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ÖZET

Bu çalışmada su yapılarında yaygın şekilde kullanılan düşey ka­
pakların altından ve üstünden su geçmesi halindi meydana gelen oyul­
malar modelde incelenmiştir. Deneylerde batmamış akım ve kapak ar­
kasında kohezyonsuz gevşek zeminin bulunması durumu esas alınmış­
tır. İki çeşit taban malzemesi ile toplam olarak 86 deney yapılmıştır.

Deney sonuçlarına 
bağıntılar çıkarılmıştır.

dayanılarak oyulmayı karakterize eden çeşitli

S U M M A R Y

The ehannel scours created by the flow ıvhen water passes simul- 
tancously under and över a vertical gate have been investigated on a 
model. Unsubmerged flow and noncohesive, loose bottom material con- 
titute the basic conditions in the experiments. 86 experiments with two 
different types of bottom materials have been carried out.

Different relationships characterizing the scour phenomenon arc 
found on the basis of erperimental results.
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1. INTRODUCTION

The ever increasing need for irrigation, water - supply and flood 
control have given a great importance to the construction of dams and 
diversion dams. These kinds of structures are very costly and their 
failure may cause luss of large amounts of property and life. Therefore 
works dealing with the safety of such structures are of great impor­
tance.

One of the most important factors, which threaten the dam saf­
ety is the kinetic energy of water falling över a weir or passing through 
a sluice gate, for kinetic energy has scouring effects on river beds. If 
no special measures are taken, then scours can create a danger for the 
structure or at least can rise the maintenance costs heavily. In order 
to design energy dissipating installations, factors characterizing the 
scouring must be knovvn.

In researches carried out so far scours created by the flow vvhen 
water is passing through a sluice gate or falling över a weir have been 
largely investigated. Nevertheless the scours originating, when water 
is passing under and över a weir gate, has been touched by not many 
investigators.

2. FACTORS AFFECTING THE SCOUR FHENOMEN'ON

There are many parameters affecting the scour shape and magni- 
tude. The most important ones can be listed as follows : discharge, type 
and position of bottom material of the river and solid material carried 
by the stream.

In previous studies the effect of ali these factors has not been 
considered together and hence the experimental formulas derived do not 
have general validity and can only give approximate values at the bound- 
ary conditions, similar to those realized in the laboratory when vvorking 
out these formulas.

Localized scour is a complex hydraulic phenomenon, the theoreti- 
cal solution of which is stili not possible. Hovvever according to the 
principle of continuity (conservation of matter), a general mathematical 
expression for localized scour can be written. Taking the volüme of the 
scour as the control volüme, the continuity equation can be written as 
follows : [ 10 |
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Where,

dV—rr- Change of volüme of the scour with respect to time.
Ut

Qc : Sediment load leaving the scour.

Qs : Sediment load entering the scour.

There will be localized scour >vhen dV. dt>0. If the expression on 
the left hand side of the equation is zero, there is stability at the bottom 
and localized scouring ceases. If equation (1) is solved for (i) and 
integrated över the depth of scour, follo.ving expression is found:

o
Where,

t0 : Depth of local scour.

The sediment load, which the river carries from upstream is gene- 
rally small at scour betvveen vertical gates and can therefore be neglec- 
ted. In this case, in equations (1) and (2) given above we can take 
Q, = o.

3. MODEL WOKK

3.1. Constrııctioıı of the Model

A model study has been conducted in order to investigate the scour 
phenomenon originating at the outlet, when water flows simultaneously 
under and över movable vertical gates. Ezperiments have been carried 
out in a glass channel constructed at the Hydraulic Structures Labora- 
tory in the Civil Engineering Department of the Technical University 
of İstanbul.

The plan, cross - section and general view of the channel used in 
the model vvork are given in Figüre 1. The channel is 11.5 m. long,
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85 cm. deep and 59.5 cm. >vide. Its side vvalls are made of glass and its 
bottom is made of concrete. Water is supplied to the model :<rom an 
upper reservoir, passes first through a front channel and then enters 
into the channel, in ,vhich the ezperiments were performed. The amount 
of vvater given to the model is found by measuring the height of the 
vvater at a sharp - edged spillvvay, situated at the end of the fist channel, 
using a point gauge. In order to avoid turbulence on the surface in the 
first channel. an energy dissipating system as seen ın Figüre 1 is used. 
At the entrance of the channel, a concrete part of heigh 25 cm. and 
length 3,5 m. is formed and the end of that a movable gate is placed 
as seen in Figüre 1 (Part 6). Af ter the vertical gate, there exists a 
mobile bottom of 25 cm. height and 5 m. length. Depth of water at outlet 
behind the gate can be regulated by using a vertical gate, operating 
with a cog - wheel system.

Notation used in the ezperiment are shown in Figüre 2.

In the ezperimental Work two kinds of noncohesive and homoge- 
neous bed materials are used.

In the model, as wel! as in the prototype, grains must have the 
same shape and be geometrically similar. If ‘L ' denotes the model scale 
then the following equation must be satisfied :

Lr = \k- \7k (3)

Figüre 2. Description of Notations
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Where,

y _ Grain size in the model 
Grain size in the prototype

Specific gravity of the grain used in the model
Specific gravity of the grain in the prototype

In the experiments (>..*) is taken egııal to ‘1’, so that the ratio of 
the grain size in the model and in the prototype becomes equal to che 
model scale. If grain size in the prototype is not large, then grain size 
in the model will be very small. In this case molecular forces must be 
taken into account. If not, the results will deviate form real values. In 
the experimental vvork this fact has bcen taken into account, while 
choosing the necessary material.

Physical properties of the materials used in the model are given 
in Table 1.

Table 1

Material Properties Material I Material II

Average grain size d,„ (mm) 7.2 11
Standard grain size deviation 13 8.7
Specific gravity, yr 2.60 2.60
Natural angle of side slope <£ (degrees) 34.5 35.5

Granulometric curves of the materials used in the experiment are
given in Figüre 3.

3.2. Performance of the experiments

For a certain bottom material and at standart conditions of flow, 
the change of the localized scour originating doivnstream the vertical 
gate, with respect to time and the geometry of the scour, as well as the 
effect of do»vnstream levcl on the scour have been investigated. At the 
beginning of the experiments, wnich are carried out at different flow 
conditions, the bed material has been brought in a horizontal and flat 
position each time. Thus it bccame possible to observe scour formation 
from the very beginning on and compare the results of different experi-
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ments. With two types of material 86 experiment have been carried out 
in tota).

For each gate opening, measurements were made, first for the case 
of water passing under the gate only, then the scour phenomenon has 
been investigated for the cases, when tht water level was 2, 4, 6, 8, 10 
cm. ete above the gate. At last a series of experiments were carried out 
for the case of water flovving över the gate only.

4. DISCUSSION OF THE RESULTS
The change of scour depth with respect to time for material I and 

material II is seen in Figüre 4. In each experiment the change of depth 
with respect to time is shown with a different notation.

It has been observed, that the scour became consistent after 45 - 60 
minutes in the experiments performed with fine material (material I), 
and after 40-45 minutes in those with coarse material (material II). 
After one hour from the beginning of the experiment, the scour changes 
very little and after four hours it reaches the limit depth. In the case 
with coarse material the consistent state arises faster, than in the case 
with fine material.
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The geometry of the scour originating from unsubmerged flow down 
the vertical gates doesn’t change, remains constant in the «development» 
and «corrosion» phases of the scour. It doesn’t change either at different 
flow conditions. The dimensionles scour geometry in the case of simul- 
taneous flow under and över the weir gate is shown in Figüre 5. In 
this figüre the geometry is shown in dependence with the ratio (q,, qu) 
and a different notation is used for each flow condition. The scour 
geometry is parabolic and the maximum slope angle, which the parabola 
has with the horizontal line is equal to the natural side slope of the 
grain.

In the experiments carried out with two types of materials, it is 
possible to get, for material I4- material II, from the graph (Figüre 6) 
the following relation betvveen the lenght of the scour and the length 
of deposition after the scour

l., = 2.30 lk (6)

In the experiments carried out with fine material the length of 
the deposition ‘lj is greater, though the lenght of the scour remains 
the same, for the reason that material with smaller grain size are car­
ried more by water.
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From the ezperiments performed with material I and material II 
following equation is derived for the relation betvveen length of scour 
and discharge :

Figüre 6. Graph of (1^) v.s. (lk) 
(Material I and II)

q = a • lk — b (7)
Where,

q : Discharge through unit length,
lk : Length of the scour,
a, b : Coefficients.
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According to flow and material conditions the coefficients ‘a’ and 
b' assume the values given in Table 2.

Table 2

Position of water 
passing through the — 
gate

Material I Material II
a b a b

Över 0.715 19.2 0.739 0.080
Under 0.715 0.314 0.912 0.283
Över and Under 0.851 1.350 1.280 12.324

In the experiments conducted with material I and material II, the 
relation bet-.veen the ma.ximum depth of the scour and discharge can be 
derived as the following :

q = a t0 — b (8)

In this equation (t;1) shows the maximum depth of the scour. The coef­
ficients of this equation take values given in Table 3.

Table S

Position of water 
passing through — 
the gate

Material I Material II
a b a b

Över 1.901 0.197 2.599 0.189
Under 2.554 0.407 2.873 0.470
Över an d Under 3.101 1.150 4.105 6.830

From the equation above, it can be seen, that in the case of water 
flowing över the weir, length of scour and maximum depth of scour are 
greater than in the case of water flowing under the gate. But it can also 
be seen, that in the case of simultaneous flow över and under the gate 
these quantities are smaller compared vvith the two former cases for 
streams coming from under and över the gate dissipate each others ener- 
gy while they mix down the gate.
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In the case of vvater, passing under and över the gate the length of 
scour and the maximum depth of scour are smaller, though in this case 
it is possible to give larger discharges from vveir to the outlet. Therefore, 
the case of simultaneous flovv under and över the gate becomes more con- 
venient in transfering floods from vveirs to dovvnstream.

After conducting experiments vvith two types of materials, vvork 
has been done to find out a relationship between grain size, depth of 
scour, height of vvater at the outlet, total discharge and head.

The result is that scour is directly proportional to head «/ı» and to 
discharge passing through unit width «q» and inversely proportional 
to grain size «d». The follovving equation gives the results of the expe- 
rimental vvork :

d n* '•w (9)

Where,

t0 = Scour depth (m) ;

7ı, — Down - stream depth (m) ;

h : Head (m) ;

q : Discharge per unit length (m’ sn m) ;

<Ln : Granule size of bed material (mm), 
(Diameter in vvhich 90% of the material by vveight goes 
through the screen) ;

W : Coefficient.

The coefficient 'W is calculated seperately for each experiment. The 
change of ‘W’ values for material I + material II vvith respect to the 
ratio (q„ qa) is shovvn in Figüre 7. The given curve is obtained using 
the least squares method.

For the points, at vvhich the ratio q„ qa = 0 — 2, there has been ob­
tained a second degree parabola, and after qu q„ = 2, this charges över 
to a straight line for those points, at vvhich q„ qa>2. The equations of 
these graphs are given as follovvs :
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Figüre 7. Graph of (w) v.s. (g /</,) (Materlal I and II)

^<2: W = 2.ioff/-|2 — 5.65 f 1 ') +11.56 (10)

-<">0: li’= 0.35 + 8.8 (11)

The relationship betvveen the quantity (h05-q°-5/d<X)04) and (t0+M 
can be given as the following:

L 0.5 . n0.6
= 0.083 (tu I hx) + 0.003 (12)T

(See Figüre 8)

With the help of the equations given above, the depth of scour in 
the case of unsubmerged, simultaneous flow över and under the weir 
gate can be calculated with a percentage of error not larger than 5.

According to the observations taken in the experiments, when wa- 
ter flows only över the weir and when there is simultaneous flow, two 
different graphs for materials I and II are dravvn (Figüre 9 and 10), to 
show the relation between the height of fail and the ratio (I*/t.j).
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As a conclusion, the following equation is obtained :

V=3.5 (13)
•o

Where,

lk = Length of scour,
i0 : Maximum depth of scour.

The result comes out to be, that in both cases the length of scour 
is equal to 3.5 times the mazimum depth.

5. Conelusions

The scours on the bed of noncohesive loose material have been in- 
vestigated caused by unsubmerged flow resulting from the water simul- 
taneously passing through a sluice gate and falling över it. The results 
are only valid, when there is no sediment load coming from upstream and 
the sediment material is homogeneous.
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Figüre 10. The Case Where Water 
Flows Över and Under 

The Gate 
(Material I 4- II)

After a certain time the depth of the scour remains constant.

During the formation of scour its geometry remains the same and 
is a parabola, the maximum slope angle of which is equal to the natural 
side slope of the grain.

Depth as well as length of scour increase linearly with discharge, 
and length of scour is equal to 3.5 times the depth.

The relationship between depth of scour, head, discharge, grain size 
and dovvnstream depth is given in equation (9).

At the end of the experimental work it is found out, that the scour 
is less, but more water can be discharged, vvhen there is simultaneous 
flow under and över the vveir gate compared with the cases, when flow 
is only under or över the gate. It is clear, that this fact can create great 
advantages during floods.
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