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THE STRESS-STRAIN STATE DETERMINATION IN PIPELINES
WELDED JOINTS

Ua Bnagaqego Hanpymego-ne(bopMOBaHHﬁ CTaH y 3BAPHHX 3’ € THAHHSX pr6o-
npoBoiB. Ilix gac mociimkeHb KOHIIEHTpallli HalpyXeHb y 3BapHOMY IIIBI Oysa
BUKOpPHCTaHa BiCECMMETPUYHA PO3paxyHKOBa Mojeib. OTpUMaHO 3aleKHOCTI
PO3MOILTY HAPYKEHb 1 AedopMariiil y 30Hi 3BaprOBATLHOTO IIIBA.

Ru OmnpeneneHo HanpPsHYKEHHO-1€(OPMUPOBAHHOE COCTOSIHUE B CBapHBIX COEIUHE-
HUsAX TpyOompoBonoB. Ilpu nccnenoBaHMM KOHLEHTpALMKM HAINpPSKEHUH B CBap-
HOM IIBEe ObLIa MCIIOJIb30BaHa OCECUMMETPUYHAs pacueTHas Mojenb. [lomyueHsl
3aBUCHMOCTH paclpeielieHNsl HallpsKeHUH 1 ieopmaliiil B 30He CBapHOTO 1IBA.

Introduction

As known, welding structures are widely used in power engineering.
Therefore, the problem’s solution of a structure’s stress-strain state determinina-
tion in the weld region is an actual problem. It’s connected with changes in ma-
terial properties, plastic deformation, and overheating [1]. There are three
sources of stress concentration for butt weldments: stress concentration as a re-
sult of residual strains and stresses during welding, stress concentration deter-
mined by the outline of the weld, stress concentration due to displacement of the
joined parts.

At present, widespread technique is the method of finite elements [1-3].

Formulation and solution of the problem

The aim this study is to determine the residual stresses and tensions of the
specified load by means of the finite element method.

Let’s consider a pipelines butt weld with an external diameter of 300 mm.
and a wall thickness of 20 mm. The width of the weld was assumed to be
30 mm. The finite element model is shown in fig. 1. The calculation was carried
out using the complex ANSYS, on linear four-node shell finite elements, the
number of nodes in the computational model was 1080.

! National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute», department of dynamics
and strength of machines and strength of materials

Z National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», department of theoretical
mechanics


http://dx.doi.org/10.20535/2219-3804

106
IndopmManiiiHi cHucTeMH, MeXaHIKa Ta KePYBaHHA

S T T S
7

S
N
ST VAV NN

LT
IIIIIIIIlllllIllII'l'I'HEE

AT
el Lo | $0880 ro0_ L, 130 '
\\\\{Q\\Q&\\Q\{\\\n i

Fig. 1. Finite element pipe model

In the calculation was used the steel with the following properties:
Young’s modulus E=2-10" MIIa, Poisson’s ratio u=0,3, relative residual elonga-
tion 8=0,25, coefficient of temperature expansion a=1,2 10° 1/°C.

Yield point 4, was taken as a function of temperature in the form shown
in Fig. 2.

The Strength limit in the temperature range from 0 to 500°C was assumed
to be o, = 420 MPa, and it was considered that the material was perfectly plastic
at temperatures above 500°C.

For the entire temperature range, the Mises fluidity condition was used for
the material. The material had a linear isotropic hardening at a temperature be-
low 500°C.
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Fig.2. The dependence of yield stress from temperature

To determine the stress-strain state in the zone of the welded seam con-
centration, a finite-element model was constructed as shown in Fig. 3. Flat four-
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node finite elements were used in the model constructing. The number of model
nodes is 624. Two separate calculations were made: first was a depence from the
temperature effect the next was a depence from the action of the tensile stress,
that’s arising in the tube under the action of internal pressure.
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Fig. 3. Finite element model

As a result of the calculation, the distribution of temperature residual
stresses in the weld seam was obtained (Fig. 4).
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Fig.4. Residual temperature stresses

Stress variation at the edge of the pipe and at the center of the weld seam,
depending on the intensity of the applied internal pressure, is shown in Fig. 5.

The change in the plastic deformation along the center of the welded
seam, depending on the intensity of the internal pressure in the pipe, is shown in
Fig. 6.
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Fig. 5. Allocation of the stresses in the tube
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Fig. 6. The changes in plastic deformation in the weld seam

The temperature stresses (Fig. 5) for this task exceed the yield point. The
maximum values are in the weld zone on the inner surface of the pipe and below
the surface at the outer diameter of the pipe at bending points where the weld
seam is joint with the base metal. Stresses in the center of the weld seam begin
to grow only when the stresses in the base material are approaching the yield

point. Plastic deformation (Fig. 6) in the weld seam begins to grow with increas-
ing stresses in the weld seam.

Conclusions

The paper presents an algorithm for calculating the stress-strain state of a
welded pipeline connection. It’s shown that the stresses and plastic deformation
growing in the welded joint is observed only when the material of the pipe be-
gins to pass into the plastic region far from the welded seam. In addition, the re-
sidual stresses are greater than the yield point.
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