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In this paper,in addition to introduce a hybrid structuraystem
contained local isolater and dampey its behavior and
functional capabilitieswere studied ona conventional structure
For this purpose, an RC framéuilding with six-story was
designed based on valid codes and thenfoimr casesbased on
the number of spans, it was split into two separate adja
frames. Base isolation was done underneath the columns o
frame, while the bottom connections ohe ot her
columns were remained fixed and viscous dampers providec
connection of two adgent frames on the same floors.
Nonlinear time history analysis (NTHA) under three nedault
and three fafault earthquakesand frequencyglomain analysis
are performed. DBplacement, drift, acceleration andhear
forces of the stories inthe four proposed hybridcases with two
limited cases full baseisolated and full basefixed frames, as
well as nonlinear hysteresis behavior of a damper and
isolator are assessed’he results showed that using the noy
hybrid control method in most cases cammitigate deteriorag
effects of all types of seismic motions observed the
conventional structural systemsHowever, among them two
cases (2 isolated columns-5 fixed columns and 3 isolate
columns -4 fixed columns) had thdest significant influence or
seismic performance and structural response  reductio
Furthermore, frequency response functions of displacement
acceleration with respect to ground acceleratidamonstratec
that the two proposed cases further suppress thgonss of
the limited casespver a wide range of frequencies including
natural frequencies.Due to decrease about50-70% in the
number of base isolatwr(compared to full isolation)lead to
considerable construction cost savinds. spite of the limitation
of ASCE710 code on separately using base isolators
dampers on structure, applying the proposed combin:
technique of these two dissipating devices can overcome
limitation.
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1. Introduction some researchers suggest
devicesp ttohesguiAmonmnugt ur e
most | arge cities, btuhi el sdei ,n gist ac¢ &nedabl[@]s poudt ed

I
at mor e hei ghltacedd e nPeaatreblya a gjdde s[ear Ghhes di ed
popul ation growth andnl atdlker @i csala c daedh BMecseonrt
structures during t hestopuexrtaumensnt eecer wodh whibt e
some way be influenceaerdd ibsychbtumprea sade.clt oRaedsduy t s
Sampl es of |l ateraly |Iohadw &aheat geunseirnagt e i ®C 0 U
earthquake, wind or seplocsiong bhppdepriThkeseda
| oadmbsavemai nly d dauvsadadmper s have a signi fic
di spl acement of bui |l driendgusc,i negs ptehcei asleliys minc Hriegh
sei smi cBuielgddionmsgp.l adcleemesritr uctad EABTak&wakondgi der e
to sudden movement take wet il ecds otfheemrthqual
adjacency to each otBbBéructusesyv idwecaeqiehddsomny
oserious damage to budieladiunges .| e@er tt me ma tbleerre f 3 «
h
f

and, during t he e a byti ng v aokdeu,ci ngvot hreaienner gy
ac¢thotr sl dt ephhceamemlituthdnd frequency domain met
acceleration of stthreocnggborives uabasebde bgnergy it
ground ,mohtaivoen ssewrer ehienftfoect wo bui |l i nisscowrsn
damage t o structur alda napiedrk enw&8rad tsrgu csthuorvaeld t h ¢
menber s . Due to the poéeaéntiimputofentereggsye t o t
events, sopsleawea elpaemtimaodcleudinng two adjacent st
t he sciencecdafrtarr ol . daTmpoer s, i s al most const
mannersgsing i solatord omat itome amasenuanfber . By
buil dings (base i sobmobuonh osfysdream)gytadddasi pa

connecting adjacent burudt ogedybdanmdmenpe,sr st he
are onmoof d¢dmmonl y ubsweid drentdh ocdasn MHevagme aatll.y 1

of pmdasesciome r ol domai n[]9 Th®t uddieead o ft he sei smic
i solators was in2®bdwmcedoeélnectthreonea&r Ifyact ori e
century and was wi dlealmp ersst ualti edheamdepar ati o

i mpl emented by engi neiemtseroiver drme ehserfgbdrr &1
on st r Thcetsuer £sairrcdlesdeett H1d]l .proposed the reduct
constructi ®Rmbbé&r LBaarfionrgc e(sL R&1 exi stent buil
i 196Y%Y the Swiasrsidsen cuitcommrestsr uct ed addi ti onal

desig@mgi silmtt bae NatiorfalicBubhdilngyer and Vi sc
Regul ati onP®9kndcesei Pmsedn[lall .presented a st at
strengthening of str uwct urhees mofst8salyhcadnciaadod
in th2z20h adeft.urSo [fart,hemarmreytrofit of existing
studies hawea Héaen reacmegtnidad,onhad been done so
anus ageevel opment of dcobbpltenyg twapyess bhcl uded

i sol aaovariaty of r egaudjaarc eanntd biurirledgiunigasr by t h
struceirilem®r der t o r eadnudc e c oannnde ct i ng an exi st
prevepbumndiéngmdj acent | aatreual uxteess, i ®ranwal é s or
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ternal structure byucdanapse rbsaseThey elad s ol ar ¢
oposed to design thikbowedotnatsttriieitur eomtsr @l
ternal claddi ng, whinch mpooldndebaealbd wi otro of
prove t he energy epgehowmahceomshimhtglee ng 1 s
[

stent brmuermadalg tamejAae)stgetlct_ t h b o |
thdddtasagar {aand,]l\Bar(fgC].oé 9 noe n eneadboves
ma e bee§1 p

I

di ed on t he _effectt_hie\)/egmfzegtgh:d?ofa
trol method 'nC'“%'url@!sdbﬁiﬂﬁthtbaseesAe“?a?rH@nte{rPsBm
mindki ng viscoel ast phe g?ﬂ‘@ﬁf%nb@ﬁ L¥We of i:
acent buil dings anag enyp haacSeinzte ds tt rhuadht aitr heds
ge displacement ofeftfheectp svaet. taloga bt huenadnegie ,t hie
| diisnggontroll ed aodt iresdudcweadt yloyof hédbudkedsn
necting them withegpscoatblnidvaldamprsisder &
rtiflltpradposed and®tfhetrhiwayemérgy dissipat
chronous control IPionsgsi btliee ThHEPRLEGANI Ccal
uctur es;acitn vveh iMRh d:sé’aﬂﬁlérd§rat include
nectthlengsame l evel étsoorllaecsemg of the
acents, sWhechraapan?"é%e hbtruc ooat the
. [ Yorin v ac as - w
ective control me %(‘H t r
g ©da pers k
SmICSrhElrS‘|m‘c'5”ﬂs‘:6€“1“”"albu|Id|n nd obtaining -
stomeric base |sov{,ha|t|be§)neau bﬁfmngfoénea bui
| whnghconwedica adjaicedilatmpreybrid coninol sy
| dyMR g d aamedr proemiseaddi ti on to protecting ¢t}
i ve control met heflf et 08 cbntir®tl é i anlg | oa
j acent buil di ngs. Tchoen sn el u latt 3 e@fs iphrayawe rdi beda. |
tudy showed that HyDreispic¢entmamlys war s mooee
ffective in controlPasnSg VEehand-gesaspiomsedeyd se
ompared-atbi VSemcontr &I N9l § esptprpuecitwio adj acent
esearchet [lapkaasnadg i¢timay A S P r OuUsS researches S U
[LYypropasedw base |scmeantt|'ooﬁq eij bg"nlqsfdegremlbled; [
ontrolunsjyesrtneerathamlwle h t e has bee

C .
connecti aviheh free rlgé ISdlpf(f %( bUI|Ibtilsbr;g|2§F2'[
e

xample a braced tOW%ram%d rvqaa%ge@(gn r)|nbgy t
dampdhss system has 6d/"rPd|at|Voan”toafget3hel3rref:bmpo
(1) t o argeadiimepttu | stitveeis ackagrp e alvi hdpout using raen ext
through-isbéabher 2)s ytsdoam ednedhedoup) i ng meehmd)t
wi t h satgaarnldosdtg r at i on seaudddiuiarket he interipr par:
t hrough t ft® nnbeucitlidoinng sysrdmr to oveecbmecahe
Ami at [BBproposect$emicCaOnngsi deleatcieon.in this paj
active control deviceSstowiytinnRferameyd sad ej s@P @en b
system besi des daumigrelgh 2m§i|lj dyien g wbaassedeosn' gnaldi
detection algorithm, ¢OudiE®Lanidhenmd n ofOner Case
weakness of convent|BH§I ”P@B?%t.é nggg
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solation was done ubdet dSeaigh ©Ohdercoltuomnsi mp
f one frame, while thal oil&yomaltc mbmostcdbhahs fr
f ot her frameds C o llupnEnast e We bifs el b aneedd sd

i xed a_nd viscous d@_fﬁpe@péseml?fﬂwaﬁ@ids tdei den't
onnection of twdahedjacgnde folfrd Mergeh &albroevseu | rt esa
ame storlaﬂsefllmalvma(y.ntﬁr{yélggiagmic perfor mance
tructur al elieaelnatsagr sngaart d. ne ar

[

near Vvi sicno uasl hdoannhpiseer?'mllarerandZ@Qme to two

sa T
| ihe story(l‘a‘maiA$yspesrfor?n"f‘enhes _Iocated o'hhea_xes
OpenSeelstvasso f d wae rev®E&C Meplgigi ¢ and mechanical
c atshees porhoypborsiedd 2f r 4 Ad$ 1 ( dr Bg commonl gs descr
at ed-5fcioxednsol3umh®| hayhe dieamnictee tbegavns
at eddfcioxleudmnesol umnB @i hifatd t b @aenfdlhceorisei ght of
ma | performance girmurchatfd dlo@in &g Beatnedr s

cing the responsegspéctChaaubcgttuarei sagei n st r
hgsilmkwrmsTabbe  Anotchoenrc fiQdtse, eqB3@IPat mand yi el
ctive of this pagpiereaBitie el ®d badMpPlan the

racy o/ Ortef‘gml/&fﬁ@[ﬁgnc cpoa][rgt;asn cte% 2w j2t. tiLh é’at?bef fi

Pabout t he i mi tati_on use 0 . :
ators and daamméBrsOfi nstcrl%dat?uﬁaglthe coeffici
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sol

whehe co@fiféiar gaot)st hHht'a surengnd, the el:

especti velsgynochdr awseutdH P! acement increase coc

f these two spstgms d€gPeFai Ve hy3 asnqu.aliort o

erform apnrdaperelsy,i gnoft Nhgr maesate mo me nt re

onst.raints bui l. Biarsg d on t he soil t
bui | diiltnagc a(gr on)p @dHd \wel

2. Modeling t hlee v eil mpoofr t a ntcwei |ddfQ ntgh e
the seismic parameters o

2.1 ModelStmgct ne e calcuba¥Yeddt@ an¥ w0

| n tphapser s isxtaor y st oWYRAgc not ed“ L nisSecthiowud d
intermediat e moment NPEEAEEThAL OVkdmpimh et
buil,dooagt ednigel &pnsi t S C7E & odeh Ch alpa religs t

six spanstructural pl &R/RNEHARA rigstgjiigtions or
1) was _EOUdmbd@buih”@Haglsncileand)rd;a_nspterruscltiunres
ETABS f t wag eu sietds awels i g‘nﬁans st hadatewriglners have
based o0B81B4lehan@l ASCE |scouraged_frordeuv3|cnfeg t_I
2Pcodd@s analryarel itriheeerSepParately in the buildi
hi stQopreyn Ssecefst war e has | B8enhYlleigd or csyncalon
Due tthe regularity hefSYSH@MEeR Yicgqyre, NONIinear
frames alloocnagt edhe | on@iNn@hyish &l sdypdoiweveer, usied
transver swi adipreeaodteipeemsd &@ard of the research p
and -cnoounp | anhgr als adeshoavi b Performance of a hyb
his shedywoexciotsa bdxoenr t @S BS@hgtand damper,

only alonginhe Hongcf€CR&NEBEI QhHal buildings v
configuration, the | mpac:
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i mitation on this new structural system
under nonl inear ti me histo nal ysi s
(NTHA) is also evalwuated.
® @
®)
| ’ Steel pl i
|
©
S5m S5m Sm Sm Sm Sm
FigBuil ding plan. FiaSchemat ilcRB iiesvolodt or

2.2 Modell sSmlgatodr s andhbampefrifB-s<ticemyt buil di ng,

In the design of isW%W3ShtBprsed a@opliphfC ¢nal
ASCHEL O[2Dand FMBMAL an d Q.fm]ater. The geometrlc c
heir bietli sphacdmeat 'beh adtio S, whi ch ar e
esign dioplacemanst d&d &¢cphppAi kenlLRB mode |
he displacemeshowlifd M@bFhtgls. ! N OpensSees sof
ess thamunhhdisnpal&ajce%laﬁpl,ayeld in Table
pecified Bg¥l)t hae)dca(de&q (3) i s used to design
eri veASOE @InY 4 an4d are pbet ween two adj2dcenltn st
g uaanlidn t er ms of ex,pemam® @tadl] rpalratmeanrs s of t
hey amppreoxi mately thegel| di medt hldorakavesi bl e r
han the first peri e dexPpfon @mwtetfCin Voti@elnce N &l of
ui | Thiengi.smi c coefficdgmper @& A0d fdoers rndet@nrid n

- an%,arxe@al desli ghorusi ng |l i near ¥ih®cous
spectral accelerati ont9fdfd5heleengtt %@Tdhqn?appr[j)'_ebdo't
acceleration paramatedi, chegpbpgi pliyaf l dedg as
canobeained from eitfRAE8FORGe SiyBg@aigspd) on the
[2Ror Chajpt e A I@E 02 D hei,gfftor structuresnwith

Fi.g)is a schematiRB vilRSt Uy, ( fbe Tlooweér daenpgm
i solaptpdirined hi s study ratiad,s selectilbé@ndgial t dbe

JoTToon - ~a-

horizont al arrangement (o
z z
$ - (@) zer o.
88 g B 8 8
. e U = ©)
$ ; 2
Tabl@eometric Property of Isol ators*
case Lead core Isolator Isolator height Rubber layer Rubber layers Metal layer
diameter diameter thickness number thickness
A.lso 13 80 61 1.3 48 0.16
LISRF4, LF3RI4 13 60 61 1 62 0.3
LI2RF5, LF2RI5 13 60 61 1 62 0.18

* The IRHD50IsolatorType is selected and the units are in centimetres
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isolatordamper

n

hybrid control

wer e

somet hoee sponses
structures

Civi

wseaed ftyo ac c u nagncdy system, rhaseldeoh the number of spans, this

model

and
e d,

p rulding rwas eigided fnto ttwoo adjacent
i fnames, iwhi¢hewillebe tcalledhe fwo-pad r e

such as dri ft  perddemtl dgidmgneonm how.Basalisolation was done
error of t he t lmg we t e ynderneath dhe coldmns of one frame, while
companTad3l e the bat om connections of
. columns were remained fixednd viscous
Asshowiki Bnand Babfer a, SI X : :

7 ) . dg\mper rovided the connection of two
story buidsohgt ed d Eugad'acen framies at & rrné)srﬁnr’gevels
raow®rift bet ween the tjwo gpen%ees and
ETAB®odeilms al |l Stori esTabh@a@e s iagdno tar ametser s of
6. 94wd i n theficxaettdhh e o f f padarthetbr Explanation
same | evel of 1s.t3olr% @& Was, ar 0 UnN Arygydamping ratio
above items indicate—that the—modeting was

. 438 g First natural periods
done correctly in OpenSees software
A n j" story displacement in the
) 8 '8 first mode shape
2.3 PreRacomged Ground WMot i 0N i"storymassothefist
. . building
Us e Ch hAen a I Yy S1 S 5 Damping coefficient of the
] ) ) damper in story
In this paper, six earthqua@esccelerations _ Angle of damper
including three fafault and three nedault Exponential coafiicient
ear t hgmtha ok sype O have been
selected fromF E MAP695 P4]. Their
characteristics were listed ifable 4. These Tab3EBrror Rate in ETABS
earthquakes werescaled based on the Model s.
ASCE?10 Code [20, 25} In Fig. (4), the case  Buidng el DA et
earthquake scaling process based on their . 6 0.715 0.709 0.84
spectrum is depicted in both far and near
. A.ISO 6 1.307 1.333 1.91
field.
2.4 Di stlrs dolwstrildbargsp er s
In this section, in order to equip the story
building designed in the previous section
6 A 6 A
\ ‘/
3 A— ETABS S~ 5 A— ETABS
w4 — — Opensees \\ - “ o, — —opesees \\
2 \ 2 /
%3 > A g 3 /
4 /
2 // A 2 ’/A
' 0 0.0002 0.0004 0.0006 01)0;8 0.001 0.0012  0.0014 ' 0 0.002 “ 0.004 0.006 0.008 0.01
Drift (m) Drift (m)
(a) (b)

Fi gDri fts of

ETABS dmdb ®p eo Eeatishd malder csad e .

t

an
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Tabde@haracteristics of recorded gr.ound mot
Field Earthquake Magnitude Station Year Vs30 (m/sec) PGA Rup(km) RSN

Northridge 6.69 Beverly Hills 1994 355.81 0. 52 17.15 953
Far Kobe 6.9 Kobe 1995 609.0 0.51 17.08 1111
Manijil 7.7 Abbar 1990 723.95 0.51 12.55 1633
Nothridge 6.9 Sylmar- Olive 1994 440.54 0.73 5.3 1086
Near Cape Mendocino 7.01 Petrolia 1992 422.17 0.63 8.18 828
Tabas, Iran 7.35 Tabas 1978 766.77 0.86 2.05 143
h Soil D N -‘ Soil D
3.5 ,.l B _NDRTHR ‘a f‘“";l jj:v:RAGE
2: “I‘, — — MANJIL = B" i cape
- [ * W M A
1.5 w' Al 'l\ -~ 2 "’,’ '\
* / ‘};\’ \ B \\\\.:
\ s TS
0.5 \‘_"_‘;}‘T?“- o—= - _
(a) (b
Fi4The scaled gr apshp eodt (tenje tefag tdgd afkieel che ar

Since the main building frame has 6 spans implementation and construction, have been
definedand referreds limited casesn order

and seven columns,

thésolatordamper

hybrid control systemhas beendefined in

four

different

configuration cases. In

to comparison and evaluation with the 6
proposed onegSee Table 5)

addition, the othert w eases, which are

actually more

widely

used

in

the

Tabd @haracterdgist iconfodgathat i on

cases |

Configuration

limited

' Full Basefixed(F.F)

Isolator
[l

|
|
|
|
|
|

FuII. Baseisolated(A.1ISO)

Vi

on
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Fixed frame  Cay. K; Isolated frame Isolated frame  ¢u;K; Fixed frame
g | ‘ | | [, ‘ m; | | |
| Il N I 'H [ I
e l e
[ Jew] T T T ] wr | [ ]
—BEg—1 L+ m S EEE Mz
‘ Cuz, Kz H ‘ ‘ | ‘ ‘ Cuz. K2 ‘ | |
my
[ e | | | o I I
‘ [T |_. ™ L | — = 7‘ gy | |
LF2RIS LI2RF5
part
Fixed fi Cap K Isolated frame Isolated frame Cuy Ky Fixed frame
‘ ..... | ‘ 1 m = TR i
[ ] I [ ——
B !
I ) I I eom| [ |
], L m., o ma |
I | |eoe [T |
I m Tl n 2 mzy |
‘ H Cay Ky ‘ | ‘ H ‘
aaaaa e | i, ‘ my \” ‘ |
LF3RI4 LI3RF4

The first limited case, referenced by F.F (Full sy s taesm wet Wo aki mi t ed cas
Basefixed), is same as the original or i nv e st iog asttludliegi smi ¢ r espol
primary structurewhich all of its columns under groundl|l mothos esffe
were fixed to the groundhe second limited (e § yolst henhi near 4 aney shii st

case, referenced by A.ISGymbol (All oft hree-f aruddr andf atulttee

e e e S g © 87 NG U a kielsd @ g dlommay n
b u ‘anal ysicsonduatneld present e

LISRF4 is a caein which the isolatos are ) .

installed underneath each three columns on> € P @' ately fonxpeasrstolf atadd
the left part and four columns on the right © &S €S
partarefixed to the groundin LI2RF5 case
the isolatos are installed underneath each
two columns on the leftpart and five T hmwmaximuma nd -measmuar e ( RMS)
columns onthe right part are fixed to the val uesh offl omac s ti me hi st
ground. AlSO, the two C.aseS LF3RI4 and ar mputedf otrhr ee ear i chrq uakes
LF2RIS5, have the fixed anidolated columns e g e| d. Atgypeli ng7-1t00 ASC
arranged in thepposite manneof the two 2D ,hetl | ovdahilfe isomdefined

LISRF4 and LI2RF5cases respectively. In : .
table 5 all configurationcases are displayed Lil g htsert] o tr :‘/ € 12?' ng.%e?.r;) 2 avfh etr fee

separately.

3.Monlinear ti me histor

Il n 5 i gnaxsiomummean Bnoef dr |
3. Analysis Results showecording to obtained
LBRHMA castehmaxi moeran dr i ft (
As mentioned previousloYofbbdHiPH' t H@n fjisOoUradttel g0 Na n
cases of -dtahmep eirs ohlyabtroipdr eG@mttre@! a r emar kaabl e de
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to I'imited cases (A. F$Q@edngaFt F)sg(sH)s B@dwe,r ,i n

f oarlhlybcadasr easonathd eLBR&mha@isn t he | owest respo
the all owaASICELOiasf tbheethher cases armd %aolwseor i t
comp.llinedot h f afrauthred tmeaar A. | SQO-168nodd eASCEmMi t at i

i sol at edPRpasrhrtowed t heOp ®mwatsitons of both parts
response relativet t bssohtohmeprp road arsd it s meartrad Iseot iion
abolG%dnd0%ower than AeltSv@eandi ncr g asfi nd i xneudmb
ASCEL@x ode | irmdstpaetditbiav e€loy.umns (or deacfr eiasolngt end
i sol at edBRpParatseofth28%dcof onmer)educi nogtb addre X &

upper t han A. 1l SGOutl f msmedln co edarsiofitgss s ol at ed
considerably | owemhe Ffesmense t han
all owalfladbd@i ftn other hand, I n
006 L . o
O e+ ——m  — g — — —. = LI3RF4 005 e e s e o . — . -
g om o L2755 = o ———

LF2RIS
0.02 0.02 LF2RIS
=@+ ASCE7-10 =@ ASCE7-10
0.01 0.01
0

I A |50 .

I LI2RF5

LF3RI4

LI3RF4 — — — — — — — — - LI3RF4

m— LI2RF5

LF3RI4

LF2RIS

=@ ASCE7-10

0.02 LF2RIS 0.02
= ASCE7-10
B B .
0 - o

(c) (d)

Fi sMaxi noume anoof udirdiefr t-fdahaeh of dnrealit t lsq u eeksepfedma) v el y
ba$solfatesmd(db)bda$ € X @ ds.me

Figshows maxi mum di spAsacemmartidag( ad l6@enma X i mu m
in diffeAlkhowdadbslpel isece.rde rstp| &c eonfe nmo st hybrid ¢
basethenABE@®B daer e compiug @eldat edndpepararmsdr -mhawlrt
by cumul ati ve rel ati ear tonfqgualkle ambdhizirieenisat o v g t
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mention the | i7hi0c@ade onm®@BDBHNAESHKEduUuT el abhi.ve t o
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Also, it can be declared that in spite of the average), the same variation tendency is
larger shear forces under nédault evident in both.

earthquakes versus their similar values under

far-fault ones (about -30% larger in
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Graphs in Fig. 8,which has bee drawn fixed frames. It can be seen frorfigs. 8(b)
semt logarithmic are the maximum root and 8(d) that two hylrid cases LI2RF5 and
mean squargesponsg for acceleration of  LI3RF4, in the basefixed frame experience
floors under far and neaffault earthquakes. slight acceleratiosn (less than F.F), especially
From Fig. 8(a)and8(c), it can be stated that in the lower storieswhile the accelerations
all cases of the baseisolated frame of the other cases.e. LF2RI5 and LF3RI4
experiencealmost uniform (or better said are too far fromhose ofF.F case. It means
than the same orderacceleratios in all that the lateral resisting elements of the main
stories. In other words, accelerationanges  structure, intwo latter configurations of
in the stories ar@egligible,which is due to hybrid contro} exhibit plastic behavior and
the desirable performance ofhe base so experience itgbility. Also, a review of
isolation system in théaseisolated frame. Figs. (6), (7) and (8) together shows thath

By considering lte acceleration response of the baseésolated and baskxed parts of the
the full baseisolatedframe (A.ISO) as the hybrid cases merely display their dominant
basis, it can be seen that LF2RI5 and LF3RI4 (primary) mode shapes in displacements,
cases have responses beyond the A.ISO shear forces and accelerations. They further
limited case, while the rest of the cases show correpond to the primary mode shapes of
a suitable performance in acceleration. A.ISO and F.F cases, respectively.

Similar behawor is also visible for théase
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For a damper connecting the top flooes behaviors are presented in Fig.The results
well as anisolator used ontwo cases, show that the larger forces and deformations
LI2RF5 and LI3BRF4, when subjected to under thenearfault earthquakgTabas)have
Kobe and Tabas, respectively as the &rd been afforded in these control devie
nearfault e a r t h ,gnordinea shysteresis compared to théar-fault earthquakgKobe).
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Also, their displacements and forces have thet h e
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absememardfehbikre t he

same trend with close intensity in both cases,i s ol at i omn ahfg®&g U &rOt ymen d

LI2RF5 and LI3RF4.

32.Fr e qulBonncayi n Resul

In Figs. 10(a) and 10(b), the frequency
response function® and O of the

roof displacement & and the roof
acceleration @ with respect to ground
acceleration® and versus ] , i.e. the

ratio between the excitation frequency and

the first natural f @ g u e ofcthie main

structure (F.F case)are plotted. The

frequency response curves are presefied
the main structur@-.F), the full isolated¢ase
(A.ISO) and partiallybasefixed (P.F) and
partially baseisolated (P.lI) parts of two
proposedhybrid cags, LISBRF4 and LI2RES5

which have shown the best performance

compared to the other tvoa®es.

As can be seen from Fid.0(a), the main

structure (F.F) experiences maximum peaks

of frequencyr e s p ampditedes for its
natural frequencies, especiallgr first one.

But the plots of other casesxhibit more

reduction of displeement peak# identical

frequencies The minimum peaks of
frequency responses are belongh\ttsO and
partially isolated frames (PI), xeept for

isolating frequency (about one tenth of
fundamental frequengywherethey reached
about 1.5 and 0.5 time the maximum peé&k
F.F case, respectively.Furthermore, a
significant reduction for basefixed (PF)

f r a mdisplatementresponsesis visible,

especially in the primary frequencyrnge
(about one fifth of F.[isplacement

Form Fig 10(b), t hter en d

di splademguiencgytisonal sp; ghtly

observed for t he

func@Thenonly

di fference,

ba$eolfataek s

Ehe followiagbpoinwhedcan
proposedhy br i di ncaklesh -t heir
I sol at ed-f iaxnedd bpaasret s , as
A.1SO and , &anHBercatesquen
analysi® shaee unkbhanged
frequencies and correspo.l
I n ot her wor ds, the natu
mode behaviors of isol ate
to those of Ai k80®i xaa,s et

mo d a | guantities of fixe
to tho&eFiotceh®e main struc
Therefore, it can be inf
behaviors of both parts
ar e indeptemael e mai n struc
frequ.encies

As we knaw,e il i mited cas:
A.1SO, the superstructur
any adcjtaauamtdries compl et e
I n | ater abut mavhemeaentol at ed

i n hybrid
bafée xed

cad®s tdree adg mrc
frame by t he da
contraF.yF tAndSO, ehey h
rest rliadteeg dal Bovefnegt s,
| ateeaponse amppe,ftadés
bet weraisA.dfSO alnd & . Wi de
range of frequencies that
nat ur al frequenci,bat of t|
al gdmuch s fna kB byasewncch as

i sonlgatfireguenct he desir a
perfor mance of t he t wo
LBRBand2RBli s evident in tfF

reduced diaptdacamealter at
respsoesen agai nst fully
strucAukd®)a fin2RIbB point ,

_ . despite t he decrease i n
sitmeljady,|t39 ed col BRI s sagavisn s t
| arger peaks ir
aceRbeLBEEPBr alti%%hY &NEfYpons
of cour se, i s






