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TWO-DIMENSIONAL PROBLEM OF THE THEORY OF ELASTICITY.
INVESTIGATION OF STRESS CONCENTRATION FACTORS.

1. INTRODUCTION

Two-dimensional problem of the theory of elasticity is a particular case of the 3-D problem.
This problem can be solved as a plane elastic region with known boundary conditions (static
or kinematic) and mass forces acting inside. The analytical solutions are known only for some
simple cases as:

¢ thin plate of any shape in plane stress conditions (Plane stress)

e prismatic solid with assumed zero displacements in perpendicular direction to the

section area (Plane strain)
¢ Dbody of revolution loaded axis-symmetrically (Axial symmetry)

Each of these problems can be solved by using Finite Element Method. The discretization
encloses plane representative region of the object. It should be remembered that the finite
elements used in analysis have to correspond to Hooke’s law formulation adequate to plane
stress, plane strain or axis-symmetry type of problem.

2. PROBLEM DESCRIPTION

The work task is to analyze stress distribution in a thin plate made of aluminum alloy. The
plate has oval opening and is subjected to uniform tensile stress applied on upper and lower
edges (Fig.1). The numerical values of the stress concentration factors obtained from FEM-
analysis should be compared with analytical values taken from the literature.

Data: 1°
| —first personal parameter EttttttttttD
N — second personal parameter
P = (10000 + 1*100) = ............ IN]
a=(100+N)=............... [mm] F C
ri=(100+N) = ............... [mmj El-ﬁA ____________________ B Fﬁ ‘‘‘‘‘ -
r2=(50+l) =............. [mm]
M = 800 [mm] 8 h -2
h =300 [mm]
O=1[mm] (thickness)
E = 7-10* [MPa] v bbbl
v=0.32 e

The task should compare the results obtained for different
mesh densities (influence of discretization) and different
types of finite elements (influence of approximation inside

the element - shape function). Fig.L. The notched plate
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3. TYPICAL COURSE OF NUMERICAL ANALYSIS

Taken into consideration that both load and shape of the plate are symmetrical, the model
includes only a half part of the plate. Convenient units are: mm, N and MPa.

3.1. Preprocessor

The construction of the solid model will be carried out using the Up_bottom technique, i.e.

the so-called primitives:

a) Create the rectangle (h+2*a) wide and M/2 mm high:

Main Menu
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= Modeling
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Keypoints
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[=]By Dimensions,
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[RECTNG] Create Rectangle by Dimensio ns
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b) Create a circle r1 in radius:
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= Modeling
B Create
Keypoints
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[
OK Apply
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d) Move WorkPlane right by (h+a+r2) and make a circle of radius rz:

Eile Select List Plot PlotCtr

WorkPlane,

arameters Macro MepuCtris Help

5 Modeling
B Create

Toolbar
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WP Settings
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B Preprocessor
Element Type
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Create
Move | Modify
Copy

Cyclic Sector
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B Update Geom

& Nimharing Ctrle

e) Create a rectangle a by r2:
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Change Display CS to
Local Coordinate Systems *

Keypoints +
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THETAT Starting angle (degrees)
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[RECTNG] Create Rectangle by Dimensions

f) Add a circle and a rectangle together, and then subtract the resulting figure from the

previously built area:
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Material Props
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g) Draw the area lines:

Main Menu
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Chose the element type (eight node PLANE183 or four node PLANE182) and plane stress

behaviour (Plane stress):
ATTENTION: for Solid 182 choose ,, Enchanced strain

Main Menu I\ Element Types
& Preferences
B Preprocessor

= Element Type

=zgAdd/Edit/Deleig
ke
= Add DOF
B Remove DOFs
B Elem Tech Conti
Real Constants
Material Props
Sections
Modeling
Meshing

@m Charkinm Cirle

Defined Element Types:

Library of Element Types
Add...

Close

N

Element type reference number

OK Apply

$2]

f“ Library of Element Types

Structural Mass

Link

20node 186
concret 65

8 node 183

Help

Choosing element type

Main Menu
B Preferences
e Preprocessor
= Element Type

m Element Types

Defined Element Types: fA) PLANE183 element type options

Add/Edit/Delete] Options for PLANE183, Element Type Ref. No. 1
Switch Elem Typ Element shape KL
ga:gng\gl:nops Add. . C+ Eement behavior K3

& Elem Tech Conti T e —— ‘6

Real Constants
Material Props
Sections
Modeling
Meshing

Close

OK

(NOTE: Mixed formulation is nWh plane stress)

x|

Quadriateral hd
LPlane stress

Axisymmetric
Plane strain

Plane strs w/thk
Genrl plane strn

Help

Cancel

Setting element options

Define elastic isotropic model of the material by the two constants: Young modulus (EX) and

Poisson ratio (PRXY):

Temperature Units

oV A
5] Change M Linear Isotropic Properties for Material Number 1 il

Failure Cri

B Write to Fi Linear Isotropic Material Properties for Material Number 1
Read from

= Sections T1

Modeling

Meshing Temperatures

Checking Ctr EX 7e4

Numbering C | PRXY .39

Archive Mod

Coupling / C¢. Add Temperaturel Delete Temperatury Graph
FLOTRAN Se A
= Multi-field Se oK Cancsl Help

& Preprocessor 1
Element Type =1alx]
Real Constants Materid  Edit Favorite Help
= Material Props Material Models Defined Material Models Available
Material Library _ .
Y Material Model Number[Sl Favorites =

Electromag Units & Structural
=[Material Models # Linear
lw. 8 Elastic

8
@ Orthotropic
@ Anisotropic
onlinear
ensity
hermal Expansion

o

@ | nade

Fig. 15. Defining material properties
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Determination of discretization density:

In the example, we define division densities on successive outer lines of the analyzed area.

FYANSYS University Aduanc

File Select List Plot PlotChrls i

MeshTool
i
— Element Attributes:

EETTEEER]

B

The density of the mesh should be the
highest in the vicinity of the notches. The

Edge length of the elements should be
less than there 1/10 of the notch radius:

Global hd Set
ANSYS Toolbar —I
‘ 5AVE7DB| RESUMiDﬂl QUIT | POWRGE T Smart Size
4 »
ANSYS Main Menu @) ?!\e 5 Coarse_l
& Preferences =]
B Preprocessor Size Controls:
Element Type
Real Constants A Glabal Set Clear
Material Props
A
Sections teas B ﬂl
Modeling
B Meshing Al Lines [Cset | Dok
LLALLCI Copy Fip
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Mesher Opts Layer Set Clear
Concatenate
Mesh | Keypts Set Clear

Modify Mesh

Check Mesh

Clear
Checking Ctrls
Numbering Ctris
Archive Madel
Coupling / Ceqn
FLOTRAN Set Up

Shape: O Tii & Quad

@ Free " Mapped © Svizen

M Meshe [Careas =

You can select the type of mesh discretization

FSI Set Up 3 o & siced -
MultiField Set Up
Loads
Pl | = =
Path Operations d

|

Pick @ menu item or enter an ANS

and the shapes of the elements

I— ; >\ You can refine the mesh

Fig. 2. Determining the parameters for controlling the mesh density

You can control the direction of density on the

lines using SPACE parameter.

Podziatl na elementy skonczone (np. free meshing).

3.2. Solution — solver module

Fig. 4. Finite element mesh in the shield area

Determination of the support conditions:

a) condition of symmetry on the line connecting the bottoms of the notches (taking away the
freedom of displacement in the y direction),

ANSYS Main Menu

6]

B preferences
Preprocessor
B Solution
Analysis Type
B Define Loads
Settings
B Apply
8 Structural
3 Displacement
21 0n Lines
Z10n Areas
21 On Keypoints
21 0n Nodes
A D Nede

A ...with Area

ents

Fig. 5. Determination of symmetry conditions on lines
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b) additionally, the possibility of displacement in the x direction of any selected node must
be denied (you can enter this condition directly into a node or Keypoint).
Apply the surface load as negative pressure on line ED:

ANSYS Main Menu &

preferences

Preprocessor
= - * H Solution
p P/(h+2 a)/ 6 [M Pa] Analysis Type
[ Define Loads
Settings
B Apply
8 Structural
Displacement
Force/ Moment
H - - T Hressure
Fig. 6. Applying load at line Balon ines|

24 On Areas

Starting calculations. Zonodes
Before starting the calculation process, it is worth saving the database. This can be done with
the SAVE command in the window ANSYS Toolbar (see p. 3.2.1).
Run calculations with the command: Solve > Current Ls.

PRES-NORM [

20
ANSYS Toolbar

| SAVEiDﬁl RESUMiDBIM POWRGRF’Hl
L

AMSYS Main Menu &3]

I /STATUS Command

E Preferences File
Preprocessor
B Solution SOLUTION OFTIONS
Analysis Type PROBLEH DINENSTONALITY, -0
Define Loads DEGREES OF FREEDON, . . . . 0% wv """
Load Step Opts BHALYSIS TWE . o oo we e v STATIC (STEADY-STHTES
Results fracking liVSolve Current Load Step
Results Iracking M Solve Current Load Step x|
e TN LOAD [SOLYWE] Begin Solution of Current Load Stey
D e ’ °
A1 kg

partial Solu ggp I}awaw the summary"inﬁjrmatiun in the lister window (;ntitled

Adaptive Mesh pRR S TATUS Command"), then press AW start the solution,
FSI Set Up
MultiField Set Up I R |
ADAMS Connection H
Diagnostics

Cancel | Heb | b «

Rys. 7. Uruchomienie procesu rozwigzania

3.3. General postprocessor

Presentation of results in the form of contour maps.
a) Plot the stress distribution in Y direction (SY):

ANSYS Main Menu e~ || =
Preforonces I Contour Nodal Solution Data

Preprocessor [PLMSOL] Contour Modal Solution Data

Solution

Item,Comp  Item to be contoured

= | [*-direction Sx

E General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
& Plot Results

Deformed Shape
E Conto Plo
KUND Ttems o be platted
Elgmeﬁlhle & Def shape only
B Line Elem Res

" Def + undeformed

Fig. 8. Running the command to draw the SY component map of the state of stress

b) Show the plot of Von Mises stresses (von Mises SEQV).

Fig. 9. Distribution of Von Mises stress
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Saving displayed plot to graphics file:

Each plot displayed in GUI Window can be copied to the graphics file

o o )
D| = &l @| &| &| || PanZoom Rotate ...

File Select List

Toolbar

SAVE_DB| RESUm_C  Numbering ...

Main Menu

= Preferences

® Preprocessor

@ Solution

= General Postproc
= TimeHist Postpro
= ROM Tool

@ Radiation Opt

= Session Editor

= Finish

Best Qu

Delete Segments

grkPlane Param{/\ Redirect Plots to PNG
Vector Mode (wireframe) - o
View Settings Compression
& Compressed
Uncompressed
Symbols ... Speed/Compress Level Dot
2 Cremsion
Font Controls =
Window Controls Vertial
Erase Options Coler .
Animate Monochromatic
Annotation Test mode
. . @ Bitmaps
Ds St
P Line strokes
Redirect Plots The following forces background to white / foregrgmd TG
ald o] - and Black FG
—To GRPH File ... [— “
Save Pk| ToPSCRFile .. [
Restore | To HPGL File .. Plot upen OK/appyt [Replat/Close
ResetP| ToHPGL2 File ...
To JPEG File ...
Capture .
Reslo;g
Write MY —rm o =]
Multi-Plc| To Screen
Multi-Wi

To Segment Memory ..
=M | Segment Status I

Fig. 10. Saving graphic files

Diagrams are used to present stress (components: SX, SY and SEQV) along the plane of

symmetry:

a) Choose the path, where the argument s (distance) will be measured, by picking two
nodes A i B):

ANSYS Main Manu @|

Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts
E Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp
Results Viewer
write PGR File
Nodal Calcs
Element Table
& Path Operations

n Working Plane
B Do | Aacatinn

Path name

il

I\\By Nodes
[PATH] Define Path specifications

MNare Define Path Mame :
nSets  Murnber of data sets a0

nDiv  Number of divisions < a0 i

OK Cancel |

Fig 11. Defining path and path options

b) Choose needed function: SX(s), SY(s), SEQV(s). Each function can be named
separately (as User label for item), but this field does not need to be filled:

ANSYS Main Meru

Sl - AR W

B Preferences
Preprocessor
Solution
& General Postproc
[ Data & File Opts
B Results Summary
Read Results
ilure Criteria
ot Results
List Results
Query Results
[ Options for Outp
B Results Yiewer
B write PGR File
Nodal Calcs
Element Table
B Path Operations
Define Path
Delete Path

B plot Paths

E Recall Path
= Rvian onto Pathi

mMap Result Ttems onto Path x|
[FDEF] Map Result Items onto Path
Lab User label for item

Itern,Comp Itern to be mapped

O
D0f-shear  SXY
VZ-shear  SYZ =

Strain-plastic ;I Y-direction SV

[AWPRIN] EFFNU for EQV strain

Average results across elernent W Yes
[/PBC] Show boundary condition symbal
Show path on display I~ Mo

Fig. 12. Mapping stress function onto path
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¢) Plotting the diagram of chosen functions.
The scale of axes or lines colors can be changed in Utility Menu (Plot
Ctrls>Style>Graphs).

ANSYS Main Menu

B Preferences

Preprocessor

Solution

& General Postproc X
Data & File Opts sY
Results Summary

Read Results 62.048

Failure Criteria

ot Results 54.75

List Results

Query Results
I:lptiu"ll'ls far Outp I\Plot of Path Items on Graph x|
Results Viewer [PLPATH] Path Plat on Graph

Write PGR File ;
Nodal Calcs Lah1-6 Path items to be graphed

Element Table

= Path Operations
Define Path
Delete Path
B Plot Paths
& Recall Path
B Map-ontaPath

B Plot Path Item
B

oK Apply Cancel | Help | [ 12 18 24¢

Fig. 13. Plotting path items on a graph

4. INTERPRETATION OF THE RESULTS. TASKS TO BE DONE

Compare results for:
a) Different mesh densities (discretisation influence):
- about 150 elements (Mesh 1),
- about 400 elements (Mesh 2),
- about 1500 elements (Mesh 3),
b) Different elemen types (aproximation influence)
- 8noded elements (Plane 183).
- 4 noded elements (Plane 182),

Put the results into a Table:

Number of nodes NN, number of elements NE, UY max, SYmax", SYmaxt, SXA, SXB, SEQVmax, arem®, arem®, ar?,
B .

ar®, where:

SYmax, SYmax® — Maximum normal stress in Y at point A and B,

SXA, SXB — Stress in X at point A and B,

are® = SYma® / om— stress concentration factor at the left notche (punkt A),

are® = SYmal / om— stress concentration factor at the right notche (punkt B),

om = Pl(b-2a)/d — Mean normal stress in the symmetry plane,

at®, ar® — Theoretical values of stress concentration factors taken from the literature.

Discuss the results.
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Imie i NazwisSko: ..........cc.cciiieiee e e e e e

p
1= (first personal parameter) l -
N= (second personal parameter) Efttt+t4¢44¢0D
p=(10000 + 1*100) = ........... [N]
a=(100+N) =............... [mm] c
ri=(1004N) = ... [mm] | DAL B o
r2=(50+l) =............. [mm] h a
M =800 [mm]
h =300 [mm]
O=1[mm] (thickness)
E=7-10° [MPa] ¢$¢¢£}¢¢¢¢
v=0.32 1 P
8 noded elements (PLANE183) 4 noded elements (PLANE182)
Mesh 1 Mesh 2 Mesh 3 Mesh 1 Mesh 2 Mesh 3
No. of nodes
No. of elements
UYmax
SYmaXA
SYmaXB
SXA
SXB
SEQVmax
are
areB
Final report:
ow = P/(b-2a)/6= Plots 1) FE mesh. 1) Introduction
needed > 2) UY(xy) 2) Assumptions for the modeling
A (should be 3) SY(x.y) 3) model description (solid model,
ar= archived 4) SX(x.y) mesh, boundary cond. and loads)
during program | 5) SEQV(x,y) 4) Results
arB= session) 6) Graph:SY(s) ,SX(s),SEQV(s) | 2) Results in the Table
6) Discursion
7) Conclusion

Conclusion:
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