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Effects of Near- and Far-Field Earthquakes on Pounding Analysis of
Isolated Structures with (LRB) Isolator

S. Yaghmaei-Sabegh, V. Vatandoost-Shishavan

ABSTRACT

Pounding problem between fixed-based structures due to large earthquakes may cause local damages or lead to
the structure’s total collapse. Inadequate gap distance between structures could influence pounding between
adjacent structures. Limited studies could be found on pounding analysis of modern systems as based-isolation
buildings. In the present paper, we have modeled two adjacent structures, fixed base building and base isolated
one in order to assess the effects of near and far properties of earthquakes on their response. Results show that
critical impact could occur when mean period (Tm) is close to the natural period of structures. Also, if the highs
of adjacent structures are nearer to isolated structures, the effects of near field earthquakes would increase. As a
results, with increasing the height of adjacent structure, the amount of affected impact force in near-field motions
is amplified 4 times more than far-field ones.

KEYWORDS
Structural Pounding, Impact, Seismic isolation, Adjacent structure, Separation gap, Near-field effect

(J gonnd 000w 93) 5_yaghmaei@tabrizu.ac.ir «3 ' oliild (ol pos cwdigen 00Sidls HLidls -9
v.vatandoost88@gmail.com « 31 s oGS o jluw oyl (wlbils )5 goamiiils -Y

\;-ni .5!..&.

5%

0/ 3Y96 q ojlw ¢,iliog)y g (alc aypis
AIE UG 9 )le) - aordn ojlaid - pmjly (s



mailto:s_yaghmaei@tabrizu.ac.ir
mailto:v.vatandoost88@gmail.com

53 il Laesle glos ) Caslie el Cgr op s
wile b Cols ey bl gl ) slaslalas
Sl el s S e bl los ) muly RalS o e
el slelar O s _ 50 Lk, 4 s L
L ope Sld el @ L el (S Ll ol
Szl 538 0ol 48 33,5 S e Sl b
bdys b s LB o s Ol g
Wesl cpl 5o 5,55 » Jlea=l 55 cpl 51 des o Rl 58
St ssle slaeslo b eds b 515 s Lo sass
b ooy seism slassSy s [V ] Al e g
Joe s S e WS e o obS ol e
Vo sla 53 0 e g o p 0T il
Slymme Ol Cled Slo 4z )b e oan 4 o3
T LS JUNGOVS Ipev R SURN | I IS U\ ESs \FRppson] Lt
Al A pekign 3 ke s Dle s se 5l LS
o bl s besle S5 g5 6ol Sl 1
Aol samlis 5 oS Ssp o gladds Jsl
Cle ol @B S el (S Sl s sbees e
9 Jmf Sy s s slesle L5LA'CML; LsS
sbdily Ol o eSS Ol Sbls
L= 51440 Jlo s Kobe 5 Y44¢ JL. s Northridge
Glosy Conal 1 las, Sy ol s s 545

DIYT A3 e Sls, 5
oSl palie Ga g sline e 4 05U S glad s
M) 4315 ©ad (PGV 5 PGA) e w5 olid
S sles ) @isl Gl s (R) LS 51 sl
et dls Al bae sl Sl g, p |y ik
laosl 3,55 0 Gogw » daosle Sl 5y
St & e sbobtle il NS S0
Lol 3, Shas gl 03, Vo Gta L Vjens Ll
Lodd S5 oL Kgd o b 68 sbadls ol
5l oys Jaalsbl Gl baosle b sg 2ol
grosr s nlple spd e el SIS bl
53 g5 & sbme Slaosla Lol gl laosla 5, 55 5

ey

5h

By

dodls -\
SIS Sslee 3 S glassl it el s b s
ol KIS 5l e sl 5 Ll antl
(e s O el (] S S e 2,5
Slodams Godody o) 3,55 5 [V] Conl odd als
oled Bl s Sty sl K8 i Jols oS o
5 Sl w s Jl e CaSi (rbgs S S
b 5o o Al os eddabl Glag 0 il o0 8
JUsl s o Gl 5 edd Jlesl oU S Sley o3k
Jebs 5 ea g ol Dlews 5,5 5 Jsb 5 35 5
3 ol 1Y) 33k o JS00 15 oauy el 5L
Shol 5 Jise Slialsyl 3l s Sl > s
Sl I 35 e Shgians oS 555 5 plcr] s
gl 5 e e b Selys Olasein
Dlies b gla i) Esl WS e osbee slasile
57 0 L8] 2ol 2 e ) s dies el bao sl
58S Iyl el A3l e Al e s Jols Laesle o
g iy S Gy By g d besla ) 5 4l
Jold pon a0 il dal i aslal LT 5y g I
O at b a5 a3l o SOUSS e & Ll 2S5
sl 5 e, o 0L 4 aosle o CUG.;..!\ 308
tns e 0L 3 5 SV 5 s ol sed>
oy LS s Sl gl I a5 o idl Ll
Jsb s 55 Sl e (il g sl
53 G5 O Ol 5 sl sl Gl ) gl e
oo Lol il Sl Sasl S 5 p s (a5
S R Sasd RIB e Jsl sals e Jb
R A PR VS M S PP ot
Lo Sl (S s b3y o Lsd
5 Slosle slacaul 1als 4 5L o sladle s 1]
Coeal hls S placsle 3 logase glojle
35 el e8GRl s YL 68
el G les ) sl sla gl oslizal 5~k

! Pounding
2 Out-of-phase

2gd g ojw ¢iingfy g cole il /¢

A Gl 9 )la) - pordn ojlaid - posjly Jluy



Sy obd gl Gesle 53wyl Il i s
D g dal g

Sy Sl e b J2LKa 5 Komodromos
2 s ey b st ol glos ) b
B3gei ey p Sl s 5SS 6,
g | Sl s Gado 5o Lol [YY 5 Y]
3 S Jde o 9o

95 Sosle 93 Olo 3,95 5 [YY] il K 5 Agarwala
ek dypl gaib 53 goile 53 5 ol 4l gand
Slp S8hol Sl il LOT S )
Shol oy, 5 03,5 eslimal bassle 035 syl
A S b s e byl Ol s BIS|IRE S
500 SA G an S el Slidos Sl plaSoen )2
A s el ol Gesle 5 Sub aly Glaesle Ol
Ll oS a S

&S [Vv] Komodromos 5 Polycarpou Y+V+ Jl. s
il 250 cilizie byl 5 o | adb Sl Ol L
Laoslw 5,55 5 5l Jol>= (glo ) Lgu‘cﬂk_; Al esls Sl 3
oealS el gles ) Sl St 355 5 oS 2l A
S S5 i) e S e i s (K5
andlos 3 ASe Iy il edd gl sosle olid
B Al g dse nl 0> G Sl oS L]
57 G Lo 5 oS S35 5 s slae s
Wl 428 S5l a5 555

Jos 3 oS Sns s oss sladds S Al s
ol ) ol al gbaolatle 5 ol Ayl (ol
Jde ot 93 O a4 baosla 5 Ll .
S G ledte pskie 4 5 el 05 S
Goilw 3,95 el sl eslinal GAP L o (S
elm ey bocoslee s SOl gl
b glaosle L oslee 3 (o 55 5 (Moat Wall)
o (g3l il (slaglis )l b oo

V7 390 g ojlw (iling) 9 polc eyl

Ol wlib Kos s aShoos gilular 515

A3l o agn Dl
Sl oS Sonp 5 s slan, S, 3 lanl s ol )
S5 03 a5 s om0 S S ledd Wl el
ool sl js gl e py il e 0l (3Ll
sl sbolatla glgl bl dynl sbaosle 5,55
oSS s W5 5 es S s s Sl o slee
o dlie b GLL e 0 remes A sl
570 3 AU G S 5,585 £ oL e

.g,.;'-l:f? ("?A‘}}

sosle 3,65 p (G4 3 odd plwl Olaas Y
odd g5l

Ly ol by sbaeslo o555 aes 5o o3k Dl
bl Do sl e 5l (G Ol ek glaaly sy
DYl el e 8 el )5 wdige 5o

S Cowl Slams gl e3> [VE] Anagnostopoulos
Sy bl il esls sl as opl D3 (sode Sldlae
L S5 el (ool ams S bt 3,5
S3de Do ar (63b Olise sl Sl a5 S (5l
Llosls 513 L3l si0 1 sdidy ) AKRLST
Saw) o3 Shl Sldlae (Jlie ks s [Vo-V]
5 DATTSAClods plal o Wyl slasslo 5,55
AEl e ey ol g Olais sl <52 [V4] Malhotra
Lok aypl glaesle 3,55 0 Ol ) a4 WOT
Gos5 3l edd S5 Oliims Aty | Sasle Sl
o 03 anl el mal o Gl gz DL
s S eslinl 5, 2

Iy edd dypl olle &G [Y4] Jangid 5 Matsagar
St ¢lsil 6l 3T 4z S sosle e
SR o 2050 Sl s gode DI s s slale
oS el &S ‘_SAKLA S A S am el ks

Lo ool olab slaw gl sl dypl Olasla

! Moat wall

\g-ni uh.&.

5%

o

AIE UG 9 )le) - aordn ojlaid - pmjly (s



Soge g aib e ez palie Sl el (glede X
Ceslodd Jlasl il o S 3 Sk e
s ool g 58 5 0 (28 SVl b 4l el
B¢yl omle St il o Sl s )b Lo
OLas () U3 5 b 4l Gosladde ccmlods (5 53
05 o 4w Slaldr (g5ledde gl il sl esls
ol Eeslodd o3lizul LRB s o S 1l 58l
by g edd i (V) Jadr slaesls w0 ax 5 b S
ol Sl LelBasS J5le 53 35 se 3
R ey e Ll Clla.isl BT IRNGI N W
sbdily Gl Cou edd Ayl geile S ol
5 5 Giledde S ol el B Sl s il
@il b g s Sasle Jles bodsnl el
03,5 spdomn b e Sl s 5 0 S lae S
oo Lok Jids ol slae S a3l Sy ples
b So ek S5 gl Sy ek (g5lultr (gosle
S5 sl el K ol el 4Bl arass GAP
03 el odd a1 e S 5 () Jodr s el
57 Sl Jlod S el 4 Je (7)) S
ol o3l il Moat wall 4 els (g5lulas (g3l

G

603\.& LS’J.L""J) 9 CAU 4.3‘\% 60)’\-\.«: Slasedn (V) J}v\’

NPy
S o B sl
ab ¢ Slab sl
Y'm olab gLl
m ok s e
Y'Y+ ton <lb e
Yo- ton osle ol p
s MN/m by olib o

Y\ N/m? (E) iVl J ke

Y/££Vx)+" Nim? (Fy) sV 58 0o s

£/4AYx) +" NIm? (Fo) 5N 5 aiS as

el seilws, 5 Sl wl so3le (sl ok plol Dl 57
453)1‘

ey

5 \l

By

o gadae ¥

Slwlas (et Silwdds —V-¥

a8 e e Sl s S G ol
el el eslanul J).JL;G GJ.:AL' (LRB) )L.a.'.')-(
s SNl e sladie bau g slalas Sbe s
Wt opl Glp (b sl el Lol (g5l

L;?x.: E) (Kl) A:Jj( &:.J}H t.S:M c(fy) v.:lu.J' szf‘"

Llodd Ozl o s (Kp) a5l Sl 8

..,\AJL;«

= £, = 0.1 Wy,
k, = 200 MN/m

k, = 25 MN/m

/,/
Z// // .

LB, iledte cgr s gs Sl Je (V) IS

oy Al o

i glojle sdde gag —Y-Y

prSaS a3 A Sler ps bl Ol S
(sl ol (g 3Lud e SAP2000 )55

bl Olale (@

555 2 QG s el a3 3] Olaztles (B

Moat wall L 5, o= 5 Ol b sl a5 50 Olazst L (€
ol b 3,55 Ol b o 4y 3l Ozl (d
23l bl

sl Jbe wlasuie —Y-¥

Slaseio Lol jon axllls 5,50 (Go3le pwdin Slasiln
& ejle ol S, el eds Wl (V) s s pllas

(VL B L;.)UTQLP.-)J ijfj]a.»).ib_g‘-;&f C)J}»ﬁ

! Lead rubber bearing

290 9 ojlw ¢iingfy g ale s /N

A Gl 9 )la) - pordn ojlaid - posjly Jluy



GO
O

I-IE,@D.‘.[

HE 1{HHIM

H:E.Q,Zlﬁhl

HE MMM

HIE\L;.’)Z).\[

HE L0 M

HE1000M

=

HHIM HELHHIM HEUHHM o HELHHIM
—
A\u M

\_"ﬁ]
4ok (luldar gojlu 3,55 2 s5ledibe 1Y) S
Moat wall
ot Jls muly glacib (0) 5 (8) S5 s
e Samd Sl S5l ss s S sl

sl 0l 03y OLiS Aoy 0 5 S s
so il bl b Sde my  bolesl
5 e Aol (giludde sl dypl gosle sl
Gl (ol aly laosle Gaan jo ol 5 Db
I wlie g baesle ol sl (V) Jsdr
Ao 5 okis 8 fate o GAP st 2 ) b 5
Sl ar g Lolbad e il (glad s
2 Slite gla ol slml Col il glad 5
oo gldl 555 Ol plply (Lsdie bl S5
ol o2 s el DLy bl ol 0 w8 S
B8 3 rp 2o50 el de Ve e same dlis
sl Ol 4 laggsledde cpl 51 Lol b ol
sladlale b ok dynl Gesle 3,55 1 53 557 5
dal gt oS 5l e 5 oS S glan S, e ssbrs
ol iyl Glaesle Ol b gl o Cuanl &8 s,

A3k e 3k Dl

47 39 g ojlw (liing]y g ol aypis

9
®0)

HZE.RS;QI)M

HE MMM

HE MMM

HZE.{E',JI)_\[

HE | (MMM

HE L{HHEM

HI\I';DI)M

HE | MMM

HE LNkIM

HE1000M

¥}

HE | i

H HE MMM

I

A

b ab sosle siledae (Y) IS

6:)’\.& )LAL.\:’ (..L.\.,u LS‘ﬁ %4 u&ﬁ j_.:u.a «(Y) J}JG’

NPy
(LRB) jlulier w515 1o Ol
Y++ MN/m (Kp) 3Ll ool e
Yo MN/m (k2) 3Ll o 66 e

/YW= 0Y ton

(F)) oo 25

958 05,5 Jde Cygr 5L 5,50 sla el )L () J g

20555
(GAP) s o S gl podd ab 8 a5y lud
£0++ KN/mm b e
Sosle S slwlr gy SL)
? = e CUQ.E.:\ £30° Sl
~/ﬂ><(=,\.;: d}ﬁ‘

035 5 2,55 3 e lad )y Sl A s
oS Senp slad s 655 55 5l ed glular 515 s
() Jsdr L3 55 4 Lol Slasets o LS5l 5 5
o ol glad gl ol el eslanal il S5 (0)
2ol b e (Sl gla s sk
b ol VTG Ly ey old Sl ol

ol

\g-ni uh.&.

5%

o

AIE UG 9 )le) - aordn ojlaid - pmjly (s




Lojle Jdow ) glate oy ol ad § Lo 5o JoS s gla 4305 Slasein :(8) Jyder

T T, | ' pea _ _ o ' .
© | 6 | L5 @ oy adl 3o My | g gsb | d5pb | osles
(Km)
YA | vseva Y/A VYT 279 Pacoima SFERN/PCD16 11 VAV /2 Y/ 4 San \
Dam 4 Fernando
YL AR a AN 0 KIMA KJMO000 LAN AR LIARTAR Kobe \
/O | V/EYs LVA% AND TCU128 TCU128-N V| 1444/44/Y Ch'_'Ch'v v
Taiwan
Y RV A \A +/YVA Sakarya SKR090 Ve | Y444/ A/ Y Kocaeli, ¢
Turkey
¥Y | V/eve v A\t NSY NSY-E VA | 1444/04)Y. Chi-Chi, B
Taiwan
*/YA \/vVe A% v /800 5051 Para-ChUte B-PTS225 v/ VAAV/Y Y /Y S SUPerStitn 1
Test Site Hills(B)
ARG IR sgry | 7383 Gllroy 06230 o/ | \aV4/+A/*1 | Coyote Lake |V
Array #6
V| s | A | LR R DSPO00 Ve | vaavsvsea | N-Palm A
Hot Springs Springs
/VE | +/AYE AVAl +/\Yo 23559 Barstow BRS090 \%43 144Y/+/YA Landers q
AR IAAA o Al 57007 CLS000 VA | VAN NA | LomaPrieta |V
Corralitos
o3l lows liie &3 o 43,5 5 55 o 51455 sla 035 Slainia 10) Jsur
L A B 3 . L . .
© | 6 | S5 @ oy adl 3o My | e85 06 | 4350 | oled
(Km)
AN BVALA) \Y/0 /ARD SO Fo_rgarla FOC000 V) VAV/L4/N0 | Friuli, Italy \
Cornino
ove | erer | oyga | oryg | 24278Casic-Old o Ly | vaveysa S Y
Ridge Route Fernando
Chi-Chi,
Y | /YAN Ly/ee AN TCU095 TCUO095-N | Y/1 | 1444/:4/Y ) Y
Taiwan
EARNIN L A AR 1377 San Juan SIB213 | OV | VAV4/*A/*T | Coyote Lake | ¢
Bautista
| ovey |y vyes | 12204Sandacinto- | 000 | e | vaatevyea | N-Palm 6
Soboba Springs
o /YY +/YaY \W/Y N 1492 SJB OVerpaSS, SJ3067 (JA% V4Va/r A/ Coyote Lake a1
Bent 3 g.l.
SYU| g0y | T vy | 87070 Antioch - o too | et | YA | Livermore v
510 G St
DAY || ey | 192 SIBOVEIASS | giener oy | AaYA/ AT | Coyote Lake | A
Bent5g.l.
PARTH AR e 20021 LA - N WST000 | WV | VA8E/VWY | Northridge | 4
Westmoreland
A Ay | vy oyyq | 12204Sandacinto— | o00 | e | vaayevea | N-PaIm e
Soboba Springs
s
5i N
2Wgd 9 ojw (gl g pale Qs /le

A Gl 9 )la) - pordn ojlaid - posjly Jluy




2
L] )

m chz
ﬂbmfij))}s) 644")}3 6“‘2 cCi )‘Ju;.d J)ﬁjﬁ QJ"‘JJ

e o QLS 5 oA Y B e/Y0 galols ja 1y s ulS )

olks v.q}SL« LS -0

Ghwn) 3 ‘L\a)& ccj\.w alse QLL.L ul.’l.w O
))Jawd.s Jlas U'i‘ BE Mb&r@n)lﬁw\u Lho)l.w J)}?'-JJ.
5 JS Knp s @l glaesle sl bl ol e
e g5 ol sl ol el Cab L (S 5l s
o g:,\.w‘ ol 4.:6; ol Jsb LSLA")}SJ Co cs_il:.’;:.é
4.‘_9).3" LSO)L.» J)}?’-J..v I BE uuu&: M’JSL& Cooons
Glas, S5 055 53 a sl Ol a5 5l IS w4 el
)Lﬂi\‘?‘bdsc,\.w‘ 4.:3; )b.; 4}_5: J)j.ﬁ ol JSJ
ol et Ol sie (APA)

o bl LAl A
e 44) ol U}ﬁ‘ le.he)l.w BE) QLS.JQ W u.;l;u\?
FaS ol al glassle 4 e (Lajlulas 55
o)'l...uj) J_}J:L;A C_,.GL' a)'l...» B LA)L.«:U} S99 .\.&L‘;a
60)};3 s QLJ;.: JLJY )l 6~L~ﬁ )L:_'e) ﬁd]}) J’"J" BE)
G| MM¢J~»§ &J}:})_}b L;LM)}S) j\f’ BE
wu.il@le%:ﬁ«j\)lduﬁdljzajyf)\y
[0 a.\iﬁb (APD) )L.a.b-\ @ Gb OB S C,Pu L

NG

R el -y

S agde Sl il Jolse 5l Laoslu 5,55 5 oo
laosle Slasis a0 Olf e Jelse cnl (nese
LRI | VI PV R o 1S Lile oS5,
sl las, S, sla Shs 5 bele abe pladl
2,8 oyl

o e ol 53 a5 S plowil gla gy Sl IS i

e bl s 5 bl slas, S, ell

117399 g ojw (,fing]y g (olc s

54

Near - Field Motion

48 +

Normalized spectral acceleration

b of o5 sad ) okt Jlo i oty b (8) JSa

MJ;OJ'_,S..QJ&U::&..«J

e
0

" Far - Field Motion —_

WA
o N

w
'

[
o

Normalized spectral acceleration
!—\ ~N
~N £

e
o

o

b S50 593 sl s e o5 Gy id :(0) S

M).SOJ'J&J&‘J_@W

(Tn) Jaw g0 55 Ol p gl —2
Ohas B Yeed e s [YE] BB 5 LS
slaosle il 555 b sy 1 Ab Jols
S Al L3 e 3 @bl e S bl
el 3,3 45 Jhgy cpl O35 4 350 ol OUT Slids
arlos ODC) " Jiss Jblis oS 5 Sl eslizal L 1y 03Y
of Bl 4 baesle sy Sl edle S
S bs e 48 (Tiy) Lo ge osls Oley 4 a5
ol Ol ol (S il O S Lol
g3 S wee Slanie 51 S (T) bwse

LY0] 555 oo avulea (V) (gadail) 51 45 555 6 © gums

! Spectral difference method
2 Double difference combnation

\g-ul uh.&.

3%

%,
'

AIE UG 9 )le) - aordn ojlaid - pmjly (s



60)@ (APA) J'LA‘)Ll Qlﬁaj FOr LE (\ \) G (\/)
z}.ﬂj)l B v{)\}ﬁj )‘jl?.:ﬂ (_SLAULA;}L\N L ol d}ﬁ‘
4[.@@‘)[*«: U’1| ‘5[.&;}:) VLQ-.; c)jl?w C_,.vU Ail:' ‘_;UMJL.»

J.,S:LL;O PR e 4.‘)).“’\ 60)@ ‘uL;J

4 -
Near - Field Motion
\
s Ge
I
_ 1
4 ! —
97 i el D
] \ cagess 3
8 N vt
w \ R
1 - 4. —-—g==6
1 \ -7
N\ -8
.li’t‘: * - -?o
0 _‘1A/|< —& -I = T
0 5 10 15 20 25 30 35 40
Ampilification of peak acceleration
wagipf s, S5 o (A
4
i Far - Field Motion
3wy
il
T e
B2 —-—2
- ceadee 3
o ==mab
L -
\ -8
\
[/ - =9
o ol —e 10
0 5 10 15 20 25 30 35 40
Ampilification of peak acceleration
LS5l 5o g, S5 o (o
4 —
3 -
5 —
>
22 -
<} —
9
™S 1 |
\ == Near field motion
\ ——Far field motion
0 \ 4 T
0 5 10 15 20

Average ampilification of peak acceleration

Loz, 585 3038 55 o (sl olid ey S s Sl (2

Qd;k‘e}\« AJ}&J.: )‘J.au ;'A:.i r.n.g;ba C'_«.:m.: (-\) J.g-:

S5 S5 b (APA) O 5,55 5 51 )3

v.a.;;lﬁ CM euw g_)l;'.& V.QJ“JSL“ C,ww.’ Lol e)l.w
So DM 5ol Ayl Gosle gaid 2y ol
or @l Sl e Sl Al e 55
GSlajlssei Sz (APD) 5 (APA)  la il

C,.w\ [ ‘U“)‘ ‘_;\M’L?Ld

55 edd Ayl goile (APA) b wypy V-V

JoS K35 5 593 S, 58,5 Lo B p
> gpl gosle 5,55 54 bg e slasls el (V) IS
(A (V) e Ko s o OLES ) sl glulis 5l 5
S, e 4 by laglssel o (VY) 5 (00) ()
Oler a3 olme Lol aly Glaesla L dl gl gesla
wdp slasy S, ol s e O | b SRS 5 oy
5o Lol blae glaslad lae dasls yoi SLS 5 ol
oo allie Sl il s a3l e (0) 5 (8) Jsdr
ol oluldz 515 s dnl gesle (APA) il
il slas, S5 1 o aalllae g0 Joe 3l e
Sl az U Jos ((0) 5 (1) s 55 o) 35
S A das o 0L Jol s olets s 8
S ss Ol s T e bl 515 53 5,8 5
Sy dale i clib s ol ) et gilulias
bl il o aline Las,sS5 51 a8 55 o 53 Ky, ol
ssi e sdalin (€) Connd (V) K3 53 &5 ailen
Sl Dl b s 5l e okl Sl
33 0k giluld 15 s oS s las, S, o
A3l g S Sl a3 Glas, S, o OF ke
OF 2l VA 4 Jlde cpl Slib plisyl s sl 5o
55 ks odd Wypl lele S LEe pl by e
Lyl b osls D3 sy e 3 edd (glulr 5l
dals 5 ekl (gilulder S5 s (APA) il Gl
s, sSy ly bl Ol s Ol Bk 51 ks
S s il R TIT Sk ey S S
AR VWL o i cpl S 5L s sbes, S5 Gl
AL R edl S5l 4 s LSk e
b8 Sisp slas, S5 o e Al o3l (APA)

(_5[.%‘}&&).) .J.,.Zbda&,s/)‘)_p dLﬁ ))jS)JJ‘JJ \/AQ

290 g ojlw ¢ ingfy g calc aypis /1P

A Gl 9 )la) - pordn ojlaid - posjly Jluy



4 %K%&\! LT 4
‘\“':3"'-‘?‘ Near - Field Motion -
A
3 ~ 3 3
] A A -
; N :
T2 WX 9,
8 Bk g
- . ™
1 . ’)'1‘(’ 1
i
[
1
0 =X 0 {
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Ampilification of peak acceleration Ampilification of peak acceleration
IS s slas, 585 o (A oS s slasy 585 o (A
4 's \' —
B : Far - Field Motion } Far - Field Motion —
A\ -
3 ) | Ll
B \ ‘
; i
IR\ ——1 2 —1
52 UI e 7 5 —— 2
- | \ s wedene 3 9 wageas 3
g ¥R o 4 = ek
ooy ===b —===5
1 vd . =B -=-B
e -=1 -7
il -= 8 - -8
SRl \ - =9 - =9
. =0 =10 -0 =10
0 m L T T T T
0 5 10 15 20 25 30 35 40 10 15 20 25 30 35 40
Ampilification of peak acceleration Ampilification of peak acceleration
Jmfj\)}ééubﬁ)gﬁoﬁ(y &fj\)jséuz)ﬁjdaﬁ(g
4 4 - &
aN ‘\\
3 \ ,
T ] \ —
z | H ]
2 5’
8 | 3 ]
E ™S
1 =4=Near field 1 —4=Near field
motion motion
== Far field == Far field
motion motion
0 & 0 v T 1
0 5 10 15 20 0 5 10 15 20
Average ampilification of peak acceleration Average ampilification of peak acceleration
355038 35 2 sl (APA) sl Sl (2 Lo, 585 3 o5 S 55 o gl il ey Sl o :500e (2
Y sboila b 3,65 2 I, (APA) j«*bb’ :\) JS.& & U}}lhjb S,y p Bl ;.;L:.Z r&{;lﬁ S (V) Jﬁ.ﬁ
sabme il 2ol GEBY slacsl b (APA) 5 5,55 51 3

e

10/ 390 g ojlw (g 9 Golc ayplis @
A (s 9 )la) - pordn o)lath _ povjly (lw




4 1 W
] | | Near - Field Motion /
T
3 Af i
3 i —— 1
H —f—2
z R s
1 2 ::3
N
A -8
: { - =g
. D -4 =10

15 20 25 30 35 40
Ampilification of peak acceleration

IS s slas, 585 o (A

4
Far - Field Motion o=
AEE
3 I
H
< |
>
3 —a—2
- erageee 3
_g veaxene 4
T —===5
-0--6
! -
-8
- =9
=¢ =10
0

15 20 25 30 35 40
Ampilification of peak acceleration
FS5l oss slas, S5 o (o

4 P

| /

Floor level
Iy e]
—

—4=—Near field motion

== Far field motion

0 5 10 15 20

Average ampilification of peak acceleration

355038 52 2 Sl (APA) el ke (=

0 loslu b 3,55 » Sl (APA) fal,b :(Ve) K&
s9brs garb

oy
ey

h,
v

4

N

’:‘ 73

: Near - Field Motion L
*

]

1

'\ (: v L
¢ |
/. ’ et
‘L M

Floor level

F--

0 o4
0 5 10 15 20 25 30 35 40
Ampilification of peak acceleration

IS s slas, 585 o (A

4
Far - Field Motion —]‘

3 :_j
] p—
=
)l ——2
- ceagess 3
T —si=a5

=B

! -=7

- =8
-9
0 N -+ =10

10 15 20 25 30 35 40
Ampilification of peak acceleration

FS5l s las, 585 s (o

4 T
3
]
132 -
= -
)
)
o
1
=4¢=Near field motion
=fi= Far field mation
0 \ 4
0 5 10 15 20

Average ampilification of peak acceleration

355038 55 2 Sl (APA) el ke (2

sl saib

2gd g ojlw ¢iingfy g ale aypis /Iic

A Gl 9 )la) - pordn ojlaid - posjly Jluy



=2ls osk (W) 5 (V) S8 () 5 (W) glacwns
el 2,557 oo 53 3,5, ¢ bl b sl
ssdie etalie & hiles dase 0L 1, diyl
al lassla Lo, p s el dypl osle &S LK
slas, S, S s 5,8 e sl aab g jslee U
53 (APA) bl Jlade o i WS 51 s 5 Sosp
b Soslme 5o ooman 5 A8l e Ol po> gaib 515
To pa i 515 L3 Sl S adh an glaosle
ol sl L, Kl (V) S ke Sla 0 s e
ol 35 B OF J2alS e 5 o3 aib 515 6 elil
b 5 g elie Lld il e edd dgnl gesla
sdalin alb e bl Glacsla sy 0 sl p s
o S Ol e B slaslased 4 a5 L s e
sesbe gLl 51 Hslme ZuB aly Glaesle pli) &S
53 (APA) bl Gl Lyl bl 1S ol oy
Aol oy oslre slacsla ol 515 55 5,55, 05,5 33 o
Sl Glaslise 4 am g b el S5 OLLE Ll sl
Cod bl ol Gl Ol (A 5 (V) S
S b,y Sl o JuS Sony slas, S,
St 5l Sl ARl i e 4 Gl
Sl akb 53 Sl b gbaeslo Loy 5 s 2l oyl
S VO iy S Sl s 4 S Sy el
Ve L ol b ol b glaosle b3y o0
EB s e seS 5 sk Dlids Gilhe AL s
W lspas LSSy Olspe (A) 5 (V) JSE Lo e 1)
Al e Gl ol b 4 e
a glolal s Ol 3 ge35eS 5 8k
ol agnl gosle sy JobS 53 5,585 ¢ 8 ol
55 JISE (0 5 (ill) ola s gad a5l 53 o iles S
Gl SIS mis Amsge Ol pdly e
s sl 5l i CSle 4 JuS Koo g slad S
L olab 5l R L Bk sk e S
238 o Sl 25555 058 50 ol Ol Sl oS
Slas (V)) 5 (V) «Q) IS (&) 5 (AN lals s
ULl L sbme 2o aly glaesle ol Sl s

10/ 398  ojw (Llingh 9 (alc apis

Floor level

30

Ampilification of peak acceleration

L}"“‘f&iéj" LSLA)J‘)S)M(\_A‘

Floor level

15 0 5 30
Ampilification of peak acceleration

FS5l s las, 585 s (o

3% L]

4 &
22
2
g
-]
o

1

\ =4=Near field motion
\ == Far field motion
0 \ 4
0 5 10 15 20

Average ampilification of peak acceleration

555038 52 2 sl (APA) el Sk (=

N sbesle b s, Sl s (APA) el )b :(1Y) IS

s9bre garb

T

%,
'

A (s 9 )la) - pordn o)lath _ povjly (lw

&
&



Loy el s O Jldie 51 2aS Colye 4 4,0
S el gloee ol ml (slassla

5 odd dgpl o5l (APD) byl gy —Y-V
S S 5 505 s, S, Co 0,55
550 pE e 53 3 S Gillae ol pnl esle
sl Ced V) BY0 Gla JKo ol a5 S 51 3
S oy S s el dypl ol lib s
Aas e QLS sy Sl S 4 Cad ) Sl
Ol 00 B OY) sla K3 (&) 5 () slals g
Ayl osle ks (goy95 4 Ty Lldde a5 8 a5 Las 0
S Jds a esls 55 0555 DA Aal a5 el
S shiles sy dalr i ole b gla L6
Cho g g oS ol (L Ty Coslods S3 503
ool @ S 15 eslital 3550 3555, sl B (Gl g
Frise 2l Sk () 5 () slajls e samlio
o oS sy gl s (Sl 8 Ak
Pk Sl il mie LSSl e sladls
S JuS S e 5l Aol ax a S Sap lesy S
R 0 /Lp}.apu CR Y E RTINS RN VR ok SRS Vol ¥
s Wl A B e el L
08 6 (7)) Gl Ko () o 5 S hailes
S N el 5,8, s spd e sdalis
Sos95 4 T Oy SSa5 s 4 (Superstitn Hills B
OF sahols 035 oS e 5 0l ol Sosle sls
Sl s ey s, S e S e
Gl LS 5l dols (8) ot llas ol ol sl
ol Sl S LB aSS L Eb e e ghS Y 3,58, ol
L5 o 2 ol mal WS e ol 4 sl
Sy oS 5 sl (8) Jsds bl o aS Sl
Sl il ks AL e eSS 4
Sosle S o3 5 o3 /M O Ty Ol aSglnil
g oaib aw 5 5o sbme Sub Gl slaeslay ol Ayl
Gesb gy 10 Al o 07 5 o) AR Ly

:;M‘jmdbmsjjsjui|é1fov\.&djﬂ\

B

5i N

By

SSosk il o by 0SS s dapl el
ol saib 15 U edd (ilulia 5 51 (APA) )l
e Lol cdls dalpt ol Ly e sl sesle
e bl glassle plisl Oas sy b O
b 25 B Gl Sl g ar 5 L s dal
ol oyss i oplply S e Iy il esle
Coloy odd Koy o, S, I sy 4 el
PSle slajlagel 4 oax g b3S e s LS
sl sbesle b oysbre 3 (APA) eyl &l i Ol
A IV S Sosp gbad )y cos ik Ly oot
Gl sae b lEbse S Sl s sles, S,
s a b Ry glaesla b sl
OLES La s g3 oS shailen .3l o Y/EV 5 YA L L,
KBS ﬁb Oslre laesla plisl 150 L das
N oss glad il ol i Sl & JuS Sos gl
My $te Sosre ol nl @ g 5 Al S
aw a Ol oo ) A ol laglssed ) S e
Sl 515 s ks sy S S s JS
T RU S g P T TR
OF 51 Ol o 45 (g sha wcils dal g ol gl (g0l
51555 (APA) )l Ol o Kle 58 b @0
Al VA LS Sosy slas, S5 cow sl (gilulir
UBE & Sl a5 AL J~§ BUSTENTCTVPE
Gobaldm 515 03 (APA) el (lsdl oy o5
03 4S8 Wik e o 5550 slas )5S, rL«J Sl G el

5,8 5 e sl bl 1 b
Sa,sS) 4 by olosed SAS1, el (L1500
S [RSTERNPCYV SIS IR POV IS RS- Wi GRE WP
S plasy Sy S Kooy gladyly Ol ys il e
L o il Sosl sl (Sosss 4 LOT LI 55 5
Sr A Sl Soap sl Sub by slaesle
a0 Uy oS bl 51y il o5l el
Rl LS o Cond ojle DS Ol 5155

LS}J.‘.'.’ t&)ﬁ‘ﬁ )\ﬁ)\{))_}}ﬁ CJ[}- BE Cﬁgd\)}‘&

2gd g ol ¢ingfy g cale s /19

A Gl 9 )la) - pordn ojlaid - posjly Jluy



s —9 — 4 '
A 1 — \
M \
." Far - Field Motion Near - Field Motion | '
3 f—— 3 ;
= i
> 2 I —t—T
S =1 2 { -+
w -2 0 [ g 3
wofees 3 [
N 4
] — M e 4 1 ¢ asimaf
I ! —ef
-4--6 : -7
-=7 I 3
-=8 | == 9
1 -
- ' 1
! \ -¢=10 1 ¢
01t 2 3 4 5 6 7 8 9 W 11 1 B 45 6§ 7 8 9 0 U B
Ampilification of Peak story drift Ampilification of Peak story drift
FS s glas, S5 o (L oS s slasy 585 Coe (A
4 4; Vi t = 4
i \ \ p— I ."
- - |
Near - Field Mot - | N N
I Far - Field Motion
\ \ M= N
; == . i
7 ’l’ \.
’ - >
’ e £ 1
- / o —r—1 ] .
g / g t"' —&-2 “ 1 !
b y o v 3 M
) » e d 2 R
¥ —mmaf N
/ -4-6 vy
/s -=7 i ;
I -=8 \ \ \
A =9 i ot
1 =+=10 1 [
0 1 2 3 4 5 & 7 8§ 9 W U 10 1B 203 4 5 6 7 8 9 10 1 12 B
Ampilification of Peak story drift Ampilification of Peak story drift
JeS51oss s, S5 cos (& JeS5l s s, S5 co (&
.

Y

Story

Py

e
[111]

== Near field motion == Near field motion
~—#—Far field motion =f=Far field motion

1
2 3 4 5 6 7

Average ampilification of Peak story drift

2555038 52 2 lp polae (Sl (2

1 ¢
0 1 2 3 4 5 6 7 0 1

Average ampilification of Peak story drift

255038 52 2 lp polee (Sl (2

e Olib 5 almlr e Sl ol 1(VY) Y5
N3 L (APD) 0f 3,55 5 51 3 & Ayl o3l 3,55

s

ey Slab s plulr ey Sle o :0F) S
o3l b (APD) OF 3,55 5 51 I3 4 gl so3lw 3,55 2
s9lows aibY

V7 3Ug g ojlw (iliogh g Golc ey

A (s 9 )la) - pordn o)lath _ povjly (lw



4
I
!

Near - Field Motion |/ 1
I

~
I
I
I

Story

.-

[

01 2 3 4 5 6 7 8 9 W U 12 1B
Ampilification of Peak story drift

S s slasy 585 Co (A

Far - Field Motion 1= ==

5 6 7 8 9 10 11 1 1B
Ampilification of Peak story drift

S5l s slas, 85 cos (o

4 - -
3
z
o I—
=
] I—
 S—
2
=¢=Near field motion
== Far field motion
1 &
0 1 2 3 4 5 6

Average ampilification of Peak story drift

2555055 33 Sl (APD) bl ke (2

£ slaesle b 5,05 5 Sl s (APD) jual,b :(10) Jsis

sobws aids

w

Story

&
A

|

1 mdgmef
[}

[

|

[

1

6 7 8 9 10 U 1 B
Ampilification of Peak story drift

IS s slas, 585 o (A

0 1 2 3 4 5 6 7 8 9 10 11 1 B
Ampilification of Peak story drift

S5l o g, S5 o (o

“ e

pd

N

e
]

o

@

2

== Near field motion
L —&—Far field motion
1
0 1 2 3 4 5 6 7

Average ampilification of Peak story drift

255035 52 2 8l (APD) el ke (o

¥ slosle b sy S s (APD) bl :(16) S
o9l aid

2gd 9 ol ¢iingfy g ale i /IN

A Gl 9 )la) - pordn ojlaid - posjly Jluy



5 78 9 W
Ampilification of Peak story drift

Jj&.ﬂ)} 6&))}5}@(&_&1

,- i

w

Story

r~
.

¢ 1t 2 3 4 5 6 7 8 9 10 11 12 B
Ampilification of Peak story drift

S50 asn g, S5 i (o

4 /t
3 Wi
z
0
o
]
2
== Near field motion
—-Far field motion
1 hd
0 1 2 3 4 5 6 7

Average ampilification of Peak story drift

2555038 53 2§l (APD) el ke (o

N slaeile b sy S s (APD) bl (V) S
sobows aids

19/ 3U9 g ojlw (g § pale apis

Ampilification of Peak story drift
J““f&i’)}’ 6&))}5} o (;_ﬂj‘

mm

w

Story

Ampilification of Peak story drift
S5l a3 slas, S5 e (o

L/

z
Q
&
0
2
=4=Near field motion
== Far field motion
1
0 1 2 3 4 5 6 7

Average ampilification of Peak story drift
55555055 35 » sl (APD) el U"<'L3'°(C
0 slaeslu Lo, 45 <J s (APD) ,:.abb“. (V) JS.&
sobwe aib

s

5% \u
%, £
\“)ﬁ"'\:,‘,mn"rﬁ

A (s 9 )la) - pordn o)lath _ povjly (lw



25 sy s of /e LS Ksp slbad s
eyl Ol ad Ol das e OIS @L:j ASb e Jmf 3
Ju::l.s V.h\j% ol 6\)[.“:‘.).?- )‘JJ DL Lags J,)}"J" Ja.ilj«:f
3 eslaul = s LAl - L L5j.‘.<“":"°~? PPy
e bl 25 0 ol ol 5o lulie Glagiinn
gT,..l.p)u) AJJJ) r&k BL) e)'Lw))j o,\,iJ;QSC)LE.Jo
oalS Gl Ols e S ol oAl asl gl
Slesle Lo Ayl gosle 5,55 5 31 2L ol
ﬁd\ﬁﬁpéu,l;ﬁw.g;uu@\”@
dypl o3l (APD) byl Ol 5 sle (slaslu CLIL?)\

S o Iy il o Sle [ shay s

SMie p o8 Suap g 90 slasysS, BB -y

Wl S50
et L Wile (g3date Jalse 4 4B (S0 e
5 0 R Gl et B e e aesle
gl o3l (e o s 5,8, g romer
Ol 5w s oy SR s S e 5l a3
ek il sele Mo 3 ol il o)
ssbme glaesle s Saelm lns boay s gla)l-
0V U SRS AT [ Y- SR S P
ol s o e S Sus s s slas, S
San Fernando .5 oy sbadyly cow laojla
3 YO el las, S ) Chi-Chi, Taiwan s Kobe
S5 o gl s s () Jsdx s poke (7
slas, S ,) Coyote Lake 5 Livermore Friuli dtaly
Kla S50 (0) g o gzt Vo5t ) el
o S (V) B OA) g S 5 Jols ml
03, a6 s e Sl ol bl
JS 5 oss ladis 4 and S S sladlis
A 3 ek Wyl gosle a5 bl 5l Al e sl
Ol slp cpl ol ools 13 5,55 5 o me 55 B b 5o
55 0 A 3 edel 3 g (S5 M s ib 03

WJ\ﬁJJWWWLb%WJ‘ﬁJL

ey

5h

By

O8) 5 OF) JK& So el &l Glasloges & ax 5 L
ods g5l Gosle (APD) el )l 4 2 5wt Ol 5o
o akb s Sl wl gleele Loyt o
cos ol Ll VoY I5 54> bS Sy slas, S,
Cod e cpl a5 il o JuS 5150 slad 3l
VAY ol sslre sadd aw Glaosle L oy 5 Ll o
Slaosle Pl il o el ine Ol 2L e
JS Koy sladds b 0L Gl Sns b s
B (10) sla IS5 (0) 5 (Cl) (glasls sad 1555 o 2t
53 Sl Ok el gl das e 0L (YY)
Slab 515 s daesle plissl Gl b s, S5 05,5
Gl b ol il Ol Ll S el sl
S Gy Al o Sgline oS v s s sles, S,
L ss n gesgdee 5 (LS lassle b sy
A dal Sl ) DI S e 1B sy S
L odd ol osle b dnn WS @ alnly
3,55 5 s LALS 3 sl Slaesle LS (o)
sbole i)l o8a osase il o s
Slaobses il 2l edd dypl gosle 51 slxs
in 45 ns e OLES (V) B (10) (sl IS5 3 1 Sikee
Sosles 53 ol Ayl o5l (APD) eyl & oS
Soap gladjly cod aib jler il al slaosle L
JeS 5l s g, S, cas ol Ll VoY LS
Loy n ks o Olai ol Ol AL
sbrosle Gl 5 VY ol ssls gadh =y laesla

il e VA aib i
Aok oS Sl b el ol gy 53w LB S
5eS 3555 e 55 (APA) il 4 o (APD)
534S shiles s ) Sle Jlade 3 S e il
boms LVAY S VOF s 53 LS i
o s 0 Al eite Hslee Slacsle ¢S
4oy LY 5 VAL g (APA) elil (sl lkie
s u"’K""’ AS o Iy xS jabme slacsla CU'J)‘
o2 re o3 ekl gilulda 515 s eds Wyl el

2gd g ojlw ¢ iingfy g cale aypis /b

A Gl 9 )la) - pordn ojlaid - posjly Jluy



60000 -

------ 1

40000 1 §
E ]
£ 20000 - !
Q
£ I
L 0 — L
- H
S 1 2 L 4 5 6 7 89 10 11 12
a i

-20000 - i
E Time (sec) i

-40000

-60000

-2000
-4000 -

-6000 -

Sl S b, e 5 a0 59,8 (VW) S

60000

40000

20000

0

-20000

Impact force (kN)

-40000

-60000

6000 -

4000 -

2000 -

Impact force (kN)
o

-2000 -
-4000 -

-6000 -

b slaolu bs, o p Il s w0 69,5 :(V4) G

Pl Vgd g 0]

Impact force (kN)
o

Time (sec)

&55\)33 sy, S5 e (o

— — -
12'345678'9@

1‘) 11 1

J.Mf&i}j 6&})}5}@9&1‘(\4&'

Time (sec)

i2 6 7 8 9 10 11 12

Time (sec)

S50 a3 s, S5 i (o

aib Hlgr Holes b

W (liogfy 9 Gale il

DL ol gl s o OLE gite bl b 1
5> b 4,0 Gy per Sl 5lie g 85 Ol Aas s
o Sl s ol das e iy i e Sl 0l
il e ol oS s 5 s s, S,

Gpo Sape sl W glajlge 4 s L G b
Cos O Llie ol YTV LS sy glad ) co
2 S slales b JS 51 s sles, S
SB35 el 3 eeledd o)Ll J3 sl i
sla dsly ol s VA4 Jmf oy gbad )y cow Ol
A V0 L a5 oal by A3l e S 51 s
Sl 0,8, p8 s Shy 5l ks ik 5l zi
sdalie OA) S5 & ar g L cumen 530 ke
23 s S Sl palie 5 a5 Ol 2 5d
& W gz, %w bS Ko slas, S,
Sles sz 53 JuS Sl oss sbad s 5o S s e e
3 4 OB L e onl o 8l e S
P e s ki ik S s Sy osla A
Slalas 4 x5 bl ols s JuS S5 sl s
S S e S Gleg e pl 53 8 S o5
A o, 6 s SSU e G opd e ol
Iy 5alS 0T Jldie e 5 T a5 s 3l (S35,
5 08) UK 55 b opl 5 Ks (Gl ges LS e
el o SIHH(Y )

gLl e e 550 e edalis (V) I 53 &8 skilea
PG5 edd dynl gesle pi ) 4 cul 4l glaesle
Slds 5o S 53 a3 s ik S 3 e
@l el ol XS Iy e Ol Jdes 3 s
b 28 4 5 b (APA) bl sy I Jol>
s 2l Gla bl (s 8 S n e IS
bl slaesle b dsnl goslu 555 5 5o Sl
b il kil e bl glaglel b sl

.Jjﬂda:_,g-ﬁjj&sji&u;)_,sjc,:db)&u

! Input energy
(i

g

AIE UG 9 )le) - aordn ojlaid - pmjly (s



o sl g g Sh S S8 e Sl SObe o
3 oss slas, S,y v Los 1S Ssp glas, S,
T Ol (Soo5 5 Wojle plissl 205l L il o JuS
dyzpl Gole Cols onss 4 s, S, JIE sy s
sladils ple 5o baesle maly sbme lacsle L ol
AL e em el Juals WS S
oL FREESYge Cy Q—.’.‘ 03 AP S (APA)
Loyt o M 5k b Ol o e
S 5o lan, S5 4 cad JuS Koz glas S

AL e (APA) eyl oy A Ts s

S s -V

Wlie opl 5o a8 S Oy sla Ll R
Bk g 4D 5 g 4 Jol e
Sl Olwd B edd iluldr 515 53 s )
ki leldr 515 5 (APA) bl ilsl el
a8 3les S 53 sl bl nl Rl s
Sasl &F S ol s s e &) anllles 5 40
3 (APA) sla eyl Shal 31 il o oS Sl Lasls ol
VA S VA Co o JuS SKns sladljly cos (APD)
Al o S 51 s slad 5l 5

gUsl S a oS US4 s b Y
Sl il il Sl jslee ol 4l glaejle
Fo kS laosla ol S5 5 el dsnl gesle o
Sl dal

S35 5033 sbas, 55, 8t sl il Sl L Y
ol s dal gt mi el sl ol 5B, S
sbalils co syl gesle (APD) 5 (APA) ll
Lo Rl VA VS S 4 S S
.mpy&f‘j“)jb slad

Al oas Sl Olpe JS sk sy pKis —f
gLl o8 a3 g daly= (APD) zel)l Sl zin (APA)
sosle gLl 4 sl (iluldr o5l lme (glaejla
G oS sy sladly Sl Bl s sl
T o8 a o gy sl 2i g3 s«

ey

5h

By

60000 -

------ 1
40000 2 ;
S — 3 i
£ 20000 -
@
£ ] I
S o =5
8 1 28 456 7 8|9 101112
© H
2 -20000 1 § H
= ! Time (sec)
-40000 -
-60000 -
JS s las, S5 o (L
6000 -
------ 1
— 4
4000 4 7
Z
= 2000
8
g
eol....l'........
g 1214'56789101112
& -2000
-4000 )
Time (sec)
-6000 -

LS5l 5ss las, 85w (o

Bb sbole by Sl s a0 558 (V) K2
b b glme <ol

Sl Sle Cud ) g nl 3 Bk
A A S Knp glan, S, cow ws
(V) IS8 @ ars bl e 1S 51 s led s
S wps ik by S sk e edali
o Sle Dlade Sl Sl de s WS 51 s slbes) S,
Olos 51 Ll Wb JuS Ko sbadl s 5l S S
Sl s 0155 e 1y SLalail ol ol Sl s (6,20
Sl Gooss T Olje 4z pa 305 o a3, 55 Ty
B3l Gl St U 3L Ssp o sbee (slasil
033 ey b 5l CBlS dal sy e o
39 S 5 s glacib s Sl cle 4 LS
Lo T Ol o8 cpl by wes gy S5 e L 36
Al Sonp el sl ez 4 2,55, L sy
e Il el s Ol as ib
0L 2,55 5 55 onl 03 a8 Supd 5 (APA) bl
S S G lie ud e Olge 45 das e
S 5 sn e, S5 4 S S5 gl S,
S5 05 ol 0 Aile (APA) bl ) VIAY

290 g ojlw ¢ iing]y g (olc aplls /M

A Gl 9 )la) - pordn ojlaid - posjly Jluy



[9] Makris, N. and Chang, S.P. (2000), “Effect of Viscous,
Viscoplastic and Friction Damping on the Response of
Seismic Isolated Structures”, Engineering and Structural
Dynamics, Vol. 29, pp. 85-107.

[10] Skinner, R.I., Robinson, W.H. and Mcverry, G.H.
(1993), “An Introduction to Seismic Isolation”, London:
John Wiley and Sons.

[11] Chali, J., Tengt, T. and Llao, W. (2004), “Numerical
Simulation of Near Fault Ground Motion and Induced
Structural Responses”, 13" World Conference on
Earthquake Engineering, Paper No.3309

[12] Yaghmaei-Sabegh, S. (2010), “Detection of Pulse-
Like Ground Motions Based on Continues Wavelet
Transform”, Journal of Seismology, Vol. 14, pp. 715-726.

[13] Providakis, C.P. (2008), “Effect of LRB isolators and
supplemented viscous dampers on seismic isolated
buildings under nearfault excitations”, Engineering
Structures, Vol. 2008, pp. 1187-1198.

[14] Anagnostopoulos, S.A. (1988), “Pounding of
Buildings in Series During Earthquakes”, Earthquake
Engineering and Structural Dynamics, Vol. 16, pp.443-
456.

[15] Chopra, A.K. (1995), “Dynamics of Structures,
Theory and Applications to Earthquake Engineering”,
Printice Hall, Upper saddle river, NJ.

[16] NEHRP Commentary on the Gguidelines for the
Seismic Rehabilitation of Buildings (FEMA 274), Issued
by FEMA in Furtherance of the Decade for Natural
Disaster Reduction, 1997.

[17] Polycarpou, C. and Komodromos, P. (2010),
“Earthquake-Induced Poundings of a Seismically Isolated
Building with Adjacent Structures”, Engineering
Structures, Vol. 32, PP. 1937-1951.

[18] Tsai, H.C. (1997), “Dynamic Analysis of Base-
Isolated Shear Beams Bumping Against Stops”,
Earthquake Engineering and Structural Dynamics, Vol.
26:515-28.

[19] Malhotra, P.K. (1997), “Dynamics of Seismic
Impacts in Base-Isolated Buildings”, Earthquake
Engineering and Structural Dynamics, Vol. 26, pp. 797-
813.

[20] Matsagar, V.A. and Jangid, R.S. (2003), “Seismic
Response of Base-lsolated Structures During Impact with
Adjacent Structures”, Engineering Structures, Vol. 25, pp.
1311-1323.

[21] Komodromos, P., Polycarpou, P.C., Papaloizou, L.
and Phocas, M.C. (2007), “Response of Seismically
Isolated Buildings Considering Poundings”, Earthquake
Engineering and Structural Dynamics, Vol. 36, pp. 1605-
1622.

[22] Komodromos, P. (2008), “Simulation of the
Earthquake-Induced Pounding of Seismically Isolated
Buildings”, Computers and Structures, Vol. 86, pp. 618-
626.

b/ 3Wgo g ojlw iioghy g Golc s

C)bﬁ‘ u,”,._;\‘;,e‘ C,&b 4.L.2l4 &:’.b)‘ Uho)[.w s_)jLJ S

oS8 lgme & Ty iyl 35 8 e 3555 5 31 a0
db)ﬁﬂﬁwwWQjagfm\)_’)}s)

il gbad 3y s S SLssl Gl el bl

il e
ik oS 0l s Uds 4,0 o8 ee Sl -0
513 Sladils 6l Vsame 0las ol Ans o 55 Sl
53 oS Sonp sbadlds 6l s ol sl 02 WS
el il Slalllas e 8l e GLET VL (slas s
Cod 4, Gag i das e Ol Wi ol
S oss glan, S5 5 mie Sl S Koy glad s
slasle gl axps Sk Sl Ak JeS
il gy el dpnl Gele 4 and sS4

it J.Mf Sy sladsly Cod sy 5 S0 s

6-‘ A
[1] Pantelides, C.P. and Ma, X. (1998), “Linear and
Nonlinear Pounding of Structural Systems”, Computers
and Structures, Vol. 66, pp. 79-92.

[2] Jankowski, R. (2008), “Earthquake-Induced Pounding
between Equal Height Buildings with Substantially
Different Dynamic Properties”, Engineering Structures,
Vol. 30, pp. 2818-2829.

[3] Anagnostopoulos, S.A. (1992), “An Investigation of
Earthquake Induced Pounding between Adjacent
Buildings”, Earthquake Engineering and Structural
Dynamics, Vol. 21, pp. 289-302.

[4] Dogani, M. and Gunaydin, A. (2009), “Pounding of
Adjacent RC Buildings During”, Journal of Engineering
and Architecture Faculty of Eskigehir Osmangazi
University, Vol. XXII, No:1.

[5] Goldsmith, W. (1960), “Impact: the Theory and
Physical Behavior of Colliding Solids”, Edward Arnold:
London, England.

[6] Jankowski, R. (2005), “Non-Linear Viscoelastic
Modeling of Earthquake-Induced Structural Pounding”,
Earthquake Engineering and Structural Dynamics, Vol.
34, pp. 595-611.

[7] Taylor, A.W. and Igusa, T. (2004), “Primer on Seismic
Isolation”, ASCE task committee on seismic isolation.

[8] Jangid, R.S. and Kelly, J.M. (2001), “Base Isolation

for Near-Fault Motions”, Engineering and Structural
Dynamics, Vol. 30, pp. 691-707.

i

AIE UG 9 )le) - aordn ojlaid - pmjly (s



[23] Agarwala, V.K., Niedzweckia, J.M. and van de
Lindtb, J.W. (2007), “Earthquake Induced Pounding in
Friction Varying Base Isolated Buildings”, Engineering
Structures, Vol. 29, pp. 2825-2832.

[24] Garcia, D.L. and Soong, T.T. (2009), “Assessment of
the Separation Necessary to Prevent Seismic Pounding
between Linear Structural Systems”, Probabilistic
Engineering Mechanics, Vol. 24, pp. 210-223.

[25] Rathje, E.M., Abrahamson, N. and Bray, J.D. (1998),
“Simplified Frequency Content Estimates of Earthquake
Ground Motions”, Journal of Geotechnical Engineering,
Vol. 124, pp. 150-159.

2gd g ojlw ¢ iing]y g (ale i /M

A Gl 9 )la) - pordn ojlaid - posjly Jluy



ol 45 3> (02 (Ko (510 P (w3 9
SOV 8 (s W LYLa o

N &
ey o sﬂ.!",‘f“

Yo, Y = Yo .
QNN 155y gyl AT YITY by po g ,)

A~

.

Gl o iz oS (Saes oy g5y | SVlal e e 5l (S (ol ppdize o A5 Sl e
Lol (Vs e B glaoile s 4z oS (Saes ey )3 edd planil Sladllas s ped B xe o5 SIS
g3l JS Gl BlE L5l pas I acal od plonil Ll B 53 adgo Sy goo w0 5 oo (a0 &)
Serlys T el 5 (iladde e pol alin 53 35 0 olel 22 (OB IS e s (sles ) sl el L6
w38 |3 s 3s50 555 OB OV 55 Cilie sladlls Cod 4 x oS (S G0 sV et OB S
Wl 42313 o3l 3 3 Sslize A el b b e Sales St e S L5 ol Olge
W Sl ol o Jlail s (Kot ol (2l el 5 Ol ey S Rl e e 0L s peen

ol 0355 0l o (Ja gie 5 ska)) EalS o3 WV L Jlasl 5o Ko ol « o 55 35 e (s

‘5.!.2.15 olls

Seismic Evaluation of Cumulative Low-Cycle Fatigue
in Steel Moment Frame Connections

M. Mirzahosseini, M. Gerami, E. Borhani

ABSTRACT

After Northridge earthquake, many researches were introduced low cycle fatigue as one of the reasons of failure
of connections under cyclic earthquake loads.The most of the studies of low cycle fatigue in flexural steel frame
structures, has been experimentally and analyticaly done in local scale. Therefore, the evaluation of all critical
points of structure and the effect of seismic parameters in global scale is necessary. In the present study
modelling and dynamical analisys of an flexural steel frame and also the effect of low cycle fatigue under
various earthquakes in the mentioned frame connections has been investigated. The amount of damage or
decrease in fatigue life has been properly coordinated with response of various earthquakes. On the other hand,
the result shows that the increase of the first acceleration of earthquake leads to increase of damage due to
fatigue in connections. Also, as time of earthquake decreases down to 68 percent, the fatigue damage in
connection has been decreases about 17 percent.

KEYWORDS
Flexural frame, Low cycle fatigue, Beam column conection, Cumulative fatigue, Rain flow method
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Using Low-Strength Steel as Sacrificial Element in Column-Tree
Rigid Connections

M.A. Kafi, M. Abed

ABSTRACT

In this study to evaluate the effect of high-strength steel and energy-absorbing steel in moment frame structures,
a numerical investigation was undertaken of column-tree moment connections with three type of steels as ST37,
ST19 and ST52. Also, in order to improve steel moment connections, the possibility of replacing the proposed
model has been analyzed by common popular models. The results show acceptable ductility and energy
absorption capacity and also stable hysteresis curves in the models which have been made of light steel in the
plastic zone. As a result, using ST37 steel in plastic hinges of connections which were made of ST52 steel,
increase the ductility (36%) and energy absorption (5.8%) in compared with column-tree connections which are
fully made of ST37. Also applying ST19 in plastic hinges of ST37 connections will bring more ductility in a
range of 64 percent and will increase the energy absorption. Accordingly, this study recommends this column-
tree connection with combined steels as a good alternative for rigid connections.

KEYWORDS
Column-tree connections, High strength steel, Energy absorbing steel
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Improving Ductility and Cyclic Performance of Slit Brace
Using Steel Angle

S. M. Zahrai, A. Cheraghi

ABSTRACT

Concentrically braced frames are among the most common systems due to ease of implementation and low cost
compared to the moment resisting frames, however non-ductile behavior after buckling of compression element
is noticeable. So, various research projects have been conducted to deal with this shortcoming. In this paper, the
effect of steel angle in slit brace is considered to prevent its buckling. Stresses and displacement of structures
using nonlinear static analysis by finite element software "ABAQUS" are evaluated. Results indicate improved
cyclic performance and ductility of CBF systems. In addition, comparing the hysteresis loop of the proposed
sample with that of normal braces shows symmetric and stable rational behavior where strength and stiffness
degradations are not observed in the displacement up to about 3 cm while the normal brace buckles in
about 1 cm.

KEYWORDS
Slit brace, Steel angles, Nonlinear static analysis, Cyclic behavior, Ductility
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Effects of Beam Web Stiffener on the Behavior of
Through Bolted Steel Beam to CFT Column
End-Plate Connection

S. Shirasb, F. Hamedi

ABSTRACT

In this study, the behavior of slip-critical connection of steel beam to CFT column has been analytically studied
by using and not using web stiffeners in beam. In the studied connections, steel beam and triangular stiffeners
attached on its flanges are installed on both sides of connection by the end-plate and passing rods through the
column. In this study, 5 specimens with different number and arrangement of beam web stiffeners have been
designed by AISC 2011 specifications and modeled with the finite element software of ABAQUS and subjected
to static and cyclic loadings. To achieve correct trend of analytical modeling in software, the results obtained
from a tested experimental specimen have been compared with stimulated analytical one and have been
evaluated. In addition to proving the appropriate behavior of the connection under cyclic and static loading, the
analytical study of the designed specimens confirm the significant effect of beam web stiffeners on the
performance of studied connection.

KEYWORDS
CFT column, Beam web stiffener, Passing rods through Column, Moment Connection, Triangular stiffener
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Development Performance-Based Plastic Design Procedure
for Seismic Design of Coupled Steel Plate Shear Walls

A. Karamodin, M.R. Kaffash

ABSTRACT

Coupled steel plate shear walls are an extension of the steel plate shear wall (SPSW) system. Limited research
and lack of appropriate methodology to analyze and design such system has led to less understanding of the
behavior and conservative design requirements. In this paper the conventional elastic design approach for the
system is introduced and performance-based plastic design (PBPD) method is developed for seismic design of
this system. In order to evaluate the design method, 12 samples of 6 and 12-story structures with 30, 45 and 60
percent coupling and different coupling beam length are designed using this methodology. To evaluate the
performance of sample structures a nonlinear static analysis is conducted. Steel plates are modeled with
nonlinear orthotropic membrane elements. The results showed that the proposed design method, would lead to
further insight into the structural behavior, more control over the design and achieve performance targets.

KEYWORDS
Steel plate shear wall, Coupled shear wall, Performance-based plastic design
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Study on the Seismic Response Parameters of Modular Tube Steel

Mid-Rise Buildings under Effects of Near Field Ground Motions
M. Azhdarifar, A. Meshkat-Dini

ABSTRACT

In this research, the performance abilities of tube type lateral load resistant framed systems are studied in order
to assess the dynamic response of mid-rise steel structures under effects of far and near-field ground motions.
For this purpose, three 10 story structural models with separated framed tube based skeletons were selected and
designed. The structural models have been designed according to the Iranian seismic code 2800(3™ edition). The
main criterion which was considered to select powerful ground motions for performing nonlinear time history
analyses is the existence of energized coherent velocity pulses as well as high amplitude acceleration spikes in
the time history of each earthquake record. Assessment of the analytical results should emphasize on the
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importance of both lateral displacement and drift parameters which must be taken into account during the design
phase. Furthermore, it was concluded that the maximum drift demand is more than 0.035 and the upper level of
rotation of rigid connecting zones was obtained more than 5 percentages of a radian. As a general note, it was
concluded that the seismic response parameters of mid-rise steel framed tube structures are intensively
influenced by those strong earthquake records which contain forward directivity effects and are able to emerge

long period pulses in their time histories.

KEYWORDS

Non linear dynamics, Steel skeleton, Framed tube, Strong ground motions, Velocity pulse
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