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Construction Materials
Concrete and steel frame construction
Steel frame
Steel framed structures are highly durable and do not age or decay quickly. Even though they are usually used for shopping centres and commercial developments, steel can be used in residential builds as it is very strong and can be recycled or reused easily. Steel can be pulled apart and reused or it could get melted down and reused to create steel of different shapes and sizes for nearly any type of building.
Steel sheets are made from premanufactured metal, and steel in construction has grown rapidly over the years as people look for something different for their properties. Steel is one of the toughest and most durable construction materials, and can withstand extreme conditions. It resists corrosion which makes it perfect for external walls or on outdoor buildings because it is always going to be safe whatever the weather is like. 
Another good thing about steel is that it is very versatile as it can be moulded or cut to fit into whatever design the architect has drawn out. Alloyed metals have the strength of the metals or alloys that are used to create them. Steel is made from iron and carbon - iron has been used for weapons and structures for years, this shows the strengths in the metal, it also has the strength of the alloy which is carbon on top of the strength of the steel.  
Glasgow Building
[image: ]The steel frame building that I have chosen to use is the Glasgow Miles Better building using Slimdek. 
This building is a large residential block located on the busy corner of North street and Berkley Street in Glasgow meaning there is very little room around the building. The building is 8 storeys high and built in an L shape making it quite easy to construct in steel. It includes a basement with car parking, 49 different flats (8 of these are duplex flats) and it also has a penthouse on the 7th floor. 
Slimdek’s construction method- The architect involved originally design the concept using concrete flooring supported on load bearing masonry walls with a steel podium. In order to provide a more effective solution by keeping costs down and quality high, the structural engineers decided to use a completely steel framed building. In using steel, there would be less waste than traditional methods of construction and because the building is situated in a busy area this meant that the build would be safer and less traffic would be involved. Due to this, it made the building process quicker to get their money returned faster. Image from steelconstructioninfo website

[image: ]In using the Slimdek steel design, minimum construction depth without down stand beams have been achieved. This allowed them to increase the construction speed and do well within their cost lilmits. They decided to use the 280 asymmetric slimfor ASB beam supported by SHS columns with rectangular hollow section RHS edge beams. To keep materials to a minimum, the floor depth is only 300 mm which is very low for a building like this as it would have needed deep concrete footings in a concrete frame building. The ASB beams reach spans of seven to nine metres which made the build for the architect flexible during the internal planning as it creates more space.
To help with the acoustics, all internal walls used plasterboard and sound check boards on lightweight steel framing which helped to minimise the load and reduce the use of wet trades such as bricklaying or plastering. The building and material is versatile enough to have a clad finish with a mixture of brickwork, rendered blockwork and stone in order to give it an attractive finish on the outside. ASB beam (from the TATA steel website)


Concrete frame
When a building is constructed using a concrete frame structure, reinforced concrete is used. This is a combination of traditional cement concrete with steel beam reinforcements. This uses the compressive strength of concrete, and tensile strength of steel at the same time. Tensile strength is the resistance of a material to breaking under tension, and reinforced concrete has very good tensile strength because the steel and cement work together to bond and make it stronger.
Reinforced concrete is very popular these days. It is widely used in many types of building around the world. Fire and weather resistance of reinforced concrete is good because the structure is strong and solid -  concrete and steel cannot catch fire. Reinforced concrete building systems are more durable than most others because steel can be cut and shaped to fit any design and the cement will fall in to place anywhere and dry into limitless shapes. Also, the maintenance cost of reinforced concrete is very low. It does not cost much to mix concrete and make steel beams in comparison to other building methods. This method is widely used in precast structural components because of these advantages. Reinforced concrete requires less skilled labour for the erection of the structure in comparison to other building methods because it is as simple as placing the steel beams in to place and mixing and pouring cement in to place.





Burj Khalifa
[image: Did you know? Facts & Figures about the Burj Khalifa | Burj Khalifa]The concrete frame building that I have chosen to use is the Burj Khalifa in  Dubai, this is currently the tallest building in the world measuring 828m in height. I chose this because it is a completely different type of building to the steel one. The construction of the tower at the Burj Khalifa took almost 6 years from start to finish with the architect Adrian Smith saying that the building would 
“Test the limits of reinforced concrete”. The Burj Khalifa was meant to create impact and make people all around the world look at Dubai and how it has changed over the last 20 years. “A tall tower would not only give the master plan an identity, but would also become the identity for EMAAR and the Country of Dubai” - Adrian Smith (http://faculty.arch.tamu.edu). (image from: burjkhalifa.ae)


The aesthetic design of the building was based on a local flower and the traditional spirals come from the buildings such as mosques which are part of Islamic culture. In its design, local weather conditions (e.g. heat and wind strength) were also considered. The best local materials were found and the very latest ideas in design, materials and construction methods were used. 
[image: ][image: ]The Burj Khalifa is built in a Y shape so that the wings of the building take in the best views from outside and bring in as much light as possible. The Y shape design means that the building has a strong hexagonal core and the shape helps control the wind pressures of the 6 different wind directions. Each wing is buttressed to the other and the core provides the torsional resistance for the building. When moving up along the tower, one wing at each tier is set back. (image from http://faculty.arch.tamu.edu)

(image from http://faculty.arch.tamu.edu)


In the construction, two of the largest concrete pumps in the world were used to pump concrete to a height of up to 600 m at a single stage. The construction of the Burj Khalifa is a reinforced concrete raft that is 3.7 metres thick and is made of a ‘High Performance Self Compacting Concrete Cathodic Protection System’. This provides a barrier that keeps eroding chemicals from ground water and so does not affect the concrete. The low permeability and high density of the material means a greater protection from ground water and is more durable..
Due to the high temperatures in Dubai, there were chances of concrete cracking due to shrinkage in the heat. In order to prevent this, the concrete pouring process was carried out at night at a cooler temperature and ice was added to the concrete mix to ensure the correct temperature of the material.

Twelve and a half thousand cubic metres of concrete was poured in four pours for the raft foundation. One hundred and ninety two piles were used, each measuring 47 metres in length and 1.5 metres in diameter. Each pile is placed 3.75 meters apart from centre-to-centre. In summary, overall:
1. Concrete Used = 250000 cubic metres
2. Curtain Walls = 83,600sq.m of glass and 27,900 sq.m of metal
3. Steel Rebars Used = 39,000 tones
4. Man-Hours = 22million man-hours

Comparing the frames
	
	Glasgow (steel)

	Dubai (Concrete)

	Durability and climatic resistance

	Well designed and constructed structures made from steel are durable over a long time period as they do not age or decay as quickly as other materials used in the construction process and therefore last longer before being updated or replaced. There are no harmful impacts on the environment when they are demolished. Steel frame buildings can be easily adapted for future use and they are not very expensive. Unlike other building materials, steel does not distort and move with changes in moisture content so the rain in Glasgow won’t affect the building. Internally, it makes for easier fixing of linings and will usually have higher quality finishes as there will be less to no chance of cracks around door architraves and skirting. Unlike concrete which shrinks and may crack, steel does not expand or contract with moisture content, it does not warp, split, crack or creep.
	The concrete frame in this building has a low expansion rate in higher temperatures as in the United Arab Emirates. It can endure high temperature for a long time. The design will withstand the wind blowing from six different directions. Concrete is strong and durable (with steel reinforcement) and able to withstand heavy loads. It will however deteriorate eventually.

	Environmental impacts and biproducts

	In the production of steel, coke production is one of the major pollutants.  Air emissions such as coke oven gas, naphthalene, ammonium compounds, tar, benzole and sulphur are some of these released from coke ovens during the process. The coke is produced from coal which is heated, removed from the oven and cooled before use in the blast furnace. The process of producing the steel used in the Glasgow building would be very harmful to the environment. For every ton of steel produced, 1.83 tons of CO2 is emitted. This makes the production of steel one of the biggest contributors of global warming in the world as it emits over 3.3 million tonnes annually globally. The main by-products produced are slags (90%), dusts and sludges.

	Concrete produces a lot of CO2 and is a non renewable resource. Approximately 4-8% of the  world’s CO2 comes from concrete and half of these emissions are created during the manufacture of clinker. the most-energy intensive part of the cement-making process which has even more negative effects on the environment. This is due to the process involved in hydraulic cement for example Portland cement in C80 and C60 cube strength which was used. As the limestone is heated to 1900 degrees, carbon dioxide gas is burnt off and the limestone decomposes to calcium oxide

	Ease of assembly and adaptation to (shape and use), total life cycle 

	Steel framed buildings are easy to assemble on site and are brought in directly from the manufacturer on a Just In Time basis so there is very little waste and minimal storage on site which was a proble in the build in Glasgow. For a building like this one, it has excellent acoustic insulation between walls and flooring so it would work well with the number of apartments in the building. Soundproofing is helped by using a mixture of additional components in the build as specified in the Slimdek manuals. Using steel such as this is a good way for the building to be fire resistant. This comes from the concrete encasing which can be exposed to between 60 and 120 minutes of fire and this helps to guarantee the safety of the people who live there.

Steel doesn’t move structurally because of moisture, and will not form rot and mould if it used properly. To give the building a longer life, barrier coatings can be used to coat the steel surface and isolate it from water and so that it cannot corrode. Overall, steel can give an excellent service life for a building. Laboratory and field exposure tests on steel structures built to industry standard practices demonstrate excellent service life

It is highly adaptable to changing future requirements for example in the shape and use of a building. In manufacture, it can be easily pre-fabricated and in general steel frames buildings provide long-term and consistent performance. It is an efficiency use of material and provides a faster speed of construction so it is cheaper to work with and redesign if needed.

	The concrete was poured in situ using huge machines filling 600metres at once so this was quick to build. The material used helps to withstand fires which is required in a building with 1608 rooms enough to accommodate 5000 people. The material allows for  flexibility in shape in the Y design which changes in size and shape the closer to the top. It is a material which helps to keep the building cool in the hot weather conditions outside.
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Main Elements

The main structural system for this
megastructure has been named a
“buttressed core". This new structural
system allows for a dramatic increase in
height.

The structural system consists of a three-
winged structure anchored to a strong
hexagonal central core, each wing is
buttressed to the other to provide a highly
stable system.

The central core provides the torsional
resistance for the building, while the wings
provide the shear resistance and increased
moment of inertia
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Design a system that is strong, stiff, and
effective Structure
To achieve this, they used the latest
technology in materials available locally,
latest innovation in analysis, design,
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