Construction Materials – Case study
Introduction
Concrete is an extremely useful and important man-made material in construction due to the vast amount of uses it has such as the various types of structures built to a great degree on mainly concrete, leading it to have a big part when building colossal buildings, bridges and dams. (Concrete, 2021). Concrete has many superior uses as to why it’s used for building structures such as its resistance to weather conditions, ability to be cast into shape allowing for concrete structures to be able to be unique and adaptable. Concrete also has very low maintenance which can be very cost effective over the long term. (Paul, 2021).
The ever-growing evolution of steel within its use for building structural buildings within construction has been very successful with it “developed to provide a uniform practice in the design of steel framed buildings. The intention of the Specification is to provide design criteria for routine use and not to cover infrequently encountered problems which occur in the full range of structural design”. Design, A. S. (1999). Due to the development within the use of steel and due to the structural designs developing to become more stable, stronger and rigid this is due to the advantages steel has which are its good moisture and weather resistance and due to steels fabrication having a 30% to 50% lighter equivalent to wood this allows steel to be far stronger and durable than traditional wood framed structures. (White, 2021).

Main Body
The concrete frame I have decided to report on is Capital Quarter, which is situated in Cardiff. This is one of Wales’s tallest concrete new buildings with it being a huge student complex and the job being completed in 2019 with it being worth over £40 million pound. (ISG's lofty Cardiff speed build proves something to look up to | Construction News, 2021). The original design plan was a 23-storey, 180-unit apartment which would have 674 bed spaces. (2021). The site beforehand has been identified as abandoned with the site having more than 10 acres of land to build on. (http://jrsmart.com/, 2021). On completion of the project the original design plan had changed drastically with it being an “8-storey south block and a 26-storey north tower”. (Capital Quarter, Cardiff | Student Accommodation | Projects | Curtins, 2021). As you can see from figure 1 the completion of the building showing the high quality of the concrete structure. The construction methods used in order to create this successful sustainable concrete frame was reinforced concrete in order help strengthen the structure of the building, a total of 8500m3 volume of concrete and over 1000 tonnes of steel were required in order to construct the building. There were 285no of CFA piles 600mm in diameter installed for the two blocks in order to keep the foundations of the building stronger, this method was also used due to the one block exceeding 80m in height meaning the foundations of the building needed to be very dense and strong. All columns of the scheme were precast in c50/c60 concrete this allowed for more space on site and allowed for the concrete frame to be stronger with the floor using c50/c60 concrete. (Capital Quarter, Cardiff | Student Accommodation | Projects | Curtins, 2021). The long-term impact I think this will have on social and environmental sustainability will have both positives and negatives with the positives being socially that statistics show that “growing literature on the impacts of the growth in student numbers in the UK”. Munro, M., Turok, I., & Livingston, M. (2009). This shows that with this project it helping to meet the demands for student accommodations. The social benefits are also the boost this job will have on the economy with it having “Approximate employee, student and residential population of circa 5,000 persons within Capital Quarter scheme”. (No.4 Capital Quarter, Cardiff | Completely Retail, 2021). So therefore, this student complex will provide vast amounts of jobs and with it being full of students the statistics show that vast amounts of students use public transport so they will also be using this which is also another factor in helping to boost the economy. Another factor as to why it is socially sustainable is due to the growing number of students each year meaning that students will continue to come every year allowing for the building to be sustainable. A negative factor on the social sustainability of this build is the increase in the competition of student accommodation which could mean that over time there will be newer and superior accommodation which could have a negative impact on the financial stability which could also therefore affect the social stability of the building due to cuts being made on jobs etc. The main environmental factor that will be affecting the building is the number of materials used and wasted to create the build with the build not being essential the number of materials wasted made the job less environmentally friendly. Also, the pollution around the area due to the huge amounts of production of the concrete to create the building with concrete giving off huge amounts of CO2 emissions which provides a lot of air pollution. Another environmental negative from the build is the energy used to power and sustain the building will be high due to the sheer size of the building which will therefore increase the demand on energy and contribute to global warming.
The steel frame I have decided to report on is the Burj Khalifa, which is situated in Dubai and is the tallest structure built by man with it being 828 meters tall and compromise of 162 floors above grade and 3 basement levels. Abdelrazaq, A. (2010). The project took over 6 years to build with the excavation starting in January 2004 and the final completion of the build in January 2010, the cost of the build is to be roughly around $1.5 billion pound. (Architectural, Construction & Building Design| Burj Khalifa, 2021). The original design plan was derived from geometries of the desert flower, which is indigenous to the region, the building is set around a central core with three wings. The design is set that each wing consists of four bays and at every seventh floor one outer bay peels away as the structure spirals into the sky, the design of the structure has been very methodical and smart as every floor is shaped as a Y as this helps to maximise the views and natural light for tenants of the building. The structure that has been formed in order to create such an expansive building has been formulated by reinforced concrete ductile core walls and a steel bracing system from level 156 to the top of the spire. The pinnacle of the structure also consisted of a structural steel pipe system from 2100mm diameter x 60mm thick at the base to 1200mm diameter x 30mm thick at the top (828m). Abdelrazaq, A. (2010). As you can see from figure 2 below this shows the detail of the spire steel structure and the detail and importance the steel structure has on the entire building. The construction methods used in order to help build and create this unique building were reinforced concrete in order to help strengthen the building, Y shaped floor plans in order to help minimize the wind forces on the building due to the sheer height of the built this would mean that the wind is ore likely to be faster so therefore with the shape of the floors this helps to minimize the risk of this. The steel structure of the building is shaped so the tower is in a spiralling shape in order to confuse the wind so that the wind vortices can’t affect the building as at each new tier of the tower the wind will experience a dissimilar building shape. Goldsworthy, K. (2018). The social sustainability of the build is that it will create thousands of jobs for local workers due to the duration of the build and the amount of jobs needed to be carried out which will help benefit the local economy, also due to the attraction the building will bring this will help to bring in thousands of tourists each year which will help local businesses with more tourists coming each year and which will also then help create a boom to the economy. The environmentally sustainability of the build is there is some promises towards how it can be environmentally stable which are that the build is having solar panels all around the build which is very eco friendly as this can save on huge amounts of electricity which can be used to help power the build in a more eco friendly way. A negative to the environmental stability of the build is that due to the enormous size of the building its going to be using huge amounts of power to keep it running, also due to the amount of concrete and steel used on the build it will be giving off huge amounts air emissions and hazardous wastes which are not good for the air.
Capital Quarter has been built so that it is very durable due to it being a concrete frame the advantages of this are that concrete has unparalleled strength allowing for it to be very durable, also concrete doesn’t burn, rust or rot so therefore this helps the frame to remain strong and durable throughout all weather conditions. The environmental issues this structure could occur is that concrete structures are susceptible to cracking and this therefore could damage the framework which could lead to the building being liable to big problems and due to where the building is situated in an area where wet conditions occur commonly all year round this is a leading cause to the cracking in concrete which will lead the framework to crack. The framework will also be more durable due to the framework being made from reinforced concrete so therefore this will more likely allow the concrete to be stronger which will allow it to fight against any environmental issues better. Burj Khalifa structure has been built using mainly steel and concrete and the structure of the build has allowed it to be very strong and durable due to the design of the framework and the materials used to create the framework. The main environmental issue the framework will have been the wind conditions due to the sheer height of the framework, therefore the structure of the framework has been designed so that the concrete walls help to keep the structure strong and stable and the structure spirals up as the building goes up in order to reduce the wind from being as effective. An environmental issue that may affect the steel structure is that due to the building being so tall this allows it to be freely exposed to air and water (rain) which can lead to corrosion to steel which could lead to the structure weakening and not as durable. Sedriks, A. J. (1996).
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The two structures are very similar in terms of their durability and climatic resistance due to the two structures both being very strong in terms of their build and also both being very climatic resistant due to the materials used and also due to the shape of the buildings.
The framing materials process for the Capital Quarter build were largely through importing huge supplies of concrete from abroad due to the saving of man hours buying it already made and due to it being cheaper to do it this way. The environmental implications this causes is the air pollution due to the transportation needed and due to the CO2 emissions concrete give off which will therefore have a big environmental impact on climate change and can also cause chemical reactions such as acid rain. Hajer, M. A. (2013). The bi products used within creating concrete are three main components which are water, aggregate and cement these materials would have been sourced locally if making concrete man made but due to the size of the build the concrete was sourced ready made abroad which leads us to result in the bi products not being of use in this project. The framing materials process for the Burj Khalifa has been a worldwide process due to the vast majority of the steel needed for the framework with Tata Steel supplying “1,000 tonnes of galvanised steel” (Steeling The Show | Tata Group, 2021). The implications caused on the environment due to the supplying of steel worldwide is the volume of air pollution caused from the transportation of the steel and the environmental affects this causes.
The Capital Quarter’s frame structure involved over 207 precast concretes for the foundation layout also needing 207 concrete piles with 14 tubular steel piles in order to ensure the stability of the structure. (2021). This leads on to how the frames ease of assembly is very difficult due to the mass size of the materials and the tools needed to assemble the structure. Due to the size and shape of the building and due to concrete structures being very strong and durable the building wouldn’t be very adaptable and over the building’s life cycle the concrete structure will remain very strong so therefore this would make the building less adaptable overtime. The Burj Khalifa’s frame structures ease of assembly was very difficult due to the mechanical makeup of the infrastructure and due to it being a high-rise construction building, also due to the size of the building the steel beams intertwining with each other at the peak of the building this made the build of the structure very hard to assemble. The adaptability of this building is very unadaptable due to the uniqueness of the build with it being a very narrow tall build this leads it to not to being as easy adaptable in its life cycle. 
The Burj Khalifa steel structure is a lot more adaptable than Capital Quarter’s concrete structure due to the beams being easily replaced and overtime the renewal of beams is an easy process of replacing them. Whereas this concrete structure would require complete demolition of the building if a serious crack within the concrete occurred which would also make it a more expensive structure.
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