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1 MNeprypaen Epyaciag

IKOTIOC TNG POV caG EpyAciog eival n mpocouolwon evog ypapULKOU OTOLXELOU e Xpron Tou
npoypappatog matlab wote va napatnpnOel n kaumtiki cupnepidpopd tou. To TpOypappa sivol
KOTAAANAQ YPALPEVO WOTE VA lOKOUVTOL OTO AKPO TOU KatdAAnAa ¢doptia Ta onoia mpokaAouv tnhv
napapopdwaon tou. To Mpoypappa Xwpilel TV 60k6 og UTIOSEECTEPA LOOKATAVEUNUEVA TUAOTA, OTN
OUYKEKPLUEVN TIEpIMTTWON o€ eMimeda TETpAywVa.

2 Ta mpoypduuara rect2d kai exlrect2d

AT Ta €ypaga oTo € class xpnoiyotroinénkav dUo TTpoypAuUaTa JE ETOIMO TOV KWOAIKA EVTOAWV
ME Ta ovopaTta rect2d kal ex1rect2d avrioToixa. AnuioupyouvTal aTro TV YPAUMN £pyaciwy dU0
Kaivoupyia script woTe va eicax0ei o kwdkag. MNMapakdtw @aiveral To TTEPIEXOUEVO TOUG.

rect2d

function K = rect2d(E,nu,t,P1,P2,P3)

% RECT2D

%

% This command generates the 8 x 8 stiffness matrix for a two

% dimensional rectangular plate element, subjected to in-plane

% forces only, in global coordinates. We emphatically remind the
% user that this is not a general quadrilateral plate element,

% but simply a rectangular one. The local y coordinate is assumed
% to run along the line connecting points P1 and P2, and the local
% x direction runs along the line connecting points P1 and P4.

% It does not matter whether the user defines the corners of the
% rectangle going clockwise, or counterclockwise, around the

% element, as long as things are done consistently. The
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% formulation being used here is described in detail on

% Przemieniecki, J.S., "Theory of Matrix Structural Analysis",

% McGraw-Hill, 1968 (Section 5.8, pp. 89-102). It should also be
% pointed out the element is generated using the

% linear-edge-displacement assumption. The syntax is:

% K = rect2d(E,nu,t,P1,P2,P3)

% where: E is the Young's modulus;

% nu is the Poisson's ratio;

% tis the thickness of the plate;

% P1, P2 and P3 are vectors of the {x,y} coordinates of
% three vertices of the rectangle (in the global

% coordinate system), taken sequentially either

% clockwise or counterclockwise around the element.
a = norm(P3-P2); % Find direction cosines.

lgr = (P3(1)-P2(1))/a;
mar = (P3(2)-P2(2))/a;
b = norm(P2-P1);

lpg = (P2(1)-P1(1))/b;

mpq = (P2(2)-P1(2))/b;

lam = [Igr mqr; Ipg mpq]; % Build up lambda matrix.
zz=[00;00];

lambda = [lam zz zz zz; zz lam zz zz; zz zz lam zz; zz zz zz lam];
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beta = b/a; % Create local matrix.
kl(1,1) = 4*beta + 2*(1-nu)/beta;
kl(2,1) = 1.5%(1+nu);

kl(2,2) = 4/beta + 2*(1-nu)*beta;
kl(3,1) = 2*beta - 2*(1-nu)/beta;
ki(3,2) = -1.5%(1-3*nu);

ki(3,3) = kiI(1,1);

ki(4,1) = -kI(3,2);

kl(4,2) = -4/beta + (1-nu)*beta;
ki(4,3) = -kl(2,1);

ki(4,4) = KkI(2,2);

kl(5,1) = -2*beta - (1-nu)/beta;
ki(5,2) = -kl(2,1);

kl(5,3) = -4*beta + (1-nu)/beta;
ki(5,4) = KI(3,2);

ki(5,5) = kI(1,1);

ki(6,1) = -kl(2,1);

kl(6,2) = -2/beta - (1-nu)*beta;
ki(6,3) = -kI(3,2);

kl(6,4) = 2/beta - 2*(1-nu)*beta;
ki(6,5) = kI(2,1);

ki(6,6) = KkI(2,2);

ki(7,1) = KI(5,3);

ki(7,2) = -kI(3,2);

kI(7,3) = KI(5,1);
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ki(7,4) = kI(2,1);
KI(7,5) = KI(3,1);
KI(7,6) = KI(3,2);
kI(7,7) = kI(1,1);
kI(8,1) = KI(3,2);
KI(8,2) = KI(6,4);
kI(8,3) = KI(2,1);
kI(8,4) = KI(6,2);
kI(8,5) = -kI(3,2);
kI(8,6) = KI(4,2);
KI(8,7) = -kI(2,1);

kI(8,8) = KI(2,2):

fori=17
forj=i+1:8
KI(i,j) = KI(j,i);
end
end

klocal = E*t/(12*(1-nu”2))*kl;

K = lambda'*klocal*lambda;

Ex1rect2d

% Create matrix in global coordinates
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%% example

% Copyright: G of rect2d element

%

% a program for the automatic solution of a rectangular plane stress
% problem by using rectangular finite elements

%

.E. Stavroulakis (2004)

%

% automatic preparation of a rectangular area

% length and number of segments in x direction

Ix =10; ix = 20;
%% length and number of segments in y direction
ly = 10; iy = 20;

% number of nodes
nnodes = (ix+1)*(iy+1);
% number of elements
nelements = ix*iy;
% nodes
xnode=zeros(nnodes,1);
ynode=zeros(nnodes,1);
iel=0
for j=1:iy+1
for i=Ll:ix+1
iel=iel+1;
xnode(iel)=(Ix/ix)*(i-1);
ynode(iel)=(ly/iy)*(j-1);
end
end
%% elements
% connectivity
cnct = zeros(nelements,4);
iel=0;
for i=1:ix
for j=1:y
iel=(j-1)*ix+i;
cnct(iel,1)=(j-1)*(ix+1)+i;
cnct(iel,4)=(j-1)*(ix+1)+i+1;
cnct(iel,2)=j*(ix+1)+i;
cnct(iel,3)=j*(ix+1)+i+1;
end
end
%% material constants
E = 100000;
nu=0.2;
t=1;
%% sides
% saving indices of left, right, bottom and top side
% in vectors indexlside, indexrside, indexbside and indextside resp
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indexlside = zeros(iy+1,1);
indexrside = zeros(iy+1,1);
indexbside = zeros(ix+1,1);
indextside = zeros(ix+1,1);
%
for i=1:ix+1
indexbside(i) = i;
indextside(i) = iy*(ix+1)+i;
end
for i=Ll:iy+1
indexrside(i) = ix+1+(i-1)*(ix+1);
indexiside(i) = 1+(i-1)*(ix+1);
end
%% loading
% total number of loads
nuload = iy+1;
% number of node, x - y loadings
loads = zeros(nuload,3);
for i=1:nuload
loads(i,1) = indexrside(i);
loads(i,2) = 1000;
loads(i,3) = -1500;
end
%% boundary conditions
% total number of boundary conditions
nubcs = iy+1;
% number of node, x - y displs (code 1 =0, code 0 = free)
bcs = zeros(nubcs,3);
for i=1:nubcs
bcs(i,1) = indexIside(i);

bes(i,2) = 1;
bes(i,3) = 1;
end

%

%% preparation

% stiffnes matrix

Ktotal = zeros(2*nnodes,2*nnodes);
% loading vector

Ftotal = zeros(2*nnodes,1);

%% solution

Utotal = zeros(2*nnodes,1);

% space for local stiffness matrix
Kelm = zeros(8,8);

%

%% assemply of stiffness matrix
maxdifference=0;

% for all elements

for i=1:nelements
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% for element i
% first node number cnct(i,1)
% first node coordinates xnode(cnct(i,1)), ynode(cnct(i,1))
P1 = [ xnode(cnct(i,1)), ynode(cnct(i,1)) ];
P2 = [ xnode(cnct(i,2)), ynode(cnct(i,2)) ;
P3 = [ xnode(cnct(i,3)), ynode(cnct(i,3)) ];
% local 8x8 stiffness matrix
Kelm = rect2d(E,nu,t,P1,P2,P3);
% assemply in global Ktotal stiffness matrix
foril=1:4

for j1=1:4

Ktotal((cnct(i,il)-1)*2+1:(cnct(i,il)-1)*2+2,(cnct(i,j1)-1)*2+1:(cnct(i,j1)-1)*2+2)= ...

Ktotal((cnct(i,il)-1)*2+1:(cnct(i,il)-1)*2+2,(cnct(i,j1)-1)*2+1:(cnct(i,j1)-1)*2+2)+...
Kelm((i1-1)*2+1:(i1-1)*2+2,(j1-1)*2+1:(j1-1)*2+2);
end
end
% finding maximum of difference in numbering of nodes
% for the calculation of the bandwidth of the matrix Ktotal
maxdifel=0;
foril=1:3
for j1=i1+1:4
maxdifel=max(cnct(i,i1)-cnct(i,j1),maxdifel);
end
end
maxdifference=max(maxdifference,maxdifel);
end
%
%% preparation of loading vector
%
for i=1:nuload
% load at node loads(i,1) with x-y contribution equal to loads(i,2), loads(i,3)
Ftotal(2*(loads(i,1)-1)+1)=loads(i,2);
Ftotal(2*(loads(i,1)-1)+2)=loads(i,3);
end
%% implementation of boundary conditions
for i=1:nubcs
% for node bcs(i,1) check x-y supports
% if bcs(i,2)=1 then x displacement is fixed equal to zero
% if bcs(i,3)=1 then y displacement is fixed equal to zero
if bcs(i,2)==1
Ktotal(2*(bcs(i,1)-1)+1,:)=0;
Ktotal(:,2*(bcs(i,1)-1)+1)=0;
Ktotal(2*(bcs(i,1)-1)+1,2*(bcs(i,1)-1)+1)=1;
end
if bcs(i,3)==1
Ktotal(2*(bcs(i,1)-1)+2,:)=0;
Ktotal(:,2*(bcs(i,1)-1)+2)=0;
Ktotal(2*(bcs(i,1)-1)+2,2*(bcs(i,1)-1)+2)=1;
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end
end
%
%% solution of system
% matrix Ktotal is sparse (banded) with bandwidth equal to
% 2*(maxdifference+1)
Utotal=Ktotal\Ftotal;
%% printing of the solution
%
newplot
hold on
for i=1:nelements

x = [xnode(cnct(i,1)) xnode(cnct(i,2)) xnode(cnct(i,3)) xnode(cnct(i,4)) xnode(cnct(i,1))];
y=[ynode(cnct(i,1)) ynode(cnct(i,2)) ynode(cnct(i,3)) ynode(cnct(i,4)) ynode(cnct(i,1))];
plot(x,y,'b--")
% displacements of nodes
xdispl=[Utotal(2*(cnct(i,1)-1)+1) Utotal(2*(cnct(i,2)-1)+1) Utotal(2*(cnct(i,3)-1)+1)
Utotal(2*(cnct(i,4)-1)+1) Utotal(2*(cnct(i,1)-1)+1)];
ydispl=[Utotal(2*(cnct(i,1)-1)+2) Utotal(2*(cnct(i,2)-1)+2) Utotal(2*(cnct(i,3)-1)+2)
Utotal(2*(cnct(i,4)-1)+2) Utotal(2*(cnct(i,1)-1)+2)];
plot(x+xdispl,y+ydispl,'r")
end
title('Initial and deformed shape")
hold off

3 ATmroteAéoparta

Ta dedopéva eicdyovTtal o€ dUO EEXWPIOTA apxeia oTa otroia divovtal Ta TTapaTTavw U0
OvOUATA AVTIOTOIXO KAl ETTEITA EI0AYOVTAl O€ VAV YEVIKO PAKEAO PE KATAVONTO OVOUQ, OXETIKO
ME TO Bépa KABE popa.

‘Emreira eicdyetal amrd ta dedopéva NG Epyaciag To TTpdypauua pe TiTtAo Exlrect2d.m kai otn
OUVEXEID aTTOBNKEUETAI PE TITAO, TOV TTAPATTAVW OTOV iB10 @AKeAD. TOTE Héoa ATTo TNV YPAMMN
eVTOAWYV Tou Mmatlab kaAeital N evioAn live script, n otoia tagivouei 1o Tapdv mpdypauua o€
KOTNYOPIEG Kal TO TPEXEL. Ta atroTeAéoPaTa EPpavifovtal oTnv de€Id aTAAN Tou TTapabupou Kal
OTO KATW PEPOG TNG. MNapakdTw TTapaTiOevral Ta amoTeAéouaTa:
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Files
Hame

v I analisi |

Open this file as a live script

Edit and run scripts with code, output, and formatted textin a single executable document. Use live scripts for

> M analisi l ask3 E:: exploratry programming, presentation and teaching, or to share your wark with others.
3 = I
Leam more Open as a live seript
B extrect?dm
%% example of rect2d element A
Workspace A =
% a program for the automatic solution of a rectangular plane stress =
: Name i Value i Size
i bcs @ Command Window
18 cnct 33 |
HE 100000
I8 Ftotal
| 400
HA 3

18 iel 400

gikova 1.: dradikaoia run péow Tou matlab wg live script

% 2*(maxdifference+l)
Utotal=Ktotal\Ftotal;
Initial and deformed shape

printing of the solution

!l!
]

L]
i

newplot
hold on
for i=1:nelements

it
a

% = [®node(cnct(i,1)) xnode(cnct(i,2)
y=[ynode({cnct(i,1)) ynode(cnct(i,2))
plot(x,y, 'b--")
% displacements of nodes
xdispl=[Utotal(2*(cnct(i,1)-1)+1) Uto
ydispl=[Utotal(2*(cnct(i,1)-1)+2) Uto
plot(x+xdispl,y+ydispl, "'r')

end

title({ Initial and deformed shape’)

hold off

“J = 1

NNNINEY
rirmmmilﬁ

x1im([©.00 12.08])
ylim([-3.3 18.7])

COMMAND WINDOW UTF-8 LF script Ln 145 Col 1

EIKOVQ 2.: EUPAVION TWV ATTOTEAECUATWY UE EIKOVIKN) aQvammapdoTaacn mpooouoiwang otnv 6e€id mAsupd rou
mepiBdAAovrog
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4 BiAioypagia
[1] https://eclass.hmu.gr/modules/document/file.php/MECH150/rect2d.m

[2] https://eclass.hmu.gr/modules/document/file.php/MECH150/ex1rect2d.m
[3] https://eclass.hmu.gr/modules/work/index.php?course=MECH150&id=24796
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