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Abstract

This work examines the finite element model of three-dimensional semi-
elliptical fractures in a cylindrical pressure tank. The three-dimensional
semi-elliptical cracks in cylindrical pressure tubes are investigated using the
ANSYS finite element analysis software. The primary goals of this study are
as follows. First, codes for the ANSYS parametric design language (APDL)
were created to make it easier to simulate various semi-elliptical fracture
topologies in cylindrical pressure vessels. The second is to use these codes
to investigate the impact of certain problem factors on the normalized stress
intensity coefficient distribution for cracks. Some of these properties include
the crack depth ratio (DDR) and crack aspect ratio (ACR). Furthermore,
a semi-elliptical fracture in the tank body connection at the weld seam

Weld seam is considered to investigate the effect of shape transfer on the normalized
ANSYS stress intensity coefficient distribution. By reducing the thickness, we see the
increase and improvement of the stress intensity factor. Also, cracks with
ac = 0.04 are a dangerous type and have a faster growth and progression rate
than other types of ac = 0.6, 0.8 and 1. Cracks with ac = 1 have the lowest
stress intensity factor. In the case of at = 0.8, which has the lowest possible
thickness, the stress intensity factor is the highest. The highest stress intensity
coefficient is at the crack tip. With the increase of ac, a decrease in the stress
intensity factor is seen, in which case the cracks with at = 0.8 and the lowest
thickness have a higher stress intensity factor, which is at the top of the crack.
ac = 1.2 has the lowest stress intensity factor. As seen, the higher the aspect
ratio, the smaller the values of stress intensity factors. In other words, the
higher the relative crack depths, the higher the stress intensity factor.
Nomenclature
Ky Normalizing stress intensity factor LBB Leak-Before Break
Kr Mode T stress intensity factor LEFM | Linear-Elastic Fracture Mechanics
Ky Mode 1T stress intensity factor SIF Stress Intensity Factor
Krrr Mode III stress intensity factor FE the modulus of elasticity
P Internal pressure Q Flaw shape factor
066 Hoop stress component @ Depth of semi-elliptical surface crack
0,0 Parametric angle of crack APDL | ANSYS Parametric Design Language
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FEA Finite Element Analysis

PWHT | Post weld heat treatment

R; Inner radius of the spherical pressure ves-
sel

c Half-length of semi-elliptical surface
crack

FEM Finite Element Method

HAZ HEAT AFFECTED ZONE

s Poisson’s ratio

Ry Outer radius of the spherical pressure
vessel

t Wall thickness of the spherical pressure
vessel

1. Introduction

A pressure vessel is a closed container that holds gases
or liquids at pressures significantly more significant
than the ambient air. The history of pressure vessel
construction and operation has shown that the pres-
sure difference is hazardous and has resulted in deadly
accidents [1].

Nowadays, businesses utilize several spherical and
cylindrical pressure vessels to carry gases and liquids
under pressure. The primary reasons for cylindrical
pressure vessels’ success in various industries are their
perfect specific strength (strength/weight) and ease of
packaging. Furthermore, cylindrical pressure vessels
are the only alternative at any site where extremely
high pressures are utilized, including explosion contain-
ment tanks or storing certain oil and gas materials in
the oil and gas industry, because the tanks are highly
prone to breaking. Severe corrosion occurs under pres-
sure loading circumstances.

Many different sectors and businesses employ cylin-
drical pressure vessels, including chemical and process
industries, thermal and nuclear power plants, fluid de-
livery systems, and space exploration [2].

Numerous failures of pressure vessels have been
connected to surface fissures. Reliable evaluations
of fracture strengths and crack-growth rates of these
surface-cracked components require precise stress mea-
surements. Because of the complexity of these prob-
lems, all researches have used approximative analyti-
cal methods or engineering estimations to determine
stress-intensity variables.

One of the most prevalent kinds of cracks in pres-
sure vessels is the semi-elliptical crack. These fissures
are elliptical in shape, with one side being flat and
the other side being curved. Pressure vessel failure
and stress concentration can be greatly impacted by
the presence of semi-elliptical cracks. Thus, it is im-
perative to look into how semi-elliptical cracks affect
pressure vessel failure [14].

Barata [3] used the load relief factor, an approxi-
mation, to calculate the stress intensity factor (SIF) of
several fractures on the inner surface of a thick-walled
vessel subjected to internal pressure. The validity of
this method was determined by first determining the
SIF for current standard problems and then comparing
the same derivatives using this method. The obtained
difference was determined to be 20%, which seems con-

servative. As a result, the SIFs of many edge fractures
on the inner surface of the vessel that were located
symmetrically (along the radial direction) were calcu-
lated.

A study by Liu et al. examined the impact of cracks
on the fracture behavior of a pressure vessel made of
aluminum alloy and found that the presence of cracks
significantly affects the vessel’s fracture behavior and
that larger crack sizes increase the likelihood of failure.
Another study by Lee et al. examined the impact of
cracks on the fatigue crack growth behavior of a pres-
sure vessel made of high-strength low-alloy steel and
found that the presence of cracks significantly affects
the crack growth rate and, consequently, the fatigue
life of the vessel [14, 15].

When a component cracks, it can no longer do the
function for which it was designed. When it comes to
pressure vessels, this could cause a rupture that might
endanger the surrounding personnel or other buildings.
Because of the responsibilities that the components
have in the assembly, fractures will cause damage to
differing degrees. The entire structure depends on one
part, therefore in the worst case, if it fails, it will col-
lapse.

The fracture analysis method known as linear-
elastic fracture mechanics (LEFM) implies that a spec-
imen has a fault or crack, that the crack is a flat surface
inside a linear elastic stress field, and that the energy
released during the rapid propagation of the crack is a
fundamental attribute of the material independent of
the component size [4].

Numerous investigations have been carried out to
examine the behavior of pressure vessels with semi-
elliptical surface cracks. Kim and Park’s study exam-
ined the impact of crack depth on the crack propaga-
tion behavior in a pressure vessel and discovered that
as crack depth increased, the crack propagation rate
increased and the vessel’s remaining life decreased [13].

The stress intensity variables can provide details
about the stress field around the fracture point. They
are defined by the magnitude of the singular stress and
displacement fields, i.e., the local stresses and displace-
ments surrounding the fracture tip. The specimen’s ge-
ometric limits, loading, crack size, and form all affect
the SIF. Failure will occur when the fracture tough-
ness, also known as SIF, gets closer to its critical value
[5].

SIF is calculated for each of the three types of crack
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tip displacement (I, II, or III), taking into account the
crack’s shape and length, as well as the effects of ap-
plied loads. Therefore, the size of the fracture tip stress
field for a particular mode of propagation equals the
stress intensity factor for a homogeneous linear elastic
material [5].

The crack propagation rate rises as the crack size
and depth grow, according to analytical and numerical
data. Additionally, we see that when crack size and
depth increase, the vessel’s remaining life reduces. Ad-
ditionally, we discover that the crack orientation has
a substantial impact on the crack propagation behav-
ior, with the maximum propagation rate occurring in
cracks orientated parallel to the loading direction [11].

Here, displacement values of the nodes at the crack
front are used to determine SIF after modeling and
problem-solving with the use of finite element method

Raju and Newman [6] used three-dimensional finite
element modeling to examine longitudinal fractures in
pressurized cylinders. They limited their analysis to
Mode I. Their findings indicated that depending on
the loading and geometry, the fracture’s most profound
or corner sites have the highest stress intensity factor.
Furthermore, the stress intensity factor for external
cracks is higher than for interior ones.

Lin and Smith [7] examined a few geometry
and crack possibilities. Through the use of three-
dimensional finite element modeling, their results show
that fatigue fractures evolve in a semi-elliptical shape
independent of the initial shape of the crack; in other
words, they demonstrated that cracks of any shape will
ultimately take on a semi-elliptical shape.

Lin and Smith [8] demonstrated that semi-elliptical
cracks, whose centers lie on bar surfaces, or semicircu-
lar fractures, whose centers move along cylinder radii,
are suitable models for simulating real-world cracks.
In real industrial applications, cracks frequently occur
in the weld seam zone where pressure vessels are con-
nected to input/output flanges

The FEM took into account the crack behavior in
the weld seam for the first time because of the numer-
ous failures brought on by the expansion of cracks in
the weld seam.

In this study, the software was used to model the
pressure tank and the weld seam crack once the prob-
lem was defined. The appropriate boundary conditions
were then added on the model after it was meshed.
Lastly, the graphs and output data from the validation
software were analyzed.

Therefore, it is crucial to take into account the pres-
ence of cracks in the design and operation of pressure
vessels to ensure their safe and dependable operation.
Overall, the literature indicates that cracks are a crit-
ical factor in predicting the failure of pressure vessels.
Experimental studies and numerical simulations have
demonstrated that cracks significantly affect the frac-

93

ture behavior and fatigue life of pressure vessels.

2. Materials and Method

This paper analyzes two semi-elliptic crack instances.
Since adjusting a/c and a/t can yield acceptable ap-
proximations to actual fracture forms, semi-elliptic
shapes are commonly employed in the literature.

The 3D analysis is performed on an elastic cylin-
drical pressure vessel with an inner radius (Ri), outer
radius (Ro), and wall thickness of (¢) (Fig. 1), where
the wall thickness is constant. The model consisted of
a cylindrical pressure vessel containing a semi-elliptical
surface crack inside the weld seam, with crack length
c and depth a, as seen in Fig. 2.

This study covers a wide range of vessel geometries
and crack configurations a/c = 0.2,0.4,0.6,0.8,1 and
1.2 and a/t =0.2,0.4,0.6,0.8.

The 3D analysis is performed on a cylinder with in-
ner radius Ri, outer radius Ro and constant wall thick-
ness t (Fig. 3). Fig. 4 shows a semi-elliptical surface
crack inside a weld seam in a cylindrical pressure ves-
sel at the body junction with half the length (¢) and
depth (a). The stress intensity factor was somewhat
influenced by adjusting the length of the cylindrical
segment.

|| ANSYS

R18.2

|| 2er 7 2024
1€:31:51

Fig. 1. Schematic representation of the problem.

Fig. 2. Crack configuration.
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ANSYS

R18.2

AR 7 2024
2€:31:81

Fig. 3. Crack configuration located at the connection
between the cylinder and the welding seam.

P T———
Q

Fig. 4. Defining the parameters of the crack located
at the junction of the cylinder and the weld.

Many engineering constructions have welded con-
nections that crack often. The evaluation of fatigue
and fracture is greatly aided by practical examinations
of such cracks.

Due to the complex geometry of the joints, a high
stress gradient occurs at the weld toe, creating a lo-
calized notch effect. The SIF value is raised by this
impact [9].

(1)

(3.b)

(2)

(4.a)
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Semi-elliptical surface cracks located at the weld
toe of welded joints often propagate and lead to the
failure of structural components. As such, evaluating
the structural integrity of broken welded connections is
practically crucial. The SIF (K), which controls the in-
tensity of the stress field at the crack tip, is commonly
used for assessing the fatigue and fracture resistance of
such faulty structures [10].

As shown in Fig. 5(1), the crack front region was
produced by swiping an auxiliary area around the crack
front line. After that, the produced volume known as
a “crack tunnel” is created using non-singular finite
elements in the remaining length of the crack tunnel
and singular finite elements surrounding the fracture
front (Fig. 5(2)). Following this, half of the model
was created by meshing and sweeping the cylinder’s
cross-section on the fractured plane in two phases (Fig.
5.3-4).

Quadratic displacement behavior is seen by the 20-
node solid element SOLID186 in three dimensions. The
element is composed of 20 nodes, each of which has
three degrees of freedom: translations in the nodal x,
y, and z dimensions. Plasticity, hyper elasticity, creep,
stress stiffening, large deflection, and large strain capa-
bilities are all supported by the element. Additionally,
it can simulate the deformations of completely incom-
pressible hyperplastic materials and virtually incom-
pressible elastoplastic materials using mixed formula-
tion capabilities.

SIF has a unique use in researching failure mechan-
ics and crack development issues. In order to quantify
singularity, Irwin developed the idea of SIF. He demon-
strated that the distribution of all the elastic forces
surrounding the crack point was the same.

(3.a)

__MEDN

(4.b)

Fig. 5. Finite element model: 1) crack front generation, 2) Half crack model 3a) Mesh generation of the crack
plane, 3b) The complete crack box in front 4a) Crack tunnel 4b) Another complete crack view box.
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Consequently, the expression regulates the amount
of local stress. The locations of external boundaries
determine the Ky, Ki, and Ky factors according to
the definition used to compute the stresses surrounding
the fracture tip. The SIF, which is given as MPa,/m
in fracture mechanics, showed the extent of stress con-
centration at the tip of a longitudinal crack [12].

Ki, 11, 111 = 0aV/ma = 045V 21ri

Where o4 is the applied stress and a is the crack
length.

3. Modeling

To model semi-elliptical cracks in cylindrical pressure
vessel, some keypoints are created initially to form the
crack front line (Fig. 6a). Keypoint No. 1 is in-
cluded in a semicircular region made perpendicular to
the plane on which key points are made. In the sub-
sequent processes, this region is formed to form the
tubular volume surrounding the fracture front. Next,
an elliptical path is formed by drawing lines connecting
these key points, as seen in Fig. 6b. The area generated
at Keypoint 1 is dragged along the lines to produce a
tubular volume around the fracture front (Fig. 6¢).

o— ANSYS
TYRE WM R18.2
?L_x
(a)
LINEs AN SYS
TYEE M R18.2

AFR 2 2022
17:45:04
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ANSYS
R18.2

AFR 2 2024
17:50:17

“vormeEs
TYFE NOM

()
Fig. 6. a) Keypoints on the crack front. b) Lines on
the crack front. ¢) Volumes created on the crack front.

After the creation of volumes around the crack tun-
nel and modeling the parts needed to complete the
cylindrical vessel, the model is ready for meshing and
analysis. (Figs. 7 and 8).

Pressure vessel and weld metal data are given in
Tables 1, 2, and 3.

ANSYS

R18.2

Fig. 7. Semi-elliptical crack in cylindrical vessel (half
of model).

VOLUMES
VOLU NUM

ANSYS
R18.2

APR 2 2024
17:02:10

Fig. 8. Profile of the vessel and welding line.



Modeling and Investigation of Semi-Elliptical ...: 51-63

Table 1
Pressure vessel design data.
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Technical data

Calculation and design

ASME code SEC. VIII DIV.1 ED.2017

Joint categort A B
Joint efficienc 1 1
Butt weld Welding process SMAW
Weld joint Groove Double-V- groove
PW.H.T YES
Shell and head material SA- 516 Gr.70N
Saddle material SA-285 Gr.C

Table 2
Chemical composition of weld metal.

Chemical composition of weld metal

C Mn Si S P
AWS Standard <0.15 <16 <0.75 < 0.035 < 0.035
Typical 0.08 1.00 0.5 0.014 0.02
Table 3

Mechanical properties of weld metal.

Mechanical properties of weld metal

Y.S (MPa) T.S (MPa) Elongation Charpy V value
AWS Joint > 400 > 490 > 22 > 27j
Typical 480 570 30 127j
p— ANSYS|

voLw e

R18.2

ATR 3 2034
17:00:31

Fig. 9. General view of the crack model.

Quarter point elements are devised by Barsoum in
1976 [11] as an easy way to characterize the singularity
of stress at the fracture tip. These are regular 8-node
quadrilaterals or 6-node triangles with two mid-side
points that have been moved to a corner node such that
they split their side in a 1:3 ratio. The node where the
mid-side nodes are shifted is where they are utilized,

namely at the crack tip. It is demonstrated that they
provide an appropriate description of the 1/4/7 stress
field singularity at the fracture tip.

Fig. 9 illustrates how various volumes are meshed
with varying element sizes after the volume surround-
ing the fracture front has been meshed.
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4. Convergence Study

An independent study of the mesh has been carried out
for configuration, and the convergence study is con-
ducted for the configuration as below:

The configuration was done based on a/c = 1 and
a/t = 0.4. As shown in Fig. 10, The level of differ-
ence obtained with 41737 and 51023 elements was less
than 1%. Therefore, the mesh with 41737 elements was
used.

Convergence

0 0/25 0/5

0/75 1

b 3671 e 8054 8548 11050 1737 wmlfmm51023

Fig. 10.  Convergence study of normalized SIF
(KI/Ko) for a semi-elliptical crack located in the el-
liptical pressure vessel. (a/c =1 and a/t = 0.8).

Afterward, the results are compared with Raju and
Newman [6], the current fracture model produces cor-
rect results and demonstrates rather good agreement,
as seen in Fig. 11. The maximum variation is seen for
a/t = 0.8 and a/c = 1 with a difference of 3 percent.

AC=1, AT=0.8

0 0.25 0.5 075 1

—4=NEWMAN RO —8= This paper

Fig. 11. Validation of fracture model with Newman
and Raju for a semi-elliptical surface crack in a finite
plate (a/t = 0.8 and a/c = 1).

Fig. 12 shows the final image of the crack open-
ing as well as the maximum stress at the crack’s tip;
the red spots indicate maximum stress, while the blue
points indicate minimum stress.

o7

5. Numerical Results and Discussion

A wide range of parameters such as Ro/Ri, a/c
stress intensity factor for semi-elliptical surface crack
with ratios a/c = 0.4,0.6,0.8,1 and 1.2 and a/t =
0.2,0.4,0.6,0.8 and checking pressure and we have a
comparison of the types of pressure inside the vessel.

The numerically calculated SIFs are normalized by
kg, derived from the verification data. The SIF was
calculated using Eq. (1).

K

a
S 71'@

Ky = (1)

Where S is applied stress and @ is the shape factor.
The X-axis (%) verification numbers were normalized.

For the x-axis numbers, the coordinates are divided
by the crack tip to normalize it. To normalize the pres-
sure, all k numbers are divided by the base pressure.

The effects and changes of K; and Kj for a semi-
elliptical crack in an elliptical pressure vessel under me-
chanical loading were investigated. Due to symmetry,
results for loading conditions (mechanical loading un-
der compression only) are plotted for only one-half of
the model. Fig. 13 illustrates the highest stress level
at the crack front. Half of the crack surface is cracked
after solving the element close to the crack front.

001 =.732E+07
00 =, 1118405

Fig. 12. Nodal solution of stress intensity factor at
crack tip.
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Fig. 13. Finite element model of an elliptical pressure
tank containing a weld seam crack: a) The opening of
the crack opening and the heart-shaped part in front of
the crack. b) The crack opens due to the application of
internal pressure, and the maximum intensity of stress
is at the tip of the crack.

AT=0.2
4 Normalized Coordinate

Kol K

(] .75 1

ik

0.25

—4—AC=0.4 —B—AC0.6 —ar—AC=0.8 AC=1

AT=0.6

Mormalized Coordinate

Kol K

05 o.rs 1

——AC=0.4 AC=0.6 —d— AC=0.8 A=l

o8

According to Fig. 13, it can be concluded that gen-
erally, deeper cracks have more KI/Ko. In another
view, the lowest values of the normalized stress inten-
sity coefficient are found near ~0.1, and it is evident
that the most significant and riskiest rate of fast crack
growth occurs at point number 1, or the crack tip.
However, to check this chart, a/c = 0.4 with blue line
has the highest risk and prone to rapid crack growth,
which should be taken into consideration. Moreover,
a/c = 1 shows the lowest risk and slow crack growth
rate.

5.1. Mode I Stress Intensity Factor (Ki)

Fig. 14 shows the stress distribution at the crack front
of a semi-elliptical crack located at the weld seam of an
elliptical tank subjected to internal pressure and ten-
sile mechanical loading. With a/t = 0.2 held constant
and varying a/c ratios, the highest stress and crack
growth rate are observed for a/c = 0.4. Crack growth
initiates at the crack tip and propagates longitudinally.
The lowest crack growth rate corresponds to a/c = 1.

Comparing the different values of a/t in Fig. 14, it
can be concluded that by reducing the welding surface
and reaching the tank shell at a low thickness in differ-
ent studies from 0.2 to 0.8, it causes shallow cracks to
become critical.

Of course, it should be noted that in Fig. 14, the
curve related to a/c = 0.8 and a/t = 0.2 conditions
does not coincide with the zero axis and it is far from
the data related to the curve mentioned in Table 4.

AT=0.4

Mormalized Coordinate

‘ Ao
3
2
1
0
0 0.25 05 075 1
4 AC=0.4 e AC=0.6 e AC=0.8 ac=1
AT=0.8
10 MNormalized Coordinate
% -
:_"=- g e _—u - -
-

N R

05 075 1

—+—AC0.4 —m—ACD.8 —a—AC=1 AC0.6

Fig. 14. Changes of K;/Kj in the length of the semi-elliptical crack front at the weld seam in the elliptical
tank under internal pressure under mechanical loading as a function (at = 0.2,0.4,0.6,0.8 and with different

a/c).
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Table 4

Values of K0/K; for a/c = 0.8 and a/t = 0.2.

99

KI-NORM AC=0.9 K;

KI-NORM AC=0.10

0.023657752
0.026980169
0.024767509
0.028200666
0.025938014
0.029315886
0.026987372
0.030264317
0.02792563

0.031054525

50832.1471
56205.8983
52094.91

57319.3729
53199.8108
58224.0024
53997.3587
58826.4987
54532.3820
59204.02

0.02868624
0.031718823
0.029398859
0.032347193
0.03002239
0.032857705
0.030472472
0.033197714
030774404
0.033410762

Ki KI-NORM AC=0.8 K;

36301.9296  0.020486364 41921.6427
37387.0481  0.021098732 47808.9808
36679.8826  0.020699655 43888.1383
38984.723  0.022000352 49971.7082
37229.9777  0.021010092 45962.2784
41086.4702  0.023186437 51947.8822
38441.0251  0.021693525 47821.7451
43390.2705  0.024486546 53628.5061
40076.5911  0.022616529 49484.3427
45682.3559  0.025780045 55028.7589

From Fig. 15, it can be concluded that for a fixed

a/c ratio, Kj/Ko increases with the crack depth ra-
tio (a/t), indicating higher stress intensity and faster,
more dangerous crack growth at the crack tip. Con-
versely, increasing the a/c ratio results in a decrease in
K;/Ko intensity.

In Fig. 15, it can be seen in the front extension
of the semi-elliptical crack at the weld seam in the el-

AC=0.4

10 Mormalized Coordinate

liptical tank under internal pressure under tensile me-
chanical loading as a function (ac = 0.4 constant and
a/t varying) the highest stress and crack growth cor-
responding to a/t = 0.8. Crack growth initiates at the
crack tip. The highest stress is from that point and
its growth is longitudinal, and the lowest crack growth
corresponds to a/t = 0.2.

AC=0.6

Normalized Coordinate

[ 025 05 075 0 0.25 05 0.75 1
—AT=0.2 —l—AT=0.4 =—ge—AT=0.0 AT=0.8 — AT=0.,2 == AT=0.4 == AT=0.0 AT=0.8
AC=0.8 AC=1
8 Mormalized Coordinate & Mormalized Coordinate

Kol K

I

o 0.25 05 075 1

——AT=0.2 —B—AT=04 —&—AT=0.6 AT=0.8

AC=1.2 AT ...

Kol Ki

MNormalized Coordinate

e T ]

o 0.25

—— AT=0.2 =B AT=0.4

0.5 0.75 1

e AT=0.6 AT=0.8

Fig. 15. Changes of K;/Ko in the length of the semi-elliptical crack front at the weld seam in the elliptical tank
under internal pressure under mechanical loading as a function (ac = 0.4,0.6,0.8,1,1.2 constant and different

aft).



Modeling and Investigation of Semi-Elliptical ...: 51-63

In Fig. 16, the comparison of the pressure inside
the tank from a specific a/c and a/t from 5 to 20MPa
is checked, indicating that the higher the pressure in-
side the tank, the faster the crack growth will be and
it is more dangerous.

According to Fig. 16, it can be stated that along
the front of the semi-elliptical crack at the weld seam
in the elliptical pressure tank under internal pressure
with a specified function (ac = 0.6 and at = 0.2), the
maximum stress and crack growth are related to pres-
sure. 20E6, which is critical and its growth from the
crack tip, then the highest stress is from that point and
its longitudinal growth, and the lowest crack growth is
related to stress HE6.

5.2. Mode II Stress Intensity Factor (Kip)

Based on Figs. 17-18, the distribution of the Mode II
SIF at the crack front of a semi-elliptical crack located
at the weld seam in an elliptical tank under internal
pressure and shear loading shows values close to zero.
Although various constant and varying a/c and a/t ra-
tios were considered, significant Mode II SIF was not
observed.

Based on Fig. 17, the distribution of the Mode II
SIF at the crack front of a semi-elliptical crack located
at the weld seam in an elliptical tank under internal
pressure and shear loading shows values close to zero.

AT=0.2
0.05

0.04
0.03

0.02

- w .
0 e e TIITRTNNe

-1 -0.75 -0.5 -0.25 1] 0.25 05 075 1

—8—AC=04 —8—AC=06 —8—AC=08 AC=1

AT=0.6
005

0.04

0.03

-1 075 -0.5

——AC=04 —8—AC=06

—8— AC=0.8 AC=1
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Although various constant and varying a/c and a/t ra-
tios were considered, significant Mode II SIF was not
observed.

5.3. Mode IIT Stress Intensity Factor (Kirr)

As observed in Figs. 19-20, the distribution of the
Mode IIT SIF at the crack front of a semi-elliptical
crack located at the weld seam in an elliptical tank
under internal pressure and torsional loading is close
to zero. Despite varying a/c and a/t ratios, no signifi-
cant Mode III SIF was observed.
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Fig. 16. K,/Ky pressure changes along the semi-
elliptical crack front at the weld seam in the elliptical
pressure tank under internal pressure with a specified
function (ac = 0.6 and at = 0.2).
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Fig. 17. Distribution of the stress intensity coefficient in Mode II along the front of the semi-elliptical crack

(a/t =0.2,0.4,0.6,0.8).
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Fig. 18. Distribution of the stress intensity coefficient in mode II along the front of the semi-elliptical crack
(a/c=0.8,1,1.2, Different a/t values).
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Fig. 19. Distribution of the stress intensity coefficient in state III in the semi-elliptical crack front extension
(constant a/t = 0.2,0.4,0.6,0.8, and different a/c).
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Fig. 20. Distribution of the stress intensity coeflicient in state III in the semi-elliptical crack front extension

(constant a/c = 0.4,0.6,0.8,1,1.2, and different a/t).

6. Conclusion

The Finite Element Technique (FEM) was used to con-
duct a three-dimensional study of an elliptical pressure
vessel with a broken weld seam. The investigation fo-
cused on the impact of modifications to the stress field

and geometric parameters on the semi-elliptical crack’s
SIF distribution.

In the weld joint area, a fracture with a distinct
configuration is taken into consideration. The findings
demonstrate that the stress distribution along a fissure
may be greatly influenced by the vessel wall’s thickness,
the form and location of the crack, and the fact that
shallower cracks pose a greater risk and need increased
attention.

In pressure states, the highest stress intensity fac-
tor is related to 20MPa pressure and the lowest stress

intensity factor is related to 5MPa pressure. As a re-
sult, values of internal pressure affect the levels of SIFs
around the crack front, potentially leading to changes
in the crack face. The residual stress is an interesting
parameter that can be considered in further studies.
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