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Abstract

A sencs of experiments were performed dorvnsweam of a stepped spdlway with a iree
hydrauiic jumg formed on 2 gravel bed agron, The expenmenial work was sondueted m the
Hydraulic Laboratory ol the Civil Enginecring Dept., Salford University, England. The clleets
of low rate, tailwater depth, difference in the water levels upstream and downstream of the
spillway, and the roe block geometry were investigated (0 see how they inftuenced the maximunt
scour depth and (he corresponding scour length, Two empirical equarions for scour depih and
scour length were conciuded. Dimensional analysis was used to obtain refatonships between
both the scour depth and scour length, and related flow and toe biock geometry variables, and
relationships between the different variables are presented, {1).

Introduction

The scour of the bed downstream of a dam spullway is very serious as il directly afects the
stability ol the siructure. Therefare, it is necessary to dissipate much of the enersy, and 1o retum
the water 10 the normal depth appropriate o the stream below the dar. One af these energy
dissipacors is the detlector block, Fig. (13. This block directs the flaw away from the bed and
causes it tg form a surface jump.

The main cbjectives of the investigation were, 10 study the changet in the scouc hole
perameters using different upper surface slopes and. differeat lengthy for the 1oe block with
respect to the cate of discharge, Hence ta develop empincal retalionships benvesn e vaciables

involved and to prepare equations that express the scour hole perameters under various Now
conditions.

A few previous studies have accounted for the effect of the energy dissipalor geometry on
the scour downstream the structare, (2), (4), (3) and (6}
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Dimensional Analvsis

Due 10 the compiexaty of the problem and also the lack of thearetical expianatcn for the
ievelopment of scour below the toe of spiilways, the empiovment of dimensionai analvsis s
suggested  both to reduce the oumber of vanables and to assist 1n the expenmental design. Scour
geomery depends on many vanables thar charactenize the deflector block, the scour hole. the
hed materiai and the flow.

By using Pitheorv and after memy vanables were :liminated berauss of their secondary
importinca or because they were held constant in the experimental work, the maximum scour
depth, &, can be wninen as follow, see Fig.(1)

d! :J'.(q» g- yl: Yz. H- a Ln n (l)
and Anallv,

diy, =f(Fr. yem. B, av, Lo, T (2)

and for the scour lengih,

Ly =/ (Fr, yoy, Hn, amn, Len, aTn®) (3)

Experimental Work

A designed rectangular recuculaung flume was used, Fig(3). The overall length of the
60cm wade, fume was about 22.25 m. Downstweam of the spillway there was an apron flled
with gravel A tail gate was used to control the tailwater depth, in order to-achieve the required
hydraulic jump just downstream the deflector toe block. The main siope of the stepped spillway
ramp was 1:2.5 {or a length of about 10.40 m, the spillway crest being 4.5 m above the original
bed level. The ramp changed to a tlat siope of 1:6 for a distance upstream of the toe of about
1.23m.The shape and dimensions of the wedge blocks (3}, which represented the roughness of
the spillway, are shown in Fig.(2). The deflector block was made from wood and could be
adjusted honzonrally to change the toe langth and vertcally 1o change the upper slope of the we
bleck. The maximum flow rate used in this study was 145 1/ 5. One type of gravel was used
which had a mean diameter of 7.40 mm.

Flow measurement was carmed out using a non-contact ultrasonic transducer {1), measunng
the depth of water passing over the spillway crest, and calculating flow rate from a caitbration
equations. A specially developed Gauge Contact Time Indictor was designed by the
Expenmental Hydraulic Research Group at Saiford University, England, to embellish the
accuracy of the depth measurement The use of the contact time indictor eliminated the “personal
error” inherent in point gauge measurement in high velocity flows. A long bar point gauge with
a sharp =dged end was used lo measure the ralwater depth. Another point gauge with flat
circular end was used to measure the scour depths.

One hundred and fifty mns were carried out, (1), using the detlector toe block, with different
geomelry as an energy dissipation downsmeam of the spillway. The run nme was taken as 30
minutes in ail experimental tesws. The range of discharge was from 35 to 145 Ufs, Differsnt toe
siope angle of 0°, 4°, 6%, 8° 10° and 12°were used with varicus values of the discharge and
constant toe length. To study the effect of the change of e length on the scour hole, toe lengths
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of 30, 60. 70, 30, and % ¢cm were camed owt wath various values of the discharge and a constant
upper siape.

Expenimental Resuits

Scour comtour maps wers drawp for ¢ach of the one hundred and fifty testz for the scour area
occwring downsoeam the stepped spillway. Samples of contour lines are shown w Fig.(4), A
longirudinal section was drawn ¢n the ling passieg through the point of meccimum scour depth,
dy Fig(3) represents samples of the longindinal secuons of the scowr hole.. Also; cross-sections.
were drawn on the line of meximuem scour depth and Fig (6) shows some sampies of them.

The following parameters were recorded for alltest gy, o &b, M @ H and L, Also,
same other teyms zud ranos have besn calculated from the measured dara such ag, £, 2%. W,
teyn yew Hivg, arm, Loy, g’

Analvsis of Results

Observanons of the scour ares can be concluded as follow,

- Two deposition areas were formed. the bigger one ccowrred after the toe end and the
stmailer one formed downstream of the scour hole.

- The maxumum scow depth and the scour length any directly properuonal ta the flow
rate.

- The maxdmum scour depth in nearly inversely proportional (o the toe upper slope angle.

- Thecontour lines and cross sections are svmmetrical.

Also. some relationships were drawn as follow:

= The relatonship betwesz the wavimam scour depth and the scour lengih for different

1oe lengths, Fig.(7).

*+ The relatonship between the Frauds number and the ratio between the maamum scour
depth and the sconr length at the deepest point is shown in Fig. (3). It is abvious from
figure thar, the rano (d,/},) 18 directty proportional to the supercritical Froude oumber of
the flow on the toe block

*  Also Fig(9) shows the relationship between reiative maximum scour depth {/) and
the ratio (9744°). Also, the 1oe length of 30 cm is represented by the highest curve and
@ves the greatest values of (¢}, whist, the tce length of 30 cm is represented by the
best curve because it gives the smallest values of ratios (dy/3) and (g7 ).

* The relationship berwesn the Froude number and the efficiency-(x %), Figs {10} where,
n is the efficiency berwesn the upswream znd downstream sectons of the jump.
Equation (4) represents the best fit line for dus relatoaship,

n%=320F% )

It i$ clear that, the toe block geametry has very lictle effect on chis relagonship,

+  The Equatons (3} and {6) represent the rejadonship berween the total seour depth (1)
and both cailwater depth (v, ) and the differencs in water levels {(H) respectively, where 1
ts the summation of the maximum scour depth and the tatdwater depth, see Figures (11}
and (12),
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t=0.648v1° 15)

1=763-1.684 (tand finm) 16}

All the above curves were obtained by using the best fit method.

The main objecnve of this model study was to examune the effect of the toe block geomertry
va the scour hole but it was 2iso possible to develop equanons to describe the geomerry of the
scour hole. Vanables such as the tadwater depth and the snergy dissipator geometry are not
asually included n most squations presented by previous researches, (2) and (4), in this field
when defimng the maxamum scour depth. The esquancns presented here related to a mean
diameter of 7.4 wmum of the gravel tested. However, a gravel defizition parameter, such as dyg i3
otten indicated.

Afler the regression anmalysis of the dimensionless pi-terms is applied, the following
smpirical power equanons are obtained,

'] 1.576 70.267 _ 1.049 )
) | q Ly 4, |

4, = 062731 - - - i %)
;\'gU.;“H 0.335a 3.53% .U:.WT }!

0760 10 206, 5.278
> S = )
I = 15.349( - - = {3)
' ( g.uxo H'"'Jzy,"m y‘J...\é ]

To examine the accuracy of the squanons (7) and (8), the companison of predicted values of
the scour depth and length with the observed values is shown in Figures (13) and (14), a good
degree of fit 1s achieved.

Conclusions

The following conclusions can be drawn under the flow conditions from the results of the
present study,

1- The use of appurtenances such as a deflector block downswream of a spillway is helpful in
increasing the percentage of energy dissipanon and in diswibuting the velocities more evenly
through out the structure:

1- By increasing the upper siope of the toe block the scour length increases and the maximum
scour depth decreases. Also, the big toe slope aeeds a high tailwater depth o form the
surface hydraulic jump. It 1s found that, the toe length of 90 cm and toe siope of 12° give the
smailest values of the scour depth and the greatest values of the scour length.

3- Relanonships betwesn vaniables that affect this sudy are represented by curves and
squations, these curves are drawn by using best fit method, see Figures(7)to (12} aml
Equations (4) 10 (6).
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4. Two power cmpincal equatons are developed 10 desenbe the geomeny of the scowr doie
downstream the stepped spillway including 'be effees of the toe block geomeny. These
squations relaced ta a fixed mean diameter of the sediment The equanons descride the most
mportant dimensions of the scour hole. the maamum scour depth and the scowr length. ses
Equatons (7) and (§), they help wn predicang the values of (d,) and (/,) of the scour hole A4
good degres of Bt is achicved for these squaticns, Figures (13) and {14).
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a : Difference between the upper Lip of the toe black and the onginal bed level.
d, ' The maximum scour depth.
£+ : Froude number due to v
: Acceleradon due to grawity.
H - Differsnce between the water level upstream the spillway and the radwarer depth,
{, - Length of scour at the peint of maximum scour depth.,
f.. . The rctal length of the scour at the point of maxamum depth.

L, - Length of the deflecior block
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 Efficiency berween the upsiream and downstream sections of the junp.
Dumrmpwmfrmdh

 The maxmum water depth in the scoured hole.

mem

The supercndeal flow depth at the oe
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