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1.0 INTRODUCTION
Seismic activity pertains to the occurrence and frequency of earthquakes or various vibrations in the ground. An earthquake is a sudden shaking of the Earth’s surface, typically caused by the displacement of tectonic plates, which are situated above the Earth’s asthenosphere.
Several theories seek to elucidate the factors that propel the movement of tectonic plates, with three primary forces identified as follows: -
· Mantle convection currents;
· Ridge push; and
· Slab pull. (British Geological Survey, 2021)
The significance of taking seismic design into account when designing buildings and infrastructure is to guarantee the safety of the public and to avoid severe building failures during earthquakes. This means designing buildings and infrastructure that can absorb and reduce seismic energy to help prevent collapses and minimise damage which can occur. (avantic_management, 2025)
Earthquakes can inflict numerous types of damage to structures, including but not limited to the following: -
· Ground Shaking – Seismic waves move through the ground, inducing swaying and vibrations on structures, therefore exerting stress on them;
· Liquefaction – Earthquakes can cause liquefaction, a phenomenon in which soil loses its strength and transforms into a liquid-like state. This may lead to buildings subsiding or leaning; and
· Landslides – Strong earthquakes can generate landslides that may entirely obliterate structures, particularly those situated on hills or mountains. (Kaiser, C., 2024)













2.0 STRUCTURAL AND ARCHITECTURAL ASPECTS IN SEISMIC DESIGN
Several structural and architectural factors must be considered in the seismic design of buildings, a few of which are elaborated upon in detail in the subsequent sections.
2.1 Loading and Forces
Earthquakes can generate lateral forces on buildings, which must be effectively conveyed from the roof to the foundation in a safe manner. Loads are gathered by roofs and floors and subsequently transferred to beams and columns, ultimately reaching the foundation, where they are distributed to the ground.
Taking the aforementioned factors into account, it is advisable and considered best practice to position walls, columns, and supports directly above one another across various floors in order to establish straight load paths. Regular geometries provide a more uniform distribution of forces, thereby reducing concentrated and localised stresses.
Architects ought to strive to create simple, symmetrical structures, as such designs can prevent significant swaying during an earthquake by distributing stresses evenly. Furthermore, exercising caution regarding design elements like large openings or overhangs is essential, as they may interfere with load distribution.
Additionally, if the mass is distributed evenly, the geometric centre of the floor may align with the centre of the mass; however, an uneven distribution of mass can lead to torsion. The symmetrical arrangement of masses can effectively counteract stiffness in both directions and maintain torsion within an acceptable limit.
Moreover, the likelihood of a structure toppling is reduced when heavier elements are positioned lower within the structure and should therefore also be considered. (Shareef, S.S. 2023)
2.2 Ductility
Ductility refers to the physical characteristic of a material that permits it to be elongated or stretched to a fine degree through tensile stress in the direction of the force applied, without fracture.
The incorporation of ductile materials in seismic design is essential, as they play a significant role is absorbing and dissipating energy during seismic events, thereby decreasing the probability of catastrophic failure. This energy dissipation may be accomplished via structural redundancy; the creation of various load paths can avert complete failure even if one path is compromised
Moreover, ductile materials are capable of preserving their structural integrity and operational capability, even in the presence of considerable stress. Ductility enables a structure to maintain its stability even when it is deemed inoperative, which is essential for ensuring safety and facilitating repairs after an earthquake.
When designing buildings for seismic activity, it is essential to consider the careful selection of materials and the connection detailing. (Building Radar. n.d)


2.3 Foundations and Soil Structure Interaction 
Soil Structure Interaction (SSI) is the occurrence in which the behaviour of a structure is influenced by the properties of the nearby soil, and conversely, how the soil is affected by the structure. It is an important structural factor, especially during seismic events, because the relationship between the soil and the building can greatly affect how a structure reacts to ground vibrations.
The primary function of foundations is to transfer loads into the ground while allowing only minor levels of deflection that are acceptable for the specific type of structure being supported.
Shallow foundations, including rafts, ought to be considered in dense and non-liquefiable soils only. In contrast, soft and loose soils are susceptible to settlement problems, including cracking and structural alignment. Additionally, considerable horizontal forces may result in the foundation sliding or overturning, and during a seismic event, a sudden loss of bearing capacity may occur in soft and loose soils. (Vijay, K, Puri. 2013)






















3.0 DESIGN CODE REQUIREMENTS AND METHODS
The primary British standard for seismic design is BS EN 1998 which offers a framework for the construction of earthquake-resistant structures, especially buildings, in regions vulnerable to seismic events. Although the United Kingdom (UK) is predominantly regarded as a region with low seismic activity, there are specific structures that may still necessitate the consideration of seismic design.
The main seismic design methods in BS EN 1998 are listed below.
Lateral Force Method
The lateral force method stands as the most straightforward and widely utilised approach for typical, low-rise buildings. This is relevant when structures are consistent in their designs and elevations, soil conditions are typically standard, and when height restrictions are adhered to, typically not exceeding 40m, contingent upon the ductility classification and seismic zone.
This approach determines the base shear force for each horizontal direction in which the building is analysed. Subsequently, the lateral forces are distributed throughout the height of the structure, considering the building’s mass and the distribution of vertical acceleration. (British Standard Institution. 2004)
Modal Response Spectrum Analysis 
The Modal Response Spectrum Analysis (MDRA) represents a linear dynamic analysis employed to predict the maximum seismic response of a structure. This process considers the various natural modes of vibration of the structure and their corresponding responses to a specified seismic spectrum. 
The primary steps of the analysis involve identifying the building modes, particularly their frequencies and shapes. Calculate the modal base shear and displacements and apply the design spectrum specified in the British Standard. The individual modal responses are subsequently combined to achieve the overall maximum response.
The two main combination guidelines are:
· Square Root of the Sum of Squares (SRSS) – a cautious method in which the highest responses from various modes are combined by using the square root of the sum of squares; and
· Complete Quadratic Combination (CQC) – A more realistic method that considers the correlation among modes, especially when the models have similar periods.
This approach is employed for buildings that are irregular in shape and/or taller, necessitating a more precise depiction of seismic behaviour. (British Standard Institution. 2004)
Non-Linear Methods
The two non-linear methods include “Non-linear static (pushover) analysis” and “Non-linear time-history analysis”. 
The non-linear static analysis is not mandatory but was implemented for performance-based designs and for comprehensive seismic assessment. It assesses the rigid strength and deformation of structures when subjected to rising lateral loads. This analysis illustrates the manner in which a structure operates beyond its elastic threshold and highlights possible design weaknesses.
The non-linear time-history analysis is a technique employed to model the dynamic response of a structure subjected to varying loads over time, specifically seismic load, by considering the non-linear behaviour of the structure such as yielding and cracking. This approach is employed for significant or intricate structures and when a high level of precision is necessary. (British Standard Institution. 2004)




























4.0 STRUCTURAL SYSTEMS
A variety of structural systems can be utilised in structures with regard to seismic design, some of which are discussed in detail in the following sections.
4.1 Shear Walls
A shear wall is a specialised structural system constructed within buildings to withstand lateral forces, including those caused by wind and seismic events. The vertical components enhance the stability of the buildings’ framework by evenly distributing the stress caused by the external factors across the entire structure. Shear walls counteract lateral movement and transfer the load to the foundation.
These are composed of vertical panels that are generally constructed from reinforced concrete, steel sheets, or sometimes wood. The wall mitigates forces through slight bending while ensuring that the structure does not experience excessive swaying or distortion. Vertical reinforcements are implemented to counteract uplift forces and avert the overturning of a shear wall, thereby ensuring the stability of the wall. (Buchner, S. 2025)
[image: WHY ARE BUILDINGS WITH SHEAR WALLS PREFERRED IN SEISMIC REGIONS? -  CivilBlog.Org]Figure 1 – Shear Walls in Buildings 







An excellent instance of the utilisation of shear walls, in conjunction with additional protective measures like mega brace seismic dampers, is the Torre Mayor situated in Mexico City. An area characterised by significant seismic activity owing to its closeness to tectonic boundaries. The structure stands at a height of 225m and serves as an office skyscraper.
Figure 2 – Torre Mayor, Mexico City 
[image: Engineering Torre Mayor in Mexico City | WSP]








4.2 Tuned Mass Dampers 
Tuned Mass Dampers are specifically engineered to regulate the motion of tall structures. These dampers are built utilising substantial metal pendulums that are connected to cables at the apex of a high-rise building; these pendulums function as an inertial counterbalance, ensuring the building remains as centred as feasible. These dampers proficiently reduce the rate of oscillation permitted for a building, along with the overall amplitude of each oscillation.
These operate in a similar manner to conventional mass dampers, but incorporate an extra control mechanism, such as an electromagnet, to restrict the movement of the pendulum. (Norwich University. n.d)
Figure 3 – Tuned Mass Dampers 
[image: Tuned Mass Dampers in Skyscrapers — Practical Engineering]







An excellent instance of the utilisation of tuned mass dampers, in conjunction with additional protective measures like mega columns, is the Taipei 101 situated in Taiwan. This structure is 508m tall and has a mixed use of offices, retail and observation decks.
There was a 7.4 moment magnitude earthquake caused by widespread destruction in Taiwan where lives were lost and more than 100 buildings were damaged. However, due to the ingenious design of the Taipei 101, this can be seen withstanding the force of nature due to the seismic structural systems located within the building. (thecivilengineer. 2024)
Figure 4 – Taipei 101, Taiwan [image: Taipei 101 - Wikipedia]










4.3 Base Isolation Systems
A base isolation system constitutes a technique employed for seismic protection, wherein the structure is detached from the foundation or substructure. By isolating the framework from its foundation, the quantity of energy conveyed to the superstructure during a seismic event is reduced significantly.
These base isolation systems frequently incorporate one or more types of bearings to facilitate the support of the structure’s weight. Examples of these components include elastomeric pads, sliding plates, and inverted pendulums. All of these elements have the capacity to facilitate a certain degree of energy dissipation, albeit generally only through the mechanism of hysteretic damping. Hysteretic damping exhibits specific constraints regarding energy absorption and may, in certain instances, induce higher modes. (Taylor Devices, Inc. n.d)
Figure 5 – Base Isolation System
[image: Elements of Base Isolation.]







A case study where these are utilised is the San Francisco City Hall in United States of America. It was originally constructed in 1915 but got retrofitted with base isolation after the damage caused in 1989 due to an earthquake. 
Figure 6 – San Francisco City Hall, USA
[image: San Francisco City Hall - Wikipedia]











5.0 CONCLUSIONS
The seismic design of structures is an interdisciplinary domain that combines structural engineering, geotechnical knowledge, and architectural concepts to alleviate the catastrophic impacts of earthquakes. This report has thoroughly analysed several important factors that affect seismic performance, including the comprehension of ground motion and load paths, as well as the consideration of intricate phenomena such as ductility, soil-structure interaction and energy dissipation.
It has been shown that successful seismic design starts with a thorough comprehension of loading conditions and continues through meticulous planning of the building layout, choice of materials, and approach to the foundation. The British and European design codes, specifically BS EN 1998, offer distinct and organised methodologies for seismic design.
Furthermore, the report examined various structural systems such as shear walls, base isolation and tuned mass dampers, each of which serves a crucial function in enhancing resistance to earthquakes. Case studies like Torre Mayor and Taipei 101 exemplify effective applications of seismic theory in practical situations, safeguarding lives and minimising structural damage.
In summary, given that seismic risk persists as a worldwide issue, especially in urbanised and tectonically active areas, it is essential that the principles and practices of seismic design remain fundamental to contemporary construction methods.
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Figure 1: Reinforced concrete shear walls in
buildings — an excellent structural system for
earthquake resistance.





