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Introduction
Within this report I will be evaluating, comparing and contrasting two existing habitable building, one steel frame and one concrete frame. I will use my academic research and own knowledge to report on the original details of their design, the construction methods used and take into consideration the social and environmental impact at the location of the site. 

Gorseinon Primary School – Steel Frame Building 
Gorseinon Primary School is a Steel Frame Building which was constructed by Andrew Scott Ltd. between June 2019 and August 2020 and was part of the 21st Century Schools scheme. The original design stage for the project started back in 2014 and then was successfully tendered by Andrew Scott as a Design & Build project. Unfortunately, due to the proposed location being a Greenfield site there were several objections by residents to the Planning Application. I have attached an Architectural drawing of the Proposed Location Plan for the Build.
[image: ]
Image 1

The build was going to take up a large proportion of the current Sports Grounds area and there was also a playground/park area that was in a poor state although precious to the local community. 

[image: ]
Image 2 

This photo was sourced from Google maps and was captured in August 2010, that is just short of nine years prior to the project starting and the playground shown was one of the major constraints as to why the project didn’t start sooner. In 2018, after 4 years of the development being on stop, we retendered the project and with certain additions to our contract, such as relocating the playground and a proposal from Swansea City Council that once the new school was complete and the old school was demolished, they would ensure the land was turned into a greenfield site. This meant planning permission was finally granted and Andrew Scott Ltd could start progressing with the project. 

The new proposal was for a Single Storey Building with 2G Synthetic Pitch and Tarmacadam Multi-Use-Games-Area (MUGA) Pitch. Both pitches once constructed would be able to be used by the local community. Below, I have attached the Proposed Site Plan which we based our construction for the project upon. 
[image: ]
Image 3

The construction methods of the build, as previously mentioned is a Steel Frame building where the 86.60 tonnes of hot rolled and 14.94 tonnes of cold rolled steel were manufactured in Llanelli, Wales. This meant that with the material coming from just 10miles from site the project was sustainable and kept local labour in work. While, this building was situated in quite an open and expansive area which experienced relatively high winds the fact that is was a low-rise building combined with a steel frame meant it was very durable. Additionally, to ensure the frame isn’t exposed to the elements it’s protected by 12.5mm Siniat GTEC Weather Defence External Sheathing Board which is a highly moisture resistant and non-combustible material, along with a traditional cavity wall construction. This would ensure that the End-User doesn’t have to carry out any maintenance as there should never be any water ingress to the main structure and would’ve been a factor in the design teams thinking when opting for this material. Moreover, a number of other advantages to a steel frame building would include: It is non-combustible and so it makes it easier to achieve the Approved Document B-Fire Safety; The installation of Mechanical, Electrical and other utility services is simplified due to the supports generally being around the main perimeter of the building. Some of the disadvantages of using a steel frame would include: The initially high cost of the material, the aesthetics of the building as they can often look rather rigid and square and finally the cost of fireproofing the steel beams. 

In relation to the assembly of the frame for this project, once the material was delivered to site the steels were craned into position and bolted down onto the pad foundations that were designed to suit the size of the beam. Also, there were 600mm wide x 350mm deep strip foundations around the perimeter of the building. This is shown in the below drawing:
[image: ]
Image 4 

It took just ten days to have the frame fully erected from the time it arrived to site. This  saves a lot of time in the build where there is little room for delay in such tight contract programmes that Main Contractors have to work with in the 21st Century.

Regarding, the future adaptions to this building the current design already allows for an extension that would provide the school with 2 extra classrooms and as this is a steel frame building you would easily be able to bolt onto the existing frame. When designing this project, it was always within the team’s mind to ensure that if ever required the school would be able to increase their pupil capacity quite simply by taking advantage of the steel frame components. 


Burj Khalifa - Concrete Frame Building

The Burj Khalifa is a well-known building all around the world and this is probably because it holds the Guinness World Record for being the tallest building on earth. The main contractor on this project was Samsung C&T who are a South Korean based company and are also responsible for the construction of the Petronas Twin Towers and Taipei 101. The Burj Khalifa stands at 828m in the sky and as previously mentioned it is the world’s tallest building.
[image: Did you know? Facts & Figures about the Burj Khalifa | Burj Khalifa]
Image 5

The construction of the Burj Khalifa started in January 2004 and the grand opening of the building was six years later in January 2010. According to several sources including the Burj Khalifa website itself there was a total of 330,000 cubic metres of concrete poured and 39,000 of steel rebar used. 

Moving onto the durability and climatic resistance, there were around 40 wind tunnel tests carried out to determine the effects that wind would have on the structure. The tests helped research how the building would cope with the Stack effect or chimney effect. These affect high-rise buildings and come through the change in pressure and temperature due to the height these buildings sit in the sky. Additionally, when wind hits buildings it can cause a ‘downdraught effect’ as shown in the below image.
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Image 6

As the image shows a building that has completely square corners this wouldn’t be an accurate representation of what happens at the site of the Burj Khalifa and this is because the building has been designed around the wind tunnel tests. The Burj Khalifa designed by Adrian Smith has a ‘Y’ shaped base and due to the building narrowing closer to the core as it progresses higher and higher it reduces the wind forces that act upon the structure. The system that the Burj Khalifa has been designed around is called the ‘Buttressed Core System’ which involves having to use high performance concrete that will guarantee low permeability and high durability. To support the resistance to the wind all three wings are supported by each other through the central core of the building and some corridor walls extent the length of these wings. The walls then thicken towards the perimeter of the building to resist the forces from the wind. There are also concrete columns that are linked to the concrete floor slabs to send the load bearing through the building. 
To be able to construct such a tall building the materials used on the Burj Khalifa certainly had to have a high compressive strength. Therefore, C80 and C60 concrete was used and incorporated Portland cement, water, coarse and fine aggregates, fly ash and admixtures such as Elkem Microsilica. Elkem Microsilika claim that their product “is used as a cost-effective means to increase the compressive strength of the concrete mix” while the “triple blend approach to the concrete mix design enables optimum high strength and high durability to be achieved”. Youngs Modulus is a tensile testing exercise and is measured within the Elastic Range of Stress. A reading of 43800N/mm^2 is said to be granted by C80 strength concrete according to ‘The Constructor’. However, while concrete has a very high compressive strength, on its own it has a low tensile strength which is why steel rebar would’ve been used to provide a greater tensile strength. Concrete is the most used material in the world and according to the BBC cement which is used to produce concrete it produces around “8% of the world’s carbon dioxide (C02) emissions. This demonstrates that due to the shear amount of concrete (330,000 cubic metres) that was used to build the Burj Khalifa, it would have had a hugely detrimental effect to the worlds carbon footprint. 
When constructing the concrete frame for this project it certainly wasn’t an easy one and due to the size of the building it was never going to be! To pump the C80 and C60 concrete mixtures some of the world’s largest concrete pumps had to be used and they were pumping to height of 600m at any one time. To add to the challenge, because Dubai sees such warm temperatures throughout the day (see the below graph), all the concrete pours had to be carried out during the night to avoid cracks as a result of shrinkage. To prevent shrinkage in the concrete slabs the design team would’ve had to ensure there were construction joints throughout the building as well as movement joints to absorb the expansion and contraction of the surrounding building materials. 
[image: ]
Graph 1 – Source: National Oceanic and Atmospheric Administration (NOAA)



Another admixture used in the concrete mix was in fact ice! This was to again help prevent shrinkage in the mix. Furthermore, due to the temperatures in Dubai retarders such as super plasticizers or gypsum could’ve been used within the mix to slow the rate of curing and ensure the mix stays workable. However, when using these admixtures it is essential that the correct amounts are used otherwise it can decrease the strength of the mix and can be catastrophic on a project of such magnitude.
Within the total life cycle of this building, I do not believe that it would be easy to adapt at all and this is largely down to its complex shape. It is clear to see that the design teams focus has not been to ever extend or adapt the building and the focus was on designing a building that was going to be the tallest in the world for quite some time!
 
Compare and Contrast – Steel & Concrete Frame Buildings
While in many ways it seems strange to compare and contrast a 7.5-million-pound school in the South Wales region to the other which is a world renown, record breaking tallest building that reportedly cost a whopping £1.1 billion pounds there are many properties in the two buildings that we can. Personally, I believe that the materials used to construct each building were correct for the design intent of each building. While the purpose of concrete used for the structure of the Burj Khalifa is very durable, versatile, and easy to form into the required shapes that makes the building look so unique. The Steel Frame used at Gorseinon Primary School is easily adaptable, reliable and can be constructed quickly and precisely without having to worry about cracks, shrinkage, and creep. With Gorseinon being a low-rise single storey building there was little downward compression with some tensile force due to the large spans of the building and this made for Steel being the perfect material. On the other hand, the Burj Khalifa is an 828m high building which would’ve been exerting very high amounts of compression. So the only material able to cope with this kind of load bearing is concrete, but also, due to the height of the building and the forces that the wind would be putting on the building they had add steel rebar to give the concrete a higher tensile strength. Additionally, with regards to the Burj Khalifa steel wouldn’t have been the correct material to use as it is far less economical when compared to concrete and it wouldn’t be able to mould into the shapes that had been designed. Finally, to summarise both materials have their advantages and disadvantages and so the design stage is critical to determining which properties you require most to ensure that the building is safe and suitable during and after the construction phase.
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DOWN TO INVERT LEVEL OF ADJACENT DRAINAGE IN
MASS CONCRETE

5. TOP OF FOUNDATION LEVEL 750mm MIN. BELOW FFL.

6. 150mm THK GROUND BEARING SLAB ON MEMBRANE

(TO ARCHITECT DETAILS) TO BE LAID ON SAND
BLINDING OVERLYING MINIMUM 150mm THK WELL
COMPACTED TYPE 1 GRANULAR SUB BASE. SLAB
FORMATION LEVEL TO BE MADE UP BY 150mm WELL
COMPACTED LAYERS FROM GROUND IMPROVEMENT
DIG LEVEL. COMPACTION TO BE CARRIED OUT IN
ACCORDANCE WITH D.O.T SPECIFICATION.

7. PRIOR TO EXCAVATION CARE MUST BE TAKEN TO
CLEARLY MARK ALL EXISTING SERVICES.

8. PRIOR TO CONCRETING FORMATION LEVEL TO BE
INSPECTED & APPROVED.

9. COLUMNS BELOW GROUND LEVEL TO RECEIVE 100mm

CONCRETE ENCASEMENT WITH D98 WRAPPING
FABRIC, 50mm CONCRETE COVER

10. 1200 GAUGE VISQUEEN RADON MEMEBRANE TO
PROVIDE BASIC RADON PROTECTION. FULLY LAPPED
& TAPED BELOW CONCRETE FLOOR SLAB/PERIMETER
CONCRETE EDGE. ANY PENETRATIONS TO BE SEALED
WITH TOP HAT SECTIONS TO ARCHITECTS
SPECIFICATION & DETAILS.

11 NATURAL GROUND BE CLEAR OF TOPSOIL AND
ROOTS. ANY SOFT SPOTS BELOW GRANULAR LAYER
TO BE TAKEN OUT AND REPLACED WITH 6F2
GRANULAR MATERIAL. LAID AND COMPACTION IN
150mm THICK LAYERS TO SPECIFICATION OF
HIGHWAY WORKS USING APPROPRIATE PLANT AND
PASSES.

12 ALL BLOCKWORK BELOW DPC TO BE AGGREGATE
CONCRETE WITH A MINUMUM DENSITY OF 1500 kg/m3,
MINIMUM 7N STRENGTH AND IS TO RECEIVE M6
MORTAR.
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