Fall 2000 - BEIMEAM 455

Modulel:

Two-dimensional linear elasticity

« gpplication notes and tutorial

* Problems
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selected excerpts from Read Mefile for:

ElemFin 1.1.1

Yannick CALLAUD in Symantec C++.
1 place of Falleron, 44300 NANTES FRANCE, Email: yc16@calva.net

1/ Introduction :
ElemFin is acalculation programme of the structures based on the finite element method.
(It appears based on the various assumptions of linear elasticity).

It makes it possible to solve plane problems with elements:
- bars.
- beams.
- triangulated plates.

ElemFin alows the calculation of:
- displacements of each nodes.
- reactions to the supports.
- stressin each element.

2/ Some provided examples:
a/ Bars2D : (Recall Cagtigliano's Theorem)

3(0,400)

f

2(400,200)

F=100H

b/Bars3D:

2(0,400,-200)

1(0,400,200)
3(400,200,0)

F=100H
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c/Beams?2D :

y 2(1000,0)

b

1(0,0)
F=100HN

d/ Stressesplane: with fully constrained nodes 1,2,3

?1?'1 4 g 10 1% F=100H
!

1

Note: the el ements must be described by indicating the numbers of the nodes
in the trigonometrical direction (direction reverses with the needles of awatch).

e/ Plane Deformations:
(similar to plane stresses)
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3/ Screens:

a/ Theprincipal screen:

Edit datas Type of problem reated

| e
Bars 2D - Checking datas

Y L~ Launching of calculation

Nodes number 3 [ Edit |[verif.)[Computi]]
Elements number |3 | Edit | [Deplacements|
Forces number |1 | Edit || Stresses | Display of the results
Reactions number |2 | Edit || Reactions |

Graphic view | Datas || Result |
400.6 00| R L.,
Nodes ¥ y =TT Field for edition of a cell
1 0.000
2 E "T?hble?g: fEhe dala
- the edition of the da
3 400.000 - the display of the results
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e/ Characteristics of the Plates :

Characteristics of the Plates :

Young modulus : Z0088.0848

Poisson coef. : A.288

Thickness 1.888

Y oung modulus: longitudinal modulus of elasticity of material employed, it isoften caled ' E'.
Poisson coefficient : negative ratio of transverse and longitudinal strains v = - gy / ex.

Thickness: thickness of the plate or the dlice considered.
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f / Preferences:

Freferences

[« Checking of the data before calculation

Graphic view :

[ Display of the numbers of the nodes

[ Display of the numbers of the elements
[ Display of external forces

[ Display of the supports

[« Display initial structure

Multiplying coefficient || EE
|Eﬂncell | 0K I

Checking of the data before calculation: The program checks the coherence of the data
before undertaking calculation. Examples might include inconsistent mesh numbering etc.
Display of the numbers of the nodes: the numbers of the nodes are showed near the
nodes of the structure.
Display of the numbers of the elements: the numbers of the e ements are showed near
the bars or in the triangles representatives the el ements of the structure.
Display of external forces: the forces are represented by vectors.
Display of the supports: the supports are symbolized with the nodes where they are applied.
Display initial structure: The structurein initial position is represented in
grayed during the graphic display of the results.
Multiplying coefficient: To represent the deformed structure it is necessary to

amplify the deformations so that they are visible and not infinitesimal.
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g/ Thecodescolors:

Colors

Colors definition of the elements according to
the level of stress (criterion of vonMises):

Red beyond
Yellow beyond 5.080
Green hegﬁmd Z2.8808

Blue beyond 1.888
Purple from 8 until blue

|Hnnu|er| | 1] 4 I

The elements are drawn in the color corresponding to the level of the internal stresses. The
program calculation the vonMises (maximum principal) stress and then selected the adequate
color. Inthisexample:

- the purple e ements have an internal stress ranging between 0 and 1.

- the blue elements have an interna stress ranging between 1.001 and 2.

- the green elements have an internal stress ranging between 2.001 and 3.

- the yellow elements have an internal stress ranging between 3.001 and 4.

- the red elements have an interna stress higher than 4
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4 | Characteristics of some materials:

E.10°Pa: Young N or modulus of elasticity U : numbers of Poisson
ol . 106 Pa dastic limitin traction p . 103 kg/m3: density
................. Material o E M B
Iran 200,0; 0,24 200 7.80
Steel 455006 o 2200 0,28 14505 o 7,80
Stainless steel 15.10 203 0 0,29 200 7,90
Currentgraycastiron : 90,0; ] 0,29 o 190 .20
Titane 1055 0,34 300 4,50
Aoy titanium TAEY & 105,00 ) 0341 o) 900 4,42
Alurminium 70,51 0,34 150 2,70
Alloypll 4G I 7500 0,33 200 2,80
éllay &l 2 GN 750 0,34 370 2 &0
Zicral AZ BGU I 72,00 0,341 o S50 2,80
Copper 100,0 0,33 150! g.90
Brass oo I 92,00 0,33 200 7,30
Eronzes ordinary 1060 0,31 20 g,40
Bronze with beryllium : 150,06 0,34 ... 800 8,25
Beryllium 300,0: 0,05: 300! 1,85
Magnésium L 46,001 0,34 o 180 . 174
Zine f 1300 0,21 120 7.15
MiCKEl o L 205,00 ... 0300 300 8,90
Plexiglass 2.9 0,40 50 1,80
GIBSS oo I 60,00 o 0,28 o LT 2,50
Araldite 3 0 0,40 70! 1,15

5/ History of the programs:

« version 1.0.0: First version placed at the disposal of the public.

e version 1.0.1:
. Addition validation and jump with the following cell with the keys, return and enter

at the time of the edition of acell.

. Addition of the on line help thanks to the bubbles of assistance.
. Correction of a bug during the graphic display of the result for the bars.

e version 1.1.0:
. The titles of the columns and the lines are now fixed when one scrolle.
. All comments are now in the resources of the program.
. Addition of the von Mises stress.
. Addition of new preferences "codes colors . These preferences are stored in the document.
. Display color of the elements according to the internal stress vonMises.
. The files are not compatible any more with the old version of ElemFin, on the other hand

the old files can be opened by this new version.
. Addition of afile EIFin prefsin the file preference of the file sytem.
e version 1.1.1:

. Correction of a bug which prevented the application to leave correctly.
. Vérification of the memory size before alocating the matrices for calculation.
. Better management of column titles.
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PROBLEM 1 - Tension Test Checks of ElemFin 1.1.1

PURPOSE: Itisfirst of al important to examine the accuracy of a numerical code by setting up a
simple numerical experiment, which inthis linear elasticity module, is just atension test of a plate
of material. Thiswill be done both with asmall mesh of your own creation and then a larger mesh
provided to you. In both cases, you need to set up suitable boundary conditions. In the second
problem of this module, you will adjust boundary conditionsin the tension test in order to Smulate
single cell deformation when it is partialy attached to a rigid substrate and then pulled upon. This
latter problem amsto reved arelation between the Y oung's modulus of acell and both how the cdl
is attached and how it deforms.

A. You should first set up your own 6-node, 4-element mesh (as below). Click on the "Edit"
button for "Nodes number" and put node 1 at the origin, clicking OK after each x and y entry in the
databox. Make the length between nodes 1 and 2 equal to 50 (units of nodal force/E). Be sure to
also create or "Edit" the element numbers. If you have any questions, first look at the 400 element
mesh. Specify suitable boundary conditions for the tension test below. The soundest approach is
to: (1) fully fix one support (node 2) among the supports constrained to dide only in the y-
direction (nodes 1 and 3), and (2) use half-forces a the end nodes (nodes 4 and 6 below) and full
forces at non-corner nodes (eg. node 5). Theinitial lengths of the plate in the x and y directions are
LxO, LyO, respectively.

QUESTION: In two brief sentences, explain why these two suggestions make sense.

A f

B
= F

Specify plate characteristics for E and v of plexiglass, and complete the following:
E=_2900 V= thickness=___ 1
Ly0= Lyo=
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Applying suitable nodal forcesin the x-direction (Fx = applied ox * thickness* L,0) which achieve
the applied stresses in the following table, compute the resulting deformation and stresses and

complete thetable. In examining the stress field (stresses are always in units of E, i.e. 106 Pa), one
should find uniform ox and vanishing oy = oxy = 0; check that thisis the case. Fill in the last

column, Esit, using the standard definition for E = stress/ strain.

applied oy Ly Ly uniform”™ ? & Y —&/€x Erit

o (1 4 A 0 |

10

100

*The question iswhether the stresses in the plate and strain appear uniform.

QUESTION: Isthe deformation a plane strain or a plane stress deformation?

QUESTION: How does Esjt compare to the specified E=2900?
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B. Now use the given 400 el ement mesh with suitable boundary conditions. Usethe sameE and v
for plexiglass, and again complete the table below.

=y
F.l
[
F.-
L
o
=y

il
=y

=)

b W

TRTRTRTETRETRTRTRTY ~

E= V= thickness =
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applied oy

Lx

Ly

uniform”™ ?

—&y/Ex

0

100

QUESTION: How do the two tension test computations compare - similar or different?
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