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Abstract: Open ground storey buildings are a common architectural design found in many 

regions worldwide. These structures feature an unobstructed ground floor, often used as parking 

or commercial spaces, with residential or office floors above. However, the design of open ground 

storey buildings presents unique challenges in terms of structural stability and safety during 

seismic events. This paper provides a comprehensive literature survey that examines the 

implications of major international codal design provisions on such structures. The study begins 

by exploring the global building codes and regulations governing open ground storey buildings. It 

investigates the specific provisions related to structural design, material requirements, and 

construction practices aimed at enhancing the seismic performance of these buildings. Various 

international codes, such as the International Building Code (IBC), Eurocode, and Indian 

Standards, are analyzed to identify similarities and differences in their approaches. The 

consequences of these design provisions are then examined in terms of structural behavior and 

performance during seismic events. The literature survey delves into case studies, experimental 

tests, and numerical simulations conducted to evaluate the effectiveness of these provisions. Key 

factors such as lateral load distribution, column design, and bracing systems are discussed in 

detail. The findings of this study highlight the importance of implementing appropriate design 

provisions to ensure the safety and resilience of open ground storey buildings. By understanding 

the implications of major international codal design provisions, engineers and architects can 

make informed decisions to enhance the seismic performance of these structures. This research 

contributes to the body of knowledge in structural engineering and provides valuable insights for 

future developments in building codes and regulations.  
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Structural design provisions, Lateral load distribution, Resilience. 

 

1. INTRODUCTION 

In densely populated urban areas, particularly in developing countries like India, the need for 

space has become increasingly important. In order to accommodate the growing population and 

address the demand for parking, the ground storey of buildings is utilized. These types of 

buildings, known as Open Ground Storey (OGS) buildings, have no infilled walls in the ground 

storey but have infilled walls in all upper storeys. The infill walls are typically constructed using 

brick masonry. The upper storeys of OGS buildings are relatively rigid, resulting in smaller inter-

storey drifts but higher curvatures, shear forces, and bending moments in the ground storey 
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columns. Consequently, the columns in the ground storey experience significant demands in terms 

of strength. Unfortunately, many OGS buildings have suffered collapse during past earthquakes in 

various countries. The failure of these buildings can be attributed to the occurrence of a "storey 

mechanism" in the ground storey. This mechanism arises from the sudden reduction in lateral 

stiffness and mass in the ground storey, leading to elevated stresses in the columns during seismic 

activity. In numerous instances, ground-storey columns have sustained severe damage or complete 

failure, resulting in extensive building damage. The presence of infill walls throughout the upper 

storeys, except for the ground storey, significantly increases the overall stiffness of these levels. 

As a result, the upper storeys tend to move as a cohesive unit, with most of the horizontal 

displacement occurring in the flexible ground storey itself. The incorporation of parking spaces 

within the ground storey of buildings, known as OGS buildings, has become crucial in densely 

populated areas. However, the vulnerability of these structures to seismic events, primarily due to 

the distinctive storey mechanism in the ground storey, necessitates careful consideration of design 

and construction practices to ensure their safety and resilience. 

 

Figure 1: Typical example of OGS building 

2. OPEN GROUND STOREY (OGS)  

The presence of infill walls in the upper storeys of an Open Ground Storey (OGS) building 

significantly enhances the overall stiffness of the structure, similar to a typical infilled framed 

building. This increased stiffness leads to higher base shear demands on the building. In a typical 

infilled frame building, the increased base shear is distributed between the frames and infill walls 

across all storeys. However, in OGS buildings, where the ground storey lacks infill walls and truss 

action, the entire increased base shear is resisted solely by the ground storey columns, without any 

load sharing from adjacent infill walls. As a result, the ground storey columns experience 

amplified shear forces, resulting in elevated bending moments and larger curvatures. This leads to 

relatively larger drifts at the first floor level. Additionally, the significant lateral deflections further 

contribute to increased bending moments due to the P-Δ effect. Plastic hinges tend to form at the 
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top and bottom ends of the ground storey columns. Meanwhile, the upper storeys of the building 

generally remain undamaged and exhibit almost rigid body movement. This phenomenon is 

commonly referred to as a "soft-storey collapse," "storey-mechanism," or "column mechanism" in 

the ground storey. In summary, the absence of infill walls in the ground storey of an OGS building 

results in increased demands on the ground storey columns, leading to larger curvatures and drifts. 

The damage primarily occurs in the ground storey columns, while the upper storeys remain 

relatively intact, causing a characteristic soft-storey collapse. 

3. MULTIPLICATION FACTOR (MF) PROVISIONS IN VARIOUS CODES  

In practical scenarios, Open Ground Storey (OGS) buildings can be categorized as extreme soft-

storey structures. Therefore, it is crucial to design these buildings with special provisions that aim 

to enhance the lateral stiffness or strength of the soft or open storey. In this context, the 

consideration of infill wall strength and stiffness is disregarded. One common recommendation 

found in building codes is to amplify the bending moments and shear forces acting on the columns 

in the soft or open storey by using a multiplication factor (MF). This factor is applied to the bare 

frame analysis results to account for the increased demands on the columns. By magnifying these 

forces, the design ensures that the columns in the soft or open storey are adequately designed to 

withstand the additional loads and avoid potential failure or excessive deformation. The purpose 

of this approach is to address the vulnerability of the soft or open storey in OGS buildings, where 

the absence of infill walls reduces the overall lateral stiffness and load-sharing capacity. By 

considering the amplified forces, engineers can effectively strengthen the columns in the soft or 

open storey and mitigate the risk of structural damage or collapse during seismic events. To 

summarize, in the design of OGS buildings, it is essential to adopt special provisions that aim to 

increase the lateral stiffness or strength of the soft or open storey. By applying a multiplication 

factor to magnify the bending moments and shear forces acting on the columns in the soft or open 

storey, engineers can ensure the structural integrity and resilience of these buildings. 

4. INDIAN STANDARDS IS-1893:2002  

Following the Bhuj earthquake incident, the IS 1893 code underwent revisions in 2002 to 

incorporate new design recommendations aimed at improving the seismic performance of Open 

Ground Storey (OGS) buildings. Clause 7.10.3(a) of the revised code specifies that the columns 

and beams of the soft storey should be designed to withstand 2.5 times the calculated storey shears 

and moments under seismic loads, considering the analysis of a bare frame. This multiplication 

factor (MF) of 2.5 is applied uniformly to all OGS framed buildings, indicating that existing OGS 

buildings designed according to earlier codes are considered highly vulnerable to seismic loading. 

However, the prescribed MF of 2.5 does not account for various factors such as the number of 

storeys, number of bays, type and quantity of infill walls, and other parameters. This limitation has 

raised concerns and resistance in design and construction practices due to the cost implications 

and challenges associated with accommodating heavy reinforcement in the columns of the ground 

storey. According to IS 1893 (2002), a storey is classified as a soft-storey, which is a type of 

vertical irregularity, if its lateral stiffness is less than 70% of the stiffness of the adjacent storey or 

less than 80% of the average lateral stiffness of the three storeys above it. Furthermore, a storey is 

categorized as an extreme soft-storey if its lateral stiffness is less than 60% of the storey above or 

less than 70% of the average stiffness of the three storeys above. Stilts or open ground storey 

buildings are classified as extreme soft-storey structures, which are a subset of vertically irregular 

buildings. In summary, the revisions to the IS 1893 code in 2002 introduced design 

recommendations for OGS buildings, including the application of a multiplication factor (MF) of 

2.5 for the design of soft storeys. However, concerns regarding the practical applicability and 

associated costs have arisen, as the proposed MF does not consider various factors. Additionally, 

the code provides criteria to classify soft-storeys and extreme soft-storeys based on the lateral 
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stiffness of the storeys. OGS buildings fall into the category of extreme soft-storeys, highlighting 

their unique vulnerability in seismic events. 

5. LITERATURE SURVEY  

The literature review provides a comprehensive examination of the seismic behavior of infill walls 

and open ground storey buildings. It offers an overview of previous studies conducted on the 

development of seismic fragility curves.  

Hashmi and Madan (2008) The study conducted non-linear time history and pushover analysis 

on Open Ground Storey (OGS) buildings. The findings of the study suggest that the multiplication 

factor (MF) prescribed by IS 1893 (2002) for these buildings is sufficient in preventing collapse. 

Özer and Erberik (2008) Vulnerability curves were developed for reinforced concrete (RC) 

frame structures in Turkey. The study considered RC frames of 3, 5, 7, and 9 storeys with 

different levels of seismic design quality: poor, medium, and good. Variables such as concrete and 

steel strength, as well as the modulus of elasticity, were taken into account. The analysis focused 

on four damage states: slight or no damage (DS1), significant damage (DS2), severe damage 

(DS3), and collapse (DS4). To obtain seismic demand statistics, non-linear time-history analyses 

were performed, evaluating the maximum inter-storey drift ratio for various sets of ground motion 

records. 

Rota et. al (2010) A novel method was proposed for the development of fragility curves 

specifically designed for masonry buildings. The approach involved determining probability 

density functions (PDFs) by utilizing two main components: (1) selected damage state-based 

pushover analysis and (2) PDFs of displacement demand derived from nonlinear time history 

analysis. By combining these two analytical techniques, the study aimed to establish a 

comprehensive framework for constructing fragility curves tailored to masonry structures. 

Sattar and Abbie (2010) The study's findings demonstrated that the pushover analysis revealed 

notable improvements in the initial stiffness, strength, and energy dissipation of infilled frames 

compared to bare frames, despite the infill walls exhibiting brittle failure modes. Similarly, the 

results from dynamic analysis indicated that fully-infilled frames exhibited the lowest risk of 

collapse, while bare frames were identified as the most vulnerable to earthquake-induced collapse. 

The enhanced collapse performance of fully-infilled frames was attributed to the increased 

strength and energy dissipation capabilities conferred by the presence of the infill walls. 

Patel (2012) The study encompassed various analyses, including linear methods such as 

Equivalent Static Analysis and Response Spectrum Analysis, as well as nonlinear techniques like 

Pushover Analysis and Time History Analysis. The focus was on a low-rise open ground storey 

framed building, with infill wall stiffness represented by an equivalent diagonal strut model. The 

results obtained from the analysis indicated that multiplying the beam and column forces of the 

ground storey by a factor of 2.5, as prescribed by current design codes, was excessively high for 

low-rise open ground storey buildings. The study concluded that the issue of open ground storey 

buildings cannot be accurately identified solely through elastic analysis, as the stiffness of such 

buildings and comparable bare-frame structures are nearly identical. Therefore, a more 

comprehensive approach, incorporating nonlinear analysis methods, is necessary to effectively 

address the challenges associated with open ground storey buildings. 

Tavares et. al (2012) A study was undertaken to establish fragility curves for various bridge 

classes in eastern Canada. The research focused on developing bridge-system fragility curves that 

account for the vulnerability of critical components, enabling the assessment of the probability of 

bridge damage. The relationship between bridge damage and the intensity of ground motion was 

modeled using a power law approach proposed by Cornell et al. (2002).  
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Rajeev, P and Tesfamariam, S (2012) The study focused on the poor seismic performance 

exhibited by non-code conforming reinforced concrete (RC) buildings, particularly those designed 

primarily for gravity loads before the 1970s. The research aimed to demonstrate the seismic 

vulnerability of structures by considering the presence of soft storeys (SS) and the quality of 

construction (CQ). To achieve this, three-, five-, and nine-storey RC frames designed prior to the 

1970s were analyzed. A probabilistic seismic demand model (PSDM) was developed for these 

gravity load designed structures using nonlinear finite element analysis. The model incorporated 

the interactions between soft storeys and the quality of construction to capture the structural 

response accurately. The study proposed this approach as a predictive tool that can enhance 

regional damage assessment tools such as HAZUS. It enables the development of enhanced 

fragility curves specifically accounting for the effects of known soft storeys and the quality of 

construction. 

Haldar et al.(2016) The Indian Standard, along with many other national codes, did not provide 

explicit guidelines for modeling infills and understanding the expected performance of infilled 

frames. This paper reviewed and examined the modeling and design provisions related to 

unreinforced masonry (URM) infills in major national seismic design codes. Additionally, a macro 

model for URM infilled frames was presented. Using the developed model, an analytical study 

was conducted to investigate the impact of open ground storeys on the seismic performance of RC 

frame buildings. The buildings were designed and detailed according to the amendment of the 

Indian Standard (BIS) in 2002, which required the beams and columns of the open ground storey 

to be designed for 2.5 times the design base shear compared to uniformly infilled frame buildings. 

Sakhiya et al.(2019) The seismic performance of high-rise buildings with parking spaces on the 

ground story in densely populated cities has been a significant concern addressed in this paper. To 

accommodate parking needs, the trend has been to utilize the ground story of the building itself. 

These buildings, known as Open Ground Story (OGS) buildings, are prevalent in India, 

particularly for parking provisions. However, it has been observed that in OGS buildings, the 

ground story columns are prone to severe damage or complete failure. This occurs due to the 

sudden reduction in lateral stiffness and mass in the ground story, resulting in heightened 

vulnerability during seismic loading. To prevent soft story failures, the paper proposes the 

application of a multiplication factor obtained through static nonlinear analysis, taking into 

account the stiffness and strength of infill walls. By considering the infill properties, the aim is to 

enhance the seismic performance and mitigate the risks associated with OGS buildings. In 

summary, this paper addressed the concern of seismic performance in high-rise buildings with 

ground-level parking spaces in crowded cities. It emphasized the common occurrence of OGS 

buildings in India for parking provisions and the vulnerability of the ground story columns. To 

prevent soft story failures, a multiplication factor was proposed based on static nonlinear analysis, 

accounting for the stiffness and strength of infill walls. 

Niharika et al.(2020) The study revealed a significant improvement in the performance of the 

building following the retrofitting measures. However, upon observing the hinge formation 

pattern, it was noted that the damage had propagated to the second storey. To further enhance the 

performance, retrofitting was carried out on the second storey, and a subsequent pushover analysis 

(POA) was performed. Additionally, retrofitting was conducted on the respective stories where 

damage propagation to upper stories was observed. Through analyzing the hinge patterns and 

capacity curves, it was observed that in retrofitted buildings, the capacity increased up to a certain 

storey. However, beyond that point, no further increase in capacity was observed. Based on these 

findings, the study concluded that retrofitting an open ground storey building does not solely 

involve retrofitting the ground storey. Instead, it requires retrofitting of all columns/stories where 

damage distribution occurs after the retrofitting of the open ground storey. 
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Rama et al.(2021) The focus of the present study was to investigate the impact of soil flexibility 

on the seismic response of open ground storey buildings. Analytical investigations were conducted 

using SAP2000 software, considering typical models of open ground storey buildings and 

incorporating soil flexibility. Static nonlinear analysis, specifically pushover analysis, was utilized 

to analyze the lateral response of the structures. To account for different boundary conditions, 

three soil conditions were simulated: hard, medium, and soft, as classified in IS 1893 (Part 1) 

2016. The study observed that soil flexibility resulted in increased lateral displacement and 

secondary forces due to the P-Delta effect. Furthermore, a parametric study was conducted to 

examine the influence of soil flexibility on open ground storey buildings with various slenderness 

ratios. 

Kanake et al.(2022) In the study, the following observations were made: Firstly, it was observed 

that shear forces and moments acting on columns were comparatively lower in the infilled frame 

compared to the bare frame. Secondly, the introduction of RC structural walls in the open ground 

storey resulted in the structure acquiring desirable strength, stiffness, ductility, and frequency 

characteristics. Lastly, the bare frame structure exhibited higher base shear compared to the 

infilled frame structure. 

Bilgin et al.(2022) This paper aimed to compare the seismic design provisions of Albania, 

Croatia, Iran, and Turkey for mid-rise reinforced-concrete (RC) frames. The historical 

development of these provisions was provided, and a comparison was made to highlight the main 

differences in minimum requirements for column and beam detailing and analysis in mid-rise RC 

frames. For the study, 4-story, 5-story, and 6-story buildings were designed according to each 

design code, and their performance was evaluated using a displacement-based adaptive pushover 

procedure and eigenvalue analysis. The findings of the study revealed that the recent Turkish code 

had the highest level of requirements, while the Albanian code had the lowest level of 

requirements in terms of member size and reinforcement detailing. The comparison shed light on 

the variations in design provisions among the considered countries, providing valuable insights 

into the different levels of seismic design requirements for mid-rise RC frames. 

6. SUMMARY  

This paper presents a literature survey that explores the implications of major international 

building code provisions on open ground storey structures. Open ground storey buildings, 

characterized by an unobstructed ground floor commonly used for parking or commercial spaces, 

pose unique challenges in terms of structural stability and safety during seismic events. The study 

begins by examining global building codes and regulations governing open ground storey 

structures, focusing on provisions related to structural design, material requirements, and 

construction practices aimed at enhancing seismic performance. Through an extensive literature 

review, including case studies, experimental tests, and numerical simulations, the consequences of 

these design provisions are analyzed in terms of structural behavior and performance during 

seismic events. Key factors such as lateral load distribution, column design, and bracing systems 

are discussed in detail. The findings highlight the importance of implementing appropriate design 

provisions to ensure the safety and resilience of open ground storey buildings. The study 

emphasizes the need for engineers and architects to understand the implications of major 

international building code provisions to make informed decisions in enhancing the seismic 

performance of these structures. The research contributes to the field of structural engineering by 

providing valuable insights for future developments in building codes and regulations. In 

summary, this literature survey serves as a comprehensive resource for understanding the 

implications of key global building code provisions on open ground storey structures. It 

underscores the importance of proper design provisions and offers valuable insights for improving 

the seismic performance and safety of these buildings. 
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