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1. Introduction

Urban row houses, apart ment buil di ngsar ebunga
generally reinforced cement concrete frame s
which Iies in the range of earthquakes with t
to experiencing maj orstsorrfedysssdersi and have | arge
Il n an earthquake, the forces acting on the s
acceleration is also proportional to tHe ti me
this relationship i s reparedesntjlieldMa st ¢lhew ftoad mm
ri set msrtesuchave a flrted O¢z(d y.Oe-ilg & &8 ere p[g.r i od)
Accel erations in this region are greater than

frequencyOlHzver et ha2mertes mebd)erdre susceptible
accelerations.

—©— 5% damping —O6— 5% damping
25 Period shift —4 10% damping | |1 3 | —A—10% damping
> 15% damping 15% damping
—*%—20% damping 1 L[—%—20% damping
A 4

Acceleration (g)
Displacement (m)

Time Period (secs) Time Period (secs)
(a) (b)
Fit(a) Acceleration spectbrlapl amd0oBdampi agement s

General ly, the natur al period of st2rsedgdsure su
As a rtlkkesuhdtcel eration and hence the earthquak
al so deformation across the isolati dn DBwesttean
the | ong period of base i sol ag®ewdersn rtultd udesi g
structur e. Some of i nternational code$4, f or de
A S CE[Y], ERO8land OFT |l ndi an code for base isol

infdrastage.

A dynamic absorber can be placed at the high
response of a structure that's subjected to d
have a | ower mas s than thenedinostrmhectmarien s
fundament al frequency. |t reduces resonance
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mass damper (TMD) and tuned | iquid damper (TL
reducing the dynamisectsesponsbsi dgestj gand ot he

Base isolated structures respon[8lesPwoyWhoaki sl
Tavakol[IDuamtdeal eart hquake | oad][1l4dndSahedd @etr sah
Uberti[bBunedteralwi nd [LBhad. aVilgi & n[taBstt vadli ed r espo
of base i1isolated structures without absorber
structures responses with @§@lbfsoTfbRir Samaaei Ezradi e
[19,],20Mat t[2punedteraleart hqguaWlZRulnaaed anddKdrmoaam Sl
[2Bhas given state of the art revi em dfhesev
mec hanAlssms,. Zpalist edi ed damper failure such a
mo me n t resisting frames for | arge intensity
dampers are stuaci2igandyhapahanregnor yetal |l oy ( SMA.
hysteretic damp2pwihyh Hasrol an gir setunaler Rycl i c |
used TMD for controlling vibration in verti
earthquakes.

Base isolation systems are designed by <consi
periodfdesthedi sol ated supported structur e, S
than design basis then isolation system wil|
case when external excitation ctainomesyotwem wih
be effective. This issue can be counteracted
two stiffnesses, initial stiffness and post vy
rubber bearing whi Albsbabemneéei ke i fineds mass ¢
|l aminated rubber bearing to resolve this issu
There are |iteratures which has studied effe

structur[@f( Vud[Icgtnoaslt udi ed al ongNowikhi KlHe @@ enr s
[2PD and acr oss[1W®i nadn d( Sbachtah eatl oanlg anNidph aonodbaswi
i solated structure and al saviwmgded nalucerdb eres pfoa

i sol ated stpR®Pc.t uFoee f(Krartelreer e i s no | iterature
i solation system and absorber where isolatior
absorber is use for resisting vortex induced
Therefore,estopeudy ares(a) to design | aminat
provide separately at the base of l ow rise ¢
provide at the top of LRB provided structur
resmpses of fixed base structur e, i sol ated wi't
structure and isolated with LPB structure und
instal]l same sTuMDp oursteedi nstrRIBCt ureand &arP8| psevi

structures under wind | oad which is more than
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2. Theoretical basis of modelling and analysis of buildings

Il n this section, building model s, sei smic i s
bearing, viobr alteivomwecdntke tuned mass damper ar
buil ding models are explained.

2.1 Building model

A shear building is one in which the floors v
assumed that: oftad)l tnmaes sstirsucaamee st rtat ed at t h
girders on the floors are infinitely rigid i
deformation is independent of[2BheSogxitahle fnoarscse
| umped at floor |l evels and degree 2(fa)f rseheodwosms

five st ordeyngs meoadrelbwiilt h fi xed base.

Consider the forces equilibrium at each degree of freedom to obtain the governing equation of
motion for anN storey shear building model witthlateral degrees of freedom at the floor levels.
Theequations of motion for thiguilding are given by

[M){a(O} +[cl{u(0} tx){u(} (0} (1)
whe[mg,[Clan[k]are the mass, damping and stiffness
€0 m 0 - 0
[M]=¢0 0 m, - O ; (2)
é. ... .
é: : : T, .
g0 0 0 - m,
&+ G < 0 0
€-C G +g g 0
[C]=¢é o ¢ ¢ € - 0; 3)
é . . : .
S : : .
g 0 0 0 Cy
é,k1+k2 X, 0 0
ek kotk Kk 0
[K]=¢ o k koK oo 0 (4)
g : : :
g 0 0 0 K,
anfai(t)y, {u(t)}, {u(t)} an{F(t))are displacement, velocity, a

given by
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2.2 Seismic isolators to support building
General ly, i solators |Ii ke |l aminated rubber be
in order to isolate the structures from earth
of thin elastomer | ayershandtotoedé¢if epl &toes zoma
vertical sti ff n3e(sas) .asNaghuovward irrubbieg. hasf a | ow
rougiahso/gof critical, resulting in [. | Lamanat ed
r ub beearr ialbm @ s nat dbraasle dr ubbebaerri ngs w3(tbh) [aomd d(acmp iinlgl
ideali zation of LRB as well as its force defo
Lead plug bearing (LPB) is an el ast4ddmeri celaea
core used in the LRB to reduce the undesirabl
l evel. During a strong earthquake]|]2].t Hehel dad de
plug provides higheresisi diaanpi sgi t onaeesaal amwd tiy
wi nd F&r cRi(isp) and (c) illustrates idealobomati ol
behavi 2¢b) Bhows five storey shear building m
Mass mM]t ridampi faga md tgtiixf f{k] & sNes tmoarteryi xspewir t bui |
elastomeric isolators at the base are given b

e, 0 0 O 0

€0 m 0 0 0

€0 o0 0 0
M]=¢, on(.;2 0 ©

é m,

és . . E . .

é

g0 0 O O - m

&G+ G G 0 0 0

66 G+, g 0 0

é 0 -C + c 0

¢ O 0 -G, G *C 0

¢ : : :

é

g O 0 0 0 Cy

&k, + k K 0 0 0

e

e ko k+k Kk 0 0

e 0 -k + 0
K]=¢ . Kkt Kk ®

¢ O 0 -k kg K, 0

¢ o '

é

g O 0 0 0 Ky,
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whemec,ankare mass| alh, bdsampi ng and stiffness of

i sol atif)h anadned gmrp)ii rmgl vrEeant iboy (

T, = 2,0\/7 X, =

WheMpgén) is the total mass ofw+2pd, ilbsa stehei sa
¢

(9)

_1
i solation frequency.

The textbook [Bpr Reiddlglsyetie mtippoceduwrsda gni ng | a

rubber bearing and | ead plug bearing.
Top cover plate I|‘:| F
—
/ i g’ mp,
] / ///,
? “b
I/ . Botiom cover plate ;,2
Steel plates rubber Ié’
(a) (b) (c)

Fig(a) Laminated rubber bearingdEeh)rimd
behaviou2 of LRB

L
Top cover plate b .

P ~ f— N
7 7 7 —
- ) ~ /
A A ~ 7/
1;* L _:?‘L:I:"” COVET Z Z Ub
{/ [:5"/ Steel plat % _—
Plhe Lead core é
(a) (b) (c)
Fig. 4.(a) Lead plug bearing (b) Idealization of LPB model (c) Force deformation beha
of LPB[2].
2.3 Tuned mass damper for isolated buil ding
TMD is a classical device made up tdfe aymasms c
response of a VvVibrating system. The damper's
frequency (typically the fundament al frequen

damper resonates out of phae@lt ad&Al( ¢cdi ssshiopwast efsi
storey shear building model supported on el as
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Mass MMt ridampi fagamdat gt ixf ffk] & sNes toarteryi xshear bui l
el astomeric isolators at base and TMD at top

ém, 0 0 O 0 O

S0 m 0 0 0 0

€0 0 m O 0O O
[M]=¢g0 0 0 m, 0 0 @y

é: : :

é

g0 0 0 O m, O

€0 0 0 O 0 m,

&G+ g < 0 0 0 0

é

6 "G G *G & 0 0 0

e 0 G, G tG g 0 0
[Cl=¢ © 0 R 0o 0 L)

é : : : : :

é

6 0 0 0 0 CGWteC <

& 0O 0 0 0 - ¢, ol

&k +k K 0 0 0 0

é

-k k+k k0 0 0

€0 -k k otk k 0o 0
[K]=¢ © 0 Kok ok o 0 (€

é : : : : :

é

6 0 0 0 0 ky + k,

€ 0 0 0 0 -k, Kk
whemec,ankiare mass, damping and stiffness of t
The TMD nat urup)ldafnrpe qnwe hrtcavtniion g( fr edueanyg mass
ratmo g(i ven by

/ C W,
M/d: k_d;)(d: d ; :_d;m:ﬂ (13

my 2m, A M,
whemwmeanM, ,are structural frequency and mass.
2. . MAnalysis of buildings
The -Bysépp method such as Newmar k Beta techni
motion in incremental[3PionrchhMadRlsspladeek aramanaéytzb
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degrees of freedom (MDOF) systems using the I
This code is modified as pef83lanedpshigsvmadi hi &
used for analysis ofitmulitsolsatooreyamsthebBMDbuil d
For nonlinear problem with LPB, Newmar k Bet a
Newt on Raphson method for equilibrium or mini

Steps for doing Newton Raph sy [3died Yhirolad3davreer dgei v

3. Validation of modelling and analysis of buildings

Dj edoui3Bst udied pebSsgtoomancbuiolfdi ng with only

freedom equipped with | aminated rubber bearir
damper in the | owest or onsstilve ttamefdl amars s( idm
are taken into account) under three strong e

Prieta with maxi mum pé®&a 304 ga6odi.mpdé r ecspelcd i asteil oyn
earthquakes are catfegrorf zeerdd adarddhr Cdger aands |
asear field cases. The natur alO.f5r8elRb&N ®i2ds o0
22. 173 2a680. H26 The structure parameters are s
Ts @liB Considering these dat a, anal ysis also p
sectionmnlamsd ares compar ed wh(ia)h aanrde (sbh)o wunn denr
earthquake. The results are [3Bobgdmadedo mmearuil 4 ¢
results are observed under Northridge and Lom

30 T T T T 20

’* Present —— Djedoui et al ‘ |

15

Base displacement (cm)
Base displacement (cm)

230 L 1 L 1 220 L L L L
0 10 20 30 40 50 0 10 20 30 40 50

Time (secs) Time (secs)
(a) (b)
Fig(a) Base dbspoaegment hoif sol at &st ¢ b #yhBa se | dhit op |
TMD under EI Centro earthquake

Considering above understandings, the procedu
with isolators and TMD separately for earthqgu
successmye sectio
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4. Building model

The building model considered for present wor
2(a), with a mxéemdndersarcbansodmiery Mwemlgeait rodgi
Col umnG. Bi@.ethdand bedmsh@Di.zdre consi dered. The
considered as |l umped mass systé@mol@dndixletach st
N/.m The Rayleigh damping matrix iIs created wu
dampgi ratio in5%I!| |1 Tmedeatgrak.{réeqd8n@fleddof s
37 .a8n@3 . H2z1

5. Isolators and TMD system

I n the present work, | aminated rubber bearing
see reduction in the responses under earthqua
mass same as that of 2bbyYe eAbBoshpeastshownr e
degree of freedom at each fl oor | evel i's cons
and one LPB. | sol atbog tse par er adceed wyrnee dgdlbweTnd ebeyp F
effecgetvetitme periods and damping 2saeB@. Df t h
respectivel y. Geometric parameters of l ami na

presentedand TDRabelsepect ibvsehloyws Fhigl.i nteiaas cdfar lafke B
i sol ator. The natur al frequenc@. #8wi b &@s & RiBsoll a
inelastic region of structure with LPB same f

Tabl e
Ge o meptarriacmet er s of | aminated rubber bearing
Quantity eval Vaule obta Uni
Di ameter of B 740 mm
Thickness of 16 mm
Thickness of 4 mm
Nos of rubber 12 Nos
Nos of steel 11 Nos
Thickness of to 20 mm
Tot al height 276 mm
Verti cal bsetairfifn 914727 .| N/ mi
Hori zont al stif 1119. 44 N/ mi
LPB i1isol ator h(aes| atswo cs tsitfiffnfensessess and post yi €
i sol ator having single stiffness, structure Vv
el astic region of LPB. Howesveedrs mest peci oad e mavy
osci lvMaorttoexy wind | oads. Therefore, TMD is pro

i solator a2(seshowhMDni #§i guned to the first mod
with LRB. The TMD .wiSt hc omnmassisd erraetdl.® hFertfosnt i ef gf unaetsis
TMD obtdaibBR/0ms
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The same TMD is instald/l at the top of LPB pr
reducing responses of structure under wind | ¢
which causing yielding of LPB.

Taba e
Geometric parameters of | ead plug bearing
Quantity evalug Value ob Unit
Di ameter of bea 740 mm
Di ameter of |e 65 mm
Thickness of ru 16 mm
Thickness of st ¢ 4 mm
Nos of rubber | 14 Nos
Nos of steel S 13 Nos
Thickness of top/ 20 mm
Tot al height of 316 mm
Vertical stiffnes;q 78405 2. N/ mm
Rati o of initialnto 10 -
CharacterisQic s 30797. N
El asticKgtiffne 10126. N/ mm
Pogield XKpiffne 1012. 6 N/ mm
Di spl acemeb)} at 3.38 mm
YieldF)orce ( 34219. N
Force )
Ak,
|
|
|
|
1
D Displacement
Fi@Bilinear chariascal@tiosrti cs of LPB

6. Earthquake andwind load

The earthquakes considered f o3whtihceh parrees etna k esn
CESMD wddf sHi ¢l ustr ataec cteHeergrtawmd of eart hqual
considered hawetbéha ginhietsued ed aftraonar e taken from s
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g e
?} 0 Wi = 0
) )
Q Q
Q [&]
< -0.5 : : : < .02 : :
0 10 20 30 40 0 10 20 30
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() (d)
@ 0.5 @ 0.2 :
g g
?S; 0 g 0 '“%ﬁ%
) )
Q Q
[&] o]
< .05 : : : : < 02 . ‘
0 5 10 15 20 25 0 50 100 150

Time (secs) Time (secs)

(e) ()
Fi 8Ground acceleration -useéidai eapt bRyemakleavddkh (BRdri &
earthgqguake (d)hqUutatkeB Wramd ilBhardadaer eart hqguake (e) Ch,
earthquake

Tabd e
Earthquakes consi.dered for present study
Earthgq Magnitf Hypocen PGA
S. N Eart hqua stati Dat e (Mw) di st &mc| (9
1 NEl ndi a Ummul ol 10/ 9/ 1 4.5 44. 9 0.1
o | InaBanglal oo kn| 67271 5. 8 117.3]0. 1
Border
3 Uttarkag Uttark/ 20/ 10/ 7 34 0. 3
4 IndBwr mal yomul o 8/5/ 1 6 78.4 |0.1
Border
5 Chamol i| Gopesh| 29/ 3/ ] 6. 6 17. 3 0. 3
6 Bhuj Ahmeda| 26/ 1/ 2 7 239 0.1
When th structure is on isolator particul ar/l

me2speearbieond ciosmpared to fi xed6.b#hkts.e st

e
O.Hbzand ti
re, dynamic behavirecurnececfd <tor ubcet ua cen saindc

Therefo
87-Bal3[85bh
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When structure is subjednteald att d ewinad i velvyi ¢e o1
this is known as vortex shedding. This result
direction. I f the frequency of vortex sheddi:
resonance areaws idregr ellaorpger responses.
The vortex shedding i ndaome & tlraad uact iirsg gdtv eann
F(z1) :%rvzq Asin(2 pt 1) 1y
whep=e,air &gdami ty in

V= mean wind spend,d at | ocation z 1in

C= lift force coefficient,

A= front al area of mtructure at any height

fi= frequency at whicMHzvarntdex shedding occut

t= tisnecsn
Accordi&h@BE ot hs8 vortex shedding frequency is

SVou
f,=—"— 1
= (L5
whegf=®, Strouhal number ,

V¢ hourly mean wind speed at height 2z, anc

b= Dbreadth of sgé rmembeer oDormdadlrucoun he wi

horizont al pl ane

5

4000 : : - - : 2 10

2000 %1.5-

3 S

8 0 Eul

2 .

2000 | £ 05

LE
-4000 * . . . . 0 D | N
0 20 40 60 80 100 0 01 02 03 04 05 06 07
Time (secs) Frequency (Hz)

(a) (b)
Fi&(a) Time history of vortex shedding induced |
shedding induced | oad at top floor
| 87Bbdoes not give Strouhal number %93 psquar e
has pr o¥yI0deld2Fas8mBIES f or Mumbai region and pre
hourly mean wifndb wipledeidn gad ofitBeapiFmaan dHyu atvioon e k

shedding frequWwenHiy \Wobrttacixneslheidsdi ng i nduced | o
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equattdonho¢( each storey and they are
i ndulceeald at top of building and Bf a
respectivel y.

applied o
) faodi € )

Wind force 8hawnhas Mmagnitude | ess than yielc
effect of wind force which i siatoreausiamg dyeisdl
LPB, the wind Vvelnd/d&ntdy viomdrexa g e eltqakedn cWi tohb ttahiin:
wind velocity and vortex frequenkd, amwdntdheépr e
applied on structures.

7. Results anddiscussion

The analysis of str2CédaéGvession.dohlee i noiMatst@bu
strustmuueture interaction ar @8t mocEdgmonossdreata 1
time history of roof abbatuve dcsplacemeonon d
earthquake, wind | oad and wind ll5oa)d awhd chb) sd
force deformation behaviour of LRB and LPB wun
di spl acementabasmd urteofacredkr ati on of fixed bas
base with LRB and TMD and isolated base with
4, Taé&hhe al so preke@edeedeant Rggakes. The peak |
peak absolute acceleration of TMD provided in
wind | oad ar 6 sThhoewnp eiank Tdaibd el acement and peak
l oad and wind | oad causi ng7ad e ali ngs odf -LiPaBx iam!
storey drift of st8& udctoldewi age agseowmei m eBaiblItes

T The peak relatbbeéodrspfFaceménat edf storluc3tds e w
5. 8401l me.sdBmest Bmkek.t3idmxG.t0i3me 4 8&2amd mMes and for i
structure with6t . LABW®RIbMErsg & sle.sthiymr5.182mrls., 2 2

ti meslbatOdibmes ulnmeira-Bl&Ehgdadesh BordeBur nmhatt ar |
Border, Chamol i, Bhuj earthquakes and wind |
which can bel sWeaeni oompoédtieng LPB provided st
stuctur e, the peak B &I aotoirv a extdr. elfidde 7OBe 6 8 %o f
7.6,283%%®8. 30ME6. 40d erl nE a-Bahgdadesh Border,

| neBiua ma Border, Chamol i, Bhuj eart hoguwakes at
relative displacement increases when compar
i solated with LPB has reduce peak relative
structure. Therefore, LPB 1is more =effectiywv

di spl acement because of its higher initial s
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FigTi me history of roof relative displacement of
|l sol ated base with LPB (d) I solated base with LR
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Fi ¢.0Ti me history of roof absolute acceleration of
|l sol ated base with LPB (d) I solated base with LR

TThe peak absol ut"el aecebér dtsioéemwefl h stLiRBc dec
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structure whi ch5.calnhibse sshecewns itnh aTeabdeesi dnngf i
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comparing LRB provi ded structure wi t h LPB
accel er5atioor ofle84 6%%pFs8 . DFBL 8BV 6P 7a3n%l

i ncrea®etlidnyes uwinrdceira-PNEh g Itha dBeog der UiBtua mliaa s h i
Border, Chamol i, Bhuj earthquakes and wind
acceleration decreases under six earthquakes
with fixed base st rluactteudr ewi tAhl sbRBthast droave
acceleration under six earthquakes and mor e
LPB provided structure. Therefore, LRB is m
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