi products can have a negative impact on the environment. 
Coke is a result of heating coal until it is carbonised in an oven. During this process emissions into the air include naphthalene, ammonium compounds, crude light oil and sulphur (GreenSpec, 2021). Naphthalene if inhaled in excessive quantities is believed to be linked to cancer (PHE, 2017).
[image: Screen Shot 2019-03-24 at 19.30.16]Mass energy is required during the production of steel in various stages including mining the ore right through to heating in the furnace. Using high levels of energy creates greenhouse gasses and leads to a high output of carbon dioxide into the atmosphere throughout the whole production (GreenSpec, 2021).
Image taken from (Europa, 2019).
The steel and iron industry accounts for 5% of the global CO2 emissions. Averaging 1.9 tonnes of CO2 emitted for every tonne of Steel produced (Europa, 2019). So, although emitting less CO2 then steel per tonne produced, due to the sheer amount of cement produced, the process of using concrete adds nearly double the amount of CO2 into the environment. However almost all biproducts produced within the manufacturing process are used in other processes and very rarely find their way to land fill and 99% of structural steel is recycled or reused when a building is demolished (Steelconstruction.info, 2021).

Concrete
The main structure of the Burj Khalifa consists of concrete. Concrete consists of cement, fine sand and crushed rock mixed with water. Additives can be added to give a desired effect for example, fly ash to improve workability and durability. 
Water, stone, and sand, which makes up to 90% of the weight of concrete, involves burning fossil fuels when gathering them, which only accounts for about 10% the CO2 emissions. Cement, the ingredient that binds concrete together, comes with its own manufacturing process which has strong environmental impacts. There are two keyways that manufacturing cement produces CO2. The first being the burning of fossil fuels that are required to heat the large rotary kiln to produce clinker. The other is when calcium carbonate is heated and broken down to calcium oxide and releases CO2 (Association, 2008). 
On average for every tonne of cement produced, there is one and a quarter tonne of CO2 produced. 2015 saw 4.2 billion tonnes of cement produced globally, resulting in 5.2 Billion tonnes of CO2 emitted from cement production, just under 10% of all CO2 emissions from human sources (Consulting, 2021).
Unlike a steel frame, concrete has limited uses when it comes to being demolished and quite often finds itself being placed into a land fill site. However, a concrete structure is naturally a better insulator then its steel counterpart and can reduce CO2 emissions throughout the life cycle of the building and additives can be used to reduces the ration of cement in the mix (Association, 2008).
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As seen with the time taken to build the Empire State Building, steel framed buildings can be assembled in record breaking speeds with precise accuracy. With steel beams and columns being prefabricated off site, they can be brought to site at the appropriate time and ready to be lifted and bolted, or in the case of the Empire State Building rivetted into place. Steel frame provides extremely little to no waste when being assembled.
Due to the extremely high tensile strength of steel, there is usually long spans between the columns leaving large open spaces, meaning the interior can be easily adapted to client’s requirements. This means there is no need for demolition or redevelopment of the structure and the use of cheaper internal partition walls will drive costs down (Steelconstruction.info, 2021). However, if major structural changes were intended this could be facilitated by bolting or welding on new beams and columns to the existing frame.  
When building a structure with concrete many contractors will often do the concrete work themselves and will not require specialist steel workers to come in for part of the build. This can create more productivity when different teams aren’t waiting for each other. Due to the low tensile strength of concrete spans are much shorter than its steel counterparts, therefore more beams are needed for support as subtract from the floor space within the building (Madsen, 2005). 
Within a steel frame, service holes can be designed into the beams by the architect before fabrication. Once the beam has been fabricated and delivered to site, it is extremely difficult to then alter the beams or columns without affecting its structural properties. However, when using concrete, it can be moulded around service holes and if a design problem occurs on site this can be managed by the team working on it without having to go back to a factory. 
Once a concrete structure has set, alter the shape or design of the building becomes to difficult, whereas steel structures are more adaptable then their solid counterparts.
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	Variable
	Steel
	Concrete

	






Durability and climatic resistance.
	Pros:

Heavily researched.
Strong tensile strength.
Prefabricated to high standards.
Ductile and resist the winds energy.
Consistently high standard steels.

Cons:

Requires fire proofing.







	Pros:

Shear mass and rigidity when set provides strength.
Additives to improve permeability and durability.
Extremely high compressive strength.
Natural fire retardant.
Mould resistant.

Cons:

Mixes can vary is workability and strength.
Each pour requires testing on site.


	








Environmental Impact
	Pros: 	

99% of structural steel is now recycled.
Nearly all bi-products have other uses.
Easily demolished and reused.




Cons:

5% of the global CO2 emissions.
1.9 tonnes CO2 for every tonne of steel produced.
Transportation of steels requires a lot of fossil fuels.
	Pros:

Local sources can be used for aggregates.
Additives can bring the cement content down.
Easier transportation.
Good insulator, lower running costs of services.
Rebar is usually recycled steel.

Cons: 

10% of the global CO2 emissions.
1.25 tonnes of CO2 for every tonne of cement produced.
Harder to recycle, often found in landfill sites.



	











Assembly and Adaptation  
	Pros:

Can be assembled extremely fast and accurately.
Long spans give more internal space. 
Structural extensions can be welded to the existing frame.
Service holes can be prefabricated into the structure.
High level quality control.
Can be assembled in all weather conditions.





Cons:

Specialist team required to assemble.
If mistakes in sizing occur, then it is required to go back to the factory.
Extremely hard to make changes to the steels.
Cranes required to lift steels into place.
	Pros:

Can be moulded to the required shape.
Most contractors can carry out the work themselves without the need for specialist teams.
Problems with the design can be sorted on site. 
Additives can speed up the build.
Pumps can be used to get the concrete to the required level while the crane is utilised elsewhere.
Services can be added where required.
Easily sourced and accessible.

Cons:

Unable to change structure once set.
Shear weight can increase settlement and require bigger foundations.
Can be produced by semi-skilled workers.
Must be assembled in fair weather conditions.






As seen throughout this report, both framing materials have extremely valuable uses within the construction sector and when compared to each other, it helps to highlight key areas for comparison. When designing a superstructure, it is essential to choose the material best suited to the design, climatic area and value for money. 
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Fiqure 5: The steel making process creates emissions both during the preparation of materials and iron and steelmaking.




image1.jpeg




image2.jpeg




