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This paper explores the feasibility of a metallic damper that enables dissipation of input energy regardless of the
direction of seismic excitation. Also explored is the feasibility of appropriate mounting system. Feasibility study
carried out here is restricted to the analytical domain: A ten-storied building located in a seismically active region
of India and three seismic events recorded at the Large Scale Seismic Testing (LSST) array, Lotung, Taiwan.Merits
of the proposed damper and its mounting system are evident over the commonly used X-plate systems but the
extent of benefits depends on the types of ground motion. Component level testing indicates that necking may
not be a serious concern in proposed device.
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1. Introduction

Principle of conventional earthquake-resistant design that has been
applied for the last 75 years is intended to ensure an acceptable safety
level while avoiding catastrophic failures and life loss. A large amount
of research has been conducted over the last half century into develop-
ing the innovative earthquake-resistant systems in order to raise the
seismic resilience while keeping the construction costs reasonable.
Use of metallic damper as supplemental energy dissipating device is
one of the earliest approaches adopted in seismic resilient design.
Added Damping and Stiffness (ADAS) dampers are themost commonly
used metallic dampers in seismic design. Steel plate ADAS dampers
have been the focus of many researchers in augmenting the energy ab-
sorbing capacity of a building. Originally manufactured by Bechtel Cor-
poration, ADAS damper is an evolution of earlier X-plate used as a
damping source for piping systems [19]. Geometry of theADAS incorpo-
rates several interconnected yielding plates in parallel. A number of re-
searchers have investigated the behaviour of individual ADAS elements
including, Bergman and Goel [4]; Whittaker et al. [25,26]; Su and Han-
son [20]; and Xia and Hanson [27]. ADAS dampers used in these studies
were made of X-shaped steel plates, bolted together through two ends
of each plates. These studies have confirmed its suitability for applica-
tion in buildings to improve the seismic performance. Several other var-
iants of ADAS have been reported (for example, [7,8,14,21]) but this
paper considers only X-plate ADAS for further comparison.

The damper is designed to be yieldingwith a nominal activation load
andmuch before the yielding of building. Early yielding of the damper is
thus to avoid inelastic excursion in the primary load resisting structural
elements. Whittaker et al. [25,26], proposed a simple procedure defin-
ing the force-displacement relation for ADAS dampers, which was
based on X-shaped idealization of the plates along with following two
assumptions: a) X-plates are rigidly restrained at their ends; and b) X-
plates deform in double curvature. Force-displacement plot of the
ADAS damper was then idealized as elastic-perfectly-plastic, with plas-
tic (yield) load (Py) and yield displacement (Δy) given by,

Py ¼ f y � Bt2=3L
� �

; Δy ¼ f y � H2=2Et
� �

ð1Þ

where, B, t, andH are thewidth, thickness and height of the damper, re-
spectively; fy and E are the yield stress and Young's modulus of the ma-
terial, respectively.

However, ADAS has limited applicability due to the fact that once it
is deformed laterally the plates will be subjected to tension resulting
in an early failure at the “neck” of theX-shaped plate and thereby reduc-
ing the effectiveness of the device. This failure mode was identified in a
series of tests conducted at UC Berkeley. In order to improve the weak-
ness of ADAS, Triangular-ADAS (TADAS) was then developed. Further,
all the ADAS and TADAS dampers studied to date perform effectively
only along the in-plane direction of the mounting system (and not
along the out-of-plane direction). Bi-directional seismic demand is
met by providing ADAS/TADAS dampers along two orthogonal direc-
tions. Consequently, design of a low tomedium rise, full-scaled building
with ADAS / TADAS elements leads to significantly heavy, and often

Structures 7 (2016) 165–183

⁎ Corresponding author.
E-mail address: dbasu@iitgn.ac.in (D. Basu).

http://dx.doi.org/10.1016/j.istruc.2016.06.011
2352-0124/© 2016 The Institution of Structural Engineers. Published by Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Structures

j ourna l homepage: www.e lsev ie r .com/ locate /s t ructures

http://crossmark.crossref.org/dialog/?doi=10.1016/j.istruc.2016.06.011&domain=pdf
http://dx.doi.org/10.1016/j.istruc.2016.06.011
mailto:dbasu@iitgn.ac.in
http://dx.doi.org/10.1016/j.istruc.2016.06.011
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/structures


unmanageable, size of the dampers. For example, Tsai et al. [22] report-
ed the design of a twenty storied steel moment resisting frame with
TADAS elements that resulted in 33 plates of 476 mm depth, 350 mm
width and 50mm thickness at the first storey level; however, the num-
ber of plates decreases at the upper storeys.

This situation can be conveniently improved if a damper effectively
performing along both horizontal directions is developed. Objective of
this paper is to investigate the feasibility of such a damper without
sacrificing any of the benefits of ADAS dampers. Note that such a damp-
er, even if exists, requires a specialmounting systemwhich is capable of
providing stiffness along two orthogonal horizontal directions. Chevron
bracings, commonly used inmounting the ADAS dampers, have negligi-
ble stiffness along the out-of-plane direction and hence, are not suitable.
Another objective of this paper is to explore the feasibility of such a
mounting system. This paper is restricted to exploring the analytical fea-
sibility. Experimental validation will be carried out and reported
separately.

In this paper, first, profiling of a 3D damper is presented to enable si-
multaneous yielding all along its length regardless of the direction of ex-
citation; second, an appropriate mounting system is configured that
offers equal rigidity regardless of the direction of excitation; third, de-
sign parameters for the damper along with the mounting system are
identified; fourth, a step-by-step design process is proposed for a build-
ing equipped with the 3D dampers; and finally, the expected perfor-
mance is compared. One ten-storied building located in seismic Zone
V of India and three seismic events recorded at Large Scale Seismic Test-
ing (LSST) Array in Lotung, Taiwan are used for this comparison. A brief
comparison is first presented between the building with and without

the proposed device followed by a comparison between the same build-
ing with ADAS and with proposed device. Emphasis has been paid on
the comparison of performance against sustaining a design basis event
when using the X-plate ADAS and proposed dampers. A series of device
level experimental investigations is also carried out to study the suscep-
tibility of necking in the proposed device.

1.1. Development of 3D Damper and 3D Bracing System

Intuition might suggest that an axisymmetric form of the ADAS X-
plate, i.e., an hourglass shape could be a viable solution. Proposed 3D

Fig. 1. Development of new 3D bracing system for HADAS damper.

Fig. 2. Tri-linear force deformation plot (modified from [22].
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