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ABSTRACT ARTICLE INFO
Usually during moderate and strong earthquakes, if the space between the Received: 10/06/2017
adjacent structures is not enough, structural pounding will occur which is Revised: 27/10/2017

due to the out-of-phase vibration of the structures regarding the Accepted: 20/01/2018

differences in dynamic properties of the structures. Different factors

contribute in the state of structural pounding, and researchers have

already studied several factors including the space between two gfalcvt\(ﬁ;ﬁbunding,
structures, the type of pounding, force transmission means, reducing the Strong ground motion
pounding damage and etc. Record is one of the factors which can affect duration,

the structural pounding, and one of the most crucial parameters of record Linear elastic element,
is strong ground motion duration which its analysis is very important in Nonlinear time history
the quality of structural response. In this study, effect of strong ground analysis,

motion duration on the adjacent structural pounding is investigated. To do Steel moment frame.

so, steel moment resisting frames in 5, 8 and 12 floors are designed which
are paired together in three forms of 5-8, 5-12, and 8-12 models for
nonlinear time history analysis. In this analysis, 15 records that include
three intervals for strong ground motion duration are being implemented
(0 to 10 seconds, 10 to 30 seconds, 30 seconds and more). Besides, in
order to obtain the pounding force between structures, linear elastic
elements are used in floor levels. Results show that in structures in which
the space equal to 1% of their heights are not considered, with increasing
the strong ground motion duration, maximum structural pounding will
also increase with a smooth gradient, and for the structures with space
equal to 0.5% of their heights, this increase rate is more compared to the
structures with no space.

All rights reserved to Iranian Society of Structural Engineering.

doi: 10.22065/jsce.2018.88947.1229

*Corresponding author: Javad Vaseghi Amiri
Email address: VVaseghi@nit.ac.ir

A% 6 Famio AFAA Jlu o 6 ylods o8 6,59 (il g 6 3 kg iy 31— (oole 4 yi


https://dx.doi.org/10.22065/jsce.2018.88947.1229

O 21 03l (quwigo (ool Jbeleotlo

O JB e o 4y g casl alils sl oo Sl Slal ¢ golaldl Ol s Coge DByl Cdeél a5 sloossay p e
5 4895 53 4z 5 olnl polee &b 53 4z onny (nl & LIS (IS b oo plaizes Sumal O il 5o (Solel oy il 39 (o
20,5 oo Gl o Gl el oz LS

il e Sleogas 5l (S5 il os obe 5 e ol O Ll Sl s g5 g A3l liss Sliogas 55 Bk
Dg oo a0y Gl 4 Jol> Gubiod (0 AT 009 ) (598 OS> ley Do il

ooy $98 &S > loj W

S aslr den 5 mol oy Wl gl sl dadiin ol G yel ey (555 S, pley D (59, 2 asdllas (o a5 (s
iloaiss el oy a5 &l)l 4 3390 y9aSL Lol los,S" Sl Slolpig saxie lade e (598 &5 > ey Do

ol Pl aS Sl )l gan j0 s e i 1) ey 698 <S> by Do Sl og axes LB Gmli.i..»"l.aﬂ Slasss
ol 0091 522l Conl ool sazin gnd glbula b g ole S s JiSTas b dasin

PHER

IS slre sl 59 salols cgloj ) shavs, S 4 STl sgs 4 ojle 4 Wlyn SSUST Sl s A 58y ol 5o
Logas .S co 0)lg 4y 30 v 45 b ojlus g 009 31 iy laojlus ol il )| ol asils Salaie  Scolns Sluogas ojlw g0 5 wils
ol 00 sadlie bojlu o (gux Ol was g wgie sladl )y o Glojle o s,

VO 5l e e el slse 5 (o a8 0,5 o) La1 (st sSu3Se sl 4 Glgies oile G S0 p2 3k sladises
e alol b wloads glojls Shlus Coge a5 Sbyps Lo plegd i) 10 cpimed Cawl 00y Ay 9,8 slaojle I sy
el oo osalive A3y eilS 5l (6 yeslS

ALhdS wlidsd p 6590 -

Oboy Do b s pd b s jolar a5 sla el b g slojler sl b adal) jo (g0l Slivis 13 slaJlo o
o Jlie ol & 1l o S o 3 5 e S b Lo gy ol el ol s B | o e 558 S5 >
oLl sl axisls (g tian by i oy Wb iyl g iads loy ae 4 Slealyl; auils o aS T jamd 5 gla olpsin @ lg
IV N o)l glakamde B 136 ey 658 &S > loy Do eply b Slid jo wsls ylid T il Kas g degds Jl> ue j0 005
B9l 0 0,Lil ey (698 OS> yloy D gl odd plodl lads 1 glaods 4 sl aslsl s

slaly; 56 cov oS o¥s slapleitle jo Jolie cass (Sigk> b oakl, o ail;] wlidss ol oo
Azl ol opite g LSS (6,135 )L aals g5 g0 b YLl (1381 L Tzl Ken g jane [YY-Y] sl a8 5 & g0 w55 g 2,98
D e GBS 4zl alie 4l Gl 45 [F] wilise e 5 S G BB b sren ] Joe b Jlall eSS oS o
ol Jlal cansls 4 e a3 > 1ST g Saldly 1o > ddal) lei oo (V) IS o el YU a4 > sl o oole  Ss 6l
Sgaiin yol ol 50 CanS puesd 4 o) (698 S ey Do Lleie 5 (6,135 )L a5 > slawd Caeal VY] 0405 cvalie |y Gudos
dops Ve (ol TR T ae s VO s sbml b Sidly Jabe Sy sl 0 558 Jle sk 4 e yoe Sl @
L5 e ot 45 7 03 & 4l (1l 5 Lo 2 olasd 5 oy il 315 ol ol St 51108 sl |y et 5l 3 ]
IVF] el onds canSls Lo

! Lomaperita

2 Chai and Fajfar
3 Shome et al

4 Mander et al.

> Miner

f OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid



O 21 03l (quwigo (ool Jbeleotlo

O Constant amplitude tests
+ Variable amplitude tests

I .
Monotonic Test . h

Plastic Rotation, 8, (rad.)
o

8)p = 0.070 (2N,)***

3 .
10" 10° 10 102 10° 10 10
Number of reversals to incipient failure, 2N;

(F) JLai| Seiasdly s 2 9 1,55 (w5121 JSCd

590 s o8 lislesl slaJae 51 Koo (o sl o3l jlus aess slagSl 1 (S Lo (a3 re ol Joe

5 by Sl et sl Il o Jow sl DVAYF] a ailyl il e 5 Sy 5 [VO] PS5l 5 oS dasgs 3,5 oo 3 oliciul

 sbel G2 plall Syl 05 )0 IS5 i 2510 g (oo e S5) S 0 00 (il )l sl gt
sl Al LB (1) alaly b Joe sl S o iy

D.. :Z—T+Qf8u (J.de)

M

b el Canglin Qy ol JSE s 25T B ¢ (S (535 55 o5 S s by B el o

ool KLl B ouyd iman il e Sl S UL S yls 5L Dpa g 00 (crems (S0l wde e (55,1 | 68 ¢ on

olasls B oy Wyl SO g Cwglie gy aS slojle slaylel il o ol et (550 4 by ye ale 4o log e

Sl Sl g SL ol asls wisle lid uilSes g gla ams s lid 1) (698 <S5 > ley Do Sl o yiiey

S o0 a6l v Awlore ;o B oylo s 4 LS Sl as el S5 4 piY o ls 551, so¥ed slaosle (gl eolaiul
[0] 05 Gl daxe [ dem Sigigige

M

p b pSen 5 SHb el By e Dbl KT 5 Sl ojlus aSls dbre j3 8,56 5 et JSlane 5 (S

Gy s (oYY g o IVEY ol ols 5Las ¥ wygms [VV] ainls olgiin |, /-0 5 /o0 pyolie iy 4 oVsd 5 o5 gl olsl3
VY B =2 IY (6 p00lin By (152" (60 000 5 [iimssS (eizmad bl oo sl 0ud (gaiy g 5 00 (g g (oo sl
3,13 (slojl pitans 55 4 (6l (Sasly BygiS 1 xS 15 5 () 598 <5 > (loy e 1NN oS sty N0 Sl L
QO peS g aid wlas o) (698 S8 > loy Do Ay Aol )0 g ol Ll (et ($5 A i @l leojle el o La L]
2 N BTE G Brolie a5 Sgr g5ose (nl oaims plis g0yane g [pwsS Slided V] widlioe ploo plral> Sl
3 [7] ool b 5 6350 31 0o o Sleas /) B+/+0 polie &5 Jlo 5 watios cosbi Joi3 Bl 5o b (53,0 (sla s,

¢ Park and Ang
7 Sorace
8 Cosenza and Manfredi

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd



O 21 03l (quwigo (ool Jbeleotlo

S & g 00ls I8 ) 5590 (598 S > ey e Sl e | (it b bagis J18) sile e 5 (atle] &} 20l SCen
&l 0w !l 00l 0als OL'L.;O ) Ji.» o oS

1.2 -
e -—-- COC
1r >’ X — CLC
3 ’ O  Minor cracks
x 08} ol A Minor spalling
2 P * < Spalling
& 06 ot %X Severe spalling
E e ¥  Buckling of longitudinal rebar
-
O 04r - & #  Severe buckling, failure of 135° ties.
.
Vg X Fracture of longitudinal rebar
02r Fhs
0

Drift (%)

1Y) ) 555 S8 1 ol ko 1 i (G 510 cogios b bl 58 oy lS0d 5 ol oIS LosT s ¥ JSC

"o D)l (a3l Sbles @B sliul) 5 (S 50) (o (2lmlr SOl (B bl wiboe atine (1) 0 50 o5 jolailen
ot SSE 508, 51 COC 5 CLC By > b ool obsS g aaly (593 <5 > ooy S SS90 651351 L (gt (e w2l
oLl jo az s LB Slits ol (LA 095 1 (6 keS (o plr il b )b w658 S > ploy De SS9 n IS0 L g
~oeg5 5l (o [N adlos svalie BB aoyo ¥l iy (oo Slaplraily Gl aily ey 698 <5 2 b g sl @)l
(V) Jgazr ) sl 035y ey (98 28y (loj Se 53l b ally 50 e jo b ot Ojg0dy (59356 45 alKasle)] glo
IYY] ol oas 5,918 ,5
G5 03I b e 598 &Sy loj e il (59 oud ploxil (g5l Jue Wlidiend 2) Jua

(VY) oo 2ot b ol i ST

Alolme | 60959 ool Ko | ooy G & dly oyl Slojlw Juw i
8 S >
ob; - 03 Gt 3l 2L )bt oxigh b B oo (51T 4z y0 S5 o5l () 5 e
o calfiolis Sy ooy o Js3 bolyen ol s V6 GlfSas 5 o
ok ol s calSols 03 3l b Oyl mj,:m;wl%a!,&@!ﬂ@)a&b}u (Y0) e
X%
ok ol s calSols Oy $98 IS  pley Do Sho 0Xigd ot Caomad o (50051 dx 33 ST oL (¥F) sl g K>
ous oud (§jlw 4rnd & L Lolyen
L ek ks olice sl o2t o sV B ) ooy
lawgie cnlSobus 03 e 3l ool oyl Cunglie 5 B Jlgs b ol pa (gol3T az 0 S5 o5l (YA Gl Sen g Lys8
oS S oley e by - o 5 (G2l b aib Ve ol ¥V L
Al o 598
e ik ol Oley De Suaglite a5 Thos 0 (Bl b akelo A o3l (V) yog 9 SgSan
Ol B S
Al clobus Solize yloy e b3 e ol az o S5 ojl VY V) Ll Sen g gidgys
Al b ols Sholixe oyloy G b e ool az o S5 ojlu Y ) Gl e g |3isS

°Quetal

Fr

OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid



O 21 03l (quwigo (ool Jbeleotlo

0l 0 Fo 45 5ok adls Hlsl wls 18 e LS50 aS 05l 98 5l I (Sglite slageals (lgicse loj)) Sy, S o
“eyed 3l ey 5o STl jlem e b ()T (ol Mllaol o 5 03505 S0uSy L s o il oo Lagy] ey 4z )b 3l 5l e
audl .l o 3929w laojles ;0 wy0 (sl ojle gl suoyo SO YA« o laibiwl slgiin) ails B Ll o alols wjle g0 5B
bojlu o> crge Wl 5 bawgte sladljly ;o lojlu o w0 Vaene Bl 5 il sladl i)y o lojlo 4y Conl (S
4 dged odaline (wsSo3Se VAAD Wiy )3 Gles e |y slojles 400 51 (65)b diged 358 o0 grhas Waaljly cnl )o yiies g Ceul oud
kol cde 43,0 bl oo VO 50 g Canl 00gy (o3 59,8 Jalge 5l (slosls a0 iz 9,8 (laislo Y- Sl yo e jo Vg (3138
el )l pae ol (i3,e,8 ol cde iy cnl jo a5 cuils ol oo [0 55 B V] cal oogs lexsle i5,59,2
5 S Ol w0y 1) bojle (B3,9,8 ol cde (g5 co o Cal 0390 lag)] slachin o9 dlatel G50 g jglxe slacylexsL
ol 5 S S il latal b glome sloojle 458 ooy p & GLSen 5 (Pl [VO] ceils (s5luncl slaglis| b laojles 45
b Yoojle oz plp 9o a8 ojlu py2 a5 w3 )S (laoe mo LS 50 95 42 93 ok [ Al A 5 0 Y (slaojl (lal s ls
9 6oue Oladsd lawsd 5 gull g al eols 1,8 cUOl cute cod baojlu (pl il dab O py> ply g0 aab A ojle o> 4
Slie 5 85 5,5 )8l £555n il & lsiise 3 ol J) ol S ot 31 8,5 S e S S50 %0 AlKELLS]
03 Lo 40 (SesSla abl e w5 abadloe boojle (pl (sl ol oo asl ol sae a5 el | as jo G alols ool ol sl
9 o ol (ol oy aiile la el Sl g 05 400 (69 b (ESLe s pladl g olo 3 gy 3550 1) pS (695 Al
39 5 b ol 8 oolitd o i ¥y lall 1 0 55l Jan 15 aizas ol S3ai ) ] ol bl 5 o5l
o5 p5 £58y Ol ¢ gl (slaojlo S5 Gl b aS b Jole bt ol Soles 5 28,8 pladl SVl 5 Szl Sl
3 S IPP] 55,5 arsi ey (g5 i & looslor e 55 il s S0 jabe ol 33 oo B 51 izme 05 o
50,5 GilwJae |y aid Ag OV laojl 095 axdllas ,o lisl aiols JI3 bl oy90 |y jebne oSl g0 piomy 4,0 Lo o
) e isgad el e 5l Juo 5o ol Kl Gl 5 WS I s gt & s el e 3 Ty 0 xe
o381 5olgS o5l rwly 4o S o aS s co lid gl w8 eolatwl ETABS l3dle 5 o culolis ¥ cow (Swelus Jodo
g Al wdlioe oS GOl & aps Gew Sl plaile Giomg 40 b Sl 3 imen o R85 il ol &l
aS Gl (b Slhae cpl 5l eolaul bYs 51 (SO doged oolaiwl S i co,m ST 5l s 5l iU O jlus el jslaie 4 o] Ses
plowl CoblSs Qs g0 o 5 SuSs HUS 50 aib cutie Gletle 90 (o) p Ll Gaiod )0 aBloed (ool Wil 4 ataly o (b
il et Soe Olyie @ |y plaisle 5o Sk aes e ss (alS gl 9,50 p0 w8)S S 0 | iluaigr 9y50 99 il 285
285 18 iledinr e ol Ol yni L p90 9550 50 0D &8y Jge Sl (nl o 93 A S i ooy e g a8)F A o
55 Jae il Sl e S s oz e 305 Sl il 5o Sl 00 (5 lrtingy €55 (ol e i Dlirb S sS (slo S
LYY asS os o5l SO 55, 2 kS 8 e & yg0 4 45

L S old g g3lwdow -Y

b ales ¥ ol 0 dab VY A b Clab slaw 4 lawgio g0¥ed sied B Slamle ojle o5 an Gudod (pl 5o

s Jas bz sl Jdos slol jshaie a4y e (23,5 |13 J S 4 2l 5,50 Etabs V2015 1580 6 5 0 b ojle (pl 000§

VY g A0 slaosle Jolls oo ‘5>|).|a ool .l ouls ools 1,3 N ,Ls Sap v19 )|}_§|fa)3 30 @lize glacdls o, onds (5>|)Jo
el 0050 5 bgy0e s ¥ Olad glai ) g e 0 Job 4 obbailes 4 ailas ¥ o> 0 il

10 Bertro

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd



O 21 03l (quwigo (ool Jbeleotlo

Slr bdae (oled ol @85 515 ooz Gialpg YA+ Slwbiul sle p sloj)) 5105,k Cod (o 3590 sloojlu

ad,§ Gl 0 (YA -+ olalinl 0V gg S1B) Lawgio b o510 S 5 (A=0.3) obj sloj) jlas L b1 Lyls o bl

O waydyolas, Jlaslass Ve sl ol sloy ) yhas b ablie 101,039 L Joleo ey Gl gl (YA« o laibn] .l oas

£l 5 58, oy sl 45 cojle ol 3520 ol (slos,) o la el (%0 08,8 gty o3l sk e o

ol ool blod laojle (b g Judos jo0 B =4 51 ol Ol uoen .l ool 48,5 a5 00 aaliim ] Gubo (a0 s

S )l s £95 () los ) sloyiel b YA+ o Juliwl b gollas a5 wib oo Lawgin cind B b Jow ol (Sl (6 0,b pian
51

R== . N=7v . (.=t

o

J..J—‘Jﬁ o Lé)..a.o C.]L.a.n 64*15 Slasein «awl o0l uo).%).uo).a u..\“ 9 \,Y u.u).' A 00,0 g OJ.;)' L.SLQ)L‘ s‘f‘).b L.S‘)"
2dliss (V) ooz Bllae 55 5 (b

& yan Tlae wlasiv ¥ Jgu

(Fy) oY (ol (s> Canglie 2400 Kgf/cm?
(Fu) oY b Canglin 3700 Kgf/cm?
(Fye) s¥sb o 5l Uil 90 Cenglie 2640 Kgf/cm?
(E) oYg8 atwznV! Jooo 2.1E+10 Kgf/cm?
(V) oY g8 (yqmlyy o po 0.3
W) (55 7850 Kgf/m3

o gl oy 4 4298 b (Sud30) (oond 2lmlr J55 5 w5 (Ahb ol ol (558 la el sadS 4 4z L
30 Sl 039y 00S et Sy o S ol sla Jue galdS o Ci o sdmle 4 az gl b sl ouds S g dlne ool
oo sols ylis (V) JS& j0 eads (>lhb slaJoe abolio ail o3 ) sae ay cud b 4 5L Cad a5 ab o] g o Lacl oles
]

5o a8 Cewl ool oolawl SAP VIO (138l o 35 5l jgloee ladimls 90 44,5 (55, p (e 698 S5 ey Do S s S
Al dwleS aislsy (giludae (5 0so 4y Asldl

L SVl o o Joe cpl loads ools )18 oo JUS )0 90 4y g0 40,0 Sl e jshaie 4y ouls 2l slaojle b ol jo
09 g (VAo laslinl olping aad) ojle JS glail oy <00 (VA o lailinl sloainy) o5l JS glas )l oo 0V slagllasl ;0
033 513 NS lall plazsles 55 (e yslme slaglonslo sloar o 5l (00 (69 (el polaie ar ol ol a3 L5 5o ellail 0

! 0

1 GAP

fo OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid



Ol 21 03w (wigo o2l Jbeleotlo

IPE360 IPE360 IPE360 IPE360
o o o
IPE360 |PE360 |PE360 3 3 §
2 3 3 2 IPE400 IPE400 3 IPE400 3 IPE400 5
w0 W) ) w
E g E % o B S o o
3 21 pesso ) ipesso = 4 8 e 4
o o o o~ E | 3 £ i
B p 1 3 IPE450 IPE450 IPE450 IPE450
L% N o o — — s
2 3 3 3 J J 3 3 3
|PE400O |PE4QO o4 4 o~ o~ o
o by a a @) PGA50-20 PGA50:20 PGA50:20 PGA50-20
N R < R X
8 2 2 3 2 3 3 2 p
IPE4Q0 PGAL0.20 PGAL0.20 IPE400 o I o N
o i=
o o o~ o g -°I -°I
= 3 o P P PGA50-20 PGA50:20
3 3 3 3 by by ph
L= b= =
IPE400 PGAED-20 PGAS0-20 ° IPE400 % 5 2
= 3 b S
. , ¥ oy ol PGA50-20 PGA50-20
3 2 2 o
o o o s E | o
IPE400 PGA50-20 PGA50-20 IPE400 %
: N o o PGA50-20 )
{=1 L=
el ) o
2 2 2 - E 4
PGAS0.20 PGAS0.20 PGAS0.20 PGA%0.20 B
o~ o A
5 - 5 S o)
e = R
g 3 g 2 g |
PGAS0.20 PGAS0.20 PGAS0.20 PGA%0.20
o~ o
3 h 2 ¢ ¥ 1 1
© )
3 3 2 ) [ [ ] | |
Of O of o k=]
PGAS0-20 PGAS0-20 panso20 =] pansozo 7 — — 0350 e
N & o o o o o
5 5 o P g & & & &
z z : 2 4 = : : 3 3
of O o k=]
PGAS0-20 PGAS0.20 PGAS0-20 = PGAS0-20 4' IPE450 IPE450 IPE450 IPE450
s & o o @ 3 3 3 3
-1 ) o~ [N [N N N
: g q : 2 z z z
ol of of
PGALD.20 o PGAS0-20 PGAS0-20 2 PGAS0-20 2] |PE450 IPE450 IPE450 IPE450
‘ o4 o o o o o o o
) ) 3 h ) @ @ & 9
i # 3 3 B S g S
* = x X 2 2 2 g 8
O
8 PGASG.20 8 PGAS0-20 PGAS020 = PGASG.20 O IPE450 IPE450 IPE450 IPE450
N | o o o o o o o o
woft o o ©) & & & & &
o~ ~ Rae) x| x| x| | x|
; x x X 2 g g 3 g
8 _E_I 8 2 IPE450 IPE450 IPE450 IPE450
— -+ ‘- ' o o o o o
| | | = = o o =
.- kd Lil 8 2 8 3
2 2 X X X
8 8 3 3 g

GV s O b 1Y g A b ojle ablic ¥ S

WS o LS A g s 08 S O jge 4 ol odld  (Bixe 1 el jo aS o5l 50y alold B 3l o ledl )l
ol oas ooy Las (F) UK jo e GVl ledl 8 s — g0 13,

b Sl Lol (0 pri— g s HLS, :F SO

OF 6340 | FAA Jlu ¢F 0 3lods F 0599 il 90 3w (owikigo (i g 3 — (ol &) pid \dd



O 21 03l (quwigo (ool Jbeleotlo

el 0o ol (F) abal) ) Gledl e s =95 alail

Fo=0 if o(t) = u1-Ux-gp = - )
Fe = ka(u1-U2-gp) if O(t) = ur-Uz-gp = +

sglme o3l 90 (e abold Op aibios Lol (el alali 95 e i o 5 4 Uz g Un euled ledl (59,5 Fe oT) alal,

Y gley 5giSUT el a1 Galad Lol e Ky oo, Ss 5505 il oo ledl bl ) ol dies &g o a5 el

I¥AT sl slpiig oaisS 8,55 5 slaojlo amio 9,0 Bew b i e ol Vol s Syl ol olal e

5 aib o e ol Vo 1) (e iz 53 )Sen o Dl [P0 5] aid 5 ks o culeo 1) (e ol LIS 5 gane

Slll e " abee laglasle glog) 3ys5 s Ll alEales] Madllas S s LSen 5 podie aBg i il abF L

o m,S kS VY sae it solpiiny dlaly g0 oF WSz g3 b sl ools Slpiin |y yie o Sl S VERY e das SV
el 00l 00ls ylid jaloxe o5l 90 o ;o 8 ledl (505,18 092 (B) IS o [Fe] b as 3 Lai o

] k
- I e L

[N

1 1 1 11 I 1 S | 1
GAP ylall g 55 )5 o920 b JSCi

12 Anagnostopoulos
13 Maison, Kasai

fv OF GTR amio AR Jlo o o 5loid ¢ 0338 (b § 0 3l (wikign (i g 33 — (ool 43 i




O 21 03l (quwigo (ool Jbeleotlo

L slojlo sl (6 i JSi oas ools FEMA 356 ;0 o1 5 w9 FEMA 273 o o] Ol ojl>l a5 ATC-33 o34, ,0

Sade iSTas 5l am Caglie Jaw ol 50 @ad oo cdmlice (F) ISy aF jebles ol gildus (F) IS0 Blae Jod LB 3o
osile Bl Cuoglin Jlade ;0 cdusy oo yro 4 Ceoglin aS B ol adadi U D aladi 5l e o)l D alaii U gavals 28l C alads (o 045
onl 5l g S ygear 300,5 Eael b i g asbwml jo ol @l g calisee Slidiss [0 Jowe ol 5l eoliiwl (5o s il aalys cols

Seds oolaiul sl glo Jdow o g,

D E| &
[ —

BorA
[FFlislojlo sl ol aslo—g i (ogos b, F S
PP P SRS Ui\ DY FRSUUEL SRS X VI LgLQ)L:)J‘g.AJULQJT 58,5 L8 o Lacl ez e Selos L3,
Jm‘)...a ) 6)‘\35)[-.’ o A A it Lacl 6‘)—.’ u;’?u"“’ W) 4> > (5L°’<5)555 L’)}:SU su.aL...:‘ O “\“"l’u"" ol
ool Lacl gl f@‘) SOl ) ywmd a > 5l oolaiul e (50Y g8 Lacl 1y gsls)ﬂ"a" el ool &l Lbk‘j 3%
28,5 oolaiul Lacl gl (SoleiS slas > sl g 3l Badzs (nl 10 9, (pl 5l ccwl Jowslio WS ) iwgs a5 > 5l colaiul
Sl 00l o0l UL.M; (V)wa)o 4> > U"‘

F
L
K,
o ko
o

SH S glas o StV o

wﬁug&qo)udow@ uajﬁ w).: wlmﬁ‘f oolazwl ‘S:‘J.A ULJ 6‘)) ‘éJ.:‘) @‘)...a JJ.A)| SAP Vlg )|)3‘ r:).:

C=alM]+5[K] )

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd



O 21 03l (quwigo (ool Jbeleotlo

@l Gt (258 5l a5 arilge (onlpo 50 2 B g A adsl StV s Gl Ko 2 (i ile Ml 0l 5o
Sl elecslRalis a5k lle 8 5o ledae Gl 5l Gy B Slsie o5 jebplen anlge Sy ol (S5l 350 55 (6l el
A salgs &l Sl s )] £989 Oy g Lol il b alaly o aslsl jo 9, cpl 5lcwl o5l 44 Jlos!
20,8 &1 s 165y ygelpn SleMbl (V) Jgus 4o

[EYRA LY ul.ui: Olasine Y JS"".

Year Earthquake Me (Mw) Station or ID Soilg 5—95% Ds (s)
1999 Chi-Chi, Taiwan 6.3 TCU 079 D 5.1

1999 Duzce 7.4 BLOU D 9 o
1979 IMPVALL.H 6.53 Aeropuerto mexicali D 9.8 §
1995 COBE 6.9 KIMA D 9.5 3
1994 NORTHR 6.69 Beverly Hills D 9.3

1999 Chi-Chi, Taiwan 7.62 CHY 014 D 27.2

1999 Duzce 7.14 duzce D 11.1 (=
1979 IMPVALL.H 6.53 Elcentro Arroy#1 D 19.5 3
1995 COBE 6.9 Amagasaki D 19.4 8
1994 NORTHR 6.69 Manhattan beach D 20.4

1999 Chi-Chi, Taiwan 7.62 CHY 014 D 49.9

1999 Duzce 7.14 Ambarli D 39.7 =
1979 IMPVALL.H 6.53 Delta D 51.4 f\
1995 COBE 6.9 Abeno D 56.4 §
1994 NORTHR 6.69 Camarillo D 37.6

Aol @l 85 )8 pasie whie S0 betllolil (wl POA s eldlolis 5lo mhaw oo jslate &
bl Ll Glis ey (598 Sy yloy ae 08,5 o Jos Cenl pylez iulg YA+ ael ool 5l as 5, a5 5 055, Gillae
Ole ooy Slid @y JIK0 O jgas 5 ol ClBBEOLLE 10 (65,5 pems (gline s iy 5 ] el 0 0051 oy MT b1l yas
0) alaly 51 byl @ [FV] ol Gadate "0 bl Sod b sdel Cawdy lode i soliiwl Glis 51 5,8 1,501 50 51005
39 50 Aol

Al = ;J ‘ra‘ (t)dt )

Tg

Wl ols gy clllols JS pley aw £.(51 wogy olid 5l oub altlaw] By pme Lol | alaly a5 oS abasl) ol 5o
49 20,5 drslro (pej 558 S5 oy e (B) alayl) yr Geaie g by pai (bl il Sl ilSS Sl sl el (e
G698 S > Gl Dae wlal p lelllolus cul astin 398 Jgaz [0 a5 jshiles .ol ouls ools Las (V) Jaaz o SS&
o (VE9) pogo aiwsd 10 9 adli Ve U jao fley Goe b clblolis gy (Veg9) Jol diws ;0 a5 068 oo pumenll dlwwd ds 4y Ly
YL g Al Yo ley o b Lol clslobis slaws fued (Y89 pow dws Coles j0 9 4l Vo U Y lo) o b callols
loals ol

oy e s 5385 A s 5 BISS id 3 oonlS 5 slgime 1 50,5 Jilas jslite & o5 ol 55 4 oY
Gl 00 COS Ll £93 0 5l JSCiie a5 050 )T eolail Clil Glld s aw 5l ClS QLS VO vy Sl oo 98 &S >

14 Arias
15 Arias intensity
f4 OF GTR amio AR Jlo o o 5loid ¢ 0338 (b § 0 3l (wikign (i g 33 — (ool 43 i




O 21 03l (quwigo (ool Jbeleotlo

alold & axgi b g calitre sboolSins] lopdas L aS (5 )5b a4 S Ol (LS b clblSs Gls go8 aiws 4w 12 gl uioren
e g oy 0 0y90 S ggi g i eoi oe (LS 4 daxgi b all allls 093y ey &S loj Goe Ol s oS!
(5,5 biie 1 e el Gl o [0S 50 salyl o s a5 a4z cpl ) Glei e el Ol ©a8 ogad wlide

Ll 00l 15,550 sl palyly 1 gyl 0o B g ail co (e (598 <5 > e Do

4 o olodl o o ¥
@lise Yl j0 aS glalold @ daxgi b il oo 4,0 (o) 2 50 Comepl Pl SIS 5l ol o 0 S Gl o Slae sy
S99 5 Sladl jo ol eojle o galold ojlail 5 Gdate B (slad G s csl oal aid S ka5 0 Waojle o udss ol o
Foad oo ol dlold a5 Sl cigd oo SGo3 0SS 4 baojlu ¢jglome o3l 90 518 po 8 il Sl jo oS e g il ails
o5l o 59 425 53 o Bl Sl ol 55 ol 355 4 538 5 00,5 e lall 15 35750 (T 908 ity s el alol
@ a0 b ollss Spo a8 o0 353 SaSe L pslme ol g9 j0 4 placeend ol Gl (M) lo SO 0 il b

el 00l oalo UL"""’ 0dw] S99

0.3
— aib \Tesle A diLb sl

e Ff b T akbA sl ol bl

02 v

0.3
200000
150000
100000

50000 I

l I
0 10 20 30 40 50

46
3l 10 1 03l oy aliold by ) ¢ 9 DUZCE ol it i 1 3T oy 90 4156 €989 o 3 4l 1Y 03l A albs o lowslr 3 4 A o5l ol oo Ll A JSC

o

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd n



O 21 03l (quwigo (ool Jbeleotlo

o 0ls Juloxs 3 4 325 -0

o3l 53 loo 50 ol D575 4S9y (i cojl 90 Apd o) $98 S8 > ooy e T (SisSr 4 o 2

s anlgs ool i OVF 1 9) gla Kt gllas (yee) (g58 & y> oolo) oo o
moads 30 gl e IS Gl 45 005 4l e (e 558 S5 oy Dde Sl (B Heome Lo JSs (! 5o
Slpond S5 S )5 Grimren aBl oo KYF o o5l 3,55 0 31 10 00l sl (69,0 atniion 42 bgaje 5o @SB 9o il
oot oalols o 43,5 18 om yglone )0 il VY 5 A (gla o5l oimy A5 2l 45 sl 0 eolizl VYA wiile Lo oS 5 Solu
a gl o Sloy az )i Jolos a5 YL Sl anes T 5l s Sseg jsliie 4 ol 53 4 p3¥ il e (Lo Y Lag)]

el 00305 Bl o ol 5l sael s ol 51 M i 59,8 o5l Mol o b g o LL

8,5,1

2,50E+05

2.00E+05
=4 =294.3x + 17662
= - RI=0.032
=
g

CELE

= 1. 00E+0E

5.00E+04

0.00E+00

0 10 20 a0 50 30

Du HE!FItZJP!

s (Flo ) bl b ahebo A gD 5l 30 () 598 < 2 (yloj Cko Syl o g2 4y 36 Aoy Ol yed 39, A S

2.50E+05
2.00E+05
% L50E+05
g
> LO0E+05
=
5.00E+04
0.00E+00

i) 10 20 30 Aan 50 an

DURATION

o il VD Alols b i Ag O o3l 15 (e (598 S5 ) sl ke Slyeedl o 3 &30 dcnly Ol add gy 1N+ S

16 Collapse

OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid



O 21 0 by (qwiigo !

Jleolo

3.00E+05
2,50E+05

D2 00E+05

=

>

= 1.50E+05

&

>

=

= L.O0OE+05
5.00E+04
0.00E+00

36.9% + 18008
RZ=0.009

10 20 30 40 50
DURATION

o (ol ) Aol L A 1T 9 8 ojlw )0 (10 (598 S 32 lo) oo Ol ot o 12 4 30 Aol Ol i Wig, 1)) Y&

2,50E+05
2,00E+05
2
=
&= L1.50E+05
=
2
s
§ L.00E+05
=
5.00E+04
0.00E+00

y=1270.x + 72000
R*=10.228

10 20 30 A0 50
DURATION

o g5 VY0 alold b 4o W5 8 630 39 o (555 S5 2 ola) ke Sl com> 2 4206 Aoy e g, 1Y S

250000

150000

MAXPOUNDING

s0000

o lw ) alols b aid Ag 1Y o3lw 50 (yao) (698 S5 3o (lo ) oo Ol pondi o 11 g b Aol Ol ot gy VY JSCS

-
~

y=434.1x + 14150 ]

R%*=0.037

purdtion

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd

oy



O 21 0 by (qwiigo !

Jleolo

2.50E+05

2.00E+05

L50E+05

L.ODE+05

MAXPOUNDING

5.00E+04

0.00E+00

DU RE!FIEZJI\!

y=1074.x + 33664
2 o

S0 G5 10 Lol s el AgIY 03lus 33 (5003 58 S5y o) ke S e o 52 45 it Oy gy IF S

o 50 bl ol el (yloy Gaw (ali8l b ay o slagg i ol (SauSTy o Mo a5 098 0 onalin (VT B 9) sla s 5o

o I3l )5 (ks s 4 55 45 (S35 10w 538 5 ol e 3 b o as e i IS IS

O o lg saums lis jas polie py Jedz (o el eass F &l alise slacdls 0w slag s adS (F) Joum o

el 450 59,8 03l g 0o i pladl 4y Sloj azedy B o a5 conl SVl oaims L ‘ Ceadle g Cawl 05l 90y 0

Gl o alold g s il ol 30 &b (59 pwoldo i Jous

duration (s) | 85,1 §59.75 §,5,19.5 12,51 1251275 12,5255 12,81 12,8,15 12,8,30
chichil 5.1 5.1 1.74E+05 9.60E+04 0 1.09E+05 7.70E+04 0 97941  1.24E+05 0
duzeel 9 9 1.61E+05 1.36E+05 0 248427  1.29E+05 0 146610  1.70E+05 0
northl 9.3 93 2.08E+05 1.06E+05 0 219052 . 0 2.03E+05 8.80E+04 0
Kobel 9.5 95 1.49E+05 1.31E+05 0 191453 . 1.11E+05 1.45E+05 3.00E+04 7.50E+04
duzce? 11.1 11.1 1.83E+05 1.97E+05 0 51422  1.20E+04 1] 50186  5.80E+04 0
Kobe2 19.4 19.4 2.07E+05 1.25E+05 0 284031 . 0 1.92E+05 1.67E+05 0
imper2 19.5 19.5 1.46E+05 7.10E+04 0 181454  7.50E+04 0 1.71E+05 1.32E+05 2.80E+04
north2 20.4 20.4 1.82E+05 0.00E+00 0 165935 0 0 1.81E+05 ©.10E+04 0
chichi2 27.2 27.2 2.24E+05 7.60E+04 0 252040 1.19E+05 0 163815 0 0
north3 37.6 37.6 2.08E+05 1.02E+05 0 191137  1.95E+05 0 1.79E+05 1.29E+05 0
duzce3 39.7 39.7 1.87E+05 1.86E+05 1.17E+05 208940 1.37E+05 0 1.65E+05 1.29E+05 0
chichi3 49.9 49.9 1.45E+05 1.37E+05 0 170204  1.49E+05 0 139154 5.10E+04 0
imper3 51.4 51.4 2.34E+05 1.85E+05 0 247367 1.31E+05 5.50E+04 1.40E+05 1.83E+05 0
Kobe3 56.4 56.4 1.71E+05 1.19E+05 0 131369  8.60E+04 0 1.66E+05 1.94E+05 6.30E+04

OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid




O 21 03l (quwigo (ool Jbeleotlo

e d

=l VOl eolaul 3 ogdle o3lu 90 o i bojle m Alold g ey (698 S > ley o Sl ea b bl jekaie 4

ool wo (Alols gas 5 05k £l aoys s cojls £, 0oy S3) (sl cpa bl Sl a5l alies glapley e b ol

oo ;o lais S 15 oo LS 1 (o0 yslre ik VYA ) V=00 O-A sla o) Cll a5 4 glojl dus azgi b g ol oys 5

Lol oy Jol g5l by Jdow cpl S 51 a8 ool plol Jas e Sley azsn ,B Jdos VYO onds (Lo slacdl 4 azxgi b

s s oo slpin bojle glis )l oy STy ol aalips] Yeene a5 jale slaojle oy alold jloe jlade 5,40 50
Gae b el ol cos > £ 50 wog aslyn | slgin Gdlas baojle o alols a5 > FY 51 a8 sas o oylis
ol Cule ) (glaaliopm alols a5 e 3o VD 5o L oal S8 e Billae ol odal 3429 4o il sla e
Bl oo | 4,0 5l gl boojlo o alols (gl ol alols (28,5 )1 )0 (gl 09, 00 BT 5, ol 51 ool 0g2gs 4,0
polae YU Coonl b slaojl (sl alold yioli8l sl ooy 0ged ST ojle glay )| aoyo G Cusgame 45 Laad il g 0,5
095 Garog aabipml I e

Oloj e 035y poes als lac Al Gl 4 bgype ()1 5l ged ool S97 s Sl (nl o a5 lays L F I (Bb
Ol 4 5l ey 658 S8 loy D Gl L aS 0,8 o Gl se ey Sensl 005 4 Y0 1 VL Lol (o985
g s yida po alold

039y o Dol jo aa b A 91V slo o5l a5 il 009y S ol ) o ool Fy s ol o as slas s L Pl e
O s A sloojle a5 Sloy o Jb S5 LS g Wlodgs v LS 0 il B ¢ VY o5l aS Cenl Shoj 4 bgsye 4,0 b g0 5 il
wdlizee sloley Gaw ;o ojle glar,l Jiol8l L as 0,8 Lo g oo (ol 00l Glasl 4 5 ilosgs po LS o il
gl on Yoy osle G o alals ol 4 5L

0 Sorm S0y 4zl ojle (o 4100 Aty (e (698 S5 > plej Dae GBI L &S ggdge (ul 4 (00 (0 sekite @
Oley S eaims ylid lag] jo 88 jame 4 (00,8 ey (2 ,loges i oals lis (B) Lise ,0 aS axsl b Gillae oS
5® S9zge bl sload ools (35ln bt ok .l 039 Waojla (o 10 (59508 aiin Slo 3B j9me 5 e (595 S5 >
Ol (oDl s b 55 ol G 4100 i (e 558 S5 > ooy Dae (lE L aS ol T 51 s e logas ol
a5 ol il ol as cusl o] 5l S il sloalols U e loges ;o oo (o3l bghas o pw)p Cpizeed Wb oo

ol dlold aay slacdl> 5l is Wls 18 o 5l ela )l as o pd Aol b ol

&1y

[1] Chai Y, Fajfar P.2000. A procedure for estimating input energy spectra for seismic design. Journal of Earthquake

Engineering;4(04):539-61.

[2] Shome N, Cornell CA, Bazzurro P, Carballo JE.1988. Earthquakes, records, and nonlinear responses. Earthquake

Spectra;14(3):469-500.

[3] Mander JB.1994. Low-cycle fatigue behavior of semi-rigid top-and-seat angle connections. Engrg J, AISC:111-22.
[4] Mander JB, Pekcan G, Chen SS.1995. Low-cycle variable amplitude fatigue modeling of top-and-seat angle

connections. Engineering Journal;32(2):54-62.

O G ¥amio A FAA Jlo oY o slois 67 0599 (ol g 0 3lw (wikign (g 33 — SokE &) g



O 21 03l (quwigo (ool Jbeleotlo

[5] Chai Y, Romstad K, Bird S.1995. Energy-based linear damage model for high-intensity seismic loading. Journal of
Structural Engineering;121(5):857-64.

[6] Plumier A, Agatino R, Castellani A, Castiglioni C, Chesi C, editors.1998. Resistance of steel connections to low cycle
fatigue. XIth European Conference on Earthquake Engineering Paris.

[7] Calado L, Castiglioni C, Barbaglia P, Bernuzzi C, editors.1998. Seismic design criteria based on cumulative damage
concepts. Proc of 11th European Conf on Earthquake Engineering, Paris.

[8] Calado L, Castiglioni C, Carydis P, editors.2002. Shaking table tests for seismic performance evaluation of steel frames.
Proceedings of the 12th European Conference on Earthquake Engineering, London.

[9] De Matteis G, Landolfo R, Calado L. Cyclic.2000. behaviour of semi-rigid angle connections: A comparative study of
tests and modeling. Behaviour of Steel Structures in Seismic Areas:165-74.

[10] TAUCER F, NEGRO P, COLOMBO A.2000. Low-cycle fatigue cyclic and psd testing of a two-storey moment
resisting steel frame with beam-to-column welded connections. Journal of earthquake engineering;4(04):437-77.

[11] Matsumoto Y, Yamada S, Akiyama H.2000. Fracture of beam-to-column connection simulated by means of the
shaking table test using the inertial loading equipment. Proc of STESSA 2000:215-22.

[12] Castiglioni C, Bernuzzi C, Calado L, editors.2000. Cyclic behavior of steel beam-to-column joints with concrete slab.
Proc, 3rd Int Conf on Steel Structures in Seismic Areas (STESSA).

[13] Miner MA.1945. Cumulative damage in fatigue. Journal of applied mechanics;12(3):159-64.

[14] Hancock J.2006. The influence of duration and the selection and scaling of accelerograms in engineering design and
assessment: Imperial College London (University of London).

[15] Park Y-J, Ang AH-S.1985. Mechanistic seismic damage model for reinforced concrete. Journal of structural
engineering;111(4):722-39.

[16] Park Y, Reinhorn AM, Sashi KK, editors.1988. Seismic damage analysis of reinforced concrete buildings. 9thWorld
Conference on Earthquake Engineering; Tokyo

[17] Park Y, Ang AH, Wen Y.1987. Damage-limiting aseismic design of buildings. Earthquake spectra;3(1):1-26.

[18] Park Y-J, Ang AH-S, Wen YK.1985. Seismic damage analysis of reinforced concrete buildings. Journal of Structural
Engineering;111(4):740-57.

[19] Sorace S.1988. Seismic damage assessment of steel frames. Journal of structural engineering;124(5):531-40.

[20] Cosenza E, Manfredi G.2000. Damage indices and damage measures. Progress in Structural Engineering and
Materials;2(1):50-9.

[21] Ou Y-C, Song J, Wang P-H, Adidharma L, Chang K-C, Lee GC.2013. Ground motion duration effects on hysteretic
behavior of reinforced concrete bridge columns. Journal of Structural Engineering;140(3):04013065.

[22] Hancock J, Bommer JJ.2006. A state-of-knowledge review of the influence of strong-motion duration on structural
damage. Earthquake Spectra;22(3):827-45.

[23] Aschheim M, Black E.1999. Effects of prior earthquake damage on response of simple stiffness-degrading structures.
Earthquake Spectra;15(1):1-24.

[24] Eibl J, Keintzel E, Vratsanou V, editors.1996. Determination of earthquake duration dependent behaviour factors for
unreinforced brick masonry panels by nonlinear time-history calculations. 11th World Conference on Earthquake
Engineering.

[25] Mahin SA, editor.1980. Effects of duration and aftershocks on inelastic design earthquakes. Proceedings of the 7th
world conference on earthquake engineering.

[26] Jennings PC, Husid R.1968. Collapse of yielding structures during earthquakes. Journal of Engineering Mechanics.

[27] Tremblay R.2003. Achieving a Stable Inelastic Seismic Stability of Concentrically Braced Steel Frames. Engineering
Jour AISC;40(2):111-29.

[28] Gupta VK, Nielsen SR, Kirkegaard PH.2001. A preliminary prediction of seismic damage-based degradation in RC
structures. Earthquake engineering & structural dynamics;30(7):981-93.

[29] Bonelli P, editor.1998. Long seismic velocity pulses effect and damage. Proceedings of Structural Engineering World
Congress (SEWC'98).

[30] Bonelli P, editor.1998. An evaluation of the effects of long acceleration pulses on the seismic response of structures.
Proceedings of the 11th European Conference on Earthquake Engineering.

[31] Hancock J, Bommer JJ.2007. Using spectral matched records to explore the influence of strong-motion duration on
inelastic structural response. Soil Dynamics and Earthquake Engineering;27(4):291-9.

[32] lervolino I, Manfredi G, Cosenza E.2006. Ground motion duration effects on nonlinear seismic response. Earthquake
Engineering & Structural Dynamics;35(1):21-38.

[33] Cosenza E, lervolino I, Manfredi G, editors.2004. On ground motion duration and engineering demand parameters.
International Workshop on Performance-Based Seismic Design, Concepts and Implementation, Bled, Slovenia.

[34] Pantelides, C. And Ma, X.1998. Linear And Nonlinear Pounding Of Structural System” Computer And Structure, 79-
92.

“ OF G amio AT Jlw i o jbowi ¢ 0,98 (o lu 9 0 3w (wiigo (g 3 — (oIS & gid



O 21 03l (quwigo (ool Jbeleotlo

[35] Popov, E.1987. Observation Mexico Earthquake of September 1985” Pacific Structural Steel Conference, 2, 237-255.
[36] Jankowski, R.2006.Pounding Force Response Spectrum Under Earthquake Excitation”, Engineering Structure, 28,
1149-1161.

[37].Abdullah, M., Hanif, H., Richardson, A., And Sobanjo, J.2001. Use Of A Shared Tuned Mass Damper (Stmd) To
Reduce Vibration And Pounding In Adjacent Structures.”, Earthquake Engineering And Structural Dynamics, 30, 1185—
1201.

[38].Anagnostopoulos, A.1988. Pounding Of Buildings in Series During Earthquakes”, Earthquake Engineering And
Structural Dynamics, 16, 443-456.

[39].Maison, B.f., Kasai, K.1990. Analysis for Type of Structural Pounding”, Journal of Structural Engineering, 116, 957 —
975.

[40].Maison, B.f.,, Kasai, K.1992. Dynamics of Pounding When Two Buildings Collide”, Earthquake Engineering and
Structural Dynamics, 21, 771 — 786.

[41].Arias, A.1970. saMEASURE OF EARTHQUAKE INTENSITY, Massachusetts Inst. of Tech., Cambridge. Univ. of
Chile, Santiago de Chile.

OF G ¥Ramio AN Jlo <Y 0 )lowis ¢ 0,99 (Cdlw g 0l wiigo (g 3 — (oS 49 pitd



