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Abstract

The problem of determining reliable characteristics of soils necessary for the design of foundations of buildings and structures is important and
urgent. The main parameters determining the mechanical properties of soils are their strength and deformation characteristics, obtained, as a rule, by
the results of static probing. Investigations of the process of probe immersion into the soil have allowed to identify a zone of fracture, within which shear
deformations take place; a zone of elastic-plastic shear deformations and a zone of elastic deformations. This obviously leads to a change in the
determined soil parameters around the probe. Comparing the interaction of the pile and the surrounding soil with the processes occurring during the
probe immersion, the values of the obtained characteristics of sandy soils during probing are revealed with their values for the sands of natural
composition, which allows to obtain more reliable values for the design of bases and foundations. The article examines the features of the interaction of
the surrounding soil with piles and a probe during their immersion, associated with a change in the porosity coefficient.
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K BOMPOCY NOBbILWEHKUA OOCTOBEPHOCTU OMNPEQENEHMUA MEXAHUYECKUX XAPAKTEPUCTUK FTPYHTOB
M. C. Nowra, H. H. Wanoo6ekiTa, T. M. lanobbita

Pedepar

lMpobrema onpeneneHns [OCTOBEPHbIX XapaKTEPUCTUK IPYHTOB, HEOOXOANUMBIX ANst NPOEKTUPOBaHUS (DYHOAMEHTOB 30aHUN 1 COOPYXKEHUH, SBMNSETCA
BaXHOM W akTyanbHO. OCHOBHblE NapameTpbl, ONPenensiolMe MeXaHWUYecKue CBOWCTBA FPYHTOB — 3TO MX MPOYHOCTHblE W AeOpMaLMOHHbIE
XapaKTepuCcTUKW, Monyyaemble, Kak MpaBuno, Mo pesynbTataM CTATUYECKOro 30HAMPOBaHWA. MccriedoBaHMs Mpouecca MOrpyXeHWs 30HAA B TPYHT
MO3BONMIN BbISBUTB 30HY Pa3pyLLEHNs, B Mpeaenax KoTopoi MMeoT MecTo AedhopMaLiv caBura, 30Hy ynpyronnacTudeckix AechopmaLimii casiura 1 3oHy
ynpyrix gedopmauuii. 310, 04eBUAHO, NMPUBOAMT K M3MEHEHMIO OnpedensieMblx NapameTpoB rpyHTa BOKPYr 3oHga. ComocTaenss B3auMopeicTBue
Morpyaemoii CBau 11 OKPYXaloLLEro ee rpyHTa C MpoLieccamm, MPOVCXOAALLIMMM NMPY NOTPYXeHUM 30HAA, BbISBNEHbI 3HAYEHIS MONyYaeMbIX XapakTepucTuK
MecYaHbIX MPYHTOB NPW 30HAMPOBAHMM C UX 3HAYEHWNSMM A NECKOB MPUPOAHOTO CRIOXEHMS, YTO MO3BONSET NONY4UTL Bonee AOCTOBEPHBIE X 3HAYEHUS
[ONs NPOEKTMPOBaHNS OCHOBaHWIA M (PyHOAMEHTOB. B cTatbe paccMOTpeHbl 0COBEHHOCTY B3aMMOAENCTBIS OKPYXKAIOLLIEro rpyHTa CO CBAsMM W 30HAOM Mpy

VX NOTPYXEHWUM, CBSI3aHHbIE C UBMEHEHNEM KODULIMEHTA NOPUCTOCTH.

KntoueBble cnoBa: k03hPULMEHT NOPUCTOCTM, CTATUYECKOE 30HAMPOBaHME FPyHTa, YNNOTHEHUE TPYHTOB, MEXaHU4YECKME XapaKTePUCTUKMK,

obnacTb YNNOTHEHWA rpyHTa.

Introduction

The most important reserve for improving the quality of designing
foundations and bases is the reliability of determining the physical and
mechanical characteristics of soils. The main parameters of the mechani-
cal properties of soils that determine the foundation bearing capacity and
deformability of foundations are the valuesof strength and deformation
characteristics: the internal friction angle, specific adhesion, deformation
modulus. These parameters, with the same type of granulometric compo-
sition, plasticity number, vary in significant ranges depending on porosity
coefficient values, fluidity index, etc. [1, 2, 3]. Therefore, obtaining objec-
tive reliable information on the soil properties located in the active zone of
the foundation of the designed buildings and structures is a very im-
portant task of engineering and geological surveys which determine the
feasibility and effectiveness of the decisions taken on the foundation type
and design [15, 18-20].

In accordance with [2], when conducting engineering and geological
surveys with the aim of determining soil strength and deformation charac-
teristics for the design and construction of buildings and structures of Il
and Il levels of responsibility, it is allowed to use statistical probing data.

Soil testing by probing is used in conjunction with other types of en-
gineering and geological surveys or separately [11].

Theoretical analysis of the reliability of determining the mechan-
ical characteristics of soils

Determinating the physical and mechanical characteristics of soils is
carried out according to tables [2]. In this case, the porosity coefficient e
of sandy soils should be taken from the table or from the correlation de-
pendence

e=0.815-0.104Inq,

where (s - specific soil resistance under the probe tip.

The value of e, in addition to Qs, is not affected by the genesis of
sands, their granulometric composition, or humidity.

This statement is incorrect, since “Without studying the genesis and
diagenesis of rocks, it is impossible to correctly estimate their physical
and mechanical properties in space and depth, the nature and intensity of
change under the influence of various factor, properties of a given rock in
relation to the designed structure [13]".

Thus, the value of the porosity coefficient is affected only by the spe-
cific resistance of the soil under the probe tip. Consequently, the obtained
value of e should correspond to the soil natural density. However, the
density values which are obtained in this way are of a purely preliminary,
forecasting, nature [4, 5, 19].
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Driving the probe into the soil results in its displacement into the area
surrounding the probe.

The trajectory of the soil particle movement, its resistance when a
conical tip is driven into it from the action of a static load, can be consid-
ered as the interaction of the surrounding soil and the pile driven into the
soil "in the area" of its tip. When driving a pile, a so-called internal uplift
appears under the tip of the pile, which forms a plastic zone around the
pile. Further on, in the volume adjacent to this zone, the soil passes into
an elastic state (Figure 1). The size of the elastic-plastic area, within
which the soil is in a compacted state versus its natural state, depends on
the strength characteristics. This is confirmed by natural and model stud-
ies of pile driving into various soils [6, 8, 9].
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Figure 1 — Diagram of soil compaction when immersing a probe

Field studies by the Krasnodar PromstroyNllproekt showed that
when driving piles into clay soil, the compaction zones around the pile
have the shape of a cylinder with a diameter of about (7-8)d (d - the
diameter of the pile) [6].

The elastic area

the plastic area

The annular sand zones displaced by the pile around its shaft
d =10,7 cm have an average width of 1,9 cm along the entire height.
The area of this annular zone in the horizontal section is 1,84 times
greater than the cross-sectional area of the pile. Thus, all the soil in the
volume of the pile was squeezed out to the sides with its simultaneous
compaction. The decrease in the initial soil porosity in this zone is 16 %.

A compacted soil core is also formed under the lower end of the
probe during its immersion, which has a great influence on the nature of
the formation of the surrounding massif [8, 9].

A number of studies of the interaction of the driven pile and the sur-
rounding soil confirm the formation of areas of horizontal displacement of
soil particles and its compaction around the ring piles in a radius of 2 to
10,0d [6, 7, 8]. Some of the latest studies of the process of continuous
immersion of the probe into the soil [14, 16, 17] made it possible to identi-
fy the following zones of its deformation as it moves away from the probe:

— destruction zone, in which the soil shear deformations reached
and exceeded the ultimate strength values;

— zone of elastic-plastic shear deformations that did not reach
the ultimate value;

— zone of minor elastic shear deformations, soil compression.

The sizes of these zones change proportionally to the initial soil density.

Thus, the experimental studies conducted with various soils on the
models allowed us to establish compaction zones below the tip (com-
pacted core) and deformation zones, mainly in the horizontal direction.

The elastic part of the compacted core causes the formation of a
compaction zone. When the soil is displaced in the radial direction, com-
pression pressure P occurs on the probe contour, causing the movement
of soil particles in the plastic area, i.e. causing its compaction (Figure 2).
This means that when the probe is driven in, the soil natural density
changes: loose soil is compressed, and dense soil is loosened. Besides,
a similarity in the nature of the deformation of the base during the immer-
sion of the probe and pile models into the soil was revealed, which makes
it possible to mutually extrapolate the analytical and numerical solutions
obtained for both problems.
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Figure 2 — Calculation scheme

The identified peculiarities of the interaction of the surrounding soil
with the piles and the probe during their immersion are connected with a
change in the porosity coefficient compared to its natural value.

The porosity coefficient for sandy soils is one of the main classifica-
tion indicators, according to which sands are divided into varieties by

density. The value of this indicator is affected by the dispersion of the
sandy soil and its natural composition density, humidity, which deter-
mines the value of mechanical characteristics.

Consequently, the issues of the reliability of determining the natural
density and mechanical characteristics of soil are very important.
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Let us designate the porosity coefficient of natural soil as e, and the
porosity coefficient of compacted soil as €. Taking into account that soil
compaction occurs mainly within the plastic area (Figure 2), since the
value of Uy is usually insignificant compared to the plastic area, then e,
is characteristic as the average coefficient of soil porosity in this area.
Supposing that all solid particles in the probe volrme are displaced into
the soil volume limited by the radius r,, the equation will look

d2
e, = e—m(l-l-e).
Hence °
_ G(1+e)
r2 —0,250d2

In accordance with [9], the radius of the soil maximum state zone in
the plane passing through the tip of the cone is determined by the formula

x/f-eg-gjtgco

d
= > 1+
sin| 2+ %
2 2
Denoting the expression in square brackets D, we obtain
d
r,= =
2
Then
2
_D(1+e,) 1
D?-1

Obviously, in the plastic area and when the cone is immersed, the
change in the porosity coefficient of the compacted soil depends on the
distance from the probe edge, where the density will be maximum and as
it moves away from the probe, it will decrease to the natural one.

The change in the porosity coefficient e, within the compacted area
is accepted, taking into account the logarithmic nature of the development
of shear deformations [10], according to the formula

r

e =ee?,

where e is the base of the natural logarithm.

I' is the distance from the compaction boundary to the point under
consideration,

a is a certain coefficient.

Analysis of the change in the porosity coefficient in the direction from
the probe to the boundary of the plastic area shows that at the probe
surface € has the lowest value and when approaching the edge of the
plastic area e increases. The difference in soil density between these
characteristic points is about 14 %.

Atr=0;er=e; if I'=1r,-—;er=€p is the porosity co-
efficient of the soil at the probe surface.

The most intense change in the porosity coefficient is observed in the
section from the probe surface to 0,25d. It is obvious that the maximum
soil density during probing tests will be in the area adjacent to the probe
surface. Taking into account the results of testing models of piles driven
into sandy soils, and also guided by the need to determine the most relia-
ble characteristics of the soils, we will determine the value of €, 5 within
the range of 0,30d. Then the value of €y 4y will be equal to

. -(r, -0,3d)

—-ee ———.
p.av H a

Calculations show that within the 0,2d area, the change in the po-
rosity coefficient does not exceed 10 %. Figure 3 shows the change in the
porosity coefficient of natural soil composition in the 0,3d area depending
on the average porosity coefficient when the probe is immersed. There is
a clear linear relationship between €, 5y and € for sandy soils of different
coarseness. The angle of inclination of the line to the abscissa axis de-
pends on the angle of internal friction of the soil. The greater the value of
¢, the smaller the angle of inclination o.. This indicates that for the same
value of ey 4y, the value of e for different soils is different in density: with
a larger sand coarseness of the determining fraction, the natural density
of the soil is higher.

Conversely, for the same natural density of the soil, the average val-
ue of € 4y is higher for fine and dusty sands than for coarse and gravelly
sands; the higher is the value of €, the greater is this difference.
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Figure 3 — Change in ep.av for sandy soils of different densities

Figure 4 shows the graphs of the change in the specific soil resistance
under the probe tip Qs depending on e. The graphs show that for any given
value Qs, the actual value of e is less than the determined by [2].

And this, as is obvious, affects the value of mechanical characteris-
tics determined according to [11-13]. The comparison of the deformation
modulus for coarse sands according to the proposed procedure and in
compliance with [11-13] shows this difference of up to 17 %.

Conclusions

1. When the cone is immersed into the soil, the soil is displaced in
the radial direction, which causes its additional compaction.

2. The determination of the soil porosity coefficient, its strength and
deformation characteristics should be carried out taking into account the
presence of a zone of additional soil compaction ‘in the area” of the im-
mersed probe.
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