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nvords on shear stre

(B ABRIGA)

m.g.sina = volume * density * downslope
component of gravity

In 2 dimensions we can consider it as:

area * density*downslope component of gravit




T = pghsSin &

Where p (kg m=) is density,
g is gravity (m s7),
h is depth (m), and
a (m mD is gradient

[Note: u. = V(ghsina)] known as shear velocity
and has units m st (FEHREE)
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(a) Shear force on granular bed
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Since the total shear stress 1, Is the sum of
the shear stresses on all the particles, and
most of the shear stress will be exerted on
the prominent particles, the total force on
each emergent particle can be expressed
as

Fy oc7,D* /A,



(KR D)
The shear stress is resisted by the submerged

weight of the particle(= (o, — p,,)97D° /6 )

for a spherical particle, and its angle of repose
(Bk 2 HLF) . . (igﬁ)
(o) (angle of internal friction) e
(REREER )

Hence, at the threshold of movement

D* D’
T.— o (p. —
Cr A (pS pW)g 6

p

tan @



This can be re-arranged in a dimensionless
form as

T 7Z'Ap
= o« —tang
(ps _pw)gD 6

In which the lefthand side Is the entrainment
function.
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Sediment entrainment by water
on hillslopes




Abrahams et al. (1988) proposed for
shallow flow on hillslopes that:

,Z_C il 1227 DO.555 S 1.094

Cf Shields: .
cr — 0.056

(/Os _pw)gD

Nb: both are empirical — Shields ignores slope

(he worked on low-angle slopes), and Abrahams
Ignores gravity and particle density (data come
from a single site) and the equation doesn’t balance
In terms of units



Diversion into the nature of
overland flow on hillslopes

C (GBELENALKOFH)
Horton (1933) — proposed the notion of infiltration-excess
runoff. Subsequently termed Hortonian overland flow.

Basic idea;:

f=f, +(f,—f)e™

(;2BHE)
Where f Is maximum instantaneous infiltration rate;
f. IS the limiting steady infiltration rate, assumed
to be a constant for a given soil type; f IS the
initial infiltration rate at the start of the storm
(t=0); k Is a positive constant of permeability for a
given soil; t Is time



Model for Hortonian overland flow, therefore,
. (FR—h it )

» a) initially all rainfall infiltrates

e p) as rain continues infiltration rate
declines

* C) once Infiltration rate < rainfall rate water
starts to pond at the surface and fill

depressions (depression storage)
HhIRmEDEH)

» d) depressions overtop and flow begins.
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Overland flow profile
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But overland flow isn’t a sheet of
EEr of uniform thickNESy
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EXPLANATION

1st order stream
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Various authors (e.g. Govers, 1985, Bryan &
Poesen 1989) have come to the
conclusion that rills begin to form when
flow shear velocity (= u. =,/ghs ) is

c. 3-3.5cm st

(BABTTRE)
Problem is — soll shear strength (as
conventionally measured) >> this

(equivalent) shear stress



FLOW SOIL

SHEAR SHEAR
STRESS STRENGTH




Conditions required for the formation of
rills/sediment detachment by shallow flow:

1. That there Is a sufficiently high probability
of obtaining turbulence In the distribution of
flow depths

2. That there Is a sufficiently high probability
of local shear stress exceeding local shear
strength

3. A suitable balance between raindrop
detachment and flow detachment
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Begin & Schumm (1979):

= (c/)A" S

_ (K E) C (ERA)
Where A Is drainage area (ha), S Is slope, rf

IS an exponent, c Is a constant and y Is the
weight of water per unit volume

S =aA™®
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