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Abstract— Masonry infill is usually analysed assuming the 

infill as continuous, without openings. However, in reality, 

the openings are essentially present in infill for door, 

windows, ventilation and other purposes. This opening 

significantly affects the seismic performance of masonry 

infill building. In present study, a parametric study is 

conducted to obtain the effect of amount of opening on 

seismic performance. For seismic analysis, nonlinear 

dynamic response history analysis is used, which is most 

accurate method of analysis. It is observed that amount of 

opening has significant effect on seismic response of 

building. 
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I. INTRODUCTION 

The masonry infill is recognized as important structural 

member due to its performance in previous earthquake. As far 

as seismic analysis is considered, the stiffness and other 

properties of masonry infill is needed to be accounted for 

better analysis of buildings with masonry infill.  

The methodology for modelling and analysis of 

frames with infill is covered in publications [1]–[4]. In most 

publications, analysis of masonry infill RC is conducted by 

assuming infill as continuous member and without openings 

[5]. 

However, in practice, openings are inevitable parts 

of infill as doors, windows etc. are required. These openings, 

certainly affect the structural response of building which will 

be different than full infill. The change in response is 

primarily due to reduction in area of infill leading to reduction 

in stiffness. 

In present study, the parametric study is conducted 

to find out the effect of amount of opening on seismic 

performance of masonry infill building. 

The seismic performance evaluated with nonlinear 

response history analysis. 

II. DETAILS OF BUILDING FRAMES 

The building selected for study is a 4 storey 8 bay reinforced 

concrete frame, the dimensions of which are shown in Fig. 1.  

The reinforced concrete member - beam and frame 

are modelled using Mander’s model[6], [7] and hysteretic 

behavior is incorporated for response history analysis. The 

characteristic compressive strength of concrete is taken as 30 

N/mm² and tensile strength of reinforcing steel is taken as 415 

N/mm². 

The openings in infill considered in present study 

are shown in Fig. 2.  

 
Fig. 1: Dimensions of building frame taken for study 

 
Fig. 2: Openings in infill 

The amount of opening in infill is varied is as given 

in Table 1. The masonry infill is modelled as diagonal strut 

and openings are incorporated by using reduced diagonal 

width as proposed in [4] which is based on [8]. The reduced 

diagonal width is given by: 

(1) 

is reduction factor given by: 

(2) 

Ar is opening ratio given by following relation. 

(3) 

Designation Amount of opening Amount of infill 

Bare frame 100% 0% 

5% infill 95% 5% 

10% infill 90% 10% 

20% infill 80% 20% 

30% infill 70% 30% 

40% infill 60% 40% 

50% infill 50% 50% 

60% infill 40% 60% 

70% infill 30% 70% 

80% infill 20% 80% 

90% infill 10% 90% 

Full infill 0% 100% 

Table 1: Models of building with different amount of infill 
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III. RESPONSE HISTORY ANALYSIS 

For nonlinear response history analysis, the synthetic time 

history is generated which is obtained by matching times 

history with IS 1893:2002 compatible response spectrum. 

The spectral matching is performed in Time domain [9]. The 

response spectrum from IS 1893:2002 for building situated in 

zone V and site of medium soil is shown in Fig. 3. 

For spectral matching, the time history of El Centro 

earthquake, 1940 is used. Fig. 4 shows spectral matching of 

time history with that of IS 1893:2002 response spectrum. 

Fig. 5 shows matched time history used for analysis. This 

time history is then used for analysis. 

 
Fig. 3: Response spectrum from IS 1893:2002 

 
Fig. 4: Spectral matching of reference time history with IS 

1893:2002 response sepctrum 

 
Fig. 5: Matched time history 

IV. RESULTS AND DISCUSSIONS 

The response history analysis results for bare frame and infill 

frame are shown in Fig. 6 and Fig. 7. The combined response 

plot, showing comparison of those, is given in Fig. 9. 

The results for frame with varying amount of 

opening is shown in Fig. 6. For sake of brevity, the axes titles 

are omitted in these plots. The horizontal axis refers to time 

step in seconds and vertical axis refers to base shear in kilo-

newton (kN). 

The comparison of response of frame with 95% 

opening and 100% opening (bare frame) is shown in Fig. 10 

which shows that the response is not affected by 5% infill. 

The curve showing the relating between amount of 

opening and peak base shear is shown in Fig. 11 from which 

it is observed that response increases linearly from 10% to 

50%. For 5-10% opening, there is only slight change. 

 
Fig. 6: Base shear results for model with bare frame 

 
Fig. 7: Base shear results for full infill model 
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Fig. 8: Base shear results for model with different amount of infill and opening 
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Fig. 9: Comparison of base shear for bare frame and frame 

with 95% opening 

 
Fig. 10: Comparison of base shear for bare frame and frame 

with 95% opening 

 
Fig. 11: Relation obtained between base shear and infill 

opening 

V. CONCLUSIONS 

The response history analysis of building frame with varying 

amount of opening in infill is carried out in present study. The 

frames with 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 

80%, 90% and 100% infill are analysed and their results of 

base shear are given. 

It is observed that there is considerable effect of 

stiffness of infill on response of bare frame and infill frame. 

The base  shear of infill frame is found to be about five times 

more than that of bare frame. 

The varying amount of infill show that for 5% to 

10% opening in infill, the frame behaves similar to bare 

frame. 

For frames having 10% to 50% infill, the base shear 

increases almost linearly and significantly affects the seismic 

performance of building.  
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