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Abstract 

Seismic codes are unique to a particular region or country. These take into account the local seismology, accepted level of 

seismic risk, building typologies, and materials and methods used in construction. They are indicative of the level of progress a 

country has made in the field of earthquake engineering. In this present paper, an investigation has been carried out to examine 

the behaviour of an existing Reinforced Concrete frame structure located in the four different seismic zones of India using 

nonlinear static analysis. The analysis of the structure has also been taken into account when designed with different diaphragms 

with and without infills. Study of the literature is reviewed in this paper on various techniques as; slabs are modeled as shell 

element, membrane with rigid diaphragms, membrane with semi rigid diaphragms and without any diaphragms. The results 

obtained by this analysis in terms of pushover curve, capacity spectrum and performance points are evaluated to check the 

performance of the structure with different diaphragms and with and without considering the stiffness of infills with different 

diaphragms. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A large number of buildings in India are constructed with masonry infills for functional and architectural reasons. Masonry 

infills are considered as non-structural elements and their stiffness contributions are generally ignored in practice. However, infill 

walls tend to interact with the frame when the structure is subjected to lateral loads, and also exhibit energy-dissipation 

characteristics under seismic loading. The term “infilled frame‟ can be defined as a composite structure obtained by combining a 

moment resisting plane frame and infill walls. However, it has been observed that, in practice, the infill stiffness is commonly 

ignored in frame analysis. This eventually results in an under-estimation of stiffness and natural frequency.  

Slabs are usually considered as the medium to transfer the vertical area loads but rigidity of slabs contributes majorly on the 

overall seismic performance of the structure. Normally a slab behaves as horizontal diaphragm acting monolithically with beam 

and contributes additional stiffness and strength while resisting lateral loads. But rigidity of this diaphragm may vary due to 

provisions for ducts or huge opening in slabs for architectural and functional purposes. Hence its contribution to the overall 

seismic performance of the frame majorly depends on the flexibility of these diaphragms in distribution of lateral loads to 

horizontal force resisting elements. Keeping these facts in mind and from the review on various literatures in this area of 

research, there urges a need to study the seismic behaviour of structures with different diaphragms and infill walls. The paper 

presents different literatures carried out in this field of research.  

 Non-Linear Static Pushover Analysis: 

The existing building can become seismically deficient since seismic design code requirements are constantly upgraded and 

advancement in engineering knowledge. They do not give the performance of non-structural components either provide 

difference in performance between the different structural system. This is because it cannot accurately estimate the inelastic 

strength and deformation of each member due to linear elastic analysis. Linear elastic analysis gives a good indication of elastic 

capacity of structures and indicates where first yielding will occur but it cannot predict failure mechanisms and accounts for 

redistribution of forces due to progressive yielding.  

This lead to the evolution of multilevel performance based design approaches. Among different approaches described in ATC-

40, Nonlinear Static Pushover analysis is very popular because of its simplicity and ability to estimate component and system 

level deformation demands with acceptable accuracy without intensive computational and modeling effort as dynamic analysis. 

This performance based evaluation helps the engineer to understand how exactly the building is going to behave and failure 
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mechanism of the structure for the major earthquake in post elastic stage. The pushover is expected to provide information on 

many response characteristics that cannot be obtained from an elastic static or dynamic analysis. 

 
Fig. 1.1: Performance-Based Design Flow Diagram (ATC-40, 1996) 

Figure 1.1 shows a flow chart that depicts the key steps in the performance-based design process. It is an iterative process that 

begins with the selection of performance objectives, followed by the development of a preliminary design, an assessment as to 

whether or not the design meets the performance objectives, and finally redesign and reassessment, if required, until the desired 

performance level is achieved. 

 Diaphragms: 

The distribution of horizontal forces by the horizontal diaphragm to the various vertical lateral load resisting elements depends 

on the relative rigidity of the horizontal diaphragm and the vertical lateral load resisting elements. Diaphragms are classified as 

"rigid", "flexible", and "semi-rigid" based on this relative rigidity. A diaphragm is classified as rigid if it can distribute the 

horizontal forces to the vertical lateral load resisting elements in proportion to their relative stiffness. In the case of rigid 

diaphragms, the diaphragm deflection when compared to that of the vertical lateral load resisting elements will be insignificant. 

A diaphragm is called flexible if the distribution of horizontal forces to the vertical lateral load resisting elements is independent 

of their relative stiffness. In the case of a flexible diaphragm, the diaphragm deflection as compared to that of the vertical lateral 

load resisting elements will be significantly large. A flexible diaphragm distributes lateral loads to the vertical lateral load 

resisting elements as a series of simple beams spanning between these elements. No diaphragm is perfectly rigid or perfectly 

flexible. Reasonable assumptions, however, can be made as to a diaphragm's rigidity or flexibility in order to simplify the 

analysis. If the diaphragm deflection and the deflection of the vertical lateral load resisting elements are of the same order of 

magnitude, then the diaphragm cannot reasonably be assumed as either rigid or flexible. Such a diaphragm is classified as semi-

rigid. Exact analysis of structural systems containing semi-rigid diaphragms is complex, since any such analysis should account 

for the relative rigidity of all structural elements including the diaphragm. The horizontal load distribution of a semi-rigid 

diaphragm may be approximated as that of a continuous beam supported on elastic supports.  

 Infill Walls: 

In reinforced concrete frame building, masonry walls are generally used in as infills and specified as partitions in such a way that 

they do not contribute to the vertical gravity load-bearing capacity of the structure. Infill walls protect the inside of the buildings 

from the environment hazards and create separation insides. In addition to this infills have a considerable strength and stiffness 

and they have significant effect on the seismic response of the structural systems. This seismic response is often ignored in the 

analysis for several reasons. Hence, this effect of the infill walls on the structure affecting the performance is highlighted in this 

study.  

 Methodology for Pushover Analysis: 

Pushover analysis is an approximate static non-linear analysis under permanent vertical loads in which the structure is pushed 

horizontally, with the monotonic increments in lateral loads until the structure reaches the limit state of collapse by considering 

material inelasticity and geometric nonlinearity. Pushover analysis consists of a series of sequential elastic analysis, 

superimposed to approximate a force-displacement curve of the overall structure. A predefined lateral load pattern which is 

distributed along the building height is applied. The lateral forces are increased until some members yield. The structural model 

is modified to account for the reduced stiffness of yielded members and lateral forces are again increased until additional 
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members yield. The process is continued until a control displacement at the top of building reaches a certain level of deformation 

or structure becomes unstable. The roof displacement is plotted with base shear to get the global capacity curve.  

II. LITERATURE REVIEW 

 Introduction: 

Buildings designed as per codal provisions will give minimum safety to preserve life for major earthquakes. However, this 

design may not give performance of the structural elements and non-structural elements. We cannot assess the realistic 

performance of the structure with different rigidity of slab during the earthquake as well as the presence of infill stiffness on the 

performance of the structure. This can only be done with acceptable accuracy by pushover analysis.  Many researchers have 

worked and contributed their efforts for the study of seismic behaviour of a structure with different diaphragms and infill walls. 

In this paper, a summary of the articles and papers found in the literature, about the different membranes used, is highlighted. 

 Review of Literature: 

V. Panneer Selvam et al. (2015) have studied the structural seismic response of a seven storey RC building in this paper. The RC 

building is analysed and designed for the gravity and lateral loads using Indian code. The designed structure is then evaluated for 

the seismic performance under the old and the revised code of practice using Pushover Analysis. The Displacement controlled 

Pushover Analysis was carried out and the Pushover Curve was obtained for the building in both X and Y directions. The 

Capacity Spectrum, Demand Spectrum and Performance point of the building, under old and revised seismic zone classification 

was found in both the direction using the analysis carried out in SAP. Authors have concluded from the analysis results that, the 

infill can completely change the distribution of damage throughout the structure. Also, simple modeling with equivalent diagonal 

struts, which carry loads only in compression, are able to simulate the global seismic response of the infilled frames, and is 

suitable for practical applications. It has been observed that the infills can have a beneficial effect on the structural response, 

when they are placed regularly throughout the structure, and that they do not cause shear failures of columns. 

Santhosh D. et al. (2014) have carried out the method of Non linear static analysis to calculate the force-displacement 

relationship, or capacity curve, for a structural element. To determine the performance of RC frame structure, pushover analysis 

has been conducted by using ETABS. Three RC bare frame structures with 5, 10, 15 stories respectively are analyzed and 

compared for the base force and displacement of RC bare frame structure for the following stories. From the analysis performed 

in the mentioned paper it is understood that all the plastic hinges formed in the beams, columns are within the acceptable criteria 

of plastic hinge. Lateral deformations at the performance point are within the target displacement of the structure. Maximum 

total drift, maximum inelastic drift, and structural stability do not exceed the limitations of the performance level. Hence, the 

present building is considered safe against the revised seismic provisions. 

Kavita Golghate et al. (2013) have performed nonlinear static pushover analysis for a –IV selected reinforced concrete 

building. This requires the development of the force - deformation curve for the critical sections of beams, columns. The force 

deformation curves in flexure obtained from the reinforcement details were assigned for all the beams and columns. The 

Nonlinear properties of beams and columns have been evaluated and assigned to the computer model in SAP. The flexural 

default hinges and shear hinges were assigned to the beams at two ends. The interacting frame hinges type a coupled hinge 

property also assigned for all the columns at upper and lower ends. This paper concludes that the RC bare frame analyzed for the 

static nonlinear pushover cases, 5 storey frame can carry higher base force and at lower displacement it fails. The RC bare frame 

which is analyzed for the static nonlinear pushover cases, 15 storey frame can carry lower base force and at higher displacement 

it fails. 

Uva et al. (2012) have studied the participation of masonry infill panel to overall seismic resistance of building. In this paper, 

the authors have modeled the infill panel as equivalent strut of width using different mathematical models including the 

nonlinear force displacement relationship and compared the result. They also compared the effect of single and multiple struts on 

the performance of the building. The study conducted by the authors has concluded that infill panels simulated with wide struts 

are characterized by a brittle behaviour whereas lower values of width favour a ductile behaviour. They have stated that it assess 

the actual seismic performance of the framed structure in the presence of infill. It is evident to do the experimental investigation 

for the realistic assessment of masonry mechanical parameters to be introduced in the strut models and it is crucial to adopt 

multiple strut systems to assess the local shear failure in the column during the interactive behaviour of masonry with the frame. 

Kazem Shakeri et al. (2012), in this paper have developed an innovative modal pushover procedure based on the modal story 

shear and torque for seismic assessment of asymmetric-plan buildings. In which the load pattern consist of the lateral forces and 

torques which are derived from the instantaneous combined modal story shear and torque profiles in each step. The contribution 

of the higher and torsional modes and the effects of the changes in the structural properties during the inelastic domain are 

considered. The interaction between modes in the inelastic phase is reflected in the single load pattern and the structural 

responses during the analysis are easily traced through the single-run procedure. Accuracy of the proposed method has been 

verified on three asymmetric-plan buildings under different earthquake records. Furthermore the capacity spectrum curve is 

obtained from a formulation based on the modal energy concept and the ambiguity of choosing controlling point to obtain the 
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target displacement in asymmetric-plan buildings has been eliminated. The results indicate that this method could predict the 

results of the nonlinear time history analysis appropriately. 

  

Poluraju et al. (2011) using nonlinear pushover analysis have evaluated the performance of a G+3 building using SAP-2000. 

They have stated the fact that the buildings that appear to be strong enough, may crumble like houses of cards during earthquakes 

and deficiencies may be exposed. Past experiences of earthquake demonstrate that maximum buildings collapsed were deficient 

to meet out the requirements of the present day design and seismic codes. As many buildings have suffered great damage or 

collapsed, the adequacy of framed structures to resist strong motions becomes questionable. The performance of framed 

buildings under future expected earthquakes has been analyzed in the mentioned paper. The results obtained from this study have 

proved that properly detailed and designed frame will perform well under seismic loads 

Niroomandi et al. (2010) investigated the effectiveness of FRP retrofitting the joints in enhancing the seismic performance 

level and the seismic behaviour factor (R) of ordinary RC frames. The flexural stiffness of FRP retrofitted joints of the frame is 

first determined using nonlinear analyses of detailed FE models of RC-joint FRP composite. The retrofitted joint stiffness is then 

implemented into the FE model of the frame in order to carry out nonlinear static (pushover) analyses on the FRP retrofitted 

frame. The seismic performance level and R-factor components of the retrofitted frame are then compared with those of the 

original frame and the same frame retrofitted with steel bracings. The results obtained showed that the performance level and the 

seismic behaviour factor of the FRP retrofitted RC frame are significantly enhanced in comparison with the original frame and 

are comparable with those of the steel-braced frame. It is also found that using FRP at joints may upgrade an ordinary RC frame 

to an intermediate and even a high ductility frame.   

Dolsek et al. (2008) have studied the effect of masonry infill on the seismic response of a four-storey reinforced concrete 

frame using pushover analysis and the inelastic spectrum approach. The effect of masonry infills on the seismic response of a 

four-storey reinforced concrete frame has been studied using the N2 method. In this paper the authors have summarized this 

method and applied to the deterministic seismic assessment of a four-storey reinforced concrete frame with masonry infills, with 

openings and without them. A comparison has been made with the behaviour of the bare frame. The most common analytical 

modelling technique, which employs compressive diagonal struts for modelling of the masonry infill, and one-component 

lumped plasticity elements for modelling the flexural behaviour of the beams and columns, has been applied. The pushover 

analysis conducted in the mentioned paper shows the pushover curves, capacity spectrum, plastic hinges and performance level 

of the building considered. The non-linear static analysis gives better understanding and more accurate seismic performance of 

building for the damage or failure element. 

Mehmet et al., (2006) have studied the differences obtained in the results of pushover analysis due to default and user-defined 

nonlinear component properties in computerised software SAP. Four- and seven-story buildings are considered to represent low- 

and medium- rise buildings for this study. Plastic hinge length and transverse reinforcement spacing are assumed to be effective 

parameters in the user-defined hinge properties. Based on the study conducted, it is observed that plastic hinge length and 

transverse reinforcement spacing have no influence on the base shear capacity, while these parameters have considerable effects 

on the displacement capacity of the frames. Comparisons state that an increase in the amount of transverse reinforcement 

improves the displacement capacity. The observations show that the user-defined hinge model is better than the default-hinge 

model in reflecting nonlinear behaviour compatible with the element properties.  

III. CONCLUSION 

 Overview: 

In the review of literatures on analytical and experimental studies, it has been observed that the authors have studied the seismic 

performance of the RC frame with and without infills. The literature study has evaluated effect of beam, column and infill on its 

performance. However, no specific research has been found on the effect of different diaphragm elements that may affect the 

performance of the multi storied RC framed structure with and without infill.  

 Gaps in Literature Study: 

From the detailed review of the literature study in this particular area of research, we can carry out various evaluations to study 

these effects of diaphragm and infill walls. Considering this, a detailed comparison of the performance of the RC framed 

structure with different diaphragms with and without infills can be done. Evaluation of the performance of the RC framed 

structure for horizontal static load as recommended by Indian design codes and loads due to predominant modes of vibration can 

be performed to assess the seismic behavior of the structure. It is evident that presence of infill wall imparts additional stiffness 

to the structure which is often completely ignored by the designers to allow any future modifications in layout of the building by 

shifting or completely removing the infill walls. The loss of stiffness can be retrieved by considering the partial stiffness i.e. up 

to 50% of stiffness solely imparted by the infill walls could be considered in analysis. That way the frame sections could be 

optimized in order to achieve economy and also achieve freedom in layout modification of building.  
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