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Abstract –  
The thesis involves analysis of buildings with vertical mass 

irregularity in horizontal plan regular and irregular 

configuration, to evaluate performance of the building during 

earthquake forces. In this project an attempt will be made to 

see variation in design forces due to different mass 

distributions along the height of the multi-storeyed structures. 

All seismic codes give different limits of irregularities. IS 

1893:2002, prescribe a single storey of building should be 

mass irregular, if its mass exceeds 200 % more than adjacent 

storey. When a single storey considered and its stiffness is less 

than its adjacent by 70% or less than 80 % average lateral 

stiffness of three storeys’ above, then the storey is known as 

“soft storey”.  

In Seismic analysis and design, calculation of fundamental 

time period of vibration is a critical, because its gives global 

seismic demands of the structure. The period of structure 

depends upon properties as stiffness, mass, seismic forces, 

cracking, height and no of storey. 

Basically the structure has always forms structural irregular 

and cracks which leads to change in stiffness and strength of 

structure. These things has been ignored in code while 

calculation of empirical expressions of fundamental time 

period of structure. Due to this, calculated expressions are not 

suitable for calculation of actual seismic demands of structure. 

So, there is a need to change codal fundamental time period. 

Previously Eigen value analysis used for calculating 

fundamental time period. This research work proposed 

modified equations of fundamental time period calculation to 

overcome on codal limitations in terms of mass irregularity in 

vertical and horizontal plan regular and irregular 

configuration. Analysis of building carried out using computer 

program ETABS Software. 
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1. INTRODUCTION  
 

Seismic effect should be taken into account due to rapid 
development of infrastructure and increasing number of the 
multi-storied buildings. The structural performance under 
seismic condition depends upon many factors, which include 
mass, stiffness, strength, ductility, lateral strength and regular 
configuration. The structure with above mentioned factors is 
less vulnerable to earthquake as compare to the Irregular 
structures. Irregular buildings are divided in two categories of 
irregularities namely Plan irregularities and Vertical 
irregularities as per the IS- 1893 - 2002 (Part 1)  

In Multi-storied structures mass irregularity is an important 
factor. Irregular structures are major constituent in the modern 

urban infrastructure. Irregular structure includes all types of 
buildings which are irregular in shape as well as mass, 
stiffness, strength and ductility. The components of building 
resisting earthquake forces are known as the Lateral Force 
Resisting System (LFRS). The different lateral force resisting 
systems are as Shear walls, Special Moment resisting frame, 
and dual Frame system. The damage in a structure generally 
initiates at the location of structural weak planes present in the 
building system. A Mass irregular structure can be defined as a 
structure in which the storey mass of single storey exceeds 
200% more than that of the adjacent storey as per IS-1893- 
2002 (Part 1). Vertical irregularities classified in NEHRP code 
(BSSC, 2003).In this code, a structure is defined as irregular, if 
the ratio of one of the quantities such as mass, stiffness / 
strength between adjacent stories exceeds 70-80 % for soft 
story, 150% for set-back structures and 80% for weak story. 
Various building codes suggest using dynamic analysis such as 
elastic time history analysis or elastic response spectrum 
analysis for calculation of design lateral force in irregular 
structures except equivalent lateral force method. 

1.1 Objective 

The objective can be summarized as follows- 

1) Modeling of multi-storied R.C. building with mass 

irregularity in both plan horizontal regular and 

irregular shape structure. Calculation of the mass 

irregular index in structure. 

2) Analysis of multi-storied irregular RC building using 

linear static and linear dynamic analysis as per IS 

1893- 2002 (Part 1) code using modal analysis 

techniques. 

3)  Proposing design guidelines for calculation of 

modified fundamental time period with same vertical 

mass irregularity. This vertical mass irregular structure 

studied in both horizontal plan regular and irregular 

structure. 

1.2 Project Methodology 

Seismic analysis methods are classified as linear static, linear 
dynamic, Non-linear static and Non-linear dynamic analysis 
methods.1st and 2nd methods are suitable for structural’s 
having small loads and these loads never reach to collapse 
load. The 3rd and 4th methods are the improved methods over 
linear approach. In earthquake loads the structural loading will 
reach to collapse load and the material stresses will be above 
yield stresses. So in that case material non-linearity and 
geometrical non-linearity should be incorporated into the 
analysis to get better results.  

1.2.1 Response Spectrum Analysis in ETABS software 
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All models are analyzed in ETAB 2016 software, by using 
linear dynamic analysis i.e. Response Spectrum Analysis 
method. 

1.2.2 The Load calculations for the model are as described 

below:- 

A.  The weight of slab, beams and columns as assigned in 
ETAB software with Self-weight command as dead Load. 

B.  Dead load- Floor load, Wall load and parapet wall load 
considered as per IS-875-Part1. 

1)  Wall load:  Brick masonry unit weight unit x Wall 
thickness x Wall height 

= (0.15 x 20 KN / m3 + 0.12 x 2 x 20 KN / m3)   = 3.48 
KN/m3  ~ 3.75 KN/m3 

UDL Wall Load applied on beam = 3.75 x 3.0 = 11.25 KN/m 

2)  Parapet wall load (At podium parking and Roof floor 
level): Brick masonry unit weight x Wall Thickness x Wall 
height  

= 3.75 KN / m2 * 1.20 m = 4.50 KN / m. 

C.  Live load: Floor live load considered as 2.5 KN/m2 and 
roof live load as 1.5 KN/m2, as per IS-875-Part 2. 

D.  Seismic Load: The seismic parameters are taken as per IS 
1893- 2002(Part I). 

Table -1  

 Soil type Medium (II) 

Seismic zone IV (Z = 0.24) 

Importance factor 1 

Response reduction factor 5 

Damping 5% 

         

2 Modeling & Analysis of Structure used ETAB 

Software, with vertical Mass Irregularity. 

2.1With Horizontal Regular Plan 

Model 4.1 – G+18 R.C. structure with mass irregularity at  1st  
and 2nd  Storey level in form of Podium parking (L.L = 5 kN 
/sqm). 

Model 4.2 – G+18 R.C. structure with Mass irregularity at 
12th storey level in form of Gymnasium (L.L = 6.5 kN/sqm). 

Model 4.3 – G+18 R.C. structure with Mass irregularity at 
17th storey level in form of Club centre (L.L = 7.5 kN/sqm). 

Model 4.4 - G+18 R.C. structure with same Mass on all storey. 
(L.L = 2.5 kN/sqm). 

Modeling of G + 18 storey residential building (Model 4.1 

& Model 4.4) 

The G+18 structure is modeled and analyzed in ETAB 
version 16 software and the results and different type of 
responses are studied. The structure has horizontal length in X-
direction is 42m & 40m in Y-direction. The columns are 
spaced at 6m c/c in X-direction and 5.0 m c/c in Y-direction. 
The storey height considered as 3 m throughout the model. The 
Model consists of eighteen storey building. The thickness of 
slab assumed 0.20 m. Model consists of two lift cabin modeled 
using Shear wall having thickness 0.300 m.  

 

 

Plan of Building (TYP) 

 

 

3D View Building  
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2.2 Comparison of Parameters for all models in EQX, 

EQY and SPECX, SPECY case 

2.2.1 Maximum Storey Displacement 

Table 2- Max. Storey displacement (EQX & EQY case). 

 

Graph 1-Max. Storey displacement (EQX case)     

     

Graph 2- Max. Storey displacement (EQY case) 

    

Table 3- Max. Storey displacement SPEX & SPEY case 

 

Graph 3-Max. Storey displacement (SPEX case) 

 

Graph 4- Max. Storey displacement (SPEY case) 
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2.2.2 Maximum Storey Drifts 

Table 4- Max. Storey drifts (EQX & EQY case). 

 

 

Graph 5- Max. Storey drifts (EQX case) 

 

 

Graph 6- Max. Storey displacement (EQY case) 

 

Table 5- Max. Storey drifts SPEX & SPEY case 

 

 

Graph 7- Max. Storey drifts (SPEX case) 

 

 

Graph 8- Max. Storey displacement (SPEY case) 
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2.3 With Horizontal Irregular Plan 

Model 4.5 – G+18 R.C. structure with mass irregularity at  1st  
and 2nd  Storey level in form of Podium parking (L.L = 5 kN 
/sqm). 

Model 4.6 – G+18 R.C. structure with Mass irregularity at 
12th storey level in form of Gymnasium (L.L = 6.5 kN/sqm). 

Model 4.7 – G+18 R.C. structure with Mass irregularity at 
17th storey level in form of Club centre (L.L = 7.5 kN/sqm). 

Model 4.8- G+18 R.C. structure with same Mass on all 
storeys. (L.L = 2.5 kN/sqm). 

Modeling of G + 18 storey residential building (Model 4.5 

& Model 4.8) 

The G+18 structure is modeled and analyzed in ETAB 
version 16 software and the results and different type of 
responses are studied. The structure has horizontal length in X-
direction is 42m & 40m in Y-direction. The columns are 
spaced at 6m c/c in X-direction and 5.0 m c/c in Y-direction. 
The storey height considered as 3 m throughout the model. The 
Model consists of eighteen storey building. The thickness of 
slab assumed 0.20 m. Model consists of two lift cabin modeled 
using Shear wall having thickness 0.300 m.  

The Material property, Geometry and loads considered on 
all the models       considering different mass irregularities are 
same described in horizontal plan regular structure i.e. model 
4.1 to 4.4 

 

Plan of Building (TYP) 

 

3D View Building  

2.4 Comparison of Parameters for all models in EQX, 

EQY and SPECX, SPECY case 

2.4.1 Maximum Storey Displacement 

Table 6- Max. Storey displacement (EQX & EQY case). 

 

 

Graph 7-Max. Storey displacement (EQX case)     

    

Graph 10- Max. Storey displacement (EQY case) 
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Table 8- Max. Storey displacement SPEX & SPEY case 

 

Graph 11 - Max. Storey displacement (SPEX case) 

 

Graph 12- Max. Storey displacement (SPEY case) 

 

 

2.2.1 Maximum Storey Drifts 

Table 9- Max. Storey drifts (EQX & EQY case). 

 

Graph 13- Max. Storey drifts (EQX case) 

 

 

Graph 14-Max. Storey displacement (EQY case) 
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Table 10- Max. Storey drifts SPEX & SPEY case 

 

 

Graph 15- Max. Storey drifts (SPEX case) 

 

Graph 16- Max. Storey displacement (SPEY case) 

 

2.4 Mass Irregular Index Calculation of Irregular 

models. 

Mass irregular three models are considered for the study at 

different storey level. Model 4.5 has mass irregularity at 1st & 

2nd storey level. Model 4.6 has mass irregularity at 12
th
 storey 

and model 4.7 at 17th storey level. Model 4.8 has same mass 

on all floor level is considered for comparison with mass 

irregular model. All models are analyzed in ETAB software. 

The interpretation of results shows that some changes in the 

design forces as well as parameters like Maximum storey 

displacement, Storey shear, Maximum storey drift, Storey 

stiffness. The Comparison tables show the values of all the 

above parameters.  

The Mass irregular index for all models is calculated, which is 

dependent on a number of parameters of the structure. These 

parameters are identified and used to calculate the Mass index 

ηm of models and calculated the ratio of Time period of 

irregular and regular structure (Ti/Tr).The definition of the 

mass index quoted by the researcher as studied in the literature 

review, it is given in following equation, 

 

   

   

b = plan width in seismic force direction  

L = Plan width transverse to direction seismic force  

hi = Height of mass irregular floor from base of     

structure. 

H = Total height of structure. 

Mi  = Mass of ith floor with irregularity. 

M = Total mass of structure. 

The Mass Irregularity index calculation for the Mass 

irregular models were calculated as shown below: 

 

1.0) Model 4.5 (Irregularity at 1st and 2nd   storey level) 

The Model 4.5 has mass irregularity at 1st and 2nd storey 

levels. Mass irregularity index calculation parameters are 

as below: 

Plan dimension – 42.0 m x 40.0 m 

Model 4.5 has Mass irregularity at 1st and 2nd storey level 

a.) For 1st storey level 

b.) b = 40.0 m, L = 42.0 m, h1 = 3 m, h = 54.0 m, M1 = 

18784.30 kN and  

M = 367235.63 kN 

ηm = 𝟒𝟎𝟒𝟐 ∗ 𝟒𝟎. 𝟎 ∗ 𝟑𝟓𝟒 ∗ 𝟏𝟖𝟕𝟖𝟒.𝟑𝟎𝟑𝟔𝟕𝟐𝟑𝟓.𝟔𝟑 =   0.1083 

ηm = 
𝒉𝒊𝒉 𝑴𝒊𝑴 𝒃𝑳 b 
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For 2nd storey level 

b = 40.0 m, L = 42.0 m, h1 = 6 m, h = 54.0 m, M2 = 

18784.30 kN and  

M = 367235.63 kN 

ηm = 𝟒𝟎𝟒𝟐 ∗ 𝟒𝟎 ∗ 𝟔𝟓𝟒 ∗ 𝟏𝟖𝟕𝟖𝟒.𝟑𝟎𝟑𝟔𝟕𝟐𝟑𝟓.𝟔𝟑  =   0.2165  

----------------------------------------------------------------- 

2.) Model 4.6 (Irregularity at 12th storey level) 

The Model 4.6 has mass irregularity at 12th storey 

level. Mass irregularity index calculation parameters 

are as below: 

Plan dimension – 40.0 m * 42.0 m 

Dimension as per model for Mass irregularity at 12th 

storey level 

For 12th storey level 

b = 40.0 m, L = 42.0 m, h1 = 36.0 m, h = 54.0 m,  

M12 = 20593.13 kN and  

M = 370743.99 kN 

ηm = 𝟒𝟎.𝟎𝟒𝟐.𝟎 ∗ 𝟒𝟎 ∗ 𝟑𝟔.𝟎𝟓𝟒.𝟎 ∗ 𝟐𝟎𝟓𝟗𝟑.𝟏𝟑𝟑𝟕𝟎𝟕𝟒𝟑.𝟗𝟗  = 1.411 

 

 

3.) Model 4.3 (Irregularity at 17th storey level) 

The Model 4.3 has mass irregularity at 17th storey 

level. Mass irregularity index calculation parameters are 

as below: 

Plan dimension – 40.0 m * 42.0 m 

Dimension as per model for Mass irregularity at 17th 

storey level 

 
c.) For 17th storey level 

b = 40.0 m, L = 42.0 m, h17 = 51 m, h = 54.0 m, M17 

= 24325.95 kN and  

M = 375114.21 kN 

ηm = 𝟒𝟎.𝟎𝟒𝟐.𝟎 ∗ 𝟒𝟎. 𝟎 ∗ 𝟓𝟏.𝟎𝟓𝟒.𝟎 ∗ 𝟐𝟒𝟑𝟐𝟓.𝟗𝟓𝟑𝟕𝟓𝟏𝟏𝟒.𝟐𝟏=   2.333 

 

 

 

 

 

 

2.4.1 Graph showing variation of Mass irregularity 

index with ratio of Irregular & Regular time period for all 

the irregular models considered. 

Graph 17 -Variation of ηm to Ti/Tr Ratio 

 
 

 

2.4.2 Mass Irregularity index ηm & Ti/Tr ratio 
variation table 

As shown in this table, the variation in value of Mass irregular 

index has been explained as calculated for all the models. Also 

the Percentage increase of mass index for the models has been 

explained. 

Table 11: Table of Mass Irregularity index with Ratio of 
Time period 

 

 

3. CONCLUSIONS 
 

1.) The value of the Mass irregularity index suddenly increases 

as the mass irregularity increases according to the height. 

When irregular mass present at bottom level mass irregularity 

index was less. These results also can be seen on graph and 

results incorporated. This is concluded that mass irregularity 

index is directly proportional to mass irregularity along the 

height of building. 

 2.) In models 4.5 to 4.8 i.e. mass irregular structure and with 

horizontal plan irregular structure 50.0 % increase in mass 

irregularity index from 1st to 2nd floor. There is a difference in 

the mass irregularity index on the higher floors 12th and 17th 
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floor is 45.12 %.  This shows that, there is consistency in mass     

irregularity index in geometrical plan regular and irregular    

structure. 

3.) The ratio of Time period in models 4.1 to 4.5 (mass 

irregular, but without horizontal plan irregular) increase along 

height of building. Time period Tr of regular structure and Ti 

irregular structure was calculated separately.  

4.) It is observed that ratio of Ti/ Tr ratio increases with the 

position of mass irregular floor on top floor. It is also seen that 

in plan regular structure the value decreases at 12th floor, 

which means the ratio Ti/ Tr   not only depends on mass 

irregularity but also depends on other building factors. 

5.) Different models are observed with geometrical plan 

regular and irregular structure with same mass irregularity. Its 

shows that mass irregularity increase from bottom storey to top 

storey. Time period of mass irregular structure at 1st and 2nd 

storey remains same as mass regular structure.   

6.) It is observed that time period of horizontal plan irregular 

structure is less than plan regular structure with mass irregular 

structure 
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