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Abstract- In this paper, the effect of masonry infills on the seismic response of a four-story reinforced concrete frame has
been studied. Seismic analysis has been performed using Response Spectra Method for different reinforced concrete (RC)
frame building models that include bare frame, in-filled frame without opening and in-filled frame with opening. The
results of bare frame, in-filled frame and in-filled frame with opening are discussed and conclusions are made for base
shear, Displacement. In modeling the masonry infill panels the Equivalent diagonal Strut method is used and the software
ETABS 2015 is used for the analysis of all the frame models.
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I. INTRODUCTION

Masonry walls built as infill between reinforced concrete frame, beam and column are usually considered as non-
structural element. Infilled frame structures are used to provide lateral resistance in regions of high seismicity,
especially in those places where masonry is still a convenient material, due to economical and traditional reasons.
Infill walls act as diagonal struts and increase the stiffness of RC frame building. The increase in the stiffness
depends on the wall thickness and number of frame panel with infills. Masonry infills are functioning mostly as
partitions and exterior walls. There are two different approaches for designing masonry in-filled concrete frames
depending on local construction site. In the first approach, masonry infill is taken as a part of structural system and
they are assumed to brace the frame against horizontal loading. In the second approach, the frame is designed to
carry the total vertical and horizontal loading. Moreover, masonry infill is uncoupled to avoid load being transferred
to them. In earthquake prone regions like India, masonry infill walls are counted as non-structural elements. They
are not taken into account at design stage. Generally the lateral deflection of a frame under lateral load is calculated
by taking the stiffness of columns and beams into consideration. But the stiffness of infill is never considered in
these calculations. The presence of infill increases the stiffness of the frame, which reduces the lateral deflection.
Thus the deflections and internal forces for frames with infill are less than for frames with infill. The present code of
practice does not include provision of taking into consideration the effect of infill. It can be expected that if the
effect of infill is taken into account, the design of resulting structural elements may be significantly different.

II. METHODOLOGY

2.1 Equivalent Diagonal Strut Method:

The most accepted method for the analysis of in-filled frame structure is Equivalent Diagonal Strut Method in which
entire infill is replaced by a single equivalent strut. In this method beams and column are designed as frame
members which are having six DOF at every node and brick infill is replaced by a pin jointed diagonal strut. The
thickness of a pin jointed diagonal strut is considered to be same as infill and its length is equal to the length of the
diagonal between the two compression corners. Width of a strut is calculated by using Smith’s formula.
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Figure 2.1: Equivalent Diagonal Strut Model
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Where,

w= width of equivalent strut

E.., E~= Elastic modules of the masonry & frame materials respectively

H= height of the infill wall

L= length of the infill wall

I.= moment of inertia of column

I,= moment of inertia of beam

0= slope of infill diagonal to the horizontal

For the infilled frame with opening diagonal strut width is depend on the strut width reduction factor (p,) and

opening area ratio (og,). Strut width reduction factor is defined as ratio of reduced strut-width to strut-width

corresponding to fully infilled frame, i.e.
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And Opening area ratio (o) is defined as
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From the above equation we can calculate the strut width of in-filled frame with opening. [1]

2.2 Response Spectrum Method

This method is applicable for those structures where modes other than the fundamental one affect significantly the
response of the structure. In this method the response of Multi-Degree of freedom (MDOF) system is expressed as
the superposition of modal response, each modal response being determined from the spectral analysis of single
degree of freedom (SDOF) system, which is then combined to compute the total response.
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[II. PROBLEM FORMULATION
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A 4 story building with 3 meters height for each story, regular in plan is considered. This building is considered to
be situated in seismic zone III. The building is modeled using software ETABS 2015. Linear dynamic analysis is
carried out and model is studied for comparing lateral displacement, base shear and Time Period. Window Opening
is considered in central bay of size 1.22m X 1.82m

Table 1 Description of Modeled Buildings

No. of stories 4

Floor height 3m

Infill wall 250 mm
Imposed load on Roof 1.5 kN/m’
Imposed load on floor 2 kN/m’

Size of columns 250 X 450 mm
Size of beams 250 X 350 mm
Depth of slab 150 mm

Grade of Concrete M20

Grade of Steel Fe 415
Specific weight of RCC 25 kN/m’
Specific weight of infill 20 kN/m’
Type of Soil Medium Soil
Zone III

Response spectra As per IS 1893 (part 1):2002
Effective Width of Diagonal Strut Without Opening 974 mm
Effective Width of Diagonal Strut With Opening 427 mm

Model 1: Bare Frame

http://dx.doi.org/10.21172/1.71.108

Staryd

Sy}

Base

Story4

Story3

story2

storyt

Base

[

Model 2: In-filled Frame
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Model 3: In-filled Frame with Opening
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IV. RESULT AND DISCUSSION
The seismic analysis of all the frame models that includes bare frame, in-filled frame and In-filled frame with

opening has been done by using software ETABS and the results are shown below. The parameters which are to be
studied are time period, story shear and Displacement.

4.1 Story Shear
25 T’
20 -
15 -
m Story Shear in Bare Frame
10 A B Story Shear With Infill
= Story Shear With Opening
5
0
Story4
Story3
o Story2
Story1

Figure 4.1: Comparison of Story Shear

Above figure 4.1 shows Comparison of story shear. It shows the story shear for bare frame, In-filled frame and in-

filled frame with openings for all stories. It explains that the Story shear of in-filled frame is more as compared to
bare frame and In-filled frame with openings.

4.2 Displacement

Figure 4.2 shows Comparison of Displacement. It shows the Displacement for bare frame, In-filled frame and in-

filled frame with openings for all stories. It explains that the Displacement of in-filled frame is less as compared to
bare frame and In-filled frame with openings
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Figure 4.2: Comparison of Displacement
4.3 Time Period
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Figure 4.3: Comparison of Time Period

Figure 4.3 shows Comparison of Time Period. It shows the Time Period for bare frame, In-filled frame and in-filled
frame with openings for all stories. It explains that the Time Period of in-filled frame is less as compared to bare
frame and In-filled frame with openings.

V.CONCLUSION

Based on above study the following conclusions are drawn,
1. The consideration of masonry infill as equivalent diagonal strut in the elastic response spectrum method

of analysis is helpful, in reducing the displacement of the structure and may be used to limit drift of
structure.

2. The base shear of infill frame is more than in-filled frame with opening and bare frame.

3. The time Period of in-filled frame is less as compared to in-filled frame with opening and bare frame.
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