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Introduction.

Drop detachment of soil particles and aggregates has been
recognised as the factor beginning soil erosion since the late
1940's (Ellison,1947). Since then many pieces of information
have been collected by innumerable researchers (Mihara,1951;
Mutchler,1967; Mazurak and Mosher,1968;: Moss et al.,1979; Poesen,
1981; Poesen and Savat, 1981; Torri and S$falanga, in press).

At present we know that drops detach particles (Ellison,
1947); runoff shields the soil and decreases detachmentl (Gadhir)
and Payne, 1979); The amount of material splashed by a drop
decreases exponentially as the distance from the impact point
increases (Saval and Poesen,1981); detachment on a sloping surfa-
ce is not simmetric around the vertical axis (De Ploey and Savat,
1968) usually considered coincident with the trajectory of an
ideal drop; the angle of ejection of a particle is influenced by
the depth of & water film standing over the soil surface (Mutch-
ler,1967); soil shear strength is linked to the soil resistence
to detachment (Al burrah and Bradford,1982).

On the contrary the faorces through which drops act in order

to detach and spiash soil particles are sti1ll scarcely 1nvestigated.

Only Palmer (1963) and Gadhiri and Payne {1977) tried to measure
the forces produced by the impact of a drop. Up to now drop kinetic
energy is still used in order to estimale the drop detaching po-
wer - probably because of Lhe successful equation proposed by
Wischmeier and Smith {1958).

This paper will deal with a possible description of the whole
process of detachment and transport Lrying to introduce forces as
as direct causes of Lhem.

Sojl detachment.

The mechanics of the impact of a drop over a rigid surface has
been described by Engel (1955) while a computer simulation based
on the Mavier-Stokes equation was carried out by Harlow and Shannon
(1967).

Following their findings the collision of a drop on & ri191d
surface can be described as follows

The head of the :mpinging drop 1nitially resists a change of
shape because of 1ts inertia or of ils viscosiiy or of surface

tension, then a radial flow begins.

The radial flow is characterjzed by an initial high flow velo-
city followed by a strong decrease (Fig.V}. The depth of the flow
is variable, the higher values being reached at the periphery where
a crown of droplets is splinkled upward and laterally.

The photograpies made by Mutchler (1967). De Ploey and Savat
(1968), Gadhiri and Payne {1979 ) confirm that the behaviour
is the same also when the drop impacts a soil surface,

The shear stress produced by the lateral flow at the solid-li-
quid contact area can detach soil particks and aggregates {Huang
et al., 1983) if the force helding the soil particle to the s0il
m3ass is overcome:
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where: F - effective force;
‘T4 = average drop shear stress;
L. = average c¢ross section oppo-
sed to the flow;
T = average soil shear strength;
S, = average surface over which

—
3 acts.

The mass of the particles of diameter ranging between ;ﬁ and
¢od¢,detached per unit of the drop mass, can be supposed directly
proportional to the ratio between the effective force and the resi-

stive force:
(1) d=o, k(%_g -y ds

where o~ = mass of the detached soil;

m = mass of the drop;
k - constant;
wid) = grain size - stable aggre-

gate distribution by weigth
( fodd? - )

Integrating eqn{2) with respect 10 ¢ yields:



Eqn{3)} is not yet complete as other factors affect raindrop
detachment. Actually when a water layer develops at the soil surfa-
ce the raindrop has to pass trough it before hitting the soil;
also the radial flow is going to meet a different resistence to its
molion. Consequentely drop shear stresses are going to change.

Some authors (Palmer, 1963: Mutchler and Young, 1975) observed
an initial increase in the detachment rate followed by a decrease
as the depth?%f the water film was increasing. Others {Gadhiri and
Payne, 1979:; Moss et al., 1979; De Ploey, 1980; Poesen, 1981; Poe-
sen and Saat, 1981) found out onty a continuous decrease .

If we suppose that the rate of decrease of the force exerted
over a soil particle is proportional to the force itself, an expo-
nential decrease of the active force is obtained-in agreement with
the findings by Ghadiri and Payne(1979}):
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where Tifm active force at h=0,

Eqn(4) cannot be subsituted into egn(3) chout some additionaj
consideration, The cross section j; depends on Lhe particle size
and on the depth of the radial flow. In fact there are two possible
sjtuations: the particle partiaily emerges over the flow or it is
completely submerged:
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where b = average depth of the radial
flow;
o= ot/

As L can be affected by the depth of the flow the integral on ¢
should be splitied into two integrals:

o

Figl: Lateral flow velocity Vs

FigZ:

time (millisecond) after
Engel [1955%).
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Reiationship between ran momentum
and kinetic energy calculated on
natural rain (Zanchi and Torri,
1980); both in S.1. units per
unit of rain intensity {mm/h}.
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This equation informs us that rain detachment power depends on
the drop shear stress and mass. Superficial runoff intervenmes through
a shielding effect; as a consequence rain intensity, slope angle
and slope length and all Lhe soil characteristics affecting 1nfiltra-
tion and superficial roughness ynfluence soil detachment in the in-
terrill areas. Moregver soil characteristics directly intervene
through soil shear strength and grain-size/fstable aggregate distri-
bution.

Estimate of the drop shear stress
Engel (1955) showed that the initial velocity | J ) of the
radial flow produced by an impinging drop is linked Lo the 1mpact

vejocity {+F) of the drop by the following relation:

) Yo F (oacm™

where € = yelocity of sound in water.

As the drag force exerted by a flow over a particle is proportional
to the square of the flow velocity then 1t follows:

where fo = constant.

Introducing (B) into (6) and rearranging it follows:
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Adding all over the contributions of each drop composing a rain
of a given intensity J eqn(9) can be rewritten as follows:
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where o= momentum per unit of rain
intensity.

Looking ihrough the literature momentum has not been used in
order to forecast soil loss while rain kinetac energdnas been wi-
dely used. This fact can be explained fairly easily if we consider
that momentum and kinetic energy of rain are colinear over a wide
range of rain intensity(Fig.2) and that stdistics has been widely
used in order Lo process experimental data, often misusing and
abusing of it.

Displacement of the soil particles

tet us consider a horizontal soil surface. A drop falling
vertically on it splashes particles at different distances from
the impact area. Savat and Poesen (1981) proposed the following
relationships:

- L
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where &= amount of malerial detached
at r =0;
v = distance from the impact area;
T = mean jump lenglh by weight,
A possible explanation of the observed behavior wil) be propo-
sed in the following part of this paragraph.

The distance at which a particie is splashed is linked 10 Lhe
initi1al speed at which the particle has been ejected and Lo Lhe
angle o of ejection (between the jump trajectory and a horizomstal
plan) by the following relation (derived from ballistics under the
hypothesis of negligible air friction):

1
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where e

1

In order to estimate the initial speed let us consider the
equation of motion of a particle under the effect of the drag
farce exerted by the radial flow of the impinging drop:

initial velocity:
acceleration of gravity.
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PO . where & =spil particle velocity;
. w =50i1 particle mass:
. 4 =constant.

As the drag force works only during a very small interval of time
«, ctannot reach a value near Q so that

- (V) %A

Figd: Velocity at the periphery of the lateral Introducing eqn{14) into eqn(15) it yields:

flow ¥s time {milli second} after Engel .

In order to calculate 4 data collected by Engel (1955) can
..1 be used. In lable 1 of the quoted paper Engel reproduced the values
. of the radius of the radial flow versus time. It is then possible
aw| * to calculate the velocity of advancement of the external perimeter
&F * of the flow. Plotting those velocities versus the time an exponen-
. tial decrease is recognizable (Fig.3). Data by Ghadiri and Payne
. {197%) seem to confirm the trend.

. Using an exponential for &, , introducing it in eqn(15%) and
. ' integrating with respect to time it follows:
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where a4, k = constants.

Figd: Exponential decrease of the amount of
splashed material (arbitrary units]).
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Substituting (16) inte (12} it follows:
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EqQn(17?) enables us to compute distances following the velocily
distribution during the impact.

In order Lo have an estimate of the amount of soil splashed at

different distances the following procedure has been used: the amouht

of soil splashed with an initial speed between A1) and w, (k) has
peen considered proportional to the area cf the corona of radii 4}
and a.r) which was explored by those velocities. Consequentely Lhe
amount of soil jumping between vil) and ¢(t) can be estimated as
follows:

dit - dzlf)
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The data produced by Engel were used in order Lo calculate
No,d, W, e and «w . Plotting the data generated Lhrough
eqn{18) versus the data generated through eqn{17} the exponential
decrease shown in Fig.4 has been obtained in agreemeat with lhe

observed behaviour.

Conclusion

The model that has been here proposed explains fairly well
some experimental dats HoT'Yet undersiood. Following this positi-
ve result the model can be considered a good approximation of the
processes involved during drop impact,

The model obviously need further improvements in order to ob-
tain a set of parameters 1o be used for interrill detachment and

soil loss.
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