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Abstract— Multistorey commercial buildings are primarily 

responsible for demand of business activities and city centre 

as possible, therefore, putting intense pressure on the 

available land space. Hence, it is necessary to analyze the 

different types of multistorey building frame such as RC 

building frame, Flat plate building frame, Flat slab building 

frame and prestressed slab building frame. The above 

building models are analyzed by response spectrum method 

using SAP 2000 software by considering zone IV and 

medium type soil. The parametric study was carried out by 

considering time period, base shear, top displacement and 

storey acceleration. From the analysis, it is found that the 

time period and top displacement are more in flat plate 

building, compared to other models. The base shear is 

reduced in flat plate building compared to other models. The 

storey acceleration is maximum in normal RC frame 

building and minimum in flat plate building compared to 

other model. 
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I. INTRODUCTION 

Now a day's conventional RC frame building is commonly 

used for the construction. The use of flat slab building, flat 

plate building and prestressed concrete buildings provide 

many advantages over conventional RC frame building in 

terms of architectural flexibility, use of space, easier 

formwork and shorter construction time. 

A. Flat Slab 

In normal building construction columns, slabs and beams 

are utilized. Building structures can also be constructed 

using only column without beam, such types of slabs are 

called flat slabs. The slab directly rests on column and load 

of the slab is directly transferred to the columns and then 

transferred to the foundation [1]. 

B. Flat Plate 

Flat plate structure consists of a slab with uniform thickness 

supported on columns with no drop panels and no beam. 

The economy of the flat plate building has lead to their wide 

spread utilization throughout the world [2]. Flat plates have 

been widely used due to less construction cost associated 

with the simple formwork and simple arrangement of 

flexural reinforcement. 

C. Prestressed Slab Building 

In order to overcome concrete natural weakness in tension, 

it can be used to produce the beam floor, bridges with longer 

span, which are not practical with ordinary reinforced 

concrete. In 1904, Freyssinet attempted to introduce 

permanently acting forces in concrete to resist the elastic 

forces developed under loads and this idea was later 

developed under the name of “prestressing” [3].  Prestressed 

flat slabs have been in use for the past many years. 

Prestreesing tendon (generally of high tensile steel cable or 

rod) is used to provide the clamping load which produces 

compressive stress that balanced stress. In traditional 

reinforced concrete steel reinforcement bars and rebars are 

used in construction.  

D. Objectives of the Work 

The objective of the present work is to compare the 

responses such as time period, base shear, top displacement 

and storey acceleration for RC frame building, flat slab 

building, flat plate building and prestressed slab building 

using response spectrum analysis. 

II. DESCRIPTION OF BUILDING 

In the present work 8, 12 and 16 storey regular plan 

buildings situated in zone IV, are considered. For the study 

RC frame, Flat slab frame, flat plate frame and prestressed 

slab frame are taken. This study includes modeling and 

analysis of the models by using standard FEA package 

software SAP 2000. Material properties and section 

properties are defined and assigned. Reinforced concrete 

frame elements are modeled as beam and column elements. 

Slab is modeled as an area element. Response spectrums are 

performed on models. For this study, four types of building 

models are considered for the comparison.  

A. Models Considered For Analysis 

 Model 1: RC frame building 

 Model 2: Flat slab building 

 Model 3: Flat plate building 

 Model 4: Prestressed slab building 

 
Fig. 1: Elevation of RC frame building 



Comparative Study on RC Frame, Flat Slab Frame, Flat Plate Frame and Prestressed Slab Frame in Seismic Region 

 (IJSRD/Vol. 3/Issue 06/2015/247) 

 

 All rights reserved by www.ijsrd.com 1053 

 
Fig. 2: Elevation of flat plate frame building 

 
Fig. 3: Elevation of flat slab frame building 

 

 
Fig. 4: Elevation of prestressed slab frame building 

The Above data considered for the building of 

different heights 

1) G+7 Building model  

2) G+11 Building model 

3) G+15 Building model  

B. Building Data 

For all four Building models, the following data is used for 

the analysis. 

C. Details of Building 

Type of structure: Multi-storey RC frame structure 

Type of building: Commercial Building 

Number of stories: 8 (G+7), 12 (G+11), 16 (G+15) 

Floor to floor height:  3.6 m 

Type of Soil: medium type soil 

D. Materials 

M30- grade concrete 

Fe-500 steel 

E. Member Dimensions 

Column size: For (G+7) building 550x550 mm, (G+11) 

building and 16 (G+15) building 600x600 mm. 

Slab thickness: 200 mm for all the cases 

Beam Size: 550 mm x 550 mm taken for NRCB 

Drop size: For (G+7) building 400x400 mm, (G+11) 

building and (G+15) building 450x450 mm.  

F. Earthquakes Data 

Zone (Z) = IV 

Response reduction factor (R) = 3 

Importance factor (I) =1.5 

Rock and soil site factor (SS) = 2 

Type of structure = 1 

Damping ratio (DM) = 0.05 

III. RESULTS AND DISCUSSION 

The forces and displacements developed in all the member 

of the structure are obtained from the analysis and discussed 

in this section. Further, these results have been used for 

understanding the behaviour of the structure for RC frame, 

flat slab frame, flat plate frame and prestressed slab frame 

under the effects of lateral loads. 

A. Time Period 

Time required for undamped system to complete one cycle 

of free vibration is the natural period of vibration of the 

system in the units of second. Figure 5 shows the variation 

of natural time period with number of storeys for different 

models.  

 
Fig. 5: Variation of No. of storeys V/s Time period 

From the figure, it can be observed that the natural 

time period increases as the number of storey  increased. 

Due to symmetry of the building, the time period will be 

same in both the directions (Tx and Ty). Figure  shows that, 
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the time period is more for flat plate building compared to 

other models. From the figure, it is observed that, the time 

period of  model 2 is increased by 68% as compared to 

model 1, in model 3 time period is decreased by 6% 

compared to model 1 and it is increased by 3% in model 4 

compared to model 1. 

B. Base Shear 

The total horizontal force on the structure is calculated on 

the basis of structural mass and fundamental period of 

vibration and corresponding mode shape. The base shear is 

distributed along the height of the structure in terms of 

lateral force. The results are plotted in figure 6. 

 
Fig. 6: Variation of No. of storey V/s Base shear 

From figure 6, it can be observed that, due to 

symmetry of the building, the base shear will be same in 

both the directions (Vx and Vy). It is also observed that, on 

increasing the number of storey the base shear increases. 

The base shear is maximum in RC frame and is minimum in 

flat plate compared to other models. Base shear in model 2, 

model 3 and model 4 is decreased by 16% , 13% and 15% 

compared to model 1. 

C. Lateral Displacement 

Lateral displacement is the displacement of centre of mass, 

according to IS 456:2000 the maximum limit for lateral 

displacement is H/500 where H is height of the building. 

The lateral displacement obtained by response spectrum 

analysis for zone IV are shown in the below figure 7. 

 
Fig. 7: Variation of No. of storey V/s Top displacement 

From the figure, it can be seen that, lateral 

displacement increases as the storey level increases. Lateral 

displacement will be minimum at plinth level and maximum 

at terrace level. Due to symmetry of the building, the lateral 

displacement will be same in both the directions (Ux and 

Uy). From the figure, it can be observed that, in flat plate 

(model 2) the lateral displacement increases drastically as 

the number of storeys increased. Top displacement is 

minimum in RC frame building compared to other models. 

Top displacement in model 2 is increased by 98% as 

compared to model 1, in model 3 top displacements is 

increased by 8% compared to model 1 and it is increased by 

10% in model 4 compared to model 1. 

D. Storey Acceleration 

It is the factor denoting the acceleration response spectra of 

the structure subjected to earth quake ground vibration, and 

depends on the natural period of vibration and damping of 

the structure. The top storey acceleration obtained by 

response spectrum analysis for zone IV is  represented in 

figure 8. 

 
Fig. 8: Top storey accelelaration 

Figure 8 shows that top storey acceleration 

decreases as the storey level increases. Top storey 

acceleration will be maximum at plinth level and minimum 

at terrace level. Further, storey acceleration in model 2, 

model 3 and model 4 is decreased by 24%, 3% and 1 % 

compared to model 1 because the stiffness is more in model 

1 compared to other models. 

IV. CONCLUSIONS 

1) Amongst all the models, model 2 (flat plate building) 

has higher time period due to its high flexibility. 

2) In comparison with model 1 (RC building), the base 

shear is reduced more in model 2 (flat plate building) 

than model 3 (flat slab building) and model 4 

(prestressed slab building). 

3) There is no much variation in displacement for model 3 

(flat slab building) and model 4 (prestressed slab 

building) as compared to model 1 (RC building) but it 

drastically increased in model 2 (flat plate building) 

when compared with all models. 

4) The storey acceleration was maximum in RC frame 

building and similarly minimum in flat plate building. 

The top storey acceleration decreases as the storey level 

increases. 
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