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e Classification of Structural
Control
Passive, Active, Semi-active Control

Passive Control Active Control
non-controllable controllable
no power required significant power required

Active Control Systems \ /

[ Excitation ]—>[ Structure ]—.—[ Response ] Semi-active Control

controllable
little power required
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Link Link
\i T \i
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Tokyo Wan Aqua-line, Tokyo, Japan

After completion of the superstructure, oscillation with an amplitude over 0.5 m was observed.

To suppress it, 16 tuned mass dampers(TMD) were installed.
Part of the steed deck was stiffened.

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar -5-



aall ge ((TMD) _leal) ESH saddlly (AMD) alagy) ASI daiial aladinly didaglads 45)lae JEI JSE o
u\_\\_ﬂ\ Lﬁ CU.\‘)(\} AJL:J\ L;s\_mj\ %) J.m:ﬂ A_J\)SJS\ 4\.1\;.\.»:‘)?\ u.w;.\ Lé Lf\a.\‘)!\ L_A.\Sj\ AVEON| ?‘M\ ("‘ 8 4\_1\

; t
T_di_} (actuator) <&l jall
k4 K4
"AYAVAVAVAVA! AATAAVAVL
] my m my
L—.I u(t) ':—'
© d E j E j d ( j ( j
JS—:- m m
xg{t}
) k c k c

YA A AN /i e
AMD TMD

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



B ylaall Sl e Cyaal) ) 8 ¢l L3 bl e SBY g e canadl Y S Js
Tuned L|qU|d) JJL,.A\ Jladl daadd) gag VI @u\ L3 dadail e AT & 65\ HM J<a @)l
G el 538 A gmg Aall ABSS AT Jila ol ) oLl Clvadall (e g5l 130 8 a3ans c(Damper TLD
Cua ¢yl d;u JM\ i Agy (TLD) il elyay Lasall yual Gl Jal cmjj\ Ll ddaclgy
Laalidl) ) ¢ 5ally ghall B o ISaY) ) dleaYU (i) 38 dai daalal) Y Jsns
Lalzay) <Y G Gua (TMD) g5l (o veddl g Ll Wa) (TLD) aadal)l cabiay 5y ) 4sslil
e ll (o 2addll (e Allad U8 (TLD) gl (pa dadall G aag g (Bl 3yl e e & L sy ally aalalills
(TMD)

G e adiny @A) xaddl s I3V g5l Gl Cus ((TLD) g5l (e 2adiall (pindgai cpess Y1 JSEN
c(vm\ A\ B uub angy Jalad) )4; Oea Olualy CilSud @ay A4 Wle ‘(SlOShlng Damper) ;:Ld\
Gaganll addl exd L;al_d\ & ol Ll cdiaa d.ql...d\ Gecy OHAN anal Leaj ‘_;z_d:.l\ Il 23a4 ‘_QL\SL\}
(L8l il @lldg dagh e piy sl Bld) i oL Uyaal axdall Jaa algy Cus «(Column Damper)
elogl) Taaag dgendl IS Taig ATlA) 038 = Ga_\.\jaj\ gl adshs

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



(a) (b)

=
rL¥1F
[T £
11 L1714
SRS
1 .H
. 4
] rHI
114 L]
1 FLH =
ey FLH
4 H
{ 1
b I":i
14 - - 0 L___J
4 i
’ HH -
& 14
¥ =gl -—
-1
14 L
H .r':
1.1
= .r'"
114 g
¢
174
.-:_.- L,
1714
¢
B

:(TLD) jalaall 5Ll 2aial
(luniy Gius ae (Sloshing Damper) sl 385 e adas 53 2034l (a)
4458 aa (Column Damper) 2seaall 203411 (b)

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



Tokyo Dome Hotel

e N b WV WM
i 3 WA W@V
Haneda Airport Air Traffic Control Tower ey :i ii

(1993, H=77.6m)

AN s

TS A tralfie comrol 1oom

1
) )

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



:Active Tendons Systems aklady) sy dakasl -2-2

o Slen U8 e lgle jlane MY dee LA Jlall (o degene (o ElaY) Y1 A il
AlaY) Y alasiuls by GKSA Alad adeddll JSEI G JSED i ¢ AlseS

eyl Jiad

Syl

/i /24

— u(t)

— i, (1)

» x (1)

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

-10-



‘;ul.@_\ Lgd;\ dm.\.'j &.uuj\ d.\uh d);.d\ 6\4}2&\ d.\a.u c_u; cc;a\u.\\)” u_u.d\ Gm\b O 4\_\.1\;.13“ J\Jj\ﬁ\ @4}.\.\
J}u 4\;)\ L_,,J)S)j\ ua.m);.d\ d\)\; ‘;ﬂ.uu\ﬁ\ J)JA\J\ JSJ.\ d);,d\ 4\.@2&\4 LQJ;\J\ 4_1\.@_\“ d..a.uj L@Ld\ d.\Ua]b ).1}5\
\A‘Dm dlu MMSJA\_\JJ?SA.\@S d.uk.\uj\ LSJJ-’ Lg.ﬂ\ JA\Y\ cd);.d\ MJ.LMJ d);.d\ u.u.SA UMWAS)Q

A Llaia) e

:Active Brace Systems dulay) clale dt) dakif -3-2

OSar Cua (L) e by K53 Sles uatil Bagage 4350 cilaled L sSs layy) calale A1) dakai] Cayd
el ‘(x) uutcss\j (K) ds,;u uutgss\j 4 )u\ umgss\ ‘umcss\ a,u e g }J Epe em o

ds,u Cua o(K) JS Aoy e alnmgie (Soma dhaa 2330 olagy) cldedl) ol 51 O
Aale Al @raall e Jialy o A8LEY) Lica Y0 el Al had]

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

11-



(Servo Valve) T abaa oo Slead) 13 cally
Oy Sdoaw A8l a35ey Silgiue e
(s Badne oS8T Aha)yledg W83 Cgulag Jiial
¢ andll e Al Lana) 4<5a JLaay! lea
Sl oda Aty oZa3 de) lsd Crgnlall aadig
Q)L.u\ L._.,;S‘)!\ (-;Lu.aj\ (-;.J;.w.\ e.w 5;5;.1 Q)L.u\ .A.J).Jj
GJ\ Lg.l}a Gﬂ\ o.l.uJ\ 4\5);]\ c\.;.w\ ?‘L""d 5;5;.\5\
.ﬂy \.ASAJ cd);d\ ‘51);; uﬁ La @ —aAad)
A1 JleaY) daglial U Ladall sl
Llayy) clded) Lok Ju Qaadl e 555l
Bl et Aedal) olb W38 LS il Jaladll
Lol s e Qi) pe Aladyl SlgY1 dakaif

il CuS il 03855 A6LE jualic dgag s

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

_12-



:Pulse Generation Systems u«uﬁ\ Al il dadasf -4-2

Applicable range of structural control systems <=8 e dga ol wlgl dalaf s
gl aaiiny o Sdgyugl Badl e Y

‘\'a.

~ Energy absorbing mechanisms | Mass control Active control 543 -
\\ “‘ax S — (,S;_q J.Jj.\j LM‘ ;.}@j\ &_1\.\.1.0.1 ‘\.Lsa.\.d\
\ ~ yatereas| Viscous | Friction - -w
\'\_‘ S ﬂ'ampffr damper | damper J:‘SJJ ‘Lj’““d‘ "‘)@j\ 83¢S b emj “‘-’-‘lé-’\
Quu_nu_:.-..\_1 Disturbar:l;\ Lcw-yield-l 'a,filscnus ,,L%ti’?;]:r, TMD AMD gp?tgél i) Al g _)J.m@j\ u\S};A\ O Aabhdn duayg allad 5 88
wHuGuIe A\ Liss “\| point steel| polymer |ireatment | e mm . N
rag Lo chalal QAT \
Superhigh-rise Earthquake O b 7 L.u_mj\ d;\q oJJa_a:’J Mﬂe \ a_a\ﬂ:_j\
huilding Wind Qﬁﬁ‘“ c.é
Observation | Earthquake O 0O M‘ C«bé‘ JA‘ ‘_g DJJ.\S ‘LLLUAJ de > ot Jj T Ladie
tower & - e
lattice tower Wind 0 L“‘""M g}s ﬁSA-‘ 042 d—‘h 19 ‘\-hé-‘-m <l jAM JLL\
N B : : | Licaddl el A cde
Long-span Earthquake O O 0 N . &:fd - T "JAj U; o )“‘“ﬂ 4‘6?:3‘“
STUCTUre Tratfic . . Lk U}S-‘ 29 Qﬁj cdal<a &_u.u.d LM\ Jl;d\ 43l
. ol adal AU JSEL 5 cad
Earthquake | © 0 Eat) @ T J
Y M \ &_i\ﬂj.d\ A.ALJ\ Lgﬂ UJS.\ 28 Lﬁ);\ 4_1;\_1
Bridge Wind O O ",
2 i . . ;j@j\ t_ilSJM cﬂwj.ml\ }d\ u\ &_u; (DA.\S ML;
wlhraion ' ' Ml ol SEN e a8 gaadl)

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



: Types of Semi-Active Control Systems =) hal PSMS\ dalai) g\ﬂ -3

Oaeat] Lz o (K B0 (ailiad Lgaal (<1 SST) ol ) 2 Gl lagy) Chal &3 Akl (oY
Sblsiu¥) e (Feedback) desjill Ll e Al LSS pailadll 8 il e lglee
Al pailiad jusal Jadh 33005 dia)lal) 48 a4 L «(Ground Ex0|tat|on) oay) el /g duled)
O &j.d\ K u.ulA.A (9 cdaddia UJS.\ c\ﬁu\ L_a\_JLM u\ﬂ Lgl_dhj ess_'\ J.Jj.d L).u.\jj M)\.sajb A G|

Al (s Jla 8 ks ZadailS Lot Ll i LS ¢l K80 dadal e Jumdl ool et @i dalady)

o i ) A paileadll doaely granil ity ¢ lal) Ka) Akl e B Akl ol il
Cua L;JAJY\ 55;.\5\ dalail alin G@A JUL\) cdalaad) Alaauy) 3\ Q)U);\ (e (FeedbaCk) daa sl 4\.13:_\]\
oﬂj.mj\ szdb es;_u G_\L..J\ es;_\j\ M.Lu\ MU{.'\ \.@_\\ [BXS MA.\)\A JA‘ Q)Lu‘ ﬂj.\j MM\ L_al.m\_a.d\ Jm}

syaiall L3l ¢aly «(Variable-Orifice Dampers) sl syxiall cilaadall e gill 138 o dabai¥) aam
Semi-Active) Lulasy) Ciai spladl LI claadly «(Variable-Stiffness Control Devices) il
Adjustable Tuned Liquid) daaill 2Ll spleadl A6l s2acl) cilazaag «(Tuned Mass Dampers

.(Controllable Fluid Dampers) dc glaall dliladl calaadally «(Column Dampers

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

_14-



:Variable-Orifice Dampers 4aiall yaial) clsaiall -1-3

deglae LKl A300 S Glaloa ae LaDlie Loy g 50 il Glaeda (e 45 5yaiall calaadall Calls
.JA\;.J\ .ﬂj.u ch.ud\ QA dm\;j\ .JA\A.J\ J\.J.QA ).1.\:.1 ‘;uu (V9% ZUES.A.\A\ Mj\,u]\ ).1.1::.1 Gﬁs \.@_D.J.u J.LQ.U dal) g).uu.q
an By cpba il dary dedall Gl alaall el 136 ¢ gadil) alaa it all Jaasds A Bkl e

ung\LkiuM & U 58 L&gl*mudsg}u44:4J/Lua(J45{9OLNM e Aggun 3o o Sa ) Hlé alazal)

Ly goill 1 i aladily e gl QQLJ\ JE i -

3

. yguall LR, L Llasay) e uﬁ Aalaan) PEGITEN c(u\.h;.d\) soist

NOUONUNNNANANANNNNNY
s

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

-15-



:Variable-Stiffness Control Devices 4duall §aiall a8l sigal -2-3

d.m:_“d A.d\ Mjm‘}!\ pda Sl cu_ﬂ;.\‘)’\ —ual eS;.J\ % &9.\5 \..4.\\ (VSD) 4_1)«..4:5\ ).u_mj\ ?S;_J\ g)@.;\ c_\;).\e\
J);.\ J\ ‘L.Daj dac Al 4\42.\‘)_” ‘_g 6‘3'“3 cu.uﬂ\ Y s ‘_,,J:— J:uﬂ Lu.mﬂ Gu.\ﬂ\ ).1}.\5\ ‘_Au\_\j l.m.ml\ 4_1)u4
4:J:J\L;QamJLd§44ﬁY\‘U/L‘:~ﬁxﬂ

% 3l Gﬂ.\.\l LAJ\ (‘.\A.».é.\j cJ:a\ 20 L.AP cé\_ulAAY\ —ual (Q)GAY\) 4.«)::.1\2“ 4J1A.1 \J; éﬂ.\b 451@.\.»“5\ \.J:J\ UJS;
< e e LS ellyg Laiall 4Dls oALUS PICY Ry E<alagigl 53ea) @ lin caathal) ai Al PLECIAY Jhasil
es;u alaag Lpﬁtaqb Jaza LH£§€9=Q)JpA L g 0 Llghl (e (\/Eﬂ)) E}A\ vedal) calby LA JKa
daq.u slaall A8 Laric chuj o o alasall (Ko Cua Alghaul)  atia Al 5lEs alae Bale ()6< !
Ay Y alazall Gl i Wl (L) ADlll aith oyen aag ).11;]\ Lo Clay iy s Jald)
alad A0a doaes L) 228 (paua ?h; LEL&:€¢:o¢uLu$Y\4A/Lua“ 5 0y90 Aoy Aaledl) ae Plal) Jéag B

4AJ{A\gJLrQY\LF>4;uLJ\4uLm$¥\gahh;uJY\thucsyu Lu;quufy\ex;AJ\

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

_16-



daled

iy daled

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar -17-



:Semi-Active Tuned Mass Dampers dulaly) ciai sulaal) Alisl) civaial) -3-3

dglie Cixvadal) sda Liad G LU el Galiy Lol Gay) chas sulad) GESY cilsaal sl
S el Bulady) Char cilxadall 038 Joe oty c 2l (ginn yuat Ao 1358 xa (TMD) g5l (10 il
(AMD) gsill (10 Gladdll Jaal 4ilie 415 (TMD) g5l (1

sl ey ) L) el piagia i ) BLaYl (TMD) sbed €0 sidl (e ol 130 il
4\;.:..4}0 Gu.ujl\ Laalt 4\_15.\4\\4.13]\ uaibadll Laiy ‘(kd) A liag (Cd) JA‘A.\} (md) as ‘;\\A.t‘)!\ ah (TMD)
ds,m £ e LS (U) (S350 (SA) Sl ] il el sy (k) 23Ul (€) 2ty ()
58 il paind ol ALlaY) KT a8 G MLy (TMD) waddl s (U) (Ka) 538 das i ¢ G
Lol e gl Al dslal e DU Ty)sie il L ke «(TMD) vaaall aelad

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

_18-



SA — W\ —
nl m “
L " [t
N @ @, /
k
F_
-« m c

7

Z

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

-19-



:Adjustable Tuned Liquid Column Dampers Jaasill dLlal §yleal) AULLY Baeel) Cildada -4-3

Cus cu_ala.\\ﬂ —ual ?SA'J\ MLJ\ e );\ &9.1 \.@_\L\ (TLCD) d.ma_\ﬂ 4\1.\1.05\ 9).1\.’..«3\ AL aJAcY\ Calada ;,Q.uaa
g Liall 3 4 53 (Sloshing) Jiled) 385 ¢(TLD) g5l (e Anlad) claedallS el sadall o2 addius
LSy laY) el

Jaled) &LQ.\J\ Ja.ua.\ )4\.:_1 U‘ M}@.uu S (Frequency and MaSS) ‘).1‘9.\5‘9 M.\SS\ o Ble ® u"jﬁ (TLCD)
L_aj.uY\ ‘_g

LS\ &.ﬁ: USSJ ‘;\Ld\ (TLCD) LVEON| &= 4\.1)\.9.« Uajal.q Lu.n;.w @BA‘}[\ —ual (TLCD) AVEON| pret u\ us.u
41 4\.\.\».1 U‘ Lds cu}uY\ d.ﬁh.u ‘L:.u.aj <y TR .J.a.u L;\L.J\ j\ @\;.N\ Al (TLCD) AVEOA| g\.l\ uts d\;
it Lasans ith (A1 ) (oY) b LY A e L;s ) Ll Zgllaal) A0l as of (S 5V

- 2adall - il d}uj el XN (d.m_d\) Laalallg ALK s o8 SRS ¢ (gl

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar



:Controllable Fluid Dampers 4s gUaall dliLid) claadal) -5-3

LA gl Blom pa clinde Jadin Ally (Ailady) Cras dlai) gloil 2ol e 4l Clsadall (e g5 138 Cayad
t Al KA dakai] 8 ledsia) Gle sUaal) UL o lging 3l el Husdl

Electro Rheological (ER) ALyl (=il e aciay Jile O
-Magneto Rheological (MR) ubliaall aalill Ao adiay Jils O

53 Lgaaly ¢l il 3 daleds Alaline E3dad o o) ok 3U5eS Jile (e gsthaad) (Blad) vl Cally,
= Al s Jilsu ) (Free- flowmg Viscous F|UIdS) G B dayl Jilgw o (el e
wjaw\ Jasll 3 5t aa Al e il e g3a < (Controllable Yield Strength) 4ial de gUas dalee

\Lﬂ G\ KVEON | IRRTY c_\l_\LL.mS c\aha‘)n_\ cé\.cjl.LuJ\ L_m\J.o;AS\ e\d;_wy 4\_\]\_14 \.@LAJ GJ}J\ GJ:_ @\.\)@ﬁj
hS.ulS.m davw 1geS B2 B)a gl alal) o2a 54 GJLJLB Aiaidial)

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

21-



®MR Damper-based Control System ®MR Damper-based Control System
Full-scale Applications: Base-isolated Building

Full-scale Applications: Building
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National Museum of Emerging Science a
nd Innovation

Two 30-ton, MR Fluid dampers b
uilt by Sanwa Tekki using Lord
MR fluid are installed between 3
rd and 5th floors
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Shanghai World Financial Center: HMD

Active tuned mass damper
Two dampers on the 9ot floor.

Sensors are used to measure the building sway
with a computer to control

HMD for Air-traffic Control Tower (Incheon Int’l Airport)

L

¢
i

:H1{MD:|D\K_{ l, !D e e Ak L5
\: s /‘ » Shape

— The Hole in the building reduces vortex-

Location of HMDs: 19th Floor shedding induced force.
(80 m above ground)

Air Traffic Control Tower: 100. 4 m
Natural Fregeuncy: 0.71 Hz
Hybrid Mass Damper (HMD)
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