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Article Info ABSTRACT
Avrticle type: Background and Objectives: The ecosystem and equilibrium of rivers can
Research Full Paper be significantly affected by the river bank erosion which can also limit the

human access to the rivers. Groyne is an important river restoration

A . structure that prevents bank erosion through deviation of flow from the
’;‘gzglfeg,'%g% 2023 river banks to the main channel. From the permeability aspect, these
Revised: 04.16.2023 structures can be classified into three types of permeable, impermeable,
Accepted: 04.30.2023 and bandal-like (hybrid type which includes permeable and impermeable
types). Moreover, these structures can be categorized to straight, T-shaped,

and L-shaped configurations. This research aims to investigate the local

Keywords: scour around a new type T-shaped bandal like groyne, which is a
Bandal-like groyne, combination of the bandal-like groyne and the T-shaped groyne and
g/lammum scour depth, compare its performance with the T-shaped impermeable groyne.

cour,

T-shaped bandal-like, . . .

T-shaped groyne Materials and Methods: The total number of 66 experiments were

conducted through a straight flume (12 m length, 0.6 m width, and 0.6 m
depth) under non-submerged and clear water conditions. T-shaped bandal
like and T-shaped impermeable groyne structures were fabricated in three
web to wing length ratios of 0.5, 0.75, and 1. Also, three upstream to
downstream wing ratios of 0.5, 1, and 2 and the permeabilities of 33%,
50%, and 60% were selected for the T-shaped banal like structure.
The experiments were carried out at the flow discharge of 6 Ls™, 9Ls™,
12 Ls™* and 15 Ls™ in the presence of the T-shaped impermeable groynes
and the T-shaped bandal-like groynes.

Results: It was revealed that, increasing the structure permeability resulted
in decreasing of the maximum relative scour depth. Under 33%, 50%, and
60% permeabilities of the T-shaped bandal-like groynes, the maximum
scour depth was decreased by 63%, 78%, and 83%, respectively compared
to the T-shaped impermeable groynes. Moreover, it was observed that the
maximum relative scour depth was increased by the average of 46% as for
the greater values of structure length. The maximum relative scour depth
was also increased for the greater values of flow discharge. It was found
that there is no relationship between the maximum scour depth and the
ratio of upstream wing length to the downstream wing length of groyne.
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Conclusion: Based on the results, the permeability and length of the
groynes and the flow discharge are among the factors affecting local
scouring around T-shaped bandal-like groyne. The significant decrease in
the relative scour depth in T-shaped bandal-like groynes compared to
T-shaped impermeable groynes indicates that the T-shaped bandal-like
groynes have better performance than the impermeable ones in scouring
control, structural stability and river bank protection.
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Figure 1. Flow pattern around a straight bandal-like groyne under the non-submerged condition (9).



Oed 5 Sloj Ut [ v (Shundol (2215 2 Fie Jalgs (plejl w2

L Ol e gSesll b SOVAILL 5 e
33 S sl olis UAMLLM Tl 31 eslazal
Cols e L SOV 5 VUL ol
Ao SRS AE B 0wl O
Ol s ilie JU SOVJILL Kl Sl
SO L oSt 5 Sk s Y 1w
s s O S Gimes e e alS
S FeS o WV Ak L SSVJIL o3l (6l
RIFCOPSPPTIIINCF AN ] IV RCISIRC S RYE
BBl e SIS 05 o b pemes (T0YT)
5 SVAILL glesS SNJIL sla Sl
il a3 s WA g L JUS s ndils sl
Gos Sl S wslss IV Ol Bk 6
dob 3 glosS Y JIt ol s S
wly ool Fy el 5 b Jele B
g gy oaldal s s sle Sl s 8 o
el e g s S dsb L G L
00) ws S
Sl axal 5 g5 B O e 5 >
2okl s pddes (SOVJILL gla Sl
on AR gt | i 535 Sk
Bl el s S anle KuK L mls g
oSl gl Rl Lt ol Bl Jel
St ol 5 Gl (5 s (Bl SalS)
Olye 358 3de Ml L s il o a8
Wl Conns 0 il 5 L e il Saeso]
sl 0l (S plgl amlie 35 B e JUIS
S Aok ks ST 5o (Fad Ol Uy oS
k38 GKET 53 s e pAsE 5 SOV
OV ) ol VI glacdl b3 51 508
Al ek ol (YY) O 5 e
S T IR SR L S
Srdidsh glados po 1) SOVJILL 5 00,4
JENI P ST LA 7S PP TN VA 1

00

s yas oy b (YY) OLs 5 K5

oSl ale sl ST il plgl GBI oy
PPN AT R IR I PEIS NP po
S R R PR VN JF COVU S M) SR
Sl i s aklasE OF GV i S S 5
SVJILL Sl Olgea 5wl pldew o
S Po s 3 Ses GLl sl e atls
Sl S5 sl e 4 s g
shls SOYJIl uﬁmj aS sls QLS @L:j O et
Lls Sy Sawdol o ol oS b
SPS s s Obpl Sl gl L ol
gi?-js LS:"MLUT 9 .va‘ja VJB“J 4."[5-:‘5)
s Sl agse el s oole sl e
Spae oile amy cbli- s w Ol e
il (YY) YY) 0 5 azws ;e .(VY)
sk py Selosgda 5 Shes 5 ao s
oSl oS 5 S ey VAL b w S
USWT OSTeR s ool e amin 5 SOYJIGL
6;@"*‘5 L;Léuju}) )‘ oslaal b 9 QLals
ul;;b\ ‘) 4.«:.@.5 b)'l.w SAW 9 TOPSIS m)L;A.dJJ?_:-
;;..,.MUT Ges Sl &S sl olas @L"J VRPN
ol 4 e glte U SOVJIL ST s
acles 5 5wl Jall dsn VY AL
CU;)\ SS1ae e R RGSUPY BRSSP RS oW
Ssedl KVJIL Sal ey ol 8 s,y
NS IRVIRE O 3[R VRPRR UG PPN ¥ JPVCIN
B I P R W S PR A
oSl PP Wt RO TR SR (I
2 S s AV I s 50 p AL
A bl el SOYJILL S m Sl sl
AL SVIILL ol GLbE 0L = S anslis



V€Y ) b)w‘\“o 5)53‘6&99705&"(5&’0&55513

sl plmil U3 5 i3 sd slapSil & sline
oSl el 5 piis 65 S 05ST LI o
2oadlas 5l 4 515 andlass e SOYJILL
Soare SVIILL Sl 5l 6 s glsl sy
b b Gk opl s by b e e
ol gl 4 o S T slap Sl g 3 Shes
on w Saedol s s K Lo
Sl 5l gl g5 Blbl asse S
JSa T VIl (Sl Ol e cos SOVJIL
T oSal 5 VL Sl S 5 ooy
g5 0 bl Ol Gl pskes ISG

Al dal g astls Sl

L sy, 9 3190

o5l 02 e Dl PG Jelse
oSl e 3 JUS 50 (D) JUIS 550 el
(L) Sl JU Jsb dby) il ol Jsb o(by)
(L) syl Jb Jsb L) cmsVL UL Jsb
Loy Co s dd) bals b (@) ks o kol
Gee (@) J& old () 0L = Ges (V) OL
(O50) o lpd lowgie b o(h)  Saasd
gy S wlia] o dps) Sy &
o Soslus ) dp) Jbww J&s (Vo) o

sl o a4z § L s (W)
L) ey anly e Olgea hs Olsl L

h,=f(b,b,,b L, Ly, L,a,d,V,h,g,dg, o, Ve, o, 1)

Eff(gﬁgiﬂLEEL%&L H )
h h'"h'h"h’ h’h'h'h"Jgh' h ' p ' fgh’ phgh

o1

5 IV Ol s G s s b
25 0L Shassy cnl ol L3 g0 o) o L5
sl S Olsee (5238 o Rl L oS
il Al slal 5 b e SralS Saes ol dls
S St e mmn ssbt U358 (Sl b
VST G pddsh b SOVIIL 5 pdid i (S
b Stdol Gas S Ol 5 el Ao
MJ:JL: s pddes s SYJIL ol s
Sl lade gals s SOVJILL Sl s
BB Sos e LLS;....ZH)T
bdes VL o3l s St dlr o
Bl bl o Sl s i bess
A slel s s alpl Loedslcawss
Gl il 55 oF b & wl e il Saedol
5 Se S OA) Wb e 508 SOVJILL 5 did i
55 (Y010) OLKan 5 Ol 5 (YIA) O, 1Sen
SVl il s dudpi dos b s L
Llys s Lol Glbl Saeesol ges Sl
awslie 5 Sslite 6 pdids slado s 5 O aw
LBl s elle U a pASsE 8 L
(Ye 0q)
E{EYWRIEIPRVIS I J.:..U Oy S SR g5 o
Ol bl Saea ol slal Olses 5 b Sl 51 5 sline
Gl iass e ol 4 S5 ) 2555e O]
5 Sae VUL SKaal oS das o Olis axzdS
0> phUsd 5 ndd e GlanSal 4 Cod s e
2l sile gl 5 (Kol J S ol cos
St Gy boask St nl g oesdle

()
Cwd 40 ¥ adaly ¢L€.<.SLTE S5 3l eslaal b

(¥)



Oed 5 Sloj Ut [ v (Shundol (2215 2 Fie Jalgs (plejl w2

O3s A oS 5 0L (B s o Tf‘m bl
g

KBS i s SR i o)

2o bl e s gl g
T s 5 kel SIS

o 3l SVIILL e Sal L alssE i
Glaale 3l el L0346 iy 5 el asle PVC
Ld b e de £ 3 5 faul b i
s FHWA' 5t bl oSl Jsb Sl
5k Lo Ao T slee el el
55 SR JL I 5 s e S s el VY
A as S b s e Sl )Y bl slo s
oSl S w5 ol gla S Sl plis|
bolale led Jos G pitn b Doy poots o)l gan
Gos S 5 e Sl YO Oy plil 4 ar g
Fole YO oSl plisyl e mle Ve 0L~
Slasie V dsde s d atle g, VU
Siass el gl il o eslinalsyge gla i
2SS T SVl Sl gl ¥ JSCs s
@bl o 5l Lol (gl pie ol jen 4 JUS

RGO IS WA QL;»J

1- Federal Highway Administration

oy

Lo o Ly cos Y U Lol iags la iles
Wby Lol el Y Y 5V /0 slie )
LgLAe)‘Ju‘ M)d Ma w\" ‘(\ 9 /YO (0 /0 ﬁbuﬂ

A:JU.J{J;:}\OJ\YA:\&)i)(\/OJ\;'/O

bl Ps el O3 Col a4 g Ll (aL>.=3l
P

)

isbosl s ol rasn sl il

5 6ol pule oK gy ol Slidss
Jsb b dats 3l G s OB S ab b
R (-L>.r_2\ oA CL&.?)\ 55 N e e VY
S sudls boasle e 5l res Sl
ookin lme Ol 5 e b V/80 lagie lad
o VY s s oSl esla s S ol 1767
5 e Y0 il 4 gy S b LS gl )
b Cansml s cwndWl s e e Y b
A B R D)
A e bicwnd o 31 Gres Sliguy Cw)lr.a)
5 eddplal (o3lad ST el o hass ol oo
T SKaal ST 5l sl st da o sls el
wslie sbadsb L SOVJILL 5 pala,e S
Coslie g pddsh 5 Jb O Cosline el

5 pibdes gl il () Jsas) ws S eslizd



V€Y ) b)lo.a:}d"o °)9°“5‘59‘=’7"-’«5t§>‘5lhdh9}g

.e.:\.&.‘.'..n‘.:)ja 6\.&5.‘.‘.31 Slasein -\ JJJ’
Table 1. The groynes properties.

Sl Sl Sl
s
<l b slaale s badle Aoy
Lqg Ly by L S d b;=6cm b;=9cm b;=12cm 6ﬁ-¥5}£ a Ry Cf
em) m) ©em) €M  Groyne (MM) Number Number  Number - (mm) '
h Permeability
height of steel of steel of steel %)
(cm) used in used in used in
b;=6cm  b=9cm  b;=12cm
Rl
6,84 648 6912 12 50 - - - - - -
Ji; T
27 33 38 33 2
SVt
684 648 6912 12 50 4 20 24 28 50 4
Ji; T
16 20 22 60 6

B [ow  Main channel
¥

L

o5l (ghraw slei 1) (galagl Jokow 31 Jaol (sla piie e 5 AKEL5T JUKS 55 IS8 T VAL oKl -y JKs
(JLs BE ™ Q)&i &éw = u(hdl;ﬁ) o)lw )3.:\13}5 «):"" j\.i‘»':)) sl o|,o.h4e

Figure 2. T-shaped bandal-like groyne in flume with introduction of dimensional analysis variables (A: 3D
view of the structure with the bigger view of the permeable part, B: schematic plan of the structure in flume).

S glals § 0L > s 5l S b b oesls
dowy ol @ e Sl Ol bl Sawsl 5 o
V5l S edalosy ol el 3L el
Ug‘;di )}@} BLEN J}\ 4\.2.35.) \0' de L Jﬁ,;
sl Jsl wads Ao s e T SOVJILL
53 b aohlesl plnil Oley o Seplay Sl s
I T L

oA

VP P ¥ P S N P | P SO S

oSl s I T Labsse Saal gl sl 0l
Sl B baonbsl il Ysems s ol L6
do 395 Saedol S 4 & LEL azils aalsl
S (YY) SU s e oy ol s
Lk m Sedol ke Sl e cols
Vo ot a4 dslw Ol gl bl opl ply «(YY)



Oed 5 Sloj Ut [ v (Shundol (2215 2 Fie Jalgs (plejl w2

J&.Z)Jjnmu.ai;ﬁebu;»b)}ﬁ U‘K‘:’"‘j C}; 93

el 0y S &1 Y

95 SYJIL Cy Sl =3 Cele g LS8
u;ﬁ”g@u-ma;ﬁﬁc)j@b
A sl ol by Jlesl s ol b [Sees ol

180
160
140
120
100
80
60
40
20

e

¥ Y
N e

scour depth (mm)

(oo

0 200

(4i33) Olej
Time (min)

- - T-shaped bandal-like groyne — T-shaped impermeable groyne

400

600 800

JSE T Habs g oSl Ko T SYJINL oKl gl dsba 0l smmin —Y K3
Figure 3. Equilibrium Time Curve for both T-Shaped Bandal-Like and T-Shaped Impermeable Groynes.

> B g IS dkal Ce s b bl Ges
Sl o o a0 lesl 5 i el
el shaie bl 4 ar g b, DS ES
sdal Szt Ol Gas 5 0L (o3 (AL
ddaly ol Ity gl 5 oas Sl ealizad b
Cgy oy S > skl stalis L Q=AV
Clasie 35 b 5 L e A3 4l
B AL LIS ST RS
Sheslizal bz o3 oS > lnd cs (Y10
3 dle (8 daly) (V4V0) (5,50 5 S15 dlal,

b
4
— < —a®
.o D
[9(G,~)D]
oK )‘ fjb BE L;SAMZUT (e Lgﬂg")""-"
Oy 4 Oy 5l ey o oslinal Sl ol s

osls 03 ol 5 g L tlesl bl ol

o4

el oS 35 e ol 4 L hlesT plonil 6 g

e 5 0313 13 JBinpe Saadge 5 1) LS
G‘Mjl; s 5 63503 il ks (B C)a.ﬂ
Ao 55 wdes o ojle SOnp s ) e
G b Blas (Rl 5 la olSaas Sl eslizad | sy
5 ohd s N3 S 3, 50 g3 IS B DL
o pl b i 3 a3 S e
b Sal @ s 5 B S 3 b ey 1) &S
amyy Sl s e ekl ais g o
a8 53 Slgw, &S 35 5L Gloslul b Ll
3 LSS a s ol s bl s s
Ob o ey el Sl 4 5 o5 Ol 51 Olabl

&)

2 Sai] Ges Slae bilel e s
Soiol Ol i b ad coils y ciliies glaole

Cgr o5 yedeie Oy Jsb s osle LI



V€Y ) b)w‘\“o 5)53‘6&99705&"(5&’0&55513

Sl g5 IS5 4w L lap Sl GBI 0L
ARGl Clalie bl AS e
R L U C vy
gl S35 Ol S s @ S0 T VUL
R e S ]
g (S5 5 ok S L 0Ly S e
Jb s pilies oV s b oae s o
Sl Olbl ol b sl cpl eV
JUE wle o 4y 5035 oo 1S3 T L ls,a
By v.g\.sjf 0L,z sbwl Cow &S ;;J,f&a b e
il Ol 5 CewdVL U o3 sme |55 3 Lae LS
b pl 53 Sad ol sl ol amys 5 odd
JU s 51 0L Gl sl O 2
Ju blie aU s il sl sl S
S5 5 FeS S b Ol 08 e S
oy Ol pddsd ml A Sl e e
S0 el 4 Ol S e se S
oo 4 S5 T VI Sl sol pdud i
Sligry S 0 g o opl Sl &S ol O
L il Ol 5 cesVL L o3 does 3 eddanans
S I
Lol GBI ke dse A gl >
5 ol b essdone 3 (St ol byl el
SOk x ol el sde ST Ol
oy SRl e ahe pa GLBL b
2 Ol ol izer 5 pdidpd Sl gladle
3Ol S Sl e ST VL Sy
ol Sy 4l 53 Dl piia O &
S N R -
Oplize JSo T VI Sl Glbl glaals S

Sl 0l eals OLES Soslate glaled s

P S S GliSa ed 2S5 el
Goe SSMm g 358 sl pey S
o) (St o3ptome 5 5 s Sati]
slresls colgys i 6, Seslul o3l Gl bl s
alesl Jb 53 (Sl (5 8eill & by
W8S 18 o s st 555

SSEl sl Gl T e
A el S8 T VIG5 K0 T iyl i
AN ol o o T Labise Sl
/0 (Li/Lg) 0,8 s aw agls o 2 V0 5 VY
Oy/L) Sal Jb Ol Jsb o 4w 5 Y 5 )
o s sl VY Sl L Jsb) ) 5 Ve /0
Sy5e S ¥ s Gre Sl VY 54 3 0l b
A Gl Sob o 25,5 5 ]
oSl Y b L ol K3 T VI
e 0k S3 s Sl s (OS] sb s
BB Sl 4 s LocsS S bl
T VIl Kaal sla iabosl 5l edalcwsa
R TR S P e
S S St oS Sl 5 STl L
Ol e oS slaps » Sadol 5 ey
oSl glamlsl aled cpl by 555 ad el
o bake o dolb cns K T VUL
sladoys A0 5 ) /0 @d) e ks
Aoy W Aoy 00 ey YT (g dub s
Ol Jsb 5 Y 5V oo (Lyllg) o, glacans
AN ) Sl s s e sl VY 540
A5 il S YV s (436

I T SVIILL oSl GIbI ok o (s
Lol ol > Jus claie gl S L L - S
G a5l Sbcss glaaSe LG b



Oed 5 Sloj Ut [ v (Shundol (2215 2 Fie Jalgs (plejl w2

Initial Bed Level

(o3l (il glad 1o o)l ity sloi i) IS T SOVIIL Syl SG1bI 0L o (o581 -8 s
Figure 4. Flow Pattern around the T-Shaped Bandal-Like Groyne (A: lateral view, B: rear view).
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permeability, B: 50% permeability, C: 60% permeability).
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Figure 10. The relationship between the relative maximum scour depth and the ratio of Lu/Ld in Q=15 L/s
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