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7. 04n | Coalinga 1983/07/22] 1651 Transmitter Hill 2701571 9.2
8. 04e | Coalinga 1983/07/22| 1651 Transmitter Hill 360 5.7 9.2
9. 05n | Coyote Lake 1979/08/06 | 57383 Gilroy Array #6 2301 5.6 | 3.1
10. | 05e¢ |Coyote Lake 1979/08/06 | 57383 Gilroy Array #6 3201 5.6 | 3.1
11. | 06n |Kocaeli, Turkey 1999/08/17 | Gebze 2701 7.8 | 17.0
12. | 06e |Kocaeli, Turkey 1999/08/17 | Gebze 000| 7.8 | 17.0
13. | 07n |Landers 1992/06/28 | 24 Lucerne 270174 | 1.1
14. 07¢ |Landers 1992/06/28 | 24 Lucerne 000174 1.1
15. | 08n |Mammoth Lakes 1980/05/25|54214 long Valley dam (U/L Abut) | 90 | 6.1 | 15.5
16. | 08e |Mammoth Lakes 1980/05/25] 54214 long Valley dam (U/L Abut) |000| 6.1 | 15.5
17. | 09n |Morgan Hill 1984/04/24 57217 Coyote lake Dam (SW Abut) |[285] 6.1 | 0.1
18. | 09¢ |Morgan Hill 1984/04/24 57217 Coyote lake Dam (SW Abut) | 195] 6.1 | 0.1
19. | 10n |Morgan Hill 1984/04/24 | 57383 Gilroy Array #6 90 [ 6.1 | 11.8
20. | 10e |Morgan Hill 1984/04/24 | 57383 Gilroy Array #6 000] 6.1 | 11.8
21. | 1ln |Northridge 1994/01/17]24207 Pacoima Dam (D/S) 265] 6.7 | 8.0
22. 11e |Northridge 1994/01/17]24207 Pacoima Dam (D/S) 1751 6.7 8.0
23. | 12n |Northridge 1994/01/17]24207 Pacoima Dam (U/L) 1041 6.7 | 8.0
24. 12¢ | Northridge 1994/01/17]24207 Pacoima Dam (U/L) 1941 6.7 | 8.0
25. | 13n |San Fernando 1971/02/09 {279 Pacoima Dam 2541 6.6 | 2.8
26. 13e |San Fernando 1971/02/09]279 Pacoima Dam 64| 6.6 | 2.8

Oy a4 b, | o eal ools g o o ES > ST
L (V) arc cosv [t
V) = ——

XX gf_l_vz 0

VioSmy @l 4 dialy oad La(V) (F) aal, o

aZ(t) dt *)

LIS Ol > @ Aol 0 X Sz 0 0l (5 pSojlall
g w0 iy Dae by o Silog olye Cad V X
il Sld Glojazsn )b ax(t) 5 ey wdl> Clis

. . . . arc cosv .
22 Sl a0l ke & (= dalies
L)"L;) Sl UALD)».C LQ)iJL.u}) Lg‘o)Lu (j.‘).’.“" GLQM

5 Slosle 2l sla Shy 4,51 .0V (Jiwe

2 s 09)5 A ;0 05 imey ad it sl lae
il Tojle (e 5 Toj i) p st Hadly
g3 cnl )3 (VY T8l olle 5 Jlog) wo S oo
B 05 dome) 2 siee 09,8 y0 a5 (A) 8 bl was
ool Sol casloays F Ol IM i 4 0,5 o
Sahewy 4 0ad Dl (read 65 (CAlls (655D
)0 S sle Silogs 5l Colein aegame S axly 5
o 5| 23198y j5b 4 gl ol sle uilS 3 457 (s0l5]
oy iy o Gbb o | Cwlend me Culein U
adlie S ln (Voo o en 5 Vg Lulsl) suled oo

Oscillator
"Travasarou

$Kayen and Mitchell
Viscose

"Event-based
2Earthquake-based
3Structure-based

* Yazdani and Alembagheri
SArias Intensity (1A)


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

N p).?hd5LSM:o)Lo..w/‘vm.)JLM/L)‘)J‘Lst)Jalfs)HSMGQJ.Cdu)M

)l ol sl ) 05 eoleiin S

5 PRlo] Sldlls ;o (glod S Sl &5 o>

(V) Jgaz 10 ol mls a5 wols (olans! i)l Lo

Cawloads ools oylias

20 @l (25 (Lo g (2l OV i (Y) Jgu
(VAP dgoglw 9 (o)l 63252) (S (P39 o

Symbol D:tr::;ge Damage index range
DS1 Intact FI =0.00
DS2 Slight 0.00<DI<0.10
DS3 Moderate 0.10< FI <0.30
DS4 Severe 0.30 < DL <0.60
Dss Collpse | 0.60<DI<099
DS6 Collapse FI =1.00

$losd b Geal bawgs oud aposi 95, (wlol
Iyagbo 5 kool 6 > St 5 (VA WSO s 2
sz b llas pols ingsy 5 (> ¥l (V1)
Wlodys 5y o5 (1)
&P elh Gy
S Sl S plse 4 wilg o5 Glojle by e
» DV) ol s Glsie 4 Wl oo w09 ool
ICIR A E RTINS A RICEE et
5 (G 57 5 ol 19) 555 (e 55 5o 51 S
s pn S & il o Gl sy b eSS oS s
e wiz b Sl S Wl e 2 el S
Sige 4 2 el galal) (5 ek 4ol ol
dpogler 5 (o)) 622) 305 (0l (A) abal,
(Y F

DI=f(DV) )
Db s ol jexie DV g ol 5 asls DIl o a8

B s psls guis alb

Gl @z BB sk 4 sz ee (goals 1S, S
6J.M 9 u.:l;) O)LSLSQJ ).\.:L D ML?(A Jab)i
. . arc cos(0) .
SRalS (V) adaly S5 4 (7)) el e/1-(07 28

(\ 4y st.‘A 9 JK) 05...4‘50 oals
m [t )
o) = - [ 2@t
0

Ol Obyldsb (Familors glasaly L syl was
a5l B pl 30 (VY (i 5 () 0ed o0
&P (DFE)  caSs Jdo ool B (65,51 )by
PSRN L A SESSONUIM vy N AT W )
o a sas I 65,50 3 (DFE D/S) cawsisls
(DFEU/S) cawdVb gz 0 o g0 &8 > )0 Canss
Cewloay 3 solaiwl sl DM) o> o3lail loie o
Sz 08 > lgie o bril yo asil a8 cusl S3 a3y
Slime 4y 9B o0 b Sl by sVl Sz o
Al oo S ZU Cundse

o958 98 (S j5b 4 e SISO (oges (wlide g
o5Smilsals) Wl 35zg il g o 5 'plS @ o5
sl 5l o ) ;5 &S (V) g (VoY) (S s
Cawloads solatwl il g goxins aid iy

e C

e OS) 3 o sk 5l Vgome (o5 o)l
i S
Sl adsl Sl a o uils, S5l jslate @ e
3yl 2 (VoY dgaslio s (as)l 62 2) 99,5 o
ool Jawg oo deogi 0,559, wlwlpp (Y21 F) lgoglus o
e I it VM TS gels 3 (6o ook
5 A St oy Yo Flawgie SSwl S Jl
a ol wioged seriay (5 (55 slasws sln | Telagd

el 5l et (gojl S ool B Y ol L S e

®Moderate

"Severe

$Near Collapse
°Collapse
"Damage Variable

!Stepping algorithm
2Damage States (DI)
3Ang

“Intact

5Slight


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

LA TP p—?ﬂo—?9ksm#Q)LM/M\)JLM}/u‘)J‘@Td)JD[fS)MSMks‘)J.Cdd).\MJ

.Ia.wy [ »)LW @‘)? ua.’>Lw )l ‘d,».vu u.)‘ 50
e li cwloads eolaiwl (Y-VY) Ll 5 (5 8Lele
S oy ash G 5351 5 e 5T
5 6 AL plle) 03,5 oo s (1) alaly Sjg0 g 0092

(VoY o Los

DI =max(DIj , DI) @)
(EF)+ : + +
A f

ot = (E); if (BB <(EF),
1 if (B 2(EF),
(EF), . _ _
S e f

o = ). i (EF)y <(EF),
1 if (BB 2(EF),

Jdo 4 ol B! (65,1 ST (EF o () sakal) 5o
TN ESRCIVI . g W PRI I S I 2 PR
CS o soaiad )L o i s s — g+ Lol g ol
S arls ol sl e U/S § D/S Sl jo ww
> slaparls il (red 5 IS S eSlo
Slal S 53 lej ) K28 ores il Al o recs
Sl et S e 4 5 5,5 5 5 T sl
leatls 5 5,3 ) ams i | s 3 ] ]2
e g 2Rl e 2 laasls e (VY
2 e @l sbasls &5 sy Sl 465l 2
ol g 035 (razi LT s 3 )28 LB (553
ogdle (3aiod pl jo Al ge duw Ay o ol jLa]
BRI LA SESCRRI Wi W EIP R WRE ) (| P g
Cawlodds drwle 35 DFE ccanaVl 5 ooyl Ol
o5l S L8, (DFE) couslss Juds a5 oals B! 55,1
I asl e v U oS ez 5l B g 0ol las
5 DI (555 o (asls stamlins (sl oo ol
Syeo a0 () gakal, cplply 00,5 oo oolaiw! DFE

D9 50 .JJM - ‘d‘”.b

Wit sloype 4 GlEes ) Gl lagasls

Gonail diged Wz A py )0 Oged gukadb

Sl S (rdge D (a1 IS plp )3 (rge @
! O)L\» )‘ (Eogoe M LJ 9AC suLAJ‘ u_i.\ 3o ‘:‘);-
U5 ol s a5 s asls el e
vy 4 Wlgioo IS Sl e oS o )
255 dle (g2dge S oAl ) Sig ggee

..\.:‘9.:64 k_'?")? ua.’>l.w O)MMJJ‘)J)»)YO)M S5 e
Bgh dbre pite paiz (S5 b e SO
51y cilisee (sla el o oS 5 (> a3 Ls Ygane
el 1) 3 a5l s sl Solis 08 o sl

o5 (@l el S e sl o (e @
Jebos (b s (ol (Gl oo (285 0 o 4 008
2,8 oo iy 1y Sk b laid

Soal olge dan a5 Lxl 51T dolas ply 0¥ kb e
Ll Sl b a3 5 00 abad by dolay ol s o,k

Slyeetd > b 1ol 5 bl o o> ali @
Sesln ] losls Posls ploy pln yo S a3Lo
e oS sl 4z e S lapia dcgere
s S)p) wasee plas |y wilad 5515 05 J ey 365,
(Ve Yging

aé‘bjLw Lf‘)? ua:>Lw IVLSQLASQ ).:‘).) o ?Ls‘o)'Lw o
35S o0 50 lojle sla el b Slasadads 51, o>
4030 eeblas goladl 5 asls S K 8L
L blie 3l a4 pesd alje Cod wiile
deledge (Byne

pol Guizd )0 oul a8 )5 0 ol 5 Ll

SPeriod
¢Structural
"Economical

lweighted summation
2Single-variable
3Deterministic
“Stochastic


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

L POt p).’xu5LSM:o)La.w/rw.bo‘_JLm/u‘)J‘szd)Jalfs).uswu’.alcd.’)m.:

sl wsllae B ol o3 Lais IS Laisl o (Ve - F)
U LB oo STa 00,5 cpeass |, Lol 5 coh s
Lo ol aladl 51 g 5 08,5 ol I, Saliys (gl Lolovs
S Gl w@ises Glee @ onle casn @l
ool 5 eslaul b IM zglas o bl sawloe
SLIY) Jgaz 50 (08e) 9,55, 0,90 ;0 ciilsl g gins
Hge DLl a5l elide gl o jeliie 4 098 e
005 AA) o] S gl s el M Slosie
Szgds by JS 50 1) (uvgame 5 ol Al 4 e
SR CIRTTY Y S TURVIRIL RS SN SO
ceeom/s e eVl Julos ol lyzly /-0 mJs
st S b s T e cdead g3,
Ngy 50 5398 )lubl ggdy HUatl § 005 o0 (e
Aird ) 53 s syrg Al cal 5 St Jelow
o b oo Gl a5l i liee 4 EBE a5 ol
03353l 45 S oo (e 1398 )lge b i |
adlbiee Y S 9y5e gl 4 o, Gl Al g
S stan uy oy 4,5 i 3 LBlE sl
e Sl 6l Jlgie IM jo0lie oy B iSlas
el 0033 (a0 B o (saliasg 4 T Sy LB lade
(398 Sledas 5l oolaiwl b 005 o et o] ey
Ol (F) Jgor o a5 il oo iy Lo Jelows 5 sl game

Cwloals osls
2 DM Glaize 0 odel s 4 (gools blis pu, b
5 oolizd LIDA _imie JS o(F) U5 3ollas IM e
Sl gl Jedos 45 55 90 o] o 2 oadlmsl (2l
oy IDA (gla e JS5 a5 LT 31 .ol 5 L3
30 el gy ol Ol s bl 0 o5l s, goansS
o 9590 (060) 7 L2158 3l e by o simio aslo]
o i (S5 TDA it (0) JS5 53 5,5 oo 13

oo caﬁi

(DFE)y 0
1 if (DFE)px = (DFE),

Y5 w03 omes 3555, V8 b aslllae ol sl & azgi by
ol ye caleas ol DM 2 6l S5 IDA e
& oo DM als wilosss 8 Ol DM a gudss
Oz il o DFE U/S s DFE D/S DFE s 5
a (TA) oob,l s jal)l slp S5 IDA slo e
L ogaw o8 5o ailowyn,F ey ol Jlas lgic
AW LS))"‘) LS))"‘ ¥ ‘su.uo kf‘)"’ ua.’>L~J 55.: )‘ oolazwl
39 S sloj, 6;5 Sl 4 (cnss s 4 eals
(K ol perle cpl cwloass aslo il
5SS g 009 s a0 ol Slaail wlal g sres
s 1 (5551 simy cojlr b b b Lapm sl el
o) Cogd 5l e el il o ) cllSs Lo &
Do linly Sig a5 b)) s el
gobe 3 6iAl @l pals el uoy clasd S
dwle 05 Jirey 3,655 1 sl (JA) ol o5lusl Calises
e et )
bl 2 g e S IA Rl 03 550 3 (et ls Sl s
b o Sul ojlul 5 e slaol Qdaile gz
ookl b s e dibays S attie o Sles
CanSls Judo 4y oals B (65, yial b IDA glgininn
e 508 DFE Gulul 0 Slee mhas o 590> (DFE)
B ey 9 Eou Oy50 565 e zmlis aslsl jo A Wlead
S o0

ol oKanlizd Jalons 51 Jolo> g

I bedllabis ased whie Cuzr (Giogi ol 5
WS.;')}Q‘ Cowloads solazwl cilil 5 gxins o, 6K
5 TSl T alo e aw Jols S 5k w550

4Fill
3Spline interpolation
*Kocaeli

"Median curve
2Hunt
3Bracket


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

T o 9 (o 0 ke [0 Jloo /)l o150 ol g5 g dw cale 4 i
08e 5,95 (wluilo (gogos Wlawlono :(F ) Jguar
o los Olowlxo IAGD) DFE (kJ) EBE (%)
Voo e oleel AR ¥
A clete BN LARIA YIFAY ¥
Y LR RYAARS PRI R AR NIY#D 0
¥ Lo+ YOQ/Y+Vx+ [+ <1f00 VF/a0f 0
A [ +FO8/F+ V% [+ AN AAZERR V¥
4 IFO0+(+ /=Y - DIFOO)Y < [OYA AEZARY ¥
\s JOYA+(o [+ =Y - DIOYA)Y +10aY YY/F Y\ ¥
A < JOYA+(+ [+ =0AY/OYA)Y < 10OF YAIY-Y ¥
a (- +00FIOY MY < [OFY YY/IANO ¥
Ve (+1++OYANTOO)Y DAGYd ARFAYA 0
B! (+1++F00/¥OL)Y AR VFAY ¥
V'Y (+1++F00/YOO)Y AN \Y/AVY 0
VY -+ 00/YOO)Y AN a/-Ys ¥
V¥ C[-+Y00/V - O)Y <A n/ara 0
VO [CREARYAERYAY AL LYRIAA Y/Ava ¥

0.8
0.7
0.6
< 05
a
T 04
< o3
0.2 DFE IDA curve - 08e
01 spline interpolation
o IDA data points
0
0 20 30 40 50
DFE (KJ)
(08e) 2,55, 42 bgr o (ST IDA oo :(F) S5
0.9
08 | i ;
1 1 1
07 | 1 |
| 2 1 1
o E 1 1
it : ;
11
§osif :
~ -
£ 1S | 1
< 04 13 ]
= ' B 1 E 12
I 1 d 1
03 | s i §
1 1 & (-
02 | 1 E -4
: : S : Q DFE IDA curve - 06n
N (-9 . . .
0.1 12 o spline interpolation
1 | ﬁ ' 9 o IDA data points
0.0 ! !
0 10 20 30 40 50 60 70 80 20 100
DFE (KJ)

TS a3l & baypo S5 IDA oo 1(B) JSCi



https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

N A p—?ﬂo—?9ksm#Q)LM/M\)JLM}/u‘)J‘@Td)JD[fS)MSMks‘)J.Cdd).\MJ

5 005a) (VoY o LKad g plsS camsld) cemlais

(Y VY odgis g i) 5 (Vo VA o) San
iz oud pll gl Julos b bl S5 slafdy
ools Hlas (7) IS o ‘_L,J->]95 i IDA e Juass
Okl oloy )3 (Jelod 2 50 S5 b Ldgp cul lowd
w7 MM gl Al s 5 a5 005 e 5§ Jobos
Wlod <5y Gl 4 VL g Sl &
DFE DFE Jols calize DM au IDA sl e
5 d=1S A3 slp Gbjed ,9b 4 DFE U/S 3 D/S
lodds 5 (V) IS
lop)] sl (5 DA o pizmie pras i 51 ey
4 (S IDA (la siomio O e slabsy g g
Glaghs, 5 TSl sle by, el saws g
Ol 5 68l Wle) Wsdoo et VSl d
by, cins abis (V)4 Jsl i) 5 (FoOY
Glagsy, ;o il gl (S5 cds pac oSzl
Slagme gboasS Jlsen 51 Lulal el
L VS wlee O e il atile MoasST,
5 ) 935 o0 oolatul Vdul (il lsen
«Soyahlpt Glaghs, 098 yo (VA% N Slas
Oroleiel bl g o3 pdy Sllanil W abie glaSao
9y Ry (Vo2 ¥ iy g osSmslyaly) aidly oo (b
Joly bl ( STIDA gla szie (olis)o 5l eolaul b
ook 4 109,5 oo 0loul IM olgds zshaw .0 DM j0lis
(ol imgy ;) DM Jlaie Y8 Lolts  Loly Lo 2 a5
aodS (galiws 4yl 9,55, G sl plaS o a5 00
SN aSas 5 Joly b 2 6y DM ol 3,5
Cowds yatein IM ;0 DM Sas polis AY 5047
b wigdi o lige S 2 ly iy 4 & Wl
TAY 5 (alw) 10+ JVF slaSas IDA sla iimis

A Wilodds paw )i aladiie (6350 Lt an (B) S5 o
B 50 su Al Ko 5 ol haw 99 (oS A
oo 4l d cpl il oo addllas 8 50 us sloj )
goro «BLCH 'al 5l 0 (53,555 g9yl
e g NZel) Tows (oYU (sosgama jo (59,555 5
s oo ol 1) (CP) ¥ o598 sailin] o> o>
aegere sails jlade plp bshas ol 4 by ye polie
abgiye 9,55, it glaubide ;o wjle slazul
5 oog) 5 (Vo7 oLl 5 8L plle) wiilos
L Sy L aS 55 ke ol ise (Vo)A 5o
(Gl cod) b Ceond [Kily canloads oolo olid 5
(Yielding) ouds o> )] okl (sadats a5 00gs jloges
SO go Yl 5 ol zohw s o plas 1) o5l
1035 o0 By py D)9 4y 0l
oy & (BLel) 4y 5l 0 (Fo,55 S5 gy @
e 5l 5 55 el ol 45 55,5 e UL
o)l omyn (2P g onl L ekl cex
5 odgw) el L Syse S AN (F9,5S S
(Y YY codgio 5 cis ) 5 (Vo VA (o) San
slagl e e bl aeis (Yielding) ol @
(Y VY coogi 5 s ,8) wil o [DA xie
4 {(NZci) s YL (godgame o F0,95 S5 gg,i @
@odgaze ;o Glall (gl 457 03,5 o Dbl (Snig
(2P o ol Sl EMBl gz 23,95 (o0 S 5w SV
W Syse S san (SO SF sandu b o) p
wdgiw 5 s y) g (Yo VA () Se g 00giw) el
AY-YY
S5 e o A a1 53 {CP) i8] @
SaSe >y e alae e IS 45 sy 4y lS
AE 0 5 sl salae sl by et fSeis

8Scatter — plot smoothers
Running mean
'Running median
""Smoothing spline
2?Hastie and Tibshirani
13Cross- sectional fractiles

'Base Level crack initiation (Blci)
*Neck Zone crack initiation (NZci)
3Collapse Prevention (CP)

4Full crack path

SSummarization

Parametric Methods
"Non-parametric Methods


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

| TN p.?h.a5sto)LA.w/p.bo‘_JL.o/ubJ‘ksjd).solfj)ujwwlcdoﬁu

SSIDA slo e (V) A JKa! jo aigds adgs
Cawloalds ools ylid 5,65, Y7 & gy o

06n (IA=0.005) 06n (1A=0.055) 06n (IA=0.08)
|\ 2 Y
" 06n (1A=0.105) 060 (1A=0.142) 060 (1A=0.18)
060 (1A=0.217) 060 (1A=0.255) ~06n (1A=0.305)
06n (IA=0.355) 06n (IA=0.405) 06n (IA=0.455)
06n (IA=0.483) 06n (IA=0.54) 06n (1A=0.705)

(06n) (AxTs5 3,955 4 gz o dM (381 cesd 37 &y s (&I )0 S5 sloJudy y 1(5) S5

0.8
0.7
0.6
= 0.5
S .
3 Z
E 0.4 |
< 0.3
| IDA curves - 06n
0.2 DFE
o | — — -DFED/S
— - -DFEU/S
o
-20 o 20 40 60 80 100

DM1:DFE, DM2:DFE D/S, DM3:DFE U/S (KJ)
S2Ts5 35 4 bgipe (SIIDA Smin (V) JSio
ol cleass gl o T oaS g o, JSE ge8s 40 w05 e sarlie (Vo) JI(A) JSi) o a5 sbylen
Gabaly & Ysane (Faicl Sadey b  JSw  ax IDA L Gl 5l Sp
S 5 950) e B o o 55 s el 5 T ol o | ST

2Twisting pattern !Softening/Hardening Cycle


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

e p.?h.a5stO)Lo..w/rvboJLm/u‘)J‘@Tdfolfj)ujmgsnlcdaw

Ol 59 () JS2) 5555 3,55, 4 bgaye S5 sladds
BRI RS Wy W JEp IS | UL I I AR PR ES
[IA=0.54m/sec ,» So L 5 IA=0.483m/sec

;@/fjuﬁ)ulgwél?u‘u&b&ya}cu;‘d.{ob;r@'
Sl 00l albgs o IDA TR

Sl gimie) (V) JSb & az g b eigod olsie 4 (V2 VA
e s (06n) (oTss ddyls o boye (S5 IDA
sodgoe 4,0 DFE D/S &4 Lsw IDA
S 5 TA=0.54m/sec & [A=0.455m/sec

oor b 008 oo osalin aas  Sabco] Sabe

1.0

0.5

ole 01n 02e o2n 03e 03n 0de 04n 05e
——05n o6e 06n o7e o7n 08e 08n 0% 09n
——10e ——10n 11e 11n 12e 12n 13e 13n
4.0
\
3s [—
30 | >
S al -
25
o
b
E 20
= I
1.5 —
——
=T =l
0 | __———
o S— p—
05 [m——— >
— -
—
0.0
[ 10 20 30 40 50 60 70 80
DFE U/S (KJ)
DFE U/S & bgspo S5 IDA Zzxio Y5 :(A) S
Ole O1ln 02e 0o2n 03e 03n O4e
04n OSe oSn O6e o6n O7e Oo7n
08e 08n 09e 09n 10e 10n 1lle
11in 12e 12n 13e 13n
4.0
/
—
3.5 -
/I
3.0 R//
/
//
2.5 »
= /
£ 20 /
= /
= o
1.5 A ,J

0.0

is 20 25 30
DFE D/S (KJ)

DFE D/S & by yo S5 IDA oo Y5 :(8) S

ole oin 02e 02n 03e 03n 04e 04n 05e
osn 06e ——06n -07e o7n 08e ——08n 09 09n
——10e ——10n 11e 11n 12e 12n 13e 13n
4.0
35 —T
(
3.0 >
=
////
2.5 /
— /
™ /
@ /
b
k3
£
<

50 60 70 80 %0 100
DFE (KJ)

DFE & by yo S5 IDA Sio VY5 :(14) JSCb


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

L T SO {"Z"’5Ls""O)LM“/W‘QOLJL‘"/U‘)J‘ksjd)'lolf5)"’5“\“’&5‘°lcd"’)“”

ale IDA Zowie aws (V) IS5 50 00,5 0 ol
Sleyed y9b & DFE ¢ DFE D/S DFE U/S 4 bgs o

Cawloads ool UL“"’

Gl yo oailed Jovie lge s cilen i (6,05, 15
(Y’ - ¥ ‘J\); 9 uue.iw“ ‘9&‘9) Sl 00 L)’J)‘)f é:l.uo )‘

oaisled corie laie 4 ailes e caafllas ol o Y

0.8

0.7

0.6

0.5 —

0.4

1A (m/sec)

0.3

]

]

]

]

}
0.2 |
|

]
0.1 )
|

21

Median IDA curves:
- = ~DFEU/S
—~ — -DFED/S
—DFE
28 35 42 49
DFE (KJ)

alo IDA slo oo obo jod i lod :(1) JSCi

(IMEgo,) IM 3 (DME(o,) DM (6l 78+ S polie
A.Jayjo‘SiB‘IDA 6[2‘5'.71;;»69))“6» d"“’)‘“&‘)ﬁ

odls lis (@) Jguz ;o ol mmls a5 0008 dulxe

&P gobw g gao Yl (pns
Sade w4 (Sole 4 sy o o oY glacas b
& (ST slere So g (Al Jle (lgie ) (555 50
28 sk plea (Voo F (LS5 (mgSnslaaly) wigd
@ aile oo ol lagh j0 0SS S iy
onl ol ol oo a8 5 L o sanled e lgie

oo Cdlo 12 gl ool g slacad b (D) Jous

DFED/S (KJ) [ A(E) DFEUS (KJ) 1 A(E) DFEKJ)) 1 A(2)
S S S

LSs
DM M DM M DM M
[ BLei | 0.315 | 0.005 | [ — [ 0315 [ 0.005 |
Yielding 5.378 0.105 5378 0.105
[ NZci | 16944 [ 0417 | 0.157 | 0417 | 1726 | 0417 |
CP 19.731 0.538 10.454 0.538 32.047 0.538

OV) IS g aS Sl p0 () Tinyss
225 o Lz |, DFE & by 5o sl IDA sxio

1.0

0.9
0.8
0.7
0.6
0.5

1A (m/S)

0.4
0.3
0.2
0.1

0.0
0 10 20 30 40 S50

DFE (KJ)

DFE & b po ailuo IDA S : (1Y) S

ot (Sealys Lol ) ooliid b ol iags,
ctldl 5 gmian wiysS Jleel b 5 ADA) iyl
DA (55590t a5 a5 L .ewloads plool (hunt & fill)
Wed oo Jod V"l b 4 IDA s o5 K
oals Cews Iy 095 Caaglie 5 (S dos job 4y ol
Sl s seslosgy (G T IS Salips (bl 4
21y gogazal Gl IM g 5 S8 Gl S
5 T F oS 5 msSanslasls) 0 o slx! DM
o A lyie 4 GI L bl gabi ol Jlagh

3Collapse (C)

'Flat-Line
2Global dynamic Instability (GI)


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

Y p).?hd5LSM:o)Lo..w/‘vm.)JLM/L)‘)J‘Lst)Jalfs)HSMGQJ.Cdu)M

S el Y ol 1SS e gl aslod gas slpiin
Sl pdy 395 ooleriny 2ly> (aPLE 5l patine o3l
3 Glooynd Cloow a5 e owlid)l5 ol
Silools olast sl Lo 5 al&isle;l lalas
ol 4 bgyw o Slee Fohw Bl 4 axg5 L
sloaw gl o Sles mhauw il (V419 S Jsl Singn)
(1) Jgoz g @5 Y L bl 2o Sss
1335 (o8 i ps5
ROWHIPRIC SRt E IRV JESPUS g SPT( RPN W)
503,55 yusS ol e (OP) Taidy o, Sl ,cwase
ilogs (Bl ol 4 oo b g (el a0 53,
Slojlw oles! LB ol :(1I0) 5&55@ oolazul colbile
Cwlodds QL‘z.il
o9 sl el Jlas! (LS) F ol aale
)18 3929 9,8
0a38,5 ool (glojle dyods ] (CP) L3 59,8 ailiwl®
)l 092y (ISL (S (S953ly s
(C) plagile
sl sl g olyp OV 4 axg b (598 o Slas Folaw
oor A1) Jgsz o ead s S asls
duolie 5 0ad yosd o> Y 5 IDA sla s
L) qu».Lc C}la.w B W) d.wbu k_'?")} LSL‘DU":’L“‘
iy (055, alS 4 o) Blite S5 sloldy
..).3‘0&.‘:‘.);
P DY izes 5 0,Slee ol (l (o5 S50
W‘OA)O; ﬁ‘)l (V) Jﬁd.} L s[mu—l )| g_i) BLICN] .‘09.:).41
b ply e @l V5 S5 Gl kb n e @0
4 (dges Hlaie ) 6L>T5S ay;06n ol 5,68 ) cos

Cewloalds eals uLu.d QD) Jiw 59 ‘_,’_3|):‘> ua.'>L...o o‘).o_a:

Siand o o b Blite sl (07 JS5 & 5
b o0 (48.2025 KT, 0.705 m/s) alasi (C)

Sy bl ool s glacd )b uwdore Baa L
o W, L S Fis sle dw so SV (gly enel
o) Ke2 5 plsS owld dnlllas fol>aS e VO- G-
iloays )8 Ll (F) Jgaz jo il oo Y-V

GYee om e, b (S (F9 s guo SV :(F) Jgu

(FAY oyl g ilf comsld) o Ve

LSs | Ebn()
10 FOYO

MD ya-fyy
HD FEFOV/YA

Sl o oa AW 555 ED o(f) Jgom o
oolatul bl o> > O il o Jg5

3,10 oz MalS (5,8, codguzme cpl ;0 dus g 009 ddBg o
odd odsel Lawgin o> (o> > MD (pulus 0>)
S 5355 (G039 )3 (I35 S5 gept b bl g
Jlize 5 o odel o5 3 g <l HD sl o
S (535 (5039950 ;0 (S paliy S e K4 £ L
4 azg L (Y ([,en 5 plsS cowld) ail oo
Sy SlaCed)b oS 350 bl iz (lgiee (F) Jgu
bl B el glls ol g 4o odal

S (5539 518 s 33 3 KLos sl i o5

h @l e s FAY dgagle 5 ooyl 60>
0L Glie p lagl 51 S5 e Gl |y olaosl g iy
el g o O singes il 0g3 colgiing )5
iloas &l (Y) Jgaz o LaQT IS e Jolee ol
s Y Gy ise o i (ol Y )
ololp VO ¥ dgasl g (Lol (605> 50085 5k
b O oy ) (b el Lagi 0o drog 3 S,

9 o Gl ly ol GV (VAN (X))

SR (P39 B 53 8 Sos ol Ly yai (V) Jgux

Level | ID Performance Level Damage State DI Range
1 1 Intact Intact DI=0.00
2 OP | Operation Prevention Slight 0.00<DI<0.10
3 10 | Immediate Occupancy Moderate 0.10<DI<0.30

4Operation prevention (OP)
SImmediate Occupancy (10)
SLife Safety (LS)

! Ghasemi Gavabar
ZBeheshti Aval
SIntact (I)


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

| 1 2 T ‘Q.?LAJ9ksm#ﬁ)L&a&/MdJLﬂ/u‘f‘@Tdf@lfs)ﬂsMLSQJ.CM).\MJ

Level | ID Performance Level Damage State DI Range
4 LS Life Safety Severe 0.30<DI<0.60
5 CP | Collapse Prevention | Near Collapse | 0.60 < DI <0.99
6 C Collapse Collapse 0.99 <DI<1.00
06n (IA=0.005) (DI=0.00) 06n (IA=0.055) (DI=0.053) 06n (IA=0.08) (DI=0.076)
06n (1A=0.105) (DI=0.1) 06n (IA=0.142) (DI=0.124) 06n (IA=0.18) (DI=0.163)
- | &
06n (IA=0.217) (DI=0.196) 06n (1A=0.255) (DI=0.211) 06n (IA=0.305) (DI=0.276)
06n (IA=0.355) (DI=0.327) 06n (IA=0.405) (DI=0.361) 06n (IA=0.455) (DI=0.476)
= = @
= ‘};f.‘ —
06n (IA=0.483) (DI=0.638) 06n (IA=0.54) (DI=1.000) 06n (IA=0.705) (DI=1.000)
f ;\

S5 S ol ped 4y laTss (g4l 315 (06M) lsil 2,55 ) comil clld (s w3 S 5 S 5 (5l Judg  :(0Y) SIS
wbgiye 2l Sl s 5 00005 Ao o) )00 S5 > sl 5l oolitl b (oS S5
Ar 3 GiAl Gl APl Sl Celead (el s WS Gk a4 il s (Ghg s loj) b))
YA olasd) casloads ool GLas (VF) S8 o TA wlinss s asls elaie opl slp 00,5 o pll Lisu cpl
(aass 365, o sl (M) Sus ojlail alises Zohaw ;5 (535,


https://journal.hydropower.org.ir/article-1-523-fa.html

—==0P ===1I0 IS ===CP
4
] | 53 ° ]
35 : e ¢® :
| P » 1
3 1 i LA 1
| (N (] I
— 2.5 | | I
H |
2 | » - I
é z } | I
< | i Il ¢ 1
= 15 3
| © o ol . <] I
| 4 b |
L d
1 e o o, o ® °
| 5 ° [}
° o
o ood r\‘ & .‘ o'. - ® o:o ]
0.5 ot..o.'..c.: '.c-. .‘,! o.'..‘ ]
sadliS AR PR - . ¢ oAt @ B0, ok
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11
DI

1A ub..u.n ).g|).g ) 63)‘“ ‘5g|)."> Ua:l.m t—")-am :(YF) JS-&
bSas 5 ale gl e (V0) USG50 ool PSS, A 0o )8 o saaline (VF) S5 j0 a5 j5blan
ool UL.»J IAg..olom C}Ja.w 5o DIE )JOLOA 1A 5/\? Lg. 9 b;b ‘5\.0.:‘ o)iLo.c C?Ja"” 4 e 2.705 m/s )‘
Casloas  TA L Lo b 0 ized 00,5 0 o 5 YL
T oh,9,8 aslew| o Sloe zhaw 0.122m/s | 5848

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

1A (m/sec)

Median

16% fractile

84% fractile
oP

-==10

-==15
-==CP

1A t_:b...uu ).gb.g 39 LSB)'“ ‘5g|)."> U“’L‘:‘ ub..u;u oy bos ‘sl.b‘;;.x'm : (V\0) JS.»)

Loy sloosgazs olyen a4y ol (APl s el
el ools Las (V) UKo j0 0 Slos s 2 4
dgaz wlwly o, Slae v ;2 IM sg0> (V7) IS5 50
V) Jsir 55 gyite 8 Ska o oo 5 a3l
bal 53 A sk 4 (0F) U585l cesloads (el
ool olsiso iy (59 s (Slo3) RS 5 (o5
2 e sl Glyioe (17) JSB 5l eoliul b oged
Gl oSles mhw o ol gojlil b ol el
D503 Gl (A) Jgoz &g

Eoyi o> JA=0.524 m/s lade ailee e ululy
Sl as Jlade cpl adb e 9,8 aliw! o Sles plaw
SiFenS ailiw] o> 4 g e a5 TA=0.538 m/s o>
OV (et (B 50 5 Wlbise Sy (S slad o

OIS San 5718 Sao o ulal g o3y,

)L).M o h_iis)).‘ )L«.w.: OM] Cewdo IDA U"’e) La 9 &>

v il e 0.231Im/s 4 1119 m/s ply s


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

) ["z"’5Ls""°)L4""/M‘>JL"/Q|JJ‘gs’Td)"°lf5)"’5“\‘wL5‘°J'cd"’)w

0.7 Mmool r—

1.0
0.9 l ——The Median Curve
0.8
0.705 | Collapse Regine
— 0.6
= T T (I W
E 0.5 //////
<
= 04 03418 5o
__________ (
0.3 /.
/ |
0.2 A |
oy 0089 7 !
ToRA 10 Ls
00 = 1 !
0.0 0.1 0.2 0.3 0.4 0.5

CcpP

0.6 0.7 0.8 0.9
DI

S 3 ySlos ol ol jodr a9 TA Ol puidi' ol 0 30 (659! (2153 Ll Ol i sl S :(1F) S0
SS9 le.bm;.é.l.’i:ﬁm é)S.Lo.c c,.la.m Sgu :(A) Jgua

Level ID Performance Level DI Range IA range (m/sec)
1 I Intact DI =0.00 0.0000 < IA <£0.0050
2 orP Operation Prevention 0.00<DI<0.10 0.0050 < IA £0.0890
3 I0 | Immediate Occupancy 0.10<DI<0.30 0.0890 < IA <£0.3418
4 LS Life Safety 0.30<DI<0.60 0.3418 < 1A £0.5248
5 CP Collapse Prevention 0.60<DI<0.99 0.5248 < IA £0.7050
6 C Collapse 0.99 <DI<1.00 0.705< 1A

Dabboe Koy K0 a4 Sl 0,505, g0 5l el
0.705 m/s 51 5,0 TA L ayl; 0 (V7)) JSo ulul
Abanles aw JolS plagil 4 e

ooy W1 (5331 (sLins 3,5 hos Z ghaus (e
W (65,51 ol )by 4y bogs po IDA gl zin 5l oolaznl b
Cawdy 390> (6,5 )10 iz ed 5SSl o 4y o0l
ol slaosl (A) Jguz 0z 9 (VF) S0 5 ol
39 0S (e S VE3 Sl (6l ool iy a3 3 Shos
IDA sz 55 (VV) IS 0 ailosss )5 7,0 (A) Jgax
ol 8 Slos mhaws 1o 4y bgy o (sldosgazns of ot 4y aileo

Cwloads ool

¥, 0.005 m/s 5l 2S5 TA o (V7)) S bl
ojle Condy 5 39,5 od (53,575 5 s k515
Ot o 50 00 Bk sl sl (18l cdls e
o> > jlaie IDA SSG 3l solawl b g0 Y-
5,5 s 0,105 M/8 1 TA ke (sline ek
Sloywss o Sles mhvw pled o> b Jobes
Gl bgpe s03l (ol e oS 0k oo (OP) aiy
oS obolan abl oo TA=0.089m/S 1 5 Slae sl
Al e b Slais BB Jlade g0 (] 00 )5 o conline
o 51 ool cawss g Yl sga> (amlie b
Cody polie a5 03 5 o oanlive (s o5 b, s IDA

o5k gly ol oluslyr (S (5 Sl alito 8 ,Sdos Zolaw d9ux (1) Jgu

Level | ID Peri):‘lz?nce DI Range IA range (m/sec) DFE range (KJ)

1 I Intact DI = 0.00 0.0000 < 1A < 0.0050 0.00 < DEF <0.315

2 | op Operation 0.00<DI<0.10 | 0.0050 < IA < 0.0890 0.315 < DEF < 4.8203
Prevention

3 |10 Immediate 0.10<DI<0.30 | 0.0890 <IA <0.3418 | 4.8203 < DEF <14.4608
Occupancy

4 | LS Life Safety 030<DI<0.60 | 0.3418 <IA <0.5248 | 14.4608 < DEF < 28.9215

5 | cp Collapse 0.60<DI<0.99 | 0.5248 <IA <0.7050 | 28.9215 < DEF < 48.2025
Prevention



https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

e s p.?h.a5sto)la.w/p.boJL»/L)‘)J‘@Td)Jolfj)ujM@lctbw

Level | ID Peri):‘lz?nce DI Range IA range (m/sec) DFE range (KJ)
6 C Collapse 0.99 <DI<1.00 0.705<IA 48.2025 < DEF
1.0
0.9 | = The Median IDA Curve
0.8

IA (m/sec)

30 40 50

DFE (KJ)

a3 ;KL zglams of yo 43 aileo IDA S :(1Y) JSCb

= e s (595 (hunt&Aill) cuslsl g gt
SIEl lle SGo3 09 0,65, V7 Cod cds ygumnlaigd
3555 ;955 ol ;5 35 Jlesl ((Swig) i
0,5, VF @ azg LaS 0o F ulde Gal mhaw VO o
Sles ezl (Sealis Julow YA+ legasma (ol
Jne 3 (IM) S Jlowo S gk plol o
5o oolatwl (65,50 (e sla el 51 (DM) ol 5
Codyl g oS o (LSS) sus oY sl
S35 2 e oyl bl sl (ST (Salis
o S arls SOl eolaiwl b g oy 5 s o
5o ooliiwl 850 o> arls iy S 5;5 QA Cypnnd
@bl » S 2l slepasls Dy sl
Lis g atilai |y o5le o 5 cuslsl bl LUlgs a5)
S5 rez Sl (25 a5 1) b Sl
sl Golal g a8 )3 5las o1, o5le sla ol 5 3 sloj )
k5“]‘> Lg).f):)o L| RV 009 duw (GAN JS)Q @‘P
Al o 50 0l lis pie | o5l 5o ] 0] (e
doleislo (gl 0l oy a5 8 Sloe Zolaw (ulul 5 s
3l Sy e il s 3,Shee sban

Silode] Gy DAl (o3l p e g,y 4 Sga ol
sl polie IM polie sl oolaiwl b Ko o)le 4
onlslaileass F zl el aile IDA s (54, 5l DFE
S (sloj ) (oS Syl )3 S Be ek A lgise Seu
5 (1) Jgux 5l ool b oged oolawl cddepl Sis
S (555 polie bl p lgioe V) JS& (izen
@ azg blie job 4 b 5 (DFE) ojle buwg oud
3550 30 Aelsl ezt S abogyye 0,65, (IA) (ol s
lgie 4.0,55] s s o3lw o Shes v g ol oI
4 Jloel Soo5 soj9> 9,55, byl was STl
(gd3e Julo alowl ey il 0.412m/sec bl ol
D o el sSles gl e jsbay s
L) was o3 cdl ol b a5 () Jgaz 51 eolaswl
Dged (S Sl a1y (V) Jgaz 5l ool
ssbze & DIe) 6551 (3 als (arloe 3925 (1L
Lol pigboluzl 585 loj,) b))

&S Ao

Ooye & (S (s s sl bl (g crl
3D G55l 2 e @ atls 5l eslizul L oS
L ogelae cpay ol plol (CanSls Jdo 4 ool B
Jelod (Gldllas 550 (lgie ar e diinly (g S Sl
0,380 1 aslizal  (IDA) s s ol (Salizs


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

L 1 2 p—?ﬁa—?9LSM}Q)LQ-MJ/M\)JLAM/Q‘)J‘LSJTd)Jalfs)MSMLSQJ-CdQ)M

wly e 2P dhw 655 ok 4 g3l el
P anag b late 5k 4 5005 (aeS (oS D90

Caolazdl aoliel o a0

&zl

1-  Alembagheri, M. and Ghaemian, M. (2013). Seismic
assessment of concrete gravity dams using capacity
estimation and damage indexes. Earthquake
Engineering and Structural Dynamics; 42: 123-144.

2-  Ang, A.H.S., (1988). Seismic damage assessment and
basis for damage — Limiting design. Probabilistic
Engineering Mechanics; 3: 146-150.

3-  Ansari, M.I. and Agarwal P., (2016). Categorization
of damage index of concrete gravity dam for the health
monitoring after earthquake. Journal of Earthquake
Engineering. DOI: 10.1080/13632469.2016.1138167.

4- Banon, H. and Veneziano, D. (1982). Seismic safety
of reinforced members and structures. Earthquake
Engineering and Structural Dynamics; 10:179-193.

5- Beheshti Aval, S.B., (2019). Seismic rehabilitation of
existing buildings theory and application. Tehran: K.
N. Toosi University of Technology. (In Persian).

6- Bhattacharjee, SS. and Leger, P. (1993). Seismic
Cracking and Energy Dissipation in Concrete Gravity
Dams. Earthquake Engineering and Structural
Dynamies; 22: 991-1007.

7- Bozorgnia, Y. and Bertero, VV. (2003). Damage
spectra: characteristics and applications to seismic
risk reduction. Structural Engineering, ASCE;
129:1330-1340.

8- CDA. (2007). Dam safety guidelines. Technical
Report, Canadian Dam Association: Edmonton,
Alberta, Canada.

9- Dipasquale, E. and Cakmak, AS. (1988).
Identification of the serviceability limit state and
detection of seismic structural damage. Technical
Report NCEER-88-0022, National Center for
Earthquake Engineering Research, State University of
New York: Buffalo NY.

10- FERC-PFMA. (2005). FERC guidance document:
potential failure mode analysis, draft version.
Technical Report, Federal Emergency Regulatory
Committee: USA.

11- Fishman, YA. (2009). Stability of concrete retaining
structures and their interface with rock foundations.
International Journal of Rock Mechanics and Mining
Sciences; 46:957-966.

12- Ghaemian, M. (2008). Manual of NSAG-DRI. a
computer program for nonlinear seismic analysis of
gravity dam-reservoir—foundation interaction.

13- Ghaemian, M. (2017). Method statement and design
of roller compacted concrete gravity dams. Tehran:
Sharif University of Technology. (In Persian).

14- Ghaemian, M. and Ghobarah, A. (1999). Nonlinear
seismic responses of Concrete gravity dams with
dam-reservoir interaction. Engineering Structures;
21:306-315.

15- Ghanaat Y. (August 2004). Failure modes approach to
safety evaluation of dams, Proceedings of the 13th

o jasiie o Sles maw o o3 e ls sosgae
Sy s ol 0 Shee s id oebol ol 2
64.;@.:—‘ s‘:b @N‘ s:\.ﬁ&g@ L;o.)l.‘b...u‘ WJJLB ‘ws‘f
3,8 Gy Slicnl s sl plagdl g (B398
03 S5 obul a0 o> WS (b o Slee mha
sogaze 0 DFE 4 004 0.005m/s 4 0.00 o IA
Cwad o Sl mhaw o oyl 13 0.315KT b 0.00
A 0 GL8) 5 000 ojle St adBg o Sl
gl ol o il (Bl T @ Sy by ol
<03t ,0 DFE 450.089m/s 40.005m/s .0 IA & Slee
o Slee maw 0,5 o 8 4.8203K) G 0.315K]
aS 00,8 oo Dbl Siasg 4 aady o (goslaiwl oL
zho o casleas slml glojle pledl LB ol
90540 0.3418m/s 4 0.089m/s 1 TA (3530 o ,Slee
Syl 1,8 14.4608KJ 54.8203KJ (s059050 ,o DFE
580lae mhaos )3 Ghiye 8 s slojle ol Jloz>]
P IA oSl mhaw ol o )l vg2g Gl sl
43 DFE 4 004 0.5248m/s 4 0.3418m/s (sesgoome
w0 .0,.5 0 ),828.9215K] 4 14.4608K] (503l
sl Glojle ol caml (9,8 castinl o Slee
ol lr 9)l0 0529 (5L (S5 (S53lg Sl g oS
DFE 50.705m/s 4 0.5248m/s  yo [A 5 Slas zlaws
bl g 000 5 Al 48.2025KT 4 28.9215K]T (0
Iar IA LAy e (b oShes gl
48.2025KJ ;| 5,5 DFE blis ,gbas b 50.705m/s

abasles cdd b o JolS plagil 4 e
ol S gl wojl s Shos ol aSyl 4y azsi |
Ol sn i35 pa5 S o 4 00l B (555l
oyl ad el haid g ojles Jilos bl 1 LS
4 oad BT (g5, e 4 azxgi b L g oyl Sy
S wed oo Jolo goue Jdow 5l a8 cllss o
IDA Jdos 5l ool Cands (ga Yl 390 (sdumlie b
05 osalie (ol 5 (aSls saliws 4 oo 25 5
g 00g S0P 500 Al wdal Cawdy polis aS


https://journal.hydropower.org.ir/article-1-523-fa.html

[ Downloaded from journal .hydropower.org.ir on 2026-05-19 ]

A p).?Lu9LSM:O)Lo..w/‘vm.)JLM/L)')J‘LSJd)Jalfs)HsMGaJ.CMW

31-

35-

36-

USACE, (2007) Em 1110-2-6053: Earthquake Design
and Evaluation of Concrete Hydraulic Structures.
Engineering Manual, Department of the Army, U.S.
Army Corps of Enginecrs (USACE): Washington
D.C., USA.

Vamvatsikos, D. and Cornell, C.A. (2002).
Incremental ~ dynamic  analysis. Earthquake
Engineering and Structural Dynamics; 31: 491-514.
Vamvatsikos, D. and Cormnell, C.A. (2004). Applied
incremental dynamic analysis. Earthquake Spectra;
20(2): 523-553.

Wang, C., Hao, H., Zhang, S. and Wang, G., (2018).
Influence of Ground Motion Duration on Responses
of Concrete Gravity Dams. Journal of Earthquake
Engineering. DOI: 10. 1080/13632469. 2018.
1453422.

Yazdani, Y. and Alembagheri, M. (2017). Seismic
Vulnerabilty of gravity dams in near—fault areas. Soil
Dynamics and Earthquake Engineering; 102: 15-24.
Zhang, S. Wang, G. Pang, B. and Du, C. (2013). The
effects of strong motion duration on the dynamic
response and accumulated damage of concrete gravity
dams. Soil Dynamics and Earthquake Engineering;
45:112-124.

16-

17

18-

19-

20-

21-

22-

23-

24-

25-

28-

29-

30-

World Conference on Earthquake Engineering:
Vancouver, BC, Canada, paper no. 1115.

Ghasemi Gavabar, S. Alembagheri, M. and Esmi, B.
(2017). Seismic vulnerability assessment of a set of
concrete gravity dams. Long-Term Behavior and
Environmentally Friendly Rehabilitation
Technologies of Dams (LTBD). DOI: 10.3217/978-3-
85125-564-5-101.

Ghobarah, H. Abou-Elfath, H. and Biddah, A. (1999).
Response-based damage assessment of structures.
Earthquake Engineering and Structural Dynamics;
28:79-104.

Hariri-Ardebili, M., and Saouma, V., (2014).
Ouantitative failure metric for gravity dams.
Earthquake Engineering and Structural Dynamics; 16:
719-734.

Hastie, T.J. and Tibshirani, R.J. (1990). Generalized
Additive Models. Chapman & Hall: New York.
Kayen, R.E. and Mitchell, J.K., (1997). Assessment of
Liquefaction potential during earthquakes by Arias
intensity. Journal of  Geotechnical and
Geoenvironmental Engineering; 123(12): 1162-1174.
Kratzig, WB. Meyer, IF. and Meskouris, K. (1989).
Damage evolution in reinforced concrete members
under cyclic loading, Proceedings of Fifth
International Conference on Structural Safety and
Reliability: San Francisco, CA; 795— 804.

Newmark, NM. and Rosenblueth, E. (1971).
Fundamentals of Earthquake Engineering, Prentice-
Hall: Englewood Cliffs, NJ.

Park, YJ. and Ang, AHS. (1985). Mechanistic seismic
damage model for reinforced concrete. Journal of
Structural Division, ASCE; 111:722-739.

Roufaiel, MSL. and Meyer, C. (1981). Analysis of
damaged concrete frame buildings. Technical Report
NSF-CEE-81-21359-1, Columbia University: New
York, NY.

Sharan, S. (1986). Modeling of radiation damping in
fluids by finite elements. International Journal for
Numerical Methods in Engineering; 23: 945-957.
Sharifi, S.J. and Sotoudeh, M.A. (2023). Seismic
assessment of concrete gravity dams in terms of
energy using capacity estimation for near-fault: Case
study of Pine Flat dam. Bulletin of Earthquake
Science and Engineering. DOI:
10.48303/BESE.2023.545431.1053. (In Persian).
Sotoudeh, M.A. Ghaemian, M. and Sarvghad
Moghadam, A. (2018). Determination of Limit—States
for near—fault Seismic fragility assessment of concrete
gravity dams. Scientia Iranica. DOI: 10. 24200/sci.
2018.20701.

Stephens, JE. (1985). A damage function using
structural response measurements. Structural Safety;
5:22-39.

Toussi, S. and Yao, JTP. (1982). Hysteresis
identification of existing structures. Journal of
Engineering Mechanics, ASCE; 109:1189-1203.
Travasarou, T., Bray, J.D. and Abrahamson, N.A.,
(2003). Empirical attenuation relationship for Arias
intensity. Earthquake Engineering and Structural
Dynamics; 32(7): 1133-1155.


https://journal.hydropower.org.ir/article-1-523-fa.html

Ol 2T By 059y g o oo & i
VPV sl [y g (o 0 loud [0 Jluw

Journal of Iranian Dam and Hydroelectric Power Plant
10th Year/ No. 35/ December 2023

Quantitative assessment of concrete gravity dams in terms of energy using
damage index for near-fault
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Abstract
Seismic assessment of concrete gravity dams is mainly conducted using
capacity estimation of limit states or determination of damage indexes.
Within the context of performance-based earthquake engineering (PBEE),
damage measure (DM) refers to physically observable DSs, which can be
subsequently related to repairs. Hence, the propensity for potential failure
modes of concrete dams should be quantified. The main purpose of this article
is the quantitative seismic assessment of concrete gravity dams using an
energy-based damage index. Therefore, by selecting Pine Flat gravity dam as
a case study, incremental dynamic analysis has been performed on the dam-
reservoir-rigid foundation system, under near-fault records with forward
directivity effects. Then, limit states (LSs), damage levels and total dynamic
capacity of the structure were determined by energy-based parameters. After
that, damage states (DS) of the dam were determined and using an energy-
based damage index (DIE), the determined damage states were quantified. In
the next step, performance levels of the dam were defined and the identified
DSs along with corresponding DI ranges were assigned to the relevant
performance levels. The results showed that mentioned damage index
effectively has estimated the damage state of the dam quantitatively and it
has increased reasonably with damage propagation in the dam body.
Keywords
Concrete gravity dams, energy-based damage index, incremental dynamic
analysis, damage states, performance levels
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