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[bookmark: _Toc224935015]Introduction
Concrete is one of the most widely used construction materials in modern engineering due to its strength, durability and versatility. It is produced by combining cement, water, fine aggregates such as sand and coarse aggregates such as gravel or crushed stone. When water reacts with cement, a chemical process known as hydration occurs, allowing the mixture to harden and gain strength over time (Neville, 2011). This process is fundamental in enabling concrete to achieve the compressive strength required for structural applications.
Reinforced concrete is widely used because it combines the compressive strength of concrete with the tensile strength of steel reinforcement. Concrete alone is weak in tension, meaning it is prone to cracking when subjected to tensile forces. Steel reinforcement bars are therefore embedded within the concrete to resist these forces and improve overall structural performance (ICE, 2019). This combination allows reinforced concrete to be used in a wide range of structural elements including beams, columns, slabs and foundations.
Concrete is also valued for its durability, fire resistance and ability to be formed into complex shapes using formwork. These properties make it suitable for both commercial and residential construction projects. Its adaptability during construction allows engineers and architects to design buildings that meet both structural and aesthetic requirements. In addition, the widespread availability of raw materials makes concrete a cost-effective solution for large-scale developments.
This report examines the properties of reinforced concrete framing materials through a case study of 71/72 The Kingsway in Swansea. The building is analysed in terms of its structural design and construction method. The performance of reinforced concrete is evaluated and compared to steel framing, considering strength, durability, cost and construction efficiency. Environmental impacts associated with concrete production are also discussed.
[bookmark: _Toc224935016]Case study – 71/72 The Kingsway, Swansea
71/72 The Kingsway is a modern multi-storey commercial development located in Swansea city centre, forming part of the wider regeneration of the Kingsway district. The project contributes to the economic redevelopment of the area by providing high-quality office and commercial space designed to meet contemporary business requirements. The building is constructed using a reinforced concrete frame, which is widely adopted in urban development’s due to its strength, durability and ability to support multi-storey construction.
The building comprises approximately six storeys above ground level, with two additional basement levels primarily used for building services and supporting functions. These lower levels are typically designed to accommodate plant equipment, service infrastructure and ancillary operational spaces required for the efficient functioning of the building. The inclusion of basement levels also maximises the usable space above ground, which is particularly beneficial in dense urban environments.
During the construction phase of 71/72 The Kingsway, I had the opportunity to observe site activities firsthand. This provided valuable practical insight into the reinforced concrete construction process, including the installation of formwork systems, the positioning of steel reinforcement and the pouring and curing of concrete. Observing these operations highlighted the importance of sequencing, quality control and coordination between different trades, all of which are essential in ensuring that the structural frame is constructed safely and in accordance with design specifications.
The structural design of the building is based on a reinforced concrete frame consisting of vertical columns, horizontal beams, floor slabs and a central core. This structural system is designed to efficiently transfer loads from the upper levels of the building down to the foundations. Loads from floor slabs are transferred to beams, which then transfer loads to columns, before being safely distributed into the ground through the foundation system.
The foundation system is constructed using reinforced concrete, and depending on site-specific ground conditions, may consist of piled foundations or a reinforced raft slab. These systems are designed to prevent excessive settlement and ensure the long-term stability of the structure. The use of reinforced concrete in foundations provides both strength and durability, particularly in variable ground conditions often encountered in urban construction sites.
The reinforced concrete columns act as the primary vertical load-bearing elements of the structure. These columns support reinforced concrete beams, which in turn support the floor slabs that form each level of the building. The floor slabs not only provide structural support but also act as horizontal diaphragms, contributing to the overall stability of the structure by distributing loads evenly.
A reinforced concrete core is incorporated within the building to provide resistance against lateral forces such as wind loading. This core also accommodates essential vertical circulation elements including lifts and staircases, as well as service risers for mechanical and electrical systems. The inclusion of a central core enhances both the structural performance and functional efficiency of the building.
The construction methodology follows a typical in-situ reinforced concrete frame process. Initial works involve site clearance and excavation, followed by the installation of the foundation system. Formwork is then erected to shape structural elements, and steel reinforcement is installed in accordance with structural design requirements. Concrete is poured into the formwork and must be allowed to cure adequately in order to achieve the required strength before the formwork is removed. This process is repeated progressively for each floor level until the structural frame is complete. The curing process is particularly critical, as it directly influences the strength and durability of the finished concrete (Neville, 2011).
The selection of reinforced concrete as the primary framing material for this development is influenced by several key factors. These include its high compressive strength, durability in a coastal environment and inherent fire resistance, which is particularly important in multi-storey commercial buildings. In addition, the material provides good acoustic performance and thermal mass, improving occupant comfort and energy efficiency. From a construction perspective, reinforced concrete also allows flexibility in design using in-situ formwork, making it suitable for complex urban developments such as 71/72 The Kingsway. These combined properties make reinforced concrete a practical and efficient choice for this type of structure.
Overall, the use of a reinforced concrete frame for 71/72 The Kingsway reflects a design approach that prioritises structural strength, durability and adaptability during construction. The system is well suited to the demands of a multi-storey commercial building located within a dense urban environment, where both performance and efficient use of space are key considerations.
[bookmark: _Toc224935017]Analysis of the framing material

A) [bookmark: _Toc224935018]The Framing materials strength, durability and climatic resistance, given the environmental conditions it is exposed to at the site of the build
Reinforced concrete provides high compressive strength, making it suitable for supporting structural loads in multi-storey buildings (Neville, 2011). However, as concrete is weak in tension, steel reinforcement is required to resist tensile forces and prevent cracking (ICE, 2019). This combination allows reinforced concrete to perform effectively under both compressive and tensile loading conditions.
Concrete is also highly durable and resistant to fire, moisture and environmental degradation when properly designed and constructed (The Concrete Society, 2018). This makes it suitable for long-term use in urban environments. Reinforced concrete structures can have long service lives with minimal maintenance requirements, which is beneficial for commercial developments.
The environmental conditions in Swansea include frequent rainfall, coastal winds and moderate temperature variations. Concrete performs well in these conditions due to its density and resistance to weathering. However, durability depends on correct mix design, appropriate curing and sufficient cover to reinforcement to prevent corrosion of steel (ICE, 2019). Poor construction practices can lead to cracking and deterioration, reducing the lifespan of the structure.

B) [bookmark: _Toc224935019]Time, labour, programme and cost when compared to steel framing
Concrete frames generally require more time to construct than steel frames due to the need for curing before loads can be applied. This can extend the construction programme compared to steel structures, which are often prefabricated and assembled quickly on site (ICE, 2019).
Reinforced concrete construction is also more labour-intensive. Activities such as formwork installation, reinforcement placement and concrete pouring require skilled labour on site. Steel construction typically involves less on-site labour due to the use of prefabricated components.
However, reinforced concrete can offer cost advantages. The materials used in concrete are generally cheaper and more widely available than structural steel. In addition, concrete provides inherent fire resistance, reducing the need for additional fire protection systems required for steel structures (The Concrete Society, 2018). This can result in cost savings over the life cycle of the building.

C) [bookmark: _Toc224935020]The frames ease of assembly and the potential ease of its adaptation to different building shapes and building use, within the life cycle of the building
Concrete can be cast into a wide variety of shapes using formwork, allowing flexibility in design (ICE, 2019). This enables architects and engineers to create complex building forms and meet specific design requirements. The ability to mould concrete into different shapes is one of its key advantages over other structural materials.
However, reinforced concrete structures are more difficult to modify once constructed. Structural elements are cast as a single system, making alterations complex and costly. Steel frames are generally easier to adapt, as individual components can be replaced or modified more easily. This makes steel more suitable for buildings that may require frequent changes in layout or use.

D) [bookmark: _Toc224935021]The problems faced by the integration of services provision, and how these problems are overcome
Integrating building services such as electrical systems, plumbing and ventilation can be challenging in reinforced concrete structures. Solid concrete elements make it difficult to install services after construction, as cutting or drilling into structural elements can weaken the structure.
To overcome this, service routes are planned during the design stage. Ducts, voids and service risers are incorporated into the structure to allow services to pass through safely. Suspended ceilings and raised floors are also commonly used to provide space for services and allow easier access for maintenance (ICE, 2019). Effective coordination between structural and services engineers is essential to ensure that these systems are integrated without compromising structural performance.

E) [bookmark: _Toc224935022]The specific challenges faced at the point of the building’s potential demolition, at end of life
Reinforced concrete buildings are difficult to demolish due to their strength and embedded steel reinforcement. Demolition typically requires heavy machinery such as crushers, breakers or cutting equipment (The Concrete Society, 2018). This process can be time-consuming and costly, particularly in urban environments where space is limited.
Demolition activities also generate significant amounts of waste and can cause environmental issues such as noise, dust and disruption to surrounding areas. However, concrete can be crushed and reused as recycled aggregate in new construction projects, helping to reduce waste and minimise environmental impact. Careful planning and management are therefore required to ensure that demolition is carried out safely and sustainably.

[bookmark: _Toc224935023]Environmental impact of concrete production
Concrete production has significant environmental impacts, particularly due to cement manufacturing. The production of cement involves heating limestone at high temperatures, releasing large amounts of carbon dioxide into the atmosphere (ICE, 2019). This contributes to global greenhouse gas emissions and climate change.
The extraction of raw materials such as aggregates also causes environmental damage. Quarrying can result in habitat destruction, landscape alteration and increased noise and dust pollution (The Concrete Society, 2018). Transportation of materials to construction sites further contributes to environmental impact through fuel consumption and emissions.
To reduce these impacts, the construction industry is adopting more sustainable practices. These include the use of recycled aggregates, alternative cementitious materials such as fly ash and ground granulated blast furnace slag, and improvements in manufacturing efficiency. These measures help to reduce the carbon footprint of concrete and promote more sustainable construction practices.
[bookmark: _Toc224935024]Conclusion
This report has demonstrated that reinforced concrete is a highly effective framing material for multi-storey developments such as 71/72 The Kingsway in Swansea. Its high compressive strength, combined with the tensile capacity provided by steel reinforcement, makes it well suited to supporting structural loads in modern buildings. In addition, its durability, fire resistance and ability to perform in challenging environmental conditions further justify its widespread use.
The analysis has shown that while reinforced concrete offers advantages in terms of cost, durability and structural performance, it also presents limitations such as longer construction times and reduced adaptability when compared to steel framing. Despite these limitations, it remains a reliable and widely used construction material.
The environmental impacts of concrete production highlight the importance of adopting sustainable construction practices. The use of recycled materials and alternative cementitious products can help reduce the environmental impact of concrete while maintaining its structural benefits.
Overall, reinforced concrete continues to play a vital role in the construction industry due to its strength, durability and versatility, making it a suitable choice for developments such as 71/72 The Kingsway.

[bookmark: _Toc224935025]References
Institution of Civil Engineers (ICE) (2019) ICE Manual of Construction Materials. London: ICE Publishing.
Neville, A.M. (2011) Properties of Concrete. 5th ed. Harlow: Pearson Education.
The Concrete Society (2018) Guide to Concrete Construction. Camberley: The Concrete Society.

Sieve analysis
A) Complete table to obtain % passing each sieve.
Original Sample size 1250g
· % on sieve = Mass/ Original sample size x 100
· % Passing = % on sieve – previous % passing

	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



B) Calculate the percentage of coarse and fine aggregate in the mix.
Coarse aggregate – 40.4%
Workings out
120 + 137 + 143 + 105 = 505.
505/1250 = 0.404 = 40.4%

Fine aggregate – 56.56%
Workings out
45 + 130 + 63 + 105 + 102 + 109 + 98 + 55 = 707.
707/1250 = 0.5656 = 56.56%

C) [image: ]Plot the particle size distribution on the graph.

D) Comment on this sample aggregates particle size distribution and suitability for direct use as an aggregate.

The particle size distribution shows that the aggregate is well graded, as it contains a good range of both fine and coarse particles. The curve is fairly smooth with no major gaps, which means the smaller particles can fill the spaces between the larger ones. This helps improve how densely the material packs together.
From the results, a large proportion of the material falls within the coarse (gravel) range, although there is still a reasonable amount of finer material present. The percentage passing decreases steadily across the sieves, which suggests a consistent spread of particle sizes rather than everything being concentrated in one size.
Having a mix of particle sizes is beneficial because it improves both the strength and workability of concrete. The finer particles help fill voids, which reduces the amount of cement paste needed and results in a stronger mix overall.
However, the sample does appear to be slightly coarse-heavy, which could make the mix less workable if not balanced properly with enough fine material. This may need to be adjusted depending on how the concrete is being used.
Overall, the aggregate is suitable for use, as it has a good distribution of particle sizes and would produce a strong and durable concrete mix.
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