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Abstract 

Mymensingh, one of the oldest municipalities of Bangladesh, is at great risk 
against earthquakes because three major faults viz. Dauki fault, Madhupur fault, 
and Sylhet-Assam fault are located around it, and possesses liquefaction sus-
ceptible soil type. The city has great significance from the economic and ad-
ministrative point of view and recently declared as the 8th administrative di-
vision of Bangladesh which directly stimulates the unplanned future expansion. 
Considering the potentiality of haphazard development and high seismic risk, 
it is crucial to assess the seismic vulnerability for taking the judicious decision 
regarding risk reduction measures for the city. The study combines Technique 
for Order Preference by Similarity to Ideal Solution method (TOPSIS) and 
Analytical Hierarchical Process (AHP) models to assess the seismic vulnera-
bility of residential neighborhoods of Mymensingh city as the probability of 
death and damage is remarkable in residential neighborhoods than other land 
use types. A combined quantitative methodology of AHP-TOPSIS is used in 
this study to quantify 13 important qualitative and quantitative factors of 
earthquake vulnerability, decided on expert opinions. The data of 13 vulnera-
bility factors are collected from the Mymensingh Strategic Development Plan 
(MSDP, 2011-2031) database, done under Comprehensive Disaster Manage-
ment Programme (CDMP)-II during 2012-2014. Geographic Information 
System is used in this study to analyze and mapping of seismic vulnerability. 
Results indicated that 37 residential neighborhoods are very highly vulnerable, 
55 neighborhoods are highly vulnerable, 75 neighborhoods are moderately 
vulnerable and 74 neighborhoods are in the low vulnerable category. 
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1. Introduction 

Cities are growing fast all over the world as a process of urbanization and more 
than half of the world population lives in urban area. Formation of new urban 
areas creating new facilities as well as new risk to its citizen and natural disasters 
is one of the most lethal threats to the life and property of citizens of an urban 
area. Natural disaster such as: flood, earthquake, cyclone etc. are major hin-
drance in the way of achieving sustainable urban development which causes 
immense losses of lives and damage to properties, livelihoods and economic in-
frastructures. So, it is major challenges to assess disaster risk and mainstreaming 
disaster risk reduction strategies in the development policy of an urban area. 
Assessing earthquake vulnerability is crucial for a city located on earthquake risk 
zone for better understanding the inherent weakness of the city against earth-
quake to prioritize preparedness and risk mitigation activities. Physical earth-
quake vulnerability refers to a combination of factors related to weakness of the 
built environment, geology and lack of access to emergency services of an urban 
area. Earthquake has been at the top of the disaster management agenda for 
quite some time in Bangladesh after the discovery of hidden megathrust under 
Bangladesh, India and Myanmar which can shake the south Asia at a magnitude 
9.0, placing up to 140 million at risk in most densely populated place on earth 
[1]. The city of Mymensingh is highly earthquake vulnerable due to its poor 
geological setting. The city is surrounded by three major faults viz. Dauki fault, 
Madhupur fault and Sylhet-Assam fault and has close proximity to the newly 
found megathrust. The city also possesses 90% liquefaction susceptible soil type, 
which has very poor seismic behavior [2]. On the other hand, the importance of 
the city is significantly increasing in Bangladesh since the city has economic po-
tentiality, administrative importance, good transportation system and close 
proximity to the capital. Recently the city of Mymensingh got declared as the 8th 
administrative division which is expected to stimulate unplanned future expan-
sion and random development. It is very crucial to assess earthquake vulnerabil-
ity of residential neighborhoods because it is the place where we live and, death 
and damage ratio of residential land use is significantly higher than other 
land-use types [3], especially if an earthquake hits at night time. As Mymensingh 
is an old and historic city of Bangladesh, people started to live in this city nearly 
about the year of 1869; most of the residential neighborhoods grew organically 
without following any physical plan or building code for the construction of 
buildings. Besides, there exists a socio-economic, cultural variation among the 
neighborhoods. In this circumstance, assessing earthquake vulnerability of My-
mensingh city for prioritizing risk reduction activities is the most urgent task to 
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reduce earthquake vulnerability of the city. 
Many methods and tools are developed for assessing earthquake vulnerabili-

ties in different contexts and at different spatial scales. Zaheri, Hir and Miab [4] 
combines Analytical Hierarchical Process (AHP) and Technique for Order Pre-
ference by Similarity to Ideal Solution method (TOPSIS) to assess earthquake 
vulnerability of 74 villages of the central district of Marand County, Iran. A 
combined method of RADIUS, TOPSIS and AHP Models are developed by Sar-
var, Amini and Laleh-Poor [5] to assess seismic risk region 1 of Tehran, where in 
various variables such as the buildings location in proportion to faults, type of 
materials, oldness of the buildings, number of floors, population density, soil 
type, slope of the region, and pathway network were used to evaluate seismic 
vulnerability. Nwe and Tun [3] identified seismic vulnerability zones of Manda-
lay city, Myanmar based on land use condition using AHP. Spatial variation of 
earthquake vulnerability of residential neighborhoods are assessed by Alam and 
Haque [6], using AHP, where soil type, peak ground acceleration, percentage of 
BFL (Brick in cement mortar masonry with flexible roof) building, poor condi-
tioned building, irregular shape building, building with pounding possibility, 
buildings with heavy overhanging, building density (number of building per 
acre) and road width are taken as assessment criteria. Farajzadeh, Ahadnezhad 
and Amini [7] used fuzzy TOPSIS method for vulnerability assessment of urban 
housing against earthquake in Tehran municipality and the result shows that 
urban areas are highly earthquake vulnerable. This study aims to investigate and 
estimate residential land use specific seismic vulnerability of Mymensingh city 
using TOPSIS and AHP models and ranks the residential neighborhoods into 
four levels (low, moderate, high, very high) of earthquake vulnerability based on 
vulnerability score. Geographic Information System (GIS) is used to analyze 
and mapping of the spatial variation of physical vulnerability. This study is 
expected to be helpful in resource targeting for prioritizing risk mitigation ac-
tivities and development of safe, sustainable and earthquake resilient infra-
structure, built environment and housing in residential neighborhoods of 
Mymensingh city. 

2. Study Area 

The city of Mymensingh is located in the northern part of the Bangladesh 
(24˚45'N latitude and 90˚23'E longitude) on the bank of old Brahmaputra River. 
The city was established in 1869 with an area of 2.73 sq·km and 21 administra-
tive wards. It is the home of 258,040 (Male—132,123, Female—125,917) popula-
tion with an annual population growth rate of 1.82% [8]. The city was complete-
ly collapsed in the Great Indian earthquake of 1897 (8.7 Magnitude) originated 
from the epicenter at Shillong Plateau [9]. In 27 July 2008, Mymensingh faced 
another earthquake, known as Mymensingh earthquake, originated from Mad-
hupur fault at 5.1 magnitudes on Richter scale. The epicenter was located 12 km 
northeast of Mymensingh city [10]. There are 241 small residential neighbor-
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hoods in Mymensingh city delineated by mental mapping during preparation of 
Mymensingh Strategic Development Programme [2]. The residential neighbor-
hoods of Mymensingh city grew organically from the British colonial period and the 
physical conditions of the neighborhoods are very poor. Most of the infrastructures 
of the neighborhoods are old, deteriorated and oriented in a haphazard manner in 
earthquake risk zone. This study only takes into account the residential neighbor-
hoods of Mymensingh city as the study area to assess physical seismic vulnerability 
(Figure 1). 

3. Physical Seismic Vulnerability Factors 

Earthquake vulnerability of an urban area largely depends on absence or presents, 
strength or weakness, proximity or distance of some major factors. Physical 
earthquake vulnerability factors are related to inherent weakness of built environ-
ment, geology and accessibility to emergency services etc. In this study, 13 most 
influential vulnerability factors are selected for assessment of seismic vulnerability 
based on a literature review and on experts’ opinions. Some other most impor-
tant structural vulnerability parameters such as-soft storey, short column, age of 
building, lateral stiffness etc. are excluded from this study due to data unavaila-
bility or rare existence in residential neighborhoods of Mymensingh city. The list 
of selected physical seismic vulnerability parameters are shown in Table 1. 
 

 
Figure 1. (a) Seismic zonation map of Bangladesh; (b) Map of Mymensingh City. 
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Table 1. Physical seismic vulnerability factors. 

Physical Seismic  
Vulnerability Factors 

Vulnerability Level 

Low Moderate High 

Average Floor Height 1 floor 2 floor ≥3 floor 

Poor Conditioned  
Building (%) 

0% - 25% 25% - 50% More than 50% 

Masonry Building (%) 0% - 25% 25% - 50% More than 50% 

Pounding Possibility (%) 0% - 10% 10% - 25% More than 25% 

Irregular Shape  
Building (%) 

0% - 10% 10% - 25% More than 25% 

Heavy Overhanging (%) 0% - 10% 10% - 25% More than 25% 

Average Road  
Width (ft.) 

More than 16 ft. 8 - 16 ft. 0 - 8 ft. 

Building Density/Acre 0 - 10 10 - 15 More than 15 

Soil Type Hard Soil Stiff Soil Soft Soil 

Peak Ground  
Acceleration (PGA) 

0.346485 - 0.369287 0.369288 - 0.392051 0.392052 - 0.410747 

Distance to Hospital Less than 500 m 500 - 1000 m More than 1 km 

Distance to Fire Station Less than 1 km 1 km - 2 km More than 2 km 

Accessibility to  
Evacuation Route 

Less than 500 m 500 - 1000 m More than 1 km 

4. Methodology 

This study used a combined methodology of AHP model and TOPSIS model to 
assess the physical seismic vulnerability of residential neighborhoods of Mymen-
singh city. This combined methodology follows three major phases (Figure 2). 
In the first phase, weights of each vulnerability factors are assigned based on pair 
wise comparison of expert’s opinion in AHP model. Then evaluation of best al-
ternatives depicted in a simple mathematical calculation and finally residential 
neighborhoods are ranked using TOPSIS method. In the final phase, the 
weighted and best alternative evaluated data of physical vulnerability factors 
from AHP and TOPSIS model are inputted in GIS environment to produce 
physical seismic vulnerability map of residential neighborhoods of Mymensingh 
city. 

4.1. Analytical Hierarchical Process (AHP) 

AHP is a powerful tool, developed by Saaty [11], for decision making among 
multiple criteria by pair wise comparisons among the criteria based on expert 
opinion. AHP incorporates both qualitative and quantitative aspects of a deci-
sion and assigns weight to each criterion. AHP follows three major steps of vul-
nerability assessment. In the first step, a comparison matrix has been developed 
based on expert opinion on a scale of 1 - 9 where 1 means two factors are equally 
important and 9 indicates that one parameter is extremely important than other.  
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Figure 2. Framework of physical seismic vulnerability assessment. 
 

The scale of importance developed by Saaty [11] is shown in Table 2. In the 
second step, the weight of each factor is calculated from row-multiplied value 
(RMV), unnormalized and normalized value using Equations (1) and (2). 

Unnormalized value, RMVi
nm =                         (1) 

Normalized value = 
1

i

i i
n

m
m

=∑
                          (2) 

here mi refers to the unnormalized value of ith parameter and n represents the 
total influential parameters. In the third step, weight consistencies between 
judgments are measured using Equations (3) and (4). If consistency ratio > 0.1, 
the matrix has inconsistency and pair wise comparison must be reperformed 
between indicators and sub-indicators. 

Consistency index, CI
1

L n
n
−

=
−

                         (3) 

Consistency ratio, 
CICR
RI

=                          (4) 

L represents the Eigen value of pair wise comparison matrix and RI is the 
random inconsistency index which depends on the number of vulnerability as-
sessment parameters (N). The variations of RI value for different number of pa-
rameters are shown in Table 3. 

In this study, a comparison matrix of 13 seismic vulnerability factors is devel-
oped based on judgments of 3 experts. Then the geometric mean of 3 expert’s 
opinion is calculated to aggregate the opinions into one matrix (shown in Table 
4). According to the method, the factors are weighted and ranked on the scale 0 
to 1. The value of CR is 0.014, which indicates consistency in pair wise compari-
son of vulnerability factors. The level of vulnerability of each factor (shown in 
Table 1) is also weighted in this method where the score of low medium and 
high vulnerabilities are 0.167, 0.333 and 0.500 respectively. 
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Seismic Vulnerability 
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vulnerability factors 
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Table 2. Magnitude of importance for pairwise comparison [11]. 

Intensity of importance Definition 

1 Equal importance 

2 Weak or sight 

3 Moderate importance 

4 Moderate plus 

5 Strong importance 

6 Strong plus 

7 Very strong or demonstrate importance 

8 Very, very strong 

9 Extreme importance 

 
Table 3. Random inconsistency indices (RI) for n = 1, 2, ∙∙∙, 15. [12]. 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.52 1.54 1.56 1.57 1.59 

 
Table 4. Pairwise comparison matrix and weights of each factors using AHP model based on geometric mean of expert’s opinion. 

Physical Seismic 
Vulnerability  

factors 
1 2 3 4 5 6 7 8 9 10 11 12 13 Weight 

1) Average floor  
height 

1 0.55 0.44 0.38 1.00 1.00 1.59 1.00 0.28 0.28 0.33 0.33 0.38 0.037 

2) Poor Building (%) 1.82 1 0.79 0.63 2.00 2.00 1.59 1.00 0.28 0.28 0.50 0.44 0.55 0.052 

3) Masonry Building  
(%) 

2.29 1.26 1 0.63 3.00 3.00 2.00 1.26 0.38 0.44 0.63 0.55 0.69 0.068 

4) Pounding  
Possibility (%) 

2.62 1.59 1.59 1 4.00 3.63 2.29 2.00 0.40 0.40 0.63 0.55 1.00 0.085 

5) Irregular Building  
(%) 

1.00 0.50 0.33 0.25 1 1.00 0.50 0.50 0.22 0.23 0.33 0.30 0.35 0.029 

6) Heavy overhanging  
(%) 

1.00 0.50 0.33 0.28 1.00 1 0.50 0.50 0.22 0.23 0.33 0.30 0.35 0.029 

7) Road Width 0.63 0.63 0.50 0.44 2.00 2.00 1 0.69 0.28 0.28 0.40 0.37 0.55 0.040 

8) Building Density 1.00 1.00 0.79 0.50 2.00 2.00 1.44 1 0.38 0.38 0.50 0.50 0.55 0.052 

9) Soil type 3.64 3.64 2.62 2.52 4.64 4.64 3.56 2.62 1 1.00 2.00 1.26 2.29 0.158 

10) Peak ground  
acceleration 

3.64 3.64 2.29 2.52 4.31 4.31 3.56 2.62 1.00 1 2.00 1.26 2.29 0.155 

11) Distance to  
Hospital 

3.00 2.00 1.59 1.59 3.00 3.00 2.52 2.00 0.50 0.50 1 0.63 1.26 0.095 

12) Distance to Fire  
Station 

3.00 2.29 1.82 1.82 3.30 3.30 2.71 2.00 0.79 0.79 1.59 1 2.29 0.121 

13) Accessibility to 
evacuation route 

2.62 1.82 1.44 1.00 2.89 2.89 1.82 1.82 0.44 0.44 0.79 0.44 1 0.079 

(Random consistency index, RI = 1.56, Consistency ratio = 0.014) 
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4.2. Technique for Order Preference by Similarity to Ideal  
Solution Method (TOPSIS) 

TOPSIS is one of the renowned multi criteria decision-making (MCDM) me-
thod, which chose alternatives, based on distance from positive and negative 
ideal point. The basic concept of TOPSIS is the chosen Alternative should have 
the shortest distance from the ideal solution and the farthest from the nega-
tive-ideal solution [13]. TOPSIS model follows five major steps. 

Step 1: Construct normalized decision matrix using Equation (5) where xij 
score of option i with respect to criterion j. 

Normalize score, ( )2
ij ij ijr x x= ∑                         (5) 

Step 2: Construct the weighted normalized decision matrix using Equation (6) 
where wj is weights for each criteria. 

ij j ijv w r= ×                           (6) 

Step 3: Identify the Positive and Negative Ideal Solution. The positive ideal 
(A+) and the negative ideal (A') solutions are defined according to the weighted 
decision matrix via Equations (7) and (8) below 

{ }1 2, , , nA V V V+ + + += 
 

where, ( ) ( ){ }max if ; min ifj ij ijV V j J V j J+ ′= ∈ ∈            (7) 

{ }1 2, , , nA V V V′ ′ ′ ′=   

where, ( ) ( ){ }min if ; max ifj ij ijV V j J V j J′ ′= ∈ ∈            (8) 

Step 4: Calculate the separation distance of each alternative from the positive 
ideal and negative ideal solution (Equations (9) and (10)). 

( )2

1
n

j ijjS V V+ +
=

= −∑  

where, 1, ,i m=                         (9) 

( )2

1
n

j ijjS V V−
=

′= −∑  

where, 1, ,i m=                            (10) 

Here iS +  is the distance from the ith alternative from the positive ideal point 
for the jth feature and iS −  is the distance between the ith alternative and the 
negative ideal point for the jth feature. The negative and positive ideal point for 
each physical seismic vulnerability factors are shown in Table 5. Positive and 
negative ideal point used in TOPSIS model. 

Step 5: Measure the relative closeness of each location to the ideal solution 
using Equation (11). 

Closeness, ( )iC S S S∗ − − += +                      (11) 

Ci
* is a value between 0 and 1 and when the value is closer to 1, that alternative is 

closer to the ideal condition. In this study, highest physical seismic vulnerability  
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Table 5. Positive and negative ideal point used in TOPSIS model. 

Vulnerability  
Factors 

Positive Negative Factors Positive Negative Factors Positive Negative 

Average Floor Height 0.00507 0.00170 
Building  
Density 

0.00392 0.00131 
Pounding  
Possibility 

0.00919 0.00307 

Poor Building 0.00614 0.00205 Soil type 0.01342 0.00886 
Irregular  
Building 

0.00297 0.00099 

Masonry Building 0.00542 0.00181 PGA 0.01358 0.00454 
Heavy  

overhanging 
0.00338 0.00169 

Road Width 0.00113 0.00337 
Distance 

to Hospital 
0.00843 0.00282 

Distance to  
Fire Station 

0.00907 0.00303 

 
Accessibility  
to evacuation 

route 
0.01110 0.00371  

 
point represents the positive ideal point and the negative ideal point is the one 
with the lowest physical seismic vulnerability. The positive and negative ideal 
point for each parameter In addition, the closeness of alternative value is to 1, 
the more vulnerable those limits are and the closer they are to 0, the less vulne-
rability these limits will have. 

5. Data Source and Analysis 

5.1. Data Source 

The weight of factors and sub-factors of physical seismic vulnerability of resi-
dential neighborhood of Mymensingh city has been determined by Analytical 
Hierarchical Process through expert’s judgment. All the data of 13 physical 
seismic vulnerability factors of Mymensingh city are collected from the physical 
and geological feature database of Mymensingh Strategic Development Plan 
(MSDP, 2011-2031) under Comprehensive Disaster Management Programme 
(CDMP)-II of the Ministry of Disaster Management and Relief and Urban De-
velopment Directorate (UDD), Ministry of Housing and Public Works. The 
physical and geological feature survey and database preparation was done during 
CDMP phase-II period from 2012-2014. 

5.2. Analysis of Physical Seismic Vulnerability Factors 

Earthquake vulnerability of an urban area largely depends on the vulnerability of 
its built up environment as the structures are mainly responsible for the death 
and damage in any earthquake hazard. There exists a remarkable diversity in the 
infrastructure of residential neighborhoods of Mymensingh city because of its 
antiquity and significance. In this study, 13 physical seismic vulnerability factors 
are analyzed using AHP and TOPSIS model based on expert opinion to assess 
the seismic vulnerability of residential neighborhoods of Mymensingh city. 

5.2.1. Average Floor Height 
Building height has a very significant influence on earthquake vulnerability of an 
area. Tall or high-rise buildings are affected most during the earthquake than 
low-rise building. In this study, Average building height of every residential area 
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is calculated to assess the spatial variation of earthquake vulnerability of My-
mensingh town. In Mymensingh City, 86% of total residential buildings has only 
1 floors where 7% building are 2 floors and 7% building has more than 3 floors. 
The main risk of building height in Mymensingh city is its spatial concentration. 
Some residential neighborhoods have a high concentration of high-rise build-
ings, which makes them vulnerable to earthquake. Residential neighborhood 
wise average building height data of Mymensingh city have been extracted from 
the physical feature survey data of MSDP using the geo-processing tool in Arc 
GIS environment. The spatial distribution of residential buildings floor height is 
shown in Figure 3(a). 

5.2.2. Poor Conditioned Building 
Earthquake vulnerability of any structure greatly depends on its apparent quality 
and a structure with poor apparent quality has poor seismic behavior. As My-
mensingh is an old city of Bangladesh, most of the buildings in this city are an-
tique and are in a poor condition now. In Mymensingh city, 27% residential 
buildings are now in very poor condition, which has a high probability to fall or 
damage in very small seismic activity. The residential neighborhood wise data of 
poor buildings are extracted in this study from physical feature survey data of 
MSDP using the geo-processing tool in GIS environment to assess the earth-
quake vulnerability. The spatial distribution of poor buildings in residential 
neighborhoods of Mymensingh city is shown in Figure 3(b). 

5.2.3. Masonry Building 
The construction material of buildings also determines the earthquake vulnerabil-
ity of any urban area. Building with different construction material behave diffe-
rently in an earthquake shaking and masonry buildings (buildings constructed  
 

 
Figure 3. Distribution of (a) average floor height; (b) Poor buildings in residntial neighborhoods of Mymensingh city. 
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with of brick and cement block or stone) have a very poor seismic behavior. The 
city of Mymensingh is highly earthquake vulnerable because about 47% residen-
tial buildings of the residential neighborhoods of the city are masonry building. It is 
essential to assess the spatial concentration of masonry building in residential 
neighborhoods of Mymensingh city. In this study, the residential neighborhood wise 
data of masonry building are extracted and analyzed from the physical feature survey 
database of MSDP, using the geo-processing tool in GIS environment. The spatial 
distribution of masonry buildings in Mymensingh city is shown in Figure 4(a). 

5.2.4. Pounding Possibility 
Insufficient separation between buildings causes collision of one building with 
adjacent buildings and causes great damage to the buildings during an earth-
quake. This collision is commonly called as pounding. As an ancient city of Ban-
gladesh, the buildings are densely oriented in the residential neighborhood of 
Mymensingh city. About 12% buildings in Mymensingh city has the possibility 
of pounding during an earthquake. The data of pounding are extracted from the 
physical feature survey database of MSDP and shown in Figure 4(b). 

5.2.5. Irregular Shape Building 
Irregularity in building plan is a deviation from a rectangular plan, having or-
thogonal axis systems in two directions. Such deviation from plan irregularity 
leads to irregularities in stiffness and strength distributions, which in turn in-
crease the risk of damage localization under strong ground excitations [14]. In 
Mymensingh city, almost 10% residential building has either vertical or hori-
zontal irregularity. The residential neighborhood wise data of irregularity are 
extracted from the physical feature survey database of MSDP using the 
geo-processing tool in Arc GIS. The spatial distribution of irregularity is visually 
represented in Figure 4(c). 

5.2.6. Heavy Overhanging 
Heavy overhangs are the part of a building that hangs outside with less support, 
which has the high possibility of falling early during an earthquake and cause 
damage and death. In Mymensingh city, 2% residential buildings have heavy 
overhanging and most of the buildings are located in the middle part of the city. 
The data of overhanging of each neighborhood are extracted from physical fea-
ture database of MSDP using the geo-processing tool in Arc GIS and shown in 
Figure 4(d). 

5.2.7. Road Width 
Road width has a great significance in the movement of emergency vehicles in 
response and recovery phase after an earthquake. In this study, the road with less 
than 8 ft width is considered as vulnerable and most of the road of residential 
neighborhoods are in vulnerable category. The data of average road width of 
each neighborhood are collected and analyzed from the road network database 
of MSDP and shown in Figure 4(e). 
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Figure 4. Distribution of (a) Masonry buildings; (b) Buildings with pounding possibility; (c) Irregular shaped buildings; (d) 
Buildings with heavy overhanging; (e) Road width; and (f) Building density in residential neighborhoods of Mymensingh city. 
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5.2.8. Building Density 
Building density refers to the number of buildings that are located per unit area 
and the area, which has a high building density, has a high earthquake and fire 
vulnerability. In this study, the density of building per acre in every residential 
neighborhood of Mymensingh is calculated in GIS environment and shown in 
Figure 4(f). 

5.2.9. Soil Type 
When an earthquake occurs, a huge amount of energy spread through the 
ground and hard soil are the faster modes of spreading than stiff or soft soil. In 
stiff or soft soil, the seismic waves are being amplified to maintain the same 
energy, which creates stronger shaking. The city of Mymensingh is in great earth-
quake risk as 90% soil of the city is either stiff or soft soil [2]. Figure 5(a) shows 
the distribution of soil type in residential neighborhoods of Mymensingh and 
the data soil type are collected from MSDP geological survey database and ana-
lyzed in GIS environment using the geo-processing tool. 

5.2.10. Peak Ground Acceleration 
Peak Ground Acceleration (PGA) expresses the intensity of ground shaking and 
used for creating shake map for an area to design emergency response and plan-
ning. The PGA values of Mymensingh city vary from 0.41 g to 0.38 g, which is in 
“Severe” perceived shaking category in Instrumental Intensity scale developed by 
United States Geological Survey (USGS). The PGA values of each neighborhood 
of Mymensingh City are extracted from geological survey database of MSDP us-
ing the geo-processing tool in GIS environment and shown in Figure 5(b). 

5.2.11. Distance from Hospital 
Hospital is an important element of emergency response planning after an 
earthquake occurs and there is 64 hospitals (private and govt.) hospital in My-
mensingh town. But most of the hospitals are spatially concentrated in the mid-
dle part of the city and some neighborhoods are located outside of service area of 
these hospitals. The spatial distribution of hospital is shown in Figure 5(c). The 
distance of nearest hospital from the center of each neighborhood of Mymen-
singh city are calculated using closest facility function under network analysis 
tool in Arc GIS software. For calculation of distance, road network dataset is 
created from road network database of MSDP and the center of each neighbor-
hood is identified using data management tool in Arc GIS software. 

5.2.12. Distance from Fire Station 
The seismic wave of an earthquake damages the electrical power, gas lines or 
other fire sources badly, which triggers the risk of fire hazard in an area after a 
seismic activity. It is irony of fate that there is only one fire station (Figure 5(c)) 
in Mymensingh city for 258,040 population and 37,674 residential buildings. The 
location of fire station is shown in figure and the distance of each neighborhoods 
from the fire station are calculated in the similar procedure like hospital distance 
calculation. 
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Figure 5. Distribution map of (a) Soil type; (b) Peak ground accelartion; (c) Hospital and Fire Service; and (d) Evacuation route in 
residential neighborhoods of Mymensingh city. 

5.2.13. Accessibility to Evacuation Route 
As Mymensingh is an earthquake vulnerable city, emergency evacuation route 
after an earthquake has been designed for the city under Comprehensive Disas-
ter Management Program (CDMP-II). In this study, the distance of nearest node 
of the evacuation route from the center of each neighborhoods are calculated 
using closest facility function under network analysis tool in Arc GIS envi-
ronment to assess the accessibility of each para to evacuation route. The evac-
uation route designed for Mymensingh city under CDMP-II are shown in 
Figure 5(d). 

In the next step, the neighborhood wise database of aforementioned 13 factors 
are joined with the residential area map of Mymensingh city map in vector based 
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GIS. The weights of each factors are assigned and ranked using AHP model to 
calculate the score of each factors based on expert opinion. The positive ideal 
point and negative ideal point of each factors are identified in TOPSIS model. 
Then, the residential neighborhoods are ranked based on relative closeness 
score, calculated in TOPSIS model in Excel environment, and the score are rec-
lassified using natural break (Jenks) and joined with residential area map of 
Mymensingh city map in vector based GIS. Finally, physical seismic vulnerabili-
ty map of residential neighborhoods of Mymensingh city is produced based on 
reclassified relative closeness vulnerability score. 

6. Result 

The GIS based analysis of physical seismic vulnerability, using a combination of 
AHP and TOPSIS model, classified the residential neighborhoods into four level 
of seismic vulnerability. The result shows that 37 residential neighborhoods are 
very highly seismic vulnerable, 55 residential neighborhoods are highly seismic 
vulnerable, 75 residential neighborhoods are moderately seismic vulnerable and 
74 neighborhoods are in low vulnerable category. The spatial distribution of 
seismic vulnerability of residential neighborhoods of Mymensingh town is vi-
sually represented in Figure 3 using GIS. The vulnerability map shows that the 
same vulnerability categorized neighborhoods locate very close to each other, 
which indicates a pattern of vulnerability residential neighborhoods of Mymen-
singh city. The north-western part of the city is very high seismic vulnerable 
whereas the southern part of the city is mostly moderate and low vulnerable. 
This result indicates that development of any type in the very high and high 
vulnerable zone should follow the seismic code of building construction Act of 
Bangladesh, considering the soil type and PGA value and exiting vulnerable 
building needs to be removed or renovated in this zone. Provision for emer-
gency services needs to be provided in this very high and high vulnerable zone 
for developing a safe, sustainable and seismic resilient urban place in Mymen-
singh city. 

7. Discussion 

Understanding the spatial variation of earthquake vulnerability and related me-
thodologies of vulnerability assessment helps to design appropriate risk mitiga-
tion policies and action plans for an urban area. In this study, the physical seis-
mic vulnerability of residential neighborhoods of Mymensingh city has been in-
vestigated according to geotechnical and structural factors by using a combina-
tion of AHP and TOPSIS model in GIS environment. Not all the factors have the 
same importance in earthquake vulnerability of an area. Therefore, to achieve 
the relative importance of each factor, weights have been given to each factors 
using AHP based on expert’s judgment. The vulnerability map of Mymensingh 
city identifies that most of the high and very high vulnerable zone is located in 
the northwestern neighborhoods of the city (Figure 6) where the soil are mainly  
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Figure 6. Physical seismic vulnerability of residential neighborhoods of mymensingh city. 

 
soft (Figure 5(a)) and PGA value are very high (Figure 5(b)). These neighbor-
hoods are very high vulnerable because of inaccessibility to fire and hospital service 
(Figure 5(c)). On the other hand, most of the moderate and high vulnerable 
neighborhoods are located in the middle part of the city where buildings are 
densely oriented with heavy over hangings and high risk of pounding (Figure 
6). Spatial concentration of masonry, poor and irregular buildings are high in 
these neighborhoods, which makes them high or moderately vulnerable to 
earthquake. 

To validate the result of this study, it is important to find out similar works 
done in Mymensingh city previously and compare the result of this paper with 
that previous works. Comprehensive Disaster Management Program phase-II 
(2012-2014) had developed earthquake sensitivity map for Mymensingh city 
during the preparation of Mymensingh Strategic Development Plan (MSDP) 
using Hazus (a multi hazard risk assessment tool developed by Federal Emer-
gency Management Agency) methodology. The earthquake sensitivity map of 
Mymensingh city is shown in Figure 7. Comparison between Figure 6 and Fig-
ure 7 shows more or less the same areas of Mymensingh town, which are earth-
quake vulnerable. 
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Figure 7. Earthquake sensivity map prepared by CDMP-II. 

8. Conclusion 

It is very important to assess the seismic vulnerability of a city to build up a safe, 
sustainable and earthquake resilient place for living. This paper introduced mi-
cro-level land-use specific physical seismic vulnerability assessment using com-
bined methodology of AHP and TOPSIS model for Mymensingh city, which is 
expected to help the policy makers to prioritize special city planning initiatives 
to reduce earthquake risk. The method used in this paper can be applied in any 
geographic location, which is earthquake vulnerable. These findings are consis-
tent with the empirical knowledge of the study area and are expected to be help-
ful in identifying appropriate seismic risk reduction interventions by the local 
authorities. Socio-economic aspects of vulnerability are overlooked in this study, 
which can be integrated into further research to develop a more accurate as-
sessment to help in city planning and disaster management. 

Acknowledgements 

Authors gratefully acknowledge the assistance from Urban Development Direc-
torate (UDD)-Government of the People’s Republic of Bangladesh and Com-
prehensive Disaster Management Programme (CDMP) for data support for this 
research work. Authors also would like to thank Dr. Ishrat Islam, Professor, De-
partment of Urban and Regional Planning, Bangladesh University of Engineer-

https://doi.org/10.4236/gep.2018.62011


M. S. Alam, S. M. Haque 
 

 

DOI: 10.4236/gep.2018.62011 182 Journal of Geoscience and Environment Protection 

 

ing and Technology, Dhaka, Dr. Mehedi A. Ansary, Professor, Department of 
Civil Engineering, Bangladesh University of Engineering and Technology, Dha-
ka and Naima Ahmed, Deputy Secretary, Ministry of Disaster Management and 
relief, Bangladesh, for their precious judgement as expert in this paper. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

[1] Brandon Miller, C. (2017) Bangladesh: Hidden Fault Could Trigger Quake. 
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.ht
ml  

[2] CDMP (2014) Scenario-Based Earthquake Contingency Plan for Mymensingh Mu-
nicipality. Government of Bangladesh, Dhaka. 

[3] Nwe, Z. and Tun, K. (2016) Identification of Seismic Vulnerability Zones Based on 
Land Use Condition. American Scientific Research Journal for Engineering, Tech-
nology, and Sciences (ASRJETS), 23, 90-102.  

[4] Zaheri, M., Hir, M. and Miab, K. (2015) Vulnerability Assessment of Rural Areas’ 
Regarding Earthquake Risk (Case Study: The Central District of Marand County). 
Journal of Research and Rural Planning, 4, 97-111.  

[5] Sarvar, H., Amini, J. and Laleh-Poor, M. (2011) Assessment of Risk Caused by 
Earthquake in Region 1 of Tehran Using the Combination of RADIUS, TOPSIS and 
AHP Models. Journal of Civil Engineering and Urbanism, 1, 39-48. 

[6] Alam, M.S. and Haque, S.M. (2017) Assessing Spatial Variability of Earthquake 
Vulnerability of the Residential Neighborhoods of Mymensingh Town and Their 
Implications in City Planning and Management. International Conference on Dis-
aster Risk Mitigation 2017, BUET-Japan Institute of Disaster Prevention and Urban 
Safety, Dhaka.  

[7] Farajzadeh, M., Ahadnezhad, M. and Amini, J. (2011) The Vulnerability Assess-
ment of Urban Housing in Earthquake against (A Case Study: 9th District of Tehran 
Municipality). Urban-Regional Studies and Research Journal, No. 9, 5-7.  

[8] BBS (2011) Bangladesh Bureau of Statistics, Bangladesh Population Census: My-
mensingh Zila Series. Planning Commission, Ministry of Planning, Dhaka. 

[9] Ahmed, M., Jahan, I. and Alam, M. (2014) Earthquake Vulnerability Assessment of 
Existing Buildings in Cox’s-Bazar Using Field Survey & GIS. International Journal 
of Engineering Research & Technology (IJERT), 3, 1147-1156.  

[10] Chowdhury, I.S. (2015) Chronology of Quakes in BD. The Daily Observer.  
http://www.observerbd.com/2015/04/26/85701.php  

[11] Saaty, T.L. (1980) The Analytic Hierarchy Process. McGraw-Hill, New York. 

[12] Golden, B.L. and Wang, Q. (1989) An Alternative Measure of Consistency. In: Gol-
den, En and Harker, W., Eds., The Analytic Hierarchy Process: Applications and 
Studies, Springer, Heidelberg, 68-81.  
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.ht
ml   
https://doi.org/10.1007/978-3-642-50244-6_5  

[13] Hwang, C. and Yoon, K. (1981) Multiple Attribute Decision Making. Springer Ber-

https://doi.org/10.4236/gep.2018.62011
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.html
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.html
http://www.observerbd.com/2015/04/26/85701.php
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.html
http://edition.cnn.com/2016/07/21/weather/bangladesh-earthquake-threat/index.html
https://doi.org/10.1007/978-3-642-50244-6_5


M. S. Alam, S. M. Haque 
 

 

DOI: 10.4236/gep.2018.62011 183 Journal of Geoscience and Environment Protection 

 

lin Heidelberg, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-48318-9  

[14] Rahman, N., Ansary, M.A. and Islam, I. (2015) GIS-Based Mapping of Vulnerability 
to Earthquake and Fire Hazard in Dhaka City, Bangladesh. International Journal of 
Disaster Risk Reduction, 13, 291-300. https://doi.org/10.1016/j.ijdrr.2015.07.003  

https://doi.org/10.4236/gep.2018.62011
https://doi.org/10.1007/978-3-642-48318-9
https://doi.org/10.1016/j.ijdrr.2015.07.003

	Assessment of Urban Physical Seismic Vulnerability Using the Combination of AHP and TOPSIS Models: A Case Study of Residential Neighborhoods of Mymensingh City, Bangladesh
	Abstract
	Keywords
	1. Introduction
	2. Study Area
	3. Physical Seismic Vulnerability Factors
	4. Methodology
	4.1. Analytical Hierarchical Process (AHP)
	4.2. Technique for Order Preference by Similarity to Ideal Solution Method (TOPSIS)

	5. Data Source and Analysis
	5.1. Data Source
	5.2. Analysis of Physical Seismic Vulnerability Factors
	5.2.1. Average Floor Height
	5.2.2. Poor Conditioned Building
	5.2.3. Masonry Building
	5.2.4. Pounding Possibility
	5.2.5. Irregular Shape Building
	5.2.6. Heavy Overhanging
	5.2.7. Road Width
	5.2.8. Building Density
	5.2.9. Soil Type
	5.2.10. Peak Ground Acceleration
	5.2.11. Distance from Hospital
	5.2.12. Distance from Fire Station
	5.2.13. Accessibility to Evacuation Route


	6. Result
	7. Discussion
	8. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

