Assignment 1 
Material Science and Building Services

Steel framed building
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For this Assignment I will be gathering research on two existing habitable buildings from around the world. The assignment will include one building made from a concrete frame and another building made from a steel frame. I will be writing a report on the details of their original design planning, construction and their potential impact, with consideration to sustainability at the site of the build.

My aim in the case studies is to analyse the framing material of each building by comparing and contrasting them. I will be following three comparing and contrasting areas. The first area is the two buildings likely durability and climatic resistance, given the environmental conditions they are exposed to at the site. The second area is their likely impact of the frame material’s original production process on the environment. The final area I will be explaining is the frames ease of assembly and the potential ease of its adaption to different building shape and use, within the life cycle of the building.

I will be including photographs, table data, further research for my case study choices and comparing in contrast, to enhance and justify my presentation and argument within the written text.

	
Steel frame building

For this assignment I will be using the Willis Tower (formerly Sears Tower) as my steel framed building. The tower consists of a structural steel frame, that was assembled in sections by cranes. It was then bolted and in place on site. The architects used a lightweight building skin. They used black aluminium and bronze-tinted glare reducing glass. These serve as an insulator between the exterior and interior walls to maintain a constant temperature. This will in turn minimize the expansion and contraction of the building frame. 
Willis tower under construction and the Willis Tower now
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Flickr. (2020). Sears Tower under construction. [online] Available at: https://www.flickr.com/photos/uicdigital/5432761026/in/photostream/ [Accessed 14 Jan. 2020].
ArchDaily. (2020). AD Classics: Willis Tower (Sears Tower) / SOM. [online] Available at: https://www.archdaily.com/62410/ad-classics-willis-tower-sears-tower-skidmore-owings-merrill [Accessed 14 Jan. 2020].


Structurally, the building undertook the method of bundled tube construction. The Willis tower is used up with nine bundled structural tubes. These tubes rest on reinforced concrete caissons that go down to bedrock. The concrete caissons are tied down by a reinforced concrete mat. 

The tower is an iconic structural design. The structure was conceived as a direct result of the client's space requirements. Designers and architects were asked to develop a building that not only had a very large office floors which are used for company operators but also a number of smaller floors for tenants. 

‘The basic structure developed for this program of the tower consists of nine 75-foot-by-75-foot column-free square tubes at the base, forming a cellular-tube frame. Floor sizes were reduced by eliminating 75-foot-by-75-foot increments at varying levels. I gathered this information from SOM. (2020). Willis Tower (formerly Sears Tower) – Structural Engineering. [online] Available at: https://www.som.com/projects/willis_tower_formerly_sears_tower__structural_engineering [Accessed 14 Jan. 2020].



As we now, out of the variety of common metals. Aluminium and copper have the highest thermal conductivity. steel and bronze have the lowest. 
Steel is a poor conductor of heat and is ideal for high temperature environment such as Chicago in the summer. Temperatures can reach up to 28 degrees centigrade.  The bronze tinted glass reduces the heat conducting into the tower.  
Structural steel has a multiple of reasons that makes it such an attractive material when building from start to finish. These reasons are:
· Sustainability
· Affordability
· Durability

You can build faster with steel
Time has always equalled money. Steel is cut and pre-engineered to a specific design inside the manufacturing plant. Steel is then shipped out, ready to be erected. This process speeds up construction time significantly. With the process being quicker it makes it possible to complete large-scale projects in a few months.
Steels fabrication process is highly quality-controlled. Workers can place their attention on pre-cut parts that are ready to assemble, eliminating the need for measuring and cutting on site. With this it takes human error out of the equation and reducing the amount of time spent assembling a part that does not fit and need re-measured, cut and installed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Steel can reduce project time and budget issues, by having a faster construction timeline. Construction timeline ‘reduces the amount of time your construction project impedes traffic, affects the flow into and out of surrounding businesses and any water or utility disruptions to nearby buildings.’  I used the website by Team, W. (2020). 7 Advantages of Structural Steel Frame Construction. [online] Whirlwindsteel.com. Available at: https://www.whirlwindsteel.com/blog/bid/407580/7-advantages-of-structural-steel-frame-construction [Accessed 14 Jan. 2020], to find the information.
Saving money with steel
Most of the cost saving will; come from cost benefits of reducing construction time and labour. However, using steel for structures and buildings also saves money short term and in the long term.
· Steel is recyclable.
Rather the developer paying landfill fees for non-recyclable construction waste. The developer is able to recycle steel and steel components such as bolts, hinges etc. 
‘Due to public interest in decreasing unnecessary construction waste, most waste removal companies have subsidized programs allowing them to pick up your steel and metal building waste at no cost to you.’
I gathered the information above from Team, W. (2020). 7 Advantages of Structural Steel Frame Construction. [online] Whirlwindsteel.com. Available at: https://www.whirlwindsteel.com/blog/bid/407580/7-advantages-of-structural-steel-frame-construction [Accessed 14 Jan. 2020].


Steel is durable
Steel doesn’t need much maintenance. This applies that it is more economic for building owners. When using steel there are cost saving methods such as maintenance fees, repairs and replacements are minimal. we are shown from the website 
that ‘even over the course of 50 years or more - saving building owners tens of thousands of dollars over the course of the building's lifetime.’ This suggest that owners must build for the future and its costs.
· Due to a steel structures' almost unrivalled ability to withstand high winds, heavy snow loads, fire and seismic activities, combined with their resistance to pests and decay, insurance companies often offer lower premiums on policies underwritten for metal buildings.
I gathered the information above from Team, W. (2020). 7 Advantages of Structural Steel Frame Construction. [online] Whirlwindsteel.com. Available at: https://www.whirlwindsteel.com/blog/bid/407580/7-advantages-of-structural-steel-frame-construction [Accessed 14 Jan. 2020].

· With the Willis tower being the second tallest building in America it must withstand high winds. Due to the steel being durable and strong it has the ability to withstand high winds, heavy snow loads and fire. Also added with their resistance to prevent pests and decay. With this, insurance companies tend to offer lower premiums on policies underwritten for metal buildings.

Concrete frame building
The concrete frame building I will be using for this assignment is the Evolution Tower Moscow
Owners of the Evolution Tower are City-Palace LLC; ZAO Snegiri Development; Transneft
The architects who designed the tower were Gorprojects and RMJM.
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This picture was gathered from Images.skyscrapercenter.com. (2020). [online] Available at: http://images.skyscrapercenter.com/building/evolution-tower-moscow_evolution-tower-moscow2.jpg [Accessed 14 Jan. 2020].

The magnificent structure of the tower holds around 80,000 m2 of office space and has become, unsurprisingly, an unique centre piece of the Moscow International Business Centre project. Its twisting floors include over 36,000 m2 of shopping, entertainment space and parking area.
 
‘The Tower's construction combines state-of-art engineering techniques and features Russian Architectural styles. The Tower, well towers, for 55 floors, with 3 floors below ground, constantly twists up its entire height by 3 degrees per floor around the central core. Evolution Tower's final form is an elegant clockwise rotation from base to top of around 135 degrees.’

We are shown from this information above that they build around the central core of the structure. The central structure was made from reinforced concrete. All floors were made from concrete.
The information above was taken from McFadden, C., English, T., Engineering, I., Papadopoulos, L. and McFadden, C. (2020). Evolution Tower : Moscow City's Spiral Architectural Landmark. [online] Interestingengineering.com. Available at: https://interestingengineering.com/evolution-tower-moscow-city-spiral-architectural-landmark [Accessed 14 Jan. 2020].

Why did the architect decide to use a concrete structure?
Concrete is a very durable material and has very low maintenance. Concrete also can provide thermal mass, as this is crucial in environment such as Russia where the weather is extremely cold in the winter. This also helps to reduce the energy consumption of buildings in operation.

Corrosion
Although chemicals in water can speed up corrosion in concrete and reinforced concrete. Compared to other material such as steel and wood, concrete can withstand in water without serious deterioration.
Pure water does not corrode concrete and not even to reinforced concrete. When Chemicals are dissolved in water such as sulfates, chlorides and carbon dioxide it causes corrosion.


Comparing and contrasting a steel structure against a concrete structure.

After gathering information for this assignment, I have realised that concrete structure and steel structure have many similarities but also a lot of differences. There are many benefits and disadvantages to each material.
Versatility 
Concrete: Concrete can be moulded into many different shapes and sizes but it does face a few limitations when it comes to towers, floor-to-floor construction, heights and open spans.

Structural Steel: Steel is a flexible material. Steel can be used into a variety of designs for endless applications. Steel has a higher strength-to-weight ratio compared to concrete and other affordable building materials. Steel offers many aesthetic options that different materials, such as concrete, cannot do e.g. Beijing National Stadium.
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I used this photo from Beijingbirdsnest.files.wordpress.com. (2020). [online] Available at: https://beijingbirdsnest.files.wordpress.com/2010/09/birds_nest_stadium_beijing_china-hd.jpg [Accessed 14 Jan. 2020].



Energy used per tonne

The amount of energy required for production of concrete is low compared with steel. cement concrete only uses 450–750 kWh/ton. Structural steel demands about 8000 kWh/ton or more to make which is almost 3-10 times the energy consumption. This leads to more emission being released into the environment from the power and energy to create steel rather than concrete.
Cost
Structural Steel: Majority of all steel manufactured and used in production today comes from recycled materials, such as A992 steel which is commonly used in tower and tall buildings. Recycling steels usage makes the material much cheaper when compared to other materials for example concrete. The price of steel does fluctuate, but it typically remains a much less expensive option compared to reinforced concrete. 
Concrete: A large benefit to concrete is the fact its cost remains relatively consistent throughout the market. On the other hand, concrete need ongoing refurbishments and maintenance. This adds cost to its lifespan. ‘Supply-and-demand may also impact the availability of concrete. Even though it can be poured and worked with directly onsite, the process to completion can be lengthy and could accrue higher labour costs.’ Brakefield, K. (2020). Steel vs. Concrete: Which Comes Out on Top. [online] Blog.swantonweld.com. Available at: https://blog.swantonweld.com/steel-vs.-concrete-which-comes-out-on-top [Accessed 14 Jan. 2020].


Strength
Structural Steel: Structural steel is known to be extremely strong, tough, stiff, and ductile. That being said, making it one of the main materials used in commercial and industrial building construction.
Concrete: ‘Concrete is a composite material consisting of cement, sand, gravel and water.’ https://blog.swantonweld.com/steel-vs.-concrete-which-comes-out-on-top 
concrete a high compressive strength, but absence in tensile strength. Engineers have discovered that ‘concrete must be reinforced with steel rebar to increase a structure’s tensile capacity, ductility and elasticity.’ I collected this information from Brakefield, K. (2020). Steel vs. Concrete: Which Comes Out on Top. [online] Blog.swantonweld.com. Available at: https://blog.swantonweld.com/steel-vs.-concrete-which-comes-out-on-top [Accessed 14 Jan. 2020].

Sustainability
Structural Steel: Structural steel is almost 100% recyclable. As much as 90% of all Structural Steel used in today’s construction projects is created from recycled steel. With steel having a long lifespan, it can be used multiple times with little to no compromise to its structural integrity. When steel is manufactured and fabricated it will have minimal impact on our environment.
Concrete: ‘The elements within concrete are natural to our environment, reducing the harm to our world. Concrete may be crushed and used in future mixtures. This type of recycling can reduce a presence of concrete in landfills.’ Brakefield, K. (2020). Steel vs. Concrete: Which Comes Out on Top. [online] Blog.swantonweld.com. Available at: https://blog.swantonweld.com/steel-vs.-concrete-which-comes-out-on-top [Accessed 14 Jan. 2020].

Concrete also releases greenhouse gases both directly through the production of carbon dioxide when calcium carbonate is thermally decomposed, producing lime and carbon dioxide. ‘Concrete can increase the alkalinity of your soil and it is prone to breakage during freezing temperatures.’
Homeguides.sfgate.com. (2020). Are Concrete Planters OK for Plants?. [online] Available at: https://homeguides.sfgate.com/concrete-planters-ok-plants-62194.html [Accessed 14 Jan. 2020].
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