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ABSTRACT

The article discusses modern practical approaches to the calculation
of pile bases, gives the actual picture of their deformation and loss of
stability under the influence of vertical pressing/ pulling loads. It is stated
that the currently used methods for assessing the load-bearing capacity
and stability of the pile base (theoretical, engineering-practical, numeri-
cal), based on simplified idealized models, the theory of solid body elastic-
ity, do not correspond to the actual state, properties and behaviour of dis-
persed soils under load. This greatly reduces the reliability of the results
obtained for them (the difference between the calculated and experimental
data reaches 100 %), and therefore they need to be clarified. Therefore,
the aim of this work is to improve the accuracy and reliability of calcu-
lation methods by taking into account the actual operation of piles in the
ground and its properties. Analysis of experimental data showed that the
loss of stability of the pile base at the stage of exhaustion of its load-bear-
ing capacity well corresponds to the assumptions and principles adopted
in the theory of ultimate soil equilibrium. In this regard, the article offers
a theoretical solution that develops the provisions of the theory of the
ultimate stress state of soils in relation to the assessment of the bearing
capacity and stability of the Foundation of piles. The solution is obtained
for the condition of a flat problem when loading a multi-layer base of a
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pile with a vertical pressing force. In the design scheme, the following
basic assumptions are made:

- the loss of stability of the pile base occurs as a result of shifts on the
sliding surface of an undisturbed volume of soil in the form of a truncated
cone, including the pile, relative to stationary soil;

- sliding surfaces have constant faces close to rectilinear, which are
rigidly oriented in space by angles of inclination to the vertical-B, along the
length of the trunk, and a.-to the horizontal, at the level of the end of the pile;

- the maximum normative load on the pile is determined under the con-
dition of the maximum ordinate of the development of the limit equilibrium
regionz, = (.25d, which corresponds to the critical drafts <Cs,.

The proposed theoretical solution can be used to develop methods
for assessing the load-bearing capacity and stability of both finished
and Packed piles of various types, for which partial coefficients of the
working condition are established, depending on their parameters,
soil properties and manufacturing method.

Keywords: theory of ultimate stress equilibrium of the soil,
particular problem of stability of the pile base, sliding surface, shear
zone, ultimate draft.
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AHHOTALUA

B cmamve paccmampuseaiomcs cogpementvle npakmuyeckue nooxo-
0bl K pacuemy OCHOBAHULL C8al, 0aHbl (hakmuyeckas Kapmura ux oegop-
MUPOBAHUA U NOMeEPU YCMOUYUBOCTHU NPU B030€UCMBUU BEPIMUKALLHOU
soasnusaiowyeti/evloepeusaioujeli Haepysku. Koncmamupyemcs, umo uc-
nonv3yemvle 8 Hacmosujee 8pemMs Memoobl OYeHKU Hecyujell CHOCOOHOCmuU
U YCMOUYUBOCMU OCHOBAHUS C8AU (MeopemuyecKue, UHIHCEHEPHO-NPAaK-
muyeckue, 4UCieHHble), NOCMPOEHHblE HA YRPOUJEHHbIX UOeanu3UposaH-
HbIX MOOENAX, Mmeopuu ynpyeocmu meepoo2o meid, He COOMBEEenCcmayom
axmuyeckomy cocmosiHuio, c80UCM8aAM U NOBEOEHUIO OUCHEPCHBIX ePVH-
M08 noo HA2Py3KoU. MO CULLHO CHUMCAEN 00CMOBEPHOCHb NOJYYEHHbIX
Nno HUM pe3yibmamos (PA3HUYA MexHcoy PACCHUMAHHbIMU U ONbIMHbIMU
Odannbimu docmuzaem 100 %), 6 céa3u ¢ yem oHu mpebyom YmouHeHus.
Iloamomy yenvro pabomsi a615€mca NOGbLULEHUE MOYHOCIU U HAOEHCHO-
CMU PACYEMHBIX MEeMOo008 NOCPedCmeom yuema haxmuueckol pabomol
ceatl 8 epyHme U e2o C8olcme. AHAnu3 onvIMHbIX OAHHBIX NOKA3AL, YMO
nomeps yCcmouuu8oCmu OCHOBAHUSA C8All HA CIMAOUU UCYEPNAHUS €20 HeC)-
weti CHOCOOHOCMU XOPOUIO COOMBEMCNEYem OONYUIeHUAM U NPUHYUNAM,
NPUHAMBIM 8 MeopUU NPedelbHO20 PABHO8eCUs 2PYHMO8. B céazu ¢ smum
8 cmambe npedsiodHCeHO meopemuyecKoe peuleHue, passusaioujee noio-
JHCeHUs MeopUU NPedellbHO20 HANPAHCEHHO20 COCMOSHUSL 2DYHIMO8 npUMe-
HUMENbHO K OYeHKe Hecywell CNOCOOHOCMU U YCIMOUYUBOCMU OCHOBAHUSA
csati. Pewienue nonyueno 0718 YCL08UsL NIOCKOU 3a0a4y NPU HASPYHCEHUU
MHO20CNIOUHO20 OCHOBAHUSL C8AU BEPMUKAIBLHOU 60A8IUBAIOUEUH CUNOU.
B pacuemmnotii cxeme npunsamel crnedyowjue 0CHO8HbIE OONYUeHUSA:

- nomeps yCMoU4UBOCMU OCHOBAHUSL C8AU NPOUCXOOUM 8 pe3yibmame
C0BU208 NO NOBEPXHOCMU CKONbIHCEHUS HEHAPYUIeHHO020 00veMa epyHma
8 (hopme yceueHH020 KOHYCa, 8KII0UAOWe20 C8al0, OMHOCUMETbHO HEN00-
BUIHCHO20 SPYHMA,

- NOBEPXHOCHIU CKOLbHCEHUS UMEIOM NOCMOsIHHbLE ONU3KUE K NPAMONIUHET-
HbLM SDAHU, HCECMKO OPUESHMUPOBAHHbIE 8 NPOCIMPAHCMEE YIaAMU HAKIOHA K
eepmukanu — 3, no Onure cmeona, u o, — K 20pu30HMAl, 6 ypoeHe KOHYA CEau,

- NpeoelbHAsl HOPMAMUBHAL HAZPY3KA HA C8Al0 ONpedeliemcs npu
MAKCUMATbHOU OpouHame paseumus o01acmu npedeibHo20 PasHO8eCUs.
z =10,25d, umo coomeemcmayem Kpumuueckoi ocaoxe S <¢£ s,

max
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IIpednoxceHHOe Mmeopemuueckoe peuleHiie moxcem Obims NPUMEHEHO
0115 paspabomku memo0o8 oueHKU Hecyulell cnocobHocmu u ycmouuugo-
CMU KAk 20moeblX, Mak U HAbUBHbLX c8All pA3NUUHbLX MUNO08, 0151 KOMO-
PblX YCMAHOBIEeHbL HACMHble KOIPPUYUEHMBbL YC08U pabOMbL, 3a8UCS-
wue om ux napamempos c8olicme 2pyHmo8 u cnocoba u320mosaeHuUsl.

KnroueBbie cj10Ba: TeOpUsA MPeAEbHOTO HAIPSKEHHOT'O PAaBHO-
Becus IPYHTa, YacTHas 33/laya YCTOMYUBOCTHA OCHOBAHUS CBaM, II0-
BEPXHOCTH CKOJIbKEHMS, 30Ha CABUTOB, NIpee/ibHast 0CaIKa.

s murupoBaHusi: Kpasios, B. H. PacueTr Hecymieli croco6-
HOCTH U YCTOMYMBOCTH OCHOBAHMS BEPTHKAJIbHO HarpyKeHHOM
OZMHOYHOM CBau BAaBIUBalollel (BblZepruBarolieii) cuioi 1o pe-
3yJIbTaTaM UCIbITaHui rpyHTOB / B. H. KpaBuos // ITpobemsl coBpe-
MeHHOTo 6eTOoHa U JKeyie300eToHa : cb. Hay4. Tp. / VIH-T BetTHUNC;
peakoi.: O. H. JlemkeBud [u ap.]. — MuHck, 2020. — Beim. 12. - C. 71-
85. https://doi.org/ 10.35579,/2076-6033-2020-12-05 (aHr1. 3.).

INTRODUCTION

Comparative analysis of the piles bearing capacity F,, obtained on
the basis of experimental data, with the results of its calculations by
well-known theoretical [1-3, etc.] methods based on solutions of the
theory of elasticity of a solid, shows that there is a significant discrep-
ancy between them. More reliable results are provided by engineering
and practical calculation methods regulated by the norms [4-6, etc.]
and official documents (manuals, recommendations [7-9, etc.]), us-
ing tabular values of the calculated soil resistance to indentation /
pulling out into / out of its lower end (heel) R, and trunk R, of the
piles. However, these methods are also not accurate enough, since do
not take into account the state and physical and mechanical properties
of soils, including in the process of their manufacture and operation.

The deviations of the F, values found from the results of calcula-
tions using known existing methods [4-8, etc.] from the experimental
data reach 40 % for long piles and up to 100 % or more for short ones,
both when they are indented and pulled out. This indicates that the ex-
isting methods for determining the bearing capacity of pile foundations
(theoretical, empirical, engineering and practical) need to be clarified.
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In this regard, the purpose of this work is to increase the accuracy
and reliability of the assessment of the bearing capacity (the first group
of limiting states) and the stability of vertically loaded pile foundations,
by taking into account the experimentally established features of their
interaction with the soil, the state and actual physical and mechanical
properties of soils based on test results with pressing and pulling.

EXPERIMENTAL AND THEORETICAL PRECONDITIONS FOR
CALCULATION

Analysis of experimental studies based on literary sources [7-8, etc.]
and our own ones [10, etc.] shows that when acting on the base of the
foundation (pile), continuously increasing both pressing and pulling loads,
its work at various stages of loading is characterized by three phases: 1 —
compaction, 2 — shear from initial to increasing massive (plastic defor-
mations), passing (3rd phase) into progressive soil fluidity (Figure 1).

a b

P
1 - Compression phase 2 -Initial shear phase (plastic 3 — Progressive flowability J{
. deformations) A

——t Pean =P P
Pm=F

Syp= &8,

o Porelim = Paeste

[ve I

S, mm

1 — pile; 2 — the edge of the sliding surface (lift) under the lower end of the pile in the
limiting state; 3 — the same along the trunk; 4 — outer boundary of the core of the
pile foundation;  and B — angles of inclination of surfaces positions (1-3); R, and R,
— soil resistance to pile indentation; | — rigid core under the end of the pile; Il — zone
of passive soil shear resistance; Ill — zones of stationary soil relative to which zones I
are shifted.

Figure 1. Stress-strain state of the base of a single pile under loading by pressing force
a — averaged graph of the dependence of the draft s on the vertical pressing load P
according to the results of tests of experimental piles in soils of medium strength; b —
diagram of the limiting equilibrium of a homogeneous base of a single pile at z > 2D.
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On the graph s = f (p) in Figure 1a, three sections can be distin-
guished: the first is close to a straight line, characterized by an almost
linear relationship between the draft (lift) of the pile and the force
applied to the base corresponding to the critical load p_, . ats_ = f
(p.), the second - with a violation of the linear (proportion) depend-
ence of the draft-load and an increase in the initial critical force, p_
i, up to the maximum critical p_, _, the third - by an increase in draft
at constant values of the force of the speed of pressing (extraction) of
the pile (the fluid state of the foundation soil).

In soil mechanics (the general theory of limiting equilibrium), the
strength of the foundation is usually evaluated by the initial critical
and limiting pressures on it, at which there is still no loss of soil sta-
bility [1, 3, 11, 12].

Initial critical pressure p_. . corresponds to the boundary be-
tween phases I and II (point A in Figure 1a), to which compaction
deformations that are safe for the stability (strength) of soils prevail.
Exceeding this pressure causes local loss of soil stability. Therefore,
the average pressure of the foundation of buildings and structures of
the I-th level of responsibility, obviously, should not exceed the criti-
calp_. . ,taken as the proportionality limit between pressure and soil
deformation-p_.. ~p .

Ultimate pressure p , corresponds to the full use of the resistance
of the base to shear (point B in Figure 1a) and the loss of its stability
(pult. ~ pdestr.)’

The position of the critical point A on the pile indentation curve
(see Figure 1) determines both the maximum permissible (critical)
deformation s_ and the value of soil resistance corresponding to it,
expressed by the abscissa of the critical pressure p_ . This resistance
in modern design practice is usually called the concept of the bear-
ing capacity of the soil, which has a rather vague meaning, since
on the pile indentation graph, as a rule, it is not expressed sharply
and is set conditionally. To give this concept a physical meaning, the
bearing capacity F, < R, in the normative literature [4, 5, etc.], it
is usually customary to assign at a draft s = ¢ - s, where s is the
maximum draft allowed by the norms [4, etc.], Eurocode 7: TKP
EN 1997-2009, Part 1, operating on the territory of the Republic of
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Belarus, depending on the structural system of the facility and its
purpose.

According to experimental and theoretical studies, the destruction
of the pile base by the pressed load occurs along solid wrapped slip
planes strictly oriented in space, oriented in space by angles {3 and a, the
formation process of which can be schematically represented in the fol-
lowing sequence (see Figure 1b). As a result of an increase in the load
P (the first phase of compaction in Figure 1a), compacted zones begin
to form at the base of the pile. Under the lower end (fifth) of the pile,
this occurs in the form of the formation of a rigid wedge I, which is its
continuation, with faces inclined at an angle o, to the horizon a, = ¢ /
4 ...(mt/ 4+ @/ 2); along the trunk in the form of a cone of subsidence
(hereinafter referred to as a cone) for each homogeneous layer, with
faces inclined at an angle to the vertical = / 4—¢ / 2 (see Figure 1b).

When the load reaches the value corresponding to phase 2
(shears) according to Figure 1a, the cone along the barrel begins to
move downward along the enveloping sliding surfaces, and the lat-
eral planes of the wedge under the heel (pos. I in Figure 1a) begin to
actively push the lateral volumes of the soil to the sides and upward,
forming new sliding surfaces (area II) of passive soil shear resistance
directed at an angle to the horizon a, = 1t / 4 — ¢ / 2. The reaction of
immobile soil III to the pressure of the passive shear resistance prisms
I when the pile heel is pressed is expressed by the forces R, and R, ap-
plied to the shear surfaces. They are deflected from the perpendicular
(normal) to them by the angle of internal soil friction ¢ (see Figure
1b). Adhesion value should be considered separately.

The projections of the forces on the z-axis applied to one of the
halves of the deformable subgrade can be reduced to the form (solu-
tion of Puzyrevsky, K. Tertsagi, Gersevanov, etc.).

R(o),, = Ah + Bb + Dc, (D
where R (6) __ is the load corresponding to the critical limit of
the bearing capacity of the foundation;

h is the depth of the foundation base (surcharge q / p correspond-
ing to the height of the conditional soil layer);

b, ¢ — respectively the width (diameter) of the foundation; soil
adhesion;
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A, B, D — constants for a given soil, the coefficients of its bearing
capacity, depending on ¢ and p. The version of this decision adopted in
the norms of the Republic of Belarus is given in TCP 45-5.01-67-2008.
Foundations slab design rules. Performed analysis of the state of the pile
foundation at the stage of its destruction showed that for the study of
their stability and calculation of the bearing capacity, it is quite accept-
able to apply the provisions of the theory of the limiting equilibrium of
soils. In this case, a decisive role in the process of destruction of the base
is played by violations of its internal equilibrium in the form of shears
along the sliding surface arising in separate volumes of soil along the
length of the trunk and under the lower end of the pressed (pulled) pile.

CALCULATION OF THE BEARING CAPACITY AND STABILITY OF
THE BASE OF A PRESSED (PULLED-OUT) PILE BASED ON THE
RESULTS OF SOIL TESTING

In modern design practice, the calculation of the bearing capacity of
the foundation (1stlimit state) is carried out according to a 2-component
scheme. It is assumed that the ultimate load on the base is equal to the
sum of the resistances (reactions) of the soil to the indentation of the heel
and the pile trunk into it, corresponding to the exhaustion of strength
and loss of stability of the soil - and defined as its bearing capacity.

The characteristic, experimentally established, signs of loss of
stability of the foundation when pressing and pulling out a pile are
(see Figure 1b):

the block character of the uplift of the shear volumes of the soil
without its destruction inside the massif;

the constancy of the curvature of the lateral surface and the vol-
ume of the subsidence / thrust blocks, in the form of a truncated cone;

a pronounced sliding surface, directed downward (when pressed)
or upward (when pulled out) at a certain angle of inclination to the
vertical — for the trunk (separating the bearing “bulging cone of sub-
sidence” from the stationary surrounding soil mass) and angle a to
the horizontals — for the heel,;

relatively geometrically correct shape of the sliding surface of
small curvature close to a straight line;
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displacement along the sliding surface of an undisturbed block
of soil in the form of a truncated cone, separated from the bulk of
the soil with a smaller base at the top, when pressed, and at the bot-
tom, when pulled, equal, approximately, to the diameter of the piles
d, with a large diameter D, at the bottom / top of the base of the cone
(on the surface priming when pulling out);

the nature of the sliding surface is determined not so much by the
stressed state of the pile base as by the distance z from its heel to the
levelling surface, the diameter and properties of the soil (density p,
moisture w, angle of internal friction ¢, adhesion c).

Thus, to assess the degree of stability and study the conditions
for the occurrence of shears in the base of the pile, in this and a
number of other cases considered in the works of B. V. Bakholdin, V.
G. Berezantsev, A. A. Grigoryan, V. N. Kravtsov, F. K. Lapshin, V. A.
Florin [11-13 and others], the possibility of applying the general the-
ory of the limiting equilibrium of soils is quite obvious. The decision
on the stability of the pile foundation in this case can be attributed to
its elementary particular problem, which consists in determining the
equilibrium condition for a fixed sliding surface formed as a result of
the shift of a non-deformable block of soil under / over the fifth pile
relative to the stationary surrounding massif.

Let us consider the conditions of the limiting equilibrium (stabili-
ty) of the pile foundation under the influence of the limiting indenta-
tion force P / pulling out P applied to it along the axis of its symmetry
(the solution for the pulled out pile is given in [13]).

On the basis of experimental studies [10-12, etc.], we assume
that when the pile is exposed to the pressing force P_ (see Figure
la), shear stresses are concentrated along its trunk and under
the slab, forming a subsidence body in the form of one truncated
cone (see Figure 1b) in homogeneous soil or from several cones
(compartments) - in a multilayer one (Figure 2a), with an upper
smaller base equal to approximately the area of the pile and a side
surface inclined downward at an angle to the vertical. The thickness
of the compartments in a multi-layer base is taken to be equal to the
thickness of the layers cut by the piles, as a rule, no more than 2 m (see
Figure 2a). The area A of the lateral shear envelope surface of each
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truncated cone of subsidence is essentially a fixed surface of ultimate
equilibrium (slip). Therefore, according to the theory of limiting
equilibrium of soils, the bearing capacity of the pile foundation can be
found from the equilibrium equations for each compartment L1 _
in Figure 2a, by summing the critical loads P, in each compartment
perceived by them at the moment the soil loses stability.

Let us consider the equilibrium conditions of the i-th compartment
(subsidence cone), for example, in Figure 2 in a flat setting, bringing
the cone in the plane of the drawing to a trapezoid with side faces
directed downward from the upper base of size d, to a larger lower

size D,, at an angle to the verticals f..
a
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Fragment 1

1 — pile; 2 - the edge of the sliding surface (internal discharge) under the lower end of
the pile at the stage of ultimate equilibrium; 3 - the same, along the trunk; A — uplift
zones (passive soil shear resistance); B — zone of stationary soil relative to which
zones A are displaced; - direction of soil displacement in zone A.

Figure 2. Maximum equilibrium diagram of a multilayer pile base a — calculation
model for determining the bearing capacity (stability); b — shear circuit at pointi on an
elementary sliding surface
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The following external forces are applied to the compartment at
extreme equilibrium: additional Pi from external load P, reactions
from the upper Ri-1 and lower Ri + 1 sedimentary compartments,
and the dead weight of the [3] compartment G, with the pile section.
We expand the resultant force Pat the point of application to the unit
area of the shear plane of the enveloping sliding surface nm into its
components: normal Ni, and tangent T':

T, = P, *cosP; N, = P, *sinf3; (D

External forces on the shear plane (see Figure 2b) at ultimate
equilibrium are counteracted by the following internal forces directed
in the opposite direction from the shear forces T;: adhesion c, acting
along the edge of the sliding surface nm and the resistance of the soil
to indentation of the pile R, which decomposes into components at
the point of application: tangent T,, (frictional force) and normal N,
(rebound reaction of the base soil to the face nm):

¢ = 2 CII;si.li; (1a)
N, = R;* sinf =y, *z*sinf, (1b)
Ty szi = tg(pH;i.Ni’ (1c)

where v, . is the equivalent (average) specific gravity of soils
above the considered compartment, z,is the thickness of soils from
the surface to the middle of the compartment h).

We compose the general equations of the limiting equilibrium for
the h, compartment. We project all the forces on the inclined face of
the shear surface nm and on the reaction normal to it N, referring
them to the unit area of the shear plane A .

T =T,+c*A+2R =f°*N.*c*i+R _ , cosB-(R + Ggl.) cosf; (2)
Ny=N+3XR =N +R, sin- (R, +G)sinp. 3)
Substituting expression (3) into (2), we obtain

T, =fl.Nl. +c oL+ RM(fi * sinf3, + cosB) - (R, + Ggi)(fi sinf, + cosB.). (4)

CH;si i

81



We transform expression (4), using the formulas for the differ-

sin @y,

COsPni

ence of two angles sin(¢,+8) and f,=tg¢p, = , solving it with

respect to R, leading to a common denominator, taking into account
the total area of the enveloping surface slipA...

- Ag(Ti—tg '%FII:E'NE_C-II:E'!E}'CQSfr’-"”:z'_|_ R
i-1=
st cos(@rri+6;)

R

i+1 T Ggi, MN. (5)

Formula (5) makes it possible to determine the maximum bearing
capacity of the soil of the pile foundation (shear resistance) at any
section hialong the length of its trunk. To calculate the total value
Rs;i of the pile trunk, the calculation must start from the upper
compartment L1l according to Figure 2, for whichR ,, , = 0.

The total bearing capacity of the pile base is determined by calcu-
lation as the sum of the soil resistance to immersion of the heel and
the pile shaft into it.

Rk:ca! =V¥e1 ¥ez - (]’rb ’ Rb:k:ca! : Ab +Tsa' E Rs:’:k:ca!) , MN, (6)

where t, and t, are partial coefficients of working conditions, de-
pending on the type of piles (finished, rammed), designs and manu-
facturing technologies given in the latest edition of the norms (SP)
of the Republic of Belarus for finished and rammed piles of different
types;

v, and v, — partial safety factors on the ground, respectively, at
the heel level and average along the length of the trunk, given in the
edition of the norms (SP) of the Republic of Belarus;

R, .. is the maximum standard resistance of the base soil to the
indentation of the lower end of the pile (heel) into it according to for-
mula (1) as amended by N.M. Gersevanov and norms (TNLA) of the
Republic of Belarus (TKII 45-5.01-67-2008), MPa;
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A, = 0.785 D}?m — is the lower effective area of transfer of the
load to the soil at the level of the end of the pile with the nominal di-
ameterD . ,equalatlL <6m-D_, =d+ 2L *tgB;atl =6m-D

] d.
=d + 1.1, m? (herep, = 6°);

cond.

2R si—1 — the sum of the maximum soil resistance (bearing ca-
pacity) to the pile trunk being pressed into it until the limiting equi-
librium is violated according to the formula (5), MN.

The design (design) load allowed on the piles F, , should not ex-
ceed the design (design) resistance of the pile base soils R dieal and is
determined by the formula of the norms [4]

ELical

J

MN, (7)

Fd:f'a! = Rd:f‘ﬂ! =
where k = 1.4 is the coefficient of accuracy of the method is
determined by R,_,.

The obtained theoretical solution to the particular problem
of assessing the bearing capacity and stability of multilayer pile
foundations is currently used to develop a universal method for
calculating finished and rammed piles of prismatic and cylindrical
shapes of a longitudinal profile with a length (2 to 35) m with a
cross section (20 to 80) see, included in the latest edition of the joint
venture for the design of bases and foundations of the Republic of
Belarus.

CONCLUSION

1. A particular theoretical solution has been obtained that devel-
ops the provisions of the theory of the limiting stress equilibrium of
soils in relation to the assessment of the bearing capacity and stabil-
ity of the pile foundations for the conditions of the plane problem,
proceeding from the assumptions that the loss of their stability oc-
curs along rectilinear shear planes with angles of inclination strictly
fixed in space at the maximum ordinate development of the region of
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limiting equilibrium z_ = 0.25d, which corresponds to the critical
drafts, < &es on the graph in Figure 1a.

2. This theoretical solution can be used to develop various types
of piles by introducing partial safety factors and working conditions
into the calculation formulas, taking into account the specifics of its
interaction with the soil and manufacturing methods. At present, the
obtained theoretical solution is used in the development of a univer-
sal method for calculating finished and rammed piles of prismatic
and cylindrical shapes, which was included in the latest edition of the
Resolutions of the Council of the Republic of Belarus for the design of
bases and foundations.
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