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Abstract— A common cause for collapse of Multistoried 

RCC building due to earthquake is occurrence of soft storey 

in ground floor due to presence of infill wall in upper story 

leading to stiffness irregularity between floors and increased 

shear force in ground floor columns. In current design 

practices stiffness and energy absorption system are 

combined in single system. Various soft storey strengthening 

techniques like use of steel bracings, dampers, column 

jacketing etc. have been studied in past. This paper focuses 

on studying the effect of special type of bracing as Crescent 

shaped steel bracing in ground soft storey of a G+12 storied 

RCC building located in Zone III, India. Response spectrum 

analysis is carried out for the structure using ETABS2015 

software and results are computed based on storey 

displacement, drift, stiffness, time period and base shear. 
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I. INTRODUCTION 

Earthquakes are the most disastrous and and unexpected 

natural calamities in the world”. It has occurred in India,, 

China, Nepal, Japan, Indonesia and many other parts of the 

world killing  hundreds of thousands of people. Earthquakes 

do not kill the people but unsafe buildings do. The various 

factors which contribute to the unsafe buildings are vertical 

and plan irregularities, strength and stiffness irregularity, 

mass irregularity, torsion irregularity etc. Due to urbanization 

and increase in population most of the reinforced building has 

a special feature i.e. ground is left open for the purpose of 

social and functional needs like vehicle parking, shops, 

reception lobbies, a large space for meeting room .Such 

buildings are often called open ground storey buildings or soft 

story buildings. These buildings have no infill wall in ground 

storey but upper storeys are with infill wall. In these 

arrangements upper floors are more rigid than their base. In 

such building dynamic ductility demand during probable 

earthquake gets more concentrated in soft storey and upper 

storey mean to remain elastic.  According to IS 1893 (Part 1): 

2016 clause 4.20 soft storey is one in which the lateral 

stiffness is less than Strengthening of soft storey building is 

needed to improve its seismic performance. This can 

achieved either by local strengthening method or by global 

strengthening techniques.  

 In this report we are focusing on strengthening soft 

storey by use of bracing system to avoid ground soft storey 

collapse. A new innovative device known as Crescent shaped 

bracing will be used to strengthen the ground soft storey 

 Braced Frame Structure: 

Incorporation of bracing is another common effective 

approach which can be designed to provide stiffness, 

strength, ductility and energy dissipation. This technique can 

effectively reduce the risk of soft storey frame by providing 

adequate stiffness to the frame. Crescent-Shaped brace (CSB) 

is a special lateral resisting device that is capable of providing 

additional design freedom to frame structures. its peculiar 

shape, allows design its lateral stiffness independently from 

its initial yield strength thus appearing suitable to be used for 

an enhanced lateral resisting system. 

 In general, for steel bracing = K= 
AE 

L
 cos2θ for 

crescent shaped steel bracing = K= 
3JE 

d2L
 cos2θ, (for Single 

CSB), which implies that the value of stiffness would get 

doubled in case of coupled CSB configuration. 

Where, K – Stiffness of the element 

A – Cross-section area of the element 

L – Length of the element 

θ – Angle w.r.t. horizontal 

J –moment of inertia of the element 

d – Peak height of the element 

 
Fig. 1: geometric representation of single CSB 

 
Fig. 2: geometric representation of Coupled CSB 

 Various models used for analysis 

1) Model 1-Bare frame 

2) Model 2-Bare frame equipped with first type of CSB in 

Ground soft storey 

3) Model 3-Bare frame equipped with second type of CSB 

Ground soft storey 

4) Model 3-Bare frame equipped with third type of CSB 

Ground soft storey 

  
Fig. 1: Model-1             Fig. 2: Model-2 
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Fig. 1: Model-1            Fig. 2: Model-2 

 
Plan of the building considered 

 Description of analytical model: 

The building considered for design is a G+12 storied  RCC 

framed structure building located in Zone III, India.IS 

456:200 and IS 1893:2016 are used for design. 

Height of building – 39m 

Plan dimension – 18m X18m 

Grade of concrete and steel  

1) Beam and Slab- M20 

2) Column – M25 

3) Rebar-Fe 415 

4) Steel- Fe 345 

Size of various element of structure 

1) Beam-300 x 500 

2) Column- 300x600 

3) Slab thickness- 150mm 

4) Steel bracing – ISMC 150 

II. RESULTS & DISCUSSIONS 

Response Spectrum analysis was carried out for the models 

considered and following results were obtained as follows:- 

 
Fig. 3: Storey displacement comparison 

 
Fig. 4: Storey drift comparison 

 
                       Fig. 5: Base shear comparison 
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Fig. 6: Stiffness comparison 

 
Fig. 7: Time period comparison 

III. CONCLUSION 

This paper presents an innovative approach for the seismic 

design of structures by use of crescent shaped bracing and its 

various configurations in ground soft storey from we 

conclude that there is about: 

1) 15-20% reduction is observed in storey displacements.  

2) Storey drift have also reduced by 20%.  

3) Base shear have also increased by small amount due to 

addition of    bracings. 

4) Addition of bracing in ground soft storey have increased 

the stiffness by almost 60-68%. 

5) Fundamental time period decreases when provision of 

different types of Crescent shaped bracing are considered 

in soft storey to about 11-12% as compared to bare 

model. 
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