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[bookmark: _Toc197246410]Seismic Design of Buildings
[bookmark: _Toc197246411]1.0 Introduction
Seismic designs are a very important engineering design that is required across the world due to the significant threat that natural disasters, such as earthquakes pose to built infrastructure. The effectiveness of seismic design relies on a series of different strategies that need to be considered in the structural and architectural designs. This research paper looks to explore the different methods used for preventative action, the design codes that are set out to ensure these different methods are implemented and case studies of designs across the world that provide the importance of seismic designs. 
[bookmark: _Toc197246412]1.1 History of seismic designs
Seismic design approaches have been around since the late 1800’s particularly in the United States. But previously, these designs were only based on wind loads against buildings instead of potential earthquakes and other natural disasters.  (Vancouver and Elsesser, 2004) On April 18, 1906, San Francisco was hit by a 7.9 magnitude earthquake that had a devastating result on 3,000 dead and half the population homeless. This particular earthquake causes a severe amount of damage to buildings and infrastructure to the area and in considered one of the worst natural disasters in the U.S history. (National Archives, 2018). After the occurrence of this earthquake, engineers began investigating the concepts of designing preventative action against this disaster and implementing seismic designs using a variety of different structural concepts such as steel frames with knee bracing and belt trusses at floors to limit drifts, instead of the previous traditional methods of light-framed wood construction and brick bearing walls. (Vancouver and Elsesser, 2004)
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Figure 1: Photo taken in 1904, San Francisco earthquake (Britannica, 2018)
Over the 100 years that seismic designs have now developed, further developments have occurred with improved preventative action but typically has improved after further disaster have happened. There is still the challenge today for structural engineers to provide a trouble-free structure for buildings when it comes to natural disasters, although methods have improved. (Vancouver and Elsesser, 2004)
[bookmark: _Toc197246413]2.0 Architectural Aspects for seismic design
There are numerous different aspects in terms of architectural aspects for design when it involves seismic interfaces. See below what areas are considered when designing the architectural side of infrastructure building:
[bookmark: _Toc197246414]2.1 Architect – Engineer collaboration
[bookmark: _Toc197246415]2.1.1 Early Interaction – To improve seismic design for building, early interaction is required between engineers and architects to have discussions based about the buildings loading, functional needs and aspirations for the use of the infrastructure. (Arnold, 1996)
[bookmark: _Toc197246416]2.1.2 Share understanding – There must be an understanding between both the architect and engineers in regard to the responsibilities they have individually for the seismic performance of the building, including a mutual understanding and knowledge into the basic seismic structural concepts that are required for a building. This will include addressing restrictions than can occur prior to the architectural concepts are developed and having a knowledge of building codes that can restrict engineers / architects’ interaction. (Arnold, 1996)
[bookmark: _Toc197246417]2.2 Architectural Configuration
[bookmark: _Toc197246418]2.2.1 Simplicity construction – To ensure that the building with have the capabilities required for seismic performance, it is important to avoid irregularities in the design of the building as this could cause an increase in difficulty in order to achieve the minimum requirements for seismic performance, leading to potential collapses during an earthquake. Typically, seismic designs that are provided symmetrically and are simply to construct tend to be the most optimal design that can provide constructability as well as performance for natural disasters. As an example, a solid reinforcement concrete raft although may not be the most economic approach for construction, will give an optimum amount of resistance towards seismic occurrence. (Arnold, 1996)
[bookmark: _Toc197246419]2.2.2 Consideration of non-structural elements – Architectural aspects should also take into account non-structural materials that are used on the building to ensure that if they are still suitable if a disaster was to occur. This includes partition walls, ceilings and facades that could be affected during a seismic forces and lead to potential hazards. Roofing and floor systems need to be considered if they are a suitable material such as their weight, as if the area is prone to earthquakes, it would be a bad decision from the architect to have a roofing system that is heavy as this could cause a top-heavy effect. (Metwally, n.d.)
[bookmark: _Toc197246420]3.0 Structural Aspects for seismic design
When designing a building for it to provide resistance to seismic disasters such as earthquakes, the structural engineers and designers have several key considerations that they must consider that is going to affect the infrastructure stability to natural causes. This is to ensure that the if a disaster was to happen, the building will provide more safety and stability during the earthquake. Key components that are to be considered are below:
[bookmark: _Toc197246421]3.1 Soil conditions – The location of the building is the primary influence when it investigation the influence of potential seismic occurrence. Prior to the construction of the building, subsurface investigation will need to take place to provide an analysis on the soil type to discover any loose soils or uncontrolled fill that would increase potential ground motion during an earthquake. If the soil that is getting construction upon is a denser soil, this will then provide the building a more stable and seismically safe base for the building. (Lorant, 2016)
[bookmark: _Toc197246422][image: ]3.1.1 Load Path – A significant consideration in providing an earthquake resistant design is having a clear and direct continuous load path that has adequate strength, stiffness and ductility to provide a initial load from the origin to the final lateral load-resisting element. There should be at least one of these paths so that if one of the load paths were to become degraded from an earthquake, then it can be relied on the second path to provide it as a back up route. When a building experiences seismic forces, the way these loads travel through the structure follows a reverse path compared to how they are initially applied. The process starts with inertia forces acting on individual building components, such as a section of the external curtain wall. These forces are then transferred through structural connections into the horizontal diaphragms (floors and roofs), which help distribute the loads across the building. From there, the forces are directed into vertical load-bearing elements like columns and shear walls. Finally, these vertical elements transfer the loads down to the foundation, which disperses them safely into the ground. (Metwally, n.d.)
[bookmark: _Toc197246423]3.1.2 Building Configuration – This involves determining the size, shape, and layout of the building, including both structural and non-structural components. The structural configuration is crucial in ensuring that seismic forces are effectively distributed throughout the building. When planning the layout, considerations include load paths, as previously discussed, as well as maintaining consistent and symmetrical floor heights to enhance stability and maximize torsional resistance. While it is impossible to completely eliminate torsion in building design, it can be minimized by identifying the centre of mass and ensuring an evenly distributed mass to prevent stress concentrations and structural imbalances.
[bookmark: _Toc197246424]4.0 Design codes and methods.
The seismic design code for the UK follows the Eurocodes in Europe, particularly Eurocode 8 (EN 1998-1) that provide requirements of construction to provide earthquake resistant structures. The United Kingdom is not in a high-seismic region but will still reference these codes for structural safety and be implemented depending on the importance of classes it will fit in under EN 1998-1. See below. 
The classification of importance varies on the type of building that is being constructed. For example, agricultural buildings are categorised in a low importance class due typically being smaller buildings or not being over major infrastructure. Whilst, buildings of importance such as power plants, hospitals and civil building that have a high integrity to for economy are classified as high importance class.
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Figure 3: showing the classification of importance of building in EN 1998-1:2004 (Eurocode 8: Design of structures for earthquake resistance - Part 1: General rules, seismic actions, and rules for buildings, 1998)
[bookmark: _Toc197246425]5.0 Structural systems for prevention
For building structures to be more resistant to earthquakes, there are numerous different strategies that can be implemented to counteract potential earthquake forces. The strategies below help provide the building with more resilience against Earthquakes. See below:
[bookmark: _Toc197246426]5.1 Flexible Foundation
A highly effective approach to mitigating ground forces is base isolation, which involves elevating a building’s foundation above the ground. This technique employs flexible pads composed of steel, rubber, and lead to support the structure. During seismic activity, these isolators absorb and dissipate the earthquake’s energy by oscillating with the ground movement, while the superstructure remains relatively stable. This significantly reduces the transmission of seismic forces, thereby enhancing the building’s resilience and structural integrity. (BigRentz, 2023)
[bookmark: _Toc197246427]5.2 Reinforcement for the building structure
To prevent structural collapse, buildings must effectively redistribute forces generated during a seismic event. Key structural elements that enhance a building’s resilience include shear walls, cross braces, diaphragms, and moment-resisting frames, all of which play a crucial role in reinforcing the overall stability of the structure.
[bookmark: _Toc197246428]5.2.1 Shear Walls - Have an essential structural feature that aid in transferring seismic forces and maintaining a building’s stability during an earthquake. Comprising multiple panels, these walls help preserve the building’s shape by resisting lateral movement. They are often reinforced with diagonal cross braces made of steel, which provide additional support by withstanding both compression and tension forces, thereby counteracting seismic pressures effectively. (BigRentz, 2023)
[bookmark: _Toc197246429]5.2.2 Cross Brace – These are integrated into a building’s frame by connecting studs in an X-shaped configuration, thereby enhancing the structure’s load-bearing capacity. This bracing system significantly improves the building’s stability, providing resistance against both strong winds and seismic forces. (BigRentz, 2023)
[bookmark: _Toc197246430]5.2.3 Diaphragms - A fundamental component of a building’s structural system, comprising the floors, roof, and the decking that overlays them. Their primary function is to distribute lateral forces by reducing tension within the floors and transferring these forces to the building’s vertical structural elements, thereby enhancing overall stability. (BigRentz, 2023)
The load-bearing wall system is commonly used in low-rise structures where gravity loads dominate. However, it is inherently weak against lateral forces and is generally unsuitable for multi-storey buildings. In contrast, multi-storey buildings rely on a framework of beams and columns, where the rigidity of beam-column connections determines the structure’s ability to resist lateral forces. A moment-resisting frame (MRF) is the fundamental system for such resistance, but when additional strength and stiffness are required, shear walls, load-bearing walls, or bracing systems are incorporated. Shear walls, strategically positioned within a building, effectively counteract lateral loads from earthquakes and wind. These can be made from reinforced concrete (RCC), steel, composite materials, or masonry, with RCC shear walls being the most common in high-rise structures. (Metwally, n.d.)
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Figure 4: Showing a variance of different types of reinforcement for seismic design (Metwally, n.d.)

[bookmark: _Toc197246431][image: ] 6.0 Case studies
The below are examples of buildings across the world that have implemented seismic design in to the infrastructure of the building to reduce the effects of seismic actions. 
[bookmark: _Toc197246432]6.1 The Transamerica Pyramid, San Francisco
A notable example of innovative seismic design is the Trans-Pyramid in San Francisco. The structure is anchored 15 meters below ground level and incorporates a sophisticated steel truss system that is embedded with the foundation of the building. This design allows the building to respond to seismic activity by swaying with the lateral force from the ground and reduces the amount of structural stress on the building, that decreases the potential damage. The buildings design has a functional purpose with the broad foundation enabling stability. The building showed its effectiveness during the 1989 Loma Prieta earthquake as it had no structural damage even after severe seismic activity. (RTF | Rethinking The Future, 2021)
[bookmark: _Toc197246433]6.2 Torre Reforma, Mexico City
Torre Reforma is a perfect example of the advanced of seismic design that is tailored to the geotechnical conditions of the region. With the ground conditions in that area known to be soft, lakebed foundations, this tower has a distinct triangular shape that is associated with the structural innovations that provides it the stability to withhold lateral forces from earthquakes. The building consists of reinforced concrete shear walls that support the curtain walls and have strategic openings that provide controlled flexibility that allows the structure to bend instead of fracture during seismic activity. (RTF | Rethinking The Future, 2021)
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[bookmark: _Toc197246434]7.0 Conclusion
Seismic design is a crucial aspect of modern structural engineering that provides stability and safety to infrastructure during earthquakes. Throughout history there has been a constant improvement in the way that building is design to significantly reduce the affects of seismic activities, from initial considerations of wind loads to the development of structural systems that take into account the lateral forces of earthquakes. #effective collaboration from architects and engineers is essential to providing buildings that are aesthetically pleasing and resilient to seismic forces. The integrations of structural elements such a cross braces, shear walls and diaphragms have significantly contributed to the resistance of buildings. 
Design codes, such as Eurocode 8, provide valuable guidelines that enhance the seismic performance of structures by providing guidance to engineers that help address specific challenges posed by soil conditions, material properties and building configuration. With improvements to design advancing, the structural integrity of buildings is continually improving ensuring that our infrastructure can withstand forces of nature. 
In conclusion, seismic design is not only a technical requirement but a vital practice that saves lives and minuses damage caused by natural disasters. As seismic activities continue to affect multiple regions in the world, the continuous improve in designs will be essential for building safer, more resilient structures across the world. 
















[bookmark: _Toc197246435]8.0 TASK 2: Structural Analysis & Design of a Small Office Building
[bookmark: _Toc197246436]8.1 Beam Calculation for 6m x 6m bay
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Table 4.3 Importance classes for buildings

Importance | Buildings

class

1 Buildings of minor importance for public safety, e.g. agricultural
buildings, etc.

I Ordinary buildings, not belonging in the other categories.

it Buildings whose seismic resistance is of importance in view of the
consequences associated with a collapse, e.g. schools, assembly halls,
cultural institutions etc.

v Buildings whose integrity during earthquakes is of vital importance

for civil protection, e.g. hospitals, fire stations, power plants, etc.
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igure 5: Showing the design of
The Transamerica Pyramid, San Francisco (younes lone official100, 2020)
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