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Construction Materials 
Introduction 
The objective of this assignment is to research a concrete framed and steel framed building that must be habitable. I will look at the history of the 2 materials and how they are manufactured. I will report on details of the selected buildings including their design, construction and impact on the environment. I will then compare the two buildings in areas such as their durability, climatic resistance, impact on environment during production and assembly.  

History of Concrete
Concrete has been around for over 5000 years, there were signs of early concrete when the Egyptians built the pyramids 3000 BC. Egyptians used mud and straw mixed with lime and gypsum to make bricks to build pyramids. Further on the Romans used concrete extensively in massive projects which can still be seen today like the Colosseum and the Pantheon. The Romans used a form of cement in their concrete which is very similar to modern day cement we use today. There is also evidence that the Romans used early forms of admixtures like animal products to gain certain goals the same as we use admixtures for the same purpose modern day. Concrete has developed massively over the years and is the main product used in construction, it is used in roads, bridges, buildings etc. Without concrete the world would not be as we see it today.  
(Concrete history timeline – Full linear version)

Manufacture of concrete
Concrete is a composite material made by combining a mixture of materials together, those materials are Portland cement, coarse aggregate, fine aggregate, water and chemical additives. There are different types of concrete for different purposes, making it a versatile material. The most important ingredient in concrete is Portland cement, this is the binding agent that glues all the materials together to form a hard-solid material when set. 
 (What is concrete: concrete & cement defined)






History of steel
Steel dates back as far as 4000 years at the start of the iron age, its initial use was to make weapons and tools. By the 17th century the properties of iron were well understood and there was a massive demand in Europe for the development of railways. In 1856 steel had its biggest breakthrough when Henry Bessemer found an effective way to use oxygen to reduce the amount of carbon in iron, from here the modern steel industry was born. We now use steel for everything and has become a main component within construction from houses to bridges to skyscrapers steel has made its name. 
(Bell, 2019)

Manufacture of steel 
Steel is an alloy made from iron and carbon. Iron and coal and placed into a blast furnace to create molten iron. Molten iron is then treated to remove any impurities in the form of carbon, phosphorus and sulfur. These impurities can affect the steels integrity when hardened. To remove these impurities the molten iron Is exposed to pure oxygen in a converter furnace. Further reduction of carbon is achieved either by adding scrap steel or by feeding it through high power electric arcs, with temperatures reaching 1650˚C. After this process the steel will undergo more treatment to comply with specific requirements for its intended purpose.
(Steelfab, 2016)














Concrete frame building, Case study.
From my research I have decided to choose the Q1 tower which is in Queensland, Australia. According to an Article on ‘Construction week online’ this is the world's tallest all-residential tower, standing at 323m. The tower was designed by Sunland Group and built by the company's construction wing, Sunland Constructions. It was completed in 2005 over the period of 3 years and is Australia's tallest building (Staff,2016). The project cost around $255 million AUD. Q1 tower sits on 6 piles over 1.2 hectares of land. To build this tower 61,000 cubic metres of concrete as well as 9,300 tonnes of reinforcing steel and 250 tonnes of structural steel was used (Skypoint).  Skypoint also states that sand from the site was taken to replenish Surfers Paradise beach which leads me to believe that Sunland was considering the sustainability of the project by helping the surrounding environment. On the other hand, looking at the amount of concrete used to build the tower tells us that the building will have a massive carbon footprint. Considering that one of the main components in concrete is Portland cement, Portland cement requires heat and energy to manufacture resulting in one tonne of greenhouse gases produced for every tonne of cement (Book, 2010). With 61,000 cubic metres of concrete this would have a quite a large impact on the environment without considering the other elements that are in the building which would add to its carbon footprint. That being said, concrete is a very durable material. Concretes resistance to climate is very high not being affected by normal weather activity. The Q1 tower located on the gold coast of Australia has a sub-tropical climate. Most of the year it is dry and warm. February is the wettest month of the year with an average of 7.2 of rainfall and common tropical storms (Australia). As the structure is so close to the sea its needs to consist of low permeability concrete to minimize steel corrosion and sulfate attack. A cement resistant to sulfate exposure is helpful. Proper concrete cover over reinforcing steel must be provided, and the water-cementitious ratio should not exceed 0.40 (PCA, 2019). The tower is mainly constructed of reinforced concrete. This is achieved by forming steel cages and filling with concrete. A video I found on YouTube states that from ground floor up to level three the structure was stick built on site rather than large fabricated components. From level three up the structure was done by form work and decks and repeated through all the levels (Dossett, 2015). From this information I would think that assembly process of the tower was quite simple and perceived to run seamlessly. I would imagine that any adaptation to the structure would be quite difficult to accomplish due to it being a solid concrete structure. However, the building could be adaptable within its use, it is currently a residential tower however this could easily be transformed into office workspace, leisure facilities, shopping mall etc. 









Steel frame building, Case study.
Whilst looking for steel frame buildings I came across the Burj Khalifa. The Burj Khalifa is situated in Dubai and is the tallest building in the world, standing at an extraordinary 829.8 metres with an impressive 163 floors (Marc, 2013). Meaning it is also the world's tallest free-standing structure in the world. The building was designed by an Architect from a Chicago based architecture firm called Skidmore, Owing & Merril, the architect was Adrian Smith who has also designed other impressive builds such as the Wuhan Greenland Center in China. The Burj was constructed by Samsung construction who have also constructed other respectable projects like the Petronas towers in Kuala Lumpur. The building is built on a shamrock shaped footprint based on the shape of the Hymenocallis plant. This adds to the stability of the building whilst also maximizing the viewing ability from the building to the scenery of the surrounding area. Therefore, adding to the biophilic design of the building (TowerInfo). The project started excavation in January 2004. It took a whole 6 years for the project to be complete and was completed in January 2010, costing a total of 1.5 billion dollars. During the construction of the tower it passed considerable milestones, such as becoming the world's tallest building in July 2007, world's tallest free-standing structure in September 2007 and world's tallest man-made structure in April 2008 (Khalifa). The tower was built to be durable given the environmental conditions it is exposed to at the site. The Burj Khalifa went under over 40 wind tunnel tests to examine the effects the wind would have on the tower and its occupants. Even the temporary conditions during construction were tested, with the tower cranes on the tower to ensure safety at all times (Khalifa). To my knowledge the tower will have had quite an impact on the environment during the production process, I believe this as the tower had over 45,000 cubic meters of concrete in the foundations alone (Khalifa). Each tonne of cement produced produces a tonne of greenhouse gases (Book, 2010). Also, the primary route of steel production produces 1.987 tonnes of carbon dioxide per tonne of steel, compared to the secondary route of recycled scrap steel only producing 0.357 tonnes of carbon dioxide per tonne (NSC, 2010). This without adding any of the other elements that the building and its works incorporates is quite a large carbon footprint. On the other hand, according to (Marc, 2013) the Burj Khalifa used half the amount of steel used to build the Empire State building which suggests the developers were taking an eco-friendly 21st Century approach to steel architecture. With regards to sustainability steel is a 100% recyclable material. Meaning, that if the building is ever demolished almost all the steel can be reused or recycled. It also takes less energy to melt down scrap metal than it does to produce new metal. This also saves on waste and frees up landfill due to melting of the scrap. Furthermore, it saves primary sources by re using what we have already taken from the ground. (Recycling and reuse). The Burj Khalifa is a mixed-use tower, ranging from offices to residential to restaurants and hotels (TowerInfo). As it is a steel framed building adaptation is relatively simple, changes can be made by loosening bolts and removing/replacing beams. The downside of this with this building is that the height creates a problem for these changes, meaning you would need access to special equipment and personnel to do so. However, as most of the building is steel, steel is a reusable material as well as recyclable so the material could easily be reused for a different purpose. 



Comparison of case studies.
Evaluating the 2 case studies I have come to the conclusion that a steel frame building would be the better option for future building projects and believe it holds the future for construction. I have determined this by looking at the carbon footprint of each material. Considering that steel is almost 100% recyclable and produces only 0.357 tonnes of carbon dioxide per tonne when recycled (NSC, 2010) I believe it would be the best option moving forward in appreciation of global warming. Compared to 1 tonne of greenhouse gases produced for every tonne of cement manufactured (Book, 2010). In support of steel frame buildings (White, 2017) states that structural steel components are actually stronger and lighter than weight bearing wood or concrete products. Furthermore, steel components can be easily fabricated off site and transported when needed, minimizing onsite labour. Also, steel frames are highly resistant to fire with special flame-retardant coatings to increase its resistance, along with these advantages steel is immune to pest and insect problems and has a good moisture and weather resistance. Contrastively concrete is very durable and efficient material. Its climatic resistance is very high and can be altered to suit its climate. Concrete can also be poured into any form to create very aesthetic buildings. Assembly of concrete frame buildings seem to be simple as components are usually very large and can be put together quite quickly. However, concrete produces a lot of carbon dioxide and is not recyclable unless used as fill for sites. 
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