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Método de la rigidez

Problema 1

La estructura de la Figura 1 soporta una carga de
magnitud P=1000 N. Las longitudes de todas las barras
son iguales y están hechas del mismo material. El área
de la sección de la barra es de 100mm2 y su largo es
de 0.5m. Además, están fabricadas de acero A36:
▶ Desplazamiento vertical y horizontal del punto de

aplicación de la fuerza, si esta se aplica a un ángulo
α = 60o .

▶ Reacciones en los pasadores
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Método de la rigidez

Identificación de nodos y elementos
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Matriz de rigidez barra I

K e
1 =

EA
L


cos2(90) cos(90) sin(90) − cos2(90) − cos(90) sin(90)

sin2(90) − cos(90) sin(90) − sin2(90)
cos2(90) cos(90) sin(90)

sim. sin2(90)


u1

v1

u4

v4

K e
1 =
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L


0 0 0 0
0 1 0 −1
0 0 0 0
0 −1 0 1




U I
4

V I
4

U I
1

V I
1

 =
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L


0 0 0 0
0 1 0 −1
0 0 0 0
0 −1 0 1
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v4
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Matriz de rigidez barra II

K e
2 =
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L

cos
2(60) cos(60) sin(60) − cos2(60) − cos(60) sin(60)

sin2(60) − cos(60) sin(60) − sin2(60)
cos2(60) cos(60) sin(60)

sim. sin2(60)
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v2

u4

v4

60°
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√
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√
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4
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4
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2
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2

 =
EA
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√
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√
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√
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√
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Matriz de rigidez barra III

K e
3 =

EA
L

cos
2(30) cos(30) sin(30) − cos2(30) − cos(30) sin(30)

sin2(30) − cos(30) sin(30) − sin2(30)
cos2(30) cos(30) sin(30)

sim. sin2(30)



u3

v3

u4

v4

30°
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3 =
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√
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√
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√
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√
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√
3

−
√
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√
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U III
4

V III
4
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3
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3

 =
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3

√
3 −3 −

√
3√

3 1 −
√

3 −1
−3 −

√
3 3

√
3

−
√

3 −1
√
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Ensamblaje de la matriz global: K e
1

K e
1 =

EA
4L

u4 v4 u1 v1


0 0 0 0 u4

0 4 0 −4 v4

0 0 0 0 u1

0 −4 0 4 v1

K e
2 =

EA
4L

u4 v4 u2 v2


1
√

3 −1 −
√

3 u4√
3 3 −

√
3 −3 v4

−1 −
√

3 1
√

3 u2

−
√

3 −3
√

3 3 v2

K e
3 =
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4L

u4 v4 u3 v3


3
√

3 −3 −
√

3 u4√
3 1 −

√
3 −1 v4

−3 −
√

3 3
√

3 u3

−
√

3 −1
√

3 1 v3

Kg =
EA
4L

u1 v1 u2 v2 u3 v3 u4 v4



0 0 0 0 0 0 0 0 u1

0 4 0 0 0 0 0 −4 v1

0 0 0 0 0 0 0 0 u2

0 0 0 0 0 0 0 0 v2

0 0 0 0 0 0 0 0 u3

0 0 0 0 0 0 0 0 v3

0 0 0 0 0 0 0 0 u4

0 −4 0 0 0 0 0 4 v4

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Departamento de ingenierı́a mecánica Clase 2 de 157



Ensamblaje de la matriz global: K e
2

K e
1 =

EA
4L

u4 v4 u1 v1


0 0 0 0 u4

0 4 0 −4 v4

0 0 0 0 u1

0 −4 0 4 v1

K e
2 =

EA
4L

u4 v4 u2 v2
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√
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√
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4L

u4 v4 u3 v3


3
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√
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−3 −
√

3 3
√

3 u3

−
√

3 −1
√

3 1 v3

(1)

Kg =
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4L

u1 v1 u2 v2 u3 v3 u4 v4



0 0 0 0 0 0 0 0 u1
0 4 0 0 0 0 0 −4 v1

0 0 1
√

3 0 0 −1 −
√

3 u2
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√

3 3 0 0 −
√
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√

3 0 0 1
√
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Ensamblaje de la matriz global: K e
3

K e
1 =

EA
4L

u4 v4 u1 v1


0 0 0 0 u4

0 4 0 −4 v4

0 0 0 0 u1

0 −4 0 4 v1

K e
2 =

EA
4L

u4 v4 u2 v2


1
√

3 −1 −
√

3 u4√
3 3 −

√
3 −3 v4

−1 −
√

3 1
√

3 u2

−
√

3 −3
√

3 3 v2

K e
3 =
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4L

u4 v4 u3 v3


3
√

3 −3 −
√

3 u4√
3 1 −

√
3 −1 v4

−3 −
√

3 3
√

3 u3

−
√

3 −1
√

3 1 v3

(2)

Kg =
EA
4L

u1 v1 u2 v2 u3 v3 u4 v4



0 0 0 0 0 0 0 0 u1
0 4 0 0 0 0 0 −4 v1

0 0 1
√

3 0 0 −1 −
√

3 u2

0 0
√

3 3 0 0 −
√

3 −3 v2

0 0 0 0 3
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√

3 u3
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√

3 −1 v3

0 0 −1 −
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√
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√
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√
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√
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√

3 −1
√

3 +
√

3 4 + 3 + 1 v4
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Matriz global ensamblada

Kg =
EA
4L

u1 v1 u2 v2 u3 v3 u4 v4
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0 4 0 0 0 0 0 −4 v1
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√
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√
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√
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Método de la rigidez

EA
4L



0 0 0 0 0 0 0 0
0 4 0 0 0 0 0 −4
0 0 1

√
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√
3

0 0
√
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√

3 −3
0 0 0 0 3

√
3 −3 −

√
3

0 0 0 0
√

3 1 −
√

3 −1
0 0 −1 −

√
3 −3 −

√
3 4 2

√
3

0 −4
√

3 −3 −
√

3 −1 2
√

3 8





u1
v1
u2
v2
u3
v3
u4
v4


=



F1x
F1y
F2x
F2y
F3x
F3y
F4x
F4y
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GDL ordenados

EA
4L



[ ][ ]
4 2

√
3 0 0 −1 −

√
3 −3 −

√
3

2
√

3 8 0 −4
√

3 −3 −
√

3 −1







0 0 0 0 0 0 0 0
0 −4 0 4 0 0 0 0
−1 −

√
3 0 0 1

√
3 0 0

−
√

3 −3 0 0
√

3 3 0 0
−3 −

√
3 0 0 0 0 3

√
3

−
√

3 −1 0 0 0 0
√

3 1





u4
v4
u1
v1
u2
v2
u3
v3


=



F4x
F4y
F1x
F1y
F2x
F2y
F3x
F3y


Ordenamiento de tipo:  [ ] [ ]Kaa Kab

[ ] [ ]Kba Kbb

[
δa
δb

]
=

[
Fa
Fb

]
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GDL ordenados

EA
4L



[ ][ ]
4 2

√
3 0 0 −1 −

√
3 −3 −

√
3

2
√

3 8 0 −4
√

3 −3 −
√

3 −1







0 0 0 0 0 0 0 0
0 −4 0 4 0 0 0 0
−1 −

√
3 0 0 1

√
3 0 0

−
√

3 −3 0 0
√

3 3 0 0
−3 −

√
3 0 0 0 0 3

√
3

−
√

3 −1 0 0 0 0
√

3 1





u4
v4
0
0
0
0
0
0


=



−P sin(60)
−P cos(60)

F1x
F1y
F2x
F2y
F3x
F3y
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Resultados
EA
4L

[
4 2

√
3

2
√

3 8

] [
u4
v4

]
=

[
−P sin(60)
−P cos(60)

]

u4 = −0.024mm
v4 = 0.0047mm

Ya que todos los desplazamientos de las fuerzas desconocidas son 0, entonces:

EA
4L



0 0
0 −4
−1 −

√
3

−
√

3 −3
−3 −

√
3

−
√

3 −1


[
u4
v4

]
=



F1x
F1y
F2x
F2y
F3x
F3y

 ⇒



F1x = 0
F1y = −200
F2x = 173.2
F2y = 300

F3x = 692.8
F3y = 400

N
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