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Abstract 
The RCC Structure is no longer suitable because of increased dead load, span rejection and less stiffness .The structural 

engineers are trying to use different materials for most efficient design solution .There is great potential for increasing volume of 

steel in construction .The percentage of steel can be increased with the use of steel-concrete composite sections. The paper 

presents the effect of FEC (Fully Encased Composite) on a G+ 20 storey special moment frame .In this paper two different 

structures are considered for the comparison under seismic analysis. The linear static analysis and nonlinear static analysis i.e. 

“Pushover analysis” are done for G+20 storey structure. The building is analyzed and design for seismic loading by using ETAB 

software. The unique method of pushover analysis is followed with the help of FEMA 36 specifications and for hinge formation 

ATC40 is considered. Results are compared for the Base shear, Modal time period, Storey displacement and storey drift for both 

structures. As the composite is having more lateral stiffness, the results of time period and storey displacement shows the 

significant variation. While analyzing for “Non-linear static analysis the performance point for the FEC is significantly much 

more as compared to the RCC model. 
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1. INTRODUCTION 

Structural engineers are facing challenges in fulfilling the 

demand of effective and economical design solution for high 

rise structures. In India reinforced cement concrete members 

are mostly used as a structural member and they seems to be 

the best design solution for low rise building structure. But 

in case of high rise structure RCC members are no longer 

suitable because of their increased dead load, limitation of 

span length and less stiffness. To overcome such defects 

structural engineers are using different materials to their best 

utilization. There is a great potential for increasing volume 

of steel in construction, steel can be used as an alternative 

construction material. The composite section using steel 

encased with concrete is effective solution in major civil 

structures.  

 

This paper presents the study of effect of FEC (Fully 

Encased Composite) on (G+20) storey building structure. 

ETAB software is used for analyzing the structure under 

seismic effect. For seismic analysis the non-linear static 

analysis i.e. Pushover Analysis and linear static analysis are 

done .Results are compared for Base Shear, Modal Time 

Period, Storey Displacement and Storey Drift. 

 

1.1 Composite Structure  

Composite structure can be defined as the structures in 

which composite sections made up of two different types of 

materials such as steel and concrete are used for beams and 

columns. Composite construction combines the better 

properties in both, concrete in compression and steel in 

tension, they have almost the same thermal expansion 

and results in speedy construction. Two different 

materials are tied together by the use of shear studs at their 

interface having lesser depth in composite construction. 
Structural components use in composite construction 

consists of the following elements. 

 Composite slab 

 Composite beam 

 Composite column  

 Shear connector  

 

 
 Fig -1: Typical Composite Section Arrangement 
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1.2 Why Composite 

The advantages of steel concrete composite construction 

may be emulated as 

A. Considerably flexible in design and ease of fabrication. 

B. Ideal material in earthquake prone locations due to high 

strength, stiffness and ductility. 

C. The size of the members can be made smaller thus 

increasing strength to weight ratios. 

D. Facilitates faster construction of projects. 

E. Satisfies requirement of long span construction, a 

modern trend in architectural design. 

F. Permits easy structural repair and modification. 

G. Properly designed composite steel and concrete members 

prevent the brittle failure mode of reinforced concrete 

members and have significant ductility. 

H. The encased steel frame can be used as shoring system 

for concrete forms during construction 

 

2. OBJECTIVE OF STUDY 

 To check whether the steel encased concrete composite 

sections are best economic and time effective solution 

for high rise structure.. 

 To study behavior of steel concrete composite structure 

under seismic loading. 

 To check whether the steel-concrete composite (FEC) 

sections are the best alternative to RCC sections used in 

high rise building.  

To satisfy these three objectives the comparative study has 

been carried out on a G+20 storey structure and comparison 

is done on the results of Base Shear, Storey Displacement, 

Time Period and Performance Point for Spectral 

Displacement. To satisfy the second objective the seismic 

analysis is done by linear static method and non-linear static 

method i.e. Pushover analysis. 

 

3. DESIGN CONSIDERATIONS  

To complete this study a G+20 storey residential building is 

considered for analysis. As the normal structure will not 

require a composite section‟s study purpose high rise 

structure is selected. A symmetric plan is selected and the 

plan dimensions are 30m X 12m. The building is located in 

Mumbai region in Earthquake zone III and having zone 

factor equal to 0.24. Wind velocity is 44 m/sec. 

In preliminary attempt of an analysis the RCC structure is 

analyzed and designed accordingly to finalize the column 

sizes, subsequently the sections are finalized for composite 

structure. Static loading is considered as per IS-875 Part II, 

For assigning the earthquake parameters Mumbai region is 

selected. 

 

 
Fig -2: Architectural Plan 

 

Table -1: Project Details 

Plan Dimension 30 m X 12m 

Total Height of Building 62.9 m 

Height of Each storey 3 m 

Height of Parapet 1 m 

Depth of Foundation 2.9 m 

Size Of Beam 230 mm X 450 mm 

Size Of Column 230 mm X 600 mm 

Thickness of Slab 200 mm , 125 mm 

Thickness of Wall 150 mm 

Seismic zone III 

Zone Factor  0.16 

Soil Condition  Hard soil 

Importance factor 1.0 

Wind speed 44 m/sec² 

Floor Finish 1 KN/m² 

Live Load 2 KN/m² 

Grade Of Concrete 20 N/mm² 

Grade Of  Steel 500 N/mm² 

UDL on beam 7.65 KN/m 

Density Of Brick 20 KN/mm³ 
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As study primarily focuses on the seismic assessment and 

comparison between the RCC and composite structure both 

structures are analyzed for nonlinear static analysis i.e. 

pushover method. Nonlinear hinges are assigned to the 

structure. Analysis is performed in the finite element 

oriented software i.e. ETABS version 2015. Pushover 

analysis is performed with the help of FEMA and ATC 40 

code. The initial displacement has out and same is used as 

initial displacement for pushover analysis. 
 

4. RESULTS AND CONCLUSION 

Results are obtained for both structures i.e. RCC and 

Composite (FEC). For linear static analysis load values are 

taken as per IS 1893 part II. Results obtained are : 

 

A. Base Shear  

As the base shear is the horizontal reaction to the earthquake 

forces and horizontal forces results from the storey weight. 

Storey weight includes the self-weight of the structure also; 

hence in the reinforced cement concrete model the self-

weight is seems to be the more and hence maximizing the 

earthquake forces which results in the maximum base shear. 

As we have the static formula for base shear As base shear 

is the direct function of the seismic weight therefore 

naturally base shear is more in the case of RCC structure. 

The graph clearly shows that the Base Shear of RCC is more 

than Composite .  

 

 
 Chart -1:  Base Shear  
 

B. Time period  

In any structure the stresses are basically calculated from the 

net displacement of each and every node in various 

directions. Once we calculated the displacements then we 

can work out the strains and hence we can work out the 

stresses by flexural equation. i.e. E/R = M/I = F/Y. now 

taking account the time period, it is the time required to 

complete the single oscillation, if time period is more 

naturally the displacement will be more and as discussed 

above stresses will be more. So time period is itself 

pasteurizes the stresses. As in above graph time period for 

RCC structure is more as compared to the composite 

structure. This is primarily because of having more lateral 

stiffness for composite structure as it is having I - sections 

embedded in the concrete. 

 

C. Storey Height against Storey Displacement 
As structure is having maximum height naturally it will 

experiences the maximum   displacement at top, so in both 

structures (RCC and COMPOSITE) the storey displacement 

of both structures has been carried out and compared the 

variation in the maximum top node displacement is seem to 

be 22% whereas the displacement for 19
th

 storey is seemed 
to be 21% and it is much significant and considerable. 

 

 
 Chart -2: Storey Height Against Storey Displacement 

In X Direction 

 

 
 Chart -3:  Storey Height Against Storey Displacement 

In Y Direction 

 

4.1 Performance Point 

The performance point of the structure is the point where 

demand spectrum and capacity of the structure intersects 

each other. Performance point decides the flexibility or 

stiffness of the structure. As we can observe in the graph 

performance point for the FES model is much more than the 

RCC model. There is significant variation of 21% in the 

performance point. 
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Chart -4 Performance Point For Spectral Displacement 

 

Performance point of spectral velocity is also compared and 

having significant variation in both Structures .The criteria‟s 

for safety level against the earthquake is defined in four 

category i.e. Immediate occupancy, Life safety, Basic, and 

Collapse prevention, the degree of safety in any structure 

when given the unit displacement it experiences the lateral 

moment and deflection. As we can observe in the graph the 

safety level for the graph FEC structure is having slightly 

much more stiffness which results in minimum lateral 

displacements. 

 

4.2 Assessment For Biaxial Moment  

For calculating the performance point the angle of approach 

for the analysis is kept zero degree but in the further study 

the angle of approach is change to different directions and 

results are worked out. Subsequently the structure is 

analyzed for 0, 45 and 90 degree angle. If angle of approach 

is zero degree then column experiences only uniaxial 

moment, but when analyzed for 45 and degree it experience 

the biaxial moment which affects the location of plastic 

hinge formation in the structure. The significant variation of 

13% is seen in the corner column between zero degree and 

45 degree angle of approach. 
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