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Abstract: Due to increasing population, vehicle parking space in residential apartments as well as in commercial towers,
is a matter of major concern. Hence, in modern multistory constructions trend is been to utilize one of the storeys as a
parking. But this type of feature is very undesirable in highly earthquake prone zones; this has been verified from past
history and study of earthquakes. This open story in building is termed as “SOFT STOREY”. In this thesis we are
concentrating on finding the best place for soft stories in multistory building. For that, we are considering different
positions of soft storey. The various models considered will be compared for shear force, bending moment, deflection and
storey drift. Equivalent static analysis will be performed by using STAAD-pro software package.
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INTRODUCTION

Aim- To analyze the reinforced cement concrete framed building for different position of soft
storey, and to check the best suitable position of soft storey from earthquake point of view.

Objective- The soft story occurrence, which is one of the most hazardous vertical irregularities
in buildings, will be investigated in this study. The main objectives of this study can be listed as
follows:

9 Seismic analysis of G+8 RC framed building with the help of software STAAD-pro.
9 To perform earthquake analysis of bare frame building model.

9 To perform earthquake analysis of G+8 RC framed building with parking storey at ground
and first floor and position of soft storey (an auditorium) is changing from second to eighth
floor.

General- Many multistory buildings have open first storey as an unavoidable feature. This is
primarily being adopted to accommodate parking. In which columns in the ground storey do
not have any partition walls in between them. Stories with exterior walls only and no infill walls
are also provided for offices, banks, meeting halls etc; these open stories can be placed at any
floor of a building to fulfill functional necessity, such stories are generally termed as soft stories.
But the most destructive and unfortunately the most general irregularity of building structures
that lead to collapse is the soft story irregularity.

Soft Storey- According to IS 1893 (Part1): 2002(clause no. 4.20) - a soft storey as one in which
the lateral stiffness is less than 70 percent of that in the storey above or less than 80 percent of
the average lateral stiffness of the three storeys above. Hence in multistory building with no
infill walls in the first storey or any intermediate storey is known as soft storey. The building is
known as soft storey building or stilts floors. Fig. 1 shows soft storey construction. Soft storey
suddenly changes the stiffness along the height of building. Soft storey buildings, having only
columns in soft storey and both partition walls and columns in the upper storeys, have two
distinct characteristics, namely-

9 It is relatively flexible in anopen storey, i.e., the relative horizontal displacement it
undergoes in anopen storey is much larger than what each of the storeys above it does.

172
Organized by C.0.E.T, Akola. Available Online at www.ijpret.com




9 Itis relatively weak in an open storey, i.e., the total horizontal earthquake force it can carry
in anopen storey is significantly smaller than what each of the storeys above it can carry.

Thus, soft storey may also be a weak storey.

Fig. 1-Soft storey construction

Failure in soft storey- The most frequent failure mode of reinforced concrete moment frame
buildings is the so called “soft storey” mechanism. This phenomenon is caused by the fact that-

1 The overall shear force applied to the building by an earthquake is higher at the base and
wide openings present in the bottom storey and not present at upper levels, weaken the
structure & cause the damages.

9 The common practice of building design considers infill as non structural elements and
building is designed as framed structures without taking into account the structural action
of masonry infill walls.

9 Due to abnormal inter storey drift occur between adjacent stories during strong
earthquakes, lateral forces cannot be well distributed along the height of the building. This
results in concentration of forces at storey having larger displacement relative to another.
This may lead to collapse.

9 Absence of interior as well as exterior walls at soft storey floor results in increment of
stresses on columns and beams. If these are not capable to take so much of stresses, they
may be damaged or collapse. Fig.1 shows failure of soft storey construction.
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Fig. 2-Soft storey failure

Need- As experienced from last various earthquakes soft storey buildings are more vulnerable
to earthquake and shows poor performance. Because it changes the stiffness and reduce the
lateral load resisting capacity of the system at that storey. As a results of which high level
structural damages occurs in the building. Hence there is need to determine and evaluate the
effect of soft storey at different level of structure on bending moment and shear force.

LITERATURE REVIEW

General- A state of the art literature review is carried out as part of the present study. This
chapter presents a brief summary of the literature review. The following relevant literatures
have been reviewed from various journals, text books, teaching resources and technical
analysis reports. This literature covers mathematical structural model, performed analysis by
analytical and practical approach.

Review of Technical papers

Rahiman Khan et.al. (2013)[1], open first storey is a typical feature. These have been verifying
numbers of experiences of strong past earthquakes. Authors are concentrating on finding the
best place for soft stories in high rise buildings. With the availability of fast computers, so-called
performance based seismic engineering (PBSE), where inelastic structural analysis is combined
with seismic hazard assessment to calculate expected seismic performance of a structure, has
become increasingly feasible. With the help of this tool, structural engineers too, although on a
computer and not in a lab, can observe expected performance of any structure under large
forces and modify design accordingly. PBSE usually involves nonlinear static analysis. Objective
of the study is to see the variation of load displacement graph & check maximum base shear
and displacement of frame with soft storey and to obtain push over curve. Finally plastic hinge
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formation for ground floor soft storey and ground plus different level storey have been
obtained at different displacement levels. Study reveals that as we shift soft storey to higher
level, intensity of hinge formation becomes lower & lower in soft storey. But base shear &
displacement increases.

Jaswant Arlekar et.al. (1997)[2], investigated the behavior of nine different models of the
reinforced concrete framed structures by using ETABS. Linear elastic analysis is performed. The
frame members are modeled with rigid end zones, the walls are modeled as panel elements,
and the floors are modeled as diaphragms rigid in-plane. The soil flexibility is introduced as
linear winkler springs under the footing. Study concludes that RC frame buildings with open first
storeys are known to perform poorly during in strong earthquake shaking but cannot be
eliminated. Alternative measures need to be adopted which are as follows-

(a) Increasing the stiffness of the first storey such that the first storey is at least 50% as stiff as
the second storey

(b) Providing adequate lateral strength in the first storey i.e.-provision of stiffer columns in the
first storey, and provision of a concrete service core in the building.

Md.Sharif Hossain et.al. (2013)[3], this thesis work presents a study the nonlinear seismic
behavior on RC ‘soft stories’ buildings in presence of masonry infill. Lateral stiffness of infill
walls is calculated using the ‘Equivalent Diagonal Strut’ model. Four RC buildings of different
heights (3-, 6-, 12- and 24- storied) are analyzed and designed for vertical loads only. The
nonlinear dynamic analysis of the structure is performed for El Centro earthquake ground
motion, incorporating provisions for major and moderate seismic detailing. Moment-curvature
relationships are of the column and beam sections are derived which shows that without
seismic detailing the column section fail quite rapidly. The floor deflections and the column
moment are obtained from nonlinear dynamic analysis using ETABS with no infill and partial
infill (no infill at 1%tfloor) as well as full infills. Result show that the structures survive for full
infill, but not for no infill.

Rakshith Gowda et.al. (2014)[4], considered two different, vertically regular and vertically
irregular, (G+14) building models, with OMRF in earthquake Zone V and the soft storeys were
provided at different level for different load combinations. The ETABS software package was
used for modeling and analysis of RC buildings and they have compared the results of bare
frame, frame with infill and different location of soft storey. Finally concluded that, providing
infill improves earthquake resistant behavior of structure when compared to soft storey
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provided and the storey drift was observed to be maximum in vertically irregular structure
when compared to regular structure.

Pallavi Desai (2013)[6], investigated the behavior of reinforced concrete framed structures by
using STAAD pro. For that she had modeled four G+7 structure and compared stiffness of these
models. The study emphasized on provision of stiffer column in first storey.

Amit Gawande (2013)[7], investigated the seismic performance and design of the masonry infill
reinforced concrete structure with the soft first storey under a strong ground motion.

PLANNING & MODELLING

Description of building model- In this project work G+8 three dimensional building model is
selected for which the soft storey behavior is studied. For this a commercial building is
considered, in which we have provided ground and first floor for vehicle parking, second floor
to seventh floor for shopping centers, offices, cafe area etc. and top floor as an auditorium. For
the analysis we are changing the position of an auditorium from second floor to eighth floor.
The building is having special RC moment-resisting frames (SMRF) provided in 09 bays in X-
direction and 09 bays in Y-direction. Height of each story is taken as 3.6 m. Models are
generated to get displacement, storey drift, shear force and bending moment, which are
discuss further in this work.

Details of structural elements and materials-
Plan dimension —40.100m X 40.100m
Total height of building —28.8 m
Height of each storey —3.6 m

Size of columns —300mm X 750mm

1

1

1

1

9 Size of beams—-230mm X 600mm
9 Thickness of slab—150 mm

9 Thickness of Wall =230 mm

' Thickness of equivalent diagonal strut —230mm
1

Width of equivalent diagonal strut — 700mm
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Live load on floors =3 KN/m?

Seismic zone — I

Soil condition — Medium soil (Type I1)

Zone factor — 0.10

Response reduction factor — 5.0

Importance factor — 1.0

Grade of concrete — M25

Grade of steel —

Fe 500

Bricks - Clay burnt brick, Class A, confined unreinforced masonry.

Proposed plans (Fig. no.3 to Fig.no.5)
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Fig. 4- Typical Floor Plan
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Fig.5- Top Floor Plan
Analytical Models
1. Bare Frame model of G+8 building (RC frame without considering infill Masonry effect).

2. G+8 RC framed building with parking storey at ground and first floor and position of soft
storey (an auditorium) is changing from second to eighth floor.

SCOPE OF THE WORK

9 RC frame buildings with soft story perform poorly during strong earthquake shaking.
Because the stiffness at lower floor is 70% lesser than stiffness at storey above it.

9 Though the soft storey is an unavoidable feature now a day, its location, number and
curtailment of infill wall acts an important factor for the soft story structures to displace
during earthquake.
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9 Special arrangement needs to be made to increase the lateral strength and stiffness of the
soft/open storey.

1 Addition of shear wall or bracing in various arrangements to structure is helpful in order to
reduce soft story effect on seismic response of building. This will also helps in minimizing
the impending damages and catastrophes.

I More investigations are required. And some guidelines have to be developed to minimize
the risk factor involved in soft storey buildings subjected to earthquake loading.
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