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THE STRENGTH CALCULATION OF ENERGY SYSTEMS PIPELINES
WITH BENDS BY FINITE ELEMENT METHOD

Ua B po6oti po3risHyTa KJ'IaCI/I(i)iKa.I_IiH'pr60Hp0BO,Z[iB CHEPreTHYIHUX CHCTEM ,
iX TpU3HAYEHHS Ta PO3paXxyHOK Ha MIIHICTh 3 YpaxyBaHHSIM BUTHHIB. Po3paxyH-
KM TIPOBOIMIIMCH 32 JOIMIOMOTO10 mporpamMHoro komruiekcy ANSY'S, mo 6a3yerbcs
Ha BUKOPHCTAaHHI METOJIa CKIHYCHHUX eJIeMeHTIB. [IpencTaBieHi po3paxyHKH ele-

MEHTIB TPYOOIIPOBO/IB 3 ypaXyBaHHSM peaTbHUX YMOB €KCILTyaTalii..

Rll B pabote paccmoTpeHa knaccuduKaius TpyOONpOBOJIOB, MX Ha3HAUYCHHUE U
pacdeTr Ha MPOYHOCTH ¢ y4eToM THOOB. PacueTsl MpOBOAMIMCEH C TIOMOIIBIO MPO-
rpammHoro komruiekca ANSYS, KOTOpelli OCHOBaH Ha HCIIOJIb30BAHMHM METO/a
KOHEYHBIX JJIEMEHTOB. [IpeacTaBlieHBIPACUYETHINIIEMEHTOBTPYOOTIPOBOIOBCYYE-
TOMpEaTbHBIXyCIOBHIIKCILTyaTallUH.

Introduction

The pipelines are widely used in industry for transporting liquid, gaseous
and dry substances.

In connection with a large variety of pipelines the calculations of strength,
stiffness and stability are an actual problem when designing is based on actual
service conditions. It should be emphasized that a few scientific papers devoted
to the calculation of pipelines with bends are based on three-dimensional models
or the exact formulation of the problem at the present time [1].
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The calculation of pipelines, as the calculation of rod systems does not
always give reliable results without taking into account the distribution of
stresses in the places of pipelines fixing, or in places where there are stress con-
centrators. First of all this is due to the complexity of the mathematical formula-
tion of the problem. To take account all these factors it is necessary to apply
numerical simulation that based on variation-grid approaches. The calculation of
pipelines with bends that was suggested in this paper is based on a finite element
method.

Formulation and solving the problem

The decision of applied problems with using the numerical methods is
based by reducing this problem to a finite-dimensional. For this purpose an infi-
nite dimensional space of admissible functions is substituting by finite dimen-
sional space V, <V .

To construct a finite-dimensional spaceV, there are used the way in which
basic functions are taking as functions with the final small support, each of
which only a relatively small (about step of grid b) environs different from zero,
and outside its identically zero [1]. To constructing them using the grid the dis-
cretization of area (2 that engaged by body is performed on a finite number of
subregions Q.. In combining subregions Q_, that adjacent to each node grid,
basic function is constructed with the final small support, which is a polynomial
on each subregionsQ_ . All of linearly independent functions of this type are
taken as the base.

In the construction of finite spaces a piecewise polynomial functions are
used; while the set € is represented as a combining of disjoint polygons Q. .

The polynomial coefficients in each polygon is selected so that to provide
the necessary sleekness, and to provide unambiguous definition of the polyno-
mial from the conditions of belonging of approximate decision to space V .

Let {(pi(X)}:il is the basic system of functions, the i-th member of which

takes in the i-node a value that is equal to one and in other grid nodes it turns to
zero. Then the function v, can be represented as:

Yy =2 Vio(X). (1)

The linear combination of (1) defines the functionv, €V, on the entire re-

gion on its nodal values. The type and properties of variational-grid scheme for
this task are depending from the choosing of the grid and the system of basic
functions. In the construction of variational-grid schemes the functional of po-
tential energy of the system at finite space of admissible functions V, has the

form:
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where C is the stiffness matrix ; f is the vector of nodal loads.

The variation problem is solved approximately. The approach which
based on the necessary condition of the functional minimum is used most com-
monly (2). Then the problem of solving a system of linear algebraic equations of
high order is arises:

Cv=f 3)

So we come to the ordinary application of finite element method [2].
Let us consider a bend pipe, which is loaded by the internal pressure

1,2-10°Pa (Fig. 1). The main parameters of a bend are the bend radius R, the
tube diameter D and the wall thickness h. For calculating was used the model
of steel pipe with Young's modulus E =2-10" Pa, Poisson ration=0,3 and
density p=7800 kg/m®. The pipe diameter is 220 mm and wall thickness is

7 mm.

The calculation was made by using the complex ANSYS. As shown in
Fig. 2 the distribution of stress fields has significantly inhomogeneous nature.
The concentration of the stress occurs on the inside surface of the pipe in place
of its greatest curvature.
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Fig. 1. A bend pipe Fig. 2. The distribution of stress
fields

The stress concentration coefficient is determined experimentally in most
cases [4]:

(0}
K = Zmax
(@) (4)

where o, is the maximum local strain, and cis the nominal tension in the area

of the pipeline that is distant from the place of concentration. The use of numer-
ical experiment for determining the stress concentration makes easier the task.
Fig. 3 shows the dependence of stress concentration from ratio of bending radius
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to the outer diameter of the pipe. As can be seen from the graph, this depend-
ence has nonlinear character with considerable leap of stress concentration at the

values R that are smaller than the diameter of the pipe.
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Fig. 3. The dependence of stress concentration from ratio R/D

Constructive elements under external load must be in equilibrium. It
means that the system that has lost equilibrium under influence of external fac-
tors should be going back to equilibrium with the disappearance of these factors.
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Fig. 4. The dependence of critical external pressure from the thickness
of wall
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As the construction loses its stability at first, then it loses strength, there-
fore, the determination of the absolute value of the critical load is an important
problem in the design of pipelines. All elements of hydro technical facilities and
pipelines that are loaded by external pressure or inner pressure of which is much
small are require the verification calculation of the loss of stability. As a result
of numerical experiment for rectilinear steel pipe of relatively infinite length,
was obtained the dependence of critical external pressure (Under action of
which the construction loses stability) from the thickness of wall (Fig. 4).

Conclusions

The paper presents an approach to calculation of the strength of pipelines
that based on the using of finite element method. This allows us to analyze
stress-strain state and sustainability of pipelines with considering the bends and
real conditions of operation, which in turn are necessary at the design stage to
ensure the strength and reliability of structures.
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