THREE-DIMENSIONAL PROBLEM OF THE THEORY OF ELASTICITY
STRESS IN A THICK-WALLED PRESSURE VESSEL

1. INTRODUCTION

Three-dimensional problem of the theory of elasticity includes an elastic body with defined
kinematic or static boundary conditions and the mass forces acting inside. The analytical solution is
known only for simple cases. In general, numerical methods are the only way to solve such tasks.
Numerical solution of the problem by using FEM requires a three-dimensional spatial discretization
with a solid three-dimensional finite elements.

2. PROBLEM DESCRIPTION
The goal of analysis is to determine stress distribution inside a pressure vessel made of steel which

is a part of hydraulic installation. The vessel is loaded with internal pressure p. The vessel is
attached by two flanges. The other two nozzles are free of displacements.

Data: p=50MPa, E=2-10° MPa, v=0.3
Geometric data (in millimeters) are presented below:
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3. TYPICAL COURSE OF NUMERICAL ANALYSIS

Taking into consideration the triple symmetry (xz, yz and zx planes), the model includes only %4
part of the vessel. Convenient units are: mm, N and MPa.

3.1. Preprocessor
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3. Create areas through Keypoints
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4. Create Keypoints in active Coordinate System (on axis of revolution - Y)

Preprocessor> Modeling>Create>Keypoint> In Active CS: X=0, Y=200
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6. Create % of cylinder: ‘
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8. Overlap Volumes: Preprocessor>Modeling>Operate> Booleans>Overlap>Volumes: All |
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9. Delete unnecessary VVolumes:_Preprocessor>Modeling>Delete> VVolumes and Below
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10. Select Element types: Preprocessor>Element Type>Add> (SOLID186 or SOLID185)
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11. Define Material Properties: Preprocessor>Material Props>Material Models:
Structural/Linear/Elastic/lIsotropic: EX=2e5MPa, PRXY=0.3
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12. Define global element size:
Preprocessor>Meshing> Meshing Tool> Size Controls>Global
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13. Mesh Volumes:_Preprocessor>Meshing>
Meshing Tool> Mesh>Volumes/Hex/Sweep
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3.2. Solution

Define boundary conditions:

14. Define Symmetry B.C. on Areas:
Solution>Define Loads> Apply>Structural>Displacement> Symmetry BC>0n Areas
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15. Define pressure on internal Areas:
Solution>Define Loads> Apply>Structural>Pressure>On Areas
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16. Define negative pressure on nozzle and flange areas:
Solution>Define Loads> Apply>Structural>Pressure>On Areas
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18. Couple DOFs (UZ)_on the sticking surface of the flange:
Preprocessor>Coupling / Cegn> Couple DOFs
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ATTENTION: Steps 17 and 18

should be performed for each model !!!

| 20. Solve linear problem: Solution>Solve>Current LS

| 21. Save database with a unique name: Model_1.db
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Exit ...
B DET CUUPIET SETS
B Constraint Eqn
B Gen w/Same DOF
& Modify ConstrEqn
B Adjacent Regions =
& Shell/Solid Interface
ZRigid Region




3.3. General postprocessor

Show the results as contour maps:

Show total displacements (USUM), Von Mises stress (SEQV) and stress components (SX, SY) in

global cylindrical system related to cylindrical part of the model.

22. Plot Total displacements (USUM)

ANSYS Main Menu ®
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— Undisplaced shape key

Undisplaced shape key |Deformed shape with undeformed edgej

Scale Factor Auto Calculated j|72.8288215323

Additional Options

@|

QK | Apply | Cancel | Help |

23. Plot Von Mises stress (SEQV)

.037727

.147959

.2581%

.368422

.478654

.588885

.699117

.809349

.91958
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24. Select global cylindrical CS for results presentation:

ANSYS Main Menu 3|

|
= General Postproc
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25. Plot radial stresses in global cylindrical CS (RSYS=1)

ANSYS Main Menu 3|
a General Postproc -
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Cancel

Help

ROM Operations

m Qubhmnrdelinn

& Write Results H ‘

26. Plot hoop stress in global cylindrical CS (RSYS=1)
@

ANSYS Main Menu
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-[[72.8288215323

Surface Operatic

Load Case Additional Options

e

Check Elem Sha) 0K

Apply |
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27. Define path AB along wall thickness and map radial and hoop stresses on it: \

Main Menu
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= General Postproc
& Data & File Opts
B Results Summary
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Failure Criteria
Plot Results
List Results
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& Options for Outp
& Results Viewer
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€% ngets Number of data sets
Max:
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XY-shear  SXY
YZ-shear SYZ

X-drection  5X

‘Show path on display

[/PBC] Show boundary condition symbol

Cancel Help
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28. Plot graphs of radial and hoop stresses along path AB:

ANSYS Main Menu

@

= General Postproc
= Data & File Opts

Read Results
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Plot Results

List Results
Query Results
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E Write |
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B Path Range
B Linearized Strs
B List Linearized
HAdd

5 0n Geometry
B List Path Items

.485

.798

.081

40
20

29. List radial and hoop stresses along path AB:

ANSYS Main Menu
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& Data & File Opts
B Results Summary
Read Results
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List Results
= Query Results
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\
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS: ©
242.75 [~=nw| "o PATH UARTABLE SUMMARY soscws
214.466 s % sy
e ©.8000 -40.081 24275
x| 10.000 -38.556 236.39
20.000 -37.030 230.04
30.000 -35.505 223.68
40.000 -33.980 217.33
50.000 -32.455 210.97
60.000 -29.781 206.59
70.000 -27.108 202.20
80.000 -24.434 197.81
90.000 -21.760 193.42
100.00 -19.087 189.03
110.00 -16.993 185.32
120.00 -14.899 181.61
16.485 130.00 -12.805 177.91
140.00 -10.711 174.20
-11.798 150.00 -§.6172 170.49
160.00 -7.6716 166.78
-40.081 be=e=s|  170.00 -6.72861 163.07
0 180.00 -5.7805 159.36
7 190.00 -4.8350 155.64
208.00 -3.8894 151.93
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\ 30. Define path CD along wall thickness and map radial and hoop stresses on it:

ANSYS Main Menu @)

=
3 Preferences L&l [PDEF] Map Result ems onto Path

= Preprocessor Lab  User label for tem

= Solution

2 General Postproc Item,Comp Item to be mapped
= Data & File Opts
= Results Summary
@ Read Results

@ Failure Criteria

@ Plot Results

@ List Results

= Query Results

= Options for Outp
@ Results Viewer

= Write PGR File L
@ Nodal Calcs

@ Element Table
& Path Qperations  © -

@ Pick  Unpick

]
= By Location
= Path Status  Minimw nSets Numbg
= Modify Path
@ Path Option:
@ Delete Path

[=lPlot Paths|

=Tap onto Patiyl

@ em
B Linearized Strs =] aemv

B List Linearized e .
pick aiL|  mexp

\ 31. Plot graphs of radial and hoop stresses along path CD: \

ANSYS Main Menu 3|
& Preferences 3 POSTL
Prepr_ocessor STEP=1
Solution SUB =1
a General Postproc TIME=1
= Data & File Opts PATH PLOT
B Results Summary NOD1=1785
Read Results NOD2=908 213.917
Faili== Soee e
Pro | 12005
List [PLPATH] Path Piot on Graph
Que Lab1-6 Path items to be graphed 162.557
= Opti 137.476
= Res|
= Writ 111.995
Nod
Elen ok | Apply_| Ers= ge-s1
= Path 61.033
Define Path
Delete Path 35552
B Plot Paths 10.071
B Recall Path
= Map onto Path -15.41
& Plot Path Item
B -40.891
= On Geometry 0 10 80 120 160 200
& List Path Items # & DTST e e

B Path Range

32. List radial and hoop stresses along path CD:

ANSYS Main Menu @
a General Postproc | I - x|
B Data & File Opts 2
B Results Summary STEP=1
Read Results SUB =1 PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSVS:
- - . = ]
Failure Criteria Eﬁlﬁ 113LOT
Plot Results NOD1=1770 oo PATH UARIABLE SUMMARY soexodx
List Results NOD2=902 192.004
Query Results SX I——— [} zeea qu§73 17?39
= oot e . 52, -
B Pesults Viewer E | e | wese s
esults viewer [PRPATH] List Path Data 20.000 -39.527 175.26
& Write PGR File Lob1.6 Path fems to be ed 30.000 -38.154 175.75
Nodal Calcs ems o 40.000 -36.781 176.23
Element Table 50.000 -35.409 176.71
; 60.000 -32.814 177.81
° Pag‘ ?pe':t't;"s 70.000 -30.220 178.91
Dellr:e Path 80.000 -27.625 180.01
elete Pa - 90.0600 -25.031 181.10
B Plot Paths o] sey_| Cancel Heb | 106.00 -22.436 182.20
= Recall Path 110.00 -20.091 183.36
B Map onto Path 28.011 120.00 a1t ERH
Plot Path It 120.00 -15.402 185.68
B Flot Fath ltem 140.00 -13.057 186.84
& On Graph 4.583 150.00 -10.712 188.00
B 0n Geometry 160.00 -9.5836 188.80
st Path Items| T18.845 170.00 -8.455Y 189.60
el jma | T e
H Linearized Strs 0 200.00 -5.0708 192.00
B List Linearized 2
m Add




SCL nomal to
maximum
stress

SCL normal to
mid-surface

(a) Example of SCL Orientation

Stress C Line Ori

Monotonically|
increasing or
decreasing

example

Non-monotonic
example

(b) Hoop and Meridional Stress
Conditions

and Validity

C ion of

and Bending

Stresses

by the Stress Integration Method Using the Results

from a Finite Element Model with Continuum Elements

33. Define path EF along wall thickness for equivalent stress linearization:

ANSYS Main Menu a| -
Preferences -'
Preprocessor
Solution (@ Pick ¢ Unpick
e General Postproc @ Single € Box
HData & File Opts € Polyemn () giroie
B Results Summary € Loop
Read Results
Failure Criteria goune = 8
Plot Results —
List Results e ———
Query Results
5 Options for Outp O s e e

= Results Viewer
= Write PGR File
Nodal Calcs
Element Table
e Path Operations
o Define Path
1By Nodes|
2 On Working Plane
=By Location

(" Min, Max, Inc

——

-
Reset Cancel
Biclk LIl Help

r

o Preferences

= Results Summary
& Read Results

& Plot F [psecT] path ot of Lineartzed Stresses
@ List R gem,comp

2 QUery  sres e to be Inearied

B Optio

& Failur A e

ELEMENTS
® Preprocessor
& Solution FATH
B General Postproc
= Data & File Opts

B Resu] For axsymmetrc modes

B Write RHO Avg radius of curvature

= Nodal gg sgnore bending stresses?

® Eleme

e Path |
= Del

o | v | ona | v |

L]

I Mo

& Dek

= Plot Paths

B Recall Path

= Map onto Path
& Plot Path Item
[=]Linearized Strs|
dList Linearized

34. Linearization of equivalent stress along path EF

Max Membrane+ Bending

SEQV
646,965
550.878
534.7
478.702
422.614
366.526
310.438

POST1

SECTICN PLOT
NOD1=1611
NOD2=941
SEQV

MEM+BEND
TOTAL

254.35

198.262

142.174

86.086

35. List linearized equivalent stress along path EF

28.234

56.568
84.852

113.136

141.42
DIST

169.704

226.272 282.843
197.988 254.556

ANSYS Main Menu @ _
2 Preferences | .
Preprocessor
Solution STEP=1 1 -9.420 236.7 -26.70 5.378 -21.04 -4.106
SUB =1 ¢ ©e.000 0.000 0.008 0.000 ©.000 0.000
s General Postproc TIME=1 0 9420 -236.7 26.70 -5.378 21 04 4106
B Data & File Opts SECTION PLOT st 52 s3 SINT SEQU
B Results Summary NOD1=1611 1 238.5 -8.861 -29.06 267.6 258.1
Read Results NOD2=941 a6 565 c 0.000 0.000 0.000 0.000 0.000
Failure Criteria ’ l\ 0 29.06 8.861 -238.5 267.6 258.1
Plot Resugs —" MEMBRANE PLUS BENDING I=INSIDE C=CENTER 0:QUTSIDE
List ke NETETEENENNN—— sx v z
Query | [PRSECT] Lit Linearized Stresses 1 -24.86 547.3 28.55 14,10 -32.72 -5.460
B Option: ror axisymmetric models C -15.44 310.8 55.25 8.718 -11.68 -1.355
BReSUIts o Avgradusof curvaure I o -so18 73.87 81.94 3.340 9.359 2.751
= Write P 1 su9.7 22289 2;362 b 5
- KBR Ignore bending stresses? - - T3
@ Nodal ¢ i C sie 54.72 -15.69
Elemen 0, 88.28 67.73
e Path Q)
Defir oK Aoy | concel | felp x PEAK 0 €=CENTER 0:0UTSIDE
' sz svz sxz
@ Dele 9.750 4,458 -10.77 4674
n:"’t ;“;hfh | . -1.855 -2.270 4,782 -4.215
HRecall Pal . . . 3.274 2.650 -7.251 6.094
B Map onto Path Max Membrane + Bending =" s1 $2 $3 SINT SEQU
a2 Plot Path ltem 1 103.9 12.68 2.120 101.8 96. 94|
ol ¢ 3.252 -5.665 -40.61 43.86 48.16
SLinearized Strs HG-OEGI— 0 60.32 8.974 -3.788 64.11 58.78

zlList Linearized|

= A

o 56.
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4. INTERPRETATION OF THE RESULTS. TASKS TO BE DONE

Compare results of the models built with the same mesh density (ESIZE parameter see p.12) using:

a) 20-noded elements (Solid1865) using ‘sweepping” HEX/WEDGE option (Model 1),
b) 8-noded elements (Solid185) using ‘sweepping” HEX/WEDGE option (Model 2),
c) 8-noded elements (Solid185) using ‘free meshing” TETRA option (Model 3).

Put the results in the table for each model:

No. of nodes, No. of elements, USUMmax, SEQVmax, SX rsvs-1, SY rsvs-1 for points: A,B,C i D and
maximum Membrane and Bending SEQV stress on path EF (step 35).

Discuss the results.

Model 1
Solid186
Hex/Wed

Model 2
Solid185
Hex/Wed

Model 3
Solid185
Free

No. of nodes

No. of elements

USUMmax

SEQVmax

SXArsys=1

SYARsvys=1

SXB rsys=1

SYBRrsys=1

SXC rsys=1

SYCRrsys=1

SXP rsys=1

SYP rsys=1

Max Membrane +
Bending stress

Plots needed (should be archived during program
session for each model) :

1) FE mesh

2) USUM(x,y)

3) SEQV(x.Y)

4) SX(X,¥)rsvs=1

5) SY(X,y) rsys=1

6) Graph: SX(X,Y)rsys=11 SY(X,y) rsvys=1 0n path AB
7) Graph: SX(X,Y)rsvs=1i SY(X,Y) rsys=1 0n path CD
8) Graph of linearized SEQV on path EF

Raport finalny:

Final report:

1) Introduction

2) Assumptions for the modeling

3) model description

(solid model, mesh, boundary cond. and loads)
4) Results

5) Results in the Table

6) Discursion

7) Conclusion

from Lame theorem (for inside pressure):

Pq - @ b? Do - @2 b?

Urzbz_az'(l_r_z) Ut=bz_az'( +r_2)
or(a) =
O-t(a) =
or(b)=
or(b) =
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