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Subject: Critical tructive forces on channel side slopes
Reference

1. Reference is made to "Principles of Design of Stable
Channels in Erodible Material," by L. W. Lane, February 10, 1950.

summary

2. A study of chaznnels in ecullibrium has been proposed to
detemuine the tractive force necessary for initial movement of
sediment resting on the level bottom of a channel. Most canals are
designed with a trapezoidal cross section, and material composing
the sloping sides is acted upon by both tractive and gravity forces.
This memcrancum discusses the nature of the two forces and expresses
their relationship for different side slopes and angles of repose of
the material.

Introduction

3. In the design of a stable channel through erodible material,
scour of the banks and bed must not occur. For simplicity, conditions
of clear water, straight chamnel, trapezoidal cross section, and non-
cohesive material are assumed. A particle resting on a canal side
slope is acted upon br 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
move the particle down the slope. The resultant of these two forces
must be less than that recuired to move the particle.

Forces Causing Scour

L. The effect of gravity on a particle is well understood, but
tnat of velocity is not easily determined. Velocities are difficult
to measure beceuse of rupid fluctuations due to turbulence and steep
velccity gradient near the perimeter. For this reason, the longitu-
dinal force on a particle has been studied using the tractive force
principle discovered by du Foys. Tractive force has been defined as



the component of weight of a volume of water acting in the cirection
of flow, or the force causing the volume of water to flow. With
steady flow conditions, the tractive force is just balanced by the
frictional resistance of the bed and banks. The tractive force eauals
the weight of the volume of water above a unit area multiplied by the
slope of the canal:

T = tractive force 1b/ft<
w = unit wt of water 1b/ft3
D = depth ft

S = energy gradient

Critical Tractive Force Study

5. A study is to be made of the critical tractive forces
which will start movement of sediment of verious sizes on a level
canal bottom. It is anticipated that a relation between critical
tractive lorce arnd particle size will be found from the pronosed
investigation of existing canals which have reached a state of
equilibriumi.

Gravity Forces

6. Consider a trapezoidal cross section such as shown in
Fi;ure 1. The tangential componert of weight of a particle resting
on a side slope is:

W = welight of particle 1b
Wp = tangential component of wt 1b
¢ = side slope in degrees

This gravity florce tends to roll the particle down the slope.

Tractive Forces

7. A particle resting on the level bottom of a channel will
just stert to move whern acted upon by the critical tractive force,
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aT,=KW tan o
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However, tractive force has the dimensions of force per unit aree
and must be multiplied by an area to have the same dimensions as
gravity forces. Assuning that critical tractive force conditions
correspond to impending motion of material in the bed at the angle
of repose, the critical tractive force on a particle in terms of
friction force is:

a T, =W tan ©

a = effective area of particle £t2
Tc = critical tractive force 1b/rt?
W = weight of particle 1b
© = angle of repose in degrees
tan © = coefficient of friction

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

K  tan ©

i

a Tq

T

]

o allowable tractive force on bed for a given
side slope 1b/ft?

=
!

= To/Tc = ratio of allowable tractive force to
critical tractive force

Tractive force per unit width of channel is less on side slopes than

on level tottoms because the sloping area on which it acls is greater
then the horizontal projected area:

B .
cos B To = K W tan @ or
a Ty = KW tan © cos @
¢} = side slope angle in degrees

fesultanl of Gravity anc Tractive Forces

9. A particle resting on a side slore a short distance from
the intersection with the tottom is acted upon by maximum tractive and



wevity fecrees, Therefore, instabilit: of the materizl on the
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periveter ¢f o trepecoidal cross sectlon will first cccur al this
point. Ulrce treclive ard , rovity forces are now in consistent

~

unita, thelr resultant me)y be {found vectorially:

R = resultant force acting on a particle

10. For critical conditions, it is assumed that the ratio of
the resultant force te the rnormel force on a particle is ecual to

the coeftficient of iriction ¢f the material:

tan @ = V.KE w2 tan” 6 cos? @ + W< sin® ¥
Y cos @
W cos ¢ = normal component of particle weight 1b

Scuaring both sides of the equation erd simplifzinag

o) o) o)

tan® @ = K~ tan® 9 + tun? ¢

11. 7The K values ror ¢ = 30°, 35¢, .rd LO° were computed and
plotted egiiinst side slope, ¢, in Figure 2. In acddition different
K value curves are showh nlotted against side slope and angle of
repose in Fleure 2, trnowlng t'e K values for ¢ certain angle of
repose, the maximan &ll owable tractive force on the tottom of
trepezoiaul chamel vith varioiz side slopes in terms of the critical
tractive force is:

Ty = maxiny: allowallle tractive force

Te = critical tractive force

12. For ournoses of illustrwtion, a critical trective force——
particle size relation wss assumec:
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To = 0.007 d

T, = critical tractive force in lb/ft2
d = mean diameter of narticle in mm

Curves showinp, allowable bottom tractive force plotted against
particle size for side slopes of 1-1/2:1, 2:1, and 3:1 and angles
of repose of 30°, 359, and LO® are shown in Fifure 4.
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