
Erdem Caliskan HW3

K_exact = 100*sqrt(pi*25)

K_exact = 886.2269

r    =  25*[0.25 0.20 0.15 0.10 0.08 0.06 0.04 0.02 0.01 0.005];
s_yy = 100*[2.41 2.58 2.83 3.24 3.50 3.89 4.54 6.00 8.07 11   ];
interp1(r,s_yy.*sqrt(2*pi.*r),0,'linear','extrap');
fprintf(1,'K_I = %.2f',ans);

K_I = 938.27

figure
hold on
plot(r,s_yy)
plot(r,K_exact./sqrt(2*pi.*r))
legend('FEM stress','Exact stress')
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Refining the near the crack-tip would improve the solution. One can also use singular elements to get 
more accurate results.

E  = 208000;
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nu = 0.3;
r    =     25*[0.25 0.20 0.15 0.10 0.08 0.06 0.04 0.02 0.01 0.005];
u_y  =1e-4*25*[6.61 6.00 5.27 4.36 3.92 3.41 2.80 1.99 1.41 0.999];
interp1(r,E.*u_y/4/(1-nu^2).*sqrt(2*pi./r),0,'linear','extrap');
fprintf(1,'K_I = %.2f',ans)

K_I = 1013.82

Mesh refiniment would increase the accuracy. Ideally, displacement field can get very close since it has 
the same form with the exact solution.

reaches maximum when 
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clear all

syms K_I K_II 'positive'
syms theta_0 

eqn = cos(theta_0/2)*(K_I*sin(theta_0) + K_II*(3*cos(theta_0)-1))

eqn = 

vars = theta_0;
assume(theta_0 ~= pi);
sltn= solve(eqn,vars,"Real",true,"ReturnConditions",true,"IgnoreAnalyticConstraints",true);
sltn.theta_0

ans = 

assumeAlso(K_I == K_II)
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simplifiedExpr = simplify(sltn.theta_0,"Steps",1600);
vpa((subs(simplifiedExpr,sltn.parameters,0)*180/pi),5)

ans = 

We found  which match with the figure.  Minimum strain energy density yields a higher angle 
while the maximum energy release rate yields lower. Maximum circumferential tensile stress method 
gives us a in-between angle value.

Maximum circumferential tensile stress: 0.56 :: Least conservative

Minimum strain energy density: 0.61
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Maximum energy release rate: 0.70 :: Most conservative

syms m C

eqns = [50^m*C == 8.84*1e-7, 150^m*C == 4.13*1e-5];
vars = [m C];
[m, C] = solve(eqns,vars);
m = vpa(solm,4)

m = 

C = vpa(solC,4)

C = 
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