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Lion Chambers, Glasgow (1904-1907)
[image: The abandoned Lion Chambers on Hope St. - Glasgow, Scotland [1366 x ...][image: Lion Chambers, Glasgow | By renowned architect James Salmon … | Flickr]
External views of Lion Chambers, Glasgow

Lion Chambers, located in Glasgow and constructed between 1904 and 1907, is widely recognised as one of the earliest examples of concrete framed construction in the United Kingdom and also represents a pivotal moment in the development of reinforced concrete construction in the United Kingdom, marking a clear departure from traditional loadbearing masonry towards skeletal frame systems. James Salmon Jr. was the designer, and it was constructed between 1904 and 1907, utilising the Hennebique system, one of the earliest standardised approaches to reinforced concrete design in Europe. Its significance lies not only in its early use of this technology, but also in the way it demonstrates both the potential and the limitations of early reinforced concrete practice (Historic Environment Scotland, 2016; Wood, 2012).
The original design of Lion Chambers is based on a reinforced concrete skeletal frame composed of vertical columns, horizontal beams, and floor slabs. This structural system marked a fundamental shift from masonry construction, where external and internal walls carry structural loads, to a system in which the frame alone supports the building. Loads are transferred vertically through columns to the foundations, while beams distribute loads horizontally, supporting slabs that act as diaphragms to transfer imposed loads such as occupancy and furniture (Macdonald, 2001). This innovative separation of structure and enclosure enabled increased flexibility in internal layout, allowing partitions to be arrange independently of the structural system.
One major defining feature of the building is its use of the Hennebique system, which introduced the concept of monolithic construction. During this approach, beams, slabs, and columns are cast together as a continuous unit, creating rigid connections which are capable of resisting bending moments. This was important as it allowed the structure to function as a moment-resisting frame, improving stability and enabling resistance to both vertical and lateral loads. The integration of steel reinforcement within the concrete addressed the material’s inherent weakness in tension, resulting in a composite material capable of resisting a wide range of stresses (Allen and Iano, 2019).
Despite the innovative structural system, the architectural expression of Lion Chambers remained relatively conservative. The building features a traditional stone façade that conceals the reinforced concrete frame behind it. This reflects a broader reluctance during the early twentieth century to express new materials and technologies visually, as architects and clients of preferred familiar aesthetic forms (Curtis, 1996). Nevertheless, the use of reinforced concrete allowed for thinner walls and increased internal floor space, demonstrating the functional advantages of the system.
This method of construction relied on in-situ reinforced concrete techniques. Timber formwork was erected to define the geometry of structural elements. Steel reinforcement was then placed according to the design. Concrete was then poured, compacted, and then left to cure before the formwork was removed. This process was labour-intensive and highly dependent on workmanship, as early concrete construction lacked the quality control and standardisation seen in modern practices (Chudley and Greeno, 2016). Furthermore, at the time, design methods were largely experimental, meaning that reinforcement detailing and material performance were not fully understood, contributing to long-term durability issues.
Overall, Lion Chambers represents a crucial milestone in the development and evolution of modern construction, demonstrating both the potential of reinforced concrete framing and the challenges associated with its early implementation.


Analysis of Reinforced Concrete Framing

Strength, Durability and Climatic Resistance
Reinforced concrete is a composite material the combines the high compressive strength of concrete with the tensile strength of steel reinforcement. This allows it to resist a wide range of structural forces, including bending, shear and axial loads (Mosley, Bungey and Hulse, 2012). When it comes to Lion Chambers, the reinforced concrete frame provided sufficient strength to support multiple storeys while also resisting lateral loads such as wind.
However, the durability of reinforced concrete is highly dependent of environmental conditions. Glasgow’s climate is characterised by high levels of humidity, rainfall, and temperature variation, all of which contribute to the deterioration of concrete structures. Moisture ingress can lead to carbonation, a chemical process that reduces the alkalinity of the concrete and allows corrosion of the embedded steel reinforcement. As the steel corrodes, it expands, causing cracking and spalling of the concrete (Historic Environment Scotland, 2016).
While reinforced concrete is often considered a durable material, early examples such as Lion Chambers lacked adequate protective detailing, including sufficient concrete cover and waterproofing. As a result, the building has experience significant deterioration over time. This highlights the importance of considering environmental exposure in the design of reinforced concrete structures, particularly in climates with high moisture levels, such as that of Glasgow.

Time, Labour, Programme and Cost Compared to Steel
When compared to steel framing, reinforced concrete construction generally involves longer construction periods due to the need for formwork, curing time, and sequential construction processes. In relation to Lion Chambers, the use of in-situ concrete would have required significant time for each stage of construction, particularly given the limitations of early twentieth-century construction technology.
In terms of labour, requirements for reinforced concrete are also typically higher than for steel framing. The construction process involves the erection of formwork, placement of reinforcement, and pouring and curing of concrete, all of which require skilled labour. On the other hand, steel frames can be prefabricated off-site and assembled quickly on-site, reducing both labour requirements and construction time, making it a faster option.
When it comes to cost, reinforced concrete can offer advantages due to the relatively low cost of raw materials and its inherent fire resistance, which reduces the need for additional fireproofing measure required in steel structures. However, the increased labour and longer programme can offset these savings. Historically, reinforced concrete was less efficient than steel in terms of construction speed, however modern techniques have reduced this gap.

Ease of Assembly and Adaptability
The in-situ nature of reinforced concrete construction limits its ease of assembly compared to prefabricated steel systems. The need for formwork and curing means that construction must proceed sequentially, reducing flexibility and increasing programme duration. In contrast, steel components can be assembled rapidly using bolted or welded connections.
However, once constructed, reinforced concrete frames offer significant advantages in terms of adaptability in comparison to steel. The separation of structure and enclosure allows internal layouts to be modified without affecting the primary structural system. This makes reinforced concrete particularly suitable for buildings that may require changes in use over time.
Despite this, modifying the primary structural elements of a reinforced concrete frame can be rather difficult and costly. The monolithic nature of the construction means that removing or altering beams and columns is complex and can compromise structural integrity. Therefore, while reinforced concrete offers flexibility in internal layout, it is less adaptable at the structural level compared to steel.

Integration of Services Provision
The integration of building services within reinforced concrete structures presents several challenges. Concrete is a dense and rigid material, making it difficult to accommodate services such as electrical wiring, plumbing, and HVAC systems after construction. In early buildings such as Lion Chambers, provision for services was limited, as moder service integration strategies had not yet been properly developed.
Openings and ducts for services must be carefully planned during the design stage to avoid compromising structural integrity. Cutting into reinforced concrete after construction can damage reinforcement and weaken the structure and its structural integrity. Modern solutions to this problem would include the use of service voids, suspended ceilings, and raised floors, which allow services to be integrated without altering the structural frame.
In Lion Chambers, the lack of such provisions has made it difficult to adapt the building to modern service requirements, highlighting a limitation of early reinforced concrete construction.

Challenges at Demolition / End of Life
Reinforced concrete structures present significant challenges at the end of their life cycle. The composite nature of concrete and steel makes separation difficult, requiring energy-intensive processes such as crushing and mechanical breaking. This contrasts with steel framing, which can often be dismantled and reused far more easily.
The demolition of reinforced concrete buildings generates large volumes of waste, and although concrete can be recycled as aggregate, the process is resource-intensive and may not fully recover the material’s value. Additionally, the presence of embedded steel complicates recycling efforts.
In older buildings such as Lion Chambers, structural deterioration can further complicate demolition, as weakened elements may pose safety risking during deconstruction, which are far from ideal. These challenges highlight the importance of designing for deconstruction and considering the full life cycle of materials in modern construction.



Environmental and Community Impact of Concrete Production
The production of concrete has significant environmental and social impacts, particularly due the manufacture of cement, its primary binding component. Cement production is responsible for approximately 7-8% of global carbon dioxide emission, largely due to the calcination of limestone and the high energy requires of kiln processes (Scrivener, John and Gartner, 2018).
In addition to carbon emissions, concrete production involves the extraction of raw materials such as sand, limestone and gravel. These processes and activities can lead to landscape degradation, habitat destruction, and as a result, loss of biodiversity. Quarrying operations also generate dust, noise, and increased traffic, which can negatively affect local communities. The extraction of sand in particular has become a critical global issue, with unsustainable mining practices causing riverbank erosion, depletion of natural sediment systems, and damage to aquatic ecosystems. This can disrupt local environments and threaten communities that rely on the natural resources for livelihoods.
Furthermore, the production process is energy-intensive and often reliant on fossil fuels, contributing further to environmental degradation. Another factor is that the water usage required for concrete production can also place pressure on local water resources, particularly in regions where water scarcity is an issue. Furthermore, emissions from cement plants, including particulate matter and gases such as nitrogen and oxides and sulphur dioxide, can reduce air quality and contribute to respiratory health problems in nearby populations.
From a community perspective, the environmental impact of concrete production can result in increased noise pollution, reduce air quality, and disruption to local ecosystems. The transportation of raw materials and finished concrete also contributes to congestion, noise, and additional carbon emissions due to the material’s high weight.
Overall, while reinforced concrete offers structural performance and durability, its environmental cost is significant. As a result, there is increasing emphasis on sustainable alternatives, including recycled aggregates, low-carbon cement, and more efficient practices.
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Sieve Analysis

	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
	89.04

	10
	143
	11.44
	88.56

	6.3
	105
	8.4
	91.6

	3.35
	45
	3.6
	96.4

	2
	130
	10.4
	89.6

	1.18
	63
	5.04
	94.96

	0.6
	105
	8.4
	91.6

	0.3
	102
	8.16
	91.84

	0.212
	109
	8.72
	91.28

	0.15
	98
	7.84
	92.16

	0.063
	55
	4.4
	95.6



Coarse Aggregate Percentage = 40.4%
Fine Aggregate Percentage = 59.6%














Particle Size Distribution Graph
[image: ]The particle size distribution graph shows a continuous but non-uniform grading across the range of sieve sizes. The curve is smooth overall with no major gaps however the curve is steeper in some regions and flatter in others, meaning that some sizes are overrepresented while others are underrepresented, the distribution is therefore not perfectly well-graded.
The sample contains a mix of coarse and fine particles, with 40.4% coarse and 59.6% fine, suggesting that it is a moderately fine-dominated mix.
As a result, it would not be ideal for direct use as it may have poor packing efficiency, higher void content, and an increased binder command. However, it could be used after blending with other aggregates.
Overall, the aggregate shows a continuous grading but is not well-graded, with some imbalance in particle sizes. It is therefore not ideal for direct use and would benefit from blending to improve grading and reduce voids.
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