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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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FINDING ALLOWABLE DEFORMATION  
OF THE ROAD ROLLER SHELL WITH VARIABLE CURVATURE 

 
Abstract. The article examines a new mechanic and mathematical model for the conditions of the roller flexible 

shell of the road roller assessing its load bearing capacity, reliability and strength and making it possible, depending 
on the properties of the material to be compacted, to select abroad roller with the required performance of rollers 
before the work is started. It also reviews issues related to the acceptable transformation of the flexible shell circular 
surface and allowable displacementlimit while exceeding ofthe latter may lead to a failure of the road roller 
capability. The article is aimed at giving scientific evidence and finding feasibility of using flexible shells in the road 
roller design and determining their parameters that are sufficiently accurate to be used for engineering purposes. It 
also describes the experimental equipment used to investigate the parameters of flexible shells and presents practical 
effect in the form of schematics and full-scale structures, as well as an experimental roller of a road roller with a 
flexible steel shell. The results complement and integrate into previous studies and they are compared with analytical 
and elemental solutions of similar tasks from the scientific literature [7, 9, 13, 14]. 

Key words: Сylindrical shells, Elastic Deformation, elastic bending of a circular ring, flexible shell of roller of 
road roller, load bearing capacity, strength, kinematic parameters. 

 
1. Introduction. Compulsory compaction of soil, crushed stone and asphalt in the road sector is 

actually the main operation to ensure their strength, stability and durability [6].  
The main compacting equipment is a road roller which can be equipped with rollers of various shapes 

and dimensions. 
Analysis of the available experimental data shows that the increase in the roller weight without 

adjustments in the roller diameter does not make it possible for the standard roller to adapt to the current 
properties of the compacted materialbecause the pressure applied to the contact area may exceed the 
material strength and this will lead to over-compaction and loosening of the material. 

To remedy the situation and adapt to the properties of the compacted material using its optimum and 
compaction-friendly parameters is possible only by the application of road rollers with flexible rollers           
[1-3] which, given permanent static weight of the roller, allow for changing its linear pressure on the 
material in the area of their contact by varying the curvature radius of the roller. 

The radius of flexible rollers is changed by their forced deformation along the entire perimeter and 
local deformation in the area of contact with the ground [1, 4, 5]. 

The economic significance of the problem is so high that even its partial solution will have a 
noticeable effect on the efficiency of road construction and their operation reliability [8, 10, 12]. 

2. Problem. Modern compaction equipment is marked by more advanced technologies and 
compaction effect that provides a change in the pressure at the supporting surface contact area due to 
variation  in  the  shell  curvature radius.  However, given the roller weight and its pressure on the shell, an  
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Figure 1 – Rollers of road rollers withflexible shells under provisional patents of Kazakhstan No. 18131 (а) and No. 21592 (b) 

 
issue of the flexible shell operability, reliability and ability to recover its original shape becomes highly 
relevant [6]. 

Cylindrical shells with different thickness and made of different materials behave differently when 
forcibly deformed by external or internal forces. After the cylindrical shape is changed in order to achieve 
the desired contact area, if the allowable deformation limit is exceeded, the steel roller shell may not 
recover its original shape and remain flattened or stretched. Then the capability of the roller or the road 
roller as a whole will be completely broken, limited or terminated. 

It is required to conduct a research and find scientific evidence of the allowable vertical and hori-
zontal displacements of the roller shell after which the shell will guaranteedly retain its initial cylindrical 
shape. It is also needed to complete the previous studies of the roller flexible shell [6], combining them 
with the findings of experimental test of its stress and strain state. 

3. Analytical Model. The goal of this research is to do an experimental test, complement and 
complete earlier analytical linear connection of displacement u, [6] ݒ for a scale-down model of a 
cylindrical shell made of engineering alloy steel30ХГСА (GOST 4543-71) with modulus of elasticity 
Е=2,11·105 MPа (N/mm2), Poisson's ratio µ=0,282, yield limitσТ=830 MPa (N/mm2) and dimensions 
R=152,15 mm; В=399,3 mm; δ=1,98 mm - outside radius, width and thickness respectively, (figure1) 
frequently used for various operating elements of road and screening equipment [6-8, 15, 16]. 

 

 
 

Figure 2 – Theoretical and calculation schematics of cylindrical shell 
 

Let usintegrate the analytical model of the roller stress and strain state presented earlier [6]and the 
new calculated and force linear connections: 

For the ellipsis curvature radius ߩ ൌ  ሺхሻ (figure 2), upon replacing arbitrary size of bodies a, b withߩ

a b 
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their allowable values ап, bп, the function ߩп ൌ  ሻ was obtained [6] at the highest change of theݔпሺߩ
deformed shell contour expressed in terms of ܴ௖: 

пߩ ൌ ሻݔпሺߩ ൌ 1,333Rୡ ቀ1 െ 0,2708
୶మ

ୖ೎
మቁ
ଷ
ଶൗ
, െܽп ൑ x ൑ ܽп                             (1) 

where,whenх=0, 

௠௔௫ߩ ൌ пሺ0ሻߩ ൌ 1,333ܴ௖,                          (2) 

and whenݔ ൌ േܽп ൌ േ1,09537 

௠௜௡ߩ ൌ пሺേܽпሻߩ ൌ 0,7394ܴ௖.                       (3) 

Functional width of flexible shellߜ, should fall into the ranges 

ߜ ൑ ௠௔௫ߜ ൌ 2,18	ܿ݉     (4) 

When this condition is fulfilled (4), the given physical and mathematical model will be sufficiently 
correct with an error value allowable for engineering calculation below 5% [12, 14]. 

The function of internal [6] bending moment М=М(х): 

М

Н
ൌ

ଵ

ఘ
െ

ଵ

ோс
	           (5) 

where Н is rigidity of the shell rectangular section core [8]: 

Н ൌ
ЕВఋయ

ଵଶሺଵିఓమሻ
                                                 (6) 

 

 
 

Figure 3 – Test stand for finding allowable displacement of flexible shell and its instruments 
 

The rule of the moment signМis derived from equation (5), meaning that the parameter Н>0: if the 
core curvature increases, then М>0 and М<0 – if it decreases. The difference change sign is also 
considered  1 ൗߩ െ 1

ܴ௖ൗ 	, i.e. the positive value М>0 corresponds to 	1 ൗߩ െ 1
ܴ௖ൗ ൐ 0	and vice versa. 

Changing the symbols М ⇒ Мп, ߩ ⇒  п, based on (1), in the ratio (5), let usߩп and substitutingߩ
obtain a linear connection for the function of the ultimate bending moment 	Мпሺݔሻ: 
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пܯ ൌ ሻݔпሺܯ ൌ
ு

ோ೎
቎ ଴,଻ହ଴ଶ

൬ଵି଴,ଶ଻଴଼
ೣమ

ೃ೎
మ൰
య
మൗ
െ 1቏                                        (7) 

 
െ1,09537ܴ௖ ൑ х ൑ 1,09537ܴ௖. 

 

Figure 4 shows dimensionless modification ܯп
∗ of epure ܯп 

 

пܯ
∗ ൌ пܯ

ோ೎
ு
ൌ ଴,଻ହ଴ଶ

൬ଵି଴,ଶ଻଴଼
ೣమ

ೃ೎
మ൰
య
మൗ
െ 1                                             (8) 

 
That corresponds to analytic expression (7) subject to the symmetry of the figure 4 calculation model 

while to calculate the boundary coordinate ݕп of the ellipsis (ܯп
∗ epure basis) the formulaݕ ൌ േܾට1 െ

௫మ

௔మ
 

was used where ܽ ൌ ܽп and	ܾ ൌ ܾп, that means 

пݕ ൌ േ0,9ܴ௖ට1 െ
௫మ

௔п
మ                                                             (9) 

 
where the variableхis changed though the interval ±0,2 ܽп: 
 

ݔ ൌ 0;	േ0,2	ܽп; 	േ0,4	ܽп; 	േ0,6	ܽп; 	േ0,8	ܽп; േܽп	                           (10) 
 

 
 

Figure 4 – E pures of internal force factor ܯП
∗   and  Пܰ  adequate  

to the limiting boundary condition of rigidity ݒп ൌ 0,1 ∙ ܴ௖ [6] 
 

The figures	ܯП
∗ ൌ Пܯ

∗ ሺݔሻare defined for the same points (10) of elliptical profile and given in table 1. 
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Table 1 – E pure 	ܯп
∗		calculation values for the ultimate bending moment 

 

x 0 0,2	ܽп 0,4 ܽп 0,6 ܽп 0,8 ܽп ܽп 

yп േ0,9ܴ௖ േ0,882ܴ௖ േ0,825ܴ௖ േ0,72ܴ௖ േ0,54ܴ௖ 0 

пܯ
∗ -0,2498 -0,2372 -0,1890 -0,0416 0,1263 0,3524 

 

Using figure 4 let us find the function of axial force пܰ ൌ пܰሺݔሻ in the shell cross section  

пܰ ൌ
௉п
ଶ
 (11)                                                               	ߙݏ݋ܿ

where ߙ ൌ  ሺхሻ is an angle of descent to the ellipsis changing in quadrant I at a closed intervalߙ

0 ൑ ߙ ൑ గ

ଶ
	                                                       (12) 

and dependent on the argument х based on known differential and trigonometric ratio [7] subject to (1.37): 

ߙ݃ݐ ൌ ௗ௬п
ௗ௫

ൌ െ ଴,ଽோ೎௫

௔п
మඨଵି

ೣమ

ೌп
మ

	                                                     (13) 

ߙݏ݋ܿ ൌ ଵ

ඥଵା௧௚మఈ
ൌ ଵ

ඨଵା
೏೤п

మ

೏ೣ

	                                                 (14) 

The general form of half of the epure пܰ ൌ пܰሺݔሻ is shown in the same figure 4 and                       

ܰ௠௔௫ ൌ пܰሺ0ሻ ൌ
௉

ଶ
,  when ݔ ൌ 0	 and  ܰ௠௜௡ ൌ пܰሺܽпሻ ൌ 0	 section А.  

In accordance with the epure	ܯп
∗	(figure 4) and linear connections (6), (8), the bending moment Мп in 

the point А at ݔ ൌ േܽП ൌ േ1,09537ܴ௖ equals to 
 

пܯ ൌ пሺേܽпሻܯ ൌ 0,3524 ு

ோ೎
ൌ 0,05873 ா஻ఋమ

ሺଵିఓమሻሺଶோିఋሻ
                        (15) 

 
When finding 	ܯпሺേܽпሻ by the static method [16-18] as the moments of all forces summed with 

respect to the point A for the upper (∑݉А
௨௣௣௘௥) right quarter of the ring, let us obtain: 

 

М௡ሺേܽ௡ሻ ൌ෍݉А
௨௣௣௘௥ ൌ пܲ

2
∙ ܾп െܯпሺ0ሻ ൌ 0,45 пܴܲ௖ ൅ 0,2498

ܪ
ܴ௖

ൌ

ൌ 0,225 пܲሺ2ܴ െ ሻߜ ൅ 0,04163
ଶߜܤܧ

ሺ1 െ ଶሻሺ2ܴߤ െ ሻߜ
; 

(16)

 
where МПሺ0ሻ is a bending moment in the section С calculated similarly to (15) at х=0, i.e. 
 

МПሺ0ሻ ൌ െ0,2498 ு

ோ೎
ൌ െ0,04163 ா஻ఋయ

ሺଵିఓమሻሺଶோିఋሻ
.	                               (17) 

 

By making right part of the equations (16) equal tothat of (17) 
 

Мпሺേܽпሻ ൌ ∑݉А
௨௣௣௘௥,                                                            (18) 

 
let us find the unknown stretching force, maximum permissible by boundary condition of rigidity пܲ: 
 

пܲ ൌ
଴,଴଻଺∙ா஻ఋయ

ሺଵିఓమሻሺଶோିఋሻమ
.                                                              (19) 
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It is obvious that the equation (18) and the adequate load P_n determined by the above ratio (19) 
ensure an ellipsis-like bending of the shell. This operation and process requirement is taken into account 
when manufacturing flexible rollers (figure 5) of a road roller based on known inventions [4, 5] and it 
belongs to the basic preconditions of the calculated theoretical model. 
 

 
 

Figure 5 – Road roller with flexible shell, Kazakhstan patent No. 18131 
 

The essential feature of the task set in this research relates to two types of non-linearity available: 
ageometrical linearity resulted from large displacementsu, ݑ) ݒ ≫ ;ߜ ݒ	 ≫  ሻ that vastly exceeds theߜ
thickness ߜ of the roller cylindrical shell with an original radius of middlesurface ܴ௖ ൌ -anda con ,ݐݏ݊݋ܿ
structive one resulted from a supposition about elastic bending of a circular ring [6, 7] by two mutually 
balanced radially stretching concentrated forces P by ellipsis equation with semi-axes a, b in the 
coordinate system x0y (figure 2) given the following correlations between the design values are 
maintained: 

ߜ ≪ ,ܤ ఋ

ఘ೘೔೙
൑ ଵ

ଶ଴
;                                                              (20) 

where		ߩ௠௜௡  is the lowest median radius of the shell curvature in case of an elliptical shape: 

௠௜௡ߩ ൌ ܾଶ ∙ ܽିଵ ൑ ܴс,	                                                        (21) 

As for the assumption about the transformation of theroller circular surface to an elliptical one that 
relates to flexible type, a possibility of its existence is proved at any value of stretching force Pas long as 
the shell is a physically linear structure [8], while the length of the arc S of the deformed cylinder guide is 
not changed when it recovers to the circumference with a radius ܴс	, i.e. according to the classical 
assumption used in the fundamental theory for calculation of flexible elastic rods: ܵ ൌ сܴߨ2 ൌ  .ݐݏ݊݋ܿ

Then let usapproximate the perimeter length ܵ	by a complete elliptical integral ܧ ቀ
గ

ଶ
, ቁߦ ≡  ሻ ofߦሺ	ܧ

the second sort in the form of Legendre which is reported not to be expressed through elementary 
functions. Reference tables [8] were compiled for its calculation depending on eccentricity or ellipsis 
module ߦ with a large semi-axisܽ ൒ ܾ.For circumference (а=b=ܴс) which is a special case of the equation 
(2), the parameter ξ=0, аnd Е(0)=1,5708 [8]. 

ܵ ൌ 4ܽ ∙                                                                     (22)	ሻ,ߦሺܧ

ߦ ൌ ට1 െ ௕మ

௔మ
, 0 ൑ ߦ	 ൏ 1	                                                  (23) 
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The further mathematical modeling of the deformed state of the shell (figure 2) is based on a 
functional equation	Р ൌ Рሺߦሻ adequate to a design model of pure bending [8] and the following classic 
preconditions [4, 6, 7, 8, 11] along with the limitations (20), (22):  

– the material of the structure with an elasticity module E and Poisson's ratioߤis a homogeneous, 
isotropic, continuous material governed by Hooke's law while the proper mass of the shell is not taken into 
account. 

– by the ratio of geometric characteristics ߩ௠௜௡ ≫  that satisfies a boundary in equation (3), the ,ߜ5
ring element of figure 2 is classified as a thin beam – cover (В ≫  of low curvature with all known (ߜ5
simplifications that arise there [11]; 

– classic Kirchhoff and Love’s hypotheses regarding invariability of normal to the deformed middle 
surface of the shell and the lack of pressure from one material layer to another are complied with. 

A theoretical linear connection Рሺߦሻ obtained by the method [2] corresponding to the above assump-
tions takes the form of 

Р ൌ Рሺߦሻ ൌ
ଷߜܤܧ

6ሺ1 െ ଶሻܴ௖ଶߤ
ቆ1 ൅

ܽଷ

ܾଷ
െ
2ܽ
ܴ௖ܾ

ቇ ൌ

ൌ
ሻߦሺܧଷߜܤ	ܧ	8

ଶሺ1ߨ	3 െ ଶሻሺ2ܴߤ െ ሻଶߜ
ቐ
ሻቂሺ1ߦሺܧ െ ଶሻඥ1ߦ െ ଶߦ ൅ 1ሿ െ ሺ1	ߨ െ ଶሻߦ

ሺ1 െ ଶሻඥ1ߦ െ ଶߦ
ቑ	ሺ24ሻ 

and the ellipsis semi-axes are described by the expressions:  

ܽ ൌ ܽሺߦሻ ൌ గோ೎
ଶ	ாሺకሻ

	 , ܾ ൌ ܾሺߦሻ ൌ గ∙ඥଵିకమ

ଶ	ாሺకሻ
∙ ܴ௖                                   (25) 

Guided by (5)-(7), at the medium radius (figure-2) 

ܴ௖ ൌ ܴ െ ఋ

ଶ
ൌ 152,15 െ ଵ,ଽ଼

ଶ
ൌ 151,16	mm.	                                  (26) 

Governed by design and process considerations [1, 21] let us introduce the rigidity condition (figure 2) 

ݒ ൑ 0,1ܴ௖into the calculation model and from the transcendent equation [2] 

Е	ሺߦпሻ ൌ
గටଵିకп

మ

ଵ,଼
	                                                               (27) 

let us find the limitary eccentricity ߦп ൌ 0,57 at ߨ ൌ 3,1416, and the respective boundary values 
ܽп ൌ 1,0954ܴ௖, 	ܾп ൌ 0,9 ∙ ܴ௖, ݑп ൌ 0,0954ܴ௖, пݒ	 ൌ 0,1ܴ௖ of the functions (25) of ellipsis semi-axes and 
displacements where the variable ߦ	ranges within 0 ൑ 	ߦ ൑ пߦ ൌ 0,57. 

ݑ ൌ ሻߦሺݑ ൌ ቂ గ

	ଶ∙ாሺకሻ
െ 1ቃ ∙ ܴ௖, ݒ ൌ ሻߦሺݒ ൌ ൤1 െ గ∙ඥଵିకమ

ଶ∙ாሺకሻ
൨ ∙ ܴ௖	                     (28) 

Replacing arbitrary sizes of semi-axes ܽ, ܾ with their allowable values ܽп, 	ܾп		– (14) in (21) let us 

obtain [2]  ߩ௠௜௡
ሺпሻ ൌ 0,7394	ܴ௖. Then the secondboundary in equation(20) becomes more explicit  

ߜ ≪ ௠௜௡ߩ0,05
ሺпሻ ൌ 0,03697	ܴ௖.	                                                 (29) 

For example, at Rc=151,16 mmthe given thickness δ=1,98 mm of the studied structure (figure 2)based 
on (29) meets the necessary condition[2] δ=1,98 mm<δ_max=5,52 mmby a wide margin. Thisensures a 
sufficient correctness and accuracy of the physical and mathematical model with an error value allowable 
for engineering calculation below 5% [7, 19, 20]. 

4. Experimental Procedure and Results. To verify the theoretical inferences and find the expe-
rimental displacementݑэ ൌ ,эሺܲሻݑ эݒ ൌ -эሺܲሻa special stand was designed in compliance with the appliݒ
cable process requirements to experimental research on materials and structures [12, 17, 18]. The facility 
includes three dial gauges – an IC detector (GOST 577-68) for measuring linear displacement between            
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0 and 10 mm with an accuracy of 0,01 mm; and force measuring instrument - an indicator-type dyna-
mometer DORM 0,1 (GOST 9530-60) with New tone scale (N), unit value of 1,724N.  

The flexible shell for uniform distribution of the force P along the width B was fixed along its axis 
between the rigid cylindrical stops, movable - 5 and fixed - 8, connected with the drive and instruments. 
All kinematic changes in the shape of the roller flexible shell model that occur when the movable stop 
starts moving as the result of the tension at the rod moved by the rotating adjusting nut were recorded by 
the instruments and added to the table. To construct the graphs, the mean values of displacements were 
used deduced from 10 identical experiments carried out under identical conditions, but with a uniform 
rotation of the cylindrical shell with respect to rigid stops, for each experiment.  
 

Table 2 – Theoretical and empirical data related to the finding of displacements ݑ	ሺܲሻ, ,эሺܲሻݑ	 ,ሺܲሻݒ   эሺܲሻ basedݒ	
on the known method [8] 

 

 0,57 0,5000 0,4226 0,3827 0,3420 0,2588 0 ߦ

Еሺߦሻ	  1,5708 1,5442 1,5238 1,5116 1,4981 1,4675 1,4340 

ܲ,ܰ 0 17,1 55,2 88,6 139,1 305,5 589,2 

 14,42 10,64 7,33 5,93 4,66 2,60 0 ݉݉,ݑ

,эݑ ݉݉ 0 2,57 4,58 5,79 7,06 10,11 13,54 

∆௨,% 0 1,2 1,7 2,4 3,8 5,2 6,5 

 15,12 11,04 7,51 6,03 4,75 2,65 0 ݉݉,ݒ

,эݒ ݉݉ 0 2,61 4,67 5,88 7,21 10,47 14,15 

∆௩,% 0 1,5 1,7 2,6 4,2 5,4 6,7 

 

 
Figure 6 – Schematics of the flexible shell experimental stand  

(top view): 1 – indicator-type dynamometer DORM 0,1;  
2 – hour indicators; 3 – adjusting nut to lock the specified load Р  

(see the table); 4 – fixed supports; 5 – Rigidmovable 5 and fixed 8 
cylindrical stops; 6 – initial round shape of the shell  
at Р=0; 7 – elliptical profile of the shell when Р>0 

 
Figure 7 –  

External load P-dependency  
of the displacementsݒሺܲሻ,  эሺܲሻݒ

 
To achieve the highest accuracy and experimental integrity, the stand is designed in such a way that 

practically excludes the impact of the shell weight when it is positioned horizontally, as well as friction, 
and deformation of related parts. 

The results of the theory and its experimental check are summarized in table 2 and illustrated by 
graphs in figures 7 and 8.  

In this case the letter symbols ∆u, ∆v are used to indicate values that qualify the deviation between the 
calculation  u, v  and experimental uэ, vэ kinematic parameters in per cents, depending on the external load  
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Figure 8 –  
External load P-dependency  

of kinematic parameters ݑ	ሺܲሻ,  эሺܲሻݑ

 
P to the shell (figures 2 and 3), the values of which (in N) are set in table 1 and recorded by a dynamo-
meter (figures 3, 6). 

Conclusions. 
1. The experiment findings prove the feasibility of using the road roller shell with a variable contact 

area made of steel 30ХГСА[3]. 
2. The research shows that the discrepancy between the overstated calculationݑ,  and experimental ݒ

,эݑ data, subject to the boundary in equation 0	эݒ ൑ 	ߦ ൑ ∆௨ൌ	п, ranged with inߦ ݑ| െ |эݑ ∙ эିଵݑ ∙ 100	% ൑
൑ 	6,5%, ∆௩ൌ ݒ| െ |эݒ ∙ эିଵݒ ∙ 100	% ൑ 6,7	%. This means that the mechanical and mathematical model 
designed by the authors [2] to assess the strength of the variable-shape shell is a high quality and adequate 
model from the theoretical and calculation perspective. 

3. Given the operation and process limitation ݒ ൑ 0,1ܴ௖ is complied with, the experimental model of 
the steel thin-walled cylindrical shell (figure 3) was operating under the load P in an ideally elastic way, 
i.e. without any residual displacement when the highest normal tension ߪ௠௔௫ did not exceed the yield limit 
 .т of the materialߪ

4. The experiment demonstrated that the surface of the shellhad been deformed practically on an 
elliptical curve. This is convincing evidence showingthe validity of using the ellipsis equation for the 
approximation of the shell.  

5. As a result of the theoretical and practical studies of road roller flexible shells that adapt to the 
compactedmaterial, the optimal variation range forthe shell curvature in the contact area was determined. 
Exceeding of the range can lead to a loss of the roller initial shape and a failure of the ability to recover it 
after the load is removed. 

6.The deformation and load of the roller shell let were found for different values of the curvature 
radius in the contact area.  

7. The developed calculation algorithm for the allowable parameters of the shell deformation can be 
represented as an element of the base for the creation of an automated roller parameter selection system 
when designing different standard sizes of rollers or onboard roller system to control the reliability of the 
compaction parameters. 
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ҚАБЫҚШАСЫНЫҢ ҚИСЫҚТЫҒЫ ӨЗГЕРІЛМЕЛІ ЖОЛ АУНАҒЫ БІЛІГІНІҢ  

ШЕКТІК ДЕФОРМАЦИЯЛАНУЫН АНЫҚТАУ 
 

Аннотация. Тығыздау жұмыстарының басында, тығыздалатын материалдардың талап етілген қасиет-
теріне қажет сипаттамаларға ие білікпен жабдықталған, жол аунағын таңдауға мүмкіндік беретін жəне оның 
беріктігін, сенімділігі мен тірек қабілетін бағалайтын, жол аунағының иілмелі білігі жағдайының жаңа меха-
ника-математикалық моделі қарастырылды. Мақала, жол аунақтарының құрылымында иілмелі қабықшаны 
қолданудың дұрыстығын жəне қабықшаны инженерлік жобалау мақсатында жеткілікті дəрежедегі дəлдікпен 
қолдануға болатын негізгі параметрлерін анықтауға жəне де ғылыми негіздеуге бағытталған. Қабықшасы, 
иілмелі болаттан жасалынған біліктен тұратын тəжірибелік жол аунағы мен сұлбалар, сонымен қатар натур-
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дық құрылым ретінде практикалық қорытындылар келтірілген жəне де иілмелі қабықшаның параметрлерін 
зерттеуге арналған эксперименттік жабдық сипатталған. Қорытындылар ғылыми əдебиеттердегі ұқсас тап-
сырмалардың элементтік жəне аналитикалық шешімдерімен салыстырылып бұрынғы зерттеулерді біртұтас 
біріктіреді жəне толықтырады. 

Түйін сөздер: цилиндрлік қабықшалар, серпімді деформация, дөңгелек сақинаның серпімді иілісі, жол 
аунағы білігінің иілмелі қабықшасы, тірек қабілеті, беріктік, кинематикалық параметрлері. 
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ОПРЕДЕЛЕНИЕ ДОПУСТИМЫХ ДЕФОРМАЦИЙ ВАЛЬЦА ДОРОЖНОГО КАТКА  

С ПЕРЕМЕННОЙ КРИВИЗНОЙ ОБЕЧАЙКИ 
 

Аннотация. Рассмотрена новая механико-математическая модель состояния гибкой обечайки вальца 
дорожного катка, оценивающая её несущую способность, надежность и прочность, и позволяющая, в зависи-
мости от свойств уплотняемого материала, еще до начала работ подобрать каток с требуемыми характерис-
тиками уплотняющих вальцов. Рассмотрены вопросы допустимой трансформации круговой поверхности 
гибкой обечайки вальца и пределе ее допустимых перемещений, превышение которых приведет к общему 
срыву работоспособности вальца дорожного катка. Статья направлена на научное обоснование и установ-
ление целесообразности использования гибких обечаек в конструкциях вальцов дорожных катков и опре-
деления их параметров, которые можно с достаточной точностью использовать в целях инженерного 
проектирования. Описано экспериментальное оборудование для исследования параметров гибких обечаек и 
приведены практические результаты в виде схем и натурной конструкции, и опытного вальца дорожного 
катка с гибкой стальной обечайкой. Результаты дополняют и объединяются в целое с предыдущими иссле-
дованиями и сравниваются с аналитическими и элементными решениями аналогичных задач из научной 
литературы. 

Ключевые слова: цилиндрические оболочки, упругая деформация, упругий изгиб круглого кольца, 
гибкая оболочка вальца дорожного катка, несущая способность, прочность, кинематические параметры. 
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