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This paper repo?‘ts the full-scale
experimental measurements of tem-
perature distribution over the sur-
Jaces of bridges’ steel-concrete
beams under the influence of pos-
itive and negative ambient tem-
peratures. It has been established
that the temperature is distributed
unevenly along the vertical direction
of a bridge’s steel-concrete beam.

It was found that the metal beam
accepted higher temperature val-
ues. The maximum registered tem-
perature difference between a metal
beam and a reinforced concrete slab
at positive ambient temperatures
was +9.0 °C, and the minimum tem-
perature difference was 2.1 °C.

The mathematical models for
calculating a temperature field and
a thermally strained state of bridg-
es’ steel-concrete beams under the
influence of variable climatic tem-
perature changes in the environment
have been improved, taking into
consideration the uneven tempera-
ture distribution across a bridge’s
reinforced concrete beam. The pos-
sibility has been established to con-
sider a one-dimensional problem or
to apply the three-dimensional esti-
mated problem schemes as the esti-
mation schemes for determining the
thermo-elastic state of reinforced
concrete bridges.

The temperature field and the
stressed state of bridges’ reinforced
concrete beams were determined.
It was found that the maximum
stresses arise at the place where a
metal beam meets a reinforced con-
crete slab. These stresses amount to
73.4 MPa at positive ambient tem-
peratures, and 69.3 MPa at negative
ambient temperatures.

The amount of stresses is up to
35 % of the permissible stress val-
ues. The overall stressed-strained
state of a bridge’s reinforced con-
crete beams should be assessed at
the joint action of temperature-in-
duced climatic influences and loads
Jrom moving vehicles
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1. Introduction

bridges are used to cover large spans, which makes them an

Reinforced concrete bridges are an important compo-
nent of the transport infrastructure of motorways. Such

integral part of the transport infrastructure [1]. Given sig-
nificant temperature changes in the environment, the beams
of reinforced concrete bridges are exposed to damage that




leads to a decrease in their bearing capacity. The results from
large-scale inspections of reinforced concrete bridges along
railway tracks and motor roads, reported in works [2, 3],
showed that the greatest amount of damage to the beams
occurs in the area of a rigid connection between a metal
beam and a reinforced concrete slab. There are damages in
the form of propagating longitudinal and transverse cracks,
concrete chipping, disrupted integrity of the connection, etc.

The issue of determining the impact of climatic tempera-
ture changes on the stressed-strained state of reinforced
concrete bridges includes a comprehensive component. First,
to determine the actual stressed-strained state of reinforced
concrete beams, it is necessary to register the maximum and
minimum temperature values at the surfaces of a bridge’s
beams, then determine the distribution of a temperature
field over a complex geometric surface of the beam. And only
afterward it is possible to assess the stressed-strained state
of bridges’ steel-concrete beams caused by temperature-in-
duced climatic influences.

It should be noted that there are no clear-cut recom-
mendations for assessing the impact of climatic temperature
changes in the environment on the stressed-strained state
of bridge structures [4,5]. However, work [6] states that
in the operational conditions of bridges temperature values
constantly fluctuate, which causes a change in the stresses
state of bridge structures, and, accordingly, a decrease in
their bearing capacity.

Therefore, improving the theory and practice of calcu-
lating the temperature stresses and deformations in bridges’
reinforced concrete beams could make it possible to use such
materials for structural solutions that would meet the actual
conditions of their subsequent operation. The is why it is a
relevant task to devise a comprehensive procedure for de-
termining the stressed-strained state of reinforced concrete
bridges under the influence of variable climatic temperature
changes in the environment. Such research would provide, in
the future, for the reliable assessment, together with the ef-
fect of static and dynamic loads from vehicles, of the bearing
capacity of reinforced concrete bridges.

2. Literature review and problem statement

Designing bridge structures implies their constant expo-
sure to temperature-induced climatic influences.

In [7], the authors proposed a Calgary model to account
for the distribution of temperature along the vertical di-
rection of the pre-strained reinforced concrete beams of a
bridge. A given model takes into consideration the uneven
temperature distribution depending on the shape of the
walls and shelves of the beam. However, the model fails to
consider various structural materials; only a single material,
concrete, is adopted, which does not relate to reinforced
concrete bridges.

Works [8, 9] established that fluctuations in the daily and
seasonal changes in ambient temperature affect the stressed
state of pre-strained concrete bridges. Such changes cause
stress and deformation of the bridge beams. Reducing the
temperature gradient by 10 °C decreases the initial level of
stresses by 3 % to 7 %, deformations — by 26 % to 40 %. How-
ever, the cited works did not assess the thermally strained
state of the reinforced concrete beams of a bridge.

Papers [10, 11] suggested a simplified scheme of tem-
perature distribution in the vertical direction of reinforced

concrete beams of bridges. The authors also gave the charac-
teristic values of the maximum and minimum temperatures
that occur at the surfaces of beams due to the action of uni-
form heat flows. However, the cited papers did not resolve
the issue related to the thermally strained state of reinforced
concrete beams while addressing temperature only.

According to regulations [12], climatic temperature
influences must be taken into consideration when assessing
the stressed state of bridge structures while calculating the
second group of boundary states. The temperature of a metal
beam should be accepted at the level exceeding the ambient
temperature by 10 °C.

Work [13] reports the results of a five-year-long study
into the so-called “effective temperature” of a bridge, which
affects the longitudinal movement of the bridge flooring.
The bridge deformations and temperature were measured
continuously during the day and at different periods of the
year. As a result, it was established that the temperature
deformations of the bridge flooring are not linear but follow
a complex pattern instead, which depends on fluctuations in
ambient temperature. Therefore, when designing bridges, it
is recommended that a nonlinear temperature distribution
should be set in the transverse and longitudinal directions of
a bridge’s beams. However, the cited work did not assess the
level of temperature stresses in bridges.

When studying a temperature gradient in the box-shaped
beams of a bridge [14], it was established that the tempera-
ture between the upper and lower part of the box-shaped
beam is not evenly distributed. The temperature difference
could reach values exceeding 40 °C. The maximum tempera-
ture difference, as well as the maximum temperature, occurs
around 8 p.m. on a sunny day. However, the cited study did
not assess the level of temperature stresses in the box-shaped
beams of the bridge.

Works [15, 16] analyzed the effect of temperature on
the dynamic behavior of bridges, as well as built a model for
establishing the degree of damage to bridge structures due
to temperature influences. It was found that the horizontal
movements of a bridge increase with an increase in ambient
temperature. However, there were no studies of tempera-
ture deformations and stresses due to climatic temperature
changes reported in [15].

The European Committee on Concrete set up a special
group to study thermal effects in concrete bridges — “Ther-
mal Effects” [17].

Paper [18] states that the thermally strained state of a
reinforced concrete bridge is determined by the geometry of a
bridge’s span structures and its orientation in space relative to
the sides of the horizon. It was established that fluctuations in
ambient temperature lead to the transverse and longitudinal
movements of reinforced concrete beams of the bridge, which,
once they exceed the permissible values, could lead to defects
in a reinforced concrete slab and a metal beam.

Paper [19] reports the results of the assessment of the
temperature field and the thermally strained state of metal
corrugated structures of small bridges. It was established
that the effect of ambient temperature on the stressed state
of metal structures is significant. Stresses could reach up to
40 % of permissible values. It is noted that the level of tem-
perature stresses is considerable and, when combined with
stresses from vehicles, could lead to premature decommis-
sioning of metal structures.

Work [20] assessed the stressed-strained state of a re-
inforced concrete pipe, strengthened by a metal corrugated



structure, depending on the effects of climatic temperature
influences. It was established that the maximum tempera-
ture stresses arise in the contact zone of the metal structure
with a reinforced concrete pipe. It is noted that such stresses
must be taken into consideration when designing similar
structures.

Consequently, temperature stresses in bridge structures
depend on many factors such as the location of a bridge rela-
tive to the sides of the horizon, the massiveness of the struc-
ture, construction conditions, and the characteristics of the
climatic conditions of the area. Therefore, it is necessary to
individually work out measures to reduce the risk of critical
temperature stresses and deformations for each bridge.

Our analysis of the scientific literature reveals that none
of the cited works has resolved the issue related to deter-
mining the thermally strained state of reinforced concrete
bridge beams, which include different structural materials.
This is relevant for reinforced concrete bridges whose beams
are composed of a reinforced concrete slab rigidly connected
to a metal beam. In addition, the cited papers failed to report
a procedure for assessing the temperature field of reinforced
concrete beams at the boundary between two structural
materials, metal and reinforced concrete, which are different
in their physical and mechanical parameters. This is import-
ant since the level of a temperature field would affect the
level of temperature stresses and deformations in reinforced
concrete bridges, which could lead to cracks and corrosion
of bridge beams.

A comprehensive procedure for assessing the stressed-
strained state of bridges exposed to the action of variable cli-
matic influences would make it possible to establish the level
of temperature stresses and deformations, as well as their
impact, on the general thermally strained state of reinforced
concrete bridges, which must be taken into consideration
when designing them.

3. The aim and objectives of the study

The purpose of this work is to devise a comprehensive
procedure for determining temperature stresses and defor-
mations in the reinforced concrete beams of bridges under
the influence of variable climatic temperature changes in the
environment.

To accomplish the aim, the following tasks have been set:

—to perform experimental measurements of tempera-
ture distribution along the vertical direction of a bridge’s
reinforced concrete beam under the influence of variable
ambient temperatures;

— to improve the analytical mathematical model for as-
sessing the temperature field and temperature stresses and
deformations of a bridge’s reinforced concrete beams under
the influence of climatic ambient temperatures;

—to determine the temperature stresses and deforma-
tions of reinforced concrete beams in bridges by using a
numerical method.

4. Materials and methods to study the thermally strained
state of reinforced concrete bridges

To determine the boundary conditions for a thermal
conductivity problem, it is necessary to acquire data from ex-
perimental studies of temperature distribution over surfaces.

Our experimental measurements of temperature distribution
at the surfaces of a bridge’s reinforced concrete beam were
carried out using the pyrometer HT-822 (Taiwan). The study
object was a bridge located at km 9+442 of the T-09-10 motor
road Burshtyn—Kalush, Ivano-Frankivsk oblast (Ukraine).
The facade of the bridge is shown in Fig. 1.

Fig. 1. Facade of the investigated bridge (Ukraine)

The bridge is located along a plan-straight section of
the motor road. The design length of the bridge is 240.95 m.
Four runs of the bridge with a length of 33 m are made of
reinforced concrete, the rest of the runs are reinforced con-
crete. The cross-section of the bridge hosts four steel I-beams
with a length of 33 m, a full height of 1.832 m, and an edge
height of 1.8 m, connected by a monolithic reinforced con-
crete slab of the carriageway with a thickness of 0.2 m (in the
slab run), as well as transverse and wind steel ties.

The process of measuring the temperature on the beams
of the run structures of the bridge and the scheme of points
for measuring temperature are shown in Fig. 2.

Fig. 2. Temperature measurement at the surface of the
reinforced concrete beam of the bridge

We measured temperature distribution in the vertical
direction of the reinforced concrete beam of the bridge at
five points. The first point of measurement is located on the
lower shelf of the metal beam, the second and third points are
on the wall of the metal beam, the fourth point is the upper
shelf of the metal beam, and the fifth point is the reinforced
concrete slab.

Experimental temperature distribution data in the ver-
tical direction of the reinforced concrete beam were treated
using the IRSoft software.

The finite-element Femap 9.3 NX Nastran software was
employed in the numerical modeling of the temperature field
distribution and during the estimation of temperature stresses
and deformations in the bridge’s reinforced concrete beam.




5. Results of studying the thermally strained state of the
bridge’s reinforced concrete beams

5. 1. Results from the experimental measurements of
temperature distribution at the surfaces of a reinforced
concrete beam of the bridge

The results of temperature distribution in the vertical
direction of the reinforced concrete beam of the bridge are
given in Table 1.

Table 1

Results from the experimental measurements of temperature
distribution in the vertical direction of the reinforced
concrete beam of the bridge

Measure- 24- |Air tem?era— Temperature measurement point
ment date hqur ture, "
period T, T, | L | T | T | T
8:00 9 92 |92 | 96 | 95 | 10.5
9:00 1 1.4 | 11.2 [ 127 | 124 | 11.7
10:00 14 15.4 | 154 | 15.7 | 14.2 | 14.0
11:00 18 2141207 | 21.1 | 20.5 | 17.2
12:00 20 244 | 254 | 26.4 | 251 | 23.4
25.09.2020 | 13:00 24 273 | 277|289 | 26.1 | 25.4
14:00 25 30.1 | 30.7 | 314 | 29.4 | 26.4
15:00 27 323|324 | 338 | 348 | 27.0
16:00 28 357|350 | 35.1 | 36.1 | 271
17:00 25 324 | 32 | 321 | 31.1] 251
18:00 23 30.0 | 299 | 30.5 | 25.7 | 24.8
7:00 -19.4 -19.21-19.1(-19.4|-19.4|-17.3
10:00 -17.1 -18.0|-18.4(-18.0|-18.1|-16.4
14.01.2021 | 12:00 -11.3 —12.2|-12.1|-11.4|-14.1|-14.7
14:00 -8.8 -81|-81|-82|-121|-12.1
16:00 -10.8 -6.8 | 68| -6.4|-13.1|-134

Table 1 shows that the temperature is distributed un-
evenly along the vertical direction of the reinforced concrete
beam. Within the metal beam, the temperature is distribut-
ed more evenly, with a difference of up to 1.0 °C.

Of the greatest interest is the distribution of temperature
in the area where a metal beam meets a reinforced concrete
slab, these are points 4 and 5. At these points, there is a
temperature difference between a metal beam and a rein-
forced concrete slab. The maximum registered temperature
difference was +9 °C at positive ambient temperatures, and
—2.1 °C at negative ambient temperatures.

nlt should be noted that a significant difference in tem-
perature drop at the junction of a metal beam and a reinforced
concrete slab is caused by the different physical and mechani-
cal properties of structural materials. The temperature differ-
ence between the metal beam and the reinforced concrete slab
could lead to temperature stresses and deformations in beams.
Therefore, to determine the stressed-strained state of the
reinforced concrete beams of the bridge under the influence
of variable climatic temperature changes in the environment,
it is necessary to build mathematical models for assessing the
temperature field and the thermally stressed state.

5.2. A one-dimensional mathematical model for as-
sessing a temperature field and the stressed state of the
reinforced concrete beam of the bridge

To assess the distribution of temperature across a bridge’s
reinforced concrete beam, we improved the model reported

in work [18]. The lower part of the model represents a metal
beam (upper shelf), and the upper part of the model is a re-
inforced concrete slab (Fig. 3). Only the estimation area of
the model is considered; it is highlighted by a dashed line.

z=h L

Estimation
area

Es vy, a0, K

E; vy, ay, Ky

Fig. 3. Model for calculating temperature field and stresses

To assess the temperature stresses in the reinforced
concrete beam of the bridge, a problem on temperature was
solved at the first stage. To this end, we derived the distri-
bution of a temperature field in the vertical direction of the
beam from the following equation:

, Cz+C, 0<z<z,
" |Cz+C,, 2, <2<h,

M

where the integration constants, included in equation (1),
take the form:

tz _t1

CFT; C,=t;

z+L(h-z

1 k2 1
k

€,=3-Ci C,=t,~C}h @)
2

To assess the distribution of the temperature field, the
following initial parameters of the model are assigned: the
thickness of the upper shelf and the reinforced concrete slab is
h=314 mm, out of which z;=14 mm is the thickness of the metal
upper shelf of the beam. Thermal conductivity coefficients of
the corresponding structural materials are k=45 W/(m-°C),
k=19 W/(m-°C). The adopted maximum and minimum tem-
perature values of the metal beam ¢ and the reinforced concrete
slab ¢, are those registered during the process of experimental
measurements.

Fig. 4 shows the distribution of the temperature field in
the reinforced concrete beam of the bridge under the action
of the maximum positive and minimum negative ambient
temperatures derived from solving equation (1).

Fig. 4 shows that at the same ambient temperature values,
the temperature at the surfaces of the metal beam (7}) is higher
than the temperature of the reinforced concrete slab (7).

A temperature jump is observed at the boundary of
connection of the metal beam and reinforced concrete slab.
Therefore, to assess the magnitude of temperature stresses in
the reinforced concrete beam of the bridge, a known formula
given in work [18] was applied:

G = otE . = otE 3)

T Y o

We determined temperature stresses in the reinforced
concrete beam of the bridge at the physical and mechanical pa-
rameters of the metal beam and reinforced concrete slab given
in Table 2.
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Fig. 4. Temperature field distribution by thickness in the
bridge’s reinforced concrete beam

Table 2

Physical and mechanical characteristics of a reinforced
concrete beam

No. of Characteristic name Value Dlmep—
entry sionality
{ Modulus of elasticity of a metal 9110 MPa

beam, E;
9 Modulus of elasticity of reinforced 3.6.101 MPa
concrete slab, Ey
3 Poisson’s ratio of a metal beam v 0.3
4 Poisson’s ratio of reinforced con- 0.25
crete slab vy
5 Coefflc.lents of linear thermal 125105 1,°C
expansion of a metal beam, oy

6 Cgefflc1en‘Fs of linear thermal expan- 1.0-10° 1, °C

sion of reinforced concrete slab, o,

The thermal conductivity of the .
7 metal beam, k4 . W/(m-C)

Coefficient of thermal conductivity .

8 of reinforced concrete slab, &y 19 W/(m-C)

The results of our calculations of stresses in the rein-
forced concrete beam (Fig.5) demonstrate that the metal
beam is exposed to higher stresses than those in the rein-
forced concrete slab (Ty4, T3, respectively, Fig.2). A sharp
change in stresses occurs at the border between the metal
and reinforced concrete parts of the beam. At the tempera-
tures of the surface of the metal part of the beam of +36.1 °C,
and of the reinforced concrete slab of +27.1 °C, the stresses
amount to 89,8 MPa; at the temperatures of the metal beam
of —=19.4 °C, and the reinforced concrete slab of —17.1 °C, the
maximum stresses equal 58.37 MPa.

80
60

Stresses, MPa
o)
S

-100
-120

—O— At negative temperatures

Fig. 5. The distribution of stresses in the bridge’s reinforced
concrete beam

The result of our study into the impact of the environ-
mental temperature drop on the stressed-strained state of
the reinforced concrete beams of bridges has established
that the level of stresses is more than 35 % of the permissible
values of stresses equal to 235 MPa.

The level of temperature stresses is significant, so tem-
perature stresses must be taken into consideration when
designing reinforced concrete beams for bridges.

5. 3. Estimating the temperature stresses and defor-
mations in reinforced concrete beams by a finite-element
method

Since reinforced concrete bridges have a complex geomet-
ric configuration, which cannot be accounted for in one-di-
mensional or two-dimensional problems, we estimated the
stressed-strained state of the beam by a finite-element method
for the three-dimensional statement of the research task [21].

To determine temperature stresses and deformations, the
length of the reinforced concrete beam is taken to equal
2,000 mm. The profile number of the I-beam is 100 B (GOST
6183-52). The reinforced concrete slab has the following di-
mensions: width, 5=1,000 mm; the height at the ends of the slab,
h1=160 mm,; the height above the top shelf of the metal beam,
hy=400 mm. The physical and mechanical characteristics of the
metal beam and reinforced concrete slab are given in Table 1.

The boundary conditions are accepted in the form of a
fixed fastening on the left side of the beam, and a movable
fastening on the right side of the beam.

The studied fragment of the reinforced concrete beam is
split into a grid of three-dimensional finite elements of tet-
rahedra type [22]. The number of nodes in the finite-element
grid is 36,125 pieces, which form 22,416 elements.

For a comprehensive assessment of the stressed-strained
state of the reinforced concrete beam of the bridge exerted
by the effect of ambient temperature, we determine at the
first stage the distribution of the temperature field, and, at
the second stage, we determine the temperature stresses and
deformation of the beam.

The results of the temperature field distribution (Fig. 6)
over the surfaces of the reinforced concrete beam demonstrate
that it is distributed unevenly. The maximum temperature
is shown by the metal beam; at the border of connecting the
metal beam with the reinforced concrete slab, the temperature
decreases, and the lowest temperature value is observed in the
reinforced concrete slab. In the vertical direction of the beam,
the temperature ranges from +27 °C to +35 °C at positive am-
bient temperatures (Fig. 6, a), and from —19.6 °C to —15.7 °C
at negative ambient temperatures (Fig. 6, ).

When analyzing the distribution of the temperature field
in the transverse direction of the beam, it was established
that the temperature in the metal beam is distributed evenly.
However, in the reinforced concrete slab, the temperature
difference between the outer and inner surfaces of the slab
was +8.1 °C at positive temperatures and —3.9 °C at negative
temperatures.

The results of calculating the thermally strained state of the
reinforced concrete beam of the bridge under the influence of
positive and negative ambient temperatures are shown in Fig. 7.
The results that were derived from calculating the stresses by
Mises (Fig. 7, a) established that the maximum stresses arise at
the place where a metal beam meets a reinforced concrete slab.
The value of these stresses is 73.4 MPa, which is up to 35 % of
the permissible values of stresses for a beam’s metal. At negative
temperatures, the stresses were 69.3 MPa.
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Fig. 6. Temperature field distribution in a reinforced concrete beam: @ — at positive ambient temperatures, b — at negative
ambient temperatures

The resulting level of temperature stresses of the rein-
forced concrete beam of the bridge is high. A combination
of stresses caused by the action of vehicles and the effect
of variable climatic temperature influences could lead to
exceeding the permissible stresses in bridges’ reinforced
concrete beams. This emphasizes the need to take into con-
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Fig. 7. Thermally strained state of a reinforced concrete
beam: g — at positive ambient temperatures, b — at negative
ambient temperatures

sideration the effect of climatic temperature influences on
the stressed-strained state of reinforced concrete bridges.

The maximum values of deformations of the reinforced
concrete beam of the bridge are 0.0171 mm (Fig. 8, @) at pos-
itive temperatures and 0.00354 mm (Fig. 8, b) at negative
temperatures.
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Fig. 8. Temperature deformations of a bridge’s reinforced
concrete beam: a — at positive ambient temperatures, b — at
negative ambient temperatures



It should be noted that in the place of contact between
the metal beam and the reinforced concrete slab the amount
of deformations is small. Therefore, in this contact, there are
maximum stresses during the action of climatic temperature
changes in the environment.

The maximum value of tangent stresses in the contact
between a metal beam and a reinforced concrete slab was
27.58 MPa at positive ambient temperatures.

6. Discussion of results of estimating the thermally
strained state of a bridge’s reinforced concrete beam

Our experimental measurements of temperature distri-
bution at the surfaces of reinforced concrete beams of bridg-
es have established that the temperature spreads unevenly
along the vertical direction of a reinforced concrete beam.
Namely, in the contact between the metal beam and rein-
forced concrete slab, there is a sharp temperature drop (Ta-
ble 1). The maximum registered temperature difference
between the metal beam and reinforced concrete slab at pos-
itive ambient temperatures was +9.0 °C (T, T5, respectively,
Table 1); the minimum temperature difference between the
beams, at the same points, at negative ambient temperature
values was —2.1 °C.

As a result of different modulus of elasticity and the
coefficients of temperature expansion of steel and concrete
in a bridge’s reinforced concrete beams, the area of the rigid
connection between a metal beam and a reinforced concrete
slab is exposed to maximum stresses. The value of these
stresses is 73.4 MPa (Fig.7,a) at positive temperatures,
and 69.3 MPa at negative temperatures (Fig. 7, b). A similar
level of stresses was reported in work [20] when studying
the thermally stressed state of a reinforced concrete pipe
strengthened with a metal corrugated structure.

The value of temperature stresses is more than 35 % of
permissible stresses equal to 235 MPa. When combined
with the effect of stresses from moving vehicles, they cause
cracks and various damage to the structural materials of the
reinforced concrete beam. Therefore, the overall stressed-
strained state of the reinforced concrete beams of a bridge
should be assessed at the joint action of temperature climatic
influences and loads from moving vehicles.

The occurrence of local defects in the area of connecting
metal beams with a reinforced concrete slab is explained by
the different values of structural materials’ elasticity mod-
ules and a significant temperature difference. The tempera-
ture difference between the metal beam and the reinforced
concrete slab leads to the emergence of temperature stresses.
This issue is especially relevant for reinforced concrete
bridges, in which a metal beam is rigidly connected to a
reinforced concrete slab. Therefore, to ensure the durable
operation of reinforced concrete bridges, it is necessary to

design effective structural solutions for combining a metal
beam with a reinforced concrete slab.

One limitation of this study is the lack of experimental
data on the distribution of temperature along the length of
the reinforced concrete beam and determining its effect on
the thermally strained state of the bridge beam. Therefore,
we plan to continue research by taking into consideration
the distribution of temperature along the length of the re-
inforced concrete beam at maximum and minimum ambient
temperatures.

In addition, it should be noted that the derived ther-
mally strained state could be taken into consideration
when designing a bridge’s reinforced concrete beams for the
maximum ambient temperature of +28 °C and the minimum
temperature of —19.4 °C. At higher climatic temperatures,
it is necessary to carry out an additional assessment of the
thermally stressed state of the steel-reinforced concrete
bridge using formula (1) to determine a temperature field,
and formula (3) — temperature stresses.

7. Conclusions

1. The results from our experimental temperature mea-
surements at the surfaces of reinforced concrete beams of
bridges have established that the temperature is distributed
unevenly in the vertical direction. Within the metal beam,
the temperature spreads more evenly, with a difference of up
to 1.0 °C. In the contact area of a metal beam with a rein-
forced concrete slab, the maximum registered temperature
difference was +9.0 °C.

2. To assess the thermally stated state of the reinforced
concrete beams of the bridge, we have improved the mathe-
matical models for calculating a temperature field and the
thermally strained state under the influence of different
climatic temperatures in the environment, by taking into
consideration the uneven distribution of temperature in the
vertical direction of the beam and various physical and me-
chanical parameters of structural materials. That makes it
possible to assess the thermally strained state of reinforced
concrete beams, which have a complex geometric shape and
include various structural materials (a metal beam and a re-
inforced concrete slab). It was established that a one-dimen-
sional problem could be considered, or three-dimensional
problem estimation schemes could be used, as the estimation
schemes for determining the thermally strained state of re-
inforced concrete beams.

3. The stresses that are caused by climatic temperature
changes in the reinforced concrete beams of bridges make
up more than 35 % of the permissible values of stresses equal
to 235 MPa. That necessitates taking them into consider-
ation when designing reinforced concrete beams for bridges
at the joint action of transport means.
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