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Abstract— Now a days openings in the floors is common for 

many reason like staircases, lightning architectural etc. These 

openings in diaphragms cause stresses at discontinuous joints 

with building elements. Discontinues diaphragms are 

designed without stress calculations and are thought about to 

be adequate ignoring any gap effects1. In this study a circular 

building having diaphragm irregularity is analyzed by 

equivalent static method (Linear static method) using 

ETABS. Five models are generated with different percentage 

of floor area openings of the circular building, and the results 

obtained from software after the application of seismic forces 

are then observed and compared. The effect of slab openings 

with varying percentage of floor area at the centre of circular 

building is investigated. The main parameters considered in 

this study to compare the seismic performance of different 

models are storey drift, base shear and storey displacement.  
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I. INTRODUCTION 

In the past, round houses were much more common. They 

were the shape of choice because they were strong, energy 

efficient, good for ventilation and air circulation, less 

vulnerable in strong winds and they used the least amount of 

materials relative to floor area. In a round house there are 

dozens of interconnected points which give the building a 

unique combination of flexibility and strength – qualities 

which make them significantly safer in earthquakes. So 

technically circular houses or buildings can be much better to 

withstand seismic forces. Irregular buildings constitute a 

large portion of the modern urban infrastructure. Structures 

are never perfectly regular and hence the designers routinely 

need to evaluate the likely degree of irregularity and the effect 

of this irregularity on a structure during an earthquake. The 

Indian Standard code IS-1893: 2002 (Part-I) defines a number 

of structural irregularities. The code suggests a different 

approach of analysis for irregular structures. 

There are two types of irregularities: vertical and 

plan irregularity. The diaphragm irregularity is one of the 

plan (horizontal) irregularity. 

Diaphragms with abrupt discontinuities or 

variations in stiffness, including those having cut-out or open 

areas greater than 50 percent of the gross enclosed diaphragm 

area, or changes in effective diaphragm stiffness of more than 

50 percent from one storey to the next. In multistoried framed 

buildings, damages from earthquake generally initiates at 

locations of structural weaknesses present in the lateral load 

resisting frames. This behavior of multi-storey stiffness, 

affects strength in both the horizontal and vertical planes of 

buildings. In few cases, these weaknesses may be created by 

discontinuities in stiffness, strength or mass along the 

diaphragm. Such discontinuities between diaphragms are 

often associated with sudden variations in the frame geometry 

along the length of the building. Structural engineers have 

developed confidence in the design of buildings in which the 

distributions of mass, stiffness and strength are more or less 

uniform. There is a less confidence about the design of 

structures having irregular geometrical configurations 

(diaphragm discontinuities).In structural engineering, a 

diaphragm is a structural system used to transfer lateral loads 

to shear walls or frames primarily through in-plane shear 

stress. Lateral loads are usually wind and earthquake loads. 

Two primary types of diaphragm are rigid and flexible. 

Flexible diaphragms resist lateral forces depending on the 

area, irrespective of the flexibility of the members that they 

are transferring force to. Rigid diaphragms transfer load to 

frames or shear walls depending on their flexibility and their 

location in the structure. Flexibility of a diaphragm affects the 

distribution of lateral forces to the vertical components of the 

lateral force resisting elements in a structure. 

II. DESCRIPTION OF STRUCTURAL MODELS 

The current study has five models of a circular building of 21 

storeys (G+20) having diameter of 50 meters and storey 

height of 3.5meters for all storeys. In study is being 

considered to have different size of diaphragm opening at 

different models at the center of the building. 

General Specifications 

Number of storey 21 

Storey height 3.5m 

Plan area 1963.49m2 

Height of the building 73.5m 

Size of Beam 400mm×600mm 

Size of Column 600mm×900mm 

Thickness of Slab 150mm 

Grade of concrete M30 

Grade of  Steel Fe500 

Live load 3.5 kN/m2 

Roof live load 1.5kN/m2 

Heavy Mass 15kN/m2 

Floor Finish 1 kN/m2 

Table 1: Description of Structural Models 

Earthquake Parameters 

Zone IV 

Zone factor 0.24 

Importance Factor (I) 1.5 

Soil type Type-II(medium soil) 

Response reduction factor (R) 5 

III. MODELS FOR ANALYSIS 

For the study, five different models are prepared having 

different slab openings at the center of the building in terms 

of percentage of the floor area. The models are as such, 

MODEL 1:  Regular Frame . 
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MODEL 2:  Frame having 3.99% of slab opening. 

MODEL 3:  Frame having 16% of slab opening. 

MODEL 4:  Frame having 36% of slab opening. 

MODEL 5:  Frame having 63.9% of slab opening. 

 
Fig. 1: Plan view of Model 1 

 
Fig. 2: 3D View of Model 1 

 
Fig. 3: Plan View of Model 2 

 
Fig. 5: Plan View of Model 3 

 
Fig. 7: Plan View of Model 4 

 
Fig. 4: 3D View of Model 2 

 
Fig. 6: 3D View of Model 3 
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Fig. 8: 3D View of Model 4 

 
Fig. 9: Plan View of Model 5 

 
Fig. 10: 3D View of Model 5 

IV. RESULTS AND DISCUSSIONS 

The results of the total five models studied are presented and 

discussed. The models have been analyzed by Equivalent 

Static Analysis [ESA] method for all structural models. The 

results are obtained from ETABS software tool by 

performing analysis of building.  Parameters that are studied 

are such as storey displacement, storey drift and base shear 

and whereas the results are graphically presented below. 

A. Storey Displacement 

The Storey Displacement is known as the total displacement 

of its storey with respect to the ground. 

 
Chart 1: Storey Displacement vs Storey in X-direction 

 
Chart 2: Storey Displacement vs Storey in Y-direction 

The model 4 has the maximum storey displacement 

values along both the directions comparing to the other 

models. Model 4 having a diaphragm opening of 36%. 

Now from comparing storey displacement values of 

model 2, 3, 4 and 5 with model 1. The values get increased 

by 0.534%, 10.05%, 13.92% and 3.26% respectively. 

B. Storey Drift 

The Storey Drift is known as the ratio of displacement of two 

consecutive floor to the height of that floor.  The permissible 

storey drift according to is 1893-2002 is limited to 0.004 

times the storey height. 

 
Chart 3: Storey Drift vs Storey in X-direction 
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Chart 4: Storey Drift vs Storey in Y-direction 

The storey drift values are high at the storey 6 of all 

the models. and models 4 has the highest storey drift which 

has a 36 % of diaphragm opening. 

Now comparing the storey drift values of model 1 

with models 2, 3, 4, and 5 it is observed that the values get 

increases by 1.37%, 10.31%, 12.57%, 0.827% respectively. 

C. BASE SHEAR 

Base shear ia an estimate of the maximum expected lateral 

force that will occur due seismic ground motion at the base of 

the structure. 

 
Comparing the base shear values of model 1 with the 

models 2 , 3 , 4 and 5 it is observed that the base shear values 

reduced by 4.07 %, 16.38 % , 34.02 % and 57.01 % . 

The base Shear values of models decreases due to 

the reduction in mass of the building due to increase 

percentage of opening. 

V. CONCLUSIONS 

1) The model 4 with 36% of opening has the highest value 

of storey drift and storey displacement. 

2) The increase in the percentage of opening results in 

increase in storey displacement and storey drift in models 

1, 2, 3 and 4. 

3) The base shear value is lowest for model 5 with opening 

percentage of 63.9% where as it is highest for model 1 

without opening. 

4) The value of base shear decreases as the percentage of 

opening increases. 

5) The models with a symmetry express similar behavior 

while the models with change in the symmetry behaves 

differently. 
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