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ABSTRACT. The article examines the model of a two-section

N4

overpass of an oil pipeline in a mountainous area, consisting of an

above-ground section modeled as an elastic tubular beam and

underground sections interacting with a linear-elastic base. A
methodology for determining the support reaction under external influences is
developed. The equilibrium differential equations describing pipeline section
deformations were solved using the initial parameter method. The edge effect of the
stress-strain state in the underground section and its attenuation with distance were
identified.
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Consider the model of the two-section overpass of the oil pipeline in Fig. 1,
which is built in a mountainous area. The overpass consists of the above-ground section
BC with the length of 2/, equipped with the adjustable support K, and the adjacent
underground sections AB and CD, which rest on the soil base (placed on the bottom of
the trench). The length of the underground sections of the oil pipeline 1s much longer
than the above-ground section. During the construction of the oil pipeline, hot-rolled

seamless steel pipes were used.

Fig. 1. The model of the two-section overpass of the oil pipeline
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The effect of volume forces and operating loads on the support K will cause a

reaction P. To assess the behavior of the oil pipeline, it is necessary to have the method
of determining the reaction to any external influences (including adjustment of the
support, during abnormal changes in the properties of the soil base, etc.).

The above-ground part KC of the structure was modeled with an elastic tubular
rod of fixed length, which has support with a one-way connection on the left end (there
may be an installation gap O between the support and the pipe). The underground
section CD, lay directly on the natural soil base and loaded from above with backfill
soil, was modeled by a semi-infinite beam with an annular cross-section interacting
with a linear-elastic base (Fig. 2). Standard operating loads on the oil pipeline consist
of the structure’s own weight, the weight of the petroleum product filling the pipes,
and the standard load from the weight of the soil used to fill the trenches with
underground pipe sections. The totality of the listed force influences on the calculation

scheme was presented in the form of distributed loads ¢, .
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Fig. 2. The scheme for calculating the above-ground overpass of the oil pipeline

with the intermediate support

The system of differential equations of equilibrium in displacements, which

describe the deformation of the oil pipeline sections, has the following form:

d*w
EJ.—2+4,=0, xe[0,0); (1)
dx
d4W 2
EJszJerywyz =q,5, X, €[l,0), (2)
where w,;, w,, are transverse movements of the above-ground and

underground sections of the oil pipeline, respectively; E is Young’s modulus of the
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pipe material; J_ is the axial moment of inertia of the pipe cross-section; D is the pipe

diameter; and &, is the bed coefficient of the soil base.
To obtain the solution of the system of Equations (1) and (2), the method of

initial parameters proposed by the authors of the article in their previous publication
[1, 2] was applied. As a result, we obtain the following solving equation:
AX+A=0, 3)
where, respectively, the matrix of coefficients A, the vector of free members

A and the vector of unknown static initial parameters X have the form (4).

The solution of Equation (3) gives us the value of the transverse force Q,, and
the bending moment A7, in the middle of the above-ground section, and at the

beginning of the underground section are Q,,, M, .
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Then, the equations of transverse forces and bending moments for the oil
pipeline can be written in the following form:

O(x) =(Qo1 =g )V H (I = x) + (2M 175 (x = 1) = Qo1 (x —D)H (x = 1), (3)

M(x)= [Mm +Qpx—1 ;‘ jH(z —x) - (Mozm (x-1)+ %nz (x - l)jH(x ~1), (6)

where B =4/k,D/AEJ. is a coefficient, H(x) is Heaviside’s function;

17, (x) = e 7 (cos fx + sin fx); 17, (x) = e 7 (cos fx —sin fix); 775 (x) = e sin fx .

The support reaction of the oil pipeline is equal to the jump in the transverse
force curve that occurs above the overpass support. A characteristic feature of the
presented dependences (5), (6) is the wave-like changes in the functions of internal
loads at the beginning of the underground section of the oil pipeline with gradual

damping when moving away from the edge of this section. We call such an effect the
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marginal effect of the change in the stress state of the underground section of the oil

pipeline, and the length over which this effect has significant manifestations is the

length of the marginal effect. The damping of the marginal effect is explained by the
presence in Equations (5) and (6) of the functions 7, , which contain the multiplier ¢

. This multiplier goes to zero if the product gx goes to infinity.
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AHOTANISA. VY crarti po3risiHyTO MoOJEIb JABOCEKIIITHOTO

’ ecTakaJgHOTO Tepexoay HadToBOro TpyOONMpoOBOAY B TIPCHKIH

MICIIEBOCTI, SIKa BKJIFOUA€ Ha3€MHY CEKIIiI0, 3MOJICTTLOBAHY MPY>KHOIO

TpyOUacTo 0anakor, Ta MiA3eMHI CEKIlli, B3aEMOJi0Ul 3 JIHIHHO-

MPYHOIO OCHOBOIO. PO3p00iieHO MeTOIMKY BU3HAUYECHHS peakilii Ormopyu Ha 30BHINIHI

BIUIMBH. J{udepenuianbHi piBHIHHS PIBHOBAru, 10 OMUCYIOTH AedopMalliio CeKIin

TpyOONPOBOAY, BUPIIIEHO METOJIOM MOYATKOBHUX MapaMeTpiB. BuznaueHo kpaitoBuii

e(deKT HaIpy>KeHO-IePOPMOBAHOTO CTaHY MIA3EMHOI CEKIlli Ta HOro 3aracaHHs 3i
301JIbIIEHHSM B1ACTAHI.

KJIIOYOBI CJIOBA: nadToBuil TpyOONmpoBiJ, ecTakajga, KpailoBuil eQexr,

THIHHO-TIPY»KHA OCHOBA, HAIIPY>KEHO-1e(OPMOBAHUIA CTaH.
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