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LJ0E12,324) ) "H3E T "H 'S ™ () S HI5 64

7$%85

7884

K* fe
78%849
7$%8t0

7984

7884 ;

K° fe elementwise

7$%85

o)

% clear memory
clear all

% E: modulus of elasticity

Kd=f
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o

area of cross section
length of bar
O0e6; A=1; L=[30 30 30];

o

A
L
E=3
% numberElements: number of elements
numberElements=3;
% numberNodes: number of nodes
numberNodes=4;
% generation of coordinates and connectivities
elementNodes=[1 2;2 3;3 4];

nodeCoordinates=[0 30 60 90];

clear all

elementNodes

elementNodes=[1 2;2 3;3 4];

7984

78%849

o)

% for structure:

% displacements: displacement vector

% force : force vector
stiffness: stiffness matrix
force=zeros (numberNodes, 1) ;
stiffness=zeros (numberNodes, numberNodes) ;

% applied load at node 2
force (2)=3000.0;

o

o)

% computation of the system stiffness matrix
for e=l:numberElements;
% elementDof: element degrees of freedom (Dof)
elementDof=elementNodes (e, :) ;
k(e)=E*A/L(e) ;
stiffness (elementDof,elementDof)=...
stiffness (elementDof,elementDof)+k(e)*[1 -1;-1 1];

end
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(<N

Z€ros

force=zeros (numberNodes, 1) ;
stiffness=zeros (numberNodes, numberNodes) ;

force (2)=3000.0;
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" (00 OS5k
| stiffness([1 2],[1 2])= stiffness([1 2],[1 2])+ k(e)*[1 -1;-1 171;

" () Yk
| stiffness ([2 3],[2 3])= stiffness([2 3],[2 3])+ k(e)*[1 -1;-1 171;

QA
BAL

C+"Di"Dé="%2E¢>, , (F

G 42H
DI1.J4224ED

>> A=[2 3 5; 7 11 13; 17 19 23]
A =
2 3 5
7 11 13
17 19 23
>> A([1 3], [1 3])
ans =
2 5
17 23

>> A=[2 3 5; 7 11 13; 17 19 23]
A =

2 3 5

7 11 13

17 19 23
>> A([1 3], [1 3]) = [0 1; 2 3]

A =
0 3 1
7 11 13
2 19 3

7$%840

79%84: d,

% boundary conditions and solution
% prescribed dofs
prescribedDof=[1;4];



DU S006 ™ (%) WtBE %8+, -4
% solution
GDof=numberNodes;
displacements=solution (GDof,prescribedDof, stiffness, force);

prescribedDof

solution.m

function displacements=solution (GDof,prescribedDof, stiffness,
force)

% function to find solution in terms of global displacements
activeDof=setdiff ([1:GDof]’, [prescribedDof]) ;

U=stiffness (activeDof,activeDof) \force (activeDof) ;
displacements=zeros (GDof, 1) ;

displacements (activeDof)=U;

activeDof
setdiff
@A [1:GDof]’ prescribedDof activeDof
BA
D1J4224E
displacements
79%84;

o)

% output displacements/reactions
outputDisplacementsReactions (displacements, stiffness,
numberNodes, prescribedDof, force)

outputDisplacementsReactions

fprintf
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function outputDisplacementsReactions...
(displacements, stiffness, GDof,prescribedDof, force)

o

output of displacements and reactions in
tabular form

o

o

GDof: total number of degrees of freedom of
the problem

o

disp('Displacements"')
fprintf ('node displacements\n')
% displacements
for jj=1:GDof

fprintf ('%2.0f: %$10.4e\n', jj, displacements(jj))
end
% reactions
F=stiffness*displacements;
reactions=F (prescribedDof) -force (prescribedDof) ;
disp('Reactions')

fprintf ('node reactions\n')
for jj=l:size(prescribedDof, 1)
fprintf ('%$2.0£f: %$10.4e\n', prescribedDof (37),
reactions(jj))
end
problemldSimple.zip
problemldSimple.m solution.m

outputDisplacementsReactions.m



1A= (06 LU+, —4

206" 20>HK , HD$2 158", #E, Li7+48%E T 1#>8" , #D4 #I56HINA324# 3%0#8%28 , (4%" , #PL

"#$%28, (4#%D
"#$N28 , (4#5D
"#$%28 , (44808, L
$+0iH , -4(k-4%4
N4324#3%"#8%28 , (49", #
Ni(x5) =0,
0, $+HMQ2, #>HN%2E-%($4
5 - 1 if I=J
Yl0 if T#J
1
@A
BAL '
1
N{"x#
AN
N{(x) N5(x) N:(x)
T /
e N /
7 oS
X 4
/ P N
/ // -\.
= e » >
1 s 2 3
Ny x# X
X
e gt x|
Nevgh= XAt x 10k ab e

‘ A 4
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N{"x# x;

N, (x) N3 (x)

@H N3 (x)

BAL

u(x)=a +ax+aix’ +aix’

Ne(x) = T =X x)
(xf =) X D)

@H NS (x)

BAL
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N3
RN NG,
2N
3 7
Nle(x):H X = (xe_xle) % (xe_xze) R (‘xe_xi;l) % (xg_xz:l) oo x (xe_xne)
=X T X (7 =x)  (x7—x3) O —x) (o —x) (x; —x,)
J#i
IT i
i n—1
n—1 n
" R4 8(IiMd

NB#DSH2PL
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u(x) u(x)

x=0:0.1:3.0;
u=-27/10.*x.734+177/20.*x.72-113/20.*x+1/2;
xdot=[0 1 2 5/2];

udot=[1/2 1 3 -1/21;

plot(x,u, 'k-',xdot, udot, 'ro'):;

68 TAIDDA@ 14-2451 2%

TA1DDEU 14-24$1 2%

15 I50048%3248" , #6, =h20$+08"#$w2=4( [-1, +1]
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p<2n @ -1

1 Ngp
[r@ae=>mre&)
-1 i=1
d g

TAIDDE8, "#8Dk & JRE A n,
fO=ataé+adral +. . ra,

ai
VA#-WS4="#3§12, ,L
"o !ngp
n @ "
(2n — 1)
W B S

ay[dé+a, [Ede+a, [Edé+. +a, [EAE=W [(E)+W, (&) +..+W, [, )

2n, -1

2n, —1 2n, —1
=a, W+ Wy .. AW, ) oW + W,y +...+ W, & V..t ((We ™ +W,& ™ .. +W, ¢ )
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! " 1

[&rde = — sm =$18s. 5, —"

’, m+! & ’
a;
[ende=—— = werssm= e n,, —"
b m+b *

1 Ngp
[erdaz=0=3"we" m=135,..2n,-1
—1 i=1

BAL

@A
BAL

2=W+Wy+...+W,
OZVVI§I+VV2§2+"'+VVI1gp§ngp
2/3=WE+WE +..+W, &

2n, —1 2n, —1 2n, -1
0=W¢& ™ +W,&™ +"‘+angp§ng:P

jg'"dg:o m=13,5,...

&P

7
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R =1
B(o)=¢

r©=-2en - rL©

W,

- 2(1 - é:iz)
(B ()

"R4) 8(%A n, =2
i
B#DAL
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S

Nep Location, & Weights, W;

1 0.0 2.0

2 +1/v/3 = £0.5773502692 1.0

3 +0.7745966692 0.555 555 5556
0.0 0.888 888 8889

4 +0.8611363116 0.347 854 8451

+0.3399810436

0.652 145 1549

5 +0.9061798459 0.236 926 8851
+0.5384693101 0.478 628 6705
0.0 0.568 888 8889
6 +0.9324695142 0.171324 4924
+0.6612093865 0.360761 5730
+0.2386191861 0.467 913 9346
G%)42HA W, Si
A=%2EL") 8, 284#%> , #>(1D", #
N
p<2n,-1
&
O#L, $+%2S , 2-Di p

p+1

ng, > T
@A
BA
@A

BAL




1A= (06 LU+, —4

"R4) 81 [ (£ +sin(g/2))dg

NB#DSH2PL
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151 80#8%3248" , #h, =205+00 #802=4( a

b
I= j Flx"dx
[
»
| 1 I - L.
0 1 a
a b
@A )488"'#3
BAL G

de=tp aydt=Lar=jar
2 2

J Y4>,J3"4#

I= Jj. F(EdE =TI where [ = j F(E)dE

I
W, S

f= W!f$§!%+W.f$§..%+...=%Wiﬁfi%

1
L= ()

Y

-1, 1]

a

-1, 1]
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1.1+x

]
1
R4 8(%hd [ dx
3

NB#DSH2PL
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" R4)) 8(MACAB%2%—4 = (4D$">0ZA24 [ D"#3i$+% T 4 1DDL@ 1 4-2451 2%

A= 2% E=8Pa

NB#DSH2PE

L T T [ R S
m )=o) (X—Z)(x—4)flx— x —
N; (xgl) MO xgl) x;l)) 302) 8( 2)( 4)

Stiffness matrix



1A= (06 LU+, —4

[(x—5) (8 —2x) (x — 3)]dx

Py

X3 6 x—35
KY =K = /BWTA“)E“)B“) dx = /% {((8 - 2)3)] (2x)(8)
2 (xr—3)
6 x(x—5)? x(x—=5)(8 —2x) x(x—5)(x—3)
= / x(8—=20)(x—5)  x(8—2x)°  x(8—2x)(x—3)|dr
2 | x(x=3)x—=5) x(x—3)(8—2x) x(x—3)°

@A p
BAL

@A
BA &

26.67 =32 5.33 26.67 =32 5.33
K= 8533 5333 | =| —-32 8533 —53.33].

sym 48 533 -5333 48
i

@A L K,

BAl
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External force matrix

&

[ 6
£ =1, = [Nb dx + [N7P 5(x-5) dx
2

2

N Sy O\

N7b dx + (Nefp)\ .

&

&

X2

T  Jgla) if xi<a<x

/g(x)é(/\ a)dx { 0 otherwise.

X1
&
&

5T10.125(x —4)(x —6) 0.125(x — 4)(x — 6)
fo = / [—0.25(; —2)(x —_6)-‘ x 8dx + IV—O.ZS(x— 2)(x=6) | X244

L0.125(x = 2)(x —4) | ! L0125 = 2)(x —4) | L, 5

@A Lot jo.lzs(x—4)(x—6)><8dx

BAL
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2((2.8453 — 4)(2.8453 — 6) + (5.1547 — 4)(5.1547 — 6)) -3
= | —4((2.8453 — 2)(2.8453 — 6) + (5.1547 — 2)(5.1547 —6)) | + | 18
2((2.8453 — 2)(2.8453 — 4) + (5.1547 — 2)(5.1547 — 4)) 9
——
L [5.33] [_ﬂ [2 3} sum = 24
— 271 2 L 1R — ’20 ’{’2 . L il
5.33 9 14.33
8 -4 24
k
C+U2UD 1 (8'#313(, JA(DEDSH Y &, Li%U 148" , #D4"DAL
k

\gg“ g:mmm 332@31#5 %gmlt m{@ s B '3-?3lu
“““““ R 1.1 5 }&

8533 5333 ||ux| [39.33 N L 2.1193
—53.33 48 us | [ 14.33 us | | 2.6534

Postprocessing
0
u= Nfl)ul +N§”M2 +N§1)Lt3, d=d" = |[21193
2.6534
u(x) é(x —4)(x—6)(0) —|——Tl(x —2)(x—6)(2.1193) —I—é(x —2)(x —4)(2.6534)
= —0.198 15x% + 2.248 55x — 3.7045.
du d
— F— = F—(NDaWy = ggq®
ox) = Ego = Eo (NVa)
| 0
= 81[()C —5) (8—2x) (x—3)] | 2.1193 | = =3.17x + 17.99.

2.6534
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Gh="hSDXV"3+("3+8Di4# K +%>H8 , "#8Di

p+1
p ng, > —2
] mngn due(x)
0#9%2%(% ) %% K, ) 84%"J"("SE d—
x
u(x) N4324#3%% "#5%28 , (43", # L, 28 4#EL

8, (E#,) "4t ,2-%2

A=2x

u(x)

E =8 Pa
u(x =2)=20

P(x=5)=24N

~ \ > X
T(x=6)=0
x=2
b=8 N/m! P
du®(x)




Nodal displacement, m

du‘(x)
dx

Nodal displacement

Exact solution v.5. FEM
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25

[N

n

—#%—NEL=1
—% —NEL=2
—# —NEL=4
—+ —NEL=8

Exact solution

Exact solution v.5. FEM

15F
Exact solution
—# —NEL=1
—# —NEL=2
i —+ FNEL=4
LI . —+ —NEL=8

du’(x)
dx

N\ONN&7CONNeZ ™

05
0
. L L . L L L
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x,m
1 1
Exact Solution v 5. FEM
H
2.5
2
IS Exact solution
o ———NEL=1
P
4 ©  Node i
NEL=2
C Node
05 s ey |
O Node
———NEL=8
ot O Node 4
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Exact Solution v.5. FEM

15F
Exact solution
—# —NEL=1
e —# —NEL=2
LR —# —NEL=4
K —+ —NEL=5
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0
s
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