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1(a) Differentiate between |soparametric, Superparametric and Subparametric [05] | clvelo3) L2
elements
(b)Determine the shape functions for cubic serendipity family elements. [10] | ClV8l0.3 | L3
2 |Determine the shape function for atwo node beam element using first order [15] | clvelo3 | L3
Hermitian polynomial.
3 |Using Lagrange functions derive shape functions for the nine node rectangular | [15] | C!V8103| L3
element.
4 |Using Lagrange Polynomial find shape function for 3 node bar element and plot | [10] | €/V810.3| L3
its variation
5 |Determine the Cartesian coordinates of the point P(§ =0.8, n=0.9) for the 4 node | [10] | C!V8103| L3
element shown in figure below
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SOLUTION FOR IMPROVEMENT TEST
FINITE ELEMENT ANALYSIS - 10CV841
Ql

An element in the finite element model is characterized by its two principle features, the degree
and order of approximating function describing the dependent function in the element(order of
shape function), and the order of geometric description of the element. An element is called
isoparametric when the order of approximating shape function and the order of geometrico
description of the element isequal. An element is called subparametric when the geometric
order is less than the order of the approximating shapew function of the element. An element is
called Superparametric when the geometric order islarger than the order of approximating
shapew function. Consider, for example, a one dimensional element. Let u describing the
displacement of the element. The nodal values for the displacement are denoted by Ui and the
shape function u and element geometric description x are

u= Xr Nili Si=
myNi X (1) Where Ni and Ni ' are the
shepe functions describing the dependent function u and the geometric configuration s of the
element in one dimensional space. The two expressions of equation (1) for u and s give the
values of u and s within the element in terms of the nodal values Ui and Xi .

The types of element are defined as follows:
1. An element isisoparametric whenm=n
2. An element is subparametric when m > n
3. An element isisoparametric when m < n

Q2

Sofuttorr: Tvpical element 1s shown in Fig. 5.24. Shape functions for comer nodes:
.!"l.rl = 0 for all nodes except 1 and 1s 1 for node 1.

N =0 is satisfied fornodes 2,7,8,3 if 1 - £ =0
N =0 is satisfied for nodes 3, 9, 10, 4if 1 - =0
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Fig. 5.24  Cubic serend ipity family element

The points 5.6, 7. 8,9, 10, 11, 12 lie on the circle shown 1n Figure. The radms of this curcle
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. The equation of the circle 15

3, .2 10
E +n =g
;H:ﬁ—%:ﬂ

Satisfies N =0 for nodes 5 to 12.

10
N1=q1_‘;]{l‘ﬂ}[§z+ﬂz‘?] Satisfies N =0 for all nodes except for node 1.
Formode 1 N =1.
10
s 1=(1-§)(1- ﬂl}[‘ﬁ"’ M- E]
But we know &, =1, = -1
lﬂ] 32
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+ M= -9 g+ 7
= - 90-{(e*+n7) -19

Similarly 1t may be shown that

M= %{1 +8)(1- n){9(&? +n?) - 10}
N, = %{1+§}{1+ nH{9(&*+n?) - 10}

N, = {11+ mfo(g+n%) -19]
Fornl silsnode5;
1—&=0 ensures V,= 0 at nodes 2, 7, 8, 3
1 -1 =0 ensures N, = 0 at nodes 3,9, 10, 4
1+ £ =0 ensures N, =0 at nodes 4, 11,12, 1.
1- % = 0 ensures \, = 0 at node 6.

:. Let Ny= C(1-&)(1- m)(1+ &){1- 38)

At node 3, ﬁ:—%.:‘]:—laﬂi N, =1
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Similarly,

al:ﬂx%x!x%x?

5
EY

Ny = (1B - )1+ - %)

c

= 5{1-&)1-n0-%)
N, = %{1- EY1-n)(1+3)

9

Ny = 1= n?)(1+ €)1 - 3n)

9

Ny == (1-n?)(1+ £)(1+ 3n)

:
32

B PN .
N, :5{1-5-]{1+m{1+3§;

. B “f
Ny == (1= E){1+n)(1-3¢)

-

: 9 1 T
Ny = E{l = I]"JHI —EN1+ 3n)

N, :%{1 —*)(1-8)(1- 3n)
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Sofutiorn: The natural coordinates of various nodes are as shown i the fizure. For the C° contimuity element

in two dimensions,

N, = L(&) Li(n)

whﬂe,ﬂlreﬁustulangrangianfmcﬁnnatmﬂe i. In thas case there are 3 nodes mn each direction. Henee n=

3 in Lagrange fimetion

_ (-8 -5) (m—ny)in-m)

{‘51 ‘é:]{‘?l - ;3] {1']'1 - 1']'4]{1']'1 = "1'?]

(E-0fE-1Y) (m-Oin-0) g- l}n{rr 1)
) I A e

_ (& “51}{5_153} {T]"Tl's}{"]' ‘1']'5}

A (52 = E:)(E2 — &3} (m2 — 735} (m2 — M)

s (&3 _él.']{gi ~&1)(ns - ’Tﬁ]{ﬂs = "]'9]

Nq_z

_(E+E-1) (n-Qn-1) _(§+BE-Un{n-1
_{{}+IID—1} {—1—1}}{—1—1} - {—2}

(E-8(E &) (m—me)lm —m)

_(E+E-0) (n-Om-1 (£+1& n(n-1)
S A+-0) -0 (-1-1 - 1

(£ —EsHE— &6} (m—m){n—m;)
{§+ 3 gﬁ}{él e ‘55} {1']'4 T 1'1'1]{1']4 o Th}




_(E-0E-1 (n+Dn-1 &e-D(n+1)n-1)
(-1-0(-1-1 (0+1)(0-1) ~ -2

N = (§-8sHE-8a) (nm—ma)(n—ns)
2 55— 54}{_55 —gﬂ (ms - U:}{’h = ?"1'5}

_EANE-Y (n+ Y- _(E+D(E-Vn+in-1)

C(0+1{0-1) (0+2{0-1) ~ 1

w.~ LE-EME-&) (n-ns)ln-n,)
; (S —8s)(Ss — S5) (Ms — M3)(ms — M)

_EANE-On+Bin-0) (§+1)€ (n+Dm-1
(I+11-0) 0+3(0-1 - )

No= (§ - &sHE - &) (n-—m)(n—mn4)
! (57 - 155}{'5? —159] (n7 - "]'1)[’1'? = 11'4}

_(E-00E-1) (n+0){n-0 g&-1n+1Yn
(-1-0(-1-1) (1+[(1-0) ~ 4

wo AE=8)E~8s) (nm—ma)(m—ny)
5 (Es —S7)(Es —&s) (Mg — M2)(ms — W5)

_EAYE-Y (n+Dm -0  (§+1)(E - 1)(n+1(n)
(0+10-1) (Q+1{1-0) ~ 3

v E-&)E-&) (1-n)m-no
’ (Es — &7)(Ee —Ss) (Ma —m3)(ms — 1)

_(E+DE-0) (4 DM -0) €+ & (n+ i)
(1+1{1-0) (1+1)1-0) — 4

Thus m this case, for corner nodes,

: 1
N, = Iifn{ni + &, ){n +ny)
For nodes 2 and 8 whers .f =1

v _(E+DE-D nn+n,)
N = &




Q4

For nodes 4 and 6, where n, = 0

v JSE+E) =D+

N =
and for central node,
v E+DE-D (n+Dn-1)
% 4
(1) For Three Noded Element
n=3 Hencewhen k=1,
g - mlx- x)
M _Il_{ﬁl‘aﬂ}{ll ‘a’-’aj
When k=2
_ g _ (- x)lx- x)
Mo=lh= (% - -*'1}{*"2 - -"3}
md  N,= L= KT HNE—B)

E (x5 — x)(x — x)
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Typica! 3 noded bar elermant

L= P

Variation of N,
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Viariation of N,

Variation of N,
Fig. 5.17 fcontd) ib) Three noded bar element

The typical element and the vanation of 1z shape functions are shown m Fig. 5.17 (b).
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