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Abstract

This paper presents a new mesh generation method for a simply connected curved domain of a planar
region which has curved boundary described by one or more analytical equations. We first decompose this
curved domain into simple sub regions in the shape of curved triangles. These simple regions are then
triangulated to generate a fine mesh of linear triangles in the interior and curved triangles near to the
boundary of curved domain. These simple regions are then triangulated to create 6-node triangles by
inserting midside nodes to these triangles. Each isolated 6-node triangle is then split into four triangles
according to the usual scheme, that is, by using straight lines to join the midside nodes. To preserve the
mesh conformity a similar procedure is also applied to every triangle of the domain to fully discretize the
given convex curved or cracked convex curved domains into all triangles, thus propagating(0 < g < 1,8 >
1)p graded refinements and f = 1 generates the classical uniform mesh.The quadrangulation of § graded
3-node linear triangles is done by inserting three midside nodes and a centroidal node.Then each graded
triangle is split into three quadrilaterals by using straight lines to join the centroid to the midside nodes. This
simple method generates a high quality mesh whose elements confirm well to the requested shape by
refining the problem domain.

We have approximated the curved boundary arcs by equivalent parabolic arcs.To preserve the mesh
conformity, a similar procedure is also applied to every triangle of the domain to fully discretize the given
curved domain into all triangles and quadrilaterals, thus propagating a uniform refinement. This simple
method generates a high quality mesh whose elements confirm well to the requested shape by refining the
problem domain. Examples of a circular disk and a cracked circular disk are presented to illustrate the
simplicity and efficiency of the new mesh generation method. We have appended the MATLAB programs
which incorporate the mesh generation scheme developed in this paper. These programs provide valuable
output on the nodal coordinates ,element connectivity and graphic display of the all triangular and
quadrilateral mesh for application to finite element analysis.

Keywords: finite elements, triangular,quadrilateral mesh generation,analytical curved surfaces, curved
triangular element, parabolic arcs,uniform refinement.

1. Introduction
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The Finite Element Method (FEM) has been invented by engineers around 1950 for solving the partial
differential equations arising in solid mechanics; the main idea was to use the principle of virtual work for
designing discrete approximations of the boundary value problems. The most popular reference on FEM in
solid mechanics is the book of Zienckienwicz [1]. Generalizations to other fields of physics or engineering
have been done by applied mathematicians through the concept of variational formulations and weak forms
of the partial differential equations .

The FEM discretizes the continuous domain of the problem by means of a series of simple geometric forms
called finite elements, for which the governing relations on the entire continuous domain are valid on each
element. Under this assumption, the approximate solution in the entire continuous domain of the problem
can be obtained by means of trial functions also called the shape functions. The FEM transforms the
differential equation into an algebraic system of equations which can then be solved easily by known
numerical methods.

The term Finite Element Method (FEM) appeared first in 1960, but the ideas behind it are even older and
can be traced back to the engineering sciences. Being a powerful numerical tool for a variety of engineering
disciplines, the FEM quickly found its way into applied mathematics where stability, discretization errors,
and convergence rates are thoroughly investigated. It has been a very active field of research ever since. The
standard way to gain accuracy of the approximate solution is to refine the triangulation of the computational
domain, which introduces more degrees of freedom. A vast amount of publications deals with this so called
h-version. An alternative way of enlarging the number of unknowns is to increase the polynomial degree of
finite elements. This, so called, p-version is less common and its convergence speed strongly depends on the
regularity of the solution to the PDE.

The modelling and numerical simulation of complex systems play an important role in many industrial,
medical and economical applications. Very often, such systems can mathematically be described by partial
differential equations (PDEs). Here, one can think for example of heat flow in materials or human tissues,
aerodynamic properties of airplanes or determination of option prices in finance. In the last decades the
development of efficient numerical methods to solve PDEs gave people together with the rising computing
power the opportunity to simulate complex systems. Today this is done very successfully in many
areas.Finite Element Analysis (FEA) is widely used in many fields including structures and optimization.
The FEA in engineering applications comprises three phases: domain discretization, equation solving and
error analysis. The domain discretization or mesh generation is the preprocessing phase which plays an
important role in the achievement of accurate solutions.

The use of an adequate mesh is one of the main ingredients for an accurate numerical simulation. In order

to obtain such a mesh, a versatile mesh generator and a mesh adaptive procedure must be available.
Automatic mesh generation has received much attention from researchers on computational simulation, to
minimize manual intervention, to improve mesh quality and to obtain more efficient procedures.
Unstructured methodologies are becoming predominant due to the ability of modeling geometrically
complex designs and because they are the natural environment for adaptivity, which may be the only hope
for resolving very small scale features (e.g. boundary layers). Most finite element and finite volume codes
use unstructured triangulations due to their geometrical flexibility and the low cost of linear triangular
elements.
In this work, an automatic triangular mesh generator based on the advancing front technique is used as the
main building block of a computational system for mesh generation that can build triangular and
quadrilateral meshes over arbitrary domains. Quadrilateral elements are generated from an original mesh of
triangles through a process of splitting.

The rate of convergence of the finite element method is greatly influenced by the existence of corners on
the boundary. Recent investigations shows that proper refinement of the elements around the corners leads
to the rate of convergence which is the same as it would be on domain with smooth boundary.
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The simplified domains of many engineering problems contain sharp edges and corners, and these often
pose important challenges in numerical analyses. Typical examples are reentrant corners in fluid mechanics,
and crack tip problems in fracture mechanics etc.

Numerical solutions of elliptic boundary value problems defined on domains with corners have singular
behaviour near the corners. This occurs even when data of the underlying problem are very smooth. Such
singular behaviour affects the accuracy of the finite element method throughout the whole domain. For
example, for the Poisson equation with homogeneous Dirichlet boundary conditions defined on a polygonal
domain with re-entrant corners.

The precise description of an object containing rounded and reentrant corners leads to consider meshes with

a large number of nodes in the corner neighborhood when the finite element method (FEM) is
straightforwardly applied. Dealing with such meshes makes the computational work a time and resource
consuming task. Instead of using a uniform mesh, one would like to use a non-uniform mesh that is denser
near the singularities and coarser elsewhere to minimize the number of unknowns. In this paper, we
investigate the choices of nonuniform mesh that give fast converging solutions

In section 2 of this paper, we present a novel mesh generation scheme of all graded triangles and
quadrilaterals finite elements over analytical curved surfaces. This scheme converts the elements in
background curved triangular mesh into triangles through the operation of graded subdivision. We first
decompose the convex curved domain into simple subregions in the shape of curved triangles. These simple
subregions are then triangulated to generate a fine mesh of 3-node graded triangles. We propose then an
automatic 3-node graded triangular to 3-node triangular conversion scheme in which each isolated 3-node
graded triangle is split into four triangles according to the usual scheme, that is by adding three vertices in
the middle of edges and then joining these three vertices by straight lines. Further, to preserve the mesh
conformity a similar procedure is also applied to every triangle of the domain and this fully discretizes the
given curved domain into all 3-node triangles, thus propogating uniform graded refinement. In section 3 of
this paper, we present a scheme to discretize the arbitrary and standard triangles into a fine mesh of 6- node
graded triangular elements. We can then split each of these 6-node graded triangles into three
quadrilaterals by joining the centroid to midside nodes of these triangles. In section 4,we have presented a
method of piecing together of all triangular subregions and eventually creating an all graded triangular and
quadrilagteral meshes for the given convex or cracked convex polygonal domain. In section 5,we present
several examples to illustrate the simplicity and efficiency of the proposed mesh generation method for
standard and arbitrary triangles,rectangles,squares, convex and cracked convex polygonal domains.

2.0 Mesh Generation

It is known that domain discretization plays an important role in finite element analysis as well as in
numerous engineering analysis. As a result, various strategies and techniques for generating mesh
automatically have been proposed [1-4]. The problem of meshing in two-dimensional case is defined as:
Given a 2D domain Q together with grading functions g= g(¢), defined over the entire domain Q, the task of meshing
is to discretize the domain Q into triangles T or quadrilaterals Q or combination of both in consistency with the
given grading functions g(¢).

The grading functions g(¢), which specify the element size of the discretization can be defined based on the
consideration of the current analysis interests e.g. loading concentrations, boundary conditions etc. The first
step in mesh generation is to divide the region into several disjoint sub-regions by openings to holes or
connector to holes. For simplicity, here we assume that the region is composed of only straight lines and it
is simply connected.

2.1 Division of a Standard Triangle

With reference to following figure Fig.0 we present some necessary definitions and a numerical scheme to generate
graded triangles.[25-29 Jover an arbitrary curved domain.
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Fig,0 AN ARBITRARY CURVED DOMAIN IN TWO DIMENSION

Definition(Algebraically graded meshes in 1D):
A graded mesh of (0,1) generated by a grading function g:[0,1]—[0.1] is graded with grading factor >0,if g(f):fﬁ
Example:We can generate the (n+1) graded mesh points x?=(k/n)?,
ie xj; = g(k/n),k=0,1,2,...n,neN
Let us assume that the axes of standard triangle u and v areto be referred as X; and X, and crefersto a
corner of the standard triangle or unit triangle.
Triangular graded meshes: f3 - meshes
Let K, = conv{(1, 0), (0, 0), (0, 1)} be the unit triangle. On K, we construct a parametric family
of meshes which are graded towards the vertex (0, 0) so as to ensure an optimal rate of convergence of Lagrange
interpolating Finite Elements of order p > 1.. Given an integer
m > 2 and a so-called grading parameter B> 1, let

B
A =(1) 1=012....n
The nodes of the mesh that lie on the rectangular edges of K, are (x;*, 0)and (0, x}'),1=0,1, . . . ,n.Then,being d;the
the diagonal joining (x;*, 0) and (0, z), we divide d; uniformly into | + 1 points. This defines all the nodes of a so-

called B-graded mesh Tn,s(Kj,) on K.
If B =1, then Tnp(Kj,) is quasi uniform with meshwidth h = u/n.

Construction of Tn,s(K,),n€ N on unit triangle K,
(1) Generate 1D algebraically graded mesh on [0.1]

0=xg <xpt < eeeeee <xl =1,x=(/n)f 1=012,.... n

(2) Define “layers™:L;={ % € Kq: x]r_1_1<(5c\1 + %) < xjn }Jj=123,.... n
(3) Generate Triangular mesh Tn,B(K0)|L]. oneach layerj =1,2,3,...... n
(4)Union of Tn,ﬁ(K0)|Lj =triangular mesh of K|,

(5) Tn,p(Kp)l, consists of a single triangle K* adjacent to (0,0).
When 0<f < 1,we generate an algebraically graded mesh with respect to the edge x; +Xx,=1.
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Mesh points over the unit triangle domain
The layer L; is bounded by the diagonals

(551 + fz):xln_l ...................................................................................... (1 a)
(X1 +X)=x (1b)
Where ,it is important to note that x}‘z(i)f” and 0 < x]-" <1,j=123,...n;with

x =0 and x} =1.

Equation ( b) above refers to the diagonal joining the points (x;*,0) and (0, x}' ),the solution is
(1.22)=((-K) x}'1j, kx}' /)) k=0,1,2,........ i; and the solution to Equation( a) is similar

We solve the above equations for (%; ,X,) and obtain (j) and (j+1) points at equal distances along the
diagonals.The corner (0,0) is a single point and the diagonal joining (1,0) and (0,1) is divided into (n+1) points ((n-
K)/n, k/n), k=0,1,....,n. Now, we have all the mesh points necessary for the generation of a graded triangular mesh over
a standard triangle.The Cartesian mesh points for an arbitrary triangle can be computed by using affine transformation
We have used the above concepts and written the MATLAB code

[u,v,w] =triangularmeshpoints4singularcorner(p,q)

where u,v,w are area coordinates over the standard triangle T={uvo< u,v < L,u+v <1},

u+v+w=1.

We also have p=n=number of divisions along each side of the standard triangle and q=p is the grading factor as input
to the above MATLAB code This code denser mesh points in the neighbourhood of a corner for B> 1 and denser
points in the vicinity of the edge(hypotenuse)

Clearly,p = 1,generates a uniform triangular mesh. The following outputs of the above code demonstrate this point of
view.

mesh divisions = 10; &grading factor=1& number of mesh points=66

1
0.9 .
0.8 . "
0.7 - . -
0.6 @ L] @ L]
A
é 0.5 L] . L] . L]
Vv
0.4 L] L] L] L] L] L]
0.3 - . L] - - - L]
0.2 L] L] - . L] . L] ]
0.1 - L L] L] - - - - L]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig.1a Distribution of mesh points for uniform mesh
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Fig.1b Distribution of mesh points for nonuniform mesh(graded mesh) denser near corner (0,0)
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Fig.1c Distribution of mesh points for nonuniform mesh(graded mesh) denser near the edge(hypotenuse)

EXAMPLES OF GRADED MESHES OVER A STANDARD TRIANGLE
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We present below a sample of graded meshes for B>1 which are denser in the vicinity of a corner.

Graded MESH&Beta=1.5&3-node Linear triangular elements= 4& nodes=6

1 83— -
0g - Liand Ljare layers
08 - . . .
Ly contains a single triangle
0.7 3 L, contains three triangles
06 -
o
® 05"
=
04 -
03 L,
0.2 "4
L1
‘2
01r *4
0vt— : — : : : : :
0 01 02 03 04 05 06 07 08 09 1
X axis
Fig.1d
Graded MESH&Beta=1.583-node Linear triangular elements= 16& nodes= 15
1 3 T T T T T T T T T
0.9 - 1
0.8
0.7 f
410
0.6 1
0
@ 05 1
=23
0.4 - 1
B
0.3 F
7
0.2 F
0.1 1
D ot 1 ot 1 1 UE 1 1 1 T_ﬂ 1 1 1 DZ
0 01 02 03 04 05 06 07 08 09 1
xaxis Fig.1e

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24220



Graded MESH&Beta=1.583-node Linear triangular elements= 100& nodes= 66
1 ! T T T T T T T T T

Fig.1f

Graded MESH&Beta=1.5&3-node Linear triangular elements= 400& nodes= 23

T

Fig.1g

The above examples indicate that for f#1 the scheme can generate the 3-node graded triangles layer by
layer only.If six node triangles are required,we can insert midside nodes to each of these.We can then
insert an additional node at the centroid of these 3-node triangle and discritise this triangle into three
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quadrilaterals,that is by joining the centroid to the midside nodes.This will be further explained in the
succeeding sections. The mesh generation is explained for uniform mesh generation,that is for f=1 which is
equally valid for graded triangles B#1,>0

2.2 Division of an Arbitrary Triangle

We can map an arbitrary triangle with vertices ( (x;,v;), i = 1,2,3) into a right isosceles triangle in the
(u, v) space as shown in Fig. 1h, 1i. The necessary transformation is given by the equations.

x=x1+ (xy —x)u+ (x3 —x1)v

y=y1+t @2y Du+ Q3 —y)v (2a-b)

The mapping of eqn.(2a-b) describes a unique relation between the coordinate systems. This is illustrated by
using the area coordinates and division of each side into three equal parts in Fig. 2a Fig. 2b. It is clear that
all the coordinates of this division can be determined by knowing the coordinates ( (x;,y;), i = 1,2, 3) of
the vertices for the arbitrary triangle. In general , it is well known that by making ‘n” equal divisions on all
sides and the concept of area coordinates, we can divide an arbitrary triangle into n? smaller triangles having
the same area which equals A/n? where A is the area of a linear arbitrary triangle with vertices ( (x;,v;), i =
1,2, 3) in the Cartesian space.

3(xz, ya) 013

1fxz, y1)
2{ Kz, yz}

(0,0)1
X U 2(1,0)

1.h 1.1
Fig. 1h An Arbitrary Linear Triangle in the (x, y) space

Fig. 1i A Right Isosceles Triangle in the (u, v)
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(0,001

4 > 2(1L0)

2a 2b

Fig. 2a Division of an arbitrary triangle into Nine triangles in Cartesian space

Fig. 2b Division of a right isosceles triangle into Nine right isosceles triangles in (u, v) space
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Fig. 3a Division of an arbitrary triangle with vertices((x;,y; ),i = 1,2,3) into n? triangle in Cartesian space
(X, y), where each side is divided into n divisions of equal length
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Fig. 3b Division of a right isosceles triangle with vertices{1(0,0),2(1,0),3(0,1)} into n? right isosceles
triangle in (u, v) space, where each side is divided into n divisions of equal length

We have shown the division of an arbitrary triangle in Fig. 3a, Fig. 3b, We divided each side of the triangles
(either in Cartesian space or natural space) into n equal parts and draw lines parallel to the sides of the
triangles. This creates (n+1) (n+2)/2 nodes. These nodes are numbered from triangle base line 1, ( letting [;;
as the line joining the vertex (x;, y;) and (x;,y;)) along the line v = 0 and upwards up to the line v = 1.
The nodes 1, 2, 3 are numbered anticlockwise and then nodes 4, 5, ------ , (n+2) are along line v = 0 and the
nodes (n+3), (n+4), ------ , 2n, (2n+1) are numbered along the line l,; i.e. u+ v =1 and then the node
(2n+2), (2n+3), ------- , 3n are numbered along the line u = 0. Then the interior nodes are numbered in

increasing order from left to right along the line v = % % ,— = —,nT_l bounded on the right by the line

+v = 1. Thus the entire triangle is covered by (n+1) (n+2)/2 nodes. This is shown in the rr matrix of size
(n+ 1) x (n+ 1), only nonzero entries of this matrix refer to the nodes of the triangles

1, 4, ST ¢ T ) W
3n, Bn+1), i i i e, 3F (M —2), R+ 3), O
3n—-1,3n+(n—1),..c.c....... ,3n+M—-2)+Mn-23), (n+4), 0, 0
ﬂ: -.-.-. -.-.-. -.-.-. -'-'-' -'-'-' -'-'-' -'-'-' -'-'-' -'-'-' -'-'-' ...... ...... -.-.-. -.-.-. -.-.-. -.-.-. -.-.-. -.-.-. -.-.-. ...... ...... ...... ...... ...... ...... ...... ...... -.-.-. -.-.-. -.-.-. -.-.-. -.-.-. -.-.-. ...... ...... ...... ..... wes www
3n—(n—3), BME 20, 0, e O
3In—-(n-2), 2n+1), 0, R 0
----------- (2c)

EXAMPLES OF GRADED MESHES OVER AN ARBITRARY TRIANGLE

Graded MESH&Beta=28&3-node Linear triangular elements= 4& nodes= 6
1

0.9
o3

0.6 [3]

02t -
[4]

01T [2] 1

[1]

0 0.2 0.4 06 0.8 1
X axis
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FEM MESH WITH 12; 4-node Bilinear Quadrilateral elements & nodes=19
{ii
08
0.8
2T
06
il
@ 05
-
04r
0.3
021
0.1
o
06 -0.4 -0.2 0 02 0.4 06
X axis

X axis

3.0 Cubic Curved Triangular Element

We first consider the ten node triangular element in which all the three sides are curved. The transformation which
maps such a general curved triangular element in Cartesian space (x, y) into a right isosceles triangle with sides of 1
unit in local parametric (¢, 7) is shown in Fig 1c, 1d.

The necessary transformation for this purpose is given by

10 10
X = ;xi NGm), oy = ;3’1' NiEm),  1=&+n+¢ R ¢

where (x;, y;) are the cartesian coordinates of ith node and

Ny (61,0) =35 (38 — 1)(3E — 2)§ Np(€,1,0) =5 (3 — 1)(3n — 2)n
N3(6,m,8) =5 (30 = D3¢ — 2)¢ Ny(§m,9) = 2&n(3n — 1)
Ns(&,m,8) = 2én(3€ — 1) Ne(&,1,0) = 2¢n(3¢ — 1)

N;(§,1,8) = 20n(3n — 1) ,Ng(§,n,¢) = 2&0(3§ — 1)

No(&,1,0) = 2§0(3¢ — 1) ,Nyo(§,n,) = 2707
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If nodes 6, 7, 8 and 9 are at trisection point of two straight sides as shown in Fig 1e-1f, then eqn (2) reduces to:

9 9
t=t3+ (6, —t3)E+ (b —tz3)n + Efﬂ(—t1 —ty — 2t3 —ty — ts + 6typ) + Efzn(tz + 2t3 + 3ty — 6t1p) +

9
gfnz(tl + 2t5 + 3t — 6t10), (15X, Y) oot (4)

which shows that the curve of eqn (3) passing through the points (xq, 1), (X2, ¥2), (x4, V4), (X5, V5) is a cubic curve.
This can be shown by substituting from §{ + 7 — 1 = 0 and eliminating one of the variables £ or n in eqgn (3). In
general, it is shown that cubic curve is not desirable as an approximation to a simple smooth curve [1-2,1-3,1-4].
However if we choose,

1 1 1
Xs = Xy =5 (X1 —%2), Y5 =YVa =3 (1 —y2) andtyg = (& + 1y + 463 + 36, + 3t5), (E=x,y)

..(5)

The equation (3) for € +n —1 =10, is a cubic curve through (x1,y1), (x2,v5), (x4, ¥4), (x5, ¥s) degenerates in a

unique parabola through the four points (x1, 1), (X4, V), (xs5,¥5) = (x4 — %xl + %xz,y4 —

§y1 + §y2) and (x,, y,) and hence the transformation equation in eq(3) reduces to

9
t=t3+(t; —t3)¢+ (t, —t3)n + Zgn(t4 +its—t;—ty) (E=2Y) v (6a)
Equations (5a) can be written as
X =agg + a1 + ap1n +a11&n, v = bgg + b1g + bg1 + b11EN e (6b)

9
where Qoo = X3, Q1o = X1 = X3, Qg1 = Xp = X3, G171 = ; (X4 + x5 — X1 — X3),

9
boo = y3, b1o = Y1 — Y3, bo1 =Yy2 — Y3, b11=z(3’4+3’5—3’1—3’)

We display here the division of curved domain and its transformation to a right isosceles triangle.

Mapping of Inangles with one curvid side inle & wet nght isodceles trangls
T L] T T

6 T T T L] T
ul
4l
(R} =]
- B “\\
.y g
e b % .
Al Jedd \\
> O} oo to—o1t8 |of=1234) \\ -
™,
o [ P Tel1 —_— \\
o B d —o—»§
2 —~i oo A1
4 -
f il 1 L L
2 a 2 4 B 8 10 12 14 16 iE} m

Fig.1c-a circle divided into four arbitrary curved triangles (e(i),i=1,2,3,4)

Fig.1d-a right isosceles triangle ABC
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Fig. 3a Division of an arbitrary triangle into n? triangle in Cartesian space (X, y), where each side is divided
into n divisions of equal length

Fig. 3b Division of a right isosceles triangle into n? right isosceles triangle in (u, v) space, where each side
is divided into n divisions of equal length
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3(c) y o« 3(d)

Fie 3¢ Drasco ofa cuvedmangle into n* trangle in Cantesian space (x, v), where each side

We have shown the division of arbitrary linear triangle and curved triangle in Fig. 3a-b.,and Fig.3c-d
respectively. We divided each side of the triangles (either in Cartesian space or natural space) into n equal
parts and drawn lines parallel to the sides of the triangles. This creates (n+1) (n+2)/2 nodes. These nodes
are numbered from triangle base line [, ( letting [;; as the line joining the vertex (x;,y;) and (x;, y;)) along
the line v = 0 and upwards up to the line v = 1 . The nodes 1, 2, 3 are numbered anticlockwise and then
nodes 4, 5, ------ , (n+2) are along line v = 0 and the nodes (n+3), (n+4), ------ , 2n, (2n+1) are numbered
along the line I,5 i.e. u+ v =1 and then the node (2n+2), (2n+3), ------- , 3n are numbered along the line

u = 0. Then the interior nodes are numbered in increasing order from left to right along the line v =

% % ,— = —,”T_l bounded on the right by the line +v = 1 . Thus the entire triangle is covered by (n+1)
(n+2)/2 nodes. This is shown in the rr matrix of size_(n + 1) X (n + 1) , only nonzero entries of this matrix

refer to the nodes of the triangles,this matrix is already shown in eqgn(2c)

We note that in Fig.3c-d ,a curved triangle is mapped into a standard triangle.Since ,we are interested in
linear triangles in the interior of curved triangle ,all the interior arcs in Cartesian space are approximated by
straight sides and only boundary arcs of curved triangle in Cartesian space are approximated by parabolic
arcs.We may also note that lines lines parallel to E=constant and n=constant in parametric space are mapped
into straight lines in Cartesian space ( X,y) under the transformations of eqns(6a,b,c),since in this case
mapping from (x,y) to (§ ,n ) reduce to linear equations in either § or m only.

3.2 Triangulations and Quadrangulations

We now first consider the triangulations and quadrangulations of an arbitrary linear triangle. We divide the
arbitrary linear triangle into a number of equal size six node triangles. Let us define [;; as the line joining the points
(x;,¥;) and (xj,y;) in the Cartesian space (x,y). Then the arbitrary triangle with vertices at ((x;,y;),i = 1,2,3) is
bounded by three lines [, 1,3, and l3; . By dividing the sides 115, 13, l31 inton = 2m divisions ( m, an integer )
creates m? six node triangular divisions. Then by joining the centroid of these six node triangles to the midpoints of
their sides, we obtain three quadrilaterals for each of these triangle. We have illustrated this process for the two and
four divisions of 115, 153, and [34 sides of the arbitrary and standard triangles in Figs. 4 and 5

Two Divisions of Each side of an Arbitrary Linear Triangle
(i)Triangulation
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(0, 1/2) 6 F 5(1/2,1/2)

{0, 0) 4{1/2,0) 2(3,0p wu

Fig 4(a). Division of an arbitrary triangle into four triangles

Fig 4(b). Division of a standard triangle into four triangles

(if) Quadrangulation
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Fig 4(c). Division of an arbitrary triangle into three quadrilaterals

Fig 4(d). Division of a standard triangle into three quadrilaterals

Four Divisions of Each side of an Arbitrary Linear Triangle

()Triangulation
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Fig 5a. Division of an arbitrary triangle into 4 six node triangles and then into sixteen triangles

Fig 5b. Division
of a standard triangle into 4 six node triangles and then into sixteen triangles
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(ii)Quadrangulation
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Fig 5c. Division of an arbitrary triangle into 4 six node triangles and then into sixteen quadrilaterals Fig 5d. Division of
a standard triangle into 4 six node triangles and then into sixteen quadrilaterals

In general, we note that to divide an arbitrary linear triangle into equal size six node triangles, we must
divide each side of the triangle into an even number of divisions and locate points in the interior of triangle
at equal spacing. We also do similar divisions and locations of interior points for the standard triangle. Thus
n (even ) divisions creates ( n/2)® six node triangles in both the spaces.Similar divisions can be performed
on a curved triangle.This is possible because a curved triangle can also be mapped into standard triangle
as explained in section 2.2 of this paper.We can locate unique points in Cartesian space for each point in the
standard triangle of the parametric space. If the entries of the sub matrix rr (i: i+ 2, j: j+2) are
nonzero then two six node triangles can be formed. If rr (i+1, j+2)= rr (i+2, j+1,j+2)=0
then one six node triangle can be formed. If the sub matrices rr (i: i+ 2, j: j+2) isa (3 x3) zero
matrix , we cannot form the six node triangles. We now explain the creation of the six node triangles using
the rr matrix_of egn.( 7 ). We can form six node triangles by using node points of three consecutive rows
and columns of rr_ matrix. This procedure is depicted in Fig. 6 for three consecutive rows i,i + 1, i + 2
and three consecutive columns j, j+ 1, j+ 2 of the rr_ sub matrix

Formation of six node triangles using sub matrix rr
I (i+2, j+1)
“%

(ez)

(2, ) T 142, 42)

rr(i+1, j+1)

a3
rr(i+, j) 6\\/ K \ 5 Y+ j+2)

(i g (i, j+2)
(i, j+1)

Fig. 6 Six node triangle formation for non zero sub matrix rr

If the sub matrix ( (rr (k, 1),k =1i,i+1,i+2),l=j, j+1, j+ 2) is nonzero, then we can construct two
six node triangles. The element nodal connectivity is then given by , wherein we read {......... } as
connecting the nodal addresses

) {rr (i, Dyrr(G,i+2),rr((+2, (@, j+Drr(@i+1j+1D),rr((+1,))}
€){rr (i+2,j+2),rr(i+2,)),rr(i,j+2),rr(i+2,j+Drr(i+1,j+1),rr
i+1,j+2)}

If the elements of sub matrix ( e ( k, 1),k =i,i+1,i+2), l=j, j+1, j+ 2) are nonzero, then as
stated earlier, we can construct two six node triangles. We can create three quadrilaterals in each of these six
node triangles. The nodal connectivity for the 3 quadrilaterals created in (e;) are given as, Qzp,—2 , Q3n,-1

1 Q3Tl1

wherein we read {... ... ... } as connecting the nodal addresses.
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Qsn,—2{Ci,rr ((+ 1, ), rr (i, ), rr(i,j+ 1)}

Qng—1{Cr,rr (4, j+1), rr (i, j+2), rr(i+1,j+1)}

Qan, {Co rr ((+ 1L j+1D, re(@+2 ), rr(@+1))}

and the nodal connectivity for the 3 quadrilaterals created in (e,) are given as
Qny—2{Coyrr (i+1,j+2), rr(i+2 j+2),rr((+2, j+1)}

Q3n,-1{Coorr (42, j+1), rr(i+2 j),rr(@+1, j+1)}

Qsn, {Coyrr (i+1, j+1), rr (i, j+2), rr(i+1,j+2)} - (5)

wherein again we read {... ... ... } as connecting the nodal addresses.

3.3 Some lllustrative Examples

Examples:UNIFORM TRIANGULAR MESHES OVER A QUARTER CIRCLE

We now consider quarter circle as an example of a curved triangle.The mesh generation is displayed for selective

examples in the following figures.

QUARTER CIRCULAR DISK

Mesh With 4 curved &Linear Triangular Elements& Nodes=6

0.5 ot L . L L - L L L L o2
05 055 06 065 07 075 08 085 089 085 1

X axis
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Mesh With 16 curved &Linear Triangular Elements& Nodes=15
1 o3 T T T T T T T T
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Mesh With 36 curved &Linear Triangular Elements& Nodes=28
1 03 . . v v v . . v

y axis

Examples:Graded Triangular Meshes over Quarter Circle

Mesh With 4 curved &Linear Triangular Elements& Nodes=6
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Mesh With 16 curved &Linear Triangular Elements& Nodes=15
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Mesh With 64 curved &Linear Triangular Elements& Nodes=45
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Examples:UNIFORM QUADRILATERAL MESHES OVER A QUARTER CIRCLE
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Mesh With 3 Four Noded Quadrilateral Elements& Nodes=7
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Mesh With 12 Four Noded Quadrilateral Elements& Nodes=19

1 pF

0.95

0.9

0.85 r

0.8 r

0.75

¥ axis

0.7 r

0.65

B o g ki x [2]a] - 3 : :
0.5 0.55 06 0.65 0.7 0.75 08 085 08 0.95 1
X axis

Mesh With 27 Four Noded Quadrilateral Elements& Nodes=37
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Examples:GRADED QUADRILATERAL MESHES OVER A QUARTER CIRCLE
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Mesh With 3 Four Noded Quadrilateral Elements& Nodes=7
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4. Triangulation and Quadrangulation of the Curved Surfaces by using Parabolic Arcs

We can generate polygonal and analytical curved surface meshes by piecing together triangles with
straight sides (linear triangle) and curved sides(curved triangle) respectively by using subsections (called
LOOPs). The user specifies the shape of these LOOPs by designating six coordinates of each LOOP

As an example, consider the geometry shown in Fig. 8(a). This is a rectangular region which is simply
chosen for illustration. We divide this region into four LOOPs as shown in Fig.8(d). These LOOPs 1,2,3 and
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4 are triangles each with three sides. After the LOOPs are defined, the number of elements for each LOOP is
selected to produce the mesh shown in Fig. 8(c).The complete mesh is shown in Fig.8(b)

(i)Fig. 8(a) Region R to be analyzed

\ A
‘I.\_ d r*’ =
S ,\‘ ;r,.- N
}. { > £
S /"fr. \‘ - \ £
'_;Ff\\\ \» P . 'E\{ '
J [
'_\\ [ 3
\u = 0 ~<_ ) ‘i
(ii) Fig. 8(b) Example of complete gquadrangulated mesh and
(i) Fig. 8(c) Example of complete triangulated mesh
\\ [ S \ e ,-"J/l e
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(ii)Fig.8(d) Exploded view showing four loops

(iv)Fig.8(e) Example of a loop and side numbering scheme
We next illustrate the above procedure for an analytical curved surface ,this IS shown in Figs.9a-9d ,with

[ ] &

&Y

reference to an elliptical region.

LOOP Number

Side Number
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A CURVED DOMAIN IN THE SHAPE OF AN ELLIPEE

Fig 9a

AN ELLIPSE AS A CURVED DOMAIN MADE UP OF FOUR CURVED TRIANGLES

Fig.9h
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ELLIPSE A% & CURVED DOMAIN MADE UP OF TWELVE QUADRILATERALS

8

Fig 3¢

AN ELLIPSE AS CURVED DOMAIN DISCRITISED INTO TWELVE QUADRILATERALS

Fiz.8d

AN ELLIPSE AS A CURVED DOMAIN
DISCRETISED INTO SIXTEEN TRIANGLES

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24240



Fig 9e

Fig.of

How to define the LOOP geometry, specify the number of elements and piece together the LOOPs will now
be explained

Joining LOOPs : A complete mesh is formed by piecing together LOOPs. This piecing is done sequentially
thus, the first LOOP formed is the foundation LOOP, with subsequent LOOPs joined either to it or to other
LOOPs that have already been defined. As each LOOP is defined, the user must specify for each of the three
sides of the current LOOP.

In the present mesh generation code, we aim to create an all quadrilateral mesh for an analytical curved
surface. This requires a simple procedure. We join side 3 0f LOOP 1 to side 1 of LOOP 2, side 3 of LOOP 2
will joined to side 1 of LOOP 3, side 3 of LOOP 3 will be joined to side 1 of LOOP 4. Finally side 3 of
LOOP 4 will be joined to side 1 of LOOP 1.

When joining two LOOPs, it is essential that the two sides to be joined have the same number of divisions.
Thus the number of divisions remains the same for all the LOOPs. We note that the sides of LOOP (i) and
side of LOOP (i + 1) share the same node numbers. But we have to reverse the sequencing of node numbers
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of side 3 and assign them as node numbers for side 1 of LOOP (i + 1). This will be required for allowing
the anticlockwise numbering for finite element connectivity

5. Automesh Generation Scheme

In authors’ recent work[25-28], an automatic indirect quadrilateral mesh generator which uses the splitting
technique is presented for the two dimensional convex polygonal domains.It presents the mesh generation
over an arbitrary linear triangle and also the mesh generation for a convex polygonal domain.In the present
paper, our aim is to generate a finite element mesh of all quadrilaterals over an analytical curved surface.

5.1 Mesh Generation Over a Curved Triangle

In applications to boundary value problems due to symmetry considerations, we may have to discretize
a curved triangle. Our purpose is to have a code which automatically generates con quadrangulations of the
domain by assuming the input as coordinates of the vertices. We use the theory and procedure developed in
sections 2,3 and 4 of this paper for this purpose. The mesh generation of this paper uses the parametric
equations of straight lines for all the interior points of the domain.The boundary curve is approximated by
parabolic arcs.We have adopted the the following procedure:

We determine the points in the standard triangle.We divide standard triangle into n? sub -triangles of equal
area.This can be done by dividing each side into n equal parts and then joining these points appropriately by
straight lines to generate smaller right isosceles triangles which requires (n+1)(n+2)/2 nodal points.We then
find the corresponding points in the Cartesian space for the curved by the eqns(6b)

X = Qgo + alof + Ao + allfn, y = boo + blof + b01n + bllfn ..................... (6b)

9
where Qoo = X3, Aq0 = X1 — X3, Qg1 = X2 — X3, Q11 = Z(x4 + x5 — X1 — X2),

9
boo = ¥3, bio =y1—¥3, bo1 =¥2 —¥3, b1 = 1(3’4 +Y5—y1—Y)
and( (x;; y;),i=1,2,3) are the three vertices of the triangle,for a curved boundary the points ((x;, y;),i=4,5)

must be found by satisfying the relation

1 1 1
X5 = X4 —g(x1 —X2), V5 =4 —g(}ﬁ —y)and t;g = E(H + ty +4t; + 3ty + 3t5), (t=x,Y)

The curve corresponds to  &+n=1 ,on substituting this in eqn(6c) ,we obtain the equation of parabolic arc which is a
quadrtic equation in one of the variables, either in  or n. The most important thing is to decide on the boundary
nodes passing through this parabolic arc .The boundary nodes are along the edge joining points ( (x;,y;)
,i=1,2,4,5).However ( (x;,y;) ,i=4,5) are not used in the global node numbering.The nodes on the edge2-3 wil be
known to us as output from a program. The parametric equations of the curved boundary can be obtained from eqn(
) as function of one of the variables,say,n from eqn( 6b) as

9 9
tInn)=tn [(6 = 0) + (s + b5 — 6 — )| =% [Z(ta+ s -t — 1) (= x,3),0<n <1

The division of the boundary into n equal parts can be done by obtaining (n+1) points:

T; =t(1-n; mi ), n; =@,i =1,2,..,n,(n+ 1); clearly,T; =t; and T(n11) =ty v, (9)

n
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The eqn(8-9) is used to plot the curved boundary.However,since we want to generate straight edge
quadrilaterals in the interior of the domain centroid (average of three vertices) of the respective interior
triangle is used.

We illustrate the mesh generation for a curved triangle with reference to a quadrant of circular region.Some
sample commands to generate these quadrilaterals are included in comment lines. In all the codes sample
input data is included for easy access.

5.2 Mesh Generation Over an Analytical Curved Surface

In several physical applications in science and engineering, the boundary value problem require meshes
generated over curved surfaces whose boundary is defined by analytical equations of curves. Again our aim
is to have a code which automatically generates a mesh of linear convex quadrilaterals in the interior of the
domain and quadrilaterals with three straight edges and one curved edge near to the boundary of curved
surface for the complex domains such as those in [19-23]. We use the theory and procedure developed in
sections 2, 3 and 4. The following MATLAB codes are written for this purpose.

(HNCOMPUTER PROGRAMS FOR TRIANGULATION

Essential Programs
(1)curvedquadrilateralmesh4convexpolygoneightsidesq40Ntr3.m
(2)curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3.m
(3)curvedpolygonal_domain_QUADcoordinatesNtr3.m

(4) nodaladdresses_special_convex_quadrilateralsNtr3.m

(5) nodaladdresses4special_convex_quadrilateralsQUADtrialNtr3 .m
Common Program

(6) triangularmeshpoints4singularcorner.m

Application Specific Programs

A Quarter Circle,Semi Circle ,Three Quadrants of a Circle and A Complete Circle
(7) masterelementnodescoordinates_circulardisk.m

(8) globalnodalcoordinate_circulardisk.m

(IHCOMPUTER PROGRAMS FOR QUADRANGULATION

Essential Programs
(9) curvedgquadrilateralmesh4convexpolygoneightsidesg40N.m
(10) curvedquadrilateralmeshd4crackedconvexpolygoneightsidesg40N.m
(11)curvedpolygonal domain QUADcoordinatesN.m
(12) nodaladdresses_special_convex_quadrilateralsN.m
(13)nodaladdresses4dspecial convex quadrilateralsQUADtrialN.m

We have included some meshes generated by using the above MATLAB codes. We further illustrate the
application of above codes by generating meshes for a quarter circle,a semicircle ,three quadrants of a circle
and a complete circle. Some sample commands to generate the curved domains stated above also appear in
the comment lines of programs. In all the cases the sample data is a part of the codes.

Conclusions

An automatic indirect quadrilateral mesh generator which uses the splitting technique is presented for the two
dimensional analytical curved surfaces. This mesh generation is made fully automatic and allows the user to define
the problem domain with minimum amount of input such as coordinates of boundary. Once this input is created, by
selecting an appropriate interior point of the curved domain, we form the subdomains in the shape of curved
triangles. These subdomains are then triangulated to generate a fine mesh of six node triangular elements which can
be converted to form four triangles in each 6-noded triangle. We have then proposed an automatic triangular to
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quadrilateral conversion scheme in which each isolated triangle is split into three quadrilaterals according to the usual
scheme, adding three vertices in the middle of the edges and a vertex at the barrycentre of the triangular element.
This task is made a bit simple since a fine mesh of six node triangles is first generated. Further, to preserve the mesh
conformity a similar procedure is also applied to every triangle of the domain and this discretizes the given curved
domain into all convex bilinear quadrilaterals in the interior of the curved domain and quadrilaterals with three straight
sides and one curved side which forms part of the curved boundary, thus propogating a uniform refinement. This
simple method generates high quality mesh whose elements confirm well to the requested shape by refining the
problem domain. We have also appended MATLAB programs which provide the nodal coordinates, element nodal
connectivity and graphic display of the generated all quadrilateral mesh for the curved triangle, a circular disk,three
guadrants a semicircular region as illustrative application examples. We believe that this work will be useful for
various applications in science and engineering. The quality of the quadrilateral mesh can be subsequently enhanced
by a series of mesh modifications and element shape improvement procedures.One advantage of the mesh is for
applications to two dimensional boundary value problems,because the jacobian of all the interior quadrilaterals is
linear expression,as explained in our works[29-30]. The elements near to the boundary are a few quadrilaterals
having one curved side and three straight sides.Thus an algorithm based on the proposed mesh generation scheme has
computational convenience and it can be easily coded.
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APPENDIX-A

B — GRADED AUTOMESH GENERATION OVER CURVED DOMAINS BY TRIANGLES ,( = 2)

(1)QUARTER CIRCLE

MATLAB COMMANDS
For ndiv=2:2:10

n=ndiv;

curvedquadrilateralmesh4convexpolygoneightsidesq40Ntr3([3],[1],[2],[4],[5],3,(n/2)"2,n,15,1,1)

end

curvedquadrilateralmesh4convexpolygoneightsidesq40Ntr3([3],[1],[2],[4],[5],3,100,20,15,1,1)
curvedquadrilateralmesh4convexpolygoneightsidesq40Ntr3([3],[1],[2],[4],[5],3,400,40,15,1,1)
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Mesh With 100 curved ELinear Triangular Elements& Nodes=66 ) p—

(2)SEMICIRCLE
MATLAB COMMANDS

for ndiv=2:2:10

n=ndiv;
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3([1;1;1;1],[2;3;4;5],13;4;5;2],16;8;10;12],[7;9;11;13],5,(n/2)*2,n,12,1,1)
end
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3([1;1;1;1],[2;3;4;5],(3;4;5;2],16;8;10;12],(7;9;11;13],5,100,20,12,1,1)
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq4ONtr3([1;1;1;1]1,[2;3;4;5],[3;4;5;2],[6;8;10;12],[7;9;11;13],5,400,40,12,1,1)

keyboard input:1 and then Y
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Mesh With 32 curved &Linear Triangular Elements& Nodes=25
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Tsamicreabr dek
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i [ — Y Mesh With 800 curved ELinear Triangular Elementss Nodes=441
< r— T [ R Ternickcuf disk

ar o8 09 '

Mesh With 3200 curved &Linear Triangular Elements& Nodes=1681
T T T T T
” 1

T sermicirouiar disk.

(3)THREE QUADRANTS OF A CIRCLE

For ndiv=2:2:10

N=ndiv;
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3([1;1;1;1],[2;3;4;5],[3;4;5;2],16;8;10;12],[7;9;11;13],5,(n/2)*2,n,12,1,1)
end
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3([1;1;1;1],(2;3;4;5],[3;4;5;2],(6;8;10;12],(7;9;11;13],5,100,20,12,1,1)
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40Ntr3([1;1;1;1],[2;3;4;5],[3;4;5;2],[6;8;10;12],[7;9;11;13],5,400,40,12,1,1)

keyboard input:1 and then N
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APPENDIX-B

B — GRADED AUTOMESH GENERATION OVER CURVED DOMAINS BY QUADRILATERALS ,(f = 2)

(1)QUARTER CIRCLE

MATLAB COMMANDS
For ndiv=2:2:10
n=ndiv;
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curvedquadrilateralmesh4convexpolygoneightsidesq40N([3],[1],[2],[4],[5],3,(n/2)*2,n,15,1,1)
end
curvedquadrilateralmesh4convexpolygoneightsidesq40N([3],[1],[2],[4],[5],3,100,20,15,1,1)
curvedquadrilateralmesh4convexpolygoneightsidesq40N([3],[1],[2],[4],[5],3,400,40,15,1,1)

Mesh With 3 Four Noded Quadrilateral Elements& Nodes=7 Mesh With 12 Four Neded Quadrilateral Elements& Nodes=19
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1H|uh ‘With 48 Four Noded Quadrilateral Elements& Nodes=61

Mesh With 75 Four Noded Quadril 1 El & Nodes=91
2 1 =
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L R ' '
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?hlh With 300 Four Noded Quadrilateral Elemenis& Nodes=331 ;
F .

X axis
Wash With 1200 Foar Noced Quadn lateral Elem antsi Nodes=1261

.
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(2) SEMICIRCLE

MATLAB COMMANDS

For ndiv=2:2:10

n=ndiv;
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5],[3;4;5;2],16;8;10;12],[7;9;11;13],5,(n/2)"2,n,12,1,1)
end
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5),[3;4;5;2],(6;8;10;12],(7;9;11;13],5,100,20,12,1,1)

curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5],[3;4;5;2],(6;8;10;12],(7;9;11;13],5,400,40,12,1,1)
keyboard input:1 and then Y
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(3)THREE QUADRNTS OF CIRCULAR DISK
MATLAB COMMANDS
For ndiv=2:2:10
n=ndiv;
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5],(3;4;5;2],16;8;10;12],[7;9;11;13],5,(n/2)*2,n,12,1,1)
end

curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5],[3;4;5;2],(6;8;10;12],(7;9;11;13],5,100,20,12,1,1)
curvedquadrilateralmesh4crackedconvexpolygoneightsidesq40N([1;1;1;1],[2;3;4;5],[3;4;5;2],(6;8;10;12],(7;9;11;13],5,400,40,12,1,1)
keyboard input:1 and then N
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(4) CIRCULAR DISK

MATLAB COMMANDS

curvedquadrilateralmesh4convexpolygoneightsidesqg4ON([1;1;1;1]1,[2;3;4;51,1[3;4;5;21,16;8;10;121,17;9;11;131,5, (
n/2)"2,n,12,1,1)

n=2,4,6,8,10,20,40
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Mesh With 1200 Four Noded Quadnlateral Elemants& Nodos=1241

APPENDIX-C

PROGRAM-1
function[]=curvedquadrilateralmesh4convexpolygoneightsidesq40Ntr3(nl,n2,n3,n4,n5,nmax,n
umtri,ndiv,mesh, xlength, ylength)

%clf

% (1)=generate 2-D quadrilateral mesh

$for a rectangular shape of domain

%quadrilateral mesh g4 (xlength,ylength)

$xnode=number of nodes along x-axis

$ynode=number of nodes along y-axis

$xzero=x-coord of bottom left corner

$yzero=y-coord of bottom left corner

%xlength=size of domain alog x-axis

%ylength=size of domain alog y-axis

%quadrilateral meshd4MOINEX g4 ([1;1;1;1;1;1;11,1([2;3;4;5;6;7;8],1[03;4;5;6;7;8;2],8,1,2,1,1
1)

%quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1],[2;3;4;5;6;7;8]1,1[3;4;5;6;7;8;2]1,8,4,4,1,1
, 1)

%quadrilateral meshd4MOINEX g4 ([1;1;1;1;1;1;1;11,1(02;3;4;5;6;7;8;9],103;4;5;6;7;8;9;2],9,1
12121 ll 1)
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%quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1;11,[2;3;4;5;6;7;8;91,[3;4;5;6;7;8;9;21,9,4
/4/2/111)

%quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8;9],103:4;5;6;7;8;9;2]1,9,1
12141111)

%quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7],1[3;4;5;6;7;
21,7,1,2,5,1,1)

%quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7],1[3;4;5;6;7;
21,7,4,4,5,1,1)

%quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8],1[3;4;5;
6;7;8;21,8,1,2,8,1,1)

%quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8],1[3;4;5;
6;7;8;21,8,4,4,8,1,1)

%quadrilateral meshdconvexpolygoneightsidesqg4([9;9;9;9;9;9;9;9],1[1;2;3;4;5;6;7;8],1[2;3;
4;5;6;7;8;11,9,1,2,9,1,1)

%quadrilateral meshdconvexpolygoneightsidesqg4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8;9],1[3;4;
5;6;7;8;9;21,9,1,2,10,1,1)
$quadrilateralmesh4convexpolygoneightsidesqg4 ([1], [2],([3]1,3,1,2,6,1,1)

%quadrilateral meshdconvexpolygoneightsidesqg4([(1],([2],[3]1,3,1,2,7,1,1)

%[eln,spqd, rrr,nodes,nodetel]=nodaladdressesd4special convex quadrilateralsQUADtrial ([9;
9;9;9;9;9;9;91,101:,2;3;4;5;6;7;8]1,[2;3;4;5;6;7;8;11,9,1,2)

%quadrilateral meshd4convexpolygoneightsidesqg4([1;1;1;1],[2;3;4;5],1[3;4;5;21,5,1,2,11,1,
)

%curvedquadrilateralmeshd4convexpolygoneightsidesqg4 ([5;5;5;5]1,[1;2;3;41,1[2;3;4;1],1[6;8;1
0;121,(7;9;11;13]1,5,1,2,11,1,1)
$curvedquadrilateralmesh4convexpolygoneightsidesqg4 ([9;9;9;9;9;9;9;9]1,1[1;2
[2;3;4;5;6;7;8;11,[10;12;14;16,;18;20;,22;24]1,([11;13;15;17;19;21;23;251,9,1
$curvedquadrilateralmesh4convexpolygoneightsidesqgd40 ([5;5;5;51,[1;2;3;4]1, [
10;121,107;9;11;13]1,5,1,2,12,1,1)
%curvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;51,[1;2;3;4]1,1[2;3;4;11,1[6;8;
10;121,107;9;11;13]1,5,4,4,12,1,1)

$curvedquadrilateralmeshd4convexpolygoneightsidesqd0 ([7;7;7;7;7;71,[1;2;3;4;5;61,1[2;3;4;
5;6;11,18;10;12;14;16;18]1,1([9;11;13;15;17;19]1,7,1,2,13,1,1)
%curvedquadrilateralmeshd4convexpolygoneightsidesq40(([(3],[1]1,([2],[4]1,15],3,1,2,15,1,1)

%******************************************************************************LATEST

AND UPDATED MATLAB COMMANDS****

=

4

$curvedquadrilateralmesh4convexpolygoneightsidesqd4ON([3],[1],[2],[4]1,I[5],3,1,2,15,1,1)
$curvedquadrilateralmesh4convexpolygoneightsidesq40ONtr3([3], (11, [2]1,[4]1,I[5],3,1,2,15,1,

1)
%curvedquadrilateralmeshd4convexpolygoneightsidesqg4ON([1;1;1;1]1,[2;3;4;5],[3;4;5;2]1,1[6;8
;10;121,17;9;11;13]1,5,1,2,12,1,1)
$curvedquadrilateralmesh4convexpolygoneightsidesqdONtr3 ([1;1;1;1]1,[2;3;4;5]1,1[3:;4:;5;2],1
6;8;10;121,17;9;11;13]1,5,1,2,12,1,1)

%*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k************************

AAKAKAKAA KRNI I AA KA AR A AR A A KA XA AR A AR A AR A A XAk, K

global edgen2n3

global TRINUM ncrack

global crnodes

ncrack=0

axis equal

switch mesh

case 1

axis ([0 xlength 0 ylengthl])
case 2

axis ([0 xlength 0 ylengthl])
case 3
xl=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl y1])

case 4
x1l=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl y1])

case 5

axis ([0 xlength 0 ylengthl])

case 6
axis ([0 xlength 0 ylengthl])
case 7
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axis ([0 xlength 0 ylengthl])

case 8

axis ([0 xlength 0 ylengthl])
case 9

axis ([0 xlength 0 ylengthl])

case 10
axis ([0 xlength 0 ylengthl])
case 11

axis ([0 xlength 0 ylengthl])
case 12

axis ([0 xlength 0 ylengthl])
case 15

axis ([0 xlength 0 ylengthl])
case 16

axis ([0 xlength 0 ylengthl])
case 17

axis ([0 xlength 0 ylengthl])
endsmesh

[coord, gcoord, nodes, nodetel, tnodes, trielm, nnode, nel]=curvedpolygonal domain QUADcoordin
atesNtr3(nl,n2,n3,n4,n5,nmax, numtri, ndiv, mesh)

[nel,nnel]l=size (nodes);

figure (ndiv/2)

disp([xlength,ylength,nnode,nel,nnell)

%gcoord (i, j),where i->node no. and j->x or y

[

o

%plot the mesh for the generated data
%$x and y coordinates
xcoord(:,1)=gcoord(:,1);
ycoord(:,1)=gcoord(:,2);
%$extract coordinates for each element
$clf
edgen2n3

nitri=nmax-1;
1if (nmax==3)

nitri=1;

nelm=nmax-2;
end
if (nmax==4)

nitri=2;

nelm=nmax-2;
end
numtri=(ndiv/2) "2

if mesh==11
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 n5]
end
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if mesh==12
nelm=nmax-1
[mst tri, theta,cord]=masterelementnodescoordinates circulardisk(nelm);
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end

if mesh==13
nelm=nmax-1
[mst tri, theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)
[cord]=globalnodalcoordinate circularshaft keyway(mst tri,theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 n5]
end
if mesh==15
nelm=1
%[mst tri, theta,cord]=masterelementnodescoordinates onecurvedtriangle (nelm)
% [cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[mst tri, theta,cord]=masterelementnodescoordinates circulardisk (nelm)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 n5]

end

if mesh==17
nelm=2
nitri=2

%[mst tri,theta,cord]=masterelementnodescoordinates onecurvedtriangle (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[mst _tri,theta,cord]l=masterelementnodescoordinates circulardisk (nelm)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)

xx=cord(:,1)

yy=cord(:,2)

[nl n2 n3 n4 nb5]

end
itri3=0;
for itri=l:nitri

disp('vertex nodes of the itri triangle')
[nl1(itri,1) n2(itri,1) n3(itri,1) ]
x3=xx(nl(itri,1),1)

x1l=xx(n2 (itri, 1), 1)
x2=xx (n3 (itri, 1),1)
x4=xx (n4d (itri, 1),1)
x5=xx(n5(itri,1),1)
y3=yy(nl (itri,1),1)
yl=yy(n2(itri,1),1)
y2=yy(n3(itri, 1),1)
y4=yy(nd (itri, 1),1)
y5=yy (n5(itri,1),1)
%$itri3=0;

for i=(itri-1)*numtri*3+l:itri*numtri*3
% 1f rem(i,4)~=0
itri3=itri3+1;
for j=l:nnel
x(1,j)=xcoord(nodes (i, j),1);
y(1l,3j)=ycoord(nodes(i,j),1l);
end;%j loop

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24257




xvec(l,1:5)=[x(1,1),x(1,2),x(1,3),x(1,4),x(1,1)];
yvec(l,1:5)=[y(1,1),y(1,2),y(1,3),y(1,4),y(1,1)];
xt (itri3, l)=xvec(l,4);yt(itri3, 1l)=yvec(l,4);

if (crnodes (i, 2)==2) & (crnodes (i, 3)~=0)
disp('error,first element node on the boundary curve')
break

end

o)

°

%plot (xvec,yvec) ; $plot element

%$if ((crnodes(i,2)~=0)| (crnodes (i,3)~=0))

if ((crnodes(i,l)==i)&(crnodes(i,2)<=1))%plot all elements except those having a ponit
on the boundary

%$if ((crnodes(i,1l)==1i) & (crnodes (i,2)==0))

%1f ((crnodes(i,1)==1))%PLOT ALL THE ELEMENTS

disp('element no. i=")
disp(crnodes (i, 1))

xi=x(1,1);xj=x(1,2) ;xk=x(1,3);x1l=x
yi=y(1,1);yi=y(1,2);vk=y(1,3);yl=y(1,4);
s=linspace(0,1,101);
xij=xi+ (xj-xi) *s;
xJk=x73+ (xk-x7)
xkl=xk+ (x1-xk)
x1li=x1+(x1i-x1)
x1j=x1+(xj-x1)
yij=yi+(yj-vyi)
( )
( )
( )
)
)

*s;
*s;
*s;
'ks,
*s;
yik=yj+(yk-vyj
vkl=vyk+ (yl-vk
yli=yl+(yi-y1l
yli=yl+(yj-yl
gplot (xij,yvij
%$hold on
plot(xjk,yjk)
hold on

plot (xkl, ykl)
hold on

plot (xli,yli)
%$hold on
plot(x13j,ylJ)
hold on

end

%place element number

$1if (ndiv<=6)

$midx=mean (xvec (1l,1:4))

gmidy=mean (yvec(1l,1:4))

Stext (midx,midy, ['[',num2str(i),']1"']);
%end% if ndiv

%plot the elements on the boundary

if crnodes (i, 2)==2

$first check for element nodes 2&3
xi=x(1,1);xj=x(1,2) ;xk=x(1,3);x1=x(1,4);
yi=y(1,1);yi=y(1,2);vk=y(1,3);yl=y(1,4);

s
*S,’
*S,’
*S;
*s

’

if ((crnodes(i,4)~=0) & (crnodes(i,5)~=0))

for k=1l:ndiv

if (crnodes (i, 4)==edgen2n3(k,itri)) & (crnodes(i,5)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

o)

% plot straight sides of boundary element
s=linspace(0,1,101);

Exij=xi+ (xj-x1i)*s;yij=yi+(yj-yi)*s;
$plot(xij,yij)

%hold on
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xkl=xk+ (x1-xk) *s; ykl=yk+ (yl-yk) *s;
plot (xkl, ykl)

hold on

% xli=xl+(xi-x1)*s;yli=yl+(yi-yl)*s;

% plot(xli,yli)

% hold on

x1y=x1+(xj-x1) *s;yli=yl+(yj-v1l) *s;

plot (x13j,yl])

hold on

%$now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);

xxx=x1+( (x2-x1)+2.25* (x4+x5-x1-%2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+ ((y2-y1)+2.25*% (y4+y5-yl-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx, yyYy)

hold on

end

%$next check for element nodes 3&4

if ((crnodes (i, 5)~=0) & (crnodes (i, 6)~=0))

for k=1l:ndiv

if (crnodes (i, 5)==edgen2n3(k,itri)) & (crnodes (i, 6)==edgen2n3 (k+1,itri))
sO0=(k-1) /ndiv;sl=k/ndiv;

end

end

% plot straight sides of boundary element
s=linspace(0,1,101);

xij=xi+ (xj-xi)*s;yij=yi+(yj-yi)*s;

5 plot(xij,yij)

% hold on

xjk=xj+ (xk-x7j) *s;yik=yi+ (vk-yJ) *s;

o

$ xli=xl+(xi-x1)*s;yli=yl+(yi-yl)*s;
% plot(xli,yli)
hold on
x1y=x1+(xj-x1) *s;yli=yl+(yj-yl) *s;
plot (x13j,yl])
hold on

%now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);
XxXX=xX1+((x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
vyy=yl+ ((y2-y1)+2.25*% (y4+y5-yl-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx,yyy)
hold on

end

end%crnodes (i, 2) ==

%place element number

if (rem(i, 3)>=0)

if (ndiv<=0)
midx=mean (xvec(1l,2:4))
midy=mean (yvec(l,2:4))
text (midx, midy, ['[',num2str (itri3),']1'1);
end% 1if ndiv
end%if rem(i,3)>=0

if rem(itri3+1,4)==

if (ndiv<=0)

itrid=itri3+1

midxt=(xt (itri3-2,1)+xt(itri3-1,1)+xt(itri3,1))/3
midyt=(yt (itri3-2,1)+yt(itri3-1,1)+yt (itri3,1))/3
text (midxt,midyt, ['[',num2str (itrid),"']1"']1);
end% 1if ndiv

itri3=itri3+1
end%if rem(itri3+1,4)==0

o\°

end%i loop

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24259



o

if rem (i, 4)==0
if (ndiv<4)
text(xi,yi, ['[',num2str(i),'1']);
end% if ndiv
$end%if rem (i, 4)==0
$itri3=itri4
end%itri loop

o° 0P

o\

$%itri loop
xlabel ('x axis'")
ylabel ('y axis'")
stl="Mesh With ';
st2=num2str (nitri*numtri*4);
st3=' curved &Linear ';
std4="Triangular';
st5="'" Elements'
stoe="'& Nodes='
st7=num2str (nnode-numtri*nitri);
title([stl,st2,st3,st4,st5,st6,st7])
%put node numbers
if (ndiv<=6)
gnumber of six node triangles=numtri=number of centroids
for jj=l:nnode-numtri*nitri
text (xcoord(jj,1),ycoord(jj,1),['o',num2str(jj)]);
end
end%if ndiv
JJ=(1l:nnode-numtri*nitri)’';
%Saxis off
nitri
edgenzn3=edgen2n3 (l:ndiv+1l,l:nitri)
[crnodes nodes]
[JJ xcoord(l:nnode-numtri*nitri) ycoord(l:nnode-numtri*nitri) ]
JJJ=(l:nitri*numtri*4)"';
[JJJ tnodes]
end%

0

°

PROGRAM-2
function[]=curvedquadrilateralmeshd4crackedconvexpolygoneightsidesq40Ntr3(nl,n2,n3,n4,nb
,nmax,numtri,ndiv,mesh, xlength, ylength)

%curvedquadrilateralmeshd4convexpolygoneightsidesqg4 ([5;5;5;5]1,[1;2;3;41,102;3;4;1]1,1[6;8;1
0;12]1,(07;9;11;131,5,1,2,11,1,1)

scurvedquadrilateralmeshd4convexpolygoneightsidesqg4 ([9;9;9;9;9;9;9;91,1[1;2;3;4;5;6;7;8],
[2;3;4;5;6;7;8;11,[10;12;14;16;18;20;22;241,(11;13;15;17;19;21;23;251,9,1,2,11,1,1)
%curvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;51,1[1;2;3;4]1,1[2;3;4;11,16;8;

10;121,1(17;9;11;131,5,1,2,12,1,1)
%curvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;51,[1;2;3;4]1,1[2;3;4;11,16;8;
10;121,1(07;9;11;13]1,5,4,4,12,1,1)
scurvedquadrilateralmeshd4crackedconvexpolygoneightsidesq4O([7;7;7;7;7;7]1,[1;2;3;4;5;6],
[2;3;4;5;6;11,1(08;10;12;14;16;18]),1[9;11;13;15;17;191,7,1,2,13,1,1)
%curvedquadrilateralmeshd4crackedconvexpolygoneightsidesqg40([4;4;4]1,[1;2;3]1,02;3;11,1[5;7
791,16;8;101,4,1,2,16,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesqg40([9;9;9;9;9;9;9;91,11;2;3;4;5;6;7;8]
, [2;3;4;5;6;7;8;1],[10;,12;14;16;18;20;22;24],[11;13;15;17;19;21;23;25],9,1,2,11,1,1)
%curvedquadrilateralmeshd4crackedconvexpolygoneightsidesqg40 ([5;5;5;51,[1;2;3;4]1,1[2;3;4;1
1,[6;8;10;12]1,17;9;11;13]1,5,1,2,16,1,1)

global edgen2n3

global TRINUM ncrack nitri

global crnodes

figure (ndiv/2)

axis equal

switch mesh

case 1

axis ([0 xlength 0 ylengthl])
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case 2

axis ([0 xlength 0 ylengthl])
case 3
xl=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl y1])

case 4

xl=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl yl])

case 5

axis ([0 xlength 0 ylengthl])

case 6
axis ([0 xlength 0 ylengthl])
case 7
axis ([0 xlength 0 ylengthl])

case 8

axis ([0 xlength 0 ylengthl])
case 9

axis ([0 xlength 0 ylengthl])

case 10
axis ([0 xlength 0 ylengthl])
case 11

axis ([0 xlength 0 ylengthl])
case 12

axis ([0 xlength 0 ylengthl])
case 13

yl=ylength/2;

axis ([0 xlength -yl yl])
case 14

yl=ylength/2;

axis ([0 xlength -yl yl1])

case 16

axis ([0 xlength 0 ylengthl])
case 17

o° oo

oe

axis ([0 xlength 0 ylengthl])
end
TRINUM=0; $acounter for number of coarse triangles
gncrack=1 if the cracked circular disk has to be a perfect mesh generation model
%ncrack=2,3,....will change the element node numbering
sncrack=input ('for cracked domain,enter the number of triangles to be deleted="')
$ncrack=1;
ncrack=input ('ncrack=")
if ncrack==1%three quadrants
% [coord, gcoord, nodes,nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN(nl,n2,n
3,n4,n5,nmax, numtri, ndiv, mesh)
[coord, gcoord, nodes, nodetel, tnodes, trielm,nnode, nel]=curvedpolygonal domain QUADcoordin
atesNtr3(nl,n2,n3,n4,n5,nmax, numtri, ndiv, mesh)

end
if ncrack==2%two quadrants
NN1(:,1)=nl(:,1);NN2(:,1)=n2(:,1);NN3(:,1)=n3(:,1);NN4(:,1)=nd4(:,1);NN5(:,1)=n5¢(:,1);
for iii=1:nmax-3

N1 (iii,1)=NN1(iii,1

o° o° oe

oe

’

)
% N2 (iii,1)=NN2(iii,1);
% N3 (iii,1)=NN3(iii,1);
% N4 (iii, 1)=NN4 (iii, 1)+ (-1);
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o\°

N5 (iii,1)=NN5(iii, 1)+ (-1);
end

N1

N2

N3

N4

N5

NMAX=nmax-1

o° 0P o o° o° o°

oe

[coord, gcoord,nodes,nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN (N1,N2,N3
,N4,N5,NMAX, numtri, ndiv, mesh)

% end

[nel,nnell=size (nodes) ;

figure (ndiv/2)

disp([xlength,ylength,nnode,nel,nnell)

%gcoord(i,j),where i->node no. and j->x or vy

oe

%plot the mesh for the generated data
%$x and y coordinates
xcoord(:,1)=gcoord(:,1);
ycoord(:,1)=gcoord(:,2);
$extract coordinates for each element
%clf

edgen2n3

nitri=nmax-1;

if (nmax==3)
nitri=1;

end

numtri=(ndiv/2) "2

if mesh==11

nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4d nb5]
end
if mesh==12
nelm=nmax-1

if ncrack==
nelm=nmax-3
nitri=2
end

[mst tri,theta,cord]=masterelementnodescoordinates circulardisk(nelm);
[cord]l=globalnodalcoordinate circulardisk(mst tri, theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 n5]
end
if mesh==13
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)
[cord]=globalnodalcoordinate circularshaft keyway(mst tri, theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end

o 0o oP

o°

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24262



if mesh==14
nelm=nmax-1

[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeywayascrack (nelm)

[cord]=globalnodalcoordinate circularshaft keywayascrack(mst tri,theta,cord)

xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if mesh==16
nelm=nmax-1
nelm=nmax-1;
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta, cord)
[cord]=globalnodalcoordinate circulardisk(mst tri, theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if (ncrack==1) & (mesh==12)
reply=input ('Do you have more cracks?Y/N [Y]:','s");
if isempty(reply)
reply = 'Y';
end
if reply=='Y'
ncrack=2;
nmax=4;
end
if reply=='N'
ncrack=1;
end
end

[nel,nnel]l=size (nodes)

$number of special quadrilaterals in cracked circular disk
nel=nel-ncrack* (3* (ndiv/2)"2)

nitri=nitri-ncrack

SNITRI=nitri

spgd=nodes (l:nel,l:nnel)

nnode=max (max (spqgd) )

disp ([ 'number of nodes and spgd elements in cracked circular disk=',num2str (nnode),' ,

', num2str(nel)])
PR I I i I I I e b b b b b b S A A 2 b b b b b S i 2 4 b b b b b O a4

o\

oe

if (ncrack==2) & (mesh==12)
NMAX=nmax;
for iel=1l:nel
for j=l:nnel
if nodes(iel, j)> (NMAX+1)
nodes (iel, j)=nodes (iel,j)-1;
COORD (NODES (iel,j),1l)=coord(nodes (iel,j), 1)
COORD (NODES (iel, j),2)=coord(nodes (iel,j),2)

o° 0 o od° o° o° oe

o\°

end
end
end
spgd=NODES (1l:nel,l:nnel)
NNODE=max (max (spgd) ) ;
if NNODE== (nnode-1)
for iel=1l:nel
for j=l:nnel
nodes (iel, j)=NODES (iel, j) ;
coord (NODES (iel,j), 1) =COORD (NODES (iel,j), 1) ;
coord (NODES (iel, j), 2)=COORD (NODES (iel,j),2) ;

0° 0P 0@ 0° OO O° d° o° d° o° oP

oe

end
end

o° oo

o\

else
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% [nnode NNODE]

% disp('error in reassigning nodal connectivity and coordinates')
% end%if NNODE

% nnode=NNODE

% end%if (ncrack==2) & (mesh==12)

itri3=0;
for itri=l:nitri

disp('vertex nodes of the itri triangle')
[n1(itri,1l) n2(itri, 1) n3(itri, 1) ]

x3=xx(nl(itri 1),1)
x1l=xx(n2 (itri,1),1)
x2=xx (n3 (itri,1),1)
x4=xx (n4d (itri, 1),1)
x5=xx(n5(itri, 1), 1)
y3=yy(nl(itri,1),1)
yl=yy(n2(itri,1),1)
y2=yy(n3 (itri, 1),1)
y4=yy(nd (itri,1),1)
y5=yy(nb5(itri,1),1)
$itri3=0;

for i=(itri-1)*numtri*3+l:itri*numtri*3

$ 1f rem(i, 4)~=0

itri3=itri3+1;
for j=l:nnel
x(1,j)=xcoord(nodes (i,73),1);
y(1l,73)=ycoord(nodes (i,3),1);
end; %7 loop
xvec(l,1:5)=[x(1,1),x(1,2),x(1,3),x(1,4),x(1,1)];
yvec(l,1:5)=[y(1,1),y(1,2),y(1,3),y(1,4),y(1,1)]
xt(itri3,l)=xvec(l,4);yt(itrl3,l) =yvec(l,4);

’

if (crnodes (i, 2)==2) & (crnodes (i, 3)~=0)
disp('error,first element node on the boundary curve')
break

end

o

°

splot (xvec,yvec) ; splot element

%$if ((crnodes (i, 2)~=0)| (crnodes (i, 3)~=0))

if ((crnodes(i,l)——l)&(crnodes(i,2)<=l))%plot all elements except those having a ponit
on the boundary

$if ((crnodes(i,1)==1)& (crnodes(i,2)==0))

%$if ((crnodes(i,1)==i))%$PLOT ALL THE ELEMENTS

disp('element no. i=")
disp(crnodes (i, 1))

xi=x(1,1);xj=x(1,2) ;xk=x(1,3);x1l=x(1,4);

yi=y(1,1);y3i=y(1,2);yk=y(1,3):;yl=y(1,4);

s=linspace(0,1,101);

xij=xi+(xj-xi) *s;

xjk=xj+ (xk-x7j) *

xkl=xk+ (x1-xk) *

x1li=x1+(xi-x1)

x1j=xl+(xj-x1)

yij=yi+(yj-yi)
)
)
)
)
)

Ne Ne Ne Ne o N

~.

yik=yj+ (yk-vJ
vkl=yk+ (yl-vk
yli=yl+(yi-yl
ylj=yl+(yj-yl
plot (xij,yij
shold on

plot (xjk,yjk)

~.

o~~~ o~~~ o~ —~

~e

U]U)U)U)U)U)U)U)

ok ok ok ok ko
~
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hold on
plot (xkl, ykl)

hold on

$plot (x1i,yli)
%hold on

plot (x13j,yl])
hold on

end

%place element number

$if (ndiv<=0)

$midx=mean (xvec (1l,1:4))
gmidy=mean (yvec (1,1:4))

Stext (midx,midy, ['[',num2str(i),']1"']);
$end% 1f ndiv

%plot the elements on the boundary

if crnodes (i, 2)==2

$first check for element nodes 2&3
xi=x(1,1);xj=x(1,2);xk=x(1,3);x1l=x(1,4);
yi=y(1,1);yi=y(1,2);yk=y(1,3);yl=y(1,4);
if ((crnodes (i, 4)~=0) & (crnodes (i, 5)~=0))
for k=l:ndiv

if (crnodes (i, 4)==edgen2n3(k,itri)) & (crnodes (i, 5)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

[

% plot straight sides of boundary element
s=linspace(0,1,101);

Sxij=xi+ (xj-x1i)*s;yij=yi+(yj-yi)*s;
splot(xij,yij)

%$hold on

xkl=xk+ (x1l-xk)*s;ykl=yk+(yl-yk) *s;

plot (xkl, ykl)

hold on

% xli=xl+(xi-x1)*s;yli=yl+(yi-yl)*s;

% plot(xli,yli)

hold on

x1y=x1+(xj-x1) *s;yli=yl+(yj-yl) *s;

plot(x13j,ylJ)

hold on

snow plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);
XxXX=xX1+((x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+ ((y2-y1)+2.25*% (y4+y5-y1l-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx,yyy)

hold on

end

%$next check for element nodes 3&4

if ((crnodes (i, 5)~=0) & (crnodes (i, 6)~=0))

for k=1l:ndiv

o

if (crnodes (i, 5)==edgen2n3(k,itri)) & (crnodes (i, 6)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

% plot straight sides of boundary element
s=linspace(0,1,101);

xij=xi+(xj-xi) *s;yij=yi+(yj-vyi) *s;
plot(xij,yij)

hold on

xjk=xj+ (xk-x7j) *s;yijk=yi+ (vk-yJ) *s;
plot (xJk,yjk)

hold on

% xli=xl+(xi-x1)*s;yli=yl+(yi-yl)*s;
% plot(xli,yli)

% hold on

x1j=xl+(xj-x1) *s;yli=yl+(yj-vyl) *s;
plot (x13,y13)
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hold on

%$now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);
XxxXX=x1+( (x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+((y2-y1)+2.25*% (y4+y5-y1l-y2)) *ss-2.25*% (y4+y5-yl-y2) *ss.*ss;
plot (xxx, yyy)
hold on
end
end%crnodes (i, 2)==2

%place element number

if (rem(i, 3)>=0)

if (ndiv<=4)
midx=mean (xvec(1l,2:4))
midy=mean (yvec(l,2:4))
text (midx,midy, ['[',num2str (itri3),'1'1);
end% 1if ndiv
end%if rem(i,3)>=0

if rem(itri3+1,4)==0

if (ndiv<=4)

itrid=itri3+1

midxt=(xt (itri3-2,1)+xt (itri3-1,1)+xt(itri3,1))/3
midyt=(yt(itri3-2,1)+yt(itri3-1,1)+yt(itri3,1))/3
text (midxt,midyt, ['[',num2str(itrid),"']"']);
end% 1if ndiv

itri3=itri3+1
end%$if rem(itri3+1,4)==0

end%i loop

end%itri loop

if ncrack==

TNODES=tnodes (l:nitri*numtri*4,1:3)
NNODE=max (max (TNODES) )

%$end%if crnodes

% 1f ncrack==

nnode=nnode-1;

oe

o°

end
e T Al a2 B e o e I il o B
xlabel ('x axis'")
ylabel ('y axis')
stl="Mesh With ';
st2=num2str (nitri*numtri*4);
st3=' curved &Linear ';
st4="Triangular';
st5="' Elements'
st6="& Nodes="'
st7=num2str (NNODE) ;
title([stl,st2,st3,st4,st5,st6,st7])
%$put node numbers
if (ndiv<=4)
snumber of six node triangles=numtri=number of centroids
for j7j=1:NNODE
text (xcoord(jj,1),ycoord(jj,1),['o',num2str(jj)]);
end
end%if ndiv
if ( ncrack==1)
text (0.,0., '"cracked circular disk'");

text (0.6,0.3, "three quadrants of circular disk');
end

JJ=(1:NNODE) '

%$axis off

edgenz2n3=edgen2n3 (l:ndiv+1l,1l:nitri)

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24266



[crnodes nodes]
[JJ xcoord(1:NNODE, 1) ycoord(l:NNODE,1)]
JJJ=(l:nitri*numtri*4)"';

numtri
nitri

[JJJ TNODES]
TRINUM

nitri
ncrack
nmax
end

TRINUM

nitri
ncrack
nmax

Srhhkk Ak rhhhkhkrrhhhkdkrrhhhkrrhhhkhkrrhhhkrrhhhhkrrhhhkrrhhhkxxkrkrk

hold on
nnode=max (max (spgd(l:nel,2:nnel)))
$nnode=(n* (n+1) /2) *nitri+ (n+1)

1if ( ncrack==2) & (nmax==4) & (mesh==12)

XCOORD (1 :nmax, 1)=xcoord(l:nmax,1);
YCOORD (1:nmax,1)=ycoord(l:nmax,1);
ii=nmax;
for jj=nmax+2:nnode
ii=1ii+1;
XCOORD (ii,1)=xcoord(j7j,1);
YCOORD (ii, 1)=ycoord(jj,1);
[ii 331
end
NNODE=11
nnode
for pp=l:nel
for gg=1l:nnel
if spgd(pp,qq) < (nmax+1)
SPQD (pp,9q) = spqd (pp,q9q) ;
end

if spgd(pp,qq) > (nmax+1)
SPQD (pp,9q) = spgd(pp,qq) -1;
end
end

end
%*************************************
%put node numbers
NNODE=max (max (SPQD (1:nel,2:nnel)))
%1f ncrack~=2
if (ndiv<=4)

for j7j=1:NNODE

text (XCOORD (jj,1),YCOORD(3j,1),['o"',num2str(jj) 1)
end

end%if ndiv

%$end%$if ncrack~=2

JJ=(1:NNODE) ';
Saxis off
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nitri

edgenzn3=edgen2n3 (l:ndiv+1l,l:nitri)
[crnodes]

[SPQOD]

[JJ XCOORD(1:NNODE, 1) YCOORD(1:NNODE, 1) ]
%************************************************************
xlabel ('x axis'")

ylabel ('y axis')

stl="Mesh With ';

st2=num2str (nitri*numtri*4);

st3=' curved &Linear ';
std4="Triangular';

st5=' Elements'

stoe="'& Nodes='

st7=num2str (NNODE) ;
title([stl,st2,st3,st4,st5,st6,st7])

TRINUM

nitri

ncrack

nmax

1if ( ncrack==2) & (mesh==12)

text (0.,0., '"cracked circular disk'");
end

1if ( ncrack==2) & (mesh==12)

text (0.8,0.99,"' semicircular disk'");
end

end%if ( ncrack==2) & (nmax==4) & (mesh==12)
PROGRAM-3

function[coord, gcoord, nodes, nodetel, tnodes, trielm,nnode, nel]=curvedpolygonal domain QUA
DcoordinatesNtr3(nl,n2,n3,n4,n5, nmax,numtri, n,mesh)

snote that %$[coord,gcoord,nodes,nodetel,nnode,nel]=

% [coord, gcoord, nodes, nodetel, tnodes, trielm, nnode, nel]=curvedpolygonal domain QUADcoordi
natesNtr3(nl,n2,n3,n4,n5,nmax, numtri, ndiv,mesh)

%$n3=node number at (0,0)for a choosen triangle

%nl=node number at(l,0)for a choosen triangle

%n2=node number at(0,1)for a choosen triangle

$nelm=numbr of elements(4,8,12,....etc)

%eln=6-node triangles with centroid

$spgd=4-node special convex quadrilateral

%n must be even,i.e.n=2,4,6,....... i.e number of divisions

snmax=one plus the number of segments of the polygon

$nmax=the number of segments of the polygon plus a node interior to the polygon
$numtri=number of T6 triangles in each segment i.e a triangle formed by

%joining the end poits of the segment to the interior point(e.g:the centroid) of the
polygon

%[eln, spgd]=nodaladdresses special convex quadrilaterals trial (nl=1,n2=2,n3=3,nmax=3,n=
214161---)
%[eln,spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],1[3;4
75:21,5,1,2)

%[eln, spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],[3;4
75:2]1,5,4,4)
%[eln,spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],1[3;4
75;21,5,9,6)
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%[eln,spgd]=nodaladdresses_special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],1[3;4
75:21,5,16,8)

$PARVIZ MOIN EXAMPLE

global edgen2n3

global TRINUM ncrack nitri

global crnodes

o

°

syms U V W

switch mesh

case 1%for MOIN POLYGON

x=sym([1/2;1/2;1; 1;1/2;0; 0;0])%for MOIN EXAMPLE
y=sym([1/2; 0;0;1/2; 1;1;1/2;0])%for MOIN EXAMPLE

case 2%for a unit square: 0<=x,y<=1
x=sym([1/2;1/2;1; 1; 1;1/2;0; 0;0])%FOR UNIT SQUARE
y=sym([1/2; 0;0;1/2; 1; 1;1;1/2;0])%FOR UNIT SQUARE

case 3%for A POLYGON like MOIN OVER (-1/2)<=x,y<=(1/2)
s 1 2 3 4 5 6 7 8
x=sym ([0; 0; 1/2;1/2; 0;-1/2;-1/2;-1/21)
y=sym([0;-1/2;-1/2; 0;1/2; 1/2; 0;-1/21)

case 4%for a unit square: -0.5<=x,y<=0.5
s 1 2 3 4 5 6 7 8
x=sym ([0; 0; 1/2;1/2;1/2; 0;-1/2;-1/2;-1/21)
y=sym([0;-1/2;-1/2; 0;1/2;1/2; 1/2; 0;-1/21)
case 5%for a convexpolygonsixside
% 1 2 3 4 5 6 7
x=sym([0.5;0.1;0.7;1;.75;.5;01)
y=sym([0.5;0;0.2;.5;.85;1;.25])
case 6%standard triangle
x=sym([0;1;0])
y=sym([0;0;1])
case T%equilateral triangle

x=sym([0;1;1/2])
y=sym([0;0;sqrt (3)/2])
case 8%for a convexpolygonsixside
2 3 4 5 6 7 8
. 0.7;1;.75;.5;.25;01])
;70;0.2;.5;.85;1;.625;.25])

o°
b

-
.25;0.
.90;0.

8
; 0;0.
6;0.

O O oy
~
o O

~

6 7
x=([0.5;.2;0.5;,.8;1.0;.75;0.5;
y=([0.5;.2;,.05;.2;0.5;.85;1.0;
case 1l1%lunar model
nelm=nmax-1

[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);
x=cord(:,1)
y=cord(:,2)

[n1 n2 n3 n4 nb5]

case 12

nelm=nmax-1

if ncrack==

nelm=nmax-2

end

[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm);
[cord]=globalnodalcoordinate circulardisk(mst tri, theta,cord);
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x=cord(:,1)

y=cord(:,2)
[n1 n2 n3 n4 n5]
case 13

nelm=nmax-1
[mst tri, theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)
[cord]=globalnodalcoordinate circularshaft keyway(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[n1 n2 n3 n4 nb5]
case 14
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeywayascrack (nelm)
[cord]=globalnodalcoordinate circularshaft keywayascrack (mst tri, theta,cord)
x=cord(:,1)
y=cord(:,2)
[n1 n2 n3 n4 nb5]
case 15
nelm=1
[mst tri,theta,cord]l=masterelementnodescoordinates circulardisk (nelm)
% [cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[nl n2 n3 nd4 nb5]
case 16
nelm=nmax-1;
[mst tri, theta,cord]=masterelementnodescoordinates circulardisk (nelm)
% [cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[n1 n2 n3 n4 n5]
case 17
nelm=2
[mst tri,theta,cord]l=masterelementnodescoordinates circulardisk (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk (mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[nl n2 n3 n4 nb]

end

if (nmax>3)

[eln, spgd, rrr,nodes, nodetel, tnodes, trielm]=nodaladdresses4special convex quadrilaterals
QUADtrialNtr3(nl,n2,n3,nmax,numtri,n)

%[eln, spgd, rrr,nodes, nodetel]=nodaladdresses4special convex quadrilateralsQUADtrialN (nl
,N2,n3,nmax, numtri, n)

%[eln,spqd, rrr,nodes,nodetel]=nodaladdresses special convex quadrilateralsQUADtrial (nl,
n2,n3,nmax,numtri,n);

[nel,nnel]l=size (nodes)

$nel=nel-ncrack* (3* (n/2)"2)

$nitri=nitri-ncrack

SNITRI=nitri

spgd=nodes (l:nel,l:nnel)

nnode=max (max (spgd) )

eln

end
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if (nmax==3)
%[eln,spqd, rrr,nodes,nodetel]=nodaladdresses_special convex quadrilateralsN(n);

%[eln, spgd, rrr,nodes, nodetel, tnodes, trielm]=nodaladdresses special convex quadrilateral
sN (n)

[eln, spqgd, rrr,nodes, nodetel, tnodes, trielm]=nodaladdresses special convex quadrilaterals
Ntr3 (n)

rrr

edgenz2n3=edgen2n3 (l:n+1,1);

end
%[U,V,W]=generate area coordinate over the standard triangle(n);
[U,V,W] =triangularmeshpoints4singularcorner(n,2);
ssl="number of 6-node triangles with centroid="';
[pl,gll=size (eln);
disp([ssl num2str(pl)])

°

eln

ss2="number of special convex quadrilaterals elements&nodes per element =';
[nel,nnel]l=size (spqgd) ;

disp([ss2 num2str(nel) ',' num2str(nnel)])

spad

nnode=max (max (spqd) ) ;
ss3="number of nodes of the triangular domain& number of special quadrilaterals=';
disp([ss3 num2str (nnode) ',' num2str(nel)])

o°

o\

o)

%to decide about a boundary element

$crnodes 1s a (nel X 6) MATRIX

$first column of crnodes stores element number

%second column of crnodes stores the number of nodes on curved boundary:it

%$should be either of 0,1,2 only

$third, fourth, fifth and sixth column of crnodes stores first, second, third, fourth node
numbers of curved boundary

%element

%$1- if third to sixth columns of crnodes are zeros then that element

.1s not a boundary element

2- 1if two of the third to sixth columns of crnodes are nonzeros then that element
.1s a boundary element

o° oo

oe

oe

o\°

ndiv=n
crnodes=zeros (nel,nnel+2);

nitri=nmax-1;%for closed domain

if (nmax==3)
nitri=1;
end
if (nmax==4)
nitri=2;
end
numtri=(ndiv/2) "2
for itri=l:nitri
for i=(itri-1)*numtri*3+1l:itri*numtri*3
crnodes (i,1)=1i;
ncrnd=0;
for k=1:(ndiv+1)

if (edgen2n3(k,itri)==nodes (i, 1))
ncrnd=ncrnd+1;
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crnodes (i,2)=ncrnd;
crnodes (i, 3)=nodes (i, 1);

end%if
end
for k=1:(ndiv+1)
if (edgen2n3(k,itri)==nodes (i,2))
ncrnd=ncrnd+1;
crnodes (i, 2) =ncrnd;
crnodes (i, 4)=nodes (i, 2);
end%if
end
for k=1:(ndiv+1)
if (edgen2n3(k,itri)==nodes (i, 3))
ncrnd=ncrnd+1;
crnodes (i,2)=ncrnd;
crnodes (i,5)=nodes (i, 3);
end%if
end

for k=1: (ndiv+1)
if (edgen2n3(k,itri)==nodes (i,4))
ncrnd=ncrnd+1;
crnodes (i,2)=ncrnd;
crnodes (i, 6)=nodes (i, 4);
end%if
end

end%for i
end%itri

$nitri=nmax-1;

if (nmax==3)nitri=1

end

for itri=l:nitri

disp('vertex nodes of the itri triangle')
[nl1(itri,1) n2(itri,1) n3(itri,1) ]

x3=x(nl (itri, 1), 1)
x1l=x(n2 (itri, 1), 1)
x2=x (n3(itri, 1), 1)
x4=x (n4 (itri, 1), 1)
x5=x (n5 (itri, 1), 1)
y3=y(nl(itri,1),1)
yl=y (n2 (itri, 1), 1)
y2=y(n3(itri,1),1)
y4=y (nd (itri,1),1)
y5=y (nb5(itri,1),1)
rrr(:,:,itri)

Ul

v'

W'

kk=0;

for ii=1l:n+1
for jj=1l:(n+1l)-(ii-1)
kk=kk+1;
mm=rrr (ii,jj,itri);
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uu=U (kk, 1) ;vv=V(kk, 1) ;ww=W(kk,1);

$UU (mm, 1)=uu;VV (mm, 1) =vv;

$ xi(mm,1l)=x1*ww+x2*uu+x3*vv;

Syi(mm, 1)=yl*wwt+y2*uu+y3*vv;
a00=x3;al0=x1-x3;a01=x2-x3;all=(9/4) * (x4+x5-x1-x2) ;
b00=y3;bl0=yl-y3;b01l=y2-y3;b11=(9/4)* (y4+y5-yl-y2);

%1 (mm, 1) =double (a00+al0*uu+all*vv+all*uu*vv) ;
yi (mm, 1)=double (b00+bl10*uu+b0l*vv+bll*uu*vv) ;

end

end

[x1 yi]

%add coordinates of centroid

ne=(n/2)"2;

% stdnode=kk;

for iii=1+(itri-1)*ne:ne*itri
Skk=kk+1;
nodel=eln
node2=eln
node3=eln
noded=eln
nodeS5=eln (iii, 5
node6=eln (iii, 6
node7=eln (iii, 7)
xinodel=x1i (nodel,1l); xinode2=xi(node2,1l); xinode3=xi (node3,1);
yinodel=yi (nodel,1l); yinode2=yi (node2,1); yinode3=yi (node3,1);
X1 (node7,1)=(xinodel+xinode2+xinode3) /3;
vi(node7,1)=(yinodel+yinode2+yinode3) /3;

iii, 1)
iii, 2)
iii, 3)
iii, 4);
) .
)

’

~ e~~~ o~ —~

’

crnodel=crnodes (3*1ii-2,2) ;crnode2=crnodes (3*iii-1,2) ;crnode3=crnodes (3*iii,2);
if ((crnodel+crnode2+crnode3)<=1)

x1 (node4d,1l)=(xinodel+xinode2)/2;
vi(node4,1)=(yinodel+yinode?2) /2;
X1 (nodeb, 1)=(xinode2+xinode3) /2;
vi(node5,1)=(yinode2+yinode3) /2;
X1 (node6,1l)=(xinode3+xinodel) /2;
yi(node6,1)=(yinode3+yinodel) /2;

end
$UU1=0UU (nodel, 1) ; UU2=UU (node?2, 1) ; UU3=UU (node3, 1) ;uu= (UU1+UU2+0U3) /3;
$VV1=VV (nodel, 1) ; VV2=UU (node2, 1) ; VV3=UU (node3, 1) ; vv=(VV1+VV2+VV3) /3;
%$x1i (mm, 1) =double (a00+alO0*uu+tall*vv+all*uu*vv) ;
%yi(mm, 1)=double (b00+bl0*uu+b0l*vv+bll*uu*vv) ;

end Sfor iii

end% for itri
[nnn,dim]=size (x1i)
[mmm, dim]=size (yi)
N=(1l:nnode) '

[N xi yi]

oe

coord(:,1)=(xi(: )) s
coord(:,2)=(yi(:,1));
gcoord(:,1l)=double(xi(:,1));
gcoord(:,2)=double(yi(:,1));
%disp (gcoord)

rrr

edgen2n3

( P 1
( i1

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24273



PROGRAM-4

function[eln, spqd, rrr, nodes, nodetel, tnodes, trielm]=nodaladdresses special convex quadri
lateralsNtr3 (n)

$function[eln, spgd, rrr,nodes,nodetel]=nodaladdresses special convex quadrilaterals tria
1(nl,n2,n3,nmax, numtri,n)

%$standard triangle is divided into n”2 right isoscles

%$triangles each of side length (1/n) units

$computes nodal connections of these right isiscles triangles
%assumes nodal addresses for the standard triangle has local nodes
%as {1,2,3} which correspond to global nodes {1, (n+l), (n+l)* (n+2)/2}
$respectively and then generates nodal addresses for

%$six node triangles and special convex quadrilaterals

%eln=6-node triangles with centroid

%spgd=4-node special convex quadrilateral

$n=number of divisions of a side and n must be even,i.e.n=2,4,6,.......
$syms mst tri x

$disp ('vertex nodes of triangle')

global edgen2n3

elm(1l,1)=1;

elm(n+1l,1)=2;

elm((n+l)*(n+2)/2,1)=3;

$disp ('vertex nodes of triangle')

%base edge

kk=3;
for k=2:n
kk=kk+1;
elm(k,1)=kk;
end
%disp('left edge nodes')
nni=1;

for i=0: (n-2)
nni=nni+ (n-1i)+1;
elm(nni,l)=3*n-1i;

end
%disp ('right edge nodes')
nni=n+1;

for i=0: (n-2)
nni=nni+ (n-1i);
elm(nni,l)=(n+3)+1i;
end

%disp('interior nodes')
nni=1;33=0;
for i=0:(n-3)
nni=nni+ (n-1i)+1;
for j=1:(n-2-1)
Ji=33+1;
nnj=nni+j;
elm(nnj,1)=3*n+jj;
end
end
%disp (elm)
%disp (length (elm))

33=0;kk=0;
for j=0:n-1
Jji=3+1;

for k=1:(n+1) -3
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kk=kk+1;
row_nodes (jj, k)=elm(kk,1);
end
end
row_nodes (n+l1,1)=3
$for ji=(n+l):-1:1
(row_nodes (jj,:));

’

o

o°

end

% [row nodes]

rr=row_nodes;

grr=row_nodes;

$rr;

rrr(:,:,1l)=rr;

%nodes along edge:n2-n3
edgen2n3(l:n+1,1)=zeros (n+1,1);
for i=1:(n+1)

edgen2n3 (i, 1l)=row _nodes (i, (n+l)-i+1);
end
Srr
%disp ('element computations')
if rem(n,2)==
ne=0;N=n+1;
for k=1:2:n-1
N=N-2;
i=k;
for §j=1:2:N
ne=ne+1;
eln(ne,1l)=rr(i,3);
eln(ne,2)=rr( ,j+2)
eln(ne, 3)=rr(i+2,73);
eln(ne,4)=rr(i,j+1);
eln(ne,5)=rr (i+1, j+l),
eln(ne, 6)=rr(i+1,73)
end%i
me=ne
SN-2
if (N-2)>0
for jj=1:2:N-2
ne=ne+1;
eln(ne,1l)=rr(i+2,33+2);
eln(ne,2)=rr(i+2,373);
eln(ne,3)=rr(i,jj+2);
eln(ne,4)=rr(i+2,33+1);;
eln(ne,5)=rr(i+1l,3jj+1);
eln(ne, 6)=rr(i+l,3jj+2);
end%7j 7
end
end%k
end
mmm=0;
for iel=1:ne
for jel=1:4
Smm=mm+ 1 ; mmm=mmm+1 ;
switch jel
case 1
$ mm=mm+1;
mmm=mmm-+1 ;
trielm(mmm,1:3)=[eln(iel,1l) eln(iel,b 4)
tnodes (mmm, 1:3)=trielm(mmm,1:3);

% nodetel (mm,1:3)=[eln(iel, 1)

eln(iel, 2)

eln(iel, 6)];

eln(iel, 3)1;
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case 2
Smm=mm+1 ;
mmm=mmm-+1 ;

trielm(mmm,1:3)=[eln(iel,2) eln(iel,5) eln(iel,4)];
tnodes (mmm, 1:3)=trielm (mmm, 1:3);
$nodetel (mm, 1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];
case 3

Q

% mm=mm+1;
mmm=mmm-+1 ;

trielm(mmm,1l:3)=[eln(iel,3) eln(iel,6) eln(iel,5)];
tnodes (mmm, 1:3)=trielm (mmm, 1:3);

Snodetel (mm,1:3)=[eln(iel,3) eln(iel,l) eln(iel,2)];
case 4

mmm=mmm+1 ;

trielm(mmm,1l:3)=[eln(iel,4) eln(iel,5) eln(iel,6)];

tnodes (mmm, 1:3)=trielm (mmm, 1:3);

end%switch
end
end

eln
trielm
tnodes

\o

sne

sfor kk=1l:ne

$[eln(kk,1:06)]

%end

%add node numbers for element centroids

\o

nnd=(n+1) * (n+2) /2;
for kkk=1l:ne
nnd=nnd+1;
eln (kkk, 7)=nnd;
end

%to generate special quadrilaterals
mm=0;

for iel=1l:ne
for jel=1:3
mm=mm-+1 ;
switch jel

case 1

spgd (mm, 1: 4)=[e (iel,7) eln(iel, 6) eln(iel,1l) eln(iel,4)]1;
nodes (mm, 1:4)=spqgd(mm,1:4) ;

nodetel( ,1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];

case 2

spgd (mm,1:4)=[eln(iel,7) eln(iel,4) eln(iel,2) eln(iel,5)];
nodes (mm, 1: 4)=qud(mm 1:4);

nodetel (mm,1:3)=[eln(iel,3) eln(iel, 1) eln(iel,2)];

case 3

spgd (mm, 1:4) =
nodes(mm 1:4)
nodetel (mm, 1:

eln(iel,7) eln(iel,5) eln(iel,3) eln(iel,6)];
spgd (mm, 1:4) ;
)=

[
3 [eln(iel,1l) eln(iel,2) eln(iel,3)];
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end%switch
end
end

o\

PROGRAM-5
function[eln, spqd, rrr, nodes, nodetel, tnodes, trielm]=nodaladdressesd4special convex quadri
lateralsQUADtrialNtr3 (nl,n2,n3,nmax,numtri,n)
%[eln,spqd, rrr,nodes,nodetel, tnodes, trielm]=nodaladdresses4special convex quadrilateral
SQUADtrialNtr3(nl,n2,n3,nmax, numtri,n)
%nl=node number at (0,0)for a choosen triangle
%n2=node number at(l,0)for a choosen triangle
%$n3=node number at(0,1)for a choosen triangle
%eln=6-node triangles with centroid
%spgd=4-node special convex quadrilateral
%$n must be even,i.e.n=2,4,6,....... i.e number of divisions
$nmax=one plus the number of segments of the polygon
$nmax=the number of segments of the polygon plus a node interior to the polygon
$numtri=number of T6 triangles in each segment i.e a triangle formed by
%joining the end poits of the segment to the interior point(e.g:the centroid) of the
polygon
$syms mst tri x
global edgen2n3
global TRINUM ncrack nitri
ne=0;
nitri=nmax-1;
if (nmax==4)
nitri=2;
end
for itri=l:nitri
TRINUM=TRINUM+1
elm(l: (n+l)*(n+2)/2,1)=zeros ((n+l)*(n+2)/2,1)
elm(1,1)=nl(itri, 1)
elm(n+l,1)=n2 (itri, 1)
elm((n+l)*(n+2)/2,1)=n3(itri, 1)
disp('vertex nodes of the itri triangle')
[n1(itri, 1) n2(itri,1) n3(itri,1)]
if itri==
kk=nmax;
for k=2:n
kk=kk+1
elm(k,1)=kk
end
disp('base nodes=")
%gelm(2:n)
edgenln?2 (l:n+l,itri)=elm(l:n+1,1)
end%itri==
if itri>1
elm(l:n+l,1)=edgenln3 (l:n+1,itri-1);
end%if itri>1
if itri==
Imax=nmax+3* (n-1) ;
end%if itri==
if (itri>1l) & (itri<nitri)
Imax=nmax+2* (n-1) ;
end% if (itri>1) & (itri<nitri)
mmax=nmax ;
if itri==
mmax=max (max (edgenln2 (l:n+1,1)))
endS$f itri==
disp('right edge nodes')
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nni=n+1l;hh=1;qq(1,1)=n2(itri,1);
for 1=0: (n-2)

hh=hh+1;

nni=nni+ (n-1i);

elm(nni, 1l)=(mmax+1)+i;

qq (hh, 1) = (mmax+1) +1i;

end
qq(n+1,1)=n3(itri, 1);
edgen2n3(l:n+1,itri)=qqg;

if itri<nitri
disp('left edge nodes')
nni=1;gg=1;pp(l,1)=nl(itri,1);
for 1i=0:(n-2)
gg=gg+l;
nni=nni+(n-1i)+1;
elm(nni,1l)=1lmax-1i;
pp (gg,1l)=1lmax-i;
end
pp(n+l,1)=n3(itri,1);
edgenln3(l:n+l,itri)=pp
end%if itri<nitri

o

if itri==n
elm(l:n+1,1)=edgenln2(l:n+1,1)
end

o

o

if itri==nitri
disp('left edge nodes')
nni=1;gg=1;
for 1=0:(n-2)

gg=gg+1l;

nni=nni+(n-1i)+1;

elm(nni, 1)=edgenln? (gg,1l);
end
$pp (n+1,1)=n3(itri,1);
%edgenln3 (l:n+l,itri)=pp
end%if itri==nitri
if itri==nitri
Imax=max (max (edgen2n3 (l:n+1,itri)));
end%$if itri==nitri

%elm
disp('interior nodes')
nni=1;33=0;
for i=0:(n-3)
nni=nni+ (n-1i)+1;
for j=1:(n-2-1)
Ji=33+1;
nnj=nni+j;
elm(nnj,l)=lmax+jj;
[nnj lmax+jjl;
end
end
sdisp (elm) ;
%disp (length(elm));

33=0;kk=0;
for j=0:n-1
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J3=3+1;
for k=1:(n+1)-

kk=kk+1;

row _nodes (jJj, k)=elm(kk,1);
end
end
row_nodes (n+l,1)=n
$for jj=(n+l):-1:1
% (row nodes (jJj,:));
end
% [row_nodes]
rr=row_nodes;
rr
rrr(:,:,itri)=rr;
disp('element computations')
if rem(n,2)==0
N=n+1;

3(itri,1);

o\

for k=1:2:n-1

N=N-2;
i=k;
for 3j=1:2:N

ne=ne+1
eln(ne,l)=rr(i,Jj);
eln(ne,2)=rr(i,j+2);
eln(ne,3)=rr(i+2,73);
eln(ne,4)=rr(i,j+1);
eln(ne,5)=rr (i+1l,j+1);
eln(ne 6)=rr(i+l,7);
end5s
%me:ne
SN-2
if (N-2)>0
for jj=1:2:N-2
ne=ne+1
eln(ne,l)=rr(i+2,33+2)
eln(ne,2)=rr(i+2,373);
eln(ne,3)=rr(i,33+2);
eln(ne, 4)=rr (i+2,33+1);;
eln(ne,5)=rr(i+1l,3jj+1);
eln(ne, 6)=rr(i+l,3jj+2);
end%7 7]
end%if (N-2)>0
end%k
end%s 1if rem(n,2)==0
ne

$for kk=1l:ne

$leln(kk,1:0)]

%end

%add node numbers for element centroids

nnd=max (max (eln))
nmax=max (max (eln)) ;
$nel=mm;

o\°

oo

ne
spad

oe

end%itri

%***************************************
mmm=0;
for iel=1l:ne

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24279




for jel=1:4
Smm=mm+ 1 ; mmm=mmm+1 ;
switch jel
case 1
% mm=mm+1;
mmm=mmm+1 ;
trielm(mmm,1l:3)=[eln(iel,1l) eln(iel,4) eln(iel,6)];
tnodes (mmm, 1:3)=trielm (mmm,1:3);
% nodetel (mm,1:3)=[eln(iel,l) eln(iel,2) eln(iel,3)];
case 2
Smm=mm+1 ;
mmm=mmm+1 ;
trielm(mmm,1:3)=[eln(iel,2) eln(iel,5) eln(iel,4)];
tnodes (mmm, 1:3)=trielm (mmm,1:3);
$nodetel (mm, 1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];
case 3
% mm=mm+1;
mmm=mmm-+1 ;
trielm(mmm,1:3)=[eln(iel,3) eln(iel,6) eln(iel,5)];
tnodes (mmm, 1:3)=trielm (mmm, 1:3);

$nodetel (mm,1:3)=[eln(iel,3) eln(iel,l) eln(iel,2)];
case 4

mmm=mmm-+1 ;

trielm(mmm,1:3)=[eln(iel,4) eln(iel,5) eln(iel,6)];

tnodes (mmm, 1:3)=trielm (mmm, 1:3);

end%switch
end
end

eln
trielm
tnodes

%**************************************
for kkk=1:ne

nnd=nnd+1;

eln (kkk, 7)=nnd;
end

%to generate special quadrilaterals
mm=0;

for iel=1:ne
for jel=1:3
mm=mm+1 ;
switch jel

case 1

spgd (mm, 1: 4)=[e (iel,7) eln(iel,6) eln(iel,1l) eln(iel,4)];
nodes (mm, 1:4)=spqgd(mm,1:4) ;

nodetel( ,1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];

case 2

spgd (mm,1:4)=[eln(iel,7) eln(iel,4) eln(iel,2) eln(iel,5)];
nodes (mm, 1: 4)=qud(mm 1:4);
nodetel (mm,1:3)=[eln(iel,3) eln(iel, 1) eln(iel,2)];
case 3
spgd(mm,1:4)=
nodes(mm 1:4)
nodetel (mm, 1:
end%switch
end
end

eln(iel,7) eln(iel,5) eln(iel,3) eln(iel,6)];
spgd (mm, 1:4) ;
)=

[
3 [eln(iel,1l) eln(iel,2) eln(iel,3)];
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Sfor mmm=1:mm
sspqd(:,1:4)
%end
ssl="number of 6-node triangles with centroid="';
[pl,gl]l=size(eln);

PROGRAM-6

function [U,V,W] =triangularmeshpoints4singularcorner (p,q)
%draw outline for the triangle
$triangularmeshpointsdsingularcorner (7,2)
$triangularmeshpoints4singularcorner(7,1/2)

clc

syms ui vi wi U V W

syms UI VI WI UU VV WW

axis square

o

if 3>0
jpa=(J/p) ~a;
end
for k=0:73
kk=kk+1;
Smn=m+n
m=k;n=mn-m;
if ((m+n)==0)
uil (m+1,n+1)=0;
vi(m+1l,n+1)=0;
wi(m+1l,n+1)=1;
end

if ((m+n)>0)

ui (m+1,n+1)=n*jpq/ (m+n) ;
vi(m+1l,n+1)=m*Jjpqg/ (m+n) ;
wi(m+1l,n+1)=1-ui(m+1,n+1)-vi(m+1l,n+1);
end

% U(kk,1)=ui (m+1,n+1);

oe

V(kk,1)=vi(m+l,n+1);

end%for k
end%for j

% figure(l),scatter(U(:,1),V(:,1),10,"'filled','r")

% ui

% vi

 [U(:,1) V(:,1)]

S [ui(l,2) vi(l,2)]

o\°

[ui(2,1) vi(2,1)]

UI=ui';VI=vi';WI=wi';

kk=0;n=p;

for j=1l:n+l

for i=1:(n+l)-(j-1)
kk=kk+1;
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end

end
uii= vpa(ui,>5);
vii=vpa(vi,5);
wii=vpa (wi,5);
% disp('--——--——""""""""" = ")
UII=vpa(UI,5
VII=vpa(VI,5
WII=vpa (WI,5);
kku=length (U)
kkv=length (V)
format short
% disp('-———=""""""""""""""""""—— ")
$figure(1l),scatter(ui(:,:),vi(:,:),10,"'filled"','r")
%display the mesh points,number of divisions and grading factor
%to display the mesh points set display=1
display=0
if display==
figure(p/2),scatter(U(:,1),V(:,1),10, 'filled", 'r")
xlabel ('x axis'")
ylabel ('y axis')

)I
);
)

stl="'mesh divisions = ';
st2=num2str (p) ;
st3="; &';

std4="'grading factor="';
stb=num2str (q) ;

st6='& number of mesh points='
st7=num2str (kku) ;
title([stl,st2,st3,st4,st5,st6,st7])
end

%

PROGRAM-7

function[mst tri, theta,coord]=masterelementnodescoordinates circulardisk (nelm)

$COMPUTES NODAL COORDINATES FOR THE CURVED TRIANGLE
$IN THE LUNAR MODEL
$CURVED TRIANGLE IS A CRCULAR SECTOR OF ANGLE (2*pi/nelm)
$circular arcs 1is described by (x-1/2)"2+(y-1/2)"2=1/4
%$if (rem(nelm, 4)==0)
if nelm>1
n=nelm;N=n;
for i=1:n
N=N+2;
if nelm==
N=N+3
end
% mst tri(i,l)=n+1;
mst tri(i,1)=1;
% mst tri(i,2)=1i;
mst tri(i,2)=i+1;
5 mst_tri(i,B):i+l;
mst tri(i,3)=i+2;
mst tri(i,4)=N;
mst tri(i,5)=N+1;
end

smst tri(n,3)=1;
mst tri(n,3)=2;

smst tri
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syms pi theta

N=n/2;

if nelm==
N=2*n

end

for i=1l:n

theta(i,1)=(i-1) *pi/N;

theta (i,2)=1*pi/N;
end

%$Theta=theta;
theta=double (theta) ;
syms coord

$N=n;

$coord(n+l,1)=1/2;coord(n+1,2)=1/2;

for i=1l:n
tl=theta(i, 1) ;
t2=theta (i, 2);
coord (i+1,1)=.5+
coord (i+1l,2)=.5+
if (1+2)<(n+2)
coord (i+2,1)=.5+
coord (i+2,2)=.5+
end
if (i+2)==(n+2)

coord(1l,1)=1/2;coord(1,2)=1/2;

end
end

% coord(n+l,1)=1/2;coord(n+1,2)=1/2;

%coord
coord=double (coord)

’

.5*cos (tl);
.5*sin(tl);

.5*cos (t2);
.5*sin (t2);

%$end%nelm>3rem (nelm, 4)==0

end% if nelm>1
%syms pi theta

if nelm==

theta(1,1)=0;

theta (1,2)=double(pi/2);%for one quadrant
%theta (1,2)=double (pi);%for semicircle

i=1
tl=theta
t2=theta
coord
coord
coord
coord

l4 ’

i,1)
i,2);
i,1)

4

I~

o~~~ o~ o~ —~

.5+.5*cos (tl) ;
i,2)=.5+.5*sin (tl);
i+1,1)=.5+.5*cos (t2);
i+1,2)=.5+.5*sin (t2);

coord(3,1)=1/2;coord(3,2)=1/2;

$coord
coord=double (coord)

end%nelm=1

o)

°

PROGRAM-8
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function[coord]=globalnodalcoordinate crculardisk(mst tri, theta, coord)
$computes intermediate points (x4,v4) and (x5,y5)of the curved triangle
%uses the input :three nodal coordinates of the curved triangle
$(x1,y1l), (x2,y2), (x3,¥3)
%$checks for the location of circular sector and decides value for arc
%arc=1,2,3,4 for first,second,third and fourth gquadrants respectively
[nel,nnel]=size(mst tri);
for iel=1l:nel

node3=mst tri(iel,1);

nodel=mst tri(iel,2);

node2=mst_tri(iel,3);

x1l=coord (nodel, 1);

x2=coord (node2,1);
x3=coord (node3, 1) ;
yl=coord(nodel, 2);
y2=coord (node2,2)
y3=coord (node3, 2)

’

’

tl=theta(iel, 1) ;

t2=theta(iel, 2);

if ((t1>=0) & (t2< (pi/2)))arc=1;end

if ((tl>=(pi/2))&(t2<=(pi)))arc=2;end

if ((tl>=pi)s& (t2< 3*(pi/2)))arc=3;end

if ((£1>=3*(pi/2))&(t2<=(2*pi)))arc=4;end
switch arc

case 1

=(xl—x2)/3,b=(yl v2)/3;

vad(1l,1)=( 1/2/(4*a"2+4*b"2)* (4*b"3+4*a"2+4*b"2+4*a"2*b+4* (-b*4*a"2+a"4+a”2*b" 2~
2*aA4*bA2—aA6)A(l/2)))

va(2,1)=( 1/2/( A2+4*bA2)*(4*bA3+4*aA2+4*bA2+4*a“2*b—4*(—bA4*aA2+aA4+aA2*bA2—
2*ar4*p~2-a”6) " 1/2

x4 =1/2* (b"2+a"2+a-2*y4*b+b) /a;
x5=x4-a;y5=y4-b;

format long

nn=length (x4) ;

for j=l:nn

if (x4(3,1)>0.5)&(y4(3,1)>0.5)
X1=x4(j,1);
X2=x4(j,1)-a;
Yl=vy4(j,1);
Y2=y4(3,1) -b;
end
end%]
case 2

=(xl—x2)/3;b=(yl v2)/3;

va(1l,1)=( 1/2/(4*a”2+4*b"2)* (4*b"3+4*a"2+4*b"2+4*a"2*b+4* (-b"4*a"2+a”4+a”2*b" 2~

2*aA4*bA2—aA6)A(l/2)))

v4(2,1)=( 1/2/( A2+4*bA2)*(4*bA3+4*aA2+4*bA2+4*aA2*b—4*(—bA4*aA2+aA4+aA2*bA2—

2*a*4*pb"2-a”6) " 1/2

x4 =1/2* (b"2+a”2+a-2*y4*b+b) /a;
x5=x4-a;y5=y4-b;

format long

nn=length(x4) ;

for j=l:nn
if (x4(3,1)>0)&(y4(3,1)>0.5)
X1=x4(3,1);
X2=x4(j,1)-a

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310

Page 24284



Y1l=y4(3,1);
Y2=y4(3,1) -b;
end
end%]

case 3

%a=(x1-x2)/3;b=(yl-y2)/3;

$Y4(1,1)=( 1/2/ (4*a"2+4*b"2) * (4*b"3+4*a"2*b+4* (-b 4*a"2-2*a"~4*pb"2-
ar6+ar4+ar2*br2)"(1/2)));

$Y4(2,1)=( 1/2/ (4*a"2+4*b"2) * (4*b"3+4*a"2*b-4* (-b"4*a"2-2*a"~4*pb"2-
ar6+a~4+ar2*pb"2)"(1/2)));

oe

oe
o — —

4%an2+4*p"2) * (4*b"3+4*an2*b+4* (-br4*ar2-2*a"4*b"2-a”6+at4+at2*b"2) "~ (1/2)) ]
4%an2+4*p"2) * (4*b"3+4*an2*b-4* (-b"4*ar2-2*a"4*b"2-a”6+at4+a”2*b"2) " (1/2)) ]
l .
4

(3,1)>0)&(Y4(3,1)-b)>0)

$format long

$if (x5>0) & (y5>0)

o

X1=x4;
X2=x5;
Yl=vy4;
Y2=y5;
end

o oo oe

o

a=(x1-x2)/3;b=(yl-y2)/3;

vad(1l,1)=( 1/2/(4*a"2+4*b"2)* (4*b"3+4*a"2+4*b"2+4*a"2*b+4* (-b*4*a"2+a"4+a”2*b" 2~
2*ar4*br2-a”6) " (1/2)));

v4(2,1)=( 1/2/(4*a"2+4*b"2)* (4*b"3+4*a"2+4*b"2+4*a"2*b-4* (-b™4*a”2+a"4+a”2*b"2-
2*a~4*pr2-a"6) " (1/2)));

x4 =1/2* (b"2+a”2+a-2*y4*b+b) /a;
x5=x4-a;y5=y4-b;

format long

nn=length (x4) ;

format long
for j=1:nn
if (x4(3,1)>0)&((y4(J,1)>0)&(y4(3,1)<0.5))
X1=x4(3,1);

X2=x4(j,1)-a;
Yl=y4(3,1);
Y2=y4(j,1l)-b;
end
end%]
case 4

a=(x1-x2)/3;b=(yl-y2)/3;

v4(1,1)=( 1/2/(4*a"2+4*b"2) * (4*b"3+4*a”2+4*b"2+4*a"2*b+4* (b 4*a 2+a"4+a 2*b" 2~
2*ar4*br2-a6) N (1/2)));

va(2,1)=( 1/2/(4*a"2+4*b"2)* (4*b"3+4*a"2+4*b"2+4*a"2*b-4* (-b*4*a"2+a"4+a”2*b"2-
2*ar4*pb"2-a”6) " (1/2)));

x4 =1/2* (b"2+a"2+a-2*y4*b+b) /a;
x5=x4-a;y5=y4-b;
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format long
nn=length (x4) ;

for j=l:nn
if (x4(3,1)>0.5)&((y4(3,1)>0) & (y4(3,1)<0.5))

end% ]
end%switch

noded4=mst tri(iel, 4);
nodeb5=mst tri(iel,5);

coord (node4, 1)=X1;
coord (nodeb, 1)=X2;
coord (noded, 2)=Y1;
coord (nodeb5, 2)=Y2;
end%iel
PROGRAM-9

function[]=curvedquadrilateralmesh4convexpolygoneightsidesq40N(nl,n2,n3,n4,n5,nmax, numt
ri,ndiv,mesh, xlength, ylength)

%clf

% (1)=generate 2-D quadrilateral mesh

$for a rectangular shape of domain

%quadrilateral mesh g4 (xlength, ylength)

$xnode=number of nodes along x-axis

synode=number of nodes along y-axis

$xzero=x-coord of bottom left corner

syzero=y-coord of bottom left corner

$xlength=size of domain alog x-axis

3ylength=size of domain alog y-axis

$quadrilateral meshd4MOINEX g4 ([1;1;1;1;1;1;11,1([2;3;4;5;6;7;8]1,1[03;4;5;6;7;8;2],8,1,2,1,1
s 1)

$quadrilateral meshd4MOINEX g4 ([1;1;1;1;1;1;11,([2;3;4;5;6;7;8],103;4;5;6;7;8;2],8,4,4,1,1
, 1)

%quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1;1]1,[2;3;4;5;6;7;8;9]1,103;4:;5;6;7;8;9;21,9,1
12121111)

$quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1;11,1(02;3;4;5;6;7;8;9],103;4;5;6;7;8;9;2],9,4
14121 1/ 1)

%quadrilateral mesh4MOINEX g4 ([1;1;1;1;1;1;1;11,[2;3;4;5;6;7;8;91,1[3;4;5;6;7;8;9;21,9,1
12141111)

$quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7]),1[3;4;5;6;7;
21,7,1,2,5,1,1)

%quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1],[2;3;4;5;6;7],1[3;4;5;6;7;
21,7,4,4,5,1,1)

%quadrilateral mesh4convexpolygonsixside g4 ([1;1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8]1,1[3;4;5;
6;7;8;21,8,1,2,8,1,1)

$quadrilateral meshdconvexpolygonsixside g4 ([1;1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8],1[3;4;5;
6;7;8;21,8,4,4,8,1,1)

%quadrilateral mesh4convexpolygoneightsidesq4([9;9;9;9;9;9;9;9],[1;2;3;4;5;6;7;8],1[2;3;
4;5;6;7;8;11,9,1,2,9,1,1)

%quadrilateral meshd4convexpolygoneightsidesqg4([1;1;1;1;1;1;1;1],[2;3;4;5;6;7;8;9],1[3;4;
5;6;7;8;9;21,9,1,2,10,1,1)
%$quadrilateralmesh4convexpolygoneightsidesqg4 ([1], [2],([3]1,3,1,2,6,1,1)

%quadrilateral meshd4convexpolygoneightsidesq4 ([1],([2],1[3],3,1,2,7,1,1)

%[eln, spgd, rrr,nodes, nodetel]=nodaladdresses4special convex quadrilateralsQUADtrial ([9;
9;9;9;9;9;9;91,101;2;3;4;5;6;7;8]1,12;3;4;5;6;7;8;11,9,1,2)
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%quadrilateral meshd4convexpolygoneightsidesqg4([1;1;1;1],[2;3;4;5],[3;4;5;2]1,5,1,2,11,1,
1)

$curvedquadrilateralmeshd4convexpolygoneightsidesqg4 ([5;5;5;5]1,[1;2;3;4]1,1[2;3;4;1],106;8;1
0;121,(7;9;11;13],5,1,2,11,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesg4 ([9;9;9;9;9;9;9;91,[1;2
[2;3;4;5;6;7;8;11,[10;12;14;16,;18;20;,22;24],([11;13;15;17;19;21;23;251,9,1
$curvedquadrilateralmeshd4convexpolygoneightsidesqgd0([5;5;5;51,[1;2;3;4], [
10;121,107:;9;11;13]1,5,1,2,12,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;51,[1;2;3;4]1,1[2;3;4;1]1,1[6;8;
10;121,17;9;11;131,5,4,4,12,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesqgdO([7;7;7;7;7;7]1,[1;2;3;4;5;6]1,[2;3;4;
5;,6;11,1[8;10;12;14;16;181,[9;11;13;15;17;191,7,1,2,13,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesqg40([(3],[1],([2],[4],[5],3,1,2,15,1,1)
%******************************************************************************LATEST
AND UPDATED MATLAB COMMANDS****
$curvedquadrilateralmeshd4convexpolygoneightsidesqg4ON([3], [1]1,([2],[41,15],3,1,2,15,1,1)
$curvedquadrilateralmeshd4convexpolygoneightsidesgdON([1;1;1;1]1,[2;3;4;5],[3;4;5;2]1,1[6;8
;10;121,(7;9;11;13],5,1,2,12,1,1)
%n=2;curvedquadrilateralmesh4convexpolygoneightsidesqg40ON([1;1;1;1],([2;3;4;5]1,13;4;:;5;2],
[6;8;10;121,[7;9;11;13]1,5, (n/2)"2,n,12,1,1)

%**************************************************************************************

’

4

AKAKA AR AKAAAKAA KA A A AR A AR AR A A AKX A AR A AR AR Xk k%

global edgen2n3

global TRINUM ncrack

global crnodes

ncrack=0

axis equal

switch mesh

case 1

axis ([0 xlength 0 ylengthl])
case 2

axis ([0 xlength 0 ylengthl])
case 3
x1l=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl y1])

case 4
xl=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl yl])

case 5

axis ([0 xlength 0 ylengthl])

case 6
axis ([0 xlength 0 ylengthl])
case 7
axis ([0 xlength 0 ylengthl])

case 8

axis ([0 xlength 0 ylengthl])
case 9

axis ([0 xlength 0 ylengthl])

case 10
axis ([0 xlength 0 ylengthl])
case 11

axis ([0 xlength 0 ylengthl])
case 12

axis ([0 xlength 0 ylengthl])
case 15

axis ([0 xlength 0 ylengthl])
case 16
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axis ([0 xlength 0 ylength])
case 17

axis ([0 xlength 0 ylengthl])
end%mesh

[coord, gcoord, nodes, nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN(nl,n2,n3
,n4,n5,nmax, numtri, ndiv, mesh)

[nel,nnel]=size (nodes) ;

figure (ndiv/2)
disp([xlength,ylength,nnode,nel,nnell)
%gcoord(i,j),where i->node no. and j->x or y

o)

©°

%plot the mesh for the generated data
%x and y coordinates
xcoord(:,1)=gcoord(:,1);
ycoord(:,1)=gcoord(:,2);
%$extract coordinates for each element
$clf
edgen2n3
nitri=nmax-1;
if (nmax==3)
nitri=1;
nelm=nmax-2;
end
if (nmax==4)
nitri=2;
nelm=nmax-2;
end
numtri=(ndiv/2) "2

if mesh==11
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[nl n2 n3 n4 nb5]
end
if mesh==12
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk(nelm);
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 n5]
end

if mesh==13
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)
[cord]=globalnodalcoordinate circularshaft keyway(mst tri, theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if mesh==15
nelm=1
%[mst tri,theta,cord]=masterelementnodescoordinates onecurvedtriangle (nelm)
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%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
[cord]=globalnodalcoordinate circulardisk(mst tri, theta,cord)

xx=cord(:,1)

yy=cord(:,2)

[n1 n2 n3 n4 nb5]

end

if mesh==17
nelm=2
nitri=2

%[mst tri, theta,cord]=masterelementnodescoordinates onecurvedtriangle (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta, cord)
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
[cord]=globalnodalcoordinate circulardisk(mst tri, theta,cord)

xx=cord(:,1)

yy=cord(:,2)

[n1 n2 n3 n4 nb5]

end
for itri=l:nitri
disp('vertex nodes of the itri triangle')

[n1(itri, 1) n2(itri,1l) n3(itri, 1) ]
x3=xx(nl (itri,1),1)

x1l=xx(n2 (itri, 1), 1)
x2=xx (n3 (itri,1),1)
x4=xx(n4d (itri,1),1)
x5=xx(n5(itri,1),1)
y3=yy(nl(itri, 1),1)
yl=yy(n2(itri, 1),1)
y2=yy(n3(itri, 1),1)
yd=yy (nd (itri, 1),1)
y5=yy (n5(itri, 1),1)

for i=(itri-1)*numtri*3+l:itri*numtri*3

for j=l:nnel

x(1,j)=xcoord(nodes(i,j),1);
y(1,73)=ycoord(nodes (i, 3),1);

end;%j loop
xvec(1l,1:5)=[x(1,1),x(1,2),x(1,3),x(1,4),x(1,1)]1;
yvec(l,1:5)=[y(1,1),y(1,2),y(1,3),y(1,4),y(1,1)];

if (crnodes (i, 2)==2) & (crnodes (i, 3)~=0)
disp('error,first element node on the boundary curve')
break

end

o

°

%plot (xvec,yvec) ;%plot element

$if ((crnodes(i,2)~=0)| (crnodes (i, 3)~=0))

if ((crnodes(i,1l)==1i)é& (crnodes(i,2)<=1))%plot all elements except those having a ponit
on the boundary

%$if ((crnodes(i,1l)==1)& (crnodes(i,2)==0))

$if ((crnodes(i,1)==1))%PLOT ALL THE ELEMENTS

disp('element no. i=")
disp(crnodes (i, 1))

xi=x(1,1);xj=x(1,2);xk=x(1,3);xl=
yi=y(1,1);y3i=y(1,2);yk=y(1,3);yl=
s=linspace(0,1,101);

(1,4);
1,4);
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Xij=xi+ (xj-x1i) *s;xJk=x7+ (xk-x7) *s;xkl=xk+ (x1-xk) *s;x1i=x1+(xi-x1) *s;
yij=yi+(yj-yi) *s;yik=yi+(yvk-yJ) *s;ykl=yk+ (yl-yk) *s;yli=yl+ (yi-yl) *s;
plot (xi3j,yiJ)

hold on

plot (xjk,yjk)

hold on

plot (xkl, ykl)

hold on

plot(x1li,yli)

hold on

end

%place element number

$1f (ndiv<=6)

$midx=mean (xvec (1l,1:4))
gmidy=mean (yvec (1,1:4))

Stext (midx, midy, ['[',num2str(i),']1"']);
%$end% if ndiv

%plot the elements on the boundary

if crnodes (i, 2)==2

$first check for element nodes 2&3
xi=x(1,1);xj=x(1,2) ;xk=x(1,3);x1=x(1,4);
yi=y(1,1);yi=y(1,2);vk=y(1,3);yl=y(1,4);

if ((crnodes (i, 4)~=0) & (crnodes(i,5)~=0))

for k=1l:ndiv

if (crnodes (i, 4)==edgen2n3(k,itri)) & (crnodes (i, 5)==edgen2n3 (k+1,itri))
sO0=(k-1) /ndiv;sl=k/ndiv;

end

end

% plot straight sides of boundary element
s=linspace(0,1,101);

xij=xi+(xj-xi) *s;yij=yi+(yj-vyi) *s;

plot (xij,yij)

hold on

xkl=xk+ (x1-xk) *s;ykl=yk+ (yl-yk) *s;

plot (xkl, ykl)

hold on

x1li=x1+(xi-x1)*s;yli=yl+(yi-y1l) *s;

plot(x1li,yli)

hold on

%$now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);
XxXX=xX1+((x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+ ((y2-y1)+2.25*% (y4+y5-y1l-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx,yyy)

hold on

end

%$next check for element nodes 3&4

if ((crnodes (i, 5)~=0) & (crnodes (i, 6)~=0))

for k=1l:ndiv

if (crnodes (i, 5)==edgen2n3(k,itri)) & (crnodes (i, 6)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

o)

% plot straight sides of boundary element
s=linspace(0,1,101);
xXij=xit+(xj-xi)*s;yij=yi+(yj-yi) *s;

plot (xi3j,yiJ)

hold on

xjk=xj+ (xk-x7j) *s;yijk=yi+ (vk-yJ) *s;

plot (xJk,yjk)

hold on
x1li=xl+(xi-x1)*s;yli=yl+(yi-yl) *s;
plot(x1li,yli)

hold on

snow plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);
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xxx=x1+((x2-x1)+2.25* (x4+x5-x1-%2) ) *s5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+ ((y2-y1l)+2.25% (y4+y5-yl-y2)) *ss-2.25*% (y4+y5-yl-y2) *ss.*ss;
plot (xxx,yyy)

hold on

end

end%crnodes (i,2)==2

%place element number

if (ndiv<=4)

midx=mean (xvec(l,1:4))

midy=mean (yvec (1l,1:4))

text (midx, midy, ['[',num2str(i),']1'1);

end% 1if ndiv

end%i loop

xlabel ('x axis'")

ylabel ('y axis')

stl='Mesh With ';

st2=num2str (nel);

st3=' Four Noded ';
std4="'Quadrilateral';

st5="' Elements'

st6="& Nodes="'

st7=num2str (nnode) ;
title([stl,st2,st3,st4,st5,st6,st7])
%put node numbers

1if (ndiv<=4)

for jj=l:nnode

text (xcoord(jj,l),ycoord(jj,1),['o',num2str(jj)]1);
end

end%if ndiv

JJ=(1l:nnode) ';

%$axis off

nitri

edgen2n3=edgen2n3 (l:ndiv+1l,1l:nitri)
[crnodes nodes]

[JJ xcoord ycoord]

end%itri loop

end%if crnodes
Q

o
PROGRAM-10

function[]=curvedquadrilateralmeshd4crackedconvexpolygoneightsidesg40N(nl,n2,n3,n4,n5,nm
ax,numtri,ndiv,mesh, xlength, ylength)

scurvedquadrilateralmeshd4convexpolygoneightsidesqg4 ([5;5;5;51,[1;2;3;41,1[2;3;4;1],1[6;8;1
0;121,17;9;11;13]1,5,1,2,11,1,1)
%curvedquadrilateralmeshd4convexpolygoneightsidesqg4([9;9;9;9;9;9;9;91,1[1;2
[(2;3;4;5;6;7;8;11,1[10;12;14;16;18;20;22;241,111;13;15;17;19;21;23;25]1,9,1,
%curvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;5]1,[1;2;3;4],[2
10;121,1(17;9;11;13]1,5,1,2,12,1,1)
scurvedquadrilateralmeshd4convexpolygoneightsidesqg40([5;5;5;5]1,1[1;2;3;4]1,1[2;3;4;11,1[6;8;
10;121,107;9;11;131,5,4,4,12,1,1)
%curvedquadrilateralmeshd4crackedconvexpolygoneightsidesqg4O([7;7;7;7;7;7]1,[1;2;3;4;5;6],
(2;3;4;5;6;11,1(8;10;12;14;16;18],1[9;11;13;15;17;191,7,1,2,13,1,1)
scurvedquadrilateralmeshd4crackedconvexpolygoneightsidesq40([4;4;4]1,([1;2;3]1,[2;3;11,1[5;7
;91,06;8;101,4,1,2,16,1,1)
%curvedquadrilateralmesh4convexpolygoneightsidesq40([9;9;9;9;9;9;9;91,[ ; ,3,4 5;6;7;8]
,[2;3;4;5;6;7;8;1]1,1[10;12;14;16;18;20;22;24]1,1[11;13;15;17;19;21;23;25], 2 11,1,1)
%curvedquadrilateralmeshd4crackedconvexpolygoneightsidesqg40 ([5;5;5;51,[1;2;3;4]1,1[2;3;4;1
1,10;8;10;12],(7;9;11;13],5,1,2,16,1,1)

global edgen2n3

global TRINUM ncrack nitri

global crnodes
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figure (ndiv/2)

axis equal

switch mesh

case 1

axis ([0 xlength 0 ylengthl])
case 2

axis ([0 xlength 0 ylengthl])
case 3
xl=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl yl1])

case 4
x1l=xlength/2;yl=ylength/2;
axis([-x1 x1 -yl yl])

case 5

axis ([0 xlength 0 ylengthl])

case 6
axis ([0 xlength 0 ylengthl])
case 7
axis ([0 xlength 0 ylengthl])

case 8

axis ([0 xlength 0 ylengthl])
case 9

axis ([0 xlength 0 ylengthl])

case 10
axis ([0 xlength 0 ylengthl])
case 11

axis ([0 xlength 0 ylengthl])
case 12

axis ([0 xlength 0 ylength])
case 13

yl=ylength/2;

axis ([0 xlength -yl yl])
case 14

yl=ylength/2;

axis ([0 xlength -yl yl1])

case 16

axis ([0 xlength 0 ylength])
case 17

o oe

oe

axis ([0 xlength 0 ylengthl])
end
TRINUM=0; $acounter for number of coarse triangles
$ncrack=1 if the cracked circular disk has to be a perfect mesh generation model
%ncrack=2,3,....will change the element node numbering
sncrack=input ('for cracked domain,enter the number of triangles to be deleted="')
ncrack=1;
% % ncrack=input ('ncrack=")
if ncrack==1%three quadrants
[coord, gcoord, nodes, nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN (nl,n2,n3
,n4,n5,nmax, numtri, ndiv, mesh)
end

o\°
o\°

if (ncrack==2) & (mesh==12)
ncrack=1

o\
o\

oe

[coord, gcoord, nodes,nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN (nl,n2,n3
,n4,n5,nmax, numtri, ndiv,mesh)
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o° oe
o° oe
o 3
53
oo
f
I

o

if ncrack==2%two quadrants
NN1(:,1)=nl(:,1);NN2(:,1)=n2(:,1);NN3(:,1)=n3(:,1);NN4(:,1)=nd4(:,1);NN5(:,1)=n5(:,1);
for iii=1:nmax-3

N1 (iii,1)=NN1(iidi,1

o

o\

’

o

)
% N2 (iii,1)=NN2(iii,1);
% N3(iii,1)=NN3(iidi,1);
% N4 (iii, 1)=NN4 (iii,1)+(=-1);
% N5(iii, 1)=NN5(iii,1)+(=-1);
% end
% N1
% N2
% N3
% N4
% N5

oe

NMAX=nmax-1

[coord, gcoord, nodes, nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN (N1,N2,N3
,N4,N5,NMAX, numtri, ndiv, mesh)

% end

[nel,nnel]l=size (nodes);

figure (ndiv/2)

disp([xlength,ylength,nnode,nel,nnell)

%gcoord(i,j),where i->node no. and j->x or y

o

%plot the mesh for the generated data
%$x and y coordinates
xcoord(:,1)=gcoord(:,1);
ycoord(:,1)=gcoord(:,2);
$extract coordinates for each element
%clf

edgen2n3

nitri=nmax-1;

if (nmax==3)
nitri=1;

end

numtri=(ndiv/2) "2

if mesh==11

nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if mesh==12
nelm=nmax-1

if ncrack==
nelm=nmax-3
nitri=2
end

[mst tri,theta,cord]=masterelementnodescoordinates circulardisk(nelm);
[cord]l=globalnodalcoordinate circulardisk(mst tri,theta,cord);
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if mesh==13
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nelm=nmax-1

[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)
[cord]=globalnodalcoordinate circularshaft keyway(mst tri,theta,cord)
xx=cord(:,1)

yy=cord(:,2)

[n1 n2 n3 n4 nb5]

end

if mesh==14
nelm=nmax-1
[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeywayascrack (nelm)
[cord]=globalnodalcoordinate circularshaft keywayascrack(mst tri,theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4 nb5]
end
if mesh==16
nelm=nmax-1
nelm=nmax-1;
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri, theta,cord)
xx=cord(:,1)
yy=cord(:,2)
[n1 n2 n3 n4d nb5]
end
if (ncrack==1) & (mesh==12)
reply=input ('Do you have more cracks?Y/N [Y]:','s");
if isempty (reply)
reply = 'Y';
end
if reply=='Y'
ncrack=2;
nmax=4;
end
if reply=='N'
ncrack=1;
end
end

[nel,nnell]l=size (nodes)
nel=nel-ncrack* (3* (ndiv/2)"2)
nitri=nitri-ncrack
SNITRI=nitri

spgd=nodes (l:nel,l:nnel)

nnode=max (max (spgd) )
PR I I I b S I I e b b b b b b A 2 2 b b b b b S i 2 2 b b b b b O S 4

o\

oe

if (ncrack==2) & (mesh==12)
NMAX=nmax;
for iel=1l:nel
for j=l:nnel
if nodes(iel, j)> (NMAX+1)
nodes (iel, j)=nodes (iel,j)-1;
COORD (NODES (iel,j),1l)=coord(nodes (iel,j), 1)
COORD (NODES (iel, j),2)=coord(nodes (iel,j),2)

0° 0 d° od° o° o° oe

o\°

end

end
end
spgd=NODES (1:nel,1l:nnel)
NNODE=max (max (spgd) ) ;
if NNODE== (nnode-1)
for iel=1:nel

for j=l:nnel

nodes (iel, j)=NODES (iel, j) ;

A 0° 0© o° o° d° oP

oe
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o\°

coord (NODES (iel, j), 1) =COORD (NODES (iel,j), 1) ;
coord (NODES (iel, ), 2) =COORD (NODES (iel, j),2) ;

o oo

o

end
end

o° oo

o

else
[nnode NNODE ]
disp('error in reassigning nodal connectivity and coordinates')
end%if NNODE
nnode=NNODE
end%if (ncrack==2) & (mesh==12)
for itri=l:nitri

o 0P 0P o°

o

disp('vertex nodes of the itri triangle')
[nl1(itri,1l) n2(itri,1l) n3(itri, 1) ]

X3=Xx(nl(itri,l) 1)
x1l=xx(n2 (itri, 1),1)
x2=xx (n3 (itri,1),1)
x4=xx(nd (itri, 1), 1)
x5=xx(n5(itri, 1), 1)
y3=yy(nl(itri, 1),1)
yl=yy(n2(itri, 1),1)
y2=yy(n3(itri,1),1)
yd=yy (nd (itri, 1), 1)
y5=yy(nb5(itri,1),1)

for i=(itri-1)*numtri*3+l:itri*numtri*3
for j=l:nnel
x(1,j)=xcoord(nodes(i,73),1);
y(1l,73)=ycoord(nodes (i,3),1);

end; %7 loop

xvec(l,1:5)=[x(1,1),x(1,2),x(1,3),x(1,4), )1:
yvec(l,1:5)=[y(1,1),y(1,2),y(1,3),y(1,4), < )1;
if (crnodes (i, 2)==2) & (crnodes (i, 3)~=0)
disp('error,first element node on the boundary curve')
break
end

o

°

splot (xvec,yvec) ; $splot element

$if ((crnodes(i,2)~=0)| (crnodes (i,3)~=0))

if ((crnodes(i,l)==i)&(crnodes(i,2)<=1))%plot all elements except those having a ponit
on the boundary

$if ((crnodes(i,1)==1)& (crnodes(i,2)==0))

%1f ((crnodes(i,1)==1i))%PLOT ALL THE ELEMENTS

disp('element no. i=")
disp(crnodes (i, 1))

xi=x(1,1);xj=x(1,2);
yi=y(1,1);yi=y(1,2)
s=linspace(0,1,101);

Xij=xit+(xj-xi) *s;xjk=xj+ (xk-x7) *s; xkl=xk+ (x1l-xk) *s;xli=x1+ (xi-x1)*
yij=yi+(yi-yi) *s;yik=yj+ (vk-y3) *s;ykl=yk+ (yl-yk) *s;yli=yl+ (yi-yl)*
plot(xij,yiJj)

hold on

plot (xJk,yjk)

hold on

plot (xkl, ykl)

hold on

plot(x1li,yli)

hold on

end
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%place element number

$1if (ndiv<=6)

$midx=mean (xvec (1l,1:4))

midy=mean (yvec(l,1:4))

$text (midx, midy, ['[',num2str(i),'1"']);
%$end% if ndiv

%plot the elements on the boundary

if crnodes (i, 2)==

$first check for element nodes 2&3
xi=x(1,1);xj=x(1,2) ;xk=x(1,3);x1=x(1,4);
yi=y(1,1);yi=y(1,2);yk=y(1,3);yl=y(1,4);

if ((crnodes (i, 4)~=0) & (crnodes (i, 5)~=0))

for k=1l:ndiv

if (crnodes (i, 4)==edgen2n3(k,itri)) & (crnodes(i,5)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

% plot straight sides of boundary element

s=linspace(0,1,101);

xij=xi+(xj-xi) *s;yij=yi+(yj-vyi) *s;

plot(xij,yij)

hold on

xkl=xk+ (x1-xk) *s; ykl=yk+ (yl-yk) *s;

plot (xkl, ykl)

hold on

x1li=x1+(xi-x1)*s;yli=yl+(yi-y1l) *s;

plot(x1li,yli)

hold on

%now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);

XxXX=X14+ ((x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-%x2) *ss.*ss;
yyy=yl+ ((y2-y1)+2.25*% (y4+y5-yl-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx, yYY)

hold on

end

%$next check for element nodes 3&4

if ((crnodes (i, 5)~=0) & (crnodes (i, 6)~=0))

for k=1l:ndiv

if (crnodes (i, 5)==edgen2n3(k,itri)) & (crnodes (i, 6)==edgen2n3 (k+1,itri))
s0=(k-1) /ndiv;sl=k/ndiv;

end

end

% plot straight sides of boundary element

s=linspace(0,1,101);

xij=xi+(xj-xi) *s;yij=yi+(yj-vi) *s;

plot(xij,yij)

hold on

xjk=xj+ (xk-x7j) *s;yijk=yi+ (vk-yJ) *s;

plot (xJk,yjk)

hold on

x1li=x1+(xi-x1)*s;yli=yl+(yi-yl) *s;

plot(x1li,yli)

hold on

%now plot the parabolic arc for the boundary element
ss=linspace(s0,s1,101);

XXX=xX1+( (x2-x1)+2.25* (x4+x5-x1-%x2) ) *ss5-2.25* (x4+x5-x1-x2) *sSs.*ss;
yyy=yl+ ((y2-y1)+2.25*% (y4+y5-yl-y2)) *ss-2.25* (y4+y5-yl-y2) *ss.*ss;
plot (xxx,yyy)

hold on

end

end%crnodes (i, 2) ==

%place element number

%1f ncrack~=2
if (ndiv<=4)
midx=mean (xvec (
midy=mean (yvec (

))

1,1:4
1,1:4))
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text (midx,midy, ['[',num2str(i),"']"]);
end% 1f ndiv
$end%if ncrack~=2
end%i loop
end%itri loop
%$end%if crnodes
if ncrack==
nnode=nnode-1;

o oo

oe

end

xlabel ('x axis'")
ylabel ('y axis')
stl='Mesh With ';
st2=num2str (nel);
st3=' Four Noded ';
st4="'Quadrilateral';
st5=' Elements'
sto6="'& Nodes="'
st7=num2str (nnode) ;
if ncrack==

st7=num2str (nnode-1) ;
end
title([stl,st2,st3,st4,st5,st6,st7])

if ( ncrack==1)
text (0.,0., "cracked circular disk'");

text (0.6,0.3, "three quadrants of circular disk');
end

%put node numbers

if ncrack~=2

if (ndiv<=4)

for jj=l:nnode

text (xcoord(jj,1),ycoord(jj,1),['o',num2str(jj)]);

end
end%if ndiv
end%if ncrack~=2

JJ=(1l:nnode) ';

%axis off

nitri

edgen2n3=edgen2n3 (l:ndiv+1l,1l:nitri)
[crnodes nodes]

[JJ xcoord(l:nnode,l) ycoord(l:nnode,1l)]

TRINUM
nitri

ncrack
nmax

%*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k************************

hold on
1if ( ncrack==2) & (nmax==4) & (mesh==12)

XCOORD (1 :nmax, 1)=xcoord(l:nmax,1);
YCOORD (1:nmax,1l)=ycoord(l:nmax, 1) ;
ii=nmax;
for jj=nmax+2:nnode
1i=1i+1;
XCOORD (ii, 1)=xcoord(jj,1);
YCOORD (ii,1)=ycoord(jj,1);
[ii 33]
end
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NNODE=1i1i
nnode
for pp=l:nel
for gg=l:nnel
if spad(pp,qq) < (nmax+1)

SPQOD (pp,9q) = spqgd(pp,qq) ;
end

if spad(pp,qq) > (nmax+1)
SPQD (pp,qq) = spgd(pp,qq) -1;
end
end

end
%*************************************
%put node numbers
%1f ncrack~=2
if (ndiv<=4)

for jj=1:NNODE

text (XCOORD(33,1),YCOORD(jj,1),['o',num2str (jj)]1);
end

end%$if ndiv

%$end%if ncrack~=2

JJ=(1:NNODE) ';

%axis off

nitri

edgen2n3=edgen2n3 (l:ndiv+1l,1l:nitri)
[crnodes]

[SPQD]

[JJ XCOORD (1:NNODE,1) YCOORD(1:NNODE,1)]

%************************************************************

TRINUM

nitri
ncrack
nmax

oe

if ncrack==

xlabel ('x axis')
ylabel ('y axis')
stl="Mesh With ';
st2=num2str (nel);
st3=' Four Noded ';
st4="Quadrilateral’';
st5="'" Elements'
sto="'& Nodes="'
st7=num2str (nnode) ;
title([stl,st2,st3,st4d4,st5,st6,st7])

o° 0P od° o° o° o° d° o oP°

oe

% end

if ( ncrack==2) & (mesh==12)

text (0.,0., '"cracked circular disk'");
end

if ( ncrack==2) & (mesh==12)

text (0.8,0.99,'" semicircular disk'");
end

end%if ( ncrack==2) & (nmax==4) & (mesh==12)

o

PROGRAM-11

function[coord, gcoord, nodes, nodetel, nnode, nel]=curvedpolygonal domain QUADcoordinatesN (
nl,n2,n3,n4,n5,nmax, numtri, n, mesh)

%note that $[coord,gcoord,nodes,nodetel,nnode,nel]=

%$n3=node number at (0,0)for a choosen triangle

%nl=node number at(l,0)for a choosen triangle
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%n2=node number at(0,1)for a choosen triangle

$nelm=numbr of elements(4,8,12,....etc)

%eln=6-node triangles with centroid

%$spgd=4-node special convex quadrilateral
%$n must be even,i.e.n=2,4,6,....... i.e number of divisions
$nmax=one plus the number of segments of the polygon

$nmax=the number of segments of the polygon plus a node interior to the polygon

$numtri=number of T6 triangles in each segment i.e a triangle formed by
%$joining the end poits of the segment to the interior point(e.g:the centroid)

polygon

of the

%[eln, spgd]=nodaladdresses special convex quadrilaterals trial(nl=1,n2=2,n3=3,nmax=3,n=

2,4,6,...)

%[eln,spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],1[3;4

75;21,5,1,2)

%[eln, spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],[3;4

:5;21,5,4,4)

%[eln,spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],([2;3;4;5],1[3;4

75;21,5,9,6)

%[eln, spgd]=nodaladdresses special convex quadrilaterals trial([1;1;1;1],[2;3;4;5],[3;4

;5;21,5,16,8)

$PARVIZ MOIN EXAMPLE
global edgen2n3

global TRINUM ncrack nitri
global crnodes

o°

syms U V W

switch mesh
case 1%for MOIN POLYGON

x=sym([1/2;1/2;1; 1;1/2;0; 0;0])%for MOIN EXAMPLE
y=sym([1/2; 0;0;1/2; 1;1;1/2;0])%for MOIN EXAMPLE

case 2%for a unit square: 0<=x,y<=1

x=sym([1/2;1/2;1; 1; 1;1/2;0; 0;0])%FOR UNIT SQUARE
y=sym([1/2; 0;0;1/2; 1; 1;1;1/2;0])%FOR UNIT SQUARE

case 3%for A POLYGON like MOIN OVER(-1/2)<=x,y<=(1/2)

s 1 2 3 4 5 6

9

x=sym([0; 0; 1/2;1/2; 0;-1/2;-1/2;-1/21)

y=sym([0;-1/2;-1/2; 0;1/2; 1/2; 0;-1/21)
case 4%for a unit square: -0.5<=x,y<=0.5
s 1 2 3 4 5 6 7 8

x=sym ([0; 0; 1/2;1/2;1/2; 0;-1/2;-1/2;-1/21)

y=sym([0;-1/2;-1/2; 0;1/2;1/2; 1/2;

case 5%for a convexpolygonsixside
% 1 2 3 4 5 67

x=sym([0.5;0.1;0.7;1;.75;.5;01)

y=sym([0.5;0;0.2;.5;.85;1;.25])

case 6%standard triangle

x=sym([0;1;0])

y=sym([0;0;1])

case T%equilateral triangle

x=sym([0;1;1/2])
y=sym ([0;0;sqgrt (3)/2])
case 8%for a convexpolygonsixside

% 1 2 3 4 5 6 7 8
x=sym([0.5;0.1;0.7;1;.75;.5;.25;01)
y=sym ([0 0;0.2;.5;.85;1;.625;.257)
case 9
% 1 2 3 4 5 6 7 8

’

0;-1/21)
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x=([.2;0.5;.8;1.0;.75;0.5;0.25;0.0;0.571)
y=([.2;.05;.2;0.5;.85;1.0;0.90;0.6;0.51)
case 10

% 1 2 3 4 5 6 7 8 9

’

x=([0.5;.2;0.5;.8;1.0;.75;0.5;0.25;0.071)
y=([0.5;.2;,.05;.2;0.5;.85;1.0;0.90;0.61)

case ll%lunar model

nelm=nmax-1

[mst tri,theta,cord]=masterelementnodescoordinates (nelm);
[cord]=globalnodalcoordinate (mst tri, theta,cord);

x=cord(:,1)

y=cord(:,2)
[n1 n2 n3 n4 n5]
case 12

nelm=nmax-1
if ncrack==
nelm=nmax-2
end
[mst tri, theta,cord]=masterelementnodescoordinates circulardisk(nelm);
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord);
x=cord(:,1)

y=cord(:,2)
[n1 n2 n3 n4 n5]
case 13

nelm=nmax-1

[mst tri,theta,cord]=masterelementnodescoordinates circularshaftkeyway (nelm)

[cord]=globalnodalcoordinate circularshaft keyway(mst tri,theta,cord)
x=cord(:,1)

y=cord(:,2)
[nl n2 n3 n4d nb]
case 14

nelm=nmax-1
[mst tri, theta,cord]=masterelementnodescoordinates circularshaftkeywayascrack (nelm)
[cord]=globalnodalcoordinate circularshaft keywayascrack (mst tri, theta,cord)
x=cord(:,1)
y=cord(:,2)
[nl n2 n3 n4 nb5]
case 15
nelm=1
[mst tri, theta,cord]=masterelementnodescoordinates circulardisk (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[nl n2 n3 n4 nb5]
case 16
nelm=nmax-1;
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
% [cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[n1 n2 n3 n4 n5]
case 17
nelm=2
[mst tri,theta,cord]=masterelementnodescoordinates circulardisk (nelm)
%[cord]=globalnodalcoordinate onecurvedtriangle (mst tri, theta,cord)
[cord]=globalnodalcoordinate circulardisk(mst tri,theta,cord)
x=cord(:,1)
y=cord(:,2)
[n1 n2 n3 n4 nb5]

end
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if (nmax>3)

[eln, spqgd, rrr,nodes, nodetel]=nodaladdresses4special convex quadrilateralsQUADtrialN(nl,
n2,n3,nmax, numtri,n)

%[eln, spgd, rrr,nodes, nodetel]=nodaladdresses4special convex quadrilateralsQUADtrialNCNT
RDS (nl,n2,n3,nmax, numtri,n)

%[eln,spqd, rrr,nodes,nodetel]=nodaladdresses special convex quadrilateralsQUADtrial (nl,
n2,n3,nmax,numtri,n);

[nel,nnel]l=size (nodes)

$nel=nel-ncrack* (3* (n/2)"2)

$nitri=nitri-ncrack

SNITRI=nitri

spgd=nodes (l:nel,l:nnel)

nnode=max (max (spqd) )

eln

end
if (nmax==3)
[eln, spgd, rrr,nodes, nodetel]=nodaladdresses_special convex quadrilateralsN(n);

%[eln,spqgd, rrr,nodes,nodetel, tnodes, trielm]=nodaladdresses special convex quadrilateral
sN (n)
rrr

edgen2n3=edgen2n3 (l:n+1,1);
end
%[U,V,W]=generate area coordinate over the standard triangle(n);
[U,V,W] =triangularmeshpoints4singularcorner (n,2);
ssl="number of 6-node triangles with centroid="';
[pl,gll=size (eln);
disp([ssl num2str(pl)])

eln

ss2="number of special convex quadrilaterals elementsé&nodes per element =';
[nel,nnel]l=size (spqd) ;

disp([ss2 num2str(nel) ',' num2str(nnel)])

spgd

nnode=max (max (spqgd) ) ;
ss3="number of nodes of the triangular domain& number of special quadrilaterals=';
disp([ss3 num2str (nnode) ',' num2str(nel)])

o°

o\°

o)

%to decide about a boundary element
$crnodes is a (nel X 6) MATRIX

[

$first column of crnodes stores element number

$second column of crnodes stores the number of nodes on curved boundary:it

%$should be either of 0,1,2 only

$third, fourth, fifth and sixth column of crnodes stores first,second, third, fourth node
numbers of curved boundary

%element

%1- if third to sixth columns of crnodes are zeros then that element

.1s not a boundary element

2- 1if two of the third to sixth columns of crnodes are nonzeros then that element

.1s a boundary element

o o° oe

oe

oe

ndiv=n
crnodes=zeros (nel,nnel+2);

nitri=nmax-1;%for closed domain

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24301




if (nmax==3)
nitri=1;
end
if (nmax==4)
nitri=2;
end
numtri=(ndiv/2) "2
for itri=l:nitri
for i=(itri-1)*numtri*3+l:itri*numtri*3
crnodes (i, 1)=1i;
ncrnd=0;
for k=1:(ndiv+1)

if (edgen2n3(k,itri)==nodes (i,1))
ncrnd=ncrnd+1;
crnodes (i,2)=ncrnd;
crnodes (i, 3)=nodes (i, 1) ;
end%if
end
for k=1:(ndiv+1)
if (edgen2n3 (k,itri)==nodes(i,2))
ncrnd=ncrnd+1;
crnodes (i, 2) =ncrnd;
crnodes (i, 4)=nodes (i, 2);
end%if
end
for k=1:(ndiv+1)
if (edgen2n3(k,itri)==nodes (i, 3))
ncrnd=ncrnd+1;
crnodes (i,2)=ncrnd;
crnodes (i,5)=nodes (i, 3);
end%if
end

for k=1:(ndiv+1l)
if (edgen2n3(k,itri)==nodes (i,4))
ncrnd=ncrnd+1;
crnodes (i,2)=ncrnd;
crnodes (i, 6)=nodes (i,4);
end%if
end

end%for i
end%itri

o\

$nitri=nmax-1;

if (nmax==3)nitri=1

end

for itri=l:nitri

disp('vertex nodes of the itri triangle')
[nl1(itri,1) n2(itri,l) n3(itri,1) ]
x3=x(nl (itri, 1), 1)

x1=x(n2 (itri, 1), 1)

x2=x (n3 (itri, 1), 1)
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x4=x

for

end
[x1
%add
ne=
% st
for

end

end5%

(n4 (itri,1),1)

(n5(itri,1),1)
(nl(itri,1),1)
(n2 (itri,1),1)
(n3(itri,1),1)
(nd (itri,1),1)
(n5(itri,1),1)
, i, 1itri)
ii=1:n+1
for jj=1:(n+l)-(ii-1)
kk=kk+1;
mm=rrr (ii,jj,itri);
uu=U (kk, 1) ;vv=V(kk, 1) ;ww=W(kk, 1) ;
$UU (mm, 1) =uu;VV (mm, 1) =vv;
$ x1(mm,1l)=x1*ww+x2*uu+x3*vv;
Syi(mm,1l)=yl*wwty2*uu+ty3*vv;
a00=x3;al0=x1-x3;a01=x2-x3;all=(9/4) * (x4+x5-x1-x2) ;
b00=y3;bl0=yl-y3;b01l=y2-y3;b11=(9/4)* (y4+y5-yl-y2);
x1i (mm, 1) =double (a00+al0*uu+all*vv+all*uu*vv) ;
yi(mm, 1)=double (b00+bl0*uu+b0l*vv+bll*uu*vv) ;
end
yil
coordinates of centroid
(n/2)"2;
dnode=kk;
iii=1+(itri-1)*ne:ne*itri
Skk=kk+1;

nodel=eln (iii, 1
node2=eln (iii, 2
node3=eln(iii, 3

(

(

(

noded=eln (iii, 4);
nodeb5=eln(iii, 5
node6=eln(iii, 6
node7=eln (iii, 7)

xinodel=xi (nodel, 1l); xinode2=xi(node2,1); xinode3=xi (node3,1);
yinodel=yi (nodel, 1l); yinode2=yi(node2,1); yinode3=yi(node3,1);
xi (node7,1)=(xinodel+xinode2+xinode3) /3;
yi(node7,1)=(yinodel+yinode2+yinode3) /3;

’

)
)
)
)
)
)

’

crnodel=crnodes (3*1ii-2,2);crnode2=crnodes (3*iii-1,2) ;crnode3=crnodes (3*iii,2);
if ( (crnodel+crnode2+crnode3l) <=1)

xi(node4d,1l)=(xinodel+xinode2)/2;
vi(node4,1)=(yinodel+yinode?2) /2;
%1 (nodeb5, 1) =(xinode2+xinode3) /2;
yvi(node5,1)=(yinode2+yinode3) /2;
x1 (node6,1)=(xinode3+xinodel) /2;
yi(node6,1)=(yinode3+yinodel) /2;

end
$UU1=0UU (nodel, 1) ; UU2=UU (node?2, 1) ; UU3=UU (node3, 1) ;uu= (UU1+UU2+0UU3) /3;
%$VV1=VV (nodel, 1) ;VV2=UU (node2, 1) ; VV3=UU (node3, 1) ; vv=(VV1+VV2+VV3) /3;
$x1i (mm, 1) =double (a00+al0*uu+all*vv+all*uu*vv) ;
$yi(mm, 1)=double (b00+bl0*uu+b0l*vv+bll*uu*vv) ;

sfor iii

for itri
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[nnn,dim]=size (x1)
[mmm, dim]=size (yi)
N=(1l:nnode) '

[N xi yi]
coord(:,1)=(xi(:,1));
coord(:,2)=(yi(:,1));
gcoord(:,1l)=double(xi(:,1));

gcoord(:,2)=double (yi(:,1));
%disp (gcoord)
rrr
edgen2n3

%

PROGRAM-12

function[eln, spqgd, rrr, nodes, nodetel]=nodaladdresses_special convex quadrilateralsN (n)
$function[eln, spgd, rrr,nodes,nodetel]=nodaladdresses special convex quadrilaterals tria
1(nl,n2,n3,nmax, numtri,n)

%$standard triangle is divided into n”2 right isoscles

$triangles each of side length (1/n) units

$computes nodal connections of these right isiscles triangles
%assumes nodal addresses for the standard triangle has local nodes
%as {1,2,3} which correspond to global nodes {1, (n+l), (n+l)*(n+2)/2}
$respectively and then generates nodal addresses for

%$six node triangles and special convex quadrilaterals

%eln=6-node triangles with centroid

%spgd=4-node special convex quadrilateral

$n=number of divisions of a side and n must be even,i.e.n=2,4,6,.......
$syms mst tri x

%disp ('vertex nodes of triangle')

global edgen2n3

elm(1,1)=1;

elm(n+l,1)=2;

elm((n+l)*(n+2)/2,1)=3;

%disp ('vertex nodes of triangle')

%base edge

kk=3;
for k=2:n
kk=kk+1;
elm(k, 1) =kk;
end
%disp('left edge nodes')
nni=1;

for i=0: (n-2)
nni=nni+ (n-1i)+1;
elm(nni, 1)=3*n-1i;

end
%disp ('right edge nodes')
nni=n+1;

for 1=0:(n-2)
nni=nni+ (n-1i);
elm(nni,1)=(n+3)+1i;
end

%disp('interior nodes')
nni=1;33=0;
for i=0: (n-3)
nni=nni+(n-i)+1;
for j=1:(n-2-1)
Jj3=33+1;
nnj=nni+j;
elm(nnj,1)=3*n+jj;
end
end
%disp (elm)
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%disp (length (elm))

73=0;kk=0;
for j=0:n-1
Jij=3+1;
for k=1:(n+l)-j
kk=kk+1;
row_nodes (jj, k)=elm(kk,1);
end
end
row_nodes (n+l,1)=3
$for jj=(n+l):-1:1
% (row_nodes (jj,:));
end
% [row_nodes]
rr=row_nodes;
srr=row_nodes;
$rr;
rrr(:,:,1)=rr;
%nodes along edge:n2-n3
edgen2n3(l:n+1,1)=zeros(n+l,1);
for i=1:(n+1)
edgen2n3 (i, 1l)=row_nodes (i, (n+l)

’

o\

end
srr
%disp ('element computations')
if rem(n,2)==0

ne=0;N=n+1;

for k=1:2:n-1

N=N-2;
i=k;
for 3j=1:2:N

ne=ne+1;
eln(ne,1l)=rr (i, Jj);
eln(ne,2)=rr (i, 3+2);
eln(ne,3)=rr(i+2,73);
eln(ne,4)=rr(i,j+1);
eln(ne,5)=rr (i+l,j+1);
eln(ne 6)=rr(i+l,3);
end%
%me:ne
SN-2
if (N-2)>0
for §jj=1:2:N-2
ne=ne+1;
eln(ne,1l)=rr(i+2,33+2);
eln(ne,2)=rr(i+2,373);
eln(ne,3)=rr(i,jj+2);
eln(ne,4)=rr(i+2,33+1);;
eln(ne,5)=rr(i+l,33+1);
eln(ne, 6)=rr(i+l,3j+2);
end%7 7]
end
end%k
end
eln

-i+1);
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o

sne

sfor kk=1l:ne

$[eln(kk,1:06)]

%end

%add node numbers for element centroids

o

nnd=(n+1) * (n+2)/2;
for kkk=1:ne
nnd=nnd+1;
eln (kkk, 7) =nnd;
end

%to generate special quadrilaterals

mm=0;

for iel=1l:ne
for jel=1:3

mm=mm+1 ;

switch jel

case 1
spgd (mm, 1: 4)=[e n(iel,7) eln(iel, 6) eln(iel,l) eln(iel,4)];
nodes (mm, 1:4)=spqgd(mm,1:4) ;
nodetel( ,1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];
case 2
spgd (mm, 1:4)=[eln(iel,7) eln(iel,4) eln(iel,2) eln(iel,5)];
nodes (mm, 1: 4)=qud(mm 1:4);
nodetel (mm,1:3)=[eln(iel,3) eln(iel,1l) eln(iel,2)];
case 3
spgd (mm, 1:4)=[eln(iel,7) eln(iel,5) eln(iel,3) eln(iel,6)];
nodes (mm,1:4)=spgd(mm,1:4);
nodetel (mm,1:3)=[eln(iel,1l) eln(iel,2) eln(iel,3)];

end%switch
end
end

o°

Program-13
function[eln, spqd, rrr, nodes, nodetel]=nodaladdresses4special convex quadrilateralsQUADtr
ialN(nl,n2,n3,nmax, numtri,n)
%$nl=node number at (0,0)for a choosen triangle
%n2=node number at(l,0)for a choosen triangle
%n3=node number at (0,1)for a choosen triangle
%eln=6-node triangles with centroid
%spgd=4-node special convex quadrilateral
%n must be even,i.e.n=2,4,6,....... i.e number of divisions
snmax=one plus the number of segments of the polygon
$nmax=the number of segments of the polygon plus a node interior to the polygon
$numtri=number of T6 triangles in each segment i.e a triangle formed by
%joining the end poits of the segment to the interior point(e.g:the centroid) of the
polygon
$syms mst tri x
global edgen2n3
global TRINUM ncrack nitri
ne=0;
nitri=nmax-1;
if (nmax==4)
nitri=2;
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end
for itri=l:nitri
TRINUM=TRINUM+1
elm(l: (n+l)*(n+2)/2,1)=zeros ((n+l)*(n+2)/2,1)
elm(l,1)=nl(itri, 1)
elm(n+1,1)=n2 (itri, 1)
elm((n+l)*(n+2)/2,1)=n3(itri, 1)
disp('vertex nodes of the itri triangle')
[nl(itri,1) n2(itri,l) n3(itri,1)]
if itri==
kk=nmax;
for k=2:n
kk=kk+1
elm(k,1)=kk
end
disp ('base nodes=")
%elm(2:n)
edgenln2 (l:n+l,itri)=elm(l:n+1,1)
end%itri==1
if itri>1
elm(l:n+1,1)=edgenln3(l:n+l,itri-1);
end%if itri>1
if itri==
Imax=nmax+3* (n-1);
end%if itri==1
if (itri>l) & (itri<nitri)
Imax=nmax+2* (n-1);
end% 1f (itri>1) & (itri<nitri)
mmax=nmax:;
if itri==
mmax=max (max (edgenln2 (l:n+1,1)))
end%f itri==1
disp('right edge nodes')
nni=n+1l;hh=1;9q9(l,1)=n2 (itri,1);
for 1=0: (n-2)

—_

hh=hh+1;
nni=nni+(n-1i);
elm(nni,1)=(mmax+1)+i;

qq (hh, 1) = (mmax+1) +i;

end
qg(n+1,1)=n3(itri, 1);
edgen2n3 (l:n+l,itri)=qq;

if itri<nitri
disp('left edge nodes')
nni=1l;gg=1l;pp(l,1)=nl(itri,1);
for 1=0:(n-2)

gg=gg+1l;

nni=nni+ (n-1i)+1;

elm(nni, l)=1lmax-1i;

pp(gg,1l)=1lmax-i;
end
pp(n+l,1)=n3(itri,1);
edgenln3 (l:n+l,itri)=pp
end%if itri<nitri

oo

if itri==
elm(l:n+l,1)=edgenln2(l:n+1,1)
end

o\°

oe

if itri==nitri
disp('left edge nodes')
nni=1;gg=1;
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for 1=0: (n-2)
gg=gg+1;
nni=nni+(n-1i)+1;
elm(nni,1l)=edgenln2(gg,l);
end
$pp (n+l,1)=n3(itri, 1);
%edgenln3 (l:n+l,itri)=pp
end%if itri==nitri
if itri==nitri
Imax=max (max (edgen2n3 (l:n+1,itri)));
end%if itri==nitri

$elm
disp('interior nodes')
nni=1;33=0;
for i=0: (n-3)
nni=nni+ (n-1i)+1;
for j=1:(n-2-1)
J3=33+1;
nnj=nni+j;
elm(nnj,l)=lmax+jj;
[nnj lmax+jjl;
end
end
%disp (elm) ;
%disp (length(elm));

33=0;kk=0;
for j=0:n-1
Jji=j+1;
for k=1:(n+1l) -3
kk=kk+1;
row nodes(jj, k)=elm(kk,1);
end
end
row nodes(n+l,1)=n3(itri,1);
$for jjij=(n+l):-1:1
(row nodes(jj,:));
end
% [row nodes]
rr=row_nodes;
rr
rrr(:,:,itri)=rr;
disp('element computations')
if rem(n,2)==
N=n+1;

oe

o°

for k=1:2:n-1

N=N-2;
i=k;
for 3j=1:2:N

ne=ne+1
eln(ne,l)=rr(i,J);
eln(ne,2)=rr(i,j+2);
eln(ne,3)=rr(i+2,73);
eln(ne,4)=rr(i,j+1);
eln(ne,5)=rr(i+1,3j+1);
eln(ne, 6)=rr(i+1,73);
end%]
$me=ne
EN-2
if (N-2)>0
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for jj=1:2:N-2

ne=ne+1
eln(ne,l)=rr(i+2,33+2);
eln(ne,2)=rr (i+2,373);
eln(ne,3)=rr(i,jj+2);
eln(ne,4)=rr(i+2,33+1);;
eln(ne,5)=rr(i+1,33j+1);
eln(ne, 6)=rr(i+l,3j+2);
end%7 ]

end%if (N-2)>0

end%k

end% if rem(n,2)==

ne

$for kk=1l:ne

$[eln(kk,1:06)]

%end

%add node numbers for element centroids

nnd=max (max (eln))
%********************************************

%********************************************
if (n>3)
for kkk=1+(itri-1)*numtri:ne
nnd=nnd+1;
eln (kkk, 7)=nnd;
end
end
if n==
for kkk=itri:ne
nnd=nnd+1;
eln (kkk, 7)=nnd;
end
end
nmax=max (max (eln)) ;
$nel=mm;

oe

o°

ne
spgd

o°

end%sitri

%to generate special quadrilaterals
mm=0;

for iel=1l:ne
for jel=1:3
mm=mm+1 ;
switch jel
case 1
spgd (mm,1:4)=[eln(iel,7) eln(iel,6) eln(iel,l) eln(iel,4)];
nodes (mm, 1: 4)=qud(mm 1:4);
nodetel (mm,1:3)=[eln(iel,2) eln(iel,3) eln(iel,1)];
case 2
spgd (mm, 1:4

)= n(iel,7) eln(iel,4) eln(iel,2) eln(iel,5)];
nodes(mm 1:4)
, 1

[eln
=spgd (mm,1:4);
3)=

nodetel (m [eln(iel,3) eln(iel,l) eln(iel,2)];
case 3
spqgd (mm, 1: 4):[ n(iel,7) eln(iel,5) eln(iel,3) eln(iel,6)];
nodes (mm 4): pqd(mm 1:4);
nodetel( ,1:3)=[eln(iel,1l) eln(iel,2) eln(iel,3)]1:
end%switch
end
end

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24309



$for mmm=1:mm
Sspad(:,1:4)
%end

o\

sl='number of 6-node triangles with centroid="';

S
[pl,gl]l=size(eln);

H.T. Rathod, IJECS Volume 7 Issue 9 September 2018 Page No. 24214-24310 Page 24310



