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1 Triangular Added Damping And Stiffness



3 s 00,8 el 1y il Sl Wl o e sl el b 558 (sla STome (09380 3l lis s was (siledige Slojen
L plas 5l JSeze TADAS (lals iz 50 piaaw g9 dw 0,50kee [Al (Ken 5 (6,051 05 (6 puTsl> sume o)k
addbos g wileoziy (6oVed CB G o ) b,y Jlas! Joxe Flygw o3l ;o b g (SKlasl glay calize dus glacwglio
S e (n el (655 22 g S pd S8 (e ol ol el el oad b Sl g Ol 5008 (o)
Loy ayl; o o 90 sl IDA Llow o ciids 08 g ailas ey b (s0Y98  ciad olB S 10wt (0l (sloj)) 0 ,5has g 0
Y L TADAS (lal> joniz 510 1306 aS 040 )] 51 (Sl s (28,5 )13 ) p 900 590 5 005 0)9> sloo 65, 5l eolatul
6 @l L [a] OHen g cod 010 (65 0 Slae o35 0)9> 4y Cod 90 0j5> Slo A3y 10 ((SeS axman ¥V g Lol axas
b olagaly p Slie Gl 55U Glime oy p g Eoite (waie lasally (gadlllas 4 lal> 1093 3 Shae b (ng5 (sorkd T
cow sl Sl assy U Ldow 5l ol mls oSl add Vo eo¥ed B G o Olad Sy g 0l g e LS
ooy g olids Ce g i S jo g8 BB iS4 pomie ST o5 ol sl ool a5 sl las coie cllolls cas
=) @5 g Slasuin iloaing 4 ik Glaoks jmals Gus b [Vl oK 5 K55l 09000 anllla 3,50 B 4o 4l
5 oS5 ,o0 il 3 slaizme ol dol 0405 (Jlais] ),,,L, RS OOV V| Y WE SRS | I [P V-00) AR S SWOT-JrpT N o U0
» ‘SJLD usLu o)jbbiMY‘w&»wf (.SLQO)L“’)‘QSLJDQS‘)J O ) foma® Lgl.lb)f‘)wwg)w)auw.blw
Gleo,sS, Cov aS aad 1 L leisle Jow SO gl asdlas ol loasdly ad § 18 oy 0590 a4l T U ¢[00 oogase
3o ol gl )l o s e s Sl (gl dige S eSS 1 mjei ol lad bl ailoads s liel sl a8 5 18 b
5 S S0l 8l 4 g0t sl il Wl i o8 S b alie Loy (63 Shoe st S35 o5 L amlie
Ay 0,655 00 St Fr leiSle SO goue s b [Vy] OHen g 5T aslazsls oy slaylaxslo loj ) gl o o5l
sloojlo jo ohga Olib Ol rals 5 gl 0,90 il Crge ojlu 5 S (1S jail a5 wisls (lis calisee S g9 i
005 Blod Coonl paS sl ool #,y SBgd 5 Sl Slad jo QLS Olynss (o iy oo 098 o0 p 8 S &8l
JrS 5 F5e oty 5l (So (TMDST) suds a5 so 2 slo S 1ome 3l w5 (gloj) slaudos 5o o5l 5 S S il
5 SB Sl olst s ol b Wgd oo b clo o B2 L e as il oo sloj) 6,105 ,L ply o bojle wlils )|
Giledae LIVYT ol g 95 Sk ol axils baojl o Shae p gzgs BB 50 atilys oo S as 12 |13, puiomad g o5l
IS mls s S cwyp ) osl-S S uil g S s e jld) Sl Glie Sl ez 0 @il Ve OB S gaman
@il S s il 3 (e (Pb 0g S (Sl 18, jea> 50 o5le sloj ) el Rl g e ST o Shee 35t
r:lqd‘[\‘“] Q\)de.Ap‘ @5545(5‘4..’.”.[4@)») wbg‘l‘o@ uo).‘al.:@‘)bﬂw‘_gw Q)S.Lo.c sln)J(_ngJl:})oojﬁsé\.g
S oteh opl o el eals aBlo 0 S gy, ool Glasl Jies g0V SlalE (loj ) o Sles Sgp sy 4 D
5 b b delos 00,8 eolitl iyl Glaglazlo loj)) cuglin 05ur sl (sobed 58 slo S0 5 (Sl (glo S50
copl 5l oolaiwl as ols lis gl ol plowl aads V0 g Ve B Gl diged aw (59, p ojle § S S ail I3l 58,5 e oo eas
Lld b alsjo ;0 000,85 4l L0y slag s g Olab o ciy o slocans wailedl slo S ,0s5 Jals 4 i b 5106

Ll pac as ols lis gl al gileans o3 S (59, slojle lld 5l (g5 o28ly ;L3 w3le 5 S i ul Ol il ogal

1 Incremental Dynamic Analysis
2 Tuned Mass Dampers
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2 Beam Nonlinear Winkler Foundation
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Figure 1: (a) Schematic representation of the BNWF model, (b) q-z spring behavior, (¢) p-x spring behavior, (d) t-x spring
behavior [18]
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Table 1: Geometric specifications of the dampers used in the experiment by Tsai et al. [20]
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Figure 2: Two-story laboratory frame model equipped with the yielding damper by Tsai et al. [20]
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Table 2: Natural periods of the first and second modes of the frame with and without a damper in the OpenSees software and

the experiment by Tsai et al. [20]
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Figure 3: Comparison of the first-floor displacement results of the frame between the laboratory model [20] and the

numerical model
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Figure 4: Comparison of the second-floor displacement results of the frame between the laboratory model [20] and the

numerical model
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Figure 5: Elevation and floor plans of the 3-story and 9-story SAC frames [22].(a) Elevation of the SAC3 frame, (b) Elevation
of the SACY frame, (c) Floor plan of the SAC3 frame, (d) Floor plan of the SAC9 frame
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Table 3: Natural periods of the first three modes of the SAC9 frame and the present modeling
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Figure 6: Validation of the pushover curve for the SAC9 frame [22] and the modeled frame
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Table 4: Specifications of the selected ground motion records for the DBE hazard level [23]
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Table 5: Specifications of the selected ground motion records for the MCE hazard level [23]
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Table 6: Dimensions of the designed dampers for the SAC3 frame
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Figure 7: Geometric parameters of the triangular TADAS damper plate
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Table 7: Dimensions of the designed dampers for the SAC9 frame
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Table 8: Soil properties and geometric dimensions of the foundations for the 3-story and 9-story frames
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Table 9: Fundamental periods of the 3-story and 9-story frames under the three investigated conditions
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Figure 8: (a) Mean maximum interstory drift of the 3-story frame under DBE, (b) mean maximum floor acceleration of the 3-

story frame under DBE, (c) comparison of maximum base shear for each record in the 3-story frame under DBE
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Figure 9: (a) Mean maximum interstory drift of the 9-story frame under DBE, (b) mean maximum floor acceleration of the 9-

story frame under DBE, (c) comparison of maximum base shear for each record in the 9-story frame under DBE
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Figure 10: (a) Mean maximum interstory drift of the 3-story frame under MCE, (b) mean maximum floor acceleration of the

3-story frame under MCE, (c) comparison of maximum base shear for each record in the 3-story frame under MCE



MCE o))} yas b b i 4 B (o) 2 -F-F

e dni b 390 13 jlome w1 Sl 5 (Sl Db 50 (e (olmlr (VY USS Bl @B b A QB () 0 50
S5 o b bl malS re o,lailiel eaguis &) piid g Jol Slibs 5 Sl s obuly (B ol dlos 0 Sl
D sy e V) S 3allae ile 3L lome oogamme ;o licks sl 10 sl Aliks 12y o s ol cojlas 5 ST LS il
Sl VU g slee Sl o ol wold 4 e 309581 b aS ol ylis MCE (gloj,) s pelans gl ik 4 w6 o Slinls
5 SE S il (oalas Shae codi 5l G g L0 @395 51 (G20 Baes (VL slaosls yo Sl (aaldl cplail o
P9 2 Exdge (nl g dlml (Bly nl p3 ) FalS ES (S8 Lulyd g 05 waas | (VL Slib Sl Olid 5ol
5 oollaali 8, 51 3l oSl onlid S1re 4 jazme sloojl loj) (b o oile 5 S Syl Sl 33s 4z
2053 0 (orked Shee (39381 L MCE jlas mlaws )3 aly (o i) ) US8 Billae 098 (655 9l lamgio (sl (VL slojls
ol s el 51 e et ol 4 Cennd do o )+ ojl g S LS il Ll L

10 10
——SAC —a—SAC
8 8
6 —@—SAC/DAM >6 | —e—SAC/DAM
S s S
= wn
2] 4
—#— SAC/DAM/SSI
3 —&— SAC/DAM/SSI
5 2
1 |
0 ! 0
0 2 4 6 8 10 12 14 16
0 001 002 O'O|\3/| Ag.(ochlJéJ% 0.06 0.07 0.08 MAX ACC(m/s2)
o ]
SAC9-MCE

2000 H SAC

1500

B SAC/DAM
1000
50 B SAC/DAM/SSI
0

LA25 LA26 LA35 LA36 LA37 LA38 LA40 MEAN
Record

Base Shear(kN)

o

(d
Kl & B s o 35 Dl (5aKilen 519503 (MCE il s & Gl linds o135l g (52 Llr (5aSileo y1ogad (il 1) JSC

MCE cll> aib 8 B (gl 13,95, 51 S 52 o j5o arly (o 2 glammnlio 10903 (g ‘MCE <dl>

Figure 11: (a) Mean maximum interstory drift of the 9-story frame under MCE, (b) mean maximum floor acceleration of the

9-story frame under MCE, (¢) comparison of maximum base shear for each record in the 9-story frame under MCE
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Table 10: Comparison of responses of the 3- and 9-story frames under three different conditions at DBE and MCE hazard
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ABSTRACT

TADAS vyielding dampers are among the most widely used passive energy dissipation devices for enhancing the seismic
performance of structures. However, the dynamic behavior of structures can be significantly influenced by soil flexibility and
the energy dissipation capacity of the soil-structure system, potentially affecting the effectiveness of these dampers under
seismic loading. This study investigates the combined effects of soil-structure interaction (SSI) and TADAS yielding dampers
on the seismic response of 3-story and 9-story steel moment-resisting frames. Three soil conditions and two seismic hazard
levels—Design Basis Earthquake (DBE) and Maximum Considered Earthquake (MCE)—are considered. The performance is
evaluated through nonlinear time history analysis based on critical parameters such as fundamental period, interstory drift,
peak floor acceleration, and base shear. The results reveal that the inclusion of TADAS dampers significantly reduces the
fundamental period of both short and mid-rise frames. However, incorporating SSI tends to increase the period again due to
reduced system stiffness. While dampers increase floor accelerations—especially in upper and middle stories—SSI effects
further amplify this at MCE levels but slightly mitigate it at DBE levels. Moreover, SSI tends to increase interstory drifts in
the lower stories while dampers help reduce base shear across both frames. These findings underscore the importance of
incorporating SSI in seismic design to realistically assess damper efficiency and overall structural performance.
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