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Abstract— The use of Steel in construction industry is very 

low in India compared to many developing countries. 

Composite construction essentially different materials are 

completely compatible and complementary to each other, 

they have almost the same thermal expansion, they have an 

ideal combination of strengths with the concrete efficient in 

compression and the steel in tension, concrete also gives 

corrosion protection and thermal insulation to the steel at 

elevated temperatures and additionally can restrain slender 

steel sections from local or lateral-tensional buckling. Steel 

concrete composite construction means the concrete slab is 

connected to the steel beam with the help of shear connectors 

so that they act as a single unit. In the present work steel 

concrete composite with RCC options are considered for 

comparative study of (G+7) story commercial building which 

is situated in earthquake zone-IV and for earthquake loading, 

the provisions of IS: 1893(Part1)-2002 is considered. A three 

dimensional modeling and analysis of the structure are 

carried out with the help of ETABS 2013 software. All frames 

are designed for same gravity loadings. The RCC slab is used 

in all two cases. Beam and column sections are made of either 

RCC or COMPOSITE sections. ETABS 2013 software is 

used and results are compared. Comparative study of R.C.C 

with Composite Story building Comparative study includes 

Lateral Displacement, Story Drifts and Base Shear in 

composite with respect to R.C.C. Sections. Steel-concrete 

composite frame system can provide an effective and 

economic solution to most of these problems in medium to 

high-rise buildings. 

Keywords: Static Analysis, Lateral Displacement, Story 

Drifts, Mode shape, Base Shear, Seismic   Analysis and 
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I. INTRODUCTION 

In India most of the building structures fall under the category 

of low rise buildings. So, for these structures reinforced 

concrete members are used widely because the construction 

becomes quite convenient and economical in nature.  

Reinforced concretes frames are used in low rise buildings 

because loading is nominal. But in medium and high rise 

buildings, the conventional reinforced concrete   construction 

cannot be adopted as there is increased dead load along with 

span restrictions, less stiffness and framework which is quite 

vulnerable to composite construction essentially different 

materials are completely compatible and complementary to 

each other; they have almost the same thermal expansion; 

they have an ideal combination of strengths with the concrete 

efficient in compression and the steel in tension; concrete also 

gives corrosion protection and thermal insulation to the steel 

at elevated temperatures and additionally can restrain slender 

steel sections from local or lateral-tensional buckling.  

II. LITERATURE REVIEW 

Shweta A. wagh (2014) conducted a research on solution of 

composite location in multi storey building. There are lots of 

literatures available to design and analyze the composite. In 

this paper, therefore, main focus is to determine the solution 

for both the composite and rcc location in multi-story 

building. An earthquake load is calculated and applied to a 

building of G+16 located in zone II (Nagpur). It was found to 

be Deflection, BM, SF and cost. 

Mahbuba Begum, Md. Serajus Salekin, N.M. 

Tauhid Belal Khan and W. Ahmed analyzed the effect of 

various configurations of different storyes structure 

performed. It was found to be cost comparison for different 

time of (G+6) (G+12) (G+18) and (G+24). 

Shashikala. Koppad, Dr. S.V.Itti  considered steel-

concrete composite with RCC options for analyzing a 

B+G+15 building which is situated in earthquake zone III and 

earthquake loading is as per the guidelines of IS1893(part-I): 

2002.Their work suggested that composite framed structures 

have many benefits over the traditional RC structures for high 

rise buildings. 

A. Earthquake Analysis and Design Procedure 

The traditional codes gives us procedure attempts to satisfy 

implicitly objectives. 

1) Negligible damage in once in a lifetime earthquake 

shaking demands having a return period of about 50 

years. This can be achieved by elastic structural response 

and limiting the story drifts to minimize damage to non-

structural components such as cladding and internal 

walls.  

2) The inelastic deformation demands are smaller than their 

deformation capacities taking approximate      account of 

gravity loads, second order effects and deterioration of 

stiffness and strength due to cyclic loading. 

Deformations are the key parameter for performance 

based earthquake design rather than force or strength. 

Deformation can be classified in to three categories. 

a) Overall building movements & Story drifts & other 

internal deformations. 

b) Story drifts & other internal deformations. 

c) Inelastic deformations for structural components and 

elements. 

B. Objectives 

Steel-concrete composite systems have become quite popular 

in recent times because of their advantages against 

conventional construction. Composite construction combines 

the better properties of the both i.e. concrete in compression 

and steel in tension, they have almost the same thermal 

expansion and results in speedy construction. The buildings 

are subjected to vertical loads as well as horizontal loads. The 
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vertical loads consist of dead load of structural components 

such as beams, columns, slabs, etc. and live loads. The 

horizontal loads consist of seismic loads. Thus building is 

designed for a combination of dead load, live load and 

seismic load as per IS 875-1987 and IS 1983-2002. Since 

manual computations are huge and tedious, the help of design 

software was taken and the results of the analysis are obtained 

from the software. The analysis and design of the super 

structure was done by using ETABS 2013.     

C. Earthquake Design Techniques 

Design codes state that structures will behave elastically 

under earthquakes that can be expected to occur more than 

once in the life of the building. It is also expected that the    

structure would survive major earthquakes without collapse 

that might occur during the life of the building. To avoid 

collapse during a large earthquake, members must be ductile 

enough to absorb and dissipate energy by post-elastic 

deformations. Nevertheless, during a large earthquake the 

deflection of the structure should not be such as to endanger 

life or cause a loss of structural integrity. To overcome this 

problem, buildings are to be designed to these prescriptive 

provisions: 

1) Structure should be undamaged in minor earthquakes. 

2) Suffer only limited repairable damage in moderate 

shaking.  

3) Provide life safety for rare earthquakes. 

4) Not collapse under very rare earthquakes.      

D. Static Analysis 

Although earthquake forces are of dynamic nature, for 

majority of buildings, equivalent static analysis procedures 

can be used. These methods generally determine the shear 

acting due to an earthquake as equivalent static base shear. It 

depends on the weight of the structure, the dynamic 

characteristics of the building as expressed in the form of 

natural period or natural frequency, the seismic risk zone, 

Type of structure, Geology of the site and importance of the 

building. 

E. Dynamic Analysis 

The dynamic time-history analysis can be classified as either 

linear elastic or inelastic. The linear elastic modeling and 

analysis of Reinforced Concrete structures is a well-

established technique. However, the results of the linear 

analysis are not useful in the   determination of the actual 

behavior of the RC structures and the seismic safety analysis 

which depends more on inelastic displacement and 

deformation up to collapse than on forces. The response 

spectrum approach is based on the linear force response of an 

equivalent single degree of freedom system. 

III. GENERAL GUIDE LINES AS PER CODE  

A. Drift and Lateral Displacement 

It is the maximum lateral displacement of the structure with 

respect to total height or relative inter-story displacement. 

The overall drifts index is the ratio of maximum roof 

displacement to the height of the structure and inter-story drift 

is the ratio of maximum difference of lateral displacement at 

top and bottom of the story divided by the story height. 

Maximum story drift corresponding to the design lateral force 

including displacement due to vertical deformation of the 

isolation system shall not exceed the following:  

1) The maximum story drift of the structure above the 

isolation system calculated by response spectrum 

analysis shall not exceed 0.015h. 

2) The maximum story drift of the structure above the 

isolation system calculated by response history analysis 

based on the force-deflection characteristics of nonlinear 

elements of the lateral force-resisting system shall not 

exceed 0.020h 

h = height of a shear wall measured as the maximum clear 

height from top of foundation to bottom of diaphragm 

framing above, or the maximum clear height from top of 

diaphragm to bottom of diaphragm framing above. 

h = average roof height of structure with respect to the base; 

h = effective height of the building as determined in Section  

B. Design Base Shear  

Design base shear is an estimate of the maximum expected 

lateral force that will occur due to seismic ground motion at 

the base of a structure. The total design lateral force or design 

seismic base shear (Vb) along any principal direction of the 

building shall be determined by the following expression  

Vb =AhW 

Where Ah is the horizontal seismic forces coefficient 

and W is the seismic weight of building. 

C. Seismic Weight  

The seismic weight of each floor is its full dead load plus 

appropriate amount of imposed load as specified. While 

computing the seismic weight of each floor, the weight of 

columns and walls in any story shall be equally distributed to 

the floors above and below the story. The seismic weight of 

the whole building is the sum of the seismic weights of all the 

floors. Any weight supported in between the story shall be 

distributed to the floors above and below in inverse 

proportion to its distance from the floors. 

D. Fundamental Natural Period  

The fundamental natural time period as mentioned in clause 

7.6 IS 1893 (part 1): 2002 for moment resisting RC frame 

building without brick infill walls and moment resisting steel 

frame building without brick infill walls, respectively is given 

by Ta= 0.075ℎ0.75 ,      Ta= 0.085ℎ0.75. 

where, h = height of the building in ‘m’ excluding 

basement story, if it is connected with the ground floor decks 

or fitted in between the building column. 

If there is brick filling, then the fundamental natural 

period of vibration, may be taken asTa =
0.09h

√d
where, h = 

height of the building in m, as defined above, and d = base 

dimension of the building at the plinth level, in meter, along 

the considered direction of the lateral force. 

E. Distribution of Design Force 

The design base shear, Vb computed above shall be 

distributed along the height of the building as per the 

following expression, 𝑄ℎ = ∑ .n
j=1

Wi

Wj

hi
2

hj
2 

Where,  

Qi = design lateral force at ith floor  
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Wi = seismic weight of ith floor 

hi = height of ith floor measured from base, and 

n = numbers of story in the building is the number of the 

levels at which the masses are located. 

In case of buildings whose floors are capable of 

providing rigid horizontal diaphragm action, the total shear in 

any horizontal plane shall be distributed to the various 

vertical elements of lateral force resisting system, assuming 

the floors to be infinitely rigid in the    horizontal plane.  

In case of building whose floor diaphragms cannot 

be treated infinitely rigid in their own plane , the lateral shear 

at each floor shall be distributed to the vertical elements 

resisting the lateral forces, considering the in plane flexibility 

of the diaphragms. IS1893 2002 Auto Seismic Load 

Calculation 

IV. LOADING STANDARDS TAKEN 

Plan dimension 48.0 m X 18.0 m 

Total height of the building 26 m 

Height of the each story 3.5 m 

Height of foundation 2.0 m 

Height of parapet 1.0 m 

Size of plinth beam 0.375 m X 230  m 

Size of main beams 0.6 m X 0.53 m 

Size of secondary beams 0.6 m X 0.23 m 

Size of outer columns 0.6 m X 0.6 m 

Size of internal columns 0.3 m X 0.6 m 

Thickness of slab 150mm 

Thickness of walls 230mm 

Seismic zone IV 

Wind speed 44 m/s 

Soil condition Medium soil 

Importance factor 1.5 

Zone factor 0.1 

Floor finish 1.5 KN/m2 

Live load at all the floor 4.0 KN/m2 

Grade of concrete M40 

Grade of reinforcing steel Fe500 

Density of concrete 25 KN/m3 

Density of brick 18 KN/m3 

Damping ratio 5% 

Table 1: Data for Analysis of R.C.C Structure 

Plan dimension 48.0 m x 18.0 m 

Total height of the building 26  m 

Height of the each story 3.5 m 

Height of foundation 2.0 m 

Height of parapet 1.0 

Size of plinth beam ISMB 200 

Size of main beams ISMB 450 

Size of secondary beams ISMB 300 

Size of outer columns 0.6 m X 0.6 m 

Size of internal columns 0.3 m X 0.6 m 

Thickness of slab 150 mm 

Thickness of walls 230 mm 

Seismic zone IV 

Wind speed 44 m/s 

Soil condition medium soil 

Importance factor 1.5 

Zone factor 0.1 

Floor finish 1.5 KN/m2 

Live load at all floor 4.0 KN/m2 

Grade of concrete M40 

Grade of reinforcing steel Fe500 

Density of concrete 25 KN/m3 

Density of brick 18 KN/m3 

Damping ratio 5% 

Table 2: Data for Analysis of Composite Structure 

V. TABLES 

Story No RCC COMPOSTE 

Roof 8.0 16.3 

7 7.6 15.6 

6 7.0 14.3 

5 6.1 12.7 

4 5.1 10.7 

3 4.0 8.6 

2 2.8 6.3 

1 1.6 3.9 

0 0 0 

Table 3: Lateral displacements EQ-X direction 

Story No RCC COMPOSTE 

Roof 6.2 18.3 

7 5.9 17.4 

6 5.3 16.0 

5 4.6 14.1 

4 3.9 11.9 

3 3.0 9.5 

2 2.1 7.0 

1 1.2 4.3 

0 0 0 

Table 4: Lateral displacements EQ-Y direction 

Story No RCC(mm) COMPOSTE(mm) 

Roof 0.000130 0.000213 

7 0.000210 0.000354 

6 0.000280 0.000472 

5 0.000334 0.000560 

4 0.000370 0.000619 

3 0.000393 0.000655 

2 0.000406 0.000676 

1 0.000409 0.000699 

0 0.000209 0.000761 

Table 5: Story drifts EQ-X direction 

Story No RCC(mm) COMPOSTE(mm) 

Roof 0.000181 0.000320 

7 0.000273 0.000507 

6 0.000354 0.000667 

5 0.000415 0.000785 

4 0.000456 0.000864 

3 0.000478 0.000912 

2 0.000486 0.000938 

1 0.000475 0.000965 

0 0.000229 0.000104 

Table 6: Story drifts EQ-Y direction 

Story No RCC(KN) COMPOSTE(KN) 

Roof 291.3339 546.3585 

7 539.4515 994.5645 
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6 727.0641 1332.195 

5 862.6143 1574.8868 

4 954.5444 1738.277 

3 1011.2973 1838.0024 

2 1041.3153 1889.7001 

1 1053.0411 1909.0069 

0 1053.5074 1909.2936 

Table 7: Base shear due to EQ Load 

Story No RCC(KN) COMPOSTE(KN) 

Roof 248.117 448.783 

7 187.612 337.630 

6 135.550 242.691 

5 91.930 163.390 

4 56.752 99.725 

3 30.018 51.697 

2 11.725 19.306 

1 0.4663 0.2867 

0 0.0 0.0 

Table 8: Story shear due to EQ Load 

VI. RESULTS & DISCUSSION 

1) From tables (3 & 4)  Lateral Displacements due to EQ-X 

Direction & EQ-Y Direction shows that magnitude of 

lateral displacement increases with increase in height of 

structure. There is a variation of 52.00 % in X – Direction 

and 67.00% in Y- Direction between RCC Structure & 

Composite Structure in longitudinal direction. The 

overall lateral displacements in Composite Structure are 

high compared to RCC Structure. 

2) From tables (5 & 6) Story Drift due to EQ–X Direction 

& EQ –Y Direction shows that all story’s varying values 

of story drifts. There is a variation of 46.00 % in X – 

Direction and 39.00% in Y-Direction between RCC 

Structure & Composite Structure in longitudinal 

direction. The overall story drifts in Composite Structure 

are high compared to RCC Structure. 

3) From Base Shear due to EQ Direction table (7) shows 

that magnitude of base shear reduces with increase in 

height of structure. There is a variation of 44.00%     

between RCC & Composite structures. The base shear is 

high in Composite structure compared to RCC structure.  

4) From Story Shear due to EQ Load table (8) shows that 

magnitude of storey shear increases with increase in 

height of structure. There is a variation of 45.00% 

between RCC & Composite structures. The storey shear 

is high in Composite structure      compared to RCC 

structure.  

VII. CONCLUSION 

1) Displacement for composite structure has increased 

compared to that of RCC structure. 

2) As the dead weight of the steel composite structure is less 

as compared to R.C.C. structure, it is subjected to fewer 

amounts of forces induced due to the earthquake. 

3) It is clear that the displacements in steel composite 

structure, by both the type of seismic analysis, compared 

to R.C.C. structure in all directions are less which is due 

to the higher stiffness of member in a composite structure 

to R.C.C. structure. 

4) Composite structures are more economical than that of 

R.C.C. structure. Composite structures are the best 

solution for high rise structure as compared to R.C.C. 

structure. Speedy construction facilitates quicker return 

on the invested capital and benefits in terms of rent. To 

increase the life of steel elements in composite structure, 

it necessary to apply anti corrosive materials to them.  

5) To avoid the temperature increase in these steel elements, 

it is necessary to make them fire   resistant using various 

insulators. 

6) Further under earthquake consideration because of the 

inherent ductility characteristics, steel-concrete structure 

will perform than conventional R.C.C.  

7) structure. In composite structure due to high ductile 

nature of steel it leads to increased seismic resistance of 

the composite section. Steel component can be deformed 

in a ductile manner without premature failure and can 

withstand numerous loading cycles before fracture. 
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