Material Science and Building Services	Assignment 1	

Construction Materials, Concrete and Steel Frame Contrast and Comparison
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1. Yale University Paul Rudolph Hall (Concrete)
The Paul Rudolph Hall is a seven stories concrete building done in-situ and “made of ribbed, bush-hammered, ‘corduroy’ concrete.” (Martin, 2018) in New Haven, Connecticut. The building was a form of Brutalist Architecture designed by Paul Rudolph. His design was influenced by Frank Lloyd Wright’s design for the Larkin Administration Building in Buffalo. It was built by George B.H. Macomber Company; Charles Solomon, Partner-in Charge from 1958 – 1964.

These are Floor Designs for the hall in the early scheme. (Martin, 2018)
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These are Ground Floor designs for the hall in the 1st scheme (A) and 2nd Scheme (B). (Martin, 2018)
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These are the 2nd Floor Plan Design for the Paul Rudolph Hall. (Martin, 2018)
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This is the 3rd Floor Plan Design for the Paul Rudolph Hall in the 2nd scheme. (Martin, 2018)
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The structure received both supporting and opposing opinions for its design and build. When it first opened, the Hall was widely praised by other academics and critics which helped the buildings to win several prestigious awards at the time such as the Award of Honor by the American Institute of Architects. While receiving praise, it did have those who had opposing opinions with Nikolaus Pevsner Architecture historian “bemoaned the structure’s oppressive monumentality.” (Martin, 2018).
During the time the Hall was built was in the later 1950’s and early 1960’s where world problems like Global Warming and Carbon Footprint were not thought about and the factories than produced the concrete and quarries than mined them had no filters or systems to reduce the amount of CO2 produced. The same is said with the plant and transport vehicles as cars and lorries around that time had nothing to reduce the harmful emissions they produced. 
2. [bookmark: _Toc65147263]Aberystwyth Council Offices (Steel)
In 2008, Ceredigion County Council started building their new council offices in Aberystwyth. This was done as they had offices spread out over their region, so they wanted to have a main office which all under their authority answer too. It was done out of steel frame construction as their was a timescale they had to complete it by.


(JD, 2008)
This drawing is showing the stairway design for the steel frame structure. The frame is done out of steel. While the stairs themselves are done out of in-situ concrete. 


(APF, 2007)
This is the Ground Floor General Arrangement drawing done by Clarkebond. The foundations were pad foundation with reinforced concrete with the steel frame being built on top of the pads.
The client Ceredigion County Council made it a requirement to have Willmott Dixon and Griffiths to use the local labour force for the project as a form of community benefit and as well as using local sourced materials as well to support the community and region. 
The steel was transported from China as it was the cheapest compared to other steel manufactures in the UK. However, the environmental cost from it is high as the CO2 produced during its manufacture and transportation. 

3. [bookmark: _Toc65147264]Durability and Strength

Concrete in terms of durability is strong and durable. Concretes compressive strength is measured in psi (Pound-force per square inch). In general construction, its between 2200 psi to 4400 psi and its higher for commercial or industrial structures all depended on aspects such as water-cement ratio, quality of the concrete or reinforcement (Construtor, n.d.). Although, concrete is weak in tension as tension is pulling/stretching the materials causing the aggerates to loosen and break apart. This can be reduced by using steel reinforcement but its only marginal as there is only so much steel you can put into concrete. For the Rudolph Hall concrete was used due to its low expansion rate in higher temperatures as in Connecticut the climate does get higher in the summer months, refer to table below.
[image: ] (Climate, 2019)
Concrete is a popular material used for structures due to it being a good fire-resistant material as it slows and prevents the spread of fire. As well, it can reduce noise making it ideal for buildings like the Yale Paul Rudolph Hall to reduce the noise produced by students or during lectures to prevent any noise from disturbing lectures. However, concrete does deteriorate over time as it will corrode due to weathering from ice, rain, and salt air. Its durable and tough but when attacked by the elements repetitively it will wear down and erode or it will freeze and thaw causing it to sink and expand. That will cause a tension build up and weaken the concrete structure. 
Steel is a popular material used for high rise buildings and structure due to its strength and durable properties. Steel has a high tensile strength making it very flexible while keeping its strength. Its use for bridges as suspension cables or for creating arches on a bridge due to it being able to keep its strength while being stretched. There are many types of steel with different properties from Low and High Carbon Steels.The durability and strength of steel depend on what type of steel you have or using. As steel does corrode if exposed to the elements and not protected. However, preventing corrosion of the steel you can have it cladded or use a steel which has properties making it more durable against corrosion such as galvanization which is coating steel with zinc or chrome. As these have properties that prevent or stop corrosion. Although, the cost aspect of them is very expensive as they’re higher quality steel. 
Steel has a high expansion rate in high temperatures, this can cause the steel to lose shape and strength causing the structure to lose stability or strength. While being vulnerable to high temperatures steel does need protection against fire as the high temperatures produced can cause serious damage to the material. Furthermore, steel can buckle or bend under extreme loading. This could be to overloading on a signal point taking high amounts of stress or to heat as steel is vulnerable to high temperatures. 

Concrete and Steel both are strong and durable materials with their own strengths and weaknesses. In higher temperature climates, concrete is a better choice than steel. As steel in these climates will buckle and expand causing the frame to lose its shape and strength. While concrete, can be covered to prevent sunlight from drying it up or you can add an admixture to the mix to cure faster so the structure can keep its strength and shape. To expand further, steel in more vulnerable to fire than concrete is as concrete doesn’t melt, bend, or lose shape when on fire. While steel does as the heat produced will cause the steel to bend and lose shape. Although, it’s the opposite in colder temperatures. As concrete can’t be poured in temperatures below 2°C as it has to be 2°C and rising. In these temperatures, steel is an ideal choice as it has a low expansion rate in colder temperatures and the beams are pre-fabricated, so you don’t have to wait from them to cure or anything. 

4. [bookmark: _Toc65147265]Production 

Concrete is a mixture of cement, coarse aggregate, sand, and water. With chemical admixtures as well depending on the specification of the concrete and use of it whether it’s a hardening additive to increase the speed of hardening or durable. 
Concrete has a variety of types all dependent on the use of it. You have Lean which is a larger ratio of aggregates only for fill use or you have High Alumina which his high early strength and being resistance to higher temperatures and sulphates. 
The Paul Rudolph Hall was done in-situ concrete. As in-situ at the time was the most common form for concrete structures as not many places at that time did pre-cast units and the cost factor too. Pre-cast units as more expensive than in-situ. Furthermore, the design of the building come under the term Brutalist Architecture. These types of structures are called this due to them “characterised by their massive, monolithic and ‘blocky’ appearance with a rigid geometric style and large-scale use of poured concrete” (Brutalism, 2020). 
Concrete production has more controls and measures in place than steel. As concrete is a wet product which can be of varies constituent so quality control is needed to assess the quality and constituents of the mix. As you can have either a bad or good mix and that can affect the quality and performance of a mix. As a good mix will have characteristics such as durability, workability, resistance to fire and compressive strength. 
Concrete produces large amounts of Carbon Dioxide into the atmosphere. Through the varies stages of the concrete mix, they all produce amounts of CO2 in different ways. When the materials are mined and collected in quarries, then transported to the factory for them to be processed and mixed. The furnaces, crushers and machines all run of fuel or electricity, so the CO2 produced in the power plants. Lastly the fumes produced from the wagon transporting the concrete.

This chart shows the amount of CO2 produced from cement process. 
[image: Charts showing the rise in cement production and related CO2 emissions]
(Rodgers, 2018)

Steel is a material made from mixing different materials into a blast furnace. Steel is made by placing Haematite, Coke, Limestone and Air into a Blast Furnace to produce steel. To get steel it needs to smelt at extreme high temperatures, the energy to produce that is quite substantial and the CO2 output from it. As all stages of the steel making process produce CO2. 
The steel and iron industries produce to approximately 5% of the worlds CO2 emissions. Which is averaged to about 1.9 tons of CO2 are emitted for every ton of steel. “Over 1.3 billion tons of steel are manufactured and used every year.” (Europe, 2019). If you time 1.9 by 1.3 billion, that makes it 2,470,000,000 tons of CO2 emitted in a year from steel production. 

[image: Screen Shot 2019-03-24 at 19.30.16] (Europe, 2019)

Both materials produce high amounts of CO2 into the atmosphere. However, steel is more sustainable as it can be recycled and its long life span as if its protected or coated well it’ll last a very long time but the cost of it isn’t cheap. In terms of concrete, it has a long life span. Although, it can’t be recycled and unlike steel it can be melted down and put into a new mould. With CO2 emissions as I said both produce large quantities of it, however steel produces less than concrete as both produce CO2 when the raw materials are gathered and when they are made but with steel is poured into a mould and left to set unlike concrete  which can be left to set if pre-cast but with in-situ it has to be kept in solid liquid state, so the fuel consumption goes up. 

5. [bookmark: _Toc65147266]Assembly and Adaption

Concrete can be poured into any shape or form, whether it is in situ or pre-cast. For the Paul Rudolph Hall it was done in-situ with formwork. Its biggest down fall is time. As in situ takes time to set up with doing all the shuttering, as you can have your own work force do the pour itself and use a vibrating poker to prevent voids and air pockets in the concrete but you will need carpenters and steel fixers to set up the form work and caging as it isn’t the easiest of tasks to do if you don’t know what you’re doing, as when doing shuttering you have to think of how you’re going to dismantle it after the concretes cued rather then how your going to start it.

Steel is a heavy material which does require a crane to lift due to its size and weight. It terms of assembly its fast and time efficient as the unit comes prefabricated and is put in place like a jigsaw puzzle and welded or bolted together. However, there are scenarios where it will be slower and not cost effective. Times when the wind is too strong as it can cause the jig holding the beam sway and lose control of it. Furthermore, the steel used for the Council officers came from England, so if the project had run out or needed steel it would have to come from England and travel all the way to Aberystwyth and the roads are not motorway class roads all the way. Majority of the roads from Carmarthen to Aberystwyth are A and B roads. So, delays on getting the materials to site can occur due to it only being able to be produced in a factory. 
Steel can be altered or changed easily as the interior and exterior are made of paneling so they can be removed, and you can connect to the existing steel frame and add to it or to remove something. Unlike, concrete it can be poured into any shape but once its set to that shape it cannot be altered unless you completely take out a whole section and redo it. So, the cost element to it goes up and time. 
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(Pugh, 2008)				(Pugh, 2008)
The photos above are over Aberystwyth Council Offices construction. These are the locations of where the concrete pads will be going for the steel structure to rest on.
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(Pugh, 2008)					(Pugh, 2008)
This photo is showing the steel frame built on to the pads weeks later showing the speed of the frame being erected. 
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Fiqure 5: The steel making process creates emissions both during the preparation of materials and iron and steelmaking.
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