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4, 6, 8, and 10 cm (equivalent to 0.5, 0.75, 1, and 1.25 times the length
of the support) at an absorption ratio of 25% and also four installation
angles of 0, 15, 30 and 45 degrees were performed in clear water
conditions. At a fixed length of the protective wall, reducing the angle
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research, the use of a protective wall with a length equal to the length
of the support and at an installation angle of zero degrees, causes a 54%
reduction in the maximum scour depth around the support and also a
29% reduction in the scour depth at the foot of the protective wall in
comparison to witness.
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1) Introduction
The bridge is one of the most important hydraulic structures that have been used by mankind for a long
time, and its strategic role in various issues is not hidden from anyone. Generally, bridge design
engineers pay more attention to structural issues than hydraulic factors in their designs
They show one of the reasons for this is the lack of access and sufficient information in the field of
bridge hydraulics. Many bridges in the world have been destroyed due to excessive erosion around the
base and support. Destruction of the bridge due to scouring leads to heavy economic and human losses.
In Iran, according to the presented statistics, the problem of localized scouring in bridges is the main
cause of their destruction. According to Khademi et al.'s studies (2011), in the 80s, a large number of
river bridges in Khuzestan province were destroyed due to erosion, which caused huge costs. In this
research, the effect of the angle and length of the protective wall on scouring around the bridge abutment
has been investigated.
Introduction, Introduction, Introduction

2) Materials and Methods
The experiments of the present research were carried out in a 10-meter-long and 0.3-meter-wide flume
in the hydraulic laboratory of the Faculty of Agriculture of Birjand University. A sedimentary bed with
a size of 2.2 meters and a height of 0.15 meters was created in the central part of the flume. To create
this sedimentary bed, two false sections were created on both sides of the sedimentary bed using
Plexiglas sheets, each with a length of 3.9 meters, a width of 0.3 meters and a depth of 0.15 meters.
Sediments with an average diameter of 1 mm were used in the experiments. Since the purpose of this
research was to conduct experiments in clear water conditions and adjust the flow rate and flow depth
to the limit of sediment movement threshold, therefore, the closest possible depth to the movement
threshold depth was chosen as the desired depth. A Plexiglass support with a vertical wall and in the
short length range of Melville's classification (1992) was used. According to the flow depth and width
of the flume, the support length (La) was chosen to be 8 cm. The width of the support (Ba) was also
considered to be 10 cm. In this research, the length of the protective wall (Lw) was chosen based on a
coefficient of the support length (0.5, 0.75, 1 and 1.25 times). In this way, 4 lengths of protective wall
4, 6, 8 and 10 cm were used. The 4 angles investigated in this research were chosen as 0, 15, 30 and 45
degrees, respectively. The height of the protective walls (Hw) was also determined based on a ratio of
the water depth (h).

3) Results

In this research, the results of the research were investigated in two parts to investigate the scouring
topography around the bridge support. The first part is a control test (without the use of a protective
wall) and the second part examines the effect of the angle and length of the protective wall on the
reduction of the maximum scour depth around the bridge abutment. In the control test, the highest
amount of scouring was observed in the nose upstream of the support, the maximum depth of which
was measured to be 9.2 cm. The scour hole was also formed around the upstream nose of the support
in a conical shape. Also, horseshoe vortex and as a result scour around the support was developed and
sediments after being swept accumulated downstream of the support. Reducing the installation angle of
the protective wall improved its performance in reducing the maximum scour depth around the support
and consequently reducing the development of the horseshoe vortex around the bridge support. The
best performance was observed at the installation angle of 0 degrees and in the next stages at angles of
15, 30 and 45 degrees. Also, at a constant angle and with the increase in the length of the protective
wall, the maximum scour depth around the support decreased. Also, the protective wall has removed
the maximum scour depth from the nose upstream of the support and moved it to the foot of the
protective wall with a lesser depth.
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4) Discussion and Conclusion

In this research, the effect of the angle and length of the protective wall on reducing scour around the
support was investigated. In general, the results of the research showed that by changing the flow pattern
around the bridge support, the protective wall can move the maximum scour depth away from the
upstream nose of the support and transfer it to the foot of the protective wall with a smaller depth. By
reducing the installation angle of the protective wall, the dimensions of the scour hole around the bridge
abutment and the foot of the protective wall were reduced, and as a result, the sedimentation
downstream of the abutment was also reduced. Also, at a fixed installation angle of the protective wall,
the step-by-step increase in the length of the protective wall decreased the maximum scour depth around
the bridge support and the foot of the protective wall. Therefore, choosing an optimal length for building
a protective wall is required. According to the results of this research, using a protective wall with a
length equal to the length of the support and at an installation angle of zero degrees, caused a 54%
decrease in the maximum scour depth and a 29% decrease in the scour depth at the foot of the protective
wall compared to the control condition.

5) Six important references

1) Ahmed, F. and Rajaratnam, N. 2000. Observations on flow around an abutment. Journal of
Engineering Mechanics. 125(1): 51-59.

2)Barbhuiya, A.K., and Dey, S. 2004. Local scour at abutments: a review. Sadhana, Indian Academy of
Sciences. 29(5): 449-476.

3)Dey, S. and Barbhuiya, A.K. 2005c. Time variation of scour at abutments. Journal of Hydraulic
Engineering. 131(1): 11-23.

4)Dey, S. and Barbhuiya, A.K. 2004. Clear-water scour at abutments in thinly armored beds. Journal of
Hydraulic Engineering. 130(7): 622-634.

5)Johnson, P.A., Hey, R.D., Tessier, M., and Rosgen, D.L. 2001. Use of vanes for control of scour at
vertical wall abutments. Journal of Hydraulic Engineering. 127(9): 772-778.

6)Korkut, R., Martinez, E.J., Morales, R., Ettema, R., and Barkdoll, B. 2007. Geobag performance as scour
countermeasure for bridge abutments. Journal of Hydraulic Engineering. 133(4): 431-439.

Conflict of Interest
The authors declared no conflict of interest.

Mojtaba Zakeri , Mahdi Amirabadizadeh * , Yousef Ramezani. The Effect of Angle and Length of Protective Wall
on Scour around the Bridge Abutment in Laboratory Conditions



/A olnl ol 9 Grlel (cwaige Lidgsy oole 4yl
VP ¢yl . ot g ol o louds a2 35l Jlus

Y¥

Pl gl e

Lylyd jo J oBasS ool (Souuil p Bdlxo Hlg0 Job g argl) 5
2 bl

v@ba’.o) Cawgs féroé‘}‘solgiﬁ.o‘ S0 “‘S;LS (o

VE T Y110 Sl o)
VPR [V o by )G
g Al
oS>
O3l (Sl (12l gloel 51 (S el o 50 by oSS (gl (ordge (Siuita] £585 4 azg |y
30,8 Sl e il A Jobee 5 colt olFasSs Jsb « gaiog ol 5o bl o Liblowo a0 5l oslitl oy oS 4SS
Jsb iy VYO 5\ VO 1D Jolao) yio il Vo 5 A & F sloJsbs b Ll slolago 31 ooliza L ayiolo;]
plsl J¥; Of Lulyd j0 a0 FO g ¥ V0 oo cead gl ez uizmen 9 90,0 YO Gl ainl S jo (o5aSS
Sl 2lS s ol i g e Liblone Jlaro assly Lol cliblone oo il Jobo Sy 4 ol ol gl .k
g5 b o0 o 43 i sl 45,5 oot 3l 423 Libne s sl 5 by oSS el (il s
RIS el s s ol il cibne o o s gl o 55 sieimen oo ol |y 5,5has g
s 5l ookl (i ol @l 4 az i b s )S Ll s sl 5 b ol aSS Ggalin (Sl os Sl
] Bos iSlas 10 (gao,0 OF rals cel s o jao cual aygly 0 5 olSAST Job Joles Job 4y Ladlors
39,5 valls b 4 as Ll Jlgs gl (Swiiul Bas )0 g0u0,0 YA ials cel uizen 5 o84S ygal

@Bl i Conns Jadlxo Hlged (o BaSS (Y ol -V MT gl slaejly

mojtabastore016@gmail.com .- AYOFYFOA + )|l ez o iz o olBtils ¢ T (sloojls o )l sy 157

(Jgimo 005 o3) Mamirabadizadeh@birjand.ac.ir

o8l s g JLSis iagh 09,5 gac g ol pl cis o iz JRisls ! i g ple 09,8 Lasls Y
y.ramezani@birjand.ac.ir



Yo

ol 2! O 5 6okl (cwisge (Lidgs (ool & pidd
\f“"ol.».m.o" ) e g ol.’g;‘.g, o ylou ﬂ.b.b).'b Ju

5 A oo olid ead ploul Sldlas ojls JLis 4 |,
S b VWY slass VAV Jle )l s Job
L 000 doso ailSllad 9 S ygase 50 (Sl 0y
YY¥ ANl ;o e g 50 w0l o 59
CanSls (59, 0 plxil Sldllae 0,8 o,z |y b
Ao, YO o oS ol las sasie YLy YAY
cle oFaSs o565 duo,o VY 40 9wl co 59 oyl
Sl VoA 5l iman el 0090 i eSS Lo
olo #,) adjen ;0 YAAF BVAF- slodle alols o s
039 J oFaSy (Soetsl @ boye ol 05
olias bl imen sk (Melville, 1992)c il
BRI IRV Uil B Epp- E S SERT SR WS L S| Wy
2 ablgn oSS (Kl 51 b wailyjon
Sl o o 5 e s P 5515
Shirole Yewl o0gr o) Jipme; Jdos duoyo ¥ olaisd
(and Holt, 1991
i oo @l Ll b o s olol o
ool i ol Jole iy 5 ndpe (Sount]
2 OYN) LS 5 0ol Sladlas gillas .abl oo
Obwl laslzog, sl 5 ool olasws A gano
A5 st (Sl ) 36 e s i
plosl Slidis as0 )5 g0l slaan jo Jeess el
Y &5 o o lid jaiS bl g adlaie A jo ous
Siloads  Swiol o dalllas 5,90 sla s 5l do o
J8 5 Jo> 9 5lal) plojle (A5 Gllae (izeen
el eiS slady @l we)s YV dg0 ()9l
5 o01) Sl 00gy )5 5 Ghee slo arly (S|
AT o) LSen
ol (Sl il Ao o Dlighos
bog  Jy BaSS gl ol
Melville (1992) Hagerty and Parola (1992)
1997, .Dongol (1994) .Shen et al. (1993)

1 Pier
2 Abutment

3 Scour

Yo

4 Sl (S yuen slaojle i roges dlox 5l

O g el ai8)S 8 Ly eslail 0 )9e Lo )
odrdigy oS5 p 05U Plew o o] Sl
3z Sl el jo o3k slady dle aen cans
Slojbo Jdo &y ai oy ol o )50 298 oo o 50
2 Sy belse (i 518,55 Sl e Jdo 4 oSl
5 &l NIYAY o o g Sbewl gl (ol)b
Pules 4 azg LYY (Bolo ) WYY (Lo s
izl Lol oo 55 Wy 51 osliial «oyen s
2 e Jo TS g b sy cul &l
S350 ol Gogme P el Sl albog,
s 4l Ogelm QLo bslas Sl 5 ol a4 (b
pla Gloday slml azis )3 9 i S aq oBaSS
Ay ady ok alle og 5o T St
Slye o FaST g gl 258 5 (Sl oy
o) @blie 4 (bl slael, a5 (Dl
o Sl plaal g (oo fiawd g Wigd o6 g 55 Situn
Sl 45558 e axlye CSae b 035 b 3bLis
@t Sl eyl ey el
Y ) Sons
& 853 slagahb 53 oy ghb Griigs Lges

ey Sdouee Jelse 5l e Glojle Sl
poe @ lgiee 1y el cnl JYs 5l (o aled e
Slgoap dna )0 (B Sledbl 3529 5 (o s
Oge Jody b IS ol ) (e ol by
b Jed 5l ol Slegoge 5 come al (958
SVl jo O SOVl s Gl olaa sl leus
ol sl slagty, 5 (Sl Geess b5 g
Ot Sl Jdo & ez 5o by slady il

o, ilodds 5 oBAST g sl el o3ladl ;)
S g oladl (S sl (Sl cle 4



ol 9 6okl (owiige Sidgls oole 4 2l
g olxiy olas o203l Jlw olpl | Y5
VP ¥ cylias . i

Vie sy A% ‘e
PRI

BRI N
i oSS gl (Samedial panilSlo 1 (1) S
(Barbhuiya and Dey, 2004)
s ol o 1, o84 S5 « Melville (1992)
4SS st o 4 (LIY) (L2 Boe 4 T b
ol ol ged anaib il 5 dawgie wlisS
(gl
Fass \ S LIY S v wligs oFass LIy <)
23,5 bl ail oFass LIY > V0 g Lawgio
Slxio 5l w4 JOhnson et al. (2001)
i oSS el (Stsl Ral5 o §sns
Slrbo a5 woew, ams ool a4 bl aasl
Jy oSS 51y (Sl (350 SalS by (3 icins
@ A il oo Jie JUI S0 4y 5 00,5 590
W LYY o Gy Slrao alold g agly wlass
Bt Siwcinl Goe iSlas jo pals asye
5 Silye s (oStal 586 o) 4 LT (2005)
2l oSS el (Sl (ol )0 5bo
5005 s 5 JY5 2T laalpd 50 (sjlse Jlses 5 oS!
b S 18 anlllas o550 Y5 Ol bl o Loy b
Ghls a5 oS e alEale] JUS e bl
oaled (Dew Sl g pdy Glep ol alaie
s S 5l oFaSS . cdpdy plxl 0gy Al

UJ‘ )\) V\Sbs‘o 4.4.»[.‘> LSL‘" ‘5‘).790 ).b 9 AW &9).....:

1 Down Flow

8 Horseshoe Vortex
9 Secondary Vortex
4 Wake Vortex

a8

Ahmed and Molinas et al. (1998) Melville
Dey and (2004) .Rajaratnam (2000)
.Dey and Barbhuiya (2005a) . Barbhuiya
sols Lzs Teruzzi et al. (2009) 4 Sturm (2006)
JUSWER P FRAL U SRS O IUNUE: L SR gCI
IS5 55 el oy Bl 5 (Sl el &y a0t
odld las hy oBaSs o el Olr Olaee (V)
BT galym (Kiwial j0 S50 Jalge ol 0o
(SbS Eae 2135 w0g) b Ol @ OlEe |y b
S35 5 5 Dl (ol ls,) (ool S Sl 3
aaldl o rren 5ed i el (Kl
s oFass o b.i,.wi S o j0 ladzs
Ahmed and [Kwan (1984 & 1988) l..g
Barbhuiya and Dey Rajaratham (2000)
Dey (2005a.2005b.2006a.2006b) «(2003)
aS el 0ols las Koo (5,Les 5 and Barbhuiya
a5 50 Vgl Jai Slo)S g Yoy, Gl bz
Ol )5 5 Tagl Sls S L ol e oy oEASS CanaVl
a5 ol 4255 5 ols oo s T Sl
Slye 5 Jlow o Slodummn Sl obm! el
Loy a5 43 (St Lol s 45 355 0o i
aclos jo 1) (Sin] Geas i bl ol
ol ol ad Widged canlice ol5AST CawaVl
ol 6 rar G SaSS 5l ooliwl b oEass oygel
B (S5 ok Gy o) Cor Glaoliws Lawg
alox 5l Qliizme 5| (g lems lawgs 993 Jig 5 55l
el oals plsl Gill (1970) 4 Liu (1961)



Yy

ol 2! O 5 6okl (cwisge (Lidgs (ool & pidd
\f“"ol.».m.o" ) e g ol.’g;‘.g, o ylou ﬂ.b.b).'b Ju

Olds (o) 2 & (Sh9R 50 (VF 1 0) (629)5 9 2955
el Sy azley 4l bl s G5 Sl
Ol OYolre (gaman & jgods aSSSHIM 15816 5
Oldee ol yee o sl S o0 B 1) g 5
Ol bl wsges eolatnl (Siwg Aol 5 g,
50 oolaiwl 0j5e (goue Jaw oS ol lis e
St Bl 5155 Ol sl 5 olj] by dsslons
Ouzrad il co ol aiailyy glils ailsog, 4o
Jo> Stn] (S Lyl o aS ol olis Jow
bt gaba Cons glailgul 5 npe saly

ROWET

D90 & By Olxio 5 (55 Olayer 3L
B 0050 OYADLS gormy bawsy alSitalos]
losan (goslitul b a5 ol (lis suios domsis 5 b S
"o b (St 9,5 4§ e Dl 5 (5 25
wb Sty o (Sl 9580 50 236 pliee g w8l
@l Bos e ool il solr 5 LS ) i
leiion I 28l (295 BB Gl 4 (Sl

Jlsed ailsy Sl gw)p ar G (nl 5o jslate (ao
(Staia] Sl o] Glie gloJsb 4o Ll
559 BaS sely (Sl (I Sns oo
2 Bl s Glhaiel Cod g Jsb Sl e n
Al Al b olS aSS gl Siiol
Lo 509, g Sl

ol oo sl pleXS b b9y BiS ol 5o
A ookl 5)50 Jy olSaSs (Suidl e (sle e
oS5 b e B> 5 slasl 5 LT ploxil 5l ey 45 2,5
w203,5 il sabal; 25 o

f(i—:,Z—Z,Fr)=O M

Lo Jloss Job cnsi oF T o Yy Lg Ly o] o &S

il oo 0l 99,8 S0e 5 (St Gas eSS Job

g0 Ve Jsb 4 (sogld o ol Griw lataloj]
S5y9LaS sasiidls g e oigle;] jo jie /Y P

Yv

VIF o3lail a4 Jsb 4y (s3lan Hlass 5l eolatul guass
CawdVl atles jo  Stwiol o sFaSS Job ol
225 ssolin 5SS

20 SanS Lui -, 4 Korkut (2007)
ol sy b B el (Siacio] ials
—0 R O b Jee 0 95290 Slgw) L b SS anS
Joo Jolts (b sladasdlygiws oles jo 0igd
33,5 slgiiog by T o5l 5 S S (5,05,

o5lasl ol aslllas 4, Melville et al. (2007)
Ay slall g olFass S o e S

s (LS Adgy Sl (omyp 4 (VTR Gl
2 BaSs el (Sl ol 5 Dl
Gidgy (3a8S 990 Slaslojl o . ESNs y o5 e alaite
o3t Sl Gos Sl sy B b oS
ols pals 1y o 4S5

Gilge slses hasl 5T LSen 5 os)S
by oSS gal g (Sl o (20 (e
5310 513 (om0 390 5 o ghale j3 1 ($0902 0l
S 85 oS e Bl JUS S, 5o o ilesl
mombep (e Ebo g pdil ol p ol glaie
SSlpe lojlgs slgdos cnl 0.8 )5 el ogr pd
5 eolizal 550 oSS Jobo iy VO ,iSlas b
el i sl JY; o s o bl 8
Ok o s b Wl oo ilge Hlems sl (las
aclos 5l 1, Syl Goae Slas oFaSS gel,m
S Shar (570 Boe bgoo,S 599 olFaSS CewsVL
Silge Jlpd Jsbo plEpl bl S it (slge
4SS gal (Sl Gas it az e (el el
0,5 b ol8

S Gl Cond B cwy 0 4 (VTAP) Solo
olgs by oSS ypelyn (St L Liblce
Byl s malS wls lis gl .as s, s0g0e
Bos Sl pals o Ladlos jlays o Slos dgupy sl
b S Bos (22lS 5 SEAST (g0l ey (Snneta]
S oo Ladlos Slgi0



A ol 9 6okl (owiige Sidgls oole 4 2l
( golxy o lodh @03l Jlw olpl | YA
~r VP ¥ cylias . i

Pl gl e

5,5 oy aalsl ol b leil az,0 (991 oy W
53 O9b odalie (pigm) flm ;O Sligm) (sogee &5 > &S
T oy Sligesy o8 1 ailial sy 2 VYT o
ool (i ol Ban b easlie e ile VOIS
2 ol Gos 5 @0 mebi s JY5 ol lalis o baales]
o OS5 wonlply dg Slgw, 8 > aliul v
S o i o5 55k S8 o Al Gas 4 Sas
oo Olye 4 (Al 4Bl 352y gy F )3 e,
G bl VYT o o ue 5 olsasl i o jse
saslive yio il V7 Gas ;0 Slgw, oS > il o>
25 $09ee 0yl b I (Sly iz 5l 2SS
oolaiwl 5,50 (YAAY) ole (suisatls olisS Jobo (so0g0e
IS5 Job opsld 20 5 ol e 4 a5 b 2,5 15
Ve 5 (Ba) 5SS 5,0 000 ,5 Sl piasiile A (La)
(V JSo)as a3 )5 L 50 e (e
e ool (Lw) Bls sy Jsbo o 3w cal o
20,5 Sl Gl VYD g\ e IVO o+ 10) ol5asSs Jobo 5|
Faglo Ve g A F ¥ L Jlens Jsb ¥ s oo
@ g B2 (nl 5o (s 0y9e ey Fainns 5 alxe
syl a5 bl ax o FO 4 Ve N0 o s
() OF s 5l gmnd ol 55 (Hw) Lidls slalgno
Comnd Jolre yio gibe § Ladlows Mgy glas )l .ays 3 s
Geizs j0 .85 18 solatwl 0,90 Gy YO S &yl
Gy Lidls g 0,Slas e (OYA8) Bolo
ol ) e Geims cpl 0 A del Cands oy YO Rl
ol 05 oolazdl Ll 4y ol 00 08liias] (3l el Capnd
s dawg j0 BASE 008 o droy ] cod
CesdWl Lo 45 5 Liblore (gl s s 00ls S8 g,
S S 9e sl by Ol cendVL S 4 olSasSS

R VOWALY

1 Clear Water
2 Live Bed

UV Y PR IP L R PR WEE NG JUR VRPN E 5| BTSRRI O
ok S8 )l pald .l adis 00 Cuolis 4y WIS
s 5l ol Gzl s LIS rizes 5 o
L o0 mebad wBlce nSaly 5 pold 3o @ T (3l
=N d)ﬁfo)‘bﬂ us)f S92 (69959 [Vla.u e )‘| solawl
A bl eabliseg Sl g o0 lawgiys

35 e IV gl g e YIY 65108l & sogesy s G
sty Foe Ol 3wl (6l 0 5 3lml ol (655 50 aend
Pt G5k 95 )3 a5 039 DI whade 93 (13,5 ol 5 4 5L
)l oolaw! L\ CJGAA 9o U"‘ \.\M:sn dL?:J‘ WMJLJLSA G D)
@ IS 52 (ggm) Jamr Brb 93 0 W Sk (sl
JS)00 5 olool < NVD Bos g yin oIV (e i YA Job
(Y

550 Slinlesl jo ek ) lawgie b b Sl
Ay ey Jhge 50 Slsw, d )T 18 colasl
Dey and 2005C) ail Gg<)/f aSas sualgs a3 )5
a5 sel Cawss Og=V/YY Guiss cplye (Barbhuiya,
Mlau;n ul;}..u) 6&‘9,&4 OMOULM

Ol (Sl s sl ' JY; O Ll s o b iales]
Ok Bk 5l ogm, JUKIAS 000 (o0 &5 Slej SV
ailb Al 0gry  (Stanil oyh> 4 odigh G
S Hg0 LS’LQ) Yo;.\.v')’ geewn) MT ‘)i.'.é d]!o )| (U<Uc)
Ja.my DGy A.L.my Lo.‘:‘.) ksi:.ammi o).f:.> as D)JAJLSA
(U>Uo) 058 4,385 00igd o035 b >

otalel bl b s y50 Bos 5 o o aibinl cs s
5] Sy wdud el Cand olKinle;] o S > ailiul
G S5 Gere (20 Sy 50 S Al G 5 Gae
MelS (oI5 4S5 g (3990) (g oot Sligesy I psliie
(s 2 00tS YU SelS el Az yo 5 o0 xbase
A 0y5e 20 g ead p ST Gl dlewy (T 4 sl
el & ol ey (00 bt 5l ey oS e
R o.L.wS u..ub



(A C’|J‘1' “.’T 9 G)LHT (o S0 gm-‘bg): ‘501.9 Ay
\f*fgwj.m 9 ol:‘d..g: o)Lo.Jb r,.ba);b JL.,,

Sl s gl g

- FIM . B s 2B i e B . B

§
— WED=E i ‘t

P ey

¥
¥

T
g
I

ol

l
|
1
1
1
1
i
i
"
i
i
i
'
i
i
'
'
1

Huw=4 cm

ool slailo o sloi (W inlo3T 350 ool 51 (oSilads (V) IS
2048 el 03 Syg0 s Slislej] el gog
Loy g E.’l.u atlgt b Siiol 5l 6,8 sl> jalaie 4 o iolej] slol
S gy p3l8 S5 S 3 Sl o5 e 51 20

o 35 Jy S5 ey Fots] 55 28 R LT Sdmh 205 £
S oolitial b 5 (Lo oo 5l eoliid g anls byl T e Blaghalel e 5 0rlid i 050 Gac
Job 5 sl 3l gy 42 pgd (it ) 05l g0 xSl Sl oy Jolo ;,JL> e e sl Tl
S5 el Kot] e Sl IS, Liblona e oz g HRislo;l Gl g Claslice 4 azgi b byl jo
gl oo 418 5y o8
el 00 00,51 Slislesl s aods (V) Jgaz 4o

Jsl 5w 09 o0 &l & j50 50 4 @l i5u (pl po

inlosl o pladl lam o as 5 Las o celo ¥ oyl ol
el SIS s Geizmen 5 (Sl Gos Sl alai
Fogshee BV ZE5 L ()5 o Lawgd (pguy i ;0 00l
bugi ool Clly S Fns (pizes oS Sy

3235 i | gm0 515800 5

tSurfer



2

ol 9 6okl (owdigo Sipgly oole & 2l
g olxiy o lody 20 3L Jlw ol 0

T VP Y b jo i
Sl lol zuls aoMs (V) Jgu
. . I
- Gos Sl ) a9l)
Sinita] Gos o L e oy | Mmoo dsk Jsb Gos
- O3y ‘si..h......:l L )% . _ ok, = b
Ll ls g el Liblors NIRS O(litsec) b2
dsw(cm e S (% Lw (cm L. (cm h(cm
sw(cm) du(cm) *) o, w(em)  La( (cm)
- a/y - - - A \Y/0¥ \# \
AA \lid Yo s A \Y/0¥ \# Y
Uy AIY Yo VO ¥ A \Y/IOF \# Y
A AIY Yo Y- ¥ A \Y/IOF \# ¥
/b MO Yo o ¥ A \Y/0¥ \# A
YIA INAS Yo 4 A \Y/0¥ \# 4
AD #Iv Yo VO 4 A \Y/0¥ \# \4
AD YIY Yo Y- 4 A \Y/0¥ \# A
i YIY Yo o 4 A \Y/oF \& q
710 Iy Yo A A \Y/oF \& \-.
YIY 4 Yo VO A A \Y/0¥ \# AR
via #IY Yo Y- A A \Y/0¥ \# \Y
N¥ 71t Yo o A A \Y/oF \& 'Y
?IY YIA Yo ) A \Y/0¥ \# V¥
ZIA \ti4 Yo VO \-. A \Y/0¥ \# \O
Y A% Yo Y- \-. A \Y/0¥ \# \#
YIY ?IY Yo o ). A \Y/oF \& VY
N0 9y o eSS (g0l (Sl (SIS 9165
Lélxeo
30 s o5aSS ygalym (Sl 8155095 ¥ Sl 50
o ools las (aalls u;;;_.v.Lc)‘T) Ladlos Slgs0 5l ookl ygas
30 1 1 1 1 1 1 1 1 | 1 1
obe
4—
2 (~>» 1 i
10- 2 r
n
v T T T T T T T 1 f T T
200 19 180 170 160 150 140 130 120 110 100 %0 80 70
bl o 50 olEanST ygol . (Sl (51,5 g1 95 () ISl
ol Jo ol T pizman g0 )F LSis S by 5o Oty o398 oo 0dmline (V) JSS )0 a5 aisS len
9wl drwy AT galpm Steito] ol asa S o edalive olFaSS ooVl adles o Kol jlade
EozS 5SS Cawdymly 0 (il Gyl 5l e Sliges, 23,5 5ol pie il AY o] Ges piSlas i

Q3D gl |..\.».| O g olfdai) CawdYb aclos 09»0‘)....! % L.s'i”“““‘"" 0 ya

Y’o



Ol & 9 &)kl (owiipe Syl (ool 4y
1P+ ¥ ol cocdad g olody o kol .0 3l Jlw

ujA‘ﬁJ oMQl}u‘ ‘;‘;ysa (V) b (f)éLbJS..u )J
il A Job b Ladlors Hlgro sl eslawl el jo oFa ST
FO oY N0 oo blgy g ao,0 YO Gl i) Cad o

ol 00l ooly ylid az o

x 1 L 1 1 1 1 | L 1 1 1 L
Ol
—
2- m i
) k(\’\ L) |
0 T | | | le | | | 1 T
200 190 90 80 70
da)b)wdusbjﬂsuul\J,.bd.’hsl:u)b:.b)éelfm y‘ﬁw' @‘;yy (F) s
m L 1 1

<N@

szmmmmfmuommrwmwwo
42531 4yl 3 o sl A Job 4y Lidlro lgs0 30 ol arS (y90l ey (oKimndal (53,3255 :(8) U
|

-

m L L L L L L L | L L L
b
—
2 ! N -
fo- hm -
0 T K % T T )1 T
200 190 fﬂ] o 160 150 140 130 13] 110 100 ] 80 70

4z )0 ¥ agl5 9 yio il A Job 4y Bdloxo jlg8 10 oA (yg0l py (Sl (S1)5 g3 93 :(5) S

m | 1 1 1 1 1 1 1 1 1 1 1
?
10 -
0 T QI\ T T T T
200 190 180 170 160 150 140 130 90 a0 70
450 FO a5l 9 o il A Jgb & Bidlno lg1 50 o5 anSS (g0l g (Soimniinl (1,5 9295 1 (V) S
o ol 6o e b anuly bbb lgs solizinl cls ylas gl (V) b (F) JIal @ azgi b
ooVl azles 511  Siia] Boe iSTas o olSaSs 5 Sl Goe yiSlas Jlanl el Ladlre Hlgo )

Lo 3o (bt (6 ymaS Gk b g 03,5 590 ol5a,Ss el o Lidlocs Jlgss shay olFa s ooVl aéles



A ol 9 6okl (owdigo Sipgly oole & 2l
( golxy o lods e 3l Jlw ol p!l | YY
VP ¥ cylias . i

Pl gl e

S|y Bdlxo Glgd Job g aysly il
Ji oA g0l

e ) Jsiz pltle] @l aodls 4 azsi L
5 oSS (gl (Swisl Gee Sl ials
@ Comd Lo Hleps b (Siwcio] Ges zalS
ol s s olFaSS gal ey (Sl Bos il
JEC{TCPRTE S RSNIEDE SR IARINSE U
VY aals ol o olFasSs ool (Kiwi] Goc
A (6 S ojll e il

(S| Goe 1Sl malS wo )3 (A) JSC5 o
s iz sllyy g lasb o oBaSS fygel
FSlas 4 Cad o,V 0 5l il Casd o Ladle
obas sals 2l o Bass (ygul o u_i:.w.wT ok

Sl 00l 00l

&0

590l éw] Gt ySlas als o QT > Slos
ool Lidloe Jlgss b Swcinl Gas ials g olFaSs
S8 colatwl 5,90 Ladlre Hlgo a5 Il o ol
UY oBass ygelpm (Sciio] Goe jiSlas cé,5
A b @)l azg5 b a5 6 8okl e cile
drwgd i Badlore lans ayely moldl bowly lis b
P G sy rizmed 5 (Sidal oyi> (S
alisee le.v‘j) B uﬁl.u wu‘)ﬁ‘ olf:\.;&.u wou.ul.»
50 (S| Gos @z 0 FO ¥ N0 ¢ Ll g0
30 5 o gl AT g VIR VIV £IO iy a4y g0 b
PIT o PIY & FIV iy @ o5t candVl aclos

A (g S o3l e sl

50

&
B

40

—

*T=0

X »

.§30

20

x mT=15
AT=30

*

XT=45

10 !

U T T
0.25 05 0.75

1 1.25

Lidlxo Hlgsd ilizo sUlg; g L Jgb 50 slEasT gl Sl Gos S Tas LidlS v yd 1(A) S

by ool asly G0 omizmen w0 S wals Sl
ot S e il sy Jobo plSaelS sl
50 el jobar .l (ol oS AT (ygel g (Sl
I b 4 pbejles o g ax s jho ceal 4l
S o 5 4 oFaSS Jeb plp VYO g Y o/VO
Bos SSlas o (gawo,o 0 5 OF Y AN ol
als b gy Sy oSS gely (Std]

29,5 samlive

Sao b Sty )1 Gos Lmals a0 (1) IS
30 g Bdloe less calizee sLlgs 9 b b ,o ladlowe

ol Sals ol plas mls (A) IS8 @ a9 b

sals o 1 o Sles 09 Gl Libbre oo cuas
O gt 5 o5ass (ol (Sl Bos Sl
oy oFaSS (sl (ool D185 drgs palS
394753 o cual sugly 50 0 Shes o e
A odalive 4,0 FO 9 Yo NO slls) gom J=l e
ST Jolo i VYD s .6l 53 Jle 5boty
FO 5T 00 o ciliso sbly) o Liblre lgeo 5l ooliial
6o VY VA - 0 ols cel cud 5 4y a0
@ Cod Jp oSS gal iy (Sl Goe Sl



P(%)

Ol & 9 &)kl (owiipe Syl (ool 4y
1P+ ¥ ol cocdad g olody o kol .0 3l Jlw

G J.SL)} G Cad oy YO é‘ ol
oals Hlas wals cll> jo oBFasSS jgal S ]

35

30
25

20

*T=0

X Pri

ET=15

15 »
10

>l

AT=30

X X T=45

0.75

1 1.25

LJ/L,

Lo lgys cilisn s ) g b ab 5l ooliswl 5o Hlgsd gl (Kol o Ll wuo yd 1(3) S5

z Ble les Job g agly S G cnl o

B o 00 B Ggalpy (Swin] als
Ll g0 wlo lid abos guls U5 )sbay .8 5
W oBaSS el lbyz Gl s b il oo
30 o5 AT CawaVb asles I 1,  Swciul Gos ST
S e Ladlre Gles sbay (650 Gas bgoo,S
Sl el aggly ol adlore s S Jsb SG 5o
o9l (il Gee jiSTas palS cel Lslee
gl S5 yebar 3,5 Bdlre lpad sl g Uy oSS
00 dlal (fadloro g0 ceal gl ol b olo lis
Lilbre Joo b g b oFaSS g0l MT
Coll el agly SO 40 (puioan 005 26S 5 oS
Cel Ldlo g0 Job plfapls iyl cadlxs jlgso
9 JJ olf:\.:S.: u}c‘).u M/ —‘ do.c ).SLL> u...a:lf
5 ool Olados ol b as’ 0o 85 sl Hlgys gL
Yo Jsb (ildl Jg.0ls Slgeen (1YAY) ol )an

Ll Hlgio oo flas mls (1) JSo a4 x5 b
599 08T cawoVl aclos I, ( Kwiol Gos iSTas
0,5 Jitte Ldls o sl 5505 et b 5 00
S oS sl el Ladloe Jlgoo 5l oolaul &bl o .l
Los Jy oBaSs gpelm (Sl ojh> oS
USRI VNI S KR SNESIN
o)l el aygly RalS b el oad o1 sl
Al gals 55 bbb g ol Siwiol (Lable
sk it VYD Jsb 2 (s s 53 oJlta bty ool
o calizeo by yo Ladlre less sl oolawl colFass
YV OYF XY S el oo aydz 0 $O 5 ¥ 00
Comd Lblro 50 (sl (Sl Gos a0, VF
Sl i a9l S 3 mizmed 0 8 dals > 4
adle Jlps Jsb pBapls (alibl by Ldbrs lezs
ssba 28l malS s gl (Setal Gos o5
Jsb @ @la)lps 50 5 40 o cual gl 5o (Jle
iy olFaSS Job plp VYO gV /YD /D
Gos )0 6o, YV 5 YA A8 F Jolwe ialS
aels cllb 4 cos bt lgs ol S
20,5 samlive



A ol 9 6okl (owdigo Sipgly oole & 2l
/ golxy o lods e 3l Jlw ol p!l | YF

T VP oyl . i
N u....m[s u.ClJ ‘4_?)0 )M wa; ‘L‘j‘) o9 olfd..&) T J...t 0)5)4 ‘:‘)}l 6L®4.~>J.m u.....v‘)ﬂ‘ u.cl.v Ladls
9 olfct.._iv QB‘“‘)’“’ MT d,q&).._ﬂd? PR =S 6‘,) Ay JD.‘G s.g.' ul.?:u‘ aQ )L..u u_v‘).)Lu .OJ;
il Gos ;0 G0, YA als el pien O bl a4 amg Lol e bblre Hles Slasl
0,8 sl a4 cas bbb Hlays b Jsb Joles Job a5 Ladlxs jlgyo 5l oolawl ¢ 58
&l

doee 5 oadoloml grdge (Sowial y § ks Slxiio (2058 5 (Jsb Jolsd Sl guyp VTN pool>
Slel ol pez aged oRzils (Ol pwiige 5 pole caSuils 655 gallu, Ly oBaSS

23 b oSS (el (Sl (2lS 5 (Dl s aLS ity b AV s (Gl
Sleal ez aagd olKiils .ol pwdige 5 pole 0uSiils (6 550 Al (S o alate

0ol 0 3eb g 5 s Oloao plgy LS6 AYA e o 0oly s g0 ool (g0l )8 o el
TYPY o DY o)leds V0 0,50 S 5 T pole 4y i ln s IS5 glailsiol glaasly Siai] Gos

b5 Al oSS (el Sita] Lo s Gyl Con VYA LG Bolo
iy olSiils Ol cwiige g pole 09,5 o)

glo olo (Sl (Mollinn uilasS Greno il ok 5l (pam 058 Jle ()2 VT (o ((Solo
Ml gabe NFY ot Gl pee (ot g

oitee Ghgs YAV stz oS o (b Al dge (SaAT (s oo 1 0l0 ) 5 T sl
APV o VA 0,58 .l pae

e S 9 SIS S| lages ealitul b adge (Sl 2alS 5 S AYAT o g iz 5o L8
el (Garo g 9,5 e ol (allails (o (Slinios )b ()15

i AT gl (Sl (12l 2 (s5lse o hamd JIAYAT (o Slds) 5.p o mtiad p 025
TY 0)99 05 (smmb o 5 (55,518 psle olSils S 5 O clili> slatagsy 400 o5 o ghaiie )
AOVVEE Y o Lo

Olol Sxio olBiils «(55,9laS casiiils 6;] sl ojle al )l owlils)IS el )bl < s sl

58l 5l eslaiaal by ol (Sl lian 5o oy JSd 3B () (07 0) 8 0539, 5 5 4355

YY-AY P ,ﬂ o)Lo..fJ ,;.j QS“““\"'Q” QS'A'A'?U U_olc dolilad SS”M

Ahmed, F. and Rajaratnam, N. 2000. Observations on flow around an abutment. Journal of
Engineering Mechanics. 125(1): 51-59.

Barbhuiya, A.K. and Dey, S. 2003. Vortex flow field in a scour hole around abutments.
International Journal of Sediment Research. 18(4): 310-325.

Barbhuiya, A.K., and Dey, S. 2004. Local scour at abutments: a review. Sadhana, Indian
Academy of Sciences. 29(5): 449-476.

Dey, S. and Barbhuiya, A.K. 2004. Clear-water scour at abutments in thinly armored beds.
Journal of Hydraulic Engineering. 130(7): 622-634.

Dey, S. and Barbhuiya, A.K. 2005a. Flow field at a vertical-wall abutment. Journal of
Hydraulic Engineering. 131(12): 1126-1135.

Dey, S. and Barbhuiya, A.K. 2005b. Turbulent flow field in a scour hole at a semicircular
abutment. Canadian Journal of Civil Engineering. 32(1): 213-232.

Dey, S. and Barbhuiya, A.K. 2005c. Time variation of scour at abutments. Journal of
Hydraulic Engineering. 131(1): 11-23.



ol T 9 @bl s (Phugy sole 4 i (A
1P+ ¥ ol cocdad g olody o kol .0 3l Jlw

s

Dey, S. and Barbhuiya, A.K. 2006a. 3D flow field in a scour hole at a wing-wall abutment.
Journal of Hydraulic Research. 44(1): 33-50.

Dey, S. and Barbhuiya, A.K. 2006b. Velocity and turbulence in a scour hole at a vertical-wall
abutment. Flow Measurement and Instrumentation. 17(1): 13-21.

Dongol, D.M.S. 1994. Local scour at bridge abutments. Report No. 544. School of
Engineering, University of Auckland, Auckland, New Zealand.

Gill, M.A. 1970. Bed erosion around obstructions in rivers. Ph.D. thesis. Imperial College of
Science and Technology, University of London, London, England.

Hagerty, D.J. and Parola, A.C. 1992. Seepage influence on stability of bridge abutments. Conf.
Proc. Hydraulic Engineering, ASCE, p. 900.

Johnson, P.A., Hey, R.D., Tessier, M., and Rosgen, D.L. 2001. Use of vanes for control of
scour at vertical wall abutments. Journal of Hydraulic Engineering. 127(9): 772-778.

Korkut, R., Martinez, E.J., Morales, R., Ettema, R., and Barkdoll, B. 2007. Geobag
performance as scour countermeasure for bridge abutments. Journal of Hydraulic Engineering.
133(4): 431-439.

Kwan, F. 1984. Study of Abutment Scour. Report No. 328. School of Engineering, University
of Auckland, Auckland, New Zealand.

Kwan, F. 1987. A study of abutment scour. Ph.D. thesis. School of Engineering, University of
Auckland, Auckland, New Zealand.

Li, H. 2005. Countermeasures against scour at bridge abutments. Ph.D. Thesis, Michigan
Technological University.

Liu, M.K., Chang, F.M. and Skinner, M.M. 1961. Effect of bridge construction on scour and
backwater. Report No. CER60-HKL22. Department of Civil Engineering, Colorado State
University, Fort Collins, Colorado, USA.

Melville, B.W. 1992. Local scour at bridge abutments. Journal of Hydraulic Engineering.
118(4): 615-631.

Melville, B.W. 1997. Pier and abutment scour: integrated approach. Journal of Hydraulic
Engineering. 123(2): 125-136.

Melville, B.W., Ballegooy, S.V., Coleman, S.E., and Barkdoll, B. 2007. Riprap size selection
at wing-wall abutments. Journal of Hydraulic Engineering. 133(11): 1265-12609.

Molinas, A., Kheireldin, K. and Baosheng, W. 1998. Shear stress around vertical wall
abutments. Journal of Hydraulic Engineering. 124(8): 822-830.

Shen, HW., Chan, C.T., Lai, J.S. and Zhao, D. 1993. Flow and scour near an abutment.
Hydraulic Engineering, Proceedings of the 1993 Hydraulics Conference, San Francisco, CA,
ASCE, 1, pp. 743-748.

Shirole A.M. and Holt R.C. 1991. Planning for a comprehensive bridge safety assurance
program. Transp. Res. Rec. No. 1290, Transportation Research Board, Washington, DC, pp.
137-142.

Sturm, T.W. 2006. Scour around bankline and setback abutments in compound channels.
Journal of Hydraulic Engineering. 132(1): 21-32.

Teruzzi, A., Ballio, F. and Armenio, V. 2009. Turbulent stresses at the bottom surface near
an abutment: laboratory-scale numerical experiment. Journal of Hydraulic Engineering.
135(2): 106-117



