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Abstract—Unreinforced Masonry infill walls (URM) are a common 
form of construction used in a three-dimensional RCC framed 
building structure. In the design and assessment of building, the infill 
walls are usually treated as nonstructural element and they are 
ignored in analytical models because they are assumed to be non-
beneficial to the structural response. URM, however, has a 
significant contribution as it not only increases the strength and 
stiffness of the structure but also imparts higher seismic force to the 
building due to its stiffening effect. In the present study the influence 
of URM on the seismic response of RCC buildings resting on hill 
slopes is studied. The hill slopes considered are 20°, 30° and 40°. 
The analysis is conducted for hills in seismic zone IV. Equivalent 
strut methodology given by IS 1893:2016 (part-1) is used to model 
the infill walls. Linear dynamic Response spectra analysis of building 
model is performed using ETABS 16 software. Analysis has been 
carried out for Step back, Step back-Set back building with and 
without the infill walls on varying hill slopes. The performance of the 
building is evaluated in terms of storey drift, lateral deflection 
andstorey stiffness.  
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Introduction 

Due to the lack of flatlands in hilly areas, construction 
activities are compelled to sloping grounds resulting in the 
construction of various important buildings such as hospitals, 
schools, etc, on hilly slopes. Also because of the rapid growth 
and urbanization in hilly regions, real estate development 
market has also observed major leaps in its construction 
activities. Due to this, population density in the hilly region 
has increased enormously. Therefore, there is popular and 
pressing demand for the construction of multistorey buildings 
on hill slope in and around the cities.Such buildings in slopes 
are exposed to higher shear and torsion as compared to 
buildings on plain lands. An inaccurate modelling of the 
structure can lead to unacceptable circumstances resulting in 
failure of the building.  

The infill walls were considered as a non-structural element in 
the analysis and contributed only as dead load that was 
superimposed on the beams. However, it has been observed 
that the presence of infill walls in multistorey buildings has a 
much greater significance in the analysis. The overall stiffness 
and strength of the frame increases greatly due to the in-plane 
stiffness and strength of the infill walls. Also, the energy 
absorption capacity of the frames with infill walls is higher 
than their bare frame counterparts due to their bracing 
functions.IS 1893-2016 (Part 1) provides guidelines for the 
inclusion of the Unreinforced masonry infill wall into the 
analysis of the structure using “Equivalent Diagonal Strut 
“method. In the present study, analysis has been carried out on 
8 storey Step back and Step back- Set back building resting on 
hilly areas with slopes of 20, 30 and 40 degrees using ETABS 
2016. Various seismic parameters of the building have been 
computed and compared with and without the presence of 
infill walls. 

Methodology 
The simplest way to define the infill panel in a frame is the 
Equivalent diagonal strut. The principle behind the method is 
that the infill frame can be assumed as a brace frame and it 
functions similar to the diagonal strut.  As per IS1893: 2016 
(Part 1), in RC buildings with URM infill walls, consideration 
of in-plane strength and stiffness of URM infill walls is 
important in order to examine the variation of storey strength 
and stiffness. The estimation of in-plane stiffness and strength 
of the URM infill walls is calculated by considering the 
following provisions-  

(i) The modulus of elasticity Em(in MPa) of masonry infill 
wall shall be taken as: 

Em = 550 fm 

fm= 0.433 fb
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Results and Discussions 

The analysis results for the buildings considered with and 
without the unreinforced masonry infill walls have been 
compared below. In the figures shown, the change in the 
lateral deflection, storey drift and storey stiffness in x-
direction of Step Back building and Step back-Set back 
building after the introduction of Equivalent diagonal strut 
have been represented with the help of line graphs. Bare frame 
considered is of the building on 20 degree slope.  

Comparing results for Step Back building  

 

Fig 5: Comparison of Storey Drift in x direction 

 

Fig 6 : Comparison of lateral deflection in x direction  

 

Fig 7: Comparison of Storey Stiffness in x direction  

Comparing results for Step Back-Set Back building 

 

Fig 8: Comparison of Storey Drift in x direction 

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0 2 4 6 8 10

Chart Title

Bare Frame 20° 30° 40°

0

10

20

30

40

50

0 2 4 6 8 10

Chart Title

Lateral Deflection(mm)

Lateral Deflection(mm)

Lateral Deflection(mm)

Lateral Deflection(mm)

0

100000

200000

300000

400000

500000

600000

700000

800000

0 2 4 6 8 10

Chart Title

Bare Frame 20° 30° 40°

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0 2 4 6 8 10

Chart Title



Saraj Saha and S.K Madan 
 

 
 

Journal of Civil Engineering and Environmental Technology 
p-ISSN: 2349-8404; e-ISSN: 2349-879X; Volume 6, Issue 4; April-June, 2019 

198

 

Fig 9 : Comparison of lateral deflection in x direction 

 

Fig 10: Comparison of Storey Stiffness in x direction 

CONCLUSIONS 
This study focusses on the structural response of masonry 
infilled RC structures analyzed using the linear dynamic 
response spectra analysis. From the results obtained, it is 
clearly seen that the inclusion of unreinforced masonry infill 
walls (URM) as a structural member in the analysis 
contributes heavily in resisting the in-plane lateral loads. 
Various conclusions are drawn from the data obtained in the 
analysis which are mentioned below.  

 As the hill slope is increased, the storey displacement and 
the storey drift gradually decreases. 

 Due to the effect of unreinforced masonry wall, the lateral 
stiffness at first floor is 1.8 times for 20 degree slope, 1.7 
times for 30 degree slope and 1.65 times for 40 degree 
slope in the X direction.  

 Storey drift values for all the configurations Is found to be 
less than the permissible value,i.e, less than 0.004 times 
the storey height as per IS 1893:2016(part 1). 

 Finally , as per the observations of this paper, it is 
recommended to consider the contribution of the 
unreinforced masonry infill wall in the seismic analysis of 
the R.C.C framed building 
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