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Abstract. The research analysis on determining temperature fields, stresses and deformations of
transport structures under the influence of variable climatic temperature changes in the environment is
carried out. It is established that climatic temperature changes in the environment cause the occurrence
of temperature stresses and deformations of transport structures.

The main damages and defects of reinforced concrete pipes in operation are given. It is established
that one of the causes of defects and damages to reinforced concrete pipes is the level of temperature
stresses and deformations that occur in the contact of a metal structure with a reinforced concrete pipe
due to the action of variable temperatures caused by climatic temperature changes in the environment.

A finite element model is developed for estimating the temperature fields and stresses of
reinforced concrete pipes reinforced with metal corrugated structures, taking into account the action of
variable climatic temperatures of the environment.

The distribution of temperature fields in the transverse and longitudinal directions of reinforced
concrete pipe under the action of positive ambient temperatures is calculated. It is established that the
temperature field will be unevenly distributed over the pipe surface. In the transverse direction of the
pipe, a temperature difference of +10° C was recorded between the reinforced concrete and metal shells.

The calculation of temperature stresses and deformations of the pipe under the action of positive
ambient temperatures is performed. It is established that the maximum value of normal stresses occurs
at the contact of a metal pipe with a reinforced concrete one. At the same time, the value of
temperature stresses in the transverse direction of the pipe is 321.61 kPa, in the longitudinal direction it
is 321.61 kPa and in the vertical direction, it is 253.84 kPa.

It is established that improving the theory and practice of determining the impact of climatic
temperature changes on reinforced concrete pipes in the future will allow using appropriate materials
and methods to strengthen these structures that meet the real conditions of pipe in operation, which will
cause an increase in the service life of these structures in operation.

Key words: temperature fields, temperature stresses and deformations, climatic temperature
changes, reinforced concrete pipe, metal corrugated structure, reinforcement.

Introduction. During the entire period of operation, reinforced concrete pipes are exposed to
environmental influences, resulting in damages and defects that significantly affect the durability
and load-bearing capacity of these structures.
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The most common defects and damages of reinforced concrete pipes include damage to the
heads, roll for links subsidence, chipping, crack development, leaching and waterproofing violation.

Defects in reinforced concrete pipes that occur under operating conditions are shown in
Fig. 1.

Fig. 1. Defects in reinforced concrete pipes in operation:
a — longitudinal pipe cracks; b — transverse pipe cracks;
¢ — chipping of pipe concrete; d — the destruction of the pipe tray

To ensure the reliable operation of reinforced concrete pipes, it is necessary to analyze
operational damage and take into account real operating conditions to determine the causes that
contribute to the occurrence of defects and damage.

One of the causes of defects and damage is climatic temperature changes in the environment,
which lead to the formation of temperature stresses and deformations in a reinforced concrete pipe.
This requires an assessment of the stress-strain state of reinforced concrete pipes under the influence of
variable ambient temperatures.

The problem and its relevance. Reinforced concrete pipes are an integral part of urban and
transport infrastructure, however, there is a negative trend of deterring the technical condition of
pipes, which causes defects and various types of damage.

During the entire period of operation, reinforced concrete pipes are exposed to temperature
and climate influences, which significantly affect the technical condition and service life of these
structures, which in turn can cause a decrease in durability and load-bearing capacity and affect the
safety of vehicles.
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In addition, when defective reinforced concrete pipes are reinforced with metal structures, it
leads to forming a multi-layered structure, each of the layers of which has its own physical and
mechanical parameters. And under the influence of variable climatic temperature changes, each layer
of the structure will react differently to the temperature outflow. As a result, temperature stresses occur
over the thickness of the pipe, which can lead to forming defects and damage to such structures.

Analysis of recent research and publications. Nowadays, many works on studying
temperature fields and stresses in transport structures under the influence of climatic temperature
changes in the environment are known. However, studies on determining the thermally stressed state of
a multilayer structure have not been conducted. Although the norms [1] indicate that maximum and
minimum ambient temperatures should be taken into account to assess the stress state of transport
structures. Also in works [2, 3], the authors noted that it is important to conduct theoretical and
experimental studies of the temperature distribution by the surfaces of bridge structures to assess
temperature stresses and deformations of bridges.

In works [4-6], the authors note that daily and seasonal temperature differences affect the
stress state of bridges and can cause deformations and stresses that contribute to the premature
decommissioning of structures.

In work [7], the authors considered a reinforced concrete pipe reinforced with a metal
corrugated structure and evaluated the stress-strain state. It is established that the effect of climatic
temperature influences should be taken into account when designing the reinforcement of defective
structures in addition to taking into account the effect of transport load. Since the value of
temperature stresses from their action is up to 30% of the total stresses and this can lead to
premature decommissioning of such structures.

From the research analysis, it is established that climatic temperature changes in the
environment play a significant role in forming a thermally stressed state in transport structures.
Therefore, the task of assessing the thermal stress state of reinforced multilayer pipes under the
influence of climatic temperature influences is relevant and timely.

In addition, it should be noted that there are no clear recommendations for assessing the impact
of climatic temperature changes on the condition of transport structures so far [8, 9]. However, in work
[10] it is indicated that the value of ambient temperatures in operation constantly changes, which leads
to changing the stress state of structures.

The research objectives are to assess the thermal stress state of a reinforced concrete metal
pipe under the influence of positive ambient temperatures.

Materials and methods of research. To study the thermal stress state of a reinforced
concrete pipe reinforced with a metal corrugated structure under the action of a positive ambient
temperature, a geometric model of the pipe is shown in Fig. 2.

Reinforced concrete pipe has the following parameters: the length of reinforced concrete pipe
I=1000 mm; the thickness of the reinforced concrete pipe is 150 mm; the thickness of the concrete
between the reinforced concrete pipe and the metal pipe is 150 mm, and the thickness of the
corrugated metal pipe is 6 mm.

Numerical studies of temperature stresses are carried out by the values of parameters a = 1000
mm; r; = 1006 mm; r, = 1156 mm; b = 1306 mm; «; = 45 W/(m-°C) (corresponds to Steel St 3);
Kk2=1.51 W/(m-°C) (corresponds to new concrete); k3=1.69 W/(m-°C) (corresponds to old concrete);
E =2110° MPa; v,=0,3; «, =125-10"° 1/°C; E,=3,6-10" MPa; v,=0,25; @,=10-10" 1/°C;

E,=39-10" MPa; v, =0,25; @, =1,0-10" 1/°C and at positive ambient temperatures t, and t, .
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Fig. 2. Model for calculating the temperature field and stresses
reinforced concrete pipe

The assessment of the thermal stress state of the reinforced concrete pipe was performed
using the finite element method in software package NX NASTRAN.

The finite element model of a reinforced pipe consists of 99547 elements forming 124012
nodes of a finite element grid.

Studies results of the thermally stressed state of reinforced concrete pipe. The results of
calculating the temperature field of a reinforced concrete pipe under the action of positive ambient
temperatures are shown in Fig. 3.

As a result of calculating the temperature field, it was found that the temperature is distributed

unevenly in the transverse direction of the pipe. The temperature difference between the metal and
reinforced concrete shells was +10 ° C.
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Fig. 3. Temperature field distribution in reinforced concrete pipe

The temperature stresses distribution in a reinforced concrete pipe under the action of positive
ambient temperatures is shown in Fig. 4.
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The results of calculating temperature stresses showed that a jump in temperature stresses
occurs at the point of contact between a metal pipe and a reinforced concrete one. The maximum
stress values were 302.44 kPa.

Elemental Contour OUR % e 71,842

Fig. 4. The temperature stresses distribution in the reinforced concrete pipe
when exposed to positive ambient temperature changes

The results of calculating normal stresses in the reinforced pipe showed that the highest
temperature stresses in the transverse and longitudinal directions are 321.61 kPa, and in the vertical
direction — 253.84 kPa. The maximum tangential stresses at the contact boundaries of the pipe
shells in the longitudinal direction are 73.22 kPa, in the transverse, it is 173.3 kPa and in the
vertical, it is 172.44 kPa. It is established that the maximum tangential stresses occur at the contact
limit of reinforced concrete pipe and metal and are 173.3 kPa.

The temperature deformations distribution in a reinforced concrete pipe under the action of
positive ambient temperatures is shown in Fig. 5.
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Fig. 5. The temperature deformations distribution in a reinforced concrete pipe under the influence
of positive ambient temperature changes

The results of calculating the total deformations of reinforced concrete pipe showed that their
maximum value is 0.1492 mm. In the longitudinal direction, the deformation pipes are 0.1184 mm, in
the transverse direction they are 0.1182 mm and in the vertical direction they are 0.1377 mm.

It should be noted that to calculate the total stress state of reinforced concrete pipes must be
added to the found temperature stresses, more stresses from the action of mobile transport units.
Since their combination can lead to stresses in the reinforced pipe exceeding the allowable and as a
result leads to damage to the pipe in operation.
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Conclusions. As a result of calculating temperature stresses and deformations the following
conclusions can be drawn:

1. It is established that the temperature is distributed unevenly in the transverse direction of
the reinforced concrete pipe. There is a temperature jump at the contact of metal and reinforced
concrete shells. The maximum temperature difference between the shells over the thickness of the
reinforced pipe is recorded at +10° C.

2. The results of calculating temperature stresses showed that a jJump in temperature stresses
occurs at the point of contact of a metal pipe with a reinforced concrete one. The maximum values
of stresses were 302.44 kPa, and deformations were 0.1492 mm.

3. When designing the repair of defective reinforced concrete pipes, in addition to
determining the stress from the action of vehicles should take into account the stress and climatic
temperature effects. Since their combination can lead to stresses in the reinforced pipe exceeding
the allowable and as a result leads to damage to the pipe in operation.
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AHoTauisg. BukoHaHo aHaii3 HayKOBO-IOCTIJHAX POOIT i3 BU3HAYCHHS TEMIIEPATYPHHX IIOJIIB,
HanpyxeHb Ta AedopMariiii TpaHCIOPTHUX CHOPYX MHpH Jii 3MIHHUX KIIMaTUYHUX TEMIIEPAaTypPHUX
NepernaiB HaBKOJIMIIHBOTO CepeoBHIe. BCTaHOBIEHO, 10 KIIMAaTH4HI TEMIIEpATypHi Iepernau
HaBKOJIMIIHBOIO CEpPeJOBUINA NPU3BOAATH J0 BHHUKHEHHS TEMIEpaTypHUX HalpyXeHb Ta
nedopmalrtiii KOHCTPYKIIii TPAHCIIOPTHUX CIIOPYI.

HaBeneHo OCHOBHI MOLIKO/KEHHS Ta Ae(PEKTH 3aTi300€TOHHUX TPyO B YMOBAax €KCILTyaTarlii.
BcTanoBneHo, 1o OfHIE0 3 TPUYUH BUHUKHEHHS J1e(EKTiB Ta MOIIKO/HKEHb 3aIi300€TOHHUX TPYO €
piBEHb TEMIIEPATyPHUX HANPYKEHb Ta edopMallii, 0 BUHUKAE Y KOHTAKTI METalleBOi KOHCTPYKIIT 13
3a1i300€TOHHOIO TpyOOI0 BHACTINOK [ii 3MIHHMX TEMIIEpaTyp, 3YMOBJICHUX KIIMAaTHYHUMHU
TeMIIepaTypHUMH MepenajaMyi HaBKOJIUIIHBOTO CepeIOBHUINA.

Po3pobineHo CkiHUEHHO-E€IEMEHTY MOJENb JJISl OLIHKK TeMIIEpaTypHUX IOJIIB Ta HarpyKeHb
3a11300€TOHHUX TPYO MiJCHIEHUX METaJeBUMH TO(pOBAHUMM KOHCTPYKLISIMM 13 BpaxyBaHHAM il
3MIHHUX KIIMaTHYHUX TEMIIEPATyp HAaBKOJIHUIIIHBOIO CEPEIOBHIIIA.

BukoHaHO po3paxyHOK pO3MOJIUTYy TEMIIEPAaTypHUX HOJMIB y MONEPEYHOMY Ta MOB3JJOBXKHBOMY
HampsiMax IIICWIEHOI 3ali300€TOHHOI TpyOWM mpu Ali JAOAATHUX TEMIIEpaTyp HaBKOJIMIIHBOTO
cepeloBuIna. BcraHoBieHO, 10 TeMmepaTypHe IMOJ€ PO3MOIUIMTHCS HEPIBHOMIPHO IOBEPXHEIO
Tpyou. Y momnepedHoMy HarpsiMi TpyOu 3adikcoBaHO mepemnaj temreparypu BeauuuHoro +10°C mixk
3a11300€TOHHOIO Ta METAJIEBOK0 000IOHKAMU.

BukoHaHO po3paxyHOK TeMmIlepaTypHHUX HampykeHb Ta AedopMariiii TpyOu npu Iii J0JaTHUX
TEMIIepaTyp HaBKOJIMIIHBOIO Cepe/loBUINA. BcTaHOBIIEHO, 110 MaKCMMallbHA BEJIMYMHA HOPMAJIbHUX
Halpy>XeHb BUHHMKA€ Ha KOHTAaKTI MeTaneBoi TpyOu 13 3amizo0eroHHOwo. Ilpu npomy BennumHa
TEMIIEpaTypHUX HaNpyXeHb Y TMONEpPeYHOMY HampsMKy Tpyoum ckiagae 321,61 «klla, y
MOB3J0B)KHbOMY HanpsAMKyY — 321,61 kIla Ta y BepTukansHOMYy ckitagae 253,84 xl1a.

BcranoBieHo, 110 YIOCKOHAJIGHHSI Teopii Ta MPAaKTHUKY BU3HAYEHHS BIUIUBY il KJIIMATHYHHUX
TEMIIEpaTypHUX TMepenajiB Ha MiJCHICHI 3ali300€TOHHI TpyOM B MailOyTHROMY JO3BOJIUTH
BHUKOPHCTOBYBATH BIJIOBIIHI MaTepiaiy Ta METOIU JJIsl MiJICUJICHHS JaHUX CHOPY, IO BiAMOBITAIOTH
pea’IbHUM YMOBaM eKcIutyatallii TpyO, 1110 MpU3BeAe A0 MiABUILUTH TEPMIHY CIYKOU LIUX KOHCTPYKIIIH
B €KCIUTyaTaIlii.

KurouoBi cjioBa: TemrepaTypHi HOJIsI, TEMIIEpAaTypHI HaNpyXeHHs Ta AedopMariii, KiIiMaTu4Hi
TeMIIepaTypHi Nepenajy, 3ai300eToHHa TpyOa, MeTasaeBa rohpoBaHa KOHCTPYKIIis, MiCHICHHS.
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AnHoTauus. [lpoBeneH aHaiu3 Hay4yHO-UCCIENOBATENbCKUX pabOT 10  OIpPEAETICHHIO
TEMIIEpaTypHBIX MOJIEH, HampsbKeHUH W AedopMaruii TpaHCIIOPTHBIX COOPYKEHUM INpHU JEHCTBUU
CMEHHBIX KJIMMAaTUYECKUX TEMIIEPaTypHBIX IEPENaZioB OKPYXKAOWIEH Cpelpl. Y CTaHOBJIEHO, YTO
KIIMMAaTUYECKUE IMepenajbl OKpYXarolled Ccpelbl MPUBOAST K BO3HUKHOBEHHIO TEMIIEPATYPHBIX
HaNpsDKEHUH 1 1eopMaIiii TPAaHCTIOPTHBIX COOPYKECHUH.

IIpencraBneHbl OCHOBHBIE HOBPEXIEHHUS U JAE(EKTbl >KENE300€TOHHBIX TPYyO B YCIIOBHSAX
OKCIUTyaTalliy. YCTAHOBIICHO, YTO OJHOW W3 MPUYMH BO3HUKHOBEHHS JE(PEKTOB W IOBPEKIACHHUN
KEJIEe300€TOHHBIX TpYO SBJSIETCS ypOBEHb TEMIIEPAaTYpHBIX HANpsDKeHMH U Jedopmanui,
BO3HHUKAIOIINX B KOHTAKTE€ METAJUIMYECKOW KOHCTPYKIMU C JKEIe300€TOHHOU TpyOOil B pe3ynbTare
BO3JICHCTBUSI M3MEHSIOUIMXCSA TEMIEPATypHBIX BO3JCHCTBUH, OOYCIIOBICHHBIX KIMMAaTHYECKUMH
TeMIIEpaTypHBbIMU NEpENagaMy OKPYKArOILEH CPeJIbl.

PazpaboraHa KOHEYHO-3I€MEHT MOZENb JJISi OLIEHKH TeMIIepaTypHbIX HOJEeW U HalpsLKeHUH
KeJIe300€TOHHBIX TPYO YCHJIEHHBIX METAJUTMYECKUMH TOQPUPOBAHHBIMU KOHCTPYKLHUSAMH C y4ETOM
JEUCTBUS IEPEMEHHBIX KIIMMAaTHUECKUX TEMIIEPATYP OKPY’KarOIIEl CpENbI.

BeimonHeHn pacuer pacnpefeneHus TEeMIIEpaTypHBIX IOJEeH B IOMNEPEYHOM M IPOAOJIIEHOM
HalpaBJICHUSAX YCHJICHHOW KeJIe300€TOHHOW TpyObl MPU BO3JEHCTBUU MOJIOKUTEIBHBIX TEMIIEPATyp
OKpYXKAlOIIEH Cpelbl. Y CTaHOBIECHO, YTO TEMIIEPATYpHOE IIOJE PACHPENEIUTCS HEPABHOMEPHO IIO
MOBEPXHOCTH TpyObl. B monepeuHoM HampaBiieHMHM TpyObl 3aMKCHUpPOBAH IMEpernaj TeMmIeparypsl
BesinunHOM +10 C Mex Iy *Kene300eTOHHOM U MeTaITUECKO 00010UKaMH.

[IpousBeneH pacuer TemmepaTypHbIX HamnpsbKeHUM u nedopmanuii TpyObl Ipu BO3IEHCTBUM
MIOJIOKUTEIBHBIX TEMIIEPATYP OKPYKAIOIIEH Cpeabl. YCTAHOBJIEHO, YTO MAaKCUMAJIBbHBIM pazMep
HOPMaJIbHBIX HaNpsDKEHUH BO3HMKAET HAa KOHTAKTE METAJUTMYecKoM TpyOsl ¢ sxene300eTonHol. [Ipu
9TOM BEJIMYMHA TEMIEPATYPHBIX HAMPSDKEHUH B MONIEPEYHOM HarlpaBiieHUU TpyOsl cocTaniser 321,61
klIa, B mponosnsHOM Hanpasnenun — 321,61 klla u BeprukansHOoM cocrasiser 253,84 klla.

VYCTaHOBIEHO, YTO YCOBEPILIEHCTBOBAHME TEOPUM M IMPAKTUKU OIpPENENICHUs BIMSHUS
BO3JCUCTBHSI KIIMMAaTUYECKUX TEMIIEPATypHBIX MEPENaoB Ha YCUIIEHHBIE jKelIe300€TOHHbIE TPYOhI B
OyIylieM MO3BOJUT UCIIOIb30BaTh COOTBETCTBYIOIINE MaTepHaIbl U METOJbI /ISl YCUIIEHHUS JaHHBIX
COOPYXEHHM, OTBEUAIOIINX PEAIbHBIM YCIOBHSIM IKCILTyaTallud TPYyO, YTO MPHUBEAET K MOBBIIICHUIO
CpPOKa CITY>KOBI 3TUX KOHCTPYKIMI B SKCILTyaTaluu.

KnioueBble cjioBa: TemriepaTypHble IOJs, TeMIlepaTypHble HamnpsDKeHUs U jaedopMaluy,
KJIMMaTHYEeCKHUEe Tepenajibl, kKeae300eToHHas TpyOa, MeTaiinueckas roppupoBaHHas KOHCTPYKIIMS,
YCUIIEHHE.
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