Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte
Band: 83 (1999)

Artikel: Steel energy absorbers for seismic building rehabilitation
Autor: Tsai, Keh-Chyuan / Huang, Li-Chong
DOI: https://doi.org/10.5169/seals-62903

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 21.10.2025

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-62903
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

208 IABSE SYMPOSIUM RIO DE JANEIRO 1999 A

Steel Energy Absorbers for Seismic Building Rehabilitation

Keh-Chyuan TSAI
Professor of Civil ENG
Nat. Taiwan University
Taipei, Taiwan, China

Li-Chong HUANG
Project Manger

Federal ENG Consultants
Taipei, Taiwan, China

K.C. Tsai, born 1955, received
his Ph.D. degree from the Univ.
of California at Berkeley in
1988. Licensed Civil and
Structural Engineers in Taiwan
and California.

L.C. Huang, born 1970,
received his M.S. degree in
Structural Engineering from
National Taiwan University
joined Federal Engineering
Consultant in 1994.

Summary

Experimental responses of two type of seismic energy dissipators, namely the triangular-plate added
damping and stiffness (TADAS) device and the shear link energy absorber (SLEA) are briefly
summarized. Both two types of energy absorbing devices can sustain a large number of yielding
reversals and increase the damping and stiffness of the frame structures. It is illustrated that the
force versus deformation relationships of a building structure constructed with these two types of
energy dissipator can be adequately characterized by a tri-linear model. Based on the results of
extensive response spectrum analyses, optimal stiffness and strength ratios between the device and
frame are recognized for the rehabilitated structures. The paper concludes with examples
illustrating the seismic design procedures for building rehabilitation using the proposed energy
dissipators to resist severe earthquake excitations.
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1. Introduction

Modern seismic resistant design procedures generally adopt a set of reduced seismic forces to
account for the ductility capacity of the structures. In the meantime, it often requires the
compliance of specific ductility design provisions in order to assure a ductile behavior of the system.
While a new building can be designed to achieve certain strength and ductility, however, a large
number of existing buildings may not possess the needed strength and ductility to sustain strong
earthquake excitations. In addition, structural failures of modern buildings observed following
some recent earthquakes have suggested that a ductility-based, rather than a performance based,
design methodology may not be reliable for modern seismic hazard mitigation of buildings,
particularly from the socio-economical point of views. This is evidenced by the brittle fractures of
welded steel moment connections due to the difficulties of controlling material properties,
construction workmanship and inspections. Thus, in addition to searching for sound technology for
the construction of ductility-enhanced members or connections, the general consensus has been on
how to find reliable solutions to reduce ductility demands imposed on these structural components.
For this purpose, two types of energy absorbing devices have been developed at the National
Taiwan University and proven promising in improving the performance of existing and new
building structures in resisting severe earthquake excitations. This paper addresses the deign issues
of the proposed energy absorbers for the rehabilitation of existing building structures.
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2.  Steel Hysteretic Energy Dissipators (HEDs)

Since the bending curvature of a transverse load applied at the end of a triangular plate is uniform
over the full height of the triangular plate, the plate can deform well into the inelastic range without
curvature concentrations. As shown in Fig. 1, the proposed steel triangular-plate added damping and
stiffness (TADAS) device consists of several triangular plates welded to a common base plate.
Similarly, a short steel wide flange beam under cantilever load can yield in shear while remain
elastic in flexure. As shown in Fig. 1, the proposed shear link energy absorber (SLEA) consists of a
short steel wide flange beam segment welded to an end plate. Experimental results (see Fig. 1) have
confirmed that properly constructed TADAS and SLEA elements possess highly predictable
mechanical properties, and can sustain a large number of yielding reversals.

The energy dissipator and the moment resisting frame (MRF) are combined in series, and the force
versus deformation relationships of a hysteretic energy dissipated frame (HEDF) can be adequately
characterized by a tri-linear model as illustrated in Fig. 2. This paper summarizes the results of the
extensive response spectrum analyses for seismic rehabilitation:

e For short period structures (T < 0.8 sec.), a SR value ranging from 2 to 4 and an £2 value between
1.2 and 2.0 should be considered. For long period structures (T > 2.0 sec.), it is recommended that
a SR on the order of 1.0 to 2.0 and an £2value between 1.2 and 2.0 be considered.

3. Conclusions

The following conclusions can be drawn from this study:

» Experimental response of well constructed TADAS and SLEA can sustain large inelastic cyclic
deformations. Thus, they appear promising for seismic resistant constructions of building structures.
¢ The nonlinear deformational demands imposed on the beam-to-column connections of steel MRFs
can be effectively mitigated by incorporating properly proportioned steel energy absorbers.

e The proposed design strategies incorporate the modern two-level seismic-resistant design
methodologies, ensure to satisfy the service limit state while facilitate the review of the overstrength
factor for controlled nonlinear responses.

Fig. 1 Schematics and typical responses of the

TADAS and SLEA devices
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Fig. 2 Tri-linear force vs. deformation
relationships of the HEDF system
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