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' L A uniform pﬁematic rod of ‘length L and mass o A per unit length hangs

vertically from a fixed point. A concentrated mass of p AL is attached at the

lower end. The vertical dlsplacement of a point on the rod distant x from the
: ﬁxed end is u(x).

The potential energy functlonal govermng the elastic deformatlons of the rod is
glven as . -

¢ EA(du - |
;II(u‘)‘__= f{ ) [ ) pgA }dx-—pgALu(L) _
where E is Young’sv‘modvulus for the rod material. |

@@ Develdp the finite element equatiens for the rod using the functional I (u).

_ - (10
() Model the rod asa snnple two-noded truss element and solve for the end
' dlsplacement u(L) in terms of the glven physmal paramenters. :
, &)
(¢) Comment briefly on the accuracy of your solution, .
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2. A composite wall is composed of two sections with properties as given in

Flgure 2. Convection occurs on the left hand side whereas the right hand side.-
is held at 20°C.

You are required to develop a one-dimensional finite element solution for the
temperature profile across the wall using linear interpolation functions and one
element for each of the wall sections. You are not required to numerically

solve the final equatlons except to indicate the application of the boundary
condition for T = 20° C.

20
J——10 mm #———10 mm ———F
) K= N K= o
To=3 € 7.2 W/mm°C 3.8W/mm°C T=20C
“h= .60W/mm2}°C
- FIGURE 2

The general ﬁinctional for this class of problem'yis" given as

3 e

where symbols have their usual meanings. .
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. The results of a finite element analysis of an elastic membrane under plane stress

assumptions generated the nodal displacement components as listed for the simple
triangular element shown in Figure 3. These nodal displacements are due to a
temperature rise of 50°C in addition to specified pressure loads.

(a) Compute the total strains in the element due to the nodal deformations. (10)
(b) Compute the thermal strains due to the change in temperature of 5 0°C. (5
(c) Compute the strains due to pressure loads only. ()

Note: The denvatrves of area w1th respect to Cartesmn coordinates are given as

follows:

oLi _

ox

;=¥ )/2A LU )/2A,

oy

where A is the area of the triangle and i, j and k are cyclic.

2.0 (mmx 10°)

—=05  AT=50"C
| . t=2mm
. E=200GPa
osh ?o.o U :
0 % - R | «=2x10°/°C .
, ) —8>20 :
10
>
T3
~ FIGURE3
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4. The transverse and axial displacements of the two-noded beam-column element
shown in Figure 4(a) are written, respectively, as follows;

"(x)"Nl(x)Vl +N,(x)4 +Ny(x)v, +N4(x)€2

“(x) = N (x)f‘l + Ns (x)“z -
where |

CNi@)= (1+'2x/L)(1-x/-L)2
Na(x)= x(1-x/1)*>
N3 (x) = @) (3-2x/)
Na(x) = x(x/L)(-1 +x/)
- Ns (X) = 1-x/t
"Ne (X) =x/L

t

| FIGURE 4()
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'FIGURE 4(b)
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(a)  Compute the curvature and bending moment at the midpoint of the single
element shown in Figure 4(b) due to the given global deformatlons

(12)
(b) Compute the axial strain and axial force for the element in Figure 4(b) due to
the given global deformations.

¥

5. The nodal mterpolatlon functions for the 8-noded quadnlateral isoparametric
element are given as follows ,

N7 )= %(1+E)(1+?;)(2 +}}-‘1) for the four corner nodes at
& =tland p, = '

N,(&7)= _(1 ;2)(1+r1) for the nud51de nodes at g; =0and 7, =1

Ns(é_’l)= 5(1—7; )(1+§) for the m1ds1de nodes at
7; =0and & =1 whereg = & and 7= 7,

Compute the therﬁlal load vector I qﬂ ds due to heat conduction on the
s

side with nodes 4,7 and 3-as shown in Flgure 5. Apply a simple check to show
that y your numerical result is correct.

(20
y (mm) 6
' - q= 5W/mm
I EEERERE
_4'__ PY
'
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1 2 3. 4 5 6 7 _
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- 6(a) Derive the general form of the Jacobian for the three-hbded triangular element
with nodes at each vertex only.

(6)

(d) Evaluate the Jacobian and its determinant for the triangle shown in Figure 6
and indicate how you may readily check the accuracy of you result.

©
| ()  Calculate the partial derivatives
L1 and 22 for the i f Figure 6
" an % or the -_apgleo igure 6. |
| @
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