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ABSTRACT: Previous earthquakes in India have discovered that most of the buildings aren't designed to be 

earthquake resistant. In general, buildings are designed taking into account just the gravity loads. Furthermore, the 

present look seismic codes are not completely practiced while developing a building. a thus a thus higher degree of 

damage might be expected during an earthquake in case the seismic resistance of the structure is insufficient. The 

existing work describes the various reinforced concrete (RC) frames having various irregularities but with same 

dimensions which are analyzed to study the behaviour of theirs when put through seismic lateral loads. All of the 

frames were analyzed with the same strategy as mentioned in Is 1893-Part-1:2002. By the end result, it's been 

interpreted the base frame (regular) evolves least story drifts while the structure with floating columns shows maximum 

storey drifts on the soft story levels. Hence, this's very vulnerable to damages under this particular type of loading. The 

structures with irregularities also proved unsatisfactory consequences to some degree. The frame with heavy loads 

produces maximum storey shears, which ought to be accounted for in design of columns suitably. The evaluation 

proves that irregularities are unsafe for the buildings and it's crucial that you have regular and simpler shapes of frames 

in addition to uniform load distribution within the building. Thus, as far as possible irregularities in a construction must 

be stayed away from. Nevertheless, if irregularities need to be introduced for every reason, they should be designed 

properly following the circumstances of Is actually 13920:1993. The complex shaped structures are days getting 

common, but they have a threat of sustaining damages during earthquakes. Thus, such buildings must be designed 

effectively taking proper care of the dynamic behaviour of theirs. 
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I.INTRODUCTION 

 

1.1 GENERAL 

Vertical irregularities in structures are extremely typical function in Area that is urban. In many of situations, buildings 

start to be vertically irregular within the planning phase itself as a result of several architectural and functional 

purposes. This kind of buildings demonstrated more vulnerability within the past earthquakes. The topics regarding of 

vertical irregularities have been in focus of research for many years. Numerous studies have been performed in this 

specific area in deterministic domain. Hence the focus of existing study is assessing the relative performances of typical 

vertically irregular structures in a Probabilistic domain. 

This kind of irregularities arises because of unexpected reduction of strength or stiffness in a specific storey. For 

extremely high seismic zone area, irregularity in building is probably a great problem to an excellent structural 

engineer. A lot of vertical irregular buildings occur in modern-day urban infrastructures. Among them Open ground 

storey as well as stepped kinds of structures are extremely typical in Urban India. A common Open Ground Storey and 

a Stepped irregular framed building are revealed in Figure 1.1. 
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Figure 1.1 Vertically irregular buildings 

 

Open ground storey structures may also be known as ‘open first storey buildings’ or perhaps ‘pilotis’ ‘stilted buildings’. 

Due to the scarcity of land, the earth storey is kept open for no infill and parking purpose walls are provided in ground 

storey although all above storey are as supplied with infill walls 

The 2001 Bhuj earthquake (Magnitude M7.9 and PGA 0.11g) was among the most devastating a person to witness the 

collapse of several open ground storey RC buildings. A typical open ground storey residential building at Ahmadabad. 

The soil storey columns are badly harmed as found in Figure1.2 (a) & (b). Figure 1.3 displays the failure of the very 

first storey columns as a result of shear in Earthquake. 

 

 1.2 CRITERIA FOR VERTCAL IRREGULARUTY IN BUILDINGS 

In the prior code of Is actually 1893, there was no design recommendations particularly for OGS frames mentioned for 

vertical irregularity. However in the aftermath of Bhuj earthquake was revised in 2002. In the latest version of code Is 

actually 1893 (2002) (part1)-, incorporated a brand new design recommendation for OGS buildings.  

Clause7.10.3 (a) states "The columns & beams of the soft storey are to be designed for 2.5 times the storey shear and 

moments calculated under seismic lot of bare frame type of buildings". The magnification factor (MF) 2.5 is examined 

by Subramanian (2004), Kanitkar and Kanitkar (2001 Kaushik and (2006). The Magnification factor MF 2.5 is not 

advisable for design of beam as that very likely to end up a "strong beam- weak column" situation.  

It needs not to develop the beams of the soft-storey additionally to design for larger storey shears as highly 

recommended by the above mentioned clause. Strengthening of beams will even further increase the need on the 

columns, and also deny the plastic development within the beams. These suggestions have met with a bit of opposition 

in style & construction practice due to congestion of heavy reinforcement within the column. 

As per is actually 1893 (2002) code, 5 kinds of irregularities for structures are listed out as follows: 

 

i) a) Stiffness Irregularity - Soft Story: is identified to occur when there's a story in which the lateral stiffness is under 

70 % of which within the story above or perhaps less than 80 % of the common stiffness of the 3 stories above. 

b) Stiffness Irregularity - Extreme Soft Story is identified to occur where there's a story in which the lateral stiffness 

is under 60 % of which within the story above or perhaps under 70 % of the common stiffness of the three stories 

above. 

 

ii) Weight (Mass) Irregularity - It's deemed to occur where real mass of every story is much more than 150 % of the 

effective mass of an adjacent story. 

 

iii) Vertical geometric irregularity - It shall be regarded as to occur where horizontal dimension of the lateral force 

resisting method in virtually any story is much more than 130 % of which within an adjacent story. 

 

iv) In plane Discontinuity - In Vertical Lateral-Force-Resisting Elements is defined to exist where an in plane offset of 

the lateral-force-resisting elements is greater than the length of those components or even where there's a decrease in 

stiffness of the resisting component within the story below. 
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v) Discontinuity in Capacity - The weak story is only one in that the story lateral strength is under 80 % of which in 

the above mentioned story. The story lateral strength is definitely the complete lateral strength of all the seismic-

resisting elements sharing the story shear in the consideration direction. 

 

1.3 STEPPED BUILDINGS 

Reduction of lateral dimension of the structure along their level is categorized as "stepped building". Due to the 

aesthetic and functional design these types of buildings are chosen in contemporary multi storey building construction.  

 

1.4 BARE FRAME BUILDINGS 

 

As per the Indian standard code for earthquake resistance structure created it's talked about that while developing a 

framework the contribution of infill are neglected. The 

Buildings are specially designed as a bare frame which will be the sole style of columns and also beams are looked at. 

In the seismic point of view this's the worst case as compared to various other building sorts in which the vulnerability 

is more money against lateral lots due to the lack of the infill.. 

 

1.5 TYPICAL INFILLED MASONRY BUILDINGS 

The usual infill masonry structures will be the regular buildings considering infill walls provided uniformly throughout 

the components which improve the power and stiffness of the components. The infill walls are viewed as a non-

structural component from the convenience design practice as per Is actually code. But in the particular exercise the 

presence of infill walls create a strut compressive action acting diagonally in the path opposite to the use of the lateral 

pressure which might attempt to counter act the lateral force which causes less deflection. In a bare frame, the 

opposition to lateral force happens by the development of bending moments and also shears forces in the different 

columns and beams through the rigid jointed activity of the beam column joints, but in the situation of infill frame due 

to the strut action, causing reduced bending moments but improved axial forces within the beams & columns. 

 

1.6 TYPICAL OPEN GROUND STOREY (OGS) BUILDING 

Due to the lack of the infill walls in the ground storey which of existing at the storey above, the stiffness is abrupt 

decreases that are called as stiffness irregularity. 

The base shear is registered through the ground storey columns. Due to the increased the shear pressure will cause the 

increased bending moment and thereby greater curvature which may possibly will higher inter storey drift formation at 

the ground storey which enhance by the PΔ effect the plastic hinges are formed. Top of the shop will go as one block. 

This kind of collapse is called as smooth storey collapse. Due to the reduction in the stiffnessat ground storey this 

particular kind of buildings are viewed as probably the most susceptible sort through the seismic point of view. The fig 

reveals the soft storey collapse of typical OGS structures. 

 

1.7 PROBLEM STATEMENT 

The majority of the residential buildings have been developed just for live and dead loads. Individuals are not 

conscious of the seismic design of buildings. But for the different buildings that are placed in the zone IV or V really 

needs being seismic resistant. 

In this particular thesis, a current building has become undertaken for retrofitting. Think about a G+ 9 storey residential 

present building. It's a framed structure with complete eight stories above ground level. The ground level is an open 

storey being used as parking. It hence makes up a soft storey. On the roof, there's a water tank also. This particular 

building has been designed for the dead and the live a lot only. Consequently, two primary issues are determined in this 

particular building with respect to the seismicity of the structure. Firstly, the structure hasn't integrated in it the 

Earthquake loads. Second, no provisions are made up for the current soft storey. Thus, ground storey has to be provided 

with particular attention. 

 

1.8 OBJECTIVE 

The main objective of this particular study 

1 Tounderstands the behavior of the structure in higher seismic zone. In this purpose a 10 storey-high building on eight 

various configurations having re-entrant sides with a typical setup  

2To study IS Code 1893 (Part I): 2002 the entire models have been analysed with the help of STAADPro.  

3 The present study additionally considered the accidental torsion in each positive and negative of both Y and X 

directions 
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1.9 SCOPE AND LIMITATION OF PROJECT 

The RC framed Buildings are considered for the analysis by assuming regular in plan. The Out of plane action of 

wallsis neglected in the analysis. The asymmetric arrangement of walls is ignored of the buildings. The Soil structure 

interaction effects are not considered in the analysis. The Flexibility of floor diaphragms are neglected and considered 

as rigid diaphragm. The base of the column is assumed to be fixed in the analysis. 

 

II.LITERATURE REVIEW 

 

Afarani and Nicknam et al. (2012) (1) observed the behaviour of the vertically irregular building under seismic loads 

by Incremental Dynamic Analysis. They've talking about eight stories regular building using two bays with four m 

width in y direction has and four bays with three m width in x direction with three m storey height is believed. They 

considered Dead load as two ton/m is sent out on beams. In order to stay away from torsional effects they considered 

symmetric building and also steel moment resisting frames that are created based on IBC 2006 and ANSI/AISC 360-05 

 

FEMA 440 et al. (2000) (2)studied Eighteen ground motion records from Pacific Earthquake Engineering Research 

Centre (PEER) database are collected from Far Field with distance far more than ten km from site as well as have 

Richter magnitudes of five to eight on firm soil. The structure is modelled in SeismoStruct-V5 software as a nonlinear 

dynamic analysis,Steel is modelled as ElasticPerfectly Plastic (EPP) hysteresis with no expertise of lateral and local 

buckling and the connections happened to be failure according to FEMA 440. Maximum inter story drift ratios and first 

mode spectral acceleration are calculated by Incremental dynamic analysis and IDA curved are plotted to get the 

collapse points. The evaluation of the structure is targeted on the collapse prevention limit state of the components. 

Fragility curves are generated by 

using Cumulative Distribution Function via the lognormal distribution through collapse points 

 

Elnashai and Jeong et al. (2006) (3)research the fragility analysis for an irregular RC building under bidirectional 

earthquake loading has studied by For the account of the irregularities in structure, bidirectional response and the 

torsion are used as 3d structural response features to represent the destruction states of the structure irregularities is 

provided through a reference derivation. A 3 story RC frame is obtained with asymmetric in plan with thickness of slab 

is 150 mm and beam depth is 500 mm to learn the damage assessments. 

The sectional dimension of C6 is 750×250 mm whereas almost all some other columns are 250×250 mm. Fragility 

curves are produced by calculating the destruction measure with spatial (3D) damage index by statistical manipulation 

techniques & lognormal distributions for response variables Earthquake records consist are of two orthogonal 

components Transverse and (Longitudinal) of horizontal accelerations and are customized from the organic documents 

being suitable for a smooth code spectrum. PGAs are taken away from arange of 0.05 to 0.4g with a step of 0.05g. For 

correct damage assessment of buildings is exhibiting torsion, Planar decomposition technique is used where 

construction is decomposed into planar frame and analysed. The parameters such as for instance best displacement, 

inter-story drift or even a harm index are found out from numerical simulations results. Thetotal damage index is 

estimated for the planar frames in the backbone envelope curve as a mix of harm due to in plane monotonic 

displacement plus strength reduction. Coefficient of variation (COV) is discovered function as the ratio of standard 

deviation to mean value of damage index 

 

Tantala and Deodatis et al. (2002) (4)analysis   a 25 story of reinforced concrete moment resisting frame Building 

having three-bays. generated fragility curves a they've a they've broad variety of ground motion intensities. They've 

utilized a bit of time histories are modelled by stochastic processes. Simulation is accomplished by power spectrum 

probability and duration of earthquake by conducting 1000 simulation for every parameter. The nonlinear analysis is 

done by considering the P-Δ effects and by ignoring soil-structure interaction. They have considered the nonlinearity in 

material properties in model with nonlinear rotational springs a bilinear moment-curvature relationship by since the 

stiffness degradation through hysteretic energy dissipation capacity over successive cycles of the hysteresis. They've 

utilized Monte Carlo simulation approach for simulation of the ground motion. 

The simulation with the durations of effective ground motions is completed at two, seven and twelve second’s labels to 

look at the consequences. They thought the consequences on the assumption of Duration and gaussianity. They've 

implemented stochastic process for modelling. The analyses have been carried out by utilizing DRAIN-2D like a 

dynamic analysis with inelastic time records data. The arbitrary material strengths have been simulated for virtually any 

column and beamusing Latin Hypercube sampling. 

 

Murat and Zekeria et al.(2006) (5)studied the yielding and also collapse behaviour of RC frame buildings in Istanbul 

was analysed through fragility analysis primarily based on numericalsimulation. They've studied amount of accounts of 
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buildings as three, five & seven storeys designed as per Turkish seismic design code (1975).The fragility curves have 

been designed with the assistance of the outcomes of regression analysis. They've examined with twelve artificial 

ground motions because of the evaluation. Incremental powerful analysis (IDA) method is employed for estimating 

structural performance under many ground motions. The Characteristic strength of concrete as 16Mpa and 2 completely 

different steel type as 220Mpa & 420Mpa are used. The anxiety because of scatter of substance along with the soil 

structure interaction was dismissed in their layout mean importance of material power was taken into account that had 

been examined experimentally. Performance limit stateinelastic displacement demand as well as corresponding 

deformations for fast collapse and occupancy prevention is evaluated. From the fragility curves last they've realized 

that with the collapse prevention performance level, a good correlation between spectral displacement limit and also the 

quantity of stories was noticed though similar observation wasn't valid for the instant occupancy level. 

 

Rota et al (2010) (6)observed the fragility curves for masonry buildings prototype of a threestorey masonry building 

located in Benevento (southern Italy) that has built in1952 are analysed primarily based on stochastic nonlinear 

analysis. The variables can be found out by Monte Carlo simulation by way of an application STAC for the evaluation. 

The structure used is basically tuff masonry many experimental tests have performed by Faella et al. The program 

TREMURI, a frame type macro element worldwide analysis program was developed by Lagomarsino and Gambarotta 

as well as further modified by Penna for any nonlinear pushover plus time history analyses on masonry Buildings. In 

this particular research various sources of uncertainty are associated with the issue, by derivation of the probability 

distributions of equally demand and capacity through 3d nonlinear analyses of entire structure. They have used in plane 

cyclic shear compression tests completed on specimens made of cement mortar and also tuff units. The evaluation has 

been carried out by considering four mechanical damages for the components. 2 of them may be recognized from the 

result of one masonry pier even though the other 2 can be found from the worldwide response of the structure. For 

starters damage state is determined through the attainment of the yield displacement is y of the bilinear approximation 

to the capability curve associated with one masonry pier. The next damage state is determined by the drift 

corresponding to the very first shear cracking of the pier is S which gotten through the experimental test. The fourth 

and third damage states in America have been derived from worldwide pushover curves of the structure since the 3rd 

status is assumed to match to the attainment of the optimum shear resistance while the fourth phase corresponds to the 

attainment of eighty % of that significance. All the physical qualities of the structure are assumed to be random 

variables; standard deviations and the mean value are calculated by normal probability distributions of the construction 

typology 

 

Erberik et al.  (2008) (7) studied the mid-rise and low-rise reinforced concrete (RC) buildingsthrough Fragility 

analysis which qualities within the Duzce Damage database that affected by 2 devastating earthquakes in 1999 at 

Marmara region in turkey. They have considered the structures of amount of stories ranges between 2 and 6. In the 

analysis the structure having 2 and 3 stories are viewed as low rise (Buildings and lr) having 4 to 6 stories are viewed 

as mid-rise (MR).They have studied with twenty eight RC buildings obtained from a construction collection of around 

500 buildings in Duzce. Post-earthquake damage assessments of the buildings had been readily available. The Duzce 

damage data source is widely used earlier by some other researchers.100 corrected ground motion records have 

collected from various regions of the planet with a selection of magnitude between 5.1 and 7.8 are employed for the 

evaluation. The ground motion set is split into twenty 

Groups all of 5 with PGV time periods of five cm/s, the structures are modelled as bare frame or maybe infill frame. In 

the research they subdivided the structure as low rise bare frame type, low rise infill frame type, mid-rise bare frame 

style and also mid-rise infill frame type. 

The mid-rise and low-rise RC structures are analysed as one level of independence process with the worldwide 

response statistics of simplified (or maybe equivalent) analytical models. 

 

Guneyisi and Altay et al. (2008) (8)observed the behaviour of current R/C office buildingsthrough fragility curves 

thinking about the circumstances as before and also after retrofitted by fluid viscous (VS) dampers. Braced frames are 

viewed at the middle bay of the frame with passive fluid VS dampers at every brace. A 12 storey office building 

designed as Turkish seismic design code version (1975) from Istanbul. VS dampers are utilized for retrofitting specially 

designed as FEMA 273-274 with many different effective damping ratios of ten %, , and 15 % and 20%. Main 

structural method of the structure includes moment resisting R/C frames in2 directions with 12-storey located at 

average seismic zone with fairly rigid soil type as per Turkish seismic design code has taken. The storey position of the 

structure is 2.75 m with 989 m2 floor area. 240 earthquake ground motions are generated by considering the spectral 

representation strategy according to the stochastic engineering Approach by using MATLAB program limited to 

1PGA. The R/C building is modelled as a three dimensional analytical type of the structure was started in ETABS 

version 7.2 Structural Analysis Program for the evaluation. For the seismic result of the buildings are concentrated 
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through the nonlinear time history analyses with push over analysis by IDARC version 6.1 programs. The distinctive 

energy and yield 

strength is viewed as of 16 MPa and 220 MPa. The fragility curves are generated for 

4 damage states as slight, major, moderate, as well collapse conditions plus Load deformation connection just for the 

vulnerable axis (y axis) and also the structural damage limit values found for every damage type. The fragility curve 

produced for the structure are realized that with the assistance of retrofitting the failure risks of creating is minimized 

so that the before retrofitting is much more flimsy than after retrofitting case. 

 

Samoah et al.  (2012) (9) observed the fragility behaviour of non-ductile reinforced concrete (RC) frame buildings in 

lower - medium seismic areas and they've chosen at Accra that's the capital of Ghana, West Africa. The structural 

capability of the buildings is analysed by inelastic pushover analysis and seismic demand is analysed by inelastic time 

history analyses. Then the fragility curves are drawn. They've analyzed with three generic no ductile RC frame 

buildings using regular and symmetrical in each program and elevation are made based on BS 8110 (1985). The 

buildings taken into account are a 3- 3-bay and storey, a 2-bay and 4-storey and a 6 storey and three bay structures to 

get a suitable consequence. The structure was modelled using thirty five as well as sixty % of the yucky sectional areas 

of columns and beams. A macro element program IDARC2D (1996) was produced as the inelastic static and dynamic 

analysis of non-ductile RC frames. Theevaluation for the non-ductile RC frame buildings, modelling are successfully 

done properly depending on the structural properties of theirs. 

 

Rajeev and Tesfamariam et al.(2012) (10) analyzed the seismic overall performance of non-code conforming RC 

structures created for gravity loads. The analysis highlights the necessity for reliable vulnerability assessment and 

retrofitting. The vulnerability is compounded since the RC buildings are subject to various problems such as for 

instance weak storey, soft storey, plan irregularities sand various other types Fragility based seismic vulnerability of 

structures with consideration of very soft storey(SS) plus quality of construction(CQ) is evidenced on three, five, and 

also nine storey RC frames created prior to 1970s. Probabilistic seismic demand model (PSDM) for considered 

structures is produced, by utilizing the nonlinear finite element analysis. Additionally, the fragility curves are created 

for the 3 structuresconsidering of, CQ, and SS the interactions of theirs. Finally, confidence bounds within the 

fragilities are also provided as a measure of the accuracy of theirs for risk informed decision-making. With the PSDM 

models the corresponding fragility curves are generated. in the evaluation. They realized that the vertical construction 

and irregularities quality in seismic risk assessment enjoy a major influence within the decision making stage. The 

proposed strategy of creating a predictive tool is able to improve local damage assessment tool, for example HAZUS, 

to build enhanced fragility curves for known CQ and SS. 

 

Menon and Davis et al. (2004)(11) examined the presence of masonry infill panels modifies the structural force 

distribution considerably within an OGS building. They considered verities of creating case studies by boosting the 

storey heights plus bays in OGS buildings to study the modification in the behaviour of the functionality of the 

structures with the increased the variety of bays and storey also the storey heights. They found that with the total storey 

shear force improves since the stiffness of the structure improves within the presence of masonry infill at top of the 

flooring of the structure. Furthermore, the bending moments in the ground the failure and floor columns increase is 

created because of delicate storey mechanism which would be the development of hinges in ground storey columns. 

 

Scarlet et al.  (1997) (12)identified the qualification of seismic forces of OGS buildings. Amultiplication factor for 

base shear for OGS building was offered. The modelling thestiffness of the infill walls in the evaluation was focused. 

The result of in Multiplication element with the increased storey height was studied. He observed the multiplication 

factor ranging from 1.86 to 3.28 as the amount of storey increases from 6 to 20. 

 

Hashmi and Madan et al. (2008) (13) conducted nonlinear time historical past plus pushover analysis of OGS 

buildings. They realized that the MF recommended by Is actually 1893 2002 for such buildings is enough for stopping 

collapse. 

 

Sahoo et al.  (2008) (14)observed the behaviour of open-ground-storey of Reinforced concrete (RC) framed buildings 

having masonry at above storey by employing Steel Caging along with Aluminum Shear Yielding Dampers. He's 

created an easy spring mass item for the layout of braces for enough power and stiffness needs of the strengthening 

program. A shot a five storey four bay non ductile RC frame having open ground storey for his observation. And 

furthermore decreased scale 1storey one bay RC frame was analysed experimentally under continual gravity loads and 

reversed cyclic slowly increasing lateral Displacement by Full strengthening technique. For flexural strength and also 

inelastic rotation at a goal yield mechanism the performance based design technique was created to withstand the likely 
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seismic demand as the lateral strength, inelastic deformation and also electric energy dissipation demand on structures. 

He noticed for load transferring assemblies the steel cage-to-RC footing brace-to-steel cage connection and connection 

exhibited performance that is excellent under lateral cyclic loading with no signal of early failures. Whereas the RC 

frame strengthened with just steel caging exhibited the improved lateral strength, drift capacity and power dissipation 

potential when compared to the non-ductile frame but couldn't stay away from collapse completely 

 

Patel et al. (2012) (15) proposed both linear as the Equivalent Static Response and AnalysisSpectrum Analysis as well 

as the nonlinear analyses as the Pushover Analysis and also Time HistoryAnalysis for Low rise open ground storey 

framed building with infill wall stiffness as being an equivalent diagonal strut model. The result on the infill wall is 

studied considering the Indian standard code Is actually 1893 2002 criteria mention for OGS buildings. She found that 

the evaluation results demonstrate a MF of 2.5 is pretty high to always be multiplied towards the beam and column 

forces of the soil storey of the structures. Their study determine that the 

issue of open ground storey buildings can't be identified properly through elastic analysis since the stiffness of open 

ground storey creating along with a comparable bare frame construction are just about identical. 

 

Sarkar et al (2009)(16)research the irregularity in stepped framed building by considering Regularity index.78 

building frames with even number plus bay width of four and 6m respectively with varying level of stepped irregularity 

are deemed 7 amounts of structures with various level can also be provided without considering step.50 modes are 

focused for 4 distinct situations of building. They noticed by histogram that with the increases in irregularity, the first 

mode participation decreases with higher participation on some higher modes. Delhi Secretariat building ten storied 

office building placed in New Delhi (Seismic Zone IV with designed PGA of 0:24g as per Is actually 1893:2002).The 

modelling and evaluation had been carried out by utilizing an application SAP2000. 

 

Kim & Shinozuka et al. (2004) (17)studied the fragility assessment of 2 sample bridges retrofitted by steel jacketing 

of bridge columns in southern California. Among the 2 bridges the first one bridge was 34m very long with 3 span with 

2 half shells of rolled steel plate and a RC deck slab 10m width supported by 2pairs of circular columns(each having 

three columns of diameter as 0.8 m) with abutments. And also the 2nd bridge was 242m long with a deck slab 

dimension (13m wide &2m deep) that supported by four circular columns of 2.4m diameter and level of 21m have an 

expansion joint at centre was taken.60 ground acceleration time records have been collected from the Los Angeles the 

historic documents then Adjusted. After which and then they've grouped into 3groups each of owning 20data.The 

bridges had been modelled as a two dimensional response analysis with a computer system program SAP2000 and also 

nonlinear limited method. The fragility curves were developed by considering before and also after column retrofit with 

steel jackets cases with probabilities of exceedence of ten % in fifty years, two % in fifty years as well as fifty % in50 

years, respectively. Nonlinear response characteristics connected with the bridges are based on moment-curvature curve 

analysis. They considered two parameter lognormal distributionsoperates by the median and log standard deviation to 

analysis the fragility curves. They have completed the evaluation for performance levels that are different as no 

cracking, Slight Cracking Moderate, Extensive Incipient column collapse Complete. The fragility curves were 

Produced from the experimental outputs then compared. 

 

Zentner et al (2008) (18)observed the seismic probabilistic risk assessment (PRA) for seismic risk assessment of 

nuclear plant life is examined through fragility evaluation within the evaluation. They considered coupled model 

consisting associated with a supporting framework which is containment building modelled as 3d stick model and 

likewise the secondary method which represent a reactor coolant process that is certainly modelled as a beam elements 

comprises of a reactor vessel and four loops experiencing steam generator. Primary pump plus piping in every loop is 

multisupported by 36 supports. 4 top lateral supports placed at the upper part of every steam generator along with 3 

smaller lateral supports for safety and guidance of steam generator & reactor vessel. Statical estimation of parameters 

through fragility curves for any nuclear power plant was examined using numerical simulation.. They've generated fifty 

artificial ground motions time records and analysed as a nonlinear dynamic effect of the website response spectrum for 

a rocky site. The soil motions are modelled bystochastic process from man-made time records data. Each of the 

numerical computations they have performed implementing Code Aster open source FE software for the paper results. 

They have considered 2 configurations in the evaluation. Very first they've considered the concerns regarding 

earthquake and soil in the evaluation after which they thought the concerns as a result of earthquake ground motion in 

addition to structural and method within the plant equipment. 

 

Guneyisi and ozel et al. (2011) (19)studied a mid-rise RC frame building retrofitted with eccentric steel brace was 

observed through Fragility analysis. A 6 storey RC frame building, designed as per Turkish seismic design code 1975 

placed in a high seismicity area of Turkey was consumed the research. In making normal beam and also column was 
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considered with no shear wall. The steel braces (K,V&D type) they've worn 4different distribution to view the 

behaviour. The fragility curves have been created from the inter storey drift by way of nonlinear time history analysis. 

The fragility curves created for the first putting together for several damage levels.200 earthquake information have 

been considered that produced by utilizing MATLAB program. Modelling was conducted as a 2D analysis by using a 

software SAP2000 nonlinear version 11.The median and standard deviation of the ground 

motion indices for every injury fitness level had been acquired by performing linear regression analysis for various 

performance levels. They observed the various damage levels as slight, major, moderate, as well as collapse for the 

construction. The fragility curves were designed for before and also after retrofitting with metal braces. They realized 

after retrofitting with steel braces had been much less fragile than all those before retrofit. Plus the distributions of the 

eccentric steel braces had been somewhat impacting the seismic reliability of the braced frames. First distributions (K1, 

V1, or maybe D1) provided the fourth and greatest distributions (K4, V4, or maybe D4) provided the very least seismic 

reliability. 

 

Marano et al (2011) (20) finds the fragility curves are created that according to the category and also components 

supplied by the Hazus database with the applications of stochastic compelling analysis. Kinds for all the structures are 

considered as two storeys & five storeys buildings with equally low seismic style and medium seismic design are 

thought about. A displacement based damage index is used for the fragility analysis. The anatomical structure 

considered is a nonlinear single amount of independence system (SDOF).Response to seismic activity, modelled by 

means of the modulated Penzien and Clough procedure, is attained through the use of stochastic linearization technique 

&covariance analysis. Fragility curves are gotten using an approximate threshold crossings theory. A sensitivity 

analysis continues to be done with respect to structural details as well as discussing various soil types. From the 

sensitivity analysis performed considering structural mechanical details it could be deduced that all of the variables 

adversely affect the fragility curves, except the stiffness ratio α which influences just the fragility curve that 

corresponds to the weighty damage state 

 

Pallav et al (2012) (21) estimated the spectral acceleration on the Manipur region through the probabilistic seismic 

hazard analysis (PSHA). The region considered for the evaluation is divided into various zones. By factor of past 

earthquake data the earthquake recurrence relations are examined for the evaluation Seenapati, tamenglong, 

churachandpur, chandel, Ukhrul, Imphal west, imphal east, Bishnupur and Thoubal places belongs to that particular 

region are viewed for the evaluation. Counter maps are considered for the different places of Manipur region by 

thinking about the variation of good ground acceleration for return periods. These benefits might be of use to engineers 

and planners for choice of site, earthquake resistant structures designing and, might assist the state administration in 

seismic hazard mitigation 

 

Ellingwood et al.  (2001) (22)calculated the earthquake danger assessment of the structure by using the probabilistic 

risk analysis resources for 2 years. He concentrated on the3 probability based codified designed and reliability based 

condition asse3ssment of existing buildings. The steel frames weld connected are designed. A nonlinear compelling 

examination is done studying the behaviour in the benefits of inherent randomness and also modelling uncertainties 

within the functionality of the structures through fragility analysis. The seismic hazard analysis is done by thinking 

about the ground motion from California powerful ground motion network. 

 

Celik and Ellingwood et al. (2010)(23) observe the seismic functionality of the reinforced concrete frames is in the 

hands of low seismic area are intended and also analysed for gravity loads. They considered the uncertainty in the 

content qualities & structural methods (i.e. structural damping, concrete strength, and also cracking strain in beam-

column joints have the greatest effect on the fragilities of such frames. Confidence bounds within the fragilities are also 

provided as a degree of the accuracy of theirs for risk informed decision-making, for prioritizing risk mitigation work 

in areas of low-to-moderate seismicity. 

 

Bhattacharya et al (2001) (24)focused on the development of the target reliability of the novel structures that 

calibrated to existing structures. They adopted a general risk methodology of reliability framework is considered for 

finding out the significant limit state and the identification of the target reliability for the structures analytically. The 

methodology is illustrated with the US Navy's Mobile Offshore Base concept is the unique offshore structure in terms 

of function and size, and where no industry standard exists. A survey of reliability levels in existing design standards 

and engineered structures, target reliabilities recommended by experts, and analytical models for establishing 

acceptable failure probabilities is presented. The MOB target reliabilities presented here are subject to modification in 

the actual acquisition phase when more input becomes available. It is concluded that setting target reliabilities for high-

value novel structures is not an engineering decision alone active involvement on the part of the owners and policy- 
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makers is also required. 

 

Sykora, M., & Holicky, M., et al. (2011) (25)investigated the same target reliability level for the assessment of 

existing structures. The variation of the cost as well as the reliability index is determined by considering the different 

parameters. By considering the various codes the target reliability has estimated for the building and based upon this 

the performance levels are evaluated. The target reliability levels are primarily dependent on the failure consequences 

and on the marginal cost per unit of a decision parameter; upgrade costs independent of the decision parameter; 

remaining working life and discount ratio are less significant. The design values are specified on the basis of an 

appropriate reliability index (β). 

 

Summary 

Overviews of guidelines for vertically irregular buildings are carried out in the first chapter. The review of the study 

indicates that there are numerous research efforts found on the seismic behaviour of RC buildings, OGS buildings also 

with regard to seismic performance of the vertically irregular buildings, there are few studies conducted. But all this 

studies are based on a deterministic approach. The main motivation is to study the performance of the vertically 

irregular buildings and to fine tune the design guidelines as per the Indian standards. For example, with regard to an 

OGS building, the IS 1893(2002) suggests a multiplication factor of 2.5 for ground storey columns. The multiplication 

factorproposed by IS 1893 (2002) needs to be more of rational than an empirical number The seismic hazard analysis is 

adopted for the OGS buildings and the stepped type buildings by considering the criteria from various codes by 

identifying the reliability index calculation for the buildings to evaluate the appropriate MF values for the design of the 

buildings belongs to various region ofIndia. 

 

III.CONCLUSION 

 

Considering the storey displacement, the frame and structure with floating columns (frame 2) may be the most fragile 

since it suffers the highest displacement as the base frame and structure exhibits the very least displacement. So far as 

storey drift is concerned, frame two (with bottom 2 soft storeys) may be the most fragile since it's the maximum storey 

drift which changes abruptly. Frame 8 also shows pattern that is similar for bottom 2 storeys. Storey shear is however 

maximum in frame four and structure four (with 3rd and 6th storeys major). It may be inferred naturally the frame and 

structure with floating columns represents the even worse situation since it faces the highest displacement and is very 

susceptible to damages under this particular lateral loading. While, on the flip side it could be observed that the base 

frame and structure contains the very least drift and displacement, hence least vulnerable to the harm.In this particular 

thesis different structures and frames having completely different irregularities but with exactly the same dimension 

were analysed to learn their behaviour when put through lateral loads. All of the frames and also components have been 

analysed with exactly the same technique as mentioned in Is actually 1893 part 1: 2002. The starting frame and 

structure that is ideal develops least story drifts while the structure with floating column shows maximum storey drifts 

on soft story levels. Thus this's probably the most susceptible to damages under this particular type of loading. The 

many other structures with irregularities also proved unsatisfactory success to some degree. The frame with heavy 

loads produces maximum storey shears that should always be accounted for in design of columns suitably.The analysis 

reveals the dynamic approach provides us much more refined results as than static evaluation of the structure. 

The evaluation too demonstrates that irregularities are unsafe for the buildings and also it's crucial that you have regular 

and simpler shapes of frames in addition to even load distribution within the construction. Thus, as much as potential 

irregularities in a construction should be avoided. But if irregularities need to be introduced without any reason, they 

should be designed effectively adhering to the circumstances of Is actually 13920: 1993. And now days, complex 

shaped buildings are becoming famous though they have a threat of sustaining damages during earthquakes. Therefore 

such structures must be created effectively taking care their dynamic behaviour 
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