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Abstract— In order to compete with the ever growing 

competent market, it is important for a structural engineer to 

save time. As a sequel to this, an attempt is made to analyze 

and design a Multi-storied Building by using a software 

package called ETABS. For analysing a multi storied 

building one has to consider all the possible loadings and see 

that the structure is safe against all possible loading 

conditions. There are several methods for seismic analysis of 

different plan configuration of RC buildings like linear 

analysis and non-linear analysis. Further in linear or non-

linear analysis, static and dynamic is to be considered. Here 

in this project, linear dynamic analysis by response spectrum 

method is adopted. The present project deals with the seismic 

analysis of a multi-storeyed RC building of G+11 of different 

plan configuration. Different responses like base shear, story 

displacement, storey drift, overturning moments, modal time 

period and frequencies are plotted for present zone and type 

of soil. ETABS – 2016 with its new features surpassed its 

predecessors and competitors with its data sharing 

capabilities with other major software like AutoCAD and MS 

– Excel. 
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I. INTRODUCTION 

RCC framed structure is basically an assembly of slabs, 

beams, columns and foundation inter-connected to each other 

as a unit. The load transfer, in such a structure takes place 

from the slabs to the beams, from the beams to the columns 

and then to the lower columns and finally to the foundation 

which in turn transfers it to the soil. The floor area of a R.C.C 

framed structure building is 10 to 12 percent more than that 

of a load bearing walled building. Monolithic construction is 

possible with R.C.C framed structures and they can resist 

vibrations, earthquakes and shocks more effectively than load 

bearing walled buildings. Speed of construction for RCC 

framed structures is more rapid. Reinforced Concrete (RC) 

building frames are most common types of constructions in 

urban India. These are subjected to several types of forces 

during their lifetime, such as static forces due to dead and live 

loads and dynamic forces due to earthquake. 

A. Different Plan Configurations 

Configuration is critical to good seismic performance of 

buildings. The important aspects affecting seismic 

configuration of buildings are overall geometry, structural 

systems, and load paths. Buildings oscillate during 

earthquake shaking and inertia forces are mobilized in them. 

Then, these forces travel along different paths, called load 

paths, through different structural elements, until they are 

finally transferred to the soil through the foundation. The 

generation of forces based on basic oscillatory motion and 

final transfer of force through the foundation are significantly 

influenced by overall geometry of the building, which 

includes: (a) plan shape, (b) plan aspect ratio, and (c) 

slenderness ratio of the building. 

B. Scope of the Study 

1) Nonlinear dynamic analysis can be carried out for the 

same plan configuration and results can be interpreted in 

a systematic manner. 

2) In shear wall consideration performance based or 

capacity based design of structure can be done. 

3) Static pushover analysis for shear wall can be performed 

in the seismic design of structures. 

4) P-delta analysis can be performed for different plan 

configuration. 

C. Objectives of the Study 

The objectives of the present work are: 

1) To study and analyze the building with 4 different plan 

configurations namely rectangular, C-shape, T-shape 

and O-shape. 

2) To study linear dynamic analysis for all the models of 

different plan configurations shape. 

3) To study linear dynamic analysis for different plan 

configurations with and without shear walls. 

4) To compare their results in terms of base shear, 

maximum storey displacement, maximum storey drift, 

overturning moment and modal time period and 

frequencies. 

II. METHODOLOGY 

A. General 

Structural Analysis and design are predominant in finding out 

significant threats to integrity and stability of a structure. 

Multi storied structures, when designed, are made to fulfil 

basic aspects and serviceability. Since strength of structure 

depends on loads imposed and it requires attention. 

 In the present study 12 storey building is modelled 

in ETABS 2016 software with different plan configurations. 

All design parameters like geometrical, loadings, load 

combinations, analysis methods are considered in the 

software. 

B. Response Spectrum Method 

A response spectrum is simply a plot of the peak or steady – 

state response (displacement, velocity or acceleration) of a 

series of oscillators of varying natural frequency, that are 

forced into motion by the same base vibration or shock. The 

RSM plays an important role in practical analysis of 

multistory buildings for earthquake motions. The maximum 

response of the building is estimated directly from the elastic 

or inelastic design spectrum characterizing the design 

earthquake for the site and considering the performance 

criteria for the building. The resulting estimates of maximum 
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forces and deformations provide a basis for preliminary 

design of buildings. Furthermore, most building code 

specifications for earthquake forces are based on 

simplifications of the response spectrum method of analysis. 

1) Design Response Spectra for Rock and Soil Sites 

Design response spectra are a smooth response spectrum 

specifying the level of seismic resistance required for a 

design. Seismic analysis requires that the design spectrum be 

specified. IS 1893 (part 1) 2002 stipulates a design 

acceleration spectrum or base shear coefficients as a function 

of natural period. These coefficients are ordinates of the 

acceleration spectrum, divided by acceleration due to gravity. 

This relationship works well in single degree of freedom 

system. Figure 3.1 relates to the proposed 5 percent of 

damping for different soil sites. 

 
Fig. 2.1: Response Spectra for 5% Damping 

C. Different Plan Models 

The plan configurations are shown in figure 3.2 and 3.3 are 

the models which are considered for the analysis purpose. 

 
Fig. 2.2: Regular Rectangular and C-Shape Plans with Shear 

Wall 

 
Fig. 2.3: O-Shape and T-Shape Plans with Shear Wall 

D. Geometrical Details of the Model 

Size of Building 
=36m x 24m (Rectangular 

model) 

Number of  Stories =12 no.s 

Support Condition =Fixed 

Storey Height =3m 

Grid spacing in X & Y =4m 

Grade of Concrete =M25 

Grade of Steel =Fe500 

Size of Column =600mm x 600mm 

Size of Beams =450mm x 450mm 

Thickness of main 

Wall 
=230mm 

Thickness of slab =150mm 

Thickness of shear 

wall 
=250mm 

The above properties are used for different plan 

configurations with slight variations in the building structure 

as compared to rectangular model. Shear walls of thickness 

250mm are also provided in all the plan models and analysed 

as piers. 

E. Modelling of Rectangular Model in the ETABS Software 

For the analysis of any building plans in any software or 

manual, first we need to model the configuration with proper 

geometrical and sectional properties along with all possible 

load data, and respective analysis methods are to be adopted. 

Basically structure with simple geometry are analysed with 

only static loads namely dead and live loads. For high rise RC 

or Steel building configurations wind load analysis as well as 

earthquake analysis is to be adopted. 

 For our project we are presenting stepwise 

procedure for the regular rectangular building model using 

ETABS software. 

1) Step 1: By selecting new model in ETABS and defining 

all grids in both X and Y direction according to the 

rectangular plan dimensions 36m x 24m. 

 
Fig. 2.4: Rectangular Plan Model with Dimensions in X and 

Y Direction in ETABS with Shear Wall 

 In the elevation we have provided foundation depth 

as 1.5m and above plinth level all the storeys of 3m height. 
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Fig. 2.5: Elevation of the Rectangular Plan Model with 

Floor Heights in ETABS with Shear Wall 

2) Step 2: Assigning all the sectional properties to the 

model. Main wall thickness as 230mm and shear wall of 

thickness 250mm around lift portion is provided. All 

beam sizes are given as 450mmx 450mm and all column 

sizes given as 600mm x 600mm. Slab thickness is 

considered as 150mm in all floors for the analysis 

purpose. 

 
Fig. 2.6: Sectional Properties (Only Selected) Assigned to 

the Model with Shear Wall 

3) Step 3: Dead load on all floors for 150mm thick slab is 

considered as 3.75kN/m2 and additional floor finish is 

taken as 1.250kN/m2 (as per IS875- 1983 Part-1). Also 

live load on the all floors is considered as 2.0kN/m2 (as 

per IS 875-1983 Part-2).  Wall load of thickness 230mm 

on beams considered as 13.8kN/m. parapet wall of 

thickness 115mm with load of 2.07kN/m for 0.9m 

height. 

 
Fig. 2.7: Wall Load Assigned to the Model 

 
Fig. 2.8: Slab dead Load Assigned to the Model 

4) Step 4: Response spectrum analysis is to be carried out 

in ETABS as per IS1893-2002 and the earthquake zone 

considered as II where Zone factor is 0.10, soil type 2 

(medium soil), function damping ratio is taken as 5%. 

From the software we can get the RS curve as shown 

below. 

For seismic analysis the base shear is to be calculated using 

the formula, 

 Vb = Ah x W 

 Where, Ah = Design horizontal acceleration spectrum 

 W = Seismic weight 

 Ah = (Z*I*Sa)/ (2*R*g) 

Where, Z= Zone factor (Table 2, IS 1893-2002) 

 I= Importance factor (Table 6, IS 1893-2002) 

 R= Response reduction factor (Table 7, IS 1893-2002) 

 Sa/g = Average response acceleration coefficient. 
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Fig. 2.9: Response Spectrum Curve 

5) Step 5: Assigning load combinations for static and 

dynamic load cases. Below are the load combinations 

which are considered for the analysis. 

1) 1.5 * DL 

2) 1.5 (DL+LL) 

3) 1.5 (DL + EQX) 

4) 1.5 (DL + EQY) 

5) 1.5 (DL – EQX) 

6) 1.5 (DL – EQY) 

7) 1.5 (DL + LL+EQX) 

8) 1.5 (DL+LL+EQY) 

9) 1.5 (DL+LL-EQX) 

10) 1.5 (DL+LL-EQY) 

11) 0.9 *DL + 1.5 * EQX 

12) 0.9 * DL + 1.5 *EQY 

13) 0.9 *DL - 1.5 * EQX 

14) 0.9 * DL – 1.5 * EQY 

 After adding all the above load combinations, one 

more combination can be generated which includes all the 14 

combinations which is called as ENVELOPE and it helps in 

the interpretation of results. 

 
Fig. 2.10: Load combinations considered in the software 

6) Step 6: Checking model for errors/warnings and program 

can be analysed, deflected shape of model, bending 

moment as well as shear force diagrams are to be 

interpreted for static load cases. For seismic analysis the 

parameters namely storey base shear, storey drift, storey 

displacement, over-turning moment and storey stiffness 

are to be determined. 

 
Fig. 2.11: Deflected Shape of Rectangular Structure 

 
Fig. 2.12: Deflected Shape of C-Type Structure 

 
Fig. 2.13: Deflected Shape of O-Type Structure 
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Fig. 2.14: Deflected Shape of T-Type Structure 

 Steps shown above are only for sample rectangular 

model and same procedure can be applied for different plan 

configurations namely C-shape, O-shape and T-shape along 

with core type shear wall at almost to the building centre. The 

variation in the results for all the models by seismic analysis 

is discussed in detail in the next chapter. 

Model 

type 

Rectangula

r 

C-

shape 

O-

shape 

T-

shape 

Plain 2385kN 
1854k

N 
2193kN 

1515k

N 

Shearwall 2946kN 
2516k

N 
2838kN 

1936k

N 

Table 3.1: Comparison of Base shear 

III. RESULTS & DISCUSSION 

A. General 

The response spectrum gave some distinct results for 

individual building plan configurations and the stability of the 

structure or proper building model can be decided by 

comparing parameters of all the selected models. The 

comparison of all building models is discussed briefly as 

follows. 

B. Comparison of Base Shear 

The base shear for all models for plain and with shear wall is 

tabulated in table 5.1 and response spectrum load case is 

considered for the computation. 

 
Graph 3.1: Comparison of base shear with model type 

 From the figure 5.1, it is observed that base shear is 

maximum for rectangular shape with shear wall as compared 

to all types of shapes. It is also observed that base shear for 

rectangular model is 14.59%, 3.66% and 34.28% more as 

compared to C, O and T-shape buildings. 

1) Comparison of Maximum Storey Displacement 

Storey Rectangular C-shape O-shape T-shape 

Base 0 0 0 0 

PL 0.4 0.6 0.4 0.4 

GRF 2.7 2.9 2.7 2.9 

1RF 5.5 5.9 5.5 6 

2RF 8.3 9 8.4 9.1 

3RF 11 12 11.2 12.1 

4RF 13.4 14.7 13.8 14.9 

5RF 15.7 17.2 16.1 17.5 

6RF 17.7 19.4 18.2 19.8 

7RF 19.5 21.4 20.1 21.8 

8RF 21 23.2 21.7 23.6 

9RF 22.2 24.6 23 25 

10RF 23.1 25.6 24 26.1 

11RF 23.6 26.3 26 26.8 

Table 3.2: Comparison of Storey Displacement for Plain 

Model 

 
Graph 3.2: Comparison of Storey Displacement for Plain 

Model with Storey 

From the above table 5.2 and figure 5.2, it is observed that the 

storey displacement curve for plain model for all type of 

models are almost same but T-shape model displaces more as 

compared to other models. 

Storey Rectangular C-shape O-shape T-shape 

Base 0 0 0 0 

PL 0.7 0.8 0.8 0.6 

GRF 2.2 2.6 2.6 1.7 

1RF 4.1 4.9 5 3.3 

2RF 6.2 7.3 7.5 5 

3RF 8.4 9.7 10 6.8 

4RF 10.6 12.1 12.5 8.7 

5RF 12.7 14.5 14.9 10.6 

6RF 14.6 16.6 17.2 12.5 

7RF 16.5 18.7 19.3 14.3 

8RF 18.2 20.5 21.3 16 

9RF 19.7 22.2 23 17.6 

10RF 21.1 23.6 24.6 19 

11RF 22.3 24.8 25.9 20.4 

Table 3.3: Comparison of Storey Displacement for Shear 

Wall Model 
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Graph 3.3: Comparison of storey displacement for shear 

wall model with storey 

 From the table 5.3 and figure 5.3, it is observed that 

the storey displacement for shear wall model is more for O-

shape model as compared to other shape models. 

 It is also observed that the curve being almost same 

for both plain type and shear wall model types. Plain type 

models undergo more displacement as compared to shear 

wall type models. 

Comparison of Maximum storey drift 

Storey Rectangular C-shape O-shape T-shape 

Base 0 0 0 0 

PL 0.000267 0.000396 0.000268 0.000288 

GRF 0.000755 0.000821 0.000761 0.000823 

1RF 0.000935 0.001015 0.000954 0.001034 

2RF 0.000943 0.00103 0.000969 0.001052 

3RF 0.000901 0.00099 0.000931 0.001011 

4RF 0.000846 0.000935 0.000878 0.000955 

5RF 0.00079 0.000879 0.000825 0.000897 

6RF 0.000734 0.000822 0.000772 0.000838 

7RF 0.00067 0.000755 0.00071 0.000769 

8RF 0.000588 0.000668 0.000628 0.00068 

9RF 0.000482 0.000553 0.00052 0.000562 

10RF 0.000354 0.000414 0.000389 0.00042 

11RF 0.000223 0.000275 0.000256 0.000279 

Table 3.4: Comparison of Storey Drift for Plain Model 

 
Graph 3.4: Comparison of Storey Drift for Plain Model with 

Storey 

 From the table 5.4 and figure 5.4, it is observed that 

the storey drift values for all models are nearly same and the 

peak storey drift value can be seen at the 2nd roof in all models 

and drift decreases as the storey height increases. 

Storey Rectangular C-shape O-shape T-shape 

Base 0 0 0 0 

PL 0.00045 0.000504 0.000507 0.000412 

GRF 0.000604 0.000717 0.000728 0.000485 

1RF 0.000655 0.000771 0.000795 0.000502 

2RF 0.000705 0.00081 0.000838 0.000566 

3RF 0.000731 0.000825 0.000855 0.000614 

4RF 0.000733 0.000818 0.000852 0.000639 

5RF 0.000719 0.000798 0.000834 0.000646 

6RF 0.000692 0.000765 0.000804 0.000641 

7RF 0.000654 0.000721 0.000762 0.000624 

8RF 0.000606 0.000665 0.000708 0.000597 

9RF 0.00055 0.0006 0.000643 0.000564 

10RF 0.000493 0.000531 0.000575 0.000528 

11RF 0.000426 0.000458 0.0005 0.000484 

Table 3.5: Comparison of storey drift for shear wall model 

 
Graph 3.5: Comparison of Storey Drift for Shear Wall 

Model with Storey 

 From table 5.5 and figure 5.5, it is observed that drift 

is maximum for O-shape model and less for T-shape shear 

wall model and rectangular shear wall model having 

intermediate values. 

 From plain models and shear wall models it is 

observed that the shear wall model having lesser values as 

compared to plain models and rectangular model shows 

uniform behavior. 

Comparison of Overturning Moment 

Storey Rectangular C-shape O-shape T-shape 

Base 100872 77974 92365 59678 

PL 95030 73455 86994 56224 

GRF 83570 64607 76459 49473 

1RF 72585 56151 66363 43035 

2RF 62168 48152 56791 36957 

3RF 52311 40589 47735 31214 

4RF 42947 33392 39136 25742 

5RF 34031 26509 30951 20491 

6RF 25606 19971 23224 15478 

7RF 17848 13919 16120 10813 

8RF 11052 8596 9914 6690 

9RF 5580 4308 4945 3355 

10RF 1798 1359 1550 1056 

11RF 0 0 0 0 

Table 3.6: Comparison of Overturning Moment for Plain 

Model 
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Graph 3.6: Comparison of overturning moment for plain 

model with storey 

 From the table 5.6 and figure 5.6, it is observed that 

the overturning moment in plain model is high for rectangular 

model and very low for T-shape model. From figure 5.6 it is 

also observed that the curve of overturning moment is 

gradually decreasing as the number of stories increases. 

Storey Rectangular C-shape O-shape T-shape 

Base 117175 95733 102677 78982 

PL 110421 90179 96720 74401 

GRF 97189 79316 85088 65418 

1RF 84528 68937 74019 56808 

2RF 72536 59117 63586 48640 

3RF 61218 49853 53769 40927 

4RF 50509 41089 44476 33641 

5RF 40342 32768 35617 26749 

6RF 30718 24893 27175 20261 

7RF 21770 17575 19267 14264 

8RF 13779 11052 12160 8945 

9RF 7155 5668 6253 4572 

10RF 2391 1838 2030 1473 

11RF 0 0 0 0 

Table 3.7: Comparison of Overturning Moment for Shear 

wall Model 

 
Graph 3.7: Comparison of Overturning Moment for Shear 

wall Model with Storey 

 From table 5.7 and figure 5.7, it is observed that the 

shear wall type structures having more overturning moment 

as compared to plain type models. 

 It is also observed that the profile of overturning 

moment being same and it is inversely proportional to the 

storey height. In both plain as well as shear wall model it can 

be seen that the overturning moment for rectangular shape is 

more as compared to all other shapes. 

2) Comparison of Time Period 

Model 

type 

Rectangula

r 

C-

shape 

O-

shape 

T-

shape 

Plain 1.613 1.635 1.663 1.657 

Shearwall 1.397 1.444 1.422 1.320 

Table 3.8: Comparison of Time Period 

 
Graph 3.8: Comparison of time period with model shapes 

 In table 5.8, only 6th mode values are tabulated as 

time period is maximum and the corresponding comparison 

curves are shown in figure 5.8. It is observed that in plain type 

O-shape model having more time period as compared to other 

plain type models. 

 It is also observed from figure 5.8, that the shear wall 

models having less time period as compared to plain type 

models. 

IV. CONCLUSIONS 

After the discussion of results and observations some of 

results are summarized. Based on the behaviour of RCC 

buildings for different plan configuration on ETABS by 

seismic analysis, some important conclusions are drawn:- 

1) Base shear is maximum for rectangular plain as well as 

shear wall model and minimum for T-shape model. 

2) Storey displacement for T-shape plain model is high 

compared to all other models, whereas displacement is 

maximum for O-shape shear wall model due to the fact 

that there is no proper alignment for the shear wall 

location. 

3) Storey drift for all the four models are within permissible 

limits as per IS 1983-2002 (part-1) i.e. storey drift should 

not exceed 0.004 times the storey height 

(0.004x3=0.012). Storey drift is minimum for T-shape 

shear wall model, but rectangular model shows uniform 

behavior due to regular plan configuration. 

4) Overturning moment for rectangular plain type building 

is more as compared to other plain models, but when a 

shear wall is provided the moment can be reduced and it 

can be seen in T-shape shear wall model. 

5) Storey drift is directly proportional to the storey height 

up-to some extent and then it starts decreasing as the 

building height increases. 
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