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The Effect of Earthquake Duration on
vulnerability of Concrete Buildings

Lila Mojtahedi', Hamid Saffari?’

Abstract

he earthquake duration has a significant effect on the amount of destruction of structures. Some samples of

The earthquake duration has a significant effect on the amount of destruction of structures. Therefore, it is
important to study seismic sources that can produce earthquakes with a long duration in Iran, and the effects of
long duration on structures should be considered at the design time. This problem is not just due to a long duration
earthquake, but also some large aftershocks can make destruction. In this article, the performance of concrete
structures affected by different durations is studied and the effects of stiffness degradation and strength loss of the
structural members under cyclic movements of the earthquake are assessed. For this purpose, three concrete build-
ings like 3, 9 and 15 stories have been modeled by finite element software Seismostruct 2016 modeling and have been
affected by energy scaled records and same soil conditions. These records are different in terms of effective dura-
tion to can study the behavior of the structure in different durations. The results of non -linear time history analysis
of the structure under mentioned records indicate that the number of plastic hinges and maximum displacement
caused by earthquakes with a long duration is much higher than those with low duration. Also, the study of the
behavior of buildings under earthquakes with different duration shows that earthquakes should not be arranged
according to their apparent durations. The number of cycles of the earthquake with high accelerations to a certain
limit increases, the more effects on structures is increased.
Keywords: Effective Duration, Concrete Structure, Stiffness Degradation, Strength Loss

1. M.Sc. Civil Engineering - Earthquake Engineering, University of Shahid Beheshti, Tehran, Iran.
2. Assistant Professor, University of Shahid Beheshti, Faculty of Water and Environmental Engineering, Tehran, Iran; Email: h_saffari@sbu.ac.ir



&lojls plgd e

0 &S cuwl \dlD}L.’ P]a) UL") ‘Plﬁb uLo) hypal O::)J'DJL.J
Sl oS glasye T s sl o ey salolb cinyas oy
o galiiody S ooy oo ylie Sy 5l ey Sy
o W] g abaly ol 53 -39 00 a8 jlas o alily lej
15 sl a8,E a5+ /-0 g wilil Clis bl 1y A3y olo;
Ll dzg s 4 i Sl Cuond )3 9)58) JS cipas o5
bt S b @glize Mol calily 90 ol (Koo 5 Canas 0085
s las ly ol pled ley G by st
S lgiSy lgd ko

ko 38 o a3 531y 0)58) IS wlpogas a5 Ko iy
oy Jold pon ooy e oyl 99 o 0pel b lgiSy oylo;
! Y] o 209 o0 jaia cpane slaie S5l i oS o
sl 03905 ylae + /N @y /0 Ailil e 9o b Iy Cisyas
PRV PLILINY

oS Al (5531 (2o g5 aapad sl pgu (g dtod ol
e cigyad ol Lol 3038 o s <SS Sl 31 ool b
u«:Lul).g)lbLguw uLo) Gido 09 g0 aAl|9'> Y)I\)Lgbw uLo)
gy ool 125150 25 g0 dpmslone ey Sl gope J1,S!
1wl )

T
L= a'()dt 2 b,
Yg o

Gl 9)sS) lawgs a8 cunlt ¢log yo Clesa(t)alaly ol 5o
» b)|5 d)).»‘ U‘)‘m L;b.\.z.hbol.&." IA5 dgb o (yauine el
)IJW ]) uLo) e U"L’)T [WIRW) ul),u.ﬁ )l\)yw’ Lol o)’L.u
A o ol |y T3 laiges | pgas g dials o [VF] dmsgar

omwwfwbwa&)l‘ﬁww}@)bw
o505 oloe Cannd .ol P zlgsl isusy s bgyye a5 ol
Ay ol g39)5 (55l & banye g conl a5 b (bl
L )lages  las] Coound it + ol xbaw g0l §S el
@ sl o job & &S (rlaw 5 o> glgel 4 5 cul oS
o903 31 Ceand s 398 g0 bgaye iy o el
sl i g0 (S0 ke S )3 dusged

e 10)0 &S Sloj (g alold 090 415 sme plyd o)lo
alols olol (g3l 9 Sk by cinpas s glace
18] sl o alyl ob)l Gt 72057 8 o  Slo

L slozy) plgo calises (slayiolyl  Suoan §uivss S 50
Cunl 0y gy s o sojl g5y wylud sl yasls
4 diwoly plod wie (gladaliy 51 gl dlass pismen [VF]
Ao )3 plgice ly loid S92yl Sl o3l (wiige
oS 58 Slpidy & gy Slizee sl 5 [WV] yrasgla Ll
S Gl cails s & Wsh b gysb Wb sl
Lgd‘l"““ﬁ 4 ol LJ[A.C‘ dl-‘”d))-")“)* )9 WaLQA Lg‘).) d)).)l

dodio

2 s S8 5l ey dagys iz 5 Sl ke
3ol ) bglaxdbe y alily 5 o6 bl Gliee
ool glgil cunglio g (o als wsle (Sojed slaanlys
Wlioo 3925 @ Ay > 50 4 a5 s (sl S sl 4
oy saneld ST s oS e b eSys S5 Lyl (S
Odmy S ol JSaw (BB i ol (Sen aal axaly
b eSO 500 Byb jlwless sl (Sisewd 4 o3l
sl B GISL sl JSw (sbo o lol bausgio (g4l
3 a8 ey @l L 0)S dalss dlool laojlw yo  ol)s oloul
ol o iy g wilowds ags oly s 9 Bys b slolags,
o 25505118 05y o318 31590 Jeolsd 0 o lade o
s lojlus 5y (ol 31t o)) 005 (gho (lolej o 5oLy
Flie > b g Jooui byl b gblio ol )3 0t as b
oBasbs SB bl 4 a5 b0 |y ey SHsb 550
] asb axsls

om0 31 [¥] 3905 (lo3y) eBy3 b ot byl s plgo
@l b ol (o3 olee (elarly g2amte ol Siimggy Koo
hSod 5 sly - wilodges dalllan |y o) Aiogyes iz plgd
b Gy SR e SSH> e S o wilools Slprig
ldllas 3529 b [Y] w230 il ) Sl p (1L
5 ) S8 S plgd e wlasuive uyp lp e
saalllan 45l se plgd e 5l aglite e piz 929
2315 952 laesles 2 4l pl5 55 (o9 b byl o (i
s clogyd bl (sladsl oyl 55 plgd e bl puc
2 plgd S (ol ey SBolee & 68 T s (sl
Casl 0 b claclis (el < alye Yol b dulis
& aaly lods 9y @ledbl FEMA 440 Jasllygiws [ ¥]
A5 50 b e o lagpleasle dles 51 laojle (gloJae
s gt (Seoled Gl 9 Coglie (0l (e Jlgy 88
S g (sdm dus B g Baiiz S50 [ 0] sl 00l &Sl
oo 05 srojl (sodig ey (2 85 50 )0 b cenglie
g0 & o il plgd (s 39581l [F] el osit gy
A V] ol odis gy ojl y aosyd o g ol (slaalsl; )31
s yas g L;QKWLO)T S0l Glwaud b Jds poogtle [1
S92 5 By e S 1) (B 5 cueglio JalS
L] el 0dis guyp s oy (sloojl

1035 plgd Lo gl
sla vy Lais Sy plod gl e s b alasly yo
WU e ool g Cliogas 1 eolitwl L glase
Plg> loj hpas & (plag gy )1 292 Ay ooy —oles
e el Ot cluogas 5l oolizl by aas el
225 Gllae dwd 4w & 0l o S0 2 skae Looj ey (S0

W] .))5 (ol

WD
S

SRl Ly (553 coommal ol 51 A3l Soj (505

chtd

3



100 - 959,
e e e T e e .
90 - ]
|
80 - |
|
1l |
) |
b 60 b 1
3 : HUSID PLOT
3. 50 |
J i
40 i
)
] o i
|
20 |
|
10 " 5% / Duration=26.5 Seconds J!
0 2 1 1 1 1 1 ' 1 1 1 L 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
[YF] g 515905 2 yyguadi
-l.:—]-! e ) :
ot 15-0509 Da: 21.28 i
Ariag Intensity 7in/s
| T ,
3 E
= oalt i Hollister My 5.45 i
2 i :
o= i r r
o 0 50 100 1%0
T : T N )
8 ok i "‘§5-95°o|:|‘s-813.15 |
T i :
]
T WM‘IM&I’\\’P&';}I:\? Jh‘”‘“‘n‘ww‘-'_ "
a1k b g = i J
! C.lu-C,}u Taiwan My 7.62 apiasiintensity: 16 inis

0 50 100 150

y (a)a Tune (=)

paylioles [V wgliso plgd 3loj g HLwST PGA L il 90 (Sumlio :Y piguai
C lz‘u. > L & o & & S oal . . & R e o0 . e & o a0 . Ry . &
e 3y)ly (oipl plos cdisl odid 3yly (6351 5] yrds o dloul (g5, U 305 ooy Sy (65l sliold L il anislo |y ey s
adliliadys 5 (2o lawgi oy cSy> ley e Jobo 50 3l ol 3yS Sl cpied piwsla Ll A plgd de 5 s
gy ) )

2
E3
By
2
)
P
]
2]
‘%
7
D]

3 ool oyl 90 30 Wlgi o cpiman o 3,8 dalys Sop V-] JFgilo g laimy g [NA] pois (sloaidl b amets oyl . o]
kS A8 S8 sledle 5 (639)5 il Lol Gl slalaly S92 odmadlis &S
é 5 Sdaie wa}g uls),;u 2l 9 s Lngo)’-Lu o3l (slas > i) caliwg 4 oab als (65,51) slasy> (g5l
2 Srdcan! 9 » baes Gliixe ditwa plicuwl )l b (el bgpe ol ol Bl Sitdhy JS pss 4 &S
)

&)y ez ol 0,8 0 W iyt Olos sa5 >
o il 095 o0 03l & (i hlud el Sl 2
29581 b [N 93,5000 o3l (Blgyd sl (3> hlus
oz 5l ojles by & a2 gi b (e g canglio Cl oy
355 )iy oyt 3255 iz 50 4l glise of (508 IS8
hspd (Sl Jlod )3 ojprens sloasyy gaidl
VY] ol ol awyyr alisee gyl S b dsyl o slaojlus
Iyy
p35l8%0 5 (2025 ol 13 (05 €S> oy o S 5o
ouiplyd il 5l o3 (boyd il gpSole 4 P8 ol Lo sl

515 Byo b ey sl 0w Lol (s,

SO plad i ST s @i o b uey e8> 95 y0 oS
Sl g1 sl S Sy 5 Al (6,500 5 it < Sy>
Jlde cusslBS ¥ aS a0 4Li ¥ joguad il Joline s
byl plgd loy a8 > 50 Wyl Glie (PGA) poiSle wliis
Y] ol esglize
5l SLolEs (50,by5 gy 3z SO A 9550 9 SOl
&S a0 o olis @lalllas (ol wslesls ploul iy o oyl
e S8 & o3l (galig 4 ey Sy 3l (53l slolis
5l ol bolyy 3580 B Sy Sl (198

basye oymeh (598 8> plyds @i b b o 25l 5 (6995

Stojle S50 008 o Coghi sl oy Sy plgd e



Syl o glesdly @y ol ) by 03,5 00 (s
[0 2lo8p058 yrass 1B e 5 0

Cuwglis 5 (Buw Sliuss saalllas gudsd ol 31 Bun
b cslaally 1l o o casl it cdSul b loglazsl
sloyabl (salS b LISl lasS 1,8 cilisea plg
Silwand g o sgladle (o g cuglio (1ol 5 35
s sojls ad et Jlows lidleys 5o o ludy g s sesls
oslind g o lellas eyl gl 51 ool b -3, o 590
Sl 3 3l ol sl gosile b bl omlie
905 ol (g3logs 9 Cop3 b ddome (sooliul

BT (g,
oolbiu] ddds V0 5 A ¢ ¥ prhuns oyt OB s 3l dalllas -yl o
Sy 0 casled aw b X clwly o laold L cawl oui
2 g ol cwl je YV olib glis)l g cwl
Y paai §llas SeismoStruct 2016 ,l3lp s lhwgiXZ (sliwl,
Pl sla ot sz b bl 3 s (giladJsa
ol b anl ploul gla oo (calS 003 o lis bbb asdl
Canl 48,8 g0 04 il g SuodlST sy o l5dlays
odliwl pae & baype Joio slallas 5l j90 4 b 29)5 4
Sl grizmen ol Walidleys plo (ol (gases |

e il ol @l ol 251038 355 B (sla el
cov Sleisle gdlas ;5 boww] ez 3l (5L cuslio 5
A =Pyl pizen 5 Sy (gaiah b Sl (slaasy>
sl (A3 laalily 5l (b ossle (b (plwle 550 oS
wlaside g)3he )b dy Ceoglio y (e alS 29 oo
Az 5 A o yl8 Sl cod ]y sdsdcawl (sojlw (Siolid
g2 dnlgs 1850 10 o claally )3 Waojlo gl (5 50

3 o] ez 050 o (g 48 el 03l i gl
Galiseo cla Jlgi ol o ogdhe 13 anles alial | Laojle
Lol o1y (Sluse (23 sladge luse 639)9 351 A
LYF] s aalgs cucls

Mo Sl ot S5 s o e 0 (lias]
S las Cueglie (1alS oi g S (malS vl (S
B0 (s 3 iyt Jho QUL ¢ (ad iyt Sl )
Wb oty Sl Juo . 5)l (glofg cuenl o3l (Soliys gl
o33 5 d3led Szl (Bly iyt 113y b ol ()lu3) oz,
L8, a5 olen |y caglie alS wiile else

Slos) @l Jlgj eyl 4 sl ools ylis @liiss
el & 14558 @ w5yl5 a3l lane i slolos s
Gl sl loxslo gad el b s yoxin 7 Fojl i caoglio

45.5.‘0\0;:)[3

- = - - = =] =] [ -

Julexi )90 SO Y ygucs

WD
S

chtd

SRl L 5y A I3 Sloj 505k

3



2
3
5
2
9
Ky
]
2]
2
;

S leid b (gl &

Chr e

/Y0 g ol g1l 95 S Cinb ol (8551 4 o0 wlido (sLraljl; olasins 1) Jguo

PGA | (Sec) jao oloj |  (Mw) 3 Jlo o ausl slagg, pb s,
Y5 v.,qy [ ¥4 ool Kerman Bam \
LYY 1$,14 $,5 vy Gale Ganj Bam Y
SPYY YV.FA P Yor Colonit e v
SYov YYry 5.5 Yor Andoohjerd Bam ¥
SYEA W,AN 5.5 Yor Eat Bam 0
STY Yo 5.5 Yor Horjand Bam 5
SYYA YY, 0 5.5 Yor sy Bam \
LPT FV,\E VA" Y. North Shore Elmayor A
LVEE VY, EF Y.y Y. Moreno Valley Elmayor q
LYOV £.,9f $.F VQAY Parkfield-Cholame Coalinga \.
N AAN fE.A 7.f \AAY Parkfield -Vineyard Coalinga |
WS Goud b laalily wlakdun ¥ Jyua
PGA [ (Sec) F3o oo Wom 5 Jlo N slagg, pb i,
LYoy YYrY 5.5 Yor il Ea \
LYFE PYLEE V.Y va. Moreno Valley Elmayor %
LEYY FEA. Y. Y 144y Inglewood-Union Oil Landers v

YA+ el ¥ g5 S g5 5l Ban olKisl cunss a5
YA+ aslinsl Gillae a5 0l sl 35050 b s ted ) 5
il s 33,5 QB! V0 gT sl Slis ol
YA+ gasbisl )0 ool &ill Laulg, @illae oSslu ol 2 )b
S Seismo Artif 33l 5 4 g acule (p)lex Ralng)
ouls bl sleo,eS ) (gadS JI38le 5 cpl b aalol jo .50 )3
Cldasin 4 axgi b g adl O U+, F 0,00 (godgazme o
ooy sails ;o (Y0 g e Sl L) Bow )b b
a5 63959 5550 ;b LI ol b oins 3 whio 5 Lol
aS Ll 5lage )8 eSS el plod jo S Ll b g
leoslGolid Sy et Bl ploj 50592 )3 Lel cal b
Uilpg clacaliols wils 04y byl peuSle wlis 4
=548 03ga5e 4o Seismo Signal ,l58ls 5 Jawgs \o.\;m 0l
shls a5 slaalils aslsl jo ool s 5,0 YO 5 /Y oy
] sl i sgume ;3) e Ly pagSle Sl
ol Gl V) wogs ke plgs ey bg (+,Y0 g oad
Siesmo Struct |38l ;5 lawgs o wios Q! (Y Jgaz Gillas

W0 8 Jleel sl

,55Lo Perform3D 5 Sap. Etabs ,l331p,5 sla o b o Judoxs
55 1 A o &1 oS0 gy s Gl
sals g B Jlgy @lysl oges bl jo SeismoStruct
03,8 ool los Julows o o5l calises (cla Juo b cunglie
So pln 5o pelie e 5 o 0 g9 5l Lol
2 baojl (gl )58l sl chas LB gy 5l il
wsly bl ol L5 3oy b ailate o ¥ g3 Sl
3o ACT D=1 sl Lolol s Lael 1L ol
o Dlyyie il Cone Glie p g SL Ll W8S
Vg Ve cudi apl 5 Sk oniy b 5 Cunl e be
el o fe 0 S kS
9 4By )18 Jlows 9y90 oo (Sslil (g, & Il o3l
a5l cllS Y b s 9 00 zlyScun] digo ablio
axso)b st 3JUT cod ccglite slaplyy e b calisee
NOWPTER e BRI IS
W0, bl Gglie slagle; boyeS, VY LT o
oas ,uld Seismo Signal l38ls 5,0 lamyl Sbxil slas,sS
oobie el ol Seismo Artif l38le ) ey
Sl O yg0 (s LGOS (40,5 ulide (gogs .l 5



0.4
0.35
03
0.25
0.2
015

0.05

-0.05

Acceleration(g)
o

-0.15
-0.2
-0.25

-0.35

0.35

Acceleration(g)

-0.15

-0.3
-0.35
-0.4

Acceleration(g)
[=]

ELMAYOR-MORENO

Time (s)
5 10 15 20 25

Elmayor-Moreno 4yJ; 5,55, . 4l

LANDERS

Time (s)
10 20 30

Landers ajl; 5,55, .

BAM-ANDOOHIJERD

Time (s)
5 10 15

Bam-Andoohjerd aJ3J; 5,65} . &

sl gaalyl; 8,65) :F yuguas

40

20

30

35

50

25

kTS b (k] o 2 A3 loj (503 S



\

[,.m};l.:, oyl
Oliuanss 9350l

\Y4A

SR keiS b (ks ] o 52 A3 loj (503 S

o

Displacement{mm )

Displacement (mm)

Displacement (mm)
=
=

-300
-350

300

200

300
250
200
150
100

TERET .
h & L
o oo @

=200

o)
LA
S

ELMAYOR-MORENO

Time (s)
0 5 10 15 20 25 30 35
Elmayor-Moreno ajl; cod pbs 400 punis . all
LANDERS
Time(s)
10 20 30 40 50
Landers aj); cou pb S yunis .
BAM-ANDOOHJERD
Time (s)
0 5 10 15 20 25

Bam-Andoohjerd alil; cox ol S puss .z

S GLrally o alub 4 OB b o ynki 10 g3 guct



Cabybs 4 (5950 (o Comd g -y Jlasl )0 2l
49139l )90 50 dpdy oo yge llan e ol ) lid
g bl o8les gshw ol 0ad pastie 394 5l 0lyg0
4y o oolbiwl cobilB 0Slos diwd dw jd Glygd liwe A
dge3 cinyas (CP) iy (s bl 5 (LS) Sl e <(10)
sy cod dids A OB yo si Sl Jolas ¥ Jods yo
Ll 0l o.)”] o oyl 0,Shas o dw jd bl

e cglogd plgd Gl L Y gt gillae ) (gees
e il b Sl oS s

Sass cglogy pled Giolidl L ¥ Jgan Gollas oY (gazs
Sl Gl ojl (oloxl e )18 5 9 Jolie

logas o3)ly ol 5153 Lol (oibly i) oy (sl

ol Sl Jooss w51 3L &S oyl 5l 2L oyl
basly el 53 - ol 138U (e glabg, jl eolazl wusl
Wz slagaotie b b g by jl wel Lasl (Jas 2 )18,
Sl b (bl slol Juusly g -390 0215 (5l (o
JrS bl ) (Seadly Juate) glatio yuslyes )3 (S b it
(roeSlo y97e 9 (B «(diod la 23 b blis julas) ol
bl ol (s e k) (gilodae 3580 )8 oy 950
(olasBl conglie comnd § (gymad b gl Joli) Sy
8% H5le)l oys a5 cdbgyye gblis cogas 4 a2g L
oalastw! baslpis ¢ b il Moy d o Loy )0 0l 00y
Jsb 50 5 Szadly Jolae (go09uxe 15 (ope (s8]

I I0 10 10
mLS m L5 BmLs
' W cp ECP HCP

. "
: -

[ I

Landers Moreno Andoohjerd
a3l il o Al 4 OB 50 ouud Sl Seiwdly Juolie i yiguas
‘s’l:'é‘.ﬂ Slradily caxi addo 4 O 5o ouly i Juolio (Gaumlio :¥ Jgus
255, pb (Z30 6 70) 355, 5l ply 10 LS CP Siadly Juaia g3
Andoohjerd Yy, v q
Moreno YY) E I 13 Y
0 Julis Juolaa slass
Landers FF/A % v 13
340
320
300
8 .
E 280 | Andoohjerd
E 240 Moreno
£
8 oun W Landers
[10]
=1
e
o 220
200 W —
A‘[\dooh:"crd Mofeﬂo La“dc'fs

i A 0jlw 50 L K0 gt (Gl 1Y yygua

kTS b (k] o 2 A3 loj (503 S



AN

PA;};L:, oyl
Oliuanss 9350l

\Y4A

SR keiS b (ks ] o 52 A3 loj (503 S

o

120
100

(=]
=

=
o

Displacement (mm)
1 o
= =

=

20
-40
-60

-100

150

100

50

Displacement (mm)
o

-100

-150

120
100
80
60
40
20

-20
=10
-60
-80
-100

Displacement (mm)
=

ELMAYOR-MORENO

Time (5)
5 10 15 20 25 30

Elmayor-Moreno ajj cod pb ¢S i . !

LANDERS

Time (s)

=
—
=
(=]
=
7%}
=
F
(=

Landers a3 coo pb 8y . o

BAM-ANDOOHIJERD

Time (s)
0 5 10 15 20

Bam-Andoohjerd aJj; co pb 80 yis .z

Sl Gyl e A ¥ Ol el (50 i 1A pga

35

50



10 IO
F 10
| L5 B LS5
B L3 = P
E CP B CP
Landers Moreno Andoohjerd
al3l; il e Al ¥ OB 50 s Sl Soudl Juolin 14 yigaal
(b)Andoohjerd (a)Moreno (c) Landers
6l sbaalyl; jo add ¥ O o suud Sl Lol Gammlio :F Jous
555 pb (ool 248 7805 0) 555, plgs 10 LS cp Siawdly s g5
Andoohjerd Yy, v o
Moreno rY /e
2 g e L&A I o
Landers /A V2 Y R Jolin olax
130
120
110
E
3
= 100
H Andoohjerd
£
§ a0 Moreno
E W Landers
“ &0
70
&0
- dmoh-l“td Moreno {anders
b ¥ (o5l yo (oLl sy adil; 50 ool JuSis Jrolin (Saumlio :0 Jgo
Ll 3 03 ol plgs
. TR . ol (eng 27 10 LS CP % io £.3
K (K 78067 0)s W slgs S
%55 £ ( ) 355, sk ply Lo Y gl GialS b low sty Juaie g9
Moreno Y F v/ § 3
Andoohjerd Yvov A/A o JiKis Juolia sl
Landers FE/A YYY v v

odis kol plsd e 15 50 . 00)S dusle £4/Y g Gl
ol 0l ob)shlbcj

o ool plod late (38,5 Jas 3 | 4 098 o yaseite
I (=l et Sl i Giolidl /Y g sl
ol

4 (b A ylas) Al claojlas 00,8 o ol bl
A5 )L 3aioss ol o e ples ol ol
@i sl (S 0902) (Rl ey = /8) Wl (88

Sl iyl « sloj)) plgd (2RI ¥ Jgu> (2lkae

iy A Sy Jolie (039450 g slaas g ply yiSTas
s (gl 3315 L g e (gl Jaloes Lo - sl bl ol
LA (i Baes sy b b Aol 3T sl cone alisce
Ol o] i 40)3 A0 b 0 350 plyd e b &S 408
9 ol 31300 plaxsl g 9 oS Slaplys (S (s Aunlio
plg 5 0,8 Gl /¥ g b plp Jlas Cled skl S
Sl el by g olus 5l jabo gadasd 5 bbewBolu

kTS b (k] o 2 A3 loj (503 S



R
4%.

SR leid b gyl Sl 51 a3 giloj (505

chd

aib ¥ go3lw yo (Uil saalyl; 4o ool LSCiS Jrolio ammlio :# Jous

285 pb EeIY g5l Gl L 9l oll 3 00 Z Mol el wlie plg3 9 olaj b Usles byl b s0354200
Moreno Y /5§ Lo,s YALNF

Andoohjerd AJA Lo,5 YEGY
Landers YY /v Lo, VB

Ao 10 sojlw yo (Sl vadil; 4o oo JuSid Jolio (gamslio:Y Jous

355 pb (1306 70) 3,55 5,0 plg 10 LS Ccp Sl Jaiogs |
Andoohjerd Yy v v €
Moreno vY/F \ ¥ A 0 Julis Juolaa slass
Landers FE/A \P
ol yiSTas ola e puss jlade ¢ (glojy) plgo aolidl b &S &l 3)sS) plsd Z3ol 4 gy ool 31 000,8 alanSle a3 )gS) plgo
22 dbie gieldl ol byl o8 )l8) 55 5 Jolie slaxs g (535 aib A go3lw

(55 S Bres gy S Al dus (o3l Jad s Joloos
s )2 /Y g L ply (Jolas Clats (gl § w88 plxl plyo
alasd jIExcel 33l 5 g b caBo olis plgs o di 4x8)S
A8 Aot /Y goles | el bk /Y g Gl 3l sl
Gl E /Y saly  od ol plyd jlute (18,8 s 1o b
ol Sy Jolie 5 (sbxyl yu2 bolSe yss il
43S 5y
SpSaz daxie slalilod 3 2350 olis bl
s ISy 1S ol b ail slasjle a5 w08
124 1058 gojlus (5l o el i plyo o] sy )0
Pl8d syl 13 Gy < + /N G yal) yaS sl Gl poluo!
e obisS (claoles ;3 Lol 0,S5 alasde loeusslis
i bl loclis Gulul p wb Laplss canas)
S ez 50 0,8 pll il laojlu 4 s
&= calooks G sl JSuw dlaxi as ya oS il g3 o
2 9 25 ojle QL Do 4 Soop JBliie 39y ylai 5l on
Syl ALyt —asl axsly gyt olid gdteld
sy i ol 4> 5 Sty Jolis 3lass il 5 o5l
9 e dlgy @il (B8 s o b (asyed oo gl
2l ULW Ay ,\».la 9 oL’i9§ d[aao)'lw)é Cm5L5.a
bsleall; 0 Lol ) St Jolie JoSas as)s )
sl ol plo b sl 31z Lagas 5L plgd
cojlas STl oy o gl plo ol LY
b inll gl (ol a8 518y 525 9 Jolie olaas
olisS slaojlw 4 cuns b (slaojlu .A..g))f odalin Y
Az 0 9 Ll ol (g8 0l slaclis 4
ol bl LU ojles 45687 0l 53 g Aty 30 sl
5 raS ] oo xS ks ) il plgd (sapmlons )3 oS
3905 sl ol (glalazs L
4295 b b aBly plad )8 Jlas )3l Clus (gelual . ¥
3 (1S 4 glisyl g ablie 5 dwais dlos 3l o3l ksl &
Liacl )5 Jas et i) dlol el Ol 148 290 4z S Ja

pldasels bt /¥ g olis (godgame ks jslated,
100, Al j wlie slaaials has g aw b
dw glizwl oo il iSuplisebl (gl g alie jsba
0058 Jlee! dis 10 olazslo Jdo » sit Gl 3,55,
g 4wy 53 5 Al o bl 4 ous JSas Jolae ol
sebds ¥ Jsdn 50 Julod ool gols 1000)8 dnule 0 Sles
sl o Zolts 4o 4 (gojlus aiilod gl 5 sl ool dodls
03l 32 5yt 335 3208 gelial Ot 2l (slaojlus ;> oS
3wl Jolie cuipi b Gillae (bl plgs cusys lan 9 )l

LGl 0l
W azdl

ugLO.ua L;l.m?‘gé ‘JAJL\A)I)J UO-L}DO Lng.))é MU"‘))

uu.lo S92 SeismoArtif )‘)A‘P)" Ja.ws.» 9 ..\.:..\_sb)g ul.‘xul
2bj sl (53503 b oabls g YA« asliydl ¥ g S1o
5 Ll (52995 5l b S ol b s pulitie (-/gY0)
By dunlio g 0t LS el olis plos o SB Ll
51 s ol dalol yo 03,8 ploul BB alisce (claplys (o)
cilisen plgd ooy b ol Ly Cles (shls & olaally
Ja.wy d..QJo Vg4 Y L59§J| dl.@o}l.w 9 0 ubw‘ RNATYS
L s e oo cow g (gjlwJie Siesmo Struct 15810
B 5 gl alS 5 5 Jgy el 5,5 sy
Uilsdl ape oligS (claojle ;o 45 ditun UT)QLW.» laazsly
s 03l 32 315 (Sl (20l gine & L)l byl ol
oy e 4 olisS slaojlu jo o3l 4 3)ls Lgl.mwi &b
by cowl a8 S 15 oYL bl Gl cou ojlw &S
5 oyeS skl glaolus b sjlw gt slasjlo o ol
il Sl wilsi o oll plsd (bl 5 5 o yodyc]

S5 aoui g g

5 s gy Sl 5 s 3 b (b s ol
ol UL‘“ (d..a...‘o V0 9 9) Adye JdeLu») L;l.mb)'l,w o wghu



12. Page, R.A., Boore, D.M., Joyner, W.B. and Caulter,
H.W. (1972). Ground Motion Values for use in the
Seismic Design of the Trans- Alaska Pipeline System,
USGS Cricular 672.

13. Bolt, B.A. (1969). Duration of Strong Motion, Proc.
4th World Conf. Earthquake Eng., 1304- 1315,
Santiago,Chile.

14. Husid, L. R., (1969). Caracteristicas de terremotos,
Anilisis general, Revista del IDIEM 8, Santiago del
Chile, pp. 21-42.

15. Trifunac, M.D. and Brady, A.G. (1975). 4 study of the

duration of strong earthquake ground motion, Bulletin
of the Seismological Society of America, 65, 581-
626.

16. N. Nanos, A. Elenas and P. Ponterosso, (2008). Cor-
relation of Different Strong Motion Duration Param~
eters and Damage Indicators of Reinforced Concrete
Structure, The 14™ World Conference on Earthquake
Engineering, October 12-17, 2008, Beijing, China.

17. Housner, G.W. (1975). Measures of the severity of
ground shaking. Proceedings U.S. National Con-
ference on Earthquake Engineering, Ann Arbor,
Michigan, 25-33.

18. Uang, C.; Bertero, V. (1990). Ewaluation of seismic
energy in structures, Earthquake Engineering and
Structural Dynamics, 19, 77-90.

19. Shome, N.; Cornell, C.; Bazzurro, P. and Carballo, J.
(1998). Earthquakes, records, and nonlinear responses,

Earthquake Spectra 14 (3), 469-500.
20. Rahnama, M. and Manuel, L. (1996). The effect of

strong motion duration on seismic demands, Proceed-
ings of the 11th World Conference on Earthquake
Engineering, Mexico, Paper No. 924.

21. Khanzadi, M., Ghodrati Amiri, G. and Abdol-
lahzadeh Darzi, G. (2007). Earthquake Dura-
tion and Damping Effects on Input Energy, col-
lege of civil Eng, Iran University of Science &
Technology ,Tehran ,Iran.

Sols ((Slier (ghen topelin (e dopede (el (a8 LYY

Sl Jaloxs 0 oy (sl sz a8l Sy )ldy (wp - (VVAA)

Cato 5 ple o8l cawsie dy JSB L da)l ot sloogls (as e
\WY¥AY#=http:/ /fa.journals.sid.ir /ViewPaper.aspx?id . ool

23. Gong, M. S. & Xie, L. (2004). The Use Of Input
Energy For Seismic Hazard Assessment With Dif-
ferent Ductility Level, 13 th World Conference on
Earthquake Engineering Vancouver ,Canada

www.iitk.ac.in/nicee/wcee/article/13_1083.pdf

24. Huang, W, Qian, J., Zhuang, B. and Fu, Q. (2012).
Damage Assessment of RC Frame Structures un-
der Multi-Farthquake Sequences,Tongji University
,P.R.China

Cuoglio inls 3l s dallbo . (WAD) Loy L5 ol s e )13y 9> VO
polie s 3t (o i hASS gl e i sloojlo oyl oy il
-0l ilopglie o She < olps coll le

okl ols S 88 a3 )0 Kod oylis 4008
o 3 433 o ki s lsdy Lt L] 1 egles 45

9 03l (2Bl pl3 )3 Wbl (oS > )3 Lacl cudils 4 95
s Canyd g3 b 135y oaunss (s dumnlio
S
1. Bracketed Duration
2. Significant
&b
1. Raghunandan, M. (2013). Influence of Long Duration

Ground Shaking on Collapse of Reinforced Concrete
Structures, ML.S., University of Colorado at Boulder.

2. Michael W.Salmon ,Steven A.Short, (1992). Strong
Motion Duration and Earthquake Magnitude Re-
lationships ,University of California www.osti.gov/
servlets/purl/67453/

3. Chai Y.H., Fajfar P. and Romstad K.M. (1998). For-
mulation of duration-dependent inelastic seismic design

spectrum. ].of Struct. Eng. 124(8): 913-921.
Bio b iy ploo oo oo alas)y ens . (0FR1) s2ge (S i ¥
oo o813 ciy] olidylS aols L < paoliss s Lo 5 dlusls
- OIR mmalie Aud) Gy g
5. FEMA P440A, (June 2009). Effects of Strength and
Stiffness Degradation on Seismic Response, Applied

Technology Council, California 94065, www.AT-
Council.org

6. Silvena Stoeva Reshotkina (2015). 3D Stiffness and
Strength Degradation Models for Seismic Progressive
Collapse Analysis of Reinforced Concrete Structures —
Formulations and Implementations Framework, Dis-
sertation for Doctor of Philosophy In Civil Engi-

neering, Carleton University, Ottawa, Ontario.

7. Adel E. Abdelnaby (2012). Multiple Earthquake Ef-
fects On Degrading Reinforced Concrete Structures,
Dissertation for Doctor Of Philosophy In Civil En-
gineering, University of Illinois at Urbana-Cham-
paign, Urbana, Illinois.

[ee)

. Bhargob Deka, Syed Nafifur Rahman, Pranjal Tamuly
(2014). Damage Assessment of RC Frame Structures
under Long Duration Aftershock Ground Motion
,Guwahati,Assam,India,https://www.ijirset.com/up-
load/2014/september/50_Damage.pdf

9. A.E. Abdelnaby and A.S. Elnashai (2012). Response
of Degrading Reinforced Concrete Systems Subjected to
Replicate Earthquake Ground Motions, 15th World
Conference on Earthquake Engineering, Lisboa.

10. Adel E. Abdelnaby, Amr S. Elnashai (2014). Perfor-
mance of Degrading Reinforced Concrete Frame Sys-
tems Under the Tohoku and Christchurch Earthquake
Sequences, Journal of Earthquake Engineering, 18:7,
1009-1036, DOI: 10.1080/13632469.2014.923796

plao ploj do e L(WYYA) &lipd (gaols fpume codly (Slgs W

o oohS egw «iliseo slayioll {;ufbl,;)/ﬂ ol slodli;

AYVA gy el el msdigo s ssliss ally Ll

2
E3
-4
9
2
Y
‘%
%
!
3
9
1
J
k]
K]



http://www.osti.gov/servlets/purl/67453/
http://www.osti.gov/servlets/purl/67453/
http://www.ATCouncil.org
http://www.ATCouncil.org
https://www.ijirset.com/upload/2014/september/50_Damage.pdf
https://www.ijirset.com/upload/2014/september/50_Damage.pdf
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=TxrxYyoAAAAJ&citation_for_view=TxrxYyoAAAAJ:u5HHmVD_uO8C
http://ijce.iust.ac.ir/search.php?sid=1&slc_lang=en&ppup=&auth=Khanzadi
http://ijce.iust.ac.ir/search.php?sid=1&slc_lang=en&ppup=&auth=Ghodrati+Amiri
http://ijce.iust.ac.ir/search.php?sid=1&slc_lang=en&ppup=&auth=Abdollahzadeh+Darzi
http://ijce.iust.ac.ir/search.php?sid=1&slc_lang=en&ppup=&auth=Abdollahzadeh+Darzi
http://fa.journals.sid.ir/ViewPaper.aspx?id=124836
http://fa.journals.sid.ir/ViewPaper.aspx?id=124836
http://www.iitk.ac.in/nicee/wcee/article/13_1083.pdf

|

Y

paplie)led
Oliansj 9322
A
aoliliasys
Ghgi Gole

P SBCAU (prdicmnl (LA jglikeds W3l

®

%

b4

A3 il 53

5 =l 58 (SR
O52 14 Pyl b 1 68y90 sl

amjad6161@gmail.com «_xubs (sl lyzo awdige s g« )ly0 Coyade (655 (geziild * Aomel doses
aslygs anly ool ST o8l ol olin gine gyt Lokl gillabus g !

WAV/V/ YAl d Gy
WA/ I/ 2 gy G, U

2SS

2 B3y0ly 295 o & b e )3 sadyapml LS (13505 Gasiiio 5 (Sedpamsl 0 50 sl pasly 5 bylixe 1295 b (st ool
9 03y b (> & canl 5988 (lapeeds 51 (S0 250 e - ol 330 0 (Bl b o Ay el blas e Ty (S ol
Slasgee g lo (lubb Vgl cdb ol (ol sansuie 1. 0)13 )18 Slusl g (b slaglioo opme 33 0)lgen 5 cusl (aiayl (Sl
3% b il 55 Gyl (R0l pslatods (55yaely: diejles o sl oo 5 (sobaill agmo g ¢ guyiasd WS gl ol
Dby 9 4 Sl Jaa 5 oy jlol (sla by 5l lmodly Sl 5 4 sl sl o — Lmogs 0l gy 5 s3,)8 (34855 £ 95 -
b5 392 cdriol Ceadd epslas o5 oye ol (S cla yadlis camd o ol aSds Ll Juo ) ol guolss . s s olizusl swot
Pl 55 bl (gl yo Iy (i (s +/YY e b @lids olass cpllas g g3 < SSas clakad coluns < lais o oS15 cal cuas
SV oo b lacanyd 5 cigd bl 5 lao s A/F5 53/ Gl b clupigs s bocinis 48,5 g0 sl msyps polhs 3,15 45 535
L5 b 33 b 5o s coming cledol ool bl - 5lo0ls olats] 555 4y 53 0 5y By (sl 3 |y lie e 5 /0F
sl ilopglia (59) p b i 25T ad (gl 7pa0lip 239y b oS ol Lima o el (3003 ¥0/3 i) sl gy (5)lodins Cinio
sl (6l 3 elolind @y 3oyl L3l oln eand ol «_slymes Ll )5 aigo o luylods (gl anlio (gl usyiand Sl 39350
58 ©ygo Sl bl ) gl el g

S e Pyl Sl gl (e IS oo oo <4l g8 selly

Strategic Planning to Reduce the

Vulnerability of Historical Textures
Case study: Historical Texture of Yazd City

Mohammad Amjad™ , Iraj Soltani 2

Abstract

his research aims to develop vulnerability criteria and indicators and to identify vulnerable points at the surface

of'the tissue to prevent and reduce the risk of earthquakes in the historical context of Yazd. Yazd city is one of the
cities of the country that has a well -worn and historically valuable texture and is always exposed to natural and human
crises. The main features of this texture are structural instabilities and a series of physical , motor, environmental , eco-
nomic and managerial failings that require planning to reduce vulnerability to earthquake crises. he type of research
is applied and its method is descriptive-analytical. To analyze the data, descriptive statistics methods and network
analysis and swot methods are used to formulate strategic planning. The results of the network analysis model show
that physical indices such as low passage widths, building age, demolition, building quality, building density, separa-
tion area, type of materials, number of floors with the value of 0.22 have the most role in injury Texture is susceptible
to earthquake occurrence. Compared to the study of the planning process to reduce the vulnerability of the historical
fabric of Yazd city, weaknesses and threats with coefficients of 9/41 and 8/36 have the highest amount of strengths and
opportunities with coefficients of 7/13 and 6/ 54 have the lowest amount. According to this information, the historical
context of Yazd city has numerous disadvantages (45.9%). This means that with the current planning process, more
emphasis should be placed on retrofitting Existing buildings, providing adequate access to timely services in criti-
cal situations, allocating parts of the historical texture to open spaces for emergency accommodation and evacuation
Critical event occurs.
Keywords: earthquake, physical crisis management, vulnerability, historical context, Yazd city

1 PhD student of Crisis Management, Research Institute for Natural Disasters Engineering, Isfahan, Iran; Email: amjad6161@gmail .com
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Abstract

ulnerability assessment and vulnerability reduction in cities is one of the requirements of civil defense plans.

Considering cities as a complex system consisting of related elements, we can assume that vulnerability as-
sessment of cities needs a holistic analysis of all the elements and their connections. In this research, it has been
tried to produce an applicable model for urban vulnerability assessment to use in urban planning in any city. To
reach the goal, first, the consisting elements of cities and their different components in eight main criteria and re-
lated sub —criteria were determined. Then, the amount of urban vulnerability that occurs in the case of lacking any
of'the criteria in the hypothetical case study was measured. By using the AHP model and opinions of more than 60
experts in the field of urban planning, urban management, and civil defense; criteria, whether inside or outside the
system, had been weighed in relationship with each other. The measurement (weight) of any elements presents in
the geographical system. Then, the vulnerability radius of any elements is defined to be used as the score of layers
and more importantly to zoning the city based on these layers. Finally, by using GIS software and overlaying lay-
ers in the case study, urban vulnerability zoning is produced for main layers and then by overlaying these maps,
the final map of urban vulnerability zoning is generated in five groups.
Keywords: Vulnerability; urban planning, passiive defense
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Site selection of Emergency Accommodation in

Kerman City by using GIS

Abdolreza Kazeminia

Abstract
Reducing the vulnerability of cities to natural disasters such as earthquakes is considered as one of the main goals of
urban and urban planning. Hence, the first step is to identify the safe areas of the city for the construction of a shelter
against earthquakes. This research aims to identify and zonate safe areas of the Kerman city during earthquakes and
to manage the crisis using spatial information systems. Because the safety of urban areas depends on several criteria,
the model of the research is a multi -criteria model and according to the spatial nature of the criteria, implementation
of the model was done in the GIS environment. Safety criteria of urban areas were determined by the Delphi method
and preparing questionnaires from urban planners, constructors, architects and studying past works. These criteria are
utility matrix (ground resistance) criteria, criteria of adaptation matrix (1- neighborhood to compatible uses: parks and
green space, and distance from health centers & urgent cares 2- Non-adherence to incompatible uses: major explosive
industries such as gas —petrol stations and military centers ) and the matrix of capacity (population density). Each of these
criteria was ranked according to the inverse hierarchical analysis method and then modeled in the GIS environment.
Finally, by using analytical functions maps of safe shelters in Kerman were prepared. Our results indicate that the most
suitable places for the construction of shelters are in regions 2 & 3 in the Kerman city, which should be prioritized in
the city plans. Finally, after the definition of the land reference database for urban routes, the geometric network of the
distances of the area was designed to react more quickly to shelters to provide services to injured people after the crisis.
By designing the geometric network of passages and defining the limits for each path, such as the length of the route and
the presence of the traffic lights, it is possible to determine the best route to the closest shelter by using network analysis
at the time it is needed.
Keywords: Site Selection, Temporary Sheltering, GIS, Network analysis, Kerman.

Instructor, Civil Faculty, Sirjan University of Technology, Sirjan, Kerman, Iran; Email: kazeminia@sirjantech.ac.ir
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A Theoretical Framework for Place-Based

Resilience to Disaster

o Case Study: Tajrish Flood 1987, Tehran, Iran

paplie)led
Obnsj 902k . -
WAA Zoheir Mottaki , Fatemeh Moaghar?
aoliliasys
VS Abstract

®

Disasters have always been drastically affected by human settlements. These disaster-motivated impacts have
tangible and intangible implications as well as direct and indirect consequences on human habitat and his
dwelling. Resilient settlements and communities possess such capacity to absorb disaster and not only rebound to
the relative stability before the disaster but also build back better. If such composite capacity were not provided,
preparation, mitigation, and reconstruction activities would face serious difficulty and complication while para-
lyzing future development. One of the major damages entailed by the disaster is a serious disruption in people
and place a relationship in the form of “place attachment” loss. This article considering place resilience concept
in post-disaster circumstances attempts to scrutinize such a relationship in the 1987 Tehran, Tajrish flood propos-
ing a ‘place based —resilience’ perspective. The authors documented and analyzed the way flood -affected Tajrish
community and derive lessons for similar post-flood reconstruction and disaster management to be considered
by responsible bodies of government and field actors. The proposed Theoretical framework would embrace mea-
sures before; during and after the disaster, to be taken into account as well two important concepts of coping re-
sponse and adaptive resilience.

Keywords: Place Based-Resilience, Place Attachment, Tajrish flood, Post-Disaster Reconstruction Theoretical
Framework
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9. place resilience
10. biophysical

11. Place attachment
12. Mishra
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14. kayle
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19. DROP (Disaster Resilience Of Place)
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21. Social systems

22. Built environment
23. Antecedent situation
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25. Place-specific multi scalar processes
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Providingthe PatternforthePrioritization
of Critical Infrastructures in Targeted

Attacks

Mohammad Eskandari* !, Babak Omidvar?, Mahdi Modiri®, Mohammad Ali Nekooie*

Abstract

he pattern of war has been changed in ever more deadly ways as modern and intelligent weapons and more

destructive specifications have been taken recently. The potential enemies are trying to attack the impor-
tant centers and destroy critical infrastructures at the local or national level in new wars. The main purpose of
this study is to identify the major infrastructures assets which are located in a geographical areas that could
be affected by any incident and also have inherent specification of high attractiveness for the enemies and the
proposed model is very different with the classification issue of vital, sensitive, and Important of the passive
defense organization. The five main criteria includes; (1) passive defense considerations, (2) surrounding en-
vironment of infrastructure, (3 ) fundamental specifications of infrastructure, (4)attack consequences, and (5)
dependency The score and weight are assigned to each criterion in which those values show the importance
of a structure in the desired rank. A higher score means there is higher attack potential by enemies. It should
be noted, in order to analyze the data and research outputs, the inferential statistical analysis was performed.
Initially, by using the Kruskal -Wallis test, similarities between the weights of experts were analyzed and 22
criteria based on the similarity of answers were confirmed. Finally, by using principal component analysis
(PCA), the important criteria of secondary in each of the main criteria were determined.
Keywords: Critical Infrastructure, Prioritization, PCA, Kruskal-Wallis Test, Hard Military Threat
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Robust scheduling and sequencing in
unrelated parallel units considering uncertain
time

Case Study of Field hospital

Mojtaba Nouri!, Emran Mohammadi*

Abstract

bstract: Uncertainties in today's complex world are an integral part of common issues. Given these uncertainties

in real issues, we can achieve a more reliable level of results. The special circumstances of our country's emer-
gencies, which witness many of these natural and abnormal events, such as earthquakes, floods, accidents and human
casualties every year, require special attention to the provision of emergency medical services to injured people at the
scene or near the site in priority Specifically, developing mobile hospital systems will have a significant role in reduc-
ing mortality rates. In this article, a new look at the issue of therapeutic activities scheduling and sequencing in field
hospitals has been uncertain. The proposed model for the assign and sequence therapeutic activities (jobs)in the oper-
ating rooms (machines)of a field hospital. In order to solve this model, Simulated Annealing algorithm has been used
and the performance of this meta-heuristic algorithm is guaranteed by a methods of designing experiments, called the
Response surface method. The results show significant changes after applying uncertainty in the model. The degree of
uncertainty impact in the model depends on the decision maker, and its degree of application determines the degree of
variation in the program relative to the certain state.
Keywords: Scheduling, Sequencing, Uncertainty, Robust optimization, Field hospital.
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Development of Variable Radius Covering
nr Model for Locating Relief Facilities under
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Abstract:
Crisis Management includes planning and readiness to respond to the inevitable and unpredictable natural di-

®

L sasters. One of the aspects of crisis planning and management is the establishment of relief centers in suitable
locations for responding promptly to potential victims after the disasters. In this paper, the problem locating relief
centers in relief logistics is investigated in the framework of the problem of locating with the variable coverage ra-
dius model. It is assumed that the time to reach all points of the demands is not greater than a predetermined value.

> 9o

Since the population in need of relief (demand) is a function of the severity of the disaster and certainly is not de-
termined before the occurrence, the proposed model is considered uncertain. In this paper, a robust two-objective
mathematical planning model (minimizing logistics costs and maximizing the covered population) is developed
with uncertain demand to determine the number, location, coverage, and capacity of different relief centers with
different service levels. To evaluate the validity of the proposed model, one of the districts of Tehran was studied as
acase study to determine the number and location of the relief centers, along with their capacity and type of service.
The results in the case study show we need to construct five relief centers with appropriate distribution in the region
which capable of to cover 90 percent of all potential demand points.

Keywords: Relief facilities, Relief logistic, maximum coverage, variable coverage radius, Robust Optimization.
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