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Abstract. The results of experimental studies on the mechanical properties of
cohesive soils associated with the use in the study of the erosion process are
presented. The influence of cohesion force of cohesive soil to erosion is described.
The relationship between the eroding water flow velocities and soil cohesion has
been obtained.
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In this work, we do not aim to deeply study external factors such as
hydromechanical and other influences. Instead, we focus on factors that are less
covered in the literature related to this topic. One of these important factors is the
resistance of soils to displacement. Clarifying this factor plays a significant role in
developing effective and improved methods for determining the scouring velocity
of water flow.

Maslov proposed using the following three-term formula, rather than the two-
term formula, to determine the resistance to displacement [3]:

r=otgp+C, +C,, (1)

here o - normal force; ¢- angle of internal friction; C,- Cohesion of a self-

healing or resilient formation; C.- Structural cohesion due to non-recoverable

bonds.
This formula represents two types of bonding: C, bonding due to coagulation,

and C, bonding strength observed in strong transitions and phase connections. In
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the washing process of clayey soils, the bonding strength due to coagulation, i.e.,
C~C,, is often determined. Therefore, the magnitude of bonding depends on
factors such as the density and moisture content of the material, the dispersion and
hydrophilicity of the mineral components, the arrangement of particles during
displacement, and other factors. In soils where phase bonding predominates, the
structural cohesion is determined by the C, magnitude, which is primarily

dependent on the soil's moisture content and composition. In soils with mixed
bonding, the structural cohesion is determined by both components, i.e., C=C, +C,.

In normal loadings, where the structural strength is low in o<P,, C,, o >P. plays a
significant role, whereas in cases where o <P, is high, C, becomes crucial. Thus, in

clayey soils, depending on the type of structural bonding, not only the magnitude
but also the nature of the structural cohesion changes [6].

It is possible to analyze the relationship between the angle of internal friction
and the nature of structural bonding. Under underwater conditions, the formation
of structural bonding begins with coagulation and aggregation processes that occur
during the settling of fine dispersed minerals. It should be emphasized that both
short-range and long-range coagulation interactions can form depending on the
particle size and shape, their surface potential, relative hydrophilicity, the solution
concentration and composition in the voids, and their mutual arrangement in a
dispersed medium [4].

Sections of many channels are located in cohesive soils, such as sandy, sandy-
clay, and clayey soils. Depending on their ability to retain moisture, these soils can
be in a solid, plastic, or liquid state.

Since cohesive soils possess binding properties, they resist both shear and
tensile deformations. The ultimate resistance of soils is classified into o, ultimate
shear resistance and o, ultimate tensile resistance. o, ultimate shear resistance and
o, ultimate tensile resistance are interrelated characteristics and can be determined

using the same testing methods. For instance, this can be assessed using the ball
penetration method.
The o, tensile strength of cohesive soils is significantly lower than their o,

shear strength, and according to the data provided by S.E.Mirtskhulava [5], this
value is (0,15+0,18)c, for soils with an aggregated structure and (0,20+0,22)c, for

soils with a massive structure. In this case, the o,dynamic strength in tension can

be considered as o, =0,180, .
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Thus, for cohesive soils, the key strength characteristic is the o, shear strength.

To determine the cohesion of water-saturated soils, the following empirical
correlation has been established [1]:

4
o, =10 8—5 (2)

here, W, - the moisture content of the soil at the rolling (kneading) limit (the
ratio of the mass of water in the sample to the dry mass of the soil); ¢, - the
porosity coefficient.

c

According to the experimental data obtained from cohesive soil samples, o, -
dynamic shear strength and o, - dynamic tensile strength were determined (Table
1).

In sandy soil No. 6, due to the high content of fine sand, there is no o,
dynamic shear strength and o, dynamic tensile strength.

At the initial stage of the formation of cohesive soils, the fissures are filled as a
result of coagulation, followed by the sinking of the fissures and the continuous
consolidation of the deposited sediments. This process leads to the development of
a fissured cellular structure in the soils. In such soils, the particle size d <10°m is
very small, and their porosity coefficient ¢, >1+1,5 and moisture content are 80-

85%, and they are referred to as clays.

Table 1
Dynamic strength of o, shear and o, tensile

Soil C, v, | v, a1 |y m:ﬁ% o, =018 o,
ple kelem® | mle mle ’ ’
2 4 5 6 | 7 8 9 10
. 0,004 0,0007
1 | 1-soil 0,094 0,67 0,48 0,0108
*107 2*107
_ 0,001 0,0001
2 | 2-soil 0,088 0,51 0,36 0,0108
*107 8*107
. 0,000 0,0001
3 | 3-soil 0,084 0,67 0,48 0,0108
7*107 26*107
. 0,000 0,0000
4 | 4-soil 0,068 0,5 0,36 0,0108
5*107 9*107
) 0,000 0,0001
5 | 5-soil 0,043 0,45 0,32 g 0,0108
= 6*107 08*107
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It is known to us that clay soils, strongly saturated with water, create a

viscous-plastic environment that does not obey Newton's law of flow.

du
T:Tb+ﬂ3(ﬁal (3)

here, 7 - shear stress between the moving layers; x,, - effective cohesion.

Effective cohesion can be determined using the following formula:

My = ,u(l—ac” )n ’ (4)

here a and n -parameters

According to experimental studies [1], a=158 and n=0,175 can be accepted.
According to Mirtskhulava's experiments, it is equal to a=1,3.

Now, let's consider the effect of cohesion forces on erosion in cohesive soils.
The cohesion forces in cohesive soils have very complex characteristics and are
determined by the following internal bonds: molecular-contact; colloidal structure;
cementation [3, 4, 5, 6, 7].

If cohesive soils are saturated with water, the cohesion forces increase their
resistance to erosion by flow, and these forces determine their stability.

To study the erosion of cohesive soils under the influence of flow, we
conducted experiments in the laboratory of “UzGASHKLITI” LLC (State Design
and Research Institute of Construction, Geoinformatics, and Urban Cadastre).

Based on the experimental data, we will examine the effect of cohesive soils'
resistance to shear (Table 2).

According to Table 2, we construct the correlation diagram between r shear
strength and normal stress (Figure 1) and analyze it based on the cohesion. From
Table 2, as the frictional force C increases, the value of 7 shear strength also
increases.

Since the experiments were conducted under slowly consolidated shear
conditions, ¢ = f(c) shows a linear relationship, while the value of ¢ coefficient
increases. The increase in the coefficient ¢ can be attributed to the following
reasons:

-The decrease in the hydrated film layer at coagulation contacts and the
increase in molecular interactions between particles as water is squeezed out of the
system,;

- The increase in the number of contacts.

Table 2

The shear resistance of cohesive soils.
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SOil =
No o g C r=olgprC
example
1 2 3 4 5 6
1 1-soil 1,194 27 0,094 0,703
2 2- soil 1,113 27 0,088 0,656
3 3- soil 1,063 26 0,084 0,579
4 4- soil 1,025 25 0,068 0,545
5 5- soil 0,956 25 0,043 0,488
6 6- soil 0,191 10 0,034
T, kg/sm’
4,0
3,0
2,0
e | A1
10 '{//‘/”\'@ /@
s L
e T
=Z
—=
00 o, kg/sm’
0 1 2 3 4

Fig. 1. 7= f (o) Cohesion diagram.: soil 1; soil 2; soil 3; soil 4;
soil 5; soil 6.

Thus, in clayey rocks with strong spatial contact, 7= f(c) cohesion shows a
linear relationship, and its intercept on the abscissa axis is almost independent of
the experimental conditions. Since these clayey rocks have a high degree of
stability, their ¢ angle is considerably higher.

The erosion of cohesive soils by flow is mainly more dependent on their
cohesion strength. The cohesion strength of fully water-saturated cohesive soils
often determines the degree of strong bonding and stands out due to its
predominance over other physical-mechanical properties that resist erosion.

To demonstrate the predominant nature of this factor, we will analyze the
laboratory data (Table 1) obtained for determining the cohesion strength of
cohesive soil samples.

In cohesive soils with an aggregate structure (sandy, sandy-clay), erosion
results from the disruption of the inter-aggregate bonding. It should be emphasized
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that the size of the dislodged aggregate particles is determined by the turbulence of
the water flow, its structure, and intensity. In nearly flat channel beds, the
disintegration of aggregates occurs only within the range of pulsating pressure
forces, and this can be determined as follows [2]:

p’'=3,5pu? (5)

here u.- dynamic velocity of the flow.

The changing dynamic pressure, which is dependent on pulsating pressure,
leads to the disruption of the bonding characteristics between aggregates. As a
result, this always creates conditions for the formation of micro-cracks. At this
point, the aggregates can only remain in their position due to their own weight. The
pressure pulsations that occur cover a large portion of the channel bed surface. In
this particular situation, since the pressure standard pulsation value on the surface
of the soil aggregate is very small, it can be neglected. If the negative sign pulsating
pressure acting on the surface of the aggregate is equal to the gravitational force
acting on the aggregate, the erosion of the cohesive soil will occur. This condition
can be expressed as follows:

p'-d3 =(p, - p)gd, -d;, 6)

here d,- aggregate size.

Taking into account the magnitude (5), we write the equation in the following
form (6):

3,5puld; = (p, - p)od; , (7)

p,- soil density.

From equation (7), the size of the dislodged aggregates can be found, that is:

2
g =% @)

o5
P
According to laboratory experiments, at dynamic speeds of u.=10+15cm/c,
the size of the dislodged aggregates is approximately d, =3+4 uu. From this, we
can see that the process of erosion of cohesive soil related to turbulent flow is
always dependent not only on the cohesion strength but also on other factors.
Now, based on the experimental data, we will establish the relationship

between the washing rate of the flow and the cohesion strength of cohesive soil
(Figure 2).
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Fig. 2. v, = f(0,) Cohesion diagram

In Figure 2, the v, =f(c,) relationship graph shows the condition for
determining the flow washing rate in relation to the dynamic shear strength

parameter.
Also, based on the experimental data, we will construct the relationship graph

v, = f(C,) between the v, washing rate of the flow and the C, cohesion strength of

the cohesive soil.

Vyum/s
15

_m=0
m=1.5
- i || v

m=2,5
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C\n N,”m2

0 01 02 03 04

Fig. 3. v, = f(C,) Cohesion diagram

In laboratory and field conditions, it was observed that with an increase in the
cohesion strength of cohesive soils passing through the channels, their resistance to

erosion also increased.
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