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Problema 1 %O 3| F
4
En la figura se tiene una placa cuadrada de acero
isotropo (E = 210 GPa, v = 0, 3) espesor 1 mm, dicha I
placa se solicita con cargas de F = 10 kN cada una, 'm
produciendo un estado de esfuerzo biaxial plano en la P
placa. La placa se malla utilizando dos elementos I
triangulares, tal como se indica en la figura. Se pide:
P Reacciones y desplazamientos en los nodos
1 2 F
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Identificacion de nodos y elementos

AF,=F F.=F Ay, V3
) () "y v
¥ P
v,=0mm
(1) 2) u;
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Matriz de rigidez elemento I: Tension plana
\

AN 1 [ 1.0 0 0] 4
0.1)N\w, B=-|0 00 0 1|—
L 0110
210-10° 0
D=" "7 0 | Pa
" X 1-03 0.35
, -~ T _ T
w2 LS K = / B'DBdV — K = tAB" DB
(0,0) (1,0) 4
bi=yj—yk =—1¢i = xx—x; = —1 B v b Y
b,- R 1558 7.5 —11.54 —4.04 —4.04 —3.46
75 1558 —3.46 —4.04 —4.04 —11.54
bz Y }’)11 0% 3% m2 = K, = —-11.54 -3.46 1154 0.0 3.46
% ) ~4.04 —4.04 0.0 0.0
t=0.001m —4.04 —404 00 0.0
> A=2A=1m? ~3.46 —11.54 3.46 11.54
. hépa.nvar;‘evm;ovd.e.i",gé"vie.ri; '."Pl;:é."ivca ................................. Ciavsve; ............................................. ;’.e;B.
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Matriz de rigidez elemento Il: Tension plana

*) A, v, 0
3
01| (1,1)

us

V2

(1)

(o

b,':y/'—yk:OC/ZXk—XjZ—1

bj:yk—y,-:1 Cj:X,'—Xk:1
b: i—Vi= — = Xi — ’-:0
e AR %

» =0.001m

> A=2A=1m
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10 0o 1 0 -1 07 4
B=-]10 -1t 01 0 0]|—
T4 0 11 0 —1|Mm
210 -10° 1 03 0
D=——03 1 0 | Pa
1-03° |0 o0 o035
K:/ B'DBdV — K = tAB" DB
"4

uo 7] U3 V3 Uy Vy

404 00 —4.04 —-404 0.0 4047 w

00 1154 —3.46 —1154 346 00 | w

404 —3.46 1558 7.5 —11.54 —4.04| us 107ﬂ

404 —1154 75 1558 —3.46 —4.04| v,

00 346 1154 —346 1154 00 | w

404 00 —404 —404 00 404] v
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Ensamblaje de la matriz global: K|
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U4 V1 Uo Vo Uy Va4
1558 75 —1154 —4.04 —4.04 —3.467 uy
7.5 1558 —3.46 —4.04 —4.04 —11.54| v
K = —11.54 -3.46 1154 00 0.0 3.46 Uo
—4.04 —404 0.0 404 404 0.0 Vo
—4.04 —-404 0.0 404 4.04 0.0 Uy
—3.46 —11.54 346 00 00 1154 Vs
U4 V4 U Vo us V3 Uy V4
r1558 75 —1154 -404 0.0 0.0 —4.04 —3.46 1
Y5 1558 —-3.46 —4.04 0.0 0.0 —4.04 —11.54
—-1154 -346 1154 00 0.0 0.0 0.0 3.46
—4.04 —-404 00 404 00 00 404 0.0
0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
—4.04 —-404 00 404 00 00 404 0.0
L-346 —11.54 346 00 00 00 0.0 11.54.
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Ensamblaje de la matriz global: K| = :\'}EEA\I’!‘E&!\A
us 7] us V3 Ug Vy
404 0.0 -4.04 —404 00 4047 w
0.0 1154 —-3.46 —1154 346 00 | w
K, _ |~404 -346 1558 75 —11.54-404| us 7
"= 1-404 -1154 75 1558 -3.46 —4.04| v5
0.0 346 —11.54 —3.46 1154 00 | us
404 0.0 -4.04 —404 00 404] v

U4 V4 Us Vo us V3 Uy V4

r1558 7.5 —11.54 —4.04 0.0 0.0 —4.04 —3.46 7 W

7.5 1558 —3.46 —4.04 0.0 0.0 —4.04 —11.54 2

—11.54 —-3.4611.54+4.04 0.0+0.0 —-4.04 —404 00+0.0 346+404 | w
K. L —4.04 —4.04 0.0+0.0 404+ 1154 -3.46 -11544.04+346 0.0+0.0 Vo 107ﬂ
4 0.0 0.0 —4.04 —3.46 1558 7.5 —11.54 —4.04 Us m

0.0 0.0 —4.04 —-11.54 75 15.58 —3.46 —4.04 V3

—4.04 —4.04 0.0+00 4.04+346—-11.54-3.464.04+ 1154 0.0+0.0 Us

L —3.46 —11.54 3.46 +4.04 0.0-+0.0 —-4.04 —4.04 00+0.0 11.54+44.04] v
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Matriz global ensamblada )

U V1 uo Vo Us V3 Uy V4
(1558 75 —-1154 —4.04 0.0 0.0 —-4.04 —-3.467
75 1558 —-3.46 —-4.04 0.0 00 —-4.04 —11.54

—1154 —346 1558 00 —-4.04 —-404 0.0 7.5
Ko\ —-404 —-404 00 1558 -—-346 —1154 7.5 0.0 107
0.0 00 —-404 —-346 1558 75 —-1154 —4.04
0.0 00 —-404 —1154 75 1558 -346 —-4.04
—4.04 —-4.04 0.0 75 —11.54 -3.46 1558 0.0
| —3.46 —11.54 75 00 —-404 —-404 00 1558 |

N
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U4 V4 Uz Vo Us V3 A Vy
r1558 75 —-11.54 —4.04 0.0 0.0 —4.04 -3.461 uy] [Fix]
75 1558 -3.46 —-4.04 0.0 0.0 —-4.04 —11.54 7 Fiy
—11.54 —-346 1558 0.0 —-4.04 —-4.04 0.0 7.5 U Fox
EA —4.04 —-404 00 1558 —-346 —1154 75 0.0 107 2| _ Fay
N 0.0 00 —404 -346 1558 75 —11.54 —4.04 Us Fax
0.0 00 —-404 —1154 75 1558 —-3.46 —-4.04 V3 Fsy
—4.04 —-4.04 0.0 75 —-1154 -3.46 1558 0.0 Us Fax
| 346 —1154 75 00 —404 —404 00 15581 |va| |Fay]
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GDL ordenados

(1558  —4.04
—4.04 1558
—4.04 75

L 75 —4.04
r—11.54 0.0
_3.46 0.0
0.0 —-3.46

L 0.0 —11.54

Ordenamiento de tipo:
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—4.04
7.5
15.58
—4.04
0.0
0.0
—11.54
—3.46

75 7r—-11.54 -3.46
—4.04 0.0 0.0
—4.04 0.0 0.0
1568 1 L -3.46 —11.54
—3.46 7 15.58 7.5
—11.54 7.5 15.58

0.0 —4.04 —4.04

0.0 JL-4.04 —4.04

e K
Ko [Kbb]] 5
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Fa
Fy

|

0.0
—3.46
—11.54
0.0
—4.04
—4.04
15.58
7.5
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—11.54
—3.46

0.0
—4.04 7
—4.04

7.5

15.58 |
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U
us
V3
V4
un
Vi
V2

LUa ]

F2x
F3x
Fsy

F1x
Fiy
Fay
F4x_
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GDL ordenados
r 1558  —4.04 —4.04
—4.04 1558 75
—4.04 7.5 15.58
L 75 —4.04 —4.04
—11.54 0.0 0.0
—3.46 0.0 0.0
0.0 346 1154
L 0.0 —1154 —3.46
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7.5 1
—4.04
—4.04
15.58
—3.46
—11.54

0.0

0.0 J

r—11.54  —-3.46 0.0

0.0 0.0 —3.46
0.0 0.0 —11.54
L-346 —11.54 0.0
r 15.58 7.5 —4.04

7.5 15.58 —4.04
—4.04 —4.04 15.58

L —4.04 —4.04 7.5
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0.0 1
—11.54
—3.46
0.0
—4.04 7
—4.04
7.5

15.58 |
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U 100007
Us 10000
% 10000
Vs 10000
0 Fix

0 Fiy

0 Fay

O F4x i




Resultados
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En ausencia de tensiones residuales, efectos térmicos, y ya que todos los desplazamiento conocidos

son cero:

Y para las fuerzas:

—11.54
—3.46
0.0
0.0
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1558 —4.04
—4.04 1558
—-4.04 7.5
7.5 —4.04
Up = U3 = V3 =
0.0 0.0
0.0 0.0
—-3.46 —11.54
—11.54 —-3.46

—4.04 75 Up 10000
7.5 —4.04| 7 |us| _ |10000

15.58 —4.04 vs| — 10000

—4.04 1558 Vs 10000

Vs = 6.67-107°m = 0.067mm

—-3.46 [V F1x F1X = —10000

—11.54 7 | U3 o F1y F1y:—10000
0.0 | ' v| = |Fy| = |Fay = —10000| V
0.0 Va4 F4x F4X = —10000
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