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Abstract 

The authors have conducted several numerical and experimental studies 

        s) 

         
           

             
           s; 3) 

studies on the residual displacement of structures equipped with s; 

           
           

  s for frame structures with the intention of encouraging 

    
 

Keywords:   s), passive dissipation sys

       

Resumen
El presente trabajo muestra los resultados de varios estudios numéricos 
y experimentales que han realizado los autores con la finalidad de cuan-
tificar los beneficios de los Contraventeos Restringidos al Pandeo (crp) 
al ser introducidos en estructuras de edificios. Los estudios experimenta-
les más relevantes incluyen pruebas, en mesa vibradora, de modelos de 
acero y concreto reforzado. Dentro de los estudios numéricos, se incluye: 
1) la propuesta de un método de diseño, 2) una evaluación de los benefi-
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cios económicos de los crp, 3) estudios desplazamientos residuales en 
estructuras equipadas con crp y 4) respuesta de estructuras equipadas 
con crp sometidas a efectos de réplicas sísmicas. Este artículo presenta 
un resumen de los beneficios identificados de los crp en estructuras de 
edificios con la intensión de incentivar su uso en zonas sísmicas.

Palabras clave: Contraventeos Restringidos al Pandeo (crp), sistemas 
de disipación pasiva, análisis y diseño sísmico, pruebas en mesa de agi-
tación, mesa de vibración.

Introduction

       s) are typically 

            
              

and an unbonding material to prevent direct interaction between the 

     

Figure 1: Components of a typical BRB. Image taken from: Héctor Guerrero Bobadilla and others, 

"Response to Seismic Sequences of Short-Period Structures Equipped with Buckling-Restrained 

Braces located on the Lakebed Zone of Mexico City." Journal of Constructional Steel Research 137, 

(2017): 37-51.
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Figure 2 shows a comparison of  performance under cyclic load

           
            
            

           
           

core and allows for its plastic deformation under tension and compres

  
Nowadays,        

             
          

            
nately, their use in poor and developing countries is very rare because 

          
             

The purpose of this paper is to present some recent studies and 

          
tention of encouraging their use in seismic regions where they are still 

   

Experimental studies

Shaking table tests on a steel frame model

             
        unam  

Figure 4 shows the model’s roof displacement relative to its base 

           
            

          a) 

   g       s can

            
      

         
servation of an increase in the damping ratio on the model due to the 

         
    s and the frame model within their linear elastic 

Figure 2: Load-deformation curves for conven-

tional braces and BRBs. Image taken from: Guer-

rero, Bobadilla and others, "Response to seismic 

sequences of short-period structures equipped 

with Buckling-Restrained Braces located on the 

lakebed zone of Mexico City." 

1	              

            

     Ingeniería Sísmica    

       

Figure 3: Héctor Guerrero, A Steel Frame Model 

Tested on a Shaking Table at unam. Image taken 

from: Héctor Guerrero Bobadilla and others, "Ex-

perimental studies of a steel frame model with 

and without buckling-restrained braces."Inge-

niería Sísmica 95, (2017):33-52.
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ing for the model with         

      

Shaking table tests of two reinforced concrete frame models 

             
    unam          

tested without          
and tested with            

  
          

n
ini

           component of 

the ground motion registered at the      
            
            

  n          
   

            
            

           
         

            
          

             
            

           
    

          
          

           

Figure 4: Roof displacement in the model with BRBs when subjected to the SCT2-EW ground motion 

seen in the April 25, 1989 Mexico earthquake. Image taken from:  Héctor Guerrero Bobadilla, and 

others, "Experimental studies of a steel frame model with and without buckling-restrained braces."

Figure 5: Damping estimate (a) without and 

(b) with BRBs. Image taken from: Guerrero 

Bobadilla and others, "Experimental studies of 

a steel frame model with and without buckling- 

restrained braces."
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   i ini)2], where fi is the frequency after the ith test and 

fini               
       s) has a higher level of stiff

           s) has 

        s help prevent 

     
          

             
             

            
       s help control lateral 

         
         

               
         

       

Figure. 6: Héctor Guerrero Bobadilla, Reinfor-

ced concrete model tested on a shaking table at 

the unam. Image taken from: Héctor Guerrero 

Bobadilla, Seismic Design and Performance of 

Hospital Structures Equipped with Buckling-Res-

trained Braces in the Lakebed Zone of Mexico 

City. PHD Thesis Dissertation, University of 

Manchester, UK, 2016. 

Figure 7: Damping estimate for the reinforced 

concrete models. Image taken from: Guerrero 

Bobadilla, Seismic Design and Performance of 

Hospital Structures Equipped with Buckling-Re-

strained Braces in the Lakebed Zone of Mexico City. 

Figure 8: Stiffness degradation estimates for the 

reinforced concrete models. Image taken from:  

Guerrero, Seismic Design and Performance of Hos-

pital Structures Equipped with Buckling-Restrained 

Braces in the Lakebed Zone of Mexico City. 



 • segunda época • año 9 • núm. 18 •  México • unam  • diciembre 2018 • 73-89

 u  a a   a  a   

Shaking table test of one-story one-bay frames working in parallel 

          
duced by         

            
the unam            

       
First, the frames were tested alone, that is, without any   

             
In the third test, the conventional brace was replaced by a    
fourth test, two         

         s, respective

          
          

            s) had 

          s had higher 

            
           

damping level goes down as the number of     
conclusion is attributed to the fact that the axial deformations of s 

are reduced as the number of       
model was proposed allowing designers to estimate the damping level 

            
       

Figure 9: Maximum dynamic response for the model with SCT 100%. Image taken from:  Guerrero 

Bobadilla, Seismic Design and Performance of Hospital Structures Equipped with Buckling-Restrained 

Braces in the Lakebed Zone of Mexico City.

Figure 10: Héctor Guerrero Bobadilla, Five 

one-storey one-bay frames tested on a shaking 

table.

Figure 11: Damping ratio for the tests on the 

one-storey one-bay frames working in parallel.
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Numeral studies 

A method for the seismic design of structures with BRBs 

First, a method for the seismic design of structures equipped with s 

           
             

          
and a braced pinned connected frame; and 2) the dynamic behavior of 

          
 

Figure 12: The dual structure subdivided into a moment-resisting frame and a braced pinned con-

nected frame. Image taken from: Héctor Guerrero Bobadilla and others, "A Method for Preliminary 

Seismic Design and Assessment of Low- Rise Structures Protected with Buckling-Restrained Bra-

ces", Engineering Structures 123, (2016): 141-84.

Figure 13: The dual structure represented by a dual SDOF oscillator. Image taken from: Guerrero 

Bobadilla and others, "A Method for Preliminary Seismic Design and Assessment of Low- Rise Struc-

tures Protected with Buckling-Restrained Braces."
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  2      

• It allows designers to select the relative contributions of the 

          
          

balance of contributions from the main structure and the s 

    
           

       
This is possible because, during the application of the method, 

a dual  oscillator, representing a structure equipped with 

            
seismic intensities in order to estimate its dynamic responses 

     methodology3 can then be ap

plied to assess expected performance under different structur

        

        
             

         
i
) for 

           
         

               
        

r 
 

r
  

r
 

  
i
 

i
  

i
       

    

Figure 14: Probability distribution functions for a 

case study structure equipped with BRBs with di-

fferent cross-sectional areas. Image taken from: 

Guerrero and others, "A Method for Preliminary 

Seismic Design and Assessment of Low-Rise 

Structures Protected with Buckling-Restrained 

Braces."

2.       ,  Method for Preliminary Seismic Design and 

        En-

gineering Structural   

3.    Seismic Performance Assessment of Buildings     
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Evaluation of the economic benefits of BRBs in frame

structures 

      s in frame structures lo

            
tures were studied in terms of the varying contribution of s to lateral 

            
            

         s) designed 

           
    

            
initial cost but reduces displacement demands on the struc

 
             

  s are then provided to match the initial cost of 

  
              

   s are then provided to match the same 

            
             

    
             

However, in this case, larger s were provided to match the 

    

Figure 15: Cases studied for evaluating the economic benefits of 
BRBs for frame structures.  Seismic Performance 
Assessment of Buildings
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      4 methodology was applied to assess 

         
eral parameters were assessed, such as the probability of collapse, the 

            
of simplicity, this article only compares initial costs and lifecycle costs, 

             
            
            

     
            

of initial cost, the cheapest case is case 3, although the differences be

                
cases with            s 

             
tribution of the       

The earthquake response of structures equipped with BRBs 

subjected to seismic sequences 

         
      s, the same buildings and 

            
       

          
          

intensity of pgv    pgv     
 

          
    pgv      

       
          

were scaled to pgv        
     

4  Seismic Performance Assessment of Buildings

5 Héctor            

          Enginee-

ring Structures   

Figure 16: Cost evaluation of the six-story struc-

ture: (a) initial costs and (b) life cycle costs. Im-

age taken from: Guerrero Bobadilla and others, 

“Evaluation of the economic benefits of using 
Buckling-Restrained Braces in hospital struc-

tures located in very soft soils.”
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       s), the heightwise distribution of 

          
              

             
              
          

              
            

    
             

             
             

          
without        

           
            

            
                 

            
      

Residual displacement on structures equipped with BRBs  

      ) on structures tends 

    To understand the residual displacement demands on 

structures equipped with s, dual  oscillators were therefore 

           

 
             

               
primary) structure without s plus the capacity curve provided by the 

          
placement in structures equipped with s is closely connected to the 

           I,
             

s
 is theo

         s have enough 

            
        

s
    

because the        
       

s
 may be higher, as both the main 

       

Figure 17: Mean maximum interstory drift ra-

tios for the six-story frame subjected to the 

set 1 seismic sequences. Image taken from: 

Guerrero, and others, "Response to seismic 

sequences of short-period structures equipped 

with Buckling-Restrained Braces located on the 

lakebed zone of Mexico City."

6            

    Earthquake Engineering & Structural Dynamics  

 

Figure 18: Mean maximum interstory drift ra-

tios by case for the six-story frame subjected 

to set 1 seismic sequences.  Image taken from: 

Guerrero Bobadilla, and others, "Response to 

seismic sequences of short-period structures 

equipped with Buckling-Restrained Braces loca-

ted on the lakebed zone of Mexico City."

Full-Sequences

Mainshocks Full Sequences

Full Sequences
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s
  remains low as long 

      Q     
           
     Q   

dation here is to design structures so that the main structure remains 

        

Figure 19: Simplified capacity curve for structures equipped with BRBs. Image taken from: Héctor 

Guerrero Bobadilla and others, “Residual displacement demands of conventional and dual oscilla-

tors subjected to earthquake ground motions characteristic of the soft soils of Mexico City,” Soil 

Dynamics and Earthquake Engineering 98, (2017): 206-21.

Figure 20: Normalized residual displacement on structures equipped with BRBs. Image taken from: 

Guerrero Bobadilla and others, “Residual displacement demands of conventional and dual oscilla-

tors subjected to earthquake ground motions characteristic of the soft soils of Mexico City.”
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Figure 21: Normalized residual displacement for negative post-yielding stiffness ratios. Image taken 

from: Guerrero Bobadilla and others, “Residual displacement demands of conventional and dual 

oscillators subjected to earthquake ground motions characteristic of the soft soils of Mexico City.”

          
           

2
              

           
            

           
          

          
           

2
             

           
         

s
   

         
         

s
 increases 

             
       s and to never use 

       

Figure 22: Normalized residual displacement for positive post-yielding stiffness ratios. Image taken 

from: Guerrero Bobadilla and others, “Residual displacement demands of conventional and dual 

oscillators subjected to earthquake ground motions characteristic of the soft soils of Mexico City.” 
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Conclusion 

           
         

The main advantages of     
 

•          
 

•         
intensity motions that do not generate inelastic behavior in ei

ther the main structure or in the  
• s help to reduce stiffness degradation in concrete struc

     
• Using           

          
 

• Using          
        

words, proper design using       
• Structures equipped with s tend to present low levels of 

residual displacement as long as the main structure remains 

         
      s must be provided 
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