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X = 0

Y = 0

Z = -8.465625 m

 - Obtener coordenadas Extrusión de punto Superior/  click derecho sobre extremo izquierdo de 

elemento replicado a -10.7656 m; obtener coordenadas
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Angulo = 35.489343 °

Y No. = 5

-8.465625 Delta Angulo = 7.0978687 °

7.09786865 °

No. = 5 OK

Rotate About Axis =

Rotate About Point =

Increment Data 

Angle =

 - Desarrollar la Curva del Domo/ Seleccionar extremo izquierdo de elemento 

AB/Edit/Extrude/Extrude point to lines

 -  Eliminar elementos horizontales que no serán extruidos a áreas

 -  Extruir Elementos a Áreas/Select all/Edit /Extrude/Extrude lines to areas/ radial

Rotate About point X = 0,Y = 0

Angle = 22.5

Rotate about axis  Z

Increment Data

        Delet Source Objects    



OK

Number = 16
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OK

OK

 

 

 

 

 

 

 

 

 

Definición de Materiales  

Define / materials/concrete/Modify/show mat 

Weight per Unit 

Volume =                     2.5 Ton/m3 

Modulus of 

Elasticity E=                 2534563.6 

Poisson’s Ratio =        0.2 

f‘c = 2800 
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OK

OK

Definición de Secciones 

Define/Section properties/area sections/Cúpula/Membrana/Thickness 0.15/ 

bending 0.15 

Define/Section properties/area sections/ anillo / shell thin / thickness 0.30 / 

bending 0.3 

 

 

 

 

 

 

 

 

 

 

 

View/Set limits/ 

Choose Plane = XY 

Set Z axis limits 

Min: 0.3 

Max: 2.3 

  

Select all/Assign/area/ sections/Cúpula/Ok 
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OK

OK

Asignación de Secciones 
 

View/Set limits/ 

Choose Plane = XY 

Set Z axis limits 

Min: 0.0 

Max: 0.3 

  

 

 

 

Select all/Assign/area/ sections/Anillo/OK 
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OK

OK

Definición de cargas 

View/set limits/ Show all 

Define/ load patterns/CM add/ CV Live add   
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OK

OK

Definición de combinación de cargas 
 

Define/Load Combinations / Add New Combo/ Servicio /CM1 / CV 1 

Define/Load Combinations / Add New Combo/ Ultima /CM1.4 / CV 1.7 
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Definición de apoyo 
 

Set XY view/base/select all/Assign/Join/Restraints 

 

 

 

 

 

 

 

 

Asignación de Cargas 
 

Select/properties/Area/Section/Cúpula/Assign area load/ uniform load 

0.1465 Ton/m2 (0.03 kip/ft2) 
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Análisis de modelo de domo 
 

Analyze/Set load cases to run/Modal/Do Not Run/OK 

Show Forces/stresses/Ton/m2 

 

 

 

 

 

 

 

 

Show Forces/stresses/psi 
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ANEXO 2 

Análisis de domo  con plataforma Excel 
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Paso 1 Discretización del Domo
             Se efectúa una discretización del Domo Esférico  por medio de elementos triangulares 

que son referenciados por coordenadas X,Y.

5.3 Análisis de Domo Esférico por Elementos Finitos Asistido de Plataforma Excel

Análisis de domo esférico  asistido de plataforma Excel 
 

      En este análisis se discretizará el domo, para representar cada elemento mediante 

su matriz de rigidez, y aplicando cargas  externas para obtener deformaciones y 

esfuerzos. 
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Elemento

Xi Yi Xj Yj Xk Yk

0.255 0 1.278 0.817 0 0

ai= XjYk-XkYj 1 0.255 0

a1= 0 a2= 0 a3= 0.208335 2A =Det = 1 1.278 0.817

bi= Yj-Yk 1 0 0

b1= 0.817 b2= 0 b3= -0.817

ci =Xk-Xj 2A = 0.208

c1= -1.278 c2= 0.255 c3= 1.023 AREAA= 0.104

PRUEBA

N1 =  ( 0 +  0.817X +  -1.278 Y )/ 0.208 N1 = 1.00

N2 =  ( 0 +  0X +  0.255 Y  )/0.208 N2 = 1.00

N3 =  ( 0.208335 +  -0.817X +  1.023 Y  )/0.208 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

1.394 0.685 1.278 0.817 0.255 0

ai= XjYk-XkYj 1 1.394 0.685

a1= -0.208335 a2= 0.174675 a3= 0.263468 2A =Det = 1 1.278 0.817

bi= Yj-Yk 1 0.255 0

b1= 0.817 b2= -0.685 b3= -0.132

ci =Xk-Xj 2A = 0.229

c1= -1.023 c2= 1.139 c3= -0.116 AREAB= 0.1145 0.000

PRUEBA

N1 =  ( -0.208335 +  0.817X +  -1.023 Y )/ 0.229 N1 = 1.00

N2 =  ( 0.174675 +  -0.685X +  1.139 Y  )/0.229 N2 = 1.00

N3 =  ( 0.263468 +  -0.132X +  -0.116 Y  )/0.229 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

1.278 0.817 1.395 0.685 2.525 1.397

ai= XjYk-XkYj 1 1.278 0.817

a1= 0.21919 a2= 0.277559 a3= -0.264285 2A =Det = 1 1.395 0.685

bi= Yj-Yk 1 2.525 1.397

b1= -0.712 b2= 0.58 b3= 0.132

ci =Xk-Xj 2A = 0.232

c1= 1.13 c2= -1.247 c3= 0.117 AREAC= 0.116

PRUEBA

N1 =  ( 0.21919 +  -0.712X +  1.13 Y )/ 0.232 N1 = 1.00

N2 =  ( 0.277559 +  0.58X +  -1.247 Y  )/0.232 N2 = 1.00

N3 =  ( -0.264285 +  0.132X +  0.117 Y  )/0.232 N3 = 1.00

Calculo del Area

Funciones de Forma

Calculo del Area

B

Ni =( a +bx + cy )/2A

Funciones de Forma

1 2 3

A

Funciones de Forma

Calculo del Area

Ni =( a +bx + cy )/2A

1 2 3

1 2 3

C

Ni =( a +bx + cy )/2A

Determinación de la matriz  local del elemento 
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Elemento

Xi Yi Xj Yj Xk Yk

2.576 1.257 2.521 1.397 1.394 0.685

ai= XjYk-XkYj 1 2.576 1.257

a1= -0.220533 a2= -0.012302 a3= 0.429775 2A =Det = 1 2.521 1.397

bi= Yj-Yk 1 1.394 0.685

b1= 0.712 b2= -0.572 b3= -0.14

ci =Xk-Xj 2A = 0.196

c1= -1.127 c2= 1.182 c3= -0.055 AREAD= 0.098

PRUEBA

N1 =  ( -0.220533 +  0.712X +  -1.127 Y )/ 0.196 N1 = 1.00

N2 =  ( -0.012302 +  -0.572X +  1.182 Y  )/0.196 N2 = 1.00

N3 =  ( 0.429775 +  -0.14X +  -0.055 Y  )/0.196 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

2.521 1.397 2.576 1.257 3.849 1.822

ai= XjYk-XkYj 1 2.521 1.397

a1= -0.144721 a2= 0.783791 a3= -0.429775 2A =Det = 1 2.576 1.257

bi= Yj-Yk 1 3.849 1.822

b1= -0.565 b2= 0.425 b3= 0.14

ci =Xk-Xj 2A = 0.209

c1= 1.273 c2= -1.328 c3= 0.055 AREAE= 0.1045

PRUEBA

N1 =  ( -0.144721 +  -0.565X +  1.273 Y )/ 0.209 N1 = 1.00

N2 =  ( 0.783791 +  0.425X +  -1.328 Y  )/0.209 N2 = 1.00

N3 =  ( -0.429775 +  0.14X +  0.055 Y  )/0.209 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

3.885 1.676 3.849 1.822 2.576 1.257

ai= XjYk-XkYj 1 3.885 1.676

a1= 0.144721 a2= -0.566068 a3= 0.62754 2A =Det = 1 3.849 1.822

bi= Yj-Yk 1 2.576 1.257

b1= 0.565 b2= -0.419 b3= -0.146

ci =Xk-Xj 2A = 0.206

c1= -1.273 c2= 1.309 c3= -0.03599 AREAF= 0.103

PRUEBA

N1 =  ( 0.144721 +  0.565X +  -1.273 Y )/ 0.206 N1 = 1.00

N2 =  ( -0.566068 +  -0.419X +  1.309 Y  )/0.206 N2 = 1.00

N3 =  ( 0.62754 +  -0.146X +  -0.03599 Y  )/0.206 N3 = 1.00

F
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

Funciones de Forma

1 2 3

1 2 3

E
Calculo del Area

D
Calculo del Area

Ni =( a +bx + cy )/2A

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

1

2

3
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Elemento

Xi Yi Xj Yj Xk Yk

3.849 1.822 3.885 1.676 5.198 2.071

ai= XjYk-XkYj 1 3.849 1.822

a1= -0.666013 a2= 1.499477 a3= -0.62754 2A =Det = 1 3.885 1.676

bi= Yj-Yk 1 5.198 2.071

b1= -0.395 b2= 0.249 b3= 0.146

ci =Xk-Xj 2A = 0.205

c1= 1.313 c2= -1.349 c3= 0.03599 AREAG= 0.1025

PRUEBA

N1 =  ( -0.666013 +  -0.395X +  1.313 Y )/ 0.205 N1 = 1.00

N2 =  ( 1.499477 +  0.249X +  -1.349 Y  )/0.205 N2 = 1.00

N3 =  ( -0.62754 +  0.146X +  0.03599 Y  )/0.205 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

5.216 1.923 5.198 2.071 3.885 1.676

ai= XjYk-XkYj 1 5.216 1.923

a1= 0.666013 a2= -1.271161 a3= 0.80658 2A =Det = 1 5.198 2.071

bi= Yj-Yk 1 3.885 1.676

b1= 0.395 b2= -0.247 b3= -0.148

ci =Xk-Xj 2A = 0.201

c1= -1.313 c2= 1.331 c3= -0.01799 AREAH= 0.1005

PRUEBA

N1 =  ( 0.666013 +  0.395X +  -1.313 Y )/ 0.201 N1 = 1.00

N2 =  ( -1.271161 +  -0.247X +  1.331 Y  )/0.201 N2 = 1.00

N3 =  ( 0.80658 +  -0.148X +  -0.01799 Y  )/0.201 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

5.198 2.071 5.216 1.923 6.505 2.15

ai= XjYk-XkYj 1 5.198 2.071

a1= -1.294715 a2= 2.29615 a3= -0.80658 2A =Det = 1 5.216 1.923

bi= Yj-Yk 1 6.505 2.15

b1= -0.227 b2= 0.07899 b3= 0.148

ci =Xk-Xj 2A = 0.194

c1= 1.289 c2= -1.307 c3= 0.01799 AREAI= 0.097

PRUEBA

N1 =  ( -1.294715 +  -0.227X +  1.289 Y )/ 0.194 N1 = 1.00

N2 =  ( 2.29615 +  0.07899X +  -1.307 Y  )/0.194 N2 = 1.00

N3 =  ( -0.80658 +  0.148X +  0.01799 Y  )/0.194 N3 = 1.00

I
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

H
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

G
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

1 2 3

2

1

3
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Elemento

Xi Yi Xj Yj Xk Yk

6.505 2 6.505 2.15 5.216 1.923

ai= XjYk-XkYj 1 6.505 2

a1= 1.294715 a2= -2.07711 a3= 0.97575 2A =Det = 1 6.505 2.15

bi= Yj-Yk 1 5.216 1.923

b1= 0.227 b2= -0.077 b3= -0.15

ci =Xk-Xj 2A = 0.193

c1= -1.289 c2= 1.289 c3= 0 AREAJ= 0.0965

PRUEBA

N1 =  ( 1.294715 +  0.227X +  -1.289 Y )/ 0.193 N1 = 1.00

N2 =  ( -2.07711 +  -0.077X +  1.289 Y  )/0.193 N2 = 1.00

N3 =  ( 0.97575 +  -0.15X +  0 Y  )/0.193 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

6.505 2.15 6.505 2 7.812 2.071

ai= XjYk-XkYj 1 6.505 2.15

a1= -2.152145 a2= 3.32394 a3= -0.97575 2A =Det = 1 6.505 2

bi= Yj-Yk 1 7.812 2.071

b1= -0.071 b2= -0.0789 b3= 0.15

ci =Xk-Xj 2A = 0.196

c1= 1.307 c2= -1.307 c3= 0 AREAK= 0.098

PRUEBA

N1 =  ( -2.152145 +  -0.071X +  1.307 Y )/ 0.196 N1 = 1.00

N2 =  ( 3.32394 +  -0.0789X +  -1.307 Y  )/0.196 N2 = 1.00

N3 =  ( -0.97575 +  0.15X +  0 Y  )/0.196 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

7.794 1.923 7.812 2.071 6.505 2

ai= XjYk-XkYj 1 7.794 1.923

a1= 2.152145 a2= -3.07888 a3= 1.11889 2A =Det = 1 7.812 2.071

bi= Yj-Yk 1 6.505 2

b1= 0.071 b2= 0.077 b3= -0.148

ci =Xk-Xj 2A = 0.192

c1= -1.307 c2= 1.289 c3= 0.018 AREAL= 0.096

PRUEBA

N1 =  ( 2.152145 +  0.071X +  -1.307 Y )/ 0.192 N1 = 1.00

N2 =  ( -3.07888 +  0.077X +  1.289 Y  )/0.192 N2 = 1.00

N3 =  ( 1.11889 +  -0.148X +  0.018 Y  )/0.192 N3 = 1.00

L
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

K
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

J
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

1 2 3

1

2

3
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Elemento

Xi Yi Xj Yj Xk Yk

7.812 2.071 7.794 1.923 9.161 1.822

ai= XjYk-XkYj 1 7.812 2.071

a1= -3.415935 a2= 4.73896 a3= -1.11889 2A =Det = 1 7.794 1.923

bi= Yj-Yk 1 9.161 1.822

b1= 0.101 b2= -0.249 b3= 0.148

ci =Xk-Xj 2A = 0.204

c1= 1.367 c2= -1.349 c3= -0.018 AREAM= 0.102

PRUEBA

N1 =  ( -3.415935 +  0.101X +  1.367 Y )/ 0.204 N1 = 1.00

N2 =  ( 4.73896 +  -0.249X +  -1.349 Y  )/0.204 N2 = 1.00

N3 =  ( -1.11889 +  0.148X +  -0.018 Y  )/0.204 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

9.124 1.676 9.161 1.822 7.794 1.923

ai= XjYk-XkYj 1 9.124 1.676

a1= 3.415935 a2= -4.4827 a3= 1.27009 2A =Det = 1 9.161 1.822

bi= Yj-Yk 1 7.794 1.923

b1= -0.101 b2= 0.247 b3= -0.146

ci =Xk-Xj 2A = 0.203

c1= -1.367 c2= 1.33 c3= 0.03699 AREAN= 0.1015

PRUEBA

N1 =  ( 3.415935 +  -0.101X +  -1.367 Y )/ 0.203 N1 = 1.00

N2 =  ( -4.4827 +  0.247X +  1.33 Y  )/0.203 N2 = 1.00

N3 =  ( 1.27009 +  -0.146X +  0.03699 Y  )/0.203 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

9.161 1.822 9.124 1.676 10.489 1.397

ai= XjYk-XkYj 1 9.161 1.822

a1= -4.833336 a2= 6.31304 a3= -1.27 2A =Det = 1 9.124 1.676

bi= Yj-Yk 1 10.489 1.397

b1= 0.279 b2= -0.425 b3= 0.146

ci =Xk-Xj 2A = 0.209

c1= 1.365 c2= -1.328 c3= -0.0369 AREAÑ= 0.1045

PRUEBA

N1 =  ( -4.833336 +  0.279X +  1.365 Y )/ 0.209 N1 = 1.00

N2 =  ( 6.31304 +  -0.425X +  -1.328 Y  )/0.209 N2 = 1.00

N3 =  ( -1.27 +  0.146X +  -0.0369 Y  )/0.209 N3 = 1.00

Ñ
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

N
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

M
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

1 2 3

3
1

2

2

1

3

3

1

2
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Elemento

Xi Yi Xj Yj Xk Yk

10.434 1.257 10.489 1.397 9.124 1.676

ai= XjYk-XkYj 1 10.434 1.257

a1= 4.833336 a2= -6.01851 a3= 1.3916 2A =Det = 1 10.489 1.397

bi= Yj-Yk 1 9.124 1.676

b1= -0.279 b2= 0.419 b3= -0.14

ci =Xk-Xj 2A = 0.206

c1= -1.365 c2= 1.31 c3= 0.055 AREAO= 0.103

PRUEBA

N1 =  ( 4.833336 +  -0.279X +  -1.365 Y )/ 0.206 N1 = 1.00

N2 =  ( -6.01851 +  0.419X +  1.31 Y  )/0.206 N2 = 1.00

N3 =  ( 1.3916 +  -0.14X +  0.055 Y  )/0.206 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

10.489 1.397 10.434 1.257 11.661 0.685

ai= XjYk-XkYj 1 10.489 1.397

a1= -7.510587 a2= 9.10545 a3= -1.3916 2A =Det = 1 10.434 1.257

bi= Yj-Yk 1 11.661 0.685

b1= 0.572 b2= -0.712 b3= 0.14

ci =Xk-Xj 2A = 0.203

c1= 1.227 c2= -1.172 c3= -0.055 AREAP= 0.1015

PRUEBA

N1 =  ( -7.510587 +  0.572X +  1.227 Y )/ 0.203 N1 = 1.00

N2 =  ( 9.10545 +  -0.712X +  -1.172 Y  )/0.203 N2 = 1.00

N3 =  ( -1.3916 +  0.14X +  -0.055 Y  )/0.203 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

11.661 0.685 11.732 0.817 10.489 1.397

ai= XjYk-XkYj 1 11.661 0.685

a1= 7.820091 a2= -9.10545 a3= 1.4906 2A =Det = 1 11.732 0.817

bi= Yj-Yk 1 10.489 1.397

b1= -0.58 b2= 0.712 b3= -0.132

ci =Xk-Xj 2A = 0.205

c1= -1.243 c2= 1.172 c3= 0.0709 AREAQ= 0.1025

PRUEBA

N1 =  ( 7.820091 +  -0.58X +  -1.243 Y )/ 0.205 N1 = 1.00

N2 =  ( -9.10545 +  0.712X +  1.172 Y  )/0.205 N2 = 1.00

N3 =  ( 1.4906 +  -0.132X +  0.0709 Y  )/0.205 N3 = 1.00

Q
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

P
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

O
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

1 2 3

2

1

3

2

1

3

3

2

1
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Elemento

Xi Yi Xj Yj Xk Yk

11.732 0.817 11.661 0.685 13.01 0.00

ai= XjYk-XkYj 1 11.732 0.817

a1= -8.91185 a2= 10.6291 a3= -1.4906 2A =Det = 1 11.661 0.685

bi= Yj-Yk 1 13.01 0

b1= 0.685 b2= -0.817 b3= 0.132

ci =Xk-Xj 2A = 0.226

c1= 1.349 c2= -1.278 c3= -0.0709 AREAR= 0.113

PRUEBA

N1 =  ( -8.91185 +  0.685X +  1.349 Y )/ 0.226 N1 = 1.00

N2 =  ( 10.6291 +  -0.817X +  -1.278 Y  )/0.226 N2 = 1.00

N3 =  ( -1.4906 +  0.132X +  -0.0709 Y  )/0.226 N3 = 1.00

Elemento

Xi Yi Xj Yj Xk Yk

12.755 0.00 13.01 0.00 11.661 0.69

ai= XjYk-XkYj 1 12.755 0

a1= 8.91185 a2= -8.7371 a3= 0 2A =Det = 1 13.01 0

bi= Yj-Yk 1 11.661 0.685

b1= -0.685 b2= 0.685 b3= 0

ci =Xk-Xj 2A = 0.174

c1= -1.349 c2= 1.094 c3= 0.2549 AREAS= 0.087

PRUEBA

N1 =  ( 8.91185 +  -0.685X +  -1.349 Y )/ 0.174 N1 = 1.00

N2 =  ( -8.7371 +  0.685X +  1.094 Y  )/0.174 N2 = 1.00

N3 =  ( 0 +  0X +  0.2549 Y  )/0.174 N3 = 1.00

1 2 3

S
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

R
Calculo del Area

Funciones de Forma
Ni =( a +bx + cy )/2A

1 2 3

2

3

1

3

2

1
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𝐾𝑖  2𝑥2
(𝑒) =

1

4𝐴𝑒
[
𝑏𝑖𝑏 𝑑11 + 𝑐𝑖𝑐 𝑑33 𝑏𝑖𝑐 𝑑12 + 𝑏 𝑐𝑖𝑑33
𝑐𝑖𝑏 𝑑21 + 𝑐 𝑏𝑖𝑑33 𝑏𝑖𝑏 𝑑33 + 𝑐𝑖𝑐 𝑑22

] 

MATRIZ DE RIGIDEZ DEL ELEMENTO A

b1= 0.817 C1= -1.278 b2= 0 C2= 0.255 A = 0.104

b3= -0.817 C3= 1.203 1/4 A = 2.4038462

8.268E+10 -3.92E+10 -8.16E+09 2.608E+09 -8E+10 3.85E+10

K11 = -3.92E+10 1.19E+11 K12 = 5.217E+09 -2.04E+10 K13 = 4E+10 -1.1E+11

-8.16E+09 5.217E+09 1.628E+09 0 8E+09 -5.2E+09

K21 = 2.608E+09 -2.04E+10 K22 = 0 4.071E+09 K23 = -3E+09 1.92E+10

-8.03E+10 3.768E+10 7.681E+09 -2.61E+09 8E+10 -3.7E+10

K31 = 3.845E+10 -1.13E+11 K32 = -5.22E+09 1.92E+10 K33 = -4E+10 1.07E+11

8.27E+10 -3.92E+10 -8.16E+09 2.61E+09 -8.03E+10 3.85E+10

-3.92E+10 1.19E+11 5.22E+09 -2.04E+10 3.77E+10 -1.13E+11

KA = -8.16E+09 5.22E+09 1.63E+09 0.00E+00 7.68E+09 -5.22E+09

2.61E+09 -2.04E+10 0.00E+00 4.07E+09 -2.61E+09 1.92E+10

-8.03E+10 3.77E+10 7.68E+09 -2.61E+09 7.80E+10 -3.69E+10

3.85E+10 -1.13E+11 -5.22E+09 1.92E+10 -3.69E+10 1.07E+11

MATRIZ DE RIGIDEZ DEL ELEMENTO B

b1= 0.817 C1= -1.203 b2= -0.685 C2= 1.139 A = 0.1145

b3= -0.132 C3= -0.116 1/4 A = 2.1834061

7.087E+10 -3.35E+10 -6.3E+10 2.932E+10 -3E+09 2.53E+09

K11 = -3.35E+10 9.747E+10 K12 = 3.054E+10 -9.06E+10 K13 = -3E+08 5.48E+09

-6.3E+10 3.054E+10 5.619E+10 -2.66E+10 2E+09 -2.5E+09

K21 = 2.932E+10 -9.06E+10 K22 = -2.66E+10 8.444E+10 K23 = 1E+08 -5.5E+09

-2.96E+09 -3.5E+08 2.136E+09 97479985 1E+09 5.22E+08

K31 = 2.534E+09 5.482E+09 K32 = -2.52E+09 -5.46E+09 K33 = 5E+08 1.16E+09

7.09E+10 -3.35E+10 -6.30E+10 2.93E+10 -2.96E+09 2.53E+09

-3.35E+10 9.75E+10 3.05E+10 -9.06E+10 -3.50E+08 5.48E+09

KB = -6.30E+10 3.05E+10 5.62E+10 -2.66E+10 2.14E+09 -2.52E+09

2.93E+10 -9.06E+10 -2.66E+10 8.44E+10 9.75E+07 -5.46E+09

-2.96E+09 -3.50E+08 2.14E+09 9.75E+07 1.30E+09 5.22E+08

2.53E+09 5.48E+09 -2.52E+09 -5.46E+09 5.22E+08 1.16E+09

MATRIZ DE RIGIDEZ DEL ELEMENTO C

b1= -0.712 C1= 1.13 b2= 0.58 C2= -1.247 A = 0.116

b3= 0.132 C3= 0.117 1/4 A = 2.1551724

5.712E+10 -2.71E+10 -5.48E+10 2.468E+10 -2E+09 2.41E+09

K11 = -2.71E+10 8.305E+10 K12 = 2.729E+10 -8.84E+10 K13 = -2E+08 5.31E+09

-5.48E+10 2.729E+10 5.379E+10 -2.44E+10 1E+09 -2.9E+09

K21 = 2.468E+10 -8.84E+10 K22 = -2.44E+10 9.483E+10 K23 = -3E+08 -6.5E+09

-2.31E+09 -1.96E+08 1.021E+09 -3.24E+08 1E+09 5.2E+08

K31 = 2.414E+09 5.31E+09 K32 = -2.93E+09 -6.47E+09 K33 = 5E+08 1.16E+09

5.71E+10 -2.71E+10 -5.48E+10 2.47E+10 -2.31E+09 2.41E+09

-2.71E+10 8.30E+10 2.73E+10 -8.84E+10 -1.96E+08 5.31E+09

KC = -5.48E+10 2.73E+10 5.38E+10 -2.44E+10 1.02E+09 -2.93E+09

2.47E+10 -8.84E+10 -2.44E+10 9.48E+10 -3.24E+08 -6.47E+09

-2.31E+09 -1.96E+08 1.02E+09 -3.24E+08 1.29E+09 5.20E+08

2.41E+09 5.31E+09 -2.93E+09 -6.47E+09 5.20E+08 1.16E+09

𝐾𝑖  2𝑥2
𝑒 =

1

4𝐴𝑒
𝑏𝑖𝑏 𝑑11+ 𝑐𝑖𝑐 𝑑33 𝑏𝑖𝑐 𝑑12+ 𝑏 𝑐𝑖𝑑33
𝑐𝑖𝑏 𝑑21 + 𝑐 𝑏𝑖𝑑33 𝑏𝑖𝑏 𝑑33+ 𝑐𝑖𝑐 𝑑22

Determinación de matriz de rigidez 
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MATRIZ DE RIGIDEZ DEL ELEMENTO A

b1= 0.817 C1= -1.278 b2= 0 C2= 0.255 A = 0.104

b3= -0.817 C3= 1.203 1/4 A = 2.4038462

8.268E+10 -3.92E+10 -8.16E+09 2.608E+09 -8E+10 3.85E+10

K11 = -3.92E+10 1.19E+11 K12 = 5.217E+09 -2.04E+10 K13 = 4E+10 -1.1E+11

-8.16E+09 5.217E+09 1.628E+09 0 8E+09 -5.2E+09

K21 = 2.608E+09 -2.04E+10 K22 = 0 4.071E+09 K23 = -3E+09 1.92E+10

-8.03E+10 3.768E+10 7.681E+09 -2.61E+09 8E+10 -3.7E+10

K31 = 3.845E+10 -1.13E+11 K32 = -5.22E+09 1.92E+10 K33 = -4E+10 1.07E+11

8.27E+10 -3.92E+10 -8.16E+09 2.61E+09 -8.03E+10 3.85E+10

-3.92E+10 1.19E+11 5.22E+09 -2.04E+10 3.77E+10 -1.13E+11

KA = -8.16E+09 5.22E+09 1.63E+09 0.00E+00 7.68E+09 -5.22E+09

2.61E+09 -2.04E+10 0.00E+00 4.07E+09 -2.61E+09 1.92E+10

-8.03E+10 3.77E+10 7.68E+09 -2.61E+09 7.80E+10 -3.69E+10

3.85E+10 -1.13E+11 -5.22E+09 1.92E+10 -3.69E+10 1.07E+11

MATRIZ DE RIGIDEZ DEL ELEMENTO B

b1= 0.817 C1= -1.203 b2= -0.685 C2= 1.139 A = 0.1145

b3= -0.132 C3= -0.116 1/4 A = 2.1834061

7.087E+10 -3.35E+10 -6.3E+10 2.932E+10 -3E+09 2.53E+09

K11 = -3.35E+10 9.747E+10 K12 = 3.054E+10 -9.06E+10 K13 = -3E+08 5.48E+09

-6.3E+10 3.054E+10 5.619E+10 -2.66E+10 2E+09 -2.5E+09

K21 = 2.932E+10 -9.06E+10 K22 = -2.66E+10 8.444E+10 K23 = 1E+08 -5.5E+09

-2.96E+09 -3.5E+08 2.136E+09 97479985 1E+09 5.22E+08

K31 = 2.534E+09 5.482E+09 K32 = -2.52E+09 -5.46E+09 K33 = 5E+08 1.16E+09

7.09E+10 -3.35E+10 -6.30E+10 2.93E+10 -2.96E+09 2.53E+09

-3.35E+10 9.75E+10 3.05E+10 -9.06E+10 -3.50E+08 5.48E+09

KB = -6.30E+10 3.05E+10 5.62E+10 -2.66E+10 2.14E+09 -2.52E+09

2.93E+10 -9.06E+10 -2.66E+10 8.44E+10 9.75E+07 -5.46E+09

-2.96E+09 -3.50E+08 2.14E+09 9.75E+07 1.30E+09 5.22E+08

2.53E+09 5.48E+09 -2.52E+09 -5.46E+09 5.22E+08 1.16E+09

MATRIZ DE RIGIDEZ DEL ELEMENTO C

b1= -0.712 C1= 1.13 b2= 0.58 C2= -1.247 A = 0.116

b3= 0.132 C3= 0.117 1/4 A = 2.1551724

5.712E+10 -2.71E+10 -5.48E+10 2.468E+10 -2E+09 2.41E+09

K11 = -2.71E+10 8.305E+10 K12 = 2.729E+10 -8.84E+10 K13 = -2E+08 5.31E+09

-5.48E+10 2.729E+10 5.379E+10 -2.44E+10 1E+09 -2.9E+09

K21 = 2.468E+10 -8.84E+10 K22 = -2.44E+10 9.483E+10 K23 = -3E+08 -6.5E+09

-2.31E+09 -1.96E+08 1.021E+09 -3.24E+08 1E+09 5.2E+08

K31 = 2.414E+09 5.31E+09 K32 = -2.93E+09 -6.47E+09 K33 = 5E+08 1.16E+09

5.71E+10 -2.71E+10 -5.48E+10 2.47E+10 -2.31E+09 2.41E+09

-2.71E+10 8.30E+10 2.73E+10 -8.84E+10 -1.96E+08 5.31E+09

KC = -5.48E+10 2.73E+10 5.38E+10 -2.44E+10 1.02E+09 -2.93E+09

2.47E+10 -8.84E+10 -2.44E+10 9.48E+10 -3.24E+08 -6.47E+09

-2.31E+09 -1.96E+08 1.02E+09 -3.24E+08 1.29E+09 5.20E+08

2.41E+09 5.31E+09 -2.93E+09 -6.47E+09 5.20E+08 1.16E+09

𝐾𝑖  2𝑥2
𝑒 =

1

4𝐴𝑒
𝑏𝑖𝑏 𝑑11+ 𝑐𝑖𝑐 𝑑33 𝑏𝑖𝑐 𝑑12+ 𝑏 𝑐𝑖𝑑33
𝑐𝑖𝑏 𝑑21 + 𝑐 𝑏𝑖𝑑33 𝑏𝑖𝑏 𝑑33+ 𝑐𝑖𝑐 𝑑22

MATRIZ DE RIGIDEZ DEL ELEMENTO D

b1= 0.712 C1= -1.127 b2= -0.572 C2= 1.182 A = 0.098

b3= -0.14 C3= -0.055 1/4 A = 2.5510204

6.743E+10 -3.2E+10 -6.25E+10 2.831E+10 -5E+09 3.67E+09

K11 = -3.2E+10 9.785E+10 K12 = 3.093E+10 -9.93E+10 K13 = 1E+09 1.47E+09

-6.25E+10 3.093E+10 5.886E+10 -2.69E+10 4E+09 -4E+09

K21 = 2.831E+10 -9.93E+10 K22 = -2.69E+10 1.015E+11 K23 = -1E+09 -2.2E+09

-4.97E+09 1.056E+09 3.592E+09 -1.36E+09 1E+09 3.07E+08

K31 = 3.672E+09 1.469E+09 K32 = -3.98E+09 -2.19E+09 K33 = 3E+08 7.22E+08

6.74E+10 -3.20E+10 -6.25E+10 2.83E+10 -4.97E+09 3.67E+09

-3.20E+10 9.78E+10 3.09E+10 -9.93E+10 1.06E+09 1.47E+09

KD = -6.25E+10 3.09E+10 5.89E+10 -2.69E+10 3.59E+09 -3.98E+09

2.83E+10 -9.93E+10 -2.69E+10 1.02E+11 -1.36E+09 -2.19E+09

-4.97E+09 1.06E+09 3.59E+09 -1.36E+09 1.38E+09 3.07E+08

3.67E+09 1.47E+09 -3.98E+09 -2.19E+09 3.07E+08 7.22E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO E

b1= -0.565 C1= 1.273 b2= 0.425 C2= -1.328 A = 0.1045

b3= 0.14 C3= 0.055 1/4 A = 2.3923445

6.027E+10 -2.69E+10 -5.71E+10 2.283E+10 -3E+09 4.05E+09

K11 = -2.69E+10 1.089E+11 K12 = 2.544E+10 -1.11E+11 K13 = 1E+09 2.39E+09

-5.71E+10 2.544E+10 5.52E+10 -2.11E+10 2E+09 -4.3E+09

K21 = 2.283E+10 -1.11E+11 K22 = -2.11E+10 1.144E+11 K23 = -2E+09 -3.1E+09

-3.18E+09 1.446E+09 1.887E+09 -1.73E+09 1E+09 2.88E+08

K31 = 4.054E+09 2.391E+09 K32 = -4.34E+09 -3.07E+09 K33 = 3E+08 6.77E+08

6.03E+10 -2.69E+10 -5.71E+10 2.28E+10 -3.18E+09 4.05E+09

-2.69E+10 1.09E+11 2.54E+10 -1.11E+11 1.45E+09 2.39E+09

KE = -5.71E+10 2.54E+10 5.52E+10 -2.11E+10 1.89E+09 -4.34E+09

2.28E+10 -1.11E+11 -2.11E+10 1.14E+11 -1.73E+09 -3.07E+09

-3.18E+09 1.45E+09 1.89E+09 -1.73E+09 1.30E+09 2.88E+08

4.05E+09 2.39E+09 -4.34E+09 -3.07E+09 2.88E+08 6.77E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO F

b1= 0.565 C1= -1.273 b2= -0.419 C2= 1.309 A = 0.103

b3= -0.146 C3= -0.03599 1/4 A = 2.4271845

6.115E+10 -2.73E+10 -5.71E+10 2.284E+10 -4E+09 4.44E+09

K11 = -2.73E+10 1.105E+11 K12 = 2.544E+10 -1.11E+11 K13 = 2E+09 8.1E+08

-5.71E+10 2.544E+10 5.442E+10 -2.08E+10 3E+09 -4.6E+09

K21 = 2.284E+10 -1.11E+11 K22 = -2.08E+10 1.127E+11 K23 = -2E+09 -1.4E+09

-4.06E+09 1.835E+09 2.676E+09 -2.03E+09 1E+09 1.99E+08

K31 = 4.442E+09 810279505 K32 = -4.64E+09 -1.43E+09 K33 = 2E+08 6.21E+08

6.11E+10 -2.73E+10 -5.71E+10 2.28E+10 -4.06E+09 4.44E+09

-2.73E+10 1.11E+11 2.54E+10 -1.11E+11 1.84E+09 8.10E+08

KF = -5.71E+10 2.54E+10 5.44E+10 -2.08E+10 2.68E+09 -4.64E+09

2.28E+10 -1.11E+11 -2.08E+10 1.13E+11 -2.03E+09 -1.43E+09

-4.06E+09 1.84E+09 2.68E+09 -2.03E+09 1.38E+09 1.99E+08

4.44E+09 8.10E+08 -4.64E+09 -1.43E+09 1.99E+08 6.21E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO D

b1= 0.712 C1= -1.127 b2= -0.572 C2= 1.182 A = 0.098

b3= -0.14 C3= -0.055 1/4 A = 2.5510204

6.743E+10 -3.2E+10 -6.25E+10 2.831E+10 -5E+09 3.67E+09

K11 = -3.2E+10 9.785E+10 K12 = 3.093E+10 -9.93E+10 K13 = 1E+09 1.47E+09

-6.25E+10 3.093E+10 5.886E+10 -2.69E+10 4E+09 -4E+09

K21 = 2.831E+10 -9.93E+10 K22 = -2.69E+10 1.015E+11 K23 = -1E+09 -2.2E+09

-4.97E+09 1.056E+09 3.592E+09 -1.36E+09 1E+09 3.07E+08

K31 = 3.672E+09 1.469E+09 K32 = -3.98E+09 -2.19E+09 K33 = 3E+08 7.22E+08

6.74E+10 -3.20E+10 -6.25E+10 2.83E+10 -4.97E+09 3.67E+09

-3.20E+10 9.78E+10 3.09E+10 -9.93E+10 1.06E+09 1.47E+09

KD = -6.25E+10 3.09E+10 5.89E+10 -2.69E+10 3.59E+09 -3.98E+09

2.83E+10 -9.93E+10 -2.69E+10 1.02E+11 -1.36E+09 -2.19E+09

-4.97E+09 1.06E+09 3.59E+09 -1.36E+09 1.38E+09 3.07E+08

3.67E+09 1.47E+09 -3.98E+09 -2.19E+09 3.07E+08 7.22E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO E

b1= -0.565 C1= 1.273 b2= 0.425 C2= -1.328 A = 0.1045

b3= 0.14 C3= 0.055 1/4 A = 2.3923445

6.027E+10 -2.69E+10 -5.71E+10 2.283E+10 -3E+09 4.05E+09

K11 = -2.69E+10 1.089E+11 K12 = 2.544E+10 -1.11E+11 K13 = 1E+09 2.39E+09

-5.71E+10 2.544E+10 5.52E+10 -2.11E+10 2E+09 -4.3E+09

K21 = 2.283E+10 -1.11E+11 K22 = -2.11E+10 1.144E+11 K23 = -2E+09 -3.1E+09

-3.18E+09 1.446E+09 1.887E+09 -1.73E+09 1E+09 2.88E+08

K31 = 4.054E+09 2.391E+09 K32 = -4.34E+09 -3.07E+09 K33 = 3E+08 6.77E+08

6.03E+10 -2.69E+10 -5.71E+10 2.28E+10 -3.18E+09 4.05E+09

-2.69E+10 1.09E+11 2.54E+10 -1.11E+11 1.45E+09 2.39E+09

KE = -5.71E+10 2.54E+10 5.52E+10 -2.11E+10 1.89E+09 -4.34E+09

2.28E+10 -1.11E+11 -2.11E+10 1.14E+11 -1.73E+09 -3.07E+09

-3.18E+09 1.45E+09 1.89E+09 -1.73E+09 1.30E+09 2.88E+08

4.05E+09 2.39E+09 -4.34E+09 -3.07E+09 2.88E+08 6.77E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO F

b1= 0.565 C1= -1.273 b2= -0.419 C2= 1.309 A = 0.103

b3= -0.146 C3= -0.03599 1/4 A = 2.4271845

6.115E+10 -2.73E+10 -5.71E+10 2.284E+10 -4E+09 4.44E+09

K11 = -2.73E+10 1.105E+11 K12 = 2.544E+10 -1.11E+11 K13 = 2E+09 8.1E+08

-5.71E+10 2.544E+10 5.442E+10 -2.08E+10 3E+09 -4.6E+09

K21 = 2.284E+10 -1.11E+11 K22 = -2.08E+10 1.127E+11 K23 = -2E+09 -1.4E+09

-4.06E+09 1.835E+09 2.676E+09 -2.03E+09 1E+09 1.99E+08

K31 = 4.442E+09 810279505 K32 = -4.64E+09 -1.43E+09 K33 = 2E+08 6.21E+08

6.11E+10 -2.73E+10 -5.71E+10 2.28E+10 -4.06E+09 4.44E+09

-2.73E+10 1.11E+11 2.54E+10 -1.11E+11 1.84E+09 8.10E+08

KF = -5.71E+10 2.54E+10 5.44E+10 -2.08E+10 2.68E+09 -4.64E+09

2.28E+10 -1.11E+11 -2.08E+10 1.13E+11 -2.03E+09 -1.43E+09

-4.06E+09 1.84E+09 2.68E+09 -2.03E+09 1.38E+09 1.99E+08

4.44E+09 8.10E+08 -4.64E+09 -1.43E+09 1.99E+08 6.21E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO G

b1= -0.395 C1= 1.313 b2= 0.249 C2= -1.349 A = 0.1025

b3= 0.146 C3= 0.03599 1/4 A = 2.4390244

5.371E+10 -1.98E+10 -5.12E+10 1.508E+10 -2E+09 4.69E+09

K11 = -1.98E+10 1.135E+11 K12 = 1.769E+10 -1.15E+11 K13 = 2E+09 1.54E+09

-5.12E+10 1.769E+10 5.017E+10 -1.28E+10 1E+09 -4.9E+09

K21 = 1.508E+10 -1.15E+11 K22 = -1.28E+10 1.172E+11 K23 = -2E+09 -2.2E+09

-2.46E+09 2.074E+09 1.076E+09 -2.27E+09 1E+09 2E+08

K31 = 4.69E+09 1.536E+09 K32 = -4.89E+09 -2.16E+09 K33 = 2E+08 6.24E+08

5.37E+10 -1.98E+10 -5.12E+10 1.51E+10 -2.46E+09 4.69E+09

-1.98E+10 1.13E+11 1.77E+10 -1.15E+11 2.07E+09 1.54E+09

KG = -5.12E+10 1.77E+10 5.02E+10 -1.28E+10 1.08E+09 -4.89E+09

1.51E+10 -1.15E+11 -1.28E+10 1.17E+11 -2.27E+09 -2.16E+09

-2.46E+09 2.07E+09 1.08E+09 -2.27E+09 1.39E+09 2.00E+08

4.69E+09 1.54E+09 -4.89E+09 -2.16E+09 2.00E+08 6.24E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO H

b1= 0.395 C1= -1.313 b2= -0.247 C2= 1.331 A = 0.1005

b3= -0.148 C3= -0.01799 1/4 A = 2.4875622

5.478E+10 -2.02E+10 -5.16E+10 1.522E+10 -3E+09 4.94E+09

K11 = -2.02E+10 1.157E+11 K12 = 1.782E+10 -1.16E+11 K13 = 2E+09 15344501

-5.16E+10 1.782E+10 4.986E+10 -1.28E+10 2E+09 -5E+09

K21 = 1.522E+10 -1.16E+11 K22 = -1.28E+10 1.163E+11 K23 = -2E+09 -6E+08

-3.17E+09 2.334E+09 1.748E+09 -2.44E+09 1E+09 1.03E+08

K31 = 4.943E+09 15344501 K32 = -5.05E+09 -6.04E+08 K33 = 1E+08 5.89E+08

5.48E+10 -2.02E+10 -5.16E+10 1.52E+10 -3.17E+09 4.94E+09

-2.02E+10 1.16E+11 1.78E+10 -1.16E+11 2.33E+09 1.53E+07

KH = -5.16E+10 1.78E+10 4.99E+10 -1.28E+10 1.75E+09 -5.05E+09

1.52E+10 -1.16E+11 -1.28E+10 1.16E+11 -2.44E+09 -6.04E+08

-3.17E+09 2.33E+09 1.75E+09 -2.44E+09 1.43E+09 1.03E+08

4.94E+09 1.53E+07 -5.05E+09 -6.04E+08 1.03E+08 5.89E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO I

b1= -0.227 C1= 1.289 b2= 0.07899 C2= -1.307 A = 0.097

b3= 0.148 C3= 0.01799 1/4 A = 2.5773196

4.807E+10 -1.18E+10 -4.64E+10 6.716E+09 -2E+09 5.07E+09

K11 = -1.18E+10 1.129E+11 K12 = 9.332E+09 -1.14E+11 K13 = 2E+09 6.54E+08

-4.64E+10 9.332E+09 4.628E+10 -4.16E+09 2E+08 -5.2E+09

K21 = 6.716E+09 -1.14E+11 K22 = -4.16E+09 1.148E+11 K23 = -3E+09 -1.3E+09

-1.63E+09 2.451E+09 153387296 -2.56E+09 1E+09 1.07E+08

K31 = 5.067E+09 654445205 K32 = -5.17E+09 -1.26E+09 K33 = 1E+08 6.1E+08

4.81E+10 -1.18E+10 -4.64E+10 6.72E+09 -1.63E+09 5.07E+09

-1.18E+10 1.13E+11 9.33E+09 -1.14E+11 2.45E+09 6.54E+08

KI = -4.64E+10 9.33E+09 4.63E+10 -4.16E+09 1.53E+08 -5.17E+09

6.72E+09 -1.14E+11 -4.16E+09 1.15E+11 -2.56E+09 -1.26E+09

-1.63E+09 2.45E+09 1.53E+08 -2.56E+09 1.48E+09 1.07E+08

5.07E+09 6.54E+08 -5.17E+09 -1.26E+09 1.07E+08 6.10E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO G

b1= -0.395 C1= 1.313 b2= 0.249 C2= -1.349 A = 0.1025

b3= 0.146 C3= 0.03599 1/4 A = 2.4390244

5.371E+10 -1.98E+10 -5.12E+10 1.508E+10 -2E+09 4.69E+09

K11 = -1.98E+10 1.135E+11 K12 = 1.769E+10 -1.15E+11 K13 = 2E+09 1.54E+09

-5.12E+10 1.769E+10 5.017E+10 -1.28E+10 1E+09 -4.9E+09

K21 = 1.508E+10 -1.15E+11 K22 = -1.28E+10 1.172E+11 K23 = -2E+09 -2.2E+09

-2.46E+09 2.074E+09 1.076E+09 -2.27E+09 1E+09 2E+08

K31 = 4.69E+09 1.536E+09 K32 = -4.89E+09 -2.16E+09 K33 = 2E+08 6.24E+08

5.37E+10 -1.98E+10 -5.12E+10 1.51E+10 -2.46E+09 4.69E+09

-1.98E+10 1.13E+11 1.77E+10 -1.15E+11 2.07E+09 1.54E+09

KG = -5.12E+10 1.77E+10 5.02E+10 -1.28E+10 1.08E+09 -4.89E+09

1.51E+10 -1.15E+11 -1.28E+10 1.17E+11 -2.27E+09 -2.16E+09

-2.46E+09 2.07E+09 1.08E+09 -2.27E+09 1.39E+09 2.00E+08

4.69E+09 1.54E+09 -4.89E+09 -2.16E+09 2.00E+08 6.24E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO H

b1= 0.395 C1= -1.313 b2= -0.247 C2= 1.331 A = 0.1005

b3= -0.148 C3= -0.01799 1/4 A = 2.4875622

5.478E+10 -2.02E+10 -5.16E+10 1.522E+10 -3E+09 4.94E+09

K11 = -2.02E+10 1.157E+11 K12 = 1.782E+10 -1.16E+11 K13 = 2E+09 15344501

-5.16E+10 1.782E+10 4.986E+10 -1.28E+10 2E+09 -5E+09

K21 = 1.522E+10 -1.16E+11 K22 = -1.28E+10 1.163E+11 K23 = -2E+09 -6E+08

-3.17E+09 2.334E+09 1.748E+09 -2.44E+09 1E+09 1.03E+08

K31 = 4.943E+09 15344501 K32 = -5.05E+09 -6.04E+08 K33 = 1E+08 5.89E+08

5.48E+10 -2.02E+10 -5.16E+10 1.52E+10 -3.17E+09 4.94E+09

-2.02E+10 1.16E+11 1.78E+10 -1.16E+11 2.33E+09 1.53E+07

KH = -5.16E+10 1.78E+10 4.99E+10 -1.28E+10 1.75E+09 -5.05E+09

1.52E+10 -1.16E+11 -1.28E+10 1.16E+11 -2.44E+09 -6.04E+08

-3.17E+09 2.33E+09 1.75E+09 -2.44E+09 1.43E+09 1.03E+08

4.94E+09 1.53E+07 -5.05E+09 -6.04E+08 1.03E+08 5.89E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO I

b1= -0.227 C1= 1.289 b2= 0.07899 C2= -1.307 A = 0.097

b3= 0.148 C3= 0.01799 1/4 A = 2.5773196

4.807E+10 -1.18E+10 -4.64E+10 6.716E+09 -2E+09 5.07E+09

K11 = -1.18E+10 1.129E+11 K12 = 9.332E+09 -1.14E+11 K13 = 2E+09 6.54E+08

-4.64E+10 9.332E+09 4.628E+10 -4.16E+09 2E+08 -5.2E+09

K21 = 6.716E+09 -1.14E+11 K22 = -4.16E+09 1.148E+11 K23 = -3E+09 -1.3E+09

-1.63E+09 2.451E+09 153387296 -2.56E+09 1E+09 1.07E+08

K31 = 5.067E+09 654445205 K32 = -5.17E+09 -1.26E+09 K33 = 1E+08 6.1E+08

4.81E+10 -1.18E+10 -4.64E+10 6.72E+09 -1.63E+09 5.07E+09

-1.18E+10 1.13E+11 9.33E+09 -1.14E+11 2.45E+09 6.54E+08

KI = -4.64E+10 9.33E+09 4.63E+10 -4.16E+09 1.53E+08 -5.17E+09

6.72E+09 -1.14E+11 -4.16E+09 1.15E+11 -2.56E+09 -1.26E+09

-1.63E+09 2.45E+09 1.53E+08 -2.56E+09 1.48E+09 1.07E+08

5.07E+09 6.54E+08 -5.17E+09 -1.26E+09 1.07E+08 6.10E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO J

b1= 0.227 C1= -1.289 b2= -0.077 C2= 1.289 A = 0.0965

b3= -0.15 C3= 0 1/4 A = 2.5906736

4.831E+10 -1.18E+10 -4.6E+10 6.627E+09 -2E+09 5.22E+09

K11 = -1.18E+10 1.135E+11 K12 = 9.235E+09 -1.13E+11 K13 = 3E+09 -9.2E+08

-4.6E+10 9.235E+09 4.524E+10 -4.02E+09 8E+08 -5.2E+09

K21 = 6.627E+09 -1.13E+11 K22 = -4.02E+09 1.123E+11 K23 = -3E+09 3.12E+08

-2.3E+09 2.609E+09 779226036 -2.61E+09 2E+09 0

K31 = 5.218E+09 -9.19E+08 K32 = -5.22E+09 311690415 K33 = 0 6.07E+08

4.83E+10 -1.18E+10 -4.60E+10 6.63E+09 -2.30E+09 5.22E+09

-1.18E+10 1.13E+11 9.24E+09 -1.13E+11 2.61E+09 -9.19E+08

KJ = -4.60E+10 9.24E+09 4.52E+10 -4.02E+09 7.79E+08 -5.22E+09

6.63E+09 -1.13E+11 -4.02E+09 1.12E+11 -2.61E+09 3.12E+08

-2.30E+09 2.61E+09 7.79E+08 -2.61E+09 1.52E+09 0.00E+00

5.22E+09 -9.19E+08 -5.22E+09 3.12E+08 0.00E+00 6.07E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO K

b1= -0.071 C1= 1.307 b2= -0.0789 C2= -1.307 A = 0.098

b3= 0.15 C3= 0 1/4 A = 2.5510204

4.573E+10 -3.7E+09 -4.5E+10 -1.51E+09 -7E+08 5.21E+09

K11 = -3.7E+09 1.136E+11 K12 = 1.096E+09 -1.13E+11 K13 = 3E+09 -2.8E+08

-4.5E+10 1.096E+09 4.581E+10 4.11E+09 -8E+08 -5.2E+09

K21 = -1.51E+09 -1.13E+11 K22 = 4.11E+09 1.136E+11 K23 = -3E+09 -3.1E+08

-7.08E+08 2.605E+09 -7.86E+08 -2.6E+09 1E+09 0

K31 = 5.21E+09 -2.83E+08 K32 = -5.21E+09 -3.14E+08 K33 = 0 5.98E+08

4.57E+10 -3.70E+09 -4.50E+10 -1.51E+09 -7.08E+08 5.21E+09

-3.70E+09 1.14E+11 1.10E+09 -1.13E+11 2.60E+09 -2.83E+08

KK = -4.50E+10 1.10E+09 4.58E+10 4.11E+09 -7.86E+08 -5.21E+09

-1.51E+09 -1.13E+11 4.11E+09 1.14E+11 -2.60E+09 -3.14E+08

-7.08E+08 2.60E+09 -7.86E+08 -2.60E+09 1.49E+09 0.00E+00

5.21E+09 -2.83E+08 -5.21E+09 -3.14E+08 0.00E+00 5.98E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO L

b1= 0.071 C1= -1.307 b2= 0.077 C2= 1.289 A = 0.096

b3= -1.307 C3= 0.018 1/4 A = 2.6041667

4.668E+10 -3.78E+09 -4.53E+10 -1.49E+09 -7E+09 4.64E+10

K11 = -3.78E+09 1.16E+11 K12 = 1.118E+09 -1.14E+11 K13 = 2E+10 -4.1E+09

-4.53E+10 1.118E+09 4.547E+10 4.039E+09 -6E+09 -4.6E+10

K21 = -1.49E+09 -1.14E+11 K22 = 4.039E+09 1.128E+11 K23 = -2E+10 -1.2E+09

-6.93E+09 2.32E+10 -6.2E+09 -2.28E+10 1E+11 -9.6E+08

K31 = 4.636E+10 -4.11E+09 K32 = -4.57E+10 -1.16E+09 K33 = -1E+09 4.64E+10

4.67E+10 -3.78E+09 -4.53E+10 -1.49E+09 -6.93E+09 4.64E+10

-3.78E+09 1.16E+11 1.12E+09 -1.14E+11 2.32E+10 -4.11E+09

KL = -4.53E+10 1.12E+09 4.55E+10 4.04E+09 -6.20E+09 -4.57E+10

-1.49E+09 -1.14E+11 4.04E+09 1.13E+11 -2.28E+10 -1.16E+09

-6.93E+09 2.32E+10 -6.20E+09 -2.28E+10 1.16E+11 -9.57E+08

4.64E+10 -4.11E+09 -4.57E+10 -1.16E+09 -9.57E+08 4.64E+10
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MATRIZ DE RIGIDEZ DEL ELEMENTO J

b1= 0.227 C1= -1.289 b2= -0.077 C2= 1.289 A = 0.0965

b3= -0.15 C3= 0 1/4 A = 2.5906736

4.831E+10 -1.18E+10 -4.6E+10 6.627E+09 -2E+09 5.22E+09

K11 = -1.18E+10 1.135E+11 K12 = 9.235E+09 -1.13E+11 K13 = 3E+09 -9.2E+08

-4.6E+10 9.235E+09 4.524E+10 -4.02E+09 8E+08 -5.2E+09

K21 = 6.627E+09 -1.13E+11 K22 = -4.02E+09 1.123E+11 K23 = -3E+09 3.12E+08

-2.3E+09 2.609E+09 779226036 -2.61E+09 2E+09 0

K31 = 5.218E+09 -9.19E+08 K32 = -5.22E+09 311690415 K33 = 0 6.07E+08

4.83E+10 -1.18E+10 -4.60E+10 6.63E+09 -2.30E+09 5.22E+09

-1.18E+10 1.13E+11 9.24E+09 -1.13E+11 2.61E+09 -9.19E+08

KJ = -4.60E+10 9.24E+09 4.52E+10 -4.02E+09 7.79E+08 -5.22E+09

6.63E+09 -1.13E+11 -4.02E+09 1.12E+11 -2.61E+09 3.12E+08

-2.30E+09 2.61E+09 7.79E+08 -2.61E+09 1.52E+09 0.00E+00

5.22E+09 -9.19E+08 -5.22E+09 3.12E+08 0.00E+00 6.07E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO K

b1= -0.071 C1= 1.307 b2= -0.0789 C2= -1.307 A = 0.098

b3= 0.15 C3= 0 1/4 A = 2.5510204

4.573E+10 -3.7E+09 -4.5E+10 -1.51E+09 -7E+08 5.21E+09

K11 = -3.7E+09 1.136E+11 K12 = 1.096E+09 -1.13E+11 K13 = 3E+09 -2.8E+08

-4.5E+10 1.096E+09 4.581E+10 4.11E+09 -8E+08 -5.2E+09

K21 = -1.51E+09 -1.13E+11 K22 = 4.11E+09 1.136E+11 K23 = -3E+09 -3.1E+08

-7.08E+08 2.605E+09 -7.86E+08 -2.6E+09 1E+09 0

K31 = 5.21E+09 -2.83E+08 K32 = -5.21E+09 -3.14E+08 K33 = 0 5.98E+08

4.57E+10 -3.70E+09 -4.50E+10 -1.51E+09 -7.08E+08 5.21E+09

-3.70E+09 1.14E+11 1.10E+09 -1.13E+11 2.60E+09 -2.83E+08

KK = -4.50E+10 1.10E+09 4.58E+10 4.11E+09 -7.86E+08 -5.21E+09

-1.51E+09 -1.13E+11 4.11E+09 1.14E+11 -2.60E+09 -3.14E+08

-7.08E+08 2.60E+09 -7.86E+08 -2.60E+09 1.49E+09 0.00E+00

5.21E+09 -2.83E+08 -5.21E+09 -3.14E+08 0.00E+00 5.98E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO L

b1= 0.071 C1= -1.307 b2= 0.077 C2= 1.289 A = 0.096

b3= -1.307 C3= 0.018 1/4 A = 2.6041667

4.668E+10 -3.78E+09 -4.53E+10 -1.49E+09 -7E+09 4.64E+10

K11 = -3.78E+09 1.16E+11 K12 = 1.118E+09 -1.14E+11 K13 = 2E+10 -4.1E+09

-4.53E+10 1.118E+09 4.547E+10 4.039E+09 -6E+09 -4.6E+10

K21 = -1.49E+09 -1.14E+11 K22 = 4.039E+09 1.128E+11 K23 = -2E+10 -1.2E+09

-6.93E+09 2.32E+10 -6.2E+09 -2.28E+10 1E+11 -9.6E+08

K31 = 4.636E+10 -4.11E+09 K32 = -4.57E+10 -1.16E+09 K33 = -1E+09 4.64E+10

4.67E+10 -3.78E+09 -4.53E+10 -1.49E+09 -6.93E+09 4.64E+10

-3.78E+09 1.16E+11 1.12E+09 -1.14E+11 2.32E+10 -4.11E+09

KL = -4.53E+10 1.12E+09 4.55E+10 4.04E+09 -6.20E+09 -4.57E+10

-1.49E+09 -1.14E+11 4.04E+09 1.13E+11 -2.28E+10 -1.16E+09

-6.93E+09 2.32E+10 -6.20E+09 -2.28E+10 1.16E+11 -9.57E+08

4.64E+10 -4.11E+09 -4.57E+10 -1.16E+09 -9.57E+08 4.64E+10
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MATRIZ DE RIGIDEZ DEL ELEMENTO M

b1= 0.101 C1= 1.367 b2= -0.249 C2= -1.349 A = 0.102

b3= 0.148 C3= -0.018 1/4 A = 2.4509804

4.836E+10 5.287E+09 -4.87E+10 -1.04E+10 3E+08 5.14E+09

K11 = 5.287E+09 1.195E+11 K12 = -7.82E+09 -1.18E+11 K13 = 3E+09 -1.2E+09

-4.87E+10 -7.82E+09 5.042E+10 1.286E+10 -2E+09 -5E+09

K21 = -1.04E+10 -1.18E+11 K22 = 1.286E+10 1.177E+11 K23 = -2E+09 6.09E+08

325878268 2.536E+09 -1.73E+09 -2.43E+09 1E+09 -1E+08

K31 = 5.142E+09 -1.19E+09 K32 = -5.04E+09 608992034 K33 = -1E+08 5.8E+08

4.84E+10 5.29E+09 -4.87E+10 -1.04E+10 3.26E+08 5.14E+09

5.29E+09 1.20E+11 -7.82E+09 -1.18E+11 2.54E+09 -1.19E+09

KM = -4.87E+10 -7.82E+09 5.04E+10 1.29E+10 -1.73E+09 -5.04E+09

-1.04E+10 -1.18E+11 1.29E+10 1.18E+11 -2.43E+09 6.09E+08

3.26E+08 2.54E+09 -1.73E+09 -2.43E+09 1.41E+09 -1.02E+08

5.14E+09 -1.19E+09 -5.04E+09 6.09E+08 -1.02E+08 5.80E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO N

b1= -0.101 C1= -1.367 b2= 0.247 C2= 1.33 A = 0.1015

b3= -0.146 C3= 0.03699 1/4 A = 2.4630542

4.86E+10 5.314E+09 -4.82E+10 -1.04E+10 -4E+08 5.07E+09

K11 = 5.314E+09 1.201E+11 K12 = -7.78E+09 -1.17E+11 K13 = 2E+09 -2.9E+09

-4.82E+10 -7.78E+09 4.93E+10 1.264E+10 -1E+09 -4.9E+09

K21 = -1.04E+10 -1.17E+11 K22 = 1.264E+10 1.15E+11 K23 = -2E+09 2.23E+09

-3.52E+08 2.464E+09 -1.05E+09 -2.26E+09 1E+09 -2.1E+08

K31 = 5.073E+09 -2.87E+09 K32 = -4.86E+09 2.23E+09 K33 = -2E+08 6.35E+08

4.86E+10 5.31E+09 -4.82E+10 -1.04E+10 -3.52E+08 5.07E+09

5.31E+09 1.20E+11 -7.78E+09 -1.17E+11 2.46E+09 -2.87E+09

KN = -4.82E+10 -7.78E+09 4.93E+10 1.26E+10 -1.05E+09 -4.86E+09

-1.04E+10 -1.17E+11 1.26E+10 1.15E+11 -2.26E+09 2.23E+09

-3.52E+08 2.46E+09 -1.05E+09 -2.26E+09 1.40E+09 -2.08E+08

5.07E+09 -2.87E+09 -4.86E+09 2.23E+09 -2.08E+08 6.35E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO Ñ

b1= 0.279 C1= 1.365 b2= -0.425 C2= -1.328 A = 0.1045

b3= 0.146 C3= -0.0369 1/4 A = 2.3923445

5.128E+10 1.424E+10 -5.26E+10 -1.91E+10 1E+09 4.84E+09

K11 = 1.424E+10 1.18E+11 K12 = -1.65E+10 -1.16E+11 K13 = 2E+09 -2.1E+09

-5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -3E+09 -4.6E+09

K21 = -1.91E+10 -1.16E+11 K22 = 2.11E+10 1.144E+11 K23 = -2E+09 1.51E+09

1.283E+09 2.227E+09 -2.64E+09 -2.03E+09 1E+09 -2E+08

K31 = 4.838E+09 -2.12E+09 K32 = -4.64E+09 1.507E+09 K33 = -2E+08 6.16E+08

5.13E+10 1.42E+10 -5.26E+10 -1.91E+10 1.28E+09 4.84E+09

1.42E+10 1.18E+11 -1.65E+10 -1.16E+11 2.23E+09 -2.12E+09

KÑ = -5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -2.64E+09 -4.64E+09

-1.91E+10 -1.16E+11 2.11E+10 1.14E+11 -2.03E+09 1.51E+09

1.28E+09 2.23E+09 -2.64E+09 -2.03E+09 1.36E+09 -2.01E+08

4.84E+09 -2.12E+09 -4.64E+09 1.51E+09 -2.01E+08 6.16E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO O

b1= -0.279 C1= -1.365 b2= 0.419 C2= 1.31 A = 0.103

b3= -0.14 C3= 0.055 1/4 A = 2.4271845

5.203E+10 1.444E+10 -5.26E+10 -1.91E+10 6E+08 4.64E+09

K11 = 1.444E+10 1.197E+11 K12 = -1.65E+10 -1.16E+11 K13 = 2E+09 -3.8E+09

-5.26E+10 -1.65E+10 5.449E+10 2.082E+10 -2E+09 -4.3E+09

K21 = -1.91E+10 -1.16E+11 K22 = 2.082E+10 1.129E+11 K23 = -2E+09 3.07E+09

570767597 2.028E+09 -1.89E+09 -1.74E+09 1E+09 -2.9E+08

K31 = 4.638E+09 -3.76E+09 K32 = -4.35E+09 3.071E+09 K33 = -3E+08 6.87E+08

5.20E+10 1.44E+10 -5.26E+10 -1.91E+10 5.71E+08 4.64E+09

1.44E+10 1.20E+11 -1.65E+10 -1.16E+11 2.03E+09 -3.76E+09

KO = -5.26E+10 -1.65E+10 5.45E+10 2.08E+10 -1.89E+09 -4.35E+09

-1.91E+10 -1.16E+11 2.08E+10 1.13E+11 -1.74E+09 3.07E+09

5.71E+08 2.03E+09 -1.89E+09 -1.74E+09 1.32E+09 -2.92E+08

4.64E+09 -3.76E+09 -4.35E+09 3.07E+09 -2.92E+08 6.87E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO P

b1= 0.572 C1= 1.227 b2= -0.712 C2= -1.172 A = 0.1015

b3= 0.14 C3= -0.055 1/4 A = 2.4630542

5.961E+10 2.701E+10 -6.3E+10 -3.1E+10 3E+09 4E+09

K11 = 2.701E+10 1.05E+11 K12 = -2.84E+10 -1.03E+11 K13 = 1E+09 -2.3E+09

-6.3E+10 -2.84E+10 6.776E+10 3.211E+10 -5E+09 -3.7E+09

K21 = -3.1E+10 -1.03E+11 K22 = 3.211E+10 1.011E+11 K23 = -1E+09 1.58E+09

3.405E+09 1.397E+09 -4.74E+09 -1.1E+09 1E+09 -3E+08

K31 = 4.004E+09 -2.27E+09 K32 = -3.71E+09 1.577E+09 K33 = -3E+08 6.97E+08

5.96E+10 2.70E+10 -6.30E+10 -3.10E+10 3.41E+09 4.00E+09

2.70E+10 1.05E+11 -2.84E+10 -1.03E+11 1.40E+09 -2.27E+09

KP = -6.30E+10 -2.84E+10 6.78E+10 3.21E+10 -4.74E+09 -3.71E+09

-3.10E+10 -1.03E+11 3.21E+10 1.01E+11 -1.10E+09 1.58E+09

3.41E+09 1.40E+09 -4.74E+09 -1.10E+09 1.33E+09 -2.96E+08

4.00E+09 -2.27E+09 -3.71E+09 1.58E+09 -2.96E+08 6.97E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO Q

b1= -0.58 C1= -1.243 b2= 0.712 C2= 1.172 A = 0.1025

b3= -0.132 C3= 0.0709 1/4 A = 2.4390244

6.062E+10 2.747E+10 -6.32E+10 -3.11E+10 3E+09 3.65E+09

K11 = 2.747E+10 1.067E+11 K12 = -2.85E+10 -1.03E+11 K13 = 1E+09 -3.7E+09

-6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -4E+09 -3.3E+09

K21 = -3.11E+10 -1.03E+11 K22 = 3.18E+10 1.001E+11 K23 = -7E+08 2.89E+09

2.624E+09 1.04E+09 -3.86E+09 -6.83E+08 1E+09 -3.6E+08

K31 = 3.646E+09 -3.65E+09 K32 = -3.29E+09 2.89E+09 K33 = -4E+08 7.62E+08

6.06E+10 2.75E+10 -6.32E+10 -3.11E+10 2.62E+09 3.65E+09

2.75E+10 1.07E+11 -2.85E+10 -1.03E+11 1.04E+09 -3.65E+09

KQ = -6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -3.86E+09 -3.29E+09

-3.11E+10 -1.03E+11 3.18E+10 1.00E+11 -6.83E+08 2.89E+09

2.62E+09 1.04E+09 -3.86E+09 -6.83E+08 1.23E+09 -3.57E+08

3.65E+09 -3.65E+09 -3.29E+09 2.89E+09 -3.57E+08 7.62E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO M

b1= 0.101 C1= 1.367 b2= -0.249 C2= -1.349 A = 0.102

b3= 0.148 C3= -0.018 1/4 A = 2.4509804

4.836E+10 5.287E+09 -4.87E+10 -1.04E+10 3E+08 5.14E+09

K11 = 5.287E+09 1.195E+11 K12 = -7.82E+09 -1.18E+11 K13 = 3E+09 -1.2E+09

-4.87E+10 -7.82E+09 5.042E+10 1.286E+10 -2E+09 -5E+09

K21 = -1.04E+10 -1.18E+11 K22 = 1.286E+10 1.177E+11 K23 = -2E+09 6.09E+08

325878268 2.536E+09 -1.73E+09 -2.43E+09 1E+09 -1E+08

K31 = 5.142E+09 -1.19E+09 K32 = -5.04E+09 608992034 K33 = -1E+08 5.8E+08

4.84E+10 5.29E+09 -4.87E+10 -1.04E+10 3.26E+08 5.14E+09

5.29E+09 1.20E+11 -7.82E+09 -1.18E+11 2.54E+09 -1.19E+09

KM = -4.87E+10 -7.82E+09 5.04E+10 1.29E+10 -1.73E+09 -5.04E+09

-1.04E+10 -1.18E+11 1.29E+10 1.18E+11 -2.43E+09 6.09E+08

3.26E+08 2.54E+09 -1.73E+09 -2.43E+09 1.41E+09 -1.02E+08

5.14E+09 -1.19E+09 -5.04E+09 6.09E+08 -1.02E+08 5.80E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO N

b1= -0.101 C1= -1.367 b2= 0.247 C2= 1.33 A = 0.1015

b3= -0.146 C3= 0.03699 1/4 A = 2.4630542

4.86E+10 5.314E+09 -4.82E+10 -1.04E+10 -4E+08 5.07E+09

K11 = 5.314E+09 1.201E+11 K12 = -7.78E+09 -1.17E+11 K13 = 2E+09 -2.9E+09

-4.82E+10 -7.78E+09 4.93E+10 1.264E+10 -1E+09 -4.9E+09

K21 = -1.04E+10 -1.17E+11 K22 = 1.264E+10 1.15E+11 K23 = -2E+09 2.23E+09

-3.52E+08 2.464E+09 -1.05E+09 -2.26E+09 1E+09 -2.1E+08

K31 = 5.073E+09 -2.87E+09 K32 = -4.86E+09 2.23E+09 K33 = -2E+08 6.35E+08

4.86E+10 5.31E+09 -4.82E+10 -1.04E+10 -3.52E+08 5.07E+09

5.31E+09 1.20E+11 -7.78E+09 -1.17E+11 2.46E+09 -2.87E+09

KN = -4.82E+10 -7.78E+09 4.93E+10 1.26E+10 -1.05E+09 -4.86E+09

-1.04E+10 -1.17E+11 1.26E+10 1.15E+11 -2.26E+09 2.23E+09

-3.52E+08 2.46E+09 -1.05E+09 -2.26E+09 1.40E+09 -2.08E+08

5.07E+09 -2.87E+09 -4.86E+09 2.23E+09 -2.08E+08 6.35E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO Ñ

b1= 0.279 C1= 1.365 b2= -0.425 C2= -1.328 A = 0.1045

b3= 0.146 C3= -0.0369 1/4 A = 2.3923445

5.128E+10 1.424E+10 -5.26E+10 -1.91E+10 1E+09 4.84E+09

K11 = 1.424E+10 1.18E+11 K12 = -1.65E+10 -1.16E+11 K13 = 2E+09 -2.1E+09

-5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -3E+09 -4.6E+09

K21 = -1.91E+10 -1.16E+11 K22 = 2.11E+10 1.144E+11 K23 = -2E+09 1.51E+09

1.283E+09 2.227E+09 -2.64E+09 -2.03E+09 1E+09 -2E+08

K31 = 4.838E+09 -2.12E+09 K32 = -4.64E+09 1.507E+09 K33 = -2E+08 6.16E+08

5.13E+10 1.42E+10 -5.26E+10 -1.91E+10 1.28E+09 4.84E+09

1.42E+10 1.18E+11 -1.65E+10 -1.16E+11 2.23E+09 -2.12E+09

KÑ = -5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -2.64E+09 -4.64E+09

-1.91E+10 -1.16E+11 2.11E+10 1.14E+11 -2.03E+09 1.51E+09

1.28E+09 2.23E+09 -2.64E+09 -2.03E+09 1.36E+09 -2.01E+08

4.84E+09 -2.12E+09 -4.64E+09 1.51E+09 -2.01E+08 6.16E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO R

b1= 0.685 C1= 1.349 b2= -0.817 C2= -1.278 A = 0.113

b3= 0.132 C3= -0.0709 1/4 A = 2.2123894

6.897E+10 3.194E+10 -7.2E+10 -3.55E+10 3E+09 3.54E+09

K11 = 3.194E+10 1.157E+11 K12 = -3.29E+10 -1.12E+11 K13 = 9E+08 -3.4E+09

-7.2E+10 -3.29E+10 7.61E+10 3.609E+10 -4E+09 -3.2E+09

K21 = -3.55E+10 -1.12E+11 K22 = 3.609E+10 1.095E+11 K23 = -6E+08 2.74E+09

3.005E+09 932602784 -4.13E+09 -6.09E+08 1E+09 -3.2E+08

K31 = 3.544E+09 -3.43E+09 K32 = -3.22E+09 2.735E+09 K33 = -3E+08 6.91E+08

6.90E+10 3.19E+10 -7.20E+10 -3.55E+10 3.01E+09 3.54E+09

3.19E+10 1.16E+11 -3.29E+10 -1.12E+11 9.33E+08 -3.43E+09

KR = -7.20E+10 -3.29E+10 7.61E+10 3.61E+10 -4.13E+09 -3.22E+09

-3.55E+10 -1.12E+11 3.61E+10 1.09E+11 -6.09E+08 2.74E+09

3.01E+09 9.33E+08 -4.13E+09 -6.09E+08 1.12E+09 -3.24E+08

3.54E+09 -3.43E+09 -3.22E+09 2.74E+09 -3.24E+08 6.91E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO S

b1= -0.685 C1= -1.349 b2= 0.685 C2= 1.094 A = 0.087

b3= 0 C3= 0.2549 1/4 A = 2.8735632

8.959E+10 4.149E+10 -7.93E+10 -3.89E+10 -1E+10 -2.6E+09

K11 = 4.149E+10 1.502E+11 K12 = -3.63E+10 -1.24E+11 K13 = -5E+09 -2.6E+10

-7.93E+10 -3.63E+10 7.094E+10 3.365E+10 8E+09 2.61E+09

K21 = -3.89E+10 -1.24E+11 K22 = 3.365E+10 1.036E+11 K23 = 5E+09 2.09E+10

-1.03E+10 -5.23E+09 8.347E+09 5.226E+09 2E+09 0

K31 = -2.61E+09 -2.57E+10 K32 = 2.613E+09 2.087E+10 K33 = 0 4.86E+09

8.96E+10 4.15E+10 -7.93E+10 -3.89E+10 -1.03E+10 -2.61E+09

4.15E+10 1.50E+11 -3.63E+10 -1.24E+11 -5.23E+09 -2.57E+10

KS = -7.93E+10 -3.63E+10 7.09E+10 3.36E+10 8.35E+09 2.61E+09

-3.89E+10 -1.24E+11 3.36E+10 1.04E+11 5.23E+09 2.09E+10

-1.03E+10 -5.23E+09 8.35E+09 5.23E+09 1.94E+09 0.00E+00

-2.61E+09 -2.57E+10 2.61E+09 2.09E+10 0.00E+00 4.86E+09

MATRIZ DE RIGIDEZ DEL ELEMENTO O

b1= -0.279 C1= -1.365 b2= 0.419 C2= 1.31 A = 0.103

b3= -0.14 C3= 0.055 1/4 A = 2.4271845

5.203E+10 1.444E+10 -5.26E+10 -1.91E+10 6E+08 4.64E+09

K11 = 1.444E+10 1.197E+11 K12 = -1.65E+10 -1.16E+11 K13 = 2E+09 -3.8E+09

-5.26E+10 -1.65E+10 5.449E+10 2.082E+10 -2E+09 -4.3E+09

K21 = -1.91E+10 -1.16E+11 K22 = 2.082E+10 1.129E+11 K23 = -2E+09 3.07E+09

570767597 2.028E+09 -1.89E+09 -1.74E+09 1E+09 -2.9E+08

K31 = 4.638E+09 -3.76E+09 K32 = -4.35E+09 3.071E+09 K33 = -3E+08 6.87E+08

5.20E+10 1.44E+10 -5.26E+10 -1.91E+10 5.71E+08 4.64E+09

1.44E+10 1.20E+11 -1.65E+10 -1.16E+11 2.03E+09 -3.76E+09

KO = -5.26E+10 -1.65E+10 5.45E+10 2.08E+10 -1.89E+09 -4.35E+09

-1.91E+10 -1.16E+11 2.08E+10 1.13E+11 -1.74E+09 3.07E+09

5.71E+08 2.03E+09 -1.89E+09 -1.74E+09 1.32E+09 -2.92E+08

4.64E+09 -3.76E+09 -4.35E+09 3.07E+09 -2.92E+08 6.87E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO P

b1= 0.572 C1= 1.227 b2= -0.712 C2= -1.172 A = 0.1015

b3= 0.14 C3= -0.055 1/4 A = 2.4630542

5.961E+10 2.701E+10 -6.3E+10 -3.1E+10 3E+09 4E+09

K11 = 2.701E+10 1.05E+11 K12 = -2.84E+10 -1.03E+11 K13 = 1E+09 -2.3E+09

-6.3E+10 -2.84E+10 6.776E+10 3.211E+10 -5E+09 -3.7E+09

K21 = -3.1E+10 -1.03E+11 K22 = 3.211E+10 1.011E+11 K23 = -1E+09 1.58E+09

3.405E+09 1.397E+09 -4.74E+09 -1.1E+09 1E+09 -3E+08

K31 = 4.004E+09 -2.27E+09 K32 = -3.71E+09 1.577E+09 K33 = -3E+08 6.97E+08

5.96E+10 2.70E+10 -6.30E+10 -3.10E+10 3.41E+09 4.00E+09

2.70E+10 1.05E+11 -2.84E+10 -1.03E+11 1.40E+09 -2.27E+09

KP = -6.30E+10 -2.84E+10 6.78E+10 3.21E+10 -4.74E+09 -3.71E+09

-3.10E+10 -1.03E+11 3.21E+10 1.01E+11 -1.10E+09 1.58E+09

3.41E+09 1.40E+09 -4.74E+09 -1.10E+09 1.33E+09 -2.96E+08

4.00E+09 -2.27E+09 -3.71E+09 1.58E+09 -2.96E+08 6.97E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO Q

b1= -0.58 C1= -1.243 b2= 0.712 C2= 1.172 A = 0.1025

b3= -0.132 C3= 0.0709 1/4 A = 2.4390244

6.062E+10 2.747E+10 -6.32E+10 -3.11E+10 3E+09 3.65E+09

K11 = 2.747E+10 1.067E+11 K12 = -2.85E+10 -1.03E+11 K13 = 1E+09 -3.7E+09

-6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -4E+09 -3.3E+09

K21 = -3.11E+10 -1.03E+11 K22 = 3.18E+10 1.001E+11 K23 = -7E+08 2.89E+09

2.624E+09 1.04E+09 -3.86E+09 -6.83E+08 1E+09 -3.6E+08

K31 = 3.646E+09 -3.65E+09 K32 = -3.29E+09 2.89E+09 K33 = -4E+08 7.62E+08

6.06E+10 2.75E+10 -6.32E+10 -3.11E+10 2.62E+09 3.65E+09

2.75E+10 1.07E+11 -2.85E+10 -1.03E+11 1.04E+09 -3.65E+09

KQ = -6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -3.86E+09 -3.29E+09

-3.11E+10 -1.03E+11 3.18E+10 1.00E+11 -6.83E+08 2.89E+09

2.62E+09 1.04E+09 -3.86E+09 -6.83E+08 1.23E+09 -3.57E+08

3.65E+09 -3.65E+09 -3.29E+09 2.89E+09 -3.57E+08 7.62E+08
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MATRIZ DE RIGIDEZ DEL ELEMENTO R

b1= 0.685 C1= 1.349 b2= -0.817 C2= -1.278 A = 0.113

b3= 0.132 C3= -0.0709 1/4 A = 2.2123894

6.897E+10 3.194E+10 -7.2E+10 -3.55E+10 3E+09 3.54E+09

K11 = 3.194E+10 1.157E+11 K12 = -3.29E+10 -1.12E+11 K13 = 9E+08 -3.4E+09

-7.2E+10 -3.29E+10 7.61E+10 3.609E+10 -4E+09 -3.2E+09

K21 = -3.55E+10 -1.12E+11 K22 = 3.609E+10 1.095E+11 K23 = -6E+08 2.74E+09

3.005E+09 932602784 -4.13E+09 -6.09E+08 1E+09 -3.2E+08

K31 = 3.544E+09 -3.43E+09 K32 = -3.22E+09 2.735E+09 K33 = -3E+08 6.91E+08

6.90E+10 3.19E+10 -7.20E+10 -3.55E+10 3.01E+09 3.54E+09

3.19E+10 1.16E+11 -3.29E+10 -1.12E+11 9.33E+08 -3.43E+09

KR = -7.20E+10 -3.29E+10 7.61E+10 3.61E+10 -4.13E+09 -3.22E+09

-3.55E+10 -1.12E+11 3.61E+10 1.09E+11 -6.09E+08 2.74E+09

3.01E+09 9.33E+08 -4.13E+09 -6.09E+08 1.12E+09 -3.24E+08

3.54E+09 -3.43E+09 -3.22E+09 2.74E+09 -3.24E+08 6.91E+08

MATRIZ DE RIGIDEZ DEL ELEMENTO S

b1= -0.685 C1= -1.349 b2= 0.685 C2= 1.094 A = 0.087

b3= 0 C3= 0.2549 1/4 A = 2.8735632

8.959E+10 4.149E+10 -7.93E+10 -3.89E+10 -1E+10 -2.6E+09

K11 = 4.149E+10 1.502E+11 K12 = -3.63E+10 -1.24E+11 K13 = -5E+09 -2.6E+10

-7.93E+10 -3.63E+10 7.094E+10 3.365E+10 8E+09 2.61E+09

K21 = -3.89E+10 -1.24E+11 K22 = 3.365E+10 1.036E+11 K23 = 5E+09 2.09E+10

-1.03E+10 -5.23E+09 8.347E+09 5.226E+09 2E+09 0

K31 = -2.61E+09 -2.57E+10 K32 = 2.613E+09 2.087E+10 K33 = 0 4.86E+09

8.96E+10 4.15E+10 -7.93E+10 -3.89E+10 -1.03E+10 -2.61E+09

4.15E+10 1.50E+11 -3.63E+10 -1.24E+11 -5.23E+09 -2.57E+10

KS = -7.93E+10 -3.63E+10 7.09E+10 3.36E+10 8.35E+09 2.61E+09

-3.89E+10 -1.24E+11 3.36E+10 1.04E+11 5.23E+09 2.09E+10

-1.03E+10 -5.23E+09 8.35E+09 5.23E+09 1.94E+09 0.00E+00

-2.61E+09 -2.57E+10 2.61E+09 2.09E+10 0.00E+00 4.86E+09
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Nudo 2 2 3 3 1 1

ijk

8.27E+10 -3.92E+10 -8.16E+09 2.61E+09 -8.03E+10 3.85E+10 2

-3.92E+10 1.19E+11 5.22E+09 -2.04E+10 3.77E+10 -1.13E+11 2

-8.16E+09 5.22E+09 1.63E+09 0.00E+00 7.68E+09 -5.22E+09 3

2.61E+09 -2.04E+10 0.00E+00 4.07E+09 -2.61E+09 1.92E+10 3

-8.03E+10 3.77E+10 7.68E+09 -2.61E+09 7.80E+10 -3.69E+10 1

3.85E+10 -1.13E+11 -5.22E+09 1.92E+10 -3.69E+10 1.07E+11 1

Nudo 4 4 3 3 2 2

ijk

7.09E+10 -3.35E+10 -6.30E+10 2.93E+10 -2.96E+09 2.53E+09 4

-3.35E+10 9.75E+10 3.05E+10 -9.06E+10 -3.50E+08 5.48E+09 4

-6.30E+10 3.05E+10 5.62E+10 -2.66E+10 2.14E+09 -2.52E+09 3

2.93E+10 -9.06E+10 -2.66E+10 8.44E+10 9.75E+07 -5.46E+09 3

-2.96E+09 -3.50E+08 2.14E+09 9.75E+07 1.30E+09 5.22E+08 2

2.53E+09 5.48E+09 -2.52E+09 -5.46E+09 5.22E+08 1.16E+09 2

Nudo 3 3 4 4 5 5

ijk

5.71E+10 -2.71E+10 -5.48E+10 2.47E+10 -2.31E+09 2.41E+09 3

-2.71E+10 8.30E+10 2.73E+10 -8.84E+10 -1.96E+08 5.31E+09 3

-5.48E+10 2.73E+10 5.38E+10 -2.44E+10 1.02E+09 -2.93E+09 4

2.47E+10 -8.84E+10 -2.44E+10 9.48E+10 -3.24E+08 -6.47E+09 4

-2.31E+09 -1.96E+08 1.02E+09 -3.24E+08 1.29E+09 5.20E+08 5

2.41E+09 5.31E+09 -2.93E+09 -6.47E+09 5.20E+08 1.16E+09 5

Nudo 6 6 5 5 4 4

ijk

6.74E+10 -3.20E+10 -6.25E+10 2.83E+10 -4.97E+09 3.67E+09 6

-3.20E+10 9.78E+10 3.09E+10 -9.93E+10 1.06E+09 1.47E+09 6

-6.25E+10 3.09E+10 5.89E+10 -2.69E+10 3.59E+09 -3.98E+09 5

2.83E+10 -9.93E+10 -2.69E+10 1.02E+11 -1.36E+09 -2.19E+09 5

-4.97E+09 1.06E+09 3.59E+09 -1.36E+09 1.38E+09 3.07E+08 4

3.67E+09 1.47E+09 -3.98E+09 -2.19E+09 3.07E+08 7.22E+08 4

Nudo 5 5 6 6 7 7

ijk

6.03E+10 -2.69E+10 -5.71E+10 2.28E+10 -3.18E+09 4.05E+09 5

-2.69E+10 1.09E+11 2.54E+10 -1.11E+11 1.45E+09 2.39E+09 5

-5.71E+10 2.54E+10 5.52E+10 -2.11E+10 1.89E+09 -4.34E+09 6

2.28E+10 -1.11E+11 -2.11E+10 1.14E+11 -1.73E+09 -3.07E+09 6

-3.18E+09 1.45E+09 1.89E+09 -1.73E+09 1.30E+09 2.88E+08 7

4.05E+09 2.39E+09 -4.34E+09 -3.07E+09 2.88E+08 6.77E+08 73

3

1 2 3

1

E =
2

3

1 2 3

1

D =
2

3

C =

1 2 3

1

2

A =

B =

1 2 3

1

2

1 2 3

1

2

3

Asignación de nodos a matrices 
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Nudo 2 2 3 3 1 1

ijk

8.27E+10 -3.92E+10 -8.16E+09 2.61E+09 -8.03E+10 3.85E+10 2

-3.92E+10 1.19E+11 5.22E+09 -2.04E+10 3.77E+10 -1.13E+11 2

-8.16E+09 5.22E+09 1.63E+09 0.00E+00 7.68E+09 -5.22E+09 3

2.61E+09 -2.04E+10 0.00E+00 4.07E+09 -2.61E+09 1.92E+10 3

-8.03E+10 3.77E+10 7.68E+09 -2.61E+09 7.80E+10 -3.69E+10 1

3.85E+10 -1.13E+11 -5.22E+09 1.92E+10 -3.69E+10 1.07E+11 1

Nudo 4 4 3 3 2 2

ijk

7.09E+10 -3.35E+10 -6.30E+10 2.93E+10 -2.96E+09 2.53E+09 4

-3.35E+10 9.75E+10 3.05E+10 -9.06E+10 -3.50E+08 5.48E+09 4

-6.30E+10 3.05E+10 5.62E+10 -2.66E+10 2.14E+09 -2.52E+09 3

2.93E+10 -9.06E+10 -2.66E+10 8.44E+10 9.75E+07 -5.46E+09 3

-2.96E+09 -3.50E+08 2.14E+09 9.75E+07 1.30E+09 5.22E+08 2

2.53E+09 5.48E+09 -2.52E+09 -5.46E+09 5.22E+08 1.16E+09 2

Nudo 3 3 4 4 5 5

ijk

5.71E+10 -2.71E+10 -5.48E+10 2.47E+10 -2.31E+09 2.41E+09 3

-2.71E+10 8.30E+10 2.73E+10 -8.84E+10 -1.96E+08 5.31E+09 3

-5.48E+10 2.73E+10 5.38E+10 -2.44E+10 1.02E+09 -2.93E+09 4

2.47E+10 -8.84E+10 -2.44E+10 9.48E+10 -3.24E+08 -6.47E+09 4

-2.31E+09 -1.96E+08 1.02E+09 -3.24E+08 1.29E+09 5.20E+08 5

2.41E+09 5.31E+09 -2.93E+09 -6.47E+09 5.20E+08 1.16E+09 5

Nudo 6 6 5 5 4 4

ijk

6.74E+10 -3.20E+10 -6.25E+10 2.83E+10 -4.97E+09 3.67E+09 6

-3.20E+10 9.78E+10 3.09E+10 -9.93E+10 1.06E+09 1.47E+09 6

-6.25E+10 3.09E+10 5.89E+10 -2.69E+10 3.59E+09 -3.98E+09 5

2.83E+10 -9.93E+10 -2.69E+10 1.02E+11 -1.36E+09 -2.19E+09 5

-4.97E+09 1.06E+09 3.59E+09 -1.36E+09 1.38E+09 3.07E+08 4

3.67E+09 1.47E+09 -3.98E+09 -2.19E+09 3.07E+08 7.22E+08 4

Nudo 5 5 6 6 7 7

ijk

6.03E+10 -2.69E+10 -5.71E+10 2.28E+10 -3.18E+09 4.05E+09 5

-2.69E+10 1.09E+11 2.54E+10 -1.11E+11 1.45E+09 2.39E+09 5

-5.71E+10 2.54E+10 5.52E+10 -2.11E+10 1.89E+09 -4.34E+09 6

2.28E+10 -1.11E+11 -2.11E+10 1.14E+11 -1.73E+09 -3.07E+09 6

-3.18E+09 1.45E+09 1.89E+09 -1.73E+09 1.30E+09 2.88E+08 7

4.05E+09 2.39E+09 -4.34E+09 -3.07E+09 2.88E+08 6.77E+08 73

3

1 2 3

1

E =
2

3

1 2 3

1

D =
2

3

C =

1 2 3

1

2

A =

B =

1 2 3

1

2

1 2 3

1

2

3

Nudo 8 8 7 7 6 6

ijk

6.11E+10 -2.73E+10 -5.71E+10 2.28E+10 -4.06E+09 4.44E+09 8

-2.73E+10 1.11E+11 2.54E+10 -1.11E+11 1.84E+09 8.10E+08 8

-5.71E+10 2.54E+10 5.44E+10 -2.08E+10 2.68E+09 -4.64E+09 7

2.28E+10 -1.11E+11 -2.08E+10 1.13E+11 -2.03E+09 -1.43E+09 7

-4.06E+09 1.84E+09 2.68E+09 -2.03E+09 1.38E+09 1.99E+08 6

4.44E+09 8.10E+08 -4.64E+09 -1.43E+09 1.99E+08 6.21E+08 6

Nudo 7 7 8 8 9 9

ijk

5.37E+10 -1.98E+10 -5.12E+10 1.51E+10 -2.46E+09 4.69E+09 7

-1.98E+10 1.13E+11 1.77E+10 -1.15E+11 2.07E+09 1.54E+09 7

-5.12E+10 1.77E+10 5.02E+10 -1.28E+10 1.08E+09 -4.89E+09 8

1.51E+10 -1.15E+11 -1.28E+10 1.17E+11 -2.27E+09 -2.16E+09 8

-2.46E+09 2.07E+09 1.08E+09 -2.27E+09 1.39E+09 2.00E+08 9

4.69E+09 1.54E+09 -4.89E+09 -2.16E+09 2.00E+08 6.24E+08 9

Nudo 10 10 9 9 8 8

ijk

5.48E+10 -2.02E+10 -5.16E+10 1.52E+10 -3.17E+09 4.94E+09 10

-2.02E+10 1.16E+11 1.78E+10 -1.16E+11 2.33E+09 1.53E+07 10

-5.16E+10 1.78E+10 4.99E+10 -1.28E+10 1.75E+09 -5.05E+09 9

1.52E+10 -1.16E+11 -1.28E+10 1.16E+11 -2.44E+09 -6.04E+08 9

-3.17E+09 2.33E+09 1.75E+09 -2.44E+09 1.43E+09 1.03E+08 8

4.94E+09 1.53E+07 -5.05E+09 -6.04E+08 1.03E+08 5.89E+08 8

Nudo 9 9 10 10 11 11

ijk

4.81E+10 -1.18E+10 -4.64E+10 6.72E+09 -1.63E+09 5.07E+09 9

-1.18E+10 1.13E+11 9.33E+09 -1.14E+11 2.45E+09 6.54E+08 9

-4.64E+10 9.33E+09 4.63E+10 -4.16E+09 1.53E+08 -5.17E+09 10

6.72E+09 -1.14E+11 -4.16E+09 1.15E+11 -2.56E+09 -1.26E+09 10

-1.63E+09 2.45E+09 1.53E+08 -2.56E+09 1.48E+09 1.07E+08 11

5.07E+09 6.54E+08 -5.17E+09 -1.26E+09 1.07E+08 6.10E+08 11

Nudo 12 12 11 11 10 10

ijk

4.83E+10 -1.18E+10 -4.60E+10 6.63E+09 -2.30E+09 5.22E+09 12

-1.18E+10 1.13E+11 9.24E+09 -1.13E+11 2.61E+09 -9.19E+08 12

-4.60E+10 9.24E+09 4.52E+10 -4.02E+09 7.79E+08 -5.22E+09 11

6.63E+09 -1.13E+11 -4.02E+09 1.12E+11 -2.61E+09 3.12E+08 11

-2.30E+09 2.61E+09 7.79E+08 -2.61E+09 1.52E+09 0.00E+00 10

5.22E+09 -9.19E+08 -5.22E+09 3.12E+08 0.00E+00 6.07E+08 103

3

1 2 3

1

J =
2

3

1 2 3

1

I =
2

3

1 2 3

1

H =
2

3

1 2 3

1

G =
2

1 2 3

1

F =
2
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Nudo 8 8 7 7 6 6

ijk

6.11E+10 -2.73E+10 -5.71E+10 2.28E+10 -4.06E+09 4.44E+09 8

-2.73E+10 1.11E+11 2.54E+10 -1.11E+11 1.84E+09 8.10E+08 8

-5.71E+10 2.54E+10 5.44E+10 -2.08E+10 2.68E+09 -4.64E+09 7

2.28E+10 -1.11E+11 -2.08E+10 1.13E+11 -2.03E+09 -1.43E+09 7

-4.06E+09 1.84E+09 2.68E+09 -2.03E+09 1.38E+09 1.99E+08 6

4.44E+09 8.10E+08 -4.64E+09 -1.43E+09 1.99E+08 6.21E+08 6

Nudo 7 7 8 8 9 9

ijk

5.37E+10 -1.98E+10 -5.12E+10 1.51E+10 -2.46E+09 4.69E+09 7

-1.98E+10 1.13E+11 1.77E+10 -1.15E+11 2.07E+09 1.54E+09 7

-5.12E+10 1.77E+10 5.02E+10 -1.28E+10 1.08E+09 -4.89E+09 8

1.51E+10 -1.15E+11 -1.28E+10 1.17E+11 -2.27E+09 -2.16E+09 8

-2.46E+09 2.07E+09 1.08E+09 -2.27E+09 1.39E+09 2.00E+08 9

4.69E+09 1.54E+09 -4.89E+09 -2.16E+09 2.00E+08 6.24E+08 9

Nudo 10 10 9 9 8 8

ijk

5.48E+10 -2.02E+10 -5.16E+10 1.52E+10 -3.17E+09 4.94E+09 10

-2.02E+10 1.16E+11 1.78E+10 -1.16E+11 2.33E+09 1.53E+07 10

-5.16E+10 1.78E+10 4.99E+10 -1.28E+10 1.75E+09 -5.05E+09 9

1.52E+10 -1.16E+11 -1.28E+10 1.16E+11 -2.44E+09 -6.04E+08 9

-3.17E+09 2.33E+09 1.75E+09 -2.44E+09 1.43E+09 1.03E+08 8

4.94E+09 1.53E+07 -5.05E+09 -6.04E+08 1.03E+08 5.89E+08 8

Nudo 9 9 10 10 11 11

ijk

4.81E+10 -1.18E+10 -4.64E+10 6.72E+09 -1.63E+09 5.07E+09 9

-1.18E+10 1.13E+11 9.33E+09 -1.14E+11 2.45E+09 6.54E+08 9

-4.64E+10 9.33E+09 4.63E+10 -4.16E+09 1.53E+08 -5.17E+09 10

6.72E+09 -1.14E+11 -4.16E+09 1.15E+11 -2.56E+09 -1.26E+09 10

-1.63E+09 2.45E+09 1.53E+08 -2.56E+09 1.48E+09 1.07E+08 11

5.07E+09 6.54E+08 -5.17E+09 -1.26E+09 1.07E+08 6.10E+08 11

Nudo 12 12 11 11 10 10

ijk

4.83E+10 -1.18E+10 -4.60E+10 6.63E+09 -2.30E+09 5.22E+09 12

-1.18E+10 1.13E+11 9.24E+09 -1.13E+11 2.61E+09 -9.19E+08 12

-4.60E+10 9.24E+09 4.52E+10 -4.02E+09 7.79E+08 -5.22E+09 11

6.63E+09 -1.13E+11 -4.02E+09 1.12E+11 -2.61E+09 3.12E+08 11

-2.30E+09 2.61E+09 7.79E+08 -2.61E+09 1.52E+09 0.00E+00 10

5.22E+09 -9.19E+08 -5.22E+09 3.12E+08 0.00E+00 6.07E+08 103

3

1 2 3

1

J =
2

3

1 2 3

1

I =
2

3

1 2 3

1

H =
2

3

1 2 3

1

G =
2

1 2 3

1

F =
2

Nudo 11 11 12 12 13 13

ijk

4.57E+10 -3.70E+09 -4.50E+10 -1.51E+09 -7.08E+08 5.21E+09 11

-3.70E+09 1.14E+11 1.10E+09 -1.13E+11 2.60E+09 -2.83E+08 11

-4.50E+10 1.10E+09 4.58E+10 4.11E+09 -7.86E+08 -5.21E+09 12

-1.51E+09 -1.13E+11 4.11E+09 1.14E+11 -2.60E+09 -3.14E+08 12

-7.08E+08 2.60E+09 -7.86E+08 -2.60E+09 1.49E+09 0.00E+00 13

5.21E+09 -2.83E+08 -5.21E+09 -3.14E+08 0.00E+00 5.98E+08 13

Nudo 14 14 13 13 12 12

ijk

4.67E+10 -3.78E+09 -4.53E+10 -1.49E+09 -6.93E+09 4.64E+10 14

-3.78E+09 1.16E+11 1.12E+09 -1.14E+11 2.32E+10 -4.11E+09 14

-4.53E+10 1.12E+09 4.55E+10 4.04E+09 -6.20E+09 -4.57E+10 13

-1.49E+09 -1.14E+11 4.04E+09 1.13E+11 -2.28E+10 -1.16E+09 13

-6.93E+09 2.32E+10 -6.20E+09 -2.28E+10 1.16E+11 -9.57E+08 12

4.64E+10 -4.11E+09 -4.57E+10 -1.16E+09 -9.57E+08 4.64E+10 12

Nudo 13 13 14 14 15 15

ijk

4.84E+10 5.29E+09 -4.87E+10 -1.04E+10 3.26E+08 5.14E+09 13

5.29E+09 1.20E+11 -7.82E+09 -1.18E+11 2.54E+09 -1.19E+09 13

-4.87E+10 -7.82E+09 5.04E+10 1.29E+10 -1.73E+09 -5.04E+09 14

-1.04E+10 -1.18E+11 1.29E+10 1.18E+11 -2.43E+09 6.09E+08 14

3.26E+08 2.54E+09 -1.73E+09 -2.43E+09 1.41E+09 -1.02E+08 15

5.14E+09 -1.19E+09 -5.04E+09 6.09E+08 -1.02E+08 5.80E+08 15

Nudo 16 16 15 15 14 14

ijk

4.86E+10 5.31E+09 -4.82E+10 -1.04E+10 -3.52E+08 5.07E+09 16

5.31E+09 1.20E+11 -7.78E+09 -1.17E+11 2.46E+09 -2.87E+09 16

-4.82E+10 -7.78E+09 4.93E+10 1.26E+10 -1.05E+09 -4.86E+09 15

-1.04E+10 -1.17E+11 1.26E+10 1.15E+11 -2.26E+09 2.23E+09 15

-3.52E+08 2.46E+09 -1.05E+09 -2.26E+09 1.40E+09 -2.08E+08 14

5.07E+09 -2.87E+09 -4.86E+09 2.23E+09 -2.08E+08 6.35E+08 14

Nudo 15 15 16 16 17 17

ijk

5.13E+10 1.42E+10 -5.26E+10 -1.91E+10 1.28E+09 4.84E+09 15

1.42E+10 1.18E+11 -1.65E+10 -1.16E+11 2.23E+09 -2.12E+09 15

-5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -2.64E+09 -4.64E+09 16

-1.91E+10 -1.16E+11 2.11E+10 1.14E+11 -2.03E+09 1.51E+09 16

1.28E+09 2.23E+09 -2.64E+09 -2.03E+09 1.36E+09 -2.01E+08 17

4.84E+09 -2.12E+09 -4.64E+09 1.51E+09 -2.01E+08 6.16E+08 17

1

Ñ =
2

3

1

N =
2

3

1 2 3

1

M =
2

3

1 2 3

3

1

L = 2

3

1 2 3

1 2 3

1
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Nudo 11 11 12 12 13 13

ijk

4.57E+10 -3.70E+09 -4.50E+10 -1.51E+09 -7.08E+08 5.21E+09 11

-3.70E+09 1.14E+11 1.10E+09 -1.13E+11 2.60E+09 -2.83E+08 11

-4.50E+10 1.10E+09 4.58E+10 4.11E+09 -7.86E+08 -5.21E+09 12

-1.51E+09 -1.13E+11 4.11E+09 1.14E+11 -2.60E+09 -3.14E+08 12

-7.08E+08 2.60E+09 -7.86E+08 -2.60E+09 1.49E+09 0.00E+00 13

5.21E+09 -2.83E+08 -5.21E+09 -3.14E+08 0.00E+00 5.98E+08 13

Nudo 14 14 13 13 12 12

ijk

4.67E+10 -3.78E+09 -4.53E+10 -1.49E+09 -6.93E+09 4.64E+10 14

-3.78E+09 1.16E+11 1.12E+09 -1.14E+11 2.32E+10 -4.11E+09 14

-4.53E+10 1.12E+09 4.55E+10 4.04E+09 -6.20E+09 -4.57E+10 13

-1.49E+09 -1.14E+11 4.04E+09 1.13E+11 -2.28E+10 -1.16E+09 13

-6.93E+09 2.32E+10 -6.20E+09 -2.28E+10 1.16E+11 -9.57E+08 12

4.64E+10 -4.11E+09 -4.57E+10 -1.16E+09 -9.57E+08 4.64E+10 12

Nudo 13 13 14 14 15 15

ijk

4.84E+10 5.29E+09 -4.87E+10 -1.04E+10 3.26E+08 5.14E+09 13

5.29E+09 1.20E+11 -7.82E+09 -1.18E+11 2.54E+09 -1.19E+09 13

-4.87E+10 -7.82E+09 5.04E+10 1.29E+10 -1.73E+09 -5.04E+09 14

-1.04E+10 -1.18E+11 1.29E+10 1.18E+11 -2.43E+09 6.09E+08 14

3.26E+08 2.54E+09 -1.73E+09 -2.43E+09 1.41E+09 -1.02E+08 15

5.14E+09 -1.19E+09 -5.04E+09 6.09E+08 -1.02E+08 5.80E+08 15

Nudo 16 16 15 15 14 14

ijk

4.86E+10 5.31E+09 -4.82E+10 -1.04E+10 -3.52E+08 5.07E+09 16

5.31E+09 1.20E+11 -7.78E+09 -1.17E+11 2.46E+09 -2.87E+09 16

-4.82E+10 -7.78E+09 4.93E+10 1.26E+10 -1.05E+09 -4.86E+09 15

-1.04E+10 -1.17E+11 1.26E+10 1.15E+11 -2.26E+09 2.23E+09 15

-3.52E+08 2.46E+09 -1.05E+09 -2.26E+09 1.40E+09 -2.08E+08 14

5.07E+09 -2.87E+09 -4.86E+09 2.23E+09 -2.08E+08 6.35E+08 14

Nudo 15 15 16 16 17 17

ijk

5.13E+10 1.42E+10 -5.26E+10 -1.91E+10 1.28E+09 4.84E+09 15

1.42E+10 1.18E+11 -1.65E+10 -1.16E+11 2.23E+09 -2.12E+09 15

-5.26E+10 -1.65E+10 5.52E+10 2.11E+10 -2.64E+09 -4.64E+09 16

-1.91E+10 -1.16E+11 2.11E+10 1.14E+11 -2.03E+09 1.51E+09 16

1.28E+09 2.23E+09 -2.64E+09 -2.03E+09 1.36E+09 -2.01E+08 17

4.84E+09 -2.12E+09 -4.64E+09 1.51E+09 -2.01E+08 6.16E+08 17

1

Ñ =
2

3

1

N =
2

3

1 2 3

1

M =
2

3

1 2 3

3

1

L = 2

3

1 2 3

1 2 3

1

K = 2

3

1 2

Nudo 18 18 17 17 16 16

ijk

5.20E+10 1.44E+10 -5.26E+10 -1.91E+10 5.71E+08 4.64E+09 18

1.44E+10 1.20E+11 -1.65E+10 -1.16E+11 2.03E+09 -3.76E+09 18

-5.26E+10 -1.65E+10 5.45E+10 2.08E+10 -1.89E+09 -4.35E+09 17

-1.91E+10 -1.16E+11 2.08E+10 1.13E+11 -1.74E+09 3.07E+09 17

5.71E+08 2.03E+09 -1.89E+09 -1.74E+09 1.32E+09 -2.92E+08 16

4.64E+09 -3.76E+09 -4.35E+09 3.07E+09 -2.92E+08 6.87E+08 16

Nudo 17 17 18 18 19 19

ijk

5.96E+10 2.70E+10 -6.30E+10 -3.10E+10 3.41E+09 4.00E+09 17

2.70E+10 1.05E+11 -2.84E+10 -1.03E+11 1.40E+09 -2.27E+09 17

-6.30E+10 -2.84E+10 6.78E+10 3.21E+10 -4.74E+09 -3.71E+09 18

-3.10E+10 -1.03E+11 3.21E+10 1.01E+11 -1.10E+09 1.58E+09 18

3.41E+09 1.40E+09 -4.74E+09 -1.10E+09 1.33E+09 -2.96E+08 19

4.00E+09 -2.27E+09 -3.71E+09 1.58E+09 -2.96E+08 6.97E+08 19

Nudo 20 20 19 19 18 18

ijk

6.06E+10 2.75E+10 -6.32E+10 -3.11E+10 2.62E+09 3.65E+09 20

2.75E+10 1.07E+11 -2.85E+10 -1.03E+11 1.04E+09 -3.65E+09 20

-6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -3.86E+09 -3.29E+09 19

-3.11E+10 -1.03E+11 3.18E+10 1.00E+11 -6.83E+08 2.89E+09 19

2.62E+09 1.04E+09 -3.86E+09 -6.83E+08 1.23E+09 -3.57E+08 18

3.65E+09 -3.65E+09 -3.29E+09 2.89E+09 -3.57E+08 7.62E+08 18

Nudo 19 19 20 20 21 21

ijk

6.90E+10 3.19E+10 -7.20E+10 -3.55E+10 3.01E+09 3.54E+09 19

3.19E+10 1.16E+11 -3.29E+10 -1.12E+11 9.33E+08 -3.43E+09 19

-7.20E+10 -3.29E+10 7.61E+10 3.61E+10 -4.13E+09 -3.22E+09 20

-3.55E+10 -1.12E+11 3.61E+10 1.09E+11 -6.09E+08 2.74E+09 20

3.01E+09 9.33E+08 -4.13E+09 -6.09E+08 1.12E+09 -3.24E+08 21

3.54E+09 -3.43E+09 -3.22E+09 2.74E+09 -3.24E+08 6.91E+08 21

Nudo 22 22 21 21 20 20

ijk

8.96E+10 4.15E+10 -7.93E+10 -3.89E+10 -1.03E+10 -2.61E+09 22

4.15E+10 1.50E+11 -3.63E+10 -1.24E+11 -5.23E+09 -2.57E+10 22

-7.93E+10 -3.63E+10 7.09E+10 3.36E+10 8.35E+09 2.61E+09 21

-3.89E+10 -1.24E+11 3.36E+10 1.04E+11 5.23E+09 2.09E+10 21

-1.03E+10 -5.23E+09 8.35E+09 5.23E+09 1.94E+09 0.00E+00 20

-2.61E+09 -2.57E+10 2.61E+09 2.09E+10 0.00E+00 4.86E+09 20

1

S =
2

3

1

R =
2

3

1 2 3

1

Q =
2

3

1 2 3

1

P =
2

3

1 2 3
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Nudo 18 18 17 17 16 16

ijk

5.20E+10 1.44E+10 -5.26E+10 -1.91E+10 5.71E+08 4.64E+09 18

1.44E+10 1.20E+11 -1.65E+10 -1.16E+11 2.03E+09 -3.76E+09 18

-5.26E+10 -1.65E+10 5.45E+10 2.08E+10 -1.89E+09 -4.35E+09 17

-1.91E+10 -1.16E+11 2.08E+10 1.13E+11 -1.74E+09 3.07E+09 17

5.71E+08 2.03E+09 -1.89E+09 -1.74E+09 1.32E+09 -2.92E+08 16

4.64E+09 -3.76E+09 -4.35E+09 3.07E+09 -2.92E+08 6.87E+08 16

Nudo 17 17 18 18 19 19

ijk

5.96E+10 2.70E+10 -6.30E+10 -3.10E+10 3.41E+09 4.00E+09 17

2.70E+10 1.05E+11 -2.84E+10 -1.03E+11 1.40E+09 -2.27E+09 17

-6.30E+10 -2.84E+10 6.78E+10 3.21E+10 -4.74E+09 -3.71E+09 18

-3.10E+10 -1.03E+11 3.21E+10 1.01E+11 -1.10E+09 1.58E+09 18

3.41E+09 1.40E+09 -4.74E+09 -1.10E+09 1.33E+09 -2.96E+08 19

4.00E+09 -2.27E+09 -3.71E+09 1.58E+09 -2.96E+08 6.97E+08 19

Nudo 20 20 19 19 18 18

ijk

6.06E+10 2.75E+10 -6.32E+10 -3.11E+10 2.62E+09 3.65E+09 20

2.75E+10 1.07E+11 -2.85E+10 -1.03E+11 1.04E+09 -3.65E+09 20

-6.32E+10 -2.85E+10 6.71E+10 3.18E+10 -3.86E+09 -3.29E+09 19

-3.11E+10 -1.03E+11 3.18E+10 1.00E+11 -6.83E+08 2.89E+09 19

2.62E+09 1.04E+09 -3.86E+09 -6.83E+08 1.23E+09 -3.57E+08 18

3.65E+09 -3.65E+09 -3.29E+09 2.89E+09 -3.57E+08 7.62E+08 18

Nudo 19 19 20 20 21 21

ijk

6.90E+10 3.19E+10 -7.20E+10 -3.55E+10 3.01E+09 3.54E+09 19

3.19E+10 1.16E+11 -3.29E+10 -1.12E+11 9.33E+08 -3.43E+09 19

-7.20E+10 -3.29E+10 7.61E+10 3.61E+10 -4.13E+09 -3.22E+09 20

-3.55E+10 -1.12E+11 3.61E+10 1.09E+11 -6.09E+08 2.74E+09 20

3.01E+09 9.33E+08 -4.13E+09 -6.09E+08 1.12E+09 -3.24E+08 21

3.54E+09 -3.43E+09 -3.22E+09 2.74E+09 -3.24E+08 6.91E+08 21

Nudo 22 22 21 21 20 20

ijk

8.96E+10 4.15E+10 -7.93E+10 -3.89E+10 -1.03E+10 -2.61E+09 22

4.15E+10 1.50E+11 -3.63E+10 -1.24E+11 -5.23E+09 -2.57E+10 22

-7.93E+10 -3.63E+10 7.09E+10 3.36E+10 8.35E+09 2.61E+09 21

-3.89E+10 -1.24E+11 3.36E+10 1.04E+11 5.23E+09 2.09E+10 21

-1.03E+10 -5.23E+09 8.35E+09 5.23E+09 1.94E+09 0.00E+00 20

-2.61E+09 -2.57E+10 2.61E+09 2.09E+10 0.00E+00 4.86E+09 20

1
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3

1

R =
2

3
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1

Q =
2
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ANEXO 3 

Creación y análisis de modelo con Sap2000 
 

Datos  

 

Diámetro = 62 m.  (203.41 ft)                        Altura = 46.5 m.  (152.56 ft) 

Densidad de producto a almacenar = 880 kg/m3 
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Crear modelo 
 

- Iniciar SAP2000/File/New model/Grids 
 

 

 

 

 

 

 

 

 

 

 

 

  

- Dibujar elementos /Draw frame: desde eje “A” a eje “B” en una altura de 46.5 y en 
eje B desde 0 hasta 15.50. Replicar Elemento AB a una distancia r de 31 m. Obtener 
coordenada de extremo  bajo eje A de la réplica. 
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- Desarrollar la curva del domo /seleccionar extremo A del elemento 

AB/Edit/Extrude/Extrude point to lines; Radial/ Rotate about y/ Rotate About point 

15.5/Angle 9/Number 10/OK 

 

 

 

 

 

 

- Eliminar Elementos que no serán extruidos a Líneas /OK 

- Extruir elementos en áreas: Select all/Edit/Extrude/Extrude lines to 

areas/radial/Rotate about axis Z/Rotate about point X = 0; Y = 0; Increment 

data/Angle = 22.5 /Number 16 /Delete source  

 

 

 

 

 

 

 

Definición de materiales: Define/Materials/Concrete/Modify/Show mat 

Volume 2.5 Ton/m3 
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E = 2534563.6 

Poisson’s Ratio = 0.2 

f’c = 2800 

Definición de secciones: Define/ Section properties/area sections /Cúpula 

/Membrana/thickness 0.20/bending 0.20/ Define/ Section properties/area 

sections/1er Anillo/shell thin/thickness 0.45/bending 0.45/pared/shell 

thin/thickness 0.35/bending 0.35/pared Ultima/shell thin/thickness 

0.30/bending 0.30 

Asignación de secciones: View/set limits/XY/ set Z min 15.5; max. 46.5/ Select all/ 

Assign/area section/Cúpula; View/set limits/XY/ set Z min 0; max. 15.5/ Select 

all/ divide area/Along edge from point 1 to 2 (6); along edge from point 1 to 3 

(1)/OK 
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Seleccionar los primeros dos anillos y asignar 1er anillo/Select/assign/area section/ 1er 

anillo/OK 

Seleccionar anillos 3 y 4/ Select/assign/area 

Section/ pared/OK 

Seleccionar anillos 3 y 4/ Select/assign/area 

Section/ pared última/OK 
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Asignación de cargas y combinaciones 
 

Define/Load combinations/ add new combo/Comb 1, Comb 2…6/OK 

 

 

 

 

 

 

 

 

 

 

Asignación de cargas 
 

 Select/Area section/Cúpula/Assign area load/ CV 0.10 ton/m2 (100 kg/m2) 
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View/Set limits/min 0 / max 33.3 /Select all/define/join pattern/Pressagua/ 

Change/OK// Assign/ Join pattern/ C = -520 / D = 13650/Zero Negatives values/OK 

 

 

 

 

 

 

 

 

 Los valores C y D están determinados en el cálculo para carga lateral 

Previous selection/assign/area loads/ surface pressure/ area surface pressure 

load/load case EH/ by join pattern/ Pressagua. 
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Asignación de tipo de apoyo  
 

   XY /seleccionar toda la Base/restraints/all restrictions/ ok 

 

 

 

 

 

 

 

 

Análisis dinámico  
 

Define/Functions /Response spectrum/IBC 2006 /Modify /Show spectrum 
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 Asignar los valores de acuerdo a los obtenidos por sismo + espectro de respuesta 

para Escuintla – Guatemala. 

 

 

 

 

 

 

 

 

 

 

 

 

Asignación de espectro de respuesta  
 

Define/Load Cases/ Response spectrum/ EQXDYN/U1 241.5/Function AGIES2010/OK 

 

 

 

 

 

 

 

 

 

 

G = 32.2 ft/seg2       R = 2;           I = 1.25                     SDS = 1.1  
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G = 386.4 inch/seg2     Factor de Escala en dirección X = G/(R/I) = 241.5 

Cs = 0.6875      V =   Cs W  = 0.6875 W    

Peso de Cúpula =    2,898,308  kg 

Peso de Cilindro =   2,673,929 Kg 

W = 5,572,237 kg 

V =  3,830,913  kg 

Asignar tipo de apoyo/Select/Assign/joint restraints/all/OK 

 

 

 

 

 

 

 

 

 

 

 

Define/Mass Source/Dead 1 add/ Cm 1 add/ 

CV 0.25 add/ EH 1 add/OK 

 

 

 

 

 

 

 

Define load cases/ Modal/ modify/show load case/OK 
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Type of modes/ Ritz vectors/ Number of modes 300/ Maximum Cycles 300/OK 

 

 

 

 

 

 

 

 

 

 

 

 

 

Select all/ assign/area/generate edge constraints/create constraints around object 

edges/OK 

 

 




