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Abstract—In the present scenario building with open ground 

story has become an unavoidable due to the parking 

demands in most of all cities. Though many works have 

concluded that open ground storey buildings are vulnerable 

to earthquakes, still these kinds of buildings are constructed 

till date across much part of cities falling under lower zones 

without considering earthquake loadings. In this present 

study an attempt is made to know the capacity of the column 

sections (200x450mm and 300x300mm) which are used in 

the present construction sites of low-raised buildings to 

sustain the earth quake loads which may occur in future and 

this study is based on the column P M M capacity and 

analysis is done based on the equivalent static analysis 

without considering infill effects. This study is taken to 

know the risk of earth quake in lower zones and to create 

awareness about seismic risk which has to be considered for 

selecting section of columns. 
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I. INTRODUCTION 

Earthquake is the result of sudden release of energy in the 

earth’s crust that generates seismic waves. Ground shaking 

and rupture of earth surface are the major effects generated 

by earthquakes. It has social as well as economic 

consequences such as causing death and damages the 

existing structures 

 India having different soil conditions and different 

earthquake intensity places with more than 60% area is 

prone to earthquakes, India classified into 4 seismic zones 

namely zone II, III, IV, V some of major cities comes under 

earth prone areas 

 Zone II It has regions of east costal portion of 

Pondicherry and Vishakhapatnam, state of Madhya Pradesh 

and part of Uttar Pradesh (Bhopal, Nagpur, Aurangabad, 

Jaipur, Udaipur, Jodhpur and Jhansi), part of Rajasthan, 

interior parts of southern India excluding coast line 

(Bangalore, Mysore, Hyderabad, Tanjavur, Madurai, 

Nagapur, Bhilai and Rourkela). 

 Zone III Comprises of: parts of Gujarat, Punjab, 

Uttar Pradesh, Rajasthan and west Bengal (Surat, Rajkot, 

Bikaner, Patiala, Bhatinda, Agra, Lucknow, Allahabad, 

Durgapur), east and west coast lines of Tamilnadu, Andhra 

Pradesh, Orissa, West Bengal, Karnataka, Kerala and 

Maharastra. (Chennai, Kalpakkam, Nellore, Vijayawada, 

Bhubaeswar, Kolkata, Mumbai, Goa, Mangalore and 

Calicut) 

 Zone IV comprises of: Jammu & Kashmir, 

Uttarkhand and Punjab, Darjeeling, Nainital, Shimla, 

Roorkee, Dehradun, Delhi, Chandigarh, Ghorakhpur, Patna, 

Himalayas. 

 Zone V comprises of: Himalayas, Jammu & 

Kashmir, Himachal Pradesh, Bhuj area of Gujarat, Bihar and 

North Eastern states (Srinagar, Bhuj, Dharbhanga, 

Guwahati, Imphal, Jorhat and Kohima). 

Sesmic Zones Intensity 

Zone 2 VI and below 

Zone 3 VII 

Zone 4 VIII 

Zone 5 XI and above 

Table 1: The Seismic Zones and the Expected 

Comprehensive Intensity. 

 
Fig. 1: Different earthquake zones of India in IS 1893-

(2002) 

A. How Much Is Earth Quake Considered In Lower Zones 

of India 

Most of the urban city has low raised multistory buildings in 

India, today in practice these buildings are constructed 

without considering the earth quake effects particularly of 

lower zones like zone II and Zone III i.e. only designed for 

1.5 (DL+LL) combination and these are being neglected 

because they are in lower zones and of lesser height. 

 Along with these problem most of buildings today 

have open ground storey as an unavoidable feature. This is 

primarily being adopted to accommodate parking in the 

ground storeys 

B. Open Ground Storey Buildings: 

Open ground storey comes under category of  soft storey, 

which is  also known as a weak storey, which is defined as a 

stories in a building that has substantially less stiffness, or 

resistance, than the stories above or below it. In general, a 

soft storey possesses inadequate shear resistance or 

inadequate ductility (energy absorption capacity) to resist 

the earthquake force -induced building stresses. Soft storey 

are usually provided at the ground floor of building in 

metropolitan cities which requires open storey for vehicle 

parking or large space for meeting room or a banking hall 

.due to this requirements open storey will have lesser 

stiffness and strength as compared to upper storeys. Thus 

open ground storey will contain large open areas between 

columns, thus it results in lack of adequate shear resistance 

and stability  
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 As per IS 1893:2002 “A soft storey is one in which 

the lateral stiffness is less than 70 percent of that in the 

storey above or less than 80 percent of the average lateral 

stiffness of the three storeys above. 

C. Photo of the Open Ground Storey Buildings Constructed 

In Vincity: 

 
Fig. 2: G+3 building on construction 

 
Fig. 3: G+4 apartment with 200x450 columns 

 
Fig. 4: G+4 building on construction 

D. Behaviour of Open Ground Storey during Earthquake:  

The presence of infill in the upper storeys in the form of 

brick walls increases the stiffness of the building. Due to 

increase in the stiffness in upper storey, increases base shear 

demand on the building, this base shear is shared by both 

frames and infill walls in all the storeys. Where as in case of 

OGS buildings, where infill walls are not present in the 

ground storey, the base shear is resisted entirely by columns 

of the ground storey. The shear forces in the ground storey 

columns will induce increase in the bending moments and 

curvatures, comparatively causing larger drifts at the other 

floor level. These deflections further results in the second 

order bending moments due to the P-Δ effect. Plastic hinges 

are developed at the top and bottom ends of the columns in 

ground storey. The frames of upper storeys remain 

undamaged and deflect almost like a rigid body. The 

damage occurs in the open ground storey buildings column 

is termed typical as ‘soft-storey collapse 

 
Fig. 5:  Typical Soft Storey Failure 

E. P M M Interaction Curve 

Results of the study is based on the P M M interaction curve 

of column section .Interaction curve is a complete graphical 

representation of capacity of the column to sustain the load 

P and moment M in mutually perpendicular axis which can 

be induced on it simultaneously ,P and M acts 

simultaneously to column as in case of 3D strictures(real 

structures), and its importance governs when structures are 

subjected to horizontal loading as in case of earth quake 

because horizontal loadings induces large amount of 

moments to the column  

 If the load and moment exceeds the capacity of the 

column, interaction point lies outside the interaction curve 

,at this point column no longer take the induced load and 

moment on it and it fails i.e. “when P M M capacity of the 

column exceeds 1 its tends to fail. 

II. PROBLEM STATEMENT  

For studying of above mentioned aim of the project, 

G+2,G+3.G+4 RC frame with a plan of 

12x12m,13.5x13.5m,15x15m with 4 bays in two direction is 

modeled , with a storey height of 3 m and base story height 

of 1.5 m 

 
Fig. 6: Dimensions 

 
Fig. 7: Model 
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A. Loadings 

LIVE LOAD - 2 KN/m2 

FLOOR FINISHES -1 KN/m2 

WALL LOADS- Wall are considered to run on every beam 

on the floor and all the beams are loaded with 11KN/m2 

Seismic loading are applied to frames by equivalent static 

method as per in IS1893:2000 

B. Load Combinations Considered in Analysis  

According to the clause 6.3.1.2 of is 1893:2000 fallowing 

load combinations are accounted for limit state design of 

concrete structure 

 1.5(DL+IL) 

 1.2(DL+IL+/-EL) 

 1.5(DL+/-EL) 

 0.9DL+/-1.5EL 

 But due to the symmetric arrangement of the 

columns fallowing load combinations are considered  

 1.5(DL+IL) 

 1.2(DL+IL+EX) 

 1.2(DL+IL+EY) 

 1.5(DL+EX) 

 1.5(DL+EY) 

 0.9DL+1.5EX 

 0.9DL+1.5EX 

C. Material Property  

Table shows the properties of material which is used in 

modeling of RC frame in software 

Concrete Properties 

M20 M30 

Unit weight 25 (kN/m3) Unit weight 25 (kN/m3) 

Modulus of 

elasticity 

22360 X 

103 

(kN/m2) 

Modulus of 

elasticity 

27386 X 

103 

(kN/m2) 

Poisson 

ratio 
0.2 Poisson ratio 0.2 

Compressiv

e strength 

20000 

(kN/m2) 

Compressive 

strength 

30000 

(kN/m2) 

Table 2: Concrete Properties 

Design Parameter Value 

Seismic Zone Ii 

Zone Factor 0.10 

Response Reduction Factor 3 

Importance Factor 1 

Soil Type Iii 

Damping Ratio 5% 

Table 3: Seismic Data Using For Analysis 

Elements Size 

Column 230x450,300x300 

Beam 230x450 

Slab 125mm 

Table 4: Structural Elements 

D. Section Designer 

To study the capacity of column under the seismic loads the 

column of 230x450mm, 300x300mm were designed with 

approx 4% steel  

Column (mm) Percentage of steel Grade of concrete 

230X450 4% M30 

300X300 4% M30 

 

 
Fig. 8: Sections 

E. Models: 

Total nine models were modeled for the purpose of study, 

model description are given below 

1) Model 1A: 

12x12 grid model with column spacing of 4m on both X and 

Y axis with storey height of 3m height of G+2(10.5 

including 1.5 foundation) 

2) Model 1B: 

12x12 grid model with column spacing of 4m on both X and 

Y axis with storey height of 3m height of G+3(13.5 

including 1.5 foundation) 

3) Model 1C:  

12x12 grid model with column spacing of 4m on both X and 

Y axis with storey height of 3m height of G+4(16.5 

including 1.5 foundation) 

4) Model 2A: 

13.5x13.5 grid model with column spacing of 4.5m on both 

X and Y axis with storey height of 3m height of G+2(10.5 

including 1.5 foundation) 

5) Model 2B: 

13.5x13.5 grid model with column spacing of 4.5m on both 

X and Y axis with storey height of 3m height of G+3(13.5 

including 1.5 foundation) 
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6) Model 2C: 

13.5x13.5 grid model with column spacing of 4.5m on both 

X and Y axis with storey height of 3m height of G+4(16.5 

including 1.5 foundation) 

7) Model 3A: 

15x15 grid model with column spacing of 5m on both X and 

Y axis with storey height of 3m height of G+2(10.5 

including 1.5 foundation) 

8) Model 3B: 

15x15 grid model with column spacing of 5m on both X and 

Y axis with storey height of 3m height of G+2(13.5 

including 1.5 foundation) 

9) Model 3C: 

15x15 grid model with column spacing of 4m on both X and 

Y axis with storey height of 3m height of G+4(16.5 

including 1.5 foundation) 

 Each model were assigned with both 200x450 and 

300x300 column and following co-efficient were assigned to 

get maximum coefficient of Ah for obtaining maximum 

seismic load 

F. Column Model:  

Both 200x450mm and 300X300mm columns were modeled 

in section designer of ETAB software for 4% of steel and 

for M30 grade concrete assuming that it is the maximum 

percentage of steel and grade of concrete which will be 

adopted for low rise building. hence total 8no of 25mm dia 

bars were provided which comes out to be 4.36% of 

Reinforcement for section as shown in fig 

III. RESULTS AND DISCUSSION 

Results are analyzed based on the P M M capacity of the 

column, graphs showing the column capacity of 200x 

450mm about the minor axis are shown below and same is 

compared with 300X300mm size column with nine different 

models. Category of the column under the study is as shown 

below 

 
Fig. 9: Showing the Column Groups Which Is Taken For 

Study 

 
Fig. 10: The PMM Interaction Capacity of Columns in 

Model 1B 

 
Fig. 11: The PMM Interaction Capacity of Columns in 

Model 1A 

 
Fig. 12: The PMM Interaction Capacity of Columns in 

Model 1C 

 
Fig. 13: The PMM Interaction Capacity of Columns in 

Model 2A 

 
Fig. 14: The PMM Interaction Capacity of Columns in 

Model 2B 

 
Fig. 15: The PMM Interaction Capacity of Columns in 

Model 2C 

 
Fig. 16: The PMM Interaction Capacity of Columns in 

Model 3A 
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Fig. 17: The PMM Interaction Capacity of Columns in 

Model 3B 

 
Fig. 18: The PMM Interaction Capacity of Columns in 

Model 3C 

 Results are shown in the form of tabular form 

below:- 

 Model 1A Model 1B Model 1C 

Colu

mn 

200X

450 

300X

300 

200X

450 

300X3

00 

200X

450 

300X

300 

Inne

r 
0.733 0.457 0.929 0.605 1.092 0.767 

Side 0.625 0.386 0.814 0.502 1.052 0.635 

Corn

er 
0.529 0.307 0.717 0.398 0.896 0.510 

Table 1: PMM Capacity of Columns of Model 1A.1B, 1C 

 There is a difference of 29% to 44.8% of the 

column  PMM capacity in MODEL 1A 1B 1C when 

compared with 200x450and 300x300 column about minor 

axis with a span length of 4m and height Varying from 10.5 

to 16.5, And we can observe almost capacity of all the 

columns is less than 1. 

 Model 2A Model 2B Model 2C 

Colu

mn 

200X

450 

300X

300 

200X

450 

300X

300 

200X

450 

300X

300 

Inner 0.836 0.539 1.044 0.740 1.218 0.907 

Side 0.768 0.451 0.992 0.612 1.188 0.742 

Corn

er 
0.615 0.357 0.829 0.481 1.014 0.546 

Table 2: PMM Capacity of Columns of Model 2A.2B, 2C 

 There is a difference of 25% to 46% 0f the column 

PMM capacity in MODEL 2A 2B 2C when compared with 

200x450and 300x300 column about minor axis with a span 

length of 4.5m and height Varying from 10.5 to 16.5, we can 

observe that columns of G+2 model has its capacity less 

than 1 where has other exceeds one and G+4 model columns 

capacity exceeds considerably more than one and in case of 

inner column in G+4 model its capacity is 18% more than 

safe  

 Model 3A Model 3B Model 3C 

Colu

mn 

200X

450 

300X

300 

200X

450 

300X

300 

200X

450 

300X

300 

Inner 0.936 0.628 1.150 0.861 1.526 1.054 

Side 0.870 0.320 1.114 0.706 1.346 0.854 

Corn

er 
0.710 0.413 0.939 0.509 1.228 0.618 

Table 3: P M M Capacity of Columns of Model 3A.3B, 3C 

 There is a difference of 25% to 48% 0f the column 

PMM capacity in MODEL 3A 3B 3C when compared with 

200x450and 300x300 column about minor axis with a span 

length of 5m and height Varying from 10.5 to 16.5 we can 

observe that column of G+3 and G+4 column capacity 

exceeds more than 1and all the column of G+4 exceeds 

more than 34% of safe capacity. 

IV. CONCLUSIONS 

We can conclude that the performance of the 200x450 with 

300x300 about minor axis is better though both the columns 

has same area of concrete and area of steel due to the higher 

depth availability in 3000X300 column in minor axis 

 Use of rectangular column with lesser depth /width 

is risk, when compared with square column, in consideration 

of earthquake in lower zones of India. 

 Above study is basically based on the P M M 

capacity about minor axis of the column which depends on 

the depth available in the minor axis, so we can conclude 

that in zone II for 200X450 column depth available to take 

horizontal load is not  enough to sustain moment induced in 

case of open ground storey   
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