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NO.
M Year Name Name Owner
1 7.0 1992 Cape Mendocino Cape Mendocino CDMG
2 6.8 1976 Gazli-USSR Karakyr
3 6.5 1979 Imperial Valley-06 Bonds Corner USGS
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Story Dead Load 500 Kg/m?
Story Live Load 200 Kg/m?
Roof Dead Load 300 Kg/m?
Roof Live Load 150 Kg/m?
Square Plan Dimension (8 Story) 12*12 m
Square Plan Dimension (12 Story) 15*15m
Rectangular Plan Dimension (8 Story) 15*9 m
Rectangular Plan Dimension (12 Story) 21*13 m
Height 3m
Soil 1
Importance Index 1.0
Design Acceleration (A) 0.3
Behavior Index (Ru) 5
Yield Strength of Steel 2400 Kg/cm?
Ultimate Strength of Steel 3600 Kg/cm?
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Bearing Properties

(KN, mm)

Gross Area, Ag

554177

Plug Area, Apl

15394

Rubber Area, Ar

538783

Total Rubber Thickness, Tr 500
Bonded Dimension 820
Bonded Area, Ab 528102
Net Bonded Area, Anet b 512708
Bonded Perimeter 2576

VY] lolis Gy liaseivo =Y Jgio

Hysteresis Loop Properties (KN, mm)
Characteristic 123.2 Qd = Aplxopl
Strength, Qq
Post-Yield 0.43 Kp = GyA/T:
Stiffness, Kp
Elastic Stiffness, 3.81 Ke = 25K, ,
Ke 6.5Kp[1+12Ap|/Anet b]
Yield 36.43 Dy = Q/(Ke-Kp)
Displacement, Dy
Yield Force, Fy 138.9 Fy = Q+K,Dy
Maximum Force, | 192.1 Fm = Q+K;Dm
Fm
Effective 1.20 Keft =Fm/Dm
Stiffness, Kes
Area Hysteresis | 60869 An=4Qy(Dm-Dy)
Loop, An
Equivalent 0.315 |  Betf = An/2n/KetDm =
Viscous Damping, An/27/FDm
Beff
Force
K2
—_—— //
[ E‘/ Ken Displacement
- Dd
PR
_ e
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Rigid Element
for Cover Plate

Component Spring
for Lead Core and Plates

External Node
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Plan Column Beam Beam Story
Sections Sections Sections
(Middle (Side bay)
bay)
Square BOX 1350*170* | IPE 400, 1%t Four
(8 St) 300*300 15*20 IPE 360 Story
*20
BOX IPE400 IPE240, 2" Four
300*300 IPE360 IPE270 Story
*15
Square BOX IPE 360 IPE 360 All
(12 st) 350*350 Stories
*20
Rectangular BOX 1250*120* IPE 240 1% Four
(8 St) 300*300 10*12 Story
*15 IPE240 IPE220 2" Four
Story
Rectangular BOX 1250*120* IPE 240 1t Four
(12 st) 300*300 10*12 Story
*15 IPE240 IPE220 Other
Stories
adlas I i pl > edlaiwl 3j5e jlwlls Clasuie 3j9e 43

(F) sl Joie 5o jlulis Glasuie 7 b .ol sadodlaw! [YY ] Providakis
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Isolator Dimensions
Units: mm
Plan Shape Circular
Plan Dimension (d-B) 840
Rubber Cover Th. 10
No. of Rubber Layers 50
Rubber Layer Thickness, tr 10
No. of Mid. Steel PI. 49
Mid. Steel PI. Thickness, ts 2.0
Lead Core Diameter, dpl 140
Total Height 598

[VV] 5lolis 3 o edliiiw] SuiwY Glasuie -0 Jgis

Elastomer Properties (Material)
Units: MPa KN,
mm
Shear Modulus, G 0.4 0.0004
Material Constant, k 0.85 0.85
Elastic Modulus, E 1.35 | 0.00135
Bulk Modulus, Eco 1500 15
Damping 0.05 0.05
Lead Yield Strength, opl 8 0.008



https://www.sciencedirect.com/science/article/pii/S0141029607002817#!

yvaa ).ul.v X o,leds VY 0440

lwlis o s badls 93 3 W g A clib dlas b mpe M b 40V g8
() 5 (V) ladsis )5 Jos Soa5 cdlold g5 oy <o sloj)
b g0 0 WY g A clib ol b detiwe M b (60Y g8 (sbaojlo (gl g
2 S 4 Sovp cdlBolis 795 ¥ olygd cod sl jllis cgs 9L
JOY) oSS @ asg b Tosds odly L5 (VF) o (VW) oSS
a1 gy (o155 (olju b O JS5 & 205 o pasutis (1Y)
A 58 blss > 63Vsh saojle s 2lbmle (ozed 5 Con |
Ve 3l Gt Ly ol e LRB (39, 4y (53l L b &S s T odgy (Sl o
o a2yd + lf ) (eod 2bmle e (pinen g Cunl 4Bl IR Ao )
olinle dSlos 5 Cuw | SWl w8 o 1,8 0latw 1550 b guins ST 5o
52 9o ol 1 S g8 ) plo b hdye @l o j oo | aw Lo

sl e

=== \\/ith LRB 12x12 Near Nahanni...
==t \\lithout LRB 12x12 Near Nahanni...

i —osle 5JbT aslilas

W ol g5 g1, 1 -0

ol (st (Saolind sl oo & bigpye gl s il 2
Gl o 2bols) sloj ) (slagew b colsl jd . | odids &8l Sloj
bl z9) ¥ cod (pb (saintn (obols g pb aindn olis «lib
o jloges cyiS s a4y ol 4288118 conudyge ol 4 S5
Y 9 X sadlze 93 sl g5 de sloj)) slagwl L dlio woe Cudgize
oaidl)l 150 ygods ¢ 2l 5ol Nahanni Canada Jus 4 o055 o)
2 i) sl (ke (g b asod ©)jgon @Sl ool
ol 033 53 (3) 5 () sl Jsi
s (2l —0-)

A PLY g X car 9 3 wlib gaidn ol bl Al
Sojle (glpdr Qe g Fe ¥ ghlgs b lbed okl les (8,5

ege==\/\/ith LRB 12x12 Near Nahanni Canada
Y

Nahanni Canada 43; T gL slaade o195 5 (mpe oMb b 4 A ojls lids (it oo (ol =V IS5

=== \\\/ith LRB 15x15 Near Nahanni Canada X

210 1!
‘ et \\/ith LRB 15x15 Near Nahanni ‘
Canada Y

Nahanni Canada 43; T gL sadye oy g xpe oM b aib VY ojl lids gty (oams (ol —VY S5

e=f=\\/ith LRB 15x9 Near Nahanni Canada
X

e=gr== \\/ith LRB 15x9 Near Nahanni Canada Y

Nahanni Canada 43; T 5L claailse oly95 5 batue M b i A ojlo lib iy s obols - S

—&— With LRB 21x13 Near Nahanni...
=== \\lithout LRB 21x13 Near Nahanni...

192N
e=gr== \\/ith LRB 21x13 Near Nahanni Canada Y

Nahanni Canada a31; T 5 L claailge olye 5 baie oM b aids VY o5l Glids (sdiniin s (olwls —VF S



1vaq J.o.:l.) Ay O)La..:') AY 0)50

00) sl S 4 dn g5 b sl sty lis (VA) 5 (V) sla JSCs
it gy Gl 50 i b ojlu gli) & 235 o pasda (A)
loojlo pl b izman 5 ol j2b o JSS 86 5 sl il
4 Gilwlis b aS cuwl odg (Slpu anpa e 5 50 Xe llg; o 02V b
Ot g Conl a8l 5lS 20y Yol i Loy ] Jlads LRB. o,
335 o0 4,8 oalatwld yge b aioes 25T )3 aS dn 0+ el 1 pb Ll Hlade
a5 plo b bdye gl ooy Cosl 505 2y 2 sblgj plo 4 o

b g9d90 cl §l (S 3

e=fl==\\/ith LRB 12x12 Near Nahanni Canada X

s o5l }ﬁllﬂ dolilad

el ol -0-Y

O 85 a8 P LY 9 X e 93 50 pl sty CLLS (gdolone

&Y sloojl (gl anydAe g &+ X v D)8 5 (eblo; b acuslSilus
csloj) jlulia (g 9 b s 93 )3 W g A Gl Sl b (gmye o L
5 (V) 9 (00) sladSs p» JuS Soop culSoks zo5 ¥ ohyd cov
Al g0 WY 5 A clib sl b datis oM b (6058 (slaojl (sl ys
P JeS 4 S0 ol 795 ¥ oly9d cod glojy) jlulir (9 g L

=g \\\/ith LRB 12x12 Near Nahanni Canada Y
=== \\/ithout LRB 12x12 Near Nahanni Canada Y

Nahanni Canada 47; T gL sleailse oly93 5 (gmpe oMb b diss A ol pl cdinivg Clis—Vo JS5

180
e=fi==\\\ith LRB 15x15 Near Nahanni...
=g \\ithout LRB 15x15 Near Nahanni..

0
33 0
300, 60
270 90
240 120
21 150
10N
g \\ith LRB 15Xx15 Near Nahanni Canada Y
=== \\/ithout LRB 15x15 Near Nahanni Canada Y

Nahanni Canada 47; T s L seailse oy 5 npe oM b dibs VY o5l pl (ctindin Olis —V8 3

0

33 0

300, 60

270 90

240 120

21 150
=== \\/ith LRB 15x9 Near Nahanni Canada
X

egr==\\/ith LRB 15X9 Near Nahanni Canada Y
=== \\\lithout LRB 15x9 Near Nahanni...

Nahanni Canada 43; T 5 L slailse oy 5 batae oM b dib A ol pl (cainin Olis -3V S

=== \\/ith LRB 21x13 Near Nahanni... ‘

Nahanni Canada 43; T s L seailse olye 5 hbatue oM b dibs VY o5l pl (st Olid —VA S5



yvaa ).ul.v X o,leds VY 0440

a g b Caol addbodly L5 (YV) 5 (VY) oS 5o Jud 4 Koo
O S & S ol gl 45235 oo et (VF) JI (V) slaJSs
Pl olbrle izmen 5 Cool il by sl (1B (ol b
Lol 3 )Shos Ly g 039 555 4238+ 97+ (sblgj > (63V98 (slojlo
Yo 5l Gt by o e LRB [3gy 4 (silulis b a8 casl 0391 5500
Y g gbles 0 pb obols Hlade pisred 5 ol aBl el o)
al3lj ol b lasipo gt oy ool 508" 3595 52 Sblgj ol 4 S

iledgo 136 |y £5090 nl 56

180
e=fl==\\/ith LRB 12x12 Near Nahanni Canada X
=== \\/ithout LRB 12x12 Near Nahanni Canada X

i —osle 5JbT aslilas

Pl 2buls -0-Y
ALY s X e 93 0 a5l 4 cund pb gaidin by ()
Wlpae Qe g8 & o0 0)68 5 sllej b bewslols lyes (8,3 las
Ood o b cdls 90 WY g A lib dlasi b (mipe oM L (6068 (slojle
SBJSS > S 4 S5 cllGOls 795 ¥ (9> codi (glojy) jluli>
oA Sl 3l b Jibsties 3 b 6355 cslaosl sl g (Y+) 5 (1)
Cllolis 7o) ¥ gy co ghojy b gh g b s 93 )3 WY

e=ge==\\\/ith LRB 12x12 Near Nahanni Canada Y
e=p== \\/ithout LRB 12x12 Near Nahanni Canada Y

120

=== \\/ith LRB 15x15 Near Nahanni Canada X
=== \\/ithout LRB 15x15 Near Nahanni Canada X

Nahanni Canada 4; T 5 L sleailse oy 5 mpe oM b dib A ojl pl (cdiniin (olols -4 IS

180
e=ge==\\\/ith LRB 15x15 Near Nahanni Canada Y
e \\/ithout LRB 15x15 Near Nahanni Canada Y

Nahanni Canada 43; T gL sleailse oy 5 onpe oM b dibs VY o5l pb (s bl —¥+ S5

180
e=fi=\\/ith LRB 15x9 Near Nahanni Canada X
==t \\lithout LRB 15x9 Near Nahanni...

180
e \\/ith LRB 15x9 Near Nahanni Canada Y
=== \\/ithout LRB 15x9 Near Nahanni Canada Y

Nahanni Canada #3; T 5 L claaidse ol g ubaions oM b aido A ol pb (s (oluls—¥Y JS3

N
=== \\/ith LRB 21x1313 Near Nahanni Canada X
=== \\ithout LRB 21x13 Near Nahanni Canada X

=== \\\/ith LRB 21xl31 ?\lnear Nahanni Canada Y
=g \/\lithout LRB 21x13 Near Nahanni...

Nahanni Canada 43; T gL laailse 5l 5 bate M b aibo VY ojlu pb (s (oluls—VY S5



1vaq )""l) Ay O)Lo.»:} AY o)sd

s o5l }:Jlﬂ dolilad

oy CASOs A 3,585 ilise (sblyj Cob et 5 mpe lag b sloj) jlubiz Gk 5 b 52V 5 slaojls (gloj) (slagisly il
il 0258yl (1) 9 (A) sla ol Y 9 X Caa 93 53 doMd Ojgody JuS 4 K005

JuS Soap ladljly cod jluliz gt g L (e O L laojlu (gloj) slagesl (:S3ke —A Jgi

Model Seismic with or 0 Degree 30 Degree 60 Degree 90 Degree
Responses without X Y X Y X Y X Y
Isolator
Square Plan-8 Drift With Isolator | 0.012 | 0.015 | 0.012 | 0.014 | 0.015 | 0.019 | 0.017 | 0.016
Story (with & Without | 0.017 | 002 | 0019 | 0019 | 0022 | 0.023 | 0024 | 0023
without Isolator
Isolator) Roof With Isolator | 0.12 0.17 0.12 0.16 0.2 0.21 022 | 018
Displacement .
m) Without 0.2 0.22 0.22 0.24 0.3 0.28 028 | 026
Isolator
Roof With Isolator | 8.8 9.1 75 8.9 9 9.5 8.5 8.2
Acceleration _
(mis?) Without 9.2 9.3 85 9 9.9 10.1 11 10.9
Isolator
Square Plan-12 Drift With Isolator | 0.01 | 0.017 | 0.013 | 0.016 | 0.013 | 0.014 | 0.016 | 0.015
Story (with & Without 002 | 0022 | 0023 | 0025 | 003 | 0028 | 0029 | 003
without Isolator
Isolator) Roof With Isolator | 0.2 021 | 022 | 016 | 025 | 022 | 016 | 02
Displacement _
(m) Without 0.26 0.25 0.28 0.24 0.29 0.33 0.3 0.28
Isolator
Roof With Isolator 6 6.8 9.5 8.5 8.2 8.8 10.1 95
Acceleration _
(m/s?) Without 7.7 7.9 10.2 9 10.2 10.5 105 | 106
Isolator
S S5 ladl i cod jlulix o g b ilats (M b boojl (sloj)) sagsly (ke - Joi>
Model Seismic with or 0 Degree 30 Degree 60 Degree 90 Degree
Responses without X Y X Y X Y X Y
Isolator
Rectangular Drift With Isolator | 0.008 | 0.01 001 | 0017 | 0.014 | 0018 | 0.02 | 0.022
Plan-8 Story Without | 0.019 | 0021 | 0.022 | 0024 | 003 | 0031 | 0.03 | 0032
(V\_"th & Isolator
without Roof With Isolator | 0.12 | 0.16 0.2 0.21 0.2 021 | 022 | 024
Isolator) Displacement :
(m) Without 0.22 0.24 0.26 0.25 0.28 0.28 0.29 0.3
Isolator
Roof With Isolator | 9.2 7.9 9.9 85 9.6 102 78 85
Acceleration _
(m/s?) Without 9.9 9.3 9.1 9.1 10.1 10.4 11 10.9
Isolator
Rectangular Drift With Isolator | 0.015 | 0.011 | 0.018 | 0.014 | 0.015 | 0.0l | 0.013 | 0.016
Plan-12 Story Without | 0.021 | 0022 | 0022 | 0019 | 0017 | 0.016 | 0.022 | 0.023
(with & Isolator
without Roof With Isolator | 0.14 | 0.17 0.2 02 0.2 02 022 | 019
Isolator) Displacement :
m) Without 0.2 0.21 0.25 0.28 0.26 0.27 0.29 0.3
Isolator
Roof With Isolator | 6.6 73 6.1 6.5 10.9 111 7.7 8.3
Acceleration _
(m/s?) Without 8 9.7 77 8 121 12 95 10
Isolator
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Abstract

Seismic isolation is an earthquake resistant design method based on reducing seismic demand
instead of increasing structural capacity. With regard to the multiplicity of studies conducted to
investigate the seismic behaviour of isolators under the effect of earthquakes, in this study, role
of the base isolator in improving the behaviour of steel structures under the influence of
earthquakes with different angles was investigated along with considering the effect of
structural height and plan shape. In the present study, steel structures with and without Lead
Rubber Bearing (LRB) base isolator are modelled in 3D with 8 and 12 stories and square and
rectangular plans. The seismic performance of these buildings has been reviewed and compared
according to 4 pairs of near-fault earthquake records (8 records) with angles (0°, 30°, 60° and
90°) based on FEMA P695 instruction under the nonlinear dynamic time history analyses in
SAP2000 software. The results showed that steel structures at angles of 60 and 90° had larger
and more critical seismic responses. Based on results, the effect of seismic isolator on reducing
the seismic responses of buildings at angles of 0 and 30° was low, while at the angles of 60 and
90° was more significant. The use of separators had a great impact on improving the
performance and seismic responses of structures. The results also presented that in most
records, the height of the structure was more effective than the plan shape regarding the seismic
responses of the isolated structures.

Keywords: Lead Rubber Bearing (LRB), Structural Height, Plan Shape, Near-Fault Record,
Earthquake Angle.
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