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Abstract. In finite element (FE) modelling, apart from promdement selection, selection of an appropriatereiization

scheme is crucial in correctly evaluating the idesh variables. Photoelasticity plays an effectigke in selecting an
appropriate discretization scheme for modellingbfgms in stress analysis. A meaningful FE discaéitn is very

important in evaluating the desired parametersiEnaRalysis. The adaptive mesh refinement emphatiieeseed for a
meaningful discretization of domain. This paperspras a discretization strategy for meaningful réiszation of the
circular disk subjected to four equal radial loatlse work evolved the generation of software far thisk subjected to
four radial loads perpendicular to each other. fougymmetry of the problem only quarter of the dsskKiscretized.
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1. Introduction Elements Results. Recent trend is on development of
photoelastic fringe plotting scheme [5] from 3D FE
The discretization of any domain into finite elertseis  Results.
important as the value of the variables to be foisneery This paper presents a meaningful discretizatioeseh
much dependent on it. The manual discretizatiomrof for a disk subjected to four concentrated radiatioacting
domain is very tedious and time consuming. Henee thalong mutually perpendicular diameters.
development of automatic mesh generation software i
very important in FE analysis of a problem. 2. Factors to be Considered During Discretization
The concept of meaningful discretization has been
proposed by Pathak and Ramesh [1]. The basic guédel The number, type, shape and density of element$ use
proposed is that the discretization is meaningfuthe in a given problem depend on a number of considerst
fringe pattern observed in a photoelastic experinighis The basic guidelines [6] to be followed for mesh
simulated faithfully by FE modeling as photoelasfidss  generation are: (i) it should represent the geomettrthe
the only optical experimental technique availaldlestudy computational domain and load accurately; (i) bloely is
the stresses interior to model. Peindl et al. [Bported discretized into sufficiently small elements sottkteep
this study [1] in improving, augmenting and validgtFE  gradients of the solutions can be accurately caledt (iii)
analysis, particularly with respect to establishingit should not contain elements with unacceptable
appropriate boundary conditions. They worked omgeometries especially in regions of large gradients
photoelastic stress freezing analysis of total kleyu Generation of meshes of a single element type sy ea
replacement system. Ragulskis and Ragulskis [4fheir = because elements of the same degree are compatthle
study on plotting isoclinics for hybrid photoela#y and each other. The mesh can be refined by subdividing
finite element analysis noted the study of Ramesti a existing elements into two or more elements of shme
Pathak [1] for the detection of FEM meshing proldem type. This is called h version mesh refinement. Asim
The photoelastic fringe contours can be simulatethf refinement should meet three conditions. (i) Aleyious
FE results by post processing it. Literature presidimple meshes should be contained in the refined meghe\@ry
approach for plotting of fringe contours from Fait point in the body can be included within an arbitramall
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element at any stage of the mesh refinement(i§ same In the proposed discretization scheme the disk is

order of approximation for the solution may be iretd. divided into four regions as shown in Fig. 1(b).eTh
Taking above factors into account we have generatestheme of discretization of different regions isa®ws.

the scheme in which the disk is discretized usiighte

nodded quadrilateral elements and mesh refinemast h (i) Region|

been done at the most stress concentration aeeapdar

steep stress gradient area around the point source. This is a rectangular region of the quarter of ¢hele

as shown in Fig. 1(b). In the software flexibilig

provided to select the length and height of reatitarg

region. User also has the flexibility to choose thenber

of elements in which the big rectangle is to bemditzed.
Mesh generation is vital in FE analysis. It reféos Thjs rectangular region is further divided intotgigodded

generation of nodal coordinates and elements coinitgc rectangular elements. The programme then numbers th

It also includes the automatic numbering of nodedl a eight nodded rectangular elements and finds nodes
elements based on minimal amount of user suppléd.d coordinates and their connectivity.

Automatic mesh generation [7] reduces errors andssa
great deal of user’s time, thereby reducing FE yamml  (ji) Region |
cost. Next section presents the proposed disctietiza

3. Mesh Generation

scheme. As shown in Fig. 1(b), this part is adjacent to big
rectangle. This part is also discretized into eigbtided
4. The Discretization Scheme quadrilateral elements.

We consider a circular disk subjected to radiatilaait  (jii) Region Il and IV
is shown in Fig. 1(a). The circular disk has symmnet

about both x and y axis so the discretization aftl F  Qne of the elements of region Il where load is bl
analysis has been performed only for a quartehefdisk. js marked as region Il and region IV. These regiane
The center of the disk is taken as the origin ahtthe discretized into many small elements without affegthe
coordinates of the nodes are found with respecth®d other elements of the region. Final meshing neerldad
origin. enables to better analyse the stresses and repribsen
steep stress gradient accurately. This discrebzetcheme
has been adopted from Ramesh and Pathak [8].

4.1. Generation of nodal coordinates:

The basic guideline proposed is to divide the element
lengths into geometric progression, and thus fihé t
coordinates of various nodes. Thus the logic for
discretization and evaluation of nodal coordinatgs
various nodes is as follows.

4.1.1 Region |

Let the radius of the disk b® horizontal length of big
rectangle bdy, vertical length of big rectangle g The
user is first asked to specify the rati®/l{ = (ratio),) and
(R, = (ratio)). Once these ratios are known, then for a
given radius of disk thlg andl, are found out as:

= R/(ratio)y, Q)
andl,=R/(ratio), (2)

Now the user is asked to specify the number of
horizontal @) and vertical division r{) and geometric
ratio in horizontal ;) and in vertical directionr{). Then
Fig. 1. a) disk subjected to four radial loads; the length of the first small rectangle can be thtrom:

b) meaningful finite element discretization of tisk subjected
to four radial loads
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[1-Th] After calculating the coordinates for region | ahd
pl=rg] 3 region Il is discretized, using the same logid@sregion
- [1— (r)™] ) I and Il. As the coordinates of end points of qulatkrals
h of region Il are already found we discretize itsd®wn in
Fig. 2.
Similarly = a, = ly[1-1] (4) Here first the user gives_the numbe_r of elemeants
- ()™ which one wants to discretize the region Ill, aruek t

geometric ratio. From this information, the progréinds

Herea, anda, are the length of the first small element Ot length of small rectangles using the formula:

in horizontal and vertical directions respectiveNow

multiplying a, with geometric ratio rg) and a, with a=| (1—r)’ (5)
geometric ratio ry) one can find the length of next a-r"

rectangular sub elements and by adding thesessvtdiag

anda, one can find the horizontal and vertical coord#sat anq ytilizing the same logic the coordinates of toeles

of next nodes. are found.
4.1.2 Region Il . -
4.2. Generation of Elements Connectivity
Similar to region 1, region Il is also divided in _ _
geometric progression and the same formula izetlifor First, all the elements are numbered continuouslynf

the calculation of nodal coordinates. In both @ thgions left to right. As the node numbering is also froet Ito
user has the flexibility to choose a proper geoimetitio ~ right continuously. There is relation between tloeal
so as to continuously increase or decrease theeatem nodes and the global nodes. Once the relationshiprfe
length or divide it equally by giving geometric itatas  element is analysed and formulated the same resitip
unity. is used for others. This relation dominates attlé&asone
To discretize the second region, points at thepperiy  line and may range to several lines too. When ¢hetion
of a disk are located at equal angular intervalsest changes the other relations are searched and ¢hat i
points are then joined to outer nodes of regioteinents modified. In this way connectivity for region | antlis
as shown in Fig. 1(b). With the help of known amgul Simultaneously found. For region Il and IV separat
intervals the coordinates of nodes on the peripldrpg ~ formulation of relationships are done by analyzithg
disk are found. The line joining these nodes tepuabdes global and local coordinates.
on region | is then divided into geometric progressas
done for region I.

Py by

P
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Fig. 2. Specification of concentrated load as nodal fonedwrizontal and vertical directions
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5. Validation of the Discretization

To validate the discretization the disk is assuneede
subjected to four equal radial loads acting alomg t

loads it follows that the center of the disk is jegbed to
equal normal stresses and to zero shear stredsesenter
of the disk is therefore an isotropic point. Itsisen that
these contours are similar to those obtained exyetially

mutually perpendicular diameters. The disk diameterf9] and shown in Fig. 3(b). This validates our d&zation

thickness and material fringe value considered 2841
mm, 3.61 mm, and 15.06 N/mm/fringe [9] respectivély
load of 253.54 N is applied as shown in Fig.1(aheT
problem is analysed as plane stress elasticityl@mabThe
input considered are information of mesh as dismliss
section 4, and specification of essential boundandition
(EBC) and natural boundary condition (NBC). The EBC
displacement u and v in x and y directions. The 9 is
taken along x axis and u = 0 is taken along y akise
NBC (i.e. nodal forces) are specified using thecem of
elasticity and as explained by Ramesh and PatHa&n@
shown in Fig. 2. The distribution of concentraferte as
equivalent horizontal and vertical force is showTable 1
[8]. Elastic properties such as modulus of elastiaf
material and poissons ratio are specified. Usirggplane
elasticity formulation the values af,, ¢, and 7, at the
nodes are found. From thesgo, are calculated. Now
from stress optics law:

O'l—O'2=N Fo./t (6)

This equation relates the principal stress diffeeen
with the fringe ordeN. HereF, is the material fringe value
andt is the thickness of the specimen. Thus to simulse
photoelastic results the contour corresponding) toeeds
to be plotted. Using the simple non iterative apptoas
explained by Ramesh et. al. [10], the plotted corgare
shown in Fig. 3(a). Owing to the symmetrical natof¢he

scheme.
6. Conclusions

Contour plotting helps to appreciate the wholedfiel
representation of the results, and they are pldibedhe
nodal values obtained from FE results using apjmtgpr
interpolation functions. The thickness of the feng
indicates the gradient of the variable. The fringess very
broad where gradient is small and vice versa. Nigaler
simulation of the fringe contours is a handy usédol for
visualizing the experimental fringe contours andbientify
the stress concentration zones in model under
considerations. It is seen that the geometric featof the
fringe are captured well in numerical simulatiohug
validating the proposed discretization scheme farutar
disk subjected to four radial loads. These restdts be
applied to actual situations for FE discretizatafrsimilar
domains.
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Fig. 3.a) Meaningful finite element discretization ofldsubjected to four radial loads;
b) Disk subjected to four radial loads
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