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Abstract— In the last few years there are several damaging 

earthquakes in India demonstrates the seismic vulnerability in 

India. As a step in understanding the seismic risk in our 

country, there is a need to determine the vulnerability of 

prevalent construction types in India, against earthquakes. 

Lucknow is a city in the northern part of India which falls under 

the zone 3 of the earthquake zonation map of India according to 

IS 

1893-2002. This paper presents a vulnerability assessment of 

various buildings in Lucknow, and indicates the degree of 

vulnerability of the buildings, and the measures that can be 

taken to prevent the potential damages. 

Keywords— Basic structural hazard, Demand capacity Ratio, 

Horizontal acceleration spectrum, Performance modification 

factor, Response reduction factor, Structural score, Vulnerability 

assessment. 

I. INTRODUCTION 

A. The rapid growth of Indian cities in the recent past, have 

accelerated pressure on housing industry, especially in 

high seismic zone. The built environment in these zones 

has bee ethod 

In this method n seismically found vulnerable as most of 

these constructions are without earthquake resistant 

measures. The most challenging task is to evaluate seismic 

safety of these constructions and take necessary steps for 

their retrofitting so as to protect them from future 

earthquakes. Lucknow is a growing city in the northern part 

of India, which falls under Zone 3 of the earthquake zonation 

map of India (IS 1893: 2002). In this project there are two 

buildings which are considered for the analysis purpose. 

Earthquake vulnerability assessment can be carried out by 

two methods. The quantitative approach covers demand-

capacity computation, while qualitative procedure estimates 

structural scores based on national & international state-of-

the-art procedures viz. Rapid Screening Procedure (RSP). 

II. VULNERABILITY ASSESSMENT 

METHODOLOGY 

Vulnerability assessment methods[6] are grouped into 

two categories for the purpose of this report. 

 
 

 

A. Demand-Capacity M 

 the demand and capacity of the building is calculated. When 

the ratio of the demand and the capacity of the building s less 

than 1, then the building is said to be safe otherwise the 

building is said to be vulnerable. DCR exceeding 1, indicates 

that building is vulnerable to earthquake loads as defined in 

IS: 1893-2002. 

 
Calculation of Demand of the Building  

The demand of the building refers to the seismic force that 

may come on structure due to future earthquake. 
 

 

 

 

 

Demand capacity 

Ratio(Quantitative) 
Rapid Screening 

Procedure(Qualitative) 

DCR value Structural score 

Results 

Vulnerability Assessment 

Method 
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Design seismic load[3] 

 

The design seismic load is given by- 

Fi = Ah x W 

Where, W= seismic weight  of all floors of buildings. 

Ah  = design horizontal seismic coefficient. 

The design horizontal seismic coefficient can be evaluated by 

the procedure given by clause 6.4.2 in IS 1893-2002.[3] 

                     

                          Ah  = (Z I Sa / 2 R g) 

 

Where Z= zone factor (Z=0.16, for Lucknow (Zone III)) 
I= Importance factor (depends upon the types of building) 

R= Response reduction factor (from table-6, IS 1893-2002)    

Sa/g= Average response acceleration coefficient, it depends 

upon the natural fundamental time period. 

 

Natural fundamental time period[3] 

 

T= (0.009h/√d) 

 

where d= dimension of building at plinth level.  

 

Over turning moment calculation 

Over turning moment is different for the different floors of 

the building. It depends upon the height of the buildings. the 

over turning moment at different floors can be calculated by 

following method- 

 
 Over turning Moment = {(FiHi2/∑FiHi2)X Fix Hi}      

 
Calculation of capacity of the Building 

The capacity of the building depends upon the dead load of 

the building. the resisting moment of the building can be 

calculated with the help of the dead load of the building. It 

depends upon the strength of the concrete and the types of 

structure(framed RCC or brick wall structure). 

 

Factor of safety(f)= (Resisting moment/overturning moment) 

 

 

when the DCR of any building is less than 1 then 

building is said to be safe or less vulnerable(in case of 

close 1to ) otherwise vulnerable. 

 

B. Rapid Screening Procedure 

The rapid visual screening method is designed to be 

implemented without performing any structural calculations. 

The procedure utilizes a scoring system that requires the 

evaluator to (1) identify the primary structural lateral load-

resisting system, and (2) identify building attributes that 

modify the seismic performance expected for this lateral 

load-resisting system. The inspection, data collection and 

decision-making process typically occurs at the building site, 

and is expected to take around 30 minutes for each building. 

The screening is based on numerical seismic hazard and 

vulnerability score. 

           Generation of structural score(S) comprising of basic 

structural hazard(BSH) and performance modification 

factors(PMFs). The structural score related to probability of 

building sustaining the life-threatening due to earthquake in 

that region.  

 
Basic structural hazards (BSH) 

 Based upon construction practices in India, 

performance of different types of buildings during 

past earthquakes and earthquake force likely to be 

experienced in the study area. BSH are estimated. 

 BSH reflects the estimation likelihood of a typical 

building of that category sustaining major damage 

given its seismic environment 

 these values are determined so that seismically good 

buildings has a high value, while potentially 

weak/hazardous buildings has low value. 

 
Performance modification factor (PMFs)[6] 

 The significant factors such as high rise quality of 

construction, vertical and plan irregulation in 

structure, soft story, pounding, cladding and ground 

condition and slope ambience can negatively affect 

the seismic performance of the buildings. 

 Primarily, there factors are related to significant 

deviations from the normal structure practice or 

conditions, or have to do with effects of soil 

amplification on the expected ground motion. 

 PMFs were assigned values based on judgement by 

group of experts, such that when added subtracted to 

BSH, the resulting modified score would 

approximate the possible major damage. 

 
 

 

If the final score of the building is less than 2 the building is    

said to be vulnerable otherwise it is said to be safe. 

III.  OBSERVATIONS 

The buildings in this analysis are framed structure with in 

filled brick masonry walls. In the analysis of building A it 

was found that the building id framed structure in which 

shear wall is provided. But in the analysis of building B it 

was found that building is made up by framed structure but 

the shear wall is not provided. The bearing capacity of the 

soil at the site is very good and the water table is below 

danger level. So the chances of liquefaction are negligible. 

IV. THEORY OF STRUCTURAL SCORE 

The structural score of a building can be identified according 

to their BSH and PMFs. The performance modification 

factors depends upon the different conditions 

1. height of story 

2. vertical irregularity 

3. plan irregularity 

4. code detailing 

5. soil condition 

 

DCR of the Building = 1.5/(f) 

 

Final structural score = BSH - ∑PMFs 
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Now considering the above criteria which are suited at the 

site. BSH is calculated from FEMA-154/ATC-21 Based Data 

Collection Form. In this Performa all the performance 

modification factors are also given. From this Performa the 

final structural score is calculated.   

V. RESULTS 

The analysis of both the building is done by both method 

(DCR method and RSP method).The results shows that both 

the building are safe but in case of high intensity earthquake 

the building B may fail because the DCR value is close to 1 

and the final structural score is also near to 2 , but building A 

is safe.  

 
Table -1 Final DCR Value of the buildings 

 
Table-2 Final Structural score the buildings 

 

VI. DISCUSSION 

The DCR value and the structural score of both the building 

is calculated. Both the buildings are assessed from both the 

methods. from both results the building B which is less 

vulnerable need to take care of and needs retrofitting and the 

building A which is safe need not any retrofitting. The 

building B which is less vulnerable, this is may be due to 

absence of shear wall and the absence of code detailing and 

the presence of some crakes in the in filled masonry wall. 

  

VII. CONCLUSION 

The following conclusion are drawn from this project- 

 The demand capacity method which is described in 

this paper using DCR value which can be effectively 

used. 

 A Rapid screening procedure which is also 

described in this paper using structural score which 

can also be effectively used.  
 As the codal provisions become more stringent with 

every revision, these structures may not meet the 

demands in the years to come.[4] 

 Lucknow comes in zone 3 so it is less prone to 

earthquake but on behalf of earlier earthquake this 

region can come in more prone earthquake area. so 

the construction practices should be seismic 

resistant. 

 Building B in need of repair, retrofitting and 

restoration to comply with the service requirements 

of the revised code.[1] 
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Image-1 Rapid Visual Screening done in the Sahara india bhawan 

 

 

S.No. Building name  No. of 

story  

FOS  DCR Value  

1 Building A  9  2.981  0.503  

2 Building B  10  1.716  0.874  

S.No. Building name  Specifications  observati
ons  

Structural 
score  

1 Building A  Framed structure 

with shear wall  

Good  3.20  

2 Building B  Framed structure 
without shear 

wall  

Some 
cracks 

from 

inside  

2.12  
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Image-2 Rapid Visual Screening done in the Sahara Lekhraj Homes 

 
Image-3 Response spectra graph

 
 

 

 
 

 

 
 

 

Table-I Performance Modification Factors 
 

 
Table 2 Response Reduction Factor l), R, for Building Systems 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 

 

Modifiers    Description  

Modification 

Factor  

High Rise   Upto 2 storey   0  

  

Between 3 -  7 

storey   -0.2  

  
More than 7 

storey   -0.5  

Quality of   High   0  

Constructi

on   Medium   -0.25  

  Low   -0.50  

Vertical   

Steps in elevation, inclined walls, 

discontinuities in load path,  -0.50  
Irregularit

y   

building on 

hills    

  Without vertical irregularity  0  

Soft 

Storey   

Open on all sides of buildings, tall ground 

floor, buildings on stilts  -0.50  

  
Without soft 

storey   0  

Plan 

Irregularity  

“L”, “U”, “E”, “T”, or other irregular building 

shape  -0.50  

  Without plan irregularity  0  

Pounding   

Floor levels of adjacent buildings not aligned 

and less than  -0.50  
  100 mm of separation per storey   

  

Without 

pounding   0  

Cladding   

Many large heavy stone or concrete panels, 

glass panels and  -0.50  
  masonry veneer do not qualify   

  Without vertical irregularity  0  

Soil 

Condition   Buildings founded on rocks (SR)  0  

  Buildings founded on cohesionless soil  (SC)  -0.3  

  Buildings founded on  black cotton soil (BC)  -0.6  

Ground   Buildings in flat/plain land domain  0  

Condition  &  
Buildings on hill slopes/tank bunds/reservoir 

rims with slope  -0.10  
Slope 

Ambience  > 10o  -  gentle    

  -do-  -  moderate  -0.20  

  -do-  -  steep  -0.30  

S.No. Lateral load resisting frame R

Building frame system

1 Ordinary RC moment-resisting frame ( OMRF ) 3.0

2 Special RC moment-resisting frame ( SMRF ) 5.0

3 Steel frame with

a) Concentric braces
b) Eccentric braces

4.0

5.0

4 Steel moment resisting frame designed as per SP 6 5.0

5 Load bearing masonry wall buildings)
a) Unreinforced

b) Reinforced with horizontal RC bands

c) Reinforced with horizontal RC bands and vertical bars at 
corners of rooms and

jambs of openings

1.5

2.5

3.0

6 Ordinary reinforced concrete shear walls 3.0

7 Ductile shear walls

Buildings with Dual Systems)

4.0

8 Ordinary shear wall with OMRF 3.0

9 Ordinary shear wall with SMRF 4.0

10 Ductile shear wall with OMRF 4.5

11 Ductile shear wall with SMRF 5.0
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