



Construction Materials
A) Building Case Studies
1. Concrete Frame: Brasília Cathedral (Catedral Metropolitana de Brasília), Brazil
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Original Design and Concept:
The Brasília Cathedral is one of Brazil's most iconic structures. Designed by the renowned architect Oscar Niemeyer. It stands out with its modern, innovative style that reflects both the country’s push for modern construction and Niemeyer’s bold vision. The cathedral’s design features a hyperboloid structure made up of 16 curved concrete columns that all lean inward, creating a crown-like shape that is 40 meters high. This design symbolizes the connection between the divine and the human, with the columns representing the bridge between heaven and earth.
The building is supported by a reinforced concrete frame, which provides the necessary strength and stability for the open interior. The central dome, made of glass, allows natural light to fill the space. This clever design fully utilizes the concrete strength in compression, enabling the columns to hold the weight of the large structure while keeping the clean aesthetic. 
Construction Process:
The construction of the Brasília Cathedral began in 1958 and was completed in 1970, with the concrete frame playing a key role in bringing Niemeyer’s design to life. The 16 columns were cast on-site using reinforced concrete. This was a very labour-intensive process and involved a specialized system to create the cathedral’s signature shape. Reinforced concrete is known for its strength, durability, and ability to withstand compression, making it perfect for a large-scale, public structure like the cathedral. However, the process required a lot of careful planning and coordination to ensure the columns were shaped precisely, custom moulds were needed to achieve their unique curves.
Given Brasília’s hot climate, concrete also offered some practical benefits. Its thermal properties allow it to absorb and store heat, helping regulate the building's internal temperature and keeping the interior cool during the day and warm at night.
Method of Construction:
Building the cathedral required close coordination between the architects, engineers, and construction workers. The columns were cast using custom-designed moulds, which ensured the exact shape Niemeyer envisioned. The concrete itself was reinforced with steel rebar for added strength and stability. The concrete was poured in multiple stages, with each layer allowed to cure before the next was added. This slow and careful process was crucial for ensuring the structure was stable and durable.
Though the cathedral is made of heavy concrete, its interior was designed to feel light and open, a contrast to the often dark and enclosed spaces of traditional cathedrals. The result is a stunning, symbolic space that remains a true masterpiece of modern architecture.
2. Steel Frame: Empire State Building, New York City, USA
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Original Design and Concept:
Completed in 1931, the Empire State Building is one of the most iconic skyscrapers in the world and remains a symbol of New York. Designed by William F. Lamb, the building was initially part of a competition to build the tallest structure in the world. The final design featured a steel frame, making it possible for the building to reach such a towering height of 1,454 feet (including its antenna), holding the title of the world’s tallest building for almost 40 years.
The steel frame of the Empire State Building allowed for expansive, open floor spaces, a defining feature of early 20th-century skyscrapers. Steel's strength in both compression and tension made it the perfect material for the vertical load-bearing demands of such a tall structure. Additionally, steel’s flexibility in design and construction enabled the creation of the building’s sleek and modern form. The building's design symbolized the era’s modernity and technological progress.
Construction Process:
The construction of the Empire State Building is a true engineering marvel. The steel frame was prefabbed in factories, with components such as beams, columns, and girders manufactured off-site and delivered to the construction site for assembly. This method allowed for extremely fast construction, with the building being completed in just over a year—an impressive feat at the time especially considering the scale of the project. Using steel significantly sped up the process, as its flexibility allowed large sections to be erected quickly, minimizing the time it would normally take to construct each individual part.
A riveting and bolting system was used to join the steel components, ensuring that the frame could support the entire structure’s weight. Workers used high-powered machines to securely connect the beams and columns. As a result, the Empire State Building reached its full height much faster than most skyscrapers of its time.
The design also included a generous number of windows to let natural light into the interior, enhancing the work environment for its tenants. This was possible thanks to the structural efficiency of the steel frame, which allowed for large window openings without compromising the building’s stability.

B) Analysis of Framing Materials
1. Framing Material Choice:
	Aspect
	Brasília Cathedral (Concrete Frame)
	Empire State Building (Steel Frame)

	Strength
	Concrete is strong in compression, which suits the cathedral’s structural needs, especially for the curved columns. However, it is weaker in tension and bending.
	Steel is strong in both compression and tension, providing flexibility and strength for tall buildings like the Empire State Building.

	Durability
	Concrete is highly durable, resistant to weathering and corrosion. The use of reinforced concrete increases its longevity, particularly in the harsh climate of Brasília.
	Steel, when properly treated (e.g., galvanizing or painting), is also durable, but it is more susceptible to corrosion, especially in humid or salty environments.

	Climatic Resistance
	Concrete is more resistant to the hot, tropical climate of Brasília, as it can absorb and retain heat, stabilizing indoor temperatures.
	Steel is less effective at regulating temperature but can be treated to resist rust in different climates, particularly coastal areas or regions with high humidity.



Analysis: The choice of framing material for both buildings was influenced by environmental conditions. In Brasília, concrete was chosen for its compressive strengths and suitability for hot climates. Concrete’s ability to absorb and store heat was an advantage in regulating the cathedral’s internal temperature. In contrast, the Empire State Building required a material that would allow for a rapid vertical construction process and a high degree of flexibility to support the immense load of a tall skyscraper. Steel, being strong in both compression and tension, was ideal for these needs, allowing the building to achieve record heights without compromising safety or structural integrity.
2. Impact of the Framing Material’s Original Production Process:
	Aspect
	Brasília Cathedral (Concrete Frame)
	Empire State Building (Steel Frame)

	Community Impact
	Concrete production in Brazil was a key industry, providing local employment. The cathedral itself became a landmark and source of pride for the community.
	Steel production for the Empire State Building required mass production, providing jobs during the Great Depression. The building also became a symbol of resilience and progress for the community.

	Environmental Impact
	Concrete production is energy-intensive and contributes to CO2 emissions. However, the local sourcing of materials reduced transportation emissions.
	Steel production is also energy-intensive and contributes significantly to carbon emissions. However, steel can be recycled, which reduces its environmental footprint over time.



Analysis: The production of both concrete and steel has significant environmental impacts. Concrete’s production process contributes to high levels of CO2 emissions, particularly during the cement manufacturing process. However, the local sourcing of materials in Brazil for the construction of the Brasília Cathedral helped reduce transportation emissions and also prices. The building's symbolism and local pride associated with its construction provided positive community impacts.
On the other hand, the steel used in the construction of the Empire State Building also had a substantial environmental footprint, particularly during the mining and smelting stages. However, steel’s recyclability allows it to be repurposed in future projects, mitigating some of its environmental effects.
3. Ease of Assembly and Adaptability:
	Aspect
	Brasília Cathedral (Concrete Frame)
	Empire State Building (Steel Frame)

	Ease of Assembly
	Concrete requires precise formwork and curing time, which can slow assembly. However, once the frame is in place, it is very stable.
	Steel is easier to assemble and can be prefabricated, allowing for faster construction. It is also easier to adjust during construction.

	Adaptability
	Concrete frames are more challenging to modify in the future. However, the rigidity of the frame allows for stability over long periods.
	Steel frames are more adaptable to different building shapes and uses throughout the building’s life cycle. It is easier to modify or expand a steel-framed building.



Analysis: The ease of assembly of the Brasília Cathedral was somewhat limited by the complexity of the concrete frame. The slow curing process of concrete and the need for specialized moulds meant that construction was labour-intensive and time-consuming. However, once the concrete was set, the frame proved stable and durable over time.
In contrast, the Empire State Building benefited from the flexibility of steel. The use of prefabricated components allowing for faster assembly and reducing the overall construction timeline. Additionally, the steel frame’s adaptability made it easier to modify or expand the building later in its lifecycle, something that would be substantially more difficult with a concrete frame.




C) Summative Comparison of Concrete Frame vs. Steel Frame
	Aspect
	Concrete Frame (Brasília Cathedral)
	Steel Frame (Empire State Building)

	Strength
	Strong in compression but weaker in tension and bending.
	Strong in both tension and compression, ideal for high-rise construction.

	Durability
	Highly durable, resistant to weather and corrosion, especially in hot climates.
	Durable if treated against rust but can corrode if untreated in certain climates.

	Climatic Resistance
	Very resistant to high heat, absorbing and retaining heat.
	Less effective at regulating temperature but can be treated for various climates.

	Community Impact
	Provides local employment and contributes to the identity of the city.
	Provided jobs during the Depression and symbolized progress.

	Environmental Impact
	Energy-intensive production process with high CO2 emissions.
	Energy-intensive but can be recycled, reducing long-term environmental impact.

	Ease of Assembly
	Slower assembly due to curing time and formwork.
	Faster assembly due to prefabricated steel components.

	Adaptability
	Less adaptable once constructed, more rigid structure.
	Highly adaptable, with potential for future modifications or expansions.



Conclusion: Both the concrete frame and steel frame have distinct advantages and disadvantages. Concrete is ideal for buildings that need to withstand compression forces and are exposed to extreme environmental conditions. The Brasília Cathedral is a perfect example of this, with its iconic design benefiting from concrete’s thermal mass and durability. However, concrete’s rigidity limits its adaptability and ease of modification.
Steel, on the other hand, is better suited for high-rise buildings that require flexibility and speed in construction. The Empire State Building’s steel frame allowed for rapid assembly, and its adaptability means the building can be altered or expanded over time. However, steel is more susceptible to corrosion, especially if not treated properly, and its production process remains energy intensive.
In conclusion, the choice of framing material depends on the specific needs and conditions of the project, as well as the long-term goals for the building’s use and maintenance.
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