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Purpose. The solution of the technical task of establishing the loading of digging machines used in the environment
of a clay thixotropic solution. The establishment of clay thixotropic solutions influence on the resistance force to the
working elements of digging machines movement. The determination of the dependences permitting to define the magni-
tude of resistance force acting on the working elements of digging machines,which operate in clay thixotropic solutions.

Methodology. The loading procedure of the working elements of the digging machines exploited in clay thixotropic
solutions was developed. For the full description of loading of the working element of the digging machine, its partition
into a set of elementary components was performed. The dependences,which determine the magnitude of resistance force
acting on the solid bodies moving in a liquid were defined for four modes of movement: Shvedov’s, Bingham’s, pseudo-
laminar, and turbulent. The resistance forces arising in solution during different flow modes were calculated.

Results. The dependences which define loadings of the working elements of digging machines in case of their move-
ment in clay solutions were obtained, as well as the dependences for determining frictional forces between the flat element
of the digging machine and solution for different operating modes of the solution flow.

Scientific novelty. For the first time the regularities were obtained permitting to define resistance to the movement of
the flat element in viscous-plastic environment depending on the following parameters: relaxation viscosity, motion speed
of liquid, pushing-out force, etc.

Practical significance. The results of the study can be used when designing boring machines for oil and gas wells

drilling, and digging machines used in construction by the ‘soil mix wall’ method.
Keywords: ‘wall in soil’ method, thixotropy, loading, working element, well, friction force

Statement of the problem. Solving the tasks stated by
the President of the Republic of Kazakhstan for builders is
inseparably linked with increasing the efficiency of capital
investments. In this regard the need to search for new ra-
tional processing methods and means of execution of con-
struction works, implementation of new advanced devel-
opments of scientists and engineers in domestic construc-
tion practice is obvious.

In the enormous volume of construction works which
are performed in the Republic of Kazakhstan a consider-
able part is connected to the arrangement of buried and un-
derground structures. Their functional purpose is diverse,
and the cost and labour input of execution of necessary in-
stallation and construction works are great. Experience of
the last years has showed that for the purpose of reducing
the periods of construction and cost of the erection of such
structures the ‘soil mix wall’ method is widely used [1].
This method has already gained rather wide circulation
both in our country and abroad in erection of facilities for
industrial, civil, hydrotechnical, transport and agricultural
purposes. The efficiency of the ‘soil mix wall’ method de-
pends on hydrogeological conditions of the building site,
the cost of the equipment for performing the work, the
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characteristic of the built structure and other factors. This
method is most prospective in case of reconstructing enter-
prises and building underground structures in the condi-
tions of urban building near existing buildings [2].

Machines used in construction by the ‘soil mix wall’
method are divided into machines of cyclic, continuous and
positional actions. The greatest volume of earthwork is per-
formed by machines of cyclic action now (grabs, flats, ex-
cavators with the reverse shovel, draglines). Despite reli-
ability of operation and simplicity of design these machines
approach to the limit of the indices of assignment [3].

Statement of the problem. Practice of construction
production has showed that the subsequent development
of construction by the ‘soil mix wall’ method is possible
only when using milling and boring machines of mechan-
ical and hydromechanical action. However, the availabil-
ity of the existing scientific basis is restricted to specific
operating conditions of milling and boring machines by
the ‘soil mix wall” method. The presence of machines op-
eration of a thixotropic clay solution in the zone, the dis-
tinction between the depth (to 30 m) and width (to 0.6 m)
of the trench, the dependence of resistance forces on the
depth of the face and radius of the path curvature of cutters
of the rotational working element do not permit using the
results of the previous studies.
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In this connection there is a need to develop a method
of calculation of optimum operation modes and designs of
working elements of milling and boring machines.

Therefore, the study of loading the working elements
of digging machines exploited in clay thixotropic solu-
tions is a topical task.

Presentation of the main research. The calculation pro-
cedure is based on the establishment of the value and nature
of loading the working element in case of its movement in a
clay solution, considering the influence of the solution on the
face and its speed of filtering in soil on the value of the soil
cutting force, determining the nature of changing the forces
of cutting depending on the radius of the working element.

Owing to the fact that the driving of trenches by the ‘soil
mix wall’ method occurs in the environment of a clay solu-
tion, a hypothesis emerges regarding the existence of addi-
tional loading on the working element of the trench-digger.

Resistance to the movement of solid bodies in a liquid
consists of three components [4]

- - > -
Re =T+ Poo+ P,
where R, is the total resistance force to the working ele-

ment movement in the solution; 7 is the friction force; Pea
is the hydrodynamic frontal resistance; P, is the pushing-
out force.

To determine the total resistance force R, it is neces-

sary to reveal the law of changing T and P, forces under
different modes of the solution flow relative to the work-
ing element.

The operation of digging machines is performed in the
Shvedov’s, Bingham’s and pseudo-laminar modes of the so-
lution flow. The huge dynamic loadings arising in the tur-
bulent mode of the solution flow are extremely undesirable.
Therefore the operation of digging machines with speeds
causing the turbulent mode of the solution flow is prohibited.

The working element of any design can be presented
as a set of flat and curvilinear elements. The complex
movement of the element can be considered as forward
and rotary motion,thereby the initial stage of the studies is
based on the use of the elementary model of the smooth
plate with the area /' movement with the infinitesimal
thickness. The movement of the plate in a clay solution
can be forward, rotary and complex.

Let’s yield an infinitesimal element with the dxdy area
on the plate F' (Figure) and apply the forces acting under
the movement of the plate in a clay solution to it.

When the vector of speed of the plate movement is in
the plane of the side surface of the plate, resistance is de-
fined by the friction force 7 which is arising on the side

surfaces of the plate and the pushing-out force P.
R.=T+Ps.
We neglect hydrodynamic frontal resistance P ), owing
to the infinitesimal thickness of the plate.
Because of variability of rheology of clay solutions de-
pending on the mode of their flow the value of the total

force R, will change.
For the Shvedov’s mode, taking into account Bing-
ham-Calvin’s model the following will be valid [5].
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Fig. Dividing a flat plate into a set of infinitesimal ele-
ments: A— the small plate thickness; dx, dy— ele-
ments of the area plate

At the vertical movement of the plate

NEeEE, +OtEE,
t

dR. = dxdy —dxdyAp,, g,

(£, —eg)+Ez)ﬂ1 +tEE,

where p,, is the plate material density; n is relaxation vis-
cosity; ¢ is relative deformation; E; is the initial conditi-
onal-momentary shift module; £, is elasticity module; o,
is elasticity limit under which residual strains do not deve-
lop; t is the time of loading appliance; ¢, is relaxation time.

At the vertical movement of the plate and zero floatage

dR, = dxdy nlsEE +0tEE,

(E,(1- e’0)+E)n1+tEE

The friction force at the movement of the element of
the plate with the speed causing emergence of the Bin-
gham’s mode of the liquid flow is determined by the law

dT = dxdyt = a’xa’y(‘c0 + nd—U],
dd,
where 1 is the shift tangential stress; T, is the shift limit
stress.

The “plus’ or ‘minus’sign is accepted depending on the
speed gradient sign taking into account the requirement
that the direction of the specific force t should be positive.

At the rectilinear movement of the plate the speed of
the allocated element is equal in clay solutions to the
stream kernel speed that follows from the theory of the
attached masses. Considering Ap = 0 that corresponds to
our case, we will obtain

U———(H 85),

where U is the liquid movement speed; H,, is the maximum
distance from the plate element; 5 is the boundary layer
thickness; 1 is structural viscosity.

Then the plate element speed gradient

av T,
s, mn

The plate element friction force under the condition
V,, = U 18 determined by the expression

max
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dT =dxdyt = dxdy(’co + n%) = 2dxdyr,.
n

At the pseudo-laminar mode of the movement rheolo-
gical properties of clay solutions are adequate to rheological
properties of a usual viscous liquid. The law of distribution
of a viscous liquid flow speeds has a parabolic character

]

The plate element speed gradient is

d_Uz_zUmax BT .
dn H

max

The plate element friction force is determined by the
law

dU )
dT = dxdyt = H2dxdyn , — = £2dxdyp U, ——,
xdy vy, Ay U s —

max
max

where i, is dynamic viscosity.

The maximum value of the friction force acting on the
infinitesimal element of the plate corresponds to the equal-
ity of H,,, and & values, in this case we will obtain

dT,

max

U
= i'ZdXdyu p H—w.
Considering the speed of the solution flow movement
equal to the speed of the plate element movement, we will
obtain

n

=F2dxdyp, Ij

e

dT,

max

In the kernel of the turbulent flow with the developed
turbulence the flow speed changes according to the logari-
thmic law

U= U’nd,
B+c
where U* is dynamic speed or the liquid shift speed; B is L.
Prandtl’s constant (§ = 0,360 ...0,436); C is a constant value.
The plate element speed gradient is
au U’
s, P&,
Then taking into account the function of tangential

stress at the turbulent movement of the solution [6],we
will obtain

2
du du N .
=0, —+p[2 =U"| =2 4p I(U")? |,
T ”“’dar P. (dé}rj (z pL( )j

where i, is fictitious viscosity.

dT = dxdyt = dxdyUT(u¢ +pLUY).

At that, as it follows from the theory of the whirl, / =
= 8,. With rotation of the plate element around the horizon-
tal or vertical axis the moment M, from the forces of resi-
stance to the movement is determined generally by the law

dM, = (dP., + dT + (dPB — dxdyAg)sin )R,
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where o is the angle of the plate rotation around the pivot;
R is the distance from the plate element to the pivot.

In case of the complex movement of the plate element
when determining its speed it is necessary to consider the va-
lue of the o angle between the frame /and relative oR speeds

y
o = arctg—.
OR

In the operation of boring and milling machines the
relative speed of rotation of the working element is
10 times as high as the frame speed, speed of the working
element feeding into the face. The value of the angle be-
tween them does not exceed 3°.

After obtaining the elementary forces and the mo-
ments of resistance applied to the infinitesimal element of
the flat plate with dxdy area, we will make the integration
of the forces and the moments of resistance on the rectan-
gular platform F

j R .dF;
F
[M_ar.
F

As a result of the integration we will obtain the total
forces and moments of resistance applied to the plate. Ow-
ing to the above-mentioned we have dependences for de-
termination of the friction forces between the flat element
of the working element design and the solution for various
operating modes of the solution flow.

Further, studying the Shvedov’s mode of the clay solu-
tion flow has revealed that resistance to the movement in
it is caused by the emergence of elastic deformations.

Resistance to the movement of the plate in the solution
with speeds of flow up to 1.25 m/s (the Bingham’s mode)
is caused by the value of the limit shift stress.

Viscosity of the solution making the movement in the
pseudo-laminar mode is the fundamental factor in design-
ing the plate loading.

Under the turbulent condition of the solution, flow re-
sistance to the plate movement depends on density, ficti-
tious viscosity of the solution and values of the kernel of
the stream flow.

The obtained dependences permit proceeding to the
definition of the complex configuration working elements
loading when they move in a clay solution.

Conclusions and prospects of development. The ob-
tained results will help in designing the forces of resis-
tance arising in the operation of digging machines in a
clay thixotropic solution.
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Mera. PimeHHst TexHIYHOI 3a]a4i BCTAHOBJICHHs Ha-
BaHTAXEHHsI 3eMJICPUITHUX MalIMH ITPU POOOTI B CEpeIOBH-
I TIIMHACTOTO THKCOTPOITHOI'O PO3YMHY, a TAKOX BCTa-
HOBJICHHSI BIUIMBY TNIMHUCTHX THKCOTPOITHMX PO3YMHIB Ha
CHJIy OTIOpY PyXy pOOOUMX OpraHiB 3eMJIEPUITHUX MallIUH.
BusiBneHHs 3a1€XHOCTEH, 110 JO3BOJISIIOTH BU3HAUUTH BeE-
JIMYUHY CUJI OIIOPY ITEPECYBaHHIO POOOYHMX OPraHiB 3eMIle-
PHIHUX MAllMH y TIMHUCTOMY THKCOTPOITHOMY PO3YHHI.

Metoauxka. Po3pobiena MeToauka I HaBaHTAKCH-
HS poOOYMX OpTaHiB 3eMIICPUIHUX MAIllNH, IO EKCIUTya-
TYIOTBCS Y IIIMHACTOMY THKCOTPOIIHOMY po3umHi. J{ms
MMOBHOI[IHHOTO OINHUCY HAaBaHTA)XCHHS POOOYOro OpraHy
3eMJICPUITHOT MaIIMHK 3pOOJICHO PO30OUTTS HOro Ha Oe3iiu
€JIEMEHTApHHUX CKJIAJIOBUX YacTHH. BCTaHOBIEHI 3anex-
HOCTI, 10 BU3HAYAIOTh 3HAYEHHs CHJI ONOpPY NepecyBaH-
HIO TBEPJMX T Y PIAMHI AL YOTHPHOX PEXUMIB PYXY:
LIBEZOBCHKHH, OIHTaMOBCHKHH, NICEBAOJIAMIHAPHUH, Typ-
OyneHTHUH. BrKoHaHMI po3paxyHOK CHII OTIOPY PYXY, IO
BHHUKAIOTh y PO3YMHI JUIS PI3HUX PEKUMIB TEUii.

PesyabraTu. OTprMaHi 3aJeKHOCTI, 1[0 BU3HAYAIOTH
HABaHTAXXCHHS POOOYHMX OPTaHIB 3eMIICPHAHUX MAIIHH
TIpH 1X pyci y IIMHACTOMY pO3duHi. BusBiieHi 3anexHocCTi
JUTsl BUSHAYEHHS CHJI TEPTS MIXK INIACKUM €JIEMEHTOM KOH-
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CTPYKLIT 3eMJICPUHHOI MAIlIMHU Ta PO3YMHOM ISl PI3HUX
pOOOUNX PEXUMIB TeUil pO3UHHY.

HaykoBa HoBH3HA. Yriepie oTprMaHi 3aKOHOMIpHO-
CTi, 110 JIO3BOJISIFOTH BU3HAYUTH OIIIp PyXY IUIACKOTO eJie-
MEHTa y B’S3KO-TUIACTUYHOMY CEpEJOBHINI 3aJIeXKHO BiX
HACTYIIHHUX NapaMeTpiB: pelaKcaliiHa B sS3KiCTh, MIBUA-
KICTh pyXy piIMHH, CHJIA, IO BUINTOBXYE H T. IT.

IpakTuyna 3HayumicTb. HaBeneni pesynsratu 10-
CITiDKEHHS MOXKYTh OyTH 3aCTOCOBaHI MPH KOHCTPYIOBAH-
Hi OypWJIbHUX MaIluH Juisi OypiHHS HAPTOBHX 1 Ia30BHX
CBEPJUIOBHH, a TAKOX Oy/IBEJIbHUX 3eMJICPUUHIX MAILIVH,
1110 BUKOPHCTOBYIOThCSI IIPU OY/IIBHULITBI CIIOCOOOM ,,CTi-
Ha y IpyHTI.

KaruoBi ciaoBa: wemoo ,,cmina y epynmi’, muxco-
MPONHICMb, HABAHMANCEHHS, PODOUULL OP2aH, C8ePONLOBU-
Ha, cuia mepms

Heasn. Pemenne TexHM4eCKOM 3a/laud yCTaHOBIICHUS
Harpy>KeHHUs 3eMJICPOMHBIX MAIIWH MPH paboTe B Cpeae
IJIMHUCTOTO THUKCOTPOITHOTO PacTBOpa, a TaK)Ke YCTaHOB-
JICHWE BIMUSAHUS TIMHUCTBIX TUKCOTPOIIHBIX PACTBOPOB Ha
CHJIY COIIPOTHMBIICHUS JABMKEHHIO PAaOOYMX OPraHOB 3eM-
JIEpOMHBIX MaIIVH. BhIsBIEHNE 3aBUCMOCTEH, O3BOIS-
IOLUX ONPEAETIUTh BEIUUUHY CHUJI CONPOTHBIEHUS Iepe-
JBIDKCHUIO pabOYMX OpPraHOB 3E€MIICPOWHBIX MAallMH B
TITMHHACTOM TUKCOTPOITHOM PacTBOpE.

Metonuka. Pa3paborana MeToanKa Al HATPYKCHUS
pabounx OpraHOB 3EMIIEPOMHBIX MAIINH, IKCIIyaTHpYye-
MBIX B INIMHUCTOM THKCOTPOIHOM pacTBope. s monHo-
LIEHHOTO OTMCaHMs HarpyKeHHs paboduero opraHa 3emie-
POHHON MaIIMHBI IPOU3BECHO pa30UeHNe ero Ha MHOXKE-
CTBO JJIECMEHTApPHBIX COCTAaBHBIX YacTEH. YCTaHOBIICHBI
3aBHCHMOCTH, OTPEEIIAIONINe 3HAYCHUS CHUJI COIPOTHUB-
JICHUS TIEPEBIKEHUIO TBEPABIX TEJl B JKUAKOCTU JUIs ue-
TBIPEX PEXHMMOB JIBIDKCHUSI: IIBEIOBCKHH, OWHIaMOB-
CKHH, TIceBIOoIaMUHAPHBIN, TypOyneHTHbIi. [TponsBenen
pacueT CU CONPOTUBJIECHUS JBHKEHHIO, BOSHUKAIOIINX B
pacTBOpe AJIS pa3sAMUYHBIX PEKUMOB TEUCHHUS.

Pesyabrarbl. [lomydyeHsl 3aBUCMMOCTH, KOTOPBIE OIpe-
JEISIIOT HArpyXeHnsl pabourX OpPraHOB 3eMIIEPOWHBIX Ma-
HIMH [IPU UX JBWKEHUH B TTIMHUCTOM PAcTBOpE. BbIIBIICHBI
3aBUCUMOCTH 7151 OTIPEIENICHH CHJI TPEHUS MEKIY INIOCKUM
JIEMEHTOM KOHCTPYKLIMH 3EMJIEPOMHON MAallMHBI U PaCTBO-
POM JUTSI pa3IMuHbIX pab0oUYMX PEKUMOB TEUCHHUS PACTBOPA.

Hay4ynasi HoBu3Ha. BriepBble II0Iy4YeHbI 3aKOHOMED-
HOCTH, TI03BOJIAIOLINE OMNPEAEIUTh CONPOTUBICHUE BU-
JKEHHUIO MIOCKOTO 3JIEMEHTA B BA3KO-IUIACTUYHOM Cpesie B
3aBHCHUMOCTH OT CHEAYIOLINX TapaMeTPOB: PeIaKCal[lOH-
Hasl BA3KOCTb, CKOPOCTb JIBHIKEHHSI KUJIKOCTH, BBITAIKHU-
BAIOMIas CUJIA U T. 1.

IIpakTHyeckas 3Ha4MMOCTb. [IprUBenECHHBIE PE3YIIb-
TaThl MCCIIEAOBAHUSI MOTYT OBITH NPUMEHEHBI NPH KOH-
CTPYyHPOBaHUH OypHIBHBIX MAIIWH A OypeHus HeTs-
HBIX Y Ta30BBIX CKBAYKUH, 4 TAK)KE CTPOUTEIIBHBIX 3EMIIE-
PONHBIX MaIlINH, KOTOPBIE UCTIONB3YIOTCS IPU CTPOUTEIB-
CTBE CIIOCOOOM ,,CTEHA B TPyHTE"".

KuroueBble ciioBa: memoo ,,cmena 6 epynme ", muk-
COMPONHOCMY, HAPYJHCeHUe, PabOYULl OP2aH, CKEAXNCUHA,
cuna mpenus
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