The Unite d’habitation Marseille
[image: ]Unite d’habitation Marseille, via cgtrader.com

The ‘Unite d’habitation Marseille’ (UdM) is a French apartment building by the architect Le Corbusier. It was developed post World War 2 from 1947-1952 to house displaced people in Marseille. Concrete, specifically ‘beton-brut concrete’ or bare concrete is the primary material used throughout the building due to it being the most cost-efficient material available for the building at the time it was developed. 



[image: ][image: ]As you can see from the diagram on the right, the design of the UdM is very unconventional when compared to other apartment buildings of its kind (photo via “Le Corbusier designed the units to span from each side of the building, as well as having a double-height living space reducing the number of required corridors to one every three floors.” –(www.archdaily.com). The building was designed this way because it improved efficiency allowing for there to be more apartments placed in a building of the same size as one with the usual layout. By designing the building so that a corridor was only required once every three floors, the UdM can house roughly 1600 residents in apartments of various sizes. The apartments are thinner than usual as seen in the pictures but because they are the length of the whole building, overall space is not compromised.Floor plan of UdM, via www.archdaily.com


Le Corbusier designed numerous apartment blocks like this one and one of the others, the Unite d’habitation Firminy’ was constructed using site-cast concrete (www.postwarconcretepostscript.com) which suggests that the same methods would have been used to construct the UdM. Site-cast concrete is where the framework is made and the concrete is then poured into the framework and allowed to harden before the framework is removed, the concrete is then left to set on its own. Steel reinforcement would likely have been used in the framing of the building due to the nature of the project. Constructing a concrete frame is reasonably straight forward but often, many things need to be done before the frame can begin construction. While concrete has excellent compressive strength, it performs poorly under tensile strength, for this reason, it is often reinforced in various ways most commonly with steel bars (rebars), but also with wires and mesh. Usually, a civil or structural engineer will be employed to create a plan of where and what type of rebar needs to be placed in the building. An apartment inside the UdM, via flickr.com


[image: ]Due to the United’habitation being 56m tall and consisting of 18 stories, the builders may have used a method of site casting the concrete columns known as slip forming, this is where the formwork used the shape the concrete is raised vertically, at a speed which is slow enough for the concrete that is to be released from the formwork to harden so that it does not collapse. As seen in the diagram above, extend and contract so that the desired size concrete can be achieved, once the concrete has hardened the slip former is raised and the concrete is left to set. However, for the floor slabs and beams, they would likely have stuck to pre-cast as setting up the equipment for site-casting is not likely to be worth the hassle when you can just transport it to the site.A diagram showing the process of slip-forming concrete, cia Wikimedia commons 

[image: ] The outcome of a continuous freeze-thaw cycle, via blodkrypton.com

The main issue that concrete faces in use is its vulnerability to the ‘freeze-thaw cycle’ this is when the air temperature drops below 0 degrees which causes water to freeze, porous concrete will be saturated with water and the frozen water expands in size, the frozen water then melts as temperatures rise. This process happens repeatedly and can lead to the face of the concrete being blown off and causing defects in the concrete. This can be combatted partially by ensuring that the concrete is cured properly and the mixture is the correct mixture for the environment. However, this is unlikely to be a major issue in the case of the ‘United’habitation Marseille’ as temperatures rarely drop below 0 degrees, the area reached a minimum temperature of 3 degrees later so this may not be a problem, temperatures in the area do get up to over 30 degrees in the summer however which could be an issue as pouring concrete in hot weather conditions can lead to the water evaporating too quickly which can result in the concrete cracking which will also affect the structural stability of the concrete.
[image: ]The only real issue that structural steel faces are that it is susceptible to rust and corrosion, this weakens the steel and over time can lead to the steel completely breaking. However, this is simple to protect against and is done so by creating a barrier between the steel and the water/oxygen which causes the corrosion, the most common method for this is to galvanise the steel in zinc coating, zinc is naturally resistant to corrosion and provides lasting protection for the steel and is straight forward to do. The steel is dipped into molten zinc and when removed the zinc reacts with the oxygen in the air and becomes bonded to the steel. Corrosion of steel and bolts, via boatus.com

[image: ]Concrete is not a sustainable product and the manufacturing process of the cement used in the manufacture of concrete has a huge negative effect on the environment due to the mining of the raw materials and the production of the clinker. The main component of cement is limestone, a natural resource that must be mined out of the ground, the most common method for mining limestone is open-cast mining, this is where the materials are taken from an open-air pit as opposed to other techniques of mining where the surface is left mostly untouched as the material is extracted from underground. Open-cast mining has massive negative effects on the wildlife surrounding the site, limestone is often found in the countryside so the mines will cause huge disruption to the area's wildlife as the mines are often hundreds of feet wide resulting in many species habitats being destroyed by the mine. Not only this but mining is a very intensive process where heavy machinery and vehicles are required to carry out the mining and transport the limestone away from the site, these machines require massive diesel-powered engines which generate huge amounts of noise pollution during operation. The noise pollution generated will disturb the surrounding wildlife and drive them far away from the mine, this has the potential to destroy the ecosystems that were operating in the location before the mine was dug causing huge damage to the environment. A typical limestone mine, via pinterest.com.au

The process of turning the limestone into cement is responsible for the most pollution caused by concrete production in particular the calcination of the limestone with other products to form the clinker. Calcination involves the limestone and materials like tricalcium silicate, calcium aluminoferrite, and gypsum are heated to over 1400 degrees in a rotary kiln, this requires enormous amounts of fossil fuels to reach and then maintain this temperature which results in massive amounts of CO2 being released into the atmosphere.
[image: ]Steel production also produces huge amounts of CO2 throughout its production process and the principles are not dissimilar to concrete production. It begins with extracting iron ore from the ground by mining, like limestone, most iron more is excavated from open-pit mines meaning that the environmental issues are very similar to that of limestone mining. The steel production process is more harmful to the environment than the concrete production process, “on average, 1.83 [imperial] tons of CO2 is emitted for every ton of steel produced”- (www.theworldcounts.com). Steel production produces the most CO2 out of any industrial process in the world and is also the most energy-consuming, the iron ore and other materials involved in the process such as coke (coal that has been heated until it becomes carbon)need to be heated to around 1,700 degrees to separate it from the oxygen which requires huge amounts of fossil fuels to heat the mixture all of which emit huge amounts of toxic gasses into the air. One thing steel production produces which concrete production does not is wastewater, millions of litres of water are used in steel production for purposes such as cooling, washing, and dust suppression. The wastewater used to cool the coke once it has been heated is filled with harmful and toxic materials and compounds such as sulphides and ammonia, iron mines also pollute the water that runs of it, according to ‘www.theworldcounts.com’ “Iron Mountain” an old iron mine in California, will continue to contaminate run-off water for the next 3000 plus years.Part of a  blast furnace used in steel production, via bridon-bekaert.com

 
 
 
 
The New York Times Building 
[image: ]The New York Times Building 52-story Skyscraper in New York City. The city and state government of New York were planning on redeveloping New York in the 1980s and 90s, in 1999 the NY Times newspaper company proposed to the government that they would build their new headquarters on the site. Construction started in 2003 and finished in 2007 with a total cost of more than $1 billion. The building's main purpose is as an office building for the NY Times newspaper but the company also leases floor space to multiple other companies. Who use it as office space from the 29th floor up. 
 The New York Times Building, via blogspot.com


[image: ][image: ]The NY Times Building was designed as a ‘green building’, meaning that the process of building and the building, in general, is environmentally responsible and resource-efficient throughout the whole of the building's life cycle. Steel was chosen for several reasons, the main one being that it allowed for open-plan office space within the building. The steel frame was also chosen because the contractors were more familiar with steel frames, and it allowed for improved construction speed. Steel frames are constructed as skeleton frames and become more unstable the higher they get, the building is over 50 stories tall so required significant bracing to ensure it remains stable under high winds the building is likely to face due to its height. As stated in ‘ A Statement in Steel: The New York Times Building’,“ to separate The New York Times and upper floor traffic, 12 passenger cabs assigned to the lower, Times floors as a strip of 3 elevators.” Elevator shafts are often used to provide bracing and are often used as shear walls in high-rise buildings. Shear walls are designed to resist vertical and lateral loads imposed on the building such as wind forces and earthquake activity. There are many elevator shafts throughout the building and after the 29th floor where the floor space becomes leased, the elevator shafts stop and a new single brace line is all that was required due to its size. There are also other forms of bracing utilised throughout the building one being x-bracing also known as cross bracing, cross bracing works by preventing sideways deflection of the structure it is bracing, “sideways deflection is the degree to which a structural element is displaced under a load”-Wikipedia. In this case, the building is acted upon by high winds due to its height, while under this load, one of the two x-beams will be under tension, while the other is under compression. There was huge amounts of research into how to make the building as eco-friendly and energy-efficient as possible, one of the most significant additions being the almost 200,000 ceramic tubes on the exterior. These tubes cover significant portions of the building and act as a sort of sunscreen, “the screen, made of 1-5/8 inch diameter ceramic rods, is open at the vision level and tightens up near the floor and ceiling. The rods reflect light in different directions, bouncing a lot of it up towards the white ceilings and further into the interior of the space”- www.theurbandeveloper.com. As stated in the article, a lot of the light is deflected up at the ceilings of the buildings, this helps to minimise the need for artificial lighting and has helped to reduce the building's total energy bill by 13%. The buildings ceramic tubes, via moderni.co
The buildings exterior cross bracing, via daverbarandcable.co.uk

One of the major benefits associated with steel production is its ability and ease at which it can be adapted, steel frames are connected sometimes using welds, but most frequently by being bolted together this allows for easy change of structure is [image: ]necessary providing everything such as are the beams load-bearing, etc. have been accounted for. In regard to the New York Times Building, the exterior of the building is virtually naked, and you can see a lot of the steelwork from the ground, theoretically, if it was feasible, it would be quite easy for the building to be extended or changed. On the other hand, most concrete structures tend to be mostly pre-cast, this means that often the beams and columns come as one piece and cannot be separated to use elsewhere. This limits concrete frame buildings' scope for adaption, it is possible that concrete frames can be extended by building new beams and columns following the same process for adapting steel buildings and ensuring that the change is feasible. In terms of recyclability, Steel is much more recyclable than concrete and recycled steel is used in the production process of almost all new steel, by being melted down and reintroduced into the steel making process, however, this still requires a significant amount of energy to melt the steel down due to its high melting point, but much less than if the steel were to be manufactured from iron ore. It is possible for existing structural steel to be re-used in other projects. Due to the nature of steel frames. They can be deconstructed in virtually the same way as they are constructed meaning that all the steel used, has the potential to be used again if fit. This also means that there tends to be much less wastage when a steel building is demolished in comparison to concrete framed buildings as there is very little potential for concrete to be recycled. This is because concrete is made from a chemical reaction that cannot be reversed once it has taken place, the only way concrete can be re-used is if it is crushed and used as aggregate in new concrete, or as the base for new roads and pavements, etc. Steel beam to column connection, via relianttechnologyinstitute.com

Overall, it seems as though steel is the most viable framing material for the future. Despite steel production resulting in higher emissions than concrete, steel has the potential to be recycled but more so, it can be taken apart and used again as opposed to concrete which has to be demolished to take down buildings and cannot be reused again as a framing material. Furthermore, Steel is more durable than concrete and can overcome its only weakness of being susceptible to corrosion and rust fairly simply by galvanising. Concrete is still a fantastic framing material and will likely remain so for the foreseeable future, having said this, with more being done to try and reduce waste and emissions it is likely steel will outlive concrete as a framing material.
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