A METHOD FOR ESTIMATING EROSION PARAMETERS
FROM JET EROSION TEST
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Abtract: The erosion law of soil cohesive is modeled using the excess shear stress equation, which
includes two erosion parameters: the erosion coefficient (kp) and the critical shear stress (z.).
Between the exist devices, a Jet Erosion Test (JET) is a standardized device available for deriving
the erosion parameters of soil cohesive. The JET data are typically analyzed using a Blaisdell
solution approach. A second solution approach based on direct parameter optimization to the
measured erosion depth data has recently been proposed but with limited evaluation. The aims of
this work were to develop a new solution (or method) to predict erosion parameters, and to
compare with three approaches. A series of JET conducted in laboratory on Silty soil were used to

evaluate the performance of this new solution approach.
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1. INTRODUCTION
The soil erosion phenomenon is an important
subject to study in civil engineering and
especially in hydraulic engineering. Erosion
phenomenon caused by water occurs when the
effective shear stress (t.) exceeds the critical
shear stress (t.) at the boundary of the soil. We
can assess the erosion rate of cohesive soils with
an assumption that the erosion rate is
proportional to the effective shear stress and is
expressed by the following equation [8].
& =kp.(te — 1)° (1)
where, ¢ is the erosion rate (cm/s), kp is the
erosion coefficient (cm3/N—s), T. 18 the effective
shear stress (Pa), 1. is the critical shear stress
(Pa) at which erosion does not or quasi not
occur, and, a is an empirical exponent
commonly assumed to be unity [1], [10].
Numerous studies have derived kp and 1. for
cohesive soil using different techniques: large
flumes [8], small flumes [4], laboratory Hole
Erosion Test [14], and a submerged Jet Erosion
Test [1], [8]. The submerged Jet Erosion Test
(JET) was developed for measuring these
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parameters in situ as well as in the laboratory
[7], [8]. The JET device consists of an
impinging jet connected to a constant water
source, a “can” that serves to both hold the JET
in position and to submerge the test soil in
water, and a point gauge to measure the depth of
scour produced by the JET. A detailed description
of the JET and the testing methodology has
been presented by numerous studies [1], [7], [8].

Hanson and Simon [7] suggested an inverse
relationship between kp et 1, k, =0.27""to

estimate kp as a function of 1. for cohesive soils.
This relationship was recently updated by
Simon et al., [11] based on hundreds of JET on
streambanks across the U.S, k, =1.627.*** . In

many cases, it has been reported that the
equilibrium erosion depth of Blaisdell solution
approach [3] that forms the basis for deriving
erosion parameters does not always converge to
a reasonable solution [11]. A second solution
approach based on direct parameter optimization
to the measured erosion depth data has recently
been proposed by Robert Thomas (Department
of Geography, University of Hull, U.K.) but
with limited evaluation [1], [5], [11]. In fact,
such an iterative solution was originally
proposed by Hanson and Cook [8] as “method
1,” but the solver routine never converged to a
stable solution and was therefore not investigated

54 KHOA HOC KY THUAT THUY LOI VA MOI TRUONG - SO 49 (6/2015)



further in that paper. Simon et al. (2010) found
that a solution methodology based on “method
1” provided a reduction in the scatter of the kp-
T, relationship, but the values obtained led to an
over-prediction of erosion when used in model
simulations, while the original Blaisdell solution
under-predicted erosion. Recently, by using the
erosion depth solutions for limited data set,
Daly et al., [1] found an inverse relationship
between the two erosion parameters k, =157z "%

with R* = 0.56.

2. AN IMPROVEMENT - A NEW METHOD
FOR ESTIMATING EROSION PARAMETERS

Analytical methods for JET proposed by
Hanson and Cook [8], assuming that the erosion
rate can be determined by the rate of variation in
the erosion depth (dJ/dt)

dJ/dt = kp.(te — Tc) )

where, J is the erosion depth at the center of
the sample (cm), dJ/dt is the erosion rate (cm/s),
1. is derived from the diameter of the jet nozzle
and the distance from the jet orifice to the
surface of the sample (Figure 1).
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Figure 1: Principle of JET and stress
distribution around the jet axis [8]

Following the theory of jet, in a potential
core close to the jet, the jet velocity is uniform,
and the shear stress is maximal. Beyond the
potential core, the jet no longer retains a
potential core, the peak jet velocity decreases
linearly, and the effective shear stress decreases

linearly versus the square of the distance from
the nozzle of the jet. In theory, the shear stress
at the center of the jet is zero but in practice
maximum scour usually occurs directly beneath
the jet, so it is assumed that the theoretical peak
shear stress applies to the centerline of the jet [10].

Numerous researches have used this equation
to calculate erosion [1], [6], [13]. The assessment
of soil erosion parameters is based on diffusion
principles developed by Stein et al., [12].

Equation (1) is written as:
2

dJ/dt = kD[T’i]'{P —TCJ, 1>Jp

3)

Stein and Nett, Hanson and Cook developed
similar analytical procedures to determine soil
erosion parameters. They assumed that the critical
shear stress corresponded to the stress at the
depth (J.) at which the scour did not vary and
the erosion rate was equal to zero [8], [9], [13]:

J,Y
T, =1, [J_ej 4)

where, Jp is the length of the jet potential
core, with Jp = Cy.dg; Cq is the diffusion
coefficient (Cq = 6.2 — 6.3 [2]); J; is the initial
distance between the jet orifice and the surface
of the soil; J. is the final distance between the
jet orifice and the surface where erosion does
not occur; dy is the nozzle diameter (cm); o is
maximum shear stress due to the jet velocity at
the nozzle (Pa) and 7, =C,.pU o; Cgis the

coefficient of friction equal to 0.00416 [10]; p is
the water density (g/cm’); U, is the initial
velocity at jet orifice, Uy is derived from

Bernoulli expression, U, =C4/2.g.h, with the

discharge coefficient C = 1 and the real
hydraulic head h; (cm).

Unfortunately, the depth J. is very long to
obtain. The method used is therefore a method
of fitting between an incomplete experimental
curve and a theoretical curve of erosion depth
versus time. The asymptote is the value of J.
from which the critical shear stress is derived.
The parameter kp is another fitting parameter
and represents the rate at which the asymptote is

reached. The equation of the theoretical curve is
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obtained from the integration of equation (3)
which gives the following equation [8], [9], [10]:
Je losmZet L g5l Tl (5)

T J, —J

D%c e e e i e

t =

m

The parameters kp and 1., corresponding to
the rate of erosion and the critical shear stress of
the soil are the best values for the correlation
between the two curves. The parameter of Tt
from (4) and J. can be estimated by first fitting
using the erosion depth data versus time and a
hyperbolic  function for determining the
equilibrium erosion depth [2] which is assumed
to reach at an indefinite time:

X = (f_f0)2 — 4

Ut J
where  x=log — |; =log| — |- x;
g[doJ ! g(doJ

J . .
fo=log—; A is the value for the semi-
0

transfer and semi-conjugate of the hyperbola.
The two values A and f; are the parameters
fitted by the least square error method. The least
square error is expressed by the following
equation:

n

Z (xth,i ™ Xepx,i )2 (7)

When we used Blaisdell solution approach,
the results were not always convergent.
Therefore, we found the value of A, and fj, and
the predicted scour data (predicted evolution
erosion depth) which is simultaneous satisfying
two conditions: 1. the deviation between
predicted scour data and observed scour data is
minimal; 2. equation (7) in which predicted
scour data were used instead of observed scour
data reaches a minimal value.

This value of t. is then be inserted into
Equation 5 and undergoes a second fitting to
find kp. The values kp was the parameters fitted
by the least square error method using equation
7. The spreadsheet routine was established using
Solver Excel module to solve two above
condition and estimate the erosion parameter
(kp and 1¢).

3. RESULTS AND DISCUSSION

Based on the results of these tests, we have
established a relationship between the erosion

parameters (from Figure 2 to Figure 4). There is
an inverse relationship between the erosion
coefficient and the critical shear stress (Figure
2), an inverse relationship between the critical
shear stress and the equilibrium erosion depth
(Figure 4), and a directly proportional
relationship between the erosion coefficient and
the equilibrium erosion depth (Figure 3). Fitting
these relationships with an exponential function
yields good correlation coefficients R, of 0.894,
0.99 and 0.915, respectively.

Figure 2 shows that a loose soil which has a
high erosion coefficient has a small critical
shear stress and, on the other hand, a dense soil
which has a small erosion coefficient has a high
critical shear stress. We can note mainly in
Figure 4 that the critical shear stress strongly
influences the erosion of soils.

To validate relationship between kp and T,
we have realized 194 tests on a silt soil by
varying the real hydraulic head, h;, depth of
immersion in water of the specimen, h,, and
distance between the nozzle of jet and the
specimen and also pre-wet time of sample
before testing.

We have compared (Figure 5) correlation
between kp and 7, estimated by us method with
previous proposed relationships by Hanson and
Simon [7], and Simon et al., [11], and Daly et
al., [6]. The relationship proposed by Hanson
and Simon [7], and Simon et al., [11] resulted in
lower ., the relationship proposed by authors is
close to relationship proposed by Daly et al.,
[6], so the estimation method proposed by author
can use to estimate the erosion parameters.
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Figure 2: Relationship between erosion
coefficient and critical shear stress
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Figure 4: Relationship between critical shear ~ obtained between the erosion coefficient and the
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Toém tat:
PHUONG PHAP UOC LUQNG CAC THONG SO
TU THIET BI JET EROSION TEST

Pinh ludt x6i cua dat dinh dwoc mé hinh héa siv dung phwong trinh tmg sudt chong cdt du,
phirong trinh bao gom hai théng sé x6i: hé s6 x6i (kp) va ing sudt chong cat giéi han cua dat (z.).
Trong 56 nhiing thiét bi hién o, Jet Erosion Test (JET) la mot thiét bi dwoc tiéu chudn héa dé xdac
dinh cac thong $6 x6i cuia dat dinh. S6 liéu tir thi nghiém JET dwoc phan tich sir dung cach zié'p can
ciia Blaisdell. Céch tiép cdn thir hai la t6i wu héa truec tiép cdc thong sé dé do théng sé do sau ho
x6i diege phat trién gan ddy, tuy nhién con nhiéu han ché. Muc dich cia bai bdo nay la phdt trién
mét cdch tiép can méi (hodc phwong phép) dé dw dodn cdc théng sé x6i, va so sanh két qua véi ba
cach tié}) cdn hién co. Mot loat cdc thi nghiém JET thuc hién ¢ phong thi nghiém trén dat dinh Silty
duoe sir dung dé danh gia hiéu qua cia cach tiép cdn méi nay.

Tiwr khoa: Jet Erosion Test (JET), thong s6 x6i, hé sb xoi, ung suét chéng cit gidi han.
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