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Reference

1. Reference is made to "Principles of Desipn of Stable .
Channels in Zrodible Materiel,” by E, W. Lane, February 10, 1950. N

SUENAry
<. A study of chennels in ecuilibrium has been proposed to
detemdne the traclive force necessary for initizl movement of
sediment resting on the level bottom of a channel. Mosi canals are
designed with & trapezoidal cross _ection, and material composing
. tre sloping sides is acted upon by both tractive and gravity forces.
1his memorandun discusses the nature of the two forces and expresses
treir rclationship for different side slopes and angles.of repose of
v the naterizl.

Introduction

3. In the design of a-stable chamnel through eroditle material,
scour of the banks and bed must not ocecur.,  For simplicity, conditions
of clear water, straight cheannel, traspezoidal cross section, and non-
cohesive material are assumed. i particle resting on a canal side
slope ia acted upon by two forces: one due to the velocity of the
moving water which tends to move the particle in the direction of flow
and the other cdue to the component of particle weight which 'tends to
rove tihe particle down the slope, - The resultant of these two forces
must be less than thabt recuired Lo move the particle.

Forces Causing Scour

L. The effect of gravity on & particle is well understood, but
tnat of velocity is not essily determined., Velocitles are gifficult
. to measure because of rupid fluctuations due to turbulence and steep
A velecity gradient rnear Lhe perimeter., For this reason, the longitu-

- dinal force on & particle has been studied using the tractive force
principle discovered by du Loys. Tractive force has been defined as




the component of weight of a volume of waber acting in the direction
of {low, or the force causing the volume of water to flow. With
steady flow conditions, the tractive force is just balanced by the
Irictiocnal resistance of the bed &nd barks. 1he tractive force equals
the weighi of the volume of wuater above & unit srea multiplied by the
slope of the canal: ' ‘

To = WLS

T, = tractive force 1b/ft?
unit wt of water 1b/ft3
depth ft

energy gradient

Critical Tractive Force Study

%, A study is to be made of the critical tractive forces
which will start wovement of sediment of verious sivzes on a level
canal bottom. It is anticipated thut & relation between critical
tractive force and particle size will be found trom the proposed
investigation of erxisting carals which have reached a state of
ecuilibrium,

Gravity Forces

6. Conslder o trape:oidal cross section such-as shown in
Fi;ure 1. The tangential component ol weight of a particle resting
ot a side slope is:

Wy = Vi osin ¢
W = weipht of particle 1b
Wr = tangential component of wt 1b
¢ = side slope in degrees

‘his pravity {orce tends to roll the particle down the slope.

Tractive Forces

7. A particle resting on the level bottom of a channel will
Just start to move when acled upon by the critical tractive force,




. GRAVITY " FORGE

*Y.-"aT,cos ¢

aT,=KW tan ©

TRACTIVE AND RESULTANT FORGES




However, tractive force huas the dimensions of force per unit area
and must be multiplied by an area to have the same dimensions as
gravity forces. Assuming that criticel tractive force conditions
correspond to impending motion of material in the bed at the angle
ol repose, the critical tractive force on a particle in terms of
friction force is: '

aTe =W tan ©

effective area of particle £t2

o]
"

Te = critical tractive force 1b/ft<
W = welght of particle b
© = angle of repose in degrees

tan &

L

coefficient of friction

8. Allowatle tructive forces (less than critical) on the bed
. of channels with given side slopes may also be expressed in terms of
fricticn forces by direct proportiorn:

o a Ty =K ™ tan ©

T

io = allowable tractive force on bed for a given
side slope 1b/ft2

K = T5/Tc = ratlo of allowable tractive force to
critical tractive force )

i ‘ Tructive force per unit width of channel is less on side slopes than

on level bottoms beczuse the sloping area on which it acts is greater
then the horizontal projected area: ‘

a
EBE_B To = K W tan @ or

a T, = KW tan 6 cos ¢

¢ « side slope angle in degrees

. Hesultanl of Gravity anc Tractive Forces

9. A particle resting on & side slope a short distance from
’ the intersection with the bottom is acted upon by maximum tractive and




Tb“refore, Iastabllid, he material on the
‘(Idhl crosy srvhtﬁn LI first cccur al thi
end crovity forge ; now in-gonsiatent
Cmay be found \ectorihll'

- V&2 u? tan® © cos® g + W2 sin? @

regultant force acting on a particle

10. For criticzl conditions, it is assumed that the ratlo of:
eszltant force Lo the rermel force on & perticle is ecual to
efficient of rriction of the material:

tan @ = J}d %2 tan? € cos? @ + W sin? ¥
W ocos @ '
% cos i = nucrmal component of rarticle weight 1b

Souaring boeth sides of th netion end simplifying:
-y

an< =
tan

Solving Lor ke

11, The K volues ror & = 309, 359, and LO® were computed and

plottec epuinst side slope, ¥, in Figure 2. In acdition different

K value curves cre shown olotter apasinst side slope wid angle of
revoge in Filiure 7. hrowilng the X values for ¢ certnin angle of
repose, the maximuno azllowntile travtivc force on the lottom of-a
trepezoicul charmel with various side slopes in terms oi the critical
traective force is:

TO

masdnee slliowabile tractiive force
ractive force

12, For pursoses of illustrellon, a critical tractive force——
particle size relation wis assumecd:
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Te = 0.007 d

T. = critical tractive force in 1b/ft2

d = mean diameter of varticle in mm

Curves showlny allowable bottom tractive force nlottéd against
particle size for side slopes of 1-1/2:1, 211, and 33l and angles
of rerose of 30°, 35°, and LO® are shown m Fl;nre I




FIGURE 4
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