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1INTRODUCTION

Earthen embankment is very effective to withstagdirest flood, tidal surge, tsunami and other natdisasters but
failure of this embankment due to overtopping iswh10-48% of all reported case of failure, Jandord Riha(2009).
Equilibrium scour depth at toe depends on velodityw depth and particle size during overflow, Bamn, et al.

(1991). Velocity, overtopping depth and geometrystificture are considered to be important factorspfedicting

maximum scour depth and length, Afreen et al. (20H&adcuts are drop in bed level that occur ahtels of channel
networks and may finally result in gulley formati®mall headcut at landside toe of embankmentriadd initially and

it starts to propagate upstream with time. Limitesearch on headcut development indicates thatithension of scour
depends on upstream flow condition, nappe chaiattsy;, initial headcut height and bed materials.iditial headcut
height increased, maximum scour depth increasadtieto maximum scour depth decreased, and headpett ratio
decreased. The jet entry angle also increaseditéed imeight increased, Bennett et al. (2000)this study, effect
downstream slope of embankment, upstream flow tiemdand initial headcut height on headcut scodoathave been
investigated.

2.0BJECTIVESOF THE STUDY
To know the effect of initial preformed headcut digj downstreamd/s embankment slope and upstredms)
hydraulic condition on local scour at landside toe.

3.METHODOLOGY

This study has been done through the experimehtydraulic and Environmental Engineering LaboratofySaitama
University, Japan. In the large depth channel @ lboratory, initially two embankment models of lJand 1:3
downstream slopes were prepared for the experirfiéanee different discharge low (10.G/h), medium (15rh) and
high (20.0n/h) were selected for checking effect of varyingtugam hydraulic conditions. Gravel haviDg=4.50mm
was used as bed material. Also three differentopneéd headcut heightls;, at toe of the d/s embankment were chosen
as 5, 25 and 50 mm. Then after overtopping flow Sominutes, scour hole dimensiof. (scour length) ands
(maximum scour depth)) was measured for all eightsses with measuring scale as well as 2D LASBReeThe
schematic diagram and image of experimental setsupell as typical scour hole at toe are showrigare-1.
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Figure-1: Schematic diagram (left), Image of expental setup at Iaboratory (mlddle) and Typicalusdwle (right)

4 RESULTSAND DISCUSSION
Three dlscharges 16, 15ni/s and 20r#is showed maximum scour depth 5.0cm, 5.5cm andrbtspectively for 1:2
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Photo-1: Image of scour profile at toe of embanknfienl:2 sIope (leftR forl:3 sIope (rlght)
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d/s slope whereas this value was 3.0cm, 5.0cm auirbrespectively for 1:3 d/s slope irrespectivenitial headcut
height and maximum scour length was 22cm, 27cm3min respectively for 1:2 slope whereas these saluere
23cm, 29cm and 38cm respectively for 1:3 slope r@@0mm preformed initial height. The results shadwieat the
maximum scour depth at toe was 6.5cm for 1:2 skpé maximum scour hole length was 38cm for 1:3 eslfop
maximum discharge 20#s. In Photo-1, scour profiles have been shownnas ®n top row and 50mm on bottom row
for discharge 10Ats, 15n¥/s and 20r#is respectively. The scour profile for 1:3 d/s slamndition showed that the
highest scour position was far from toe comparetth Wi2 d/s slope. Beside this, bottom slope of stmle is gentler
for 1:3 slope compared with 1:2 slope because igipgnangle is higher for steep slope. The plotistldarge versus
maximum scour depth from original bed level shohat tdepth increases with increases in dischargspective of
initial height for both slopes condition. This isdause of tail water level and plunge pool effeatsimpinging jet
cannot erode and get deflected due to effect df tag water depth for 5mm headcut height as inufée (al & a2).
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Figure-2: Effect of preformed headcut heighi) @nd discharge on scour dimensions
(a): Variation of Max. scour depth (al; downstresdape 1:2, a2 : downstream slope 1:3), (b): Vaatf scour hole
length (bl; downstream slope 1:2, b2 ; downstrsimpe 1:3) and (c): Variation of scour hole aspatio (c1;
downstream slope 1:2, c2; downstream slope 1:3)

In figure-2 (b1&b2), it can be also observed theatgth of scour hole increases with increase ireeithitial headcut
height or discharge for both 1:2 & 1:3 slope. Stpgope (1:2) showed lower aspect rafid%p) of scour hole, here
for d/s slope 1:2 scour hole aspect ratio variemfd.15-5.43 and for 1:3 slope scour this valugéegairom 5.20-7.67,
this happens because of impinging jet angle eftemiver aspect ratio indicates maximum scour deh wlose to toe
and more dangerous for embankment and high asgtéxstands for large area and properties affeamteldndside.

5.CONCLUSION

Scour length and depth increase with increase &udwe height and/or discharge. Although depth mees by small
amount compared to length. More response was mbtiténcrease of length of scour hole. With theréase in d/s
slope maximum scour depth increases irrespectiveital headcut. Scour depth was maximum for 1dpe and scour
length was maximum for 1:3 slope for same discha®gepper d/s slope (1:2) showed lower aspect fatiscour hole
compared to flatter slope 1:3. Hence initial prafed headcut height has significant impact on toersshape and size
so earlier preventive measure should be takendduaing risk of embankment failure and propertifecéed on
landside.
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