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Introduction
I have researched and selected two existing habitable buildings from around the world, one of Concrete frame and the other of Steel frame construction. I will now report on the details of their original design planning, construction method and potential impact in consideration of social and environmental sustainability at the site of the build.
[image: C H A S M I L L E R · Projects | Philanthropy | Travels | Photography]Case Study 1 : Burj Al Arab Hotel, Dubai – Steel Frame
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Source: https://mywowo.net/en/united-arab-emirates/dubai/jumeirah/burj-al-arab 
              http://www.chasmiller.com/2003uaemalaysia.html 
Burj Al Arab Hotel is located on a manmade island 280 metres off Jumeirah Beach, Dubai and has 28 double-storey floors and 202 bedrooms.  It is the fourth tallest hotel in the world measuring approximately 321metres. The hotel took 6 years to build and opened in December1999 and designed to resemble a ship's sail. Slender concrete walls is encased in a steel structure outside the building which acts as a exoskeleton frame.  The restaurant at the top of the building is suspended in the sky.  
[image: ]Case Study 2: Bella Sky Hotel, Copenhagen – Concrete Frame
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Source: https://3xn.com/project/bella-sky                
https://2btraveling.net/2019/08/20/review-ac-bella-sky-marriott-copenhagen-denmark/ 
The Bella Sky Hotel is the largest hotel in the region.  The structure stands parallel with two 75 metre towers that lean out from the base at a 15 degree angle.  The towers are the only tilted pre-cast structures in the world.  This design allows nearly all 814 rooms to have views of the neighbouring nature preserve and the city centre just a few kilometres away.  The facing of the structure is glass and aluminium which reflects the angled movement of the building.  Construction began in September 2008 and completed in May 2011.
Analysis
I will now compare and contrast the two framing materials:
	Concrete
	Steel 

	Mould to any shape 
	Strong intention and forms a good bond 

	High compressive strength, low tensile strength and toughness. Reinforced by steels bars for tensile strength.
	High tensile and compressive strength

	Durable and weather resistant 
	Durability is effected by weather and rusting

	Less prone to corrosion
	Prone to corrosion

	Slower process of construction
	Quicker to construct 

	Does not require highly specialised construction workers
	Skilled construction workers

	High self-weight not advisable for buildings prone to seismic activity 
	Low self-weight more support for building if prone to seismic activity 

	Manufactured to desired strength although becomes brittle when strength is exceeded
	Ductility prevents sudden failure

	Lower material, construction and maintenance costs
	Higher materials, construction and maintenance costs

	[bookmark: _Hlk66151416]Need construction joints, expansion joints, contraction joints etc.
	[bookmark: _Hlk66148865]Steel joined by rivets, welding, nuts and bolts.

	Fire resistant 
	Not fire resistant but can be fireproofed

	Made on site or locally.  Heavy to transport. 
	[bookmark: _Hlk66148471]Prefabricated offsite, easily transported and constructed on-site

	Strict quality control on site
	Off site fabrication allows less quality control on site 

	Reaches max strength after 28 days
	Can be used immediately after erected

	Production of concrete has high environmental impact. 

	Production of steel has slightly lower environmental impact as components can be reused/recycled 

	Number of factors affecting its permeability e.g. admixtures, ingress of moisture and air, water/cement ratio, properties of cement, curing and age
	It is ductile due to its hardness, strength, elasticity, toughness and stiffness.  

	Takes longer to demolish for change of use if reinforced concrete, broken up for aggregate
	Easily removed or extended for change of use. Can be 100% recycled.

	If demolished can be cut up and reused/recycled as dry aggregate for new concrete after removing contaminants
	Steel can be easily recycled after removal or demolition of building to extend its lifespan




1. The frames likely durability and climatic resistance, given the environmental  conditions the site is exposed to. 
[bookmark: _Hlk66141237]Concrete is a homogeneous mass of composite material that is created by mixing cement or lime with aggregate (sand, gravel, stone, brick), water, admixtures, etc in specific proportions which are readily available and cheap to buy.  Steel is made up of small percentage of alloy of iron and carbon and other elements such as silicon, phosphorous and sulphur in varying percentage.
The strength and quality of concrete are dependent on the mixing proportions.  It is versatile, durable and easy fabrication.  Steel is ductile which means it is flexible to work with and does not break. It’s mechanical hardness and strength allows it to work and bend into shape.  It’s elasticity allows to stretch to take tensile load without breaking.  toughness and stiffness.
Although the inner structure of the Burj Al Arab is concrete, it could not alone withstand the extreme humid and 49 degree centigrade temperatures and environmental conditions in Dubai.  It is positioned on an island 27 metres into the Gulf Sea, surrounded by sand, wind and water.  The steel structure of the Burj al Arab envelopes the slender concrete walls and is shaped like a sail.  When building the steel framing experienced problems with the steel trusses expanding in hot weather and contracted in the cooler evenings  which caused thermal expansion.  The steel had to be tested in wind tunnels to ensure its durability in Gulf winds. 5 tonne weights were positioned between each bow structure to stabilise again winds.  Washer and cast steel pins were placed into the trusses to allow for expansion.  Each truss weighed 165 tonnes and 85 metres in lengths  and if the problem of thermal expansion had not been rectified then the structure would have been unsafe and not stable enough to take the load and strength against the weather elements.  In order to cool down temperatures inside the building the fabric wall and white sail which is attached onto frame had to be coated with Teflon to resist dirt and sand and keep temperatures down.   
The restaurant at the top of the Burj is suspended in the sky and projects 27 metres out of the building.  In the concrete core steel they placed brackets known as imbedments to position the 10 enormous steel girders in place to support the structure to withstand and survive  the high severe Gulf winds.  
The temperatures and conditions of The Bella Sky Hotel in Copenhagen is opposite to the Burj Al Arab.  The building is exposed to warm Summer months and very cold temperature of -1 to -4 degrees centigrade in Winter months. The Bella Sky has been constructed with precast concrete sections.  Concrete is moulded, poured and cast into any shape and transported to the site.  The  concrete frame itself has properties enabling its durability and is weather resistant. Precast concrete would have undertaken the prestressed process which means concrete is preloaded by applying compressive stress before it is subject to any external loads which will improve its performance making it ideal for the construction of Bella Sky framing.  This hotel has been designed as a unique tilted shape structure with top and bottom concrete bridges to support the loads and access both sides of the building therefore this style of framing is suitable to withstand its shape, loads and strength against warm and cold climate of Copenhagen.  
Similar to the Burj testing of steel durability against extreme weather conditions, a slump test would have been carried out prior to production of concrete sections to determine the quality, strength and workability of the concrete.  If slump is low it indicates less workability. High slump  indicates high workability therefore important to get correct consistency to ensure Bella Sky’s stability and strength against its cold weather conditions. 
Steel being a ductile material does not have sudden failure.  Unlike the concrete structure, the steel structure does not need any kind of formwork.   Good quality steel does not corrode and is resistant to rusting which will be beneficial to the Burj Al Arab as it is located and surrounded by the Gulf sea.  However if steel members are prone to corrosion they may require frequent specialised paint and other methods for their protection.  However if paint is scratched then is loses its ability to protect against corrosion if exposed to the elements and environmental conditions. 
In comparison steel is strong in tension, forms a good bond and similar coefficient of thermal expansion to concrete.  Concrete is strong in compression but weak in tension and steel negates sheer forces. Prestressed concrete supports the load by induced stresses throughout the entire structural element making it more resistant to shock and vibration than ordinary concrete, and able to form long, thin structures with much smaller sectional areas to support equivalent loads. Corrosion of the reinforcement can also happen known as carbonation.  Therefore sufficient depth of concrete cover over the steel bars is essential to keep the reinforcement away from potential carbonation.  If in Winter months the Bella Sky is exposed to moisture which means that carbonate changes into diluted carbonic acid and decreases alkalinity of the concrete which is required for prevention of corrosion of reinforcement.  The concrete therefore is under attack by aggressive environmental agents and corrosion will blow off cover of the concrete.  The rate of carbonation will depend on grade of concrete used, strength and density, exposure to the elements, its permeability and time of exposure.  
This mild steel would have between 0.15  -0-25% carbon.  A reinforced bar would have high tensile and high carbon content (BS EN 10365:2017).  If there is low carbon content it would increase ductility and ease of welding.  If high carbon steel it would increase tensile strength, quenched hardness and ease of casting.  
Concrete can crack due to drying shrinkage and moisture expansion (construction joints avoid this issue).  Precast Concrete structure has a longer service time period and minimal maintenance. The high-density Precast Concrete is more durable to acid attack, corrosion, impact, reduces surface voids and resists the accumulation of dust.  



[bookmark: _Hlk66105624]
2. The table below shows the likely impact the framing material's original production process would have had on the environment

	Concrete
	Steel

	Burning fossil fuels in kiln to generate heat for production of cement
	Produced by blast furnace process 

	Production of cement results in high levels of CO2 output (4-5% of worldwide total of CO2 emissions - 30% comes from use of energy and 70% from decarbonation
	Every ton of steel produced in 2018 emitted on average 1.83 tons of carbon dioxide equating to about 8% of global carbon dioxide emissions. 

	Thermal decomposition of calcium carbonate whilst producing cement clinker causes CO2
	Slag, limestone and iron ore impurities are large proportion of bi products.  

	Bi products are fly ash, ground granulated blast furnace slag and condensed silica fume.

Fly ash can be reused in cement production.  

See details bi products and impacts in the chart below
	Uses for bi products: 
Blast furnace slag – some goes back into the furnace and substitute for clinker in cement-making.
Steelmaking slag – aggregates in road construction, soil improvement.
Process gases – heat and electricity production.
Dust and sludge – internal and external use of iron oxides and alloying elements
Iron oxides sold to other industries

	[bookmark: _Hlk66284362]At end of life concrete will be broken up and removed. Crushed to make aggregate for roadways or send to landfill.
	At end of life steel is 100% recyclable and can be reused after building frame taken down.














The environment impact of concrete production
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Source: https://www.greenspec.co.uk/building-design/environmental-impacts-of-concrete/

[bookmark: _Hlk66289122]Referring to the above information it is clear that both framing material production processes emit Co2 contributing towards global warming and climate change.  However there are strategies to reduce the embodied carbon of concrete by 30% since 1990 and regular reports to decarbonise.  Details of these are found on the Concrete Centre  website www.sustainableconcrete.org.uk   and  a guide on  ‘Whole-Life Carbon and Buildings’ to help minimise carbon impacts”.
Source:https://www.concretecentre.com/Publications-Software/Concrete-Compass/Low-Carbon-Concrete.aspx
	
3. The frames ease of assembly and the potential ease of its adaptation to different building shape and use, within the total life cycle of the building.
The steel would be easy to fabricate and it is generally used for construction. It would be prefabricated offsite, easily transported, handled and constructed on-site by specialist workers.  The steel framing would be erected very easily and faster than concrete.  Precast section concrete would take longer to make, be made locally, heavy to transport and would take longer to construct.  Assembling of the precast members is one of the key points for ensuring it is structurally strong.  It would need construction, expansion and contraction joints. Connections between several structural members must be supervised and done properly to ensure stability and air tightness. Any faulty connections may lead to water leakage and fail sound insulation.  The steel framework would be joined by rivets, welding, nuts and bolts and can be easily replaced, assembled and disassembled. 
Steel framing can be used soon after its constructed whereas the concrete would have strict quality control and curing period before it can be worked on. However lifting the heavy steel framing and tonne weights for the  Burj would be challenge up 200 metres in the air under extreme heat and Gulf winds.   Equally the Bella Sky towers are tilted so precision of concrete sections would be important for its stability and safety.  
Steel framing could be easily disassembled and adapted to change of use and shape.  With precast concrete it is difficult to modify the structure.  If a structural wall is to be dismantled for modification it will impact on the overall stability of the structure. Concrete would take longer to demolish and would be difficult if the reinforced concrete had thick steel bars running through them.  Concrete is also prone to cracking and corrosion of reinforced bars due to carbonation. 
Lifecycle of Steel
[image: ]









Source: https://www.worldsteel.org/steel-by-topic/life-cycle-thinking.html

Steel is 100% recyclable and can be reused when disassembled.  At end of life concrete can be dismantled,  removed and crushed to make aggregate for roads or send to landfill. 
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