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Abstract 

Earthquakes occurrences posed a serious threat to man as they are unpredictable and destructive. The entire states of 

Northeast, India falls under seismic zone V

it is of utmost importance to study the impact of seismic event on anthropogenic assets. The present study was carried out in 

Kohima, the capital of Nagaland, India. Estimation of seismic event was calculated based on five time periods for deriving 

the response spectra. The buildings were classed into four classes (W1, C3L, C3M and C3H) based on parameter such as

material used, number of floor etc. The technique adopted for the study was based on HAZUS model developed by FEMA. 

The damage probability was further clas

complete damage. The significance of the study lies in the application of HAZUS model for estimating the building responses 

to an earthquake event. 
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Introduction 

One of the most pressing issues related to geo
east India is undeniably the regions vulnerability to seismic 
activities. North-east India situated in a tectonically active 
region classed under seismic zone V (most vulnerable to seismic 
hazard) has experienced four major earthquakes
becomes important to understand and decipher the various 
seismic impact on human properties especially buildin
earthquake do not kill but building does. The study area selected 
is Kohima, the capital of Nagaland, India with a population of 
1,14,773 (according to 2011 census). Its geographical extents 
are 94˚05’04’’E and 94˚07’23’’E latitude and 25˚38’28’’
25˚39’24’’N longitude with an average elevation of 1444m 
above MSL. Initially, it was established as a chief 
administrative centre by British government on July 1878 to 
control the Angami Naga area and the frontiers of Manipur.
 
The present day Kohima is rapidly undergoing urbanising 
(population density is 7059 persons per sq. Km) therefore, it 
becomes vital to study the impact of seismic waves on the 
elements at risk- buildings and to analyse its characteristics. 
Objects (can be social or physical) which are exposed to the 
danger of hazard are known as elements at risk
resilient or susceptibility to hazard by socio
physical asset in an urban setting is termed as its degree of 
urban vulnerability3. This study is an attempt 
vulnerability of building basing on the material used, its types, 
floor number etc. 
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tmost importance to study the impact of seismic event on anthropogenic assets. The present study was carried out in 

Kohima, the capital of Nagaland, India. Estimation of seismic event was calculated based on five time periods for deriving 

tra. The buildings were classed into four classes (W1, C3L, C3M and C3H) based on parameter such as

material used, number of floor etc. The technique adopted for the study was based on HAZUS model developed by FEMA. 

The damage probability was further classified into no damage, slight damage, moderate damage, extensive damage and 

complete damage. The significance of the study lies in the application of HAZUS model for estimating the building responses 

spectra, HAZUS. 

One of the most pressing issues related to geo-hazard in North-
east India is undeniably the regions vulnerability to seismic 

tectonically active 
region classed under seismic zone V (most vulnerable to seismic 
hazard) has experienced four major earthquakes1. It therefore 
becomes important to understand and decipher the various 
seismic impact on human properties especially buildings since 
earthquake do not kill but building does. The study area selected 
is Kohima, the capital of Nagaland, India with a population of 

(according to 2011 census). Its geographical extents 
˚07’23’’E latitude and 25˚38’28’’N and 

˚39’24’’N longitude with an average elevation of 1444m 
above MSL. Initially, it was established as a chief 
administrative centre by British government on July 1878 to 
control the Angami Naga area and the frontiers of Manipur.  

a is rapidly undergoing urbanising 
(population density is 7059 persons per sq. Km) therefore, it 
becomes vital to study the impact of seismic waves on the 

buildings and to analyse its characteristics. 
hich are exposed to the 

known as elements at risk2. The amount of 
resilient or susceptibility to hazard by socio-economic and 
physical asset in an urban setting is termed as its degree of 

. This study is an attempt to bring out the 
vulnerability of building basing on the material used, its types, 

Various studies on seismic activities in this region have been 
carried out. The application of semi
estimating and comparing seismic hazard based on peak ground 
acceleration, showed Kohima experienced 250cm/sec
highly seismic hazard area4. Macro seismic intensity and peak 
ground acceleration has been used traditionally however, recent 
studies show building vulnerability bas
Bhandari in his study stressed on the point that it is not possible 
to prevent hazard however, its mitigation and estimation of 
possible risk can be executed by carrying out corrective 
measures during and after construction for cou
The structural vulnerability of buildings are measured by 
structural features such as foundation, column, beam etc. which 
determine the physical rigidity of a building
building to seismic hazard according to FEMA
by its fragility curve to estimate the building damage state 
probabilities. 
 

Material and methods 

To estimate the assessment of building vulnerability on 
earthquake hazard, a building footprint was generated based on 
high resolution satellite imageries. The usage of high resolution 
imageries9 helped in better identification of buildings. Each 
building was identified and categorised into four building types   
namely W1 (wooden), C3L (concrete lo
mid-rise) and C3H (concrete high-rise) building types based on 
Federal Emergency Management Agency (FEMA) guidelines.  
W1 total building representing wooden, light frame structure 
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complete damage. The significance of the study lies in the application of HAZUS model for estimating the building responses 

Various studies on seismic activities in this region have been 
carried out. The application of semi-empirical technique for 

c hazard based on peak ground 
acceleration, showed Kohima experienced 250cm/sec2 making it 

. Macro seismic intensity and peak 
ground acceleration has been used traditionally however, recent 
studies show building vulnerability based on response spectra5. 
Bhandari in his study stressed on the point that it is not possible 
to prevent hazard however, its mitigation and estimation of 
possible risk can be executed by carrying out corrective 
measures during and after construction for countering disaster6. 
The structural vulnerability of buildings are measured by 
structural features such as foundation, column, beam etc. which 
determine the physical rigidity of a building7. The response of a 
building to seismic hazard according to FEMA8 is represented 
by its fragility curve to estimate the building damage state 

To estimate the assessment of building vulnerability on 
earthquake hazard, a building footprint was generated based on 

mageries. The usage of high resolution 
helped in better identification of buildings. Each 

building was identified and categorised into four building types   
), C3L (concrete low-rise), C3M (concrete 

rise) building types based on 
Federal Emergency Management Agency (FEMA) guidelines.  
W1 total building representing wooden, light frame structure 
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with building materials such as wood, bamboo, tin etc, was 
7822. C3L (total building 5331) represented concrete and 
unreinforced masonry infill buildings with 1-3 storey buildings. 
C3M with 7208 building stands for mid-rise concrete and 
unreinforced masonry infill wall with 4-7 storey buildings and 
C3H (334 number of building) represents high rise concrete and 
unreinforced masonry infill walls with storeys greater than 7. 
After the buildings were categorised, basing on the probabilistic 
seismic hazard analysis10 the response spectra on pseudo-
spectral acceleration (PSA) and spectral displacement was 
calculated (Table-1). 
 
Table-1: Response spectra of Kohima. 

Time period 
Spectral 

acceleration 
Spectral 

displacement 

0.04 0.26 0.004 

0.17 0.79 0.223 

0.34 0.49 0.555 

0.7 0.26 1.248 

1 0.23 2.254 

 
The capacity curve from FEMA guidelines8 and the response 
spectra was then used to calculate the building peak response 
indicating the strength of a building. It was observed that the 
peak building response range from 1.1-3.2 m/s for the four 
building types. The fragility curve indicating the cumulative 
damage probabilities was classified as no damage, slight 
damage, moderate damage, extensive damage and complete 
damage probabilities basing on the following equation-1. 
 

P �ds S�� � = Ф{ �
β�
ln	( ������ .��)}                 (1) 

 
Where: P(ds/Sd) is probability being in or exceeding a damage 

state ds, Sd.ds is spectral displacement Sd, βds is lognormal 

standard deviation of spectral displacement, Φ is standard 
normal cumulative distribution function. 
 

Results and discussion  

The building vulnerability estimate adopted from HAZUS 
FEMA gives a description about the seismic impact on the 
structure of the building. The overall damage probability (in 
percentage) of the study area is summarized in Table-2. 
 
From the study, the numbers of buildings which undergoes 
damage probability are as follows; 
 
No damage probability: 3511 building number of buildings was 
under no damage building probability. Out of which 1319 was 
under W1 building type, C3L building type was 1017 numbers, 

C3M buildings was 1153 buildings and C3H building type was 
22 numbers of buildings. 
 
Slight damage probability: 5910 buildings was under slight 
damage probability where the building types observed under 
slight damage was 2835 buildings for W1, C3L building type 
was 1091, C3M building type was 1903 buildings and C3H 
building type was 81. 
 
Moderate damage probability: moderate damage probability 
showed 5641 buildings where 2625 buildings was under W1 
building type, C3L was 439 numbers of buildings, C3M 
buildings was 2448 building and 129 number of buildings as 
under C3H building type under moderate damage probability. 
 
Extensive damage probability: Total number of building under 
extensive damage probability was 4035 buildings. 1232 
buildings was under W1 building type, C3L building type was 
1457 buildings, C3M building type showed 1270 buildings and 
C3H was 76 number of buildings. 
 
Complete damage probability: 1256 buildings were under 
complete damage probability. W1 building type observed under 
complete damage was 297 buildings, C3L building type was 
446 buildings, C3M building type was 484 buildings and 29 
numbers of buildings was C3H building type. 
 
Table-2: Damage probability of the building types in Kohima. 

Building 
Type 

No 
damage 

(%) 

Slight 
damage 

(%) 

Moderate 
damage 

(%) 

Extensive 
damage 

(%) 

Complete 
damage 

(%) 

W1 15.87 34.13 31.59 14.82 3.59 

C3L 18.41 19.8 27.33 26.38 8.08 

C3M 15.87 26.2 33.73 17.52 6.68 

C3H 6.68 24.17 3.83 22.77 8.08 

 

Conclusion 

From the damage probability it was observed that the maximum 
number of buildings damage was calculated in the case of slight 
damage probability and the buildings with highest seismic 
vulnerability was seen in W1 building type with 8303 buildings. 
Minimum number of damaged buildings was observed in 
complete damage probability scenario with 1256 buildings 
where C3M building type has the highest building damaged. 
The study showed the safest building was represented by C3L 
building types; the reason may be better seismic resistivity due 
to lower building height and building material (reinforced 
concrete cement (RCC) structure). Low raised RCC structure 
represented better seismic resistivity as compared to the higher 
structures or even the lighter wooden frame structure which are 
older in structure. In order to minimise the seismic vulnerability, 
retrofitting and better construction policies are recommended. 
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