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Summary. The paper is devoted to the evaluation of the stressed state of the shell containing two common
defects in the weld shape — angular and axial misalignment at the same time. Expressions for stress resultants and
stress concentration factors for axial and angular misalignment are proposed. The analytical approach is tested
by means of numerical calculations for the internal pressure.
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Introduction. Pipeline sections welding is the most important operation which greatly
determines the quality of the carried out work. Pipeline sections welding is also the most
essential technical operation affecting the structure quality and reliability. During welding it is
necessary to provide pipes alignment achieved by qualitative welding edges alignment and
assuring uniform gap between the joints for uniform root welding along the whole perimeter.
In practice of constructing large-diameter pipelines it is difficult to comply with all welding
specifications and avoid major defects in the weld shape.

In previous publications we have analyzed stress state of pipes with shape defects in
weld areas, such as: angular misalignment [1] and wall thickness variation (axial misalignment)
[2]. According to [3] within tolerance weld joint of two pipe sections with angular misalignment
6 up to 3 degrees is accepted. The axial misalignment, which is the most common welding
defect and is characterized by absolute joint displacement value e or dimensionless value
A=eltA =elt, (tis pipe wall thickness) in practice often exceed the accepted value. This is
due to the fact that joint alignment process results, on the one hand, in the increase of welded
elements assembly complexity and, on the other hand, in posible decrease of equipment service
life caused by additional tension stresses [4]. Thickness variation of the connecting branches
with wall thickness ratio greater than 1,5 is considered to be a defect [5]. Usually the smooth
transition from one section to another with inclination angle which does not exceed 15 degrees
should be provided in butt welds of pipes with different nominal thickness [6]. For above-
ground pipelines the defect of axial misalingment type with the dimension up to 25% of wall
thickness in most standards is acceptable for service.

The analytical method of force and strain parameters determination for stress state (SS)
of pipes with cicumferential weld imperfections in the form of axial misalignments was
obtained in paper [2] on the basis of shell solutions. The accuracy of analytical approach was
verified by numerical calculation. The analytical solution of pipeline stress state determination
in the area of the weld axial misalignments under the action of internal pressure and bending
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moment demonstrated by means of experimental and numerical data comparison was derived
in paper [1].

This work is an extension of the previuos woks in this direction, considering combined
form defect which contains angular and axial misalignment at the same time. It is reasonably
common defect for welded pipelines.

Let us consider the stress strain state of the pipe joint by circumferential weld containing
such defects as axial and angular misalingments (Fig. 1). The sections have the saame wall
thickness and different radii. Using the superposition principle the resultant stress state is the
sum of SSS of two pipes: separately with angular and separately with axial misalignment

(Fig. 1).
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Figure 1. Scheme of the axial and angular missaligments: R — the average shell radius, h — the shell wall
thickness, e — the absolute displacement of the weld edges, & — angle missalignments

Basic mathematical dependencies. The equation of the cylindrical shell equilibrium is
well-known [7]:
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where N,, N, — are axial and circular forces, L is tangential force, Q ,Q, - are lateral forces.

It is shown in paper [1, 8] that general solution (1)—(3) can be obtained by dividing the
system into two separate ones: short solution, which rapidly damps along the axial coordinate
and long solution which is slowly damped in axial direction. In case of axial and angular
misalignment analysis under internal pressure action it is enough to have only short solution.

The short solution is characterized by four main parameters: radial displacementw,
rotation angle y,, axial bending moment M, and lateral force Q,. The final dependencies of

the short solution [1, 8] required in our analysis are given below:
w = (C, F,(x)+C,F, (x))cos(ng) 4)

V= —(C1 (—aF, (X)-bF, (x))+C, (-aF, (x) +bF, (x)))cos(ngo) (5)
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: (F1 ()((a)" ~(b)*) + 220F, (x))+ 2
M, =Hdé —,u—Z(Cl F(x)+C, Fz(x)) cos(ng) (5)
¢, (F. 0((a)’ ~(b)*)-20aF, () R

C, ((3cd? —c*)F, (x)+(d*—3dc? )F, (x))+C, (3cd” —c* ) F, (x) +

Q. (x,9)=D L n?2 cos(ng) (7
+(3de* —d*)F, (x)—?(cl (=cF, () —dF, (x))+C, (dF, (x)-cF, (x)))

n (c1 (Ela-E,b)+C, (Eb+ Eza)) F (X)+
NX(X, (P) =

m +(C2 (Ela_ Ezb)_cl(Elb + Eza)) F2 ()

]COS(ngp) (8)

The following functions are introduced here F,(x) =e ™" cos(b,x), F,(x) =e**sin(b,x), 1€

. 1 A
pcosy =a,, psiny =b_, :(‘/g, w:—arccos[—j:
» 2 JB

L0 e (), 0

If n=0 then the short solution is the well-known axi- symmetrical end effect in
cylindrical shells, here L=N, =o0.

In case of axial misalignment constants c,, c,, ¢, and c, are determined from the
conditions of section conjugation at the point of their joining:

W, =W,, 70 = V400 Qu = Qs My —Ne=M,, (10)

If n=0 from (9) we get that a=b=«, where notation « = 4,/3(;;; ) is introduced, then
from (4), (5)—(8) and (10) it is easy to obtain the constants values:

c1=o,cz=—%%, . =0, 4=%%, (11)
here H :%,5:%, N =-pR/2 . Knowing the constants ¢, c,,c,, c, from (4)—(8) it is easy to
get all force components, it should be noted that in this case M, =uM,, N, =0

N, =+Nea’RF,(X) (12)
szi@,Mw:iNeyTﬁ(x)’ (13)

here sign «+» refers to the pipe with smaller diameter, and sign «-» with larger one.
Then from (12-13) it is easy to derive the concentration coefficients, K, estimates the

stress concentration in axial direction, K, — in circumferential direction:
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o 6Ne
K =—-—=1+——F (x),
X O_HU.H pRh 1( ) (14)

X

Nea’RF, (x) . 3NeuF, (x)
h h? h

_ (15)
4 O_Ho,u pR

- . ~pR
In case of angular misalignment under internal pressure only two forces: N} = % and

N, =—pR act on the straight pipe section. Then the following boundary conditions should be
used [1]:

L'z%sinGCOSq);Q'z%RSinﬁsingo (16)

Taking into account the symmetry, the boundary condition | =0 should be met. In
short solution at n=1 it is necessary to meet the boundary conditions for y_, Q,, as they are the
main variable. Analyzing expression (9) for thick shells rR/h>10at n=1 we can easily

4 1_/12
understand that (%j <<12%, and value l//z% as izo. Thus, we can assume that

7B

a=b=a similarly as at n=0. Hence from (5), (7) and (16) we derive two constantsc,, c,:

_ 1 pRsin(9) _ 1 pRsin(0)

8 Hsédd 2 8 Hoa® 17)

1

If constants c,,c, 3 (4)—(8) are known we can easily get all force components, and it
should be noted that M, = uM,, N, =0.

N, = - LarpR sin(0)- (5.0 + F, ) a8)

1 .
M, = PRSIN(8) (F, (x) - F, () (19)

Then from (18) and (19) we derive the stress concentration coefficients:

:aw ) h ( )
4 HOM 2 2 h

4

Numerical verification. The developed analytical approach for SS determination in the
weld defect areas was tested by means of numerical modeling. The numerical modeling of axial
and angular misalignment was carried out by finite elements (FE) method using ANSYS
software. This problem was considered under internal pressure action.
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In order to solve the given problem the shell FE model with idealized angular and axial

misalignment was constructed (see Fig. 2). The model mid-radius is 374,65 mm, angle =4,
wall thickness t =12, 7 mm, e=0,8mm.

The boundary conditions providing the fixing of one pipe end and application of 24390H
force to another end as well as 3,8 MPa internal pressure are used for shell stresses
determination. Stress fields occurring in the model with complex defect under pressure are
shown in Fig. 2. The calculations proved that the largest stresses occur in the weld area.

The distribution of axial and circumferential forces on the outer and inner surfaces
calculated by analytical dependences (12), (13), (18), (19) is represented in Fig. 3. The
numerical results are shown in Fig. 3 for comparison.
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Figure 2. Normal stresses under pressure: a) in axial direction; b) in circular direction

The stress distribution curves are similar in character, their divergence is related to
additional moments occurring under numerical model loading but analytical expressions
provide convenient tool for estimation of stresses in complex defect.
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Figure 3. Distribution of axial and circumferential stresses: a — on the outer surface, b — on the inner surface

Conclusions. Concentration coefficients separately for angular and axial misalignment
are obtained and SSS of complex defect as superposition of simple ones is proposed in this
paper. The carried out numerical modeling of the shell under internal pressure focused on
testing the results of analytical solution (where we confined ourselves to short solution)
revealed certain results discrepancy in the stresses concentration areas. The curve distribution
character is similar and the results discrepancy can be explained by smoothing joint area
displacement and angular misalignment in numerical model as well as occurrence of certain

ISSN 2522-4433. Bicuux THTY, Ne 2 (94), 2019 https://doi.org/10.33108/visnyk_tntu2019.02 ..............ccc.ceeveeve oo, D5



The local stress state of the pipeline with axial and angular weld misalignment

local ones. However the obtained expressions for stress concentration coefficients are
convenient for using in practical calculations.
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JJOKAJIBHU HATIPY)KEHHUH CTAH TPYBOIIPOBOY 3
OCBHOBOIO TA KYTOBOIO HECHIBBICHICTIO 3BAPHOTI'O IIIBA

sIpocnas Jlyoux’; Ipuna Ceaisepcrona?

'TOB «IlIII-Ilenmpy, Kuis, Yxpaina
2[ucmumym npobnem miynocmi imeni I'. C. Iucapenxa HAH Ykpainu,
Kuis, Vkpaina

Pestome. [Ipuceaueno oyino8anHIO HANPYICEHO20 CIMAHY 000IOHKU, AKA MICTMUMb 8 cOOi 00HOYACHO 08d
nowupenux oegpexmu Gopmu 36apHO20 WEA — KYMOogy ma 0Cb08Y HeCni@BICHICMb.

He 3gaoicarouu nHa 0oocmammro Kinbkicms nyOnikayiil 3a memorw OeheKmis 36apHUX uigis, mMauo yeacu
NPUOLISIIOCS MAKOMY CKIAOHOMY OepeKkmy 36apHO20 wed, K KOMOIHAYIsl KYMo6oi ma 0cb08oi HecnigsicHocmi. B
nonepeonix pobomax 6y10 NPoaAHANI306aHO HANPYICEHUL cmaHn Mmpyou oKkpemo 3 KYmogolo Hecnigsicnicmio ma
0CbOBOI HECNIBBICHICIMIO (DISHOMOBWUHHICIO 386APIOBATLHUX MPYD) HA OCHOBI 0O0IOHKOBUX PIiUieHb | OMPUMAHO
AHATIMUYHUL MEMOO SUSHAYEHHA CUNOBUX MA 0ePOPpMAYiliHuX napamempis O aHANIZY HANPYHCEHO20 CHIAHY
mpy6onpogooie 3 HedOCKOHANOCMAMYU 36APHUX WIEI8.

Pospobneno indicenepnuti ananimuyHuti Memoo BUSHAYEHHSI HANPYICEHO20 CMany mpybonposoody 3i
CKIAOHUM Oeghekmom ¢hopmu, KUl modce Oymu npeocmasienuti ax Komoinayis npocmux. Tomy ompumarno
supasy ONa CUNOBUX KOMNOHeHM U KoepiyieHmu KOHYeHmpayil Hanpyicensb OKpemo 05 0Cb060i ma Kymoeoi
HecniggicHocmell. AHANi3 IPYHMYEMbCSA HA paHiule po3pOONIEHOMY NOHAMMI «KOPOMKO20» piuenHs. s
sepuikayii 3anponoHo8aH020 AHANIMUYHO20 MemOody N0OYO0BAHO CKIHUEHHOELeMEeHMHY MOOelb KOMOIHOBAHO20
Oepexmy 36apHO20 WA MA BUKOHAHO YUCETbHUU aHani3 npu Oii GHYMPIUHL020 MUCKY 3 SUKOPUCIIAHHAM
po3paxyukoeozo xomnnexcy ANSYS. Yucenvne moolentoganHs y NOPIGHAHHI 3 AHANIMUYHOIO NPOYEOYpOIO
0eMOHCIMPYE PO3XOOICEHHS Pe3YTbMAMmi6 y 30Hi KOHYEHMPAayii Hanpylcensb, 8 OKOI 36ApHO20 W6d, 34 PAXYHOK
BUHUKHEHHA JOKATLHUX MOMeHmie y uucenvHiti modeni. IIpome 3anpononosani xoegiyienmu Konyenmpayii
HANPYHCEHb 3PYUHO BUKOPUCIMOBYEAMU Y NPAKMUYHUX PO3PAXYHKAX 6KA3AHUX MUNIE OedeKkmie nonepeuroo
36apHO20 W6A, ONsl WBUOKO20 OYIHIOBAHHA donycmumocmi Oegexkmis. [emanvhiuie oYinIOBAHHS HANPYICEHO-
deghopmosarnozo cmany degpexmy, y 6UNaoKy HeGUKOHAHHS YMO8 MIYHOCI 3G NONepeOHiM PO3PAXYHKOM, BUMASAE
nob6y00s6u wucenbHoi Mooeii.

Knrwuosi cnoea: ocvosa Hecniggicnicmb, Kymoea HeCcniggicHicmb, Koe@iyicum KoHyeHmpayii
HANPYIICEHb, MEMOO CKIHUEHHUX eleMeHmis, YUNIHOpUUHA 0DONIOHKA.
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