Coordinates

1. Global Co-ordinates

The point in the entire structure are defined using co-
ordinate system is known as global coordinate.

2. Local Co-ordinates

In fem separate coordinate is used for each element
termed.

3. Natural Co-ordinates

used to define any point inside the element by a set of
dimensionless numbers whose magnitude never exceeds
unity.
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(1) Natural Co-ordinates in One Dimension
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Fig. 2.10, Nutura) co-ordinates for a line element

Consider a two nodeg line element as shown in Fig2.10. Any point P inside the [ine
Clement is identified by two natural ¢o-ordingtes Ly and Ly and the cartegiay Co-ordinate x,
Node

L and node 2 have the cartegian Co-ordinates ¥, and x, respectively,



We know that,

Total weightage of natural co-ordinates at any point is unity.
i.e., l"l + LZ = | oot (2.])

Any point x within the element can be expressed as a linear combination"of the nodal co-
ordinates of nodes 1 and 2 as,

Lixthyx = x oo kDi2)

Arrange equation (2.1) and (2.2) in matrix form,
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The variation of L, and L, is shown in Fig.2.12 and Fig.2.13. L, is one at node | and it is
zero at node 2 whereas L, is one at node 2 and it is zero at node 1.
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Fig. 2.11. Fig. 2.12, Variation of L, Fig. 2.13. Variation of L,

Integration of polynomial terms in natural co-ordinates can be performed by using the
simple formula,
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where, o! isthe factorial of a.



Natural Co-orainate, €
In one dimensional problem, the following type of natural co-ordinate is also used.
Consider a one dimensional element as shown in Fig.2.14.

In the local number scheme, the first node will be numbered 1 and the second node 2. ¢ is
the centre of nodes 1 and 2 and p is the point referred.

The natural co-ordinator € for any point in the element is defined as,
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Applving boundarv conditions.

...’(2.4)



Applying boundary conditions,

Atnode 1, X = X
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Fig. 2.15. Variation of natural co-ordinate, ¢




Shape Functions
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Consider the three noded triangular element as shown in Fig.2.17.

The nodes are exterior and at any point within the element the field variable is described
by the following approximate relation.

dlx,y) = N>, ¥) ¢, + Ny(x, p) ¢, + N;(x,») 05

where ¢, 9, ¢ are the values of the field variable at the nodes, and N, N, and N, are the
interpolation functions. N,, N, and N; are also called as shape functions because they are
used to express the geometry or shape of the element. Shape function has unit value at one
nodal point and zero value at other nodal points.

In one dimensional problem, the basic field variable is displacement.

S0, u = ZN,u; where u — Displacement.

For two noded bar element, the displacement at any point within the element 1s given by,

u = IN;u, = Nyu +Nyu,
where, u; and wu, are nodal displacemerits.
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In two dimensional stress analysis problem, the basic field variable is displacement.
So, u = TN, u;
v = 2N, v,

For three noded triangular element, the displacement at any point within the element Is

given by,

u = )_:N U, NIZ/1+N97/24’N1111

v —rEN v, = va1+N2vz+N3v3

where, u,, uy, u, v,,vz and v, are nodal dlsplacements R S

In general shape functions ne: ed to satisfy the followmg
. First derivatives should! be finite within an element. -

2. Displacement should be continuous across the element houndary

The characteristics of shape functlon are:

I. The shape function has unit value at its own nodal pomt and zero va]ue at other

nodal points.
2. The sum of shape function is equal to one.

3. The shape functions for two dimensional elements are zero along each side that the

node does not touch.

4. The shape functions are always polynommls of the same type as the original

interpolation equatmns. _



2.6.3.  Derivation of the displacement: function v and shape ‘function:'N for one
dimensional Linear bar element based on global co-ordinate approach

* ‘Cbnsider a-bar element with nodes 1 and 2 as shown ‘in Fig.2.20. ), and u, dre the

displacements at the respective nodes. So, #, and u, are considered as degrees of freedom of

this bar element. ' g

[Vote: Degrees of freedom is ﬁothin'g' but nodal displacements.]
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‘Fig 2.20. Two noded bar element

Since the element has got two degrees of freedorn 1t ‘will-have two generalized co-

ordinates. | A
=3 . ui=rggta;x’ ' : . e (Z215)

""Wﬁéré“ aé’"and a‘ are"global or generalized co-ordinates.

Atnode 1, v o= @ ; x=0. i :
At node 2, w= uy, x=1

Substitute the above values in equation (2.15), | , |
gy, T T I R )
W, = ag+ayl T T T28)




. Arranging the equation (2.17) and (2.18) in matrix form,

U 1 0 ay
{u2}=[l I] {a,}
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where, u' — Degrees of freedom.
C — Connectivity matrix.

A — Generalised or global co-ordinates matrix.
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Substitute { } values in equation (2.16),

4]
il )
o [ 4]

| %
= 7ll-x 0+x] uz

[ Matrix multiplication (1 x2)x(2x2) = (1x2)]
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Displacement function, v = N, ), + N, u, . (221)

] —:
where, Shape function, N, = ‘—I—E; Shape function, N, = )75

We may note that N, and N, obey the definition of shape function, i.e., the shape function
will have a value equal to unity at the node to which it belongs and zero value at other nodes.
Checking: Atnodel, x=0.
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