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Abstract: In buildings it is very common to use unreinforced masonry infilled frame structures. These types of structures are 
used for multistoried construction in the developing countries. Window and door openings are inevitable part of the infill 
walls.  Opening in infill walls significantly reduce the lateral strength and stiffness of RC frames. An attempt has been made 
during the present study the behavior of performance based seismic vulnerability of two-dimensional RC multistory building 
models, with the varying percentage of central openings in unreinforced masonry infill walls ranging from 10 to 35%. 
Building is considered as official building which is located in zone III. The unreinforced masonry infill walls are modeled as 
pin-jointed single equivalent diagonal struts. The study is carried out on G+3 and G+6 storey buildings were considered to 
represent medium and high rise buildings. Equivalent and response spectrum analysis was performed on infill as a brick and 
solid concrete block with various percentages of central openings using SAP 2000 V14.2 software. Nonlinear static pushover 
analysis was carried out using user defined hinge properties as per the FEMA 440. The results are compared with the 
parameters natural period, base shear, lateral displacement & hinge status at performance point amongst the models. 
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I. INTRODUCTION 
 
In many countries, RC frame buildings are infilled by 
brick masonry and solid concrete block panels, 
although infill panel significantly increases the both 
stiffness and strength of the RC frame. The urge need 
for the functional or for the architectural 
requirements, it is inevitable to provide the openings 
in the infill wall, however it will be increase the 
lateral strength of the structures. Further if the 
openings are provided in the infill walls of the soft 
storey building, it proves to be critical condition. 
Reduction of the lateral strength of the structure due 
to the presence of the openings in the infill walls 
depends upon the various factors such as percentage 
of opening, aspect ratio and the location of the 
opening in the infill wall. Analysis and design of the 
structure without considering the reduction of the 
lateral strength due to the presence of the openings in 
the infill wall, and considering the stiffness of the 
whole infill wall could lead to a circular condition 
during the earthquake.  
In the Indian seismic code IS 1893 (part 1): 2002 
there is no provision regarding the stiffness and 
openings in the masonry infill wall. Whereas clause 
7.10.2.2 and 7.10.2.3 of the “proposed draft provision 
and commentary on Indian seismic code IS 1893 (part 
1): 2002”, [S K Jain and Murty] defines the provision 
for calculation of stiffness of the masonry infill and a 
reduction factor for the opening in infill walls. 

 
II. EXAMPLE BUILDING STUDIED 
 
In the present study 2D RC multi-storey buildings of 
the four and seven storied are considered. The plan  

 
and elevations of the building models considered are 
shown in Fig.1 and 2, the bottom storey height is 4.8 
m and a height of 3.6m is kept. The building is 
considered to be located in the seismic zone III and 
intended for office use. In the seismic weight 
calculations, only 25% of the live load is considered. 
Slabs loads are applied on the beam. Masonry brick 
and solid concrete block walls are modeled by 
considering equivalent diagonal strut. M (moment 
hinge), PM (axial force and moment hinge), V (Shear 
hinge) and P (axial force hinge) hinges with hinge 
properties as per FEMA 356 are assigned at both ends 
of beam, column and strut elements by using user 
defined hinges.  
 
In this present study seven models were considered 
those are, 1) building has no walls and the building is 
modeled as bare frame, however masses of the walls 
are included 2) building has no walls in the first 
storey and one full unreinforced masonry infill wall 
in the upper storeys, with central opening of 10% of 
the total area of infill. Stiffness and masses of the 
walls are considered 3) building has no walls in the 
first storey and one full  
-unreinforced masonry infill wall in the upper storeys, 
with central opening of 15% of the total area of infill. 
Stiffness and masses of the walls are considered 4) 
building has no walls in the first storey and one full 
unreinforced masonry infill wall in the upper storeys, 
with central opening of 20% of the total area of infill. 
Stiffness and masses of the walls are considered 5) 
building has no walls in the first storey and one full 
unreinforced masonry infill wall in the upper storeys, 
with central opening of 25% of the total area of infill. 
Stiffness and masses of the walls are considered 6) 
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building has no walls in the first storey and one full 
unreinforced masonry infill wall in the upper storeys, 
with central opening of 30% of the total area of infill. 
Stiffness and masses of the walls are considered 7) 
building has no walls in the first storey and one full 
unreinforced masonry infill wall in the upper storeys, 
with central opening of 35% of the total area of infill. 
Stiffness and masses of the walls are considered. 
Each set of above mentioned seven models will be 
considered brick masonry and solid concrete block 
infill. 
 

Table 1: Shows the Material Properties 

 

 
                             

Fig 1 Plan and Elevation of four and seven storey bare frame 
buildings 

 
Fig 2:  Elevation of four and seven storey infill wall frame 

buildings with (10 to 35%) openings. 
 
III. METHODOLOGY 
 
In the present investigation the building models are 
analyzed by taking the most severe load combination, 
equivalent static and nonlinear static pushover analysi
s carried out as per FEMA 440. 

 
3.1 Equivalent static method: Equivalent static 
method of analysis is a linear static procedure, in 
which the response of building is assumed as linearly 
elastic manner. The analysis is carried out as per IS: 
1893-2002 (Part 1).  
 
3.2 Response Spectrum method: The response 
spectrum represents an interaction between ground 
acceleration and the structural system, by an envelope 
of several different ground motion records. For the 
purpose of the seismic analysis the design spectrum 
given in Fig. 2 of IS: 1893 (Part 1) -2002 is used. 
This spectrum is based on strong motion records of 
eight Indian earthquakes. 

3.3 User defined hinges: The definition of user-
defined hinge properties requires moment–curvature 
analysis of each element. For the problem defined, 
building deformation is assumed to take place only 
due to moment under the action of laterally applied 
earthquake loads. Thus user-defined M3 and V3 
hinge was assigned for beam, PM3 hinge was 
assigned for column and axial load P was assigned 
for strut. The calculated moment-curvature values for 
beam (M3 and V3), column (PM3), and wall (P) are 
given as input in SAP2000. 

 
3.4 Pushover analysis: Pushover analysis is a 
nonlinear static procedure wherein monotonically 
increasing lateral loads are applied to the structure till 
a target displacement is achieved or the structure is 
unable to resist further loads. There are several 
methods exists, in this study, the FEMA 440 is 
adopted. Pushover analysis consists of a series of 
sequential elastic analyses, superimposed to 
approximate a force-displacement curve of the overall 
structure. A two or three dimensional model which 
includes bilinear or tri-linear load-deformation 
diagrams of all lateral force resisting elements is first 
created and gravity loads are applied initially. A 
predefined lateral load pattern which is distributed 
along the building height is then 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 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.  
 
IV. RESULTS AND DISCUSSION 
 
4.1 Natural Periods 
The codal IS:1893( Part1)-2002 and analytical (SAP 
2000) natural periods of the building models are 
presented in the Table 2 and 3 It is seen that the 
natural periods obtained from the code do not tally 
with the periods obtained from the analysis results. It 
is further seen that the natural period of vibrations get 
affected due to presence of masonry infill with 
openings. 

 
Table 2:  Codal and analytical natural periods for brick 

masonry 

 
Table 3:  Codal and analytical natural periods for concrete 

block 
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The fundamental natural periods obtained for seismic 
designed building models for brick masonry and 
concrete block as a infill walls. From the above table 
it is very clear that, stiffness of the building is directly 
proportional to its natural frequency and hence 
inversely proportional to the natural period. That is, if 
the stiffness of the building is increased the natural 
period goes on decreasing, and the natural frequency 
of the taller buildings is low due to the less stiffness 
the natural period goes on increasing for seven storied 
buildings. 
 
For four storey building models, there is reduction in 
the percentage of natural periods of model 2 when 
compared with the model 1 are 38.91% for infill as a 
brick, and for concrete block 37.8% respectively. And 
for model 2 to model 7 for various percentages of 
openings, there is no much variation in the natural 
period when compared with model 2. 
 
For seven storey building models, there is reduction 
in the percentage of natural periods of model 2 when 
compared with the model 1 are 59.55% for infill as a 
brick, and for concrete block 57.7% respectively. And 
for the models with opening in infill wall there is a 
increase in the natural period from model 3 to model 
7 and increased percentage when compared with 
model 2 varies from 0.134% to 2.61% for infill as 
brick and 0.50% to 3.06% for infill as a concrete 
block. 

 
4.2 Base shear 
In the response spectrum method the design of base 
shear (Vb) is made equal to the Vb base shear 
obtained from equivalent static method as per IS: 
1893(Part1)-2002 by applying the scaling factor 
calculated as shown in Tables 4 and  5. 
 
Table 4: Base Shear and scaling factor for four storey building 

 
Table 5: Base Shear and scaling factor for seven storey 

building 

 
 
The base shear is function of mass, stiffness, height 
and natural period of the building structure. In the 
equivalent static method design horizontal 
acceleration value obtained by codal natural period is 
adopted and basic assumption in the equivalent static 
method is that only first mode of vibration of building 
governs the dynamics and the effect of higher mode 
is not important, therefore in this method higher 
modes are not considered. So that’s why base shear 
obtained from equivalent static method are larger 
than the dynamic response spectrum method, where 
in the dynamic response spectrum all the modes are 
considered. As storey increases for tall buildings the 
flexibility increases and higher modes come in to 
picture. 
 
From the above results it is observed that, there is an 
underestimation of base shear in model 1 as compare 
to the other six models. As the stiffness and masses of 
the wall reduces with the percentage of opening the 
base shear goes on decreasing for model 2 to model 7 
for equivalent static method.     

 
4.3 Lateral Displacements 
Lateral displacement profiles for the four and seven 
storey buildings models obtained by equivalent static 
method.  
Table 6: Lateral displacements for infill as a brick by ESM for 

four storey building in mm 

 
 
Table 7: Lateral displacements for infill as a Concrete block by 

ESM for four storeys building in mm 

 
 
Table 8: Lateral displacements for infill as a brick by ESM for 

seven storey building in mm 

 
Table 9: Lateral displacements in longitudinal direction for 

infill as a concrete block by ESM for seven storey building in 
mm 
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Fig 3:  Lateral displacements for infill as brick masonry and 

solid concrete block for four storey building 

 

 
Fig 4: Lateral displacements for infill as brick masonry and 

solid concrete block for seven storey building 
 
The lateral displacement of a building is a function of 
the stiffness, the lateral displacement of the building 
decreases with the increase in the lateral stiffness; 
hence the displacement of the model 2 to model 7 is 
less than model 1. As the stiffness decreases from 
model 2 to model 7due to increase in the percentage 
of central openings, the lateral displacement increases 
from model 2 to model 7. 
 
For four storied building, comparing the roof 
displacement in longitudinal direction obtained from 
equivalent static method, decreases by 77.92% and 
77.35% for brick masonry and solid concrete block 
infill wall is observed when compare the model 2 
with model 1. And decreases of 69.66% and 68.3% 
were observed as compare the model 2 with model 1 
for seven storied building. 
 
4.4 Performance Evaluation Of Building Models 
Performance based seismic evaluation of all the 
models is carried out by nonlinear static pushover 
analysis. 
 
4.4.1 Performance point and location of hinges 
The base force and displacement at the performance 
point and the location of hinges at various 
performance levels for all the building models are 
tabulated in below tables, 

 
Table 10: Performance point and location of hinges for infill as 

a brick for four storey building model by equivalent static 
pushover analysis 

 
Table 11: Performance point and location of hinges for infill as 

a solid concrete block for four storey building model by 
equivalent static pushover analysis 
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Table 12: Performance point and location of hinges for infill as 

a brick for seven storey building model by equivalent static 
pushover analysis 

 
 
Table 13: Performance point and location of hinges for infill as 

a solid concrete block for seven storey building model by 
equivalent static pushover analysis 

 
 
The locations of the hinges formed at the 
performance point, target displacement and base 
force at ultimate state are shown in the Table 10 to 
13. In most of the buildings, flexural plastic hinges 
are formed in the first storey because of open ground 
storey. The plastic hinges are formed in the beams 
and columns. Performance of the bare frame building 
lies in the LS range. The base force of the building 
depends on its lateral strength, from the above results 
it can observed that performance point is more in 
concrete blocks as infill than the brick masonry infill. 
 
As the percentage of the opening increases stiffness 
of the building decreases, for four storey building 
with brick masonry infill, there is decrement in yield 
base shear and ultimate base shear from model 2 
model 7 by 1.34% and 0.6%. Similarly for four storey 
building with concrete block infill, there is decrement 

in yield base shear and ultimate base shear from 
model 2 to model 7 by 1.45% and 1.69%. 
 
For seven storey building with brick masonry infill, 
there is decrement in yield base shear and ultimate 
base shear from model 2 to model 7 by 4.05% and 
2.25%. Similarly for seven storey building concrete 
block infill, there is decrement in yield base shear and 
ultimate base shear from model 2 model 7 by 16.22% 
and 9.02%. 
   
CONCLUSIONS 
 
Based on the results obtained from different analysis 
for the various building models, the following 
conclusion is drawn. 
1. Fundamental natural period of the building is a 

function of its lateral stiffness, as the percentage 
of central openings goes on increasing from 
10% to 35% the natural period increases. The 
stiffness of unreinforced masonry infill wall 
should not be considered if the percentage of 
central opening is more than 40%. 

2. The codal time period and analytical time 
period do not tally each other because codal 
calculation is depends on empirical formula. 

3. Fundamental natural period obtained for infill 
as a concrete block is more than the infill as a 
brick masonry. 

4. Base shear of the building is directly 
proportional to the lateral stiffness and mass of 
the building, as the stiffness of the building 
decreases with the increase in the percentage of 
central opening varies from 10% to 35% from 
model 2 to model 7, the base shear decreases for 
infill with brick and solid concrete block. 

5.  The lateral displacement of a building is a 
function of the stiffness, as the percentage of 
central opening goes on increases from 10% to 
35% the lateral displacement increases by 
40.37% for infill as a brick masonry. 

6. The lateral displacement of a building is a 
function of the stiffness, as the percentage of 
central opening goes on increases from 10% to 
35% the lateral displacement increases by 
38.77% for infill as a solid concrete block. 

7. As the percentage of opening increases in the 
infill buildings, the yield and ultimate base 
shear decreases.   

8. Flexural hinges are found under life safety and 
collapse prevention range of yield state for the 
both brick masonry and concrete block infill. 
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