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Abstract— Modern slab systems have showed potentials for 

improvement in the conventional techniques of slab casting. 

Recent advances in the field of RCC Design are linked to 

the use of Flat Slabs and Grid Floors. Flat Slabs are highly 

versatile elements widely used in construction, providing 

minimum depth, fast construction and allowing flexible 

column grids. In flat slabs, the beams used in conventional 

slabs are done away and the slab is made to rest directly 

over the columns. In case of higher loads, a drop panel or a 

column head is provided to reduce the intensity of loads. 

Flat slabs are particularly appropriate for areas where tops of 

partitions need to be sealed to the slab soffit for acoustic or 

fire reasons. Grid floor systems consist of beams spaced at 

regular intervals in perpendicular directions, monolithic with 

slab. The rectangular or square void formed in the ceiling is 

advantageously utilized for concealed architectural lighting. 

They are generally employed for architectural reasons for 

large rooms such as auditoriums, vestibules, theatre halls, 

show rooms of shops where column free space is often the 

main requirement. This paper focuses on studying the 

behavior of conventional slab, flat slab and grid slab 

separately.  The object of the present work is to compare the 

behavior of multi-storey buildings having Conventional 

slab, flat slabs with drops and grid slab system with shear 

wall under the effect of dynamic loading using SAP 

software by framing the models of flat and grid slab. 
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I. INTRODUCTION 

The scarcity of space in urban areas has led to the 

development of vertical growth consisting of low-rise, 

medium-rise and tall buildings. Generally framed structures 

are used for these buildings. They are subjected to both 

vertical and lateral loads. Lateral loads due to wind and 

earthquake governs the design rather than the vertical loads. 

The buildings designed for vertical load may not have the 

capacity to resist the lateral loads. The lateral loads are the 

premier ones because in contrast to vertical load that may be 

assumed to increase linearly with height; lateral loads are 

quite variable and increase rapidly with height. Under a 

uniform wind and earthquake loads the overturning moment 

at the base is very large and varies in proportion to the 

square of the height of the building. The lateral loads are 

considerably higher in the top storey rather than the bottom 

storey due to which building tends to act as cantilever. 

These lateral forces tend to sway the frame. In many of the 

seismic prone areas there are several instances of failure of 

buildings which have not been designed for earthquake 

loads. All these reaction makes the study of the effect of 

lateral loads very important.   

Pure rigid frame system or frame action obtained 

by the interaction of slabs, beam and column is not 

adequate. The frame alone fails to provide the required 

lateral stiffness for buildings taller than 10 to 20 (40m to 

60m) stories. It is because of the shear taking component of 

deflection produced by the bending of columns and slab 

causes the building to deflect excessively. There are two 

ways to satisfy these requirements. First is to increase the 

size of members beyond and above the strength 

requirements and second is to change the form of structure 

into more rigid and stable to confine deformation. First 

approach has its own limits, whereas second one is more 

elegant which increases rigidity and stability of the structure 

and also confine the deformation requirement. In earthquake 

engineering, the structure is designed for critical force 

condition among the load combination.   

In the present study the response of multi-storey 

commercial grid slab and flat slab to the lateral and vertical 

loads have been done. Grid Slab and flat slab are model and 

analysis have perform for the different combinations of 

Dynamic loading. The comparison is made between the grid 

slab and flat slab buildings are situated in seismic zone. To 

study the vulnerability of purely grid frame and purely 

flatslab has to models under different factors which are 

Storey drift, lateral displacement, time period and base shear  

also the axial load and moments in columns has to  obtain 

for various load combination.  

A. Problem Statement  

In this research work to compare and analyze the dynamic 

performance of multistoried RCC building with flat slab and 

grid slab. Finally define which method is best base on cost, 

time with different geographical zones etc.  

B. Objectives  

1) To perform dynamic analysis of multistoried RCC 

buildings with Flat slab & Grid slab (12, 15, 18 Storey) 

considering different earthquake Zones as per the Indian 

Standard code of practice IS 1893-2002 part-I: Criteria 

for Earthquake resistant structure (Zone II, III, IV, V).  

2) The Flat slab and Grid slab has to be model and analyze 

for the different combinations of Dynamic loading.   

3) To perform dynamic analysis of multistoried RCC 

buildings with Flat slab & Grid slab considering 

earthquake and wind loading as per the Indian Standard 

code.  

4) To check the performance of the both slab systems with 

Shear wall as infill.    

5) To compare behavior of multistoried RCC building 

with Flat slab & Grid slab terms of various responses 

such as, base shear, story displacements, story drift, 

axial force, Time Period.   

6) To compare the cost economy of the both slab.  
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7) To find the relationship between earthquake.  

II. LITERATURE SURVEY  

A. Shraddha J. Patil, R. S. Talikoti [1]:  

In this paper the authors have studied the effect of wind load 

on high rise structures. G+19 building was analyzed to study 

wind effect. Parameters such as axial force, bending 

moment and shear force in columns, stresses in beams, 

storey shear, storey drift, displacement of building etc were 

considered to study the exact behavior and governing 

parameters in wind load case. The authors concluded that, 

Outer side columns and beams are governing mostly in wind 

load case. Column reinforcement is exceeding due to high 

bending moment as compare to static case of building. 

Stresses in framed beams are increased after applying the 

wind Load.  

B. A.J. Tidke, Prof. Gururaj B.Katti [2]:  

In this paper the authors have studied the performance of 

high rise reinforced concrete building with the Comparison 

on the effect of earthquake and wind loads. It describes 

mathematical study and relation between wind and 

earthquake and its effects on building as a whole with 

respect of moment and shear force. Building example with 

different floor weights, heights for both wind and 

Earthquakes such as intensity of wind pressure, gust factor 

(G), seismic zone coefficient (Z), the importance factor (I), 

Response reduction factor(R) and Average response 

acceleration coefficient (Sa/g) were analyzed and discussed 

for the purpose of comparison by using IS 456:2000, IS 

1893:2002 & IS 875:1987 (part3).  

C. Salman I. Khan and Ashok R. Mundhada [3]:  

In this paper the authors have studied the comparative lateral 

load performance (Earthquake Load) of flat slab buildings 

vis-avis grid slab buildings. Dynamic analysis (Response 

Spectrum Analysis) of three different high rise buildings 

having 12, 15 & 18 stories was performed using response 

spectrum method for all four seismic zones of India, as 

categorized by the Indian code for earthquake resistant 

structures. The assessment of the seismic response was 

based on the maximum inter-story drift, roof displacement, 

Time period and the base shear. The authors concluded that,  

The choice of the system for slab in the tall building is very 

important to resist the internal forces and stability.  

D. Sumit Pahwa, Vivek Tiwari, et al. [4]:  

In this paper the authors have discussed the comparative 

behavior of flat slab with old traditional two way slab. The 

parametric study comprises of maximum lateral 

displacement, storey drift and axial forces generated in the 

columns. For these case studies they have created models 

for two-way slabs and flat slabs without shear wall for each 

plan size of 16X24m and 15X25 m, analyzed with Staad 

Pro. 2006 for seismic zones III, IV and V with varying 

height 21m, 27 m , 33m and 39m. This investigation also 

told them about seismic behavior of heavy slab without end 

restrained. The authors found that,  For all the cases 

considered drift values follow a parabolic path along storey 

height with maximum value lying somewhere near the 

middle storey.  

E. A.A.Sathawane, R.S. Deotale et al. [5]:  

The aim of this project was to determine the most 

economical slab between flat slab with drop, Flat slab 

without drop and grid slab. The proposed construction site 

was Nexus point opposite to Vidhan Bhavan and beside 

NMC office, Nagpur. The total length of slab was 31.38 m 

and width was 27.22 m. total area of slab was 854.16 sqm. It 

was designed by using M35 Grade concrete and Fe415 steel. 

Analysis of the flat slab and grid slab have been done both 

manually by IS 456-2000 and by using software. Flat slab 

and Grid slab have been analyzed by STAAD PRO. Rates 

have been taken according to N.M.C. C.S.R .It was observed 

that the Flat slab with drop was more economical than Flat 

slab without drop and Grid slabs. Dr. Suchita Hirde, Mr. 

Vinay Magadum [6]: In this paper the authors have studied 

the four multistory RCC buildings with different heights and 

modeled to know the effects of height on performance of 

building under wind and earthquake forces so as to check 

the severity of earthquake forces against wind forces. Multi 

storey buildings were modeled and analyzed by software 

ETABS. Design parameters such as storey shear, storey 

displacement, storey drift were calculated and compared for 

all models, so that the severity of wind forces against 

earthquake forces can be checked for different heights of the 

building. The authors found that, the effect of both 

earthquake forces and wind forces on multistory building 

increases with increase in height of building. It was 

observed that base shear and storey drift was less in case of 

wind analysis for G+5 and G+10 building whereas for G+15 

and G+20 building it was more in case of wind analysis.  

III. RESEARCH METHODOLOGY  

To evaluate the seismic behavior and resistance of the flat 

slab & Grid Slab structural system, comparative analytical 

study has been carried out between the models of structural 

systems. The effects of the designed modifications upon the 

dynamic characteristics as well as the deformability of the 

flat slab structure have been investigated. The analyses have 

been performed by using ETAB v9.7.3 computer Software. 

The 3D mathematical model of each of the analyzed 

structures has been formulated. The vertical loads have been 

defined in accordance with the valid national technical 

regulations and the purpose of the structures. The results 

obtained from the analysis of different structural systems are 

presented in the form of: dynamic characteristics (periods 

and mode shapes), maximal displacements and relative 

storey drifts in both orthogonal directions, displacements at 

the top as well as bearing capacity and deformability of the 

selected structural systems.  

To evaluate the dynamic behavior and resistance of 

the flat slab & Grid Slab structural system, comparative 

analytical study has to be carrying out between the models 

of structural systems. The effects of the designed 

modifications upon the dynamic characteristics as well as 

the deformability of the flat-slab structure have to 

investigate. The analyses have performed by using SAP 

computer Software. The parametric studies comprise of 

maximum lateral drift, base shear, time period, and axial 

forces generated in the frames for these cases, model has to 

be creating for Grid slab and Flat slab building.  
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A. Methods of Earthquake Analysis   

 The analysis can be performed on the basis of external 

action, the behavior of structure or structural materials, and 

the type of structural model selected. Based on the type of 

external action and behavior of structure, the analysis can be 

further classified as given below.   

1) Equivalent Static Analysis   

All design against seismic loads must consider the dynamic 

nature of the load. However, for simple regular structures, 

analysis by equivalent linear static analysis method is 

sufficient. This is permitted in most codes of practice for 

regular, low- to medium-rise buildings. This procedure does 

not require dynamic analysis, however, it account for the 

dynamics of building in an approximate manner. The static 

method is the simplest one; it requires less computational 

efforts and is based on formulae given in the code of 

practice. First, the design base shear is computed for the 

whole building, and it is then distributed along the height of 

the building. The lateral forces at each floor levels thus 

obtained are distributed to individual lateral load resisting 

elements.  

For the purpose of determining seismic forces ,the 

country is classified into four seismic zones as. The design 

horizontal seismic coefficient (Ah) for a structure shall be 

determined by the following expression: 

   (1) 

Provided that for any structure with T <0.1 s, the 

value of A~will not be taken less than Z/2 whatever be the 

value of  I/R.(10)   

Where,  z= Zone factor given in IS 1893  

R= Response reduction factor  

I= Importance factor  

S’a/g = Average response acceleration coefficient  

2) Response Spectrum Method   

Response spectrum method is the linear dynamic analysis 

method. In this method the peak responses of a structure 

during an earthquake is obtained directly from the 

earthquake responses. The maximum response is plotted 

against the undamped natural period and for various 

damping values, and can be expressed in terms of maximum 

relative velocity or maximum relative displacement.   

B. Method of Wind load Analysis  

1)  Static Method: Force Coefficient Method  

Wind load consider from Indian Standard Code of Practice 

for Design loads (other than Earthquake) for Buildings and 

Structures, IS: 875(Part 3)-1987 The intensity of Basic wind 

speed (Vb), Design wind speed (Vz), based on the Indian 

standard and parameters in correlation to these standards 

have considered in design and provided as a input through in 

analysis the structures.   

The basic wind speed (Vb) for any site shall be 

obtained from IS 875 (part 3) and shall be modified to get 

the design wind velocity (Vz) at any height for a given 

structure.  

Vz = Vb* k1* k2* k3  

Where,  

Vz = design wind speed at any height z in m/s, Vb = Basic 

wind speed, k1= Probability factor (Risk coefficient), k2 = 

Terrain roughness and height factor and k3 = Topography 

factor.  

The basic wind speed map of India is applicable at 

10 m height above mean ground level for different zones of 

the country taken from the code. The design wind pressure 

above mean ground level is given by   

Pz = 0.6 Vz² 

 Where,  

Pz = wind pressure in N/m2 at height z      

The value of force coefficients apply to a building 

or structure as a whole, and when multiplied by frontal area 

(Ae) of the building or structure and by design wind 

pressure, Pz gives total wind load on that particular building 

or structure.(12)  

F = (Cpi-Cpe) A*Pz . 

Where,  

 F = Wind load on individual member in KN   

Cpi = Internal pressure coefficient   

Cpe = Internal pressure coefficient      

IV. RESULTS & DISCUSSIONS  

Results of the analysis are presented, analyzed and discussed 

in this section. Topics to be covered include the different 

parameters these are below.  

1 Plan dimensions 40x26m (X*Y) 

2 Length in X- direction 40 m 

3 Length in Y- direction 30 m 

4 Floor to floor height 3.6 m 

5 No. of Stories G+12 G+15 G+18 

6 Thickness for  slab 150 mm 

Table 1: Configuration of Building 

The figures 1, 2 & 3 show the values of base shear 

of 12, 15, and 18 storey buildings modeled & analyzed for 

all the four zones along X (40m) & Y (30m) Direction. Base 

shear of flat slab building is more than the grid slab 

building. The difference between the two varies from 3 to 4 

(%).  

 

 
Fig. 1: 12 story- Base shear for all four zones in X Direction 

(a) & Y Direction (b) 
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Direction (a) & Y Direction (b)   

 For Story Building Z-V Z-IV Z-III Z-II Z-V Z-IV Z-III Z-II 

Flat Slab 
12 

0.1789 0.1193 0.0795 0.0497 0.1777 0.1185 0.079 0.0494 

Grid Slab 0.1313 0.0875 0.0587 0.0365 0.1195 0.0797 0.0531 0.0332 

Flat Slab 
15 

0.2176 0.1451 0.0967 0.0604 0.218 0.1453 0.0969 0.0606 

Grid Slab 0.1593 0.1062 0.0708 0.0443 0.1459 0.0973 0.0648 0.0405 

Flat Slab 
18 

0.2581 0.172 0.1147 0.0717 0.2585 0.1723 0.1149 0.0718 

Grid Slab 0.1882 0.1255 0.0836 0.0523 0.1729 0.1153 0.0768 0.048 

Table 2: Maximum Story Displacement For different story level & zones 

 
For Story 

Building 
Z-V Z-IV Z-III Z-II Z-V Z-IV Z-III Z-II 

Flat Slab 

12 

0.005639 0.003759 0.002506 0.001566 0.005626 0.003750 0.002500 0.001563 

Grid 

Slab 
0.004174 0.002783 0.001865 0.001160 0.003785 0.002523 0.001682 0.001051 

Flat Slab 
 

15 

0.005660 0.003774 0.002516 0.001572 0.005643 0.003762 0.002508 0.001567 

Grid 

Slab 
0.004148 0.002766 0.001844 0.001152 0.003784 0.002523 0.001682 0.001051 

Flat Slab 
 

18 

0.005607 0.003738 0.002492 0.001558 0.005613 0.003742 0.002495 0.001559 

Grid 

Slab 
0.004073 0.002715 0.001810 0.001131 0.003725 0.002483 0.001655 0.001035 

Table 3: Maximum Story Drift For different story level & zones 

 

 
Fig. 2: 15 story- Base shear for all four zones in X 

Direction (a) & Y Direction (b) 

V. CONCLUSIONS   

Under the pressure of recent developments, seismic codes 

have begun to explicitly require the identification of sources 

of inelasticity in structural response, together with the 

quantification of their energy absorption capacity. Many 

existing buildings do not have been designed for seismic 

forces. It is important to study their response under seismic 

conditions and to evaluate seismic retrofit schemes. Hence 

push over analysis has been gaining importance for the 

strengthening and evaluation of the existing structures. By 

conducting the pushover analysis on flat slabs and grid 

slabs, pushover curve and demand curve can be obtained 

which can easily be compared for all the considered models. 

In comparison of the grid slab building and flat slab 

building, the time period is more for flat slab building than 

that of grid slab building. The difference between the two is 

about 23(%). 
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