Evaluation of a Soft Storey Building's Seismic Response
S. RACHANA SHREE1, PRAKASH.P2
1Student, Department of Civil Engineering, Dayanand Sagar College of Engineering, Shavige Malleshwara Hills, Kumaraswamy Layout, Bengaluru, Karnataka 560078, India
2 Professor, Department of Civil Engineering, Dayanand Sagar College of Engineering, Shavige Malleshwara Hills, Kumaraswamy Layout, Bengaluru, Karnataka 560078, India


[bookmark: _Hlk124759170][bookmark: _Hlk124759171][bookmark: _Hlk124759328][bookmark: _Hlk124759329][image: ]                    	           International Scientific Journal of Engineering and Management                                                 ISSN: 2583-6129
                                  Volume: 02 Issue: 04 | April – 2023                                   DOI:                                                                                                                www.isjem.com    
 	              An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

---------------------------------------------------------------------***---------------------------------------------------------------------


© 2023, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                                 |        Page 1
[bookmark: _Hlk132576729]Abstract - Recent earthquakes caused severe structural damage to a number of new structures, which highlights how crucial it is to prevent abrupt changes in lateral stiffness and strength. Numerous existing reinforced concrete buildings are susceptible to damage or possibly collapse after a powerful earthquake, as evidenced by recent earthquakes that happened. While soft story damage and collapse are most frequently seen in buildings, they can also occur in other kinds of structures. The concrete columns in the lower level behaved like a soft story during the earthquake since they couldn't offer enough shear strength. Adding the appropriate bracing to soft storeys of a building is typically the most cost-effective retrofitting method.
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INTRODUCTION

Background
The A weak story, often referred to as a soft story, is one that has insufficient ductility (the ability to absorb energy) to withstand the stresses placed on the building by earthquakes. Buildings with soft stories typically have a story with a lot of open space . For instance, parking garages, sizable retail spaces, and floors with lots of windows frequently have soft stories. Soft storey buildings are those that have a floor that is 70% less rigid than the floor above it (UBC-1997, IBC-2003, and ASCE-2002). Since soft stories are traditionally associated with retail establishments and parking garages, they are frequently located on the lower stories of a building. As a result, when they collapse, they have the potential to bring the entire structure down, resulting in severe structural damage that may render the building completely unusable.
Fintel and Khan (1969) were the first to recognise the idea of a soft tale. By enabling the first-story column to yield during an earthquake, this design seeks to limit acceleration in a building.

 Research on soft storey
John Mo and Chang (1995) proposed a novel method for soft storey buildings in which the first story's reinforced concrete framed shear walls are topped with Teflon sliders. These shear walls are supported by columns and beams and are made to support some of the weight of the superstructure as well as the lateral load caused by the Teflon sliders' frictional properties. To allow massive drifts, the remaining first-story columns are built for ductile behaviour. 
The open first level must be expressly acknowledged in the seismic study of buildings, according to Arlekar (1997). Modelling these structures as raw, complete structures without accounting for infills in the upper levels is erroneous. In order to assess the new provisions for the earthquake resistant design of structures covered by the code IS 1893:2002, Kanitkar and Kanitkar (2004) studied a five-story building with soft storey.
The impact of the shear walls in the lower soft stories on the general seismic response characteristics was assessed by Lee and Co. in 2007.
A design methodology for creating a global type collapse mechanism for eccentrically braced frames in soft story structures was put out by Mastrandrea and Piluso (2009).
Tesfamariam and Liu (2010) established a specific index for soft stories to classify vulnerability in reinforced concrete building seismic risk assessments.
General behavior of soft storey 
 Open ground-floor structures have routinely performed poorly during previous earthquakes around the world. 
The top floor is substantially stiffer due to the presence of walls than the open ground storey. As a result, the top storey practically moves as a single block, while the building's soft layer level experiences significant horizontal displacement. 
Such a structure swings back and forth like an inverted pendulum creating significant stresses in the columns. If the columns are unable to withstand these loads or do not have enough ductility, they risk suffering serious damage. It is also referred to as an inverted pendulum. Storey drift is the change in distance between one level and the level above or below.
In 2009 In the recent earthquakes, several structures with soft storeys sustained severe structural damage and collapsed. Damages are caused by large open spaces with less infill and outside walls on the bottom floor compared to upper floors. The lateral load resisting systems in such buildings are far less stiff at such storeys than they are at stories above or below.
If there are unusual inter-story drifts between neighbouring stories during an earthquake, the lateral stresses cannot be evenly distributed throughout the structure's height. Due to this circumstance, the lateral pressures are focused on the tale with a significant displacement. Additionally, if the inter-story drifts and local ductility requirements are not taken into account when designing such a building structure for that story. A story's lateral displacement depends on its stiffness, mass, and the distribution of its lateral forces. It is also well known that the mass and stiffness of each story directly affect the distribution of lateral forces along a building's height. In the event that the P-delta effect is thought to be the primary factor contributing to the dynamic collapse of building structures during earthquakes, precisely calculated lateral displacements calculated during the elastic design process may be able to provide very valuable insight into the structural behaviour of the system. Therefore, a dynamic analytical technique is necessary in many actual codes for an effective determination of modal effects and local ductility requirements as well as an accurate distribution of the earthquake forces along the building height. There is a single block movement for the higher stories Again he columns and walls at the entrance floors have greater moment and shear strength during an earthquake than those in the upper storeys. Since there are no walls in the soft level floor, the columns in those storeys are pressed and put under much greater stress. If the columns are unable to withstand shear, they risk damage or perhaps collapse. 

ISSUES WITH SOFT STOREY BUILDINGS
General
In The majority of the damaged buildings have this peculiarity. This anomaly is frequently observed in structures with an open first or ground floor. Investigation into these and other inconsistencies led to the conclusion that earthquake codes are insufficient. This puts into sharp relief the need for these abnormalities to be controlled during the project and construction phases. Controlling is a necessary step in creating earthquake-resistant structures, and it should be used.
whether one level is stronger than another or higher than another. If a storey's height is at least 15% higher than that of the storeys above it or below it, or if it has to. The current code of practise does not include a clause requiring assessment of the impact of infill. It makes sense that if the impact of infill is included during the study and design of the frame, the final structures may differ dramatically.
Infill walls are typically treated as non-structural components in building design, and buildings are created as framed structures without taking into account the structural function of masonry infill walls. The presence and soft-storey impression due to the relative changes in stiffness of the infill in any building alters the behaviour of frame action. lateral load distribution and frame by a ratio of three to four. Such structures need to be properly developed and dynamically analysed.

                    LITERATURE REVIEW 
Gaurav Joshi, K.K. Pathak and Saleem Akhtar(2013): 
15 soft storey building frames were taken into account for the seismic analysis of soft storey building frames in this study.  By altering floor heights, soft storeys have been produced, and the impact of infill has been disregarded. In this manner, 45 frames in all are examined. Results are gathered in terms of maximum displacement, maximum moments, maximum shear force, maximum axial force, and maximum storey drift. These results are then critically analysed to quantify the effects of different parameters. [1]

 Amit V. Khandve (2012): embedding This study emphasises how crucial it is to openly acknowledge the existence of the open story while analysing the architecture. Through the analysis of an example building using several analytical models, the flaw in treating such buildings as completely bare frames and omitting the presence of infills in the storeys is made clear. This essay suggests safeguards against structures using soft floors carelessly.[2]

 Danish Khana,*, Aruna Rawat b (2016):  For this analysis, a two-dimensional (2-D), RC building frame with seven stories and three bays is taken into account.   Each level is 3 m tall, and each bay is 3 m wide.   Other researchers have employed this frame for seismic analysis because it is typical of multi-story buildings in India.  The frame was created in accordance with IS 456-2000, an Indian standard code.  Concrete's design compressive strength is set at 35 MPa, and reinforcement steel's yield strength is set at 415 MPa.  The weight of the brickwork serves as a consistently distributed load, and the loading and weight on all frames are kept constant.   Below are the three types of frames that have been modelled in order to examine how rigid the masonry infill and soft story are. These frames, in which no strengthening plan is applied, will also be referred to as the original frames.       1. Bare frame - RC frame without infill 3. Soft storey frame - RC frame having masonry infill on all storeys except first storey.     The pushover curve is first transformed into an ADRS (acceleration-displacement response spectrum) format and plotted between spectral acceleration and spectral displacement.    The capacity curve can then be shown on the same graph as the response spectrum.         Fragility curves can also be used to evaluate a building's performance. [3]
Shamshad Ali, Farhan Malik: This study used 5 models by adjusting the soft storey to different floors to analyse the seismic effects of soft storey building frames when taking into account G+6 buildings. Similar floor heights have been taken into account for soft stories, and the impact of infill walls has been disregarded. Building analysis is done using STAAD PRO v8i. Five distinct models have been created and examined. Results are gathered in terms of base shear, base displacements, and storey drift. Buildings without soft storeys are proven to be safer than buildings with soft storeys at any floor during significant ground vibrations. Due to the soft storey's lack of stiffness, any building with a soft floor is susceptible to earthquake damage When compared to nearby floor levels, the drift is greatest at the floor with the soft story. By including shear walls, steel bracing, or dampers, this style of RCC frame construction may safely endure seismic activity.[4]
A.S.KASNALE , Dr S.S.JAMKAR: Five distinct types of a six-story skyscraper are taken into consideration in this study. The structure is 20 m by 12 m in size, with five bays in the X direction and three in the Y direction. All of the floors have storey heights of 3 m, and the depth of the foundation is 1.5 m. To prevent torsional response, the building is kept symmetric in both orthogonal directions. The column's orientation and size are maintained throughout the height of the building under pure lateral stresses. The structure is thought to be in seismic zone III. Through isolated footing under the columns, the structure is anchored to medium-density soil. Buildings with reinforced RC frames and brick masonry infill were created  according to IS code, the same seismic risk. In the current research, an analysis of the behaviour of RC frames with various infill arrangements under dynamic earthquake loading has been conducted. Comparisons between the outcomes of bare frame, frame with infill, soft ground flour, and soft basement are done in light of IS 1893(2002) code. When compared to a soft basement, it has been found that adding infill below the plinth makes a structure more earthquake resistant. After excavation below plinth level, the substructure component of the framed construction is often filled with loose earth material. This gives the structure the appearance of a soft basement. But if it is modelled with infill brickwork in this situation, its lateral stiffness varies. In this study, the inclusion of an infill wall justified a shorter time period than would have been the case without it. Additionally, it has been found that adding infill results in increased lateral stiffness in the various models under study compared to the case where infill is not present.[5]
 F. Hejazi, S. Jilani, J. Noorzaei, C. Y. Chieng: et Numerous existing reinforced concrete buildings are susceptible to damage or possibly collapse after a powerful earthquake, as evidenced by recent earthquakes that happened. While soft story damage and collapse are most frequently seen in buildings, they can also occur in other kinds of structures. The concrete columns at the lower level behaved like a soft story since they couldn't withstand enough shear during the earthquake. Typically, adding the right bracing to soft storeys is the most cost-effective option to remodel a building of this type. The occurrence of soft at the lower level of high rise buildings exposed to earthquakes has thus been researched in this work. Additionally, it has been exhausting to research adding bracing to the structure in different configurations to lessen the impact of soft stories on a building's seismic response. It is important to determine how vulnerable existing multi-story structures are so that they can be upgraded to meet the minimum standards. This will aid in reducing upcoming harms and disasters. Here, a g+12 reinforced concrete framed storey building is taken into consideration in order to examine the impact of high rise buildings on earthquakes as well as the impact of soft stories that are intended for the structure's ground level. All floors except the first and top floors are 3.3 metres tall. The top floor's storey height is merely 2.8 metres, whereas the first story is 5 metres tall. Due to the increased loading that the columns must support, the column size increases from top to bottom floors. The floors are modelled as stiff in-plane diaphragms, while the frame members are modelled as rigid end zones. The BS6399 CODE of practise served as the foundation for the loading calculation. By using the SAP2000 software programme, linear and nonlinear static analysis is carried out on all the building models that were previously defined.It was discovered that the placement and numbering of bracing play a crucial role in how easily soft story structures move during earthquakes. The addition of bracing to the consider floor has also eliminated the soft story, but the displacement at the top level is still very significant because there is no bracing there. Therefore, the results demonstrate that a bracing only alters the outcome for the storey that is fitted with a bracing.[6]
 Niloufar Mashhadiali, Ali Kheyroddin: In order to improve the seismic response of traditional steel-braced frames, this research proposes a novel braced frame called a hexa-braced frame. According to the suggested design, the V and inverted-V bracings are connected by vertical structural elements over three stories to create a hexagonal bracing arrangement, which has two stories braced at the top and bottom. To lessen the potential of the soft-story mechanism, which is a problem in conventional steel braced frames, deformation demands are to be distributed along the height of the frame. The braced columns were made to resist bending moments using a straightforward analysis process in order to accomplish this goal. The seismic response of the suggested bracing system was assessed using nonlinear static (monotonic and cyclic) and dynamic studies on a set of 4, 10, and 20-story structure models. The outcomes were contrasted with the benchmark responses of comparable X-braced frame models. 3D models were created using SAP2000 software in accordance with ASCE and AISC code standards. The developed candidate buildings' two-dimensional models were analysed using Open Sees software. The hexa-braced frame system has the appropriate structural behaviour for the earthquake resistant, and it can accomplish the goal of uniform distribution of lateral distortion to lessen soft-story failure, according to analytical results.[7]
Pavithra R, Dr T. M. Prakash(2018): The analysis in the current work takes into account research on soft stories from various locations. With the help of the ETABs programme, linear dynamic analysis (Response spectrum analysis) is done to examine the effects of various locations on the seismic behaviour of multi-story buildings. Numerous seismic factors are examined, including time period, tale shear, story displacement, and story drift.The goal of the current study is to determine the best location for a single and several soft stories in a G+14 RCC tall building. The project was completed using ETABS 15.2.2 software. T1, T2, and T3 are the only models featuring a single soft storey at various points around the building. A total of 6 models, numbered T1 to T6, have been produced. The models T4, T5, and T6 have multiple soft stories located throughout the building. Each model was examined, the findings were compared to one another, and the corresponding graphs were obtained. It was discovered as a result that the earthquake response is greatest in the model with soft storey at the ground floor and lowest in the model with soft storey at the top floor. The maximum lateral drift value reduces as the soft storey moves to higher floors.[8]

Romanbabu M. Oinama , Ruban Sugumara , Dipti Ranjan Sahoob(2016): Three geometrically comparable frames with various brick infill designs were examined in this study. The OpenSees simulation platform's database of material and section attributes was used to model the frames. This paper primarily focuses on analysing the hysteretic response of RC frames with masonry infills during earthquake events, where it is anticipated to move into the non-linear range. The seismic performance of the study frames has been predicted using static non-linear cyclic pushover analysis. The modelling, hysteretic response, lateral strength, and ductility of the RC frames with brick infills have all been discussed in great detail. In this paper, a numerical model for studying the in-plane behaviour of masonry infill has been created utilising Open Sees software and nonlinear cyclic pushover analysis. Full scale frames with three various configurations, including bare frame, fully infilled frame, and frame with open ground story, have been taken into consideration to study the contribution of masonry infill and its effect on the reaction of the structure.The study frame has been decided upon as a single-bay double-storey RC frame that represents an internal frame of a prototype construction. The test frame's overall dimensions are 6600 mm and 6000 mm, respectively. All of the columns have a cross section of 400 mm x 400 mm, while beams have a cross section of 450 mm x 400 mm. Detailing was done in accordance with Indian Standard IS-456  requirements. Column and beam main reinforcement bars have clear covers that are 40 mm and 25 mm in thickness, respectively. 2.5% of steel reinforcement is needed in column sections, while 0.85% and 0.93% of steel reinforcement are needed in tension and compression sections of beams, respectively. Column stirrups with an 8 mm diameter were positioned at consistent intervals of 250 mm c/c.When compared to bare frame and open ground frame,the infill frame's lateral strength is found to be much higher.  Performance-wise, the fully infilled frame performs significantly better than the bare frame and open ground frame.
Adrian Fredrick C. Dyaa, Andres Winston C. Oretaaa(2015): The research used a static pushover analysis with SAP2000. Only a low-rise, five-story building was modelled due to the NSCP code restriction when employing this method of study. Modelled is a concrete frame building with three bays of 6 metres each. The number of bays in actual structures varies, although 3 bay concrete buildings are the most typical, according to a survey of over 100 randomly selected low storey buildings in the Manila, Philippines, area. Except for the points where the irregularity is introduced, each story and model maintains a constant story height of 3 metres.
In the analysis, default SAP2000 hinges are employed. According to ATC-40 recommendations, M3 hinges are assigned to beam ends while P M2 M3 hinges are assigned to column ends. The analysis takes into account a triangular codal kind of loading in which the loading on a story is a function of its mass and height above the ground. The model is automatically pushed to an ATC-40-recommended goal displacement by SAP2000. One of the key pieces of information studied by researchers to pinpoint the place of the building where more significant potential damage may occur is the production of plastic hinges. A defined hinge rotation limit and various damage states are reached by assigned plastic hinges. Although default SAP2000 hinge limitations are used in the study, ATC-40 recommends limit states.When modelling findings for soft storey buildings are analysed, it becomes clear why these structures are more vulnerable to earthquakes.areas. [9]

Mariem M. Abd-Alghany, Khaled F. El-Kashif and Hany A. Abdalla(2021): In this study, a high-rise structure with a usual 20 stories is employed.The structure is in the Cairo district. Each story is 3 m tall, with the first floor's height being varied. Five bays measuring 6.0 metres each in both directions make up the layout. The rigid end zones on the model of the frame members. The structure is modelled using the ETABS 2016 finite element method (FEM) programme. There are two seismic analysis techniques used: the equivalent static load method and the modal response spectrum method (MRS). Each floor has a rigid diaphragm assigned to it. Analysis includes the P-Delta effect and cracked stiffness ratio.In this study, an effort is made to determine where the soft story should be located to reduce its impact on building height.
It Additionally, the effectiveness of using straightforward strengthening measures is examined to increase structural safety without materially altering the building's architectural and functional needs. The findings demonstrate that factors like growing the height of a soft storey or growing the building's length-to-width ratio significantly affect stiffness and resistance. The outcomes also show how shear walls can increase stiffness and decrease displacements when they are present. The behaviour of these buildings is further improved by providing a bracing system for retrofitting the building with soft storeys. [10]
Syed Mohammad Zakir Ali, Amaresha(2015): The current work aims to investigate the performance level and seismic response of symmetric RC structures situated in seismic zone-IV. The analytical model in this work includes all significant construction elements that have an impact on the mass, strength, stiffness, and deformability of the structure. The infill wall is placed at various locations, and the concrete core wall is placed in the middle of the building, in order to analyse the impact of these two walls on symmetric building models.
These findings are drawn from the study.
1) In both static and dynamic examination, storey drifts are discovered to be within the code's (IS 1893-2002 Part-1) allowable limit.
2)  In contrast to earlier models, the existence of a concrete core wall at the centre has had little impact on how the structure behaves overall when subjected to lateral stresses.
3)  Compared to infill frame structures, bare frame structures have the maximum response reduction factor. It shows that constructions with bare frames may still withstand stresses after their initial hinge.
4) The building model that features shear walls at the longitudinal and transverse corners is the most effective, economical, robust, and long-lasting.[11]
Prof. Patil S.S, Sagare S.D(2018): In order to emphasise the significance of clearly recognising the presence of soft ground storey in the analysis, parametric study on an example building with open ground storey is conducted in this work. Shear walls are typically the most cost-effective solution to prevent the failure of soft storeys. One of the most effective components in high rise buildings for resisting lateral forces is the shear walls. This essay examines the occurrence of soft storeys at lower levels of high-rise buildings that are earthquake-prone. In order to lessen the impact of soft storeys on a building's seismic response, it has also been explored to investigate the addition of shear walls to structures. To model a G+20 storey conventional building, one bare RC frame, a second soft storey with brick infill in the upper storey, a third brick infill at the corner (L shape) up to the ground floor (to increase the stiffness of the ground floor), and finally a shear wall at the corner (L shape) from the ground floor to the height of the building make up the model. Data from the Bhuj earthquake of January 26, 2001 were used in the dynamic analysis (linear time history analysis) along with 3D modelling in SAP 2000 V14. These models have three bases of 3 m each in the global Z-direction and five bases of 4.5 m each in the global X-direction (5 x 4.5 = 22.5 m). Building's floor plan measures 22.5 m x 9 m. It is assumed that the column supports are fixed. The acceleration data from the Bhuj earthquake are to be used to assess the linear time history analysis (just in the global X-direction).
It was noted that the displacement values for different models are different.[12]

CONCLUSIONS
Based on Soft storey buildings are a common feature of urban construction, and the seismic performance of such buildings is a critical issue. The design and construction of these buildings require careful consideration of the potential for damage or collapse during seismic events. The difference in stiffness between the upper and lower floors of soft storey buildings makes them highly vulnerable to lateral forces, and this can result in severe damage or even collapse during earthquakes.
The seismic evaluation of soft storey buildings requires a comprehensive understanding of the different factors that can affect their performance during seismic events. These factors include floor heights, stiffness and strength of columns, infill walls, and the intensity of seismic events. The use of appropriate building codes and standards, such as seismic design codes, can significantly improve the seismic performance of soft storey buildings.It is essential to take appropriate measures to retrofit existing soft storey buildings to improve their seismic performance. The installation of shear walls, bracing systems, or additional columns can significantly improve the structural performance of these buildings during earthquakes. Regular inspections and maintenance of soft storey buildings can also help identify potential structural weaknesses and address them before they lead to severe damage or collapse.
In conclusion, the seismic evaluation of soft storey buildings is critical to ensure the safety of people and property during earthquakes. Building design and retrofitting practices need to be informed by a comprehensive understanding of the different factors that affect the performance of soft storey buildings during seismic events. Appropriate measures, such as the use of building codes and standards, retrofitting, and regular maintenance, can significantly improve the seismic performance of soft storey buildings and mitigate the potential for damage or collapse during seismic events.
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