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Abstract: In previous papers it was observed that many 

buildings failed during earthquake due to lack of lateral 

strength. Out of many methods, Buckling Restrained 

Braced (BRB) frame systems is used as the primary 

lateral force resisting elements in new and retrofit 

projects. In this study, design, analysis and comparison 

of the different brace  layout has been carried out. The 

selection of BRB configuration has been adopted based 

on the suitable sway moments. Five different 

configurations (Bare frame, forward inclined, inverted-

V, Zig-Zag, X-pattern) are considered for the study of 

building. A building model was considered to analyze 

the behavior of a structure with and without BRB to 

compare the parameters of storey drift, storey forces, 

diaphragm drift, storey stiffness and storey acceleration 

using response spectrum method of analysis. It was 

observed that lateral forces subjected on the building 

can be reduced by inserting BRB to the structure. 

Among the different configurations type-4 resist more 

lateral loads. 

Key Words: Buckling Restrained Brace, Response 

Spectrum, Storey drift, Storey forces and Storey 

stiffness. 

1. Introduction 

An earthquake is an effect due to the sudden release of 

stored energy on the earth’s surface in the form of 

seismic waves. Earthquake mainly occurs due to rupture 

of geological faults, volcanic activities, landslides and 

mine blast. The seismic load which is generally 

dynamic in nature is very powerful and can collapse the 

structure in a fraction of seconds. The collapse of 

structures may lead to major loss of both life and 

property. Many of the structures undergo lateral forces 

caused due to seismic activity and wind forces. So we 

have provided a bracing system, shear wall, dampers etc 

to resist or transfer these lateral forces to the structure 

uniformly without affecting the stability and strength of 

the structure. Lateral loads can develop high stresses, 

produce sway movement or cause vibration. Therefore 

it is very important for the structure to have sufficient 

strength against vertical loads together with adequate 

stiffness to resist lateral forces. 

The brace which attempts to inhibit buckling 

under compression is called Buckling Restrained Brace 

(BRB). Buckling restrained braces have full balanced 

hysteresis loops with compression and tension yielding 

behavior [1]. Use of BRB has increased rapidly in all 

types of projects due to the clear cost savings of system 

and also due to the simplicity of design and erection 

[2]. Many experiments were carried to identify the 

stability of the structure with braces, the inelastic 

behavior of the structure with braces under severe 

earthquakes and to calibrate the brace force 

displacement relationships [3].  

1.1 Concept of BRB 

Buckling Restrained Braced Frame (BRBF) is a 

technically advanced type of Concentrically Braced 

Frame (CBF) that incorporates the effect of lateral 

forces subjected on to the structure. A technology 

introduced in late 1990, the BRBF represent the state of 

art in moment braced frame design. The major 

components of buckling restrained brace are steel core, 

bond preventing layer and casing as shown in Fig.1. 

 

 
Figure 1. Schematic view of Buckling Restrained Brace 

Steel core is designed to resist the axial forces 

developed in the bracing. 
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Bond preventing layer decouples the casing and core. 

This allows steel core to resist full axial forces which 

develop in bracing. 

Casing provides lateral support against flexural 

buckling of the core.  

1.2 Advantages 

1. It is easy to adopt in seismic retrofitting because 

it can incorporate into the structural system by 

means of a bolted or pinned connection to 

gusset plates. 

2. Since BRB’s are light weight it does not usually 

require foundation strengthening. 

3. Stiffness can be controlled which ultimately 

leads to good performance to the building. 

4. Higher ductile and energy dissipative behavior 

under axial forces. 

5. Post-earthquake investigation and replacement 

are relatively easy since the damage is 

concentrated over a relatively small area. 

1.3 Behaviour of Bracings under Gravity Loads and 

Lateral Loads 

Under the action of gravity loads, columns shorten 

axially due to the compressive loads. As the results the 

diagonals are subjected to compression and beam will 

under axial tension due to the tying action as shown in 

Fig. 2. In this case the diagonals are not connected at 

the ends of the beam, the diagonal members will not 

carry any force because no restraint is provided by the 

beams to develop force. Therefore such bracing will not 

take part in resisting the gravity loads. 

 
Figure 2. Bracings under gravity loads 

The design of tall buildings is governed by the lateral 

forces induced due to wind. Braced frames considered 

to be the most efficient to resist these lateral forces in 

either direction. The primary purpose of bracing is to 

resist horizontal shear induced due to the lateral force. 

The mechanism to resist horizontal shear can be 

understood by following the path of horizontal shear 

along the frame as shown in Fig. 3. 

 
Figure 3. Bracings under lateral loads 

2. Objective 

The building under lateral loads coming from the 

earthquake forces with the application of buckling 

restrained bracings. The following objectives are 

proposed for the present study. 

1. Different configuration of buckling restrained 

braces to resist the lateral loads.  

2. Analyze and interpret the storey drift, storey 

displacements, storey forces, storey stiffness and 

diaphragm drift using BRB. 

3. Proposing the configurations which have better 

performance. 

3. Methodology 

1. Initially a building plan is selected and 

modelled in ETABS setting preliminary units, 

Dimensions, and codes according to Indian 

standards. 

2. Assigning preliminary sizes for columns, 

beams, slabs and BRB. 

3. Assign the fixed supports as required for the 

building. 

4. The diaphragms are added and are assigned to 

each floor of the building. 

5. Calculating loads such as dead, live, wind and 

earthquake loads as per IS 875-part1, 2, 3 and 

IS 1893 respectively. 

6. Creating load combinations as per IS: 1893-

2002, IS: 456-2000. 

7. Assigning dead and live load on to the frames 

and wind and earthquake load on to the 

diaphragms as storey shear. 

3.1 Building Model 

The Fig. 4 shows G+7 and terrace of RC structural plan, 

which was used to investigate the seismic response of 

the building with BRB. The plan which is 

unsymmetrical in nature was used for observing the 

varying storey drift and displacement. The number of 

bays in X and Y direction is different in the building, it 

has eight bays in X-direction and five bays in Y-

direction. All column sizes and beam sizes are assumed 

are same through all stories of the building. The 

building is designed for wind and earthquake loads of 

the structure by using Indian standard code. The model 

was generated in commercial software ETABS v15.0.0. 

Response spectrum analysis is performed for the 

buildings in zone-III. Different load cases are taken 

such as dead load, live load, wind load and earthquake 

load are applied to the building. 
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Figure 4. Typical plan of building 

The loads are calculated based on below referred 

criteria and applied at each storey level. Table 1 

consists of the plan area, beam size, column size, slab 

thickness, the height of the building. Seismic 

parameters such as Seismic Zone, Zone factor, 

Importance factor, Response Reduction factor, Soil type 

are considered as criteria for earthquake resistant design 

of structures as per IS 1893-2002 [14]. Wind load 

parameters such as basic wind speed, design wind 

pressure, k1, k2, and k3 are considered as criteria for 

wind load resistant design as per IS 875(3)-1987 [15]. 

The properties of the building and its components are as 

follows:  

Table 1. Details of plan 
Plan Area 34.2*19m 

Beam size 230*450mm 

Column size 230*600mm 

Slab thickness 130mm 

Utility of building Residential building 

Height of building 24m 

Type of construction RCC framed structure 

Grades M30, Fe500 

Seismic Zone III  

Zone Factor 0.16 

Importance factor 1 

Response reduction factor 3  

Soil Type Medium 

The five configurations of BRB as listed below and 

shown in Fig. 5 were used for analysis. 

1. Bare Frame 

2. Type-1: Forward-inclined 

3. Type-2: Inverted V 

4. Type-3: Zig-Zag 

5. Type-4: X-pattern 

 
Figure 5. Different configurations 

Fig. 6 shows 3D view of X-pattern analyzed using 

ETABS. The bracing are provided on four sides of the 

building as shown in the building plan and was 

analyzed by using different load combinations. From 

the analysis it was observed that X-pattern shows better 

results compared to all types of configurations. 

 
Figure 6. 3D view of building with X-pattern bracing 

4. Results and discussions 

The BRBs are modelled for the building with different 

configurations and comparison was made to propose the 

suitable configuration. Here in order to look at the 

benefit of BRB system in the lateral load conditions the 

comparison has been made and finalized that type-4 

gives the better performances among all types of BRB. 

4.1 Storey Drift 

From the Fig. 7 it can be observed that building without 

BRB shows more storey drift compared to the building 

with different types of BRB. From the above four 

different types of BRB, type-4 showed to have less 

storey drift. It can also be observed that the storey drift 

at fourth floor is maximum because of the more 

variation in the displacement. 
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Figure 7. Storey drift 
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4.2 Storey Displacement 

In the Fig. 8 it was observed that type-1 and type-3 are 

having approximately same amount of displacement. 

When BRB is used as lateral support to the building the 

displacement is reduced compared to the normal building. 
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Figure 8. Storey displacement 

 4.3 Diaphragm Drift 

Fig. 9 explains the diaphragm drift in x-direction for 

different configurations of BRB. From that it is 

observed that the bare frame showed to have more drift 

in x-direction. 
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Figure 9. Diaphragm drift in X-direction 

Fig. 10 explains the diaphragm drift in y-direction 

for different configurations of BRB. Among which it 

can be observed that bare frame acts much better than in 

x-direction and type-4 gives less drift in y-direction. 
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Figure 10. Diaphragm drift in Y-direction 

4.4 Story Stiffness 

Fig. 11 shows the plot of storey stiffness in x-direction 

along storey height for different types of BRB. For the 

different types of BRB there is a partial increase from 

the storey two and gradually increases to the last storey. 

Bare frame looks like the stiffness is same at all storeys. 
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Figure 11. Storey stiffness in X-direction 

The storey stiffness in y-direction from the Fig. 12 

gives the best result and out of all types of BRB, type-3 

and type-4 gives more stiffness. The type-1 and type-3 

curves are almost similar  with a bit difference. 
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Figure 12. Storey stiffness in Y-direction 

4.5 Storey Forces 

Fig. 13 represents the storey forces in x-direction for 

various configurations of BRB. Building with BRB 

gives the reduced values at the base as compared to the 

bare frame. 
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Figure 13. Storey forces in X-direction 

The storey forces in y-direction gives the better results 

when compared to x-direction. The storey shear at the 

base is reduced when we compare with the below Fig. 

14. Type-4 gives the less values at the base. 
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Figure 14. Storey forces in Y-direction 

4.6 Storey Acceleration 

Fig.15 represents the storey accelerations in X- 

direction for different configurations of bracing. From 

the figure it can be observed that type-4 shows more 

acceleration. 
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Figure 15. Storey acceleration in X-direction 

Fig. 16 represents storey acceleration for different type 

of bracings in Y-direction. There was less acceleration 

difference between different types of bracings. 
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Figure 16. Storey acceleration in Y-direction 

5. Conclusions 

From this analytical study it was observed that among 

various configurations, Type-4 offers better resistance 

to the applied lateral loads especially seismic 

governing. The other configurations also exhibit better 

performance for these loads when compared to the bare 

frame. The selection of bracing configuration, however, 

depends upon the seismic zone, functional utility and the 

cost estimated. 

• The storey drift and displacements are reduced to 

higher value with BRB’s among which type-4 gives 

the better result. 

• The diaphragm drifts in X and Y directions due to 

applied load in respective direction were reduced. 

• Storey stiffness was found to be increased as 

numbers and configuration of BRB's increased. 

• The Higher resistance offered towards Storey shear. 
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