|/H\I Journal of New Approaches in Water Engineering and Environment

Gonbad Kavous University

Online ISSN: 2981-0280

Homepage: https:/nawee.gonbad.ac.ir

Baffle Structure in Water Engineering: A Review of Applications, Challenges, and
Innovative Methods in Flow Control and Flood Management

Mohammad Khosravi-Hamole """, Elham Ghanbari-Adivi!*

! Department of Water Engineering, Faculty of Agriculture, Shahrekord University, Shahrekord, Iran.

Article Info ABSTRACT

Article type:

Research Article

Article history:

Received 12 March 2026
Revised 28 April 2026
Accepted 06 May 2026
Published online 23 September 2026

Keywords:

Energy dissipation
Baffle structure
Flow control

Open channels
Flood management

Objective: The main objective of this study is to provide a comprehensive review of baffle
structures in water engineering. The specific objectives are as follows: To review and analyze
different types of baffles and their applications in water engineering; To examine and analyze the
hydraulic aspects of baffle structures based on the governing fluid flow equations; To propose
strategies for improving and optimizing baffle performance;To identify challenges, limitations,
and issues in the design and implementation of baffles;To introduce emerging trends and future
developments in the design and application of baffles; To emphasize the importance of systematic
studies and the expansion of baffles in water engineering projects.

Methods: This study conducted a systematic review to identify and comprehensively evaluate
the major applications of baffle structures in water engineering. Scientific and technical resources
were collected from reputable databases such as Scopus, Web of Science, and Google Scholar.
The review includes articles published between 1980 and 2025 to cover both the historical
development and technological trends in this field. Using keywords such as baffle structures, flow
control, energy dissipation, flood management, and flow measurement, 300 articles were
identified, of which 200 were selected for detailed review.

Results: Specifically, CFD simulations enable more accurate flow assessment and modeling,
while machine learning models play predictive and optimization roles in determining the optimal
size, arrangement, and angle of baffles. This improves the predictability of flood behavior and
reduces risks associated with infrastructure damage. Moreover, baffle structures can dissipate an
average of 55% of flow energy. Results from studies combining machine learning models with
experimental research demonstrate that baffle structures can increase energy dissipation by 18—
22%.

Conclusion: The final conclusion of this study shows that baffle structures, beyond being simple
flow control tools, have significant potential to evolve into intelligent and dynamic systems for
flood control and water resources management. Despite advancements in design and
optimization, challenges remain in the comprehensive modeling of baffle interactions with
sediments and their environmental impacts. Future developments should focus on adaptive
baffles capable of automatically adjusting their geometry and performance in response to
changing flow and sediment conditions. Such an approach will not only maximize baffle
efficiency in energy dissipation and flood control but also help minimize negative impacts on

aquatic ecosystems.
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Introduction

One of the most important challenges in water engineering is the management and control of
free-flowing currents and hydraulic structures to protect natural resources, infrastructure, and
surrounding ecosystems. Baffles, as flow control structures in hydraulic engineering, have a
long history of application. These structures play a crucial role in optimizing hydraulic
processes. By creating physical barriers in the flow path, they help regulate energy, reduce flow
velocity, facilitate sedimentation, improve water quality, and enhance system efficiency.
The main objective of this research is to comprehensively investigate baffle structures in water
engineering. The specific objectives of this study are as follows:
1. To review and analyze different types of baffles and their applications in water
engineering;
2. To examine the hydraulic aspects of baffle structures based on the governing equations
of fluid flow;

3. To propose solutions for improving and optimizing baffle performance;

4. To identify challenges, limitations, and issues in the design and implementation of
baffles;

5. To introduce emerging trends and future developments in the design and application of
baffles; and

6. To emphasize the importance of systematic studies and the expansion of baffle
applications in water engineering projects.

Method

In this review study, scientific and technical resources related to baffle structures in water
engineering were collected and analyzed. Articles, reports, and standards concerning different
types of baffles and their hydraulic performance were reviewed using reputable databases such
as Scopus, Web of Science, and Google Scholar.

The study focuses on both recent research and the historical development of baffles,
highlighting technological advances such as numerical simulations and artificial intelligence
applications in this field. Hydraulic equations related to fluid flow and their effects on baffle
performance were analyzed. In addition, the structure, applications, and effectiveness of baftle
systems, along with challenges and limitations in their design and implementation in practical
projects, were evaluated.

A systematic review was conducted to identify and comprehensively assess the major
applications of baffle structures in water engineering. This study includes articles published
between 1980 and 2025 to cover both the historical development and technological trends in
this field. Using keywords such as baffle structures, flow control, energy dissipation, flood
management, and flow measurement, 300 articles were identified, of which 200 were selected
for detailed review.

The selection criteria included studies published over the last 40 years to ensure a
comprehensive review covering both foundational and major developments in this field.
However, comparative analysis mainly emphasized studies from the past six years to better
capture recent developments and findings.

Results

The findings show that the application of advanced technologies such as numerical simulations,
computational fluid dynamics (CFD), and machine learning models in baffle structure research
significantly improves the accuracy of predicting the performance and efficiency of baffle
systems.

Specifically, CFD simulations enable more accurate flow assessment and modeling, while
machine learning models play predictive and optimization roles in determining the optimal size,
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arrangement, and angle of baffles. This improves flood behavior prediction and reduces risks
associated with infrastructure damage.

Studies on flood discharge modeling and damage to buildings and infrastructure have shown
that proper installation of baffles contributes up to 38% improvement in controlling hydraulic
jump length and approximately 9% increase in flow energy dissipation compared with standard
blocks. Baftle structures can also dissipate an average of 55% of flow energy. Furthermore,
studies combining machine learning models with experimental research indicate that baffle
structures can increase energy dissipation by 18-22%.

Conclusions

The synthesis and analysis of the reviewed studies reveal a significant gap in the existing
literature regarding integrated modeling of the long-term impacts of baffle structures on aquatic
ecosystems. In addition, the need for standardized protocols to evaluate baffle performance
under unexpected flood conditions remains significant.

By integrating these findings, this study proposes a framework for major applications of baftle
structures based on their specific hydraulic characteristics. It also identifies challenges and
limitations that must be addressed to advance research toward intelligent and responsive baffle
systems capable of adapting to changing flow conditions.

The final conclusion of this study shows that baffle structures, beyond being simple flow control
tools, have considerable potential to evolve into intelligent and dynamic systems for flood
control and water resource management. Despite progress in design and optimization,
challenges remain in comprehensively modeling baffle interactions with sediments and
assessing their environmental impacts.

Future developments should focus on adaptive baffles capable of automatically adjusting their
geometry and performance in response to changing flow and sediment conditions. Such an
approach will not only maximize baffle efficiency in energy dissipation and flood control but
also help minimize negative impacts on aquatic ecosystems.

Author Contributions

Writing-original draft preparation, methodology, formal analysis and investigation; []:
Resources, manuscript editing, conceptualization.

Data Availability Statement

The datasets are available upon a reasonable request to the corresponding author.

Acknowledgements

We would like to express our sincere gratitude to the University of Shahrekord for the financial support. Conflicts
of interest

Ethical Considerations

The authors avoided data fabrication, falsification, and plagiarism, and any form of
misconduct.

Funding

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Y4



Journal of New Approaches in Water and Environmental Engineering, Volume 5, Issue 3, 2026

Conflict of Interest

The authors declare no conflict of interest.

Declaration of Generative AI and Al-assisted technologies in the writing process

During the preparation of this work, the authors used the Chat gpt tool to write part of the
text. After using this tool, the authors reviewed and edited the content as needed and take full
responsibility for the content of the publication.



-~ . /
S (St (S A
: YA YA (_(Ab

H hétna-i,

pag P 5

bad.ac.ir

e
vmb/z’aﬁ y

0L JaRS 59 (g B9y g LI s 2 I 9 (5990 3T (qwiigo 30 JSbojlw

o Haw S0 0

" sgas 5y pldl S Aga> (59 pud oo

Lol 0,8 0 00,8 sps oKl (55,5LiS 0aSiils v cwdige g pole 05,5

ouuS>

%

alio wledMb|

25 0)l5e Jeld rmgh cnl S Blasl cal O cwaige ;0 B sloosle galz oy Lipgh ) ol B :dun
2 il slaoslo (g puen slaaiz Jalod 5 gyp =V Ol (it 5 T slao )55 Lo il glyl Jelow 9 950 -
Lgsgame da il ey -F b 8l o Sloe (g 3ludings 5 35me sl ) Sl 11T Jlow b2 2 oS> @Yolas ol
Coanl 2 95T -F Lo Bl 0 )5 5 Ak 55 ean] slodnngi 5 ngi slawis, (yme -0 il T2l 5 (b NS
Ol g slross, 50 JBb sloosle slas )5 1S 5 Silatums Slalllae alol

O (6 yuixn ools 6Lbal§ili )‘l QT e ) JBL éLmo}Lu L Ja..:)a sd 9 u’_,o.l.c @L:.A (R ‘;ﬁl 5o :Ubu'l')g) 9 Q‘}o
O 00 piiie SYlie caalllae oyl .aSloads Lo 5 (5,5100z 0 08 g GOOgle Scholar Web of Science Scopus
Laws Gudg |y o nl 5o (5,9l anwgi slaiy, oo 9 Gl a5 U wo U 0gd co Jolis Y- YO BYAAL (sla JLo
aj.:.f: 9 QLL)"’ Lg),,fo)‘\qil r ow o pde ‘g_g')“)il J)LQ,...;' ‘ul.\):> JJ....S eJBL» LSL“%'L-“ 2l &Lma')’ls KWy )| salaul
ol 039y 3l Jlos Fr sy Ve Sl Jlre .o bl dllie Yo v slawd logyT o 5l 5 5 (oololids allie Yo+ olaas
Jebod g glie JLoe 305 800 £9090 (nl by g oo Dlalllas g 900 nl diniin (185 I 0 b gelr 500 SU B
Dgd Ailo y yilog oz mls g bed i 4 U cusl ooy 3l JLuf SV | ST iV lie gl

5 Wpslisn palf 338 sk a1, bz iludse 5 byl Gl CFD (slagsjluancs panin jobay Slidios il
Lyl BL ay5ly g clouz wjlasl pudats (o 1) oaisS g 5lwdings 5 00isS cm i G ilgl o0 udle G5l sl Jowe
3 09dse Sl ) o 55 b b o Dyl halS g (Do J18; 6y iy bl Ml g ol ol oS
Jsb U8 55wy YA B a3l Jgol cami a5 ons ool docalu g s bl 1 05ls slaoaml 5 bl 20 55kt
i A 0 A 3l oS sl & o oy (55, BT aliE 3 oy & g 5 Kg0en g
o (oo 5 Slallle g5 S Slis 02y 0 e 4, 5l (855 2lyire oSiln 5y Jib (sloojl
sbojls a8 sl ooly las pile (6,50l 00iS g jludingy g 00 cim i SR g (2,20 Dlidss b il 6,80k
Al oo (6551 Sl (gam ) SVAYY aulidl 4y o8 8L

oy el S eslo slayll 51 515 5l slaojlo 45 ams e Lis (il ol (ol (6 S o 16 S AT
ad i mf) e )ls g.sf] alie Copae 5 OMw J58 50 Seolins 5 dtalign gt 4 Gad Jas gl 2V
ol (oo Sl 5 Sligu, b il ol gl (g3l as aten) 5 (sl tlly 520 silotings 5 (b 53
@ gy 5o oo Slos 5 awain 5055 @olats & ;06 45 095 55 s0te 155l Sl BBl (55, 5 il (ST gt o)l 252
iy 2510t Bl 555 5,51 Sl 131 Lo Joy IS L5 5,55, (el il gy 5 e i

2,5 aelys S8 55 ol GlapianwsST 5 e 31 Gaile, JBla> 4y asly

o g4

g dlis

VECFN YTV il 50 g yb

VEO/ YA 1 g, R50 b
VEOL YN 1y dy Ea b
VE O/ VoY 2 ylics! fo )b

ool gunls
&35 Sl
NERS
ok J5s
bl

O o e

Email: GhanbariAdivi@sku.ac.ir.Jstwe saiw g*

XV-YY (00D e oo 5 of pwdigo ;0 si (500,55, Alae lsie (VT ol ¢ Solgils ob g 6ol o Solgils ol ¢pb ¢ Solgils ol ol
http//doi.org/10.22034/nawee.2025.553107.1171.

-Qlf“u-“is-“ ©

o998 a8 olSasls 1,50

\a



Vel ¥ oyl B 0390 cConns j Lo 9 f (wiligeo 40 97 (510055,

doddo
gl 5l cblix jsliie 4y o slaoslo 5 o1 slaplyz S5 5 Copae ol (qwaige ;0 il (et 5l (S
5 s a5 (Baffle structures) 5L slaojle oyloo oyl 5o .ol o] gnl i slapinawsST g locslo ) ¢ b
(551 U5 a4l s )3 (Said @lse ool L baosls nl wiiS o Lyl (Sl paee slaai ] sloinge p0 Sl
.(Chanson, 2015; asle oo S lapinw loaily Gialidl g Ol CaiS Sgupp «Olga ) (buidad Jupund (e o 0l
il 3 Do b Jas o STt bl i )0 059 O cwaige 4o J8U o5l cenl Singh, 2014; Novak et al, 2017)
ssbas (Sdgyaen sloojle seie yae g goluly Gl 5o bl S5e (15 oS ol SligSa ol dia slaaiy] b 5 i
.(Zare and Doering, 2012; Aydogdu, 2024) ! oo a5l glos pnS
2 38 SNl 5 plyz S sl Il )3 a5 035 ajl oy v wiz 5l e 0 Lo Bl (6 55l8 (Fu )b sy
@ 5L Ll s Sdgpaue ils i, L .(Wang et al, 2023; Yang and Yang, 2021)as o laSal ol sleojle
g T edlms S8 sl JULS dacslidias o 059 pol 45 glaisTaty cansl 00 00 5 3] (6l )15 e j Laimo el
.(Al-Mansori et al, 2020; & .5 o ,I,8 solatwl 5,50 30 So5slsm slo,eiST) azmad Foduzy lapiunw J> 5
CFD (gjlo Jow cg00s (65botnnd a5l (g5 (slocs,5lid 51 Jliol b puiiins j5boas o iy 0l Ghare et al, 2020)
oRIP GpXein jsba 1) JLosbeoile Pk QLI 5 280 a5 oo oo (Sb; il slapt,Nl
.(Abdi Chooplou et al, 2024; Pujari et al, 2023)uslosls
038 sl (oS 5 SIS il 4 e e o] e 5l a8 wilaxlge (goanie sla il L ol Hladigs gyl
(Yune and Kim, 5,5 o Lal tas g55 L g 055,50 51 ael )5 solitl b 5L5 cuman dnwgi 5 0, o ol pole (So4l]
Aoz 5l im0 dgug |y O (! 5 (g lean 95,018 953 daae sla S5 b J3b (sleejle 2021; Nair et al, 2025)
S yee et 5l aghad 1o 00l )] Glansl B d5egs cogmy Calil g Glalo 25 (2l ol 6551 e S
50 0ol jebas baojle pl (g o, sld Lo wS b xen (Daneshfaraz et al, 2025) ,>leo oLyl 6lp s 000
Wlasdly 08" 55 Jlow Sllugs 12l (6l (Faie slapiumn 9 (B slogy09% Sl 0B atle j0ebsg slaomwaies
.(Dong et al, 2024; Wang et al, 2023) el cwaige ojle ol Sl casnl (55,008 5 g5 Kbl a5
ol ez 03, 5 sanldl Slis 5 30 AT Slem gl 45 b oM (goonlih g 4z LB il
Iy S slasla )y asl wijls ol pan 4 g0l Sl 5 Jb ool L a5 b 055l 0 1) Slodes sla SIS
(UNDRR, 2019; ais ssslyz jiis Olylas ol (o8l Condy podd glo oo ion 4 4> 55 boois] 10 g aliS co duags
9 aj)).v C’,‘L&ss_:)im C.E.w u,u)‘).‘)‘ ssz.]a.m LgLQ: guj) 9 KRV U’“‘)b CSLQ’Q“A'.’.B) uo),!.o ) 6)5)‘)5 Rojas et al, 2003)
(IAHS, Cwl 00l w Lb&_l)Lu.u ‘_,;:LQD ‘_gLQQ)jS) CA.M:).Q‘S ) FLEP 09} ‘QS) ‘) L)LP jw‘).w ) ul))? C).’ 6L®we‘.>
S92 LQUT J;Lu I k.‘?))-" J)LQ......J‘ LgL&vo)’L.; Lg)j)lS; L 6)-"‘\"""‘-“’] u,u.a:lf 9 La:o\.b.\., L).>| BB L e ‘u—")-’l-*-’ 1984)
WS e ool Yoo o2 18 log o3l o DL Slasl slaass o 5,55 ool 2als suilsd Cormaz 5 0uldl e &1 B o
S WS o s bl 5 el sy 3 s B psbo 052 5 S 053 5l JLe T o Sl gmenbs Slikas o
Sl b W syl Usyl5S (Maziar et al, 2022) cesl oy "oains 155" 63554 19 5 T b s o sl a3l
Cewl 0593 8,50 YV 0905 V1A U VA Lo 5l Sl S5 ormb Slhhas Jlgl s eVl 0Kl a5 ol las Y414
Soyd 7ol G g wylo 1y (SR cn i GBsb g Jew SLL e oo (LA ) (LR85 (il adsl Wiy, a5
.(Ministry of Emergency Management of the People’s Republic of China, 2020)xes oo JoSis 1) ol50
Jle 53 ez 2 5L anl ks osae (o b a5 38 o)Ll Y Y e Sl (b LD b3yl )18
.(Academy of Disaster Reduction and Emergency Management Ministry of Emergency, 2021)a5s Y+ Y +
os a4y el bz (i (6551 9 Mo ot (Sdgyoen slaojles ol 5l (G50 Jlo sloas jo (golaidl Hlats |
(Cupac et al, 2020) sl azsly yili8l pls Eole> 15 9,0 Gguleo

Y



(9L (59 g 9 o> (69 pus fon Lo il L0041)15 31 (695 50 i (swrigro o S o jLuv

solas; b ob,m sz 65,00 Ol Cg pae a8 o3l o HIKST o Sldllas jo caiall)l Ll g Slalllas e gosne

603 Silwand 5 yettane il (g (6551 BT Dliga f osliiwl el Ky (6l >k Sgnte 9,59, b (Dl
Ol g lois & ol cpl el (Sdgpane slaojlu )0 00 pS b 5 g kel olilus fals Lol as s iy
.(Mohammed et al, 2020) s aalss j5iS ogo S loy) 5 do Goaslo s 5| clailoe aSh laojls duie joe Job
G ailoais Judowi g bl ey JoS 5 gala 59k a0 8L slaosle alox 5l 09250 slo,Kal, 45 amo oo litd 5ol (1]
obzmes by 05U Ll sl o b e (b b Soazy ogdle a4 anil 0l 2> ot Ll 18 (59S5unly ailgn
@9 0,.8 e |y Ol cwaige 50 3L ojle ooy IS aled b sl eol> adlhae G wiejls a5 Conl pwaige W S

209 ;i .\.J)lf sz..fp...o.‘u lem)‘)’.g‘ 43|)\

ool 5 Bl slaosle (iluaingr 9 (b gage 53, 8es lajls Gl L Glosen (pwiige 5 sole Hlate
5 55k Seslos s5ledoe {CFD) (Slosle oVl (s3loaned (ngs slacs, 51 6 S0 st ol 00l Jl3,95 2 (6 i
wiile il (glo ol ST o0 S Shase o ialesT 4 b g b ams se |y il ol lscige 45 « e gime Lban
(Aluthwalage, 2023; Abdi 015 (gjloaings 5 Jalos o1 olyz 5 1 5L osijles ools o palass b colayl o IS
aile (ol ) g (Sl slo g b e dlge 5l eolaiul aiw jo Sladios ooyl ogdle Chooplou et al, 2024)
Ol 5wt oo 35 1) aojlos cnl pled 5 (5590500 45 Conl (858 b )0 wiedisn slacyjo0el8 b pdySllasil Slge
g Do i3l b asen.(Dong et al, 2024; Wei et al, 2024)0us’ o o218 1) Jawe aclusl Lyl i o o ,Sles
el aal o Sloe 05 9 ©f Gla Sogll b ablie (ol mlie ol Zo pas (a8l Olyss 1306 Cod oM sl 2
5 aolr Sllllas Comal (ol Colan 5 iz 5l U5 0 el s JoSe slags 3l 5l (e st 4 8L slaojls
055BsS slaaie) 1 il slaole 5100 IS 0051 95 Sodig ubul Loy Sl et S37 0 slaaiil Gls)is
29 &)l laggams 5 Llo daa SIS 51 nalr 2905 b aiS o 0T aalr (550 allan S D505 2 55 0l guoigs
S 50 w2 LS 0 ) e sl ieg 5 Sles sla )5

5 BB laojle calise glao )5l ailrane 5 gal> Lo 5 )y SO Al 0 (550 Glagh ool el 6519
o3 )5 ol Camalo (sl ol 00 ) 2 sl 5 K2 ) 5 s (sl 4 (glalllan e o 4 sl T wsiiigeo
SVles 2y Fesly 1 5 955 00 iliie Slalllas ;5 il o3l g5 sla b 5 (8 slaissls i sme slaiRgh sos
2l SoslT b ablio siile Sl slo ity 0 Say) ol Geizpod WS (o0 S oz i Ll 10 9,515 o)) (38
eiite 9 hmmaens; e o s ailgles 63,509, 5 wasoe b (eorldl Slss Lalps 55 wlis Sl el
Das e al) Ol

4 plesen & gl j9y0 S G Gyie Ll sl oad plowl L slaojle (gel i (sl 4z LB slajiagy 4z 5]
ol 52l emiige ;5 Bl glaojlo ojs> 10 (rex Sl iRgl 5 g S0l wlge apy (b oz (olos
)5 55 el £330 ol Lo gladiiz 3 Sy 4y plaS 8 5 WlootSTy Butar suiall,l Eligios 05 o Lyebusrl 3515 5 o]
oS awo o (S g, Soanyl 4y 5L L el e (tils (FuiSThy cul S &l 8L slaojl 1SS sl ws S aST e
Syze a1y Sl glaces,d 5 b illy daais, b ass 3 Baa 1) gsite slaaidly 5 laosls (gluaz LSy sl b 55,
el Saa nlplo o al)l 58l g ot 6l )Rl Ol St 5 QBN S peal 4 g S Jlod Sl
L oS el b slaglyz g ol (owaige 50 J3bojle oo )5 4 ailrace 5 gl o5 SO WLl (6590 B9 5
sl iagh (o slas )5 (iludings Slagby, (Brae ol Elol ggiin sla >l Gozmen lide cilyz 4 23l
sloojle (b 5o 6, K0un] 5 Sl 4 Grizpan axdllas (l 051 2l )3 £9050 5| oS (5 gl (38 sl 955 5 (o
@olamdl 5 (g bz SIS g2 5 g8 Sl psbS Gk Sl anwyl slocio $ g e Allr el Bl (S5 e

Y



Vfe0 ¥ o)LoJ: O 0390 (Cemnt 5 .E{.;.@o; ‘,a/",a.ue.e).:og;i‘;&a,;g})

Sz $m Slpl 5 Fes S W aF w8 WS O ojem plasiis 5 SLRERs% (BN S eedl 4 U 33l s
sl ansls bad e sleejle g ol pole gy o poe
3l ool (555 sl 3 i b

e Otdlim 5 ras b Ll lagaes (il slagts) )3 lada; (lyz JAS 50 4 s ol Glarear JiL
Sl 5 JUIS ahaiie K& s ygzmed Slelal (50 T o .(Smith, 2020; Johnson and Lee, 2018)s,ls T <y 15as
Silidl g s Ol 5T L .(Ahmed, 2019)wsls co oS 1) (55900 sl 3L 51 soliiwl adsl slajls i daaly
il (b JalsS doojles wrio yoe Ghaldl g (lalud GhalS Cuz by 5380 S5 ©j9p o2l 55l 5l
&lp LolE g, j0 08,08 jebas baojle (pl « Sy aue il wé i, b (Roberts, 2021; Garcia, 2022)sase ol
.(Bridgewater and Smith, wai 48,5 5 @ g |l adss slapiunw Sos 5 Biym,s 4 (69555 b,z JyuS
la 3l (ol ab iy o mhb 4 oliws 5o ihe bl (oo ojloand cbsysld sl b o 5,52023)
ol 5 SIS 50 anly 5 9Y58 (% Oypmad st Slgo 3l g ySores b ol ol 039l (Taylor, 2020)ss;
Lo 8L ¢y538039, Coratl 00t Lt ol pons oyl .(Martinez, 2019) i oo 4zl cilises oo 1,15 (6l 0y asiiigeo
JBsl g baggin 5l sjlae sy 99 b So ol J3b ool . cunl (500 (S oem slaojle ;o b2 dinge S pe 5
JUB ilizee slacusdae ;o 0L,z 03,5 035 gl dude Slojlo 5 WS (o0 518 (L2 e 3 45 it (V SD) il
Gl (59959 Ol Il A s 5 5 0,5 ais gl a5 Sl by euiS aLEI eg B ojle anil s
a8l o3l Sy (oolsl 0)Shas S o Joe CewdVl 3 (85 5 0l Sy Sl g ojle CansVl o alolddl ] Ges
.(Ubing etal ,2017; Ubing, ceul o)1 (6550 51 oiide 1 g o, (50,5 iy «o)] 00,5 a5 «689,5 by il 5l

SR A
eave

Kang, (2017) b o3l i Sey 51 selgil-) S

O (oo 50 J8b 03lw anon!
s ) (o GRSy e ot (ol S5ue 5 (Sl (ol (g5 BT 8 L Sl slaojl
P LT i 5 col pite (L2505 ot b 43S ol gloglz 5losle oal sloo )5 ais o Lyl O
Lo s ol O (sige 51 (S55UsT (slagio 55 ojl (nl sloo )5 s e ol Gial b (205 5 Ol iy oo
bl vl arbar Slaels (g 3los o33 oy3ke) &1 o5l (s kel sla JUIS wsle) T Jlas! sla JULS o o sloolSs s ¢
.(Aydm and Ulu, 2018; Shahsavari ¢l CMw J S glapins § (6,108 Gams,y sl Jome o dolos  cwaige 9 J>lo

et al, 2020; Al-Mansori et al, 2020; Rasul et al, 2025; Niyazi et al, 2022; Ahmed et al, 2025; Karimi
Chahartaghi et al, 2020; Ahmedi and Thagqi, 2025; Hirom and Devi, 2025; Shahrokhi et al, 2013)

Geos S0 i oy p B B 50 aS O] cwdige il slaojex ,o 3L slaojle 00 S Coenl bl o
5 oo da il (Sgyum o Slae )y el (59,00 o] 9ol )5 5 atge (b sl loojls cnl (S50 0 Sloe
S o S Lol ol L 55,1 BT 5 2 S 03 8 sl el oSy 5 55 sl Jyol b L5

g 9 8551 DYl @Sl Jauo! bl 9 SO 05l S (Sdgyuu 8 )Slhos

121



(9L (59 g 9 o> (69 pus fon Lo il L0041)15 31 (695 50 i (swrigro o S o jLuv

ol @315l stdm Bl g T o) iy o] ey 205 509,9 Gl 00,5 WS (B ojle Sy bl 0 Shoe
prkins o5l (S yaap o )Shae o g 4528 el S8y 5 e B0l S yo Gl oS Ll 1 (nl bl
ol Jod 5 ongamma 1o o Shae Slalill 5,5 00,5 sl |y I3 ojls b olSiel 45 el 0035 08les g 5 (ppkie
el 03 oVl o alolidly LT ae ialidl o281 gla LIS 4o o)l sl sloejl gl az s 50 ol 5l i e
255 ghie d o oad Jlosl (p,2) Sowsy 5 6551 sl Jgol olol 2 lgise 1) S8k o5l S (Slg e o Shos
(Ubing et al, 2015)s 5" ob ;) el ool ools ylis Yo lods JS& jo 4 oL >

0 1y

1]
I
Il
Il
111

L3
[
(Ubing et al., 2015) ais, 95 J5b cygies Lo 5 syt by y2r 5138 ~¥ S5

it odimd las ) g ojle CawoVl jo CSIESS (65,9 b,z oaims las ¢ ol e as ) g0 slaisy o )
sl 03l GVl o alold

ol 03l (39,0 0 andiie idu oaidsylis ¥l jo aS (Y ) sla isu e Y

e JUB o5 ool ool Bl @l L ojle S (Sgpaee o Shes gadsd (lp dnbe (astde w0y 551 loged
Goe e SRl L plaS 58 a5 W)ls S92y b sioie I Slacgazme whilioo I3l (@ > Qo 20 92y (20 5 3980
Eo wadsl oizg 551k Emin 1 )0 o5 sy o0 Sl sty @ L cales po wisd oo paseiie Einin 9 Ve oSl
ol 45 L2lE Slas lsieas o 3l szs D il o Koo 0byz Gee ol b olyen 2980 Bokaie
Ak a5 Loldl ja Sos Dle ar 0gd oo el gl (i g oladl lzs aShl e S g ] 51 il e
Pl Gyl jleads eols by ¢y B gl (BT (6551 56 5bas S o aloml " Gl 0l i (LI il b
23,5 Al 25 O)90h Ol |) Slzm (250 )l 92

3
"

ol 4l (531 Eg 5 JB Qb gz 200 Q (S 2o el o &S
6551 15 S oo Joe MoaiiS i Sy plgrea ot K5 sl Dl peS Gl sl S5 ke o oS el
S5 JBla 5l by 39290 (6551 (o o8 Jdo) e oals S esgazme 3l by (p0ls Hgue 4 ;08 B 9290 0%
(M1)osS oo sl T o (S33VL Judgn o 5 99,5 o p e 40 )Ll a4 bz cnlpli (b j9me S oS
S5l ol g e 5L )90 ohg (55 ke aSgysbar was e it | bz ol e Jidgn ol @y 4 oS
Oz Ty exilege (Bl Slimm oad S5 ovgazme (5,0 Olz ey oo (Bmin) (Soe Sl a5 00ls (l381 ) o

' chocking
2 Back water

A\



Vfe0 ¥ o)LoJ': O 0399 (Cemnnt 5 .E{.;.@o; 9’/-‘;“’”"‘:4”}"0:'}';&[@")';?})

Mg 1) (S S5l e 0l 55 s ln LS 990 51 Jlao 45 005 cop e 4 (o> U L oigd Suo
Goe il o (BLal o510l Glou 25 b Glom 398 Sl (e Cemoimmly llpd 4 dty Snsimly Ol S
loen BT Ty 055 Sl bl 4l 5l bz j9ee sl 55 0590 AE (55,30 (ialidl )] aomts 50 9 (Sads S5 50 b >
s Pl w0 (5551 Gl ams e pLaS ) (Fad K5 cesVL 5 Las e T Bos 5 055 6551 G381 () 0 Lo JS
Sad] &gty web so JoSis BLl e Cewsimly 5o alalddl oS Sgiae i S 0 5 oLl S 5l o>

D oo S 0L 2

(Ubing et al, 2015)ea sl )lzs 5l s3 1yt 315 530 Cond¥l o e 3 0303 (5501 e I391 -1 S
O 053 6551 izl bl 2 g e 1y o0 dg0ue (BLEL G 5l ol (o S jgee sl 5Li 050 AE ¢ Lo (55
25 Sl Vg slagis
% 43
207 29w ¥
BEg pye 92l 5 (20 oo Slid - §uso 9,9 ahaie )3 Olz Gos Yoo ghis ;o olyz Gos Y10l 0 o5
Sl i 55 551 Ml 5 sz S5 50 Gl i Bl glaojlo a0 )Lil 1 50 a5 jshailen el (551 DS
wile ol 50 ((Sgpaed Glpiums )l 4SS 5 Giole b (Lals Ol CeaS 5 b laojls cal il
2 Ol o)l 51 Sy s a aslsl o ol cnl je cSls e Galpl 0 5e e (ol Slyss 5 (ool s
Sgde 3oy (6t Slusz b ol (cwaige

AE = (y1 —yo) +

O owidieo 30 J8b 03w lad )5 g Slasuine
ol 00l 0018 oy Ol waige ;o J3b sleojle (slas )5 g Slastine aslsl o
ol spSojlul

Uik alie) (poye (SIS L oS ates by, slapsls by, ilre jo Gl GRSl Glalnl (n Sl

(Slopsls Jols lapsls 5| souxie slosisas 5T i g Gal3H 1y ooy by 099 0l 3 e 5 s S (Sl (ol
ABF 1 rn Syse 5 ook (Sl slapsls 5 55y slapsls (oden SIS slapsld) oBsS (Vsb oSS L
asle (b, 65 oslul slaosle b J3b ojle oS 5 .(Ghasemi and Vatankhah, 2024 ;Heyrani et al, 2022) .|
Laly st )5 45 ool ol e 59 (5 y3me lo Ko abml (JUIS o 5,5 e30 sl ol 5 00l gy s ol
.(Nair et al, wgi oo sauel J3b slapsld ()b 1> (5,505l slaolKiws iz 04 o Sl (Fo,los IS8 \L > Sl

¥5



6}.& (5})““?} 4-/}-0}6})—0/...&‘}‘/5 ‘L‘b‘-’):’jg):’d)jﬂ uiwdﬁ@o)‘)‘jﬁb a)'L.u

Al ploie el 5 W3S o sl ) 5l slaml Bl oS e 5 J3L o5l S b 5l ol a5 e 2023)
S 7 lopsls il on (1S L2 Jgi alady B 5 oy e Gl et (B i 1) a3 gn 2lS T, T e
U 55 b,z S 03l sl 65 05l ol S gy als oo wigds o ooliitl J3L o3l b ol o (slapsls aS
J8L a4z o g5k i L(Kapoor et al, 2019, 2022; Ghare et al, 2020) a4 oolazwl calizes oo g, b 5L sl
2 GtV oy Bos 5y s Slilgi L agzrlye 5o 1) (hig O lime po Sl il JBlao 4 adalsy (ol

.(Bijankhan and Kouchakzadeh, 2012)s,ls oage

e [Cymiical absimuction

= |
——— Critical Depth Line
Free Surface Level (FSL) {CDL)
Critical Envergy Line
{CEL)
::_.;lhﬁtr {T[c:ltga'll-laﬁm:g}' Line
¥
' r
Flow IE‘ IJr'.r
—
S=0 F=us r=!
b TEL FSL CL CEL

0.0

.S /
E B
%‘u.m d___‘\_\_‘\ _ R —
= ) —
E - \\_
[ —_—

005

f=1
04
2. 280 EREL] ] 3.0 3.30
Channel kength {m)

Nair et JUI Jsb 55 5551 bobs b hdsy pwy (@ 555! bobs gaddsp b by 555 0 SO pold (sl slod(WI-F S
al., (2023)

(CEL) Sl 5551 b3 5 (CDL) Gl Gos b ¢ Sl (551 5 ol (6,5 (Sl Bas polie 5l oslitul L

pold olFelS jo abgpe Sy polde 4y 5 xSTas oLl JJoay (CEL) 4 (CDL) sl fudg s ailoaus ool lad § s jo
by el GialejT b 0 saieanlive 8l (b ,> o (FSL) ofj] o Jas .aiw, oo (CCBF) by 5o (635 50 Jib
8 i 3 () sVl 55 ity 45 5 e 3,95 1 ooy en il 4 (F K2 55 a3 gty P1 ol o
2 CEL c gl bz bl sl o9 o oy 65580 ST pas (5,8 L (TEL) S (6550 b e ull a2 5 95800
b ol o il o] 5 45 wims e i |, laglSe P3 5 P2 o ol 1L 51 S o yeee (TEL) 51P3 4 P2 Ll
S 50 el oFgl5 oVl o P2 s ls J18 by e wile o56lS 51 goline alold 0 P3 4 P2 .ol cawsVL IS (65!
aile 4y abais (pl 0gi o s (B/yC) Sln Gas 4y (65,0 Camd P2 e jo 0y J1 3 o5lS cewnpml ;0 P3 oS

v



VFeB oF 0 lod B 090 c s j Lo g o wikigeo 3 8 (S80S 5,

Goe S LL,o by oS olaila oy Bee g Sl 655 G ain dlal ) S ol b g esgel Jas S alads
el oa ools iales J3L slapsls 51 glaaises 55 OUSE 55 ayles oo S8

P lo3T(d 5 haa(@b,€ byl 5> STaki395 5 slo 15 GBI 5 osliiusl 0590 (slailgiust (slopsld 51 (s sl ~B IS
.(Samani, 2017) 3l susis ZMo!

Sl oslitul 1598 o il 5hg; (s)lre 4 JL pold (boojlu 9,8 iy jo 48T 90 Slalllas p (59,0 asll 5o
il iy allgil Ky 5l oslinal b ol s 5T 5o ailolRiny slo,5 L ol sl JUS 5o o5 6503l sl Jib slapsls
Gl as,e 0 cdo b Jal 5 o0 ple Gladal,) cahaie mhaw oS 5 Slow by Lld ool cga JUS 350 50
oo 5 <3l Sggr LlSan 5 Slols bags clail], Sloslons 3555 b 3,Ss5, ol caslsl o .(Hager, 1985, 1988)sls
oby> 5o (Samani et al., 1991; Ghare and Badar, 2014) 28l arwss Llatus 5 glai;sd sl JUS gl eoie
2555 )5 g 50 o oy e JIS B ne b (S5 00 5 (it sl il (lallns

(@lgl sl (bgype @le jloslial bz pln 5o Ik dse slr i6sIl g awiien Gilwainyy o
&ly slakaly «(CCBF) g e (535 0 J8L psld 38,20 LKapoor et al., (2019) (Hager, 1986)as slpioy
5 peite esle slaad b claiied sl JUIS (gl baasy a5 wio,S &l Lbiies o JUIS Lo o os
.(Kapoor et al., 2019, 2022) =8l axwgs
45 Wlools Lis Slalllas cogls o5 IS b Sl o ahaiie 3Ll Ly adsl (5,8 My 1l yom @lale JuSid Jxo o
Nair et al., e, ol s .(Jesson et al., 2016; Tekade et al., 2016)acivcs oo oo 5 Logy) 93 ol
agisy Wl [ CCBF  2l,b o (6,.505lwl cds « Sl pou alaie JoSis e 380 cmien 1(2024)
JUI 55 e 50 JSi (5 940 wile 8,20 L Peruginelli and Bonacci, (1997) (CBF) 535 yo J8U slapgld o
(Ferro, S0 ol Ringhy bawgs (soliimoss Jsol 5 olal ko 5l (65050 40 s a5 2ol anusgi |, CBF pgei
bl S g 2Le2016; Lotfi Kolavani et al., 2019)
Sslans b o (5,5 Lalg, Bl sl pleSiSl 4 Sl oolitul 5 ilin slo il 3505 ] (slogiogsy o
Slwss, o pled jo Sl (el slawdl Cas a5 aies o lis asl L(Bijankhan and Ferro, 2019 ol ouis
ol Slodelod 5 ax gy sl yiie S 5 5l ngh Slo0 Sag) mizren sl e glapsld o jgabsd g ol3T by
V Jsaz o b iy opl Slasuie s> .(Aali and Vatankhah, 2023)0cS e soliiwl Sael> sloJow @)1 6l
el oad ) 7 gla St po (e U slapsld 005 5l a5

A



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

.(Bijankhan et al 2022)«:'-1-“‘ 6)5)-" Jsl.a ,o,b 3! QLN 9JS...;

Jl sopald b oLy (s 503l (pguas 53 oo ploxil oy s Wlasin -) Jguar

& &9l Aolao 3,509, &9 Feo sl ylsly
Samani and 23 Gos JSis o8 curoCyiolyr (0Q
Magallanez 0=cab. |9(5) i e WSS eBe
Co=133— 0442 4 sin (0212 BT e s e
a= 1330 §+Sm( : B_c> @5l Aolae (285 L o By i d syl
Juts
Carollo et (B; + Bh)|/gh'S Ges S5 2 #rBeolr 2Q
al, (2016) Q= « 1 (B + Bh)? S ol o e B ocwwsVl ges h oS5
{7+ a cos [§c05‘1(1 ] )]} .. c|e .
B?a A3 L elSelS Slam el cul et sB U 2 e
&35 Jol 85
Ferro, Q§ BT 5 eSSl anad erBe b @Q
(2016) 5, = a(B_) DAL cals vg3 4yl A (ewoVl Ges h o5yl
3 = Cc
BZg3 gl oy
Baiamonte Ve ( h )” 93 ol 5l aslizul oSy Ge<Ve
EAR
"0on,” M S o B o
an=f(i,r= B_) sleyelhl noga sVl
¢ JUS sl i il
Vatankhah, 07615 S5 A Jas! #rBeclr 2Q
2017) 0.826 |1 +0.214 (ﬁ) i -
3 B; Goe Slesl 2 0l h s ol g oSl
= 15 . , . .
Beygh® {l+cos [lcos—l(l —2r2)]} S SO O R v
2 3 Carollo et al, al, SAbEs
(2016)
Bijankhan Q 05734 5 PSSl e FeBeolr 2Q
and Ferro, B25,05 0.6925 B. 35 tallt ses d L ce e o
(2019) 79 c oAl galbogr asls h s Gl g WS
CewdYl Gas
Lotfi Q L 5,559, b Jsl aolas wreBeb > L$'~'°Q
Kolavani et al, BZ Sgos [0 655 - 0. 1914§ Sl 5 oags dnid il Jsb Lo wlSsls
(2019) 2 145 T e '
+o.0861 (£) ](ﬁ) Gl o s € s oliag
B/ | \B; Lopgs aolee — il il ol
3|1 Q * 51 Aolae 3,50,
=2 [c2R2
c bc g
Ghare et al, s A 5l eolarl 0 St 29QP
(2020)

24
Q, = 0.39m058 P15 g0 (%)

NS R At

JU e Bl

Oz e Y JB ol g
CawdYb

F4



Vfe0 ¥ o)LoJ: O 0399 (Cemnnt 5 .E{.;.@o; y/"fwvﬁ.@w}ddgﬁf‘;&ofgg)

Y Jgos anlol
& Ol Aoz 5,59 &Y Foo sl el
Sal(%nli%) 0 = 0.226B,%5 05 (E)m Jrel bl BBeckr Q
B; » S ok H s olbg oS
ardd Jol 5 5k slails sV (535,
Kapoor et 0=c (Beye + cy )15 g0s psgie 5l oolicil FrBecl,s  Q
al, (2019) ¢ (B 2ee) Sl dsle gl eV elSHS
Cd — 1.1(3_)0.135 = w,@(]d
c
Vatankhah hy 0-263 RCEI SN 5e Bl sQ
— -0.16 [ _ 15 ) [Cand o &
and Q [0.407ﬁ (b) + 0.407ﬁ] b,/gh L soiass oo pe b sVl
Mohammadi, T
(2020) JE LU g

Ol & pw a9 (6551 Sl bz gl y J s
Ll ol Jlees gloce o sl b wisS o0 j50e @) sloosl cess il 51 aS VL (Sdgoee 551 L slapl >
2 Ogeliagls g Gl cGiale 8 la )3 Slaodudy Sep & e Wl oo 45 0S oo obml ] ot Sasl 5 ,L23
gy a8 gd e Blbl Slaul 4 g0z o] 4 Wiy e o & Condy cnl 958 Cawdiml i b ojlo
Sl > b agzlse 0 Sdgjane slaojle a5 ol 51ols ol jan & 5 1y o5l JolS o3 S oo3Y yulas 3551 poe
s Sl 5 e Aihd s el 5 (i (555 4 eVl oty (55,1 oS e S5, s 535
(Aydogdu, 2024; 54 co Camme Sdgyuun sbrojls b o colae fp 5 Sk 5l (S el Sl o> B (6550 oyl
SIS malS gl oyl op 5ael )5 51 (S lsrear L slaSsl il ol ,oMelan et al., 2019; Khatsuria, 2004)
.(Djunur etal., 2024; Kang, aigs oo a-lis iyl sloazog> g o JUIS o g ) o s ol 10 s (65,5 Bl 4
S U 10 0594 (b, o yo J3I05 g (Siail ol b aejle o1 2017; Mohammed and Al-Shukur, 2022)
358 Slat o 8IS i o] ol Gaa 5 (Ding et al., 2020)ussS o Klggims 5550 oot |y 5 o

Aydogdu, 2024; Melan et al., 2019; Bong )aijle oo Gisxe 1) Sdg o by S50 Goyb 5l Sl zsbw
.(and Liow, 2020

o glol o5 a4 oy slaJulos el olgige 1) Bl (slaciss, 5l gymme bz o Soid kb, St |
4 e 45 odez (20F 0l 2 (F o] dolsd (s 5l oadid e (b (Y a8l s, 51,355, Olz () (Y US2)s S
Jsb » losiiews ba,li3, ol (Abdelhaleem, 2013; Ubing, 2015)s55 o b 5L (ssl> 10 oxdge slacls & LSas
lo GBS 3 Sl (Sdgyond Sy a5 J 55 558 oo 3l el )T azmsge sl amii 15 9 Sy s Sin
EF89 4 ey Sy (59, 2 655 slrosisS Shectns 5l osliiul S (oo JLB ) 3L sl Jsb (5)920 5 (B
kP JB jobar il )l azmdg> 5L 3550 Jgb g G sk o 50 45 09d e )bl (SWgyn (pY (S pgd 5
il s ol Slaseine s b (J8L) (slailsivles b onSee Slabad 5l osliul a5 wilools oylis Olalllas by so 2alS

El-Saie et al., 2023; )00 5 isl,] azog> Job g ip Jsb pSoix 2ol 4 e wlgs oo 5551 SVl 2o 0
.(Panwar and Tiwari, 2014

O



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

.(Abdelhaleem, 2013) g/l gsmlpn B ISL sl 55 sus ovaline (b y> glgil-VY S

e g 015 5 ae Sl g ol S, 50 3l slml 5 ol (ol @ 50 e b Bl ol » ogdle
yo a4z Slas aas o lis Sy slo gy o, » (Qasim et al., 2023; Jamshidnia and Takeda, 2010)xg o
o rbe ysbar Ceawdimly b s BBl jsiam Ll sd e samliv (i ) gl isle Ky JBl coss¥l amb
.(Jamshidnia et al., 2010; Mesbahi et oS o Slgins |, Sdgpoun (55,50 ( Kaasl slul b g ools zals | sl
&g tlay] Hloduz g JSi wlal b laojle ol o,Slese s waia Ll 5lal., 2017; Sadeghfam et al., 2017)
Kumcu and )aslosls ojlis 45 51 Gl )] sloazos> 4o 1) (65,3 Slazl &5 0 5V IS5 T slacSsh  Jlo (glps a5
Co e §lp Sl S (USBR RVHPYRPARLoW <5L¢°u>’>‘)‘b aS gloduoey b_‘ﬂ)f}:y Lyl o waly o .(Ispir, 2022
SNl YL sk a5 aliis sl GoulS 6,501, Wlgs so J8b slaasl,T 5l eslinul wiiSs CgliS YU Jlews slacss !
.(Kumcu and Kékpinar, 2019; Eloubaidy et al., 1999)ail g 0 sboojle g)loub uods o (55,]
282 53 3l cmga bz 5o U5 slonl Bk 5l lond S5 (glge s 99 b S 51 genn 4 B slaosL
5 55 <l e (Takeda, 2010 & Jamshidnia)wes oo b ,> (bl @5 10 iS5 Gas Lili8l e ps 22l
(Ubing et al., 2017) sl (599,5 b, Lol 5 b J3b S o i olasl 2l Sodsas baojlu cpl 4o Gos ial38l &g,
e 5 D50, 6yl 15 Lo il jeim rizmes S5 Glym Ck gy sawiiions 3l b 3l alols 5 slass
so g0 Gl Ol (bl 5 Ceaglia g 2l jalsis 5 998 slael asle ¢ Sg 0 slo S 5 stz B B B OF-Y
eblS F 5 glawslie bl .(Qasim et al, 2023 ;Huang et al, 2021)s,135 ,AJL, Obym Sy g 395 drgh 4 aS
W) 43‘)‘ \e 9 A&q‘_ngJiu 9 Y J9A> B l.%o)Lw Lg)“‘\f)"‘ MLLO 9 it L;LQL}‘"Qﬁ)" B 6)).:‘ J)Ler.u‘ (SLQ)“)}‘” 56)f‘
S8 asllas o590 by 3L dwain 5 ylodss ol (11 g9 iile) u,web—\ Sleazmsog> (65, 5 saads G gw)p ;o |
5o, le ol oS @l a5’ (Kumcu and Ispir, 2022) el a8 )5
O3% A 90 5 ARy yed o, SU) il sbayledus a5 wias o lid Sldlas rlodus g dwase )..ui; .
s JE&l Gloe 53 i co S rditone H9boas 1) (65 51 SVaiasl & 5 (55 BT (puain JISEI LS o (ailinl
Aloas aBlis (65,5 Sl G YL L IS T sl sl ons
o slagiluas mls as cul ools Lz FLOW-3D jl33le 5 5l oolaiwl 1 g x5 g go0e v oo @allas o
YL s oanasylas a8 o )ls cisllas (duo ) O 51 eS) ol Hlaw llas s3gama ;o BKiole;l Slalllas b
ala Bl L3, Jelow o e Joe
Sy yo Hlid we palS a4 e (SOT 40, SO g ogas) Lo 8L 51 oolawl 1oyl yo o g jLAS » ,ai; o
el iz (6551 Rl )3 Coge p (2l5S A5 09h o0 Cewdmly S & (65 51 Dl azds> 5l (2>

o)



Vfe0 ¥ o)LoJ;': O 0390 (Cemnt 5 -E{.;.%o} yi—‘fwu&e,o)dw}f‘;bbd).;g)

X
e 5]
=
=¢:‘ 0.5
=3
— 04
-
=
= 0.3
=]
=
=
= 02
=
Bé 0.1
=
5
= "

RN
AR

1

(Peterka, 1984) ( III &g ousoS Coudd ¢y 350 —A S5l

m Mumerical Modelling Physical modelling
0.42 0.42 0.43
i 0.39 I 0-39 I 0-39 I 0.‘”
Trapezoaidal Circular Stepped T-shaped

Shape of Blocks

b 29 S5 1a> 50 (655 oullS Shagtuns alydy ST oS gl sl (o348 9 oue (3l (6551 GRBLS 5 A lio -4 S0
{(Kumcu and Ispir, 2022) JsCo T g glads  slo ! (glaiijed :calideo gl giis ;S yo 4l » yd Q=39.6

31 Sl £ 5550 B ol (6,135 51 Ay lio-T Jgur

& Al g 98 1
Habibi et al, (2025) e @ S yiis (65,0 o ys YA Sl 4 ;0B aile aig dwiis (00 SiSTa> o
S92 @lo (g oy
Abdi Chooplou et al, S50l - o)z &5 Szl ao o YY=VA i3
(2024) il
O
OF)) o, g 5l aisls e a3 b Sgd aw 65, » ool 5l eolatnl b (65,5 Sl Gloasl,y ol33l
i absl il Jsb alols an g Sl (alises wiin S5
Nguyen et al, (2025) S 3L A Gleaus 5l eslitul b (6551 gl Sguge
Wang et al, (2024) e Lo )5 b lad e Seheas ledsly 0 doye VY iol58l
Aluthwalage, (2023) JENE, AV B oo, AY 5l 65,50 BT IS leaily (65,50 SDlgasl yo abamdle BB o33l
Oy e duo,d
Wei et al, (2024) o9 o 3L sl ol L egian QYU [0 Solnog a9 (Sdg,ane loasly Sgups

K (o cpl b gl oo cdalin Sgjaue leadl, jo il as,s OA B 4 ¢ )
Sovtt 42 e S e 10 &y ¥ ) 8 Jobo aal38 e JB 1Y ot Lo 8 ol o5
BRPIPPRE WE PRV S PRV SR WS AT

oy



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

Y Jgo aclsl
& axdlo g5 el
Zaffar et al, (2023) ©oae 9 o Sdgyien glajlisle o Suaal i o5 Sl g jleaisy
B 3l ookl b ol azesg
Pujari et al, (2023) oile 6 ol Crile (6,50l gl ;651 b (65,3 Sl (st Sgut
Dong et al, (2024) RN J3b Jsb 5 Goe ial33l b zlsal Lo Lzals
Love & McNamara, S Oilbee 50 Slgil ialidl e a8l 8L 51 eolanl
(2024)
Al-Fatlawi & Al- e 65 Sl (bl o amiol sl L3
Shuker, (2023)
Mohammed and Al- P b oS5 Jo i Selyyion G (a5 9 5551 Sl sl Joe e
Shukur, (2022) col O Al slass g (a0 V) cond 4y
Roushangar et al, 39 — 2,75 Bls ial33l ao s OF B 1) (65,50 Sl olime e sl gt i3
(2022)
Niyazi et al, (2022) e TVE 5 sama 50,5 dihate Job g wind 0y il lawgs 1,5 slba sl
5,5 o Luals
Daneshfaraz et al, ©oe e A S i (Ggy p Kb oblas 5 gl wlgial ¢ ilie glacSel ass
(2021b) sl oo Sl 1y by 6550 a0 AL 5 YE FO
(sieed g Ol Ll & o ol aoye YL 3L Sl yan sla o 4 Cond (65,3 Sl (e
(YaA) b

Daneshfaraz et al., (2021)
Niyazi et al., (2022)
Roushangar et al., (2022)
Aluthwalage., (2023)

Wei et al., (2024)

Wang et al., (2024)

Abdi Chooplou et al., (2024)
Habibi et al., 2025

&bw

o0
(=]
—
S
(=]

40 60
G55 SHlgsw! sy

(=)
3]
(=)

Ciliseo Slalllas 53 JBL sloo jlu Lawei (6551 Mgl w3 &l puasi 13503 Vo S5

(Sl 3 Gyl 3 Gl
Sl g Gl 55 4 yie sl 4 YL 650 51551 by JWl 5 (g e gloojle Jsol e )b
3 g o555 B Jslate Slaged az ST 0sd o0 Cgurme bojl 55lul sy iz a4 205 o s
(Aydin and Ulu, azw) o, 45 ST 5150 51 (55l 10 Lol i (55950 ol 8 58 6l dagy ) o cmd s
Sl JoSo )52l Hlareas (VYo ) (gla JSs) L sloojl 5l oolawl o Jasl s i 02018; Taha et al., 2020a,b)

(Kumcu and ceol sals arogs baojle Cawdipml 5 35w 0 Slgw, iole SKeis mals 5 b > (65,50 s

Ispir, 2022; Ahmed et al., 2023; Ahmed, 2024b; Rasul et al., 2025; Khidhir et al., 2025; Sulaiman et al.,
2025)

>4

‘v



VFed ¥ o lod B 090 «Cons j Lo 9 o (wikigeo 40 g9 (5100 T 5

55 5l (G rdge (Stmaiial s Olz 5o sl Gz w23 3 b ((Selg e sloojles gl 5o (St
(Sl 5 Lol 5 oy ol ool & slonn 15 (U csloesl 55 s 4 5, 0l 5 sl S ol ale) Lol
R slaojle jo roge (Stin] o Jlmusss b= 0 (Wang et al., 2016; Mir et al., 2018)ans o &, (& e
(Mignot et al., 2015; coul (Sdgyuem (o LS5 5 Glyz w2y sed 3 G8U (od 58 Dlomio 5 ial] (sloazeig>
Sy sl 5 i 55 4 ey 5 By 5l e slaglr Jeeslly 5351 Lo Tiwari, 2013)
NFY (olSan 5 oolisslans) WS o plaizgd o3le (ol el § i w55 3l 6T slr Caz 1 3 SVl
5 oSl Glxio 5.5 ,54 &,k 5l roge (Swinl (ol 5 govate Slidss diwl, ol ;o (VF4) Gl saue
(Baffle Blocks) sile (slaS ol cuas o yizmon.(Masjedi et al., 2010; Hamidifar et al., 2018)ailazils 55 o5 o 5ok
Sl 59 S sb (5 oo il G155 5 olob i3 5 (S50 g o osdle o] sl 5o

Abdelhaleem, 2013; )aS oo <8 e anl ol i 511, b, b slagl > 50 500,85 ol 1 OLL jLid 0g.aS (oS
.(Panwar and Tiwari, 2014; Rashed et al., 2022

.(Aydin and Ulu, 2018) 3 ;s Cawdcmaly 30 JBU 03w (6 05,50 b o lw yd J pos —1Y sl

35 3 Gt JUl o Jl 0l bl 9 B S slacS sl (sl (s300e csloplacr e ik glail 08,5 155 5L
b bl g (Silhabin] o ay ad 65,5kos 4y yomie 5 &8 Sgamme |y, 0T i,z Wlgi oo S5l Loy S o ,e
Slallle S o SaS JUIS iy g5 555 1 b il 3 il s S 5 (5551 O
Ol yd Geas 10 ol o, VBV g (65,80 BTy ili8las o YY B VA @ ioxie wlgs oo o 3L oS wims o L
el slae i o 5 orlos arss BB 0I5 (oagee G5 LBl STl (st S 5 Gl (F Jgaz) wip
5 SVl o b 8l oulas uzen (El-Masry, 2001)0S o ! Sdgyoe slagiunw g t5ls g,k ooy g
oS ais oo ol ramdly sl (55558 (2l Glaoliny 2 hie DI (el 5 (650 BT LIS (Rl sl sl
(ADdT a5l o 53 505 JUS (K3l 5 bl B 4y oSl aisS e Sa8 il S5 o 45 & Lo i
5 imle,d als sy Ol loges VY S Chooplou et al, 2024; Rasul et al, 2025; Ahmed, 2024a)

s oo iales | calize lidllae 4o 5L slaosle bawgs Syl

Gl B g (Sl 5525 30 S8 o5l s S1-Y Jgur

Of



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seotigro 4o JSb oL

Rasul et al, —olandl b 1345 3l ol L sl Laul5 cow al <l gyl b aslin ;3 a8l 5 I8 s Jubos =)
2025 3 s PN So o - - . .
( ) o iy Ll cnlbo)ls 18 (g5 5l 65,99 alold 1o Vsese (Siciol Bos (05 Gree il Sl s )l
Sl Fy e A 005l (Sl Gas o i da J8L 1 eolazl
2T bz L) (Sl Gas cn 5 Breea b o) (b (50,5 Sk ol Bl e <Y
VWWIN Gy gao,d YYIVe als b dw gui S g ol ials asjo YA/AY wlail as o YO L g 4l
wablo 1y 8l o e (5999 Sl (yg0 5 4l i)
YYIY coloil o s YO b 1y (Sots] Gas (05 as +Js) omlob (g0 S )lsbl ol Lyl jo =¥
8,591 Cewsday |y (2ol ao j0 YHITA wlawil 0o )0 YO L g0 (gai,Sg a5 b j0 wls zals sus o
Abdi O yeS 5 (Sl Al Colus ;0 G0, YAV azg LB pals - Siwio] Goe ;0 g0 0 VF B zals
Chooplou et al ; . e o .
(5023) > > Slos BBL e 3y leoslinl b anslie jo Swcinl poe> 0 (ao,0 VY tals
Rashed et 4 (Sl Sl gl Boe a0 S IV L ply s ShE LGS Jsb ol g S50 Bl ConBse onyiee <)
al,(2022) Bl asain o Sri] Bes Sl sl doys B¢ sgu> Jobee talS el Coaan el oyl L3 (0 Sabil)
Dgden (L (ya) Blo S el 4 s
b oo 1ol wo s Y g0 4 Sl adl slael Jgbo -y
oals 0oy O sgam a ) (Siein] i Jsb b5 i Job paas 93 10 g (glodns Coxdse -v
.MQGA
Shahsavari et Codge b oo alS S gl 09>y Judodr Siwita] o oljee =)
al, (2020 s o aeal, s . Co W ) T -
(2020) Jil SIS ool a8l alS g5 B bty (Kol B 5 Jsbo e 4ty 5l aied alols ialS b <Y
B2 o ialS Job alaie S o, (Siaciul Ges s glas | i3l -v
ok 45 5 oty il gm 0IS FEt] s dniS ol 6l il 81 L S5l ik slaCiaabyn o -
Syl Jsb o stz B Lials (HB/D=0/66) s, S5k b avslin s (HB/D=2) ¢lis | |
TN
Aydm and Oyt Sl ools zals 8L et Sl 4y Cond aop0 e LA sgus 1) sl )8 ol o J8L cea
Uly, (2018) s Shee
Emiroglu et JEXCIR N @l JSal b oo Fas slo,lisle flpca iolod @Sl Gee (2alS )0 la 3l oisy )il
al, (2017) Jsl caliee
Abdelhaleem, @ Sl oolswl Lp/Lyp=0/4 sHb /D, =1 jlas cool Sy Fri<3/5 sl gle slassh -
(2013) bz Lls dgbige doys MFY B APIDY §I Syl Gae idlS el 45 59 o

Sl e ol b Ly /Ly =0/4 [ Hb/D 0= 1/33 jleslical F 1 > 3/5 oI, -Y

SRR WSS N/AY G o-/0Y
Ly/Ly=0/4 ; oeolicl wls slacSsh 5l oas a3 a0 sloglas pls gly -V
Qoys FE/AY B £V 5l a8 seo e i 1) (St Job jo Lials iSlasH /Do = 1/33

oo



VFed ¥ o lod B 090 «Cons j Lo 9 o (wikigeo 40 g9 (5100 T 5

a2, 100
3
o 80
% 60
3 40
3
o020
l 0
! Rasul et al., Abdi Rashed et Aydm and Abdelhaleem,
(2025) Chooplouet  al.,(2022)  Ulu, (2018) (2013)
al. (2024)
&b

liseo clalllae 53 JBL 5loo jlu Lawgi Kiwaiul § sl y idlS do s &l puasii 13903 — V¥ S5

e 9 FLSU Sl 2 5 (AU 5 O Jals

x5 B J s Sl Sl 6Vl s b3 (i e 3 (K2 plyieas o] ol slaasli ) 5 oo
Sl 59y g Shles cnl (RalS sl (pwsite b)) il 5 (b Coeal g WIS 0 sl n Gl pulie 5o
T 8IS 5 oo J S 50 S G5 oS855 (Slsyien polis fsisa a il (VFUSE) 05300 ool iy
Sl g P sloul il 5k s5lre jo ol cpl ol o Sas ai o SWSL slab > 4o Lasm oM oy
5 80,1320 5 yms (alio® (e dmt 58 9 93,5 (o0 Ol S g (i (55 GRS 4 yamie &5 Sl L2 s )
.(Law et al, 2016; Habibzadeh and Mehrzadegan, 2014; sl o Jd& Sgo jebas Cass iyl glacs 50 Sl
Sl S ol goae 5 2Kkl wlalllas Habibzadeh et al, 2012; Jamshidnia et al, 2010; Yune & Kim, 2021)
Sl 1y ol s 5 0w 231 ol ym g5, M e el wiz 5 il oo <S55l blES o Lo J3l i a5
Zlsel o pals cel bsas b 8L pizen.(Zare and Doering, 2012; Arao et al, 2000)aas  alS 5 Ko
3 8kes 5 Setiai bylpd Se 5 JUS (poye phaie o Ol SRSy mis 0 s M Al wisdige Dl
.(Zare and Doering, 2012; Habibzadeh oS’ 5L dracans
and Mehrzadegan, 2014)

25 20.94 204

20 16.95

15 1321

10 7.84 722

5 I I 305 236 2.14 211 171 1.63 0.44

0 [ I N T e
06 06 \) 06 >

(Zhang and Wang, 2022a) I ool Mol Juwws asLi 5 3590 30 (o5 Hlol —VF Jsi

(M)Q))‘n.\i&

I\ 4



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

SopiawsST oo p 5l cbla> )3 (6 350 28wl SOk (i 551 el b L slaojle
sl Jd=s o .(Yoon and Park, 2015; Zhang and Huang, 2022)u.5 oo ] 0w 51 o6 ol jles a5 5 ol
YA Uy 5 o5l QBT oops & Lialidl & ymeie e lailivl clocSsl b aslin o aigs slo Jil 51 ooliiul o pwoige
s el )b peas o .(Habibzadeh et al., 2012; Zare and Doering, 2012)ccl ool (Ssjoup oy Jsb (sous o
o o e ls (65,50 BT Lsl581 by sopitis Sran (slailsil o il glis | il a wins s oLt Slalllas o >k
Jolgs ss (izman (Yune and Kim, 2021)ass s U5 cos plos a1y o05b Togy) lacius, slows Lagljil a5
Slog s 28 gz (AT 5 At Glall sloJas o (L/D = 3 b o alold Cud o) Lo, oo ity
Jols a3l =1L s g5 (Law et al., 2016)ces] coonl o sl sloojls 5 odew Sy 5 (Kool
.(Habibzadeh et coul s j0u cunglie il38l S (u5000lS DLLS 5 g slalginl csogas sloojlu ( i S sl
el 35 0l90 Jolis 039> ol jo (g5 sl ,Sog,al., 2012; Habibzadeh and Mehrzadegan, 2014)
P Ry Omellid Sanld vse 5 Coadadl el pelad Sl ipdydedi g weligr S BB e
.(Yune and Kim, 2021; Zare and Doering, 2012; Jamshidnia et al., 2010) ,Jsc g, (slacdews
DUl 5 ol @i ileainte Sl SasS sloaw 5 (iel)] gloazos> L a3l 54 oS 5 Grpiu o
.(Arao et al., 2000; Zare and Doering, 2012; Law et al., 2016) 3 3!
9 Loai VT oz 5l (6 T gl Sz S (slaaSis 5 5L Sl JUIS ,0 bz Sy a5 el g )5 0
.(Stamou, 2018; Loginova and Petropavlovskikh, 2021; (0 JS&) oM oby> el Copoe
Admiraal and Zhang, 2023)
5 s S5 0l 5o aslS ole doJil (o3 5 gl alols glinl) i plaser i35 S gyarme o
s 5l gl iz Cazr oges Sl jlosliial (Jlte jsbas 955 o gmme (Selg e glaojle 550k S|
oud 4Bl (5l slaaize (pals 5 aly) bslas sae Jsb (talil s LU 5 e seie 5o T (Slgo 5551 2055
AiS o Jos G54 (550 s o pae slapiiunw 5, Slas )0 bojls owl .(Campisano and Doria, 2007) el
Arao et al, 2000; 0isS colan Cassmlb bl 4 cawl g 5 JisS 1, SLSL Gb,> YU e asilgn a5
.(Jamshidnia et al, 2010)

Oy b )b ol 1ol (o8 )8 SBlaal (gl ooliwl Bl 5 by (6551 SHeel 9 J 23S (6l JS L L (sloo b 51 glaiges —10 S5
Dy 0580 Olg (o0 Cawdirmly )0 0 ya g (Sl pmeni GL3LI 9 (63 ylre 50 (ST 5 Dl J S

il Bazms g 50 e Slge Bl 5 S Wil Sgute
Oz e 385 Cu e p3kes @dle (5958 3l Co gl OT 5l Sawe Sl (silulaz w1 3 lyieay ntias
(Sl polw alox 5 Ssame la Shy b wada b cnl plewdl, (Bouisfi et al., 2019)cul bk o

oy



Vfe0 ¥ o)LoJ: O 0399 (Cemnnt 5 .E{.;.@o; y/"fwvﬁ.@w}ddgﬁf‘;&ofgg)

Ogles oyl ) yo (Critteneden et al., 2012) ol oligS™ Jlasl 485 5 00 50 3blie JuSid « b, ddme (i 1> oduy
cbale b) ol o3l g (game clale muer b cos ly> 5 o5 @3 cale L) adsl cisas o ol 60,Shas
.(Krebs et al., 1995; Tamayol et wiS' o olaizgo |y (b ,> 8o 7S &gy (A g JB I Sl 5l o oYU

al., 2008; Shahrokhi et al., 2012)
aslis by Glae 2lTib jshieas el I8 Ll eolu (s sl ol & plpicds o> sloo,lgo b o J3L ass

oobiws! J3b S5 5l (5 00 3L, (S 00 et 5l .(Harvard Brescher et al., 1992; Krebs et al., 1995) s o
awss a> 51 .(Jamshidnia and Takeda, 2010)cwl (FFS)ol> a4 5, 9 (BFS)cde 4 9, slop)b,z 5l (oS5 «(aby)
Ca g Loins 45 05 o obml suad Sle 5 Sl sld Fowzme o] Gleces 5 Condse Lol e oo b 4y asles il
» wlidss (Critteneden et al., 2012; Jamshidnia and Takeda, 2009) 0o oo iol38l 1) 55 5o olel cos
i ol s & Sasas (655 e b lers aile) Sloe sl Bl it i1 a8 el ool lis Lt o3l s,
drwy o py s ,Suy, yo.(Harvard Brescher et al., 1992; Taebi Harandi and Schroeder, 2000) <ol aiwsly
e Sl b g5, BT 5 bz JrmS b el sad 55500 ()5 5 Yoo glrawais >hb oy i slapis
ol g Jsb olaws pulsi aigy slo ol b s j0 g00e sl s jlo Jow sl cpl jo (Wei et al., 2024)0,.5 & 50
eizmen (Wei et al., 2024)0ils goulS 2 65,50 1 L], 6l 5 b,z asd oslocslenss sl o lsl
aS Gl oads iyye0 LW (asll sao,0 ¥ S 4 jonie (led (y3be ;0 (o] jem) Sie sl 8L (5,05 S
ol 108 51 lawslis ol (Nasyrlayev et al., 2020) coul coonl Pl [l xio 5 gy0d balasas gly
el 0ol G F Jaax jo calize slaiwghy o bojle
Sleasly ialidl g o Slee dgapy Bad b 50 5 (o350l by, SO loxe 4 (L)L, oS al,l Slan 5l soliiul
Ol A yonie bazsg> S5 olul ol aSyl 4 axgi b ogd oo slpiing gudidd sbdamsg> 0 (6,18 G,
e 1y o @l amdgm w4 5l o Wi Ul (655,54 w35 e 292Y 5 Sl slaaye
G55l Candan g a4yl i £95 4 b 8L o Slas a5 wins oo lid Sldlas (VWWAY (ol lad § (g 0 )aisy
(Ahmedi and Thaqi, 2025)s s Ko lag)]
Sy Jedgn Rl Sl b 69555 (SedF b S e 0 L Gl 55,18 1050 g0ges oSl e
2 &S J 50 web e drog (Ol Bas 5l eS) FolisS sleddl 5l solatul YU (535,9 slocdale (gly 058 o
@h Gl ol lace e caz il o Bl (i o 08 e LSS < 200)000 slacbile
B sy G ol g o Glaled ambo S L phes ) Jate (63508 Bl S e i (550
3,00 ol e 0 1y Slael>
Sae Gl L azmde> b 5 635 0 Candge j0 4z 0 Froagly b sla Bl iaslygw 90 9 yloagly o JSl e
oS Ol S 4 Cand asgly ol 5o 0, Sles (i) wied oo )l | gy Bdo Loy ol )3 cdale g 04,8
o by clale SIS il 5 amog> Jsb ol peecSy 45 alysu 59 cla Bl 53 Ggms 3l (Cons] 00
S oo (§ S oy lbadal 4 0l 39,9 ple
e A o 5ete ]y D308 il oz o Jobo (slo il a8l olasi 5 Jgb sla il o
Ol Oldee slml 5 (caizr 6551 09,5 Sede (oud iy SlauaBae 13 g35ee JL g3l I ool
A3 o il 8l (S hane leadly g odil, JBlas 4y 1) saome (50 )5 4l poe> (S90S

iiad glbazden 50 Glao dlgo B> g J S Wil B gy J3b o3lu dk S1-F Jgur

OA



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

Hirom and Devi, el S0 g S8l Sy g o g el olar S s jazme 45 ol S35re 06 NS gy (35 9 ,Shes (e
(2025)
Hirom and Devi, 5 Fodda;P S,z ol 4 uized § Aliad Fhe (63959 a4l j0 iz (55,5 B o Jlogl g sla i
(2024) LS o S8 kil 42U o el
Zhang et al, (2024) el B (6 S ) S (S slaTiag 2 S s 5 s Jil S ST

Al-Mafraji and Al-
Mussawy, (2021)

Saeedi et al, (2020)

Nouri and Heydari,
(2017)

Lee, (2017)
Liu et al, (2016)

PARK et al, (2014)

Razmi et al, (2013)

Asgharzadeh et al,
(2011)

Jamshidnia and
Firoozabadi, (2010)

Tamayol et al,
(2008)

Huggins et al,
(2005)

Ba> (i a5 (b )3 S (oo el [ 00l Dg; D3 a5 WS e 0l obsS Jlail S 655 10 L e
oo ) (29 (ReS b Dyea8
5 eS gl b oads ca sla 3L «opizman 5 s 13 3L 5 Cou cut 4 i 45 ambee o by
5l 1) 55 On i dzmdg> (6993 5 590 9 0L gl L slo S g azmde> (04,9 4 5 S0

Ot el a2 50 F o dy5l5 08 (6590 40 e b gdddd lensly (g0e 0 F-0 ol e ba J8L 5l ool
Sl Lo Bl slaws Gl 38l eorizman )05 )18 (e Job wo )0 B 5 Gas woys Tr o lagl cudse 5 el |
PRAD lSa (6399 5l P S pe 40 Sligmy wepd Ar Sl i 5wl pledily alS
ol 0 y8bes P ojl iz i
Sty iy w9 o woys AVIF 4y AVIS 5| i &5 ialidl cmge 2o ¥ b /0 51 Jol bl alols zals
E5 > 455 B ial38 ey e\ sy s IO 5 J5b (5 9abgt as iman A5k e ¥ 10 bl 355 o0
ol e e ¥ Ges (ol o)ls Bl o alS oS e VIO 4 Yl Gee ali8l Lol ol Bi
33 D98 B e ilh Gl Ll 5o @S ol ol BB e 9 Bl a4 e slrazsse 3 Sles anlic
09 Bl g0y azedgm 5| Ry doyd WA 2gu i L azeg>

Bim Glesily 9y JBL o5l gl b ]
cdale gl e Jawg po 3L sl gla)) e - 3L o3l sl OB e Glgear 3P Ly i (S
el G35ee gl )] pler Sug poe S po p S ke e r = el clale 5 0 05 Lo e = sl
o3l Jloayl Cumdyo (el = Lo ualy & SVl 5l 2 5y 3L o5l alidee slacoadee 250 ]
JU e o L0l i b il azedg> p0 J3L
(S dmdg (63959 50 b ojle Jlowsl Cundse (s

oy WG AVA 5l alae 5 sl slge i loasly s S8 o5l ot il

(19N Glo 3 5ls sl 2 JyeS g Cu poe

Slble 51 S plaea Glog)ly Slaok > odsy A7 4 o (ool Ot 5 (B0 Sk 5 I

& Y ey Jdoas )b > ol (Wang et al., 20172, b) el sols SbuwssS 3blie ;o 0594 ¢ cwlisdhyun ) (g0
L ablae sly .(Iverson et al., 1997) s oo Cgmime (o 5 Sl (6l puiives (G045 o e sl 1o slogyus g 0L
Sloads o o2Sa; (sl JUIS iy Sllasl (slaaS Lol (sl Lol e SLIl | o s oty o
.(Bichler et al., 2012; Gems et al., 2014; Ng et al., wgi o 48,5 |54 (o BL) ey 20l &lge g 5151 b >
(4o, diz b SS)cdo bgw sloal)l Glgiea (V7 USE) J3b sloejlo ooyle ool j0 20152, b; Wang et al., 2017a)
ez 85T 5 S5 slal b s S 10l (slailS g 0 Shas g o s sl (sl Jpmno b 7 (5lo s 5 o5
Choi JuisS' oo (6,65 sl bSiwaizy jgue 5l ild (25 Gl b 1500 (gom 5l 5 wipd o0 22 1) Sl o slog i § o oo
Oleedy b Jiuse &jgods aiiles oo bojle ¢l (et al., 2014; Ng et al.,, 2015a, b; Wang et al., 2017a
JB ol b s oslins] Cewsiml edlo s 1 ol Sl 2als sl bojle plo LS o S8 slooass ] o8
Jolsh 5 gl Aoy, olast wiile) asy (s Sy o 5o gl csloJanllygins o Lo o Jil waigs >

I Debris Flow

A}



VFed ¥ o lod B 090 «Cons j Lo 9 o (wikigeo 40 g9 (5100 T 5

Slsl slagl > eauzn cuals .(Good Goodwin et al., 2021) g g, 8 Gla il b lizen ((Jsb 5 o050
Jeis s S, clawbie jo 1) oyl slapasille Judow (jlojen €O 5 iolos» i wosay 31 3L
as’ wilools plad ared oldl Judow 4l oldlas (Bowman et al., 2010; Nguyen et al., 2025)s;ls oo
(Zhou and el 35 51 slasls plua! & yglxe jo by ey 9 S, k=5 BB jebds € ugSan islaxPossyy
axsg> 31 0 b Clo ®ilge cawoVl jo daasals jo asles s J3L slaojls ( pocsdse Hhaie 51 Ng, 2010a,b)
@ 0k 0,55 0 5l A6 Glacaml S5l o &gl ;0 Cep 10l 5 Bz 65T 505 o2 b B 0S8 g,
.(Cosenza et al., 2006; Choi et al., 2020)0nls boslo
o, 56 .(Haukksson et al, 2007 ;Bugnion et al, 2012)s,ls ob,> Jelss 6,551 56 als awain
SIS alex 5l o J8L 51 ol oo, olowdl g JBL elas )| Jlgie slacis ) o alold dacays, olaws [l 51 T b > 5 al)]
2 opdle sl (65558 ls1 Sy 51 550 s pSelr jaliie 4y g0k Sy (siluaingy wilioe ojle l 6,54 )0 i
L as gl slagyl o ol oo aisls p caliea slaidg 10 Gloy,ly Hbya JyaS 5 J3b ojle PRSP AR PRE SN
sl Al ol pen 4 caws ol bl sl 1) (g banxls Cllse ailyl so S o S > Wroys olaial o YU Ce p
b Sed oo v gl ob,> Sl (b yme 4o Bblie ool s o 0by> b e slatiel ;5 Yoone slojle blite loludl
Ule oml cSle anze Ldoay wes 5L g6 5l bilaie pladl G aS ¢ 8L ojle coal aims el ol b, Sy
el slooyles 4 cond PBU ojlu pizmen ol aBly iol3El (Sdgjane  Siwgn Gl g bl o5 il

(Kim and Yune, &5,ls |, lao,lgso oy loyb o iy J5105 51 L850 550 (65,50 Bl g o5 (sl (55,00 ) e lo obl5e
2022)

S iy 59 o0 i shalaiuno l90 (3 (52952 055 «Jgius 30 (39003 055) (g1l yiasl @ilgn (I 1,15T 3l 2 ilga 15 S
{(Kim et al, 2019) ((nz S5 o 50 $LiY 0y 32) o @ile

Sloxsls by Jpas jo BU sy 5l oldlae w5950 —0 Jgux

& OUy (o) E S0 =W

IR



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

Nguyen
et al, (2025)

Kim and
Yune,
(2025)

Luo et
al, (2025)

Ngetal,
(2025)

Sun et
al, (2024)

Chen et
al, (2024)

Kim et
al, (2023)

Kim et
al, (2022)

Zhang
and Huang,
(2022)

gl ol Sealins oo lgo (BT 5l

wéu.ub O)L.u x U] ):.;L

oi)ly Ol 58 1550 oK a5g psls ()
o polo 5 5 cglailsil sloo,lgys 5l osliul b

&5 e jhioly ooz Elge o5

30 4,0 Sl 5 b sboaSlas ol 5l

Mol ol 2l

sloalols dacusbye b bars bli> ol

Sloryly oL ,,.,SL“ bl slagles 5 a0,
oo sl slaojle SIS s L) ow)p
S Sibedse bl p Sl g by 56

sloojlps 5t (oubde wiz pold ow)p
G ey ol S 25 » slailyi

L slalsiad (slo b 4 Sl (25 sl
slrly slagl = plp yo cdo &l

S plp o plie Jb >lib sl 0o e
6‘:\5‘.) uL):>

Gloaas 1o Ligos a5 b 99,8 slael b bl > c s 2alS o o il
s S 3 B slacis ) olaas (Aol —ases 55 wiss oo &) mdle
L sl @) Seolad ap0 G558 5 S S i ) bl Wl o 3L
s o hals

ogle 2l ol o0 AT BV vyt joboas gl 48 (59508 ( Job ceai b
0 lawgie J1alS @y e 90 4 Syl BB lacks, slaw (lil ol
D (20 Sl s 5o gl w8 (9508 e

AWl g 551 Jul el S5l 3L Jlsle g BB Gy Lulpd o
S o Joe e S Bl gg 90 5l 55

Wl oo a5 4l dnng 398 5l 0Ly Gee Gt @l o dole
5 0l G Ol S 098 Aol ) Sy il S alillne el
oS S e Su L Bl ez el Wi eSS |y Al iz Blge p 455 950
A oS as e Fe B ol Bl 4 4,8 (59,0 Wilgs oo

3 Jgl sy b p p0 5955 0255 (o0 )18 Hgee b 3 AL (B
Bl (585 arlive jsbar 055 o0 )8 G IS g, am b o Bl oS ol Sl
Sboi 3l e 565 lsl Ol ez sl S8 oo 58 s 4l o
0585 o0 18 G T s,y 4l o 3L a5 el

Cuaglie a8l S i | (651 MW Wilgi oo Lo & P alizeo JISST oS 5

3o Gl 5 1) JSS s pln o

Blgs 5 Sl s, So g wslonls sz 6551 S laass 5l ool
@S ol 208 sl lon)ly slapk 2 )3 551 S » s i S
YV Slailgial sloars sl p (Seolind [Lad o po Sealys (uSibo il

.
Sl ]y clo ol Ble (g9, 2 a0 G99 69Vl g o J3

.Amosa

B slooile (oizgn b 5l ol Bae 5 IS ol S ST
RPWIRYES]

arngi glocus,d o bl ulul p J8L (Sgyoun sbojle (>1yb 50 (5,Sein] g Julos
ey 5 ol (cwiige ;0 Bl (Sgyaee ojl atee ;0 GolS G5 g Blas 51 (S 1 (6550 calllas ol 5o

2 Blojlo d92 g0 Sloo )l g Cueal sl oad a3y (0> blie )5 ojle (nl (SHgyaee o Ses 5 ks, 5lxe
Gl (ol e g 2218 5 (6551 Skl 10l 55 Gl Senlis 2 3B by 6 Sesl i 039> i
SSL slagl 5l (A S 2l tias slaazags o hae slgs Bd 5 J S an B sgatp o Sl g Gl B
Loanl ligios gy pleoliugs waled ;5 5 28,5 )18 Eom 5,50 LslsDslos,ly slaplyz JyaS s Cupoe o« 5

(Huang :adboo 5 05 4 a8 Sl ool ail)l 0lyzr b Bl ol Jolss 5 (>hb )0 cioghy sloogeaS 5 o ille )55
and Zhang, 2022; Chen et al, 2024; Hager and Boes, 2014; Bekheet et al, 2025; Amirgaliyev et al, 2025)

B Lol 63555 sloyial)ly g ool loJoe cpl stz jo aiie sl loojle 405 (5558 5510 (12 (s 2
08,5 e wdee ol 1 SO aies ol S350 g oomiwgliel o s aiejld Lol sl ol
o Jao pl g pmdsslezel 55,1 gl 0 (golpaing [l .canl b Jow ol jo ojle g b2 Joled oauzey slop il

4


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/energy-dissipation
https://www.sciencedirect.com/topics/engineering/energy-dissipation
https://www.sciencedirect.com/topics/engineering/pressure-coefficient

Vfe0 ¥ o)LoJ: O 0399 (Cemnnt 5 .E{.;.@o; y/"fwvﬁ.@w}ddgﬁf‘;&ofgg)

IS o i35 (Sgpaen sladue ;o (S glaan T el 1, s (g po o cul Sz a7lr dnny
el (Egran o Blae Gl Th g 40 Glagsl il f Gl (18,5 a5 s el yal )l

sl (sl p s potioge 5 (6551 elsd (e (a8 Sla eyt (Ol W) S sladoe 990 )
2 Sglaee (b2 Sl ;o mlse Sliogas g Gl Gl Ty b @ i 4 Wb da o Gl s
Gl (Slawe sloosls 05940 9 S5 sloools acgezs 3l oolaiwl b by Jow cpl jliel g Coxo Sb5,1 ol ogdle
Lol (55950

Slaghy; 329 pae S poe 78 2P BB slacins 5l el blie o (pwsige slaojle cuSh oS
Sl slotnnd 655,54 0o 10 055 oo gmime (a1 5S35 Ol (Seolind Jelod sl Gado 5 el lS
2,5 sy Wl les gloiale)l loan ;o (2als g ojle [L8, e S0 50 (adST (i (g0

Gl el 43S 890 ool slahy) 9 Sl il 2 oS saxie wlge (b g oGl (gileaige ) -
Slision il a5 Sl laslesiz Glaptns )3 @lo y2 3 Shas 5l (25053l 5 JolS (6,1 120 20 51 el o Lo
el Sralr o drwgs g i

S50 ol 03ls 5 sz oy JalaS 3lSe 5| Brae 50 39008 o aglie Dleladl damagi 5 nn e 51 (S -
Sl g a5 48, lsT lapl 2 Su3els; sileae ;0 Wl oo Sendy il lagiale] i eSS S
i HByd Syl 5 ojle (1STy (cw 2 sl Al oo Syl (slatalej] bl LSl deosls
L8y 5 ol (Sl s (Sudslssy Sla Ty WS o0 ST rwiips 4 agtalejl cnl s, LI 4 (Sl
Siobe 5 Sibede S ele yo el slagtalesl plonil & 5L g BB JSS |y enemmy slaplz
drog 35 g2y Zlin (glaojle & by e gl llins] § Lol > b (S1BuS Aise) 5 damgi 3,15 gl join .
olisalel Sl r e b slais, 5 40y Gy Seoliys (slo ot ol Sy 1 e cslas o)
2 oo GRS (098 Sl iludnd e (pl )0 298 (pwaige lalha 18l g (b dgue 4 e Sl o
3,5 waalys Wl (b la il el wnb

S 53 00l e Slgins slaojl plo 5 JL ol aiile plmojle sl il Sty (A 1ok ()00 3,505, 50
Jat Sialan jsboty el (son slais, 5 Pl 5 5559 5 o8LS i Jlie iy slojl s Lol
(Ol 5l A Shles als ailer (3L golaidl s Fge ool pimen )18, (pasinl Jolse b agzlse o b oS
povie Lualy (nl 5005 ES > pslie 5 jll (cetasns drwgi Con ) Wb Sl e (5K S Lo
25500 1 L poazey slag )l b ablie ollys a5 058 so sloidey danniz 69,505, olsieas (5,5l
23S 58 azgi 0 50 Wb oJealljgins g lasliws (ygad s yaal

Bl 8aTJ5 S rie 3 (bl (5 oS0l 5 o yimn g 510 S, Ceye & s b sl (s 53 e
Ol 53 (o5 Sl SYlie ax ST.cul 4255 5550 L ate (nl 5o Slowil s (o) 2 o (ABly LSS 00z
bl (22 ol o)l slaghs il lgie 422018 3529 (xpmg aiels @ jgi Lol cenlonds (3135 ais
AR50 590 eme Aiged S sl 1y ol 5 03 o o ] el (ST Cungz e S sladl aSh) e
bl 655,18 Camdse ploez Jold o Bl (iludinty izpen WS (o0 b)) Gleey DIl (23,5
3 otle (5250l 5108 523, b olgicon 45 it Hlegdpn 5 oI aingy sonin S 5 lad (b 5 <L
LBl Cewd Sy (Pl 4 Gres (5,500

Slacasdse 9 olal Wl bofoall g ) gl (905 o 3l calizee (o S ln b >k sladoslljgiws
Olwdige 45 Wlgh oo cpl WLS arogl (igd oo Culu 2 e g slp 655 B LiliEl el aS | glage
iy s 9al15 solazdl glag b ) 055 Coles ol Ll bl 1 b 005 SaS (505 115 et 5

Y



S5 St 3 Upar (G5 oo ol o2 o (55550 0] (seortigro 4o S ol

U 392 4809 she 5 090 inleT SIS slacgd CSla o alise slge 3l ealitnl 39 oo drogs L)Y
5 ol 50 il g Sl oslital 3l ogd Db 9, alali g (5550 BT ol b 5 ) Lamma L]
S5 o0 rogi 05y (nl el oad hanS el anogi Sl Ghe, S g 00,5 03 4] (ool ez Lo
sl ol o L3l jolie lsie 4 0 5 wsz ¢ Slaisle sloallis « Sy ale cilies ol olge 5l eslinul
25 )18 aslllas 3550 lejen by Sy bame b )5l by o o 6351l G &l g (65,31 S

Syt 4 Jlb 55 Fuly 4 ;00 45 AL 5,05 (500> diedsn dlse drug p wiilgioe ST slaptagy L))
e )d dieden Sl Bl (nl Wy (SKeSa mizren LBl JL Sy 5o Sush, b jlad des asile (asore
S Slogbsy b amlio ;o lad ol cnl o5 48 y0 41 (g5ke (o) 5 o] Dae Y5k (sl (e
2 i GS Slidod daJ3l o jSlee are) ;o aites (5500 S Sliiiod wisjls & Sl Slegge dlex
o 5l pite slaas ;o ool 3 Shos aala Jelow ailond 55 jate ateive sla 0o 9 <ol Sllee Ll (s,
3)30 ot Do 4 590 )3 Il s 50 5 QLI 2 WIge &5 by Sblags 5 SLSU Dl
a azgi bl (Sealus slogtalejl s Jesuzmn lagilodue wiajls Jelod g5 (nl ol 428,55 18 (o)
sl ool aall o sty Sholeiiny M Capae s Glyr ST 2 55 e0 b sk cnl 2550,

DM (65055 S U 53 0l > )98 el g (b slagse JiuS @

S35l rS sl 5 oM (6551 @i sl it Glaglis )| b sla Bl 5l eolisal b SUjlas sblie (gaupenis @
o3 b 5l 8,

5ol mis GeaSld (755 b Bkl (sl bawgie 5 Sz lavs o 4l 5 siluoySd a5z ileane @
YL

Sk 4 e el 5 6,15 Esgas (6l D Culan Gl JUS 55 jdyillanil b S e sla il 5l osliul @
SkSt

BBl (29,5 5 539)9 Sllag 5 3P gl St ()L Dol Sl 4 ol Jelu @

e pot g (5093 oy p e S Syl b j0b Of g9l slalazme o 3L jleisle 5wk anllae @

S U 5o T ela Sosll s Ca e gly ons S sloskisn b olié slacs,slis b o il plesl @
D

oo 53 0l laUS 5o (20 ajs 5 (ol )Ll i sl gamae Olojer sladoe o5 @
by

Dl e 50 Bl 2L G g @el8l DS i 1l g0 Glaes S Vb Sllas

ol o s 5 0 jliie il Sl 4 Gl sl pelaiiogs b wiedsn sla il b @

S oS Ao

Oz 2 pSle Yol ulul p (Sdsyee sbaelos do 8L glgil are 5o (goanie Sladllas (5590 (255 (nl 5o

Oz s pSeslal Jold b B (Lol slad )5 el ould (o 2 5k 65l 5o oslu cnl (6,153 slap ilSee g ¢ Jlons
(iias glaazds ;0 Glae olse Bl an T8 ooy ((Sratal 5 Giolud GRalS bz Cepu 1alS 5 5551 S8
latlle aslsl jo Gizeen aibioo (651D sloj)ly slagbyz o g lacdhow 5 SSU lagl > 5l (L5651 als
Ol Sl oad (e sl (l dnwgs )0 (g Slanig) 5 48,5 )18 Con 3 90 b JBL ik 50 S92 g lacusgase
ojgn 5o Bl slaojlu 5l s S oolitul § Siilotun Dlalllas &55,8 5 dacusgazs 5 bl 2 35505 b g5
6lo0 515 51 a8 o ;5 Ly (sl (saal IS gls amo o dlgiion |, 00T Slinions (sl yonno 5 03905 ST T _stige

il 25 2% 4 ol 0l

Y



Ve ) oyl oF 090 o j aazo g o ouwiigo 10 197 (5100,55,

S Sanges ST oz Lulpd 3o pold (6,0 (pueni )0 (35 ol )5 (e Sl 0l z S Sesll
Jo ol bl cul L.,.M..s 2Kiolosl calises gloosls acgame Lwlol p oy, cpl 51 by (@8 uets slas g ansls
slas asg5 BB ial33l b alfiole;] slaosls a4 Siuoly wos Jdoas adl goles 095 Jol i (solgiin bo,
el o 95 9y Gb > (20 et
Sl 4 s ol 551 1 al33 55 003 3 305 5 (K50 i oo JS 53 0,0 TA B La Jit s
Ol Gad pKede palS 4 e JBU (6,8 5 argly calols (glis ) lodun cwlie Gl oitas 1,81 a5 o lasliul
b aaly gleitle glcgz ez ollus als Lales 5 s
‘u:“"‘)—‘ Sleasmsg> o (6550 AW 1) Galize glo JSo b 3L slo S'eby (slas IS 9 <l 3151 0L > (65,50 S)gewl Y
308 o)Ll plgice 0 g U2 law 2 glsel 0 iPe DIl 655 ela g b aldog) 5o O wlilas 5l 61T el o) e
o, AV U as 0 AY 5l 65,50 O S Loy (65,50 SDlganl jo alaxdle LB jo]58l aie ol jo alize alio 950
WS Slgtne 0o )0 00 Slade 4 1) b y> (65, asles oo b BL el adlas A jo (1Sl jobody 5 Conl 00y psin
Wigdige By Cesdimly Ghalud Bes (2l 5 5 Giy Gl el bl s Satal 5 Ghaleyd s Y
Ol Bos ;o ol w3 VT LYY g (655 idu jo (ialidl as,s YY BYA a5 wias o lis Oldllas aS 6 sbay
ols - Kcis] Bee ;0 6000 VP BV gals oS 6,8 sle JUIS ey (o3 ) ailatilys g ol ool soalice
oy 5l oolatwl b aslio o Gi,.w.wﬂ 02 30 6o VoIV zals g Siwiol dla Sl 40 00,0 YV axg5 LB
JL g
ol38l el pegdle .l ralS woye AF BV lawgie jebas zol a0 g95m ( JBb cnas bzglonls by J S 0
A (g0,e Sladl Cond 12 Gl A0 (G5 Ge,0 B0 gl (LalS 4 i g0 4 S 5 8L slacas, slass
U cpizman 0 lo 13 8L ),.:L, Cot Dad 4y (gl & dzmbem 10 by 1 gdd &5 glaamses o Dlgw, S 8
B e azmbg> (53955 31 590 5 L5 6B L slo JBl 5 azmis> (539,542 5 o255 g S gl b osd i slo
9 Foddaje Sy osbml 4 Grizren 5 aius Jhe (699,5 42U 3 iz 6551 B o oz e sla 8L Ll 1,
Ol bl s o w@s ol las U g0 g J3b 4 jeome sladzog> o Slos dunlio .0isS o S niids ab 0 ol
g Bl e azmde> l i o 0V A sgax B L azsse ;0 ©)9a8 Bl lie (il

Sl silodoe wsane slagiloand wile adying slagssld 5l S0 &5 Sl ool plas Slisdos )95
U5, tzss Bl S5 e ) booslos (o503 Wil oo o J8 (s5lusainge 5 (>ib )0 (foian Sigo 5 (Slowls DY L
sl o esle L8, 58 Lo slacgsgase Sy uue slo Jow (orw licl (0 Gxs ymmen ol il 4 4z Lo
PSS S Szl anegi n wl Sl sliash Gem s el (Hhb oS s 4l g enm slagl >
Slge 3l ookl il ogdle gl S et (o5ian (9 slad Sus) 65 S g Sse ile wiile (ngi (ouliie slagtales]
91l (tal38 4 il s glols el 5 losls SLeladl pleol g (55510l e Slagsb dxwgs & azgi g sluly 5 g
b el jsiws drngi ( Sioloims Olalllas 5 ind (oles ;o auled SaS L ol o (g pue slapinw
ol ale plnse 5 OStegs losige e laid sl 6502 5 ((Selgyen 5 (o g9t Ll b oo Wl 8
sobas J3L slaojle 09d co el Bloladl ol el ool [0 J3b slaole SIS 5 5,loul Laas> gl cwlul Sbyg,5 5
oz Sy o syl sl plsisar 503, Jos 555l slaplz 5 oSl 51 20 Glacnl ol ) 5
Lgh a8 S IS 4 ol
&l Sl

Siled oo 10,08 3dms nl (geime Colex> Jdoas 0,5 0l oBasls 31 Basus g

i



Ve Y 0 los B 090 ciemer j Laamo g o puwikigo 10 (55 510055,

&Lo

Sl Bl osiloads lag ;w0 (65,5 Sl goae a2 (VT YY) dess i aus ool ol 08T ¢ e gl

oo, (6108 a3l lenily o%fc\.:...;)....t 75 sy VAT dgeme oyl el (gogn dasms (5 00>
DA =088 (D)« ol i g s, lo]

Sl 5 by @il SDlgasl p Sely s S g a4l ).,.,L, OFY) Lode (6,80 ¢ ol ¢(6,088 ¢ Jgms, o5l yails
XE-VYO ()T of g Cagj oo digo. o J8L

o o5 Joe 5| oolisal b 5 s e b ologl 5 (5,51 0 aalllan (VFAA) (s c(sed sms el olS s
Ve eofN) (O el e

ooy syl GQ&@.LA)'T axdllas (VE- V) 5Ll elay ol ¢ 59,35 toemmo ¢ s28lg t3gmme (yLuwdd )90 (glig> (suue

5 kg jo iy 103,505, Aggs JSS 6l 4ii5ed @ilaalS oy cess Gl e (IS ns 2 obz
AT (D) e o

o oy 0 65l olals @mpﬂ s V) Lo e (gasus (ool 015,08 ¢ Jeaasms 0oy (g5loss
MAY DY wgjilamo 5 o] kige ) Gusd (510,55, -slailais 5 ool ilie S5

Aali, F., Vatankhah, A. R., 2023. Experimental study of simple flumes with trapezoidal contraction. Flow
measurement and instrumentation, 90, pp. 102328.

Abdelhaleem, F. S. F., 2013. Effect of semi-circular baffle blocks on local scour downstream clear-overfall weirs.
Ain Shams Engineering Journal, 4(4), pp. 675-684.

Abdi Chooplou, C., Kahrizi, E., Fathi, A., Ghodsian, M., 2024. Baffle-enhanced scour mitigation in rectangular
and trapezoidal piano key weirs: An experimental and machine learning investigation. Water, 16(15), 2133.

Abdi Choploo, C., Ghodsian, M., Vaghefi, M., Kazeroni, S., and Bodaghi, E., 2022. Experimental Study of the
Effect of Nappe Height on the Bed Topography Downstream of a Type-A Trapezoidal Piano Key Weir. New
Approaches in Water and Environmental Engineering, 1(1), pp.113-124. [In Persian].

Academy of Disaster Reduction and Emergency Management Ministry of Emergency Management & Ministry of
Education. Global Disaster Data Platform (Chinese Version) on May 12 Line, the 2020 Global Natural Disaster
Assessment Report (Abstract in Chinese) Was Released Simultaneously. 12 May 2021. Available online:
http://adrem.bnu.edu.cn/xwkx/231044.html

Admiraal, D. M., Zhang, C., 2023. Energy Dissipation Optimization for Circular Culverts.

Ahmed, K. O., Kavianpour, M. R., Amini, A. Aminpour, Y., 2025. Numerical assessments of scour depth
predictions downstream of box culverts under various flow and blockage conditions. Discover Applied
Sciences, 7(3), pp. 211.

Ahmed, K. O., Kavianpour, M. R., Amini, A., Aminpour, Y., 2024a. Numerical modelling of downstream scour
in circular culverts: Impact of inlet blockages and variable flow conditions. PLOS ONE, 19(10), e0312501.
Ahmed, K. O., Kavianpour, M. R., Amini, A., Aminpour, Y., 2024b. Physical modeling of the effect of shape,

blockage, and flow variability on scour in culvert outlets. PLOS ONE, 19(6), €0306252.

Ahmed, K. O., Nariman, N., Hawez, D. M., Kisi, O., Amini, A., 2023. Predicting and optimizing the influenced
parameters for culvert outlet scouring utilizing coupled FLOW 3D-surrogate modeling. Iranian Journal of
Science and Technology, Trans Civil Engineering, 47(3), pp. 1763-1776.

Ahmed, S., 2019. Water flow control methods in civil engineering. Journal of Hydraulic Engineering, 145(6), pp.
04019011

Ahmedi, F. Thaqi, P., 2025. Baffle Utilization in Settling Tanks: A Review. Polish Journal of Environmental
Studies, 34(3), pp. 1995-2002.

Al-Fatlawi, M., Al-Shuker, A., 2023. Experimental investigation of energy dissipation in ogee spillway using new
distributions of dissipation blocks. E3S Web of Conferences.

Al-Mafraji, E. A., Al-Mussawy, H. A., 2021. Using lower and upper baffle arrangements to enhance sedimentation
tank performance. In: IOP Conference Series: Materials Science and Engineering, 1067(1), pp. 012009.

20


http://adrem.bnu.edu.cn/xwkx/231044.html

(S5E (5 peid 3 gz (69 puu [ Wil 0030y 50 (69550 ] (puiiigeo 50 JSU 0l

Al-mansori, N., Alfatlawi, T., Hashim, K., Al-Zubaidi, L. S. A., 2020. The Effects of Different Shaped Baffle
Blocks on the Energy Dissipation. Civil Engineering Journal.

Aluthwalage, K. P. S., 2023. Energetics and dynamics of flow through baffle drop shafts using physical and
computational model studies.

Amirgaliyev, B., Kozbakova, A., Omarova, P., Merembayev, T., Amirzhan, K., 2025. Development and
experimental study of an intelligent water quality monitoring system based on the internet of things. Bulletin
of Electrical Engineering and Informatics, 14(1), pp. 761-773.

Arao, S., Takita, Y., Kusuda, T., 2000. Improvement of Two-Way Circular Drop Manholes for Reduction of Flood
Damage. Environmental Engineering Research.

Asgharzadeh, H., Firoozabadi, B., Afshin, H., 2011. Experimental investigation of effects of baffle configurations
on the performance of a secondary sedimentation tank. Scientia Iranica, 18(4), pp. 938.

Aydogdu, M. 2024. The Role of CFD Technique in the Effect of Baffle Blocks on Flow Dynamics. NatureNgs,
5(2), pp. 70-76.

Aydin, M. C. Ulu, A. E., 2018. Effects of different shaped baffle blocks on the energy dissipation and the
downstream scour of a regulator. Bitlis Eren University Journal of Science and Technology, 8(2), pp. 69-74.

Badar, A. M., Ghare, A. D., 2012. Development of discharge prediction model for trapezoidal canals using simple
portable flume. Int. J. Hydraul. Eng, 1(5), pp. 37-42.

Baiamonte, G., Ferro, V., 2007. Simple flume for flow measurement in sloping open channel. Journal of Irrigation
and Drainage Engineering, 133(1), pp. 71-78.

Bekheet, A.A., AboulAtta, N.M., Saad, N.Y., El-Molla, D.A., 2025. Energy dissipation in stepped spillways: a
comprehensive review of the recent research. Innovative Infrastructure Solutions, 10(6), pp. 1-25.

Bichler, A., Yonin, D., Stelzer, G., 2012. Flexible debris flow mitigation: introducing the 5.5 mile debris fence.
In: Eberhardt, E. et al. (eds) Landslides and engineered slopes: protecting society through improved
understanding. CRC Press, pp. 1209-1214.

Bijankhan, M. & Ferro, V., 2019. Experimental study on triangular central baffle flume. Flow Measurement and
Instrumentation, 70, pp. 101641.

Bijankhan, M., Kouchakzadeh, S., 2012. Baffle modules: improved design based on the variable hydraulic
sensitivity concept. Irrigation and Drainage, 61(2), pp. 260-269.

Bijankhan, M., Teymourkhani, A., Ferro, V., 2022. Portable central baffle flume. Journal of Agricultural
Engineering, 53(2).

Bong, C. H. J., Liow, C. V., 2020. Hydraulic characteristics of flow through angled baffle-plates in an open
channel. International Journal of River Basin Management, 18(3), pp. 377-382.

Bouisfi, F., Bouisfi, A., Ouarriche, H., Bouhali, M., Chaoui, M., 2019. Improving removal efficiency of
sedimentation tanks using different inlet and outlet position. FME Transactions, 47(4), pp. 894.

Bowman, E. T., Laue, J., Imre, B., Springman, S. M., 2010. Experimental modelling of debris flow behavior using
a geotechnical centrifuge. Canadian Geotechnical Journal, 47(7), pp. 742-762.

Bridgewater, C., Smith, J. 2023. Applications of baffles in hydropower plants. Renewable Energy Journal, 58(2),
pp. 243-256

Bugnion, L., Acardell, B. W., Bartelt, P., Wendeler, C., 2012. Measurements of hillslope debris flow impact
pressure on obstacles. Landslides, 9, pp. 179-187.

Campisano, A., Doria, V. A., 2007. Vertical baffles for the capture of floatables in sewer channels.

Carollo, F. G., Di Stefano, C., Ferro, V., Pampalone, V., 2016. New stage-discharge equation for the SMBF flume.
Journal of Irrigation and Drainage Engineering, 142(5), pp. 04016005.

Chanson, H., 2015. Energy dissipators in hydraulic structures. CRC Press.

Chen, W., Zhang, B., Xu, N., Huang, Y., 2024. Investigation of the Deformation Behavior of Baffle Structures
Impacted by Debris Flow Based on Physical Modelling. Water, 16(14), pp. 2046.

Chin, D. A., 2023. Discussion of “Calibration of Stage—Discharge Relationship for Rectangular Flume with
Central Cylindrical Contraction”. Journal of Irrigation and Drainage Engineering, 149(6), pp. 07023007.

Choi, C. E., Ng, C. W. W, Liu, H., Wang, Y., 2020. Interaction between dry granular flow and rigid barrier with
basal clearance: analytical and physical modelling. Canadian Geotechnical Journal, 57(2), pp. 236-245.

Cosenza, E., Cozzolino, L., Pianese, D., Fabbrocino, G., Acanfora, M., 2006. Concrete structures for mitigation
of debris-flow hazard in the Montoro Inferiore Area, Southern Italy. Proceedings of the 2nd International
Congress, Naples, Italy, 12 pages.

Crittenden, C. J., Trussell, R. R., Hand, W. D., Howe, J. K., Tchobanoglous, G. M., 2012. MWH’s Water
Treatment: Principles and Design. 3rd ed. John Wiley & Sons, Inc, New Jersey.

Cupa¢, R., Zahirovi¢, E., Blagojevi¢, V., 2020. Flood damage functions in the Vrbas River Basin. WIT
Transactions on the Built Environment.

55



Ve Y 0 los B 090 ciemer j Laamo g o puwikigo 10 (55 510055,

Daneshfaraz, R., Aminvash, E., Di Francesco, S., Najibi, A., Abraham, J., 2021. Three-dimensional study of the
effect of block roughness geometry on inclined drop. Journal of Numerical Methods in Civil Engineering, 6(1),
pp- 1-9.

Daneshfaraz, R., Ghaderi, A., Bagheri, A., 2023. Effect of angle and geometric shape of block on flow energy
dissipation in baffled chute. Environment and Water Engineering. [In Persian].

Daneshfaraz, R., Ghaderi, A., Bagheri, A.,2025. Design and evaluation of baffled fishways for enhanced migratory
fish passage. Journal of Hydraulic Engineering.

Ding, Z., Marensi, E., Willis, A. P., Kerswell, R., 2020. Stabilising pipe flow by a baffle designed using energy
stability. Journal of Fluid Mechanics, 902.

Djunur, L. H., Pallu, M. S., Karamma, R., Bakri, B., 2024. Effect of Porous Rectangular Type Baffle Block Angle
on Hydraulic Jump Downstream of Spillway. Civil Engineering Journal, 10(10), 3173-3193.

Dong, F., Xu, X., Zhang, W., Hu, W., Cao, X., 2024. Investigation and optimization of wave suppression baffles
in automobile integrated water tanks. Journal of Automotive Fluid Mechanics.

El-Masry, A.A., 2001. Minimization of scour downstream heading-up structures using double line of angle baffles.
In Proc of sixth international water technology conference (IWTC). Alexandria, Egypt.

El-Saie, Y., Saleh, O., El-Sayed, M., Ali, A., Sadek, E. E. T. Y. M., 2023. Dissipation of Water Energy by Using
a Special Stilling Basin Via Three-dimensional Numerical Model. The Open Civil Engineering Journal.

Eloubaidy, A., Al-Baidhani, J., Ghazali, A. H., 1999. Dissipation of hydraulic energy by curved baffle blocks.
Pertanika J. Sci. Technol, 7(1), pp. 69-77.

Emiroglu, M. E., Gogus, M., Tunc, M., Islamoglu, K., 2017. Effects of antivortex structures installed on
trapezoidal labyrinth side weirs on discharge capacity and scouring. Journal of Irrigation and Drainage
Engineering, 143(6), pp. 04017006.

Ferro, V., 2016. Simple flume with a central baffle. Flow Meas. Instrum., 52, pp. 53-56.

Garcia, E., Patel, S., 2022. Protection of hydraulic structures using baffles. Journal of Structural Engineering,
148(5), pp. 04022034

Garcia, L., 2022. Advancements in fluid mechanics and their impact on structure design. International Journal of
Hydraulic Research, 48(3), pp. 325-336

Gems, B., Worndl, M., Gabl, R., Weber, C., Aufleger, M., 2014. Experimental and numerical study on the design
of a deposition basin outlet structure at a mountain debris cone. Natural Hazards and Earth System Sciences,
14, pp. 175-187.

Ghare, A. D., Kapoor, A., Badar, A. M., 2020. Cylindrical central baffle flume for flow measurements in open
channels. Journal of Irrigation and Drainage Engineering.

Ghare, A., Badar, A., 2014. Experimental studies on the use of mobile cylinders for measurement of flow through
rectangular channels. International Journal of Civil Engineering, 12(4), pp. 504-512.

Ghasemi, M. & Vatankhah, A. R., 2024. Experimental study of simple flumes with converging triangular walls.
Flow Measurement and Instrumentation, 97, pp. 102623.

Golian, S., Moazami, S., Yazdi, J., Sheshangosht, S., 2010. An IFM-based flood damage reduction: A small study
area in Iran., 2010 International Conference on Chemistry and Chemical Engineering.

Goodwin, S. R., Choi, C. E., Yune, C. Y., 2021. Towards rational use of baffle arrays on sloped and horizontal
terrain for filtering boulders. Canadian Geotechnical Journal, 58(10), pp. 1571-1589.

Habibi, K., Erfani Fard, F., Asghari Pari, S. A., Azimi, A. H., 2025. Experimental and numerical studies on the
hydraulics of stepped spillways with baffle walls and blocks. ISH Journal of Hydraulic Engineering, 31(2), pp.
217-238.

Habibzadeh, A., Loewen, M., Rajaratnam, N., 2012. Performance of Baffle Blocks in Submerged Hydraulic
Jumps. Journal of Hydraulic Engineering.

Habibzadeh, A., Mehrzadegan, H. R., 2014. Effect of Baffles on the Flow and Hydrodynamics of Settling Basins:
A Review.

Hager, W. H., 1985. Modified venturi channel. Journal of Irrigation and Drainage Engineering, 111(1), pp. 19-35.

Hager, W. H., 1986. Modified, trapezoidal Venturi channel. Journal of Irrigation and Drainage Engineering,
112(3), pp. 225-241.

Hager, W. H., 1988. Mobile flume for circular channel. Journal of Irrigation and Drainage Engineering, 114(3),
pp. 520-534.

Hamidifar, H., Nasrabadi, M., Omid, M. H., 2018. Using a bed sill as a scour countermeasure downstream of an
apron. Ain Shams Engineering Journal, 9(4), pp. 1663-1669.

Harvard Brescher, U., Krebs, P., Hager, W. H., 1992. Improvement of flow in final settling tanks. Journal of
Environmental Engineering, 118(3), pp. 307-321.

v



(S5E (5 peid 3 gz (69 puu [ Wil 0030y 50 (69550 ] (puiiigeo 50 JSU 0l

Haukksson, S., Pagliardi, M., Barbolini, M., Johannesson, T., 2007. Laboratory measurements of impact force of
supercritical granular flow against mast-like obstacles. Cold Regions Science and Technology, 49, pp. 54—63.

Heydari, M. M., Shafaei Bajestan, M., 2014. Laboratory investigation of the effect of flow calming plates on
improving the sedimentation efficiency of irrigation sedimentation basins. Iranian Journal of Irrigation and
Drainage, 8(3), pp. 569-580. [In Persian].

Heyrani, M., Mohammadian, A., Nistor, I. & Dursun, O. F., 2022. Application of numerical and experimental
modeling to improve the efficiency of Parshall flumes: a review of the state-of-the-art. Hydrology, 9(2), pp.
26.

Hirom, K. Devi, T. T., 2025. Investigating the effects of perforated inlet baffles in a circular sedimentation tank
using Computational Fluid Dynamics. Chemical Engineering Research and Design, 2025.

Hirom, K., Devi, T. T., 2024. A computational fluid dynamics study on the optimisation of a circular sedimentation
tank using perforated inlet baffles. Brazilian Journal of Chemical Engineering, pp. 1-14.

Huang, Y., Zhang, B., Zhu, C., Zhu, C., 2021. Computational assessment of baffle performance against rapid
granular flows. Landslides, 18(1), pp. 485-501.

Huebl, J., Fiebiger, G., 2005. Debris-flow mitigation measures. In: Jakob, M. & Hungr, O. (eds) Debris-flow
hazards and related phenomena.

Huggins, D. L., Piedrahita, R. H., Rumsey, T., 2005. Use of computational fluid dynamics (CFD) for aquaculture
raceway design to increase settling effectiveness. Aquacultural Engineering, 33(3), pp. 167.

IAHS., 1984. World catalogue of maximum observed floods. IAHS-AISH Publication No. 143, Wallingford, UK.

Iranpour, A., Agdarnazhad, A., and Heydarnazhad, M., 2024. Numerical Investigation of Energy Dissipation in
Baffled Piano Key Weirs. New Approaches in Water and Environmental Engineering, 3(1), pp.55-70. [In
Persian].

Iverson, R. M., Reid, M. E., LaHusen, R. G., 1997. Debris-flow mobilization from landslides. Annual Review of
Earth and Planetary Sciences, 25, pp. 85—138.

Jamshidnia, H. R., Takeda, Y., 2009. UVP measurement of flow around a baffle in a rectangular open channel.
Journal of Fluid Science and Technology, 4(3), pp. 758-774.

Jamshidnia, H., Firoozabadi, B., 2010. Experimental investigation of baffle effect on the flow in a rectangular
primary sedimentation tank. Scientia Iranica, 17(4), pp. 241.

Jamshidnia, H., Takeda, Y., 2010. An experimental study of the effect of a baffle on the flow structure in a
rectangular open channel using UVP. Journal of Fluid Science and Technology, 5(3), pp. 542-557.

Jamshidnia, H., Takeda, Y., Firoozabadi, B., 2010. Effect of a standing baffle on the flow structure in a rectangular
open channel. Journal of Hydraulic Research.

Jesson, M., Sterling, M., Baker, D., 2016. Application of ISO4359 for discharge calculation in a narrow 404 flume.
Flow Meas. Instrum., 54, pp. 283-287.

Johnson, R., Lee, A., 2018. Historical water structures in ancient civilizations. Journal of Historical Engineering,
12(4), pp. 45-57

Kang, J. G., 2017. An experimental study on the dissipation effect of a Baffle downstream of a Weir. Engineering,
9(11), pp. 937-949

Kapoor, A., Ghare, A. D., Badar, A. M., 2022. CFD Simulations of Conical Central Baffle Flumes. Journal of
Irrigation and Drainage Engineering, 148(2), pp. 06021014.

Kapoor, A., Ghare, A. D., Vasudeo, A. D., Badar, A. M., 2019. Channel flow measurement using portable conical
central baffle. Journal of Irrigation and Drainage Engineering, 145(11), pp. 06019010.

Karimi Chahartaghi, M., Nazari, S. Babarsad, M. S., 2020. Investigating the effects of the block geometries and
sidewall divergences on the local scour downstream of baffled chute spillways. Advances in Civil Engineering,
2020(1), pp. 2978602.

Khatsuria, R. M. 2004. Hydraulics of spillways and energy dissipators. CRC Press.

Khidhir, M. R., Ahmed, K. O., Bahrami, J., Isari, M., Karim, M. M., 2025. Influence of turbulence models on
simulated flow characteristics over ogee spillways. Journal of the Studies in Civil Engineering, 2(1), 1.

Kim, B. J., Han, K. D., Kim, H. S., Choi, C. E., Yune, C. Y., 2019. An experimental study on cylindrical
countermeasures for dissipation of debris flow energy. Journal of the Korean Geotechnical Environment
Society, 20(1), pp. 57-65.

Kim, B. J., Yune, C. Y., 2025. Flume investigation of debris flow entrained boulders with cylindrical baffles and
a rigid barrier. Engineering Geology, 344, pp. 107836.

Kim, B.J., Choi, C.E., Yune, C.Y., 2023. Multi-scale flume investigation of the influence of cylindrical baffles on
the mobility of landslide debris. Engineering Geology, 314, pp. 107012.

Krebs, P., Vischer, D., Gujer, W., 1995. Inlet structure design for final Clarifiers. Journal of Environmental
Engineering, 121(8), pp. 558-564.

Kumcu, S. Y., Ispir, K., 2022. Experimental and numerical modeling of various energy dissipater designs in chute
channels. Applied Water Science, 12(12), pp. 266.

ZA



Ve Y 0 los B 090 ciemer j Laamo g o puwikigo 10 (55 510055,

Kumcu, S. Y., Kokpinar, M. A., 2019. Application of numerical modeling on spillway structures: a case study of
kavsak bendi hydroelectric power plant (HEPP). DSI Tech Bull, 132, pp. 12-27.

Lave, T., Lave, L., 1991. Public perception of the risks of floods: implications for communication. Risk Analysis.

Law, R. P. H,, Choi, C., Ng, C., 2016. Discrete-element investigation of influence of granular debris flow baffles
on rigid barrier impact. Canadian Geotechnical Journal.

Lee, B., 2017. Evaluation of double perforated baffles installed in rectangular secondary clarifiers. Water, 9(6),
pp- 407.

Liu, Y., Zhang, P., Wei, W., 2016. Simulation of the effect of a baffle on the flow patterns and hydraulic efficiency
in a sedimentation tank. Desalination and Water Treatment, 57(54), pp. 25950-25959.

Loginova, O., Petropavlovskikh, O., 2021. Inspection and assessment of concrete pipe culverts under highways in
Tatarstan. In: E3S Web of Conferences.

Lotfi Kolavani, F., Bijankhan, M., Di Stefano, C., Ferro, V., Mahdavi Mazdeh, A., 2019. Experimental study of
central baffle flume. Journal of Irrigation and Drainage Engineering, 145(3), pp. 04019002.

Love, J. S., McNamara, K. P., 2024. Horizontal baffles for robust shallow water tuned sloshing dampers.
Engineering Structures.

Luo, H., Zhang, L., He, J., Zhou, J., 2025. Performance of debris flow barriers: an energy perspective. Acta
Geotechnica, 20(2), pp. 987-1000.

Martinez, R., 2019. The role of baffles in modern hydraulic engineering. Water Resources Management, 33(10),
pp- 3901-3915

Masjedi, A., Bejestan, M. S., Esfandi, A., 2010. Experimental study on local scour around single oblong pier fitted
with a collar in a 180-degree flume bend. International Journal of Sediment Research, 25(3), pp. 304-312.

Maziar, Y., Mohammad, M., Martin, L., David, S. A. A modelling framework to design an evacuation support
system for healthcare infrastructures in response to major flood events. Prog. Disaster Sci. 2022, 13, pp.
100218.

Mazon, J., Romero, L., Gonzalez, D., Solanes, J. C. B., Ruiz Bellet, J. L., Mestre, J., Barriendos Valve, M., 2015.
Transdisciplinary and multiscale reconstruction of the major floods.

Melan, A., Syamsir, A., Zawawi, M. H., 2019. Enhancement of Energy Dissipation by Using Different Shape of
Baffle Block - A Review. In: Springer, Singapore, pp. 567-576.

Mesbahi, M., Talebbeydokhti, N., Hosseini, S. A., Afzali, S. H., 2017. External validation criteria and uncertainty
analysis of maximum scour depth at downstream of stilling basins based on EPR and MT approaches. Iran J
Sci Techn Trans Civ Eng, 41(1), pp. 87-99.

Mignot, E., Moyne, T., Doppler, D., Riviére, N., 2015. Clear-water scouring process in a flow in supercritical
regime. Journal of Hydraulic Engineering, 142(4), pp. 04015063.

Ministry of Emergency Management of the People’s Republic of China., 2019 Global Natural Disaster Assessment
Report. Released Last Year’s Global Natural Disasters Were Generally Lighter, and Chinese Disaster Losses
Were  among the  Highest in the Worldt 8 May  2020. Available online:
https://www.mem.gov.cn/xw/bndt/202005/t20200508 352281.shtml.

Mir, B. H., Lone, M. A., Rather, N. A., 2018. Significance of shape factor of obstacle on local scour. Iranian
Journal of Science and Technology, Trans Civil Engineering, 43(1), pp. 323-330.

Mizuyama, T., 2008. Structural countermeasures for debris flow disasters. International Journal of Erosion Control
Engineering, 1, pp. 38—43.

Mohammed, H. J., Al-Shukur, A. H. K., 2022. Investigating Energy Dissipation for Different Inclined Spillways
and Baffles Blocks. Journal of University of Babylon for Engineering Sciences, 30(3), pp. 74-95.

Mohammed, S.R., Nile, B.K. and Hassan, W.H., 2020, January. Modelling stilling basins for sewage networks.
In IOP conference series: materials science and engineering (Vol. 671, No. 1, p. 012111). IOP Publishing.

Momeni Heravi, A., Kouchakzadeh, S., Bijankhan, M., 2023. Water delivery performance of Baffle modules using
3D simulation. ISH Journal of Hydraulic Engineering, 29(2), pp. 154-164.

Nair, P. S., Ghare, A. D., Kapoor, A., 2023. An Improved Channel Flow Measurement Approach Using Conical
Central Baffle Flumes.

Nair, P. S., Ghare, A. D., Kapoor, A., 2024. An approach to hydraulic design of Conical Central Baffle Flumes.
Flow Measurement and Instrumentation, 97, pp. 102573.

Nair, P. S., Ghare, A. D., Kapoor, A., Badar, A. M., 2025. Improved discharge prediction models for flow
measurements using Central Baffle Flumes. Flow Measurement and Instrumentation, 104, 102882.

Nasyrlayev, N., Kizilaslan, M. A., Kurumus, A. T., Demirel, E., Aral, M. M., 2020. A perforated baffle design to
improve mixing in contact tanks. Water, 12(4), pp. 1022.

£4


https://www.mem.gov.cn/xw/bndt/202005/t20200508_352281.shtml

(S5E (5 peid 3 gz (69 puu [ Wil 0030y 50 (69550 ] (puiiigeo 50 JSU 0l

Nemavizadeh, M. A., Agdarnazhad, A., and Masjedi, A., 2023. Experimental Investigation of Energy Loss in
Simple and Toothed Triangular Bucket Spillways. New Approaches in Water and Environmental Engineering,
2(1), pp-81-92. [In Persian].

Ng CWW, Choi CE, Song D, Kwan JSH, Koo RCH, Shiu HYK, Ho KKS., 2015a Erratum to: physical modeling
of baffles influence on landslide debris mobility. Landslides 12, p. 627.

Ng, C. W. W., Choi, C. E., Kwan, J. S. H., Shiu, H. Y. K., Ho, K. K. S., Koo, R. C. H., 2012. Flume modelling of
debris flow resisting baffles. Natural Terrain Hazard Mitigation Measures, pp. 11.

Ng, C. W. W., Choi, C. E., Song, D., Kwan, J. S. H., Koo, R. C. H., Shiu, H. Y. K., 2015a. Erratum to: physical
modeling of baffles influence on landslide debris mobility. Landslides, 12, pp. 627.

Ng, C. W. W, Choi, C. E., Song, D., Kwan, J. S. H., Koo, R. C. H., Shiu, H. Y. K., 2015b. Physical modeling of
baffles influence on landslide debris mobility. Landslides, 12, pp. 1-18.

Ng, C.W., Li, Z., Liu, H., Poudyal, S., Jia, Z., Zhang, R., 2025. Effects of Barrier Deflectors on Impact Mechanisms
against Debris Flow. Journal of Geotechnical and Geoenvironmental Engineering, 151(8), pp. 04025074.

Nguyen, T. K., Nguyen, N. H. T., Vo, T. T., Chen, L., 2025. Dissipative effects of baffles on the dynamics of
debris flow and its impact on downstream structure. Computers and Geotechnics.

Niyazi, H., Yaban, H. Demirel, E., 2022. Structure and dynamics of the turbulent flow through a central baffle.
Flow Measurement and Instrumentation, 88, pp. 102248

Niyazi, H., Yaban, H., Demirel, E., 2022. Structure and dynamics of the turbulent flow through a central baffle.
Flow Measurement and Instrumentation, 88, pp. 102248.

Nouri, A. Z., Heydari, M. M., 2017. Experimental investigation of the effect of baffles on the efficiency
improvement of irrigation sedimentation tank structures. Structural Engineering and Mechanics: An
International Journal, 63(4), pp. 567-574.

Novak, P., Moffat, A. I. B., Nalluri, C., Narayanan, R., 2017. Hydraulic structures. CRC Press.

Nugroho, J., Soekarno, 1., Soeharno, A. W. H., 2019. Experimental study of energy dissipation at baffled chute
spillway. Jurnal Teoretis dan Terapan Bidang Rekayasa Sipil, 26(1), pp. 33-37.

Panwar, A., Tiwari, H. L., 2014. Hydraulic energy dissipators-a review. International Journal of Scientific
Engineering and Technology, 3(4), pp. 400-402.

Park, N. S., Kim, S. S., Lee, Y. J., Wang, C. K., 2014. Effects of longitudinal baffles on particles settling in a
sedimentation basin. Water Science and Technology, 69(6), pp. 1212.

Peruginelli, A., Bonacci, F., 1997. Mobile prisms for flow measurement in rectangular channels. Journal of
Irrigation and Drainage Engineering, 123(3), pp. 170-174.

Peterka, A. J., 1984. Hydraulic design of stilling basins and energy dissipaters. Denver, Colorado: United States
Department of the Interior, Bureau of Reclamation.

Pujari, S., Kaushik, V., Kumar, S. A., 2023. Prediction of energy dissipation over stepped spillway with baffles
using machine learning techniques. Civil Engineering and Architecture.

Qasim, R. M., Abdulhussein, I. A., Hameed, M. A., 2023. Analysis of the hydraulic interference between the
baffles and the composite hydraulic structure.

Raker, E. J., 2025. Flooding, Sociospatial Risk, and Population Health. Demography, pp. 11792975.

Rashed, R. E., El-Masry, A. A., AbdelGawad, H. A. A., 2022. Effect of Hollow Semi-Circular Baffles
Arrangement on Local Scour Downstream Hydraulic Structures. MEJ-Mansoura Engineering Journal, 47(3),
pp- 22-31.

Rasul, A. M., Ahmed, K. O., Bahrami, J., Isari, M., pour, M. R. K., Aminpour, Y. Pande, C. B., 2025. Experimental
investigation of baffle configurations, blockage, and flow variability on downstream scour in box culverts.
Applied Water Science, 15(5), pp. 109.

Razmi, A. M., Bakhtyar, R., Firoozabadi, B., Barry, D. A., 2013. Experiments and numerical modeling of baffle
configuration effects on the performance of sedimentation tanks. Canadian Journal of Civil Engineering, 40(2),
pp. 140.

Roberts, P., 2021. The impact of the industrial revolution on hydraulic engineering. Engineering History Review,
25(1), pp. 22-35

Rojas, R., Feyen, L., Watkiss, P., 2003. Climate change and river floods in the European Union: socio-economic
consequences and the costs and benefits of adaptation. Global Environmental Change, 23(6), pp. 1737-1751.

Roushangar, K., Akhgar, S., Shahnazi, S., 2022. The effect of triangular prismatic elements on the hydraulic
performance of stepped spillways in the skimming flow regime: an experimental study and numerical
modeling. Journal of Hydroinformatics, 24(2), pp. 243-258.

Sadeghfam, S., Khatibi, R., Hassanzadeh, Y., Daneshfaraz, R., Ghorbani, M. A., 2017. Forced hydraulic jumps
described by classic hydraulic equations reproducing cusp catastrophe features. Arab J Sci Eng, 1-11.

Saeedi, E., Behnamtalab, E., Salehi Neyshabouri, S. A. A., 2020. Numerical simulation of baffle effect on the
performance of sedimentation basin. Water and Environment Journal, 34(2), pp. 212-222.



Ve Y 0 los B 090 ciemer j Laamo g o puwikigo 10 (55 510055,

Samani, Z., 2017. Three simple flumes for flow measurement in open channels. Journal of Irrigation and Drainage
Engineering, 143(6), pp. 04017010.

Samani, Z., Jorat, S., Yousaf, M., 1991. Hydraulic characteristics of circular flume. Journal of Irrigation and
Drainage Engineering, 117(4), pp. 558-566.

Samani, Z., Magallanez, H., 2000. Simple flume for flow measurement in open channel. Journal of Irrigation and
Drainage Engineering, 126(2), pp. 127-129.

Sarkamaryan, S., Ghomeshi, M., 2019. Study of energy dissipation in the chute with submerged obstacle using
physical model. Watershed Eng. Manage., 11(3), pp. 691-700. [In Persian].

Shahrokhi, M., Rostami, F., Md Said, M. A., Sabbagh-Yazdi, S. R., Syafalni, S., Abdullah, R., 2012. The effect
of baffle angle on primary sedimentation tank efficiency. Canadian Journal of Civil Engineering, 39(3), pp.
293.

Shahrokhi, M., Rostami, F., Md. Said, M. A., Yazdi, S. R. S. & Syafalni., 2013. Experimental investigation of the
influence of baffle position on the flow field, sediment concentration, and efficiency of rectangular primary
sedimentation tanks. Journal of Hydraulic Engineering, 139(1), pp. 88-94.

Shahsavari, H., Moradi, S., Parmodeh, A. Esmaili, K., 2020. Effect of V-shaped Blocks on Local Scour
Downstream of Ogee Spillway, Irrigation and Drainage Structures Engineering Research, 21(80), pp. 115-132.

Singh, V. P., 2014. Entropy theory in hydraulic engineering: An introduction. CRC Press.

Smith, J., 2020. A comprehensive history of hydraulic structures. Water Science & Technology, 82(4), pp. 835-
846

Stamou, A., 2018. The Disastrous Flash Flood of Mandra in Attica-Greece and now What?

Sulaiman, S. H., Ahmed, K. O., Isari, M., Bahrami, J., 2025. Numerical study on the influence of inlet blockage
ratios and flow conditions on scour development in circular culverts. Journal of Structural Civil Engineering
2(1):2.

Sun, X., Chen, M., Bi, Y., Zheng, L., Che, C., Xu, A., et al., 2024. Protective effects of baffles with different
positions, row spacings, heights on debris flow impact. Journal of Mountain Science, 21(7), pp. 2352-2367.

Taebi Harandi, A., Schroeder, E. D., 2000. Formation of density currents in secondary clarifiers. Journal of Water
Resources, 34(4), pp. 1225-1232.

Taha, N., El-Feky, M. M., El-Saiad, A. A., Fathy, 1., 2020a. Numerical investigation of scour characteristics
downstream of blocked culverts. Alex. Eng. J., 59(5), pp. 3503-3513.

Taha, N., El-Feky, M. M., El-Saiad, A. A., Zelenakova, M., Vranay, F., Fathy, 1., 2020b. Study of scour
characteristics downstream of partially blocked circular culverts. Water, 12(10), pp. 2845.

Tamayol, A., Firoozabadi, B., Ahmadi, G., 2008. Determination of settling tanks performance using an Eulerian-
Lagrangian method. Journal of Applied Fluid Mechanics, 1(1), pp. 43.

Taylor, B., 2020. The influence of numerical simulation technologies on water structure design. Advances in Water
Resources, 144, pp. 103708

Tekade, S. A., Vasudeo, A. D., Ghare, A. D., Ingle, R. N., 2016. Dimensionless discharge in supercritical flow
regime for different sizes of cutthroat flumes. Arabian Journal for Science and Engineering, 41, pp. 4235-4245.

Tiwari, H. L., 2013. Analysis of baffle wall gap in the design of stilling basin model. International Journal of Civil
Engineering and Technology, 4(4), pp. 66-71.

Ubing, C., 2015. Baffle-post structures for flow control in open channels (Master's thesis, Colorado State
University).

Ubing, C., Ettema, R., Thornton, C. L., 2017. Flume experiments on baffle-posts for retarding open channel flow.
Journal of Hydraulic Research, 55(3), pp. 430-437

UNDRR., 2019. Global assessment report on disaster risk reduction. Geneva, Switzerland: United Nations Office
for Disaster Risk Reduction.

Vatankhah, A. R., 2017. Discussion of New Stage Discharge Equation for the SMBF Flume by Francesco
Giuseppe Carollo, Costanza Di Stefano, Vito Ferro, and Vincenzo Pampalone. Journal of Irrigation and
Drainage Engineering, 143(8), pp. 07017011.

Vatankhah, A. R., Mohammadi, M., 2020. Stage—discharge equation for simple flumes with semi-cylinder
contractions. SN Applied Sciences, 2, pp. 1-13.

Volkwein, A., Baumann, R., Rickli, C., Wendeler, C., 2015. Standardization for flexible debris retention barriers.
In: Lollino, G. et al. (eds) Engineering Geology for Society and Territory, Volume 2. Springer International
Publishing, pp. 193—196.

Wang, C. P., Li, M. H,, Lo, C. L., 2023. Investigation of baffle configurations on the water disinfection efficiency
using ultraviolet C light-emitting diodes. Environmental Technology.

Wang, C. P., Li, M. H,, Lo, C. L., 2024. Investigation of baffle configurations on the water disinfection efficiency
using ultraviolet C light-emitting diodes. Environmental Technology, 45(25), pp. 5359-5367.

\Al



(S5E (5 peid 3 gz (69 puu [ Wil 0030y 50 (69550 ] (puiiigeo 50 JSU 0l

Wang, F., Chen, X. Q., Chen, J. G., 2017b. Experimental study on the energy dissipation characteristics of debris
flow deceleration baffles. Journal of Mountain Science, 14, pp. 1951-1960.

Wang, F., Chen, X. Q., Chen, J. G., You, Y., 2017a. Experimental study on a debris-flow drainage channel with
different types of energy dissipation baffles. Engineering Geology, 220, pp. 43-51.

Wang, H., Tang, H., Liu, Q., Wang, Y., 2016. Local scouring around twin bridge piers in open-channel flows.
Journal of Hydraulic Engineering, 149(9), pp. 6016008.

Wang, Z. Y., Qi, L. J., Wang, X. Z., 2012a. Debris flow control with energy dissipation structures — experiences
from Wenjiagou. Journal of Hydraulic Engineering, 43, pp. 253-263.

Wang, Z. Y., Qi, L. J., Wang, X. Z., 2012b. A prototype experiment of debris flow control with energy dissipation
structures. Natural Hazards, 60, pp. 971-989.

Wei, J., Cotterill, S., & Keenahan, J., 2024. Optimizing the hydraulic performance of a baffled horizontal
subsurface flow constructed wetland through computational fluid dynamics modelling. Journal of
Environmental Management.

Yang, Q., & Yang, Q., 2021. Numerical investigation of the turbulence characteristics and energy dissipation
mechanism of baffle drop shafts. Water Science and Technology.

Yoon, S.-H., Park, K.-J., 2015. Effect of Baffles on Sloshing Mitigation in Liquid Storage Tanks. Mechanical
Engineering.

Young, J., 2025. Social Response to Environmental Extremes: A Computational Approach.

Yune, C., & Kim, B.-J., 2021. Flume investigation of cylindrical baffles for dissipation of debris flow energy.
Water Science and Technology.

Zaffar, M. W., Hassan, 1., Ali, Z., Sarwar, K., 2023. Numerical investigation of hydraulic jumps with USBR and
wedge-shaped baffle block basins for lower tailwater.

Zare, H. K., Doering, J. C., 2012. Energy dissipation and flow characteristics of baffles and sills on stepped
spillways. Journal of Hydraulic Research, 50(2), pp. 184—195.

Zhang, B., Huang, Y., 2022. Impact Model for Baffle Design Resisting Granular-Flow Disasters. International
Journal of Geomechanics, 22(12).

Zhang, M., Wang, J., 2022a. Global flood disaster research graph analysis based on literature mining. Applied
Sciences, 12(6), pp. 3066.

Zhang, T., Wei, W., Hong, Y., Wang, J., Zhang, J., Pei, Y., Li, Q., 2024. CFD method for the effect of baffle
locations and baffle lengths on the hydraulic characteristics of a horizontal sedimentation tank. Desalination
and Water Treatment, 317, pp. 100187.

Zhou, G. G. D., Ng, C. W. W., 2010a. Numerical investigation of reverse segregation in debris flows by DEM.
Granular Matter, 12(5), pp. 507-516.

Zhou, G. G. D., Ng, C. W. W., 2010b. Dimensional analysis of natural debris flows. Canadian Geotechnical
Journal, 47(7), pp. 719-729.

\Al




  q >   q 0


    y  c


    E  m i n


      E  m i n


    E 0


      b  c


    b  c =    (  3 2 )   3 2   Q   g   E 0 3                                         ( 1 )


    b  c


  Q  


  g


    E  0  


    b  c


    E 0


  


    M 1


    E  m i n


  ∆ E


  ∆ E


  ∆ E =  (   y 1 −   y 0 ) +     q 0 2  2 g   y 1 2 −     q 0 2  2 g   y 0 2         ( 2 )


    y 1


    y 0


  g


    q 0


  ∆ E


    𝑪  𝒅


    𝑩  𝒄


  ش ت ا ب   𝒈


  Q =   C  d   B  c  g    (   2 H 3 ) 3


    C  d = 1 . 33 − 0 . 44   d  B +  sin ⁡   ( 0 . 21   H    B  c )


    C  d = 1 . 33 − 0 . 44   d  B +  sin ⁡   ( 0 . 21   H    B  c )


      𝑩  𝒄


  𝜶 و 𝜷


  Q =   (   B  c + 𝛽 h )  g  h  1 . 5     {   𝛼 2 + 𝛼  cos ⁡   [  1 3    cos  − 1 ⁡  ( 1 − 2   (     B  c + 𝛽 h ) 2    B 2   𝛼 3 ) ] }  1 . 5


    𝑩  𝒄


      Q   2 3    B  C   5 3   g   1 3 = a    (  h    B  c )  n


    𝒚  𝒄


    𝑩  𝒄


      y  c    B  c = a    (  h    B  c )  n


  a , n = f ( i , r =   B    B  c )


  a , n = f ( i , r =   B    B  c )


    𝑩  𝒄


  ش ت ا ب   𝒈


    Q    B  C    g h 3 =   0 . 826    [ 1 + 0 . 214    (  h    B  c )  0 . 76 ]  1 . 5     {  1 2 +  cos ⁡   [  1 3    cos  − 1 ⁡  ( 1 − 2   r 2 ) ] }  1 . 5


    𝑩  𝒄


  ش ت ا ب   𝒈


    Q    B  C  2 . 5   g  0 . 5 = 0 . 6925    (  h    B  c )  0 . 5734


    𝑩  𝒄


  ش ت ا ب   𝒈


    𝑪  𝒄


    Q    B  C  2 . 5   g  0 . 5 =  [ 0 . 655 − 0 . 1914   L  B     + 0 . 0861      (   L  B ) 2 ]    (  h    B  c )  1 . 45


    E  c =  3 2    1      C  c 2     Q      B  c 2 g 2 3


    E  c =  3 2    1      C  c 2     Q      B  c 2 g 2 3


  ش ت ا ب   𝒈


  𝒚


    Q  p = 0 . 39   m  0 . 58   D  1 . 5 B   g  0 . 5    (   y  D )  2 . 4


    𝑩  𝒄


  ش ت ا ب   𝒈


  Q = 0 . 226     B  c  2 . 5   g  0 . 5    (   H    B  c )  1 . 51


    𝑩  𝒄


    𝒚  𝒄


    𝑪  𝒅


  Q =   C  d      (   B  c   y  c + c   y  c )  1 . 5   g  0 . 5   (   B  c + 2 c   y  c )


    C  d = 1 . 1   (   E    B  c )  0 . 135


    C  d = 1 . 1   (   E    B  c )  0 . 135


  𝜷


  Q =  [ 0 . 407   𝛽  − 0 . 16    (  h  b )  0 . 263 + 0 . 407 𝛽 ] b  g  h  1 . 5


  L / D = 3

