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Abstract 

Vehicle parking space is of great concern to people living in residential apartments in populated cities. Therefore, 

the practice is to use the ground floor of the building as a parking lot. This leads to a range of buildings with no 

walls on the ground floor to allow free movement of vehicles. This type of building which is filled on all the upper 

floors but does not infect the walls on the ground floor is called an open-plan building (OGS). They are also 

known as "pilots" or "buildings on stilts". But the functional advantage comes at a cost: from the point of view of 

seismic performance, these buildings have the greatest vulnerability. The surface hardness and strength of such 

buildings are much lower than the adjacent upper storeys and hence these buildings are also called extreme soft 

story buildings. 
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1. Introduction 

Past earthquakes show that most of the damages in open ground storey are occurred in the ground storey columns. 

These are due to the sudden lowering stiffness or strength in the open ground storey as compared to a typical 

infilled frame building. During Bhuj Earthquake -2002 so many complete OGS frame building collapse has been 

reported due to soft-storey mechanism in the ground storey due to the absence of infill walls. While upper stories 

experience a lesser damage, and move almost like a rigid body. So, during earthquake an Inverted pendulum type 

of effect is generated in which upper infill stories moves like a pendulum. These buildings are vulnerable due to 

the sudden lowering of stiffness or strength (vertical irregularity) in the ground storey as compared to a typical 

Infilled frame building. Struts are another type of composite structural component used for resisting lateral loads. 

These struts are of steel or RC frame type. Basically, struts can be designed as single strut, double strut and triple 

strut models. These struts function effectively in dissipating the energy that released from the lateral loads and 

keep the structure safe. Bracings are the structural components which are used as compression or tension member 
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to resist lateral loads from wind or from earthquake. These bracings can be installed either as a RC frame structure 

or Steel frame structure. 

2. Literature Review 

Naveen et al [1], study the seismic response of reinforced concrete structures with different combinations of 

irregularities. A regular nine-story frame has been modified by incorporating irregularities in various forms in the 

plan and creating 34 configurations with one irregularity and modifying 20 boxes with a combination of irregu-

larities. Along with the regular configuration, 54 irregular configurations are analyzed and compared. All frames 

are subjected to seismic loads in the plan and height to form 34 configurations with unique irregularities and 20 

cases combining irregularities. It has been observed that irregularity significantly affects seismicity and the re-

sponse of structures is calculated numerically. Several types of individual irregularities were analyzed, with the 

irregularity of stiffness having the most effect on the response. 

 

Mahmoud et al [2], attempted to investigate the progressive collapse potential of braided and moment-resistant 

steel frames designed according to local Egyptian standards due to damage caused by seismic works. A column 

has been completely removed from the first floor at arbitrary locations within the building using the recommended 

alternative passage method to study the results in the UFC guidelines and verify the safety of nearby members. 3-

D nonlinear dynamic analyzes are used to use SAP2000 in the parametric studies performed. 

 

Shashikumar el al [3], investigated that temporary pillar buildings are a distinctive feature in modern multistory 

building practices in urban India. Such features are highly undesirable in buildings constructed in seismically 

active areas. This article studies and analyzes floating column buildings for the external lateral forces of the G + 

30 floor using ETABS 9.7.4 for analysis. The lateral force caused by an earthquake or wind is usually avoided by 

a braking system. The purpose of this article is to investigate the effect of a floating column under seismic exci-

tation for different classes of inverted V-braced frames. Static and dynamic linear analysis is performed for float-

ing column multistory frames to achieve the above objective, i.e. responses (effects) and factors for the safe and 

economical design of the structure under various seismic excitations. Hence the determination of these factors for 

the safe and economical design of a building with a floating pillar or column.  

 

Zou et al [4], studied the method of analysis of underground structure using seismic coefficient method. The 

seismic design of underground structures is based on the elastic hypothesis. During this analysis, the soil is con-

sidered homogenous and isotropic showing other similar properties. The proposed methodology is used for non-

linear performance of underground structures. The method also explained the ability above ground to design a 

secure framed structure. 
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Hadad et al [5], proposed the effect of different types of bracing on the lateral load capacity of the frame. In 

addition, research involves a comparison between reinforced and filled frames to decide the best system. The 

results yielded some important conclusions such as; The reinforced and filled bare frame increased the lateral 

strength of the bare frame depending on the type of reinforcement and filling. In addition, a variety of bracing and 

padding increased the initial stiffness of the bare frame by a reasonable value. 

 

Deshpande et al [6], concluded that earthquakes are natural problems in which disasters are mainly caused by 

the loss or collapse of the structure and other man-made structures. When there is an earthquake, a heavily loaded 

building has a longer natural period of vibration and less in a light-filled building. If the building is light, i.e. steel 

is low, the economy of the structure can also be achieved. Therefore, it is necessary to find out the natural / 

fundamental time period when the mass varies with a different type of brick masonry and concrete masonry.  

 

Jivani, et al [7], presented static nonlinear analysis of a building, in which wall walls and open ground floors are 

discussed for more realistic seismic analysis. For the purpose of the study, 9-storey infill wall buildings, with G 

+ 5, G + 7 and 9-storey G + have different fill percentages considered. Modeling and non-linear static analysis of 

the building were performed using ETABS software. The obtained base shear multiplication factor for different 

buildings is compared to the standard base shear multiplication factor available in IS1893-2002. 

 

Dhariwal and Banerjee [8], proposed a combination of experimental design techniques (partial factual design 

and reaction surface methodology). These techniques approximate the behavior of simulation models using sur-

rogate models, which are several orders of magnitude faster than simulation models. These surrogate models 

accelerate optimization with genetic algorithms for single or multi-target optimization problems and scenario 

analysis, resulting in better solutions. Therefore, with the proposed methodology, optimization becomes possible 

within a reasonable computational time. 

 

Raj and Philip [9], were regularly tried in magnification factories for irregular open-plan buildings and in plan-

ning for a different story. The magnification factor was calculated by comparing the analysis of bare frame and 

filled frame response spectrum of different models using ETABS 2015. The results show that MF is not required 

to be applied to the soft floor beam since the surge is enhanced. Due to the strong beam the demand will make it 

even higher. Increase seismic demands on columns. Indian standards recommend a higher MF value for low-rise 

buildings and at the same time it was unsuitable for high-rise buildings. 

 

Kolekar and Pawar [10], studied the variation in base shear, floor shear and base moment for different seismic 

regions. In their work, two seismic loads are applied to 9-story buildings G + 3, G + 5, G + 7, G + 9 on two 

different floor areas and different seismic zones. Construction behavior has been studied for base shear, floor 

shear and base moment. This analysis is performed using STAAD-Pro v8i software and references the IS 1893: 

2002 code (Part I). 
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Chen et al [11], illuserated the effect and response to floor acceleration due to seismic forces. They reported that 

there is a jump on the ground due to seismic forces. Each one was treated as a single-spaced freedom system with 

variable frequency and damping ratios, calculated using the Response Spectrum method and a curve was drawn 

after the result was obtained and the design spectrum curve was used. Was obtained by Figures. Design spectra 

considered 0.5 Hz – 15 Hz. The experiments and analysis were carried out under different floor models and 

concluded that the response spectrum varies depending on the design of the existing floor for an individual or a 

crowd.  

 

Moschen et al [12], represented a reaction spectrum method for the maximum floor response of any structure. 

The analysis is performed by the modal which is prepared under a complete quadratic combination. The method 

has been tested on multi-story structures in various aircraft, but with a particular ground movement. The technique 

included flexible and inefficient structures at all times. The task compares the modern quadratic rule with the 

modern variation for calculation. 

 

Wagh et al [13], examined the frames are subject to different types of loads, where lateral loads always prevail. 

From the study of the articles presented, it has been observed that traditional design codes are not suitable for the 

design of tall buildings for several reasons. The codes allowed only a limited number of structural systems for 

buildings up to 49 meters high, so they were not economically very high for buildings. This comparative study 

approach based on the design and seismic analysis of the building will serve as an investigation on which codes 

serve to be the most economical. 

 

Khan and Rawat [14], the eccentric bracing studied is used to reduce the effect of soft flooring under the masonry 

effect of reinforced concrete (RC) buildings. Open-story masonry infill buildings were the general choice for 

almost all multi-story general construction in India, due to the strong instability of the building, the earthquake's 

sharp shocks. 

 

Srivastava and Chaurasiya [15], carried out the simulation of the process of collapse of a reinforced concrete 

structure on a scale and compared it with experiments with spring base insulators. The experiment was performed 

using the RC construction model and analyzes the cracking time under enhanced excitation. The experiment was 

carried out using a three-story RC building. Spring base isolator with shock absorber is installed under the three-

story building. It is almost a base isolation device for generating rubber bearing. This experiment is completely 

based on the frequency range. In this experiment, we compare our structure to different frequencies of earthquakes 

and analyze the results, namely at what frequency the cracking starts in the RCC building structure. 
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3. Conclusions 

In this work, the attempts of researchers through many decades to bare and braced frame are summarized and the 

most commonly used are presented. One of the main difficulties to introduce braced frame, which are universally 

accepted as having a significant influence in the response of frames in the modeling of structures, is the absence 

of a way to represent openings in the infills models. The open first storey building are considered as vertical 

irregular shape building structure as per as IS 1893:2002 requires for analysis considering strength and stiffness 

of the different types of braced which are provided a optimal design responses like displacement, force, moment 

etc. in the open ground storey structure. 
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