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Abstract

Many damaging earthquakes have occurred in various regions of India in past few decades. It has affected large scale
loss to life and property. The city of Patna is located in seismic Zone 1V, according to 1S1893 making it substantially
vulnerable to earthquake. Such areas need proper study to decide preventive measures for avoiding any probable disaster.
Seismic vulnerability is one of the most crucial parameters for structural safety assessment. According to most of the
guidelines used worldwide, a three-stage process of evaluation is generally adopted. The first level of evaluation is rapid
visual screening (RVS). This paper summarizes the RVS carried out in 201 buildings of Patna. The buildings have been
ranked according to the number of storeys, grade of damage, and year built. The study shows poor maintenance history of
buildings. Also, the buildings were found to be constructed not as per codal provisions. The result shows the need for

retrofitting of buildings after further study.
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1.Introduction

The seismic vulnerability of any structure is its
inability to withstand future earthquakes [1, 2].
Severe damages to the structure have occurred due to
past earthquakes, resulting in loss of life and money.
Buildings constructed in India before implementing
seismic codes are most vulnerable and have resulted
in a significant loss. India is a country that is very
seismically active due to its location and
demography. Around 80% population of India lives
in earthquake-prone seismic zones [3]. Bhuj
earthquake occurred in 2001, which resulted in the
collapse of reinforced concrete buildings in Bhuj and
Gandhidham [4, 5]. The earthquake in Kashmir in
2005 resulted in damage to stone masonry buildings
[6]. The occurrence of the Sikkim earthquake in the
year 2011 resulted in the deterioration of non-
engineered reinforced concrete buildings [7]. So,
because of these failures, a seismic vulnerability
assessment needs to be done. Seismic vulnerability
assessment is the process of evaluation to find out the
deficiencies of the structure.
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Much research has been done on seismic
vulnerability —assessment methods by various
scientists around the world [8]. The casualty and
magnitude during occurred earthquakes are shown in
Figure 1 and Figure 2 respectively. The Seismic
vulnerability assessment is a three-step process in
different codes namely, (1) Rapid visual screening
(RVS) (2) Preliminary assessment method or
simplified assessment (3) Detailed assessment
method.

Rapid visual screening (RVS)

This is a fast method of assessment. The screening is
usually done within 10-15 methods. In this, various
parameter is taken into account as per the RVS
forms. Trained surveyors carry out the RVS process.
The main aim of this procedure is to rank buildings
and also to filter out which buildings need further
evaluation. In this method grading is usually done.

Preliminary assessment method or simplified
assessment

In this method models of buildings are drawn along
with layout of columns and beams. This method
includes various type of strength checks and in-depth
evaluations of buildings are done.
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Casualities reported during occured earthquakes
Figure 1 Death reported in India due to significant earthquakes
(Source: Indian Meteorological Department)
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Figure 2 Magnitude of earthquakes in India
(Source: Indian Meteorological Department)

Detailed Evaluation

This is the third phase of evaluation. It requires linear
or nonlinear analyses of the building based on as-
built dimensions. This phase involves calculation of
moments and flexural capacity of buildings. Also,
storey drift calculation is done. The flowchart for the
three-step assessment procedure is shown in Figure
3. The main objective of current work is to find out
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the current vulnerability status of buildings of this
area and identify which building needs further
evaluation. The motivation behind the correct work is
the number of damages due to recurring earthquakes
in this city in past 100 odd years and how to reduce
it. The limitation of the current study is RVS of
selected buildings of Patna.
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Figure 3 Flow chart of vulnerability assessment process

2.Literature review

Mulas et al. [9] studied vulnerability of torsionally
deformable reinforced concrete buildings of Italy. In
this study it was found that buildings were not built
as per seismic provision. The advantages of different
retrofitting methods were concluded.

Haryanto et al. [10] conducted RVS of buildings in
Indonesia. The conclusion from the study is that a
safety policy of educational buildings needs to be
made and the vulnerable buildings can be retrofitted.

Ruggieri et al. [11] did study on priority of most
vulnerable school buildings and proposed a
methodology for assessment of buildings. The result
showed that the proposed methodology can be used
for vulnerability assessment efficiently.

Reddy et al. [12] did study the risk vulnerability of
Chennai. A total number of 100 buildings from
Chennai were surveyed. Pushover analysis was done
on selected buildings. After the analysis, it was
concluded that detailed study for the city needs to be
done.
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Parmar et al. [13] did vulnerability assessment of
buildings of Surat. In the study RVS of 690 buildings
were done It was concluded that almost 80 %
buildings were in good condition.

Calvi et al. [14] did review of various methodology
proposed in past 30 years. In the study it was
emphasized that for assessment of vulnerability in a
loss model, the main parameter is sound algorithm.

Ramly et al. [15] conducted a RVS of 1166 number
of buildings in Pahang, Malaysia. Out of which 308
number of buildings required detailed investigation.

Sarraz et al. [16] conducted RVS of 310 number of
buildings in Chandgaon, Bangladesh. In this study
the vulnerability was compared with the performance
score of the buildings. It was concluded that the
vulnerable buildings need to be repaired and restored.

Modi and Mohan [17] conducted RVS of 100 number
of reinforced concrete buildings in Rambaug,
Ahmedabad, after the Bhuj earthquake. In this study,
it was concluded that 88 % of the building had a soft
storey, 55 % of the building had heavy overhangs,
and 48% had vertical irregularity.
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Sadat et al. [18] studied 2007 number of buildings in
the Dhanmondi, Lalmatia, and Mohammadpur areas
of Dhaka. Out of which 1082 buildings were RCC,
and 975 numbers of the building were unreinforced
masonry buildings. Total 476 buildings out of 1082
buildings had a soft storey. It was concluded that the
majority of buildings did not follow codal provisions
and had no proper emergency exit.

Joshi and Kumar [19] conducted RVS of 3339
number of buildings in Mussoorie, Uttarakhand. Out
of which, around 20% of buildings (623 buildings)
were having grade 5 damage (G5) and grade 4 (G4)
damage. Also, about 19% of buildings (587
buildings) were having grade 4 (G4) damage and
grade 3 (G3) damage.

Dutta et al. [20] did a damage assessment of
buildings after the 2015 Gorkha earthquake. In this
study, it was decided to judge the earthquake
preparedness of buildings in the city of Patna. It was
concluded that many buildings need retrofitting
measures, especially for non-engineered buildings.

Sarmah and Das [21] conducted RVS of 100 number
of buildings of Guwahati. The buildings were
categorized according to nine different parameters.
The study provided details according to which
retrofitting and replacement may be decided further
by municipal authorities of Guwahati.

Rautela et al. [22] conducted a RVS of 6206 numbers
of buildings in Mussoorie and Nainital town of
Uttarakhand. In this study, it was concluded 14% of
buildings of Nainital and 18 % of buildings of
Mussoorie are of Grade 5(G5) damage category.
These buildings are hospital and lifeline buildings
that might be vulnerable in case of significant
earthquakes.

Shakya et al. [23] did damage assessment of
buildings of Bhaktapur city of Nepal after the 2015
Gorkha earthquake. In this study, the main causes of
building damage during the earthquake were
described. Also the remedial measures after
earthquake destruction were recommended.

Aldemir et al. [24] studied about the seismic risk
assessment of buildings. In this study, a method was
developed for the risk assessment of unreinforced
buildings.

Halder et al. [25] studied about damage of existing
buildings in North East. The result with the help of
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fragility curve shows the unreinforced masonry
(URM) building present are most vulnerable ones and
detailed study is required for more accurate results
[26]. From the literature review it is clear that older
buildings are deficient and hence require further
detailed evaluation. After the evaluation of buildings,
retrofitting needs to be done.

3.Methodology

3.1RVS procedure

The RVS procedure followed in this research work
includes the following is shown in Figure 4. Firstly,
the data collection form is selected from existing
RVS methods. Then the area to be screened is chosen
and the secondary data such as soil data, plan etc. are
collected. A team of surveyors is formed. They are
trained and sent to field for data collection. The
primary data of the survey includes the sketch of the
building, no of storeys, plan irregularity, vertical
irregularity and photographs of the buildings etc.
Thereafter the collected data are stored in computer
and analysed.

Selecting and reviewing data collection form |

Pre-plan field survey and Identifving area to be
screened

Acquiring and reviewing pre-field data meluding
existing building files database and soil types for the
surveyved area

Choosing screeners, traiming them and making
assignments

Reviewing existing construction drawing if
available to verify age.size construction tyvpes
Irregurities

Screening the building firom the exterior on all
available sides; Sketch the plan and elevation

If wou have access to the interior verify construction
types and plan imegularities

Photograph the building with imstant or digital
camera

Check the quality and file the data in record
keeping system.

Figure 4 Flowchart for the RVS procedure
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3.20verview of the study area

The study was conducted in the city of Patna. Few
localities of Patna such as Bailey Road, Circular
Road, Deshratna Marg, Mangles Road, Polo Road,
Shastri Nagar, Strand Road, and Taylor Road were
selected for the survey work. The city of Patna lies in
seismic zone IV according to the classification of 1S
1893: 2016. Patna is the capital city of Bihar, which
lies on the Indo-Nepal border. Bihar is located in
high seismic zones due to its location on a tectonic
plate in the Himalayas. Bihar has total no of 38
districts, out of which 8 district lies in Zone V and 24
district lies in zone IV. The state of Bihar has
witnessed major earthquakes in the year 1833, 1934
and 1988 with loss of life and money [27, 28]. The
typology of surveyed buildings are unreinforced
masonry buildings. Figure 5 is the location of study
area taken from the google map of Patna and roads
surveyed are highlighted in yellow.
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Figure 5 Location of study area (Highlighted in yellow)
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3.3Data collection

Primary data was collected through RVS by field
visit and secondary data was collected from junior
engineers of building construction department,
Goverment of Bihar, Patna. RVS survey sheet as
developed in 1S13935:2009[29] was used (Appendix
I1). The RVS Survey sheet is an empirical method of
assessment. The details of locality of buildings are
tabulated in Table 1. Figure 6, Figure 7, Figure 8,
Figure 9 and Figure 10 are different photographs of
building no.-1, Deshratna Marg. This building used
to be the residence of Late Karpoori Thakur, former
chief minister of Bihar and currently used as
museum.

Figure 6 is the front view of the building. Figure 7
shows spalling in ceiling inside the buildings. These
are most common problems in URM buildings.
Figure 8 shows the dampness on the walls of the
buildings. This may have deteriorating effects on the
strength of the buildings. Figure 9 represents walls
with plaster damage. Figure 10 shows corrosion of
reinforcement of roofs.
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Table 1 List of surveyed buildings

Name of the locality Residential Office Total
Quaters of Bailey Road 03 03 06
Quarters of Circular Road 06 00 06
Quarters of Deshratna Marg 03 02 05
Quarters of Mangles Road 06 07 13
Quarters of Polo Road 08 00 08
Quarters of Shastri Nagar 131 00 131
Quarters of Strand Road 29 00 29
Quarters of Taylor Road 03 00 03
189 12 201

Figure 7 Spalling in ceiling
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Figure 8 Dampness on walls
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Figure 10 Corrosion reinforcement of the ceiling

3.4Factors affecting the damageability of
buildings

o Irregularity in plan as well as elevation could leads
to higher grade of damageability.

o Fire exits provided in the buildings were checked.

e Spalling and dampness were checked which had
influence on damage grades.

o Corrosion of reinforcement

4.Results

In this research study damages in buildings were hair
line cracks, major cracks and spalling of plasters for
different grades of damage. There was dampness in
building as well as cracks at roof and lintel level. The
buildings were checked for irregularities. The results
of the current study are classified based upon
damageability, height of the building and age of the
building.
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Damageability grades

A total number of 201 buildings were surveyed and
the damageability grades for each of buildings were
found out using the RVS forms. Survey form as per
IS 13935:2019 were used for the classification of
grades. All the surveyed buildings were masonry type
buildings. The Table 2 below shows the grades of
different buildings

Table 2 Buildings in different damage grade

categories

Grade of damageability No of buidings
Grade 1 00

Grade 2 01

Grade 3 152

Grade 4 46

Grade 5 02

Total 201

The Figure 11 shows the pie chart for comparison
between damageability grade and percentage no of
buildings. The percentage of grade 3 buildings were
more than grade 4 damage buildings. Also, there
were no  grade ldamage buildings. The Table 3
shows the classification of surveyed buildings based
upon the height of the buildings. The height of the
building also affects the vulnerability of building.
The Figure 12 shows the pie chart for comparison
between storey height and percentage no of
buildings. The percentage of surveyed buildings
having height >1 was more than single story building.
Also, there were few buildings of single storey.

Table 3 Storey height of the surveyed buildings

Height of the buildings No. of buildings

G 23
G+1 46
G+2 132
Total 201

The Figure 12 shows the pie chart for comparison
between storey height and percentage no of
buildings. The percentage of surveyed buildings
having height >1 was more than single story building.
Also, there were few buildings of single storey. The
Table 4 shows the classification of surveyed
buildings based upon the age of the buildings. The
age of the building also affects the vulnerability of
building. The topology of surveyed building which
were built in between 1927 and 1950 were made of
lime mortar and roof were flat roof. Also, some roofs
were made of timber which had impact on the
condition of building. The Figure 13 shows the pie
chart for comparison between age of building and
percentage no. of buildings.



Siddharth and Ajay Kumar Sinha

The percentage of surveyed buildings built between A complete list of abbreviations is shown in
1927 and 2000.The building where not complaint to Appendix I.

current Indian standard code and hence are more

vulnerable to seismic hazards.

Damageability grade vs. % no. of buildings
Grade 1, 0%

Figure 11 Pie chart of classification based upon damageability grade

Height of buildings vs. % no. of buildings

Figure 12 Pie chart of classification based upon Height of building
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Table 4 Buildings in different damage grade

categories

Year built No. of buildings
1927 02
1930 03
1934 03
1950 36
1956 01
1960 10
1962 20
1964 98
1965 03
1985 20
2000 05
Total 201
5.Discussion

The vulnerability of existing buildings depends upon
the maintenance history, provision of fire exits and
implementation of codal provisions. The existing
URM buildings in the current research work are
vulnerable due to above factors. The scope of the
current research is limited to RVS of 201 number of
buildings located in Bailey Road, Circular Road,
Deshratna Marg, Mangles Road, Polo Road, Shastri
Nagar, Strand Road, and Taylor Road of Patna. The
surveyed buildings had no fire exits which may prove
to be fatal during fire hazards. Also, higher damage
grade 4 and grade 5 are due to age of buildings and
poor maintenance conditions. There were buildings
having timber roof which may be vulnerable due to
decay in course of time. There was corrosion in
reinforcement in roofs of few buildings which may
be disastrous for occupants in case of failure. The
result of current work will pave way for decision to
be taken for further study and action to be taken
thereof.

6.Conclusion and future work

During RVS survey it was observed that 11.4% of
buildings have a ground floor, 22.9% of buildings are
G+1, and 65.7% of buildings are G+2. The majority
of buildings surveyed are built between 1927 and
2000. Most of buildings had spalling and dampness
in walls. Vegetation growth in and around the
structure was seen which may have impact on
vulnerability. Also, there were many visible vertical
and diagonal cracks in the buildings. These factors
had impact of damage grades. From the study it has
been found that 1% of buildings are Grade 5, 23% of
buildings are Grade 4, 75.6% of buildings are Grade
3 and 0.04% of buildings are Grade 2. In future,
further detailed study of Grade 4 and Grade 5
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» Building vs Age of building
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Figure 13 Classification of building based on Age of
building

buildings needs to be done after which retrofitting
measures can be decided.
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Email: aks@nitp.ac.in 1 RVS Average Recurrent Interval
2 URM Unreinforced Masonry

Appendix 11

The data collection form utilized for field survey (IS 13935:2009)

RAPID VISUAL SCREENING OF MASONRY BUILDINGS FOR SEISMIC HAZARDS

Seismic Zone V

1.1 Building Mame:
1.2 Use:

1.3 Address: Pin
1.4 Other Identifiers:

1.5 No. of Stories

1.6 Year Buili

1.7 Coverad Area; all floors (sq- m)
1.8 Ground Coverage (Sq. m):
1.9 Soal Type:
1.10 Foundation Type
1.11 Roof Type:
1.12 Floor Type
1.13 Structoral Compoments:
1.13.1Wall Type: BE*[ ] Earthen [] WUCR® [] CCBY [ ]
1.13.2 Thickness of wall

1.13.3 Slab thickness

L1234 Mortar Tvpe: Mid [ ] Lime [ ] Cememt [ ]
L.13.5 Vert. B'F bars Comers [ ] T-junctions [ ] Jambs [ ]
1.13.6 Seizmic bands: Plinth [ ] Lintel [ ] Eaves [ ] Gable [ ]

*BB — BumtBrick, *UCRE — Uncoursed R andom Rubble
SCCE: Cem emt Concrete Block

Sketch Plan with Length and Breadth

20 DHOCUPANCY 30 SPFECIAL HAFZARD Al FALLING
HAFZARD

.1 Imporaoat baildings: 3.1 High Watcer Table (withan 5 m) amd i sandy 4.1 Chimneys | ]
Hospataks, Schools, monumemal structures; emergency buildings like telephone exchange, sail, then lquefiable sive indicated.
television, radso stations, raslway siations, fire siations, lange communsty halls ke | yes [ ] Ne [ ]
cinemas, assembly halls and subway statsons, power stations, Imporiant Industral 42 Pammpets [ ]
establishments, VIP residences and Residences of Inportant Emergency person. 3.3 Land Slide Prone Site

[ ] ves [] Ko [ ]

“dmy building hovimg mare rhan 4.3 Cladding [ ]

TN Oecupanis may be fremted o fmpartans. 33 Severe Vertscal
Erregularity
1.2 Ovdimary buildings: Other [T ]wes [ Mo [ ] ddOthers [ ]

busldimgs having oooupants = 100
3.4 Severe Plan Irregularity

Yes l ] Mo [ ]
5.0 Probable Domageability in Fen Many Buildings
Baildings Nasonry Buildimg
type
Danmage- Surveyor’s sign-
ability in A A B/ B+ CiiC+ o
Fome TIT
G5 G L e | Gid FHG3 3 Mame:

Nate: +sigm indicafes igher strengah Aenoe somewhar lovwwer demege cxypected as Alsoe
stated. Average damage iv ane hudlding fype in te area may be lower by one grade Dade of Survey:
poir than the probabie demageabiliny indicefed

Burveysr will identify the Building Type: endircle it, also the corresponadimg
Damage grade.
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