
Problem 1



% Jim Brouzoulis, 10-04-2024
clc, clear variables, close all

phi = 60; % [degrees]
L = 1.8; % [m]

c = cosd(phi); s = sind(phi); % helper variables

% Element cooridnates
Ex = [0 L*c
L*c 2*L*c
2*L*c 3*L*c
3*L*c 4*L*c
L*c 3*L*c
0 3*L*c
4*L*c L*c];

Ey = [ 0 L*s
L*s 2*L*s
2*L*s L*s
L*s 0
L*s L*s
0 L*s
0 L*s ];

eldraw2(Ex, Ey) % Draw the truss structure

E = 210e9; % Young's modulus [Pa]
A = 2.0e-4; % cross-sectional area [m^2]
P = 13e3; % force magnitude [N]
sig_y = 250e6; % material yield limit [Pa] 

%% Write you implementation below
% Anonumous code: 
% a)

% Degrees of freedom numbered starting from node
1, gives the following
% topology
Edof = [1 1 2 5 6 
2 5 6 9 10
3 9 10 7 8
4 7 8 3 4
5 5 6 7 8
6 1 2 7 8
7 3 4 5 6]

ep = [E A];
nel = 7;
ndofs = 10;
K = zeros(ndofs, ndofs);
f = zeros(ndofs, 1);

% Assemble stiffness matrix
for el = 1:nel
Ke = bar2e(Ex(el,:), Ey(el,:), ep);
K = assem(Edof(el, :), K, Ke);
end

% Loads and support condiions
f(5) = -2*P;
f(6) = -P;
f(9) = P;

bc = [
2 0
3 0
4 0];
% Solve equation system
[a, r] = solveq(K, f, bc);

Ed = extract_dofs(Edof, a);
hold on
eldisp2(Ex, Ey, Ed);

% Horisontal displacement in node 5 -> degree of
freedom a5 & a6
hor_disp = a(9) % a6 = -0.0023 m meaning it moves to 
the left

%% 
% b) 

% Post-processing
N = zeros(nel,1);
for el = 1:nel
N(el) = bar2s(Ex(el,:), Ey(el,:), ep, Ed(el, :));
end
sigma = N/A
% maximum magnitude of the stresses among all 
elements
max_sig = max(abs(sigma))

n = sig_y / max_sig % factor of safety wrt yielding
P_y = n * P % Load at first yielding
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