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Abstract— Steel-concrete composite construction has gained large acceptance all over the world as a substitute for pure steel and 

pure concrete construction. However, this approach is a new concept in the construction industry. In this work we are creating the 

steel-concrete composite (G+10)  frame using ETABS as an EIS-RC (encase I section column with RC beam), EIS-SB (encased I 

section with steel beam), CFT-RC (concrete filled square tube with RC beam), CFT-SB (concrete filled square tube with steel 

beam), CIS-SB (confined I section with steel beam), CIS-SB (confined I section with steel beam) and RCC frame. Static nonlinear 

pushover analysis is used for comparison of structures with the help of ETABS 2015 software. The majority of building frames are 

designed and constructed in reinforced concrete structures, depending upon the availability of constituent materials and the 

workmanship required in construction industry along with practicality of the existing design codes. Now a day to fulfill the demand 

of increasing population there is need of high rise building construction and today in India RC construction is popular to fulfill the 

demand of the construction industry. 

 

Index Terms— Composite construction, Dead load, Base shear, Displacement, Inter-storey drift, Etab software.     

 

I. INTRODUCTION 

 

The majority of building frames are designed and 

constructed in reinforced concrete structures, depending 

upon the availability of constituent materials and the 

workmanship required in construction industry along with 

practicality of the existing design codes. Now a day to fulfill 

the demand of increasing population there is need of high 

rise building construction and today in India RC 

construction is popular to fulfill demand of construction 

industry. But since from last two decades construction 

industry experiences drastic changes due to increasing 

population demand, market condition, and availability of 

resources (men, money & material) etc. which results new 

techniques of construction are introduces in industry by 

inventors which give alternative solution to conventional 

construction. These are mix type or hybrid construction 

called as a composite construction, which are make efficient 

use of constituent material which can be most effective than 

conventional RC construction. The composite structures is 

the structures in which sections are made up of building 

different types of materials such as steel and concrete which 

are used for construction of beams, columns, slabs etc. 

Numbers of the studies are carried out on composite 

construction techniques by different researchers in different 

parts of the world and found it to be better earthquake 

resistant and more economical as compared to RCC 

construction. In composite or hybrid construction different 

types of sections are utilized as a encased or in filled 

sections.    

 

Necessity of high rise Building : 

There are many reasons to construct high rise buildings and 

these are as follows: 

1. Rapid growth of population in urban communities, 

and therefore the constant pressure of the limited land area 

affected the evolution of building. 

2. Expensive land prices. 

3. Restriction of random expansion in major cities 

adjacent to agricultural land. 

4. The high cost of setting up infrastructure for new 

cities. 

5. Expression of progress and civilization 

6. Other factors, such as terrain conditions or the lack 

of land area. 

 

II. COMPOSITE FRAME ELEMENT 

 

A composite member is constructed by combining concrete 

member and steel member so that they act as a single unit. 

As we know that concrete is strong in compression and 

weak in tension on the other side steel is strong in tension 

and weak in compression. The strength of concrete in 

compression is complemented by strength of steel tension 

which results in an efficient section. By the concept of this 

composite member the concrete and steel are utilized in 

well-organized manner 
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The primary structural components used in composite 

construction consist of the following elements.  

1. Composite slab  

2. Composite beam  

3. Composite column  

4. Shear connector 

  

III. DESIGN CONCEPTS 

 

For building design, it is commonly accepted to use rough 

estimates of the stiffness properties for reinforced concrete 

structures which gives many necessary simplifications 

employed for analysis and a presumption that can be modest 

variations in the member stiffness coefficients will not 

appreciably change the resulting member sizes. 

Consequently, traditional thumb rules, such as using one-

half the gross moment of inertia for beams and the full 

moment of inertia for columns, are widely employed, even 

though they are known to be quite approximate. Advanced 

computer analysis technologies, improved knowledge about 

structural behavior and loads, and initiatives to develop 

multi-level performance-based design and analysis methods 

suggest a re-evaluation of stiffness properties used in 

design. 

Deflections: 

The assumed stiffness coefficients will directly impact on 

the design of structures which controlled by deflection 

criteria or slender of structure sensitivity to second-order 

effects. The 1995 edition of the ACI-318 building code 

incorporated for the first time explicit recommendations for 

stiffness parameters to use in the second-order analysis of 

slender columns, but this does not accept in wide range (i.e., 

at different limit states) of  deflection related issues in 

design. For example, in studying seismic requirements for 

composite steel-concrete (RCS) frames, the structures are 

usually controlled by drift limits and thereby sensitive to 

stiffness modeling assumptions. 

Internal Force Distributions: 

For structures with conventional framing systems and 

regular geometry that are designed based on elastic analysis, 

the internal force distributions is usually not sensitive to the 

assumed stiffness coefficient. However this is not generally 

true for all cases. For example, where structures are in 

elastically designed to resist earthquakes and structural 

components are distinguished as either "force" or 

"deformation" controlled, accurate calculation of stiffness 

properties and the resulting internal forces become more 

important. Alternatively, in non-conventional systems such 

as hybrid wall & frame systems or mixed steel-concrete 

structures, the calculated internal force distribution can 

significantly vary depending on the assumed stiffness 

properties. The degree to which the calculated force 

distribution is inconsistent with the actual distribution can 

lead to larger than anticipated inelastic force redistribution 

and deformations. 

Dynamic Response: 

 It gives the natural vibration frequencies of a structure 

which are proportional to the square root of its stiffness, the 

stiffness coefficients will affect dynamic effects induced by 

earthquakes or wind effects in flexible structures. 

Depending on the loading characteristics, and whether or 

not inelastic effects are modeled in the analysis, changes in 

the stiffness can have either a positive or negative effect on 

structural performance. 

Performance-based engineering is another area where more 

accurate analysis techniques are warranted. Refinements 

applied to frame analyses would include more explicit 

modeling of- 

 (1) Basic geometric features such as finite joint sizes, wall 

and foundation elements, etc.  

(2) Second-order geometric effects, and  

(3) Inelastic behavior of members and connections 

associated with concrete cracking, steel yielding, bond/slip, 

and nonlinear concrete compression behavior. 

 

IV. INELASTIC FRAME ANALYSIS 

  

Aside from their use for elastic (linear) analyses, effective 

stiffness coefficients corresponding to initial yield 

conditions are often used to model the initial loading regions 

for inelastic analyses. There are two general categories of 

nonlinear analysis methods for frame structures, referred to 

herein as concentrated-hinge and spread-of-plasticity 

methods. The concentrated-hinge type can employ several 

strategies to model bi-linear, multi-linear or nonlinear 

response. One is through a mathematical assembly of 

multiple parallel elastic elements connected through rigid-

plastic hinges that capture abrupt change of stiffness at 

various load levels. Alternatively, linear or nonlinear elastic-

plastic springs can be devised to achieve similar behavior. 

Bi-linear models are often used where the first break-point 
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occurs at member yielding, and in such cases the initial 

member stiffness would be the same as that used to model 

behavior up to the onset of yielding in an elastic analysis. 

For beam members, the hinges can be controlled by bending 

moments at the member ends, whereas for beam-columns, 

the hinges should take into account the interaction of 

moments and axial load. The spread-of-plasticity approach 

is more accurate than the concentrated-hinge method in that 

it directly models the distribution of nonlinear behavior 

through the cross section and along the member length. 

There are many variations on spread-of-plasticity 

implementations, but most rely on modeling inelastic cross 

section behavior at discrete sampling points along the 

member, either by explicitly integrating stresses and strains 

or through a stress- resultant yield-surface approach. The 

yield-surface implementation for reinforced concrete beam-

columns is given herein for completeness. It employs an 

inner loading and outer bounding surface to model moment-

curvature and axial force-strain behavior of the cross section 

under combined axial load and biaxial bending. Comparing 

this model to the cross section behavior, the elastic region 

inside the loading surface employs an effective stiffness 

bounded between the cracked and uncracked section 

properties that depend on the level of axial load. The rapid 

nonlinear reduction in stiffness outside the loading surface is 

represented by the kinematic hardening model that involves 

tracking the movement and proximity of the two surfaces to 

one another.  

 

V. DETAILS OF PUSHOVER   ANALYSIS 

 

Pushover analysis provides a wide range of application 

options in the seismic evaluation and retrofit of structures. 

Mainly two guidelines are available for this analysis- 

fema356 and ATC 40. The pushover analysis of the 

structure represents a static nonlinear analysis under 

constant vertical loads and gradually increasing lateral 

loads. Equivalent static lateral loads approximately 

represent seismic generated forces. Analysis is carried out 

till to failure of the structures. This analysis identifies 

weakness in the structure so that appropriate retrofitting 

could be provided in governing element. Basically, demand 

and capacity are the two component of the performance 

based analysis and design where demand is a representation 

of the seismic ground motion and capacity is a 

representation of the structure ability to resist seismic 

demand. The performance is dependent in a manner that the 

capacity is able to handle the seismic demand. Once the 

capacity curve and demand displacement are defined, a 

performance check can be done. In our study, nonlinear 

static pushover analysis was used to evaluate the seismic 

performance of the structures. The numerical analysis was 

done by ETAB 2015 and guidelines of ATC-40 and FEMA 

356 were followed. Overall evaluation was done using base 

shear, deflection, story drift and stages of number of hinges 

form. A plastic hypothesis was used to mark the nonlinear 

behavior according to which plastic deformations are 

lumped on plastic hinges and rest of the system shows linear 

elastic behavior. The discrete structural performance levels 

are- immediate occupancy (S-1), life safety (S-3), collapse 

prevention (S-5) and not considered (S-6). Whereas 

intermediate structural performance ranges are the damage 

control range (s-2) and the limited safety range(s-4).this 

definition of performance ranges is served by FEMA 356, 

2000. The model frame used in the static nonlinear pushover 

analysis is based on the procedures of the material defining 

force – deformation criteria for the hinges used in the 

pushover analysis. Figure describes the typical force-

deformation relation proposed by those documents. 

 

 
Five points labeled A, B, C, D and E are used to define the 

force deflection behavior of the hinge and these points 

labeled A to B – elastic state, B to IO- below immediate 

occupancy, IO to LS – between immediate occupancy and 

life safety, LS to CP- between life safety to collapse 

prevention, CP to C – between collapse prevention and 

ultimate capacity, c to d- between c and residual strength, D 

to E- between D and collapse >E – collapse. In ETAB 2015, 

those points could be identified by color bands to 

understand how plastic hinges form in each stage. Where 

IO, LS and CP mean immediate occupancy, life safety and 

collapse prevention respectively. 

 

Steps for Pushover Analysis of Buildings Using ETABS  

ETABS provides a good interface for nonlinear statics 

analysis of structures. Following are the procedure followed 

for nonlinear static analysis of the buildings. 

1. All the material properties, frame sections, load cases are 

defined and assigned.  

2. Select all the beams and columns and assign hinge 

properties as per atc-40 to the frame elements. For beams 

default hinge of flexure (M3) and shear (V2) is assigned and 

for column default hinges of axial force and bending 
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moment (P M2 M3) is assigned.  

3. Two static pushover cases are defined. Initially gravity 

load is applied to the structure and then lateral load along 

longitudinal direction is applied to the structure.  

4. Initially linear static analysis is performed and building is 

designed as per is 456-2000 for defined load combinations.  

5. After the design of building, static nonlinear analysis is 

performed to determine the pushover curve and performance 

point.  

6. 3D models are created for all the considered building 

structures. 

 

VI. PLANNING SCHEDULE 

 

The proposed building presented in report work for 

pushover analysis is multistoried (G+10) residential 

building. 

Analysis of frame consists- confined steel-concrete 

composite frame as  

CIS-RC (confined I section column with RC beam),  

CIS-SB (confined I section column with steel beam),  

CFT-RC (concrete filled square tube with RC beam),  

CFT-SB (concrete filled square tube with steel beam),  

EIS-RC (encase I section column with RC beam),  

EIS-SB (encased I section with steel beam), 

RCC frame 

Steel frame 

The analysis of pushover curve carried out using ETABS 

2015 

 

Table -1: Geometric & Material Properties 

Description 
RCC 

structure 

Steel 

structure 

Composite 

structure 

Plan 

dimension 

31.5m X 

19.5m 

31.5m X 

19.5m 

31.5m X 

19.5m 

Height of 

each story 
3.2m 3.2m 3.2m 

Total height 35.2m 35.2m 35.2m 

Depth of 

footing 
2m 2m 2m 

Size of 

beam 

300mm X 

650mm 
ISWB 550 

300mm X 

650mm 

ISWB 500 

Size of 

column 

750mm X 

900mm 

450mm X 

900mm 

Encased I 

section 

ISWB 550 

300mm X 

900mm 

450mm X 

900mm 

600mm X 

900mm 

750mm X 

900mm 

Slab 

thickness 

125mm 125mm 125mm 

150mm 150mm 150mm 

Dead load 2kN/m2 2kN/m2 2kN/m2 

Live load 4kN/m2 4kN/m2 4kN/m2 

Seismic 

zone 
IV IV IV 

Soil 

condition 
Medium Medium Medium 

Response 

reduction 

factor 

5 5 5 

Importance 

factor 
1 1 1 

Zone factor 0.16 0.16 0.16 

Grade of 

concrete 
M30 M30 M30 

Grade of  

steel 
Fe500 Fe500 Fe500 

 

VII. RESULT AND DISSCUSSION 

 

Dead Load 

It is the total dead load of frame. Results shows that the total 

load of RCC is maximum as compare to the steel-concrete 

composite frame which is given in table no.2 

 

Table 2 Variation in Dead Load 

Description Dead load (KN) 

RCC 114354.50 

STEEL 82746.03 

CIS-RC 111205.76 

CIS-SB 88813.40 

CFT-RC 141332.81 

CFT-SB 94557.03 

EIS-RC 111214.79 

EIS-SB 93054.24 
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Table 3 Variation in dead load w.r.t to RCC 

 
Steel-concrete composite section are reduces the weight 

compared to RCC and the percentage variation is provided 

in table 5.2 from this table it is seen that, steel-concrete 

composite with RC beam (CIS-RC, & EIC-RC) reduces 

weight very less (2.0-3.0 %) as compared steel-concrete 

composite with steel beam (15-30 %) 

Base shear 

As per cl. No. 4.7 in is 1893-2002design seismic base shear 

(Vb) is the total design lateral force at the base of a 

structure. The base shear in direction x & y are describes as 

given below. The following table 4 for X-direction and for 

Y-Direction table 5 gives variation in base shear of 

conventional & steel-concrete composite frame. 

 

Table 4 Variation in base shear in X-direction 

 
 

 

 

 

 

Table 5 %Variation in base shear in X-direction 

 
Table 6 Variation in Base Shear in Y-Direction 

 
Table 7 Variation in Base Shear along Transverse 

Direction 
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From table 7, it is seen that steel-concrete composite with 

RC beam (CIS-RC, & EIS-RC) has negligible increment (1-

3%) in base shear along transverse direction while steel-

concrete composite with steel beam (CIS-SB, CFT-SB & 

EIS-SB) has reduces base shear 14 % - 16 % along 

transverse direction compared to RCC. 

 

VIII. CONCLUSION 

 

The base shear of composite with steel beam reduces up to 

15% which also reduces seismic effect on structure as 

compared to RCC & composite with RC beam. Steel-

concrete composite frame with steel beam shows maximum 

variation of displacement as compared to steel-concrete 

composite frame with RC beam & RCC frame. The most 

feasible column section is CFT-SB which gives minimum 

self-weight and base shear than others with high 

performance.  Hence briefly; steel-concrete composite with 

steel beam has better performance as compared to steel-

concrete composite with RC beam & RCC frame. As the 

steel-concrete composite with steel beam is more ductile it 

gives better response to seismic forces as compared to 

composite with RC beam & RCC frame. And also all 

composite frames satisfies strong column weak beam 

concept. 
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