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    Abstract— Developing a sustainable construction In India, 

reinforced concrete structures are generally used for being 

most convenient & economical system for low-rise buildings. 

Steel concrete composite construction is not adopted widely 

because of out of league analogy and involved complexity in its 

analysis and design. The combination of steel and reinforced 

concrete, thereby utilizing the unique characteristics of the two 

materials, generally results in structures of greater economy 

and safety than either material alone could achieve. Because of 

this, engineers have been continually interested in finding 

practical and effective ways of joining the materials, in 

developing new design concepts, and in establishing 

requirements for satisfactory performance. The paper is an 

attempt to study the behaviour of reinforced concrete, steel and 

composite structure under the effect of seismic loading. 
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I.INTRODUCTION 

Reinforced concrete structures have been satisfying 
greater demands in civil and structural engineering sector for 
more than 3-4 decades. The application and usage of R.C.C 
in large numbers in structural as well as architectural view, 
stands as a witness and demonstrated its versatility very well. 
Composite construction is a generic term to describe any 
building construction involving multiple dissimilar materials. 
Composite construction is often used in 
building aircraft, watercraft, and building construction. 

There are several reasons to use composite materials 
including increased strength, aesthetics, and 
environmental sustainability. In developing countries like 
India, most of the building structures fall under the category 
of low rise building. So these conventional Reinforced 
cement concrete and pure sectional steel construction prove 
to be convenient and economical in nature hence widely 
used all around. But when it comes to the need for vertical 
growth of building due to lack of land space area and rapid 
growth of population, medium high rise building emerges as 
a solution to full - fill this need. 

The combination of steel and reinforced concrete, 
thereby utilizing the unique characteristics of the two 
materials, generally results in structures of greater economy 
and safety than either material alone could achieve. Because 
of this, engineers have been continually interested in finding 
practical and effective ways of joining the materials, in 
developing new design concepts, and in establishing 
requirements for satisfactory performance. In the recent 

years, very significant advances have been made in all these 
areas, thus leading to a widespread use of combined steel 
and concrete elements in construction of buildings, bridges, 
nuclear power plants, and other types of engineering 
structures. 

The paper is an attempt to study the behavior of 
reinforced concrete, steel and composite structure under the 
effect of seismic loading. The parameters considered are 
base shear, displacement and storey drift. 
A.Objectives 

1. To determine the effect of lateral load on  R.C.C 
and composite building with structural elements  of 
different I section having same weight per unit 
meter  using ETAB software 

2. To compare the parameters like base shear, storey  
displacement and storey drift of R.C.C and 
composite structure 

3. Summarize the advantage of using composite 
structure in construction 

4. To choose a best building model from alternatives 

ΙΙ.COMPOSITE STRUCTURES 

     The primary structural components use in composite 
construction consists of the following elements.   

Composite deck slab  
Composite beam 
Composite column  
Shear connector 

A.Composite Deck Slab   

     Composite floor system consists of steel beams metal 
decking and concrete. They are combined in a very efficient 
way so that the best properties of each material can be used 
to optimize construction techniques. The most common 
arrangement found in composite floor systems is a rolled or 
built-up steel beam connected to a formed steel deck and 
concrete slab. The metal deck typically spans unsupported 
between steel members, while also providing a working 
platform for concreting work. The composite floor system 
produces a rigid horizontal diaphragm, providing stability to 
the overall building system, while distributing wind and 
seismic shears to the lateral load-resisting systems.  

     Composite action increases the load carrying capacity and 
stiffness by factors of around 2 and 3.5 respectively. The 
concrete forms the compression flange – the steel provides 
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the tension component and shear connectors ensure that the 
section behaves compositely. Beam spans of 6 to 12 m can 
be created giving maximum flexibility and division of the 
internal space. Composite slabs use steel decking of 46 to 80 
mm depth that can span 3 to 4.5 m without temporary 
propping. Slab thicknesses are normally in the range 100 
mm to 250 mm for shallow decking, and in the range 280 
mm to 320 mm for deep decking. Composite slabs are 
usually designed as simply supported members in the normal 
condition, with no account taken of the continuity offered by 
any reinforcement at the supports.  

 
Fig.1 Composite slab 

B.Composite Beam   

     In conventional composite construction, concrete slabs 
rest over steel beams and are supported by them. Under load 
these two components act independently and a relative slip 
occurs at the interface if there is no connection between 
them. With the help of a deliberate and appropriate 
connection provided between them can be eliminated. In this 
case the steel beam and the slab act as a “composite beam” 
and their action is similar to that of a monolithic Tee beam. 
Though steel and concrete are the most commonly used 
materials for composite beams, other materials such as pre-
stressed concrete and timber can also be used. Concrete is 
stronger in compression than in tension, and steel is 
susceptible to buckling in compression. By the composite 
action between the two, we can utilize their respective 
advantage to the fullest extent. Generally in steel concrete 
composite beams, steel beams are integrally connected to 
prefabricated or cast in situ reinforced concrete slabs.  

 
Fig.2 Composite beam 

C.Composite Column   

     A steel concrete composite column is a compression 
member, comprising either of a concrete encased hot rolled 

steel section or a concrete filled hollow section of hot rolled 
steel. It is generally used as a load bearing member in a 
composite framed structure. Composite members are mainly 
subjected to compression and bending. At present there is no 
Indian standard code covering the design of composite 
column. Indian standard for composite construction IS 
11384-1985 does not make any specific reference to 
composite columns. This method also adopts the European 
bucking curves for steel columns as a basic of column design.  

D.Shear Connector   

     The total shear force at the interface between concrete 
slab and steel beam is approximately eight times the total 
load carried by the beam. Therefore, mechanical shear 
connectors are required at the steel-concrete interface. These 
connectors are designed to  

(a) Transmit longitudinal shear along the interface, 
and  

(b) Prevent separation of steel beam and concrete 
slab at the interface.  

Commonly used types of shear connectors as per IS: 
11384-1985. There are three main types of shear connectors; 
rigid shear connectors, flexible shear connectors and 
anchorage shear connectors.     

ΙΙΙ.MODELLING AND ANALYSIS 

 A.Structural Details 

     For comparison composite buildings with concrete 
encased hot rolled steel columns, structures with different 
steel beam section and different grade of concrete are 
considered. Different models are created by changing the 
properties of steel section. Details of each model are given in 
the table: 

TABLE 1.     DETAILS OF MODEL 

Model 
Beam section 

used 
Column size 

Steel section 

used 

RC1 300X450 mm 500X500mm - 

COM1 ISHB 150 450X450mm ISHB 250 
COM2 ISHB150 450X450mm ISMB350 

COM3 ISMB225 450X450mm ISHB 250 

COM4 ISMB225 450X450mm ISMB350 

 RC1 – R.C structure in which M30 grade of 
concrete is used 

 COM1, COM2, COM3 and COM4 represents 
composite building in which M30 grade of concrete 
is used 

     In this study E-Tabs nonlinear software is used for 
simulation of composite building and reinforced concrete 
structure of G+9 stories is considered for comparative study. 
The plan dimension of the building is 20m X 20m. The floor 
plan were divided in to five bays in each direction such a 
way that centre to centre distance between two grids is 4m 
along both the directions. Height of each storey for 
composite and R.C structure is 3.2m. The material properties 
are defined as per requirements. Beam and column members 
have been defined as frame elements and the columns have 
been restrained in all 6 degree of freedom at the base. Slabs 
are defined as area element of thickness 150mm for all 
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models having properties of membrane element and have 
been modeled. Wall thickness is kept as 230mm for all 
structural models. 

 

 

 

 

 

 
 

 

 

 

 
Fig.3 Plan view 

 

 
Fig.4 Elevation view 

B.Input Parameters 

 Material properties 
Grade of steel – Fe250 
Grade of concrete – M30 
Reinforcing bars – Fe415 

Gravity load 
Live load – 3kN/m2 

Floor finish – 1kN/m2 
Earthquake inputs as per IS1893:2002 

Zone factor – 0.16 
Soil type – Type II 
Importance factor – 1 
Response reduction factor – 5 

Wind inputs as per IS875 (part 3) : 1987 
Wind speed – 39m/s 
Terrain category – 3 
Structure class – B 
Topography factor – 1 

C.Analysis 

     ETABS is an engineering software product that caters to 
multistorey building analysis and design. Modeling tools and 
templates, load prescriptions, analysis method and solution 
techniques, all coordinate with the grid like geometry unique 
to this class of structure. ETABS is used to evaluate basic or 
advanced system under static or dynamic conditions. In this 
study for the assessment of seismic performance Response 
spectrum method of analysis is used. Response spectrum 

analysis is a dynamic linear method in which maximum 
structural response is plotted as a function of structural 
period for a given time history recorded and level of 
damping. 

ΙV.RESULTS 

A. Storey Displacement 

     Storey displacement is the total displacement of the 
storey with respect to ground. The storey displacement for 
each models are given below; 

TABLE 2.     STOREY DISPLACEMENT 

Model Maximum storey displacement in mm 

RC1 15.326192 

COM1 58.164224 

COM2 63.475681 

COM3 19.997391 

COM4 20.063698 

     Graphical representation of comparison of displacement 
in each models are given below: 

 
Fig.5 Comparison of storey displacement 

     Composite structure shows more displacement when 
compared to R.C.C structures. Composite building models 
COM3 and COM4 with ISMB 225 as beam section and 
different encased column have 30.5% and 30.9% increase in 
displacement respectively than R.C building model RC1 
model. The displacement value of composite building model 
is reduced when ISMB 225 used instead of ISHB150 as 
beam section. The property of steel section used in the 
encased column does not have significant effect on 
displacement. 

B. Storey Drift 

     Storey drift is the difference of displacement between the 
two consecutive stories divided by the height of that storey. 
The storey drift for each models are given below; 
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TABLE 3.     STOREY DRIFT 
Model Maximum storey drift 

RC1 0.002573 

COM1 0.000756 

COM2 0.002783 

COM3 0.00097 

COM4 0.000975 

     Graphical representation of comparison of storey drift in 
each models are given below: 

 
Fig.6 Comparison of storey drift 

     Model COM2 shows large increase in drift value. Model 
COM1 shows less drift value. Storey drift value decreases in 
composite model COM1, COM3 and COM4 compared to 
the R.C building model. 

C. Storey Shear 

     The design seismic load applied to each floor level is 
called storey shear. The value of storey shear for each 
models are given below:  

TABLE 4.     STOREY SHEAR 
Model Maximum storey shear in kN 

RC1 708.096018 

COM1 647.25195 

COM2 417.635883 

COM3 472.144923 

COM4 470.855924 

     Graphical representation of comparison of storey shear in 
each models are given below: 

 
Fig.7 Comparison of storey shear 

     Composite structure shows less storey shear when 
compared to R.C.C structures. Composite building model 
COM1 and COM2 with ISHB 150 as beam section and 
different encased have 8.59% and 41.08% of reduction in 

storey shear respectively compared to R.C building model 
RC1. COM3 and COM4 have 33.32% and 33.5% decrease 
in shear respectively than RC1 model. Storey shear value in 
composite building is less because of less self weight 
compared to R.C buildings.   

V.CONCLUSION 

The following conclusion can be drawn from the present 
investigation 

1. Composite building shows more displacement 
compared to R.C.C structure but within the 
permissible limit. 

2. Lateral load resisting capacity of composite 
building is higher than R.C.C building.  

3. Increase in displacement is less in composite 
building when ISMB 225 section is used as beam 
element Instead of ISHB 150 section where column 
section is same. 

4. Composite building models COM3 and COM4 with 
ISMB 225 as beam section and different encased 
column have 30.5% and 30.9% increase in 
displacement respectively than R.C building model 
RC1 model.  

5. Storey shear in composite building is less compared 
to R.C structure because weight of composite 
building is less than RC building. 

6. Most effective composite structure model is 
obtained when ISMB225 section is used as beam 
and ISHB 250 section is used in encased column. 

7. There is significant change in displacement; storey 
drift and storey shear even when different section 
with same weight is used. 
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