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Introduccion

La presencia de la existencia de las computadoras ha dado un cambio en el estudio de la ingenieria;
por esta razon, el libro Andlisis estructural con matrices tiene como finalidad desarrollar el denominado
«método de la rigidez de calculo matricial», aplicado a estructuras bidimensionales formadas por barras
y vigas, a partir de elementos unidimensionales, desde el mas basico como es el elemento resorte. Este
mismo esquema puede ser extendido a otras formas de discretizar una estructura o un medio continuo.
De hecho, el método de los elementos finitos es la extension del método de calculo matricial, donde
se trata con elementos que no son solo barras; sino volUmenes de distintas formas geométricas que
modelan un mayor nimero de problemas mecanicos o fisicos.

Entodoeldesarrollo del método, se aceptan las hipdtesis generales en las que normalmente se desarrollan
los cursos de la teoria de estructuras, es decir: el comportamiento elastico y lineal del material, asi como
el estado de pequefios desplazamientos.

El libro pretende que el estudiante pueda plantear las distintas matrices de rigidez para los diferentes
elementos estructurales, los analice, los pueda plantear y con el apoyo del software MATLAB pueda
resolver los calculos finales para obtener una respuesta rapida; por este motivo en cada uno de los
problemas se anexa el desarrollo en el software MATLAB. En el Gltimo capitulo, se proponen dos
aplicaciones para tener un acercamiento a la realidad.

El autor
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1.1. HIPOTESIS

® Estructura lineal. Todos los movimientos y esfuerzos son funciones lineales de las cargas.
® Pequefias deformaciones. Ecuaciones de equilibrio en la estructura no distorsionada.
® Las barras son rectas y de seccién constante.

® Para estudiar una estructura por el método de la rigidez, al igual que en cualquier otro problema
eldstico, se dispone de tres conjuntos de ecuaciones que deben cumplirse:

® Ecuaciones de compatibilidad
® Ecuaciones constitutivas

® Ecuaciones de equilibrio

1.2. ASPECTOS GENERALES

Las ecuaciones de compatibilidad relacionan las deformaciones de barras con los desplazamientos
nodales. Introduciendo estas relaciones en las ecuaciones constitutivas, asocie las fuerzas en los
extremos de barras con los desplazamientos nodales. Introduciendo estas ultimas relaciones en las
ecuaciones de equilibrio, se obtiene un conjunto de ecuaciones de fuerzas nodales en funcion a
desplazamientos nodales, que pueden ser consideradas como ecuaciones de equilibrio de la estructura
en funcion de desplazamientos.

Laresolucidn de este sistema de ecuaciones permite obtener el valor de las incognitas (desplazamientos
nodales) a partir de los cuales se obtienen las solicitaciones de las barras de la estructura, asi como las
reacciones.

Cuando se van a calcular las relaciones esfuerzos de extremo de barra-desplazamientos, es natural
escoger un sistema de coordenadas que haga estas ecuaciones lo mas sencillas posible. Se tomar3,
por lo tanto, como eje X el que coincide con el eje geométrico de la pieza y los ejes Y y Z coincidentes
con los ejes principales de la seccidn transversal. Tal sistema pertenece a la barra y no depende de
la orientacién de la misma en la estructura y se le denominard «sistemas de ejes locales». Por el
contrario, cuando las piezas se unen entre si para formar la estructura, es necesario tener un sistema
de coordenadas comun para todos los movimientos y esfuerzos de extremo de barras para poder
aplicar las condiciones de equilibrio y compatibilidad. A dicho sistema, se le denominara «sistema de
ejes globales». Dichos esfuerzos de extremos de barras y desplazamientos, dependeran del tipo de
estructura que esta resolviendo, para barras de:

® Reticulado plano: Dos desplazamientos por nudo.

® Reticulado espacial: Tres desplazamientos por nudo.
En ambos casos, solo se obtendran esfuerzos normales.

® Portico plano: Tres desplazamientos por nudo (una rotacion en el plano del pértico y dos
traslaciones). Como solicitaciones de extremo de barra una fuerza axial: un esfuerzo de corte y un
momento flector.

® Portico espacial: Seis desplazamientos por nudo, tres traslaciones y tres rotaciones. Como
solicitaciones de extremo de barra una fuerza axial: dos esfuerzos de corte, dos momentos
flectores y un momento torsor.

® Emparrillado de vigas: Tres desplazamientos nodales (un corrimiento normal al plano de la grilla)

y dos rotaciones alrededor de los ejes contenidos en el plano mencionado. Los esfuerzos son un
cortante y dos momentos (un torsor y un flector).



16 CariTuLo 1 METODO DE LA RIGIDEZ

1.3. METODO DE LA RIGIDEZ UTILIZANDO UNA COMPUTADORA

Una de las caracteristicas mas importantes del método de la rigidez es la forma en que las propiedades
elasticas de las piezas y su orientacidén dentro de la estructura, son introducidas en el calculo antes de
que se efectue alguna consideracién sobre el equilibrio o la compatibilidad de los nudos.

Esto permite establecer relaciones entre las fuerzas de extremo de barras y los desplazamientos de
nudo. Dichas relaciones expresadas en forma matricial, se denomina «matriz de rigidez de barra».

Al considerar la interrelacién de cada barra con las demds, se obtiene un sistema global de ecuaciones
que define el comportamiento de toda la estructura y conduce a la solucion del problema.

Se considera seis etapas fundamentales en la solucién de un problema:

¢ |dentificacidn estructural

® Cdlculo de la matriz de rigidez de barra y del vector de cargas nodales equivalentes
® Cdlculo de la matriz de rigidez global y del vector de cargas global de la estructura
® Introduccién de las condiciones de borde

® Solucidén del sistema de ecuaciones

® Cdlculo de solicitaciones en los extremos de barras y reacciones nodales

1.3.1. IDENTIFICACION ESTRUCTURAL

Esta etapa consiste en definir a través de nimeros y datos las barras de la estructura.

® Definir un sistema de ejes globales para la estructura: Las coordenadas de los nudos se refieren a
dicho sistema.

® Conectividad de los elementos: Identificando para cada barra el nudo inicial y el final. A cada barra
esta asociado un sistema de ejes locales al cual se refieren todas las dimensiones y caracteristicas
de la barra. El mismo queda definido automaticamente por el orden establecido para la
numeracion de los nudos de la barra. El eje X local coincide con el eje geométrico de la barra,
siendo el sentido positivo el que va del nudo inicial (hnudo de menor numeracion) al final (nudo de
mayor numeracion). Los otros ejes locales deberan coincidir con los ejes principales de inercia de
la seccion transversal de la barra formando un triedro directo.

® Propiedades de laseccion transversal de cada barra: Dependiendo del tipo de estructura (reticulado,
pértico plano, pértico espacial, emparrillado), se debe dar el area de la seccidn transversal, los
momentos de inercia en relacion a los ejes principales y la inercia a la torsidn.

® Propiedades del material: Se debe indicar, para cada barra, el médulo de elasticidad longitudinal o
el médulo de elasticidad transversal.

® Especificacion de los vinculos: Se debe indicar el nombre del nudo que tiene una o mas restricciones
y cuales son las mismas.

® Descripcion de la carga: Se da el nombre del nudo y los componentes de globales de las cargas
externas y las reacciones de empotramiento perfecto en relacién a los ejes locales de la barra si
hay cargas en el tramo.
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2.1. VISION GENERAL

El método de la rigidez de la matriz es la base de casi todos los programas comerciales de analisis
estructural. Se trata de un caso particular del método de los elementos finitos mas generales y fue, en
parte, responsable por el desarrollo del método de los elementos finitos. Por tanto, una comprension
de la teoria subyacente, las limitaciones y los medios de aplicacion del método es esencial para que el
usuario del software de analisis no es solo operar un “cuadro negro”. Estos usuarios deben ser capaces
de entender los posibles errores en la modelizacidn de las estructuras que normalmente vienen como
advertencias obtusos como “giro cero” o “determinante cero: estructura inestable: abortar”. Entender
los conceptos basicos presentados en este documento debe conducir a un uso mas provechoso de los
programas disponibles.

2.2. CONCEPTOS BASICOS

2.2.1. Nobo

El nombre mas general de una conexidn entre los miembros adyacentes se denomina un «nodo». Para
vigas y marcos de los términos comunes y nodo son intercambiables. Para estructuras mas complejas
(por ejemplo, platos), no lo son.

2.2.2. ELEMENTO

Para vigas y marcos, elemento significa lo mismo que miembro. Para estructuras mas complejas, este
no es el caso.

2.2.3. GRADO DE LIBERTAD (GDL)

El nimero de posibles direcciones que los desplazamientos o las fuerzas en un nodo pueden existir es
lo que se denomina un« grado de libertad» (DOF). Algunos ejemplos son los siguientes:

® Plano armadura: Tiene dos grados de libertad en cada nodo: traslacién y fuerzas en las direcciones
XeY.

® Vigas: Con dos grados de libertad por nodo: desplazamiento; fuerzas verticales y rotacién; y
momento.

® Plano del marco: Con tres grados de libertad en cada nodo: las traducciones, fuerzas similar a una
armadura de avion y la rotacidn o momento en la articulacion.

® Armadura de espacio: Una armadura en tres dimensiones tiene tres grados de libertad: traduccion
o de fuerzas a lo largo de cada eje en el espacio.

® Marco de espacio: Tiene 6 grados de libertad en cada nodo: traduccion; fuerzas a lo largo de cada
eje y la rotacidén; y momentos alrededor de cada eje. Asi, una celosia plana con 10 articulaciones
tiene 20 grados de libertad. Un marco plano con dos miembros tendra tres articulaciones (una
comun a ambos miembros) y, por lo tanto, 9 grados de libertad en total.

2.2.4. LOCAL Y GLOBAL

Fuerzas, desplazamientos y matrices de rigidez a menudo se derivan y se definen por un sistema de
ejes locales para el miembro. Sin embargo existira un sistema general o global, eje de la estructura
en su conjunto. Por tanto, se debe transformar las fuerzas, desplazamientos, etc. desde el sistema de
coordenadas local en el sistema de coordenadas global.
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2.2.5. ENFOQUE BASICO

A. ELEMENTO INDIVIDUAL

Se considera aqui la forma mas basica de analisis de la rigidez.

En este caso, se representa un miembro estructural por un resorte que tiene un nodo (o conexion) en
cada extremo. También se considera que solo puede moverse en la direccidn x. Por lo tanto, solo tiene
1 GDL por nodo. En cada uno de sus nodos, que puede tener una fuerza y un desplazamiento (de nuevo
tanto en la direccion x):

(Fou) 1 k 2 (F,u,)

—— W
|—>x

Notese que se ha sacado la fuerza y las flechas de vectores de desplazamiento positivo de la direccion
X. El analisis matricial obliga a ser muy estrictos en las convenciones de signos.

Usando la relacion bésica que la fuerza es igual a la rigidez por el desplazamiento, se puede determinar
la fuerza en el nodo 1 como:

F, =k (desplazamiento en 1)

Asi:
F =k(u, —u,)=ku, —ku, (1)

Del mismo modo para el nodo 2:
F, =k(u, —u, ) =—ku, +ku, ..(2)

Se puede escribir las ecuaciones (1) y (2) en forma de matriz para obtener la matriz de rigidez del
elemento para un elemento axial 1-GDL:

Y usando la notacidon de matrices, se escribe asi:
{F}={kHu}

Donde:

{F} es el vector de fuerza del elemento
{k} es la matriz de rigidez del elemento
{u} es el vector de desplazamiento elemento

Debe quedar claro que la matriz de rigidez elemento es de importancia fundamental -que une fuerzas
nodales a desplazamientos nodales- esto comprende cémo el elemento se comporta bajo carga.

La derivacidn de la matriz del elemento rigidez para diferentes tipos es probablemente la parte mas
dificil del método de matriz de rigidez. No obstante, esto no supone un gran inconveniente ya que solo
hay unos pocos tipos de elementos para derivar y una vez obtenida se encuentra a disposicion para su
uso en cualquier problema.
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B. CONJUNTO DE ELEMENTOS

Estructuras reales se componen de conjuntos de elementos; por lo tanto, se debe determinar cémo
conectar las matrices de rigidez de los elementos individuales para formar una matriz de rigidez global
(o global) para la estructura.

Considere la siguiente estructura simple:

,u,)
"= (F,u,)
2

3

(Fpuy)
—_

k k

1 2

Tenga en cuenta que los elementos individuales tienen diferentes rigideces: k y k,. Por lo tanto, se
puede escribir la relacién de desplazamiento de fuerza para ambos elementos como:

F _ k1 _kl U, 3
Bl [k Kk ||y ~(3)
Fz _ kz _kz U, 4
F - _kz kz Uz -4

Se puede ampliar estas ecuaciones para que abarquen todos los nodos de la estructura:

E] [k %, Of[y
Fr=|-k, k, 0fqu, (5)
E] Lo o ofly
(F] [o o o ][y
Fr= k, =Kk, [qu, ...(6)
] [0 -k, k, [|u,

Se puede afiadir las ecuaciones (5) y (6) para determinar el total de ambas, las fuerzas y desplazamientos
en cada nodo en la estructura:

F k, -k, 0 |y
Fr=|-k k +k, —k,|[{u, .(7)
F, 0 -k, k, ||u,

Como puede verse a partir de esta ecuacion, mediante la adicién de, se tiene la rigidez total de en
cada nodo, con contribuciones como apropiada por cada miembro. En particular, el nodo 2, donde los
miembros se retnen, tiene la rigidez total de k_ + k,. Se puede reescribir esta ecuacién como:

{F}=[K}{u}

Donde:

{F} es el vector de fuerza de la estructura

{K} es la matriz de rigidez global de la estructura
{u} es el vector de desplazamiento de la estructura
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2.3. ASOCIACION DE RESORTES

2.3.1. LA FUERZA Y ENERGIA ELASTICAS DE UN RESORTE O MUELLE

Un resorte o muelle es un dispositivo mecanico que puede comprimirse o dilatarse y que vuelve a su
posicidn original o natural, siempre que el desplazamiento no sea demasiado grande, existiendo un
limite para estos desplazamientos; mas alla de ellos, el resorte no volveria a su longitud natural. Para
pequefias compresiones o estiramientos, la fuerza ejercida por el resorte es directamente proporcional

a ellos.
+—\—>
-«

«— I+A—»

Sil, es la longitud natural del resorte y se alarga Al cuando actua la fuerza F, entonces:
F=—KAl
La energia potencial eldstica de un resorte vale lo siguiente:

1 2
U=—K(Al
k(ai)

Entonces cada resorte o muelle viene caracterizado por una constante K, llamada «constante eldstica o
recuperadora». El signo negativo indica que los sentidos de los vectores F y Al son contrarios.

2.3.2. ASOCIACION O ACOPLAMIENTO DE RESORTES

Los resortes, al igual que las resistencias eléctricas y los condensadores, pueden acoplarse de dos
formas radicalmente diferentes: serie y paralelo. Por supuesto, cualquier otra asociacién mixta que se
pueda formar entre estas dos.

Estudiar una “bateria” de resortes, conociendo las propiedades que tienen en cada una de las
configuraciones base, simplifica extraordinariamente el calculo de las mismas.

A. ASOCIACION SERIE

Una cantidad n de resortes estan asociados o acoplados en serie, si cada uno de ellos se inserta a
continuacion de otro en la misma linea de accion:
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Si sobre uno de los extremos de los resortes, se ejecuta una fuerza de compresién o de estiramiento
F, manteniendo fijo el otro extremo, esta fuerza sera la que actie sobre cada uno de los resortes,
sufriendo cada uno de ellos su propia compresidn o estiramiento, respectivamente, segun valgan sus
constantes recuperadoras.

_(((( ((((«‘ o s 4;@@@@__} F

ol

Los resortes habran sufrido unos incrementos de longitud, directamente proporcionales a sus
constantes recuperadoras. Asi:

Resorte 19: F=K, AI1 A|1 =F/ K,
“ 29: F=K, Al Al,=F / K,
! ne F=K, Al Al =F/K

Se desea conocer cual seria la constante recuperadora de un solo resorte que, sometido a la misma
fuerza F que el sistema en serie, sufriese un incremento de longitud equivalente a la suma de los
incrementos sufridos por cada uno de ellos y que, por tanto, tuviese la misma energia potencial elastica
que el sistema en serie.

AL= Al +AL+........ + Al

Es decir: F F F F
—=—t—.. +—
Ks Kl KZ Kn
Simplificando: 1 1 1 1
—=—t—+.. +—
Ks Kl KZ Kn
O lo que es lo mismo: 1 1 1 1
—=—t ... +—
Ks Kl 2 Kn
Por lo tanto: 1
K j—

ST an 1
ng

De todo lo anterior se deduce que para n resortes acoplados en serie, si uno de los extremos se deja
fijo y sobre el otro se ejecuta una fuerza F, se cumple que:

® Cada resorte presenta la misma fuerza F, coincidente con la que actud sobre el sistema.

® Cada resorte presenta su propio incremento de longitud Al, con un mddulo inversamente
proporcional a la constante elastica del resorte K, , ya que se cumple que: Al =F / K.

® La constante elastica del Unico resorte equivalente en serie, vale lo siguiente:
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EJEMPLO 1

En el sistema mostrado, determinar los desplazamientos nodales asi como las fuerzas de las
paredes.

- o
ﬁ| K;L @ K, @ K Ka ":
::‘ 0000 0000 0000 00 oo
-~ = — —
@ P & ®

K, = 600 KN/m P = 6000 N

K, =800 KN/m Q=8000 N

K, = 1000 KN/m K, = 1200 KN/m

A. Resolucion

Paso 1: Genere la matriz de rigidez de cada elemento resorte:

o o o A~

O O o o o
o o o o o
O o o o o

N
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
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Paso 2: La matriz ensamblada es igual a la suma de las matrices parciales:

IK=K, +K, +K, +K,

Donde:
[k, K, 0 ]
K, K +K, =K,
K=| 0 —K, K, +K, —K,
K, K, +K, K,
| 0 0 0 -, K, |

Esta es la matriz de rigidez global. Analizando el sistema se observa dos paredes, en los nodos 1
y 5. En dichos puntos, no puede haber desplazamiento, razén por la cual:

U,=U,=0

Paso 3: Por esta razdn, utilizando el método de eliminacion, cancele las filas y columnas 1y 5:

- - = = = =

600——600 0 0 ) U; F
—600 1400 -800 0 0] U, 6000
1000| ( -800 1800 —1000 D [x]| U, |=|8000
( 0 -1000 2200 -1200| (U, 0
( 0 0 12001200 u f
L A L~5 ] L 5
De tal manera que la matriz simplificada es como sigue:
1400 -800 0 U, 6000
1000( —800 1800 —1000 |x| U, |=|8000
0 -1000 2200 u, 0

B. Resolucion con MATLAB

>> A = 1000*[1400 -800 0; -800 1800 -1000; © -1000 2200]

A =
1400000 -800000 ]
-800000 1800000 -1000000

] -1000000 2200000

>> f = [6000; 8000; 0]

25
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>> u = inv(A)*f

0.0116
0.0129
0.0058

>> % LA MATRIZ GLOBAL K ES:
>> K = 1000*[600 -600 © 0 O; -600 1400 -800 © O; © -800 1800 -1000 0; © 0O 1000;
2200 -1200; © 0 © -1200 1200]

K =
600000 -600000 2] 2] )
-600000 1400000 -800000 (] 0
(] -800000 1800000 -1000000 (]
(] (] 1000000 2200000 -1200000
] [ ] -1200000 1200000

>> % EL VECTOR DESPLAZAMIENTO GLOBAL U ES:
>> U = [0; 0.0116; 0.0129; 0.0058; 0]

>> % LA FUERZA EN LAS PAREDES ES:
>> F = K*U

1.0e+004 *
-0.6960
0.5920
0.8140

2.5660
-0.6960

EJEMPLO 2

Segun el grafico y los datos presentados, resolver lo siguiente:

Z I O S0 P O P 1

Z 0000 moo_)oooo,rooou

® e

bERN L
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—10000 N (Fuerza de Eq.)

S=

5000 N

P=

K, = 600 kN/m

7000 N
R =-2000N

Q

K, = 1200 kN/m
K, = K, = 1800 kN/m

K, =

A. Resolucion

Paso 1: Genere la matriz de rigidez de cada elemento resorte:

0 0 0O
0 0 0O
0 0 0O
0 0 0O
0 0 0O
0 0 0O

_Kl
Kl

_Kl

0
0
0
0

_K3

0 0O
0 0O

_K4

0
0
0
0

KS

0 0 0O
0 0 0O
0 0 0O
0 0 0O
0 0 0O
0 0 0O

_KS

_K5

K, =

Ky =
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Paso 2: La matriz ensamblada es igual a la suma de las matrices parciales:

K=K, +K, +K, +K, +K,

U IF
[ 600 -600 0 0 0 o | [ul]l [ F ]
-600 1800 -1200 O 0 0 U, 5000

(= 10° 0 -1200 2400 -1200 O 0 | fU|_| 7000
0 0 -1200 3000 -1800 O U, | |-2000

0 0 0 -1800 3600 -1800( U, 0
e 0 0 0 -1800 1800 | |U,| | R |

Paso 3: Esta es la matriz de rigidez global. Analizando el sistema, se observa dos paredes, en los
nodos 1y 6. En dichos puntos, no puede haber desplazamiento, razén por la cual:

U, =U,=0

Paso 4: Por esta razon, utilizando el método de eliminacién, cancele las filas y columnas 1y 6:

. I L L
606 600 0 0 0 € Y; B
—-600 1800 —1200 0 0 0 U, 5000
- 0 -1200 2400 -1200 0 0 U, 7000
=] X =
0 0 -1200 3000 -—1800 0 U, —2000
0 0 0 -1800 3600 -1300 U, F
) a) 0 a) 1200 1200 L) E
L U U U ESSATAS LO0UU B _UG B [ IG B
De tal manera que la matriz simplificada es como sigue:
1800 -1200 0 0 U, 5000
-1200 2400 -1200 0 U, 7000
1000 X =
0 —-1200 3000 -1800( (U, -2000
0 0 -1800 0 u 0

B. Resolucion con MATLAB

>> A = 1000*[1800 -1200 0 0; -1200 2400 -1200 ©; O -1200 3000 -1800; © © -1800 0]

A =
1800000 -1200000 0 ]
-1200000 2400000 -1200000 0

0 -1200000 3000000 -1800000

0 0 -1800000 0

>> f = [5000; 7000; -2000; 0]
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6000
5000
7000
-2000
0

>> U = inv(A)*f

U=
0.0071
0.0065

-0.0000
-0.0032

S 3 5 =S

>> % LA MATRIZ ENSAMBLADA K ES:

>> K = 1000* [600 -600 0 0 © O; -600 1800 -1200 © © 0; O -1200 2400 -1200 0 O; 0;
0080 :

0 -1200 3000 -1800 O0; © © O -1800 3600 -1800; © -1800 1800]
K =
600000 -600000 0 0 0 0
-600000 1800000 -1200000 0 0 0
7] -1200000 2400000 -1200000 0 0
7] 7] -1200000 3000000 -1800000 0
0 0 0 -1800000 3600000 -1800000
0 0 0 0 -1800000 1800000

>> % EL VECTOR DESPLAZAMIENTO GLOBAL D ES:
>> D = [0; 0.0071; 0.0065; -0.0000; -0.0032; 0]

29
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EJEMPLO 3

Resolver segun el diagrama y los datos siguientes:

K. P
o B o

Pty R Y

@ @ © (®)

K, = K, = 2000 kN/m P=3000N
K, = K, = 4000 kN/m Q=8000 N
K, = K, = 6000 kN/m R = 15000 N

K, =10000 kN/m

A. Resolucién
Paso 1: Redibujando el sistema:

W

e

Paso 2: Hallando los valores de Keq:
Keq, =2000KN / m+4000KN / m=6000KN / m

1 1 KN 1
= + KN/m=1333.33KN/m
Keq, 2000 m 4000

Keq, = 6000KN / m+6000KN / m+10000KN / m = 22000KN / m

B. Resolucién con MATLAB

>> keql = 1000*[6000 6000 O ©; -6000 6000 © 0; © 0 © 0; © 0 0 O]
keql =

6000000 6000000
-6000000 6000000
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>> keq2 = 1000*%[0 © © 0; © 1333.33 -1333.33 0; © -1333.33 1333.33 0; 0 0 0 0]

keq2 =
(2] (2] (2] (2]
(2] 1333330 -1333330 (2]
(2] -1333330 1333330 (2]
(2] (2] (2] (2]

>> keq3 = 1000*[0 0 0 0; © © © O; O O 22000 -22000; 0 0 -22000 22000]

keqg3 =
0 0 0 0
0 0 0 0
0 0 22000000 —22000000
0 0 —22000000 22000000
>> K = keql + keq2 + keq3
K =
6000000 6000000 0 0
-6000000 7333330 -1333330 0
0 -1333330 23333330 —22000000
0 0 —22000000 22000000
>> Y = [7333330 -1333330 0; -1333330 23333330 —-22000000; © —22000000;
22000000 ] 3
Y =
7333330 -1333330 0
-1333330 23333330 —22000000
0 —22000000 22000000
>> F = [15000; -8000; 12000]
F =
15000
-8000
12000

>> U = inv(Y)*F

Equilibrando fuerzas
F, = —keq, xU, +keq, xU,

N N
(—22000—103) % (0.0062)+ (22000— 10° ) % (0.0067)=11000N
m m
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EJEMPLO 4

Resolver segun el diagrama y los datos siguientes:

E=250G Pa
-T--= T T
] ]
3 mm 1 1
1 1
Ty \
5mm : '
| | P =8000 N
- - - r--~-~-° 1 T
5mm : :
R | |
5 mm | |
A B . :
I T
3 mm : : .
o ! ! < .~ T=0.04mm
1 5mm 20 mm 1 5mm
1 1
1 : : 1
K, = K, = 2000 kN/m P =3000N
K, = K, = 4000 kN/m Q =8000 N
K, = K, = 6000 kN/m R =15000 N
K, = 10000 kN/m
A. Resolucion
Kz
(000
| K, Ka K
-- 0000 0000 (000
¥ P=10000 N
- Ks
¥, (oo
Célculo de K:
(21x107%)(0.04 x 107%)(250 x 10°)
k, =k, = - =42000KN/m
(5x107%)
3%x107%)(0.04 x1073)(250 x 10°
k2=k4:( ) _3)( )=15OOKN/m
(20x107%)
5x1073)(0.04 x 1073)(250 x 10°
k3:( ) _3)( ):2500KN/m
(20x107%)
kN kN kN kN

Koq =K, +K, +K, =1500—— +2500— +1500— = 5500—
m m m m
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ANALISIS ESTRUCTURAL CON MATRICES

>> k1=1000*[42000 -42000 O 0;-42000 42000 0 0; © 0 0 0; 0 @0 0 0]

kil =

42000000 -42000000
-42000000 42000000

2]
()

2]
[

>> keql=1000%[0 © © 0; O

keql =

[OIG I OR]

0

5500000
-5500000

(]

>> k5=1000*[0 0 @ 0; 0 ©

k5 =

[O O GRS)

>> K=kl+keql+k5

K =

42000000 -42000000
-42000000 47500000
(] -5500000

(4]

(4]

>> Y= [47500000 -5500000

Y =

47500000 -5500000
-5500000 47500000
0  -42000000

>> F= [0; 0; 10000]
F =
0
0
10000

>> U=inv(Y)*F

U =

[ GR)

[O GG

5500 -5500 0; © -5500 5500 0; 0 0 0 0]

0
-5500000
5500000
0

[OIGI ORI

O 0; O 0 42000 -42000; © 0 -42000 42000]

2]

0
42000000
-42000000

0
-5500000
47500000

-42000000

0; -5500000

(]
-42000000
42000000

2]

2]
-42000000
42000000

[

]
-42000000
42000000

47500000 -42000000; © -42000000 42000000 ]

33
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EJEMPLO 5

Resolver segun el diagrama y los datos siguientes:

ANALISIS DE RESORTES

4 mm / E=300G Pa
------------------ ' A=0.08 mm
P =15000 N
10 mm L L L - - *-————
4 mm / ' ' ' ' ' i
_______ / ' 8mm . F 8 mm. ¢ 8mm ¢ 8 mm
; $5mm ; :5mm : ¢ 5mm:
A. Resolucién
G e s K
0000 T A o 0000
2] | — S ) Ka Ky Wi
< 0000 0000 1V ) — 00 —P=1s000N
£ Ks K Ke
o 0000 A — 0000
Calculo de K:
(18x107%)(0.08 x 107%)(300 % 10°)
k, =k, =k, =k,, = = =54000KN/m
(8x1077)
(4x107%)(0.08x107%)(300 % 10%)
k, =k, =k, =k, =k, =k, = — =19200 KN /m
(5%107°)
Valores de K:
k, =k, =k, =k,, =54000 KN /m

kN

kN
keq, =keq, =keq, =19200— +19200— = 38400—

m m

kN
m
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>>k1=1000*[54000 -54000 0 0 © © © 0; -54000 54000 0 0 O 00 0; OO V00V 0V0O0O0O; 000000 O;
000O0OOOD;, 00VDOOOOD;, OOOOOOOO;, PO0OOOOBLDO]

kil =

54000000
-54000000

® ® ®© ®© ® ®

-54000000
54000000

® ® ®© ®© ® ®

[CEEGENGENGENCEN IR

[CEEGENGERGENCER I G]

[CEEGENGERGENCER IO

[CEEGENGERGENCEN I G]

[CEEGENGENGENCEN ORI

>>keq1=1000*[0 ©0 0 0 0 0 © O; © 384000 -38400 © © 0 O O; O -38400 38400 0 0 0 0 0; ©

0; 000000V 0VDO; DOOOOOODO; OOOOOOOO; ©OOOOOOOO]

keql =

[CENGENGEEOERCEECENCING]

2]
38400000
-38400000
2]

® ®© ®©

>>k4=1000*%[0 ©0 0 ©0 0 0 @
00000000, 0000

k4 =

[CEEGENGENGENG IO IR I G]

[CEEGENGENGENGENOER I G]

>>keq2=1000*[0 6 0 @ 8 0
38400 38400 6 0 0; 0 0 O

keq2 =

[CENCENGEECENOCEECEN GG

[CENCENGEECENOCERCENCEING]

2]
-38400000
38400000
2]

® ®© ®©

0; 0000000 0; 00 54000 -54000 0 0 0 O;

[CENGENGEEOERCEECENCING]

[CENGENGEEOERCEECENGING]

0000, 00000000, 00000000]

[

2]
54000000
-54000000
2]

2]
[
2]

[

2]
-54000000
54000000
0

2]
[
2]

[CEEGENGENGENC RO IR I G]

00; 00000000, 00OOOOO
00000, 00000000; 0000

[CENCENGEEOEEOCERCEN GG

2]

[

2]
38400000
-38400000

2]

[

2]
-38400000
38400000

[CENGENGEEOERCEECENCINN]

2]

[CEEGENGENGENCENOER I G]

® 0O 0 00 0 O

[CEEGENGENCENCER BRI

000000

[CENGENGEEOERCEECENCING]

0 -54000 54000 0 0 0 0;

[CEEGENGENGENGENOERCENG]

0; 0 0 0 38400 -38400 0

000 0]

[CENGENCEECENOERCENCEING]

[CENGENGEECENOCER I GG

[CEEGENGENGENG RO IR G]

0 0; 000

[CENGENGEECENOCERCENCEING]

35
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>>k7=1000%*[0 0 O 0 00 0 0; OOV OVOOVDO0OO; OOOOOOOO;, OOOOOOOO; 00O O 54000
-54000 0 0; © © © © -54000 54000 0 0; O OO OO OO O; 0OOOOOOO O]

k7 =
2] 2] 2] 2] 2] 2] 2] 2]
2] 2] 2] 2] 2] 2] 2] 2]
2] 2] 2] 2] 2] 2] 2] 2]
2] 2] 2] 2] 2] 2] 2] 2]
[ [ ] 0 54000000  -54000000 [ [
0 0 0 0  -54000000 54000000 0 [
2] 2] 2] 2] 2] 2] 2] 2]
2] 2] 2] 2] 2] 2] 2] 2]

>>keq3=1000*[0 0 OO OO0 0; OO0V OOOOO;, 00OVDOOOOO;, OOOOVOOOOO; OOOOOOOO;
© 00 0 0 38400 -38400 0; 0 0 O © © -38400 38400 0; © © 0 0 0 0 0 Q]

-

keq3 =

® 00O ® ®©
® 0O ® ®©

38400000  -38400000
-38400000 38400000
2] 2]

[CERECENGERCENGENCEN GG
® 0 ®O 0 ® 0 ®
®© 0 ® 0 ® 0 ®
® 0 ®© 0 ® 0
[CEECENGEROENGENOCEN GO
[CERECENGERCENGENCEN GO

>>k10=1000*[0 0 0 0000 0; 000V 0V0 OO0, OOV OOOOO;, OOOVOOOOO; OO0OOOOOO;
0000000 0; 00000 0 54000 -54000; 0 0 0 0 0 0 -54000 54000]

k1o =
(] (] (] (2] (2] (] (] (]
(2] (2] (2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2] (2] (2]
2] 2] 2] (2] 2] 2] (2] (2]
(2] (2] (2] (2] (2] (2] (2] (2]
(2] (] (] (] (] (2] (] (2]
0 (2] (2] (2] 0 0 54000000 -54000000
(2] (2] (2] (2] (2] 0  -54000000 54000000
>> K= kl+keql+k4+keg2+ k7+ keg3+ k10
K =
54000000 -54000000 (2] (2] (2] 0 (2] (2]
-54 92 -38: (2] (2] (2] 2] 2]
o -38 32 -54 (2] (2] (2] (2]
(2] 0  -54000000 92400000  -38400000 (2] (2] (2]
(2] (2] 0  -38400000 92400000  -54000000 (] (]
0 (2] (2] 0  -54000000 92400000  -38400000 (]
(2] (2] (2] (2] 0  -38400000 92400000  -54000000
2] (2] 0 0 (2] 0  -54000000 54000000

>>Y = [92400000 -38400000 © © © 0 0; -38400000 92400000 -54000000 © 0 © 0; © -54000000 92400000
—-38400000 0 © 0; 0 O -38400000 92400000 -54000000 0 O; © © 0 -54000000 92400000 -38400000 0; O 0O
0 0 -38400000 92400000 —-54000000 0; © 0 0 O O -54000000 54000000 ]
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Y =

92400000  -38400000 ] ] ] 2] 2]

-38 92 =54 2] 2] 2] 2]
0  -54000000 92400000  -38400000 2] 2] 2]
2] 0 -38 92 =54 2] 2]
2] 2] 0  -54000000 92400000  -38400000 2]
2] 2] 2] 0 -38 92 -54
2] 2] 2] 2] 0  -54000000 54000000

>> F = [0; 0; 0; 0; 0; 0; 15000]

© 000

15000

>> U= inv (Y)*F

EJEMPLO 6

Resolver segln el diagrama (en la parte superior el sistema estd empotrado) y los datos siguientes:

_ 1 , 1 1
E=320GPa :8mml 20 mm :8mm:
l : T |
I | ]
1 ! o
1 [ 8 mm
! Y ER N —
10 mm
1
:Gmm: , 6mm D Gl
I
I
I
: 15 mm
,/5mm
1 1
1 1
1 1

P =20000 N
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A. Resolucion

_ ks
k2 1 1 1
k1 k4 _\mlfm?nnr_ k8 p
— 00— k3 00000, — o |, —
— 00— — 000,
Il Il 0

0
® ©) ® @ ®

Redibujando:

k1 keql ka4 keq2 k8

00000000, —| F— 0000, F— 000! |00, oo, —»

0 i}
Calculo de K:
(36x107%)(0.075x 107%)(320x 10°)
k, = ST =108000 KN /m
X
(8x107%)(0.075x107%)(320x 10°)
k, =k, = D) =19200 KN/m
(36x107%)(0.075x107%)(320x 10°)
k, =kg = BT =172800 KN/m
X
(8x1072)(0.075%107%)(320x 10°)
ks =k, = 5x107] =12800 KN/m
(8x107%)(0.075x107%)(320x 10°)
ke = e =12800 KN/m
Valores de K:

k, =108000 KN /m
ked, =19200KN / m+19200KN / m = 38400 KN /m
k, =k, =172800 KN /m

keq, =12800KN /m+ 320000KN / m+12800KN / m = 38400 KN / m
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>> k1=1000*[108000 -108000 © O © 0;-108000 108000 0 0 O 0;0 0 0 0 0 0;0 0 0 © 0

0;000000;000000 ]

kil =
108000000 -108000000 (2] (2] 0 0
-108000000 108000000 (2] 0 (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] 0 (2] 0
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] 0
>> keql=1000*[0 0 ©0 © 0 O; © 38400 -38400 0 O 0;0 -38400 38400 0 0 0;0 0 0 0 © 0;0;
00000000000 ]
keql =
(2] (2] (2] (2] (2] (2]
(2] 38400000 -38400000 (2] (2] (2]
0  -38400000 38400000 (] (] (]
(2] 0 (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
>> k4=1000%*[0 0 0 0 ©0 0;0 0 O 0 O 0;0 0 172800 -172800 0 0;0 © -172800 172800 e§
0;000000;000000]
k4 =
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(] 0 172800000 -172800000 (2] (2]
(2] 0 -172800000 172800000 0 (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]

>> keq2=1000*[0 ©0 0 0 © 0; 0 0 O 0 0 0; 0 O 0 00O O; © 0 O 83200 -83200 0;0 © 0

-83200 83200 0;0 0 0 0 0 0 ]

keq2 =
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(] (] (2] (2] (] (]
0 0 0 83200000 -83200000 (2]
(2] 0 0  -83200000 83200000 0
(2] (2] (2] (2] (2] (2]

>> k=1000*[0 0 0 0 0 0; OO OO 00O;000000;000000;00

0 0 0 -172800 172800 ]

K =

0 0 172800 —17280@;0%

[ [

(2] (]

(2] 0

2] (2]
172800000 -172800000
-172800000 172800000

39
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>> K=kl+keql+k4+keq2+k

K =
108000000 -108000000 0 [ [ 0
-108000000 146400000 -38400000 [ [ ()
0  -38400000 211200000 -172800000 () 2]
2] 0 -172800000 256000000 -83200000 (2]
0 2] 0 -83200000 256000000 -172800000
0 2] 2] 0 -172800000 172800000

>> Y = [1.4640 -0.3840 0 0 0;-0.3840 2.1120 -1.7280 0 0;0 -1.7280 2.5600 —0.8320;
0;0 0 -0.8320 2.5600 -1.7280;0 0 © -1.7280 1.7280] :

Y =
1.4640 -0.3840 0 (4 (4
-0.3840 2.1120  -1.7280 (] [
0 -1.7280 2.5600 -0.8320 [
(4] 0 -0.8320 2.5600 -1.7280
(] 0 0 -1.7288 1.7280

>> F= [0; 0; 0; 0; 20000]

>> U=inv(Y)*F
U =
1.0e+005 *

0.1852
0.7060
0.8218
1.0621
1.1779



CAPITULO

3
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3.1. GRADOS DE INDETERMINACION

En el andlisis estructural, se consideran dos tipos de indeterminacion: la estatica y cinematica. La
primera, tiene relacion con las fuerzas y, la segunda, con los desplazamientos.

3.1.1. INDETERMINACION ESTATICA

Se refiere a un exceso de reacciones y fuerzas internas desconocidas, comparadas con las ecuaciones
de equilibrio de la estatica. Esto da lugar a clasificar las estructuras como estadticamente determinadas
y estaticamente indeterminadas. Las fuerzas internas o reacciones desconocidas que no se pueden
obtener con las ecuaciones de equilibrio se denominan «fuerzas redundantes» y el nimero de fuerzas
redundantes define el grado de indeterminacién estatica o hiperestaticidad.

Existen dos tipos de indeterminacidn estatica: externa e interna. La indeterminacion externa se refiere
al nimero de reacciones redundantes de la estructura y la indeterminacién interna al nimero de
fuerzas de la estructura que no pueden conocerse con las ecuaciones de la estatica. El grado total de
indeterminacioén es la suma de ambas.

3.1.2. INDETERMINACION CINEMATICA

Serefierealnimero de desplazamientos desconocidos o redundantes que describen el comportamiento
de la estructura (movimiento) cuando esta se sujeta a acciones de carga.

3.2. CLASIFICACION DE ESTRUCTURAS

Las estructuras se dividen, desde el punto de vista de los métodos de analisis, en isostaticas o
estaticamente determinadas, hiperestdticas o estdticamente indeterminadas. Las estructuras
isostdticas son aquellas que se pueden resolver utilizando Unicamente las ecuaciones de equilibrio de
la estatica. Por el contrario, para analizar estructuras hiperestdticas es necesario plantear, ademas de
las ecuaciones de equilibrio, ecuaciones de compatibilidad de deformaciones entre los elementos de
la estructura y los apoyos.

3.3. CALCULO DEL GRADO DE INDETERMINACION O HIPERESTATICIDAD

Cuando una estructura es isostatica, su grado de indeterminacién GH = 0; ya que es estdticamente
determinada. Las estructuras hiperestaticas pueden tener distintos grados de indeterminacion GH > 0
si una estructura es inestable su grado de indeterminacion es GH < 0.
Es decir:

GH > 0 Estructuras hiperestaticas

GH = 0 Estructuras isoestaticas

GH < 0 Estructuras inestables
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En el caso de armaduras y marcos, pueden ser externas o internamente indeterminadas. Son
externamente indeterminadas cuando el nimero de reacciones es mayor que el niumero de las
ecuaciones de equilibrio mas las ecuaciones de condicidn. La indeterminacion interna ocurre cuando
el nimero de miembros es mayor al minimo necesario para que la estructura sea estable.

ELEMENTO GRADO DE HIPERESTATICIDAD GRADO DE LIBERTAD

Vigas GHT=NR-NEE-C
GHT = GHE + GHI
GHE = NR - NEE

Armaduras
GHI = NE — 2NN + 3(2D)
GHI = NE — 3NN + 6(3D)
GHT = GHE + GHI
GHE = NR - NEE -C
Marcos

GHI = 3NE — 3NN + NEE(2D)
GHI = 6NE — 6NN + NEE(3D)

Donde:

GHT : Grado de hiperestaticidad total

GHE : Grado de hiperestaticidad externa
GHI : Grado de hiperestaticidad interna
NR : Numero de reacciones

NEE : NUmero de ecuaciones de la estética
NE :Numero de elementos

NN : Numero de nodos

C : Ecuaciones adicionales de condicidon

GL :Grado de libertad o desplazamiento redundante

Determine el grado de hiperestaticidad de las siguientes vigas

GL = 3NN — NR
GL = 2NN - NR(2D)

GL = 3NN — NR(3D)

GL = 3NN — NR(2D)
GL = 6NN — NR(3D)

csrmucruma | NN | R | NeE | ¢ loH |G| |

»

—\ l / (— 2 3 3 0 0 3 Isostéatica
i

Hiperestatica
grado 2

-1 4 Inestable
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| EstRucrurA | NN | NRINEE| C |GH] G| |
——\ / PS l f— 2 4 3 1 0 2 isostatica
i »

XM, =0
]4; l / yi 2 3 3 0 0 3 isostatica
XM, =0
4 5 3 3 -1 7 Inestable
M, = 0/\>M, =0,
d\* l / K 2 6 3 1 9 0 Hiperestatica
E| = R grado 2
a N

Ecuaciones de condicion

a tope Iy separado
ZFx#0 ZFx#0 ZFx=0
XFy#0 SFy =0 SFy=0
IM, =0 M, =0 M, =0

Determine el grado de hiperestaticidad de las siguientes armaduras

a) Calculo del Grado de hiperestaticidad

P> 4 @ 8 ® Grado de hiperestaticidad externo
NN =6 GHE=NR-NEE=3-3=0
2 3 5 y 9 m; 22 Grado de hiperestaticidad interno
L@ 5 NEE=3 GHI = NE—-2NN+NEE=9-2(6) +3=0
24— 1 ® 6 Grado de hiperestaticidad total
J FI GHT=0

Armadura estaticamente determinada externa
e internamente (ISOSTATICA)
b) Calculo del grado de libertad

GL=2NN-NR=2(6)-3=9
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@ 4 ® g ® 12 ® 16 10

NN =10

NE =17

1 3 5 / 9 1113 1 17 NR = 4
RO® 2 6 |[® 10 14 |  NEES3

Tr, T, T,

a) Cdlculo del Grado de hiperestaticidad
GHE=NA-NEE=4-3=1
GHI=NE—-2NN + NEE=17-2(10)+3=0
GTH=1+0=1
Armadura estaticamente indeterminada externamente de grado 1 y determinada internamente
b) Calculo del grado de libertad

GL=2NN-NR=2(10)-4=16

@l 7 @l 12 l@

NN =8
6 1 NE = 15

2/ 3 8 13 15
5 19 NR =3
NEE = 3

S

R, @
AT O 4w 9 b 1

fr,

a) Cdlculo del Grado de hiperestaticidad

o)
o
—

GHE=NR—-NEE=3-3=0
GHI=NE—-2NN+ NEE=15-2(8)+3=2
GHT=GHE+GHI=0+2=2
Armadura estaticamente determinada externamente e indeterminado internamente de grado 2
b) Calculo del grado de libertad

GL=2NN-NR=2(8)-3=13



a)

NN =12
NE =29
NR =12
NEE =6

b)
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Calculo del Grado de hiperestaticidad
GHE=NR-NEE=12-6=6
GHI =NE—-3NN+ NEE=28-3(12)+6=-2

Armadura estaticamente indeterminada externamente
de grado 2 e inestable internamente

Célculo del grado de libertad

GL=3NN-—NR =3(12) - 12 = 24

Determine el grado de hiperestaticidad (indeterminacién) y de libertad de los siguientes marcos.

a) Cdlculo del Grado de hiperestaticidad

NN =4
NE =3
NR=6
NEE=3

b) Calculo del grado de libertad

GL=3NN-NR=3(4)-6=6

® ®
5 a)
A ¢ NN=6
® @ NE=6
> NR =3
NEE =3
1 3 oo
o @
“p A
R, TR,

b) Calculo del grado de libertad

GL=3NN-NR=3(6)-3=15

GHE=NR-NEE-C=6-3-0=3
GHI = 3NE - 3NN + NEE =3(3)-3(4) +3=0

GHT =GHE +GHI =3

Marco estaticamente indeterminado externamente
de grado 3 y determinado internamente (isostatico)

Calculo del Grado de hiperestaticidad
GHE=NR—-NEE-C=3-3-0=0
GHI =3NE - 3NN + NEE = 3(6) —3(6) +3=3
GHT=GHE+GHI=0+3=3

Marco estaticamente determinado externamente
(isostatico) e indeterminado internamente de grado 3
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2 6 10 12
o3 e 7 ERN
1 5 9
R, R® @ @
R
R, R, R,

a) Cdlculo del Grado de hiperestaticidad
GHE=NR-NEE-C=4-3-0=1
GHI =3NE—-3NN + NEE =3(12) -3(10)+3=9

GHT=GHE+GHI=1+9=10

PRINCIPIO DE HIPERESTATICIDAD

NN =10
NE =12
NR =4
NEE =3
C=0

Marco estaticamente indeterminado externamente de grado 1 e internamente de grado 9

Nota: Por cada crujia cerrada en los marcos, se tienen 3 grados de indeterminacién interna.

b) Calculo del grado de libertad

GL=3NN-NR=3(10)-4=26

a) Cdlculo del Grado de hiperestaticidad
GHE=NR-NEE-C=5-3-2=0
GHI =3NE—3NN + NEE=3(5)-3(6) +3=0
GHT =6GHE +6GHI=0+0=0

Marco estaticamente determinado externa e internamente

b) Calculo del grado de libertad

GL=3NN-NR=3(6)-5=11

NN =6
NE =5
NR=5
NEE =3
C=2
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@ 7
/:2 / 3 NN =8
® @ NE=8
® ® 7 NR = 24
5

NEE=6

1 4 C=0
R

6

@ R3_G>/// /®

AR
R; R

1

a) Calculo del Grado de hiperestaticidad
GHE=NR-NEE-C=24-6=18
GHI = 6NE—6NN + NEE=6(8)—6(8)+6=6
GHT =6GHE + GHI =18 + 6 =24

Marco estaticamente indeterminado externamente de grado 18 e internamente de grado 6
b) Calculo del grado de libertad

GL=6NN—-NR =6(8)-24 =11

49
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4.1. ANALISIS ESTATICO LINEAL

Mas problemas del andlisis estructural pueden tratarse como los problemas estaticos lineales, basado
en las asunciones siguientes:

* Las deformaciones pequeiias (el modelo cargando no se cambia a la forma deformada).
* Los materiales eldsticos (ninguna plasticidad).
* Las cargas estaticas (la carga se aplica a la estructura en un modo lento).

El analisis lineal puede proporcionar la mayoria de la informacion sobre la conducta de una estructura
y puede ser una aproximacion adecuada para muchos andlisis. También, constituye la base de analisis
no lineal en la mayoria de los casos.

4.1.1. CONSTRUIR EL ELEMENTO

Considere una barra prismatica uniforme:

f .
' | — A, E J )
X
;" L T —
Donde:
L Longitud
A Area de la seccidn transversal
E Modulo de elasticidad

u=u(x) Desplazamiento
e=€(x) Deformacion
0 =0(x) Esfuerzo

La relacion de deformacidn-desplazamiento:

du
€=— 1
i (1)
La relacién del esfuerzo-deformacion:
o=Ee (2)

4.1.2. MATRIZ DE RIGIDEZ Y EL METODO DIRECTO

Asumiendo que el desplazamiento u  esta variando linealmente a lo largo del eje de la barra, es decir:

u(x) = (1 —5)ui +§uj
L L (3)

Se obtiene lo siguiente:

o= =— (A =Elongacion) (4)

o=Ee=— (5)
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Entonces:

F
sz (F = Fuerza en la barra) (8)

Asi, (5) y (6) lleva a:

Fz%AzkA (7)

Donde:

EA
k= T es la rigidez de la barra

En este caso, la barra estd actuando como un resorte y se concluye que la matriz de rigidez de la barra
es como sigue:

EA EA
k k] | T T
k= _| L L
ko k] |_EAEA
LL
A1 -1
k=—A[ } (8)
Ll-1 1

Esto puede verificarse considerando el equilibrio de las fuerzas a los dos nodos.

La ecuacion de equilibrio del elemento estaria dada por la siguiente:

L-1 1]y f,
* El grado de libertad (dof)

* El nimero de componentes del vector del desplazamiento a un nodo

L]

Para 1D, el elemento de la barra: un dof a cada nodo.

El significado fisico de los coeficientes en k

La j-ésima columna de k (aqui j = 1 0 2) representa las fuerzas aplicadas a la barra para mantener una
forma deformada con el desplazamiento de la unidad al nodo j y cero desplazamiento al otro nodo.



EJERCICIO 1

Hallar los desplazamientos nodales, los esfuerzos y las fuerzas en las paredes en el siguiente

sistema de barras sometidas a cargas axiales:

ANALISIS ESTRUCTURAL CON MATRICES

E, =200 GPa E, =120 GPa E, =150 GPa
A, =12x10"m’ A,=05x10"m’ A,=8x10"m’
~
J
~ Q P K
S — —
~
S~
@ @ ®
LL=2m LL=2m LL=4m
P =2500 kN Q=3000 kN
A. Resolucion
Paso 1: Calcule las rigideces de cada barra.
200x 10°N
Xiz x(2x107'm?)
E, xA, m 6
n = = =20x10°N/m
I 2m
120x10°N
S N % (0.5x10* m?)
E, xA, m 6
K2 =] = =3x10 N/m
L, 2m
150x10°N
Xiz x(8%x107'm?)
E, xA, m 6
K, = = =30%x10°N/m
L 4m
Paso 2: Defina cada una de las rigideces.
20x10° -20x10° 0O O
‘- -20x10° 20x10° O O
! 0 0 00
0 0 0 o0
0 0 0 0
0 3x10° -3x10° 0
K, = 6 6
0 —-3x10° 3x10° O
0 0 0 0

ALV
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00 0 0
00 0 0
Ky = 6 6
0 0 30x10° -30x10
0 0 —-30x10° 30x10°

ud uZ u3 u4
K -0 0u] [R
‘. &, K +K, K, 0 [y, _|®
O -K, K, +K, _Ks U, K,
Lo o K K u] [R]
20%10°  -20x10° o 0 ) U\ (n
_|-20%10° 23x10° -3x10° 0 U | (aQ
! 0 -3x10°  33x10° -30%10° ||U,| [P
0 o -30x10° 30x10° J{U, ) \r,

Paso 3: Como los nodos 1y 4 estan conectados a la pared, sus desplazamientos son cero; razdn
por la cual se pueden eliminar las filas y columnas 1y 4, respectivamente; de tal manera que la
matriz simplificada estaria dada por:

‘- 23x10° -3x10° |[U, | |2.5x10°
-3x10° 33x10° || U, 3x10°
u, =0.1220m

u, =0.1020 m

Paso 4: Por tanto, las fuerzas estarian dadas por los siguientes valores:
F =—K, xu,=-2.44x10°

F, =K, xu, =—3.06x10°

Paso 5: Calcule los esfuerzos introduciendo los datos en MATLAB y su procedimiento para cada
uno, aplicando la férmula siguiente:
E U;
o=—|-11
L[ ]|:u:|

J

200 x10° 0
G, = [_1 1]
2 0.1220

6,,=122GPa



23]

Gy, = (

B. Resolucion con MATLAB

>> A = 1076*[23 -3; -3 33]
A =
23000000 -3000000
-3000000 33000000

>> f = 1073%[2500; 3000]
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2 0.1220
120x 10 [_1 1]
2 0.1020

c,,=-12GPa

150x10° 0.1020
——|[-1 1]
4 0

o, , =-3.825GPa

f =
2500000
3000000

>> u = inv(A)*f
u =

0.1220

0.1020
>> % CALCULO DE LOS ESFUERZOS:
>> E1 = 200*10"9;
>> E2 = 120*10"9;
>> E3 = 150*10"9;
>> L1 = 2;
>> L2 = 2;
>> L3 = 4;
>> Ul = 0;
>> U2 = 09.1220;
>> U3 = 0.1023;
>> U4 = 0;
>> % ESFUERZO ENTRE 1 Y 2:
>> G12 = (E1/L1)*[-1 1]*[U1; U2]
G12 =

1.2200e+010

>> % ESFUERZO ENTRE 2 Y 3:
>> G23

G23

-1.2000e+009

(E2/L2)*[-1 1]*[U2; U3]
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>> % ESFUERZO ENTRE 3 Y 4:
5> G34 = (E3/L3)*[-1 1]*[U3; U4]

G34 =
-3.8250e+009
>> % LA MATRIZ ENSAMBLADA K ES:

>> K = [20%10"6 -20*10"6 © O; -20*10"6 23*10"6 -3*10"6 0O; O -3*10"6 33*10“6;
-30*10"6; © 0 -30*10"6 30*10"6]

K =
20000000 -20000000 2] 2]
—-20000000 23000000 -3000000 ]
(2] -3000000 33000000 -30000000
(2] 0  -30000000 30000000

>> % EL VECTOR DESPLAZAMIENTO ES:
>> U = [0; 0.1220; 0.1020; 0]

>> % CALCULO DE LAS FUERZAS EN LAS PAREDES:
>> F = K*U

-2440000
2500000
3000000

-3060000

EJERCICIO 2

Hallar los desplazamientos nodales, los esfuerzos y las fuerzas en las paredes en el siguiente
sistema de barras sometidas a cargas axiales:

E, =250 GPa E, =300 GPa
A, =4x10" m’ A, =8x107" m’
°® P . 9 R @ P =2000 kN
@\ @! ) :@ Q= 1000 kN
| f
| : i i | R= 1500 kN
l=2m ! L=3m I L=s5m =8m



A. Resolucion
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CE XA, (250x10°)(4x10™*)

— 6 N
K, » . =50x10° N/
E xA (250x10°)(4x107%)
= 1% 1=( ) =33X106[\/
L, 3 m
E,xA, (300x10°)(8x10*)
K,=—2—2= =48x10°N
8 L, 5 41
E xA. (300x10°)(8x107™*)
K, =2 . ) =30x10°N/
L, 8 m
(| PR U My My o M
FiKrl 77777 _Kl 7777777 0 7777777 0 777777 G‘)»; ijljii iFlii— T
K, K +K, K, 0 0 |ln, P
K= 0 K, K+K, K, 0 [lu|=|R
p 0 _K3 Ks + K4 _|;<4 U, -Q
Lo fpe===ss 0K K Jims | R
83x10° —33x10° 0 u, 2x10°
-33x10° 81x10° -48x10° || u, |=|1.5x10°
0 -48x10° 78x10° J\u, -1x10°
H_J
K i F
u, =0.0523
u, =0.0709
u, = 0.0629
E ;
o=-[-1 1] a
H
250%10° [0 ]
= [-1 1] =6.5375 GPa
2 0.0523 |
250% 10’ [0.0523]
=2 -1 1] —1.55 GPa
3 | 0.0709 |
300%10° [0.0709]
,=—— 1 1] =-4.80 GPa
| 0.0629 |
300x 10° [0.0629 ]
o, = T[—1 1] o |T723588GPa

59



60 CAPITULO 4 BARRA 1D

B. Resolucion con MATLAB

>> A = 1076*[83 -33 0; -33 81 -48; 0 -48 78]
A =
83000000 -33000000 2]
-33000000 81000000 -48000000
0 -48000000 78000000
>> f = 1073*[2000; 1000; 1500]
f =
2000000
1000000
1500000

>> u = inv(A)*f

0.0523
0.0709
0.0629

>> % LA MATRIZ ENSAMBLADA K ES:

>> K= [50*10"6 -50%1076 0 © 0; -50*10"6 83*1076 -33*10"6 @ 0; 0 -33*10"6 81*10A6
-48*10"6 0; © O -48*10"6 78*10"6 -30*10"6; 0 0 0 -30*10"6 30*10"6

K =
50000000 -50000000 7] 7] 7]
-50000000 83000000 -33000000 7] 7]

7] -33000000 81000000 -48000000 7]

7] 7] -48000000 78000000 -30000000

7] 7] 7] -30000000 30000000

>> % EL VECTOR DESPLAZAMIENTO ES:
>> U = [0; 0.0523; 0.0709; 0.0629; 0]

> % CALCULO DE LAS FUERZAS EN LAS PAREDES:

>> F = K*U
F =
-2615000
2001200
997800
1503000

-1887000



ANALISIS ESTRUCTURAL CON MATRICES 61

>> % CALCULO DE LOS ESFUERZOS:
>> E1 = 250*1079;
>> E2 = 250*1079;
>> E3 = 300*1079;
>> E4 = 300*1079;

>> L1 = 2;
>> L2 = 3;
>> L3 = 5;
>> L4 = 8;
>> Ul = 0;

>> U2 = 0;0523;
>> U3 = 0.0709;
>> U4 = 0.0629;
>> U5 = 0;
>> % ESFUERZO ENTRE 1 Y 2:
>> G12 = (E1/L1)*[-1 1]*[U1; U2]
G12 =
6.5375e+009

>> % ESFUERZO ENTRE 2 Y 3:
>> G23 = (E2/L2)*[-1 1]*[U2; U3]

G23 =
1.5500e+009

>> % ESFUERZO ENTRE 3 Y 4:
>> G34 = (E3/L3)*[-1 1]*[U3; U4]

G34 =
-4 .8000e+008

>> % ESFUERZO ENTRE 4 y 5:
>> G45 = (E4/L4)*[-1 1]*[U4; U5]

G45 =

-2.3588e+009

EJERCICIO 3

En el sistema estructural, mostrado determinar si la barra mas pequefia choca con la pared y
ademas calcular los esfuerzos en cada una de las barras.

320 GPa 180 GPa 150 GPa
10x107* m? 8x10™ m? 5x107 m? P=12000 N
R b_ \._ P Q=5000N
x=0.5x10" m
| | |
5m ' 4m ' 3m I X
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A. Resolucion
Paso 1: Calcule las rigideces de cada barra.

1 -1 00
. 320x10°Pa(10x10*m?) | -1 00
t 5m 0 00
0 00
[0 0 0 O]
180x10°Pa(8x10™°*m’) {0 1 -1 0
= X
2 4dm 0 -1
_O O -
o o }
) _150x10°Pa(5x10m*) |0 O
P 3m 00 -1
0 0 -1 1]
La matriz ensamblada seria la siguiente:
-fes--—64--0---0]fo] [ R
—64 100 -36 O u 0
Sk=10°x| x| * =
0 -36 61 -25( |u,| |-5000

Q 0 -25 25 u, 12000

Paso 2: Como solo hay una pared en el nodo 1, de ahi que solo se elimine la fila y columna
perteneciente a ese nodo, es decir el 1, quedando lo siguiente:

100 -36 0 u, 0
k=10°x|-36 61 —25|x|u, [=|-5000
0 -25 25| |u,| [22000

u=inv(k)xF

Paso 3: Resolviendo se obtienen los siguientes desplazamientos:
u, =0.1094 x10°m
u, =0.3038x10°m
u, =0.7838x10°m

Paso 4: Para determinar si choca o no, se tienen que sumar todos los desplazamientos y verificar
si es mayor o menor que "x" (x=0.5%x10"m)

Su=1.197%x10"m

Se observa que el resultado final es mayor que "x", razén por la cual las barras si chocan.
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Paso 5: Calcule los esfuerzos:

320x10°P 0
== 1 1]x , |=7001600 Pa
5m | 0.1094%107 |
180x10°Pa [0.1094 %107 ]
e =————x[-1 1]x _, |[=874800Pa
4m | 0.3038x10™ |
150x 10°P [0.3038x107 |
pa= = 1 1]x . |=2.4x107Pa
3m | 0.7838x10 ]

B. Resolucion con MATLAB

>> A = 1076*[100 -36 ©; -36 61 -25; © -25 25]
A =

100000000 -36000000 0
-36000000 61000000 -25000000
0 -25000000 25000000

>> f = [0; -5000; 12000]

0
-5000
12000

>> u = inv(A)*f

1.0e-003 *

0.1094
0.3038
0.7838

>> ul = 0.1094;
>> u2 = 0.3038;
>> u3 = 0.7838;
>> U = ul+u2+u3

U =
1.1970

>> % SE OBSERVA QUE EL DESPLAZAMIENTO TOTAL U ES MAYOR QUE X, POR LO TANTO LAS%
BARRAS CHOCAN. ]

>> % CALCULO DE ESFUERZOS:
>> E1 = 320*1079;
>> E2 = 180*1079;
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>> E2 = 150%1079;

>> L1 5;
>> L2 = 4;
>> L3 = 3;
>> Ul = 0;
>> U2 = 0.1094*10"-3;

>> U3 = 0.3038%10"-3;
>> U4 = 0.7838%10"-3;
>> % ESFUERZO ENTRE 1 Y 2:
>> G12 = (E1/L1)*[-1 1]*[U1; U2]
G12 =
7001600

>> % ESFUERZO ENTRE 2 Y 3:
5> G23 = (E2/L2)*[-1 1]*[U2; U3]

G23 =
8748000

>> % ESFUERZO ENTRE 3 Y 4:
>> G34 = (E3/L3)*[-1 1]*[U3; U4]

G34 =

2.4000e+007

EJERCICIO 4

En el sistema estructural mostrado, determinar si la barra mas pequefia choca con la pared y
ademads calcular los esfuerzos en cada una de las barras.

300 GPa 180 GPa 150 GPa
8x107™* m? 6x107 m? 4x107™" m? P=1500 N
R P Q=28000 N
—
- R=6000 N
| | | x=0.4%x10"m
8m : 6m Fox ! 4m
® @ ® 6 ®

A. Resolucién
Paso 1: Calcule las rigideces de las barras de la izquierda:

1
300x10°Pa(8x10™ 2[
, - 300x10°Pa(8> m)l_1 Lo

8m
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180x10°Pa(6x10™*m?) 0 0

k, = 0 1 -1
6m

0 -1 1

3...-3...0-]-Jo F

Sk=10°x|-3 4.8 -1.8|x|u, [=|-6000
0 -18 18 | [u| |15000

Paso 2: Como se tiene la pared en el nodo 1, se elimina fila y columna:

kxu=F
. 48 -1.8 u, —6000
10 x X =
-1.8 1.8 U, 15000
u=inv(k)xF

Paso 3: Una vez resuelto se obtienen los siguientes desplazamientos:
u, =0.0003 m
u, =0.0011m

Paso 4: Calcule la rigidez de la barra 3 de la derecha. Como se tiene la pared en el nodo 4, se
elimina fila y columna:

150%x10°Pa(4x10™*m?) { 1 —1}
k, = X

4dm

kxu=F

. -15---—15]--[-0-]-- --Fp---
10° x| X =
-15 15 u, 8000
De donde se obtiene lo siguiente:
u; =5.33x10"m

Paso 5: De ahi que los desplazamientos, estarian dados por:

u, =0m

u, =0.0003m

u; =5.33x10"'m
Paso 6: Para determinar si choca o no, se tienen que sumar todos los desplazamientos y verificar
si es mayor o menor que "x" (x=0.4x10"m).

Su=1.933x10"m
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Paso 7: Se observa que el resultado final es mayor que "x", razdn por la cual las barras si chocan.

300%10°P
== 1 1]x =1.125x10"Pa
8m | 0.0003
180 x 10°P 0.0003
L, =80x10Pa, 1y ) =2.4x10"Pa
6m | 0.0011
150 x 10°Pa [
s =———x[-1 1]x . |=1.9988x10"Pa
4m | 5.33x10

B. Resolucion con MATLAB

>> A = 1076*[4.8 -1.8; -1.8 1.8]
A =

4800000 -1800000
-1800000 1800000

>> f = [-6000; 15000]
f =

-6000
15000

>> u = inv(A)*f

0.0030
0.0113

>> solve('15*1076*u5=8000", 'us")
ans =
1/1875
>> e = 1/1875
e =
5.3333e-004
>> % EL DESPLAZAMIENTO TOTAL U ES IGUAL A LA SUMA DE LOS DESPLAZAMIENTOS PARCIALESE
>> Ul = 0.0030; ]
>> U2 = 0.0113;

>> U3 = 5.3333*10"-4;
>> u = Ul+U2+U3

0.0148

>> % SE OBSERVA QUE EL DESPLAZAMIENTO TOTAL U ES MAYOR QUE X, POR LO TANTO LAS;
BARRAS CHOCAN. ]
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>> % CALCULO DE ESFUERZOS:
>> E1 = 300*10°9;

>> E2 = 180*1079;

>> E3 = 150*10°9;

>> L1 = 8;

>> L2 =6
>> L3 = 4
>> Ul = 0;
>> U2 =0
>> U3 =0
>> U4 = 0;

>> U5 = 5.33%10"-4;

>> % ESFUERZO ENTRE 1 Y 2:

>> G12 = (E1/L1)*[-1 1]*[U1; U2]

G12 =
1.1250e+007

>> % ESFUERZO ENTRE 2 Y 3:
5> G23 = (E2/L2)*[-1 1]*[U2; U3]

G23 =
2.4000e+007

>> % ESFUERZO ENTRE 4 Y 5:
>> G45 = (E3/L3)*[-1 1]*[U4; US5]

G45 =

1.9988e+007
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4.2. BARRA 1D CON EFECTOS TERMICOS

EJERCICIO 1

Calcular los desplazamientos nodales, los esfuerzos en cada una de las barras y analizar si choca
o no con la pared.

E, =250 GPa E, =200 GPa
A, =8x10""'m’ A,=6x10"m’
P =500 kN
1 r—; 2 x=5x10"m
| AT =40°C
a,=30x10°1/°C a,=25x10°1/°C
| | |
® 6m @ 4m @ x
A. Resolucién
Paso 1: Calcule las rigideces de cada barra.
1 -1 0
) _250x10°Pa(8x107*m’) | -1 0
! 6m 0 0
0 0
0 0
200xx10°Pa(6x10*m’) [0 1 -1
= X
2 dm 0 -1
0O 0 O
Paso 2: Calcule las cargas térmicas.
-1
0 =ExAxoxATXx q
30 10*6 1
0, , =(250x10°Pa)(8x10™ mz)( . (40°C)><[ | |=~240000 + 240000 0

25x10°° -1
0, , =(200x10°Pa)(6x10™ mz)( XC (40°C)><|: ) } —120000 + 120000

—240000 + 120000 + 120000
Paso 3: Calcule los desplazamientos.

kxu=F+0

u=inv (k)x(F+6)
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33333333.33 - —33333333.33 - O u, F, —240000
—33333333.33  63333333.33 30000000 [x|u, |=| 500x 10° + 120000
0 —30000000 30000000 U, 0+120000

Resolviendo se obtienen los siguientes desplazamientos:

u, =0.0222m

u, =0.0262m

Paso 4: Para determinar si choca o no, se tiene que sumar todos los desplazamientos y verificar

si es mayor o menor que "x" (x=5x10"m).
Su=44.8x10"m

Se observa que el resultado final es mayor que "x", razén por la cual las barras si chocarian.

Paso 5: Calcule los esfuerzos.

o, :l%x[—l 1]><|:3i:|:|—E><(x><AT

J

9 O —6
G, = [w x[-1 1] [o ozzzﬂ - [(250 x10°)x (%)(40%)} =62.5x10’
m 0

0.0262

| 0.02222 s
G, = [—200 Z 0P -1 1] ><|: H - [(200 x10°)x (%](40%)] =-11921x107 =0
m

B. Resolucion con MATLAB

>> A = [63333333.33 -30000000; -30000000 30000000 ]
A =
1.0e+007 *

6.3333 -3.0000
-3.0000 3.0000

>> f = [500%10~3+120000; 120000]
f =

620000
120000

>> u = inv(A)*f
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>> % SE CALCULARA EL DESPLAZAMIENTO TOTAL U QUE VIENE A SER LA SUMA DE LOSE
DESPLAZAMIENTOS NADALES:

>> ul = 0.0222;

>> u2 = 0.0262;

>> U = ul+u2

U =
0.0484

>> % EL VALOR OBTENIDO ES MAYOR QUE X, POP LO TANTO LA BARRA CHOCA EN LA PARED

>> % CALCULO DE ESFUERZOS:

>> E1 = 250*1079;
>> E2 = 200*1079;

>> L1 = 6;
>> L2 = 4;
>> Ul = 0;

>> U2 = 0.0222;

>> U3 = 0.0262;

>> al = 30*10"-6;

>> a2 = 25*10"-6;

>> dT = 40;

>> % ESFUERZO ENTRE 1 Y 2:

>> G12 = ((E1/L1)*[-1 1]1*[Ul; U2])-(E1*al*dT)

G12 =
625000000

>> % ESFUERZO ENTRE 2 Y 3:
5> G23 = ((E2/L2)*[-1 1]*[U2; U3])-(E2*a2*dT)
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X,y X,Y
u’i ’ V,i s %
En el nodo de 1, GDL En el nodo de 2, GDL

Nota. El desplazamiento lateral v, no contribuye al estiramiento de la barra, dentro de la teoria lineal.

5.1. TRANSFORMACION

u
u',=u cosB+v senf=|c s]{v'}

V.

u.
V) =—usenf+v,cos6 =[-s c]{ '}

Donde:
c=cosH
s=sen0
Se tiene la siguiente forma de la matriz:
U c s|fu
vi| |- c]lv,
u=Tu

Se observa que la matriz es ortogonal, es decir:

ot
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Para los dos nodos del elemento de la barra, se tiene lo siguiente:

) T o
u=Tu con T=
0

Las fuerzas nodales se transforman de la misma manera:

f=Tf

5.2. MATRIZ DE RIGIDEZ EN 2D

En el sistema de coordenadas local, se tiene lo siguiente:

T

Aumentando esta ecuacién, simplemente escriba lo siguiente:

1 0 -1 o]|u, f
EA| 0 0 0 Of]|V] 0
L|-1 0 ol|u [ 1F,

0o 0 0 oflv,|] |o

ku'=f

Usando las transformaciones obtenidas, se tiene que:
kTu=Tf

Multiplicdindose ambos lados por T"y notando que T'T =1 estaria dado por:
TkTu=f

Asi, la matriz de rigidez de elemento k en el sistema de la coordenada global seriak = T'k’T que es una
matriz simétrica de 4x 4. En forma explicita:

u v. u V.
¢® cs —c’ —cs
k=—/| cs s° —cs—s’
—c>—cs s* cs

—cs—s> ¢s s’
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El cilculo de los cosenos direccionales | y m:
X, =X, Y-,

c=cosf= JL , m=senf=—"———

La matriz de rigidez de estructura se ensambla usando los elementos de la matriz de rigidez de la
manera usual, como en el caso 1D.

5.3. ESFUERZO DEL ELEMENTO

u’; 1 1]|cs00
o=Ee=EBy , =E|— —
u’, L L]J|0Ocs

]

< £ < €

J

Es decir:

E
G_I[_c -s ¢ s

< &£ < £

EJERCICIO 1

Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

20, ®
? 20m Q
E =250 GPa -
-
A=5x10"m’ 2 %
P =10000 kN Z o7 b=12m
Q= 8000 kN -
/ o
Z 30 >
e 20m
® "

A. Resolucion
Paso 1: Calcule las longitudes de a y b.
e Para el caso de a:
0530°=2 5087=22 5 hip=22.98~23m
hip hip
¢ Parael caso de b:

tan30° =2 0.582%—) c0=11.6=12m
Ca
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Paso 2: Calcule los dngulos.

(m)
k, 1-2 0 1 0 1 0 0 20

k, 2-3 90 0 1 0 1 0 12
k, 1-3 30 08 05 074 0.25 043 23
k 3-4 180 -1 0 1 0 0 30

4

Paso 3: Realice el calculo para cada barra:

g
L
-4 9
- (5x10™)(250% 10 )=6250 o
20
—4 9
, =(5x10 )(250x10 )=10417 s
12
—4 9
J3=(5><10 )(250x10 )=5435 o
23
-4 9
. =(5><1o )(250x10 )=6250 o
20
Paso 4: Desarrolle las matrices.
(u v. u v |

_AxE 2

kij cs s° —cs—s’
—c*—cs s* s
| —cs—s” ¢s s” |
Barra 1-2:
(u, v, u, v, u v, u v, ]|
1 0 -1 0 0 0 O O
0O 0 0 O O O o0 o
-1 0 1. 0 0 O 0 O
k,=6250kPax| 0 0 O O O O 0 O
0O 0 0 O O O o0 o
0O 0 0 O O O o0 o
0O 0 0 O O O o0 o
(0 0 0 00 0 0 0




ANALISIS ESTRUCTURAL CON MATRICES 77

Barra 2-3
[u, v, u, v, u, v, u, v, ]
0O 0 0 0 0O 0O o0 o
0O 0 0 0 o O o0 o
0O 0 0 0 0O O o0 o
k,=10417kPax|{0 O O 1 O -1 0 O
0O 0 0O 0 0O O o0 o
0O 0 0 -1 0 1 o0 O
0O 0 0O 0 0O O o0 o
0 0 0 0 0 0 0
Barra 1-3
[y, v, u, v, u v, u, v, ]|
074 043 0 O -074 -043 0 O
043 025 0O O -043 -025 0 O
0 0 0 O 0 0 0 O
k, = 5434 kPax 0 0 0 O 0 0 0 O
-074 -043 0 O 074 043 0 O
-043 025 0 O 043 025 0 O
0 0 0 O 0 0 0 O
o o 00 0o 0 0 0]
Barra 3-4
[u, v, u, v, u; v, u, v,
0O 0 0o o o O o o
0O 0o 0o 0o o o o o
0O 0 0O 0o o O o o
k,=6250kPax{0 0 O O O O O O
O 0o o 0o 1 0 -1 0
0O 0o 0o 0o o o o o
o 0o 0o 0 -1 0o 1 o0
0 0 0 0 0 0 0 0]

Por tanto, la matriz ensamblada seria como sigue:

>> K = [ 10271160 2336620 -6250000 0 -4021160 -2336620 0 ©; 2336620 1358500 0 O :
-2336620 -1358500 @ 0; -6250000 © 6250000 0 0 © 0 0; © 0 © 10417000 O -10417000 O :
0; -4021160 -23366200 © 10271160 2336620 11775500 0 ©; 0 © © O -6250000 © 6250000 :
0; 0000000 0] :
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-2336620
-1358500
0
-10417000
11775500
0

2]

BARRA 2D

CapiTuLO 5
K =
Columns 1 throunh 6
10271160 2336620 -6250000 0 -4021160
2336620 1358500 0 0 -2336620
-6250000 0 6250000 0 0
0 0 0 10417000 0
-4021160 -23366200 0 10271160 2336620
0 0 0 0 -6250000
0 0 0 0 0
Columns 7 throunh 8
0 0
0 0
0 0
0 0
0 0
6250000 0
0 0

Paso 6: Calcule los desplazamientos nodales.

u,=0m

v, ==15.2537m
=4.0306 m
v, =-14.2937m

U

B. Resolucion con MATLAB

[10271160- - 2336620 - - ~6250000 - - - - OESEES —4021160 - --2336620- - - - - 0o~ 0] [u,]
| 2336620 -~ 1358500 - Boosocscss Groooas ~2336620 - ~~1358500- - - - - G----- ol v
-6250000 é 6250000 0 0 0 @ ¢) u,
0 0 0 10417000 0 -10417000 0 of [v,
-4021160 —2336620 0 0 10271160 2336620  —6250000 0 o |7
-2336620 -1358500 0 -10417000 2336620 11775500 0 0| |v,
peee@essasacs {Hom=asass Poosossmss 0------=6250000 - ---- Foo=ess 6250000-- 0| |u,
o 0 0 0 0 0 00 |v.]

f

x1

(
0
—10000 kN

8000 kN

>> A = [6250000 0 0 0; O 10417000 © -10417000; © © 10271160 2336620; © -10417000

2336620 11775500]
A =

6250000
0
0
0

F =
7]

-10000000
8000000

(]
10417000
0
-10417000

] ]
0 -10417000
10271160 2336620
2336620 11775500

>> F = [0; -10000%1073; 8000*10"3; 0]
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>> u = inv(A)*F
u =
0
-15.2537
4.0306
-14.2937

Cdlculo de las fuerzas en cada articulacion

F, = —(4021160)(4.0306) — (2336620)(~14.2537) = ~17098 kN
F, =—(2336620)(4.0306) - (1358500)(~14.2537) = 9946 kN

F, = —(6250000)(4.0306) = —25191 kN

>> K = [10271160 2336620 -6250000 © -4021160 -2336620 © 0; 2336620 1358500 0 0;

-2336620 -1358500 0 O;...

-6250000 © 6250000 0 0 0 O O; O O O 10417000 O -10417000 0 O; -4021160 —23366206;

0 10271160 2336620 11775500 0 ©;...
0 0 0 0 -6250000 © 6250000 0; 0 © © 0 0 0 0 Q]
K =

Columns 1 through 6

10271160
2336620
-6250000
(]
-4021160
()

2]

2336620
1358500

0

0
-23366200
(]

2]

Columns 7 through 8

[CIGIR R

6250000
2]

U
(4]

(4]

(4]

-15.2537
4.0306
-14.2937

(4]

(4]

>> F = K*U
F =
1.0e+08 *
0.1719
0.1000
0
-0.1000
-3.1557
-0.2519

[CIGCR R R RG]

>> U = [0; 0; 0; -15.2537; 4.0306;

-6250000
(]
6250000

(SRR

[CRGCN ]

10417000
10271160
()
2]

-14.2937; 0; 0]

-4021160
-2336620
0

(]
2336620
-6250000
2]

-2336620
-1358500
2]

-10417000

11775500
(]
2]
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Célculo de los esfuerzos en cada barra

o, =%[—1 1][

12

23

13

34

250%10°

250x 10°

250x 10°

C

20

9
250x10 [ 1

12

23

s 0 0Oy
0 0 c sfu

[-1

[-1

u

J

Vi
S
1000 0
1] =0
0010 0
| -15.2537 |
o ]
0 1 0 0]|-15.2537
1] =19.9 GPa
0 0 0 1] 4.0306
| -14.2937 |
0
08 05 0 0
1] =39.7GPa
0 0 086 05| 4.0306
-14.2937
4.0306
-1 0 0 0]|-14.2937
] =50.3GPa
0 0 -10 0

BARRA 2D

>> % CALCULO DE LOS ESFUERZOS:

>> % ESFUERZO

DE 1 A 2:

>> E = (250%1079/20)*[-1 1]*[1 © © 0; © @ 1 0]*[0; 0; 0; -15.2537]

E =
0
>> % ESFUERZO

DE 2 A 3:

>> E2 = (250%1079/12)*[-1 1]*[0 1 @ @; © @ @ 1]*[0; —15.2537; 4.0306; -14.2937]

E2 =
2.0000e+10
>> % ESFUERZO

>> E3 = (250%10°9/23)*[-1 1]*[0.86 0.5 0 0; 0 0 0.86 0.5]*[0; 0; 4.0306;

E3 =
-4.0006e+10
>> % ESFUERZO

>> E4 = (250%1079/20)*[-1 1]*[-1 0 © ©; @ @ -1 0]*[4.0306; -14.2937; 0; 0]

E4 =
5.0383e+10

DE 1 A 3:

DE 3 A 4:

-14.2937] :
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Hallar los desplazamientos, fuerzas y esfuerzos.

e
;
E =300 GPa ;
_ -4 2
A=8x10"m ;
P =5000 kN 7
Q =28000kN e
e
e
e
s
y

A. Resolucion
Paso 1: Calcule las longitudes de ay b.

¢ Para el caso de la hipotenusa:

sen60° =2 5087=2 L hip=11.49~12m
h|p hip

¢ Para el caso de ca:

c0560°=ﬁ—>0.50=3%ca= 6m
hip 12

Paso 2: Calcule los dngulos.

Barra (4 CS I
(m)
1

08 05 075 0.25 043 12
k, 2-3 180 -1 0 1 0 0 10
k 1-3 90 0 1 0 1 0 6

8

Paso 3: Realice los calculos para cada barra.

JI=E
L
9
1=(8><10 )(300><1o)= 000N
12 m

. (8x107)(300x10°) 000N
10 m

-4 9
_ (8x10)(300%10°)  10000KN
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Paso 4: Desarrolle las matrices.

Barra 1-2
[y, v, u, vV, u V]
075 043 -075 -043 0 O
043 025 -043 -025 0 O
k, = ZOOOOk—NX -0.75 -043 075 043 0 O
m -043 -0.25 043 025 0 O
0 0 0 0 0 O
| O 0 0 0 0 0]
Barra 2-3
[u, v, u, v, u V]
0O 0 0O O o0 o
0O 0 0 O o0 o
k, = 24000k—NX 0O 0 1 0o -1 o
™ lo 0o 0o 0 0 o
0O 0 -1 0 0
0 0 0 0 0 o0
Barra 1-3
[u, v, u, v, Uy V]
0O 0O O O o0 o
0O 1 0 0 o0 -1
k, = 40000k—N>< 0O 0 0 O o0 o
m 0O 0 0O O 0 o
0O 0O O O o0 o
0 -1 0 0 0 1]

Por tanto, la matriz ensamblada seria asi:

>> K = [15000000 860000 -15000000 -860000 0 0; 860000 45000000 -860000 -5000000 @?
-40000000; —15000000 -860000 39000000 860000 -24000000 0; -860000 -5000000 860000
5000000 0 0; © O -24000000 O 24000000 0; O -40000000 0 O O 40000000 ]

K =
15000000 860000 -15000000 -860000 0 0
860000 45000000 -860000 -5000000 0  -40000000
-15000000 -860000 39000000 860000  -24000000 0
-860000 -5000000 860000 5000000 ) [
0 0  -24000000 0 24000000 0

0  -40000000 0 [ [ 40000000
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Paso 5: Elimine filas y columnas en los nodos 1y 3 (por ser articulaciones).

[ 1500000 - - - - 860000- - - -~15000000- - 860000 ------ (o | [l [
-860000- - - - 45000000 - - - ~860000- - - ~5000000-- - - - - 0reono- ~40000000 | v, | | ;-
~15000000 860000 39000000 860000 24000000 0 u, | | 8000kN
~860000 —5oqoooo 860000 5000000 cp o ["|v,|”|-s000kn
Soe(pemsnanasas 0 -~~~ --~24000000 - Bemaoed 240000000 -~~~ Greoes | Jlag || || =Gy
[ ---6---ooo- ~40000000- - Qe Qe 0 -- 40000000 | |v,| | fi |

Paso 6: Calcule los desplazamientos nodales.

u, =0.2280m

v, =—1.0392m

B. Resolucion con MATLAB

>> [39000000 860000; 860000 5000000 ]
A =
39000000 860000
860000 5000000
>> F = [8000*%1073; -5000*10"3]
F =
8000000
-5000000
>> U = inv(A)*F
U =
0.2280
-1.0392

>> K = [15000000 860000 -15000000 -860000 © 0; 860000 45000000 -860000 -5000000 0;
-40000000; -15000000 -860000 39000000 860000 -24000000 0; -860000 -5000000 8600005
5000000 © O; O 0 -24000000 O 24000000 0; O -40000000 0 0 © 40000000 ] :

K =
15000000 860000 -15000000 -860000 0 0
860000 45000000 -860000 -5000000 0 -40000000
-15000000 -860000 39000000 860000 -24000000 0
-860000 -5000000 860000 5000000 0 0
0 0 -24000000 0 24000000 0
0 -40000000 0 0 0 40000000
>> U = [0; 0; 0.2280; -1.0392; 0; 0]
U =
0
(%]
0.2280
-1.0392
0
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1.0e+06 *
-2.5263
4.9999
7.9983
-4.9999
-5.4720

Calculo de los esfuerzos en cada barra

0
300 x10° 0.8 05 0 0
= ——[-1 1] = -8.6299 GPa
12 0 0 086 05| 0.8657
-2.1794
0.8657
300x10° -1 0 0 0]l-2.1794
Oy = |1 1] =2.59x10" Pa
12 0 0 -1 0 0
0
0
300x10° 0 1 0 o]fo
w=——1-1 1] =0Pa
0 00 1flo
0

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> E12 = (300*%1079/12)*[-1 1]*[0.86 0.5 0 0; © © 0.86 0.5]*[0; 0; 0.8657; -2.1794] :
E12 = :
-8.6299e+09
>> % ESFUERZO DE 2 A 3:
>> E23 = (300%1079/10)*[-1 1]*[-1 0 @ ©; @ @ -1 0]*[0.8657; -2.1794; 0; 0]
E23 =
2.5971e+10
>> % ESFUERZO DE 1 A 3:
>> E13 = (300*%1079/6)*[-1 1]*[0 1 0 0; 0 0 0 1]*[Q; 0; 0; 0]
E13 =
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Hallar los desplazamientos, fuerzas y esfuerzos.

A OIFTHON
e
e
E=200 GPa / Q&
=9 - ")(0
A=5x10"m yd Z _
9z Q co=25m
P =3000 kN o <
e
Q =6000kN o R
7 45 @
e @ca=25m
e Q 77777

A. Resolucion

Paso 1: Calcule las longitudes de ay b.

¢ Para el caso de la hipotenusa:

25
send5° =2 _50.707==> s hip=35.35~35m
hip hip

e Para el caso de ca:

C0s45° =h°fa—> 0.707 = ;—a s ca=24.75~25m
ip

Paso 2: Calcule los dngulos.

(m)
k, 1-2 0 1 0 1 0 0 25

k, 1-4 270 0 -1 0 1 0 25
k, 4-2 45 0.7 0.7 049 049 0.49 35
k, 4-3 0 1 0 1 0 0 25
k 3-2 90 0 1 0 1 0 25

ul

Paso 3: Calcule los valores para cada barra.

Para las barras 1-2, 1-4, 4-3 y 3-2, se tiene las mismas longitudes, por lo tanto:

L (5x10™)(200x10°) —avips
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Para la barra 4-2, se tiene que:

(5x10™)(200x10°)

), = =2.85MPa
35
Paso 4: Desarrolle las matrices.
Barra 1-2
[u, v, u, v, u v, u V]
1 0 -1 0 0 O O O
0O 0 0 0 0 0 0 O
-1 0 1 0 0 O O O
k,=4MPax{0O O O O O O O O
0O 0 0O O O o o0 o
0 0 0 0 0 0 0 O
0O 0 0O O O o o0 o
|0 0 0 0 0 0 O Of
Barra 1-4
[u, v, u, v, u v, U, V]
0O 0 0 0o O O o0 O
0 1. 0 0 0 O 0 -1
O 0 0 0o 0O O o0 O
k,=4MPax|{0 O O O O O O O
O 0 0 0o 0O O o0 O
0O 0 0 0 0O O o0 O
O 0 0 0o 0O O o0 O
0 -1 0 0 0 0 0 1]
Barra 4-2
[u, v, wu, vV, u Vv, u, v, |

k, =2.85MPax

O O O O O o o o
o
o
e}
o
o
©
O O O O O o o o
O O O O O O O o
|
o
N
©
|
©
N
)
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Barra 4-3

1
J

c

<

,_\
[l

N
<

~
S

<

w
c

IS
<

IS

o O O o

k, =4 MPax

O »r 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

r
L

Barra 3-2

1
I

S

<

N
c

<

N)
c

w
<

w
<

IS
<

I

o O O

k, =4 MPax

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 O » O

r
L

Por tanto la matriz ensamblada estaria dado por lo siguiente:

>> K = [4000000 © -4000000 © © © O O; O 4000000 © © O O O -4000000; -4000000 O :
5396500 1396500 0 O -1396500 -1396500; O O 1396500 5396500 © -4000000 —1396500;
-1396500; 0 © © O 4000000 © -4000000 0; © 0 0 -4000000 © 4000000 0 ©; 0 © -1396500 :
-1396500 -4000000 O 5396500 1396500; © -4000000 -1396500 -1396500 0 O 1396500;

5396500]
K =
Columns 1 through 6
4000000 0 -4000000 0 0 0
0 4000000 0 0 0 0
-4000000 0 5396500 1396500 0 0
0 0 1396500 5396500 0 -4000000
] ] 0 ] 4000000 ]
0 0 0 -4000000 0 4000000
0 0 -1396500 -1396500 -4000000 0
] -4000000 -1396500 -1396500 0 0
Columns 7 through 8
0 0
0 -4000000
-1396500 -1396500
-1396500 -1396500
-4000000 0
0 0
5396500 1396500

1396500 5396500

87
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Paso 5: Elimine filas y columnas en los nodos 1y 3 (por ser articulaciones).

[ 4000000 - - - (R ~4000000- - - - - - Bosscassa () SR (| R (R Bhose

H
!
'
)
]
'
'

u x1
e 4000000 - 0o S Gonnnnees 0 -nnneees 0-----—4000000| [v,| | £,
~4000000 0 5396500 1396500 0 0  -1396500 —1396500| |u, | | 3000kN
0 0 1396500 5396500 0 4000000 —1396500 -1396500| |v, 0
0 S 0 04000000 -0 -~ 4000000 - -0 | “|u, || £,
BUSY S G 0-----—4000000- - - -0 - - - - - 4000000 - - - 0 -~~~ -- o [vs| | £,
0 0  -1396500 -1396500 -4000000 O 5396500 1396500 | |u, 0
| 0 4000000 -1396500 -1396500 O 0 1396500 5396500 | |v, | |-6000kN]|

Paso 6: Calcule los desplazamientos nodales:
u, =0.8593
v, =0.1093
u, =—0.1093

v, =1.3907

>> A = [5396500 1396500 -1396500 -1396500; 1396500 5396500 -1396500 —1396500;%
-1396500 -1396500 5396500 1396500; -1396500 -1396500 1396500 5396500] ]
A =
5396500 1396500 -1396500 -1396500
1396500 5396500 -1396500 -1396500
-1396500 -1396500 5396500 1396500
-1396500 -1396500 1396500 5396500
>> £ = [3000*%1073; 0; 0; 6000*10"3]
f =
3000000
7]

0
6000000

>> U = inv(A)*F
U =
0.8593
0.1093
-0.1093
1.3907

>> K = [4000000 © -4000000 © © © © O; O 4000000 © © © O O -4000000; -4000000 O :
5396500 1396500 0 © -1396500 -1396500; O O 1396500 5396500 © -4000000 —1396500;
-1396500; © 0 0 O 4000000 O -4000000 0; O O O -4000000 O 4000000 0 0; 0 O —1396500§
—1396500 -4000000 © 5396500 1396500; © -4000000 -1396500 -1396500 © © 1396500 :
5396500] 3



8593; 0.1093; 0; 0; -0.1093; 1.3907}

K =
Columns 1 through 6
4000000 (2]
(2] 4000000
-4000000 (2]
(2] (2]
(2] (2]
(2] 0
(2] (2]
(2] -4000000
Columns 7 through 8
(2] (2]
(2] -4000000
-1396500 -1396500
-1396500 -1396500
-4000000 (2]
(2] (2]
5396500 1396500
1396500 5396500
>> U = [0; 0; 0.
U =
0
0
0.8593
0.1093
0
0
-0.1093
1.3907
>> F = K*U
F =
1.0e+06 *
-3.4372
-5.5628
3.0004
0.0004
0.4372
-0.4372
-0.0004
5.9996

-4000000
0
5396500
1396500
2]

0
-1396500
-1396500

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> E12 = ((200%1079)/25)*[-1 1]*[1 © 0 ©; © @ 1 8]*[0; 0; 0.8593; 0.1093]

E12 =

6.8744e+009

>> % ESFUERZO DE 1 A 4:

>> E14 = ((200%1079)/25)*[-1 1]*[0 -1 © ©; © © © -1]*[0; ©; —0.1093; 1.3907]

E14 =

-1.1126e+010

ANALISIS ESTRUCTURAL CON MATRICES

1396500
5396500
2]
-4000000
-1396500
-1396500

[CRCR RN ]

4000000
0
-4000000
2]

2]
-4000000
0
4000000
2]

2]
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>> % ESFUERZO DE 4 A 2:

BARRA 2D

>> E42 = ((200%*1079)/35)*[-1 1]*[0.7 ©.7 © ©0; © @ 0.7 0.7]*[-0.1093; 1.3907;;

0.8593; 0.1093]
E42 =
-1.2512e+009

>> % ESFUERZO DE 4 A 3:
>> E14 = ((200%1079)/25)*[-1 1]*[1 © @ 0; © @ 1 0]*[-0.1093; 1.3907; 0: 0]

E14 =
874400000

>> % ESFUERZO DE 3 A 2:
>> E32 = ((200*1079)/25)*[-1 1]*[0 1 @ 0; @ @ @ 1]*[0; ©; ©.8593; 0.1093]

E32 =

874400000

EJERCICIO 4

Hallar los desplazamientos, fuerzas y esfuerzas en cada caso.

s
E=200 GPa g‘@ 6m T@ 6m @ R

A=3x10"m’ 7 e
P =12000 kN =
Q =10000 kN g 30°
R =8000 kN @ _.a
S =5000 kN @
P

A. Resolucion

Paso 1: Calcule las longitudes de ay b.

e Para el caso de ca:

0s30° = 50.87="2 5ca=104~10m
hip 12

¢ Para el caso de la hipotenusa:

sen30°=2—>0.5:i—>hip:12 m
hip hip
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Paso 2: Calcule los dngulos.

(m)

k, 0.87 0.25 0.757 0.435

k, 1-5 90 0 1 0 1 0 10
k, 5-4 0 1 0 1 0 0 6
k, 4-3 0 1 0 1 0 0 6
k, 2-4 120 -05 086 025 0750 -0.43 12
k 2-3 90 0 1 0 1 0 10

@

Paso 3: Calcule los valores para cada barra.

Para las barras 1-4 y 2-4, se tiene las mismas longitudes, por lo tanto:

L (3x107)(200x10°)

; = 5MPa
12

Para las barras 5-4 y 4-3, se tienen las mismas longitudes entonces:

B (3x107)(200x10°)

, = =10MPa
6

Para las barras 1-5 y 2-3, se tienen las mismas longitudes, por ende:

B (3x10)(200x10°)

, = 0 =6MPa
Paso 4: Desarrolle las matrices.

Barra 1-4 ~ ~

u, v, u, Vv, u; v, u, v, Us Vs

025 0435 0 O O O -025 -0435 0 O

0435 0757 0 O O O -0435 -0.757 0 O

0 0 0 0 0 O 0 0 0 O

0 0 0 0 0 O 0 0 0 O

k, =5MPax 0 0 0 0 0 O 0 0 0 O

0 0 0 0 0 O 0 0 0 O

-025 -0435 0 0O O O 025 0435 0 O

-0.435 -0.757 0 O O O 0435 0757 0 O

0 0 0 0 0 O 0 0 0 O
0 0 0 0 0 O 0 0 0 0]
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Barra 1-5

0

k, =6MPax| 0

Barra 5-4

0

k, =10 MPax| O

Barra 4-3

0

k, =10 MPax| 0
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Barra 2-4 B _
u vV, U, vV, Uy Vv, u, Vv, U Vg
0 O 0 0 0 O 0 0 0 O
0 0 0 0 0 O 0 0 0 O
0 0 025 -043 0 O -025 043 0 O
0O 0O -043 075 O 0O 043 075 0 O
k,=5MPax| 0 O 0 0 0 O 0 0 0 O
0 O 0 0 0 O 0 0 0 O
0 0O -025 043 O O 025 -043 0 O
0O 0O 043 -075 0 0O -043 075 0 O
0 O 0 0 0 O 0 0 0 O
|0 O 0 0 0 O 0 0 0 0]
Barra 2-3 B _
u Vv, U, vV, u VvV, u, Vv, u; Vg
0 0 0 0 0 0O O O 0O O
0 0 0 0 0O O O O 0O O
0O 0 0 0 0 0O 0O 0O 0 O
0 0 0 1. 0 -1 0 0 O O
k,=6MPax{0 0O O O O O O O O O
0O 0 0 -1 0 1 0 0 0 O
0O 0 0 0 0 0O O O 0O O
0 0 0 0 0 0O O O 0O O
0 0 0 0 0 0O O O 0O O
|0 0 0 0 0 0 0 O O O]

Por tanto, la matriz ensamblada estaria dada por:

>> K= [1250000 2175000 © © © © -1250000 -2175000 © 0©; 2175000 9785000 0 © O O :
-21750000 -3785000 0 -6000000; O 0 1250000 -2150000 0 © -1250000 2150000 © 0; © 0
—-2150000 9750000 0 -6000000 2150000 -3750000 0 ©; © © © © 10000000 O -10000000 © 0
0;0 0 0 -6000000 O 6000000 0 0 © O; -1250000 2175000 -1250000 2150000 -10000000 O :
22500000 25000 -10000000 ©; -2175000 -3785000 2150000 -3750000 0 © 25000 7535000;
0 0; 00000 0 -10000000 0 10000000 O; O -6000000 © © © © © © © 6000000] :

K =
1250000 2175000 0 0 ° 0 -1250000 2175000 0 o
2175000 9785000 ° 0 0 0 -2175000 -3785000 o -6000000 :

0 e 1250000 -2150000 ° 0 -1250000 2150000 0 0
0 0 -2150000 9750000 0 -6000000 2150000  -3750000 0 0
° ° ° 0 10000000 o -10000000 0 0 0
° ° 0  -6000000 0 6000600 0 ° ° 0
-1250000 -2175000 -1250000 2150000 -10000000 0 22500000 25000 -10000000 0
2175000  -3785000 2150000  -3750000 0 ° 25000 7535000 0 0:
° ° ° 0 0 0 10000000 o 10000000 0
0  -6000000 ) ) ) ° 0 0 0 6000000 :
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Paso 5: Elimine filas y columnas en los nodos 1y 3 (por ser articulaciones).

Paso 6: Calcule los desplazamientos nodales.

B. Resolucion con MATLAB

u, =182.2022 m

v, =96.8851 m
u, =3.0022 m
v, =96.8851 m
u, =2.2022 m
v, =-3.1149m

1250000 - -2175600- - - - -0~ - - - - - o------- - 0 - - - - =1250000 - ~2175000- - - - O ------- 8---
-2175600- - -9785000- - - - -0~ - - - - - - 0------- 0 - 0 - - - - —2175000 - —3785000- - - - - 0 - - - - =5000000

0 0 1280000 2150000 0 0 ~1250000 2180000 0 0

0 0 ~2150000 9750000 0 ~6000000 2150000  —3750000 0 0

0 0 0 10000000 0 ~10000000 0 0 0

0 0 ~6000000 0 6000000 0 0 0 o "
~1250000 -2175000 —1250000 2150000 10000000 0 22500000 25000  —10000000 0
2175000 3785000 2150000 ~3750000 0 0 25000 7535000 0 0
L OSEESES (eomoess E==ossss OEEEELEE Frossosoy 0 - - - ~=10000000- - - - 0~ - - - - 10000000 - -~ -0~ - -
|-~ 0----~6600000 - - -0------- g------- 0 ------ o e g------- f---- oo 0 - ----6000000-| |

BARRA 2D

- f,)d, -
--f--
10000 kN
—12000 kN
8000 kN
0
0
5000 kN
- ,f;s, -
- ,f;s, -

>> A = [1250000 -2150000 0 0 -1250000 2150000; -2150000 9750000 © -6000000 2150000€

—-3750000; © O 10000000 O -10000000 O; O -6000000 O 6000000 O O;
-10000000 © 22500000 25000; 2150000 -3750000 © © 25000 7535000]

A =
1250000 -2150000 0 0 -1250000
-2150000 9750000 0 -6000000 2150000
0 0 10000000 ] -10000000
0 -6000000 0 6000000 0
-1250000 2150000 -10000000 0 22500000
2150000 -3750000 0 0 25000
>> F = [10000%1073; -12000*10"3; 8000*10"3; ©; 0; 5000*10"3]
F =
10000000
-12000000
8000000
0
0
5000000
>> U = inv(A)*F
U-=
182.2022
96.8851
3.0022
96.8851
2.2022

2150000
-3750000
2]

2]

25000
7535000

-1250000 2150000;
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Célculo de las fuerzas en cada articulacién

F, = -1250000(2.2022) — (2175000)(~3.1149) = 4022157.5 N

F., =-2175000(2.2022) - (3785000)(~3.1149) = 7000111.5 N

=
F . =—10000000(2.2022) = 22022000 N

F;=0N

y5

>> K= [1250000 2175000 © © © © -1250000 -2175000 © 0; 2175000 9785000 © © © O :
-2175000 -3785000 © -6000000; © © 1250000 -2150000 © © -1250000 2150000 0 0; 0 O :
-2150000 9750000 © -6000000 2150000 -3750000 © 0; © © © © 10000000 © -10000000 O
0 0; 0 0 0 -600000 0 6000000 0 © O 0; -1250000 -2175000 -1250000 2150000 -1000000 :
0 22500000 25000 -1000000 0; -2175000 -3785000 2150000 -3750000 © 025000 7535000 :
0 0; 00000 0 -10000000 O 10000000 O; O -6000000 © © © © © © © 6000000] :

K =
1250000 2175000 2] 2] 2] 2] -1250000 -2175000 2] 2]
2175000 9785000 0 2] 2] 2] -2175000 -3785000 2] -6000000

2] 2] 1250000 -2150000 0 0 -1250000 2150000 2] 2]
2] 0 -2150000 9750000 0 -6000000 2150000 -3750000 0 2]
0 2] 0 2] 10000000 © -10000000 2] 0 2]
0 2] 0 -6000000 0 6000000 (] 2] ] 2]
-1250000 -2175000 -1250000 2150000 -10000000 (2] 22500000 25000 -10000000 (2]
-2175000 -3785000 2150000 -3750000 2] 2] 25000 7535000 0 2]
0 2] 0 2] 0 © -10000000 2] 10000000 2]
0 -6000000 0 2] 0 2] 2] 2] 2] 6000000

>> U = [0; ©; 182.2022; 96.8851; 3.0022; 96.8851; 2.2022; -3.1149; 0; 0]

U =

182.2022
96.8851

96.8851

1.0e+007 *

0.4022
0.7000
1.0000
1.2000
0.8000
(4]
-0.0000
0.5000
-2.2022
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Célculo de los esfuerzos

0
200x10° 05 087 0 O 0
w1 1] =-2.7x10" Pa
12 0 0 0.5 087] 2.2022
—-3.1149
[0
200x10° 0 0 0]lo
15:;[_1 1] =0Pa
10 0 0 1]lo
0
S
200x10° 1 00 0
=1 1] =7.27x10" Pa
6 0 1 0] 2.2022
| -3.1149
[ 2.2022 ]
2 10° 1 0 0 0} -3.1149
43=M[—1 1] =2.64x10" Pa
6 0 0 1 0f 3.0022
| 96.851 |
182.2022
200x10° -05 086 O 0 ]| 96.8851
w =1 1] =6.8x10" Pa
12 0 0 -05 0.86| 2.2022
—-3.1149
182.2022
200x 10° 0 1 0 0]l 96.8851
3= . [_1 1] =-682 MPa
10 0 0 0 1| 3.0022
96.851

BARRA 2D

>> % CALCULO DE LOS ESFUERZOS:

>> % ESFUERZO DE 1 A 4:

>> E14 = ((200%1079)/12)*[-1 1]*[e.
-3.1149]

E14 =
-2.6814e+010

>> % ESFUERZO DE 1 A 5:
>> E15 = ((200%1079)/10)*[-1 1]*[0 1

5 0.87 © ©; © 0 0.5 0.87]*[0; ©; 2.2022; :

0 0; 000 1]*[0; 0; 0; 0]
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>> % ESFUERZO DE 5 A 4:
>> E54 = ((200*1079)/6)*[-1 1]*[1 0 © 0; © © 1 0]*[0; 0; 2.2022; -3.1149]

E54 =
7.3407e+010

>> % ESFUERZO DE 4 A 3:
>> E43 = ((200%1079)/6)*[-1 1]*[1 0 © 0; 0 @ 1 0]*[2.2022; -3.1149; 3.0022; 96.851] :

E43 =
2.6667e+010
>> % ESFUERZO DE 2 A 4:
>> E14 = ((200*%1079)/12)*[-1 1]*[-0.5 0.86 0 ©; © © -0.5 0.86]*[182.2022; 96.8851; :
2.2022; -3.1149]
E24 =
-6.6667e+010
>> % ESFUERZO DE 2 A 3:
>> E23 = ((200%1079)/10)*[-1 1]*[0 1 @ ©; © @ 0 1]*[182.2022; 96.8851; 3.0022; :
96.851]

E23 =

-682000000

Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

E=320GPa
A=5x10"m’
P = 7000 kN
Q =9000 kN

A. Resolucion

Paso 1: Calcule los angulos.

Barra Longitud
(m)
1 37

0.60 0.64 036 048
k 2-3 300 05 -0.87 0.25 0.76 -0.44 10

2
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Paso 2: Calcule los valores para cada barra.

L
L
(5x10™*)(320x10°)
)= =8.8 MPa
18
(5x107)(320x10°)
)= =16 MPa
10
Paso 3: Desarrolle las matrices.
Barra 1-2
[ ul Vl l"12 VZ u3 V3-
0.64 048 -064 -048 0 O
048 036 -048 -036 0 O
k,=8.8MPax|-0.64 -048 064 048 0 O
-0.48 -036 048 036 0 O
0 0 0 0 0 O
| 0 0 0 0 0 0]
Barra 2-3
Ful Vl uZ VZ u3 1
0 0 0 0 0
0 O 0 0 0
k,=16 MPax[ 0 0 0.25 -0.44 -0.25 0.44
0O 0O -044 0.76 044 -0.76
0 0 -025 044 025 -0.44
|0 0 044 -076 -0.44 0.76 |

Por tanto, la matriz ensamblada estaria dada por:

>> K = [5632000 4224000 -5632000 -4224000 0 0; 4224000 3168000 -4224000 -31680000 0;
0; -5632000 -4224000 9362000 -2816000 -4000000 7040000; -4224000 -3168000 -2816000 :
15328000 7040000 -12160000; O O -4000000 7040000 4000000 -7040000; O © 7640600;
-12160000 -7040000 12160000]

K =
5632000 4224000 -5632000 -4224000 2] 0
4224000 3168000 -4224000 -31680000 2] 2]
-5632000 -4224000 9632000 -2816000 -4000000 7040000
-4224000 -3168000 -2816000 15328000 7040000 -12160000
2] 2] -4000000 7040000 4000000 -7040000
(2] 0 7040000 -12160000 -7040000 12160000
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Paso 4: Elimine filas y columnas en los nodos 1y 3 (por ser articulaciones).

(5632000~ 4224000 - =5632000 - =4224000 -~~~ 0~~~ 3o

- 422400 -~ 3168000 - =4224000 - =31680000 - Q- 0"
~5632000 -4224000 9632000 2816000 —4000000 7040000
~4224000 -3168000 2816000 15328000 7040000 —12160000 |
e 0 =4000000 ~ 7040000 ~~4000000 - 7040000
O 0 -~ 7040000 - =12160000- - <7640000-12160000"|

Paso 5: Calcule los desplazamientos nodales.
u, =0.5866 m

v, =—-0.4794 m

B. Resolucion con MATLAB

w

7000 kN
—9000 kN
R f ,,,,,

x3

,,,f ,,,,,

y3

>> A = [9632000 -2816000; -2816000 15328000]
A =

9632000 -2816000
-2816000 15328000

>> F = [7000-10"3; -9000*10"3]
F =

7000000
-9000000

>> U = inv(A)*F

Calculo de las fuerzas en cada articulacién
F, =-5632000(0.5866) — (4224000)(—0.4794) = 1278746 N
F,, =—4224000(0.5866) — (3168000)(-0.4794) = 12709594 N
F, =—4000000(0.5866) + (7040000)(—0.4794) = -5721376 N

F,; =—7040000(0.5866) + (12160000)(—-0.4794) = 9959168 N

|
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>> K = [5632000 4224000 -5632000 -4224000 0 0; 4224000 3168000 -4224000 -31680000 O :
0; -5632000 -4224000 9632000 -2816000 -4000000 7040000; -4224000 -3168000 -2816000 :
15328000 7040000 -12160000; © © -4000000 7040000 4000000 -7040000; © © 7040000 :
-12160000 -7040000 12160000 ]

K =
5632000 4224000 -5632000 -4224000 2] 0
4224000 3168000 -4224000 -31680000 0 0
-5632000 -4224000 9632000 -2816000 -4000000 7040000
-4224000 -3168000 -2816000 15328000 7040000 -12160000
0 0 -4000000 7040000 4000000 -7040000
0 0 7040000 -12160000 -7040000 12160000

>>U = [ 0; 0; 0.5866; -0.4794; 0;0]

1.0e+007 *

-0.1279
1.2710
0.7000

-0.9000

-0.5721
0.9959

Caélculo de los esfuerzos

0
320x10° 08 08 0 O 0
= [1 1] =3.3x10" Pa
18 0 0 08 0.6] 0.5866
—-0.4794
0.5866

320x10° 05 —087 0 0 | -04794
=2 [ 1][ } —_2.3x10" Pa

= 10 0 0 05 -087 0

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> E12 = ((320%1079)/18)*[-1 1]*[0.8 0.6 @ 0; 0 0 0.8 0.6]*[0; 0; 0.5866; -0.4794] :

E12 =
3.2292e+009

>> % ESFUERZO DE 2 A 3:
>> E23 = ((320%1079)/10)*[-1 1]*[0.5 -6.87 © 0; @ 8 0.5 -8.87]*[0.5866; -0.4794; 0; O]

E23 =
-2.2732e+010
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Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

] @ 25m @ P

e ——

E =200 GPa 45°

S £
A=5x10"m? 0 0
P =3000 KN

452
Q = 6000 KN Xase @
25m
Va

A. Resolucion

Paso 1: Calcule los dngulos.

200%10°)(5x107* KN
K, =200x10)GXT0T) _ 50 KN ey i,

! 25 m
200x10°)(5x107* KN
K, = 200x10)5x10) g0 g5 KN
35.35 m
Barra C c Longitud
(m)
k, 1-2 0 1 0 1 0 0 12
k2 1-4 270° 0 -1 0 1 0 10
k, 2-3 270° 0 -1 0 1 0 6
k, 2-4  225° -0.71 -0.71 050 050 0.50 6
k, 3-4  180° -1 0 1 0 0 12
[ 4.6000----- @ ------4.0000------0-------- -nnmnen ' T ST 0-----0-0]
e 40000 - . TEEETER. R foemnee (e 4.0000--0 -0
—4.0000 0 5.4111 1.4144 0 0 -1.4144 -14144 0 O
0 0 14144  5.4144 0 —4.0000 -1.4144 -1.4144 0 O
e {Homemonas @occonos LPommsos 4.0000---- - 0----- —4.0000 -----0-----0-0
1.0e + 003 x ! . X X
e H--mmoe- 0-------- Q-------- O @-------- 0---mm- 0-----0-0
0 0  -14144 -14144 -40000 O 54144 14144 0 O
0 -4.0000 -1.4144 54144 0 40000 14144 54144 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 00
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B. Resolucion con MATLAB

>> k1=4000*[1 0 -1 0 O 0 0 0 0 0;0 00 00000V0O0O;-10100000000;0000
00 0000;0000000000;,0000000O00OV00O0O;0000000000O;00000
00 00D0;00000000000O;000000000 9]
ki =
Columns 1 through 6
4000 0 -4000 0 0 0
] ] ] ] ] 0
-4000 0 4000 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 ] 0 0
0 ] ] 0 ] ]
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
Columns 7 through 10
] 0 0 0
0 0 0 0
0 ] 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 ] 0
0 0 0 0
0 0 0 0
0 0 0 0
k2 =
Columns 1 through 6
0 0 0 0 0 0
0 4000 0 0 0 0
] 0 0 0 ] 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 ]
] -4000 0 0 ] 0
0 0 0 0 0 0
0 0 0 0 0 0
Columns 7 through 10
0 0 0 0
0 -4000 0 0
0 0 0 0
0 0 ] 0
] 0 0 0
0 0 0 0
0 0 0 0
0 4000 0 0
0 0 0 0
] 0 [} ]

>>k34000*[00000000000000000000000090000000010
-1 09 000;,0000000000;0000000000;,0000000®000;000 10
10000;0000000000;,000000000 0]
k3 =

Columns 1 through 6

() () () [ [ ()
] (2] (2] (] ] ]
0 ] () (2] (] (2]
(] () [ 4000 () -4000
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4000
-1.4144
-1.4144

1.4144
1.4144

(]

)

)

(2]

()

()

()

()

(]

()
4000
-4000

2828.85%[0 0 0 0 0 © 0 0 0 0;00 0000000 0;00 0.500.5000 -0.50
4000%*[0 0 0 O OO 0D 0OD0ODO;00000000V0VD0O;00000000000O;00000

[CI) ()
©® ()
[CI) ()
[CI) ()
®® )
I
© ® ()
o
[CI) ()
[CI) ()
© ® —
ca LN
® - )
()
() —
)
® n
. ()
© ®
()
[CI)
()
[CI)
© ® =
o
" COPOOOOOOOO® o
[CCRG) % [CI) COPOOOOOOO® e ) °® o COPOOOOOOO®
S ® 1 [
4 [CR) ®
AN
o . ® o
() ()
® 1 o
cCogTtToOoOTTO® ()
® ® < < < < ®
: n — — )
3 ) < < < < (o)
00000 CPOOOOOOO® ® - .. .. © P00
3 I ® — - 1__1__ ()
()
o ® 4
n )
- o a ®
® In cCogtToOoOT IO OO0 ©
[ < < < < ()
© — o — )
() () < < < < ()
: © . | S d ). ©
E ®omnoe o — ®
00000 COOPOOOOO®O® . [ — P00
3 [CIGIW] I ®
© n ©
— Lo ® ~ — ® ® o
() COPOOOOOOOO® COOOOOOOO®
< o ® < < - ® <
oo ® ap oo [
=] noo =] =] ® ® =]
o - N o o o
< ® -® < < (SR C
< © < < =
+» ® 1 ® + + © ® +
OO0 ® P00 * CPOOOOOOO®
~ [CECEO) — ) © ® —
<~ N m COOOOOOOO® cCogtToOTITOO I
wn ® - [RY) v < < < < o e %)
c ® :a + C c — — c
c [N ] v E £ < < < < o ® £
S 1l ®© 3 S .. .. I S
— S oo ® .= — — — noo —
o X~ I~ o o (] ~ I o
o O ® o o [CIO) o
A QD - < A wn
AT O X AN ® X
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(2] (2] (2] (2]
(2] (2] (2] (2]
(2] (2] (2] (2]
(2] (2] (2] (2]
-4000 (2] (2] (2]
(2] (2] (2] (2]
4000 (2] (] (]
(2] (2] (2] (2]
(] (2] (] (]
(2] (2] (2] (2]
>> K=k1+k2+k3+k4+k5
K =
1.0e+03 *
Columns 1 through 7
4.0000 0 -4.0000 0 (2] (2] 0
0 4.0000 (2] 0 2] 0 0
-4.0000 (2] 5.4144 1.4144 (2] 0 -1.4144
0 0 1.4144 5.4144 0 -4.0000 -1.4144
0 (2] (2] 0 4.0000 0 -4.0000
0 0 (2] 0 (2] (2] 0
0 0 -1.4144 -1.4144 -4.0000 (2] 5.4144
(4] -4.0000 -1.4144 -5.4144 0 4.0000 1.4144
0 (2] (2] 0 (2] (2] 0
0 2] (2] 0 0 (2] 0
Columns 8 through 10
0 (2] (2]
-4.0000 (2] (]
-1.4144 0 0
-1.4144 (2] (]
0 (2] (2]
0 (2] (2]
1.4144 0 ]
5.4144 (2] (]
0 (2] (2]
0 (2] (]

>> % CALCULOS DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> G12= 8000000*[-1 1]*[1 @ © 0; 0 @ 1 0]*[0; 0; 0.3639; -0.3861]
G12 =
2911200
>> % ESFUERZO DE 1 A 4:
>> G14 = 8000000* [-1 1] * [0 -1 @ @; 0 @ @ -1] * [@; @; 0.3639; -0.3861]
Gl4 =
3088800
>> % ESFUERZO DE 2 A 3:
>> G23 = 8000000*[-1 1]*[0 -1 0 @; © © @ -1]*[ 0.3639; -0.3861; 0; 0]
G23 =
-3088800
>> % ESFUERZO DE 2 A 4:
>> G24 = 5657708628* [-1 1] * [-0.71 -0.71 © ©; © @ -0.71 -0.71] * [0.3861; :
-1.5000; 0; 0] :
G24 =
-4.4745e+09
>> % ESFUERZO DE 3 A 4:
>> G34 = 8000000*[-1 1]*[-1 0 0 0; © © -1 @]*[0; ©; ©0.3861;-1.5]
G34 =
-3088800
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EJERCICIO 7

Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

S
E =200 GPa |:|@ 6m ‘@ 6m @ R{>

o 60°
A=3%x10"m’ et

P =12000 KN
Q =10000 KN
R=8000 KN
S=5000 KN

10.39 m

H ©
©

10.39 m
|

A. Resolucion
Calcule las rigideces de cada barra.

200x10°)(3x 107" KN
_(200x107)Bx107) _ g550KN _

K
! 12 m

« - (200x10°)(3x107*)

KN
=5774.78— =K,

2 10.39 m
200x10°)(3x10™* KN
K, = 200 6)( 107) _ 10000N _
m

|k Baral 0 | C | s | C ] s | C5
2-3 90 0 1 0 1 0

k,

k, 2-4 120 0.5 0.87 0.25 0.7569 0.1892
k, 1-4 60 0.5 0.87 0.25 0.7569 0.1892
k, 4-5 180 -1 0 1 0 0

k, 3-4 180 -1 0 1 0 0

k 1-5 90° 0 1 0 1 0

B. Resolucion con MATLAB

>> k1=5000*%[0.25 ©.435 0 0 © 0 -0.25 -0.435 0 0 0 0; 0.435 0.75 0 0 0 0 —
-0.75 0000, 000 0000O0OOODODO;, OOOOOOOOODOOO, OOOOO
0 000; 0000000000 0;-0.25 -0.4350 0 0 0 0.25 0.4350 0 0 0; -
-0.75 00000.4350.75 0000, 00000000000 0O; OOOOOOOO
0, 00O0OOODOOODOODODO; OOOOOOOOO OO Q]
kil =
Columns 1 through 6
1250 2175 (2] (2] (2] (2]
2175 3750 (2] (2] (2] (2]
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0000000

000000000V OODO, OOOOOOOOOOO O]

5774.78%*[ 0 00000 000000O; 010000000 -100;
00000, 00D0VDOODOOODOODODO;, DOOODOOODOOODOO;, OOODOOODOOOOO
00, 000D0OODOODODODODODO;, 0DOODOODOODOODOODO;, OOOOOOOOOOOO, O
5774.78%* 0 00000000000, OOOODOODOOOOOO, OOOOOOOO
00000 ODOODODOODO;, DOOOODOODODOODODO;, OOOOOODOOOO O O;
Q0 0000DODOODODOODO;, 00O0ODODOOOODOO0O;, OOOOOOOOOOO O] §
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o ®®
© 0
® ~®
©
® OO0 OOOO®® COOPOOOOO®O®O®O®
[CRCERCECEORGEGRCRORSE ] o
)
e
)
©
COONONOOOO®O®® > OO0 O®® OO0 OOOO®®
XX ©
~ ~
4“&

[
(]
0
(4
[
[
(]
(4]
0
(4
(4
(]
(]
(2]
(4
[
[
[
(2]
0
(4
[
[
(]

-2175
3750
2175

-3750

5.7748

-5.7748
1250
-2175

-1250
2175

(2]
2]
2]
0
()
()
(]
2]
0
0
[
0
[
[
0
0
0
0
[
[
0
0
0
0
5000*[ 0 O OO 0OOD0OOOOOO;, OOOOOOOOOOOO;, 00 0.25-0.4350

0 -0.25 0.435 0 0 0 0; 0 © -0.435 0.75 0 0 0.435 -0.75
000, 000000D0OOOOOO; ©OOOOOOOOO OO O]

OO0 O ONOOONOOOOO®
~N i [
(o] o~ -~ —
~ — O — oM oM
OO0 OO0 1 I
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>> K5

10000
-10000

10000

000000 OODOOODO;, 0DOOODOOODOOOOOO;, 00
-10000

0000000 ODOODO0O, 0OOOOO-101000; 00

10000

10000*[ O O OO OVOOOOOOOO, OOODOOOODODODODOO;, OOOOOOOOO
10000

000, 00000V ODOVOODOVDODOO, ODOOODOOVDOODOODOOD;, 0OOOOOOOOOOL O O;

-10000
00000010 -1000;

=10000*[ 0 0 00O 0O ODOOOOO, 0DOOOOOOOOOOD;, OOOOOOOOO

000, 00000 0VDODOVOODOOO, 0D0OVO10-100000;, OOOOOOOOOOOO;

0000-10100000;
Columns 1 through 6
Columns 7 through 12
Columns 1 through 6

0000000V ODOD0O, 00DODODODODODODOODODO; OOOOOOOOO OO Q]
(2]
(2]
0
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
(2]
0
(2]
(2]
(2]
(2]
0
(2]
(2]

Columns 7 through 12

000000 ODODODO, 00DODODODOODODODOD0OO; OOOOOOOOO OO Q]
2]
2]
0
2]
(2]
0
(2]
(]
()
0
2]
[
[
0
0
0
0
0

>> K6
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>> KT=k1+k2+k3+k4+k5+k6

KT =
1.0e+04 *
Columns 1 through 7
0.1250  0.2175 0 ) 0 ® -0.1250
0.2175  0.9525 0 ) ) 0 -0.2175
) @ 0.1250 -0.2175 0 ® -0.1250
(%] 0 -0.2175 0.9525 0 -0.5775 0.2175
) 0 0 @  1.0000 ® -1.0000
0 0 0 -0.5775 ) 0.5775 0
-0.1256  -0.2175 -8.1250  ©.2175 -1.0000 @  2.2500
-0.2175 -6.3756  ©6.2175 -0.3750 ) 0 )
) 0 0 ) 0 ® -1.0000
@ -0.5775 0 ) ) ) )
) 0 0 ) 0 0 )
) ) ) ) ) 0 )
Columns 8 through 12
-0.2175 ) ) ) )
-0.3750 @ -0.5775 ) 0
0.2175 ) 0 ) )
-0.3750 0 0 ) 0
) ) 0 ) )
) 0 0 ) 0
@ -1.0000 0 ) )
0.7500 0 0 ) 0
@  1.0000 ) ) 0
) @  0.5775 ) 0
) ) 0 ) )
) 0 0 ) 0
01250~ 02175 - -0 Q- R — 0:1250- -—0:2175- Q- -- 0-----0--0-
-0:2175- - - 0:9525- - - - - Dememonad Decoooood Boooonood 9------ 0:2175---0:3750- - - - - 0------ 0:5775--0--0-
0 0 0.1250 -0.2175 0 0 -0.1250 0.2175 0 0 00
0 0 -0.2175 0.9525 0 -0.5775 0.2175 -0.3750 0 0 00
0 0 0 0 1.0000 0  -1.0000 0O 0 0 00
0 0 0 -0.5775 0 0.5775 0 0 0 0 0 0
-0.1250 -0.2175 -0.1250 0.2175 —1.0000 0 2.2500 0 -1.0000 0 00
-0.2175 -0.3750 0.2175 -0.3750 0 0 0 0.7500 0 0 00
e Q------- Q---n-ee Q---n-ne Q----nmn- ----- 1.0000- - - - - - 9------ 1.0000------@-----6--0-
s 0.5775- - Deoococad Bocoosccd Becomomed B-co=c=cs Bec=c=c== 0-------- 0----- 0.5775 --0--0-
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

>> Y= 1.0e+004 *[0.1250 -0.2175 © 0 -0.1250 0.2175 ; -0.2175 0.9525 0 —6.57752
0.2175 -0.3750; © © 1.0000 © -1.0000 @ ; © -0.5775 @ 0.5775 @ 0; -0.1250 6.2175;
-1.0000 0 2.2500 0; 0.2175 -0.3750 © © © 0.7500] :

Y =
1250 -2175 (2] 0 -1250 2175
-2175 9525 0 -5775 2175 -3750
2] 2] 10000 2] -10000 2]
2] -5775 2] 5775 2] 0
-1250 2175 -10000 2] 22500 2]

2175 -3750 0 0 0 7500
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>> M=[10000; -12000 ; 8000; 0; © ; 5000]
M =

10000
-12000
8000
(]
(]
5000

>> U=inv(Y)*M

U =

-262.1393

-159.6694
3.0085

-159.6694
2.2085
-3.1476

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 4:
>> Gl4 = 16666666.67*[-1 1]*[0.5 ©.87 © 0; © 0 0.5 0.87]*[0; 0; 2.2085; -3.1476]
G14 =
-2.7236e+07
>> % ESFUERZO DE 1 A 5:
>> G15 = 19249278*[-1 1]*[0 1 © 0; © @ © 1]*[0; 0; 0; 0]
G15 =
0
>> % ESFUERZO DE 2 A 3:
>> G23 = 19249278*[-1 1]*[@ 1 © ©; © © @ 1]*[-262.1393; -159.6694; 3.0085; :
-159.6694] :
G23 =
0
>> % ESFUERZO DE 2 A 4:
>> G24 = 16666666.67*[-1 1]*[-0.5 ©.87 © 0; 0 © -0.5 0.87]*[-262.1393; -159.6694; :
2.2085; -3.1476] :
G24 =
6.6668e+07
>> % ESFUERZO DE 3 A 4:
>> G34 = 33333333.33*%[-1 1]*[-1 © 0 0; © @ -1 0]*[3.0085; -159.6694; 2.2085; :
-3.1476] :
G34 =
2.6667e+07
>> % ESFUERZO DE 4 A 5:
>> GA5 = 33333333.33*[-1 1]*[-1 0 0 ©; © 0 -1 0]*[2.2085; -3.1476; 0; 0]
G45 =
7.3617e+07
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Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

A. Resolucion

E=200 GPa
A=3x10""m’
P =12000 KN
Q = 10000 KN
R = 8000 KN

S =5000 KN

Paso 1: Calcule las rigideces de cada barra.

10.39 m

30

H@

_ (320x10%)(5x10™*)

s
6m ‘@ em (3 Ry

60°

18

_ (320x10%)(5x10™*)

10

=8888.89—
m

=16000—
m

60°

10.39 m
jo)

II Barra ﬂ-“-“-

k

B. Resolucion con MATLAB

>> k1 = 8888.89*[0.64 0.48 -0.64 -0.48 0 0;0.48 0.36 -0.48 -0.36 0 0O;

0.64 0.48 0 0; -0.48 -0.36 0.48 0.36 0 0; 0 0 0 0 0 0; 0 00 0 0 Q]

k1l =

1.0e+03
5.6889
4.2667
-5.6889
-4.2667

0

0

>> k2 = 16000* [0 © 00 0 0; 0000 00; 000.25 -0.44 -0.25 0.44; 0 0 -0.44 0.75;

1

2

*

1-2
2-3

4.2667
3.2000
-4.2667
-3.2000
0

0

37
300

-5.6889
-4.2667
5.6889
4.2667
2]

0

0.80
0.5

-0.87

-4.2667
-3.2000
4.2667
3.2000

(4]
(4]

0.64
0.25

O OO0

0.36
0.75

(ORI R RN

0.

-0.

0.44 -0.75; 0 0 -0.25 0.44 0.25 -0.44; 0 0 0.44 -0.75 -0.44 0.75]

k2 =

48
435

-0.64 -0.48
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>> kT = k1 + k2

KT =
1.0e+04 *
0.5689 0.4267 -0.5689 -0.4267 %] 0
0.4267 0.3200 -0.4267 -0.3200 %] 0

-0.5689  -0.4267 0.9689 -0.2773 -0.4000 0.7040
-0.4267 -0.3200 -0.2773 1.5200 0.7040  -1.2000

0 0 -0.4000 0.7040 0.4000 -0.7040
0 0 0.7040 -1.2000 -0.7040 1.2000
>> Y = 1.0e+004*[0.9689 -0.2773; -0.2773 1.5200]
Y =
9689 -2773
-2773 15200
>> F = [7000; -9000]
F =
7000
-9000
>> U = inv (Y) * F
U =
0.5835
-0.4857

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> G12 = 17777777.78 * [-1 1] * [0.8 0.6 0 0; 0 © 0.8 0.6] * [0; ©; 0.5835; -0.4857] :
Gl2 =

3.1179e+006
>> % ESFUERZO DE 2 A 3:
>> G23 = 32000000 * [-1 1] * [0.5 -0.87 © 0; © © 0.5 -0.87] * [0.5835; —0.4857;§
0; 0] 5
G23 =

-22857888
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Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

@ 20m ® g
30° _
- E =250 GPa
'i’)'\’«\ E A=5x10"m?
— _
60° = P =10000 KN
30° Q =8000 KN
VP
A. Resolucion
Paso 1: Calcule las rigideces de cada barra.
N
(5x107m?)(250x 10° —) KN
m
K, = =62500—
20m m
N
(5x107'm?)(250x 10° —) KN
K, = m_ _10822—
11.55m m
N
(5x10*m?)(250x 10° F) KN
K, = =5411—
: 23.10m m
(5%10™'m?)(250 x 10° ﬂz) KN
m
K, = =62500—
20m m
| k |Bara| 6 | c | s [ c | s |
k, 1-2 0 1 0 1 0 0
k2 2-3 90° 0 1 0 1 0
k3 1-3 30° 0.87 0.5 0.76 0.25 0.44
k4 3-4 180° -1 0 1 0 0

B. Resolucion con MATLAB

>>k1=62500*1000*[10100000;00000006;10100000;0000060;
0;00000000;00000000;00000000,000000 0 9] :
ki =
Columns 1 through 6
62500000 0 62500000 2] 0
2] 2] 2] 0 0

62500000 2] 62500000 2] 0
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Columns 7 through 8

O OO0
OO0

>> k2=10822%1000*[0 0 0 0 © © 0 0;0 0 0 0 0 0 0 0;0 ©
0;0 0000000, 00010100;00000000; 0

k2 =
Columns 1 through 6

OO0
OO0

Columns 7 through 8

OO0
OO0

>> k3=5411*1000*[0.76 0.44 0 0 -0.76 -0.44 0 0; 0.44 0.25 0 0 -0.44 -0.25
0 000000;00000000;-0.76 -0.44 00 0.76 0.44 0 0;-0.44 -0.25 0

OO0

(2]
(2]
(]
10822000
(]
10822000
2]
]

0.2500;00000000;0000000 0]

k3 =
Columns 1 through 6
4112360 2380840
2380840 1352750
(2] (2]
(2] (2]
-4112360 -2380840
-2380840 -1352750
(2] (2]
(] (]

Columns 7 through 8

OO0
OO0

OO0

OO0

®©

OO0

-4112360
-2380840
0

(2]
4112360
2380840
0

(]

]
10822000
(2]
10822000
2]
(]

-2380840
-1352750
(]

2]
2380840
1352750
2]

(]

(]
(]

(2]
(]

HCE
.44
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>> k4=62500*1000*[0 0 © © © © 0 0;0 0 0 0 0 0V V;0 000 0000;0000000 0;
000010-10;,00000000; 0000-1010;0000000 0]
k4 =
Columns 1 through 6
0 0 0 0 0 0
2] 2] 2] 2] 2] 2]
2] 2] 2] 0 2] 2]
0 2] 0 0 0 0
2] 2] 0 0 62500000 0
2] 2] 2] 0 2] 2]
2] 2] 0 2] -62500000 0
2] 2] 2] 2] 2] 2]
Columns 7 through 8
0 ()
0 0
2] 2]
2] 2]
-62500000 2]
2] 2]
62500000 0
2] 2]
>> K=k1+k2+k3+k4
K =
Columns 1 through 6
66612360 2380840 62500000 0 -4112360 -2380840
2380840 1352750 2] 2] -2380840 -1352750
62500000 0 62500000 2] 2] 0
0 0 0 10822000 0 10822000
-4112360 -2380840 2] 0 66612360 2380840
-2380840 -1352750 0 10822000 2380840 12174750
2] 2] 2] 2] -62500000 2]
0 0 ] ] ] (]
Columns 7 through 8
0 (]
0 0
2] 2]
2] 2]
-62500000 0
2] 2]
62500000 0
2] 2]

>> Y = [62500000 © 0 0; O 10822000 0 10822000; 0 O 66612360 2380840; 0 16822006

2380840 12174750
Y =
62500000
2]
2]
0

]

0
10822000
2]
10822000

2]

0
66612360
2380840

>> F = 1000*[0;-10000; 8000;0]

F =

2]

-10000000

8000000

0

>> U=inv(Y)*F
U =

(4]

-8.5871

-0.1538

7.6630

0
10822000
2380840
12174750



116 CAPITULO 5 BARRA 2D

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> G12 = 12500000%[-1 1]*[1 © © @; © @ 1 0]*[0; 0; 0; -8.5871]
G12 =
0
>> % ESFUERZO DE 2 A 3:
>> G23 = 21645021*[-1 1]*[0 1 © 0; © @ @ 1]*[0; -8.5871; -0.1538; 7.6630]
G23 =
3.5173e+08
>> % ESFUERZO DE 1 A 3:
>> G13 = 10822510.82*[-1 1]*[0.87 ©.5 0 6; © @ 0.87 0.5]*[0; 0; -0.1538; 7.6630] :
G13 = i
4.0018e+07
>> % ESFUERZO DE 3 A 4:
>> G34 = 12500000*[-1 1]*[-1 @ © ©; © © -1 0]*[-0.1538; 7.6630; 0;0]
G34 =

-1922500

JBEROICIOL0 | )

Hallar los desplazamientos, fuerzas y esfuerzos en cada caso.

@ 10m @

_ Q
> E =300 GPa

30°
=8x10"'m’
S P = 5000 KN
N 555(\ P
o e A Q = 8000 KN
=@

A. Resolucién
Paso 1: Calcule los siguientes valores.

II Bara | 0 | ¢ | s | ¢ | & | C5

1-2 30° 0.87 0.5 0.75 0.25 0.44

1
k, 2-3 180° -1 0 1 0 0
k, 1-3 90° 0 1 0 1 0

Paso 2: Calcule las rigideces de cada barra.

300x10°)(8x10™* KN
- 300x107)EX107) _ 51779 o KN
115 m




B. Resolucion con MATLAB

>> kl= 20779.22 * 1000 * [ 0.75 0.44 -0.75 -0.44 0 0 ;0.44 0.25 -0.44 -0.25 0
-0.75 -0.44 0.75 0.44 0 0 ; -0.44 -0.25 0.44 0.2500 ; 000000 ;00000
k1l =
1.0e+007 *
1.5584 0.9143 -1.5584 -0.9143 ] 7]
0.9143 0.5195 -0.9143 -0.5195 0 7]
-1.5584 -0.9143 1.5584 0.9143 2] 0
-0.9143 -0.5195 0.9143 0.5195 %] 0
0 %] 0 0 %] 0
0 %] 0 0 %] 0
>> k2= 24000 * 1000 * [ 0 0O 000 ;000000 ; 0010-10; 000000
00-1010;000-101]
k2 =
0 0 0 0 0 0
7] 7] 7] 7] 7] 7]
0 0 24000000 0  -24000000 0
0 0 0 0 0 0
0 0  -24000000 0 24000000 0
0 0 0  -24000000 0 24000000
>> k3= 41594.45 * 1000 * [ 00 00 00 ;01000 -1; 000000 ;
000000 ; 00OLOOO ;0-10001 ]
k3 =
0 0 0 0 0 0
7] 41594450 7] 7] 7] -41594450
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
©  -41594450 0 0 0 41594450
>> KT= k1+k2+k3
KT =
1.0e+007 *
1.5584 0.9143 -1.5584 -0.9143 0 7]
0.9143 4.6789 -0.9143 -0.5195 7] -4.1594
-1.5584 -0.9143 3.9584 0.9143 -2.4000 2]
-0.9143 -0.5195 0.9143 0.5195 %] 0
0 0 -2.4000 0 2.4000 0
0 -4.1594 0 -2.4000 0 6.5594

K
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300x10°)(8x 107" KN
= B00x107NBx107) _, 1500KN
10 m
300x10°)(8x10™ KN
K, = B00X10)EX10 ) _ 4590 45KN
5.77 m

El
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~1.5584 - 0:9143 - ~1.5584 - —=0:9143 -~ R
~0.9143 -~ 4:6789 - ~0.9143 - =0:5195 -~~~ 0~~~ ~41594
-1.5584 -0.9143 3.9584 0.9143 -2.4000 0
~0.9143 -05195 09143 05195 0 0
| S @------~2.4000 -----0 ------2:4000 ------ @ ---
0 =4:1594 0 =2:4000 0 6.5594

BARRA 2D

>> Y= [ 3.9584 0.9143 ; 0.9143 0.5195 ]
Y =

3.9584 0.9143
0.9143 0.5195

>> F= 1000 * [ 8000 ; -5000 ]
=

8000000
-5000000

>> U= inv(Y)*F
U =
1.0e+007 *

0.7151
-2.2210

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:

>> G12 = 2.60e+010 * [-1 1] * [0.87 0.5 0 0; © © 0.87 ©.5] * [0; 0; 0.7151; -2.2210] :

G12 =

-1.2697e+010

>> % ESFUERZO DE 2 A 3:

>> G23 = 3.0e+010 * [-1 1] * [-1 © @ 0; @ @ -1 @] * [6.7151; -2.2210; ©; O]

G23 =
2.1453e+010

>> % ESFUERZO DE 1 A 3:
5> 5.19e+010 * [-1 1] * [0 10 0; 000 1] * [0 ; 6 ; 8; 0]
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Hallar los desplazamientos nodales, esfuerzos y las fuerzas en los siguientes sistemas
estructurales:

Q
P E, =320 GPa
@ A, =6x10"m’
P =2000 KN
15m
Q =2300 KN
@ R=2500 KN

A. Resolucion
Paso 1: Calcule los angulos.

| Elemento | Nodo | 0 | c | s | ¢ | & | C5
1-2 0 1 0 1 0

1 90°

2 2-3 180° -1 0 1 0 0

3 3-4 240° -05 -0.87 0.25 0.76 0.44
4 1-3 120° -05 0.87 0.25 0.76 —-0.44

Paso 2: Calcule las matrices de rigidez de cada barra.

r -

0 000 0OO0OOO

0 0 -1 0000

0 000 0O0OOO

k=320><109Pa(6x10’4m2)X0—10 1 0000

! 15m 0 000 0O0O0TO

0 000 0OO0OOO

0 000 0OO0OOO

0 0 0 0 00 0 O]
[0 0 0 0 0 0 0 O}
0 128x10° 0 -128x10° 0 0 O O
0 0 0 0 0 00O
k_0—128><1050 128x10° 0 0 0 O
Yo 0 0 0 0 00O
0 0 0 0 0 00O
0 0 0 0 0 00O
0 0 0 0 0 0 0 Of
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[0 0 0 0O 0 0 O]
00 0 0O 0O 0O0OUO
001 0 -1000O0
) :320><109Pa(6><10‘4m2)x 00 0 0 0 00O
? 8.66m 00 -10 1 000
00 0 0O 0O 0OUO
0 0 0O 0 0 0 O
[0 0 0 0 00 O]
[0 0 0 0 0 0 0 Of
0 0 0 0 0 0 0 O
0 0 22171x10°7 0 -2.2171x10° 0 0 O
00 0 0 0 0 0 O
=10 0 —22171x10' 0 22171x10' 0 0 0
0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 O
[0 0 0 0 0 0 0 O]
[0 0 00 0 0 0 0 ]
0 00O 0 0 0 0
0 00O 0 0 0 0
§ =320><109Pa(6><10'4m2)x 0000 0 0 0 0
: 17.32m 0 0 0 0 27746x10° 4.8832x10° -2.7746x10° -4.8832x10°
0 0 0 0O 4.8832x10° 8.4347x10° -4.8832x10° -8.4347x10°
0 0 0 0 -2.7746x10° -4.8832x10° 2.7746x10°  4.8832x10°
[0 0 0 0 -4.8832x10° -8.4347x10° 4.8832x10°  8.4347x10° |
[0 0 00 O 0 0 0 |
0 0 0O 0 0 0 0
0 0 0O 0 0 0 0
0 0 0O 0 0 0 0
k= 0 0 0 0 0.25 0.44 —-0.25 -0.44
0O 0 0 0O 044 0.76 -0.44 -0.76
0 0 0 0 -0.25 -0.44 0.25 0.44
|0 0 0 0 -044 -0.76 0.44 0.76 |
[ 2.7746x10° -4.8832x10° 0 0 -2.7746x10° 4.8832x10° 0 O]
-4.8832x10° 8.4347x10° 0 0 4.8832x10° -8.4347x10° 0 O
0 0 0 0 0 0 00
' :320><109Pa(6><10’4m2)x 0 0 00 0 0 00
¢ 17.32m —-2.7746x10° 4.8832x10° 0 0O 2.7746x10° —4.8832x10° 0 O
4.8832x10° -8.4347x10° 0 0O -4.8832x10° 8.4347x10° 0 O
0 0 00 0 0 0 o0
0 0 00 0 0 00
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025 -044 0 O -025 044 0 O
—-044 076 0 O 044 -076 0 O
0 0 0 0 0 0 0 0
c 0 0 0 0 0 0 0 0
" =
-025 044 0 O 025 -044 0 O
044 -076 0 0 -044 076 0 O
0 0 00 0 0 0 0
0 0 0 0 0 0 0 0
Se obtiene la siguiente matriz de rigidez:
2.77x10°  -4.8832x10° 0 0 -2.77x10°  4.8832x10° 0 0 ]
4.8832x10°  2.1235x10’ 0 128x10°  4.8832x0°  -8.4347x10° 0 0
0 0 2.2171x10" 0 -2.2171x10’ 0 0 0
T 0 128x10° 0 -128x10’ 0 0 0 0
—2.7746x10° 4.8832x10° -2.2171x10’ 0 2.7720x 10’ 0 —-2.7746x10° -4.8832x10°
4.8832x10° —8.4347x10° 0 0 0 16.8694x10° —4.8832x10° —8.4347x10°
0 0 0 0 —2.7746x10° -4.8832x10° 2.7746x10°  4.8832x10°
I 0 0 0 0 —4.8832x10° -8.4347x10° 4.8832x10°  8.4347x10° |
Se obtiene la siguiente matriz ensamblada:
[ 2.77x10°  -4.8832x10° 0 0 —2.77x10°  4.8832x10° 0 0 1701 [ R ]
4.8832x10°  2.1235x10 0 128x10°  4.8832x10° —8.4347x10° 0 0 0 Fy
0 0 2.2171x10 0 -2.2171x10 0 0 0 Uy, 2000 10°
‘e 0 128x10° 0 -128x10’ 0 0 0 0 V| 2300x 10°
| -2.7746x10°  4.8832x10° —-2.2171x10 0 2.7720x 10" 0 —-2.7746x10° -4.8832x10° | |u,, 0
4.8832x10° —8.4347x10° 0 0 0 16.8694x10° —4.8832x10° -8.4347x10° | |v,, | |-2500x10°
0 0 0 0 —2.7746x10° —4.8832x10° 2.7746x10°  4.8832x10° 0 F,.
0 0 0 0 -4.8832x10° -8.4347x10° 4.8832x10° 8.4347x10° | | 0] | F,
Paso 3: Elimine filas y columnas en los nodos 1y 4 (por ser articulaciones).
[- 2.77x10% - - —4.8832%10° - - - - - [ B o M ~2.77x10°% - - 4.8832%10° - - - - - - o N o S N 0 Y S S
-4:8832 x10% - -2.3235x10% - - - - - 0 ----- 128%10° - - 4.883210° - -—8:4347x10°% - - - - - G- 0----f1-04-1{---Ry---
0 0 2.2171x10’ 0 -2.2171x10’ 0 0 0 Uy, 2000 10°
e 0 128x10° 0 -128x10’ 0 0 0 0 | v || 2300% 10°
| -2.7746x10°  4.8832x10° —2.2171x 10 0 2.7720x 107 0 —2.7746x10° —4.8832x10° | |u, | 0
4.8832x10° -8.4347x10° 0 0 0 16.8694x10° -4.8832x10° -8.4347x10° | |v,, | [-2500x10°
B R @posssooas O LLEENS 0 - - - ~=2F746 x 16°- -=4:8832 x 16 - 2:7746x 10° - - 4:8832x 10°- [ -0 {-1- - -Fz-- -
R R 0 - L 0~~~ =4:8832%10° ~=8.4347x10* - 4:8832x10°~ - 8:4347x10° [ {70 |- { Ky~ "]
2.2171x10’ 0 -2.2171x10° 0 Uy, 2000x 10°
3
K 0 —128x10’ 0 0 Vay 2300x 10
= X =
-2.2171x10’ 0 2.7720x 10’ 0 Us, 0
6 3
0 16.8694 x 10 0 % —2500x 10

121
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Paso 4: Calcule los desplazamientos nodales.

u, =0.4506 m
v, =-0.0018 m
u, =0.3604 m
v, =-0.1482m

B. Resolucion con MATLAB

>> A = [2.2171*%10"7 © -2.2171*%10"7 0; © -128*10"7 © 0; -2.217*10"7 @ 2.7720*10"7 0;%
0 0 0 16.8694*10"6] E

A =
1.0e+009 *

0.0222 7] -0.0222 0

0 -1.2800 7] 0

-0.0222 7] 0.0277 0

0 7] 7] 0.0169

>> F = [2000%10%3; 2300%10"3; 0; -2500%103]
F =
2000000
2300000
)
-2500000

>> U = inv(A)*F

Caélculo de las fuerzas en cada articulacion

F, =(-2.7746 x10°)(0.3604) + (4.8832 x 10°)(-0.1482)
F, =—1724211N

F, =(128x10°)(0.1797) + (4.8832x 10°)(0.3604)

F, =2.9869x10° N

F,. =(—2.7746x10°)(0.3604) + (~4.8832 x 10°)(-0.1482)
F,, =—2.7628x10° N

F,, =(—4.8832x10°)(0.3604) + (~8.4347 x 10°)(-0.1482)

F,, =—5.0988x10° N
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>>K=1[2.77*10"6 -4.8832*10"6 0 0 -2.77*10"6 4.8832*10"6 0 0; 4.8832%10"6 2.1235%10"7 :
0 128*10"5 4.8832*1076 -8.4347*10"6 0 0; 0 0 2.2171*%10"7 @ -2.2171*10"7 0 0 O; 0;
128*%1075 0 -128*10"7 0 0 © 0; -2.7746*%10"5 4.8832*¥1076 -2.2171*10"7 0 2.7720%10"7 0;
-2.7764*1076 -4.8832*10"6; 4.8832*10"6 -8.4347*10"6 0 0 0 16.8694*10"6 -4.8832%10"6 :
-8.4347*%10"6; 0 0 0 @ -2.7746*10"6 -4.8832*10"6 2.7746*10"6 4.8832*10"6; 0 0 0O 0;

-4.8832*%10"6 -8.4347*1076 4.8832%¥1076 8.4347*1076]

K =
1.0e+009 *
0.0028 -0.0049 7] 0 -0.0028 0.0049 0
0.0049 0.0212 7] 0.0128 0.0049 -0.0084 0
0 0 0.0222 0 -0.0222 7] 0
0 0.0128 7] -1.2800 0 7] 0 E
-0.0003 0.0049 -0.0222 0 0.0277 7] -0.0028 -0.0049
0.0049 -0.0084 7] 0 0 0.0169 -0.0049 -0.0084
0 7] 7] 0 -0.0028 -0.0049 0.0028 0.0049
0 7] 7] 0

>> U = [0; 0; 0.4506; -0.0018; 0.3604; -0.1482; 0; 0]

1.0e+009 *

-1.7220
2.9869
1.9998
2.3040
0.0000

-2.5000

-0.2763

-0.5099

Caélculo de los esfuerzos

[OIORORN]

-0.0049 -0.0084 0.0049 0.0084 ;
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0 1
320x10°Pa 0
= ———x[0 -1 0 1]x =3.84x10’
15m 0.4506
-0.0018 |
0.4506 ]
320x10°P -0.0018
s=| =21 0 -1 0]x =3.3330%10°
8.66m 0.3604
~0.1482
0.3604
320x10°P —0.1482
0,,=| =" 2x[05 087 -05 -0.87]x —9.4718x10°
17.32m 0
0
0
320x10°P 0
L= | o2 x[0.5 —0.87 0.5 0.87]x = 5.7115x10°
17.32m 0.3604
~0.1482

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> E12 = ((320%1079)/15)*10 -1 @ 1]*[0; ©; ©.4506; -0.0018]
E12 =
-38400000

>> % ESFUERZO DE 2 A 3:
>> E23 = ((320*10°9)/8.66)*[1 @ -1 0]*[0.4506; -0.0018; 0.3604; -0.1482]

E23 =
3.3330e+009

>> % ESFUERZO DE 3 A 4:
>> E34 = ((320%1079)/17.32)*[0.5 0.87 -0.5 -0.87]%[0.3604; -0.1482; 0; 0]

E34 =
9.4718e+008

>> % ESFUERZO DE 1 A 3:
>> E34 = ((320*1079)/17.32)*[0.5 0.87 -8.5 -0.87]*[0; 0; 0.3604; -0.1482]

E34 =
-9.4718e+008

>> % ESFUERZO DE 1 A 3:
>> E13 = ((320%10"9)/17.32)*[0.5 -0.87 -0.5 0.87]*[0; 0; 0.3604; -0.1482]

E13 =
-5.7115e+009

BARRA 2D
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EJERCICIO 12

Hallar los desplazamientos nodales, los esfuerzos y las fuerzas en los siguientes sistemas
estructurales:

@ ® @ a
E=320GPa
A=5%x10"m’
10 m
P =2500 KN
Q =2800 KN
5 1 R = 3000 KN
10 m ® 10 m @
p

A. Resolucion

Paso 1: Calcule los angulos.

| Elemento | Nodo | 0 | c | s | ¢ | s | G |
90° 0

1 1-2 1 0 1 0
2 2-3  180° -l 0 1 0 0
3 3-4 180° -1 0 1 0 0
4 4-5 270° 0 - 0 1 0
5 - 0 1 0 1 0 0
6 1-6 180 4l 0 1 0 0
7 2-6 225 -071 -071 -071 05 0.5
8 3-4 225 -071 -071 050 05 0.5
9 3-6 270 0 -1 0 1 0
Paso 2: Calcule las matrices de rigidez de cada barra.
[0 0 0 0 00O O OO O O]
0 1 0-10000O0O0TGO0O
0 00O0OOODOOOOTG OO
0 -1 0 1 00O0O0O0O0TGO0O
0 00O0OOODOOOOTG OO
) =350x1o9pa(5><1o*‘m2)X 0 00O 0OODOGOTUOTO OT OO
! 10m 0 00O0OOODOOOUOTG OO
0 000 OOOOOUOT OO
0 00O0OOODOOOOT OO
0 00O OOOOOUOT OO
0 00O0OOODOOOUOT OO
0 0 0 000O0O0OOOO0 O]
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0 00 O0OOOTO OO

0
-17.5%x10°

0 00 0 O0OOOTP O

17.5x10° O

0

0 0 0 O0OOOTO OO

0
17.5x10°

0 000 O0OOOTP O

0

—17.5x10°

0

0 0 0 O0OOOTO OO

0
0
0
0
0
0
0
0

0 0 0 O0OOOTO OO

0 0 0 O0OOOTO OO

0 0 0 O0OOOTO OO

0 0 0 O0OOOTO OO

0 0 0 O OOTO OO

0 0 0 O0OOOTO OO

0 0 0 O OOTO OO

00 0 0O O OOOOOO OO
00 0 0O 0O 0OOOOOOTO O

-1 0 0 000 00O

0

1

0
00 0 0O 0 0OO0OOOOOTO O

0 0

0 000 O0OTP O

1

-1 0

00 0 0O 0O 0OOOOOTO OO
00 0 0O O OOOOOO OO
00 0 0O O OOOOOO OO
00 0 0O O OOOOOO OO
00 0 0O 0 00O OOOOTO O
00 0 0O O OOOOOO OO
00 0 0O 0 00OOOOTO O
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0 00O
0 00O
0 00O
0 00O
0 00O
} 350x10°Pa(5%x10™*m?) |0 0 0 O
= X
° 10m 0 00O
0 00O
0 00O
0 00O
0 00O
0 00O
[0 0 0 0O 0 00
0 00 0O 0 00
0 00 0O 0 0 0
0 00 0O 0 0 0
0 00 0O 0 00
‘ 0 000 0 175x10° 0 O
° 1o 0 0 0O 0 0 0
0 00 0O 0 00
0 00 0O 0 0 0
0 00 0O 0 0 0
0 00 0O 0 00
0 000 0 —-175x10° 0 O
Se obtiene la siguiente matriz de rigidez:
[17500000 0 0] 0 0 0 0]
0 17500000 0] 17500000 o] 0 0
0 0 23685000 6185000 —17500000 0] 0
0 —17500000 6185000 23685000 0 0 0
0 0 —17500000 0 —17500000 6185000 —17500000
e 0 0 0 0 6185000 23685000 0
- 0 0 0 0 6185000 23685000 0
0 0 0 0 —17500000 0 17500000
0 0 0 0 —6185000 —6185000 0
0 0 0 0 —6185000 —6185000 0]
17500000 0 —6185000 —6185000 0 0 0
0 0 —6185000 —6185000 0 —17500000 0
Se obtiene la siguiente matriz ensamblada.
17500000 0 0 0 0 0 0 0
0 17500000 0 17500000 0 0 0 0
0 0 23685000 6185000 —17500000 0 0 0
0 —17500000 6185000 23685000 0 0 0 0
0 0 —17500000 0 —17500000 6185000 —17500000 0
_ 0 0 0 0 6185000 23685000 0 0
L 0 0 0 0 6185000 23685000 0 0
0 0 0 0 —17500000 0 17500000 0
0 0 0 0 —6185000 —6185000 0 0
1] 0 0 0 —6185000 —6185000 0 —17500000
17500000 0 —6185000 —6185000 0 0 0 0
0 0 —6185000 —6185000 0] —17500000 0 0
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0 0 0 0 Fy
o —6185000 —6185000 | [u, | | 2.8x10°
o —6185000  —6185000 | |V, 0
~6185000 0 0 u,, 0
~6185000 0 ~17500000 | |v,, | [-2.5x10°
—6185000 0 -17500000 | O || F,
0 0 0 0 F
6185000 17500000 0 ug, 0
23685000 0 0 vy, | [-25x10°
0 41185000 6185000 u,, 0
o 6185000 23685000 | |v,, 0
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Paso 3: Elimine filas y columnas en los nodos 1y 4 (por ser articulaciones).

17560000~ = = =0 = = = = - - 0 - 0------ 0 ----- R 0o 0------ [ 0~~~ -17500000 - -~ -0- - -] [0 F,
- - 0- - - -17508009 - - - -0- - - - £7560800- - - -0- -~ - - - - 0------ 0------ 0------ G -=---- 9-=-=-=--= G------ o---| |0 Fy
0 23685000 6185000 —17500000 0 0 0 0 0 —6185000 —6185000 u,, 2.8x10°
0 —17500000 6185000 23685000 0 0 0 0 [ 0 —6185000 —6185000 Vay 0
0 0 —17500000 0 —17500000 6185000 —17500000 0 —6185000 —6185000 0 0 U, 0
= 10° 0 0 0 0 6185000 23685000 0 0 —6185000 -6185000 0 —17500000 Vay | -2.5x10°
2 il ST S [ ER—— 0 === == 0- - - -6185000- - -23685000- - - - 0- - - - - - 0 - - - —6185000 - ~6185000- - - -0 - - - —17500000 | | 0 |~ F,
S| - [ R— 0 === == 9- - - —17500000- - - -0- - - - 17500000- - - -0 - - - - - - G----- P-----= [ 0 - - 0 Fyy
0 0 0 0 -6185000 —6185000 0 0 23685000 6185000 —17500000 0 U, 0
0 0 0 0 —6185000 —6185000 0 —17500000 6185000 23685000 0 0 Vs, -2.5%10°
17500000 0 -6185000 —6185000 0 0 0 0 —17500000 0 41185000 6185000 Ug, 0
0 -6185000 —6185000 0 —17500000 0 0 0 0 6185000 23685000 | |V, 0
[ 23685000 6185000 —17500000 0 0 0 6185000 —6185000 | [u,, | [ 2.8x10° ]
6185000 23685000 0 0 0 0 -6185000  —6185000 | |v,, 0
~17500000 0 41185000 6185000  —6185000 6185000 0 0 u,, 0
¢ 0 o 6185000 23685000 —6185000 —6185000 0 ~17500000 | [v,, | |-2.5%10°
= + =
0 0 —-6185000 6185000 23685000 6185000 —17500000 0 ug, 0
o o 6185000  —6185000 6185000 23685000 0 0 vy, | |-2.5x10°
-6185000 —6185000 0 0 ~17500000 0 41185000 —6185000 | |ug, 0
| -6185000 —6185000 0 ~17500000 0 0 6185000 23685000 | |ve, | | 0O
Paso 4: Calcule los desplazamientos nodales.
u,=0m
v,=0m
u, =0.3890m
v, =—0.1217m
u, =0.3507 m
v, =—0.3851m
u,=0m
v,=0m
u; =0.4375m
v, =-0.4119m
u, =0.1865m
v, =—0.2634 m

B. Resolucion con MATLAB

>> A = [23685000 6185000 -17500000 © @ O -6185000 -6185000; 6185000 23685000 0 O O :
0 -6185000 -6185000; -17500000 0 41185000 6185000 -6185000 6185000 0 0; O © 6185000
23685000 -6185000 -6185000 O -17500000; © O -6185000 6185000 23685000 6185000
-17500000 ©; © O 6185000 -6185000 6185000 23685000 © 0; -6185000 -6185000 O O :
-17500000 0 41185000 -6185000; -6185000 -6185000 O -17500000 © © 6185000 23685000]

A =
23685000 6185000 -17500000 0 0 0 -6185000 -6185000
6185000 23685000 ) 0 ) 2] -6185000 -6185000 :
-17500000 0 41185000 6185000 -6185000 6185000 ] 0:

(4] 0 6185000 23685000 -6188500 -6185000 0 -17500000



-6185000 -6185000
-6185000 -6185000

>> F = [2.8%10%6; 0; ©0;

F =

2800000
()

(2]
-2500000
(2]
-2500000
]

2]

>> U = inv(A)*F

U =

ANALISIS ESTRUCTURAL CON MATRICES

6185000 23685000

-6185000 6185000
@ -17500000
-17500000 0

-2.5%10%6; 0; -2.5*%1076; 0; 0]

Caélculo de las fuerzas en cada articulacion

F,=0.3264x10'N

F, =-0.2130x10'N
F, =0.2799x10'N

F,, =—0.0001x10"N
F, =—1.5485x10'N
F,, =—0.2501x10’N
F,, =—0.2501x10’N
F,, =—0.6137x10'N
F, =—0.4767x10’N
F,, =—0.6837x10'N
F, =—0.3258x10'N
F,, =0.0001x10"N

6185000 -17500000 0%
23685000 0 0:
(4] 41185000 -6185000 :

0 6185000 23685099;
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>> K = [17500000 0 0 0 0 0 0 0 0 0 17500000 0; 0 17500000 0 17500000 0 0 © 0 0 0 0 O;

0 0 23685000 6185000 -17500000 0 ©0 © © © -6185000 -6185000; O -17500000 6185009;
23685000 © © 0 © O © -6185000 -6185000; © © -17500000 © -17500000 6185000 :
-17500000 © -6185000 -6185000 © 0; O @ @ © 6185000 23685000 0 @ -6185000 -6185000
0 -17500000; 0 © © O 6185000 23685000 © O -6185000 -6185000 @ -17500000; 0 0 0O 0§
-17500000 © 17500000 ©0 © ©0 © 0; © © 0 © -61850000 -6185000 © © 23685000 6185000 :
-17500000 0; 0 © O 0 -6185000 -6185000 @ -17200000 6185000 23685000 0 0; 17500000;
0 -6185000 -6185000 0 © © O -17500000 © 41185000 6185000; © O -6185000 -6185000 O :
-17500000 © 0 © © 6185000 23685000]

K =

Columns 1 through 10

® ®© © ©

17500000 2] 2] 2] 2] (2] 2] 2] 2]
0 17200000 @ 17500000 2] 0 2] 0 2]
2] 0 23685000 6185000 -17500000 0 2] 2] 2]
@ -17500000 6185000 23685000 2] 0 2] 2] 2]
2] @ -17500000 0 -17500000 6185000 -17500000 2] -6185000 -6185000
2] 2] 2] 2] 6185000 23685000 2] 2] -6185000 -6185000
2] 2] 2] 2] 6185000 23685000 2] 2] -6185000  -6185000
2] 0 2] 0 -17500000 @ 17500000 2] 2] ]
2] 2] 2] © -6185000 -6185000 2] 2] 23685000 6185000
2] 2] 2] Q0 -6185000 -6185000 @ -17200000 6185000 23685000
17500000 @ -6185000 -6185000 2] 2] 2] @ -17500000 ]
2] 2]

-6185000 -6185000 @ -17500000 2] 2] 2] 2]

Columns 11 through 12

17500000 [
() )
-6185000 -6185000
-6185000 -6185000
() ()

0 -17500000
0 -17500000

[ ()
-17500000 ()
() ()
41185000 6185000

6185000 23685000

>> U = [0; 0; 0.3890; -0.1217; ©.3507; -0.3851; @; 0; 0.4375; -0.4119; ©.1865; |
-0.2634] :
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>> F = K*U
F =
1.0e+007 *

0.3264
-0.2130
0.2799
-0.0001
-1.5485
-0.2501
-0.2501
-0.6137
0.4764
-0.6837
-0.3258
0.0001

Cdlculo de los esfuerzos

ui
E v
o, =|=x[-C-S C S]x
] L uj
Y
i -
350x10°P 0
6,,=| ———x[0-1 01]x = —4.2595GPa
10m 0.3890
~0.1217 ||
i 0.3890 ]
350x10°P -0.1217
6,,=| ———2x[1 0 -10]x = 1.3405GPa
10m 0.3507
~0.3851 ||
i [ 0.3507 ]
350x10°P -0.3851
G, .=| 2% 1 0 -1 0]x =1.2275GPa
10m 0
L O .
i [ o
350x10°P 0
Gos=| %[0 1 0-1]x = 1.4417GPa
10m 0.4375
| -0.4119
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[ 0.4375
350x 10°Pa —0.4119
0, =|———x[-10 10]x =-8.7850GPa
10m 0.1865
i -0.2634
i 0
350x10°P
6 e=| ——x[10 -1 0]x = —6.5275GPa
10m 0.1865
-0.2634
i [ 0.3890 ]
350x10°P -0.1217
6, = —x[0.71071 -0.71-0.71]x =8.5534GPa
10+/2m 0.1865
| | —0.2634
[ [ 0.3507 ]
350x10°P —0.3851
0,y =| = —2x[071 071 —0.71 -0.71]x = —1.4910GPa
10~2m 0.4375
| —0.4119
[ 0.3507
350x10°P —0.3851
6, o= >—2x[01 0-1]x = —4.2595GPa
10m 0.1865
-0.2634

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:

>> E12 =
E12 =
-4.2595e+009

>> % ESFUERZO DE 2 A 3:

((350%1079)/10)*[0 -1 @ 1]*[0; ©; 0.3890; -0.1217]

5> E23=((350%1079)/10)*[1 © -1 ©]*[0.3890; —-0.1217; 0.3507; —0.3851]

E23 =

1.3405e+009

>> % ESFUERZO DE 3 A 4:

>> E34 = ((350*1079)/10)*[1 © -1 ©]*[0.3507; —-0.3851; 0; 0]
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1.2275e+010

>> % ESFUERZO DE 4 A 5:
>> E45 = ((350*10°9)/18)*[0 1 @ -1]*[0; @; 0.4375; -0.4119]

E45 =
1.4417e+010

>> % ESFUERZO DE 1 A 2:
>> E56 = ((350%1679)/18)*[-1 © 1 0]*[0.4375; -0.4119; 0.1865; -0.2634]

E56 =
-8.7850e+009

>> % ESFUERZO DE 1 A 6:
>> E16 = ((350*1079)/10)*[1 © -1 0]*[0; 0; ©.1865; -0.2634]

El6 =
-6.5275e+009

>> % ESFUERZO DE 2 A 6:

>> E26 = ((350*1079)/(10*(27~1/2)))*[0 71 ©.71 -0.71 -0.71]*[0.3890; —0.1217;;
0.1865; -0.2634] :

E26 =
8.5534e+009

>> % ESFUERZO DE 3 A 5:

>> E26 = ((350%10%9)/(10*(2°1/2)))*[0.71 ©.71 -0.71 -0.71]*[0.3507; -0.3851;
0.4375; -0.4119] ;

E26 =
-1.4910e+009

>> % ESFUERZO DE 3 A 6:
>> E36 = ((350%1079)/10)*[0 1 @ -1]*[0.3507; -0.3851; 0.1865; -0.2634]

E36 =

-4.2595e+009
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CBERGICIOI3 ) .

Hallar los desplazamientos nodales, los esfuerzos y las fuerzas en los siguientes sistemas
estructurales:

QAL
@ 10 m : ©)
45
E =300 GPa
G A=6x10"m’
30° =
@ P =3000 KN
Q = 4000 KN
45°
@ -

A. Resolucion

Paso 1: Calcule los dngulos.

| Elemento | Nodo | 6 | ¢ | s | ¢ | s | C |
1-2 90° 0 1 0 1 0

1

2 2-3 0° 1 0 1 0 0

3 3-4 225° -0.707 -0.707 0.499849 0.499849 0.499849
4 1-4 45° 0.707 0.707  0.499849 0.499849 0.499849

Paso 2: Calcule las matrices de rigidez de cada barra.

1
d

0 0 0 0 0000
0 22400000 0O -22400000 0 0 0 O
0 0 0 0 0000
0 -22400000 O 22400000 0 0 0 O
=1y 0 0 0 0000
0 0 0 0 0000
0 0 0 0 0000
o 0 0 0 000 0]
[0 0 0 0 0 0 0 O]
0 0 0 0 0 000
0 0 22400000 0 -22400000 0 0 O
0 0 0 0 0 000
=10 0 22400000 0 22400000 0 0 ©
0 0 0 0 0 000
00 0 0 0 000
0 o 0 0 0 00 0]
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0 00O 0 0 0 0

0 00O 0 0 0 0

0 00O 0 0 0 0

K 0 00O 0 0 0 0
|0 0 0 0 1583440846 15834408.46 —15834408.46 -—15834408.46

0 0O O O 15834408.46  15834408.46 —15834408.46 —15834408.46

0 0 O O -15834408.46 —15834408.46 15834408.46  15834408.46

0 0O O 0O -15834408.46 —15834408.46 15834408.46  15834408.46

[ 15834408.46 1583440846 0 0 0 0 -15834408.46 -15834408.46 ]

15834408.46  15834408.46 0 O O 0O -—15834408.46 -—15834408.46

0 0 0 0 0 O 0 0
c 0 0 0 0 0 O 0 0
! 0 0 0000 0 0
0 0 0 0 0O 0 0
—15834408.46 -1583440846 0 0 O O 15834408.46  15834408.46
—15834408.46 —-15834408.46 0 0 O O 15834408.46  15834408.46
Se obtiene la siguiente matriz de rigidez:
[ 15834408.46  15834408.46 0 0 0 0 —15834408.46 —15834408.46 |
15834408.46  38234408.46 0 —22400000 0 0 -15834408.46 —15834408.46
0 0 38234408.46 —15834408.46  —22400000 0 —15834408.46  15834408.46
Lo 10° 0 —22400000 —15834408.46 38234408.46 0 0 15834408.46  —15834408.46
k= 0 0 22400000 0 38234408.46  15834408.46 —15834408.46 —15834408.46
0 0 0 0 15834408.46  15834408.46 —15834408.46 -—15834408.46
—15834408.46 —15834408.46 —15834408.46 15834408.46 —15834408.46 —15834408.46 4750322539 —15834408.46
| -15834408.46 —15834408.46 15834408.46 —15834408.46 -15834408.46 15834408.46  15834408.46  47503225.39 |
Se obtiene la siguiente matriz ensamblada:
15834408.46  15834408.46 0 0 0 -15834408.46 —15834408.46] [ O Fy
15834408.46  38234408.46 0 ~22400000 0 0 -15834408.46 —15834408.46| | O Fy
0 0 38234408.46 —15834408.46  —22400000 0 ~15834408.46  15834408.46 | |u,, 0
o106 0 ~22400000  —15834408.46 38234408.46 0 0 15834408.46  —15834408.46 | |V,, | | 4000000
k= 0 0 22400000 3823440846  15834408.46 —15834408.46 —15834408.46| | 0 |~ F,

0 0 0 15834408.46  15834408.46 —15834408.46 -15834408.46| | 0 F,
~15834408.46 —15834408.46 1583440846 15834408.46 —15834408.46 1583440846 4750322539 —15834408.46| |u,, | |2598076.211
—15834408.46 —15834408.46 15834408.46 —15834408.46 —15834408.46 1583440846 1583440846  47503225.39 | |u,, 1500000

Paso 3: Elimine filas y columnas en los nodos 1y 3 (por ser articulaciones).
715834%108.46 -- 1»5834:49&46 77777 R O --mmmme- é 77777777 é 777777 15834408:46 - —15834408.46]-[ 0] - - Fo- - -
-15834408:46 - ~38234408:46~ - ~ - - {rocaos =22400000- - - - - - 0~ 0 - =15834408:46 ~ =15834408.467|~ [ 0|~ [ ~ = i
0 0 3823440846 -15834408.46  —22400000 0 ~15834408.46  15834408.46 | |u,, 0

Sko10° 0 ~22400000  —15834408.46 38234408.46 0 0 15834408.46  —15834408.46 | |V, [ | 4000000
I CEEE CEEEEEEEE §------ 22400000 - - - - - 0 ----- 38234408:46 - - 15834408.46- - ~15834408:46 - ~15834408:46-| - [ 0|~ [ - - F5,- - -
Rl O-------- V- (Vi 15834408:46 - - 15834408.46" ~ 1583440846~ —15834408.461~ [ 0|~ [ =~ 1 F,m
—15834408.46 —15834408.46 —15834408.46  15834408.46 —15834408.46 —15834408.46 4750322539  —15834408.46 U, 2598076.211

-15834408.46 —15834408.46 15834408.46 —15834408.46 —15834408.46 15834408.46 1583440846 4750322539 | |u, 1500000
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38234408.46 —15834408.46 —15834408.46 15834408.46 u,, 0

e —15834408.46 38234408.46  15834408.46 —15834408.46 o vy, _ 4000000
—15834408.46 15834408.46  47503225.39 —15834408.46 u,, 2598076.211
15834408.46 —15834408.46 15834408.46 47503225.39 Vy, 1500000

Paso 4: Calcule los desplazamientos nodales.

u, = 0.02451063 m

v, =0.154060799 m
u, =—0.01508718 m
v, =0.079789253 m

B. Resolucion con MATLAB

>> A = [38234408.46 -15834408.46 -15834408.46 15834408.46; -15834408.46 38234408.46;
15834408.46 -15834408.46; -15834408.46 15834408.46 47503225.39 —15834408.46;;
15834408.46 -15834408.46 15834408.46 47503225.39]

A =
1.0e+007 *

3.8234 -1.5834 -1.5834 1.5834
-1.5834 3.8234 1.5834  -1.5834
-1.5834 1.5834 4.7503  -1.5834

1.5834  -1.5834 1.5834 4.7503

>> F = [0; 4000000; 2598076.211; 1500000 ]
F =
1.0e+006 *

(4]
4.0000
2.5981
1.5000

>> U = inv(A)*F

U =
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Célculo de las fuerzas en cada articulacién

>> K = [15834408.46 15834408.46 0 © © © -15834408.46 -15834408.46; 15834408.46 :
38234408.46 0 -22400000 0 0 -15834408.46 -15834408.46; 0 0 38234408.46 —15834408.465
-22400000 O -15834408.46 15834408.46; 0 -22400000 -15834408.46 38234408.46 0 0O
15834408.46 -1584408.46; O 0 22400000 O 38234408.46 15834408.46 —15834408.46;
-15834408.46; © © 0O © 15834408.46 15834408.46 -15834408.46 -15834408.46; :
-15834408.46 -15834408.46 -15834408.46 15834408.46 -15834408.46 -15834408.46 :
47503225.39 -15834408.46; -15834408.46 -15834408.46 15834408.46 -15834408.46 :
-15834408.46 15834408.46 15834408.46 47503225.39

K =
1.0e+007 *
1.5834  1.5834 ) 0 ) 0 -1.5834 -1.5834 :
1.5834  3.8234 8 -2.2400 ) @ -1.5834 -1.5834 :
) @  3.8234 -1.5834 -2.2400 @ -1.5834  1.5834 :
@ -2.2460 -1.5834  3.8234 ) @  1.5834 -1.5834 :
) @  2.2400 ®  3.8234  1.5834 -1.5834 -1.5834 :
) ) ) ® 1.5834  1.5834 -1.5834 -1.5834 :

-1.5834 -1.5834 -1.5834 1.5834 -1.5834 -1.5834 4.7503 -1.5834
-1.5834 -1.5834 1.5834 -1.5834 -1.5834 1.5834 1.5834 4.7503

>> U = [0; ©; 0.0533; 0.1252; 0; 0; 0.0443; 0.0408]

1.0e+006 *

-1.3475
-4.1520
0.0000
3.9984
-0.1536
-1.3475
2.5968
1.5011

Caélculo de los esfuerzos
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- o T
300x10°P 0
6,=|——2x[0 -1 0 1]x =3.7560GPa
10m 0.0533
0.1252 |
i 0.0533]
300x10°Pa 0.1252
0,,=|———x[1 0 -1 0]x =1.5990GPa
10m 0
L L 0 ]
[ o
300%10°P 0
6, =| ————x[0.707 0707 -0.707 -0.707]x =-2.5530GPa
7.07m 0.0443
| 0.0408
0
300x10°P 0
6,.=| ————x[-0.707 -0.707 0.707 0.707]x =2.5530GPa
7.07m 0.0443
0.0408

>> % CALCULO DE LOS ESFUERZOS:
>> % ESFUERZO DE 1 A 2:
>> E12 = ((300*1079)/10)*[0 -1 © 1]*[0; ©; 0.0533; 0.1252]
E12 =
3.7560e+009

>> % ESFUERZO DE 2 A 3:
>> E23=((300*1079)/10)*[1 © -1 0]*[0.0533; 0.1252; 0; 0]

E23 =
1.5990e+009

>> % ESFUERZO DE 3 A 4:
>> E34 = ((300*1079)/7.07)*[0.707 ©.707 -0.707 -0.707]*[0; 0; 0.0443; 0.0408]

E34 =
-2.5530e+009

>> % ESFUERZO DE 1 A 4:
>> E14 = ((300*1079)/7.07)*[-0.707 -0.707 ©.707 ©.707]*[0; 0; 0.0443; 0.0408]

E14 =

2.5530e+009
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En la siguiente estructura, determinar los angulos girados en los nodos indicados.

M ,=10cm
,=5cm M, =300 Nm

. _’MZ ]_’[\A4 M4:500Nm

J G, =80 GPa

D m 1@ ® ® G, =80 Gpa
|

' 10m ' 6m

mmnm GyL

7,854x107° 80GPa 1256640
2-2 7,854x107° 80GPa 5m 1256640
3-4 4,909x10°® 60GPa 5m 49090

A. Resolucion
GJ/L -GJ/L

-GJ/L GJ/L
0 0
0 0

o O O o
o O O o

[ 1256640 —1256640
—1256640 1256640
1-2 0 0

0 0

o O O O
o O O O

0 0
1256640 —1256640
—1256640 1256640

0 0

o O O o

0 0

0 0
1256640 —1256640
—1256640 1256640 |

Matriz Ensamblada:

1256640 —1256640 0 0 0
—1256640 12513280 -1256640 0 6,
0 —1256640 1305730 —49090 || 6
0 0 —49090 49090 (|6
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Eliminando filas y columnas:

1 1

~1256640 12513280 -1256640 0 (6, | |M,
B 0 ~1256640 1305730 —49090 (|6, [ M,
0 0 —49090 49090 ||6, | |M,

Matriz reducida:
2513280 —1256640 0 0, 300
K=|-1256640 1305730 —49090|(6,|=| O
0 —49090 49090 || 6, 500

Desplazamientos Nodales:
6, =0,0006 rad

6, =0,0010rad
6, =0,0014 rad

Momento:
M, =—753,9840 Nm

B. Resolucion con MATLAB

>> k1 = [1256640 -1256640 0 0; -1256640 1256640 0 0; © © © 0; 0 0 0 0]

k1l =
1256640 -1256640 0 0
-1256640 1256640 0 0
0 0 [ [
0 0 0 0
>> k2 = [0 0 0 0; 0 1256640 -1256640 0; 0 -1256640 1256640 0; 0 0 0 0]
k2 =
0 0 0 0
0 1256640 -1256640 [
0 -1256640 1256640 0
0 0 0 0
>> k3 = [0 000; 000 0; 00 1256640 -1256640; © O -1256640 1256640]
k3 =
[ 0 0 0
0 0 0 0
[ [ 1256640 -1256640
0 0 -1256640 1256640
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>> KT = k1 + k2 + k3

KT =
1256640 -1256640 () ()
-1256640 2513280 -1256640 ()
() -1256640 2513280 -1256640
[ ) -1256640 1256640

>> KR = [2513280 -1256640 0; -1256640 2513280 -1256640; 0 -1256640 1256640]

KR =
2513280 -1256640 0
-1256640 2513280 -1256640
[ -1256640 1256640

>> F = [300; 0; 500]

300
()
500

>> U = inv(KR)*F
U =

0.0006
0.0010
0.0014

>> U = [0; 0.0006; 0.0010; 0.0014]

-753.9840
251.3280
0.0000
502.6560
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EJERCICIO 2
En la siguiente estructura, determinar los angulos girados en los nodos indicados.
Yy ext =20cm - =12cm
e = L€ —=8cm =4cm
~\ int
X M, M | e——
- G = 100GP G = 80GP
G = 120GPa ’ ° M, =400 Nm
® @) ® ® ®  M,=500Nm
| | | | | M, =800 Nm
10m 4m 5m 6m
mmum GI/L
8,59x10™* 120GPa 10m 10308000
2-2 1,307%x10 100GPa 4m 3267500
3-4 1,307x10 100GPa 5m 2614000
4-5 2,011x10°° 80GPa 6m 26813,3353
A. Resolucién
GJ/L -GJ/L 0 O
-GJ/L GJ/L 0 O
=l 0 0 00
0 0 00
[ 10308000 —10308000 0 0O O
—10308000 10308000 0 0 O
K., = 0 0 0 0O
0 0 0 0 O
i 0 0 0 0O
[0 0 0 00
0 10308000 —10308000 O O
K,,=|0 —10308000 10308000 0 O
0 0 0 00
0 0 0 00
[0 0 0 0 0]
00 0 0 0
K,,=|0 0 2614000 -2614000 O
0 0 -2614000 2614000 O
0 0 0 0 0]




0 00 0 0
0 00 0 0
K,,=[0 0 O 0 0
0 0 0 26813,3353 -26813,3353
|0 0 0 -26813,3353 26813,3353 |
Matriz Ensamblada:
[ 10308000 —10308000 0 0 0 e, |
-10308000 13575500 —3267500 0 0 0,
YK= 0 —-3267500 5881500  —2614000 0 0,
0 0 —2614000 26400813,33 -26813,3353|| 6,
) 0 0 —26813,3353  26813,3353 || 6, |
Eliminando filas y columnas:
10308000 -- —10308000-- - --- Q- Q- Q------ Jre,-1--
-10308000 13575500 —3267500 0 0 0,
YK= 0 —-3267500 5881500  —2614000 0 0,
¢) 0 -2614000 26400813,33 -26813,3353|| 6,
| 0 0 0 —26813,3353  26813,3353 || 6, |
Matriz reducida:
13575500 —3267500 0 0 0,] [-400
| -3267500 5881500  —2614000 0 6, | |-500
B 0 —2614000 26400813,33 -26813,3353(|6, | | ©
0 0 -26813,3353  26813,3353 || 6 800

Desplazamientos Nodales:

Momentos:

w
([

0
0
0
0

ANALISIS ESTRUCTURAL CON MATRICES

, =—0,0001rad
—0,0001 rad
, =0,00004 rad
s =0,0299 rad

M, =4.1232x10° Nm
M, =-3.7965x10° Nm
M, = -1.6338 x10° Nm
M, =1.2855x10° Nm
M, =0.0215x10° Nm

o)

iy

N

=

zz2zz2zx

[

o N

=

22222

[

iy
!

149
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Con MATLAB:

TORSION

>> KT = [10308000 -10308000 0 © 0; -10308000 13575500 -3267500 0 0; © -3267500 5881500%
-2614000 0; O 0 -2614000 26400813.33 -26813.3353; 0 © 0 -26813.3353 26813.3353] E

KT =
1.0e+007 *
1.0308 -1.0308
-1.0308 1.3576
0 -0.3267
0 7]
0 %]

2]
-0.3267
0.5881
-0.2614
(]

(4] (2]

(4 (4
-0.2614 (4]
2.6401 -0.0027
-0.0027 0.0027

>> KR = [13575500 -3267500 0 0; -3267500 5881500 -2614000 0; 0 -2614000 26400813.33;
-26813.3353; © © -26813.3353 26813.3353]

KR =
1.0e+007 *
1.3576 -0.3267
-0.3267 0.5881
0 -0.2614
0 0
>> F = [-400; -500; 0;
F =
-400
-500
0
800

>> U = inv(KR)*F

-0.0001
-0.0001
0.0000
0.0299

>> UT = [0; -400; -500; 0; 800]

uT =

2]
-400
-500

)

800

>> M = KT*UT
M =
1.0e+009 *
4.1232
-3.7965
-1.6338

1.2855
0.0215

(]
-0.2614
2.6401
-0.0027

800]

(4]

(4]
-0.0027
0.0027
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En la siguiente estructura, determinar los angulos girados en los nodos indicados.

G = 80GPa G =100GPa
Y - 20em o = 30Cm G = 80GPa
~ —— 20cm =4cm

M M, | — M, ™M Mt
X 2 ) 4 3 =500 Nm
4 =800 Nm
@) @ ® ®@ ® ®" M, =800Nm

| | | | | |

' 3m ' 3m ' 4m ! 5m ' 6m '

mm-.m G/

1,257 80GPa 3,352x101"°
2-2 1,257 80GPa 3m 3,352x101°
3-4 5,105%x107° 100GPa 4m 127625000
4-5 6,362x10°° 100GPa 5m 127240000
5-6 3,976x10 120GPa 6m 7952000
A. Resolucién
GJ/L -GJ/L 0 O
3 -GJ/L GJ/L 0 O
S ) 0 00
0 0 0 0

[ 3,352x10° -3,352x10° 0 0 0 O
—-3,352x10"° 3,352x10° 0 0 O O
0 0 0 00O

K, =
0 0 0 00O
0 0 0 00O
| 0 0 0 00 0
[0 0 0 0 0 O]
0 3,352x10"° —3,352x10° 0 0 O
« - 0 -3,352x10"° 3,352x10° 0 0 O
> 1o 0 0 0 00
0 0 0 0 0O
|0 0 0 0 0 0]
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00 0 0 00
00 0 0 00
- 0 0 127625000 —127625000 0O O
** |0 0 -127625000 127625000 0 O
00 0 0 00
[0 0 0 0 0 0]
[0 0 0O 0 0 0]
0 0O 0 0 0
0 0O 0 0 0
Kes= 0 0 0 127240000 —127240000 O
0 0 0 -127240000 127240000 O
[0 0 0 0 0 0]
[0 0 0 0 0 0 ]
0 00O 0 0
0 0 0O 0 0
R 0 0
0 0 0 0O 7952000 —7952000
|0 0 0 O -7952000 7952000 |
Matriz Ensamblada:
[ 3,352x10°  —3,352x10" 0 0 0 o |e,] [m]
-3,352x10"  6,7040x10°  —3,352x10% 0 0 0 0, |M,
Tk = 0 —-3,3520%x10"  3,3648x10° -0,0128x10° 0 0 0, _ M,
0 0 -0,0128x10°  0,0255x10° -0,0127x10° 0 0, (M,
0 0 0 -0,0127x10° 0,01350x10° —7952000 (| 0, | [M,
i 0 0 0 0 —7952000 7952000 |[6, | [M, ]
Eliminando Filas y Columnas:
'73,352~j>< 10% - - -3,352x191% - - - - -- R @ ---mmmoeoe- @---------e- e Fo:1-{™m, ]
—3,3sgx101° 6,7040x10°  —3,352x10% 0 0 0 0, |M,
S = 0 -3,3520x10"°  3,3648x10° -0,0128x10° 0 0 0, M
0 0 -0,0128x10°  0,0255x10° —0,0127x10° 0 0, [M,
0 0 0 -0,0127x10° 0,01350x10° —7952000 || 6, | | M,
[ ----- 0o R Rt L ~7952000 - - - -7952000- {6 | - | M, |
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Matriz reducida:

6,7040x10°  -3,352x10% 0 0 8, | [-100
| -3,3520x10"  3,3648x10° —0,0128x10° 0 6, | 500
- 0 —0,0128x10° 0,0255x10° —0,0127x10° || 6, | | 800
0 0 -0,0127x10° 0,01350x10° || 6, 800

Desplazamientos Nodales:
0, =-0,0001x 10" rad

6, =—-0,0000 rad
0,=0,1146x10"" rad
0, =0,1670x 10 rad
Momentos:
M, =3352 Nm
M, =1328 Nm
Con MATLAB:

>> KT = [3.352*%10710 -3.352*10710 0 © 0 0; -3.352*%10710 6.7040%*10"9 —3.352*10“10;
0 0 0; 0 -3.3520%10"10 3.3648*10"9 -0.0128*10"9 0 0; © © -0.0128*10"9 0.6255*16“9;
-0.0127*1079 0; 0 0 0 -0.0127*%10"9 0.01350*%10"9 -7952000; 0 @ © @ -7952000 7952000] :

KT =
1.0e+010 *
3.3520 -3.3520 0 (4 (4 0
-3.3520 0.6704  -3.3520 (4] [ (]
0 -3.3520 0.3365 -0.0013 (4 [
(4] 0 -0.0013 0.0026 -0.0013 0
(4] (4 0 -0.0013 0.0014  -0.0008
(4] (4] 0 0 -0.0008 0.0008

>> KR = [ 6.7040*10"9 -3.352*%10710 0 0; -3.3520%10710 3.3648-10"9 -0.0128*10"9 0;;
0 -0.0128*10"9 0.0255%¥10"9 -0.0127*1079; 0 0 -0.0127*10"9 0.01350*10"9] E

KR =
1.0e+010 *
0.6704  -3.3520 0 (4
-3.3520 0.3365 -0.0013 (4]
0 -0.0013 0.0026 -0.0013
(4] 0 -0.0013 0.0014

>> F = [-100; 500; 800; 800]
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-100
500
800
800

>> u = inv(KR)*F

1.0e-003 *

-0.0001
-0.0000
0.1146
0.1670

>> U = 107-3*%[0; -0.0001; 0; 0.1146; 0.1670; 0]
U =

1.0e-003 *

1.0e+003 *

3.3520
-0.6704
1.8851
0.8014
0.7991
-1.3280
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En la siguiente estructura, determinar los angulos girados en los nodos indicados.

,=30cm
,=20cm
<
M, «— — ] G=1006pa
_J
I® @ ?D @ |
' 10m ! 6m !
mm-.m
0,00636 1x10'" GPa 106x10°
2-2 0,00636 1x10'" GPa 6m 106x10°
3-4 0,00126  8x10"°GPa 4m 252 x10°
4-5 0,00126  8x10"°GPa 5m 2016 x10*
A. Resolucion
GI/L -GJ/L 0 O
-GJ/L GJ/L 0 O
= g 0 00
0 0 00
[ 106000000 —106000000 0 0 O]
—106000000 106000000 0 0 O
K, ,= 0 0 000
0 0 000
i 0 0 0 0 0]
[0 0 0 0 0]
0 0 106000000 —106000000 O
K,,=|0 0 -106000000 106000000 O
00 0 0 0
0 0 0 0 0]
[0 0 0 0 0]
0 0 0 0 0
K,,=[0 0 252x10° -252x10° O
0 0 -252x10° 252x10° O
0 0 0 0 0]
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[0 0 0 0 ]
0 00 0
K,,=|0 0 0 0
0 0 0 2016x10* -2016x10*
[0 0 0 -2016x10* 2016x10" |
Matriz Ensamblada:
[ 106000000 —106000000 0 0 o (e, ] [Mm]
—-106000000 212000000 —106000000 0 0 0, |M,
YK 0 —~106000000 131200000 —25200000 0 0, [=| M,
0 0 —25200000 45360000 -20160000|(|0, | |M,
| 0 0 0 —20160000 20160000 || 6, | |M, |
Matriz reducida:
212000000 —106000000 0 0 0,| [-400
| ~106000000 131200000 25200000 0 6,| | O
0 —25200000 45360000 —20160000 || O, 600
0 0 —-20160000 20160000 || 6, 0
Desplazamientos Nodales:
0, =0rad
0,=1,89%x10"° rad
0,=7,55x10"° rad
0,=3,14x107 rad
0, =3,14x10"° rad
Momentos:
M, = —200 Nm
M, = —400 Nm
M, = —0.0520 Nm
M, =600 Nm

M, =0 Nm
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Con MATLAB:

>> KT = [ 106000000 -106000000 0 0 0; -10600000 212000000 -106000000 0 0; O -106000000 :
131200000 -25200000 0; 0 0 -25200000 45360000 -20160000; 0 0 0 -20160000 20160000];

KT =
106000000 -106000000 0 0 2]
-10600000 212000000 -106000000 () (2]
0 -106000000 131200000 -25200000 0
() 0  -25200000 45360000 -20160000
2] 2] 0 -20160000 20160000

>> KR = [212000000 -106000000 0 0; -106000000 131200000 -25200000 0; © —25200000§
45360000 -20160000; 0 0 -20160000 20160000 ]

KR =
212000000 -106000000 2] 2]
-106000000 131200000 -25200000 2]
0  -25200000 45360000 -20160000
(2] 0 -20160000 20160000

>> F = [-400; 0; 600; 0]
F—=

-400
()
600
()

>> u = inv(KR)*F
u =
1.0e-004 *

0.0189
0.0755
0.3136
0.3136

>> U = 107-4*%[0; 0.0189; 0.0755; 0.3136; 0.3136]
U =
1.0e-004 *

(4
.0189
.0755
.3136
.3136

[ORORONN)

>> MT = KT*U
MT =

-200.3400
-399.6200
-0.0520
600.0120
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EJERCICIO 5

En la siguiente estructura, determinar los angulos girados en los nodos indicados.

ext =20cm =20cm
e = 15em

M, ) M, M,=600Nm

J M =800 Nm
= 4

G = 120GPa G =aelre

@I 3m @ ?

8m 10m

mm-m

0,00118 1,2x10" GPa 3m 472x10°
2-2 0,00118 1,2x10" GPa 5m 2832x10*
3-4 0,00261 8x10"° GPa 10m 2088x10*

A. Resolucion
GJ/L -GJ/L

|-a/L @/
= 0 0
0 0

O O O O
o O O O

472x10° —-472x10°
—472x10°  472x10°
0 0
0 0

O O O o
o O O o

J

0 0
2832x10" —2832x10°
—2832x10"  2832x10°
0 0

o O O o
o O O o

L

J

0 0
0 0
2088x10"  —2088x10°
—2088x10*  2088x10" |

=~

Il
© o o o
o o o o

Matriz Ensamblada:

472x10° —472x10° 0 0 0

—472x10° 75520000 —2832x10° 0 0
0 —2832x10" 49200000 —2088x10* |6,

0 0 -2088x10° 2088x10* || ©

[y

N

SK=

o

T L KFL

=
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Matriz Reducida:

75520000 —2832x10* 0 0, M,
K=|-2832x10" 49200000 —2088x10* |6, |=|M,
0 —2088x10* 2088x10* || 6 M

4
Desplazamientos Nodales:
0,=0rad
0, =0,2966x10™ rad
0,=0,5791x10"* rad
0,=0,9622x10"* rad

Momentos:
M, =—1400 Nm
M, =2076 Nm
M, =756.2 Nm
M, =800 Nm

Con MATLAB:

>> KT = [472*10"5 -472-10"5 © ©; -472*10"5 75520000 -283*10"4 0; © —283*1@“4;
49200000 -2088*10"4; © O -2088*10"4 2088*10"4]

KT =
47200000 -47200000 [ [
-47200000 75520000 -2830000 0
0 -2830000 49200000  -20880000
2] 0 -20880000 20880000

>> KR = [75520000 -2832*10"4 0; -2832*10"4 49200000 -2088*10"4; 0 -2088*10"4 2088*10“4];
KR =
75520000 -28320000 [}
-28320000 49200000 —-20880000
] -20880000 20880000
>> F = [600; 0; 800]
F=
600
0
800
>> u = inv(KR)*F
u-=
1.0e-004 *
0.2966

0.5791
0.9622
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>> U = 107-4*%[0; 0.2966; 0.5791; 0.9622]
U =
1.0e-004 *
0
0.2966
0.5791
0.9622
>> MT = KT*U
MT =
1.0e+003 *
-1.4000
2.0760

0.7562
0.7999

En la siguiente estructura, determinar los angulos girados en los nodos indicados.

G =60GPa G = 90GPa
o = 40CM o = 30cm
W2 25 ~ m = 200M M, = 600 Nm
M,—> ) — M, M, = 1000 Nm
o © ° °
' 3m ' 3m ' 4m '

| Elemento | JmY) |6 | m | G/ |
1-2

0,01704 60GPa 6m 170400000
2-2 0,20011 60GPa 8m 150825000
3-4 0,00511 90GPa 6m 76650000

4-5 0,00636 90GPa 4m 143100000



A. Resolucion

3-4

Matriz Ensamblada:
[ 170400000
SK= 0

0 0
0 0

[0

0
0
0
0

o O O O o

o O O O O

[ 170400000
—170400000

0
0
0

150825000
—150825000

O O O O o

o O O O o

—170400000
—170400000 321225000
—150825000

0
0
0

0

0
0

0
0
76650000
—76650000
0

0
0
0

o O O O O

0
—150825000
22745000
—76650000
0

—170400000 O
170400000

—150825000
150825000

143100000
—143100000

ANALISIS ESTRUCTURAL CON MATRICES

o O ©O o o

0
0
0
0

0

0
0

o O O o o

0
0
—76650000
76650000
0

0

0
0
—76650000
219750000
14310000

~143100000
143100000 |

O O O o o

o O O o o

o O O O o

0

0

0
—14310000

—14310000 |

N w N [

DO DO DD D D

w«

= o N 5

< 2L KF

[
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Matriz Reducida:

321225000 -150825000 0 6, 600
K=|-150825000 227475000 -76650000 (|6, (= O
0 —76650000 219750000 || 6, 1000

Desplazamientos Nodales:
6, =0rad

1

0, =4,1465x10° rad

0, =4,85309%10° rad
0, =6,24341x10°° rad
0,=0rad

Momentos:
M, =—706,5679 Nm
M, =600 Nm
M, = —0.0610 Nm
M, =1000 Nm

M, =893,4329758 Nm

Con MATLAB:

>> KT = [170400000 -170400000 © © 0O; -170400000 321225000 -150825000 © 0;
-150825000 227475000 -76650000 0; © O -76650000 219750000 -143100000; ©
143100000 -143100000]

o
[OIEG]

KT =
170400000 -170400000 0 0 0
-170400000 321225000 -150825000 0 0
0 -150825000 227475000 -76650000 (2]
0 0 -76650000 219750000 -143100000
0 0 0 143100000 -143100000

>> KR = [321225000 -150825000 0; -150825000 227475000 -76650000; 0 -76650000 219750000 ]
KR =
321225000 -150825000 2]
-150825000 227475000 -76650000
0 -76650000 219750000

>> F = [600; 0; 1000]
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1.0e-005 *
0.4147
0.4853
0.6243
>> U = 10”~-5*%[0; 0.4147; 0.4853; 0.6243; 0]
U =
1.0e-005 *
0
.4147

.4853
.6243

[OIOR]

>> MT = KT*U
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ANALISIS ESTRUCTURAL CON MATRICES

7.1. ELEMENTO VIGA SIMPLE (1D)

L

I

E
v =v(x)
_dv
dx
F=F(x)

E, I

Longitud

Momento de inercia del area de la seccion transversal
Moddulo de elasticidad

Deflexion (el desplazamiento lateral) del eje neutro
Rotacidn sobre el eje Z

Fuerza cortante o de cizalladura

M=M(x) Momento sobre el eje Z

7.2. TEORIA DE LA VIGA ELEMENTAL

7.2.1. METODO DIRECTO

Usando los resultados de la teoria de la viga elemental se puede calcular cada columna de la matriz de
rigidez. La ecuacion de rigidez de elemento (el nodo local: i, j 0 1, 2), se obtiene lo siguiente:

v, 6, v, Gj
12 6L -12 6L
Ell 6L 4 -6L 21
Cl-12 -6L 12 -6L

6L 2I° —6L 4L’ |6, !

D < @ <
|
< mn Z

167
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A. Para una viga 2D

v, Gi
0 0
12El  6EI
c
6EI 4|
L L
0 0
12El  6EI
T
6EI 2EI
2 L

u. V.
J J
EA
-—— 0
L

12El
0 - :

6EI
0 =
EA
— 0
L

12El
0 B

6El

NG

7.2.2. ANALISIS DE ESTRUCTURAS DE MARCOS PLANOS

VIGAS

Se considera que los miembros en un marco son conectados rigidamente. Pueden transmitirse fuerzas
y momentos a través de sus juntas. Se necesita el elemento viga general (las combinaciones de barray
los elementos de la viga simples) para modelar los marcos.

EJERCICIO 1
Y 500 Ib/ft
300 Ib
1 @ 2
I &) G| 3

3 4 X

| I

12 ft

A. Resolucion

Dado que

E=30x10°psi,|=65in*, A=6.8in’

Hallar los desplazamientos y rotaciones
de las dos juntas (1y 2).

Paso 1: Para este caso, se ha convertido la carga distribuida primero a sus cargas nodales

equivalentes.

300 Ib 300 Ib
anooo Ib-in
300 b \['
N1 @ 21172000 Ib-in
3 4
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Paso 2: En el sistema de la coordenada local, la matriz de rigidez para un elemento 2D de la viga

general es como sigue:
u V. 0 u v 0
. I 1 I ] J J_
E E
By 0o A o 0
L L
12El  6EI 126l 6El
T e Y e oTE
6El  A4El 6EI 2l
o = — 0 -— —
- L L L L
EA EA
-—= o0 o — o0 0
L L
12El  6El 12El  6El
O ¢ ¢ ° ¢ ¢
6EI  2EI 6EI 4l
o - — 0 -— —
i L L L L

Tabla de conectividad de elementos

1 1 2
2 3 1
3 4 2

Paso 3: Para el elemento 1, se tiene lo siguiente:

ul Vl 91 uZ VZ
[ 141.7 0 0 -141.7 0
0 0.784 56.4 0 -0.784
. 0 56.4 5417 0 -56.4
k, =k,'=10" x
-141.7 0 0 141.7 0
0 -0.784 -56.4 0 0.784
0 56.4 2708 0 -56.4

92
.
56.4
2708
0
~56.4

5417 |

Paso 4: Para los elementos 2 y 3, se tiene la matriz de rigidez en el sistema local.

ui' vi' Bi' uj' v,
[ 2125 0 0 -2125 0O

0 265 1.27 0 -2.65

. 0 127 8125 0 -127

k,'=k,'=10" x

-2125 0 0 212.5 0

0 -2.65 -1.27 0 2.65

| o 127 4063 0 -127

Donde:i=3,j=1parael elemento 2;i=4,]j=2 para el elemento 3.

0
0
127
4063
0
-127
8125

169
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Paso 5: En general, la matriz de la transformacién T es asi:

[c s0 0 00]
—-sc000O0O0
001000
000¢csO
000-scO
(000001

Entonces:
c=0; s=1

Paso 6: Para ambos elementos 2 y 3, se tiene lo siguiente:

[0 1. 0 0 0 O]
-1 00 0 0O
0 01 0 00
™o 000 10
0 00 -10 0
(0 00 0 0 1]

Paso 7: Usando la relacidn de la transformacion, se tiene que:
k=Tk'T

Paso 8: Se obtiene la matriz de rigidez en el sistema de la coordenada global para los elementos
2y3.

u, v, 6, u, A 6,
[ 2.65 0 -127 -2.65 0 -127]
0 2125 0 0 -2125 0
. | -127 0 8125 127 0 4063
k, =10" x
-2.65 0 127  2.65 0 127
0 -2125 0 0 2125 0
| -127 0 4063 127 0 8125 |
u, v, 6, u, v, 6,
[ 2.65 0 -127 -265 0  -127]
0 2125 0 0 -2125 0
. | -127 0 8125 127 0 4063
k, =10" x

—2.65 0 127  2.65 0 127
0 -2125 O 0 212.5 0
| —127 0 4063 127 0 8125 |
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Paso 9: Ensamblando la ecuacion global y notando las siguientes condiciones de contorno.

3=0,=u,=v,=6,=0
000 Ib

U, =V
Fy=3
Fy =0
F, =F,, =—3000 Ib

1y

M, =-72000 Ib.in
M, = 72000 lb.in

Paso 10: Se obtiene la ecuacion condensada.

[ 1443 0 127 -141.7 0 0

(u,] [ 3000 |
0 2133 564 0 078 56.4 ||v, -3000
10 127 564 13542 0 -56.4 2708 ||6,| |-72000
X —
-141.7 0 0 1443 0 127 ||y, 0
0 -0784 -564 0 2133 -564 ||v, -3000
e 56.4 2708 127  -56.4 13542|(6,] | 72000 |

Paso 11: Resolviendo esto, se obtiene que:

0.092in
—0.00104 in
-0.00139 rad
0.0901in
-0.0018 in
|—3.88x10° rad]

NTRT e e
,

N

' < € © < <

N
.

Paso 12: Para calcular la reaccion de fuerza y momentos a los dos extremos, emplee las
ecuaciones para los elemento 2 y 3.

F —672.7b
F, r=1 2210lb
M,| |60364lbin

Fiy —23381b
Fy =4 3825lb
M,| [1126411bin
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Paso 13: Verifique los resultados. Dibuje el diagrama de libre-cuerpo del marco. Se mantiene el
equilibrio con las fuerzas calculadas y momentos.

3000 Ib 3000 Ib
72000 Ib-in.

3000 |b J .
72000 lb-in.
41112641 Ib-in.
60364 |b-in. ]
672.7 b 2338 1b
22101b 38251b

EJERCICIO 2

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

P=2000N q=50N/m

RA RB
A. Resolucion

Paso 1: Calcule las reacciones en los apoyos:
M, =0
18R, = 400N(14m)-+2000N(6m)=977.78N.m
M, =0
18R, =2000N(12m)+400N(4m)=1422.22N.m
Paso 2: Calcule los cortantes y flectores en las secciones de la viga.

e Segmento A—C (0<X<6)

Las fuerzas aplicadas a considerar son las que aparecen en la siguiente figura:

— o
| V, =1422.22N . A

X : M, =1422.22 XN 2 2844.44

RA IS 4 | 5688.88

' 6 | 8533.332

Estas expresiones son vélidas solamente desde x = 0 hasta x = 6 m.
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e Segmento C—D (10< X <18)

Las fuerzas aplicadas a considerar son las que aparecen en la siguiente figura:

2000N 4000 N X M
L ‘ V., =577 N 10 | 62222
| 12 | 4966.76
. . M,, = —25X2 = 77.7X + 9500 14 | 3511.22
1 1
61 8 16 | 1855.68
RHA > 18 0.14

Estas expresiones son validas solamente desde x =10 m hasta x =18 m.

B. Resolucion con MATLAB

>> % TRAMO A - C, DONDE X VARIA ENTRE O Y 6ém:
>> X = 0:0.01:6;

>> M = 1422.22.%x;

>> plot(x,M)

>> grid on

>> hold on

>> % TRAMO C - D, DONDE X VARIA ENTRE 6 Y 10m:
>> X = 6:0.01:10;

>> M = -577.78.*%*x+12000;

>> plot(x,M)

>> grid on

>> hold on

>> % TRAMO D - B, DONDE X VARIA ENTRE 10 Y 18m:
>> x = 10:0.01:18;

>> M = -25.%x.72-77.7.*x+9500;

>> plot(x,M)

>> grid on

>> hold off

9000

8000

7000

6000

5000

4000

3000

2000

000 [ T B B BB
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EJERCICIO 3

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

3000 N 5000 N

L

RP

A. Resolucién
Paso 1: Calcule las reacciones en los apoyos.
Fuerza: 4526.607 N

Momento: 22005.54 N*m (si el valor es positivo, la fuerza se da en sentido contrario a las agujas
del reloj).

RB=3473.39N

Carga total = 8000 N
Paso 2: Calcule los cortantes y flectores en las secciones de las vigas:

e Segmento A—-C (0 < X<6)

Las fuerzas aplicadas a considerar son las que aparecen en figura siguiente:

] S
! V, =4526.6 N 0 —2205.54
‘| M, = 4526.60 X — 22005.54 N 2 |-12952.34
RAIS— 4 | -3899.14
' 6 5154
Estas expresiones son validas solamente desde x = 0 hasta x = 6 m.
e Segmento C-D (6 < X< 14)
3000 N X M
V_, = 4526.60 — 3000 = 1526.6 N 5 | BLealvE
10 | 11260.46
; ; M, = 1526.60X — 4005.54 12 14313.66
6 ' x-6_ 14 | 17366.86
o IE—

RA
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e Segmento D-B (14 < X <19)

3000 N 5000 N X M
L ‘ V,,=-3473.39 N 14\ 17367
| 16 | 10420.22
; ; M., =—3473.39X + 65994.46N 18 3473.44
| |
6 ! 8 ! 19 0.05

RA

Estas expresiones son validas solamente desde x = 14m hasta x = 19 m.

B. Resolucion con MATLAB

>> % TRAMO A - C, DONDE X VARIA DE © A 6m:
>> X = 0:0.01:6;

>> M = 4526.60.*x-22004.54;

>> plot(x,M)

>> grid on

>> hold on

>> % TRAMO C - D, DONDE X VARIA DE 6 A 14m:
>> X = 6:0.01:14;

>> M = 1526.60.*x-4005.54;

>> plot(x,M)

>> grid on

>> hold on

>> % TRAMO D - B, DONDE X VARIA DE 14 A 19m:
>> X = 14:0.01:18;

>> M = -3473.39.*X+65994.46;

>> plot(x,M)

>> grid on

>> hold off
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EJERCICIO 4

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

g =100 N/m
A/ AN
| ° ) .
7 CEEEm e
A | | B
| |
em 4m I 10 m
' | |
RA ' RB

A. Resolucion

Paso 1: Calcule las reacciones en los apoyos:
Apoyo A=290N
Apoyo B =710 N
Carga total = 1000 N

Paso 2: Calcule los cortantes y flectores en las secciones de las vigas:

e Segmento A-C (0 <X <6)

Las fuerzas aplicadas a considerar son las que aparecen en la figura siguiente:

] X | w

. V, =290N 0 0
« | M, =290 X N 2 580
RAIS— 4 1160
' 6 1740

Estas expresiones son validas solamente desde x = 0 hasta x = 6 m.
e Segmento C-D (6 £ X <10)
e )] 1 v, ,=29N

|z 1 6 940
[ . M, =290X-800 8 1520
ra 6 x-6! 10 | 2100



e Segmento D-B (10 < X £ 20)

ANALISIS ESTRUCTURAL CON MATRICES

g =100 N/m X M
10 2100
N\
L e ) V,, = —100X + 1290 N 12 2480
I/ | . 14 2460
| | M, = —50X* + 1290X — 5800 N 16 2040
RA 6 4 18 | 1220
20 0

Estas expresiones son validas solamente desde x=10m hasta x=20 m.

B. Resolucion con MATLAB

% TRAMO A - C, DONDE X VARIA DE © A 6m:
X = 0:0.01:6;

M = 290.*x;

plot(x,M)

grid on

hold on

% TRAMO C - D, DONDE X VARIA DE 6 A 10m:
X = 6:0.01:10;

M = 290.*x-800;

plot(x,M)

grid on

hold on

% TRAMO D - B, DONDE X VARIA DE 10 A 20m:

X = 10:0.01:20;

M = -50.*x."2+1290.*x-5800;
plot(x,M)

grid on

hold off
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EJERCICIO 5

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

g=80N/m

g=30N/m
E o Ay
| |
l l B
8m _| 5m I 6m
A ' ]
RA RB

A. Resolucion

Paso 1: Calcule las reacciones en los apoyos:
Fuerza=631.16 N
Momento = 1852.10 N*m
Apoyo A =188.84
Carga total =820 N
Paso 2: Calcule los cortantes y flectores en las secciones de las vigas.

e Segmento A-C (0<X<8)
Las fuerzas aplicadas a considerar son las que aparecen en la figura siguiente:

X M
0 -1852.1
[ V, =-80X +631.16 N RO ==
T ! M, =631.16X-1852.10 N 4 672.54
|
RA <X > 6 | 1934.86
' 8 3197.18
Estas expresiones son validas solamente desde x = 0 hasta x =8 m.
e Segmento C-D (8 £X<13)
g=80N/m
M
Vv, =-8.8365
8 637.17
] M, = —8.84X + 707.89 10 | 619.49
: : 12 | 601.81
B XTI 13 | 592.97
RA ' '

Estas expresiones son validas solamente desde x = 8m hasta x = 13 m.



e Segmento D-B (13 £ X <19)

g=80N/m g=30N/m
Y\ A
B
I I
| |
8 . 4 . x-12
RA ' '

Estas expresiones son validas solamente desde x =13 m hasta x =19 m.

B. Resolucion con MATLAB

% TRAMO A - C, DONDE X VARIA DE © A 8m:
X = 0:0.01:8;

M = 631.16.*x-1852.10;

plot(x,M)

grid on

hold on

% TRAMO C - D, DONDE X VARIA DE 8 A 13m:
X = 6:0.01:13;

M = -8.84.*x+707.89;

plot(x,M)

grid on

hold on

% TRAMO D - B, DONDE X VARIA DE 13 A 19m:

X = 13:0.01:19;

M = -15.%*x.72+381.16.*x-1827.10;
plot(x,M)

grid on

hold off

ANALISIS ESTRUCTURAL CON MATRICES

=-30X + 381.16

VDB
M,, =—15x* + 381.16x — 1827.10

X M
13 592.98
15 515.3
17 317.62
19 —-0.06
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EJERCICIO 6

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

RP p =400 KN M =200 KN.m F4
’%\ l ‘\ E=300GPa
MP 71 | r ) A=5x10"m’
V1i=0 [ (5/ I=4%x107*m*
ai-o0 /<1Y @ @

|
1m |
[

I

2m | 4m |
[

A. Resolucion

(4x10*m* )(300 x 10° Nz)

m KN
K1= - =120000—
(1 m) m
N
(5x10™m’ )(300 x10° 2) N
k2= . M 7 =15000—
(2 m) m
(5x10*m* )(300 x10° NZ)
m KN
K3= - =1875—
(4 m) m

B. Resolucion con MATLAB

>> k1 = 120000 * [12 6 -12 6 000 0; 6 4 -6 20000; -12 -6 12 -6 000 0; 6 2
640000, 00000000, 00000000; 000000V 0O0O; 000O0OOOOO]
kil =
Columns 1 through 6
1440000 720000 -1440000 720000 (2] 0
720000 480000 -720000 240000 0 0
-1440000 -720000 1440000 -720000 (2] (2]
720000 240000 -720000 480000 (2] (2]
(2] (2] (2] (2] (2] (2]
(2] 0 (2] (2] (2] (2]
(2] (2] (2] (2] 0 (2]
0 0 (2] (2] (2] 0

Columns 7 through 8

(SRR IR R RN]
OO OO0
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>> k2 =15000 * [0 00 00000; OOOOOOOO; ©O 1212 -121200; 00 12 16 -12:
800; 00-12-1212-1200; 00128 -121600; 000000 00;, POOOOOOO]:
k2 = E
Columns 1 through 6
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] 180000 180000 -180000 180000
(2] (2] 180000 240000 -180000 120000
(2] (2] -180000 -180000 180000 -180000
(2] (2] 180000 120000 -180000 240000
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
Columns 7 through 8
7] 7]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
>>k3=1875*[00000000; 00000000, 00P0O0O0O0V0; O0OOOLOOO; 0O:
0012 24 -12 24; 000 0 24 64 -24 32; © 00 0 -12 -24 12 -24; 0 0 0 © 24 32 -24 64] :
k3 =
Columns 1 through 6
(2] (2] (2] (2] (2] (2]
7] 7] 7] 7] 7] 7]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] 22500 45000
(2] (2] (2] (2] 45000 120000
(2] (2] (2] (2] 22500 45000
(2] (2] (2] (2] 45000 60000
Columns 7 through 8
(2] (2]
(2] (2]
(2] (2]
(2] (2]
-22500 45000
-45000 60000
22500 -45000
-45000 120000
>> KT= k1 + k2 + k3
KT =
Columns 1 through 6
1440000 720000 -1440000 720000 (2] (2]
720000 480000 -720000 240000 (2] (2]
-1440000 -720000 1620000 -540000 -180000 180000
720000 240000 -540000 720000 —180000 120000
(2] (2] -180000 -180000 202500 -135000
(2] (2] 180000 120000 -135000 360000
(2] (2] (2] (2] -22500 -45000
(2] (2] (2] (2] 45000 60000
Columns 7 through 8
7] 7]
7] 7]
(2] (2]
(2] (2]
-22500 45000
-45000 60000
22500 -45000
-45000 120000
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La matriz ensamblada estaria dada por:

[ 1440000 720000 —1440000 720000 0 0 0 0
720000 480000 —720000 240000 0 0 0 0
—1440000-720000 1620000 —540000 —180000 180000 0 0
720000 240000 —540000 720000 -—180000 120000 0 0
0 0 —180000 —180000 202500 —-135000 -—22500 45000
0 0 180000 120000 -—135000 360000 -45000 60000
0 0 0 0 —22500  —45000 22500 -45000
L 0 0 0 0 45000 60000 —45000 12000 |
Elimine filas y columnas.
—1144boo~——729000———444900~—720000 —————— posscooc Fomscocc é— ——————— == |
-1 -720000 - - -480000 - - 720000 - -240000 - - -~ - 0 0------ O 0 -1 6;}
—144000 ~720000 1620000 -540000 -180000 180000 é 0 v,
720000 240000 -540000 720000 ~-180000 120000 0 0 0,
¢ 0 -180000 —-180000 202500 —135000 —zisoo 45000 || v, |~
0 0 180000 120000 -135000 360000 —45000 60000 | |6,
S Qo 0 0------ 9------= 22500 - --~45000 - - -22500 - - —45000- - [ v,
| é 0 0 0 45000 60000 —4iooo 12000 | [6,] |

Se obtiene la siguiente matriz simplificada:

1620000 —540000—-180000 180000
—540000 720000 —180000 120000

Célculo de los desplazamientos

>> Y = [1620000 -540000 -180000 180000 0; -540000 720000 -180000 120000 0; —180600;
-180000 202500 -135000 45000; 180000 120000 -135000 360000 60000; © O 45000 60000

120000]
Y =
1620000 -540000 -180000 180000
-540000 720000 -180000 120000
-180000 -180000 202500 -135000
180000 120000 -135000 360000

2] 0 45000 60000

180000 120000 —135000 360000 60000

Vv
0
—180000—-180000 202500 —13500045000 |x| v
0
0 0 45000 60000 12000 |6

0
0

0

[
45000
60000
120000

Il
Pl

<

Nl

<

<

N

oy

< £

=

Rl

<

<
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el

-
gn 2 ¥

<

o

<
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VIGAS
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>> U =1inv (Y) * F
U =

0.0008

0.0010

0.0019

0.0002

-0.0008

Desplazamientos

v, =0m

6, =0rad
v, =0.0008 m

2

6, =0.0010 rad
v, =0.0019 m

8

6, =0.0002 rad
v,=0m
6, =—0.0008 rad

Célculo de las fuerzas

>> KT =[1440000 720000 -1440000 720000 0 © O O; 720000 480000 -720000 240000 0 O :
0 0; -1440000 -720000 1620000 -540000 -180000 180000 © O; 720000 240000 -540000 :
720000 -180000 120000 © 0; © O -180000 -180000 202500 -135000 -22500 45000; 0O 0;
180000 120000 -135000 360000 -45000 60000; © 0 © © -22500 -45000 22500 -45000; 0;
0 0 0 45000 60000 -45000 12000]

KT =
Columns 1 through 6
1440000 720000 -1440000 720000 2] 2]
720000 480000 -720000 240000 0 2]
-1440000 -720000 1620000 -540000 -180000 180000
720000 240000 -540000 720000 -180000 120000
0 0 -180000 -180000 202500 -135000
(] (] 180000 120000 -135000 360000
2] 2] 2] 2] -22500 -45000
2] 0 0 2] 45000 60000
Columns 7 through 8
2] 2]
0 0
] ]
0 0
-22500 45000
-45000 60000
22500 -45000

-45000 12000
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u
(4]

(4]

0.0008
0.0010
0.0019
0.0002

(4]

-0.0008

>> F = KT*U
F =
-432.0000
-336.0000
450.0000
-30.0000
-2.2500
31.5000
-15.7500
87.9000

>> U = [0; 0; 0.0008; 0.0010; 0.0019; 0.0002; 0; -0.0008]

Fuerzas

EJERCICIO 7

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se

F,=—432N
M, =-336 Nm
F, =450 N

M, =—30 Nm
F, =-2.25N
M, =31.5 Nm
F, =-1575N

M, =87.9 Nm

muestra en la figura y trazar los diagramas correspondientes.

g =30KN/m

P =500 KN/m

/“‘\50 K.m

®

y—

A
| | ®
[ |

' 4m 2m

E=300GPa
A=5x10""m’
I=4%x10""m*
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A. Resolucion
30(10)/2 30(10)/2 500KN

\ M = 30(10)2/12‘
M =30(10)/12( | L) ) |@

|
-
‘Rl Qﬁ ?SOKN, m
[
I I

| 8m 4m 2m |
N
(4x10“m“)(300x109 2) N
m
Kl= =120—
(10 m)? m
N
(4x10*m* )(300 x 10° 2)
m KN
K2= - =1875—
(4 m) m
(4x10*m* )(300 x10° NZ) N
K3= . M/ =15000—
(2 m) m

B. Resolucion con MATLAB

>> k1 = 120 * [12 60 -12 60 0 @ @ ©; 60 400 ~60 200 0 0 © 0; -12 -60 12 ~60 © © :
© 0; 60 200 —60 400 0 0 0 0; P 0O OO OO 0; POOOODODOO; POOOODOA;:
000000 0] 5

kil =
Columns 1 through 6
1440 7200 -1440 7200 2] 2]
7200 48000 -7200 24000 (2] (2]
-1440 -7200 1440 -7200 2] 2]
7200 24000 -7200 48000 (2] (2]
0 0 (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] 0 (2]
0 (2] 0 (2] (2] (2]
Columns 7 through 8
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
(2] (2]
>>k2=1875* [0 000000 0; ©O0O00000O; 001224 -122400; 00 24 64:
-24 32 00; 00 -12 -24 12 -24 0 0; 0 0 3

232-246400; 00000000; 006
000 0] ;
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Columns 1 through 6

[OOSR RGN

[OIGIGRORGEC RGN

Columns 7 through 8

[OIGIGRORGEGR GRS

[OIGIGRORGEGR RN

22500
45000
-22500
60000

45000
120000
-45000

60000

0
()

-22500
-45000

22500
-45000

>> k3 =15000 * [0 000 0000; O0OODOOOODO; OOOOOOO

0001212 -1212; 0000 12 16 -12 8; 00 0 0 -12 -12 12 -12;

k3 =
Columns 1 through 6
2] 2]
2] 2]
0 [
2] 2]
2] 0
0 0
2] 2]
0 2]
Columns 7 through 8
2] 0
2] 2]
0 [
2] 2]
-180000 180000
-180000 120000
180000 -180000
-180000 240000
>> K = k1 + k2 + k3
K =
Columns 1 through 6
1440 7200
7200 48000
-1440 -7200
7200 24000
2] 2]
0 ()
2] 2]
0 0
Columns 7 through 8
2] 2]
0 0
0 0
2] 2]
-180000 180000
-180000 120000
180000 -180000
-180000 240000

[CRORGREORORGRORN]

-1440
-7200
23940
37800
-22500
60000
()

2]

[ ORG RGNS

7200
24000
37800

168000
-45000
60000
()

2]

[ GRGRS]

180000
180000
-180000
180000

(2]

0
-22500
-45000
202500
135000
-180000
180000

45000
60000
-45000
120000
0

2]

(OGRS

180000
240000
-180000
120000

]

0
45000
60000
135000
360000
-180000
120000

VIGAS
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Se obtiene la siguiente matriz ensamblada:

|
1
J
1
d

1440 7200 1440 7200 0 0 0 0 v,| [F,
7200 48000 —7200 24000 O 0 0 0 0, | M,
—1440 —7200 23940 37800 —22500 45000 0 0 v, | |F,
7200 24000 37800 168000 —45000 60000 0 0 0, | M,

0 0  —22500-45000 202500 135000 —180000 180000 |v, |~ F,

0 0 60000 60000 135000 360000 —180000 120000 | |6, | [M,

0 0 0 0 180000 180000 180000 180000 | |v,| |F,

| o 0 0 0 180000 120000 —180000 240000 | |6, | |M, |
Elimine filas y columnas:

[ 1440 7200 14407200 0 - 0 0 o1 fvil [F, ]
7200 48000 —7200 24000 O 0 0 0 0, (M,
~1440-7200 23940 37800 —22500 45000 0 0 v, | |F,
7200 24000 37800 16800045000 60000 0 0 0, |M,

0 0 -22500-45000202500135000 ~180000 180000 “Iv, | F,
0 0 60000 60000 135000360000-180000 120000 | |6, | |Mm,
Q-0 -0°-0 180000180000 180000 180000{ v, | | F,
| 0 0o o 0 180000120000 —180000 240000 (6, | [M, |
Se obtiene la siguiente matriz simplificada:
48000 —7200 24000 0 0 0 [6,] [M,]
~7200 23940 37800 —22500 45000 0 v,| |k,
24000 37800 168000—45000 60000 O 0, | M,
0 —22500-45000202500135000180000 | | v, |~ F,
0 60000 60000 135000360000120000| |6, | |M,
| o 0 0  180000120000240000| |6, | |M, |

Célculo de los desplazamientos

>> Y = [48000 -7200 24000 0 © O; -7200 23940 37800 -22500 45000 0; 24000 37800:
168000 -45000 60000 O; O -22500 -45000 202500 135000 180000; O 60000 60000 135000
360000 120000; 0 0 O 180000 120000 240000]

Y =
48000 -7200 24000 [ 0 [
-7200 23940 37800 -22500 45000 0
24000 37800 168000 -45000 60000 [
0 -22500 -45000 202500 135000 180000
[ 60000 60000 135000 360000 120000

0 0 0 180000 120000 240000
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>> F = [-250; -150; 250; -500; 50; 0]

F =
-250
-150
250
-500
50
0
>> U =
U =
0.0440
0.3097
-0.0054
0.1474
-0.0828
-0.0692

Desplazamientos

Célculo de fuerzas

>> K = [1440 7200 1440 7200 © © © O; 7200 48000 -7200 24000 0 © © 0; -1440 -7200 :
23940 37800 -22500 45000 © 0; 7200 24000 37800 168000 -45000 60000 0 0; 0 O —22500;
-45000 202500 135000 -180000 180000; O O 60000 60000 135000 360000 -180000 120060;;
0 0 0 0 180000 180000 180000 180000; © © © O 180000 120000 -180000 240000 ] :

K =
1440
7200
-1440
7200
0

2]
0
2]

>> U = [0; 0.0440; 0.3097; -0

inv(Y) * F

7200
48000
-7200
24000

0

2]
0
2]

0, =0.0440 rad

1

v, =0.

3097 m

0, =—0.0054 rad

2

v, =0.

1474 m

0, =-0.0828 rad

g

0, =-0.0692 rad

1440
-7200
23940
37800

-22500
60000
0

2]

.0054; 0.

7200
24000
37800

168000
-45000
60000
0

0

1474; -0.0828; 0; -0.0692]

(2]

2]
-22500
-45000
202500
135000
180000
180000

(2]

(2]
45000
60000
135000
360000
180000
120000

VIGAS



Fuerzas

EJERCICIO 8

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se

ANALISIS ESTRUCTURAL CON MATRICES

F, =723.8880 N
M, = —247.4400 N.m
F,, =—149.2020 N
M, =254.4600 N.m
F,, =—510.7500 N

M, =45 Nm
F,, =828 N
M, =—12 Nm

muestra en la figura y trazar los diagramas correspondientes.

P = 400 KN 10
_ 2N E = 350GPa
o I L)
% C;D 100 KN.m @(;)
| | | |
F2om | 4m ' 8m '
P = 400 KN i
25(8
\ /‘L ®F _ 13333
12
| | (j@) )
@ (;D . 100 KN.m ®
| | |
2m ! 4m ! 8m :

189
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A. Resolucion

(5x10m*)[ 350x10° -
2

KN
Kl= - M2 =21875—
(2 m) m
N
(5x107*m?* )(350 x 10° 2]
m KN
K2= . =2734.375—
(4 m) m
N
(5x10*m?* )(350 x 10° 2)
m KN
K3= - =341.797—
(8 m) m

B. Resolucion con MATLAB

>> k1=21875%[12 12 -12 12 0 0 0 0; 12 16 -12 8 00 0 0; -12 -12 12 -12 0 0 0 0; -12
8-12160000; 00000000, DO00VOO0O0D; 00OOO0DOO,000000080]:
ki =
262500 262500 -262500 262500 0 0 0 0
262500 350000 -262500 175000 0 0 0 0
-262500  -262500 262500 -262500 0 0 0 0
-262500 175000 -262500 350000 0 0 0 0
e 0 0 e 0 0 e 0
0 ] ] 0 ] ] 0 0
0 ] ] 0 0 ] 0 o
0 ] ] 0 ] ] 0 0
>> k2= 2734.375* [ 0 0 00 0 0 0 0;0 000000 0; 001224 -122400; 00 24:
64 24 32 0 0; 0 0 -12 -24 12 -24 © 0;0 © -24 32 -24 32 0 0;0 0 0 0 0 0 0 0;0 0 O
0000 0] ;
k2 = §
1.0e+005 * :
0 ) ) 0 ) ) 0 o :
° ) ) 0 ) ) ° e
0 @  0.3281  0.6563 -0.3281  0.6563 ) 0
0 @  0.6563  1.7500  0.6563  ©.8750 0 0
0 @ -0.3281 -0.6563  ©.3281 -0.6563 0 0
0 @ -0.6563  0.8750 -0.6563  0.8750 0 0
e 0 0 e 0 0 e 0
e 0 0 0 ) 0 e 0
>> k3=341.797*[0 0 0 0 0 0 0 0;0 000000 0;00000000,000000080; 0
© 00 12 48 -12 48;0 0 © © 48 256 -48 128;0 0 © 0 -12 -48 12 -48;0 © 0 0 48 128

-48 256]

VIGAS
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0 —0.6563 0.8750 —0.4922 1.7500 —0.1641 0.4375
e @-----e- Q- 0 ---—0.0410-0.1641-0:0410-0.1641|--
0 0

<

w
o

Ll
L

<
'

k3 =
1.0e+004 *
0 ] ) 0 ] ) 0 ]
e ] ) 0 ] ) 0 ]
e ] ) 0 ] ) e ]
0 ] ) 0 ] ) 0 e
0 ] ) 0  0.4102 1.6406 -0.4102 1.6406 :
0 ] ) 0 1.6406 8.7500 -1.6406  4.3750 :
0 ] ) @ -0.4102 -1.6406  ©0.4102 -1.6406 :
e ] ) e 1.6406  4.3750 -1.6406 8.7500
>> KT = kil+k2+k3
KT =
1.0e+005 *

2.6250 2.6250 -2.6250 2.6250 ] ) 0 0
2.6250 3.5000 -2.6250 1.7500 ] ) 0 0 :

-2.6250 -2.6250 2.9531 -1.9688 -0.3281 0.6563 e e :

-2.6250 1.7500 -1.9688 5.2500  ©.6563 0.8750 0 0 :

e @ -0.3281 -0.6563 0.3691 -0.4922 -0.0410  0.1641 :

0 @ -0.6563 0.8750  -0.4922 1.7500 -0.1641  ©.4375 :

0 ] ) @ -0.0410 -0.1641 0.0410 -0.1641 :

0 ] ) 0  0.1641 0.4375 -0.1641  ©.8750
Se obtiene la siguiente matriz ensamblada:

[ 2.6250 2.6250 —2.6250 2.6250 0 0 0 0o | [v.] [F,]
2.6250 3.5000 —2.6250 1.7500 0 0 0 0 0, M,
—2.6250-2.6250 2.9531 —1.9688—-0.3281 0.6563 0 0 v, F,

1 —2.6250 1.7500 —1.9688 5.2500 0.6563 0.8750 0 0 0, M,
X =]
0 0 -0.3281-0.6563 0.3691 —0.4922-0.0410 0.1641 v, F,
0 0 —-0.6563 0.8750 —0.4922 1.7500 —0.1641 0.4375 0, M,
0 0 0 0 —0.0410-0.1641 0.0410 —0.1641| |v, Fay
| o 0 0 0 01641 0.4375 -0.1641 0.8750 | |6, | |M,
Elimine filas y columnas.

[ 2.6250--2:6250-~2.6250- 2.6250----0------- T g------- 0---F-fv; -1+
2.6250 3.5000 —2.6250 1.7500 0 0 0 0 0, M,
—2.6250-2.6250 2.9531 —1.9688-0.3281 0.6563 0 0 v, F,

i —2.6250 1.7500 —1.9688 5.2500 0.6563 0.8750 0 0 6, M,
X 1 ] —
0 0 —0.3281-0.6563 0.3691 —O.4922—O.Q410 0.1641 v, k,
0
v
0

Z

0 0 01641 0.4375 -0.1641 0.8750 |

N
=

r
L
r
L
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Se obtiene la siguiente matriz simplificada:

3.5x10° -2.6250x10° 1.75x10° 0 0 0 0,] [m,
-2.6250x10° 2.9531x10° —1.9688x10° —0.3281x10° 0.6563x 10° 0 v, | | R,
1.75x10° -1.9688x10° 5.25x10° 0.6563x10° 0.8750x10° 0 0, |M,

0 0.3281x10° ~0.6563x 10° 0.3691x10° —0.4922x10°0.1641x10° | | v, | Ry

0 —0.6563x10° 0.8750x10° —0.4922x10° 1.75x10° 0.4375x10° | [0, | |M,

i 0 0 0.1641x10° 0.1641x10° 0.4375x10° 0.8750x10° | |6, | [M,

Calculo de los desplazamientos

>>Y = [3.5%10"5 -2.6250%10"5 1.75%10"5 0 0 0; -2.6250%10"5 2.9531*10"5 -1.9688*10"5 :
-0.3281*10"5 ©0.6563*10"5 ©@; 1.75%10"5 -1.9688*10"5 5.25*10"5 0.6563*10A5§
0.8750%1075 0; 0 -0.3281*10"5 -0.6563*10"5 0.3691*10"5 -0.4922*10"5 0.1641*10"5; :
0 -0.6563*10"5 0.8750%10"5 -0.4922*10"5 1.75*%10"5 0.4375*10"5; © 0O 0.1641*10A5§
0.1641*%1075 0.4375%10"5 0.8750%10"5]

Y =
350000 -262500 175000 0 0 0
-262500 295310 -196880 -32810 65630 0
175000 -196880 525000 65630 87500 0

0 -32810 -65630 36910 -49220 16410

0 -65630 87500 -49220 175000 43750

0 0 16410 16410 43750 87500

>> F=[0; -400; 0; -100;-100; -100; 133.33]
>> B= [0; -400; 0; -100; -100; 133.33]
B =

(4]
-400.0000
(4]
-100.0000
-100.0000
133.3300

>> A = inv(Y)*B
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Desplazamientos
6, =-0.0022 rad

1

v, =—0.0010 m
6, =0.0029 rad
v, =-0.0109 m
6, =—-0.0071 rad
0, =0.0066 rad

4

Caélculo de las fuerzas

>> K = [2.6250%10"5 2.6250*10"5 -2.6250%10"5 2.6250%10"5 © 0 O 0; 2.6250*10"5:
3.5%1075 -2.6250*10"5 1.75%1075 @ © O 0; -2.6250*10"5 -2.6250*10"5 2.9531*16“55
-1.9688*10"5 -0.381*10"5 0.6563*10"5 @ 0; -2.6250*10"5 1.75*10"5 -1.9688*10"5

5.25*%10"5 0.6563*10"5 ©.8750*10"5 © 0; 0 O -0.3281*10"5 -0.6563*10"5 0.3961*16“5;
-0.4922*10"5 -0.0410*10"5 0.4161*10"5; © © -0.6563*10"5 ©.8750*10"5 —0.4922*16“5;
1.75%10"5 -0.1641%10~5 0.4375*10"5; © 0 0 0 -0.0410*10"5 -0.1641*10"5 0.0410%10"5 :
-0.1641*10"5; © © 0 0.1641*10"5 0.4375*%10~5 -0.1641*10"5 0.8750*10"5] :

K =

262500
262500
-262500
-262500
2]

0
0
0

446.2500
-0.0000
-397.1060
-2.2370
-143.3780
-97.8720
52.8950
88.0060

262500
350000
-262500
175000
(4]

(]
(4]
(4]

; —0.0022;

-262500
-262500
295310
-196880
-32810
-65630
(2]

0

-0.0010; O.

262500
175000
-196880
525000
-65630
87500

2]

2]

(]

(4]
-32810
65630
39610
-49220
-4100
16410

(]

0
65630
87500
-49220
175000
-16410
43750

(SRR S]

-4100
-16410
4100
-16410

0029; -0.0109; -0.0071; 0; 0.0066]

[OIGING]

(o)

14610
43750
-16410
87500
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Fuerzas
F1y =446.25 N

M, =0 Nm

F,, =—397.1060 N
M, =—2.2370 Nm
F, =—143.3780 N
M, = -97.8720 Nm
F,, =52.8950 N

M, = 88.0060 N.m

EJERCICIO 9

Escribir las ecuaciones de momentos flexionantes y fuerzas cortantes de la viga cargada que se
muestra en la figura y trazar los diagramas correspondientes.

I=4x%x10"*m*
E =280GPa

P = 500 KN g=30KN/m

10 m |

.
7 N ) é\
|
7 _/ 2
@ @ 80 KN.m @ 30(1120) =250
|

10 m |




A. Resolucion

B. Resolucion con MATLAB

k1l =

168000
168000
-168000
168000
(4

(4
(4
(4

>> k2= 1750 *[ 0 © 0 0 0 0 0 0 ;
64 -24 32 00 ; 0 0 -12 -24 12

= = =14000KN /m
(280x10°)(4 x107™) V;=0
K, = = =1750KN/m et
280%10°)(4x10™*
3=( )5 )=112KN/m
10
-12 12 9000 ; 12 16 -12 8  © 0 0 ; -12 -12 12 -12 @
00 ; 00000 ODOD0O ;00000000 ;00000©0O0O0;
-168000 168000 ] 7] 0
-168000 112000 7] 7] 0
168000 —168000 ] 7] 0
-168000 224000 ] 7] 0
] 0 ] 7] 0
] 0 ] 7] 0
] 0 /] 7] 0
] 0 ] ] 0
00000000 ; 001224 -12 2400 ; 00 24;
-24 00 ; 0024 32-246400; 00000000 ;:

0 ;
000000 ]

168000
224000
-168000
112000
0

[
0
0

00000000 ]

k2 =

[OEOEORORORORORN

OO0

> k1= 14000 *[ 12 12
12 8 -12 16 0 ©

(280 x10° )(4 x 10“‘)

ANALISIS ESTRUCTURAL CON MATRICES

0

[
21000
42000
-21000
42000
0

0

>> k3= 112 *[ 0 0 0 0 0 0 0
0 ; 0000 12 60 -12 60 ;0
0 60 200 -60 400 ]

k3 =

[OEOEOEOEORORORN]

[OIORG IR RN ORI

0 0 0 4

0 0 0 (4

42000 -21000 42000 (4

112000 -42000 56000 0

-42000 21000 -42000 0

56000 -42000 112000 0

[ 0 0 (4

0 0 0 0
0 ;00000000 ;00000000 ; 000000
© 0 0 60 400 -60 200 ;0 0 0 @ -12 -60 12 -60 ; @ O
(4 0 (4] (4 [ (4
(4 0 (4] (4 [ (4
(4 0 (4 (4 0 (4
(4 0 (4 0 [ (4
(4 0 1344 6720 -1344 6720
[ 0 6720 44800 -6720 22400
(4 0 -1344 -6720 1344 -6720
(4 0 6720 22400 -6720 44800

[OEOEOEOROROEORN

)

[OEOEORORORORORN

(ORI

195
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>> KT = kl+k2+k3

KT =

168000 168000
168000 224000
-168000 -168000
168000 112000

-168000
-168000
189000
-126000
-21000
42000

168000 () (4]
112000 () (4]
—126000 -21000 42000
336000 —42000 56000
-42000 22344 -35280 -
56000 -35280 156800 -
[ -1344 -6720
[ 6720 22400 -

Se obtiene la siguiente matriz ensamblada:

0 0  —21000 —42000 22344 —35280-1344 6720
0 0 42000 56000 —35280156800-672022400
0 0 0 0  -1344 -6720 1344 —6720
| o0 0 0 0 6720 22400 —672044800 |
Elimine filas y columnas:
- 168000 - 168000- —168000-168000-----0------- 0------0-----0--- ]
- 168000 - 224000 ~168000-112000 -0~~~ 0 00

[ 168000 168000 —168000 168000 0 0 0 0
168000 224000 —168000 112000 0 0 0 0
—168000-168000 189000 —126000—-21000 42000 O 0
168000 112000 —126000 336000 —42000 56000 O 0

~168000—168000 189000 —126000-21000 42000 0
168000 112000 —126000 336000 42000 56000 O

N

i

[N}

w

w

IS

O O o o

0 0  —21000 —42000 22344 —35280-1344 6720

0 0 42000 56000 —35280156800—672022400
S Q------- 0--ee 0 ----~1344 - ~6720 - 1344-—6720{- |

0 0 0

0 6720 22400 —6720 44800 |

Se obtiene la siguiente matriz simplificada:

—21000

[ 189000 —126000—21000 42000 O
—126000 336000 —42000 56000 O
—42000 22344 —35280 6720 |x
42000 56000 —3528015680022400

0

0

[N
el

<

<

N
N

<

CDCDW<CD<
Il
Pl

EN

2=z

=

6720 22400 44300 |

CD<CD<NCD<®<

N

L

r

1
J

PN

D <
w N

4><‘w

<

iy
1

D>

N

r
L

o5Ul

<

<

i

Ul

<

<

N

apUU

<

<

o

<

< £m
S

r

n

<

roUU

<

<

N

Ul

<

=

< :":"

=

L

VIGAS



B. Resolucion con MATLAB

Calculo de los desplazamientos

>> Y = [189000 -126000 -21000 42000 0; -126000 336000 -42000 56000 0; -21000 —42000?
22344 -35280 6720; 42000 56000 -35280 156800 22400; 0 © 6720 22400 44800] :

Y =
189000
-126000
-21000
42000
[

>> f = [-500; -30; -150; 250;

-500
-30
-150
250
250

>> U = inv(Y)*F

U =
-0.0173
-0.0134
-0.0622
-0.0055
0.0177

Desplazamientos

Célculo de las fuerzas

>> K = [168000 168000 -168000 168000 0 0 © 0; 163000 224000 -163000 112000 © © O :
0; -168000 -168000 189000 -126000 -21000 42000 0 0; 168000 112000 -126000 336000 :
-42000 56000 0 0; 0 0 -21000 -42000 22344 -35280 -1344 6720; 0 © 42000 56000 -35280 :
156800 -6720 22400; 0 0 @ @ -1344 -6720 1344 -6720; 0 0 @ © 6720 22400 -6720 44800] :

K =

-126000
336000
-42000

56000
[

Columns 1 through 6

168000
168000
-168000
168000

168000
224000
-168000
112000

ANALISIS ESTRUCTURAL CON MATRICES

-21000 42000 0
-42000 56000 0

22344 -35280 6720
-35280 156800 22400

6720 22400 44800
250]

v, =-0.0173 m

0, =-0.0134 rad

v, =-0.0622 m

6, =-0.0055 rad

6, =0.0177 rad

4

-168000 168000 ()
-168000 112000 [
189000 -126000 -21000
-126000 336000 -42000
-21000 -42000 22344
42000 56000 -35280
() () -1344

] (2] 6720

)

()
42000
56000
-35280
156800
-6720
22400

197
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Columns 7 through 8

() ()

() ()

[ [

() ()
-1344 6720
-6720 22400
1344 -6720
-6720 44800

>> U = [0; 0; -0.0134; -0.0134; -0.0622; -0.0055; 0; 0.0177]

(4

(]
-0.0134
-0.0134
-0.0622
-0.0055
(4]
0.0177

>> F = [K*U]

F =
0
750.4000
231.0000
-509.6000
-232.6128
415.2930
1.6128
251.7760

Fuerzas
F1y =0N

M, = 750.40 N.m
F,=231N

M, = -509.60 N.m
F, =—232.6128 N
M, = 415.2960 N.m
F,, =16128 N

M, =251.7760 N.m
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EJERcCICIO 10

Hallar los desplazamientos nodales (lineales y angulares), asi como las cargas (fuerzas y

momentos) en las vigas mostradas:
Q R
l P =2000 N
Q =3000

L]

1

|

|

1

|

( X ]® R=3500 N
L]
T@T I A E=250GPa
@ @) ® @, TSNSNYN o 6x10° m?
1
5m 8m 6m 2m
A. Resolucion
Paso 1: Calcule las matrices.
[12 30 -12 30 0 0 0 0 0 O
30 100 -30 50 0 0 0 0 O O
-12 30 12 -30 0 0 0 0 0 O
30 50 -30 100 0 0 0 0 O O
250%10° x5x10°°| O 0 0 0 00O0OTO0DO
2= 5 0O 0 0O O 00O0OGOTO
0O 0 0O 0 0O0O0OOTOO
0O 0 O 0 0O0O0OOTO0O
0O 0 0O 0 0O0O0OOTOO
|0 0 0 0 0O0O0O 0 O]
[0 0 0 o0 0 00 O}
0 0 0 o0 0 00O
0 0 12 48 -12 48 0 0 0 O
0 O 48 256 48 128 0 0 0 O
250%x10° x5x10°{0 O -12 -48 12 -48 0 0 0 O
e 8 0 O 48 128 -48 256 0 0 0 O
00 0O O O O O0O0OO0OTO
00 0O O O O O0O0O0OTO
00 0O O O O O0O0OOTO
00 0o 0 O 0 00O 0 O]
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1
l

0 0 0O 0 0 0 0 00
0 0 0O 0 0 0 0 00
0 0 0O 0 0 0 0 00
0 0 0O 0 0 0 0 00
250x10° x5x10°(0 0O O O 12 36 -12 36 0 O
34 =
6° 0O 0 OO 36 144 36 72 0 O
0 0 OO0 -12 3 12 -36 0 O
0 0 0 0 36 72 =36 144 0 O
0 0 0O 0 0 00
0 0 0O 0 0 00
0 00O O0UO 0 0 0 0
0 0 0 0O 0O 0 0 0 0
0 00O O0UO 0 0 0 0
0 0 0 0O 0O 0 0 0 0
250x10° x5x10°(0 0 0 0 0 O O O O O
45 —
23 0 0 0 0O 0O 0 0 0 0
0O 00 0O 0 0 12 12 -12 12
0 00 0 0 0 12 16 -12 8
0O 00 O0OO0O0O —-12 12 12 -12
0 00 0O 0 0 12 8 -12 16
Paso 2: Se obtiene la siguiente matriz ensamblada.
[ 120000 300000 -120000 300000 0 0 0 0 0 o ] [w] [ & ]
300000 1000000 —-300000 500000 0 0 0 0 0 0 91 0
—120000 —-300000 149296.88 -182812.5 -29296.88 117187.5 0 0 0 0 v, | [-3000000
300000 500000 -182812.5 1625000 -117187.5 312500 0 0 0 0 0, 0
o 0 0 —29296.88 -117187.5 98741.32 91145.83 69444.44 208333.33 0 0 \'A —2000000
= o Vo=
T 0 0 117187.5 312500 91145.833 1458333.33 208333.33 416666.6667 0 0 0, 0
0 0 0 0 69444.44 20833333 1944444.44 1666666.667 —1875000 -1875000| |v, | |-3500000
0 0 0 0 208333.33 416666.66 1666666.67 3333333.333 -1875000 1250000 94 0
0 0 0 0 0 0 -1875000  -1875000 1875000 185000 | | v, F,
| o 0 0 0 0 0 1875000 1250000  -1875000 2500000 | |8 | 0
Paso 3: Elimine filas y columnas.
1129:00077730000077—420009777300090 77777 Q---mmn [ 0-cmmmo [ 0 777777 0---}fwi-F--%--1
300000 1000000 —300000 500000 0 0 0 0 0 0 0, 0
-120000 -300000 149296.88 -1828125 -29296.88 117187.5 0 0 0 0 v, | [-3000000
300000 500000 -182812.5 1625000 -117187.5 312500 0 0 0 0 92 0
¢ 0 0 -29296.88 -117187.5 9874132 9114583  69444.44  208333.33 0 0 v, | [-2000000
= ‘ ‘ x| 2 |=
T 0 0 117187.5 312500  91145.833 1458333.33 208333.33 416666.6667 0 0 0, 0
0 0 0 0 69444.44  208333.33 1944444.44 1666666.667 —1875000 —1875000 v, —3500000
¢ 0 0 0 20833333 416666.66 1666666.67 3333333.333 —187}5000 1250000 | |6, 0
- 9------- G------- @------- @------- 0----- ~1875000- - - —1875000- - - 1875000 - -~185000- f -|-vz { - | - - F; - -
| © 0 0 0 0 0 1875000 1250000 ~ -1875000 2500000 | [6,] | O




Paso 4: Se obtiene la siguiente matriz simplificada:

B. Resoluciéon con MATLAB
Calculo de los desplazamientos nodales

ANALISIS ESTRUCTURAL CON MATRICES

[ 1000000 —300000 500000 0 0 0 0 0 0,
—300000149296.68 —182812.5—-29296.88 117187.5 0 0 0 v,
500000 —182812.5 1625000 —117187.5 312500 0 0 0 0,

0  —29296.88-117187.5 98741.32 91145.83 69444.44 208333.33 0 v,
0 117187.5 312500 91145.83 1458333.33 208333.33 416666.667 0 * 0,
0 0 0 69444.44 208333.33 1944444.44 1666666.667—1875000( |V,
0 0 0 208333.33 416666.66 1666666.667 3333333.33 1250000 0,
| O 0 0 0 0 1875000 1250000 2500000 | |6

J

0
—3000000
0
—2000000
0
—3500000
0
0

L
r

> K =

K =
1.0e+06 *

Columns 1 through 7

1.0000
-0.3000
0.5000

[N

Column

[ORORCRGR RN RG]

-1.8750
1.2500
2.5000

>> F = [0;
F =

(]

-3000000

0

—-2000000

0

-3500000

(]

0

-0.3000
0.1493
-0.1828
-0.0293
0.1172
(4

0

(4]

>> u = inv(K)*F
u =

-44.
-185.

4615
7452
-22.5240
-140.1792
27.0352
-6.2829
8.3153
0.5545

0.5000
-0.1828
1.6250
-0.1172
0.3125

[1000000 -300000 500000 © © O © ©O;
117187.5 0 © 0; 500000 -182812.5 1625000 -117187.5 312500 0 @ 0; 0 -29296.88
98741.32 91145.83 69444.44 208333.33 0; 0 117185.5 312500 91145.83 1458333.33
416666.667 0; © 0 0 69444.44 208333.33 1944444 .44 1666666.667 -1875000; © 0 0
416666 66 1666666.667 3333333.33 1250000; © 0 O 0 0 1875000 1250000 2500000 ]

1|
[CRORGRGRONWN]

-300000 149296.68 -182812.5

(4] 0 2] (4]
0293 0.1172 2] (4]
1172 0.3125 ] (4]
0987 0.0911 0.0694 0.2083
0911 1.4583 0.2083 0.4167
0694 0.2083 1.9444 1.6667
2083 0.4167 1.6667 3.3333

(] 0 1.8750 1.2500

-3000000; O; -2000000; 0; -3500000; 0; 0]

-29296.88 :
-117187.5 :
208333.33 :
208333.33

201
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Desplazamientos nodales

v, =0m

0, =—44.4615 rad

1

v, =—=185.7452 m

2

0, = —22.5240 rad

v, =-140.1792 m
6, =27.0352 rad

v, =—6.2829 m
0, =8.3153 rad
v.=0m

0, =0.5545 rad

5

Calculo de las cargas

>> KT = [ 120000 300000 -120000 300000 © © 0 © © 0; 300000 1000000 -300000 500000 :
0 0 0 0 0 0; -120000 -300000 149296.88 -182812.5 -29296.88 117187.5 © 0 @ 0;;
300000 500000 -182812.5 1625000 -117187.5 342500 0 © 0 ©; © © -29296.88 -117187.5 :
98741.32 91145.83 69444.44 208333.33 0 0; 0 0 117187.5 312500 91145.833 1458333.33;
208333.33 416666.6667 0 0; © O © © 69444.44 208333.33 1944444 .44 1666666.6675
-1875000 -1875000; © © © © 208333.33 416666.66 1666666.667 3333333.333 -1875000 :
1250000; © 0 © O 0 O -1875000 -1875000 1875000 -1875000; 0 © © O O O 1875000;
1250000 -1875000 2500000]

KT =
1.0e+06 *
Columns 1 through 7

0.1200 0.3000 -0.1200 0.3000 %] 0 0

0.3000 1.0000 -0.3000 0.5000 %] 0 0

-0.1200 -0.3000 0.1493 -0.1828 -0.0293 0.1172 0

0.3000 0.5000 -0.1828 1.6250 -0.1172 0.3425 0
0 0 -0.0293 -0.1172 0.0987 0.0911 0.0694
0 %] 0.1172 0.3125 0.0911 1.4583 0.2083
0 %] 0 0 0.0694 0.2083 1.9444
0 %] 0 0 0.2083 0.4167 1.6667
0 %] 0 0 %] 0 -1.8750
0 %] 0 0 %] 0 1.8750

Columns 8 through 10

0 %] 0
(%] 2] 0
(%] %] 0
0 %] 0

0.2083 %] 0

0.4167 %] 0

1.6667 -1.8750 -1.8750
3.3333 -1.8750 1.2500
-1.8750 1.8750 -1.8750
1.2500 -1.8750 2.5000

>> U = [ 0; -44.4615; -185.7452; -22.5240; -140.1792; 27.0352; -6.2829; 8.3153; :
9; 0.5545] s

VIGAS
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-44.4615
-185.7452
-22.5240
-140.1792
27.0352
-6.2829
8.3153

(4]

0.5545

>> F = KT*U

1.0e+06 *
2.1938
0.0001

-3.0001
0.8111

-2.0000

-0.0004

-3.4999

-0.0000

-4.8504

-0.0001

Cargas (fuerzas y momentos)
F, =2.1938x10°N

M, =0.0001 x 10° N.m
F,, =—3.0001x10°N
M, =0.8111x10° Nm
F,, =—2.00x10° N

M, = —0.0004 x 10° N.m
F,, =—3.4999x10° N
M, =0 Nm

F,, =—4.8504x10° N
M, = —0.0001x10° N.m
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EJERcICIO 11

Hallar los desplazamientos nodales (lineales y angulares), asi como las cargas (fuerzas y

momentos) en la viga mostrada:
Q

—
1 )
]

@ @ ® ®
5m 8m 6m
A. Resolucién
Paso 1: Calcule lo siguiente.
[12 30 -12 30 0 0 0 O]
30 100 -30 50 0 0 0 O
-12 -30 12 -30 0 0 0 O
320x10°Pa(8x10°m*) _ , [30 50 -30 100 0 O 0 O
i (5m)’ X 0 0 0 000 0
0O 0O 0O 0 0O0O0OTO
0O 0O O 0 O0O0O0OTO
|0 0 0 0 00 0 O
[ 245.76 6144 -24576 6144 0 0 0 O]
6144 20480 -6144 1024 0 0 0 O
—245.76 —614.4 24576 —6144 0 0 0 O
, | 6144 1024 6144 20480 O O 0 O
k, =10° x
0 0 0 0 0 00O
0 0 0 0 0 00O
0 0 0 0 0 00O
| o 0 0 0 0 0 0 0
_ o o -
0 o0

12 48 -12 48

48 256 -48 128
-12 48 12 48

48 128 48 256

320x10°Pa(8x10°m*)

X - x10% x
(8m)

k

o O O O O o o o
e 0 O e e @ e @
O O O O O o o o
O O O O O o o o

L
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1
l

00 O 0 0 0 00
00 0 0 0 0 00
0 0 60 240 —60 240 0 O
, |0 0 240 1280 -240 640 0 0
k, =10" x
0 0 60 —240 60 240 0 O
0 0 240 640 240 1280 0 O
00 O 0 0 0 00
0 0 O 0 0 0 0 0]
[0 0o 00 0 0 0 0]
0000 O O 0 O
0000 O O 0 O
320x10°Pa(8x10°m*) _, |0 0 OO O O 0 O
ky, = 3 x10° x
(6m) 0000 12 36 -12 36
0 00 0 36 144 36 72
0000 -12 -36 12 -36
(0 0 0 0 36 72 36 144]
[0 0 0 0O 0 0 0 0o |
0 00O 0 0 0 0
0 00O 0 0 0 0
, 0000 0 0 0 0
k, =10" x
0 0 0 O 14222 42666 -—142.22 426.66
0 0 0 0 42666 1706.67 —426.66 853.33
0 0 0 0 —-142.22 -426.66 14222 —426.66
[0 0 0 0 42666 853.33 426.66 1706.67 |

Paso 2: Se obtiene la siguiente matriz ensamblada.

|
1
1
1
l

[ 24576 6144 -24576 0O 0 0 0 0 v, E,
6144 20480 -6144 1024 0 0 0 0 0, 0
24576 6144 30576 -3744 60 240 0 0 v, 3000
6144 1024 6144 21760 240 640 0 0 0, 0
K=l 0 0 240 20222 666.66 0 o |"|lvw|] o
0 0 0 640 666.66 2986.87 —426.66 853.33 | |0, | |500x10’
0 0 0 0 14222 42666 142.22 -426.66| |v, 4000
o 0 0 0 42666 85333 42666 170667| |6,] | O |
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Paso 3: Elimine filas y columnas.

[245.76--- 6144 -- 24576~ 0 - 0 e 0 oo O oee

‘ ‘ g,,,f,,'v,lf,',,,piy,,,,
- 6144 --- 20480 - - -—614.4----1024------ 9-------- 0-------- 0-------- 0----f-16-f-{----0----
—245.76 —614.4 305.76 -3744 —60 240 0 0 v, 3000
e 6144 1024 6144 21760 240 640 0 o | |e|| o
0 0 0 —240 20222 666.66 0 0 v, 0
0 0 0 640 666.66 2986.87 —426.66 853.33 | |6,| |500x10°
0 0 0 0 14222 -426.66 14222 -426.66| |v, 4000
o 0 0 0 42666 85333 42666 1706.67| |0, | O |
Paso 4: Se obtiene la siguiente matriz simplificada.
305.76-374.4 —60 240 0 0 (v, | 3000
614.4 21760 —240 640 0 0 0, 0
0 —240 202.22 666.66 O 0 v, 0
<= 0 640 666.662986.87—426.66 853.33 | |6, " | 500 10°
0 0 142.22-426.66 142.22 —426.66| |v, 4000
| 0 0 426.66 853.33 426.66 1706.67 | |6, | | O |

B. Resoluciéon con MATLAB
Calculo de los desplazamientos nodales

[ 305.76 -374.4 -60 240 0 0; 614.4 21760 -240 640 0 0; 0 -240 202.22 666.66;

>> K =
0 0; 0 640 666.66 2986.87 -426.66 853.33; 0 © 142.22 -426.66 142.22 -426.66; © e§
426.66 853.33 426.66 1706.67]
K =
1.0e+004 *
0.0306 -0.0374 -0.0060 .0240 %] 0
0.0614 2.1760 -0.0240 .0640 %] 0
0 -0.0240 0.0202 .0667 %] 0

[OIOROIORORG]

(4] 0.0640 0.0667 .2987  -0.0427 0.0853
(4] [ 0.0142  -0.0427 0.0142  -0.0427
(4] [ 0.0427 .0853 0.0427 0.1707

>> F = [ 3000; 0; 0; 500*1073; 4000; 0]
F =

3000

(2]

]
500000
4000
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1.0e+003 *

0.4665
0.0074
1.0353
-0.3114
-1.2861

Desplazamientos nodales

v, =0m

0, =0rad

1

v, =0.4665x10°m
0, =0.0074 x 10%rad

2

v, =1.0353x10°m

8

0. =-0.3114x10°rad

8

v, =—1.2861x10°m

4

0, =0.2184x10°rad

4

Calculo de las fuerzas

>> KT = [245.76 614.4 -245.76 0 0 0 © 0; 614.4 20480 -614.4 1024 0 © @ 0; -245.76:
-614.4 305.76 -374.4 -60 240 0 0; 614.4 1024 614.4 21760 -240 640 0 0; 0 0 O —240;
202.22 666.66 © 0; © 0 O 640 666.66 2986.87 -426.66 853.33; 0 0 0 © 142.22 -426.66 :
142.22 -426.66; © © © © 426.66 853.33 426.66 1706.67] :

KT =
1.0e+004 *
0.6246  0.0614 -0.0246 0 0 0 0 0
0.0614  2.0480 -0.0614  ©.1024 0 0 0 I
-6.0246 -0.0614  0.0306 -0.0374 -0.0060  0.0240 0 0
0.6614  0.1024  0.0614  2.1760 -0.6240  0.0640 0 0
0 0 @ -0.0240  0.0202  0.0667 0 LI
0 0 @ ©.0640  0.0667  0.2987 -0.0427  ©.0853 :
0 0 0 @  0.0142 -0.0427  0.0142 -0.0427

0 0 0

(4] 0.0427 0.0853 0.0427 0.1707

>> U = [0; 0; 0.4665%10%3; ©.0074*10°3; 1.0353*10"3; -0.3114%10°3; -1.2861*103; |
0.2184*10°3] :

U =

1.0e+003 *



208 CapiTULO 7 VIGAS

1.0e+005 *

-1.1465
-2.7904
0.0301
-0.0013
-0.0002
4.9991
0.0401
0.0000

Cargas (fuerzas y momentos)
F, =-1.1465x10°N

M, =—2.7904x10° N.m
F,, =0.0301x10°N

M, =—0.0013x 10° N.m
F,, =—0.0002x10°N
M, =4.9991x 10°N.m
F,, =0.0401x10°N

M, =0 Nm

EJERcCICIO 12

Hallar los desplazamientos nodales (lineales y angulares), asi como las cargas (fuerzas y
momentos) en la viga mostrada:

P Q E=200 GPa
_ 6,4
M1 ‘ M, ‘ I=7x10"m
c (/\I\ . /'/_\) . : M, =600 KNm
\ I : I f | | ® M, =500 KNm
T@T —~~=~< P=1500KN
©) @] &) @ | O
1 [ i i Q =2500KN

4m 3m 2m 2m 3m R = 3000 KN
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A. Resolucion

Paso 1: Calcule los valores:

24 0 0 00O0O0OO0O

-12
-24 32
-24 0 0 0 0 0 0 OO

24
64
—24

12
24
-12
24

0 00 0O O OOTP

12
24

64 0 0 0 0 0 0 O O

0
0
0
0
0
0
0
0

32

0 00 0O OOTP O

0 00 OO OOTP O

0 000 O0OOOTP O

0 00 0O OOTP O

0 00 0 O0OOOTP O

0 00 0O OOOTP O

0 00 0 O0OOOTP O

0 00 0O OOTP O

280x10°Pa(7x10°m*)

O O O OO O O o o o o o
OO O O O O O O o o o o o
OO O O O O O O o o o o o
O O O OO O O o o o o o
O O O OO O O O o o o o
O O O OO O O o o o o o
O O O OO O O o o o o o
O O O OO O O o o o o o
n o, 3
M 0 N 8 © © © O © 0o o o
79_1
r3.55
O N MmO oo oo o oo
TR
n @ Mmoo
N I N NV O O O O O o o o
_/1_9
n
' N on
5 O © M O O 0o o o o o
N o N
6 _
L
X
o
o
—
Il
-
¥4

©O O OO OO o o o o o o
©O O OO OO o oo o o o
O O OO0 O o oo o o o
O O OO0 OO0 o o o o o
O O OO OO0 oo o o o
O O OO0 OO0 O o o o o
co®®F V5o oo oo
11_3
N0
©o g g 3 oo oooo
co®© I8 ®Xs o oooo
13_1
~ o Y o«
©co 3 &g ¥oooooo
O O OO OO 0o o o o o o
© ©O O OO 000 oo o O
X
)
<
S
¢
o
—
X |
S|
Lo
(<]
(=)
—
X
o
0
o
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0 00 O0O0O
0 000 O0O

0 00O0OTO

0
0
13.067

13.067
-13.067 0 0 0 0 O O

-8.711
—13.067

13.067
26.133
—-13.067

0 0 8711
0 0 13.067

00

0 00 O0O0OD O

8.711
—13.067

-8.711

0 00 O0O0ODO

26.133

13.067

0 0 13.067

0

0 00 O0O0OO
0 000 O0O
0 00 O0O0OO
0 0 00O0O
0 00 O0O0OO
0 0 00O0O

0
0
0
0
0
0

10° x

2

k

0 0 0O
0 0 00O
0 0 0O
0 0 00O
0 0 0O

0
0
0
0
12

8
-12 0 0 0 O

0
0
0
0
12
12
=12

0 0 00O
0 0 00O
0 00O
0 0 00O
0 00O
0 0 00O
0 00O
0 0 00O
0 00O
0 0 00O
0 00O
0 0 00O

=12
-12

12
16
=12

0 0 00O

12
12

16 0 0 0 O

0
0
0
0

8

12
0
0
0
0

0 0 00O
0 0 00O
0 0 00O
0 0 0O

280x10°Pa(7x10°m*)

(2m)’

O O OO OO O o o o o o
O O O OO0 OO o O o o
O O O OO0 OO0 O O O o
O O O OO0 O o o o o o
4642
00009.9.B90000
21_3
S Y g
a A o~ D
00007__7__B7__0000
< ~ ¥ o0
©O 0o o g g g o o o o
23_1
< < 3
©O 0o o g g o © o oo
22_2
O O O OO O O o o o o o
O O O OO0 O o o O o o
O O O OO0 O o o o o o
© © O o 0o oo oo o oo
X
"
o
—
Il
o
¥4
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0
0
0
0
0
0
12
12
-12

0 000 00O

0 00 O0O0ODO

0 000 O00DO

0 00 00O

0 000 O00DO

0 00 00O

-12 12 0 O
=12

12
16
=12

0 000 O00DO

0 00 00O

-12 0 O

12
12

0 000 00O

00

16

12
0
0

0 00 00O

0 000 00O

0 00 0O0DO

280x10°Pa(7x10°m*)

X

(2m)’

k4

O O O OO0 O o o O o o
O O O OO O O o O O o o
< o ¥ «~
©O OO0 oo g o Q oo © o0
21_3
S e
© 0o ooo 2 a3 O O
P T N N
<« Y o
00000099B9.OO
N o G =
< < ¥ <
0000009.9.B9.OO
22_2
O O O O OO O o o o O o
O O O O OO0 O o o o o o
O O OO OO O o o O o o
O O OO OO O o o o o o
O O O OO0 O o o O o o
© ©O O OO O oo o o o o
X
wn
o
—
Il
<
¥4

0
0
0
0
0
0
0
0
12
18
=12
18

0 00O0OOOTG

0 0 0 O0OOOTODO

0 00O0OOOTG O

0 0 0 O0OOOTODO

0 00O0OOOOTP

0 0 0 O0OOOTO OO

0 00O0OO0OOTG

0 0 0 0 OOTOTDO

18
18
-18
36

-12
-18
12
-18

18
36
-18
18

0 00O0OO0OOTG

0 0 0 0O OO OTDO

0 00O0OO0OOTG O

0 0 0 O0OOTO OO

280x10°Pa(7x10°m*)

(3m)’

ks =
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[0 0o 0 0o 00 0O 0 0 0 0 |

0 00OO0OOOGO OO 0 0 0 0

0 00O0OO0OOGO OO 0 0 0 0

0 00OO0OOOGO OO 0 0 0 0

0 00OO0OOOTO OO 0 0 0 0
k5:105><oooooooo 0 0 0 0

0 00OO0OOOGO OO 0 0 0 0

0 00OO0OO0OGO OO 0 0 0 0

0 00O OO O O 8711 13.067 -8711 13.067

0O 00O OO0 O O 13067 26133 -13.067 13.067

0 00O OO0 O0 0O —-8711 -13.067 8711 -13.067

|0 0 00O 0 0 O 0 13.067 13.067 -13.067 26.133 |

Paso 2: Se obtiene la siguiente matriz ensamblada:

[-3.675 7.35 -3.675 7.35 0 0 0 0 0 0 0 0 0 R,
[235) 196 -7.35 9.8 0 0 0 0 0 0 0 0 0, 0
-3.675 -7.35 12386 5.717 -8.711 13.067 0 0 0 0 0 0 v, 0
7.35 9.8 5.717 45733 -13.067 13.067 0 0 0 0 0 0 0, 600x10°
0 0 -8711 -13.067 38111 16333 0 0 0 0 0 0 v, | [-1500x10°
ae10°x] © 0 13.067 13.067 16333 65333 -29.4 19.6 0 0 0 o | |8 0
0 0 0 0 -29.4 -29.4 588 0 -29.4 -29.4 0 0 v, 0
0 0 0 0 29.4 19.6 0 78.4 -29.4 19.6 0 0 0, -800x 10°
0 0 0 0 0 0 -29.4 -294 38111 -16.333 -8.711 13.067 Vs -2500x10°
0 0 0 0 0 0 294 196 -16.333 65.333 -13.067 13.067 0 0
0 0 0 0 0 0 0 0 -8.711 -13.067 8711 -13.067 0 Re
| o 0 0 0 0 0 0 0  13.067 13.067 -13.067 26.133 | |6, | 0
Paso 3: Elimine filas y columnas:
71—3:}&75*7743577—&675”*7.35””{} fffff 0----0----0----- 0------ 0------ (} fffff o -] {0}-F--R-----
735 196 -735 9.8 0 0 0 0 0 0 0 0 0, 0
3675 735 12386 5717 -8711 13067 O 0 0 0 0 0 v, 0
735 98 5717 45733 -13.067 13.067 O 0 0 0 0 0 0, 600x10°
0: 0 -8.711 -13.067 38.111 16.333 0 0 0 0 (:} 0 v, -1500x10°
g (0] 0 13.067 13.067 16.333 65.333 -29.4 19.6 0 0 0 0 0, 0
KT=10" x | \ X =
0 0 0 0 -294 -294 588 0 -29.4 -29.4 0 0 v, 0
d 0 0 0 29.4 19.6 0 78.4 -29.4 19.6 (;" 0 0, -800x10°
d 0 0 0 0 0 -294 -294 38111 -16333 -8711 13.067 | [v,| |-2500x10°
0 0 0 0 0 0 294 196 -16333 65333 -13.067 13.067 | |6, 0
i SRR PR e 6----- 0 --- - 0 ----0---- 0 --—8:741- -—13:067- - 8711 - - ~13.067|- {0 { -[- - - Ry---{--
| 0: 0 0 0 0 0 0  13.067 13.067 —1341067 26133 | [6,] | ©
Paso 4: Se obtiene la siguiente matriz simplificada:
[ 196 -7.35 9.8 0 0 0 0 0 0 o e, ] [ 0 ]
-7.35 12.386 5717 -8.711 13.067 O 0 0 0 0 v, 0
9.8 5717 45733 -13.067 13.067 O 0 0 0 o |, 600x 10°
0 -8711 -13.067 38.111 16333 0 0 0 0 0 v, | |-1500x10°
K =10° x 0 13.067 13.067 16.333 65.333 -29.4 19.6 0 0 0 |6 0
- 0 0 0 294 294 588 0  -294 294 0 ||v,| 0
0 0 0 29.4 19.6 0 78.4 -29.4 19.6 0 0, -800x10°
0 0 0 0 0 -29.4 -29.4 38.111 -16.333 13.067 || v, —-2500% 10°
0 0 0 0 0 29.4 19.6 -16.333 65.333 13.067 || 6, 0
| O 0 0 0 0 0 0 13.067 13.067 26.133| 6 | 0 |
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B. Resolucion con MATLAB

Calculo de los desplazamientos nodales

>> K = [19.6*10"5 -7.35%10"5 9.8*10"5 000 0 0 0 9; -7.35%10"5 12.386*%10"5 5.717*10"5

-8.711*10"5 13.067*10"5 0 © © © ©; 9.8*%10"5 5.717*10"5 45.733*10"5 -13.067*10"5 :
13.067*10"5 ©0 © © 0 0; © -8.711*10"5 -13.067*10"5 38.111*10"5 16.333*10"5 @ @ © 0;
0; 0 13.067*10"5 13.067*10~5 16.333*10"5 65.333*1075 -29.4*10"5 19.6*10"5 0 @ 0;;
0 0 0 -29.4*%10"5 -29.4*10"5 58.8%10"5 0 -29.4*10"5 -29.4*10"5 0; 0 0 © 29.4*10A5§
19.6*10"5 © 78.4*10"5 -29.4*10"5 19.6*10"5 0; @ © © O O -29.4%10"5 -29.4*10A5§
39.111*1075 -16.333*10"5 13.067*%10"5; © @ @ 0 © 29.4*10"5 19.6*10"5 —16.333*10“5;
65.333*%1075 13.067*1075; 0 0 0 0 0 0 0 13.067*10"5 13.067*10"5 26.133*10"5]

-
1.0e+006 * ;
1.9600 -0.7350 0.9800 ] 0 ] ] 0 ] ]

-0.7350 1.2386 ©0.5717 -0.8711 1.3067 7] ] 0 7] ]

0.9800 0.5717 4.5733 -1.3067 1.3067 ] ] 0 7] 7]
0 -0.8711 -1.3067 3.8111 1.6333 ] ] 0 ] ]
© 1.3067 1.3067 1.6333 6.5333 -2.9400 1.9600 0 7] ]
] 0 0 -2.9400 -2.9400 5.8800 0 -2.9400 -2.9400 ]
] 0 0 2.9400 1.9600 © 7.8700 -2.9400 1.9600 ]
] 0 7] ] 0 -2.9400 -2.9400 3.9111 -1.6333 1.3067
] 0 ] ] O 2.9400 1.9600 -1.6333 6.5333 1.3067
2] 0 ]

) 0 ) @ 1.3067 1.3067 2.6133 '
>> F = [0; 0; 600%1073; -1500%1073; 0; 0; -800*1073; -2500%10°3; 0; 0]
F =

2]

()

600000
-1500000
)

2]
-800000
-2500000
2]

0

>> u = inv(K)*F
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Desplazamientos nodales

v, =0m

0, =0.6361 rad
v, =2.1093 m
0, =0.3098 rad
v, =0.7439 m
0, =-1.2813 rad
v, =-2.5933 m
6, =-1.8518 rad
Vv, =—4.7255m
6, =0.0762 rad
Ve=0m

0, =2.3247 rad

6

Calculo de las cargas

>> KT = [-3.675*10"5 7.35%10"5 -3.675*10"5 7.35%10"5 0 © 0 © © © @ 0; 7.35*10"5:
19.6*10"5 -7.35%10"5 9.8%10"5 0 © © 0 © © © 0; -3.675%10"5 -7.35%10"5 12.386%10"5 :
5.717*10”5 -8.711*10”~5 13.067*10"5 © © © © © ©; 7.35*%10"5 9.8*10"5 5.717*16“55
45.733*%10"5 -13.067*10"5 13.067*10"5 0 © 0 @ 0 0; 0 0 -8.711*10"5 —13.067*16“55
38.111%10"5 16.333*%1075 © © © © © 0; © O 13.067*10"5 13.067*107"5 16.333*10"5:
65.333*%10"5 -29.4*%10"5 19.6*10"5 0 ©0 © 0; 0 0 0 0-29.4*10"5 -29.4*10"5 58.8*16“5;
0 -29.4*%10"5 -29.4*%10"5 © 0; © © 0 0 29.4*%10"5 19.6*10"5 O 78.4*10"5 —29.4*10“5;
19.6*10"500; 00 0 0 0 0 -29.4%¥10"5 -29.4%10"5 38.111*10"5 -16.333*10"5 -8.711*10"5

13.867*1075; 0 8 @ @ @ @ 29.7*10~5 19.6*10"5 -16.333*10"5 65.333%10"5 -13.067*10"5 :
13.067*10"5; © © 0 © 0 0 0 @ -8.711*%10"5 -13.067*10"5 8.711*10"5 -13.067*10"5; O :
0000000 13.067¥10"5 13.067*10"5 -13.067*10"5 26.133*10"5] :

KT =
1.0e+006 *

-0.3675 ©0.7350 -0.3675 ©0.7350 ] ] ] ] 0 0 ] ]

0.7350 1.9600 -0.7350 0.9800 ] ] ] ] 0 0 ] ]

-0.3675 -0.7350 1.2386 ©.5717 -0.8711 1.3067 ] ) 0 0 ] ]

0.7350 0.9800 ©.5717 4.5733 -1.3067 1.3067 ] ) 0 0 ] ]
] 0 -0.8711 -1.3067 3.8111 1.6333 ] ) 0 0 ] ]
] 0 1.3067 1.3067 1.6333 6.5333 -2.9400 1.9600 0 0 ] ]
] ] 0 0 -2.9400 -2.9400 5.8800 0 -2.9400 -2.9400 ] ]
] ] 0 0 2.9400 1.9600 0 7.8400 -2.9400 1.9600 ] ]
] 0 0 0 ) 0 -2.9400 -2.9400 3.8111 -1.6333 -0.8711 1.3067
] 0 0 0 ] @ 2.9400 1.9600 -1.6333 6.5333 -1.3067 1.3067
] ) 0 0 ] ] ] 0 -0.8711 -1.3067 ©.8711 -1.3067
] ] 0 0 ] ] ] 0 1.3067 1.3067 -1.3067 2.6133

>> U = [0; 0.6361; 2.1093; ©.3098; 0.7439; -1.2813; -2.5933; -1.8518; —4.7255;;
0.0762; 0; 2.3247] :

VIGAS



1.0e+006 *

-0.

Q.
-0.

Q.
-1.
-0.

Q.
-0.
-2.
-0.
.9791
.0001

Cargas (fuerzas y momentos)

0799
0000
0001
5997
4999
0003
0003
8001
0275
0001

ANALISIS ESTRUCTURAL CON MATRICES

F, =—0.0799x10° N
M, =0N.m

F,, =—0.0001x10°N
M, = 0.5997 x 10° N.m
F, =—1.4999x10°N
M, = —0.0003 x 10° N.m
F,, =0.0003x10°N

M, =—0.8001x 10° N.m
R, =—2.0275x10°N
M, =-0.0001x 10° N.m
F,, =0.9791x10°N

M, =-0.0001x 10° N.m

215
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EJERCICIO 13

Hallar los desplazamientos nodales (lineales y angulares), asi como las cargas (fuerzas y
momentos) en la viga mostrada:

Q
M
P=3000 N
( | i ) M =800 KN.m
®S 2 I I Q @  £_3306Pa
@ ©)] I=10%x10°m*
| |
6m 10 m 8m
A. RESOLUCION
Paso 1: Calcule los siguientes valores:

[12 36 -12 30 0 0 0 O]

36 144 36 72 0 0 0 O

-12 36 12 -36 0 0 0 O

320x10°Pa(10x10°m*) _ , |36 72 -60 144 0 0 0 O

k, = 3 x10° x

(6 m) 0O 0 0O O 0O0O0TO

0O 0O 0O O 0O0O0°TO

0O 0 0O O 0O0O0TO

o o 0o 0 00 0 Of

[0 0 0 0 0 O]

00 0 0 00

00 12 60 -12 60 0 O

) =320><109Pa(10><10’6m4)X103X 0 0 60 400 —60 200 O O
: (10m)’ 0 0 -12 —60 12 -60 0 O
0 0 60 200 —60 400 0 O

00 0O O O O 00O

oo o o o0 0 0 O]
[0 0o o0 0 0o 0 0]

0000 O O 0 ©

0000 O O 0 ©

y :320><109Pa(10><10'5m4)><103X 0000 O O 0 O
: (8m)’ 0 00 0 12 48 -12 48
0 0 0 0 48 256 -48 128

0 00 0 -12 —48 12 -48
|0 0 0 0O 48 128 -48 256
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Paso 2: Se obtiene la matriz ensamblada:

[ 0.1778 0.5333 -0.1778 0.5333 0 0 0 0 v, R,
0.5333  2.133 -0.5333 1.0667 0 0 0 0 (|6, M,,
-0.1778 -0.533 0.2162 -0.341 -0.0384 0.192 0 0 ||v, 0
(T = 10° 0.5333 1.067 -0.3413 3.4133 -0.1920 0.64 0 o 16, ]_ 800 x 10°
0 0  -0.0384 -0.192 0.1134 0.108 -0.075 0.3 [|v,| [-3000x10’
0 0 0.1920 0.64 0.1080 2.88 -0.30 0.8 | 6, 0
0 0 0 0 -0.075 -0.3 0.075 -03|| 0 R,
| o0 0 0 0 0.3 08 -03 166, | 0 |
Paso 3: Elimine filas y columnas:
[ 0.1778 0.5333 -0.1778 0.5333 0 0 0 ov.i] [ & |
’0?5533’”’2’.’13’3””—’6.’5’3’?;9; S 1.0667 o 0o 0 ””” o {6, | M,
-0.1778 -0.533 0.2162 -0.341 -0.0384 0.192 0 0 ||v, 0
(T = 10° x 0.5333 1.067 -0.3413 3.4133 -0.1920 0.64 ¢ 0 |16, |_ 800x 10°
) 0 -00384 -0.192 0.1134 0.108 -0.075 03 |fv,| |-3000x10’
0 0 0.1920 0.64 0.1080 2.88 -030 0.8 |6, 0
0 0 0 0 -0075 -03 0075 -03flo0 R,
0000 ”””” 03 0.’8””’—’(1)”3””1’6’__’e’;_”: ””” o |
Paso 4: Se obtiene la siguiente matriz simplificada:
[ 2.133x10° —0.5333x10° 1.0667 x 10° 0 0 o | [e] [ o ]
—0.533x10° 0.2162x10° —0.341x10° —0.0384x10° 0.192x10° 0 v, 0
1.067x10° —0.3413x10° 3.4133x10° —0.1920x10° 0.64x10° 0 0, 800 x 10
*= 0 —0.0384x10° —0.192x10° 0.1134x10° 0.108x10° 0.3x10° | |V, | -3000x 10°
0 0.1920x10° 0.64x10° 0.1080x10° 2.88x10° 0.8x10° | |6, 0
i 0 0 0 03x10°  0.8x10° 16x10°| [6,] | 0 |

B. Resolucion con MATLAB

Célculo de los desplazamientos nodales

>> K = [2.133*¥1076 -0.5333*10"6 1.0667*10"6 0 0 0; -0.533*10"6 0.2162*10"6 -0.341*10"6
-0.0384*%1076 0.192*10"6 0; 1.067*10"6 -0.3413*10"6 3.4133*10"6 -0.1920*10"6 0.64*10"6
0; © -0.0384*%10%6 -0.1920*%1076 0.1134*10"6 0.108*10"6 0.3*10"6; O 0.1920%*10"6
0.64*10"6 0.1080*10"6 2.88*10"6 0.8*10"6; © 0 0 0.3*10"6 0.8%*10"6 1.6*10"6]

K =
2133000 -533300 1066700 0 2] (2]
-533000 216200 -341000 -38400 192000 0
1067000 -341300 3413300 -192000 640000 0
(2] -38400 —192000 113400 108000 300000
2] 192000 640000 108000 2880000 800000

0 0 0 300000 800000 1600000
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>> F = [0; 0; 800%10"3; -3000%10"3; 0; O]
F =

)
)
800000
-3000000
)
)

>> u = inv(K)*F

Desplazamientos nodales

v, =0m

0, =—25.7944 rad
v, =—143.2747 m
0, =-20.0516 rad
Vv, =—206.7455 m
0, =12.7655 rad
v,=0m

0, =32.3820 rad

Célculo de las cargas

>> KT = [0.1778*10"6 ©.5333*10"6 -0.1778*10"6 ©.5333*%10"6 © © O ©; 0.5333*10"6 :
2.133*%10%6 -0.5333*10"6 1.0667*10"6 © 0 0 9; -0.1778*%10"6 -0.5333*10"6 0.2162*10"6 :
-0.3413*10%6 -0.0384*10"6 0.192*10"6 © ©; 0.533*10"6 1.067*10"6 -0.3413*10"6 :
3.4133*¥10"6 -0.1920*10"6 0.64*10"6 0 0; © 0 -0.0384*10"6 -0.192*10"6 ©.1134*10"6 :
0.108%10"6 -0.075*%10"6 0.3*10"6; © © 0.1920%*10"6 0.64*10"6 0.1080*10"6 2.88*10"6 :
-0.30*10"6 0.8*%10"6; © 0 0 0 -0.075%¥10"6 -0.3*1076 0.075%¥10"6 -0.3*10"6; 0 0 0O 0;
0.3*10"6 0.8%1076 -0.3*10"6 1.6*10"6]

KT =
177800 533300 -177800 533300 0 0 (2] 0
533300 2133000 -533300 1066700 0 0 0 0
-177800 -533300 216200 -341300 -38400 192000 0 0
533000 1067000 -341300 3413300 -192000 640000 0 0
(] (] -38100 -192000 113400 108000 -75000 300000

(<] (] 192000 640000 108000 2880000 -300000 800000
0 [ 0 0 -75000 -300000 75000 -300000
0 0 0 0 300000 800000 -300000 1600000



; —25.7944; -143.2747; -20.0516; -206.7455; 12.7655; 0; 32.3820]

-25.7944
-143.2747
-20.0516
-206.7455
12.7655

(]

32.3820

>> F = KT*U

F =

ANALISIS ESTRUCTURAL CON MATRICES

1.0e+006 *

1.0246
-0.0001
0.0138
0.8000
-3.0000
-0.0000
1.9617

Cargas (fuerzas 'y

momentos)
F, =1.0246x10°N
M, = —0.0001x 10° N.m
F,, =0.0138x10°N
M, = —0.8000 x 10° N.m
F, =—3x10°N
M, =0N.m
F,, =1.9617x10°N
M, =—0.0001N.m

219
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7.3. VIGA 2D
EJErciciO 1

Determinar los desplazamientos y las cargas en la estructura mostrada

200 KN

@ 8m @<_150KN

E=280 GPa
I=6x10"m*
cky A=5x10"m?
® |
A. Resolucion
Matrices individuales
1200 KN
@1
E
K=—
L
ST
1-2) a=90;C=0;S=1;L=6
0.0093 0 —0.0280 -0.0093 0 —0.0280
0 2.3333 0 0 —2.3333 0.0280

—0.0280 0 0.1120 0.0280 0 0.0560
—0.0093 0 0.0280 0.0093 0 0.0280
0 —2.3333 0 0 2.3333 0
—0.0280 0.0280 0.0560 0.0280 0 0.1120

K(1-2)=10° x

200 KN
l 8m
@- e +—— 150 KN




2-3) a=0;C=1;5=0;L=8

1.7500
0
0
-1.7500
0
0

K(2-3)=10° x

3-4) a=90;C=0;S=1;L=6

0.0093
0
0.0280
—0.0093
0
0.0280

K(3—4)=10° x

0 0 -1.7500 0
0.0039 -0.0158 0 -0.0039
0.0158 0.0840 0 —0.0158

0 0 1.7500 0

—0.0039 -0.0158 0 0.0039

0 0.0420 0 -0.0158

@ 150 KN
e +—
6m
STT7

0 0.0280 -0.0093 0
2.3333 0 0 —-2.3333

0 0.1120 -0.0280 0

0 —0.0280 0.0093 0
—-2.3333 0 0 2.3333
—0.0280 0.0560 -0.0280 0

+«— 150 KN

ANALISIS ESTRUCTURAL CON MATRICES

0
0
0.0420
0
—0.0158
0.0840

0.0280
—0.0280
0.0560
—0.0280
0
0.1120
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1-3) a=53;C=0.798,;5=0.6018; L= 10

0.89368 0.67191 -0.00607
0.67191 0.50834 -0.00805
, |—0.00607 0.00805 0.06720
K(1-3)=10" x
—0.89368 -0.67191 0.00607
-0.67191 -0.50834 —0.00805
—0.00607 0.00607 0.03360
Matriz ensamblada
10° xM
0.90298 0 —0.03407 -0.0093 0 —0.0280 -0.89368 —0.67191
0.67191 2.84164 —0.00805 0 —2.3333 0.0280 -0.67191 -0.50834
—0.03407 0.00805 0.1792 0.0280 0 0.0560 0.00607 —0.00805
—0.0093 0 0.0280 1.7593 0 0.0280 —1.7500 0
0 -2.3333 0 0 23372 -0.0158 0 —0.0039
e —0.0280 0.0280 0.0560 0.0280 0.0158 0.196 0 —0.0158
" |-0.89360 -0.67191 0.00607 —1.7500 0 0 2.65298 0.67191
—0.37191 -0.50834 —0.00805 0 —0.0039 -0.0158 0.67191 2.84554
—0.00607 0.00607 0.03360 0 0 0.0420 0.03407 —0.02985
0 0 0 0 0 0 —0.0093 0
0 0 0 0 0 0 0 —2.3333
0 0 0 0 0 0 0.0280 —0.0280

Desplazamientos y momentos

Reacciones

—0.89368
-0.67191
0.00607
0.89368
0.67191
0.00607

—0.00607 0
0.00607 0
0.03360 0

0 0
0

0
0.0420 0
0.03407 -0.0093
—0.02385 0
0.2632  -0.0280
—0.0280  0.0093
0 0
0.0560  -0.0280

u, =—0.02212 mm
v, =-0.0852 mm
0, =0.0423 mrad
u, =—0.2217 mm

v, =0.0525 mm

¢, =0.0018 mrad

F, =164.78 MN
F,, =3.2227 MN
M, = 2240 Nm

1

F,=2.0114 MN
F,, = —122.49 MN

M

A —

7.57 MNm

-0.67191
~0.50834
~0.00805

0.67191
0.50834
~0.00805
0 0

0 0

0 0

0 0

0 0

0 0

0 0.0280 *

—2.3333 -0.0280
0 0.0560
0 —0.0280

2.3333 0

0 01120 ] |,

—0.00607
0.00607
0.03360
0.00607

—0.00805
0.06720

Rxl

RV]

M,

uz sz =0

R,, =—200000
o, M, =0

3

—150000

3 RVS:D
M, =0

Rxd
Rva
MA

VIGAS
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EJERCICIO 2

Determinar los desplazamientos y las cargas en la estructura mostrada

80 KN
@ l \50 KN N
[
— T sm O Em R @
@ E =300 GPa
I=2%x10"m*
10m A=0.5%x10"2m’
Vi
A. Resolucion
Matrices individuales
@ 180 KN
— 0
KxT
10 m
E
K=—
L
Ve
1-2) a=90;C=0;S=1;L=6
0.0072 0 -0.0360 -0.0072 0 -0.0360
0 1.50000 0 —-1.5000 0.0360 0
., |—0.0360 0 0.2400 0.0360 0 0.1200
K(1—2)=10° x
-0.00720 0.03600 0.0072 0 0.3600 0
0 -1.50000 0 1.5000 0 0
-0.0360 0.0360 0.1200 0.0360 0 0.2400

80 KN

_@>l 50 KN
5m @_\::
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2-3) a=0;C=1;S=0;L=5

3.0000 0 0 —3.0000 0 0
0 0.0576 —0.1440 0 -0.0576 0
\ 0 0.1440  0.4800 0 -0.1440  0.2400
K(2—3)=10°% x
—3.0000 0 0 3.0000 0 0
0 -0.0576 —-0.1440 0 0.0576 —0.1440
0 0 0.2400 0 -0.1440 0.4800
50 KN

&@QT’E@

3-4) a=0;C=1;5S=0;L=8

1.8750 0 0 -1.870 0 0
0 0.0141 -0.0563 0 —-0.0141 0
0 0.0563  0.3000 0 —0.0563 0.1500

8
K(3—4)=10°% x
-1.8750 0 0 1.8750 0 0
0 -0.0141 -0.0563 0 0.0141 -0.0563
0 0 0.1500 0 —-0.0563 0.3000
Matriz ensamblada
8
10" xM
[ 0.0072 0 -0.0360 —0.0072 0 -0.0360 0 0 0 0 0 0 [u=0] [ R,
0 1.5000 0 0 -1.5000 0.0360 0 0 0 0 0 0 v, =0 Ry,
-0.0360 0 0.2400  0.0360 0 01200 0 0 0 0 0 0 6,=0 M,
-0.0072 0 0.0360  3.0072 0 0.0360 —3.000 0 0 0 0 0 u, R,, =8000
0 ~1.5000 0 0 15576 -0.1440 0 ~0.0576 0 0 0 0 v, Ry, =0
| 00360 00360 01200 00360 0.1440 072 0 ~0.1440  0.2400 0 0 0 o, M, =0
= x =
0 0 0 -3.0000 0 0  3.8750 0 0 -1.8750 0 0 u, R,=0
0 0 0 -0.0576 -0.1440 0 0.0435 —0.0707 0 0.0141 0 v, Ry, =0
0 0 0 0 0 02400 0 -0.0877  0.7800 0 -0.0563  0.1500 0, M, = 50000
0 0 0 0 0 0 18750 0 0 1.8750 0 0 u, =0 R,
0 0 0 0 0 0 0 -0.0141 -0.0563 0 0.0141 -0.0563| |v,=0 Ry,
0 0 0 0 0 0 0 0 0.1500 0 —0.0563 0.3000 | [¢,=0] | M,

Desplazamientos y momentos

u, =0.001m

v, =0.001m

¢, =—0.0000004 rad
u, =0.001m

v, =0.0014 m

¢, =0.008 rad
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Reacciones

F,=-82.4N
F,=-7507.1N
M, =415.08 Nm
F,=-6966.1N
F, =-6376.5N
M, =11901.5Nm

EJERCICIO 3

Determinar los desplazamientos y las cargas en la estructura mostrada

g =20KN/m
TV
@ 2m IN“ @
100KN | : E=320GPa
@ ])sokm s e
N |
®
VA o

A. Resolucion

©) 80 KNm ® ]Zm
@ 100KN

100KN " 4= 20 i
@Ullllllllllllllllllll‘ 0
(2)¥ ¢ )80 KNm
KxT
k=E

225



226

CariTuLO 7

1-2) E=320x10°;1=5%x10";A=3%x1072;C=0;S=1;L=3

0.0711
0
—-0.1067
-0.0711
0
—-0.1067

K(1-2)=10° x

0
3.2000
0
0
—32000
0.1067

—-0.1067
0
0.2133
0.1067
0
0.1067

2-3) E=320x10°;1=5%x10"*;A=3%x1072;C=0;S=1;L=10

0.00192
0
—0.0096
—0.00192
0
—0.0096

K(2 —3)=10° x

0
0.960
0
0
-0.96
0.0096

—0.0096
0
0.0064
0.0096
0
0.032

3-4) E=320x10°;1=5%x10";A=3%x107;C=0;S=1;L=2

0.2400
0
—0.2400
—-0.2400
0
—-0.2400

K(3—4)=10° x

0
4.8000
0
0
—4.8000
0.2400

—0.2400
0
0.3200
0.2400
0
0.1600

4-5) E=320x10%;1=5x10";A=3x107;C=1;5=0;L=10

0.96
0
0
—-0.96
0
0

K(4 —5)=10" x

0
0.00192
0.0096
0

—0.00192

0

0
—0.0096
0.064
0
—0.0096
0.032

-0.0711 0 —-0.1067
0 —32000 0.1067
0.1067 0 0.1067
0.0711 0 0.1067
0 3.2000 0
0.1067 0 0.2133
—0.00192 0 —0.0096
0 —0.96 0.0096
0.0096 0 0.032
0.00192 0 0.0096
0 0.96 0
0.0096 0 0.064
—-0.2400 0 —0.2400
0 —4.8000 0.2400
0.2400 0 0.1600
0.2400 0 0.2400
0 4.8000 0
0.2400 0 0.3200
—-0.96 0 0
0 —0.00192 0
0 —0.0096 0.032
0.96 0 0
0 0.00192 -0.0096
0 —0.0096  0.064
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Matriz ensamblada

9
10" xM
[ 0.0711 0 —0.1067 -0.0711 0 —0.1067 0 0 0 0 0 0 0 0 0 u, =0 R,y
[ 3% 0 0 =52 0.1067 0 0 0 0 0 0 0 0 0 v, =0 Ry,
—0.1067 0 0.2133 0.1067 0 0.1067 0 0 0 0 0 0 0 0 0 9, =0 M,
-0.0711 () 0.1067  0.0732 0 0.0971 —0.00192 0 —0.0096 0 0 0 0 0 0 u, R,=0
0 -3.2 0 0 4.16 0 0 —0.96  0.0096 0 0 0 0 0 0 A Ry, =0
—0.1067 0.1067 0.1067 0.0971 0 0.2773 0.0096 0 0.032 0 0 0 0 0 0 o, M, = 80000
0 0 0 —0.00192 0 0.0096  0.24192 0 —0.2304 -0.24 0 —-0.24 ) 0 0 uy s = 100000
M= 0 0 0 0 —0.96 0 0 5.76 0 0 4.8 0.24 0 0 0 x| vy |= R, =0
0 () 0 -0.0096 0.0096 0.032  -0.2304 0 0384 024 0 0.16 0 0 0 0, M, =0
[ 0 0 0 0 0 —0.24 0 0.24 12 0 0.24 -0.96 0 0 u, R,=0
0 0 0 0 0 0 0 -4.8 0 0 4.8192  -0.0096 0 —0.00192 [¢] \va Ry, =Ry, —qlL/2
0 0 0 0 0 0 -0.24 0.24 0.16 0.24 0.0096 0.96 0 —0.0096 0. o, M, =M, +ql* /12
0 () 0 0 0 0 0 0 0 —0.96 0 0 0.96 0 0 u, =0 R,
[ 0 0 0 0 0 0 0 0 0 —0.00192 -0.0096 0 0.00192 -0.0096 | |v,=0 Rys =R, — qL/2
) 0 0 0 0 0 [ 0 0 0 0 0.032 0 —0.0096 0.064 | [05=0 M, =M, +ql* /12
Desplazamientos y momentos
u, =-0.0001m
v, =-0.001m
¢, =0.0002 rad
u, =0.0018 m
v, =-0.0003 m
¢, =0.0008 rad
u, =0.0001m
v, =-0.0001m

¢, =0.0005 rad

Reacciones
F,=-12370.13N
F,, =243681.32N
M, =9565.13Nm
Fs=-87629.86 N
F,, =—4581.64 N
M, =17298.32 Nm
EJERCICIO 4

Determinar los desplazamientos y las cargas en la estructura mostrada

200 KN
g =30 KN/m
T |
i i E=300 GPa
|@ @| | I=8x10*m*
| l [ A=5x10"m?
™ "1om | sm | 2
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A. Resolucion

g =30 KN/m

1-2)

K(1—2)=
2:3)

KQ2-3)=
3-4)

K3—4)=

0.0500
0.0000
0.0000
—0.0500
0.0000
0.0000

0.0500
0.0000
0.0000
—0.0500
0.0000
0.0000

0.0500
0.0000
0.0000
—0.0500
0.0000
0.000

0.0000
0.0001
0.0005
0.0000
—0.0001
0.0005

0.0000
0.0004
0.0010
0.0000
—0.0004
0.0010

0.0000
0.0006
0.0012
0.0000
—0.0006
0.0012

VIGAS

1200 KN
@% ®

80 KNm

60° /

—8m—

0.0000 -0.0500 0.0000 0.0000
0.0005 0.0000 -0.0001 0.0005
0.0032 0.0000 -0.0005 0.0016
0.0000 0.0500 0.0000 0.0000
—0.0005 0.0000 0.0001 -0.0005
0.0016 0.0000 -0.0005 0.0032

0.0000 -0.0500 0.0000 0.0000
0.0010 0.0000 -0.0004 0.0010
0.0032 0.0000 -0.0010 0.0016
0.0000 0.0500 0.0000 0.0000
—0.0010 0.0000 0.0004 -0.0010
0.0016 0.0000 -0.0010 0.0032

0.0000 -—0.0500 0.0000 0.0000
0.0012 0.0000 -0.0006 0.0012
0.0032 0.0000 -0.0012 0.0016
0.0000 0.0500 0.0000 0.0000
—0.0012 0.0000 0.0006 -0.0012
0.0016 0.0000 -0.0012 0.0032




4-5)

K(4—5)=

Matriz ensamblada

[ 1500 0
0 3

0 14
-1500 0
0o -3

0 14

0 0
M=| 0 0
0 0

0 0

0 0

0 0

0 0

0 0

0 0

0
14

0.0125
-0.0216
—-0.0003
—0.0125

0.0216
—0.0003

1500 0 0
0o -3 14
0 -14 48

4500 0 0
0 26 43
0 43 288

3000 0 0
0 -23 -58
0 58 9
0 0o o
0 0o o
0 0 o
0 0o o
0 0o o
0 0o o

Desplazamientos y momentos

ANALISIS ESTRUCTURAL CON MATRICES

—-0.0216 -0.0003 -0.0125 0.0216 -0.0003
0.0375 -0.0002 0.0216 -0.0375 -0.0002
-0.0002 0.0032 0.0003 0.0002 0.0016
0.0216 0.0003 0.0125 -0.0216 0.0003
—-0.0375 0.0002 -0.0216 0.0375 0.0002
-0.0002 0.0016 0.0003 0.0002 0.0032
0 0o o0 0 0 0 0 0 0] [u=0] R,
0 0o 0 0 0o 0 o0 0 0] |v,=0 Ry,
0 0o 0 0 o 0 o0 0 0] |¢,=0 M,
-3000 0 O 0 o 0 o 0o 0 u, R,=0
0 -23 58 0 o 0 o 0o 0 v, R,, =0
0 -58 9% 0 o 0 o0 0o 0 0, M, = 80000
6750 0 0 -3750 0 0 0 0o 0 u, R,, = 100000
0 68 32 0 45 9 0 0 0lx| v, R, =0
0 32 432 0 -9 0 0 0o 0 0, M, =0
-3750 0 0 3985 -406 -5 235 406 -5 u, R, =0
0 -45 -90 -406 748 -93 406 703 -3 v, Ry, =Ry, —qL/2
0 9 120 -5 -93 300 5 330 0, M, =M, +ql* /12
0 0 0 -235 406 5 235 —406 5| |u;=0 R,s
0 0 0 406 -703 3 -406 703 3| |v,=0| | R,=R,-qL/2
0 0o 0 -5 -3 30 5 3 60] [0;=0] |[My=M,+ql’/12]

U, = 0.000000 m
V, = 0.000000 m
¢, = 0.000000 rad
U, =-0.000044 m
V, =-0.054930 m
¢, =—-0.000983 rad

2

U, =—-0.000066 m

V, =-0.037099 m
¢, = 0.008012 rad
U, =-0.000084 m

s
V, =-0.000309 m
¢, = 0.008095 rad
U, = 0.000000 m
V, = 0.000000 m
¢, =0.000000 rad

229
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Fuerzas y momentos

F, =66.15 KN

F,, = 144.05 KN
M, = 743.82 KNm
F, = 0.00 KN

F,, =—150.00 KN
M, = 250.00 KNm
F,, = 0.00 KN

F,, =—200.00 KN
M, = 0.00 KNm
F,. = 0.00 KN

F,, =0.00 KN

M, = 80.00 KNm
F, = —66.15 KN
F,, = 205.95 KN
M, = 244.11 KNm

VIGAS
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7.4. ESTRUCTURAS 2 -D

En la siguiente estructura, determinar los angulos girados en los nodos indicados.

P 9 6m ".’% 8m [Q@

o " N E =3000GPa
I=8%x10°m*
A=4%x10"m’
10m
P = 5000N
M= 600Nm
@ g0’ ®

Nodos:1-2;2-3;3-4;2-5

A. Resolucion

-2 0.866 0.25 0.749956 0.433
2 2-3 0° 1 0 1 0 0
3 3-4 0° 1 0 1 0 0
4 2-5 270° 0 -1 0 1 0

[ 0.00010054  0.000172888 —3.5999E—06 —0.00010054 —0.000172888 —3.5999E-06 0 0 0 0 0 0 0 O O
0.000172888  0.000300162  2.07846E—06 —0.000172888 —0.000300162 2.07846E-06 0O 0 0O 0 0O O O O O
—3.5999E-06 2.07846E—06  831384.7753 3.5999E-06 —2.07846E—06 0.000016 00O0O0OOOOO OO
—0.00010054 -0.000172888  3.5999E - 06 0.00010054 0.000172888 3.599%E-06 0 O 0 0 0O 0O O OO
—0.000172888 —0.000300162 -—2.07846E—06 0.000172888  0.000300162 —2.07846E-06 0 0 0 0 0 0O O O O
—3.5999E—-06 2.07846E-06 0.000016 3.5999E—-06 —2.07846E—-06 0.000032 00O0OOOOOO
(300x10°) 0 0 0 0 0 0 00O0O0OOOOODO
g E———— 0 0 0 0 0 0 00O0OOOOOO
11.5470m
0 0 0 0 0 0 00O0O0OOOOODO
0 0 0 0 0 0 00O0OOOOOO
0 0 0 0 0 0 00O0O0OOOOODO
0 0 0 0 0 0 00O0OOOOOO
0 0 0 0 0 0 00O0O0OOOOODO
0 0 0 0 0 0 00O0OOOOODO
L 0 0 0 0 0 0 00O0OOOO OO0 Of
[ 2612106.231  4491770.322 -93528.08721 -2612106.231 -—4491770.322 -93528.08721 0 0 0 0 0 0 0 O O]
4491770.322  7798451.55 54000.05036 —4491770.322 —7798451.55 54000.05036 0 0 0 0 0 0 0 O O
—93528.08721 54000.05036  831384.7753  93528.08721 -54000.05036 4156923876 0 0 0 0 0 0 0 0 O
—2612106.231 —4491770.322 93528.08721  2612106.231  4491770.322  93528.08721 0 0 0 0 0 O 0 O O
—4491770.322 —7798451.55 —54000.05036 4491770.322 779845155 —54000.05036 0 0 0 0 0 O O O O
—93528.08721 54000.05036  415692.3876  93528.08721 —54000.05036 831384.7753 0 0 0 0 0 O 0 O O
0 0 0 0 0 0 00O0O0OOOOOO
K_,= 0 0 0 0 0 0 00O0OOOOODO
0 0 0 0 0 0 00O0O0OOOOOO
0 0 0 0 0 0 00O0OOOOOO
0 0 0 0 0 0 00O0O0OOOOOO
0 0 0 0 0 0 00O0OOOOOO
0 0 0 0 0 0 00O0O0OOOOOO
0 0 0 0 0 0 00O0OOOOOO
| 0 0 0 0 0 0 00O0O0OOO OO0 O]

231



VIGAS

CariTuLO 7

232

O OO0 0o ooooo oo o o
O OO0 o0oo0oooo oo oo
O OO0 0Oo0oo0oo oo oo oo
©O OO0 0OO0 oo o0 oo oo oo
©O OO0 0000 o0 oo oo oo
©O OO0 00 OO0 o0 oo oo oo
o«
o o
8 32 S &
2 9 S o
O o000 8 8o g8 oo oo oo
S 9 8 &
S 9 5 2
S o 9 o
©
o
A_US S «
w 8 L 8
B w
OOOOSWOWWOOOOOO
8 S © S
3 o © o
o T © 7
| o~
<
= 3
©Oo0oog§googoooooooo
S 2
T IS
o]
0 o o
S o S <
2 9 S o
O 00 o0 Q Q o 68 oo o o o o
2 9 S &
S 9 g &
S o 9 o
I 5]
) =)
Q w Q
w S =}
©Oooo 38 o898 oo oo oo
5 S
8 2 © S
o o © o
o T
3 3
OOOWOOWOOOOOOOO
S T
O OO0 o0 o0oooooo oo oo
©O OO0 o0oooooo oo oo
©O ©O o0 o000 o0O0O0 oo oo o
g
x| E
S| 6
=3
2
I
&
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00O0O0O OO
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00O0O0O0O

0

0

0
00oO0

0
—133333.3333 400000 0 0 0 0 0 O

—20000000

0
400000

20000000

0
0

20000000

133333.3333

0

0
0
000

800000 0 0 O 0 0 O

—400000

1600000

400000

00O0O0O0O

—400000 0 0 O 0 0 O

0
133333.3333

0
—400000
800000

0

—133333.3333

—20000000

0
0

0

1200000 0 0 0 0 O O

—400000

400000

0
0
0
0
0
0
0

00O0O0O OO
00O0O0OO
00O0O0O OO
00O0O0OO
00O0O0O OO
00O0O0OO

0
0
0
0
0
0
0

0.000006 0 0 O

0

00O0O0O0O
00O0O0O0DO
00O0O0O0O
00O0O0O0DO
00O0O0O0O
00O0O0O0DO

0

0

0
—0.0000015
0.000006

—0.0004
0
0
0.0004

0
0.000006
0.000032

0
0.0000015

0

0
—0.0004

0 0 0 0 0 O 0.0004

00O0O0O0DO
00O0O0O0O
00O0O0O0DO
00O0O0O0O
00O0O0O0DO
00O0O0O0O
00O0O0O0DO
00O0O0O0O

0.000016 0 0 O

0.000006

0

—0.000006 0 0 O

0
0.0000015

0
—0.000006
0.000016

0
—0.0000015

0
0

0
0
0

0.000032 0 0 O

—0.000006

0.000006

0
0
0

0

(300x10°)

0
0
0
0
0
0
0

225000 0 0 O

00O0O0OO
00O0O0O OO
00O0O0O OO
00O0O0O 0O
00O0O0O OO
00O0O0O 0O
00O0O0OO
00O0O0O OO
00O0O0O OO
00O0O0O OO
00O0O0O OO
00O0O0O OO
00O0O0O OO
00O0O0O OO
00O0O0O0O

0
—56250
225000

—15000000

0
225000

0

56250

15000000

0
0
15000000

0

0
—15000000

600000 0 0 O

225000 1200000

0

—225000 0 0 O

0
56250

0
—225000

600000

0
—56250
225000

0
0

0
0

—225000 1200000 0 0 O

0
0
0

Klfd
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(300x10°)
10m

K, .=

2-5

O O O 0O 0O OO0 O o o o o o o o

=~
Il
O O O OO O O O O o o o o o o

r

Matriz Ensamblada:

2612106231 44917703220 -93528.08721
44917703220 779845155  54000.05036
-93528.08721  54000.05036  831384.7753
-2612106.231 -4491770.322 93528.08721
-4491770.3220  7798451.55  —54000.05036
-93528.08721  54000.05036  415692.3876

cocooooooo
cocooooooo

Eliminando Filas y Columnas:

KR

[ 22640906.23
4491770.3220
237528.0872
—~20000000
0
0
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00 0 0 0 0 0O0OOO 0 0 0 ]
00 0 0 0 00 O0OOO O 0 0 0
00 0 0 0 00 O0OOO 0 0 0
0 0 0.00000096 0 0.0000048 0 0 0O O O O -0.00000096 0 0.0000048
00 0 0.0004 0 0 0O0OOO 0 —0.0004 0
0 0 0.0000048 0 0.000032 0 0 0 O O O 0.0000048 0 0.000016
00 0 0 0 00 O0OOO 0 0 0
00 0 0 0 0 0O0OO0OO 0 0 0
00 0 0 0 0 0O0OO0OO 0 0 0
00 0 0 0 00 O0OOO 0 0 0
00 0 0 0 00 O0OOO 0 0 0
00 0 0 0 0 0O0OO0OO O 0 0 0
0 0 -0.00000096 0 —0.0000048 0 0 0O O O O 0.00000096 0 —0.0000048
00 0 —0.0004 0 00O0OOO 0 0 0
0 0 0.0000048 0 0.000016 0 0 0 O O O -0.0000048 0.0004 0.000032 |
00 0 0 0 00 O0O0O0OTO O 0 0 0 ]
00 0 0 0 00 O0O0O0OTO O 0 0 0
00 0 0 0 00 O0O0O0OTO O 0 0 0
0 0 28800 0 144000 0 O O O O O -—28800 0 144000
00 0 12000000 0 00 O0O0OO0OTO O 0 —12000000 0
0 0 144000 0 960000 0 O O O O O 144000 0 480000
00 0 0 0 00O0O0O0OTO O 0 0 0
00 0 0 0 00 O0O00O0OTO O 0 0 0
00 0 0 0 00 O0O0O0OTO O 0 0 0
00 0 0 0 00 O0OOTO O 0 0 0
00 0 0 0 00 O0O0O0OTO O 0 0 0
00 0 0 0 00 O0O0O0OTO O 0 0 0
0 0 -28800 0 —144000 0 0 0O 0O O O 28800 0 —144000
00 0 —12000000 0 00O0OO0OTO O 0 12000000 0
0 0 144000 0 480000 0 0 O O O O -144000 0 960000 |
—2612106.231 -4491770.3220 93528.08721 0 0 0 o 0 0 o 0 o u, Fy
—4491770.3220  -7798451.55  54000.05036 0 0 0 o 0 0 o 0 o A Fy
93528.08721 —54000.05036  415692.3876 0 0 0 o 0 0 o 0 o 0, M,
22640906.23 44917703220  237528.0872 20000000 0 0 o 0 0 —28800 0 144000 || u, 5000
4491770.3220 19931784.88  345999.9496 0 -133333.3333 400000 o 0 0 0 —12000000 o v, 0
237528.0872 345999.9496  3391384.775 0 —400000 800000 o o 0 —144000 o 480000 |6, 0
o —20000000 o o 35000000 0 0 —15000000 0 0 o 0 o uy 0
o -133333.3333 —400000 0 189583.3333  -175000 0 —56250 225000 o 0 o vy|=| 0
o 400000 800000 0 —175000 2800000 o —225000 600000 0 o 0 0, 600
o 0 o ~-15000000 0 0 15000000 0 0 0 0 0 u, [
o 0 o 0 —56250 —225000 0 56250  —225000 0 0 o v, [
o 0 o 0 225000 600000 0 —225000 1200000 o 0 o 0, M,
o —28800 o —144000 0 0 0 0 o 0 0 o —144000 || u, Fo
o —12000000 o 0 0 o 0 0 0 —28800 12000000 o vy Fy
o 144000 o 480000 0 0 o 0 0 0 —144000 0 960000 |[ 6, M,
4491770.3220 237528.0872 —20000000 0 0 Jfu,] [5000]
19931784.88  345999.9496 0 -133333.3333 400000 || v, 0
345999.9496  3391384.775 0 —400000 800000 || 6, 0
0 0 35000000 0 0 u, 0
-133333.3333 400000 0 189583.3333  —175000 || v, 0
400000 800000 0 -175000 2800000 || 6, 600
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B. Resolucion con MATLAB

>> K1 = [2612106.231 4491770.332 -93528.08721 -2612106.231 -4491770.332 -93528.08721

O 00000 0 0 0; 4491770.322 7798451.55 54000.05036 -4491770.332 —7798451.55;
54000.0536 0 0 © © © © © © O; -93528.08721 54000.05036 831384.7753 93528.08721 :
-54000.05036 415692.3876 0 0 0 0 0 0 © 0 0; -2612106.231 -4491770.322 93528.08721§
2612106.231 4491770.322 93528.08721 0 0 0 0 © 0 0 © 0; -4491770.322 —779845.55;
-54000.05036 4491770.322 779845.155 -54000.05036 0 0 © © 0 0 © © 0; -93528.08721:
54000.05036 415692.3876 93528.08721 -54000.05036 831384.7753 0 0 0 0 0 0 0 0 0; O :

POOOOODODOODODODOOO, POOOOODODOODODOOOOO, POOOOOOODOOO:
00D0DO; 00OVDOVDOOOOODODODOOO;, DOPOOOOODOODOOOODODO; OOOOO:
PPOOOODODOOO, 0ODPOOODODOOODOVDOOD;, OODPOOODOOOODOOOL:
0; 0000000000000 O]
K1 =
1.0e+006 * :
Columns 1 through 8 E
2.6121 4.4918 -0.0935 -2.6121 -4.4918 -0.0935 0 e
4.4918 7.7958 0.0540 -4.4918 -7.7985 0.0540 0 0 :
-0.0935 0.0540 0.8314 0.0935 -0.0540 0.4157 0 0 :
-2.6121  -4.4918 0.0935 2.6121 4.4918 0.0935 0 0 :
-4.4918 -0.7798 -0.0540 4.4918 0.7798  -0.0540 0 0 :
-0.0935 0.0540 0.4157 0.0935 -0.0540 0.8314 0 0
0 ] ) 0 ] ) 0 0 :
0 0 0 0 0 0 0 0 :
0 ] ) 0 ] ) 0 0 :
0 ] ] 0 ] ] 0 0 :
0 ] ) 0 ] ) 0 0 :
0 ] ] 0 ] ] 0 0 :
0 ] ) 0 ] ) 0 0 :
0 ] ] 0 ] ] 0 0
0 ] ) 0 ] ) 0 0 :
Columns 9 through 15
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] 0 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] 0 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] ] 0 ] ] 0
0 ] 0 0 ] 0 0
0 ] ] 0 ] ] 0
>>K2=[ 00000000000 0D0D00;, PO0OD0OO0OOOOO0OO0O0O0; 00000O:
00000 0DO0O; 00O 20000000 0 O —20000000 0 0 0 0 © 0 0 0; 000 0 133333.3333:
400000 © -133333.3333 400000 0 0 0 0 0 0; O 0 © O 400000 1600000 O -400000 800000 :
©00000; 000 -20000000 0 0 20000000 @ 6 0 © 0 6 0 0; 6 0 @ @ -133333.3333 ;
-400000 0 133333.33 -400000 0 0 0 0 0 0; O © © © 400000 800000 O -400000 1200000
0PO00DOO;, POVDOOOVDOODODOODOODDO;, POODOVDOODOOOOOOOOO;, 0OO:
POOO0OO0OOOOO0O0D, 000000DPOD0D0O0OD0DO0OOCO; 000OO0OBOOOO0OOO0O:
00; PO00O0DOOOOOOO00 O 0] :
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Columns 7 through 12

(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(] (2] (2] (] (] (2]
(2] (2] (2] (2] (2] (2]
15000000 (] 0 -15000000 (2] (2]
(2] 56250 225000 (2] -56250 225000
(] 225000 1200000 (] 225000 600000
-15000000 (2] (2] 15000000 (2] (2]
(] -56250 -225000 (] 56250 -225000
(2] 225000 600000 (2] -225000 1200000
(2] (] (] 0 0 (2]
(2] (2] (2] (2] (2] (2]
(2] (] 0 (2] (2] (]
Columns 13 through 15
(2] (2] (2]
(2] (2] (2]
(2] (2] (2]
(2] (2] (2]
(2] (2] (2]
(2] (2] (2]
(2] (] (2]
(2] (2] (2]
(2] (] (2]
0 (2] 0
(2] (2] (2]
(2] (2] 0
(2] (2] (2]
(2] (2] (2]
(2] (2] (2]
>>KA=[00000P0O0O0000OPDOD0O0;, 0O0OPODODOOOOOODOO;, OO0OOOO:
00000000, OO0 28300 0 144000 0 0 0 O © © -28800 © 144000; 0 © © O 12000000 :
P00 000O0 O -12000000 0; 0 0 0 144000 © 960000 © © © © © © 144000 © 480000; O O :
P0ODODOOPDODOOODODO, 0OPODOODOOPODOODOD;, POOODOOOOOOOOO:
00, 0000000000000 0VDO;, OOPODOOODOOOODOOOO;, OOOOOOOLOO:
0 0000O0; 00O -23800 0 -144000 0 0 © @ © O 28000 © -144000; @ © @ @ -12000000 '
© 0000000 12000000 0; 0 0 © 14000 © 480000 0 0 ©0 0 © O -144000 O 960000] :
K4 =
Columns 1 through 6
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] 28800 (2] 144000
(2] (2] (2] (2] 12000000 (2]
0 (2] (2] 144000 0 960000
(2] (2] (2] (2] (2] (2]
0 (2] 0 (2] (] (2]
(2] (2] (2] (2] (2] (2]
0 (2] (2] (2] (] (]
(2] (2] (2] (2] (2] (2]
0 (2] 0 (2] (] (2]
0 (2] (2] -28000 (2] -144000
(2] (2] (2] 0 -12000000 (2]
(2] (2] (2] 14000 (2] 480000

VIGAS
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Columns 7 through 12

2 2 0 2 0 0
2 2 2 2 0 0
0 ] ] 0 ] ]
0 0 0 0 0 0
2 0 2 2 2 2 :
] ] ] ] ] ]
2 0 0 2 2 2
0 0 0 0 2 0
] ] ] ] ] ]
2 0 2 2 0 2
2 2 2 2 0 2
] ] ] ] ] ]
[ 0 2 0 0 2
2 2 2 0 2 2
] ] ] 0 ] ]
Columns 13 through 15
2 0 2 :
) ) )
] ] ]
-28800 2 144000 ;
0 -12000000 )
144000 2 480000
2 0 0
) ) )
0 ] ]
2 2 2
) ) )
] ] ]
28800 2 -144000
) 12000000 )
-144000 0 960000
>> KT = K1 + K2 + K3 + K4
KT =
1.0e+007 * :
Columns 1 through 8
0.2612  0.4492 -0.0094 -0.2612 -0.4492 -0.0094 e o0
0.4492  0.7798  ©.0054 -0.4492 -0.7798  0.0054 e 0!
-0.0094  0.0054  0.0831  0.0094 -0.0054  0.0416 0 0
-0.2612  -0.4492  0.0094  2.2641  0.4492  ©.0238 -2.0000 0 :
-0.4492 -0.0780 -0.0054  0.4492  1.2913  0.0346 @ -0.0133 !
-0.0094  0.0054  0.0416  0.0238  0.0346  0.3391 0 -0.0400 :
e 0 @ -2.0000 0 @  3.5000 0
0 0 0 0 -0.0133 -0.0400 0  0.0190 :
0 0 2 0 0.0400  0.0800 0 -0.0175 :
0 0 ] 0 0 0 -1.5000 0
0 0 0 e 0 0 @ -0.0056 :
e 0 0 e 0 2 @  0.0225:
e 0 8 -0.0029 0 -0.0144 e 0 :
0 0 0 0 -1.2000 0 0 0 :
e 0 0  0.0014 0  0.0480 0
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Columns 9 through 15

[ORECREGRNS]

0.0400
0.0800
(4]
-0.0175
0.2400
(4]
-0.0225
0.0600
(4]

(4]

(]

>> KR = [ 22640906.23 4491770.3220 237528.0872 -20000000 0 O; 4491770.3220;
19931784.88 345999.9496 @ -133333.3333 400000; 237528.0872 345999.9496 3391384.775 :
0 -400000 800000; -20000000 0 © 35000000 0 0; 0 -133333.3333 -400000 0 189583.3333 :
-175000; © 400000 800000 © -175000 2800000 ]

KR =

1.0e+007 *

2.2641
0.4492
0.0238
-2.0000
(4]

(]

OO0 00O

-1.5000
(4

(]
1.5000

(4
]
(4]
[
(]

0.4492
1.9932
0.0346
0
-0.0133
0.0400

-0.
Q.

Q.
-0.

>> f = [5000; 0; 0; 0; 0;

f =

>> u = inv(KR)*f

1.0e-003 *

0.4939
-0.1151
-0.0860

0.2822
-0.0284

0.2535

OO 00O

0056
0225
2]
0056
0225
2]
(]
0

.0238
.0346
.3391

(4]

.0400
.0800

600]

[ORECIEOGEE RN EN R S]

0.0225
0.0600

-0.0225
0.1200
(4]

(4]

(]

-0.0029
(4
0.0144

OO 00O

0.0029
[
-0.0144

-0.0133
-0.0400

0.0190
-0.0175

0.0400
0.0800

-0.0175
0.2800

-0.0144
(]
0.0960
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1.0e-003 *

(4]

(4]

(4]
0.4939
-0.1151
-0.0860
0.2822
-0.0284
0.2535

[OICRGENGRS]

>> F = KT * U

1.0e+003 *

-0.7650
-1.3257
0.0169
5.0009
0.8077
0.0003
-0.0010
-0.0001
0.4985
-4.2330
-0.0554
0.1457
-0.0019
1.3812
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Hallar los Desplazamientos Nodales y las Cargas generadas en la estructura mostrada.

®

10m

Q

8m

R

15m

777

©)

A. Resolucion

®

®

E=220GPa
I=5%x10"°m*
A=2x10"m’
P = 8000N
Q=12000N
M = 800Nm

Nodos:1-2;2-3;3-4;2-5

| Elemento | Nodo |0 | c | s | ¢ | s | sc_
1 90° 0 1 0 1 0

1 =7
2 2-3 0° 1 0 1 0 0
3 3-4 0° 1 0 1 0 0
4 2=6 300° 0.5 —0.866 0.25 0.749956 —0.433
[ 2.66667E—07 0 0.000002 —2.66667E—07 0 —0.000002 0 0 0 0 O O O O
0 0.0002 0 0 —0.0002 0 00O0O0OOOO0ODDO
—0.000002 2.07846E—06  0.00002 0.000002 0 000001 0 O O 0O 0 0 OO
—2.66667E—07 —0.000172888 -0.000002 2.66667E—07 0 0.000002 0 0 0 0 0 0 0O
0 —0.0002 0 0 0.0002 0 00O0O0OOOTODO
—0.000002 2.07846E—-06  0.00001 0.000002 0 0.000002 0 0 0 0 0 0 0 O
(220x10°) 0 0 0 0 0 0 000OOOODO
K_,= e 0 0 0 0 0 0 000O0OOOO
0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 00O0O0OOOOO
0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 000O0OOODO
0 0 0 0 0 0 000OOOODO
L 0 0 0 0 0 0 00O0OOOODO
[ 3911.111111 0 —29333.33333 -3911.111111 0 —2933333333 0 0 0 0 0 0 O O
0 29333.33333 0 0 —29333.33333 0 00O0OOOTOODO
—29333.33333 0 29333.33333  29333.33333 0 146666.6667 0 0 0 0 0 0 0 O
—3911.111111 0 29333.33333  3911.111111 0 2933333333 0 0 0 0 0 0 OO
0 —29333.33333 0 0 29333.33333 0 00O0OOOODO
29333833333 0 146666.6667  29333.33333 0 2933333333 0 0 0 0 0 0 OO
0 0 0 0 0 0 00O0O0OOOO OO O
K ,= 0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 000O0OOODO
0 0 0 0 0 0 000O0OOOODO
0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 00O0O0OOOOO
0 0 0 0 0 0 000OOOODO
0 0 0 0 0 0 000O0OOODO
L 0 0 0 0 0 0 0 0O0O0OOOO OO O

J

O O O O OO0 O O o o o o o o o

L

O O O O 0O O O o o o o o o o o
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0 00O0O0O
0 00 O0O0O
0 0 0O0O0OO
0 0O0O0O0ODO
0 0O0O0O0ODO

0
0

0
0 0 0 0.0002

0
—0.0000006

—0.0002

0
0.000003
0.00002

0
0.0000006
0.000003
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[0 0 0 0 0 0 00O00O0O0TO O 0 0 0 1
00O 0 0 0 00 0O0OTO O 0 0 0
0 0O 0 0 0 0 0 0O0OTO 0 0 0
00O 0.00005015 —8.65134E - 05 0.0000015 0O 0 0 0O 0O 0O -0.00005015 8.65134E—05 0.0000015
0 0 0O -8.65134E-05 0.0000015 8.66051E-07 O O O 0 O O 8.65134E—-05 —0.0000015 8.66051E — 07
00O 0.0000015 8.65134E—-05 0.00002 0 0 0 0O 0 O -0.0000015 —8.66051E—07 0.00001
(220 109) 0 0O 0 0 0 0 0 0O0OTO 0 0 0
=20 0 0 0 0 0 000000 0 0 0
17.32m
0 0O 0 0 0 0 00O0OOTO 0 0 0
00O 0 0 0 00 0O0OTO O 0 0 0
0 0O 0 0 0 0 00O0OOTO 0 0 0
00O 0 0 0 00 0O0OTO O 0 0 0
0 0 0O -0.00005015 8.656134E—05 —0.0000015 0O 0 0 0O 0 O 0.00005015 —8.65134E—05 —0.0000015
0 0 O 8.65134E-05 —0.0000015 —8.66051E—07 0 0 0 O O O 8.65134E—-05 0.0000015 —8.66051E—07
»0 00 0.0000015 8.66051E — 07 127020.7852 0 O 0 O O O —0.0000015 —8.65134E—05 0.00002
[0 00 0 0 0 000O0O0O 0 0 0 1
000 0 0 0 00000O 0 0 0
000 0 0 0 00000O0O 0 0 0
0 0 0 637009.2379 —1098899.935 19053.11778 0 O O 0 O 0 -637009.2379 1098899.935  19053.11778
0 0 0 -1098899.935 19053.11778 11000.64537 0 O O 0 O O 1098899.935 —19053.11778 11000.64537
0 0 0 19053.11778 11000.64537 2540415704 0 O O O O 0 -19053.11778 —11000.64537 127020.7852
000 0 0 0 00000O 0 0 0
K,.=|0 0 0 0 0 0 00000O0O 0 0 0
000 0 0 0 00000O 0 0 0
000 0 0 0 00000O0O 0 0 0
000 0 0 0 00000O0O 0 0 0
000 0 0 0 00000O 0 0 0
0 0 0 —-637009.2379 1098899.935 —19053.11778 0 O 0 O O O 637009.2379 —1098899.935 —19053.11778
0 0 0 1098899.935 —19053.11778 —11000.64537 0 0 0 0 0 O 0 19053.11778  —11000.64537
[0 0 0 19053.11778 11000.64537 127020.7852 0 0 O O O O -19053.11778 -11000.64537 254041.5704 |
Matriz ensamblada:
3911.111111 o —29333.33333 -3911.111111 0 —2933333.333 0 ) 0 0 o 0 0 0 0 uy Fy
o 29333.33333 0 0 —2933333.333 0 0 0 0 0 0 0 0 0 0 vy Fy
—29333.33333 0 2933333333 29333.33333 o 146666.6667 0 0 0 0 o 0 ) 0 o 0, M,
—2612106.231 0 2933333333 5040920.349 -1098899.935 48386.45112 -4400000 0 0 0 o 0 —637009.2379  1098899.935 19053.11778 || u, 0
—4491770.3220 -29333.33333 ) —1098899.935  4852368.475  77000.64537 0 -13200 66000 0 0 0 1098899.935 -19053.11778  11000.64537 || v, —8000
—93528.08721 0 146666.6667  48386.45112  77000.64537  987374.9038 0 -66000 220000 0 0 0 ~19053.11778 -11000.64537  127020.7852 || 6, 800
o 0 —440000 0 0 9900000 0 0 ~5500000 o 0 0 0 0 uy -1200
Tk= 0 0 o 0 -13200 ~66000 0 38981.25 37125 ) —25781.25 103125 ) o v, [= 0
0 0 o 0 66000 220000 0 37125 990000 ) -103125 275000 ) 0 0 0, 0
0 0 o 0 0 o ~5500000 ) o 5500000 0 ) 0 ) 0 u, Fix
0 0 o 0 0 o 0 —25781.25 -103125 0 25781.25 -103125 0 0 0 v, Fo
0 0 o 0 0 o 0 103125 275000 0 -103125 550000 0 0 0 0, M,
0 0 o —637009.2379  1098899.935 -19053.11778 o 0 o 0 0 0 637009.2379  -1098899.935 -19053.11778 || u, Fax
0 0 o 1098899.935 -1905835.141 11000.64537 0 0 0 0 o 0 —1098899.935 19053.11778 -11000.64537 || v, Fy
0 0 o 19053.11778 11000.64537 127020.7852 o 0 o 0 o 0 19053.11778  -11000.64537  254041.5704 || 6, M,
Eliminando filas y columnas:
5040920.349 —1098899.935 48386.45112 —-4400000 0 0 u, 0
—1098899.935 4852368.475 77000.64537 0 —13200 66000 || v, —8000
" 48386.45112  77000.64537 987374.9038 0 —66000 220000 || 6, 800
—4400000 0 0 9900000 0 0 u, —12000
0 —13200 —66000 0 38981.25 37125 || v, 0
0 66000 220000 0 37125 990000 || 6, 0
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B. Resolucion con MATLAB

>> K1 = [ 3911.111111 © -29333.33333 -3911.111111 © -29333.33333 0 0 0 0 0 0 © 0;
0; © 29333.33333 0 0 -29333.33333 0000 00000 0; -29333.33333 @ 29333.33333;
29333.33333 0 146666.6667 0 0 0 © 0 0 0 0 ©; -3911.111111 @ 29333.33333 3911.111111;
© 29333.33333 000 00000 0; 0 -29333.33333 00 29333.33333000000000:

0; -29333.33333 0 146666.6667 29333.33333 0 29333.33333 00 0 0 0000 0; 00 0:
POO0O0O0ODODODODOD0ODO;, DOOPOOOOODODODODODOOO, POOOOOOODODOOA:
00; PO0O0ODOODODOOOOODOVDODO;, OOVDOVPODOOOODOODOOOOD; POOOOOO:
POOODODOODO, POOOOODODOODOODODOODOD;, OOOODOOOOOOOOOBO; O
000PO0O0OOOOOOO 0 Q]
K1 =
1.0e+005 * §
Columns 1 through 8
0.0391 @ -0.2933 -0.0391 0 -0.2933 0 0
0 0.2933 ] 0 -0.2933 ] 0 0
-0.2933 ] 0.2933 0.2933 ] 1.4667 0 0 :
-0.0391 ] 0.2933 0.0391 ] 0.2933 0 e
0 -0.2933 ] 0 0.2933 0 0 0 :
-0.2933 ] 1.4667 0.2933 ] 0.2933 0 0 :
0 ] ] 0 ] ] 0 0
0 ] 0 0 ] ] 0 0 :
0 ] ] 0 ] ] 0 0 :
0 ] ] 0 ] ] 0 0
0 ] ] 0 ] ] 0 0 :
e ] ] 0 ] ] 0 0 :
0 ] ] 0 ] ] 0 e
0 0 0 0 0 0 0 0 :
0 ) ) 0 ) ) 0 0
Columns 9 through 15

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] 0 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] 0 0

0 ] ] 0 ] ] 0

0 ] ] 0 ] ] 0

>>K2=[000000000000000;, 000O00OOOODOOODOO0ODO; OOOOO 0;
000000000 0; 000 4400000 0 0 -4400000 0 0 0 0 0 0 © 0; O O @ @ 13200 66000;
@ -13200 66000 0 0 0 0 @ 0; 0 0 O O 66000 4400000 O -66000 220000 0 0 @ 0 © 0; 0 O :
0 -400000 0 O 4400000 0 0 0 0 0 0 0 0; 0 © O O -13200 -66000 © -13200 -66000

000; 00 66000 220000 0 -66000 4400000 0 0 0 0 0 0; 0 @ 0 @ 0 @ O

0 00; 00 0000O0OODOODODOO;, 0O0ODOOO

(4]

00000000, 0DOOODOODOOOOOOO OO O;

e b
00 g§
00 0 0:
0
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Columns 1 through 6

(2] (2] (2] (2] 0 0
(2] (2] (2] (2] (2] (2]
(2] (2] 0 (2] (] (2]
0 0 0 4400000 0 0
(2] (2] (2] (2] 13200 66600
(4 (4 (2] (2] 66000 4400000
(] (] (] -400000 (] (2]
0 (2] (2] (2] -13200 -66000
(2] (2] (2] (2] 66000 220000
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] 0 (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
Columns 7 through 12
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
-4400000 (2] (2] (2] Q 0
(2] -13200 66000 (2] (2] 0
(2] -66000 220000 (2] (2] (2]
4400000 0 0 0 0 0
0 -13200 -66000 (2] (2] (2]
(2] -66000 4400000 (2] (2] (2]
(2] (2] (2] (2] (2] (2]
0 0 0 0 0 0
(] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (] (2]
(2] (2] (2] (2] (2] (2]

Columns 13 through 15

O 0O 0O 00O OO0
O 0O 0O 00O OO0
O 0O 0O OO0
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>>K3=[000000000000000; 00D00O0ODOOOOOO0D0BO; OOOOO:

POOOOODODOD, POPOOVPODOODOODODOODOOD, POOOOOOOOODOOOO:

0; 00000 0OO0OOOOOOO0; 00O OO0 5500000 00 -5500000 0000 0; 00:

© 0 0 0 0 25781.25 103125 @ -25781.25 103125 0 © 0; 0 0 0 © © 8 © 103125 550000 O :

-103125 275000 © © 0; 0 0 © 0 @ © -5500000 © © 5500000 0 0 © 0 0; 0 0 0 0 0 0 O

-25781.25 -103125 @ 25781.25 103125 0 0 0; 0 0 0 @ © © © 103125 275000 © -103125 :

550000 0 0 0; PO OODOOODOOODODOODO; POOOOOOOOOOOOOO; 0O O:

0P00OO0OOOOOOO 0]

K3 =

1.0e+006 * :

Columns 1 through 8

0 ) ) 0 ) ) 0 0

0 ] ] 0 ] ] 0 e

0 0 2 e 0 0 e 0 :

0 0 0 0 0 0 0 0 :

0 ] ] 0 ] ] 0 e

e 0 2 e 0 2 e 0 :

0 ) ) 0 ) ) 5.5000 0

0 ] ] 0 ] ] 0 0.0258

e 0 0 e 0 2 0 0.1031 :

0 ) ) ) ) 0 -5.5000 0

0 0 ] 0 0 0 @ -0.0258 :

0 0 0 0 0 0 0 0.1031 :

0 ) ) ) ) ) 0 0

0 0 ] 0 0 ] 0 0

e 0 2 e 0 2 0 0 :

Columns 9 through 15

0 ) ) 0 ) ) )

0 0 ] 0 0 ] 0

0 0 0 e 0 2 0

) ) ) 0 ) ) )

0 0 ] 0 0 ] 0

e 0 2 e 0 0 0 ;

@ -5.5000 ) ) ) ) )

0.1031 @ -0.0258  0.1031 0 [ 0

0.5500 @ -0.1031  0.2750 0 2 0 ;

0 5.5000 ) 0 ] ) 0

-0.1031 @  0.0258 -0.1031 0 0 e

0.2750 0 -0.1031  0.5500 0 0 e

0 ] ) 0 ] ) 0

e 0 2 e 0 0 0

0 0 0 0 0 0 0

>>KA = [ 00000000000 0D000; 0P0O0OOOOOOOOO0O0O0; OO0 O:

P 000000000 O; 00O O 637009.2379 -1098899.935 19053.11778 © 0 © © 0 O

-637009.2379 1098899.935 19053.1178; © © 0 -1098899.935 19053.11778 11000.64537 :

© 000 0 0 1098899.935 -19053.11778 11000.64537; © © © 19053.11778 11000.64537 :

254041.5704 © 0 © © © © -19053.11778 -11000.64537 127020.7852; 0 0 0 0 0 0 0 0 0 O :

POO0DOD; POODOOOODOOOODODODO; POOODOODOOOOOOOOO; 0OOOO:

POOOOOODOOO; 00ODPODOOOODODOOO0DO;, DOOOOOOOOOOOOOO;:

0 0 @ -637009.2379 1098899.935 -19053.11778 0 © @ © @ © 637009.2379 -1098899.935

-19053.1178; © @ © 1098899.935 -19053.11778 -11000.64537 0 0 0 @ © © 0 19053.11778 :
-11000.64537; © 0 © 19053.11778 11000.64537 127020.7852 0 0 © 0

@ 0 -19053.11778 :
-11000.64537 254041.5704] E



246

CariTuLO 7
K4 =
1.0e+006 *

[} [} 2] 2]
0 Q ) )
0 ] ) )
0 ] 0 0.6370
0 0 0 -1.0989
[} ] 0 0.0191
[} ] 2] 2]
2] 2] 0 2]
[} ] ) 2]
[} 0 2] 2]
2] 2] 0 2]
[} 0 ) 2]
[} ] 0 -0.6370
2] 2] 0 1.0989
0 0 0 0.0191

>> KT = K1 + K2 + K3
KT =
1.0e+006 *
0.0039 0 -0.0293 -0.0039
0 0.0293 2] 2]
-0.0293 0 0.0293 0.0293
-0.0039 0 0.0293 5.0409
0 -0.0293 0 -1.0989
-0.0293 0 0.1467 0.0484
2] ] 0 -0.4000
2] ] 2] ]
2] 0 2] 0
2] ] 2] ]
2] ] 2] ]
2] 0 2] 0
2] ] 0 -0.6370
2] ] @ 1.0989
2] 0 9 0.0191
>> KR = 5040920.

]
0
]
-1.0989

®

.0191
.0110

®
® ® ®@ ®© ® ©

e

.0989
-0.0191
.0110

®

+ K4

-0.0293

-1.0989
0.0616

0.0770

-0.0132
0.0660
]

2]

2]
1.0989
-0.0191

0.0110

349 -1098899.935 48386.45112
4852368.475 77000.64537 © -13200 66000; 48386.45112 77000.64537 987374.9038 0;
-66000 2520000; -4400000 0 © 9900000 0 O; 0 -13200 -66000 © 38981.25 37125; O 66000 :

220000 © 37125 990000]

KR =

1.0e+006 *
5.0409 -1.0989
-1.0989 4.8524
0.0484 0.0770
-4.4000 7]
0 -0.0132
0 0.0660

]
]
[}

®

.0191

®

.0110
.2540

®

® ® ® ®© ® ©®

-0.0110
0.1270

-0.0293
2]
0.1467
0.0484
0.0770
4.6834
2]
-0.0660
0.2200

2]

-0.0191
-0.0110

0.1270

0.0484
0.0770
0.9874

0

-0.0660
0.2200

2] 2]

2] 2]

2] 2]

2] 2]

2] 2]

2] 2]

2] 2]

] 0

2] 2]

2] 2]

0 2]

2] 2]

2] 2]

0 2]

2] (2]

2] 2]

2] 2]

2] ]
-4.4000 2]
0 -0.0132

0 -0.0660
9.9000 2]
0 0.0126

0 0.0371
-5.5000 2]
0 -0.0258

0 0.1031

2] 2]

2] 2]

2] ]

-4.4000

0 Q
) 0
] ]
] Q
) 0
] ]
Q0 Q0
] ]
] ]
] Qo
o ]
] ]
] Q0
] ]
] ]
] 2]
2]
2] ]
2] 2]
0.0660 2]
0.2200 ]
0 -5.5000
0.0371 2]
4.9500 ]
0 5.5000
-0.1031 2]
0.2750 ]
] 2]
2] 2]
2] ]

-0.0132
-0.0660

0.0390
0.0371

-4400000 © 0; —1098899.935§

® ® ® ® ® ® ® ® ® ® ® ® ® ® ©

® ®© ®© ®© ®© ® ©

-0.0258 0.1031

-0.1031 0.2750

]

0.0258 -0.1031

-0.1031 0.5500

2]
2]
2]

0.0660
2.5200

0.0371
0.9900

] 2]
] 2]
] 2]
@ -0.6370
0 1.0989
0 -0.0191
] 2]
] ]
] 2]
] 2]
] 0
] 2]
@ 0.6370
] 0
0 -0.0191
2] 2]
2] 2]
] 2]
0 -08.6370
0 1.0989
0 -0.0191
2] 2]
2]
2]
2] ]
2]
2]
0 0.6370
2] 2]
0 -0.0191

]

0

2]
1.0989
-0.0191
-0.0110

® ® ® ®© ® ®

-1.0989
0.0191
-0.0110

1.0989
-0.0191
-0.0110

2]

2]

]

2]

2]

]
-1.0989
0.0191

-0.0110

o:
o:
0

® ® ©

® ® ® ®© ®© ©

-0.0191
-0.0110 :
0.2540 :

L0191
L0110 :
1270

VIGAS
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>> u = inv(KR)*f
u =

-0.0026
-0.0023
0.0051
-0.0024
0.0092
-0.0013

>>U=1[0; 0; 0; -0.0026; -0.0023; 0.0051; -0.0024; 0.0092; -0.0013; 0; 0; 0; 0, 0; 0]

1.0e+004 *

-0.0139
0.0067
0.0672
0.0228
0.2901
2.2689
2.2720
-0.0239
-0.5123

1.3200
-0.0103

0.0591
-0.0968
-0.2869

0.0573
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Hallar los Desplazamientos Nodales y las Cargas generadas en la estructura mostrada.
q
@i i i i i i i i @ E=280GPa
20m |=8x10°m*
8m
A=6x10"m’
A q=150N/m
@¢ )M
] M =700Nm
6m
/7(137 Nodos:1-2;2-3;3-4
A. Resolucion
| Elemento | Nodo . c | s | ¢ | s | sc
1 1-2 90° 0 1 0 1 0
2 2-3 90° 0 1 0 1 0
3 3-4 0° 1 0 1 0 0
[ 266667E — 06 0  —0.000008 —2.66667E—06 0 —-0.000008 0 0 0 0 0 O]
0 0.0006 0 0 —0.0006 0 00000O0TO
—0.000008 0 0.000032 0.000008 0 0.000016 0 0 0 0 0 O
—2.66667E-06 O 0.000008  2.66667E— 06 0 0.000008 0 0 0 0 0 O
0 0.0006 0 0 0.0006 0 00000O0TO
~ 280x10°Pa| —0.000008 0 0.000016 0.000008 0 0.000032 0 0 0 0 0 O
27 6m 0 0 0 0 0 0 000000
0 0 0 0 0 0 000O0O0O
0 0 0 0 0 0 000O0O0O
0 0 0 0 0 0 000O0O0O
0 0 0 0 0 0 000O0O0O
i 0 0 0 0 0 0 000O0GO0O
[ 124444.4444 0  —373333.3333 -124444.4444 0 3733333333 0 0 0 0 0 O]
0 0.0006 0 0 —28000000 0 0000O0O0TO
-373333.3333 0 1493333.333  373333.3333 0 746666.6667 0 0 0 0 0 O
—124444.4444 0 373333.3333  124444.4444 0 3733333333 0 0 0 0 0 O
0 0.0006 0 0 —28000000 0 0000O0O0TO
. - -373333.3333 0 746666.6667  373333.3333 0 1493333333 0 0 0 0 0 O
2 0 0 0 0 0 0 0000O0GO0O O
0 0 0 0 0 0 00000O0TO
0 0 0 0 0 0 00000O0TO
0 0 0 0 0 0 00000O0TO
0 0 0 0 0 0 00000O0TO
| 0 0 0 0 0 0 0000 O0 Of




_ 280x10°Pa
8m

k

2-3

1

~ 280x10°Pa
20m

k

3-4

r

3-4

o
b
O O OO 0O oo oo o o

©O 0Ooooooooo oo

r

O O O 0O 0O O o o o o o o

O O O OO OO0 O o o o o

O O O 0O 0O o o o o o o o O OO0 OO0 o0 o oo o o o

O O O 0O 0O O o o o o o o

O O O OO OO O o o o o

O O O 0O 0O o o o o o o o O OO0 0O 0o oo oo o o

O O O 0O 0O O o o o o o o

O O O O O O o o o o o o

O O O 0O 0O O o o o o o o
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0 0 0 0 0 0 000
0 0 0 0 0 0 000
0 0 0 0 0 0 000
0.0000015 0 —0.000006 —0.0000015 0 —0.000006 0 0 O
0 0.0006 0 0 —0.000006 0 000
—0.000006 0 0.000032  0.000006 0 —-0.000016 0 O O
—0.0000015 0 0.000006  0.0000015 0 0.000006 0 0 O
0 —0.0006 0 0 0.000006 0 000
—0.000006 0 0.000016  0.000006 0 —-0.000032 0 0 O
0 0 0 0 0 0 000
0 0 0 0 0 0 000
0 0 0 0 0 0 000
0 0 0 0 0 0 0 0 0]
0 0 0 0 0 0 000
0 0 0 0 0 0 000
52500 0 —210000 —52500 0 —210000 0 0 O
0 210000 0 0 —210000 0 00O
—210000 0 1120000 210000 0 560000 0 0 O
—52500 0 210000 52500 0 2100000 0 0 O
0 —210000 0 0 210000 0 0 00
—210000 0 560000 210000 0 —1120000 0 0 O
0 0 0 0 0 0 000
0 0 0 0 0 0 000
0 0 0 0 0 0 0 0 0]
00 0 0 0 0 0 0
00 0 0 0 0 0 0
00 0 0 0 0 0 0
00 0 0 0 0 0 0
00 0 0 0 0 0 0
00 0 0 0 0 0 0
0 0 0.0006 0 0 —0.0006 0 0
00 0 0.00000024  0.00000024 0 —0.00000024  0.00000024
00 0 0.0000024 0.000032 0 —0.0000024  0.000016
0 0 —0.0006 0 0 0.0006 0 0
00 0 —0.00000024 —0.00000024 0 0.00000024  —0.00000024
00 0 0.0000024 0.000016 0 —0.0000024  0.000032
000 0 0 0 0 0 0 |
000 0 0 0 0 0 0
000 0 0 0 0 0 0
000 0 0 0 0 0 0
000 0 0 0 0 0 0
000 0 0 0 0 0 0
0 0 O 8400000 0 0 —8400000 0 0
000 0 3360 33600 0 —3360 3360
000 0 33600 448000 0 —33600 224000
0 0 0 —8400000 0 0 8400000 0 0
000 0 —3360 —3360 0 3360 —3360
000 0 224000 33600 0 —33600 448000 |

L
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Matriz ensamblada:
[ 124444.4444 0 —373333.3333 -124444.4444 0 —373333.3333 0 0 0 0 0 0 0] FH
0 28000000 0 0 —28000000 0 0 0 0 0 0 0 0 Fy
—373333.3333 0 1493333333 373333.3333 0 746666.6667 0 0 0 0 0 0 [ M,
124444.4444 0 3733333333 176944.4444 0 163333.3333 —52500 0 —210000 0 0 0 Va, 0
0 —28000000 746666.6667 0 49000000 0 0 —21000000 0 0 0 0 Uy, 0
—373333.3333 0 0 163333.3333 0 2613333.333 210000 0 560000 0 0 0 Vi, 700
als= 0 0 0 —52500 0 210000 8452500 0 210000 —8400000 0 0 0 - Fy
0 0 0 0 —21000000 0 0 21003360 33600 0 3360 33600 || O By
0 0 0 —210000 0 560000 210000 33600 1568000 0 —33600 224000 || u, M,
0 0 0 0 0 0 —8400000 0 0 8400000 0 0 Vs, By
0 0 0 0 0 0 0 —3360 —33600 0 3360 —33600 || ug, F,, —1500
0 0 0 0 0 0 0 33600 224000 0 —33600 448000 || Ve, | |M, —5000
Eliminando filas y columnas:
[176944.4444 0 163333.3333  —52500 0 -210000[u, | [ 0 ]
0 49000000 0 0 —21000000 0 2 0
y 163333.3333 0 2613333.333 210000 0 560000 || 6, 700
| -52500 0 210000 8452500 0 210000 [{u, | | ©
0 —21000000 0 0 21003360 33600 ||v,, | |-1500
| 210000 0 560000 210000 33600 1568000 || 6, | |-5000

B. Resolucion con MATLAB

>> K1 = [ 124444.4444 © -373333.3333 -124444.4444 @ -373333.3333 0 6 0 @ 0 0O; '
© 0.0006 O © -28000000 © 0 @ © © © ©; -373333.3333 0 1493333.333 373333.3333 0 :
746666.6667 @ @ © © © 0; -124444.4444 © 373333.3333 124444.4444 © 373333.3333
© 00 000; 00.00060 0 -28000000 © @ 0 © © O ©; -373333.3333 O 746666.6667 :
373333.3333 0 1493333.333 0000 00; 000000000000, 00O00O0DOOO:
P00, 0P000D0OO00D0DOOD; POOODOOODDOODO; 0OODDOODOBOODOB O, :
PP0ODOOOOOOOO 0] :

K1 =

1.0e+007 *

Columns 1 through 8

0.0124 @ -0.0373 -0.0124 @ -0.0373 ) 0
@  0.0000 ) ® -2.8000 0 ) 0
-0.0372 @  0.1493  0.0373 0  0.0747 ) 0 :
-0.0124 @ 0.0372  0.0124 @  0.0373 ) 0
©  0.0000 0 © -2.8000 0 0 0
-0.0373 @ 0.0747  0.0373 0  0.1493 0 0
0 ] ) 0 ] ) 0 e
0 ) ) 0 ) ) 0 0 :
0 0 ] 0 0 ] 0 o
0 ) ) ) ) ) ) 0
0 ) ) 0 ) ) 0 0
0 0 0 0 0 0 0 0




ANALISIS ESTRUCTURAL CON MATRICES 251

Columns 9 through 12

0 0 (2] 0
0 0 (2] 0
0 0 (2] 0
0 0 (2] 0
0 0 (2] 0
0 (2] (2] 0
0 (2] (2] 0
0 0 (2] 0
0 0 (2] 0
0 (2] (2] 0
0 0 (2] 0
0 (2] (2] 0
>>K2=[ 000000000000, 000OODO0DOODO0OO;, POOOODOOOOOO:
@; 0 0 0 52500 0 -210000 -52500 © -210000 0 0 ©; @ 0 © © 210000 0 © -210000 0 0 O :
0; © 0 0 -210000 © 1120000 210000 © 560000 © © 0; © © © -52500 © 210000 52500 O :
210000 © © O; 0 © © O -210000 © © 210000 © © © O; © © O -210000 © 560000 210000 :
0 -1120000 0 P 0; 0P PO OOODOOOODO;, OPOOOOOODOOOO;, 0OOOOOO:
00000 0] :
K2 =
Columns 1 through 6
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] 52500 (2] -210000
(2] (2] (2] (2] 210000 (2]
(2] (2] (2] -210000 (2] 1120000
(2] (2] (2] -52500 (2] 210000
(2] (2] (2] (2] -210000 (2]
(2] (2] (2] -210000 (2] 560000
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
Columns 7 through 12
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
-52500 (2] -210000 (2] (2] (2]
(2] -210000 (2] (2] (2] (2]
210000 (2] 560000 (2] (2] (2]
52500 (2] 210000 (2] (2] (2]
(2] 210000 (2] (2] (2] (2]
210000 (2] -1120000 (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
(2] (2] (2] (2] (2] (2]
>>K3 =[P 00000000000, 00DPOODOODOO0D;, OOOOOOBOOOOO:
9; 00PDODOOODODOOD; 0DOOPOOOODODOOODOD;, 0DPODOOOBOOOBOO; O
© 00 0 0 8400000 0 O -8400000 0 0; 0 0 0 0 © © O 3360 33600 O -3360 3360; 0 0 O :
© 0 0 0 33600 448000 © -33600 224000; © © © O © 0 -8400000 O O 8400000 © 0; O O :
© 00 0 0 -3360 -3360 0 3360 -3360; 0 0 © 0 0 O O 224000 33600 © -33600 448000]
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Columns 1 through 6

[CRORORONORNORORORSRGR N

[CRORORONORNORORORSRGR N

Columns 7 through 12

[CROCRORORORG]

8400000
0

[
-8400000
0

(]

>> KT = K1 +

KT =

1.0e+007 *

Columns 1 through 8

0.0124
(4]
-0.0373
-0.0124
(4]
-0.0373

[ORORGRORORG]

2]
()
2]
[
0
2]
(]
3360
33600
0
-3360
224000
K2 + K3
o -0.
0.0000
0
(4
0.0000
0
[
(2]
4
(]
0
[

Q.
Q.

0.

Columns 9 through 12

[ORORGRGRGRW]

0373

1493
0373

0747

[ORORORGRGRG]

[CRORORONONORORORSRGR N

[CRORORGRGRCR W]

33600
448000

()

-3360
33600

-0.

0124

.0373
.0177

.0163
.0053

.0210

[CRORORONORNORORORSRGR N

[CROCRORORORG]

-8400000
0

[
8400000
0

()

[CRORORONORNORORORSRGR N

[CRORORGRGRCRW]

-3360
33600
0
3360
33600

.0373

.0747
.0163

.2613
.0210

.0560
]

2
0
2
2
0
2
0
2
2
2
2
2
2
2
0
0
2
2
2
3360
224000
2
-3360
448000
)
)
)
-0.0053 :
@ -0.0210 :
0.0210 0 :
0.8452 0 :
) 0.0213
0.0210 0.0034
-0.8400 0 :
0 -0.0003

0  0.0224

[ORORORW]

VIGAS



ANALISIS ESTRUCTURAL CON MATRICES 253

>> KR = [ 176944.4444 0 163333.3333 -52500 0 -210000; © 49000000 O © -21000000 0;;
163333.3333 © 2613333.333 210000 O 560000; -52500 O 210000 8452500 © 210000; O :
-21000000 © © 21003360 33600; -210000 © 560000 210000 33600 1568000 ] E

KR =

1.0e+007 *
0.0177 %] 0.0163 -0.0053 0 -0.0210
0 4.9000 7] 0 -2.1000 7]
0.0163 %] 0.2613 0.0210 %] 0.0560
-0.0053 %] 0.0210 0.8452 %] 0.0210
0 -2.1000 0 (%] 2.1003 0.0034
-0.0210 %] 0.0560 0.0210 0.0034 0.1568

>> f = [ 0; 0; 700; 0; -1500; -5000]

f =
0

0

700

0

-1500

-5000

>> u = inv(KR)*f

u =
-0.0073
-0.0000
0.0017
0.0000
-0.0001
-0.0048

>>U =1[ 0; 0; 0; -0.0073; 0; 0.0017; 0; -0.0001; -0.0048; 0; 0; 0]

1.0e+003 *

0.2738
(4]
-1.4560
-0.0060
0.0210
0.5623
-0.2677
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EJERCICIO 4

Hallar los Desplazamientos Nodales y las Cargas generadas en la estructura mostrada.

@

E=260GPa
A=8x10"m’
P =120KN

15m

Nodos: 1-2;2-3

| 6m | 6m |

A. Resolucion

68.19° 0.37 0.92 0.14 0.86 0.34
2-3 291.8° 0.37 —0.92 0.14 0.86 —0.34

|

[ 0.1806 0.4376 —0.0027 -0.1806 -0.4376 —0.0027 0 0 O
0.4376 1.1073 0.0011 -0.4376 -1.1073 0.0011 0 0 O
—-0.0027 0.0011 0.0322 0.0027 -0.0011 0.0161 0 0 O
-0.1806 -0.4376 0.0027 0.1806 0.4376 0.0027 0 0 0
K,=10°| -0.4376 -0.1073 -0.0027 0.4376 11073 -0.0011 0 0 O
-0.0027 0.0011 0.0161 0.0027 -0.0011 0.0322 0 0 O
0 0 0 0 0 0 0 00
0 0 0 0 0 0 0 00
|0 0 0 0 0 0 0 0 0
[0 0 0O 0 0 0 0 0 0o |
0 00 0 0 0 0 0 0
0 00 0 0 0 0 0 0
0 0 0 0.1806 -0.4376 0.0027 -0.1806 0.4376 —0.0027
K,=10°|0 0 0 -0.4376 11073 0.0011 04376 -1.1073 0.0011
0 0 0 0.0027 0.0011 0.0322 -0.0027 -0.0011 0.0161
0 0 0 -0.1806 0.4376 -0.0027 0.1806 -0.4376 -0.0027
0 0 0 04376 -1.1073 0.0027 -0.4376 1.1073 -0.0011
|0 0 0 0.0027 0.0011 0.0161 -0.0027 -0.0011 0.0322 |




Matriz Ensamblada:

[ 0.1806
0.4376
-0.0027
-0.1806
KT =10°| —-0.4376
—0.0027

0

0

0

0.4376
1.1073
0.0011
—-0.4376
-1.1073
0.0011
0
0
0

Eliminando filas y columnas:

K=

—0.0027 -0.1806 -0.4376 —0.0027
0.0011 -0.4376 -1.1073 0.0011
0.0322 0.0027 0.0011 0.0161
0.0027 0.3611 0 0.0055
—0.0027 0 2.2147 0
—0.0161 0.0055 0 0.0644
0 —0.1806 0.4376 —0.0027
0 0.4376 -1.1073 -0.0027
0 0.0027 0.0011 0.0161
0.3611 0 0.0055
10° o0 2.2147 0
0.0055 0 0.0644

B. Resolucion con MATLAB

>> K1 = (1079)*[ ©.1806 ©.4376 -0.0027 -0.1806 -0.4376 -0.0027 © 0 0; 0.4376 1.1073 :
-0.0011 -0.4376 -1.1073 0.0011 © @ 0; -0.0027 0.0011 0.0322 0.0027 -0.0011 0.0161 :
0 0 0; -0.1806 -0.4376 0.0027 0.1806 0.4376 0.0027 0 0 0; -0.4376 -0.1073 —0.0027§
0.4376 1.1073 -0.0011 0 @ 0; -0.0027 0.0011 0.0161 0.0027 -0.0011 0.0322 0@ 0 O; 0;
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0

0

0
—0.1806

0.4376 -1.1073
—0.0027 -0.0011
0.1806 —0.4376

—-0.4376

—0.0027 -0.0011

0

0

0
0.4376

1.1073

0
0
0
—-0.0027
0.0011
0.0161
—0.0027
—-0.0011

0.0322 ||

150000N

Y, |=| —120000N

000000 0OD0O, 000ODOOOOO; OO0O0OOOOO Q]

K1 =

1.0e+009 *

Columns 1 through 8

0.1806
0.4376
-0.0027
-0.1806
-0.4376
-0.0027
(4]

(4]

(4]

o

Column

OO0

0.4376  -0.
1.1073 -0.
0.0011 Q.
-0.4376 Q.
-0.1073  -0.
0.0011 Q.

[

(]

[

0027
0011
0322
0027
0027
0161

-0.1806
-0.4376
0.0027
0.1806
0.4376
0.0027

-0.4376  -0.
-1.1073 Q.
-0.0011 Q.
0.4376 Q.
1.1073 -0.
-0.0011 Q.

[

(]

[

0

0027
0011
0161
0027
0011
0322

PR FE oo o

o O O

[OIGCR ORI RN IO RG]

Fx,
Fy,
M

1

150000N
—120000N

[OIORORORGEORORORS]

255
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>>K2 =(107"9)*[ 0.0 0 0 00 00 0; 0000000V 0O0O; 00OOOOOOO; OO
0.1806 -0.4376 0.0027 -0.1806 0.4376 -0.0027; © @ 0 -0.4376 1.1073 0.0011 0.4376
-1.1073 0.0011; © © © 0.0027 0.0011 0.0322 -0.0027 -0.0011 0.0161; © 0 0 -0.1806 :
0.4376 -0.0027 0.1806 -0.4376 -0.0027; © 0 0 0.4376 -1.1073 0.0027 -0.4376 1.1073
-0.0011; © 0 © 0.0027 0.0011 0.0161 -0.0027 -0.0011 0.0322}
K2 =
1.0e+009 *
Columns 1 through 8
0 ] ] 0 ] ] 0 0 :
0 0 0 0 0 0 ] 0 :
0 ] 0 0 ] ) 0 e
0 ] ] 0.1806 -0.4376 0.0027 -0.1806 0.4376
0 ] 0 -0.4376 1.1073 0.0011 0.4376  -1.1073
0 ] ] 0.0027 0.0011 0.0322 -0.0027 -0.0011
0 ] 0 -0.1806 0.4376  -0.0027 0.1806 -0.4376
0 ] 0 0.4376  -1.1073 0.0027 -0.4376 1.1073
0 ] 2 0.0027 0.0011 0.0161 -0.0027 -0.0011
Column 9
0
0
0
-0.0027
0.0011
0.0161
-0.0027
-0.0011
0.0322

>> KT = K1 + K2
KT =
1.0e+009 *

Columns 1 through 8

0.1806 0.4376 -0.0027 -0.1806 -0.4376 -0 :
0.4376 1.1073 -0.0011 -0.4376 -1.1073 0.0011 (%] 2]
0.0027 0.0011 0.0322 0.0027 -0.0011 0.0161 0 %]
0.1306 -0.4376 0.0027 0.3612 2] 0.0054 -0.1806 0.4376
-0.4376 -0.1073 -0.0027 0 2.2146 0 0.4376  -1.1073
-0.0027 0.0011 0.0161 0.0054 2] 0.0644 -0.0027 -0.0011
0 %] 0 -0.1806 0.4376  -0.0027 0.1806 -0.4376
(%] 2] 0 0.4376  -1.1073 0.0027 -0.4376 1.1073
0 %] 0 0.0027 0.0011 0.0161 -0.0027 -0.0011
Column 9
0
(%]
0
-0.0027
0.0011
0.0161
-0.0027
-0.0011

.0027 ) 0 :

VIGAS



ANALISIS ESTRUCTURAL CON MATRICES 257

>> KR = (10679)*[ 0.3611 © 0.0055; 0 2.2147 0; 0.0055 0 0.0644]

KR =
1.0e+009 *
0.3611 %] 0.0055
0 2.2147 0
0.0055 %] 0.0644

>> f = [ 150000; -120000; 0]
.
150000
-120000
)

>> u = inv(KR)*f

1.0e-003 *
0.4159
-0.0542
-0.0355
>>U =1[ 0; 0; 0; 0.4159; -0.0542; -0.0355; 0; 0; 0]

U =

[ORN]

0.4159
-0.0542
-0.0355

-51297770
-122021230
611000
150031380
-120031320
-40340
-98733610
241917650
491760
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EJERCICIO 5

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,
segun la secuencia indicada.

STTTITT] . o
sm @

I=8%x10"*m*
A=6x10"m’
=60KN/m
15m g /
P=120Nm
® Apsor ® Nodos: 1-2;2—3;3—4
7777

A. Resolucion

-2 0.87 0.7569 0.25 0.435
2 2-3 0° 1 0 1 0 0
3 3-4 270° 0 =i 0 1 0

[ 33002 1.8917 -0.0059 —3.3002 -1.8917 —-0.0059 0 O O O O O
1.8917 1.1006 0.0102 -1.8917 —1.1006 0.0102 0 O O O O O
—0.0059 0.0102 0.2347 0.0059 -0.0102 0.1173 0 O 0 0 O O
—3.3002 -1.8917 0.0059 3.3002 1.8917 00059 0O O O O O O
-1.8917 -1.1006 —0.0059 1.8917 1.1006 —0.0102 0 O 0 O O O

. ,|-0.0059 0.0102 0.1173 0.0059 -0.0102 02347 0 0 0 0 0 O
K, =10 0 0 0 0 0 0 0 00O0O0OTO
0 0 0 0 0 0 0 00O0OO O

0 0 0 0 0 0 0 00O0OO O

0 0 0 0 0 0 0 00O0OO O

0 0 0 0 0 0 0 00O0OO O

| o 0 0 0 0 0 0 000 0 O]

[0 0 O 0 0 0 0 0 0 0 0 0]

0 0O 0 0 0 0 0 0 0 0O

0 00O 0 0 0 0 0 0 0 0O

0 0 0 2.6400 0 0 —2.6400 0 —0.0035 0 0 O

0 00O 0 0.0169 0.0422 0 —0.0169 0.0422 0 0 O

,J0O 0 0 0 0.0422 0.1408 0 —0.0422 0.0704 0 0 O

K, =10 0 0 0 —2.6400 0 0 2.6400 0 0 0 0O
0 00 0 —0.0169 0 0 0.0169 -0.0422 0 0 O

0 0O 0 0.0422 0.0704 0 —0.0422 0.1408 0 0 O

0 0O 0 0 0 0 0 0 0 0O

0 0O 0 0 0 0 0 0 0 0O

0 00 0 0 0 0 0 0 0 0 0]




000000
000000
000000
000000
000000

o 00000

K, =10

000000
000000
000000
000000
000000
0000 00O

[ 0.3300 0.1892 -0.0006 -0.330
0.1892 0.1101 0.0010 -0.189
—0.0006 0.0010 0.0235 0.0006
-0.330 -0.189 0.0006 2.9700
—0.1892 -0.110 -0.0006 0.1892
,| —0.0006 0.0010 0.0117 0.0006

KT =10

0 0 0 —-2.640

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

Eliminando filas y columnas:

[ 2.9700

0.1892

0.0006

-2.6400
0

0

0.1892
0.1270
0.0412
0
—-0.0169
0.0422

B. Resolucion con MATLAB

ANALISIS ESTRUCTURAL CON MATRICES

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0.0063 0 0.0469
0 8.8000 0
—0.0063 0 0.4693
—0.0063 0 —0.0469
0 —8.8000 0.0469
0.0469 0 0.2347
-0.1892 -0.0006 0 0 0
-0.1101 00010 0 0 0
-0.0010 00117 0 0 0
01892 00006 -26400 O  -0.0035
01270 00412 0  -0.0169 0.0422
00412 01643 0  -0.042 0.0704
0 0 26406 O 00047
-0.0169 0 0 08969 -0.0422
0.0422 00704 00047 -0.042 0.1877
0 0  -00006 O  -0.0047
0 0 0 -0880 0.0047
0 0 00047 0 00235
0.0006 —2.6400 0
0.0412 0 —-0.0169
0.1643 0 —-0.0422
0 2.6406 0
0 0 0.8969
0.0704 0.0047 -0.0422

0 0
0 0
0 0
0 0
0 0
0 0
—0.0063 0
0 —8.8000
-0.0469 0
0.0063 0
0 8.8000
-0.0469 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
—0.0006 0 0.0047
0 —0.880 0
—0.0047 0 0.0235
0.0006 0 —0.0047
0 0.880 0
-0.0047 0 0.0469 ||
-0.0035][ u, |
0.0422 || v,
0.0704 || 6
2 — 103
0.0047 || u,
-0.0422 || v,
0.1877 || 6, |

)
]
£ o o o
)

O O O O o

0
0.0469
0
0.2347
~0.0469
0
0.4693 |

Fx,
Fy,
Ml
0
—~150000N
~125000Nm
~| -120000N
~150000N
125000Nm
Fx,
Fy,
M

P

=

DASS

o o o
L

3

—150N
—125Nm
—120N
—150N

| 125Nm |

>> K1

1.1006 ©0.0102 -1.8917 -1.1006 0.0102 © © @ @ O O;

-0.0102 0.1173 © © © 0 0 O;
0 0;

00, 000000000000

0 00
000

-0.0059 0.0102 0.2

-0.0

0000
0 00 9;

(1078)*[33002 1.8917 -0.0059 -3.3002 -1.8917 -0.0059 0 © 0 0 0 0; 1.8917%

347 0.0059;

-3.3002 -1.8917 ©.0059 3.3002 1.8917 ©.0059 © 0 0 O:
-1.8917 -1.1006 -0.0059 1.8917 1.1006 -0.0102 © © © 0 @ 0O;
0.1173 0.0059 -0.0102 0.2347 0 0 0 0 0 0; @ O
00000, 000000 O0OD0OO0OO; 0000O0O0

059 0.0102

P00, 0000000:
;0000000000
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1.0e+12 *

Columns 1 through 8

3.3002 0.0002 -0.0000 -0.0003 -0.0002 -0.0000 0 0 :
0.0002 0.0001 0.0000 -0.0002 -0.0001 0.0000 0 0
-0.0000 0.0000 0.0000 0.0000 -0.0000 0.0000 0 0 :
-0.0003 -0.0002 0.0000 0.0003 0.0002 0.0000 0 0 :
-0.0002 -0.0001 -0.0000 0.0002 0.0001 -0.0000 0 0
-0.0000 0.0000 0.0000 0.0000 -0.0000 0.0000 0 0 :
0 ) ) 0 ) ) 0 0
0 ] ] 0 ] ] 0 e
0 0 0 0 0 0 ] 0 :
0 ) ) 0 ) ) 0 0
0 ] ] 0 ] ] 0 e
0 ] ) 0 ] ) 0 0 :
Columns 9 through 12
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ) ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
0 ] ) 0
>>K2 =(107"9)* [ 0 0 0000000000, 00OOODOOOOOOO;, OOOOOO:
©00000; 00O 2.6400 00 -2.6400 0 -0.0035 0 0 0; 0 0 0 0 0.0169 0.0422 O
-0.0169 0.0422 0 © 0; 0 0 © © 0.0422 0.1408 0 -0.0422 0.0704 0 0 ©; 0 0 © -2.6400 :
© 0 2.6400 0 0 0 0 0; 0 0 0 0 -0.0169 0 0 0.0169 -0.0422 0 0 0; 0 0 © 0 0.0422
0.0704 0 -0.0422 0.1408 0 0 0; P OO OO0 O O O00D0O0O0; 00OOOOOBOOBOO; :
POO00POOOOO OO 0]
K2 =
1.0e+09 * :
Columns 1 through 8 :
0 ] ) 0 ] ) 0 e :
0 ) ) 0 ) ) 0 0
) ) ) ) ) ) ) 0 :
0 ] ) 2.6400 ] 0 -2.6400 e
e ] ) ) 0.0169 0.0422 0 -0.0169
0 ] ) 0 0.0422 0.1408 0 -0.0422 :
0 ] 0 -2.6400 ] ) 2.6400 0
0 ] ) @ -0.0169 ) 0 0.0169 :
0 ] ) 0 0.0422 0.0704 0 -0.0422 :
0 0 0 0 0 0 e 0
0 ] ) 0 ] ) 0 e :
0 ] ) 0 ] ) 0
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Columns 9 through 12

0 ] ) e
0 ) ) 0
0 ) ) 0
-0.0035 ) ) 0
9.0422 ) ) )
0.0704 0 0 )
0 ) ) 0
-0.0422 0 0 )
0.1408 ) ) )
) ) 2 0
) ) 0 )
0 ] ] 0
>> K3 =(1078)* [0 0 0000000000, 000000000000, 00000000
PO 00, 00PDRO00OOD0NDOOODD;, PDOPBOOODOOOODDO; POBOOODBOOODDOA:
@; 00000 0.0063 0 0.0469 -0.0063 0 0 0469; 0 0 0 0 @ 0 © 8.3000 0 O -8.8000 :
@; 00000 -0.0063 O 0.4693 -0.0469 © 0.2347; 0 0 0 0 0 O -0.0063 0 -0.0469 :
©.0063 0 -0.0469; 0 0 0 0 0 O O -8.8000 0.0469 © 8.8000 0; 0 0 0 0 0 0 0.0469 O :
0.2347 -0.0469 0 0.4693]
K3 =
1.0e+09 * §
Columns 1 through 8
0 ) ) 0 ) ) 0 0
) ) ) ) ) ) 0 o:
) ) 0 ) 0 0 ) 0
0 ] ] 0 ] ] 0 0
0 ] ) 0 ] ) 0 e
0 ] ) 0 ] ) 0 e
0 ] ) 0 ] 0  0.0063 e
° ) 2 0 ) ) ° 8.8000 :
0 ) ) 0 ) 0 -0.0063 0
0 ) ) 0 ) 0 -0.0063 0
) ) 0 ) ) 0 @ -8.8000 :
0 ) ) 0 ) @  0.0469 0:
Columns 9 through 12
0 ) ) )
) 0 0 )
) ) ) )
0 ) 0 )
) ) 0 )
) ) ) )
0.0469 -0.0063 @  0.0469
) ® -8.8000 )
0.4693  -0.0469 e  0.2347
-0.0469  0.0063 ® -0.0469
0.0469 @  8.8000 )

0.2347  -0.0469 () 0.4693
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1.0e+12 *

Columns 1 through 8

3.3002  0.0002 -0.0000 -0.0003 -0.0002 -0.0000 0
0.0002  0.0001 0.0000 -0.0002 -0.0001 0.0000 0
-0.0000  ©.0000  0.0000  0.0000 -0.0000  ©.0000 0
-0.0003  -0.0002 0.0000  0.0030  ©.0002 0.0000 -0.0026
-0.0002 -0.0001 -0.0000  0.0002  0.0001 0.0000 0 -0.0000
-0.0000  ©0.0000  0.0000  0.0000  0.0000  0.0002 0 -0.0000
0 0 0 -0.0026 0 0  0.0026 0
0 0 0 0 -0.0000 0 @  0.0009
0 0 0 © ©0.0000 0.0001 -0.0000 -0.0000
0 0 0 0 0 0 -0.0000 0
0 0 0 0 0 0 0 -0.0009
0 ] ] 0 ] 0  0.0000 ]
Columns 9 through 12
0 0 0 0
0 0 0 0
0 0 0 0
-0.0000 0 0 0
0.0000 0 0 0
0.0001 0 0 0
0.0000 -0.0000 0  0.0000
-0.0000 © -0.0009 0
0.0002 -0.0000 0  0.0000
-0.0000  ©.0000 0 -0.0000
0.0000 0  0.0009 0
0.0000 -0.0000 0  0.0000

>> KR = (1079)*[2.9700 ©.1892 0.0006 -2.6400 © -0.0035; 0.1892 0.1270 0.0412 0;
-0.0169 0.0422; 0.0006 0.0412 0.1643 0 -0.0422 0.0704; -2.6400 0 © 2.6406 0 0.0047;;
0 -0.0169 0 0 0.8969 -0.0422; 0 0.0422 0.0704 0.0047 -0.0422 0.1877] :

KR =
1.0e+09 *
2.9700 0.1892 0.0006 -2.6400 0 -0.0035
0.1892 0.1270 0.0412 0 -0.0169 0.0422
0.0006 0.0412 0.1643 0 -0.0422 0.0704
-2.6400 %] 0 2.6406 %] 0.0047
0 -0.0169 0 0 0.8969 -0.0422

@  0.0422  0.0704  ©0.0047 -0.0422  0.1877
>> f = (1073)*[ @; -150; -125; -120; -150; 125]

f =
)

-150000
-125000
-120000
-150000
125000
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0.0083
-0.0151
0.0015
0.0082
-0.0003
0.0032

>> U = [10; 0; 0; 0.0083; -0.0151; 0.0015; 0.0082; -0.0003; 0.0032; 0; 0; 0]

>> F = KT * U

F =
116416
93325
37894
136384
-145105
-132576
-243826
-148920
76610
-20174
279008
113562
Desplazamientos:
S
0
0
0.0083m
-0.0151m
U 0.0015rad
| 0.0082m
—0.0003m
0.0032rad
0
0
- 0 =
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Fuerzas:
F=KxU

[ 1.1637N |
0.9334N
0.3788Nm
1.3637N
-1.4487N
—1.3319Nm
-2.4385N
-1.4911N
1.1968Nm
—0.2015N
2.7902N

| 1.1358Nm |

F=10°x

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,
segun la secuencia indicada.

E=250GPa

I=6x10*m*

JasNey

@i" i P = 100KN
p

6m

g=30KN/m

15m

Nodos:1-2;2-3;3-4

7777

®

A. Resolucion

| Nodo | 6 | Cc | s | ¢ | s | sc |
1-2 90° 0 1 0 1 0
2-3 0° 1 0 1 0 0
3-4 30° 0.87 0.5 0.75 0.25 0.43



10° x

ANALISIS ESTRUCTURAL CON MATRICES 265

|

[ 0.0005 0 -0.0040 0  -0.0040 -0.0040 0 O 0 O 0 O
0 1.3333 0 0  -1.3333 0 000O0O0O
-0.0040 0 0.0040  0.0040 0 00200 0 0 0 0 0 O
—0.0005 0 0.0040  0.0005 0 00040 0 0 0 0 0 O
0 -1.3333 -0.0040 0 1.3333 0 000O0O0O
-0.0040 0 0.0200 0.0040 0 00040 0 0 0 0 0 O
0 0 0 0 0 0 000O0O0O
0 0 0 0 0 0 000O0GO 0O
0 0 0 0 0 0 000O0GO0O
0 0 0 0 0 0 000O0GO 0O
0 0 0 0 0 0 000O0GO0O
| o0 0 0 0 0 0 00000 O]
[0 0 0O 0 0 0 0 0 0 0 0 0]
0 00 0 0 0 0 0 0 0 00
000 0 0 0 0 0 0 0 00
0 0 0 2.5000 0 0  —2.5000 0 -0.0075 0 0 O
000 0 0.0035 0.0141 0 -0.0035 0.0141 0 0 O
0 00 0 0.0141 0.0750 0 -0.0141 0.0375 0 0 O
0 0 0 -2.5000 0 0 2.5000 0 0 000
000 0 -0.0035 0 0.0035 0 0 000
000 0 0.0141 0.0375 0 -0.0141 0.0750 0 0 0
000 0 0 0 0 0 0 0 00
000 0 0 0 0 0 0 0 00
0 0 0 0 0 0 0 0 0 0 0 0f
[0 0 00 0O 0 0 0 0 0 0o |
000O0O 0O 0 0 0 0 0 0
000O0O0O 0 0 0 0 0 0
000O0O 0O 0 0 0 0 0 0
000O0O0O 0 0 0 0 0 0
000O0O 0O 0 0 0 0 0 0
0 00 00 0 1253 07162 -0.0031 -1.2503 -0.7162 -0.0031
0 00 OO0 O 07162 04174 0.0054 -0.7162 -0.4174 0.0054
0 00 00 0 -0.0031 00054 0.0500 0.0031 -0.0054 0.0250
0 000 0 0 -12503 -0.7162 0.0031 0.0031 -0.0054 0.0031
0 00 00 0 -07162 -0.4174 -0.0031 0.7162 0.4174 -0.0054
0 0 0 0 0 0 -0.0031 0.0054 0.0250 0.0031 -0.0054 0.0500 |
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Matriz Ensamblada:

s
1
J

[ 0.0005 0 -0.004 -0.0005 0 -0.0040 0 0 0 0 0 0 0 Fx,
0 1.3333 0 0 -1.3333 0 0 0 0 0 0 0 0 Fy,
—0.0040 0 0.0040 0.0040 0 0.0200 0 0 0 0 0 0 0 M,
—0.005 0 0.0040 2.5005 0 0.0040 -2.500 0 -0.0075 0 0 0 u, 0
0 -1.3333 -0.004 0 1.3368 0.0141 3.7503 -0.0035 0.0141 0 0 0 Y, —120000N
KT =10° x —0.0040 0 0.0200 0.0040 0.0141 0.1150 -0.003 -0.0141 0.0375 0 0 0 92 _ —160000Nm
- 0 0 0 -2.500 0 0 -1.250 0.7162 -0.0031 -1.2503 -0.7162 -0.0031 || u, B 0
0 0 0 0 —0.0035 0 -0.716 0.4210 -0.0086 -0.7162 -0.4174 0.0054 ||y, —220000N
0 0 0 0 -0.0141 0.0375 -0.003 -0.0086 0.1250 0.0031 -0.0054 0.0250 63 160000Nm
0 0 0 0 0 0 0 -0.7162 0.0031 1.2503 0.7162 0.0031 0 Fx,
0 0 0 0 0 0 0 -0.4174 -0.0031 0.7162 0.4174 -0.0054|| O Fy,
| o 0 0 0 0 0 0 0.0054 0.0250 0.0031 -0.0054 00500 [[0] | M, |
Eliminando Filas y columnas:
[ 2.5005 0 0.0040 —2.5000 0 -0.0075 [ u, | [ 0 ]
0 1.3368 0.0141 0 -0.0035 0.0141 || v, —120N
(= 10° 0.0040 0.0141 0.1150 0 0.0141  0.0375 || 6, 10° —160Nm
-2.5000 0 0 3.7503 0.7162 -0.0031 || u, 0
0 -0.0035 0 0.7162  0.4210 -0.0086 || v, —220N
0 0.0141 0.0375 -0.0031 -0.0086 0.1250 || 6, 160Nm

B. Resolucion con MATLAB

>> K1 = (10"9)*[30.0005 0 -0.0040 O -0.0040 -0.0040 © ©0 0 0 0 O; © 1.3333 © 0
-1.3333 0 0 0 0 0 0 0; -0.0040 0 0.0040 0.0040 © 0.0200 0 0 © © 0 O; -0.0005 0O :
0.0040 0.0005 0 0.0040 0 © 0 0 @ O; O -1.3333 -0.0040 0 1.3333 0 0 0 0 @ 0 O;

-0.0040 © ©.0200 0.0040 © 0.0040 0 0 0 0 0 0; 0 0 000000000 0; 00000
POOPOOD, POOOPOOOOOO0DO; 00DODOO0DOO0ODOOD, POOOOOGOO:
P00OO0;, 00000000060 0]
K1 =
1.0e+09 * §
Columns 1 through 8
0.0005 ® -0.0040 ® -0.0040 -0.0040 ) 0 :

e  1.3333 0 e -1.3333 0 ) 0

-0.0040 @  0.0040  0.0040 ®  ©0.0200 ) 0
-0.0005 ©  ©0.0040  0.0005 ®  ©0.0040 ) 0 :

@ -1.3333 -0.0040 @  1.3333 0 ) 0 :

-0.0040 ®  ©0.0200  ©0.0040 ®  ©0.0040 ) 0

) ) 0 ) ) 0 ) 0

) ) 0 ) ) 0 ) 0

e ] ] 0 ] ] 0 0 :

0 ) ) 0 ) ) 0 0

) ) 0 ) ) 0 ) 0

0 ) ) 0 ) ) 0 0
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1.0e+09 *

Columns 1 through 8

[ORNOENOENOENOENOENOGENO OO OO

Columns 9 through 12

[OENOENOGENOGENGENG)

-0.0031
-0.0054
0.0500
0.0031
-0.0031
0.0250

O 0O 0O ® 0O 0O 00O

O 0O 0000

-1.2503
-0.7162
.0031
.0031
.7162
.0031

>> KT = K1 + K2 + K3

KT =

1.0e+09 *

Columns 1 through 8

0.0005
(4]
-0.0040
-0.0005
(4]
-0.0040

[OENOENOENOENOENG)

0
1.3333

-1.3333

[CEEOER IR RGN

-0.

[OCENOCENGENOREGENOCENOE G ENOCEE I G]

(ORI IR RN

.7162
L4174
.0054
.0054
L4174
.0054

0040

.0040
.0040
.0040
.0200

[CREOGEN IR RN

[ORNOENOENO RO RGO

[OENOENOGENOGENGENG)

-0.0031
0.0054
0.0250
0.0031

-0.0054
0.0500

O 0O 0O 0 0O 00O

.0040
.3333

.3368

0.0141

.0035
.0141

[OENCENGENG]

[CENOCENGENOREGENOCENOE G ENOEE GO

O 0O 0O 000

.2503
.7162
.0031
.2503
.7162
.0031

0.
Q.
0.
-0.
-0.
0.

© ®O 0O 0O 0

7162

4174
0054 :
7162
4174
0054 :

VIGAS



Columns 9 through 12

(4]

(4]

(4]
-0.0075
0.0141
0.0375
-0.0031
-0.0054
0.0500
0.0031
-0.0031
0.0250

>> KR = (1079)* [ 2.5005

KR

1.0e+09

2.5005
(4]
0.0040
-2.5000
(4]

(4]

-1.

-0.
0.
0.0031
0.
0.0031

1.
0.

-0.
0.

[ORORORORORN)

2503
7162
0031

7162

0
3368
0141

[
0035
0141

[ORORORORORN)

-0.7162
-0.4174
-0.0054
-0.0054

0.4174
-0.0054

0.0040
0.0141
0.1150
]
0
0.0375

[OR GO

(o)

-0.0031
0.0054
0.0250
0.0031

-0.0054
0.0500

-2.5000
(4]

(4]
3.7503
0.7162
-0.0031

ANALISIS ESTRUCTURAL CON MATRICES

0
-0.0035
-0.0141

0.7162
0.4210
-0.0086

>> f = (1073)*[ 0; -120; -160; 0; -220; 160]

(]

-120000
-160000

0

—220000
160000

>> u = inv(KR)*f

0.0120
-0.0001
-0.0049

0.0120
-0.0209

0.0016

>> U = [0;

0; 0; 0.0120; -0.0001; -0.0049; 0.0120; -0.0209; 0.0016; 0; 0; 0]

0 0.0040 -2.5000 0 -0.0075; © 1.3368 0.0141 © —0.0035;
0.0141; 0.0040 0.0141 ©.1150 0 -0.0141 0.0375; -2.5000 0 © 3.7503 0.7162 -0.0031; :
0 -0.0035 0 0.7162 0.4210 -0.0086; 0 0.0141 0.0375 -0.0031 -0.0086 0.1250] :

-0.0075
0.0141
0.0375

-0.0031

-0.0086
0.1250
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1.0e+05 *

0.2000
1.3333
-0.5000
-0.2560
-1.0706
0.1418
0.3006
-0.9555
-2.5522
-0.3006
1.2430
-1.1006

CBERGICIOT | !

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,
segun la secuencia indicada.

Q
M
@V {)@ E=280GPa
- I=6x10°m*
5m
A=4x10""m?
o ® @ .p X
> P =2000N
. Q = 4000N
M= 500Nm
® ®
'YYIW 'Y\ITV 'YKFV Nodos: 1-2;2-3;3-4;4-5;2-5;
| o , e 5-6;,5-7;7-8

A. Resolucion

| Elemento | Nodo | ¢ | s | o | s sc |
1 1 =2 90° 0 1 0 1 0
2 2-3 90° 0 1 0 1 0
S 3-4 0° 1 0 1 0 0
4 4-5 270° 0 -1 0 1 0
5 2-5 0° 1 0 1 0 0
6 5-6 270° 0 =1 0 1 0
7 5-7 0° 1 0 1 0 0
8 7-8 270° 0 -1 0 1 0
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La matriz para cada elemento estructural es:

[%) O n O
— —
— _ — = —
© Slo N~ © ol- =
g — — |
n ~ —
L2 U 3 [S)
~ O —_— — O
o~ _JHL Mu ~ _ ~E Mu _JVL —
S TGS S Gl
< % i _ o i
%)
N . < < 2
| T T ~——
~ n —
h ) ©n 4]
= N\ w
N~ — — —
S S N \\huull/ S __/.rL N |~, —=
+ TG S|~ &=
~ | cu_ =1 + | |
< L <
N _ <
| —
w O
— O w
|_L\J = \|J|_L/ —
cu_ o | — < o | = e} (@]
—_ — — |
— n ~
3 O S =
—~ =
— N | O ...AZ HZ'. O
N _nﬁL — — - —
-~ + o= I Sl-
| ~ N——— n ———
<
< M N \ <
—— —
——— | _
— - n
~ (%] w Q
v |C wn P~ N [7,)
N |, = — N Mu __;.AL ~ _JHL [ N
L H_zl_ ol + G-
N _ _ kS) ! _
M < N——— b4 < ——
N——— /Ilql\\ 0
L ]
w | —
I
h 4

A esta matriz se le denominara matriz “[MV}".

56000000000[M]

(280x10°)
5m

e
L

Kl—Z

—403200 0 0 0 0 0 0 0 0 0 0O OO OO OO O O]

0
—22400000

—403200 -161280

0
22400000

[ 161280

00O0O0OOOOOOOOOOOOOODO

0
672000 0 0 0 0 0 0 0O O OO OOOOOO OO OO

403200

0

0
1344000 403200

403200

0
—403200
-161280

0

0
22400000

0

0
—22400000

00O0OOOOOOOOOOOOOODO
00O0O0OOOOOOOOOOOOOOTO

161280

0
1344000 0 0 0 0 0 0 0O O 0O 0O OO OOOOOO

0
403200

0
672000

0
—403200

0

0

00O0O0OOOOOOOOOOOOOOQOO

000O0OO0OOOOOOOOOOOOTODO

00O0O0OOOOOOOOOOOOSOSQOTO

00O0OOOOOOOOOOOOOTODO

000O0O0OOOOOOOOOOOOTO OO

00O0O0OOOOOOOOOOOOOTO OO
0O0O0O0OOOOOOOOOOOOSOOTO

00O0O0OO0OOOOOOOOOOOOTO OO

00O0O0OOOOOOOOOOOOOOQOO

00O0O0OO0OOOOOOOOOOOOTODO

00O0O0OOOOOOOOOOOOSOOQOTO

00O0OOOOOOOOOOOOOTODO

000O0OO0OOOOOOOOOOOOTO OO

00O0O0OOOOOOOOOOOOSOOTO O
0O0O0O0OOOOOOOOOOOOSOOTO

000O0O0OOOOOOOOOOOOTO OO

00O0O0OOOOOOOOOOOOOOQOO

00O0O0OO0OOOOOOOOOOOTO OO
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o
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o
o
o
o
o
O
n
Il

—_~

(<]

=

x| E

o|w

00

~

SN—

Il
w| —
Il
o
&
~

00O0OOOOOOOOOOODO
00O0O0OOOOOOOOOODO
00O0OOOOOOOOOOODO

—403200 0 0 0 0 0 0 0 O O O OOOOO

0

0

0
000

0 —403200 -161280 0
—22400000

22400000

161280

000O0OOOOOOOOOODO

0
672000 0 0 0 0 0 O O OO OOOOODO

0

0
1344000 403200
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Eliminando las filas y columnas respectivas 1, 6 y 8:
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B. Resolucion con MATLAB

>> K = [11522560 0 © -161280 0 -403200 © 0 0 -11200000 © 0 © © 0; 0 44820160 100800?
0 -22400000 0 0 0 0 0 -20160 100800 © 0 O; O 100800 3360000 403200 O 672000 0 0 © 0;
-100800 336000 0 © 0; -161280 © 403200 11361280 0 403200 -11200000 0 0 0 © 0 0 © 0;;
0 -22400000 0 0 22420160 100800 © -20160 100800 0 0 0 0 © 0; -403200 0 672000 403200 :
100800 2016000 O -100800 336000 0 0 0 0 © ©; © © © -11200000 0 © 11361280 © 403200 :
-161280 0 403200 0 0 0; ©0 0 0 O -20160 -100800 O 22420160 -100800 © -2240000 0 O 0%
0; 0 0 0 0 100800 336000 403200 -100800 2016000 -403200 © 672000 0 0 O; —11200600;
0 000 0 -161280 0 -403200 30189226.67 0 O -18666666.67 0 0; O -20160 100800 O 0;
0 0 -22400000 0 © 4491349.33 179200 0 -93333.33333 280000; O 100800 336000 0 0O 0;
403200 0 672000 0 179200 4480000 O -280000 560000; 6 0 0 0 0 © 0 @ O —18666666.67;
0 0 18827946.67 © 403200; 0 0 0 0 © 0 0 0 © @ -93333.33333 -280000 O 22493333.33;

-280000; © 0 0 0 0 0 0 0 O O 280000 560000 403200 -280000 2464000}
K =
1.0e+007 *

Columns 1 through 12

1.1523 ) 0 -0.0161 0 -0.0403 ] ) 0 -1.1200 ) [
0 4.4820 ©.0101 0 -2.2400 0 ) [ 0 0 -0.0020 ©.0101 .
© ©.0101 ©.3360 ©.0403 0 ©.0672 ) [ ] 0 -0.0101 e.a335§

-0.0161 0 ©0.0403 1.1361 0 ©.0403 -1.1200 ) [ 0 ) [
0 -2.2400 [ 0 2.2420 ©.0101 0 -0.0020 ©.0101 ] ) [

-0.0403 © 0.0672 ©0.0403 0.0101 0.2016 0 -0.0101 ©.0336 [ ) [
[ ] 0 -1.1200 ) 0 1.1361 0 ©0.0403 -0.0161 0 ©0.0403 '
[ ] ) 0 -0.0020 -0.0101 o 2.2420 -0.0101 0 -0.2240 e§
[ ) ] © 0.0101 ©0.0336 ©0.0403 -0.0101 ©.2016 -0.0403 e 0.0672 '

-1.1200 ] ) [ [ o -0.0161 0 -0.0403 3.0189 ) [
0 -0.0020 ©.0101 0 [ [ 0 -2.2400 0 0 0.4491 0.0179
0 ©.0101 ©.8336 ) 0 0 ©.0403 © ©.0672 © 0.0179 0.4480
) [ [ [ ] 0 0 ) 0 -1.8667 [ 0
) [ [} ] ) ) [ [ ] 0 -0.0093 -0.0280
) [ ] ] ) ) [ [ ] © ©0.0280 0.0560

Columns 13 through 15

0 (2] (2] 0
0 (2] (2] 0
0 (2] (2] 0
0 (2] (2] 0
0 (2] (2] 0
0 (2] (2] 0
] 0 0 ]
0 (2] (2] 0
0 0 (2] 0
-1.8667 (2] (2] 0
0 -0.0093 0.0280 0
0 -0.0280 0.0560 0

1.8828 [ 0.0403
(] 2.2493 -0.0280
0.0403 -0.0280 0.2464
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>> U = inv(K)*F

U =
0.0060
-0.0000
-0.0008
0.0077
-0.0000
-0.0001
0.0077
0.0000
0.0001
0.0060
0.0002
-0.0005
0.0061
-0.0000
-0.0009

>> KT = [ 161280 0 -403200 -161280 0 -403200 0 0 0 0 00 00 00 0000000 0; 0;
22400000 0 0 -22400000 0 0 OO V0OV 0OV OOOOOO OO 0; -403200 0 1344000 403200;
0 672000 0000 00O0OOOOOOOO0O0 0O, -161280 0 403200 11522560 0 © -161280 :

@ -403200 0 © © -11200000 © © 0 0 0 © © 0 @ O ©; © -22400000 O O 44820160 100800 :
@ -22400000 0 0 © © © -20160 100800 © © © © © © O © O; -403200 0 672000 © 100800 :
3360000 403200 © 672000 0 © O © -100800 336000 0 © 0 © 0 © 0 0 0; 0 © 0 -1612280 O :
403200 11361280 0 403200 -11200000 0 0 © 0 0 0 0 0 0 0 0 0 0 0; 0 0 0 0 -22400000 0 0;
22420160 100800 0 -20160 100800 0 0 0 © 0 0 0 0 0 0 0 0; 0 © 0 -403200 O 672000 403200;
100800 2016000 O -100800 336000 0 0 © © 0 0 0 OO0 0 0, 00000 0 -11200000 0 O :
11361280 0 403200 -161280 0 403200 0 0 © © 0 0 0 0 0; 0 0 © 0 O © O -20160 —190809;
0 22420160 -100800 © -224000000 0 6 0 © 0O 0 0 © © O; 0 0 0 © O O O 100800 336000;
403200 -100800 2016000 -403200 O 672000 0 © 0 0 © 0 0 0 0; © 0 0 -11200000 0 0 © 0 O :

-161280 0 -403200 30189226.67 0 0 -161280 0 403200 -18666666.67 0 0 0 0 0; © 0 O 0;
-20160 100800 © 0 © O -22400000 © © 44913493.33 179200 © -22400000 0 © 93333.33333;
280000 0 0 0; O 0 O O 100800 336000 © O O 403200 O 672000 O 179200 4480000 -403200 :
0 672000 0 -280000 560000 0 0 ©0; 0 © 0O 0 0 0 0 0 0 0 0 © -161280 O -403200 161280;
© —403200 0 0 00O 0; PO OOOOOOOO OO O -224000000 0 O 22400000 0 © © 0 O :

P0O; 000000 OOO0O0O O 403200 0 672000 —403200 © 1344000 6 0 0 © 0 0; 0 0 0 O
000000 00 -18666666.67 0 0 0 0 O 18827946.67 0 403200 -161280 © 403200; O 0§
0000000000 0 -93333.33333 -280000 0 0 0 © 22493333.33 -280000 O —22400000;
0; 0O OOOOOOOOOO O 280000 560000 © O O 403200 -280000 2464000 -403200 O :
672000; © 0 0000V O0O00O0O00OO00 OO0 -161230 0 -403200 161280 © -403200; O :
G00O0OOOOOO0OO0O0OOOOOOO -22400000 0 0 22400000 0; 0 © © 0 0 0 0 0 0 O
© 0000000 103200 0 672000 -403200 0 1344000] E
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1.0e+008 *

Columns 1 through 12

® ® ® ®© ®© © ©®
® ® ® ® ®© @ ©®

6.0016 0 -0.0040 -0.0016 6 -0.0040 0 6 0 0
6 0.2240 0 6 -0.2240 0 0 0 0 6

-0.0040 6 ©0.0134 0.0040 6 0.0067 0 0 0 0

-0.0016 0 ©0.0040 0.1152 0 0 -0.0016 0 -0.0040 0
6 -0.2240 0 6 0.4482 ©.0010 0 -0.2240 0 0

-0.0040 0 0.0067 0 ©0.0010 0.0336 ©0.0040 0 0.0067 0
0 0 0 -0.0161 0 0.0040 0.1136 6 0.0040 -0.1120
) ] 0 0 -0.2240 ) 6 0.2242 -0.0010 o -0.0002 ©.0010 :
0 0 0 -0.0040 6 0.0067 ©.0040 ©0.0010 ©0.0202 0 -0.6010 0.6034 '
0 0 ] 0 ) 6 -0.1120 0 0 0.1136 6 0.0040
0 0 0 0 0 0 0 -0.0002 -0.0010 0 0.222 -0.0010
0 0 0 0 0 0 0 ©0.6010 ©0.6034 ©0.6040 -0.6010 ©0.6202
0 0 6 -6.1120 0 0 0 0 6 -0.0016 o -0.0040
0 6 0 0 -0.0002 ©.0010 0 0 0 6 -6.2240 0
6 6 0 6 0.0010 0.0034 0 6 6 0.0040 6 ©0.0067
0 6 0 6 6 0 0 0 0 6 6 0!
0 6 6 6 6 0 0 0 0 6 6 0!
0 6 6 6 0 0 0 0 0 6 8 0!
0 6 6 6 0 0 0 0 0 6 6 0!
0 6 8 0 0 0 0 0 0 6 6 0!
0 6 6 6 0 0 0 0 0 6 6 0!
0 6 0 0 0 0 0 0 0 8 0 0!
0 0 0 0 0 0 0 0 0 6 0 0!
0 0 0 0 0 0 0 0 0 6 0 o

Columns 13 through 24
0 0 0 0 0 0 0 0 0 0 0 0!
0 0 0 0 0 0 0 0 0 0 0 o
0 6 0 6 0 0 0 6 0 6 0 o

-0.1120 ) ) ) ) ) ] 0 ) ) ) e
6 -0.0002 ©.0010 0 0 0 0 0 0 0 0 0
0 -0.0010 0.0034 0 0 0 0 0 0 0 0 0
0 0 0 6 6 0 0 0 0 0 0 0
0 6 6 6 ° 0 0 0 0 6 6 0
0 0 0 0 0 0 0 0 0 0 0 0!

-0.0016 o 0.0040 0 0 0 0 0 0 0 0 0
0 -2.2400 0 0 0 0 0 0 0 6 6 0

-0.0040 6 0.0067 0 6 6 0 0 0 0 0 0

6.3019 0 6 -6.0016 0 ©0.0040 -0.1867 0 0 0 6 o
6 0.4491 ©.0018 0 -0.2240 0 6 0.0009 ©.0028 0 0 0
6 0.0018 ©.0448 -0.0040 0 0.0067 0 -0.0028 ©.0056 ) 0 0

-0.0016 6 -0.0040 ©.0016 o -0.0040 0 0 0 0 0 0
6 -2.2400 6 6 0.2240 0 ° 0 0 6 ° 0

0.0040 0 0.0067 -0.0040 6 0.0134 0 0 0 0 0 0

-0.1867 ] ) ) ] o 0.1883 0 0.0040 -0.0016 6 0.0040
0 -0.0009 -0.0028 0 0 6 6 ©0.2249 -0.0028 6 -0.2240 0
6 ©0.0028 ©.0056 0 0 6 ©0.0040 -0.0028 ©0.0246 -0.0040 6 0.0067
6 0 0 0 0 0 -0.6016 6 -0.6040 ©.0016 o -0.0040 :
0 0 0 0 0 0 0 -0.2240 0 0 0.2240 0
0 0 0 0 0 o o.0010 @ 0.0067 -0.0040 o 0.0134
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>> U = [ 0; 0; 0; 0.0060; -0.000172309; -0.0008; 0.0077; -0.00350935; -0.0001;2
0.0077; 0.0000112; 0.0001; 0.0060; 0.0002; -0.0005; 0; 0; O; 0.0061; -0.0000174; :
-0.0009; 0; 0; 0] 3

U =

0.0060
-0.0002
-0.0008

0.0077
-0.0035
-0.0001
0.0077
0.0000
0.0001
0.0060
0.0002
-0.0005

0.0061
-0.0000
-0.0009

1.0e+004 *

-0.0645
0.3860
0.1882
0.0734
7.0751
0.0144
-0.8795
-7.4821
-0.0375
0.0113
-4.4478
0.0163
-0.1213
0.8311
0.0182
-0.0766
-4.4800
0.2083
0.2488
-0.0018
0.0023
-0.0621
0.0390
0.0025
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CariTuLO 7

Desplazamientos Nodales:

Fuerzas:

u, =0m
v, =0m
6, =Orad

1

u, =0.005937122m

2

v, =-0.000172309m

2

6, =-0.00084053rad

2

u, =0.007576456m

3

v, =-0.000350935m

3

0, =-5.24127E - 05rad

3

u, =0.007567916m

4

v, =1.1225E - 05m

4

6, =0.000136983rad
u; =0.006000897m

v, =1.11704E —05m

6, =—0.000526852rad

5
Ug =0m
Ve =0m

6, =Orad

6

u, =0.006074512m

7

v, =—1.74329E - 05m

7

6, =—0.000877584rad

7

ug =0m

vy =0m

0, =Orad

8

F, =-765.062808N
F, =—1325.5109N

M, =16.65567789Nm
F,, = 5000N

F,, = —3.69482E — 13N
M, = 2.84217E —14Nm
- =ON

F,, =7.10543E — 15N
M, = 600Nm

F,, = —4233.09764N
F,, =—55.44773342N
M, =145.7337248Nm
F,, =—1.839551812N
F,, =1380.958634N
M, = 29.83718616Nm
F, =-1.839551812N
F,, = 1380.958634N
M, =29.83718616Nm
F, =—1.839551812N
F,, =1380.958634N
M, = 29.83718616Nm
F,, =—1.839551812N
F,, = 1380.958634N

M, =29.83718616Nm

VIGAS



ANALISIS ESTRUCTURAL CON MATRICES 281

....................................................................................... ‘:

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,
segun la secuencia indicada.

g, = 60N/m
M
oLt v 4 v 1 l‘i)
1® E =300GPa
5m |I=8x10"°m*
d, = 50N/m A=4x10"*m’
; P = 5000N
_> v v v v v v =
o) ® M = 800NM
em
@) ® Nodos: 1—2;2-3;3—4;4-5;
NN DS 5-6;2-5
: 20m '

A. Resolucion

I
OH

1 1=2 90° 0 1 0
2 2-3 90° 0 1 0 1 0
3 3-4 0° 1 0 1 0 0
4 4-5 270° 0 =i 0 1 0
5 5-6 270° 0 =i 0 1 0
6 2-5 0° 1 0 1 0 0
E (300x10°)
K,_, =—=-————"=150000000000[M]
L 6m
[ 133333.3385 0 -400000 -133333.3385 0 400000 0 0 0 0 0 0 0 0 0 O O O]
0 20000000 0 0 ~20000000 0 0000O0O0OO OO OO O
—400000 0 1600000 400000 0 800000 0 0 0 0 0 0 0O O O OO
-133333.3385 0 400000  133333.3385 0 400000 0 0 0 0 0 0 0O O O OO O
0 ~20000000 0 0 20000000 0 0000O0O0OOGOT OO OOO
—400000 0 800000 400000 0 1600000 0 0 0 0 0 0 0 0 0 0 0 O
0 0 0 0 0 0 0000DO0O0OOOG OO O
0 0 0 0 0 0 0000DO0O0OO OO OO OTOO
« - 0 0 0 0 0 0 0000O0O0OOGO O OO OOO
2 0 0 0 0 0 0 0000O0OOOOO OGO OO
0 0 0 0 0 0 0000DO0O0OGOOG OO O
0 0 0 0 0 0 0000DO0O0OOOT OO O
0 0 0 0 0 0 0000O0O0OOO OO OTOO
0 0 0 0 0 0 0000O0O0OGOT OO OOO
0 0 0 0 0 0 0000DO0O0OOOGOOO
0 0 0 0 0 0 0000DO0O0OOOTOTOO
0 0 0 0 0 0 0000O0O0OOT OO OOO
i 0 0 0 0 0 0 000000O0O0OGOGO OO O]
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60000000000

5m

(300x10°)

E
L

KZ—3

0 00O0OOOOOD O
0 0O0O0OOOOODP
00 O0O0OOOOOO

0
0

0
-576000 0 0 0 0 O O O O O

0

—230400 0
—24000000

—576000

0
24000000

230400

000

00 O0O0OOOO OO OO

0
960000 0 0 0 O O O 0 0 O

0
576000

0
1920000

0
—576000
—230400

0

0
24000000

0
0
—24000000

000
000

576000 0 0 0 0 O O O O O

576000 2304000

00 O0O0OOOOO OO

0
1920000 0 0 0 0 O O O O O

0
576000

0

960000

0
-576000

0

0

00O

0 0O0O0OOOOOD O
00O0O0OOOOODO
00 O0O0OOOOODO
00 O0O0OOOOODO
00 O0O0OOOOODO
00 0O0OOOOODO
00 O0OOOOODO
00 0O0OOOOODO
0 00O0OOOOOD O

0
0
0
0
0
0
0
0
0

0

0

Kys=

=25000000000
12m

(280x10°)

E
Ky = I

0 0O0O0O0O O

00 O0O0O0O

00 O0O0O0OTO O

00 O0O0O0OTO O

00 O0O0O0OTO O

00 O0O0O0OTO

00 O0O0O0O O

00 O0O0O0O O

00 O0O0O0O O

00 0O0O0O O

00 O0O0O0OTO O

00 O0OO0OTO O

0 0 0O0OOTO

100000 0 0 0 O 0 O

0 —10000000 0
—16666.66667

100000
800000

0
16666.66667

10000000

00 O0O0O0OTO O

0

0
10000000

0

0
—10000000

00 O0O0O0O O

4000000 0 0 0 0 0 O

—100000

100000

00 O0O0O0O O

0 0 0O0OOTO O

100000 0 0 0 O 0 O

0
16666.66667

0
—100000

400000

0
—16666.66667

00 O0O0O0OTO

0
0

0
0

00 O0O0O0TO

800000 0 0O 0 0 O O

—100000

100000

00 O0O0O0O O

0 0O0O0O0O O

00 O0O0O0O

00 O0O0O0OTO O

00 O0O0O0OTO

00 O0OOTO
00 O0O0O0O O

00 O0O0O0OTO

00 O0O0O0TO O

0 0O0O0O0O O

00 0O0O0O

00 O0O0O0OTO O

00 O0O0OO0OTO O

Kss
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60000000000

5m

(300x10°)

E
L

Kys

O OO0 0O OO OO0OO0OO O OO O O o O
O O OO0 OO OO0O0OO o0 OO0 o o o
©O OO 0O0OO0O O OO0O0OO o0 o0 OO0 o o o
s g8 8
s} S 8 =
O 0o o0oo0ooooo 308 Yo d o oo
B85 78
0 @ g —
o
S 8
= S
©O o0 oo0oo0o0oo0o0o0goeogoooo
g S
) o
o o o
=] S 8 Q
= S 2 S
©O 0O 0o oooo0oo0oQo®©d oo oo
X g B
| o I
o SES o
S SES S
O 0o oooooo 3o0od ®©o 8 o o o
2858
1 Q) I o
] 8
= S
=3
©O 0O oo oo ooo0oo8 oo g oo oo
=] S
N T
o o 8 o
=} S 2 S
Ocooocooooood o390 o 3o oo
I3
@ ~ ~
~ (R n
O OO 00O OO O0OO0O0OOOoO OO O O o o
O O OO0 OO O0OO0O0O OO0 O O o o o
©O OO 0O0OO0O O OO0 O OO0 OO0 o o o
©O OO 0O0OO0O O OO0 O0OOo OO0 o0 o o o o
©O O OO OO OO OO0 OO o0 o0 o o o o
©O OO OO0 OO0 O0OO0OO0 OO0 o0 O o o o
©O O O OO0 OO0 OO0 O OO0 O o o o
©O OO OO0 OO O0OO0O0OoO OO0 OO o o
© O 0O 00 O0OO0O0O0O0O0O0O0O0 000 oo
Il
w
I}
&
~

=25000000000

(300x10°)

12m

0
0

0
0

0
—10000000

000O0O0OTDO

0
0
0

0
100000 0 0 0 0 O O

00 O0O0O0OTO

0

00 O0O0O0TO

0

100000 0 0 O

0
—16666.66667

0 00 O0O0O0O O

16666.66667

10000000

0 0 0

0
0
0
0
0
0
0

0
10000000

0

400000 0 0 O

—100000

800000 0 O 0 0 O O

100000

0
0

0

00 O0O0O0TO

0
0
0
0
0
0

0
-100000 0 0 0 O 0 O

00 O0O0O0TO O

0

000O0O0ODO

0

00 O0O0O0TO

0
0
0

-100000 0 0 O

00 O0O0O0TO O

0
0
000

00 O0O0O0O 0

0
16666.66667

00O0O0OO0OTDO

0
—16666.66667

—10000000

0

0

0

800000 0 0 O

—100000

400000 0 0 0 0 0 O

100000

0

0
0
0

00 O0O0O0O 0

0
0
0

0

000O0O0ODO

0

00 O0O0O0TO

0
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CariTuLO 7
E (300x10°)
K, =—=———"—="50000000000
L em

[0 0 00 000O0OOT OO 0 0 0 0 0 o
000O0O0OOOGOTO OGO OO 0 0 0 0 0 0
000O0DO0OOOO OO OGOO 0 0 0 0 0 0
000O0O0OOOOGOO OGO OO 0 0 0 0 0 0
000O0O0OOOOGOOGOO 0 0 0 0 0 0
000O0O0OOOOGOOGOO 0 0 0 0 0 0
0000DO0OOOOGOT 0GOSO 0 0 0 0 0 0
000O0DO0OOOOOT OGO OO 0 0 0 0 0 0
000O0DO0OOO OGO OGO OO 0 0 0 0 0 0
000O0DO0OOOO OGO OGO OO 0 0 0 0 0 0
000O0DO0OOOOOTO OGO OO 0 0 0 0 0 0
000O0O0OOOO OO OGO OO 0 0 0 0 0 0
000O0OOGO OGO OGO OO O 0 1333333333 0 400000 —133333.3333 0 400000
000O0O0OOOGOT OGO OO 0 20000000 0 0 —20000000 0
000O0O0ODOOOGOOGOO 400000 0 1600000  —400000 0 800000
000O0OO0OGO OGO OGO OO0 O 0 -133333.3333 0 -400000 133333.3333 0 —400000
000O0O0OOOOGOO OGO OO 0 —20000000 0 0 20000000 0
[0 00O 0OO0OO0OOG OGO OO0 O  -400000 0 800000 —400000 0 1600000 |

B. Resolucion con MATLAB

>
0
0
0
0

> KT = [ 133333.3333 0 -400000 -133333.3333 0 -400000 0 0 0 0 © 0 0 0 0 0 0 0; © 20000000
© -20000000 0 0 0 0 0 000 0000 0; -400000 O 1600000 400000 © 300000 0 © 0 0 0 0 O :
0 0 0 0; -133333.3333 0 400000 10363733.34 0 -176000 -2304400 0 -576000 © O O -10099009;
0 00 0; 0 -20000000 0 0 44016666.67 100000 © -24000000 © © O © O -16666.66667 100000 O :
0; -400000 0 800000 -176000 100000 4320000 576000 O 960000 0 0 0 © -100000 400000 © O 0;

0 0 0 -230400 0 576000 10230400 © 576000 -10000000 0 © 0 O 0 0 © ©; O O O O -24000000 © 0;

24016666.67 100000 0 -16666.66667 100000 0 © © 0 0 O; 0 © O -576000 © 960000 576000 100000

2720000 © -100000 400000 0 0 0 0 0 0; 0 0 0 © O O -10000000 O O 10230400 O 576000 —230400;
576000 0 0 0; 0 0 0 O O O O -16666.66667 -100000 © 24016666.67 -100000 O -24000000 O :
0 0; 00 000 O 0 100000 400000 576000 -100000 2720000 -576000 © 960000 © © ©; 0 O :
-10000000 © © O © O -230400 0 -576000 10363733.33 @ -176000 -133333.3333 O 400000; 0;

© 100000 400000 0 © © 576000 O 960000 -176000 -100000 4320000 -400000 O 800000; O O 0;
000000 0 0 —-133333.3333 0 -400000 133333.3333 0 -400000; 0 0 0 © © © 0 0000 O0:

0
0
0
0 0 0 -16666.66667 -100000 © © © O -24000000 O O 44016666.67 -100000 © —20000000 O; 0 O :
0
0
0

—-20000000 © © 20000000 0; © © 0 0 0 0 O 0 0 ©0 O O -400000 O 800000 -400000 O 1600000 ]
KT =
1.0e+007 *

Columns 1 through 12

0.0133 0 -0.0400 -0.0133 0 -0.0400 0 ] 2] 2]
0 2.0000 2] 9 -2.0000 2] 2] 2] 2] 2]

-0.0400 0 0.1600 0.0400 © ©0.0800 0 2] %) 0

-0.0133 0 0.0400 1.0364 0 -0.0176 -0.2304 @ -0.0576 0
0 -2.0000 2] @ 4.4017 0.0100 0 -2.4000 0 2]

-0.0400 © ©0.0800 -0.0176 ©0.0100 ©.4320 0.0576 0 0.0960 2]
] 2] 0 -0.0230 © 0.0576 1.0230 @ 0.0576 -1.0000 :
2] 2] 0 0 -2.4000 2] 0 2.4017 0.0100 0 -0.0017 ©0.0100 :
0 0 @ -0.0576 @ 0.0960 0.0576 0.0100 0.2720 0 -0.0100 ©.0400
] 0 0 0 ] 0 -1.0000 ] 0 1.0230 0 0.0576 :
] ] 4] 2] ] ] 0 -0.0017 -0.0100 @ 2.4017 -0.0100
] 2] 0 ] 2] 2] © 0.0100 ©0.0400 0.0576 -0.0100 0.2720 :
2] 2] 0 -1.0000 2] 2] 2] 2] 0 -0.0230 0 -0.0576 :
2] 2] 2] 0 -0.0017 -0.0100 2} 2] 2] 0 -2.4000 0
0 0 ] 0 0.0100 0.0400 ] 0 @ 0.0576 0 0.0960
2] 0 ] ] 0 0 0 ] 2] 2] ]
(2] ] ] 2] ] ] ] 2] 2] 2] ] 2]
0 2] ] 2] 2] 2] 2] 2] 2] 0 2]

VIGAS
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Columns 13 through 18

0 2] (4] (4] 2] (4]

0 2] (4] (4] 2] (4]

0 2] (4] 0 0 (4]
-1.0000 0 (4] 0 2] (]
0 -0.0017 0.0100 (4] 0 (4]

0 -0.0l100 0.0400 0 2] (4]

0 2] (4] 4] 2] (4]

0 2] (4] 0 2] (4]

0 2] (4] (4] 2] (4]
-0.0230 2] 0.0576 0 2] (]
0 -2.4000 (4] 0 2] (4]
-0.0576 2] 0.0960 (4] 2] (4]
1.0364 0 -0.0176 -0.0133 0 0.0400
0 4.4017 -0.0100 0 -2.0000 (4]
-0.0176 -0.0100 0.4320 -0.0400 2] 0.0800
-0.0133 2] -0.0400 0.0133 0 -0.0400
(2] -2.0000 (4] (2] 2.0000 (4]
-0.0400 2] 0.0800 -0.0400 0 0.1600

>> KR = [10363733.34 0 -176000 -230400 0 -576000 © O © -10000000 © O; © 44016666.67;
100000 O -24000000 O O O O O -16666.66667 100000; -176000 100000 4320000 576000 0;
960000 0 0 O O —100000 400000; -230400 © 576000 10230400 O 576000 —10000000 © 0 © 0;
0; 0 -24000000 0 O 24016666.67 100000 © -16666.66667 100000 © © 0; -576000 © 960000 :
576000 100000 2720000 © -100000 400000 © O O; © 0 O -10000000 © © 10230400 © 576000;
—-230400 0 576000; 0 O O O -16666.66667 -100000 O 24016666.67 -100000 O -240000000 0;;
0 0 0 0 100000 400000 576000 -100000 2720000 -576000 © 960000; -10000000 © © © 0 O :
-230400 0 -576000 10363733.33 0 -176000; O -16666.66667 -100000 0 0 © © -24000000 O 0;
44016666.67 -100000; © 100000 400000 © © © 576000 © 960000 -176000 -100000 4320000]

KR =

1.0e+008 *

0.1036 © -0.0018 -0.0023 ® -0.0058 ] ] ® -0.1000 [ o:
© ©0.4402 ©.0010 0 -0.2400 ] ] ] ] © -0.0002 0.0010 °

-0.0018 ©0.0010 ©0.0432 0.0058 @ ©6.009% ] 0 ] © -0.0010 0.0040 :

-0.0023 © ©0.0058 0.1023 © ©.0058 -0.1000 0 ] ] [ 0:
0 -0.2400 ] © ©.2402 ©.0010 @ -0.0002 ©0.0010 ] [ 0:

-6.0058 © ©0.0096 0.0058 0.0010 0.0272 © -0.0010 ©.0040 ] 0 0:
] ] ® -0.1000 [ e ©.1023 ® ©.0058 -0.0023 © 0.0058 :
] ] 0 © -0.0002 -0.0010 © ©0.2402 -0.0010 0 -2.4000 0:
] 0 ] © ©0.0010 0.0040 0.0058 -0.0010 0.0272 -0.0058 ® ©.009% :

-0.1000 [ ] ] 0 ® -0.0023 ® -0.0058 ©.1036 ® -0.0018 :
© -0.0002 -0.0010 ] ] ] © -0.2400 ] © ©0.4402 -0.0010 :
© ©0.0010 ©.0040 ]

2] 0 0.0058 0 0.009 -0.0018 -0.0010 0.0432§

>> f = [5000; -300; -600; 0; -360; -720; 0; -360; 1520; 0; -300; 600]

f =
5000
-300
-600

)
-360
-720

)
-360
1520

)
-300

600
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>> U

1.0e+005 *

-0.
Q.
0.

-0.
0.
2
0.

-0.
1.

-0.

-0.

.0303
.0000
.0038
.0418
.0000
.0013
.0418
.0001
.0004
.0300
.0000
.0038

= [0; ©; 0; 0.0303; -0.0000134; 0.0418; 0.00000553; -0.0013; 0.0418;
-0.0001015; -0.000414511; -0.004; 0.0300; -0.0000794; -0.0038; 0; 0; 0] :

.0303
-0.
.0418
.0000
-0.
.0418
-0.
-0.
-0.
.0300
-0.
-0.

0000

0013

0001
0004
0040

0001
0038

2076
0027
4556
1743
3441
1386
4224
2711
3469
1250
1181

.1524
.1091
.0265
.0887
.0248
.0159
.1504
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EJERCICIO 9

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,

la secuencia indicada.

segun

80N/m

q,=

2-5,5-7,5-8;7-8

A

5
|
n
0
|
<
42m A.l
aﬁm.,._~. |
a 7 o 2 ™
O o «d O =
g2 x@ &
2X42 |
T A
w — << a o~
|
—
»
@]
o°
[®]
=2
a
F 3
E |
Z
3
n
o —p
B ©]7
£ €
0 G

10m

15m

A. Resolucion

| Elemento | Nodo | 8 | Cc | s | C | § | sC_

90°
90°
00

270°

4-5
2-5

270°

0°

0°

270° =
-0.707

7-8
5-8

0.499 —-0.499

0.499

0.707

315°

41666666667[M]

6m B

(250%10°)

E
Kn= I
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B. Resolucion con MATLAB
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) e 6 -0.0047 e e.0187 e 6 0.0187 -0.6667 ) 0
) 0 ) 6 -1.2500 @ 0.6714 1.2507 0.0053 6 -0.6007 ©.0053 :
) 0 e -0.0179 e e.0500 @ 0.0853 0.1533 0 -0.0053 0.6267 :
) ) ) 0 ) e e.0187 ] 0 0.6667 o 0.0187 |
) ] 0 ) 0 @ -0.6667 -0.0007 -0.0053 @ 1.2507 -0.0053
) ) 0 ) ) 0 © ©0.0053 0.0267 ©0.0019 -0.0053 -0.1533 :
) ) 0 -0.6667 ) 0 ) ) 0 -0.0047 6 -0.0187 :
) ) ] 0 -0.0007 -0.0053 ] 0 ) 0 -1.2500 0
) ) e 0 ©.0053 0.0267 e ) e 0.0187 o 0.050 :
0 0 ) ) ) ) e e 0 0 ) '

0 0 ) ) e e e 0 0 0 )

0 0 ) ) e e e e 0 0 )

0 0 ) ) e e ] 0 0 0 )

0 ) ) ) e ) ] 0 0 0 )

0 ) ) ) ) ) ] 0 0 0 )

0 ) ) ) ) ) ] 0 0 0 )

0 ) ) ) ) ) ] 0 0 0 )

®© ®© ®© ®© ®© ®© ®© ©
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0 %) 2] 0 ] %) 2] 0 ] %) 0 2]
] %) 0 0 0 0 0 0 ] %) 0 0
] %] 0 0 0 0 0 0 ] %] 2] 0
-0.6667 %) 0 2} ] 0 0 0 ] 0 0 2}
0 -0.0001 0.0053 0 ] %) 0 0 ] 0 0 0
0 -0.0053 0.0267 0 ] %) 0 0 ] 0 2] 0
] %) 0 0 ] 0 0 0 ] 0 0 0
] %) 0 2} ] %) 0 2] 0 0 2] 0
] 9 0.0187 0 ] o 0 0 ] %] 0 0
-0.0047 0 0 0 ] 0 0 0 ] %) 0 0
0 -1.2500 0 0 0 %) 0 0 ] %) 0 0
-0.0187 @ 0.0500 0 ] %] 0 0 ] %) 0 0 :
1.3582 0.3136 ©0.0183 0.0111 0 0.0300 -1.0000 0 0 -0.3539 0.3531 0.0042
-0.3531 3.2737 0.0109 0 -1.6667 %] 0 -0.0024 0.0120 0.3531 -0.3539 0.0042
0.0188 ©0.0109 ©0.4232 -0.0333 0 0.0667 0 -0.0120 0.0400 -0.0042 -0.0042 ©.0283
-0.0111 0 -0.0333 0.0111 0 -0.0333 0 0 ] %) 0 0
0 -1.6667 0 0 1.6667 %) 0 0 ] %) 0 0
0.0333 @ 0.0667 -0.0333 0 0.1333 0 2] ] %) 0 0
-1.0000 %) 0 0 ] @ 1.0000 0 0.0333 -0.0111 0 0.0333
0 -0.0024 -0.0120 0 ] 0 @ 1.6691 -0.0120 0 -1.6667 0
-0.3539 0.3531 -0.0042 0 ] 0 -0.0111 © -0.0333 0.3650 -0.3531 -0.0376
0.3531 -0.3539 -0.0042 0 ] %) 0 -1.6667 0 -0.3531 2.0206 -0.0042
0.0042 ©0.0042 0.0283 2] ] %)

0.0333 @ 0.0667 -0.0376 -0.0042 0.1899§

v

KR = (1077)*[ ©.6778 © 0.0146 -0.0047 © -0.0187 © © © -0.6667 @ © @ 0 O; 0;
.9174 0.0053 0 -1.2500 0 0 0 0 © -0.0007 0.0053 0 0 0; 0.0146 0.0053 0.2867 @.0187;
0.0500 0 0 © 0 -0.0053 0.0267 0 0 O; -0.0047 © 0.0187 0 © 0.0187 -0.6667 0 O 0;
00 00; 0-1.2500 0 0.6714 1.2507 0.0053 0 -0.0007 ©.0053 0 © 0 © 0 9; -0.0187 :
0.0500 0 0.0053 0.1533 0 -0.0053 0.0267 0 0 0.0187 ©0 0 0; 0 0 © 0.0187 @ 0;
.6667 0 0.0187 -0.0047 0 0 0 © O; 0 O O -0.6667 -0.0007 -0.0053 @ 1.2507 —0.0053;
-1.2500 © 0 0 0; 0 © O © ©.0053 0.0267 0©.0187 -0.0053 ©.1533 -0.0187 © 0.0500 0O :
0; -0.6667 0 0 0 0 0 -0.0047 0 -0.0187 1.3582 0.3136 0.0188 -1 0 0; © —0.9007;
-0.0053 0 0 0 @ -1.2500 © .3531 3.2737 0.0109 0 -0.0024 0.0120; © 0.0053 0.0267;
187 © 0.0500 0.0188 0.0109 0.4232 © -0.0120 0.0400; © 0 © © 0 0 0 0 0 -1:

(]

(4]

OO O®OO®O®ONV

O ®

o0 ®

333, 0 000000000 -0.0024 -0.0120 0 1.6691 -0.0120; 0 0 0 0 @ 0§

0000.0
00100.0 [
0 00 0 0.0120 0.0400 0.0333 -0.0120 0.2133]

KR =

1.0e+007 *

Columns 1 through 12

0.6778 @ 0.0146 -0.0047 0 -0.0187 0 0 0 -0.6667 %] %]
@ 2.9174 0.0053 0 -1.2500 0 0 0 %] Q0 -0.0007 ©0.0053
0.0146 ©.0053 ©.2867 0.0187 @ 0.0500 %) 0 0 0 -0.0053 0.0267
-0.0047 0 0.0187 0 @ 0.0187 -0.6667 0 %) ] 0 0
0 -1.2500 0 0.6714 1.2507 0.0053 0 -0.0007 0.0053 %) %) %]
-0.0187 0 0.0500 @ 0.0053 0.1533 0 -0.0053 0.0267 0 0 0.0187
%) 0 @ 0.0187 0 0 0.6667 0 0.0187 -0.0047 0 0
0 ] @ -0.6667 -0.0007 -0.0053 @ 1.2507 -0.0053 0 -1.2500 %]
] %) 0 © 0.0053 0.0267 0.0187 -0.0053 0.1533 -0.0187 0 0.0500
-0.6667 0 ] ] %) 0 -0.0047 0 -0.0187 1.3582 ©.3136 0.0188
0 -0.0007 -0.0053 0 %) %] @ -1.2500 @ -0.3531 3.2737 0.0109
@ 0.0053 0.0267 0 ] 0 0.0187 © 0.0500 0.0188 0.0109 0.4232
0 ] 0 0 ] %) 0 0 0 -1.0000 %) 0
] 0 0 %) 2} ] 0 ] 0 0 -0.0024 -0.0120
2] 0 0 ] 0 0 ] 2] ] 0 0.9120 0.0400
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Columns 13 through 15

OO 0O

—1.0000
(4

(]
1.0000
(4
0.0333

OO OO0

-0.0024
-0.0120
()
1.6691
-0.0120

OO OO0

0.0120
0.0400
0.0333
-0.0120
0.2133

>> f=[ 0; 0; 0; -600; 0; -1500; -600; 0; 1500; -300; @; -500; -300; 2500; 500] :
f =

2]

0

0
-600
)
-1500
-600
()
1500
-300
[
-500
-300
2500
500

>> U = inv(KR)*f

-0.0024
0.0028
0.0009

-0.0070
0.0066

-0.0021
0.0001

-0.0065
0.0007

-0.0024

-0.0027

-0.0002

-0.0024
0.0002
0.0008



Desplazamientos Nodales:

Fuerzas:

ANALISIS ESTRUCTURAL CON MATRICES

u, =0m
v, =0m
6, =0rad
u, =0.0028m
v, =-0.0003m
6, =0.0202rad
u, =-0.3941m
v, =-0.0006m
6, =0.0330rad
u, =-0.3953m
v, =0.0010m
6, =0.0454rad
u, =0.0051m
v, =0.0006m
6, =—0.0040rad
u; =0m
Ve =0m
0, =Orad
u, =0.0062m
v, =-0.6290m
6, =-0.0354rad
u, =0m
Vg =0m
6, =Orad
F,, =—0.0007KN
F,, = 0.0005KN
M, =0.0014KNm
F,, =0KN
F,, = OKN
M, =O0KNm
F,, =—0.5271KN
F,, = OKN
M, =—0.0002KNm
F,, = 0.5270N
F,, =0.0001KN
M, =0.0149Nm

F,, =-0.0037KN
F,, =—0.0037KN
M, = 0.0148KNm
F,, = 0.0001KN

F,, =—0.0010KN
M, = —0.0001KNm
F,, =—0.0001KN
F,, = —1.0494KN
M, = OKNm

F,, = —0.0005KN
F,, = 1.0499KN

M, =—0.0022KNm
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_E_(280x10°)

K, , =—=-———"=56000000000[M]
L 5m

[ 11067007 5654382 0 000O0O0OOGO OGO OGO OGO OO 0 -11067007 -5654382.06 0 000000
5654382.06 3354851 6831642 0 0 0 0 0 0 O O O O O O -5654382.06 -—3354851 6831642 0 0 0 0 0 O
0 68316.42 6174957118 0 0 0 0 0 0 0 0 0 O O O 0 -68316.42 308747.8559 0 0 0 0 0 O
0 0 0 00000O0O0DO0O0O0TO 0O 0 0 0 000000
0 0 0 00000O0O0O0OO 0T OO 0 0 0 000O0GO0O
0 0 0 0000O0O00O0DO0O0O0TO OO 0 0 0 0000GO0O
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-11067007 -5654382 0 0 00O0OO OGO OGO OO OO O 0 565438206 3354851 6831642 0 0 0 0 0 O
5654382.06 -3354851 6831642 0 0 0 0 0 0 0 0 0 0 0 O 0 68316.42 308747.8559 0 0 0 0 O O
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B. Resoluciéon con MATLAB

>> KT = [ 100000 © -300000 -100000 O -300000 © © © © © © © 0 0 0 0 © © 0@ © 05
0 O0; 0 25000000 0 O -25000000 0 0 0 © 0 © O 0O O 0 O O OO OO O O 0; —-300000 0§

1200000 300000 © 600000 0 0 © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0; -100000 © 300000 :
15200000 0 0 -100000 © -300000 0 0 0 0 © © O 0 @ —15000000 0 0 0 O O; O —25000000;
0 0 50021600 108000 © -25000000 0 0 0 0 0 O O O O O O -21600 108000 0 O 0;;
-300000 O 600000 O 108000 3120000 300000 O 600000 0 © 0 ©0 ©0 0 © 0 0 O —108000;
360000 0 0 O0; © © O -100000 O 300000 15437500 0 131250 -337500 © -168750 0 0O G
-15000000 0 © 0 0 @ 0 © O; 0 © O O -25000000 O O 6251600 108000 © -37500000 O 0
0 0 0 -21600 1080000 0 0 0 © © 0; O O O -300000 O 600000 131250 108000 3720000;
168750 © 90000 0 0 © © -108000 360000 © 0 0 © 0 0; 0 0 © @ © @ -337500 @ 168750 :
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0 37521600 108000 0O -24600 1080000 0 0 © 0 © 0 ©0 0 ©0; 0 ©0 O © @ O -168750 ©
900000 168750 108000 2520000 0 —108000 360000 0 0 0 0 0 0 0 ©0 O; 0 0 0 0 ©0 @ O:
0 0 -15000000 0 © 15337500 © —168750 -337500 O -168750 0 0 0 © @ ©; © 0 0 O 0;
00000 -21600 108000 © 375216000 1080000 © -37500000 0 © © 0 @ 0 @; ©0 0 0 O
0 00 0 0 0 108000 360000 -168750 -1080000 2520000 168750 O 9000000 0 0 0 0 ©

0; 0 0 0 00 0 -15000000 0 0 0 0 © -337500 0 168750 15537500 @ -431250 —299999;
@ -600000 0 0 O; 0 0 0 0 0 O @ -21600 -108000 © O @ © -37500000 @ @ 87521600 :
-108000 © -50000000 0 0 0 0; © 0 0 0 0 © 0 108000 360000 © 0 @ -168750 © 900000 :
-432150 -108000 4920000 600000 O 1200000 © 0 O; © © © -15000000 0 0 © 0 0 O 0;
0 0 0 0 -200000 O 600000 15200000 © 600000 © 0 0; ©0 ©0 O O -21600 -108000 0 © 0;
(4 0 @ -50000000 0 O 50021600 —108000 © 0 O; O 0 © O 108000 360000
(4 0 0 -600000 0 1200000 600000 -1080000 3120000 ©0 © ©; ©0 0 @ @ 0 O
(4 00000000000, 0000V OOOOOOOOOOOO0OO0O0O0O00
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Columns 1 through 10

® ®© © ®© ®© ©®

100000 @  -300000  -100000 6 -300000 ) ) )
0 25000000 ) o -25000000 ) ) ) )
300000 @ 1200000 300000 6 600000 ) ) )
-100000 @ 300000 15200000 ) o  -100000 o  -300000
0 -25000000 ) @ 50021600 108000 0 -25000000 )
-300000 e 600000 @ 108000 3120000 300000 e 600000 :
) ) o  -100000 6 300000 15437500 e 131250  -337500
) ) ) o -25000000 ) @ 6251600 108000 o
) ) 6 -300000 @  6e0e00 131250 108000 3720000 168750
) ) ) ) ) o  -337500 6 168750 15337500 '
) ) ) ) ) ) 0 -37500000 ) 6
) ) ) ) ) e  -168750 o 000000 168750
) ) ) ) ) ) ) ) 0 -15000000 :
) ) ) ) ) ) ) ) ) o
) ) ) ) ) ) ) ) ) 0!
) ) ) ) ) o -15000000 ) ) e
) ) ) ) ) ) e  -21660  -108000 E
) ) ) ) ) ) o 108000 360000 R
) ) 0 -15000000 ) ) ) ) ) o
) ) ) e  -216e0  -108000 ) ) ) o:
) ) ) @ 108000 360000 ) ) ) 6
) ) ) ) ) ) ) ) ) o
) ) ) ) ) ) ) ) ) R
) ) ) ) ) ) ) ) ) o
Columns 11 through 20
° ) ) ) ) ) ° ) ) L
° ) ) ) ° ) ° ) ) e
) ) ) ) ) ) ) ) ) o
) ) ) ) ) ) ) o -15000000 o
) ) ) ) ° ) ° ) o -21600 :
) ) ) ) ) ) ) ) o -108000 :
o  -168750 ) ) 0 -15000000 ) ) ) 0
-37500000 ) ) ) ) @  -21600 1080000 ) e
) 90000 ) ) ) @ -108000 360000 ) o
0 168750 -15000000 ) ° ) ) ) ) 0!
37521600 108000 @  -24600 1080000 ) ) ) ) 0
108000 2520000 o  -108000 360000 ) ) ) ) 6
° o 15337500 o  -168750  -337500 o -168750 ° 0
-21600 108000 0 375216000 1080000 0 -37500000 ) ) R
108000 360000  -168750 -1080000 2520000 168750 o 9000000 ) o
) o  -337500 @ 168750 15537500 @  -431250  -200000 0!
) ) 0 -37500000 ) o 87521600  -108000 o -50000000 :
° o -168750 0 900000  -432150  -108000 4920000 600000 R
) ) ) ) o -200000 © 600000 15200000 e
) ) ) ) ) 0 -50000000 ) 0 50021600 :
) ) ) ) o -600000 0 1200000 600000 -1080000 :
) ) ) ) ) ) ) ) ) 6!
) ) ) ) ) ) ) ) ) )
) ) ) ) ) ) ) ) ) )
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Columns 21 through 24

(] (4] (4] (4]

(4] (4] (4] (4]

(4] (4] 0 (]

(4] (4] (4] (4]
108000 (4] (4] (4]
360000 (4] (4] (4]
(] (4] (4] (4]

(4 (4] (4] (4

(4] (4] (4] (4]

(4] (4] (4] (4]

(4] (4] (4] (]

(4] (4] (4] (4]

(4 (4 (4 (4

(4] (4] (4] (4]

(4] (4] (4] (4]
-600000 (] (4] (4]
(4] (4] (4] (4]
1200000 (4] (4] (4
600000 (4] (4] (4]
-108000 (4 (4 (4
3120000 (4] (4] (4]
(4] (4] (4] (4]

(4 (4 (4 (4]

(4] (4] (4] (4]

>> KR = [ 15200000 0 © -100000 © -300000 © 0 0 © 0 0 © 0 O -15000000 © 0; © 50021600 :
108000 O -25000000 0 0 0 0 0 0 0 0 O O O -21600 108000; © 108000 3120000 300000 O :
600000 0 0 0 000 00 0 0 —108000 360000; -100000 © 300000 15437500 © 131250 -337500 :
0 -168750 0 0 © -15000000 © © © © O; O -25000000 O © 62521600 108000 © -37500000 O :
0 0 0 0 -21600 108000 0 0 0; -300000 O 600000 131250 108000 3720000 168750 © 900000;
0 0 0 0 -108000 360000 © © ©; 0 © © -337500 © 168750 15337500 © 168750 -15000000 O :
0 000000; 0000 -37500000 0 0 37521600 108000 0 -21600 1080000 0 @ © @ @ 0O; :
0 0 0 -168750 O 900000 168750 108000 2520000 O -108000 360000 0 0 © © 0 0; 0 0 0 O :
0 0 -15000000 0 0 15337500 0 -168750 -337500 © -168750 0 0 0; © © 0 0 0 O O -21600 :
-108000 © 375216000 -1080000 0 -37500000 0 0 © 0; 0 0 0 0 0 © O 108000 360000 -168750 :
-108000 2520000 168750 © 9000000 © © 0; © © © -15000000 © © © © © -337500 © 168750 :
15537500 © -431250 -20000 © -600000; © 0 © 0 -21600 -108000 © © © © -37500000 © O :
87521600 -108000 0 -50000000 0; 0 © O O 108000 360000 0 © 0 -168750 © 900000 —431250;
-108000 49520000 600000 O 1200000; -185000000 0 6 0 © 0 © 0 O 0 © © -200000 O 600000 :
15200000 O 600000; © -21600 -108000 © © © 0 O © O © O O -50000000 O O 50021600 :
-108000; © 108000 360000 0 0 © 0 0 0 0 O O -600000 O 1200000 600000 -108000 3120000] :

KR =

Columns 1 through 10

® ® ®© ® ® ®

15200000 ] 2] -100000 2] -300000 2] ] 2]
0 50021600 108000 @ -25000000 2] 2] 2] 2]
2] 108000 3120000 300000 2] 600000 2] ] 2]
-100000 2] 300000 15437500 2] 131250 -337500 2] -168750
0 -25000000 2] @ 62521600 108000 0 -37500000 2]
-300000 2] 600000 131250 108000 3720000 168750 2] 900000 3
2] ] 2] -337500 2] 168750 15337500 ] 168750 -15000000
2] 2] 2] @ -37500000 2] @ 37521600 108000 2]
2] ] 2] -168750 2] 900000 168750 108000 2520000 ]
2] 2] 2] 2] 2] 0 -15000000 2] 0 15337500
2] ] 2] ] 2] ] 2] -21600 -108000 ]
2] 2] 2] 2] 2] 2] 2] 108000 360000 -168750
2] ] 0 -15000000 2] ] 2] ] 2] -337500
2] 2] 2] 2] -21600 -108000 2] 2] 2] 2]
2] ] 2] 108000 360000 2] ] 2] -168750
-185000000 2] 2] 2] 2] 2] 2] 2] 2] 2]
2] -21600 -108000 ] 2] ] 2] ] 2] ]
2] 108000 360000 2] 2] 2] 2] 2] 2] 0
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Columns 11 through

0 0

0 (2]

0 (2]

0 (<]

[ 0

0 (2]

0 (2]
-21600 1080000
-108000 360000
0 -168750

375216000 -1080000
-108000 2520000

0 168750
-37500000 (2]
0 900000
0 (2]
0 (2]
0 0

>> f = [ 3000; 0; 0; 5000; 0; 0; 0; 500; 833.33; 0; -500; 833.33; 5000; 0; 0; 3000; 0; 0]5

=
1.0e+003 *

3.0000
(4]
(4]
5.0000

>> u = inv(KR)*f

u =
0.0000
-0.0450
0.0668
-0.8637
-0.0900
0.1307
-0.6503
-0.1205
-0.2102
-0.6464
0.0033
1.0837
-0.8698
0.0028
-0.2893
0.0030
0.0028
-0.0626

-15000000

[SICICGRGRS)

-337500
0

168750
15537500
0
-431250
—-200000
0
-600000

-37500000
(2]

(]
87521600
-108000

0
-50000000
0

[CIGIOR )

108000
360000
0

0

0
-168750
0
9000000
-431250
-108000
4920000
600000
0
1200000

600000
15200000
(2]

600000

-21600
-108000

[SICIOIG IR E ORI

-50000000
0

0
50021600
-108000

-600000 :

0 :
1200000 :
600000 :
-108000 :
3120000

OO OO

VIGAS
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>>U=1[0; 0; 0; 0; -0.0450; 0.0668; -0.8637; -0.0900; 0.1307; -0.6503; —0.12@5;%
-0.2102; -0.6464; 0.0033; 1.0837; -0.8698; 0.0028; -0.2893; 0.0030; 0.0028; :
-0.0626; 0; 0; 0] 3

[OIORG]

(o)

-0.0450
0.0668
-0.8637
-0.0900
0.1307
-0.6503
-0.1205
-0.2102
-0.6464
0.0033
1.0837
-0.8698
0.0028
-0.2893
0.0030
0.0028
-0.0626

>> F = KT * U

1.0e+006 *

-0.0200

1.1250
.0401
.0022
-0.0006
.0000
.0058
.7827
.1701
.0001
.0013
.0007
.0002
.2835
-0.0027
.0037
.0004
.0006
.0084
.0006
-0.0026

[OR)

[OEOROEOREEI RN

N ®

[OEOEORORN]
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EJERCICIO 11

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,

la secuencia indicada.
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B. Resolucion con MATLAB
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Columns 1 through 17

0.0120

]

-0.0300

-0.0120

]

2.0000

-0.0300 -0.0120

]

0.1000

0.0300

]

0.0500

2]

]

0.0300

0.0120

]

0.0300

2]

@ -0.0300
~2.0000 ]
2 0.0500
@ 0.0300
2.0000 ]
0 0.1000
2] 2]
%) 2]
] ]
2] 2]
%) 2]
] ]
o ]
2] 2]
2] 2]
] ]
2] )
2] 2]
] ]
] ]
2] 2]
2] 2]
] ]
2] ]

Columns 18 through 24
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-0.0077

0.0038

0

1.6757 -

0.0038

-1.6680

[OREGENGRE IR NI IR O REG RO RGO RGO R IR )

0.003:

0.017:

0.020:

.003:

0.119:

0.041:

-0.7160

]

]

0.7160

]

]

-0.0070

]

-0.0209

0.0070

]

0.0208

-0.0005

0.0038 :

0.0005

0.0038 :

-1.6680

1.6680 :
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>> kr = (1077)*[1.0120 © ©.0300 -1.0000 0 0 © © © © © 0 0 0 ©; © 2.0015 0.0075 O :
-0.0015 0.0075 0 © ©0 ©0 0 0 0 0 0; 0.0300 0.0075 0.1500 © 0.0075 0.0250 © O:
0 06 0 0 00 0; -1.0000 © 0 1.7230 © -0.0208 -0.0070 © -0.0208 0 O:
0 -0.7160 © 0; 0 -0.0015 -0.0075 © 1.6684 -0.0037 @ -1.6664 © © 0 0 0 -0.0005 :
0.0038; © 0.0075 0.0250 -0.0208 0.0113 0.1691 0.0208 © 0.0042 © 0 © O 0.0038 :
0.0179; 0 © 0 -0.7090 0O 0.0208 ©0.7230 0 0.0208 -0.7160 ©O O 0.7160 © 0; 0 O
0 0 -1.6669 -0.0038 © 1.6741 0.0038 0 -0.0077 0.0038 0 ©.0005 -0.0038; 0 0 O:
-0.0208 0.0038 0.0221 0.0208 0.0038 ©0.1191 © 0.0038 0.0179 © 0.0038 0.0358; O :
00000 -0.7160 0 0 0.7230 0 ©0.0208 -0.0070 © ©.0208; 0 © 0 0 0 0 © -0.0077 :
-0.0038 0 1.6757 -0.0038 0 -1.66800; © 0 0 00 0 0 0.0038 0.0179 ©0.0208 0.0038 :
0.1192 0 0 0.0417; © O O O 0 0 0 0 0O -0.0070 0 0 -0.0209 0 0; © 00 0000 O:

0 0 -1.6680 0 0.0070 1.6680 0; © © 0 0 00 000 -0.0209 0 0.0417 0 0 0.0834]

kr =
1.0e+007 *
1.0120 2] 0.0300 -1.0000 ] 2] ] 2] ] 2] ] 2] 2] ] 2]
] 2.0015 0.0075 9 -0.0015 0.0075 ] 2] ] 2] ] 2] 2] ] 2]
0.0300 0.0075 0.1500 o 0.0075 0.0250 o o o o o o o o o
-1.0000 o I’} 1.7230 o -0.0208 -0.0070 o -0.0208 o ] o -0.7160 I’} e
@ -0.0015 -0.0075 2] 1.6684 -0.0037 2 -1.6664 2] 2] ] 2] 9 -0.0005 0.0038
o 0.0075 0.0250 -0.0208 0.0113 0.1691 0.0208 ] 0.0042 o o o o 0.0038 0.0179
o o o -0.7090 o 0.0208 0.7230 o 0.0208 -0.7160 o o 0.7160 o o
] 2] ] 9 -1.6669 -0.0038 ] 1.6741 0.0038 9 -0.0077 0.0038 2] 0.0005 -0.0038
o o o -0.0208 0.0038 0.0221 0.0208 0.0038 0.1191 o 0.0038 0.0179 0 0.0038 0.0358
2} o 2} o o o -0.7160 o o 0.7230 2} 0.0208 -0.0070 o 0.0208
] 2] ] 2] ] 2] @ -0.0077 -0.0038 2] 1.6757 -0.0038 9 -1.6680 o
] 2] ] 2] ] 2] ] 0.0038 0.0179 0.0208 0.0038 0.1192 2] ] 0.0417
] o o o 2} o 2} o 2} -0.0070 ] o -0.0209 o o
o o o o o o o o o o -1.6680 o 0.0070 1.6680 o
] 2] ] 2] ] 2] ] 2] 2 -0.0209 ] 0.0417 2] ] 0.0834

>> F=[-3000; 0; 0; 0; 0; 0; -4000; 0; 0; -2000; 0; 0, 0; 0; 0]

F =

>> u = inv(kr)*F

u =
0.0583
-0.0002
-0.0140
0.0588
-0.1098
0.0470
-0.1783
-0.1101
0.0598
-0.1757
-0.1077
0.0534
0.0589
-0.1080
-0.0707
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>> ut = [0; 0; 0; 0.0583; -0.0002; -0.0140; 0.0588; -0.1098;0.0470; -0.1783; —0.1101;%
0.0598; -0.1757; -0.1077; 0.0534; 0.0589; -0.1080; -0.0707; 0; 0; 0; 0; 0; 0] ]

ut =

0.0583
-0.0002
-0.0140

0.0588
-0.1098

0.0470
-0.1783
-0.1101

0.0598
-0.1757
-0.1077

0.0534

0.0589
-0.1080
-0.0707

[OIORGRORG I )

>> FT = KT*ut

FT =

1.0e+005 *

-0.0280
0.0400
0.1049

-0.0220
0.0012

-0.0001

-0.0147

-0.0004

-0.0016
8.2987
0.0007

-0.0022

-0.0133
0.0085

-0.1238
0.1634

-0.0500
0.1222
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EJERCICIO 12

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,

la secuencia indicada.
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0
2.8020
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0

0

0

0
1.6800

0.0700
0.0233
0.8400
0.1494

0

0
4.4820
0.8400

0.0233
1.6878

0.0934
0.0233

0

0
—-2.8020

-0.0233
—-0.0078

0
-1.6800 0.8400

—0.8400 0.0420

—1.6800

0
0

0 0.0700  0.0233

-0.0233

0
-0.1680 0.0084

-0.0084 0.0420
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0
0.0084
0.0560

0
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0

0
-0.0262

0
0
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0
0

0.0131 0 0.0131 0
—-2.1000
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0

2.2680
—-0.0084 0.1260
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0

0
0.0525
23219
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0
-0.0131
1.7142

0
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—0.0262

-0.1680 -0.0084

0

0
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Eliminando Filas y Columnas:

[ 1.6878 0 0.233 0 0 0 0 0 0 -1.6800 0 0 v,| [ -650 ]
0 4.4820  0.8400 0 0 0 0 0 0 0 -1.6800 0.8400 || u, -3000
0.0233 0.8400 0.1494 0 0 0 0 0 0 0 -0.8400 0.0420 || 6, | |-416.67
0 0 0 1.6800 0 0 -1.6800 0 0 0 0 0 A -400
0 0 0 0 0.1680  0.0084 0 -0.1680 0.0084 0 0 0 1, 0
R 0 0 0 0.0084  0.0560 0 -0.0084 0.0420 0 0 0 0, |_| —66.67
0 0 0 -1.6800 0 0 1.7063 0 0.0131 -0.0262 0 0.0131 |y, -400
0 0 0 0 -0.1680 -0.0084 0 22680 -0.0084 0 -2.1000 0 W, 0
0 0 0 0 0.0084 0.0420 0.0131 -0.0084 0.1260 -0.0131 0 0.0525 || 6, 666.67
-1.6800 0 0 0 0 0 -0.0262 0 -0.0131 1.7142 0 2.3219 ||y, -650
0 -1.6800 -0.8400 0 0 0 0 -2.1000 0 0 6.5820 -0.8400 || -3000
0 0.8400  0.0420 0 0 0 0.0131 0 0.0525 23219 -0.8400 02194 ||6, | | 416.67 |
B. Resolucion con MATLAB
>> K1 = (1077)*{0.0078 © -0.0233 -0.0078 0 -0.0233 0 0 0 0O 0 0 0 0 0 ©0 @ O; 0O:
2.8020 0 0 -2.8020 0 0 O OO 0O 0OOOOOO O, -0.0233 0 0.0934 0.0233 0 0.0700 e
0000000000 O0;, -0.00780 0.0233 1.6878 0 0.0233 0 0 0 0 0 0 -1.6800 © e
0 0 0; 0 -2.8020 0 0 4.4820 0.8400 0 0 0 0 0 0 O -1.6800 0.8400 0 @ 9; -0.0233 0:
0.0700 0.0233 0.8400 0.1494 0 0 0 0 0 0 0 -0.8400 0.0420 0 0 0; OO O 0 0 0 1.6800 :
00 -1.6800 00000000, 0000000 0.1680 0.0084 0 -0.1680 0.0084 0 0 0 ©
00;0600006000840.05606—0.008406426000060;060000—1.6806;
00 1.7063 0 0.0131 -0.0262 0 0.0131 0 0 0; 0 00 0 0 0 0 -0.1680 -0.0084 0 2.2680 :
-0.0084 0 -2.1000 0 © 0 0; 000 000 0O 0.0084 0.0420 0.0131 -0.0084 0.1260 -0. 6131
0 0.0525 00 0; © 00 -1.6800 000 00 -0.0262 0 -0.0131 1.7142 © 2.3219 -0.0079 e
2.3350; © 000 -1.6800 -0.8400 0 0 0 0 -2.1000 0 © 6.5820 -0.8400 0 -2.8020 0O; 06
0 0 0.8400 0.0420 0 0 0 0.0131 @ 0.0525 2.3219 -0.8400 0.2194 -2.3350 0 0.0700; e
POOOOOOOOOO -0.0079 B -2.3350 0.0079 0 -2.3350; 0 00O O OOOOOOO:
© -2.8020 0 0 2.8020 0; 0 O © 00O 0OOOOOO 2.3350 0 0.0700 23350660930]:
K1 =
1.0e+007 *

Columns 1 throguh

0.0078

-0.0233

-0.0078

-0.0233

-0.0233

]

0.0934

0.0233

©.0700

-0.0078

0.0233

1.6878

0.0233

17

]
-2.8020
)

)
4.4820

0.8400

-1.6800

0.8400

-0.0233

©.0700

0.0233

©.8400

0.1494

(]

1.6800

]

)

-1.6800

]

]

0.1680

0.0084

)

-0.1680

0.0084

©0.0084

0.0560

-0.0084

0.0420
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1.7063

0.0131

-0.0262

0.0131

-0.1680

-0.0084

2.2680

-0.0084

-2.1000

)

] ] ]

] ] ]

e ] ]

@ -1.6800 ]

) © -1.6800

(] © -0.8400

(] ] ]
©0.0084 ] 0
0.0420 ] ]
0.0131  -0.0262 ]
-0.0084 e -2.1000
0.1260 -0.0131 )
-0.0131  1.7442 ]
] ®  6.5820

0.0525  2.3219 -0.8400

e -0.0079 ]
e 0 -2.8020
e 2.335 ]

0.0131

)

0.0525

2.3219

-0.8400

0.2194

-2.3350

)

0.0700

-0.0079

]

-2.3350

0.0079

]
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Column 18
%]
%]
%]
%]
2]
%]
%]
%]
%]
2]
%]
%]
2.3350
%]
0.0700
-2.3350
%]
0.0930
>> KRD =[(1077)*[ 1.6878 © ©.0233 0 0 ©0 0 © 0 -1.6800 © 0; © 4.4820 0.8400 0 © e;
0 0 00 -1.6800 0.8400; 0.0233 0.8400 0.1494 0 0 0 0 0 0 © -0.8400 0.0420; © 0 O :
1.6800 0 © -1.6800 0 0 ©0 0 0; 0 0 O © ©0.1680 0.0084 0 -0.1680 ©.0084 0 0 0; 0 0 O :
0 0.0084 0.0560 0 -0.0084 0.0420 0 © 0; 0 © 0 -1.6800 © © 1.7063 0 0.0131 —0.0262§
0 0.0131; 0 0 0 0 -0.1680 -0.0084 O 2.2680 -0.0084 © -2.1000 0; O O O O 0.0084 :
0.0420 0.0131 -0.0084 ©.1260 -0.0131 © 0.0525; -1.6800 0 © 0 © © -0.0262 0 -0.0131:
1.7142 © 2.3219; 0 -1.6800 -0.8400 0 O O O -2.1000 O O 6.5820 -0.8400; © 6.8400§
0.0420 0 0 0 0.0131 9 ©.0525 2.3219 -0.8400 0.2194]] E
KRD =
1.0e+007 *
1.6878 o  0.0233 2} 2} 2} 2} 2} o -1.6800 2} ]
0 4.4820 0.8400 2] ) 2] ) 0 ) [} -1.6800 0.8400
0.0233 0.8400 0.1494 2] ) 2] ) 2] ) 0 -0.8400 0.0420
] 2} o  1.6800 2} 0 -1.6800 [} 2} 0 2} ]
0 2] 0 2] 0.1680 0.0084 ) -0.1680 0.0084 0 2] 0
] 2] ] 2] 0.0084 0.0560 ) -0.0084 0.0420 0 2] [}
] 2} 0 -1.6800 2} o  1.7063 0  0.0131 -0.0262 0  0.0131
0 2] ] 2] -0.1680 -0.0084 ) 2.2680 -0.0084 0 -2.1000 0
0 2] ] 2] 0.0084 0.0420 0.0131 -0.0084 0.1260 -0.0131 2] 0.0525
-1.6800 2] 0 2] ) 2] -0.0262 0 -0.0131 1.7142 2] 2.3219
[} -1.6800 -0.8400 2] ) 2] ) -2.1000 2] 0 6.5820 -0.8400
0 0.8400 0.0420 2] ) 2] 0.0131 2] 0.0525 2.3219 -0.8400 0.2194

>> f = [-650; -3000; -416.67; -400; 0; -66.67; -400; 0; 667.67; -650; -3000; 416.67] :
f = :

1.0e+003 *
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0.0000
-0.0002
0.0008
-0.0036
-0.0000
-0.0011
-0.0036
-0.0000
0.0013
0.0001
-0.0000
-0.0001

>> U =[ 0; 0; 0; 0; -0.0002; 0.0008; -0.0036; 0; -0.0011; -0.0036; O; 9.0913;;
0.0001; 0; -0.0001; 0; 0; 9]

U =

(OGO

-0.0002

-0.0036

-0.0011
-0.0036

0.0013
0.0001
(4]
-0.0001
(4]

(4

(4]

>> F =K1 *U
F =
1.0e+003 *

-0.1864
5.6040
0.5600

-1.4936

-3.0840

-0.5268

(4
0.0168

-0.0700

-0.8158

-0.0168
0.6388
0.1652

-2.5200
0.9694
2.3271
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Por lo tanto:

Fuerzas:

Y,=0

Y, =0

Y, =-0.0036 m
Y, =-0.0036 m
Ys =0.0001m

Ys=0

u, =
W, =-0.0002 m
u;=0

u,=0

Us =

He =

6,=0

6, =0.0008 rad
6, =-0.0011rad
6, =0.0013rad
6, =-0.0001 rad
6,=0

(~0.007x107)(0) +(~0.0233 x 107 )(0.0008) = F,, — 650

F, =463.6N

(~2.8020x107)(~0.0002) = F,,

F,, =5604 N

(0.0233x107)(0) +(0.0700 x 107 )(0.0008) = M,

M, =560 Nm

(0.0079x107)(0.0001) +(~2.3350 x 107 )(0.0001) = F,, — 650

F,, =2992.9N

(-2.8020x107)(0) =F,,

k, =0

(2.3350x107)(0.0001) +(0.0700 x 107)(0.0001) = M,

M, =2265Nm

VIGAS
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EJERCICIO 13

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,

la secuencia indicada.
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B. Resolucion con MATLAB
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Columns 18 through 24
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Columns 1 through 17
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>> P= (250%1079/4.99);

>> a8= (2*107-4*1)+ 12*(4*107-6*0/4.9972);
>> b8= (2*10"-4- 12*4*10"-6/4.9972)*1;

>> 8= 6*(4%¥10"-6%0/4.99);

>> d8= (2%107°-4%0)+ 12*(4*10°-6%1/4.9972);
>> e8= 6%(4%¥107-6%1/4.99);

>> 8= 4*(4*107-6);

[ORORORORORCEOEORORO R RO RO

>> g8= 2*(4*10"-6);
>>k8=P* [0 0000000000 0ODODODODODODOOOOO0OD0O;, OOOOOOOOODO
00OD0ODODODODODODODODOO;, DOVDOOODODODOODOODODODODOODOOOOOODO; 0O
000D0D0ODODODOODODODODODODODOODODODOO;, DOOODOOOOODODODOOOOOOO
0D00D0D0D; 0DOOODODODODODODOOOOOODODOODODODODODOO; OOOOOBO a8 b8 -c
000000 -a8 -b8-c300000O0; 00OOOODbL3 dB e8B®0O0O0OOO -b8 -d8 -e
0O00D0D0OD0O; OOOODODO-cBeB8BfBODODODOOOC3-e8g8B80OD0ODODOOO; OOOOO
0000D0ODODODOODODODODODODODOODO;, DOOOVDOVDODODOOOOODODODOOOOOOO
00; 0000000D0ODODODODODODODOOODOOO0ODODODD;, OOOOOOODODOOOOOG
O00OD0ODODODODODODO;, DODODODODODOOODOOOODOODODODODOODOOOO;, OOOOO
0D000D0ODODODODODODODOOODOOOO;, ©OO0OOOO -a8 -b8c800O0OOOO a8 bl c
000000, 0OO0ODOOO -b8 -d8 -e8 000000 DbL3 dB -e8000OOOO; 00O
00 -c8e8g8000D0OD0OD0ODCEB-e8Bf80000D00; OOOOOOODODODODOOOOO
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0; 00 000D OODODODODODODODODOOODODODOODODOD;, OOOOOOODOOOODOOO
000000000 09]
k8 =
1.0e+007 *

Columns 1 through 17
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) ] ) ] ) ] ] ] ] ] ) ] ) ] ] ] ]

] ] ] ] ) ] ] ] ) ] ] ] ] ] ] ) ]

] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]

) ] ) ] ) ] ) ] ) ] ) ] ) ] ] ] ]

] ] ] ] ] ] ] ] ] ] ] ] ) ] ] ) ]

) ] ] ] ) ] 1.0020 0.9923 ) ] ) ] ) ] @ -1.0020 -0.9923

] ] ) ] ] ] 0.9923 0.0097 0.0241 ] ] ] ) ] @ -0.9923 -0.0097

] ] ] ] ] ] ] 0.0241 0.0802 ] ] ] ] ] ] @ -0.0241

) ] ) ] ) ] ) ] ) ] ) ] ] ] ] ) ]

] ] ) ] ) ] ] ] ] ] ] ] ] ] ] ) ]

) ] ] ] ] ] ] ] ] ] ) ] ] ] ] ] ]

) ] ) ] ) ] ) ] ) ] ) ] ) ] ] ) ]

) ] ) ] ) ] ) ] ) ] ) ] ) ] ] ) ]

] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]

] ] ] ] ] @ -1.0020 -0.9923 ] ] ] ] ] ] ] 1.0020 0.9923

) ] ) ] ) @ -0.9923 -0.0097 -0.0241 ] ) ] ) ] ] 0.9923 0.0097

) ] ) ] ) ] ) 0.0241 0.0401 ] ) ] ) ] ] @ -0.0241

) ] ] ] ] ] ] ] ) ] ) ] ) ] ] ) ]

) ] ) ] ) ] ) ] ) ] ) ] ] ] ] ) ]

] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ) ]

) ] ] ] ] ] ] ] ] ] ) ] ] ] ] ] ]

] ] ) ] ) ] ) ] ) ] ] ] ) ] ] ] ]
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1.0e+006 *

Columns 1 through 17

(] ) e ) (] ) (] ) 0 ) (] ) () ) ) o )
0 [} e [} 0 [} 0 [} 0 [} 0 [} 0 [} [} e [}
e ) e ] 0 ] e ) e ] e ] e ] ] e ]
e ) @ 3.5459 -3.5121 0.0849 0 ] 0 ] e ) 0 ) ) e )
0 [} @ -3.5121 3.5459  ©.0849 0 [} 0 [} 0 [} 0 [} [} e [}
o ] © ©0.0849 0.0849 0.5658 o ] [ ] o ] o ] (] o (]
0 ) () ) () ) () ) () ) 0 ) () () ) () )
0 ) 0 ) 0 ) 0 ) 0 [} 0 ) 0 ) ) 0 )
e [} e [} e [} e [} e [} e [} e [} [} e [}
0 ] e ] e ) 0 ] e ) 0 ) e ) ] e ]
0 [} 0 [} 0 [} 0 [} 0 [} 0 ) 0 ) [} o [}
e [} [} [} [} [} [} [} [} [} e [} [} [} [} e [}
e ] e ) 0 ] 0 ] 0 ] e ] e ) ) e )
0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) ) e )
e 0 e [} e [} e [} e [} e [} e [} [} e [}
e ) e ] 0 ] e ] 0 ) e ) e ) ] e )
0 ) 0 ) 0 ) 0 ] 0 ] 0 ) 0 ) ] o ]
[} [} [} [} e [} [} [} [} [} [} [} e [} [} e [}
] ] ] ] ] ) 0 ) 0 ] ] ] e ) ) e ]
() ) () ) ) ) () () () () () ) () ) ) o )
0 0 0 0 e [} e 0 e [} 0 [} 0 0 [} e 0
e ) @ -3.5459  3.5121 -0.0849 e ) e ] e ) 0 ) ] [} [}
(] ) @  3.5121 -3.5459 -0.0849 ) ) () ) (] ) e () ] e )
0 [} © ©.0849 ©0.0849 ©.2829 0 [} 0 [} 0 [} 0 [} [} e [}

Columns 18 through 24

(2] 2] (4] 0 2] (4] 0
0 2] (4] 0 (2] (4] 0
2] 2] (4] (2] 2] (4] 2]
0 0 (4] @  -3.5459 3.5121 0.0849
0 2] (4] (2] 3.5121  -3.5459 0.0849
0 2] (4] 0 -0.0849 -0.0849 0.2829
0 2] (4] 0 0 (4] (]
0 2] (4] 0 2] (4] 0
0 2] (4] 0 0 (] 0
0 (2] (4] 0 0 (4] 0
(2] 2] (4] 2] 2] (4] 2]
0 0 (4] ] 0 (4] 0
0 2] (4] 0 2] (4] 2]
0 0 (4] 0 0 (4] 0
2] 0 (4] (] 0 (4] 0
(] 0 (4] 0 0 (] 2]
] 2] (4] 0 2] (4] ]
0 2] (4] 0 2] (4] 4]
0 0 (4] 0 0 (] 0
(4] 2] (4] 0 0 (4] 0
0 2] (4] (2] 2] (4] 0
0 0 (4] 0 3.5459 -3.5121 -0.0849
0 2] (4] 0 -3.5121 3.5459  -0.0849
0 2] (4] 0 -0.0849 -0.0849 0.5658
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>> KT = k1 + k2 + k3 + k4 + k5 + k6 + k7 + k8 + k9

KT =

1.0e+007 *

Columns 1 through 17

0.0096 0 -0.0240 -0.0096 0 -0.0240 %]
0 1.0000 0.0240 0 -1.0000 0.0240 2]
-0.0240 0.0240 0.0800 ©0.0240 -0.0240 0.0400 2]
-0.0096 @ 0.0240 0.3722 -0.3512 0.0125 -0.0080
© -1.0000 -0.0240 -0.3512 2.1879 -0.0045 2]
-0.0240 ©0.0240 ©0.0400 ©.0125 0.0045 ©.2032 0.0200
2] %) @ -0.0080 0 0.0200 1.0288
] ] ] © -0.8333 -0.0200 0.9923
] 0 0 -0.0200 ©0.0200 0.0333 -0.0175
e ] ] ] ] 0 -0.0187
° ] ] ] ] 0 ]
e ] ] ] ] 0 -0.0375
0 ] ] ] e ] ]
] ] 0 ] ] ] ]
0 ] ] ] 0 ] ]
0 ] ] 0 ] 0 -1.0020
0 ] ] ] ] 0 -0.9923
0 ] ] ] 0 ] ]
] ] o e 2] ] ]
] ] ] e 0 ] ]
] ] o e 0 ] ]
] ] © -0.3546 ©.3512 -0.0085 0
] ] © 0.3512 -0.3546 -0.0085 0
] ] © 0.0085 ©0.0085 0.0283 ]
Columns 18 through 24
(2] (] 0
(2] (2] 0
(2] (2] 0
(2] (] 0
(2] (2] 0
(2] (2] 0
0 (] 0
-0.0241 (2] 0
0.0401 (2] 0
(2] (2] 0
(2] (2] 0
(2] (] 0
0.0375 (2] 0
(2] (2] 0
0.0500 (2] 0
-0.0208 -0.0056 0 Q.
-0.0241 0 -0.8333
0.2468 -0.0167 0 Q.
-0.0167 0.0122 0 Q.
(2] (2] 1.8333
0.0333 0.0073 0 Q.
0 -0.0096 o -0
(2] 0 -1.0000
(2] 0.0240 0 Q.

[OIORORO RO RO R ORI OB

%) 2]
2] 2]
] %)
-0.0200 %)
0.0200 %]
0.0333 2]
-0.0175 -0.0187
0.0041 ]
0.2468  0.0375
0.0375  1.0208
0 1.0020
0.0500  0.0375
0 -1.0020
0 -1.0020
0
]
-0.0241
0.0401

]
]
]
]
]
]
]
0
0
]

® ®© ®© ®© © ©

0

(2]

2]
-0.3546
0.3512
-0.0085
(]

[CROCRCEOCEGECE ORI S]

|
(o)
[
(o)
O
)}

(2]
-0.0240
0.3642
-0.3512
-0.0325

2] 2]
2] 2]
2] 2]
e %]
2] ]
%) 2]
0 -0.0375
-1.2500 ]
0 0.0500

1.0020 0.0375

1.2597 0.0241

0.0241 ©.1802

-1.0020 0

-0.0097 -0.0241

0.0241 ©.0401

®© ®© ®© ®© ®© © © © ©

(4]

(4]

(4]
0.3512
-0.3546
-0.0085
(4]

(4]
(4]
(4]
(4]
(4]
(4]
(4]
(4]
(4]
(4]
(4]
(4]

-1.0000
(4]
-0.3512
1.3546
-0.0085

2] ]
2] 2]
2] 2]
2] ]
%) 2]
2] %)
] e
] 0
] 0

-1.0020 -1.0020

-1.0020 -0.0097 ©.0241

0 -0.0241 0.0401

1.0140 1.0020 ©.0375

1.0020 1.2597 -0.0241

©0.0375 -0.0241 0.1802

0 -1.2500

0.0375

® ®© ®© ®© © ©

-0.0120 0 -0.0375

©

0.0500

® ®© © ®© © ©
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Desplazamientos:
u=inv(k)*F

[ —0.0005m ]
—0.0004m
0.0002rad
—0.0003m
—0.0008m
—0.0006rad
0.0010m
—0.0010m
—0.0000rad
0.0010m
0.0005m

—0.0004rad
—0.0003m
0.0005m

—0.0001rad
—0.0049m
0.0005m

| 0.0003rad |

Fuerzas:
F=K*u

[ 4.3380N ]
9.4541N
—0.0759Nm
0.0798N
-0.6627N
0.0379Nm
-0.0743N
—0.9049N
-0.6833Nm
—0.0187N
—-2.3021N
0.0583Nm
—4.0479N
0.0271N
0.0646Nm
0.0368N
-0.3326N
0.8000Nm
—5.0252N
—0.4708N
—0.0074Nm
0.3941N
-4.9274N
| -1.0456Nm |

F=10’
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EJERCICIO 14

Determinar los Desplazamientos y las Cargas generadas en cada nodo, en la estructura mostrada,

la secuencia indicada.

segun

180GPa

E=

I=6x10"°m*

@

5m

=4x10"'m’
5000N

A
p

M= 6000N
80N/m

q

6m

12m

A. Resolucion
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B. Resolucion con MATLAB
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Columns 17 through 18
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-1200 0 © 1200 0; © O © 0O 0O 0O 0O OO OO 180 36 -18 0 72]
Columns 1 through 6

Columns 7 through 12
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Columns 13 through 18

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0 E
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
60000 0 180000 -60000 0 180000
0 12000000 0 © -12000000 0
180000 0 720000 -180000 0 360000
-60000 0 -180000 60000 0 -180000
0 -12000000 0 0 12000000 0
180000 0 360000 -180000 0 720000
>K5=[ 0000000000000 00000;, 000O0O0O0OO0O0OOOOO0C0C0OL:
0; PO 0000OODOOOOO0OOO00; 000 1746735.2 2505153.8 29504.1 0 @ O :
-1746735.2 -2505153.8 29504.1 0 0 0 0 © ©; © © © 2505153.8 3609253.3 -20509.01 0 0 :
@ -2505153.3 -3609253.3 -20509.01 0 6 6 0 0 ©; © © © 29504.1 -20509.01 321907.6 :
© 0 © -29504.1 20509.01 160953.8 0 0 0 0 0 0; OO O O OO 0OV OOOOOOOO:
0; 00 0VDO00DOVDOODOODOVDOODODOODOO; VDOVDOODODOODOOOOOOOOODL; 0O
® -1746735.2 -2505153.8 -29564.1 0 0 6 0 @ -29504.1 6 0 @ © © 0; © © © -2505153.8 :
-3609253.3 20509.01 0 0 0 0 © 20509.01 0 0 0 0 0 0; 0 0 © 29504.1 -20509.01 160953.8 :
00000 32197.6 000000, 0000VO00VDO0DODOOOOVDO0O0O;, OOOOOO:
PPOOOODODOOODODO, DOOOODODOOODODOOODODOODOD, OOOOOOOOO:
POODOOODODOOD, DOOODODOODODOODOOODOOODOO, OOOPOODOOOOOODO:
00000 0] :
K5 =
1.0e+006 *
Columns 1 through 8
0 ] ] 0 ] ] 0 ]
0 ] 0 0 ] 0 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 1.7467 2.5052 0.0295 0 ]
0 ] ] 2.5052 3.6093  -0.0205 0 ]
0 ] @  0.0295 -0.0205 0.3219 0 0
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 0 0 -1.7467 -2.5052 -0.0295 0 0
0 ] 0 -2.5052 -3.6093 0.0205 0 ]
0 ] 0  0.0295 -0.0205 0.1610 0 0
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
0 ] ] 0 ] ] 0 ]
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Columns 9 through 16
Columns 17 through 18
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(4]
(4]
(4]
(4]
(4]
(4]
(4]
(]
(4]
(4
(4]
(4
(4]
(4
(4]
(4
0
0
0
0
0
0
0

-12000000
12000000

0

-60000
-180000
60000

(4
-180000

180000
720000
-180000
360000

(]
(4]
(]
(4]
(4]
(4]
0
0
0
0
0
0
0
(4]
(]
(4]
(4]
(4]
(4]
(4]
(4]
(]
(4
(4]
(4
(4]
(4
(4]
(4]
(4]
(4]
(4]
(4]
(4]

12000000
-12000000

0

180000
-60000

0
180000

Columns 1 through 6
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Columns 7 through 12
Columns 13 through 18
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Columns 1 through 8
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Columns 9 through 16
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[ () (4]
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0 -0.0003 -0.0004
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0 2] (4]
(4 [ (4
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(4 () (4]

Columns 17 through 18
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[ORGCRGRORRN]
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0.0001

[OROCRORORORORORG]

-0.0014 '

0.0000 :
0.0014 :

-0.0000 :
0.0000

[CRORORORORORCRORRORSRG]

|
[
[
[}
[}
[ONG]

-0.0000
0.0000

-0.0000

[ORORORNRN]

[}

[ORORORGR RN

359



360

CariTuLO 7

>> KR = [10001850415 2505153.891 -49695.80114 -103680 © -259200 -1746735.237

-2505153.891 29504.19886 © © 0; 2505153.891 30009253.37 -20509.01628 0 —14400000;
@ -2505153.891 -3609253.374 -20509.01628 © © 0; -49695.80114 —20509.01628;
1905907.601 259200 O 432000 29504.19886 20509.01628 160953.8003 © 0 0; —103680;
@ 259200 6103680 © 259200 -6000000 © © © © O; © -14400000 © © 14407500 45000
@ -7500 45000 @ 0 0; -259200 @ 432000 259200 45000 1224000 © -45000 180000 O O :
0; -1746735237 -2505153.891 -29504.19886 -6000000 © © 7850415.237 2505153.891 '
229695.8011 -103680 © 259200; 29504.19886 -3609253.374 20509.01628 0 -7500 —45000;
-2505153.891 18016753.37 -24490.98372 © -14400000 0; 0O -20509.01628 160953.8003;
0 4500 180000 229695.8011 20509.01628 1545907.601 -259200 O 432000; © 0 0 0 0 O
-103680 0 -259200 163680 © -75200; 0 © © © 0 © O -14400000 O © 26400000 0; © 0 O :

0 0 0 259200 © 432000 -79200 O 1584000]
KR =
1.0e+010 *

Columns 1 through 8

1.0002 0.0003 -0.0000 -0.0000 @0 -0.0000 -0.0002 -0.0003

0.0003  0.0030 -0.0000 0 -0.0014 0 -0.0003 -0.0004
-0.0000 -0.0000  0.0002  ©.0000 © ©.6000  0.0000  ©0.0000 :
-0.0000 ©  ©0.0000  ©0.0006 ©  ©0.0000 -0.0006 0
0 -0.0014 0 © 0.0014  ©0.0000 © -0.0000
-0.0000 © ©.0000 ©0.0000  0.0000  ©.0001 o -0.0000
-0.1747 -0.0003 -0.0000 -0.0006 0 ©  0.0008  0.0003
0.0000 -0.0004  ©.0000 © -0.0000 -0.0000 -0.0003  ©0.0018
© -0.0000  ©.0000 © ©0.0000 ©0.0000  ©0.0000  ©0.0000
0 0 ° 0 0 0 -0.0000 0
0 ) ) 0 ) ) @ -0.0014 '
0 0 0 0 :

Columns 9 through 12

0.0000 0 (4] [
-0.0000 0 (4 (4
0.0000 2] (4] (2]
(] 0 (4] [

.0000 () (4 (4
.0000 0 (4] (4
0000 -0.0000 (4] 0.0000
-0.0000 0 -0.0014 0
0.0002 -0.0000 (4] 0.0000
-0.0000 0.0000 0 -0.0000
(] 0 0.0026 (]

) @  0.0000 0 :

VIGAS
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Desplazamientos:
u=inv(k)*F

om
om
-2.676x10"rad
—0.0003m
0.00108m
—0.002rad
0.0010m
—0.0010m
—0.0000rad
0.0010m
0.0005m
—0.0004rad
—0.0003m
0.0005m
—0.0001rad
—0.0049m
0.0005m
0.0003rad

Fuerzas:
F=Kxu

[ 4.3380N |
9.4541N
-0.0759Nm
0.0798N
-0.6627N
0.0379Nm
-0.0743N
—0.9049N
—0.6833Nm
-0.0187N
-2.3021N
0.0583Nm
—4.0479N
0.0271N
0.0646Nm
0.0368N
-0.3326N
0.8000Nm
-5.0252N
—0.4708N
—0.0074Nm
0.3941N
-4.9274N
| —1.0456Nm |
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TRABAJO DE APLICACION EN INGENIERIA: ANALISIS MATRICIAL DE UN TRAMO
DEL MUELLE DE PIMENTEL, CHICLAYO

INTRODUCCION

El presente proyecto se desarrollard en la region de Lambayeque, distrito de Pimentel el cual dicho
muelle tiene mas de 90 afios de funcion de los pobladores del distrito y turistas en general. Hoy
en dia este muelle se ha deteriorado debido a los afios que esta estructura tiene, habiendo sufrido
maltrato por parte de la naturaleza encontrandose en desuso por inactividad por carecer de operacion
y mantenimiento.

Debido a esta necesidad, es basica la implementacién de un nuevo muelle con mayores beneficios
tantos turisticos como para el traslado de las personas el cual requiere de un estudio. Motivo por el cual
se desarrollard este trabajo, estudiando el periodo de las vigas del muelle para asi reducir y controlar el
peligro y deterioro que puede causar un mal estudio de la estructura del muelle de Pimentel.

El objetivo es realizar un estudio sobre las diversas deformaciones de vigas existentes tomando como
base en un tramo del muelle de Pimentel.

Por medio de los conocimientos obtenidos en la asignatura, se estudiard la resistencia de cada uno de
los materiales empleados, en este caso, el acero, la madera solo para el revestimiento; hallando asi los
momentos, reacciones, fuerzas y esfuerzos utilizando el método matricial con el cual se obtendran los
desplazamientos, momentos y las fuerzas, tanto internas como externas en cada nodo establecido de
acuerdo con lo tomado en la investigacion.

Sobre la base de los resultados analizados, se espera que pueda ser de gran apoyo a la region, para que

asi se pueda implementar dicho muelle con una mejor tecnologia el cual obtendra mayores beneficios
tanto econémicos como turisticos.

1. DISENO DE LA INVESTIGACION

1.1. SITUACION PROBLEMATICA

Se sabe que el muelle de Pimentel tiene mas de 90 afios en funcion de los pobladores del distrito y
turistas en general. Sin embargo, hoy en dia este muelle se ha deteriorado debido a los afios que esta
estructura tiene; ademds de no haber tenido un adecuado mantenimiento.

Esta es la preocupacién por la cual se desarrollara este trabajo; estudiar el periodo de las vigas del
muelle para asi reducir y controlar el peligro y el deterioro que puede ocasionar un mal estudio de la
estructura del muelle de Pimentel.

1.2. ANTECEDENTES

El muelle de Pimentel cuya construccion se realizé en el afio 1913 (I tramo), 1915 (Il tramo) y 1961 (Il
tramo) que ha sufrido a través del tiempo el desgaste de sus estructuras que la han deteriorado lo cual
ha originado que los pobladores de distrito de Pimentel y visitantes nacionales y extranjeros quienes
son los que hacen uso de ella a través de sus representantes han venido solicitando se les incluya en
el financiamiento de la rehabilitacion del muelle de Pimentel al Gobierno Regional de Lambayeque,
asi como entidades publicas que han priorizado dentro de su presupuesto participativo el proyecto.
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1.3. OBJETIVOS

1.3.1. OBJETIVO GENERAL

Realizar un estudio sobre las diversas deformaciones de vigas existentes, tomando como base en un
tramo del muelle de Pimentel; aplicando los conocimientos obtenidos en la asignatura, mediante un
analisis estructural de vigas en el muelle de Pimentel.

1.3.2. OBJETIVOS ESPECIFICOS

® Realizar el modelo matematico de la estructura.

® Plantear la ecuacién matricial.

® Resolver la matriz ensamblada obtenida a través del software MATLAB.

® Interpretar los resultados de manera que sea un aporte para la continuacidn de este proyecto.

2. ANALISIS ESTRUCTURAL

2.1. MODELO MATEMATICO

q=1683528. 04 N

.

////////////////////////////////////////////////////////////////////////////////////

]
'7.5m 75m' 7.5m 7.5m 7.5m 75m ' 7.5m 7.5m ' 7.5m 7.5m 7.5m 75m '

! 90 metros i
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q=1683528.04 N

G)

é’lllll@"llll@"lllf NLLLL L L L e N LT T T e S LT A I 7 T ‘VIIIII@

16 metros

©@rm @ @i @ @i @i @ @i @

1 [l [l [l [l [l [l [l [l [l [l [l
"75m " 75m '75m' 7.5m '75m' 75m '75m' 7.5m ' 7.5m '7.5m ' 7.5m ' 7.5m

| 90 metros !

2.2 ANALISIS DE FUERZAS Y MOMENTOS

Para hallar los desplazamientos correspondientes, se necesita primero hallar la carga y la matriz K (se
halla momento de inercia, elasticidad y las distancias de cada tramo).

2.3. CALCULO DEL AREA

A=2x(ab+ac+ch)
A=2x(1.34 + 1440 + 201.6)

A =5551.2 m?

2.4. MODULO DE ELASTICIDAD DEL ACERO

E =2100000 Kg/cm? = 2.1 x 1010
Calcule la cantidad maxima de personas que pueden estar en el tramo del muelle evaluado al mismo
tiempo.
PESO = 20 400 visitas x 65 Kg = 1132600 Kg x 9.81 m?/s = 13 008 060 N
La carga generada en toda la longitud del muelle es 13008.060 KN. Siendo el analisis de un tramo del

muelle entonces:
695.40 m —— 13008060 N

9Om — X
X =1683528.041 N

Por tanto, la carga generada en el tramo del muelle evaluado serd 1683.528KN.

Momento de inercia

| :bxW
total 12

_ 90x 16
total T

l  =30720m’

total
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Momento de inercia de cada tramo
I 7.5x16°
12

|=2560m*

2.7. ANALISIS DE LOS ANGULOS RESPECTIVOS

I —-“
. Coseno
viga
1-2 0 -1

270°
13 45° 0.7071 0.7071
2-3 0° 1 0
3-4 270° 0 —il
3-5 45° 0.7071 0.7071
4-5 0° 1 0
5-6 270° 0 il
5-7 45° 0.7071 0.7071
6-7 0° 1 0
7-8 270° 0 —
7-9 45° 0.7071 0.7071
8-9 0° 1 0
10-11 270° 0 il
10-12 45° 0.7071 0.7071
11-12 0° 1 0
13-14 270° 0 =
13-15 45° 0.7071 0.7071
14-15 0° 1 0
16-17 270° 0 i
16-18 45° 0.7071 0.7071
17-18 0° 1 0
19-20 270° 0 il
19-21 45° 0.7071 0.7071
20-21 0° 1 0
22-23 270° 0 -1
22-24 45° 0.7071 0.7071
23-24 0° 1 0
23-25 270° 0 —i
24-25 45° 0.7071 0.7071

25-26 0° 1 0



Determinacion de las constantes

K, (1-2)
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5551.2
158F+11 0
0 7.28595E + 12
126E+12 0
= 1s7sE+11 0
0 ~7.28595E + 12
1.26E+12 0

K, (1-3)

2560

126E+12
0
1.344E+13
-1.26E+12
0
6.72E+12

-1.575E+11
0
-1.26E+12
1.575E+11
0
-1.26E+12

2.10E+10
0 126E+12
—7.28595E +12 0
0 6.72E+12
0 -1.26E+12
7.28595E+12 0
0 1.344E+13

5551.2

8.536E +12
7.007E+12
—4.05E+12
> | -8.54E+12
—7.01E+12
—4.05E+12

K, (2-3)

0.7071

7.007E+12
8.536E+12
4.055E+12
—7.01E+12
—8.54E+12
4.055E+12

2560

—4.05E+12
4.055E+12
2.867E+13
4.055E+12
—4.05E+12
1.434E+13

0.7071
-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

5551.2 2560 17.67 2.10E+10
6.5974E+12 0 0 —6.5974E+12 0 0
0 1.1693E+11 1.0331E+12 0 -1.1693E+11 1.0331E+12
0 1.0331E+12 1.217E+13 0 -1.0331E+12 6.0849E+12
K= —6.5974E+12 0 0 6.59735E+12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12 6.0849E+12 0 -1.0331E+12 1.217E+13
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K, (3-4)
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5551.2

2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E +12 0 0 ~7.28595E + 12 0
) 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
* 7| -1.575E+11 0 ~1.26E+12 1.575E+11 0 —1.26E+12
0 ~7.28595E +12 0 0 7.28595E + 12 0
1.26E+12 0 6726412 —1.26E+12 0 1.344E+13
K, (3-5)
5551.2 0.7071 2560 0.7071 2.10E+10
K, (4-5)
5551.2 2560 17.67 2.10E+10
6.5974E +12 0 0 —6.5974E+12 0 0
0 1.1693E+11  1.0331E+12 0 -1.1693E+11 1.0331E+12
. 0 1.0331E+12  1.217E+13 0 ~1.0331E+12 6.0849E+12
® 7| -6.5974E +12 0 0 6.59735E + 12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E +12 0 -1.0331E+12 1.217E+13
K, (5-6)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 —1.26E+12 0 6.72E+12
77| —1.575E+11 0 -1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E +13




K, (5-7)

ANALISIS ESTRUCTURAL CON MATRICES

5551.2

K, (6-7)

8.536E+12
7.007E +12
—4.05E+12
® | -8.54E+12
—7.01E+12
—4.05E +12

0.7071

7.007E+12
8.536E+12
4.055E+12
-7.01E+12
—8.54E+12
4.055E+12

2560

—4.05E+12
4.055E+12
2.867E+13
4.055E+12
—4.05E+12
1.434E+13

0.7071 2.10E+10
—-8.54E+12 -7.01E+12 -4.05E+12
-7.01E+12 -8.54E+12 4.055E+12
4.055E+12 -4.05E+12 1.434E+13
8.536E+12 7.007E+12 4.055E+12
7.007E+12 8.536E+12 —-4.05E+12
4.055E+12 -4.05E+12 2.867E+13

5551.2 2560 17.67 2.10E+10
6.5974E +12 0 0 —6.5974E+12 0 0
0 1.1693E+11  1.0331E+12 0 -1.1693E+11 1.0331E+12
. 0 1.0331E+12  1.217E+13 0 ~1.0331E+12 6.0849E+12
°* 7| -6.5974E+12 0 0 6.59735E + 12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E +12 0 -1.0331E+12 1.217E+13
K,, (7-8)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
. 1.26E+12 0 1.344E+13 —1.26E+12 0 6.72E+12
1071 _1.575E+11 0 ~1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.726412 —1.26E+12 0 1.344E +13
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CariTULO 8

K,, (7-9)

APLICACIONES EN LA INGENIERIA

5551.2

8.536E+12
7.007E +12
—4.05E+12
1| —8.54E+12
—7.01E+12

0.7071

7.007E+12
8.536E+12
4.055E+12
-7.01E+12
—8.54E+12

2560

—4.05E+12
4.055E+12
2.867E+13
4.055E+12
—4.05E+12

12 (8-9)

—4.05E+12

4.055E+12

1.434E+13

0.7071 2.10E+10
-8.54E+12 -7.01E+12 -4.05E+12
-7.01E+12 -8.54E+12 4.055E+12
4.055E+12 -4.05E+12 1.434E+13
8.536E+12 7.007E+12 4.055E+12
7.007E+12 8.536E+12 -4.05E+12
4.055E+12 -4.05E+12 2.867E+13

5551.2 2560 17.67 2.10E+10
6.5974E+12 0 0 —-6.5974E + 12 0 0
0 1.1693E+11 1.0331E+12 0 -1.1693E+11 1.0331E+12
. 0 1.0331E+12  1.217E+13 0 —1.0331E+12 6.0849E+12
271 _6.5974E+12 0 0 6.59735E +12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E+12 0 -1.0331E+12 1.217E+13
K, (9-10)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
B —1.575E+11 0 -1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E+13




K, (9-11)

ANALISIS ESTRUCTURAL CON MATRICES

373

0.7071
—-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

17.67 2.10E+10
—6.5974E+12 0 0
0 -1.1693E+11 1.0331E+12
0 -1.0331E+12 6.0849E+12
6.59735E+12 0 0
0 1.16931E+11 -1.0331E+12
0 -1.0331E+12 1.217E+13

5551.2 0.7071 2560
8.536E+12 7.007E+12 —-4.05E+12
7.007E+12 8.536E+12 4.055E+12

. —4.05E+12 4.055E+12 2.867E+13
¥ _854E+12 -7.01E+12 4.055E+12
-7.01E+12 -854E+12 -4.05E+12
—4.05E+12 4.055E+12 1.434E+13

K, (10-11)

5551.2 2560
6.5974E + 12 0 0
0 1.1693E+11  1.0331E+12
. 0 1.0331E+12  1.217E+13
571 _6.5974E+12 0 0
0 -1.1693E+11 -1.0331E+12
0 1.0331E+12  6.0849E +12
K, (11-12)
5551.2 2560
1.575E+11 0 1.26E+12
0 7.28595E + 12 0
. 1.26E+12 0 1.344E +13
| ~1.575E+11 0 —1.26E+12
0 —7.28595E +12 0
1.26E+12 0 6.72E+12

2.10E+10
-1.575E+11 0 1.26E+12
0 —7.28595E+12 0
-1.26E+12 0 6.72E+12
1.575E+11 0 -1.26E+12
0 7.28595E +12 0
-1.26E+12 0 1.344E+13
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K,, (11-13)

APLICACIONES EN LA INGENIERIA

0.7071
—-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

2.10E+10

17.67

—6.5974E+12
0
0
6.59735E+12
0
0

0
-1.1693E+11
-1.0331E+12

0
1.16931E+11
-1.0331E+12

0
1.0331E+12
6.0849E +12

0

-1.0331E+12
1.217E+13

5551.2 0.7071 2560
8.536E+12 7.007E+12 —4.05E+12
7.007E+12 8.536E+12 4.055E+12

’ —4.05E+12 4.055E+12 2.867E+13
V| _854E+12 -7.01E+12 4.055E+12
-7.01E+12 -8.54E+12 -4.05E+12
—4.05E+12 4.055E+12 1.434E+13
s (12-13)
5551.2 2560
6.5974E + 12 0 0
0 1.1693E+11  1.0331E+12
. 0 1.0331E+12  1.217E+13
87| _6.5974E+12 0 0
0 -1.1693E+11 -1.0331E+12
0 1.0331E+12  6.0849E +12
K,, (13-14)
5551.2 2560
1.575E+11 0 1.26E+12
0 7.28595E + 12 0
. 1.26E+12 0 1.344E +13
© | -1.575E+11 0 —1.26E+12
0 —7.28595E +12 0
1.26E+12 0 6.72E+12

-1.575E+11
0
-1.26E+12
1.575E+11
0
-1.26E+12

2.10E+10
0 1.26E+12
—7.28595E+12 0
0 6.72E+12
0 -1.26E+12
7.28595E +12 0
0 1.344E+13




K,, (13-15)

ANALISIS ESTRUCTURAL CON MATRICES

375

5551.2

8.536E+12
7.007E+12
—4.05E+12
—8.54E+12
—7.01E+12
—4.05E+12

20 T

0.7071

7.007E+12
8.536E+12
4.055E+12
-7.01E+12
—8.54E+12
4.055E+12

2560

—4.05E+12
4.055E+12
2.867E+13
4.055E+12
—4.05E+12
1.434E+13

,, (14-15)

0.7071
—-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

5551.2 2560 17.67 2.10E+10
6.5974E+12 0 0 —-6.5974E + 12 0 0
0 1.1693E+11 1.0331E+12 0 -1.1693E+11 1.0331E+12
. 0 1.0331E+12  1.217E+13 0 —1.0331E+12 6.0849E+12
27| _6.5974E+12 0 0 6.59735E +12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E+12 0 -1.0331E+12 1.217E+13
K,, (15-16)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
2 15756 +11 0 —1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E+13
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K,, (15-17)

APLICACIONES EN LA INGENIERIA

5551.2

8.536E+12
7.007E +12
—4.05E+12
2| _8.54E+12
—7.01E+12
—4.05E +12

0.7071

7.007E+12
8.536E+12
4.055E+12
—7.01E+12
—8.54E+12
4.055E+12

2560

—4.05E+12
4.055E+12
2.867E+13
4.055E+12
—4.05E+12
1.434E+13

,q (16-17)

0.7071
—-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

5551.2 2560 17.67 2.10E+10
6.5974E+12 0 0 —6.5974E +12 0 0
0 1.1693E+11 1.0331E+12 0 -1.1693E+11 1.0331E+12
¢ 0 1.0331E+12  1.217E+13 0 —1.0331E+12 6.0849E+12
27| -6.5974E+12 0 0 6.59735E +12 0 0
0 —1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E+12 0 -1.0331E+12 1.217E+13
K, (17-18)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E4+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
» [ -1.575E+11 0 -1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E+13
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K, (17-19)

5551.2 0.7071 2560 0.7071 2.10E+10
8.536E+12 7.007E+12 -4.05E+12 -8.54E+12 -7.01E+12 —-4.05E+12
7.007E+12 8.536E+12 4.055E+12 -7.01E+12 -8.54E+12 4.055E+12

¢ —4.05E+12 4.055E+12 2.867E+13 4.055E+12 -4.05E+12 1.434E+13
%7 _854E+12 -7.01E+12 4.055E+12 8.536E+12 7.007E+12 4.055E+12
-7.01E+12 -8.54E+12 -4.05E+12 7.007E+12 8.536E+12 —4.05E+12
—4.05E+12 4.055E+12 1.434E+13 4.055E+12 -4.05E+12 2.867E+13
., (18-19)

5551.2 2560 17.67 2.10E+10
6.5974E +12 0 0 —6.5974E + 12 0 0
0 1.1693E+11 1.0331E+12 0 -1.1693E+11 1.0331E+12
¢ 0 1.0331E+12  1.217E+13 0 —1.0331E+12 6.0849E+12
27| —6.5974E+12 0 0 6.59735E+12 0 0
0 —1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12 6.0849E+12 0 -1.0331E+12 1.217E+13
K,, (19-20)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E +12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
% _1575E+11 0 -1.26E+12 1.575E+11 0 —1.26E+12
0 —7.28595E + 12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E +13
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K,, (19-21)

APLICACIONES EN LA INGENIERIA

0.7071
—-8.54E+12 -7.01E+12
-7.01E+12 -8.54E+12
4.055E+12 -4.05E+12
8.536E+12 7.007E+12
7.007E+12 8.536E+12
4.055E+12 -4.05E+12

2.10E+10

—4.05E+12
4.055E+12
1.434E+13
4.055E+12
—4.05E+12
2.867E+13

17.67

—6.5974E+12
0
0
6.59735E+12
0
0

2.10E+10
0 0
-1.1693E+11 1.0331E+12
-1.0331E+12 6.0849E+12
0 0
1.16931E+11 -1.0331E+12
-1.0331E+12  1.217E+13

5551.2 0.7071 2560
8.536E+12 7.007E+12 —-4.05E+12
7.007E+12 8.536E+12 4.055E+12
. —4.05E+12 4.055E+12 2.867E+13
® | _854E+12 -7.01E+12 4.055E+12
-7.01E+12 -854E+12 -4.05E+12
—4.05E+12 4.055E+12 1.434E+13
,, (20-21)
5551.2 2560
6.5974E + 12 0 0
0 1.1693E+11 1.0331E+12
. 0 1.0331E+12  1.217E+13
27| -6.5974E +12 0 0
0 -1.1693E+11 -1.0331E+12
0 1.0331E+12  6.0849E +12
K, (21-22)
5551.2 2560
1.575E+11 0 1.26E+12
0 7.28595E + 12 0
. 1.26E+12 0 1.344E +13
| -1.575E+11 0 —1.26E+12
0 —7.28595E +12 0
1.26E+12 0 6.72E+12

-1.575E+11
0
-1.26E+12
1.575E+11
0
-1.26E+12

2.10E+10
0 1.26E+12
—7.28595E+12 0
0 6.72E+12
0 -1.26E+12
7.28595E +12 0
0 1.344E+13
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K,, (21-23)

5551.2 0.7071 2560 0.7071 2.10E+10
8.536E+12 7.007E+12 -4.056+12 -8.54E+12 -7.01E+12 -4.05E+12
7.007E+12 8.536E+12 4.055E+12 —7.01E+12 -8.54E+12 4.055E+12

¢ —4.05E+12 4.055E+12 2.867E+13 4.055E+12 -4.05E+12 1.434E+13
27| _854E+12 -7.01E+12 4.055E+12 8.536E+12 7.007E+12 4.055E+12
—7.01E+12 -8.54E+12 -4.05E+12 7.007E+12 8.536E+12 —4.05E+12
—4.05E+12 4.055E+12 1.434E+13 4.055E+12 -4.05E+12 2.867E+13
55 (22-23)
5551.2 2560 17.67 2.10E+10
6.5974E+12 0 0 —-6.5974E+12 0 0
0 1.1693E+11  1.0331E+12 0 -1.1693E+11 1.0331E+12
¢ 0 1.0331E+12  1.217E+13 0 —1.0331E+12 6.0849E+12
37| —6.5974E+12 0 0 6.59735E+12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E+12 0 -1.0331E+12 1.217E+13
K,, (23-24)
5551.2 2560 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E + 12 0 0 —7.28595E + 12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
| —1.575E+11 0 -1.26E4+12 1.575E+11 0 —1.26E+12
0 —7.28595E+12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E+13
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K,, (23-25)

APLICACIONES EN LA INGENIERIA

5551.2 0.7071 2560 0.7071 2.10E+10
8.536E+12 7.007E+12 -4.05€+12 -8.54E+12 -7.01E+12 -4.05E+12
7.007E+12 8.536E+12 4.055E+12 -7.01E+12 -8.54E+12 4.055E+12

¢ —4.05E+12 4.055E+12 2.867E+13 4.055E+12 —-4.05E+12 1.434E+13
7| -8.54E+12 -7.01E+12 4.055E+12 8.536E+12 7.007E+12 4.055E+12
-7.01E+12 -8.54E+12 -4.05E+12 7.007E+12 8.536E+12 —4.05E+12
—4.05E+12 4.055E+12 1.434E+13 4.055E+12 -4.05E+12 2.867E+13
5 (24-25)
5551.2 2560 17.67 2.10E+10
6.5974E+ 12 0 0 —-6.5974E+12 0 0
0 1.1693E+11  1.0331E+12 0 -1.1693E+11 1.0331E+12
¢ 0 1.0331E+12  1.217E+13 0 -1.0331E+12 6.0849E+12
| —-6.5974E +12 0 0 6.59735E +12 0 0
0 -1.1693E+11 -1.0331E+12 0 1.16931E+11 -1.0331E+12
0 1.0331E+12  6.0849E+12 0 -1.0331E+12 1.217E+13
K,, (25-26)
5551.2 2560 17.67 2.10E+10
1.575E+11 0 1.26E+12 -1.575E+11 0 1.26E+12
0 7.28595E +12 0 0 —7.28595E+12 0
¢ 1.26E+12 0 1.344E+13 -1.26E+12 0 6.72E+12
[ -1.575E+11 0 -1.26E+12 1.575E+11 0 -1.26E+12
0 —7.28595E+12 0 0 7.28595E + 12 0
1.26E+12 0 6.72E+12 —1.26E+12 0 1.344E+13




2.8 ResuLTADOS EN MATLAB

[eg]

2x

[og]

o O o O o O o O
5 L g Lo g P T Py

(o]

o O
=
£

0.0334m
0.8214m
0.2463rad
—0.0155m
0.8695m
—0.1486 rad
-0.0120m
0.8645m
0.1525 rad
0.0125m
0.8409m
—0.1376 rad
-0.0144m
0.8664m
0.1538 rad
0.0115m
0.8416m
—0.1380 rad
—0.0145m
0.8663m

2.9 CALCULO DE FUERZAS Y MOMENTOS

Fuerzas y momentos

al

N
X

l

o0 =5
x N <

M

n
2 u.gi‘

sl

m mm
=y =y gm
= < x © <

[
S
X

=
S
<

—8.47E+04 KN
6.34E+06KN
7.11E+06 KNm
8.25E+04 KN
—6.25E+06 KN
1.03E+06 KNm
2.58E+05 KN
6.08E+06 KN
—2.67E+06 KNm
—8.07E+04 KN
—6.39E+06 KN
8.89E+05 KNm
—2.92E+05 KN
—6.31E+06 KN
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o O

0.1538 rad
0.0115m
0.8415m

—0.1380 rad
—0.0145m
0.8662m

0.1538 rad
0.0110m
0.8416m

—-0.1379 rad

-0.0147m
0.8658m

0.1531 rad
0.0300m
0.8216m

—0.1448 rad

—-0.0588m
0.9070m

0.2153 rad

Fuerzas y momentos
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st =
2

M

m
R
x o] <

al

N g N
W N =]
x ° <

M

m
S
208 <

M

N
)
<

=<

N
o

4.85E+06 KNm
1.20E+05 KN

—6.27E+06 KN

1.08E+06 KNm
2.48E+05 KN
6.09E+06 KN

—2.68E+06 KNm

—9.02E+04 KN
—6.25E+06 KN
8.15E+05 KNm
—2.81E+05 KN
6.61E+06 KN
2.97E+06 KNm

381



382

CariTULO 8
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DISENO ESTRUCTURAL DE UN SISTEMA DE PLATAFORMA DE ELEVACION
DE AUTOMOVILES A TRAVES DEL METODO MATRICIAL EN UNA PLAYA
DE ESTACIONAMIENTO

Modelamiento del sistema estructural del elevador de automoviles:

®

L=2.1m

®

L=2.1m

@

L=2.1m

®

Vbbb dd

bldbed b

L=2.5 m @

L=2.1m

=25 m

MEIRER

MEIRER

=25 m

©

=25 m

VIVIvid

VIV bbb

=25 m

®

L=2.1m

=25 m

L=2.1m

()

=2.1m

()

L=2.1m

L=2.1m

O,

s

S S SSS S SSSSS

l, =1.6222x10"'m*
l,=3.645x10°m"*
E=210 GPa

A =0.0019 m’
g=28240.4 N/m



ANALISIS ESTRUCTURAL CON MATRICES 383

Andlisis matricial:

AXcl+12xIxs1/L1A2 (A—12x1/L172)xCS1 —6xIxS1/L1 —Axcl+12xIxsl/L122 —(A—12xI1/L172)xCS1 —6xIxS1/L1
(A—12%1/L172)xCS1 Axsl+12xIxcl/L172  6xIxCl/L1  —(A—12xI/L1°)xCS1  —(Axsl+12xIxcl/L172) 6xIxCl/L1
—6XxIxS1/L1 6xIxC1/L1 4xI| 6xIxS1/L1 —6xIxC1/L1 2xl
—(AXxcl+12xIxs1/L172) —(A—12x1/L172)xCS1 6xIxS1/L1 Axcl+12xIxs1/L1r2 (A—12x1/L172)xCS1 6xIxS1/L1
—(A=12x1/L172)xCS1  —(Axsl+12xIxcl/L172) —6xIxCl/Ll (A—12xI/L172)xCS1 (Axsl+12xIxcl/L172) —6xIxCl/L1
—6xIxS1/L1 6xIxCl/L1 2x1 6xIxS1/L1 —6xIxC1/L1 4x|

K=E/Lx

Reemplazando valores:

[ 44141496.6 8.93492E-09 —-46348571.4 —4.41415E+18 -893.4916004 —4.63486E+18 0 ---30veces::: 0
893.4916004 0.0019 2.8392E-09 —8.93492E+13  —190000000 283.9194034 : :
—4.63486E+18  283.9194034 64888000 4.63486E+18 —2.83919E+13 32444000
—4.41415E+29 —8.93492E+24 4.6349E+29  4.41415E+18  8.93492E+13  4.63486E+29
—8.93492E+13 -1.9E+19 —2.8392E+24 8.93492E+24 190000000 —2.83919E+13 :
—4.63486E+29 2.83919E+13  3.2444E+18 4.63486E+40 —2.83919E+24  6.4888E+18 : 36 veces
0 0 0 0 0 0 : :
30 veces 30 veces 30 veces 30 veces 30 veces 30 veces
L 0 36 veces 0 |
[ o 36 veces 0]
: 36 veces :
. 36 veces :
44141496.6 8.93492E-09 4634857143 -4.41415E+18 —-893.4916004 —4.63486E+18 0O 25veces :
893.4916004 0.0019 2.83919E-09 -8.93492E+13  —-190000000  283.9194034 0 25veces :
—4.63486E+18  283.9194034 64888000 4.63486E+18 —2.83919E+13 32444000 0 25veces :
—4.41415E+29 -8.93492E+24 4.63486E+29  4.41415E+18  8.93492E+13  4.63486E+29 0 25veces :
—8.93492E+13 -1.9E+19 —2.83919E+24 8.93492E+24 190000000 —2.83919E+13 0 25veces :
—4.63486E+29 2.83919E+13 3.2444E+18 4.63486E+40 —2.83919E+24 6.4888E+18 0 25veces :
0 0 0 0 0 0 0 0 :
: : : : : : 0 0 36 veces
: : : 0 0 : :
36 veces 25 veces 25 veces 25 veces 25 veces 25 veces 25 veces 0 0 :
: : : : : : : 0 0 36 veces :
: 0 0 : :
: : 0 0 0 :
| O 36 veces 0]
) 36 veces 0 ]
: 36 veces :
36 veces
36 veces
36 veces
36 veces
0O O O A4.41E+07 8.93E-09 -4.63E+07 -4.41E+18 -8.93E+02 -4.63E+18 O 30 veces
O O O 8093E+02 1.90E-03 2.84E-09 -8.93E+13 -1.90E+08 2.84E+02 0O 30 veces
0O O O -463E+18 2.84E+02 6.49E+07 4.63E+18 -2.84E+13 3.24E+07 O 30 veces
0O O O -441E+29 -8.93E+24 4.63E+29 4.41E+18 8.93E+13 4.63E+29 0O 30 veces
0O O O -893E+13 -1.90E+19 -2.84E+24 8.93E+24 1.90E+08 -2.84E+13 0O 30 veces
0O O O -4.63E+29 2.84E+13 3.24E+18 4.63E+40 -2.84E+24 6.49E+18 0 30 veces
36 veces 1 i @ 0 0 0 0 0] 0 : : 36 veces
: 24 veces 24 veces 24 veces 24 veces 24 veces :
: 24 veces : : : : : i 36 veces :
| O 0O 0 O 0 0 0 0 0 0 0 0 o |




384 CAPITULO 8 APLICACIONES EN LA INGENIERIA

: 9 veces 9 veces 9 veces 9 veces 9 veces 9 veces :
8veces 0O 1.90E—-03 O0.00E+00 O0.00E+00 —1.60E+08 0.00E+00 O0.00E4+00 O 21 veces
8veces 0 0.00E4+00 2.62E+07 3.27E+07 0.00E+00 2.20E+18 2.75E+18 0 21 veces
8veces 0 0.00E4+00 2.75e+18 5.45E+07 0.00E4+00 2.31E+29 2.73E+07 O 21 veces
8veces 0 1.34E+19 O0.00E+00 0.00E+00 1.60E+08 0.00E+00 O0.00E4+00 O 21 veces
8veces 0O O0.00E+00 1.85E+29 -1.94E+40 O0.00E+00 2.20E+18 2.31E+29 O 21 veces
8veces 0 O0.00E+00 2.31E+29 2.29E+18 0.00E+00 1.94E+40 4.58E+18 0 21 veces
36 veces : : : : : : : : : : 36 veces
: : 42 veces 42 veces 42 veces 42 veces 42 veces 42 veces : :
| o 36 veces o |
[ o 36 veces 0o ]
: 36 veces :
12 veces
0 12 veces 0 4.41E+07 2.68E-08 4.63E+07 -4.41E+18 -2.68E+03 4.63E+18 0 18 veces 0
0 12veces 0 2.68E+03 190E-03 —-852E—-09 -2.68E+14 -1.90E+08 -8.52E+02 0 18 veces 0
0 12veces 0 4.63E+18 —-852E+02 6.49E+07 -4.63E+18 8.52E+13 —8.52E+02 0 18 veces 0
0 12 veces 0 -4.41E+29 -2.68E+25 -4.63E+29 4.41E+18 2.68E+14 —4.63E+29 0 18 veces 0
0 12 veces 0 -2.68E+14 -190E+19 8.52E+24 2.68E+25 1.90E+08 8.52E+13 0 18 veces 0
0 12 veces 0 4.63E+29 —-8.52E+13 3.24E+18 —-4.63E+40 8.52E+24 6.49E+18 0 18 veces 0
: : : 0 0 0 0 0 0 0 : 0
36 veces : : : : : : : : : : 36 veces
: : 18 veces 18 veces 18 veces 18 veces 18 veces 18 veces 18 veces :
| o 0 0 0 0 0 0 0 0 0 0 o |
[0 36 veces 0o |
15 veces 15 veces 15 veces 15 veces 15 veces 15 veces
15veces 0 4.41E+07 2.68E—-08 4.63E+07 -4.41E+18 -2.68E+03 4.63E+18 0 15 veces
15veces 0 2.68E+03 190E-03 -—-8.52E-09 —-2.68E+14 -1.90E+08 —-8.52E+02 O 15 veces
15veces 0 4.63E+18 —-8.52E+02 6.49E+07 -4.63E+18 8.52E+13  3.24E+07 0 15 veces
15veces 0 —4.41E+29 -2.68E+25 —-4.63E+29 4.41E+18 2.68E+14 —-4.63E+29 0 15 veces
15veces 0 -2.68E+14 —-1.90E+19 8.52E+24 2.68E+25 1.90E + 08 8.52E+13 0 15 veces
15veces 0 4.63E+29 —-852E+13 3.24E+18 —-4.63E+40 8.52E+24 6.49E+18 0 15 veces
: : 0 0 0 0 0 0 : :
36 veces : : 15 veces 15 veces 15 veces 15 veces 15 veces 15 veces : : 36 veces
| O 36\/eces 0 |




36 veces

36 veces

36 veces

12 veces
12 veces
12 veces
12 veces
12 veces

12 veces

0

0

0
24 veces
24 veces
24 veces
24 veces
24 veces
24 veces

0

0

0

O O O O O O O o o o o o

30 veces
30 veces
30 veces
30 veces
30 veces
30 veces

0

0

0

SO O O O O O e e

36 veces
18 veces 18 veces 18 veces
4.41E+07 2.68E—08 4.63E+07
2.68E+03 190E-03 -8.52E—-09
4.63E+18 —8.52E+02 6.49E+07
—4.41E+29 -2.68E+25 -—4.63E+29
-2.68E+14 -190E+19 8.52E+24
4.63E+29 —-8.52E+13 3.24E+18
0 0 0
30 veces 30 veces 30 veces
36 veces
36 veces
24 veces 24 veces 24 veces
0 0 0
4.41E+07 893E-09 —4.63E+07
8.93E+02 1.90E—-03  2.84E-09
—4.63E+18 2.84E+02  6.49E+07
—4.41E+29 —-8.93E+24 4.63E+29
—8.93E+13 -1.90E+19 -2.84E+24
—4.63E+29 2.84E+13  3.24E+18
0 0 0
6 veces 6 veces 6 veces
36 veces
36 veces
27 veces 27 veces
: 0 0
4.41E+07 8.93E-09 -4.63E+07
8.93E+02  1.90E-03 2.84E-09
-4.63E+18 2.84E+02  6.49E+07
-4.41E+29 -8.93E+24 4.63E+29
-8.93E+13 -1.90E+19 -2.84E+24
-4.63E+29 2.84E+13  3.24E+18
0 0 0
0 0 0
0 0 0

—-4.41E+18

—8.93E+13
4.63E+18
4.41E+18
8.93E+24
4.63E+40
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18 veces

—-4.41E+18
—2.68E+14
—4.63E+18
4.41E+18
2.68E+25
—4.63E+40
0

30 veces

24 veces
0

0

6 veces

27 veces

0
-4.41E+18
-8.93E+13
4.63E+18
4.41E+18
8.93E+24
4.63E+40
0
0
0

0
18 veces 18 veces 0
: : 0
-2.68E+03 4.63E+18 O
-1.90E4+08 -8.52E+02 O
8.52E+13 3.24E4+07 O
2.68E+14 -4.63E+29 O
1.90E+08 8.52E+13 O
8.52E+24 6.49E+18 O
0 0 :
30 veces 30 veces
0
24 veces 24 veces 0
0 0 0
—893E+02 4.63E+18 O
-1.90E+08 2.84E+02 O
—2.84E+13 3.24E+07 O
893E+13 463E+29 O
1.90E+08 —2.84E+13 0O
—2.84E+24 6.49E+18 O
0 0 0
: : 0
6 veces 6 veces 0
27 veces 27 veces
0 0
-8.93E+02 -4.63E+18
-1.90E+08 2.84E+02
-2.84E+13  3.24E+07
8.93E+13 4.63E+29
1.90E+08 -2.84E+13
-2.84E+24 6.49E+18
0 0
0 0
0 0

0

0

0
30 veces
30 veces
30 veces
30 veces
30 veces

30 veces

0

0

0
6 veces
6 veces
6 veces
6 veces
6 veces
6 veces

0

0

0

O O O O O O o o o
O O O O O o o o o

36 veces

36 veces

36 veces
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386 CapiTULO 8
)
0 0
0 0 30 veces
0 0 0
30 veces 0 4.41E+07
30 veces 0 8.93E+02
30 veces 0 -4.63E+18
30 veces 0 -4.41E+29
36 veces 30veces 0 -8.93E+13
| 0 30 veces 0 -4.63E+29
[ o 0 0 0 0
i 9veces 9 veces
9veces 0 1.90E-03 0.00E+00
9veces 0O O0.00E+00 5.88E+03
9veces 0 O0.00E+00 6.17E+14
9veces 0 -1.34E+19 0.00E+00
9veces 0 O0.00E+00 -4.15E+25
36 veces 9veces 0 O0.00E+00 5.18E+25
: 21 veces 21 veces
| O 0 0 0 0
[ o 36 veces
12 veces
0
9veces 0 O 0.0019
. . 0
0
0
36 veces 18 veces
0
9veces 0 0 —1.34064E+19
: 9veces 0 O 0
| O 0O 9veces 0 O 0

36 veces

30 veces
0
8.93E-09
1.90E-03
2.84E+02
-8.93E+24
-1.90E+19
2.84E+13

9 veces

0.00E+00
7.35E+03
1.22E+04
0.00E+00
-4.36E+36
5.14E+14

21 veces

0

12 veces

0

0
—4.148E+25
5.185E +25
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30 veces 30 veces 30 veces
0 0 0
-4.63E+07 -4.41E+18 -8.93E+02
2.84E-09 -8.93E+13 -1.90E+08
6.49E+07 4.63E+18 -2.84E+13
4.63E+29 4.41E+18 8.93E+13
-2.84E+24 8.93E+24  1.90E+08
3.24E+18 4.63E+40 -2.84E+24
0 0 0 0 0
9 veces 9 veces 9 veces :
-1.60E+08 0.00E+00 0.00E+00 O 21 veces
0.00E+00 -4.94E+14 6.17E+14 0O 21 veces
0.00E+00 -5.18E+25 6.12E+03 0O 21 veces
1.60E+08 0.00E+00 0.00E+00 O 21 veces
0.00E+00 4.94E+14 -5.18E+25 0 21 veces
0.00E+00 -4.36E+36 1.03E+15 O 21 veces
21veces 21veces 21 veces
0 0 0 0 0
12 veces 12 veces 12 veces
0 —159600000 0
7348.32 0 —4.9381E+14
12247.2 0 —5.185E + 25
0 0 0
18 veces 18 veces 18 veces
0 0 0
0 159600000 0
4.3554E + 36 0 4.9381E+14
5.1438E+14 0 —4.3554E + 36

30 veces
0
-4.63E+18
2.84E+02
3.24E+07
4.63E+29
-2.84E+13
6.49E+18 |

36 veces

12 veces

0
6.1726E+14
6123.6
0
18 veces
0
0

~5.185E+25
1.0288E +15 |
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4.41E+07 8.93E-09 -4.63E+07 -4.41E+18 -8.93E+02 -4.63E+18 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
893E+02 1.90E-03 2.84E-09 -8.93E+13 -1.90E+08 2.84E+02 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00E +00
—4.63E+18 2.84E+02 6.29E+07 4.63E+18 -2.84E+13 3.24E+07 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00E +00
—441E+29 -89E+24 4.63E+29 441E+18 8.93E+13 463E+29 —441E+18 -893E+02 -4.63E+18 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00E +00
—8.93E+13 -1.90E+19 -2.84E+24 8.93E+24 1.90E+08 —2.84E+13 -893E+13 -190E+08 2.84E+02 O0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00€ + 00
—4.63E+29 284E+13 3.24E+18 4.63E+40 -2.84E+24 6.49E+18 463E+18 —-2.84E+13 3.24E+07 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E + 00
0.00E+00 O0.00E+00 0.00E+00 —4.41E+29 -8.93E+24 4.63E+29 4.41E+18 8.93E+13 463E+29 —4.41E+18 -893E+02 —4.63E+18 0.00E+00  0.00E+ 00
0.00E+00 0.00E+00 0.00E+00 —893E+13 -190E+19 -2.84E+24 8.93E+24 1.90E+08 —2.84E+13 -8.93E+13 -190E+08 2.84E+02 0.00E+00  0.00E+ 00
0.00E+00 0.00E+00 0.00E+00 —4.63E+29 2.84E+13 3.24+18 463E+40 -2.84E+24 6.49E+18 4.63E+18 -2.84E+13 3.24E+07 0.00E+00  0.00E+00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 —4.41E+29 -893E+24 4.63E+29 4.41E+18 8.93E+13 4.63E+29 —1.60E+00 0.00E+00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 -8.936+13 -1.90E+19 -2.84E+24 8.93E+24 190E+08 -2.84E+13 0.00E+00 -4.94E+14
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 —-4.63E+29 2.84E+13 3.24E+18 4.63E+40 -2.84E+24 6.49E+18 0.00E+00 -5.18E+25
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E+00 -1.34E+19 0.00E+ 00 0.00E + 00 2.04E+08 2.68E-08
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E+00 —4.15E+25 -4.36E+36 2.68E+03 4.94E+14
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 5.18E+25 5.14E+14 4.63E+18 -4.36E+36
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 ~1.34E+19 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 -4.41E+29 -2.68E+25
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E+00 —4.156+25 -4.36E+36 0.00E+ 00 0.00E + 00 0.00E + 00 ~4.41E+29 -1.90E+19
0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 5.18E+25 5.14E+14 0.00E+00 0.00E+00  0.00E +00 268E+14 -852E+13
0.00E+00 O0.00E+00 0.00E+00 -1.34E+19 0.00E+00  0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E +00 4.63E+29  0.00E +00
0.00E+00 O0.00E+00 0.00E+00 0.00E+00 —4.156+25 -4.36E+36 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00E +00
0.00E+00 O0.00E+00 0.00E+00 0.00E+00 5.18E+25 5.14E+14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00€ + 00
0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E +00 0.00E+00  0.00E +00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00F +00 0.00E+00  0.00E+ 00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E + 00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+ 00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+ 00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
0.00E + 00 0.00E +00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E +00 0.00E +00 0.00E + 00 0.00E +00 0.00E + 00 0.00E + 00
0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00 0.00E + 00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.34E+19 0.00E+00
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0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
~4.41E+18
~2.68E+14
—4.63E+18
4.41E+18
2.68E+25
—4.63E+40
—4.41E+29
—2.68E+14
0.00E+00
0.00E+00
0.00E+00
~1.34E+19
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

o oo

o
10300.5
—-4291.9

o
v, | |103005
—-4291.9
u, 0
10300.5
-4291.9

0

20601

cooooo

10300.5
4291.88

103005
4291.88

103005
4291.88

0.00E +00
~2.20E+18
~2.31E+29
0.00E +00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E +00
0.00E +00
0.00E+00
~2.68E+03
~1.90E +08
8.526+13
2.68E+14
2.20E+18
~1.94 +40
0.00E+00
~1.85E+29
2.31E+29
0.00E+00
0.00E +00
0.00E+00
0.00E+00
0.00E+00
0.00E+00




388 CAPITULO 8 APLICACIONES EN LA INGENIERIA

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
2.75€+18  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
2.73+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 —1.60E+08 0.00E+00  0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ~-220E+18 2.75E+18
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ~-231E+29 2.73E+07
4.63E+18 0.00E+00 0.00E+00 0.00E+00 ~—1.60E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
-8.52E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ~-220E+18 2.756+18 0.00E+00 0.00E+00  0.00E+00
3.24E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.31E+29 2.73E+07 0.00E+00 0.00E+00  0.00E+00
-4.63E+29 -1.60E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
-231E+29 000E+00 -2.20E+18 2.75E+18 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00
111E+19  0.00E+00 -2.31E+29 2.73E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
0.00E+00 4.41E+18 893E+13  4.63E+29 -4.41E+18 -8.93E+02 —4.63E+18 0.00E+00 0.00E+00  0.00E+00
—1.94E+40 8.93E+24 2.20E+18 -2.31E+29 -8.93E+13 -190E+08 2.84E+02 0.00E+00 0.00E+00  0.00E+00
2.20E+18 4.63E+40 -194E+40 1.11E+19 4.63E+18 -2.84E+13 3.24E+07 0.00E+00 0.00E+00  0.00E+00
0.00E+00 -4.41E+29 -8.93E+24 4.63E+29 441E+18 8.93E+13 4.63E+29 -4.41E+18 -8.93E+02 -4.63E+18
0.00E+00 -8.93E+13 -1.90E+19 -2.84E+24 8.93E+24 220E+18 -2.31E+29 -8.93E+13 -190E+08 2.84E+02
0.00E+00 -4.63E+29 2.84E+13 3.24E+18 4.63E+40 -194E+40 L11E+19 4.63E+18 -2.84E+13 3.24E+07
0.00E+00 0.00E+00 0.00E+00 0.00E+00 -4.41E+29 -8.93E+24 4.63E+29 4.41E+18 8.93E+13  4.63E+29
0.00E+00 0.00E+00 0.00E+00 0.00E+00 ~-8.93E+13 -190E+19 -2.84E+24 8.93E+24 220E+18 -2.31E+29
0.00E+00 0.00E+00 0.00E+00 0.00E+00 ~-4.63E+29 2.84E+13 3.24E+18 4.63E+40 -194E+40 111+19

Matriz inversa

827E-37 -1.19E-29 2.19E-41 2326-32 -2.58E-38 4.21E-44 -110E-38 -7.24E-34 -1.03E-47 -121E-26 6.61E-59 -117E-64 -1.03E-47 6.74E—43E 3.09E-60 2.026-46 -1.41E-36
144E-20 -3.02E-23 -1.40E—39 -6.08E-26 -4.25E-22 5.58E-37 573E-32 1956-27 -233E-40 -9.32E-19 108E-42 -191E-48 -1.186-40 -2.60E-36 5.07E-44 3.53E-30 -2.88E-30
—3.586-32 187E-33 -460E-47 -294E-36 3.56E-33 -108E-47 113€-42 7.786-38 3.62E-51 1.04E-29 -9.81E-54 180E-59 2156-51 —7.97E-47 -4.26E-55 -339E-41 1.38E-40
4.00E-31 3.86E—-35 8.80E-49 134E-37 -510E-32 2.16E-41 -7.50E-42 -2.83E-36 -2.31E-52 -1.00E-30 -4.85E-53 187E—-58 1.46E-51 1.23E-48 -258E-52 2.71E-41 5.19E-42
6.66E-15 4.99E-19 102E-32 2.87E-21 -8.37E-16 -4.856-32 -1.22E-25 -4.626-20 -3.88E-36 -1.68E—14 -7.89E-37 3.06E-42 3.21E-36 151E-32 -1.56E-38 9.456-26 5.15E-26
—6.34E—26 -4.75E-30 -9.72E-44 -2.73E-32 7.97E-27 4.62E-43 116E-36 4.40E-31 3.69E-47 160E-25 7.52E-48 -291E-53 -3.06E-47 -517E-41 149E-49 -9.00E-37 —4.90E—37
-8.26E-25 -6.19E-29 -1.276-42 -3.55-31 1.04E-25 6.026-42 124E-36 5726E-30 2.16E-41 208E-24 -2.34E-49 -636E-52 -3.996-46 -1.87E-42 194E-48 -117E-35 -6.38E-36
-1.35€-08 -1.01E-12 -2.07€E-42 -5.80E-15 169E-09 9.82E-26 2.06E-20 9.35e-14 7.856-30 3.39E-08 -3.82E-30 -6.186-36 -6.51E-30 -3.06E-26 3.16E-32 -1.91E-19 -1.04E-19
128E-19 9.626-24 197E-37 552-26 -161E-20 -9.36E-37 -193E-31 -8.90E-25 -7.48E-41 -3.23E-19 -152E-41 5.89E-47 620E-41 291E-37 -3.01E-43 182E-30 9.92E-31
9.70E-24  7.28E-28 154E—41 4.24E-30 -122E-24 -7.10E-41 -147E-35 -6.76E-29 -574E—45 -247E-23 276E-45 3.13E-45 -227E-30 2.326-41 -229E-47 1.40E-34  7.30E-35
-1.61E-19 -120E-23 -2.46E-37 -690E-26 2.026-20 1176-36 2.42E-31 111E-24 935€-41 4.04E-19 -4556-41 -516E-41 -7.74E-41 -3.646E-37 3.776-43 -2.28E-30 -1.24E-30
-4.24£-21 6.76E-25 194E-38 2.056-27  2.07-23 -3.99E-39 -8.926-34 -570E-29 -3.20E-43 -1.14E-21 -2.13E-44 6.956-51 -530E-43 490E-38 2.376-45 117E-32 -1.01E-31
6.43E-22 -7.62E-25 -2.13E-38 345E-27 -259E-23 -6.73E-39 2.04E-33 -3.84E-29 -5.39E-43 -193E-21 156E-44 109E-50 -129E-40 -254E-38 3.15E-45 -179E-30 -1.71E-31
—154E-21 1.82E-24 5.10E-38 -8.26E-27 6.20E-23 161E-38 -4.87E-33 9.126-29 129E-42 4.61E-21 -3.73E-44 -2.61E-50 2.54E-40 6.08E—-38 -5.16E-41 4.29E-30 4.08E-31
424E-21 -6.76E-25 -1.94E-38 -2.05€-27 -2.07E-23 399E-39 8.92E-34 570E-29 3.20E-43 114E-21 2.13E-44 -6.46E-51 5.30E-43 -490E-38 2.376-45 -1.17E-32 1.01E-31
4.45€-21 9.96E-19 -2.83E-32 -1.956-21 -2.186-23 -3.54E-33 9.28E-28 6.086-23 864E-37 1.026-15 2.24E-44 -678E-51 864E-37 -566E-32 248E-45 -123E-32 1.19E-25
-110E-26 -2.38E-18 6.77E-32 4.656-21 5.40E-29 8.46E-33 -2.22E-27 -1456-22 -2.07E-36 -2.44E-15 -574E-50 121E-56 -2.07E-36 1.356-31 -2.33E-51 -2.77E-36 -2.84E-25
—116E-25 2.84E-29 4.03E-43 554E-32 9.08E-28 -202E-43 -2.64E-38 157E-44 6.15E-48 -290E-26 -7.69-49 3.67E-55 -123E-47 -137E-53 -9.61E-50 4.23E-37 2.83E-47
-3.746-10 5.96E-14 1.71E-27 181E-16 1.83E-12 -3.526-28 -7.86E-23 -5.02-18 -2.82E-32 -1.01E-10 -1.88E-33 570E-40 -4.68E-32 4.326-27 -2.09E-34 103E-21 -8.94E-21
-8.94E-10 143E-13 4.09-27 4326-16 4.376-12 -842E-28 -188E-22 -1.20E-17 -6.75E-32 -2.41E-10 -4.50E-33 136E-39 -1.126-31 1.03E-26 -4.99E-34 246E-21 -2.14E-20
-9.05£-26 1.99E-29 4.13E-43 437E-32 4.42E-28 -852E-44 -190E-38 -1.23E-33 -452E-47 -157E-25 -4.54E-49 140E-55 -7.26E-47 1.056-42 -523E-50 158E-36 -2.16E-36
5.47E-16 -8.73E-20 -250E-33 -2.65E-22 -2.69E-18 5.24E-34 1.19E-28 5.68E-24 -3.99E-36 -1.38E—14 2.86E-39 -6.02E-46 -6.36E-36 -6.33E-33 1.16E-40 138E-25 1.31E-26
131E-15 -2.09E-19 -599E-33 -6.33E-22 -6.43E-18 1256-33 2.85€-28 136E-23 -954E-36 -3.30E-14 6.83k-39 -144E-45 -1526-35 -151E-32 2.786-40 3.30E-25 3.13E-26
-3.56E-10 5.686-14 1.63E-27 1726-16 1.746E-12 -3.36E-28 -7.49E-23 -4.786-18 -2.69E-32 -9.61E-11 -179E-33 543E-40 -446E-32 4.126-27 -199E-34 9.82E-22 -8.51E-21
-371E-15 7.9E-19 370E-32 3.90E-21 -9.72E-16 187E-31 4.18E-26 -2.06E-20 7.65€-36 127E-14 100E-36 2.33E-42 599%-36 9.33E-32 110E-37 -1.39E-25 -8.88E-26
-8.88E-15 172E—-18 8.85E-32 9.33E-21 -2.32E-15 4.48E-31 100E-25 -4.92E-20 183E-35 3.05-14 2.39E-36 5.58E-42 1.43E-35 2.23E-31 2.64E-37 -3.326-25 -2.12E-25
3.56E-10 -5.68E-14 -163E-27 -1726-16 -1.74E-12 3.36E-28 7.49E-23 4.786-18 269E-32 961E-11 179E-33 -543E-40 4456-32 -4126-27 199E-34 -9.82E-22 851E-21

1.26E-51 -5156-52 2.06E-47 -1.92E-56 5.14E-48 1.03E-47 1576-52 -443E-65 8.79E-85 8.54E-64 0.00E +00 =1.22E-25|m
456E-45 8.98E-41 9.01E-41 2.66E-50 -1.18E-40 -1.73E-40 -6.36E-46 -7.67E-49 144E-48 140E-47 | |103E+04 | |-4.69E-18|m
-2.25E-55 4.17E-52 -2.74E-51 2.58E-60 5.09E-52 1.18E-52 -159E-56 2.19E-60 -1.35E-59 -1.23E-58| |4.29E+03| | 5.59E-29 [rad
1086-56 7.136-52 -1.15€-52 9.93E-62 -6.46E-52 -1.12E-51 -1.36E-57 3.76E-58 -5.66E-58 -2.51E—57| |0.00E+00| |-5.256-28|m
1.73E-40 147e-35 -157E-36 1.86E-45 -223E-36 1976-36 -6.60E-43 6.13E-42 -9.25E-42 -4.12E-41 1.03E+04 -8.626-12 | m
-165€-51 -140E-46 149E-47 -178E-56 2.126-47 -188E-47 6.29E-54 -5.84E-53 8.80E-53 3.926-52 | [4.29E+03| | 8.21E-23 [rad
-2.15E-50 -1.82E-45 194E-46 -2.31E-55 276E-46 -2.44E-46 8.19E-53 -7.61-52 115€-51 5.11E-51 | |0.00E+00| | LO7E-21 |m
-3.51E-34 -2976-29 3.17€-30 -3.77E-39 451E-30 -3.9930 1.34E-36 -124E-35 187E-35 8.34E-35 | |103E+04| | 1.74E-05 |m
3.34E-45 2.83E-40 -3.026-41 3.59E-50 -4.30E-41 3.80E-41 -1276-47 118E-46 -178E-46 -7.94E-46| |4.29E+03 ~1.66E~-16 |rad
254E-49  2.126-44 -2.31E-45 270E-54 -2.97E-45 5.426-41 -547E-52 270E-41 5.426-41 -6.03E-50| |0.00E+00| |-1.26E-20|m
-4.18E-45 -3.54E-40 3.78E-41 -4.49E-50 5.37E-41 -4.75E-41 159E-47 -148E-46 2.23E-46 9.93E—46 | |2.06E+04| | 2.08E-16 |m
—6.79E-47 -533E-41 9.276-43 -1.08E-51 2.54E-41 -550E-43 6.20E-48 -2.57E-41 -5.16E—41 -4.47E-49| [0.00E+00| | 2.20E-19 [rad
-1.39E-47 1.57E-41 156E-42 125€-51 4.28E-41 1.05€-40 1.11E-46 -3.18E-50 -7.95e-52 ~-7.54E-49| |0.00E+00 =2.75€-19 | m
3.31E-47 -3.76E-41 -3.74E-42 -2.99E-51 -1.026-40 -2.50E-40 -2.66E-46 7.68E-50 3.09E-51 1.08E-48 |x|2.06E+04 |=| 6.57E-19 |m
6.79E-47 533E-41 -9.27E-43 108E-51 -2.54E-41 -5.10E-41 -6.20E-48 -2.14E—49 8.04E-51 4.47E-49 | |0.00E+00| |-2.20E—19 rad
-127€-40 7.23E-41 -1736-36 161€-45 -4.32E-37 -8.64E-37 -132E-41 -2.24E-49 B8.44E-51 0.00E+00| | 1.03E-14 |m
2526-40 -103E-40 4.13E-36 -3.85E-45 103E-36 2.076-36 3.15€-41 535E-55 -1.756-56 2.06E +04 —2.45E-14 | m
-3.00E-51 -2.57E-41 -5.16E-41 3.54E-67 -1.23E-47 -246E-47 -3.10E-64 587E-54 -3.67E-55 0.00E+00| | 9.64E-24 [rad
-5.99E-36 -2.43E-30 8.18E-32 -9.54E-41 -2.426-32 -4.85E-32 5.47E-37 189E-38 —7.09E-40 0.00E+00| | 1.94E-08 {m
-143£-35 -5.826-30 196E-31 -2.80E-40 -5.786-32 -1.16E-31 131E-36 451E-38 -170E-39 0.00E+00| | 4.65€-08 |m
-207E-51 2.16E-30 -1.19E-47 -275e-56 2.16E-41 -7.52E-47 3.06E-52 220E-52 -1.73E-55 0.00E +00 4.76E-24 |rad
877E-42 5.22E-36 -3.456-36 140E-46 -3.28E-36 -6.59E-36 1.74E-41 -2.67E-44 8.69E-46 0.00E+00| |-2.86E-14|m
2.10E-41 1.25E-35 -8.25E-36 3.34E-46 -7.85E-36 -1.58E-35 -9.97E-42 -6.37E-44 2.08E-45 1.03E+04 | |-6.84E-14|m
-5.71E-36 -4.48E-30 7.79E-32 -9.08£-41 2.13E-30 -4.626-32 521E-37 180E-38 -6.75E-40 4.29E+03| | 1.856-08 [rad
-8.51E-41 -2.44E-35 438E-36 -1.026-45 3.10E-36 6.23-36 2.38E-42 5.856-42 -2.92E-42 0.00E +00 ~1.00E-11|m
-2.04E-40 -584E-35 1056-35 -2.43E-45 7.42E-36 149E-35 G5.64E-42 140E-41 -6.97E-42 1.03E+04 | |-2.39E-11|m
5.71E-36 4.48E-30 -7.79E-32 9.08E-41 -21E-30 4.62E-32 -5.21E-37 216E-30 6.75E-40 3.76E—38 | |4.29E+03) |-1.85E-08 |rad
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DISENO ESTRUCTURAL A TRAVES DEL ANALISIS MATRICIAL DE UNA TRIBUNA
EN LA CANCHA DEPORTIVA EN UNA UNIVERSIDAD

INTRODUCCION

En la actualidad muchas universidades no cuenta con una tribuna segura y estable en sus canchas
deportivas de futbol que poseen, debido a esto cada vez que se presenta un evento deportivo o
social en estas, se arman y se colocan tribunas temporales que ponen en peligro la seguridad de los
estudiantes y docentes, aparte de generar gastos innecesarios para el alquiler del equipo para su
construccidn; razén por la cual se hace necesario construir una tribuna.

El presente trabajo a desarrollar tiene como objetivo disefar dos tribunas estables y resistentes para
200 personas.

Para el desarrollo del modelo matematico de este disefio se utilizara las matrices de rigidez las cuales
seran resueltas a través del software MATLAB.

Se espera que los desplazamientos nodales estén dentro de un rango permisible para la construccién
de la tribuna, ofreciendo la seguridad y comodidad.
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APLICACIONES EN LA INGENIERIA
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Desplazamientos Nodales:

u=inv(k)xF

Om
Om
Orad
-0.1167m
—-0.0758m
0.0959rad
-0.1182m
—0.0006m
0.2203rad
-0.0442m
-0.0392m
0.1973rad
-0.0077m
0.0785m
0.0516rad
—0.0051m
0.0789m
—-0.0730rad
—0.0150m
—0.0004m
—-0.0281rad
-0.0273m
-0.0012m
—0.0242rad
—-0.0157m
—0.0006m
—0.0099rad
—0.0160m
—0.0018m
—0.0001rad
-0.0102m
—0.0022m
—0.0007rad
Om

u=10"’

Om
Orad
Om
Om
Orad
Om
Om
Orad
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Fuerzas:

F=Kxu

[ 0.9103N ]
2.1074N
—1.4760Nm
-0.3383N
—0.0070N
—0.0336Nm
-0.3562N
0.0105N
0.0292Nm
—0.3460N
-0.0081N
—0.0342Nm
—0.3240N
0.0030N
0.0340Nm
-0.3682N
—0.0037N
—0.0321Nm
-0.3433N
—0.0045N
—0.7843Nm
~1.2966N
—9.0794N
~0.9079Nm
—0.0383N
2.7443N
—0.1730Nm
—0.3390N
0.0127N
—0.0195Nm
-0.3468N
-0.0100N
0.0439Nm
2.1939N
-0.9373N
—-0.1194Nm
ON
ON
ONm
Om
ON
ONm




DISENO DE UN PUENTE PEATONAL

Modelo matematico:
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