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Today, pipelines are the safest and most economical way to transport petroleum
products and one of the key components of modern energy infrastructure. Nevertheless,
pipeline systems are associated with certain risks that can lead to environmental disasters.
In the practice of construction of oil pipelines in mountainous areas, beam-type
overpasses are often used. According to the results of the analysis of overpass transitions,
such defects as a change in the shape of the pipe and local bulges in the area of the support
nodes of the oil pipelines were revealed. The development of new and improvement of
existing methods of studying the stress-strain state of overpasses of oil pipelines are really
relevant applied problems, the solution of which will contribute to increasing the safety
of pipeline transport.

Consider the model of the two-section overpass of the oil pipeline, which is built
in the mountainous area [1, 2]. The effect of volume forces and operating loads on the
support will cause a reaction P. Let's choose a pipe element of unit length above the
support. All loads that cause the reaction of the support are represented by the averaged
integral equivalent q which has the vertical direction and is distributed over the middle
surface of the selected element of the pipe, the radius of which is R, and the wall thickness

is h. The interaction of the oil pipeline with the support causes the occurrence of

add

additional hoop stresses o,

, which consist of stresses from the influence of the bending

moment o,, and stresses from the action of the hoop force o :
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Let's analyze the obtained formulas on the numerical example of the support node
of one of the overpass of the Druzhba oil pipeline in the Carpathians. We take into account
that on the intermediate support of the overpass of the oil pipeline, the reaction is equal

to P=9 kN (this value was obtained experimentally). The diameter of the pipe is 720 mm,
and the wall thickness is 9.5 mm. Fig. 1, a shows the distribution of hoop stresses o,, that
arise due to the influence of the bending moment. Stress o,, is unevenly distributed along

the pipe wall thickness (in the outer (red solid line) and inner (blue dashed line) contours

of the pipe cross-section). The highest modulus value of such stresses occurs at p=27,

loys|=51.4MPa , these stresses are tensile on the inner contour of the pipe cross-section and

compressive on the outer contour of the cross-section pipe. Fig. 1, b shows the distribution

of hoop stresses o, which arise due to the influence of the hoop force. In most of the

pipe they are compressive, only in the small upper area of the pipe these stresses are

tensile. If we compare the absolute values of stresses o, and o,,, then o, obviously have

the significantly smaller effect on the strength of the pipe material.

)

,deg G,,.MPa
F17.14
F10.46
5.38

@,deg 6, x10*Pa
7.54
2.58
9.9

-23.68

-31.12

150 [ 2627

180 754

210| [ 2627

-31.12

-23.68
9.9
2.58
7.54

olw
8|8|o
=)

w
=]

)

S
o
S

+19.57
+19.33
F4.25
F51.42
F4.25

5
S
w0
=)

o]
3
—
N
S

90

]
2
=]

@
3

N
S

N
=
3

£19.33
+19.57

+5.38
F10.46
F17.14

~
N
S

w

]

3
[N
5
=)

N
IRA)
73(,

w
<
=)
N
N
S

w
-
3
)
=]
S

w
@
=]

W
&
S

hoop stresses on the outer contour

hoop stresses on the inner contour

Fig. 1. The distribution of hoop stresses o,, (a) and &, (b) that arise due to

the interaction of the oil pipeline with the support
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The normal pressure in the oil pipeline creates operational hoop tensile stresses in
the pipe material. Therefore, the additional tensile stresses, which add up to the standard
stresses, have a harmful effect on the strength of the oil pipeline. Analysis of formulas
(1), (2) and graphs in Fig. 1 allows us to do the following conclusion. As a result of the
interaction of the oil pipeline with the support, the maximum tensile stresses occur on the
inner contour of the pipe cross-section in the contact area. These stresses can be

determined by the following formula:
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Figure 2 illustrates the effect of the ratio of the pipe’s radius to the wall thickness
on the value of the additional hoop stresses. The greater the ratio R/#%, the greater the

additional hoop stresses caused by the interaction of the pipe with the support, other things

being equal.
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Fig. 2. The influence of the ratio of the pipe’s radius to the wall thickness on the value
of additional hoop stresses that arise due to the interaction of the oil pipeline with the

support
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The results of the study represent the engineering theory that allows analyzing the
behavior of the support node of the oil pipeline and provides the numerical correction to

traditional formulas for strength estimation.
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CyuacHi TEeHJACHIlI MEIUYHOI rajgy3l MoKa3ajy IMEepPCIEeKTUBY Ta BUCOKHUM TEMII
PO3BUTKY OlomaTepialiiB, a moTpeda y HaJACydacHHX MpoTe3ax Bce OibIne 3poctae [1].
Le cBimuuTh PO HEOOX1IHICTH PO3POOKK HOBUX TEXHOJIOT1H Ta MaTepianiB. biomarepian
Ha OCHOBI MarHil0 Ta IIMHKY BXe€ JOBTMM 4yac HaOyBa€ aKTyaJlbHOCTI, SIK JICILICBIIA
aJllbTepHaTHBA OUIBLI JOPOKYUM MeTallaM. AJie CKJIaIHICTh 3a/1a4i MOJIATaE caMe y BipHiii
I1ITOTOBIII MaTepiady, OCKIJIBLKH 3B’SI3Ka MarHito Ta MUHKY I11J1 4ac KpUcTai3allli Moxe
apMyBaTUCh KPUXKUMU 1HTEPMETAIIIIaMHU, sIK1 3HWXKYIOTh MIITHICTB [2].

JocnimxenHs: mokaszanu [3], mo HeoOXigHO po3pOOUTH 3pa30K 3 BUCOKOUHUCTOTO
MOPOIIIKY, 3 MIHIMAQJILHOIO KUIBKICTIO JOMIIIOK, TaKOX, 110 J0OaBKa IMHKY MOKpaIIlye
MEXaHIuHl Ta aHTHUKOPO31iHI BIACTHBOCTI Marepially, ajieé BaXKJIMBO 3a3HAYUTH, IO

Marepiaiy MOBUHHI OyTH MakcUMajibHO 4McTMMHM MarHid (99,99 wmac.%) Ta umHK

(99,999 mac. %) [4].

[Tporpec po3BUTKY MEIUIIMHH Ta TPOTE3yBaHHS MOTPeOye e(EKTUBHOTO BUBYCHHS
Ta PO3BUTKY HOBUX MaTepianiB. TpaauiiiiHi MaTepiaiau Taki, SK MaTepiaaud Ha OCHOBI
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