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Abstract— This paper focusing on soft storey Multi-storey 

steel structure buildings, These building are becoming 

increasingly common and economical in developed and 

developing countries with the increase in urbanization all 

over the world. Many of these buildings do not have 

structural walls at ground floor level to increase the 

flexibility of the space for recreational use such as parking or 

for retail or commercial use. these buildings which possess 

storey that are significantly weaker or more flexible than 

adjacent storey are known as soft storey buildings, these are 

characterized by having a story which has a lot of open 

space. while the un obstructed space of the soft story might 

be aesthetically or commercially desirable, it also means that 

there are less opportunities to install shear walls, specialized 

walls which are designed to distribute lateral forces so that a 

building can cope with the swaying characteristic of an 

earthquake. Soft-storey is also called as flexible storey. a 

large number of buildings with soft storey have been built in 

recent year. But it showed poor performance during past 

earthquake. soft story’s are subjected to larger lateral loads 

during earthquakes and under lateral loads their lateral 

deformations are greater than those of other floors so the 

design of structural members of soft stories is critical and it 

should be different from the upper floors. In this thesis 

“analysis of soft-storey for Multi-storeyed steel structure 

building in zone” 2 “, applying the analyse and explore the 

behaviour of soft-storey at different floor level of building 

under seismic load actions respectively. 
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I. INTRODUCTION 

A soft story building is a multi-story building with one or 

more floors which are “soft” due to structural design. Soft 

story buildings are characterized by having a story which 

has a lot of open space such as parking garages, or large 

retail spaces or floors with a lot of windows. This soft story 

creates a major weak point in an earthquake, since soft 

stories are classically associated with retail spaces and 

parking garages, they are often on the lower stories of a 

building, and the upper floors of most buildings are more 

rigid than their base floors. As a result, the seismic 

behaviors of the base and the upper floors are significantly 

different from each other. This phenomenon is called as the 

soft-story irregularity. 

 building has a floor which is 70% less stiff than the 

floor above it, is considered as a soft story building. 

While the unobstructed space of the soft story might be 

aesthetically or commercially desirable, it also means 

that there are less opportunities to install shear walls, 

specialized walls which are designed to distribute 

lateral forces so that a building can cope with the 

swaying characteristic of an earthquake. 

 Soft story also exists at intermediate floors too, floors 

which are “soft” due to structural design. These floors 

can be especially dangerous in earthquakes, because 

they cannot cope with the lateral forces caused by the 

swaying of the building during a quake. As a result, the 

soft story may fail, causing what is known as a soft 

story collapse. 

A. Soft Story Building Adopt Steel Structure 

Steel is not just a material aimed at technical prowess! It has 

many qualities that make it the preferred material for 

architects. It is economical and provides great mechanical 

functionality; it permits the design of structures which are 

graceful, light and airy it streamlines construction site 

processes and offers rapid execution. A major advantage, 

however, is the infinite freedom for creation which it affords 

the architect. The combinations of different products lend 

themselves to rich and varied types of construction. When 

combined with glass, steel makes fabulous use of light and 

space such buildings, the stiffness of the lateral load 

resisting systems at those stories is quite less than the stories 

above or below .Large spans constitute one of the major 

benefits of steel structures, . Large spans facilitate future 

developments of the structural elements. The load-bearing 

frame is integrated in the exterior walls of the building in 

order to free up space. Large spans were once confined to 

industrial buildings or ware houses ,but are now very 

common in office or residential buildings .It is advisable to 

adopt the principle of load-bearing columns, rather than 

bearing walls, 

B. Steel Structure Material 

Steel structure offers exceptional qualities in terms of 

mechanical resistance. Of the most commonly used 

materials in construction, structural steel. These are 

classified, according to their composition. The main 

structural steel grades are ISMB 600 Girder for column 

member & for ISMB 500 for beam structural members. & 

Bracing is used with double angle of size 100x100x8 

However the higher strength structural steel grade is used 

more and more in construction. Analysis on the structural 

steel building with the aid of ETABS software. 

Determination of a soft storey for per floor up to 5th floor 

II. ANALYSIS AND METHODOLOGY 

Aim of this unique project is to study the load, moment & 

base shear of soft storey for multi-storey steel structure 

buildings when subjected to lateral loading and to develop a 

representative seismic performance assessment procedure 

for soft storey buildings subject to different levels of ground 

shaking.  the effect of soft story on structural behaviour of 

high rise buildings and seismic response of soft story 

structures. Also compare the soft story structural response of 
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high rise building with various. As the infill walls are not 

regarded as a part of load carrying system, generally 

engineers do not consider their effects on the structural 

behaviour. Therefore, In this study, effect of infill walls on 

structural behaviour, especially for the soft story, is 

investigated in order to increase the level of knowledge and 

awareness .A comparative study was performed on 3-D 

analysis model created in ETABS [15], a commercial 

computer program for the analysis of structures. Earthquake 

Effect on Soft-Storey for steel structure Building 

Symmetrical constructions in both plan and height show 

better resistant an earthquake than those that do not have 

this symmetry. Since the presence of a soft storey which has 

less rigidity than other storey’s spoils the perpendicular 

symmetry of the construction and if this fact was not taken 

into consideration, it causes the construction to be affected 

by the quake. Because the columns in this part are forced by 

the quake more than the ones in the other parts of the 

building. & the walls increase the rigidity at a certain degree 

in the construction. There is 15 % difference of rigidity 

between a storey with walls and the one without any walls. 

During an earthquake more moment and shear strength fall 

on the columns and walls in the entrance floors than the one 

in the upper storey’s. If the walls that exist in other storey do 

not exist in the entrance floor, these columns are forced 

more those in other storeys. Due to the fact that there is less 

rigidity in soft storey .To transfer lateral load from floor 

diaphragm to the foundation suitable vertical elements are 

required. They may be moment resisting frames, bearings or 

laterally much stiffer than moment resisting frames. It is 

necessary to design the frame for at least 25% Soft storey 

attracts plastic deformation resulting in the collapse of the 

building. y the quake. Because the columns in this part are 

forced by the quake more than the ones in the other parts of 

the building. & the walls increase the rigidity at a certain 

degree in the construction. There is 15 % difference of 

rigidity between a storey with walls and the one without any 

walls. During an earthquake more moment and shear 

strength fall on the columns and walls in the entrance floors 

than the one in the upper storey’s. If the walls that exist in 

other storey do not exist in the entrance floor, these columns 

are forced more those in other storeys. Due to the fact that 

there is less rigidity in soft storey. To transfer lateral load 

from floor diaphragm to the foundation suitable vertical 

elements are required, moment resisting frame.  

A. Properties of Steel Structure Buildings 

 

 
Fig. 1: Structure of Steel Structure Buildings 

In modelling building steel structure frame, the following 

material properties and geometrical properties was used for 

beam, columns, masonry infill. Normal weight concrete was 

chosen for finite element analysis of building frames 

respectively. 

B. Scope & Objective  

Aim of this unique project is to study the load deflection 

behaviour of soft storey for multi-storey steel structure 

buildings when subjected to lateral loading and to develop a 

representative seismic performance assessment procedure 

for soft storey buildings subject to different levels of ground 

shaking.  the effect of soft story on structural behaviour of 

high rise buildings and seismic response of soft story 

structures. Also compare the soft story structural response of 

high rise building with various. As the infill walls are not 

regarded as a part of load carrying system, generally 

engineers do not consider their effects on the structural 

behaviour. Therefore, in this study, effect of infill walls on 

structural behaviour, especially for the soft story, is 

investigated in order to increase the level of knowledge and 

awareness. A comparative study was performed on 3-D 

analysis model created in ETABS [15], a commercial 

computer program for the analysis of structures. Earthquake 

Effect on Soft-Storey for steel structure Building 

Symmetrical constructions in both plan and height show 

better resistant an earthquake than those that do not have 

this symmetry. Since the presence of a soft storey which has 

less rigidity than other storey’s spoils the perpendicular 

symmetry of the construction and if this fact was not taken 
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into consideration, it causes the construction to be affected 

by the quake. Because the columns in this part are forced by 

the quake more than the ones in the other parts of the 

building. & the walls increase the rigidity at a certain degree 

in the construction. There is 15 % difference of rigidity 

between a storey with walls and the one without any walls. 

During an earthquake more moment and shear strength fall 

on the columns and walls in the entrance floors than the one 

in the upper storey’s. If the walls that exist in other storey do 

not exist in the entrance floor, these columns are forced 

more those in other storeys. Due to the fact that there is less 

rigidity in soft storey. To transfer lateral load from floor 

diaphragm to the foundation suitable vertical elements are 

required. They may be moment resisting frames, bearings or 

laterally much stiffer than moment resisting frames. It is 

necessary to design the frame for at least 25% Soft storey 

attracts plastic deformation resulting in the collapse of the 

building. Many such failures due to soft storey were 

observed for a good seismic performance it is necessary to 

have high redundancy, thus even after failure of one of the 

member the structure may not fail. If they are monolithically 

connected to each other and if yielding takes place in one of 

them then redistribution of forces takes place. Criteria for 

earthquake resistant design of structure I S 1893: 2002 

model created in ETABS [15], a commercial computer 

program for the analysis of structures. Earthquake Effect on 

Soft-Storey for Multi-storeyed steel structure Building 

Symmetrical constructions in both plan and height show a 

better resistance during an earthquake than those that do 

have this symmetry. Since the presence Gravity load- 

resisting system in multi-storeyed building Slim floor 

system. Slim Floor System is a fast, innovative and 

economical solution which combines cellular concrete slabs 

with built-in steel beams. It may be used when beams are 

pinned connected to the columns When rigid connections 

are necessary, the plastic hinges cannot develop system is 

not appropriate for seismic applications New Structural 

Design of Low Cost Housing - A design approach to handle 

soft storey effect is based on the ratio of integrated stiffness 

of the first storey to integrated stiffness of other storeys 

above. To meet standard or code in preventing soft storey 

effect, the lateral stiffness of the first storey should exceed 

70% of second storey stiffness, and should exceed 80% of 

average stiffness of three storeys above [8]Based on data 

obtained from masonry wall and precast concrete frame 

testing, steel bracings or concrete walls at the first storey are 

then provided in appropriate amount and configuration such 

that much improved design can be achieved.  Research on 

the structural stiffness of low cost housing design conducted 

with the aid of ETABS software. Determination of a storey 

stiffness was obtained by providing a lateral movement on 

specified storey, while other stories were restrained. Storey 

stiffness was calculated as the ratio of lateral force provided 

to storey lateral displacement 

You can add the remaining content as it is but the 

heading must be Time New Roman Front of size 11 with 

bold and the content must be as of introduction i.e time new 

roman of size 10 and must be justified alignment 

III. LITERATURE REVIEW 

A. Analysis of Building Structure with Soft Stories 

Altuntop, Mehmet Alper, M.S., Civil Engineering 

Department 

1) Supervisor: Asst.Prof.Dr. Tolga Akıs, Co-Supervisor: 

Asst.Prof.Dr. Burcu Günes, October 2007, 93 pages 

The poor performance level, and hence the high level of 

structural damage in the stock of building structures during 

the frequent earthquakes happened in our country by the last 

decade, increased the need to the determination and 

evaluation of the damages in the building type of structures, 

so much more than ever before. The most destructive and 

unfortunately the most general irregularity in Turkish stock 

of building structures that lead to collapse is certainly the 

soft story irregularity. The commercial and parking areas 

with higher story heights and less infill walls reduce the 

stiffness of the lateral load resisting system at that story and 

progressive collapse becomes unavoidable in a severe 

earthquake for such buildings. This situation has been 

verified for all of the building structures with soft stories, 

independently from good quality of construction and design. 

has been collapsed in an earthquake as a result of soft story 

behaviour. 

2) Conclusions 

 In view of the results obtained by the nonlinear static 

pushover and nonlinear time history analyses of the 

considered building structures, following primary 

conclusions on the prediction of the nonlinear behavior 

of the models are obtained: 

 The displacement predictions of the code lateral load 

patterns are observed to be smaller for the lower stories 

and larger for the upper stories independent of the total 

number stories of the models. 

 The uniform lateral load pattern leads to 

overestimations of displacements for all of the models 

and deformation levels. 

 The predictions of the first mode lateral load pattern 

leads to more accurate displacement predictions, 

although this pattern leads to underestimations for 

lower stories and over estimations for the upper stories, 

the deviations on the results of this lateral load pattern 

decreases due to the existence of the soft stories as the 

number of stories and number of spans increase. 

 The results obtained by the nonlinear time history 

analyses are observed to be between the predictions of 

the uniform and first mode lateral load patterns The 

deviations are observed to be decreasing for higher 

deformation levels. 

 Depending on the increase in the soft story irregularity 

level of the models 
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Fig. 2: Structural Use of Non-conforming Materials 

B. F. H. Schott, D. A. Lee, J. Karns and M. D. Symans 

volume 07.  Page No 205 

In this paper Soft story buildings often perform poorly in 

earthquakes. Two examples are buildings with a street 

facing garage and commercial facilities with extensive open 

display windows. Structures like this can be unusable after 

an earthquake or even total collapse. This paper presents a 

way to protect this kind of structure by adding energy 

dissipation (viscous dampers) to limit peak inter-story drifts 

to about 1% under relatively severe seismic events. The 

addition of damping keeps deformations within the elastic 

range, so earthquake survivability increases significantly. A 

series of seismic analyses demonstrate the potential 

performance of the damping system. In addition, a variety of 

damper installation configurations that provide enhanced 

energy dissipation are discussed.  Earthquake survival is a 

serious concern for housing performance. After a major 

earthquake large numbers of people are without shelter, 

water, sanitary facilities, etc., for an extended period of 

time. Sustainability refers to the design or retrofit of a 

structure such that, in spite of being damaged during a major 

earthquake, the damage is of such a nature that it can be 

repaired within a relatively short period of time without the 

need to displace the building occupants. 

1) Conclusions 

This paper showed a way to protect Soft Weak Open Front 

(SWOF) buildings by adding an energy dissipation system 

(viscous dampers) to the ground story. This can limit peak 

inter-story drifts to about 1% under relatively severe seismic 

events, thus keeping the deformations largely within the 

elastic range. By adding damping earthquake survivability 

of this class of structures increases significantly. Based on 

the analysis presented herein, it is evident that installing a 

viscous damping system in the building can significantly 

increase the ground acceleration required to reach the 

limiting force capacity of the second story as compared to 

the use of a strength-based retrofit. Furthermore, practical 

issues related to implementation of such systems were 

discussed along with an illustration of potential installation 

configurations for narrow wall panels. 

C. Scope for Further Study 

The present study is confirmed to anlysis of soft storey for 

Multi-storeyed steel structure building in zone-2 for 

different floor levels the study may however be extended to 

soft-storey with openings at different location & with 

percentage. 

D. Conclusion 

This paper showed a way to protect Soft Weak Open Front 

(SWOF) buildings by adding an energy dissipation system 

(viscous dampers) to the ground story. This can limit peak 

inter-story drifts to about 1% under relatively severe seismic 

events, thus keeping the deformations largely within the 

elastic range. By adding damping earthquake survivability 

of this class of structures increases significantly. Based on 

the analysis presented herein, it is evident that installing a 

viscous damping system in the building can significantly 

increase the ground acceleration required to reach the 

limiting force capacity of the second story as compared to 

the use of a strength-based retrofit. Furthermore, practical 

issues related to implementation of such systems were 

discussed along with an illustration of potential installation 

configurations for narrow wall panels. Conclusion must be 

short and precise and should reflect the work or research 

work you have gone through. It must have same as above in 

introduction paper adjustment. 

IV. CONCLUSION 

The Soft-Storey for Steel Structure Building in Zone- 2 is 

analysed for Different Floor Levels I.E. (Soft-Storey @ 

Ground Floor up to 5th Floor,). From The Limited Study The 

Following General & Specific Conclusion. 

 The result of the present study shows that soft storey 

floor will have very determinant effect ground floor to 

top floor on structural behaviour of building and 

structural capacity will reducing under lateral loads. 

Displacement and relative story drifts are affected by 

the structural regularities. 

 Displacement: The displacement in the structure due to 

seismic effect for soft storey at different floor is 

increasing   floor to floor & displacement is max in top 

storey at every floor tabulated below. 

 Storey Drift: The drift in the structure due to seismic 

effect for soft storey at different floor is increasing 

floor wise i,e. in ground floor ground soft storey is 

maximum, similarly up to 5th floor. As per Indian 

standard, Criteria for earthquake resistant design of 

structures, IS 1893 (Part 1): 2002, the storey drift in 

any storey due to service load shall not exceed 0.004 

times the storey height. 
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