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Abstract

Introduction Weirs are structures to provide the passage for excess water to flow from
upstream to downstream in flood conditions. Since the special geometry of ogee weir in terms
of matching the flow Trajectory with the surface of the weir, increases the efficiency of this
type of weirs, so the use of terminal structures to dissipate destructive energy downstream of
weir is of great importance. Increasing the water level in the Ogee weirs generally increases
the contact level and head loss, but specifically in gabion weirs leads to increased permeability.
One of the new methods of energy dissipation is the use of gabion structures, artificial
roughness, blocks and lattice plates in the flow path as alternative solutions to using the stilling
basins. Based on the results of previous research in the field of artificial intelligence, in the
present study, the amount of energy consumption of the Ogee weir terminal structure (gabion
structure) was predicted using the support vector machine and the effect of dimensions and
grain size of the gabion structure. The amount of energy dissipation was also examined.

Methodology: For this purpose, the experiments were performed in a rectangular channel
located in the hydraulic laboratory of Maragheh University, 13 meters long, 120 cm wide and
80 cm high, with a metal floor and a glass wall 1 cm thick, which allows accurate observation
of flow behaviors. The gabion used in this experiment was made of rebar number 6 with a
width of 120 cm, a length of 10 cm (in the direction of flow) and a variable height, then it was
surrounded by a metal mesh with a thickness of 1 mm and a diameter of 1 cm. To predict
energy dissipation in the support vector machine, we need a series of functions based on the
parameters extracted in the dimensional analysis. Models with different percentages of
training and testing (65-35, 70-30, 75-25 and 80-80) and using the radial basis function (RBF),
with the appropriate gamma value obtained during trial and error, were checked by a support
vector machine. The following criteria were used to evaluate the obtained results and evaluate
the efficiency of the models. 1- Normal root mean square error (RMSE), which no matter how
close the index (RMSE) is to zero, the model has high accuracy. 2. The normal root mean square
error (NRMSE) where NRMSE below 10% indicates the accuracy of the model, 10-20%
indicates the suitability of the model, 20-30% the average accuracy and more than 30%
indicates the weakness of the model. 3. Performance coefficient (Nash and Sutcliffe) which
shows the linear correlation between the measured and predicted values and the closer the
value is to one, the better the data correlation.

Results and discussion: The results are presented in three sections: Laboratory, Soft
Computing and Sensitivity Analysis. To study the energy dissipation of the downstream
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gabion structure, the Ogee weir was performed according to the various variables extracted in
the dimensional analysis, including the number and width of openings, grain size, and Froude
number. It can be seen that in all models, energy dissipation values are directly related to the
Froude number. At the same flow rate, with decreasing Froude number, the flow depth
increases and most of the flow passes through the gabion structure as a weir and the energy
dissipation decreases. At shallow flow where all or most of the flow passes through the
structure, most of the energy dissipation is due to the collision of the flow with the particles
inside the structure. However, in higher Froude numbers, the structure is submerged under
the flow and both internal flow and overflow are effective in energy dissipation, with the
difference that in overgrowth structures, overflow and in fine-grained structures, internal flow
is predominant.

Conclusion: The results of this study showed that, at a constant opening, fine-grained has the
highest amount of energy dissipation. In other words, with increasing the diameter of the rock
grains, the volume of the pores increases and the flow passes more easily through the rock
grains and the turbulence and flow of the flow in this area decreases, so the energy dissipation
decreases. It can be seen that for all models, the values predicted by the support vector
machine are close to the laboratory results, but in the Froude numbers the accuracy of the
support vector machine is further reduced. The reason for this can be considered as turbulence
and turbulence in higher Froude numbers. Finally, it can be stated that the energy dissipation
of the gabion structure in the test and training phase has acceptable compliance and overlap
with laboratory values. Sensitivity analysis showed that the parameter of relative water depth
after gabion has the greatest effect on the correct prediction of energy consumption due to
gabion structure.

Keywords: Gabion structure, support vector machine, energy dissipation.

© 2021 Iranian Hydraulic Association, Tehran, Iran.

'@ @ | This is an open access article distributed under the terms and conditions of the

Creative Commons Attribution 4.0 International (CC BY 4.0 license)
(http://creativecommons.org/licenses/by/4.0/)

Journal of Hydraulics
16 (4),2021
22


http://www.iha.ir/

Olpl Sdgyuup (ol
Sl g yiud 4 Wl

]
Iranian Hydraulic Association

g3 Al
https://doi.org/10.30482/jhyd.2021.285286.1526

ol
gy

9 Py Cwd b 30 Sanl o3l (63§ 5 Mgkl o
Sl g AKLLIT gy 90

o3 A wozxo 39b o815 J9 o *! Lol Suslo (Suge

Ol el e gl e oRzils ¢ ol pae cwaige 09,5 ¢ Lobiwl )

gl olKils o Sl aud sloojls 5 Sl- ylyee cwdige o5 5SS (gozmails -Y
A.éljo oKiils “_55.3.]5).\...'_41: 6L‘b°}l‘“ 9 QL Q‘)o.c (s ‘_x.';';)l G.JL;..'L)lS Gozidls =Y

“mehdi.majedi@gmail.com

www jhyd.iha.ir : g 0 4,25 oSy

s¥¢

VE- [ BITYY sy VFe [T sl

Ol oy Geile 5l oolitnl b (G9al8 03L) (sl 2y Wbl o5l (6351 SVl liae (St @ (G ol 0 oS
3,50 s Jae (soled ;o aS oy lis bl s 35 (655 Szl Gl 1 (FelE o3l gamails g olal [5G 5wl wsls
s alaly S5l ol 6l il 5 a8 o 5 (FABih Glpee 5 alaSin b als b oz (5551 Sl (oo
315 i3lS 5l 31 (36 (5551 Il s Groscir 8 |y I e O3l Sesditly O (s o amialyd 5 Azl
Dolite (2258 Sla Sail )5 ke Yo g VY V0 (5aSloo bkl b o 5 dr )0 9 Jagin o) (saalls 95w (o b3
iy 3 0y Gos 95,9 235 G0l b LSy (08 5 45 983 on 0L (gl 30,0 3l 53 (Si9elS 05ls (8551 IOl b
S 0S5 0bz Gee )3 wbos alS 55l Skl Glie 9 WS (0 s G950l (59, 51 59, Jlz Dype Gl edes
ol slosle 09,0 DL L bz 3,65 2 B ) (65 5 SVl Jitin Ceend wiS o0 j5ee 03l 9,8 51 Ol plael Cend L ples
b asies Seo 550 SHetl 9,355, 9 ,3839,8 0l y> 99 1 5 0dd Byitane b2 25 50 ojle i 39,8 slael 3 &5 el Jl>

el Ll J35 g5 b wiloy,y soile (o 9,359, b aldcdl o laojle o aS Cglas

e (5l law GlBle o Gl ojle
S )y 050 oo ooliin] S5 cbla> ¢ ail>og,
G L 0 ity slaact 9 s pe ol (K
il (6551 el g oads obj b > Caaglie o5 ol
il s s Gial3al b a8 el Jb s ol il o
.(Pagliara & Chiavaccini, 2006) sl o oS (55,
Ao 655 Sl 1 59381 S9mlS SL sl s e
cdl sl daailasn JB slalas w5l ol,> s
551 Ll rizman wimd go (LS 255 Sl ielde (55
Slocad o gaiily ool SIL 5 e 4o Cond (5 yidop

L ol @5l bz e oo (SYsb s 0 oMo

255 Szl bty oy dle o S5l o3l 1519 wlS

doddo —
EURRUIVRY] PR Jpge- W ol s lp ebole i, w
bkl Ll a4 >gl slag ) o3 dawaie a5 olx]
€5 onl (6,01 Laal38l o 5y e g b b 2 ass
Sl gl bl o3l sl oolaiwl 1 05 co b3, s
ally oYU Cowal gy ) s Cawdmol jo LG5 (65,
ool 5l oolawl (5l SDlgzwl g5 sl g, 5l !
30 Sieo loamas g Soly ( Loias (s S9ulS
S e Rl slo)Sal, flae 4 b e

bl g il Az

Journal of Hydraulics
16 (4),2021

23


mailto:*mehdi.majedi@gmail.com

VFer o) Kon g Jol Gualo

P9l 0 5kw (65 51 Mgl Cpuns

Sedien B S 5 oo 555 SVl e 4
3 e a0 MY 5 ao 0 A 0gas i A o
Majedi Asl et al., ) col e oole ¥,hd L alalew
(2020

S 658 Sl liae 4o 155,80 slaasiwl 3
o glgil slasbl boojle K50 5 H9umlS o5l 352
Sleetalojl plol p3line S5 50 ) o5 Wiload JSis
Q.).l Zo et Sz yo 1 el ‘SQ&MJLQ)] ("'L]a...u 90 L=
Olwdige wlidss el o Sl g o gw,p
slacuadye loand 5 Smiin ln L @laohy,
Aid By e o5 Slowbre 4y aS wilools &l)] Calizes
el 5 8 el by, ol 3 (S oy Slosbns
O Cod g S S Canb o ooy Fy slronsyy
okl Glagal S Gl 3 SedST slaghy,
o by, 5l ol Bee 5 ol > ams e wl)l (b ndy
!y (Support Vector Machin; SVM) Loy
oolitul Sy sloj ) ;o 551 Sl i
‘Smlis,.il.oﬂ lrools acgozmo jolaia pl glp 20,5
Wz gy (smal 4h o 5 Slewlne slaghy, plo
Fyhas oras Suh gladas Jolate 95 Glyie 4 4
LSVM 5,515 as ols oylas oylagl s .oé )3 bl Jow
BT amen oyl 65YL cds « MLP oS58
5o Waziulyd on 5 Sge el el )l 4 (Sl (b2 Bee
(Haghiabi et al., 2017) s g5, <l ooyt
6551 Sl (i a0 ) 15 603 Slaem
Haghiabi, 2017; Parsaie et al.,) cwl 43,5 plxl
(2016, 2018, 2019; Torabi et al., 2018

Ol a5 s slaamial i e 59 55 ltiy oy

(Chinnarasri et al., 2008) oS o Slgie yion
G ]) ngjj‘ Sl uS.o.a 6“\-1:3. 635,;.35 LgL:lsc)‘l..,a OypiSred
(Vashisth, 2017) i8S Slgiiae o ,0 AY aion o990
S, Sl Sl 5o Bl Sgyaee o n
S 5,95 Sl oy 40 laaslin] 156 aS ols yLes
oS el Sl i ieS Cewo bl ledcad b
P Y sgam by 5l 2l b ailil] 36
Salmasi et al., ) coul i aibiw] 36 5l i auoyo
3 0slE G5 a4 A el s s ol (2020
aslie ;5 slE Ble oSieand ol olis by Ko
2 03l 654 Cez 4 ool ble (bl b
s 5 Sl Al (liee coil et s
i e L.SLQQ;}.J.S Jdo v a5 ol anils 6)&%&.}
033L 9 Cewl 0392 359, 5,35 49,0 (b 2979 5 H9mlS
s Ay o %0 0F o2 Sles ysb 4y 1 (65,50 Sl
(Daneshfaraz etal., 2020a) sl 158l ool ol S
banslio )5 S5l hlo slo (S0 ol JL3; (rizron
Soge 4 (USBR) olubial i)l sloasss>
& Sl blo Siond o ol glas alSalel
e ol Gl ¥ g Ve XY Ve pals el cu
S5 £ el ] a9 b duslie 10 Cawd ol oxile 8l
L5503 (Daneshfaraz et al., 2020b) o o> ¢ 4w g0
laojle ;5 0l s> (65 51 Sl Gl 2 155550 9,19
L ojlw g95 (pl jo oolainl 0)50 pllas Sl Seul8
oy S Ay JZdZS Al 3 s aS (g ebas ol
Olyed yuadS )0 (6 i S0 G9ml8 o5l syl
wlas J5dss 2ol by anals (b, 65,0 Sl
Azizietal., ) cool a8l yiol38l 65 50 Szl (3 rae
sojle jo eolatwl 8,90 Alas 5 o3 oo, (2008
756 (28 cayd 5 58 Sl 3l )0 58 SsnlE
Sl Gl 32 (Siy58 ol 05,1 (alRasles]
o il 331 ol L gl (sl o el 5551
Sl Gl 5 (oo (Slgyed o Jsb calaSen

S35 Sl Oliee Gyt 9 48l 8l (o (555

Journal of Hydraulics

24

16 (4), 2021



1Feo OL{.A»A} g c)l.o.{;') NP 099

Sl yaad

G9) ol Ve Culd g mye yio ¥ colus 4y 5l
3 o Eale] Jao joad osls 13 Of s
O els)) o gl VYo (o5 4 0plgllS (5,9 i
bl 2 e g6 g e VA At glad g e il
oS el g 2l adl o ad FO Sl oo
USBR, ) (slg8 olalyy 5y ool Slaslore (pizran

Lol (1987
@ F o lad 0,50 5l ioley] ol 4o oas soliiwl yguls
Sz ) Segle Voo Jeb el AV e
G 8 b e b Sl e i)l (Gl
Al jgazme o gilu) dader jla8 g ades V s
A axd S o jao aslpl cud ol asa o
50 Ggy 00 cual ljpss g anlpl LSl VS
So3 Oy 9 09l g oy ond aSle Jao ¥ IS0
O 1) 09l 5l Gy 5o (Slgpaen S JeS85 5 01
Sle Shg Baiod cpl jo colaiul 550 slo Joo oo oo
g (V) JSK6 0 el oals ST Y Jouz 0 Jow o
Sy Joe ol e ay 2ilel anlpl 5l IS (Sl
Ol pol> Gz jo ais,y B4y SeulS ojle 5 (2
G55 & 32y 3 sl 0l Alols el o ool
g &)l g ol Ao Sz e a8 b il sS
Py 242y 5l (Sg e (hn ke (e Ve Culd
ol VYA alols ol 45 (5l il i) o5 5]

Sl oy

@bl Jolond g 4 i V-
So3e Obr SHoed 9 Sed sl SRy oin b
(1) I8 @lhe S90l8 Jxlie o5l g 5y
2 65PNl Gl L slaazial b

A By (V) abaly Oygo 4 b ] Cewdpml

f(Q o i 90 Yo W, YL Y, Vs Ly e, dy Ls,
z,E,,4E)=0

M)
Y1 5oy Swdimly ST Boe iy 5 i ol Ges h
oile 5l m ©f Goe Y2 (G985l B Ol Gee

S5 g (Sl Goe gy b cdl> 0 as sl
ailosls a3l amy o o a4y s (655 380 0,9l o WSB AL
slwly o ien (Majedi Asl and Valizadeh, 2018)
Slewbre Alides slagty om 5l Ghe) R G55
S eSiital pozmen oloods sy Gos (tuiin Sl e
ool )525 slady 4l 4 bsspo ol o 0l (55m 50
Sy il Jow mls g ol oolainl gedag 3 slaosls o
5 GEP) o5 ol s ptebiy s b VM) ity
S s s s b awglie (as 5ol (5o ,S, Je
Gos s Oh Sln 05,0 a1y A e 5l &S
Majedi ) 2,55 15, SVM by, bawgs Jy 4l (Saets]
Goe e ildae b uxen (Asl et al, 2020
556 ol slaalionS 5 aly ST elgil gal ey (Sl
w2l g [ome jobo 1) gigw) 5 (Sdgynee slaasinl g
o Sty 45 WS QL g (g (S Ol
oy ity o oatle baugs sy amiul
251 ol glon o s o )1y a5 o ool
30 il aziwl g jo A8 SU e gladasiwl B
» (Majedi Asl et al., 2017) wol Jzo Somiom
st n) > oy 455,5 plandl i b5 ol
Sl Glie (b @ p2l> BB )0 eghan
el b (isedlS o3le) sl 3050 L 03l 53,
Gaaily g ol ;b g ol asls sy oy sle
B ein S50 w5 8551 SVl Gliee 2 (Sl 05l

=

5

o 09y 9 Olgo =¥
anlpl O j0 cwyp ol o ead el slaiolesl
@ adl o oKl g 0 olKiulesl [0 ably Llatice
Failo Ae gyl g fa il VYe oie e WY b
Vocebs 4 aied ez leles s ol S L
23y Ol bz sla s, 3.8 sanline a5 e il
8 rey S g LS 050 Gl B plonl il e
9o orels WS oo Sleay anl ] S 4 55 1 O
&5 90 aalpl (6099 alaiie jo Ol GbMW halS (sl
po? ankd S, anl ol glal ;o (rizmed g o 4 (318

Journal of Hydraulics

25

16 (4), 2021



VFer o) Kon g Jol Gualo

gl 03w (65 51 S Mgl s

35 ool oplply il e ol e sl isles!
dod )0 (pizred Ngh oo alAS LS aolee 3l asnl )
ool pbMs b 2 g3 sla e

Jsh, sae dm o 4wl 13 (Re=6/2%10°>2000)
Rajaratnam, 1967; Hager ) ol o b 8,0 LERe
oy e Jdo ;—]1 axl 8 (and Bremen, 1989
el g Gleesls b Zaled o5 00 S
5 5 Sl bl 55 w0 dmy (o sladzinl B
3ol Sogots Gl oo |y SHgyed Sin oo sl g
by ) dm e slaJele

AE f,(Fr, Y2 Ye 0 & Qs
E, Yi Y Yi Y1 Y1 Vi

G5! S| grawlxo -Y-Y
5 eyass §55 Gl dmlxe 5l F 5 0 slaalal,
39 0 00l Gy e dzmiy 50 O ae pun

V2
E;=y + Z ()

Vi=|29(z -7 *)

by cog) bl pgate g p o Vi SelS
AE ooVl o (6551 B oh )y glas)l 7 o((Sonlizs)
Py d>ly (290 ey )T Glis g o655 Sl
S5k (el ojle (e W5l ojle Jsb L
oals Hlis daelsl ;o ¥ ISS jo 4 SemlS o3l e jo
o5l alols Ls daailo S Sl Hhd d ol oas
@ D) Slee p baziul B adbigon) el (Senl8
ax e gledsinl 30V alayly ol o Judow oS

cs’?""lf o)‘L....a ts))"‘ Jﬂ.e:.\...u | SRR O IR C‘ e |

5o eolaw!

f ® 9 ViY, ¥ L hw edlL z E AE

2( ' [ ' , ' [ v ’ ) y , ’ , )_0
Oy Y Y Y YUY Y Y Y Y Y Y

M)

m)mu% Ele a5 4 asedo ¥ aslee o sl

. . q
ASb o 99,8 dae Wy ——— &hle g el g
2s° 09° 2 idars O VR
el Sy el 5 a0 ¥ adal, 1
fg(Re,Fryiyil;JLWiidiiiiAE):o

D)

b as den 4o yil , %6@;)@& Sayl a4 azgi b

Point gauge

4 Ultrasonic flow meter

Fig. 1 General view of the laboratory channel along with the physical model of the present study
oS Sopud Jow ol yen 4 alKiles] anl T IS sled Y S8

Table 1 Characteristics of hydraulic models used in backup vector machine
Obeitdy S eile ) oolitul 590 (S yen sladae sla S Y Jgu

mm  Dso Mm h mm mm € Lit/s Q model
— 1
15, 22, 30 100, 50 100 100. 50 20, 25, 30, 2
100, 50 35,40 3

Journal of Hydraulics

16 (4), 2021



1Feo Om} g c)l.o.{;') NP 099

Sl yaad

Fig. 2 Schematic of laboratory model with effective parameters
S350 slaamil b ol o 4 lKiole;] Joo S les ¥ Sl

Canb 4 azg b AT conl oud sols ioles (V) Jgo=
Roushangar et al, ) w,lo slojsg 05,8 SO o aliwe
S0 e laalins )3 S @les 0 Fo )8 5 (2017
ERBF) (s5il> Ji5 35 (RBF) (30055 sl st
5 osls gg 5l bl a5 slaalias o aSusl
Roushangar ) sgs oslatw! ails cass o Lyl Canls
Radial ) 5,5 &b (sl p oyeizon (and Koosheh, 2015
g (7)) L anasio wb 50 (Basis Function; RBF
5 & slaylie a5 SVM Jow Ko slodasiin g 040
Siloainge Ll ane Ol 51 38 wtlee C

gl oo

Oledy 518 2 (reiilo 5o oo (2L 5, wig, -F-Y
Obeindy oy edile )o (6551 Sl i T
gl laazeul $ sloe » Gl s S 5L
2 gl ! ¥ Jgae jo a8 ol golal Julo 5o oads
laso,s 5 b b de ool oad &l Joao A B
YOV oV XOFD) oyse5l 5 Lol 5 (silishe
Ol L dRBF) elads asly aoli 5okl bg (Yo-Aeyg
Loy wal cavoas s 5 o905l (b a5 cenlia LS

BAD gy 2 Olidy b eile
SHedse 2Ll ol 5 enel cosss @l oy 2
Slaye uSilia sio sl —V . oolital 1) (sla lone
il S35 yio 4 (N) Jasls jai> o 45 (RMSE)
ol Hdx gl -V el oYL cds Gl o

Normal Root Mean Square ) sois g5k Jlo s Slape

egare $5 5 Olie (ol g 0 Sl az g L
PR lr 9 Sl Sl oy CewdVl g e ay o
ipalo 1y O akal,y I (chanson, 2000)s g oo

Eo=E: )
Csdimly o Ges 951 Cwods sl i A bl 5l
gy g0 odlaiwl G )

y1=Eo— % Q)
S5l ojle 5l 359, 5 535 09,0 Dyge a4 Ol e
abal; ©)g0 4 &5 39800 65 Sl Sl e
Sl oo 31 4

AE =E, — E; )

(SVM) ¢yl 415 5 cyislo —¥=Y
L obedl oy glap )58l 51 (o SVM o )55l
Vapnik,) aib o ol sl WS o K aseis
isn slas; 55 S lasity o eile (1995
&ly yo wips oo HalS 1) glaculxe glas a5 cgias
Ol g 00ls )13 Bas 2l lyie @ 1) Glles S,
Slogisy S wiles (g, oal 2gles s & Al
(Test) 9050 9 (Train) ojgel al> e shls siaign
ools 5l casein do,d 5T 0 aS g cp IRl Y
8,5 Gga3l g 5 438,53 el 990 (AR5
SVM a4 o dunlio 2Eiolej] b b g 040 o0
oS ail e il gloaziuld olls o] 1,5 ab
4z gl 4 ol ;0 b T ety (SigSr 0g
» S b e gyl adbioe Fee sl alis

Journal of Hydraulics

27

16 (4), 2021



VFer o) Kon g Jol Gualo

P9l 0 5kw (65 51 Mgl Cpuns

Correlation .Coefficient; ) SKiweor o aupe -F
GSLIOY) JO ) sleadal, jo e 5 @ lo,lxs ool (R?

yuis DC gR? (sl)ls a5 Jow s cpl 5o .l 00l
4 S5o3 g oS RMSE Uas azinl 3 (S 4 SGo3 g
Olsre 4wl Lls asye Ve 5l 28 NRMSE 4 20

A aelg> 1038 5 g age Joe

oaipd Hlis ds 3 Vo s NRMSE oS (Error; NRMSE
Vo-Ve (Jow 509 cawlin duo )0V o=V e Jow 090 (380
OO cud ailid o, o Ve 5l i g uS0le C80 ws o
(Nash and Sutcliffe) DC ,,l5° o -V cenl Jo
g oxd spSoylul laglie o (b (Shon oS

4 ol Oliee iz j2 g smoe Gl ) 0ad oty
Ao oo lid |y lools s bla sl Soop S sae

Table 2 Different kernel functions Different kernel functions (Roushangar et al., 2018)
(Roushangar et al., 2018) |5 &b ¢lgl ¥ Jguer

Kernel Function

Equation

Linear

Polynomial

Radial basis function

Sigmoid

K(xi,xj) = (xi,x].)
K(xi,xj) = ((xi,xj)+1)d

K(X X ):exp -Li.xin
"o 26°

K(xi,xj) =tanh(- a(xi,xj)+c)

Table 3 Different input patterns to the backup vector machine

Function Model
(Fr,22 13 0 e 4 loyg 1
"vi'yvi'vi'vi'vi'w
(Fr y2 y3 h & i):o 2
‘vi'vi'vi'vi'wna
(Fr,22 12 b e Lo 3
‘vi'yvi'vi'vi'va
(Fr,2z ¥z b 4 lsy 4
"vi'yi'vi'yi'n
(Fr,22 Y2 £ 4 lsy 5
‘vi'yi'vi'yi'n
y2 h € d Lg
1_1_1_1_1_:0
( vi'vi'vi'n y1) 6
(Fr,2 b e 4 Lo 7
‘vi'yi'vi'vi v
&2 ys h = d 5):0 8
vi'yi'yi'yr 'vi’w
2 2
n 1n
%(xexp - xcal) RMSE = J;%(Xexp -Xcal ) QRD)
DC=1- 5 av
n _
RMSE
%(Xexp 'Xcal) NRMSE = x100 )
2 exp
/2 _ nZXeXDXCaI'(ZXeXD)(ZXcaI) QAD)

\/n(z ) (S X exp)? \/n(Z X2 ) (X ca)?

Journal of Hydraulics
16 (4),2021

28



VFee Glio o oylos VP 0,90

Sy yuad

Gk (F JS2) (o2l oy Semdimly (SlS o5l
ol Jdow 5 4y 3008 )0 00l 2l el Glises (sl it
dde g wils ( Sabih e g el alex 5 g0l

8 ol 55,8

S g b Y
6T g ey Slwlxe “Smli.i..iu)fl oo A 0 mls

L;))"‘ ‘5)1'94"““" e 6‘).3 Sl 0 djb‘ MLQ

Fig. 3 View of the physical model of the Ogee series with the gabion structure at the bottom
Sl 53 (SonlS o3l olyen a4 (gl 2 (Su3d Joe 5l ol ¥ JS

3 Sabik el g osbe el )| (l Bl LS 99,8 sae
3 o ) S oS Gl s 4 (GenlS ojle

a3 o I o3l 5551 SDlgial ol b oles
Sy g damgie oy (ganails go5 dw o LI IO S
5 ke To 5 YT 0D (Silie sl led | o5 4
2 selS ol 51 Sl b1, (Fasil g e
a5 098 o odolive om0 lid gl 5y Cews ol
5558 338 s (55, Syl (sloamial 3 o Jas aes 5o
39,8 dae als b LSy 00 50 o)l i lada
Ol Sopgot Bl edee 5 4l WIBI GL > Gee
Sl Oliae 9 WS (o0 y3me (S9l8 03l (59 51,3575,
S b an o8 5 ol a5 e 2015 (555
Sl G i 35 (o0 h5e 03l 09, 5l Gl whae!

P lojl s -
Sl (gl ) o Foiil slvdzeinl b oy alal) F USS
ed e GLad 1) Gl 098 dus y (GenlS ojle (6551
39,8 dae ulidl b le Jow den 10 4 59l o0 cdwlin
oS ol I 55l ol ansls (2l 63,1 Szl
SOl 53 ol slen O 39S o5l £lis ) sl
ik el Gugezels ( SaBil g5 w2 55 655
Ol G LSy (23 53 998 dae als L S0
S olsie a1y gl ol g2y ol 5 4l il
GalS (555 Szl 5 035 el a8 0 losl
e a5 e e 00 gl I L (S9nlS ojle jo by oo
2 Szl et 098 sae sk wojle eli) g oS
1045 0 saslive yeizmed el LS (65,5 Sz

Journal of Hydraulics
16 (4),2021

29



VFer o) Kon g Jol Gualo

P9l 0 5kw (65 51 Mgl Cpuns

L ,5s ole a4 .cwl 65,50 Sl e o i
il il g8 g S o (Ko slaals b 2138
g &S o Hee S laails ol Sobl ob,> s
I sl oo 2als 4l cnl 1o by 605,05 (Sxas]

S e o 2alS (6550 Sl

B S Ul
o o1 o

w
(3]

(E2-3/E2)x100

w
o

ol el ojles (9,0 D3 L by 0595 Sl o (655
ol 25 o5k ¢yin 99,8 slacl 3 a5 el Jb> o
Sl ;3 53575, 9 ,3839,5 Ol > 93 ;2 9 0dd (3 pns
wlozudy (sloojl ;0 45 Sglls (] b a0 551
e )35 059,0 by by, slaosle 1o 5,359, b,

shls 5, anals ol Sabl G o cplaly ol

N
3

a

o

++e«=+++ h=50 mm, No opening
e+ h=50 mm, opening=150 mm
+«+ % «++ =50 mm, opening=300 mm

72

-=--0---h=100 mm, No opening
e+es¥=+++ h=100 mm, opening=150 mm
+++«O+++ h=100 mm, opening=300 mm

Fig.4 Changes in the energy consumption of the gabion structure versus the landing number of the stream
Ol 99,8 s0s Jlie 53 (9l8 03l (653 SVl slovs iy s ¥ Y5

50 +
47 +
o
o
—
X 44 +
N
i}
&
o~ 41 +
y
38 +
35 1 1 1 1
5.6 6 Fr 6.4 6.8 7.2
«++LF--- Coarse, No opening ++++0 -+ Medium, No opening ----&-+- Fine, No opening
e+ X+« Coarse, opening=150 mm % Medium, opening=150 mm ++-«---- Fine, opening=150 mm
«+eedeeee Coarse, opening=300 mm  +---=--- Medium, opening=300 mm  ---==--- Fine, opening=300 mm

Fig. 5 Changes in energy consumption of gabion

structure versus landing number for different granulations

calizes sl ganails gly 09,8 vae blie 10 Seml8 o5l (65,50 Sdlgiwl slag pdy yuss & S5

oolaiwl b () Jgu sl o (V) Joo sl (Yo-A+ g VO
(F) Jgoz plis b gl sl (RBF) selas 0, ol )

Yo QsA}T 5 ool ws,0 YO ‘_,1359»7 aS o ezl

SVM gulis Y-

bl Sl il ks ) i ol
VO XV YO-FO) eeyl 5 bl ciliss slaas s

Journal of Hydraulics

16 (4), 2021
30



1Feo Ol.u».n} g o)l.o.{;') NP 099

Sl yaad

(NRMSE=+/#Y+Y)s(RMSE=+/+ + \Y)(DC=+/210)
Sesdge (iludnd lp Olatiy Jlop Geile (S)le &
A 5 (9l ejle (5,0 3l oses Glr S
Ol Gos (b (asie 4 5L )35, 5 ,30555,0 b >
af Jae o cplply cal ails ojle cpul 51 w9 s
555 SOl Slyen (e« JE Azl 05 S

Lol 0l 5129y St b (G985l

anly azenld ot 5o 1) 4l o e (ke oo
3 Beims ol e Jae den o cplpln ol sols Al
oolail yge3T (gl ools 7Y g b59el (sl nosls YO,
oo Slaazinl B 0929 0900 il &5 jshilen 0l
59958 098 (Sl o3l Sl a5 iy 0l B (y7een
Frol o w5 b 0 Jae 0 sl ojle Sadjl

y3 d ¢

vi'yi' v

Ls

> 50 Gicwle m &) coge "

‘(R2=’ /QAAA)) Csl 00 CS‘LJ))‘ dlbuaD'L.u 6‘): uﬁ.o)]

Table 4 Results of different percentages used for the model (1)
V) Joo gl eolazul 8550 alizee gloao s cwyp mls § Jous

TRAIN TEST

Percentage

R? RMSE NRMSE x100 DC R2 RMSE  RMSE*100 DC
0.9900  0.00129 0.4973  0.9843 0.9677 0.0024 09475 0.9514 65~ 25
0.9912  0.00121 0.4682  0.9858 0.9750 0.0022 0.8611 0.9588 70 ~30
0.9915  0.00112 0.4322  0.9876 0.9783 0.0021 0.8301 0.9647 75~ 25
0.9893 0.00115  0.4447  0.9873 09747 00022 08644 0.9645 80 ~ 20
Table 5 Results of different models for gabion energy dissipation
O?THL? )“ ‘5,..41.: L;')")Jl Jyl.e......; | Lg|).3 i L;LAJ.M CuL».a In) Jg«.\.”
TRAIN TEST
Model
R? RMSE NRMSEx100  DC R? RMSE  NRMSEx100  DC

0.9915  0.0011 0.4322 0.9876 0.9783  0.00215 0.8310 0.9647 1
0.9916  0.0010 0.3861 0.9866 0.9807  0.0020 0.7737 0.9665 2
0.9915  0.0011 0.4208 0.9882 0.9781  0.0021 0.8193 0.9656 3
0.9909  0.0010 0.3861 0.9887 0.9783  0.0020 0.7737 0.9686 4
0.9912  0.0014 0.5460 0.9841 0.9888  0.0017 0.6701 0.9751 5
0.9712  0.0017 0.6687 0.9710 0.8509  0.0044 1.7301 0.8464 6
0.9933  0.0010 0.3861 0.9909 0.9827  0.0018 0.6994 0.9748 7
0.9919  0.0012 0.4728 0.9903 0.9793  0.0019 0.7340 0.9730 8

ools jlals 881 jgmee =P SO jo .l liiiy Slo
odd e 3 2Eilel slaglie @B e g
2Rislesl 5 o0l o slogle 0o Sligen

o La:‘_,i;%Lc)'T ales o

S5 gzl sloglie (Siwos Gl -5 IS
oot Jao) jin Jao sln alilesl 5 ond i iy
59 )0 O5b oo oddline a5 jeb les o oo lid 1) (O
ax )0 FO L3 (g5, » Wosls aan 903l 5 (h3sel Al e

Oeiile gt YL o 5l las aS wgl e cdwline

Journal of Hydraulics
16 (4),2021

31



VFer o) Kon g Jol Gualo

P9l 0 5kw (65 51 Mgl Cpuns

Train

0.3 O  Seriesl

0.28 Line 1:1

2 =

5 0.26 R2=0.9933
S
B o024
o

0.22

0.2

0.2 0.22 0.24 . 0.26 0.28 0.3
Experimental
03 [ coeea. Experimental
Predicted

028 r  Train
@ 026 v
™
W
N 024

0.22

0.2 . . . . . )

0 20 40 60 80 100 120

Number of data

Test

03 O  Seriesl

0.28 Line 1:1

2 =

= 026 R2=0.9827
S
=l
E 0.24 o

0.22

0.2

0.2 0.22 0.24 0.26 0.28 0.3
Experimental
03 [ ====-- Experimental
Predicted

0.28 Test
o 026
i
& 024 F
w Y

022

0.2 . . ,

0 10 20 30 40
Number of data

Fig. 6 Comparison of energy dissipation results of laboratory gabion and predicted structures for the superior
model (Model No. 5)

O o)los Jao) iy Joo (sl 00 (i 5 (2L LejT (G505 03l (5551 SVl s anylie £ SIS

lsise ool o0d 4l Lty Yoy cdle cds
AL ag 8 olael o by (SiadT b @b 1)yl cpl e
o3l (5558 SHlgasl a5 3,8 )l (g5 o0 Sl 5o Zeandls
Sligred 5 5,55k Ghjsel 5 503l al> e jo GsnlS

2l ool lagliee b (o503 Olls

— Experimental

028 — OPredicted
% % Train
® s
026 ° &b
o o] o@g
i o @
N
“ 0.4 8 &8
0.22
55 6 Fr 6.5 7

E2-E3/E2

SVl 00 i 9 2Kiulos] slage V SS
30 0 Jae j0 ez ge Jaiuwe ladsiwl B e (65,
aS conl (5 9l0b @ eY s e plas 1) 09,8 sae Jilde
‘LQJAA ‘SGLQJ 6‘}: aS ;)yu‘so oo lie 01.5‘59 olas
Oletiy lop edle by oad o slagiee
s 99,8 slael yo Jg Cel Biolo;] bt 4 Soo 3

- Experimental

0.28 O  Predicted
®
0.27 86 oo Test
0.26 e 8@ o
Q
0.25 & B Q 2
0.24
o &
0.23 B
0.22
55 6 Fr 65 7

Fig. 7 Comparison of laboratory and predicted results of gabion structure energy consumption versus landing number
(change for the superior model (Model No. 5)

S dae Glpogyd o s blie 0 SemlS o5l (65,5 Sl oo o i 9 2Kiule;l bt awslie Y IS
[ o)lo.i: Jawe)

Journal of Hydraulics
16 (4),2021
32



1Feo Om} g o)l.o.{;') NP 099

Sl yaad

Table 6 Sensitivity analysis of independent parameters
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