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Abstract

RC framed buildings are generally designed without considering the structural action of masonry infill walls present. These walls are
widely used as partitions and considered as non-structural elements. But they affect both the structural and non-structural
performance of the RC buildings during earthquakes. RC framed building with open first storey is known as soft storey, which
performs poorly during earthquakes. A similar soft storey effect can also appear below plinth, when the ground material has removed
during excavation and refilled later. To observe the effect of masonry infill panel, it is modeled as an equivalent diagonal strut. In
order to study these six RC framed buildings with brick masonry infill were designed for the same seismic hazard. In the present paper
an investigation has been made to study the behavior of RC frames with various arrangement of infill when subjected to earthquake
loading. The results of bare frame, frame with infill, soft ground floor, soft basement and infill in swastika pattern in ground floor are
compared and conclusions are made. It is observed that, providing infill below plinth and in swastika pattern in the ground floor
improves earthquake resistant behavior of the structure when compared to soft basement.
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1. INTRODUCTION

In many countries RC frames are infilled fully aarpally by
masonry infill panels with or without openings. &nthese
panels significantly enhance both the stiffness stnehgth of
the frame, their contribution is not taken into @aat because
of the lack of knowledge of the composite behawbrthe
infilled frame. In the present practice of struefudesign in
India, masonry infill panels are treated as nomucstral
element and their strength and stiffness contrioutare
neglected. In fact the presence of infill wall chas the
behavior of the frame action in to truss actiomstichanging
the lateral load transfer mechanism. Performandsudéiings
in the past earthquakes clearly illustrates thatghesence of
infill walls has significant structural implicatisn Therefore,
we cannot simply neglect the structural contributaf infill
walls particularly in seismic regions where, thanfie—infill
interaction may cause significant increase in lstiffness and
strength of the frame in spite of the presence mé#nings.
Objective of present study is to find effect ofilitd in the
frame and also the behavior of structure belowtiplifhe
structure below plinth is normally assumed to penfdike a
soft storey with loose soil material filled aftetcavation. To
lay down the column foundation for the structure thaterial
adjoining the column and footing is excavated aadilied
after completion of foundation work. The frame tHosmed
above the footing level and up to the ground lasehfilled
with loosely filled material and fails to give siiaui effect of

infill masonry and acts like a soft basement. Thalysis and
design provisions related to masonry infilled R@nfies in
seismic design codes of different countries shdves only a
few codes have considered the effect of infill makysis and
design of masonry infiled RC frames. In the caxfe
horizontal loading due to wind or seismic actidrisiusual to
assume that an equivalent compression strut cdacesphe
action of the masonry infill panels.

2. DESCRIPTION OF STRUCTURAL MODEL

For the study six different models of an elevenestduilding

are considered the building has five bays in X aioe and
five bays in Y direction with the plan dimension 25x 20 m
and a storey height of 3.5 m each in all the flaord depth of
foundation taken as 1.5 m. The building is kept s\atric in

both orthogonal directions in plan to avoid torsibresponse.
The orientation and size of column is kept sameufhout
the height of the structure. The building is coesid to be
located in seismic zone V. The building is foundedmedium
strength soil through isolated footing under thducms.

Elastic moduli of concrete and masonry are taker2 386
MPa and 5500 MPa respectively and their poison® i@

0.20 and 0.15 respectively.

Different types of analytical models with the urgtanding of
behavior of infill panels were developed. Out dfrakthods,
method based on equivalent structural approachff¢&la
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Smith1966) is simple and easier to apply in prattaesign.
The single strut model is the most widely usedt s simple
suitable for large structures. Response reductetof for the
special moment resisting frame has taken as 54uifsag
ductile detailing). The unit weights of concretedamasonry
are taken as 25.0 KN/m3 and 20.0 KN/m3 respectiviety
floor finish on the floors is 1.5 KN/m2. The livedd on floor
is taken as 3.5 KN/m2. In seismic weight calculaicb0 % of
the floor live loads are considered.

3. MODEL CONSIDERED FOR ANALYSIS

Following six models are analyzed as special moment
resisting frame using equivalent static analysid eesponse
spectrum analysis.

Model I: Bare frame model, however masses of infdlls are
included in the model.

Model II: Full infill masonry model. Building hasne full
brick infill masonry wall in all storeys includinghe first
storey and below plinth.

Model IlI: Building has one full brick infill masoy wall in
all storeys except below plinth.

Model IV: Building has no wall in the first storeynd one full
brick infill masonry wall in upper storeys and beldirst
storey.

Model V: Building has no wall in first storey andidement
and one full brick infill masonry wall in upper sies, above
first storey.

Model VI: Building similar to model 5 but with idfiwalls in
the swastika pattern in the ground storey. (Refet ¥

4. MODELING OF FRAME MEMBERSAND
MASONRY INFILL

The frame members are modeled with rigid end caordt
the floors are modeled as diaphragms rigid in pkamé walls
are modeled as panel elements without any operiihg.
frames with unreinforced masonry walls can be mediels
equivalent braced frames with infill walls replacday
equivalent diagonal strut. Many investigators haveposed
various approximations for the width of equivalelidgonal
strut. The width of strut depends on the lengthcohtact
between the wall & the columns,} and between the wall &
the beamso( ). The formulations fon, ando, on the basis of
beam on an elastic foundation has been used giw&tdiford
Smith (1966). Hendry (1998) proposed the followatation
to determine the equivalent or effective strut Wwigt, where
the strut is assumed to be subjected to uniformpcessive

stress.
m | 4E/lh
a,=_ 4———— @)
2 \E,tsin26

4E, I, L
a =ms|———— )
E.tsin28
W=%\/0’h2 +a,’ 3)

Where

E., is elastic modulus of masonry wall,

E; is elastic modulus of frame material,

tis thickness of infill,

h is height of infill and L is length of infill,

I is moment of inertia of the column,i$ moment of inertia
of the beam anél = tan* (h/L).

| i 0 | 8 | 1 i 5 i |

LHH

Model 1 Model 2 Aodel 3

Modeld Model 3 MModel6

Fig. 1. Elevation of eleven storey reinforced concreteding

5.ANALYSISOF THE BUILDING

Equivalent static and response spectrum analysesbban
performed as per IS 1893 (part-1) 2002 for eachahasding
ETABS 9.6 (computer and structures) software. latkrad
calculation and its distribution along the heightdione. The
seismic weight is calculated using full dead loaasH0% of
live load. The results obtained from analyses amapared
with respect to the following parameters.
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5.1 Fundamental Time Period:
Table 1: Comparison of time period by IS code method aradyais using ETABS software.

Fundamental time period (sec.)
Model No. IS Code 1893-2002 ETABS Analysis (RSA)
longitudinal transverse longitudinal transverse
1 1.113 1.113 2.133 2.133
2 0.657 0.734 0.538 0.538
3 0.657 0.734 0.555 0.555
4 0.657 0.734 0.731 0.731
5 0.657 0.734 0.816 0.816
6 0.657 0.734 0.579 0.579
5.2 Seismic Base Shear:
Table.2: Comparison of seismic base shear
Base shear (kN)
IS Code 1893-2002 ESA (ETABS) RSA (ETABS)
Model No. longitudinal transverse longitudinal tsaarse longitudinal transverse
1 4590.24 4590.24 15548.7 15548.7 4181.89 4015.31
2 12648.51 11395.06 23263.89 23263.89 22430.36 32066
3 12545.12 11301.91 23059 23059 22961.24 20606.28
4 12166 10960.36 22307.6 22307.6 20310.47 17270.36
5 12062.6 10867.21 22102.7 22102.7 18670.2 16223.69
6 12320 11099.05 22612.7 22612.7 21647 20030.72
25000 |—\| ‘ ’
20000 /r \
g ésooo 1] iy IS Code
n 2 I} -l
8 0000 / ie—ESA
J RSA
5000 -
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Fig.2: Base shear Vs Model No. for various models alemgitudinal direction.
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5.3 Storey Drift:

Table.3: Storey Drift for various models along longitudimtdection.

Storey Drift(mm)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Storey ux ux ux ux ux ux
11 3.414 0.354 0.349 0.346 0.34 0.344
10 4.75 0.639 0.427 0.422 0.416 0.421
9 6.221 0.669 0.494 0.489 0.482 0.488
8 7.532 0.667 0.551 0.545 0.537 0.544
7 8.562 0.657 0.595 0.589 0.581 0.588
6 9.254 0.636 0.628 0.622 0.613 0.621
5 9.546 0.603 0.649 0.644 0.636 0.644
4 9.302 0.559 0.66 0.646 0.637 0.654
3 8.183 0.502 0.66 0.749 0.755 0.667
2 5.412 0.433 0.657 2.081 2.554 0.808
1 1.622 0.355 0.609 0.523 1.233 0.659
12
10 - —¢—Model 1
2‘ 8 -+ =fi—Model 2
g_>f 6 == Model 3
c‘?‘v’ 4 == Model 4
2 1 ==Model 5
0 - —=®—Model 6
0 5 10 15
Storey Drift (mm)

Fig.3: Storey Vs Storey drift for various models alongdiudinal direction.

5.4 Storey Displacement:

Table 4: Displacement for each model along longitudina¢cliion

Displacement (mm)

Model 1 Model 2 Model 3 Model 4 Model 5 Model §
Storey ux ux ux ux ux ux
11 255.1 10 10.3 16.3 19 11
10 243.1 9 9.3 15.3 18 10
9 226.5 7.9 8.2 14.2 16.9 8.9
8 204.7 6.7 7 13 15.8 7.7
7 178.3 5.4 5.8 11.8 14.6 6.5
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6 148.4 4.2 4.6 10.7 13.5 5.4
5 116 3.1 35 9.6 12.4 4.3
4 82.6 2.1 2.6 8.6 11.5 3.3
3 50 1.3 1.7 7.9 10.7 2.5
2 21.4 0.6 1.1 6.9 9.7 1.9
1 2.4 0.2 0.6 0.5 1.8 0.8
12
10
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0 100 200 300 ¢ Modelb
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Fig.4: Storey Vs Displacement for various models alomgjitudinal direction.

6. RESULTSAND DISCUSSIONS

It is observed that model | gives higher time pgriompared
to other models. Also time period is almost twioe fodel |
from ETABS compared to IS code. Time period for elotlis
0.731 and model 1 has 2.133.It shows that the d@defith
below plinth reduces time period. Walls in swastildtern in
ground floor reduces time period by 29% as compaced
model 5. Thus the provision of infill wall justiie the
reduction in time period. It is also observed tlaiteral
stiffness in different models under consideratiomiacreasing
with the addition of infill compared to situationhen infill is
not provided.

The seismic base shear values obtained from IS and&SA
(ETABS) for various models do not differ much comgzhto
RSA values. The values obtained from code and ESA
(ETABS) are not in a good agreement. Further RS&dgi
more effective base shear values compared to ESA.

The storey drift of Model 1V is 67% less comparedModel |

at the first floor level. It is therefore concluddétht the infill

wall can be a good solution to reduce the stordit dt

basement level. Also the drift of model VI is 68%sd
compared to Model V at second storey level. Hehoan be
concluded that instead of keeping the ground staseg soft
one it is better to provide infill in particularrdctions such
that parking facility do not get obstructed.

The lateral displacement is very large for barenframodel
compared to other models. At storey 2 level, therest
displacement of Model 1V is 67% lesser than Modeht at
top storey level the displacement of Model IV i®@8sser
than Model I. Comparing model V and VI it is obssshthat at
storey level 2, the displacement of model VI is 8@%ser and
at top it is 42% lesser than model V. Thus it carcbncluded
that addition of infill act as drift and displacemieontrolled
elements in RC buildings.

CONCLUSIONS

The fundamental time period of the building decesaghen
the effect of masonry infill wall is considered. itclearly
indicates that the masonry infill panel has straitu
implications and should not be ignored in the asialyThe
seismic base shear values obtained from IS codetisn a
good agreement with the values obtained from ESPAES).
Further it has been found that the calculation atheguake
forces by treating the building as bare frame tesii an
underestimation of base shear. The storey drifiafomodels
satisfy the permissible limit 0.004*h where h is thtorey
height, as per IS 1893. The displacement demawdrishigh
for bare frame model. Thus the provision of infillall
enhances the performance in terms of storey dispiaots.
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