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Abstract

Introduction: One of the main factors in the collapse of the bridge piers in rivers is local
scouring. By placing the piers in the direction of the streams, a complex three-dimensional
flow is formed around the pier that has been the popular subject of research by many
researchers. Methods of reducing the depth of local scouring are divided into two systems:
1. increasing the strength of bed materials around the piers by using more resistant
materials, such as riprap, collar and gabion in the riverbed. 2. Reducing the strength of the
main factors such as downward flow and horseshoe vortex by the deflector, blade and
submerged Vane or changing the geometric shape. In the present study, the effect of the
deflector shapes such as triangles and curved surface on the maximum scour depth around
the pier under clear water conditions were considered. General factors of bridge pier scour
include down-flows, horseshoe vortex, and wake vortex. In general, the flow impact on the
pier and its separation is the main factors that form scour holes around piers.

Methodology : The experiments were done in the laboratory of Khuzestan water and power
authority laboratory (KWPA), equipped with a flume with a length of 10 meters and a height
of 500 mm and a width of 310 mm. The flume is equipped with an electromagnetic flow-
meter with an accuracy of +0.1 liters per second and a weir downstream of the flume to
adjust the water level. In this study, natural river sand with uniform grain size (&g = 1.36),
relative density Gs = 2.64 and the average particle diameter of 0.95 mm. In all experiments,
water depth was considered 100 mm. In this research, three different models of PVC
deflector surface (the deflector surface shapes such as triangles, curved and simple surface)
with angle's face (6= 15, 30 and 45-degrees) were adopted. It should be noted that the angle
of flow with the deflector head is calculated as o = 90-6, which used to describe and analyze.

The unprotected pier scouring studied to represent a basis for controlling and comparing
with the other scour and bed change conditions. A 12-hour control experiment was also
conducted on the control pier to determine the experiment time (equilibrium time), and
scour depth changes were recorded in the time unit during experiments.

Results and Discussion: The horseshoe vortex around the scour hole accelerates digging and
transfers the sediments separated from the bed downstream with the main flow. The flow's
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separation from around the pier also creates perpendicular vortexes on the sedimentary bed
known as wake vortexes. These vortexes are active behind the pier, separate the bed particles
like a tornado, expose them to the flow, and help move sedimentary particles from the front
and sides of piers downstream. The scour hole digging by the horseshoe vortex continues
until the water volume inside the scour hole increases and exhausts the vortex energy. In this
state, the scour depth changes negligibly over time and reaches equilibrium. The results
showed that by reducing the head slope from 40 to 15 degrees, scouring depth decreases. For
all deflectors with 15 degrees in the parameter (U/Uc=0.70), the percentage of the scouring
depth reduction is close to 83 to 89 percent. In the parameter U / Uc=0.96 near inception
motion that is the most critical state and the value most comparable to the particle incipient
motion, the deflector with triangle surface shows a decrease of 85%, curved surface 77%, and
simple 75%. By reducing the angle of the deflector, part of the flow lines didn't deviate
towards the bed, which reduced the potential of the high-pressure zone created at the pier.
This reduction in compressive potential reduced the flow velocity of the back vortices and,
ultimately, reduces their ability to transport sediment downstream. Based on the results, the
deflector with a triangle surface shape in all flow conditions had a better and lower scour
hole depth than the carved and simple shape.

Conclusion: This study used a deflector structure to reduce and control the scour depth
around bridge piers. The flow effect was analyzed by implementing these protections and
their impact in various relative velocities (U/U, = 0.97,0.83,0.70). The scouring pattern and
sediment point bar created around the pier with the deflectors protection compared with the
control pier (without protection) had less scouring depth due to minor deviation of flow
streamlines and reduced disturbances around the pier. Finally, the deflector with a triangle
surface shape had a better response to reduce the scouring hole. The results stated that the
deflector at the 15-degree angle significantly affects the flow deflection near the bed, corrects
the flow pattern around the pier, and reduces scouring depth.
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Fig. 1 Mechanism of scouring around bridge pier (Chen et
al., 2018)
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Table 1 Hydraulic condition governing in laboratory tests

width Circular pier Sediment mean Water Discharae
diameter diameter Depth g Relative velocity Reynolds Froude
(cm) cm) (mm) cm G
b d dso Y Q U/Ue Re Fr
31 3 0.95 10 5.83<Q<8.05 0.70<U/Uc<0.97 >20000 0.19<Fr<0.27
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Table 2 Test details in various scenarios.

SorigDecessing  Sqoung  felative - Defleco

ds % ds U 0 Protection scenarios test

d ds_ . U,
86 0.07 0.70 15 deflector with curved face 1
76 0.13 0.83 15 deflector with curved face 2
77 0.20 0.97 15 deflector with curved face 3
89 0.06 0.70 15 deflector with triangle face 4
85 0.09 0.83 15 deflector with triangle face 5
85 0.13 0.97 15 deflector with triangle face 6
86 0.11 0.70 30 deflector with curved face 7
66 0.19 0.83 30 deflector with curved face 8
63 0.31 0.97 30 deflector with curved face 9
81 0.10 0.70 30 deflector with triangle face 10
72 0.16 0.83 30 deflector with triangle face 11
69 0.26 0.97 30 deflector with triangle face 12
71 0.15 0.70 45 deflector with curved face 13
55 0.25 0.83 45 deflector with curved face 14
48 0.44 0.97 45 deflector with curved face 15
71 0.15 0.70 45 deflector with triangle face 16
58 0.24 0.83 45 deflector with triangle face 17
50 0.43 0.97 45 deflector with triangle face 18
83 0.09 0.70 15 deflector with curved face 19
74 0.14 0.83 15 deflector with curved face 20
75 0.21 0.97 15 deflector with curved face 21
75 0.13 0.70 30 deflector with triangle face 22
62 0.21 0.83 30 deflector with triangle face 23
58 0.36 0.97 30 deflector with triangle face 24
61 0.20 0.70 45 deflector with curved face 25
49 0.29 0.83 45 deflector with curved face 26
40 0.51 0.97 45 deflector with curved face 27
- 0.51 0.70 - Control test without protection 28
- 0.56 0.83 - Control test without protection 29
- 0.86 0.97 - Control test without protection 30
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Fig 5. Photos of experimental tests: A deflector with simple face, B deflector with curved face, C deflector with tiangle face
S gé)::.:.a 0)'L.u L mb (B) ool ub):> Ieily J):Uuo o)‘l....a L 4;1; (A) 44[4 u}a‘fu Mi 9 > u«.:l.,o)i &‘}q‘ rgas I J&Xb

ilie 03,5 b 1> 0018 B e o5l b sl (C) oo 05,5 ol >

X Direction (mm)
20 40 60 80 100 120 140 160 180

++ee« deflector with triangle face 6=15
= + = deflector with curved face 0=15
= = deflector with simple face 6=15
control test without protection

Fig. 6 longitudinal profiles of bed for deflector with 6=15
4,0 V0 0,95 dgly b by 0aiiS B8y o5l sl 4l Lilke MT Sob &y # IS

X Direction (mm)
20 40 60 80 100 120 140 160 180

----- deflector with triangle face 0=30
=+ = deflector with curved face 6=30
= = deflector with simple face 6=30
control test without protection

Fig. 7 Longitudinal profiles of bed for deflector with 6=30°
)3 Yo 8,55 5 gy b by 0aiiS i ol sl Al blie (Sl Jobo & ye V IS

Journal of Hydraulics
17(1), 2022
26



V¥4 )LQ.? d a)Lw.’;’: Y 099

Sy yuad

80

X Direction (mm)

100 160 180

120

140

L0 20 40 60
0
-10

=20

£

< 30

-=

g

£ 40

£

= -50

=

@
-60
-70
-80

Flow

----- deflector with triangle face =45
- « = deflector with curved face 0=45
= = deflector with simple face 0=45

control test without protection

Fig. 8 Longitudinal profiles of bed for deflector with 6=45
aryd Y0 )55 asly b sz oai Bt o3l (sl auly hlie (Sl Jobo ¢ e AJSCS

@l Jlie 3 bl 5l ok, bolas 03,5 o0 sl
ely Byl ol gy ol ) st By i YUy Caons
o S b b oysS sl Gl el B0 S o
45 oudyy Gmby playr g ead Byoie ol S
3 el slacls ;5 LSis an jomie Sles s
ORI 503 (Som 5l Wigd hendS s S (o0 (ShlS
593 L5 093 oo el Gl 0aisS B ymie o5l agl
35 5 03,5 Csglie bz plp o 5 (SBla> o5l

ol gy (Sl Al

80

GByoie il (a Bl g5 e gl 1SS
S ol el oand w5 (e g, by oaisS
) b ans, So Gl i liBe 4l s annlie
Bymie ojbe (Sl gl ek am0 o i ) (ke
10 51T Gmali8l s Olyr bsls 4 cond by oaiS
2 A S Wojl (pl 068 oo el az 0 FO 4y ax 0
b ol Sggiin 45 jsbolon aSeas olis gslie s,
@loangly a Cond (Stt] Goe Lty agly Sl
b Blie ;o ;5 ol 0929 Wb oo Sl S 68

X Direction (mm

100 160 180

120

140

Scouring Depth (mm)

-80

Flow

sseee deflector with triangle face 0=15
= + = deflector with triangle face 6=30
= = deflector with triangle face 6=45
control test without protection

Fig. 9 Comparision of longitudinal profiles for deflector with triangle face
i 00,5 g, b b 2 0aiiS OB pmie o5l sl a0l blie (Job & e aslie 8 S

Sle

= +/aY, - /AY, -/ Dgliie S (9 (g a8 o

8L e S il i 3 b i S 3V
5 Bla> o5l o Slae 5 b > S5 008 130 Jle

e G28LS a0 e VY 5 1) )¢ sl IS5
) L talesl o ot Cay yas slagy jlw (sl 4y o Sy

Lo yelb o 0@l La ool jo aies o olis

Journal of Hydraulics
17(1),2022

27



VPl oyl g Slio

ey SUES 03w as gy K ST 2K Lo axdllne

sl 5o Caglio 5 azily il o5l 350l
S5 ol o0 8 ke bl ol s ol

b oo
o e Gl L VY g V) Ve S a0
4z, V0 angly bojle )°U£C= AR UETRERe
olid g cenl ousile bl Sowcinl Bos yralS Cos
(si.wyl Jlae jo cblis> Wy o sloasgly jo vas

A8 god S by Sdgyaee s b gogu> U

90
83%

80

75% 74%

70
61%
60
50
40
30
20

10

Percentage of scouring depth reduction

0.70

0.83
U/U

Cc

WS s anamg Loy 18 cw)p 0550 (St
abie Ll o l> 500 =10° angly b oblas o5l
el guo ;0 A el S el iglo s

. ds <. .7
AR aﬁ*‘“"“ﬁ“ﬁzw‘
sae ;o &S ailiw] (Soop B b, e ilEl L
albwl bl 0 e iomen ol snile ol wuoyo AD

“ ) ..\.wi
5&_A—MJ° UC

Ol (a0 FO g Ve 0 V0 lasly Lilidl b oS >

oaids lid g Wb g oS do 0 B 9PV 4 S S
5 eibla> o3l agly o ;s b aS el gadg0 o0
¥ deflector with simple face 0=15

® deflector with simple face 0=30
! deflector with simple face =45

75%

40%

0.97

Fig. 10 Percentage of scouring depth reduction relative for deflector with simple face
Tl a5, b oblax o5l (gl salis 4 s  Siwio] Goe (20l 000wl 10 (oo s Vo S

90 86%

80 79%

77%
70
60
50
40
30
20

10

Percentage of scouring depth reduction

0.70

0.83
U/U

Fig. 11 Percentage of scouring depth reduction relative for deflector with curved face
2o 00,5 a9, b cbla o5l 51y ol 4 cans  Swcin] Gos (20l 0o )d plp 10 cowd Caeyu 1) SO

c

# deflector with curved face 0=15

M deflector with curved face 0=30

I deflector with curved face 0=45
77%

48%

0.97

Journal of Hydraulics

17(1),2022

28



V¥ )LQ-? Al G)LA.;:: AY 099

Sy yuad

89%

Percentage of scouring depth reduction

0.70

85%

¥ deflector with triangle face 0=15
® deflector with triangle face 6=30
deflector with triangle face 0=45

85%

0.97

U/U,

Fig. 12 Percentage of scouring depth reduction relative for deflector with triangle face
e 03,5 ayg; b (blis o5l sl ot 4y Cos Sl Goe S ao)0 plp 50 s S VY S

c\_i...a‘ u.o_ao 099y .]a.s‘;w UJJ...Q‘) 6‘)“5 ‘5..1...0 ob; c\.aj)

dm o el 5o o) (20 s pd s 4 s

by 50 Ol Jloged culs g o)l ol Comlus (S
Soad oo Gt a5 adl oo 08 Jlias (oo S i
Ao (Sl ply 55 (295 Bli> Ll ol ol
o 5 1S el ol ol ol s oyl ol el
Sl 90 Ay o (e g, b bz oS By
el oo Y s &5 a5 s 0938l by Bl Sy
Ao oo 4 by bghas Gl ol el )] ilie S
Obez bshs 5,95 5 Sl all 4 g oud 4l slaces

S oo oS (Sl g5l JSts g 4L L

~-#-deflector with triangle face in U/Uc=0.70

Sl e ol 00 G e ojle aygly 3B VY JSs
P am asg b ses o plas | o olej] g0 )lw daon

=

] yae atiilys sblas ojlu lagy i den jo
lie 00,5 435, b ojlu leedl> aen jo 5 s als |,
Oemizad 3,10 10 slogs Jlw Ay s (g g Lyl
Sog e s U£C= Y 1S Gl s 0w e plis
gl et A4S o IS5 0l Ry 45 0392 05 Sl

D, owgesre poss bl cpl o o5l
e S dn Fell lag s VY JSS
olots cliblone (il aigel 4y S | (Sl
L ol oasS By oo ojle S5O0 4 4295 b aed oo

deflector with triangle face in U/Uc=0.83

--#--deflector with triangle face in U/Uc=0.97 -#~-deflector with curved face in U/Uc=0.70
-e-deflector with curved face in U/Uc=0.83 -e-deflector with curved face in U/Uc=0.97
—e—deflector with simple face in U/Uc=0.70 ~#—deflector with simple face in U/Uc=0.83
—e—deflector with simple face in U/Uc=0.97 —e control test pier without protection

0.9 -
0.8 |
0.7 1
0.6
0.5 1
0.4 1
0.3 1
0.2
0.1

ds\ds,,,,

0
15

30 45

Deflector angle(0)

Fig. 13 Dimensionless scouring depth for all scenarios against Deflector face
ojl JSo i 4 Cnd (Sl Bos (slas pdy yis 034, WV S

Journal of Hydraulics
17(1),2022



VPl oyl g Slio

ey SUES 03w as gy K ST 2K Lo axdllne

~o~ deflector with curved face 0=15
—e— deflector with curved face 6=30
-~ deflector with curved face 6=45
deflector with simple face 6=15
—e—deflector with simple face 6=45
0.9 -

0.8 -
0.7 1
0.6
0.5 |
0.4
0.3
0.2
0.1

0

ds\ds,,..,

deflector with triangle face 6=15
--® - deflector with triangle face 6=30
--®- deflector with triangle face =45
~e—deflector with simple face 6=30
-e- control test pier without protection

0.83 0.97

Fig. 14 dimensionless scouring depth for all scenarios against relative velocity
Ol il 8 4 Cond Syl Gas o gy s wig, VPSSO

M°@QWW9°°%MT&°‘J&UP
L oasb oS o ailiwl Soo3 90 = 15° el 0 oS
By sl Al 4 G o0 00 i S 4y,
Lyl oy g asl MT»L“ o, b b, eoss
el ao Ve cois ol 2le 00 5wy, (6l aline
0, Slos o5 Lo 0y a5 wws o lid 58 USS oyl
Sy sl oo jo el el LSy (58995 ool
s Cnglie Lo a0 ax 0 FO agl; yo oS > ailbiw]

b o sl (Kwial Gos S 0l plp o

—e— deflector with triangle face 6=15
—o-deflector with triangle face 6=30
--# - deflector with triangle face 6=45

l =
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

ds\ds,,,

gy JSb 50 s pdy i 3l gy sl 10 S
50 el 00l (g pxi by S By sbla> o3l
b Ol oS By ol (Stwial Gae 2ol Lxy]
o3l (Sl G 4 s (2lood T 5 e ag
S s ) e dng) L Ol 2 00iiS By
e dome Sl V0SS ol jo ) cnl 5l ilens
e s A (9 eyl s plp g0 #Zx* S|

g : g .U )
SlasS Jol8 psboan Sl ilends s 1= (o
(bl o5l g, JS8 i 3k

—8- deflector with curved face 0=15
@ - deflector with curved face 6=30
@ - deflector with curved face 6=45

0
0.70

U/U

0.83 0.97

c

Fig. 15 dimensionless scouring depth for all scenarios against deflector angle
ool g, b )y 00iS L8yt o5l ol diges 4 G SS9 b, el pl s j0 (Stein] Goe Ol s 1O S

Journal of Hydraulics
17(1),2022



V¥ )LQ-? Al O)LA.::! AY 099

Sy yuad

Slidlors slaaly 5 bl Wil o il Jlie (Srsi]
JS8) i argy sl )0 g 0og o5l ol (pl 00l
il se o dee Ve MToJﬁ}M(A

Flow Deflector with triangle face A

] I 9 o

15
X(cm)

20 25

5 10

15
X(cm)

20 25

A4S wog s o8y b, bghs Bl T s
i o |y 0dig) ol Ol JSead

ol ol eaisS B e o3l JS3 3T arey o Y
L oo,z 0o B ymuie o5l j0 S il oo 4565
ol Gl s a0 4 cos S 4,
slocys der Coow 4 )b > bolas Gl il el
L olosz bobas 3y 5 53l (el @ 5 00t 4
S e K Srt] Sl S5 5 4l

augly b bz 0aisS B ymie ojle odayl (i op e 0 =Y
aasy b oloyz livul) a S w0 V0 (logs
Sl S o aibwl an Soop byl o o ke
S Goe ralS w0 lls (U/UC =0.97)
Bl 00,5 a9, b a4y s a5 el ws ;0 AD
Sl 1y e o s Ao 0 YO ool g duo o VY

oIl g Glyz oainS B yzie o5l 095 dygly i b -F

=l g0 ol Cenglan a0 FO @ a0 10 5l ]

Flow pier without protection (C

gl ol (Sl bl 5 iy oS0 P S
Surfer 158l p,5 SeS L S el glp 1) az,0 V0
o g oad yde sy le he Fr 3o LC SO 4l

Flow Deflector with curved face B

X(cm)

Flow Deflector with simple face )
A

R I 5
‘6‘
\
£

X(cm)
Fig. 16 Bed profile for deflector with 15 near inception motion point
4253010 ol 0alsS GByomie ojls ygly 5 bl Soop Ll jo b (el e (BS55 18 S

&35 axii-¥
Sl Gas S8 5 GhalS sl (B a5
gh L ol oS Spmee ojle 5l ek b oseliy
ool ol cmai 5l um 0l cola il ciglaie 4y,
Lol 95 = ol 5 S el 90 b bl
Wl el asl blie o ojlw il vszg 0l )
A0,8 By i Wb s 4 0l Jlie 5l )L > boglas
Loy 5l o Ol bobs B ogd oo el Sl
Oomb gl g ead By Gl e 4SS b
5 el aols 5 LSas a4 i Colesyd o5 o,
ORI S g 5l Nsd S W35 o0 (Sl
093 L5 0g-bpe sl by 0aliS B s o5l augl;
6l g 09,5 Caglio bz pln o 5 (Bl o5le
o3l ool 5l eolatwl s anl arwgy (Sl al>
1Wgd oo Al 25 50 Sbla>
@b g Ol ea S By (Bl ojle oS 5 )
5 5= ail Dol (Sl Bos ol el

Journal of Hydraulics
17(1), 2022

31



VPl oyl g Slio

e 9SS o3l dygy S 3T a8y LojT anllia

e (Ms?) s
Ure (Ms™) (o e oo
v (M) b o
T M oles
Gs (b (D 9w, D) pyaze JB

Sy sl ailas
0 (deg) ()b yzr oaisS & yomis o5l wils;
L (M) By oaisS B yomin ol Jobo
p (kgm?) J&>
H (kgmsh) Ssliys e )
% (Wnt () gy (S5 15555

b oo —F
Abousaeidi, Z., Qaderi, K., Ebrahimpour, M. and
Ahmadi, M. (2018). Laboratory investigation of the
effect of debris accumulation on the local scour at

bridge pier and abutment. Journal of Water and Soil
Conservation, 25, 267-282. (In Persian)

Akhlaghi, E., Babarsad, M.S., Derikvand, E. and
Abedini, M. (2020). Assessment the Effects of
Different Parameters to Rate Scour around Single
Piers and Pile Groups: A Review. Archives of
Computational Methods in Engineering, 27, 183-
197.

Chen, S.-C., Tfwala, S.,Wu, T.-Y.,Chan, H.-C. and
Chou, H.-T. (2018). A hooked-collar for bridge
piers protection: flow fields and scour. Water, 10,
1251

Chiew, Y.-M. (1995). Mechanics of riprap failure at
bridge piers. Journal of Hydraulic Engineering,
121, 635-643.

Ettema, R. (1980). Scour at Bridge Piers. Report
No. 216, School of Engineering, University of
Auckland, Auckland, New Zealand.

Gohari, S. and Rezaei, M. (2020). Investigating the
effect of oblique bed sill on bridge pier scouring
with circular cross-section. Journal Management
System, 12, 100-114. (In Persian)

Karimi, N., Heidarnejad, M. and Masjedi, A.
(2017). Scour depth at inclined bridge piers along a
straight path: A laboratory study. Engineering
Science and Technology, An International Journal,
20, 1302-1307.

Sl lil (Sretal Gos g 0ad i by
gl Commd & Caaglite (ol (e agg) bosl o Lol
Lol eS a0 Vel 4 mlavs 49, b valls

s 2 s 5 5 ol Bl s -0

‘5 U

)""l’ [P ] U_c = '/ﬁv' '/AY" '/V' 9y
59 CA_.»‘ua.év_..i:..a‘L:eo)'L» MT Q‘)’.:.a ) ul.')_'>
slady Rl b az ;010 Gl saisS B e o5l
a0 O ojlw o Lol oyl s g oSS
Dl o oolive  Swcisl 3o

L oasb oS, wiliw] Soo3 30 = 15° el 0 -#
oolw dyg; b 5eaSdio a4y s oy B¢« ilie ay,
g, ol aline lulyl o g atsls MTM
Lol Qoo Ve Cos pl ooleos I

03,5 439, b b2 0aisS B i o3l b ulul -V
o3l aygly crlane g Blo 00,5 g, 4 Cond Jilis
ol 5 it K05 ol sz Sl 3 (8o il
G uM.a:U Al 40 g 4_.»14 L_é‘)._.‘o‘ QL’J" d}fﬂ
Sl Sl

baslis W).Q.‘B -0

b (M) pslé e

d (M) aly ,has

d16 LesT 5 e oo )3 V84S 51,5 o5lass]

(M) &% xSz g8

d18 Lol 5l dlas aoy0 VA a5 51,3 o5lac]

(M) % 2SS

ds0 (M) gy )3 Sileo

ds (M) Sl Gos

dsmax (M) Jolss Sl 3ee

dsmax* L: ul‘)’ oS s_‘BJM o)'L.u M/“ W T Gos

(M) zans 49,

: (ms?) Js s

(m3/h) ‘5.3&

Fr (3 Oy 29,8
Re

(a2 ok jen,
U (ms™) e oo

Journal of Hydraulics

17(1), 2022



V¥4 )LQ.! Al a)Lo.{Za Y 099

Sy yuad

Shafaee Bajestan, M., Hassanzadeh, H. and Paydar,
G.R. (2018). Performance evaluation of correction
coefficients to optimize sediment rating curves on
the basis of the Karkheh dam reservoir
hydrography, west Iran. Arabian Journal of
Geosciences, 11, 595. (In Persian)

Shahsavari, H., Moradi, S. and Khodashenas, S.
(2019). Influence of Semicircular Collar Diameter
and Its Alignment on Scour Depth and Flow Pattern
around Bridge Abutment. Iranian Journal of Soil
and Water Research, 51, 77-91. (In Persian)

Solimani Babarsad, M., Hojatkhah, A., Safaei, A.
and  Aghamajidi, R. (2021). Laboratory
investigation of deflector structure effect on bridge
pier scouring. Irrigation Sciences and Engineering,
43, 91-104. (In Persian)

Solimani babarsad, M. and Safaei, A. (2021).
Experimental Study of Scour Around Pier with
Inclined Head. Water Resources Engineering, 14,
53-72. (In Persian)

Solimani Babarsad, M., Safaei, A. and Aghamajidi,
R. (2021). Laboratory Study of Cable and Sill
Protection on Scouring Pattern Around the Bridge
Pier. Iranian Journal of Soil and Water Research,
52, 523-538. (In Persian)

Vaghefi, M. and Meraji, S. (2019). The effect of
20% reduction in overlapping length of the
upstream submerged vanes of bridge pier on bed
topography in sharp 180 degree bend. Modares
Civil Engineering Journal, 19, 41-55. (In Persian)

Wang, L., Melville, B.W., Shamseldin, A.Y. and
Nie, R. (2020). Impacts of Bridge Piers on Scour at
Downstream River Training Structures: Submerged
Weir as an Example. Water Resources Research,
56, 46-51.

Zomorodian, S.M.A., Ghaffari, H. and Ghasemi, Z.
(2019). Comparison of Linear and Triangular
Arrangements of Submerged Sacrificial Piles on
Local Scour Depth around Cylindrical Bridge Piers.
Irrigation Sciences and Engineering, 42, 167-180.
(In Persian)

Kayatiirk, S.Y. (2005). Scour and scour protection
at bridge abutments, PhD Thesis, Middle East
Technical University, Ankara, Turkey, 213 p.

Kumar, V., Raju, K.G.R. and Vittal, N. (1999).
Reduction of local scour around bridge piers using
slots and collars. Journal of Hydraulic Engineering,
125, 1302-1305

Lee, S.O0. and Sturm, T.W. (2009). Effect of
sediment size scaling on physical modeling of
bridge pier scour. Journal of Hydraulic
Engineering, 135, 793-802.

Melville, B.W. (1997). Pier and abutment scour:
integrated approach. Journal of Hydraulic
Engineering, 123, 125-136.

Melville, B.W. and Chiew, Y.-M. (1999). Time
scale for local scour at bridge piers. Journal of
Hydraulic Engineering, 125, 59-65.

Parchami, L., Asghari Pari, S.A. and Shafaei
Bajestan, M. (2017). Experimental Investigation of
Flat, Curved and Angled Submerged Vane’s
Placement Effect on Bridge Pier Scouring. Journal
of Irrigation Sciences and Engineering, 40, 111-
122. (In Persian)

Rahimi, E., Qaderi, K., Rahimpour, M. and
Ahmadi, M. (2017). Experimental Study on Effect
of Debris Accumulation on Bridge Pier Scour.
Iranian Journal of Irrigation and Drainage, 10, 786-
796. (In Persian)

Rajaratnam, N. and Ahmed, F. (1998). Flow around
bridge piers. Journal of Hydraulic Engineering,
124, 288-300.

Raudkivi, A. (1998). Loose Boundary Hydraulics.
4th edition. Balkema, Rotterdam, The Netherlands

Raudkivi, A.J. and Ettema, R. (1983). Clear-water
scour at cylindrical piers. Journal of Hydraulic
Engineering, 109, 338-350.

Safaei, A., Choramin, M., Khajavi, S., Parmoon,
AA. and Arezoo, A.A. (2015). Analyzing the
affective parameters on the amount of bridge scour
in the vicinity of the rough collar in laboratory
model, WALIA Journal, 31(S4), 17-21.

Journal of Hydraulics

17(1), 2022

33






