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ABSTRACT: Flat Slabs are very high versatile elements commonly used in construction which provides minimum 
depth, fast construction and allows flexible column grids. Grid floor systems consist of beams which are spaced at 
regular intervals in mutually perpendicular directions and caste monolithic with slab. Mainly because of the absence of 
deep beams and shear walls etc these structural systems are much more flexible in taking lateral loads than traditional 
RC frame system and that make the systems more vulnerable under seismic events. In the present work a multistoried 
building having flat slab with drop, grid floor and conventional slab has been analyzed using ETABS software for the 
parameters like storey displacement, storey shear, storey drift, axial force, base shear for various geometries.  The 
seismic performance of buildings with grid slab and flat slab are comparable but there are differences exist. Tall 
buildings with flat slab system are weaker in shear where as those with grid/conventional floor system is robust but 
taller, costlier and functionally less friendly. The main objective of the present work is to compare the behavior of multi 
storey buildings having conventional RC frame, grid floor, flat slab with drop and to study the effect of geometry of 
building on the performance on these types of buildings under seismic forces. 
 
KEYWORDS: Earthquake, Storey Displacement, Storey Drift, Storey Shear, Overturning Moment, Etabs 

I.INTRODUCTION 
 
Construction is getting modern day by day; past concepts are changing rapidly with the help of modern technologies 

based on requirements. Modern requirements give primary importance to structural and architectural freedom instead 
of old traditional way of concrete structures. Nowadays buildings are constructed based on the purpose they serve than 
confining our requirements in the way that the building was constructed. With the help of modern technologies and 
design methods engineers have achieved better methods of construction which can serve functional requirements, 
freedom, economy and better safety against natural hazards like earthquake. Earthquakes are much common nowadays 
to before. High rise structures are needed to be constructed to survive the damages caused by earthquake at the same 
time buildings are supposed keep the functional freedom and economy. Flat slabs and grid slabs are new methods that 
can keep the building safe against the bad effects caused by earthquakes at the same time keeping the buildings 
moderately safe and very safe with much more functional freedom. Shear walls, steel bracings, dampers and base 
isolators are some of the most commonly used methods to improve the performance of buildings constructed in 
earthquake active zones. Shear walls and bracings are very common even though the latter is giving more ductility 
shear walls are most commonly used because of its easiness in construction, economy and familiar methods of 
construction. Geometry of a building has got non negligible importance on its performance against earthquake. 
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Geometry plays a better role in utilizing the maximum area of the plot also. Hence comparison of geometry and slab 
type combination is of much more relevance than before. 
Flat slab system: Flat slabs are a solid reinforced concrete slab which is directly supported by concrete columns or 
caps. Flat slabs are self-supported on the columns and loads are transferred directly to the column. In this type of 
construction, a plain roof is obtained, thus providing an attractive form from the architecture point of view. Simple roof 
lighting spreads better and the normal beam slab fabrication is considered more sensitive in case of fire. Creating flat 
slab is easy and requires less formwork. The flat slab thickness is less than 8 "or 0.2 meters, there is no need for a deep 
false ceiling when it lowers floor-to-floor heights, the height of the building may be low. 
Grid slab system: The floor which rests on beams that are running in two directions is known as grid floor. In this kind 
of floor, a mesh or grid of beams running in both the directions constitutes the main structure, and the floor is of 
nominal thickness. It is mainly used to cover a large area without any obstruction of internal columns. They are 
generally used for architectural freedom in the case of large rooms such as auditoriums, vestibules, theatre halls, show 
rooms of shops where column free area is often the major requirement. These slabs are one of the good choices for 
public assembly halls. The structure is monolithic in nature and has more stiffness. It gives a very pleasing appearance. 
The maintenance cost of grid floors are less. However, construction of the grid slabs is very costly. 
 

II.LITERATUREREVIEW 
 

Their views were very much helpful and informative to improve our knowledge, about the subject. Though much of the 
literature is available and many researchers have dealt with pushover analysis to investigate the seismic performance of 
flat-slab and conventional slab, sometimes grid slabs were also included in the comparison. Most of the analysis was 
carried out using rectangular shaped buildings and sometimes with polygonal shapes too. Hence the present study aims to 
compare square and rectangular shaped multi-storeyed buildings with flat-slabs, conventional slabs, grid slabs and also 
with infill walls & shear walls using E-TABS software. Seismic parameters like storey drift, maximum beam moment, 
base shear, storey shear, storey drift, overturning moment and axial load on columns etc are to be considered while 
constructing a new building nowadays along with the combination of all modern RCC construction techniques, shear 
walls, infill walls  in order to provide optimum seismic performance and maximum economy. Hence in the present project 
the above measures were compared for the geometry and slab types along with their major raw material quantities to 
provide a view of their apparent cost and combined strength against seismicity. 

 
III.SOFTWARES USED (ETABS & AUTOCAD) 

 
ETABS is a structural analysis software. ETABS expand as “Extended Three Dimensional Analysis of Buildings 
Software”, especially to carry out the response of building structures in seismic prone areas. As traditional book 
system of analysis could not be applied to tall building structures, software developed in computers has solved this 
problem too a long way. Moreover, in present competitive and fast developing world, computers became mandatory 
as each and every manual work gets simplified using computers that include designing of buildings. ETABS software 
is quite famous for providing economical design of buildings when compared other commonly used softwares. From 
the very start of design conception through the creation of schematic drawings, ETABS integrates every aspect of the 
engineering design process. Creation of models have never been so easier - intuitive drawing commands make it 
possible for the rapid generation of floor and elevation framing. It is very user friendly as CAD drawings can be 
converted directly into ETABS models or used as templates on which ETABS objects can be overlaid. ETABS allows 
very large and extremely complex models to be rapidly analyzed, and also supports nonlinear modelling techniques 
such as construction sequencing and time effects. 
General steps involved are as follows 
a) New > Open New Model 
b) Define > Define Materials Required  
c) Draw > Draw the Structural Members –Columns, Beams. 
d) Define > Load Patterns  
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e) Define > Load Combinations 
f) Select > Slab Sections > Slab 125 
g) Assign > Shell Loads >DL>LL > EQX> EQY 
h) Analysis > Check Loads For Warnings 
i) Analysis > Set Loads To Run 
j) Display > Display Deformed Shapes  
k) Display>Storey Plots 
l) Design > Concrete Frame Design 
 
AutoCAD is one of the most commonly used software for drafting. It is very easy and simple to work with. Detailing 
of drawing is also found easy.Draft and edit 2D geometry and 3D models with solids, surfaces, and mesh objects, 
Annotate drawings with text, dimensions, leaders, tables, plots and transferring to different formats etc. are simply 
possible. 

IV. IS CODES AND MAIN CODAL PROVISIONS 
 IS456-2000 
 IS1905-1897 
 IS875 part 1,2,3,5 
 IS13920-2016 
 SP-16 
 IS1893-2016 

 
Main codal provisions 
 

 Ribbed slabs are based on clause 30.5, page 52 of IS 456-2000 
 Flat slabs are based on clause 31.2.1, page 53 of IS 456-2000 
 Column sizes are based on clause 39.3, page 71 of IS 456-2000 
 Beam sizes are based on clause 23.2.1, page 37 of IS 456-2000 
 Importance factor is based on table-8, page 19 of IS 1893-2016 
 Response reduction factor is based on table-9, page 20 of IS 1893-2016 
 Calculation of seismic weight is based on table 10, page 20 of IS 1893-2016 
 Soil type is based on clause 6.4.2.1, page 9 of IS 1893-2016 
 Moment of inertia is taken as per clause 6.4.3.1, page 14 of IS 1893-2016 
 Minimum grade of structural concrete is as per clause 5.2, page 3 of IS 13920-2016 
 Wind loads are taken as per IS 875-2016 part-3 
 Load combinations are taken as per IS 875-part 5 

V. PLANS AND MODELLING 
 
The main criteria used for plan selection is as follows  
 Buildings with more or less same floor area are selected. 
 Buildings with same height are selected. 
 Rectangular building with aspect ratio 2:1 is selected. 
 Member sizes were selected and fixed on the basis of preliminary analysis performed. 
 Plans with and without shear walls are considered as with shear walls lead to results they are mentioned in 

here  
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Member details in mm Square building with 

conventional slab 
Square building with 
flat slab 

Square building with 
grid slab 

Building size 24000 X 24000 24000 X 24000 24000 X 24000 
Beam size 200 X 400 200 X 400 220 X 1000 
Column size 500 X 500 500 X 500 750 X 750 
Concrete grade M30 M30 M30 
Total height 48000 48000 48000 
Storey height 3000 3000 4000 
Slab thickness 150 180 90 
Drop size - 2300 X 2300 - 
Shear wall thickness 300 300 300 

 
Table 1: Plan details of square building 

 
 

Member details in mm Rectangular building 
with conventional slab 

Rectangular building 
with flat slab 

Rectangular building 
with grid slab 

Building size 34000 X 17000 34000 X 17000 34000 X 17000 
Beam size 200 X 400 200 X 350 170 X 750 
Column size 500 X 500 500 X 500 750 X 750 
Concrete grade M30 M30 M30 
Total height 48000 48000 48000 
Storey height 3000 3000 4000 
Slab thickness 150 170 90 
Drop size - 2150 X 2150 - 
Shear wall thickness 300 300 300 

 
Table 2: Plan details of rectangular building 

 
 

Member details in mm Circular building with 
conventional slab 

Circular building with 
flat slab 

Circular building with 
grid slab 

Building size 27000 27000 27000 
Beam size 250 X 575 250 X 575 220 X 1000 
Column size 600 X 600 600 X 600 600 X 600 
Concrete grade M30 M30 M30 
Total height 48000 48000 48000 
Storey height 3000 3000 4000 
Slab thickness 150 170 90 
Drop size - 2150 X 2150 - 
Shear wall thickness 300 300 300 

 
Table 3: Plan details of circular building 
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      (g)                                                                          (h)                                                                       (i) 
 

Fig.1.Square building with conventional slab (a) Square building with flat slab (b) Square building with grid slab (c) Rectangular building with 
conventional slab (d) Rectangular building with flat slab (e) Rectangular building with grid slab (f) Circular building with conventional slab (g) 

Circular building with flat slab (h) Circular building with grid slab (i) all buildings are provided with shear walls 
 

VI. LOADING AND COMBINATIONS 
 

 Self-weight as taken by Etabs 
 Live load       = 5kN/m²(Maximum live load as per IS 875 Part 2 for office bldg.) 

          (a)                                                                              (b)                                                                        (c) 

        (d)                                                                      (e)                                                                      (f) 
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 Floor finish   = 1 kN/m² 
 Wall load    = 2.6X20X0.2 = 10.4 kN/m ( varies depending on beam depth) 
 Parapet    = 1X0.1X20    = 2 kN/m 
 Roof load   = 1.5 kN/m² (IS 875 Part 2) 
 Wind load    = IS 875-2015 
 Wind speed   = 50 m/s 
 Terrain type   = Category 2 
 Importance factor  = 1 
 Topography factor   = 1 
 Seismic load    = 1893-2016 
 Response reduction   = 5 
 Zone factor    = .36 ( zone v) 
 Soil type    = III ( soft  soil) 
 Importance factor   = 1.2 

As per code standards the maximum wind load under normal conditions in Kerala is 39 m/s, in our calculation we 
took 50 m/s which is the maximum wind speed where construction is possible under normal conditions. The buildings 
are designed against extreme conditions in India to check the performance.Extreme seismic conditions are selected for 
the analysis and design of buildings. Selected seismic zone is zone 5 which is the zone with highest seismic activity as 
per Indian standards. The selected soil type is soil type 3 which is loose soil and will not provide zero percentage 
increase in net bearing pressure and skin friction of soils as per Indian standards. In addition to above extreme 
conditions buildings are given a live load of 5 kN/sm which is the maximum for office buildings as per IS 875-part 2. 
Combinations: All combinations automatically created by software are used for the analysis of the buildings, envelops 
are created using all the available combinations and design is carried out using the highest available combination in the 
envelope. All the combinations were cross checked with the combinations given in IS 456-2000, IS 875-Part5 and also 
verified with seismic code IS 1893-2016. It was assured that all combinations given in codes are included in the 
envelope. A total of 59 combinations are considered and the combination with highest value is used for the analysis and 
design of the buildings. 

 
VII. ANALYSIS AND DESIGN 

 
Buildings were analyzed and designed for the above mentioned loading and soil conditions with and without shear 
walls and the obtained results are tabulated and compared. As the results of buildings with shear wall are leading results 
those design details are mentioned in here. 
 

 
 

    (a)                                                                           (b)                                                                        (c) 
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Fig.2 Square building with conventional slab (a) Square building with flat slab (b) Square building with grid slab (c) Rectangular building with 
conventional slab (d) Rectangular building with flat slab (e) Rectangular building with grid slab (f) Circular building with conventional slab (g) 

Circular building with flat slab (h) Circular building with grid slab (i) all buildings are provided with shear walls 
 

VIII.COMPARISON OF RRESULTS AND DISCUSSION 
 

With the addition of shear walls seismic performance of buildings are found improving in terms of considered 
parameters. The results are found maximum along Y directions hence comparisons of results along Y direction are 
mentioned below. 
 
 
 
 
 
 

 (d)                                                                              (e)                                                                      (f) 

       (g)                                                                       (h)                                                                           (i) 
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VIII.1STOREY DISPLACEMNET WITH AND WITHOUT SHEAR WALL 
 

 
 
Table 4 Maximum storey displacement without shear wall in Y direction      Table 5 Maximum storey displacement with shear wall in Y direction 
 

 
 
Fig 3 Maximum storey displacement without shear wall in Y direction    Fig 4 Maximum storey displacement with shear wall in Y direction 
 

VIII.2STOREY DRIFT WITH AND WITHOUT SHEAR WALL 
 

  
Table 6 Maximum storey drifts without shear wall in Y direction  Table 7 Maximum storey drift with shear wall in Y direction 
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      Fig 5 Maximum storey drift without shear wall in Y direction                            Fig 6 Maximum storey drift with shear wall in Y direction 
 

VIII.3STOREY SHEAR WITH AND WITHOUT SHEAR WALL 
 

 
 
Table 8 Maximum storey shear without shear wall in Y direction                 Table 9 Maximum storey shear with shear wall in Y direction 
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Fig 7 Maximum storey shear without shear wall in Y direction                            Fig 8 Maximum storey shear with shear wall in Y direction 
 

VIII.4STOREY OVERTURNING MOMENT WITH AND WITHOUT SHEAR WALL 
 

 
 
 Table 10 Maximum storey shear without shear wall in Y direction                 Table 11 Maximum storey shear with shear wall in Y direction 
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Fig 9 Maximum storey shear with shear wall in Y direction                            Fig 10 Maximum storey shear with shear wall in Y direction 
 

Where, SBT-Square building with traditional slab, SBF-Square building with flat slab, SBG-Square building with grid slab, RBT-Rectangular 
building with traditional slab, RBF-Rectangular building with flat slab, RBF-Rectangular building with grid slab, CBT-Circular building with 
traditional slab, CBF-Circular building with flat slab, CBG-Circular building with grid slab, SW-Denotes shear wall. 
 
The results show that the performance of all buildings is improved with shear walls. Grid slabs and flat slabs are found 
better in performance. Circular geometry is giving better performance when compared to others. Maximum storey 
drifts is found decreasing when shear walls are provided. Again flat slabs and grid slabs are providing better 
performance in rectangular and circular geometries.Storey shear was found to be increasing with shear wall. Flat slabs 
and conventional slabs are giving better performance and circular geometry is performing better to square and 
rectangular.Overturning moment increases with the addition of shear walls flat slabs are providing better performance 
followed by traditional slabs. Circular geometry again found to provide better results. From the above results it’s clear 
that flat slabs and grid slabs provide much better performance than traditional buildings in almost all the parameters 
considered. Circular geometry is found better to square and rectangular followed by rectangular then square. Hence for 
the final comparison in terms of both slab with different geometries. 

 
VIII.5COMPARISON IN TERMS ECONOMY FOR THE SELECTED MODELS 

 
Here square, rectangular, Circular geometries with flat slab as well as grid slab are compared in terms of concrete 
consumption and the model with more economy and performance combined is selected. 
 

 
Table 12 Quantity comparison 
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Circular geometry with shear wall provides lower values of displacements in all three combinations with more or less 
similar quantity of concrete. Storey displacement was found lowest in circular plus grid slab combination and circular 
plus flat slab combination. From the economic point of view, flats slabs show much more economy even if 
displacements are little bit higher to grid slabs. The total cost of the building will go further higher as conveyance of 
fire & sprinkler, electrical, plumbing and communication facilities will be very difficult as well as labour and time 
consuming. Performance of flat slab buildings can be increased further by addition of shear walls or any other means of 
earthquake resisting mechanism at critical locations with total cost falling below the total cost of grid slab buildings. 
Though architectural freedom is moderate and slightly less when compared grid slab structures, economy and faster 
construction along with better performance will make flat slab structures as better choice for office buildings. 
 
Selected models were checked by providing infill walls. Infill walls were provided by using equivalent strut method as 
specified in IS 1893-2016, clause 7.9.2.2 page 25. It was found that storey displacements were greatly reduced with the 
introduction of infill walls and resistance to lateral loads are considerably high. Storey drifts were also reduced to a 
great extend with the introduction of infill walls. Service openings like open ground storey and weak storey are very 
dangerous for the buildings. From the results it was also found that the storey drift changes tremendously in the absence 
of infill walls in a particular storey. It seems that open storeys  in the uppermost storeys will produce more storey drift 
than ground storey. But because of the absence of wall in ground storey a sudden jump in storey drift occurs resulting 
in over stressing of ground storey columns which in turn will result in large amount of sway of building and finally 
collapse of building. This is mainly due to absence of continuity in load paths in the building. Hence its better to 
provide infill walls throughout all the storeys. 
 

IX.CONCLUSION 
 
Architectural freedom is an important aspect that we have to seriously consider in the case of office buildings, hospital 
buildings, commercial spaces etc.: when compared to traditional buildings, flat slabs and grid floors have entirely 
different advantages which make the floor space easily convertible. But the structural action of the same for high rise 
buildings is really appreciable. A well designed and constructed flat slab and grid floor can behave better than 
traditional buildings under sever seismic conditions. 

 Addition of shear walls improves the performance of all the buildings with respect to all considered 
parameters. 

 It was found that flat slabs are economical than grid floors and behave well in sever seismic  zones when 
provided with shear walls 

 Circular geometry with shear wall provides lower values of displacements in all three combinations with more 
or less similar quantity of concrete. Storey displacement was found lowest in circular plus grid slab 
combination and circular plus flat slab combination. 

 Circular buildings have minimum storey drift in all three combinations with and without shear walls. 
Rectangular building and square building shows closer values of storey drifts. With the addition of shear walls 
the maximum storey drift is getting shifted from lower storeys to upper storeys. With the addition of shear 
walls storey drifts were reduced by almost 50%. The lowest value for maximum storey drift was found in 
circular plus grid slab combination. 

 Storey shear is found increasing with the addition of shear walls and found less in circular geometry. 
 With the addition of shear walls storey overturning moment is found decreasing and again circular geometry 

provides better results with all types of slabs. Overturning moment and bearing capacity are the basic criteria 
that determine the type of foundations. Buildings with high overturning moment on loose soil demands very 
strong foundations which will results in increased cost of foundations. 

 According to the limitations of plot shapes different geometry buildings has to be selected, where for the same 
floor area circular buildings perform well without much increase in the economy. 
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 Rectangular buildings are more susceptible to displacement in the short direction. This can be overcome by 
providing rectangular columns or shear walls oriented in the short direction. 

 With the addition of infill walls there is an overall increase in lateral strength of the building and damping as a 
result the energy dissipation capacity of the building is also increased. In addition to that the total horizontal 
displacement and the storey drift of the structure are greatly reduced by the introduction of infill in moment 
resisting reinforced concrete structures.  

 In the above comparison most economical models are compared. If we try to equalize the quantity of concrete 
conventional buildings can also perform slightly well (not as good as flat and grid slab structures) but from the 
point of view of architectural and structural freedom which is of most importance nowadays flats slabs and 
grid slabs are more preferable. 

 
X.FUTURE WORK SUGGESTIONS 

 
 Stability & economic comparison of buildings with grid slab-flat slab combination with varying ratios (like 

50:50, 70:30etc) and varying positions (up or down) of both the slabs. 
  Stability comparison of buildings with grid slab-flat slab combination and buildings with the same 

combination strengthened by shears walls or steel bracings. 
 Stability & economic comparison of buildings with combination of different geometries and the same 

strengthened by shear walls or any other means. 
 Stability & economic comparison of buildings with combination of different geometries and different slab 

types and the same strengthened by shear walls or any other means. 
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