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ABSTRACT

Seismic-induced vibration of civil structures is often controlled through
supplemental energy dissipation devices, thereby minimizing damages to the primary
load-resisting elements. The vibration-control devices are broadly categorized as active,
passive, semi-control, and hybrid devices. Metallic energy dissipation devices are used to
dissipate the seismic energy through hysteresis due to the inelastic deformation of
materials. These devices are strategically installed in a structure such that the energy
dissipating elements would be subjected to relative axial/flexure/shear displacements
under seismic loading. Dampers based on shear yielding of metallic plates exhibit
excellent strength, ductility, and energy dissipation characteristics. However, the shear
buckling and the presence of residual stresses of web plates not only influence the
hysteretic energy dissipation but also may cause premature failure of these devices. This
study is focused on the prediction of the cyclic performance of aluminum shear yielding
devices (AISYDs) as well as the development, testing, and numerical modeling of

buckling-inhibited shear yielding devices (BISYDs).

A parametric study is conducted on eighteen AISYDs numerical models developed
in a computer software ABAQUS to investigate the influence of web aspect ratios, web
slenderness ratios, and position of vertical stiffeners on their hysteretic behavior, energy
dissipation potential, and displacement ductility. The energy dissipation potential of these
devices is found to be strongly dependent on the aspect ratio and slenderness ratio of the
web plates. A simplified expression has been proposed to estimate the hysteretic energy
dissipation potential of AISYDs. Limiting values of web aspect ratio and web slenderness

ratio have been recommended for the design of AISYDs.
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A novel BISYD is developed in which the energy dissipating web plates of the
hourglass and rectangular shapes are sandwiched between the built-up steel angle
restrainers. Thin web plates having a high web slenderness ratio are used to fabricate the
BISYDs. An experimental investigation has been conducted to investigate the seismic
performance of BISYDs fabricated using three different materials (i.e., annealed
aluminum Al-19000 alloy, unannealed aluminum Al-40800 alloy, and mild steel) as the
web plates. Two specimens in each type of web plate are tested without the built-up steel
angle restrainers to compare their cyclic performance with those of BISYDs. Test results
demonstrated that the BISYDs made of annealed Al-19000 alloy showed very stable
cyclic behavior and excellent energy dissipation potential in high shear strain levels as

compared to BISYDs made of unannealed Al-40800 alloy and mild steel plates.

An analytical study is carried out to predict the lateral strength, initial stiffness, and
post-yield stiffness of both aluminum and steel BISYDs. A simplified strut-and-tie-based
macro model is proposed to predict the behavior of BISYDs which can be used to analyze
the structures employing these devices in the commercial software. In this study,
numerical investigations are carried out to evaluate the low-cyclic fatigue performance of
aluminum BISYDs. The cumulative fatigue damage law is used to calibrate the fatigue
design parameters for the BISYDs made of Al-6063 alloy material. Experimental
investigations are also carried out to calibrate the cumulative fatigue damage law for
BISYDs made of annealed Al-19000 alloy. Hourglass-shaped web plates showed better
fatigue performance than the rectangular-shaped web plates of BISYDs. Aluminum
BISYDs showed better ductility, energy dissipation potential, hysteresis response, and
low-cycle fatigue performance. Thus, the developed devices can be used for retrofitting

existing deficient structures as well as can be employed in the new structures.
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ANTR® WRET3T & Y UIa-URd S BT SRR R Sl YT ISR &
ATend ¥ R forar o 8, o wufies YR-ufcRieh Il & JoaH dH giaT g |
HUH- 01 SUSRUN D! TS = 4 Hfeha, FATSpa, sref-Fiom 3R Homr Iuaull
& ®U T qigpd [l STal g1 UTfdd Soll 30 SUSBRUN &1 JUART RN &
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TS 41 BISYD fasRid fosan war g forad Sootf &t Sra=nfd &+ arell are gal
3R ISR MBI B a9 d1exl B! FHiHd ST HIvig FIe TaRiy®! & o o
T A1 8 | = 99 AT SUTd aTelt Idell 99 a1 BT YA BISYDs ®I &M
o o fopam T §1 99 91eaR & &0 H < SaT-3{eT IHiEl @, ararRifaa
TGATH Al-19000 forer erg, fomT arargRifad Tegffad Al-40800 sy a1q, SiR
SWIA) BT YN HRb 716 TN BISYDs & YUl TdgR DI Sid & el Ueb Ui
S &1 7% 81 UA® UPR B a9 dIex J &l I BT G&U BISYDs & 1Y 3%
THIT HGGR B T B & [o1T FATHT ST SV HIc YTaRID! & foT1 fpar
1§ | TRi&r 3 gRRomHT A wefRid fasar f Al-40800 i oTg TR S¥UTd TR I 99
BISYDs &1 ol ¥ dTarRAfad Al-19000 &% &g & &9 BISYDs o 3= 3URUUl
fIPmfa TR H 9gd FRR Th1g TR 3R IFT ol U &l fears |

TegHIfTH 3R S¥Td BISYDs &1 @ Uty 2fad, RIS HoRdl 3R diee &
S1G B HARAT BT BT DI o (018 U [IRANUE D 37609 fHaT T g | BISYDs
& HIER & ATHAT b (08 Th WA T e-US-Cla- YR FHP Ufd=U &I Iad
forar e § et Sua aiftifeus gfda & 39 Iuamon &f aiford e arelt
GXa1sfl o1 Az w1 & forg fovan o1 war g1 39 s o, TegHiaH
BISYDs & M-I afli~l AdER BT Heidh B o Y T D ofid Dl T
8| ot et eifd s &1 ST Al-6063 1y oTg W ¥ &9 BISYDs & forg
AT~ AT ATIC ST & ST e & forg fopam Sirar g | ararRifad Al-19000 & erg
¥ & BISYDs & fo1T Tt Feti=t &ifd o o Si=1 2y o forg Uraifies & off &bt
TS 81 91 981 & HTHR $I 99 d1aR] A BISYDs & HTADHR SMHR PI AGI Bl
qoT & S8R alli~ e [GamaT | TegHI-EH BISYDs A §gaR a-0dl, Sl 31U
&, AR wlafrar ok Fo-awia Fa< IaeR GEmn 39 TR, sk
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