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u'=Tu T' x
kKU =f' = K'Tu=Tf =T KTu=f

f=Tf
. k=T'kKT
U. =Ccos &, u. +cosé,Vv. +cos b, w.
X, =X
= cos @y = ———
U; =COSOyU; +CoS 6\ V; +Cos &, W, K=
U Y. -Y,
cos@, =
Vi
u; | [cos@, cosd, cosd, O 0 0 W Z—Z%
i :{ X Y z } '>COSHZ=
{uj} 0 0 0 cos@, cos@, cosd, ||U;
Vi
W

L= (X, =X+ (Y~ V)P +(Z,-Z,)
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k=T'k'T
[Klow = [TholK Lol Tl [Floa =[Tlso {F'},
cosd, =, cos@, =m, coséd, =n

12 Im In -1 -Im -In

Im m> mn -Im -m* -mn

AElIn mn n® -In -mn -n°

L{-1° -Im -In 1° Im In

Im -m*> -mn Im m°> mn

In -mn -n° In mn n°

il 8082315 - gl aro sl 5 3995 sl oy



S dw gLzt s dlwe UL

N

Input data for bar elements.

« (X, Y, 2 for each node

« £and Afor each element

Calculate.

* The directional cosines

» The element stiffness matrix in global coordinates

» The element force vector in global coordinates

» Assemble the stiffness matrices to obtain the global stiffness matrix
« Assemble the load vectors to obtain the global load vector

« Solve the final equation to obtain the displacement at different nodes
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Thermomechanical effects
Moisture effects

Prestress effects

Lack of fit

Residual stresses
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Assembly Rules with Thermomechanical Effects

1. Compatibility: The joint displacements of all
members meeting at a joint must be the same.

2. Equilibrium. The sum of effective forces exerted
by all members that meet at a joint must
balance the external force applied to that joint.

No change in application of 1. To account for 2,
the thermal forces are globalized and added to the
mechanical forces during the merge process.
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Ku—fT:fM

Ku=fM—|—fT=f§\

effective force vector

Solve for node displacements u, then
recover mechanical forces

fMIKll—fT




dhs 53 SOKe 50 5 ad sl lag o g -

N

Disconnection
Localization _
Member (Element) Relations =3— [nclude f;e)

Globalization <=3—— Transform to f[(e)
Merge =+—— Assemble into f;
Application of BCs

Solution

Recovery of Derived Quantities =3—— Sybtract f[(e)
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Preprocessor
Nodes, Elements ,Members Properties (Geometry, Material)

Element Stiffness Matrices
(Local Coordinates)

4

Element Stiffness Matrices
(Global Coordinates)

v

Forming Global Stiffness Matrix and Force Vector
v

Apply the B.C.
\ 4

Solution Phase

 Z

Postprocessing

Sl Sils - gl _inio oKLl 15 39308 sl5] gy



'@' LngjJAQLgQMATLABL.:NJJMUJ{&&uAS

Clear all
Node=|

node nol x1 vyl

node no2 x2 y2

.................. 1,

Element=|[

elem no node_ nol node no2 length theta E A

.................. 1,

BCdof=][......ccosurnn.. 1;
F global=[ f£fx1 fyl fx2 fy2 .. 17

Connectivity=|[
elem no Dofl Dof2 Dof3 Dof4

(NN,MN)=size (Node) ;
(NE ,ME)=size (Element) ;

K global=zeros (NN*2 6 NN*2) ;
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for i=1:NE

Ke local=Kelocal (Element(i,4), Element(i,6), Element(i, 7))
% Kelocal is a Matlab function

Te rotatoin=T rotation(Element(i,5));
5 T rotation is a Matlab function

Ke global==Te rotation'*ke local*Te_ rotation;

ke assemble=Assemble (Ke global,Connectivity(i,:) NN);
% Assemble is a Matlab function

K global= K global+ke assemble

End

F global=[ fx1 fyl fx2 fy2 ... 1’ ;

Assume that the external forces are in global coordinates

If they are in local coordinates then they have to transfer using
F global=Te rotation*Fe local

o\® o o°

% Applying the B.C
K globalBC=Boundry conditionK (K global, BCdof)
F globalBC=Boundry conditionF (F_global, BCdof)

% Solution Phase
U=inv (K _globalBC) *F _globalBC;
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% Postprocessing Phase

for i=1:NE
stress(i)=Stress_calc (U, Element(i,2), Element(i,3),
Element(i,4), Element(i,5) )
end

Q

s end of the program

end
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E=2.95ell;

A=0.0001;

x1=0;

y1=0;

x2=0.4;

y2=0;

x3=0.4;

y3=0.3;

x4=0;

y4=0.3;

alphal=0;

alpha2=90;

alpha3=atan(0.75)*180/pi;

kl=Bar2D2Node Stiffness (E,A,x1l,yl, x2,y2,alphal)
k2=Bar2D2Node_Stiffness (E,A,x2,y2,x3,y3,alpha2)
k3=Bar2D2Node_ Stiffness (E,A,x1l,yl,x3,y3,alpha3)
k4=Bar2D2Node_Stiffness (E,A,x4,y4,x3,y3,alphal)
KK=zeros (8,8) ;
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KK=Bar2D2Node Assembly (KK,kl,1,2);

KK=Bar2D2Node Assembly (KK,k2,2,3);

KK=Bar2D2Node Assembly (KK,k3,1,3);

KK=Bar2D2Node Assembly (KK,k4,4,3)
k=KK([3,5,6],[3,5,6])

p=[20000,0;-25000];

u=k\p

g=[0 0 u(l) 0 u(2) u(3) 0 0]"

P=KK*qgq

ul=[q(1) ;q(2) ;q(3) ;q(4)]

stressl=Bar2D2Node Stress(E,x1l,yl,x2,y2,alphal, ul)
u2=[q(3) ;q(4) ;q(5);q(6)]
stress2=Bar2D2Node_Stress(E,x2,y2,x3,y3,alpha2,u2)
u3=[q(1) ;q(2) ;q(5) ;q(6)]
stress3=Bar2D2Node_Stress(E,x1,yl,x3,y3,alpha3,u3)
ud=[q(7) ;q(8) ;q(5) ;q(6)]
stress4=Bar2D2Node_Stress(E,x4,y4,x3,y3,alphal, u4)
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function k=Bar2D2Node Stiffness(E,A,x1l,yl,x2,y2,alpha)

L=sqrt((x2-x1) * (x2-x1)+(y2-yl) *(y2-yl));

x=alpha*pi/180;

C=cos (x) ;

S=sin(x) ;

k=E*A/L*[C*C C*S -C*C -C*S; C*S S*S -C*S -S*S;
-C*C -C*S C*C C*S; -C*S -S*S C*S S*S];
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function forces=Bar2D2Node Forces(E,A,x1,yl,x2,y2,alpha, u)

L=sqrt((x2-x1) * (x2-x1)+(y2-yl) *(y2-yl));
x=alpha*pi/180;

C=cos (x) ;

S=sin (x) ;

forces= E*A/L*[-C -S C S]*u;
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function z = Bar2D2Node Assembly (KK,k,i,]j)

DOF (1)=2*i-1;
DOF (2)=2*1i;
DOF (3)=2*j-1;
DOF (4)=2*7;
for nl=1:4
for n2=1:4

KK (DOF (nl) ,DOF (n2) )=KK(DOF (nl1) ,DOF (n2) )+k (nl,n2) ;
end

end

z=KK;
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function stress= Bar2D2Node Stress(E,x1l,yl,x2,y2,alpha, u)

L=sqrt((x2-x1) * (x2-x1)+(y2-yl) *(y2-y1));
x=alpha*pi/180;

C=cos (x) ;

S=sin(x) ;

stress=E/L*[-C -S C S]*u;




N

1- Lecture Notes in NONLINEAR FINITE ELEMENT
METHODS, Carlos A. Felippa, University of Colorado, 1999
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