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Abstract— A flat slab is a reinforced concrete slab supported 

directly by concrete columns without the use of beams. 

Reinforced concrete flat slabs are one of the most popular 

floor systems used in residential buildings, car parks and 

many other structures. They represent elegant and easy-to-

construct floor systems. Flat slabs are favored by both 

architects and clients because of their aesthetic appeal and 

economic advantage. Now taking into consideration the 

Earthquake is one of the natural disasters which the world is 

facing time to time. Based on previous earthquakes data, loss 

of human lives and properties which ultimately affects the 

national economy. The structure should possess namely 

simple and regular configuration, adequate lateral strength, 

stiffness and ductility to accomplish well under Earthquake. 

Structures with simple regular geometry and uniformly 

distributed mass and stiffness in plan as well as in elevation 

are considered to suffer much lesser damage than structures 

with irregular forms. But nowadays, irregular buildings are 

preferred due to their functional and aesthetic considerations 

are evident from examples of realistic existing irregular 

buildings. As per IS 1893(part1):2002 enlists the irregularity 

in buildings. These irregularities are categorised as follows 

1) Vertical irregularities referring to sudden change of 

strength, stiffness, geometry and mass results in irregular 

distribution of forces or distribution over the height of 

the building. 

2) Plan irregularities which refer to asymmetrical plan 

shapes (L-,T-,U-,F-) or discontinuities in the horizontal 

resting elements (diaphragms) such as cut-outs, large 

openings, re-entrant corners and other abrupt changes 

resulting in torsion, diaphragm deformations and stress 

concentration. 

Present work is carried out to investigate the 

performance of irregular flat slab with column drops 

subjected to lateral loads i.e, earthquake and wind loads in 

seismic zone V soil type III using ETABS 2015 Software. 

The study is restricted to diaphragm discontinuity and vertical 

discontinuity. The flat slab building is analyzed for models 

with a regular plan without any discontinuity, model with Re-

entrant corners, model with Re-entrant corners L-shape, 

model with vertical irregularity on one side, model with 

vertical irregularity on two side, model with rectangular 

shape as diaphragm discontinuity, model with inverse T as 

diaphragm irregularity. Linear static and dynamic analysis is 

performed for seismic forces and the building is also analyzed 

for wind loading. The effect of irregularity on the flat slab 

building is examined for various parameters.. The main 

parameters considered in the study are Base shear, Time 

Period, Lateral displacement and Storey drift. Present study 

provides a good source of information on all the parameters 

considered. Conclusions are woven based on the obtained 

results. 
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I. OBJECTIVES OF THE STUDY 

1) To evaluate the response of irregular flat slabs structure 

subjected to lateral loads.  

2) To identify the values of lateral displacement, storey 

drift, time period and base shears subjected to seismic 

and wind loads. 

3) To compare the variation in maximum lateral 

displacement for different types of irregular flat slabs. 

4) To compare the values of all the above parameters 

among irregular flat slabs under lateral loading. 

II. LITERATURE REVIEW 

Mr. Muralidhara G. B, Mrs. Swathi Rani K. S, Mr. Melese 

Worku)(1), “Seismic Parametric Study on Different Irregular 

Flat Slab Multi-Story Building”. With the advancement in the 

growth of urbanization and for aesthetic requirements, 

building with irregular structural forms are widely 

constructed. Irregularity in structures are mainly due to 

variable distribution of mass, stiffness, and strength or due to 

irregular geometrical configuration. This present study 

summarizes the behaviour of G+10 irregular Flat Slab 

building with Vertical irregularity and Plan irregularity under 

seismicity. Linear static and dynamic analysis of models are 

performed by using ETABS to determine Earthquake 

response parameters like Base Shear, Natural Period and 

Displacement. Conclusions are woven based on the obtained 

results. 

H.S. Kim and D.G. Lee(2) “Efficient analysis of flat 

slab structures subjected to lateral loads”. The flat slab system 

has been adopted in many buildings constructed recently due 

to the advantage of reduced floor heights to meet the 

economical and architectural demands. Structural engineers 

commonly use the “equivalent frame method” with 

equivalent beams proposed by Jacob S. Grossman in practical 

engineering for the analysis of flat slab structures. However, 

in many cases, when it is difficult to use the equivalent frame 

method, it is necessary to use a refined finite element model 

for an accurate analysis. However, this takes a significant 

amount of computational time and memory if the entire 

building structure were to be subdivided into a finer mesh. An 

efficient analytical method is proposed in this study to obtain 

accurate results in significantly reduced computational time. 

The proposed method employs super elements developed 

using the matrix condensation technique and fictitious beams 

are used in the development of super elements to enforce the 

compatibility at the interfaces of super elements. The stiffness 

degradation due to cracking in the flat slab system considered 

in the equivalent frame method was taken into account by 

reducing the modulus of elasticity of floor slabs based on 

linear elastic finite element analysis in this study. Static and 

dynamic analyses of example structures were performed and 

the efficiency and accuracy of the proposed method were 

http://www.sciencedirect.com/science/article/pii/S0141029604003372
http://www.sciencedirect.com/science/article/pii/S0141029604003372
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verified by comparing the results with those of the refined 

finite element model and the equivalent frame method. 

Moehle, J. and Diebold, J. (1985) (3). “Lateral Load 

Response of Flat‐Plate Frame”. J. Struct. Eng., 

10.1061/(ASCE)0733-9445(1985)111:10(2149), 2149-2164. 

Lateral‐load response of a flat‐plate frame under simulated 

earthquake base motions is examined. The test structure is a 

three‐tenths scale model of a two‐story, three‐bay flat plate 

frame, which was designed and detailed according to current 

procedures for beamless slabs in regions of moderate seismic 

risk. Overall resistance to low, moderate, and high intensity 

base motions is examined, and design‐oriented methods to 

evaluate lateral‐load stiffness and strength are examined. It is 

concluded that the design resulted in a flexible but reasonably 

tough structural system. Relatively simple procedures to 

evaluate stiffness and strength are presented and found to be 

acceptably accurate for the test structure. 

R.S.More, V. S. Sawant, Y. R. Suryawanshi(4) 

“Analytical Study of Different Types of Flat Slab Subjected 

to Dynamic Loading”. A popular form of concrete building 

construction uses a flat concrete slab (without beams) as the 

floor system. This system is very simple to construct, and is 

efficient in that it requires the minimum building height for a 

given number of stories. Unfortunately, earthquake 

experience has proved that this form of construction is 

vulnerable to failure, when not designed and detailed 

properly, in which the thin concrete slab fractures around the 

supporting columns and drops downward, leading potentially 

to a complete progressive collapse of a building as one floor 

cascades down onto the floors below. Although flat slabs 

have been in construction for more than a century now, 

analysis and design of flat slabs are still the active areas of 

research and there is still no general agreement on the best 

design procedure. The present day Indian Standard Codes of 

Practice outline design procedures only for slabs with regular 

geometry and layout. But in recent times, due to space crunch, 

height limitations and other factors, deviations from a regular 

geometry and regular layout are becoming quite common. 

Also behaviour and response of flat slabs during earthquake 

is a big question. The lateral behaviour of a typical flat slab 

building which is designed according to I.S. 456- 2000 is 

evaluated by means of dynamic analysis. The inadequacies of 

these buildings are discussed by means of comparing the 

behaviour with that of conventional beam column framing. 

Grid slab system is selected for this purpose. To study the 

effect of drop panels on the behaviour of flat slab during 

lateral loads, flat plate system is also analyzed. Zone factor 

and soil conditions -- the other two important parameters 

which influence the behaviour of the structure, are also 

covered. Software ETABS is used for this purpose. In this 

study relation between the number of stories, zone and soil 

condition is developed. 

III. Introduction 

A. Flat Slab: 

Flat slabs system of construction is one in which the beams 

used in t he conventional methods of constructions are done 

away with. The slab directly rests on the column and load 

from the slab is directly transferred to the columns and then 

to the foundation. To support heavy loads the thickness of 

slab near the support with the column is increased and these 

are called drops, or columns are generally provided with 

enlarged heads called column heads or capitals. Absence of 

beam gives a plain ceiling, thus giving better architectural 

appearance and also less vulnerability in case of fire than in 

usual cases where beams are used. Plain ceiling diffuses light 

better, easier to construct and requires cheaper form work. As 

per local conditions and availability of materials different 

countries have adopted different me thods for design of flat 

slabs and given their guidelines in their respective codes. 

B. Irregularities of flat slab: 

1) Vertical geometric irregularity:  

A vertical setback is a geometric irregularity in a vertical 

plane. It is considered, when the horizontal dimension of the 

lateral force resisting system in any storey is more than 15% 

of that in an adjacent storey.  

2) Plan Irregularity: 

Plan irregularity refers to asymmetrical plan shapes such as 

L, T, cut outs, large openings, re-entrant corners etc. 

 
Fig. 1:  

C. Purpose of constructing flat slab: 

1) To provide plain ceiling surface giving better diffusion 

of light. 

2) East constructability with economy in the formwork. 

3) Larger head room or shorter storey height and pleasing 

appearance large halls, library, commercial buildings etc. 

4) Faster construction. 

5) Reduced services and cladding costs. 

6) Flexibility for the occupier. 

7) Slab thickness. 

8) Flexibility in room layout. 

9) Saving in building height. 

10) Shorter construction time. 

11) Single soffit level 

12) Ease of installation of mechanical and electrical services. 

IV. DESCRIPTION OF THE SAMPLE BUILDING 

A. Preliminary data: 

 Type of structure: Multi Storeyed RC rigid Jointed Flat 

Plate Frame 

 Number of Stories: Eleven (G+10): 35m X 25m 

B. Data of structural Components: 

 Floor Height: 4m for Ground Floor, 4m for other Floors 

and 3m below plinth level. 

 Grade of Concrete: M40 for Ground, First and Second 

Floor Columns. 

 M35 Other Floor Columns. 

 M25 for Slabs. 
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 Size of Columns: 600mm X 600mm 

 Depth of Slab: 200 mm thick. 

 Imposed Load: 3.0 KN/m2 

 Floor Finish and Partitions: 2.0KN/m2 

 Specific Weight of RCC: 25 KN/m3 

 Density of Brick: 18 KN/m3 

C. Earthquake data: 

 Type of Soil: III 

 Seismic Zone: V 

 Importance Factor: 1.5 

 Response reduction Factor: 5.0 

 Structural Software: ETABS Version ultimate 15.1.0 

D. Wind data: 

 Wind speed: 39 m/s 

 Category: 3 

 Class: B 

 
Model 1: Regular Plan 

 
Model 2: Re-entrant corners 

 
Model 3: Re-entrant corner L-Shape 

 

Model 4: Vertical Irregularity on one side 

 
Model 5: Vertical Irregularity on both side 

 
Model 5: Rectangle shape as Diaphragm discontinuity 

 
Model 6: Inverse-T as Diaphragm Irregularity 

V. COMPARISON RESULTS 

LATERAL DISPLACEMENT (MM) OF BUILDING 

MODELS 

 X Y 

MODEL 

NO 

10th 

FLOOR 

GF

L 

10th 

FLOOR 

GF

L 

1 419.9 17.3 998.4 42.1 

2 428.7 17.4 1060.1 44.2 

3 423.8 17.1 1125.7 46.7 

4 402.9 16.6 1006.8 41.8 

5 395.7 16.2 758.9 33.9 

6 391.6 15.7 875.7 36 

7 432.1 17 1044.2 41.5 

Table 1: 

 
Fig. 2: 
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From the above graph it is observed that the lateral 

displacement is reduced in X direction compared to Y 

direction by 58% as the width of the building in X direction 

is more than the width of the building in Y direction. 

STORY DRIFT (mm) OF BUILDING MODELS 

 X Y 

MODEL 

NO 

10th 

FLOOR 
GFL 

10th 

FLOOR 
GFL 

1 0.004208 
0.0057

8 
0.008051 

0.0140

46 

2 0.004387 
0.0057

99 
0.008359 

0.0147

48 

3 0.004369 
0.0057

14 
0.009029 

0.0155

78 

4 0.004955 
0.0055

45 
0.00785 

0.0139

19 

5 0.008081 
0.0053

89 
0.008013 

0.0112

99 

6 0.003972 
0.0052

21 
0.007275 

0.0120

14 

7 0.004567 
0.0056

57 
0.009409 

0.0138

28 

Table 2: 

 
Fig. 3: 

From the above graph it is observed that the storey 

drift in X direction is less compared to Y direction. And the 

values obtained from the table above shows us that the model 

5 among all the other irregular models has least amount of 

storey drift in Y direction.  

Base Shear of models in KN 

MODEL 

NO 

Equivalent Static 

Method 

Response Spectrum 

Method 

X Y X Y 

1 3461 4236 2971.03 3543.42 

2 3058 3732 2628.37 3115.77 

3 2665 3270 2288.19 2704.32 

4 3431 4512 2853.30 2870.66 

5 3435 4220 2774.81 3389.23 

6 3004 3689 2543.09 3059.78 

7 3079 3762 2645.43 3143.19 

 
Fig. 4: 

According to the cl.7.8.2 IS 1893-2002 part1, says 

that the minimum base shear should be that of response 

spectrum when compared to static analysis. From above table 

we can conclude that the base shear for response spectrum is 

less than the base shear for static analysis which is found true.   

From the above graph it is observed that the base 

shear is minimum for model 3 among all the models for both 

the analysis results. 

TIME PERIOD OF BUILDING MODELS (seconds) 

MODEL 

NO 

MOD

E 1 

MOD

E 2 

MOD

E 3 

AS PER 

1893:2002 

1 2.153 1.990 1.760 1.26 

2 2.196 1.963 1.799 1.26 

3 2.222 2.008 1.811 1.26 

4 1.985 1.847 1.509 1.26 

5 1.792 1.492 1.459 1.26 

6 2.021 1.893 1.646 1.26 

7 2.191 2.005 1.793 1.26 

Table 4: 

 

 
Fig. 5: 

From the above graph it is observed that the least 

amount of time period occurs at mode 3 for model with 

vertical irregularity on both side. 

Maximum time period occurs at mode 1 for model 

with Re-entrant corner L-Shape. 

VI. CONCLUSIONS 

The lateral displacement is reduced in X direction compared 

to Y direction by 58% as the width of the building in X 

direction is more than the width of the building in Y direction. 
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The storey drift in X direction is less compared to Y 

direction. And the values obtained shows us that the model 5 

among all the other irregular models has least amount of 

storey drift in Y direction.  

 According to the cl.7.8.2 IS 1893-2002 part1, says 

that the minimum base shear should be that of response 

spectrum when compared to static analysis. Thus from the 

values obtained we can conclude that the base shear for 

response spectrum is less than the base shear for static 

analysis which is found true. the base shear is minimum for 

model 3 among all the models for both the analysis results. 

The least amount of time period occurs at mode 3 

for model with vertical irregularity on both side. Maximum 

time period occurs at mode 1 for model with Re-entrant 

corner L-Shape. 
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