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[bookmark: _Toc229764249]1.0 Introduction 
Earthquakes are among the most destructive of natural hazards, they can cause severe damage mainly through collapse of buildings and infrastructure. The performance of structures during earthquakes depends on factors such as ground motion intensity, soil conditions, structural configuration, material properties, and construction quality. Modern seismic design aims to ensure that structures can resist earthquake forces without collapsing (Chopra, 2017), thereby protecting human life and reducing economic losses.
Effective seismic design requires cooperation between structural engineering and architectural planning (Booth, 2006). Structural systems must provide adequate. strength, stiffness, and ductility, while architectural layout should promote regularity and stability. This paper examines the main structural and architectural considerations in seismic design, seismic code requirements, earthquake-resistant structural systems, and lessons learned from major earthquake case studies. 
[bookmark: _Toc229764250]2.0 Literature Survey: Structural and Architectural Considerations in Seismic Design
[bookmark: _Toc229764251]2.1 Structural Considerations in Seismic Design
[bookmark: _Toc229764252]2.1.1 Strength and Stiffness
One of the most important requirements in seismic design is providing sufficient strength and stiffness (Paulay, 1992) to resist the forces applied by an earthquake. Earthquakes generate lateral forces that act horizontally on buildings. Id a building lacks adequate lateral strength, it may experience extensive deformation or collapse.
Structural stiffness controls how much a building sways during ground shaking. A building with insufficient stiffness may undergo large displacements, leading to structural damage or instability. However, extremely stiff structures may attract larger seismic forces. Therefore, Engineers aim to achieve a balance between strength and flexibility.
[bookmark: _Toc229764253]2.1.2 Ductility
Ductility refers to the ability of a structure or material to deform significantly without sudden failure. During earthquakes, buildings are subjected to repeated cyclic loading. Brittle structures fail suddenly, while ductile structures absorb and dissipate energy through controlled deformation.
Modern Seismic design emphasizes ductility (Paulay, 1992) because it provides warning before collapse and allows buildings to survive server shaking. Reinforced concrete structures achieve ductility through proper reinforcement detailing, confinement of concrete, and strong beam-weak column design principles.
Steel structures are generally more ductile than concrete structures (Naeim, 2001) due to the natural properties of steel.
[bookmark: _Toc229764254]2.1.3 Regularity and symmetry
Structural regularity is a major factor influencing earthquake performance. Buildings with Regular shapes and uniform mass distribution behave more predictably during seismic events.
irregular buildings often experienced wholesome, which occurs when different parts of the structure move unevenly. This can result in concentration of stresses and localised failure.
Irregular buildings often experienced torsion, which occurs when different parts of the structure move unevenly. This can result in concentration of stresses and localised failure. Buildings with symmetrical layouts generally perform better during earthquakes.
[bookmark: _Toc229764255]2.1.4 Load path continuity
a continuous load path ensures that seismic forces are transferred safely from the roof and floors down to the foundation. Weak connections or discontinuities may lead to partial collapse.
Every structural component, including slabs, beams, columns, walls, and foundations, must work together as one integral system. Proper connection detailing is therefore essential in seismic design.
[bookmark: _Toc229764256]2.1.5 Foundation design and soil conditions
soil conditions strongly influence earthquake behaviour. Soft soils amplify seismic waves, increasing ground motion intensity. Buildings founded on unstable soils may experience settlement, tilting, or liquefaction.
Liquefaction is when saturated sandy soils lose strength during shaking and behave like liquids. This phenomenon has caused severe damage in many earthquakes.
Engineers conduct geotechnical investigations before designed to determine soil properties and select suitable foundation systems. These geotechnical investigations allow for structures to be built with high redundancy which are more reliable and less likely to collapse.
[bookmark: _Toc229764257]2.1.6 Energy dissipation
modern seismic engineering focuses on reducing earthquake energy transmitted into structures. This can be achieved through:
· base isolation systems
· energy dissipating dampers
· turned mass dampers
these technologies improve seismic performance by reducing vibrations and structural responses
[bookmark: _Toc229764258]2.2 Architectural considerations in seismic design
architectural design has a significant impact on seismic performance. Many earthquake failures occur because architectural requirements conflict with structural principles.
[bookmark: _Toc229764259]2.2.1 Simplicity of building form
simple and compact building shapes perform better during earthquakes. Rectangular plans are generally more stable than irregular geometries.
Complex architectural forms create stress connections and torsion effects that increase structural vulnerability. 
[bookmark: _Toc229764260]2.2.2 uniform distribution of mass
heavy masses generate larger seismic forces because earthquake forces are proportional to building mass. Architects should avoid concentrating heavy equipment, water tanks, or mechanical systems at upper floors. Uniform mass distribution reduces torsional affects an improved structural behaviour.
[bookmark: _Toc229764261]2.2.3 soft story avoidance
soft stories are levels with significantly lower stiffness than surrounding floors. They are common and buildings with open ground floors used for parking or commercial spaces. Soft stories are extremely dangerous because they attract large deformations during earthquakes
the collapse of many buildings during earthquakes such as 2001 Bhuj earthquake and 1999 Turkey earthquake were both linked to soft story failure.
[bookmark: _Toc229764262]2.2.4 separation gaps between buildings
adjacent buildings may collide during earthquakes if insufficient separation is provided. This phenomenon is known as pounding. Architecture and engineers must provide seismic gaps to allow independent movement of neighbouring structures.
[bookmark: _Toc229764263]2.2.5 placement of structural elements
the placement of sheer walls, bracing systems, and cause should be symmetrical and continuous throughout the building height. Where placement can create eccentricity and torsional motion.
[bookmark: _Toc229764264]2.2.6 non-structural components
non-structural elements such as ceilings, partitions, cladding, glass facades, and mechanical equipment may also fail during earthquakes. Proper anchorage and flexible connections essential to prevent injuries and economic losses.
[bookmark: _Toc229764265]2.2.7 functional requirements and emergency access
buildings designed for hospitals, emergency response centres, and schools require higher seismic performance levels. Architectural planning should ensure that evacuation routes, emergency exits, accessibility after earthquakes, and fire safety systems should remain functional during emergencies.
[bookmark: _Toc229764266]3. Design code requirements and methods for seismic design 
Seismic design codes provide guidelines and standards for designing earthquake resistant buildings. These codes are developed based on research, experimental studies, and lessons learned from past earthquakes.
Several major seismic codes are used worldwide, including Eurocode 8 in Europe (P. Bisch, 2011), ASCE 7 and the International Building Code in the United States (American Society of Civil Engineers, 2022). IS 1893 and IS 13920 in India (Bureau of Indian Standards, 2016), and NZS 1170.5 in New Zealand (Standards New Zealand, 2004).
[bookmark: _Toc229764267]3.1 objectives of seismic design codes
the main objective of seismic codes is to prevent collapse during major earthquakes, minimise loss of life, reduced structural and non-structural damage, and maintain functionality of essential facilities. Codes recognise that designing buildings to remain completely undamaged during severe earthquakes is not economically practical.
[bookmark: _Toc229764268]3.2 seismic design parameters
seismic design codes consider several important parameters including seismic hazard zones, important factors, response reduction factors, and soil conditions. Buildings located in high seismic zones require stronger design provisions, while essential facilities such as hospitals are assigned higher important factors to ensure continued operation after earthquakes. Soil conditions also play a major role because soft soils amplify ground motion an increased seismic force.
[bookmark: _Toc229764269]3.3 seismic design methods
several methods are used for seismic analysis and design. The equivalent static method represents earthquake effects as a static lateral force and is suitable for low rise regular buildings. Response spectrum analysis is a dynamic method that considers natural vibration modes and provides more accurate results for complex structures. Time history analysis uses real earthquake records to evaluate structural response and is commonly applied the high rise and important buildings. Performance base seismic design is another modern approach that focuses on achieving specific performance objectives such as immediate occupancy, life safety, and collapse prevention.
[bookmark: _Toc229764270]4.0 structural systems used in earthquake resistant buildings
there are multiple structural systems that could be used however determining the correct one to use to resist seismic forces effectively Is more challenging and it depends on soil conditions as well as building height.
[bookmark: _Toc229764271]4.1 moment resisting frames
moment resisting frames consist of beams and columns connected rigidly to resist bending moments caused by earthquake forces. These systems provide high ductility, architectural flexibility, and good energy dissipation, although they may experience significant lateral drift and require complex connection detailing.
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[bookmark: _Toc229767420][bookmark: _Toc229767464]Figure 1 shows a moment resisting frame sketch
[bookmark: _Toc229764272]4.2 Shear wall systems
sheer walls are vertical reinforced concrete walls designed to resist lateral loads and provide stiffness to buildings. They are highly effective at reducing lateral displacement and are commonly used in high rise buildings, particularly around staircases and elevator cores. However, they may reduce architectural flexibility and increased foundation loads.
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[bookmark: _Toc229767421][bookmark: _Toc229767465]Figure 2 shows a shear resisting wall sketch
[bookmark: _Toc229764273]4.3 braced frame systems
braced frames use diagonal steel members to resist seismic forces sufficiently. They provide excellent lateral resistance and are commonly used in steel structures because of their lightweight nature and structural efficiency. Despite these advantages, bracing systems can sometimes interfere with architectural space planning.
[bookmark: _Toc229764274]4.4 dual systems
dual systems consist of combining moment resisting frames with shear walls or braced frames.
Advantages:
· improved stiffness and ductility
· better load distribution
· enhanced redundancy
as a result, this is one of the most effective systems and is why it is most commonly used for high rise buildings.
[bookmark: _Toc229764275]4.5 base isolation systems
base isolation reduces seismic forces by separating the building from the ground motion. Flexible bearings are installed between the foundation and the superstructure.
Advantages:
· significant reduction in seismic response
· protection of structural and non-structural components
· Improved functionality after earthquakes
Disadvantages:
· high construction cost
· Specialised design requirements
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[bookmark: _Toc229767466]Figure 3 shows a base isolation system sketch
[bookmark: _Toc229764276]4.6 high dissipation systems
energy dissipating devices absorb seismic energy and reduced vibrations the Devices commonly used would include:

· viscous dampeners
· Friction dampeners
· Metallic dampeners
· Turned mass dampeners
These systems improve structural performance and provide immense value during strong earthquakes.
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[bookmark: _Toc229764278]5.1 1995 Kobe earthquake, Japan
the Kobe earthquake caused severe destruction in Japan, largely due to inadequate seismic detailing and poor ductility in older buildings (Fainstein, 2025). However, structures designed according to updated seismic codes performed significantly better. The earthquake highlighted the importance of duck tile detailing, proper foundation design, and retrofitting vulnerable buildings.
[bookmark: _Toc229764279]5.2 2011 Tohoku earthquake, Japan
The Tohoku earthquake Demonstrated the effectiveness of advanced seismic design an strict building regulations in Japan (USGS, 2019). Many modern buildings survived due to the use of base isolation systems and improved engineering practises, although the accompanying tsunami caused catastrophic coastal damage.
[bookmark: _Toc229764280]5.3 2001 Burj earthquake, India
the bridge earthquake caused the collapse of many reinforced concrete buildings due to soft stories, poor reinforcement detailing, lack of code compliance, and inferior construction quality (Arya, A.S., 2000). The disaster demonstrated the importance of proper seismic detailing and quality control in earthquake resistant construction.
[bookmark: _Toc229764281]5.4 Christchurch earthquake, New Zealand
the Christchurch earthquake highlighted the effectiveness of performance based seismic design. Modern buildings generally protect occupants successfully, demonstrating the value of strict seismic regulations and advanced engineering practises (Kam, 2011).
[bookmark: _Toc229764282]6.0 importance of retrofitting existing buildings
many existing buildings around the world were constructed before modern seismic codes were introduced and are therefore highly vulnerable to earthquake damage. Seismic retrofitting improves the earthquake resistance of older structures through methods such as adding shear walls Palma installing steel bracing, column jacket in, and fibre reinforced polymer wrapping. Retrofitting is especially important for schools, hospitals, heritage structures, and residential buildings located in seismic zones. Although retrofitting can be costly, it is generally more economical than rebuilding after a major disaster.
[bookmark: _Toc229764283]7.0 future developments in seismic design
Seismic engineering continues to evolve with advances in technology and materials. As a result of these buildings will only become safer over time, pictured developments include:
· smart materials with self-healing properties
· Artificial intelligence in seismic analysis
· Real time structured health monitoring
· Improved seismic isolation systems
· Sustainable earthquake resistant materials
Building information modelling (BIM) and computer simulation tools are also improve in seismic design accuracy. Researchers are increasingly focusing on resilience-based design, where buildings are designed to not only survive earthquakes but also recover quickly afterwards.
[bookmark: _Toc229764284]8.0 conclusion 
earthquakes remain one of the greatest threats to human life and infrastructure. However, disasters caused by earthquakes can be significantly reduced through proper seismic design and construction practises.
Seismic design of buildings involves both structural and architectural considerations. Structural requirements such as strength, ductility, stiffness, redundancy, and proper load paths essential for insurance stability during earthquakes. Architectural considerations including simplicity of form, regularity, mass distribution, and avoidance of soft stories also play a major role in improving seismic performance.
Add and seismic design codes provide engineers with guidelines and designing safer building using methods such as equivalent static analysis, response spectrum analysis, performance-based design. In addition, various structural systems such as moment resisting frames, shear walls, braced frames, dual systems, and bass isolation technologies contribute significantly to earthquake resistance.
Case studies from major earthquakes around the world demonstrate that buildings designed according to modern seismic principles perform far better than poorly designed structures. They highlight the importance of construction quality, code compliance, and retrofitting vulnerable buildings.
As urbanisation continues and populations grow in seismic regions, earthquake resistant design will remain a critical aspect of civil engineering and architecture. Future innovations in materials, technology, and design methods are expected to further improve resilience and safety of buildings against earthquakes.
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