sl 55l coms sl JLo
VEe Ll
WA o
SVA VR SN

W /oAy )b

o9y w2l 9l 98 Cwglin yaslh vy g ol o aehun oy (SBOB (Slo) P & Sos b 35!
IR o 295

* of suslas OICh!
O 21 g 31 ¢ oMol DT SIS (4n0g o I>19 (O o8 cwigo 09 55 ¢ 5 Slias!
(el sliayg Sl
WOl can0g 3l ( oMWIS1IT SILEIS (g 3T A>19 (O g0 wiigo 09 F (S 35S (Sgemiild

o>

Pl L 7 53298 Sl Calend & cuwl ol & 50 R0 Gaae ¢ gae &0 I (25 1958 0 s N9 (2P
S oluisly) Calisee Slb Slow b axbuo o5 03l 90 33 09y s (23 (w4 Wlo cpl 53 .88 F 0 o3l 3 T Hp v
Ogiw 9 S g 38 (290 (B LuT b (Sl Sl oS 410 5 oo i (Suoliyd a3 03l b (dinbo 11 9 Y-
90815 4l iy Jlas wlol p Cwglio el (Olb (o OlCo il Ll 0bplml Laliske COBOLS 4w F1 oo dhgs”
IR e (595 Ul 3 (P 3 397 90 RSNt ool 3 oWigs ey (2 Sbm! OISRl § Ekudh Jolia & S
S SBOFw iod DB 4T CROWS 10 &7 Jad 0 Ulis ol b § 4 F 18 wyy 3590 GSA Loallsgiwd
Ol 393 3l oigs i gl 2y 00 S S 5ee sl EWSIL Sl oizeand 9 NOIS [) 0Nigs fut (B Jawilly () it

RS 0

N S IR WE = VY| - C M WPCTR P - TN - PR U S-Sl PSR WG IN L~ W L~ P Y 31 [

a.khodabandehlou@iaurmia.ac.ir :J s ez 5 *

\V/J}\Z)Lg&‘rkb)l@?.‘)u%}:{@u._fbd



Sl 3l K 0 b b s e (Sl Lo S,
(Sl Sole sV Copw O3 Ll b &S Cul g
e S i sl s <l 5515 s
3,8 0 N3 OT il 5 05l 3 S ol sln 457 o
B Sl 0 o g 03l ki 40,8 53 e Saiun dnn
3 7] 558 oslial b a5l besle (G5l 5 Sy 58
G105 ) Sl gy 4 VWA Lo 3 15 e 5 owbe [
s laib o O8G ui (ol p slaatll 4 S ol
sl SuSs ot Sl eslizal L ¢ folie (5 ez 05
Lo ey laoly 5 (S S oo o kzdls Ol
et Lol 5 ¢ o3l ) T Ol oo el 11
g & 51 Ca I8 Jlal Ol o baimte ey L
@adds 5505 el Slo5 ) o it pl 53 1) pasia ol &
o aib Ve 5V cbaolasle Llas 315 andlaesyse a5
e b ity ol S e oy 1 B o
ﬁ&@uﬁdwuﬁﬁjmsuwvwﬂmﬁ
Sl (gl jasls 5 a2 B 5 55 b oS il s
Il g5 S o Bl sb i iy I g5 S s &l
PS5 2 ol g b Lk oSl
I e 03 S s it 5 el g p B 5
g.gmjbju&\js.cb.ﬂpjél@wo&ﬁnxcrf
Lgd o Oleztl 5 (6 2w gl & Lol Jolis (6 s Oy9
o8 A palr g p 4 \TAF UL 55 WBIST 5 (Sslo [VF]
Joldze slaolastle gloj ) kb, oLyl o5 ol 5 Lasls
5 Sl Gl s bl oy Azl omoy oV
Serlzd oo 5 Sl ami )b 5T ) (st it (Sl
Olgea by Glojlu,e 5 slojlo slaasls (IDA') syl 3
S azils Oly g Lsls Ol ol 5 obsl 8l aelis sladlal
b 5 Sl clepslie los ) ag (Hb o
Lyl Olazsle gwdige 53 ) (oo 285« ol 5 (6 i T

[98] S s
ok gyt (ol oy anllles 4 V¥4 Jlu s 54,815 IS

sae O ST 5 Gl b L S Cou

U Lo sloew ¢ edulus OIS

dodkio — 1
Dol 5l 56 s 6Y B slaoletl ol 5 03505 (oS
Slosbo g 5 Sloslo i 33 51 JSKaze 5 J e Wil acd
bolele 30y Solus Olsme 3,31 5 sbiens a5 ol
o3l Jlo 5 slosle b cslojlo ol 5 sla_asla 51 Oly oo
Llg o slojle slasl gl & Gesla jsbhe i [V]s S
(Gl ) IS ali b 5 (rd50) (Jous Lo &) 500
Sl bl el Ysmne o S o) 355 e
(Sl SRS (e e (Tanslin OB o il il
Slab glaslodd (ali 65 51 5 w5 5 el Ol o
Sl O G eSS 5d 0 iy ojle ST
Ol 3de 95 opl o palie 5 (B 5093) &K b (o1& Oa)
255 Slosle b slael ol 5 (el T posdle [¥]35 5 oo
sty 58 e gle) DS 5 (o O 85 (sla alsly el
slasl Solust Olje ) fom) 1y S ol s 4T -
Sl Oljen 3587 2 o shtess el 515 (sl 3l (lojlu
[P35 8 oo oslinul 35 (galasl ol 5= Lasls 51 JU,

55 03 e Dl s e Sl ) das s elig, St ol A
3 0L s5 5l Sokes 4 5 5 35500 Jlediay baojle o
odigy A (V0] Ll o S L 55 w0 |y o5l Ol b
sokd gy b ojle 5 ESq S 4 b K o sl gl S S pen
JS gl & ulens s e 4 s e S lF S L
cjbigggujcw.sﬁgfﬁﬁ-w)&gjjaju
Eol 0,8 o B A5 o p3 rlse S S Lo
SR F S [RPP JUNSIF WINPT U P
Sy glakimMe BB 5 sba ole o 8 kb, 457 55, e L]
38 S Sl ol cpl e s 13 ST s 1y 0jle IS
SVl 5l Gt lael 5 ojle & el L5 4 O
S Olgea s b (ol o ol il 0357 55l
[Vo=A] 5,8 ol e B sy

Sloj S Gl 03 S S5 LSL“(’@ O SKaags o sladl s
S oml b 03557 Al s 06T s 5 Wlals s laejlu

LY 5] clows § laojle s Shee w50 cCnglin sl

! Incremental Dynamic Analysis

sl 5ol coas e Jl ¢ Sligiond / A



...,1,@gcuwﬁéugu‘_;t,;p;w&@l

Sl SVl o Sl Sholsl 5 ojle oSG plagl bl 8 4
30 € Olssa s b (Salys Jelows ol pliy Bl 03 S
e 3y Sl eslial b cdlin pl 53 3,8 e 15 e G
SAP 2000 ,ij3lp 5 53 sk (s3lodibe sladbozst b ¢ Kol
5 8515 edi e (K ks DI 5 o )
AL s s G Ok Sl g 3 ol 5 Sles
G 5 ol el 5,8 o )8 lin )50 (r 50
) Ll 355 S 57355 0 035 (padsS Celi s
Shor g s &S oo 51 (G20 (63 508 U Joos b b ks
b s Do Sl o el Sty el
6 Sl pae garma b g guiae & Dl I e ojle 5200
Sl gas .l o8 ojle 0k b 4 sl sl
s S Ol S Olsea Conles e ls o 5L

J}.&GA

Sl S g Guiw g -V

O lyls ik 17 5 V0 e iy et OB 53 Eag3 cnl )3
50 5o ¥ plp S 5o 2 o ol Gladlas Job 5 4ilas
Lo g g IS ol bejle cpl ol 4 8 515 )
s obtle o Oly e g s oid Cove plul 5 o
WLl 0 b g 2l g YA 3515kl

skiplnil SAP 2000 L1510 5 53 5 ojle (o1l 5 Jow
Contl 5 G5Sn 6 5 GIs (owsp 3550 o5l el
gl dll g5 51 Sl g 5 b5 g5mme) ) b ailate claw e
Olab ) s il g Cat I (SUes e bR WY Ol
A b 53 slyblr 5 Sk 1 (36 a3 e 5k o KNIM? 1
SYKNIM? i Sab sl 505 65 o270 KN/M?
ors 45,8 L 53 VOKNIM? 1 ol el 3505 0
5 FOMX MM Ll 5 OLSS Lol ol 53 5 slel .l
A0 B0 sladab ¢ /FOMx/FOM B b ) sladib slad s
CROMX/FOM 1, 19 6 Ve gladil 5 +/00Mx+/06M
bt Salis ow o8 buT jl bolasle ol 53 dizes
e e &G L Ol (Salhs D1 g

3Kim
4 Ohi

18/ U3l 55l ol Jlo o Sl

S eslazal b pmman st ls  o5le IS Cuglis s °“\i’%~:‘“’T
o 5 o (5l Ot 3T pg (o b (Sl o
LOT . sla, 3 ol 5y g0 ooy ol o g2 5305l 5 Shes
Sl o5 pals K Olgsa eladl By Cuglie o
S e 93 Caslis 5 ediscaw] slaojle Cuglie b
o b O Ser 5 pdll s V] Sl iyl o sy i
aliopwT el amcjb 3 lasjle 55 ol 5 Jesly
A S Eo S Ly ame ol s OT Lzl 55 O
syl b ol uumTwLﬂ\je.\;CJb ol y3 0l i
355 o sl Ol T Slidowd mls cul r oo 133 8
G Lo 53 55 Ol 8515 Cadse sl OLI

LIWV] s,ls Gl okigy iy
o bya erle ] 0L 5 Tl 5 IA] U S0
5l s Y] TS insad (Gime 1y @l Ol 5 snal
OT Sl Jos b1y adig) i o5 Jowily (VY] 0,800
el 2 osdhe i3 god andllas 65 5 IS i oSG Jlast Job 5o
S Sy st 5 el 4 b e Sl
DS 5 oS 5 [YY] Oen 5 ¥ ol by iy OlazsLa
4 by sarls Gam) 5 6 59 Slides il el [YY]
5 el 8 8 5 g s Lo ST OLII L nal
A e il &K Caglie Lis Ollas ol oleS s
B iz SWI ol &K abulsa ol I slas!
teslie Lol Sl 5 03l Canglin b fols Cuaslie 5 23 8

[¥0 5YFl s

G SBon Y
R e Gl gl et lh ol e Rl s
103 2Rl e a5 b el A g 0 pebes
Cov ol 6K ST Sl el 45 S 5 Sle Sla 5w
B3l gl 3,8 n S1F W5 e 3 adge i ES
Slsl s b 51,8 w13 (Salus Ol Shcss
oo ),y (glahiMe LB )b ol o o 5, 48 55, o

&%‘”Jj‘ygw‘a\f‘a‘w.ih:)‘}f;t¢>J\)

! Fragopol
2 lto



03 v 3las o3 gdoes ol pdf.:;,fda a5 olaoT

3yl Cab 5 OT i e ol VIF 51 2ty Jaal )5 e
el Qe b ool sl 0le T a8 sl

35 i
o |
S ! —— 2800 Code
3 | ' —— 2800 Code (1.4)
_g ? I Mean
:,(" 15 J I - = 02T
. | - -25T
0.5 !
(] T T T T T T T .|
0 0.5 1 15 2 25 3 35 4
Period (sec)
&l 3yll Cab ol VP L ke Cab s lie - S
4.2.:% Ve ool
45
4
35
= 3
s —— 2800 Code
H —— 2800 Code [1.4)
‘_:, : Mean
< 1.5 J == 02T
. - =25
05
o
0 05 1 15 2 25 3 35 4
Period [sec)
Gl 3kl Gl 1 VP L o SOls Cab e Y Ko
4.3.:.% V7 ol

Sy Kaalyd o ¥
Sl sl sop Ser b Sl Js o
IS5 535 g0 0 i (65 g (5,5 1l Y JSC8 e coig5 iy
o 3,8 o 513 L2DH05L HL S 5 cow (ol
b Sl Jolas () (slabE L b s g0 0w
05 S s7n 638 O 5 S Do sy (5loas (61
S35 P30 (2 03 358 0 B (Sme L5 O (6 o S oy
bbb I3l iy e 5 ot Sy 0w P g o
o ¥ USE w5 b s ey ol i 4 S b
Ll 4 e B o 2ls &5 ol O oty 456 55 e

s OT 53 slas 052w &S G55 wlol P oldie i il

3 Emprial
4 Northridge

U Lo sloew ¢ edulus OIS

Shestizal 4 i [¥0] o tass 51 (53 ST (5luac
Salus 5 o e Sl (o Skl s sla s,

Ll odd v 5 o 8

B 9 (B (Sl ol -
el 35 (Sl 658 dalae (ot (SSbal o 35 5
5 baolazel 53 Skl Syt 5 ot 4l T Lol sl
b ey 5 5 Losle 5335 e el ojle 4 Calises Slgar
Joos 5l oSl (bl Saan opl s she S
e Silps YAT Skl bl dslee Jas (Sl
el 0 o5l
Wl S G135 psba edis) e gl Sl S olT
4 Sl (ot 5 BB S (e sl oS Sl (o e
Gola e 3o b ) SSll o E s o (sla o
@B e 5 old e Ot (VL glralr OT (B 5 gue oS
Oyt JLalsl ale 58 e 0L Sl JLals) Jole (OT
3,0y oL Sl skte a8 o0 a0 el L 4 o))y DL o
Al Bl 4 S s s s 45 Sl 6L
b 8 ol (gL ol b5 b e SRl Ol L
sl 03 5 i 0 ki) gl A (Sl o (ol , GSAT
Lo 5 oy ;25 SOL Gb b o SR Jale ) bl
{YV] aas e 0lis 1, GSA

P

A= M)
O, (1.2D +05L)

OB 35 o) 93 Sl Cn gl Ll s Q) alasly ol 55 oS
350 slolsle 53 eligy iy o5 3 Shes b5
Sla o 53 il ald slinal O g Codo o I w2
I el Jo8 55 0s e S  l eapln]
oo 53 3Ly se Gladl 15 5,587, Ulsew b 5 T o
b oarg b oSl on § esliel bt Sl 4l
Caloks an oS el sk Y5 ) s S
2.5T 50.2T Cjlie slaisle; o3 gdome 53 50l (5,8 Jam 520

e g el ki S alie syl £ b Cab L

I Uniform Push Down
2 General Service Administration

sl 5ol coas e Jln ¢y Sligioni / 1



...at,@QCLM&‘_;LA_.JB@,;;;;L»&@@(

Ao Lokl olg Cuglie 035 Cws 4 sl
el 35 ol 4 Cal oS Hlad s U Sl 5L codigy e
S ¥ a ek ole gl 4 O Hlas Lo sl
g S s s by, Jels 3,8 e e
Sled Lo 5 ¢BPY) glatas b 4 les s «(UPY) 0t
S wlsl elge ol (IDPY) Salos olpl ol w
2l b Al Sl S de sla b ) eddiaulon
oy 2 9 Glojle . Cwglan I Gl Ol geas

Y] 353 g 1,

EWycom -t

bl K S eyt ol & sl s s sla b,
&y Jbaa das e &1 (gle 5l e S Caslas 5l S
okl Bl Cd b 5 (oS s 4 Sl ek, e A L5
g ls &G pakte p sl o ojle 53 5L Jam
2p 3 el glacjle oy Caglae ol gl WS
Cuglie Lasls Olgea S Sl odddl)l odigy i ol &
w [4] 555 o m (R) Coslin Lol Lol 3L 5
S (V_design) - b w5 avky osbe e
ZlAel F 50 e S8 53 Olej 4 om0l i (Lol g
ou\i:WTojLwnu_b_.L}_}{j\u.:?@o)qu&@t}}u;
o) @l cpmen 535 8 s Ol Wl o5l 4 (V_damaged)
sdidlas) Coks aw ldis ST 3 eslizul b b o
el a1 |

V

R _ damaged )
\Y

design

Ao ol 3 Jess B 4l iy il Vs
S boles das e Ol 1y odkd ulie glacsKoks
4;_\;_. B2 Ol e mﬁ.:.]o\' &MQB)J S gh odalive
YAVASIPSNA C YNNI R R PRV | FRPTRICI Y K o

VP has B gl pslie ol S0 (5 am S aCel 4Bl 2aS
LB e TV 3TN 5 4 slaab

3 Incremental dynamic push-down

VoV sl 6yl el o o Sl

A lealin sl oBn ol 533 53 gr dlons LS o Joons
osba PVl 4 s 8 05 SLEL Ol 5 (Sl
IS 55 &K T (somte 35 o ol 3 azia 3 SLESTL

Wl (JE L i )b SO F

1.2DL+0.5LL
2

A
1.2DL+ 0.5LL
£ ¥+ ¥+ ¥+
1.2DL+ 0,51
X N L I
P
777 77 77 77
SN Sk o g ¥ IS
Load &
P,V M
. -
57 Time (sec)
o 53 05l et O g HU Jlast o g —F SCS
[YA] (s o (Sl

GSA Jodllsgid (0 3Rl o (95 1T
355 B ) ol 40k 2Rl e i) b 5 05l
G s G (Sl s Skl Gl bbb S
Serles Sy 3 ejle 38> e gl et 3 Ld
GSA wliol b, Jdow ol .ol odiioslizal s,
A o dl e 53 03lizuls ) e 6,108 &7 oL plonl
Codo o dl ey il Doglite oI b Al e badig) iy
Jasl ojle JSa ¥ daly Gllae 1585 A8 bl 0
ot 6 el Skl oy o bl ol s s
2 she 5 Sl S

()

G, =1.2D +(05L or 0.25)

' Uniform push-down
2 Bay push-down



sl lay sloew o auulus OIS

25000 15000 «
20000 10000
15000
% 10000 E 5000
E 5000 g 04
g ’ 8 -s000
g -5000 8
-10000 -10000 4
-15000 15000
~20000 0 5 10 15 20 25 30 3
0 5 10 15 20 25 30 35
Time (s) Time (s)
Ao 50 g Ok — Al NV A PR A |
20000 15000
15000 10000
g E 5000
3 5
Q -5000 % -5000
8 10000 o 10000
-15000
20000 -15000 r r r r v T "
0 5 10 15 20 % 30 35 $ 2 19 i ) e 2 b 4
Time (s) Time (s)
(Sle b5) (g0 2l 7 - (Gle 05) (2o 2l L
30000 15000
25000
20000 = {10000
& 15000 E’ 5000
< 10000 =
£ so00 2 0
g o0 S o0
8 -5000 8
10000 -10000
-15000
-20000 - + - - r r . -15000 T T T T T T '
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time (s) Time (s)
. & . w . . L & . - . .
(28 O5m) rbsn S5 L (4255 O 5) rdsn I L
OB gl Ol d S o5l il o 13 e -8 IS OB gl Ol a S 05l sl 5y 13 505 0 IS

it 38 o i 488 O 55 G Aol awlie 55 3 g SE gl Joe 5 D35 wnD Ol ol aly
Aol 536 oo i S gt ol S LS BT amB Ol e 55 a3 Jes BB iy Sgysba b sjle b, b b
AS Lad (3l i )35 S b S sy er S B S 4 (Gle D5 53 b se sl A Sl 4 oSl

43.:.19\?‘5\' Wdhgu)za-\ﬁj)&:{;d\ﬁj‘j):@juﬁuaﬁ-ud\ij)‘—\ J_gub-

KN) iy by 5 gl et ls
Sl
ol st O o ol ERES NERES
e e O 5 438 0 g e 055 458 0 g
b Y. AVAD YAy VA ‘A
AT Y1y \V5AA Yova,av CAY C8A

sl 5ol cons ez Jl ¢y Sligioni /1Y



...at,uagyﬁdu_f\sgio)');ﬂwdg;)t

b 18 51 ol aib 0 i s 4 5A Gla IS s
Cj'h"'l‘,‘)bl*:‘ 6~\> ﬁjm!)@; J‘f; Lfﬂ)f: J)}.a
A.Nil.in (CPY) U:'J'U}J'e 43\:..~Tj (LS‘) L?’\’. u‘.‘“'.’.‘ L;bjgl.c.:—

el 0

b
o

- bhe 4o ob o] anlen = o

Story No.
S = N W s OO N ® Y

o do of -

0.03

0.02
Drift

0 001
T Gdee G g
T U8 P 53 90 215
T Gl g 53 ose gl b
- LS
- - CP

b \r o es O gladib 5l 5 O S i A S

}

e
2

16 9

— b e - e e

[
t
]
0 0.01 0.02 0.03 0.04 0.05
S Gy 3 prbge I3 b Drift
-e-lS
- = (P
=g Pl o
e g 3 g 2P

GV 5 st B gladils 1 O i o iy 4 S

ol Olib sluss oS 558 o0 aein 4 5A sl JSKo ) b
oMWJ,#&M.;;I:QT:ﬁ@M’):ﬁ}SJ.:EJ:;\S
2B oSl Gle O g 53 (ab e o) LSl 53 2 3 pd o
2 bedl ol bl el Sl w53 Shas o bai> o
o S oile ab S Ot 3 adge S B35

2 Collapse prevention

VT sl 8yl el Il oy Sl

b 18 5V ol gl 1) Caslie Lasli lude 55V S
s e Ol 1) a8 8 5 Sle S0 5w 45 A ge ol S S
SMis Slb sl L5IB1 L g e edalin S boles
S 258 s 015 oo ol ol Sl n I Canglin L
@l Alees ol Jasa B 5 Ol e Slab slaas 2l 310
PR Ol b gl bl AT ST Ol 4
Br) 4.‘}‘) j‘ Coed W}A G"J"’. LY C,..m.s e)\.w C.:MLM.:-

Wl it I L glao L

Cwglie Ll

10 Story

16 Story

B e oy rdge 5 b
B alyS ga 53 dge 15 L

Gb\F 5V et SB35 Caaglie sl dinkis dulie -V S

Sl g Ol gl (w33 —1-¢

Tl sz Sl s Olsea Db o 08 ok S
WLl 03 91 4 55 D590 0yl gen Sl 5L o el Jjglaﬁ
O ok psgin ) eojle (Sl (WO Lo J ST ol
el cosgie ol S eslizal b33 8 a eslitl 4l i S
b s 3sd o0 drlous bojle did i il OSxS0
Sy s &Y Jad= 53 p3lie opl 58 oo dultn = olas
s se Lg:JgL..ocb)a bojle oo ,& )k, &S L))
el ol 03l OLES !

(1> Shoss s = o 53 4 HSK 5 o Jires e =Y I

&l it J,glaﬁ
Sl ! }
‘j‘}i)}j” oslaiw!
((BS)) aidy
(CP) foile s
10) Sloobw amew
¥ NI | /ey wwug

! Life safety



23 o LS5 oSzl Jolie sl Y 50 gls K s
GBS oy bl 0 0L D 6 B Calzes (glaes gutoms
Sbe Osin ad e gl e )3 45 355 e odalie VY 51
93 6 it ol 3 i E i 55 g 5 4y o
slisleel 4ib V8 5 Ve o5l 53 p sbscnT Glas Glad st
E5 8w 015 o o Sl o U ol gl 4y 4 5
Sl LS 3,05 gl 53 gegn 5T (adn ol 5 oo &S
sl ¢Szatly Joolie (¢ i slin (Sle 0 52w) LIS Ol
3L 55 D6 Casguoms 55 Joolis slins oman 5 355 o0
o Ogn Bl 8 sl ppbm o) 0L 35 S 555
03le GOl 3 ad 8 O Bl I S e e 6 ST
Slojss A5 il Slab sl L150 L rones o)l
o585 edysanl gie )b i JEH s o (612 0jle slisl
Sl sldas (il 311 5 5 e odalive &S 5 sbislen 5 55 5 e
oS ol 0t J S5 D 6 C o3 gome )3 haie n b VP 4,
03l &S5 s Slab (I 1L S el s 1 5L S 355 !
Loldl (I3 L man 5 Lasl lo il ST s
3 2oL OW 55 mbse ol 153 osle LB, slojle
Gl 4 e Gle D5 3 (ad e ol A Ty Al e
Jelos ol alie b s 03 Sl 85 s 53 ad e
Sl o Gl el mls b bt e (Soalus
3 el gs ol & 255 s g (s
b 2ol r@ 23 S s Gl Gane glalaal,
a8 ol il lejle ol Db s adse ol

@‘f‘})}%&‘%@)\f}ﬁ)y)‘})?j

& 15 4o -0

3 Sl o 51 s al 53 sdaTlwse b ol
1,5 L0150 ) 3)lse 4 (s b (Sl

o3 1y Sanslin sl iy o5 b ot o (S5l Julows 53—
2> s A b bl s jastls oyl e sy b
A Jon 5 ey s a4 Ol 5 o Sl 5 455 (Sl 5
ol jldde o Hls Cuglin et ls Ol 53 ege A O g
e Y e e

A Ol b s ol Jeos by 4 A o &

U Lo sloew ¢ edulus OIS

b slaib V8 5V o5le 55 58 55 S Sl el 63 Shes
gl & ib O i Sl i S O )3 adse
O b opl Tl jEKs5 opisp a5 Slas
sSlee 86 D s s b e  dase
Sy 5 g 6,50 Slab sldws il 31 5 el o sl (glo i
3l G S5 L (o et GOB iy )1 ejL
Joddly s ol 2 6855 a5 S o3 OLII L

AL s sy g s Shas ck.u Lis 4,36 FEMA 356

oubdbml folio curoy (qwyp —T-£

A dely Lol A e Jelie Sondy (o)
5 by & Gl el s Sles mhe bis y edigy iy
Sleks § Codo LOT 15 O siw &S (slaslas s s a0 s
o5l oSST eyl slows (Sl (al) sy n 5 Shes pelann
s 0 gyt ol 5 sl iy b glojle O et Jlais ) o
S LU PS8 s sai it (b 53 Al 5 355
ASCE/SEl 5 susiaws s lojle slael Olyss b has
Coslis Kb w5 4 C 5B bl s s 0l 1, 41-06
M,:M&Jm@».m@_@@,m,@#!ﬁu
syl CaSs Sl otasO E 5D bl .ol adyl e
3 Shos o Sl Sl god S35 p Grmmen Ll o ol
CP) (b 5ol LS) (a5 5 eslizul 03505 [0) L5 )
el odosls Olis (olg Cula B) 5 (2555 ek
los 5 dites b 8 B, D 5 C s D@l s
AT o s ASCE/SEI 41-06

4 b

1----

[¢

¥ QIJS"’

[18] Lt slas! glulem b ot e dal, -V Ko

=

==) i (s

sl 5ol coas e Jl ey Sligioni / 1+ F



...o‘f..aQ&m&éhgﬁ&‘oj)éﬁh&&\ij)‘

ol G b 4 5oB el s § 03 mdsn A (K35 S 3,8 0 5K 5 o o petls B S ads

G S ol Canlas 2alS sdasplss &K el oyl

AS@Jw‘a)bjljdjg‘ﬁj‘d\:ng}h)JW}A J‘:"C;:JSM:‘SA ol be@aﬁ)w\ W".ﬂ LS"J’.

B ondge o5 gy B alisS et 50 ordse ol B dle (5t 50 o505

120

101
100

@ =]
L=} (=]

=
(=]

oty ool Sty Juoline ol

I0tWLS

1 o 0 0 0 0

LS to CP

I -

CPtoC CtoD

b )t il 53 el ESauy Sl fuade slix ) V) S

o3 P gy B absF gty oadse i B Gl (g3t 50 dee A

138
131

(-
=
o

Laa ol
o
=)
=)

(=]
(=]

ouuld ozl SLily Lol
o
=

F
(=]

b3
S
o

[0t LS

LS to CP

CPtoC CtoD

il V9 o5l 55 sl | oMy s feate 3lin ) » —VY S

g)j:.w BL g}’"’l}“ LS"J,. 4{;:,..»:‘ L5“>- DL Ui‘ C;...m_:; JEJ)}A
}@\J#))}A)&&nﬁ)) G@}}:J:Gj;tsgﬂ
Lo et Gl (a5 0 Sales (olie Oljee &
2 Eon Sl 5 b ol e L gie (5 S
5 s Lis 4 506 FEMA 356 faallysus ol

.&;—N‘JEJJ)}A
é:ﬂt..i} Jdoss 53 aldoll fols Curdy pwyp b -
23 s A 03 8 LB E s 05 e oSl s
S s bl ilods sl (6 S Joolis slaw Sle O g2
gl Sl e Joolin ol i D 53 adse
10 lods ot & amb 5,05 5 LlaadS (LS) b 5 Shes

VoD Jsh iyl ol o oy Sl

Il Gl el alhn polee ey Lo-
(slaib 18 5V lasle s el plde cboaKobs
s 3 o5l 53 b n 5 a5 55 s Ol 0
o)l By anslis 535 1 st s JB ST oSl Db sl
ol Sk slaw il 3l &7 b S amis Ol 5 oo opl ol 63,0
GRS 35 a5 e oA L el il

.MJGA
Ol o gy p (Sl 55 Dlib i O i gy -
gl Lim 53 e 5 B 50 s ol g S
Sl )3 o8 das e O dbols gls 3l 1 o)L s Shes
s Shes C“‘“ bis 4 5B o)l m&; Osiw o3 ol



Prev. Progress. Collapse. Rosemont, Illinois. USA
Natl. Inst. Build. Sci., (2002).

[11] Jahangir, H., Bagheri, M. “Evaluation of
Seismic Response of Concrete  Structures
Reinforced by Shape Memory Alloys” International
Journal of Engineering, 2020; 33(3): 410-418. DOI:
10.5829/1JE.2020.33.03C.05.

[12] Bagheri, M., Chahkandi, A., and Jahangir, H.,
"Seismic Reliability Analysis of RC Frames

Rehabilitated by Glass  Fiber-Reinforced
Polymers" International Journal of Civil
Engineering, 2019; 17: 1785-1797. DOIL:

10.1007/s40999-019-00438-x.

[13] Shan L, Petrone F, Kunnath S. Robustness of
RC buildings to progressive collapse: Influence of
building height. Eng Struct (2019);183:690-701.
doi:10.1016/j.engstruct.2019.01.052.

[14] Abbasi S, Mirza’i R. Evaluation of the
seismicity of concrete buildings relative to the type
of failure indicators and fragility curve drawing. 2nd
Int Conf New Res Find Civ Eng Archit Urban
Manag TehranUniversity Appl Sci (2016) (in
Persian) .

[15] Sadeghi, A. Kazemi H. Evaluation and review
of Damage Index failure theory in steel and concrete
buildings. The 2nd National Conference on
Research and Educational Development of Iran’s
Urban and Environmental  Architecture,
Tehran,Permanent Secretariat of the Conference.
(2016).

[16] Tavakoli H, Akbarpour S. Determination of the
strength of concrete flexural frame under
progressive collapse using Robustness Index. Paper
presented at the Sixth National Congress on Civil
Engineering, Semnan, semnan university. (2010)
(in Persian).

[17] Mehrabl F, Kheiroddin A, Geraml M.
Assessment of progressive collapse potential of
steel structures thatdesigned on iran code.civil
engineering. (2015). 2-28(4), 65-72. (in Persian).
[18] Frangopol DM, Curley JP. Effects of Damage
and Redundancy on Structural Reliability. J Struct
Eng (1987) ;113:1533-49.
d0i:10.1061/(ASCE)0733-9445(1987)113:7(1533).
[19] Ito T, Ohi K, Li Z. A sensitivity analysis related
to redundancy of framed structures subjected to
vertical loads. J Struct Constr Eng Trans AlJ
(2005):145-51.

[20] Kim J, An D. Evaluation of progressive
collapse potential of steel moment frames
considering catenary action. Struct Des Tall Spec
Build (2009);18:455-65. doi:10.1002/tal.448.

[21] Ito T, Fukuyama T. A Potential Strength and
Ultimate Behavior of Framed  Structures
Considering Catenary Effects after Failure

U Lo sloew ¢ edulus OIS

Sy B ol bl o gl 534S 5 8 s Ol 57 8
G Sl M & 5L 5 azsls 5 oligy i gl & L ablie

el
bVt o5l 5o &S L3l ) Ol 5 g ekl Joolin gy 1 L -
rolin sl Esl a2 8 0 g o 0 o oo 0 g2 2
Db 5l ies 5 ok el 035k I 25l (6 R

&lw -1
[1] Gsa U. Progressive collapse analysis and design
guidelines for new federal office buildings and
major modernization projects. Washington, DC
(2003).
[2] DoD.. Design of buildings to resist progressive
collapse: Unified Facilities Criteria (UFC), DOD
Washington, DC. (2013)
[3] Ellingwood BR. Mitigating Risk from Abnormal
Loads and Progressive Collapse. J Perform Constr
Facil 2006;20:315-23. doi:10.1061/(ASCE) 0887-
3828(2006)20:4(315).
[4] Alashker Y, Li H, EI-Tawil S. Approximations
in Progressive Collapse Modeling. J Struct Eng
(2011);137:914-24. doi:10.1061/(ASCE)ST.1943-
541X.0000452.
[5] Liu Y. Progressive-failure analysis of steel
building structures under abnormal loads. A Thesis
Degree Dr Philsophy, Waterloo, Univ Waterloo
(2007).
[6] Lu X, Lin K, Gu D, Li Y. Experimental Study of
Novel Concrete Frames Considering Earthquake
and Progressive Collapse. Concr. Struct. Earthg.,
Singapore: Springer Singapore; (2019), p. 29-45.
doi:10.1007/978-981-13-3278-4_3.
[7] Eren N, Brunesi E, Nascimbene R. Influence of
masonry infills on the progressive collapse
resistance of reinforced concrete framed buildings.
Eng Struct (2019);178:375-94.
doi:10.1016/j.engstruct.2018.10.056.
[8] Ferraioli M. Dynamic Increase Factor for
Nonlinear Static Analysis of RC Frame Buildings
Against Progressive Collapse. Int J Civ Eng
(2019);17:281-303. d0i:10.1007/s40999-017-

0253-0.
[9] Jahangir, H., Karamodin, A., Structural
Behavior Investigation Based on Adaptive

Pushover Procedure 10th International Congress on
Civil Engineering, University of Tabriz, Tabriz,
Iran (2015).

[10] Ellingwood BR. Load and resistance factor
criteria for progressive collapse design. Natl. Work.

sl 5ol coassler Jl ety Sliions /11



...,1,@gcl,wﬁéugu@,;,n;w&@l

VAV 3l 85l ol Il oy Sl

Mechanism Formation Subjected to Vertical Load.
Theor Appl Mech Japan (2011);59:29-38.

[22] Choi JH, Ito M, Ohi K. Prevention of Building
Structural Collapse Caused by Accidental Events.
proc. 2nd Int. Symp. Improv. Struct. Saf. Build.
Struct., (2007), p. 85-98.

[23] Kim K. Evaluation of progressive collapse
resisting capacity of tall buildings (2012).

[24] Ito T, Takemura T. Sensitivity Analysis of
Redundancy of Regular and Irregular Framed. Int J
High-Rise Build (2014);3:297-304.

[25] Abbasnia R, Yoosefpooravandarl A.
Progressive collapse resistance of RC framed
buildings with defferent ductilites. Sharif Journal of
Civil Engineering, (2016). 32.2(2.2), 3-10. (in
Persian) .

[26] Jahangir, H., Daneshvar Khorram, M.H.,
Ghalehnovi, M., “Influence of Geometric
Parameters on Perforated Core Buckling Restrained
Braces Behavior (In Persian)” Journal of Structural
and Construction Engineering, (2018),
doi:10.22065/jsce.2018.101904.1359.

[27] Agency, F. E. M. (2000). Prestandard and
commentary for the seismic rehabilitation of
buildings. American Society of Civil Engineers
(ASCE).

[28] Kim J, Kim T. Assessment of progressive
collapse-resisting capacity of steel moment frames.
J Constr Steel Res (2009) 65:169-79.
doi:10.1016/j.jcsr.2008.03.020.

[29] Khandelwal K, EI-Tawil S. Pushdown
resistance as a measure of robustness in progressive
collapse analysis. Eng Struct (2011);33:2653-61.
doi:10.1016/j.engstruct.2011.05.013.

[30] Management and Planning Organization of
Iran. (2009). Instruction for Seismic Rehabilitation
of Existing Buildings (Code N0.360).



Abstract

Assessment of Seismic Performance of RC Frames and the Evaluation of
Robustness Index for Progressive Collapse with Alternative Path Method

Ashkan KhodaBandehLou *
Assistant Professor, Civil Engineering Department, Faculty of Engineering, Urmia Branch, Islamic Azad
University, Urmia, Iran.
Sajad Beyza Ghalghachi
Ph.D. Student, Civil Engineering Department, Faculty of Engineering, Urmia Branch, Islamic Azad
University, Urmia, Iran.

Abstract

Engineered structures are designed to resist all expected loading without failure. However,
structural failures do occasionally occur due to inadequate design and construction, especially for
extreme and unconventional loads. In terms of progressive-failure in structural analysis, it is
important to determine the most vulnerable element that are capable for destruction with
improving these defective elements, the performance of whole structure will be better and the risk
of progressive collapse will decrease. Progressive failure is the spread of a chain of damage from
one member to another in a structure that, following local damage caused by the removal of one
or more load-bearing members, begins and is disproportionately transferred to the other members
of the structure. The whole or destruction becomes a large part of the structure. In the discussion
of progressive failure, determining the element that has the greatest potential for progressive
failure is important. Because by strengthening this element, the performance of the structure can
be improved. In this paper, the progressive failure of two reinforced concrete structures with a
different number of floors (10 and 16-storey buildings) using nonlinear dynamic analysis is
investigated. The analysis and design of this structure has been done in SAP 2000 software and
modeling has been done by creating local failure in the middle column and corner column under
the influence of three different acceleration angles. The relative displacement of the floors, the
viscosity index based on the maximum base cut and the formation of plastic joints, and the
possibility of progressive failure based on existing standards and design based on the GSA
guideline alternative method have been investigated. The results of this study show that in
reinforced concrete buildings, the bending frame of the corner columns has the highest potential
for progressive failure. In addition, the results show that structures with higher heights perform
better against progressive failure.

Keywords: Progressive Collapse, Reinforced Concrete Frames, Structural Robustness Index,
Nonlinear Dynamic Analysis.
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