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ABSTRACT: In high-rise reinforced concrete buildings, using base-isolating systems can increase the
response of the structure. To overcome this problem, it is suggested to increase the stiffness of the
building by utilizing lateral load-bearing systems such as shear walls. In the present study, the seismic
response of fixed-base and lead-rubber bearing isolated dual-system reinforced concrete buildings has
been compared using nonlinear time history analysis procedure according to the 2800 V4 standard and
ASCE/SEI7-16 code provisions. For this purpose, 10, 15, and 20-story reinforced concrete buildings, in
a similar and regular plan, with special moment frame and shear wall dual systems have been selected
as a case study. A 20-story building has been considered a tall building in this study. Results show that
the response of the base-isolated structures including the mean, median, and 16% and 84% percentiles
of drift ratio, floor acceleration, and base shear has a significant decrease compared to the fixed-base
buildings according to the above-mentioned code provisions. Results indicate that base-isolated buildings
with respect to fixe-based buildings, based on the ASCE / SEI 7-16 code compared with the 2800 V4
standard, maximum drift in the structures has a 23% more decrease and mean acceleration and base shear
have an 11% more decrease. The results obtained in this study can be the basis for the development of
the 2800 standard provisions to investigate the seismic response of base-isolated reinforced concrete
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structures at a near-fault site.

1- Introduction

Base isolation can be used effectively to reduce the story
drift and acceleration in structures [1]. Recently, lead rubber
isolators have been utilized in different kinds of structures
[2]. Results of the previous studies show that base-isolated
structures have a longer period compared with fixed base
one, and base shear in base-isolated structures decreases
significantly [3]. Near field ground motions with long period
velocity pulses have a significant effect on the seismic
performance of the base-isolated structures [4]. These kinds
of ground motions cause higher demands on the isolation
system and superstructure [5]. Effects of isolation stiffness
and pulse period of near field ground motions on the seismic
response of base-isolated buildings have been investigated
[6]. In high-rise buildings, using base-isolating systems can
increase the response of the structure. Base isolation for long
period high rise buildings can be effective when a period
of structure is in the range of 2 to 2.5 sec. Furthermore, the
obtained results indicate that when the period of base-isolated
building is longer than 3 to 4 sec, mean displacement demand
on the superstructure under the near field ground motions can
be increased significantly, although superstructure force can
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be decreased [7]. To overcome this problem, it is suggested
to increase the stiffness of the high-rise building by utilizing
lateral load-bearing systems such as shear walls [8].

In the present study, the seismic response of fixed-base
and lead-rubber bearing isolated dual-system reinforced
concrete (RC) buildings has been compared. To this end, 10,
15, and 20-story RC buildings, in a similar and regular plan,
with special moment frame and shear wall dual systems have
been selected as a case study. A 20-story building has been
considered as a tall building in this study. One of the main
goals of this study is to evaluate the 2800 V4 standard [9] and
ASCE/SEI7-16 code [10] provisions to examine the seismic
response of the base-isolated RC buildings under the near
field earthquake-induced ground motions.

2- Methodology

In this study, 10, 15, and 20-story RC buildings, in a
similar and regular plan, with special moment frame and shear
wall dual systems have been selected as a case study. The
considered buildings have five bays with 5 m width on each
side of the plan and the height of stories is 3 m. In this study,
lead rubber bearing (LRB) is used to isolate the buildings.
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Analysis and design of buildings were conducted
according to ACI318-14 [11] utilizing ETABS software.
For the nonlinear modeling of beams and columns, the
concentrated fiber plastic hinge model is used, in which
Concrete and Kinematic models are utilized to consider the
hysteretic behavior of concrete and steel bar, respectively.
The Rubber Isolator and Layered Shell models are used to
model the LRB isolators and shear walls, respectively. To
incorporate the geometric nonlinearities, the P — A effect is
considered.

According to ASCE/SEI7-16 code specifications, 11
near-field record was selected from PEER database. Focal
distance R <15 km, moment magnitude M > 6, shear
wave velocity 375 <V ., > 750 m/s, and strike slip fault are
the main criteria used in the record selection. The selected
records have a medium to high-frequency content (PGV/
PGA) in the range of 5.40-16.67 Hz. Then, the selected
records were scaled according to the 2800 V4 standard and
ASCE/SEI7-16 code specifications. It must be noted that
the design-based earthquake (DBE) spectrum and maximum
credible earthquake (MCE) spectrum are considered as
target spectrum for scaling based on 2800 V4 standard and
ASCE/SEI7-16 code, respectively. Furthermore, according to
ASCE/SEI7-16 code, the scaled records must be rotated in
fault normal and fault parallel directions.

3- Results

To monitor the response of structures and compare the
obtained results based on the 2800V4 standard and ASCE/
SEI7-16 code, story drift, story acceleration and base shear
quantities are used. Mean story drift and acceleration for
fixed base and base isolated 20-story building according to
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the 2800V4 standard and ASCE/SEI7-16 code specifications
have been shown in Figures 1 and 2, respectively. Results
indicate that mean story drift and acceleration based on
the ASCE/SEI7-16 is about 100% and 50% higher than
the corresponding values based on the 2800V4 standard,
respectively.

Figure 3 illustrates the maximum base shear of fixed base
and base isolated 10, 15, and 20-story buildings according to
the 2800V4 standard and ASCE/SEI7-16 code specifications.
Results indicate that the mean base shear of base-isolated
buildings shows a 40% and 60% decrease based on the
2800V4 standard and ASCE/SEI7-16 code, respectively.

4- Conclusions

In the present work, seismic response of fixed-base
and lead-rubber bearing isolated 10, 15, and 20-story dual
system RC buildings has been investigated using nonlinear
time history analysis procedure according to the 2800V4
standard and ASCE/SEI7-16 code provisions. The obtained
results indicate that base-isolated buildings with respect to
fixe-based buildings, based on the ASCE/SEI7-16 code
compared with the 2800V4 standard, maximum drift in the
structures has a 23% more decrease and mean acceleration
and base shear have an 11% more decrease. The selected
target spectrum, the utilized scaling procedure, and also the
direction of applied records are the main sources of difference
between the obtained results based on the 2800V4 standard
and ASCE/SEI7-16 code. The results of this study can be the
basis for the development of the 2800 standard provisions
to investigate the seismic response of base-isolated RC
buildings at a near-fault site.
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Fig. 2. Mean story acceleration for the fix-based and
base-isolated 20-story building based on 2800V4 and
ASCE/SEI7-16m



M. R. Seify Asghshahr and S. Rafiei, Amirkabir J. Civil. Eng., 54(4) (2022) 321-324, DOI: 10.22060/ceej.2021.19781.7257

x10°
70

60 A
50 A
40 A
30
20

Maximum base shear (kN)

Jlllull

m 10 Story
m 15 Story
20 Story

2800-Fixed

ASCE-Fixed

2800-LRB ASCE-LRB

Fig. 3. Maximum base shear for fix-based and base-
isolated 10, 15 and 20-story building based on 2800V4
and ASCE/SEI7-16

References

[1] Guideline for Design and Practice of Base Isolation
Systems in Buildings, No. 523, Vice Presidency for
Strategic Planning and Supervision, Islamic Republic of
Iran, (2010) (in Persian).

[2] R.G. Tyler, and W.H. Robinson, High-strain tests on lead-
rubber bearings for earthquake loadings, Bulletin of New

Zealand National Society for Earthquake Engineering,
17(2) (1984) 90-105.

[3]D. Cancellara, and F. De Angelis, Assessment and
dynamic nonlinear analysis of different base isolation
systems for a multi-storey RC building irregular in plan,
Computers and Structures, 180 (2016) 74-88.

[4]R.S. Jangid, and J.M. Kelly, Base isolation for near-
fault motions, Earthquake Engineering and Structural
Dynamics, 30(5) (2001) 691-707.

[S]D.R. Pant, and A.C. Wijeyewickrema, Performance
of base-isolated reinforced concrete buildings under
bidirectional seismic excitation considering pounding
with retaining walls including friction effects, Earthquake
Engineering and Structural Dynamics, 43(10) (2014)
1521-1541.

[6] S. Haseli, and M. Poursha, Investigation of the seismic
responses of base isolated buildings under the influence
of near field ground motions, Amirkabir Journal of Civil
Engineering, 50(3) (2018) 579-596 (in Persian).

[7TH. Anajafi, K. Poursadr, M. Roohi, and E. Santini-
Bell, Effectiveness of seismic isolation for long-period
structures subject to far-field and near-field excitations,
Frontiers in Built Environment (2020) https://doi.
org/10.3389/fbuil.2020.00024

[8] V. Calugaru, and M. Panagiotou, Seismic response of
20-story base-isolated and fixed-base reinforced concrete
structural wall buildings at a near-fault site, Earthquake
Engineering and Structural Dynamics, 43(6) (2014) 927-
948.

[91BHRC, Iranian code of practice for seismic resistant
design of buildings, Tehran: Building and Housing
Research Centre, Standard No. 2800 V4, (2014) (in
Persian).

[I0] ASCE/SEI 7-16, Minimum Design Loads and
Associated Criteria for Buildings and Other Structures,

American Society of Civil Engineering, Washington, D.
C, USA, (2016).

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2021.19781.7257

M. R. Seify Asghshahr, S. Rafiei, Seismic Response of Base-isolated Dual-system Reinforced
Concrete Buildings at a Near-fault Site, Amirkabir J. Civil Eng., 54(4) (2022) 321-324.

323






785 500 ()] yo (o kien & i

VP G5V Slomio VF) Lo o 0)lad OF 053 S peal (e i 43
DOI: 10.22060/ceej.2021.19781.7257

S5 oA lw 5 ouwd (g3lwlas al g ailFed pomuns b do,l vy s loid b gl 05 el
S 4
28y o e Sl (i L) damo

Ol e300 ‘Qb.‘il{):)] S b o8I ¢l yas ol 09,5 ( wdigo 5 (S 0ASLD

16 99ld dzxdey )b
Ve[ F il
VE- LYY e S5

lyr 45 39 o5l gl b8l 4 yoxie Wilo5 o Sllis (lapian | oolitul 4dye Ay deyl oyt cla Lot les ) s WA
c).ool> 4o 33 D9 oo DW o )]9:{3 ke L;ul> ).3)1.3 dl.&wrvbw )I odliiwl b uLo.«oL.u (S uwl)ﬁ‘ o U" J).u.{

AAERVER FRATEVTORY
A RRIR AV H PG

1605 Clols

&> oyl less L
S35 0jo> A
oS el

YA+ 5kl pyles il
ASCE/SEI V-1 aoli ]

S8y ot g g (Suo¥ jlolis b osd (gilulis g <ol b b 6lBgn da)lom slagladlo (shjy) gl dunlio 4
bl 9 YA« 2)lull p)lez Glalng bilss b ilbe (S i Sloj au b Julow Uiy ) ool b S35 o>
OB 59> pitammas (gl 45 il Yo g V0 Ve o)l slagleislo jobaie oyl 4 el oas 4l V5~V ASCE/SEI
b Ve o3l bl el (6390 adlllas (lgie &) itiuan plate g i (M 53 5 g 03920309 (B2 )30 b ol 039 (e
Jolis s (il sl lasslos ol 48" sl ] odimd (LS ol .l o0 48,8 JLai )3 adllas oyl j3 il ojlo lgie 4
SlalaoMo L5 (ialS 4l by s g Soke mimen 9 Sl i 5 iy 3 ZAF 5 708 (oS a5 s ¢ Silie
G 0 (g5l (glmojls 1 aS 5l ol o IV ol sl 4zl anliyl 93 o Ll ol (b b el 0 cos
Ol gy SIS VY baojl )3 Sl iy > YA+ + 3kl 4 s ASCE byl ol ol 6b b (slnoslo &,

35kl Loy dnrgs (glise Wl so a5 ] 3 0] s 4 ol el 0l (L5 (s L2lS 7NN pSihe by B0

Wl S dy S35 olid by o 1lg o (gLl dnjuu slleidlo (gloj ) Zusly gy (gl YA+

018 0] (35 b Sl 4y yorio jlulia (slaolSiw «639)9 535!
DY) s o Sials 1y ojlogy (slacl 4 63)ly lylus
oy SwwoY gbilulis (S poginV] el oK o 40
3 jloliz ol [F] B9800 Cpucme gl (52,08 51 (LRB)
i okt wils B s odiiS S 3V domio &Y plin
O 35 bl 4 K9 oAbl o At 5 (b claSzaY |
Slp kaaly cpais e jlols olie slgiore 5 adgl s saiS
S5} el 035 )l LRB jlulis b o s5lalis sloojlo olb
pis o dasMo b g2 g0 2k slosial B 51 5950 [0] B9t
Colad pie Gilises wlio ¢ 3uios gl ol lodls plog] Calad
Jelos 3 (el 35555 4355y Cubal pae 5 Sk gjlo e Sl
ol oy b [F] e 5 T Jliw b9 blod o (g3luli> ol

1  Lead Rubber Bearing
2 Erdik and Yenidogan
3 Saifal

doddo —
ol losy) cuglio el sl ojle sl 5 & Lol aliue
Oeed g o3l 4 ol dyly o s by JBls 4 o)l 392
2 Gl L iy 4 Wl Al (ul il ol lojlsyid Sl
1y il e ey D95y il Gl g (gl oy oS
Slab ol o 4w a8 o Lials ojle s Ll L oy e
Py g ojle (e 3 (AL plyice s 1) Glib Ol gy 0 YU
il e e i o] 2 )3 4 390 ol lojl s (3,5
) dols g3 ol & 5,8 oslial ()85 5l jl il culnle D900 L5
SPp SESS Wlgie o)) jlelia gl > JialS lojen ok
5 2 9 oldle ab laiygin o bjlwls pl sl Gaa ol ol
oo (ol 39 (al33I L g 48,5 )18 al sbggio YL 2 L
swlS )3 glgioes JWsl b e o ialS ]y o5l 4 0)ls sl slag s

mseifi@azaruniv.acir :clslse hosgs sty ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

Voo



VoY VS dxbo MY Jl.u) Al b)lo..m HY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

(£1o3) gy 555 21y oS S5 sloly ll 3 ol 5
oyt D3 Sedp oje> sl cov oad gjlubs alosl
Glojy) lulis a8 Wyl o] YD o o)lsl Slasiss gols .ol )3
Sl pogas bplabls gloj ) 3 )Slos axgi 16 3502 42 10 LRB
O 5 Y e)a 9dee b sl 0y9 b ape olisS slaglezsle
o sy & Wal ol b Ve an)lon el adlas L V]
Wlgy o 0l (gilwlin b b slaojlo pej A Ol I 6555
@ Sl Jl b nl b g Solpes s S yuss Joocto
o S1al3ly slyr b (sl L ojbo b dunlin 5 (slebin o 6 &30
S o Mo GRS g pdaae SIL S35 0 ladl ;g )90

4 Soop oSl jd Sl g slojy) lulis oyl jon odlitul 550 5o
a8 5,8 el uwl 390 cpl 53 VO] sl o plosl Sladss 35 JuS
bodljl cod lojle gl in 2lye Mg Glp STy I eslitl
S oo o jlaa 1) JuS 1550 slaolSisl I (8L a5 Lawgie
4 Sp (2l el gy Shp bl 3 ol I b v ]
ALl 5Se S bl ) (alpe ghaw il 5 5)50 JuS
cov leidle SO 1) 08 Sh el piuaw cplpls e dalgs
S olsags jlelis ol )Se Lad 5l ol sale cass I lawsio d3;
39 e S sl 1y nglasslo i e J8 1y onls 2
S 255 5L (slasge 3y |y (5 5 03903 b sl 2425 JuS
sl ojlusgy Sy il 4 jlolis 5l olitel Lol 0355 Casl ySae
by GoSmy (2lya el ool Sppe 4 blet JSie Sl |,
oo glaplails 1) ojlug; slacd > LRB (glajluli (<l
soalie gl boxiy] & sl 185 LB ams o Ll S 51 e slaaly;
o W $3)lge 5l S5 cale J) VL gshw 3 cdp 5l S
ol ol S s )0 VO] Wad e &y S005 05> sladli; jo
2 bl aSOIL 04 sbul ol )3 b olpe ST 48 conl o
Sl Lol g 0ol LialS wlwl &ygo 4 Wl o bajlolis (YL
YU S Lo ol 515 o Ll ojlgy 5 VL oyl (cladgs
ks 5 il o clacdy, vy LB Ll 4 Slg e Ask
[VE] 55 yomie S

a slojy el 5l eslatwl S wyp slp Sladss 51 gyl

DV ll 4 93 Lol 4] ooljl anyd K (slrojlo (5lo S

7  Bhandari

Sl 45 ol L5 Lsgio b oS copanl b slaplasle (gl lojy)
Slojlo aija > (arddpo o)l b olyen 1) sloj) 69y Wl oo
LRB U loj) jlulis g1 [V] o) Ken ¢ 6, o> galS lesslo
S el gl dge Lgm e gebene o3 dib w slalelo 3 1,
ol oBAST b ol dy Connd (6 5050 D53 05 (gl ojl &S S 0
G jlobiz Sl ookl )50 55 (g8 LB ©ygo 4 5wl Gy )l
"ol (6 g Ml el ool s gals ol oBasS b ojle
S oo o sglabe QL l |y b jlelie g 93 [A]
oy YD Giss mls ol JLE Ldod 3y50 Db > platel adls
o b (Seo¥ elajlolis b auglis 5 LRB (glajlulis a5 cuils
b 2oy Yo N0 gis o5 Ml cod b (HDRBT) YL
SN S kg n b cope gl b S5 05> sladljl;

Ol il gg opl e it sl (giluls glaojle Jdow > Lol
Cnl - Bgd e Sl g ojlug) s 93 2 )3 Sy Fusl 4 2xie (e
Sl 0325 4 b st (sl JSb s Sl ity (s> (nj IS
il laascin [A] s ojlwgy (Sl maw I 55,5 gle;)
b o5 1y s lulie Sl bgb & K5 ojp slad;
OSes (o OIS > ol Wil pols los b la pull 5959 clmd o )13
Odo g Al o /0 dlidey G o b ool Gl ais b S§ el
$9y » b b ol ol il aml 4l ¥ U Y gl obo;
A o Mg e g Ly edgazme pl 0 Lols loj b jlwlis piuw
Slodly oyl [Vo] oo o Tl [A] Bgd jlolis > )5 obols
Sy S35 05 sladl ) cov ord (il laplasls &
Wy Slasude g) ol J1)l 595 ojex sbdlj 4 Cuns (i
Gl 05 031> Slogudon &,3).» 059> 435 cod o jlw LSI)-f LRB sl
Silolis pladls S (gloj) 3 See [WY] leySugiong g il [VY]
QLS 5 03,5 dugliie G335 9 )93 0jo> sadljlj cod ] adb )l 0ad
P PSn bl & e JuS 4 K oje Gl > aS Wb

Sl Y] L yg 5 ol 898 0 05lwgy puimed g jlobls piumw

Reddy

Cancellara and De Angelis
High Damping Rubber Bearing
Hall

Pant and Wijeyewickrema
Haseli and Poursha

AN N AW =

VEeA



VEY'e B VPV dio NF-) JL“’ A O)Lo..w OHY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

Gt S5 g Wilodds mdg YL sladge S )l 3505 dgdzne (gl
Jio 5o 1593 0k (gjlobin sloojls £lisy) iShis 5 9S4 byyye
Canss) (g3l s iS00 s )0 VO] ol i 001> dlpiiy
Y|P W LRB Slolas 5l eolatwl (ly (UM’ S sm 4 gl
Lyl oS sl o 00ly L Buin (ol 53 [VF] sl 0 001> dlpiiiy
layalil sad gilols plasle Lol Cals floj 5 sK3 e S
Ao b AJI’J)’ sl 4 JLA ‘_51);. A (ool Cos )S]» 3 b
S bl gl oS cnl oads odly i BV E L Jolre ey Sl
5loslazul (gl (oolel s @Sl St G § Cow das o
slalesls jl glages .l V g Y/0 N ply s 4 LRB jlols
s VI caly o i il ¥V (oS g0 0ad gilulir adponil
ool [YA] s 3 Tlgig5 (655 po dibo YY et b

S Felio )18 adye aily (slaojl (Bew il B )b 5l Gl
K3 u_>|93 P pepasy ol &jlolis i adpe Al ol jo
oslital g by Jled pS 8 4 el SO oyl cund 4 JuS 4
Laoly ol 53 AT sl 450 sl doyl g sloojlo jd al5gd piumms
Koozl slajlulis jl eolatwl b by lged ol (sloj) (o5lolis
[Yq] Cal ) UT .))gl.o.ﬁ 9 W) rebol ﬂls L AW (’*Eluuﬁ u_ug‘um
D)0 AW Lg)lmL\> 4)‘; L as L LJ"““’ w): )]%.) L O)Lu: L5|°))J .))S.LQ.C
Of pleidle Sy sloj)) 3Shes gy [T ] Cunl 485 )13 o)
Gilolis L L by Jlad b aied OB 4890wl b adbs ¥ o))
Soop oje> Al sy, S YY) canl sns pl] LRB U oui
Sloj ) gl 59y » BBl (e i 9 spbicae sbaasuio b
ol (ilwliz Wb b by jlad e g b c\.‘o)ioﬁi{ dab Ve leidlo
S 0 L e o)Ll lidss eled [YY] Cawl ol wyp
Sloojlo 4 Cons oad (ilolir AL b (S e b slaojls 5 Sles
&g b el glcBile ekl S5 Sl )15 (55 sle> g
Ol 4 e oS el ied OB de)lpn slaojle glis) > plate
ol conlial 255 4l [YY] K95 oo lojluliz st 55 g 03l i
Py JB oS g ey ik JSi5 4 e Sl e oBibe
Db JuS 4 Su5 sl o o gilubir i slaojle

Al gd doyl oy claojlo Hlb) awglio g b)) 4 ol addllae 4

o )0y al b gloojlo 5 oy (S glajlubix bosd gjluli

2 Thousand Tower
3 Nunoa Capital

1544

G 9> slaojl g [VA] aS™ 3 58 paite plyal b ‘_gal)'] iy as bojle
Siwls sl ladle gl b Jse ol ds ST .l odi aidlyyy [VA]
i 15195 o3 odel Cannd s (gl ) Fruly s dmargs BB Sl 4y oid
S dw (65lw Jde 3,505 il eolatul plply (Al ol a8ly Jls, oaiad
ol x5 08 (sloj ) glodlisy (> ol (Bly )18, (iluand sl
028 (ilulia s (5 sl (loj)) Gl (2bj)l 2)S9) cnl b
V]l o plodil atps 93 (gl o0 o
C9l 0)9> iall 4 oo Waojlu )3 slojy) Slubir (6558 &
elbojl s5be) A5k 3Lj ojles 355 wsls )90 ST o s e o]
loj) 3,Skes 390y Stz 5B (slojy) jlulie (2938 (45 el
D9 50 ol Fuoly Hiuli8l 4 e a8 o)l el o g sl ojle
cov sl elaplalo bl Seelyd Jbw L[V ] ol s 65
Wlgs o WdyeS ) cpl & oy lis 658 Wb o5 0> (slad)sS
(ebrle g aly 55) Gloj) Lol o9 0jg> dlil; (sladysS) 4 o
b o ol byl b cpiomed Aol sl ol 59y » 3SR
Olos b ad yedidy (b ylaid b (gl (sloj ) slolis a8 cunl o oold lis
b adgl ol adgl ol ploj 457 23 LIS g 350 Sli e (Sloj il gl
CIYD ol piored 5 1l adB YA UY 0dgaxe 53 93 jo jlulis (lial
Y5l 55 adgl s oo 4y oo gloj) sl STaS il o
b35S, o ojlusgy 1 03)lg :Siles lly Lol e agb ¥ b
03log) (S5 4 ST Al 4l Wlgi o (25 B Ll Sod5 059>
LVY] ol sales ol jials o )lde
b g ocudgize b (gillis b slaojle glas)l )90
L Joomo (o0¥ed ol (oly [YY] ASCE/SEI7-16 d«obu‘ui
e Canl 03D dlpidn 1) e YAY gla)) Sl | S ga)le
Juos ey Iolee (sl copm agy 5l odliel @ygo 4> asliopl o]
aib gz 1) ol b poled g 5l 5L elis)] Sl ¢lubi wiuw
asbipol 55 osd o)Ll )90 93 (ol > 4 .Cal 03,5 3gae yie VAL
d)‘L»IJq L;La:o)'L» &Uﬁ)l le).g d)ip Codgdone ASCE/SEI7-16
&y ol codguzme 15 [YF] NZSEE aobiyol 13 5,065 g3 s
ool odd Jlasl ool o (gilols sloojle Jole ( Soliwl Juloo

cgdgie cpl ol 6 gawe yio B+ & 5 05lwgy M day STas

1 Gunes and Ulucan



VoY VS dxbo MY Jl.u) Al b)Lo..m HY 0,93 s)....s).ml ul):..c L;m.,\...e(e d:)w

Py |
k —7
Fy j&’a"/]i_/ B / //
f QZ‘ I‘J/‘ke P L /‘ /
// / e " Keff / e
/ / - -7 dy / D " 3
/ - - )

R
()

(A

[V (Sxiguie i b (s g3 JUd) () 9 (o2 pow onsd b (Seitaol jLuvla (W)Y S5

Fig. 1. (a) Lead rubber isolator, (b) bilinear behavior with softening [2]
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Fig. 2. (a) Plan of structures, and elevation of structures (b) 10 story, (c) 15 story, (d) 20 story
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Table 4. Characteristics of near field records used in time history analysis
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Table P1. Section characteristics of 10 story structure (dimensions in mm)

o )led = Ogw aidb
W250- ®20@200 B450x350 C450x450-12025 )
W250- ®20@200 B450x350 C450x450-12025 \
W250- ©20@200 B450x350 C450x450-12025 v
W250- ®20@200 B450x350 C450x450-12d25 f
W250- ®20@200 B400x300 C400x400-8020 o
W200- ®20@200 B400x300 C400x400-8020 4
W200- P20@200 B400x300 C400x400-8D20 v
W200- ®20@200 B400x300 C400x400-8020 A
W200- ®20@200 B350x300 C350x350-8D18 q
W200- ®20@200 B350x300 C350x350-8D18 \.

(o ao cans 1 3lasl) aiib V0 85l ablio Wlasuive Y- Jgas

Table P2. Section characteristics of 15 story structure (dimensions in mm)

o )led 5 Ogw aidb
W350- ®20@180 B500x400 C550x550-12025 |
W300- P20@180 B500x400 C550x550-12d25 s
W300- ®20@180 B500x400 C500x500-12025 ¥
W300- ®20@180 B500x400 C500x500-12d25 ¥
W300- D20@180 B500x400 C500x500-12d25 o
W250- ®20@180 B450x350 C450x450-12D22 §
W250- D20@180 B450x350 C450x450-12022 v
W250- ©20@180 B450x350 C450x450-12022 A
W250- ®20@180 B450x350 C450x450-12022 q
W250- ®20@200 B450x350 C450x450-12022 \e
W200- ®20@180 B350x300 C350x350-8022 1
W200- P20@180 B350x300 C350x350-8D22 Y
W200- P20@180 B350x300 C350x350-8022 W
W200- ®20@200 B350x300 C350x350-8022 ¥
W200- P20@180 B350x300 C350x350-8D22 10

VoYY



Table P3. Section characteristics of 20 story structure (dimensions in mm)

VoY VS dxbo MY Jl.u) Al b)l.e..m HY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" 4:)..“.)

()M‘JL:.Q o o slayl) 4l Yo ol ablie Glasuin Y- Joas

o les 5 OF aib
W400- ®20@200 B600x500 C650x650-16032 )
W350- $20@200 B600x500 C650x650-16D32 Y
W350- ®20@?200 B600x500 C650x650-16D32 Y
W350- ©20@200 B600x500 C650x650-16D32 ¥
W350- ©20@200 B550x500 C600x600-16D25 b
W300- ®20@200 B550x500 C600x600-16D25 £
W300- $20@200 B550x500 C600x600-16D25 v
W300- $20@200 B550x500 C550x550-16D25 A
W300- $20@200 B550x500 C550x550-16D25 q
W300- ®20@200 B550x500 C550x550-16D25 ).
W250- ¢20@200 B500x450 C500x500-12025 N
W250- ©20@200 B500x450 C500x500-12025 1\
W250- ©20@200 B500x450 C500x500-12925 Y
W250- ©20@200 B500x450 C500x500-12025 ¥
W250- $20@200 B500x450 C500x500-12025 10
W200- ®20@200 B450x400 C450x450-12920 i4
W200- $20@200 B450x400 C450x450-12920 v
W200- ©20@200 B450x400 C450x450-12920 A
W200- ©20@200 B400x350 C450x450-12920 4
W200- $20@200 B400x350 C450x450-12920 Y.

B ygiw (gl 1050 ol jlwlas Olasuin F-o Jous

Table P4. Characteristics of base isolators for columns

k, kN/m) ¢, (kNs/m) Q) (kN) &k, (kNm) d,(mm) pj@mm) d (mm) o3lw
oYY ARTIA AIARVARS vy Yo f--. AN aib 9y
fyy. YOI \PNIPY YAVIY K Of- 7O- ab Vo
fYYO YAIY YAQ/OO YA VO AR Yo- ab Y.

VYA
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Table P5. Characteristics of base isolators for shear walls

k, (kN/m) Coyr (kN.s/m) 0, (kN) keﬁ, (kN/m) dp (mm) p (mm) d (mm) o3lw

VFY. AN AEVA S Yo4 & Ya- Y- aib ).

VYA R \iZAR! Yy. Yo oY f.. aib 1o

VeFA Y¥IY OY/IYA YAA A FA- fo- ab Y.
ek gl )| Ao o 41 aigSer
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