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Abstract— Most iconic structures reduced to heaps of 

rubble, homes that collapsed, storefronts toppled over into 

the streets. These buildings were the earthquake's most 

deadly weapons. Earthquake don`t kill people building 

do”Many buildings in the present scenario have irregular 

configurations both in plan and elevation. This in future 

may subject to devastating earthquakes. In case, it is 

necessary to identify the performance of the structures to 

withstand against disaster for both new and existing one. 

The present paper made an attempt to study overall 

failures of irregularities in the building models namely 

plan irregularity with geometric, torsional irregularity, re-

entrant corners, on-parallel systems and diaphragm 

discontinuity. These irregularities are created as per clause 

7.1 of IS 1893 (part1)2002 code.   

Key words: Horizontal, vertical irregularity, torsional 

effects, Seismic analysis responsespectrum method 

I. INTRODUCTION 

As it is well known, structural regularity is an important 

issue for a good seismic response. Despite structural 

regularity is quite easy to obtain through a careful design; 

it is very common that, in the reality, different 

irregularities can occur, changing the seismic performance 

of the building. The sample structure studied in this paper 

is a frame RC building, stiffness asymmetric in plan and 

irrregular in elevation. An eccentricity in the mass 

distribution, that is a non-coincidence between mass and 

stiffness centers, has been introduced, as mass distribution 

is very easy to control during the design of the building, 

but not easily predictable during the life of the building, 

since it is related to its use, that is changeable during the 

time.  

The seismic response has been measured in terms 

of top displacement and interstorey drift, i.e. response 

parameters that are widely recognized to evaluate seismic 

performance. The observation of the obtained top 

displacements leads to evaluate the sensitivity of the 

seismic response to the mass eccentricity and the 

difficulties in predicting the seismic behavior of the 

building through simplified analyses. 

The irregularity in the building structures may be 

due to irregular distributions in their mass, strength and 

stiffness along the height of building. When such 

buildings are constructed in high  seismic zones,  the 

analysis and  design becomes more complicated. There 

are two types of irregularities: 

1) Plan Irregularities 

2) VerticalIrregularities 

A. Plan Irregularities 

1) Re-entrant Corners 

Plan configurations of a structure and its lateral force 

resisting system contain re-entrant corners, where both 

projections of the structure beyond the re-entrant corner 

are greater than 15 percent of its plan dimension in the 

given direction. 

2) Out-of-Plane Offsets 

Discontinuities in a lateral force resistance path, such as 

out-of-plane offsets of vertical elements. 

3) Non-parallel Systems 

The vertical elements resisting the lateral force are not 

parallel to or symmetric about the major orthogonal 

axes or the lateral force resisting elements. 

B. Vertical Irregularities 

1) Stiffness Irregularity 

A soft storey is one in which the lateral stiffness is less 

than 70 percent of the storey above or less than 80 

percent of the average lateral stiffness of the three storey’s 

above. 

2) Mass Irregularity 

Mass irregularity shall be considered to exist where the 

seismic weight of any storey is more than 200 percent of 

that of its adjacent storey’s. In case of roofs irregularity 

need not be considered. 

3) Vertical Geometric Irregularity  

A structure is considered to be Vertical geometric 

irregular when the horizontal dimension of the lateral 

force resisting system in any storey is more than 150 

percent of that in its adjacent storey. 

4) In Plane Discontinuity in Vertical Elements Resisting 

Lateral  Force 

An  in  plane  offset  of  the  lateral  force resisting 

elements greater than the length of those elements. 

5) Discontinuity in Capacity 

Weak Storey – A weak storey one in  which  the storey 

lateral  strength  is less than  80  percent of that in the 

storey above. 

In this present paper contains RC building with 

10 stroeys of 35m height which is having re-entrant 

corners. this RC Frames performed for seismic analysis 

and the effects of the structure will be studied. this paper 

aims to overcome the failures when the irregurities in  X 

& Z, as well as Y & Z axis of the building.this outlined 

that the irregularities of building is both Horizontal & 

Vertical direction . 

when the structure having re-entrant corners the 

effect of torsinal cannot be avoided. this torsinal effects 

will be studied. 

C. Classification of Buildings Having Torsional 

Irregularity 

Buildings having torsional irregularity can be divided into 

4 classes. 

1) Buildings having geometrical irregularity. 

2) Buildings having irregularity about rigidity distribution. 

3) Buildings having irregularity about  both  geometry         

and rigidity distribution. 

4) Buildings having hidden torsional irregularity.  



An Epitome on 3D Plan Irregularities of RC Buildings with Seismic Analysis 

 (IJSRD/Vol. 4/Issue 01/2016/061) 

 

 All rights reserved by www.ijsrd.com 221 

2 

 
Fig. 1: Isometric view showing beam and column frame 

II. METHODS OF DYNAMIC ANALYSIS 

The methods of dynamic analysis used here are 

1) TimeHistory Method  

2) Response Spectrum Method. 

A. Response Spectrum Method 

The Response Spectrum is a method of estimation of 

maximum responses (acceleration, velocity and 

displacement) of a family of SDOF systems subjected to 

a prescribed ground motion. The RSM utilizes the 

response spectra to give the  structural designer a  set  

of possible forces and deformations a real structure 

would experience under earthquake loads. 

In IS:1893, two methods, one Seismic 

Coefficient and other Response Spectrum method is 

described to carry out the analysis for Earthquake 

forces. One Table (in Clause4.2.1) is also provided to 

decide upon the method to be used,  depending  upon  

Building  Ht.  and  Zone.  At the bottom of this table, it 

is clearly mentioned that building with irregular shape 

and/or irregular distribution of mass and stiffness in 

horizontal and/or vertical plane, shall be analyzed as per 

Response Spectrum Method. For all practical reasons, 

no building is uniform in all the respects (i.e.shape, 

mass/stiffness distribution in horizontal and vertical  

plane). This  means  that  for  no  building,  the Seismic 

Co-efficient method shall be resorted. 

1) General: This section provides required  minimum 

standards for the equivalent lateral force procedure 

of seismic analysis of structures. For purposes of 

analysis, the structure is considered to be fixed at 

the base. For limitations on the use of this 

procedure. 

2) Seismic Base Shear: The seismic base shear VB in 

a given direction shall be determined in accordance 

with the following equation: 

Where: 

VB= Ah W 

Ah = the seismic response coefficient 

W = the total dead load and applicable portions of other 

loads 

B. Calculation of Seismic Response Coefficient:  

The seismic response coefficient Ah shall be   determined 

in accordance with the following equation: 

Ah  = Z  I Sa 

         2 R g 

Where: 

Z = Zone factor given in 

Sa/g = average response acceleration coefficient 

R = the response reduction factor 

I = the importance factor depending upon the functional 

use of structure 

C. Vertical Distribution of Seismic Forces:  

The lateral force, F (KN), induced at any level    shall be 

determined from the following equations: 
Qi = VB Wi h2

i 

                                                   
                                                  n        2                             

                                          W j hi 

                               i=1 

Where 

Qi = Design lateral force at floor i 

Wi  Seismic Weight of floor i 

hi   Height of floor i measured from base 

n       Number of storey’s in the building is the      number 

of levels at which the masses are located     

D. Complete quadratic combination (CQC): 

The Complete quadratic combination (CQC) rule for 

modal combination is applicable to a wider class of 

structures as it overcomes the limitations of the SRSS 

rule. The method is based on random vibration theory. It 

has been incorporated in several commercial analysis 

programs.  A double summation is used to estimate 

maximum responses. 

                                   r       r 

    √     i ij  j 

                                                i=1    j=1 

In  which, ij is  a  cross-modal  coefficient  (always 

positive), which for constant damping is evaluated by 

       r= number of modes being considered 

i =response quantity in mode i 

 j = response quantity in mode j 

ij  =    8 
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2  
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 = modal damping ratio 

             Β = frequency ratio        j 

i 

j=circular frequency in jth mode 

i=circular frequency in ith mode  
   

  

Similar equations can be applied for the 

computation of member forces, interstorey deformations, and 

base shears overturning moments. 

III. BASE PAPERS 

A. T. Mahdi and V. Soltan Gharaie(2011) 

presented the paper on plan irregular RC frames & 

comparison of pushover with nonlinear dynamic analysis. 

In  this  paper,  the  applicability  of  the  3D  pushover  
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analysis  for  predicting  the  seismic response of 

intermediate moment-resisting frame structures with plan 

irregularity has been investigated. The results from push-

over analyses have been compared to those from nonlinear 

dynamic analyses for two selected earthquake records, 

each scaled to achieve predetermined values of roof drift.
 

The results of pushover analyses confirm the 

validity of designs based on IS2800. 

However,  for  irregular  buildings  similar  to  

those  tested  in  this  paper,  additional nonlinear time 

history analysis need to be performed. 

The  first  two  periods  of  vibration  are  

predominantly  translational,  the investigated buildings 

can be classified as torsionally stiff buildings. The results 

obtained for the three frames show that pushover 

techniques still require further refinement in order to 

provide reliable estimates of the dynamic response of 3D 

asymmetrical structures. 

B. Amin Alavi, Prof. P.Srinivasa Rao (2013) 

presented on Influence of torsional irregularities of rc 

buildings in high seismic zone 

In this paper, the torsional response of plan 

asymmetric RC building structures for predicting the 

seismic responses were investigated. The linear dynamic 

response of plan asymmetric with different eccentricities 

were initially compared, in order to evaluate the effects of 

the torsional response. 

The results evidenced that the model one with 

41.6% in X and 35.5% eccentricity in Y direction has the 

maximum storey drift which is 0.004 in the Y direction. 

So we can conclude that the structures are more  

vulnerable when they are more irregular. 

The linear analysis have been proved the 

significant     information for torsional behavior of plan 

or/and mass asymmetric structure. The eccentricities 

between center of mass and center of resistance 

various are more significant to the torsional behavior of 

structures during an earthquake. 

Since torsion is the most critical factor leading to  

major damage or complete collapse of buildings therefore, 

it is very essential that irregular buildings should be 

carefully analyse for torsion and the designer should avoid 

these types of structures as much as possible. 

C. Magliulo G., Maddaloni G. and Petrone C.(2014) 

presented on Influence of earthquake direction on the 

seismic response of irregular plan RC frame buildings. 

In this study, nonlinear methods of analysis (static and 

dynamic), according to Eurocode 8, are compared by 

considering three different reinforced concrete buildings 

that are representative of typical RC buildings in Italy: a 

rectangular plan shape, an L plan shape and a rectangular 

plan shape with a courtyard building. 

By comparing the assessments performed with 

pushover and dynamic analyses, it is found that the static 

nonlinear analysis is more conservative. it yields smaller 

safety factors with respect to nonlinear dynamic analysis 

for high intensity seismic levels. This conclusion is 

inverted, i.e., dynamic nonlinear analysis yields lower 

safety factors for low intensity seismic levels. . Twelve 

different earthquake directions are considered, rotating the 

direction of both the orthogonal components of the selected 

accelerograms by 30 degrees for each analysis (from 0° to 

330°).The results show that the incidence angle of the 

seismic input motion significantly influences the response 

of RC structures; the critical seismic angle, i.e., the 

incidence angle that produces the maximum demand, 

provides an increase in the demand larger than 15% in 

both displacements and in the ratio R between the required 

rotation and the capacity. This study has proven the 

significant influence of the seismic incidence angle on 

plan-asymmetric structures. Such an influence is not 

currently included in the building codes the seismic 

demand can be significantly underestimated even when 

“refined” dynamic nonlinear code-compliant analyses are 

used. A wide parametric study is required in order to 

include the influence of the seismic incidence angle in the 

current building codes. An attempt to quantify the 

uncertainty related to the variability in the incidence 

angle is also provided. a single plan asymmetric case 

study building; a wide parametric study is needed in order 

to quantify the uncertainty related to the variability in the 

incidence angle and to achieve more general results. For 

example, a larger sample of buildings having different 

material strengths and plan-wise configurations should be 

considered. 

D. Satyaveni Allipilli, Mallikadevi Palli, Ramesh Dutt 

Chilakapati, Dr. Harinadha Babu Raparla(2014)  

presented on  Impact of Plan Irregularity to Opt a Suitable 

Structural Framing System in the Analysis and Design 

of Multi-Storied Buildings. This paper investigates the 

significance of plan irregularity in the selection of suitable 

structural moment resisting framing system for the analysis 

and design of multi-storied buildings .Clause 1.1.1 of IS 

13920:1993 accepted to satisfy any one of four conditions 

for the designing and detailing as Special Moment 

Resisting Frame. Functional use of the structures, zones 

and height of the building are taken into consideration in 

the  four conditions of above clause. But there appears to 

be another important issue to be considered i.e. building 

irregularity and it is not mentioned in the four conditions.  

It is observed that the axial forces for all columns are in 

increasing order from zone II to zone V. This is due to 

seismic intensity. The same thing is observed both in 

OMRF and SMRF. 

Results shows that the axial force of any internal 

column is same for all zones. It is observed in all the regular 

and irregular building frames. This is due to the gravity 

loads are dominating over the internal columns. Gravity 

and earthquake load combination is dominating in the case 

of external and edge columns of all the frames. 

The inter-story drifts are in increasing order from 

zone II to zone V for all the regular and irregular building 

frames because of the seismic intensity. 

In the case of zone IV and zone V the weight of steel per 

unit area is less in SMRF than OMRF. Inter-storey drift is 

also less in SMRF than OMRF both in regular and irregular 

building frames.general conclusion of this paper is Clause 

1.1.1 of code “Ductile detailing of Reinforced Concrete 

Structure subjected to Seismic Forces 
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Code of Practice” IS 13920:1993, shall be adopted to 

satisfy one of four conditions for the designing and 

detailing as SMRF. These conditions are representing 

zones, function of the structure and height of the building 

and also included the plan irregularity of the building for 

the four conditions. 

IV. CONLUSIONS   

In this paper, it is proposed that buildings with 

irregularities are prone to earthquake damage, as observed 

in many earthquake occurrences. . Since current codes fall 

short of providing simplified analytical tools for irregular 

structures. It is necessary to develop a simple analytical 

procedure based on rigorous computations  and  

experiments  on the seismic response of irregular 

structures. 

A three dimensional analysis of a building 

using general purpose analysis computer programs is able 

to take care of the eccentricity “e” but without displaying 

its magnitude. However, there is no general purpose 

computer programme which is able to   account   for   the   

design   eccentricity, because there is no direct method to 

compute the center of Rigidity or Shear center at each 

floor/storey of a building. This is the main reason as to 

why most designers adopt approximate methods for  the  

torsional analysis  of  buildings.  Some  designers consider   

a   torsional   analysis   to   be   a secondary analysis. 

However, this may be an inaccurate assessment. Several 

studies of structural damages during the past wind storms 

and earthquakes reveal that torsion is the most critical 

factor leading to major damage or complete collapse of 

buildings. It is, therefore,  necessary  that  irregular 

buildings should be carefully analyzed for torsion. 

Different irregularities are overviewed this 

overview method. Many literatures would have been 

studied that either any one problem will be solved.this 

will concentrated on a particular region  

When 3D plan irregularities leads to study if the 

irregularity in X- direction and concentrates at the same 

time in Z- direction also.if irregularity in Y-direction 

which in account too Z- direction. 
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