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Abstract 

A bare steel structure will undergo large lateral displacement and sudden failures during an earthquake. Hence to control this 

buckling restrained bracing system in the structure is incorporated. In this study time history analysis was conducted on an 18 

storied steel building under EL Centro earthquake in E-Tabs software. The storey response parameters used are storey 

displacement, base shear to find the best location, effective configuration, best core length. Based on the study a location, 

configuration, and best yield core length which is more economical is selected and its structural seismic performance was 

evaluated. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In conventional steel braced frames, the braces were considered as structural fuses, which yields in compression and tension and 

absorb energy. A sudden loss of stiffness and progressive degrading behaviour will occurred due to buckling in compression 

which limits the amount of energy dissipated. To resolve this buckling problem, in 1980’s Professor Akira Wada, of the Tokyo 

Institute of Technology, started a collaborative effort with Nippon Steel Corporation in inventing a compression element which 

eliminate the bucking failure mode of slender elements. Dr. Wada’s got the idea of Buckling Restrained Brace from the 

collarbone of the human body. Dr. Wada envisioned the BRB element as a “damage control” for using it as a seismic protection 

element. Dr. Wada’s BRB design resembles witha typical human bone, which consists of bigger at the ends and a reduced 

section in the middle. The original building design scheme for Buckling Restrained Braces was for use this as a “hysteretic 

damper” in moment resisting frames. The main four components of a BRB are; 

1) A restrained yielding segment 

2) A restrained non-yielding segment 

3) An unrestrained non-yielding segment 

4) Buckling-restraining mechanism. 

Buckling restrained braces have full, balanced hysteresis loops with compression-yielding similar to tension yielding 

behaviour. They achieve this stable hysteresis behaviour through the decoupling of the flexural buckling resisting and stress 

resisting aspects of compression strength. Axial stresses are resisted by a central steel core. Buckling resistance of the core is 

provided by a casing, which may be of steel, concrete, or other construction, because the steel core is restrained from buckling, it 

develops almost uniform axial strains. 

 
Fig. 1: Schematic diagram of Buckling Restrained Brace 
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II. MODELING AND ANALYSIS 

An 18 storied steel frame building without any bracing were selected as the model 1. The nominal dimension of the building is 

42.4 x 24 m in plan with 3.5m storey height except for ground floor. The floor to floor height of bottom storey is 4m and consists 

of 6 and 7m bays in each direction. Floors and roof have a 14 gauge metal deck with rib depth of 50.8mm. The columns were set 

to continuous for their full height. A response modification factor (R) of 5 was considered for steel braces and eight for buckling 

restrained braces with an Importance Factor (I) of 1 and site class C. Section property  of  ISHB 450, ISHB 300, ISM0, ISHB 

300 were selected for exterior and interior columns and ISMB 350 for beams. 

Area of steel core, Asc = 
P

∅ xFysc
 

Where,  P is the axial load 

  ∅ is the reduction factor = 0.9 

Fyscis the yield strength of steel 

 Load Calculations  

The loads acting on the building taken for analysis are, 

Dead load:  1.5 Mpa (Floor finish) 

Live Loadings:  4 Mpa  - IS 875 (part 3) – 1987, page.10 

Live load (roof):  1.5 Mpa IS 875 (part 3) – 1987, page.14 

 Load Combinations 

According to IS.1893 (part 3):2000 and IS 800.2007, the following combinations were considered. 

1.5DL+1.5LL  17DL+1.7LL 

1.7DL+1.7EQ  1.2DL +1.2LL±EQ 

1.5DL±1.5EQ  1.3DL+1.3LL±EQ 

To understand the best position to place BRB in order to obtain the best results, I have selected inverted V configuration in 

three positions as shown in fig.2. 

1) Corner bays of the building in X and Y direction  (Model – 2) 

2) One Bay away from outer corners  in X and one at corners in Y direction (Model – 3) 

3) One Bay away from outer corners in Y and one at corners in X directions (Model - 4) 

4) Alternate bays in X and Y direction  (Model - 5) 

 
Fig. 2: Rendered view of the Models 

III. RESULTS AND DISCUSSIONS 

Table – 1 

Displacement and Base shear values of Bare model and Models 1-4 

MODEL Bare Model-1 2 3 4 5 

Displacement(mm) 171.75 40.6 12.8 12.4 15.2 

Base shear (kN) 148.2 261 277.49 274.48 306.3 
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After analyzing the results it is clear that model 4 shows better performance compared to other models. Hence we can say that  

when BRB placed in corners will give better results as shown in table. Then to find the effective configuration another 4 models 

were selected as shown in Fig.2. The configurations considered consist of inverted V, V(chevron), diagonal back, diagonal 

forward, double storey X with BRB having 70% yield core length, in which the models was numbered as Model 5,6,7,8,9 and 

10. 
Table – 2 

Displacement and Base shear of the Models 5 to 8 

MODEL 5 6 7 8 

Displacement (mm) 16.01 33.31 30.34 16.03 

Base shear (kN) 324.64 217.6 216.9 221.4 

By analyzing the results shown in Table 2, it is observed that Model 5 which consist of inverted v bracing is better than other 

types. Hence BRBF with inverted v bracing at the corner ends give better seismic performance and this can be taken for further 

studies. Buckling restrained brace consist of steel core and casing, where steel core is constructed to resist the axial force by 

yielding. Hence the main function of a typical BRB concentrates on the core length. To evaluate the degree of dependency of 

core length as shown in Fig.3 on the seismic performance different variation is studied.  Models 11-15 were generated with 

variation includes 70% to30% of total length as core length as shown in Table 3. 

 
Fig. 3: BRB with short yielding core length 

Table – 3 

Yield core length of BRB in different stories in X and Y direction 

 
Storey 1(X) 2-18 (X) 1(Y) 2-18(Y) 

Model 10 

Length - 60% 

L 
yc

(m) 4.99 4.84 4.5 4.33 

L
ny

(m) 3.33 3.22 3 2.88 

Model 11 

Length -50% 

L 
yc

(m) 4.16 4.03 3.75 3.61 

L
ny

(m) 4.16 4.03 3.75 3.61 

Model 12 

Length - 40% 

L 
yc

(m) 3.33 3.22 3.3 2.25 

L
ny

(m) 4.99 4.84 4.5 5.25 

Model 13 

Length - 30% 

L 
yc

(m) 2.5 2.88 2.88 2.16 

L
ny

(m) 3.72 3.46 2.5 3.23 

After conducting time history analysis the displacement and base shear were obtained as shown in Fig.4 and Table 4, 

  
Fig. 4: Storey displacement and Base shear of models 11-15 
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Table – 4 

Analysis results of various parameters of short length BRB 

 
Bare model Steel Frame 

Model 12 

70% length 

Model 8 

13% length 

Model 9 

14% length 

Model 15 

40% length 

Model 16 

30% length 

Displacement  (mm) 171.75 100.42 15.26 16.54 15.76 15.98 14.31 

Base shear (KN) 148.2 159.87 455 511.8 517.69 543.98 501.5 

By analyzing the results of displacement and base shear it is clear that from table that BRBF with 40% of total length as core 

length.  

IV. CONCLUSION AND FUTURE SCOPE 

The seismic response buckling restrained braced steel frame has been studied. The important parameters associated while 

modelling the BRB are the position, configuration and length of yielding zone. Study in the project shows that there is an 

alternative to frames with 70% core length BRB by adopting a BRB with 40% reduced core length, which will also give quite 

higher performance within economic limit. The conclusion remarks drawn from the study are, 

 Effective position of BRB is found to be at the outer corners of the structure 

 Effective configuration of BRB is  inverted v 

 Effective core length of BRB  can be taken as 40%  of total length 

 In future it is good if there is a design procedure for BRB with IS code, in order to calculate area of steel core, reponse 

reduction factor more accurately. 
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