Assessment 1 – construction materials
I have selected the Burj Khalifa in Dubai as my concrete‑framed building. Widely recognised as the world’s tallest structure, its completion in 2010 set new engineering benchmarks and demonstrated exceptional construction efficiency under a demanding programme. The tower’s design is highly innovative, blending cultural symbolism with advanced structural engineering to create an iconic form that reflects both Dubai’s heritage and its ambition for the future.
Below are some of the key elements of the Burj Khalifa’s design: - 
· The design
· Inspiration
· The core, wings & foundations

The Design

The designers wanted the tower to be iconic and be a symbol for Dubai’s “vision for the future,” they took inspiration from nature with its design mimicking the Hymenocallis flower (Hafza, 2024) but also took inspiration from Islamic architectural forms giving it a traditional heritage with a new and iconic design. (Nishchay, 2025)
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Figure 1 – shows the design inspiration.
The slender tapering figure of the tower as well as the setbacks as you progress up helps to reduce wind loads and oscillation, which become an issue the higher you progress due to moment forces acting on the tower.

[image:  Burj Khalifa towers floor construction]
Figure 2 – shows the design footprint.
The Core
The main feature that allows the tower to be as tall as it is without an issue of instability is its internal core. (Hafza, 2024) (Jamal, 2017) It has a hexagonal central core that helps to resist torsional stress while the 3 wings of the building act as a buttress system, supporting the centre column as well as each other, they are also designed in a way that helps to resist lateral loads from the wind. (Burj Khalifa, 2024) This type of design also maximises the structural stability allowing for the best load bearing distribution throughout the building. (Nishchay, 2025)

The Foundations
The foundations on the tower are the most important part; the design incorporates a piled raft system. Utilising 194 deep reinforced concrete piles the foundation is anchored securely allowing the distribution of stress from the building. The piles are 1.5m in diameter and go 43m into the ground. (Panwar, 2020) The piles are secured via a 3.7m thick concrete “mat” requiring a total of 12,500 cubic metres of concrete, this helped to alleviate the issue of poor soil conditions. (Burj Khalifa, 2024) The concrete used was high density, low permeability, this was the best choice given the ground conditions and the task of the concrete, this was a pivotal choice given the amount of stress constantly acting on the building. (Nishchay, 2025)
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Figure 3 – shows the foundations of the Burj Khalifa

Method of Construction
The construction of the tower took only 3 years; there was a strict order and regime to when things would happen. The project operated on a “3-day cycle” and used an auto climbing formwork system (ACS) to allow works at greater height.
The project begins with the foundations, 43m long piles were used to support the building. These piles were then supported by a 3.7m reinforced concrete slab; this helps to disperse the forces affecting the tower. Low permeability, high density concrete was used for the slab to help resist corrosive groundwater. (Nishchay, 2025)
Next constructed was the core walls, built using a self-climbing framework (or jump form system). This system uses formwork panels and working platforms to allow concreting, steel fixing, and maintenance. This system is self-supporting utilising previously casted concrete to work from rather than using scaffolding, this allows for works at greater heights and is quicker as there are no interruptions for scaffolding construction only requiring curing time (Facilitator, 2020). After a certain height is achieved the core’s slab is built, this creates a structural platform to further work off, this process of making walls and slabs continues up the building.
[image: Construction of The Burj Khalifa Dubai]
Figure 4 – shows a Jump form system in use on Burj Khalifa
After the central core is at a sufficient height the wings of the building are started, each of the three wings have their walls constructed using reinforced concrete, then the slabs are poured for each of those wings. Once this step is completed the nose columns built, these help to provide the taper of the building, this process continues again to the top of the building. (Nishchay, 2025)
Once the building reaches a designated height the mechanical floors are then started, these mechanical floors help to support the load of the building laterally. The concrete is built vertically to resist both gravity and lateral loads acting on the structure. (Jamal, 2017) These floors while for services were designed so that they can still effectively brace the core and wings, creating a more stable structure and providing more rigidity (Burj Khalifa, 2024)
[image: Burj Khalifa tower during construction]
Figure 5 – shows the construction sequence.
As the tower progresses up setbacks are used to create a changing surface. This surface is used to reduce wind loads on the structure and stop the formation of wind vortices. (Jamal, 2017)
[image: ]
Figure 6 – shows setbacks in greater detail.
[image: Burj Khalifa: Construction of the Tallest Structure in the World ...]
Figure 7 – shows method of construction. 
After the buildings skeleton is complete following the process mentioned above the spire was then installed, the spire itself was built inside the building and jacked up into place using a hydraulic pump, the spire itself is comprised of 4,000 tonnes of structural steel. (Burj Khalifa, 2024)

Once the tower was complete the fit out of the interior then took place. All the mechanical, electrical, and plumbing reside within the mechanical floors mentioned earlier while telecommunications are housed within the spire itself. In case of emergency the building is also fitted with pressurised and airconditioned refugee areas every twenty-five floors. Then finally the interior of the building such as décor and furniture was installed.
[image: ]
Figure 8 – show the spire being lifted into place.
Framing materials strength, durability, and climate resistance, given the environmental conditions it is exposed to at the site of the build.
The main materials used within the Burj Khalifa are: - 
· High‑performance reinforced concrete 
· High-strength structural steel - in the spire 
· Rebar - reinforcing steel

High performance concrete specifically was chosen for the building as it can withstand 100MPa of force. it was poured between 1am – 5 am to avoid extreme heat conditions and mixed with crushed ice and kept in chilled coolers during transport to limit concrete degradation. Different variants of concrete are used for different areas, Fig 9 shows the mixture for the foundations supporting the most weight, the concrete was adapted to be resistant the ground conditions which were present shown in Fig 10 (Scribd, n.d.)

High structural strength steel is used for the spire; it has a high strength to weight ratio making it ideal for the peak of the tower where there is the least support. This also allowed them to prefabricate the parts making assembly simple and reduce risk of human error. (Nishchay, 2025)

The rebar used within the concrete varies throughout the building but in select spots GFRP  (Glass Fiber Reinforced Polymer) is was used due to its properties of superior corrosion resistance vs regular steel, reduced weight, and its high tensile strength.
(Flujo by Jindal GFRP Rebars – A Product of DS Jindal Group, 2025)


[image: ]
Figure 9 – show the proportion mixture of the concrete used in the tower.
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Figure 10 – show the mixture specifically for the raft foundation of the tower.
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Figure 11 – shows the ground report for the area.



Time, Labour, Programme, and cost when compared to steel framing.
The time, labour, programme, and cost vastly change depending on the framing chosen, both concrete and steel have their positives and negatives. (Profound Estimates, 2025)
Concrete is a slower process due to the need for curing time; steel is easily assembled due to prefabrication. (Profound Estimates, 2025)
The labour cost for concrete is higher than steel due to the need for skilled craftsmen compared to fabricated steel parts. (Profound Estimates, 2025)
The programme for concrete is at a higher risk of being changed as it relies on site conditions, while steel is fabricated to a high degree of precision off site. A positive for concrete is that there is no lead in times for fabrication, resulting in an earlier on-site date, time can also be saved by not needing additional fire safety materials as the concrete can provide this. (Profound Estimates, 2025)
The materials for concrete are cheaper to obtain due to no fabrication costs, but added costs such as concrete reinforcement, formwork and curing times need to be taken in to account. (Profound Estimates, 2025)
The frames ease of assembly and potential ease of its adaptation to different building shape and building use, within the life cycle of the building.
Concrete can be costly to change designs, it will require different formwork, planning to account for different loads and how those loads will be distributed as well as changes to services in the area potentially. (What’s In Traditional Food, 2025) Steel on the other hand is more modular, requiring only a new part this means quick changes to the building are easy and fast to assemble due to the fabrication being highly precise. (ajaykar72@gmail.com, 2025)
Adaptations after the building is completed would be complex for both steel and concrete with concrete requiring more resources to change, adding, or removing any material from a concrete structure will affect the structural stability of that piece, and that will cascade onto other surrounding piece.
Steel is also difficult to change but adding new pieces is not as complex as fixing and mounting pieces is easier compared to adding new concrete structures, it is also easier to predict where deformation is likely to occur allowing for adequate resources to reinforces key areas. (MFG Shop, 2024)

The problems faced by the integration of services provision, and how these problems are overcome.
The problems faced during the integration of services when using concrete framing methods are due to lack of coordination and communication. Some of these problems are: - 



Planning issues
when and how services will be implemented can cause serious issues if not properly tracked. Proper coordination is needed between all relevant works that are being used so that the installation is properly completed with little to no issues. (Gajjar, 2025)
Design issues
The same goes for design issues with clashes among different install packages, these can be solved or mitigated with the use of software such as BIM and design meetings which will allow designers to plan around each other, this can reduce the risk of high-cost reworks later in the project resulting in overruns in cost and delays in the programme. (Gajjar, 2025)

The specific challenges faced at the point of the building’s potential demolition at end of life. 
Demolishing the Burj Khalifa would be a massively technical and resource heavy project, requiring years of planning and coordination. There first major issue with the demolition of the Burj Khalifa is its height, requiring a segmented plan to deconstruct the building, the building is stabilised from its Y shape, if a demolition takes place the stability of the building will be compromised throughout. 
Next is how machinery would be lifted into place and what machines would be used. (Burj Khalifa, sustainability, 2024) given the height of the building moving construction machinery into place may prove challenging and dangerous.
Another major issue is the waste in materials, given the amount of concrete and other materials used the coordination and removing the concrete and safely transporting it down 800m would pose a huge issue both in safety and cost, requiring a lot of planning. All the materials would require the correct disposal, but recycling of the materials is possible as environmentally friendly choices were picked where possible. (Burj Khalifa, sustainability, 2024)

Discuss the negative impact of the concrete production process, in terms of community and the environment.
The Concrete production process can cause serious issues for both the environment and community. Environmentally, the process of making concrete generates high carbon emissions due to the energy intense process, this affects the local area, affecting local habitats, and plant life as well as this, on a global scale it is a massive problem contributing a large amount to greenhouse gases. (Bandera, 2024)
The process also requires many local resources which also puts pressure on local wildlife and results in diminished natural resources in the area.
This process again affects communities by producing harmful dust and particle matter causing major air quality issues, this can affect locals and increases their risk of developing respiratory problems. (Bandera, 2024)

Below is the completed sieve table and the calculated % of aggregates.
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The aggregate composition of 40% coarse, 57% fine and 3% silt. This indicates a mix that will produce good workability and a smooth surface finish due to the high fine content. However, the low proportion of coarse aggregate reduces particle interlock, limiting the concrete’s overall strength and making it more prone to failure under compressive loads. Because of this grading, the material is unsuitable for structural applications but is well‑suited to non‑load‑bearing uses such as footpaths, paving, levelling layers or finishing concrete, where workability and surface quality are more important than strength.
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