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1. ANALISIS DE ESTABILIDAD GLOBAL

De acuerdo con los andlisis de estabilidad proporcionados por el ingeniero geotecnistas la
estabilidad global del talud se garantiza con las siguientes obras.

Relleno Seleccionado i

15.00 kNém2

Matzrial Name Color Water Surface | Hu
payjm3) | STEERIRE | o gy it
Colnion 0 18 Motr-Coulomb ] 23 | wioterSurface | Constant
Fesicual | 1= Monr-Coviemb | 23 | 32 | watersurfaca | comstant
Roca || 2 Motu-Coviomb | 56 | 29 | warerSurtace | Constant
Relleno Seleccionsdo | [1] 20 Mobw-Coulomb | 5 | 32 | Water Surface | Comstant
> Pile Shear
Out-Of-Plane | Tenzile G Length
Su| Name Color Force <. Su Force Direction
S e APRIGIEON | Somcing (m) | (k) m) it
o . Grouted ey
vi
Anclejes de 30 Ton Muro Vis Superior | [l | Soomer | Active (Method A) 2 300 13
Filote D=1.20 Muo Via Interma . Micro Pile|  Paschve |Method B| 45 19 Parpsadicular 1o pile
FRats D=1.20 Muro Plazokta Bl [vscorie| paccive (Mathod B 43 1019 Porpendicular o pile

Fuente: Propia.

Figura 1: Analisis de estabilidad global estatico. Fuente: Estudio Geotecnico



Relleno Selecclonado

15.00 kim2

Coluvion

Roca

_ Unit Weight tahesion| Phi
Materisl Name Colar L] Wimter Surfece | Hu

COT ki N e

Colusion D 18 Kionr-Coulomb 3 “water Surface | Constant

resdual I e= Mohr-Coulomb | 25 \water Surfaca | Constant

Roc B = wonr-Coulome | 56 \water Ssurtaca | Constant

Belleno Selecrionade I:I 20 tgir-Coulomb ¥ 32 | Wates Surface | Constant

15.00 kHimz_15.00 khim2

. 2 a Pl s
SHIPOTT Hanne color | Type Force ppicaven | 2 == Strength FaCe DireCios
Spaang fm| N} tmh i)
N Groutzd .
anclijes cio =0 e e via supedior | [ by | o (mschod a) 2 00 1=
Pilohe D=1 30 Muro Vis interna . Bdicra File|  Paaaive (aethad ) a3 1019 Ferpendicular to pile
Filot= D=1 20 Murc Flacsl=ta . Bdicro File| Pecsive (Method 0] 43 1019 Ferpendicular to pile

Fuente: Propia.

- 021

Figura 2: Analisis de estabilidad global dinamico. Fuente: Estudio Geotecnico



2. MURO PLAZOLETA TRAMO 1

2.1 DESCRIPCION DEL MODELO

Para valorar el nivel de esfuerzos internos en el modelo se procede a modelar el muro
mediante el uso de elementos Shell para representar el vastago (espesor de 0.40m y
altura maxima 6.00m), zarpa (espesor de 0.45m y 3.45m de ancho), contrafuertes
(espesor 0.30m) y elementos tipo frame para identificar los caissons de 1.2m separados
3.60m y las vigas de cimentacion de 1.50x1.20 y 0.50x1.20.

Figura 3: Vista 3D modelo de muro de contencién.
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Vista en planta de muro de contencion.

Figura 4



2.2 MATERIALES UTILIZADOS

El concreto propuesto para los pilotes tipo caisson es de 28MPa.

General Data
Material Name and Display Color 28Mpa .
Material Type Concrete

Material Grade fic 4000 psi

Material Notes. Modify/Show Notes...

Weight and Mass Unitz
VWeight per Unit Volume 2.400E-05 N, mm, C

Mags per Unit Volume 2 447E-09

Izotropic Property Data

=]

Modulus Of Elasticity, E 24870.0

(=1
i

Poizson, U
Coefficient Of Thermal Expansion, A 9.500E-06

Shear Modulus, G 10362.525

Other Properties For Concrete Materials

=]
(=]

Specified Concrete Compressive Strength, fie
Expected Concrete Compressive Strength 28.

(] Lightweight Concrete

[CJ Switch Te Advanced Property Display

Cancel

Figura 5: Material utilizado para los caissons.
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Los demas componentes del sistema se fabricaran en concreto de 35MPa.

B Material Property Data w

General Data
Material Name and Display Color 35MPa .
Material Type Concrete

Material Grade fc 5000 p=i

Material Notes Modify/Show Notes...

Weight and Mass Units
Weight per Unit Volume 2 400E-05 M, mm, C w

Masz per Unit Wolume 2. 447E-09

lzotropic Property Data

Modulus Of Elasticity, E 27805.57
Poiszon, U 0.2
Coefficient Of Thermal Expansion, A 9.900E-06
Shear Modulug, G 11585654

Other Properties For Concrete Materials
Specified Concrete Compressive Strength, fc 35.
Expected Concrete Compressive Strength 35.

[] Lightweight Concrete

[:] Switch To Advanced Property Display

Cancel
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2.3. SECCIONES TRANSVERSALES

A continuacion, se presentan las secciones transversales correspondientes a los elementos
usados en la modelacion.

:x: Shell Section Data >
Section Name Zarpa h=0.45m
Section Motes Modify/Show...
Type Thickness
Membrane 430,
Bending 450,
Material
Material Name 35MPa
Material Angle 0.

Time Dependent Properties

Set Time Dependent Properties...

Concrete Shell Section Dezign Parameters Stiffness Modifiers

Modify/Show Shell Design Parameters... Set Modifiers...

Cancel

Figura 6: Seccion transversal de zarpa de muro.

X
Section Name Contrafuerte e=30cm .
Section Notes Modify/Show...
Tvpe Thickness
Membrane 300.
Bending 300.
Material
Material Name 35MPa
Material Angle 0.

Time Dependent Properties

Set Time Dependent Properties...

Concrete Shell Section Design Parameters. Stifiness Modifiers

Modify/Show Shell Design Parameters... Set Modifiers...

Cancel

Figura 7: Seccion transversal de contrafuerte.
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){ Shell Section Data

Section Name Muro e=40cm

Section Motes Modify/Show...

Type

Concrete Shell Section Design Parameters

WModify/Show Shell Design Parameters...

Figura 8: Seccion transv

){ Circular Section

Thickness

Membrane 400.

Bending 400.

Material

Material Name 35MPa
Material Angle 0.

Time Dependent Properties

Set Time Dependent Properties...

Stiffness Modifiers

Set Modifiers...

Cancel

ersal vastago de muro.

Section Name Caiz=on 1.2m 1.3% Dizplay Color
Section Notes Modify/Show Notes...
Dimensions Section
Diameter (13 ) 1200.
Properties.
Material Property Modifiers Section Properties...
28Mpa sinpeso Set Modifiers... Time Dependent Properties...

Concrete Reinforcement..

Cancel

Figura 9: Seccion transversal pilotes tipo caisson.
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Section Name Display Color
Section Notes
Dimensions. Section
Depth (13) 1200. ‘ b ‘
Width (t2) 1500. 1 L
3 —
HEHE
Properties
WMaterial Property Modifiers Section Properties...
35MPa Set Modifiers... Time Dependent Properties...

Concrete Reinforcement..

Cancel

Figura 10: Seccion transversal viga cim 1.50x1.20

Section Name VG 50120 pisplay coor [
Section Notes Modify/Show Notes...
Dimensions. Section
Depth (t3) 1200. b
Width (t2 ) 500
3
Properties
Material Property Modifiers Section Properties...
35MPa Set Modifiers. .. Time Dependent Properties...

Concrete Reinforcement...

Cancel

Figura 11: Seccion transversal viga cim 0.50x1.20
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2.4. REVISION DE ESTABILIDAD LOCAL DE LOS COMPONENTES DEL MURO

MEMORIA CALCULO DE ESTABILIDAD LOGAL PARA MURDS CON PILOTES

‘L PARAMETROS DE ENTRADA
MATERIALES MURO
¥ ConCrED 200[eNm
iy 232000[Mzn
w 36.00{Mpa

MATERIALES CEL SUELOQ EN CONTACTO CONEL MURD

¥ suein de elero 4800 kN
@' susiode relero 200
C sugode relieno 000[kNm?
) 000) Anguic de faccion ertre el sugoy & muro
Ka 03|
Ko 335
PARAMETROS SISMICOS
PGA 02|
s ] P. = LH(1 - k,)K..
Kv 00|
Erma 07|
am ."\-g.l-:-:e rclirocion de lacaraintemadel muo f5i el
=t muross mctod anguio =5 907
Hae 0440 | M sfodio Mononcbe Diabe.
SUELQ CIRCUNDANTE AL FILOTE
Eséraio 1
Esiralo2
Estrand

Esirato porderdo

cos a— W oos? a—cos® ¢
@

K, = cos
cos ar + Veos® a—cos® ¢

2 cos a+ Veos? a—cos? ¢
Ky = cosa

cos a - Veos a—cos® @

iciente de presin
s

- o Enenio- 0 -a) |
(-5~ O menia+ B

#en? fisenifi - &

. [t
¥ = tan-t | X
o= | |

NETODO RANKINE P ARA EMPUE ACTIVO Y PASIVO, PARA EL CONPONENTE SISMICO MONONOEE - OKABE
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2 EBTABILIDAD LOCGAL DEL MURD
GEOMETRA
h 600 m
H [T] m (3
a{Vastagn) 04 m ~jap= ’E "{
d {Talor) 23 m
o (Fe) o5 m
b 040 m
g 030 m L3
L] 000 m
a 000 :
Schecrg 1500 e L
Diameto pide 120 m e '
Longtud picts 1800 m T '
Sepamcinpids 360 PR
Medio pesmetro supedicid pidis 1885 m
v
|!
P =ik 1
a 2 @




HOMENTOS GENERADOS POR PESQS OF ELEMENTOS CEL MURO O SUELO, VERTICALES

16

SECCION AREA Y PESD fiflim) _RESIS. [N-mim)
100 000 000 000
200 280 S8 a0
300 1300 Znw 8050
400 102 244 He
500 000 000 000
600 0% 13872 2072
tcal empue i) - Q00 30 000
Sumatona Fuerzs (Nomal) 48780 ‘Sumaton a Momentos 80313
MOMENTOS ACTUANTES GENERADOS SEGUN CARGAS
FUERZA MAGNITUD ffVim) Xo- Yo mj M_ACTUANTE. (kiN-mim) M_RESIS. (ki-mim)
Presion adva 10876 210 208 000
Sobecags 2004 315 000
Sisma (AP, } 061 420 2125 000
Presion pasivaPilde | 438256 1200 o 211058
000 000
3 FAGTOR DE SEGURIDAD AL VOLGAMIENTO
Estitico
M RESIS (kN-mim) 5300284 M_RESIS {kN-mim) 00384
W ACTUA (kN-n) I M ACTUA fNom) 53450
F8wv 184683 By |17
Cumple Cumple
4. FACTCR DE SEGURIDAD AL DESLIZAMIENTO
Estitico Pseud
F RESIS kNm) F RESIS_{iiim) 4455 71
F ACTUA (Krfm) F ACTUA. [Kim) 1840
FSD o T4
Cumple




2.5. ASIGNACION DE CARGAS

Se procede a asignar los empujes y pesos del suelo como lo indica el reglamento.

- TTAE
— = = |
BEE WEl ok i
- F+ |
4 Z
— e g
son agn opn 34 naflhc o oo el o flao & o s 83083450 &
s 1 s
11 oA e R o s & SRRE SERE SRRR: LIREY: o
TR G Bl BRIRR' ALAR EEik: wenan o
— = A =3
GEEL LITR TN WER S
ja- el L% o L BT EUPT FRTRY PR e
il & un S Er oy
-cz—-}—- b B |
- l Ll Ll ] L Lt TR
L i s e o
NN Bl Glpa i
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[F ¢
ik i x4
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Figura 12: Empuje activo del relleno kN/m?
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Figura 13: Peso del relleno sobre zarpa de muro [kN/m?]
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Figura 14: Empuje por componente dinamico. 52.73 kN/m?
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g 209
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15
21

71 [m

CZ+D

Ecuaciones para el SAP

15
21

33.18

Ecuacionl
Ecuacion2
Ecuacion3

0.00

15

33.18

-21

-5.53
116.1437

kN/fm2

Empuje de sobrecarga

kN/m2

0.00

Carga sismica

47

52.73

Kae

Aead [kN/m]

Brazo

Figura 15: Cargas asignadas en modelo estructural
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Una vez asignadas las cargas se proceden a definir las combinaciones de carga por
esfuerzos admisibles y cargas ultimas.

2 Define Load Combinations >
X

Load Combinatiocns Click to:

Carga vertical total Add New Combo...
O+H
1.2D+1.6H Add Copy of Combo...
0.80+1.56H
1.4D Modify/Show Combo...
1.20+1.0EH (Sizmo)
0.50+1.0EH (Sismico)+1.5EH Fa
ENVOLVENTE
D+H+0.TE

0.80+0.78+H Add Default Design Combos...

Convert Combos to Nonlinear Cages...

Cancel

Figura 16: Combinaciones de carga.
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2.6. VERIFICACION DE DEFORMACIONES EN PILOTE

De acuerdo con las caracteristicas proporcionadas por el ingeniero geotecnista se verifica
que los pilotes no superen la deformacion maxima en la cabeza del pilote de 40mm.

- Pt Obj: 197
Pt Elm: 191
U1 = 4 5696E-05
Uz = 140269
— U3 = -4 4447
——— R'] - '.ﬂﬂlzﬂ
e R2=-6228E-06
R3=-2657E-06

(3¢ 3
s 3
% 3

e o

Figura 17: Deformacion en pilote por combinacién D+H
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Pt Obj: 191

Pt Elm: 191

U1l =-0011

U2 = 32 2843

. U3 =-31257

e ————y R'] - '.U'DS'IE
.4 R2=-5727E-06

R3=-3549E-06

Figura 18: Deformacion en pilote por combinacién 0.6D+H+0.7E

Ft Obj: 191
FtElm: 191
U1 =-0009
Uz= 267346
e e U3 = -4.6997

— . R1=-00371

e R2=-7564E-06

R3=-3468E-06

Figura 19: Deformacion en pilote por combinacién D+H+0.7E.

Las deformaciones de los pilotes se encuentran dentro de los rangos admisibles para las
combinaciones de esfuerzo admisible sefialadas en la NSR-10.
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1.7. FUERZAS AXIALES EN CAISSONS POR CARGAS DE SERVICIO

—SE=S—% 11511298504 "AASSSHrita

-t

Figura 20: Fuerzas axiales en los caissons por cargas de gravedad. [Tonf]
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2.8. DISENO DE ELEMENTOS ESTRUCTURALES

2.8.1. DISENO DE ZARPA DE MURO

108

90.

72

72

-90.

-108.

-126.

Figura 21: Momento M11 kN*m/m

200.

175.

150

125.

100

75

50

-50.

-75.

-100

-125

Figura 22: Momento M22 kN*m/m
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136.

135,

134,
134.
133.
133.

132.

Figura 23: Chequeo de acero Ast1 bottom. 1#5 ¢/.15m

140.

139

134,

134,

133.

133,

132,

Figura 24: Chequeo de acero Ast2 bottom. 1#5 ¢/.15m
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140,

139.

Figura 25: Chequeo de acero Ast1 top. 1#5 c¢/.15m

140.
139.
139.
138.
138,
137,
136,
| 13

135,

134,

134.
133,
133,

132,

Figura 26: Acero adicional superior en sector del caisson Ast2 top. 1#5 ¢/.15m
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= g pye(am AT )
— * * -
oMn = ¢As * fy 0.85# f'c * bef x2

As — 199 1000 1326 5
s = 150 = mme/m

As* fy )
0.85 % f'c * bef x2

1326 x 420 ) 1
*
0.85 35 %1000 2/ 1000 * 1000

oMn = @pAs * 420 * (d—

@Mn = 0.9 * 1326 * 420 * (360 - =175kN *m/m

Se observa que de acuerdo con las figuras 21 y 22 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del cabezal el cortante resistente es:

kN
=271.54—
0 m

1
@Vn =0.750.17 * V35 * 1000 * 360 * 100

271
229

188

146

104

-21

-63

-104
-146
-188
229

=271

Figura 27: Cortante 1-3
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271,

229,

188.

146
104 H
63

21

-21

-63.

-104

<146, —

-188 —

-229. 0~

271~

Figura 28: Cortante 2-3

Considerando que en el sector de la viga actua un espesor mayor y los estribos el cortante
ultimo seria:

V3E kN
@Vc=0.75%0.17 * V35 * 1000 = 1000 * 1000 — 754.30;
2 %129 %420 * 1000 kN
Vs = 0.75 * 150+ 1000 =541.80§

kN
@Vn =754.30 + 541.80 = 1296;
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13

1.1

09

0.7

05

01

01

0.3

05

Figura 29: Cortante 2-3 Sector viga.

Considerando que las verificaciones se deben hacer a d de la cara de los apoyos como lo
indica el reglamento las verificaciones son correctas.
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2.8.2. DISENO DE VASTAGO

108.

90.

72

-36

-54

he -72.

-390

-108

-126

Figura 30: Momento M11 kKN*m/m

200.

175.

150.

125

100

75

50

25

-25.

e -50.

-75.

-100

=125

Figura 31: Momento M22 kN*m/m
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Considerando las cuantias minimas establecidas en C.23.C.7.12.2.1 se calcula la cuantia
minima del muro de contencion.

8 = 0.005 * 100 x 40 = 20 cm?/m

Proporcionados en dos caras de muro se obtienen 10 cm?/m por cada cara. En acero de
campo 1#5 cada 15cm.

140
139.
139 4

138

136.

136.

135.

h# 5 e 134,

ot e o 133,

133,
h 5 s

132

h i s

h ' s

Figura 32: Acero cara top Ast2 1#5 c¢/.15

140.
139

1390
138
138
1370
136
136

135

A " v 133
133

132

Figura 33: Acero cara bottom Ast2 1#5 c/.15
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g

Figura 34: Acero cara top Ast1 1#5 c/.15

g

1

Figura 35: Acero cara bottom Ast1 1#5 c/.15
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M 4 (d As * fy )
= * * —_
oMn = ¢As * fy 0.85 * f'c * bef * 2

As = 199 x 1000 1326 5
s = 150 = mm</m

As x fy )

Mn = @pAs * 420 x (d —
prn = gas = *( 0.85* f'c * bef x2

1326 * 420 )
*
0.85 % 35% 1000 =2/ 1000 %1000

oMn = 0.9 * 1326 * 420 * (310 - =150 kN *m/m

Se observa que de acuerdo con las figuras 30 y 31 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del muro el cortante resistente es:

kN

eVn = 0.75%0.17 * V35 1000 * 310 * = 233.83W

1000

234,
198.

162

126

-126.
-162.
-198.

-234

Figura 36: Chequeo de cortante 1-3.
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234,

198.
162
126.
90
N
18
-18
-54.
T T T w
e e e -126.
e [ [ -162.
4 - . -198
-234
s e +
. e -

Figura 37: Chequeo de cortante 2-3
Los cortantes cumplen con lo establecido

2.8.3. DISENO DE CONTRAFUERTE

108.

90.

72.

-36.

-54
-72.

-80.

-126

Figura 38: Momento M11 kN*m/m
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25,

-25

-50.
-75.
-100

-125

Figura 39: Momento M22 kN*m/m

Considerando las cuantias minimas establecidas en C.23.C.7.12.2.1 se calcula la cuantia
minima del muro de contencion.

8§ =0.003 x100 * 30 = 9 cm?/m

Proporcionados en dos caras de muro se obtienen 4.5 cm?/m por cada cara. En acero de
campo 1#4 cada 15cm.
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Figura 40: Acero cara top Ast1 1#4 ¢/.15

14

14

14

14

Figura 41: Acero cara bottom Ast1 1#4 c/.15
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Figura 42: Acero cara top Ast2 1#4 c/.15
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Figura 43: Acero cara bottom Ast2 1#4 c/.15
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As * fy )
0.85# f'c * bef x2
129 %1000

e 2
As = 150 860 mm*/m

oMn = @pAs *fy*(d

As* fy )
0.85 % f'c * bef x2

860 * 420 ) 1
*
0.85 35 %1000 * 2/ 1000 * 1000

oMn = @pAs * 420 * (d—

@Mn = 0.9 * 860 * 420 * (210 - =67.3kN *m/m

Se observa que de acuerdo con las figuras 38 y 39 el momento resistente es mayor a los
solicitados.
Ahora considerando el espesor del contrafuerte el cortante resistente es:

kN
= 158.40—
m

1
@oVn =0.75%0.17 * V35 * 1000 * 210 * 1000

158.

134,

109.

85

Figura 44: Chequeo de cortante 1-3.
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158,

134,

109.

85

61

N

-36.

-61

-85.
-109.
-134.

-158

Figura 45: Chequeo de cortante 2-3.

Los cortantes cumplen con lo establecido.
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2.8.5. DISENO DE CAISSONS

:ﬂ: Reinforcement Data

Rebar Material

Lengitudinal Bars AB15GrE0
Confinement Bars (Ties) A6 5GrE0
Des=ign Type
Reinforcement Configuration Confinement Bars

Lengitudinal Bars - Circular Configuration

Clear Cover for Confinement Bars 0.09
Number of Longitudinal Bars 39
Lengitudinal Bar Size #7

Cenfinement Bars
Confinement Bar Size #4

Longitudinal Spacing of Confinement Bars 0.1

Check/Tresign

Cancel

Figura 46: Refuerzo de caissons.
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Design Load Combinations Selection

Load Combinatiens for Design

Select Type of Design Lead Combination

i

Load Combination Type Strength

Select Load Combinations

List of Load Combinations De=ign Load Combinations
0.6D+0.7E+H 0.90+1.0EH (Sismico}+1.6E
Carga vertical total 0.90+1.6H
D+H A0 -F 1.20+1.0EH (Sismo)
D+H+0.TE 1.20+1.6H
ENVOLVENTE - Remove 1.40

Automatic Design Load Combinations

[:] Automatically Generate Code-Based Design Load Combinations

Figura 47: Combinaciones de carga usadas en el disefio de los caissons.

ACI 315-14 COLUMMN SECTICN DESIGN Type: Mon Sway Units: EN, m, T (Flexural Details)

Element z 2z C=1.200 de=0.114

Section ID : Caisson l.2Zm 1.3% E=Z45700€0.0 fo=28000.000 Lt.Wt. Fac.=1.000
Combo ID o 1.4D L=1.000 fy=413€85.473 fys=413€235.473
Station Loc : 0.000 RLLF=1.000

Phi (Compression—-Spiral): 0.750

Fhi (Compression-Tied) : 050

Fhi (Tension Controlled) : 0.5%00

Fhi (Shear) : 0.7580

Phi (Seismic Shear): 0.g00

Phi {Joint Shear): 0.250

RHTAT, FORCE & BIR¥IAL MOMENT CHECE FOR PU, M2, M3

Capacity Rebar Design Design Design
Hatic % Eu Huz Hu3
0.50% 1.343 1235.0€l1 1782.333 -494.233

Factored & Minimum Biaxial Moments

Hon—-Sway Sway Factored Minimum Minimum

Mns Ms Mu Mmin Eccentrcty

Major Bending (M3) -g.1938 0.000 -g.1%93 54,233 0.051
HMinor Bending(M2) 1721.4735 d.000 1781.47%5 44,233 0.051

BZrxial Force & Biaxial Moment Factors

Cm Delta ns Delta_s E L

Factor Factor Factor Factor Length

Hajor Bending(M3) 0.535 1.000 1.000 1.000 1.000
HMinor Bending(M2) 1.0040 1.000 1.000 1.000 1.000

Figura 48: Verificaciones de pilotes para cuantia de 1.3%
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ACTI 312-14 COLUMN SECTION DESIGHN Type: Non Sway

Units: EMN, m,

de=0.111

£o=223000.000

£y=413€85.473

Element o1z D=1.200
Section ID : Caissom 1.2m 0_5% E=24870060.0
Combko ID : 0.5D+1.0EH (Sismico)l=1.000
Station Loc : 0.000 RLLF=1 000

Phi (Compression-Spiral): 0.750

Phi (Compression-Tied) : 0_€50
Fhi (Tension Controlled): 0_500
Ehi (Shear) : 0.750
Phi (Seismic Shear) : a_edn
Phi {Joint Shear): 0.250

A¥IAL FORCE & BIRXIAL MOMENT CHECE FOR PU,

Capacity Hebar
Ratio %
0.451 0.534

Factored & Minimum Biaxial Moments

Mon-Sway Sway

Mns Ms

Major Bending(M3) a.50%9 a.aoao
Minor Bending(M2) -1058_.525 0.000

Rxwial Force & Biaxiazal Moment Factors
Cm Delta_ns

Factor Factor
Major Bending(M2) 0.5e2 l.000
Minor Bending(M2) 0_.2€4 1.000

Mz, M3
Design

Eu
157€.0€9

Factored
Mu

0.509
-1058_525

Delta_s
Factor
l.000
1.000

Design
Mu2
-1l052.525

HMinimum
Mmin
80.758
80._758

K
Factor
l.000
1.000

C (Flexural Details)

Lt . Wt. Fac.=1_000
f£ys=413685.473

Design
Mu3
20.758

HMinimum
Eccentroty
0.051
0.051

Length
l.000
1.000

Figura 49: Verificaciones de pilotes para cuantia de 0.50%

s

s

k4

*

09

a7

a5

Figura 50: Verificaciones de ratios de caissons
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ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA

ULTIMA
TABLE: Element Forces - Frames
Frame | Station OutputCase CaseType P V3 M2

21 1 1.2D+1.6H Combination | -1846.904 | 573.801 | 403.9529
21 1 0.9D+1.6H Combination | -1453.158 | 573.823 | 22.4001

21 1 1.4D Combination | -1837.482 | -0.102 | 1780.5799
21 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 189.97 | 845.5677

21 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 763.881 | -658.2437
22 1 1.2D+1.6H Combination | -1846.904 | 520.489 | -116.5364
22 1 0.9D+1.6H Combination | -1453.158 | 513.57 | -491.1702
22 1 1.4D Combination | -1837.482 | 32.289 | 1748.2907
22 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 185.265 | 660.3028

22 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 671.159 | -1329.4022
23 1 1.2D+1.6H Combination | -1846.904 | 430.601 | -547.1377
23 1 0.9D+1.6H Combination | -1453.158 | 413.508 | -904.6782
23 1 1.4D Combination | -1837.482 | 79.768 | 1668.5224
23 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 174.479 | 485.8238

23 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 519.614 | -1849.0166
24 1 1.2D+1.6H Combination | -1846.904 | 321.088 | -868.2259
24 1 0.9D+1.6H Combination | -1453.158 | 293.383 | -1198.0608
24 1 1.4D Combination | -1837.482 | 129.293 | 1539.2295
24 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 158.012 | 327.8114

24 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 340.572 | -2189.5889
25 1 1.2D+1.6H Combination | -1846.904 | 218.483 | -1086.7092
25 1 0.9D+1.6H Combination | -1453.158 | 182.509 | -1380.5694
25 1 1.4D Combination | -1837.482 | 167.882 | 1371.3477
25 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 139.462 | 188.3499

25 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 178.071 | -2367.6604
26 1 1.2D+1.6H Combination | -1846.904 | 128.817 | -1215.5257
26 1 0.9D+1.6H Combination | -1453.158 | 87.162 | -1467.7317
26 1 1.4D Combination | -1837.482 | 194.386 | 1176.9613
26 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 120.364 | 67.9856

26 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 40.91 | -2408.5701
27 1 1.2D+1.6H Combination | -1846.904 | 56.139 | -1271.6652
27 1 0.9D+1.6H Combination | -1453.158 | 11.302 | -1479.0338
27 1 1.4D Combination | -1837.482 | 209.241 | 967.7204

27 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 102.236 | -34.2504

27 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -65.811 | -2342.7589
28 1 1.2D+1.6H Combination | -1846.904 | -41.046 | -1230.6187
28 1 0.9D+1.6H Combination | -1453.158 | -87.77 |-1391.2639
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28 1 1.4D Combination | -1837.482 | 218.043 | 749.6773
28 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 73.572 | -107.8226
28 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -201.092 | -2141.667
29 1 1.2D+1.6H Combination | -1846.904 | -128.77 | -1101.8492
29 1 0.9D+1.6H Combination | -1453.158 | -174.113 | -1217.151
29 1 1.4D Combination | -1837.482 | 211.602 | 538.0754
29 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 41.948 | -149.7709
29 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -313.538 | -1828.1294
30 1 1.2D+1.6H Combination | -1846.904 | -188.66 | -913.1896
30 1 0.9D+1.6H Combination | -1453.158 | -229.228 | -987.923
30 1 1.4D Combination | -1837.482 | 189.32 | 348.7557
30 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | 13.209 | -162.9795
30 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -378.293 | -1449.836
31 1 1.2D+1.6H Combination | -1846.904 | -215.229 | -697.9611
31 1 0.9D+1.6H Combination | -1453.158 | -248.575 | -739.3477
31 1 1.4D Combination | -1837.482 | 155.618 | 193.1378
31 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -9.062 | -153.9173
31 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -391.024 | -1058.8117
32 1 1.2D+1.6H Combination | -1846.904 | -212.191 | -485.7705
32 1 0.9D+1.6H Combination | -1453.158 | -237.245 | -502.1025
32 1 1.4D Combination | -1837.482 | 116.922 | 76.2159
32 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -23.525 | -130.3921
32 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -360.989 | -697.8226
33 1 1.2D+1.6H Combination | -1846.904 | -188.454 | -297.3169
33 1 0.9D+1.6H Combination | -1453.158 | -205.474 | -296.6282
33 1 1.4D Combination | -1837.482 | 79.43 -3.2142
33 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -30.652 | -99.7397
33 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -304.21 | -393.6128
34 1 1.2D+1.6H Combination | -1846.904 | -154.561 | -142.7558
34 1 0.9D+1.6H Combination | -1453.158 | -164.809 | -131.8196
34 1 1.4D Combination | -1837.482 | 47.821 -51.0355
34 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -32.065 | -67.6746
34 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -237.863 | -155.7495
35 1 1.2D+1.6H Combination | -1846.904 | -120.018 | -22.738
35 1 0.9D+1.6H Combination | -1453.158 | -125.313 -6.507
35 1 1.4D Combination | -1837.482 | 24.709 -75.745
35 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -29.865 | -37.8092
35 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -176.358 | 20.6081
36 1 1.2D+1.6H Combination | -1846.904 | -49.54 26.8022
36 1 0.9D+1.6H Combination | -1453.158 | -47.375 | 40.8683
36 1 1.4D Combination | -1837.482 | -10.104 | -65.6415
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36 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -20.444 | -17.3653
36 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | -59.159 | 79.7671
37 1 1.2D+1.6H Combination | -1846.904 | -5.414 32.2158
37 1 0.9D+1.6H Combination | -1453.158 | -0.197 41.0649
37 1 1.4D Combination | -1837.482 | -24.346 | -41.2958
37 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -11.525 -5.8403
37 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 9.146 70.621
38 1 1.2D+1.6H Combination | -1846.904 | 15.498 16.7177
38 1 0.9D+1.6H Combination | -1453.158 | 20.851 20.2143
38 1 1.4D Combination | -1837.482 | -24.978 | -16.3174
38 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -4.853 -0.9871
38 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 37.407 33.2137
39 1 1.2D+1.6H Combination | -1846.904 | 16.718 | 1.293E-13
39 1 0.9D+1.6H Combination | -1453.158 | 20.214 | 1.197E-13
39 1 1.4D Combination | -1837.482 | -16.317 | 4.476E-14
39 1 1.2D+1.0EH (Sismo) Combination | -1696.485 | -0.987 | 9.521E-14
39 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1574.659 | 33.214 | 1.766E-13
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ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA DE

SERVICIO
TABLE: Element Forces - Frames
Frame | Station | OutputCase CaseType P V3 M2

2 1 D+H Combination | -1483.73 | 358.54 | 569.63
3 1 D+H Combination | -1483.73 | 330.99 | 238.63
4 1 D+H Combination | -1483.73 | 283.28 | -44.65
5 1 D+H Combination | -1483.73 | 223.67 | -268.32
6 1 D+H Combination | -1483.73 | 166.43 | -434.75
7 1 D+H Combination | -1483.73 | 115.12 | -549.88
8 1 D+H Combination | -1483.73 | 72.36 | -622.23
9 1 D+H Combination | -1483.73 | 13.20 | -635.43
10 1 D+H Combination | -1483.73 | -42.77 | -592.66
11 1 D+H Combination | -1483.73 | -84.16 | -508.50
12 1 D+H Combination | -1483.73 | -106.77 | -401.73
13 1 D+H Combination | -1483.73 | -111.76 | -289.97
14 1 D+H Combination | -1483.73 | -103.61 | -186.36
15 1 D+H Combination | -1483.73 | -88.06 | -98.30
16 1 D+H Combination | -1483.73 | -70.59 | -27.70
17 1 D+H Combination | -1483.73 | -32.76 5.05

18 1 D+H Combination | -1483.73 | -7.72 12.77

19 1 D+H Combination | -1483.73 5.23 7.54

20 1 D+H Combination | -1483.73 7.54 0.00

21 1 D+H Combination | -1482.44 | 358.61 | 570.43
22 1 D+H Combination | -1482.44 | 331.07 | 239.36
23 1 D+H Combination | -1482.44 | 283.37 | -44.01

24 1 D+H Combination | -1482.44 | 223.77 | -267.78
25 1 D+H Combination | -1482.44 | 166.53 | -434.31
26 1 D+H Combination | -1482.44 | 115.22 | -549.53
27 1 D+H Combination | -1482.44 | 72.45 | -621.98
28 1 D+H Combination | -1482.44 | 13.28 | -635.27
29 1 D+H Combination | -1482.44 | -42.70 | -592.57
30 1 D+H Combination | -1482.44 | -84.11 | -508.47
31 1 D+H Combination | -1482.44 | -106.73 | -401.74
32 1 D+H Combination | -1482.44 | -111.74 | -290.00
33 1 D+H Combination | -1482.44 | -103.60 | -186.40
34 1 D+H Combination | -1482.44 | -88.06 | -98.34
35 1 D+H Combination | -1482.44 | -70.60 | -27.74
36 1 D+H Combination | -1482.44 | -32.77 5.03

37 1 D+H Combination | -1482.44 | -7.73 12.76
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38 1 D+H Combination | -1482.44 5.23 7.53

39 1 D+H Combination | -1482.44 7.54 0.00

40 1 D+H Combination | -1483.73 | 358.54 | 569.63
41 1 D+H Combination | -1483.73 | 330.99 | 238.63
42 1 D+H Combination | -1483.73 | 283.28 | -44.65
43 1 D+H Combination | -1483.73 | 223.67 | -268.32
44 1 D+H Combination | -1483.73 | 166.43 | -434.75
45 1 D+H Combination | -1483.73 | 115.12 | -549.88
46 1 D+H Combination | -1483.73 | 72.36 | -622.23
47 1 D+H Combination | -1483.73 | 13.20 | -635.43
48 1 D+H Combination | -1483.73 | -42.77 | -592.66
49 1 D+H Combination | -1483.73 | -84.16 | -508.50
50 1 D+H Combination | -1483.73 | -106.77 | -401.73
51 1 D+H Combination | -1483.73 | -111.76 | -289.97
52 1 D+H Combination | -1483.73 | -103.61 | -186.36
53 1 D+H Combination | -1483.73 | -88.06 | -98.30
54 1 D+H Combination | -1483.73 | -70.59 | -27.70
55 1 D+H Combination | -1483.73 | -32.76 5.05

56 1 D+H Combination | -1483.73 | -7.72 12.77

57 1 D+H Combination | -1483.73 5.23 7.54

58 1 D+H Combination | -1483.73 7.54 0.00

47




MEMORIAS DE CALCULO MUROS DE CONTENCION EN
VOLADIZO SECTOR PLAZOLETA TRAMO 2

PROYECTO CENTRO NAUTICO TOPOCORO

BETULIA/SANTANDER

NORMAS COLOMBIANAS DE DISENO Y CONSTRUCCION SISMO
RESISTENTE

NSR-10
DISENO:

TOMAS ENRIQUE GOMEZ SUAREZ
INGENIERO CALCULISTA
MP 68202-091503 STD

INsut

ingenieria,supervisién técnica e interventoria

BUCARAMANGA, FEBRERO DE 2026



DECLARACION: El disefio estructural del proyecto en referencia cumple con las
exigencias de (Ley 400 del 19 de agosto de 1997 y el Decreto 926 del 19 de marzo de
2010 (Reglamento Colombiano de Construccion Sismo Resistente NSR-10).

FIRMA: ‘@G—

Ingeniero calculista: TOMAS ENRIQUE GOMEZ SUAREZ
Tarjeta Profesional Ingeniero Civil # 68202-091503 STD.

Ciudad y fecha: Bucaramanga, 17 de Febrero de 2026.



TABLA DE CONTENIDO

LISTA DE FIGURAS ...ttt 4
1. ANALISIS DE ESTABILIDAD GLOBAL.......ccoooiiiiiiieieieteieieieieteeeseeese s 6
2. MURO PLAZOLETA TRAMO 2B ......ooiiiiiiiiiiie ettt 8
2.1 DESCRIPCION DEL MODELO ......coviiiiieieeeee e 8
2.2 MATERIALES UTILIZADOS ...t 10
2.3. SECCIONES TRANSVERSALES ........oo e 12
2.4. REVISION DE ESTABILIDAD LOCAL DE LOS COMPONENTES DEL MURO .....15
2.5. ASIGNACION DE CARGAS .......ooiiiiieieeeeeee et 17
2.6. VERIFICACION DE DEFORMACIONES EN PILOTE ....c.coouiuiiecececceeeeeeeeeeeeeas 21
1.7. FUERZAS AXIALES EN CAISSONS POR CARGAS DE SERVICIO...................... 23
2.8. DISENO DE ELEMENTOS ESTRUCTURALES .......coooiiiiirieieeeseeee e 24
2.8.1. DISENO DE ZARPA DE MURO .......ccoouiiiiiiieietieeieieieieeee e 24
2.8.2. DISENO DE VASTAGO .....ocoiiiiceieeeeeeeteeeee ettt 29
2.8.5. DISENO DE CAISSONS .....coooiiiitiiiieieieieet ettt 34



LISTA DE FIGURAS

Figura 1: Analisis de estabilidad global estatico. Fuente: Estudio Geotecnico.................... 6
Figura 2: Analisis de estabilidad global dinamico. Fuente: Estudio Geotecnico.................. 7
Figura 3: Vista 3D modelo de muro de contencion.............cooeevviveiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 8
Figura 4: Vista en planta de muro de contencioN. ..o 9
Figura 5: Material utilizado para [0S CaiSSONS. ........ccceeiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee 10
Figura 6: Seccion transversal de zarpa de MUro. ..........coiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 12
Figura 7: Seccion transversal vastago de MUrO. ..........ccccoeviiiiiiiiiieiee e 13
Figura 8: Seccidn transversal pilotes tipo CaisSSON. .........covvvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 13
Figura 9: Seccion transversal viga cim 1.50X1.20 ........ccoooiiiiiiiiiii e 14
Figura 10: Seccion transversal viga cim 0.50X1.20 ........cooovviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee 14
Figura 11: Empuje activo del relleno KN/M?2..........ccceiiiiiiiiie e 17
Figura 12: Peso del relleno sobre zarpa de muro [KN/m2].........ccccceeeviiiieeiiiieee e, 18
Figura 13: Empuje por componente dinamico. 36.62 KN/m? ..............ccccceeeveieeceiiieeeeee, 19
Figura 14: Cargas asignadas en modelo estructural ...........ccccceevvviiiiiiiiiiiiiiiieeiieeeeeeeeeee 19
Figura 15: Combinaciones d€ Carga. ..........cuueeeeiiiiuiiiiiiieeeeeeeeiieeee e e e e e e s e e e e e e e e nnneees 20
Figura 16: Deformacién en pilote por combinacion D+H ... 21
Figura 17: Deformacion en pilote por combinacion 0.6D+H+0.7E .............ccccccceieiniinnnnee. 21
Figura 18: Deformacion en pilote por combinacion D+H+0.7E. .........ccccoovvvviviiiiiiiieeeeeeee. 22
Figura 19: Fuerzas axiales en los caissons por cargas de gravedad. [Tonf].................... 23
Figura 20: Momento M1 KN M/M ..o 24
Figura 21: Momento M22 KN M/M ... 24
Figura 22: Chequeo de acero Ast1 bottom. 1#5 ¢/.15M ....cooiiiiiiiiiiiiiiiiieeeeeeeeeeeee 25
Figura 23: Chequeo de acero Ast2 bottom. 1#5 C/.15M ... 25
Figura 24: Chequeo de acero Ast1 top. 1#5 C/. 1M ..o 26
Figura 25: Acero adicional superior en sector del caisson Ast2 top. 1#5 c/.15m .............. 26
Figura 26: Cortante 1-3...... ..o e e 27
Figura 27: Cortante 2-3........oooieeeeeeeeeeeeee ettt 28
Figura 28: Cortante 2-3 SECION Viga..........ueiiiiiiiiiiiiiiieiee et 28
Figura 29: Momento M1 KN M/M ..o 29
Figura 30: Momento M22 KN*M/M .....ooiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee et e e e e e e eeeees 29



Figura 31:
Figura 32:
Figura 33:
Figura 34:
Figura 35:
Figura 36:
Figura 37:
Figura 46:
Figura 47:
Figura 48:
Figura 49:
Figura 50:

Acero cara top ASt2 15 C/. A5 oo 30
Acero cara bottom ASt2 1#5 C/. 15 .. e 30
Acero adicional cara top. 1#6 C/.15 .....oeeiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 30
Acero cara top AStT 1H5 C/. 15 .. e 31
Acero cara bottom Ast1 1H#5 C/.15 ..o 31
Chequeodecortante 1-3.......... 32
Chequeodecortante 2-3...........i 33
REfUEIZO A€ CAISSONS. ....ciiiiiiiiiiiiee e 34
Combinaciones de carga usadas en el disefio de los caissons. ..................... 35
Verificaciones de pilotes para cuantia de 1.3% .....cccueeeeiieeeiiiiiiiieeeee e 35
Verificaciones de pilotes para cuantia de 0.50% .........ccccveeeeiiiiiiiiieeee e 36
Verificaciones de ratios de CaiSSONS ..........coeiiiiiiiiiiiiiiiieie e 36



1. ANALISIS DE ESTABILIDAD GLOBAL

De acuerdo con los andlisis de estabilidad proporcionados por el ingeniero geotecnistas la
estabilidad global del talud se garantiza con las siguientes obras.

Relleno Seleccionado i

15.00 kNém2

Matzrial Name Color Water Surface | Hu
payjm3) | STEERIRE | o gy it
Colnion 0 18 Motr-Coulomb ] 23 | wioterSurface | Constant
Fesicual | 1= Monr-Coviemb | 23 | 32 | watersurfaca | comstant
Roca || 2 Motu-Coviomb | 56 | 29 | warerSurtace | Constant
Relleno Seleccionsdo | [1] 20 Mobw-Coulomb | 5 | 32 | Water Surface | Comstant
> Pile Shear
Out-Of-Plane | Tenzile G Length
Su| Name Color Force <. Su Force Direction
S e APRIGIEON | Somcing (m) | (k) m) it
o . Grouted ey
vi
Anclejes de 30 Ton Muro Vis Superior | [l | Soomer | Active (Method A) 2 300 13
Filote D=1.20 Muo Via Interma . Micro Pile|  Paschve |Method B| 45 19 Parpsadicular 1o pile
FRats D=1.20 Muro Plazokta Bl [vscorie| paccive (Mathod B 43 1019 Porpendicular o pile

Fuente: Propia.

Figura 1: Analisis de estabilidad global estatico. Fuente: Estudio Geotecnico



Relleno Selecclonado

15.00 kim2

Coluvion

Roca

_ Unit Weight tahesion| Phi
Materisl Name Colar L] Wimter Surfece | Hu

COT ki N e

Colusion D 18 Kionr-Coulomb 3 “water Surface | Constant

resdual I e= Mohr-Coulomb | 25 \water Surfaca | Constant

Roc B = wonr-Coulome | 56 \water Ssurtaca | Constant

Belleno Selecrionade I:I 20 tgir-Coulomb ¥ 32 | Wates Surface | Constant

15.00 kHimz_15.00 khim2

. 2 a Pl s
SHIPOTT Hanne color | Type Force ppicaven | 2 == Strength FaCe DireCios
Spaang fm| N} tmh i)
N Groutzd .
anclijes cio =0 e e via supedior | [ by | o (mschod a) 2 00 1=
Pilohe D=1 30 Muro Vis interna . Bdicra File|  Paaaive (aethad ) a3 1019 Ferpendicular to pile
Filot= D=1 20 Murc Flacsl=ta . Bdicro File| Pecsive (Method 0] 43 1019 Ferpendicular to pile

Fuente: Propia.

- 021

Figura 2: Analisis de estabilidad global dinamico. Fuente: Estudio Geotecnico



2. MURO PLAZOLETA TRAMO 2

2.1 DESCRIPCION DEL MODELO

Para valorar el nivel de esfuerzos internos en el modelo se procede a modelar el muro
mediante el uso de elementos Shell para representar el vastago (espesor de 0.45m vy
altura maxima 5.00m), zarpa (espesor de 0.40m y 2.95m de ancho) y elementos tipo
frame para identificar los caissons de 1.2m separados 3.60m y las vigas de cimentacion
de 1.50x1.20 y 0.50x1.20.

Figura 3: Vista 3D modelo de muro de contencion.



220

UNTA DE CONSTRUCCION:

Ubicar negstive psre futura cimentacién
de estructurs principal. Revisar ubicacin
con topografis.

Figura 4: Vista en planta de muro de contencion.




2.2 MATERIALES UTILIZADOS

El concreto propuesto para los pilotes tipo caisson es de 28MPa.

General Data
Material Name and Display Color 28Mpa .
Material Type Concrete

Material Grade fic 4000 psi

Material Notes. Modify/Show Notes...

Weight and Mass Unitz
VWeight per Unit Volume 2.400E-05 N, mm, C

Mags per Unit Volume 2 447E-09

Izotropic Property Data

=]

Modulus Of Elasticity, E 24870.0

(=1
i

Poizson, U
Coefficient Of Thermal Expansion, A 9.500E-06

Shear Modulus, G 10362.525

Other Properties For Concrete Materials

=]
(=]

Specified Concrete Compressive Strength, fie
Expected Concrete Compressive Strength 28.

(] Lightweight Concrete

[CJ Switch Te Advanced Property Display

Cancel

Figura 5: Material utilizado para los caissons.
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Los demas componentes del sistema se fabricaran en concreto de 35MPa.

B Material Property Data w

General Data
Material Name and Display Color 35MPa .
Material Type Concrete

Material Grade fc 5000 p=i

Material Notes Modify/Show Notes...

Weight and Mass Units
Weight per Unit Volume 2 400E-05 M, mm, C w

Masz per Unit Wolume 2. 447E-09

lzotropic Property Data

Modulus Of Elasticity, E 27805.57
Poiszon, U 0.2
Coefficient Of Thermal Expansion, A 9.900E-06
Shear Modulug, G 11585654

Other Properties For Concrete Materials
Specified Concrete Compressive Strength, fc 35.
Expected Concrete Compressive Strength 35.

[] Lightweight Concrete

[:] Switch To Advanced Property Display

Cancel
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2.3. SECCIONES TRANSVERSALES

A continuacion, se presentan las secciones transversales correspondientes a los elementos
usados en la modelacion.

X
Section Name Zarpa h=0.40m
Section Notes Modify/Show...
Type Thickness
Membrane 400.
Bending 400.
Material

Material Name 35MPa
Waterial Angle 0.

Time Dependent Properties

Set Time Dependent Properties...

Concrete Shell Section Design Parameters Stiffness Modifiers

Modify/Show Shell Design Parameters... Set Modifiers...

Cancel

Figura 6: Seccion transversal de zarpa de muro.
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Section Name Muro e=45cm .
Section Motes Modify/Show...
Type Thickness
Membrane 450.
Bending 450,
Material
Material Name 35MPa
Material Angle 0.

Time Dependent Preperties
Set Time Dependent Properties. ..

Concrete Shell Section Design Parameters. Stiffness Modifiers

Modify/Show Shell Design Parameters... =gt Modifiers. .

Cancel

Figura 7: Seccion transversal vastago de muro.

){ Circular Section

Section Name Caiz=on 1.2m 1.3% Dizplay Color
Section Notes Modify/Show Notes...
Dimensions Section
Diameter (13 ) 1200.

Properties.
Material Property Modifiers Section Properties...

28Mpa sinpeso Set Modifiers... Time Dependent Properties...

Concrete Reinforcement..

Cancel

Figura 8: Seccion transversal pilotes tipo caisson.
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Section Name Display Color
Section Notes Modify/Show Notes...
Dimensions. Section
Depth (13) 1200. ‘ p ‘
Width (£2) 1500. i
3 —
Properties
Material Property Modifiers Section Properties...
35MPa Set Modifiers... Time Dependent Properties. ..

Concrete Reinforcement..

Cancel

Figura 9: Seccion transversal viga cim 1.50x1.20

Display Color .

Section Name

Section Notes

Dimensions Section
Depth (13} 1200. b
Width (t2 ) 500
3
Properties
Material Property Modifiers Section Properties...
35MPa Set Modifiers. .. Time Dependent Properties...

Concrete Reinforcement...

Cancel

Figura 10: Seccion transversal viga cim 0.50x1.20
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2.4. REVISION DE ESTABILIDAD LOCAL DE LOS COMPONENTES DEL MURO

MEMORIA GALCULC DE ESTABILIDAD LOCAL PARA MURDS CON PILOTES

L PARAMETROE DE ENTRADA
MATERIALES MURO
yconcrEln 2400 kN
iy 22000|Mea
w 3500 Mo

MATERIALES [EL SUELOEN CONTACTO CONEL MURO

Y sieode =lero gi :\ s K. = cos =% Veos? a—cos? &*
. = cos & + Veosa—cos® @'
00|
0] Aruiic de ficcion ertre el susloy & muro
e K cos a+ Vcos?a—cos® ¢
7 o €08 o
3E| . cos & = Vcos® o —cos® @
PARAMETROS SISMICOS
PGA 0:20)| .
o [F] — ) e s tierea
Py = WyH(1 - kK, n
il 00| con @'sen? Benifi - - &) | 1+, (22RO ;‘-“j"f:? =11
Eprima 0207 | Jsen(f o Jeni o +
.'.\-g.l-:v-ae rofiracion de lacaraintema del muo (5 = -
muwses motod sngui 2= 90%)
e 0.445) Metodo Moroeobe Okabe
SUELO CIRCUNDANTE AL PILOTE
Estraio
Estrain?
Estraio3

Estrao pordeedo

METODO RANKINE PARA EMFU.E ACTIVO Y PASIV O, PARA EL CONPONENTE SISMICO MONONOBE - OKABE

2 ESTABILIDAD LOCAL DEL MURO

GEOMETRA
h S00 m
H 000 m (!

045 m ~jaf- v a

208 m

048 m

045 m

050 m L3
o 000 m
a 000 :
) 500 e L
Diameteo picte: 120 m b '
Longtud pidts 18,00 m T '
Sepancinpides 360 T
Medio pesmetro supeficial pide 1885 m

v
| v
P =1k I+
a 2 a
I m
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MOMENTOS GENERADOS POR PESQS [E ELEMENTOS [EL MURO 0 SUELO, VERTICALES

SECCION AREAmY PESO fif¥im) Xojm) M_RESIS.{kN-mim)
100 000 000 (] 000
200 25 400 0/ a0
300 013 #0225 o 3|1
400 142 30 148 222
500 000 000 228 000
600 0% 16572 148 20 18
- 200 295 om0
‘Bumatona Fuerzas (Nomal) AT at 64131
MOMENTOS ACTUANTES GENERADOS SEGUN CARGAS
FUERZA MAGNITUD fid¥im) Xo- Yo fm) M_ACTUANTE. [i-mim) M_RESIS. [kN-mim)
Presionadiva 86 182 138¥% 000
Sobecarga 53 275 |71 000
Sismo {8F, } 3w a2 000
Prasion pasivaPilas 1 43425 1200 000 i
000
3 FACTOR DE SEGURIDAD AL VOLGAMIENTO
Estitico Pseud
M FESIS. ftN-mim) M_RESIS. (kN-mim)
M_ACTUA (k-m) BN M ACTUA fthem)
F5v 2384 By L]
Cumgle: Cumpie
4 FACTOR DE SEGURIDAD AL DESLIZAMIENTO
Estitico Pseud
F_RESIS ktNim) 44715 F RESIS_{kiNm) a1 %
F ACTUA (Krim) () F ACTUA [kiim) el
FsD 4103 FED 030
Cumgle: Cumpie:
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2.5. ASIGNACION DE CARGAS

Se procede a asignar los empujes y pesos del suelo como lo indica el reglamento.

[ L L R L T I L R O A L A e O T e I A T T AR (R O AR A A
840 AgN AGA AJN AR RN AJA AN AQA AJH RSA AN ANA ADN AJN RJA AN AN AJN ASA ASA RGN AJA AJA AJN RN AL AJN AJA AJA AJA RO AJA AJ0

I I L] o I I o L] N o L] I L] o RN L] N
117 11407 11487 11407 11407 11407 11407 11407 11407 11037 11407 11407 11407 11407 11407 11407 11407 1187 11407 11407 11407 1107 11407 11407 11407 11407 11407 11407 11407 11407 11407 11407 11437 11497

I | I | | | | I | | | | I | | | | I | I | I | | I | | | | | | | |
13484 13484 13284 13284 17484 | 41 4 1784 13084 17284 1704 17284 1 4 13804 19484 1 4 11484 179484 13484 1 4 13804 17484 1 4 19484 1794841 41 4 1904 17284 1 4] 4139841 417,

| | | | | | | | | | | | | | I | | | | | | | | | | | I | | | | I |
16401 16940 16 Q4R 16 450 15,640 1| 16940 16 QAR 16 040 1505 14 QAR 14 AR 16 Q50 14 QAR 14 RAR 16 00 15 AR 1A QAR 14 QA0 15050 1A QAR 14 LAR 16 @50 14 QAR 16 JAM 16 00 15 G5 1A QAR 14 LA 14 @A0 1A QAR 16440 14

I | I | | I | I | | | | I | I | | I | I | I | | I | I | | | | I |
1917 19437 19237 19237 19, 19037 19437 19437 19437 19237 19437 19437 10417 19237 19237 19437 19 19437 19437 19237 19437 19437 19237 19, 19437 19437 19037 19437 10 19437 19437 19437 19237 19

2213 13127813 1312241 11 13127813 1312241 1317281 13 1312781 1312241 131224113 13 137781 1312241 13228132241 1312781 132241 13 1122

| I | | | | I | | | | | | I | I | | I | | | | | | | |
6 27 ot 2T g6 77 ofsfs 27 gfits 27 b 2T g 27 gfstn 27 gty 2T it 77 oot 27 gfitr 2T gl 2T gt 27 ofstn 27 gty 2T gh6 77 ot 27 gty 2T g6 2T gt 27 oot 27 gt 2T gt 77 o 27 gfitn 27 g6 27 bt

Figura 11: Empuje activo del relleno kN/m?
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125, a1 oe, = o0, 5 Bzo-s oo,
7Giee, =i B0, = e 4 e 4
o, 33 3n000 3 00, 5 e, 4t 00, 4
GO e, a0
Ten, i,
e, o,
Goc

\

0.00, 0.00, -90.00

0.00, 0.00, -90.00

0.00, 0.00,-90.00

0.00, 0.00,-90.00
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Figura 12: Peso del relleno sobre zarpa de muro [KN/m?]




Figura 13: Empuje por componente dinamico. 36.62 kN/m?

phi (%) 32
phi{radianes) 0.56
ka 0.31

¥ [kN/m3] 18

h[m] 5
Empuje en la base [kN/m2] 27.65
Empuje en la cabeza [kN/m2] 0.00

Ecuaciones para el 3AP CZ+D Z1[m] 15
22 [m] 20
Ecuacion1 D= 27.65 - 15 C
Ecuacion2 D- 0.00 - 20 Cc
Ecuacion3 -20 v = 27.65 - 15
c= -5.53
D= 110.6131
Empuje de sobrecarga 0 kMN/m2
0.00 kN/m2

Carga sismica

Kae 0.47

kv 0
Aead [kN/m] 36.62
Brazo 3.33

Figura 14: Cargas asignadas en modelo estructural
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Una vez asignadas las cargas se proceden a definir las combinaciones de carga por
esfuerzos admisibles y cargas ultimas.

2 Define Load Combinations >
X

Load Combinatiocns Click to:

Carga vertical total Add New Combo...
O+H
1.2D+1.6H Add Copy of Combo...
0.80+1.56H
1.4D Modify/Show Combo...
1.20+1.0EH (Sizmo)
0.50+1.0EH (Sismico)+1.5EH Fa
ENVOLVENTE
D+H+0.TE

0.80+0.78+H Add Default Design Combos...

Convert Combos to Nonlinear Cages...

Cancel

Figura 15: Combinaciones de carga.
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2.6. VERIFICACION DE DEFORMACIONES EN PILOTE

De acuerdo con las caracteristicas proporcionadas por el ingeniero geotecnista se verifica
que los pilotes no superen la deformacion maxima en la cabeza del pilote de 40mm.

PLObj 191
PtEIm: 197
Utl= 234
U2= 116288

g U3=-33753

27 R1=-00145
R2 = 5E-05
R3 = 9E-05

Figura 16: Deformacion en pilote por combinacién D+H

Pt Obj: 191
PtElm 191
U1= 1408
U2 = 24737
U3 =-20253
R1 00427
R2 = 3E-05
R3= 00015

=)

Figura 17: Deformacion en pilote por combinaciéon 0.6D+H+0.7E

21



Pt Obj: 191
PtEIm: 191
Ul = 2341
U2 = 208783
g U3=-3.3753
#1 R1=-00327
R2 = 5E-05
R3 = .00014

Figura 18: Deformacion en pilote por combinaciéon D+H+0.7E.

Las deformaciones de los pilotes se encuentran dentro de los rangos admisibles para las
combinaciones de esfuerzo admisible sefialadas en la NSR-10.
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1.7. FUERZAS AXIALES EN CAISSONS POR CARGAS DE SERVICIO

114.9 2147 T728.6 1736.52
770 < T4 s 3
70 ¢ 7 4b 6 {ECS
e 57 4b 26 IKEES
770 < 37 b s I35
70 ¢ 7 b s {ECES
i ¢ 57 4b 36 IKEES
T < T b s | EC
110 ¢ 37 b 3 IREES
i 37 a8 s s
i 57 4b [2d6] I
114 4 7 4 BE03 s
X 57 ab LFEG 375
E 7 4P 2T s
114 4 7 4 296 s
114§ 57 ab FEGS 1355
77 7 4 2 s
E 37 4b 2961 IKEi
114 57 4 s [ EES
v ey Ly =y
s s T s

Figura 19: Fuerzas axiales en los caissons por cargas de gravedad. [Tonf]
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2.8. DISENO DE ELEMENTOS ESTRUCTURALES

2.8.1. DISENO DE ZARPA DE MURO

Figura 20: Momento M11 kN*m/m

Figura 21: Momento M22 kN*m/m

24



Figura 22: Chequeo de acero Ast1 bottom. 1#5 c/.15m

Figura 23: Chequeo de acero Ast2 bottom. 1#5 ¢/.15m
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Figura 24: Chequeo de acero Ast1 top. 1#5 ¢/.15m

Figura 25:

Acero adicional superior en sector del caisson Ast2 top. 1#5 ¢/.15m
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As x fy )

Mn = @A (d—
oMn = @As  fy * 0.85# f'c * bef x2
A —199*1000—1326 5

s = 150 = mme/m

As* fy )
0.85 % f'c * bef x2

1326 * 420 ) 1
*
0.85 35 %1000 * 2/ 1000 * 1000

oMn = (pAs*420*(d—

@Mn = 0.9 x 1326 = 420 * (310 - = 150.7 kN * m/m

Se observa que de acuerdo con las figuras 21 y 22 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del cabezal el cortante resistente es:

kN
= 233.83—
m

1
@oVn =0.750.17 * V35 * 1000 * 310 * 1000

Figura 26: Cortante 1-3
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Figura 27: Cortante 2-3

Considerando que en el sector de la viga actua un espesor mayor y los estribos el cortante
ultimo seria:

V3 kN
@Vec =0.75%0.17 * v35 * 500 = 1000 * 1000 — 377.15?
2 %129 %420 % 1000 kN
Vs = 0.75 * 150 » 1000 =541.80?

kN
@Vn =377.15 + 541.80 = 918.95;

Figura 28: Cortante 2-3 Sector viga.

Las verificaciones de cortante son correctas.
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2.8.2. DISENO DE VASTAGO

Figura 29: Momento M11 kN*m/m

Figura 30: Momento M22 kN*m/m

Considerando las cuantias minimas establecidas en C.23.C.7.12.2.1 se calcula la cuantia
minima del muro de contencion.

§ = 0.005 = 100 * 40 = 20 cm?/m

Proporcionados en dos caras de muro se obtienen 10 cm?/m por cada cara. En acero de
campo 1#5 cada 15cm.
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R S S <

RN S SN S

Figura 31: Acero cara top Ast2 1#5 c/.15
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Figura 32: Acero cara bottom Ast2 1#5 c/.15

Figura 33: Acero adicional cara top. 1#6 ¢/.15
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Figura 34: Acero cara top Ast1 1#5 c/.15

Figura 35: Acero cara bottom Ast1 1#5 c/.15
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= g pye(am AT )
— * * —_
oMn = ¢As * fy 0.85# f'c * bef x2

As — 199 x 1000 1326 5
s = 150 = mme/m

As x fy )

Mn = @As * 420 * (d —
prin = gas = *( 0.85 = f'c * bef * 2

1326 x 420 )
*
0.85 35 %1000 2/ 1000 * 1000

@Mn = 0.9 * 1326 * 420 * (360 - = 175.75 kN s m/m

Se observa que de acuerdo con las figuras 30 y 31 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del muro el cortante resistente es:

kN
=271.54—
0 m

1
@Vn =0.750.17 * V35 * 1000 * 360 * 100

Figura 36: Chequeo de cortante 1-3.
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Figura 37: Chequeo de cortante 2-3

Los cortantes cumplen con lo establecido
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2.8.5. DISENO DE CAISSONS

:ﬂ: Reinforcement Data

Rebar Material

Lengitudinal Bars AB15GrE0
Confinement Bars (Ties) A6 5GrE0
Des=ign Type
Reinforcement Configuration Confinement Bars

Lengitudinal Bars - Circular Configuration

Clear Cover for Confinement Bars 0.09
Number of Longitudinal Bars 39
Lengitudinal Bar Size #7

Cenfinement Bars
Confinement Bar Size #4

Longitudinal Spacing of Confinement Bars 0.1

Check/Tresign

Cancel

Figura 38: Refuerzo de caissons.
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Design Load Combinations Selection

Load Combinatiens for Design
Select Type of Design Lead Combination

Load Combination Type Strength

i

Select Load Combinations

List of Load Combinations De=ign Load Combinations
0.6D+0.7E+H 0.90+1.0EH (Sismico}+1.6E
Carga vertical total 0.90+1.6H
D+H A0 -F 1.20+1.0EH (Sismo)
D+H+0.TE 1.20+1.6H
ENVOLVENTE - Remove 1.40

Automatic Design Load Combinations

[:] Automatically Generate Code-Based Design Load Combinations

Cancel

Figura 39: Combinaciones de carga usadas en el disefio de los caissons.

BCT 318-14 COLUMNM SECTION DESIGN Type: Non Sway Units: EN, m, C (Flexural Details)

Element - 2 C=1.Z00 de=0.114

Section ID : Caisson 1.2Zm 1.3% E=242700&0.0 £o=22000.000 Lt.Wt. Fac.=1.000
Combo ID  1.4D L=1.000d fy=413€35.473 fys=413€35.473
Station Loc @ 0.000 RLLEF=1_000

Phi (Compression—Spiral): 0.750

Phi (Compression-Tied) : 0.e50

Phi({Tension Controlled): 0.300

Phi (Shear) : 0.750

Phi{Seismic Shear): 0.e00

Phi (Joint Shear) : 0_850

AXTAT FORCE & BIAXWTAL MOMENT CHECE FCOR PU, M2, M3

Capacity Rebar Design Design Design
Ratio % Fu Huz Hu3
0.3587 1l.343 1577.251 Z50.031 a0.g20

Factored & Minimum Biaxial Moments

Hon-Sway Sway Factored Minimmam Minimum

Mns Ms Mu Mmin Eccentrcty

Hajor Bending(M3) 15.723 0.000 15.723 F0.820 0.0581
HMinor Bending(MZ) 250.051 0.a0a 1250.0%1 a0.820 0.051

Axial Force & Biaxial Moment Factors

Cm Delta_ns Delta_s E L

Factox Factox Factor Factor Length

HMajor Bending(M3) 0.594%5 1.000 1.000 1.000 1.000
Hinor Bending(M2) 0.5955 1.000 1.000 1.000 1.000

Figura 40: Verificaciones de pilotes para cuantia de 1.3%
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ACT 313-14 COLUMN SECTICN DESIGM Type: Non Sway Units: EM, m, C (Flexural Details)

Element @ lz2 D=1.200 de=0.111

Section ID : Caisson 1.Zm 0.5% E=243700€0.0 £o=23000.000 Lt .Wt. Fac.=1.000
Combo ID : 0.50+1.0EH (Sismico)L=1.000 £y=413€85.473 fys=413€85.473
Station Loc : 0.000 RLLF=1.000

Phi (Compression-Spiral): 0.750

Fhi (Compression-Tied) : a.€50
Lhi(Tension Controlled): 0.500
FPhi (Shear) - a.750
Phi{Seismic Shear): 0.€00
Phi{Joint Shear): 0.850

LETAT FORCE & BIAXIAL MOMENT CHECE FOR PU, M2, M3

Capacity Rebar Design Design Design
Ratioc & Tu Hu2 Huz
0.585 0.534 1014.1€3 -1055.253 51 .9&¢

Factored & Minimum Biaxial Moments

Non-Sway Sway Factored Minimmuam HMinimam

Mns Ms Mu Mmin Eccentrcty

Hajor Bending(M32) 4.5943 0,000 4.5943 51.9¢€€ 0.051
Minor Bendingi{M2) -1055.253 0.000 -1055_253 51._%9€€ 0.051

Exizl Force & Biamial Moment Factors

Cm Delta_ns Delta_s E L

Factor Factor Factor Factor Length

Major Bending(M3) 0.8e5 1.000 1.000 1.000 1.000
HMinor Bending(MZ) 0.28¢ 1.000 1.000 l.000 1.000

Figura 41: Verificaciones de pilotes para cuantia de 0.50%
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Figura 42: Verificaciones de ratios de caissons
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ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA
ULTIMA TRAMO 2

TABLE: Element Forces - Frames

Frame | Station OutputCase CaseType P V3 M2

2 1 1.2D+1.6H Combination | -1352.127 | 381.661 | -84.4207
2 1 0.9D+1.6H Combination | -1014.136 | 381.257 | -351.8934
2 1 1.4D Combination | -1577.291| 1.885 | 1248.2061
2 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 127.121 | 507.8763
2 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 506.762 | -913.9081
3 1 1.2D+1.6H Combination | -1352.127 | 339.779 | -424.2001
3 1 0.9D+1.6H Combination | -1014.136 | 334.554 | -686.4475
3 1 1.4D Combination | -1577.291 | 24.385 | 1223.8213
3 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 122.918 | 384.9581
3 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 436.571 | -1350.4791
4 1 1.2D+1.6H Combination |-1352.127 | 270.579 | -694.7788
4 1 0.9D+1.6H Combination [ -1014.136 | 258.295 | -944.7424
4 1 1.4D Combination | -1577.291 | 57.325 | 1166.4964
4 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 114.156 | 270.8018
4 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 323.316 | -1673.7947
5 1 1.2D+1.6H Combination | -1352.127 | 187.92 | -882.6985
5 1 0.9D+1.6H Combination | -1014.136 | 168.285 | -1113.0269
5 1 1.4D Combination | -1577.291 | 91.631 | 1074.8659
5 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 101.526 | 169.2753
5 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 191.271 | -1865.0652
6 1 1.2D+1.6H Combination [ -1352.127 | 112.024 | -994.7224
6 1 0.9D+1.6H Combination | -1014.136 | 86.673 | -1199.7004
6 1 1.4D Combination | -1577.291 | 118.302 | 956.5638
6 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 87.858 81.4175

6 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 73.13 |-1938.1948
7 1 1.2D+1.6H Combination | -1352.127 | 47.13 |-1041.8522
7 1 0.9D+1.6H Combination | -1014.136 | 17.868 |-1217.5682
7 1 1.4D Combination | -1577.291 | 136.556 | 820.008

7 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 74.217 7.2007

7 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | -24.963 | -1913.2316
8 1 1.2D+1.6H Combination | -1352.127 | -4.154 |-1037.6981
8 1 0.9D+1.6H Combination | -1014.136 | -35.592 | -1181.9763
8 1 1.4D Combination | -1577.291 | 146.71 | 673.2983
8 1 1.2D+1.0EH (Sismo) Combination [ -1351.995 | 61.603 | -54.4024
8 1 0.9D+1.0EH (Sismico)+1.6EH | Combination |-1014.168 | -99.74 |-1813.4915
9 1 1.2D+1.6H Combination | -1352.127 | -70.539 | -967.1592
9 1 0.9D+1.6H Combination | -1014.136 | 103.226 | -1078.7498
9 1 1.4D Combination | -1577.291 | 152.542 | 520.7563
9 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | 42.137 | -96.5389
9 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | -191.84 | -1621.6512
10 1 1.2D+1.6H Combination | -1352.127 | 127.607 | -839.5522
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159.264

10 1 0.9D+1.6H Combination | -1014.136 -919.4858
10 1 1.4D Combination | -1577.291 | 147.733 | 373.0238
10 1 1.2D+1.0EH (Sismo) Combination | -1351.995| 21.185 -117.724
10 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 264.707 | -1356.9444
11 1 1.2D+1.6H Combination |-1352.127 | 163.022 | -676.5303
11 1 0.9D+1.6H Combination |-1014.136 | 191.292 | -728.1942
11 1 1.4D Combination | -1577.291 | 131.925 | 241.0983
11 1 1.2D+1.0EH (Sismo) Combination | -1351.995| 2.679 -120.4031
11 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 301.691 | -1055.253
12 1 1.2D+1.6H Combination | -1352.127 | -174.01 | -502.5203
12 1 0.9D+1.6H Combination | -1014.136 | 197.203 | -530.9909
12 1 1.4D Combination | -1577.291 | 108.236 | 132.8626
12 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | -11.127 | -109.2763
12 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 301.104 | -754.1494
13 1 1.2D+1.6H Combination | -1352.127 | 164.316 | -338.2044
13 1 0.9D+1.6H Combination | -1014.136 | 181.705 | -349.2858
13 1 1.4D Combination | -1577.291| 81.15 51.713

13 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | -19.546 | -89.7306
13 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 270.808 | -483.3418
14 1 1.2D+1.6H Combination | -1352.127 | 141.093 | -197.1109
14 1 0.9D+1.6H Combination | -1014.136 | 152.874 | -196.4114
14 1 1.4D Combination | -1577.291 | 54.977 -3.2645

14 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | -23.095 | -66.6356
14 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 223.093 | -260.2489
15 1 1.2D+1.6H Combination | -1352.127 | 112.283 | -84.8278
15 1 0.9D+1.6H Combination | -1014.136 | 119.346 | -77.0655
15 1 1.4D Combination | -1577.291 | 32.959 -36.2237
15 1 1.2D+1.0EH (Sismo) Combination |-1351.995| -23.012 | -43.6236
15 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 170.609 | -89.6402
16 1 1.2D+1.6H Combination | -1352.127 | -84.725 -0.1028

16 1 0.9D+1.6H Combination | -1014.136 | -88.345 11.2794

16 1 1.4D Combination | -1577.291 | 16.893 -53.117

16 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | -20.788 | -22.8355
16 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 123.613 | 33.9727

17 1 1.2D+1.6H Combination | -1352.127 | -30.946 30.8433
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17 1 0.9D+1.6H Combination | -1014.136 | -29.394 | 40.6733
17 1 1.4D Combination | -1577.291 | -7.244 | -45.8732
17 1 1.2D+1.0EH (Sismo) Combination | -1351.995 | -13.351 -9.4843

17 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | -36.536 | 70.5089
18 1 1.2D+1.6H Combination | -1352.127 | 1.227 29.6161

18 1 0.9D+1.6H Combination | -1014.136 | 4.884 35.789

18 1 1.4D Combination | -1577.291 | -17.066 | -28.807

18 1 1.2D+1.0EH (Sismo) Combination | -1351.995| -6.92 -2.5645

18 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 12.593 57.9163
19 1 1.2D+1.6H Combination | -1352.127 | 15.261 14.3549
19 1 0.9D+1.6H Combination | -1014.136 | 18.998 16.7911

19 1 1.4D Combination | -1577.291| -17.438 | -11.3691
19 1 1.2D+1.0EH (Sismo) Combination | -1351.995| -2.435 -0.1296

19 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 31.51 26.4065
20 1 1.2D+1.6H Combination | -1352.127 | 14.355 | 1.08E-13
20 1 0.9D+1.6H Combination | -1014.136 | 16.791 | 1.037E-13
20 1 1.4D Combination | -1577.291 | -11.369 | 1.99E-14
20 1 1.2D+1.0EH (Sismo) Combination [-1351.995| -0.13 | 1.705E-14
20 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1014.168 | 26.406 | 1.037E-13
21 1 1.2D+1.6H Combination | -1428.82 | 398.8 -48.7137
21 1 0.9D+1.6H Combination | -1071.564 | 399.347 | -314.4053
21 1 1.4D Combination | -1667.192 | -2.555 | 1239.8941
21 1 1.2D+1.0EH (Sismo) Combination | -1428.975| 130.718 | 515.3611
21 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 532.255 | -861.8105
22 1 1.2D+1.6H Combination | -1428.82 | 355.756 | -404.4696
22 1 0.9D+1.6H Combination | -1071.564 | 351.414 | -665.8192
22 1 1.4D Combination | -1667.192 | 20.263 | 1219.6311
22 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | 126.271 | 389.0897
22 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 460.317 | -1322.1276
23 1 1.2D+1.6H Combination | -1428.82 | 284.501 | -688.9702
23 1 0.9D+1.6H Combination | -1071.564 | 272.98 | -938.7996
23 1 1.4D Combination | -1667.192 | 53.76 | 1165.8707
23 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | 117.078 | 272.0117
23 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 343.978 | -1666.1057
24 1 1.2D+1.6H Combination | -1428.82 | 199.228 | -888.1978
24 1 0.9D+1.6H Combination | -1071.564 | 180.206 | -1119.0053
24 1 1.4D Combination | -1667.192 | 88.769 | 1077.1015
24 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | 103.899 | 168.1125
24 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 208.017 | -1874.1227
25 1 1.2D+1.6H Combination | -1428.82 | 120.779 | -1008.9771
25 1 0.9D+1.6H Combination | -1071.564 | 95.896 |-1214.9012
25 1 1.4D Combination | -1667.192 | 116.122 | 960.9791
25 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | 89.695 78.4178

25 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 86.057 |-1960.1797
26 1 1.2D+1.6H Combination | -1428.82 | 53.559 |-1062.5356
26 1 0.9D+1.6H Combination | -1071.564 | 24.632 | -1239.5327
26 1 1.4D Combination | -1667.192 | 134.993 | 825.9863
26 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | 75.565 2.8528

26 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | -15.512 | -1944.6682

39




27 1 1.2D+1.6H Combination | -1428.82 | 0.301 |-1062.8365
27 1 0.9D+1.6H Combination | -1071.564 | -30.913 | -1208.6194
27 1 1.4D Combination | -1667.192 | 145.666 | 680.3204
27 1 1.2D+1.0EH (Sismo) Combination | -1428.975| 62.537 | -59.6842
27 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | -93.233 | -1851.4355
28 1 1.2D+1.6H Combination | -1428.82 | -68.87 | -993.9664
28 1 0.9D+1.6H Combination | -1071.564 | -101.49 | -1107.1298
28 1 1.4D Combination | -1667.192 | 152.225 | 528.0958
28 1 1.2D+1.0EH (Sismo) Combination | -1428.975| 42.486 | -102.1698
28 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 189.482 | -1661.9531
29 1 1.2D+1.6H Combination | -1428.82 | 128.644 | -865.3222
29 1 0.9D+1.6H Combination | -1071.564 | 160.383 | -946.7471
29 1 1.4D Combination | -1667.192 | 148.113 | 379.9832
29 1 1.2D+1.0EH (Sismo) Combination | -1428.975| 20.966 | -123.136
29 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | -266.37 | -1395.583
30 1 1.2D+1.6H Combination | -1428.82 | 166.144 | -699.1783
30 1 0.9D+1.6H Combination | -1071.564 | 194.608 | -752.1389
30 1 1.4D Combination | -1667.192 | 132.834 | 247.1492
30 1 1.2D+1.0EH (Sismo) Combination | -1428.975| 2.023 | -125.1587
30 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 306.443 | -1089.1397
31 1 1.2D+1.6H Combination | -1428.82 | 178.373 | -520.8052
31 1 0.9D+1.6H Combination | -1071.564 | 201.826 | -550.3126
31 1 1.4D Combination | -1667.192 | 109.448 | 137.7012
31 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | -12.043 | -113.1153
31 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 307.682 | -781.4575
32 1 1.2D+1.6H Combination | -1428.82 | 169.102 | -351.7032
32 1 0.9D+1.6H Combination | -1071.564 | -186.77 | -363.5425
32 1 1.4D Combination | -1667.192 | 82.451 55.2501
32 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | -20.551 | -92.5644
32 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 277.993 | -503.4642
33 1 1.2D+1.6H Combination | -1428.82 | 145.668 | -206.0349
33 1 0.9D+1.6H Combination | -1071.564 | 157.712 | -205.8304
33 1 1.4D Combination | -1667.192 | 56.204 -0.9543
33 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | -24.056 | -68.5086
33 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 229.943 | -273.5211
34 1 1.2D+1.6H Combination | -1428.82 | 116.265 | -89.7697
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123.554

34 1 0.9D+1.6H Combination | -1071.564 -82.276
34 1 1.4D Combination | -1667.192 | 34.016 | -34.9704
34 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | -23.848 | -44.6606
34 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 176.559 | -96.962
35 1 1.2D+1.6H Combination | -1428.82 | -87.982 -1.7877
35 1 0.9D+1.6H Combination | -1071.564 | -91.786 9.5095
35 1 1.4D Combination | -1667.192 | 17.75 -52.7205
35 1 1.2D+1.0EH (Sismo) Combination | -1428.975 | -21.472 | -23.1887
35 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 128.472 | 31.5098
36 1 1.2D+1.6H Combination | -1428.82 | -32.56 30.7724
36 1 0.9D+1.6H Combination | -1071.564 | -31.096 | 40.6059
36 1 1.4D Combination | -1667.192 | -6.831 -45.8895
36 1 1.2D+1.0EH (Sismo) Combination | -1428.975| -13.69 -9.4988
36 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | -38.931 70.4409
37 1 1.2D+1.6H Combination | -1428.82 | 0.742 30.0302
37 1 0.9D+1.6H Combination | -1071.564 | 4.375 36.2307
37 1 1.4D Combination | -1667.192 | -16.953 | -28.9361
37 1 1.2D+1.0EH (Sismo) Combination | -1428.975| -7.021 -2.4773
37 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 11.885 58.5558
38 1 1.2D+1.6H Combination | -1428.82 | 15.392 14.6377
38 1 0.9D+1.6H Combination | -1071.564 | 19.139 17.0914
38 1 1.4D Combination | -1667.192 | -17.485 | -11.4509
38 1 1.2D+1.0EH (Sismo) Combination | -1428.975| -2.407 -0.0702
38 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 31.719 26.8363
39 1 1.2D+1.6H Combination | -1428.82 | 14.638 | 1.705E-13
39 1 0.9D+1.6H Combination | -1071.564 | 17.091 1.62E-13
39 1 1.4D Combination | -1667.192 | -11.451 | 3.979E-14
39 1 1.2D+1.0EH (Sismo) Combination | -1428.975| -0.07 6.253E-14
39 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1071.518 | 26.836 | 1.904E-13
40 1 1.2D+1.6H Combination | -1513.41 | 420.09 7.3409
40 1 0.9D+1.6H Combination | -1135.015 | 420.207 | -264.1391
40 1 1.4D Combination | -1765.842 | -0.545 | 1266.9065
40 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 138.925 | 548.2115
40 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 559.599 | -801.8475
41 1 1.2D+1.6H Combination | -1513.41 | 375.814 | -368.4736
41 1 0.9D+1.6H Combination | -1135.015| 370.982 | -635.1211
41 1 1.4D Combination | -1765.842 | 22.552 | 1244.355
41 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 134.208 | 414.0032
41 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 485.86 |-1287.7078
42 1 1.2D+1.6H Combination | -1513.41 | 302.319 | -670.7922
42 1 0.9D+1.6H Combination | -1135.015 | 290.229 | -925.3505
42 1 1.4D Combination | -1765.842 | 56.416 | 1187.9386
42 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 124.451 | 289.5525
42 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 366.323 | -1654.0311
43 1 1.2D+1.6H Combination | -1513.41 | 214.124 | -884.9164
43 1 0.9D+1.6H Combination | -1135.015| 194.463 | -1119.8132
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43 1 1.4D Combination | -1765.842 | 91.753 | 1096.1852
43 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 110.458 | 179.0941
43 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 226.275 | -1880.3064
44 1 1.2D+1.6H Combination | -1513.41 | 132.758 | -1017.6748
44 1 0.9D+1.6H Combination | -1135.015 | 107.194 | -1227.007
44 1 1.4D Combination | -1765.842 | 119.302 | 976.8837
44 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 95.373 83.7216
44 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 100.308 | -1980.6143
45 1 1.2D+1.6H Combination | -1513.41 | 62.822 | -1080.4964
45 1 0.9D+1.6H Combination | -1135.015| 33.199 | -1260.2061
45 1 1.4D Combination | -1765.842 | 138.239 | 838.645
45 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 80.363 3.3583
45 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | -4.928 |-1975.6863
46 1 1.2D+1.6H Combination | -1513.41 7.21 -1087.7062
46 1 0.9D+1.6H Combination | -1135.015 | -24.691 | -1235.515
46 1 1.4D Combination | -1765.842 | 148.871 | 689.7744
46 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 66.521 -63.1631
46 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | -85.773 | -1889.9132
47 1 1.2D+1.6H Combination | -1513.41 | -65.365 | -1022.3416
47 1 0.9D+1.6H Combination | -1135.015 | -98.625 | -1136.89
47 1 1.4D Combination | -1765.842 | 155.215 | 534.5592
47 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 45.213 | -108.3765
47 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 186.453 | -1703.4601
48 1 1.2D+1.6H Combination | -1513.41 | 128.542 | -893.7992
48 1 0.9D+1.6H Combination | -1135.015 | 160.836 | -976.0541
48 1 1.4D Combination | -1765.842 | 150.703 | 383.856
48 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 22.341 | -130.7178
48 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 267.669 | -1435.7913
49 1 1.2D+1.6H Combination | -1513.41 | 168.778 | -725.021
49 1 0.9D+1.6H Combination | -1135.015 | 197.684 | -778.37
49 1 1.4D Combination | -1765.842 | 134.894 | 248.9618
49 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | 2.202 -132.92
49 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 311.106 | -1124.6858
50 1 1.2D+1.6H Combination | -1513.41 | 182.771 | -542.2503
50 1 0.9D+1.6H Combination | -1135.015 | 206.542 | -571.8284
50 1 1.4D Combination | -1765.842 | 110.931 | 138.0312
50 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -12.756 | -120.1636
50 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 314.381 | -810.3044
51 1 1.2D+1.6H Combination | -1513.41 | 174.279 | -367.9711
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192.148

51 1 0.9D+1.6H Combination | -1135.015 -379.6803
51 1 1.4D Combination | -1765.842 | 83.388 54.643

51 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -21.809 | -98.3548
51 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 285.432 | -524.872
52 1 1.2D+1.6H Combination | -1513.41 | 150.829 | -217.1417
52 1 0.9D+1.6H Combination | -1135.015 | 162.976 | -216.7039
52 1 1.4D Combination | -1765.842 | 56.686 -2.0427
52 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -25.544 | -72.8108
52 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 237.108 | -287.7639
53 1 1.2D+1.6H Combination | -1513.41 | 120.898 | -96.244
53 1 0.9D+1.6H Combination | -1135.015| 128.218 | -88.4859
53 1 1.4D Combination | -1765.842 | 34.162 | -36.2044
53 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -25.332 | -47.4788
53 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 182.832 | -104.9323
54 1 1.2D+1.6H Combination | -1513.41 | -91.866 -4.3783
54 1 0.9D+1.6H Combination | -1135.015 | -95.655 7.1693

54 1 1.4D Combination | -1765.842 | 17.685 -53.889
54 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -22.813 | -24.6656
54 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 133.627 | 28.6943
55 1 1.2D+1.6H Combination | -1513.41 | -34.631 30.2531
55 1 0.9D+1.6H Combination | -1135.015| -33.099 | 40.2686
55 1 1.4D Combination | -1765.842| -7.15 -46.7391
55 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -14.552 | -10.1134
55 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | -41.523 | 70.2174
56 1 1.2D+1.6H Combination | -1513.41 -0.02 30.2732
56 1 0.9D+1.6H Combination | -1135.015| 3.692 36.5768
56 1 1.4D Combination | -1765.842 | -17.322 | -29.4168
56 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -7.469 -2.6443
56 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 11.07 59.1469
57 1 1.2D+1.6H Combination | -1513.41 | 15.392 14.8817
57 1 0.9D+1.6H Combination | -1135.015| 19.204 17.3732
57 1 1.4D Combination | -1765.842 | -17.79 -11.6269
57 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -2.565 -0.0791

57 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 31.887 27.26

58 1 1.2D+1.6H Combination | -1513.41 | 14.882 | 4.263E-15
58 1 0.9D+1.6H Combination | -1135.015| 17.373 | 3.197E-15
58 1 1.4D Combination | -1765.842 | -11.627 | 4.974E-15
58 1 1.2D+1.0EH (Sismo) Combination | -1513.544 | -0.079 | 4.263E-15
58 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1134.98 | 27.26 | 3.197E-15
147 1 1.2D+1.6H Combination | -1606.574 | 443.048 | 68.6532
147 1 0.9D+1.6H Combination | -1204.983 | 442.787 | -208.397
147 1 1.4D Combination | -1874.094 | 1.215 | 1292.9006
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147 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 147.044 | 580.1007
147 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 588.789 | -736.4967
148 1 1.2D+1.6H Combination | -1606.574 | 397.46 | -328.8072
148 1 0.9D+1.6H Combination | -1204.983 | 392.189 | -600.5863
148 1 1.4D Combination | -1874.094 | 24.598 | 1268.3021
148 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 142.048 | 438.0522
148 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 513.153 | -1249.6502
149 1 1.2D+1.6H Combination | -1606.574 | 321.572 | -650.3788
149 1 0.9D+1.6H Combination | -1204.983 | 308.961 | -909.5477
149 1 1.4D Combination | -1874.094 | 58.847 | 1209.4547
149 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 131.717 | 306.3354
149 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 390.238 | -1639.8878
150 1 1.2D+1.6H Combination | -1606.574 | 230.251 | -880.6296
150 1 0.9D+1.6H Combination | -1204.983 | 209.993 | -1119.5406
150 1 1.4D Combination | -1874.094 | 94.537 | 1114.9181
150 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 116.903 | 189.4327
150 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 245.864 | -1885.752
151 1 1.2D+1.6H Combination | -1606.574 | 145.758 | -1026.3873
151 1 0.9D+1.6H Combination | -1204.983 | 119.549 | -1239.0898
151 1 1.4D Combination | -1874.094 | 122.306 | 992.6119
151 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 100.932 | 88.5006
151 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 115.647 | -2001.3994
152 1 1.2D+1.6H Combination | -1606.574 | 72.905 | -1099.2923
152 1 0.9D+1.6H Combination | -1204.983 | 42.619 |-1281.7085
152 1 1.4D Combination | -1874.094 | 141.337 | 851.2753
152 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 85.043 3.4571

152 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 6.516 | -2007.9159
153 1 1.2D+1.6H Combination | -1606.574 | 14.762 | -1114.054
153 1 0.9D+1.6H Combination | -1204.983 | -17.799 | -1263.909
153 1 1.4D Combination | -1874.094 | 151.952 | 699.3234
153 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 70.391 -66.9343
153 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -77.652 | -1930.2634
154 1 1.2D+1.6H Combination | -1606.574 | -61.478 | -1052.5756
154 1 0.9D+1.6H Combination | -1204.983 | -95.361 | -1168.5477
154 1 1.4D Combination | -1874.094 | 158.12 541.203
154 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 47.838 | -114.7719
154 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 183.055 | -1747.2079
155 1 1.2D+1.6H Combination | -1606.574 | -128.33 | -924.2459
155 1 0.9D+1.6H Combination | -1204.983 | 161.169 | -1007.3788
155 1 1.4D Combination | -1874.094 | 153.25 | 387.9535
155 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 23.629 | -138.4013
155 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 268.896 | -1478.3116
156 1 1.2D+1.6H Combination | -1606.574 | 171.527 | -752.7189
156 1 0.9D+1.6H Combination | -1204.983 | 200.873 | -806.5061
156 1 1.4D Combination | -1874.094 | 136.947 | 251.0065
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156 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | 2.315 | -140.7165
156 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -315.94 | -1162.371
157 1 1.2D+1.6H Combination | -1606.574 | -187.43 | -565.2818
157 1 0.9D+1.6H Combination | -1204.983 | -211.53 | -594.9761
157 1 1.4D Combination | -1874.094 | 112.433 | 138.5733
157 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -13.515 | -127.2017
157 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -321.41 | -840.9549
158 1 1.2D+1.6H Combination | -1606.574 | -179.80 | -385.4765
158 1 0.9D+1.6H Combination | -1204.983 | -197.88 | -397.0932
158 1 1.4D Combination | -1874.094 | 84.362 54.2112
158 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -23.093 | -104.1088
158 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -293.28 | -547.6687
159 1 1.2D+1.6H Combination | -1606.574 | 156.356 | -229.1202
159 1 0.9D+1.6H Combination | -1204.983 | -168.61 | -228.4773
159 1 1.4D Combination | -1874.094 | 57.211 -3.0002
159 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -27.043 | -77.0655
159 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -244.69 | -302.9712
160 1 1.2D+1.6H Combination | -1606.574 | -125.87 | -103.2504
160 1 0.9D+1.6H Combination | -1204.983 | -133.23 | -95.2463
160 1 1.4D Combination | -1874.094 | 34.352 | -37.3522
160 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -26.816 | -50.2491
160 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -189.49 | -113.4792
161 1 1.2D+1.6H Combination | -1606.574 | -96.042 -7.2088
161 1 0.9D+1.6H Combination | -1204.983 | -99.826 4.5795
161 1 1.4D Combination | -1874.094 | 17.66 -55.0118
161 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -24.148 | -26.1008
161 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -139.11 25.6317
162 1 1.2D+1.6H Combination | -1606.574 | -36.87 29.6612
162 1 0.9D+1.6H Combination | -1204.983 | -35.275 | 39.8546
162 1 1.4D Combination | -1874.094 | -7.442 -47.5694
162 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -15.402 -10.699
162 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | -44.298 | 69.9294
163 1 1.2D+1.6H Combination | -1606.574 | -0.854 30.5152
163 1 0.9D+1.6H Combination | -1204.983 | 2.934 36.9206
163 1 1.4D Combination | -1874.094 | -17.677 -29.892
163 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -7.904 -2.7954
163 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 10.183 59.7469
164 1 1.2D+1.6H Combination | -1606.574 | 15.378 15.1369
164 1 0.9D+1.6H Combination | -1204.983 | 19.255 17.666
164 1 1.4D Combination | -1874.094 | -18.09 -11.8024
164 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -2.713 -0.0824
164 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 32.047 27.7
165 1 1.2D+1.6H Combination | -1606.574 | 15.137 | 7.816E-14
165 1 0.9D+1.6H Combination | -1204.983 | 17.666 | 8.136E-14
165 1 1.4D Combination | -1874.094 | -11.802 | -1.492E-14
165 1 1.2D+1.0EH (Sismo) Combination | -1606.416 | -0.082 | -1.279E-14
165 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -1205.032 | 27.7 8.136E-14
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ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA DE

SERVICIO TRAMO 2

TABLE: Element Forces - Frames
Frame | Station | OutputCase CaseType P V3 M2

2 1 D+H Combination | -1126.738 | 238.875 | 170.131
3 1 D+H Combination | -1126.738 | 216.717 | -46.5855
4 1 D+H Combination | -1126.738 | 179.348 | -225.9338
5 1 D+H Combination | -1126.738 | 133.812 | -359.7462
6 1 D+H Combination | -1126.738 | 91.14 | -450.8866
7 1 D+H Combination | -1126.738 | 53.841 | -504.7276
8 1 D+H Combination | -1126.738 | 23.602 | -528.3295
9 1 D+H Combination | -1126.738 | -16.847 | -511.4823
10 1 D+H Combination | -1126.738 | -53.374 | -458.1087
11 1 D+H Combination | -1126.738 | -78.331 | -379.7782
12 1 D+H Combination | -1126.738 | -89.428 | -290.3497
13 1 D+H Combination | -1126.738 | -88.206 | -202.1433
14 1 D+H Combination | -1126.738 | -78.366 | -123.7773
15 1 D+H Combination | -1126.738 | -64.291 | -59.4859
16 1 D+H Combination | -1126.738 | -49.936 | -9.5495
17 1 D+H Combination | -1126.738 | -20.635 | 11.0854
18 1 D+H Combination | -1126.738 | -2.281 13.3659
19 1 D+H Combination | -1126.738 | 6.424 6.9416
20 1 D+H Combination | -1126.738 | 6.942 | 7.105E-14
21 1 D+H Combination | -1190.725 | 248.794 | 190.9636
22 1 D+H Combination | -1190.725 | 225.966 | -35.0022
23 1 D+H Combination | -1190.725 | 187.413 | -222.4151
24 1 D+H Combination | -1190.725 | 140.369 | -362.7841
25 1 D+H Combination | -1190.725 | 96.223 | -459.0073
26 1 D+H Combination | -1190.725 | 57.58 | -516.5872
27 1 D+H Combination | -1190.725 26.2 -542.787
28 1 D+H Combination | -1190.725 | -15.861 | -526.9262
29 1 D+H Combination | -1190.725 | -53.954 | -472.9722
30 1 D+H Combination | -1190.725 | -80.12 | -392.8527
31 1 D+H Combination | -1190.725 | -91.939 | -300.9138
32 1 D+H Combination | -1190.725 | -90.965 | -209.9484
33 1 D+H Combination | -1190.725 | -81.006 | -128.9422
34 1 D+H Combination | -1190.725 | -66.591 | -62.3508
35 1 D+H Combination | -1190.725 | -51.819 | -10.5317
36 1 D+H Combination | -1190.725 | -21.57 11.0382
37 1 D+H Combination | -1190.725 | -2.563 13.6017
38 1 D+H Combination | -1190.725 | 6.498 7.1037
39 1 D+H Combination | -1190.725 | 7.104 | 1.137E-13
40 1 D+H Combination | -1261.21 | 262.459 | 230.8214
41 1 D+H Combination | -1261.21 | 238.911 | -8.0897
42 1 D+H Combination | -1261.21 | 199.024 | -207.1132
43 1 D+H Combination | -1261.21 | 150.212 | -357.3254
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44 1 D+H Combination | -1261.21 | 104.278 | -461.6032
45 1 D+H Combination | -1261.21 | 63.949 | -525.5522
46 1 D+H Combination | -1261.21 31.09 | -556.6424
47 1 D+H Combination | -1261.21 | -13.136 | -543.5065
48 1 D+H Combination | -1261.21 | -53.428 | -490.0788
49 1 D+H Combination | -1261.21 | -81.398 | -408.6807
50 1 D+H Combination | -1261.21 | -94.423 | -314.258
51 1 D+H Combination | -1261.21 | -94.034 | -220.2242
52 1 D+H Combination | -1261.21 | -84.146 | -136.0783
53 1 D+H Combination | -1261.21 | -69.461 | -66.6176
54 1 D+H Combination | -1261.21 | -54.258 | -12.3595
55 1 D+H Combination | -1261.21 | -22.921 10.5619
56 1 D+H Combination | -1261.21 -3.106 13.6678
57 1 D+H Combination | -1261.21 6.443 7.2248
58 1 D+H Combination | -1261.21 7.225 | 3.553E-15
147 1 D+H Combination | -1338.769 | 277.122 | 273.7833
148 1 D+H Combination | -1338.769 | 252.805 20.978
149 1 D+H Combination | -1338.769 | 211.491 | -190.5127
150 1 D+H Combination | -1338.769 | 160.788 | -351.301
151 1 D+H Combination | -1338.769 | 112.939 | -464.2399
152 1 D+H Combination | -1338.769 | 70.804 | -535.0443
153 1 D+H Combination | -1338.769 | 36.36 | -571.4045
154 1 D+H Combination | -1338.769 | -10.188 | -561.2164
155 1 D+H Combination | -1338.769 | -52.84 | -508.3763
156 1 D+H Combination | -1338.769 | -82.75 | -425.6267
157 1 D+H Combination | -1338.769 | -97.071 | -328.5559
158 1 D+H Combination | -1338.769 | -97.314 | -231.2422
159 1 D+H Combination | -1338.769 | -87.506 | -143.7359
160 1 D+H Combination | -1338.769 | -72.534 | -71.2015
161 1 D+H Combination | -1338.769 | -56.872 -14.329
162 1 D+H Combination | -1338.769 | -24.373 10.0437
163 1 D+H Combination | -1338.769 | -3.69 13.7342
164 1 D+H Combination | -1338.769 | 6.381 7.353
165 1 D+H Combination | -1338.769 | 7.353 | 4.619E-14

47




MEMORIAS DE CALCULO MUROS DE CONTENCION EN
VOLADIZO SECTOR PLAZOLETA TRAMO 3

PROYECTO CENTRO NAUTICO TOPOCORO

BETULIA/SANTANDER

NORMAS COLOMBIANAS DE DISENO Y CONSTRUCCION SISMO
RESISTENTE

NSR-10
DISENO:

TOMAS ENRIQUE GOMEZ SUAREZ
INGENIERO CALCULISTA
MP 68202-091503 STD

INsut

ingenieria,supervisién técnica e interventoria

BUCARAMANGA, FEBRERO DE 2026



DECLARACION: El disefio estructural del proyecto en referencia cumple con las
exigencias de (Ley 400 del 19 de agosto de 1997 y el Decreto 926 del 19 de marzo de
2010 (Reglamento Colombiano de Construccion Sismo Resistente NSR-10).

FIRMA: ‘ﬁﬁ—

Ingeniero calculista: TOMAS ENRIQUE GOMEZ SUAREZ
Tarjeta Profesional Ingeniero Civil # 68202-091503 STD.

Ciudad y fecha: Bucaramanga, 17 de Febrero de 2026.



TABLA DE CONTENIDO

LISTA DE FIGURAS ...ttt 4
1. ANALISIS DE ESTABILIDAD GLOBAL.......ccoooiiiiiiieieieteieieieieteeeseeese s 6
2. MURO PLAZOLETA TRAMO 2.ttt 8
2.1 DESCRIPCION DEL MODELO.......c.cocuiuiieueieteteeeeeeceeee et 8
2.2  MATERIALES UTILIZADOS ...ttt 10
2.3. SECCIONES TRANSVERSALES ........oo e 12
2.4. REVISION DE ESTABILIDAD LOCAL DE LOS COMPONENTES DEL MURO .....15
2.5. ASIGNACION DE CARGAS .......ooiiiiieieeeeeee et 17
2.6. VERIFICACION DE DEFORMACIONES EN PILOTE ....c.coouiuiiecececceeeeeeeeeeeeeas 23
1.7. FUERZAS AXIALES EN CAISSONS POR CARGAS DE SERVICIO...................... 24
2.8. DISENO DE ELEMENTOS ESTRUCTURALES .......coooiiiiirieieeeseeee e 25
2.8.1. DISENO DE ZARPA DE MURO .......ccoouiiiiiiieietieeieieieieeee e 25
2.8.2. DISENO DE VASTAGO .....ocoiiiiceieeeeeeeteeeee ettt 29
2.8.5. DISENO DE CAISSONS .....coooiiiitiiiieieieieet ettt 34



LISTA DE FIGURAS

Figura 1: Analisis de estabilidad global estatico. Fuente: Estudio Geotecnico.................... 6
Figura 2: Analisis de estabilidad global dinamico. Fuente: Estudio Geotecnico.................. 7
Figura 3: Vista 3D modelo de muro de contencion.............cooeevviveiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 8
Figura 4: Vista en planta de muro de contencioN. ..o 9
Figura 5: Material utilizado para [0S CaiSSONS. ........ccceeiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee 10
Figura 6: Seccion transversal de zarpa de MUro. ..........coiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 12
Figura 7: Seccion transversal vastago de MUrO. ..........ccccoeviiiiiiiiiieiee e 13
Figura 8: Seccidn transversal pilotes tipo CaisSSON. .........covvvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 13
Figura 9: Seccion transversal viga cim 1.50X1.20 ........ccoooiiiiiiiiiii e 14
Figura 10: Empuje activo del relleno KN/M?2.............cccoiiiiiiiiiecceeeeeee e, 18
Figura 11: Peso del relleno sobre zarpa de muro [KN/m?]........c.cccocveeiiiieeiiie e 20
Figura 12: Empuje por componente dinamico. 13.18 KN/m? ............cccccceeeiiiiiie i, 21
Figura 13: Cargas asignadas en modelo estructural .............cccoveieeiiiiiiiiiiiii e 22
Figura 14: Combinaciones de Carga. .........couveeiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee et e e 22
Figura 15: Deformacion en pilote por combinacion D+H..........ccccovvieiiiiiiiiie e 23
Figura 16: Deformacién en pilote por combinacion 0.6D+H+0.7E ............coovvvviiiiiieiiiennnen. 23
Figura 17: Deformacion en pilote por combinacion D+H+0.7E. ...........ocoiiiiiiiie 23
Figura 18: Fuerzas axiales en los caissons por cargas de gravedad. [Tonf]..................... 24
Figura 19: Momento M1 KN M/M ..o 25
Figura 20: Momento M22 KN M/M ... 25
Figura 21: Chequeo de acero Ast1 bottom. 1#4 ¢/.15M ... 26
Figura 22: Chequeo de acero Ast1 top. 1#4 C/.15M ...c.oooiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 26
Figura 23: Chequeo de acero Ast2 bottom. 1#4 ¢/.15M ... 26
Figura 24: Chequeo de acero Ast2 top. 1#4 C/.15M ...ooooiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee 27
Figura 25: Acero adicional superior en sector del caisson Ast2 top. 1#4 ¢/0.075m ......... 27
Figura 26: Cortante 1-3...... ..o e e 28
Figura 27: Cortante 2-3........oooieeeeeeeeeeeeee ettt 29
Figura 28: Momento M1 KN M/M ..o 29
Figura 29: Momento M22 KN M/M ... 30
Figura 30: Acero cara top Ast2 1#4 C/. A5 ..ot 30



Figura 31:
Figura 32:
Figura 33:
Figura 34:
Figura 35:
Figura 36:
Figura 37:
Figura 38:
Figura 39:
Figura 40:

Acero cara bottom Ast2 1#4 C/.15 ... 31
Acero adicional cara top. 1#4 C/.075 ......ooeeeieeieeeeeeeeeeeeeeeeeeee e 31
Acero cara top ASt1 1H4 C/.AD oo 31
Acero cara bottom ASt1 1H#4 C/.15 ..o 32
Chequeodecortante 1-3.........ooii 33
Chequeodecortante 2-3............ 33
REfUEIZO A€ CAISSONS. ...eeiiiiiiiiiieieee e e e e e e e 34
Combinaciones de carga usadas en el disefio de los caissons. ..................... 35
Verificaciones de pilotes para cuantia de 0.50%..........cccceeieeiiiiiiiiiiieeeeieeeeeeee, 35
Verificaciones de ratios de CaiSSONS .........ccueeiiiiiiiiiiiiiiiieee e 36



1. ANALISIS DE ESTABILIDAD GLOBAL

De acuerdo con los andlisis de estabilidad proporcionados por el ingeniero geotecnistas la
estabilidad global del talud se garantiza con las siguientes obras.

Relleno Seleccionado i

15.00 kNém2

Matzrial Name Color Water Surface | Hu
payjm3) | STEERIRE | o gy it
Colnion 0 18 Motr-Coulomb ] 23 | wioterSurface | Constant
Fesicual | 1= Monr-Coviemb | 23 | 32 | watersurfaca | comstant
Roca || 2 Motu-Coviomb | 56 | 29 | warerSurtace | Constant
Relleno Seleccionsdo | [1] 20 Mobw-Coulomb | 5 | 32 | Water Surface | Comstant
> Pile Shear
Out-Of-Plane | Tenzile G Length
Su| Name Color Force <. Su Force Direction
S e APRIGIEON | Somcing (m) | (k) m) it
o . Grouted ey
vi
Anclejes de 30 Ton Muro Vis Superior | [l | Soomer | Active (Method A) 2 300 13
Filote D=1.20 Muo Via Interma . Micro Pile|  Paschve |Method B| 45 19 Parpsadicular 1o pile
FRats D=1.20 Muro Plazokta Bl [vscorie| paccive (Mathod B 43 1019 Porpendicular o pile

Fuente: Propia.

Figura 1: Analisis de estabilidad global estatico. Fuente: Estudio Geotecnico



Relleno Selecclonado

15.00 kim2

Coluvion

Roca

_ Unit Weight tahesion| Phi
Materisl Name Colar L] Wimter Surfece | Hu

COT ki N e

Colusion D 18 Kionr-Coulomb 3 “water Surface | Constant

resdual I e= Mohr-Coulomb | 25 \water Surfaca | Constant

Roc B = wonr-Coulome | 56 \water Ssurtaca | Constant

Belleno Selecrionade I:I 20 tgir-Coulomb ¥ 32 | Wates Surface | Constant

15.00 kHimz_15.00 khim2

. 2 a Pl s
SHIPOTT Hanne color | Type Force ppicaven | 2 == Strength FaCe DireCios
Spaang fm| N} tmh i)
N Groutzd .
anclijes cio =0 e e via supedior | [ by | o (mschod a) 2 00 1=
Pilohe D=1 30 Muro Vis interna . Bdicra File|  Paaaive (aethad ) a3 1019 Ferpendicular to pile
Filot= D=1 20 Murc Flacsl=ta . Bdicro File| Pecsive (Method 0] 43 1019 Ferpendicular to pile

Fuente: Propia.

- 021

Figura 2: Analisis de estabilidad global dinamico. Fuente: Estudio Geotecnico



2. MURO PLAZOLETA TRAMO 2

2.1 DESCRIPCION DEL MODELO

Para valorar el nivel de esfuerzos internos en el modelo se procede a modelar el muro
mediante el uso de elementos Shell para representar el vastago (espesor de 0.30m y
altura maxima 3.00m), zarpa (espesor de 0.35m y 2.50m de ancho) y elementos tipo
frame para identificar los caissons de 1.2m separados 3.60m y la viga de cimentacién
de 1.50x1.20.

Figura 3: Vista 3D modelo de muro de contencion.



111 3.60 075

JUNTA DE CONSTRUCCION

ZARPA h=36c

280

)
1.78 07a
!

Figura 4: Vista en planta de muro de contencion.




2.2 MATERIALES UTILIZADOS

El concreto propuesto para los pilotes tipo caisson es de 28MPa.

General Data
Material Name and Display Color 28Mpa .
Material Type Concrete

Material Grade fic 4000 psi

Material Notes. Modify/Show Notes...

Weight and Mass Unitz
VWeight per Unit Volume 2.400E-05 N, mm, C

Mags per Unit Volume 2 447E-09

Izotropic Property Data

=]

Modulus Of Elasticity, E 24870.0

(=1
i

Poizson, U
Coefficient Of Thermal Expansion, A 9.500E-06

Shear Modulus, G 10362.525

Other Properties For Concrete Materials

=]
(=]

Specified Concrete Compressive Strength, fie
Expected Concrete Compressive Strength 28.

(] Lightweight Concrete

[CJ Switch Te Advanced Property Display

Cancel

Figura 5: Material utilizado para los caissons.
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Los demas componentes del sistema se fabricaran en concreto de 35MPa.

B Material Property Data w

General Data
Material Name and Display Color 35MPa .
Material Type Concrete

Material Grade fc 5000 p=i

Material Notes Modify/Show Notes...

Weight and Mass Units
Weight per Unit Volume 2 400E-05 M, mm, C w

Masz per Unit Wolume 2. 447E-09

lzotropic Property Data

Modulus Of Elasticity, E 27805.57
Poiszon, U 0.2
Coefficient Of Thermal Expansion, A 9.900E-06
Shear Modulug, G 11585654

Other Properties For Concrete Materials
Specified Concrete Compressive Strength, fc 35.
Expected Concrete Compressive Strength 35.

[] Lightweight Concrete

[:] Switch To Advanced Property Display

Cancel
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2.3. SECCIONES TRANSVERSALES

A continuacion, se presentan las secciones transversales correspondientes a los elementos
usados en la modelacion.

[ shell Section Data X

Section Name Zarpa h=0.35r
Section Notes Modify/Show...

Type Thickness

Membrane

Bending

Material

Material Name

Material Angle
Time Dependent Properties
Set Time Dependent Properties...

Concrete Shell Section Design Parameters Stiffness Modifiers

Modify/Show Shell Design Parameters... Set Modifiers

Cancel

Figura 6: Seccion transversal de zarpa de muro.
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EJ shell Section Data

Section Name Muro e=30cm

Section Notes Modify/Show...

Type Thickness
Membrane 03

w

Bending 0

Material
Material Name + 35MPa
Material Angle 0
Time Dependent Properties
Set Time Dependent Properties...
Concrete Shell Section Design Parameters

Stiffness Modifiers
Modify/Show Shell Design Parameters... Set Modifiers...

Cancel

Figura 7: Seccion transversal vastago de muro.

H circle section

Section Name Caisson 1.2m 0.5% Display Color .
Section Notes Modify/Show Notes..
Dimensions Section

Diameter (3 ) 1.2

Properties
IMaterial Property Modifiers Section Properties...

- 28Mpa sinpeso Set Modifiers.. Time Dependent Properties...

Concrete Reinforcement...

Cancel

Figura 8: Seccion transversal pilotes tipo caisson.
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Section Name VIGA 1.5x1.2 Display Color
Section Notes Modify/Show Notes...
Dimensions. Section
Depth (13} 1200. ‘ b ‘
Width (t2) 1500. L A
3 —
HEHE
Properties
Material Property Modifiers Section Properties...
35MPa Set Modifiers... Time Dependent Properties...

Concrete Reinforcement..

Cancel

Figura 9: Seccion transversal viga cim 1.50x1.20
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2.4. REVISION DE ESTABILIDAD LOCAL DE LOS COMPONENTES DEL MURO

MEMORIA CALCULO DE ESTABILIDAD LOCAL PARA MUROS CON PILOTES

1. PARAMETROS DE ENTRADA

MATERIALES MURO
y concreto 24.00}1N£m’
420.00]Mpa
[ 35.00[Mpa
MATERIALES DEL SUELO EN CONTACTO CON EL MURO

¥ suelo de relleno 18.00|kNim* . Cos @— \/M'

@' suelo de relleno 32.000° Ky = cosa — ey

C suelo de rellena 0.00]KNim® ous e + Vooea—oos’ ¢

6(°) 0.00]Angulo de friccion entre el suglo y el muro

Ka 0307 K. - cosa cos a+ cos? o~ cos® ¢

Kp 325 = cos @ — Veosta—cos? ¢

PARAMETROS SISMICOS

PGA 0.20] -

Kn 021 S .

o ol P, = fyH*(1 - k,)K,, .

Bprima 0207

8 a0 Angulo de inclinacion de la cara interna del muro (si el

: muro es recto el angulo es 90°)
Kae 0 Mghemdu Mononobe Okabe
SUELO CIRCUNDANTE AL PILOTE

v, (KN/m3) 18.00

CAR] 23.00

C, (KNim2) 300 Estrato 1

Hi (m) 750

'y (KN/m3) 18.00|

2:0) - = Estrato 2

C; (KNim2) 23.00

H, (m) 750

v, (KNIm3) 22,00

[A¥] 29.00| Estrato 3

C, (KNIm2) 56.00 At

H, (m) 3.00

y (KNim3) 1867

o) 2775 Estrato ponderado

C (KN/m2) 2267)

Hyg (M) 18.00|

KP 274

METODO RANKINE PARA EMPUJE ACTIVO Y PASIVO, PARA EL COMPONENTE SiSMICO MONONOBE - OKABE
2. ESTABILIDAD LOCAL DEL MURO
GEOMETRIA

h 265 m
h 0.00 m |
a (Vastago) 0.30 m ~{ == o
d (Talon) 160 m
c (Pig) 0.60 m
b 030 [m
t 035 m .
hp 0.00 m
a 0.00 °
Sobrecarga 15.00 kN/m? 4
Diametro pilote 1.20 m re 1
Longitud pilote 18.00 m - N
Separacion pilotes 360 ’> ek o -
Medio perimetro superficial pilote 1.885 ‘ m
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MOMENTOS GENERADOS POR PESOS DE ELEMENTOS DEL MURO O SUELO, VERTICALES

SECCION AREA (m?) (kN/m) Xo (m) M_RESIS. (kN-m/m)
1.00 0.00 0.00 0.30 0.00
2.00 0.80 19.08 0.75 1431
3.00 424 7632 1.70 12974
4.00 0.88 21.00 1.25 26.25
5.00 0.00 0.00 1.97 0.00
6.00 20.36 135.72 1.25 169.65
EAV (Componente vertical empuje activa) - 0.00 250 0.00
ia Fuerzas (Normal) 252.12 339.95

MOMENTOS ACTUANTES GENERADOS SEGUN CARGAS

FUERZA MAGNITUD (kN/m) Xo- Yo (m) M. ACTUANTE. (kN-m/m) M. RESIS. (kN-m/m)
Presion activa 24 89 100 000
Sobrecarga 13.83 150 2074 0.00
Sismo (APg) 1148 2.00 2295 0.00
Presion pasiva Pilote 1 4342 56 12.00 0.00 52110.68
0.00 0.00
3. FACTOR DE SEGURIDAD AL VOLCAMIENTO
Estatico F
M. RESIS. (kN-m/m) 5245063 M. RESIS. (kN-m/m) 52450.63
M. ACTUA. (kN-m) 45.63 M. ACTUA. (kN-m) 68.58
FSv 1149.53 FSv 764.82
Cumple Cumple
4. FACTOR DE SEGURIDAD AL DESLIZAMIENTO
Estatico F
F. RESIS. (kN/m) 442669 F. RESIS. (kN/m) 4426.69
F. ACTUA. (Kn/m) 38.71 F. ACTUA. (kN/m} 50.19
FSp 114.34 FSp 88.20
Cumple Cumple
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2.5. ASIGNACION DE CARGAS

Se procede a asignar los empujes y pesos del suelo como lo indica el reglamento.

- = = B
by 8 2.7B782.78
757 A ks

= — o

o

£ = =

17



U1 U001 o0o0tpo1  o0o01por  oo01por  o0o01por  oofpo1  o0o01po1  o001po1  oo1por  001po1  001p01 001

178 27878 2.7?.78 2‘7;.78 27;@78 2‘78F‘78 2.7?.?8 2.7;78 2,7;.78 2,7;‘78 2‘7;.78 2.7;78 278

476 27978 27878 2.78p.78 2.78p.78 278p.78 278p.78 278p.78 2.78p.78 278p.78  2.78p.78 2.78p.78 278

54 55p54 554654 5‘5415.54 5‘54?54 554{554 5.545 54 5.5415‘54 5,54f.54 5‘54f‘54 5‘54f'54 5.57‘54 5.54
54 55554 55454 554554 554554 554554 554654 554554 554554 554554 554654 554554 554

431 83p31 83PN 8.31F,31 83131 831B.31 8,31P.31 8.31F,31 a.31r.31 83131 831p31  831p31 831
ST 83831 831831  831p31 831831 831831 831831  831p31  831B31 831831 831831 83131 831

I | | I I I I I | I I |
tho711.d207 110107 1101107 11.0§1.07  11.0§1.07  11.011.07 110107 11.0§1.07 11.0§1.07 11.041.07 11.0]1.07 110
“U”"ﬂ:m T1.0{1.07 11.041.07 11.0§1.07 11.0§1.07 11.0§1.07 11.041.07 11.041.07 11.0{1.07 11.041.07 11.0{1.07 11.0

-y

15_3413_£.84 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384
84 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384384 1384

-

1P50|57qﬁ.60 1669660 1664660 1664660 1664660 1669660 1664660 1664660 1664660 1664660 1669660 166

Figura 10: Empuje activo del relleno kN/m?
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0, 0.00, -54.00.00, 0.00, -54.00 | 0.00, 0,00, -54.00 §0.00, 0.00, -54.00 | £.00, 0.00, -54.00§ 0.00, 0.00, -54.00 |0.00, 0,00, -54.00 § 0.00, 0.00, -54.00 | 0.00, 0.00, -54.00 |0.00, 0.00, -54.00 § 0.00, 0,00, -54.00 | 0.00, 0.00, -54.00

J0, 0.0, -54.§0.00, 0.00. -54.00 § 0.00, 0.00. -54.00 §©.00, 0.00. -54.00 | £.00, 0.0, -54.00 | 0.00, 9.0, -54.00 |0.00, 0,00, -54.00 § 0.00, 0.00. -54.00§ 0.00, 0.00, -54.00 J0.00, 0.00, -54.00 ] 0.00, 0.00, -54.00§ 0.00, 0.0, -54.00

J0. 0.00, -54 9000, 0.00, -54.00§ 0.00, 0,00, -54 00 0 00, 0.00, -54 00 § 0.00, 0.00, -54 00 | 0 00, 0.00, -54.00 J0.00, 0.00, -54 00 §0.00, 0.00, -54 00 § 0.00, 0.00, -54 00 J0 00, 0.00, <5400 § 0.00, 0.00, 54 00§ 0.00, 0.00, -54 00

0. 0.00. -54.00.00, 0.00. -54.00 | 0.00, 0,00, -54.00 §0.00, 0.00. -54.00 | £.00, 0.00. -54.00§ 0.00, 9.00. -54.00 |0.00, 0,00, -54.00 § 0.00, 0.00. -54.00 | 0.00, 0.00. -54.00 |0.00, 0.00. -54.00 § 0.00, 0,00, -54.00 | 0.00, 0.00. -54.00

54 @00, 0.00, -54.@P00, 0.00, -54. @00, 0.00, -54.@POO,

54 @00, 0.00, -54.@P00, 0.00, -54 @00, 0.00, -54.@POO,

Figura 11: Peso del relleno sobre zarpa de muro [kN/m?]
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Empuje por componente dinamico. 13.18 kN/m?

Figura 12:
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phi (*) 32
phi{radianes) 0.56
ka 0.31
Y [kN/m3] 18
h [m] 3
[ Empueenlabase [kM/m2] | 1659 |
| Empuje en la cabeza [kN/m2] | 0.00 |
Ecuaciones para el SAP CZ+D Z1 [m] 15
72 [m] 18
Ecuacion 1 D= 16 59 - 15 C
Ecuacién 2 D= 0.00 - 18 Cc
Ecuacion 3 -18 c = 16.59 - 15 c
Cc= -5.53
D= 99 5518
Empuje de sobrecarga 0 kMN/m2
0.00 kN/m2

Carga sismica

Kae 0.47

kv 0
Aead [kN/m] 13.18
Brazo 2.00

Figura 13: Cargas asignadas en modelo estructural

Una vez asignadas las cargas se proceden a definir las combinaciones de carga por
esfuerzos admisibles y cargas ultimas.

Load Combinations Click to:

Add New Combo...
D+H
1.20+1.6H Add Copy of Combo...
0.90+1.6H

1.40

1.2D+1.0EH (Sismo)
0.80+1.0EH (Sismice)+1.6EH
ENVOLWVENTE

D+H+0.TE

0.50+0.TE+H

Modify/Show Combo...

Add Default Design Combos...

Convert Combos to Nonlinear Cases...

Cancel

Figura 14: Combinaciones de carga.
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2.6. VERIFICACION DE DEFORMACIONES EN PILOTE

De acuerdo con las caracteristicas proporcionadas por el ingeniero geotecnista se verifica
que los pilotes no superen la deformacion maxima en la cabeza del pilote de 40mm.

Pt Obj: 322
Pt Elm: 322
U1 =-.4807
U2 = 20763

G u3 1.1928
R1 =-.0002
R2 =-.00013
R3 = -.00021

Figura 15: Deformacion en pilote por combinacién D+H

Pt Obj: 322
PtElm: 322
U1 =-.2881
U2 = 5.1361
¢ U3=-7157
R1=-.00087
R2 = -8E-05
R3=-.0003

Figura 16: Deformacion en pilote por combinacién 0.6D+H+0.7E

Pt Obj: 322
PtEIm: 322
U1 =-4805
U2 = 40812
G U3=-1.1928
R1 00059
R2 =-00013
R3 = -.00029

Figura 17: Deformacion en pilote por combinacién D+H+0.7E.

Las deformaciones de los pilotes se encuentran dentro de los rangos admisibles para las
combinaciones de esfuerzo admisible sefialadas en la NSR-10.
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1.7. FUERZAS AXIALES EN CAISSONS POR CARGAS DE SERVICIO

E

h | dh | dh
o [T | T
AENENE™

| €

3

2
a3

AENENEN

ek

n | dn | dn
,T_éﬂ' T
M|

&
<4 [

£k 4
[T

Figura 18: Fuerzas axiales en los caissons por cargas de gravedad. [Tonf]
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2.8. DISENO DE ELEMENTOS ESTRUCTURALES

2.8.1. DISENO DE ZARPA DE MURO

Figura 19: Momento M11 kKN*m/m

Figura 20: Momento M22 kN*m/m
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Figura 21: Chequeo de acero Ast1 bottom. 1#4 c/.15m

Figura 22: Chequeo de acero Ast1 top. 1#4 ¢/.15m

Figura 23: Chequeo de acero Ast2 bottom. 1#4 ¢/.15m
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Figura 24: Chequeo de acero Ast2 top. 1#4 ¢/.15m
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Figura 25: Acero adicional superior en sector del caisson Ast2 top. 1#4 ¢/0.075 m
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As * fy )
0.85# f'c * bef x2
129 %1000

e 2
As = 150 860 mm*/m

oMn = @pAs *fy*(d

As* fy )
0.85 % f'c * bef x2

860 * 420 ) 1
*
0.85 35 %1000 2/ 1000 * 1000

oMn = (pAs*420*(d—

@Mn = 0.9 x 860 * 420 * (268.65 - = 85.36 kN +m/m

Se observa que de acuerdo con las figuras 20 y 21 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del cabezal el cortante resistente es:

kN
= 202.64—
m

@Vn =0.75 % 0.17 * V35 * 1000 = 268.65 * 1000

-7

Figura 26: Cortante 1-3
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Figura 27: Cortante 2-3

Las verificaciones de cortante son correctas.

2.8.2. DISENO DE VASTAGO

Figura 28: Momento M11 kN*m/m
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Figura 29: Momento M22 kN*m/m

Considerando las cuantias minimas establecidas en C.23.C.7.12.2.1 se calcula la cuantia
minima del muro de contencion.

5 =0.003 « 100 * 30 = 9.00 cm? /m

Proporcionados en dos caras de muro se obtienen 4.50 cm?/m por cada cara. En acero de
campo 1#5 cada 15cm.
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Figura 30: Acero cara top Ast2 1#4 c/.15
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Figura 31: Acero cara bottom Ast2 1#4 c/.15
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Figura 32: Acero adicional cara top. 1#4 ¢/.075

Figura 33: Acero cara top Ast1 1#4 c/.15
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Figura 34: Acero cara bottom Ast1 1#4 c/.15

Mn = oA (a As» ]y )
= * * —
oMn = ¢As * fy 0.85 % f'c * bef *2
As = 129*1000_860 5
s= 150 = mm*/m

As x fy )

Mn = @As * 42 -
prn = gas = O*(d 0.85 * f'c * bef * 2

860 x 420 )
*
0.85 *35 %1000 2/ 1000 * 1000

oMn = 0.9 » 860 * 420 * (253.65 - = 80.48 kN xm/m

Se observa que de acuerdo con las figuras 29 y 30 el momento resistente es mayor a los
solicitados.

Ahora considerando el espesor del muro el cortante resistente es:

kN
=191.33—
m

@Vn = 0.75 * 0.17 * V35 % 1000 * 253.65 * 000
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Figura 35: Chequeo de cortante 1-3.

Figura 36: Chequeo de cortante 2-3

Los cortantes cumplen con lo establecido
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2.8.5. DISENO DE CAISSONS

EJ Reinforcement Data

Rebar Material
Longitudinal Bars AB15Gr60
Confinement Bars (Ties) + AB15Gr60
Design Type
Reinforcement Configuration Confinement Bars

Longitudinal Bars - Circular Configuration

Clear Cover for Confinement Bars 0.08
Number of Longitudinal Bars 22
Longitudinal Bar Size + #5

Confinement Bars

It

i~

Confinement Bar Size +

Longitudinal Spacing of Confinement Bars 01

Check/Design

Cancel

Figura 37: Refuerzo de caissons.
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Design Load Combinations Selection

Load Combinatiens for Design
Select Type of Design Lead Combination

Load Combination Type Strength

i

Select Load Combinations

List of Load Combinations De=ign Load Combinations
0.6D+0.7E+H 0.90+1.0EH (Sismico}+1.6E
Carga vertical total 0.90+1.6H
D+H A00 -2 1.20+1.0EH (Sismo)
D+H+0.TE 1.20+1.6H
ENVOLVENTE = € 1.40

Automatic Design Load Combinations

[:] Automatically Generate Code-Based Design Load Combinations

e
o

Cancel

Figura 38: Combinaciones de carga usadas en el disefio de los caissons.

ACI 318-14 COLUMN SECTION DESIGN Type: Sway Special Units: EN, m, C (Summary)

Element : 2€ D=1.2 de=0.111

Section ID : Caisson l1.2Zm 0.5% E=248700€0. £c=23000. Lt.Wt. Fac.=l.
Combo ID : 0.8D+1.0EH (Sismico)L=1. Fy=413€25.473 fys=413€35.473
Station Loc : 1. RLLF=1.

Phi (Compression-Spiral): 0.75

Phi (Compression-Tied) : 0.€5

Phi (Tension Controlled): 0.5

Phi (Sheax) : 0.75

Phi (Seismic Shear): 0.€

Phi (Joint Shear) : 0.85

AXIAL FORCE & BIAXIAL MOMENT CHECK FOR PU, M2, M3

Capacity Design Design Design Minimum Minimum
Ratio Pu M2 M3 M2 M3
0o/S gl4 358.354 —-354.453 —-2€.95¢€ l8.3€2 1l8.3€2

AXIAL FORCE & BIAXIAL MOMENT FACTORS

Cm Delta_ns Delta_s K L

Factor Factor Factor Factor Length

Major Bending(M3) 0.538 1. 1. 1. 1.

Minor Bending(M2) 0.938 1. 1. 1. 1.
SHEAR DESIGN FOR V2,V3

Rebar Shear Shear Shear Shear

Av/s Vu phi*Ve phi*Vs Vp

Major Shear(V2) a. 4.%82 7€2.515 0. 0.

Minor Shear(V3) 0. 1.832 7€2.515 0. 0.

JOINT SHEAR DESIGN

Joint Shear Shear Shear Shear Joint

Ratio VuTop VuTot phi*Ve Area

Major Shear(V2) N/A N/R N/R N/R N/R

Minor Shear (V3) N/A N/R N/R N/RA N/A

Figura 39: Verificaciones de pilotes para cuantia de 0.50%
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Figura 40: Verificaciones de ratios de caissons
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ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA
ULTIMA TRAMO 3

TABLE: Element Forces - Frames

Frame | Station OutputCase CaseType P V3 M2

2 1 1.2D+1.6H Combination | -655.43 | 126.47 142.63
2 1 0.9D+1.6H Combination | -491.58 | 126.47 67.93
2 1 1.4D Combination| -764.66 | 3.6E-10 348.62
2 1 1.2D+1.0EH (Sismo) Combination | -655.43 41.81 212.1
2 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -491.58 | 168.28 -18.79
2 1 0.6D+0.7E+H Combination | -327.72 | 108.31 -8.91
3 1 1.2D+1.6H Combination | -655.43 115.7 26.94
3 1 0.9D+1.6H Combination | -491.58 | 114.34 -46.41
3 1 1.4D Combination | -764.66 6.34 342.28
3 1 1.2D+1.0EH (Sismo) Combination | -655.43 41.24 170.86
3 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -491.58 | 150.15 -168.93
3 1 0.6D+0.7E+H Combination | -327.72 96.7 -105.6
4 1 1.2D+1.6H Combination | -655.43 97.31 -70.37
4 1 0.9D+1.6H Combination | -491.58 93.96 -140.37
4 1 1.4D Combination | -764.66 15.63 326.65
4 1 1.2D+1.0EH (Sismo) Combination | -655.43 39.56 131.3
4 1 0.9D+1.0EH (Sismico)+1.6EH Combination | -491.58 120.13 -289.06
4 1 0.6D+0.7E+H Combination | -327.72 77.46 -183.06
5 1 1.2D+1.6H Combination | -655.43 74.66 -145.04
5 1 0.9D+1.6H Combination | -491.58 69.24 -209.61
5 1 1.4D Combination | -764.66 25.32 301.33
5 1 1.2D+1.0EH (Sismo) Combination | -655.43 36.66 94.63
5 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 84.19 -373.25
5 1 0.6D+0.7E+H Combination | -327.72 54.42 -237.48
6 1 1.2D+1.6H Combination | -655.43 53.21 -198.25
6 1 0.9D+1.6H Combination | -491.58 46.17 -255.77
6 1 1.4D Combination | -764.66 32.88 268.45
6 1 1.2D+1.0EH (Sismo) Combination | -655.43 33.14 61.49
6 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 51.13 -424.38
6 1 0.6D+0.7E+H Combination | -327.72 33.21 -270.69
7 1 1.2D+1.6H Combination | -655.43 34.24 -232.49
7 1 0.9D+1.6H Combination | -491.58 26.09 -281.86
7 1 1.4D Combination | -764.66 38.06 230.39
7 1 1.2D+1.0EH (Sismo) Combination | -655.43 29.33 32.16
7 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 22.79 -447 .17
7 1 0.6D+0.7E+H Combination | -327.72 15.02 -285.71
8 1 1.2D+1.6H Combination | -655.43 18.67 -251.16
8 1 0.9D+1.6H Combination | -491.58 9.89 -291.75
8 1 1.4D Combination | -764.66 40.97 189.42
8 1 1.2D+1.0EH (Sismo) Combination | -655.43 25.56 6.6

8 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 0.33 -447.51
8 1 0.6D+0.7E+H Combination | -327.72 0.59 -286.3
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9 1 1.2D+1.6H Combination | -655.43 -2.48 -248.68
9 1 0.9D+1.6H Combination | -491.58 -11.63 -280.12
9 1 1.4D Combination | -764.66 42.69 146.73
9 1 1.2D+1.0EH (Sismo) Combination | -655.43 19.38 -12.77
9 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -28.84 -418.67
9 1 0.6D+0.7E+H Combination | -327.72 -18.17 -268.13
10 1 1.2D+1.6H Combination | -655.43 -22.01 -226.67
10 1 0.9D+1.6H Combination | -491.58 -30.89 -249.23
10 1 1.4D Combination | -764.66 41.42 105.31
10 1 1.2D+1.0EH (Sismo) Combination | -655.43 12.32 -25.1
10 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -54.07 -364.59
10 1 0.6D+0.7E+H Combination | -327.72 -34.42 -233.7
11 1 1.2D+1.6H Combination | -655.43 -35.88 -190.78
11 1 0.9D+1.6H Combination | -491.58 -43.83 -205.41
11 1 1.4D Combination | -764.66 37.06 68.25
11 1 1.2D+1.0EH (Sismo) Combination | -655.43 5.67 -30.77
11 1 0.9D+1.0EH (Sismico)+1.6EH Combination | -491.58 -69.92 -294.68
11 1 0.6D+0.7E+H Combination | -327.72 -44.66 -189.04
12 1 1.2D+1.6H Combination | -655.43 -42.76 -148.03
12 1 0.9D+1.6H Combination | -491.58 -49.28 -156.12
12 1 1.4D Combination | -764.66 30.46 37.79
12 1 1.2D+1.0EH (Sismo) Combination | -655.43 0.28 -31.05
12 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -75.11 -219.57
12 1 0.6D+0.7E+H Combination | -327.72 -48.07 -140.97
13 1 1.2D+1.6H Combination | -655.43 -43.25 -104.78
13 1 0.9D+1.6H Combination | -491.58 -48.15 -107.97
13 1 1.4D Combination | -764.66 22.88 14.9
13 1 1.2D+1.0EH (Sismo) Combination | -655.43 -3.47 -27.58
13 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -71.24 -148.33
13 1 0.6D+0.7E+H Combination | -327.72 -45.64 -95.33
14 1 1.2D+1.6H Combination | -655.43 -39.15 -65.63
14 1 0.9D+1.6H Combination | -491.58 -42.48 -65.49
14 1 1.4D Combination | -764.66 15.54 -0.64
14 1 1.2D+1.0EH (Sismo) Combination | -655.43 -5.58 -22
14 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 | -61.39 -86.94
14 1 0.6D+0.7E+H Combination | -327.72 -39.37 -55.96
15 1 1.2D+1.6H Combination | -655.43 -32.63 -33
15 1 0.9D+1.6H Combination | -491.58 -34.63 -30.86
15 1 1.4D Combination | -764.66 9.36 -10
15 1 1.2D+1.0EH (Sismo) Combination | -655.43 -6.36 -15.64
15 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -49.01 -37.93
15 1 0.6D+0.7E+H Combination | -327.72 -31.46 -24.5
16 1 1.2D+1.6H Combination | -655.43 -25.71 -7.29
16 1 0.9D+1.6H Combination | -491.58 -26.75 -4.11
16 1 1.4D Combination | -764.66 4.83 -14.83
16 1 1.2D+1.0EH (Sismo) Combination | -655.43 -6.21 -9.43
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16 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -37.1 -0.83
16 1 0.6D+0.7E+H Combination | -327.72 -23.83 -0.67
17 1 1.2D+1.6H Combination | -655.43 -11.22 3.93
17 1 0.9D+1.6H Combination | -491.58 -10.8 6.69
17 1 1.4D Combination | -764.66 -1.98 -12.85
17 1 1.2D+1.0EH (Sismo) Combination | -655.43 -4.65 -4.78
17 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 -13.75 12.92
17 1 0.6D+0.7E+H Combination | -327.72 -8.87 8.2
18 1 1.2D+1.6H Combination | -655.43 -1.93 5.86
18 1 0.9D+1.6H Combination | -491.58 -0.9 7.59
18 1 1.4D Combination | -764.66 -4.77 -8.08
18 1 1.2D+1.0EH (Sismo) Combination | -655.43 -2.89 -1.89
18 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 0.29 12.63
18 1 0.6D+0.7E+H Combination | -327.72 0.14 8.06
19 1 1.2D+1.6H Combination | -655.43 2.66 3.19
19 1 0.9D+1.6H Combination | -491.58 3.71 3.88
19 1 1.4D Combination | -764.66 -4.89 -3.19
19 1 1.2D+1.0EH (Sismo) Combination | -655.43 -1.43 -0.46
19 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 6.47 6.16
19 1 0.6D+0.7E+H Combination | -327.72 4,12 3.94
20 1 1.2D+1.6H Combination | -655.43 3.19 -1.137E-14
20 1 0.9D+1.6H Combination | -491.58 3.88 -1.137E-14
20 1 1.4D Combination | -764.66 -3.19 0
20 1 1.2D+1.0EH (Sismo) Combination | -655.43 -0.46 0
20 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -491.58 6.16 -1.137E-14
20 1 0.6D+0.7E+H Combination | -327.72 3.94 -7.105E-15
21 1 1.2D+1.6H Combination | -477.81 82.86 27.55
21 1 0.9D+1.6H Combination | -358.36 82.86 -44.99
-1.744E-
21 1 1.4D Combination | -557.46 10 338.54
21 1 1.2D+1.0EH (Sismo) Combination | -477.82 27.39 169.31
21 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 | 110.25 -165.86
21 1 0.6D+0.7E+H Combination | -238.9 70.96 -103.66
22 1 1.2D+1.6H Combination | -477.81 74.6 -47.05
22 1 0.9D+1.6H Combination | -358.36 73.28 -118.27
22 1 1.4D Combination | -557.46 6.16 332.39
22 1 1.2D+1.0EH (Sismo) Combination | -477.82 27.57 141.74
22 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -358.35 95.58 -261.44
22 1 0.6D+0.7E+H Combination | -238.9 61.57 -165.23
23 1 1.2D+1.6H Combination | -477.81 60.8 -107.85
23 1 0.9D+1.6H Combination | -358.36 57.55 -175.82
23 1 1.4D Combination | -557.46 15.18 317.21
23 1 1.2D+1.0EH (Sismo) Combination | -477.82 27.28 114.46
23 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 71.82 -333.26
23 1 0.6D+0.7E+H Combination | -238.9 46.36 -211.6
24 1 1.2D+1.6H Combination | -477.81 44.13 -151.98
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24 1 0.9D+1.6H Combination | -358.36 38.86 -214.68
24 1 1.4D Combination | -557.46 24.59 292.61
24 1 1.2D+1.0EH (Sismo) Combination | -477.82 26.23 88.23
24 1 0.9D+1.0EH (Sismico)+1.6EH Combination | -358.35 44.01 -377.27
24 1 0.6D+0.7E+H Combination| -238.9 28.55 -240.15
25 1 1.2D+1.6H Combination | -477.81 28.65 -180.63
25 1 0.9D+1.6H Combination | -358.36 21.81 -236.49
25 1 1.4D Combination | -557.46 31.93 260.69
25 1 1.2D+1.0EH (Sismo) Combination | -477.82 24.58 63.65
25 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 19.02 -396.28
25 1 0.6D+0.7E+H Combination | -238.9 12.53 -252.68
26 1 1.2D+1.6H Combination | -477.81 15.24 -195.87
26 1 0.9D+1.6H Combination | -358.36 7.32 -243.81
26 1 1.4D Combination | -557.46 36.96 223.73
26 1 1.2D+1.0EH (Sismo) Combination | -477.82 22.53 41.12
26 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -358.35 -1.83 -394.45
26 1 0.6D+0.7E+H Combination | -238.9 -0.84 -251.84
27 1 1.2D+1.6H Combination | -477.81 4.49 -200.36
27 1 0.9D+1.6H Combination | -358.36 -4.04 -239.78
27 1 1.4D Combination | -557.46 39.78 183.94
27 1 1.2D+1.0EH (Sismo) Combination | -477.82 20.31 20.81
27 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -17.83 -376.63
27 1 0.6D+0.7E+H Combination| -238.9 -11.11 -240.73
28 1 1.2D+1.6H Combination | -477.81 -9.7 -190.66
28 1 0.9D+1.6H Combination | -358.36 -18.58 -221.2
28 1 1.4D Combination | -557.46 41.45 142.49
28 1 1.2D+1.0EH (Sismo) Combination | -477.82 16.41 4.4
28 1 0.9D+1.0EH (Sismico)+1.6EH Combination | -358.35 -37.7 -338.93
28 1 0.6D+0.7E+H Combination| -238.9 -23.89 -216.84
29 1 1.2D+1.6H Combination | -477.81 -22.25 -168.41
29 1 0.9D+1.6H Combination | -358.36 -30.87 -190.32
29 1 1.4D Combination | -557.46 40.23 102.26
29 1 1.2D+1.0EH (Sismo) Combination | -477.82 11.68 -7.28
29 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -358.35 -53.67 -285.26
29 1 0.6D+0.7E+H Combination| -238.9 -34.18 -182.67
30 1 1.2D+1.6H Combination | -477.81 -30.52 -137.9
30 1 0.9D+1.6H Combination | -358.36 | -38.23 -152.1
30 1 1.4D Combination | -557.46 35.99 66.28
30 1 1.2D+1.0EH (Sismo) Combination | -477.82 6.94 -14.22
30 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -62.13 -223.12
30 1 0.6D+0.7E+H Combination | -238.9 -39.66 -143
31 1 1.2D+1.6H Combination | -477.81 -33.77 -104.13
31 1 0.9D+1.6H Combination | -358.36 | -40.11 -111.99
31 1 1.4D Combination | -557.46 29.58 36.7
31 1 1.2D+1.0EH (Sismo) Combination | -477.82 2.83 -17.05
31 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -62.63 -160.5
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31 1 0.6D+0.7E+H Combination| -238.9 -40.04 -102.97
32 1 1.2D+1.6H Combination | -477.81 -32.66 -71.46
32 1 0.9D+1.6H Combination | -358.36 -37.42 -74.57
32 1 1.4D Combination | -557.46 22.22 14.47
32 1 1.2D+1.0EH (Sismo) Combination | -477.82 -0.28 -16.77
32 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -56.75 -103.75
32 1 0.6D+0.7E+H Combination | -238.9 -36.32 -66.64
33 1 1.2D+1.6H Combination | -477.81 -28.59 -42.88
33 1 0.9D+1.6H Combination | -358.36 -31.82 -42.74
33 1 1.4D Combination | -557.46 15.1 -0.62
33 1 1.2D+1.0EH (Sismo) Combination | -477.82 -2.31 -14.47
33 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -47.07 -56.68
33 1 0.6D+0.7E+H Combination | -238.9 -30.16 -36.49
34 1 1.2D+1.6H Combination | -477.81 -23.15 -19.73
34 1 0.9D+1.6H Combination | -358.36 -25.09 -17.65
34 1 1.4D Combination | -557.46 9.09 -9.71
34 1 1.2D+1.0EH (Sismo) Combination | -477.82 -3.35 -11.12
34 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -358.35 -36.23 -20.45
34 1 0.6D+0.7E+H Combination | -238.9 -23.24 -13.25
35 1 1.2D+1.6H Combination | -477.81 -17.76 -1.97
35 1 0.9D+1.6H Combination | -358.36 -18.76 1.11
35 1 1.4D Combination | -557.46 4.69 -14.4
35 1 1.2D+1.0EH (Sismo) Combination | -477.82 -3.65 -7.47
35 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -26.44 5.99
35 1 0.6D+0.7E+H Combination| -238.9 -16.97 3.72
36 1 1.2D+1.6H Combination | -477.81 -6.98 5
36 1 0.9D+1.6H Combination | -358.36 -6.57 7.68
36 1 1.4D Combination | -557.46 -1.92 -12.48
36 1 1.2D+1.0EH (Sismo) Combination | -477.82 -3.22 -4.25
36 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 -8.14 14.12
36 1 0.6D+0.7E+H Combination | -238.9 -5.25 8.98
37 1 1.2D+1.6H Combination | -477.81 -0.36 5.37
37 1 0.9D+1.6H Combination | -358.36 0.63 7.05
37 1 1.4D Combination | -557.46 -4.63 -7.85
37 1 1.2D+1.0EH (Sismo) Combination | -477.82 -2.31 -1.94
37 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 2.29 11.84
37 1 0.6D+0.7E+H Combination | -238.9 1.43 7.55
38 1 1.2D+1.6H Combination | -477.81 2.67 2.7
38 1 0.9D+1.6H Combination | -358.36 3.69 3.36
38 1 1.4D Combination | -557.46 -4.75 -3.1
38 1 1.2D+1.0EH (Sismo) Combination | -477.82 -1.36 -0.58
38 1 0.9D+1.0EH (Sismico)+1.6EH | Combination| -358.35 6.39 5.44
38 1 0.6D+0.7E+H Combination | -238.9 4.07 3.47
39 1 1.2D+1.6H Combination | -477.81 2.7 6.04E-15
39 1 0.9D+1.6H Combination | -358.36 3.36 7.372E-15
39 1 1.4D Combination | -557.46 -3.1 -6.217E-15
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39 1 1.2D+1.0EH (Sismo) Combination | -477.82 -0.58 | -5.329E-15
39 1 0.9D+1.0EH (Sismico)+1.6EH | Combination | -358.35 5.44 7.372E-15
39 1 0.6D+0.7E+H Combination | -238.9 3.47 4.441E-15

ANEXOS TABLAS CON FUERZAS AXIALES Y MOMENTOS DE PILOTES CARGA DE
SERVICIO TRAMO 2

TABLE: Element Forces - Frames

Frame | Station | OutputCase CaseType P V3 M2
2 1 D+H Combination -546.19 79.04 151.4
3 1 D+H Combination -546.19 73.44 77.96
4 1 D+H Combination -546.19 63.61 14.35
5 1 D+H Combination -546.19 51.19 -36.84
6 1 D+H Combination -546.19 39.13 -75.97
7 1 D+H Combination -546.19 28.2 -104.17
8 1 D+H Combination -546.19 18.99 -123.15
9 1 D+H Combination -546.19 6.07 -129.22
10 1 D+H Combination -546.19 -6.36 -122.86
11 1 D+H Combination -546.19 -15.81 -107.05
12 1 D+H Combination -546.19 -21.28 -85.77
13 1 D+H Combination -546.19 -22.95 -62.82
14 1 D+H Combination -546.19 -21.69 -41.13
15 1 D+H Combination -546.19 -18.72 -22.41
16 1 D+H Combination -546.19 -15.21 -7.21
17 1 D+H Combination -546.19 -7.37 0.16
18 1 D+H Combination -546.19 -2.05 2.22
19 1 D+H Combination -546.19 0.79 1.43
20 1 D+H Combination -546.19 1.43 -7.105E-15
21 1 D+H Combination -398.18 51.79 77.68
22 1 D+H Combination -398.18 47.73 29.95
23 1 D+H Combination -398.18 40.71 -10.76
24 1 D+H Combination -398.18 31.97 -42.74
25 1 D+H Combination -398.18 23.61 -66.34
26 1 D+H Combination -398.18 16.13 -82.47
27 1 D+H Combination -398.18 9.91 -92.38
28 1 D+H Combination -398.18 1.34 -93.72
29 1 D+H Combination -398.18 -6.72 -87
30 1 D+H Combination -398.18 -12.65 -74.35
31 1 D+H Combination -398.18 -15.82 -58.53
32 1 D+H Combination -398.18 -16.45 -42.08
33 1 D+H Combination -398.18 -15.17 -26.91
34 1 D+H Combination -398.18 -12.84 -14.07
35 1 D+H Combination -398.18 -10.26 -3.81
36 1 D+H Combination -398.18 -4.71 0.9
37 1 D+H Combination -398.18 -1.05 1.95
38 1 D+H Combination -398.18 0.82 1.13
39 1 D+H Combination -398.18 1.13 2.665E-15
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