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Abstract 

The authors have conducted several numerical and experimental studies 

CKOGF CV SWCPVKH[KPI VJG DGPGƒVU QH $WEMNKPI�4GUVTCKPGF $TCEGU 
ƨƷƨs) 

YJGP ƒVVGF KP HTCOG UVTWEVWTGU� 6JG OQUV UKIPKƒECPV GZRGTKOGPVCN UVWF�
KGU KPENWFG UJCMKPI VCDNG VGUVU QP VJTGG DWKNFKPI OQFGNU OCFG QH EQP�
ETGVG QT UVGGN� #OQPI VJG PWOGTKECN UVWFKGU CTG� �� VJG RTQRQUCN QH C UGKU�
OKE FGUKIP OGVJQF� �� CP GXCNWCVKQP QH VJG GEQPQOKE DGPGƒVU QH ƨƷƨs; 3) 

studies on the residual displacement of structures equipped with ƨƷƨs; 

CPF �� VJG TGURQPUG QH UVTWEVWTGU GSWKRRGF YKVJ $4$U YJGP UWDLGEVGF 
VQ UGKUOKE CHVGTUJQEMU� 6JKU RCRGT RTGUGPVU C UWOOCT[ QH VJG KFGPVKƒGF 
DGPGƒVU QH ƨƷƨs for frame structures with the intention of encouraging 

VJGKT WUG KP GCTVJSWCMG \QPGU�
 

Keywords: $WEMNKPI�4GUVTCKPGF $TCEGU 
ƨƷƨs), passive dissipation sys�
VGOU� UJCMKPI VCDNG VGUVU� UGKUOKE CPCN[UKU CPF FGUKIP�

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

#U UGGP KP ƒIWTG �� $WEMNKPI�4GUVTCKPGF $TCEGU 
ƨƷƨs) are typically 

EQORQUGF QH C OGVCNNKE EQTG 
YJKEJ KU YGCMGT KP VJG EGPVGT CPF UVTQP�
IGT CV VJG GPFU�� C ECUG EQORQUGF QH C UVGGN VWDG ƒNNGF YKVJ EQPETGVG 
and an unbonding material to prevent direct interaction between the 

EQTG CPF VJG EQPETGVG ECUG� 

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 ƨƷƨ performance under cyclic load�
KPI XGTUWU VJG RGTHQTOCPEG QH EQPXGPVKQPCN DTCEGU� +V ECP DG ENGCTN[ 
UGGP VJCV $4$U JCXG UWRGTKQT RGTHQTOCPEG CU VJG[ UJQY C NCTIGT CTGC 
WPFGT VJG EWTXG 
VJCV KU� VJG[ JCXG C NCTIGT GPGTI[ FKUUKRCVKQP ECRCEKV[� 
CPF VJG[ FQ PQV RTGUGPV GKVJGT UVKHHPGUU QT UVTGPIVJ FGITCFCVKQP� 6JGUG 
CFXCPVCIGU CTG C RTQFWEV QH VJG ECUG� YJKEJ EQPƒPGU VJG OGVCNNKE 

core and allows for its plastic deformation under tension and compres�
UKQP FGHQTOCVKQP� 

Nowadays, ƨƷƨU CTG RQRWNCT KP GCTVJSWCMG�RTQPG FGXGNQRGF PCVKQPU 
UWEJ CU ,CRCP� VJG 7PKVGF 5VCVGU QH #OGTKEC CPF 0GY <GCNCPF� 6JG[ CTG 
GZVGPUKXGN[ WUGF DGECWUG QH VJGKT ITGCV GHƒEKGPE[ KP FKUUKRCVKPI NCTIG 
COQWPVU QH GPGTI[ CPF VJG HCEV VJCV VJG[ CTG GCU[ VQ TGRNCEG� 7PHQTVW�
nately, their use in poor and developing countries is very rare because 

OQUV $4$U CTG RTKXCVGN[�OCFG RTQFWEVU CPF VJGKT FKTGEV CPF KPFKTGEV 
EQUVU CTG JKIJ� #PQVJGT TGCUQP KU C NCEM QH CYCTGPGUU QH VJKU VGEJPQNQI[� 

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

FGXGNQROGPVU KP /GZKEQ QP UVTWEVWTGU GSWKRRGF YKVJ $4$U YKVJ VJG KP�
tention of encouraging their use in seismic regions where they are still 

PQV KORNGOGPVGF YKFGN[� 

Experimental studies

Shaking table tests on a steel frame model

(KIWTG � UJQYU C ���� UECNGF UVGGN HTCOG OQFGN VGUVGF QP C UJCMKPI 
VCDNG CV VJG 0CVKQPCN #WVQPQOQWU 7PKXGTUKV[ QH /GZKEQ 
unam��� 

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

YJGP UWDLGEVGF VQ VJG '9 EQORQPGPV QH VJG ITQWPF OQVKQP TGIKUVGTGF 
CV VJG 5%6�� UVCVKQP FWTKPI VJG #RTKN ��� ���� /GZKEQ GCTVJSWCMG� 6JG 
ITQWPF OQVKQP YCU UECNGF VQ TGCEJ C 2GCM )TQWPF #EEGNGTCVKQP 
Ǟƭa) 

QH ���I� YJGTG g KU ITCXKVCVKQPCN CEEGNGTCVKQP� 6JG DGPGƒVU QH ƨƷƨs can

DG ENGCTN[ UGGP� CU PQV QPN[ YGTG RGCM FKURNCEGOGPVU TGFWEGF DWV VJG 
HWNN VQVCN FKURNCEGOGPV YCU UKIPKƒECPVN[ FKOKPKUJGF� 

#PQVJGT UKIPKƒECPV ƒPFKPI QH VJKU GZRGTKOGPVCN UVWF[ YCU VJG QD�
servation of an increase in the damping ratio on the model due to the 

ƨƷƨU� 6JKU RJGPQOGPQP QEEWTTGF GXGP WPFGT NQY�NGXGN XKDTCVKQP VGUVU 
VJCV MGRV DQVJ VJG ƨƷƨs 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	 5RGEKƒE FGVCKNU QH VJG OQFGN� GZRGTKOGPV UGVWR CPF TGUWNVU ECP DG HQWPF KP 

*ȌEVQT )WGTTGTQ $QDCFKNNC CPF QVJGTU� �'ZRGTKOGPVCN UVWFKGU QH C UVGGN HTCOG OQFGN 

YKVJ CPF YKVJQWV DWEMNKPI�TGUVTCKPGF DTCEGU�� Ingeniería Sísmica ��� 
������ ������ 

YJGTG QPN[ VJG OQUV UKIPKƒECPV TGUWNVU CTG RTGUGPVGF�

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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TGURQPUG TCPIG� (KIWTG � UJQYU CP GUVKOCVKQP QH VJG FCORKPI TCVKQ D[ 
OGCPU QH CP GPGTI[ DCNCPEG� (KIWTG �C UJQYU VJCV VJG OQFGN YKVJQWV 
ƨƷƨU JCF C FCORKPI TCVKQ QH ���� YJKNG (KIWTG �D UJQYU VJCV VJG FCOR�
ing for the model with ƨƷƨU YCU ����� 7UKPI ƨƷƨU JCU VJG UKIPKƒECPV 
DGPGƒV QH KPETGCUKPI VJG FCORKPI NGXGN� 

Shaking table tests of two reinforced concrete frame models 

6YQ TGKPHQTEGF EQPETGVG HTCOG OQFGNU� CV C UECNG QH ���� YGTG VGUVGF QP 
C UJCMKPI VCDNG CV unam� 6JG ƒTUV OQFGN 
OQFGN �� YCU FGUKIPGF CPF 
tested without ƨƷƨU� YJKNG VJG UGEQPF OQFGN 
OQFGN �� YCU FGUKIPGF 
and tested with ƨƷƨU� (KIWTG � UJQYU C RKEVWTG QH OQFGN � QP VJG UJCM�
KPI VCDNG� 

$QVJ OQFGNU YGTG ƒTUV UWDLGEVGF VQ NQY�KPVGPUKV[ YJKVG PQKUG OQVKQP 

Ƽn

ini
� CV VJG DCUG� 6JGP VJG[ YGTG UWDLGEVGF VQ VJG ƫƼ component of 

the ground motion registered at the ƸƩƹ�� UVCVKQP FWTKPI VJG 5GRVGODGT 
��� ���� /GZKEQ GCTVJSWCMG� UECNGF VQ ���� ����� ���� CPF ����� +P 
VJG GPF� VJG OQFGNU YGTG UWDLGEVGF QPEG OQTG VQ NQY KPVGPUKV[ YJKVG 
PQKUG OQVKQP 
ƼnƒP� KP QTFGT VQ FGVGTOKPG VJGKT ƒPCN RTQRGTVKGU CHVGT 
UGKUOKE CEVKQP�  

6JG ƒTUV QWVEQOG QH VJG UVWF[ YCU C EQORCTKUQP QH VJG FCORKPI 
NGXGN KP DQVJ OQFGNU� 6JKU YCU FQPG VQ XGTKH[ VJG KPETGCUGF FCORKPI QD�
UGTXGF KP VJG UVGGN OQFGN GZRGTKOGPV RTGUGPVGF KP VJG RTGXKQWU UGEVKQP� 

#ICKP� VJG FCORKPI NGXGN YCU FGVGTOKPGF D[ EQPFWEVKPI CP GPGT�
I[ DCNCPEG� (KIWTG � UJQYU VJG GUVKOCVGF FCORKPI HQT OQFGN � CPF 
OQFGN � FWTKPI CNN EQPFWEVGF VGUVU� 6YQ UKIPKƒECPV QDUGTXCVKQPU CTG 
CRRCTGPV� �� OQFGN � 
VJCV KU� VJG QPG YKVJ ƨƷƨU� JCF UKIPKƒECPVN[ OQTG 
FCORKPI VJCP OQFGN � KP VJG VGUVU EQPFWEVGF� CPF �� VJG FCORKPI NGX�
GN KU KPVGPUKV[ FGRGPFGPV 
VJG JKIJGT VJG ITQWPF OQVKQP KPVGPUKV[� VJG 
JKIJGT VJG FCORKPI TCVKQ�� 

#PQVJGT UKIPKƒECPV QDUGTXCVKQP KP VJKU GZRGTKOGPV YCU VJG NGXGN QH 
UVKHHPGUU FGITCFCVKQP KP DQVJ OQFGNU� (KIWTG � UJQYU VJG RGTEGPVCIG 

QH UVKHHPGUU FGITCFCVKQP KP DQVJ OQFGNU CHVGT GCEJ ITQWPF OQVKQP� +V 

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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YCU QDVCKPGF CU =��
Hi�Hini)2], where fi is the frequency after the ith test and 

fini KU VJG HTGSWGPE[ HQT VJG ƒTUV YJKVG PQKUG VGUV 
90KPK�� *GTG KV ECP DG 
QDUGTXGF VJCV OQFGN � 
VJCV KU� YKVJQWV ƨƷƨs) has a higher level of stiff�
PGUU FGITCFCVKQP 
ENQUG VQ ����� YJKNG OQFGN � 
VJCV KU� YKVJ ƨƷƨs) has 

CDQWV JCNH VJCV 
����� 6JGUG QDUGTXCVKQPU UJQY VJCV ƨƷƨs help prevent 

UVTWEVWTCN FGITCFCVKQP CPF NKOKV EWOWNCVKXG FCOCIG�
(KIWTG � UJQYU VJG F[PCOKE TGURQPUG GPXGNQRGU HQT DQVJ OQFGNU 

YJGP UWDLGEVGF VQ VJG ƸƩƹ ITQWPF OQVKQP� UECNGF VQ ����� +V ECP DG 
UGGP VJCV FKURNCEGOGPV CPF FTKHV HQT OQFGN � KU ��� EQORCTGF VQ OQFGN 
�� #U VJG NGXGN QH UVTWEVWTCN FCOCIG KU ENQUGN[ TGNCVGF VQ FKURNCEGOGPV 
CPF KPVGT�UVQTG[ FTKHV� VJKU ƒIWTG UJQYU JQY ƨƷƨs help control lateral 

FKURNCEGOGPV CPF� KP VWTP� FCOCIG VQ UVTWEVWTCN CPF PQP�UVTWEVWTCN GN�
GOGPVU� (WTVJGTOQTG� ƒIWTG � GZRNCKPU YJ[ UVKHHPGUU FGITCFCVKQP 
CU 
QDUGTXGF KP ƒIWTG �� YCU NQYGT HQT OQFGN � 
YKVJ ƨƷƨU� VJCP HQT OQFGN � 

YKVJQWV ƨƷƨU�� ƨƷƨU MGGR NCVGTCN FGHQTOCVKQPU NQYGT� YJKEJ VTCPUNCVGU 
VQ TGFWEGF FGOCPFU QP UVTWEVWTCN GNGOGPVU CPF ETCEMKPI�

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

9KVJ VJG KPVGPVKQP QH HWTVJGT WPFGTUVCPFKPI VJG KPETGCUG KP FCORKPI RTQ�
duced by ƨƷƨU YQTMKPI YKVJKP VJGKT NKPGCT�GNCUVKE TCPIG� ƒXG QPG�UVQTG[ 

QPG�DC[ HTCOGU� YQTMKPI KP RCTCNNGN� YGTG VGUVGF QP C UJCMKPI VCDNG CV 
the unam� #NN QH VJGUG VGUVU YGTG EQPFWEVGF WUKPI NQY KPVGPUKV[ YJKVG 
PQKUG OQVKQP VQ CXQKF PQPNKPGCT TGURQPUG FGOCPFU� 

First, the frames were tested alone, that is, without any ƨƷƨU� +P 

VJG UGEQPF VGUV� QPG VTCFKVKQPCN DTCEG YCU RNCEGF KP VJG EGPVTCN HTCOG�  
In the third test, the conventional brace was replaced by a ƨƷƨ� +P VJG 
fourth test, two ƨƷƨU YGTG RNCEGF U[OOGVTKECNN[� 6JG ƒHVJ� UKZVJ CPF 
UGXGPVJ VGUVU YGTG EQPFWEVGF YKVJ VJTGG� HQWT CPF ƒXG ƨƷƨs, respective�
N[� +P CNN QH VJGUG VGUVU� VJG ƨƷƨU YGTG RNCEGF U[OOGVTKECNN[�

(KIWTG �� RTGUGPVU VJG FCORKPI TCVKQU HQT GCEJ VGUV EQPFWEVGF� 
+V ECP DG QDUGTXGF VJCV VJG ƒTUV VYQ VGUVU 
VJCV KU� YKVJQWV ƨƷƨs) had 

C FCORKPI TCVKQ NQYGT VJCP ��� YJKNG VJG VGUVU YKVJ ƨƷƨs had higher 

FCORKPI TCVKQU 
CDQXG ���� 6YQ EQPENWUKQPU CTG QDXKQWU� �� KV ECP DG 
EQPƒTOGF VJCV ƨƷƨU UKIPKƒECPVN[ KPETGCUG VJG FCORKPI NGXGN� CPF �� VJG 
damping level goes down as the number of ƨƷƨU KPETGCUGU� 6JG NCVVGT 
conclusion is attributed to the fact that the axial deformations of ƨƷƨs 

are reduced as the number of ƨƷƨU KPETGCUGU� #HVGT VJG GZRGTKOGPV� C 
model was proposed allowing designers to estimate the damping level 

HQT UVTWEVWTGU YKVJ KPVGT UVQTG[ FTKHV� 6JKU OQFGN KU DGKPI RTGRCTGF HQT 
RWDNKECVKQP CPF YKNN UQQP DG OCFG CXCKNCDNG� 

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 ƨƷƨs 

YCU RTQRQUGF DCUGF QP VJG EQPVTQN QH NCVGTCN FKURNCEGOGPVU� +V CUUWOGU� 
CU UGGP KP ƒIWTGU �� CPF ��� VJCV� �� HTCOG UVTWEVWTGU GSWKRRGF YKVJ 
ƨƷƨU DGJCXG CU FWCN UVTWEVWTGU� PCOGN[� CU C OQOGPV�TGUKUVKPI HTCOG 
and a braced pinned connected frame; and 2) the dynamic behavior of 

C FWCN UVTWEVWTG ECP DG TGRTGUGPVGF D[ C FWCN UKPING�FGITGG�QH�HTGGFQO 

ƸƪƵƬ� QUEKNNCVQT�

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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#NVJQWIJ VJG OGVJQFŨU HGCVWTGU CTG FGVCKNGF �# /GVJQF HQT 2TGNKOK�
PCT[ 5GKUOKE &GUKIP CPF #UUGUUOGPV QH .QY� 4KUG 5VTWEVWTGU 2TQVGEVGF 
YKVJ $WEMNKPI�4GUVTCKPGF $TCEGU��2 5QOG QH VJGO CTG FGUETKDGF DGNQY�

• It allows designers to select the relative contributions of the 

$4$U CPF VJG OCKP UVTWEVWTG VQ VQVCN UVTGPIVJ ECRCEKV[� 6JKU 
KU UKIPKƒECPV DGECWUG FGUKIPGTU JCXG VJG EJCPEG VQ UGNGEV C 
balance of contributions from the main structure and the ƨƷƨs 

VQ ETGCVG GHƒEKGPV FGUKIPU� 
Ű +V CNNQYU HQT C SWKEM CPF GCU[ CRRNKECVKQP QH VJG 2GTHQT�

OCPEG�$CUGF 5GKUOKE &GUKIP 
ǞƨƸƪ� RJKNQUQRJ[ QP UVTWEVWTGU� 
This is possible because, during the application of the method, 

a dual ƸƪƵƬ oscillator, representing a structure equipped with 

ƨƷƨU� KU UWDLGEVGF VQ C UGV QH ITQWPF OQVKQPU UECNGF VQ FKHHGTGPV 
seismic intensities in order to estimate its dynamic responses 


NKPGCT CPF PQPNKPGCT�� 6JG ǞƫƫƷ methodology3 can then be ap�
plied to assess expected performance under different structur�
CN UEGPCTKQU VQ CEJKGXG VJG DGUV FGUKIP HQT UVCMGJQNFGTU�

#HVGT CRRN[KPI VJG RTQRQUGF OGVJQF� RTQDCDKNKV[ FKUVTKDWVKQP HWPEVKQPU 
NKMG VJQUG KP ƒIWTG �� ECP DG QDVCKPGF� +P VJKU ƒIWTG� VJTGG FGUKIP QR�
VKQPU CTG EQORCTGF D[ XCT[KPI VJG $4$UŨ ETQUU�UGEVKQPCN CTGCU 
#

i
) for 

C ECUG UVWF[ UVTWEVWTG YKVJ C UGKUOKE KPVGPUKV[ QH RIC����I� 2TQDCDKNKV[ 
FKUVTKDWVKQP HWPEVKQPU CTG WUGHWN VQ UVCMGJQNFGTU YJGP FGEKFKPI YJKEJ 
FGUKIP QRVKQP KU DGUV� (QT GZCORNG� KP ƒIWTG ��� KV ECP DG UGGP VJCV VJG 
OGCP TGRCKT EQUV QH VJG UVTWEVWTG UVWFKGF KU ����%

r 
� ����%

r
 CPF ����%

r
 

HQT QRVKQPU ���#
i
� ���#

i
 CPF ���#

i
� TGURGEVKXGN[� YJGTG #K KU VJG VQVCN TG�

RNCEGOGPV EQUV QH VJG UVTWEVWTG�

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.   *ȌEVQT )WGTTGTQ $QDCFKNNC CPF QVJGTU, �# Method for Preliminary Seismic Design and 

#UUGUUOGPV QH .QY�4KUG 5VTWEVWTGU 2TQVGEVGF YKVJ $WEMNKPI�4GUVTCKPGF $TCEGU�� En-

gineering Structural ���� 
������ ��������

3.   ('/#�2��� Seismic Performance Assessment of Buildings� 9CUJKPIVQP &�%� (GFGTCN 

'OGTIGPE[ /CPCIOGPV #IGPE[� �����



��

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

SǝǟȨ RȨcȨǞǘ DȨǖȨǠǝpǟȨǞǘǙ ǣǞ SǘrǗcǘǗrȨǙ *ǣǘǘȨȰ ǕǣǘǤ BǗcǡǠǣǞǥ RȨǙǘrȳǣǞȨȰ BrȳcȨǙ (BRBǙ)

Evaluation of the economic benefits of BRBs in frame

structures 

6Q WPFGTUVCPF VJG GEQPQOKE DGPGƒVU QH ƨƷƨs in frame structures lo�
ECVGF KP VJG NCMGDGF \QPG QH /GZKEQ %KV[� VJTGG� UKZ CPF PKPG�UVQT[ UVTWE�
tures were studied in terms of the varying contribution of ƨƷƨs to lateral 

NQCF ECRCEKV[� (KXG ECUGU YGTG UVWFKGF HQT GCEJ QH VJGUG UVTWEVWTGU� CU 
ECP DG UEJGOCVKECNN[ UGGP KP ƒIWTG ��� 6JG ECUGU UVWFKGF CTG FGUETKDGF 
DGNQY�

Ű %CUG �� # VTCFKVKQPCN UVTWEVWTG 
VJCV KU� YKVJQWV ƨƷƨs) designed 

VQ TGUKUV HWNN UGKUOKE NQCFU� 6JKU ECUG UGTXGU CU TGHGTGPEG HQT 
VJG RWTRQUG QH EQORCTKUQP� 

Ű %CUG �� 6JG UVTWEVWTG KU RTQXKFGF YKVJ ƨƷƨU� 6JKU KPETGCUGU VJG 
initial cost but reduces displacement demands on the struc�
VWTG� 

Ű %CUG �� (QT VJKU ECUG� VJG OCKP HTCOG KU TGFGUKIPGF HQT ITCXKV[ 
NQCFU QPN[� ƨƷƨs are then provided to match the initial cost of 

ECUG �� 
Ű %CUG �� 5KOKNCT VQ ECUG �� VJG OCKP HTCOG KU FGUKIPGF VQ ECTT[ 

ITCXKV[ NQCFU QPN[� ƨƷƨs are then provided to match the same 

NGXGN QH FKURNCEGOGPV FGOCPFU� CU KP ECUG �� 6JKU IKXGU WU C 
UVTWEVWTG YKVJ C NQYGT KPKVKCN EQUV VJCP VJCV QH ECUG �� DWV YKVJ 

C UKOKNCT F[PCOKE TGURQPUG� 
Ű %CUG �� #ICKP� VJG OCKP HTCOG KU FGUKIPGF HQT ITCXKV[ NQCFU QPN[� 

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

KPKVKCN EQUV QH ECUG ��

Figure 15: Cases studied for evaluating the economic benefits of 
BRBs for frame structures. ('/#�2��� Seismic Performance 
Assessment of Buildings�
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(QT VJKU UVWF [� VJG ('/#�2�� 4 methodology was applied to assess 

VJG RGTHQTOCPEG QH VJG UVTWEVWTGU CPF ECUGU WPFGT EQPUKFGTCVKQP� 5GX�
eral parameters were assessed, such as the probability of collapse, the 

RTQDCDKNKV[ QH HWPEVKQPCNKV[ NQUU� TGRCKT EQUVU CPF VKOGU� GVE� (QT VJG UCMG 
of simplicity, this article only compares initial costs and lifecycle costs, 

CU RTGUGPVGF KP ƒIWTG ���� 0QVG VJCV QPN[ VJG TGUWNVU HQT VJG UKZ�UVQTG[ 
OQFGN CTG UJQYP� CU VJQUG HQT VJG VJTGG CPF PKPG�UVQTG[ OQFGNU YGTG 
UKOKNCT� #NUQ� KV UJQWNF DG PQVGF VJCV CNN EQUVU YGTG PQTOCNK\GF VJTQWIJ 
VJG EQUV QH ECUG �� 

(TQO ƒIWTG ��� VJG HQNNQYKPI EQPENWUKQPU ECP DG FTCYP� �� KP VGTOU 
of initial cost, the cheapest case is case 3, although the differences be�
VYGGP ECUGU � VQ � CTG NQYGT VJCP ��� �� KP VGTOU QH NKHGE[ENG EQUVU� CNN 
cases with ƨƷƨU 
ECUGU � VQ �� YGTG NQYGT VJCP VJG ECUG YKVJQWV ƨƷƨs 


ECUG �� Ť ECUG � YCU VJG EJGCRGUV� UWIIGUVKPI VJCV VJG JKIJGT VJG EQP�
tribution of the ƨƷƨU� VJG NQYGT VJG NKHGE[ENG EQUV� 

The earthquake response of structures equipped with BRBs 

subjected to seismic sequences 

6Q WPFGTUVCPF VJG GHHGEVU QH UGKUOKE UGSWGPEGU 
OCKPUJQEM RNWU CH�
VGTUJQEMU QP UVGGN HTCOGU GSWKRRGF YKVJ ƨƷƨs, the same buildings and 

ECUGU UGGP KP VJG RTGXKQWU UGEVKQP YGTG UWDLGEVGF VQ VJTGG UGVU QH UGKU�
OKE UGSWGPEGU� YJKEJ CTG FGUETKDGF CU HQNNQYU� 

Ű 5GV �� %QORQUGF QH �� UGKUOKE UGSWGPEGU YJGTG VJG OCKP�
UJQEMU CPF VJG CHVGTUJQEMU YGTG UECNGF VQ VJG UCOG UGKUOKE 
intensity of pgv��� EO�U� YJGTG pgv KU VJG RGCM ITQWPF XGNQEK�
V[� 

Ű 5GV �� %QORQUGF QH �� UGKUOKE UGSWGPEGU YJGTG VJG OCKP�
UJQEMU YGTG UECNGF VQ pgv��� EO�U YJKNG VJG CHVGTUJQEMU 
YGTG UECNGF VQ ��� QH VJG OCKPUJQEMU� 

Ű 5GV �� %QORQUGF QH �� UGKUOKE UGSWGPEGU� 6JG OCKPUJQEMU 
were scaled to pgv��� EO�U YJKNG VJG CHVGTUJQEMU YGTG UECNGF 
VQ ��� QH VJG OCKPUJQEMU� 

4 ('/#�2��� Seismic Performance Assessment of Buildings�

5 Héctor )WGTTGTQ $QDCFKNNC CPF QVJGTU� ū'XCNWCVKQP QH VJG GEQPQOKE DGPGƒVU QH WUKPI 

$WEMNKPI�4GUVTCKPGF $TCEGU KP JQURKVCN UVTWEVWTGU NQECVGF KP XGT[ UQHV UQKNU�Ŭ 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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(KIWTG �� UJQYU� HQT %CUG � 
YKVJQWV ƨƷƨs), the heightwise distribution of 

VJG OGCP OCZKOWO KPVGTUVQT[ FTKHV TCVKQU HQT VJG UKZ�UVQTG[ HTCOG UWDLGEV�
GF VQ VJG UGV � UGKUOKE UGSWGPEGU� 6JG TGUWNVU HQT VJG VJTGG CPF PKPG�UVQTG[ 
HTCOGU YGTG UKOKNCT YJGP UWDLGEVGF VQ VJG UGV � UGKUOKE UGSWGPEGU� +V ECP 
DG UGGP VJCV VJG GHHGEVU QH CHVGTUJQEMU CTG UKIPKƒECPV HQT UGV �� KP YJKEJ 
VJG OCKPUJQEMU CPF CHVGTUJQEMU JCXG VJG UCOG UGKUOKE KPVGPUKV[� 6JG KP�
ETGCUG KP FTKHV FGOCPFU YCU PQV XGT[ UKIPKƒECPV KP UGVU � CPF �� UWIIGUVKPI 
VJCV VJKU KPETGCUG KU QPN[ TGNGXCPV YJGP VJG GZRGEVGF CHVGTUJQEMU JCXG VJG 
UCOG KPVGPUKV[ CU VJG OCKPUJQEMU�

(KIWTG �� UJQYU� HQT ECUGU � VQ �� VJG OGCP OCZKOWO KPVGT�UVQTG[ FTKHV 
TCVKQU HQT VJG UKZ�UVQTG[ HTCOG UWDLGEVGF VQ UGV � UGSWGPEGU� 6JG TGUWNVU HQT 
VJG VJTGG CPF PKPG�UVQTG[ HTCOGU YGTG UKOKNCT� *GTG KV ECP DG QDUGTXGF VJCV 
CHVGTUJQEMU KPETGCUG KPVGTUVQT[ FTKHV FGOCPFU KPFKUVKPEVN[� VJCV KU� YKVJ QT 
without ƨƷƨU� 6CMKPI VJKU KPVQ EQPUKFGTCVKQP� CP KORQTVCPV TGEQOOGPFC�
VKQP ECP DG HQTOWNCVGF� YJGP FGUKIPKPI UVTWEVWTGU VJCV OC[ DG UWDLGEVGF 
VQ UGKUOKE UGSWGPEGU� KV KU KORQTVCPV VQ NKOKV KPVGT�UVQTG[ FTKHV TCVKQU DGNQY 
C VJTGUJQNF VJCV FQGU PQV ECWUG WPFGUKTGF FCOCIG VQ VJG UVTWEVWTG� +P ƒI�
WTG ��� KV ECP DG UGGP VJCV ECUG � KU VJG OQUV EQPXGPKGPV� CU VJG OGCP FTKHV 
FGOCPFU RTQFWEGF D[ VJG HWNN UGSWGPEGU CTG DGNQY ����� YJKEJ KU WPNKMGN[ 
VQ ECWUG UKIPKƒECPV FCOCIG VQ VJG UVTWEVWTG�

Residual displacement on structures equipped with BRBs  

6JG GEQPQOKE KORCEV QH TGUKFWCN FKURNCEGOGPV 
Ʒƪ) on structures tends 

VQ DG XGT[ JKIJ�� To understand the residual displacement demands on 

structures equipped with ƨƷƨs, dual ƸƪƵƬ oscillators were therefore 

UWDLGEVGF VQ ��� ITQWPF OQVKQPU TGIKUVGTGF KP VJG NCMGDGF \QPG QH 
/GZKEQ %KV[�

#U ECP DG QDUGTXGF KP ƒIWTG ��� VJG VQVCN ECRCEKV[ QH C UVTWEVWTG 
KU IKXGP D[ VJG UWO QH VYQ EWTXGU� VJG ECRCEKV[ EWTXG QH VJG OCKP 
QT 
primary) structure without ƨƷƨs plus the capacity curve provided by the 

ƨƷƨU 
QT UGEQPFCT[ UVTWEVWTG�� #U ECP DG CPVKEKRCVGF� VJG TGUKFWCN FKU�
placement in structures equipped with ƨƷƨs is closely connected to the 

NQECVKQP QH RGCM FKURNCEGOGPV FGOCPFU� YJKEJ ECP DG NQECVGF KP \QPG I,
++ QT +++� +H VJG RGCM FKURNCEGOGPV FGOCPF KU NQECVGF KP \QPG +� Ʒƪ

s
 is theo�

TGVKECNN[ \GTQ DGECWUG DQVJ VJG OCKP UVTWEVWTG CPF VJG ƨƷƨs have enough 

TGUVQTCVKXG HQTEG VQ DTKPI VJG UVTWEVWTG DCEM VQ \GTQ FGHQTOCVKQP� +H VJG 
RGCM FKURNCEGOGPV FGOCPF KU NQECVGF KP \QPG ++� Ʒƪ

s
 OC[ DG PQP�\GTQ 

because the ƨƷƨU WPFGTIQ RNCUVKE FGHQTOCVKQP� (KPCNN[� KH RGCM FKURNCEG�
OGPV FGOCPF KU NQECVGF KP \QPG +++� Ʒƪ

s
 may be higher, as both the main 

UVTWEVWTG CPF VJG $4$U YKNN WPFGTIQ RNCUVKE FGHQTOCVKQP�

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 %� /CTEGNQ 4COKTG\ CPF 'FWCTFQ /KTCPFC� ū5KIPKƒECPEG QH TGUKFWCN FTKHVU KP DWKN�

FKPI GCTVJSWCMG NQUU GUVKOCVKQPŬ� 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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(KIWTG �� UJQYU 
HQT C FWCN ƸƪƵƬ QUEKNNCVQT YKVJ C RGTKQF QH ��� U� 
�� FCORKPI CPF RGTHGEVN[ GNCUVQRNCUVKE DGJCXKQT� VJG OGCP TGUKFWCN 
FKURNCEGOGPV FGOCPF PQTOCNK\GF D[ RGCM FKURNCEGOGPV FGOCPF� 6JG 
JQTK\QPVCN CZKU UJQYU VJG OCZKOWO FKURNCEGOGPV FWEVKNKV[ QH VJG OCKP 
UVTWEVWTG� +V ECP DG UGGP VJCV VJG PQTOCNK\GF Ʒƪ

s
  remains low as long 

CU VJG OCKP UVTWEVWTG TGOCKP GNCUVKE 
Q��� CPF RGCM FKURNCEGOGPV 
FGOCPF NQECVGF KP \QPG ��� DWV KPETGCUGU FTCOCVKECNN[ QPEG VJG OCKP 
UVTWEVWTG UVCTVU RTGUGPVKPI KPGNCUVKE DGJCXKQT 
Q� ��� 6JG TGEQOOGP�
dation here is to design structures so that the main structure remains 

GNCUVKE YJKNG CNN FKUUKRCVKQP KU EQPEGPVTCVGF KP VJG FKUUKRCVGTU�

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.”

(KIWTG �� CPCN[UGU VJG GHHGEV QH C RQUKVKXG� RQUV�[KGNFKPI UVKHHPGUU 
TCVKQ QP VJG OCKP UVTWEVWTG 
T����� CPF QP VJG UGEQPFCT[ UVTWEVWTG 

T

2
����� 6JG TGUWNVU CTG EQORCTGF VQ VJQUG KP ƒIWTG ��� +V ECP DG UGGP 

VJCV C RQUKVKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ QP VJG OCKP UVTWEVWTG FQGU 
PQV JCXG C UKIPKƒECPV GHHGEV QP VJG PQTOCNK\GF Ʒƪ� *QYGXGT� C RQUKVKXG 
RQUV�[KGNFKPI UVKHHPGUU TCVKQ QP VJG ƨƷƨU 
QT UGEQPFCT[ UVTWEVWTG� JCU C 
XGT[ IQQF GHHGEV� CU PQTOCNK\GF Ʒƪ KU FKOKPKUJGF UKIPKƒECPVN[�  

(KIWTG �� CPCN[UGU VJG GHHGEV QH C PGICVKXG RQUV�[KGNFKPI UVKHHPGUU 
TCVKQ HQT VJG OCKP UVTWEVWTG 
T������ CPF HQT VJG UGEQPFCT[ UVTWEVWTG 

T

2
������ 6JG TGUWNVU CTG EQORCTGF VQ VJQUG KP ƒIWTG ��� #ICKP� KV ECP 

DG UGGP VJCV C PGICVKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ HQT VJG OCKP UVTWE�
VWTG FQGU PQV JCXG C UKIPKƒECPV GHHGEV QP PQTOCNK\GF Ʒƪ

s
� *QYGXGT� C 

PGICVKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ HQT VJG ƨƷƨU 
QT UGEQPFCT[ UVTWE�
VWTG� JCU C JKIJN[ FGVTKOGPVCN GHHGEV� VJCV KU� PQTOCNK\GF Ʒƪ

s
 increases 

FTCOCVKECNN[�
6JTQWIJ CP CPCN[UKU QH ƒIWTGU �� CPF ��� KV ECP DG TGEQOOGPFGF VQ 

RTQXKFG C RQUKVKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ HQT ƨƷƨs and to never use 

C PGICVKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ HQT VJGO� 

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 

# UWOOCT[ QH VJG OCKP UVWFKGU KP YJKEJ VJGUG CWVJQTU JCXG RCTVKEKRCV�
GF JCU DGGP RTGUGPVGF� KPENWFKPI GZRGTKOGPVCN CPF PWOGTKECN UVWFKGU� 
The main advantages of ƨƷƨU CTG CU HQNNQYU� 

 

• ƨƷƨU JGNR VQ UKIPKƒECPVN[ TGFWEG VJG FKURNCEGOGPV FGOCPF QP 
UVTWEVWTGU� 

• ƨƷƨU UKIPKƒECPVN[ KPETGCUG UVTWEVWTCN FCORKPI� GXGP FWTKPI NQY 
intensity motions that do not generate inelastic behavior in ei�
ther the main structure or in the ƨƷƨU� 

• ƨƷƨs help to reduce stiffness degradation in concrete struc�
VWTGU CPF FKOKPKUJ EWOWNCVKXG FCOCIG� 

• Using ƨƷƨU FQGU PQV UKIPKƒECPVN[ KPETGCUG VJG KPKVKCN EQUV QH C 
UVTWEVWTG 
NGUU VJCP ���� YJKNG VJG NKHGE[ENG EQUVU CTG TGFWEGF 
FTCOCVKECNN[� 

• Using ƨƷƨU KP UVTWEVWTGU RTQPG VQ UGKUOKE CHVGTUJQEMU JGNRU VQ 
TGFWEG QDUGTXGF KPETGCUGU KP FKURNCEGOGPV FGOCPF� +P QVJGT 
words, proper design using ƨƷƨU JGNRU VQ OKVKICVG VJG RTQDNGO� 

• Structures equipped with ƨƷƨs tend to present low levels of 

residual displacement as long as the main structure remains 

GNCUVKE� +H VJG OCKP UVTWEVWTG UJQYU KPGNCUVKE DGJCXKQT� C RQUK�
VKXG RQUV�[KGNFKPI UVKHHPGUU TCVKQ HQT VJG ƨƷƨs must be provided 

VQ MGGR TGUKFWCN FKURNCEGOGPV NQY� YJKNG PGICVKXG XCNWGU OWUV 
DG CXQKFGF GPVKTGN[� 
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JIWGTTGTQD"KK�WPCO�OZ

&QEVQT *GEVQT )WGTTGTQ YCU DQTP KP <CECVNCP� C UOCNN XKNNCIG NQECVGF KP 
VJG UVCVG QH 2WGDNC� KP /GZKEQ� *G GCTPGF JKU $CEJGNQTŨU CPF JKU /CUVGTŨU 
FGITGGU KP %KXKN 'PIKPGGTKPI CV VJG 0CVKQPCN #WVQPQOQWU 7PKXGTUKV[ QH 
/GZKEQ 
unam�� +P ����� JG TGEGKXGF JKU C 2J& KP %KXKN 'PIKPGGTKPI HTQO 
6JG 7PKXGTUKV[ QH /CPEJGUVGT� 7PKVGF -KPIFQO� *G JCU KPFWUVTKCN GZRGTK�
GPEG KP VJG UVTWEVWTCN FGUKIP QH UVGGN CPF EQPETGVG UVTWEVWTGU� %WTTGPVN[� 
he is an academic at the unam� YJGTG KU CP #UUQEKCVG 2TQHGUUQT� *G 
conducts research related to seismic protection systems, a topic on 

YJKEJ JG JCU RWDNKUJGF PWOGTQWU RGGT�TGXKGY RCRGTU QP KPVGTPCVKQP�
CNN[ TGEQIPK\GF LQWTPCNU� *G KU CNUQ C OGODGT QH VJG /GZKEQŨU 0CVKQPCN 
4GUGCTEJGTŨU 5[UVGO 
50+� CPF UGXGTCN RTQHGUUKQPCN QTICPK\CVKQPU UWEJ 
CU VJG� VJG /GZKECP 5QEKGV[ HQT 5VTWEVWTCN 'PIKPGGTKPI� VJG /GZKECP 5Q�
EKGV[ HQT 'CTVJSWCMG 'PIKPGGTKPI� VJG +PUVKVWVKQP QH 5VTWEVWTCN 'PIKPGGT�
KPI 
7-�� CPF VJG #OGTKECP %QPETGVG +PUVKVWVG� COQPI QVJGTU�

'N &T� *ȌEVQT )WGTTGTQ PCEKȕ GP GN OWPKEKRKQ FG <CECVNȄP� GP GN GUVCFQ 
FG 2WGDNC� 'UVWFKȕ NC ECTTGTC FG +PIGPKGTQ %KXKN [ NC OCGUVTȐC GP +PIG�
PKGTȐC %KXKN 
EQP GURGEKCNKFCF GP 'UVTWEVWTCU� GP NC 7PKXGTUKFCF 0CEKQPCN 
#WVȕPQOC FG /ȌZKEQ 
unam�� 'P ���� QDVWXQ GN ITCFQ FG FQEVQT RQT 
NC 7PKXGTUKFCF FG /CPEJGUVGT GP GN 4GKPQ 7PKFQ� %WGPVC EQP GZRGTKGP�
EKC RTȄEVKEC GP GN FKUGȓQ FG GUVTWEVWTCU FG CEGTQ [ EQPETGVQ TGHQT\CFQ� 
#EVWCNOGPVG GU CECFȌOKEQ FG NC unam en donde participa como Inves�
VKICFQT #UQEKCFQ ū%Ŭ [ EQOQ RTQHGUQT FG RQUITCFQ� 4GCNK\C KPXGUVKIC�
EKȕP TGNCEKQPCFC EQP UKUVGOCU FG FKUKRCEKȕP UȐUOKEC � VGOC GP GN SWG JC 
RWDNKECFQ PWOGTQUQU CTVȐEWNQU GP TGXKUVCU FG TGPQODTG KPVGTPCEKQPCN� 
También es miembro del Sistema Nacional de Investigadores y participa 

CEVKXCOGPVG GP QTICPK\CEKQPGU ITGOKCNGU EQOQ NCU 5QEKGFCFGU /GZKEC�
PCU FG +PIGPKGTȐC 'UVTWEVWTCN [ 5ȐUOKEC� GN +PUVKVWVQ $TKVȄPKEQ FG +PIGPKG�
TQU 'UVTWEVWTCNGU� GN +PUVKVWVQ #OGTKECPQ FG %QPETGVQ� GPVTG QVTQU� 
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LGUU"RWOCU�KKPIGP�WPCO�OZ

&T� 'UEQDCT KU C EKXKN GPIKPGGT YKVJ C $CEJGNQTŨU FGITGG HTQO VJG 0CVKQP�
CN 2QN[VGEJPKE +PUVKVWVG 
ƯǞn� *KIJGT 5EJQQN QH 'PIKPGGTKPI CPF #TEJK�
tecture and a Master’s and Doctorate from the National University of 

/GZKEQ 
unam� 5VTWEVWTCN 'PIKPGGTKPI &GRCTVOGPV� EQPFWEVKPI UQOG 
QH JKU FQEVQTCN TGUGCTEJ CV %QTPGNN 7PKXGTUKV[ KP 0GY ;QTM� *G KU EWTTGPV�
ly the lead researcher at the unamŨU 'PIKPGGTKPI &GRCTVOGPV� YJGTG 
he has also served as interim director, academic secretary and repre�
UGPVCVKXG QH ITCFWCVG VWVQTU� *G JCU DGGP C RTQHGUUQT HQT VJG ITCFWCVG 
and undergraduate programs at the unam 5EJQQN QH 'PIKPGGTKPIŨU %KXKN 
'PIKPGGTKPI CPF )GQOCVKEU FGRCTVOGPVU� C RTQHGUUQT QH TGUGCTEJ CPF 
ITCFWCVG UVWFKGU CV VJG #WVQPQOQWU 7PKXGTUKV[ QH )WGTTGTQŨU 5EJQQN QH 
'PIKPGGTKPI CPF C RTQHGUUQT KP VJG /GTKVQTKQWU 7PKXGTUKV[ QH 2WGDNCŨU 
ITCFWCVG RTQITCOU� 2TQHGUUKQPCNN[� JG JCU UGTXGF CU C RTQLGEV GPIKPGGT 
HQT VJG /GZKECP 2GVTQNGWO +PUVKVWVGŨU +PFWUVTKCN 2NCPV 2TQLGEV 'PIKPGGT�
KPI 5WDFKXKUKQP� *G JCU CNUQ YQTMGF CU C UVTWEVWTCN GPIKPGGT HQT VJG 
EQORCP[ 2QN[FCO 5�#� *G JCU UGTXGF CU C FKUUGTVCVKQP CFXKUQT HQT �� 
$CEJGNQTŨU UVWFGPVU 
VJTGG QH VJGO TGEGKXKPI JQPQTCDNG OGPVKQPU CPF 
QPG CP CYCTF HQT DGUV $CEJGNQTŨU VJGUKU HTQO VJG /GZKECP 5VTWEVWTCN 
'PIKPGGTKPI 5QEKGV[�� �� /CUVGTŨU UVWFGPVU 
VYQ QH VJGO TGEGKXKPI JQP�
orable mentions and one an award for best Master’s thesis from the 

/GZKECP 5VTWEVWTCN 'PIKPGGTKPI 5QEKGV[� CPF QPG FQEVQTCN UVWFGPV� *KU 
lines of investigation include the seismic torsion of buildings, the de�
tection of structural damage, passive and active control of structures, 

VJG PQP NKPGCT CPCN[UKU QH VJTGG�FKOGPUKQPCN UVTWEVWTCN OQFGNU� F[PCOKE 
CPF PQP�FGUVTWEVKXG VGUVU CPF RTQDCDKNKUVKE UVTWEVWTCN CPCN[UKU� *G JCU 
OQTG VJCP ��� VGEJPKECN RWDNKECVKQPU VQ JKU PCOG 
CTVKENGU KP RGGT�TG�
XKGYGF LQWTPCNU� RCRGTU RTGUGPVGF CV PCVKQPCN CPF KPVGTPCVKQPCN EQPHGT�
GPEGU� EJCRVGTU KP DQQMU� TGRQTVU VQ URQPUQTU� VGEJPKECN DQQMU� CPF JG 
RCTVKEKRCVGU KP VTCFG CUUQEKCVKQPU UWEJ CU VJG #ECFGO[ QH 'PIKPGGTKPI� 
VJG /GZKECP 5GKUOKE 'PIKPGGTKPI 5QEKGV[� VJG /GZKECP 5VTWEVWTCN 'PIK�
PGGTKPI 5QEKGV[� VJG /GZKECP %QNNGIG QH %KXKN 'PIKPGGTU CPF VJG 9QTNF 
5EKGPVKƒE CPF 'PIKPGGTKPI #ECFGO[ CPF 5QEKGV[�

'N &T� 'UEQDCT GU +PIGPKGTQ %KXKN RQT 'UEWGNC 5WRGTKQT FG +PIGPKGTȐC [ 
#TSWKVGEVWTC� ƯǞn� 'UVWFKQ /CGUVTȐC [ &QEVQTCFQ GP +PIGPKGTȐC 'UVTWE�
tural en la unam� 6CODKȌP HWG DGECTKQ FG FQEVQTCFQ GP 7PKXGTUKFCF FG 
%QTPGNN GP 0WGXC ;QTM� '7#� #EVWCNOGPVG GU +PXGUVKICFQT 6KVWNCT GP GN 
+PUVKVWVQ FG +PIGPKGTȐC FG NC unam, en donde ha ocupado cargos como 

Director 

+PVGTKPQ� 5GETGVCTKQ #ECFȌOKEQ� [ 4GRTGUGPVCPVG FG VWVQTGU CPVG GN 
posgrado de la unam� *C UKFQ RTQHGUQT FG RQUITCFQ [ FG NKEGPEKCVWTC 
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GP NC &KXKUKȕP FG +PIGPKGTȐCU %KXKN [ )GQOȄVKEC FG NC (CEWNVCF FG +PIG�
PKGTȐC FG NC unam� RTQHGUQT FG NC %QQTFKPCEKȕP +PXGUVKICEKȕP [ 'UVWFKQU 
FG 2QUITCFQ FG NC (CEWNVCF FG +PIGPKGTȐC FG NC 7PKXGTUKFCF #WVȕPQOC 
FG )WGTTGTQ� RTQHGUQT FG NC &KXKUKȕP FG 2QUITCFQ FG NC (CEWNVCF FG +PIG�
PKGTȐC FG NC $GPGOȌTKVC 7PKXGTUKFCF #WVȕPQOC FG 2WGDNC� 'P NC RTȄEVKEC 
RTQHGUKQPCN� HWG +PIGPKGTQ FG RTQ[GEVQ GP NC 5WDFKTGEEKȕP FG +PIGPKGTȐC 
FG 2TQ[GEVQ FG 2NCPVCU +PFWUVTKCNGU FGN +PUVKVWVQ /GZKECPQ FGN 2GVTȕNGQ� 
6CODKȌP HWG ECNEWNKUVC FG GUVTWEVWTCU GP NC GORTGUC 21.;&#/ 5�#� *C 
FKTKIKFQ �� VGUKU FG NKEGPEKCVWTC 
VTGU FG GNNCU EQP OGPEKȕP JQPQTȐƒEC [ 
WPC GN RTGOKQ PCEKQPCN EQOQ NC OGLQT VGUKU FG NKEGPEKCVWTC FG NC 5/+'�� 
�� FG OCGUVTȐC 
FQU FG GNNCU EQP OGPEKȕP JQPQTȐƒEC [ WPC GN 2TGOKQ 
PCEKQPCN EQOQ NC OGLQT VGUKU FG OCGUVTȐC FG NC 5/+'�� [ � FG FQEVQTC�
FQ� 5WU NȐPGCU FG KPXGUVKICEKȕP UG TGNCEKQPCP EQP� VQTUKȕP UȐUOKEC FG 
GFKƒEKQU� FGVGEEKȕP FG FCȓQ GP GUVTWEVWTCU� EQPVTQN RCUKXQ [ CEVKXQ FG 
GUVTWEVWTCU� CPȄNKUKU PQ NKPGCN FG OQFGNQU FG GUVTWEVWTCU VTKFKOGPUKQ�
PCNGU� RTWGDCU FKPȄOKECU [ GXCNWCEKȕP PQ FGUVTWEVKXC FG GUVTWEVWTCU� 
CPȄNKUKU GUVTWEVWTCN RTQDCDKNKUVC� %WGPVC EQP OȄU FG ��� RWDNKECEKQPGU 
VȌEPKECU 
CTVȐEWNQU GP TGXKUVCU CTDKVTCFCU� EQPITGUQU PCEKQPCNGU G 

KPVGTPCEKQPCNGU� ECRȐVWNQU GP NKDTQU� KPHQTOGU C RCVTQEKPCFQTGU� NKDTQU 
VȌEPKEQU� [ RCTVKEKRC GP CUQEKCEKQPGU ITGOKCNGU� EQOQ� .C #ECFGOKC 
FG +PIGPKGTȐC� NC 5QEKGFCF /GZKECPC FG +PIGPKGTȐC 5ȐUOKEC� NC 5QEKGFCF 
/GZKECPC FG +PIGPKGTȐC 'UVTWEVWTCN� %QNGIKQ FG +PIGPKGTQU %KXKNGUFG 
/ȌZKEQ [ 6JG 9QTNF 5EKGPVKƒE CPF 'PIKPGGTKPI #ECFGO[ CPF 5QEKGV[�


