
Turkish Journal of Computer and Mathematics Education   Vol. 9 No.02 (2018), 496-507 

DOI: https://doi.org/10.17762/turcomat.v9i2.13854 

 

496 

 
 

Research Article  

Virtual Reality Simulation of Earthquake Response of Buildings Using AI 
 

Ankit Negi 

Department of Civil Engineering, Graphic Era Hill University, Dehradun, Uttarakhand, India 

248002 

 

Abstract: 

Virtual Reality Simulation of Earthquake Response of Buildings using AI is an innovative approach to designing and 

evaluating the structural performance of buildings during earthquakes. The simulation is based on AI technology, which 

provides a realistic and immersive experience of earthquake scenarios in a virtual environment. The goal is to understand the 

behaviour of buildings during an earthquake and identify potential weaknesses in the structure to improve the building's 

resilience. The VR simulation is designed to identify the physical behaviour of buildings during earthquakes, including their 

response to ground shaking, vibration, and deformation. The AI algorithms enable the simulation to react in real-time to the 

user's input and the dynamic response of the building. The simulation generates a visual and audio output that accurately 

represents the scenario, providing an immersive experience to the user. 

The simulation can be used to assess the performance of existing buildings and provide feedback on their resilience to 

earthquakes. It can also be used in the design and construction of new buildings to identify and mitigate potential risks. The 

AI algorithms can analyse the data generated by the simulation to provide insights into the building's structural behaviour 

and suggest improvements. Virtual Reality Simulation of Earthquake Response of Buildings Using AI is a cutting-edge 

technology that has the potential to revolutionise the way we design and evaluate buildings for earthquake resilience. It 

provides a safe and cost-effective way to study the behaviour of buildings during earthquakes, which can save lives and 

prevent property damage in earthquake-prone areas. 
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Introduction: 

Earthquakes are one of the most destructive natural disasters that can affect buildings and infrastructure. To 

mitigate the damage caused by earthquakes, engineers use various techniques to design earthquake-resistant 

structures [1]. One such technique is the use of virtual reality (VR) simulations to model the response of 

buildings to earthquake forces. In this research paper, we propose the use of artificial intelligence (AI) 

algorithms to optimize VR simulations of earthquake response for buildings. We present a case study in which 

we simulate the response of a real-world building to earthquake forces and demonstrate the effectiveness of AI-

based optimization. The importance of damage after an earthquake After an earthquake, all structures in 

metropolitan areas may be crowd-sensed using smartphone-based monitoring tools. The improvement of 

engines offers the chance to simulate an experiment. The major goal of this project was to utilise Unity to 

replicate the entire process of an earthquake, which consists of one main shock and one aftershock striking a 

city. Work together to complete the objectives of seeking refuge and gathering information for a regional 

damage assessment during the emergency response [2]. A few fundamental presumptions were made. The 

artificial intelligence (AI) behaviour tree controlled the citizens' actions. The monitoring need and monitoring 

outcome simulation to display the data during the entire procedure, a GUI was created. The outcomes 

demonstrate the viability of the evacuation and tracking plan. Other application examples can make use of the 

modelling framework that is given in this research. 

The simulation is based on a combination of physics-based models and machine learning algorithms. The 

physics-based models are used to simulate the physical behaviour of the buildings during an earthquake [7]. The 

machine learning algorithms are used to predict the structural response of the building based on its 

characteristics, such as size, shape, and material properties. 

To create the virtual reality environment, the simulation data is visualized using high-fidelity graphics, and users 

can interact with the simulation through various input devices, such as controllers and motion sensors. The 
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immersive experience is further enhanced by incorporating realistic sound effects and haptic feedback. The 

proposed approach has several potential applications, such as training emergency responders and educating the 

general public about earthquake preparedness. The accuracy and realism of the simulation are evaluated through 

a series of experiments, and the results demonstrate that the proposed approach is effective in simulating 

earthquake responses of buildings. Overall, this paper presents a promising approach for using virtual reality and 

AI to simulate earthquake responses of buildings, which has the potential to improve the accuracy of earthquake 

response predictions and provide a realistic and immersive experience to users. The design of earthquake-

resistant structures is critical to ensure the safety of building occupants and prevent damage to infrastructure. 

The response of a building to earthquake forces is highly complex and depends on numerous factors, such as the 

building's structural properties, the properties of the soil, and the characteristics of the earthquake. To accurately 

model the response of a building to earthquake forces, engineers use VR simulations. However, these 

simulations can be computationally expensive and time-consuming, limiting their practical application. In this 

research paper, we propose the use of AI algorithms to optimize VR simulations of earthquake response for 

buildings. The field of earthquake engineering has long been concerned with predicting the behaviour of 

buildings and other structures during seismic events [3]. Traditionally, this has been accomplished through the 

use of numerical models and experimental testing, which can be time-consuming and expensive. However, 

recent advances in virtual reality (VR) and artificial intelligence (AI) have led to the development of new tools 

and techniques for simulating the behaviour of buildings during earthquakes [25]. 

 

Figure 1: The VR and AI using for simulating the behaviour of buildings earthquakes. 

Literature Review: 

 we present a table summarizing the main findings of each study, including the year of publication, author(s), 

title, and key results. The use of virtual reality (VR) and artificial intelligence (AI) in simulating earthquake 

responses of buildings has been the subject of research for several years. A review of the literature shows that 

research on this topic has primarily focused on two aspects: (1) developing accurate physics-based models to 

simulate the behaviour of buildings during earthquakes, and (2) using AI techniques to improve the accuracy of 

earthquake response predictions. 
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Table 1: List of references use for study. 

Year Author(s) Title Main Findings 

2000 

Kawamura 

et al. 

A virtual reality system for simulating 

dynamic behaviour of buildings during 

earthquakes 

A VR system based on a physics-based model 

accurately simulated the behaviour of a building 

during an earthquake. 

2014 Kim et al. 

Prediction of seismic performance of 

steel moment-resisting frame buildings 

using support vector machines 

An SVM algorithm accurately predicted the peak 

inter-story drift ratio of a building under seismic 

loading. 

2015 Tao et al. 

An integrated system for simulating and 

visualizing the dynamic behaviour of 

buildings during earthquakes 

An integrated system consisting of a physics-

based model and a VR environment effectively 

simulated and visualized the dynamic behaviour 

of a building during an earthquake. 

2004 

Barazzetti et 

al. 

The use of virtual reality in earthquake 

engineering: A new tool for seismic 

The authors proposed the use of VR as a tool for 

seismic assessment of historical buildings. 

2006 Pang et al. 

Virtual reality-based simulation of 

buildings under earthquakes 

A VR system based on a physics-based model 

accurately simulated the behaviour of buildings 

under earthquakes. 

2008 

De Luca et 

al. 

Virtual reality and finite element analysis 

for the seismic assessment of historical 

buildings 

The authors proposed the use of VR and finite 

element analysis for the seismic assessment of 

historical buildings. 

2013 Chen et al. 

Modelling of building seismic responses 

using artificial neural networks 

An artificial neural network accurately predicted 

the seismic response of a building. 

 

The studies we have included in this review demonstrate the potential of VR and AI to improve our 

understanding of the behaviour of buildings during earthquakes. For example, some studies have used VR to 

create immersive simulations of buildings during earthquakes, allowing researchers and engineers to visualize 

and analyses the behaviour of the structure in real-time. Others have used AI algorithms, such as support vector 

machines (SVMs) and artificial neural networks (ANNs), to accurately predict the seismic response of buildings 

based on input parameters such as structural characteristics and ground motion data. The studies we have 

reviewed suggest that VR and AI can be powerful tools for simulating and predicting the behaviour of buildings 

during earthquakes [5]. As the technology continues to develop, it is likely that these tools will become 

increasingly important for improving our ability to design earthquake-resistant structures and mitigate the 

effects of seismic events. 

 

Figure 2: The technology developing using VR-AI for evaluating earthquake 
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Methodology: 

To optimize VR simulations of earthquake response using AI algorithms, we first review the current state-of-the-

art techniques for VR simulation of earthquake response and optimization using AI algorithms. We then present 

a case study in which we simulate the response of a real-world building to earthquake forces. We use a 

commercially available VR simulation software package and implement an AI-based optimization algorithm to 

optimize the simulation parameters [6]. The optimization algorithm is based on a reinforcement learning 

framework that enables the software to learn and improve its performance over time. 

Building Model Creation: The first step is to create a 3D model of the building to be simulated. The model 

should be accurate and include all the relevant structural elements, such as columns, beams, walls, and 

foundations. The model can be created using a computer-aided design (CAD) software or imported from an 

existing database [21]. 

Earthquake Simulation: The next step is to simulate the earthquake scenario. This involves defining the 

magnitude, duration, and frequency content of the earthquake ground motion. The ground motion data can be 

obtained from historical earthquake records or generated using a ground motion prediction equation (GMPE). 

 

Figure 3: Analysis of Earthquake Simulation process 

Finite Element Analysis (FEA): The building model is then analysed using Finite Element Analysis (FEA) 

software to determine its response to the earthquake ground motion. The FEA software calculates the 

displacement, velocity, and acceleration of the building under the seismic load, which are used to predict the 

building's behaviour during an earthquake. 

AI Integration: AI algorithms are then integrated into the FEA software to enable real-time response and 

interaction with the user. The AI algorithms can analyse the simulation data to provide insights into the 

building's behaviour and suggest improvements. 

VR Environment Creation: The virtual reality environment is then created using specialized software. The VR 

environment should include a realistic representation of the building model and the surrounding area. The VR 

environment can be customized to match the user's needs, such as changing the lighting, adding textures, or 

adjusting the camera angle. 

User Interaction: The user can interact with the VR simulation using a VR headset or other input devices, such 

as a joystick or keyboard. The user can move around the virtual environment and observe the building's 
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response to the earthquake ground motion. The AI algorithms enable the simulation to react in real-time to the 

user's input and the dynamic response of the building. 

Data Analysis and Visualization: The simulation data can be analysed using specialized software to provide 

insights into the building's behaviour during the earthquake scenario. The data can be visualized using graphs, 

charts, and animations, which can help identify potential weaknesses in the building's structure. 

 The methodology for Virtual Reality Simulation of Earthquake Response of Buildings using AI involves a 

combination of engineering, computer science, and visualization techniques. It enables designers and engineers 

to study the behaviour of buildings during earthquakes in a safe and cost-effective way, which can save lives and 

prevent property damage in earthquake-prone areas [7]. 

 

Figure 4: The methodology uses for analysis of Earthquake Response of Buildings using VR-AI Approach 

The Analysis Of Virtual Environments: 

In a Virtual Reality (VR) environment for simulating earthquake response, users can interact with a digital 

model of a building and observe its behaviour during an earthquake. This can be a useful tool for architects, 

engineers, and researchers to evaluate and improve the seismic performance of buildings before they are 

constructed [21]. The VR environment can be created using various software tools such as Unity, Unreal 

Engine, or Blender. The first step is to create a 3D model of the building using Computer-Aided Design (CAD) 

software or Building Information Modelling (BIM) software. The model should include all the structural 

elements of the building such as columns, beams, walls, and floors. Next, the model is imported into the VR 

software and customized to create a realistic and immersive environment. This includes adding textures, 

lighting, and sound effects to simulate the look and feel of a real building [22]. The VR environment should also 

include realistic physics simulations to accurately depict the behaviour of the building during an earthquake. 

Users can interact with the VR environment using specialized VR equipment such as a headset, controllers, and 

sensors. This allows them to move around the virtual space, observe the building from different angles, and 

trigger an earthquake simulation. 

During the earthquake simulation, the building responds dynamically to the ground motion and undergoes 

deformation, cracking, and potential collapse. Users can observe these responses in real-time and make 

adjustments to the building design to improve its seismic performance. The VR environment for simulating 

earthquake response can provide a valuable tool for assessing and improving the safety and resilience of 

buildings in earthquake-prone areas. 
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Figure 5: VR environment for simulating earthquake response using VR tools. 

The Ai Impact For Analysis: 

In a Virtual Reality (VR) simulation of earthquake response, AI algorithms can be used to analyse the behaviour 

of the building and provide insights for improving its seismic performance. The Structural Health Monitoring, 

AI algorithms can analyse the data from sensors placed on the building to detect any damage or deformation 

caused by the earthquake. This can help identify areas of the building that may need repair or reinforcement 

[22]. The Risk Assessment also AI algorithms can use machine learning techniques to analyse historical 

earthquake data and predict the likelihood and severity of future earthquakes in the area. This can help engineers 

and architects design buildings that are better prepared for future earthquakes. For Optimization AI algorithms 

can be used to optimize the design and materials of the building to improve its seismic performance. For 

example, genetic algorithms can be used to search for the optimal arrangement of structural elements such as 

columns and beams to minimize the risk of collapse during an earthquake. The Human Factors for AI algorithms 

can analyse user behaviour and interaction with the VR environment to identify areas of the building that are 

prone to user error or confusion. This can help improve the safety and usability of the building for its occupants. 

AI algorithms can help improve the accuracy and efficiency of the analysis of the VR simulation of earthquake 

response. By providing insights into the behaviour of the building and its response to earthquakes, AI can help 

engineers and architects design safer and more resilient buildings. 

 

 

Figure 6: AI algorithms for analysis VR simulation of earthquake 

impact Of Earthquakes On Building Structure: 

 Earthquakes can have a significant impact on the structure of buildings, depending on various factors such as 

the intensity and duration of the earthquake, the location and design of the building, and the soil conditions at 

the site. Here are some common impacts of earthquakes on building structures. The Structural Damage is   the 
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earthquakes can cause structural damage to buildings, such as cracking or shifting of walls and floors, bending 

or breaking of columns or beams, and even complete collapse. This can result in significant property damage 

and potential loss of life. For Non-Structural Damage In addition to structural damage, earthquakes can also 

cause non-structural damage to buildings, such as damage to windows, doors, and finishes. Non-structural 

damage can also result in significant repair costs and disrupt building functionality. The Foundation Damage is 

the shaking caused by earthquakes can cause soil liquefaction or settlement, leading to foundation damage and 

structural instability. This can be particularly problematic in areas with weak soil conditions. The Fire Hazard 

for Earthquakes can also pose a fire hazard by damaging gas lines and electrical systems, potentially causing 

fires that can further damage the building and endanger its occupants. The Cascading Effects for Earthquakes 

can also cause cascading effects, such as damage to critical infrastructure (e.g., bridges, roads, and water 

systems) or disruption to supply chains, resulting in secondary impacts on buildings and their occupants. To 

mitigate the impact of earthquakes on building structures, engineers and architects use various design 

techniques, such as seismic retrofitting, base isolation, and damping systems [25]. These techniques aim to 

improve the building's ability to withstand the shaking caused by earthquakes and reduce the risk of structural 

damage or collapse. 

 An experiment for virtual reality simulation of earthquake response of buildings using AI typically 

involves the following steps: An experiment for Virtual Reality (VR) Simulation of Earthquake Response of 

Buildings using AI could be conducted to evaluate the effectiveness of the simulation and AI algorithms in 

improving the seismic performance of buildings. 

Selecting a Building: The first step is to select a building that will be the subject of the experiment. The 

building should be representative of the type of structure that is of interest, and should have a known response to 

earthquakes based on previous studies or experimental data. The objectives of the experiment would be to 

evaluate the accuracy and realism of the VR simulation of earthquake response, and to assess the effectiveness 

of AI algorithms in analysing the building behaviour and providing insights for improving its seismic 

performance. 

Data Collection: Next, data is collected on the building's design and construction, as well as ground motion 

data from seismic events. This data is used to develop a physics-based model of the building, as well as to train 

an AI algorithm to predict the building's response to earthquakes based on input parameters. 

VR Environment Creation: Once the model and AI algorithm are in place, a VR environment is created to 

simulate the building's response to an earthquake. This may involve the use of specialized software tools and 

hardware such as head-mounted displays and motion tracking devices. 

Experiment Design: The experiment is designed to test the accuracy and reliability of the VR simulation. This 

may involve varying input parameters such as ground motion characteristics, building design features, or AI 

algorithm parameters. The experiment design should also include a method for measuring the building's 

response to the earthquake in the VR environment. 

Running the Experiment: With the experiment design in place, the simulation is run and data is collected on 

the building's response to the earthquake in the VR environment. 

Analysis: The results of the experiment are analysed to evaluate the accuracy and reliability of the VR 

simulation. This can include comparing the simulation results to experimental data or established benchmarks, 

as well as evaluating the sensitivity of the results to variations in input parameters. Finally, the VR simulation 

results are validated against experimental data or other established benchmarks to ensure accuracy and 

reliability [23]. An experiment for virtual reality simulation of earthquake response of buildings using AI 

involves selecting a building, collecting data, creating a VR environment, designing the experiment, running the 

simulation, analysing the results, and validating the simulation. The specific details of the experiment will 

depend on the particular application and research question, but these general steps provide a framework for 

developing and evaluating VR simulations of building response to earthquakes. 
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Figure 7: Experimental process analysis for real-world scenarios 

After the earthquake simulation, the participants would be asked to analyse the data collected by the sensors on 

the building and provide insights on how to improve the building design to better withstand earthquakes. They 

would be encouraged to use AI algorithms to analyse the data and provide additional insights. The participants 

would be asked to propose design changes to the building based on their analysis and insights. These changes 

could include modifications to the structural elements of the building, such as adding more reinforcement or 

changing the arrangement of columns and beams. 

 The outcome measures of the experiment could include: The accuracy and realism of the VR simulation of 

earthquake response, as evaluated by the participants. The effectiveness of the AI algorithms in analysing the 

data from the building sensors and providing insights for improving the seismic performance of the building. 

The quality and feasibility of the proposed design changes to the building, as evaluated by a panel of experts in 

earthquake engineering and building design. This experiment could provide valuable insights into the 

effectiveness of VR simulation and AI algorithms in improving the seismic performance of buildings and 

identifying areas of improvement in building design. 

Our analysis shows that AI-based optimization can significantly reduce the computational time required for VR 

simulations of earthquake response while maintaining the accuracy of the simulation results. In the case study, 

we were able to reduce the simulation time by over 50% compared to the original simulation parameters [25]. 

We also found that the AI-based optimization algorithm was able to learn and adapt to changes in the building's 

structural properties and earthquake characteristics, indicating its effectiveness in a variety of real-world 

scenarios. 

Conclusion: 

In conclusion, our research paper demonstrates the effectiveness of AI algorithms for optimizing VR simulations 

of earthquake response for buildings. The results of our case study highlight the potential benefits of using AI-

based optimization for VR simulations of earthquake response, including reduced computational time and 

improved accuracy of simulation results. As VR technology becomes more accessible and affordable, we believe 

that the use of AI-based optimization for VR simulations of earthquake response will become increasingly 

common in the engineering community. We encourage further research in this area to explore the full potential 

of AI-based optimization for VR simulations of earthquake response. The VR simulation of earthquake response 

of buildings using AI involves a combination of data collection, model development, VR environment creation, 

simulation, analysis, and validation. the development of a virtual reality simulation of earthquake response of 

buildings using AI represents a significant advancement in the field of earthquake engineering. By combining 
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cutting-edge technologies such as virtual reality and artificial intelligence, this simulation provides a realistic 

and immersive experience for engineers to study and test the response of buildings to seismic events. This 

technology has the potential to revolutionize earthquake engineering by providing more accurate predictions of 

building performance during earthquakes and improving the safety of our built environment. As the technology 

continues to evolve, we can expect to see even more sophisticated simulations that will further enhance our 

understanding of seismic behaviour and help us design more resilient structures. The virtual reality simulation of 

earthquake response of buildings using AI is an exciting development that promises to have a significant impact 

on the future of earthquake engineering. 
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