OWEN KENNERLEY
12/5/19
MATERIAL SCIENCE


MATERIAL SCIENCE
Assessment 1



Contents Page
Cover Page
Page 1: Contents Page
Page 2: Introduction
Page 2: Concrete frame building – Villa Saitan
Page 3: Concrete frame building – Villa Saitan
Page 4: Steel frame building – Willis Tower
Page 5: Steel frame building – Willis Tower
Page 5: Comparing and contrasting
Page 6: Comparing and contrasting
Page 6: Conclusion
Page 7: References

















Introduction
In this case study I will choose two existing habitable building from around the world, one of concrete frame, one of steel frame and will then form 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 and will be comparing and contrasting the two different buildings. 
[image: ]Concrete frame building – Villa Saitan
The concrete frame building I have chosen to do my report on is the Villa Saitan which is situated in Kyoto-Shi, Japan. The construction is a collective housing complex, consisting of 11 units. The “impersonality of segmental housing complex” is completely hidden in this architecture as it is designed to be viewed from the outside as one big house. The architect behind this design was inspired by nature and used imagery of hollow caves and light shining through trees as the retaining walls of the building, for example the curves and holes in the walls resembles the shape of plants and the organic and the free style of nature.
From this construction we can see that the use of concrete has massively impacted the design of the building as with the use of other materials the design and outcome of the building would be different. Concrete gives the building a strong and stable frame whilst also being able to mould into a more complex shape the just a simple steel frame. Though porous in nature, concrete has the potential to be a durable product, although if concrete also has limitations that can leave the structure vulnerable to early deterioration. For example, the material has low tensile strength, a relatively low strength-to-weight ratio, and low ductility. Above and beyond all, it is permeable, vulnerable to acids, sulphate attack, and alkali aggregate reaction. Without a shadow of a doubt, the ingress of moisture is the biggest concern for concrete structures, thankfully there are solutions to these limitations that involve ensuring a concrete mix is developed with durability in mind.
There are eight different ways deterioration can occur in concrete, these are: - 
· Scaling
· Disintegration
· Erosion
· Corrosion of reinforcement
· Delamination
· Spalling
· Alkali aggregate reactions
· Cracking of concrete
All of these factors have a possibility of occurring on this building however erosion is not a possibility as the concrete is not exposed to sand or gravel which are likely to scrub away at the concrete. The most likely to occur would be cracking of the concrete, as there are many factors which could contribute to the cracking, such as the concrete drying up over time and causing it to shrink, and also the biggest factor the Japan regularly have earthquakes throughout the country causing the ground to shake and possibly sliding away from itself. If an earthquake was to occur, then a concrete frame building would be very susceptible to deterioration.
As most people know the process of making concrete comes from the basic mixing format of 1-part cement, 2-part sand, 3-part gravel and mixing these 3 materials with water to give you concrete. The major component of concrete is the cement and the process of making cement is a very harmful process to our environment. 
Making cement results in high levels of CO2 being released into the environment, so much so that the production of cement is the 3rd highest ranking of man-made CO2 in the world. 4-5% of the world CO2 emissions is the result of cement production. During the production of cement CO2 is produced at two points, the first is as a by-product for burning fossil fuels and the second is from the thermal decomposition of calcium carbonate.
The concrete frame for the Villa Saitan would have been a more difficult build than a regular concrete frame building but it would still have been a simple process as the concrete would still be easy to mould into the unique shape of this concrete frame. Concrete itself is a material that once it is set then it can’t be undone without destruction of the original construction, for example, for the Villa Saitan if you wanted to extend the building by adding more units, then you would have to destroy one of the retaining walls as it would not be adaptable to change as it is already in a fixed place. 
[image: ]Steel frame building – Willis Tower
The steel frame building that I have chosen to do a report on is the Willis Tower in Chicago, USA. The Willis Tower is a 110-story skyscraper in Chicago, Illinois. The building was constructed in 1973, making it the tallest building in the world and it held this record for almost 25 years. In 1969, Sears, Roebuck & Co. was the largest retailer in the world, with about 350,000 employees. Sears executives decided to consolidate the thousands of employees in offices distributed throughout the Chicago area into one building on the western edge of Chicago’s loop.
The design of the building was set out as “nine square "tubes" (each essentially a separate building), clustered in a 3×3 matrix forming a square base with 225-foot (69 m) sides. All nine tubes would rise up to the 50th floor of the building, where the northwest and southeast tubes terminate. The northeast and southwest tubes reach the 66th floor; the north, east, and south tubes end at the 90th. The remaining west and centre tubes reach 108 floors.” This tower was the first building to use this innovative design, and it was the way forward to building skyscrapers as it was both structurally efficient and economic.
Steel is a material that is very durable and can withstand extreme conditions. Steel framing is perfect for just about any area because it can withstand these conditions without buckling or breaking, it is highly resistant to most elements making it ideal for areas with high winds, frequent storms and where conditions are difficult. When steal is heated it can bond together making it become very hard and very resistant to corrosion which makes it perfect for outdoor buildings and structures that are going to be exposed to elements that may cause corrosion. Steel is also a very reliable material to use in construction as there are very little ways of it deteriorating, and it can be fully reliable over a much longer period of time rather than other materials. The choice of using a steel frame for this tower also comes down to its climate, in Chicago they experience all types of weather, ranging from hurricanes to temperatures of extreme heat. Therefore, the architects behind this design had to use a material that could withstand both types of extreme weather and also being a safe place during these conditions, meaning that steel is the best option for them as it is very strong and also adapts to the heat of its surroundings.
The process of making steel has been around for centuries and fuelled the industrial revolution in the United Kingdom back in 1760. Methods for manufacturing steel have evolved significantly since it began industrial production, however the process of using oxygen efficiently to lower the carbon content in iron is still key to modern methods. Today, steel can be obtained from raw materials as well as recycled materials, this making it a bit more sustainable than how it was produced during the 1800s. 
Steel production has a number of impacts on the environment such as, air emissions, wastewater contaminants, hazardous wastes and solid wastes. Whilst going through the steel production process, CO2 is released into the climate from the burning of the iron ores. Another big impact on the environment through the production of steel comes from hazardous waste, Slag, the limestone and iron ore impurities collected at the top of the molten iron, make up the largest portion of iron-making by-products. Gaseous emissions and metal dust are the most prominent sources of waste from the steel production furnaces.
The Willis Tower would have had its steel frames produced off-site and then transported to the location of the site, once the steel frames are at the site, the frames need to be constructed on site, this process involves lifting and placing components into position, then connecting them together. Generally, this is achieved through bolting but sometimes site welding is used. Once starting the construction in 1970 the construction of the Willis Tower took 3 years to complete and was completed in May 1973. The use of steel frame for the Willis Tower is the best material for them to use, as it is a very strong material and it can be used over a greater length than other materials without any deterioration or breakages. The use of steel frame gives the Willis Tower the capacity to reach its heights whilst still being able to withstand the weather conditions of its environment, for example in high winds the steel frame allows the top of the building to move slightly with the force of the wind, rather than trying to stand strong against it and possibly breaking against the force.
Comparing and contrasting
Both steel and concrete frames are similar in their durability as both materials are strong and sturdy materials which can withstand extreme weather conditions, the difference separates them when it comes to movement of the building, for example concrete is such a strong material that it does not allow movement of the building without causing any deterioration or damages, whereas steel frames can withstand subtle movements and can bend under pressure but too much pressure can cause the steel frame to break.
For the production process of concrete and steel both have a harmful effect on the environment by releasing excess amounts of carbon dioxide into their surrounding environments. Concrete is the more harmful out of the two processes as steel can be recycled and reused rather than wasting it after use, compared to concrete where it only has one use and once moved or disturbed then it no longer has its strength or reliability.
In terms of each frame’s assembly, concrete is an easier source of material and is used more domestically as it is easy to construct and shape as it is a liquid with high viscosity which then solidifies and forms the shape of its surroundings. Compared to steel which is a strong metal that forms a building’s structure by combining multiple beams together either through bolts or welding. However once concrete has set it is hard for it to adapt into a different use as it is only good for one use after it is set, steel on the other hand, can adapt to its surroundings if necessary, for example it would be easier to add an extension to a steel frame than a concrete frame as the steel frame could just use another beam whereas concrete would have to remove the existing frame and add another larger frame.
Conclusion
To conclude throughout this report I have used a steel frame building and a concrete frame building and discussed the process of how each frame is made and how it impacts its environment, how durable and adaptable the frames are and how easy or difficult it is to assemble each frame. Then I have compared and contrasted these two different frames and how each frame is positive in their own way and how similar/different these frames are. In the end both frames are very strong and durable frames however a steel frame is more adaptable than a concrete frame.
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