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Measucring the soil compaction zone and

pressure of deformed soil on underground objects
with an asymmetric cylindrical tip
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Annotation. Problem. The main disadvantages of the method are the low accuracy of the trajectory
and the significant stress in the soil after its compaction, which can lead to the destruction of adjacent
underground objects. The first disadvantage is solved by controlling the trajectory of the soil-piercing
working body. To solve the second question, it is necessary to know and take into account the specifics
of the formation of communication cavities in the soil with an asymmetric tip, which is used for this
purpose. Goal. The aim of the work is to establish the regularity of the process of soil puncture by the
soil-piercing working body with an asymmetric tip in the form of a cylinder cut at an angle.
Methodology. The approaches adopted in the work to solve this goal are based on the theories of deep
soil cutting, scientific foundations of soil mechanics, their normative physical and mechanical
properties and the law of conservation of soil mass before and after compaction. Results. The
calculated dependences for determining the size of the destructive zone from the elastic-plastic
deformation of the soil during its puncture by an asymmetric tip with a frontal surface in the form of a
beveled cylinder and the pressure of the deformed soil on underground objects are obtained. It is
established that the maximum size of the destruction zone and its pressure on underground objects will
occur in solid sand. With a tip diameter of 0.3 m, their values can reach 5 m and 0.245 MPa,
respectively. Originality. The obtained regularities of soil puncture by a working body with an
asymmetric tip in the form of a beveled cylinder made it possible to get an idea of the influence of its
deformed state on adjacent communications depending on geometric parameters of the tip and
physical and mechanical properties of soils. Practical value. The obtained results can be
recommended in the design and determination of technological capabilities of installations for static
soil puncture.

Key words: trenchless technologies, soil puncture, soil compaction, engineering communications,
horizontal well.

Introduction second disadvantage must be taken into account
considering the specifics of the asymmetric tip,
which is used. Getting the idea of the level of
density and pressure of deformed soil on
underground objects with an asymmetric
cylindrical tip will improve the quality of work
and save from destruction the adjacent
communications or other underground structures
that occur in the way.

Among the existing technologies of developing
horizontal wells for trenchless laying of utilities,
the method of static soil puncture is the most
common. Its main disadvantages are the low
accuracy of the trajectory and the significant
stress in the soil after its radial compaction with
a conical tip, which may cause the destruction of
adjacent underground communications and other
objects. If the first disadvantage can be solved

due to the controlled puncture of the soil, the Analysis of publications
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Horizontally  directed well drilling and
controlled drilling of the soil are currently the
main directions for development of trenchless
technologies of laying communications. The
initial stage of development of communication
cavities in the soil for both methods is formation
of a leading horizontally directed well with a
project-defined trajectory of future networks
running.

The process of advancing the working body
of cylindrical shape and the resulting resistance
forces which is determined by the parameters of
the working body and the properties of the
developed soil is described by the authors in [1,
2].

In works [3] the systematic approach to
choosing the method of work is considered with
the detailed analysis of advantages and
disadvantages of various methods of well
development. Trenchless technologies of
construction and repair of linear-long pipelines
are dealt with in the studies resulted in works
[4-6]. The research in [3] is devoted to choosing
the method and planning of especially
responsible works performed during trenchless
laying of underground communications.

Purpose and Tasks

The goal of the work is to determine the density
and pressure of deformed soil on underground
objects with an asymmetric cylindrical tip.

In accordance with this goal, the dependence
should be determined to establish the scale of
the change in soil density around the asymmetric
cylindrical tip and the pressure of deformed soil
on underground objects and adjacent utilities,
taking into account physical and mechanical
properties of soils and geometric parameters of
the soil-piercing tool tip.

Measuring the zone of soil density when it is
punctured by an asymmetric cylindrical tip

The object of this study is a soil-piercing
working body for static controlled formation of
a well in the soil using a soil-piercing working

body with an asymmetric tip.

A schematic  representation of an
asymmetrical cylindrical tip with a beveled front
surface is shown in Fig. 1.
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Fig. 1. Scheme of an asymmetric cylindrical tip

Based on the law of conservation of soil
mass before and after destruction in accordance
with (Fig. 1) we have:
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where S, is the soil destruction zone; p, is
variable soil density along the length of the
destruction zone; p,, is the soil density in its
natural state.

nD?

+ DS,
In this expression 4 is the

cross-sectional area of the soil before
destruction.

In the first approximation, the regularity of
the change in density of the soil mass p, can be
assumed to be linear depending on the distance
to the side wall [17] (Fig. 2):

Pe = Prax ~ (Prax P )Si )

»
where p,,. 1S the maximum density of the soil in
the side wall of the hole, which acts when x =0
and is in the opposite direction from the bevel of
the front surface of the cylinder.
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Fig. 2. Regularity of changes in soil density in
the zone of destruction

Determining the deformed soil pressure on
underground objects during its puncture with
an asymmetric cylindrical tip

If x =0, then q,,,x = (0.126... 0.23) E,. MPa — for
solid sand; q,,.« = (0.081... 0.148) E,, MPa — for

semi-solid loam; for tough «clay it is
Gmax = (0.057 ... 0.104) E, MPa.
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Fig. 3. Dependence of the change in soil density
in the zone of destruction for diameters
of the tip D=0.13 m and D = 0.325 m in
its different types: 1 —in solid sand;

2 —in semi-hard loam; 3 — in tough clay

The average maximum pressure in this case
will be in close proximity to the tip and is
0.245 MPa in the formation of a well in hard
sand, 0.103 MPa - in semi-hard loam and
0.050 MPa — in tough clay, Table 1.

Table 1. Indicators of statistical significance of
regression coefficients

3
Coefficient | Standard
The average
Type of of error
. o error of
transport | determinati [ (million .
approximation
on pass.)
Railway 0.9697 1.97 0.68 %
Road 0.941 4.41 0.52 %
transport

The obtained pressure values allow to
calculate the strength of the communications
adjacent to the route or other underground
objects and to establish the distance to them.
This is especially important when developing
soil cavities in dense urban conditions.

Conclusion

From a comprehensive analysis of the technical
literature, it was determined that the expansion
of the most effective and most common static
method of soil puncture in trenchless utilities is
possible by increasing the puncture distance
through controlling the trajectory of the working
body. Its tip should have an asymmetrical shape,
one of them is a cylinder with a beveled front
surface.

The obtained ideas of the regularities of
formation of soil consolidation zone and the
zone of pressure from its deformation on
underground objects from the action of an
asymmetric cylindrical tip on it can be
recommended for consideration at designing and
executing works at trenchless laying of
underground communication networks.

Acknowledgement

This work was conducted under the Scientific
research "Development of the system of energy
saving and electric energy generation for
vehicles", 04-53-17, funded by the Ministry of
Education and Science of Ukraine.

Conflict of interests

The authors declare that there is no conflict of
interests regarding the publication of this paper.

References

ABTOMOOiABHHUH TpaHcnopT, Bun. NN, YYYY



4

Section of the journal

1. KpaBeup, C. B., Komamsko, B. B., &
Jyk’staayk, O. II. (2015). HaykoBi ocHOBH
CTBOPCHHS  3€MJICPHUIHO-SIPYCHHX  MAIlWH 1

nijzemHopyxomux npuctpois (HYBITI). Kravets

S., Kovalenko V., Lukyanchuk O. (2015).
Naukovi osnovy stvorennia
zemleryino-yarusnykh mashyn i

pidzemnorukhomykh prystroiv. [Scientific basis
for the construction of earth-tiered machines and
underground machine tools]. Monograph. Rivne:
NUVGHP. [in Ukrainian].

2. Kpageup, C. B., ITocmitioxa, O. I1., & Cynoues, B.
H. (2017). Ananituunuii cnoci® BU3HAYEHHs
OMOpy 3aHyPeHHS KOHYCHOTO HAKOHEYHHKA B
rpyHT.  CrpouTenscTBo.  MarepuaaoBeaeHue.
MamuHoCcTpoeHHE. Cepust:
ITonpémuo-Tpancnopthele, CTpoUTENbHBIE U
Jopoxkubie Mamuusl u  OOopynoBanue, 97,
91-98. Kravets, S., Posmituha, O., Suponnev, V.
(2017). Analitychnyi sposib vyznachennia oporu
zanurennia konusnoho nakonechnyka v grun. [An
analytical method for determining the resistance
of immersion of a conical tip into the soil]. SMM
PDABA, 103, 91-98. [in Ukrainian].

3. Hastak, M., & Gokhale, S. (2009). Decision Tool
for Selecting the Most Appropriate Technology
for  Underground Conduit  Construction.
https://doi.org/10.1115/1.802922.paper30

4. Sterling, R. L. (2009). International Technology
Transfer in Tunneling and Trenchless Technology.
https://doi.org/10.1115/1.802922.paper6

5. TonrtaBues, W. C., OpmoB, B. b.,, &
JIsaxoBuy, U. ®. 1977). CrernaipHbie
3eMJICpOMHBIE MAIIMHBI M MEXaHU3MBl I

ropoackoro crpoutenscTBa. K.: BynmiBenbHHK.
Suponev V.M. (2018) Vyznachennia velychyny
zony deformuvannia gruntu
konusno-tsylindrychnym nakonechnykom i tysku
na bichnii poverkhni [Viznachennya velichini
zoni deformuvannya rruntu
konusno-cilindrichnim nakonechnikom i tisku na
bichnij poverhni]. Vestnik HNADU: sb. nauch. tr.
83.22-28. [in Ukrainian].

6. Xin, J. (2014). Application of Trenchless Pipeline
Rehabilitation Technology. 473-477.
https://doi.org/10.1061/9780784413821.051

7. Chekalin, V. G. (2011). Diagnosis and adjustment
of automated electric drives (Uchebnoe posobie
dlya VTUZov). TTU im. M. Osimi.

8. Dabrowski, Z., & Dziurdz, J. (2016). Simultaneous
analysis of noise and vibration of machines in
vibroacoustic diagnostics. Archives of Acoustics,
41(4), 783-789.

9. Ishkova, I., & Vitek, O. (2015). Diagnosis of
eccentricity and broken rotor bar related faults of
induction motor by means of motor current
signature analysis. 2015 16th International

Scientific  Conference on Electric Power
Engineering (EPE), 682-686.

10. Makaras, R., Sapragonas, J., KerSys, A., &
Pukalskas, S. (2011). Dynamic model of a vehicle
moving in the urban area. Transport, 26(1),
35-42.

https://doi.org/10.3846/16484142.2011.558630

Vladimir Suponyev', DSci (Engineering), Assoc.
Prof. Department of build and travelling machines,
e-mail: yv-suponev(@ukr.net, tel.: +38050-30-199-58,
ORCID: http://orcid.org/0000-0001-7404-6691
Vitaliy Ragulin' PhD, Assoc. Prof. Department of
build and travelling machines,

ragulinrvn@ukr.net, tel.: +38-050-545-80-70,
ORCID: https://orcid.org/0000-0003-2083-4937
Svyatoslav Kravets?, DSci (Engineering), Professor
Department of building, road, melioration,
agricultural machinery and equipment,
s.v.kravets@nuwm.edu.ua, tel. +38-097-28-915-89,
ORCID: http://orcid.org/0000-0003-4063-1942
'Kharkiv National Automobile and Highway
University Yaroslava Mudrogo str., 25, Kharkiv,
Ukraine, 61002

*National University of Water and Environmental
Engineering, Soborna str., 11, Rivne, Ukraine, 33028

Bu3HavyeHHs1 BeJIMYMHU 30HH yIUIJILHEHHS IPYHTY
Ta THCKY Ae()OPMOBAHOIO IPYHTY Ha Mif3eMHi
00’€KTH acCHMEeTPUYHUM HHTHAPHYHUM
HAKOHEYHMKOM

Anomauin. Ilpoénema. Ionosuumu Hedonikamu
Memoody € HU3bKa MOYHICMb Mpackmopii ma 3nayne
HAanpysceHHsa 6 IPYHmI NiCAsA 1020 YWiNbHEHHS, AKe
Mooice  npusecmu 00  PYUHYBAHHA — NPULE2TUX
niozemHux 06’ekmig. Ilepwiuii Hedonix supiuyemocs
Kepy8amnHaAM MpAckmopii pyxy IpyHmMonpoKoIo4020
pobouoco opeamny. [na eupiuenns opy2020 RUMAaHHA
mpeba  3Hamu  ma  6paxoeysamu  Cneyuixy
dopmyBaHHa KOMYHIKQYIIHUX NOPONXCHUH 8 TPYHMI
acumempuiyHuM HAKOHEYHUKOM, AKUU Ol Ybo2o
sukopucmosgyemoca. Mema. Memoio pobomu €
6CTNAHOBNIEHHA 3AKOHOMIPDHOCII  npoyecy npoKowy
IPYHMY TPYHMONPOKONIOIOUUM POOOYUM OP2AHOM 3
acumempuyHUM HAKOHEYHUKOM y U201 3pi3aHoi nio
Kymom yuninopy. Memooonozia. Ilpuiinami 6 pobomi
nioxoou 00  GUpIUleHHA  NOCMABLIEHOI  Memu
6a3yromscsa Ha YABNeHHAX meopill 21U60K020 Pi3aHHs
IPDYHMY, HAYKOGUX OCHOG MeXAHiKu IpyHmie, ix
HOpMamuGHux  Pi3uUKo-Mexaniunux 6iacmugocmel
ma 3aKOHY 30epedceHHs Macu IPYHmy 00 1o2o
ywjineHenHs ma nicia. Pesynomamu. Ompumani
PO3DAXYHKOBI 3ANeHCHOCI O 8USHAYEHHS PO3MIpY
PYUHYIO40i  30HU 8i0 NPYICHO-NIACUYHOT
Ooegopmayii  TpyHmy npu tioeo npoKoui
acumempudyHuM — HAKOHEYHUKOM 3 JI0006010
nogepxuero y 6u2isadi CKOUeH020 YuiiHopy ma mucky
Oeghopmoganozo TpyHmy Ha nio3emMHi 00 €kmu.
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Bcemanosneno, wo maxcumanvuuii  posmip  30HU
PYUHYBAHHA mMaA 1020 MUCKY HA NIO3eMHI 00 ekxmu
6y0ymov  eunHukamu 6 meepoomy cynicky. Ilpu
Oiamempi naxoneynuxa 0,3 m ix eruduHu MONCYMb
oocseamu  Sm  ma 0,245 MIla, 6ionogiono.
Opuzinansnicme. Ompumani  3aKoHoMipHOCMI
NPOKONY TPYHMY POOOUUM OPSAHOM 3 ACUMEMPUUHUM
HAKOHEYHUKOM Y  QU2IsA0i  CKOWEHO020 YUTiHOpY
HAOAU  MOJICTUBICIb  OMPUMAMU  VABIEHHS  NPO
8NAUB 11020 0ehOpMOBAHO20 CMAHY HA Npuneaii
KOMYHIKayii 3aNe2HCHO 610 2eoMempudHux
napamempis HAKOHEUHUKA Ma (DI3UKO-MeXaHIYHUX
eracmusocmeil IPYHmMI@ y sAKUX 6iH 6i00ysacmbvcsl.
Ilpakxmuune 3nauenna. Ompumani pe3yromamu
MOJICYmb  Oymu  peKOMeHOO08AHI NpU NPOEKMy8aAHHI
ma  BUSHAYEHHI  MEXHONO2IYHUX  MOJNCTUBOCHEU
YCMAHOBOK O/l CINAMUYHO20 NPOKOLY TPYHMY.

Knrouosi cnosa: bezmpanuieiini mexnonoeii, npoxo
IPYHMY, YWIIbHEHHSA IPYHMY, THHCEHEPHI KOMYHIKAYi,
20PU3OHMANLHA CBEPOTIOBUHA.
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