SOIL EROSION: THE INFLUENCE OF COMPACTION CURVE -
APPLICATION ON SILT SOIL USING THE JET EROSION TEST

Van-Nghia Nguyen1

Abtract: The influence of some soil parameters on the erosion of a silty soil, characterized by the

erosion coefficient kp, the critical shear stress t., and the equilibrium erosion depth P, is studied. A

series of test using the submerged Jet Erosion Tests was carried out to examine the influence of dry

density pg, compaction water content w. The results show that at dry side of compaction curve the

erosion coefficient and the equilibrium erosion depth decrease when the dry density, the

compaction water content, whereas the critical shear stress increases with these parameters. But an

inverse relationship is observed at wet side of compaction curve.
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1. INTRODUCTION

The erosion phenomenon is an important
subject in civil engineering and especially in
hydraulic engineering. Erosion phenomena may
lead to loss of soil in the fields, scour on the
banks of rivers and even, in some cases, to the
failure of hydraulic constructions. Quantifying
the rate of erosion and the critical shear stress is
important for the engineers and scientists
because these factors depend on many parameters
of the soil. The erosion parameters depend on
the properties of the soil, such as the type of
soil, the percentage of clay, its mineralogy, as
well as the dry density, moisture content, the
mineral and ionic composition of the water
flowing in the pores.

Previous research has indicated a significant
influence of the dry density on soil erosion and
the critical shear stress [1], [2], [5]. Lim [10]
have shown that the soil structure significantly
influenced the erosion resistance of the soil.
Furthermore, Hanson and Hunt [7] have shown
that the type of soil gave different sensitivities
to erosion because the type of soil influences the
compactness of the soil.

For estimating the erosion parameters of soil
cohesive, several test devices were used: the
Hydraulic Flume Test [13], the Erosion
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Function Apparatus [3], the Rotating Cylinder
Test [11], the Jet Erosion Test [2], [6], the
Mobile Jet Erodimeter [8], etc... In this work we
used the Jet Erosion Test (JET) which was
developed at Ecole Centrale Paris. And,
concerning the factors which impacted erosion
resistance, 1in this paper we studied in
compaction water content, dry density and
compaction degree of saturation. The tests were
carried out using this improved device. This
new JET device allows the change of these
parameters to a certain extent, and measure not
only the erosion depth in the center of the
sample but also the scour profile (see 2.2).

2. SOIL CHARACTERIZATION
EXPERIMENTAL APPARATUS

2.1. Soil characterization

The soil was a silty soil which was taken in a
dike from the south of France. Soil testing was
performed to determine the soil properties:
Atterberg limits (XP CEN ISO/TS 17892-12),
particle size distribution (XP CEN ISO/TS
17892-4), Standard Proctor compaction test
(NF P94-093). The liquid limit (w;) ranges from
30 to 35%, the plastic limit (wp), from 14 to
16%, the plasticity index (Ip), between 13 and
16%, and the methylene blue value, VBS = 1.8,
which is consistent with the relatively high
soil plasticity. The optimum water content
(worn) 10 17.2%, and the corresponding maximum
dry unit @eynt ysonn is about 16.8kN/m’

AND
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2.2. Experimental apparatus

Following the work of Nguyen et al., [12],
the experimental device (Figure 1 to Figure 3)
was built at Ecole Centrale Paris (ECP) based
on the original apparatus of Hanson and Cook
[6]. The apparatus consists of the following
parts: acquisition data unit (A), injection cell
(B) with angle sensor (E), displacement sensor
(F), pressure sensor (G), hydraulic pump (C),
reservoir (D), point gauge (H), deflector (I) and
Jet tube (J).

The injection cell (B) can rotate around an
axis, which allows us to measure the depth of
erosion not only in the center of the sample but
also in other points on a circle (Figure 5). At its
base, in the injection nozzle, the cell is equipped
with a rotary valve (or deflector (I), not shown in
the photo) that can stop manually the jet very
quickly. The injection cell is supplied with water
from a constant level reservoir, which can be
arranged at different levels on a metal shelf
(Figure 1). For constant level, the reservoir D is
alimented by a pump C which withdraws water
from the immersion reservoir.

A pressure sensor (G) at the top of the
column measures the static head actually

applied to the jet (when all the valves are open
and the valve at the base of the cell is closed).
The measurement of pressure is precise to 0.lmm.

An angular sensor (E) identifies the position
of the center of the sample and the different
positions of the depth sensor along a circular
arc, the precision of this angular sensor is 0.01°.

A vertical displacement sensor (F) of 20 cm
equipped with a stroke extension rod is used to
measure the depth of erosion. This sensor does
not have a spring, so that the force exerted on
the sample is only a function of the (constant)
weight of the rod. The precision of this
displacement sensor is 0.1mm.

The improvements, compared to the original
device developed by Hanson, consist in the
possibility of changing the values of real
hydraulic head, h;, depth of immersion in water
of the specimen, hy, and distance between the
nozzle of jet and the specimen, h; (Figure 7),
more accurate measurements, and the acquisition
of the erosion profiles as shown in Figure 8.
Moreover, it is not necessary to close supply
valve, which was operated manually while we
measured the depth of erosion and the erosion
profiles.

-~ |

Figure 6: Supply system of jet
in closed-circuit

Figure 7: Pressure and angle sensors
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Figure 10: Displacement principle of the injection and measurement devices
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3. SAMPLES PREPARATION AND TEST
PROCEDURES

3.1. Samples preparation

The soil was dried and crushed, then was
sieved to 4 mm. Then, water was added and
mixed thoroughly with the soil. Next, the soil is
kept in a plastic bag for at least 24 hours to fully
hydrate the soil. The samples are compacted
statically by a hydraulic press in three layers in
a Proctor mold to achieve the desired value of
dry density and compaction water content. The
values of the gravimetric compaction water
content, w, varied from 14% to 20% (wopn =
17.2%) and the values of the dry density pq,
from 1.55 g/em’ to 1.75 g/em® (dry unit weight
ya=15.21-17.17 kKN/m?).

3.2. Test procedures

The Proctor mold with the sample is placed
in a reservoir under the jet (Figure 4), the

Figure 13: Example of erosion profiles

corresponding to different measurement times

sample is submerged 10 cm in the downstream
reservoir (h, = 10 cm), and the jet is centrally
located above the sample. The distance
between the jet orifice (nozzle) and the initial
surface of the sample is h3 = Scm. Then the jet
is centered with respect to the sample and
supply water to the system from the upstream
reservoir with a real hydraulic head h; = 130
cm corresponding theoretical hydraulic head
h* = 180 cm which was suitable to this tested
soil. Schema representing h;, h, and h; is
presented on Figure 7.

4. RESULTS AND DISCUSSION

The results in figure from Figure 9 to Figure
11 show the variations of dry density, erosion
coefficient, critical shear stress and equilibrium
erosion depth P. as a function of gravimetric
compaction water content for the compaction
energy corresponding to 25 blows. We find that:
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- On the dry side, the equilibrium erosion
depth and the coefficient kp decrease when the
compaction water content increases while the
shear stress increases with compaction water
content, it means that the erosion resistance
increases with water content. On the dry side,
the water has the effect of lubricating the grains.

- On the wet side, the equilibrium erosion
depth and erosion coefficient increase with
compaction water content while the shear stress
decreases as the compaction water content
increases, it means that the erosion resistance
decreases with compaction water content. These
results are in agreement with the conclusions of
previous researchers [2], [5], [7].
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Figure 14: Relationship between the erosion
coefficient, kp, the dry density, p4,
and the compaction water content, w,
on the compaction curve
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Figure 15: Relationship between the critical
shear stress, t., the dry density, p,,
and the compaction water content, w,
on the compaction curve
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Figure 16: Relationship between the
equilibrium erosion depth, P,, the dry density,
pa and the compaction water content, w,
on the compaction curve

At the same dry density, the soil on the wet
side is more resistant to erosion than the soil on
the dry side because the soil does not have the
same fabric on wet and dry sides [9]. On the dry
side the soil features an aggregate structure, so
the diameters of the inter-aggregate pores are
large and inter-aggregate pores are filled with
air. Whereas on the wet side, the grains are
completely hydrated, the soil has a more
homogeneous structure with particles arranged
perpendicularly to the direction of loading, the
diameter of the inter-aggregate pores are small
and the pores are filled with water [4].
Furthermore, it was shown that the soil
aggregates break more easily for soil on the wet
side when it was immersed in water [ 14].

In order to get a clearer view of the influence
of compaction water content, we plotted the
values of kp, 1. and P. as a function of
compaction water content for a constant degree
of saturation, here, the degree of saturation was
determined after compaction. On Figure 12, we

observe that the erosion coefficient and
equilibrium erosion depth increase whereas the
critical shear stress decreases when the

compaction water content increases at constant
degree of saturation. Relationship between kp,
1. and P. with compaction water content is a
power function. We note that, in Figure 12 (b,
d), for the small degrees of saturation, the
compaction water content influences evidently
the erosion coefficient and the equilibrium
erosion depth. But when the degree of saturation
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increases, the compaction water content has a
negligible influence on the erosion coefficient
and equilibrium erosion depth. In Figure 12c,
we note that the critical shear stress decreases

when the compaction water content increases at
constant degree of saturation and the critical
shear stress increases with the degree of
saturation.
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Figure 17: Relationship between the water content, w, the dry density, pa, and the erosion
parameters in the case of constant degree of saturation

5. Conclusion

This work presents the result of laboratory
tests using an improved Jet Erosion Test device
with an impinged jet. These tests highlight the
influence of the dry density and the compaction
water content on the erosion coefficient, the
critical shear stress and the equilibrium erosion
depth.

On the dry side of compaction curve, the
erosion resistance increases with compaction

water content but in other side we found an
inverse result. And, at the same dry density, the
soil at wet side is more resistant to erosion than
one at dry side.

The critical shear stress decreases when the
compaction water content increases at constant
degree of saturation whereas the erosion
coefficient and equilibrium erosion depth increase,
it means that the erosion resistance decreases with
an increase of compaction water content.

REFERENCES

[1]. Al-Madhhachi, A.T., Fox, G.A., and Hanson, G.J. (2014). “Quantifying the erodibility of
streambanks and hillslopes due to surface and subsurface forces”. Transactions of the ASABE,
57(4), 1057-1069.

[2]. Al-Madhhachi, A. T., Hanson G. J., Fox G. A., Tyagi A. K., and Bulut, R. (2013). “Measuring

soil erodibility using a laboratory "mini" JET”. Transactions of the ASABE, 56(3), 901-910.

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



[3].

[4].

[5]-
[6].

[7].

[8].
[9].

[10].

[11].

[12].

[13].

[14].

Briaud, J.L., Fellow., Ting, F.C.K., Chen, H.C., Cao, Y., Han, S.W., Kwak, K.W. (2001).
“Erosion function apparatus for scour rate predictions”. Journal of geotechnical and
geoenvironmental engineering, 127(2), 105-113.

Cui, Y.J. (1993). “Etude du comportement d’un limon compacté non saturé et de sa
modélisation dans un cadre élasto-plastique”. PhD thesis, Ecole Nationale des Ponts et
Chaussées.

Hanson, G.J., and Robinson, K.M. (1993). “The influence of soil moisture and compaction on
spillway erosion”. Transactions of the ASABE, 36(5), 1349-1352.

Hanson, G.J., and Cook, K.R. (2004). “Apparatus, test procedures, and analytical methods to
measure soil erodibility in situ”. American Society of Agricultural Engineers ISSN 0883-8542,
20(4), 455-462.

Hanson, G.J., and Hunt, S.L. (2007). “Lessons learned using laboratory JET method to
measure soil erodibility of compacted soils”. Applied Engineering in Agriculture, American
Society of Agricultural and Biological Engineers ISSN 0883-8542, 305-312.

Hénensal, P., and Duchatel, F. (1990). “L’érodimeétre a jets mobiles”. Bulletin de liaison des
laboratoires des ponts et chaussées, ISSN 0458-5860, 167(1), 47-52.

Lambe, T.W. (1958). “Compacted clay: Structure”. Journal of the Soil Mechanics and
Foundations Division, 84(SM2), 1-34.

Lim, S.S. (2006). “Experimental investigation of erosion in variably saturated clay soils”.
Report of thesis, School of Civil and Environmental Engineering, The University of New
South Wales.

Lim, S.S., and Khalili, N. (2009). “An improved rotating cylinder test design for laboratory
measurement of erosion in clayed soils”. Geotechnical Testing Journal, 32(3), 232-238.
Nguyen, V.N., Courivaud, J.R., Pinettes, P., Souli, H., Fleureau, J.M. (2014). “The influence
of soil parameters on the erosion of a silty soil”. Journal of Hydraulique Engineering,
Preparation for submission.

Shaikh, A., Ruff, J.F., Charlie, W.A., and Abt, S.R. (1988). “Erosion rate of compated Na-
Montmorillonite soils”. Journal of Geotechnical Engineering, ASCE, 114(3), 296-305.
Shresta, P.L., Arulanandan, K. (1988). “Discussion on “Erosion rate of dispersive and
nondispersive Clays” by Shaikh, A., Ruff, J.F., Charlie, W.A., and Abt, S.R”. Journal of the
Geotechnical Engineering Division, ASCE. 115(12), 1824-1825.

Tém tit:
XOI MON PAT: ANH HUONG CUA PUONG CONG PAM NEN —

UNG DUNG CHO PAT A SET KHI SU DUNG THIET BI JET EROSION TEST

Bai bdo nghién civu anh hwéng ciia mét sé thong sé ciia dat dén cdac thong sé x6i ciia dat d sét nhu
hé sé x6i kp, ung sudt gioi han chcfng cdt t. va dé séu can bc%ng ciia hé xéi P,. Mot loat mau thi
nghiém dwoc thyc hién st dung thiét bi Jet Erosion Test dé nghién cieu anh huong cua dung trong
khé pg va dé am dam nén cia dat w. Két qua cho thdy bén nhanh khé cia dwong cong dam nén, hé
$6 X6i va dé sdu cdn bang ciia hé x6i giam véi do tdng ciia d¢ am dam nén trong khi cuong do
chong cat gidi han ting. Nhung bén 1 phia nhanh vot két qud thu dwoc nguoc lai so voi nhanh kho.
Tir khoa: Jet Erosion Test, thong sd x6i, hé sb x06i, ing suat giéi han chong cit.
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