A Critical Evaluation of Concrete as a Framing Material in High Rise Construction: A Case Study of the Burj Khalifa
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6. Introduction
Concrete is one of the most widely used construction materials due to its high compressive strength, durability and versatility in structural applications (Neville, 2011). The selection of framing material is a critical decision in construction, as it directly influences structural performance, construction efficiency, cost and long-term sustainability (Mehta and Monteiro, 2014).
This report examines the use of concrete as a framing material through the case study of the Burj Khalifa. It explores the building’s design and construction methods, followed by a critical evaluation of concrete in relation to strength, durability, cost, constructability, service integration and end-of-life considerations. Comparisons with steel framing are included to highlight key advantages and limitations. The environmental impact of concrete production is also discussed, with particular focus on sustainability challenges within the construction industry (Scrivener, John and Gartner, 2018).




2 - Case Study: Burj Khalifa
[image: ] 
Figure 1: Burj Khalifa, Dubai, the tallest building in the world.
Source: Council on Tall Buildings and Urban Habitat (2010)

2.1
The Burj Khalifa, located in Dubai, United Arab Emirates, is the tallest building in the world, standing at 828 metres. Completed in 2010, it is a mixed-use skyscraper incorporating residential, commercial and hospitality functions. The project is particularly significant as it demonstrates the use of high-strength reinforced concrete in a supertall structure, challenging the traditional reliance on steel for buildings of this scale (Baker, Korista and Novak, 2007).

2.2
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Figure 2: Buttressed core structural system used in the Burj Khalifa.
Source: Baker, W., Korista, S. and Novak, L. (2007)
The Burj Khalifa utilises a buttressed core structural system, consisting of a central reinforced concrete core supported by three wings arranged in a Y-shaped configuration. This design increases the overall stiffness of the structure and enables efficient load distribution, which is essential in resisting lateral forces such as wind (Baker et al., 2007). The geometry of the building also reduces vortex shedding by disrupting wind flow, thereby minimising oscillation.
The decision to use reinforced concrete in the lower and mid-levels provides both mass and rigidity, which are critical for controlling building movement. In contrast, steel is used in the upper sections and spire to reduce weight. This hybrid approach demonstrates that material selection was based on structural performance requirements rather than convenience, highlighting a performance-led design strategy (CTBUH, 2010).
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Figure 3: High-strength concrete construction and vertical pumping in the Burj Khalifa.
Source: Baker, W., Korista, S. and Novak, L. (2007)
The construction of the Burj Khalifa involved the use of high-performance concrete with compressive strengths exceeding 80 MPa (Baker et al., 2007). One of the most significant engineering challenges was pumping concrete to heights of over 600 metres, requiring specialised mix designs and advanced pumping systems.
The central core was constructed using slip-forming techniques, allowing continuous vertical construction and improving efficiency. Floor slabs were cast in situ, providing structural continuity and flexibility during construction. However, despite these efficiencies, the use of concrete resulted in a longer construction programme compared to steel, primarily due to curing times and the complexity of working at extreme heights. This highlights the trade-off between structural performance and construction speed when selecting materials (Neville, 2011).
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Figure 4: Reinforced concrete showing steel reinforcement within structural elements.
Source: Neville, A.M. (2011)
Concrete is well known for its high compressive strength, making it highly suitable for load-bearing elements in tall structures (Neville, 2011). In the Burj Khalifa, high-strength concrete was essential to support significant vertical loads while also resisting lateral wind forces. Its low permeability contributes to durability by protecting embedded reinforcement from corrosion, ensuring long-term structural performance (Mehta and Monteiro, 2014).
The extreme climatic conditions in Dubai, particularly high temperatures, introduce additional challenges. Concrete performs favourably compared to steel in such environments, as it has lower thermal expansion and retains its strength at higher temperatures. However, rapid curing in hot climates can lead to thermal cracking if not properly controlled. This demonstrates that while concrete is well suited to harsh climates, its performance is highly dependent on correct specification, quality control and construction practices (Neville, 2011).
3.2 Time, Labour, Programme and Cost Compared to Steel
Concrete offers several cost advantages, particularly due to the availability of raw materials such as cement and aggregates, which reduces reliance on imported materials (Mehta and Monteiro, 2014). In-situ construction also provides flexibility in sequencing, which can be beneficial on complex projects.
However, concrete construction is generally more labour-intensive and time-consuming than steel, due to the need for formwork, reinforcement placement and curing. Steel structures benefit from prefabrication and rapid assembly, significantly reducing construction time. Despite this, concrete was selected for the Burj Khalifa due to its superior stiffness and ability to control structural movement at extreme heights (Baker et al., 2007).
This demonstrates that while steel offers advantages in speed, concrete can provide greater structural efficiency and cost effectiveness when overall performance is considered (Neville, 2011).
3.3 Ease of Assembly and Adaptability
Concrete construction is typically slower than steel due to curing requirements and the need for formwork. However, methods such as slip-forming can improve efficiency by allowing continuous vertical construction (Baker et al., 2007).
In terms of adaptability, reinforced concrete structures are less flexible than steel. Once constructed, alterations to structural elements are difficult and costly, limiting the building’s ability to adapt to future changes in use. Steel framing systems, by contrast, allow for easier modification and extension. This highlights a key limitation of concrete in modern construction, where adaptability and lifecycle performance are increasingly important (Mehta and Monteiro, 2014).
3.4 Integration of Building Services
The integration of building services within reinforced concrete structures presents challenges due to the density and rigidity of the material. Unlike steel frames, which often allow for more flexible service routing, concrete requires services to be planned and incorporated during the design stage.
In the Burj Khalifa, this was addressed through the use of dedicated service shafts and zones, requiring a high level of coordination between structural and mechanical systems (CTBUH, 2010). The inability to easily modify service routes after construction increases the importance of accurate planning. This demonstrates that while concrete can accommodate services effectively, it requires greater design coordination and reduces flexibility during later stages of the building lifecycle.

3.5 End-of-Life and Demolition Challenges
At the end of its lifecycle, reinforced concrete presents significant challenges in terms of demolition and material recovery. The composite nature of concrete and steel reinforcement makes separation difficult and energy-intensive (Pacheco-Torgal and Jalali, 2011).
Demolition of large concrete structures generates significant waste and requires heavy machinery, contributing to environmental impacts. Although crushed concrete can be reused as recycled aggregate, the quality is often lower than that of primary materials. In contrast, steel structures can be dismantled and recycled more efficiently. This highlights a key sustainability issue, as concrete performs well during its service life but is less efficient at end-of-life (Scrivener et al., 2018).
4. Environmental Impact of Concrete Production
Concrete production has significant environmental impacts, primarily due to cement manufacturing, which is responsible for approximately 7–8% of global carbon dioxide emissions (Scrivener, John and Gartner, 2018). The process is energy-intensive and involves the release of CO₂ during the calcination of limestone.
In addition, the extraction of raw materials such as sand and gravel contributes to environmental degradation, including habitat loss and landscape disruption. Transportation of materials also generates dust, noise and traffic, affecting local communities (Mehta and Monteiro, 2014).
Although the use of supplementary cementitious materials and recycled aggregates can reduce environmental impact, these solutions are not yet fully implemented across the industry. This highlights the need for a lifecycle approach when assessing concrete, considering both its performance and environmental impact from production through to demolition.
5. Conclusion
In conclusion, concrete is a highly effective framing material, particularly for large-scale and high-rise structures such as the Burj Khalifa. Its strength, durability and resistance to environmental conditions make it suitable for demanding applications. However, it also presents limitations, including slower construction times, reduced adaptability and significant environmental impacts.
The comparison with steel framing demonstrates that no single material is universally superior. Concrete offers advantages in stiffness and cost, while steel provides speed and flexibility. Therefore, material selection should be based on a balanced assessment of performance, cost and sustainability. Moving forward, improving the environmental performance of concrete will be essential in achieving more sustainable construction practices.
6. Sieve analysis

Original sample size: 1250g


	Sieve Size (mm)
	Mass(g)
	% On sieve
	% Passing

	125
	0
	0
	100

	75
	0
	0
	100

	63
	0
	0
	100

	37.5
	120
	9.6
	90.4

	20
	137
	10.96
	79.44

	10
	143
	11.44
	68

	6.3
	105
	8.4
	59.6

	3.35
	45
	3.6
	56

	2
	130
	10.4
	45.6

	1.18
	63
	5.04
	40.56

	0.6
	105
	8.4
	32.16

	0.3
	102
	8.16
	24

	0.212
	109
	8.72
	15.28

	0.15
	98
	7.84
	7.44

	0.063
	55
	4.4
	3.04




To find the % On sieve, I divided the mass by the original sample size and multiplied by 100.
To find the % Passing, I subtracted the % of sieve from the previous % of passing.

Coarse aggregates: 120 + 137 + 143 + 105 = 505 / 1250 = 0.404 = 40.4% coarse aggregates

Fine aggregates: 45 + 130 + 63 + 105 + 102 + 109 + 98 + 55 = 707 / 1250 = 0.5656 = 56.56% fine aggregates


3.04 bymass
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The sieve analysis results indicate that the aggregate sample consists of approximately 40.4% coarse aggregate and 56.56% fine aggregate, with a small remaining proportion of 3.04% by mass. This suggests that most of the material is concentrated within the fine and medium particle size ranges.
The distribution of particle sizes appears to be relatively well graded, as there is a spread of material across multiple sieve sizes rather than a concentration in a single range. A well-graded aggregate is desirable as it improves particle packing, reduces voids and enhances the strength and workability of the concrete (Neville, 2011).
However, the higher proportion of fine aggregate may increase the water demand of the mix, potentially affecting workability and strength if not properly controlled. The small percentage (3.04%) of unaccounted material is minimal and likely due to retained particles or minor handling losses during the sieving process and therefore does not significantly affect the overall grading assessment.
Overall, the aggregate appears suitable for use in concrete production, if mix design adjustments are made to account for the relatively high fine content. This demonstrates that proper grading is essential in achieving both strength and durability in concrete.
When considering the application of this aggregate in a real-world context such as the Burj Khalifa, the grading is particularly important. The well-graded distribution would improve particle packing and reduce voids, contributing to higher strength and durability in the concrete. This is essential in high-rise structures, where the concrete must support significant loads and resist environmental stresses.
The relatively high proportion of fine aggregate may increase water demand, which could affect workability. However, in projects such as the Burj Khalifa, this can be controlled through careful mix design and the use of admixtures. In addition, well-graded aggregates are beneficial for pumpability, which was a critical factor in the construction of the Burj Khalifa, where concrete was pumped to extreme heights.
Therefore, this type of aggregate would be suitable for use in high-performance concrete, provided that the mix is properly designed to balance strength, workability and durability requirements.
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