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Study of the deformation characteristics of soils with a change in
humidity

Abstract. This paper discusses the anisotropic properties of soils and the issue of the
influence of soil wetness on the stress-strain state of an anisotropic foundation. The study
of material properties and the nature of these properties is directly related to the origin and
structure of the object under study. The most important of them from the point of view of
calculations of foundations, design of buildings, and structures are deformation, strength,
and filtration anisotropy, which introduce changes to a greater or lesser extent in the
stress-strain state of soil massifs. The entire set of physical and mathematical properties of
soils is determined by their structure and texture, which, in turn, are formed depending
on the composition and genesis of soil deposits, as well as under the influence of external
factors leading to the transformation of the stress state of the soil mass. Practically in all
experiments in which the deformation, filtration, strength, and other properties of soils
were studied in various directions, a difference in their indicators was noted. Such results
testify to the anisotropic manifestation of these properties. An elastic (linearly deformable)
soil model is considered a design model of soils that make up an anisotropic base.
Keywords: soil, deformation, anisotropic, properties, model.
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1. Introduction

The anisotropic properties of ground sediments and rocks have been studied by many
researchers. The peculiarity of the object predetermined the study of anisotropy of a number
of properties of rocks and soils, in particular, such properties as deformability, strength,
swelling, permeability, and thermal conductivity [1]. The most important of them in terms of
calculations of foundations, design of buildings, and structures are deformation, strength, and
filtration anisotropy, which make more or fewer changes in the stress-strain state of soil masses:
foundations, embankments, etc [2-3]. Soils as products of rock and rock destruction are dispersed
media. The entire set of physical and mathematical properties of soils is determined by their
structure and texture, which, in turn, are formed depending on the composition and genesis of
soil deposits, as well as under the influence of external factors that lead to the transformation of
the stress state of the soil massif.

In many studies [4-5] in which deformation, filtration, strength, and other properties of soils
in different directions were investigated, differences in their indicators were noted. Such results
indicate an anisotropic manifestation of these properties. It is impossible to develop precise
methods of calculating soil based on the action of the external load because of the influence of
various factors [6-8]. Therefore, in practice, they replace real foundations with simplified ones,
i.e,, models. The existing models of foundations are shown in Fig. 1.
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Figure 1. Models of soil bases

The main computational models of soils are the theory of linear deformation for calculations
of finite stresses and stabilized settlements; the theory of filtration consolidation for calculations
of settlement development in time; the theory of limiting stress state of soil - for calculations of
bearing capacity, strength, stability and soil pressure on enclosures [6].

In addition to theoretical methods, experimental studies are of great importance for
improving the calculated strain anisotropy of soils.

The choice of the optimal type of foundation depends on the data on soils and their properties.

Clay soils are the most unfavorable for laying foundations: they can shrink when drying,
be eroded by floods, and swell when freezing [7]. These properties are due to the fact that clay
soils consist of tiny particles, having mainly flake shape, and a large number of thin capillaries.
Through them, water fills all the pores of the clay and envelopes the soil particles. The created
mutual attraction provides viscosity to the clay soil. The strength of the ground itself has a strong
dependence on the state it is in (moisture saturation, temperature).

It is not only the study of the degree of transferable stress from the mass of the building or
structure that is significant in testing. Significant conditions for calculation are the forces acting
on the building itself. Additional forces such: as atmospheric pressure; additional mass from
precipitation; wind.

At the level of laboratory tests the maximum and safe level of horizontal and vertical loads is
established. This determines the bearing capacity of the soils and the level of hazard that should
be provided for in case of emergency consequences. During the conclusion of such tests, the
main indicator is the resistance to shear deformation, which leads to changes in the integrity and
fracture. Thus, when designing foundations for structures, an important step is the selection of
a design model for soils [9-10].

The strain modulus is determined by testing soils using compression tests, three-axial tests,
and field tests with stamps. In most cases of geotechnical surveys, strain modulus is determined
using compression tests of sandy and silty clay soils under laboratory conditions [3].

Inmost cases, when conducting engineering and geological surveys, the deformationmodulus
is determined using compression tests of sandy and dusty-clayey soils in the laboratory [8].

A brief analysis of the issue under investigation shows that several aspects need to be
deepened. The nature of anisotropy is poorly investigated experimentally.
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Thus, clayey soils of normal layering without apparent layering (most experimentalists tend
to argue that the soil in the direction of the gravitational forces will be less than in the horizontal
compressibility of such there is the opposite though direction, the statements); completely
unexplored anisotropy of sandy soils.

2. Methods and materials

The laboratory study was carried out on the odometer device. In the following sequence:

1. Soil preparation (Fig. 2);

2. Determine the mass of the soil (Fig. 3);

Fine sand has a particle size of (0.25+0.1) mm. In the studied sample of soil particles size >
0.01 mm, was 76%, such soil is called “fine sand”.

D g

Figure 2. Tested soil samples

b) sandy loam

Figure 3. Weighing samples

Place the examined soil samples in the odometer (sample area A =24.6 cm? sample height
h, =20 mm). Leverage ratio h = 1:5 (Fig.4).
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Figure 4. Test of soil

Compression tests were performed for sand and sandy loam.
We determine the characteristics of soils.

Soil density of natural moisture:
_ M
v @
where, m — soil mass, g;
V — cutting ring volume equal to 50 cm?®.

Natural humidity:
m—my
w=—7

T 3)

where, m, — the mass of dry soil, g.

Dry ground density:
Ji

Jtj':!:l+w (4)

Initial soil porosity coefficient:
p ®)

where, P=- density of solid particles.

o

Using the dependence E=/(p), determined the deformation modulus of natural moisture
sand in the pressure interval 0+1.3 kg. We determine the change in the porosity coefficient of the
sample. The calculation of the coefficient of porosity e of the soil of natural moisture is performed
in tabular form.

Vertical stress in soil:

P-g
F = —-
A-n 6)
where, P — a mass of the load, kg;
¢=9.81m/c%
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A — cross-sectional area (24.6 cm?);
n — leverage ratio (lever arm ratio n = 1/5).

Soil deformation modulus:

Ag
E=—(14+1,)F
ﬁe[ + 1)

)
where,
B 2v°
1—vw (8)

Compression tests for sand

Wetness not included

The cutting ring method, the volume of which is V = 50 cm?, takes a sample of sand of
natural moisture. The diameter of the ring is 5.6 cm; the cross-sectional area A = 24.6 cm® The
mass of sand m, = 85 g. The density of sand of natural moisture: p = 1.7 g/cm?;

The mass of dry soil was determined after drying the soil sample at t = 105°C. The value of
the mass of dry soil is obtained m,=78.7 g.

The indicators were determined using the following formulas:

Natural humidity: w = 0.08

Density of dry soil: p, =1.57 g/em?® P4
Initial coefficient of sand porosity: 1, = 0.69
Using the dependence E=((p), determined the deformation modulus of natural moisture
sand in the pressure interval 0+1.3 kg.

Water-saturated sand test.

The sand has been moistened with water until saturation. Saturation is characterized by the
appearance of water on the surface.

The mass of the sand sample in the cutting ring is calculated m,=95.23 g, density 0,=1.9 g/
cm?’

Natural humidity: w, = 0.21
Density of dry soil: p,, =1.57 g/cm®

The degree of water saturation of the sample is:
_Ps Wy
5,.= =0.804 = 0.8
e p'n.'.-'

where, V=50 cm?® - cutting ring volume;

m_ =93 g — mass of loam in the cutting ring;
After drying the sample at 105°C, the mass of dry soil m, ,) = 84 g was obtained.
Natural humidity: w_ = 0.107

Dry ground density: p, = 1.68 g/cm’
Density of sandy loam solids: o_, = 2.75 g/cm®

Initial porosity factor: 1 = 0.64

Deformation modulus of sandy loam saturated with water.
To test the loam with regard to its wettability we moisten the loam sample. The mass of the
sandy loam sample was m_, =99.96 g.
Density of a sandy loam sample: p_, =1.99 g/cm’
After drying the sample at 105°C, a mass of dry soil was obtained m =84 g.
The moisture content of sandy loam: w = 0.19

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 219
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Study of the deformation characteristics of soils with a change in humidity

Density of dry soil: p,, =1.99 g/cm®
The degree of water saturation of the sample is: S = 0.808 > 0.8 (saturated with water).
Density of sandy loam solids p_, =2.75 g/cm?®
Initial porosity coefficient /= 0.646.
3. Results and Discussion

3.1 Results of compression tests for sand

Determination of the deformation modulus of sand without taking into account wettability
Table 1 shows the calculation of the coefficient of porosity of sand with natural moisture.

Table 1. Calculation of the coefficient of porosity of sand with natural moisture

Load Vertical Conditionally Relative Porosity coefficient
P(kg) tension 6, stabilized sediment, =~ compressive e;
(kg/cm?); (MPa) mm S strain:
=
0.1 0.02 0.01 0.0005 0.6898
(0.00199)
0.3 0.06 0.015 0.00075 0.6896
(0.00598)
0.8 0.159 0.03 0.0015 0.6895
(0.0159)
1.3 0.26 (0.026) 0.06 0.003 0.689

Deformation modulus of sand: E = 30.14 MPa.
Determination of the modulus of deformation of sand saturated with water
Table 2 shows the change in the porosity coefficient when loading the test soil sample with

a load varying from 0 to 1.3 kg.

Table 2. Changing of the porosity coefficient

Load P Vertical Conditionally Relative Porosity
(kg) tension 6, stabilized compressive coefficient
(kg/cm?); (MPa) settlement, mm S, strain: g;
&
0.1 0.02 0.03 0.0015 0.6874
(0.00199)
0.3 0.06 0.045 0.00225 0.6862
(0.00598)
0.8 0.159 0.06 0.003 0.6849
(0.0159)
1.3 0.26 (0.026) 0.066 0.0033 0.6844
Initial coefficient of sand porosity: [ = 0.69
Deformation modulus:
E=10.8 MPa.
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3.2 Sandy loam compression test results
Determination of the modulus of deformation of sandy loam without taking into account wetness
Determine the modulus of deformation of naturally occurring sandy loam in the pressure

range 0-3 kg. Table 3 shows calculation of porosity coefficient of sandy loam.

Table 3. Calculation of the porosity coefficient for naturally moist sandy loam

Load Vertical Conditionally Relative Porosity
P (kg) tension 6, stabilised sludge, mm compressive strain: coefficient
(cg/em?); (MPa) s, £, A
0.1 0.02 0.014 0.0015 0.6388
(0.00199)
0.3 0.06 0.021 0.00105 0.68827
(0.00598)
0.8 0.159 0.034 0.0017 0.6372
(0.0159)
1.3 0.26 (0.026) 0.038 0.0019 0.6368

Determination of the deformation modulus of sandy loam saturated with water
Table 4 shows the calculation of the moisture porosity coefficient W=0.15.

Table 4. Calculation of the porosity coefficient

Load Vertical Conditionally Relative Porosity
P (kg) tension 6, stabilised sludge, mm compressive strain: coefficient
(kg/em?); (MPa) 5, g g
0.1 0.02 0.016 0.0008 0.64468
(0.00199)
0.3 0.06 0.024 0.0012 0.64402
(0.00598)
0.8 0.159 0.042 0.0021 0.6425
(0.0159)
1.3 0.26 (0.026) 0.068 0.0034 0.6404

Considering the character of o distribution in a transversally isotropic half-space under the
action of a vertical point force on its surface, it is seen that when ground layers get wet, stresses
along the line of action of the point force decrease in comparison to those obtained by taking into
account the anisotropy of the ground.

Deformation modulus: E = 6.2 MPa.

The theory of calculation of structures on an anisotropic soil foundation is based on the
solutions of the theory of elasticity of anisotropic bodies [5]. Simple anisotropy schemes are
used to describe and determine the physical characteristics of a homogeneous transversal-
isotropic foundation. A homogeneous elastic-isotropic medium can be composed with a medium
consisting of a number of parallel layers, of different thicknesses, of isotropic materials having
different elastic properties.

If we denote the value of the deformation modulus of an anisotropic medium as a whole
as Ex, for the direction parallel to the length of the layers, and through Ey for the direction
perpendicular to the length of the layers, then these moduli will be related to the properties of
individual layers.

Deformation moduli of the base formed by the two layers:
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Ey =22 MPa;
E =20 MPa.
Strain moduli in the water saturation state:
Ey =8.1 MPa;
E_=8.5 MPa.
E_X =095 — state close to isotropic
¥

These relations are derived from the condition of constant strain for tension along the layers
and constant stress for tension perpendicular to the layers.

4. Conclusion

These relations are obtained from the condition of constant strains for the case of tension
along the layers and the constancy of stresses for the case of tension in the direction perpendicular
to the layers.

Based on the results, the following conclusion can be drawn:

1. Soil deformation modulus changes (decreases) when it is saturated with water.

2. The moduli of deformation of the base in case of layered occurrence of soils have different
values in the direction perpendicular to the layers and along the layers, in the event that the

St <08 e soils in their natural state.

When the soil is saturated with water, at S, < D'E, the deformation moduli in the direction
perpendicular to the layers and along the layers become the same, i.e. soils are isotropic
throughout the volume.

water saturation of the layers is
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A K. AnTkasnma
A. Cepixoaes amuirdazor Ilvievic Kasaxcmarn mexnukarvx ynusepcumemi, Ockemen, Kasaxcman

blaraaaplablk ©3repreH Ke3ae TONBIPAKTLIH 4edpOopManusiabIK CUIIaTTaMalapbIH
3eprrey

AnpaaTtna. bya Makasaga TOIbIpaKThIH aHM30TPONITH KacueTTepi >KoHe aHM30TPOITHI HeTizain
KepHeyai gepopManusidaHFaH KyifiHiH TOIIBIpaK CyAaHyBIHBIH 9Cepi KapacThpblaaabl. MaTtepuaaably
KacHueTTepiH >KoHe OChl KacueTTepAiH TaOWUFaTBIH 3epTTey 3epTTeAeTiH OOBeKTiHiH IILIFy Teri MeH
KYPBLABIMBI MaceaelepiMeH Tikeaeil OaiiaanpicThl. OaapAblH HeTizgepiH ecenrtey, FuMaparTtap MeH
KYPBIABICTapABl KoOaJay TYPFBICBIHAH €H MaHBI3ABICHI-A4epOpManuAAbIK, OepiKTiK >KoHe Cys3TiI
aHN30TpoII, Oya >Kep MaccalapblHBIH KepHeyi-depopManysalaHFaH Ky iiHe a3AbI-KeIITi e3repictep
oKkeaeai. TomblpakTelH (Qu3MKa-MaTeMaTUKAABIK, KacueTTepiHiH OapABIK >KUBIHTBIFBI OJapAblH
KYPBLABIMBI MEH KYPBLABIMBIMEH aHbIKTaladbl, 04ap 03 Ke3erinAe >Kep acThl IeTiHAilepiHid KypaMbl
MeH reHeslciHe OallAaHBICTBI, COHAAN-aK TOIIBIPaK MacCHUBiHiH KepHeyAi KyIiiHiH esrepyiHe okeeTiH
ylIiHII Tapan ¢pakTopAapbIHBIH dCepiHeH KaablTacaabl. Op TypAi OarbITTap OOMBIHIIA TONBIPAKTHIH
AedopMannAAbIK, Cy3y, ODepikTik >KoHe OacKa KacueTTepiH sepTTereH OapAbIK Aepaik Taxxipubeaepae
OJapAblH KOPCeTKIiITepiHiH aliblpMallblABIFEl OaliKaaabl. MyHAall HOTUKeAep OChl KacueTTepaiH
aHM3OTPOIITHl KOPiHiCiH KepceTeAi. AHM3OTPONTH! HeTi3Al KYpPaThIH TOIBIPAKThIH eCeIlTiK MoJeAai
peTiHAe TOIBIPAKTHIH cepIliMai (CBIBIKTHIK-lepopManusiaaHaThIH) MOAeAl KapacThIphLAabl.

Tyiiina cesaep: Tonnipak, sepopmariyisi, aHU30TPOIITE, KacueTTepi.

A K. AinTkasmHa
Bocmouno-Kasaxcmarckuii mexnuueckuil ynusepcumem um. /. Cepuxobaesa, Ycmo-Kamenozopcxk,
Kazaxcman

Nccaeagosanne gepopManiMOHHBIX XapaKTepPUCTUK IPYHTOB P M3MeHeHUN
BAAXXHOCTU

AnnoTamms. B ganHOI craThe paccMaTpuBalOTC aHU3OTPOIIHBIE CBOVICTBA TPYHTOB 1 BOIIPOC
BAUSHNIS HaMOKaeMOCTM TPYyHTa HaIlpsDKeHHO-Ae(pOpMMPOBAaHHOIO COCTOSIHMS aHM3OTPOITHOTO
ocHOBaHM. VIsydeHue CBOJVICTB MaTepuada ¥ IIPUPOABI BTUX CBOIMCTB HEIIOCPEACTBEHHO CBA3aHO C
BOIIPOCaMU ITPOMCXOXKAEHIIS U CTPOeHNsI 1ccaelyeMoro oobekTa. Hamnbo1ee BayKHBIM 13 HMX C TOYKH
3peHILIsT pacdeTOB OCHOBaHMUI, TPOEKTUPOBaHNA 3AaHNI 1 COOPY>KEeHUI ABASIOTCA AepOpMaIIOHHas,
MIPOYHOCTHAs ¥ (PUABTPaLMOHHAs aHM3OTPOMNA, BHOCAINME B OOAbBIIel MAVM MeHBIIeN CTeIleH!
U3MEHeHNs B HallpsDKeHHO-AepopMHUpOBaHHOE COCTOsHME TPYHTOBBIX MaccuboB. Bech HaOop
(}pusuKO-MaTeMaTNYeCKUX CBOVICTB TPYHTOB OIIpeAeAseTCsl X CTPYKTYPOIl M TeKCTypOii, KOTOpEIe, B
CBOIO ouepeAb, POPMUPYIOTCS B 3aBUCUMOCTH OT COCTaBa ¥ TeHe31ca TPYHTOBBIX OTAOXKEHMIL, a TaKKe
10/ BAVMSHIMEM CTOPOHHMX (PAaKTOPOB, IPUBOASAIINX K TpaHCPOPMalMU HaIPSIKEHHOTO COCTOSTHIAA
MaccuBa rpyHTa. IlpakTmieckn BO Bcex OmbITaX, B KOTOPBIX MCCAeA0BaAUCH AepOopMalllIOHHEIE,
(uabTpanonHble, TPOYHOCTHBIE M APYyTUe CBOJCTBA TPYHTOB IIO Pa3AMIHBIM HaIlpaBAeHIM,
OTMe4YaaoCh pasAudyme X IoKasareaell. Takme pesyabTaThl CBUAETEABCTBYIOT OO0 aHM3OTPOITHOM
IPOSIBAEHUM DTUX CBOMCTB. B KauecTe pacyeTHO MOJAeAM TPYHTOB, CAaraioliyX aHM3O0TPOITHOE
OCHOBaHIIe, PacCMOTpeHa yrIpyras (AnHeltHo-AepopMupyeMast) MOJeAb TPyHTa.

Karougesbie caoBa: rpyHT, gepopManyisl, aHU30TPOIIHBIE, CBOVICTBA.
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