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Graphical abstract Abstract 
 
The project aims to enhance seismic safety in high-risk areas of Tamil Nadu, India, by 
conducting evaluations of 10 existing reinforced concrete buildings. The evaluation process 
starts with rapid visual screening, which is used to identify the buildings which require 
further evaluations. Buildings selected for further assessment are modelled in structural 
analysis software, ETABS to carry out seismic analysis using linear analysis methods such as 
equivalent static and response spectrum methods. The next step is to perform a non-linear 
time-history analysis to evaluate the behavior of buildings under low to moderate ground 
motions. Finally, deficiencies in the buildings are identified, and retrofitting techniques are 
suggested. A key innovation lies in the use of machine learning, specifically Singular Valued 
Decomposition (SVD) based Collaborative Filtering (CF) recommendation approach, to 
provide tailored retrofitting suggestions, enhancing the effectiveness of seismic safety 
interventions, which may include strengthening existing structural components, adding 
damping systems, or improving connections between different elements. The study results 
can guide similar buildings in the region, and retrofitting techniques can minimize property 
damage and save lives during future earthquakes. This project combines rapid visual 
screening, linear and non-linear analysis, machine learning and retrofitting suggestions to 
improve the seismic safety of buildings in high-risk areas in Tamil Nadu, India.  
 
Keywords: Rapid Visual Screening (RVS), Linear and Nonlinear analysis, Retrofitting, Singular 
Valued Decomposition, Collaborative Filtering Recommendation. 
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1.0  INTRODUCTION 
 
The seismic safety evaluation discussed in this project focuses on 
assessing the seismic vulnerability of existing Reinforced Cement 
Concrete (R.C.C) residential structures. Given the potential for 
earthquakes to cause substantial damage, evaluating existing 
buildings is crucial for occupant safety [1]. This evaluation entails 
analyzing structural components, assessing their ability to 
withstand seismic forces, identifying weaknesses, and 
recommending retrofitting or strengthening measures as 
necessary. Through this comprehensive assessment, we can 
enhance the seismic resilience of buildings, mitigate risks, and 
safeguard lives and properties during seismic events [13]. 
 
 
 

1.1  Earthquake 
 
Earthquakes, primarily caused by the movement of tectonic 
plates, are natural phenomena that occur worldwide. They are 
most commonly found in three regions: the Alpide belt, the 
Circum-Pacific belt, and the Mid-Atlantic ridge [12]. These areas 
experience a high frequency of earthquakes due to ongoing 
tectonic activity beneath the Earth's surface. The interaction of 
massive plates, shifting and exerting pressure on one another, 
leads to the fracturing of the Earth's crust. This sudden release 
of accumulated energy results in the powerful shaking and 
vibrations associated with earthquakes. While volcanic 
eruptions, human activities, and fluid withdrawal can also trigger 
earthquakes, most occurrences can be attributed to plate 
tectonics [12].  

In South India, earthquakes have had a significant impact on 
communities and infrastructure, demonstrating the devastating 
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consequences of seismic events. While the region is not as 
frequently affected as other global seismic hotspots, it remains 
vulnerable to significant earthquakes. Southern India, previously 
considered part of a stable continental region, has experienced 
numerous minor earthquakes and 11 earthquakes with 
magnitudes greater than 6, challenging the perception of its 
aseismicity [16]. For instance, the 2001 Bhuj earthquake 
(magnitude 7.7) in Gujarat caused widespread destruction 
locally and sent shockwaves across South India, damaging 
buildings and infrastructure in Tamil Nadu and Karnataka. 
Historical records also highlight events such as the 1905 Kangra 
earthquake (magnitude 7.8), which resulted in extensive 
damage and loss of life across South India. The 2011 Sikkim 
earthquake (magnitude 6.9), though centered in Sikkim, was felt 
throughout India, causing damage in Tamil Nadu, Kerala, and 
Karnataka. These events underscore the urgent need for 
proactive measures to enhance seismic resilience, emphasizing 
rigorous seismic safety evaluations and retrofitting initiatives to 
mitigate future earthquake impacts. 

Earthquakes are highly destructive, causing loss of life, 
injuries, and extensive damage to buildings and infrastructure. 
The built environment's vulnerability to seismic hazards 
necessitates proactive measures to ensure safety and resilience. 
Seismic retrofitting enhances the structural integrity of existing 
buildings, making them more resistant to seismic forces and 
preventing catastrophic collapses. Implementing rigorous 
seismic safety evaluations and upgrading building codes further 
reduces societal vulnerabilities. Proactive measures not only 
mitigate immediate impacts but also contribute to long-term 
community resilience, ensuring infrastructure remains 
functional and secure during and after seismic events. Swift aid 
provision is challenging due to the catastrophic impact, thus 
emphasizing preparedness and mitigation. In earthquake-prone 
areas, protective measures include designing flexible structures, 
educating the public on safety, conducting drills for officials, and 
enforcing stringent building codes. Risk mapping helps identify 
vulnerable areas and structures, facilitating retrofitting and 
repairs to enhance resilience. Seismic safety assessments 
evaluate potential risks, damage, and economic losses based on 
seismic hazards, aiding in prioritizing areas and structures 
needing attention [13,15]. By adopting these strategies, 
communities can reduce the impact of earthquakes and enhance 
their ability to withstand seismic events.  
This project aims to contribute significantly by:  

• Enhancing Seismic Resilience: By conducting detailed 
seismic analyses and suggesting retrofitting methods, the 
project directly contributes to improving the seismic 
performance of R.C.C residential buildings.  

• Innovative Strengthening Techniques Recommendation: 
The recommendation approach using Singular Valued 
Decomposition offers innovative and tailored 
strengthening techniques, showcasing a novel 
contribution to seismic retrofitting strategies. 

 
1.2  Seismic Safety Assessment 
 
Seismic safety assessment is crucial for proactive risk mitigation 
and emergency preparedness. It identifies vulnerabilities in 
buildings and infrastructure, guiding retrofitting and 
strengthening efforts to enhance resilience. By evaluating 
potential risks and damages, these assessments help prioritize 

critical areas for intervention, ensuring safety and reducing 
economic losses. Implementing such measures prepares 
communities to better withstand and respond to earthquakes, 
minimizing impacts on lives and properties. 

Seismic safety assessments have informed building codes, 
land-use planning, and infrastructure development in various 
real-world applications. In California, the Uniform Building Code 
incorporates stringent seismic design criteria based on detailed 
seismic assessments. In Japan, seismic zoning maps derived from 
safety assessments guide land-use planning, restricting 
development in high-risk areas. New Zealand's Christchurch 
rebuild after the 2011 earthquake relied on seismic assessments 
to enhance the resilience of new infrastructure. In India, the 
Bureau of Indian Standards (BIS) uses seismic assessments to 
update the Indian Seismic Code (IS 1893), ensuring buildings are 
designed to withstand earthquakes. Additionally, cities like 
Mumbai and Delhi have integrated seismic risk assessments into 
their urban planning to mitigate potential damage. 

The combination of seismic hazard, exposure, and 
vulnerability assessments allows for estimating potential 
economic and human losses. By analyzing seismic activity, 
population density, and structural weaknesses, these 
assessments provide a comprehensive risk profile. Integrating 
these components helps prioritize mitigation efforts, ensuring 
resources are allocated effectively to reduce the impact of 
earthquakes, enhance preparedness, and protect lives and 
properties. The seismic safety assessment has been extensively 
employed by regulators, engineers, etc. [7,8], for: 

• Mitigating earthquake damages. 
• Detailing building codes and design levels for structures 

with seismic aspect. 
• Evaluating and assessing the existing facilities for seismic 

activity. 
• Planning and preparing for financial and societal 

emergencies. 
• Prioritizing seismic risk mitigation measures. 
• Insurance related assessment. 

 
1.2.1  Simplified Assessment 
 
Simplified seismic assessment methods involve preliminary 
evaluations of a building's seismic performance using color-
based or score-based approaches. These methods provide initial 
insights into the building's vulnerability but have their strengths 
and limitations. 

The color-based assessment is an initial seismic evaluation 
that includes visual inspections of the building's exterior, 
interior, and construction plans [2]. Buildings are assigned a 
color code—green, yellow, or red—to indicate their level of 
seismic safety. For example, a school building in a seismically 
active region might be inspected, with green indicating good 
condition, yellow suggesting moderate risk, and red highlighting 
significant vulnerability. This method is efficient and 
straightforward, allowing for quick identification of at-risk 
structures. However, it may lack the precision needed for a 
comprehensive assessment of seismic performance. 

The score-based assessment, similar to the color-based 
method, involves visual inspections and a review of construction 
plans. Instead of a color code, a numerical score is assigned 
based on predetermined criteria to evaluate the building's 
seismic performance [8]. For instance, a hospital might receive a 



133                                                                        Shrinath B et al. / ASEAN Engineering Journal 15:1 (2025) 131–146 
 

 

score reflecting its structural integrity, construction materials, 
and design features. This approach provides a more detailed 
assessment than the color-based method, but it requires 
additional time and resources. An example is the seismic 
evaluation of residential buildings in Istanbul, where detailed 
scoring helped prioritize retrofitting efforts. 
 
1.2.2  Detailed Assessment 
 
Detailed seismic assessment methods offer a more in-depth 
analysis using manual calculations and software-based tools. 
These methods consider dynamic behavior, load distribution, 
and material properties [1,7]. It provides a comprehensive 
understanding of the building's seismic behavior. 

The manual calculation-based approach involves analyzing 
the building using simplified analytical methods like Linear Static 
or Dynamic Analysis (LSA or LDA) [2,11]. This approach might 
include testing or modeling to evaluate seismic performance 
under various earthquake scenarios [7]. For example, a historic 
building in San Francisco might undergo detailed manual 
calculations to determine its vulnerability and necessary 
retrofitting measures. While this method offers more accuracy 
than simplified assessments, it may not fully capture the 
building's complex behavior under seismic loading. 

The software-based assessment is the most comprehensive 
and accurate method for evaluating a building's seismic 
performance. It involves modeling the building in structural 
analysis software such as ETABS, STAAD Pro, etc and using 
advanced analytical methods like Nonlinear Static or Dynamic 
Analysis (NSA/NDA) [5]. An example is the seismic evaluation of 
high-rise buildings in Tokyo, where software-based assessments 
provided detailed insights into the buildings' seismic behavior 
and informed retrofitting strategies. This method provides a 
thorough understanding of the building's response to seismic 
loading and offers specific recommendations for strengthening 
or upgrading the structure. However, it requires significant 
expertise and resources. 
 
1.3 Objectives And Scope Of The Project 
 
The specific outlining of the project’s objectives and scope to 
conduct a comprehensive seismic safety evaluation to enhance 
the resilience of existing buildings, reduce the potential for loss 
of life and property damage during seismic events, and 
contribute to long-term disaster risk reduction efforts are 
mentioned below.  
 
Objectives:  

a. Assess structural integrity: Conduct preliminary evaluation 
(RVS) to find the vulnerable buildings and evaluate the ability of 
those buildings to withstand seismic forces by analysing the 
structural components, to identify potential weaknesses. 

b. Recommend tailored retrofitting measures: Provide 
customized recommendations for retrofitting based on the 
specific vulnerabilities identified during the evaluation process, 
ensuring that each building receives appropriate and effective 
interventions. 

c. Integrate innovative techniques for optimization: 
Incorporate advanced methodologies, including machine 
learning algorithms and Singular Valued Decomposition, to 
recommend the best technique based on user inputs and rating 

which enhances the overall effectiveness of seismic safety 
interventions. 
 
Scope:  

a. Visual screening and structural analysis: Conduct rapid 
visual screening followed by detailed structural analysis 
including linear and non-linear analysis using software tools to 
assess the seismic performance of buildings under various 
loading conditions. 

b. Retrofitting recommendation and implementation 
guidance: Provide guidance on the implementation of 
recommended retrofitting measures, including best practices, 
while also disseminating findings and recommendations to 
relevant stakeholders to facilitate informed decision-making and 
promote resilience-building efforts. 
1.4  Novel Approach Of Svd: 
 
Novelty includes : 
Data-Driven Insights: Is more likely to present the situation and, 
more specifically, seismic vulnerabilities based on the available 
data and using higher math tools. 

Efficiency and Precision: Improves the efficacy of retrofitting 
recommendations by limiting consideration mostly on critical 
parts and their interconnections within the building’s structural 
framework. 

Scalability: It is an efficient solution as it can apply the changes 
on a large number of buildings at once to fit the urban planning 
scale or disasters management needs. 
Integration with Modern Technologies: It can also be 
synchronized with other sophisticated technologies, for 
instance, machine learning algorithms and structural health 
monitoring systems which makes the overall risk of seismic 
activities to be reduced even further. 
 
1.5 Research Gap And Need 
 
The primary research gap in this project is the lack of 
comprehensive understanding and implementation of seismic 
resilience measures in regional construction practices. Despite 
existing guidelines and standards, many buildings, particularly in 
regions with moderate seismic activity like Tamil Nadu, may not 
fully adhere to these requirements. This gap is further worsened 
by insufficient data on the actual performance of different 
building types and designs under seismic loads. There is also a 
need for more robust and detailed methodologies for rapid and 
cost-effective seismic vulnerability assessments, as current 
practices may not be uniformly applied or thoroughly validated 
across various building categories. 

To address the identified research gaps, there is a crucial 
need for more detailed and comprehensive seismic vulnerability 
assessments that can be widely adopted. This includes 
enhancing and validating rapid visual screening (RVS) methods, 
and employing advanced analytical tools such as ETABS for more 
precise evaluations. Innovative retrofitting strategies, like those 
utilizing Singular Value Decomposition (SVD), must be developed 
and implemented to improve the seismic resilience of existing 
buildings. Additionally, creating regional-specific guidelines 
tailored to local building practices, materials, and seismic 
hazards is essential. Comprehensive data collection and analysis 
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of past seismic events and building performance in the region 
will inform future guidelines and construction practices. 
Furthermore, increasing awareness and training among 
engineers, builders, and stakeholders on the importance of 
seismic resilience and the adoption of best practices in 
construction and retrofitting is vital. These measures will 
significantly enhance the seismic safety and resilience of 
buildings, safeguarding lives and properties against future 
seismic events. 
 
 
2.0  METHODOLOGY 
 
The seismic analysis design project follows a systematic 
methodology, starting with literature collection and RVS 
methods for quick assessment of seismic vulnerability. Buildings 
are selected based on criteria, and detailed data collection is 
performed. Simplified and detailed assessments are conducted 
using various approaches. The overall methodology is explained 
further. 
 
2.1  Overall Methodology 
 
The seismic analysis design project follows a systematic 
methodology to ensure the accurate assessment of buildings' 
responses to seismic forces. Each step is crucial for achieving the 
project objectives. The first step involves collecting relevant 
literature, research papers, and technical resources to establish 
a solid foundation of knowledge, which is crucial for informed 
decision-making and identifying best practices in seismic safety 
assessment. This ensures the project is grounded in current 
research and technical standards as per the Indian Standard IS 
1893:2016. The next step involves identifying methods for Rapid 
Visual Screening (RVS) of buildings. RVS is a visual inspection 
technique used to quickly evaluate the seismic vulnerability of 
structures, providing an efficient way to identify at-risk buildings 
without extensive resources. These methods typically involve 
visual observations of building components, such as structural 
elements, non-structural elements, and overall building 
performance, to assess their potential vulnerability to seismic 
hazards [2,10]. 

Following RVS, buildings are selected for analysis based on 
predetermined criteria such as building type, construction 
materials, height, and location. This selection ensures that the 
study focuses on a representative and relevant sample, essential 
for generalizing findings and making applicable 
recommendations. Detailed data collection is then carried out, 
encompassing architectural plans, structural drawings, and 
material specifications for the selected buildings. Gathering 
comprehensive data is vital for accurate modeling and analysis, 
ensuring the assessments are based on precise and detailed 
information. 

The analysis proceeds with simplified assessment methods, 
including color-based [2] and score-based approaches [10], 
providing initial insights into the buildings' seismic performance 
[4]. These initial assessment methods offer quick, preliminary 
insights and help prioritize buildings for more detailed analysis, 
optimizing resource allocation. Subsequently, a more detailed 
assessment is conducted, employing manual calculations and 
software-based tools for a comprehensive analysis [5]. 
Conducting in-depth analyses with manual calculations and 
advanced software tools offers a thorough understanding of 

each building’s seismic behavior, ensuring that detailed and 
accurate recommendations can be made for enhancing seismic 
resilience. This systematic approach, from initial screening to 
detailed analysis, enables effective identification of 
vulnerabilities and development of targeted retrofitting 
strategies, ultimately enhancing seismic resilience and safety. 
The entire sequence of steps is illustrated and presented in the 
accompanying flowchart in Figure 1. 
 

 
 

Figure 1 Methodology flowchart 
 
 
2.2  Building Data Collected 
 
The building data are collected for analysis based on 
predetermined criteria such as building type, construction 
materials, height, and location. The rationale behind selecting 
these specific buildings is to ensure a diverse and representative 
sample. The buildings are located in different areas of Tamil 
Nadu, encompassing two seismic zones: Zone III, which is more 
vulnerable to seismic activity, and Zone II. This geographic 
diversity allows the study to address varying levels of seismic 
risk. The buildings also vary in storey levels, generally up to five 
levels, which is common in residential buildings in the region. 
The sample includes different building types, such as villas and 
apartments, with a focus on apartments due to their prevalence 
in densely populated city areas. Additionally, the selected 
buildings range in age from 2 to 15 years, providing insights into 
how construction practices have evolved over time. This 
diversity ensures the study's findings are applicable to a wide 
range of structures. The buildings data collected for conducting 
seismic assessment is shown in Table 1.  
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Table 1 Building data collected 
 

Building 

No. 

Storey 
Level 

Building 
Type 

Seismic Zone 
 

Location 

1 G + 1 Villa Zone III Tiruvallur 

2 G + 1 Villa Zone III Guduvancheri 
3 G + 2 Apartment Zone III Chennai 

4 G + 2 Apartment Zone II Madurai 

5 G + 3 Apartment Zone II Madurai 
6 G + 3 Apartment Zone III Ambattur 

7 G + 3 Apartment Zone III Perambur 
8 G + 5 Apartment Zone II Madurai 

9 G + 5 Apartment Zone III Chennai 
10 G + 5 Apartment Zone III Chennai 

 
2.3  Building Details And Plans 
 
The building details of the collected structures are presented 
below in Table 2 which includes essential information such as the 
grade of concrete, number of storeys, column and beam sizes, 
slab thickness, storey heights, and dimension details. The floor 
plans of the buildings are shown in Table 3. 
 
2.4 Simplified Assessment: Rvs Of Selected Buildings 
 
The assessment of selected buildings according to the procedure 
adopted in the study of literatures is done and results are noted. 
The assessment output gives the overall idea of the buildings 
under study to know their strength and weakness towards their 
safety against earthquakes. 
     The seismic assessment process involves several stages. 
Initially, data on the building's characteristics is reviewed, 
including occupancy, age, foundation type, and more [3]. 
Structural systems such as walls, roof, and foundation are 
visually inspected for distress signs [4]. Non-structural systems 

like mechanical and electrical systems are evaluated [10,15]. The 
seismic efficiency is assessed by comparing the building's 
condition to seismic performance standards. The results are 
compiled into a report containing the evaluation, retrofitting 
recommendations, and a summary of vulnerabilities. The results 
provide suggestions regarding whether further detailed seismic 
assessment is necessary for the building or not. A typical 
example of the assessment is shown in Figure 2 [10]. 
 
2.5 Modeling Of Building In Etabs Software 

 
The modeling of buildings in ETABS software is an essential 
aspect of structural engineering and analysis [9]. It is a widely 
used software tool designed for accurate modeling and 
simulation of building structures. It enables precise modeling of 
building structures, facilitating accurate simulation of behavior 
under various loads and optimizing structural designs for safety 
and performance [9]. 
     To model a building for seismic analysis in ETABS software, 
follow these steps: define the building's geometry with floor 
plans and elevations, assign material properties to structural 
elements, create an accurate structural model, specify boundary 
conditions and supports, apply various loads (including seismic), 
and analyse the model using ETABS' seismic analysis capabilities 
[5]. The beams and columns are modeled as frame elements and 
the slab is modeled as shell element. Rigid diaphragm is 
considered at each floor level and the base is fixed. The soil 
condition is taken as medium soil which matches with the soil 
available in all the building sites considered under study. The 
process evaluates the building's response to seismic forces, 
considering dynamic behaviour, load distribution, and material 
properties, ultimately assessing its overall seismic performance 
[5]. A typical example of modelling a building in ETABS software 
is shown in Figure 3 and Figure 4 shows a photo of a typical 
building under study. 
 

 
Table 2 Building details 

 
Building No. 1 2 3 4 5 6 7 8 9 10 
Zone III III III II II III III II III III 
No. of stories G+1 G+1 G+2 G+2 G+3 G+3 G+3 G+5 G+5 G+5 
Concrete grade M 25 M 25 M 30 M 25 M 25 M 25 M 25 M 30 M 30 M 30 
Steel grade Fe 415 Fe 415 Fe 500 Fe 500 Fe 500 Fe 500 Fe 500 Fe 500 Fe 500 Fe 500 
Dimension of beam  
(mm) 230x300 230x300 250x350 270x270 270x380 230x380 230x460 270x380 270x380 280x350 

Dimension of column 
(mm) 230x300 230x230 250x350 270x270 270x380 230x380

,230 230x460 270x380 270x380 280x350 

Thickness of slab  
(mm) 115 110 125 127 127 127 127 127 127 127 

Height of bottom storey 
(m) 3 3 3 3 3 3 4 3 3 3 

Height of remaining 
storey (m) 3 3 3 3 3 3 3 3 3 3 
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(a) Plan 

 

 (  
b) 3 D View 

 

Figure 2 A typical example of RVS of a building [10]                                                                                        
         Figure 3 Model of a typical Building in ETABS 

 
     

 

                                                                                                         Figure 4 Example building under study 
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Table 3 Building plan details 

Building 1 

 

Building 6 

 
 
 
  

Building 2 

 

Building 7 

 

Building 3

 

Building 8 

 
Building 4

 

Building 9 

 
Building 5 

 

Building 10 
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2.6 Detailed Assessment: Seismic Analysis Methods 

 
The detailed assessment using ETABS software employed 
equivalent static analysis, response spectrum analysis, and time 
history analysis to evaluate seismic performance. All three 
methods are run in ETABS software to analyse the building 
models. Equivalent static analysis simplifies seismic forces into 
static loads, while response spectrum analysis examines 
structural response at various frequencies. Time history analysis 
simulates real earthquake events for detailed dynamic behavior. 
Modeling assumptions included fixed base conditions, rigid 
diaphragms, and linear material properties, ensuring realistic 
simulation of building response to seismic forces. Key input 
parameters included building geometry, material properties, 
load combinations, and seismic zone factors. Output results 
from ETABS analysis comprised modal properties (natural 
frequencies and mode shapes), structural response quantities 
(displacements, drifts, and overturning moments). These 
outputs provided a comprehensive understanding of the 
buildings' seismic behavior, informing necessary retrofitting 
measures. Understanding seismic response enhances resilience, 
reducing the impact of earthquakes on lives and the 
environment. 
 
2.6.1 Equivalent Static Method 

 
The equivalent static method in ETABS software simplifies 
seismic analysis by using a static load that simulates the effects 
of an earthquake [6]. It involves calculating the seismic base 
shear and distributing it across the height of the building based 
on its lateral stiffness. This method is computationally efficient 
and provides a conservative estimate of the structural response. 
It is suitable for regular and moderately irregular structures with 
low-to-moderate seismic hazards. It is often applied to low-rise 
buildings, simplifies calculations by assuming a uniform 
distribution of seismic forces but may lack accuracy for irregular 
structures. This method is straightforward, it may not capture 
complex behaviors. 
 
2.6.2 Response Spectrum Method 
 
Response spectrum analysis is a commonly used method in 
structural engineering, including in ETABS software [9]. It allows 
engineers to evaluate the dynamic response of structures to 
seismic forces. By considering ground motion response spectra, 
which represent the maximum response of a structure to various 
frequencies of harmonic excitations, critical parameters such as 
displacements, accelerations, and inter-storey drifts can be 
determined. The response spectrum method, used in mid-rise 
buildings, evaluates how structures respond to different 
frequencies of ground motion, offering a more detailed 
assessment but requiring extensive data. This analysis method 
provides valuable insights into structural behavior under seismic 
loading, aiding in design and optimization for seismic resilience. 
 
2.6.3 Time History Analysis 
 
Time history analysis is a powerful technique in structural 
engineering for assessing a structure's dynamic response to 
actual recorded seismic or dynamic loading. This analysis, ideal 
for high-rise buildings and complex structures, simulates actual 
earthquake events to predict detailed structural behavior under 

dynamic loads, though it is computationally intensive. In ETABS 
software, it allows engineers to simulate time-varying forces and 
displacements experienced during earthquakes or other 
dynamic events. By inputting ground motion data, ETABS 
calculates structural responses such as displacements, 
accelerations, and inter-storey drifts. Time history analysis 
provides a comprehensive understanding of structural behavior 
under real-world conditions, aiding in design, assessment, and 
ensuring structural safety and performance. 

The input for the time history analysis is the El Centro 
earthquake, which occurred in 1940. This earthquake data is 
considered for the project because its data is very similar to 
Indian earthquake data. El-Centro earthquake data is scaled for 
zone II and III using Seismosoft software (seismosoft. com) and 
are shown in Figure 5.  
 

 
 

(a) Time History Data for Zone II 
 

 
(b) Time History Data for Zone III 

 
Figure 5 Earthquake Data for Time History Analysis 

 
 
2.7 Strengthening Techniques Recommendation Phase 

 
In this phase, the strengthening techniques as remedies to be 
suggested for different kinds of detected issues are maintained 
in a database as depicted in Table 4 and the feedback in the form 
of both rating and review for those corresponding remedial 
measures has been collected from the users accordingly. 
Recommendation systems based on SVD [17] are superior to 
other kinds in many ways. Because they can offer remedial 
measure to users who have rated relatively few. This is so even 
in cases where the user hasn't stated their preferences directly, 
SVD can find latent factors that support their preferences. To 
begin using SVD-based recommendation systems, one must first 
build a user_ID-remedy method matrix, in which each row 
denotes user rating and each column a remedial measure for 
solving the problem. The ratings that users have given different 
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methods make up the matrix's elements. The user-remedy 
matrix is then split into its three components using SVD. In this 
method matrix is divided into three smaller matrices: a diagonal 
matrix of singular values, a right singular matrix, and a left 
singular matrix. Before recommending a method for a given 
issue, recommender systems can use SVD to predict an unknown 
method rating and then they can suggest best remedy based on 
the ratings as following the methodology given in Algorithm 1 
(Section 2.7.1). Here, the ratings and reviews of the previous 
users are collected who faced same issue and then were 
recommended a remedy. Using the feedbacks from the user a 
recommendation system is created using SVD.  
 
2.7.1 Algorithm for SVD Based Recommendation 
 
Algorithm 1: Strengthening Techniques Recommendation using 
SVD. 
 
Input:  Rating matrix Xij composed of training dataset, where ‘i’ 
represents remedies (as rows) and ‘j’ represents user ID (as 
columns) and unique value of ‘i’ and ‘j’ represents rating given 
by a particular user and for a given method in the rating matrix. 
 
Output: Recommendation matrix, a final matrix after applying 
SVD. 
 
Method: 
1. Utilizing SVD to decompose the Rating matrix Xij into U,       

∑, V 
 
1.1 The singular value decomposition-based recommendation 

system is represented in mathematical form as in eq. (1). 
Xij =U∑VT=U∑1/2 (V∑1/2)T  (1) 

Where Σ represents Diagonal matrix, U, V represents 
orthogonal matrix, subsequently generated a j×k item feature 
matrix N=Y∑1/2 and i×k user feature matrix M=X∑1/2. k is the 
feature space dimension. The rows of matrix j and i are the item 
and user feature vectors correspondingly. 

 
2. To reduce the matrix U, ∑, V, then get Uk, ∑k, Vk. 

Where U, V is orthogonal matrix, Σ is Diagonal matrix and 
k is the dimension of feature space, as in eq. (2) and eq. (3). 

V = (Xij)* (Xij)T   (2) 
U=(Xij)T * (Xij)   (3) 

3. Computing user feature matrix A=Uk∑1/2k and item 
feature matrix B=Vk∑1/2k where k is the dimension of 
feature space. 

4. Then we get the Recommendation matrix, from which the 
system is able to recommend a remedy to the user. 
 

2.7.3 Strengthening Techniques Recommendation  
 
This introduction of the strengthening techniques 
recommendation phase by us introduces a novel aspect of the 
methodology, emphasizing the utilization of Singular Value 
Decomposition (SVD) for personalized retrofitting 
recommendations. This phase involves several key steps: 
 
Building the User-Remedy Matrix: 
 
 The remedies for different detected issues are maintained 

in a database. 
 User feedback in the form of ratings and reviews for these 

remedial measures is collected. 
 We construct a user_ID remedy method matrix is 

constructed where each row represents user ratings and 
each column represents a remedial measure. The matrix 
elements consist of the ratings given by users for different 
methods. 

Singular Value Decomposition (SVD) Algorithm: 
 
 The user-remedy matrix constructed from the dataset is 

decomposed into three smaller matrices using SVD: a 
diagonal matrix of singular values, a right singular matrix, 
and a left singular matrix. 

 This decomposition helps us to identify latent factors that 
supports our user preferences, even for users who have 
rated relatively few items or haven't stated their 
preferences directly. 

Implementing the SVD-Based Recommendation Algorithm: 
 
 The recommendation system uses SVD to predict 

unknown method ratings. 
 Recommendations are made based on the predicted 

ratings, following the methodology outlined in Algorithm 
1. 

 The feedback from previous users who faced similar issues 
and were recommended a remedy is used to improve the 
recommendation system. 

 
 

Table 4 Sample data from database recommendation system 
 

User ID Issue Remedies 
User 
rating 

Review by users 

1 Weak beam FRP wrapping 4 Very good smooth work 
5 Adjoined buildings Structural separations 4 Good separation from building 
2 Weak beam Steel plate bonding 3 Worth for money 
11 Irregular structural grids Structural truss system 3 Not satisfied 
12 Adjoined buildings Expansion joints 3 Didn’t work well 
3 Weak beam FRP wrapping 3 Finishing of surface is good 
3 Storey drifts Strengthening of frame 3 Just ok 
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4 Mass irregularities Mass dampers 4 Works well 

4 Stilt storey Steel bracing 4 Perfect 

9 Narrow building Shear walls 3 Its nice work 

7 Crack Structural stitching 3 Visually not good 

5 Mass irregularities Mass addition 3 Preplanning required 

5 Irregular structural grids RC shear walls 3 Good 

13 Stilt storey Steel bracing 4 Works well 

6 Irregular structural grids RC shear walls 3 Proper design engineer required 

6 Crack Crack injection 4 Easy and good work 

7 Stilt storey Base isolation 3 Costly job 

8 Weak beam Steel plate bonding 3 Surface is rusted after longer use 

8 Narrow building Shear walls 1 Not satisfied 

1 Storey drifts Damping devices 4 Best remedy for drifts 

8 Storey drifts Strengthening of frame 4 Works ok 

9 Mass irregularities Mass dampers 4 Good technology to reduce vibration 

9 Torsional irregularities Change floor layout 4 Floor design is ok 

10 Mass irregularities Mass addition 4 Nice idea 

10 Stilt storey Base isolation 3 Suitable for high rise building 

4 Storey drifts Damping devices 4 Perfect device 

4 Torsional irregularities Change floor layout 3 Floor design is not well planned 

11 Weak columns Concrete encasement 4 Good strength achieved 

11 Crack Crack injection 4 Cracks are not visible 

11 Torsional irregularities Diaphragm enhancement 3 Genuinely good 

12 Weak columns Concrete encasement 4 Good finish 

12 Narrow building Shear walls 3 Good strength achieved 

13 Weak columns Concrete encasement 3 Good 

2 Irregular structural grids Structural truss system 3 Poor idea and function 

2 Torsional irregularities Diaphragm enhancement 3 Good 

14 Narrow building Shear walls 4 Good work 

15 Crack Structural stitching 4 Cracks are joint well 

15 Adjoined buildings Structural separations 4 Worked well 
 
 
3.0  RESULTS AND DISCUSSION 
 
The results and discussion section of this project presents a 
comprehensive analysis of the seismic assessment conducted on 
the buildings under study. This section highlights the key findings 
and their implications in terms of the buildings' vulnerability to 
seismic forces. The initial step in the assessment process 
involved displaying the results of the Rapid Visual Screening 
(RVS) to determine if further detailed assessment was necessary 
for each building. Subsequently, the detailed assessment results 
using ETABS software were presented, encompassing key 
parameters such as total storey displacement, storey drifts, and 
torsional or mass irregularities. These comprehensive findings 
shed light on the seismic performance of the buildings. 
 
3.1  RVS of Buildings 

 
The RVS follows the guidelines in reference [2], while the 
detailed RVS follows those in reference [6]. The RVS 

methodology involves a preliminary visual inspection to assess 
the seismic vulnerability of buildings using criteria such as 
building type, construction materials, height, and age. Visual 
inspection parameters include evaluating structural 
components like beams, columns, and load-bearing walls, as 
well as non-structural components like facades, partition walls, 
and chimneys. These elements are assessed for potential 
weaknesses that could affect the building's performance under 
seismic loading. Limitations of RVS include its reliance on visual 
cues, which may overlook hidden vulnerabilities, and the 
subjective nature of evaluations, potentially leading to 
inconsistent results. To address these challenges, standardized 
checklists were used, and supplementary data from 
architectural plans and previous inspection records were 
incorporated to enhance the accuracy and reliability of the 
assessments. Any buildings that necessitate additional further 
assessment are identified based on their score obtained in the 
RVS. Buildings with a score above 3 are deemed safe, while those 
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below 3 require further detailed evaluation. The screening 
results are shown in Table 5. 
 

Table 5 Building RVS Results 
 

 
 
3.2  Storey Displacement 
 
Storey displacement during a seismic event is the horizontal 
movement of top most floor relative to the building's base. It is 
critical to assess structural integrity and safety during 
earthquakes. As per IS 1893:2016, storey displacement limits 
vary based on seismic zone and structural system. In Zone II and 
III, it's generally 0.004 times the storey height, while in Zone IV 
and V, it is 0.0025 times the storey height. The storey 
displacement of the buildings is shown in Table 6. 

Table 6 Storey Displacements of the Buildings 

Build
-ing 
No. 

Buildin
-g 
height 
(m) 

Load 
case 

Major 
global 
axis 

Major 
displac
ement 
 (mm) 

Max. 
allowed 
displaceme
nt 
(mm) 

Safe / 
Unsafe 

1 6 Seismic Y 4.29 24 Safe 
2 6 Seismic Y 9.29 24 Safe 
3 9 Seismic X 12.27 36 Safe 
4 9 Seismic X 5.26 36 Safe 
5 12 Seismic X 6.067 48 Safe 
6 10.5 Seismic Y 6.72 42 Safe 
7 13 Seismic X 7.94 52 Safe 
8 18 Seismic X 5.17 72 Safe 
9 18 Seismic Y 12.54 72 Safe 
10 18 Seismic Y 9.98 72 Safe 

 
 
3.3  Storey Drift 
 
During a seismic event, storey drift refers to the relative 
horizontal displacement or movement experienced by the 
different adjacent storeys of a building. As per IS 1893:2016, the 
storey drift ratio is 0.004 for Zone II and III. The storey 
displacement of the buildings is shown in Table 7. 
 

 
 
 
 
 

Table 7 Storey Drift of the Buildings 
 

Building 
No. 

Building 
height 

(m) 

Load 
case 

Major 
drift 

global 
axis 

Max 
storey 
drift 

Safe / 
Unsafe 

1 6 Seismic Y 0.000766 Safe 
2 6 Seismic Y 0.001604 Safe 
3 9 Seismic X 0.018 Unsafe 
4 9 Seismic X 0.0007 Safe 
5 12 Seismic X 0.000685 Safe 
6 10.5 Seismic Y 0.000816 Safe 
7 13 Seismic X 0.00082 Safe 
8 18 Seismic X 0.000566 Safe 
9 18 Seismic Y 0.000897 Safe 

10 18 Seismic Y 0.000822 Safe 
 

In analysing trends from the results shown in Table 6 and 
Table 7, low-rise buildings generally exhibit lower displacement 
and drift compared to medium-rise buildings due to their lower 
center of gravity and stiffer structural components. Medium-rise 
buildings may show larger displacement at higher storeys due to 
increased flexibility. Buildings in higher seismic zones (Zone III) 
typically display greater displacements and drifts than those in 
lower zones (Zone II), reflecting the higher seismic demands in 
these areas. 

The software runs both analysis equivalent static and 
response spectrum to arrive the displacement and drift values. 
Exceeding allowable limits in storey displacements and drifts 
indicates potential structural and non-structural damage. 
Excessive displacements can lead to structural failure, while high 
drifts can damage elements like walls and windows, 
compromising the building's integrity and safety. Variations in 
response are influenced by factors such as building height, 
structural system, material properties, and foundation 
conditions. High-rise buildings and those in higher seismic zones 
often require more robust design considerations and retrofitting 
strategies to meet safety standards. Understanding these results 
helps engineers identify critical areas needing reinforcement, 
ensuring buildings can effectively withstand seismic events. 
 
3.4  Check For Torsion 
 
The methodology for assessing torsional irregularities in 
buildings involves evaluating modal masses and identifying 
potential torsional effects using dynamic analysis techniques. 
Criteria include analyzing the distribution of mass and stiffness 
in the structure to detect imbalances that cause torsional 
motion. After modeling the building in ETABS, the analysis is run 
and the results are examined. To prevent torsion, it is crucial for 
modal masses to exceed 40% in both x and y directions for the 
first and second modes diagonally. If this requirement is not met, 
it indicates the presence of torsion. Torsional irregularities can 
significantly impact a building's overall stability and structural 
integrity, leading to uneven stress distribution and potential 
failure during seismic events. Mitigation measures, such as 
reinforcing structural elements and ensuring a more balanced 
mass distribution, adding shear walls or modifying the staircase 
can mitigate torsional effects and ensure structural stability. The 
torsion check results for the buildings are presented in Table 8. 
 

Buildi-
ng No. 

Storey 
Level 

Zonal 
Classifica
-tion 

RVS 
(Color-
based) 

RVS 
(Score-
based) 

Further 
Evaluation 
Required 

1 G+1 Zone III Yellow 2.7 Yes 
2 G + 1 Zone III Green 3.2 No 
3 G + 2 Zone III Yellow 1.6 Yes 
4 G + 2 Zone II Yellow 2.1 Yes 
5 G + 3 Zone II Yellow 2.9 Yes 
6 G + 3 Zone III Yellow 2.8 Yes 
7 G + 3 Zone III Yellow 2.7 Yes 
8 G + 5 Zone II Yellow 2.4 Yes 
9 G + 5 Zone III Yellow 2.7 Yes 
10 G + 5 Zone III Yellow 2.9 Yes 
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Table 8 Torsional Irregularity Check  

Building 
No. 

Torsion check 

Direction 
Modal Mass (kg) 

Safe/ Not safe Mode 1 Mode 2 

1 ux 1.63 76.59 Safe uy 87.41 2.79 

2 ux 0.01 88.28 Safe uy 89.56 0.02 

3 ux 76.26 7.20 Safe uy 5.6 64.2 

4 ux 82.28 0 Safe uy 0 86.23 

5 ux 3.04 48.08 Safe uy 70.06 13.37 

6 ux 0.45 51.44 Safe uy 87.62 1.24 

7 ux 82.89 5.70 Safe uy 1.3 69.46 

8 ux 0.02 24.74 Not Safe uy 83.3 0.14 

9 ux 0.001677 4.48 Not safe uy 82.78 0.76 

10 
ux 78.18 0.0001914 

Safe 
uy 0.03 99.82 

 
3.5  Major Issues Found In Buildings 
 
Seismic issues in buildings refer to various structural and design 
vulnerabilities that can compromise the safety and stability of a 
structure during an earthquake. The issues which are majorly 
found in the buildings are shown by shaded region in Table 9. 
Identifying and addressing these seismic issues is crucial to 
ensure the resilience and integrity of buildings in earthquake-
prone areas [12,14]. By implementing proper seismic analysis, 
design, and construction practices, structures can be better 
equipped to withstand the forces generated by seismic events 
and minimize the potential risks to human life and property. 

Table 9 Major Issues Found in Buildings 

S.
No Issues 

Building number 
1 2 3 4 5 6 7 8 9 10 

1 
Weak  
beams           

2 
Weak  
columns           

3 
Mass  
irregularities           

4 
Stilt 
 storey           

5 
Irregular  
structural grids           

6 
Narrow  
building           

7 
More storey drifts 
or displacement           

8 
Cracks 
            

9 
Torsional  
irregularities           

10 
Adjoining with  
adjacent building           

 

Weak beams and columns reduce a building's load-bearing 
capacity, making them susceptible to collapse during seismic 
events. These weaknesses often result from poor design, 
inadequate materials, or deterioration over time. Mass 
irregularities occur when there's uneven weight distribution 
across the building, causing imbalanced loads that amplify 
seismic forces, potentially leading to partial or total structural 
failure. A stilt storey, commonly used for parking, lacks the 
lateral strength of other floors, making it particularly vulnerable 
during earthquakes. This structural weakness can cause the 
entire building to collapse if the stilt columns fail. Irregular 
structural grids and narrow buildings result in uneven stress 
distribution, increasing the likelihood of localized damage and 
overall instability. Excessive storey drifts or displacements 
indicate that a building is moving too much during seismic 
activity, which can lead to significant structural and non-
structural damage, such as cracks in walls and deformation of 
frames. Cracks, whether pre-existing or caused by seismic forces, 
can severely compromise a building's integrity, making it more 
susceptible to further damage and collapse. Torsional 
irregularities, caused by asymmetrical layouts, lead to uneven 
twisting and stress distribution across the building, increasing 
the risk of structural failure. Buildings that are too close to each 
other can transfer seismic forces during an earthquake, 
exacerbating damage if they collide. Proper separation and 
reinforcement are essential to mitigate this risk. Addressing 
these issues through improved design, retrofitting, and regular 
maintenance is crucial for enhancing seismic resilience and 
safety. 

 
3.6 Strengthening Techniques for The Buildings 
 
To resolve and make the defected R.C.C residential buildings to 
be earthquake resistant, several features can be introduced to 
enhance its structural integrity and mitigate the effects of 
seismic forces [12,14]. The corresponding earthquake-resistant 
features for the issues are shown in Table 10. 
 
3.7 Experimental Results of SVD Recommendation Phase 
 
The three variables issue, user ID and rating are considered to 
forecast user ratings. Statistical accuracy metrics are used as it is 
the most popular evaluation criteria for prediction accuracy to 
determine the overall efficacy. Statistical accuracy metrics, such 
as MAE and RMSE, are used in this method to assess the 
correctness of the system through evaluating 
the recommendations values against the real user values for the 
user-item relations in the data set being tested. 
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Table 10 Strengthening Techniques 

S. 
No Issues Strengthening techniques 

 

1 
 

Weak 
beams 

• Fibre Reinforced Polymer (FRP) Wrapping: Applying FRP sheets or strips to enhance the load-carrying capacity and stiffness of 
weak beams. 

• Steel Plate Bonding: Affixing steel plates, increase the flexural strength of weak beams. 

 

2 Weak 
columns 

• Concrete Encasement: Applying additional layers of reinforced concrete around weak columns to increase their strength and 
ductility. 

• Steel Bracing: Installing steel braces or frames to provide lateral support and improve the overall stability and strength of weak 
columns. 

 

3 Mass 
irregularity 

• Tuned Mass Dampers (TMD): Installing TMD systems, consisting of additional masses and dampers, to mitigate the dynamic 
response and control vibrations. 

• Supplementary Mass Addition: Adding supplementary masses strategically to the structure to counteract the effects of mass 
irregularities and improve overall structural performance. 

 

4 Stilt storey 

• Base Isolation: This system that physically decouples the superstructure from the foundation, reducing the transfer of seismic 
forces and protecting the silt storeys from excessive shaking. 

• Steel Bracing: Incorporating steel bracing elements, such as diagonal braces or cross-bracing systems, to enhance the lateral 
stiffness and strength of the ground floor, increasing its resistance to seismic forces. 

 

5 
Irregular 
structural 
grids 

• Structural Truss Systems: Installing structural truss systems within the irregular grid to enhance its load-bearing capacity and 
provide additional stiffness, ensuring better distribution of loads and reducing the impact of irregularities. 

• Reinforced Concrete Shear Walls: Strategic placement of reinforced concrete shear walls within the irregular grid to enhance 
resistance to lateral forces, provide additional stiffness and stability, & minimize the impact of irregularities on the structural 
behavior. 

 

6 Narrow 
building 

• Shear Walls: Incorporating reinforced concrete or steel shear walls along the length of the narrow building to provide lateral 
resistance and enhance its overall stiffness, reducing sway and improving structural integrity. 

 

7 
More 
storey drift 
or disp. 

• Supplementary Damping Devices: Incorporating supplemental damping devices such as viscous dampers or tuned mass 
dampers to absorb and dissipate energy, reducing the storey drift or displacement during seismic events. 

• Structural Strengthening of Weak Elements: Strengthening weak elements such as columns, beams, and connections to 
improve their load-carrying capacity and enhance the overall stiffness of the structure, thereby reducing drifts or displacements. 

 

8 Cracks 

• Crack Injection: Injecting epoxy or polyurethane resins into the cracks to fill and seal them, restoring the structural integrity & 
preventing further propagation of the cracks. 

• Structural Stitching: Drilling holes on both sides of the crack and inserting steel rods or plates with epoxy adhesive to reinforce 
the cracked section and prevent further crack propagation. 

 

9 Torsional 
irregularity 

• Structural Diaphragm Enhancement: Strengthening the building's floor and roof diaphragms to improve their rigidity and 
enhance their ability to transmit torsional forces, minimizing the torsional irregularities in the structure. 

• Reconfiguration of Building Layout: Reconfiguring the building layout to reduce torsional irregularities, such as optimizing the 
positioning of cores, walls, or structural elements to improve the overall symmetry and distribution of forces within the 
structure. 

 

10 

Adjoining 
with 
adjacent 
building 

• Expansion Joints: Incorporating expansion joints between the adjoining buildings to accommodate differential movement and 
minimize the transfer of forces between the structures. 

• Structural Separation: Creating structural separation between the buildings by introducing a physical gap or isolating elements 
to limit the transfer of forces and minimize the potential for damage propagation during seismic events. 

 

 
 
Mean Absolute Error (MAE) is a measure of errors between 
paired observations expressing the same phenomenon. It is 
calculated as the average of the absolute differences between 
the predicted values and the actual values. It is utilized to 
determine the average of all absolute value differences between 
the rating that the algorithm predicts and the actual rating. 
Accuracy increases with a reduced MAE. The highest error, or 
Infinity, is represented by the rating scale of the assessed 
application and can generally range from 0 to Infinity. The 
following is the MAE formula as in eq. (4). 
 

𝐴𝐴 = 1
𝑦𝑦
∑ |𝑚𝑚𝑎𝑎 − 𝑛𝑛𝑎𝑎|𝑦𝑦
𝑥𝑥=1       (4) 

  Where, A is MAE, ma is the actual rating, na is the predicted 
rating, y is the amount of ratings. 
Root Mean Square Error (RMSE) is another measure of the 
differences between predicted values and observed values. It is 
calculated as the square root of the average of the squared 
differences between the predicted and actual values. In this we 
calculate the average of the squared differences between the 

predicted ratings and the actual ratings. It then takes the square 
root of this average. RMSE is particularly useful when large 
errors are undesirable. The formula for RMSE is as in eq. (5). 

                                 𝑅𝑅 =  �1
𝑦𝑦
∑ (𝑚𝑚𝑎𝑎 − 𝑛𝑛𝑎𝑎)2𝑦𝑦
𝑥𝑥=1                         (5) 

     
Where, R is RMSE, ma is the actual rating, na is the predicted 
rating, y is the amount of ratings. 

Both MAE and RMSE are commonly used metrics for 
evaluating the accuracy of regression models. MAE is easier to 
interpret as it represents the average error, while RMSE provides 
a measure of error that heavily penalizes large mistakes. RMSE 
is more sensitive to large errors compared to MAE because it 
squares the error before averaging. This means that larger errors 
will have a disproportionately large effect on RMSE, making it 
useful when you want to penalize larger errors more 
significantly. 

Cross-validation is a technique for evaluating the 
performance of a statistical model by dividing a dataset into 
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multiple subsets and using them to train and test the model [18]. 
It involves splitting the dataset into ‘t’ equally sized partitions, 
where ‘t’ is a specified number. These partitions are divided into 
divisions for training and testing, with one of them defined being 
the test partition. The model is trained using the training 
partitions, and its performance is then evaluated on the test 
partition. This process is repeated until each partition has served 
as the test partition. Cross-validation allows for a more accurate 
assessment of a model's performance by providing multiple 
opportunities to test the model on different subsets of the data. 

Singular Value Decomposition (SVD) based Collaborative 
Filtering (CF) is utilized in this remedy recommendation phase 
and evaluated its performance [19,20]. The experiment involved 
cross-validation, where the training data was used to train the 
model and the test set was used to compute the Root Mean 
Squared Error (RMSE) and Mean Absolute Error (MAE). The 
results, presented in Figure 6, indicate that the SVD-based CF 
achieved an average RMSE of 1.04 and an average MAE of 0.80 
in accurate recommendation of remedial measure for the 
predicted issues. 
 

Figure 6 Result of CF based on SVD 
Analysis of Accuracy and Reliability 
Accuracy Analysis: 

 RMSE and MAE Performance: The SVD-based 
recommendation system demonstrated strong 
performance in both RMSE and MAE metrics. Lower 
values in these metrics indicate high accuracy in the 
predictions, with RMSE being particularly useful in 
highlighting larger errors. 

 
Reliability Insights: 
 
Factors Influencing Performance: 

 Data Sparsity: The density of the dataset plays a 
crucial role in the performance of the SVD-based 
system. Sparse datasets can lead to overfitting, 
whereas denser datasets provide more robust 
training. 

 Feature Engineering: The choice and quality of 
features used in the decomposition significantly 
impact the system's accuracy. Including relevant 
structural parameters and historical performance data 
enhances the model's predictive power. 

 Hyperparameter Tuning: Adjusting the number of 
singular values retained (𝑘𝑘k) and other 

hyperparameters can optimize the balance between 
model complexity and performance. 

Potential Areas for Improvement: 
 Enhanced Data Collection: It suggests increasing the 

volume and variety of data collected i.e., improved, 
improvements include more detailed sensor readings and 
additional historical seismic performance data, can 
improve model accuracy. 

 Regularization Techniques: it suggests implementing 
regularization methods that can reduce overfitting, 
particularly in sparse datasets by penalizing excessive 
complexity in our proposed model. 

 Hybrid Models: it suggests the combination of SVD with 
other recommendation techniques, such as collaborative 
filtering or neural networks, could further enhance 
performance by capturing different aspects of the data. 

 
 
4.0 CONCLUSION 
 
The seismic survey results offer valuable insights into the 
construction boundaries of a specific area on a large scale. This 
information is beneficial for future construction projects to 
ensure adherence to appropriate construction methods. The 
study helps identify common mistakes or errors in construction, 
whether intentional or unintentional, leading to improved 
building practices and avoiding previous pitfalls. Seismic analysis 
plays a critical role in assessing the structural integrity and safety 
of buildings during earthquakes. Techniques like equivalent 
static, response spectrum, and time history analysis aid 
engineers in evaluating a building's response to seismic forces 
and overall performance. Factors such as inter-storey drifts, 
storey displacements, and modal mass participation are 
considered to assess the adequacy of the structure's design and 
implement necessary adjustments or retrofitting measures to 
enhance its seismic resistance. Compliance with relevant codes 
and standards, such as the Indian Standard Code IS 1893:2016, 
ensures that buildings meet permissible limits for various 
parameters.  
     In this project, an extensive review of literature on the seismic 
analysis of R.C.C residential buildings are conducted, 
accompanied by the collection and documentation of building 
data. Suitable RVS assessment methods are chosen for each 
building, commencing with color-based assessment and 
progressing to a score-based evaluation. Subsequently, buildings 
are subjected to further assessment, involving modelling in 
ETABS software and conducting two linear seismic analyses, 
equivalent static analysis, and response spectrum analysis, 
followed by non-linear time history analysis. The results are 
tabulated, allowing for the assessment of the risk of failure 
during seismic events. Identified structural issues are 
documented, and corresponding seismic strengthening methods 
are proposed. Later on, a sample review from users of suggested 
strengthening methods is then created. Through the Singular 
Value Decomposition technique, suggestions are derived based 
on collaborative filtering of the collected review data. In 
conclusion, the seismic analysis project enables the creation of 
resilient buildings capable of withstanding seismic events and 
safeguarding human life and infrastructure. 

The seismic survey results reveal significant vulnerabilities in 
regional construction practices, highlighting critical areas for 
improving seismic resilience. These insights can guide future 
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projects towards enhanced building practices that prioritize 
structural integrity and safety against seismic hazards. 
Addressing weaknesses like weak beams, columns, mass 
irregularities, and torsional effects will help the industry adopt 
robust designs, leading to safer, more resilient buildings. The 
study emphasizes the urgent need to address structural issues 
to mitigate failure risks during seismic events. Identifying weak 
points like stilt storeys, irregular structural grids, and excessive 
storey drifts provides a basis for targeted retrofitting. 
Implementing proposed strengthening techniques, such as 
reinforcing critical components and improving mass distribution, 
can significantly enhance seismic performance, reducing the 
likelihood of catastrophic collapse and ensuring better 
protection for occupants. 

Equivalent static, response spectrum, and time history 
analysis effectively assess buildings' seismic responses, 
providing detailed insights into weaknesses and dynamic 
behavior under seismic loads. These techniques facilitate precise 
recommendations for retrofitting and design improvements. In 
summary, simplified seismic assessments are efficient for quick 
initial evaluations but may lack precision, while detailed 
assessments provide comprehensive insights but require more 
time and resources. Combining both methods can optimize 
seismic safety evaluations, ensuring buildings are adequately 
assessed and retrofitted to withstand seismic events. 
Compliance with relevant codes and standards, particularly the 
Indian Standard Code IS 1893:2016, is crucial for ensuring 
buildings' seismic resilience. Adhering to these guidelines helps 
mitigate risks associated with seismic activity, promoting safer 
construction practices and protecting lives and properties in 
earthquake-prone areas. 
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Appendix  
 
Step By Step Implementation Of Algorithm: 
 
The tables below represent the steps we would follow to solve 
the user-remedy using SVD and find it’s missing 
values(represented as 0 in the matrix) so that we can 
recommend best two remedies for the users. 
 

Table i User-remedy matrix 
 

 
 Remedy 

1 
Remedy 

2 
Remedy 

3 
Remedy 

4 
Remedy 

5 
User 1 1 1 1 0 0 
User 2 3 3 3 0 0 
User 3 4 4 4 0 0 
User 4 5 5 5 0 0 
User 5 0 2 0 4 4 
User 6 0 0 0 5 5 
User 7 0 1 0 2 2 

 
 

Table ii U matrix 
 

0.13 0.02 -0.01 
0.41 0.07 -0.03 
0.55 0.09 -0.04 
0.68 0.11 -0.05 
0.15 -0.59 0.65 
0.07 -0.73 -0.67 
0.07 -0.29 0.32 

 
 
 

Table iii VT matrix 
 

0.56 0.59 0.56 0.09 0.09 

0.12 -0.02 0.12 -0.69 -0.69 

0.40 -0.80 0.40 0.09 0.09 

 
Table iv ∑ Matrix 

 
12.4 0 0 

0 9.5 0 
0 0 1.3 

 
 

Table v  Reconstructed matrix 
 

1. B=∑ * VT : 
2. Final resultant matrix U*B: 

 
0.92032 0.95768 0.92032 0.01281 0.01281 
2.91124 3.01746 2.91124 -0.0048 -0.0048 
3.90100 4.04830 3.90100 0.01917 0.01917 
4.82132 5.00598 4.82132 0.03198 0.03198 
0.70700 0.53350 0.70700 4.11090 4.11090 
-0.69452 1.34762 -0.69452 4.78488 4.78488 
0.32188 0.23442 0.32188 2.01651 2.01651 

From the above matrix the best two remedies for each user 
are: 

1. User 1: Remedy 2 (0.95768) and Remedy 1 (0.92032) 
2. User 2: Remedy 2 (3.01746) and Remedy 1 (2.91124) 
3. User 3: Remedy 2 (4.04830) and Remedy 1 (3.90100) 
4. User 4: Remedy 2 (5.00598) and Remedy 1 (4.82132) 
5. User 5: Remedy 4 (4.11090) and Remedy 5 (4.11090) 
6. User 6: Remedy 4 (4.78488) and Remedy 5 (4.78488) 
7. User 7: Remedy 4 (2.01651) and Remedy 5 (2.01651) 

 

 

 
 
 
 

6.944 7.316 6.944 1.116 1.116 
1.14 -0.19 1.14 -6.555 -6.555 
0.52 -1.04 0.52 0.117 0.117 


