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Abstract 

Generally reinforced concrete construction is preferred for low-rise buildings.  However, for medium to high-

rise buildings, they are no longer economical due to material unavailability, increased dead load, span 

restriction, hazardous formwork and poor seismic resistance. Steel structures offer better solution for high rise 

construction. In India, there is reluctance for the use of steel or steel-concrete composite construction due to 

lack of proper knowledge and complexity in its analysis and design. In the present work an attempt has been 

made to compare performance of RCC and steel frame structure when they are subjected to same earthquake 

loading by nonlinear static pushover analysis. In which performance of G+ 15 storey RCC and steel frame 

structure under earthquake loading is compared in terms of parameters significantly used in pushover analysis 

like pushover curve, performance point, location of plastic hinge formation, yield displacement and base shear. 

Both structures are analyzed for a seismic load combination given in IS 1893:2002. The nonlinear static 

(pushover) analysis is carried out using ETAB software. This study also emphasizes on determination of 

feasibility of using pushover analysis for analyzing two different types of frames. The seismic vulnerability of 

structure is assessed at various performance levels that are Immediate Occupancy (IO), Life Safety (LS) and 

Collapse Prevention (CP). 

Key Words:Pushover analysis, performance point, performance levels, IO, LS, CP, ETABS. 

I. INTRODUCTION 

In India most of the construction projects are being constructed by using concrete due to its cost effectiveness 

and easy availability of materials. Opting vertical expansion instead of horizontal expansion is better alternative 

option to avoid transformation of cities into concrete forests. For high rise commercial and residential projects, 

steel or RCC-steel composite structure is the most economical option with minimum self-weight and maximum 

serviceability. A lack of steel was the subject of concern few decades ago, but now India is the third largest steel 

producer with 101.4MT per annum so steel unavailability is not a problem anymore. Steel is very stiff and 
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possess high strength to weight ratio which shows great integrity against the seismic loading and weigh 60% 

lesser than concrete. Concrete (RCC) has been playing major role in the Indian construction industry due to its 

inherent heaviness, mass and strength. An earthquake is that devastating natural disaster due to which every 

small and big structure gets fail if it is not designed and analysed by taking seismic loading into account. 

Worldwide steel is the most useful material in construction industry and played an important role in last few 

decades. It is necessary to design and analyse a structure to perform satisfactorily under seismic loads and also 

endow with good strength, stability and ductility. 

In the present study an attempt has been made to demonstrate the behavior of RCC and steel frame during 

earthquake. With proper design, engineering and construction the seemingly rigid structure built with steel can 

exhibit increased ductility and give better performance in earthquake prone areas. This study emphasizes on 

how steel frame structure is efficient and serviceable over the RCC at its seismic performance. 

1.1 Objectives 

1) To compare the performance of RCC and Steel frame structure under seismic loading using pushover 

analysis. 

2) To check the feasibility of using nonlinear pushover analysis method for analysing high rise structures. 

 

1.2 Pushover Analysis 

 

Pushover analysis which is an iterative procedure is looked upon as an alternative for the conventional linear 

analysis procedures. Pushover analysis of multi-story RCC framed buildings subjected to increasing lateral 

forces is carried out until the present performance level (target displacement) is reached. The recent advent of 

performance based design has brought the nonlinear static pushover analysis procedure to the forefront. 

Pushover analysis is a static non-linear procedure in which the magnitude of the structural loading along the 

lateral direction of the structure is incrementally increased in accordance with a certain pre-defined pattern. If is 

generally assumed that the behavior of the structure is controlled by its fundamental mode and the predefined 

pattern is expressed either in terms of story shear or in terms of fundamental mode shape. With the increase in 

magnitude of lateral loading, the progressive non-linear behavior of various structural elements is captured, and 

weak links and failure modes of the structure are identified. The pushover analysis is more convenient than full 

dynamic analysis because of computational time. With pushover analysis, results took considerably much lesser 

time than dynamic analysis. Thus, pushover analysis is more practical for use in a design office. After the 

structure has been designed or retrofitted using appropriate codes or design guidelines, it yields additional 

information on the limit states, the plastic hinge sequence and the force redistribution caused by a seismic event. 

The designer can make changes in the design configuration in order to obtain a desired plastic hinge sequence 

under applied lateral loads. The pushover analysis also yields detailed member information such as maximum 



 

472 | P a g e  

inter-story drift demands and plastic hinge rotations, thereby increasing the effectiveness and efficiency of 

design. 

 

Figure 1.1 Performance levels with pushover curve 

The performance of the structure is a phenomenon that structure must have the capacity to resist demands of the 

earthquake. Performance point represents the condition for which seismic demand imposed on the structure was 

equal to the seismic capacity. The graphical representation of performance levels with pushover curve is shown 

in figure 1.1 

II. MODELLING DETAILS 

In the present work, two G+15 storey RCC and Steel building frames having rectangular plan dimensions of size 

25m X 20m are modelled with typical storey height of 3m and bottom storey height 1.5m. The buildings are 

assumed to be situated in zone V with subsoil Type medium –II and analysed in etabs software. Both RCC and 

steel are designed by limit state method and subjected to same earthquake loading to check their seismic 

behavior for same storey height. All earthquake forces are considered as per IS 1893:2002. 

         As per the building data provided below, the three dimensional (3D) modelling is done in ETABS and for 

the analysis purpose two dimensional (2D) frames are selected from each RCC building 

Table 2.1 Frame Structure Configuration 

  

 

 

 

 

 

 

 

 

PARTICULARS RCC STEEL 

No of story G+15 G+15 

Total storey 

height 
46.5m 46.5m 

Beam size 450mm X 550mm ISMB350 

Column size 600mm X 700m ISWB 600 

Slab/deck 150 mm SLAB 
100mm 

DECK 
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2.1 Specification of RCC and Steel Frame Structure 

Following specifications are considered for both RCC and Steel structure : 

Type of frame : SMRF 

Thickness of wall : 230mm 

Density of concrete : 25kN/cu.m 

Density of brick masonary : 20kN/cu.m 

Rebar : HYSD 415 

Live load : 3kN/sq.m 

Floor finish : 1kN/sq.m 

Soil type : type II medium soil 

Importance factor : 1 

Response reduction factor : 5 

Damping ratio : 5% 

Seismic zone factor : 0.36 for zone V 

The slab loads are distributed on frames as per IS-456:2000 guidelines. The procedure for modelling and 

analysis of the two frames is summarized in following steps : 

1) Select the type of model and scale it as per the requirement 

2) Define material properties 

3) Define frame section properties  

4) Develop the model and assign the joint restraints 

5) Define static load cases and assign to frame 

6) Run Analysis 

7) Define Pushover Load Case 

8) Define and Assign the Hinge Properties 

After these steps analyse the behavior of both the models and then compare the results. 
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III. RESULTS AND DISCUSSIONS  

Response parameters of interest like pushover curve, performance point, yield displacement and the plastic 

hinge formation pattern are calculated so as to decide which type of building frame turns out to be most 

effective during severe earthquake conditions and performs better with least damage to the life and structure. 

1) Pushover curve 

 

Figure 3.1 Pushover curve for G+15 RCC & Steel Structure 

Figure 3.1 shows that first yield point occurred at a displacement of 74.25mm in RCC structure and for steel 

frame structure it is 406.43mm. The yield base shear for RCC structure at first yield point is 8847.48kN with its 

corresponding displacement of 74.25mm whereas steel frame structure shows its yield shear 9860.09kN at the 

first yield point. The behavior of both curves is first linear up to yield point. Beyond yield point, displacement is 

increasing at a higher rate with little increase in the base shear and it represents the yielding of the structure. For 

comparatively greater displacement, steel frame has slightly greater base shear than that of RCC frame. So it 

clearly symbolizes the behavior of steel structure is slightly good in terms of yield displacement due to ductility 

and due to self-weight of the structure yield base shear is more as compared to RCC structure. 

2) Performance point 

The graphical representation of spectral displacement and spectral acceleration obtained for G+15 RCC and 

steel frame structure using pushover analysis is shown in figure 3.2. The green curve indicates the capacity of 

structure and red indicate demand curve. 
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 Figure 3.2    a) RCC                         b) Steel 

Figure 3.2 (b) shows that demand curve for Steel structures intersect capacity envelope near elastic range, so 

security margin is greatly enhanced and therefore it can be concluded that margin safety against collapse is high 

and there is a sufficient strength and displacement reserve and structure has a good resistance and also shows 

that demand curve intersects capacity curve at an event of IO (immediate occupation) level, so structure 

substantially retains original strength and stiffness. Simultaneously demand curve for RCC structure shown in 

figure 3.2 (a) intersect capacity curve with little reserve of strength and deformation capacity, then it can be 

concluded that RCC structure will behave poorly during imposed seismic excitation and need to be retrofitted to 

avoid future major damage or collapse and also shows that demand curve intersects capacity curve at event LS 

(life safety), plastic hinges formed, structure is damaged and has lost its rigidity and original strength. 

3) Formation of hinges in G+15 RCC and steel Structure 

The sequence of hinge formation and state of the hinge at various levels of building performance is obtained 

from finite element ETAB software.The formation of initial and ultimate hinge take place at a displacement of 

37.226mm and 354.84mm in RCC structure, whereas in Steel frame, the earliest and latest hinge taken place at a 

displacement of 270.62mm and 1377.66mm respectively. The base shear of RCC structure at the maiden and 

ultimate hinge is 5004.93kN and 24954.69kN whereas steelstructure shows base shear 7275.25kN and 

15329.05kN at maiden and ultimate hinge respectively. G+15 RCC structure indicate that structure cross CP 

level it clearly identify that structure is on the verge of collapse. The formation of hinges in G+15 steel structure 

is in an inelastic range or have just entered plastic range i.e. IO level. Formation of hinges in steel structure is 

less due to ductility as compared to RCC frame structure. So it concludes that Steel structure is collapsed after 

larger displacement as compared to RCC frame structure. 
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IV. CONCLUSION  

1) In pushover curve at the yield point, displacement of G+15 RCC structure is much lesser than Steel 

structure and hence it can perform much better than RCC due to its high ductility and flexibility. 

2) For  G+15 steel structure, demand curve for steel structure intersects capacity curve at an event of IO 

(immediate occupation) level whereas for RCC structure demand curve intersects capacity curve at 

event of LS (life safety). This indicates that the RCC structure will behave poorly during imposed 

seismic excitation and need to be retrofitted in order to avoid future major damage or collapse. 

3) Pushover analysis has been proved to be a simple, accurate method of analysis as compared to the 

conventional methods to explore the nonlinear behaviour of structures as the results obtained are in 

terms of demand, capacity, plastic hinges which gives an insight into real behaviour of a structure, 

hence it is more feasible. 

4) So from this study it can be concluded that for high-rise construction, steel structures perform far better 

than RCC stuctures. 
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