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[bookmark: _Toc89982760]Aims and Objectives
The aim of this assignment is to analyse the framing of 2 habitable buildings, one being a concrete frame and another being a steel frame. I will write a detailed report by providing information on the design of the builds. I am then to compare and the contrast in areas such as durability, climatic resistance, impact on the production of the materials and the ease of assembly in construction.

[bookmark: _Toc89982761]Concrete Frame Building:

[bookmark: _Toc89982762]Science Hills Museum, Komatsu

The Concrete frame building that I have chosen to write about is the Science Hills Museum. This is a very distinctive structure that is in Komatsu, Japan. It encompasses a science museum, as well as a communication centre. There are also roof top gardens and a park located on top on the waves which is open to the public to use. I have chosen to write about this building as it is a perfect example of showing the great benefits of using concrete in construction and how its properties can abet unique ideas for modern construction. 
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The building consists of 4 low rise buildings and a remarkable wave feature that instantly draws attention to tourists. The extraordinary museum was designed by architect Mari Ito from company UAo and was brought to life and built by contractor KATEU Construction in 2013. The concrete structure has an approximate area of 6063m2. 
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(Arch Daily)

[bookmark: _Toc89982763]Steel Frame Building:

[bookmark: _Toc89982764]Willis Tower, Chicago
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The steel frame building that I have chosen to write about in my assignment is the Willis Tower, which is in Chicago, USA. Chicago is a known city to be crazy about its architecture and the Willis Tower is at the forefront of it. The steel structure stands 110 stories tall. Previously known as the Sears Tower, it was the tallest building in the world. Despite the fact there are now multiple taller, the Willis Tower laid the foundation for skyscrapers in construction today.
Not only its sheer height, but the tower has many fascinating features such as its very own “Sky Deck” which allows people to walk out into a glass box and experience magnificent views of the city.
The project commenced in 1970 and took place over 4 years finishing in 1974. The tower was designed by architectural firm Skidmore, Owings and Merrill.
A steel frame bundled tube construction method was utilised to create the structure. After the Willis’ group holdings, the structure was renamed the Willis Tower in 2009.
In 2015, Blackstone purchased the Willis Tower for around $1.3 billion.
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(Chicago Architecture Centre)
(The Sky Deck)
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[bookmark: _Toc89982766]Science Hills Museum
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(Arch Daily)
Please see the above sections and elevation of the Science Hills Museum. 
The building is highly intricate, as you can see from the sections, it has a lot of round corners and curved walls. This building's concrete frame permits it to have such a unique shape and may be moulded to fit. This is why it is an excellent material to work with as it enables architects to construct some truly incredible designs. 
[bookmark: _Toc89982767]Design Drawings

[bookmark: _Toc89982768]Willis Tower
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[image: Image result for willis tower design plans"]
As shown in the sections of the Willis Tower, there are several different levels. this is essential to the building as a huge factor to consider when building a skyscraper is the effect the wind has on it. Having multiple levels counteracts it because it works as a bracing system and stiffens the structure.
“The floors are suspended from the tubes, a technological innovation of the engineer Fazlur Kahn, based on the theory that a building built on a series of tubes would be lighter and stronger than a building built to a traditional steel skeleton.”
(wikiarquitectura)
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(Wikimedia)



[bookmark: _Toc89982769]Building Comparison Framing Material
Concrete frame and steel frame construction both have their own pros and cons. Many aspects of these structures can have an impact on their surroundings. The following variables to think about are durability, climatic resistance, production of material and assembling of the material.

[bookmark: _Toc89982770]Durability
[bookmark: _Toc89982771]Science Hills Museum:
The Science Hills Museum is made up of a concrete frame. Concrete is renowned to be one of the most durable materials used in construction from ancient Romans to the present day.
The use of concrete has also led to the use of using reinforced steel in the concrete. By doing this, the tensile strength of the concrete is increased which has allowed concrete to be used in longer bridges, taller, complex and more environmentally friendly buildings that require the loading. This is the case for the Science Hills Museum due to its design of the wave feature. Although the tensile strength is increased, the compressive strength is still greater in concrete.
 On the flip side, the addition of the steel to the concrete is one of the main causes of corrosion. This is because carbon dioxide that has entered the concrete reacts with it which then reduces the alkalinity of it reaching a pH of around 7-8. Concrete corrosion starts to occur. This results in a lot of high maintenance and costly repairs, so it is more than likely in some cases cheaper to demolish the building. A
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As shown in the above image, concrete corrosion is taking place. This is the case with concrete buildings as modern structural engineers design a concrete building with a lifetime of 50-60 years.
(CivilEngineeringForum, n.d.)

[bookmark: _Toc89982772]Willis Tower
The Willis Tower is of a steel frame structure. Steel is the most durable of the two materials as it has great resistance to corrosion compared to concrete. Whatever you are building, having the advantage of relying on the safety of the structure is important. Further down the line, there is less risk and worry about repair costs and maintenance. 
Steel also possesses higher tensile strength than its compressive strength which gives it great versatility when coming to build nearly any design you have in mind. Steel is very good solution for fulfilling a complicated project. 
Steel is made from carbon and iron. This means that steel has the strength from the metals it is made from. Iron is used to create weapons, structures etc. Steel is given more strength from the smelting process which tempers the bonding.
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(Northern Weldarc)

As shown in the above images, another advantage steel has is maintaining its aesthetically pleasing look. Stainless steel can be polished and finished to give it a better look. Overall steel frame in construction is very durable. Although concrete is far from poor in this department, steel ultimately wins.
[bookmark: _Toc89982773]Climatic Resistance

[bookmark: _Toc89982774]Science Hills Museum
Any project based in Japan must account for the humid weather it gets reaching highs of 40 degrees. This is most certainly the case for the Science Hills Museum. Concrete works very well in a hot environment and will not deteriorate to due the weather due to it having little to no organic materials. It allows the trapped material to escape, preventing long-term damage to the concrete. When this framing material is incorporated in a cold region, the water freezes and the material cracks. Therefore, as a result, the framing material is ideal for the environment in which it was constructed.
[image: Science Hills Komatsu / Mari Ito + UAo | ArchDaily]
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Images displaying wave feature of the Science Hills Museum (Arch Daily)













[bookmark: _Toc89982775]Willis Tower
In Chicago, they suffer from harsh winters, damp air and ice. Being a steel frame structure, it has great weather resistance therefore would not cause an issue as opposed to a concrete building. Steel is very strong, durable and versatile but can also come in an extra weather resistant form. Furthermore, an oxide layer can be added to steel to give an more resistance to protect it from harsh weather conditions.

[image: Things to Do in Chicago in the Winter | Skydeck in Chicago, IL]







(The Sky Deck)


[bookmark: _Toc89982776]Production of the Framing Material
The manufacture of both frame materials can have a significant environmental impact. Because of the energy required to create the finished product, it is possible that it will emit a significant amount of carbon dioxide, which will have a significant impact on greenhouse gas emissions.
[bookmark: _Toc89982777]Concrete
[image: How Concrete is Made]Water, aggregate, and cement are the three main components of concrete. In order to make concrete, all the ingredients must be mixed. The cement serves as a binder, while the water provides workability, and the aggregate provides strength. Too much water will make the mixture too workable and weaken it, whereas too much aggregate will weaken its workability. As a result, it's critical that you maintain that level of consistency.


[bookmark: _Toc89982778]	The components used in the process of making concrete

(The Portlant Cement Association)
[image: Is concrete bad for the environment?]

“After coal-powered electricity, cement manufacture is the next biggest emitter of greenhouse gases, accounting for approximately 5% of annual anthropogenic global CO2 production. In 2011, we used approximately 3.6 million tonnes of the stuff within the construction industry – the problem being that for every tonne of cement produced, one tonne of CO2 is also produced.”
(The Greenage)
As shown above, cement is the 2nd biggest emitter of greenhouse gases. During the process of making concrete, a lot of energy is used and releases large amounts of CO2. This is one of the main arguments there is to combat the use of concrete in construction.

[bookmark: _Toc89982779]Steel
[image: Víctor Nieto 3.]The production of steel begins with the extraction of iron ore from the ground. The ore is smelted in a blast furnace after that. Impurities are removed and carbon is introduced during the smelting process. After the molten steel is formed, the required beams are forced into place. 

The process of making steel

(Vepica)



Please see above diagram showing the process of the production of steel.
Steel's pre-production stage is extremely hazardous to the environment. The mining of iron ore has a significant environmental impact because. Steel production has a significant environmental impact, particularly in terms of air pollution, as it emits a large amount of CO2. Steel manufacture is also quite hazardous. The pollutants emitted by the furnace, as well as the energy used to melt the ore, are extremely detrimental to the environment. It emits a lot of CO2 and can be an extremely unsafe location to work in.
(The American Geoscience Institute)

[bookmark: _Toc89982780]Assembling the framing material
The time it takes to erect the skeleton of the building on site is referred to as frame assembly.
[bookmark: _Toc89982781]Science Hills Museum
In the construction industry, concrete frame buildings are highly prevalent. The frame's setup is similar to that of a steel frame, although there are some differences in terms of advantages and disadvantages.
Concrete frame is a relatively quick and easy form of construction. A well organised pre-cast concrete structure can be completed in 4-6 weeks, but a more complicated construction can take much longer and will almost certainly require concrete to be pumped on site. For instance, the Science Hills Museum took over 3 years to complete due to its size and distinctive design. Concrete panels can aid in speeding up construction on site by allowing prefabricated panels to be hoisted into place.
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(Lifting Victoria)
[bookmark: _Toc89982782]Willis Tower
The process of assembling the Willis Tower is referred to as almost a 3D jigsaw puzzle. This is due to its plethora of levels at different heights. The construction of this would’ve been done in different stages to accommodate its complexity. The overall construction of the Willis Tower took over 3 years which is the same amount of time as the Science Hills Museum. This illustrates the ease of assembly steel has as the structure is 110 storeys tall compared to the low rise building that the Science Hills Museum is.
[image: Chicago&#39;s Willis Tower – Repositioned and Ready for the Future - Work  Design Magazine]













(Work Design Magazine)
The above image shows the Willis Tower under construction in 1972 which then went on to be completed in 1974.

“Because of the industrial nature of steel construction. Progress of the work is fast making the structures economical. The reason is that these structures can be put to use earlier. The reduction in labour cost and overhead changes and the benefits obtained from the early use of the building contribute to the economy.”
(Structural Community)
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