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Abstract: With the rapid growth of urbanization, the possibility of hazard has
increased. Owing to high population concentrations and economic activities, the
likelihood of hazards in urban areas is more nuanced than in rural areas. Vulner-
ability assessment of hazards has been a hot topic in the field of Engineering and
Urban and Regional Planning. Due to the complicated hazard characteristics,
not only engineering but planning approaches are required in order to effectively
mitigate hazards. In recent years, the rapid growth of Dhaka cities has acceler-
ated the pressure on existing buildings, and there is a need to establish adequate
seismic safety screening methods for existing buildings specific to building ty-
pologies. Dhaka City is in danger of an earthquake and several incidents have
occurred. In most situations, the lack of appropriate precautionary steps, admin-
istrative inefficiency, inadequate funds for equipment and lack of public knowl-
edge make the situation worse. Ward 27, an old part of Dhaka City, was chosen
for seismic vulnerability assessment in this survey. For seismic vulnerability as-
sessment, a sample of 300 buildings was evaluated using Rapid visual screening
(RVS) process by Federal Emergency Management Agency (FEMA). The rapid
visual screening process is the initial stage in the assessment of existing buildings.
The survey focuses on earthquake issues such as building type, size and shape of
the plot, specific distances from surrounding structures, road width and basic
building information. The use of Rapid Visual Screening (RVS) in the field of re-
search allows screened buildings to be divided into two categories: those that are
expected to have sufficient seismic efficiency and those that could be seismically
unsafe and that should be further studied.
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1. Introduction

In terms of disaster risk, Bangladesh is the fifth most disaster-prone country in the world,
with natural disasters striking the country almost every year on average (WEC, 2011). Histo-
ry of seismic events and current tremors reported in Bangladesh and nearby regions indicate
that Bangladesh is at high risk of earthquakes, and that large-scale quakes will occur in the
near future, according to the International Seismological Union. Three active and shoving
tectonic plates, as well as a shallowly dipping mega thrust, all of which have the potential to
unleash massive earthquakes, are located beneath Bangladesh’s tectonic plates (Apu & Das,
2020; Steckler et al., 2016). The country of Bangladesh has been devastated by five earth-
quakes with magnitudes greater than 7.0 on the Richter scale in the last 150 years (Shaw et.
al., 2013). Factors like population growth, migration, and the expansion of economic activi-
ties in metropolitan areas have all been suggested as factors that are contributing to the rise
in earthquake risk (GoB, 2015). In addition to earthquakes, Bangladesh is prone to structural
collapse, as evidenced by the deaths and injuries caused by the collapses of Old Dhaka (2004),
the Spectrum (2005), and Rana Plaza (2013). There is no way to predict what would happen
if there is a major earthquake or structural collapse in this country (Alamet.al., 2008).

It marks 400 years since the founding of Dhaka city, which has progressed without the
benefit of a master plan, with structures created on the spur of the moment. Construction
of buildings on artificially sand pilings along the recent floodplains of the Buriganga, Turag,
Balu, and Sitalakhya Rivers has reached a maximum number, both engineered and non-en-
gineered (Rahman et al.,, 2015). Buildings were constructed without the use of an earth-
quake-prevention mechanism in the majority of instances (Ahmed et al., 2010). Three zones
are shown on Bangladesh’s seismic hazard zone map to have seismic coefficients of 0.04 g,
0.05 g, and 0.08 g, respectively, based on the data. The seismic coefficients for three different
zones in Bangladesh are depicted in Figure 1. The danger level in Dhaka, which is located in
the northwest of the country, is as high as 0.05 grams per kilogram of body weight (BNBC,
1993).Table 1 shows the five major faults in Bangladesh’s subsurface (EMF, 2014). Seismogen-
ic data and small-magnitude earthquake occurrences near Dhaka Megacity suggest that these
faults could cause a major earthquake at some point in the future. It is critical to determine
how vulnerable the Dhaka Megacity is to an upcoming earthquake (Khan, 2016).

Vulnerability assessment is a key phase in risk assessment, which translates the level of
danger. The vulnerability assessment examines areas such as demographic clusters, age-spe-
cific demographics, and developmental stresses. According to the 1994 UNDP, “vulnerabil-
ity depends on the degree of failure of the element at risk at a certain level of severity. It is
usually an element that is at risk at a certain degree of seriousness. Generally speaking, the
percentage of loss (between 0: no damage at 1: total risk) is expressed as the percentage of loss
(between 0: no damage at 1: total damage) for the stated risk” The appraisal is undertaken
so that populations can establish tailored interventions to minimize their exposure and their
risk for failure (Sterlacchini, 2011).

With the Rapid Visual Screening (RVS) method, the author hopes to determine the seis-
mic susceptibility of existing buildings in Dhaka. When it comes to evaluating existing
structures, the rapid visual screening method is the first step. As a result of the application of
Rapid Visual Screening (RVS) in the field of research, screened buildings may be separated
into two categories: those that are expected to have appropriate seismic efficiency and those
that may be seismically unsafe and should be further investigated.
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Figure 1. Zones at risk from earthquakes in Bangladesh (BNBC-1993).

Tablel: Fault Line Sources and Estimated Maximum Magnitude

Source EstimatedMaximumMagnitude
Madhupur Fault 7.5
Dauki Fault 8.0
Plate Boundary Fault 1 8.5
Plate Boundary Fault 2 8.0
Plate Boundary Fault 3 8.3
79
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1.1 FEMA Rapid Visual Screening

FEMA has created a test system for the identification of possible seismic hazards in struc-
tures. The fast visual screening system is constructed without structural calculations. Usually
on site, the inspection, data gathering and decision-making processes take place. The seismic
numerical and risk screening is focused on this. The RVS system can be combined with the
community planning database on GIS and can also be used for specialized tools for risk
analysis. The suggestion is that a seasoned seismic architecture specialist should investigate
buildings with a score less than that of the ‘cut-oft’ score. The value of the “cut oft” score
and the option of the RVS type depend on the seismic zone of the region. The approach also
allows for a quick and fast reassessment of the vulnerability of buildings already surveyed on
the basis of the availability of new information that could become accessible in the future due
to scientific or technical advances (Ballarin et al., 2017).

1.2 Seismic Vulnerability Assessment by FEMA- Rapid Visual
Screening (RVS) Method

RVS method was used in this analysis to quantify the seismic susceptibility value. The
mild seismicity data collection system FEMA-154, which is applicable to Bangladesh, was
used. The scores are based on the projected amounts of land shaking in the district, as well as
the city’s or region’s seismic preparation and construction activities. The “cut-oft” score of 2 is
used for this study, according to FEMA 154. Based on the impact on the seismic force, the po-
tential damage to the structure can be graded in a number of ways. This information would
be used to decide if a higher-level evaluation of the building is needed. In general, a score of
S 0.7 implies a high degree of insecurity, necessitating further inspection and rehabilitation
of the residence. The sense of the “cut oft” score and the RVS style choice are determined by
the earthquake zone of the city. Buildings with a score of S less than the cut-oft score should
be investigated by a seismic architecture specialist with expertise.

Table 2: List of Building Type Classifications

Building o L Building o I
code Building description code Building description
Light wood-frame residential and
commercial buildings g
W1 Smaller than or equal to 5000 C2 concrete shear-wall buildings
square feet
W2 Light wood-frame buildings larger 3 Concrete frame buildings with unrein-
than 5000 square feet forced masonry infill walls
S1 Steel moment-resisting frame build- PCl Tilt-up buildings
ings
S2 Braced steel frame buildings PC2 Precast concrete frame buildings
. a1 Reinforced masonry buildings with
53 Light metal buildings RM1 flexible floor and roof diaphragms
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Steel frame buildings with cast-in- Reinforced masonry buildings with
S4 RM2 . .
place concrete shear walls rigid floor and roof diaphragms
Unreinforced masonry bearing-wall
buildings (Also made to include wattle
S5 Steel frame building with unrein- URM and daub structures- building tech-
forced masonry infill walls nique which utilizes a woven lattice of
wood strips daubed with wet such as
clay and straw.)
Concrete moment-resisting frame
C1 o
buildings

(FEMA P-154: Rapid Visual Screening for Potential Seismic Hazards, December 2015).

1.3. Variables of Seismic Vulnerability

Seismic building risk depends on different variables of seismic hazard, i.e. building form,
number of floors, vertical irregularity, and plan irregularity. The following factors are de-
scribed below:

1.3.1 Building types

In urban areas of Bangladesh, a wide range of architectural styles and building materials
are used. Local materials like mud and straw, as well as semi-engineered materials like burnt
brick and stone masonry and engineered materials like concrete and steel, are used. The use
of building materials affects the seismic vulnerability of different building shapes. As local
materials are used without engineering inputs, the volatility of a building is usually larger and
the instable strength of produced materials the less.

1.3.2 Plan Irregularity and Vertical Irregularity

Irregularity of the building plan is a divergence of two dimensions from a rectangular plan.
This discrepancy of the plan contributes to inconsistencies in the distribution of steadiness
and weight, which in turn increases the probability of damage location under heavy ground
upset. Regularity of the plan is promoted in earthquake-resistant structure (Rahman, 2014).

1.3.3 Set Back Rule

The setbacks are meant to provide illumination, ventilation, and safety to adjacent build-
ings as well as the projects under consideration. The setbacks are the minimum needed open
space between the property’s boundary and the proposed building to be constructed on the
plot. A construction or a specified section of it must be set back from the Side Lot Line by a
certain number. They function as traffic areas surrounding buildings in larger neighborhoods
and facilitate car parking. When it comes to high-rise buildings, it is important not only to
move fire tenders around the structure, but also to discourage the fire from spreading to sur-
rounding properties. Therefore, they are perceived to be a significant planning parameter. A
setback is a distance measured back from the property line and must be kept clear of every
structure for the purposes of road widening, protection, air and fire control, etc. The setback
needed for the upper floor extends to the entire house.
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1.3.4 Soft Storey

Several modern buildings have been planned with the unusual feature of leaving the
ground floor exposed for parking, i.e., the ground storey columns do not have any curtain
walls separating them from one another. Open ground floor buildings, often known as soft
storey buildings, are frequent names for these types of constructions. Only columns support
the ground floor of this open ground floor structure, and all partition walls and columns
support the top floor of this open ground floor structure. A number of open ground floor
constructions have collapsed during earthquakes around the world, indicating that they are
not well-suited for earthquake-prone areas. Because there are no partitions between the top
and lower floors, the upper level is significantly more static than the open floor. This results
in a structure where the top level moves virtually as if it were a single block, and where much
of the lateral movement is confined to the soft ground floor (Jahan, 2011).

1.3.5 Short Column and Pounding Effect

A short column is one that has a slenderness ratio of 30 to 120-150 and high compres-
sion and bending. As the short columns are steeper than the large columns, they are more
susceptible to seventeen 17 seismic forces, resulting in higher damage during an earthquake.
Existing constructions with short columns can be repaired in various ways to avoid damage
from upcoming earthquakes (Rahman, 2014).

‘Ward Map of Dhaka City Corporation
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Figure 2: Location of the research area
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2. Materials and Methods

2.1 Research Area Selection

Ward No. 27 (formerly ward 63) is situated in Old Dhaka on the northern side of the Buri-
ganga River. The ward covers an area of around 107.48 hectares (Rajuk, Detailed Area Plan,
2010-2015). The ward is administered by the Dhaka South City Corporation’s Lalbagh Thana
(DSCC). Ward 56 is to the north, Ward 64 is to the south, Ward 69 is to the east, and Ward
62 is to the west of the research district. Lalbag Fort is located on the Ward’s northern border.

2.2 Collection of Data

The study is primarily focused on primary data gathered by field survey. The secondary
data has been gathered from various sources. The map of the research area has been collected
from DSCC. GIS data like building shape files, highways, administrative boundaries, local
facilities, etc. have been collected from RAJUK (DAP, 2015).

2.2.1 Types and Uses of Structure

The study area consists primarily of pucca structures, which are approximately 80.67 per-
cent. The other types included Semi pucca 13.67%, katcha 4.33% and under construction
are about 1.33% of all buildings. According to RAJUK (2015), about 59.63% of buildings are
residential and 16% are for mixed use. The shape file shows that 62.67 percent of buildings are
solely for residential use. Commercial and commercial apps account for 5% and 3% of overall
applications, respectively. Public facilities, which mostly include mosques, cultural centers,
and clubs, account for 4%; education and research account for 1.67 percent; and mixed use
accounts for 19.67 percent.

Use of Structures of Ward 27
Types of Structures of Ward 27

I e comnsion

Use of structures

Types of structure

W Katcha
: B Semi pucca

m Pucca

Under construction

Figure 3: Types and uses of selected structures of ward no. 27
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2.2.2 Age, number of storey and floor area of selected structures

Due to the exponential growth of the population, the majority of the current structures
have recently been demolished and reconstructed. 33 percent of structures were constructed
11 to 20 years ago, 63 percent were constructed 21 to 30 years ago, 5.67 percent were con-
structed 31 to 40 years ago, 16 percent were constructed 41 to 50 years ago, and 1.67 percent
was constructed 31 to 40 years ago. Figure shows distribution of age of buildings.

When RAJUK (2015) data was compared, it is observed that the proportion of one-story
buildings declined from 71.74 percent to 25%, whereas the proportion of four-story, five-sto-
ry, and six-story buildings increased significantly. Buildings of 7, 8, 9, 10, and 11 floors were
also added. The research area has expanded vertically as vacant land has become scarce and
population and economic growth have increased.

The building owners in the sample area do not follow the RAJUK Building Construction
Law. As a result, the building’s floor size is almost equal to the number of floors in this ward.
The plot’s total land area is equivalent to the floor space of the house. The floor space varies
from 25 square feet to 1280 square feet. The bulk of the buildings (86.33 percent) have a resi-
dential floor space of 25-400 square feet. Buildings with a surface area of 400-800 square feet,
mostly commercial shops and shantytowns, account for 0.67 percent of the total

Age of Selected Structures of Ward 27

Age of structures

Wo-10

-0
O30
W:i40
04150
Wsi-60

Floor Area of Buildings

Percent

Floor area in square feet

Source: RAJUK, DAP (2015)
Figure 4: Age, number of storey and floor area of selected structures of ward no. 27
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2.2.3 Transportation network

The main roads through the area are A H M Kamruzzaman Sharani, Zahir Raihan Road,
Dhakeshawri Road, and Lalbagh Road. From the GIS shape file, BUET Central Road, Secre-
tariate Road, Bakshi Bazar Road, Shaheed Miner Road are considered as secondary road. The
Horonath Gosh Road, Orphanage Road, Hussaini Dalan Road, Khaza Dewyanbagh Road,
Umesh Datta Road, Shayasta Khan Road etc. are regarded as tertiary road of this area. The
area’s road network is unrefined and confusing because the streets and lanes are twisting,
narrow, and link to one another in such a way. A variety of dark lanes and streets of differing
widths have been discovered at numerous points along their length. As a result, with the vast
amount of land used for the road network, the entire system was designed without proper
planning and design. From the GIS shape file, it has found that most of the roads are 0.99 m
- 20 m wide among which most of them are pucca and the width of semi pucca road is 2 m.
The width of katcha road is Im-3.05 m.

Road Network Map of Ward 27

Types of Road

100
80
60 o - 16-20m
40 - — . 1101—15 m
20 — — -10m

0 4 — 1-5m

®m15m m6-10m m11-15m 16-20 m

Source: RAJUK, DAP (2015)
Figure 5: Transportation network map of ward 27

2.2.4 Data Processing and Assembling

The raw data has been edited to remove possible errors and processed to suitable format
to ease the data analysis. In this required correction and estimation, the collected data has
been compiled and analyzed manually. It has been processed in a certain way after gathering
data from primary and secondary sources. Maps have been digitized according to collect data
by Arc GIS 10.3 software. After digitizing attribute data have been prepared with the help of
same software. Furthermore, some of the data gathered have been coded so that it can be
readily interpreted and used for research. Data has been presented in tabular, graphic and
other formats. The mathematical package used for this are Microsoft Excel 2013 and SPSS 23.

2.2.5 Interpretation of Final Score

Using the FEMA P - 154, data sheet of rapid visual screening for the existing building is
prepared. After filling up the factors related to seismic vulnerability the final score (S) has
been calculated.

Table 3. Score of RVS According to Damage Potentiality

RVS Score Damage Potential
High probability of Grade 5 damage; Very high probability of
$<0.3
Grade 4 damage
85
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High probability of Grade 4 damage; Very high probability of

0.3<S<0.7
Grade 3 damage

0.7<S<2.0 High probability of Grade 3 damage; Very high probability of
Grade 2 damage

2.0<S<3.0 High probability of Grade 2 damage; Very high probability of
Grade 1 damage

$>3.0 Probability of Grade 1 damage

(FEMA P-154: Rapid Visual Screening for Potential Seismic Hazards, December 2015)

From the structural score predicted from data sheet, building having above grade 2 dam-
age will require further investigation regarding seismic vulnerability. Generally, the score S <
0.7 indicates high vulnerability requiring detailed evaluation and retrofitting of the building.
The buildings with grade 1 or grade 2 damage do not require further evaluation.

3. Results and Discussion

3.1. Seismic vulnerability analysis

The primary objective of this research is to evaluate vulnerability of seismic hazard build-
ings. To conduct the evaluation, a total of 300 structures, including residential, industrial,
colleges, college, government, etc, covering 17.5 per cent of existing buildings, have been
surveyed. Physical survey has been carried out for these 300 buildings. RVS method has been
used to assess the seismic vulnerability of the existing buildings in the study area.

3.1.1 Number of storey

From the field survey 2020, it is evident that 24% of buildings are >7 storey, 64% of build-
ings are 4-7 storey and 12% of buildings are 1-3 storey.

Classification of building according to storey

Number of building

High rise ( =7storey) Mid rise (4-7 storey) Low rise (1-3 storey)

Number of storey

Source: Field survey, 2020
Figure 6: Distribution of buildings according to number of storey
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3.1.2 Construction type

The research area consists entirely of safer RVS (FEMA) buildings (23 percent). Of them,
pucca, C3 form is the top 9.2%, pucca URM is 2.3%. Total highly fragile group of structures
fell into 12%. This category does not have a semi-pucca building. In this group, 23 percent
of the system falls under relatively low levels of vulnerability. 11.4% is of the C3 type, and
0.8% of the buildings of the pucca type are C2. If this is the case, 1.3% is C3 style and 4.1% is
semi-pucca type URM houses.

Table 4: Construction type of building according to RVS score

Construction Type

RVS Katcha Pucca Semi pucca Total
Score 0 C2 C3 URM C3 URM

0.31-0.7 0 0.5 9.2 2.3 0 0 12
0.71-2 0 0.7 9 8.43 4.54 3 25.67
2.01-3 0 0.8 24.4 5.4 0.4 4 35
3.01-4.4 0 0.8 114 54 1.3 4.1 23
0 4.33 0 0 0 0 0 4.33
Total 4.33 2.8 54 21.53 6.24 11.1 100

3.1.3 Uses of building according to score

Among high vulnerable category, 24.88% buildings are residential, 13.33% are commer-
cial and 18.18% are industrial in total sample buildings. Among moderate vulnerable cat-
egory, 30.22% buildings are residential, 22.22% are commercial, 9.09% are industrial and
25% are official buildings in total sample buildings. 26.67% buildings are residential, 33.33%
are commercial and 18.18% are industrial in total sample buildings among the moderately
low vulnerable buildings. Among low vulnerable buildings, 18.22% buildings are residential,
24.44% are commercial, 54.55%are industrial and 25% are official buildings. Table below in-
dicates different uses of building according to RVS score.

Table 5: Different uses of building according to RVS score

RVS Different uses of building (Number)
Score | Residential | Commercial | Industrial | Govt. Assem- Historic Emerge.n— Office|School
bly cy service

0.31-0.7 56 9 2 0 0 0 0 0 0

0.71-2 68 10 1 0 0 0 0 1 0

2.01-3 60 15 2 0 0 0 2 2 2

3.01-4.4 41 11 4 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0

3.1.4 Vertical irregularity and plan irregularity

From the field survey;, it is found that 27.6% of buildings in the region are vertically ir-
regular and 72.4% buildings are vertically regular. About 55% of the sample buildings have
a regular shape (square or rectangular) and 45% of buildings are found to have irregular
(T-shaped, L shaped, etc.).
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Vertical and Plan Irregularity

Plan Irregularity

Vertical Irregularity

w Regular ™ Irregular
Source: Field survey, 2020
Figure 7: Vertical irregularity and plan irregularity of buildings.

3.1.5 Final output from RV score

The RVS (FEMA) system is used to assess a building’s vulnerability to seismic danger. The
RVS (FEMA) method has been used to evaluate 287 of the 300 surveyed structures, the rest of
the buildings are katcha and have not been considered. The data has been mainly obtained by
visual inspection. Among high vulnerable category, 58% buildings are less or equal 6-storey
and 42% buildings are above 6- storey. Among moderate vulnerable category, 63 % buildings
are less or equal 6-storey and 37% buildings are above 6 -storey. Among moderately low
vulnerable category, 74% buildings are less or equal 6 -storey and 26 % buildings are above 6
-storey in total sample buildings. Among low vulnerable category, 77 % buildings are less or
equal to 6-storey and the buildings which above 6- storey are 23%.

Table 6: RVS score of buildings according to vulnerability category

No. of Buildings No. of Buildings
RVS Score|(Floor le;;s( )or equal (Floor above six) Frequency| Percent Vulnerability category
.31-.70 21 15 36 12 [High vulnerability
71-2.0 49 28 77 25.67 |Moderate vulnerability
2.01-3.0 77 27 104 35 |Moderately Low vulnerability
3.01-4.4 54 16 70 23 |Low vulnerability
0.00 - - 13 433 |-

Source: Field survey, 2020

Among 300 surveyed buildings, 13 katcha structures (4.33 percent) are found to be out of
scoring due to their construction materials among the 300 surveyed buildings. About 23 per-
cent of buildings received a score of 3.01 to 4.4, 35 percent received a score of 2.01-3.0, and
25.67 percent received a score of 0.71-2.0 where 12% of the structures were scored 0.31.70.
The Figure 8 shows seismic vulnerability scenario in the study area.

The buildings surveyed occupy 17.5% of the current structures in the study city. About 54
percent of buildings are C3 style and pucca type, and 6.24 percent are C3 type semi-pucca
type buildings. 21.53 per cent land Unreinforced masonry buildings (URMs) and pucca and
11.1 per cent are URM and semi-pucca. One-storey buildings are the largest with 25 per cent
occupancy. About 27.6 percent of buildings are vertically irregular and 45 percent of build-
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ings are irregular in shape. Pucca and apartment structures appear to be more fragile than
the other. The tallest structure in the research area is a 14-story building. According to RVS
(FEMA), the majority of buildings in Ward 27 are now deemed to be of less seismic concern
(61 per cent), although another 39 per cent require further evaluations. Most buildings (23
per cent) are structurally sound, 35 per cent are moderately fragile. About 25.67 per cent of
buildings are moderately susceptible where 12 per cent of buildings are extremely vulnerable
to seismic hazards.

Seismic Vulnerability Map of Selected Buildings (Ward 27)

Legend
[ Road
Waterbody

Seismic Vulnerability Category

I 0.21-0.71 High
] 0.71-2.00 Moderate

170 85 0 170 340 510 Meters [[12.01-3.00 Moderately low
[13.01-4.40 Low

I 0.00 No value
Source: Author, 2020
Figure 8: Seismic Vulnerability Map of Selected Buildings (Ward 27)

4. Conclusion

For specific stakeholders, vulnerability evaluation is a tool for making decisions on how to
respond to and adapt to threats. Using the FEMA 154 Rapid Visual Screening approach, you
may quickly and easily detect potentially hazardous buildings in the preliminary screening
phase. This method is the fastest and cheapest way to assess a building. There is only a small
fraction of Dhaka City that has been studied. More than half of all buildings surveyed were
determined to be of the C3 structural type, which has four to five floors and residential occu-
pancy. The seismic risk for the majority of the buildings in the study region is still 61 percent;
while an additional 39 percent needs to be evaluated. Map layers are developed based on the
results of the vulnerability assessment.

Policymakers may be able to prioritize special consideration areas or hotspots for dis-
aster management if the method is implemented throughout the city. Seismic hazards can
be accounted for in terms of social aspects of vulnerability. If a region has a high level of
seismic activity, it can be determined whether or not there is a significant risk. As part of
spatial planning, it is essential to have a common understanding of what is needed to reduce
vulnerability. With this research, local citizens are given a lot of opportunity to contribute to
help them reduce their own risk of becoming victims of natural disasters. Many countries
have found that involving local residents in disaster response planning is an effective way to
reduce catastrophe risk.
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