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Abstract

This thesisdeals with a real design problem in the construction of a steam generator.
More specifically, it is to be welded with a regional seam, two steam vessels, made of
alloys of different coefficient of thermal expansion and differembdulus of
elasticity. Thee is, therefore, an attempt to find the therstedsses, developing the

pipes, as well as a crack growth estimate.

An analytical solution for the developmentstfessess given, basg on the theory of

thin shells Initially, the axial andhoopstressespccurring in the pipesre calculated,

in three different types of cross sections. The first type is open cross sections, which
can expand or contractile on the free. The second type of-seotien is thdixed
sections, which have been stampédheir edges and can not move beyond their
original length. In the third cross section there are the closed sections, according to
which the pipesreceive a tensile axial pressure at their ends. Then, the loading
conditions are analyzed for the above sre@®ctions. First, theniform pressure
developng inside thepipesand then the temperature difference as in the actual data
be given In addition, these two types of loading are superimposed, as the analysis is
presented is elastic. Tharainsdewlopedin the three axes (xgf,) according
Hooke's law, as well as the radial and axial displacement of the shell, are determined.
The radus and thicknesses of the twpipes due to different elasticities, have
different values. Welding, however, forces tin® pipesto acquire the same radius

and common tangent. The symmetry of the displacements, for the surface distortions
and their slope, as well as the equilibrium equation give the desired values.

The Abaqus finite element program théelpsus to analye this problem andind

the developing stresseft is studied as an symmetric problem in all three types of
cross sections in both types of charges. The results obtained in terms of trends are
compared with those of the analytical solution.

Finally, the beginning of plastigitand cracking are studied. Local plastiaiccurs if

the Misesvalueexceeds thgield stressat the highest operating temperature or at the
lowest. The alternative form of failure may occur due to cracking of the material. In
this case, we are lookinpe normal stresseend if these are strong tensile, critical
points are created. Shear stresaee important for the material interfaces because
then a crack is likely to develop. Obviously, if there are no initial cracks, except for
the interfaces, our design is located in finding load cycles that lead to microcracking.
This phenomenon is the faie, the early stage. What is physically explored is,
therefore, that the original crystalline defects of the material, even though they do not
create macroscopic plasticity, are rearranged, multiplied and create circular glide
areas, on very small scaldherefore, we need phenomenological laws linking trends
to number of chargdischarge cycles.
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Figure 2.12 Depiction of bending and shear stresses
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Figure 3.1 Theinternalradiusandthethicknessof the combinationRH2
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Table 3.1. Properties for the combination of materials RH2 wherg, fiiddle radius, H
thickness, p internal pressurepg t emper ature di fference, E: Youn
ratio, U linear expansion coefficient and some properties from Abaqus discrimination

Table 3.2. Maximum and minimum values for Mises Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)
Misesstresses 47.161 33.871

S, Mises
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Max: 47,161
Elem: PART-1-1.701
Node: 2

Min: 33.871
Elem: PART-1-1.201
Mode: &

AR

Figure 3.2 Fluctuation colored curve for Mises stresses in three patBs,&D, E-F
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Table 3.3. Mises Stresses along the thicknegith units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus .
Mises(central) Mises(1) Mises(2) A
0 43.8138 0 47.0976 0 40.5067 0 45.2681
0 43.8723| 0.37751 46.5743| 0.376341 40.0784| 0.376341 44.57842
0.359956 43.3985| 0.377525 46.5743| 0.752686 39.2462| 0.752686 43.88874
0.719918 42.4726| 0.755028 45.5435| 1.12903 38.4521| 1.12903 43.19906
1.07988 41.5888| 0.755052 45.5434| 1.50538 37.6861| 1.50538 42.50938
1.43985 40.7435| 1.13255 44.5543| 1.88173 36.9469| 1.88173 41.8197
1.79982 39.9338| 1.13258 44.5542| 2.25807 36.2318| 2.25807 41.13002
2.15979 39.1578| 1.51008 43.6137| 2.63442 35.5394| 2.63442 40.44034
2.1598 39.0798| 1.51011 43.6136| 3.01078 34.8677| 3.01078 39.75066
251977 38.414| 1.88761 42.7194| 3.38713 34.2164| 3.38713 39.06098
2.51978 38.3369| 1.88764 42.7193| 3.76348 33.8961| 3.76348 38.3713
2.87975 37.6264| 2.26515 41.871
2.87975 37.7016| 2.26518 41.871
3.23973 37.0199| 2.64269 41.0682
3.23973 36.948| 2.64272 41.0681
3.59971 36.6167| 3.02024 40.3112
3.59971 36.6867| 3.02026 40.3112
3.39779 39.6027
3.77534 39.2614
BU; OUdy UaUUs UGgsyecUsU aUsgd G;xs:UUseyg’
Geee UUU, "6g elGUaeae3UUs GUds UGgsyecUsU Uxs

Table 3.4. Maximum and minimum values for Radial Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Stresses in 11 direction | -0.204 -5.044
=
5,511 |
20 ]
Zi011 1
-1.414 1
Lai o
-2.624 |
Foe =
! -
‘5044 —]
Max: -0.204 ;
Elem: PART-1-1.201 ;
Node: & —1
Min: -5.044 —]
Elem: PART-1-1.101 :
Node: S 1
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=
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Figure 3.3 Fluctuationcolored curve for Radial stresses in three pathB, 8-D, E-F

Table 3.5. Radial Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus Analytical

S11(central) S11(1) S11(2) thin shells thick shells

0.000 -4.9051| 0.000 -4.9478| 0.000 -4.8899| 0.000 0.0000| 0.000 -4.7326
0.000 -4.9040| 0.378 -4.6613| 0.376 -4.5728| 0.360 0.0000| 0.360 -4.2096
0.360 -4.6003| 0.378 -4.6613| 0.753 -3.9696| 0.720 0.0000| 0.720 -3.6866
0.720 -4.0051| 0.755 -4.0814|1.129 -3.4078| 1.080 0.0000| 1.080 -3.1636
1.080 -3.4355| 0.755 -4.0813| 1.505 -2.8648| 1.440 0.0000| 1.440 -2.6406
1.440 -2.8892| 1.133 -3.5041| 1.882 -2.3390| 1.800 0.0000( 1.800 -2.1176
1.800 -2.3631| 1.133 -3.5041| 2.258 -1.8304| 2.160 0.0000| 2.160 -1.5946
2.160 -1.8561| 1.510 -2.9485| 2.634 -1.3398| 2.520 0.0000| 2.520 -1.0716
2.520 -1.3668| 1.510 -2.9485| 3.011 -0.8689| 2.880 0.0000| 2.880 -0.5486
2.520 -1.3593| 1.888 -2.4147| 3.387 -0.4229| 3.240 0.0000| 3.240 -0.0256
2.880 -0.8899|1.888 -2.4146| 3.763 -0.2075| 3.600 0.0000] 3.600 0.0000
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2.880 -0.8948| 2.265 -1.9007
3.240 -0.4389| 2.643 -1.4039
3.240 -0.4367| 3.020 -0.9216
3.600 -0.2140| 3.398 -0.4539
3.600 -0.2149| 3.775 -0.2237

Table 3.6. Maximum and minimum values for Axial Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Stresses in 22 direction

2.052

-1.940

5, 522

[&vg: 75%]
2.052
1.719
1.387
1.054
0721
0.289
0.056
-0.277
-0.610
-0.94%2
-1.275
-1.608
-1.940

Max: 2.052
Elem: PART-1-1.851
Mode: 219
Min: -1.940
Elem: P&ART-1-1.840
Mode: 248

QCE: 11
T

Cl=p: Sl=p-1
nciemanl 105 Sep Time = 1,000
marvy Yan 5 522
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Figure 3.4 Fluctuationcolored curve for Axial stresses in three path$g,AC-D, E-F

Table 3.7. Axial Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus thin shells

S22(central) S22(1) S22(2) Analytical
0.000 0.3002 0 0.9170 0 -0.3564 0.000 0
0.000 0.2561| 0.37751 0.8007| 0.376341 -0.3233 0.000 O
0.360 0.2211| 0.377525 0.8007| 0.752686 -0.2672 0.360 O
0.720 0.1550| 0.755028 0.5988| 1.12903 -0.1973 0.720 O
1.080 0.0974| 0.755052 0.5987| 1.50538 -0.1023 1.080 O
1.440 0.0466| 1.13255 0.4089| 1.88173 0.0077 1440 O
1.800 -0.0003| 1.13258 0.4089| 2.25807 0.1392 1.800 O
2.160 -0.0455| 1.51008 0.2032| 2.63442 0.2919 2160 O
2.160 -0.0621| 1.51011 0.2032| 3.01078 0.4721 2.160 0
2.520 -0.0900| 1.88761 -0.0117| 3.38713 0.6810 2520 0
2,520 -0.1273| 1.88764 -0.0118| 3.76348 0.7927 2520 0
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2.880
2.880
3.240
3.240
3.600
3.600

-0.1947
-0.1342
-0.1782
-0.2654
-0.3018
-0.2002

2.26515
2.26518
2.64269
2.64272
3.02024
3.02026
3.39779

3.77534

-0.2450
-0.2451
-0.4995
-0.4995
-0.7807
-0.7808
-1.0981
-1.2688

2.880
2.880
3.240
3.240
3.600
3.600

o O O O oo

Table 3.8. Maximum and minimum values for Hoop Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Stresses in 33 direction

44.818

34.137

5,533
(Awg: 75%)
44,818
43,928
43.038
42,148
41,238
40.368
39.478
a8.587
37.697
36.807
35,917
33.027
34.137

Max: 44,818
Elem: PART-1-1.701
MNode: 2

Mir: 24,137

Elem: PART-1-1.201
Mode: &6

Sl=p: Sl=p-1
E eeeeee L 105 Sl=p Time = 1.000
imary Yar 5, 511

b

ODE: 1lilnew.adn  Abaqus!Slandara £.13-1
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T

S33 (1)

Figure 3.5 Fluctuation colored curve for Hoop stresses in three patis, @D, E-F

Table 3.9. Hoop Stresses along the thickness with units in (MPa), for the three paths from

Abaqus and the Analytical solution

IR

I

Xo

S33 (2)

Abaqus Analytical

S33(central) S33(1) S33(2) thin shells
0.000 41.2786 0 44.8067 0 37.6918 0.000 41.186
0 41.3199| 0.37751 44.3998| 0.376341 37.4576 0 41.186
0.359956 41.0058| 0.377525 44.3998| 0.752686 36.9902| 0.359956 41.186
0.719918 40.3907| 0.755028 43.6157| 1.12903 36.5403| 0.719918 41.186
1.07988 39.8006| 0.755052 43.6156| 1.50538 36.1167 1.07988 41.186
1.43985 39.2342| 1.13255 42.8699| 1.88173 35.7155 1.43985 41.186
1.79982 38.6901| 1.13258 42.8699| 2.25807 35.3374 1.79982 41.186
2.15979 38.1666| 1.51008 42.1469| 2.63442 34.9809 2.15979 41.186
2.1598 38.0863| 1.51011 42.1468| 3.01078 34.6461 2.1598 41.186
251977 37.6626| 1.88761 41.4468| 3.38713 34.3307 2.51977 41.186
251978 37.5717| 1.88764 41.4467| 3.76348 34.1773 251978 41.186
2.87975 37.0748| 2.26515 40.766 2.87975 41.186
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2.87975 37.1769
3.23973 36.7087
3.23973 36.5945
3.59971 36.3585
3.59971 36.4788

2.26518
2.64269
2.64272
3.02024
3.02026
3.39779
3.77534

40.7659

40.103
40.1029
39.4558
39.4557
38.8203
38.5045

2.87975
3.23973
3.23973
3.59971
3.59971

41.186
41.186
41.186
41.186
41.186

Table 3.10. Maximum and minimum values for Shear Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Stresses in 12 direction

0.157

-0.498

5,512
(&g 7S5%)

Max: 0.157
Elermn: PART-1-1.9325
Mode: 1102

Min: -0.498
Elem: PART-1-1.206
Mode: 46

ODE: 11lnew . adl  Abaqus!Slandand 6.173-1 e

v

Sl=p: Sl=p-1
ncimmanl  105: Slep Tima =
may Yan 5, FL2
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Figure 3.6 Fluctuation colored curve for shear stresses in three patBsCAD, E-F

Table 3.11. Shear Stressealong the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus Anal(1}(2)
S12(central) S12(1) S12(2) thin shells
0 -0.0795 0 -0.1560 0 -0.1593 0 1.6038
0 -0.0793| 0.3775 -0.2512| 0.3763 -0.2559 0 1.6038

0.3600 -0.1526| 0.3775 -0.2512| 0.7527 -0.3907| 0.35996 1.38996
0.7199 -0.2899| 0.7550 -0.3832| 1.1290 -0.4555| 0.71992 1.17612
1.0799 -0.3990| 0.7551 -0.3832| 1.5054 -0.4874| 1.07988 0.96228
1.4399 -0.4657| 1.1326 -0.4438| 1.8817 -0.4835| 1.43985 0.74844
1.7998 -0.4871| 1.1326 -0.4438| 2.2581 -0.4482| 1.79982 0.5346
2.1598 -0.4657| 1.5101 -0.4712| 2.6344 -0.3817| 2.15979 0.32076
2.1598 -0.4638| 1.5101 -0.4712| 3.0108 -0.2847 2.1598 0.10692
2.5198 -0.4046| 1.8876 -0.4636| 3.3871 -0.1554| 2.51977 -0.10692
2.5198 -0.4029| 1.8876 -0.4636| 3.7635 -0.0825| 2.51978 -0.32076
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2.87975
2.87975
3.23973
3.23973
3.59971
3.59971

-0.5346
-0.74844
-0.96228
-1.17612
-1.38996

-1.6038

2.8798 -0.3036| 2.2652 -0.4259
2.8798 -0.3050| 2.2652 -0.4259
3.2397 -0.1661| 2.6427 -0.3590
3.2397 -0.1653| 2.6427 -0.3590
3.5997 -0.0863| 3.0202 -0.2656
3.5997 -0.0867| 3.0203 -0.2656

3.3978 -0.1440

3.7753 -0.0757
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Table 3.12. Maximum and minimum values for Mises Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)
295.015 0.060

Stresses Mises

5, Mises

(Avg: 75%) i
295.015 !
270.436
245.856
221.276
195.697
172,117

24.640
0.060
Max: 2095.015
Elem: PART-1-1.710
Mode: 1
Min: 0.060
Elem: PART-1-1.1165
Mode: 1309

ODE: 112new.adb  Abaqus!Clandaid E.11

Slep: Healup
noimmant 1: Clep Time = 1.00D
imary Vau 5, Mizsx ™M

4 lan 1011:12:17 STE Slandaa Time 2D1E
i

ESS.015
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5, Mises

favg: 75%)
295.015
270.436
245.856
221.276
196.697

Max: 295.015
Elem: PART-1-1.710
Node: 1

Mir: 0.060
Elem: PART-1-1.1165
Node: 1309

5.015

ODE: 11Znew.adb  Absdus/Slandaia 6111 Lanaaa Tima 2018

/E‘/
Mises ==

Mises (2) (central)

Figure 3.7 Fluctuationcolored curve for Mises stresses in three pathB, &-D, E-F

Table 3.13. Mises Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus .
; ; - Analytical

Mises(central) Mises(1) Mises(2)

0 42.2086 0 216.776 0 194.507 0 184.8228

0 46.4346| 0.379852 216.88| 0.379632 195.581| 0.360 184.8228

0.362647 66.4739| 0.759836 205.777| 0.759127 186.925| 0.720 184.8228

0.725296 86.0399| 1.13975 189.572| 1.13869 172.792| 1.080 184.8228

1.08795 77.853 1.5197 184.476| 1.51823 167.934| 1.440 184.8228

1.4506 62.0481 1.8996 187.6| 1.89781 169.915| 1.800 184.8228

1.81326 45.5217| 2.27955 194.556| 2.27736 174.923| 2.160 184.8228
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2.17592
2.53858
2.90124
3.26391
3.62658
3.62658

28.205
14.7771
13.5662
15.3892
13.8749
13.7736

2.65944 210.604| 2.65697 187.209| 2.520 184.8228
3.03937 222.15| 3.03655 196.008| 2.880 184.8228
3.41918 248.233| 3.41625 213.919| 3.240 184.8228
3.7988 275.087| 3.79618 232.727| 3.600 184.8228

Table 3.14. Maximum and minimum values for Radial Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)

Strains in 11 direction

167.178 -172.261

5,511

(Bwg: 79%)
167.178
133881
110.605
g2.318
54.032
25,745
-2.941
-30.828
-59.114
-a87.401
-115.687
-143.974
-172.261

Max: 167.178

Node: 839
Min: -172.261

Node: 78

Elem: PART-1-1.709

Elem: PART-1-1.9

Y

L

QCE: 112ne:

Step: Healup
nciamant

an
mary Var:
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Figure 3.8 Fluctuation colored curve for Radial stresses in three patBs,@D, E-F

Table 3.15. Radial Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus Analytical

S11(central) S11(1) S11(2) thin shells thick shells
0.000 -0.1518| 0.000 -104.5900| 0.000 -54.4334| 0.000 0.0000| 0.000 -4.7326
0.000 0.3199| 0.000 60.6415| 0.000 97.1901| 0.360 0.0000| 0.360 -4.2096
0.363 -0.3049| 0.380 88.1384( 0.379 129.080| 0.720 0.0000f 0.720 -3.6866
0.725 -1.5392| 0.760 116.1810| 0.379 129.4710| 1.080 0.0000| 1.080 -3.1636
1.088 -3.3302| 1.140 123.6560| 0.759 154.2960, 1.440 0.0000| 1.440 -2.6406
1.451 -4.9064|1.520 133.9250| 1.138 149.2500, 1.800 0.0000| 1.800 -2.1176
1.813 -5.1098| 1.900 141.5690| 1.518 146.6540, 2.160 0.0000| 2.160 -1.5946
2.176 -4.4381|2.281 150.5750| 1.897 138.5240| 2.520 0.0000| 2.520 -1.0716
2.539 -2.8573|2.661 155.0830| 2.277 130.3380| 2.880 0.0000| 2.880 -0.5486
2.901 -1.5312| 3.041 160.9980| 2.657 118.5730| 3.240 0.0000| 3.240 -0.0256
3.264 -0.4071| 3.421 129.7150| 3.036 107.5420| 3.600 0.0000| 3.600 0.0000
3.627 0.4900| 3.421 129.3100) 3.416  77.3779
3.627 -0.3993| 3.800 91.8471| 3.796  51.0539

3.800 -52.0682| 3.796 -81.1662

Table 3.16. Maximum and minimum values for Axial Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Strains in 22 direction

133.611

-171.936
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-85.549
-121.011
-146.474
-171.936

Max: 133,611
Elem: PART-1-1 211
MNode: 286

Min: -171 936
Elein: PART-1-1.720
Mode: 836

ODE: 112new.adb  Abaquz Slandsl
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Figure 3.9 Fluctuation colored curve for Axial stresses in 3 path8, £-D, E-F

Table 3.17. Axial Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and thénalytical solution

Abaqus thin shells

S22(central) S22(1) S22(2) Analytical
0.000 7.0150 0 66.7907 0 -44.0752| 0.000 O
0.000 20.1426| 0.379852 74.0265| 0.379632 -49.4346| 0.000 O
0.363 15.6086| 0.759836 68.2537| 0.759127 -45.8807| 0.360 O
0.725 7.9475| 1.13975 52.6533| 1.13869 -36.7544| 0.720 O
1.088 3.2000 1.5197 41.5048| 1.51823 -30.8367| 1.080 O
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1.451 0.1572
1.813 -2.5858
2.176 -5.4260
2.539 -7.9488
2.901 -9.2372
3.264 -8.6922

1.8996 24.3342) 1.89781
2.27955 7.7901 2.27736
2.65944  -16.7718| 2.65697
3.03937  -35.3118]| 3.03655
3.41918 -103.9630| 3.41625

3.7988 -170.6060| 3.79618

3.627 -7.8676
3.627 -13.1459

-19.4426| 1.440 O
-8.2540| 1.800 O
9.9302| 2.160 O
22.7223| 2.160 O
76.4487| 2.520 O
130.1840| 2.520 O
2880 0
2.880 0
3.240 O
3.240 O
3.600 O
3.600 O

Table 3.18. Maximum and minimum values for Hoop Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Strains in 33 direction

266.757

-232.057

5, 533

(Aavg: 75%)
266.7357
225.199
122621
142.05<4
100.485
58.918
17.250

Max: 266.757
Elem: PART-1-1.701
Mode: 15

Min: -232.057
Elzm: PART-1-1.209
Mode: 43

O0E: 112Znew.adb

hd

Si=p: Heatup
fgoemery 1:
fmary Va5, 5
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Figure 3.10 Fluctuation colored curve for Hoop stresses in 3 patkB, &D, E-F

Table 3.19. Hoop Stresses along the thickness with units in (MPa), for the three paths from

Abaqus and the Analytical solution

Abaqus thin shells

S33(central) S33(1) S33(2) Analytical
0.000 -3.6921 0 247.549 0 -215.233 0.000 O
0 -2.4588| 0.379852 254.72| 0.379632 -221.771 0 0
0.362647 -4.1399| 0.759836 257.675| 0.759127 -225.644 0.359956 0
0.725296 -7.0612| 1.13975 251.792| 1.13869 -222.48 0.719918 0
1.08795 -9.2549 1.5197 246.272| 1.51823 -219.366 1.07988 0
1.4506 -10.868 1.8996 238.656/ 1.89781 -214.218 1.43985 0
1.81326 -11.969| 2.27955 230.49| 2.27736 -208.431 1.79982 0
217592 -12.816| 2.65944 219.224| 2.65697 -199.81 2.15979 0O
2.53858 -13.264| 3.03937 206.97| 3.03655 -190.332 2.1598 0
2.90124 -13.389| 3.41918 167.331| 3.41625 -157.616 251977 O
3.26391 -13.004 3.7988 133.105| 3.79618 -128.953 2.51978 0
3.62658 -12.542 2.87975 0
3.62658 -8.9666 2.87975 0
3.23973 0
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3.23973 0
3.59971 0
3.59971 0

Table 3.20. Maximum and minimum values for Shear Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Stresses in 12 direction

77.698

-104.803

5, 512

[&wg: 75%)
F7.698
62.490
47.282
32.073

-89.594
-104.2032

Max: 77,698
Elemn: PART-1-1.701
Mode: 15

Min: -104.803

Elem: PART-1-1.2
MNode: 8

OCE: 112new.0dl Abaqus!Slandand 6.13-1 e

s

St=p: Healup
N menl
Tmary Va5
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Figure 3.11 Fluctuation colored curve f@hear stresses in three paths;BA C-D, E-F

Table 3.21. Shear Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus Anal(1)}(2)
S12(central) S12(1) S12(2) thin shells
0 -23.7508 0 47.4200 0 43.0085 0 63.0808
0 -23.8078| 0.3799 58.8710| 0.3796  52.6897 0 55.1957

0.3626 -36.4963| 0.7598 57.4729| 0.7591  49.9501 0.35996 47.3106
0.7253 -49.0748| 1.1398  37.3813| 1.1387  31.0435 0.71992 39.4255
1.0880 -44.5135| 1.5197 23.6722] 15182 18.2711 1.07988 31.5404
1.4506 -35.3914| 1.8996  10.4047| 1.8978 6.0064 1.43985 23.6553
1.8133 -25.8104| 2.2796 -1.0538| 2.2774 -4.5778 1.79982 15.7702

2.1759 -15.5033| 2.6594 -12.6152| 2.6570 -15.1781 2.15979 7.8851
2.5386 -4.5941| 3.0394 -26.3843| 3.0366 -27.9112 2.1598 0.0000
2.9012 4.2250| 3.4192 -23.5002| 3.4163 -25.6163 2.51977 -7.8851
3.2639 6.0343| 3.7988 -13.7390| 3.7962 -16.5948 2.51978 -15.7702
3.6266 4.5368 2.87975 -23.6553
3.6266 4.5842 2.87975 -31.5404
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3.23973 -39.4255
3.23973 -47.3106
3.59971 -55.1957
3.59971 -63.0808

113.z263Uyae RH2U80U@sg¢gdgesUgl Y, dyxvad GUd Ggo

UsU Uiagtes3UUs GU fKoad Ud "~UyUsy Ueg OGrvoes
dUjeegoay UdalU 20AC. jJoafhed, dUxy UaUUs oaUs a
0drvyaesy¥s.

do(mm)| 60.3
A 0.3 Ri(mm) | Hi(mm) | piN/mm”2) | p [ 6 g | wc-I)Ju 9 wr L
RH2 1 28.35 3.6 5.23 506 1.23805 | 179200
2 1.81E05 | 148500

Table 3.22. Maximum and minimum values for Mises Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)

Mises Stress 322.210 6.792

5, Mises

(Bvg: 75%)
322.210
205,925
269.640
243,355
217.071
190,786
164.501
138.216
111831
85.646
599.362
33.077
6,792

Max: 322,210

Elem: PART-1-1.710
Mode: 1
Mir: 6,792

Elem: PART-1-1.41
Mode: 38

0,792

ODE: 111new.0db  Abag) DDz D1 GTE Slandaig Time 2018
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(central)\

=

Figure 3.12 Fluctuation colored curve for Mises stresses in three patBs, @D, E-F

Table 3.23. Mises Stresses along the thickness with units in (MPa), for the three paths from

Abaqus andhe Analytical solution

Abaqus

Mises(central)

0

0
0.362608
0.725219
1.08784
1.45046
1.81308
2.17571
2.53834
2.90098
3.26362
3.62626

56.374
56.2131
74.3821
92.2255
84.8431
70.5034
56.0339
42.5123
33.4809

31.784
31.3855
29.9864

69

Mises(1)

0
0.379809
0.759754

1.13963
1.51954
1.89942
2.27933

2.6592
3.03909
3.41888
3.79848

260.502

258.06
245.167
229.518
223.458

224.65
229.417
242.741
252.553
278.292

304.83

Mises(2)

0
0.379595
0.759052

1.13858
1.51808
1.89763
2.27714
2.65672
3.03628
3.41595
3.79585

158.273
162.009
155.193

140.41
136.547
140.637
147.938
162.883

173.32
190.906
209.399

Analytical

0
0.376341
0.752686

1.12903
1.50538
1.88173
2.25807
2.63442
3.01078
3.38713
3.76348

221.9182
225.7421
229.5659
233.3898
237.2137
241.0375
244.8614
248.6853
252.5091

256.333
260.1569
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Table 3.24. Maximum and minimum values for Radial Stresses, exported from Abaqus

Max value (MPa)

Min value (MPa)

Strains in 1 direction

166.516

-176.393

5,511
(Awg: 75%)

-147.818
-176.393

Max: 166.516
Elem: PART-1-1.709
Node: 899

Min: -176.393
Elemn: PART-1-1.9
Mode: 78

ODE: 11Jnew.adb  Abaqus/Slanda

Siep: Healup
ncemant 1 SepTime = LD
fmang Var: 5. 511

Lanaaia Time 2018

ASaq x5 AR 410 114 W 2418 14100: 01 GTB Sandaa Time 2018

Figure 3.13 Fluctuation colored curve for Radial stresses in three patBs,@\D, E-F

Table 3.25. Radial Stresses along the thickness with units in (MPa&),the three paths from
Abaqus and the Analytical solution

Abaqus |
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S11(central) S11(1) S11(2) thin shells thick shells
0.000 -5.0720| 0.000 33.5929| 0.000 -39.7799| 0.000 0.0000| 0.000 -4.7326
0.000 -4.6006| 0.380 59.7793| 0.380 -63.0354| 0.360 0.0000| 0.360 -4.2096
0.363 -4.9174| 0.760 94.2191| 0.759 -93.0351| 0.720 0.0000| 0.720 -3.6866
0.725 -5.5498| 1.140 108.6960| 1.139 -104.9720| 1.080 0.0000| 1.080 -3.1636
1.088 -6.7651| 1.520 119.6270| 1.518 -113.7400| 1.440 0.0000| 1.440 -2.6406
1.450 -7.7902| 1.899 129.1860| 1.898 -121.0220| 1.800 0.0000| 1.800 -2.1176
1.813 -7.4658| 2.279 135.9230| 2.277 -125.7890| 2.160 0.0000| 2.160 -1.5946
2.176 -6.2873| 2.659 140.0540| 2.657 -128.0200| 2.520 0.0000| 2.520 -1.0716
2.538 -4.2190| 3.039 135.0290| 3.036 -122.2630| 2.880 0.0000| 2.880 -0.5486
2.901 -2.4228| 3.419 89.5686| 3.416 -148.7810| 3.240 0.0000| 3.240 -0.0256
3.264 -0.8444|3.419 11.9610| 3.416 -81.5039| 3.600 0.0000| 3.600 0.0000
3.626 0.2763|3.798 51.7629| 3.796  -46.629
3.626 -0.6147

Table 3.26. Maximum and minimum values for Axial Stresses, exported from Abaqus

Max value

(MPa)

Min value (MPa)

Stresses @2 direction

134.487

-173.309

5, 522
(Avg: 75%)

127.009
147850
173309

Max: 134,487
Elem: PART-1-1.211
MNode: 286
-173.309
Elerm: PART-1-1.720
MNode: 836

fin:

134.487
108.837
83.1587
57.538
31.888
5,229
-19.411
-45.061
-70.710
g6.360

QODE: 11Jnew . 0dlb  Abaqus/Sla

¥

1.

Sl=p: Healup
=
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S22 (1) 522 (2

(central)

Figure 3.14 Fluctuation colored curve fdkxial stresses in three paths;BA C-D, E-F

Table 3.27. Axial Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus thin shells
S22(central) S22(1) S22(2) Analytical
0.000 7.3019 0 67.7569 0 -44.4058 0.000 O
0.000 20.4758| 0.379809  74.8744| 0.379595 -49.7348 0.000 O
0.363 15.9039| 0.759754  68.8903| 0.759052 -46.1305 0.360 O
0.725 8.1680| 1.13963 53.0900| 1.13858 -36.9396 0.720 O
1.088 3.3471| 151954 41.7276| 1.51808 -30.9314 1.080 O
1.450 0.2330| 1.89942 24.3335| 1.89763 -19.4308 1440 O
1.813 -2.5795| 2.27933 7.5484| 2.27714 -8.1138 1.800 O
2.176 -5.4883 2.6592 -17.2768| 2.65672 10.2213 2.160 O
2.538 -8.0803| 3.03909 -36.1056| 3.03628 23.1910 2.160 O
2.901 -9.4401| 3.41888 -105.0870| 3.41595 77.1303 2520 O
3.264 -8.9699| 3.79848 -171.9110{ 3.79585 130.9840 2520 O
3.626 -8.1838 2.880 O
3.626 -13.3605 2.880 O
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3.600
3.600
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Table 3.28. Maximum and minimum values for Hoop Stresses, exported from Abaqus

Max value(MPa) Min value (MPa)

Stresses iB3direction 311.535 -194.317

5,533

(Avg: 75%)
311535
269,381

:152.163
-194.317

Max: 3115325
Elem: PART-1-1701
Node: 15
Min: -134.317 Max: 3L
Elem: PART-1-1200
Node: 43

Min: -194|

ODE: 113new.adl  Abaqus/Slanda

Siep: Healup
ciemenl  1: SlepTme = 1.0
imary Yar: 5, 511

(central)

b Avaqux/Standaid 6431 WEBDan 10440808 ST Siabasia Time 2018 jata 6.13-1 | WaBuan ¥0 44188 [D4-STE Siabasia Time 2015

Figure 3.15 Fluctuation colored curve fdfoopstresses in three paths;BA C-D, E-F

o
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Table 3.29. Hoop Stresses along thehickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus thin shells

S33(central) S33(1) S33(2) Analytical
0.000 37.9603 0 292.717 0 -177.239 0.000 41.563
0 39.1529| 0.379809 299.478| 0.379595 -184.016 0 41563

0.362608 37.152| 0.759754 301.641| 0.759052 -188.365 0.359956 41.563
0.725219 33.603| 1.13963 295.004| 1.13858 -185.658 0.719918 41.563
1.08784 30.8048| 1.51954 288.753| 1.51808 -182.975 1.07988 41.563
1.45046 28.6098| 1.89942 280.43| 1.89763 -178.235 1.43985 41.563
1.81308 26.9479| 2.27933 271.575| 2.27714 -172.833 1.79982 41.563
2.17571  25.56 2.6592 259.639| 2.65672 -164.574 2.15979 41.563
2.53834 24.5904| 3.03909 246.731| 3.03628 -155.437 2.1598 41.563
2.90098 23.9621| 3.41888 206.446| 3.41595 -123.039 2.51977 41.563
3.26362 23.8601| 3.79848 171.896| 3.79585 -94.5282 2.51978 41.563
3.62626 24.0833 2.87975 41.563
3.62626 27.7793 2.87975 41.563

3.23973 41.563
3.23973 41.563
3.59971 41.563
3.59971 41.563

Table 3.30. Maximum and minimum values for Shear Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)

Stresses itt2 direction 133.611 -172.936

5,512
(Awg: 79%)
77411

Max: 77 411
Elem: PART-1-1.701
Mode: 15

Min: -105.074
Elern: PART-1-1.2
Node: &

OCE: 11Inew.0db  AbaqusSlandal 000 Time 2DLE

¥

Step: Helup
nciement i Siep Time = 1.0
imary Yar 5, 512
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S12 (central)

Figure 3.16 Fluctuationcolored curve for Shear stresses in three patts, &D, E-F

Table 3.31. Shear Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

Abaqus Anal(1}(2)
S12(central) S12(1) S12(2) thin shells
0 -23.8441 0  47.2555 0 42.8442 0 63.0339
0 -23.9019| 0.3798 58.6126| 0.3796 52.4268 0 55.1546

0.3626 -36.6644| 0.7598 57.0832| 0.7591 49.5488| 0.35996 47.2754
0.7252 -49.3811| 1.1396 36.9311| 1.1386 30.5748| 0.71992 39.3962
1.0878 -44.9281| 1.5195 23.1955| 1.5181 17.7688| 1.07988 31.5169
1.4505 -35.8709| 1.8994 9.9368| 1.8976 5.5067 1.43985 23.6377
1.8131 -26.3088| 2.2793  -1.4823| 2.2771  -5.0427 1.79982 15.7584
2.1757 -15.9775| 2.6592 -12.9744| 2.6567 -15.5766| 2.15979 7.8792
2.5383  -5.0043| 3.0391 -26.6485| 3.0363 -28.2119 2.1598 0.0000
2.9010 3.9174| 3.4189 -23.6386| 3.4160 -25.7858| 2.51977 -7.8793
3.2636 5.8678| 3.7985 -13.8049| 3.7959 -16.6901| 2.51978 -15.7585
3.6263 4.4507 2.87975 -23.6377
3.6263 4.4975 2.87975 -31.5170
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-39.3962
-47.2755
-55.1547
-63.0339
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do(mm)| 60.3

A 0.3 Ri(mm) | Hi(mm) | piN/mm”~2) | n [ 6 ¢ | wc-Du 9 wr L

L 28.35 3.6 5.23 0 1.23E05

2 1.81E05

179200
148500

RH2

Table 3.32. Maximum and minimum values for Mises Stresses, exported from Abaqus

Max value (MPa) Min value (MPa)

Mises stresses 44.151 14.023

5, Mises
(Bvg: 75%)
44.151 S, Mises
41.640 (Ava: 75%)
39.130 44,151
36.619 41.640
34.108 38,130
31.598 26.619
20,087 24,108
i
23058 26,576
19.044 24.066
16.533 21.555
14.023 10.044
: 18533 Max:
Max: 44,151 14023
Elem: PART-1-1.1 Max: 44,151
MNode: 1 Elem: PART-1-1.1
Min: 14.023 Mode: 1
Elem: PART-1-1.4785 Min: 14,023
Node: 474 Elem: PART-1-1.4783
Mode: 474
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S, Mises

(Awg: 75%)
44,151
41.640
29,120
35.519
24,1028
31.598
29.087

16.532
14.023

Max: 44,151
Elemn: PART-1-1.1
Mode: 1

Min: 14.023
Elermn: PART-1-1.4785
Mode: 474

Figure 3.17 Fluctuation colored curve for Mises stresses in three patBs, @D, E-F

Table 3.33. Mises Stresses along the thickness with units in (MPa), for the three paths from
Abaqus and the Analytical solution

- A.b eiE ; Analytical
Mises(central) Mises(1) Mises(2)
0 41.0226 0 44.112 0 37.8876 0 38.57327
0 41.044| 0.188765 43.8368| 0.18818 37.6314| 0.360  38.2907
0.179974 40.7784| 0.377532 43.278| 0.376363 37.1386| 0.720 38.00814
0.35995 40.253| 0.377548 43.278| 0.564543 36.676| 1.080 37.72557
0.539926 39.7393| 0.566303 42.7123| 0.752726 36.2277| 1.440 37.44301
0.719904 39.2373| 0.566323 42.7122| 0.940908 35.789| 1.800 37.16045
0.719914 39.2373| 0.755072 42.1539| 1.12909 35.3597| 2.160 36.87788
0.899883 38.7464| 0.755098 42.1538| 1.31727 34.9383| 2.520 36.59532
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