University of Wales
Trinity St David








Construction Materials









Leigh Potts











Material Science and Building Services ACBA4006

Allan Nantel




02 March 2021                                                                                                                     2125 Words

Table of Contents
Introduction	3
The Burj Khalifa	4
Construction Method	4
Design & Planning	4
Social & Environmental Sustainability	4
Leadenhall Building	5
Construction Method	5
Design & Planning	5
Social & Environmental Sustainability	6
Reinforced concrete framed building.	7
Durability & climatic resistance	7
Impact in the production process	8
Ease of assembly and adaption	9
Steel framed building	10
Durability & climatic resistance	10
Impact in the production process	11
Ease of assembly & adaptability	12
Comparing & Contrasting Concrete & Steel Frames	13
Concrete Frame Advantages	13
Concrete Frame disadvantages	13
Steel Frame Advantages	13
Steel Frame Disadvantages	13
Conclusion	14
References	15




[bookmark: _Toc65522094]Introduction   

This assignment will look at two of the World’s most impressive construction feats, the current World’s tallest building, The Burj Khalifa, at 828 metres tall it houses a hotel, apartments and commercial space.  Built using reinforced concrete in Dubai’s desert between 2004 - 2010, and the Leadenhall building in London, Britain’s tallest office tower, built between 2011 – 2015 and standing at 225 metres tall, it is a steel framed building built without a central core, instead relying on its external mega-frame for strength

First looking at the original design planning, construction method and social and environmental sustainability impact at the site of the build, the assignment will compare and contrast the two construction frame techniques by taking a closer look at the durability and climatic resistance, the likely impact the framing materials production process would have had on the environment, the frames ease of assembly and its ease of adaption within the lifecycle of the building 


[bookmark: _Toc65522095]The Burj Khalifa

[bookmark: _Toc65522096]Construction Method
Sitting on a piled raft foundation, The Burj Khalifa is a concrete framed building.  The piles sit 47 metres below the raft supported by friction resistance. (Burj Kalifa, 2021)  The tower is a reinforced concrete design poured using jump forming, this method of pouring concrete enables faster construction. (Old sky scraper, 2017)  The high performance M60 – M80 concrete was poured using the two largest pumps in the world, at night to prevent the daytime desert heat from cracking the concrete as well as adding ice to the mix to prevent it drying too soon. (Pumps & Systems, 2015)

[bookmark: _Toc65522097]Design & Planning
Originally planned to beat the existing tallest building in the World by 10 metres, the calculations for the Burj were still ongoing as construction was underway.  It was during construction that the structural calculations were finalised that the feat of beating the current record by 40% was realised as achievable. (Guiness World Records, 2021)  Due to the height of the building the wind load could be enormous.  The Burj’s ununiform design where the sections of the tower dropped off at different heights helps prevent wind stress. (The Constructor, 2021) 

[bookmark: _Toc65522098]Social & Environmental Sustainability
Due to the planned height of the building, the footprint would cover a large area at the ground floor, this usually renders the lower floors unmarketable due to the lack of natural light.  This is a major factor in the planned height of tall buildings in order to get a return economically.  The base of the Burj Khalifa is designed in a Y shape, with a hexagonal core with three wings (The Constructor, 2021) to maximise residential and hotel space by optimising the natural light entering the lower floors.  The windows while allowing light to enter, also keep the dessert heat out.  The Burj Khalifa’s air conditioning system produces 51 million gallons of condensation per year, the water is harnessed and re-used to irrigate the landscaped areas around the tower. (ACU Air, 2014)
[bookmark: _Toc65522099]Leadenhall Building

[bookmark: _Toc65522100]Construction Method
Built using a 15000 ton steel frame encased in a glass skin, sitting on a 3 metre thick donut slab.  The Leadenhall building used over 80% of components constructed off-site both abroad and in the UK.  Construction work started before the existing building was fully demolished with the donut slab completed before the old central core was razed.  The donut slab acted as a support for the foundations of the surrounding buildings while the basement levels were constructed. (The Leadenhall Building, 2021)
Built without a central core, this allowed for an open plan space internally, the strength instead lies in the mega-frame braced diagonally on all four sides.  The frame is both doing a job structurally and aesthetically as part of the architecture. (The Leadenhall Building, 2021)
The engineers anticipated the building would settle more on one side and lean as the build progressed due to its shape.  The building was built straight, allowed to settle then readjusted on completion. (Laing O'Rouke, 2014)

[bookmark: _Toc65522101]Design & Planning
To appease strict planning stipulations protecting views of major London landmarks, namely St Pauls Cathedral as seen from Fleet Street, the Leadenhall building, on the South elevation slopes inward at a 10 degree angle.  Reducing floor space and increasing the external view, sloping away from St Pauls Cathedral as seen from Fleet Streets vantage point. (Adrian Prockter, 2018) 
Built on a relatively compact piece of land, in London’s very busy financial district, the Leadenhall building had to be pre-planned thoroughly to ensure limited disruption to the public as well as keeping the build progressing on time.  This led to a high proportion of the building being built off-site and shipped onto the site during the evening and night on a need to have basis.  The Leadenhall building was built 37 times in computer simulations prior to being constructed to establish a stream-lined efficient build minimising any unforeseen problems. (CTBUH Research paper, 2013)



[bookmark: _Toc65522102]Social & Environmental Sustainability
Each element of engineering and design was chosen to work as efficiently as possible when using energy resources.  To maintain a comfortable working environment in the offices, the building has an external skin comprising of three layers of glass.  The outer layer of which is a single layer of glass, then a cavity which is vented via the external glass every seventh floor to allow for air to move freely around the cavity, minimising the requirement for artificial cooling, which typically is the highest lone source of energy use in an office structure.
The cavity which houses venetian blinds which are solar responsive to protect the offices against direct sunlight. (New Atlas, 2021)
Over 97% of the construction waste was recycled, low flow water fittings throughout and the timber used was from FSC certified sustainable sources.  These factors all contributed in the Leadenhall building receiving a BREEAM excellent sustainability rating. (New Atlas, 2021)





[bookmark: _Toc65522103]Reinforced concrete framed building.

[bookmark: _Toc65522104]Durability & climatic resistance 
The Middle-East environment is extremely corrosive and can attack reinforced concrete in many ways.  In coastal regions salt spray can affect reinforced concrete structures that rise above the ground and underground where a high water-table is present, the salty grounds water can attack the concrete foundations as well as the soil with mineral deposits three times as saline as seawater.  In these conditions the high chloride levels start to migrate overtime through pores in the concrete to the surface of the steel, eroding it and causing it to expand, crack the concrete and spall in areas leading to a structural failure. (For Construction pros, 2016)  
The Burj Khalifa with an estimated lifespan of around 100 years, used in its sub-structure concrete an admixture named MCI – 2005.  This Migrating Corrosion Inibitor (MCI) travels through concrete to form a protective molecular layer on the reinforcement bar.  Made from 67% biobased ingredients it protects the reinforcement bar at both the cathode and anode of a corrosion cell.  (Cortec Corporation, 2018)

The super structure built from a mixture of C80 and C60 strength high performance concrete is cladded with glass curtain walling providing protection from the external elements.   The differing heights of the tubes topping out unevenly as the tower rises prevents the wind from forming vortices that could rock the tower (Feblowitz, 2010). 






[bookmark: _Toc65522105]Impact in the production process
Creating a reinforced concrete building can take a large quantity of raw materials.  The main components of concrete are cement, fine aggregate, large aggregate, water and if required additives.  In 2008 cement production was responsible for 5% of the total man-made carbon emissions produced. (Chemistry World, 2008)  The main reason this figure is so high is due to cement being produced in massive volumes to keep up with the demand around the World.  
The Burj Khalifa used 330,000 metres cubed of concrete and 39,000 tons of steel rebar (Burj Kalifa, 2021).  In 2009 the estimated CO2 emissions from a standard reinforced concrete mix with reinforcement was 94.7 kg per ton of concrete (Sustainable Concrete, 2021), this would equate to over 62000 tons in the construction of the frame.  
The concrete used did however use fly ash to strengthen and improve the workability of the mix.  Fly ash is a by-product from coal powered power plants, when mixed with lime and water it becomes cementitious (CYMEX, 2021).  Using by-products reduces the carbon footprint and also reduces waste.


[bookmark: _Toc65522106]Ease of assembly and adaption
Concrete framed buildings on a grand scale like the Burj Khalifa can be built relatively quick, when using techniques such as jump forming (MPA The concrete centre, 2021), they will however take a large labour force, of which a high proportion can be unskilled labour.  Timber formwork construction however would involve a slower production time and involve more skilled workers.  

Adapting a concrete frame in small portions is relatively straight forward, such as cutting doors or blocking up doorways, however, to adapt the use of a building completely is a more difficult task due to the concrete frame having a central core, the central core limits the usage of the building and doesn’t allow for an open plan space.

When deconstructing a concrete framed building the steel can be recycled but there is little use for the concrete except to be crushed into smaller pieces and used as aggregate.  Demolishing a building like the Burj Khalifa would be a gigantic effort needing extensive planning to limit the things such as pollution and waste created.




[bookmark: _Toc65522107]Steel framed building

[bookmark: _Toc65522108]Durability & climatic resistance
London’s weather ranges from cold windy winters to warm summers with rainfall throughout the year.  It was important for the designers to come up with solutions to combat the climatic conditions to maintain a full building lifespan.  The lifespan of the Leadenhall building is approximately 60 years (British Land, 2012).

The structural steel work on the Leadenhall building was also designed from an architectural perspective as it is on show throughout the building both inside and the mega-frame outside.  Corrosive protective coatings as well as several layers of intumescent fire protective coatings were applied to the steel to give a fire protection of at least 90 minutes (Glendenning, 2021) Intumescent coatings when heated form an expanded, thermally insulating layer through a chemical reaction process (Jowsey, 2015).

The building has a braced tube along its perimeter which when under load from wind gives strength and support maintaining stability (Architect Magazine, 2015) and to help resist lateral loading, the grated walkways situated between the outer curtain wall and the inner were designed to transfer wind loads from the outside (Yuanda Europe, 2021)



[bookmark: _Toc65522109]Impact in the production process
The steel industry through its investments in Information Technology based on the use of three-dimensional modelling directly linked to CNC machines has become world class.  It permits for speedy, dry construction which minimises disruption to neighbours and any pollution to nearby watercourses.

Building using off-site methods has a major contribution to minimising pollution.  It is an easy and effective way to reduce and control pollution such as dust, emissions, noise and other contaminates. (Hairstans, 2021)

The Leadenhall building diverted 97% of waste away from landfill during construction as well as using 26% content by value.  The contractor Laing O’Rouke also had a positive impact on the local community by spending 67 hours on community projects such as visiting schools. (The Leadenhall Building, 2021)










[bookmark: _Toc65522110]Ease of assembly & adaptability
The Leadenhall building was built in a very efficient way due to the majority of it being built off-site.  This method of construction along with the planning and it being engineered digitally multiple times beforehand (Laing O"Rouke, 2021) ensured that the assembly of the building was extremely efficient.  

With the correct structural engineering steel frames can be adapted relatively easy, the majority of the Leadenhall buildings steel work is exposed so removing curtain walling to extend onto the existing framework would be achievable without many problems.  Internally the steel frames open-plan layout allows for total reconfiguration of the floor lay-out.

When the time comes to decommission the building, the steel frame may be re-used where possible or recycled.  Studies show that 10% of steel from demolished buildings is re-used with a further 85% recycled.



[bookmark: _Toc65522111]Comparing & Contrasting Concrete & Steel Frames

[bookmark: _Toc65522112]Concrete Frame Advantages
Low maintenance cost
Can be moulded into limitless shapes
Rigid with minimal deflection
Requires less skilled labour
Good fire resistance

[bookmark: _Toc65522113]Concrete Frame disadvantages
Low Tensile Strength
Affected by weather
Have to ensure consistent mixes for optimum strength
Limited use of materials on demolition
Difficult work to demolish


[bookmark: _Toc65522114]Steel Frame Advantages
Steel is cheaper but prices can fluctuate
High Tensile Strength
Can span large distances
Adaptable
Ease in demolition
Recyclable
Architectural diversity
Can be constructed in all weathers
Can work to small tolerances
Can be produced off-site

[bookmark: _Toc65522115]Steel Frame Disadvantages
Poor fire resistance 
Corrodes in certain environments
Expensive fireproofing
Maintenance
Poor insulator 
Reduced flexibility on site



[bookmark: _Toc65522116]Conclusion

The Burj Khalifa was a fantastic build in a difficult area due to the ground.  Concrete frames have many advantages such as being able to mould the concrete to any shape, having a good fire resistance and a long lifespan.  However, it also has many disadvantages particularly its carbon footprint which in a time where attitudes are changing to better alternatives steel frames with their ability to be mostly built off-site are looking a more attractive option.  The Leadenhall building is a great example of what can be achieved, using digital technology, pre-planning and a majority of work caried out in a controlled environment.

To deliver on the governments construction sector deal the need is there to use more off-site construction.  This will enable a more reliable delivery unimpacted by weather and site conditions, greater efficiency, improved and consistent quality, improved safety, reduce the environmental impact and decrease the impact on neighbours.

Although reinforced concrete framed buildings will be constructed for decades to come, I believe there will be an increase in the coming years of steel framed buildings using off-site practices.
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