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ABSTRACT 
Structures mostly get affected severely when an 

unexpected load acts on it and these types of loads 

are often classified into dynamic loads which 

includes wind, earthquake, blasts etc. This project 

deals with the effect of earthquake on a structure, 

which itself has huge devastating potential if 

occurred at higher intensity. 

This study investigates the use of Machine Learning 

models to predict better performance lateral 

resisting system and seismic parameters based on 

structural parameters like building geometry, 

material properties and seismic loads. The actual 

configuration is created in a dataset based on 

previous research by other authors, including 

different configurations of structures, different 

loads. The trained Machine Learning models are 

validated for predictive accuracy and generalization, 

capable of providing quick and reliable 

recommendations to Structural Engineers. 

The findings show that leveraging Machine 

Learning methodologies can accelerate decision- 

making in deciding better lateral resisting system 

while also increasing seismic resistibility at a 

fraction of the computational cost. This approach 

also allows the real time evaluation of various 

seismic parameters of the selected structures, thus 

aiding in the optimization process in early design 

stages. This study hints to the possibility of future 

automated and intelligent seismic design 

frameworks and proves that data-centric techniques 

might be useful in structural engineering. 

Keywords: shear walls, structural, Damper, 

Bracings, Outrigger 

 

I. INTRODUCTION 
In Civil Engineering, the term Structure 

refers to the physical framework of a building or 

infrastructure that is designed to support loads, resist 

environmental forces, and provide functionality. A 

building structure is a system made up of various 

interconnected components – such as foundations, 

columns, beams and slabs – that work together to 

ensure the stability, safety and durability of the 

entire structure. The arrangement and design of 

these components are critical in determining how the 

building responds to different forces like gravity, 

wind, earthquake and temperature changes. 

At the most basic level, a building structure 

consists of a foundation, which is the base that 

transfers the weight of the entire building to the 

ground. The foundation is typically designed to 

withstand the loads from the building and prevent 

settlement or shifting that could compromise the 

integrity of the structure. The load of the structure is 

transferred to the foundation via vertical elements 

like columns or lateral resisting systems. These 

vertical members are crucial for carrying the weight 

of the building and distributing it down to the 

foundation. The horizontal elements of a building 

structure such as beams and slabs, provide stability 

by transferring loads between columns and walls. 

Slabs typically create the floor of the building, while 

beams are used to span across open spaces, providing 

support for slabs ensuring that they can withstand all 

the dead, live, flooring and other loads being applied 

onto it. These elements are designed to bear vertical 

loads while also resisting bending and shear forces 

 

II. NEED FOR THE STUDY 
Structures are typically designed to resist 

gravity loads, often overlooking the possibility of 

seismic activity that may occur in the near or distant 

future. As a result, the performance of such 

structures under seismic forces remains uncertain. 

Although earthquakes are rare, it is still essential to 

predict how a structure will behave during such 

events. Buildings must be resilient enough to 

withstand seismic loads to prevent damage to 

property and, more critically, loss of lives. This 

challenge becomes even more pronounced in 

structures with irregular configurations. 

In India, the seismic resistance of many 

buildings is questionable, as seismic forces are 

rarely considered rigorously during the design 

phase. Therefore, evaluating buildings' seismic 

vulnerability is crucial to ensuring their structural 

integrity under such conditions. 

Lateral resisting systems play a vital role in 

counteracting horizontal forces generated by seismic 

and wind events. The placement and configuration 

of such systems be it shear walls, bracings, or 
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moment-resisting frames are key to the structural 

stability of high-rise buildings. Improper placement 

can result in torsional irregularities and structural 

imbalance, raising the likelihood of failure. 

Traditionally, the placement of lateral resisting 

systems has been based on trial-and-error methods, 

which are time- consuming and inefficient. To 

address this inefficiency, modern approaches 

employing Machine Learning (ML) can intelligently 

analyse extensive datasets to predict the optimal 

placement and configuration of lateral resisting 

elements. This enhances structural performance and 

reduces design time. 

Through the application of Machine 

Learning algorithms, engineers can significantly 

improve the seismic resilience of high-rise 

structures and optimize the use of construction 

materials. These algorithms learn from historical 

structural and seismic data, enabling them to 

enhance energy dissipation and structural integrity in 

earthquake- prone regions. ML also accelerates the 

design process by automating complex calculations 

and simulations, allowing for rapid exploration of 

design alternatives much faster than traditional finite 

element analysis methods. 

 

III. OBJECTIVES: 
The primary goals of this research, derived from the 

literature review that will be presented later, are as 

follows: 

To utilize a variety of Machine Learning approaches 

to analyse the complex interactions between 

structural parameters and performance targets, 

thereby building a model for optimal placement of 

lateral resisting systems and accurate seismic 

parameter prediction. 

To validate the predicted parameters of the proposed 

models both analytically and mathematically using 

ETABS. 

To compare the accuracy of various ML- predicted 

models and determine the best- performing model. 

 

IV. SCOPE OF THE WORK: 
Phase 1: Collection of literature review data from 

various databases, extracting relevant structural 

features such as bay dimensions in X and Y 

directions, bay lengths, column and beam cross-

sectional areas, and applied loads. Based on these 

parameters, several suitable Machine Learning 

models were developed. The models utilized i n  

this study include AdaBoost 

 

Algorithm, Bayesian Ridge Model, Decision Tree 

Algorithm, Linear Regression Model, Random 

Forest Model, SVR Regression Model, and XG 

Boost Gradient Regressor. 

Phase 2: Application of the Machine Learning 

algorithms to develop a predictive model. This 

model identifies the most probable optimal 

configurations for lateral resisting systems by 

evaluating a wide range of possible outcomes. 

Phase 3: Analytical and mathematical validation of 

the ML predictions. Structural models are created in 

ETABS using the parameters predicted by the AI 

models. These models are then analyzed, and the 

predicted values from the ML algorithms are 

compared with the results obtained from the ETABS 

simulations to assess accuracy and reliability. 

 

V. LITERATURE REVIEW 
N. Asgar Khani et al (2024) The study has 

increasingly integrated Machine Learning 

techniques into seismic response prediction. The 

current study contributes to this evolving research 

by developing a Stacked Machine Learning-based 

prediction model trained and data points generated 

through nonlinear time history and incremental 

dynamic analyses of Buckling Restrained Bare 

Frames subjected to 78 far-field ground motions. 

The model accurately predicts seismic responses 

such as maximum Inter story drift, Residual, Inter 

story drift, and roof displacements with up to 98.7% 

accuracy. Notably, the study introduces a graphical 

user interface to facilitate the practical application of 

these models, allowing civil engineers to rapidly 

assess performance and make informed retrofitting 

decisions. This integration of data- driven 

approaches with structural engineering demonstrates 

the potential of ML in transforming seismic risk 

assessment and response prediction. 

 

F. Kazemi et al (2023) the authors proposed an 

extensive Machine Learning-based framework 

developed using Python to predict seismic responses 

of RC moment-resisting frames. The study utilized 

dataset points generated from Incremental Dynamic 

Analysis of 165 RC Moment Resisting Frames 

subjected to near-fault ground motions. Several 

Machine Learning algorithms were optimized using 

hyperparameter tuning and cross-validation 

techniques, with models such as XG Boost, Random 

Forests, and Artificial Neural Networks showing 

prediction accuracies exceeding 95% for Inter story 

Drift Ratio max and Multi-Intensity Measure 

Incremental Dynamic Analysis. 

The integration of a graphical user interface further 

enhanced the tool’s usability, allowing structural 

engineers to efficiently evaluate seismic 

performance and make informed design decisions 

without the burden of complex simulations. 
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Chowdhury Zubayer Bin Zahid et al. (2023) 

provides research on how various shear wall 

orientations affect drift and deflection in a 

reinforced concrete structure. The study employs 

ETABS to analyze several shear wall positions on a 

G+15-story building in Dhaka, Bangladesh. Eight 

distinct models with various shear wall orientations 

are used in the study to assess variables such story 

shear, displacement stiffness, and torsional 

irregularity. The results demonstrate that 

symmetrically oriented shear walls along the shorter 

span of the building design had less lateral drift and 

displacement than other orientations. The findings 

show that shear walls make the structure stronger 

while also assisting in lowering story drift and 

lateral displacements. According to the study, high-

rise constructions should have shear walls installed in 

both short and long ways to increase stiffness and 

stability. The shorter routes should have greater 

shear wall length. 

 

VI. METHODOLOGY 
This study was initiated by collection of 

data points from different data bases. All of the data 

points were thoroughly analyzed and refined 

according to the parameters that were selected based 

on their impact on placements. After collection of 

data points, the data was pre- processed which 

involves cleaning, transforming and organizing the 

data for the Machine Learning model. 

 

VII. RESULTS AND DISCUSSION 
 

 

 
 

From the above it can be seen that the R-Squared 

values were obtained highest for Decision Tree 

model, which is 0.85 Followed by Random Forest 

model as 0.82, Ada boost model as 0.81and 0.78 but 

Bayesian ridge, linear regression and SVR model 

performed poorly. 

 

VIII. MATHEMATICALVALIDATION 
Mathematical validation refers to the process of 

confirming that a mathematical model, algorithm 

accurately represents the intended model. It involves 

assessing the correctness and reliability and 

effectiveness of mathematical methods and 

technique through rigorous testing and analysis. 

Mathematical validation technique helps us in 

assessing the performance of prediction models. the 

model’s predictive accuracy isn’t dependent on the 

particular dataset on which it was trained. 

Various tools of mathematical validation assist in 

assessing the model's accuracy. Mathematical tools 

involve: 

R-squared (R2) value: A value between 0 and 1 

that indicates the extent to which the independent 

variable explains the variance in the dependent 

variable in a regression model. This may take on 

values between 0 and 1, with higher values 

indicating a better model-to-data fit. 

 

IX. CONCLUSION 
R² values further confirmed the predictive 

strength of these models. Decision Tree achieved the 

highest R² (0.85), Random Forest (0.82), followed 

by AdaBoost (0.81) and XG Boost (0.78), indicating 

a strong correlation between predicted and actual 

values. In contrast, SVR and Bayesian Ridge models 

recorded low R² values (0.12 and 0.37 respectively), 

suggesting poor model reliability and poor 

adaptability to the dataset’s complexity. 

Linear Regression and Bayesian models, 

despite showing perfect R² (1.0), suffered from 

significant overfitting, as evidenced by large 

deviations in base shear and displacement. Their 

predictions lacked robustness, making them 

unreliable for practical structural assessments. SVR 

consistently underperformed, with high negative 

deviations (up to -70.52%) and inability to capture 

nonlinear relationships inherent in structural 

response data. 

In conclusion, AdaBoost, XG Boost, Decision Tree 

and Random Forest emerge as the most reliable 

models for predicting both base shear and roof 

displacement due to their balance between 

accuracy and stability across different structural 

configurations. 
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