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Abstract
Seismic vulnerability assessment of an existing building is of high importance for ensuring the safety of
the structure and the occupants. An earthquake may not be predictable but seismic performance of a
structure can be well- predicted in advance which aids in deciding the correct retro�t technique for a
building ensuring the safety of the occupants. A RC building situated in the seismic zone III region of
Vellore, Tamil Nadu has been taken into consideration for analysing its seismic vulnerability. The region
is yet to catch engineering attention for evaluation of seismic performance of such buildings. With the
help of the nearest fault line data, the PGA value was calculated and the value suggested moderate
potential damage. The RVS score of the building was categorised in the high probability of Grade
Damage 3 i.e. structural damage in moderate range and non-structural damage in heavy range. A detailed
numerical analysis was carried out in ETABS using equivalent static force method to simulate the
earthquake forces in the structure. Although a dynamic method of analysis considers higher magnitude
of earthquake forces based on a more realistic earthquake excitation, equivalent static force analysis is
su�cient for a preliminary analysis of the building. The building having a soft storey in the ground �oor
showed variations in its behaviour on application of earthquake forces in four different case scenarios of
shear wall application. The maximum storey drifts were then compared for the building in cases of
existing soft storey and with the application of shear wall in the ground �oor, staircase walls and with a
combination of shear wall in both the locations. The results showed that shear wall in the staircase
proved to be the most economical retro�t solution for the building.

1.0 Introduction
Vulnerability is the amount of damage induced by a hazard and expressed as the fraction of the value of
the designed item under construction (Dowrick 2003). India has witnessed devastating earthquakes in the
past affecting both human life and structures and this calls for more attention to the �eld of seismic
vulnerability assessment and risk mitigation. Calvi et.al. (2006) studied the seismic vulnerability
assessment methodologies over the past three decades and concluded that there should be employment
of atleast two different approaches to verify the obtained results (Calvi et al. 2006). Building vulnerability
assessment proves to be a reliable tool for evaluating damage and loss scenarios for risk mitigation and
management (Vicente et al. 2008). A deterministic approach proves to be bene�cial for such risk
assessment and mitigation studies (Elayaraja et al. 2015). The concerned study focuses on �nding the
seismic vulnerability using both empirical and analytical methods - a deterministic approach for an
existing nine-storied RC building located in Vellore, Tamil Nadu, a zone III (BIS 2002) region of the Indian
subcontinent which is prone to moderate to strong earthquakes with a maximum expected magnitude of
6.9 (Fig. 1). Ganapathy (2010) found in an evaluation of seismic hazard analysis in Tamil Nadu,
distinguishing the fault lines of the state and evaluating the peak ground accelerations, that the Northern
part of Tamil Nadu experienced frequent earthquake activity. It showed a higher value of seismic hazard
compared to other parts and stated that the Northern and East-Southeastern part of the state required
extra attention for future research (G P Ganapathy 2010). A few of the recent earthquakes recorded in
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Vellore, situated in the Northern part of the state, were on 13/08/2010 of magnitude 3.1 in Pernambet, 55
kilometres from Vellore and another one on 24/03/2018 resulting in cracks in buildings. The past seismic
activities in the region are depicted in the regional map in Fig. 2.

The structure taken in the present study has a ground coverage area of 1431.936 metre2 and a total
elevation of 31.12 metres with more than 200 residents making it an important building as per the rules
of Rapid Visual Screening Manual (more than 100 occupants). A vulnerability assessment appeared to be
necessary on such a residential building to ensure the safety of the occupants. The objective of the study
was to analyse the existing structure and propose measures to minimize the risk threats posed to the
building and its residents. The building in the study has a soft storey in the ground �oor causing
reduction of stiffness in that portion of the building. Dya and Oretaa (2015) found that buildings with
vertical irregularity tend to be more susceptible to earthquake damage due to the localisation of seismic
forces (Dya and Oretaa 2015). Lu et. al. (2008) and Tang et. al. (2011) stated that conducting physical
tests to study the collapse mechanism is time-consuming and di�cult and hence, numerical simulation
serves as a major method to assess such failure mechanisms in lesser time ( Lu et al. 2008 ; Tang et al.
2011).

The Rapid Visual Screening (RVS) procedure is an empirical approach to score buildings based on its
potential risk threat which requires the assessor to visually identify the behaviour of the structural
attributes of the building in the occurrence of an earthquake. RVS report for SAARC countries (2011)
suggested that further detailed analysis might be needed to check the need for retro�tting based on the
seismic adequacy of vulnerable buildings (RVS procedure in SAARC Countries 2011). Generally, a low
RVS score < 2 demands a detailed analysis to simulate earthquake scenario (Ghafar et. al 2015; Kassem
et al. 2020).

In the present study rapid visual screening (RVS) score was found to be 1.8 (< 2) (Table 4) and hence, a
more detailed numerical analysis had been carried out in ETABS using equivalent lateral force procedure.
Alghuff et al. (2019) carried out a comparative study for static and dynamic analysis (response spectrum
analysis) for regular RC buildings and found displacements in dynamic analysis to be 15% lesser than
the corresponding values obtained using equivalent static analysis and recommended static approach
for low rise and regular buildings (Alghuff et al. 2019). Keyhani and Sha�ee (2016) analysed various
retro�t methods and found that steel bracing and shear wall were the most effective in reducing lateral
displacement (Keyhani and Sha�ee 2016). Kyriakides et al. (2015) carried out an experiment to �nd that
RC in�ll frame increased the capacity of the strengthened frame by 5 times compared to a bare frame
and stated that a brick in�ll wall is not su�cient to provide the needed stiffness and strenth to a building
for severe earthquake (Kyriakides et al. 2015). Ganapathy and Manoharan (2020) highlighted the need
for earthquake planning in urbanised areas and the importance of designing a realistic image of an
anticipated earthquake in order to minimise risks and damages (Ganapathy and Manoharan 2020).

2.0 Study Area
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Vellore district is situated between 12°37'’46"N to 13°10'27"N and 78°34'50"E to 79°21'1.636"E in Tamil
Nadu, India with a geographical area of 2030.11 sq. k.m. It is bounded on the North by Chittoor district of
Andhra Pradesh, on the South by Thiruvannamalai district, on the West by Tirupattur district, and on the
East by Ranipet district. Vellore being the head-quarter of the Vellore district is well connected by train
routes and highways to major towns of the neighbouring states. Physiographically the North-Western
parts of the district are endowed with hilly terrain and the eastern side of the district is mostly covered by
rocky plains. The district has a population of 16,14,242 as per the 2011 census.

3.0 Materials And Methods
In the �rst stage, the site located in Katpadi Village of Vellore District was selected and the required site
data were acquired from the concern land authorities for the preliminary survey. The peak ground
acceleration was calculated using the nearest fault line data (Table 1) and a �nal hazard score was
obtained from the rapid visual screening (RVS) procedure. The RVS was selected for the knowledge of the
basic hazard score and the probable damage that could occur in different intensities of earthquake. In the
second phase, a detailed seismic vulnerability assessment was carried out by designing the structure
using ETABS. Numerical simulation using the existing plan, elevation and reinforcement detailing aided in
analysing the probable failure of the building in the occurrence of an earthquake. The method adopted
was equivalent lateral force procedure (IS:1893 2002). The building was then retro�tted using shear walls
in critical locations of the building. The difference in the de�ection and storey drifts were assessed in the
presence of shear walls in the ground �oor, staircase and another case with shear wall in both ground
�oor and the staircase locations to �nd the most economic retro�t.

4.0 Results And Discussions
The Peak Ground Acceleration (PGA) for Tamil Nadu has been calculated using the relation established
for the South Indian region (Iyengar and Raghu Kanth 2004) :

ln y = c1 + c2 (M-6) + c3 (M-6) 2 - ln R - c4 R + ln Є                                (1)

The nearest fault line to the study site is the Changem- Alangayam Gudiyattam lineament with a radial
distance of 45 kilometres. The fault lines in the region are shown in Fig. 2. For zone III, PGA value of
0.18–0.34 g implies moderate potential damage and very strong perceived shaking and hence, RVS was
carried out. In the RVS procedure, total scores were calculated based on the survey for seismic zones III,
IV and V. As per the procedure rules, design seismic force for an important building increases by a factor
of 1.5 resulting in an increase of seismic zone intensity by the same factor. Hence, the analysis needs to
be carried out using values for one unit higher zone (Arya 2006). The building was studied as per the
values of seismic zone IV.

As per the standard values, the �nal score was 1.8 for Zone IV and V which lies in the high probability of
Grade Damage 3 i.e. moderate structural damage and heavy non-structural damage. A detailed study of
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the existing structure was proceeded in the software ETABS. The building was designed using the
existing plan dimensions and section properties with appropriate dead load and live load according to the
occupancy details. The plan and elevation designed in ETABS is shown in Figs. 3(a) and 3(b)
respectively.

For design purpose, values corresponding to Zone IV have been considered for placing the earthquake
load combinations on each �oor. Shear wall of 0.4 m thickness was used as a retro�t for this study.
Figure 4 depicts the designed original existing structure with soft storey. The various cases of shear wall
application are shown in Fig. 5 (a), (b) and (c). These cases were simulated with earthquake forces to
obtain the maximum displacement.

Based on the analysis result, it could be interpreted that presence of the shear wall on both the staircase
walls and in the soft storey on the ground �oor gave a maximum decrement in the drift of the building,
which was 66.56% for x-direction and 27.31% in y-direction and a decrease of overall displacement of
180 mm from 250 mm. For the case of shear wall only in the ground �oor, the overall displacement of the
building was observed to have decreased to 200 mm from 250 mm. Shear wall only on the staircase
showed a decrement in the story drift of the building by 64.18% for x-direction and 11.42% in y-direction
which might also prove economical for modi�cation (Table 6). Several studies suggested that during the
selection of the most optimal strengthening system, another important factor to be considered along with
the seismic performance is the cost effectiveness of the system (Necevska-Cvetanovska and Apostolska
2012; Ferreira et al. 2020)

5.0 Conclusions
The obtained results show that localisation of seismic forces in the soft storey makes buildings more
susceptible to earthquake. In the presence of shear wall in the ground �oor and staircase, a signi�cant
decrease in the de�ection was observed in comparison to the original structure. However, shear wall only
in the staircase will prove to be more economical than retro�tting at two locations in the building.
Moreover, shear wall in the staircase has shown almost similar decrement percentage in displacement. A
shear wall of thickness 0.4 meters in the locations as speci�ed was recommended for the building. The
structure may be further simulated for dynamic analysis to check the performance with other retro�tting
techniques. Further estimation of human and economic losses could be done to get calculate the overall
risk analysis. The entire region is yet to develop awareness about the seismic safety of structures. It is
anticipated that the study would be bene�cial to prepare a disaster mitigation plan to minimise the risks
of potential damage for such buildings and the residents in the area.
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Tables
Table 1

PGA value for the nearest fault line
Fault line PGA at

source

( g )

Radius(km) PGA values for different maximum
magnitudes ( g )

6.9 ( Zone III
)

7.9 ( Zone
IV)

8.9 ( Zone V)

Chengam-
Alangayam

Gudiyattam
lineament

0.78 45 0.229414357 0.477034965 0.867009374

 
Table 2

Building attributes
Building type - RC frame

Soil type - Type I ( Hard soil )

Ground coverage – 1431.936 m2

Foundation type – Shallow

Staircase – connected

Thickness of in�ll wall (Exterior) = 0.23 m

Thickness of in�ll wall (Interior) = 0.11 m

 
Table 3

Score of each attribute
Zone Basic score High rise Vertical Irregularity Code detailing

III 3 + 0.5 -2 + 1.2

IV 2.5 + 0.6 -1.5 + 0.2

V 2.5 + 0.6 -1.5 + 0.2
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Table 4

Final Hazard score
ZONE FINAL SCORE

III 2.7

IV 1.8

V 1.8

 
Table 5

Section properties of elements
Section Properties Concrete grade

Beam 1 0.23 m x 0.35 m M25

Beam 2 0.23 m x 0.23 m M25

Column 0.23 m x 0.45 m M30

Slab 0.13 m M25

 
Table 6

Maximum displacements in each case
Different cases for
comparison of the structure
performance

Max drift
in X-
direction

(in mm)

Max drift
in Y-
direction

(in mm)

% decrease in
displacement in X-
direction

% decrease in
displacement in Y-
direction

With soft storey 128.116 169.446 - -

With shear wall in ground
�oor

(Fig. 5a)

111.259 131.547 13.16% 22.36%

With shear wall in staircase
wall

(Fig. 5b)

45.896 150.089 64.18% 11.42%

With shear wall in both
ground �oor and staircase
wall

(Fig. 5c)

42.833 123.161 66.56% 27.31%

Figures
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Figure 2

Figure 2
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Figure 4
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