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1. Introduction

The demand for residential buildings is continually increasing as the world’s population has risen to ‘7.7 billion’ in 2019. (Worldometers, 2020).
The construction industry is being challenged to devise new innovative engineering solutions, find faster building methods and build taller buildings to maximise the use of available space. People are also migrating to towns and cities ‘more than half of the world’s population now live in urban areas’ (Our World Data, 2020).  There is also a constant drive by designers to engineer the most innovative and challenging buildings using traditional and newer construction materials and methods.

Burj Khalifa
The world’s tallest building built in 2010 is the Burj Khalifa in Dubai at 829m high. It is the first of the world’s tallest towers to include residential space and it houses 900 homes along with commercial and leisure facilities. (Area Guides for Dubai, 2020).
[image: ]
(Area Guides for Dubai, 2020)

Design Planning & Construction
The design of the building had to incorporate the forces of the height and weight on the building structure as well as extreme environmental conditions in Dubai.  The building design had to provide ‘strength and clever aerodynamics’ (A Place to Live, 2012).

[image: ]
(A Place to Live, 2012)

The revolutionary design of the building shape involves stepping the building in as it rises creating large useful balcony areas and creating the building with aesthetic curves and angles.



Concrete frame
‘The building frame is made entirely from reinforced concrete’ (A Place to Live, 2012).
‘the foundation slab of the tower is 80,000 ft2 in size’ (Design Build Network, 2020).   
At the centre of the building is ‘a concrete hexagonal core with an innovative system of Y shaped buttresses, to give the building a unique and stable ‘tripod like’ stance the main safety advantage of this ‘three winged ‘core design is that it gives the building torsional resistance and reduces the vortex effect of high winds.  A large reinforced concrete mat likewise supported by bored reinforced concrete piles, each pile is 1.5 meters in diameter and 43 meters long supports the structural core of the building (Code Red Safety, 2020).

During the construction 330,000 cubic meters of cement were used, 39,000 tonnes of steel rebar and 142,000 m2 of glass. (Design Build Network, 2020) The building has ‘24,000 windows’ (A Place to Live, 2012).
, the glass acts to reflect the external heat and light.
 
The top portion of the tower is made from steel ‘a total of 122,000 kilograms of powder coating and 487,000 litres of paint was used to decorate and protect the world’s tallest tower, Burj Khalifa (Jotun, 2020).

‘During construction liquid concrete was packed in ice to stop it setting in the desert heat’ ‘the concrete had to be mixed and poured at night due to the high temperatures of 46 degrees Fahrenheit in daytime’ (A Place to Live, 2012).

The Burj Khalifa construction ‘set a new world record for vertical concrete pumping for a building by pumping to over 460m’ (Design Build Network, 2020).





Design
Tall buildings are affected by wind forces particularly of suction, ‘tall buildings are not blown over but are in danger of being sucked over’ (A Place to Live, 2012)
‘As wind hits them it forms small whirlwinds called vortices, the swirling air creates low pressure areas that tug at the building and if they combine at the tall straight sides of a building, it will make the tower rock from side to side’. The design of the Burj Khalifa had to prevent this occurring. ‘By stepping the building in as it rises and into angles and curves it breaks up the desert wind, preventing vortices combining dangerously, the designers call this ‘confusing the wind’ and state this is the only way to build this high’. (A Place to Live, 2012)
 
                                                        Wind loads on structures



                   Pressure                                                            
	


	Suction

(Acabee, 2010) 


‘40 wind tunnel tests undertaken’ (Area Guides for Dubai, 2020)



Environmental Conditions in Dubai

	Sunshine hours
	The average hours of sunshine in Dubai per day range from 8 -11 hours, sunshine is all year round although some cloud banks can occur producing some showers from December to March. (Weather Spark, 2020).

	Temperature
	Temperatures average at 14 degrees Celsius in January to 41 degrees Celsius in July. (Weather Spark, 2020)

	Humidity
	High levels of humidity occur due to the high temperatures combined with Dubai’s proximity to the sea.

	Wind speed
	The average wind speed in Dubai is 8.1m per hour. (Weather Spark, 2020).

	Sand storms
	Sand storms can occur in Dubai ‘high winds whipped up desert sands severely reducing visibility and causing residents to suffer from breathing difficulties’ (BBC Weather, 2020).

	Earthquakes
	‘Dubai does not lie on a fault line, which means the risk of earthquakes is low’, but they do experience tremors.  ‘The United Arab Emirates is on the edge of the Arabian Tectonic Plate which pushes against the Eurasian Plate’ (Area Guide for Dubai, 2020).













Effect of environmental conditions on the building - Durability & Climatic Resistance.

The environmental conditions in Dubai would have been considered when designing the building and when planning the construction phase.

	Sunshine hours, temperature & humidity
	Construction phase - ‘During construction liquid concrete was packed in ice to stop it setting in the desert heat’ ‘the concrete had to be mixed and poured at night due to the high temperatures of 46 degrees Fahrenheit in daytime’ (A Place to Live, 2012)
Humidity would have also affected the concrete mixture so pouring by night would mean lower levels of humidity.
Design of building - the building has glass windows which reflect the heat and light, solar panels to capture the solar energy to be used within the building, air conditioning/climate control to control the inside temperature and humidity.

	Wind speed & sand storms
	Construction phase – ‘40 wind tunnel tests undertaken’ to ensure the buildings strength and stability (Area Guide for Dubai, 2020). 
Design of building – ‘Wind stresses grow dramatically the higher you build’ (Inquiries, 2020). 
Building shape incorporating steps and curves to prevent wind vortices ‘confusing the wind’ (A Place to Live, 2012)

	Earthquakes 
	Design of building - ‘From 2013 in Dubai buildings with 10 floors and above have to be built to withstand a 5.9 magnitude earthquake, the Burj Khalifa has been built to withstand a 7.0 magnitude earthquake.’ 
‘The tower has its own earthquake detection system with sensors throughout the building able to report any structural movement and determine if evacuation is necessary.’ (Area Guide to Dubai, 2020) 

	Reinforced concrete frame
	Highly durable in Dubai’s climate conditions, the steel reinforcement is encased in concrete and protected from the elements and environmental conditions.

	Steel portion - Tower
	Will be subject to high winds, high temperatures, high humidity, blown sand and salt air which could cause corrosion.  Although powder coated and painted the tower will need continual maintenance and repainting to protect the steel and structure. 

	Summary
	In summary ‘in the last 20 years the United Arab Emirates has been subject to earthquakes, landslides, floods and tropical storms.’ All of these environmental conditions would have been taken account of in the design of the building. (Research Gate, 2020). 


 

Cost of Concrete Framed Building
Dubai’s aim was to build the tallest building in the world as quickly as possible with the cost not being a prohibitive issue, today the estimated project cost is ‘$1.5 billion’ (Telegraph, 2016)

Production cost of cement concrete is very low, major ingredients of concrete are cement, water, aggregates, all readily available in local markets at low cost. (Civil Digital, 2020).









Impact of building at the site- Sustainability 

Positive actions for sustainability:

	Solar Panels:
‘The ‘reason the Burj Khalifa is more sustainable than most buildings in the world is the usage of solar panels to generate energy’ (Penn State, 2013).

	Building Height:
‘one of the concepts that come to mind when thinking, is how many people will be able to live there, that is one of the reasons why it is sustainable, by taking up less space the Burj Khalifa is more environmentally sustainable’ (Penn State, 2013) 

	Water Collection:
‘the large amount of water produced by condensation and so far collected from the air conditioning system is used to keep the entire structure cool (estimated at around 15,000 litres) and will be used to provide water for the garden complex surrounding the tower’ (Green Prophet, 2020).

	Community Benefits:
· Employment for specialisms and local labour during the build.
· Employment ongoing for local people in the maintenance, service, and commercial/leisure areas.
· Concrete and materials supplied locally, driving local businesses and suppliers in the area
· Design and notoriety of the building will bring tourism providing employment, finance into the country and creating connecting supply chain businesses to Dubai
· The building will be sought after by business and residential customers from around the world, bringing finance, new business and people with specialised skills to Dubai

	Construction
Less miles travelled to supply materials for concrete construction, materials can be supplied locally 



Negative impacts on sustainability:

	Water requirements:
The main supply of water for the Burj Khalifa comes from ocean water desalination this ‘requires enormous amounts of energy’ (Intercon, 2020).

	During construction – Pollution
· Materials, producing concrete for construction, high levels of emissions, production of Co2 
· ‘Construction activities that contribute to air pollution include: land clearing, operation of diesel engines, demolition, burning, working with toxic materials, generation of high levels of dust’ (Sustainable Build, 2020)
· Diesel from use of machinery – ‘Diesel also responsible for emissions of carbon monoxide, hydrocarbons, nitrogen oxides, carbon dioxide’ (Sustainable Build, 2020)
· Water consumption is high during construction and the supply would have come from ocean water desalination, causing a huge amount of energy usage, adding to emissions and greenhouse gases

	Energy consumption
Energy created from fossil fuels will be used in the running of the Burj Khalifa, the burning of fossil fuels is one of the main causes of air pollution and greenhouse gases

	Tourism
· Tourism will have a negative affect on sustainability due to the miles travelled by visitors thus creating air pollution, emissions and greenhouse gases.
· There may be a decline in tourism in the future as there is a building called the Jeddah Tower planned to be constructed in Saudi Arabia to achieve a new world record for the tallest skyscraper, aimed at ‘1000m high’ (CNN, 2019)



	Future Use:
The design of the building was carefully designed for height and strength and stability so changes of use may not be appropriate for this building, it may date in time and not be sustainable due to not being able to update to changing needs. 

	Summary
To be more sustainable and limit the negative impact of the construction process and impact of the finished building, consideration to sustainability will need to be an integral part of the planning and design of the building from the start to the use of the completed finished product.  Investment in new energy technologies and renewable materials are needed also social sustainability including education, usage and recycling.

Dubai now and in the future
In Dubai ‘25% of its economy is based on property and construction’ (Intercon, 2020).  ‘A decade ago Dubai had one of the largest ecological footprints of any city in the world by 2050 it wants to have the smallest’ (National Geographic, 2019).
Dubai itself is changing ‘driverless metro trains, a new housing development called Sustainable City that recycles its water and waste and produces more energy than it consumes.  Further out in the desert, Dubai is building a giant solar power plant that will soon be producing some of the cheapest and cleanest electricity on earth, Sheikh Mohammed decreed that his city will get 75% of its energy from clean sources by 2050 with the ‘smallest carbon footprint in the world’ (National Geographic, 2019). 









Residential building in China
The country with the largest population is China with ‘1.435 billion people’ (Worldometers, 2020) which creates a huge demand for residential buildings. There is also a migration of people from the country to the towns and cities for example Shanghai where the population has reached 26.3 million. (World Population Review, 2020). 

China is using the fastest construction methods and innovative engineering solutions to keep up with the demand for residential buildings.  30 storey buildings can be constructed in under 3 weeks, this one took only 15 days and can house over 1000 people.  ‘100 new tower blocks are needed every week’ (A Place to Live, 2012)

[image: Image]
(A Place to Live, 2012)

Design Planning & Construction
Designed to be constructed on site as quickly as possible, a 30-storey building can be built in less than 3 weeks.  This building was constructed in 15 days using a prefabricated steel frame with additional diagonal steel bracing for strength.
[image: Image]
(A Place to Live, 2012)

The methods of pre fabrication and flatpacks are used, built to specification off site as much as possible and include all the services, wiring, air conditioning, water supply and fire protection already built in at the factory.

[image: Image]
(A Place to Live, 2012)

Whole prefabricated floors containing all services are moved into position.

[image: Image]
(A Place to Live, 2012)

The sections can be linked together easily and quickly on site.

[image: Image]
(A Place to Live, 2012)



‘200 engineers work day and night on rolling shifts to complete the building’ (A Place to Live, 2012)

[image: Image]
[image: Image]

This type of construction allows a set timed programme to be followed as rare delays will occur as the main work to specification has already been carried out to a high standard and checked at the factory, little amount of errors occur, labour is easily controlled, and trades programmed in efficiently with little wastage.

[image: Image]
(A Place to Live, 2012)

The building methods in densely populated cities also do not allow for room for the storage or processing of materials on site, using this prefabricated system including the steel frame allows for materials to arrive just in time with no need for storage or processing on site.










Environmental Conditions in China

	Temperature
	‘The average temperatures in China range from -13 degrees Celsius in January to 25 degrees Celsius in July, extreme temperatures of 40 degrees Celsius in summer and -30 degrees Celsius in winter can occur’ (Climates To Travel, 2020). 

	Humidity 
	‘Winters are cold and dry, summers are hot and humid’ (China Highlights, 2020).

	Wind speed
	‘Winds in winter can be up to 194km/h and come from Siberia and in summer winds from the South carry in steamy hot weather’ (China Highlights, 2020).

	Storms
	Chinas Southern cities experience monsoon rainfall during summer (April – Sept) and also ‘typhoons from May – December the worst hit are the Islands and coastal areas with wind speeds reaching up to 194 km/h (China Highlights, 2020).

	Summary

	In summary ‘China has the largest climate differences for a single country’ (China Highlights, 2020). 

	Air pollution
	High levels of air pollution, since 2013 the Chinese government has set new standards and targets and revisions to China’s Environmental Protection Law. (The Diplomat, 2020)

	Earthquakes
	‘more than 800 earthquakes of more than magnitude 6 have happened in China’ (Earthquake Forecast in China, 2020).  









Effect of environmental conditions on the building - Durability & Climatic Resistance.

The environmental conditions in China would have been considered when designing the building and when planning the construction phase.

	Temperature & humidity
	Construction phase – China experiences great variations in temperature and weather which would affect a traditional concrete frame build, the mixing, curing, testing and pouring of concrete, but it will not affect the prefabricated steel frame build to the same degree
Design of building -. prefabricated steel is delivered to site just in time, there is no mixing and production of materials on site and no adverse effect from temperature and humidity on the build.

	Wind speed & storms
	Design of building - Additional steel bracing in the design strengthens the building.
Buildings are designed to a height where they are not adversely affected by wind vortices.  
Construction phase - Storms, rain and wind could affect the construction of a steel frame building - high winds could affect usage of cranes and assembly on site, but not to the same degree as a concrete frame building where materials are mixed and produced on site, mixing, pouring, curing on site as well as storage of materials separately on site.  Materials for concrete are affected by moisture and humidity, the steel frame materials are not stored on site and they are not affected in the same way.
Steel structures - ‘No need for special protection methods in winter’ (Steel Construction, 2020) 



	Summary
	Weather delaying the construction of a building is very common with ‘days lost’ in a construction programme.  Prefabricated steel and flatpacks assembly construction are not delayed to the same extent as a traditional concrete build where outdoor work processing materials occurs.  Materials are also not being damaged as they are not stored on site in all weathers.
Steel frame construction suits the climate in China as the country experiences ‘the largest climatic difference of a single country’ (China Highlights, 2020).

	Earthquakes 
	China experiences earthquakes so construction methods to withstand these are applied.
‘This building is designed to withstand a magnitude 9 earthquake’ it has a steel frame with ‘unique diagonal steel bracing’ (A Place to Live, 2012).

	Steel Frame
	‘Steel structures are durable and require little maintenance.  Erected steelwork does not shrink or creep. 
Steel frames are strong and ductile.’ (Steel Construction, 2020). 




Cost Steel Frame Construction
There is a higher cost initially in the fabrication stage but massive savings in reduced labour costs and reduced time to complete the build.
There are lower labour costs as the building is constructed on site in weeks against years for a traditional build.
A steel framed building would also have a lower cost to adapt to the building to future needs, changes internally can be made easily and also the building can be extended easily with lower costs that a traditional concrete framed building.



In inflation adjusted terms steel has fallen in price since 1980 and is cheaper than it was 15 years ago, huge productivity advances have been achieved throughout steel supply chain and cost saving benefits shared with customers. (Steel Construction, 2020). 

Cost Summary
Concrete framed buildings (like for like) are generally cheaper for the cost of materials, mostly materials can be sourced locally also keeping the cost reduced.  However huge cost savings can be made by using prefabricated steel frames and materials (flatpacks) which would outweigh the initial fabrication costs against the savings made in time and labour on the build. 

Impact of building at the site - Sustainability 

Positive actions for sustainability:

	Building Height:
· High demand for residential buildings so will be filled quickly, high scale buildings provide more residential homes to meet demand without taking up floor area and in areas of great urban demand 

	Properties of this building
Five times more energy efficient including:
· External solar shading
· Internal window insulation, 15cm glass curtain wall insulation 
· 4 paned windows
· Heat recovery fresh air system, 20 times purer air, 3 stage air filtration system, internal air is 20 times cleaner than outdoor air
      (A Place to Live, 2012)





	Steel Frame
· No wastage in steel production, anything surplus is put back into the production process ‘circular economy’ ‘Steel can be multicycled endlessly with no detrimental effect on its properties.  Globally recycled steel accounts for 50% of new steel production. (Steel Construction, 2020).
· Prefabricated steel frame and sections assembled on site quickly providing multiple sustainability benefits on site including, shorter build time, therefore less disruption locally, less pollution air, noise etc.no production of materials on site causing added pollution through production process and reduced time diesel machinery is used.
· ‘Because steel structures are significantly lighter than concrete equivalents, they require less extensive foundations which reduces the environmental impact of the build’. (Steel Construction, 2020).
· ‘Steel sector has developed a sustainability charter (SCSC) the objective of the charter is to develop steel as a sustainable form of construction in terms of economic viability, social progress and environmental responsibility’ (Steel Construction, 2020).
· ‘Factory based steelmaking and fabrication supports a stable local workforce, benefitting family life and building sustainable communities’(Steel Construction, 2020).  It is important to note this may not be local to this site but still has benefits to its factory’s local economy and community.

	Air pollution
· Air pollution in Chinas cities creating smog and breathing difficulties is also a concern, constructions taking weeks rather than years would create less pollution. Using construction materials creating less pollution for example steel framed buildings would be beneficial instead of concrete framed which create a huge amount of Co2 which is released in the production process of concrete. 




	Community Benefits
· Employment provided at design, fabrication and construction/assembly phases
· Future employment in related servicing and maintenance of the building
· Local trades are under demand due to the volume of construction in China but can be planned in effectively in advance in steel frame sites

	Future Use
· Steel framed building can be adapted to future use by easily changing the internal layout to meet new demands and by easily adding external extensions, this would avoid unnecessary demolition, waste and pollution and ensure the continued future use of the building
· Steel frame is fully recyclable including pilings giving a low carbon footprint, ‘if steel piles used these can be extracted and recycled leaving no waste material on site’ (Steel Construction, 2020).




Negative impacts on sustainability:

	Community Benefits
· Employment in the design and fabrication stages may not be locally
· 

	Construction
· Transport miles of the frame to site are likely to be more than concrete materials miles
· Since the 1980’s Chinas levels of production and construction have exploded after communism causing a huge increase in the use of fossil fuels in turn creating pollution and greenhouse gases. (Nantel, Sustainability, 2020)
· The large amounts off urban regeneration in China also cause micro climates to occur also water runoff and flooding. (Nantel, Sustainability, 2020).




	Summary
To be more sustainable and limit the negative impact of the construction process and impact of the finished building, consideration to sustainability will need to be an integral part of the planning and design of the building from the start to the use of the completed finished product.  Investment in new energy technologies and renewable materials are needed also social sustainability including education, usage and recycling.

China now and in the future
China has already developed an increasing emphasis on green building, the ‘State Council Green Building Action Plan 2014’ (Export, 2014) stated all new buildings to meet green building standards, categories include, land, energy, water, resource/material efficiency, indoor environment quality and operational management. 





















2. General Comparison of Durability & Climatic Resistance

	Concrete Frame Building
	Steel Frame Building
	References

	High durability
	High durability but ‘durability is affected by weather and rusting, causing damage to the material and even the structure. Steel structures exposed to air/water need to be painted regularly 
	(New York Engineers, 2020)
(Skyciv, 2020)

	RC has a high compressive strength 
	High strength to weight ratio, susceptibility to buckling with more slender steel designs so more design considerations are needed for these
	(Skyciv, 2020)

	Rigidity, minimal deflection
	
	(Skyciv, 2020)

	Can undergo sudden failure due to brittleness
	Ductility prevents sudden failure
	(Engineers, 2020)

	‘Shrinkage causes cracks to develop and strength loss’
	‘Erected steelwork does not shrink or creep’
	(Skyciv, 2020)
(Steel Construction, 2020)


	Not breathable
	Breathable structures
	

	Low expansion rate in high temperatures
	High expansion rate in high temperatures, needs fire protection
	(Nantel, Material Science, 2019) 


	Fire resistance
	Not fire resistant but can be fire proofed.
The strength of steel is reduced substantially when heated at temperatures observed in building fires, steel also conducts and transmits heat quite quickly through a building.  Steel frames must have adequate fire protection/proofing. 
	(Engineers, 2020)
(Skyciv, 2020)

	Low maintenance 
	Maintenance required if exposed to air/water/salt.
	(Skyciv, 2020)

	Less prone to corrosion
	Prone to corrosion, use of weathering and corrosion resistant steel may eliminate this problem
	(Engineers, 2020)

	‘Less resistant to seismic and wind loads’
	‘More resistant to seismic and wind loads’
	(Engineers, 2020)

	Concrete- absorbs and retains heat, good thermal properties

	Steel framed building need additional materials to improve its thermal properties.
	(Civil Digital, 2020)









3. Comparison of Environmental Impact from the Production Process 

	Concrete Frame Building
	Steel Frame Building
	References

	Produced on site 
	Mass production in factories
	

	Energy efficiency in production - The amount of energy required for production of concrete is low compared with steel, for plain cement concrete is only 450-750 kWh/ton energy is required, Reinforced Concrete is 800-3200 kWh/ton. 
	Energy efficiency in production – The production of structural steel demands 8000 kWh/ton almost 3-10 times the energy consumption.

	(Civil Digital, 2020)

	High levels of wastage

	No wastage in steel production, anything surplus is put back into the production process. ‘Steel can be multicycled endlessly with no detrimental effect on its properties.  Globally recycled steel accounts for 50% of new steel production. 
	(Steel Construction, 2020)


	High impact environmentally - explosions and methods of extraction of materials 
	Low levels of environmental impact
	

	Non-renewable resource
	Renewable resource
	(Nantel, Material Science, 2019) 

	High levels of Co2 produced in concrete production
	Less produced in steel production and also in on site assembly 
	

	Time for production of concrete and build - higher environmental impact 
	Shorter assembly and overall build time – less environmental impact
	

	‘A concrete facility has a massive footprint’, more materials having a greater impact environmentally
	‘Lighter footprint, no need for thick foundation’, less materials less impact environmentally
	(Engineers, 2020)

	Concrete will deteriorate eventually and is not easily or generally recyclable 
	Steel maintains strength, does not deteriorate – less impact environmentally and fully recyclable 
	(Nantel, Material Science, 2019) 


	‘Recycled concrete can be used as dry aggregate for new concrete when free of contaminants’ 
	‘Structural steel recycling rate exceeds those of any other construction material’
	(Engineers, 2020)

	Good noise reduction 
	Needs additional materials to provide noise reduction
	(Nantel, Material Science, 2019) 


	Greater impact on flora and fauna in local area due to production process on site:
-Air pollution 
-Noise pollution
Land space used for production and storage of materials is greater, affecting surrounding area.
Longer time for build to be completed – greater affect 

	Less impact on flora and fauna in local area, no production of materials on site:
-Less air pollution
- Less noise pollution
Less land space needed, no storage of materials o site.
Less time for the build to be completed – much lower effect environmentally on site. 
	













4. Comparison of Frame Assembly & Adaptation 

	Concrete Frame Building
	Steel Frame Building
	References

	Can be used as precast structural components
	Highly suitable for prefabrication and mass production. Fabrication in controlled factory conditions results in high quality defect free components.
	(Civil Digital, 2020)
(Skyciv, 2020)

	No specialist development in workforce, workforce will change on each project
	‘Off-site fabrication of structural steelwork is one of the safest forms of construction promoting risk free working practices and allowing investment in developing the skills of the workforce’
	(Steel Construction, 2020)


	Requires longer construction time 
	Short construction time and assembly
	

	Moldability, fluid material that can be economically moulded into nearly limitless shapes
	Steel can be prefabricated for curved architecture and can cover a larger span area
	(Skyciv, 2020)
(Nantel, Material Science, 2019) 


	‘Requires formwork’
	‘Does not require formwork’
	(Engineers, 2020)

	‘Strict quality control on site’ labour and time intensive on site, therefore cost higher overall
	‘Off site fabrication allows less quality control on site’ saves labour and time on site, therefore higher cost at fabrication but lower cost overall, huge savings on site.
	(Engineers, 2020)

	More risk associated with production on site:
- Quality
- Slower production and assembly
- Labour intensive 
- Demand and availability of trades when needed
- Health & Safety
	High quality product - ‘Rapid waste free assembly all structural steel elements can be precisely fabricated to tight tolerances facilitating rapid waste free assembly.  Erection procedures can be planned in detail using 3d models, trial assemblies can be staged to ensure everyone understands the required procedure’ -Engineers and trades can be easily programmed in on site.
	(Steel Construction, 2020)


	Concrete cannot be stored once mixed, it reacts with water and hardens
	Steel can be prefabricated, no production on site just assembly
	(Skyciv, 2020)

	Curing time of 30 days for concrete, speed to erection slower than steel (mixing, casting & curing)
	Faster erection times 
	(Skyciv, 2020)

	Space needed on site for storage of materials and production 
	Limited space needed on site for delivery and assembly, suitable for dense urban areas, can be delivered just in time
	(Skyciv, 2020)

	Locally sourced materials usually available 
	Specialist factory and manufacture to prefabricate to exact requirements 
	(Skyciv, 2020)

	Less miles to transport so lower transport costs
	Further transport time & costs
	

	‘Transportation is more difficult due to high weight’
	‘Easier transportation due to low weight’
	(Engineers, 2020)

	Over sail licences maybe required in dense urban areas
	Over sail licences maybe required in dense urban areas, more likely requirement in steel structures being built in limited space 
	

	Less skilled labour – ‘does not require a highly specialised workforce’
	Skilled workforce needed in prefabrication and assembly
	(Engineers, 2020)

	Not easily adaptable internally, large concrete pillars used in concrete framed buildings 
	Easily adapted to changing use of the building – internal changes and layout.
Steel framed buildings enable ‘large column free floor areas to be created, steel columns are relatively small and can be easily hidden within width of partitions.’
 ‘Building owners value the flexibility of steel buildings, ideal for modernisation, reconfiguring, extending or adapting with minimal disruption, and without costly sometimes harmful demolition and redevelopment’.
	(Steel Construction, 2020)


	Not easily extended (as above)
	Easily adapted by adding extensions onto the building.
	 (Engineers, 2020)

	On site production methods, wet trades, COSHH handling & regulation, higher risk of Health & Safety accidents
Longer period before concrete frame has reached full strength.
	Health and safety -‘offsite fabrication of components and rapid on site assembly by skilled personnel make steel an inherently safe construction material’ 
‘unlike concrete, steel frames are full strength as soon as they are completed, enabling stairs to be fitted and providing safe access to the structure for other trades straight away’ 
	(Steel Construction, 2020)


	Much longer periods of working at height, higher Health & Safety risk
	Less time on construction/assembly - reduces working time at height

	




























5. Summary & Conclusions

When considering materials to use on a project ‘Knowing the advantages and disadvantages of every material is important in ensuring a safe and cost-effective approach to designing structures’ (Skyciv, 2020)

‘Each material has advantages and limitations, like in any engineering decision. No material can be considered better than the other for all cases, and the best option is determined by project conditions’ (New York Engineers, 2020)

In addition to these considerations, sustainability should also be factored into the decision-making process.  ‘Construction is the biggest contributor to energy use, in the UK, half of Co2 and water consumption comes from construction, a third of landfill waste and a quarter of all raw materials used.’ (Nantel, Sustainability, 2020) 

The decision about what materials and construction methods to use will depend on what the drivers for the project are, is it cost and speed or achieving a world record, site conditions will also impact on what choices are available. 

Whatever the project drivers, hopefully the aim of sustainability (Appendix 1) will now form an integral part of the whole design planning, construction and end use of the building, maybe in the future it will be the first consideration.









6. Appendix 1 

For the future, whatever materials we choose for a project for sustainability it is important to consider the following:
· consider sustainability in the project its benefits to the customer and client
· use ‘whole lifecycle thinking’ ensuring the building has a long future
· design and construct to minimise the environmental impact and maximise     benefits for communities and users
· select the most sustainable construction methods, materials and solutions
· build for energy savings (Nantel, Sustainability, 2020)

      Definition of Sustainability 
     ‘Our Common Future also known as the Brundtland Report’
‘Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs’ (IISD, 2020)
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