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SCOUR BEMIND SLUICE GATES

Zidan, ﬁ.P.l, vals , T.ﬁ, Abhdel-Moati, H.i

and El-Masey A7,

ABSTRACT 1

——

Tha influence of variables which affect the loucal
scour depth and length, downstresm irrigaticn gate str-
uctures is investigated in this paper.

Experimental verdifications of thecretical analyses
of the scour depth and length are given, the effect of
discharge per unit lenarh of opening width, which flows
ufder a sluice gate, an the scour phenomena is investil-
gatod experimentally.

The cambined sffectr of the gste openipg, length of
the solid floor downstream the gate, and the downstream
vater depth is also demonstrated,

Empirical formulee for both scour hole depth and
gcour hole length in terms of Frouda number are presented.

INTROOUCTION ¢

o

The phenomenon of local scour is defined as the
removal of the material from the bed and banks in a con-
fined reach by the act of the fluid in morion. It in-
cludes all phases of sediment movement, trsction, entr=
ainment, suspension and deposition Ref.({10]).

It is necessary to undarstand the mechanism aof local
gcour and to be able to calculate tha potential scour
depths and lengths. This mechanism muat be considered in
the design of hydraulic structures, te accomodate scour,
to eliminate it, or to reduce its magnitude by an accep-
table degres of accuracy.

Local scour may occur in conjunction with or in the
absence of degradation, aggradation. It may be divided
into three groups; (1) steble scour hole where the sodi-
ment discharge entering the scour hole is equal to tha
sediment discharge leaving the scour hole; (ii) clsar
water scour in which the flow of sediment inte the scour
hole is zero. The erosion is continucus and the depth of
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scour increases with time until & limiting value 1s rea-
chgd: and sﬂ‘i} ‘scour with varying sediment inflow in which
the flow of sediment from upstream mey bs smaller or gre-
Etgr than the rate of sediment discharge from the scour
ol
The mejor causes of local scour are the fluctustions
of forces, lift forces and shear forces. A complete the-
aorstical solutions of the scour problem seeps to be illu-
'sionary as the scour is & function of many varisbles such
‘88; characteristics of section properties of the chapnel,
r:hqruur-satics of bad material of the site and the trans-
ported sediment, characteristics of flood hydrographs and
‘the history of former and recent floods and characteristics
of men made hydraulic st nturit,rrnmnﬁuu: vast studies
‘have been made to get a bettar understending of the scour
phenomena %unh as the mrkt givaa by Caratens ﬁnf. ':Lﬂ
mhwin Re Doddia of.(B), Ismail,
Ra'f Eiﬂi humm E&‘f.tnj_'r..‘inawky Ref.(12) and éﬂ- ntine

Arinbilek Ref.(1) and Altinbilek and Okyay Ref.(2)
tried to develop sntuip on ﬁl’t ble of fnﬁ the
f.huratnrin‘th:;é of scour hole to the charactaristics of
Neil Ref.{13) suggested a trial and error procedure
m gn.'wa the problem of scour. Caratens Ref.(6) defined
sediment number and tried to ain scour phenomena in
tnrm of this number. The work by Breasers Refs. &3‘.#} :uq-
gested that for non cohesive materials at any fixed dis
ance from the end of aprm‘. the d#pth of scour would apprn-»
ach a limiting value. The ﬁ depth of scour occured
R T,
a T I a8
uﬁ. :!nurmiraan part of the process uﬁ:{nm _

he main ah pctives of the present work is to eccom-

h:“h.n_ 1lowing pointss: i
Eﬂ;h- shing the interrelationship between the main
parhﬁthu Iu.gﬁ affect the ’in*ﬂ* hmmm

correlating the t n ageinst the solid
f'iwr J:nnyth for Eiafurmt' ﬁ

3) (ggn}numt of tﬂp#rﬂntl mlﬁ m"’j' hips. between the

, such as those con-
cerning the énpﬂa mnd thth of *hl?ﬁwr ole.
" I

‘fhn "".vnrs.-eb:tu were us the dimer
snalysis to serve the Lq"' oblem of dﬂzx’d rﬂ the: pﬂil?;’ﬂthﬁ
;:acn:gldapthgﬂdm,h_.,-. iwmks&m

own ues of ugag : eria
the section and t umg  chennel under ,Hu&g?;,'
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 These variables could be clessified into four esteg-
ories:
) 1) Variables describing the ::?mm‘tﬁf of the channel
f.'g which; 8 = width of the channel section, Lf = solid
floor Tength, end Hy = slulce gate Reight. __
~ 2) Variables describing the kinematics of flow in
‘whigh; V. = mean velocity of flow immediately behind the
sluice gate, Dy = wpstroam flow depth, Op = downstream
flow depth end’ g = gravitational ecceleratian.
3) Variables describing the fluid properties in which;
J = density of water and A= dynamic viscosity of water.
4) Variables describing the sedimenj properties such
88 Dgg = moan diameter of sediment and [a = density of bed
Refarences (1) and (5) deal with similarity laws of
the local scour. .

1f Dg is taken as a dependent variable, then;
ﬂ" = f (V. 0, f-_t ?ar,}‘,‘-i nml Hg s tf.t hj_c ._Ba: .‘-;].‘_;{1.,
Using dimensiocnal snalysis

3 0T 0 H T T T

e ey P Y. My ks 6. Py

% VR T R R R R
)

rers 2

B . - H | 74 L : it
or — L la- ' 1‘ el R T *-f—.- =B i < ¢
‘ ' ‘ veees(3)
in which; F = Froude number and R is Reynold's number.

With certain manipulations within the theory of dip-
ensional snalysis by essuming that the para Z.t.éa‘;? 1/R 18 of
secondary importance in estimating the depth of scour as
‘the flow is mainly gravitational flow, Also the term f4/p
was excluded from the anslysis as all experiments were con-
‘ducted for sand with the same density fo. Each of the main
porameters in equation (3) were plotted agesinst the rela-
tive scour depth Dg/Oz and the relative scour length _{L,-*Xﬂ:,.,_'} .

Ll ments were ,‘n;!_hduct._tﬁ in the hydravlic
,!,gﬁ.m:awﬂ' at Mansoura University. The general arrangement
fore St TEOCHE 1 LT (o R R
were carried out in a horizontal rectangulsr prespex wal-

lsd flume 480 cm long, 150 mm depth -m?,m mm wxﬁﬁﬁugﬁ _
upstream transition (7). Water was supplied to ;h‘n,s%?

from a constant head tank (2), The intermediote gate

‘I
|



oF
t-tain supply pipe  &-Cunstand heas gkl 1aMouctle s-ﬁu#pdi 1B-Sump,
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mounted on tho spparstus that sould slide along ra'ls
above the horizontal surface of the side walls of the
flume. The water surfooe levsl in the Flume downstream
the gote could be controlled by adjusting & verticsl

tail gate(l2) at the downstream end of tho flume. The
water then discharged under the tail gate and returned to
the sump {(16).

The dischorge was controlled by a valve 1IX™ (5} in
the pipe line, and was measured by a weighing tank (60
% 43 %X 60 cm3){14), The water passed through upstream
transition (7)which was provided by a series of baffles
{8), Elevatione of woter surface and sand bed werse meas-
ured by a point gauge mounted on a carrliage. This instru-
ment could slide on raoils above the herizoantal surfece of
the side walls af the flume. The srtificial bed in upat-
ream reqion of the geto wos made of a smoath painted woo-
den plank (9) with 230 o¢m leong, 75 mm wide, and 55 mm
depth, The bed of the flume downstreanm of the gate was
filled with sand Fig.{2).

A gsample of bed material was taken from the sroded
region ond snalysed mechanically as shown in Fig.{3}.

ii) Experimental Procedure:

Experimental tests were started by adjuasting the
slope of the flume and itz artificial bed (send) horizon-
tally. The bed was formed for everyrun, by falling sand
from & constant height to be sure that the bed meterial
of bed has the same compaction, in all runs. T7The arti-
ficial bed was adjusted horizontally by using a water
balonce device, the intermediate gate height was changed

to 0.9 cm, 1.3 cm and 1.5 cm for every discharge under
consideration Fig.(2}.

Three groups of experimental tests were made, each o
group was conducted under a certain discharge gy = 72.73 cm
/8ec./em, gp= 57.14 cm3/Sec./cm and g3 = 42.1 cm3/Sac./cm).
Thesfldischarges wers measured by using a weilghing tank {3)
Figs (1),

The development of scour hole depth and length was
recorded with time, for every run, until the scour hole
recached to steady state. Fig.({4), then the scour hole
profile was recorded by using & point gauge. At the end
of cach run the upstrean and downstream water depths were
measured,

Egch group has 54 runs, for each gate opening, three
tail warer depths were made, With every depth, the length
of apron was changed from 5 cm te 30 cm. with & step 5 cm,
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ANALYSIS OF RESULTS:

__Each test has the fnllgﬂ;ﬁ:-d;manliﬁnlchu=parami;ara
which were drawn in thea following Figures.

Relationshipe between 0_/0, and D, /0, for L /0,:

Figures &5}55?} shiow the varistion of Dg/Oz with
i _ erant values of relative fleor 1¢n$fh Lg/00.
It 48 clear that the deprh of scour hole being affected
the dewnstream water depth, i.e, incressing of the tail
water depth decreases the scour depth, It is observed in
the same figures, incressing the ratio Op for the same

floor length gives & bigger value of the scour dapth,

Relaticnships between Floor length {ij-nnﬂ-ﬁhﬁur-ﬂqpth

iﬁ!] for Different values of FrDUde_NﬁmbarufF;r

Figures (8,9,10) show the influence of rear apron
length, with verious values of Froude number, on the scour
hole depth, The figures demonatrate the increase of scour
hole depth due to the decrease of the tail langth of the
solid floor, for the same Froude number, as the flow mom-
entum has a stronger effect on short length of relative
rear spron L§/0z £ 2.78. Also it is clear that for the
sama lengrh of rear apron, the scour hole dopth increases
with the increase of Froude numbers.

For arelative length of solid floor Lg/0z £ 2.78
{short floor) there were no steady scour hole for & consid-
arable length of time. '

Relstionships between Scour Length (Lg) and Floor Length
L¢ for Various Froude Numbers: '
Figures (11,12,13) show the varistion of scour length

(Lg) and rear apron leongth (Lg¢), for different values of
wngﬂgqsnpwbwr for downatream depth (0z) = 2,4 cm, 3.0 cm
and 3.6 cn. -

For supercritical flows the relationship between L,
‘and Ly has a positive linear correlation, i.e. the incresse
of Ls carresponds to the increase of L¢. On the contrary
for subcritical flows the relationship between Lg and L¢
has a pegative linear correlation, i.e, the increase of L¢
gives a decrease in Lg. ' ,
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Relationnhips between Relative Ugpth of Scour Hole 0,/0,

and Relative Length of Rear Apran Ly/0,, for Various
Values of Froude Numbers + '

Figures (14,15,16) show the relationship betwsan Dy’“z
and L§/Dp for gate height equale to 0.9 om, 1.3 cm and 1.5
cm respectively, In these cases, for supercriticel flow,
thers is a negative linear cﬁrraiu.tnn,.-

For suberitical flow, the relationship betwean Dg/D,
and Lg/Dz takes a higher arder correlation with a max. °
value of relative depth of scour hole occcurs between (2-3)
times the floor length i.e. behind tha edge of the aolid
floor the length from (2-3) lé{ must be protectad with con-
crete blocks or pitching to diminish the influence of the
‘seour phenomencon, '

Relationships between Relative Length of Seour Lg/Dz and
Relative Floor length Lg/02 for Diﬂirhnt.ﬁmﬂ&:.ﬂu@kﬁm:

Figures (17,18,19) show the relationships batween
Lg/Dg with L i}g for different cases of flow under g‘nrg
cpening 0.9cm, 1.3 cm and 1.5 em, In these cases, for
supareritical flows there is a positive linear correlet-
ion, On the other hand, for aubcritical flow thers ie &
negative linear correlation with a higher arder.

Empirical Formuls for Scour Hole Depth Dg:
From dimensionsl anslysis for scour hole depth.
R o H ks (n]
s - g1 1 L 50 i § 1 )

#

! "32_' 'F?' v ‘R.' ' '-ua ’ Ba l ﬁa; Dz

Under the same working conditions and for the same dias-
mater of sand, ‘ :

I Hy L. 0,
""2“" =@ (- 12 ' g—--l gf 2 Ul ) cera(4)
[ F P 2 2 '

From observation D /0, & Dy/Lg, then;

0. H_ D. ‘
-—!d— = 1K m-}e- o —_‘E_.- i --%— P '.'._5-_

g ( . ) .. (5)
Dp F2 I8} Le

in which; K4 is & coefficient of scour hole depth which
could be obtained from Fig.(20).
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Empirical Formula for Scour Hole Length Lg:

From dimensionsl enalyeils for scour hole length;
s 1 1 Dag Hgﬁ af, B
=@ ( > R s ’ ] '

2 F D 02 02 D2

for the ssme diametor of sand and neglecting the effect
of Reynold's number

L 3 Hg Lf 5]

8
= ( : ] ’
D, ? F2 02 Dl D

1

1
2

) — T

From observation Ls/Dz:x D2/Lf' then;

Ly 1 Rg N
—— I<L ( 2 . D I} ) .lll.(?)
Dz F 2 Lg

in which, K, ie a cecefficient of scour hole length which
could be obtained from Fig.(21).

The values of K4 and K_ could be tsbulated in conven-
ient tables Ref.(9).

For supercriticel flow, the relationship between the
depth of scour hole and rear aﬁron length of solid floor
with the downstream water depth could be formulated in the
following form

&

q = (Dg + P Le) siei g dLEY
in which; V4 1s the downstream velocity.

The values of P versus Froude numbers are given in
the following table'.

F 3,245 2.72 2.55 2.00 1.567 1.4

P 0.0246 0.0359 0.0505 0.0363 0,040 0.028

values of ol cen be deduced from Fig.(22) in the follow-
ing formula.
number, from which;

of = 0.87 F -~ 0.55 for 1.4\<F\'<3.245 s et dl)

Also it wase found for supercritical flow, the interrelat-
ionship between the length of scour hele and the ather
variables could be formulated in the following way
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The velues of ‘pi versus Froude numbsrs ara given ig
the: following taﬁ

F 3,215  2.720 _:!;-55- 2,0 1.567 1.40
P, 16.280 11,334 778 .ti.s' 10.72 6,44

Vhluu of &4, can bo #ndunid from Fig,(23) and sre
given in the fallowing two farwln

o 3 = 18.52 F= 19,44 for 1.4 £ FL 2.0 ceveefll)
A y = 16,67 F= 34,77 for 2.55 K F € 3,24 Secer12)

-

CONCLUSIONS
The problem of local scour behind sluice gete . ‘been
studied nﬁpnrimntauy using sand npdrung ﬁ ih;:;ri'
dismeter Dsp = 0,54 mm. In sddition to the nmmal for-
mulse mzﬁ" have been formulated, the following points ,
‘eould be concluded,

1} The volums of scour hole hss been Iffl#&ld by the
depth of uniform flow at upatrean ‘and downstream of the
gate location.

2) For suberiticsl flow, th ma:l.nun depth of scour
accurs on & position far from tft"f: odge of the floor in a
gi;taaua variss between two and thres ;:1m the resr spron

gt *

3) The relstionship Lbutmrb the scour depth and the
length of rear apron, for dsﬂam:g: ‘values of Frouda number,

indicated & negative | ina?ﬂ' correl ti,i:m. an increass or
docreasse in the length gwf resulting 4n s docres=e
increase of scour depth n:t.t te ranges from 0.16 to
depending on the value of Frouda num

4) For supercritical flows, the tmmgu of roar aprup
length causes a b ength of sc le wi cﬁﬁw
linesr correlation on the o fhl;"w and fo; su cﬁ 1;:

the increase of rear apran length dwmian the length of
‘scour hole with hiuﬁar ordar of nu:‘tm

'5) For short floor L¢/D ‘f E.W t rnfmu no s L '
scour uh for that res L’H? ort tlﬁl

short aprens to puﬂat%ﬂt&i ﬁ:&u# n"frp,n fa’i&m.

s; A bigger value nf mngtmw ror depth would
m r;t to be portet
}nm ﬂm &uw rﬁﬂ : ﬁﬁm utgm,r xmwu ¢tm

-"H*cﬂz and vm w:m

- - =



Mansoura Bulletin Vol.8, Ng.2, December 1983 C.17

7) From experimental observations, freguently the

depth of scour hole is established earlier than the length
of scour hole.

8) The influence of both the viscosity, represented
by Reynold®s number V.L/y, and the surface tension, repro-~
sented by Weber's number V4& 7; L, was neglected in this
study. These two water properties may play a considersble

part in the analysis due to the narrow width of the chan-
nel (75 mm)}.

9) Further studies could be carried out using different
sizes of bed materisls, the study could also be extended
to include the bed slope especially an adverse slope. In

this case empirical formulae could be formulated including
these effects,
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APPENDIX (II)

NOTATION

P e

The follewing symbols are used in this papar.

Upstream water depth;

Downstream water depth;

Mean diameter of sand;

Depth of scour hole;

Froude's number;

Acceleratieon due to gravity;
Height of gate opening;
Coefficient of scour hole depth;
Coefficlent of scour hole length;
Characteristic length;

Length of rear apron;

Length of scour hole;

¥ater discherge per unit width;
Reynold's number;

Vnloclty of flow at vena contracta;
Downstream water velocity;

Depth of flow;

Coefficlent;

Coefficient;

Water donsity;

So0il density:

Dynamic viscosity of water;
Kinematic wviscosity of water; and
Surface tension coeffictent.
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