YIA-AA o/ Ve Gl /AR 2,lond /TY ala/ (iR 9 (55l (b 05lw owiigeo ol

AERI

g 5 oole e & g0

— G (o 5 9 g A (P50 (S B s Jludiagi— o danid 5599 31 0L
WL gt SSlmiw (g jludingd o 59531 51 0L b glo 5

"ol (5 haz yazzr 97001 33o (guiten ¢ (g5l Ngd 3!

U‘)J‘ Ao o “L..>)..u olKisls g‘si.Jj)M Lngo)Lw 9 uT U’“‘)f ‘u|),4.c GM’W M)l GAAJLM&J)lS Lgsmb -\
Ol iz g i 1 RSN (gwdige 00SUISIS (] jes cwdiges 09,5 JLoliw] Y
Ol eolasly el gl g oyl oKiils )] jos cwiige caSlisls .| b Cu o 5 (wdige sl Y

VE- YOIV by Gyl VELY/VIVY bl o fu,b

oS>

£

P35 &850 1 (6 bt 55 B 5B cWigad oo Silua ] Ll JUS 15 s (360 d3ko O (4315 joue (5lys 305w

Al 81 (llg5 395 ols dwsin b (51,8 (5 )y Bl o0 BT ¢52 pow Cad b (3391 (S w4 U 59, 51 2l o
S8 525500 31 230wl 3985 o0 (S wie 0! 345 3L g2 (6551 STl £9u090 315 W3y s ol 1 Sl | (6590 (2
adllae )3l 0 (BRI Cawdimly 3 (213 9 (Siamnil 9y (o2l 51 9 29850 5y B0y )3 ST (5551 g o g K G
(810,535 5 SISk (o 55 300 Kbl Ty (62 30 (ol AUyt Sl it 1550 S 4y oyl 6 5l
ol o 23! Sl vy 1951 53 (59! 51951 Sl Bobal (3008 Jlos I ek (i .Cowl D 411 (514 59
(SEliaw iy po 81 (Slageawly b Al 10 (o) 52 ZDT (gm0 51 S0 JUo jlox (59, 205 0315 3910 i y951 2 ko ot
Tl Rl 55 83 g (2, Sed Cas a9 0392 9o Bl 03] 3,809, &S i paslie O35 el I i 591 9 S5 k2 9!
T 0l 031> drawgd (oS g (ST sy D90 A1 Glsn Slgyd (Gilwamd 05 Sy o 1 g ! 4Bl 2900 A
0dwi 0315 gty ks 19N g 0l 8313 Arwgi (g3 lwanms Jdo JUaTT b dgs o pd /¢ Y I oS glad I S oxiwiece
13995 Cons! dhuled (39, s 325 s (152 (6l 3559, (6305 B & b &) Guamadus 95, o (59, T5b 1 Slasgooe

) Gl o D A1 5 poes g )38l a0 AY g o YO o 5 a1y (655 STedusl g (59 (22

10y 515y ¢ S Gy s (39,0 v caBad ey (65 lvdinges cAiBlidgnt SEliaw ok o1 350l (S0 3 g

OSE05d Saley Wb 5 glabipnn] lalso b ey
3 gy sl (g5lmaige 3590 55 sl Slalllae
S sl 485 8j50 (B pas pllas e falS Cge
e sl (g coad ool (g3laige slo by, O
loaiiSo 2 )l @l (29518 slopi ;65
slaws &5 ol o] 51 (Ghobadi, 2014) el a2l
O8SL (2518 slapt oSl 5 e g, 0L
oby ool il (n 5 g0 (Brne ciload ools dnwgy

RUVIRIRTY PES

FPRY-F
Slaxl a9 51 5y e gy 12l A 5e
slooslo cnl (gilwaig 5) cnl 5l 0sd go Jold | oo
Gl 0 6 pSe—dxr b 4o wlgioe (Sdgjue
o pten b sl 3 bl sl 5 ol slaan s
Oz ol ool jaae 5o Ll ol dogs ), (S
azgi (&8l o el O Lo 3 0594 oo 5 lile
2 892 Y ol 3 ) s Sgy000 0 Slas
355 Syl ol oY el ol 5 (b (g
3508 b o)y (g0 0, Slee pogdle aS

https://doi.org/ 10.22092/IDSER.2023.362275.1544

aA

Email : mollazadeh.mahdi@birjand.ac.ir: Jgmue o1,



VIA-QA o/ VF ) (b AR 0,los /YT s/ (i} g (6 ol (b 0 les cawiigen il

aot gl S g (w5 Joe 2l L e ) o
s8Il 5l ol s 4y e ad Jols Bas iy
Sz sl o )sSl ull 5 Ay jlade b ol
e oy Slalllas o (Lol JolSS 5 Sy sl
Lk 53 S S5 ool eslaial a5 03 8
auoyd F/ATA als (i 50 o (gl 0,555 5, un ol
Some (@ 5o ey VIV Gl g oo e 5o
b dglin ;5 48 Cdls o, |y andly ke 4y Cod
S1s Las 393 5l (6 e 0 Sdee SN 593 sl o 555!

,o (Ghahramani & Bayat, 2016) <Ly 5 Jle 48
Saa b adelw o SIS 5 55 Sladdlae
e ;3 gy 5 sl Slaghy; anslie 9 (L))
sloslaial by G 25— 53 6551 Sl Gl
5 =gl Lauly plos dnyllie 5 (o) 2 2 (S5 o 58]
L 3 K55 i3 B 3 e 5t il
ol ol ooty gl aizsls s MATLAB (6581 o
Oplr Ll gy 99 52 sl Gl Ll yo a8 sl
gyl Larly )y Somad 00 )3 A0 (6551 SVl Gl b
C8d duo )0 AD/FY oo dnlre (65 51 Sl Jlade b
(Nikpour et al., o )Sen 5 ;5505 0, (5 S—wlin
slal (PSOY 3 glaza! o2y 65l 51 eolis_ul Ly 2017)
Silwtingy (nl 20 ae ) S e (miin
Olmb,dT bl 5o @dly G )lw v SISk 5250 (55,
2 esSe e VYFIR 5 OF 1Y 5 FYY cla oo L )
ez v )63l 5l onnl cwan polie w5 1>l asli
Ao S5 0,95 5l el Cwoay polie b )3
ewid (5l a0 a5 0y ] 5l S bl o
S0 PAIRE lie L SGiss o oSl o SISLy 525 o
sl S (e 9o (6551 Sl 258
omoys FYFY 65,0 il e b 5 glozs]
el ools lid o9

4 (Ferdowsi et al., 2017) ) Sen g (—wgo,®
B L (sladiped 6lo S8 ) slaal (g3l—wainge
sl sl eoliiwl b (B —as (5 e (55lwdineS

A

sbalsy yuwai (sl (Chanson, 2001) sl >
G55 SNl Jlade 125 5 Gl 95 pardd jolareay
Sl @l 093 allislesl Slalllas S 52 9,
Sl o orl 5o 00l BT 655l Gliee dnalia b 55
S 5 &5 Slgiwl as ols 5155 Sls s
5 SOgee b el il Blo )y & S SIS
56wy 4 (Selj Mahmoudi & Bayat, 2013) s
1o SS Sloj, s a4 (2lge p Ol 0Bl (sl ass
Slo XS sy b bad e Rk s jo 5 sl
SO —id 3l Cod 4 Wi ,S cuslie (gl amiyed U L
loais bt il U3 3 ol bl o ity
az gy onl 5l salgs pals (6)380T oo jlade
(7S (59 ib iy e 2aBlS s 4k ol &g);
628l salys Gl )08 oy g 050 sl
Py 4 Cod 155380 5 eyl i
o)y opdle .l S S i 2l b glo KiS
S8 Jedoar (e Jl (So,8 Sl o a5 0 pola
60T o o ial38l g g o 00ud 00udlS (slaars
b % G eSils sk 4 00idlSls sloars 0,5 (sl 4
JSCS a1, S8 50,0 gl a5 il s ol asn ¥
alss slo Sl esladized ) b asalie ;5 il e
ol Ol sl Gl LS 5o 5 col iy Gile &
et 35 Ll o ailo sl 3L lizen ,ils
Gagly Ol 55 5 i Sl Gl S 4 6,38
(Goudarzi )|, lSes 5 55,865 -ouls oo LhalS o] Lol
Sy, ;0 (5,051 o, 5w, Letal, 2013)
Ol s Gl 5 SVl ot b lsbisl glo K5
G0, 58 50 e CewdVh 05lg00 j0 ol bl a5 wisls
Sl e O &S 09 e Ol 6T Caz g Ssly
bl salgs JLis ) 6,35 co po
ooyl 51 eola ! L (Hosseini, 2018) . ..>
&l oSS 5y dinte b 4 GWO 515 555
el p Sl 0)0e (Sgaen Ll 4 azei b ol alijed

wdas @b Glyie 4 5w (Brae G e SBIL

! Particle Swarm Optimization



e 810,58 SNy (oS 35 51y Bkt (D5 (8152 4D e Jlariater jluw e 3,509, 51 23Uikas!

5 Oloz ln o Saslie Rl g Gl bl Jlai ol
Oleyz bl g same (50,5 an b 4l (il (rizeen
ol o SBL Gl oy 5l 95 (0l S0 i (252
Sy 5l oz (s Gloie ar bon )y (al 51l o
Lol (Sdgyoze o ,Shoe 5 ploadly (ial3dl jslareas JLSL,
Syopes el
oolazwl L (Sohrabi et al., 2020) l,Sen o (o pges
sl (e a8am 90 Sl agele 4l Joo SO
5o onile Bl (65,5l (oS Ay ) jekaie 4 NSGA-II
STl (555 oy e @ (S Jpa g e axky
o5le Bl (8551 o 2, sloaly (e £lis,| T3
gol Abd & oy 5l am g Gl Il ey o
5 pz shaie oy ol jlade G Ul e RelS
> <2y S A (oo e ] I8 L 55 05 pee A 0
o2 3050 sy Gl 5 el 3 s o &gy o]
as ols las adas s (5l A s b e zels
S35 Jexo o b Al s 31, b ()b 5o
Ll (255 4 oy 02> 5 a3 b o2 5 ouile Sl
)" Sy ULJo- 63)-3‘ oy AYIY &8 6)9-19“-.’ ‘J.jloé.io)f
(Khalifa )|, \Sen g ails 05d o Slgiane 3210 (3,
e p,esl 5l eolaul L cawey ,o et al, 2021)
Loyl ange polie 5l (cslie 910 KBl (L25051)3
Jols mls 5 wis,s @l e ,é plfiSule Jas
SOl Glie s by slr (DA) 18k o 565015
S w5l 5 (BA) s slo w2 s3I b o) o2
pisSdl gl a5 g5k 4y oS anlie (HS) Sgejle
03,5 dilz0g, 5lp iy 4 RMSE 4 SSQ ,,0lie DA
Sl Cawd w0 +/YY g FION L ol (60,90 addllae ylgie 4
aipt Aslme 55 w3 s8] Ol el 0 ,Slasl Sl a5
2 6l sl 3 DA oz s3Il S 3l Lt ba s el
8 )18 solatwl o0
5 S Gl )y dive yo Slalllas Ay (o) 2
5o Oldlas coled Bup 45 wao oo l—id (glo, S8

i Yoo oyl )l oSl )y 4l e
Cmwddy gl 0l bl paal o Glgicdy )
Slopi oK L (CS) ausld smi v o651 5l ool
e 0 gl el a5 LS oS5 S5
TAIR lS s gz w58 55l A1tz
3 Xl e 4 S (Byman R > 50 Bo)0
oxoslis as cunls Jis a ly 6lo S 55 50 i
3 53 ie8dl g9 A S o)l (pl YL o508
(Kardan et al., )Ken o lo,l5 .l g5l waig
$lo S 3y e Sl (g3t 4 slasillas o 2017)
g Al p S ok, oS 5l eolawl b IS el Ute o

Py Brae G laie 093 ol Jue b sy
Ao als oo 3 YV/TY 09200 abg 4 S |
(Rezapour Tabari & ;pp—ila 5 b o5
—o3851,8 slaniy 165l oS 5 L Hashempour, 2018)
oy Slad (b & 5 S5 55 5 03 plas
5l S odal Cwods gl ozl Ute o gle 58
W G 3y g Sl slad i 0 o0 £F als
ool osllan US54 005 an a5y grse Jas
St Sgymee o Sles |y el (i oy ) )
A3 o LS S I (slaiijed o8 ay Cand
(Ghaderi and Abbasi 2019) .l 5 5, 0L8
9 S 780 cod S ) 5l s Ol Sy
(slaized olwo SuS IS 4y laaly i JSi 2L
s—y 0 FIOW-3D Joo S5 aul) Ll e g 2lio
35 ol bang U313 sl a5 ols olis mbs s S
g5 Ol D98 &S ba aly (lo K8 USS (55, 5 2 y5ee S
oSS JS—b ol sl 0 So5- GSL Loy o
Ol Gyt & 2lid 6l e S es sladied
LS gl Lulpd ool plas 355 5 (6551 Sl
@ ladized 5 (e bt (6l 0, KS= SIS 52y
Sl 5 a o s YAIYY g YANY SY/F e o oo 5
Gl SNzl 1o 0o ) 0 VY g VY FIO 5 b o e s

orlade ivg Fge Blate SIL 5y 4 Cod Sion

2 Cuckoo Search


https://www.sid.ir/search/paper/Flow%203D/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/تداخل%20تیغه%20های%20جریان/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/استهلاک%20انرژی/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/سرریز%20پلکانی%20کنگره%20ای/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/استهلاک%20انرژی/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

VIA-QA o/ VF ) (b AR 0,los /YT s/ (i} g (6 ol (b 0 les cawiigen il

b il ooy st e 33l 63 51 ol e,
ol o0 oolazwl (solprin

asdllae 5 yg0 Ailaio

S o e b ol dalllas o
UL‘“" 3O S U"‘ el 00 axdlUas d?)L“’ 6‘°)")§"-“’
4808 alsog) (59, 5 IS5 Gl o 28 )3
o By s g oy Ol el gl g a8 S I8
Oy S B0+ dgax g)lal 5 OIS Gl B
dxdlas Bow .Cwl 00y Sl e Sl (65,9laS
S P Oyge 4 Ggyle dw Blo e (kL ol
oebte (pl lp aul S g slo 5SS slag )
o386l SDlpanl Jlade 101581 O jgoas Bus ailgs
2ol s ol glaaie (1alS 5 5 50 cod)b
5W|C)Jag_§.;4.,@l~_u bs‘yw‘ou\_md..ﬁ;)b
5 iedgyoed Ll l celed Sl (6590 ¢y yon i
et a3 S s o (Sojlns slacasgase
Bt QT s a s (ors g éﬂ)L"‘ e ‘515 Slasin
(Shoja, 2018) el s 1,1\ Jyur

Sl sl Jod B (b ) S e,
b 5o o 4 ey 510,558 (slog ;50 9 (555!
aS Sl L i el 009 (6,050] ok oy i den
dlainsles 5 039y 390 JolS Hob 4 b il g oo 2
SR a5 55 Sl sl (F55UsS Ll
Sl S 5 dalllas cpl 5l Bu Lol oS adl |
ook dr ilwaiige 5 1o, XS oy ) —w b SIS
Sloyen jsba 65,1 SVgal 5 (6,308T s 2al38
aBan W (ilwaingr 9,505, 5l pskaie (nl 6ln ol

L] 0l 03y 0 44

Ligy g 190
A bgrye 6595 9 Sloe bl p i3 (nl o
Basaiz glodige Joo S (G 5 S5 slo
59 0010 Oy Waz (g lwaig o, 03 SO 5l eolail b
a5 laigSas ol ol &Sl (oS S e SO (b
Jold calie o Jge 8 9 Slia s5lwesly 5l
0970 393 9 ol (Sl ile (Bad @i (03,5 A
2D ey s g sl o Shes o] 5 S

(Shoja, 2018) (g, s Claswin - Jgaa
Table 1- Specifications of Sarouk Dam (Shoja, 2018)
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Table 2- Decision variables adopted for the design of labyrinth spillways (Hosseini, 2018)
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Figure 1- Schematic of a labyrinth spillway (Hosseini, 2018)
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Table 3- Constraints for the problem of optimal design of labyrinth spillway (Ferdowsi et al., 2017; Hosseini, 2018)
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Figure 2- Schematic of stepped spillway and decision variables. (Shoja, 2018)
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Figure 3- Schematic of combined labyrinth-stepped spillway (Hosseini, 2018)
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Table 4- The optimal values of the adjustment parameters of the algorithms
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Figure 4- Pareto charts for benchmark example, with various algorithms
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Table 5- The results of algorithms to solve benchmark problems
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Figure 5- Sensitivity analysis for adjusting the initial population number of the algorithm
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Figure 6- Sensitivity analysis for setting the maximum number of iterations of the algorithm
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Table 6- The results related to accuracy of the developed code for labyrinth spillway

(1)SWa!  psls anllhe

990 yladle

difference  Current F§|r_ d(%”f;f ' Available -
(%) study value Parameter
14 14 14 N
- 16.13 16.13 18.29 w
0.0001 225.82 225.86 256.06 1A
0.06 15129 16145 16143.55 Q
0.05 0.38 0.40 0.38 Cq

- 23.47 23.47 34.77 L

- 48.95 48.95 73.16 L.

- 685.41 685.42 1024.52 L
0.003 5572.8 5574.90 9979.91 Vw
0.003 954.75 955.06 1315.87 Ve

- 2504.5 2504.93 3500.59 Vs
0.003 9032.1 9034.91 14789.39 Vitan)

12 &5 Mg im0t byne 3,55, f oolisd
bl asmo yiolidl oo 0 FY jlade 1) o) s ey
GBS )0 ol Cwd 4 (b sle ke ¢ L3 Al> s
solde 5 0030,5 (Byme 00l oold da gl oS A4y Lyl
Ao (V) Jguzr 03,5 drsslons o) e sl el
LTy Boylw oo o) il 5l Jool> (29>
5l oae] Cewods polie g oo 0old dxwgi oS 5l oola .l
(Salmasi & Abraham, 2022) plal 1 § wledes aslllas
Olgie 4y oo QL sl s polie aps oo lis
Y e Vi e g1V b Sl il (69958 bl
sl Y e VIVY caly ela) Y e YF i, (5ye
QFIY : b oo -F sae A il olaws -0 e F/FY

e VY i Jsbo -V 4l e e

Glednd Jow (ol (asein (F) Jgo 5l a5 jshiles

Sl Bl o0 00l Ansgs (510,505 5 e (Slg o
(Ferdowsi et al., ,lSen g —wgod Joo L o9>
i bgye las iSTas JJade 45 glaisSas ol 2017)
Aoy [0 g o F plp e 4 6,300 oyl g 0
Jdo arailgs o saal sggar sllas Sail e .l
2 s sl 43 48 0l (5,380] o b Al 8550
Slom )38 oo iS5y 59, 5l Spgee (20
oot 5 (6lo S5 o)y 0 bog e OS (il
5 lobs Sllllas ol 2 58 (SBL ) e STy yupe
A oewcowo (Salmasi & Abraham, 2022) slal 1
4 oSy s jbwainge oyl lesliul b Glad o)



VIA-QA o/ VF ) (b AR 0,los /YT s/ (i} g (6 ol (b 0 les cawiigen il

S o jldneds o5 S Y Jgaa
Table 7- The results of the stepped spillway simulator code
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Figure 7- Pareto chart obtained for Sarouk spillway
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Table 8- Values of spillway parameters for different designs
Selected answers cocio glagwl

P B
c B A Design parameter
L) oSS 5oy €85
4.63 557 5.61 (520) 1o )SS 5000 185

labyrinth spillway height (m)
(50) 1058 2y ol
The thickness of the labyrinth
spillway (m)

2.82 4.29 418 () oudle 22 g5mcne
Total upstream head (m)
(50) 10y%S sy Jsbo
The length of the labyrinth
spillway (m)

(42 )c10)58" jayp 0)l523 s
The wall angle of the
labyrinth spillway (degree)
(150) 510y 52500 oly 515 (s
The inner width of the
labyrinth spillway apex (m)
SIS sy p 4B o 2
The discharge coefficient of
labyrinth spillway
SloySS sy Sl Sl
The number of cycles in the
labyrinth spillway
(30 )9) S G2y e
The slope of the stepped
spillway (percentage)
(e) S 52pp 03)
20.17 21.38 24.02 The width of the stepped
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1.34 154 1.60 Rl )
The height of the steps (m)
(0) S 525 o9 glis)|
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aly sluss
17 15 16 .
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() ey Jobo
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(456 2 axayie) by (0
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The percentage of energy
dissipation (percentage)
(eShos2e) (10,58 oy o>
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The total volume of the
spillway (m3)
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Abstract

Introduction:

The cost of implementing spillways includes a large part of the dam construction budget. Optimizing
these structures can significantly reduce the cost of building dams. So far, many studies have been done
on optimizing the dimensions of spillways in order to reduce the amount of materials used. Among the
used optimization methods, the methods based on meta-heuristic algorithms have had stunning results.
The review of the studies conducted in the field of stepped and labyrinth spillways shows that the goals
of all studies in stepped spillways have been to provide an acceptable plan for energy dissipation and in
labyrinth spillways to reach a largest amount of water passing. The purpose of this study is to combine
stepped spillways with labyrinth spillways and optimization in order to increase the water passage
coefficient and energy Dissipation at the same time. For this purpose, the multi-objective optimization
approach has been used.

Methods:

In this study, the redesign of the spillway of the Sarouk rockfill dam located in West Azarbaijan province
has been studied. In case of labyrinth-stepped spillway, the decision variables, constraints and objective
functions of the two spillways are combined and analyzed as a multi-objective optimization problem. In
this study, a dynamic coefficient is used to improve the performance of the dragonfly algorithm in the
search and exploitation stage. After determining the optimal values of the regulatory parameters of the
MODA, NSGA-1I, MOPSO and MOIDA algorithms, four benchmark examples were solved with each
of them 20 times with an initial population of 50 and a maximum number of iterations equal to 100.

Results:

After validating the improved dragonfly algorithm on benchmark functions and evaluating its
performance in solving multi-objective problems, this algorithm was used to design a combined spillway
on the introduced dam. In multi-objective problems, there is a set of optimal solutions rather than a
single optimal solution, which appear as a Pareto front. The implementation of the improved dragonfly
algorithm with 200 initial population and 500 repetitions has resulted in providing 200 optimal answers
on the Pareto chart. After performing the calculations related to the fuzzy decision-making method, a
design with the values of the objective functions of concreting volume: 59795.54 cubic meters,
dissipated energy: 75.18%, flow rate: 1255.19 cubic meters per second was selected as the optimal
answer. In addition, the design with the highest and lowest cost of concrete consumption was selected
as two other answers. Plans A and B have increased the flow rate passing over the overflow by about
120% and plan C by 25%, compared to the initial design flow rate. The amount of energy dissipation of
plans A and B is about 76% and 75%, respectively. In plan C, where the flow rate has not increased
significantly (25%), energy dissipation has reached about 81%, which is more than the other two cases.

VY


https://www.bls.gov/ooh/architecture-and-engineering/civil-engineers.htm

Irrigation and Drainage Structures Engineering Research/Vol.23/N0.89/ Winter2023/P:98-118

Conclusions:

Among the available answers, according to the priority of the cost, the plans with the lowest
implementation cost (C) and the highest implementation cost (A) based on the volume of concrete were
selected. Also, by using the fuzzy decision-making approach, an optimal plan (B) that has a suitable
balance between the three objectives was selected. Based on the results, it was found that each of the
plans A, B and C can be used based on the needs of the employer. From the economic point of view,
according to the project conditions and the needs of the employer, all the proposed plans are suitable
options for replacing the actual spillway and reduce the implementation costs. Also, the comparison of
plan C with the stepped spillway plan presented by previous researchers showed that with almost the
same volume of concrete, using a multi-objective approach in comparison with a single-objective
optimization approach, in addition to increasing flow energy consumption, also led to an increase in
flow through the spillway.

Keywords: Improved dragonfly algorithm, Multi-objective optimization, Sarouk dam, Stepped
spillway, Labyrinth spillway
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