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Abstract— A reinforced concrete slab is one of the most 

important components in a building. Geometry of a 

reinforced framed building plays an important role in its 

structural behavior under lateral loads. The objective of the 

present study is to perform the critical study of three RCC 

framed buildings, to perform the parametric and comparative 

analysis of structure for rigid and flexible condition. A total 

of 18 number of RCC framed structure with different number 

of floors has been considered for this study. The material has 

been kept constant for all the cases. Percentage of steel in 

columns, area of steel in columns and section of the columns 

has been compared. Maximum deflection, support reaction, 

bending moments, shear forces for both rigid and flexible slab 

for all the cases has been also calculated for lateral loads as 

per IS 4998-1: 1992 , IS 1893: 2002 & IS 4928: 1993 using 

STAAD.Pro V8i software. Parametric study has been 

performed for zones III, IV&V and different structural 

parameters. 
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I. INTRODUCTION 

A Reinforced Concrete Slab is a structural element of modern 

buildings supported by Columns and Beams. A slab is a flat, 

two dimensional, planar structural element having thickness 

small compared to its other two dimensions. It supports 

mainly transverse loads and transfers them to support 

primarily by bending element just like beam. 

The fixed slab is a thin concrete slab placed on a 

rigid foundation with infinite plane dimensions. Due to the 

restraint of the rigid foundation, the horizontal displacements 

and turn of the slab are zero. The free slab is free of external 

restraint and can deform freely in all directions. 

The Evolution of the computation software has 

made it possible to analyze and design structures at an 

accelerated pace. This has facilitated the development of the 

projects with reduced time and cost. The finite element 

method and codes of calculation provides the engineers, the 

possibility of modeling and analysis, as well as the ability to 

control the model of calculation and to interpret the results. 

Simplified elastic methods of calculation were systematically 

used in dimensioning structures based on stick model, with 

concentrated masses and equivalent stiffness’s. However, this 

approach suffers with the limitation that comprehension of 

the real seismic behavior is not possible. The response of the 

structure with flexible floors under seismic forces in terms of 

displacement has been largely unexplored. 

Using codes of calculation based on the finite 

element methods, this paper deals with analyzing the 

structural response of a building with and without 

diaphragms, when subjected to seismic forces using specific 

methods based on the principle of finite elements which could 

give good indications on the seismic behavior of the structure. 

This paper deals with the comparative analysis of 

performance of RCC framed buildings with different number 

of floors in terms of the reinforcement requirement. 

II. OBJECTIVE OF THE WORK 

The objective of the present study is defined as follows: 

a) The main objective of this thesis is to perform the critical 

study of three RCC framed buildings with increasing 

number of floors under seismic zones III, IV & V under 

rigid and flexible slab conditions. 

b) To perform the parametric and comparative analysis of 

structures for rigid and flexible conditions i.e. to compare 

percentage of steel in columns, area of steel in columns 

and sections of the columns. 

III. LITERATURE REVIEW 

Daniel et. al. (2000) analyzed the structures subjected to 

earthquakes to discern the best way to reinforce the buildings 

so that they suffer the least damage possible. They 

determined that the vertical resisting system with 

triangulations have the greatest influence on performance. 

Dong- Guen Lee et. al. (2004) conducted the 

structural analysis using an analytical model which disregards 

the flexural stiffness of the floor slabs and considering the T-

section beam effect for the simplification and efficiency of 

the structural analysis.  In this study, to resolve the problems, 

efficient analytical modeling methods employing the sub 

structuring techniques, super-elements, and rigid diaphragms 

are adapted. They computed the analytical results of time 

history analysis and the computational time of various 

analyses. 

Monotti (2004) Mustapha et. al. (2012) proposed 

that the structure of a building can be regarded as composed 

of several vertical systems bounded by horizontal 

diaphragms.  They assumed a rigid diaphragm for the 

modeling of floor slab. The floor can have a significant 

influence on the lateral response of the structures, if the 

flexibility of the floor slab is completely ignored then the 

lateral rigidity can be appreciably underestimated .Within the 

framework of this study, they examined the deformability of 

the floor in their plan, under the effect of horizontal seismic 

actions. 

Augustssonet.al.(2010) performed the comparison 

of the generated results and concluded that the reliability for 

the SDOF analyses, assuming elastic response, is good for 

both beams and slabs. The analysis approached the FE-

analysis when increased load duration is used, but is not a 

reliable method for impulse loaded structures. However, the 

results are conservative and can be used for preliminary 

design. To design such structures with linear elastic FE 

analysis, the concentrated shear forces gained must be 

distributed within larger parts of the structure in order to 
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describe the real behavior of the slab since occurrence of 

cracking leads to stress redistributions. 

Hakimi (2012) recommended the methodology to 

perform the stress distributions and also to investigate the 

influence of flexural cracking on the redistribution of shear 

forces. The results showed that the shear stress along the 

support of a cantilever reinforced concrete slab becomes 

more evenly distributed when the non-linear flexural 

response is taken into account in the structural analysis. 

Jennings et. al. (2013) presented the semi-automatic 

method for the rigid-plastic yield-line analysis of slabs to 

predict the mechanisms which are most likely to cause 

collapse. Linearized constraint equations were developed 

analytically and used with the conjugate gradient method in 

order to overcome problems due to the existence of 

discontinuities in slope of the optimizing function. 

Koliou, M., Filiatrault, A., Kelly, D., and Lawson, J. 

(2015) conducted a study on buildings having rigid walls and 

flexible roof diaphragms (RWFD). The results of the study 

indicate that codal provisions for this type of building do not 

satisfy the collapse objective requirements of FEMA P695 

under maximum considered earthquake ground motions. This 

is because the provisions are based on assumed yielding of 

the walls rather than the roof diaphragm. To assist with 

creating provisions that take into account large flexible 

diaphragm deformations, a semi-empirical formula to 

estimate the fundamental period of RWFD buildings that 

accounts for roof diaphragm flexibility is derived in this 

paper. 

IV. DESCRIPTION OF SLABS 

In the structural analysis of buildings, floor slabs are usually 

assumed to be rigid in their planes. At the mass centre of each 

rigid floor, there is a master node having three degrees of 

freedom to represent the two in-plane translations and one out 

of- plane rotation of all the other nodes or so-called slaved 

nodes in this floor. These slaved nodes contain three degrees 

of freedom two in-plane rotations and one out-of-plane 

translation. In this assumption, no deformation in the plane of 

building floors, is used widely in the structural analysis of 

building systems. 

 
Fig. 1: Stick Model 

V. MODELS OF BUILDING ANALYSIS 

For building analyses under the rigid-floor assumption, 

master and slaved nodes are used. Each rigid floor contains a 

master node with three degrees of freedom at the mass center 

of the floor to control the two in plane translations and one 

out-of-plane rotation of all the slaved nodes in this rigid floor. 

The slaved nodes include three additional degrees of 

freedom-two in-plane rotations and one out-of-plane 

translation. Thus, the total number of degrees of freedom is 

equal to three times the total number of slaved nodes and 

master nodes in the mesh for a three-dimensional (3D) 

building analysis. The numerical model of the master-slaved- 

node algorithm can be performed using a constraint matrix. 

For building analyses under the flexible-floor 

assumption, each node contains six degrees of freedom-three 

translations and three rotations. Thus, the number of degrees 

of freedom for the flexible-floor mesh is about twice as large 

as that for the rigid-floor mesh. The membrane elements were 

also used to model the shear walls of the buildings under the 

rigid- or flexible- floor assumption. 

In the analysis of building structures, the stick model 

which has 3 in-plane DOF`s per floor is usually used in 

commercial software, such as STAAD.Pro, ETAB etc., by 

applying the rigid diaphragm assumption. But if the rigid 

diaphragm assumption is applied, the story shear forces in the 

basement may be significantly overestimated since the 

flexibility of the floor system is ignored. 

VI. METHODOLOGY ADOPTED 

The analysis of R.C.C. frames carried out when it is subjected 

to earthquake forces and rigid slab conditions at various 

sections along its height. The vertical cross-sections for P + 8 

building frame from one of the cases are given below: 

 
Fig. 2: Building Frame 

A. Steps for Analysis 

In order to achieve the objectives of the study the following 

methodology is proposed: 

a) Understand the design procedure of a RCC frame 

structure as per Indian Standard IS-456:2002, IS- 

1893:2002. 

b) Select frame geometry. 

c) Modeling of a frame in STAAD.Pro V8i. 

d) Selection of earth quake zones for different case for 

analysis. 

e) Application of lateral loads on the structures 
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Fig. 3:  Model of the RCC Frame in Staad.Pro V8i. 

f) Analysis considering different diaphragm models (18 

possible cases) 

g) Results will be presented in the form of graphs and 

tables. 

h) Parametric and comparative study of all cases in terms of 

Support Reaction, support moments, sizes of members, 

percentage steel required and overall economy. 

 
Fig. 4: Column Grid 

B. Problem Formulation 

This paper includes comparative study of behavior of 

structures with different RCC frame structures (18cases) by 

changing the height of the building (number of floors), 

earthquake zones and type of slab (Flexible or Rigid). A 

comparison in results of deflection, Support Reactions, 

Moments, percentage of steel in columns, area of steel in 

columns and sections of the columns. 

Details of the constant parameters taken for RCC 

frames are as follows: 

1) Grade of concrete                 - M20 

2) Grade of Steel                       - Fe-415 
3) Modulus of elasticity (M20 Concrete)- 2.23 x 104 N/mm2 

4) Modulus of elasticity ( Fe-415 Steel)       - 2 x 105 N/mm2 

5) Poisson’s Ratio                     - 0.17 

6) Dampness Ratio                    - 0.05 

7) Foundation Type                                - RCC Footing 

1) Description of Loading 

1) Concrete :  25 KN/m3 

2) Insulation : 1 KN/m3 

3) Dead Loads   : 4 KN/m2 

4) Live Loads   :  2 KN/m 

5) Wall Loads  :  5.2 KN/m (100mm thick wall) 

6) 10.4 KN/m (200mm thick wall) 

7) Parapet Loads  :  2 KN/m 

8) Staircase Loads  :  2 KN/m2 

9) Sunken Loads  :  4 KN/m2 

2) Seismic Parameters 

 Zone factor (z) as per IS-1893:2002 Part -1 for different. 

Zone as per clause 6.4.2. 

Seismic Zone II III IV V 

z 0.1 0.16 0.24 0.36 

 Importance factor (I)-  depending upon the fundamental 

use: 

 For Structure and economic importance, I =  1.0 

 For Importance service and community building as I = 

1.5 

 R-Response reduction factor:-Depending on the 

perceived seismic damage performance of the structure: 

 For ordinary RC moment resisting Frame (OMRF) R = 3 

 For Special RC moment resisting Frame (SMRF) R = 5 

 (Here R=3 for the chimney structure) 

 Average Response acceleration: 

Coefficient Sa/g Time Period for medium soil site 

Sa/g = 1+15T  0.00≤T≤0.1 

Sa/g = 2.5      0.1≤T≤0.55 

Sa/g = 1.36/T  0.55≤T≤4.00 

 Design horizontal seismic coefficient : 

𝐴ℎ =
𝑧

2

𝐼

𝑅

𝑆𝑎
𝑔

 

C. Cases for Analysis 

All possible combinations have been worked out considering 

P+6, P+8, P+10 type of RCC framed buildings in seismic 

zones III, IV and V for both flexible and rigid slabs. The 

required reinforcement has been computed. Comparison of 

results has been represented in the form of tables and graphs. 

D. Results 

ZONES 

FLEXIBLE 

SLAB 

(mm2) 

RIGID 

SLAB 

(mm2) 

PERCENTAGE 

REDUCTION 

ZONE-

III 
38170 35867 6.93% 

ZONE-

IV 
29238 25006 14.47% 

ZONE-

V 
21623 17086 20.98% 

Table 1: Total Percentage Reduction of Reinforcement for 

P+6 Building 

ZONES 

FLEXIBLE 

SLAB 

(mm2) 

RIGID 

SLAB 

(mm2) 

PERCENTAGE 

REDUCTION 

ZONE-

III 
52704 45494 13.68% 

ZONE-

IV 
59462 48688 18.01% 

ZONE-

V 
68737 53794 21.73% 

Table 2: Total Percentage Reduction of Reinforcement for 

P+8 Building 
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ZONES 

FLEXIBLE 

SLAB 

(mm2) 

RIGID 

SLAB 

(mm2) 

PERCENTAGE 

REDUCTION 

ZONE-

III 
72595 58280 19.71% 

ZONE-

IV 
86094 64072 25.58% 

ZONE-

V 
102804 69704 32.19% 

Table 3: Total Percentage Reduction of Reinforcement for 

P+10 Building 

 
Fig. 5: Total Percentage Reduction of Reinforcement for 

P+6 Building 

 
Fig. 6: Total Percentage Reduction of Reinforcement for 

P+8 Building 

 
Fig. 7: Total Percentage Reduction of Reinforcement for 

P+10 Building 

VII. CONCLUSION 

a) Size and reinforcement of heavy columns of structure 

were reduced to a great extent by using master slave 

command which induces Rigid Diaphragm behavior in 

STAAD.Pro model. Whereas size and reinforcement of 

relatively lighter columns of structure were increased 

resulting in an overall balanced structure. 

b) In all RCC Framed Buildings especially residential 

buildings, higher sizes of columns become obstruction in 

proper furniture layout of residence and also are an 

eyesore and heavy costs are incurred to conceal those 

columns with interior facade. By using Rigid Diaphragm 

Modeling, column sizes become uniform and easy to 

manage in interiors. 

c) Reinforcement in columns increased by increasing 

number of floors from P+6 to P+8 and P+10, as expected. 

d) Reinforcement in columns increased tremendously by 

changing Seismic Zones ( III, IV and V) by changing 

Seismic Zone Coefficients from 0.1 to 0.16 to  0.24. 

e) Slab openings in floor systems may cause irregularities 

in the horizontal plane according to the earthquake code. 

f) In high seismic risk regions, beam-slab systems having 

high lateral rigidity should be preferred. 

g) System lateral rigidity is biggest in beam-slab systems 

VIII. SCOPE OF THE STUDY 

a) This study can be extended to structures with greater 

number of floors i.e. P+12, P+14, P+16, and so on. 

b) Behavior of beams by considering Rigid Diaphragm 

behavior can also be analyzed thus. 

c) Slab openings in floor systems may cause irregularities 

in the horizontal plane. This aspect can also be included 

in this study. 

d) Analysis of the case in which the slab openings are 

formed very close to the vertical load carrying   elements 

can also be included in this study. 
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