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[bookmark: _Toc194084092]Introduction
The selection of structural framing materials is critical in determining the strength, durability, sustainability, and adaptability of high-rise buildings. 
Reinforced concrete and structural steel offer distinct advantages and limitations among the most used materials. While steel provides superior tensile strength, lightweight properties, and enhanced flexibility, concrete delivers high compressive strength, fire resistance, and thermal mass, making it a preferred choice for stability and longevity in specific contexts. 
This study examines two case studies that exemplify these contrasting structural approaches: Torre Reforma in Mexico City and The Centre in Hong Kong. Torre Reforma, a 57-storey high-rise, relies on two massive reinforced concrete shear walls as its primary structural support, making it a suitable case for analszing the performance of concrete in skyscraper construction. In contrast, The Centre, a 73-storey skyscraper, features an all-steel moment-resisting frame, demonstrating the advantages of steel in flexibility, speed of construction, and lateral load resistance.
In accordance with the study's scope, this analysis will focus exclusively on Torre Reforma’s reinforced concrete structural components, excluding its steel elements.
The comparative analysis will assess key performance criteria, including structural integrity, durability, environmental impact, climate adaptability, and long-term adaptability. Utilising an evidence-based approach grounded in academic literature, this research aims to evaluate the suitability of concrete and steel for modern high-rise construction and explore their implications for future skyscraper design.
[bookmark: _Toc194084093]Case Study 1: Torre Reforma
[bookmark: _Toc194084094]Architectural and Structural Design
Torre Reforma is a 246-metre, 57-storey skyscraper designed by LBR&A Arquitectos and engineered by Arup. Its triangular geometry features two exposed reinforced concrete shear walls, which form the building’s primary seismic system (World Cement, 2017). These walls, combined with coupling beams, absorb and redistribute seismic forces, enhancing ductility and stability (Arup, 2017).
A third steel-and-glass curtain wall façade maximises natural light, contrasting with the solid concrete faces (PRISM, 2016). The structure is anchored with 60-metre-deep subterranean walls, suited to Mexico City's unstable lakebed soil (Schindler Group, 2017). The thermal mass of the concrete reduces cooling demands by 25%, contributing to the building’s LEED Platinum certification (Schindler Group, 2017).
[bookmark: _Toc194084095]Construction Methods and Techniques
Torre Reforma’s shear-wall system was constructed using high-performance concrete supplied by CEMEX, featuring a compressive strength of 70 MPa, which ensures high load-bearing capacity and crack resistance under seismic stress (World Cement, 2017). The concrete was cast in situ using 70 cm lifts to minimise joints, enhance consolidation, and create monolithic shear walls capable of dissipating lateral forces.
To optimise vertical efficiency, a self-climbing formwork system facilitated continuous and sequential wall construction with reduced labour input and temporary supports (Arup, 2017).
The tower is situated on a deep pile foundation, anchored beneath a nine-level basement to mitigate settlement risks in Mexico City’s unstable lakebed soil (Schindler Group, 2017). Sixty-meter-deep reinforced concrete retaining walls distribute seismic loads into the ground, thereby enhancing the tower’s overall lateral stability.
This approach showcases the precision and adaptability of in situ reinforced concrete techniques, particularly in seismically active and geotechnically complex urban environments.
[bookmark: _Toc194084096]Structural Performance & Climate Resistance
Torre Reforma’s structural system provides exceptional seismic resilience, necessary in Mexico City’s active tectonic zone. The two exposed reinforced concrete shear walls, combined with deep beams, create a robust lateral system that absorbs and dissipates seismic energy, thereby reducing the risk of brittle failure (World Cement, 2017). The triangular plan and diagonal geometry also enhance torsional resistance.
The tower’s deep foundation system—anchored into stable strata—minimises settlement and works harmoniously with the concrete shear walls to stabilise the structure against vertical and lateral loads (Schindler Group, 2017).
[bookmark: _Toc194084097]Torre Reforma’s high-performance concrete enhances both load-bearing capacity and climate responsiveness. Its thermal mass reduces cooling loads by approximately 25%, a performance-driven factor that contributed significantly to its LEED Platinum certification in Mexico City’s warm, seismic-prone environment (Arup, 2017). Concrete’s inherent fire resistance further improves the building’s passive safety profile, reducing reliance on applied protection systems.
Sustainability and Environmental Impact
With a LEED Platinum certification—the highest rating in the Leadership in Energy and Environmental Design (LEED) system—Torre Reforma ranks buildings based on indoor environmental quality (USGBC, 2022), water conservation, material sustainability, and energy efficiency. This accreditation underscores the tower's commitment to eco-friendly high-rise construction.
By serving as passive solar screens, the reinforced concrete facades reduce cooling demand by 25% compared to conventional all-glass towers, thus enhancing thermal efficiency (Schindler Group, 2021). Every fourth level of the building contains operable atriums that improve natural ventilation, thereby maximising interior air quality and occupant comfort (ArchDaily, 2016).
Torre Reforma's comprehensive water management system—which integrates on-site wastewater recycling and rainwater collection—significantly diminishes the building's reliance on municipal water sources (Schindler Group, 2021).
For skyscrapers, concrete's durability, fire resistance, and low maintenance requirements make it a sensible long-term choice, despite its considerable initial carbon impact. Throughout its lifespan, the building's operational efficiency and low emissions help to offset the embodied carbon footprint of its construction (MIT Climate Portal, 2022).
[bookmark: _Toc194084098]Structural Flexibility & Future Adaptability
The structural design of Torre Reforma provides some level of interior adaptability, despite its reliance on reinforced concrete shear walls as primary load-bearing elements. The column-free interior layout, enabled by the shear wall system, allows for spatial reconfigurations within individual floors without altering the structural integrity of the building (Schindler Group, 2017). This feature offers some degree of workplace layout modifications, accommodating future commercial and mixed-use adaptations.
However, reinforced concrete structures inherently limit large-scale modifications, as load-bearing walls cannot be easily repositioned or removed. Unlike steel-framed skyscrapers, where beams and columns can be dismantled or reinforced to accommodate vertical expansion, Torre Reforma’s rigid structural system means that major alterations, such as additional floors or structural extensions, are impractical (Arup, 2017). Nevertheless, non-structural elements, such as partition walls and floor configurations, can be rearranged to meet evolving functional demands.
Torre Reforma’s reinforced concrete composition offers a lifespan of 50 to 100 years with minimal degradation from environmental exposure (Schindler Group, 2017). Unlike steel, which needs fireproof coatings and corrosion protection, reinforced concrete provides inherent fire resistance and durability, making it a low-maintenance choice for high-rise construction. The building's robust materials and passive design features enhance its resilience to Mexico City's seismic and climatic conditions.
[bookmark: _Toc194084099]Case Study 2: The Centre
[bookmark: _Toc194084100]General Overview
In 1998, The Centre, Hong Kong's Central skyscraper, was completed. One of the tallest all-steel buildings in the world, it was designed by Dennis Lau & Ng Chun Man Architects & Engineers and structurally engineered by Maunsell (now AECOM) (CTBUH, 2025). The Centre's steel-based structural system is a rare example of structural steel in high-rise design, as most contemporary high-rises feature reinforced concrete cores.
Site restrictions dictated The Centre's eight-pointed star floor plan on an irregularly shaped plot in Hong Kong's bustling urban core (CTBUH, 2025). This innovative concept maximises floor space and structural efficiency, enabling vast column-free office layouts with city views. With only four mega-columns supporting the superstructure, the building fosters an open, pedestrian-friendly ground-level plaza (Asia Dreams, 2020).
This research examines the strength, durability, and sustainability of the Centre's all-steel frame compared to concrete-framed high-rises.
[bookmark: _Toc194084101]Architectural & Structural Design
The Centre’s architectural and structural design distinguishes it as one of the few all-steel skyscrapers of its height worldwide. Due to the absence of a concrete core, an innovative lateral stability system was required, wherein the perimeter steel columns and beams form a rigid moment-resisting tube (AIJ Journal, 1998). This super-frame system efficiently distributes wind and seismic loads across the steel skeleton, while four massive composite mega-columns at the corners support both vertical and lateral loads, significantly enhancing the structure’s overall stability (SkyCiv, 2023).
The building’s star-shaped floor plan consists of two offset squares rotated 45 degrees, a design that provides natural torsional resistance against wind loads (CTBUH, 2025). The steel moment-resisting frame and bracing elements facilitate long-span open office spaces, free from intrusive interior columns. Furthermore, the elevated main lobby on the 6th floor creates a spacious ground-level public plaza, an architectural strategy that enhances pedestrian circulation and urban integration (Asia Dreams, 2020).
A key structural innovation in The Centre is its integration of viscoelastic dampers strategically positioned across multiple levels to absorb wind-induced vibrations and enhance occupant comfort during typhoons. Combined with the rigid space-frame tube system, these dampers ensure structural stability under extreme wind conditions, a critical requirement for Hong Kong’s subtropical climate (AIJ Journal, 1998).
[bookmark: _Toc194084102]Construction Methods and Techniques
The Center’s construction relied heavily on prefabricated steel elements, which were assembled off-site and then bolted together on-site, significantly reducing construction time and on-site labour (CTBUH, 2025). Welded connections were used selectively in factory settings to ensure structural precision before delivery (Ma and Chan, 2000). Although the use of high-strength friction grip (HSFG) bolts has not been explicitly confirmed, their application is common in Hong Kong high-rise steel construction for critical joints due to their load-bearing performance and slip resistance (Hong Kong Institute of Steel Construction, 2019).
Tower cranes, specifically climbing cranes, erected the steel frame vertically (CTBUH, 2025).  A floor-by-floor modular erection sequence allowed internal and envelope installation to occur simultaneously, improving project efficiency (Chan, 2002).  Although “core-first” sequencing was not documented for this project, it is common in dense high-rise developments in Hong Kong (Hong Kong Institution of Engineers, 2020).
While exact details of The Center’s foundation system are not publicly documented, its location on reclaimed land suggests the likely use of a deep bored pile foundation, supported by a raft slab, a common solution in Hong Kong to achieve stability through anchoring into bedrock (Hong Kong Buildings Department, 2021). Similarly, soil stabilisation methods, such as grouting, are often used to mitigate the risks associated with soft ground conditions and differential settlement in reclaimed areas (HK Geotechnical Society, 2020).
[bookmark: _Toc194084103]In Hong Kong, the application of spray-applied fire-resistant materials (SFRM) to steel frameworks in high-rise structures is a standard practice for fire protection.  These coatings provide thermal insulation for steel in the event of extreme heat during a fire.  Intumescent coatings may have been selectively utilized in areas necessitating aesthetic finishes or space-saving designs; however, their application in this project remains unverified (Hong Kong Fire Engineering Journal, 2018).  The fireproofing process in high-rise projects was incorporated into the construction schedule to prevent conflicts with MEP (Mechanical, Electrical, and Plumbing) installations and finishing works (Ma, 2005).
Structural Performance & Climate Resistance
The Center’s all-steel structure utilises a moment-resisting space frame with perimeter mega-columns to efficiently manage both vertical and lateral loads (CTBUH, 2025). Its unique star-shaped plan enhances torsional rigidity, while viscoelastic dampers and diagonal bracing minimise sway during typhoons—critical in Hong Kong’s subtropical climate (AIJ Journal, 1998).
The steel frame’s ductility allows for energy dissipation during lateral loading events, complying with local seismic design codes, even in a moderate-risk zone (Hong Kong Buildings Department, 2021).
Given steel’s vulnerability to high temperatures, The Center likely employs spray-applied fire-resistant materials (SFRM) and intumescent coatings in exposed areas (Hong Kong Fire Engineering Journal, 2018). While these require periodic maintenance, they provide effective protection.
The building’s design also promotes environmental responsiveness, incorporating high-performance glazing and passive ventilation systems to reduce energy consumption, reflecting Hong Kong’s growing emphasis on sustainable high-rise construction.
[bookmark: _Toc194084104]Structural Flexibility & Future Adaptability
The Center’s perimeter steel frame supports column-free floor plates, offering exceptional interior flexibility and ease of reconfiguration (CTBUH, 2025). This adaptability is ideal for high-turnover commercial environments, enabling tenant-specific layouts such as open offices or co-working hubs (Thornton Tomasetti, 2001). Unlike rigid concrete systems, steel structures allow non-intrusive modifications without affecting structural integrity. The lightweight frame also supports potential rooftop retrofits or vertical extensions, though these must be carefully engineered for feasibility.
In Hong Kong's humid climate, regular coating maintenance is necessary to prevent corrosion (HKIE, 2020), and fire safety systems may need lifecycle reapplication (HKFEJ, 2018). Overall, steel’s durability and adaptability make it ideal for long-term functionality and upgrades.
[bookmark: _Toc194084105]Comparative Analysis and Discussion
	Criteria
	Torre Reforma (Reinforced Concrete)
	The Centre (Structural Steel)

	Structural System
	Reinforced concrete shear walls; monolithic triangular plan enhances seismic stability
	Perimeter steel frame with mega-columns; optimised for wind resistance and torsional rigidity

	Lateral Load Resistance
	Seismic-focused: Coupling beams and dense shear walls absorb lateral energy
	Typhoon-focused: Bracing, outrigger trusses, and dampers reduce wind-induced sway

	Construction Speed
	Slower: In-situ casting and climbing formwork require labour and curing time
	Faster: Prefabrication and bolted assembly allow rapid vertical progress

	Fire Resistance
	High: Inherent fire-resistant material with no additional treatment required
	Conditional: Needs SFRM or intumescent coatings to meet fire regulations

	Internal Flexibility
	Moderate: Column-free zones exist, but concrete core limits major changes
	High: Fully open floor plates allow fast reconfiguration and tenant-specific layouts

	Maintenance Needs
	Low: Concrete resists fire and corrosion, reducing long-term upkeep
	Higher: Requires coating renewal and corrosion monitoring, especially in humid climates

	Sustainability
	High mass reduces cooling demand; LEED Platinum; water reuse systems offset environmental impact
	Steel is fully recyclable; modular components reduce waste; energy-efficient envelope

	Adaptability
	Limited: Fixed load paths restrict structural changes or upward expansion
	Strong: Easily retrofitted, extended, or reconfigured to suit new functions



(Table 1 – Comparative performance of reinforced concrete and steel structural systems in high-rise construction)
Compiled by the author based on case study research and published sources (Arup, 2017; CTBUH, 2025; World Cement, 2017; Schindler Group, 2017).
This table illustrates reinforced concrete's contrasting strengths and limitations, as exemplified in Torre Reforma, and structural steel, as demonstrated in The Center. Concrete systems offer superior mass, seismic performance, and inherent fire resistance, while steel provides unmatched flexibility, speed of construction, and future adaptability. These distinctions emphasise the importance of selecting materials based on specific contextual and environmental challenges.
[bookmark: _Toc194084106]Conclusion
This comparative analysis of Torre Reforma and The Center highlights how reinforced concrete and structural steel provide strategic benefits in high-rise construction. Torre Reforma exemplifies concrete’s strength in seismic performance, energy efficiency, and passive fire resistance. Conversely, the Center showcases steel’s speed, flexibility, and adaptability advantages, particularly in wind-prone, high-density environments.
Material selection should consider site conditions, performance requirements, and future adaptability. While concrete is ideal for seismic resilience and thermal performance, steel excels in modular construction and lifecycle flexibility.
As urban challenges evolve, high-rise buildings must balance strength, sustainability, and adaptability. Both case studies illustrate how material systems can be tailored to meet these demands, underscoring the importance of context-driven engineering in shaping the cities of tomorrow.
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