Problem 1

Consider the following boundary value problem:
Find u(z) in 0 < # < L such that

d [, du(x) du(z)
Cdx [k dz ]_‘_% dz =Jo
u(0) = uo
u(L)=0

where k > 0, v, # 0, ug # 0 and fp are given constants.
Tasks:

(a) Staring from the boundary value problem above, derive the weak form and
the global FE-form. Note that integration by parts should not be applied to the
u(x)

dz
matrices you introduce.  (3p)

last term v, . Make sure to be specific on the structure and contents of any

(b) Assume the problem is discretized using linear shape functions and consider
one element with the nodes x = z; and * = x;,1, where 0 < z; < z;,1 < L. From
the global FE-form, derive the local FE-form and show that the element
stiffness matrix and load vector become
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where h = x;41 — ;. (3p)
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a = be-3;

b = 6e-3;

y = a;

x = b/2;

ybar = 3*a; %Sunfortunately not given in the problem description
k0 = 200;

x7 = 0; y7 = 0;
x8 b; y8 0;
x22 = 0; y22 = a;
x23 = b; y23 = a;

x1 x22; vyl y22;
X2 = x23; y2 = y23;
x3 = x8; y3 = y8;

x4 = xT7; v4 = y7;

Be = 1/(a*b) *[-(y-v4), (y-y3), -(y-y2), (y-yl);
-(x-x2), (x-x1), -(x-x4), (x-x3)];

ae = [294;296;306;3047];

-
Il

kO0* (1-0.3* (y/ybar) ~2) ;

g = -k*Be*ae
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a = 5e-5;
t = 4e-3;
ptype = 2;
E = 200e9;
nua = 0.3;
Coord = [
a, 2*a;
2*a, 2*a;
0, a;
a, a;
2*a, a;
0, 0;
a, 0;
2*a, 0];

Dof = [2*[1:8]'-1 2*[1:8]1"'];

nen = 3;
Edof = [1 1 2 7 8 3
2 3 4 7 8 91
3 5 611 12 7
4 11 12 13 14 7
513 14 9 10 7
6 13 14 15 16 91
bc = [11 0O;
12 0;
13 0;
14 0;
15 0;
16 0];

[Ex,Ey] = coordxtr (Edof,Coord,Dof,nen);

D = hooke (ptype, E, nu);
K

zeros (max (max (Edof)) ) ;

f = zeros (max (max (Edof)),1);

for i=l:size (Edof, 1)
[Ke, fe] = plante(Ex (i,

end

£f(1) = £(1) + 1le3;
+ 1e3;

h
I

h

w

[a,Q]=solveq (K, f,bc);

disp('For node 2:")

O 00 00 0 O

:),Ey (i,
[K,f] = assem(Edof (i, :),K,Ke, f, fe);

~.
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1), [ptype t],D, [0;0]);
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ux = a(3)
uy = a(4)
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