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Abstract: Frequent seismic activity in various parts of India 

has jeopardized the existing building stock and hence necessitated 

their vulnerability assessment. Such assessments are helpful for 

the administrators to adopt appropriate measures that can reduce 

the loss of human lives and properties. Imphal is a growing city in 

the northeast part of India, which falls under zone V. Most recent 

construction in the city consists of poorly designed and 

constructed buildings. The older buildings, even constructed in 

compliance with relevant standards at that time, may not comply 

with the more stringent specifications of the latest standards. 

Further, with high degree of population density in the urban, 

998/Km2 in Imphal West and 643/Km2 in Imphal East, while the 

average density of population of the state of Manipur recorded at 

115/Km2 and concentration of houses and buildings in the area 

consisting of significant numbers of  liveable and dilapidated 

houses (Census of India- 2011), assessment of seismic 

vulnerability of existing buildings is a matter of great importance. 

The present study deals with the seismic vulnerability assessment 

of the existing buildings in Imphal. A field survey of some of the 

existing buildings in Imphal was carried out and a preliminary 

assessment of seismic vulnerability was made. The Rapid Visual 

Screening (RVS) was done by using RVS form by Prof. Arya. One 

of the buildings which were found to be vulnerable from RVS was 

evaluated using numerical analysis, using SAP 2000 in order to 

assess their vulnerability for Simplified Vulnerability Assessment 

(SVA). The deficient members observed from the output are 

suggested for strengthening and retrofitting.  
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I. INTRODUCTION 

It has been observed that seismic activity in various part of 

India has increased in recent years. Imphal is a growing city in 

the North-East part of India, which falls under Zone –V of the 

earthquake zonation map of India (IS:1893-2002), located at 

longitude 93⁰58′ and latitude 24⁰44′, which is extremely prone to 
earthquake. The city has experienced very rapid population growth 

during the last few decades due to economic factors such as decrease 

in economic opportunities in rural areas and consequent migration 

in the city areas. Most recent construction consists of poorly 

designed and constructed buildings. The older buildings even if 

constructed in compliance with relevant standards at that time, may 

not comply with the more stringent specifications of the latest 

standards. 

     There are three sources of deficiencies in structures: 

1) Defects arising from original design,  

2) Defect arising from original construction,  

3) Deterioration since the completion of the construction  
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      In Imphal, it is generally a combination of all the three 

deficiencies and the retrofitting of the structure has to take 

care of all the three. There is an urgent need to assess the 

seismic vulnerability of existing buildings in Imphal as an 

essential component of a comprehensive earthquake disaster 

risk management policy. 

II. VULNERABILITY ASSESSMENT OF EXISTING 

BUILDINGS 

For large number of seismically deficient buildings, a quick 

assessment method and guidelines have to be developed 

together with training and capacity building. To handle the 

task of seismic evaluation of existing buildings, three levels or 

Tiers have been suggested. 

1. Rapid Visual Screening (RVS)  

2. Simplified Vulnerability Assessment (SVA)  

3.Detailed Vulnerability Assessment (DVA) 

I. Rapid Visual Screening (RVS): 

   Rapid Visual Screening is a method that can be adopted for 

preliminary investigation without performing any structural 

calculations. It is a very quick way of assessing the building 

vulnerability based on visual screening. A building is 

examined visually to identify features that affect the seismic 

performance of the building such as primary structural lateral 

load-resisting system and building attributes that modify the 

seismic performance expected for this lateral load-resisting 

system.  

    The evaluation is based on parameters as recorded during 

RVS of the building surveyed. For this screening a team of at 

least two surveyors visits the building and try to collect the 

information in a specially designed format RVS Form. The 

RVS form are given by FEMA 154 and Professor Arya. In 

India, the procedure given by Prof. Arya is generally used. 

Once the class or the grade of the building is decided, the 

expected behaviour of the building or the expected damage 

during a future earthquake can be assessed. The results of the 

evaluation depend to a large extent of the training and the skill 

of the surveyors. The purpose of the screening is to identify 

the buildings which require further investigation using 

Level-2 or Level-3 procedure. The RVS methodology is also 

not intended for structures other than buildings. For important 

structures such as bridges and lifeline facilities, the use of 

detailed evaluation methods is recommended. Even in urban 

areas, some very weak forms of non-engineered buildings are 

well-known for their low seismic vulnerability and do not 

require RVS to estimate their vulnerability. These building 

types are also not included in the RVS procedure. 
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II. Simplified Vulnerability Assessment: 

    The Simplified Vulnerability Assessment (SVA) procedure 

is more complex than the RVS procedure. This preliminary 

evaluation methodology is applied when in-depth evaluation 

of buildings stock is required. It utilises engineering 

information such as size and strength of lateral load resisting 

members and more explicit information on the design ground 

motion. This data is used to carry out a highly simplified 

analysis of the structure to estimate the building drift. Since 

good correlation exists between building drift and damage, 

the analysis results can be used to estimate the potential 

seismic hazard of the building. Unlike the RVS procedure, the 

Simplified Vulnerability Assessment requires the use of a 

computer; however, the required inputs can be collected in 

paper form for later entry into the software system. Such 

procedure has been developed for RCC buildings by IIT 

Bombay and the SVA procedure can be adopted on a large 

scale. The results of the SVA procedure can be used to 

determine the potential status of the selected buildings, and to 

further short-list the buildings requiring Detailed 

Vulnerability Assessment. 

The SVA is based on Limited Engineering Analysis. In this 

stage, simplified analysis of the building under investigation 

is performed based on a variety of methods. This phase 

involves collection of drawings and redraws (if possible) in 

AutoCAD, identification of the sizes of all columns and 

beams, load calculations, configuration related checks and 

strength related checks. 

III. Detailed Vulnerability Assessment : 

The Detailed Vulnerability Assessment (DVA) is 

used for those buildings, which are found vulnerable from 

Level-2 procedure, for buildings with abnormal or irregular 

structural configurations and for monumental or important 

buildings. DVA of a building requires carrying out 

comprehensive engineering analysis considering the nature of 

potential ground motions and behaviour of the structural 

members. The DVA procedure is highly specialised and very 

few engineers in our country are currently capable of 

performing this task. The procedure also requires extensive 

as-build information regarding a building, which may not be 

readily available in the Indian context.  

III. SURVEY WORKS OF RVS ON EXISTING 

BUILDINGS 

  1. Procedure: 

     Rapid visual screening has been conducted on some of the 

RCC buildings in Imphal including office building, 

residential building, hospital, clinic and school. Here, the 

RVS procedures of Professor Arya have been used to evaluate 

the buildings. Almost all the buildings are found to be 

vulnerable to earthquake. During the field survey many 

residential building are found to be Residential cum 

Commercial of 3-4 storeys. The infill walls are made of brick 

masonry. RC columns are tied together with RC beams at the 

slab levels. Foundations are usually in the form of isolated 

footings. In many cases architectural and structural drawings 

were not available. And so it was assumed that the buildings 

do not meet the earthquake resistant requirements of latest 

Indian codes.  

   In this paper, a residential building located at 

Thangmeiband in Imphal city area is presented. The building 

was checked by the method of rapid visual screening given by 

Professor Arya. 

 

Figure 1. Residential Building located in Imphal City 

II. Observation of the level 1 procedure: 

     RVS has been done on this RCC Building, which is a 

non-engineered structure and is found to be vulnerable. Such 

building is recommended for the level-2 procedure. 

IV. SVA USING NUMERICAL ANALYSIS 

Here, the re-evaluation of the building is done by numerical 

analysis using SAP2000. The building is evaluated by linear 

analysis considering the thirteen loads combinations for RCC 

as per IS:1893-2002. If the building members are found to be 

deficient, member sizes are increased and analysis will be 

done. Typical floor plan of the building taken for analysis is 

shown below in figure 2. 
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Figure 2. Typical floor plan of the Building 

I. Structural details 

The Base of the Building has horizontal dimension of 10.4 m 

x 11.9 m. It has three bays along X-axis and two bays along 

Y-axis. Height of the building is 9.7 m with first storey height 

of 3.3 m, second storey height of 3.15 m and third storey 

height of 3.15 m. As the building is situated in zone V, the 

value of Z=0.36. The material Properties are M20Grade 

concrete, Fe 415 steel for the yield strength of the longitudinal 

and shear reinforcement. The plan layout is shown in fig and 

the sectional properties of various elements obtained based on 

gravity analysis and used as initial sizes for further analysis 

are presented in Table 1. 

 

Figure 3. Plan of Frames (Placing of beams and column) 

 

Figure 4. Elevation of frames 

 

Table . 1. Member sizes 

Members Sizes in mm 

All column at all floor 300  ×300 

Beam at all floor 250 ×250 

Thickness of slab 175 

 

The loads on the structure are as per IS 875 Part 2 1987.  Live 

load for the roof is taken as 1.5kN/m
2 

and for the floor 

3kN/m
2
. The thickness of the floor is assumed as 175mm. The 

walls are half brick. Dead load is self weight of structures. 

Self weight of member is automatically involved by SAP2000 

on the calculations. The weight of the slab was distributed to 

the surrounding beams. The foundation system for Building is 

an isolated foundation 

 

Figure 5. 3D Model in SAAP 

II. Analysis considering the thirteen load combination: 

  The thirteen load combination as per IS:1893-2002 is 

considered in the analysis of the existing sizes of the member 

and the results are given in the form of 3-D model as an output 

of analysis by finite element package SAP2000. 

     Analyses expose some weaknesses in the building. It 

shows that the middle column sections at the ground floor 

fails indicating excessive ductility demand in the ground 

storey columns, which may lead to collapse indicating 

unacceptable performance and need to be retrofitted. 

 
 

Figure 6. Dotted line showing failed Column of the 

structure 
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Failure Column 

 

Figure 7. Failure Column at Frame 2 

III. Analysis of the structure after increasing the member 

sizes: 

Increasing the cross sectional area of the failure column to 

350 x 350 mm and analysing with the thirteen load 

combination, it was found that the column does not undergo 

any failure. 

 

Figure 8: 3D Structure of building after increased size 

V.  RESULT OF SVA 

   The level-2 procedure, SVA have been completed on a 

building and the performance objectives have been imposed 

to satisfy the code compliance and to insists favourable failure 

pattern preferably a strong column-weak beam mechanism. 2 

(two) numbers of column member were found deficient. Thus, 

the cross sectional area has been increased and reanalysed and 

found safe. Therefore, the deficient columns are 

recommended for retrofitting. 

VI. CONCLUSION 

      Problem of assessment of safety of existing structures 

against various loads, including earthquake load, has been 

recognized world over. In developing countries, about 50% of 

the construction industries resources are being utilized for 

problems associated with existing structure. Many countries 

have developed standards for assessment of existing structure. 

In India also the problem is slowly showing it’s extend. 

        In Imphal, the need of assessing building as an 

earthquake safety measure is a must. Most of the buildings 

were found to be non-engineered structure, thus, making the 

structure vulnerable to earthquake. This is mainly due to lack 

of awareness on the concept of seismic design code and 

ignorance of the people. 

        In our present study, 70% of the buildings, which have 

been surveyed in the level-1 procedure, were found to be 

vulnerable to earthquake. In the level-2 procedure, a building 

was evaluated by Numerical Analysis using SAP2000. 

Considering the thirteen-load combinations as per IS: 

1893-2002, the building was found to be deficient in 15 

columns out of the total members. In older reinforced 

concrete frames, column failures were more frequent since 

the strength of beams in such constructions was kept higher 

than that of the columns. These shear failures bring forth loss 

of axial load carrying capacity of the column. As the axial 

capacity diminishes, the gravity loads carried by the column 

are transferred to neighbouring element resulting in massive 

internal redistribution of forces, which is also amplified by 

dynamic effect causing spectacular collapse of building. 

Thus, with the concept of strong column-weak beam, the 

cross sectional area of the deficient members were enlarged 

and analysed linearly, and the building was found to be safe. 

The building was recommended for retrofitting through 

Column Jacketing. 
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