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Abstract This paper is focused on local scour downstream of adverse stilling basins where a sub-

merged wall jet issued from a sluice gate. Experiments were conducted in a wide range of Froude

numbers, grain sizes, tailwater depths, and stilling basin slopes. The results showed that the scour

profiles at any bed slope follow shape similarity. However, the longitude evolution of scour profiles

and the volume of eroded materials were increasing in accordance with slope of basin. A polynomial

equation was derived to define the non-dimensional profiles under different slopes. The time evolu-

tion of scour hole dimensions and the equilibrium state were defined. It was found that under a spe-

cific condition of sediment grain size, approaching Froude number, the length and slope of adverse

basin, the scour depth at the downstream of adverse basin, initially increases with tailwater depth,

and after reaching its maximum value decreases to a constant value. It was also observed that the

maximum depth of scour hole was decreased as the length and slope of stilling basin increased,

whereas the longitudinal dimensions of the hole were increased. It was found that the maximum

depth of scour hole occurs at the vicinity of side walls with slight decrease in the centerline. Finally,

a power equation was expressed to fully define the dimensions of scour hole, time scale and geom-

etry of sluice gate.
� 2014 Production and hosting by Elsevier B.V. on behalf of Ain Shams University.

1. Introduction

Local scour at the vicinity of hydraulic structures is considered

as an important phenomenon which may endanger the stabil-
ity of such structures. Hydraulic jump at the downstream of
stilling basin with high velocities causes high local shear stress

which generally exceeds the threshold shear stresses of bed
materials. If the depth of scour hole is large enough, the stabil-
ity of upstream stilling basins may be endangered. Therefore,

preventing precautions has to be considered in designing of
stilling basins to ensure their stability under scour evolution.
The prediction of maximum depth of local scour at down-

stream of hydraulic structures is as a common problem in river
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engineering. The scour phenomena at the downstream of grade
control structures have absorbed wide attentions by various
researchers. Laursen [1] was probably, the first who reported

the similarity of scour profiles developed by a horizontal jet,
without any theoretical implication. Breusers [2] investigated
the time variation of scour hole due to the flow over and under

an estuary closure structure in absence of hydraulic jump. He
suggested a power-law equation to estimate the scour depth at
any time. Farhoudi and Smith [3] applied the findings of Bre-

users [2] to determine the time scale of scour hole downstream
of an Ogee spillway. Hassan and Narayanan [4] studied the
flow characteristics and the similarity of scour profiles down-
stream of an apron due to a submerged jet issuing from a sluice

gate. Farhoudi and Smith [5] reported the scour process down-
stream of hydraulic jump featuring the characteristic parame-
ters of scour hole. They demonstrated that the development of

local scour hole downstream of an apron in the passage of time
shows a certain geometrical similarity where a non-dimen-
sional scour profile could be defined by an unified equation.

Dargahi [6] presented an experimental study to examine the
similarity of scour profiles and the scour geometry. No exper-
imental evidence was found in support of the similarity
assumption for temporal development of the scouring process.

Power-law type equations were introduced to predict the
geometry of scour hole, mainly in terms of affecting variables
such as, flow depth over the spillway crest and sediment size.

Dey and Sarkar [7] carried out an experimental investigation
under different parameters affecting the depth of scour hole
downstream a submerged horizontal jets. Certain geometrical

similarity in scour profiles at different times was exhibited
and expressed by a combination of two polynomials. Dey
and Sarkar [8] investigated the effect of upward seepage on

the scour hole at the downstream of an apron due to sub-
merged jets. They reported that the maximum scour depth in-
creases linearly with increase in upward seepage velocity.
Oliveto et al. [9] in their work did not report any similarity

for scour hole profiles at the downstream of spillway with po-
sitive-step stilling basin. Helal [10] studied experimentally the
effect of single line of floor water jets on the scour hole dimen-

sions and observed significant reduction in maximum depth of
scour hole and its location from the floor by using this sug-
gested system. Abdelhaleem [11] studied experimentally the

influence of semi-circular baffle blocks on local scour down-
stream of a Fayoum type weir. He has reported the significant
influence of baffle blocks on the scour hole dimensions. At the

presence of baffle blocks, both upstream and downstream
slopes of the scour hole increases but the downstream slope
is steeper than the upstream.

It is understood that any alterations in channel geometry,

would change the characteristics of hydraulic jump and there-
fore its influences on vicinity of such structures. Hydraulic
jump on an adverse slope is an interesting phenomenon which

affects the sequent depths, energy loss and length of stilling ba-
sins. The weight of water on adverse stilling basins, decreases
the sequent depths, the length and the energy loss of the

hydraulic jump. Consequently, this phenomenon can shorten
the stilling basin and the height of side walls hence, optimiza-
tion of construction costs. However, a hydraulic jump on an
adverse slope is an unstable phenomenon which causes some

complexities in controlling the jump which is the core of many
reports published by several researchers in the past decades
[12–15]. This phenomenon may increases the geometrical char-

acteristics of scour hole. Therefore, the results of these two re-
ciprocal effects have to be studied to achieve some novel
recommendations for designers.

In this paper, the scour phenomenon at the downstream of
adverse stilling basins issuing from a submerged sluice gate
was investigated. The purpose of this research is to understand

the effect of adverse rigid apron on the similarity of scour pro-
files. Also, experimental data were used to present some empir-
ical equations for estimating the scour characteristics at semi-
equilibrium stage and the time scale of scour hole.

Nomenclature

a0–3 coefficients (�)
Cu uniformly coefficient (�)
do a dimension related to the linear dimensions of the

sluice gate (do = 2w), (L)
D10 10% finer sediment size (L)

D15.9 15.9% finer sediment sizes (L)
D50 median sediment size (L)
D60 60% finer sediment size (L)

D84.1 84.1% finer sediment size (L)
Fr1 approaching Froude number (–)
Fo densimetric Froude number Fo ¼ qffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

gðss�1ÞD3
50

p
� �

(–)

g acceleration due to the gravity (L T�2)
k factor in scour development relationship (�)
L length of stilling basin (L)
q flow discharge per unit width of the rectangular

basin (L2 T�1)
So slope of stilling basin (�)
t time from beginning of scour development (T)

T0 time taken for the maximum scour depth to equal
do (T)

Vs(t) volume of scour hole per unit width at time t (L2)

w gate opening (L)
xm horizontal distance of maximum scour depth from

the stilling basin at time t (L)
xme horizontal distance of maximum equilibrium scour

depth from the stilling basin (L)
xs length of scour hole at time t (L)
xse length of scour hole at equilibrium stage (L)

y1 flow depth at the vena contracta (L)
yme maximum equilibrium local scour depth (L)
ym maximum scour depth at time t (L)

yt tailwater depth (L)
a exponent in scour development relationship (�)
h angle of the basin slope (�)
e factor (�)
/ angle of repose (�)
m fluid kinematic viscosity (L2 T�1)
q mass density of fluid (M L�3)

qs mass density of sediments (M L�3)
rg geometric standard deviation (�)
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