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[bookmark: _Toc225337894]Introduction 
Concrete is one of the most widely used materials in construction worldwide due to its durability, fire resistance and versatility. (Designing Buildings 2023) One building that utilises reinforced concrete is The Shard, designed by Renzo Piano in 2000 and completed in 2012. (The Shard n.d.) The Shard is the tallest building in Western Europe standing at 310 metres and has approximately 11,000 glass panels. (The London Pass n.d.) Its hybrid structure uses both reinforced concrete and steel framing which allows the building to resist large vertical loads. (Ingenia 2012)
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The original design of The Shard was developed to be like a vertical city with offices, restaurants, apartments and hotel accommodation. (Designing Buildings 2021)
The Shard’s large scale and central London location meant it needed deep foundations and careful planning. The previous SouthWark Towers which occupied the site (My London 2025) could not provide reusable foundations due to the height and weight of The Shard, so deep bored pile foundations were used to safely transfer loads into the ground, some of these piles were as long as 53 metres, going deep into the London clay. Then a reinforced concrete raft foundation was constructed above the piles using a high-performance concrete mix incorporating 70% ground granulated blast furnace slag, it required around 5500 m3 of concrete poured over 36 hours to create the foundation necessary to distribute the heavy weight from the tower. (Ingenia 2012)
One of the main innovative features used in constructing The Shard was the top-down approach which allowed for the first 23 stories to be built before the basement had been fully excavated this saved a considerable amount of time. (GO Construct n.d.) The reinforced concrete core was then constructed using a slipform technique, rising around 3 metres per day. The reinforced concrete core is the main central structural element of the building, and it houses lifts, staircases and service risers. It also provides a lot of resistance to high winds, which is very important in a building so large.
This method of construction allowed The Shard to be structurally efficient and helped overcome the many challenges of building in a busy city centre.
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Analysis of Reinforced Concrete as a Framing Material 
Strength Durability and Climatic Resistance
Reinforced concrete was ideal for The Shard’s core due to its very high compressive strength ranging from 3,000 to 8,000 psi, which makes it able to withstand the extreme weight created by a building standing at 310 metres tall. (Science ABC 2018) In high rise structures, the lower sections of the building must be able to withstand all the cumulative weight created by upper floors so the framing material must withstand large forces without having deformations. Reinforced concrete performs very well under compression which makes it a popular choice for many high-rise buildings, such as The Shard.
Another advantage of reinforced concrete when compared to steel is its stiffness. Although steel does have excellent tensile strength concrete provides more rigidity, this is important in high rise buildings that are heavily exposed to wind. This advantage is highlighted in the floors 41 to 69 which is the hotel and residential floors, the concrete frame adds weight to the building which helps reduce movement caused by the wind. It also improves structural stability. (Ingenia 2012) 
Another reason concrete is a good framing material is because of its fire resistance as it does not burn, emit toxic fumes or easily transfer heat. (Lagnacite n.d.) This reduces the need for extra fire protection compared with exposed steel structures. In a large highly used building like The Shard where many occupants are present fire resistance is an essential design consideration. 
Durability is another important factor that needs to be considered when deciding what framing material to use. Reinforced concrete has a long service life and doesn’t require a lot of maintenance when designed properly, it also has double the lifespan of other building materials. (Designing Buildings 2021) London’s climate is susceptible to high amounts of rainfall and temperature variation, this makes concrete a good choice as it is resistant to weathering meaning the structural core can maintain its performance over time.
Overall, reinforced concrete was a more suitable choice than steel for the core of The Shard as it provided the strength, durability, fire resistance and protection against the London climate needed for a building of this scale.






Time, Labour, Programme and Cost Compared with Steel 
Although reinforced concrete offered many significant structural benefits to The Shard it also had some implications for construction time, labour requirements and the overall cost of the project when compared to steel. One of the main disadvantages of using reinforced concrete instead of steel is that it takes a long time to construct because concrete must be poured, cured and reach a sufficient strength before additional loads can be added. Although sufficient strength is often reached earlier for construction to continue, concrete on average takes around 28 days to reach its full strength. (Express concrete 2025) This process can impact construction time unlike steel which can be prefabricated off site and erected quickly once delivered. 
Reinforced concrete also requires a significant amount of onsite labour as the formwork must be installed before pouring can begin and the steel reinforcement must be positioned accurately. In large buildings such as The Shard this can increase labour demands and requires careful planning to ensure everything is done correctly. (Designing Buildings 2023) However, the slipform technique used on site helped reduce some time limitations. But structural steel offers faster erection because many components can be manufactured off site and assembled quickly once delivered. This is one of the reasons steel was used in the floor construction for The Shard as it allowed floor plates to be installed efficiently. The hybrid structure of The Shard combined the advantages of both materials. Concrete provided the strength needed while steel improved the speed of construction.  
When comparing reinforced concrete to steel, concrete is often less expensive than structural steel as a raw material especially in large quantities. It can also save money on fireproofing buildings due to its natural fire resistance. However, the additional labour that is required, formwork and the curing process can increase costs drastically. (Brown McFarlane n.d.) In The Shard combining the materials benefited the project as it balanced out the cost by using the material where it was most economical.
Overall, while reinforced concrete required more labour and resulted in a slower construction, the structural performance it offers justified its use in the core of The Shard.







Ease of Assembly, Adaptation Over Building Life and Problems Integrating Services 
The reinforced concrete frame in The Shard was difficult to construct because temporary formwork had to be installed before steel reinforcements was positioned and the concrete poured in. This created a longer construction time as each section had to be formed, cast and allowed to gain sufficient strength before further loads could be applied. Although this process was improved using slipform construction. 
Another problem with concrete is the challenges that come with adaption over building life. Once reinforced concrete is complete it becomes very difficult to modify. Opening for new services, structural alterations or layout changes often require specialist cutting equipment and careful planning because cutting into reinforced concrete can weaken the concrete. (Concrete Society 2003) This can make later adaptations expensive and time consuming when compared to steel structures. However, this so far hasn’t been a major issue for The Shard as many building services including lifts and staircases were planned within the reinforced concrete core from an early stage of design. This reduced the need for any future alterations. Due to the core forming the main structural spine of the tower and later alterations would be expensive and difficult.
To conclude, although reinforced concrete required a more complex assembly and offers less flexibility for future changes its use in The Shard was justified as the long-term structural stability of the building was prioritised over later alterations.














End of Life and Demolition Considerations 
Although concrete performs well during the life span of a building when it comes to demolishing the building several issues can arise as it can be difficult and expensive to remove. Reinforced concrete demolition requires heavy machinery due to the compressive strength as well as this the steel must be fully removed from the demolished concrete before it can be recycled. It can be reused as concrete again but often it is used unbound as subbase materials or used to protect shorelines. (Concrete Centre n.d.) However, this process can create large amounts of waste and become very time consuming when compared to steel demolition as steel can often be easily dismantled and reused.
Another issue that can arise with demolishing concrete is the potential health risks that are created when breaking and crushing concrete. While demolishing concrete large amounts of fine dust is released including respirable silica, this can be harmful if inhaled over long periods of time. Prolonged exposure to this can lead to respiratory diseases such as silicosis and lung cancer. (Health and Safety Executive n.d.) As well as this, if proper precautions aren’t taken there is a high risk of injury during demolition as someone could trip, fall from a height or be injured while lifting or carrying tools.
In The Shard this means that reinforced concrete offers very good long-term recyclability but if the building ever had to be demolished there would have to be careful consideration to make sure the concrete could be reused and minimise the potential health risks. 
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Negative Impact of Concrete Production 
There are several issues associated with concrete production, firstly it causes a high level of carbon dioxide emissions. Cement is the key binding ingredient in concrete, and its production requires limestone which must be heated to around 1450 degrees in large kilns. (PrimeGold 2022) This process requires significant amounts of energy and releases carbon dioxide directly into the atmosphere, cement production is responsible for around 8% of all co2 emissions globally. (Converge 2023) As well as this, large amounts of raw material are excavated through quarrying which can damage landscapes and destroy habitats. As well as this, it also causes many negative impacts on surrounding communities, especially where cement plants, quarries and transport routes are located. The crushing of raw material releases dust into the air which include fine particles that may affect air quality and create health risks for nearby residents. As well as this, concrete production requires frequent heavy vehicle movements to transport raw material and concrete, this can increase traffic congestion and increase noise pollution. It has been proven by the European Environment Agency that “Long term exposure to noise from transport has negative effects on health.” (European Environmental Agency 2025) 
Overall, although concrete remains essential in modern construction, its production creates significant environmental and community impacts through carbon emissions, dust, and transport related issues.
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Conclusion 
To conclude, reinforced concrete remains one of the most important construction materials as it provides strength, durability and fire resistance which is all essential for a building such as The Shard. Its use in The Shard demonstrates how reinforced concrete can provide excellent structural stability, when combined with steel framing. Although reinforced concrete requires high amounts of labour, extra curing time and a more complex demolition process its long-term performance justifies the disadvantages. 






















[bookmark: _Toc225337899]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



The percentage retained on each sieve was calculated by dividing the mass retained by 1250 and multiplying by 100. Percentage passing was then calculated by subtracting retained percentages from 100. 
Fine aggregate=59.6% 
Coarse aggregate=40.4%
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The sieve analysis shows that the sample contains a wide range of particle sizes, this indicated a well graded aggregate. This means that it is suitable for concrete as smaller particles fill the spaces between larger particles, which improves compaction. Therefore, the sample would be suitable for direct use in concrete production. 
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