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Abstract

Theadvantageof usingseismicisolation at the baselevel of a conventionalsteel building

are examined in the present studyTwo different types (elastometallic lead rubber and
friction spherical bearings) have been used in order to accomplish the passive seismic
isolation and their performances have been compared regarding the anagsuilts, seismic
response and safety of the buildings, as well as the economic benefits with respect to design
of the structure and rehabilitation of the damages caused by a strong earthquake. In
addition to these, the results are compared with the @sponding ones derived from the
analysis of the conventionally supported steel building. In order to achieve all the above
mentioned, the analysis procedures performed are the equivalent linear analysis, the
response spectrum analysis and the tifmistory analysis. Moreover, the seismic response of

the buildings, with or without base isolation, has been examined for the seismic analysis
ALSOGNHzY 2F GKS ' A3A2yQa S| NI K jhidebry dalysist § K G KS
Results of response spectrum atiithe-history analysis are compared employing magnitude
scaling factors in order to derive conclusion remarks with respect to the accuracy of these
methods for the analysis of the seismic isolated buildings. The computational software
SAP2000 is employed iorder to implement the response spectrum and tishistory
analysis and the building models are presented. The design procedure, according to modern
codes, of the bearing systems used to accomplish base isolation of the steel buildings has
been describedni the present study, along with the evaluation of stiffness and damping real
values employing the parameter values given by the codes.

In the first chapter, a brief history of seismic isolation in structures is provided and the
different types of seismic isolation have been mentionedhe design philosophy of
structures in order to resist seismic loads according to various codes is described and
compared to the design regarding seismic isolation. Finally, the main targets set for seismic
isolationand energy dissipation have been reported.

In the secondchapter, the main features of seismic isolation technique are described while
the way of its action is shortly explained.

In the third chapter, different types of seismic isolation used in stmed have been
described. These are: systems of elastomer bearings and systems of friction bearings. Finally,
the most important features and the operating principles of these systems have been
mentioned.

In the fourth chapter, some applications of seisnsolation worldwide, along with the types
of the devices used, have been reported.

Thereafter, in the fifth chapter, the analysis procedures of isolated buildings according to
codes are presented. Particularly, equivalent linear, response spectrum imuechistory
analyses are described. Finally, safety verifications for ultimate limit state have been
reported.

In the next chapter, the structural details regarding the installation of seismic isolation
systems are presented. Architectural and servickgigriteria have been taken into account
for isolated buildings.

URZJAZ2?211[8B 8mr | Aoy Page3



trRYyAt LB tdeoAs trRzLIIVLuY [z1w
ZYAUVUZY R3IR)IMCHIH

In the following chapter, the models of buildings used for the analysis and design either with
or without seismic isolation are described. Additionathe earthquakedesignparameters

are definedandit is explainedhow the analysigprocedures have been applied for the design

of the different building models.

Finally, in the last chapter, the simulation and design procedure of the three buildings, with
(LRB and FPS bearings)without seismic isolation, are presented with the aid of the
computational software SAP2000. Economic aspects have been considered in order to
compare the aforementioned buildings. In addition to this, the equivalent linear analysis
method is employed inmer to design and specify the dimensions of the bearings used.
Additionally, all the strength and safety verifications are presented for each type of bearing
system (elastometallic lead rubber and friction spherical bearings). The results derived from
the employment of the equivalent linear and response spectrum analyses with the aid of the
software and according to Eurocode 8 are presented and compared. ThenrhiStoey
Fylrfeaira Aa LISNF2NX¥SR dzaAy3d GKS NBaudeggaS aLISO(
(with or without seismic isolation) and the findings regarding displacements and member
forces are compared, along with the damages caused. The seismic response of the buildings
and the isolation systems is briefly studied. Finally, displacemerdsnaamber forces of

both the isolated buildings, which have been analyzed employing response spectrum and
time-history analysis, are directly compared with the aid of magnitsdalingfactors in

order to draw conclusions for the accuracy of the methodsgluse
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—hrﬁqu,q)_h A ht YA T Ahch oL e L
Lt T > "y o < h 4 ‘B >8sec’ - 1! ! R RT3
Steplype StepNum Period U Uy TP

Text Unitless Sec Unitless Unitless Unitless

Mode 1 ,302354 071322 M 1,852E-20|

Maode 2 0.728462 1.113E-15 07489 4,221E-19)|

Mode 3 0476038 2,216E-19 M 0,000

Mode 4 0,235734 0.20533 1.564E-16 1.151E-17

Maode ] 0225081 8.774E-16 0,1825 1,023E-19)

Mode G 0160127 3.F14E-16 2 GERE-16 000226

Maode 7 0160127 1.073E-16 B.77IE-16 0.21258|

Mode a 0149738 3, 109E-20 1,408E-19 000462

Mode q 0145312 3 443E-16 1.792E-16 0,03197

Maode 10 0145812 2. 721E-15 1.513E-15 0,035]

Mode 11 0145212 B.714E-13 V.94E-16 D,DBBSHl

Maode 12 0133203 9,584E-17 7.249E-17 009483

Mode 13 0123203 2003E-17 3.744E-15 D,DDEESl

Maode 14 0126096 005334 1.561E-14 3 575E-15]

Mode 15 0,117598 1,319E-15 0,04025 1,351E-15|

Mode 16 0.094456 000373 1.451E-16 2.5E5E-14

Maode 17 0094074 1,867E-18 1.544E-19 0,14361

Mode 13 0083245 00115 3.083E-19 2, F4E-15|

Maode 19 0.084602 1.88E-15 000412 9,922E 15|

Made 20 0084547  2245E-18]  5477E-19 0,10611]
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TYTIOE MONQTHPA | EAAITOMETANIKO ERPEAPAMO ME TTYPHNA MOAYBAOY
LEAD RUBBER BEARIMNGS (LRE)

FTOIXEIA MONQTHPA MAGKES cyklpwone Nuprivac poAGBSou
Eiwtepikn Siapetpog (Kukhikd spidpava) D 600 mm

MIdpeTpos Tupiva JoAlBaEou (g 82 mm I:I ]
E—:;ﬁf;;;;izgi:gﬁ;:ou ehaoTikou P 2774623 mm? Ehiiiti%ﬁodﬁaumu

T TOIXEIA ENAZTOMEPOYZ h
[AfBog oTpwoswy EAadToPEpoUC n 26 oTpwosg N CTpWGELC EARGTIKOL

Niayoc aTpwang shadgtopspoldc ta 19 mm i

T UvoMKS TTaX0C OTpWoswy shagTopspolc i, 494 mm l:_l !
[METpo GIaTunong Tou eAaaTikod G 0,7 MPa

M oRapia eAaoToPEpoUC K= 39317 EM/m °

Niayoc evBlapfowy xahupocAdouaruy ty 3 mm

T UvoMKS Taxoc ¥arBBoshaoy aTwy 15 75 mm

I TOIXELA MOAYBAOY

JMéTpo BidTunong pohiBGou Gy 130 MPa Awypappikr] Npocopoinen Yﬂ:tc.;pr nkrc Tupnepugopic Movwtipa
Taon &lappong JoAURGoU T 10 MPa

\wokapwia pohiBGou Ke 1.206,56 kN/m _ e

T TOIXELA MONOTHPA E ‘_____7"

T UvoMKG TTAX0C sAaOTOPETaA Ko TURPaToC h 569 mm ,E ___.-'T'

MeTakivnon Slapponc d, 4377 mm g / /

uivapn of pndavikn PeTakivnon Fa 52,81 kN S2000 15,0 1do0 sho 8 b 5 200,0
Wivapn Slappoig UTd govoTovikn gapTion Fy 70,02 kM _E

Merakivnon oediaoPod Tou JovieTRpa g 137,53 mm = —_____:_ci*

MEnarn ESL]':fc[un ToU QWTIOTOIEE 0T PETaKIvVon E 106,88 kN /.—______f'

Ty sBlagpol e s 109

Evepydc Buokappia povwThpa Kas TT7,16 kM/m

o oveD1a0006 100 KOVTIDS € 1981 kNm

Eraomikd Epyo yia Try peTakivran axediaopol 7,25 KMm

godvaun evepydc amdafean sgpedpdvou Lem 0,214 Metaxivnon povwripo (mm)

rl‘ ¢ Nl M" <Y 1" B, 814 h A, AD 1° '_' _Bhl>z>hi 5‘,‘>_5|5_""_¢‘h(.‘ "Llh"h‘LﬁB"B”“‘,_""Cth C1 ht
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ANAAYIH IZOAYNAMOY MONOBAOMIOY ZYITHMATOZ NA THN NPOAIAZETAZIONOTHIH TON MONQTHPON

IAIOTHTEE WAIKOMN MONOTHPON
EAAETOMETAAAIKO EDEAPANG ME NYPHMA MOAYBAOCY [LRB)

URZINAZ2

2148

emr | Koy

G G, L .k Ve E Vo
[MPa) [MPa) [MPa) [MPa)
07 130 10,0 8,0 1,15 2200 1,5
(EEIEMIKEE MNAPAMETPOI
[Fuwwn oswopen g smkvEuvotnag |1 o pawwa ps Tow EAK)
Karnyopia e5adoug B
Karnyopia InouSomdtnag knpiou 1 :yl= 1
W = A..,_."g o, T,=T. Ta=Te Ta q
kM) | [m/sec®) [v.oge/5) [sec) [sec) [sec)
1g1a7| =81 0,36 0,26 0,15 0,5 2 1,00
AIAFTAFIOAOMHEIH MOMNOTHPOMN
MNewpstpied Xapartn protied MowaTr) puw fuypappikn Npocopoiwon Yowepnown g Euprnepupopag Mo puw
TYNOE |amepdg o D t. :I:F}L.EI.I.E'}E Ar tei h K, K. K. Fa d, F, F e Klom = Doy
OEPUHTEL
LRE LRE [mm) [rmm) [mm) v [mm?) [rmm) [rmm) [kM/fm) [kMSm) | [kM/m) (kM) [mm) (kM) (kM) [kMN/m) [kNm) [mm)
LRE1 15 82 139 26 2774623 3 565 99777 3583,2 15599,7 52,8 43,8 70,0 106,59 7IT2 12,81 137,53
[EEIEMIKH ANOKPIEH IE0AYMNAMOY MONOBASNMIOY EYETHMATOE
TYNOZ |apBpdc W ZE, T Eam Nee S.g W e
LRB LRB [kMN/m) [kMm) [zec) (kM) mm}
LRE1 15 11657,2 | 297,09 2,50 0,2144 | o,6149 | o082 | 1503,2 | 137,53
ENTATIKA MEMESGH fuom = ‘é" EAEMOI EMNAPKEIAE MONOTHPOEN
N N w
. ! Napapspguwon | 5 & = Méyiomg
Tepvouoe Paonc K:ﬂ:m{npufj}n d}np.}tm Adyw opoviag E -a_ = looSivan e Aoy . . o
_ i LONALFET R UTTG psTokivnong 3 T syyos Evowadsiag
Va=man(¥,1.5F W) ceLapkn Spdon E, . =2,0 é— ,é_ ._—p Hq._—pd}.'\,. !
TYNOE |api@pse W [ I dei . o 5 A & Ao . s £ Ea s D> 4%, | o.<(20Y3Et.)G6.S
LRB LRB (KN} (kN} [mm) [mm) [m3) [m3) [MPa)
LRB1 15 1603,2 3362,32 206,295 580 7,63 0,269 2,41 0,147 22,85 0,818 | =mmprnc| 5,417 6,834 ETIRp KA G ETTOpKn g pn sTapknc
r['q'.ZXZUD B/\h< < ¢ Y Ah >~ N i ht s~ < < .,>rLRB, Tt h N - v
N N N - A B -
Page66
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ANANYZH IZOAYNAMOY MONOBAOMIOY ZYZTHMATOZ MNA THN NPOAIAZTAZIONOTHZIH TON MONOQTHPON

FEIZMIKEE NAPAMETPOI
Purvn osiouikn g smkwsuvdrnzag |1 [ord v ps Tov EAK)
farnyopia sSagouc B
K anyopla InouSadtnuag kuplou il yl= 1
w [ AgR/ g ag Tl=TB | T2=TC D q
(kM) |im/sec2) [ylogR/g) [zeq) [zeq) [zeq)
1814724 9,81 0,36 0,36 0,15 0,5 2 1

MIAITAZIONOTHIH MONOTHPON

FRICTION 1 0,03 2360 503,024| 1509072 (4425993 | B,26072 | 3234169 | 136,851
FRICTION 2 0,03 2360 503,024 1509072 (4425993 | 8,26072 | 323,4169 | 136,851
FRICTION 3 0,03 2360 698, 116| 20,94348 |61,42563 | 11 46454 | 448 8504 | 136,851
FRICTION 4 0,03 2360 B69E,116| 20,945348 |61,425635 | 11,46454 | 448 B504 | 136,851
FRICTICN 5 0,03 2560 1090,719( 32,72157 9596987 | 17,91192 | 701,2727 | 156,851
FRICTICN & 0,03 2360 1090,719| 52,72157 | 9596087 | 17,91192 | 701,2727 | 156,851
FRICTION 7 0,03 2360 1111,276| 33,33828 | 97,77863 | 18,24951 | 714 4897 | 136,851
FRICTION 8 0,03 2360 1111,276| 33,33828 | 97,77863 | 18,24951 | 714 4897 | 136,851
FRICTION 3 0,03 2360 1143,866| 34,31598 | 1006462 | 18,7847 | 7354433 | 136,851
FRICTION 10 0,03 2360 1143,866( 34,31598 | 100,6462 | 18,7847 | 7354433 | 136,851
FRICTION 11 0,03 2360 1255,411| 37,66233 | 110,4607 | 20,61651 | BO7,1606 | 156,851
FRICTICN 12 0,03 2560 1255,411( 37,66233 | 110,4607 | 20,61651 | BO7, 1606 | 156,851
FRICTICN 13 0,03 2360 2007,591| 60,22773 | 176,6433 | 52,9689 | 1290,771 | 156,851
FRICTION 14 0,03 2360 2267,414| 68,02242 | 199,5046 | 37,23574 | 1457,823 | 136,851
FRICTION 15 0,03 2360 2267,414| 68,02242 | 199,5046 | 37,23574 | 1457,823 | 136,851

PEIZMIKH ANOKPIZH IZOAYNAMOY MONOBAOMIOY IYITHMATOZ

FRICTICN 15 11667 69| 298 0162022 250 02170598 0,611922( 0,087988| 1596,733| 136851
n'°< gy < ST A>T >SY AT ht s " >h
. N > ARFPS" T . A

& haAah< T ST A>T T TS T AT hT Sy T oo £ Gty s ha
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837 h "~ “hy YA _ h* ' haA > Yo “h T h >
Link/Support Property Data

Link /Suppaort Type

| Rubber [zolator

Property Motes

Toatal Mazs and Weight

Directional Properties

Mazs 0.
Weight 0.

Property Hame |LFEB

Ratational [nertia 3

Factors Faor Line, Area and Solid Springs

Property iz Defined for This Length In a Line Spring

Set Default Name |

Modify/Show.. |

Property iz Defined for Thig Area In Area and Solid Springs

Ratatianal Inertia 1

Roaotational [nertia 2

P-Delta Parameters

Direction Fived  MonLinear Properties Advancad
v U1 v r |
VU2 v Madify/Shaw for UZ... |
vous ~ Madify/Shaw for U3... |
W R v r |
¥ Rz ¥ n |
W F3 v [ | Cancel

Fiw &l Clear Al
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Link/Support Directional Properties

[ dentification
Property Mame LRE
Direction ||-|2
Type Rubber |solatar
MonLinear IYES
Properties zed Faor Linear Analysiz Cazes
Effective Stiffness IW
Effective Damping 0.
Shear Deformation Location
Digtance from End-J Iﬂi
Properties zed For Maonlinear Analyziz Cazes
Stiffress 1533.73
‘Yield Strength o0z

Post Yield Stiffness B atio 02457

Cancel

rl‘ ¢ ' Ahy 'y'(j)ohchBCD “ha o, "Bl<h' ‘4_' W>_t5"t5__,h,t5</q<"_j’§?"|1(‘“’“ . " Ah
>" < 1 41 SAR000. ~

Link/Support Properties
Froperties Click to
FP51 Add Mew Property... |
FFP52
FP53 i Modiy/ Show Property,
FFP54 | = l
FPSH
FPSE Delete Property |
FPS7
FPSa
Ok
Cancel
n' < Ahy'y®odoesd h<h i 2" Ayh, ¥ 7 8h " CL BRI ELAMNA, A

* i "SAR000.
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Link/Support Property Data
Link /Support Type | Friction lzolator ﬂ
Property Hame |FF'51 Set Default Name |
Property Motes ModifyShow. . |

Total Mazz and 'Weight

b azz 0. Ratatianal Inertia 1 0.
Weight 0. Roaotational [nertia 2 Q.
Ratational [nertia 3 0.

Factors Faor Line, Area and Solid Springz

Property iz Defined for This Length In a Line Spring 1.
Praperty iz Defined far This Area In Area and Solid Springz 1.
Directional Properties P-Delta Parameters
Direction Fized  MonLinear Properties Advarced.
v v Madify/Shaw far UT... |
vouz o |7 Madify/Show for U2... |
vous oo v Madify/Shaw for U3... |
v R v N |
v Rz v n |
v R3 ™ [ | Cancel
Fistl | Clearaul |
n' ¢ ' Ahys 'ydohdmd " h i . 0" SAR AN SWARAE @ YT h AT T g
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Link/Support Directional Properties

[ dentification
Property Mame [FPS1
Direction (1
Tupe |Fri|:ti|:|n |solator
MaonLinear [res

Properties Ized For Linear Analysis Cazes
Effective Stiffness IW
Effective Damping 0.

Properties Ized For Manlinear Analyziz Cazes

Stiffhess 3500000,
D amping Coefficient 1.000E-05

Cancel
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Link/Support Directicnal Properties

— | dentification
Property Mame IFF'51
Direction |U2
Tupe |Fri|:ti|:|n lzolator
MonLinear IYES

— Properties Used Faor Linear Analysiz Cazes

Effective Stiffress |323«41 &3
Effective Damping I'l

— Shear Defarmation Location

Distance from End-) Ill

— Properties Uzed For Manlinear Analyzsiz Cazes

Chffress |1 0841087

Friction Coefficient, 5low 0.0z

Friction Coefficient, Fast IDJ:G
R ate Parammeter |42,E":|'| B

F adiuz of Sliding Surface

A hy 'y’(j}d\qjchcb L4 ' "{h""h_‘.‘"hl h,n "~
N

FPES h _h * A Ty

FRICTION

0,03 2360 503,024] 15,09072 | 44,2599 | 8,26072 | 323,417 | 136,851

¢ Ay dodT® . 7 ., h
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Parameter
Max. Aceleration {m/secZ) 5,42931
Time of Max, Aceleration (sec) 3,62000
Max. Velodity (m/fsec) 0,49031
Time of Max. Velodty (sec) 3,47000
Max. Displacement (m) 0,06259
Time of Max. Displacement (set 3,60500
Vmax [ Amax: (sec) 0,09031

Acceleration RMS; (mfsec2)  0,73559

Corrected Accelerogram

Characteristic Intensity (Ic)  2,45823
Specific Energy Density (m2/se 0,05934
Cumulative Absolute Velodty {r 4,43560
Acceleration Spectrum Intensit 4,37053
Velodty Spectrum Intensity (m) 1,51725
Housner Intensity (m) 1,09525
Sustained Maximum Acceleratic 1,92564
Sustained Maximum Velodity (m0,19179

Effective Design Acceleration (1 5,27631

Velodity RMS: (m/sec) 0,07032 A5 parameter (mfsec2) 5,33343
Displacement RMS: (m) 0,01458 Predominant Period (sec) 0,48000
Arias Intensity: (m/sec) 1,21620 Mean Period (sec) 0,46408
[ ARSIy yopDdA_ . _ S - aAhch  _h hg
Load Case Data - Nonlinear Static
Load Caze Mame Motes Load Caze Type
G+0,30 Set Def Name | Modifw/Show... | | [Static =] Design...

Initial Conditions

Analyziz Type

tRzL11I 1 Uy

(o' Zero Iniial Conditions - Start from Unstrezzed State

™ Continue from State at End of Monlinear Casze

Important Mote:  Loads from this previous case are included in the
current case
Modal Load Caze
All Modal Loads Applied se Maodes from Caze

MODAL hd

Loads Applied
Load Type Load Mame Scale Factor

Load Patterr | [MONIM& = |[1.

Load Pattern KIMHTA 0.3

Other Parameters

Add
odify
Delete

Load Application

Full Load Modify/Show...
todify/Show...
Drefault M odifyShow...

Final State Only

Results Saved |
Monlinear Parameters |

" Linear
(v Monlinear

(" Monlinear Staged Constiuction

Geometric Monlinearity Parameters

" Mone

" P-Delta

f* P-Delta pluz Large Dizplacements

Cancel
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- |ritial Conditions

= Zero Initial Conditions - Start from Unstressed State

% Continue from State at End of Monlinear Case |'3+'l3'1 ]"

Important Mote:  Loads from thiz previous caze are included in the
current case

n"Ah 12.9¢Gd° > h L " C_ A AT S A 1t h st h s

' N

Load Case Data - Nonlinear Direct Integration History

— Load Case Mame Maotes————— Load Case Type

Im Set Def Mame | ’7 FodifydShow, | ITime Hiztany j Design... |
— Initial Conditions —Analyziz Type Time Hiztory Tyupe

" ZeroInitial Conditions - Start fram Unstressed State " Linear " Modal

{*  Continue from State at End of Monlinear Caze IG*‘DBQMDD-‘*‘]' t*  MNonlinear & Direct Integration

Impaortant Mote:  Loads from this previous caze are included in the B . .
cument case Geometric Monlinearity FParameters
" Mone
r Modal Load Caze  PDeka
Use Modes from Case IMDD'&L jv f* P-Delta plus Large Dizplacements

— Loads Applied
Load Type Load Mame Function Scale Factar

ficcel jut RaI DR

]

[~ ShowAdvanced Load Parameters

| »

Add

b odify

m

bl

Delete

— Time Step Data Time Hiztory Mation Type -

Murnber of Output Time Steps 2400 & Transient
Output Tirme Step Size IE,DDDE-DE € Peiiodic
— Other Parameters

Damping | Proportional Damping Maity/Show... |

Time Inteqration I Hilber-Hughes-T aylor Modify/Show... |
- Cancel
Monlinear Parameters I D efauilt Modify/Shaw... | —I
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URZJANZ2Zz?14{B 8mr Aoy Pagel05



trRUAtLV.B tdeoAs trRzLIIVJUuY [z 1 m
ZYAUVUZY R3R) M(CHIH

892 L MmUAYT 1T UML AT JY zZ1t28YA2082zRPWwWEZABB[TSV[ZRM A ZBL
1 vr A BAPZ0OOO

15 h/\_"_"‘*’h > B _‘ R -y h Ah , w” "¢ h A
B, wl ~h Ah _"j"lz _V S\AQO‘OO(V’J"“'P"’G‘""B”'u"H1>>_ﬁ’ “/\_\
_"FPS_‘ ‘h’hﬁ‘h_+ ,ow ot Y
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H ( ) fp radius
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