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MEASURING THE SOIL COMPACTION ZONE AND PRESSURE OF
DEFORMED SOIL ON UNDERGROUND OBJECTS WITH AN ASYMMETRIC
CYLINDRICAL TIP
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Abstract. At trenchless laying of engineering communications in soil the method of static puncture
has received wide application at formation of a well. Power plants that implement it have small di-
mensions, which make them more effective in laying distribution engineering networks in tight urban
conditions. 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 un-
derground 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. Method-
ology. 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 depend-
ences 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 max-
imum 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. Originali-
ty. 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 proper-
ties of soils. Practical value. The obtained results can be recommended in the design and determina-
tion of technological capabilities of installations for static soil puncture.

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

Introduction

Among the existing technologies of develop-
ing 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
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 under-
ground 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.

Analysis of publications

Horizontally directed well drilling and con-
trolled drilling of the soil are currently the main
directions for development of trenchless tech-
nologies 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 de-
veloped soil is described by the authors in [1-3].

From the system analysis of the world scien-
tific periodical and technical literature, works
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[4, 5] can be distinguished, where the technolo-
gies of developing horizontally directed wells
with the use of active working equipment on the
ground — by impact and by drilling — are consid-
ered. However, they pay little attention to static
puncture.

In works [5, 6] the systematic approach to
choosing the method of work is considered with
the detailed analysis of advantages and disad-
vantages of various methods of well develop-
ment. Trenchless technologies of construction
and repair of linear-long pipelines are dealt with
in the studies resulted in works [7, 8]. The re-
search in [9] is devoted to choosing the method
and planning of especially responsible works
performed during trenchless laying of under-
ground communications. But in the algorithm of
selecting the technologies offered by authors,
their destructive influence from the deformed
soil on adjoining underground communications
is not considered.

In [10] the possibilities of expansion of
trenchless technologies to the necessary sizes
and the methods of work are described.

The influence of soil on communications lo-
cated near the trajectory along which the work-
ing body passes during a static puncture is de-
scribed in studies [11].

The results of field tests and their compari-
son with the calculated values of axial forces
during dynamic soil puncture are given in
[12, 13]. But none of the authors of these works
pays enough attention to the static puncture of
the soil by a working body with an asymmet-
rical tip.

We will particularly highlight the study of
the possibility to implement trenchless technol-
ogies in hard rocks [14] or soils of categories
4-5,

Scientists have made extensive studies lately
working on the problem of trenchless construc-
tion of underground communications with min-
imal energy consumption. Thus, in [2, 15] much
attention is paid to soil puncture at short dis-
tances up to 25-30 m. The study of the process
of static soil puncture and its stresses around the
working body during the well formation is re-
flected in [16]. However, the proposed empirical
dependences are not widely used and are limited
by the soil conditions of the experiments.

The zone of soil destruction around conical-
cylindrical tips, piercing the soil, and cylindrical
tips with an annular cross-section was deter-
mined in [1, 17, 18]. It was found that for coni-
cal-cylindrical tips that work on the principle of
displacement of the soil in the side walls of the
well the fracture zone is within 4 ... 6 well di-

ameters. For cylindrical tips with an annular
cross-section, which work on the combined
principle, when the soil is partially extruded by a
pointed conical working edge on the outer con-
traction and partially penetrates into the pipe
cavity, is within 2 diameters. In the latter case,
the zone of destruction is determined experi-
mentally for a specific type of soil with certain
physical and mechanical properties, which also
limits the use of the results. In addition, the
problem of determining the pressure of the de-
formed soil on the adjacent underground objects
was not considered by the authors.

For the first time, analytical dependences for
determining the density and pressure of de-
formed soil on underground objects by working
bodies with ring-shaped tips for pushing the soil
were considered in [19]. For the asymmetric
cylindrical tip, the case was not considered.

Thus, from the obtained analysis of solving
the problem of determining the density and pres-
sure of deformed soil on underground objects
with an asymmetric cylindrical tip can be con-
sidered relevant both in science and practice
terms.

Purpose and Tasks

The goal of the work is to determine the
density and pressure of deformed soil on un-
derground objects with an asymmetric cylindri-
cal 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. The lack of analyt-
ical calculations to measure the zone of soil den-
sity change relative to its initial natural state
around such a tip does not allow making a full
analysis of the puncture process or determining
the impact of deformed soil on adjacent com-
munications and other underground objects near
the future network.
A schematic representation of an asymmet-
rical cylindrical tip with a beveled front surface
is shown in Fig. 1.
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Fig. 1. Scheme of an asymmetric cylindrical tip

Resistance to the advancement of the work-
ing body with an asymmetric tip in the form of a
cylinder with a frontal angled surface was con-
sidered in [19]. Rational dimensions of the angle
of frontal surface inclination relative to the axis
of the cylinder were also determined for differ-
ent types of punctured soils, respectively: hard
sand, semi-hard loam, tough clay. However, the
size of the soil density zone when it was punc-
tured with such a tip and its destructive effect on
the adjacent utilities and other underground ob-
jects were not determined.

The diameter of the asymmetric cylindrical
tip is determined by the diameter of the cases or
protective pipes of running communications,
which must be freely drawn into the created cav-
ity. According to the calculations obtained in
[3], the size of the most effective diameter is
limited to 300 ... 350 mm.

In the conditions of dense construction in cit-
ies and a large number of underground commu-
nication engineering networks, control of
movement of a working body with an asymmet-
ric cylindrical tip allows to increase efficiency
of trenchless laying of new underground com-
munications with the use of small-sized static
action installations operating on the principle of
crushing by power hydraulic cylinders of a
working body with a possibility of controlling
its trajectory of movement in the soil.

One of the problem areas that need to be
studied is the impact of the soil compacted from
the advancement of the working body on the
adjacent communications and other underground
structures arising from the action of the trans-
verse component of resistance from the beveled
frontal surface of the tip on the soil during devi-
ation of the working body from axial movement.
Studying the impact of soil deformation zone on
them will provide an opportunity to improve the
quality of horizontal directed wells, eliminate
the risks of damage or destruction of communi-
cations and generally improve the efficiency of
work.

Based on the law of conservation of soil
mass before and after destruction in accordance
with (Fig. 1) we have:

TCDZ SP
[ , +Dsp]pns =D | p,dx, (1)
0

where S, is the soil destruction zone;
p, IS variable soil density along the length
of the destruction zone;

prs 1S the soil density in its natural state.
2

. . T
In this expression

+ DSp 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):

Py = Pmax _(pmax _pns)sl’ (2)

p

where pmax IS 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.

Pmax

Side wall of the hole

Fig. 2. Regularity of changes in soil density in
the zone of destruction

Taking into account (2), equation (1) will be

rewritten as:
nD?
( 2 +D8pjpm =

Sp
= DJ-|:pmax _(pmax _pns)si}dx =
O .

P 3
S
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=R DS, =p,, DS,
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According to the data in sources [1, 17], the
value of the average soil density p,, depending
on its initial natural state is:

Ap
= —ns ) 4
Pa=77 7 (4)

where 2=4,0...6,0 is coefficient depending on
the soil type and depth of puncture [6];

pns 1S the natural density of soil before
destruction.

Approximately the value of the average soil
density can be taken as:

pa =(105..1.1)p,, . (5)

If we take into account that for solid sand —
pa =2.05t/m%  for semi-hard loam -
pav = 2.10 /m® ; for tough clay — pay = 2,00 t/m?,
then, based on equation (3), the size of the zone
of soil destruction can be determined by the
following expression:

S,=(7.85..15.7)D, (6)

p =
where S,=7.85D is for the tip with diameter
D=0.13m;

S,=15.7D is for the tip with diameter
D =0.325m.

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

The pattern of changes in soil pressure on
underground communications, which fall into
the area of elastic-plastic deformations of the
soil, can be represented by dependence [17]:

g =1re, (L1
SR P

(1+(D)psp 1_ pn:
C.p

(7)

" Prmax _(pmax _p,,s)sl

p

where @ is the soil moisture;

psp IS density of the solid phase of the
soil, i.e., when there are no pores;

C. is soil compression ratio.

If we assume that ppa = 1.1pns for the tip
with the cylinder diameter D =0.13 m and

pmax = 1.2pns for the tip with a diameter
D =0.325m, the dependence of the pressure
distribution will take the form:

0 = Es 1- ! , (8)
(1.1...1.2)—(0.1...0.2)81

p

(1+ o) Pep

CePrs
ule of soil deformation.

where E, = is the compression mod-

If x =0, then gmax = (0.126... 0.23) E;. MPa —
for solid sand; gmax = (0.081... 0.148) E;, MPa —
for semi-solid loam; for tough clay it is
Omax = (0.057 ... 0.104) E; MPa.

At a distance from the side wall x = S, the
soil pressure will be minimal, gmin = 0.

To calculate the modulus of elasticity of soil
deformation the following can be taken: for
sandy loam — E;=1.36 MPa; for loam —
E,, = 0.892 MPa; for clay — E;= 0.63 MPa.

The changes in soil pressure on underground
communications, which fall into the zone of
elastic-plastic deformations at the average val-
ues of the obtained initial data are shown in
graphical form in Fig. 3 for two cases of tip di-
ameter D=0.13 mand D =0.325 m.

A
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Fig. 3. Dependence of the change in soil density
in the zone of destruction for diameters of the
tip D = 0.13m and D = 0.325m in its
different types: 1 — in solid sand; 2 — in semi-
hard loam; 3 — in tough clay
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The graph in Fig. 3 shows that the size of the
fracture zone in all types of soils is approximate-
ly the same and significantly depends on the size
of the diameter of the tip (or well). With a max-
imum well diameter D = 0.325 m, which is rec-
ommended when using the technology of static
soil puncture, the size of the zone of elastic-
plastic deformation, or possible destructive ac-
tion on adjacent underground objects can reach
more than 5 m.

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.

The obtained pressure values allow to calcu-
late 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 tech-
nical literature, it was determined that the ex-
pansion of the most effective and most common
static method of soil puncture in trenchless utili-
ties is possible by increasing the puncture dis-
tance through controlling the trajectory of the
working body. Its tip should have an asymmet-
rical shape, one of them is a cylinder with a bev-
eled front surface.

The research established the dimensions of
the zones of lateral soil compaction in the pro-
cess of soil puncture with an asymmetric cylin-
drical tip with a frontal surface in the form of an
inclined plane, which is determined by the initial
natural state of the soil and the diameter of the
formed well.

It is determined that at the maximum diame-
ter of the well D = 0.325 m, which is recom-
mended when using the technology of static soil
puncture, the size of the zone of elastic-plastic
deformation or possible destructive action on
adjacent underground objects can reach more
than 5 m.

The regularity of soil density distribution on
the opposite side from the bevel of the frontal
surface is established and the maximum pressure
that can act on the adjacent underground objects
is specified, which is determined by its type and
compression modulus of soil deformation.

It was estimated that the average maximum
pressure of deformed soil in the immediate vi-
cinity of the tip is 0.245 MPa in the formation of
wells in hard sand, 0.103 MPa — in semi-hard
loam and 0.050 MPa — in tough clay.

The obtained ideas of the regularities of for-
mation of soil consolidation zone and the zone
of pressure from its deformation on underground
objects from the action of an asymmetric cylin-
drical tip on it can be recommended for consid-
eration at designing and executing works at
trenchless laying of underground communica-
tion networks.
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Bu3zHaveHHs1 BeJIMYMHH 30HH YIIIJILHEHHSI TPYHTY
Ta THCKY /Je(OpMOBAHOr0 TIPYHTY Ha Mia3eMHi
00’€KTH ACMMETPUYHUM LMJIIHIPUYHMM HAKOHe-
YHHKOM

Anomauin. Y npoyeci besmpanuetinoco npoxnadanu-
Hi THOICEHepHUX KOMYHIKayiu y IpYyHmMi wupoke 3a-
CMOCY8anust y (POpMy6anHi c6epONOGUHU OMPUMAE
Memoo cmamuynuti npoxkoxy. Cunogi ycmanoexu, sKi
1020 peanizyloms, Maoms Mani 2abapumu, uo po-
bums ix eghekmusHiUUMU 8 NPOKIAOAHHI PO3NOOiNb-
HUX THO#CEHEPHUX MEPEdHC Y CIMUCTUX MICbKUX YMOBAX.
Ilpoonema. I'onosHumu Hedonikamu mMemooy € Hu3b-
Ka MOYHiCmb MPAEKMOpii ma 3uadune HanpylceHHs
IpYHmMi Nicas 1020 YWINbHEHHs, AKe MOJice Cnpuiu-
HUMU PYUHYBAHHA NPULecIux NiO3eMHUX 00 €KMmis.
THepwuii HedoniK BUPIUYEMbCA KEPYBAHHAM MPAEK-
Mopii pyxy IPYHMONPOKOAII0U020 pOHOU020 OP2aH).
s eupiwennsn Opyeozo numanns mpeba 3nHamu ma
epaxosyeamu cneyu@ixy GopmysanHs KoMyHikayii-
HUX NOPOJICHUH Y TPYHMI ACUMEMPUUHUM HAKOHEYHU-
KOM, AKUU 01  Yb020  BUKOPUCINOBYEMBCAL.
Mema. Memoio pobomu € 6cmano6ients 3aKOHOMi-
pHOCMI npoyecy NpoKoy IPYHmMY IPYHMONPOKOAION0-
UM poOOHUM OP2AHOM 3 ACUMEMPUYHUM HAKOHEY-
HUKOM Yy 6uenadi 3pi3anoi nio Kymom yYumiHopd.
Memooonozia. [lpuiinami ¢ pobomi nioxoou 00 8u-
piulenHs nocmaenenoi memu 6a3VIOMvbCs HA VAGIEH-
HAX meopiti 2nub0K020 DI3aHHA TPYHMY, HAYKOBUX
OCHO8 MEXAHIKU I[PYHMIB, IXHIX HOPMAMUHUXx Qizu-
KO-MeXauiyHux eiacmugocmei ma 3aKoHy 30epe-
JHCEHHS MACU TPYHMY 00 U020 YWiNbHEeHHS ma NiCAL.
Pezynomamu. Ompumani po3paxyHkosi 3a1eHCHOCMI
0151 BU3HAYEHHS PO3MIDY DYUHIBHOI 30HU 6i0 NpYoic-
HO-naacmuyHoi Oegpopmayii pynmy 6 npoyeci 1020
NPOKONIOBAHHSL  ACUMEMPUYHUM HAKOHEUHUKOM i3
10608010 NOGEPXHEK V BUSTAL CKOUIEHO20 YUTIHOpA
ma mucky O0epopmo8ano2o IPYHMY HA NIO3eMHI
00 ’exkmu. Ycmanogneno, wjo MaxKCuMauibHUil po3mip
30HU PYUHYBAHHA MA 1020 MUCKY HA NIO3eMHI
00’ ’ekmu  6y0ymv SUHUKAMU 8 MBEPAOM) CYHICK).
AHAxwo Odiamemp naxoneunuxa 0,3 m, ixui eeruyunu
moxcyms docsieamu 5 m ma 0,245 MIla eionogiono.
Opuczinansuicms. Ompumani 3aKOHOMIpHOCME NPO-
KONy IpYHMY poOOUUM OpP2AHOM 3 ACUMEMPUYUHUM
HAKOHEYHUKOM Y 8U2TA0T CKOULEH020 YUNIHOpa HAOa-
JU 3MO2Y OMPUMAMU VAGNEHHS NPO 6NIUE 11020 Oe-
gopmosanoeo cmany Ha npunecni KOMyHIKayii 3a-
JIEJHCHO 8I0 2e0MEeMPUYHUX NAPAMEMPI6 HAKOHEUHUKA
ma @i3UKO-MexaHiuHux e1acmueocmetl IPYHMIE, y
akux 6in 6iobyeacmucs. Ilpakmuune 3nauenns.
Ompumani pe3yromamu MOICymb 6ymu peKoMeHOo-
6aHI 8 NPOEKMYBAHHI MA GUIHAYUEHHI MEXHONO2IUHUX
Modrcaugocmetl YCMaHo8oOK O CIAMUYHO20 NPOKO-
JY IPYHMY.

Kniouogi cnosa: besmpanweiini mexnonoeii, npoxoa
IpYHMY, YWINTbHEHHA IPYHMY, IHICEHepPHI KOMYHIKA-
yii, 20puU30HMANLHA C8EePONOBUHA, KOMYHIKAYIHA
NOPOIICHUHA.
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