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COMPARATIVE ANALYSIS OF BORED PILES ACCORDING
TO THEIR GEOMETRICAL VARIATIONS

FEOMETPUANBIK BAPUALMANAPBIHA BAUNAHBICTbI B¥PFbINAY
KAOANAPDBIHbIH CANbICTbIPMAIbI TANAAYbDI

CPABHUTENbHbIA AHANU3 BYPOHABUBHbIX CBAN
B 3ABUCUMOCTU OT UX TEOMETPUYECKUX BAPUALINIA

AHOamna: Kasipai yakeimma 6ypfbinay Kadamapbl CUSIKMbI Xofapbl muiMOi KypbiibiC Mamepuar-
OapbiH a3zamammbIK KypblibiC MEH ipeemac KypblibicbiHOa nalidanaHyObiH KenmezeH apmbiKWbiibiK-
mapbl 6ap. bByprbinay KadanapblHblH MEXHOM02USICbl YIIKEH, WOfbIpaHFaH MmiK XoHe KerndeHeH
Xykmemenepoe, KypOesi 2eorno2usifibiK XoHe UHXeHeprik xardalsapbl 6ap KypbuibiC anaHOapbiHOa,
MbIfbI3 KOHbICMaHFaH KanarnblK xepriepOe XoHe COKKbl Hemece Oipin XyKmeMesnepiHiH ocepiHeH
Oechopmayusinap mybiHOaybl MYMKIH KondaHbiCmarbl fuMapammap MeH KypbiibicmapoblH XaHbIHOa
KondaHbinadbl. 3epmmey b6yprbinay KadanapbiHbiH ipeemac pemiHOe Kacuemmepi MeH KondaHbliyblH
XeHe onapObiH Kasipai 3amaHayu KypbinbiC xardalnapbiHOa KondaHyOblH MaHbI30bIMbIFbIH 3epmmeyae,
CoHOaul-aK b6yprblnay KadanapbiHbIH XYK Kemepeiwmik KacuemiH OHblH Ouamempi mMeH mepeHOiaiHiH
e3zepyiHe mayendinieiHiH canbicmbipmarbl mandaybiH Xacayfa apHarsiFaH.

Tylin ce3dep: b6yprbinay kKalanapbl, apmamypa, MOMbIpakK, XyK Kemepeaiwmik Kacuemi, Xep
JKYMbICmapabl, ipeemac, KypbibIChl.

AHHOMauus: B Hacmosiwee spems, 8bICOK03¢heheKmuBHbIe cmpoumesibHble Mamepuaribl, makue Kak
bypoHabusHble ceau, obradaom pasfuYyHbIMU rpeumMyulecmsamu O71s UCMOMIb308aHUSI 8 2pax0aHCKOM
cmpoumernscmee U cmpoumenscmee yHOameHmos. TexHonoausi 6ypoHabueHbix ceall Haxodum
npumeHeHue rnpu 60/bWUX, KOHUEHMPUPOBaAHHbIX 8EpMUKallbHbIX U 20pU30HMarbHbIX Hazpy3kax, Ha
cmpoumerbHbIX  rowadkax Cco  C/IOXHbIMU — 2€0/102UHECKUMU U UHXEHEePHbIMU  YCIlo8USIMU, 8
2yCmoHacesieHHbIX 20p00CKUX paloHax u ebriusu cyuwecmesyrowux 30aHull u coopyeHul, 20e moaym
803HUKamb OehopMayuu npu eusHUU yOapHbIX Uu eubpayuoHHbIX Haegpyskax. MccnedosaHue
rocesiuweHo uccredosaHuro ceolicme U rnpumeHeHusi 6ypoHabueHbIx ceall 8 kadyecmee ¢hyHOameHma U
3HAYUMOCMU UX UCIOJSIb308aHUSI 8 COBPEMEHHbLIX YC/I08USIX epaxOaHCKo20 Cmpoumesibcmea, a makxe
nposedeHU CpasHUMENbHO20 aHau3a 3agucumMocmu Hecyuiel criocobHocmu 6ypoHabusHoU ceau om
u3MeHeHus1 ee uamempa u a51ybuHbl 3a50KeHUS.

Knroqeenie cnoea: 6ypoHabusHbie ceau, apMuposaHue, 2pyHm, Hecywasi criocobHoCcmb, 3eMrisHbIe
pabomsl, pyHOameHmM, cmpoumenbcmeo.

Abstract: Nowadays, highly efficient construction materials such as bored piles have various benefits
for use in civil and foundation engineering. The technology of drilling piles has applications for heavy,
concentrated vertical and horizontal loads, on building sites with complicated geological and engineering
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conditions, in densely populated urban areas, and close to existing buildings and structures where
deformations may occur from hammering or vibration loading effects. The study is devoted to the
investigation of the properties and application of bored piles as a foundation and the significance of their
use in the current civil engineering conditions, as well as conducting a comparative analysis of the
dependence of the bearing capacity of a bored pile on the change in its diameter and depth of laying.
Keywords: bored piles, reinforcement, soil, bearing capacity, excavation, foundation, construction.

Introduction. In many cases, it tends to be necessary that urgent construction work needs to
be done close to existing structures and buildings during spot construction. In such
circumstances, pile foundations are frequently used since they can support heavier loads than
shallow-lying foundations and can also be more cost-effective due to the reduction in labor-
intensive earthworks required during construction [1].

Nowadays, highly efficient construction materials called bored piles have various uses in
civil and foundation engineering. Bored piles, which are typically used for building foundations,
are cylindrical bodies made of concrete with or without reinforcing. High structural loads are
transferred by them to lower, load-bearing soils. They can create a supporting wall for an
excavation or steep slope when set up in rows or in a secant pattern, or they can block
groundwater. The piles can have different lengths, diameters, materials, geometries, and
arrangements depending on what they are used for [2].

In general, this investigation is devoted to the analysis of the properties and application of
the bored piles as a foundation for a building through the study of previously done research. The
purpose of the research is to determine the relevance of the usage of bored piles in the
construction of buildings with special requirements and the calculation of the bearing capacity
of bored piles, with further comparison of their dependence on the change in diameter of a pile
and the depth at which lower-end bored piles are laid. The research will not only look at the
benefits of the particular pile type but also at the reasons for using it more often as a foundation
to improve the stabilization of foundations for buildings and other structures by providing
lateral resistance against the pressure of soil or water.

Materials and methods of research. One of the major issues of the modern construction
process is that the dynamic loads impacting neighboring structures present a significant
challenge when constructing buildings on pile foundations in congested urban environments.
The technology of bored piles may assist in finding a solution to this issue. Such piles are
frequently employed in heavy-load conditions as well as when deeply compacted soils are
present. Bored piles are frequently used as the foundation for bridges. The cost and duration of
construction and maintenance projects can be drastically decreased by utilizing the most up-to-
date technologies and following regulatory paperwork requirements when drilling structures [3].

Our country has extensive experience implementing bored piles on major, responsibly
managed construction sites. It frequently occurs that urgent work needs to be done close to
existing structures and buildings during spot construction. Undoubtedly, this sort of work
demands the highest level of accuracy as well as the least amount of shaking and vibration.
Modern bored piles are typically used to prevent the destruction of objects nearby during
vibration loading or pile drive. On sites with the most challenging engineering and geological
circumstances, they are used under extremely high concentrated horizontal or vertical stresses.
The extraordinarily low noise level of bored piles is one of its most significant benefits [4].

As specified by the earlier investigations on technology of bored piles, since the early 1990s,
St. Petersburg has seen a resurgence of technologies for the production of piles in the ground by
boring and drilling, which has significantly decreased the usage of pre-ready piles (precast
reinforced concrete piles). It should be noted that this city is located in a complex geotechnical
location and also on the shore of the sea bay. Weak soil foundations, many historical buildings,
and high groundwater levels pose great challenges for foundation builders. Such piles can be
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categorized into three primary groups based on how they were made: piles with excavation, piles
with partial excavation, and piles without excavation along the pile's trunk. The “Fundex”
technique, which has been perfected and applied by businesses like “Statika-Engineering”,
“Geoisol”, “Old Town-Karst”, “Geostroy”, etc., can be used to create bored piles without
excavation. In the Netherlands, the "Fundex" piling device's technology was created in 1960. By
compacting the earth with a screw-in inventory steel pipe, whose lower end is sealed by a cutting
tip left in the ground, a well is created beneath the pile without the need to remove the soil [5].

A rational area of application of drilling piles is the construction of fences of pit walls near
streets with heavy traffic, near buildings and utilities, as well as in densely built-up areas,
foundations of buildings, bridge supports, and other engineering structures. [6] These might
include newly allotted areas, areas after preliminary engineering preparation, or undeveloped
areas within an existing development zone. The purpose of bored piles is to move loads from a
building or other structure to a ground base. These piles are also beneficial when there are soils
that are heaving, expanding, or subsiding on the surface [7].

One of the main advantages of the usage of bored piles is the installation process, because it
can be carried out all year round, regardless of weather conditions, and a high level of
mechanization of work allows you to accelerate the pace of construction of fences and
foundations. A drilling hole is excavated, a casing pipe is lowered into it, an armored frame is
dropped into it, and a concrete mixture is poured into it to install the support structure. A
monolithic structure capable of withstanding large weights, severe compression, and bending
loads is created once the concrete has solidified [8].

According to the methodical manual on the construction of fences from bored piles, the
technology of manufacturing bored piles consists of two interrelated primary works: drilling an
excavation and laying a concrete mixture into it with the previous or subsequent installation of a
reinforcing frame. The unique aspect of this connection is that both the drilling rig and the
concrete mixture are temporary components. The existing regulations only govern the time
period (no longer than 8 hours) between the completion of the drilling procedure and the start of
concreting since their attributes swiftly deteriorate as the retention period increases, making
them unsuitable. The concreting of the drilling hole should be completed before setting (after
1.5-3 hours from the moment of closing) of the first laid portions of the mixture, which makes a
very tough key requirement for the technological process of manufacturing bored piles and
requires a high production culture of the entire production complex: concrete plant, vehicles,
roads, construction site, drilling installations [7].

It is necessary to adhere to the requirements of Construction Norms and Regulations 3.02.01,
Construction Norms and Regulations 3.03.01, and Construction Norms and Regulations of RK
3.02-29 while laying foundations and foundations, as well as building standards for the
organization of construction [9].

In the course of research, several mechanisms of bored piles installation were highlighted.
For the installation of drilling piles underneath clay mortar protection, rotary drilling machines
are used. The technology behind the heaps' gadget is as follows: A well is dug, its walls are
mortared with clay (bentonite), and it is concretized by supplying concrete through a concrete-
cast pipe that is lowered to the bottom of the well and slowly rises as the supply of concrete
increases. Install metal cornices in a clay solution when setting up piles 30 meters in length or
longer. The disadvantage of this method is that the clay solution weakens the concrete
reinforcement'’s adherence.

The interaction between a pile and the soil, which is influenced by the soil properties (soil
type and/or presence of hard stratum), as well as the installation method, determines a pile's load
capacity. As indicated in Figure 1, loads from the superstructures are transmitted into the soils,
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and the resistance to loadings is provided by frictional force and end bearing. The friction that
occurs between the pile and the surrounding soils, which is primarily controlled by the shear
strength of the soils, generates the frictional force, or so-called shaft resistance. When the pile
penetrates into hard strata, there is a significant amount of end bearing, or so-called base
resistance [10].

Load from
super sfructure

AN
Soft soil
Frictional o Soft soil with increasing
force stiffness as depth increases
AN
Hard sfrala
£nd bearing
(a) fb)

Figure 1. Load transfer mechanism of a pile foundation:
(a) end-bearing pile and (b) friction pile

The technique for building piles using short through-pass augers involves sinking the augers
to the design depth, using a concrete pump to pump concrete through the inner pipe of the auger
while simultaneously pulling it out, and then using a vibration loader to lower the metal frame
into a well of concrete. The benefits of this method are the absence of vibration and shock, the
high pile bearing capacity, high productivity, and the high quality of the pressure-supplied
concrete that fills the well. The pace of the pile arrangement slows down when moving over
refractory or semi-solid loams or clays, which is one of the drawbacks.

During the installation of piles with a continuous auger, the formation of piles occurs without
additional fastening of the walls of the well. For soils with layers that differ greatly in strength,
the technology is essential. Pressure is applied when supplying concrete. When pile compaction
is impossible, such as when driving through a thick layer of sand or semi-solid and refractory
loam, this approach is extremely useful. The concrete piles created with this technology are
worthy due to its great productivity and quality [11].

The general assessment of the continuity of piles using dynamic tests that result in minor
deformations is part of the general evaluation of the quality of piles that could have significant
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flaws or reduce the strength of the surrounding soil when they are installed. Other tests are
carried out while the work is being done, such as sounding, vibration, or testing the chosen
cores, as it is frequently impossible to identify such significant defects with the help of dynamic
tests, such as poor concrete quality or insufficient thickness of the protective concrete layer,
each of which can affect the operation of piles for a long time [12].
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Figure 2. Soil classification and characteristics
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The first group of limit states influences the calculation of pile foundations and their bases.
In the present instance, it indicates that the bearing capacity of the soil at the base of the pile
foundations is taken into consideration if significant horizontal loads, particularly seismic ones,
are transferred to them (retaining walls, spacer structure foundations, etc.), if the structure is
positioned on or near a slope, or if the base is composed of steeply falling soil layers [13].

According to the requirements of regulatory documents, loads and impacts, load safety
coefficients, and conceivable combinations of loads considered in the calculations of pile
foundations have been accepted. The estimated values of the physical properties of the materials
and soils that are given in Figure 2 are applied in all calculations related to piles, pile
foundations, and their bases [14].

The following formula is used to calculate the piles with and without broadening, as well as
shell piles submerged in excavation and filled with concrete, working under a compressive load
[15]:

Fd =yc * (ycR * R * A + uZfi * hi),

Where:

e - the coefficient of the working conditions of the pile; in the case of its support on clay
soils with a degree of humidity S; < 0.9 and on loose soils yc = 0.8, in other cases - y. = 1;

ver - coefficient of working conditions of the soil under the lower end of the pile; ycr = 1;

R - is the calculated resistance of the soil under the lower end of the pile, kPa, for a packed
pile manufactured according to the technology, according to SP RK 5.01-103-2013; For I. = 0,2
and the depth of 6 m, R = 800 kPa, and for I_ = 0,2 and the depth of 12 m, R = 1250 kPa.

A - is the pile-bearing area, m?. Using the formula: A = n*r?, the area of the cross section
was found. For the diameter of cross-section 0,6 m, A = 0,28 m?; for 0,8 m, A = 0,50 m?; for 1
m, A = 0,785 m?;

u - is the perimeter of the cross-section of the pile trunk, m. Using the formula: u = 2*n*r,
the perimeter of the cross section was found. For the diameter of cross-section 0,6 m, u = 1,88
m; for0,8 m,u=251m;for1m,u=3,14 m;

fi - is the calculated resistance of the i-th soil layer on the side surface of the pile trunk, kPa,
accepted according to SP RK 5.01-103-2013; For 1. = 0,2 and the depth of 6 m, fi = 58 kPa, and
for I. = 0,2 and the depth of 12 m, fi = 67,8 kPa;

h; - the thickness of the i-th layer of soil in contact with the side surface of the pile, m.

The calculation of bearing capacity is done taking into account the aforementioned formula
and values. The results of the calculation are given in Table 1.

Table 1. The bearing capacity Fq depending on the
depth and diameter of bored piles

Bearing capacity Fq, kN

Depth at which

lower end bored Diameter of the pile-bearing
piles are laid h, m cross section d, m
0,6 0,8 1
6 878,2 1273,5 1720,7

12 1879,6 2667,1 3535,9
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In many calculations, when bored piles are selected, they try to increase the length of the
piles. While our method involves considering not only the length but also the width of the piles
for the final design.

N

4000 T

3500

3000 A

T
>

2500 A

2000 1

Bearing capacity Fg &N

1500

1000 1

500 T

Diameter of the pile-bearing cross section d, m

Figure 3. The bearing capacity Fq depending on the depth and diameter of bored piles

Results and discussion. Table 1 and Figure 3 demonstrate the dependence of bearing
capacity on the depth at which the bored piles are excavated and the diameter of the pile-bearing
cross section. As can be seen in Figure 3, the increase in diameter and length positively affects
the bearing capacity of the bored pile. When the depth at which lower end bored piles are set
was raised from 6 m to 12 m, the bearing capacity of a pile with a diameter of 0,6 m increased
by about 115%, while for bored piles with a diameter of 0,8 and 1,0 m, the value of the bearing
capacity doubled, or, by way of explanation, it was increased by about 105-110%. The results
obtained demonstrate that the bearing capacity of piles with varying diameters is impacted in an
equivalent manner by extending the length of bored piles.

On the other hand, at a pile length of 6 m, the bearing capacity of a pile grew by 45% when
the diameter increased from 0,6 to 0,8 m and by 35% when the diameter of a bored pile rose
from 0,8 to 1,0 m. When a pile's length was 12 meters, the bearing capacity of a bored pile
increased by roughly 40% when the diameter went from 0,6 to 0,8 m and by approximately 30%
when the diameter rose from 0,8 to 1,0 m. Taking into account the advancement of bearing
capacity values in percentages, the results shown demonstrate that an increase in the depth at
which bored piles are excavated has a more significant impact on enhancing bearing capacity
than the expansion of the diameter of a bored pile.



«BECTHUK BKTVY» 444 Ne 4, 2023

Conclusions. Overall, this investigation focused on integrating prior studies to analyze
the characteristics and application of bored piles as a structure's foundation. Consequently,
it was determined how essential it is to use bored piles while constructing buildings with
special requirements, and for the purpose of guaranteeing the bases' strength and stability,
as well as to prevent the foundation shifting along the sole and tumbling over, the bearing
capacity of the foundation was determined. In consideration of the aforementioned, bored
piles are sustainable and essential materials for the construction of buildings and other
structures under the challenging circumstances of congested urban development.
According to the results obtained, it can be seen that the difference in the length of the
piles is a multiple of 6 metres. According to this multiplicity the bearing capacity of the
piles is 2.04-2.14. While for the diameter of the piles the multiplicity was 0.2 metres and
the difference in bearing capacity is 1.32-1.45. In other words, during the design process,
the widening of the diameter has a greater effect in terms of increasing the bearing
capacity of the piles.
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