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Abstract : Adopting an appropriate lateral load resisting system in the structure to limit its deformation to a 

specified value a is challenging task when a structure is subjected to an earthquake of higher intensity. However, 

these structures typically generate large inelastic deformation which can cause severe damage to the structure and 

subsequently increase the complexity and cost of structural repair post-earthquake. Concrete structures impart 

higher seismic weight and lesser deflection in comparison to that of steel structures and hence are less effective in 

resisting earthquake forces. Composite construction combines the advantages of both steel and concrete. Buckling 

restrained frames are used as seismic-force resisting systems for buildings in seismically-active regions. The 

structural systems, called Buckling Restrained Braces (BRB) serve the purpose of dissipating energy in compression 

as well as in tension, and are an attractive alternative to conventional steel braces. BRB design and installation is 

quite complicated and requires skill. BRBs strength mainly depends on the ductility of higher grade of steel which 

involves more initial cost. BRB design and installation is quite complicated and requires skill. BRBs have high 

energy dissipative ability than ordinary steel bracings. Largely practiced lateral load resisting system of shear wall 

has been replaced by a new type of bracing known as Buckling Restrained Bracing and analyzed to know the 

behavior of RCC frame under dynamic earthquake loadings.

In the present study the behavior of concentric and eccentric Buckling Restrained Braced RCC frames in comparison 

with shear Walled RCC frames in seismic Zone V focuses on the analysis of concentric and eccentric Buckling 

Restrained Braced RCC frames with different systems in comparison to a RCC frame with shear walls.

A 19 Story structure with BRB frames and RCC shear walled frames is analyzed considering the effect of earthquake 

in seismic Zone V.

The results show that BRBs system make the structure more earthquake resistant than shear walled system 

recommending the use of BRBS in RC framed structure in a seismic zone of highest intensity i.e., Zone V. 

Keywords : Buckling Restrained Bracing, Hysteretic Behavior, Ductile, Yielding Core, Seismic-Force Resisting 

Systems

INTRODUCTION

The objective of modern structural seismic design is to limit the maximum deformation of the main structure to 

ensure that the structure is not prone to collapse under a strong earthquake. This specified value is achieved by 

selecting an appropriate lateral load resisting system such as Moment Resisting Frame or Center Braced Frame. 

However, these structures typically generate large inelastic deformation which can cause severe damage to the 

structure and subsequently increase the complexity and cost of structural repair post-earthquake. 
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Concrete structures impart higher seismic weight and lesser deflection in comparison to that of steel structures and 

hence are less effective in resisting earthquake forces. Composite construction combines the advantages of both steel 

and concrete. Buckling restrained frames are used as seismic-force resisting systems for buildings in seismically-

active regions.

The structural systems, called Buckling Restrained Braces (BRB) serve the purpose of dissipating energy in 

compression as well as in tension, and are an attractive alternative to conventional steel braces.

BUCKLING RESTRAINED BRACE

Buckling Restrained Brace (Fig.1) is a structural brace in a building which is designed to withstand the cyclic lateral 

loadings from the strong earthquakes which are predominantly to damage the structural and functional behavior of 

the buildings.

The disadvantages of conventional bracings such asloss of strength and stiffness due to buckling of bracings before 

yielding in compression have led to the development of a special type of bracing known as Buckling Restrained 

Bracing (BRB) to counteract the issues of normal bracing. The hysteretic behavior of symmetric and stable BRB to 

resist lateral loads in compression when compared with that of the normal steel braces reveals the higher seismic 

energy absorption capacity of BRB. The use of buckling restrained bracings,a means for resisting the lateral seismic 

loads, has predominantly increased in recent decades. The core concept of BRB was invented in japan by Nippon 

Steel during the end of 1980s which was initially named as unbonded brace. BRB was first installed in Plant and 

Environmental Sciences Building at United States in 1999

Figure 1 : Components of Buckling Restrained Bracing (Source: Google)

Components

Components are mainly depended based on their design and functionality characteristics. Three main components 

can be distinguished are its steel core, bond preventing layer and casing.
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a.  Steel Core

It is designed to resist both tensile and compressive forces developed in the bracing. The cross sectional area is 

significantly less when compared to normal bracings since its performance is not affected by buckling. The steel core 

consists of yielding area which is at the middle length of brace which in turn designed to yield in elastically during an 

earthquake event. The rigid and non-yielding area on both ends gives a better assurance for the connections with 

structural members such as beams and columns of the building. Increase in the cross sectional area of the non-

yielding core assures that it remains elastic and plasticity is concentrated at the middle part of the steel core. 

b.  Bond Preventing Layer

 It decouples the casing from the core and allows the steel core to resist the full axial load developed in the bracing.  

c.  Casing

It provides the lateral support against buckling of core. It is made up of concrete filled steel tubes. The main design 
criterion for cangs is to provide adequate lateral restraint or rigidity against the buckling of steel core.

Performance
BRBs can absorb significant amount of energy during cyclic loadings (Earthquake event) due to their high level of 
ductility and stable, repeatable hysteresis loops/backbone curve which is an important basis of design. Prevention of 
buckling leads to similar strength and ductile behavior in compression and tension. Experimental results proven that 
the reduced length of yielding core length improves some of the BRBs characteristics such as stiffness and axial load 
carrying capacity. Ductile, stable and repeatable hysteretic behaviorfavor's the use of high response reduction factor 
associated with greater ductility and enhancing post yielding performance. Thus reducing the applied seismic load 
which results in smaller cross sections for the beams and columns of the braced frames, smaller demands on the 
connections and reducing the foundation loads.

The story displacements, story shears, story drifts can be minimized by fitting BRBs to the frames of tall structures 
which in turn also reduces the  serious damages caused by an earthquake of higher intensity.

Figure 2  : Typical BRB Fitted to a RCC Frame (Source: Google)
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Connections
The main purpose of providing BRB is to dissipate large lateral forces from the beams and columns. Therefore the 

connections to the beams and columns can greatly affect the performance of the brace in case of a strong earthquake. 

Practically the brace is attached to a gusset plate, which in turn welded to beam or column. 

a.  Welded Connection - The bracing is fully welded to the gusset plate ensuring improvement of force 

transmission mechanism.

b.  Bolted Connection - The bracing is fitted with the help of bolts to the gusset plate which can be easily 

replaced if any damage after a severe earthquake. 

c.  Pinned Connection - Both brace and gusset plates are connected by a pin to allow free rotation. 

Advantages

BRBs have high energy dissipative ability than ordinary steel bracings. BRBs will not fail due to buckling in 

compression. BRBs possess cyclic hysteresis behavior due to which a higher RRF can be used which in turn reduces 

the seismic loads and member sizes. BRBs are faster to erect which results in cost saving for the contractors. They 

can also be used in seismic retrofitting. Post-earthquake investigation and replacement is easy since the damage is 

concentrated (yielding core) over a relatively small area. 

Disadvantages

BRBs strength mainly depends on the ductility of steel core requires good grade of steel which involves more initial 

cost. BRB design and installation is quite complicated and requires skill.

Applications

BRBs can be used in high rise building construction by fitting into the frames as a lateral load resisting members. 

They can be used for retrofitting of building affected by earthquake. BRBs can be applicable where more buckling or 

compressive loads are expected in a frame to resist high intensity earthquake forces. When there is a need for the 

provision of spaces/openings in the frame BRBs can be used instead of a shear wall as a lateral load resisting agent. 

Since BRBs have symmetrichysteretic behavior,BRBFs can be adopted where the structure is more often subjected 

to earthquake.

Summary of Reviewed Publications

From the review of Literatures on various parameters, the following points on BRB may be summarized.

a.  Buckling Restrained Bracing systems are more efficient than conventional steel bracing system in effective 

absorption of the earthquake effects.

b.  Use of BRBs reduced the base shear and in turn reduces the cross sectional areas of the beams and columns in an 

RCC frame.
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Type of Building  Residential Apartment

No of  Storeys  19  
Floor Height

 
3 m

 
Total  Height of Building

 
57 m

 
Plan Area

 
52.75 m x 25m

 
Beam Size

 

200 x 550 mm

 Column Size

 

450 x 750 mm

 Slab Thickness

 

125 mm, 150 mm

 Concrete Grades

 

M30, M40

 
Steel Grades

 

Reinforcing-

 

Fe 500, Fe415, 

Structural- Fe345

Table 1 Data pertaining to the structure

c.  Seismically damaged ordinary RCC frames can be retrofitted by using BRBs which in turn reduces the need to 

rebuild the structure.

d.  Use of BRBs reduces the construction cost in terms of construction time for the contractor and also serves the 
purpose of resisting lateral load effects on an RCC framed structures.

e.  Reducing the length of yielding core in designing the buckling restrained bracings leads to an increase in the post 
yield stiffness of the braces and compensates the lack of high strength post-elastic stiffness of conventional BRBs.

In the present study the behavior of concentric and eccentric buckling Restrained Braced RCC frames in comparison 
with shear Walled RCC frames in seismic Zone V focuses on the analysis of concentric and eccentric Buckling 
Restrained Braced RCC frames with different systems in comparison to a RCC frame with shear walls.

A 19 Story structure with BRB frames and RCC shear walled frames is analyzed considering the effect of earthquake 
in seismic Zone V.

 A live Project selected for the study is an RCC building proposed on an area of 1318.75 sq. mts (plinth area) 
Consisting of 152 dwelling units has the following details

The floor plan is assigned with error free sectional / geometrical specifications of beams and columns and different 
types of slab assembly without any overlapping.

CASE STUDY
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Figure 3 : Typical Floor Plan of the Structure
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Figure 4 : 3D Model of RC Framed Structure

Modifications are made in the plan of the building as per the requirement of the study.
The work is carried out by adopting the following methodology. 

a.  Preparing a geometrical model of a RCC framed building with shear wall and analyzing the dynamic 
behavior.
b.  Preparing a bare RCC framed geometrical model.
c.  Defining the parameters of buckling restrained bracings.
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d.  Assigning the predefined BRB's into the bare RCC framed building.

e.  Assigning  the  BRB's  in  different  patterns  and also assigning the BRB's concentric and eccentric 

separately.

f.  Carrying out a seismic analysis for both concentric and eccentric BRB frames and comparing the same.

g.  Comparing the seismic Response of RCC frame with shear wall and an effective concentric or eccentric 

buckling restrained braced RCC frame.

Geometrical models were prepared using standards. Input data is feed into ETABS to analyze the structural 

behaviors such as base shear, base moment, lateral displacement, story drift by Response spectrum method. 

(IS1893-2016).

Results are tabulated and analysed to draw rational conclusions as mentioned in section 4.4. Since present paper 

is general presentation on the BRB system and its application in civil engineering field, results and discussions 

of the investigations are not presented.

CONCLUSIONS

Largely practiced lateral load resisting system of shear wall has been replaced by a new type of bracing known 

as Buckling Restrained Bracing and analyzed to know the behavior of RCC frame under dynamic earthquake 

loadings. The result from the above case study concludes the following points.

Comparison Between shear walled model and BRB model

·   The base shear obtained from the shear walled model is more when compared to BRBF model which signifies 

that the structure with shear wall at appropriate position can resist more lateral force than the BRBF model.

·   To cater to the requirement of the high base shear, higher stiffness of structural members like beams, columns 

is expected when compared to the structure with BRBF which in turn leads for uneconomic designs. The 

story shears are more in a structure with shear walled model when compared to that with BRBF model.

·   The story displacements of structure with BRB frames are less compared to that of shear a walled frame, 

recommending the use of BRB frame that are more effective than shear wall as a lateral load resisting 

systems.

·   The resistance to lateral load assessed in terms of story drifts is more in a structure with BRBF when 

compared to of shear walled modes.

·   Comparison between Different Types of Buckling Restrained Bracings.

·   The base shear and story displacements were found to be more in inverted V type BRB than that with a  

single inclined BRB and X type BRB lading to the conclusion that inverted V type BRB frame resist more 

lateral loads.



·   The story drifts in inverted v type BRB frame is less compared to single diagonal BRB frame and X type 

BRB frame.

·   The story stiffness and hence storey shear in X type BRB frame is more than that with inverted V type and 

single diagonal BRB frame type.

·  Between concentric and eccentric BRB frames.

·  The resistance offered to base shear and story displacements in eccentric inverted V type BRB frame is less 

than that with concentric inverted V type BRB frame.

·  The story drift is more in eccentric inverted V type BRB frame than that in concentric inverted V type BRB 

frame.

·  The story stiffness is more in concentric inverted V type BRB frame than eccentric inverted V type BRB 

frame. 

Hence it is recommended to  use concentric V type BRB Frame as a system to resist more severe earthquake in a 

multi storeyed structure.
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