MexaHiuHa iHXKeHepia 25

UDC 624.132.3 DOI: 10.30977/AT.2219-8342.2024.54.0.03

Determining the angle of the frontal working
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Suponev V.1, Ragulin V.1, Oleksyn V.1, Koval O.}, Koval A2, Visokovich E.?

! Kharkiv National Automobile and Highway University, Ukraine
National Transport University, Ukraine

Annotation. Problem. From the analysis of the technical literature, it was established that among the
trenchless technologies for laying underground engineering communications and service pipelines, the
technology with the possibility of forming a horizontally directed communication cavity in the soil using
soil-piercing installations of static action is the most common. Goal. This method consists in forcefully
pressing a soil-piercing working body, which has the form of a conical-cylindrical projectile, into the
soil. At the same time, the well is formed by radial extrusion of the soil around the formed well. However,
the use of such equipment does not provide high accuracy, which limits its practical application within
20 m. It is not sufficient for modern requirements of creating transitions during the laying of
communications. Methodology. One of the ways to improve the efficiency of laying underground
networks is to extend this method over a longer distance by correcting the trajectory of the working
body. This is achieved by using a soil-piercing head with an asymmetric tip. Due to this, in addition to
the axial resistance of the soil, a transverse component force appears, which deflects the head during
its advancement in the soil. The question of determining the angle of displacement of such a tip is
important in terms of the process control. Results. In the paper, a calculated dependence is proposed
for determining the rational value of the angle of inclination of an asymmetric tip working surface,
which is a flat plane cut at the angle of a cylinder. An analysis of the dependence of the angle of the
working surface inclination on the physical and mechanical properties of the soil is also given.
Originality. It was determined that the maximum angle of inclination of the frontal surface is determined
by the conditions of soil descent from it. Its maximum value, for example when working in loam, should
not exceed 55°-67° for a tip made of steel. Practical value. The obtained calculated dependence can be
useful for determining the angle of inclination of the flat frontal surface of the tip of the soil piercing
working tool for controlled static soil piercing at the stage of designing networks and choosing an
effective method for drilling a well under roads or other obstacles.

Key words: engineering communications, soil development, trenchless technologies, borehole, static
soil puncture, soil compaction, distribution pipeline networks.

Introduction

When laying engineering communications,
there is a need to build crossings under roads,
tram and railway tracks. Excavating an open
trench is the most expensive way of performing
such works [1], which is associated with
stopping traffic flows and increasing social
problems. Today, it was replaced by modern
technologies, which made it possible to
practically push the open trench method out of
the field of construction of underground
communications and their repair, especially in
compact urban networks.

These technologies refer to the so-called
trenchless methods of laying underground
communications. Among the large number of
alternative methods proposed by modern
practice is the goal of static puncture of the soil,
which, according to the above calculations, is
the most effective for laying distribution
pipelines with relatively small diameters up to
300 mm [2].

This method consists in forcefully crushing
the soil-piercing working body in the form of a
conical-cylindrical projectile into the soil. At the
same time, the well is formed by radial extrusion
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of the soil around the well. But the use of such
equipment does not provide high accuracy,
which limits its practical application within 20
m, which is not sufficient for modern
requirements of creating transitions during the
laying of communications. One of the ways to
improve the efficiency of laying underground
networks is to extend the use of this method over
a longer distance. This is achieved by using a
soil-piercing head with an asymmetric tip, when
the resistance of the soil is additionally divided
into a transverse component. The question of
determining the angle of displacement of such a
tip is important from the point of view of
controlling the process of piercing the soil with
installations of static and combined action.

Analysis of the status of the issue and
determination of the relevance of the issue

From a review of the technical literature, it
was established that there are a large number
of modern trenchless technologies for laying
underground engineering communications,
which have their own scope of purpose and
effective use [1]. One of these technical means
is the method of static puncture of the soil [2].
But it has limitations, in practical use it is only
for distribution pipelines of relatively small
diameters up to 300 mm and a length of up to
20 m. This is due to the creation of great
efforts to crush the conical-cylindrical
working body, which in turn causes stress in
the soil massif around the well after its radial
compaction [3].

It was also determined that the use of a
working body with such a traditional form is
deprived of the opportunity to influence the
trajectory of movement and may deviate for a
number of reasons: heterogeneity of the soil
along the horizon, stony inclusions,
waterlogging of the soil, etc. [4].

For work in tight urban networks, small-
sized  soil-piercing installations  using
hydraulic jacks are widely used and belong to
static action installations [5].

The destructive effect of static machines on
nearby communications or on the road surface
is considered in [6]. But if the conditions for
drilling are chosen correctly, the well created
by static drilling of the soil will have hard,
stable walls that do not require additional
reinforcement with expensive drilling fluid, as
required, for example, by the drilling method
[7]. This is another important positive
indicator that adds to the advantage of the
method under consideration.

The above-mentioned disadvantages of the
construction of communications by the method
of static soil puncture can be reduced due to the
recommendations considered in the works
[5, 9-11]. One of the ways to improve the
efficiency of laying underground networks is to
extend the use of this method over a longer
distance. This is achieved by using a soil-piercing
head with an asymmetric tip, when the resistance
force of the soil is additionally distributed into a
transverse component, which deflects the
working body in the opposite direction and
provides an opportunity to correct or control the
trajectory of the equipment in the soil. The
question of determining the angle of
displacement of such a tip is important, taking
into account various basic conditions and their
physical and mechanical properties. As it was
established [12], in practice, two types of tips can
be used for controlled soil puncture. It can be a
tip in the form of a cylinder cut at an angle by a
flat plane, or a cone with an offset top.

From the theory of deep soil cutting, it is
known that in the process of advancing the
earthmoving working body into the soil in front
of it, a core of compaction may appear, which
affects the work process [13]. Features of
different types of soils and their physical and
mechanical properties are considered in the
work [14].

Purpose and Tasks

The purpose of the research is to determine the
maximum allowable slope of the frontal working
surface of an asymmetric tip for controlled static
puncture in various soil conditions.

Determination of the angle of inclination of
the frontal working surface of the
asymmetric tip of the piercing head for static
piercing of the soil

In work [5], the power dependence of soil
resistance on its physical and mechanical
properties and the geometry of the tip head was
established. These forces are determined both in
the direction of the puncture and in the direction
perpendicular to the axis and have the form:

- for the axial resistance of the soil:

(1+ a))ppd y

comppns

XU1—f2)+2f-agﬂ]D2

P,=0,36
; (1)
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- and for the deflection force: £ —angle of inclination of the tip plane, degrees;
(1 ) Py — density of the solid phase of the soil
+w
P = 0,36—ppd(ctgﬂ —f )Dz, 2) (density of the soil under the condition that there
comp Pns are no pores in it); p,. is the density of the soil in

its natural state; C — soil compression

comp

where @- soil moisture; f — coefficient of

external soil friction, D- tip diameter, m;  coefficient.
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Fig. 1. Dependencies of the resistance forces on the angle of inclination for different soils at different

values of the borehole diameters: a — sand; b — loam; c - clay; 1 —-D =0.05m; 2-D = 0.1 m;
3-D=015m;4-D=02m
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We will analyze the dependence of puncture
resistance forces in different types of soil
depending on the angle of inclination of the
frontal working surface of the tip. To do this,
we will present the components of soil
resistance (1) and (2) in the form of graphs,
which are shown in Figure 1.

It can be seen from the graphs that the
forces of puncture resistance strongly depend
on the type of soil being pierced and the angle
of inclination of the frontal working surface of
the tip.

It can be argued that determination of the
components of soil resistance made it possible to
establish that the axial and deflecting force will be
smaller in plastic soils and reaches its greatest
value in sandy loam and less in clay. The same
principle applies to the effect on the resistance
force and the angle of inclination of the working
surface of the tip.

For a complete picture, consider the
dependence of the deviation of the head on the
length of the step of moving the rods on the angle
of inclination of the frontal surface, which is
revealed by the authors in the work [15] and
presented as a graph in Fig. 2.
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Fig. 2. Dependence of the deviation of the head
on the length of the step of moving the
rods from the angle of inclination of the
cutting platform: 1 — hard sand; 2 — semi-
solid loam; 3 - rigid clay

During the piercing process, as a result of the
deviation of the tip head from the design axis, the
orientation of the frontal cut plane of the tip
relative to the puncture axis changes. It can be
seen from Fig. 4 that in the process of deviation
of the tip head from the design trajectory of the
puncture, the axial and normal components of the
puncture resistance change, and therefore the
deflecting force changes. This should also be
taken into account when piercing. According to

the theory of soil cutting, a core of compaction
can be created in front of the working body,
which can come off or get stuck on the cutting
edge of the earthmoving equipment. In the
second case, the control process may not occur,
because the permanent core that will be created
on the tip will repeat the shape of a conical
symmetric, as in the case of uncontrolled soil
puncture.

To prevent this from happening, it is
necessary to fulfill the condition of soil descent
from the inclined frontal surface of the piercing
working body. From the ratio of horizontal to
vertical components of resistance reaction

P, (1-f*)+2fctgp

Y
P ctgp— f ®)

X

we can get the inequality:

(1- 2 +2fctgp)cos B> sir:ﬂ' (4)

The condition of soil descent from the frontal
surface will take the following final form:

(1 £2)sin B1-sin® B +2f (1-sin’ B) = f (5)

Based on the obtained condition of soil ascent,
the guaranteed control process will take place at
the angle of inclination of the frontal surface of
the asymmetric tip, which is calculated according
to the dependence:

2
11 f
== ——]. (6
ﬂ<arcsm\/2 2 (1+f2] (6)

The root must be preceded by a "+" sign. In
this case P, will take the minimum value.

The dependence of the maximum angle Smax
on the friction coefficient is shown in Fig. 3. In
the obtained calculations, the main indicator that
affects the deviation process during controlled
puncture is the soil friction coefficient on the
working frontal surface of the working body for
soil puncture with control of the movement
trajectory. From the graph in Fig. 3, it can be seen
that from the condition that the friction angle will
be within 0.4 to 0.6, the rational angle of
inclination can be taken from 67° to 55°
depending on the steel and the condition of the
frontal surface.
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Fig. 3. Dependence of the maximum angle of

inclination of the frontal plane of the tip

on the coefficient of external friction of

the soil from the condition of its
movement on the plane

Angle of inclination of the
tip plane 3, degrees

Analysis of the results of research on
determining the angle of inclination of the
working surface of the asymmetric tip of soil-
piercing equipment

During the construction of engineering
communications, one constantly has to face
the need to cross obstacles in the form of
roads, tram and railway tracks. In order not to
stop traffic for the works, trenchless laying of
underground communications technologies is
used. Among them, the technology of forming
wells using installations for creating
horizontally directed wells in the soil by the
method of its static piercing is the most
effective. Expanding the scope of use of this
method by increasing the distance of the spans
became possible in connection with the
introduction of modern devices for navigating
the movement of piercing equipment in the
soil.

The process of controlling the puncture
trajectory is ensured by the creation of a
deflecting force that occurs when using the
working equipment of an asymmetric tip. One
of the variants of such a tip is an inclined
frontal working surface obtained by cutting at
an angle of a cylindrical body. The component
forces of the soil resistance and the deflection
trajectory of the working equipment depend on
this angle. Thus, changing the angle of
inclination of the frontal surface of the working
body from 30° to 60° in the conditions of a
puncture in hard sand, the amount of deviation
can change at a distance of 10 m from 0.2 cm
to 1.6 cm. And in rigid plastic clay, the
deviation will be within 0.6 cm to 0.9 cm.

Therefore, the goal of determining this angle,
provided that it is possible to control the
trajectory of the puncture and create a
communication cavity in the soil, is of important
scientific and practical importance.

The proposed method of determining the
angle of inclination of the working surface of
asymmetric soil piercing equipment is based on
the concept of soil cutting by earthmoving
equipment and the regularities of the process of
controlled soil piercing. The obtained
dependence of the maximum angle of inclination
of the working surface depends on the coefficient
of external friction of the soil, and will range
from 55% to 85%.

This approach provided an opportunity to
obtain objective results, which is evidenced by
the received real practical recommendations for
applying the results of the work.

Conclusion

Determination and analysis of the components of
soil resistance made it possible to establish that
the axial and deflecting force will be smaller in
plastic soils and reaches its greatest value in
sandy loam and less in clay. The same principle
applies to the effect on the resistance force and
the angle of inclination of the working surface of
the tip.

The obtained dependence for determining the
angle of inclination of the flat working surface of
the asymmetric soil piercing equipment for
creating a communication cavity in the soil,
which is created by controlled static piercing. It
was established that if the angle of friction of the
frontal surface of the working body with the soil
is within 0.4 to 0.6, then the rational angle of
inclination can be taken from 67° to 55°
depending on the steel and the condition of the
frontal surface. The obtained results make it
possible to determine the geometric parameters
of the asymmetric tip for creating a well at the
very beginning of the work to ensure the
maximum efficiency of the process of trenchless
laying of engineering communications, taking
into account the type of soil, its physical and
mechanical properties and the material from
which the working equipment is made.
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BusnaueHHA KyTy HaXMJIy JI000BOI po00o4oi
NOBEPXHi ACHMETPHYHOT0 HAKOHEYHHKA
TPYHTONPOKOJIIOI0Y0i FOJIOBKH JIUIsI
CTATUYHOI0 MPOKOJIY IPYHTY

Anomauyia. Ilpoéaema. 3 awnanizy mexuiunoi

nimepamypu 6CMAHOBIEHO, wo cepeo
be3mpaHuielnnux mexHon02ii NPOKNAOAHHA
NiO3eMHUX [HICEHEePHUX KOMYHIKayill Haubiibu
NOWUPEHOI0 € MEeXHON02Is 3  MOJCIUGICHIIO
YMBOPIOGAHHA — 20PU30HMANLHO
KOMYHIKQYIUHOI ~ NOPOMCHUHU 6  IPYHMI 3
BUKOPUCMAHHAM IPYHMONDOKONIOI0YUX YCIMAHOBOK
cmamuunoi 0ii. Mema. [leii memoo nonseae y
CUOBOMY 3a0a61108aHHI 8 Ipynm
IPYHMONPOKONIOI04020 poOOHU020 Op2any, AKUU
MA€ 8UNIAD KOHIUHO-YUNTHOPUYHO20 cHapady. [Ipu
YboMy  CBEpONOBUHA  (POPMYEMBCA  WAAXOM
paoianvho2o  SUMUCHEHHA  IPYHMY  HABKOJO
YMEOopI08anoi ceeponosunu. Ane 6UKOpUCTHAHHS
maxkoeo 00NAOHAHHA He 0d€ BUCOKOI MOUHOCHI,
wo obmedcye 1020 NpaKkmuuyHe 3aCMOCYBAHHS 8
meancax 20 m, wo € He QOCMAMHIM 05l CYUACHUX
8UMO2 CMBOPEHHA Nepex00is nid 4ac NPOoKIAdaHHs
KomyHikayiti. Memooonozia. Oonum 3 HANpAMIE
niosueHHs egpexmugHocmi NPOKAAOAHHSA
RIO3EMHUX Mepedc € PO3UWUPEHH Yb020 MemOody
Ha  Oinbwly  OUCMAHYIIO — WAAXOM
mpaexmopii pyxy pobouozo opeany. /locaecaembcsa

ye Waaxom BUKOPUCMAHHA TPYHMONPOKONIOIYOT

20/106KU 3  ACUMEMPUYHUM  HAKOHEUHUKOM.
3a60daxku yvozco 00 0CbOB0O2O ONOPY IPYHMY
000amK080 3 ’A6NAEMbCA  NONEPEUHY CKIAO08Y
cuna, AKa 6IOXUNIOE 20106KY Npu ii NpOCy68anHi 6
tpyumi . Ilumanna eusnauenus Kymy 3MIileHHS
MAK020 HAKOHEYHUKA € BANCIUBUM 3 MOUKU 30Dy
Kepysauus npoyecom. Pezynomamu. B pobomi
3ANPONOHOBAHO PO3PAXYHKOBY 3ANENHCHICMb O/
BU3HAYEHHA PAYIOHAIbHO20 3HAYEHHS KYMY HAXULY
Ppo60UOI nOBepXHI acuMempuiHO20 HAKOHEeYHUKA,
AKUl A614€ o000 3pi3aHy ni0 KYmom YurniHOpy
naackow naowunoro. Taxoow Hagooumsca ananis
3aned)cHicmb Kymy Haxuiy poboyoi noeepxwi 6io
Qizuxko-mexaHiuHux — eracmugocmell  IPYHMY.
Opuzinansnicms. Busnaueno, wo maxkcumanroHui
Kym Haxuiy 106080i Nno8epxHi GUHAYAEMbCA

CNpAMOBAHOT

Kopexyii

yMo8amu cxo0y IpYHmYy 3 Hei. Hozo maxcumanvhe
3HAYeHHSA, HANPUKIAO npu poOOmi 8 CYTIUHKY He
nosuHen nepesuwyyeamu  55°-67° 0z
HAKOHEeYHUKaA, AKUll  3pobneHo i3 cmadi.
Ilpakmuune 3nauennn. Ompumana po3paxyHKosd
3anexcHicmb ModHce Oymu KOPUCHA OJisl BUSHAYEHHS

Kymy  Haxuiy  naackoi  1006080i  nosepxwi
HAKOHEUHUKA IPYHMONPOKOAIIOHU020 poHOY020
incmpymenmy 01  KepoBAHO20  CMAMUYHO20

NPOKONY IPYHMY HA emani npoeKmy8anHs Mepeic
ma subopy egpexmugHoco memody 0is npoxooxu
c6epOnosuUHU  Ni0  dopozamu  abo  IHWUMU
nepewkooamu.

Knrwowuosi cnoea: indicenepni komymixayii, pospobka
IpyHmis, Oe3smpaHuieliii mexHoao2ii, c8epoIo8uHa,
cmamuyHull NPOKOA IPYHMY, YWINbHEHHs TPYHMY,
PO3N00iNbHI MPYOONPOGIOHI MepPedxCi.

CynoneB Boaogumup MuxkouaaiioBuy’, 1.T.H.,

npodecop kadeapu OyaiBenbHUX 1 TOPOXKHIX MAIIUH
iM. A.M. Xosonosa,

e-mail: v-suponev@ukr.net,

ten.: +38 (050)-30-199-58,

ORCID: http://orcid.org/0000-0001-7404-6691
Paryain Bitaniit MukoaaiioBua!, K.T.H., TOUEHT
kadeapu OyniBeNbHUX 1 JOPOXKHIX MAIIWH iM.

A .M. Xomomosa,

e-mail: ragulinrvn@ukr.net,

ten: +38 (097) 29-57-392,
ORCID:https://orcid.org/0000-0003-2083-4937
Onexcun Bonogumup IBanoBmu®, K.T.H., JOIEHT
Kadenpu KoM I0TepHOT rpadiku

e-mail: oleksyn.volodymyrl@gmail.com,

ten: +38-(095)-903-33-56,

ORCID: https://orcid.org/0000-0002-3223-8561
KoBans Ousexcanap Ousexcanaposuu®, marictp
kadenpu OyImiBEeNbHUX 1 JOPOXKHIX MAIIMH iM.
A .M. Xomomxosa

e-mail: sanchapanda@gmail.com,

ten: +38 (067) 970-67-05,

KoBanbr Amnapiii Bopncoanz, K.T.H., JOLIEHT
kadenpu  imKeHepil  MaliMH ~ TPAaHCIIOPTHOTO
OyIiBHHIITBA

e-mail: kandr6104@gmail.com,

ten: :+38 (050) 024-08-94,

ORCID: https://orcid.org/0000-0003-1295-8200
BucoxoBuy €Bren BagumoBuy?, K.T.H., JOLEHT
kadenpu  imKEHepii  MamIMH  TPaHCIOPTHOTO
OyIiBHHIITBA

e-mail: y.vysokovych@ntu.edu.ua,

ten: +38 (067)-753-73-67,

ORCID: https://orcid.org/0000-0002-6522-4537

XapkiBchkuii HAI[IOHAIBHUI aBTOMOOITBHO-
JIOPOXKHIH yHIBepCHTET, ByII. SIpocinaBa Myporo, 25,
M. XapkiB, Ykpaina, 61002.

?HamioHaIbHUIl TPAHCIIOPTHUI yHIBEPCUTET, BYIL
M. OmensinoBuya-IlaBnenka, 1, M. KuiB, Ykpaina,
01010

ABTOMOOiABHHI TpaHCcnOpPT, Bumn. 54, 2024


mailto:v-suponev@ukr.net
http://orcid.org/0000-0001-7404-6691
mailto:ragulinrvn@ukr.net
https://orcid.org/0000-0003-2083-4937

