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[bookmark: _Toc121323740]Material Science and Building Services – Construction Materials (max. word count – 2500)
[bookmark: _Toc121323741]A.1 - Summary of the Task Description
Using my own research, I should find and select a habitable building from anywhere in the world that is constructed from Steel Frame, and I should identify details of its original design planning, construction method, and any potential impact in consideration of social and environmental sustainability at the site of the build. There are four main body questions that I will answer, and these are;
[bookmark: _Toc121323742]A.1.1 - The frame’s durability and climactic resistance to the environmental conditions in which it is situated

[bookmark: _Toc121323743]A.1.2 - The materials’ original production process, and any impacts this would have on the social and ecological environment. What is used in the steel manufacturing process? Are there any dangerous or harmful bi-products?

[bookmark: _Toc121323744]A.1.3 - How easy is the steel frame to assemble? What are the positives of Steel Frame in terms of ease of adaption to a new shape or use, and the positives in terms of building services, all when compared to the concrete frame

[bookmark: _Toc121323745]A.1.4 - What are the properties of steel frames against wind loading? How can this be remedied by adapting the design of the frame?

[bookmark: _Toc121323746][image: ]B.1 - What is Steel in Construction?
Steel is identified in three different classifications. These are Ferrous, whose metals contain iron. Non Ferrous, whose metals do not contain iron. And finally Alloys, which are a mixture of two or more metals to improve or add properties to the existing metals. Steel is an alloy of Iron and Carbon. Iron Carbide is very hard and brittle due to its microstructure in sheets interwoven with iron to form Pearlite. This is what gives the steel its characteristic strength and durability.
[bookmark: _Toc121323747]C.1 - What is Steel Frame in buildings?
Steel frame buildings are most popular in cities, steel frames are used because they are light in proportion to their strength, they are a precise and predictable material to use, they’re quick to erect, and they’re recyclable. Steel frame buildings have been used in the UK since the start of the 20th century. This has meant that they have built up a reputation to be strong and durable. To insulate steel frame buildings though, we must use loose-fill insulation, this is relatively cheap and does the job well however, the best performance spray foam insulation is expensive, but it will keep the building insulated throughout the year. A disadvantage to steel frame buildings is that they have a tendency to corrode and rust, this depends on the environment. If it is near the sea or in a wetter climate it will be more prone to rust than if it was situated in a more stable, dry, and warmer climate further inland. Another disadvantage is that in the case of a fire, the steel would lose strength and start to deform.
[bookmark: _Toc121323748]D.1 - Selection of Steel Frame building to research
Steel is used in many, many buildings around the world. Some popular examples are The Empire State Building in New York, the Burj Khalifa in Dubai, and the Shun Hing Square Tower in Shenzhen, China to name a few. The noticeable similarities between these examples are that they are all high-rise buildings or skyscrapers, this is down to the fact that steel is incredibly strong, easy to fabricate to fit the required size and steel is highly resistant to fire, reducing the fire risk of the building by retarding the spread of the fire, meaning people have more time to evacuate or control the fire, etc.
The Steel Frame building I am choosing is the Burj Khalifa in Dubai. “It’s the tallest building in the world at 820 meters to its topmost floor and 10 more meters to its tip. This building is made from reinforced steel and took five years to build. When it was opened in 2009, it grabbed international fame and put the city of Dubai in the instant limelight. The tower has 163 floors. It is so tall that flights had to be rerouted while taking off and landing in Dubai to keep them away from the tower. The Burj Khalifa has a “bundled tube design” to compensate for its height.” 
[bookmark: _Toc121323749]E.1 - Durability and Climactic Resistance to the Environmental Conditions
Depending on where the steel frame building is located, there are remedies to ensure that the building is suitable enough to withstand the environmental conditions it will be facing. For example, if it is situated in a damp climate, the steel frame will have to be coated to prevent rust or corrosion. 
[bookmark: _Toc121323750]E.2 – What are the climatic challenges and environmental conditions and how are these remedied?
The climate in Dubai is very hot and dry all year round. This means that on the hottest days steel can heat up and has the potential to expand, and start to soften which means the strength will considerably decrease, and the steel can even start to lose its oxidation resistance. To battle this, Chromium and Nickel are added to the formation of the steel alloy. Chromium adds to the high-temperature strength as well as the Carburization Resistance. Nickel when added to steel alloys, increases ductility, and high-temperature strength and much like Chromium maximizes resistance to Carburization but also maximizes resistance to Nitriding. 
Another challenge the Burj Khalifa faces is high winds. This is due to the extreme height of the building which stands at a huge 830m (2725ft). There will be a section on wind loading and remedies later in the report.  
[bookmark: _Toc121323751]F.1 – What was the steel’s original manufacturing and production process?
These days, to make steel the two manufacturing processes are using a Blast Furnace, or an Electric Arc Furnace (EAF). Blast Furnaces mainly use raw materials such as iron ore, limestone, and coke as well as some scrap steel. Whereas Electric Arc Furnaces use mainly scrap steel.
The most common knowledge process to make steel however is in a Blast Furnace. “The modern blast furnace is a large steel shell shaped like a cylinder and lined with heat-resistant brick. Iron ore, coke, and limestone are fed into the furnace from the top and gradually sink down towards the bottom, getting hotter as they descend. In the top half of the furnace, gas from the burning coke releases oxygen from the iron ore. In the bottom half of the furnace, limestone starts to react with the impurities in the ore and coke forming a slag. At the bottom of the furnace, temperatures reach over 3000 Fahrenheit. The molten slag floats on top of the molten steel, allowing it to be drained via a slag notch in the furnace. The molten steel is released from the hearth of the furnace through a tap hole.”
[bookmark: _Toc121323752]F.2 - Were there any impacts on a social and environmental environment?
When the Burj Khalifa was completed, it had no solar panels at all. At peak times, the estimated electricity usage was 40,000 kilowatts, this is roughly the equivalent of half a million light bulbs on at the same time. They have found a more sustainable solution to gather electricity in recent years, by harnessing solar energy and utilizing Dubai’s year-round sunny, dry climate. 
The Burj Khalifa also used a vast amount of steel in its construction. 40,000 tons of steel were used, and barely any of it was recycled. This means that there was a lot of carbon dioxide released in the creation of the steel as well as the actual construction of the building. Carbon Dioxide is one of the harmful bi-products of the manufacturing of Steel.
A social impact the construction of the Burj Khalifa had was that the flight paths of planes flying in and out of the Dubai Airport had to be changed due to the sheer height of the building. This is not as bad as it also created more than 900 residences and can hold up to 10,000 people at one time. 
Figures from - Did Burj Khalifa have a negative impact on the environment? - Answers
[bookmark: _Toc121323753]F.3 – Are there any harmful bi-products from the manufacturing process of the steel?
When making Steel, there are a few harmful bi-products that are produced as a result. The 3 major bi-products that are the most harmful are Carbon Monoxide, Carbon Dioxide, and Wastewater. 
Carbon Monoxide and Carbon Dioxide are greenhouse gases. This means that they accelerate global warming, and the production of Steel contributes a massive portion. For every 1 tonne of Steel that is produced, roughly 1.75 tonnes of Carbon Dioxide and Carbon Monoxide are produced. Thankfully, a firm in Korea has innovated a way to create Steel and create 90% fewer greenhouse gases. This has not been tried a tested yet however, so it may be a few years before this is rolled out worldwide. Wastewater is more directly harmful to humans and the environment than the atmosphere like the Greenhouse Gases. A lot of the wastewater comes from the coking process which releases highly toxic chemicals into the water, and a lot of them are cancerous for humans such as; cyanide, sulphides, ammonia, and ammonium.
[bookmark: _Toc121323754]G.1 – How easy are steel frames to assemble?
Steel Frames are typically incredibly easy to assemble. They are either welded together, fabricated in a way that they slot together like timber frames, or are pre-fabricated or pre-cast off-site and sections of the buildings are ready to be put in place right away. For the Burj Khalifa, I’d imagine they’d go down the pre-fabrication route due to the extreme height they would be working at, they can bring it to site already made up for a certain section, and lift it into place. This is great because the steelwork can be inspected and thoroughly checked on the ground before transport, after transport, and also when attached to the building. The only problem with Steel Frames are that the transportation usually costs a lot more due to the heavier load and bigger surface area of pre-cast sections.
[bookmark: _Toc121323755]G.2 – What are the positives of using a Steel Frame over a Concrete Frame?
The main advantages of using Steel frames over Concrete frames are Safety, Workability, Strength, and Intricacy. For an example of an advantage when it comes to strength, Steel is better when you have designed higher ceilings as it can hold the weight of the building up to 300ft without needing any interior load-bearing columns. An example of Safety is in Earthquake regions, the ductility of the Steel Frames would absorb the energy and movement of the Earthquake which is why they allow for slight rotation in the joints of Steel Frame buildings in these regions. Steel Framed buildings can also have more intricate designs than those Concrete Buildings, although the concrete is moulded, some designs like balconies or overhangs would need cantilevers and this becomes expensive when made out of concrete.
[bookmark: _Toc121323756]H.1 – What are the properties that steel frames have against Wind Loading?
Steel is the best of any other building material when it comes to overcoming wind loading. Mostly down to the Steels strength-to-weight ratio, this is also helped by the quality of the Steel itself. 
There are three different types of wind loads on buildings that the steel would have to be designed to withstand, these are;
· Shear Load – This is the horizontal wind pressure, to simplify, it’s the load that would cause the building to lean.
· Lateral Load – This is a push and pull force, this can shift a building off its foundation if the foundation is found to not be suitable for the local wind pressures.
· Uplift Load – This is the uplifting pressure of winds. This can ‘grab hold’ of overhangs on roofs etc. and lift them up and away from the walls.
[bookmark: _Toc121323757]H.2 – Are there any remedies that can be designed to help overcome problems with Wind Loading?
[image: ]In High Rise buildings such as the Burj Khalifa, movement is allowed within the joints of the Steel Beams, this allows the ductility of the metal to be used and harnessed to the designer’s advantage. This is also why high-rise buildings move a few inches, maybe feet in high winds. Another remedy for high wind loading is the ingredients of the steel. The steel has got to be Ductile, as well as just as strong as beforehand. When thinking of the composition of the Steel, they must take this formula into equation to see whether or not the Steel will be strong enough.
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G.2 — What are the positives of using a Steel Frame over a Concrete Frame?

The main advantages of using Steel frames over Concrete frames are Safety, Workability, Strength,
and Intricacy. For an example of an advantage when it comes to strength, Steel is better when you
have designed higher ceilings as it can hold the weight of the building up to 300ft without needing
any interior load-bearing columns. An example of Safety is in Earthquake regions, the ductility of the
Steel Frames would absorb the energy and movement of the Earthquake which is why they allow for
slight rotation in the joints of Steel Frame buildings in these regions. Steel Framed buildings can also
have more intricate designs than those Concrete Buildings, although the concrete is moulded, some
designs like balconies or overhangs would need cantilevers and this becomes expensive when made

out of concrete.

H.1—What are the properties that steel frames have against Wind Loading?
Steel is the best of any other building material when it comes to overcoming wind loading. Mostly
down to the Steels strength-to-weight ratio, this is also helped by the quality of the Steel itself.

H.2 — Are there any remedies that can be designed to help overcome problems with
Wind Loading?
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along with their windows and doors, stand up to basic wind speeds, and more extreme forces?

This blog post will discuss the benefits of steel buildings and how they withstand wind loads better
than other types of building materials.

THE ULTIMATE GUIDE TO STEEL
BUILDING WIND LOAD CALCULATIONS

The wind load on a building is the force that atmospheric pressure, acting against the exterior of the
structure, exerts on its surface. While steel buildings are engineered to handle this type of force
better than other materials (like wood or concrete), it's still important to calculate wind loads before

designing your project so you can be confident in using steel construction.

Despite the fact that wind loads can be calculated from wind speed, building designers, engineers,
and builders must complete several extra computations to guarantee their structures don't collapse
in a strong wind.

The most basic formula for wind load is Force = Area x Pressure x Cd, where Cd is the drag
coefficient.

Generally, the drag coefficient for a single building in the United States is about 0.85 — which means
that every square foot of surface area on your structure will experience 85 pounds of pressure from
wind. This number can increase depending on factors like height and roof overhangs.

TYPES OF WIND LOAD FORCES ON BUILDINGS:

« Shear Load - The wind pressure that is horizontal and could cause a structure to lean.
« Lateral Load - The push and pull force that may cause a building to shift off its foundation.

« Uplift Load - This refers to the lifting effects induced by pressures from wind flow.
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