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[bookmark: _Toc29379488]Introduction
This report will be looking into two structures one concrete framed and one steel framed structure. The structures will be compared on their design, ease of assembly, the durability of the structure, the environmental impacts of the process of materials production 
[bookmark: _Toc29379489]Burj Khalifa

[bookmark: _Toc29379490]Information of the project 
The Burj Khalifa is the largest building in the world reaching a height of 828 meters high (records, 2010). The skyscraper is located in Dubai has 200 levels with 160 of these being habitable and observation decks on levels 124, 125 & 148.  The highest of these occupied floors being at 535 meters. The foundation of the structure was constructed out of 45000 cubic meters of concrete used in the Raft foundation and the piles which there are 192 and are bored to a depth of 50meters. 
The structure boasts records for the highest elevator in a building, tallest building to record, highest recorded concrete pump (TOP, 2010) with the construction taking just 1325 days after excavation works had started back in January 2004. 
. [image: Burj dubai comparison] (design, 2013)


[bookmark: _Toc29379491]Burj Khalifa design and durability
[bookmark: _Toc29379492]Design 
The design of the Burj Khalifa plays a major part in the ability to reach the heights it has and making it possible to meet the specifications by the client. 
To combat these strains that the size of this structure would be under the designers, designed the building in such a shape that represents a Y shape. With each of the 3 wings having setbacks giving the structure its stability. While also providing an aesthetically pleasing structure 


[image: ] (plans, 2010)
The strains the structure would face were not the only major design concern for this building, another consideration was the temperature control.
Due to the extreme temperatures the local area faces regularly the designers had to construct a system that would be able to keep the structure cool even with the amount of glass on the cladding to prevent it from becoming a greenhouse 
  The designer’s solution to this was ice chilled water that is provided by 3 different plants (TEAM, 2019). A slurry of ice is pumped around the building to heat exchangers on 3 different levels this allows the air to cool so it can be used in air conditioning units. This method allows the Burj to cut cost rather than cooling the air a different way and the water is reused when it has completed this. 
[bookmark: _Toc29379493]Durability 
The reinforced concrete was chosen due to the life span of the material and the strength it provides the concrete needed to also be able to with stand the high temperatures that Dubai regularly endures. 
The frame was constructed using grade C80 pulverized fly ash Portland cement and local aggregate. This would provide a Youngs modulus of 43800 N/mm².

[image: ] (Arjun, 2019)



The concrete foundation or “mat” is 3.7m thick and low permeability concrete to prevent any chemicals seeping into the concrete and causing corrosion was used Along with cathodic protection system was used under the mat as another barrier against any corrosive chemicals that might be in the local ground water. (PJSC, 2011)
The design of the Burj had many factors to combat with regards to the local environmental issues the building would face during its life cycle.
Given the height of the building it was clear that wind forces needed to be considered to give the structure the stability required to combat these the structure was designed as a buttress core.(PJSC, 2011)


[bookmark: _Toc29379494]Burj Khalifa construction methods and ease of assembly  
The Burj used different methods of construction to decrease construction time and complexity of the construction. For example, some sections of the Burj would be delivered prefabricated or constructed on the ground and then be lifted into position and fixed in position. 
The Burj Khalifa concrete frame would be constructed using different methods but the main would be by using form work and false work. 
The Burj had many ingenious ways to construct the structure, such as ways the concrete was pumped and poured.
The concrete would only be poured during the night this is due to the high temperatures in Dubai and the humidity. To help keep the temperature of the concrete as low as possible the concrete plant would also add ice to the mixture (google, 2011)this was to prevent the concrete from cracking which can happen if the concrete cures at high temperatures. 

[bookmark: _Toc29379495]Ease of assembly 
Due to it being a concrete frame structure the construction of the frame had its issues due to curing time and ensuring the concrete was correct and so was the form work. The ease of the assembly would be rather complicated due to the numerous trades that would need to complete each section would be a huge demand for labour. 
Due the ability of certain section being prefabricated it allows for some time to be saved. The frame can be built in different sections but due to the scale of the build it was difficult to have it all prefabricated as well as have the space for these sections to be stored. 
[bookmark: _Toc29379496]Ease of adaption in future
The Burj Khalifa was designed in a way that offers little adaption to the general structure of the building, but has adaption for room lay outs and the refit of its reception and retail spaces including the sky decks. 






[bookmark: _Toc29379497]Impact from construction of the Burj Khalifa’s frame 
As would be expected for a structure the size as the Burj a huge amount of concrete was used. With 375000 cubic meters of concrete used in the structure and the foundations. Looking at the below table the average energy consumption for a cubic meter concrete is between 1650 and 2150 MJ(mega joule) . now given that this is just for 1 cubic meter ( as highlighted on the table in yellow) the energy used in this project across the 6 years of construction would be at these rates a minimum of 600,000,000 MJ.

	Material 
	Weight
(tons) 
	Energy
content
(MJ/ton) 
	Energy
(MJ) 

	Cement (1 m3) 
	1.5 
	7300 
	10900 

	Sand-aggregate (9 m3) 
	13.5 
	30-300 
	405-4050 

	Concrete (7 m3) 
	15 
	
	11305-14950 

	Concrete (1 m3) 
	
	
	1600-2100 

	Concrete (0.47 m3) 
	1.0 
	
	750-1000 

	Transport energy (1 m3) 
	
	
	<10 

	Mixing energy (1 m3) 
	
	
	<20 

	Formwork (1 m3) (and other on-site operations) 
	
	
	<20 

	Total energy of in-situ concrete (1 m3) 
	
	
	1650-215



There is chance that these rates may have been less due to the change in Dubai in which it is using as the country began the masdar initiative (government, 2019) in 2006 which was to provide clean renewable energy so there is chance that great measures on using greener energy to produce the concrete was used but the impact would still be massive on the environment due to the size of the project.








[bookmark: _Toc29379498]The Depot student accommodation

[bookmark: _Toc29379499]Information of the project 
The Depot student accommodation is a steel frame and pod construction 9 storey regeneration project of a large court yard. The principal contractor was “Sir Robert McAlpine” the project is to include retail outlets , lounge and a bar area.
[bookmark: _Toc29379500]Design and durability
The building features a pitched roof that was designed in for a number of reasons but the main being it matches in to the local area. This would be appealing to planning authorities as well as the local community and students who would occupy this structure. The roof construction is cold rolled steel joists. 

To aid the design of the project en-suite Pods were designed for quick assembly/ install for bathrooms for the student rooms. This allowed for the units to be made to a quality standard set out in BS EN 1090-1 EXC3 (group l. , 2014) greater than would be achieved on site with less chance of damage or mistake to the units. This will benefit all involved as there should be little to no defects with the pods over their life time. (offsitesolutions, 2019)
[image: ] (offsitesolutions, 2019)

To keep up with the pace of the steel install a system of Prefabricated steel stair system was designed to be installed along with the steel. (group, 2019)
The steel would also be sprayed or galvanized to prolong its life and prevent rust, chemicals from causing corrosion to the steel
The stair system can normally cause issue or delays due to normal construction being concrete and this takes a much longer time with formwork and false work required then there is waiting for curing time. 



[bookmark: _Toc29379501]




Construction method and ease of assembly
The construction for a steel frame building such as the Depot is more complex to normal steel frame due to the size and amount of steel being used across the floors and the roof.
Due to the design of the project, sections of the building were designed to improve installation and decrease construction time. The prefabricated bathroom pods allowed for the bathrooms to be installed fully furnished with only final connections needed.

[image: ] (Loose, 2019)
The steel frame was chosen due to the effectiveness of the installation. As long as the steel is organized to be delivered to site on time when required and is correct to the design. The steel is bolted or riveted together making a rectilinear grid. 

The floor is constructed with corrugated steel sheeting laid on top or between the steels then depending on the design there may have reinforcement and spacers laid on top of the corrugated steel sheeting. The concrete would then be poured onto this and given time to cure.



[bookmark: _Toc29379502]Ease of adaption in future
[bookmark: _GoBack]Due to the steel frame it allows for connections to the structure easier than many other structures. The limited space surrounding the project means that there would need to be redevelopment in the local area to allow for expansion but due to the layout of rooms and the en-suite pod it allows for refits. 


[bookmark: _Toc29379503]Impact on the environment from the construction of the frame
The steel being used in this structure there many variables in how much damage it could cause to the environment. The reason for this is due to the chance that recycled materials could be used to help manufacture the steel.  Even with this being said the damage that the casting, forging, and galvanizing would cause to the environment would still need to be considered. 
The manufacture of steel is a long process and starts with the extract/mining of iron from the ground, then the iron needs to be separated from other minerals that it is combined with. The iron will then need to go through serval processes to get to steel, this then leads to the steel processes. 
The transport of the steel would need to be considered as it would be damaging to the environment as well. However at the end of the life cycle of the building during the demolition the steel can be separated and melted back down to be re-cast 







[bookmark: _Toc29379504]Comparison of the two frames

See the below table showing some comparisons of the 2 frames.
	[bookmark: _Hlk29378823]
	Concrete 
          (Burj Khalifa)
	Steel
(The Depot)

	Ease of installation
	To pour columns and floors for concrete requires a lot of work an a lot of time. If a shutter isn’t correctly installed can cause it to fail and the concrete pouring onto the floor.
	Steel can be installed rather easy and quickly due to is design most steel frame joist fit together and bolt on meaning many pieces can be installed in a short time. 

	Speed of installation
	Can take a few days depending on the size of the pour to be carried out. The form work needing to  being installed and then waiting for concrete to cure and the formwork to then be removed. 
	The installation can be quick as long as the pieces are correct and delivered to site as required. 

	Trades required
	· Carpenter ( for formwork) 
· Steel fixer ( for rebar)
· Concrete pump operator 
· Concrete finisher  
· Concrete truck driver
	· Steel fixer 
· Mewp operator 
· Crane operator 
· Appointed person ( for lifting operation)

	Ease of adaption
	Concrete frame would require ether to be broken (drilled) or removed to allow for any adaptions to it 
	The steel frame has the chance of adaption being made by extra joist being bolted on or even new brackets being welded depending on the design and the amount of extra weight the foundation can hold

	Ease of removal 
	Concrete would require to be broken out to be removed this could be done by cutting, munching or drilling. This process could be quick but concrete would be unusable for future structures unless certain elements are removed.
	Steel can be cut using different methods most common being oxy acetylene torch to melt. The steel removed can then be recycled. 

	Advantages
	· Can provided a long life span for a building 
· Provides high tensile and compressive strengths 
· Can be colored to suit design 
· Provides various finishes 
· Additives can be added to give certain properties.


	· Easy installation 
· Can save time compared to other frame types 
· Can allow for future alterations 
· Can be given certain coatings for fire proofing, chemical resistance etc.

	Disadvantages
	· Errors can result in major costs
· Massive energy consumption with in production. 
	· Errors in design can cause major errors 
· Delay on delivery can have construction stop 
· 




[bookmark: _Toc29379505]Conclusion
In conclusion the two frames have their own unique advantages and disadvantages to using them. Depending on the type of project, time frame, availability of the material, environmental damage of the material, site constraints e.g space for storage, transport, labor required to build.  
For example, if a the project has a tight program steel would be the best choice but depending on the size and the use of the build then concrete could be the more suited. 
Steel allows for a more environmentally friendly construction and great works of construction are being undertaken with this frame type every year. But still has some time before it is meeting the same demand as concrete currently is. 
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