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Abstract 

In the present study, using nonlinear static (push over) analysis an investigation has been carried out to examine the behavior of 

an existing RC frame structure located in moderate seismic zone (zone-III) of India and designed as per IS code 1893-2002 part I 

with different diaphragms with and without infills. Slabs are modeled as shell element, membrane with rigid diaphragms, 

membrane with semi rigid diaphragms and without any diaphragms. Infills were modeled using equivalent strut approach. 

Nonlinear static (pushover) analysis were carried out considering static earthquake load as per IS1893-2002(part-I), loads from 

predominant modes of vibration in both longitudinal and transverse direction using ETABS 9.7.2. Results in terms of pushover 

curve, capacity spectrum and performance points are tabulated for the each models and comparison has been done to evaluate the 

performance of the structure with different diaphragms and also performance difference with and without considering the stiffness 

of infills with different diaphragms. Results indicate that infill frame with different diaphragms is showing high performance in 

terms of base shear than the bare frame with different diaphragms. But bare frames are showing very good ductile behavior than 

the infill frame which is suffering from brittle failure due to the failure of open ground floor columns.   

Keywords: Bare Frame, Infill Frame, Base Shear, Nonlinearity, Displacement, Storey Drift, Plastic Hinges and 

Diaphragms 

________________________________________________________________________________________________________ 

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. 

 Review of Literature 

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 nonlinear 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 
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inelastic drift, and structural stability do not exceed the limitations of the performance level. Hence, the present building is 

onsidered 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. 

 Infill Wall 

The typical multi-storey construction in India comprises reinforced concrete (RC) frames with brick masonry infills. Unreinforced 

masonry infill wall panels may not contribute towards resisting gravity loads, but contribute significantly, in terms of enhanced 

stiffness and strength under earthquake (or wind) induced lateral loading. However, in practice, the infill stiffness is commonly 

ignored in frame analysis, resulting in an under-estimation of stiffness and natural frequency. Also, the infills have energy 

dissipation characteristics that contribute to improved seismic resistance. It is instructive to study the implications of the common 

practice of ignoring the infill stiffness with regard to performance under seismic loading. 

II. OBJECTIVES 

The objective of the study is determine the weak zones in the structure and achieving the desired behavior of structure under 

extreme lateral loads by strengthening the weak zone by ways discussed in this paper. Understanding the response of frame and 

capacity demands of individual structural elements by determining the realistic force demands on potentially brittle elements, such 

as axial force demands on columns, force demands on brace connections, moment demands on beam to column connections, shear 

force demands in reinforced concrete beams, etc. It facilitates to achieve economy and value engineering while designing. 

Estimation of deformations demands for elements that have to deform in elastically in order to dissipate the energy imparted to the 

structure could be determined through the study. It is also necessary to find out the consequences of the strength deterioration of 

individual elements on behavior of the structural system to ensure and avoid undesired form of failure.  

Identifying the critical regions in which the deformation demands are expected to be high and that have to become the focus 

through detailing to ensure the ductile behavior. Identifying the strength discontinuities in plan and elevation will lead to changes 

in the dynamic characteristics in elastic range. Estimates of the inter story drifts that account for strength or stiffness discontinuities 

and that may be used to control the damages and to evaluate P-Delta effects. In present study, 9 RC framed models are studied 

under Pushover analysis using ETABS program. The study includes comparative analysis to study the behavior of RC frames with 

rigid and semi rigid diaphragms to access which gives more realistic results, Additionally, study also focuses on capturing the 

additional stiffness due to infill walls and its impact on the global response of the structure. For Pushover Analysis, horizontal 

static load as recommended by IS1893-2002 (part-1) and loads due to predominant modes of vibration. 

III. METHODOLOGY 

Three dimensional models representing the building structure are created in ETABS 9.7.2. Material, member properties are defined 

and assigned to the model. Base of the models are fixed for simplicity. Slabs are modelled as shell, rigid and semi rigid diaphragms 

for separate models. Masonry walls are modelled as equivalent diagonal strut element. Vertical loads are assigned to the building 

structure. Linear and nonlinear static analysis has been carried out for various three-dimensional and two dimensional building 

models considered in the analysis. 

 Models Development 

Table - 1 

Mentions the Conditions Considered In Developing the Model 

Mode No. Description 

1 Bare Frame with semi-rigid diaphragm. 
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2 Bare Frame with rigid diaphragm. 

3 Bare Frame with Shell. 

4 Infill Frame with semi-rigid diaphragm with considering Nonlinear behavior of the infill. 

5 Infill Frame with rigid diaphragm with considering Nonlinear behavior of the infill 

6 Infill Frame with Shell with considering Nonlinear behavior of the infill. 

7 Infill Frame with semi-rigid diaphragm without considering Nonlinear behavior of the infill. 

8 Infill Frame with rigid diaphragm without considering Nonlinear behavior of the infill. 

9 Infill Frame with Shell without considering Nonlinear behavior of the infill 

IV. MODELLING AND ANALYSIS 

Typical floor plan modelled in ETABS is as shown in figure below. 

 
Fig. 1: Typical floor plan 

Table - 2 

Description of Model 

Floor height 3m 

Depth of Slab 0.15m 

Grade of Concrete M30 

Grade of steel Fe415 

Type of Structure (SMRF) 

Number of Stories G+12. 

Height of bottom storey 3.2 m 

Height of Intermediate Storey 3 m 

Height of parapet 1 m 

Thickness of slab 0.125 m 

Thickness of External wall 0.230 m 

Thickness of Internal wall 0.150 m 

Table - 3 

 Specifications of Materials 

Grade of reinforcing steel Fe415 

Density of concrete 25 kN/m 3 

Density of brick 20 kN/m 3 

Grade of concrete for slab M 25 

Grade of concrete for beams, columns M 30 
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V. RESULTS AND DISCUSSION    

 Evaluating the Post Elastic Behavior of Bare Frame with Different Diaphragms 

From the Figure 2 it is clearly evident that for pushover load EQX applied in positive X-direction, Model 3 showed nearly 49% 

more base shear than Model 1, 44.3% more base shear than Model 2.For pushover load represented in Figure 5.2 for EQY which 

is applied in positive Y direction Model 3 showed 56.43% more base shear than Model 1 and 57.2% more base shear than Model 

2. But Model 2 and 1 showed better ductile behavior than Model 3. 

    
   Fig. 2: Post elastic behavior of Bare Frame for Pushover Load-EQX       Fig. 3: Post elastic behavior of Bare Frame for Pushover Load-EQY 

 Evaluating the Post Elastic Behavior of Infill Frame-Without Considering the Nonlinearity of Infill with Different 

Diaphragms 

In below figure for the application of pushover load applied EQX applied in positive X-direction Model 6 showed 4.5% more base 

shear than Model 5, 7.3% more base shear than Model 4 There is not much variation in exhibiting ductile behavior between the 

models.  

In Figure 5 for the pushover load EQY Model 6 showed 5.3% more base shear than Model 5, 9.2% more base shear than Model 

4.There is not much variation in exhibiting the ductile behavior between models. 

 
Fig. 4: elastic behavior of Infill Frame without considering nonlinearity of infill for Post Pushover Load-EQX 

 
Fig. 5: elastic behavior of Infill Frame without considering nonlinearity of infill for Post Pushover Load-EQY 
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 Evaluating the Post Elastic Behavior of Infill Frame without considering the nonlinearity of Infill with Different 

Diaphragms  

In Figure 6 for static pushover load EQX for infill considering nonlinear behavior of infill, there is no significant influence of 

diaphragm this is due to the significant participation of infill in resisting the horizontal load rather than the structural elements.  

In Figure 7 for static pushover load EQY, Model 9 shows 10.75% more base shear than Model 8, 11.8% more base shear than 

Model 7. Model 7 and 8 showed better ductile behavior than Model 9. 

 
Fig. 6: Elastic behavior of Infill Frame with considering nonlinearity of infill for Post Pushover Load-EQX 

 
Fig. 7: elastic behavior of Infill Frame with considering nonlinearity of infill for Post Pushover Load-EQY 

VI. CONCLUSIONS 

From the analysis result of 9 base models following conclusion are arrived. 

1) When comparing the performance of the RC frame with different diaphragms for bare frame and infill frame, RC frame with 

slab modeled as a shell is showing better performance in terms of base shear than the other models but relatively weak in 

showing ductile behavior both in longitudinal and transverse direction.  

2) RC frame in which the slab modeled as membrane with rigid diaphragm is showing better ductile behavior than other models. 

3) Failure mechanism of RC frame with slab as shell is concentrated more in open ground floor with failure of ground floor 

column much before the complete failure of beams where as in other models failure mechanism is distributed throughout the 

height.  

4) Infill frame with different diaphragms is showing high performance in terms of base shear than the bare frame with different 

diaphragms. But bare frames are showing very good ductile behavior than the infill frame which is suffering from brittle 

failure due to the failure of open ground floor columns.  

5) With these conclusion remarks we can say that variation of rigidity due to provision of big openings and discontinuities in 

slab can majorly alter the seismic performance of the structure and affect the distribution of horizontal loads in lateral force 

resisting system. 
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