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Introduction

Net-Stone water structures, in particular gabion stepped weirs, have become more prevalent due to their
significant impact on reducing energy dissipation, proper stability, cost-effectiveness, ease of
construction, and increasing the level of oxygen in the mixed water. Furthermore, due to air entrainment,
the flow rate passing through the structure can prevent a considerable amount of cavitation, which is one
of the problems in the design of hydraulic structures such as weirs (Shamsayi and Paknahal, 2005). One
of the important characteristics of this structure is the internal flow through the permeable body of the
weir, which creates complexities in the flow behavior. The energy dissipation of gabion stepped weirs is a
function of the upstream and downstream slope of the weir, the number of steps, porosity, and the Froude
number. Changing the porosity leads to a change in the ratio of the internal flow to the overtopping flow,
and consequently, the amount of energy dissipation changes.

Withrich and Chanson (2014) and Pallavi and Harshith (2018) conducted experiments to investigate

the flow characteristics of the overtopping and internal flow of gabion weirs and compared the hydraulic
characteristics of this type of weir with a solid weir. The results showed that the energy dissipation in the
gabion weir is higher than the solid weir due to the division of the overtopping and internal flow.
The aim of this study is to investigate the effect of the number of steps in gabion stepped weirs with a
fixed slope on the energy dissipation of the structure. It should be noted that in the case of a small number
of steps, the flow conditions on the steps are often in a cascading form, which leads to more energy loss.
Certainly, increasing the energy loss of the structure is affected by the downstream hydraulic jump
conditions and the length of the calm pool.

Research Methodology

The experiments were carried out in the Hydraulic Laboratory of Faculty of Water and Environmental
Engineering at Shahid Chamran University of Ahvaz. The flume has a rectangular cross-section and is
made of Plexiglas. Its length is 750 cm, its width is 56 cm, and its height is 60 cm. A lower gate is
installed at the end of the flume to control the downstream depth and the location of the hydraulic jump.
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In this study, two models of stepped weir and gabion stepped weir were constructed to investigate the
relative energy loss and their hydraulic characteristics. In addition, a smooth glass model with a fixed
slope of 1:2 (horizontal : vertical) was used as a control model. The width of the physical models of the
stepped weir with gabion was 56 cm, and they had four, six, and eight steps with heights of 15, 10, and
7.5 cm, respectively, and a slope of 1:2 (horizontal : vertical). The porosity of the gabion baskets was also
40%.

The upstream energy of the weir was calculated as follows:

- a
Bo=(H+ )+ 5500

M)

Considering that the second term in Equation (1) can be neglected due to the low flow velocity in the
reservoir, the equation can be written as follows:

3
Eo=H+y=H+-y 2

In the above equation, H is the total height of the weir, y is the depth of water relative to the crest of
the weir at the upstream of the weir, and y. is the critical depth of the flow.
For each series of experiments, after installing the model and establishing steady conditions, different
flow rates were passed over each model, and various parameters such as upstream and downstream depths
of the weir and hydraulic jump characteristics were measured. The downstream flow was controlled using
a lower gate to ensure a hydraulic jump at the weir's base. The dual upstream depth of the hydraulic jump
y1 could not be directly measured due to the high turbulence in the weir crest and the highly turbulent and
air-entraining flow conditions. Therefore, y; was calculated using the Blanger equation (3) and the
downstream depth (y,) (Chow, 1959).

y=2(JA+8F - 1) 3)

Relative energy dissipation is defined as follows:

AE _EooBy _ 4 _ B (4)
Table 1- The range of parameter variations in this study
Range of variation Q Y2 L_] & N
(L/s) Y1 Y2 Y2
min 30 2.68 3.73 1.22 4
max 50 5.26 5.85 .90 8
Results

In this study, experiments were conducted on models for five flow rates of 30, 35, 40, 45, and 50 liters per
second. The energy loss of the weirs was calculated by measuring the upstream depth of the weir, the
downstream depth of the hydraulic jump at the downstream of the weir, and the calculation of the weir
floor depth using Equation (3). The relative energy loss was calculated using Equation (4). According to
Table (2), it can be observed that the amount of energy loss in gabion stepped weir is higher than that of
the stepped weir, due to the presence of gabion baskets.
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Table 2- The results of the calculations of the relative energy dissipation (AE/E,) for different
models in terms of percentage

. Q(L/s)
Number of steps Models of weir 30 35 20 75 50

4 stepped 70 65.6 62.6 59.5 54.8

gabion stepped 80.6 77.4 75.1 71.1 67.4

6 stepped 67 63.8 60.3 56.8 53.6

gabion stepped 80 75 69.8 66.3 61.1

8 stepped 67 63.8 60.3 57.3 54.2

gabion stepped 76.7 73.1 70.9 68.7 65.4

Chute 11.6 15.5 19.5 21.7 27.3

Conclusion

In the three steps with four, six, and eight steps, the energy dissipation of gabion stepped weirs is
higher than that of the regular stepped weirs and much higher than the chute model. With an increase in
flow rate, the relative amount of energy dissipation decreases. A decrease in the number of steps results in
an increase in energy loss, provided that a cascading flow is formed. Generally, the maximum energy loss
occurs in the four-step weir, and the minimum energy loss occurs in the eight-step weir at high flow rates.
As the flow rate increases, the effect of the underlayer on the velocity profile decreases, resulting in less
energy loss, and the amount of energy loss approaches each other in the six and eight-step weirs. For a
particular model, as the flow rate increases, the relative percentage decrease in the hydraulic jJump length
decreases. The relative percentage decrease in the hydraulic jump length and the length of the roller is
highest in the four-step weir.

Acknowledgement

This article has been prepared from the results of the MSc. thesis of the first author and with the
support of the university's research unit through the second author's Grant (95/3/02/31400) by which the
authors thank and appreciate the university's vice chancellor for research. We are grateful to the Research
Council of Shahid Chamran University of Ahvaz for financial support In addition, the spiritual support of
the scientific center "Improvement and maintenance of irrigation and drainage networks" is thanked and
appreciated.

Reference
1- Chow VT, 1959. Open Channel Hydraulics. Mc Grow Hill Book Co, New York, NY.

2- Pallavi, M., Harshith, L., 2018. Open channel flow characteristics using gabion weir. International Research
Journal of Engineering and Technology (IRJET), Volume: 05 Issue: 12 | Dec 2018: 928-933.

3- Shamsaei, A., & Paknahad, F. (2005). Hydraulic jumps and stepped spillways (1st ed.). Tehran, Iran: Sharif
University of Technology Press. (Original work published in Persian, 452 pages).

4- Wuthrich, D. and Chanson, H., 2014. Hydraulics, Air entrainment, and energy dissipation on a gabion stepped ,
Journal of Hydraulic Engineering, 10.1061/(ASCE)HY.1943-7900.0000919, 04014046.

© 2023 Shahid Chamran Universiry of Ahvaz, Ahvaz, Iran. This article is an open access
By article distributed under the terms and conditions of  the Creative

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



Sl (outige 9 pole ﬁ‘rﬁ

N0-Y1 .o iy o V£ Y le ol Gosled €1 Al

Jml;u/f,.::.?jb

Cawd el (ST 3y Oladuio 9 (Jgnl (Sl S 35 g 93 (S5 91 & Ngiwl (g
*‘)}i&i\féjw "\i“"-"@ﬁw k}:;&‘

Ol Glanl Glaal Ol ez g o815 (s 5 Jass 5 ST i 0088315 ¢ 0T (gloojlu Lyl punlid )8 -
Ql,:\ ‘J‘}“‘ L)‘}A‘ U‘;C’,‘ ‘J":C";’ eliﬁd‘) 4@;.*4*) ‘b.?u 3 uT 6«‘»‘—.@.‘ AV\SLJ‘: LgT ‘_;Lh a)'L.» a}; bl Ld}.‘.m.ﬂ ev\.'.w.l}i —*y
Kashefipour@scu.ac.ir
_
VYY1 050

VeV VB Sl s

oS>

&l 03 S W ypod (4091 (63Uail g olgd oyl o piand dya) Clogew Jdds (S 5y95 ol pdl s Jlw 43

“609 S Gy 1S 105 el 350 padylalwyd GBI pT )3 (ot dr gl (SLSI (551 SYod!
Wlosd 48,5 84 iy ialw,d ol adlul o LAy, pw jl CBls joliiods LAYy, s 13 yinbs o o) S
B Ol dagi )90 pln j3559)3 9 359, O 95 yaue bl (5551 SYedw! 3 cwlio () Blod a1 g puw ()
52 9 S5 Sl oS )3 9 Gl bulpd pedd ) Peml (U sy G Sk ST o)y 13,5
145 A Uy 508 Ja e oo o (61 -auBlsm (sing ool LA 1 oy s (ol €k 59 Sl ed bt ol
S b ol o (G 5y a5 925 oo Wi gl ool B L (63908 & (A1) 12 Coli ol g Calid g Wil )l 1S
U g G j2ypw 4 Comd 20y WV U G381 cnl o8 3,15 ol 9l (9t £95 &1 o (5 bt (5551 SHoguw! (9w
G5l o S8l i3y ol ST & b o 0 dluand Wl U piomed il o0 3l Wigud 4y Comd o yd YY)
(140300) (Sdgyie (W Job (Edl w03 SS9 (5551 €I lime JSTas Al Jlea 2ypw (I pober 9 Wl oo i3

2wl ooyl (lodsle b g banlpl 5 il
I epw 95 cpl e odlitel by wed L pST (Sodp
2 9039 )y p ol o £95 4 Cond gyt g piyllas]
Salmasi ) ass Hlub g pglie Ol HLid 5 56 sla)b bl
(etal., 2011

e 315158090 b ojle ol whe Slhosas |
bl by 8 1) b S ol jype e
Bl 5l alio 25130 lgicee (Sajd slaae 2,8 b S e
cadls oy Bge slagially s bl )3 ojlo )3, 5 (555
g oVl ol (Al (990l S oy (5551 8
i ol Hlil sae g J5d5S daal Slaw oy syl
&5 4 gond 389y 4 I8 09)0 by Cud i Sl 35S
b i g5 28l i ]

S Loy 4 bgrpe (9T 4Bl plosl Clisios 5]
Wl b amlie g cunl g o g b Sy sladw
sl 0391 oS Gl L oy 55y Laadlae
Chamani ¢Chanson, 1994 <Peyras et al., 1992)
.(Gonzalez et al., 2008 ¢ and Rajartnam, 1999

Cawlys Gaiod ol G iglo ;T 83940 3 1
35 0950 9535 9) Gl oIS sl o5l <l s Winjly wlS

doio

slapille 5 (S Vb cepo b ol 3 30l JmS
S5 ol Cae ol Sl Mdbe (Sdgpan laole (b
Jitio canmly 4 ol & ol 5 U8 g sy e
el 3y 51 g e ol ool b a5 cul plaol, (SO g
Sl glaely 1 (o 25 6 pSole camdimly 4 llus
colie Sl L &5 0390 (SIS (gl po Sl o2latl (65 5]
» ly phal)] o sl pad So el ol 55
Heydari 4 Chanson, 2004) 5,5 o jjm Cadimb

(Orojlo et al, 2010
S lojy i bl ste 5 Sios)s ool
55 Sl iz 2 loaly Mo L6 55T Jdoes S8
oon Vg Ll Sspe (9 o3badl ccuslio s)lil ol
g g al gin gly ol bt Gjus] g
Gog ol pdlgn oy rizman S5 00 ol 4 F93lg)
Mo I (S o5 2l M ey I obj ke & Sl e
WS xSele Cunlayype plad (Sdgpi slaojle (b
w9 bpymw ) 3, 5 ogde (Chanson, 2004)
JyiS el obpse] Slles 3 SaulS slaojls 5l oy o



54
FO-VE o NFY Lo ) o,lad ¥ o5

ol oo phe

P ol (g yp glp g oad Blo ((s250ei )
2hB3s nl 5y Lausg ladly (53905 g 8] g gyl
ol & YL sla o o aS B e ol @ls g oS
Roye > 3Pl Sl Bl GlBT Glargy b (58
s Jaye 3 551 Sl pizmen sl yidi SelS
il ol s 5| sy nS elbad > piylidgis (slaaly
VY 4N e el G g doyn FY B YA I edss
2355 (5o 35 Sl Sl g

Sleogas  (2014) Chanson 4 Wiithrich
S e 90 awmlie bl GBL gy (g
Loyl 3505 2 o9l b olyan SISk 5200 9 2 dilidgds
A9y gl Gl ©Yliil g Jab o bl Cowd dxs (ol &
JSs o ) b (Over flow) iS4, 5 (Seepage flow)
Rore 2 3 C8l o) g g Ml Gl w9 Ol
SEL e boawlie gy pbp Sl
Gl a8 pildess

s gy pols dod Bun 38 o 4 a2g
Ol p el ced Gl B o S
a o Cul cpl dng BB SO bl e ojle (g5, S Mgl
gt W dy 59y by bulyd aly o aed 3 sy o i
Ol Uld 035 o gyt g3l Bl el & og (B
Sgphen Ghp Clogad g Lulyd > ojle 5yl <l
Adlige IS I eyl azmsgs s 5 cusdimly

by 59 9 3lg0
ol 36T
cAls a sl (g opl Blal & Sbcws jelaiea
pldl wiibo Jse g3 Sl > &5 g3axie sbayalil
Slyiahly Jold (S gabaly (o3lal Jilod g 4525 b 5 03908
» gtalel cul 3 Jge slayiely )3 glpl aa g
) 005 1) (1) el

F(AE, EO; V!H’ h; l;N;:prZ,yc:Lj: LT' I’l’p’g’o-)
()

gl 551 Eo g joyyw ojlw 551 <8I AE YL alail)

Gos Ve Ml (o daBl a3 Copw Vg faype cwdVL
o wsl g adgl Ges i Yaeyn b Sl
Slodew Jsb S UE Job Ly ihp Jobo L «((Sdgyien
S S9SN g 39 IS Job 2l V0 & Gg0l8
M glp Cd ity e Bl VO 9 Ve VD ke dw gl
H g o8 2l N izmen Al sl 9 i acutin (IS4
prr Pl (Kool oSy Wl oy IS el
UL il oo (oo (135 0 5 J8 Gl g ol oo

Sl Jre la bl zbs (1993) Christodoulou
gy boaal, )5 (1985) Sorensen jpioxes ¢ 39
9y oSl olass 5b o8 sg05 Wl ge ) @ 1y SISL
sy N ) Yol e Sy eljl 4 5 Gl Spaitio (53] S Mgzl
5 oo l3El Sy s Gl b (g5 ko (ol
P omimen )5 o yidw YU ooy o oL sl b
4 (Nappe flow) 53, by bas b gl cla il
&5 cél (Skimming flow) (glasg, b cbjyme by
b e als

Jie sy lasisle;l (2011) Chanson 4 Felder
plsl a2 )3 YEIF ol g yio G gyl (slaly sapp (Sujed
Ol g Ab ad)S a5 > baaly (gl calisee clbs gy 0D
)5 035 Soll sy Candpml 53 oxle Bb (5]
olibo Bb (g5l 3 (ool Bl A ol &S S e ol mbs
2 aS Jb 3 Ve Gl saype (ST )18 50 Cundimly
oilo B (g5, sl anily glay)l yio gile Vo baaly 5l ol
oximd Ui ol (ped g 3 oy Candiml S
sl oy el ) ki (555 S Mgl

(2010) Chafi et al 4 (2011) Chanson 4 Felder
obyz 93 Gk lagayyw > ipl cdl g ol adlas 4
OB A b e o nl > B lagy 9 (DR

&S ol lis bl bt ab aslo 4 ¥V cad b al
5 1 gy m) & S it @ 8l GSny ol
ol 2 orzper 9 OSL Sl 4 b il 5 <4
R IR o

Fore 9y ol sl L (2008) Azizi et al.,
ol cilisee JoG jlaz 53 9 a dw sl b (Janls SISk
ohals d—' Jd 4 5 babSiw Jodov a5 L &S Wb
Sl 5 Sl e il Kaw (9 s ol
O 2 F3e 3 g Jelse 4 4255 b (6551 <l abaly 5 Wb oo
L3505 &3l 1

Sdgpin Slusgas 35 (2008) Chinnarasri et al.,
5Pl Sl g oy p ) Gl S lajypw 3 b
o] gl wiogel dumlie (98 o9t S Joppe L) o
2 SelE SL glaiymw 0 (g5l cal Cans oS ob L
God 2 g Ve Sl ol 0 ol sl g 55 b alie
gy Mo VY 5 Ve (Chd iy an 0 Fe 5 YO e G550
ol 3 owien il jiaS ol (29 )3 S m
155 LS o)l 5 K5 45 cunl 00 atiie oS
liS walss g5l cdl oS b

Jes Sgpld wyp 4 (2011) Salmasi et al.,
5 S92 ol (9> Jobie lame 5 g ey (gl (b
) Se3h oo 45 5550 345 > sy (555l dpulono
VY g V) s g0 g calisee oo dw b (dlal  SoulS 5y



DOI: 10.22055/JISE.2019.14393

Ye

JJ‘_;)—J?‘SMW‘G‘MJJJ‘)}{.@JK}J}M

e = Void (\‘_)
Vtotal

sl cue p g g B w2 Vwoid () daly 5
Al Gl oy S o2 Viotal 5 oS

V8 B AYIY (el b ey SIS 4y (St (sl ol
0,5 astie doy ¥ ol b g Dso = VFmm b gt oo
Slagym p o9 Glades (S5 os (V) S5 5
Gl o 03l i S8

203)5 Al 5 Cpgody oy CawndVl (551

qZ

2g(H +y)?

Eg=(H+y)+ (@)
Sy g 2l Jdsa (0) doles pgd 5 aShl 4 ki
dal) cpl Glgpen 10 canl ()5 3o B G35 3 by

WCdgh pj Gygod |

Eo=H+y=H+3y, %)

@ s Ol o Y oy JS ) plp H (598 dlay

Ok Glm Bes Ve g e CwdVh 2 g gb
(¥ JSs) adl o

Sy g Jio cuai e dagioloil oy sl

9 0ad (ol Jao g jl (Bl gl Bule Lylyd

Candml 5 CandYl Bos alon I calisee (sl yiol )l Ly

SaS &y A g0 (S 0)l8l (Sgyaen by lasiae 5 )

O CawdVl zgd3e Bos by 3] 1oy g > (Sgie
Lulyd g sy doxty 0 bj (Saasl Jdsa yr (Sdgpan
955 x50 B logius 92 3979 b plgs 5 Wb 4 ol >
Ol Ges g (V) dad) SO dolas 3l odlital Lyy Jds cpl 4

.(Chow, 1959) . ausls (V2) cawd

yi=2(JT+8FF - 1) )

] 00 Ly 35 o yguody (o (6550 SMpiwl Hlade

A_E=ﬂ=1_ﬂ (A)
Eo 20) Eo

S (F) JSS )3 load (B pme M3 ] slo el oS
U5 St (i 9 yomlS a5 S L O 5y65
ol 0 0310 LS LSS (00 53 oy doxiy JD (Slgyiun

Cuwdty i (JS Al poSESL TC (B 5l oliial L 5 golel

AE 4 L Ly M2
F (5 Fr.Re,We, oz =120, 2 ) = 0 "
Fr g oLy 53gu, dic (=pVR/URe) Re dail, -yl j»

039z jlgn; dde oS pl A dsgl b bl e 2gy8 dae
2 ol ol Ale Yoo Sl e ptile]] ol sl
55 Jlaicd e s, dae l olgi e g Wil e ksl edgae
ol &S ol aag b &S el S LB .(Chow, 1959)
dlge sto o FIV 52500 59y ol gl)) i latloj]
dayly aoes (o 0y Hlaid s j We g 0ae ljl 5l olg o

D9 o0 03l 5 Gypods (2l

AE Lj Ly y2 _ pea® N)
Eo’y2 v2 " y1 gH3’

(v)

alo3T plomit 59 9 olislo 3T IK!

5 ol wige 0aSiiily gy olKilol 5 b ikl
whpdy pbnl lsal ler and oRED Can e
Ol &S el e o ol e SOyl oKl
3)ly pold (gl 018 pll ()50 4y 0,653 (5% il any Ly
RS iy 4S8 i JUS a0 T (s3gpp e 5 a5 o
i ) 3 b glaie b JUIS 33 )5 (539 (> e
0F ol Lo e le YO ol Job ] (e sl
el 3 a0 Sy sl o Bl Fo Gl glis)l g el
G S ey gl Gee JES oly JUS
) ML ul;)> u’l (\ Ji"") Cawl o.\g..))f [y U&J”m
b oS 358 Jie o sl o e Sy S & JUS
OFe 5 o)led gy ead cual (e sujpe 5l edlil
JUS 653y VL 5 (6lon by 39 5 ol |y > i
soce S cdd L (Point gauge) gzte (adls oS gly
93 oS oyl 50l ol o o Bos (gySojlul gly
(s S8l gy polaindy (G9ul8 L 5 L Ry S
Ssd rzmen 9 ol (Sdgpae Slasiie (g 5y
b ddd i 3l g Blo maw b als Jao lgeds gloslw
s Jie (o, Cunl i didlu ((g2g0s: 88]) VY Cub i
0F 0ol b olpea G suppe joead adle (Sos
e el b cuia 5 (55 ol boaly sl e il
Dy (dawu_osl) VY Ry Cud 9 )AAL;«JL»J Y/o 9 Ve VO
O Gl Al 2o Fe iy 58 Geel o 55
b PoulS s o> &S 0l Jos Oygo cpby JodSG Mo g
D9 o Juol> OT el &y ds g5

Sy Sl (F) csaady | J5455 olze



\Al

90—\/5‘&.\?'Y Jb\a;kﬁrf?e)jé Lg)L_a'Tng;@A)r‘,lﬁ
1 078 1 17.27 1
- T T -1
j= 1.94 {
I 205
L Gabion steppad weir
///.f Point gage cg,::i N
>
022 2

Inlet pip= and control valve

Fig. 1- The laboratory experimental section used in this study was a 56cm wide flume

(o il 0 pold o & )adlllan ! 53 0ol 3350 (AL LT pold ataio -1 <&
Fig. 2- The placement method of gabion baskets on the stepped spillway
S oy 2 09l Sl (&7 51 0go8 Y U

e

0 E Ei

y

Fig. 3- The geometric and hydraulic dimensions of the physical model
U S (SHII g (g Slal-T IS

G (gl 50 B plol sl O gkl diold -1 J9u>
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b% L; L
Range of changes (I_Q/s) y—i y—; y—: N
min 30 2.68 3.73 1.22

max 50 5.26 5.85 .90 8
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Fig. 4- Comparison of stepped spillway (A) and gabion stepped spillway (B) with 4 steps and a
discharge of 50 liters per second under the nappe flow condition

92y Ol 0 &l g g 00 (23 9 Ol 1w 33 (Q) (el S 35w 9 (H) (S 3299w duglio —£ SO

2033 o> 3 ilien Slgotn () (b (6351 5 Ngiol 3lo Dlowlono g5 =¥ Jguer

Table 2- The results of the calculations of the relative energy dissipation (AE/Eo) for different models
in terms of percentage

Discharge (L/s)

Number of steps Weir 30 35 20 5 50

4 Stepped 70 65.6 62.6 59.5 54.8
Gabion Stepped 80.6 77.4 75.1 71.1 67.4

6 Stepped 67 63.8 60.3 56.8 53.6
Gabion Stepped 80 75 69.8 66.3 61.1

8 Stepped 67 63.8 60.3 57.3 54.2
Gabion Stepped 76.7 73.1 70.9 68.7 65.4

Chute 11.6 15.5 19.5 21.7 27.3
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Table 3- The way of naming the models made in this research

Description Models Description Models
Gabion stepped weir with slope 1:2 and 4 steps Stepped weir with slope 1:2 and 4
Gabion stepped weir with slope 1:2 and 6 steps Stepped weir with slope 1:2 and 6
Gabion stepped weir with slope 1:2 and 8 steps Stepped weir with slope 1:2 and 8
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stepped spillway (B)
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