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Abstract

The present work performs the elastic- plastic behavior of rectangular plates with two symmetrical
circular holes under uniaxial tension load of three various type alloys (stainless steel 304, copper,
aluminum), which were studied in the present work experimentally and numerically using finite element
method with aid of Ansys software. The results of experimental test showed decay in tensile strength and
yield stress is less than that of using plates without holes by 68%, 41%,87% for (St304,Cu,Al) respectively,
and the apparent stress concentration factor is 1.14, 2.41, 1.4 respectively. The numerical results present the
Von Mises stress distribution and stress concentration factor is 4.3 for all plates.

Keywords :Mechanical properties, finite element, stress concentration.

Symbols
E Modulus of elasticity (GPa)

K Stress concentration factors.

Ts  tensile strength (MPa)

e(%) Elongation at maximum tensile strength.
O, yield strength (MPa)

Subscript

a apparent

H withhole

0] without hole
max maximum
nom average
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Sample  C% Si% Mn% P% | S%  Cr% Mo% Ni% | Al%

Specimen

St.5304 0.046 0316 1.54 0030 0.0005 19.09 0.223 817 0.002
Sample 1

 Sample  Si% Fe%  Cu% Mn Mg Cr% Ni% 2Zn% Ti% i sn% V% | Al

% % ; - %

“Specimen | e v
Al 110113 '0.309 0.082 0.071 2.22 0.198 0.003 0.008 0.004 0.007 0.001 [0.01 97

Sample 2 i b S S Bl o B S
| Sample | Zn% Pb% | Sn% P% Mn% Fe% Ni% Si%
Specimen | EErl w1 ; ; i - ;
. Cu /| 0.056 0.004 | 0.002 0.00f 0.0005 0.051 0001 0.001  0.003 | 0.001 0.003 I 0.002  99.9
Sample 3 | : 3 | i ! i
Ji.

Sb% | Co%

Raxidl) ilioall LS5 Gl 20 (Y) Jsn

Without hole With hole
St.304 Cu Al St.304 Cu Al
oy (MPa) | 206 344 117 211.37 147.66 105.47
Ts(MPa) | 517 397 124 351.99 156.98 108.69
e% 40 4 9 19 6 8
E (GPa) 193 117 69
Poisson's | 0.303 0.355 0.334
ratio
Ka, Ktad cps (7) Jsoa
St.304 Cu Al
K. 14 2.41 1.14
K, 4.3 4.3 43
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Element Coordinate
System (shown for
KEYOPT(1)=1)

J

(Triangular Option - not recommended)

(Meshing) <l (1) (<&
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The F.E.M is a numerical technique in which the governing equations are
represented in matrix form and as such are well suited to solution by digital computer.
The solution region is idealized as an assemblage of small sub-regions called finite
elements when applied to the analysis of a solid the idealization becomes an assemblage
of a discrete number of elements each with limited or FINITE number of degrees of
freedom(D. O.F). the ELEMENT is the basic*“building unit”with a predetermined number
of D. O. F. elements are considered to be connected at discrete joints known as nodes.
Implicit with each element type is the nodal force- displacement relationship, namely the
element stiffness property.Analysis requires the assembly and solution of set of
simultaneous equations, to provide the displacements for every node in the model. Once
the displacement field is determined, the strain and hence stresses can be derived, using
the strain- displacement and stress-strain relationship, respectively.

F.E.M. solution of plane stress problem:

The three-nodded triangles, shown in fig.A, has been chosen herein, to illustrate the
general procedure since it provides the simplest two- dimension element for linear plane-
stress snalysis.

Formulation of element matrices and vectors:

Each node of the element, shown in fig.A. is assumed to have two D.O.F., namely u

and v displacement in the x and y direction, respectively [8]
Analysis:
Step 1. Due to bi- axial symmetry of the geometry and loading, only one quadrant of
plate is considerd for analysis as shown in fig A(b). from finite element model the node-
coordinate data is tabulated as:

Table (A;) Node- coordinate data

Node no. Coordinate in global Cartesian system
X (mm) Y (mm)

1 0 10

2 0 0

3 25 10

4 225 0

5 27.5 0

6 50 10

7 50 0

Step 2. From finite model the element connectivity is tabulated in table (A»)

Table (A;) element connectivity table

Element no. Global node corresponding to
Local node 1 Local node 2 Local node 3
1 1 2 3
2 2 4 3
3 4 5 3
4 5 7 3
5 7 6 3

Step 3. The element attributes such as element young’s modulus and Poisson’s ratio are

tabulated in table (A3z)
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table (A3) element attributes

Element no. Thickness(mm) Poisson’s ratio Young’s modulus
N/cm®
1,2,3,4,5 5 0.3 St.304
0.345 Cu 2x107
0.334 Al

Step 4: the boundary conditions are
Table (A4) boundary conditions

Node no. Boundary conditions
u (mm) v (mm)
1,2 0 -
24 - 0
5,7 - 0
Step 5:[14]

Evaluation of jacobian matrix for the elements.Thejacobian matrix [J] can be determine
from equation (A;) as

_| %13 »13
I=| x23

y23
Step 6.Evolution of area of the elements. The area of the element may be determined by
using jacobian matrix with equation (A;).
A="% det[J], where det [J]: X13,Y23 — X23 Y13
Step 7. Evolution of strain- displacement matrices, strain- displacement matrix for the
constant strain triangle element can be determined from equation.

Y23 0 Y31 0 Y12 0
[B] = i 0 Xz 0 Xi3 0 Xy | - (Aa)
X3 Y3 Xi3 Yz Xo1 Yoo

Step 8. Evaluation of material matrix. As the problem domain is of plane stress, the
material matrix can be determined using equation ( As).
Accordingly,

Step 9.Evaluation of element stiffness matrices. As the plate is of uniform thickness t.,
the element stiffness matrix K° can be determined by using equation (As).
Accordingly,
K°=t.AsB'DB
Step 10.Computing the nodal force vector. As the applied traction force is uniform along
the element edge 6-7, it can be determined by using equation (Asg).

Accordingly,
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Te: teI6_7 Tx | (A6)

Where Ig.7= \-'If(X6— X7)2 + ( Ye¢— Y7)2
Since there are no body forces and concentrated loads, the global equivalent nodal

load vector comprises traction force only. From equation (A7)the global equivalent nodal
load vector is:
F=XI"y(Fb+Te)+P  —rem- (A7)
F=T°
Step 11.Assemblage of element stiffness matrices. The global stiffness matrix of the
mathematical model can be determined by equation (Asg)
Accordingly
K=Y _,Ke=KM+K+K+K"+ K ommeen (As)
Step 12.Computation of unknown nodal displacements. The assembled set of equations
from equation (Ay)

[K] {U}={F} nnmn(A9)
Where {U}={U1 U2 U3——-——— U13 U14)

Global displacement vector
Step 13.Evaluation of element stresses. The stress induced in element (e) can be
determined using equation (Ajo),as

{c"}=[D][B] {U} - (A1)
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Fig. As: (a) plate with two holes.
(b) One quarter of the specimen model in F.E.M.
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