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APPLICATION OF A RHEOLOGICAL MODEL IN THE INTERACTION OF
SOIL WITH THE WORKING BODY OF A COMPACTION MACHINE

T.Q.XANKELOV, R.M.HUDAYKULOV, S.I.KOMILOV, M.U.MUSIROV (Tashkent
state transport university, Tashkent city, Republic of Uzbekistan)”

Received: Aug 29, 2024; Accepted: Sep 30, 2024; Online: Oct 04, 2024.

Abstract. It has been established that compaction is one of the most important technological
processes carried out during the construction of automobile roads. At the same time, an analysis of
the schemes and views on the use of compaction machines consisting of working bodies of various
shapes is given. It has been established that the importance of rheological models in the study and
research of the physical essence of the process of interaction of the roller with the soil is very great.
For this reason, it is explained that it is important to analyze the processes occurring in the roller
body, the roller itself and in the compaction zones, using one or another type of modeling. In turn, it
was believed that this contributes to the study and research of the rheological aspects of the process
of compaction of the soil of the road base, which acts as a foundation on a solid foundation. The
article substantiates the parameters of the rheological model used in the study of the technological
working process of interaction of the working body and the soil of the rollers during compaction of
the road base. When analyzing the process, data related to the assessment of the indicators of its
contact stress were studied. In particular, a rheological model scheme was developed for studying the
method of compaction of the soil of the subgrade by rollers. In this case, the process was studied using
the system “roller- reel -soil” and expressions were given on this basis.

Keywords: subgrade, compaction machine, humidity, technology, rheology, vibratory roller,
working element, contact stress.

Annotatsiya. Zichlashtirish - avtomobil yo ‘llari qurilishida amalga oshiriladigan eng muhim
texnologik jarayonlardan biri ekanligi keltirilgan. Ushbu jarayonda turli shakl ko ‘rinishdagi ishchi
organlardan iborat zichlashtiruvchi mashinalar ishlatilisii bo ‘vicha sxemalar va ko ‘rinishlar tahlili
berilgan. Katok valetsi va grunt orasidagi o ‘zaro ta sir jarayonini fizik mohiyatini o ‘rganish va tadqiq
etishda reologik modellarning ahamiyati juda kata ekanligi bayon etilgan. Shu sababli mashinalar
korpusi, valets o ‘zida va zichlashtirish zonalarida ro'y beradigan jarayonlarni modellashtirishning
biror turini qo‘llash orqali tahlil qilsh muhim ahamiyatga ega ekanligi izohlangan. Bu esa o'z
navbatida mustahkam asosda poydevor vazifasini bajaruvchi avtomobil yo ‘llari yo ‘I poyi gruntlarini
zichlashtirish jarayonining reologik tomonlarini o ‘rganish va tadqiq etishga yordam berishi ko ‘rib
chigilgan. Magqolada yo‘l poyini zichlashtirishdagi katoklarning ishchi organi va grunt orasidagi
o ‘zaro ta’sirining texnologik ish jarayonini tadqiq etishda qo ‘llaniladigan reologik model
parametrlarini asoslandi. Jarayon tahlilida uning kontakt kuchlanishi holati ko ‘rsatkichlarini
baholashga tegishli ma’lumotlar tadqiq etilgan. Jumladan, yo'l poyi gruntlarini katoklar bilan
zichlashtirish uslubini tadqiq etish bo ‘yicha reologik model sxemasi ishlab chigilgan. Shu bilan birga
jarayon “katok-valets-grunt” tizimi asosida o ‘rganildi va shu asosida ifodalar keltirilgan.

Kalit so‘zlar: yo I poyi, zichlashtiruvchi mashina, namlik, texnologiya, reologiya, vibratsion
katok,ishchi organ,kontakt kuchlanish.

Annomayuna. Ycmanoeneno, umo YNIOMHeHUe AGNAEMCA OOHUM U3  BAJICHEUUIUX
MEXHOI02UYECKUX NPOYECCO8, OCYWECMBIAEMbIX NPU CIPOUMENbCIMEE AGMOoMOOUNLHbIX dopoe. TIpu
9MOM 0aH AHANU3 CXEM U 832151008 HA UCHOIb308ANUE YNIOMHAIOUUX MAUWUH, COCMOAWUX U3 PAOOUUX
0p2anos8 pasnuyHoll Qopmul. Ycmanosneno, umo 3HaueHue peoiocuteckux mooeneti npu uzy4eHuu u
uccnedo8aHuU GuUUecKoll CywHocmu npoyecca 83aumMo0eucmels KamKka ¢ 2pYHmMoM OYeHb 8eUKO.
Ilo smoii npuyune noacHaemcs, 4mo 8aAMCHO AHATUIUPOBAML NPOYECCHl, NPOUCXOOSUUE KOPHYCe
KamKa, camozo 6anvyd U 6 30HaX YNJIOMHEHUA, UCNOAb3YS MOM ULU UHOU Mmun mMooeauposanus. B
CB0I0 04epedb CUUMANOCH, YMO 3MO CHOCOOCMBYEMm U3VHUEHUIO U UCCACO08ANHUI0 PEONOSULEeCKUX
acnekmog npoyecca yniomHeHus: 2pyHma 00POACHO20 OCHOBAHUS, BbICIYNAIOWE20 PYHOAMEHMOM
Ha npOYHOM OCHOBaHUU. B cmamuve 060cHo8anbl napamempul peoiocuteckou Mooeau, UCHoIb3yemou
npU UCCIe008aHUU MEXHOIOSUUECK020 paboue2o npoyecca 63aumooelicmeus paboueco opeana u
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SPYHMA KAmKO8 Npu YRIOMHEHUU 00PONCHO20 ocHoganust. [Ipu ananuse npoyecca Ovliu uzyuyeHvl
OaHHble, CEA3AHHbIE C OYEHKOU NoKazamenel e20 KOHMAKMHO20 Hanpsjcenus. B uacmuocmu,
paspabomana peonocsuyecKkds MOOeIbHAs cXema Osl UCCIe008AHUS CROCOOA YNJIOMHEHUsl 2PYHMA
3eMIAH020 NONOMHA KamKkamu. TIpu 3mom npoyecc uzyuancs no cucmeme «Kamox-8aney-cpyHmy u
Ha OCHOGE 3MO020 NPUBOOUTUCH BLIPAICEHUS.

Knrouegule cnoea: semnanoe nonomua, yniomuaiowas Mawtuta, 61adCHOCMb, MeXHON02Us,
peonoeusl, BUOPAYUOHHBLIL KAMOK, pabouull opeaH, KOHMAKMHOe HANPAdNCeHUe .

Introduction

In recent years, the traffic of vehicles from
foreign countries has increased significantly in the
system of transport and communication networks of
our country, including on international automobile
roads. This, in turn, created the need to solve the
requirements for automobile roads in our country, in
particular, issues related to increasing the stability,
durability and load-carrying capacity of the road
structure layers. Therefore, several decrees and
decisions were issued by the leadership of our
government in order to solve these problems in the
field [1,2].1t is known that the field of automobile
roads is one of the most complex sectors, and in turn,
it is necessary to carry out all the technological
processes of design, construction and operation in a
high-quality, thorough and demanding manner. In

particular, carrying out construction works taking
into account the physical and mechanical properties
of the soil and materials used in the layers of the road
structure will have a positive effect. Compaction
machines occupy an important place among
technological machines and mechanisms used in the
stages of construction of road structures (preparatory
work, soil work, compaction work, stone materials
and road pavement laying). Machines of this type are
used in the construction of automobile roads in all its
components. Scientific researches and studies on the
improvement of currently used static and vibrating
coils as well as their working bodies are ongoing
[3,4,5,6,7,8,9]. The characteristics of the compacting
machines used in practice are listed in this table.
(Table 1)

Table 1
Compaction machines
Ne Machine name Appearance Scheme Method_of Working body
compaction
1 Smooth reel Static,
oo Valets
. vibration
2 Pheumatic wheel = > % Static Pneumatic car
]
3 Fistful B Static, Fist
— vibration
4 Lattice @ Static Grill, net, mesh.
1
5 Combined | _Statl_c, Reel, pneumatic car
| vibration

Research Methods

Rheology is a science that studies the
deformation and resulting stresses of various media
over time under the action of forces applied to them.
When modeling complex processes in processed
media, especially under dynamic effects, the behavior
of the medium is described using the basic laws of
mechanics, which is why existing models are often
called mechanorheological [10].

Scientists and researchers use rheological
models to analyze the laws of interaction between the
working body and the environment of technological
machines. In particular, from foreign researchers,
Guiyan Xing, K. Terzaghi, W.A. Lewis, Mooney,
Michael A. Robert W. Rinehart, CIS scientists V.I.
Balovnev, A.V. Zakharenko, N.N. lvanov, G.V.
Kustarev, Yu.M. Lvovich, V.V. Mikheev, S.V.
Nosov, V.B. Permyakov, S.V.Savelev,
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N.Ya.Kharkhuta and Uzbek scientists A.D.,
Kayumov, T.Q., Hankelov, and other scientists were
reflected in their scientific research.

The types and views of the models are shown
in Figure 1 [7].

Figure 1. Rheological models.
a) Hook; b) Sen Venan; ¢) Newton; d) Prandtl; e) Makswell; f) Foigt; g) Kelvin; h) Bingham; k) Shvedov;
I) Combined Kelvin and Shvedov model.

Undoubtedly, the working bodies of each
compaction machine are in the process of interaction
with the soils. Rheological models are used to reveal
this situation more fully and to study its original law,
as well as to analyze the relationship between the
impact force, deformation and tension [8,9,10]. The
models used in the research work are mainly focused
on the issues of researching the nature of the
interaction of the roller working bodies with the
pavements in the road structure [11,12,13].

Based on the essence of the given problem, we
derive the equations based on the improved
rheological model for the compaction of road
structure soils with rollers.

It should be noted that, considering that the
soils used for road pavements are mainly clay soils
(supes, silt, and clay), at the compaction stage, the
characteristics of the material, including indicators
such as moisture, density, porosity, filtration, and
compaction coefficient [14,15] taking part in
rheological processes, these parameters should be
reflected in the hypotheses and theoretical studies put
forward by researchers. These conditions are not
manifested in other construction materials used in the
road structure layers of automobile roads.

In this respect, the rheological model being
developed or improved differs from the models
created for other structural elements of the road
according to the process of transition from one to
another in its transition zones. A schematic of the
proposed improved model is shown in Figure 1.

my -

za
"= LJ,—J”/ .
Joom e
b

P(t)

) £

o(t)

v " 2
StV H |:|:‘::;, E.
= ___ I
Figure 1. The rheological model of compaction of
subgrade soil with a vibrating roller:

1- load; 2 - reel; 3 - subgrade soil; 4 - base; N1, N2-
Newton's models, 77,7, - viscosities in Newton's
models; Hi, H,, Hs- Hook's models; E; E; E3-
modulus of elasticity in Hooke's models; StV - Sen
Venan model; O'; - yield stress of the Sen Venan

model.
The system of differential equations of "load"
- "reel" - "soil" of the vibrating system is as follows
m1'y1+772(Y1_YZ)+E1(y1_y2):ml'g (1)
mz'yz_772()71_)72)_E1(Y1_Y2):Q'Sin a)t+m2~g _P(t)

here: M, - loading mass (reel frame mass), kg;

M, - mass of reel transmitting harmonic vibrations

from the vibrator, kg; yl- amplitude of vibration of
the coil body, resulting from the rotation of the reels
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imbalance shaft, mm; Y, - reel vibration amplitude,

mm; 1], - viscosity of rubber dampers, Pa-s;E, -
rubber shock absorbers deformation modulus, Pa ;
Q - the excitation force of the vibrator, N; -
angular frequency of rotation of the vibrator shaft,
rad/s;t - oscillations time, s; P(t)- impact reaction
on reel by compacting roadbad soil, N.
The following differential equation can be
derived from the system of equations (1):
My, +m, ¥, =m;-g+Q-sin et +m,-g—P(t) (2)
From the expression (2), we determine the
impact reaction of the ground on the reel:
P(t):ml'g"'Q'Sin a)t+m2'g_m1y1_m2y2(3)
The relationship between the vibration
amplitude of the roller body and the vibration
amplitude of the reel can be written as follows:
Y, =CY, (4)
C - constant value.

The voltage of the roller reel and soil contact
area is determined by the following relationship:

UAQZEE% ©)

here, F,(t) - reel and the surface of the soil

contact area, m?.
Fk(t): B- Lk (t) (6)
here, B - width of reel, m; L, (t) - arc length
of the reel and the contact area with the soil, m.
Then the expression (5).
o (t)= (m,+m,)-g+Q-sin wt —m,cy, —m, ¥, )
B- Lk (t)
n research studies, the arc length of the contact

area in expression (7) is determined from the
following scheme [16]:

R
Figure 2. The scheme of interaction of reel with
the soil.

The cross-sectional surface of the soil layer is
defined by this expression:

)= 20 h

2S(t)=L, (t)-H(t)+2R(t)-H({®)  (9)

L, (t)-H(t) = 2S(t)—-2R(t)- H(t) (10)
_25(t)-2R(t)- H(t)
L, ()= ) (11)

As a result, the expression (7) becomes the
following form.
_ ((m, +m,)-g +Q-sin at —mycy, ~m,,)-H(®)
Oy (t) =
B-(2S(t)-2R(t)- H(t)) (12)
_ ((ml + mz)' g +Q-sin ot —y,(mc+m,)-H(t) (]_3)
O (t) =
B-(2S(t)-2R(t)- H(t))
(13) is the expression of the contact stress
through the cross-sectional surface of the soil layer.

We simplify expression (13) by introducing
conditional designations.

(m+m,)-g =A; (14)
Q-sinwt=C(t): (15)
Y, (mlc+m2) = K(t); (16)

2S(t)—2R(t)-H(t) = N(t). (17)
After conditional designations, expression
(13) becomes:
o)~ ATCO-KO)HO o
B-(N(1))

The tasks of the next stage of the research work
are carried out on the basis of conducting
experimental work to provide expressions that reveal
the process of transition from one to another parallel

connected (I, I, HI) blocks in vibrational
intensification.

Conclusion

The scheme presented above is a rheological
model of densifying valets and road pavement, and as
mentioned in the research, it is a parallel connected
model that reflects the processes in the plasticity,
viscosity and elasticity zones [17]. In revealing the
physical essence of these processes, that is, in
generating transition state expressions, there is a need
to take into account the physical - mechanical,
strength and deformation properties of the used soils.
Asphalt mixture composition properties and road
base soil composition properties are very different
from each other. Because these features of the road
base require consideration of several parameters
related to the working body and soil in order to clarify
the tension and deformation relations between the
valets and soil in their mutual contact in the
technological process of compaction.

In particular, the vibration parameters (load
falling on the roller, amplitude and frequency) and
indicators related to the clay building material
(moisture, compaction coefficient, internal friction
coefficient and adhesion force) should be reflected in
the calculation expressions.

Technical science and innovation. Ne3/2024 87



MECHANICAL ENGINEERING

References

1. On measures to further improve the road
industry. Decision of the President of the Republic of
Uzbekistan on 10.10.2023. PQ-330.

2. Decision of the Cabinet of Ministers of the
Republic of Uzbekistan dated February 2, 2022 on
"Measures to introduce standards of openness in the field
of highways and strengthen public control in the field". No.
VQ-49.

3. Khudoykulov R.M.,Hankelov T.Q.,Komilov
S.1.The role of rollers used in the compaction of soils used
in the base of automobile roads. Scientific Journal of
Mechanics and Technology,
Namangan.2023,No.1,pp.205-212.

4. S. Komilov , K.J. Rustamov , L. Akramova , P.
Egamshukurov , and G. Tastanova. Development of
mining operations in deep quarries using automobile and
combined transport E3S Web of Conferences 515, 03014
(2024) https://doi.org/10.1051/e3sconf/202451503014

5. Aijun Chen, Chunhui Su*, Xianyuna Tang,
Junhua ChenConstruction Technology of Large Thickness
Vibratory Compaction of Hard Rock Embankment. E3S
Web of Conferences 136, 04025 (2019)

https://doi.org/10.1051/e3sconf/2019136040

6.lvan Sharonov”, Vladimir
Kurdyumov and Viktor KurushinThe results of studies of
eccentric tillage roller E3S Web of Conferences 126,
00010 (2019).
https://doi.org/10.1051/e3sconf/201912600010

7. Nur Jihan Syamimi Jafri, Mohd Asri Ab
Rahim, Mohd Zulham Affandi Mohd Zahid, Nor Faizah
Bawadi, Muhammad Munsif Ahmad, Ahmad Faizal
Mansor and Wan Mohd Sabki Wan Omar Assessment of
soil compaction properties based on surface wave
techniques E3S Web of Conferences 34, 01002 (2018)
https://doi.org/10.1051/e3sconf/20183401002

8. United States Patent. Vehicles and methods for
soil compaction and loading. US 7,066,682 B2. Date of
Patent: Jun. 21, 2006.
https://patents.google.com/patent/US7066682B2/en

9. Invention for a patent. Mayer Matthias (DE).
Roller of a machine for soil compaction. Russia.
27.03.2016. volume No. 9.

10. S.A. Evtyukov, A.A. Ovcharov, 1.V. Zamaraev
Construction of mechanorheological models during
interaction of working bodies of road construction
machines with the environment. study guide. SPbGASU.-
SPb., 2011.-59 p.

11. Hankelov T.Q., Rustamov K.J.,, Komilov
S.1.Application of rheological models in the study of

compensation of road structure soils with cables. Acta of
Turin Polytechnic University in Tashkent. December 2023.
file:///C:/Users/Lenovo/Downloads/12-13-PB.pdf.

12. Charles A. Pagen and Banad N. Jagannath.
Evaluation of Soil Compaction by Rheological
Techniques. Paper sponsored by Committee on
Compaction and presented at the 46th Annual Meeting.p-
22-43.
https://onlinepubs.trb.org/Onlinepubs/hrr/1967/177/177-
003.pdf

13. Syed Asif Imran.Modeling and analysis of the
interaction between roller drum and pavement material
during compaction. a Dissertation degree of Doctor of
philosophy. Norman, Oklahoma 2016. p 19-37.
https://shareok.
org/bitstream/handle/11244/34624/2016_Imran_Syed Di
ssertation.pdf?sequence=2&isAllowed=y

14. Mikheev V.V. Development of the theory of
designing road rollers for energy-efficient soil compaction,
Doctor of Engineering Sciences diss., Omsk — 2022, —pp.
13-14.

15.  A\V.Zakharchenko, V.B.Permyakov,L.V.
Molokova. Road rollers theory, calculation, application:
monograph.- St. Petershburg 2022. -pp. 77-112.

16. K.V. Belyaev. Rheological model of asphalt
concrete mixture compaction. Road transport complex,
economics, ecology, construction and architecture:
Proceedings of the International scientific and practical
conference. Book 2.-Omsk: SibADI Publishing House,
2003. - pp. 238-240.

17. V.B. Permyakov. Improvement of the theory,
calculation methods and designs of machines for
compaction of asphalt concrete mixtures. diss. doc. tech.
sciences. — Omsk, 1992. — 412 p.

18. V.A. Sernov, S.N. Bannikov, V.N. Kravtsov,
I.L. Boyko, Moradi Sani B., A.P. Kremnev, T.V. Tronda
“Soil Mechanics, Foundations and Foundations” (part 1)
BNTU 2020 p.26-64.

19. V.K. Phogat, V.S. Tomar and Rita Dahiya. Soil
physical properties. chapter 6. november 2015 p.140-160.
https://www.researchgate.net/publication/297737054_Soil
_Physical_Properties

20.V.S.Serebrennikov. Justification of operating
parameters of vibrating rollers for compacting asphalt
concrete mixtures. auto can. tech. nauk.Omsk 2008.-13 p.

21. R.M. Khudaykulov, S.l. Komilov. Determining
the forces at the point of interaction between the working
body of the skating rink and the soil during compaction of
the road base. Architecture, construction and design
magazines. Tashkent, 2023 building No. 1 164-168 p.

88 Technical science and innovation. Ne3/2024


https://doi.org/10.1051/e3sconf/202451503014
https://doi.org/10.1051/e3sconf/2019136040
https://doi.org/10.1051/e3sconf/201912600010
https://doi.org/10.1051/e3sconf/20183401002
https://shareok/

TECHNICAL SCIENCE
AND INNOVATION

TEXNIKA FANLARI
VA INNOVATSIYA

TEXHUYECKHUE HAYKH
N NTHHOBALIUS

Ne3/2024

Editor: A.R.Mahkamov
SH.A.Rasulova
J.J.Xoliqulov

Submitted to print — 04/10/2024.
Format 60x90 1/8. Offset paper. Circulation 100 pcs. Order Ne527



	APPLICATION OF A RHEOLOGICAL MODEL IN THE INTERACTION OF SOIL WITH THE WORKING BODY OF A COMPACTION MACHINE
	Recommended Citation

	APPLICATION OF A RHEOLOGICAL MODEL IN THE INTERACTION OF SOIL WITH THE WORKING BODY OF A COMPACTION MACHINE
	Cover Page Footnote
	Erratum

	APPLICATION OF A RHEOLOGICAL MODEL IN THE INTERACTION OF SOIL WITH THE WORKING BODY OF A COMPACTION MACHINE

