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| e} represents the strain vector
| o) is the stress vector

[U} is the displacements vector
|} is the body forces vector

[t} is the traction forces vector

[P}; is the vector of concentrated forces applied at {x} = [}

dv is an element of volume
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(xl={x})

(P}

dl" is an element of the boundary of the element on which the traction forces {t} are applied

{be} = d([Bl{a}) = [B]{da}
{oU} = d(INl{a}) = [N]{da}

{o} = [DH{e} = [D][Bl{a}
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Linear triangular element.
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Analysis of a cantilever beam in plane stress.
15 18 21
16 20 24
19 23
14 17
18
14 22
17 21
13 16 19
60 mm

Finite element discretization with linear triangular elements.

FILE: CST_COARSE_MESH_DATA.m

o A A° A° o° o°

o°

File:

CST COARSE_MESH DATA.m

to be used by all the functions
the program

global nnd nel nne nodof eldof n

Y

(M—files)

THEEETTIR

The following variables are declared as global in order

constituting



J

)

ulnu.

AJJJ) 0‘9)? s ) .]a.?u 9 (_)‘ja& ‘5«:-\..@.& a.xiidl.nw).u oy oli.&.v'\.sc 3 gdoes ‘J"f‘ YL 55}}_;
T™U S5 BT Ol tlaaly skl

global geom connec dee nf Nodal loads

o°

format short e

nnd = 21 ; % Number of nodes:
nel = 24 ; % Number of elements:
nne = 3 ; % Number of nodes per element:

nodof =2; % Number of degrees of freedom per node
eldof = nne*nodof; % Number of degrees of freedom per element

% Nodes coordinates x and y

geom = zeros(nnd, 2);
geom = [ 0, -10; % Node 1
0, 0; % Node 2

0, 10; % Node 3
10, -10; % Node 4
10, O; % Node 5
10, 10; % Node 6
20, -10; % Node 7
20, 0; % Node 8
20, 10; % Node 9
30, -10; % Node 10
30, 0; ... % Node 11
30, 10; ... % Node 12
40, -10; ... % Node 13
40, 0; ... % Node 14
40, 10; ... % Node 15
50, -10; ... % Node 16
50, 0; ... % Node 17
50, 10; ... % Node 18
60, -10; ... % Node 19
60, 0; ... % Node 20
60, 10]; % Node 21

% Element connectivity

connec=zeros (nel, 3);

connec = [ 1, 4, 2; ...% Element 1
4, 5, 2; .% Element 2
2, 5, 3; .% Element 3
5, 6, 3; .% Element 4
4, 7, 5; .% Element 5
7, 8, 5; .% Element 6
5, 8, 6; .% Element 7

~
~

V¥
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8, 9, 6; ...% Element 8
7, 10, 8; ...% Element 9
10, 11, 8; ...% Element 10
8, 11, 9; ...% Element 11
11, 12, 9; ...% Element 12
10, 13, 11; .% Element 13
13, 14, 11; % Element 14
11, 14, 12; % Element 15
14, 15, 12; % Element 16
13, 16, 14; % Element 17
loe, 17, 14; .% Element 18
14, 17, 15; .% Element 19
17, 18, 15; .% Element 20
16, 19, 17; .% Element 21
19, 20, 17; .% Element 22
17, 20, 18; ..% Element 23
20, 21, 18]; % Element 24

$ Material

E = 200000.; % Elastic modulus in MPa
vu = 0.3; % Poisson’s ratio
thick = 5.; % Beam thickness in mm

o°

o\

Form the elastic matrix for plane stress

o°

dee = formdsig (E,vu);

o©

o°

Boundary conditions

o\°

nf = ones(nnd, nodof); % Initialize the matrix nf to 1

nf(19,1) = 0; nf(l19,2) 0O; % Prescribed nodal freedom of
node 19
nf(20,1) = 0; nf(20,2) = 0; % Prescribed nodal freedom of
node 20
nf(21,1) = 0; nf(21,2) = 0; % Prescribed nodal freedom of
node 21

o°

o©

Counting of the free degrees of freedom

o°

=0;

for i=1l:nnd

for j=l:nodof
if nf(i,j) ~= 0
n=n+1;
nf(i,J)=n;

end

3

VO
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end

end

% loading

Nodal loads= zeros(nnd, 2);

Nodal loads(2,1) = 0.; Nodal loads(2,2) = -1000.; % Node 2

4 00 0000000000
3%%5%%%%%%%%% End of input %%%%%%%%%%%%

Dlassle 5 pl 6399 s esls

b o 5~ slowi NNd=21,;

il sluxinel=24;

Ol & sl o 5 sluwinne=3;

s & & il ool3T Sl s slusnodof=2;

Sl o Olais
ssh paig geom(nnd, 2) . b SKealso Y X Slass

Ol Swgw
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function[dee] = formdsig(E, vu)
% This function forms the elasticity matrix for a plane
stress problem
c=E/ (1.-vu*vu);
dee=c*[1 vu 0. ;...
vu 1 0. ;...
0. 0. .5*(1.-vu)l;
% end function formdsig

Sip bl

VAKX (VY s o;.sﬁ@osb QL&J;‘&Q:UT&:UT«;—)JijanM 3 9does (65157 Sl s
T Ol s rwjuu,;@nbom llgla by s 63T Ol gy gl o b o ol sl
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% THIS PROGRAM USES AN 3-NODE LINEAR TRIANGULAR ELEMENT FOR
HE
% LINEAR ELASTIC STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM

H

o©

clear all
clc

o©

% Make these variables global so they can be shared by other
functions

(o)

o

o

global nnd nel nne nodof eldof n
global geom connec dee nf Nodal loads

(o)

o

o

format long g

o)

o

o

VY
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% ALTER NEXT LINES TO CHOOSE THE NAME OF THE OUTPUT FILE

fid =fopen ('CST COARSE MESH RESULTS.txt’,’'w’);

To change the size of the problem or change elastic
roperties
supply another input file

for i=1: nnd
if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);

end

if nf(i,2) ~= 0;

fg(nf(i,2))= Nodal loads(i,2);

end

end

% Assembly of the global stiffness matrix

% initialize the global stiffness matrix to zero

kk = zeros(n, n);

o)

for i=l:nel

[bee,g,A] = elem T3(i); $ Form strain matrix, and steering
vector

ke=thick*A*bee’ *dee*bee; % Compute stiffness matrix
kk=form kk(kk,ke, g); % assemble global stiffness matrix

of assembly

e

delta = kk\fg ; % solve for unknown displacements

node disp=zeros (nnd,2);

YA
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for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %
end

node disp(i,:) =[x disp y disp];
end

o\

% Retrieve the x coord and y disp of the nodes located on the
neutral axis

o

k = 0;

for i=1l:nnd;

if geom(i,2)== 0.

k=k+1;

x _coord (k) = geom(i,1);

vertical disp(k)=node disp(i,2);
end

nd

o (D

o°

for i=l:nel

[bee,g,A] = elem T3(i); % Form strain matrix, and steering
vector

eld=zeros (eldof,1l); % Initialize element displacement to zero
for m=l:eldof

if g(m)==0 eld(m)=0.;

else %

eld(m)=delta(g(m)); % Retrieve element displacement

end

end

o

o
)

eps=bee*eld; % Compute strains

EPS(i,:)=eps ; % Store strains for all elements
sigma=dee*eps; % Compute stresses

SIGMA (i, :)=sigma ; % Store strains for all elements
end

% Print results to file

AR
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St

rint CST results;
Plot the stresses in the x direction

X stress = SIGMA(:,1);
cmin = min(x_stress);

= max (x_stress);
caxis([cmin cmax])
patch (' Faces’, connec, ’'Vertices’, geom,
"FaceVertexCData’,x stress,
"Facecolor’,’flat’,’Marker’,’0o’)
colorbar

o)

o

(o)

Plottools
3 B BB 8 pb 5 L)y S Sl b T IS e ke 0387 et Sl e
S9y0 )13, 03,5 Joanl glaosls 16 Jj.b:\'LCST_COARSE_MESH_RESULTStXt
oy s iS55 dloes 50 IS OV lae o= ol ¢ JST e L Sle 55 5T, fQ U8
T r s 25
arlons A 55 2150 OT lealy ls » shee o a5 slenel by 5ol e el ,
AT o s 4 €lem_T3.M &b G b Sils ol (oS

function([bee,g,A] = elem T3 (1)

o°

% This function returns the coordinates of the nodes of
element 1
% and its steering vector

o©

global nnd nel nne nodof eldof n
global geom connec dee nf load

x1 = geom(connec(i,1l),1); yl = geom(connec(i,1l),2);
X2 = geom(connec(i,2),1); y2 = geom(connec(i,?2),2);
x3 = geom(connec(i,3),1); y3 = geom(connec(i,3),2);

A = (0.5)*det ([1 x1 vy1;
1
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1 %3 y3])7

mll = (x2*y3 - x3*y2)/(2*A);
m21 = (x3*yl - x1*y3)/(2*A);
m31l = (x1*y2 - yl*x2)/(2*A);
ml2 = (y2 - y3)/(2*R);
m22 = (Y3 - yl)/(2*R);
m32 = (yl - y2)/(2*RA);
ml3 = (x3 - x2)/(2*R) ;
m23 = (x1 - x3)/(2*A);
m33 (x2 -x1)/(2*RD);

bee = [ ml2 0 m22 0 m32 0O;
0 ml3 0 m23 0 m33; .
ml3 ml2 m23 m22 m33 m32] ;

1=0;

for k=1:nne

for j=l:nodof

1=1+1;

g (1l)=nf (connec (i, k), 3);
end

end

o°

% End function elem T3

o3 2 L OTY X Slass 1 0L 2 sl

x1 = geom(connec(i, 1), 1); yl = geom(connec(i, 1), 2)
x2 = geom(connec(i, 2), 1); y2 = geom(connec(i, 2), 2)
x3 = geom(connec(i, 3), 1); y3 = geom(connec(i, 3), 2)

v.:.fu.owbuﬁ)Ja.;!”joau;»\b\)mjk}\‘“}\’)\zk)j g_..i‘fp

X2V — X3z Yz — V3 X3 — X3

m, = ————= mp, = — = M — %
: 2A P24 BT A

LY — X Ys— ¥ X —X;

M= Toa . Me=Top M=o

X1Y2 — XY Yi—W X2 — X

TET o ™ T T, T T
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[ nf(connec(1,1),1)]
nf(connec(l,1),2)
nf(connec(2.1).1)
nf(connec(2,1),2)

nf(connec(3.1).1)

| nf(connec(3,1),2)

S 355T Sy Ol 5 0 6801 KE LI e s Sl b5 1, DEE s Lo 5
ke =thick x A x beeT x dee x bee

I K Sl ol
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55 oo el O 155 1) 48 55 wil>

function[KK]=form KK (KK, kg, g)

o°

o°

This function assembles the global stiffness matrix

o°

lobal eldof

This function assembles the global stiffness matrix

0% o o \Q
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for i=l:eldof

if g(i) ~= 0

for j=1: eldof

if g(j) ~=0

KK(g(i),g(J))= KK(g(i),9(3)) + kg(i,J);

end

end

end

end

$%%%%%5%%%%%5%% end function form KK $%%%%53%%%5%5%3%%%5%5%%

QyONJWJ’O')

S RPICRRIPUSPIC SRR BE P ey e

delta = KK\fg
o5 2bmlr

G350 2081 S |y g0 & Slouler 1K 0 01y o o S W o S glomlr ls 8

nf(i,j)#0,Ls:;;iv\,i»l{:l)'ﬂojfjsj6;1}T@)>;\.Jﬁd&§$¢&>¢§iuo;m

gl s IS (gla ol s 5 sl s i i 45 AL @3l bl Ll e oT

Py s
node_disp(i, j) = delta(nf(i, j))
Ol sl 35 57 9 by s

1358 o sl il S s 0Ll plad 53 Ol sl 557 5 b 25 03557 S gl

.M}s@\,g\*;Alubﬁjbeeowsww;u(\

(2D ng..:.s adl> oLl (633T Sl y 55, €dg ol sl el 1o 5 05,57 Sy (gl (I

edg (j) = 0 ol 3 gudmen (6305T a3 o KT wsL g (j) = 0;\(;’)
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S TN

edg () =delta@ () <, ol 12 55z
eps = bee x edgwﬂuﬁ@.g Ly ol &5 ,8 Hls (Y

sigma = dee x bee x edgmﬂ@cﬁw.\,’ Ly oLl a5 s p(F

g0 Sy p a6 3 BEPS (1, 1) = €PS S oo ,t3 s DLl sl 23 S

S g m

Gokbg Jb s mls CST_PLANE_STRESS.M 4t ¢l > 5 -
s o wbg CST_COARSE_MESH_RESULTS.txt

CST_COARSE_MESH_RESULTS.txt

Nodal displacements

Node disp x disp_ y
, 1.45081e-002, -6.49329%9e-002
;, 3.28049e-004, -6.52078e-002
-1.42385e-002, -6.47141e-002

; 1.82950e-004, -4.94530e-002
, —1.38358e-002, -4.94091e-002
, 1.29745e-002, -3.50495e-002

1
2
3,
4, 1.42332e-002, -4.97317e-002
5
6
7
8

; 1.37982e-004, -3.46630e-002
9, -1.26721e-002, -3.47556e-002
10, 1.09224e-002, -2.19922e-002
11, 8.95233e-005, -2.14870e-002
12, -1.07002e-002, -2.16958e-002
13, 8.08085e-003, -1.13485e-002
14, 2.56420e-005, -1.07261e-002
15, -7.90991e-003, -1.10480e-002
16, 4.46383e-003, -3.88383e-003
17, -6.63586e-005, -3.19069e-003
18, -4.26507e-003, -3.66370e-003
19, 0.00000e+000, 0.00000e+000
20, 0.00000e+000, 0.00000e+000
21, 0.00000e+000, 0.00000e+000

vy
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Element stresses

element sigma (xx)

1, -7.8546e+000,

= S BT ol laaly sbewl

sigma (yy) t

-7.8546e+000,

au_ (xy)
7.8546e+000

14

~

~

~

~

O J oy U1 WD
~

14

-1.3515e+000,
6.6118e-002,
9.1400e+000,
-2.5827e+001,
1.5601e+000,
-6.9913e-001,
2.4966e+001,

5.1683e+000,
9.8937e+000,
3.6192e+000,

-2.1744e+000,

8.1980e+000,
6.6741e-001,
5.6374e+000,

1.3112e+001
9.1400e+000
9.8937e+000
4.8607e+000
1.5027e+001

5.9323e+000
1.4180e+001

-4.2552e+001,
2.2662e+000),
-1.6757e+000,
4.1961e+001,
-5.9121e+001,
2.6997e+000,
-2.7809e+000,
5.9202e+001,
-7.5391e+001,
2.5481e+000,
-4.1445e+000,
7.6988e+001,
-9.3536e+001,
1.4584e+000,
-1.6603e+000,
9.3738e+001,

10,

Element strains

element epsilon (xx)

-5.0356e+000,

1.0785e+001, 1.

-2.3552e+000,

8.4119e+000, 1.

-7.6315e+000,
1.3258e+001,
-5.0108e+000,
1.1322e+001,
-1.0170e+001,
1.4627e+001, 2
-7.6816e+000,
1.3636e+001,
-1.4198e+001,
4.3753e-001,
-9.9582e+000,
2.8121e+001,

2.

2.

2.
2.

2.

epsilon (yy)

1.6983e+000
8024e+001
2.8152e+000
7462e+001
-1.4550e+000
0813e+001
-2.2163e-001
0864e+001
-4.5429e+000
.3117e+001
-3.0783e+000
4504e+001
-4.9720e+000
4544e+001
-7.7540e+000
8182e+001

gamma_ (Xy)

1, -2.7491e-005, -2.7491e-005, 1.0211e-004
2, -1.4510e-005, 2.7869e-005, 1.7045e-004
3, -1.4510e-005, 4.9369e-005, 1.1882e-004
4, 4.0271e-005, 4.3858e-006, 1.2862e-004

5, -1.2587e-004, 2.7869e-005, 6.3189e-005
6, -4.4967e-006, 3.8650e-005, 1.9535e-004
7, -4.4967e-006, 4.3858e-006, 7.7120e-005
8, 1.1637e-004, -9.2623e-006, 1.8434e-004
9, -2.0521e-004, 3.8650e-005, 2.2078e-005
10, -4.8459e-006, 5.0524e-005, 2.3431e-004
11, -4.8459e-006, -9.2623e-006, 3.6597e-005
12, 1.9719e-004, -2.0883e-005, 2.2701e-004
13, -2.8416e-004, 5.0524e-005, -1.8915e-005
14, -6.3881e-006, 6.2239e-005, 2.7057e-004
15, -6.3881e-006, -2.0883e-005, -2.8812e-006
16, 2.7903e-004, -3.2191e-005, 2.7123e-004
17, -3.6170e-004, 6.2239e-005, -5.9058e-005

-9.2001e-006,

6.9314e-005,

3.0052e-004
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19, -9.2001e-006, -3.2191e-005, -4.0018e-005
20, 3.6448e-004, -4.7301e-005, 3.1856e-004
21, -4.4638e-004, 6.9314e-005, -6.4636e-005
22, 6.6359e-006, 0.0000e+000, 3.1907e-004
23, 6.6359e-006, -4.7301e-005, -1.0080e-004
24, 4.2651e-004, 0.0000e+000, 3.6637e-004
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CST_PLANE_STRESS_MESH.m

% THIS PROGRAM USES AN 3-NODE LINEAR TRIANGULAR ELEMENT FOR
THE

LINEAR ELASTIC STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM
IT INCLUDES AN AUTOMATIC MESH GENERATION

o° o oe

o°

Make these wvariables global so they can be shared by other
functions

o)

o

o

g
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clear all

global nnd nel nne nodof eldof n

global geom dee nf Nodal loads

global Length Width NXE NYE X origin Y origin

format long g

% To change the size of the problem or change elastic
roperties
supply another input file

Length = 60.; % Length of the model

Width =20.; % Width
NXE = 24; % Number of rows in the x direction
NYE = 10; % Number of rows in the y direction

dhx = Length/NXE; % Element size in the x direction

dhy Width/NYE; % Element size in the x direction

X origin = 0. ; % X origin of the global coordinate system
Y origin = Width/2. ; % Y origin of the global coordinate
system

o

nne = 3;
nodof = 2;
eldof = nne*nodof;

o)

o

o

(o)

T3 mesh ; % Generate the mesh

o°

% Material

% E = 200000.; % Elastic modulus in MPa
vu = 0.3; % Poisson’s ratio

thick = 5.; % Beam thickness in mm

o©

o°

Form the elastic matrix for plane stress

o©

dee = formdsig(E,vu);

o o°

o°

Boundary conditions

o°

f = ones(nnd, nodof); % Initialize the matrix nf to 1

Restrain in all directions the nodes situated @
(x = Length)

o0 d° o0 B3

o°

for i=1:nnd

Yy
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if geom(i,1) == Length;

nf(j—r:) = [O O],‘

end

end

o°

o°

Counting of the free degrees of freedom

o°

n=0; for i=1:nnd
for j=l:nodof

if nf(i,3) ~= 0
n=n+1;
nf(i,J)=n;

end

end

nd

o (D

o\

loading

o°

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal
loads to O

o°

% Apply the load as a concentrated load on the node having
coordinate X = Y =0.

o)

o

o

Force = 1000.; % N

o)

o

o

for i=1:nnd

if geom(i,1l) == 0. && geom(i,2) == 0.
Nodal loads(i,:) = [0. -Force];

end

end

S 2200000

if nf(i, 1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

o°

YA
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% Assembly of the global stiffness matrix

% initialize the global stiffness matrix to zero

kk = zeros(n, n);

for i=l:nel

[bee,g,A] = elem T3(i); % Form strain matrix, and steering

vector
ke=thick*A*bee’ *dee*bee; % Compute stiffness matrix
kk=form kk(kk,ke, g); % assemble global stiffness matrix

35%%%5%%%5%%%5%%%%%%%%%%%% End of assembly
9000000000000000000000000000000
O O0OO0OO0OOOOOOODOOOODODODODODODODODODODOOOOOOO™©
%

o

(o)

delta = kk\fg ; % solve for unknown displacements
%

for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %

end

o

(o)

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %

end

node disp(i,:) =[x disp y disp];
end

o°

o° o°

Retrieve the x coord and y disp of the nodes located on the
neutral axis

(o)

o

k = 0;
vertical disp=zeros (l,NXE+1);
for i=1:nnd;

if geom(i,2)== 0.
k=k+1;
x _coord(k) = geom(i,1);

vertical disp(k)=node disp(i,2);

ya
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end
end

o°

for i=l:nel
[bee,g,A] = elem T3(i); $ Form strain matrix, and steering

eld=zeros(eldof,1); % Initialize element displacement to zero
for m=l:eldof

if g(m)==

eld(m)=0.;

else %

eld(m)=delta(g(m)); % Retrieve element displacement
end

end

o)

eps=bee*eld; % Compute strains

EPS(i,:)=eps ; % Store strains for all elements
sigma=dee*eps; % Compute stresses

SIGMA (i, :)=sigma ; % Store stresses for all elements
end

o° o°

o°

Plot stresses in the x direction

o°

b

_stress = SIGMA(:,1);

cmin = min(x_stress);

cmax = max(x stress);

caxis([cmin cmax]);

patch (' Faces’, connec, 'Vertices’, geom,
"FaceVertexCData’,x stress,
"Facecolor’,’flat’,’'Marker’,"o0");

colorbar;
plottools;
T3_mesh.m

% This function generates a mesh of triangular elements

global nnd nel nne nodof eldof n
global geom connec dee nf Nodal loads
global Length Width NXE NYE X origin Y origin dhx dhy

nnd = 0;

k = 0;

for i = 1:NXE
for j=1:NYE

k =%k + 1;
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nl = 3 + (i-1)*(NYE + 1);

geom(nl,:) = [(i-1)*dhx - X origin (j-1)*dhy - Y origin ];

n2 = j + i*(NYE+1l);

geom(n2,:) = [i*dhx - X origin (Jj-1)*dhy - Y origin ];

n3 = nl + 1;

geom(n3,:) = [(i-1)*dhx - X origin j*dhy - Y origin ];

nd = n2 + 1;

geom(n4,:) = [i*dhx- X origin j*dhy - Y origin ];

nel = 2*k;

m = nel -1;

connec(m, :) = [nl n2 n3];

connec (nel,:) = [n2 n4d4d n3];

nnd = né4;

end

end
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Linear strain triangular element.
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aN; _ aN; ax

aN; dy

B ax 9L ay af
aN; _ 9N;dx  aN; dy

dam T in dy dn
anN; dx dy anN;
af a& & ax
aN. | | ax  ay | | aN.
an an - dan ay
aN; aN;

ax BE

=

anN; aN;

ay an

[K.] = [flsﬂmusu fm]
A,

e 52 (€,n) 5%

xw (p Jlo

3 oo dlomn pala Jgo b 51 s s o 31 (55 UL

+11-£

[K.] = ff f [B(E, )" [DI[B(E.n)det[J(&,m)]dn dE,
a 0

nhp

=1y WiIB(&.n 1 IDIB(E.n)ldetlJ (£ n)]

i=1
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LST_PLANE_STRESS_MESH.M (S 5 guls” 4abi

BB O s Shaslaml Jals sl ool oS (o oz 1) ok 5 3 Sas S50 6l
Sl A5 sls 03ls STl prepare_contour_data.mss ob ¢S 55 T6_mesh.m

S5l s 03lT |y matlab 4t , ;> Contour ;i eslizul b oLl T s

% THIS PROGRAM USES A 6-NODE LINEAR TRIANGULAR ELEMENT FOR

HE
LINEAR ELASTIC STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM
IT INCLUDES AN AUTOMATIC MESH GENERATION

o° od° oo H

o

Make these wvariables global so they can be shared by other
functions

o)

o

clear all

clc

global nnd nel nne nodof eldof n

global connec geom dee nf Nodal loads XIG YIG
global Length Width NXE NYE X origin Y origin

format long g

% To change the size of the problem or change elastic
roperties
supply another input file

Length = 60.; % Length of the model

Width =20.; % Width

NXE = 12; % Number of rows in the x direction

NYE = 5; % Number of rows in the y direction

XIG = zeros (2*NXE+1,1); YIG=zeros (2*NYE+1l,1); % Vectors
holding grid coordinates

dhx = Length/NXE; % Element size in the x direction

dhy = Width/NYE; % Element size in the x direction

X origin = 0. ; % X origin of the global coordinate system
Y origin = Width/2. ; % Y origin of the global coordinate
system

o)

nne = 6;
nodof = 2;
eldof = nne*nodof;

o

o

7
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T6 mesh ; % Generate the mesh

o°

o°

Material

o°

=

= 200000.; % Elastic modulus in MPa
vu = 0.3; % Poisson’s ratio

thick = 5.; % Beam thickness in mm
nhp = 3; % Number of sampling points

o°

o°

Form the elastic matrix for plane stress

o°

dee = formdsig (E,vu);

o° o°

o°

Boundary conditions

o\

o)

f = ones(nnd, nodof); % Initialize the matrix nf to 1

o° oo 3

Restrain in all directions the nodes situated @
(x = Length)

o\

o°

for i=1l:nnd

if geom(i,1l) == Length;
nf(i,:) = [0 0];

end

nd

o° D

o©

Counting of the free degrees of freedom

o°

=0;

for i=1l:nnd

for j=l:nodof
if nf(i,j) ~= 0
n=n+1;

nf (i,J)=n;

end

end

nd

3

]

)

THELTTTIR
+H11

b

RS
Ju—"//:L/U

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal

loads to O

o°

% Apply an equivalent nodal load of (Pressure*thick*dhx)

the central

o)

% node located at x=0 and y = 0.

A4

to
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Force = 1000.; % N

for i=1:nnd
if geom(i,1l) == 0. && geom(i,2) == 0.
Nodal loads(i,:) = [0. -Force];

for i=1: nnd
if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

o\

o°

Assembly of the global stiffness matrix

o© o°

o°

Form the matrix containing the abscissas and the weights of
Hammer points

%

samp=hammer (nhp) ;

o©

o°

initialize the global stiffness matrix to zero

o°

kk = zeros(n, n);

o)

for i=l:nel

[coord,g] = elem To6(1);
vector

ke=zeros (eldof,eldof) ;
matrix to zero

for ig = 1l:nhp

o\©

Form strain matrix, and steering

0\©

Initialize the element stiffness

wi = samp (ig, 3);
[der, fun] = fmT6 gquad(samp, 19g);
jac = der*coord;

d = det (jac);
jacl=inv (jac); % Compute inverse of the Jacobian

YA
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deriv=jacl*der; % Derivative of shape functions in global
coordinates
bee=formbee (deriv, nne,eldof); % Form matrix [B]
ke=ke + d*thick*wi*bee’ *dee*bee; % Integrate stiffness matrix
nd
kk=form kk(kk,ke, g); % assemble global stiffness matrix

D

5%%%%%%%%%%%5%5%5%%%%%%%%% End of assembly
5555955555555 55%%%%%5%5%5%5%5%%%

%

%

delta = kk\fg ; % solve for unknown displacements

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %
end

node disp(i,:) =[x disp y disp];

nd

o° o° (D

o°

Retrieve the x coord and y disp of the nodes located on the
neutral axis

(o)

o

k = 0;

for i=1:nnd;

if geom(i,2)== 0.

k=k+1;

x _coord (k) = geom(i,1);

vertical disp(k)=node disp(i,2);
end

end

nhp = 1; % Calculate stresses at the centroid of the element
samp=hammer (nhp) ;

o

o

Y4
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for i=l:nel

[coord,g] = elem T6(i); % Retrieve coordinates and steering
vector

eld=zeros(eldof,1); % Initialize element displacement to zero
for m=l:eldof %

if g(m)==0 %
eld(m)=0.; %
else %

eld(m)=delta(g(m)); % Retrieve element displacement from the
% global displacement vector

end

end

Q

o

for ig=1: nhp
[der, fun] = fmT6 quad(samp, 1g); % Derivative of shape
functions in

o)

% local coordinates

jac=der*coord; % Compute Jacobian matrix
jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions
% in global coordinates
bee=formbee (deriv, nne,eldof); % Form matrix [B]
eps=bee*eld; % Compute strains

o)

sigma=dee*eps ; % Compute stresses
end % Compute stresses
SIGMA (i, :)=sigma ; % Store stresses for all elements

nd

o (D

o°

Prepare stresses for plotting

ZX, 7Y, 2T, 71, Z2]=prepare contour data (SIGMA) ;

00 — o©

Plot mesh using patches

o° o°

o°

patch (' Faces’, connec, 'Vertices’, geom,
"FaceVertexCData’,hsv (nel),
"Facecolor’,'none’,’Marker’,’0’);

o°

o©

Plot stresses in the x direction

o°

[C,h]= contourf (XIG,YIG, 2X,40);
%clabel (C,h);
colorbar plottools;
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T6_mesh.m
% This function generates a mesh of the linear strain
triangular element
global nnd nel geom connec XIG YIG
global Length Width NXE NYE X origin Y origin dhx dhy
nnd = 0;
k = 0;
for i = 1:NXE
for j=1:NYE
k =k + 1;
nl = (2*3-1) + (2*1-2)* (2*NYE+1) ;
n2 = (2*3-1) + (2*1i-1)* (2*NYE+1) ;
n3 = (2*3j-1) + (2*i)* (2*NYE+1);
nd = nl + 1;
n5 = n2 + 1;
né = n3 + 1 ;
n7 = nl + 2;
n8 = n2 + 2;
n9 = n3 + 2;
geom(nl,:) = [(i-1)*dhx - X origin (j-1)*dhy - Y origin];
geom(n2,:) = [((2*i-1)/2)*dhx - X origin (j-1)*dhy - Y origin
17
geom(n3,:) = [i*dhx - X origin (Jj-1)*dhy - Y origin ];
geom(n4,:) = [(i-1)*dhx - X origin ((2*3-1)/2)*dhy - Y origin
17
geom(n5,:) = [((2*i-1)/2)*dhx - X origin ((2*j-1)/2)*dhy -
Y origin ];
geom(n6,:) = [i*dhx - X origin ((2*3-1)/2) *dhy - Y origin ];
geom(n7/,:) = [(i-1)*dhx - X origin j*dhy - Y origin];
geom(n8,:) = [((2*1-1)/2)*dhx - X origin j*dhy - Y origin];
geom(n9,:) = [i*dhx - X origin j*dhy - Y origin];
nel = 2*k;
m = nel -1;
connec(m, :) = [nl n2 n3 nb5 n7 n4];
connec(nel,:) = [n3 n6 n9 n8 n7 nb];
max n = max([nl nZ n3 n4 n5 n6 n7 n8 n9]);

if(nnd <= max n); nnd = max n; end;

o°

% XIN and YIN are two vectors that holds the coordinates X
and Y

% of the grid necessary for the function contourf (XIN,YIN,
stress)

)
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XIG(2*i-1) = geom(nl,1); XIG(2*i) = geom(n2,1); XIG(2*i+l) =
geom (n3,1);

YIG(2*j-1) = geom(nl,2); YIG(2*j) = geom(nd,2); YIG(2*j+1l) =
geom(n7,2);

end

end

[®)

o

€]

Jiﬁ))gmx,yéudﬁgq-d}bjéy‘}éﬁ\wOMAQW%JSAJ'NYE}NXE sl e
b go sloul QLI g5 o e M2 T3 Flas Ms, M M7 Mg Mg o & 5 5 alol a (gl .6l ol 031> OLES
|y M3, Meu Mo Mg, M. N5 gla ojf £33 Ol a5 Pie Mo Mae P M7 M o ojf shyls oWl sl

b Sl O 5 4o dd slwl gla 0 S 5 b Ol sluws JST55 15405
NEL = 2 x NXE x NYE,

nnd=(2xNXE+1) x (2xNYE+1)

XIG (2 s, 45 ;5 5 connec (nel, nne) s geom (nnd, 2) s s 5l Jsta N
I T S1,ls e Slaibee o5 das o cwdy |, YIG2 X NYE+ 1) ,x NXE+ 1)

245 o3l MATLAB 5 contourf b Sl eslizal b, 58 o 5

)
-~
=
n
—
H7 Hg Hg
— M,
= p 1, B L
- 4 o
Hy M2 g
dhx |
i=1 - k—i= NXE—~
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358 (oo tmlone 650 e e S

nhp

[K.] = IZ WiB(E.n: )" [D][B(&:.n,)1det[J (&:.1)]

i=l1
=1t nel 2ols Olall 53 2 (6l 0

@b Sl eslisal LG eldof) oT cleal, 5is , scoord (Nne, 2) o7 cls o § laze(Y

Seh e as g Olem_6.m

elem_T6.m

function[coord,g] = elem T6 (1)

% This function returns the coordinates of the nodes of
element 1

% and its steering vector

global nnd nel nne nodof eldof n
global geom connec dee nf load

(o)

1=0;

coord=zeros (nne,nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom(connec (i, k),3);

1=1+1;

g (1) =nf (connec(i,k),J);
end

end

o°

% End function elem T6
255 oo skl dl- IG=1 6NNP Lola blkis g, (Ll

¥y
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355 o o3lizal FMTB_quad.m v 3 = samp (ig, 2),samp (ig, 1)

fmT6_quad.m
function([der, fun] = fmT6 guad(samp, 1ig9)

o°

% This function returns the vector of the shape function and
their

% derivatives with respect to xi and eta at the gauss points
or

an 8-nodded quadrilateral

o° +h

o\

xi=samp (ig, 1) ;
eta=samp (ig, 2) ;

lambda = 1. - xi - eta;

fun(l) = -lambda* (l.-2*lambda) ;
fun(2) = 4.*xi*lambda;

fun(3) = -xi*(1l.-2*x1i);

fun(4) = 4.*xi*eta;

fun(5) = -eta*(l.-2*eta);
fun(6) = 4.*eta*lambda;

der(1l,1)=1.-4*lambda; der(1l,2)=4.* (lambda-xi);
der (1,3)=-1.+4*x1i; der(l,4)=4.*eta;
der(1,5)=0.; der(l,06)=-4.*eta;

der(2,1)=1.-4*lambda; der(2,2)=-4.*xi;
der(2,3)=0.; der(2,4)=4.*xi;
der(2,5)=-1.+4.*eta; der(2,6)=4.* (lambda-eta);

% end function fmT6 quad

jac = der * coord 55 » amlows 5 S150
d =det (ac) ss 5 s eslizal i S15 Olie 530s
jacl =inv (ac) 53,5 o awloes 5 sS15 o sSas

deriv =jacl » der sy s ambu X,y JS Slasu s ar 5 L JSE 0l 5 Slizta(s

¥¥
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formbee.m
function[bee] = formbee (deriv,nne,eldof)

% This function assembles the matrix [bee] from the
% derivatives of the shape functions in global coordinates

bee=zeros (3,eldof) ;
for m=1:nne

k=2*m;

1=k-1;
x=deriv(1l,m) ;
bee (1, 1)=x;
bee (3, k)=x;
y=deriv(2,m) ;

bee (2, k) =y;
bee (3,1)=y;
nd

O

o\°

% End function formbee
< wlb ke = ke +d * thick * wi » bee_ » dee * bee & pa |, e s (s

..bj.w
AT o S hAMMEr.M Jse 5 51 5 0eT Jsd 53 jals Jge 5 sla 05 5 bl slal

hammer.m
function[samp]=hammer (npt)

o°

o©

This function returns the abscissae and weights of the
integration points for npt equal up to 7

o o°

o©

samp=zeros (npt, 3) ;

o)

o

o

if npt==

samp=[1/3. 1/3. 1/2.];
elseif (npt==2 | npt==3)
npt=3;

Yo
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samp=[1/6. 1/6. 1/6.;
2/3 1./6 1/6.;

1/6. 2./3. 1/61;

elseif (npt==4 | npt==5)

npt=4;

samp= [1/3 1/3 -27/96;

1/5 1/5. 25/96; ...

3/5 1/5. 25/96; ...

1/5 3/5 25/961;

elseif npt==

a = 0.445948490915965; b = 0.091576213509771;
samp= [ a a 0.111690794839005;
1-2*a a 0.111690794839005;

a 1-2*a 0.111690794839005;

b b 0.054975871827661;

1-2*b b 0.054975871827661;

b 1-2*b 0.054975871827661];
elseif npt==

a = (6+sqgrt(15))/21 ; b = 4/7 -a;
A = (155+sgrt(15))/2400; B = (31/240 -A);
samp= [ 1/3 1/3 9/80;

aaaAid; .

1-2*a a A ;

a l-2*a A ;

b b B .

1-2*b b B ;

b 1-2*b B];

end
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End function hammer
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TABLE 8.2

Abscissae and Weights for a Triangle

Order m Number of Points r E n w

1 1 0.333333333333 0.333333333333 0.5

2 3 0.5 0.5 0. 166666666666
0 0.5 0. 1 66666666666
0.5 o 0. 1 66666666666

2 3 0.1 66666666666 0. 166666666666 0. 1 66666666666
LEEEEOEEEEH6E 0. 1 66666666666 0. 166666666666
0.1 66666666666 0.666666666666 0. 166666666666

3 4 0.333333333333 0.333333333333 —0.28125
0.2 0.2 02604 16666666
0.6 0.2 0.2604 16666666
0.2 0.6 0.2604 16666666

4 6 0.445948490092 0.44594 849092 0.11 1690794839
0.10810301817 0.44594 849092 0.11 1690794839
0.44594849092 0.108 10301817 0.11 1690794839
0.09157621351 0.09157621351 0.05497387 1827
0.81684757289 0.09157621351 0.054975871827
0.09157621351 0.81684757289 0.054975871827

5 7 0.33333333333 0.33333333333 0.1125

0470142064105
0.05971587179

0470142064105
0101286507324
0898713492676
0101286507324

0470142064105
0470142064105
0.059T7158717T9

0.101286507324
0.101286507324
0L.B9ET 13492676

0.06619T076394
0.066197076394
0.066197076394
0. TOSE02923606
0. TOBE02923606
0. TOBE02923606

& (55 9 B 55 duulons

&i\)}b&i\‘_gu.sjfr:.a\}&wbuhow\ff);buu:sM&Q‘Y:w‘jlfwdﬁ)
Ow‘ﬁd‘jnhpzlﬁ&jb).b |) ‘_;jl.“.}

6 3l eslil L1, g @ldOf) oT slaas; Jis s coord (ine, 2) ol sls o sy

020 3T o S €lem_16.m

elem_T6.m
function[coord,g] = elem T6 (1)
% This function returns the coordinates of the nodes of

lement i
and its steering vector

@

o o©

global nnd nel nne nodof eldof n
global geom connec dee nf load

o)

o

o

v



\

J

II|IIII|':|JJ

Qe

St

4.‘};) °}j? s ) Ja:m 9 (_)‘ja& ‘_gw.\...é.n a-kg..i.l\.nw).h Cw oli.&.v".sc 3 gdoes |)>;| YL 55}}_;
T™U S5 BT Ol tlaaly skl
1=0;

coord=zeros (nne, nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom(connec (i, k),J);

1=1+1;

g(l)=nf (connec(i,k),J);
end

end

o°

% End function elem T6
ey lyeld @1dof) ol a8 s sbul-delta M) gl JS s 5l eslizal LY
sl o
.ﬁju@‘db—igﬂ Lnhp jels L& g5, (Ll
E=samp (ig, K Sla. ,sder T e Slizza 5FUN Jls IS8 il 5 aslone 51 o(0
=S o 03Ul FMTE_quad.m s 51 m = samp (ig,2),1)

fmT6_quad.m
function([der, fun] = fmT6 gquad(samp, ig)

o©

% This function returns the vector of the shape function and
their

% derivatives with respect to xi and eta at the gauss points
for

an 8-nodded quadrilateral

o°

o©

xi=samp (ig, 1) ;
eta=samp (ig, 2) ;

lambda = 1. - xi - eta;

fun(l) = -lambda* (l1.-2*lambda) ;
fun(2) = 4.*xi*lambda;

fun(3) = -xi*(1.-2*x1i);

fun(4) = 4.*xi*eta;

fun(5) = -eta*(l.-2*eta);

fun (o) = 4.*eta*lambda;

der(l,1)=1.-4*lambda; der(l,2)=4.* (lambda-xi);
der (1,3)=-1.+4*x1i; der(l,4)=4.*eta;
der(1,5)=0.; der(l,06)=-4.*eta;

YA
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S TN

o°

der(2,1)=1.-4*lambda; der(2,2)=-4.*x1i;
der(2,3)=0.; der(2,4)=4.*xi;
der(2,5)=-1.+4.*eta; der(2,0)=4.* (lambda-eta) ;

o°

% end function fmT6 quad

jac = der * co0rd s’ s alows |, o875 (2

d = det (aC) S or amlous 1 o S5 Ol (s

jacl =inv ac) .53 8 s aulows e sST15 o sSa(y

deriv =jacl = der dewwx,ydggwug«?,:péis@\,:c,m(;

5 oo 03lizul fOrmbee.m x 51bee iS5 o jlo 03557 S 1 (0

formbee.m
function[bee] = formbee (deriv,nne,eldof)

o°

o

This function assembles the matrix [bee] from the
derivatives of the shape functions in global coordinates

o°

o©

bee=zeros (3,eldof);
for m=1:nne

k=2*m;

1=k-1;
x=deriv(l,m);
bee (1, 1)=x;
bee (3, k)=x;
y=deriv(2,m) ;

bee (2, k) =y;
bee (3,1)=y;
end

o©

% End function formbee

w2031 (o Sl EPS =bee *reld & a1, J55 G

.ﬁfsewlmsigma =dee * eps <,y Hla Lis(s

¥a
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1 kM =
2 £
- 5 8 1] 14 17 201 =
|
1 3 5 7 9 11
1 ¥
1 7 10 13 16 149
p 60 mm il

b o318 & lw ook
=S (s 0olizl Q4 _COARSE_MESH DATA.m ol m-file ;i osls okl 4= (5,

Q4_COARSE_MESH_DATA.m
% File: Q4 COARSE MESH DATA

o©

global nnd nel nne nodof eldof n ngp
global geom connec dee nf Nodal loads

o©

o°

To change the size of the mesh, alter the next statements

o°

nnd = 21 ; % Number of nodes:

nel = 12; % Number of elements:

nne = 4 ; % Number of nodes per element:

nodof =2; % Number of degrees of freedom per node

ngp = 2 % number of Gauss points

eldof = nne*nodof; % Number of degrees of freedom per element

N
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o°

o°

% Nodes coordinates x and y

geom = [0, -10.0; ... % x and y coordinates of node 1
0.0 0.0; ... % x and y coordinates of node 2

0.0 10.0; ... % x and y coordinates of node 3
10.0 -10.0; ... % x and y coordinates of node 4
10.0 0.0; ... % x and y coordinates of node 5
10.0 10.0; ... % x and y coordinates of node 6
20.0 -10.0; ... % x and y coordinates of node 7
20.0 0.0; ... % x and y coordinates of node 8
20.0 10.0; ... % x and y coordinates of node 9
30.0 -10.0; % x and y coordinates of node 10
30.0 0.0; ... % x and y coordinates of node 11
30.0 10.0; ... % x and y coordinates of node 12
40.0 -10.0; ... % x and y coordinates of node 13
40.0 0.0; ... % x and y coordinates of node 14
40.0 10.0; ... % x and y coordinates of node 15
50.0 -10.0; ... % x and y coordinates of node 16
50.0 0.0; ... % x and y coordinates of node 17
50.0 10.0; ... % x and y coordinates of node 18
60.0 -10.0; ... % x and y coordinates of node 19
60.0 0.0; ... % x and y coordinates of node 20
60.0 10.0]; % x and y coordinates of node 21

disp (’Nodes X-Y coordinates’)
geom

o\°

% Element connectivity

connec= [ 1 45 2 ;... % Element 1
2563 ;... % Element 2

4 785 ;... % Element 3

58 96 ;... % Element 4

7 10 11 8 ;... % Element 5

8 11 12 9 ;... % Element ©

10 13 14 11 ;... % Element 7
11 14 15 12 ;... % Element 8
13 16 17 14 ;... % Element 9
14 17 18 15 ;... % Element 10
le 19 20 17 ;... % Element 11

o°

17 20 21 187]; Element 12

disp ("Elements connectivity’)

OA

'd}b ojjfcﬁﬁﬁj.]a:w}o‘ja& ‘5«5-\-.6.# OM‘)C‘-}&)H\A C,:JJS' oli..':u".n S gdee ‘J"‘ BaBL aj)ﬁ:




\
atu

= z iz

i = §

E E dﬂjo}fcﬁﬁm‘tj.]a:m}o‘ja.o&».\;é.nambcw)bc,ﬁjo@bc :}Aa»‘k‘ w))bj}ﬁ: gmg

— ; ) = _//»_"{::Jp/l
TMU @l& Jifé §GT uL} ZL«;A\; sl

connec

E = 200000.; % Elastic modulus in MPa

vu = 0.3; % Poisson’s ratio

thick = 5.; % Beam thickness in mm

% Form the elastic matrix for plane stress

dee = formdsig (E,vu);

% Boundary conditions

nf = ones(nnd, nodof); % Initialize the matrix nf to 1

nf(19,:) = [0 0]; % Node 19 is restrained in the x and y

directions

nf(20,:) = [0 0]; % Node 20 is restrained in the x and y

directions

nf(21,:) = [0 0]; % Node 21 is restrained in the x and y

directions

o°

o\

Counting of the free degrees of freedom

o°

=0;

for i=1l:nnd

for j=l:nodof
if nf(i,j) ~= 0
n=n+1;

nf (i,J)=n;

end

end

end

3

% loading

o)

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal

% Apply a concentrated at the node having x = 0, and y = 0.

Force = 1000.; % N

)

o

o

Nodal loads(1l,:) = [0. -Forcel;

AN
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o 8 d>lg 43 63137 Sl s sluas Y=nodof
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Q4_PLANE_STRESS.M _Lof 4b

% THIS PROGRAM USES AN 4-NODDED QUADRILATERAL ELEMENT FOR THE
LINEAR ELASTIC
STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM

o° o°

o°

Make these variables global so they can be shared by other
functions

Qo

o

clc

clear all

global nnd nel nne nodof eldof n ngp
global geom connec dee nf Nodal loads

o

format long g

(o)

o\

o°

To change the size of the problem or change the elastic
properties
supply another input file

o°

\O

o

Q4 COARSE_MESH DATA
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%
00000000000000000000000000
3%%%%%%%%%%%%%%%%%%%%%%%%% End of
000000000000000000000000000000

if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

o\

% Form the matrix containing the abscissas and the weights of
Gauss points

o)
°

ngp = 2;
samp=gauss (ngp) ;

o\

% Numerical integration and assembly of the global stiffness
matrix

o\

% initialize the global stiffness matrix to zero
kk = zeros(n, n);

(o)

for i=l:nel

[coord,g] = elem g4 (i) ; % coordinates of the nodes of
element i,

% and its steering vector

ke=zeros (eldof,eldof) ; % Initialize the element stiffness
matrix

% to zero

for ig=1l: ngp

wi = samp(ig,?2);

for jg=1: ngp

wj=samp (jg,2);

[der, fun] = fmlin(samp, ig,Jjg); % Derivative of shape
functions

%in local coordinates

jac=der*coord; % Compute Jacobian matrix

d=det (jac); % Compute determinant of Jacobian

% matrix

jacl=inv (jac); % Compute inverse of the Jacobian

deriv=jacl*der; % Derivative of shape functions

5
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% in global coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]

ke=ke + d*thick*wi*wj*bee’ *dee*bee; $ Integrate stiffness
matrix

end

end

kk=form kk(kk,ke, g); % assemble global stiffness matrix

delta = kk\fg ; % solve for unknown displacements

disp(’'node x disp y disp ') %

o)

for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %
end

disp([i x disp y disp]) % Display displacements of each node
DISP(i,:) = [x disp y disp]
end

o° o°

ngp=1; % Calculate stresses and strains at
sthe center of each element
samp=gauss (ngp) ;

for i=l:nel

[coord,g] = elem g4(i); % coordinates of the nodes of element
i,

% and its steering vector

eld=zeros(eldof,1l); % Initialize element displacement to zero

for m=l:eldof %

if g(m)==0 %
eld(m)=0.; %
else %

sY
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eld(m)=delta(g(m)); % Retrieve element displacement from the

% global displacement vector

end

end

for ig=1l: ngp

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg, 2) ;

[der, fun] = fmlin(samp, ig,Jjg); % Derivative of shape
functions

% in local coordinates

jac=der*coord; % Compute Jacobian matrix
jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions
% in global coordinates
bee=formbee (deriv, nne,eldof); % Form matrix [B]

o)

eps=bee*eld % Compute strains

o)

sigma=dee*eps % Compute stresses

end
end
SIGMA (i, :)=sigma ; % Store stresses for all elements

o\

o°

Average stresses at nodes

Z2X, 2Y, 2T, 721, Z2]=stresses at nodes Q4 (SIGMA);

00 — o©

o©

o°

Plot stresses in the x direction

o°

U2 = DISP(:,2);

cmin = min (U2) ;

cmax = max (U2);

caxis([cmin cmax]);

patch (' Faces’, connec, 'Vertices’, geom,
"FaceVertexCDhata’,U2, ...
"Facecolor’,’interp’,"Marker’,’.");
colorbar;

sy
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AT o cwsselem_Q4.m b Sl eslizl

elem_g4.m
function[coord,g] = elem g4 (1)

o° o° oo

o°

global nnd nel nne nodof eldof n ngp
global geom connec dee nf load

o)

1=0;

coord=zeros (nne,nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom (connec (i, k), J);
1=1+1;

g (l)=nf (connec(i,k),J);

end

end

o°

% End function elem g4

This function returns the coordinates of the nodes of
element i and its steering vector g

S i 53 ho slee 1y (o s Fle bzl (¥

il (or 4l Jg=1-N8P s i (55, (Ll

s o Samp (i9, 2) o) s 1, Wi 055 (0

o5l or 4l jg=1-NGP 05 o (s, |

s o Samp (19, 2) 23 1, Wj 053511

S Slazs pader w5l 6T Slate 5 TUN is ) IS 0l 5 s <12 ]
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s&=samp (g, 1)
=S o 03Uzl FMOIN.M & 5= SAMp (ig, 1)
fmlin.m
function[der, fun] = fmlin(samp, ig,Jjg)

o°

% This function returns the vector of the shape function and
their

% derivatives with respect to xi and eta

o°

xi=samp (ig, 1) ;
eta=samp (Jjg,1);

o)

o

o

fun = 0.25*[(1.- x1 - eta + xi*eta);...
(1.+ xi - eta - xi*eta);...

(1.4 xi + eta + xi*eta);...

(l.- xi + eta - xi*eta)l]l;

der = 0.25*[-(l-eta) (l-eta) (l+eta)

-(1-x1i) —(1+x1)

o)

o

o

(1+xi) (1-xi)];

end function fmlin

-(l+eta); ...

o5 o 4mla |, JAC = der * coord . S151V

oS o 4l d = det jac) oo a1y u S5 Ok s V

3T oty JACL =NV (AC) )50 15 e S15 o sSns VI

ot s deriV=ja.C1*derQ)yQX,ylewiéuy&jl{bﬁGb}% VII

05T

o sl fOrmbee.m . ;ibee i Sle 03,91 Cws gl VI
= & P o FEIP%

formbee.m
function[bee] =

o o° o°

o°

This function assembles the matrix
derivatives of the shape functions in global coordinates

0

formbee (deriv, nne, eldof)

[bee]

from the



)

T
¢
':C"uu||||||||||I""I

) Qe

dj.b ojjfcﬁﬁm.ij.]a:mjo‘jw ‘5«:.\..@.‘ a-kg..id\.nw).h S p oli..':..v".sc 3 gd>ws |)>;| BoSL oj}f;

.TMLET b S BT Ol tlaal ) skl

S TN

bee=zeros (3,eldof) ;

bee (3,1)=y;
end

o°

% End function formbee
=S oo el 6801 (B s Sl IX
ke = ke + d = thick » wi »wj * bee_ * dee * bee

5 B skl SISl plosl (51 ol s (S5l 0 S5 S a3l el e e e Al

samp (Ngp, 2) L= ;5 Sl 515,855 ab Ll s b sl bla L bl o

High pdihg 5o 4 aS L5y
&i=samp (i, 1) and Wi= samp (i, 2)

ajf QL&JMJ::elem_q4m cu el onlaznl J.:G ngp=4 U) ol uz?f.Li B gaussm CU
sfun i, IS als e fmlinm ob.ais 8 . 1 textbfg. oT sl w55 5 0Ll » sl

s o S |y G55 Sl 3 der a5l s 0T Slizie

gauss.m
function[samp]=gauss (ngp)

o°

% This function returns the abscissas and weights of the
Gauss
points for ngp equal up to 4

o0 o°

o°

55
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“
4

samp=zeros (ngp, 2) ;

1f ngp==
samp=[0. 2];
elseif ngp==

samp=[-1./sqgrt(3) 1.;...
1./sgrt(3) 1.1;

elseif ngp==

samp= [-.2*sqgrt(15.) 5./9;
0. 8./9.;...

.2*sqgrt (15.) 5./9];

elseif ngp==

samp= [-0.861136311594053 0.347854845137454;
-0.339981043584856 0.652145154862546;
0.339981043584856 0.652145154862546;
0.861136311594053 0.3478548451374547;

nd

(]

o°

% End function Gauss

elem_qg4.m
function[coord,g] = elem g4 (i)

o\

o°

This function returns the coordinates of the nodes of
element i and its steering vector g

o°

o\

global nnd nel nne nodof eldof n ngp
global geom connec dee nf load

o)

1=0;

coord=zeros (nne,nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom(connec (i, k),J);

1=1+1;

g (1l)=nf (connec(i,k),J);
end

end

o°

% End function elem g4

fmlin.m
function[der, fun] = fmlin (samp, 1ig,39)

o°

% This function returns the vector of the shape function and
their
derivatives with respect to xi and eta

o°

o°

Y
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xi=samp (ig, 1) ;
eta=samp (Jjg,1);

o°

fun = 0.25*[(1.- xi - eta + xi*eta);...

(1.+ xi - eta - xi*eta);...

(1.4 xi + eta + xi*eta);...

(l.- xi + eta - xi*eta)l;

der = 0.25*[-(1-eta) (l-eta) (l+eta) -(l+eta);...
(1-x1) - (1l+xi) (14+x1i) (1-x1)1;

o° |

end function fmlin

'dj'b ojjfcﬁﬁﬁj.]a:w}[)‘ja& &d.\..é.n am‘:cuﬂ)b C,:JJJ oli..':u".sc S gdee ‘)"‘ BaBL aj}f;

)

St

B 55 9 B 55 duulons

Sold yshie pl 6l S (oo aeloen 1 OLL S 50 5ol (25,57 A o SVslee IS 0t B

('.:4‘.3 s )‘JSJJ ‘) ngp=1

Oladl o (6l (N

b S eslizul L1, g eldof) oT cleal, s, scoord (hne, 2) ol sl o & Slazea(Y

s o Elem_QA.m

elem_qg4.m
function[coord,g] = elem g4 (1)

o o°

o°

element 1 and its steering vector g

o°

global nnd nel nne nodof eldof n ngp
global geom connec dee nf load

(o)

o

1=0;

coord=zeros (nne,nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom(connec (i, k),3);

1=1+1;

g (1l)=nf (connec(i,k),J);
end

end

o°

% End function elem g4

FA

This function returns the coordinates of the nodes of



I

g % : B35 05,5 ey Lammn 5 O pae ki odSCaiI3¢ o ye Sy o316 3 sudome [l oy 055 g%
T™MU e S 66T Gl laial sk s
03] o cwndelta ) s bl JS 505015 €ld @ldof) ol s 8 bty
o5l or 4l jg=NEP-1 s Ll 3, |
o25be oo 4l jp=1-ngp 38 bl g, I
sloes Slamies 3 dEN s O Jows Slaniie 5 TUN Sls  JSE ml 5 dlons ol ]
s&=samp (g, 1)
oS (oo 03Uzl FTIN.M &6 5iM = SAMP 4g, 1)
fmlin.m
function[der, fun] = fmlin (samp, ig,3j9g)

o°

% This function returns the vector of the shape function and
their

derivatives with respect to xi and eta

o°

o

xi=samp (ig, 1) ;
eta=samp (Jjg,1);

o)

°

fun = 0.25*[(1.- xi - eta + xi*eta);...
(1.+ xi - eta - xi*eta);...

(1.+ xi + eta + xi*eta);...

(l.- xi + eta - xi*eta)l];

o°

der = 0.25*[-(1l-eta) (l-eta) (l+eta) —-(l+eta);...
-(1-x1i) —-(14+4xi) (1+xi) (1-x1i)1]:;

Q

% end function fmlin

oS (8 drlons Ijac = der » coord .. ,s151V
3T o el = det Aac) ©jse aly o sS15 Ola s V

03T o enjacl =inv (AC) &y s 1y i sS15 sSema VI

54
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Cwds deriv =jacl * der o sm a Xy JS Slase 4 4 5 L1 b JKE Slizis VI
.V{'J"T@
=S o s\l fOrmbee.m «i jibee 1S 5l mi s sl VI

formbee.m
function[bee] = formbee (deriv,nne,eldof)

o°

o°

This function assembles the matrix [bee] from the
derivatives of the shape functions in global coordinates

o°

o°

bee=zeros (3,eldof);
for m=1:nne

k=2%*m;

1=k-1;

x=deriv (1l,m) ;
bee(1,1)=x;
bee (3, k)=x;
y=deriv(2,m) ;

bee (2, k) =y;
bee (3,1)=y;
end

o

% End function formbee
=S 4wl €pS = bee xeld &0 4 s 5 5TIX
=S (s Al sigma = dee * eps &, sz Hla ,i5 X
oS 0,3 SIGMA (el, 3) o 5l s 15l js(F

b Seslial bl o 8 53 la OLJIST e 55 0d asulos (gl 25

S o awlee Stresses_at_nodes_Q4.m

Stresses_at_nodes_Q4.m
function[ZX, ZY, ZT, Z1, Z2]=Stresses at nodes Q4 (SIGMA)

o°

o°

This function averages the stresses at the nodes

o°
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o°

lobal nnd nel nne geom connec XIG YIG NXE NYE

° Q

for k = 1:nnd

sigx = 0. ;sigy = 0.; tau = 0.;
ne = 0;

for iel = 1l:nel;

for jel=l:nne;

if connec(iel, jel) == k;
ne=ne+1;

sigx = sigx+SIGMA (iel, 1) ;

sigy = sigy + SIGMA (iel,2);

tau = tau + SIGMA (iel, 3);

end

end

end

ZX (k,1) = sigx/ne;

ZY (k,1) = sigy/ne;

ZT (k,1)=tau/ne;

z1(k,1)= ((sigx+sigy)/2 + sqrt(((sigx+sigy)/2)"2 +tau”2))/ne;
22 (k,1)= ((sigx+sigy)/2 - sqgrt(((sigx+sigy)/2)"2 +tau”2))/ne;
End

295 Al dkxyf 4l g

6 3l eslinal b 587 55 ) ghay a0 5 4l 53 e ls 5L O Sl 5 4 sl 4 2 (65Ldute s
bl e F wtin gla e sle 5 s LI Y L] &b ! 335 sl Q4_mesh.m
AT o ool aal 5l aS7 S

% THIS PROGRAM USES AN 4-NODDED QUADRILATERAL ELEMENT FOR THE

LINEAR ELASTIC
STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM

o0 o©

o©

Make these wvariables global so they can be shared by other
functions

o)

o

clc

clear all

global nnd nel nne nodof eldof n ngp

global geom connec dee nf Nodal loads

global Length Width NXE NYE X origin Y origin dhx dhy

o

o

format long g

\A
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o°

o°

To change the size of the mesh, alter the next statements

o°

Length = 60.; % Length of the model

Width =20.; % Width
NXE = 24; % Number of rows in the x direction
NYE = 8; % Number of rows in the y direction

dhx = Length/NXE; % Element size in the x direction

dhy = Width/NYE; % Element size in the x direction

X origin = 0. ; % X origin of the global coordinate system
Y origin = Width/2. ; % Y origin of the global coordinate
system

Q

o

o

nne = 4;
nodof = 2;
eldof = nne*nodof;

o

Q04 mesh % Generate the mesh

E = 200000.; % Elastic modulus in MPa
vu = 0.3; % Poisson’s ratio

thick = 5.; % Beam thickness in mm
% Form the elastic matrix for plane stress

dee = formdsig (E,vu);

% Boundary conditions

o)

f = ones(nnd, nodof); % Initialize the matrix nf to 1

Restrain in all directions the nodes situated @
(x = Length)

o0 o0 oo 3

o°

for i=1l:nnd

if geom(i,1l) == Length;
nf(i,:) = [0 0];

end

nd

o° (D

o°

Counting of the free degrees of freedom

o°

n=0; for i=1:nnd
for j=l:nodof
if nf(i,j) ~= 0

\Al
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n=n+1;
nf(i,]J)=n;

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal

Apply a concentrated at the node having x = 0, and y = 0.

o° o° o°

Force = 1000.; % N

o)

o

o

for i=1:nnd

if geom(i,1l) == 0. && geom(i,2) == 0.
Nodal loads(i,:) = [0. -Forcel;

end

end

Assemble the global force vector

fg=zeros(n,1);
for i=1: nnd
if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

% Form the matrix containing the abscissas and the weights of
Gauss points

(o)

o

ngp = 2;
samp=gauss (ngp) ;

o°

% Numerical integration and assembly of the global stiffness
matrix

o°

% initialize the global stiffness matrix to zero
kk = zeros(n, n);

\Al
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o°

for i=l:nel

[coord,g] = elem g4 (i) ; % coordinates of the nodes of
element i,

% and its steering vector

ke=zeros (eldof,eldof) ; % Initialize the element stiffness
% matrix to zero

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg, 2) ;

[der, fun] = fmlin(samp, ig,Jjg); % Derivative of shape
functions

% in local coordinates

jac=der*coord; % Compute Jacobian matrix

d=det (jac); % Compute determinant of Jacobian

% matrix

jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in

% global coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]

ke=ke + d*thick*wi*wj*bee’ *dee*bee; % Integrate stiffness
matrix

end

end

kk=form kk(kk,ke, g); % assemble global stiffness matrix

00 0000000 o O o O
35%3%5%5%5%5%5%%5%5%5%5%53%553 kEnd of assembly
o O

O
(e}
(e}
(e}
(e}
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

o o°

delta = kk\fg ; % solve for unknown displacements

(o)

o

(o)

disp(’'node x disp y disp ') %

for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

o°

y disp = delta(nf(i,2));

Y¥
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end
disp([1i x disp y disp]) % Display displacements of each node
DISP(i,:) = [x disp y disp]
end

o°

o°

ngp=1; % Calculate stresses and strains at
%the center of each element
samp=gauss (ngp) ;

Q

o

for i=1l:nel
[coord,g] = elem g4 (i); % coordinates of the nodes of element

i,
% and its steering vector
eld=zeros(eldof,1); % Initialize element displacement to zero

for m=l:eldof %

if g(m)==0 %
eld(m)=0.; %
else %

eld(m)=delta(g(m)); % Retrieve element displacement from the
% global displacement vector

end

end

o

for ig=1l: ngp

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg,2);

[der, fun] = fmlin(samp, ig,Jjg); % Derivative of shape
functions in

o)

% local coordinates

(o)

jac=der*coord; % Compute Jacobian matrix

jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in
% global coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]

(o)

eps=bee*eld % Compute strains

o)

sigma=dee*eps % Compute stresses

end
end
SIGMA (i, :)=sigma ; % Store stresses for all elements
end

o°

o°

Average stresses at nodes

— o\

Z2X, 2Y, 2T, 721, Z2]=stresses at nodes Q4 (SIGMA);

Yo
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% Plot stresses in the x direction

caxis([cmin cmax]):;

patch (' Faces’, connec, ’'Vertices’, geom,
"FaceVertexCDhata’, U2,
"Facecolor’,’interp’, " Marker’,’.");
colorbar;

Q4 _mesh.m

% This module generates a mesh of linear quadrilateral
elements

o)

o

(o)

global nnd nel nne nodof eldof n
global geom connec dee nf Nodal loads
global Length Width NXE NYE X origin Y origin dhx dhy

nnd = 0;

k = 0;

for i = 1:NXE
for j=1:NYE

k =%k + 1;

nl = 3j + (i-1)*(NYE + 1);

geom(nl,:) = [(i-1)*dhx - X origin (j-1)*dhy - Y origin ];
n2 = j + i*(NYE+1l);

geom(n2,:) = [i*dhx - X origin (Jj-1)*dhy - Y origin ];
n3 = nl + 1;

geom(n3,:) = [(i-1)*dhx - X origin j*dhy - Y origin ];
nd = n2 + 1;

geom(n4,:) = [i*dhx- X origin j*dhy - Y origin ];

nel k;

connec (nel,:) = [nl n2 n4 n3];

nnd = n4;

end

end

ol ol a gl a0l LY 53X la S o) 5o Jeol s sl i u NYE 5 NXE sla e
L, M2, 13, M4 sls o S 0L cpl diss e sloul OWINY 571, 12, 113, ;14 - S¥Fj
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8_COARSE_MESH_DATA.m

Beginning of data input

%

o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o©
o° o°
o° o©
o° o©
o° o©
o° o©
o° o©
o° o°
o° o©
o° o©

o° o° o° o°
o° o°

global nnd nel nne nodof eldof n ngp
global geom connec dee nf Nodal loads

=

o

nnd = 121 ; % Number of nodes:

nel = 32;
nne = 8 ;

Number of elements:
Number of nodes per element:

o o°

AN
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nodof =2; % Number of degrees of freedom per node

ngp = 2 % number of Gauss points

eldof = nne*nodof; % Number of degrees of freedom per element

o°

o°

Thickness of the domain

oe ¢t
jo
'_l
Q
phat
|
'—\
(@)
(@)

o°

Nodes coordinates x and y

o°

eom = [ 0 0 ; ... % x and y coordinates of node 1
50 ;
100 ;
150 ;
200 ;
250 ;
300 ;
350 ;
400 ;
o, ...
100 ;
200 ;
300 ;
400 ;
100 0 ; ...
100 50 ; ...
100 100 ;
100 150 ;
100 200 ;
100 250 ;
100 300 ;
100 350 ;
100 400 ;
150 0 ; ...
150 100 ;
150 200 ;
150 300 ;
150 400 ;
200 0 ; ...
200 50 ;

O OO OO OO ou

o1 o o1 U1 U1
O O OO O

200 100 ;
200 150 ;
200 200 ;
200 250 ;
200 300 ;
200 350 ;
200 400 ;
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600 0 ;

600 50 ;
600 100 ;
600 150 ;
600 200 ;
600 250 ;
600 300 ;
600 350 ;
600 400 ;

650 100 ;
650 200 ;
650 300 ;

650 400 ;
700 0 ; ...
700 50 ; ...
700 100 ;
700 150 ;
700 200 ;
700 250 ;
700 300 ;
700 350 ;
700 400 ;
750 0 ; ...
750 100 ;
750 200 ;
750 300 ;
750 400 ;
800 0 ; ...
800 50 ; ...
800 100 ;
800 150 ;
800 200 ;
800 250 ;
800 300 ;
800 350 ;
800 400] ; % x and y coordinates of node 121

o°

o©

Element connectivity

o©

connec = [1 10 15 16 17 11 3 2 ; ... % Element 1
311 17 18 19 12 5 4 ;

512 19 20 21 13 7 6 ;

7 13 21 22 23 14 9 8 ;

15 24 29 30 31 25 17 16 ;

17 25 31 32 33 26 19 18 ;

AY
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99

o® o o

=

o©

26 33
27 35
38 43
39 45
40 47
41 49
52 57
53 59
54 61
55 63
66 71
67 73
68 75
69 77
80 85
81 87
82 89
83 91
94 99

‘djj) o}fcﬁﬁﬁj.]a:w)[)‘ja& &d.\..éa a“‘bcde)b C,..::J.'f oli..':u".n S gdee ‘J"‘ BaBL aj)ﬁ:

34
36
44
46
48
50
58
60
62
64
72
74
76
78
86
88
90
92

35
37
45
47
49
51
59
61
63
65
73
75
77
79
87
89
91
93

27
28
39
40
41
42
53
54
55
56
67
68
69
70
81
82
83
84

>

St
“
4

3
E

= S BT ol laaly sbewl

21
23
31
33
35
37
45
47
49
51
59
61
63
65
73
75
77
79

20
22
30
32
34
36
44
46
48
50
58
60
62
64
72
74
76
78

4

100 101 95 87 86 ;

95 101 102 103 96 89 88 ;

96 103 104 105 97 91 90 ;

97 105 106 107 98 93 92 ; ...

108 113 114 115 109 101 100 ;

101 109 115 116 117 110 103 102 ;

103 110 117 118 119 111 105 104 ; ..

105 111 119 120 121 112 107 106 ]; % Element 32

Material properties

40000;

vu=0.17;

% Young’s modulus and Poisson’s ratio

% Form the matrix of elastic properties

dee=formdsig (E,vu) ;

o

for i=1l:nnd
if geom(i, 1)

Boundary conditions

= ones (nnd,

nf(i,:)
end

if geom(i, 1)

nf (i, :)
end

[0

[1

Matrix of elastic properties for plane

nodof) ;
== 800.;
11,
== 100. &&
01;

% Initialize the matrix nf to 1

geom(i,2) == 0.;

AD

"
|I
TN



\

JJ”

II|IIII|':|JJ

Qe

St

4.‘};) °}j? s ) Ja:m 9 (_)‘ja& ‘_gw.\...é.n a-kg..i.l\.nw).h Cw oli.&.v".sc 3 gdoes |)>;| YL 55}}_;
T™U S5 BT Ol tlaaly skl
end

% Counting of the free degrees of freedom

for i=1l:nnd

for j=l:nodof

if nf(i,j) ~= 0

n=n+1;

nf(i,J)=n;

end

end

end

disp (’Nodal freedom’)
nf

disp ('Total number of active degrees of freedom’)

o° o° 3

loading

o

Nodal loads = zeros(nnd, 2);
Nodal loads(79,2)=-30000.; % Vertical load on node 79

o°

% End input
S5 le 8 ol 6l 305 Sl 63l
a6 S slas Nnd=121
s oWl slass Nel=32
Ol a1y 55 a6 5 slus Nne=8
s & dly 55 35T Sl s sluss Nodof=2

b s Ol Jlasl L3 e i geom (NN, 2) . e 5k K8 4 b o XY Slabe
Oyl o 8 13 6 108 o led 45T Sty a5 L 548 e 2k CONNEC (NEN, 8).

el Colr o 4 20 Cog

N
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Lot 4ol g

Q8_PLANE_STRESS.m

% THIS PROGRAM USES AN 8-NODDED QUADRILATERAL ELEMENT FOR THE
LINEAR ELASTIC

STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM

o\°

o°

o°

Make these variables global so they can be shared by other
functions

o)

o

clc

clear all

global nnd nel nne nodof eldof n ngp
global geom connec dee nf Nodal loads

format long g

% This is where the to input the data in the form of a file

for i=1: nnd
if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

AY
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Form the matrix containing the abscissas and the weights of
Gauss points

samp=gauss (ngp) ;

% Numerical integration and assembly of the global stiffness
matrix

o0 o©

initialize the global stiffness matrix to zero

kk = zeros(n, n);

for i=l:nel

[coord,g] = elem g8(i) ; % coordinates of the nodes of
element 1,

% and its steering vector

ke=zeros (eldof,eldof) ; % Initialize the element stiffness
% matrix to zero

for ig=1l: ngp

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg,2) ;

[der, fun] = fmguad(samp, ig,jg); % Derivative of shape
functions

o)

% in local coordinates

jac=der*coord; % Compute Jacobian matrix

d=det (jac); % Compute determinant of Jacobian matrix
jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in

% global coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]
ke=ke + d*thick*wi*wj*bee’ *dee*bee; % Integrate stiffness
matrix

end

end

kk=form kk(kk,ke, g); % assemble global stiffness matrix

00 0000000000000 0. 0 O O
35%3%5%5%5%5%5%%5%5%5%5%53%553s kEnd of assembly
[ee)

[

delta = kk\fg ; % solve for unknown displacements

disp('node x disp y disp ') %
for i=1: nnd %

M
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if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %

end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %

end

disp([i x disp y disp]) ; % Display displacements of each

DISP(i,:) = [x disp y disp];

ngp=1; % Calculate stresses and strains at
% the center of each element
samp=gauss (ngp) ;

o)

o

for i=1l:nel

[coord,g] = elem g8(i); % coordinates of the nodes of element
i, and its steering
vector

eld=zeros(eldof,1); % Initialize element displacement to zero
for m=l:eldof %

if g(m)==0 %
eld(m)=0.; %
else %

eld(m)=delta(g(m)); % Retrieve element displacement from the
global displacement

vector

end

end

(o)

o

for ig=1l: ngp

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg,2) ;

[der, fun] = fmguad (samp, ig,jg); % Derivative of shape
functions in local coordinates

jac=der*coord; % Compute Jacobian matrix

jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in global
coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]

A
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(\

eps=bee*eld % Compute strains
sigma=dee*eps % Compute stresses

end
end
SIGMA (i, :)=sigma ; % Store stresses for all elements

nd

Z2X, 72Y, 72T, 721, Z2]=stresses_at nodes Q8 (SIGMA);

Choose one the quantities ( U2, ZX, ZY, 72T, 721, Z2) to plot

o0 o0 o0 o0 G — o o0 (D
N

cmin min (ZT) ;

cmax = max (Z7T);

caxis([cmin cmax]);

patch (' Faces’, connec, ’'Vertices’, geom,
"FaceVertexCDhata’,ZT, ...
"Facecolor’,’interp’, "Marker’,’.");
colorbar;

g o (& 5 1SS

elem_Q8.M xb &Gl s 558 (or plawil ot (Al slezr 5le 55 DLl pl (s o 5o sl
Lys fmlinm -, K- fmquad.m 2b s elem_Q4.m ., K>
.@‘%ﬁ))w}ngM}gww;u&g&d;d‘)ﬁﬁ‘

Elem_qg8.m
function[coord,g] = elem g8 (i)

o°

% This function returns the coordinates of the nodes of
element 1
and its steering vector

o°

o©

global nnd nel nne nodof eldof n ngp
global geom connec dee nf load

(o)

o

1=0;

coord=zeros (nne,nodof) ;

for k=1: nne

for j=l:nodof

coord (k, j)=geom(connec (i, k),J);
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1=1+1;

g(l)=nf (connec(i,k),J);

end

end

o°

% End function elem g8

fmquad.m
function[der, fun] = fmquad (samp, ig, jg)

o°

% This function returns the vector of the shape function and
their

% derivatives with respect to xi and eta at the gauss points
for

an 8-nodded quadrilateral

o

o°

xi=samp (ig, 1) ;
eta=samp (jg,1);
etam=(1l.-eta);
etap=(1.+eta);
xXim=(1l.-x1i);
xip=(1l.+x1i);

fun(l) = -0.25*xim*etam* (1.+ xi + eta);

fun(2) = 0.5*(1.- xi"2) *etam;

fun(3) = -0.25*xip*etam* (1. - xi + eta);

fun(4) = 0.5*xip* (1. - eta"2);

fun(5) = -0.25*xip*etap* (1. - xi - eta);

fun(6) = 0.5*(1. - xi"2) *etap;

fun(7) = -0.25*xim*etap* (1. + xi - eta);

fun(8) = 0.5*xim* (1. - eta”"2);

der(l,1)=0.25*etam* (2.*x1i + eta); der(l,2)=-1.*etam*xi;
der(l,3)=0.25*etam* (2.*xi-eta); der(l,4)=0.5*(1-eta"2);
der(1,5)=0.25%etap* (2.*xi+eta); der(l,6)=-1.*%etap*xi;
der(1l,7)=0.25*etap* (2.*xi-eta); der(l,8)=-0.5*(1l.-eta”"2);
der(2,1)=0.25*xim* (2.*eta+xi); der(2,2)=-0.5*(1. - xi"2);
der(2,3)=-0.25*xip* (xi-2.*eta); der(2,4)=-1.*xip*eta;
der(2,5)=0.25*xip* (xi+2.*eta); der(2,6)=0.5*(1.-xi"2);
der(2,7)=-0.25*xim* (xi-2.*eta); der(2,8)=-1.*xim*eta;

% end function fmguad

)
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25h el QB_MESN.M Uye b 555 5 s 2 Plane_Q8_MESH.m wib ;5

Plane_Q8 mesh.m

% THIS PROGRAM USES AN 8-NODDED QUADRILATERAL ELEMENT FOR THE
LINEAR ELASTIC

% STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM. IT CONTAINS
AN AUTOMATIC

% MESH GENERATION MODULE Q8 mesh.m

o°

ay
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% Make these variables global so they can be shared by other
functions

clear all

global nnd nel nne nodof eldof n ngp

global geom connec dee nf Nodal loads

global Length Width NXE NYE X origin Y origin dhx dhy
format long g

% To change the size of the problem alter the next lines

Length = 800.; % Length of the model
Width = 400.; % Width

NXE = 32; % Number of rows in the x direction
NYE = 16; % Number of rows in the y direction
dhx = Length/NXE; % Element size in the x direction

dhy = Width/NYE; % Element size in the x direction

X origin = 0. ; % X origin of the global coordinate system
Y origin = 0. ; % Y origin of the global coordinate system
nne = §8;

nodof = 2;

eldof = nne*nodof;

ngp = 2;

°

08 mesh % Generate the mesh

o

E = 40000.; % Elastic modulus in MPa

vu = 0.17; % Poisson’s ratio
thick = 100.; % Beam thickness in mm

o©

o°

Form the elastic matrix for plane stress

o©

dee = formdsig(E,vu);

o°

o° o°

Boundary conditions

o°

f = ones(nnd, nodof); % Initialize the matrix nf to 1

Restrain in all directions the nodes situated @
(x = Length)

o0 o0 d° o0 B3

ay
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for i=1l:nnd

if geom(i,1l) == Length;

nf(i,:) = [0 1];

end

if geom(i,1l) == 100. && geom(i,2) == 0.;
nf(i,:) = [1 0];

end

nd

o° (D

o°

Counting of the free degrees of freedom

o°

=0,

for i=1l:nnd

for j=l:nodof
if nf(i,3j) ~= 0
n=n+1;
nf(i,J)=n;

end

end

3

Qo

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal

% Apply a concentrated at the node having x = 0, and y = 0.

Force = 30000.; % N

o)

o

o

for i=1:nnd

if geom(i,1l) == 500. && geom(i,2) == 400.

Nodal loads(i,:) = [0. -Force]; % Force acting in negative
% direction

end

end

N

(e}

$%5%%%%%%%%%%%%%%%%%%%%%%% End of
INput%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%

if nf(i,1) ~= 0
fg(nf(i,1))= Nodal loads(i,1);

ay¥
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end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal_ loads (i,2);

end

end

Form the matrix containing the abscissas and the weights of
Gauss points

o°

samp=gauss (ngp) ;
% Numerical integration and assembly of the global stiffness
matrix

% initialize the global stiffness matrix to zero
kk = zeros(n, n);

o)
°

for i=1l:nel

[coord,g] = elem g8(i) ; % coordinates of the nodes of
element i,

% and its steering vector

ke=zeros (eldof,eldof) ; % Initialize the element stiffness
% matrix to zero

for ig=l: ngp

wi = samp(ig,2);

for jg=1: ngp

wj=samp (jg,2);

[der, fun] = fmguad (samp, ig,jg); % Derivative of shape
functions

(o)

% in local coordinates

jac=der*coord; % Compute Jacobian matrix

d=det (jac); % Compute determinant of Jacobian matrix
jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in

% global coordinates

bee=formbee (deriv, nne,eldof); % Form matrix [B]
ke=ke + d*thick*wi*wj*bee’ *dee*bee; $ Integrate stiffness
matrix

end

end

kk=form kk(kk,ke, g); % assemble global stiffness matrix

of assembly

e

4
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o

(]

delta = kk\fg ; % solve for unknown displacements

[©)

disp(’'node x disp y disp ') %

Q

for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2)); %
end

disp([i x disp y disp]) ; % Display displacements of each

DISP(i,:) = [x disp y disp];

ngp=1; % Calculate stresses and strains at

% the center of each element

samp=gauss (ngp) ;

for i=l:nel

[coord,g] = elem g8(i); % coordinates of the nodes of element
i,

% and its steering vector

eld=zeros(eldof,1l); % Initialize element displacement to zero

for m=l:eldof %

if g(m)==0 %
eld(m)=0.; %
else %

eld(m)=delta(g(m)); % Retrieve element displacement from the
% global displacement vector
end

end

(o)

o

for ig=1l: ngp

wi = samp(ig,2);

for jg=1: ngp

wi=samp (jg, 2) ;

[der, fun] = fmguad(samp, ig,]jg); % Derivative of shape
functions in

% local coordinates

a5
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jac=der*coord; % Compute Jacobian matrix
jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions
% in global coordinates
bee=formbee (deriv, nne,eldof); %

eps=bee*eld % Compute strains

sigma=dee*eps % Compute stresses
end

end

SIGMA (i, :)=sigma ; %
end

Form matrix [B]

Store stresses for all elements

o°

N
<!

2T, 721, Z2]=stresses at nodes Q8 (SIGMA) ;

00 — o©
N
bt
~

o\

o\

Plot stresses in the x direction

o°

U2 = DISP(:,2);
cmin = min (U2) ;
cmax max (U2) ;

caxis([cmin cmax]);

patch (' Faces’, connec, ’'Vertices’,
"FaceVertexCDhata’,U2, ...
"Facecolor’,’interp’, " Marker’,’
colorbar;

geom,

)

Q8 mesh.m

Y

THEEETTIR

% This module generates a mesh of 8-nodded quadrilateral

elements

(o)

o

(o)

global nnd nel nne nodof eldof n

global geom connec dee nf Nodal loads
global Length Width NXE NYE X origin Y origin dhx dhy

(o)

nnd = 0;

k = 0;

for i = 1:NXE

for j=1:NYE

k =%k + 1;

nl (i-1) * (3*NYE+2)+2*3 - 1;
n2 = i* (3*NYE+2)+j - NYE - 1;
n3 = i* (3*NYE+2)+2*j-1;

nd = n3 + 1;

nb5 = n3 + 2;

ay
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geom (nl, :) [(1-1)*dhx - X origin (j-1)*dhy - Y origin ];
geom(n3,:) = [i*dhx - X origin (j-1)*dhy - Y origin ];
geom(n2,:) = [(geom(nl,1)+geom(n3,1))/2

(geom (nl, 2)+geom(n3,2))/2];

geom(n5,:) = [i*dhx- X origin j*dhy - Y origin ];
geom(nd,:) = [(geom(n3,1)+ geom(n5,1))/2 (geom(n3,2)+
geom (n5,2)) /2] ;

geom(n7,:) = [(i-1)*dhx - X origin j*dhy - Y origin ];
geom (n6,:) = [(geom(n5,1)+ geom(n7,1))/2 (geom(n5,2)+
geom(n7,2))/2];

geom(n8,:) = [(geom(nl,1)+ geom(n7,1))/2 (geom(nl,2)+
geom(n7,2))/2];

nel k;

nnd = nb5;

connec(k,:) = [nl n2 n3 n4d n5 n6 n7 n8];

end

end

ol ja gl .bas L Ol Y 9X s L Jsb s Jol b sl 5 NYE g NXE gls Sz
G il dsde plsF LslwiNd, . L L N8 slas SLOWIES T 41

L,nnd sl s £ sl snel slgldislaws ;5 sgeom(nnd, 2) ,connec (nel, nne)

J;‘J_)f <t
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E=10° kN/m?
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if geom(i,1l) == 0. | geom(i,1l) == Length;
nf(i,:) = [0 1];
end

:xﬁdsjbua%szy:()xﬁf@)‘}éﬂq‘ﬁ‘gw‘{@ho;
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if geom(i,2) == 0. ;

nf(i,:) = [0 0];

end

formdeps.m

function[dee] = formdeps (E,vu)
% This function forms the elasticity matrix for a plane
strain problem

vli=1l.-vu
c=E/ ((1l.+vu)*(1.-2.*vu))

o

dee=[vl*c vu*c 0. ;...
vu*c vl*c 0. ;...
0. 0. .5*c*(1l.-2.*vu)];

end function fromdeps

Im | 6m ‘

e et e

5kN/m

1]

5m

Displacement along X restrained

Displacement along X restrained
A

Displacements along X and } directions are restrained

AR
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11 22 33
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X
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Nodal loads(11l,:) = [0. -1.25];
Nodal loads(22,:) = [0. -2.50];
Nodal loads(33,:) = [0. -1.25];

CST_STRIP_FOOTING.m
% THIS PROGRAM USES AN 3-NODE LINEAR TRIANGULAR ELEMENT FOR
HE
LINEAR ELASTIC STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM
IT INCLUDES AN AUTOMATIC MESH GENERATION

o° o° oo H

o°

Make these variables global so they can be shared by other
functions

o)

o

clear all

clc

global nnd nel nne nodof eldof n

global geom dee nf Nodal loads

global Length Width NXE NYE X origin Y origin

o)

o

o

format long g

o0 o°

o°

To change the size of the problem or change elastic
properties

V¥
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% supply another input file

Length = 6.; % Length of the model
Width =5.; % Width

NXE = 12; % Number of rows in the x direction
NYE = 10; % Number of rows in the y direction
dhx = Length/NXE; % Element size in the x direction

dhy = Width/NYE; % Element size in the x direction
X origin = 0. ; % X origin of the global coordinate system
Y

Y origin = 0. ; % origin of the global coordinate system
nne = 3;
nodof = 2;

eldof = nne*nodof;
T3 mesh ; % Generate the mesh
% Material

E = 100000.; % Elastic modulus in MPa
vu = 0.3; % Poisson’s ratio

o)

.7 % Beam thickness in mm

-+
o
'_l.
Q
P
Il
'—\ ~

% Form the elastic matrix for plane strain

dee = formdeps (E,vu) ;

o o°

o°

Boundary conditions

o\°

o)

f = ones(nnd, nodof); % Initialize the matrix nf to 1

Restrain in the x-direction the nodes situated @
(x = 0 or x = Length)

o0 o° oo 3

o°

for i=1l:nnd

if geom(i,1l) == 0. | geom(i,1l) == Length;
nf(i,:) = [0 1];

end

nd

o° D

o°

Restrain in all directions the nodes situated @
(y = 0)

o°

o°

for i=1l:nnd
if geom(i,2) == 0. ;
nf(i,:) = [0 0];

Vo
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nd
nd

® O

o°

o°

Counting of

o°

=0;
for i=1l:nnd
for j=l:nodof
if nf(i,3) ~=
n=n+1;

nf (i, j)=n;
end

end

nd

3

o°c (D

o°

loading

o\

Nodal loads= zeros (nnd,

loads to O

o\

o°

in the
y-direction.

o\

o°

Nodal loads (11
Nodal loads (22
Nodal loads (33

% Assemble the global force vector

fg=zeros(n,1);
for i=1: nnd

the free degrees of freedom

I:) = [O
I:) = [O
;) = [0.

P R R

2);

==

==
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Qo

Apply equivalent concentrated loads on nodes 11,

if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

fg(nf(i,2))= Nodal loads(i,2);
end

end

o o° o°

o°

Assembly of the global stiffness matrix

initialize the global stiffness matrix to zero

V¥

o

)

IRERRRRLLTY
111

b

- &,
w1y

% Initialize the matrix of nodal

and 33
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o

(o)

kk = zeros(n, n);

S

for i=l:nel

[bee,g,A] = elem T3(i); % Form strain matrix, and stering

ke=thick*A*bee’ *dee*bee; % Compute stiffness matrix

kk=form kk(kk,ke, g); % assemble global stiffness matrix

for i=1: nnd %

if nf(i,1) == 0 %

x disp =0.; %

else

x disp = delta(nf(i,1)); %
end

if nf(i,2) == 0 %

y disp = 0.; %

else

y disp = delta(nf(i,2));

s

end
node disp(i,:) =[x disp y disp];
nd

oe oo (D

o°

beneath
the footing

o o°

o

vertical disp=zeros (l,NYE+1);
for i=1:nnd;

if geom(i,1l)== 0.

k=k+1;

y _coord(k) = geom(i,2);

vertical disp(k)=node disp(i,2);
end

Vel

Retrieve the y disp of the nodes located on center line
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end

S

(]

for i=l:nel

[bee,g,A] = elem T3(i); % Form strain matrix, and stering

eld=zeros(eldof,1l); % Initialize element displacement to zero
for m=1:eldof

if g(m)==
eld(m)=0.;

else %
eld(m)=delta(g(m));
end

end

o)

o

(o)

o°

Retrieve element displacement

eps=bee*eld; % Compute strains

EPS(i,:)=eps ; % Store strains for all elements
sigma=dee*eps; % Compute stresses

SIGMA (i, :)=sigma ; % Store stresses for all elements
end

o

o°

Calculate the principal stresses

o\°

SIGl=zeros(nel,l); SIG2=zeros(nel,1l);
for i = 1l:nel

SIGl(i)=(SIGMA(i,1)+SIGMA(i,2))/2 +

sqrt (((SIGMA (i, 1)+SIGMA (i, 2))/2)"2 +SIGMA (i,3)"2);
SIG2 (1)=(SIGMA (i,1)+SIGMA (i, 2))/2 -

sqrt (((SIGMA(i,1)+SIGMA (i, 2))/2)"2 +SIGMA (i, 3)"2);
end

cmin = min (SIG2) ;

cmax max (SIG2) ;

caxis([cmin cmax]);

patch ('’ Faces’, connec, 'Vertices’, geom,
"FaceVertexCDhata’,SIG2,
"Facecolor’,’flat’,’Marker’,’0’);
colorbar;

o)

o

plottools;
};8 3012mm A LT &‘aub- Jf‘u\;- RGO P DV QUIJJQ)J ol dowl>es @L‘b
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Patch plot of the principal stress o,

x10~4

Vertical displacement (m)
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o

Actual loads Statically equivalent loads

Statically equivalent loads for the LST element.

Nodal loads (21, :) [0. =-0.416];
Nodal loads(42,:) = [0. -1.666];
Nodal loads(63,:) = [0. -0.833];
Nodal loads(84,:) = [0. -1.666];
Nodal loads (105,:) = [0. -0.416];

LST_STRIP_FOOTING.m

% THIS PROGRAM USES A 6-NODE LINEAR TRIANGULAR ELEMENT FOR

HE
LINEAR ELASTIC STATIC ANALYSIS OF A TWO DIMENSIONAL PROBLEM
IT INCLUDES AN AUTOMATIC MESH GENERATION

o° o o° H

o©

Make these wvariables global so they can be shared by other
functions

Qo

o

clear all

clc

global nnd nel nne nodof eldof n

global connec geom dee nf Nodal loads XIG YIG
global Length Width NXE NYE X origin Y origin

format long g

% To change the size of the problem or change elastic
properties
% supply another input file

VoA
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Length = 6.; % Length of the model

Width =5.; % width
NXE = 12; % Number of rows in the x direction
NYE = 10; % Number of rows in the y direction

XIG = zeros (2*NXE+1,1); YIG=zeros (2*NYE+1,1); % Vectors
holding grid coordinates

dhx = Length/NXE; % Element size in the x direction

dhy = Width/NYE; % Element size in the x direction

X origin = 0. ; % X origin of the global coordinate system
Y origin = 0. ; Y origin of the global coordinate system

Q

o

nne = 6;
nodof = 2;
eldof = nne*nodof;

o°

To mesh ; % Generate the mesh
% Material

E = 100000.; % Elastic modulus in MPa

vu = 0.3; % Poisson’s ratio
thick = 1.; % Beam thickness in mm
nhp = 3; % Number of sampling points

Boundary conditions

Q

nf = ones(nnd, nodof); % Initialize the matrix nf to 1

% Restrain in the x-direction the nodes situated @
% (x = 0 or x = Length)

for i=l:nnd

if geom(i,1) == 0. | geom(i,1l) == Length;
nf(i,:) = [0 1];

end

nd

o° (D

o°

Restrain in all directions the nodes situated «
(y = 0)

o°

o°

AR
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for i=1l:nnd

if geom(i,2) == 0. ;
nf(i,:) = [0 0];

end

end

o0 o°

o°

Counting of the free degrees of freedom

o°

n=0;

for i=1l:nnd

for j=l:nodof
if nf(i,3) ~= 0
n=n+1;

nf (i, j)=n;

end

end

end

% loading

Nodal loads= zeros(nnd, 2); % Initialize the matrix of nodal

% Apply equivalent concentrated loads on nodes 21, 42, 63, 84
and 105 in the
y-direction.

o©

o°

Nodal loads(21,:) = [0. -0.416];
Nodal loads(42,:) = [0. -1.666];
Nodal loads(63,:) = [0. -0.833];
Nodal loads(84,:) = [0. -1.666];
Nodal loads (105,:) = [0. -0.416];

P I e R B

for i=1: nnd

if nf(i,1) ~= 0

fg(nf(i,1))= Nodal loads(i,1);
end

if nf(i,2) ~= 0

VY.
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fg(nf(i,2))= Nodal loads(i,2);

end

end

o°

Assembly of the global stiffness matrix

o° o° o°

o°

Form the matrix containing the abscissas and the weights of
Hammer points

o

samp=hammer (nhp) ;

o° o°

initialize the global stiffness matrix to zero

o\

kk = zeros(n, n);

o)

for i=l:nel

[coord,g] = elem T6(i); % Form strain matrix, and stering
vector

ke=zeros (eldof,eldof) ; % Initialize the element stiffness
matrix to zero

for ig = 1l:nhp

wi = samp(ig, 3);
[der, fun] = fmT6 quad(samp, 1i9);
jac = der*coord;

d = det (jac);

jacl=inv (jac); % Compute inverse of the Jacobian
deriv=jacl*der; % Derivative of shape functions in global
coordinates

bee=formbee (deriv,nne,eldof); % Form matrix [B]

ke=ke + d*thick*wi*bee’*dee*bee; % Integrate stiffness matrix
end

kk=form kk(kk,ke, g); % assemble global stiffness matrix

of assembly

===

o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o

o

o

o° o°

Q.
D
=
t
Q
I

kk\fg ; % solve for unknown displacements

)

o

for i=1: nnd %
if nf(i,1) ==
x disp =0.; %
else

YWY
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(\

x disp = delta(nf(i,1)); %

delta(nf(i,2)); %

g
[ON
-
0

o

I

node disp(i,:) =[x disp y disp];
end

o°

o°

Retrieve the x coord and y disp of the nodes located on the
neutral axis

o)

o

k = 0;

for i=1:nnd;

if geom(i,1l)== 0.

k=k+1;

y coord(k) = geom(i,2);

vertical disp(k)=node disp(i,2);

end

end

nhp = 1; % Calculate stresses at the centroid of the element
samp=hammer (nhp) ;

o)

o

for i=l:nel

[coord,g] = elem T6(i); $ Retrieve coordinates and stering
vector

eld=zeros(eldof,1l); % Initialize element displacement to zero
for m=1l:eldof %

if g(m)==0 %
eld(m)=0.; %
else

eld (m)=delta(g(m)); % Retrieve element displacement from
% the global displacement vector

end
end

(o)

o

for ig=1: nhp

[der, fun] = fmT6 quad(samp,ig); % Derivative of shape
functions in local coordinates

jac=der*coord; % Compute Jacobian matrix

jacl=inv (jac); % Compute inverse of the Jacobian

VWY
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L

deriv=jacl*der; % Derivative of shape functions in global
coordinates
bee=formbee (deriv, nne,eldof); % Form matrix [B]

Q

eps=bee*eld; % Compute strains

[®)

sigma=dee*eps ; % Compute stresses

end
SIGMA (i, :)=sigma ; % Store stresses for all elements
end

o°

o°

Prepare stresses for plotting

Z2X, 7Y, 72T, 721, Z2]=prepare contour data (SIGMA) ;

00 — o©

o°

Plot mesh using patches

o°

o°

atch (' Faces’,connec,’'Vertices’,geom, ' FaceVertexCData’, hsv (ne

~
~

"Facecolor’,’'none’,’Marker’,’0o’);

Plot stresses in the x direction

— d° o° o° o° 'O

C,h]= contourf (XIG,YIG,Z2,40);
%clabel (C,h);
colorbar plottools;

&L.w)b fs‘-’o- g}‘:"".;ﬁ &\au‘.‘g- CST QLJ‘ -\.JLA g;.w‘ ol ab‘b Quu Jgi)b LST L: ol ‘L.w‘:u @L’b

Lol o e g G IS A e e MY S 45wl )

Contour plot of the principal stress o, (kN/m)?

Depth (m)

! 1 1 1 1 1

0 -0.2 -04 -0.6 -0.8 -1 -1.2 -14
Vertical displacement (m) x1074
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120, 69, 70,
112, 73, 60,
81, 137,

117,

~ ~ ~
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~ ~ ~

O o0 Jo O b Wik
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116,
69,

161,
1,

121,

type=CPS8R

64, 173,
173,
68, 180,
120,
156,
192,
152,
119,

61,

174,
177,
181,
184,
188,
193,
196,
186,
202,
167,

175,
178,
182,
185,
189,
194,
197,
192,
203,
206,

176
179
183
186, 1
190,
195
198,
200,
204,
207,

19

20
205
208,

A

87
191

9
1

209
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connec = [65 173 67 174 117 175 64 176 ;... % Element 1
67 173 65 177 66 178 116 179 ;...

62 180 20 181 114 182 68 183 ;...

118 184 113 185 69 186 120 187 ;...

145 188 158 189 161 190 156 191 ;...

70 192 69 193 2 194 1 195 ;...

141 196 78 197 79 198 152 199 ;...

120 186 69 192 70 200 119 201 ;...

112 202 73 203 60 204 61 205 ;...

81 206 137 207 121 208 167 209 ;...

170 kN 170 kN 170 kN

Lol

Edge fixed in x-direction
and free in y-direction

Edge fully fixed

in both directions
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Beginning of data input
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(o)
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Data file for the bridge pier analysis using 8-nodded
uadrilaterals

o° ,.Q

global nnd nel nne nodof eldof n ngp
global geom connec dee nf Nodal loads

o)

o

nnd = 481 ; % Number of nodes:
nel = 138; % Number of elements:

nne = 8 ; % Number of nodes per element:
nodof =2; % Number of degrees of freedom per node
ngp = 2 % number of Gauss points

eldof = nne*nodof; % Number of degrees of freedom per element

o

% Thickness of the domain

thick = 0.7 ; % Thickness in meters
% Material properties

VA
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E=50.e6;

dee=formdsig (E, vu) ;
strain

o0 o©

o°

Q

eom

™U

Form the matrix of elastic properties

Nodes coordinates x and y

481

FRE R R RPRPRPRPRPRPPRERERRRPORP OO EDWWWWR OR OO R

.2990
.0607
.7500
.3882
.5000
.0000
.5000
.5000
.5000
.5480
.9213
L2322
L6111
.5123
.0000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000

'd}b ojjf s ) .]a.”wj Q‘ja.o ‘5«5-\-.6.# OM‘)C‘-}&)H\A C,:JJS' oli..':u".n S gdee ‘J"‘ SaBL) aj)ﬁ:
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[1.4489 0.3882

B ORF PO

-7.5000
-7.5000

I LWwwwwhdhdNDRE P OO

0.5000
-1.0000
-1.5000
-2.0000
-2.5000
-3.0000
-3.5000
-4.0000
-4.5000
-5.0000
-5.5000
-6.0000
-6.5000
-7.0000

vu=0.17;

.7500 ;...
.0607 ;...
.2990 ;...
.4489 ;...
.0000 ;...
.5000 ;...

.0000 ;...
L4877 ;...
.3889 ;...
.7678 ;...
.0787 ;...
L4520 ;...
.5000 ;...
.5000 ;...
.5000 ;...
.5000 ;...
.5000 ;...
.5000 ;...

% Young’s modulus

x and y coordinates of node

ARR

A

L
ghumwww

St
“
4

(kN/m”~2)and Poisson’s

Matrix of elastic properties plane
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.0000
.5000
.0000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.6903
.0433
.0000

.5000
.5000
.0000
.5000
.5000
.0000
.5000
.5000
.0000
.0000
.0000
.5279
.4959
.5745
.7401
.0678
.2060
.4709
.6579
.4579
.5316
.9797
.8298
.9024
.9821
.9824
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-7.5000
-7.5000
-7.5000
-7.0000
-6.5000
-6.0000
-5.5000
-5.0000
-4.5000
-4.0000
-3.5000
-3.0000
-2.5000
-2.0000
-1.5000
-1.0000
-0.5000
0.9567

2.3097

3.0000

.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.0000
.5000
.0000
.5104
.0626
.8916
.4784
.0527
.5869
.0574
.6005
.3344
.9797
.1580
.0390
-0.4486
-0.9532
2.0741
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NN DN DN
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.9942
.0045
.0014
.0045
.0035
.0042
.0033
.0026
.0027
.0013
.0016
.0002
.0035
.0042
.0038
.0033
.0027
.0039
.0034
.9993
.9970
.0057
.0044
.9993
.0327
.0998
.3175
. 9957
.4702
. 9566
.9863
.3008
.0014
.9828
.5929
.5039
.5590
.0705
.9288
.6925
.8666

.5004
.5046
.5049
.5027
.5035
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.9923
.5012
.5050
.0063
.0060
.5061
.0056
.0047
.5043
.5036
.0020
.0015
.5056
.0056
.5049
.5053
.0051
.5054
.0033
.0030
.4998
.9916
L4742
.4785
.9731
.4957

.1463
.0076
.9078
.0118
.0733
.2396
.0384
.5734
.9562
.0118
.4193
.5842
.0906
.5511
.6297

.4996
.0070
.5071
.5046
.0055
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.5047
.5043
.5031
.5017
.4994
.5006
.5053
.7641
.8417
.9934
.3049
.8367
.1567
.1675
.5011
.6413
L4210
.8474
.9773
.5193
.0320
.0271
.4001
.4406
.2846
.8123
. 9850
.1200
.2207
.5744
.7330
.3705
.6578
.0443
.3874
.0083
.3454
.3776
.3237
.5630
.5059
.3638
.7419
.7962
.6233
.2640
.5159
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-5.0066
-4.5058
-3.5058
-3.0033
-1.9860
-1.4524
-0.8546
-0.4931

1.1161 ;...
2.5661 ;...
1.7687 ;...
0.6671 ;...
1.5168 ;...
0.1239 ;...

-7.0019
-0.1504

.6514

NN ORFRPRPRPONNNREPEREREREPNRENNDNNDNNDNNNNE T ORPEDNDDNDDNDDNDDND

.6375 ;...
.5634 ;...
.6633 ;...
.6440 ;...
.5819 ;...
.5224 ;...
.0934 ;...

0.3356 ;...
.5885 ;...
L2736 ;...
L1537 ;...
.4235 ;...
.2513 ;...
L1697 ;...
.2499 ;...
.8873 ;...
.0121 ;...
.5056 ;...
.8949 ;...
.8741 ;...
.9409 ;...
.6067 ;...
L2212 ;...
L2226 ;...
.8329 ;...
.5990 ;...
.3080 ;...
.8785 ;...
.5052 ;...
L7611 ;...
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.2520
.0000
.0000
.2964
.5604
.2500
.0007
.2487
.4980
.4299
L4377
.7516
.7439
.7902
.8887

.1325
.0341
.6573
.4368
.3858
.5945
.9987
.8661
.0935
.2260
.9053
.9996
.2286
.4854
.2500
.9932
.9879
.8430
L6277
L7727
L1221
. 9550
.2743
.4449
.6623
.5345
.8215
.4388
.2500
.9898
.1786
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.0059 ;...
.7500 ;...
.2500 ;...
.9781 ;...
L2333 ;...
.5000 ;...
L2692 ;...
.0505 ;...
.2813 ;...
.3294 ;...
.0656 ;...
.9911 ;...
.2549 ;...
.3665 ;...
.0909 ;...

NN ORFRFRFPWWWWDNDEDNDDND W

2178 ;...
.4934 ;...
.6850 ;...
.8208 ;...
.5740 ;...
L4333 ;...
.0815 ;...
-0.2048 ;...
-0.3921 ;...
-0.1058 ;...
.5313 ;...
.8374 ;...
.0653 ;...
2787 ;...
.5000 ;...
.2866 ;...
.3201 ;...
.5586 ;...
.3861 ;...
L1477 ;...
7853 ;...
L4697 ;...
.3924 ;...
.6964 ;...
.4821 ;...
.2065 ;...
.2048 ;...
.2205 ;...
.5000 ;...
.3290 ;...
.0494 ;...
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.0000
.6888
.7550
.6649
.5000
.7012
.2999
.0663
.2664
.5000
.9423
.5000
L7411
.2202
.1073
.4140
.2496
.5000
.0160
.9956
.7468
.4999
.7487
.2497
.5000
.2485
.9981
.0020
. 7522
.5038
.7536
.2517
.5000
.2513
.0030
.0035

.7541
.5048
.7542
.2531
.0019
.2520
.5031
.2507
.5019
.0007
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2.7500 ;...

2.9705 ;...

2.4880 ;...

0.0195 ;...

-0.2500 ;...
-0.4743 ;...
-0.4979 ;...
-0.7344 ;...
-0.9866 ;...
-0.7500 ;...
-0.7009 ;...
-0.7500 ;...
-0.9766 ;...
2.2043 ;...

1.9210 ;...

1.9325 ;...

-1.4892 ;...
-1.2500 ;...
-1.2258 ;...
-2.2460 ;...
-1.9891 ;...
-2.2428 ;...
-2.4997 ;...
-3.0015 ;...
-2.7500 ;...
-2.4999 ;...
-2.7514 ;...
-3.7550 ;...
-3.5054 ;...
-3.7564 ;...
-4.0061 ;...
-4.5026 ;...
-4.2500 ;...
-4.0026 ;...
-4.2552 ;...
-5.2558 ;...

-5.0063 ;...
-5.2569 ;...
-5.5063 ;...
-6.0051 ;...
-6.2541 ;...
-6.5041 ;...
-6.2551 ;...
-7.0017 ;...
-6.7533 ;...
-6.7525 ;...
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.2517
.0030
.2514
.5000
.7527
.7534
.5042
.0034
.0022
.2508
.5000
.0001
.7501
.5000
.7500
.7506
.5000
.2500
.5000
.0008
.2517
.2517
.5000
.2545
.2545
.0042
.5045
.0034
.7538
.2541
.0040
.2507
.5000
.2546
.2535
.0042
.5024
.0004
.7505
.2525
.0036
.2471
.5000
.2524
.2525
.0051
.5000

.0028
.2549
.5021
.2500
.5045
.0056
.7563
.7556
.7531
.0010
.7500
.2507
.0007
.2500
.5000
.5018
.7500
.5000
.2500
.2510
.0030
.5028
.2500
.5066
.0061
.2559
.7562
.7556
.5055
.5054
.7553
.5025
.7500
.0067
.5056
.7558
.2546
.2540
.0031
.0033
.2544
.9961
.2500
.5004
.9888
.2464
L7192
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.2525
.0051
.5030
L2437
.9933
.6347
. 7690
.9320
.2839
.0838

.5000
.9780
.1645
.3938
.2072
.7557
.7500
.5158
.0000
.7500
.2134
.4851
.2500
.9783
.7138
.7500
L7411
.7500
.1807
.1900
.5020
.2500
.0000
.1418
.8664
.9131
.8565
.7878
.1438
.2125
.1958
.4905
.0000
.4319
.7800
.0167

0.
-0

-0

NN RPRPRPRPRPRREPRPNMRPRERRFROWOWOWOORFRWWWWWWWNDWWWWWEREREFRRFRPE
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.4633
. 7329
.1535
.9039
.2137
.6739
.9138
.4944
0264
.2215

.2500

.3065
.0920
.2995
.5140
.0688
.5000
.2399
.2500
.5000
.9598
.2039
.5000
.2559
.0346
.5000
.0679
.5000
.1501
.9131
.2559
.5000
.2500
.4065
.4362
.1900
.0550
. 7648
L6711
.9612
.4872
.7026
.7500
.5940
.5461
.8101
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.7527
. 7896
L4877
.5039
.7952
.4872
.7850
.3770
.1369
.5120
.6076
.2618
.8392
.6209
.4204
.6386
.8201
.4634
.5109
.0675
.2636
.2500
.9978
.6991
.7027
.8545
.5000
.7522
. 7330
.7500
.7528

.5000
.7522
.5000
.9968
.5000
.7517
.0039
.7519
.5000
.7523
.5000
.5000
.7519
.0041
.7521

NWWLWNRFRPRPNRPRPOORrRrROOOODOOoOOoOO PR REPE W

-0
-0
-1
-1
2.
3.
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.0251 ;...
.4947 ;...
L3734 ;...
.0515 ;...
.1785 ;...
.1958 ;...
.2587 ;...
.5373 ;...
.3198 ;...
.2450 ;...
L7257 ;...
.8666 ;...
.8916 ;...
.1048 ;...
.8724 ;...
.6593 ;...
.8373 ;...
.0270 ;...
L7167 ;...
.5860 ;...
.9936 ;...
.5000 ;...
.2538 ;...
.8047 ;...

.3218 ;...
.0488 ;...
.2500 ;...
L4871 ;...
9577 ;...

5000 ;...

.9958 ;...

.2500 ;...
.5006 ;...
L7500 ;...
.7354 ;...
L7500 ;...
.0017 ;...
.7523 ;...
.5027 ;...
L7500 ;...
.0032 ;...
.2500 ;...
.2500 ;...
.5025 ;...
.2556 ;...
.0028 ;...
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.5000 -5.2500 ;
.7521 -5.5031 ;
.5000 -4.7500 ;
.5000 -5.7500 ;
.7513 -6.0023 ;
.0034 -5.7554 ;
.5000 -5.7500 ;
.5000 -6.2500 ;
.7514 -7.0020 ;
.5006 -7.2509 ;
.7500 -7.5000 ;
.2500 -7.5000 ;
.5045 -4.2564 ;
.5000 -4.7500 ;
.5010 -2.7515 ;
.5000 -3.2500 ;
.7500 -1.4655 ;
.5000 -1.7500 ;

;i

L
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.4732 0.4370 ;...
.6511 0.2653 ;...
.8164 0.4876 ;...

NNNNORFRFORFRPRPRPREPREFRERPRENNDNDNNDDNDWWWWNNNDNNDNNNENDMENDMRENNNMNNNDNNDNREWNRERERWRRE

.3950 -0.5951 ;...
.4629 -0.2430 ;...
.1768 1.8845
.0177 1.7087
.3664 1.6899
.5814 2.7294
.9945 2.7868
.0796 1.1312
.2371 1.3315
.9845 1.5527
.8270 1.3523
.4459 2.8474
.6342 2.6004
.9020 2.7876
.5076 2.8533
. 7483 2.6537
.9818 2.8683
.5468 2.4477
L7797 2.2624
.9812 2.4685
.7500 3.5000
.2757 2.6130
.5740 1.3858
.1992 2.6504
.1190 0.3541
.3367 0.1733

YA
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.2555
.3455
.1586
L4277
.5736

N D WD
ONDDNDDN O

.0213
.2603
.3908
.0760
.3472
.9320
.9283
.2041
.3579
L1778
.9967
.5517
.4844
.6782
.4813
.6161
.8845
.6504
.5999
L7178
.3957
.6998
.3919
.8330

P WRERENNMNNNRPEPERPRPRPENDNNNNNENDNDNLODNDNNRERER S WW
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connec =
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.6178 ;...
.6656 ;...
.5864 ;...
L7932 ;...
.0361 ;...

.6270 ;...
.6748 ;...
.4706 ;...
.3678 ;...
.2025 ;...
.1804 ;...
.8003 ;...
L9225 ;...
.0620 ;...
.2618 ;...
.0842 ;...
.2098 ;...
.8763 ;...
.0241 ;...
.8280 ;...
.0693 ;...
.5607 ;...
.5091 ;...
.5471 ;...
L7335 ;...
L4437 ;...
7431 ;...
.3224 ;...
.8911 ]; % x and y coordinates of node 481

Element connectivity

[65 173 67 174 117 175 64 176 ;... % Element 1

67 173 65 177 66 178 116 179 ;...
62 180 20 181 114 182 68 183 ;...
118 184 113 185 69 186 120 187 ;...
145 188 158 189 161 190 156 191 ;...
70 192 69 193 2 194 1 195 ;...

141 196 78 197 79 198 152 199 ;...
120 186 69 192 70 200 119 201 ;...
112 202 73 203 60 204 61 205 ;...
81 206 137 207 121 208 167 209 ;...
165 210 122 211 54 212 15 213 ;...
54 211 122 214 75 215 14 216 ;...
165 217 56 218 18 219 77 220 ;...
16 221 55 222 165 213 15 223 ;...
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14

197
227
231
215

78 224 6 225 22 226 ;...
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107 228 106 229 51 230 ;...
79 226 22 232 23 233 ;...
75 234 81 235 13 236 ;...

105 237 50 238 51 229 106 239 ;...

102 240 82 241 132 242 123 243

101 244 47 245 48 246 102 247 ;...
98 248 84 249 130 250 124 251 ;...

97 252 44 253 45 254 98 255 ;...

94 256 86 257 128 258 125 259 ;...
127 260 89 261 91 262 126 263 ;...
93 264 142 265 126 262 91 266 ;...

41 267 88 268 90 269 40 270 ;...

127 263 126 271 90 268 88 272 ;...
125 273 127 272 88 274 94 259 ;...

40
36
93
38
43
87

269
278
266
284
287
290

93 279 35 280 8 281 ;...

9 285 39 276 92 286 ;...

90 275 92 276 39 277 ;...

91 282 34 283 35 279 ;...

86 256 94 288 42 289 ;...
125 258 128 291 95 292 ;...

129 293 128 257 86 294 97 295 ;...
95 291 128 293 129 296 96 297 ;...

46 298 84 248 98 254 45 299 ;...

85 300 124 250 130 301 99 302
131 303 130 249 84 304 101 305

99 301 130 303 131 306 100 307

49 308 82 240 102 246 48 309 ;...

83 310 123 242 132 311 103 312
103 311 132 313 133 314 104 315
133 316 134 317 80 318 104 314
135 319 134 320 106 228 107 321

.
7 e e o

10 322 71 323 107 227 52 324 ;...

149 325 120 326 150 327 162 328

76 329 77 219 18 330 57 331 ;...

55 332 17 333 56 217 165 222 ;...
111 334 110 335 59 336 19 337 ;...
73 338 111 337 19 339 60 203 ;...
68 340 112 205 61 341 62 183 ;...

69 185 113 342 3 343 2 193 ;...

64 175 117 344 63 345 21 346 ;...

113 347
155 350
7 354 5
113 184
117 174

116 351 115 352 138 353
355 116 178 66 356 ;...
118 357 138 352 115 347
67 358 148 359 114 360

\Y

115 348 4 349 3 342 ;...

.
7 e e o

"y

St

3
E

|
|I
TN



J

)

ulnu.

‘djj) o}fcﬁﬁﬁj.]a:w)[)‘ja& &d.\..éa a“‘bcde)b C,..::J.'f oli..':u".n S gdee ‘J"‘ L aj)ﬁ:

i

St
“
4

1
"
TTTT T

C

.TML.T b S BT Ol tlaal ) skl

12 361 74 362 108 363 53 364 ;...

1 365 6 224 78 366 70 195 ;...

11 367 72 368 71 322 10 369 ;...

72 367 11 370 53 363 108 371 ;...
139 372 136 373 150 374 151 375 ;...
74 376 81 209 167 377 169 378 ;...
74 361 12 379 13 235 81 376 ;...

109 380 76 331 57 381 58 382 ;...

77 329 76 383 122 210 165 220 ;...
143 384 135 321 107 323 71 385 ;...
23 386 24 387 104 318 80 233 ;...
110 388 109 382 58 389 59 335 ;...
83 312 103 390 25 391 26 392 ;...

82 308 49 393 50 237 105 394 ;...

26 395 27 396 100 397 83 392 ;...

85 302 99 398 28 399 29 400 ;...

84 298 46 401 47 244 101 304 ;...

29 402 30 403 96 404 85 400 ;...

87 292 95 405 31 406 32 407 ;...

86 287 43 408 44 252 97 294 ;...

32 409 33 410 89 411 87 407 ;...

88 267 41 412 42 288 94 274 ;...

33 413 34 282 91 261 89 410 ;...

38 286 92 414 142 415 37 416 ;...

93 278 36 417 37 415 142 264 ;...
124 418 129 295 97 255 98 251 ;...
30 419 31 405 95 297 96 403 ;...

123 420 131 305 101 247 102 243 ;...
27 421 28 398 99 307 100 396 ;...
133 313 132 241 82 394 105 422 ;...
24 423 25 390 103 315 104 387 ;...
133 422 105 239 106 320 134 316 ;...
151 424 168 425 171 426 139 375 ;...
152 427 134 319 135 384 143 428 ;...
164 429 163 430 149 328 162 431 ;...
110 432 121 207 137 433 109 388 ;...
136 434 108 435 140 436 153 437 ;...
73 438 144 439 145 440 111 338 ;...
68 441 147 442 146 443 112 340 ;...
147 444 157 445 154 446 146 442 ;...
117 360 114 181 20 447 63 344 ;...
114 359 148 448 147 441 68 182 ;...
5 449 4 348 115 351 116 355 ;...

112 443 146 450 144 438 73 202 ;...
70 366 78 196 141 451 119 200 ;...
141 452 168 424 151 453 119 451 ;...
119 453 151 374 150 326 120 201 ;...
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156 454 110 334 111 440 145 191 ;...
137 455 166 456 76 380 109 433 ;...
123 310 83 397 100 306 131 420 ;...
124 300 85 404 96 296 129 418 ;...
125 290 87 411 89 260 127 273 ;...
92 275 90 271 126 265 142 414 ;...
141 199 152 428 143 457 168 452 ;...
108 434 136 372 139 458 72 371 ;...
140 435 108 362 74 378 169 459 ;...
166 460 75 214 122 383 76 456 ;...
148 461 155 462 157 444 147 448 ;...
72 458 139 426 171 463 71 368 ;...
161 464 153 436 140 459 169 465 ;...
163 429 164 466 159 467 154 468 ;...
158 469 159 466 164 470 172 471 ;...
138 472 160 473 157 462 155 353 ;...
155 461 148 358 67 179 116 350 ;...
120 325 149 474 170 475 118 187 ;...
136 437 153 476 162 327 150 373 ;...
152 198 79 231 80 317 134 427 ;...
161 189 158 471 172 477 153 464 ;...
146 446 154 467 159 478 144 450 ;...
118 475 170 479 160 472 138 357 ;...
121 432 110 454 156 480 167 208 ;...
158 188 145 439 144 478 159 469 ;...
154 445 157 473 160 481 163 468 ;...
161 465 169 377 167 480 156 190 ;...
162 476 153 477 172 470 164 431 ;...
75 460 166 455 137 206 81 234 ;...
171 425 168 457 143 385 71 463 ;...
170 474 149 430 163 481 160 479 ]; % Element 138

o o°

o©

Boundary conditions

o°

(o)

nf = ones(nnd, nodof); % Initialize the matrix nf to 1
for i=l:nnd

if geom(i, 1) ==
nf(i,:) = [0 1];

% Counting of the free degrees of freedom
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o
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n=0;

disp (’Nodal freedom’)

disp (’Total number of active degrees of freedom’)

% loading

N

Nodal loads = zeros (nnd, )
Nodal loads(18,2)=-170.; % Vertical load on node 18
Nodal loads(19,2)=-170.; % Vertical load on node 19

\O

Nodal loads (20,2)=-170.; % Vertical load on node 20

/.

End input’

Q8_coarse_mesh_data s> « Q8_PLANE_STRESS.M b » ;5 Jtw ! el 1
@ .b}:]a LQUB)}Z:K Ll e 6a1s OLiS ol Cews @L‘b .V.:A) < )‘} “) PIER_Q8_datam ¢
o S ke e 65 55 5 Ll o anmlmn U OLaJI S 50 55 0 g LB G333 L ol sla 2

b)jTC,.wJu‘_;MQgﬁQ‘}::AJJj‘)UZA)‘GJW‘bCM‘cébv\;}.&
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L=

4 Principal stress o, (kKN/m?)
2 ! -100
-200
O -
- 1 -300
) =
- =1 —400
-4
-500
=Gt
—-600
-8 1 1
0 2 -4 6
4 Principal stress o, (kN/m?)
250
= 200
- 4 150
L 100
50
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