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1. [bookmark: _Toc233951560]Introduction
The Leadenhall Building is also known as the ‘Cheesegrater’ for its unique tapered form. It is a 225-metre, 48-storey steel-framed commercial office tower in London, completed in 2017. The building was originally developed as a speculative office by British Land and is currently owned by CC Land, which serves as the global operational headquarters for the Aon Centre.
The lead architects for this building were Richard Rogers and Graham Stirk under the firm Rogers Stirk Harbour + Partners, which showcases excellent, innovative structural engineering and modern construction techniques. The distinctive slope shape was designed to preserve the views of St Paul's Cathedral, while its exposed steel megaframe demonstrates the effective use of structural steel. Although the building incorporates a concrete core for vertical circulation, it is classified as steel-framed due to its dominant use of structural steel in overall construction. The key data for Leadenhall Building is shown in Table 1. 

[bookmark: _Toc235703612]Table 1 - Key Project Data
	Metric
	Value

	Height
	224.5metres

	Floors
	48

	Total Steel Tonnage
	12,000 tonnes

	Internal floorplate size (net internal area)
	2,000m2

	Total floor area
	84,424m2

	Construction Period
	4 years



This case study will examine Leadenhall's original design planning, construction method and the potential impacts on social and environmental sustainability. I will then further analyse the five key areas of steel framing performance, including: durability and climatic resistance; production processes and environmental impact; ease of assembly and adaptability; wind loading strategies; and the economic factors influencing steel over concrete frames. 

2. [bookmark: _Toc233951561]Design Planning and Construction Method 
[image: ]
[bookmark: _Toc235703639]Figure 1 - Illustration of the evolution of the Leadenhall Building’s design (Rogers Stirk & Partners, 2017)
                     
2.1 [bookmark: _Toc233951562]Original Design Plan
The Leadenhall Building's design comprises several architectural elements, which are the megaframe, the ladder frame, the office floor plates, the northern support core, the external envelope, and the public realm.

2.1.1 [bookmark: _Toc233951563]Megaframe Concept
The original design of the Leadenhall Building is based on the steel megaframe structural system, where the main load-bearing structure is located on the exterior of the building rather than internal columns. This approach was significant in achieving flexible open-plan layouts and open office floors with panoramic views due to the exposed steel frame that carries both vertical and lateral loads. The structural steelwork was prefabricated off-site in Wolverhampton, where it was assembled into sections, then transported to London for installation, which reduced on-site construction time and improved quality control.

2.1.2 [bookmark: _Toc233951564]The Tapered Form
The building has a distinctive tapered form with the structure leaning inward as it rises. This shape is the result of careful contextual design to preserve the protected view corridors to St Paul's Cathedral from Fleet Street. This approach allowed the development to achieve the highest floors in the City of London while minimising the impact on a protected view corridor.
2.1.3 [bookmark: _Toc233951565]Northern Support Core 

[image: ]
[bookmark: _Toc235703640]Figure 2 – The Leadenhall Building, components diagram showing the Northern Support Core (blue). Source: Rogers Stirk + Partners (2017)
The northern support core design incorporates a reinforced concrete core located on the northern side of the building, which houses staircases, lifts and building services such as WCs. This core works with the external steel megaframe to provide structural stability. It also contributes to resisting wind loads and stiffness to the building to reduce swaying. 
2.1.4 [bookmark: _Toc233951566]The Galleria 
[image: ]
[bookmark: _Toc235703641]Figure 3 – The Leadenhall Building, exploded axonometric of the Galleria. Source: Rogers Stirk + Partners (2017)

At ground level, the building includes a large multi-storey public galleria space 28 metres high, which forms an open pedestrian route through the base of the building. This design feature improves urban permeability, allowing movement between the streets surrounding the building while activating the ground floor with retail and public access. The galleria's inclined structural columns and large canopy create a dramatic entrance experience. 

2.2 [bookmark: _Toc233951567]Construction Method and Prefabrication 
The Leadenhall Buildings project was one of the fastest pieces of large-scale construction work in the UK. Due to a two-year pause during the economic downturn, the construction resumed in September 2011, with the superstructure completed in just 11 months.

2.2.1 [bookmark: _Toc233951568]Design for Manufacture and Assembly 
The project undertook a Design for Manufacture and Assembly methodology, with 80% of the building constructed off-site. This approach had multiple advantages, such as waste reduction to near zero, quality improvement through factory-controlled fabrication and programme acceleration, with 7 storeys achieved per month.
2.2.2 [bookmark: _Toc233951569]Prefabricated Components
The primary steel system within the north core was built as a series of storey-high tables with services and concrete floor slabs and pre-attached, minimising crane lifts on site. All wet concrete was eliminated above level 5 by replacing conventional composite floor slabs with a creative precast panel system. The construction metrics data is shown in Table 2 below.
[bookmark: _Toc235703613]Table 2 - Construction Metrics
	Metric
	Detail

	On-site Team Size
	150-200

	Construction Rate
	Approximately 7 storeys per month

	Project Budget
	£340 million 

	Fire Protection Coating on megaframe steel
	18,000 tonnes



2.2.3 [bookmark: _Toc233951570]Meganodes 
There were 12 types of nodes designed to prevent site-welding and to facilitate the Meccano-style assembly. The connections between the nodes transfer forces of up to 6,000 tonnes in at least three different directions simultaneously, and the nodes are 6 m × 3 m, weigh up to 30 tonnes and incorporate plate thicknesses ranging from 25mm to 180mm. 3,000 high-strength threaded megavolts that are up to 76mm in diameter connect all steel parts together, and these bolts are pre-stressed to create rigid joints.
2.3 [bookmark: _Toc233951571]Social and Environmental Sustainability 
The Leadenhall project contributed to urban densification by replacing a lower-rise building with a high-rise tower to increase office capacity within a very small footprint, supporting efficient land use that reduces urban sprawl. During construction, strict site logistics were required due to traffic and heavy pedestrians in the surrounding area, with controlled deliveries and safety management systems put in place to minimise disruption.  
In terms of social sustainability, the half-acre galleria provides a large open space that includes shops and event spaces open to the public. The exposed steel frame and panoramic glazing provide a spectacular view and natural daylight for occupants. Also, 200 designers worked on this project, and the construction work generated employment for skilled workers. 
The project earned strong environmental credentials through multiple strategies, in which the building achieved a “BREEAM Excellent” certification that demonstrates high environmental performance (BRE Global, 2018). The prefabrication of steel reduced congestion and waste during construction. The use of DfMA during construction of the project means the carbon footprint was typically half compared to projects using traditional methods. The building has computer-controlled blinds in the cavity in response to solar gain that reduce cooling energy demand, and water conservation is achieved through low-flow fixtures and fittings.

3. [bookmark: _Toc233951572]Steel Frame Analysis 
The Leadenhall Buildings' steel frame withstands London's temperate maritime climate, which includes moderate rainfall, significant rainfall, humidity and occasional winds.
3.1 [bookmark: _Toc233951573]Frame Durability and Climatic Resistance 
3.1.1 [bookmark: _Toc233951574]Corrosion protection 
All the external steelwork is protected by a comprehensive coating system using the product Resistex C237, also known as Acrolon C237, which acts as a strong environmental shield, preventing moisture from degrading the steelwork's undercoats. (Sherwin-Williams, 2017; BS EN ISO 12944-2, 2017)

3.1.2 [bookmark: _Toc233951575]Fire Protection Innovation 
The whole structure was sprayed with marine-standard epoxy intumescent coating in layers of 3- 12 mm prior to site assembly, and this gives the building 90 minutes of fire protection. The megaframe exoskeleton experiences large temperature and humidity fluctuations. Intumescent mid-coats such as FX2002 and Firetex M95 were used, and they have layers that expand due to heat by forming a thick insulating char layer that delays the steel from reaching a critical structural failure temperature. (Sherwin Williams, 2017; ASFP, 2020)
3.1.3 [bookmark: _Toc233951576]Long -Term Performance 
The steel frame is accessible and visible; therefore, maintenance and inspections are straightforward and easy to perform, unlike concealed steel in concrete cores. The advantage of this is that issues of corrosion or other identified issues can be addressed promptly.
3.2 [bookmark: _Toc233951577]Material Production Process and Environmental Impacts 
3.2.1 [bookmark: _Toc233951578]Steel Production 
18,500 tonnes of steel used in the Leadenhall Building represent significant embodied carbon, and steel production accounts for approximately 7- 8% of global CO2 emissions (World Steel Association, 2025). The project used two primary production routes that have different environmental profiles. The first was the Blast Furnace route, which accounts for about 72% of global steel production, and it uses iron ore and coking coal that produce approximately 2.3 tonnes of CO2 per tonne of crude steel. The second one is the Electric Arc Furnace route, which uses recycled steel scrap and is powered by renewable electricity, achieving emissions of about 0.7 tonnes of CO2 per tonne of crude steel. 
[bookmark: _Toc233951579]3.2.2 The Leadenhall Buildings Steel Sourcing 
This project demonstrated environmental leadership through design optimisation, reducing steel tonnage, achieving near-zero waste through prefabrication, improving future recyclability (steel is 100% recyclable without quality loss), and reducing operational carbon through a ventilated facade and triple glazing. 
3.2.2 [bookmark: _Toc233951580]Environmental Impacts of Production 
Steel production generates several environmental burdens, including CO2 emissions that account for 7- 8% of global emissions, and there is significant water consumption in the cooling and processing stages through iron ore and coal extraction. The emissions also cause air pollution, as SOx and NOx are emitted during the production process.  Table 3 below shows the data for the steel production route in comparison.
 
[bookmark: _Toc235703614]Table 3 - Steel Production Route Comparison
	Production Rate 
	Global Share 
	CO2 per tonne
	Key inputs 

	BF-BOF
	72%
	2.3 tonnes
	Iron ore, coking coal

	EAF
	21%
	0.7 tonnes
	Steel scrap, electricity 


3.3 [bookmark: _Toc233951581]Frame Ease of Assembly and Adaptability 
3.3.1 [bookmark: _Toc233951582]Assembly Characteristics 
The steel frame demonstrates exceptional ease of assembly, as the megaframe components were fabricated in Wolverhampton, with each piece brought to site on a strict timetable, thereby reducing on-site congestion in the tight location in the city of London. The node system uses threaded pre-tensioned mega bolts up to 76mm diameter, which avoided on-site welding, simplifying the assembly. The superstructure was completed in 11 months when the construction recommenced, with seven storeys erected per month at peak. 
The steel frame also improves building services integration as the open-plan floor plates allow the flexible routing of mechanical and electrical systems, and this is important in commercial office buildings where tenants' requirements change frequently. Steel structures are adaptable because they are highly flexible and can accommodate modifications in layout and use, and the open-plan design of the Leadenhall Building allows internal reconfiguration without major structural alteration, which makes it suitable for long-term commercial adaptability. The table below shows the adaptability features of the Leadenhall Building.
[bookmark: _Toc235703615]Table 4 - Adaptability Features
	Feature 
	 Detail

	Column Grid
	16m x 10.5m

	Maximum Span
	16m

	Internal Columns (largest floor)
	6

	Floor Area Range
	557-1,950 sq m

	Office Storey Height
	4m



3.4 [bookmark: _Toc233951583]Wind Loading Remediation Strategies 
The most innovative aspect of the Leadenhall Building is its resistance to wind loading; unlike conventional tall buildings that rely on a central concrete core, it uses an external braced steel tube, the megaframe. 
3.4.1 [bookmark: _Toc233951584]Primary Wind Load Resistance 
The megaframe functions as a perimeter braced tube that defines the extent of the floor plates, and the external system is subdivided into eight 28-metre-high megalevels, with the frame acting as both columns and bracing simultaneously. The frame geometry is optimised for wind resistance, and the columns at the flank and north elevations reduce the eccentricity effects of the asymmetric geometry, thereby spreading the load more evenly. The large distance between megalevel nodes has a secondary stability system with a chevron-shaped K-bracing, with panels located at the north-east and north-west corners.
3.4.2 [bookmark: _Toc233951585]Active Alignment During Construction 
The building was predicted to move sideways to the north as it rose, so an active alignment approach was taken, where the structure was initially erected straight, and movements were regularly monitored. At a later point, adjustments to the megaframe diagonals were made, which pulled the building back sideways, reversing the gravity sway ( Holmes, 2015; BS EN)

3.5 [bookmark: _Toc233951586]Economic and Construction Factors: Steel over Concrete 
Steel was selected for the Leadenhall building over a full concrete frame due to several economic and construction factors. The ability for the project to complete construction quickly was significant, and this was achieved by off-site fabrication, which reduced congestion and on-site storage requirements, whereas a concrete frame would have been the opposite, causing an increase in labour costs and a late return on the investment of the building, making the project more costly. Another advantage of the building using a steel frame is that construction took 11 months due to the prefabrication of the steel off-site, whereas if concrete was used as the frame, the construction speed would have been significantly lower. The on-site labour for the Leadenhall building required about 150 to 200 workers, whereas if concrete was used for the frame, it would have required about 500 to 600 workers on site, increasing costs for the project. 
Additionally, the steel's high strength-to-weight ratio allows for column-free spaces that are flexible and can be increased for tenants, whereas a concrete frame would have been heavy to construct and less flexible in terms of increasing more open spaces.

4. [bookmark: _Toc233951587]Conclusion 
The Leadenhall Building demonstrates how steel-framed construction is effectively used in high-rise urban environments, achieving structural efficiency and flexibility. The external megaframe, with its combined concrete core, provides stability against strong wind loads while enabling open-plan office layouts. Although steel construction contributes to embodied carbon, its adaptability makes it a better choice for modern buildings in cities such as London. Therefore, the Leadenhall Building represents a landmark achievement in the use of steel frames in construction. 
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