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DETERMINATION OF THE SIZE OF THE
SEAL ZONE AND THE SOIL PRESSURE
ON UNDERGROUND COMMUNICATIONS
IN THE PROCESS OF SOIL DEFORMATION
BY THE WEDGE-SHAPED TIP

06’ exmom docioxcenns € podoUUll Op2am 3 KAUHOBUM HAKOHEUHUKOM OJLs CIATMUUH020 NPOKOLY TPYHMY 3 00HO-
YACHUM NPOKAAOAUHAM 0CKIMbKOX Qymaapie nid nidsemui Komyuikayii Komynaivnozo zocnodapcmea. Oonumu
3 NPOOIEMHUX MiCUb, WO Nompedyms 0CIIONCEHHS, € NPOKIAOANHS, POSMAWYEANH MA CYCIOCMBE0 PI3HUX 6Udi6
nio3eMHUX KOMYHIKAYIl, npokiadenux besmpanuetinum cnocobom. Busuenis 30nu 6nausy pooouux opzanie na
TPYHM Ma KOMYHIKAUIT 0Acmb MOICAUBICMY OilbUl AKICHO NPOCKMYEAMU SUKOPUCTANHSA NIO3eMH020 NPOCTOPY,
SHUSUMU PUSUKU NOWKOONCeHHsT ad0 PYUNYBAHH KOMYHIKAYiL ma snusumu eapmicmsv pobim. Jlocaidncenmns
6asyomocs Ha 0CHOBL 3aKony 30epexcenns Macu 00 i NiCAs YWLIbHeHHs, TPYHMY KIUHOGUM HAKOHEUHUKOM Ma HA
oCHOBHUX meopisx mexanixu rpynmis. Ile dae smozy susnavumu muck rpynmy na pooouuil opezan ma na KoMy-
nikayii, wo posmawosani nopyu. Ompumanuil ¢ pobomi pesyivmam noKasye, Wo BeaUdUNa MUCKY He 00HAK08A
8 PISHUX HANPAMKAX KAUH08020 P0oO0u020 opzany. Taxoxc ¢ pobomi dosedeno, wo Kiivkicms gymiaapis, axi 00-
HOUACHO NPOKAAOANMBCSL, MANO GNIUBAIOMb HA 30HY NPYICHO-NAAcmuunux Oepopmauit rpynmy. Ili edpexmu
pobISIMYL MAKY POPMY OMEOPY HE3AMIHHOI0 NPU HEOOXIOHOCIT 00HOUACH020 NPOKAAOANHS 0eKiIbKOX, Olnvule 3,
pymaspis, y nopieusanii 3 mpaouniinum KoHiuno -uurinopuunum naxoneunuxom. Cnio eiomimumu, wo 0ns 6U3Ha-
UeHHS TRUCKY TPYHMY HA NIO3eMHT KOMYHIKAYET OYau UKOPUCTANT Juwe PO3MIPU POOOUUX Op2aiie, ma 0aii, sSKi
Je2KO BUSHAYUMU — MUN MA WITLHICMb TPYHMY, G0J02ICTb, NOPUCMICIb MA PEUma CIManoapmu308anux Xapax-
mepucmux. Buxopucmanus danozo memody mae cymmesy nepesazy nHao iHUMU MemoOamu, wo Micmsams 6 C6oill
OCHOBT eMNIPUUIT 3ATENCHOCI, AKI A00 6AJNCKO sUHAUUMU, A00 IXHS OCOGIPHICIND GUKAUKAE CYMHIBU. 3a805KU
SMEHWEeNHIO NAOUL NONePeUN0z0 nepemuny rpyHmy, o 0epopmMycmves, KIUHOGUN POOOUULL OP2al € He3AMIHHUM
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1. Introduction

High competition in the field of urban planning forces
engineers to create new machines for construction work,
which will reduce the cost of work, reduce the cost and
duration of work, reduce the impact on urban infrastructure
and city residents. The use of progressive working bodies
will allow competing in the market of services. The new
form of the working body will allow to determine the
amount of pressure on underground communications, to
know the direction and zone of the dangerous neighborhood.

Modern requirements dictate the need for the simulta-
neous installation of several protective cases in the form of
pipe-cases in the amount of up to 8 or more. Traditionally,
a well is formed of a round shape by a working body
with a conical tip. Lining of cases in this case is carried
out in the form of a bundle of several separate elements
stretched into one hole. Accordingly, the larger the dia-
meter of the well, the greater the likelihood of damage
to the road base or adjacent communications, requires
a significant increase in the distance to them. Single-row
pipe wedge-shaped tip, which must be used in this case,
allows to change and control the sealing zone and its
impact on objects located close to the array of soil.

Thus, the search for ways to improve the technology of
static soil puncture for laying linearly extended objects (LEO)

is an important task. When developing technical solutions, it
is necessary to take into account the need to simultaneously
lay several pipelines and the pressure of the deformed soil
on nearby communications.

2. The ohject of research
and its technological audit

The object of research is a working body with a wedge-
shaped tip for static puncture of the soil with the simul-
taneous laying of several cases. The lack of analytical
calculations of the forces of influence of soil pressure from
the advancement of the wedge-shaped tip makes it im-
possible to carry out its comparative analysis with the
traditional method of obtaining a round well.

The resistance to the movement of the cylindrical
working body is determined by the parameters of the
working body and the properties of the compacted soil,
described by the authors in [1-3].

Resistance to the advancement of the working body is
determined by the parameters of the working body and
the properties of the compacted soil.

The parameters of the wedge-shaped tip (Fig. 1) are
determined by the diameter of the shells (protective tubes,
in which communications are then drawn), which must
be freely drawn into the cavity and their number.
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Fig. 1. The location of the working body in the soil and the zone of deformation, as well as overpressure:
1 — a wedge-shaped part of the working body; 2 — a flat guide with semicircular edges; 3 — cases

In conditions of dense urban development and a large
number of engineering networks located under the surface,
the use of a wedge knife will, under practical conditions,
significantly improve the efficiency of trenchless laying
of underground utilities. An increase in the number of
shells, laid simultaneously, does not lead to an increase
in the zone of influence and pressure on adjacent com-
munications from soil compaction.

One of the problem areas requiring research is the laying,
location and proximity of various types of underground
communications, laid in a trenchless way. The study of the
zone of influence of working bodies on the soil and com-
munications will provide an opportunity to better design
the use of underground space, reduce the risks of damage or
destruction of communications and reduce the cost of work.

3. The aim and ohjectives of research

The aim of research is improvement of the technology
of static soil puncture by simultaneously laying engineering
communications with a working body with a wedge-shaped
tip. This will improve the quality of work and reduce
energy costs of the process.

To achieve this aim it is necessary:

1. To obtain a theoretical method for determining the
pressure of the soil, while moving the wedge working body.

2. To determine the law of soil density variation over
the tip thickness and establish the soil pressure on the
underground utilities falling within the range of elastic-
plastic deformations.

3. To study the influence of the size of the working
body and the properties of the soil, and its pressure on
adjacent communications.

4. Research of existing solutions
of the prohlem

The main directions of development of trenchless tech-
nologies of laying communications in the world are hori-
zontal directional drilling and microtunnelling in the form
of a static puncture with soil evacuation. In the resources
of the world scientific periodicals, the works [4, 5] can
be highlighted, where the active methods of trenchless
technologies are considered, but they pay little attention
to the static puncture.

Studies [5, 6] are devoted to the selection and justifica-
tion of the choice of the method of performing work, with
a detailed analysis of the advantages and disadvantages
of various technologies. And in works [7, 8] special at-
tention is paid to trenchless technologies of construction
and repair of long pipelines. It should also be noted stu-
dies [6], which is dedicated to the choice of the method
and planning the implementation of particularly important
work performed by the trenchless method.

In [9], the possibilities of expanding trenchless technolo-
gies to the size of microtunnelling and ways and options
for work are described.

The work [10] turned out to be interesting, where they
determined the influence of the soil and the communica-
tions located above them on the pipes laid at a certain
depth. But in this work the question of the possibility of
additional laying of pipes side by side, and the influence
of the working bodies on them, is not at all displayed.

Much attention is paid to field testing and the calculation
of axial efforts for laying communications using the trench-
less method in works [11, 12], but none of the authors of
these works pay sufficient attention to the static puncture.

Separately, let’s highlight studies of the possibility of
introducing trenchless technologies in hard soils [13] or
in soils of categories 4-5.

Scientists who are engaged in solving the problem of
trenchless laying of underground utilities with minimal
energy consumption have devoted a lot of research in
recent years. Thus, in works [2, 14], much attention is
paid to puncture the soil over short distances up to 50 m.
The study of the process of static soil puncture and its
stresses around the working body during the formation
of a well is reflected in [15].

The nature of the process of deep cutting of soils with
knife working bodies when laying cables and drains in the
zone of supercritical cutting depth has a general character of
interaction with the soil with a wedge-shaped tip [16, 17].
The last character is compacted soil in both sides of the
wedge-shaped knife tip. This can be the basis for studying
the processes occurring during the advancement of the
wedge working body in the soil. But it does not fully
reflect the specifics of the process of single-row laying of
several cases at the same time and gives a fuzzy answer
about the effect of deformed soil on nearby communica-
tions during cavity formation.

;12
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Thus, the results of literary analysis allow to conclude
that the process of puncturing the soil working body in
the form of a wedge-shaped tip has not previously been
studied.

5. Methods of research

From work [3] it is known that the puncture of the
soil with a wedge-shaped tip can be effective within the
borehole diameter, which is obtained from the condition
of optimal resistance. So, it is found that the maximum
reduction in resistance to puncturing takes place:

— for hard sandy loam with diameters D=0.2...0.25 m;

— for semi-hard loam with diameters D=0.13...0.17 m;

— for refractory clay with diameters D=0.12...0.13 m.

It is obvious that after the same cavity the number of
laying of pipes is limited, especially paying attention to
the fact that their diameters are at least 100 mm.

The study of the process of puncture of the soil working
body with a wedge-shaped tip is quite time-consuming and
expensive process. Therefore, the theoretical substantiation
of the prospects for the introduction of a wedge-shaped
knife with the trenchless laying of underground utilities
and ideas about the patterns of the puncture process by
the proposed working body will allow to determine the
further technical improvement of the development and
planning of its experimental research.

The calculated dependences are obtained by the inte-
grated and differentiated countable equations, reflecting the
mathematical model of the process of moving the working
body in the soil.

The studies are based on the basic principles of the
theory of soil mechanics and their cutting.

Based on the law of mass conservation before and
after soil compaction with a wedge-shaped tip, let’s have
a scheme for determining the resistance of a wedge-shaped

tip (Fig. 2):

(1)

0

d
(ade_/' + 2](” - 1)dpnalum/ = (ﬂ - 1)dJ pde,

where a,, — distance over which the soil is deformed by
the wedge-shaped tip; d — diameter of a linearly extended
LEO object; n — the number of simultaneously laid LEO;
Puawar — the natural density of the soil; p, — the pattern of
change in the density of the soil in the deformed zone.

In the first approximation, the pattern of density change
p. can be taken linear depending on the distance to the
side wall of the hole [16] (Fig. 2).

The adopted pattern of density changes is shown in Fig. 3:

X
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where p,.. — the maximum soil density in the side wall of
the hole.
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Fig. 3. Accepted pattern of changes in soil density

Taking into account (1), equality (2) will be rewrit-
ten in the form:

d
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The average density =p, after soil com-

2
paction is determined in [1]:
pnmuml
Par = 1, )

where A — characterizes the size of the zone of elastic-plastic
deformations of the soil and depends on the type of soil and
the depth at which the deformations are carried out:

N P )
(10 s J (545
A= ) 6))

Gy

where vy, — the specific gravity of the earth; & — the depth

kg at which the puncture is carried out; ¢ — soil adhesion
p’ m ] 2 3 4 .. N . . .
coefficient; @, — the angle of internal friction of the soil;
2.1 o, — stress at the border of elastic and plastic zones of soil
deformation [1]:
2.0 |
~B+\B+4AC _|B+\B*+4AC]| ]
o, = = ,
1.9 ] 1 24 24 (6)
pna!ural Where
0.5 020 025 030  a,, m
A=sin@,(3-sing,),
Fig. 2. The pattern of changes in the density of the soil ; .
in the deformed zone depending on the size of the haole [17]: B=3ccos@,—2.5¢sin 29, +'Ygrh(1+51n (Po)y
1 — a case with a size of 0.13 m; 2 — case size of 0.19 m; C= h(+si hecos o
3 — case size of 0.245 m; 4 — case size of 0.325 m _[Yg" ( +bm(p°)+ ccos(po]ccos(po.
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If substitute dependencies (4) and (5) into the equation:
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For an ideal free flowing environment in which there
is no adhesion (¢=0 — sand):

tg® (Z+q;oj

- 8
(1+sin(p0)z ®)

, d
Aoy = -sinz(po(?)—sin(po)z—l 5

For a weightless connected environment (y2=0, ¢=0):
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Lo |wetla™) a
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If accept that A =5.4...6.0 — for hard sand; A=4.3..4.8 —
for semi-hard loam; A=4.0..4.3 — for refractory clay [1],
then the average density of the soil in the elastic-plastic
zone is equal to:

— for hard sandy loam - p,, =(1.03..1.04)p,uuu;

— for semi-hard loam — p,, =(1.05...1.06)p uuu;

— for refractory clay — p,, =(1.06...1.07)p,uu-

According to the experimental data of production tests
of trenchless draining plants, which work with the forma-
tion of supercritical zones [17].

q,, MPa
0.8 4
0.7 4
0.6
0.5 4
0.4 4
0.3
0.2 4

0.1 4

For a reduced average density of soils, the size of the
zone of their deformation is:

— for hard sandy loam - a,, =(14.0..17.5)d;

— for semi-hard loam — a,, =(8.7..11.0)d;

— for refractory clay — a,, =(7.5..8.7)d.

6. Research results

Let’s determine the pressure of the soil on underground
utilities that fall within the zone of action of elastic-plastic
deformations:

1+ o 1 1
&= Ce ph Pratural Pa B

_(t+o)p, . 1
Ce pnm‘,uml 1 1= X pmax - pnaturzzl B
L adef pnatuml
(1+o)p; . 1
- CC natural - max B
Prot | g = | Py
L ade/ pnal,uml
E, |1 ! 10
T _1 1 A+1) | 19
e \ =t
where ¢, — the soil compression ratio (¢, =0.07...0.09 x
x(wy —10) MPa~!) [5]; @ — natural soil moisture; oy — yield
(1+w)ps

strength of the soil; E,, = — compression modulus

Ce Pratural
of soil deformation [2, 3].

Graphs ¢, are plotted as a function of the distance x
from the lateral face of the wedge for hard sandy loam,
semi-hard loam, and refractory clay (Fig. 4).

4., MPa

Fig. 4. Dependence of soil pressure on underground utilities on the distance, diameter, number of cases and the shape
of the working body n=5 pcs., h=1.5 m: a — hard sandy loam; b — semi-hard loam; ¢ — refractory clay: 1, 2, 3, 4, 5 — wedge flat working body
of the diameter of the case, respectively, 100, 200, 300, 400 and 500 mm
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For the construction let’s take for both working bo-

dies [1-3]:
— the number of identical cases, laid at the same time
n=>5 pieces;

— the depth of laying communications A=1.5 m;

— the diameter of the cases 100, 200, 300, 400 and

500 mm;

— characteristics of hard y loam - Eg,=1.39 MPa,

A=5.6, au =15.2d,

— characteristics of semi-hard loam — Eg=0.892 MPa,

A=4.5, aus =9.63d,

— characteristics of refractory clay — E4=0.631 MPa,

A=4.2, a,; =8.32d.

Fig. 4 clearly shows that the use of the investigated
working body substantially depends on the size of the
case and is limited by the laying depth. Shallow depth
will lead to the twisting of the soil surface.

7. SWOT analysis of research resulis

Strengths. Among the strengths of this study, it is ne-
cessary to note the obtaining of a theoretical definition of
the soil compaction zone for underground utilities during
its deformation with a wedge-shaped tip. Due to this,
the possibility of a comprehensive assessment of the new
technology of laying underground communications with
the use of a static puncture of the soil by a working
body with a wedge working body is obtained. The cri-
terion for comparison of the proposed working body on
the wedge-shaped tip with a traditional tip in the form
of a cone is the force of resistance of the soil to their
progress. Such a comparison makes it possible to obtain
evidence in favor of a wedge-shaped tip. The obtained
calculations of the forces of resistance of the puncture
soil also make it possible to determine the power para-
meters of the installation and its design features. Deter-
mination of pressure from elastically plastic deformations
to nearby communications, depending on the parameters
of the working body and soil properties, makes it pos-
sible to estimate how close to nearby communications
a puncture can be performed by the working body using
the proposed tip.

Weaknesses. The weaknesses of this research are con-
nected with the circumstances that theoretical solu-
tions for determining the technological features of a soil
puncture by a working body with a wedge-shaped tip
did not receive experimental confirmation of some provi-
sions. Author’s assertions are based on the comparison
of ideas from similar studies carried out with the blade
working bodies of machines for deep laying of underground
utilities.

Opportunities. Additional research opportunities are
improving the quality and reducing the costs when per-
forming work for trenchless laying of utilities. This fol-
lows from the fact that the compaction of the soil around
the cavity is constant, regardless of the number of laid
pipes. And this, in turn, makes it possible to get closer
to the surface of roads, without destroying its base. The
same is important when laying communications close to
other underground structures and adjacent communica-
tions. The laying of several pipelines through a tradi-
tional well of the cylindrical form does not have such an
opportunity. In addition, the use of a wedge-shaped tip
provides significant savings in energy consumption, due to

less resistance to puncture soil with a similar number of
laid pipelines.

Threats. At this stage, experimental studies of soil pres-
sure on neighboring communications in various directions
relative to the working body have not yet been completed.
There have been no studies on the use of this working
body in soils, they are little compressed. Even theoretical
studies on changing the position of the working body in
the process of pulling are absent.

Thus, a SWOT analysis of the research results deter-
mines the priorities for further research:

— to study the effect of solid inclusions on the trajec-

tory of the working body;

— to study the effect of soil moisture on its pressure

on nearby communications;

— to consider the possibility of using this working

body for the repair of pipelines.

1. It is established that the simultaneous laying of
several pipelines is more efficiently laid by installations
of static action with a working body, in which the tip
has a wedge shape. Calculations found that the resistance
of the soil in single-row laying of pipelines by a working
body with a wedge-shaped tip, compared to traditional
laying of several pipelines with one beam through a well
with a round hole, is less by:

— 50 % when laying 2 cases;

— 31 % when laying 3 cases;

— 20 % when laying 4 cases;

— 19 % when laying 5 cases;

— 44 % when laying 10 cases.

. The law of change in the density of the soil over
the thickness of the tip is determined, and the pressure
of the soil on the underground utilities that fall within
the zone of action of elastic-plastic deformations is es-
tablished. According to the received schedules, the mini-
mum depth of laying communications is determined. It
should be noted almost linear dependence of the pressure
change from the maximum to the natural thickness of the
working body.

3. The cross-sectional shape of the hole is considered
and the analytical dependence of the soil pressure on the
working body on the shape and number of linearly extended
objects is created simultaneously. The obtained dependences
allow to assert that with such a hole, depending on the
number of communications, are laid simultaneously, it is
possible to reduce the pulling forces. And also to reduce the
zone of structural changes in the soil around the resulting
cavity and the pressure on neighboring communications
compared to the traditional conical tip. Thus, it is pos-
sible to summarize that this form of a working body has
the right to life and will eventually take its place in the
line of working bodies for trenchless laying of cases.

N
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