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[bookmark: _Toc229035810]1. Introduction
Earthquakes impose dynamic loads on buildings that differ significantly from gravity and wind actions. Unlike static loads, seismic actions induce cyclic forces, large deformations, and inertia effects dependent on mass distribution and structural stiffness. Although the UK is classified as a region of low seismicity, British Standards still require seismic assessment for certain structures, particularly essential buildings, tall buildings, and structures in moderate seismic zones. (InnoDez, 2026)
The seismic design philosophy adopted in BS EN 1998-1:2004+A1:2013 is based on:
· Preventing collapse under rare earthquakes
· Limiting damage under frequent earthquakes
· Allowing controlled inelastic behaviour
Architectural decisions strongly influence seismic performance, affecting regularity, torsional response, and load paths. Consequently, seismic design is a shared responsibility between architects and structural engineers. (British Standard, 2013) (Instatution of Civil Engineering, 2021)







[bookmark: _Toc229035811]2. Literature Review
[bookmark: _Toc229035812]2.1 Structural Aspects of Seismic Design
[bookmark: _Toc229035813]2.1.1 Seismic Response and Structural Behaviour
Seismic forces arise due to ground acceleration acting on the mass of a building. In most cases the seismic response of buildings depends on:
· Natural period of vibration
· Mass and stiffness distribution
· Energy dissipation capacity
Eurocode 8 recognises that designing buildings to remain fully elastic is uneconomical. Instead, ductility is deliberately introduced, allowing structures to dissipate seismic energy through controlled damage. (Science Direct, 2026)
[bookmark: _Toc229035814]2.1.2 Ductility and Capacity Design
Capacity design is a core principle of Eurocode 8. It ensures that:
· Plastic hinges form in predetermined ductile regions
· Brittle failure modes (shear, anchorage failure) are avoided
Research demonstrated that buildings with adequate ductility perform significantly better during earthquakes. Eurocode 8 enforces this by requiring:
· Strong column–weak beam philosophy
· Enhanced confinement of concrete
· Overstrength factors for shear design
(Ideastatica, 2026) (Graitec, 2026)



[bookmark: _Toc229035815]2.1.3 Structural Irregularities
Structural irregularities increase seismic vulnerability. Eurocode 8 classifies irregularities as:
· Plan irregularities (torsion, re-entrant corners)
· Vertical irregularities (soft storeys, setbacks)
· Mass irregularities
Studies following the 1999 Kocaeli Earthquake showed that soft-storey failures were a primary cause of collapse. As a result, Eurocode 8 imposes stricter analysis requirements for irregular buildings. (Santos, et al., 2024)
[bookmark: _Toc229035816]2.2 Architectural Considerations in Seismic Design
[bookmark: _Toc229035817]2.2.1 Regularity in Architectural Layout
Architectural form plays a decisive role in seismic response. Buildings with symmetrical layouts experience reduced torsional effects and more uniform force distribution.
Eurocode 8 encourages:
· Simple and regular building forms
· Uniform distribution of mass and stiffness
· Alignment of vertical resisting elements
Architectural features such as large atria, cantilevers, and setbacks must be carefully coordinated with structural systems. (Civilworx, 2026)





[bookmark: _Toc229035818]2.2.2 Non-Structural and Architectural Elements
Non-structural components account for a significant proportion of earthquake damage and injury. These include:
· Facades and cladding
· Partitions and ceilings
· Mechanical and electrical services
Eurocode 8 explicitly requires non-structural elements to be designed for seismic actions to prevent detachment and falling hazards (BS EN 1998-1, Clause 4.3.5).
(Sciencedirect, 2024) (British Standard, 2013)
[bookmark: _Toc229035819]2.2.3 Functionality and Occupant Safety
Architectural planning must ensure:
· Safe evacuation routes
· Redundant staircases
· Protection of essential services
Buildings such as hospitals and emergency centres are assigned higher importance classes, requiring enhanced seismic performance.
(GBC-Engineers, 2025) (British Standard, 2013)
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[bookmark: _Toc229035821]3.1 Overview of Eurocode 8 (BS EN 1998)
Eurocode 8 is part of the Eurocode suite adopted as British Standards. It consists of six parts, with BS EN 1998-1 governing buildings.
Key objectives:
· Protect human life
· Limit economic loss
· Maintain post-earthquake functionality for critical buildings
(Carvalho, 2011)

[bookmark: _Toc229035822]4. Structural Systems for Earthquake Resistance
The selection of an appropriate structural system is fundamental to achieving satisfactory seismic performance. Eurocode 8 adopts a performance-based philosophy, recognising that buildings should not be designed to remain fully elastic under severe earthquakes, but rather to dissipate seismic energy through controlled inelastic behaviour. Different structural systems provide varying balances of stiffness, strength, and ductility, and their suitability depends on architectural constraints, building height, seismic demand, and functional requirements.
(British Standard, 2013) (Carvalho, 2011) (Marcanonio Del Gobbo, et al., 2017)






[bookmark: _Toc229035823]4.1 Moment-Resisting Frames
Moment-resisting frames (MRFs) resist seismic actions primarily through flexural action in beams and columns, with rigid beam–column joints providing continuity and moment transfer. Lateral loads induce bending moments and shear forces that are distributed through the frame, allowing energy dissipation via plastic hinge formation. (Astaneh-Asl, 1998)
Under Eurocode 8, moment frames are explicitly recognised as highly ductile systems when appropriately detailed. The design philosophy ensures that yielding occurs in beams rather than columns, following the strong-column–weak-beam principle, thereby preventing global instability. (Di Benedetto, et al., 2024)
Advantages
One of the primary advantages of moment-resisting frames is their high ductility. When designed in accordance with Eurocode 8 detailing requirements, MRFs are capable of sustaining large inelastic deformations without sudden loss of load-carrying capacity. This ductile behaviour enables significant energy dissipation during seismic events, reducing the likelihood of collapse. (Obinna, 2022)
Additionally, MRFs offer considerable architectural flexibility. The absence of structural walls or diagonal bracing allows open-plan layouts, large glazed facades, and adaptable internal spaces. This makes them particularly attractive for office buildings, commercial developments, and residential structures where architectural freedom is a priority.
(CalcBook, 2026) (Awada, 2021)






Disadvantages
Despite these advantages, moment frames generally exhibit relatively low lateral stiffness, leading to large inter-storey drifts under seismic loading. Excessive drift can result in damage to non-structural elements such as partitions, façades, and services, even if the primary structure remains intact. (CalcBook, 2026)
Furthermore, MRFs require highly demanding detailing, particularly at beam–column joints. Eurocode 8 mandates strict reinforcement anchorage, confinement reinforcement, and control of shear forces to prevent brittle failure. These requirements increase construction complexity and cost, and poor workmanship can significantly compromise seismic performance. (Astaneh-Asl, 1998) (Di Benedetto, et al., 2024)
Eurocode 8 Ductility Classes
Eurocode 8 classifies moment-resisting frames into three ductility classes:
· DCL (Low Ductility Class): Limited energy dissipation, typically used in low seismicity areas with conservative force levels.
· DCM (Medium Ductility Class): Moderate ductility with reduced design forces and enhanced detailing.
· DCH (High Ductility Class): Maximum energy dissipation capacity, requiring stringent detailing and capacity design rules.
In practice, DCM and DCH are preferred where seismic demand is significant, as they allow reduced design forces through the use of higher behaviour factors (q).
(RCSolver, 2026)






[bookmark: _Toc229035824]4.2 Shear Wall Systems
Shear wall systems resist seismic loads through in-plane shear and bending action of vertical walls, typically constructed from reinforced concrete or masonry. These walls provide a direct and efficient load path to the foundations, significantly enhancing lateral stiffness. (Han, et al., 2002)
Advantages
The principal advantage of shear wall systems is their ability to limit lateral displacements and inter-storey drift. By providing high stiffness, shear walls reduce deformation demands on both structural and non-structural elements, improving overall seismic performance. (Hosen, 2024)
Shear walls also provide efficient load transfer, making them particularly suitable for medium- to high-rise buildings. Core walls around lifts and stairwells are often used to integrate structural resistance with functional architectural elements. (Designing Buildings, 2020)
Disadvantages
From an architectural perspective, shear walls can impose significant constraints. Their location, thickness, and continuity requirements may limit openings, affect circulation, and reduce flexibility in space planning. Late changes in architectural layout can be difficult to accommodate once wall locations are fixed. (Hosen, 2024)
Additionally, shear walls may exhibit brittle behaviour if not properly detailed. Inadequate confinement, insufficient boundary elements, or poor shear reinforcement can lead to sudden failure modes. Past earthquakes have shown that poorly detailed walls may suffer diagonal shear cracking or crushing at the base. (Mondal & Bhanja, 2023)



Eurocode 8 Requirements
Eurocode 8 mandates the use of boundary elements at the ends of shear walls where high compressive stresses are expected. These boundary zones require enhanced confinement reinforcement to ensure ductile behaviour. Capacity design principles are applied to prevent shear failure prior to flexural yielding, thereby promoting stable energy dissipation. (Carvalho, 2011)
[bookmark: _Toc229035825]4.3 Dual Systems
Dual systems combine moment-resisting frames and shear walls, enabling the structure to benefit from the strengths of both systems. Shear walls provide stiffness and strength, while frames contribute ductility and redundancy. (Wiyono, et al., 2020)
Advantages
The primary advantage of dual systems is the balanced combination of stiffness and ductility. Shear walls control drift and reduce deformation demands, while frames ensure ductile behaviour and alternative load paths in case of local damage. (Tenchini, et al., 2017)
Dual systems also result in reduced damage concentration, as seismic forces are shared between multiple resisting elements. This improves robustness and resilience, particularly for taller buildings. (Sophocleous & Phocas, 2009)
Eurocode 8 Provisions
Eurocode 8 explicitly recognises dual systems and requires that moment frames be capable of resisting at least 25% of the design seismic action independently. (Carvalho, 2011) This ensures that frames are not merely secondary elements but actively contribute to lateral resistance, enhancing redundancy and safety. (British Standard, 2013)
Dual systems are commonly used in modern European seismic design, particularly for residential and mixed-use buildings where architectural flexibility and structural performance must be carefully balanced. (British Standard, 2013) (Sophocleous & Phocas, 2009)
[bookmark: _Toc229035826]4.4 Base Isolation and Energy Dissipation
Base isolation represents an advanced seismic protection strategy that decouples the structure from ground motion. Isolation bearings, such as lead-rubber or friction pendulum bearings, are placed between the superstructure and foundations, effectively lengthening the building’s natural period and reducing seismic accelerations. (Science Learning Hub, 2019)
Advantages and Applications
The principal benefit of base isolation is the significant reduction in seismic demand, including base shear and inter-storey drift. As a result, both structural and non-structural damage are minimised. (Mayes, et al., 2012)
Base isolation is particularly suitable for:
· Hospitals, where post-earthquake functionality is critical
· Heritage buildings, where structural intervention must be minimised
· Essential infrastructure, such as emergency response facilities
(Mayes, et al., 2012) (Al-Janabi, et al., 2025)
Eurocode 8 Context
Although base isolation is not widely used in the UK due to low seismicity, Eurocode 8 Part 1 permits its use, subject to specialised dynamic analysis and rigorous verification of isolator performance. Careful consideration must be given to displacement capacity, durability, and inspection requirements. (British Standard, 2013)





[bookmark: _Toc229035827]5. Case Studies
[bookmark: _Toc229035828]5.1 2011 Christchurch Earthquake (New Zealand)
The Christchurch earthquake highlighted the vulnerability of buildings with poor detailing and architectural irregularities. Many failures were attributed to inadequate confinement reinforcement, weak-column–strong-beam mechanisms, and soft-storey configurations. (Bruneau & MacRae, 2025)
Conversely, buildings designed with modern ductile systems generally performed well, validating the principles of capacity design and ductility emphasised in Eurocode 8.
[bookmark: _Toc229035829]5.2 2012 Emilia-Romagna Earthquake (Italy)
This earthquake caused extensive damage to industrial buildings, many of which had been designed prior to the implementation of Eurocode 8. Common failure modes included column shear failure and roof collapse due to insufficient connections. (Artioli, et al., 2013)
Structures designed in compliance with Eurocode 8 demonstrated superior performance, confirming the effectiveness of capacity design principles, enhanced detailing, and explicit consideration of seismic actions. (British Standard, 2013)
[bookmark: _Toc229035830]5.3 Retrofitting of UK Buildings
Although seismic risk in the UK is relatively low, Eurocode 8 seismic checks are increasingly incorporated into infrastructure projects, particularly for:
· Bridges
· Nuclear facilities
· Tall buildings
Retrofit measures commonly include the addition of steel bracing, reinforced concrete shear walls, and energy dissipation devices. These interventions improve resilience without requiring full structural replacement. (D'Ayala, et al., 2015) (Gubbicivilengineers, 2026)

[bookmark: _Toc229035831]6. Discussion
The reviewed literature and case studies confirm that effective seismic design depends on more than structural strength alone. Architectural decisions directly influence seismic performance, affecting regularity, load paths, and damage distribution.
Eurocode 8 provides a comprehensive and robust framework for seismic design, but its success relies on:
· Early collaboration between architects and structural engineers
· Avoidance of architectural irregularities
· High-quality detailing and construction control
Despite the UK’s low seismicity, complacency is inappropriate, particularly for critical infrastructure and essential facilities. Applying Eurocode 8 principles enhances resilience, safety, and long-term sustainability.
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