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This paper reports the analysis of methods for
determining temperature stresses and deforma
tions in bridge structures under the influence of
climatic temperature changes in the environment.
A one-dimensional model has been applied
to determine the temperature field and ther
moelastic state in order to practically estimate
the temperature fields and stresses of strengthe
ned beams taking into consideration temperature
changes in the environment.
The temperature field distribution has been
determined in the vertical direction of a reinforced
concrete beam depending on the thickness of
the structural reinforcement with methyl metha
crylate. It was established that there is a change
in the temperature gradient in a contact between
the reinforced concrete beam and reinforcement.
The distribution of temperature stresses in the
vertical direction of a strengthened reinforced
concrete beam has been defined, taking into con
sideration the thickness of the reinforcement with
methyl methacrylate and the value of its elastic
ity module. It was established that the thickness
of the reinforcement does not have a significant
impact on increasing stresses while increasing the
elasticity module of the structural reinforcement
leads to an increase in temperature stresses. The
difference in the derived stress values for a beam
with methyl methacrylate reinforcement with
a thickness of 10 mm and 20 mm, at elasticity
module E = 15,000 MPa, is up to 3 % at positive
and negative temperatures.
It has been found that there is a change in the
nature of the distribution of temperature stresses
across the height of the beam at the contact sur
face of the reinforced concrete beam and methyl
methacrylate reinforcement. The value of tem
perature stresses in the beam with methyl metha
crylate reinforcement and exposed to the positive
and negative ambient temperatures increases by
three times.
It was established that the value of tempe
rature stresses is affected by a difference in
the temperature of the reinforced concrete beam
and reinforcement, as well as the physical and
mechanical parameters of the investigated struc
tural materials of the beam and the structural
reinforcement with methyl methacrylate
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1. Introduction
According to data from [1], examination of the technical
condition of bridges in Ukraine in 2020 found that 895 arti-

ficial structures across the country need immediate repair.
Of these, 169 are already in pre-emergency condition.
It should also be noted that ensuring the trouble-free
operation of bridges in developed countries is also a relevant
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issue. Recall the collapse of a four-lane road bridge in Italy
in 2018. Therefore, the application of promising technologies
for repairing defective bridges is an urgent task for bridge
engineering.
To improve the bearing capacity of road bridges, a method
for strengthening beams with methyl methacrylate compositions (hereinafter, methyl methacrylate) has been used in
recent years. The general view of the extreme beams in a motor
bridge reinforced with methyl methacrylate is shown in Fig. 1.

Reinforced beam

Non-reinforced beam

Fig. 1. Strengthening the reinforced concrete beams
of a bridge with methyl methacrylate
Methyl methacrylate is a low-binding polymer used to
reinforce the beams of road, city, and pedestrian bridges. It is
characterized by increased strength and durability [2].
The reinforcement of beams involves arranging a non-removable metal formwork at the bottom of the beam at a distance equal to 20 mm from its lower shelf. This gap is covered
with fine sand; a methyl methacrylate composition is then
added, which freely penetrates cracks and capillaries.
When methyl methacrylate interacts with particles of fine
sand, a strong structural element is formed, which fills the
cavities and cracks in a reinforced concrete beam, firmly binds
them, thereby contributing to the strengthening of the beam.
However, at the same time, it is necessary to take into
consideration the possible impact of climatic temperature
conditions on the stressed-strained state of those reinforced
concrete beams in the bridges that are strengthened with
methyl methacrylate.
In addition, significant and sharp changes in ambient
temperatures and an increase in the ranges of their change
(in summer, the maximum temperature increases; in winter,
the minimum temperature decreases) over the past five years
lead to an increase in the deformability of bridge beams.
Therefore, it is a relevant task to study work of the structural
reinforcement of bridge beams with methyl methacrylate
exposed to variable ambient temperatures.
2. Literature review and problem statement
It was established that there are a number of studies on
determining the temperature fields and stresses in bridge
structures without reinforcement under the action of clima
tic temperature influences of the environment [3–9].
Paper [3] proposes mathematical models for calculating
the thermal conductivity and thermally stressed state of
a fragment of the metal corrugated shell of a transport structure whose side surfaces are heated to different temperatures.
However, the model for assessing the thermally stressed state

of the shell takes into consideration only the homogeneous
medium of the structure.
Work [4] states that the temperature difference in the
boxed beams of bridges can reach values above 40 °C. However, no studies into the thermoelastic state of the box beam
reinforced with methyl methacrylate compositions were
carried out.
Paper [5] reports the results from a long-term monitoring
of deflections of several bridges in Switzerland and shows the
daily and seasonal movements of bridges under a thermal influence. The authors established a ratio between the measured
temperatures and gradients and the position of a bridge and
described methods for compensating thermal effects. However, no studies into the impact of daily and seasonal temperatures on the stressed-strained condition of bridges were
carried out. And there are no models to assess the thermally-stressed state of bridges exposed to variable temperatures.
Work [6] reports the results of studying a temperature
distribution and the corresponding reactions of a suspension
bridge across the span by combining numerical analysis and
monitoring on the ground. Thin finite-element models of
bridge components were built to numerically assess the impact of temperature fields on the bridge structure. However,
the cited work does not provide methods for assessing the
thermoelastic state of bridges; it only analyzes the distribution of temperature gradients.
Paper [7] simulates the distribution of a temperature field
across a concrete beam, which takes into consideration the
shadow effects and changes in the intensity of solar radiation
during the day. The results show that the temperature field
of the concrete beam has obvious nonlinear characteristics
of the distribution. That proves the need to analyze the temperature field, especially for complex structures with diffe
rent cross-sections along the longitudinal axis.
Based on the experimental records for a composite beam
with a steel profile and concrete overlap, a thermal analysis
model was built and tested using a finite element method in
work [8]. The model addresses the issue of heat conducti
vity in concrete and steel, taking into consideration various
boundary conditions that include solar radiation, reflected
radiation, air temperature, and ambient air speed.
Paper [9] reports the results of developing temperature
gradient curves to forecast the temperature stresses in
a structure based on data from field and laboratory monitoring. The temperature gradient curves and a temperature
stress model were constructed for a composite beam.
However, works [7–9] did not assess the thermoelastic
state of composite beams strengthened by methyl methacrylate compositions.
Papers [10–12] provide data on the long-term studies of
climatic temperature impacts on the span structures of bridges.
The authors of [10] calculated non-stationary temperature
fields using a distributed analysis of the data acquired from
long-term climate monitoring. The results of [11] show that the
coating of the span structures plays an important role in changing temperature differences; there is a significant difference
between temperature changes with or without coating. Based
on research, it was established in [12] that temperature fluctuations cause temperature stresses and deformations in bridge
structures. The results of calculating the temperature deformations and strains by Mises demonstrated that stresses from temperature gradients reach values up to 25 MPa, which emphasi
zes the mandatory consideration of taking them into account
in studying the stressed-strained state of bridge structures.
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Work [13] states that at the stage of bridge operation
a change in the temperature and humidity conditions disrupts the hygrometric equilibrium between concrete and
the environment, leads to the occurrence of volumetric deformations, and, as a result, changes the stressed-deformed
state of the bridge beam. That primarily causes the evolution
of microcracks, which predetermines a decrease in the cha
racteristics of crack resistance of reinforced concrete beams.
Paper [14] notes that in the solid-structure beams, stres
ses due to thermal influences, according to the calculations
carried out, reach values of 100 MPa during compression and
42 MPa during stretching; it is noted that it is necessary to
take into consideration the environmental temperature on
the stressed-strained state of bridges.
Work [15] shows that negative temperature gradients
may cause higher stresses than positive ones. Analysis of
the calculations revealed that an increase in ambient temperature in the daytime increases the temperature of the
lower surface of the slab; in this case, the stretching stresses
decrease. It is noted that the difference in the average temperatures of the upper and lower surfaces of the bridge slab is
an important factor in the occurrence of stretching stresses in
the lower surface of slabs.
Studies [10–15], similarly to works [7–9], reported no
results in assessing the thermoelastic state of a bridge slab
reinforced with methyl methacrylate compositions.
In [16], when observing temperature gradients in the
span structure of a bridge and deformations in the cross-section of the structure shown in Fig. 2, 3, the authors established a correlation dependence of deformations on changes
in ambient temperature.
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Fig. 4 shows the horizontal movements of a bridge when
the ambient temperature rises [17]; it demonstrates that
temperature influences cause the bending of the box beam
of the bridge.
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Fig. 4. Distribution of deformations in the longitudinal
direction of a beam with a uniform increase in temperature
Works [18, 19] indicate that the most common in engineering practice are models for calculating the strength of
structures.
Our review of the scientific papers reveals that models
for determining stresses in bridge structures caused by climatic temperature changes are less common and studied. In
addition, the issue related to developing practical models
for determining temperature fields and stresses in the reinforced concrete beams of bridges strengthened with methyl
methacrylate compositions has not been resolved up to now.
It should be noted that the existence of practical models
would make it possible, at the stage of planning the repair
or restoration of the bearing capacity of defective reinforced
concrete beams of bridges, to make constructive decisions on
the choice of materials for effective repair.
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Fig. 2. Distribution of temperature gradients
in a bridge slab [16]
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The purpose of this work is to devise a comprehensive procedure for determining temperature fields and stresses in the
reinforced concrete beam of a bridge strengthened with methyl
methacrylate compositions, which could make it possible to
practically assess the thermoelastic state of a bridge beam.
To accomplish the aim, the following tasks have been set:
– to define input data related to the numerical studies
into the temperature field and stresses of the strengthened
reinforced concrete beam;
– to assess the temperature field of the reinforced concrete beam of a bridge strengthened with methyl metha
crylate under the influence of positive and negative ambient
temperatures;
– to assess the thermoelastic state of a reinforced concrete beam strengthened with methyl methacrylate, taking
into consideration the geometric and physical-mechanical
parameters of structural reinforcement.
4. The study materials and methods
The thermoelastic state of bridges is estimated in two
stages. At the first stage, the distribution of a temperature
field is calculated; then the temperature stresses and deformations are determined.
Work [19] states that the first and very important stage in
preparing a model for calculation is to set its dimensionality.
It also gives a one-dimensional model to assess the temperature stresses in a reinforced concrete beam of a bridge,
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depending on the thickness and the module of elasticity of
structural reinforcement.
Thermal conductivity model.
To assess the temperature field and stresses, we have
considered a two-layer model whose bottom is a layer of thin
methyl methacrylate reinforcement, and the top is the lower
shelf of the reinforced concrete beam of the bridge (Fig. 5).

t1

z=h

 E1 at 0 ≤ z ≤ z1,
v1 at 0 ≤ z ≤ z1,
E=
v=
<
z
≤
h
;
E
at
z
1
 2
v2 at z1 < z ≤ h;

E2, ν2, α2, k 2
z=z1
z=0 E1, ν1, α1, k 1
t2
Fig. 5. Two-layer model for calculating the temperature field
and stresses in a reinforced concrete beam strengthened
with methyl methacrylate
Consider the rectangular Cartesian Оxyz coordinate system,
in which the above model would occupy the following region:

(V ) = {( x , y, z ) : 0 ≤ x ≤ x1, 0 ≤ y ≤ y1, 0 ≤ z ≤ h} .

(1)

The coefficient of thermal conductivity of a two-layer
model is determined from formula (2):
k1 at 0 ≤ z ≤ z1,
k=
k2 at z1 < z ≤ h.

(2)

Assume the temperature t in a beam does not depend on
the time and the x, y coordinates. The thermal conductivity
equation of the beam with reinforcement then takes the following form [20]:
d  dt 
 k  = 0.
dz  dz 

(3)

We believe that on surfaces z = 0 and z = h the temperature
field of a two-layer model accepts the following values:
t

z=0

= t1, t

z=h

= t2 ,

(4)

and, on surface z = z1, the conditions of ideal thermal contact
between the reinforced concrete beam and methyl metha
crylate reinforcement are met, which is expressed by the
following equation:
t

z = z1 −0 = t

z = z1 +0,

k1

dt
z
dz

z = z1 −0 = k2

dt
dz

z = z1 +0 .

(5)

Solving equation (3) and taking into consideration equations (4), (5), we obtain an equation to find the distribution of
temperature in the vertical direction of the reinforced beam:
C1 z + C2 , 0 ≤ z ≤ z1,
t=
C3 z + C4 , z1 < z ≤ h,

(6)

where the integration constants, included in equation (6), are
determined from the following expressions:
C1 =

Thus, having determined the constants of integration
from equation (7), equation (6) is used to find the distribution of the temperature field in a two-layer beam. Next,
consider a model of the thermoelastic state of the beam.
Model of the thermoelastic state of the reinforced beam.
Let the modulus of elasticity, the Poisson coefficient,
and the coefficient of linear thermal expansion of the methyl
methacrylate reinforcement and reinforced concrete beam
are determined from the following formulas:

k
t 2 − t1
; C2 = t1; C3 = 1 C1; C4 = t 2 − C3 h.
k1
k
2
z1 + ( h − z1 )
k2

(7)

α1 at 0 ≤ z ≤ z1,
α=
(8)
α 2 at z1 < z ≤ h.
Assume the temperature field of the reinforced beam is
determined from formula (6), and the surfaces z = 0 and z = h
are free from loads. Other surfaces of the reinforced beam are
rigidly fixed.
To determine the stressed-strained state of the reinforced
beam, we use an equation from the theory of thermoelasticity.
In this case, movements along the directions of the x, y coor
dinate axes, the components of a deformation tensor e1, e2,
e12, e13, e23, and the components of a stress tensor σ12, σ13,
σ23 are zero. The equilibrium equation of the reinforced beam
takes the following form:
d σ3
= 0,
dz

(9)

where σ3 is the stress tensor component.
Using equation (9), taking into consideration the boun
dary conditions σ3|z = 0 = 0, σ3|z = h = 0, we obtain:
σ 3 = 0.

(10)

Since e1 = 0, e2 = 0, σ3 = 0, then the Duhamel’s ratio takes
the following form:
1
1
(σ1 − νσ2 ) + αt = 0, E (σ2 − νσ1 ) + αt = 0,
E

(11)

where σ1, σ2 are the stress tensor components.
Solving the system of equations (11), we find expressions
to assess the temperature stresses in a strengthened reinforced concrete beam:
σ1 = −

αtE
αtE
, σ2 = −
.
1− v
1− v

(12)

The resulting equations (12) make it possible to determine the thermoelastic state of the reinforced beam, taking
into consideration the physical-mechanical parameters of the
methyl methacrylate reinforcement and beam materials and
ambient temperature.
5. The results of devising a comprehensive procedure
for determining the temperature fields and stresses
in a reinforced concrete bridge beam strengthened
with methyl methacrylate compositions
5. 1. Input data related to the numerical studies of
the temperature field and stresses in a strengthened reinforced concrete beam
Our numerical studies in to the stresses of a reinforced
beam were carried out at the values for the physical-mechanical
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parameters of a reinforced concrete beam and methyl metha
crylate reinforcement that are given in Table 1.
Temperature, degree

30

Table 1
Physical-mechanical characteristics of the reinforced
concrete beam and methyl methacrylate reinforcement
No. of
entry

Characteristic

Value

Dimensio
nality

1

Accepted modules of elasticity for methyl methacrylate reinforcement, E1

5,000, 10,000,
15,000

MPa

2

Elasticity modulus of reinforced concrete beam, E2

3.6·104

MPa

3

Accepted Poisson’s ratio
for methyl methacrylate
reinforcement, ν1

0.3

–

4

Poisson’s ratio for reinforced concrete beam, ν2

0.25

–

5

Accepted coefficient of linear temperature expansion
for methyl methacrylate
reinforcement, α1

1.25·10–5

1/°С

6

Coefficient of linear temperature expansion for reinforced concrete beam, α2

1.0·10–5

1/°С

7

Accepted coefficient of
thermal conductivity for
methyl methacrylate reinforcement, k1

20

Thermal conductivity
coefficient for reinforced
concrete beam, k2

19

z, m

0

0

-10

0,05
0.05

5. 2. The results of studying a temperature field in the
strengthened reinforced concrete beam
The study results regarding a temperature field in the
reinforced concrete beam with methyl methacrylate reinforcement at the positive and negative ambient temperatures
are shown in Fig. 6.
Fig. 6 shows that the temperature is not evenly distri
buted in the vertical direction of the strengthened reinforced
concrete beam. The higher temperature is characteristic of
the reinforced concrete beam.
At the positive and negative temperature changes of
the environment, the temperature of methyl methacrylate
reinforcement is, respectively, +20 °C and –15 °C; reinforced
concrete beam, +30 °C and –10 °C; in the contact between
the reinforced concrete beam and methyl methacrylate reinforcement, there is a change in the temperature gradient.
Next, based on the known values of the temperature field,
we shall assess the thermoelastic state of the strengthened reinforced concrete bridge beam. The study was conducted with
respect to the geometrical parameters and physical-mechanical
properties of the reinforced beam, which are given in Table 1.

0,2
0.2

5. 3. The results of studying the thermo-elastic state of
a strengthened reinforced concrete beam
The results from studying stresses in a strengthened reinforced concrete beam at the positive temperature changes
of the environment are shown in Fig. 7–9. In this case, the
distribution of temperature stresses was established depending on the thickness and the module of elasticity of methyl
methacrylate reinforcement.
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Fig. 6. Temperature field distribution in a reinforced concrete
beam with methyl methacrylate reinforcement
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Fig. 7. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 5,000 MPa and positive temperatures
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We performed numerical studies into the temperature
field of a strengthened reinforced concrete bridge beam at
the following values of model’s geometrical parameters:
z = 200 mm; the coating thickness z1 is variable: 10 mm,
15 mm, and 20 mm.
At positive ambient temperatures, the temperature of the
beam surface is taken equal to t1 = 20 °C, that of the coating
equal to t2 = 30 °C, and, at negative ambient temperatures,
respectively, t1 = –15 °C and t2 = –10 °C.
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Fig. 8. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 10,000 MPa and positive temperatures
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Fig. 9. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 15,000 MPa and positive temperatures
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The calculation results illustrated in Fig. 7–9 demonstrate that at positive ambient temperatures there is a change
in the nature of the distribution of temperature stresses in
the contact between the reinforced concrete beam and reinforcement.
At the same time, temperature stresses increase with an
increase in the value of the reinforcement elasticity module.
Thus, at a coating thickness of 20 mm and with a module
of elasticity of the reinforcement E = 5,000 MPa, the value
of stresses in the reinforcement-beam contact is 1.87 MPa;
at E = 10,000 MPa – 3.74 MPa; at E = 15,000 MPa – 5.61 MPa.
Fig. 10–12 show the distribution of stresses in a reinforced concrete beam with methyl methacrylate reinforcement at negative surface temperatures.
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Fig. 10. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 5,000 MPa and negative temperatures
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Fig. 11. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 10,000 MPa and negative temperatures
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Fig. 12. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E = 15,000 MPa and negative temperatures
The results of studying the thermoelastic state of a reinforced concrete beam strengthened with methyl methacrylate have shown that both at positive and negative ambient
temperatures there is a change in the nature of the distribution of temperature stresses in the beam-reinforcement
contact (Table 2).

Table 2
Temperature stress distribution in a reinforced bridge beam
Coating elasticity modulus, MPa
Coating thickness, mm

5,000

10,000

15,000

Stress, MPa
Exposed to positive temperatures
10

–1.83

–3.66

–5.48

15

–1.85

–3.70

–5.55

20

–1.87

–3.74

–5.61

Exposed to negative temperatures
10

1.32

2.64

3.95

15

1.31

2.61

3.92

20

1.30

2.59

3.89

The value of temperature stresses significantly depends
on the module of elasticity of methyl methacrylate reinforcement and depends little on its thickness. With a coating
thickness of 20 mm and with a coating elasticity module
E = 5,000 MPa, the value of stresses in the coating-beam
contact is 1.3 MPa; at E = 10,000 MPa – 2.59 MPa; and at
E = 15,000 MPa – 3.89 MPa.
6. Discussion of results of estimating
the thermoelastic state of a strengthened reinforced
concrete bridge beam
Based on our study of temperature distribution in the
vertical direction of the reinforced concrete beam with coating (Fig. 6), it was established that there is a change in the
temperature gradient in the beam-reinforcement contact.
This is due to the different physical-mechanical properties of
the reinforced concrete beam and methyl methacrylate reinforcement (Table 1). The higher temperature is characteristic
of the reinforced concrete beam.
It should be noted that the thickness of the coating does
not significantly affect the level of temperature stresses
in the beam-reinforcement contact. The difference in the
derived stress values for a beam with methyl methacrylate
reinforcement with a thickness of 10 mm and 20 mm with
an elasticity module E = 15,000 MPa is up to 3 % (Table 2).
This difference occurs both at positive and negative ambient
temperatures.
However, it should be noted that with an increase in the
elasticity module of the methyl methacrylate reinforcement,
the value of temperature stresses in the beam-reinforcement
contact increases. Thus, the value of the thermo-elastic state
of the beam with methyl methacrylate reinforcement with a
height of 20 mm with an elasticity module E = 5,000 MPa and
E = 15,000 MPa, exposed to the action of positive and negative ambient temperatures, increases by three times (Table 2).
This pattern must be taken into consideration when strengthening defective reinforced concrete bridge beams.
One caveat of this study is the lack of real experimental
data on temperature distribution along a strengthened reinforced concrete beam, both in the vertical and longitudinal
direction of the bridge beam. Therefore, scientific research is
planned to be advanced by taking into consideration the distribution of temperature across the length of a strengthened
reinforced concrete beam in a two-dimensional statement
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of the research problem. In addition, a given model makes it
possible to determine the thermo-elastic state of strengthened
beams only in a vertical direction.
7. Conclusions
1. The data acquired from our numerical studies make
it possible to model the temperature field and stresses in
a strengthened reinforced concrete beam, taking into consideration the physical-mechanical parameters of the material
for methyl methacrylate reinforcement and beams, as well as
ambient temperature. It has been shown that the improved
model could be practically applied for assessing the temperature fields and stresses in strengthened two-layer beams,
taking into consideration the effect of climatic temperature
changes in the environment.
2. Our results on temperature field distribution in the
vertical direction of a strengthened reinforced concrete
bridge beam have shown that at positive and negative temperature changes in the environment, the temperature of the
methyl methacrylate reinforcement is, respectively, +20 °C
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and –15 °C; the reinforced concrete beam, +30 °C and
–10 °C; and, in the contact of the reinforced concrete beam
and methyl methacrylate reinforcement, there is a change in
the temperature gradient. This phenomenon is due to the different physical-mechanical characteristics of structural materials for the beam and methyl methacrylate reinforcement.
3. There is a change in the nature of temperature stress
distribution across the height of the beam on the contact
surface of the reinforced concrete beam and methyl methacrylate reinforcement. The amount of stresses in the contact
zone at positive temperatures was 5.61 MPa; at negative temperatures – 3.95 MPa. It was established that the thickness of
the coating does not have a significant impact on an increase
in temperature stresses while an increase in the coating’s
elasticity module leads to an increase in temperature stresses
in the contact of the reinforced concrete beam with methyl
methacrylate reinforcement. With a difference in coating
thickness of 10 mm, the stress in the beam-reinforcement
contact at the coating elasticity module ∆Е = 15,000 MPa
increases up to 3 %, and, with the difference of elasticity
modules ∆Е = 10,000 MPa, the value of temperature stresses
increases by three times.
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At present, there are theoretical and experimental studies of such
bearings without taking into account the elastic deformation of the
bearing segments. The rotor bearings of powerful turbines at nuclear
power plants are subjected to loads as high as tens of tons. One of the
important issues in designing segmental bearings operating under these
conditions consists in taking into account elastic deformations of the
segments. A schematic diagram of a segmental hydrostatic bearing was
presented and the principle of its operation was described. When deter
mining the deformation of spherical support, a formula of change in
volume of a solid steel ball subjected to uniform pressure was applied.
To determine the segment deformation in the axial direction, diffe
rential equation of bending of the strip beam as the initial one. The basic
equation of deformation of rods with a curved axis acting in the plane
of curvature was taken as a starting point of determining the segment
deformation in the circumferential direction.
It was found in the studies that the maximum deformation of the seg
ment is 4.5 % of radial clearance at a feed pressure of 5 MPa and can
affect the bearing characteristics. A substantially nonlinear character of
deformations along the segment axis was revealed. It was found that the
pressure of the working fluid significantly affects the segment thickness.
With an increase in feeding pressure from 1 MPa to 10 MPa, the thick
ness of the steel segment increased more than 2 times and the thickness of
the bronze segment increased more than 3 times. It was established that
the pressure of the working fluid exceeding 10 MPa substantially affects
the deformation of the spherical support and the bearing clearance.
The study results will make it possible to determine more accurate
ly the main characteristics of the segmental bearing and design it more
efficiently
Keywords: segmental bearing, segment deformation, bearing cha
racteristics, differential equation, calculation results
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1. Introduction
High reliability and durability in all operating modes are
some of the main requirements for bearings. In addition, the
following requirements are imposed on them: guaranteed
long-term working efficiency, high fire safety, good maintainability after storage, transportation, and overload.
Non-stationarity of loading, high rotational speeds of
rotors, the possibility of the appearance of elastic deformations in segments, and the use of low-viscosity liquids as
a lubricant are the main operating features of rotor bearings
in power plant units. The high probability of turbulent flow
of lubricant is caused by these factors.
Slider bearings of various types are used in existing designs
of power units. There are many types of bearing shell bore.

The simplest cylindrical bore is used most often. Taking into
account peculiarities of operation of rotor bearings in presentday power plant units, a bearing with self-aligning segments
is the most reliable type of bearing that counteracts the
excitation of vibrations. Unlike the conventional designs, it
possesses stabilizing properties enabling expansion of the zone
of stable rotor motion. In addition, it is able to compensate for
shaft misalignments and has fewer frictional losses.
In 1972, for the first time in the practice of turbine construction, 0.3 and 0.4 m diameter segmental bearings were
installed on a K-500-240 turbine (Russia). Capacities of nuclear power plants measure hundreds of megawatts, bearing
diameters reach 0.8 m and more, and loads acting on bearings
amount up to tens of tons. Taking into account the deformability of segments is one of the important issues in designing
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