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ASISTENCIA TECNICA

TDM Colombia cuenta con un equipo altamente calificado de ingenieros y especialistas que brindan
apoyo para cualquier etapa de los proyectos, desde la estructuracion hasta la construccion en busca
de lograr soluciones 6ptimas para nuestros clientes.

Como fabricantes contamos con amplio know-how que nos permite desarrollar soluciones innovadoras
adaptadas a cada regién, necesidad y zona geografica en donde operamos.

Como parte del Grupo TDM contamos con grupos especializados en varios paises donde hacemos
presencia, tales como Perd, Colombia, Brasil, México, Chile, Argentina entre otros, dispuestos a
brindar apoyo a diferentes sectores de la ingenieria.
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1. INTRODUCCION

Los muros en paneles de concreto consisten en la estabilizacion mecanica de un material por medio de la
incorporacion ordenada de refuerzos sintéticos (geomallas) en el interior de un relleno granular compactado. La
friccién producida entre la superficie de los refuerzos sintéticos y el relleno estructural proporcionan la estabilidad
del muro.

La estabilidad externa del muro se basa en la resistencia a la componente horizontal de los empujes estaticos y
pseudo estaticos del suelo a retener y la estabilidad interna se basa en consideraciones de rotura y de
arrancamiento, de esta forma se genera un bloque de suelo reforzado estable. Para evitar los procesos erosivos,
y brindar un aporte estructural, la fachada del muro se cubre con placas prefabricadas de concreto, en las cuales
se encuentran embebidos los refuerzos sintéticos.

e

Figura 1 Muro en paneles de concreto — TDM Colombia

2. GENERALIDADES

2.1. OBJETIVO

Elaboracién de un disefio para la construccion de muros con el sistema de fachada en Paneles TDM, atendiendo
los requerimientos de disefio contenidos en la guia de disefio FHWA-NHI-024.

2.2. ALCANCE

Realizacion del disefio y recomendaciones geotécnicas, de acuerdo con la informacion y estudios de referencia
suministrados por el cliente.

El alcance del trabajo incluye los siguientes aspectos:

¢ Revision y/o comentarios generales de las condiciones del terreno.

o Presentar recomendaciones, medidas preventivas y correctivas para obtener las condiciones de
estabilidad del muro, requeridas en las especificaciones técnicas del proyecto.

e Formulacién las recomendaciones, planos esquematicos.
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2.3. METODOLOGIA

Para el presente proyecto, los calculos siguieron los procedimientos y recomendaciones de la Norma Colombiana
de Disefio de Puentes LRFD-CCP14 (2014), especificamente los publicados en la seccion 3 (Cargas y Factores
de Carga), seccion 11 (Muros, Estribos y Pilas)

Para la elaboracion del disefio del Muro, se toma como referencia la informacién definida en los estudios “Informe
componente geotécnico” y “Memoria justificativa del calculo y disefio estructural” elaborados por la firma
CARINSA, las secciones geométricas y alineamiento en planta dispuestos en el archivo “ACAD-20250411-
DISENO GEOMETRICO-Model”.

2.3.1. Diseiio del Muro

La evaluacion del disefio del muro se realiza mediante los analisis de estabilidad interna y externa de los muros
con paneles de concreto. Los analisis realizados siguen la Norma Colombiana de Disefio de Puentes CCP-14, la
Norma AASHTO LRFD 2010, la guia de disefio (FHWA-NHI-10-024) y las recomendaciones generales en base
a la experiencia del Grupo TDM y el equipo especialista de TDM Colombia.

De acuerdo con la informacion del proyecto las alturas son variables.
El muro contempla basicamente 2 secciones tipo:

e Seccion con terraplén en la corona: Corresponde a muros de alturas variables de 2.7 m a 3.5 m, los
cuales poseen en la corona un terraplén para confirmacion de la via de 0.8m de altura.
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Figura 2 Seccion tipica con terraplén.

e Seccion sin terraplén en la corona: Corresponde a muros de altura variable 2.7 m a 4.0 m.
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Figura 3 Seccion tipica sin terraplén.




2.3.2. Elementos de refuerzo

Segun la metodologia de disefio utilizada se deben aplicar una serie de factores de seguridad a la resistencia a
la tensién de las geomallas, propiedad intrinsecamente relacionada con la estabilidad de los muros. Las
geomallas estructurales TDM a ser usadas en la construccion del muro, son estructuras uniaxiales y fabricadas
en polietileno de alta densidad (HDPE), y presentan las siguientes resistencias ultimas a la traccion y valores de
factores de reduccién:

Tabla 1 Resistencia a traccion y Factores de reduccion para geomallas de HDPE.

Resistencia Factor de seguridad
Tipo de Geomalla TDM ultima E
P kNim  ean09°  Durabilidad Fluencia
Tipo 1 59.0 1.07 1.00 2.24
Tipo 2 70.0 1.05 1.00 2.24
Tipo 3 87.0 1.05 1.00 2.24
Tipo 4 116.0 1.05 1.00 2.24
Tipo 5 144.0 1.05 1.00 2.24

Figura 4 Geomalla uniaxial TDM.

3. ASPECTOS GEOLOGICOS

De acuerdo con la informacién de referencia > en la zona del proyecto afloran rocas de edad terciaria,
encontrandose presencia de la formaciéon Bayunca y formacion la Popa, igualmente se posee la existencia de
zonas de distintos tipos de depdsitos, como lo son: depdsitos de llanura costera, depdsitos de playa y depésitos
de mangles.

' INFORME DE RECOMENDACIONES GEOTECNICAS. CARINSA SAS
2 MEMORIA JUSTIFICATIVA DEL CALCULO Y DISENO ESTRUCTURAL. CARINSA SAS.
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Figura 5 Geologia de la zona.
Fuente: CARINSA SAS 12

4. EXPLORACION DEL SUBSUELO

Para la elaboracioén del disefio del Muro, se toma como referencia la informacién de exploracion directa e indirecta
definida por el cliente'2. Particularmente se presenta la exploracién de campo (directas e indirectas) relevantes
para el disefio tomados de la informacioén de referencia.

Identificacion de la NUmero de sondeos
estructura efectuados Profundidad (m)
6 20
Malecon del mar 7 3.1
2 6.0

Tabla 2 Exploracion realizada por el consultor.
Fuente: CARINSA SAS 12

En todo caso el consultor ha definido implementar un mejoramiento de la fundacién que consiste en 60 cm de
rajon encapsulados en un geotextil NW3000:

H=Variable Relleno en material

seleccionado

Geotextil tejido
3000

Figura 6 Mejoramiento.
Fuente: CARINSA SAS 12
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5. PARAMETROS DE DISENO

De acuerdo con la informacién suministrada de los estudios de referencia, el consultor CARINSA SAS ha definido
las siguientes propiedades para el perfil estratigrafico hallado en campo:

Estrato Profundidad (m) ¥ (ton/m3) ¢' (fon/m2) Q' (°)
1 0.50-2.00 1.94 0.0 28.0
2 2.00-4.00 1.93 0.0 27.7
3 4.00-6.00 1.93 0.0 279

Tabla 3 Perfil de disefio.
Fuente: CARINSA SAS 12

Teniendo en cuenta el sistema de mejoramiento de fundacion propuesto con roca tipo rajon, se adoptan los
siguientes parametros de disefio:

e Cohesion: 0 Kpa.
¢ Angulo de friccién: 35°
e Peso unitario: 20 kN/m3.

5.1. COEFICIENTES SiSMICOS

La sismicidad en la zona Caribe Colombiana es considerada baja de acuerdo con el titulo A de la NSR-10, por lo
cual el valor de Aa corresponde a 0.10, sabiendo que el perfil de suelo corresponde a un perfil tipo “D”, se
obtendria un coeficiente de amplificacion (Fa) de 1.6, por lo cual el valor a considerar en disefio “a max”
corresponde a 0.16 g.

5.2. MATERIALES DEL MURO
5.2.1. PLACAS DE CONCRETO PREFABRICADAS

Las placas de concreto prefabricadas, consisten en elementos prefabricados de concreto reforzado de resistencia
ala compresion de fc=35MPa a 45 MPay cemento Tipo I. Las placas tipicas forman un paramento semi-flexible,
que es capaz de acoplarse a los asentamientos internos del bloque de suelo reforzado. La placa prefabricada de
concreto debera tener embebidas las geomallas del disefio.
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5.2.2. CARACTERISTICAS DEL RELLENO GRANULAR COMPACTADO

El material de Relleno Estructural para el Muro en paneles de concreto recomendado debera de cumplir con unas
propiedades minimas necesarias para asegurar la buena interaccién refuerzo-relleno que garantice a su vez la
transferencia de esfuerzos del relleno al refuerzo.

Especificamente sobre el material a ser usado como relleno reforzado, de acuerdo con lo definido por el
consultor?, se contemplara material seleccionado.

e Cohesion: 0 Kpa.
¢ Angulo de friccién: 33°
e Peso unitario: 18.5 kN/m3.

5.2.3. ACCESORIOS COMPLEMENTARIOS

Adicional a los paneles, elementos de refuerzo y material de relleno, se requieren accesorios complementarios
para construccion del muro, tal como Tabs de geomalla, los cuales se dejan embebidos en el panel de concreto
y funcionan para anclaje de las geomallas de refuerzo. Los bodkin bar, que son franjas fabricadas de polietileno
que unen las tiras de geomalla para cumplir con las longitudes de desarrollo del disefio y generar la conexion
estructural con el panel.

SIN TRASLAPO — _ GEOMALLA SEGUN
DISENO

BODKIN
TAB DE BAR

GEOMALLA
Figura 9 Disposiciéon geomallas cobertura 80%.




SARGENTO

. LADO INTERIOR
DE PANEL

h ~\__ GEOTEXTIL EN JUNTAS
HORIZONTALES Y VERTICALES

— TAB DE GEOMALLA UX

Figura 10. Esquema del sistema de paneles TDM.

La cantidad y ubicacién de los TABS estara definida de acuerdo con el disefio presentado en los planos.

: -;-/~MIN. 3" EMBEDMENT

4.5" WIDE
BODKIN BAR (TYP.)

FRONT FACE\ |, -
OF PANEL_\ %

STRUCTURAL GEOGRID

PULL TAUT TO REMOVE SLACK
IN CONNECTION

ATTACHMENT GEOGRID TABS
POSITIONED AT PANEL REINFORCING
AND CAST WITH PANEL

Figura 11. Conexién estructural tipo Bodkin segiin FHWA-NHI-1-024.
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Figura 12 TabsAde geomalla para paneles
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6. CARGAS CONSIDERAS EN EL DISENO

Dentro de las cargas a considerar en el disefio se encuentran: El empuje vertical (EV), empuje horizontal (EH) y
cargas, para el caso del muro, se contempla un uso peatonal que de acuerdo con el numeral b.3.4.3 del titulo B
de la NSR-10 indica:

“En areas peatonales, tales como pasillos, corredores, balcones, cubiertas transitables, graderias y
otras zonas de circulacion peatonal, se debe considerar una carga minima uniforme de 2.5 kpa (250
kg/m2)”

Teniendo presente que las zonas peatonales generalmente consideran estructura de adoquines como superficie
expuesta al transito peatonal y de bicicletas, es valido contemplar como carga muerta 6.0 kN/m2:

“Se considera un adoquin de concreto de 8 cm de altura y una base granular de 15-25 cm, por tanto
asumiendo un adoquin de concreto posee un peso unitario de 23 kN/m3 y la base granular de 21
kN/m3 aproximadamente es posible calcular la magnitud de la carga muerta”

7. ANALISIS DE ESTABILIDAD

El disefio sismico indicado en AASHTO considera las fuerzas de inercia tanto en el bloque como en el relleno
retenido.

De acuerdo con lo indicado en la norma AASHTO, los analisis de estabilidad externa bajo condiciones sismicas
incorporan una fuerza horizontal debido a la inercia de una porcién de la masa de suelo reforzada y el 50 por
ciento del empuje dinamico horizontal, segun se muestra en la Figura 13.

Capa de refuerzos
Masa para la
fuerza inercial
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Figura 13 Analisis de estabilidad externa. cargas sismicas consideradas

8. ANALISIS DE ESTABILIDAD INTERNA

El analisis de estabilidad interna de un muro en paneles de concreto consiste en la evaluacién de la superficie de
falla en el interior del bloque de suelo reforzado, donde se verifican las tensiones entre la masa de suelo y el
refuerzo a las distintas alturas en que este se encuentra.

Los principales modos de falla considerados en el analisis de estabilidad interna y que deben ser controlados en
el disefio, son los siguientes: Falla por elongacion o ruptura de los refuerzos (Rotura y Falla por arranque (Pullout).

COLOMBIA




9. ANALISIS DE ESTABILIDAD EXTERNA

En la Estabilidad Externa se considera el comportamiento del sistema como un bloque rigido definido por la altura
y longitud de los refuerzos. Los modos de falla considerados en este analisis involucran: limites de la
excentricidad, deslizamiento y las presiones de contacto en la fundacion.

De acuerdo con los Estados Limites considerados, la norma define las verificaciones que deben realizarse, para
deslizamiento, volteo y capacidad de carga, tal como se muestra en la Figura 14.

Deslizamients Valteo Capacidad de carga

Figura 14 Modos de falla en muros con paneles de concreto

Tabla 4 Factores de carga recomendados para Suelo Reforzado seguin los modos de falla.

Tipo de Falla Factores de Carga
Estabilidad Externa
Deslizamiento >1.0 (1.0)
Excentricidad “e”, en la base <0.25
Capacidad Portante >1.0 (1.0)
Estabilidad global >1.3(1.1)
Estabilidad Interna

CDR arrancamiento
CDR deslizamiento

Todos los chequeos se han realizado con el software especializado MSEW.

A continuacién, se muestra el resultado de los analisis para la seccidon de mayor altura (H=4.0m incluyendo el
desplante recomendado de 1.0m en los estudios suministrados):
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Bearing Capacity -- AASHTO 2007-2010 (LRFD) X

Soils Loads
Seismicky CDR NOTE
Ka Kac

Results
STATIC SEISMIC  UNMS

Factored bearing

resist, g-r=(fij'q-n 53523 49294 [kPa] X=NA

Factored bearing (Meyerhof) load , Y = NA

Oy 14428 15666 [kPa]
Eccentricty, e 0.32 045 [m]
Unfactored
e/L 0079  o0m3 appied bearing
CDR calculated 3 315 pressure for
settiement
Base length 4.00 400 [m calculations
) Figura 15. Chequeo de Capacidad Portant:
Direct Sliding -- Extended Table
0 CDR along reinforced and foundation soils interface
Static CDR = 1.726 Seismic CDR = 1.428
@ | Elevat Length
14 vation en CDR CDR w
% Static | Seismic ,% O
-
[m] [m]

1 4.00 165 137 2 UX TIPO 2
2 0.58 4.00 1.77 1.47 2 UXTIPO 2
3 0.90 4.00 1.93 1.61 2 UXTIPO 2
4 1.20 4.00 2.1 1.77 1 UX TIPO 1
5 1.80 4.00 258 219 1 UXTIPO 1
6 2.10 4.00 292 248 1 UXTIPO 1
7 2.40 4.00 3.35 288 1 UXTIPO 1
8 270 4.00 3.95 3.43 1 UXTIPO 1
9 3.30 4.00 6.31 567 1 UXTIPO 1
10 3.90 4.50 31.90 31.10 1 UXTIPO 1

Figura 16. Chequeo de deslizamiento directo.
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Eccentricity -- Extended Table

e/L along reinforced and foundation soils interface
Static e/L = 0.1120 Seismic e/L = 0.1589

= 2

g Bl | Eemt e/L Static Seei;tnic E Designated Name

< -

- m [m]

1 4.00 0098 0139 2 UX TIPO 2

2 0.58 4.00 0.084 0.118 2 UXTIPO 2

3 0.90 4.00 0.071 0.098 2 UXTIPO 2

4 1.20 4.00 0.059 0.081 1 UX TIPO 1

< 1.80 4.00 0.039 0.052 1 UXTIPO 1

6 210 4.00 0.030 0.040 1 UXTIPO 1

7 2.40 4.00 0.022 0.029 1 UXTIPO 1

8 2.70 4.00 0.016 0.020 1 UXTIPO 1

i 9 3.30 4.00 0.006 0.007 1 UXTIPO 1
. 10 3.90 450 0.000 0.000 1 UXTIPO 1
Figura 17. Chequeo de excentricidad
'{r\ieum[ Stability -- extended table
Geogrid Tributary Range Given Information Calculated Values
=
g Elevation Z bottom Z top Coverage T available T max T md c :cdu‘:aatled
= Ratio, Rc COR
[m] [m] [m] [kN/m] [kN/m] [kN/m]

1 0.00 0.43 0.80 23.44 17.94 0.00 1.045
2 0.58 043 074 0.80 2344 11.82 0.00 1.587
3 0.90 0.74 1.05 0.80 23.44 10.88 0.00 1.723
4 1.20 1.05 1.50 0.80 19.75 14.13 0.00 1.119
5 1.80 1.50 1.95 0.80 19.75 12.15 0.00 1.300
6 210 1.95 225 0.80 19.75 7.00 0.00 2.256
7 240 225 255 0.80 19.75 6.13 0.00 2579
8 270 255 3.00 0.80 19.75 7.55 0.00 2.094
9 3.30 3.00 3.60 0.80 19.75 6.99 0.00 2.260
10 3.90 3.60 4.00 0.80 19.75 271 0.00 5.829

Figura 18. Chequeo de requerimiento de tension de las geomallas
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! Connection -- Extended Table DG
|
| CDR Values at Connection Reduction
) ; Elevation C T(TEX Tmd g:r::‘lelac:;dn ;!educﬁ:n facer for
z Comnecton | Comnecton | G00rd | gy g | included Force,To | Connection | (Longierm
- gth Break, CRu Strength),
[m) [kN/m) [kN/m) [kN/m) Cher
1 1.129 NIA 1.045 0.80 17.94 0.00 17.94 0.90 N/A
2 0.58 1.714 NA 1.587 0.80 11.82 0.00 11.82 0.90 N/A
3 0.90 1.861 NA 1.723 0.80 10.88 0.00 10.88 0.90 NA
4 1.20 1.208 NA 1.119 0.80 14.13 0.00 14.13 0.90 N/A
5 1.80 1.404 N/A 1.300 0.80 12.15 0.00 12.15 0.90 NA
6 2.10 2437 NA 2256 0.80 7.00 0.00 7.00 0.90 N/A
7 2.40 2785 NA 2579 0.80 6.13 0.00 6.13 0.90 N/A
8 270 2.262 N/A 2.094 0.80 755 0.00 7.55 0.90 N/A
N 9 3.30 2.441 NA 2.260 0.80 6.99 0.00 6.99 0.90 NA
] 10 | 390 6.295 NIA 5.829 0.80 27 0.00 271 0.90 NIA
Figura 19. Chequeo de resistencia de la conexion
Pullout -- extended table
- Geogrid CALCULATED VALUES
g Elevation Length | Coverage (LL:L‘:’; o Tmd Le La g | Calculated .":_3
- Ratio, Rc ‘ CDR s
[m] [m] [kN/m] [kN/m] [m] [m] (2]
1 4.00 0.80 17.94 0.00 3.83 017 0.399 9.86 NIA
2 0.58 4.00 0.80 11.82 0.00 365 0.35 0.399 13.20 N/A
3 0.90 4.00 0.80 10.88 0.00 3.46 0.54 0.399 12.41 N/A
4 1.20 4.00 0.80 14.13 0.00 3.28 0.72 0.399 8.26 N/A
5 1.80 4.00 0.80 12.15 0.00 292 1.08 0.399 6.89 N/A
6 210 4.00 0.80 7.00 0.00 2.74 1.26 0.399 9.87 N/A
7 2.40 4.00 0.80 6.13 0.00 256 1.44 0.399 9.1 N/A
3 270 4.00 0.80 7.55 0.00 238 1.62 0.399 579 N/A
9 3.30 4.00 0.80 6.99 0.00 2.02 1.98 0.399 3.31 NA
10 3.90 450 0.80 2.7 0.00 2.16 2.34 0.399 365 N/A

Figura 20. Chequeo de Pull Out
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3earing Capacity -- AASHTO 2007-2010 (LRFD

Soils Loads
Seismicity COR NOTE
Ka Kae

N Angle of Ft=
Ft=102.3 kN/m6 o

Results

STATIC SEISMIC  UNITS

Factored bearing

resist, g-r=(fij'q-n  454.36 400.46 [kPa] X=NA

Factored bearing (Meyerhof) load , Y =NA
Oy 15424 17463 [kPa]

Eccentricty, e 032 049 [m]
s (o )
e/L 0092 0140 o S _

applied bearing

CDR calculated 295 229 pressure for
settiement
Base length 350 350 [m] calculations RETURN

| Direct Sliding -- Extended Table
0 CDR along reinforced and foundation soils interface
Static COR = 1.371 Seismic CDR = 1.148
E Elevation | Length CDR CDR
5 Static Seismic g B S
~ L Im [m)
1 3.50 1.29 110 3 UX TIPO 3
2 0.58 3.50 1.37 1.18 3 UXTIPO 3
3 0.90 3.50 1.47 1.29 2 UXTIPO 2
4 1.20 3.50 1.58 1.42 2 UXTIPO 2
5 1.80 3.50 1.85 1.75 2 UXTIPO 2
6 2.10 3.50 2.03 1.97 1 UXTIPO 1
7 2.40 3.50 225 2.26 1 UXTIPO 1
8 2.70 3.50 2.51 264 1 UXTIPO 1
i ) 3.30 3.50 3.32 378 1 UXTIPO 1

Figura 22. Chequeo de deslizamiento directo.
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| Eccentricity -- Extended Table

e/L along reinforced and foundation soils interface
Static e/L = 0.1338 Seismic e/L = 0.2024
® 2
g Bimeinn || “Esog e/L Static Seztnic E Designated Name
<
~ L m [m}
1 3.50 0115 = 0171 3 UX TIPO 3
2 0.58 3.50 0.096 0.140 3 UXTIPO 3
3 0.90 3.50 0.076 0.109 2 UXTIPO 2
4 1.20 3.50 0.058 0.083 2 UXTIPO 2
5 1.80 3.50 0.026 0.037 2 UXTIPO 2
6 210 3.50 0.010 0.016 1 UXTIPO 1
7 2.40 3.50 -0.006 -0.003 1 UXTIPO 1
8 270 3.50 -0.022 -0.022 1 UXTIPO 1
i 9 3.30 3.50 -0.063 -0.064 1 UXTIPO 1
Figura 23. Chequeo de excentricidad
. Internal Stability -- extended table X
I Geogrid Tributary Range Given Information Calculated Values
*
1| & | Eevaton | Zbottom Ztop Coverage | T avaiable T max T md Koo
< Ratio, Rc e
= ' CDR
[m] [m] [m] [kN/m] [kN/m] [kN/m]
1 0.00 0.43 0.80 29.13 17.51 0.00 1.331
2 0.58 0.43 0.74 0.80 29.13 11.51 0.00 2.025
3 0.90 0.74 1.05 0.80 23.44 10.57 0.00 1.774
4 1.20 1.05 1.50 0.80 23.44 13.68 0.00 1.371
3 1.80 1.50 1.95 0.80 23.44 1.7 0.00 1.602
6 210 1.95 225 0.80 19.75 6.71 0.00 2.356
7 240 225 255 0.80 19.75 5.83 0.00 2
8 270 255 3.00 0.80 19.75 7.10 0.00 2226
9 3.30 3.00 3.50 0.80 19.75 5.57 0.00 2.836

Figura 24. Chequeo de requerimiento de tension de las geomallas




] CDR Values at Connection Reduction
| - T max Calculated Reduction Factor for
@ | Elevation . . Coverage (LL Tmd Connection | Factor for | Connection
%’ c°gnec’non Connection |  Geogrid Ratio, Rc | included) Force, To Connection | (Long-term
3 reak Pullout Strength Break CRu Strength),
(ml [kN/m) [kN/m) [kN/m) L
1 1.437 N/A 1.331 0.80 17.51 0.00 17.51 0.90 N/A
2 0.58 2187 N/A 2.025 0.80 11.51 0.00 11.51 0.90 N/A
3 0.90 1916 N/A 1.774 0.80 10.57 0.00 10.57 0.90 N/A
4 1.20 1.480 N/A 1.371 0.80 1368 0.00 13.68 0.90 N/A
5 1.80 1.730 N/A 1.602 0.80 1.7 0.00 1.7 0.90 N/A
| 6 2.10 2.545 N/A 2.356 0.80 6.71 0.00 6.71 0.90 N/A
[ 7 2.40 2928 N/A 2 0.80 5.83 0.00 583 0.90 N/A
8 270 2404 N/A 2.226 0.80 7.10 0.00 7.10 0.90 N/A
9 3.30 3.063 N/A 2836 0.80 5.57 0.00 5.57 0.90 N/A
Figura 25. Chequeo de resistencia de la conexién
[ i
- Geogrid CALCULATED VALUES
E Elevation Length | Coverage (Lme o Tmd Le La Fe | Calculated §
< Ratio, Rc CDR =
[m] [m] [kN/m] [kN/m] [m] [m] (7]
1 3.50 0.80 17.51 0.00 3.33 0.17 0.399 8.88 NIA
2 0.58 3.50 0.80 11.51 0.00 3.15 0.35 0.399 11.92 N/A
3 0.90 3.50 0.80 10.57 0.00 2.96 054 0.399 11.24 N/A
4 1.20 3.50 0.80 13.68 0.00 278 0.72 0.399 7.52 N/A
5 1.80 3.50 0.80 1.7 0.00 2.42 1.08 0.399 6.34 N/A
6 210 3.50 0.80 6.71 0.00 224 1.26 0.399 9.18 N/A
7 240 3.50 0.80 5.83 0.00 2.06 1.44 0.399 8.58 N/A
8 2.70 3.50 0.80 7.10 0.00 1.88 1.62 0.399 5.58 N/A
9 3.30 3.50 0.80 5.57 0.00 1.52 1.98 0.399 3.99 N/A

Figura 26. Chequeo de Pull Out

Como medida de control, a continuacion, se presenta la distorsion maxima que es admitida por la fachada de
paneles.

La distorsion angular es un parametro que mide los asentamientos en la fachada del muro por metro lineal. Para
los muros MSE se aplica la siguiente guia para el limite de distorsién angular segun las recomendaciones de
AASHTO-LRFD:

Tabla 5 Limite de distorsion admisible.

Limite de distorsién angular
Area <2.80 m? 2.80 m? < Area < 7.00 m?
1.91 1/100 1/200
1.27 1/200 1/300
0.64 1/300 1/600

Espesor de Junta (cm)
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10. ANALISIS ESTRUCTURAL PANEL EN CONCRETO

Teniendo presente la configuracién del muro con sus distintas capas de elementos de refuerzo que estaran
embebidas en el panel. Se analizara la condicién de un panel de 4.0m de altura con la configuracién de geomallas
de refuerzo producto del analisis de estabilidad interna/externa del muro:

>

Figura 27 Esquema Panel.

Se prevé que el concreto a usar posea una resistencia a compresion f'c= 5000 PSI.
A continuacion se muestra el resultado del analisis estructural del panel:

Datos del panel:

Longitud, ancho y espesor: L:=40m B:=1.0m t:=0.16 m
Separaciones de anclajes:
51:=021m $3:=0.34 m 85:=0.786 m s7:=0.76 m
T l | . l " l ]
e e e (e ——— . —— )
$9:=0.76 m 8;:=042m s5:=0.314m




Fuerzas de calculo:

Fuerza maxima de malla: T Geomatia =175 kN
Factores de seguridad: RF_.,:=224 RF;:=1.0 RF;;:=1.05 FS:=1.5
" . T(i(onmlla
Fuerza aplicada por malla: Pg:= =49.6 kN
RF,-RF,;-RF,-FS
Fuerza total: Pp:=T.P;=347.22 kN
o Pge (78,46 8+5 83+4 8443 85+2 85+ 87
Excentricidad de cargas: el _Po(T51+65+5s ! 5+57) =0.12m
2 Py
P[22l
Presion maxima en panel: iz :=T: 102.5 kPa
Pyp. (1 - 6_")
Presion minima en panel: q,,,,-,,::T: 71.11 kPa
Fuerzas internas:
Diagramas de momento y cortante:
12251 T T 14581171 1{<4.01 T T
0.00 2| U] -1.30 ‘ | -0.00
b I ll;LO‘?z}J‘LIilllQSl‘ Ill|lx;‘1.1'9?|ll“||[l UMy 1kNm
a a a8 1 [ - i a Max=3.71
Min=-6.07
oo kN/m
Cases: 2(q)
Momento negativo: M, :=6.07 kN -m Momento positivo: M, :=3.71 kN -m
—1134.50 }——— {3060} , . 2081
000 * e «, , . | Ll T t-o00
-21.35 i v’29‘4‘5 S %13249g Bttt 1t h-34,.8'5'l_1 u:a:x‘-o::aNga
Min=-39.88
w0 kN/m
Cases: 2 (q)
Vinaz1 :=39.88 kN
-8.52
[-3.66 |—{ -3.97 |1 - [
1 0.40 10.00]
UMy 1kNm
Max=3.04
Min=-8.52
vve kKN/m
: o Cases: 3 (q2)
Momento negativo:  M,,.,»:=8.52 kN -m Momento positivo:  M,,,,:=3.04 kN -m
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Cortante maximo:  V,,,,0:=45.94 kN
Momento ultimo negativo:
Momento ultimo positivo: up’=

Cortante ultimo: V,=59.82 kN

Datos de diseno:

Resistencia del concreto:

Esfuerzo de fluencia del acero:
Mddulo de elasticidad del concreto:
Mddulo de elasticidad del acero:
Relacion de mddulos:

Factor de reduccion de resistencia a flexion:
Factor de reduccion de resistencia a cortante:

Area de barra de refuerzo:
Separacion:

Cantidad de barras por metro:
Area acero de refuerzo por metro:

Recubrimiento cara contra terreno (trasdos)
Recubrimiento cara externa (a la vista)
Espesor efectivo a momento negativo:
Espesor efectivo a momento positivo:

oy p—— T T 1 1
‘ ~ .
1 | -1, {
-15.11 s . 7 ey, ‘)
-31.89#“_‘_‘_‘% 7.92 .34,

Mas alla
siempre

111&1;1!11]0.wurz1mn

Max=41.37
Min=-45.94

vov kN/m
Cases: 3 (q2)

M, ==1.5-max (Mg, M,cg0) =12.78 m kN
M,,=1.5-max (M, , M

pos2) =5.57 m-kN

f'e:=35 MPa

fy =420 MPa

E.:=4700+\/f'c+MPa =27805.575 MPa
E,:=200 GPa

n:=E..E,'=7.19

¢5:=0.90
¢,:=0.75

Ay:=0.71 em?
Sep:=10 em
Cantidad:=1 m-Sep™' =10
A,:=Cantidad+A4=7.1 cm®

(#4)

rec;:=0.5+1

rec.:=t—rec;=8 cm
d,:=t—rec;=8 cm
d,:=t—rec,=8 cm




Diseno a momento negativo

Fr,:=0.63-\/fc-MPa =3.73 MPa 1\1(-R:=Fr,.-t—(;--B= 15.9 kN -m
M, ,:==min(1.2:M¢cg,1.33-M,,) =17 kN -m
Momento de diseno: M is p:=max (M, ,,M,,)=17 kN -m
Capacidad a momento negativo:
a=—2y 1 em OM, = A f,|d, — L] =20.13 kN .m
" 0.85-fc-B el '
if ¢A1112A1dis n = “Ok”
- AIdis_n 0.84
| ~ox oM,
else
” “No Cumple”
Diseno a momento positivo
Momento positivo de disefio: M, ,:=min (1.2:M¢p,1.33-M,,)=7.4 kN-m

Mis p:=max (M, ,,M,,)=T7.4 kN -m
Capacidad a momento positivo:
a:= As-Jy =1cm OM, = Ay oo |d,—2|=20.13 kN -m
T 0.85-fc.B wUTESLY 2)
if oM., > My, , =“Ok”

= Aldis_p 0.37
|| Ok ¢I‘IHP - '
else
” “No Cumple”

Diseno a cortante

Resistencia del concreto a cortante: V,.:=0.17 MPa - \/ 1\;}2 B-min(d,,d,)=80.46 kN
a
OV, =, V.=60.34 kN
if oV, >V, =“Ok”

” “OK” ‘i’/ =0.99

c

else
“ “No Cumple”
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Verificacion por servicio:

Momento de servicio negativo:  Ms,,,:=max (M, .41, M,,.45) =8.52 kN -m
Ms,,:==max (M , M) =3.71 kN -m
Esfuerzo en cara a tension momento negativo:
p=A,+(d,-B)™'=0.0089 ki=—(n+p)+V(n-p)? +(2-n-p) =0.3 j=1-k-37'=0.9
fsl n

fSeni=Msy+ (Ag+j+d,) ' =166.61 MPa Relacion de fy: f_: 0.4
y

Esfuerzo en cara a tension momento positivo:
pi=A,-(d,-B) ™' =0.0089 -:=~(n.p)+\/(n-p)"’+(2-n-p) =0.3 j==1—k-37'=0.9

fslp .

y

f8epi=Msg,+ (Ag+j+d,) ™' =72.55 MPa Relacion de fy: 0.17

Acero requerido por temperatura:

™ 2

75 . . i .
DAl NEEOre S VS _ g gy 8 ASjomp :=0.0018- L =1.44 T
2(1m+t) f, m - 2 m

:lS“ mp_vl &=

2 -1
‘4s{¢ mp_v =max <Ast( mp_vl 'Aslrmp_x".’) =144 em” -m

Temperatura:=if (As;.,,, ,+1 m>A,, “No cumple”, “Ok”) = “Ok”

Como resultado final se obtiene:

Espesor tedrico del panel 16 cm, sin embargo, teniendo presente la configuracion del refuerzo y con la finalidad
de mantener el espesor de recubrimiento, se adopta 17 cm como espesor final del panel.

Como refuerzo se proponen barras #3 a 10cm en ambos sentidos en el centro del espesor (parrilla centrada),
las cuales cumplen con la verificacién a flexion y de fisuracion del panel.




11. PROCESO CONSTRUCTIVO
A continuacién, se presenta la descripcion detallada del proceso constructivo para conformacién del muro.
11.1. Actividades preliminares

Mejoramientos de fundacidn: Se deberan realizar excavaciones y mejoramientos /reemplazos de acuerdo con lo
que se indique por el especialista de geotecnia en caso tal esta actividad debera ser realizada previa a la ejecucién
del muro.

Construccién de losa o superficie para fundido de paneles de concreto: Se definira una supercie apropiada para
fundir los paneles de concreto, esto requiere que la superficie sea nivelada, asi mismo se debera disponer de
elementos que permitan mantener un acabado adecuado en cara expuesta del panel.

Armado de acero: Se dispondra de zona para armado de acero de acuerdo con los planos de taller de los paneles.

Alistamiento de la formaleta: Una vez revisada la formaleta se procedera con el armado de acuerdo con la
programacion para fundir paneles, en principio se sugiere programar fundida con los paneles comenzando en
orden por la primer hilada hacia arriba.

11.2. Alistamiento de formaleta

Alistamiento de la formaleta: Se disponen de 3 tipos de formaleta:

* Gris: Formaleta de dimensiones fijas.
* Verde: Formaleta ajustable en altura.
*  Azul: Formaleta ajustable en ancho y altura

Con esta formaleta se podran fabricar las dimensiones de paneles preestablecidas en disefio, las cuales, al igual
que el elemento dispuesto para acabado de la cara expuesta, previo al fundido deberan ser impregnadas con un
agende desmoldante para facilitar el desencofrado

| 9 " ," - ‘ =
S h.e_ et .

Figura 28 Formaletas para construccion de paneles en concreto
11.3. Fundida de paneles

e Armado acero: Se armara el acero de refuerzo y ganchos de izaje del panel segun lo dispuesto en planos
de taller del proyecto.

Se dispondran de distanciadores o cubos de concreto para garantizar la ubicaciéon adecuada del refuerzo
en la seccién del panel. En caso de requerirse se podran usar bolas de icopor para evitar que los ganchos
de izaje sean cubiertos por el concreto.

TDM
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Figura 29 Armado de acero de paneles

e Fijado de Tabs y fundida de paneles: Se fijara por medio de los perfiles los tabs segun la localizacion y
cantidad definida en los planos de taller.

Posteriormente se realizara el vertido del concreto en la formaleta el cual tendra la resistencia a
compresioén indicada en los planos de taller segun el tipo de panel, se debera vibrar el concreto para
evacuar el aire y obtener un acabado adecuado.

Figura 30 Fijado de Tabs y vertimiento de concreto

e Curado de paneles: Posterior a la fundida, se debera proveer de riegos para hidrataciéon de los paneles
y garantizar su adecuado fraguado.

Figura 31 Curado de los paneles de concreto




o Paneles especiales: En caso de requerirse se podran fundir paneles parcialmente para un mejor ajuste
ya sea a obras hidraulicas o interferencias en el muro, previa validacion con el disefio.

Fiura 32 Construccion de panels especiales
11.4. Acopio de paneles

e |zaje para acopio: Se realizara el Izaje por medio de cadenas o eslingas, debido al tamario de los paneles,
estos deberan tomarse exclusivamente por los ganchos dispuestos para tal fin.

Figura 33 lzaje de paneles

e Almacenaje: Se colocaran los paneles separandolos con bloques o listones de madera que garanticen
que los TABS no seran dafados, igualmente, se dispondra un bloque de madera para evitar que durante
el izaje del panel superior desportille el panel inferior.
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Figura 34 Esquema acopio de paneles

11.5. Replanteo y materializacion de la viga de cimentaciéon

Previamente se debera replantear el alineamiento comenzando por la zona del estribo hacia el trasdés por donde
ira la viga de cimentacion a fin de identificar interferencias como obras hidraulicas u otros que ameriten un ajuste
al disefio o fundir paneles parcialmente.

Una vez replanteado, se procede con la colocacion de formaleta para posteriormente fundir la viga de
cimentacion. Sobre esta viga estaran colocados los paneles de fachada del muro.

11.6. lzaje y colocacioén de paneles

Se dispondra de equipo de izaje para colocar los paneles de acuerdo con el disefio.

Figura 35 lzaje de paneles con retroexcavadora

Se debera garantizar que los paneles queden completamente verticales. Por ello es necesario contemplar el uso
de cercha metalica con gato y realizar verificacion con plomos para su control. Se dispondran de elementos tipo
“H” en madera para ayudar con la alineacién entre paneles.

TDM
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Figura 36 Parales en madera para garantizar verticalidad de los paneles
11.7. Colocacion del geotextil y neoprenos
Por la parte posterior del panel en las juntas entre paneles se pegaran tiras de geotextil para evitar que el material
granular o sus finos se laven.

Entre Hiladas verticalmente se dispondran de Neoprenos entre paneles para evitar desportillamientos y permitir
dilataciones por efecto de temperatura.

.2C.20 2.20

Junta entre
nivelacidon paneles

Figura 37 Instalacion de geotextiles y neoprenos

11.8. Colocacion de geomalla y tensionamiento

Se cortaran tiras de geomalla de acuerdo con la referencia (resistencia) y longitud definida en disefio, dicha
longitud se mide entre costillas, sin embargo, si al final de la tira hay sobrantes es posible dejarlos para no tener
que disponer en botadero esos desperdicios.

Si bien las referencias del material estan identificadas debidamente, se sugiere pintar con aerosol un costado del
rollo en caso las etiquetas se borren.

Una vez colocada la geomalla esta debera unirse al Tab por medio del Bodkin Bar y pre-tensionarse por medio
de un cepillo.
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Se sugiere colocar varillas en “U” al final de la tira, para anclar y mantener la geomalla en su sitio.

!

e

Figur Colocacion de geomél istema de tensionamiento

..

11.9. Extension y compactacion del relleno

Colocacion y extension del material granular de relleno de acuerdo a las especificaciones del disefio y del
proyecto.

Se compactara con equipo convencional excepto en los ultimos 2,0m mas préximos a la fachada en paneles en
donde se debera usar equipo liviano para evitar el desplome o perdida de verticalidad de los paneles.
Deberan verificarse las densidades en cada capa.

Figura 39 Extension y compactacion del relleno
11.10. Viga de coronacién

Posterior a la terminacién del muro, se conformara la viga de coronacion para dar el acabado final.
Esta viga se definira de acuerdo con las condiciones del proyecto.

TDM
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Figura 40 iga de coronacién muro

12. CONCLUSIONES, RECOMENDACIONES Y REFERENCIAS

e Eldiseno presentado aqui es basado en la informacién provista por el cliente. TDM Colombia no acepta
responsabilidad por esta informacién o verificacion de esta.

e TDM Colombia no asume responsabilidad por la interpretacion de las condiciones del subsuelo,
parametros de suelos apropiados para el disefio, y condiciones del nivel freatico y/o aguas subterraneas.

o El propietario o empresa proyectista es responsable de evaluar y verificar por escrito los parametros de
disefio descritos en las secciones anteriores y los resultados de los analisis antes de la construccion.
En el evento que las condiciones de disefio cambiaran, se debera informar a TDM Colombia para la
modificacion del disefio.

e La elevacion, localizacion, y geometria de los muros debera ser verificada por la interventoria antes del
inicio de la construccion.

o El cliente sera responsable de validar las cotas de desplante y corona, asi mismo como las abscisas de
inicio y fin del muro.

o El propietario o empresa proyectista es responsable de garantizar que el terreno de fundacion presente
una capacidad portante suficiente para resistir una presién transmitida por los muros, asi como controlar
que no se presenten asentamientos diferenciales o totales mayores tolerados por la estructura del
puente.

Las referencias generales con las que se disefian son:

e American Association of State Highway and Transportation Officials (AASHTO). (2020). LRFD Bridge
Design Specifications.

e The Federal Highway Administration (FHWA). (2014). “Design and Construction of Mechanically
Stabilized Earth Walls and Reinforced Soil Slopes Volume I”, Publicacion No FHWA-NHI-10-024.

e Ministerio de Transporte, INVIAS, & Asociacién De Ingenieria Sismica. (2014). Norma Colombiana De
Disefio De Puentes - LRFD - CCP 14.

e BOWLES, J. E. (1996). Foundation Analysis and Design. ILLINOIS: MCGRAW HILL.

¢ Design and Construction of Mechanically Stabilized Earth Walls and
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SOIL DATA
REINFORCED SOIL
Unit weight, y 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

RETAINED SOIL
Unit weight, v 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, Y cquiv. 20.0 kN/m 3
Equivalent internal angle of friction,  Qequiv. 35.0°
Equivalent cohesion, ¢ cquiv. 0.0 kPa

Water table is at wall base elevation

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.2948 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)

Inclination of internal slip plane, y= 61.50° (see Fig. 28 in DEMO 82).
Ka (external stability) = 0.3051 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity is controlled by general shear.
Bearing capacity factors (calculated by MSEW): Nc =46.12 N y=48.03

SEISMICITY
Maximum ground acceleration coefficient, A = 0.160
Design acceleration coefficient in Internal Stability: Kh = Am = 0.206
Design acceleration coefficient in External Stability: Kh_d =0.206 => Kh = Am =0.206

Kae (Kh>0)=0.4886 Kae (Kh=0) =0.3051 A Kae =0.1835
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
type #1 type #2 type #3 type #4 type #5

Tult [kN/m] 59.0 70.0 87.0 116.0

Durability reduction factor, RFd 1.00 1.00 1.00 1.00
Installation-damage reduction factor, RFid 1.20 1.20 1.20 1.20

Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
CDR for strength N/A N/A N/A N/A

Coverage ratio, Rc 0.800 0.800 0.800 0.800

Friction angle along geogrid-soil interface, p 24.79 24.79 24.79 24.79

Pullout resistance factor, F* 0.75-tang  0.75-tand 0.75-tand 0.75-tan¢ N/A
Scale-effect correction factor, o 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

K/K
z K /Ka 0.0 1.0 2.0 30

0m 1.00 0
1m 1.00 z [m]z
2m 1.00

10
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INPUT DATA: Facia and Connection
(Analysis)

FACIA type: Segmental precast concrete panels.
Depth of panel is 0.15 m. Horizontal distance to Center of Gravity of panel is 0.07 m.
Average unit weight of panelis V= 24.00 kN/m 3

Z /Hd To-statip / Tmax Top of wall
or To-seismic / Tmd 7 /Hd 900

025
0.00 1.00
0.25 1.00 0.50
0.50 1.00 0.75
0.75 1.00 1.00

1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax or To-seismic / Tmd

D A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name UX TIPO 1 UX TIPO 2 UX TIPO 3 UX TIPO 3 N/A
Durability reduction factor, RFd 1.00 1.00 1.00 1.00 N/A
Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
Capacity Demand Ratio: connection break, CDR  N/A N/A N/A N/A N/A
Capacity Demand Ratio: connection pullout, CDR N/A N/A N/A N/A N/A
CRu = Tult-connection/Tult-geogrid 0.90 0.90 0.90 0.90 N/A
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 2.50 [m] { Embedded depth is E = 0.50 m, and height above top of finished
bottom grade is H=2.00 m }

Batter, 0.0 [deg]

Backslope, B 18.0 [deg]

Backslope rise 0.8 [m] Broken back equivalent angle, I = 9.09° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 6.0 [kPa], and live load is 2.5 [kPa]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2: Yp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: Yp-EQ 1.00
Load factor for live load surcharge, LS, from Figure C11.5.5-3(b): Yp-Ls 1.75
(Same as in External Stability).
Load factor for dead load surcharge, ES: Yp-ES 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension from Table 11.5.6-1: [0} Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: ¢ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement pullout from Table 11.5.6-1: [0} 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity Yp-EV 1.00 Yp-EQ 1.00
Bearing Capacity Vp-EV 1.35 Yr-EQ 1.35
Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: Yp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P,z and P ): (Y p-EH )EQ 1.10
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P,g and P ): Y pEQ 1.00
Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation o, 1.00 1.00
Reinforced Soil and Reinforcement ¢ . 1.00 1.00
Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 3.00, factored bearing load = 109.05 kPa.

Foundation Interface: Direct sliding, CDR = 1.753, Eccentricity, e/ = 0.1321, CDR-overturning = 3.03

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, CDR = 2.39, factored bearing load = 122.03 kPa.
Foundation Interface: Direct sliding, CDR = 1.471, Eccentricity, e/L. = 0.1925, Fs-overturning = 2.30

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 2.50 1 N/A 1.74 1.61 1.608 9.219 1.435 0.1076 UX TIPO 1
2 0.58 2.50 1 N/A 2.73 2.53 2.532 12.266 1.541 0.0828 UX TIPO 1
3090 2.50 1 N/A 3.08 2.86 2.855 11.360 1.674 0.0576  UX TIPO 1
4 1.20 2.50 1 N/A 2.52 2.33 2.333 7.562 1.823 0.0350 UXTIPO 1
5 1.80 2.50 1 N/A 3.23 2.99 2.991 5.942 2.218 -0.0098 UX TIPO 1
6 210 2.50 1 N/A 6.33 5.87 5.865 8.611 2.485 -0.0347 UX TIPO 1
7 240 2.50 1 N/A 9.81 9.09 9.087 9.304 2.814 -0.0665 UX TIPO 1

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 2.50 1 N/A 2.17 2.01 2.009 8.546 1.231 0.1530 UXTIPO 1
2 058 2.50 1 N/A 3.32 3.07 3.073 10.717 1.359 0.1144 UXTIPO 1
3 0.90 2.50 1 N/A 3.73 3.45 3.454 9.858 1.529 0.0772 UXTIPO 1
4 1.20 2.50 1 N/A 3.12 2.89 2.888 6.882 1.729 0.0458 UXTIPO 1
5 1.80 2.50 1 N/A 3.98 3.69 3.688 5.363 2.312 -0.0093 UX TIPO 1
6 2.10 2.50 1 N/A 7.40 6.85 6.847 6.968 2.729 -0.0359 UXTIPO 1
7 240 2.50 1 N/A 10.96 10.15 10.149 6.921 3.199 -0.0677 UXTIPO 1
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BEARING CAPACITY for GIVEN LAYOUT

STATIC SEISMIC UNITS
(Water table is at wall base elevation)
Factored bearing resistance. g-n 327.2 291.5 [kPa]
Factored bearing load, ov 109.05 122.0 [kPa]
Eccentricity, e 0.22 0.33 [m]
Eccentricity, e/L 0.089 0.133
CDR calculated 3.00 2.39
Base length 2.50 2.50 [m]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored ¢) ] =
Static: Unfactored R =161.86 [kN/m], L =2.50, Unfactored ¢ =0.20 [m], and Sigma = 76.80 [kPa]
Seismic: Unfactored R = 163.06 [kN/m], L = 2.50, Unfactored e =0.41 [m], and Sigma =97.55 [kPa]

0 2 4 6[m]
| ]
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DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 1.753 and CDR-seismic = 1.471

# Geogrid Geogrid CDR CDR Required facing resistance Geogrid
Elevation Length Static Seismic to render target:  in [kN/m] Type # Product name
[m] [m] Rf r(Static) Rf r(Seismic)

0 (at Foundation Interface) 0.00 0.00

1 028 2.50 1.435 1.231 0.00 0.00 1 UX TIPO 1
2 058 2.50 1.541 1.359 0.00 0.00 1 UX TIPO 1
3 090 2.50 1.674 1.529 0.00 0.00 1 UX TIPO 1
4 120 2.50 1.823 1.729 0.00 0.00 1 UX TIPO 1
5 1.80 2.50 2.218 2.312 0.00 0.00 1 UX TIPO 1
6 210 2.50 2.485 2.729 0.00 0.00 1 UX TIPO 1
7 240 2.50 2.814 3.199 0.00 0.00 1 UX TIPO 1

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1321, e/L seismic = 0.1925; Overturning: CDR-static = 3.03, CDR-seismic = 2.30

# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic Type # Product name

[m] [m]

I 028 2.50 0.1076 0.1530 1 UX TIPO 1
2 058 2.50 0.0828 0.1144 1 UXTIPO 1
3 090 2.50 0.0576 0.0772 1 UXTIPO 1
4 1.20 2.50 0.0350 0.0458 1 UX TIPO 1
5 180 2.50 -0.0098 -0.0093 1 UX TIPO 1
6 210 2.50 -0.0347 -0.0359 1 UXTIPO 1
7 240 2.50 -0.0665 -0.0677 1 UXTIPO 1
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RESULTS for STRENGTH
Live Load included in calculating Tmax

# Geogrid Tavailable  Tmax Tmd Specified Actual Specified Actual
Elevation [kN/m]  [kN/m] [kN/m] minimum calculated minimum calculated Product
[m] CDR CDR CDR CDR name
static static seismic seismic
1 028 19.8 9.83 1.48 N/A 1.608 N/A 2.009 UX TIPO 1
2 058 19.8 6.24 1.38 N/A 2.532 N/A 3.073 UX TIPO 1
3 090 19.8 5.53 1.27 N/A 2.855 N/A 3.454 UX TIPO 1
4 1.20 19.8 6.77 1.17 N/A 2.333 N/A 2.888 UX TIPO 1
5 1.80 19.8 5.28 0.96 N/A 2.991 N/A 3.688 UX TIPO 1
6 210 19.8 2.69 0.86 N/A 5.865 N/A 6.847 UX TIPO 1
7 240 19.8 1.74 0.75 N/A 9.087 N/A 10.149 UX TIPO 1
RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

# Geogrid Coverage  Tmax Tmd Le La Avail.Static Specified Actual Avail.Seism. Specified Actual

Elevation  Ratio [KN/m] [KN/m] [m] [m] Pullout, Pr  Static Static Pullout, Pr  Seismic Seismic

[m] (see NOTE) [kN/m] CDR CDR [kN/m] CDR CDR

1 028 0.800 9.83 1.48 2.35 0.15 90.6 N/A 9.219 96.7 N/A 8.546
2 058 0.800 6.24 1.38 2.19 0.31 76.6 N/A 12.266  81.7 N/A 10.717

3 090 0.800 5.53 1.27 2.01 049 629 N/A 11.360 67.1 N/A 9.858

4 120 0.800 6.77 1.17 1.85 0.65 51.2 N/A 7.562 54.6 N/A 6.882

5 1.80 0.800 5.28 0.96 1.52 098 314 N/A 5.942 33.5 N/A 5.363

6 2.10 0.800 2.69 0.86 1.36 1.14 232 N/A 8.611 24.7 N/A 6.968

7 240 0.800 1.74 0.75 1.20 1.30 16.2 N/A 9.304 17.3 N/A 6.921
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual

[kN/m] [kN/m]

1 0.28 9.8 0.90 N/A 21.3 N/A 21.9 NA 174 NA NA NA 1.61 UXTIPO1
2 058 6.2 0.90 N/A 213 N/A 21.9 N/A 273 NA NA NA 253 UXTIPOI
3 090 55 0.90 N/A 213 N/A 21.9 N/A 308 NA NA NA 286 UXTIPOI
4 1.20 6.8 0.90 N/A 21.3 N/A 21.9 N/A 252 NA NA NA 233 UXTIPO1
5 1.80 53 0.90 N/A 21.3 N/A 21.9 N/A 323 NA NA NA 299 UXTIPO1
6 210 27 0.90 N/A 213 N/A 21.9 N/A 633 NA NA NA 587 UXTIPOI
7 240 1.7 0.90 N/A 21.3 N/A 21.9 N/A 981 NA NA NA 9.09 UXTIPOI1
RESULTS for CONNECTION (seismic conditions)
Live Load included in calculating Tmax
#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor  connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection strength,  strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual
[kN/m] [kN/m]
1 028 113 0.90 N/A 28.4 N/A 21.9 N/A 217 NA NA NA 201 UXTIPO1
2 058 7.6 0.90 N/A 28.4 N/A 21.9 N/A 332 NA NA NA 307 UXTIPO1
3 090 6.8 0.90 N/A 28.4 N/A 21.9 N/A 373 NA NA NA 345 UXTIPO1
4 1.20 7.9 0.90 N/A 28.4 N/A 21.9 N/A 312 NA NA NA 289 UXTIPO1
5 180 6.2 0.90 N/A 28.4 N/A 21.9 N/A 398 NA NA NA 369 UXTIPOI
6 2.10 3.6 0.90 N/A 28.4 N/A 21.9 N/A 740 NA NA NA 685 UXTIPOI1
7 240 25 0.90 N/A 28.4 N/A 21.9 N/A 1096 NJA N/A NA 10.15 UXTIPO1
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AASHTO 2007-2010 (LRFD)
MSR PANELES MALECON DEL MAR

MSEW(3.0): Update # 14.981

PROJECT IDENTIFICATION

Title: MSR PANELES MALECON DEL MAR
Project Number: PY-- 2025

Client: ---

Designer: -

Station Number:

Description:
H=4.00m
Company's information:

Name:
Street:

Telepho7ne #:
Fax #:
E-Mail:

Original file path and name: C:\Users\USER\OneDrive - Grupo TDM\2025\Malecon del Mar.....
..... 00m + 0.8m Talud. BEN
Original date and time of creating this file: MAYO 2025

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using GEOGRID as reinforcing material.
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SOIL DATA
REINFORCED SOIL
Unit weight, y 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

RETAINED SOIL
Unit weight, v 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, Y cquiv. 20.0 kN/m 3
Equivalent internal angle of friction,  Qequiv. 35.0°
Equivalent cohesion, ¢ cquiv. 0.0 kPa

Water table is at wall base elevation

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.2948 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)

Inclination of internal slip plane, y= 61.50° (see Fig. 28 in DEMO 82).
Ka (external stability) = 0.3019 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity is controlled by general shear.
Bearing capacity factors (calculated by MSEW): Nc =46.12 N y=48.03

SEISMICITY
Maximum ground acceleration coefficient, A = 0.160
Design acceleration coefficient in Internal Stability: Kh = Am = 0.206
Design acceleration coefficient in External Stability: Kh_d =0.206 => Kh = Am =0.206

Kae (Kh>0)=0.4744 Kae (Kh=0) =0.3019 A Kae=0.1725
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
type #1 type #2 type #3 type #4 type #5

Tult [kN/m] 59.0 70.0 87.0 116.0

Durability reduction factor, RFd 1.00 1.00 1.00 1.00
Installation-damage reduction factor, RFid 1.20 1.20 1.20 1.20

Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
CDR for strength N/A N/A N/A N/A

Coverage ratio, Rc 0.800 0.800 0.800 0.800

Friction angle along geogrid-soil interface, p 24.79 24.79 24.79 24.79

Pullout resistance factor, F* 0.75-tang  0.75-tand 0.75-tand 0.75-tan¢ N/A
Scale-effect correction factor, o 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

K/K
z K /Ka 0.0 1.0 2.0 30

0m 1.00 0
1m 1.00 z [m]z
2m 1.00

10
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INPUT DATA: Facia and Connection
(Analysis)

FACIA type: Segmental precast concrete panels.
Depth of panel is 0.15 m. Horizontal distance to Center of Gravity of panel is 0.07 m.
Average unit weight of panelis V= 24.00 kN/m 3

Z /Hd To-statip / Tmax Top of wall
or To-seismic / Tmd 7 /Hd 900

025
0.00 1.00
0.25 1.00 0.50
0.50 1.00 0.75
0.75 1.00 1.00

1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax or To-seismic / Tmd

D A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name UX TIPO 1 UX TIPO 2 UX TIPO 3 UX TIPO 3 N/A
Durability reduction factor, RFd 1.00 1.00 1.00 1.00 N/A
Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
Capacity Demand Ratio: connection break, CDR  N/A N/A N/A N/A N/A
Capacity Demand Ratio: connection pullout, CDR N/A N/A N/A N/A N/A
CRu = Tult-connection/Tult-geogrid 0.90 0.90 0.90 0.90 N/A

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Versian 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Versian 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSR PANELES MALECON DEL MAR Page 4 of 11
Copyright © 1998-2019 ADAMA Engineering, Inc. License number MSEW-303049




Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls MSR PANELES MALECON DEL MAR

Present Date/Time: Mon Jun 16 09:56:02 2025 C:\.....2025\Malecon del Mar\Memorias de Célculo\Todo con Talud\MSR PANEL H=3.00m + 0.8m Talud. BEN

3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW 30MSEW 30MSEW 30MSEW 30MSEW 30MSEW 30 MSE 30MSE 30MSE 30MSE 3.0 MSEW Version 3.0 MSEW Version 30 MSEW Version 3.0 MSEW Version 3.0 MSEW 30MSEW 30MSEW 3.0 MSEW Version 3.0,

INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 3.00 [m] { Embedded depth is E = 0.50 m, and height above top of finished
bottom grade is H=2.50 m }

Batter, 0.0 [deg]

Backslope, B 18.0 [deg]

Backslope rise 0.8 [m] Broken back equivalent angle, I = 7.59° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 6.0 [kPa], and live load is 2.5 [kPa]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [m]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2: Yp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: Yp-EQ 1.00
Load factor for live load surcharge, LS, from Figure C11.5.5-3(b): Yp-Ls 1.75
(Same as in External Stability).
Load factor for dead load surcharge, ES: Yp-ES 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension from Table 11.5.6-1: [0} Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: ¢ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement pullout from Table 11.5.6-1: [0} 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity Yp-EV 1.00 Yp-EQ 1.00
Bearing Capacity Vp-EV 1.35 Yr-EQ 1.35
Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: Yp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P,z and P ): (Y p-EH )EQ 1.10
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P,g and P ): Y pEQ 1.00
Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation o, 1.00 1.00
Reinforced Soil and Reinforcement ¢ . 1.00 1.00
Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
b 0.65 0.65
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Present Date/Time: Mon Jun 16 09:56:02 2025

ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 2.15, factored bearing load = 137.59 kPa.
Foundation Interface: Direct sliding, CDR = 1.577, Eccentricity, e/L = 0.1852, CDR-overturning = 2.37

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, CDR = 1.46, factored bearing load = 166.74 kPa.
Foundation Interface: Direct sliding, CDR = 1.285, Eccentricity, e/L = 0.2753, Fs-overturning = 1.71

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 2.50 1 N/A 1.47 1.36 1.363 9.130 1.282 0.1579 UXTIPO 1
2 0.58 2.50 1 N/A 2.27 2.10 2.103 12.077 1.367 0.1301 UXTIPO 1
3090 2.50 1 N/A 2.51 2.32 2.322 11.156 1.471 0.1021 UXTIPO 1
4 1.20 2.50 1 N/A 1.98 1.83 1.833 7.332 1.585 0.0774 UXTIPO 1
5 1.80 2.50 1 N/A 2.39 2.22 2.217 5.789 1.878 0.0309 UXTIPO 1
6 210 2.50 1 N/A 4.35 4.03 4.027 8.160 2.069 0.0084 UXTIPO 1
7 240 2.50 1 N/A 5.23 4.85 4.845 7.337 2.302 -0.0151 UXTIPO 1
8 2.70 2.50 1 N/A 4.68 4.33 4.330 4.658 2.591 -0.0419 UXTIPO 1

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 2.50 1 N/A 1.82 1.69 1.690 8.325 1.064 0.2294 UXTIPO 1
2 058 2.50 1 N/A 2.73 2.53 2.529 10.356 1.159 0.1840 UXTIPO 1
3090 2.50 1 N/A 3.01 2.79 2.788 9.536 1.281 0.1400 UXTIPO 1
4 1.20 2.50 1 N/A 2.44 2.26 2.263 6.629 1.421 0.1026 UXTIPO 1
5 1.80 2.50 1 N/A 2.96 2.74 2.737 5.237 1.812 0.0383 UXTIPO 1
6 210 2.50 1 N/A 5.13 4.75 4.753 6.744 2.090 0.0104 UXTIPO 1
7 240 2.50 1 N/A 6.13 5.68 5.680 5.985 2.448 -0.0160 UX TIPO 1
8 2.70 2.50 1 N/A 5.64 5.22 5.219 4.014 2.893 -0.0437 UXTIPO 1
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BEARING CAPACITY for GIVEN LAYOUT

STATIC SEISMIC UNITS
(Water table is at wall base elevation)
Factored bearing resistance. g-n 296.1 2437 [kPa]
Factored bearing load, ov 137.59 166.7 [kPa]
Eccentricity, e 0.32 0.48 [m]
Eccentricity, e/L 0.128 0.194
CDR calculated 2.15 1.46
Base length 2.50 2.50 [m]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored ¢) ] =
Static: Unfactored R = 185.40 [kN/m], L =2.50, Unfactored ¢ =0.29 [m], and Sigma = 96.10 [kPa]
Seismic: Unfactored R = 186.75 [kN/m], L = 2.50, Unfactored e =0.60 [m], and Sigma = 143.93 [kPa]

0 2 4 6[m]
| |
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DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static =1.577 and CDR-seismic = 1.285

# Geogrid Geogrid CDR CDR Required facing resistance Geogrid
Elevation Length Static Seismic to render target:  in [kN/m] Type # Product name
[m] [m] Rf r(Static) Rf r(Seismic)

0 (at Foundation Interface) 0.00 0.00

1 028 2.50 1.282 1.064 0.00 0.00 1 UX TIPO 1
2 058 2.50 1.367 1.159 0.00 0.00 1 UX TIPO 1
3 090 2.50 1.471 1.281 0.00 0.00 1 UX TIPO 1
4 120 2.50 1.585 1.421 0.00 0.00 1 UX TIPO 1
5 1.80 2.50 1.878 1.812 0.00 0.00 1 UX TIPO 1
6 210 2.50 2.069 2.090 0.00 0.00 1 UX TIPO 1
7 240 2.50 2.302 2.448 0.00 0.00 1 UX TIPO 1
8 270 2.50 2.591 2.893 0.00 0.00 1 UX TIPO 1

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1852, e/L seismic = 0.2753; Overturning: CDR-static = 2.37, CDR-seismic = 1.71

# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic Type # Product name

[m] [m]

1 028 2.50 0.1579 0.2294 1 UXTIPO 1
2 058 2.50 0.1301 0.1840 1 UXTIPO 1
3 090 2.50 0.1021 0.1400 1 UX TIPO 1
4 1.20 2.50 0.0774 0.1026 1 UX TIPO 1
5 1.80 2.50 0.0309 0.0383 1 UXTIPO 1
6 210 2.50 0.0084 0.0104 1 UXTIPO 1
7 240 2.50 -0.0151 -0.0160 1 UXTIPO 1
8 270 2.50 -0.0419 -0.0437 1 UX TIPO 1
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RESULTS for STRENGTH
Live Load included in calculating Tmax

# Geogrid Tavailable  Tmax Tmd Specified Actual Specified Actual
Elevation [kN/m]  [kN/m] [kN/m] minimum calculated minimum calculated Product
[m] CDR CDR CDR CDR name
static static seismic seismic
1 028 19.8 11.59 1.97 N/A 1.363 N/A 1.690 UX TIPO 1
2 058 19.8 7.51 1.83 N/A 2.103 N/A 2.529 UX TIPO 1
3 090 19.8 6.81 1.69 N/A 2.322 N/A 2.788 UX TIPO 1
4 1.20 19.8 8.62 1.55 N/A 1.833 N/A 2.263 UX TIPO 1
5 1.80 19.8 7.13 1.28 N/A 2217 N/A 2.737 UX TIPO 1
6 210 19.8 3.92 1.14 N/A 4.027 N/A 4.753 UX TIPO 1
7 240 19.8 3.26 1.00 N/A 4.845 N/A 5.680 UX TIPO 1
8 270 19.8 3.65 0.87 N/A 4.330 N/A 5.219 UX TIPO 1
RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

# Geogrid Coverage  Tmax Tmd Le La Avail.Static Specified Actual Avail.Seism. Specified Actual

Elevation  Ratio [kN/m] [KN/m] [m] [m] Pullout, Pr  Static Static Pullout, Pr  Seismic Seismic

[m] (see NOTE) [kN/m] CDR CDR [kN/m] CDR CDR

1 028 0.800 11.59 1.97 2.35 0.15 105.8 N/A 9.130 112.9 N/A 8.325
2 0.58 0.800 7.51 1.83 2.19 031 90.7 N/A 12.077 96.8 N/A 10.356

3 090 0.800 6.81 1.69 2.01 049 759 N/A 11.156  81.0 N/A 9.536

4 120 0.800 8.62 1.55 1.85 0.65 63.2 N/A 7.332 67.4 N/A 6.629

5 1.80 0.800 7.13 1.28 1.52 098 413 N/A 5.789 44.0 N/A 5.237

6 210 0.800 3.92 1.14 1.36 1.14 320 N/A 8.160 34.2 N/A 6.744

7 240 0.800 3.26 1.00 1.20 1.30 239 N/A 7.337 25.5 N/A 5.985

8 270 0.800 3.65 0.87 1.03 1.47 17.0 N/A 4.658 18.1 N/A 4.014

T OV Veror TSR Ve TSP Ve TSR Voo T ST Vet SOV Voo ST Ve SOV Verion TSR Ve SO VS Ve TSR Voo T VST Vet SOV Voo ST Ve SOV Vet TSR Ve SOV Ve TS Voo O VS Vet STV Ve ST WS Ve 77
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual

[kN/m] [kN/m]

1 028 11.6 0.90 N/A 21.3 N/A 21.9 N/A 147 NA NA NA 136 UXTIPO1
2 058 75 0.90 N/A 213 N/A 21.9 N/A 227 NA NA NA 210 UXTIPOI
3 090 68 0.90 N/A 213 N/A 21.9 N/A 251 NA NA NA 232 UXTIPOI
4 1.20 8.6 0.90 N/A 21.3 N/A 21.9 N/A 198 NA NA NA 183 UXTIPO1
5 1.80 7.1 0.90 N/A 21.3 N/A 21.9 N/A 239 NA NA NA 222 UXTIPO1
6 210 39 0.90 N/A 213 N/A 21.9 N/A 435 NA NA NA 4.03 UXTIPOI
7 240 33 0.90 N/A 213 N/A 21.9 N/A 523 NA NA NA 485 UXTIPOI
8 2770 3.7 0.90 N/A 21.3 N/A 21.9 N/A 468 NA NA NA 433 UXTIPO1
RESULTS for CONNECTION (seismic conditions)
Live Load included in calculating Tmax
#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual
[kN/m] [kN/m]
1 0.28 13.6 0.90 N/A 28.4 N/A 21.9 N/A 182 NA NA NA 1.69 UXTIPOI1
2 058 93 0.90 N/A 28.4 N/A 21.9 N/A 273 NA NA NA 253 UXTIPO1
3 090 85 0.90 N/A 28.4 N/A 21.9 N/A 301 NA NA NA 279 UXTIPOI
4 1.20 10.2 0.90 N/A 28.4 N/A 21.9 N/A 244 NA NA NA 226 UXTIPO1
5 1.80 84 0.90 N/A 28.4 N/A 21.9 N/A 296 NA NA NA 274 UXTIPO1
6 210 5.1 0.90 N/A 28.4 N/A 21.9 N/A 513 NA NA NA 475 UXTIPO1
7 240 43 0.90 N/A 28.4 N/A 21.9 N/A  6.13 NA NA NA 568 UXTIPOI
8§ 270 45 0.90 N/A 28.4 N/A 21.9 N/A 564 NA NA NA 522 UXTIPOI
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AASHTO 2007-2010 (LRFD)
MSR PANELES MALECON DEL MAR

MSEW(3.0): Update # 14.981

PROJECT IDENTIFICATION

Title: MSR PANELES MALECON DEL MAR
Project Number: PY-- 2025

Client: ---

Designer: -

Station Number:

Description:
H=4.00m
Company's information:

Name:
Street:

Telepho7ne #:
Fax #:
E-Mail:

Original file path and name: C:\Users\USER\OneDrive - Grupo TDM\2025\Malecon del Mar.....
..... 50m + 0.8m Talud.BEN
Original date and time of creating this file: MAYO 2025

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using GEOGRID as reinforcing material.
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SOIL DATA
REINFORCED SOIL
Unit weight, y 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

RETAINED SOIL
Unit weight, v 18.5 kN/m 3
Design value of internal angle of friction, ¢ 33.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, Y cquiv. 20.0 kN/m 3
Equivalent internal angle of friction,  Qequiv. 35.0°
Equivalent cohesion, ¢ cquiv. 0.0 kPa

Water table is at wall base elevation

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.2948 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)

Inclination of internal slip plane, y= 61.50° (see Fig. 28 in DEMO 82).
Ka (external stability) = 0.3000 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity is controlled by general shear.
Bearing capacity factors (calculated by MSEW): Nc =46.12 N y=48.03

SEISMICITY
Maximum ground acceleration coefficient, A = 0.160
Design acceleration coefficient in Internal Stability: Kh = Am = 0.206
Design acceleration coefficient in External Stability: Kh_d =0.206 => Kh = Am =0.206

Kae (Kh>0)=0.4656 Kae (Kh=0) =0.3000 A Kae =0.1655
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
type #1 type #2 type #3 type #4 type #5

Tult [kN/m] 59.0 70.0 87.0 116.0

Durability reduction factor, RFd 1.00 1.00 1.00 1.00
Installation-damage reduction factor, RFid 1.20 1.20 1.20 1.20

Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
CDR for strength N/A N/A N/A N/A

Coverage ratio, Rc 0.800 0.800 0.800 0.800

Friction angle along geogrid-soil interface, p 24.79 24.79 24.79 24.79

Pullout resistance factor, F* 0.75-tang  0.75-tand 0.75-tand 0.75-tan¢ N/A
Scale-effect correction factor, o 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

K/K
z K /Ka 0.0 1.0 2.0 30

0m 1.00 0
1m 1.00 z [m]z
2m 1.00

10
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INPUT DATA: Facia and Connection
(Analysis)

FACIA type: Segmental precast concrete panels.
Depth of panel is 0.15 m. Horizontal distance to Center of Gravity of panel is 0.07 m.
Average unit weight of panelis V= 24.00 kN/m 3

Z /Hd To-statip / Tmax Top of wall
or To-seismic / Tmd 7 /Hd 900

025
0.00 1.00
0.25 1.00 0.50
0.50 1.00 0.75
0.75 1.00 1.00

1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax or To-seismic / Tmd

D A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name UX TIPO 1 UX TIPO 2 UX TIPO 3 UX TIPO 3 N/A
Durability reduction factor, RFd 1.00 1.00 1.00 1.00 N/A
Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
Capacity Demand Ratio: connection break, CDR  N/A N/A N/A N/A N/A
Capacity Demand Ratio: connection pullout, CDR N/A N/A N/A N/A N/A
CRu = Tult-connection/Tult-geogrid 0.90 0.90 0.90 0.90 N/A
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 3.50 [m] { Embedded depth is E = 1.00 m, and height above top of finished
bottom grade is H=2.50 m }

Batter, 0.0 [deg]

Backslope, B 18.0 [deg]

Backslope rise 0.8 [m] Broken back equivalent angle, I = 6.52° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 6.0 [kPa], and live load is 2.5 [kPa]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [m]
|
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2: Yp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: Yp-EQ 1.00
Load factor for live load surcharge, LS, from Figure C11.5.5-3(b): Yp-Ls 1.75
(Same as in External Stability).
Load factor for dead load surcharge, ES: Yp-ES 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension from Table 11.5.6-1: [0} Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: ¢ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement pullout from Table 11.5.6-1: [0} 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity Yp-EV 1.00 Yp-EQ 1.00
Bearing Capacity Vp-EV 1.35 Yr-EQ 1.35
Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: Yp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P,z and P ): (Y p-EH )EQ 1.10
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P,g and P ): Y pEQ 1.00
Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation o, 1.00 1.00
Reinforced Soil and Reinforcement ¢ . 1.00 1.00
Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 2.52, factored bearing load = 148.43 kPa.
Foundation Interface: Direct sliding, CDR = 1.728. Eccentricity, e/ = 0.1579, CDR-overturning = 2.75

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, CDR = 1.76, factored bearing load = 177.15 kPa.
Foundation Interface: Direct sliding, CDR = 1.377, Eccentricity, e/L = 0.2466, Fs-overturning = 1.90

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.00 2 N/A 1.52 1.40 1.404 11.174 1.400 0.1366  UX TIPO 2
2 0.58 3.00 1 N/A 1.94 1.80 1.799 14.928 1.486 0.1147 UXTIPO 1
3090 3.00 1 N/A 2.11 1.96 1.957 14.009 1.591 0.0926 UX TIPO 1
4 1.20 3.00 1 N/A 1.63 1.51 1.510 9.310 1.704 0.0730 UXTIPO 1
5 1.80 3.00 1 N/A 1.90 1.76 1.761 7.741 1.989 0.0362 UXTIPO 1
6 210 3.00 1 N/A 3.31 3.07 3.066 11.101 2.171 0.0187 UXTIPO 1
7 240 3.00 1 N/A 3.80 3.52 3.518 10.270 2.392 0.0013 UXTIPO 1
8 2.70 3.00 1 N/A 3.11 2.88 2.876 6.587 2.664 -0.0167 UXTIPO 1
9 330 3.00 1 N/A 3.92 3.63 3.627 4.545 3.456 -0.0617 UX TIPO 1
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GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.00 2 N/A 1.87 1.74 1.736 10.138 1.132 0.2096  UX TIPO 2
2 058 3.00 1 N/A 2.33 2.16 2.156 12.720 1.222 0.1728 UX TIPO 1
3090 3.00 1 N/A 2.53 2.34 2.341 11.896 1.336 0.1366 UX TIPO 1
4 1.20 3.00 1 N/A 2.01 1.86 1.860 8.381 1.464 0.1054 UXTIPO 1
5 1.80 3.00 1 N/A 2.34 2.17 2.168 6.964 1.808 0.0508 UXTIPO 1
6 210 3.00 1 N/A 3.90 3.61 3.609 9.128 2.045 0.0269 UXTIPO 1
7 240 3.00 1 N/A 4.45 4.12 4.119 8.354 2.348 0.0049 UXTIPO 1
8 2.70 3.00 1 N/A 3.76 348 3.478 5.712 2.743 -0.0162 UX TIPO 1
9 330 3.00 1 N/A 4.74 4.39 4.389 3.946 3910 -0.0627 UX TIPO 1
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BEARING CAPACITY for GIVEN LAYOUT

STATIC SEISMIC UNITS
(Water table is at wall base elevation)
Factored bearing resistance. g-n 373.4 312.2 [kPa]
Factored bearing load, ov 148.43 177.1 [kPa]
Eccentricity, e 0.33 0.52 [m]
Eccentricity, e/L 0.109 0.173
CDR calculated 2.52 1.76
Base length 3.00 3.00 [m]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored ¢) ] =
Static: Unfactored R =253.00 [kN/m], L =3.00, Unfactored ¢ =0.29 [m], and Sigma = 104.59 [kPa]
Seismic: Unfactored R =254.52 [kN/m], L = 3.00, Unfactored e =0.65 [m], and Sigma = 149.94 [kPa]

0 2 4 6[m]
| |
T L L B s B B
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DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 1.728 and CDR-seismic = 1.377

# Geogrid Geogrid CDR CDR Required facing resistance Geogrid
Elevation Length Static Seismic to render target:  in [kN/m] Type # Product name
[m] [m] Rf r(Static) Rf r(Seismic)

0 (at Foundation Interface) 0.00 0.00

1 028 3.00 1.400 1.132 0.00 0.00 2 UX TIPO 2
2 058 3.00 1.486 1.222 0.00 0.00 1 UX TIPO 1
3 090 3.00 1.591 1.336 0.00 0.00 1 UX TIPO 1
4 120 3.00 1.704 1.464 0.00 0.00 1 UX TIPO 1
5 1.80 3.00 1.989 1.808 0.00 0.00 1 UX TIPO 1
6 210 3.00 2.171 2.045 0.00 0.00 1 UX TIPO 1
7 240 3.00 2.392 2.348 0.00 0.00 1 UX TIPO 1
8 270 3.00 2.664 2.743 0.00 0.00 1 UX TIPO 1
9 330 3.00 3.456 3.910 0.00 0.00 1 UX TIPO 1

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1579, e/L seismic = 0.2466; Overturning: CDR-static = 2.75, CDR-seismic = 1.90

# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic Type # Product name
[m] [m]
1 028 3.00 0.1366 0.2096 2 UX TIPO 2
2 058 3.00 0.1147 0.1728 1 UX TIPO 1
3 090 3.00 0.0926 0.1366 1 UX TIPO 1
4 1.20 3.00 0.0730 0.1054 1 UX TIPO 1
5 1.80 3.00 0.0362 0.0508 1 UX TIPO 1
6 210 3.00 0.0187 0.0269 1 UX TIPO 1
7 240 3.00 0.0013 0.0049 1 UX TIPO 1
8 270 3.00 -0.0167 -0.0162 1 UX TIPO 1
9 330 3.00 -0.0617 -0.0627 1 UX TIPO 1
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RESULTS for STRENGTH
Live Load included in calculating Tmax

# Geogrid Tavailable  Tmax Tmd Specified Actual Specified Actual
Elevation [kN/m]  [kN/m] [kN/m] minimum calculated minimum calculated Product
[m] CDR CDR CDR CDR name
static static seismic seismic
1 028 234 13.36 2.35 N/A 1.404 N/A 1.736 UX TIPO 2
2 058 19.8 8.78 221 N/A 1.799 N/A 2.156 UX TIPO 1
3 090 19.8 8.08 2.07 N/A 1.957 N/A 2.341 UX TIPO 1
4 1.20 19.8 10.46 1.93 N/A 1.510 N/A 1.860 UX TIPO 1
5 1.80 19.8 8.97 1.67 N/A 1.761 N/A 2.168 UX TIPO 1
6 210 19.8 5.15 1.53 N/A 3.066 N/A 3.609 UX TIPO 1
7 240 19.8 4.49 1.40 N/A 3.518 N/A 4.119 UX TIPO 1
8 270 19.8 5.50 1.26 N/A 2.876 N/A 3.478 UX TIPO 1
9 330 19.8 4.36 1.00 N/A 3.627 N/A 4.389 UX TIPO 1
RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

# Geogrid Coverage  Tmax Tmd Le La Awvail.Static Specified Actual Avail.Seism. Specified Actual
Elevation  Ratio [kN/m] [KN/m] [m] [m] Pullout, Pr  Static Static Pullout, Pr  Seismic Seismic
[m] (see NOTE) [KN/m] CDR CDR [kN/m] CDR CDR
1 028 0.800 13.36 2.35 2.85 0.15 1492 N/A 11.174  159.2 N/A 10.138
2 058 0.800 8.78 2.21 2.69 0.31 131.1 N/A 14.928 139.9 N/A 12.720
3 090 0.800 8.08 2.07 2.51 049 113.1 N/A 14.009 120.7 N/A 11.896
4 120 0.800 10.46 1.93 2.35 0.65 974 N/A 9.310 103.9 N/A 8.381
5 1.80 0.800 8.97 1.67 2.02 0.98 69.5 N/A 7.741 74.1 N/A 6.964
6 210 0.800 5.15 1.53 1.86 1.14 572 N/A 11.101  61.0 N/A 9.128
7 240 0.800 4.49 1.40 1.70 1.30 46.1 N/A 10.270 49.2 N/A 8.354
8 270 0.800 5.50 1.26 1.53 1.47 36.2 N/A 6.587 38.6 N/A 5.712
9 330 0.800 4.36 1.00 1.21 1.79 19.8 N/A 4.545 21.1 N/A 3.946
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual

[kN/m] [kN/m]

1 028 134 0.90 N/A 253 N/A 26.0 N/A 152 NA NA NA 140 UXTIPO2
2 058 88 0.90 N/A 213 N/A 21.9 N/A 194 NA NA NA 180 UXTIPOI
3 090 8.1 0.90 N/A 213 N/A 21.9 N/A 211 NA NA NA 196 UXTIPOI
4 1.20 10.5 0.90 N/A 21.3 N/A 21.9 N/A 163 NA NA NA 151 UXTIPO1
5 1.80 9.0 0.90 N/A 21.3 N/A 21.9 NA 190 NA NA NA 176 UXTIPO1
6 210 52 0.90 N/A 213 N/A 21.9 N/A 331 NA NA NA 3.07 UXTIPOI
7 240 45 0.90 N/A 21.3 N/A 21.9 N/A 380 NA NA NA 352 UXTIPO1
8 2770 5.5 0.90 N/A 21.3 N/A 21.9 N/A  3.11 NA NA NA 288 UXTIPOI1
9 330 44 0.90 N/A 213 N/A 21.9 N/A 392 NA NA NA 3.63 UXTIPOI
RESULTS for CONNECTION (seismic conditions)
Live Load included in calculating Tmax
#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual
[kN/m] [kN/m]
1 0.28 15.7 0.90 N/A 33.8 N/A 26.0 N/A 187 NA NA NA 174 UXTIPO2
2 058 11.0 0.90 N/A 28.4 N/A 21.9 N/A 233 NA NA NA 216 UXTIPOI
3 090 10.1 0.90 N/A 28.4 N/A 21.9 N/A 253 NA NA NA 234 UXTIPOI
4 1.20 124 0.90 N/A 28.4 N/A 21.9 N/A 201 NA NA NA 186 UXTIPOI1
5 1.80 10.6 0.90 N/A 28.4 N/A 21.9 N/A 234 NA NA NA 217 UXTIPO1
6 210 6.7 0.90 N/A 28.4 N/A 21.9 N/A 390 NA NA NA 361 UXTIPOI
7 240 59 0.90 N/A 28.4 N/A 21.9 N/A 445 N/A NA NA 412 UXTIPO1
8 2770 6.8 0.90 N/A 28.4 N/A 21.9 N/A 376 NA NA NA 348 UXTIPO1
9 330 54 0.90 N/A 28.4 N/A 21.9 N/A 474 NA NA NA 439 UXTIPOI
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AASHTO 2007-2010 (LRFD)
MSR PANELES MALECON DEL MAR

MSEW(3.0): Update # 14.981

PROJECT IDENTIFICATION

Title: MSR PANELES MALECON DEL MAR
Project Number: PY-- 2025

Client: ---

Designer: -

Station Number:

Description:
H=4.00m
Company's information:

Name:
Street:

Telepho7ne #:
Fax #:
E-Mail:

Original file path and name: C:\Users\USER\OneDrive - Grupo TDM\2025\Malecon del Mar.....
..... SR PANEL H=4.00m.BEN
Original date and time of creating this file: MAYO 2025

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using GEOGRID as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, y 20.0 kN/m 3
Design value of internal angle of friction, ¢ 28.0°

RETAINED SOIL
Unit weight, v 20.0 kN/m 3
Design value of internal angle of friction, ¢ 28.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, Y cquiv. 20.0 kN/m 3
Equivalent internal angle of friction,  Qequiv. 35.0°
Equivalent cohesion, ¢ cquiv. 0.0 kPa

Water table is at wall base elevation

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.3610 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)
Inclination of internal slip plane, y= 59.00° (see Fig. 28 in DEMO 82).
Ka (external stability) = 0.3610 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)
BEARING CAPACITY

Bearing capacity is controlled by general shear.
Bearing capacity factors (calculated by MSEW): Nc =46.12 N y=48.03

SEISMICITY
Maximum ground acceleration coefficient, A = 0.160
Design acceleration coefficient in Internal Stability: Kh = Am = 0.206
Design acceleration coefficient in External Stability: Kh_d =0.206 => Kh = Am =0.206

Kae (Kh>0)=0.5136 Kae (Kh=0) =0.3610 A Kae =0.1526
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
type #1 type #2 type #3 type #4 type #5

Tult [kN/m] 59.0 70.0 87.0 116.0

Durability reduction factor, RFd 1.00 1.00 1.00 1.00
Installation-damage reduction factor, RFid 1.20 1.20 1.20 1.20

Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
CDR for strength N/A N/A N/A N/A

Coverage ratio, Rc 0.800 0.800 0.800 0.800

Friction angle along geogrid-soil interface, p 24.79 24.79 24.79 24.79

Pullout resistance factor, F* 0.75-tang  0.75-tand 0.75-tand 0.75-tan¢ N/A
Scale-effect correction factor, o 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

K/K
z K /Ka 0.0 1.0 2.0 30

0m 1.00 0
1m 1.00 z [m]z
2m 1.00

10
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INPUT DATA: Facia and Connection
(Analysis)

FACIA type: Segmental precast concrete panels.
Depth of panel is 0.15 m. Horizontal distance to Center of Gravity of panel is 0.07 m.
Average unit weight of panelis V= 24.00 kN/m 3

Z /Hd To-statip / Tmax Top of wall
or To-seismic / Tmd 7 /Hd 900

025
0.00 1.00
0.25 1.00 0.50
0.50 1.00 0.75
0.75 1.00 1.00

1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax or To-seismic / Tmd

D A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name UX TIPO 1 UX TIPO 2 UX TIPO 3 UX TIPO 3 N/A
Durability reduction factor, RFd 1.00 1.00 1.00 1.00 N/A
Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
Capacity Demand Ratio: connection break, CDR  N/A N/A N/A N/A N/A
Capacity Demand Ratio: connection pullout, CDR N/A N/A N/A N/A N/A
CRu = Tult-connection/Tult-geogrid 0.90 0.90 0.90 0.90 N/A
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 4.00 [m] { Embedded depth is E = 1.00 m, and height above top of finished
bottom grade is H=3.00 m }

Batter, 0.0 [deg]

Backslope, P 0.0 [deg]

Backslope rise 0.0 [m] Broken back equivalent angle, I = 0.00° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 6.0 [kPa], and live load is 2.5 [kPa]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6[m]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2: Yp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: Yp-EQ 1.00
Load factor for live load surcharge, LS, from Figure C11.5.5-3(b): Yp-Ls 1.75
(Same as in External Stability).
Load factor for dead load surcharge, ES: Yp-ES 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension from Table 11.5.6-1: [0} Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: ¢ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement pullout from Table 11.5.6-1: [0} 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity Yp-EV 1.00 Yp-EQ 1.00
Bearing Capacity Vp-EV 1.35 Yr-EQ 1.35
Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: Yp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P,z and P ): (Y p-EH )EQ 1.10
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P,g and P ): Y pEQ 1.00
Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation o, 1.00 1.00
Reinforced Soil and Reinforcement ¢ . 1.00 1.00
Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 2.88, factored bearing load = 153.13 kPa.
Foundation Interface: Direct sliding, CDR = 1.510, Eccentricity, e/L = 0.1463, CDR-overturning = 3.42

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, CDR = 2.29, factored bearing load = 171.96 kPa.
Foundation Interface: Direct sliding, CDR = 1.249, Eccentricity, e/L = 0.2076, Fs-overturning = 2.41

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.50 2 N/A 1.13 1.05 1.045 8.572 1.441 0.1283  UX TIPO 2
2 0.58 3.50 1 N/A 1.44 1.34 1.337 11.394 1.552 0.1102 UXTIPO 1
3090 3.50 1 N/A 1.57 1.45 1.453 10.619 1.690 0.0924 UX TIPO 1
4 1.20 3.50 1 N/A 1.21 1.12 1.119 7.003 1.845 0.0771 UXTIPO 1
5 1.80 3.50 1 N/A 1.40 1.30 1.300 5.712 2.261 0.0505 UXTIPO 1
6 210 3.50 1 N/A 2.44 2.26 2.256 8.071 2.551 0.0391 UXTIPO 1
7 240 3.50 1 N/A 2.79 2.58 2.579 7.327 2.931 0.0292 UXTIPO 1
8 2.70 3.50 1 N/A 2.26 2.09 2.094 4.572 3.454 0.0205 UXTIPO 1
9 330 3.50 1 N/A 2.44 2.26 2.260 2.491 5.520 0.0074 UXTIPO 1
1 3.90 3.50 1 N/A 6.29 5.83 5.829 1.959 24.809 0.0003 UXTIPO 1
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GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.50 2 N/A 1.41 1.30 1.302 7.904 1.195 0.1810 UX TIPO 2
2 0.58 3.50 1 N/A 1.75 1.62 1.620 9.918 1.290 0.1545 UXTIPO 1
3090 3.50 1 N/A 1.90 1.76 1.757 9.211 1.410 0.1285 UXTIPO 1
4 1.20 3.50 1 N/A 1.50 1.39 1.389 6.406 1.545 0.1062 UXTIPO 1
5 1.80 3.50 1 N/A 1.74 1.61 1.613 5.216 1.913 0.0680 UX TIPO 1
6 210 3.50 1 N/A 2.90 2.68 2.685 6.779 2.173 0.0520 UXTIPO 1
7 240 3.50 1 N/A 3.30 3.05 3.052 6.088 2.518 0.0380 UXTIPO 1
8 2.70 3.50 1 N/A 2.76 2.55 2.553 4.030 3.000 0.0262 UXTIPO 1
9 330 3.50 1 N/A 3.01 2.79 2.786 2.245 4.963 0.0088 UX TIPO 1
1 3.90 3.50 1 N/A 7.23 6.69 6.694 1.536 24.186 0.0003 UXTIPO 1
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BEARING CAPACITY for GIVEN LAYOUT

STATIC SEISMIC UNITS
(Water table is at wall base elevation)
Factored bearing resistance. g-n 441.3 392.9 [kPa]
Factored bearing load, ov 153.13 172.0 [kPa]
Eccentricity, e 0.36 0.51 [m]
Eccentricity, e/L 0.104 0.147
CDR calculated 2.88 2.29
Base length 3.50 3.50 [m]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored ¢) ] =
Static: Unfactored R =309.75 [kN/m], L =3.50, Unfactored e =0.33 [m], and Sigma = 108.91 [kPa]
Seismic: Unfactored R =309.75 [kN/m], L = 3.50, Unfactored e =0.64 [m], and Sigma = 138.99 [kPa]

0 2 4 6 [m]
[ ]
T T T T T T e T T T e T e T e R e T T T Ve e e T T Ve T e T e T Ve TR e T T TR N TR T
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DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 1.510 and CDR-seismic = 1.249

# Geogrid Geogrid CDR CDR Geogrid
Elevation Length Static Seismic Type # Product name
[m] [m]
1 028 3.50 1.441 1.195 2 UX TIPO 2
2 058 3.50 1.552 1.290 1 UX TIPO 1
3 090 3.50 1.690 1.410 1 UX TIPO 1
4 1.20 3.50 1.845 1.545 1 UX TIPO 1
5 1.80 3.50 2.261 1.913 1 UX TIPO 1
6 210 3.50 2.551 2.173 1 UX TIPO 1
7 240 3.50 2.931 2.518 1 UX TIPO 1
8 270 3.50 3.454 3.000 1 UX TIPO 1
9 330 3.50 5.520 4.963 1 UX TIPO 1
10 3.90 3.50 24.809 24.186 1 UX TIPO 1

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1463, e/L seismic = 0.2076; Overturning: CDR-static = 3.42, CDR-seismic = 2.41

# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic Type # Product name
[m] [m]
1 028 3.50 0.1283 0.1810 2 UX TIPO 2
2 058 3.50 0.1102 0.1545 1 UX TIPO 1
3 090 3.50 0.0924 0.1285 1 UX TIPO 1
4 1.20 3.50 0.0771 0.1062 1 UX TIPO 1
5 1.80 3.50 0.0505 0.0680 1 UX TIPO 1
6 210 3.50 0.0391 0.0520 1 UX TIPO 1
7 240 3.50 0.0292 0.0380 1 UX TIPO 1
8 270 3.50 0.0205 0.0262 1 UX TIPO 1
9 330 3.50 0.0074 0.0088 1 UX TIPO 1
10 3.90 3.50 0.0003 0.0003 1 UX TIPO 1

T OV Veror TSR Ve TSP Ve TSR Voo T ST Vet SOV Voo ST Ve SOV Verion TSR Ve SO VS Ve TSR Voo T VST Vet SOV Voo ST Ve SOV Vet TSR Ve SOV Ve TS Voo O VS Vet STV Ve ST WS Ve 77
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RESULTS for STRENGTH
Live Load included in calculating Tmax

# Geogrid Tavailable  Tmax Tmd Specified Actual Specified Actual
Elevation [kN/m]  [kN/m] [kN/m] minimum calculated minimum calculated Product
[m] CDR CDR CDR CDR name
static static seismic seismic
1 028 234 17.94 2.81 N/A 1.045 N/A 1.302 UX TIPO 2
2 058 19.8 11.82 2.66 N/A 1.337 N/A 1.620 UX TIPO 1
3 090 19.8 10.88 2.50 N/A 1.453 N/A 1.757 UX TIPO 1
4 1.20 19.8 14.13 2.35 N/A 1.119 N/A 1.389 UX TIPO 1
5 1.80 19.8 12.15 2.04 N/A 1.300 N/A 1.613 UX TIPO 1
6 210 19.8 7.00 1.89 N/A 2.256 N/A 2.685 UX TIPO 1
7 240 19.8 6.13 1.74 N/A 2.579 N/A 3.052 UX TIPO 1
8 270 19.8 7.55 1.59 N/A 2.094 N/A 2.553 UX TIPO 1
9 330 19.8 6.99 1.28 N/A 2.260 N/A 2.786 UX TIPO 1
10 3.90 19.8 2.71 0.98 N/A 5.829 N/A 6.694 UX TIPO 1
RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

# Geogrid Coverage  Tmax Tmd Le La Awvail. Static Specified Actual Avail.Seism. Specified Actual

Elevation  Ratio [KN/m] [KN/m] [m] [m] Pullout, Pr  Static Static Pullout, Pr  Seismic Seismic

[m] (see NOTE) [KN/m] CDR CDR [kN/m] CDR CDR

1 028 0.800 17.94 2.81 3.33 0.17 153.8 N/A 8.572 164.1 N/A 7.904
2 058 0.800 11.82 2.66 3.15 0.35 134.6 N/A 11.394 1436 N/A 9.918
3 090 0.800 10.88 2.50 2.96 0.54 1155 N/A 10.619  123.2 N/A 9.211
4 120 0.800 14.13 2.35 2.78 0.72  98.9 N/A 7.003 105.5 N/A 6.406
5 1.80 0.800 12.15 2.04 2.42 1.08 69.4 N/A 5.712 74.0 N/A 5.216
6 210 0.800 7.00 1.89 2.24 1.26 56.5 N/A 8.071 60.3 N/A 6.779
7 240 0.800 6.13 1.74 2.06 1.44 449 N/A 7.327 479 N/A 6.088
8 270 0.800 7.55 1.59 1.88 1.62 345 N/A 4.572 36.8 N/A 4.030
9 330 0.800 6.99 1.28 1.52 198 174 N/A 2.491 18.6 N/A 2.245
10 3.90 0.800 2.71 0.98 1.16 234 53 N/A 1.959 5.7 N/A 1.536

T OV Veror TSR Ve TSP Ve TSR Voo T ST Vet SOV Voo ST Ve SOV Verion TSR Ve SO VS Ve TSR Voo T VST Vet SOV Voo ST Ve SOV Vet TSR Ve SOV Ve TS Voo O VS Vet STV Ve ST WS Ve 77
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual

[kN/m] [kN/m]

1 028 179 0.90 N/A 253 N/A 26.0 N/A 1.13 NA NA NA 105 UXTIPO2
2 058 11.8 0.90 N/A 21.3 N/A 21.9 N/A 144 NA NA NA 134 UXTIPO1
3 0.90 10.9 0.90 N/A 21.3 N/A 21.9 N/A 157 NA NA NA 145 UXTIPO1
4 1.20 14.1 0.90 N/A 21.3 N/A 21.9 NA 121 NA NA NA 1.12 UXTIPO1
5 1.80 12.2 0.90 N/A 21.3 N/A 21.9 N/A 140 NA NA NA 130 UXTIPO1
6 210 7.0 0.90 N/A 21.3 N/A 21.9 N/A 244 NA NA NA 226 UXTIPO1
7 240 6.1 0.90 N/A 21.3 N/A 21.9 N/A 279 NA NA NA 258 UXTIPO1
8§ 270 175 0.90 N/A 21.3 N/A 21.9 N/A 226 NA NA NA 209 UXTIPOI1
9 330 7.0 0.90 N/A 21.3 N/A 21.9 N/A 244 NA NA NA 226 UXTIPOI1
10 390 2.7 0.90 N/A 21.3 N/A 21.9 N/A 629 NA NA NA 583 UXTIPO1
RESULTS for CONNECTION (seismic conditions)
Live Load included in calculating Tmax
#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor  factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection connection strength,  strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual
[kN/m] [kN/m]
1 0.28 20.8 0.90 N/A 33.8 N/A 26.0 N/A 141 NA NA NA 130 UXTIPO2
2 058 145 0.90 N/A 28.4 N/A 21.9 N/A 175 NA NA NA 1.62 UXTIPO1
3 090 134 0.90 N/A 28.4 N/A 21.9 NA 190 NA NA NA 176 UXTIPO1
4 1.20 16.5 0.90 N/A 28.4 N/A 21.9 NA 150 NA NA NA 139 UXTIPO1
5 1.80 14.2 0.90 N/A 28.4 N/A 21.9 N/A 174 NA NA NA 1.61 UXTIPO1
6 210 89 0.90 N/A 28.4 N/A 21.9 N/A 290 NA NA NA 268 UXTIPOI1
7 240 79 0.90 N/A 28.4 N/A 21.9 N/A 330 NA NA NA 305 UXTIPO1
§ 270 9.1 0.90 N/A 28.4 N/A 21.9 N/A 276 NA NA NA 255 UXTIPO1
9 330 83 0.90 N/A 28.4 N/A 21.9 N/A 301 NA NA NA 279 UXTIPO1
10 390 3.7 0.90 N/A 28.4 N/A 21.9 N/A 723 NA NA NA 6.69 UXTIPO1
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AASHTO 2007-2010 (LRFD)
MSR PANELES MALECON DEL MAR

MSEW(3.0): Update # 14.981

PROJECT IDENTIFICATION

Title: MSR PANELES MALECON DEL MAR
Project Number: PY-- 2025

Client: ---

Designer: -

Station Number:

Description:
H=4.00m
Company's information:

Name:
Street:

Telepho7ne #:
Fax #:
E-Mail:

Original file path and name: C:\Users\USER\OneDrive - Grupo TDM\2025\Malecon del Mar.....
..... SR PANEL H=4.50m.BEN
Original date and time of creating this file: MAYO 2025

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using GEOGRID as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, y 20.0 kN/m 3
Design value of internal angle of friction, ¢ 30.0°

RETAINED SOIL
Unit weight, v 20.0 kN/m 3
Design value of internal angle of friction, ¢ 30.0°

FOUNDATION SOIL (Considered as an equivalent uniform soil)

Equivalent unit weight, Y cquiv. 20.0 kN/m 3
Equivalent internal angle of friction,  Qequiv. 35.0°
Equivalent cohesion, ¢ cquiv. 0.0 kPa

Water table is at wall base elevation

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.3333 (if batter is less than 10°, Ka is calculated from eq. 15. Otherwise, eq. 38 is utilized)
Inclination of internal slip plane, y= 60.00° (see Fig. 28 in DEMO 82).
Ka (external stability) = 0.3333 (if batter is less than 10°, Ka is calculated from eq. 16. Otherwise, eq. 17 is utilized)
BEARING CAPACITY

Bearing capacity is controlled by general shear.
Bearing capacity factors (calculated by MSEW): Nc =46.12 N y=48.03

SEISMICITY
Maximum ground acceleration coefficient, A = 0.160
Design acceleration coefficient in Internal Stability: Kh = Am = 0.206
Design acceleration coefficient in External Stability: Kh_d =0.206 => Kh = Am =0.206

Kae (Kh>0)=0.4787 Kae (Kh=0) =0.3333 A Kae =0.1454
Seismic soil-geogrid friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
type #1 type #2 type #3 type #4 type #5

Tult [kN/m] 59.0 70.0 87.0 116.0

Durability reduction factor, RFd 1.00 1.00 1.00 1.00
Installation-damage reduction factor, RFid 1.20 1.20 1.20 1.20

Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
CDR for strength N/A N/A N/A N/A

Coverage ratio, Rc 0.800 0.800 0.800 0.800

Friction angle along geogrid-soil interface, p 24.79 24.79 24.79 24.79

Pullout resistance factor, F* 0.75-tang  0.75-tand 0.75-tand 0.75-tan¢ N/A
Scale-effect correction factor, o 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

K/K
z K /Ka 0.0 1.0 2.0 30

0m 1.00 0
1m 1.00 z [m]z
2m 1.00

10
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INPUT DATA: Facia and Connection
(Analysis)

FACIA type: Segmental precast concrete panels.
Depth of panel is 0.15 m. Horizontal distance to Center of Gravity of panel is 0.07 m.
Average unit weight of panelis V= 24.00 kN/m 3

Z /Hd To-statip / Tmax Top of wall
or To-seismic / Tmd 7 /Hd 900

025
0.00 1.00
0.25 1.00 0.50
0.50 1.00 0.75
0.75 1.00 1.00

1.00 1.00 1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax or To-seismic / Tmd

D A T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name UX TIPO 1 UX TIPO 2 UX TIPO 3 UX TIPO 3 N/A
Durability reduction factor, RFd 1.00 1.00 1.00 1.00 N/A
Creep reduction factor, RFc 2.24 2.24 2.24 2.24 N/A
Capacity Demand Ratio: connection break, CDR  N/A N/A N/A N/A N/A
Capacity Demand Ratio: connection pullout, CDR N/A N/A N/A N/A N/A
CRu = Tult-connection/Tult-geogrid 0.90 0.90 0.90 0.90 N/A
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INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 4.50 [m] { Embedded depth is E = 1.00 m, and height above top of finished
bottom grade is H=3.50 m }

Batter, 0.0 [deg]

Backslope, P 0.0 [deg]

Backslope rise 0.0 [m] Broken back equivalent angle, I = 0.00° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 6.0 [kPa], and live load is 2.5 [kPa]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2: Yp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: Yp-EQ 1.00
Load factor for live load surcharge, LS, from Figure C11.5.5-3(b): Yp-Ls 1.75
(Same as in External Stability).
Load factor for dead load surcharge, ES: Yp-ES 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension from Table 11.5.6-1: [0} Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: ¢ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement pullout from Table 11.5.6-1: [0} 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity Yp-EV 1.00 Yp-EQ 1.00
Bearing Capacity Vp-EV 1.35 Yr-EQ 1.35
Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: Yp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P,z and P ): (Y p-EH )EQ 1.10
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P,g and P ): Y pEQ 1.00
Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation o, 1.00 1.00
Reinforced Soil and Reinforcement ¢ . 1.00 1.00
Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 2.39, factored bearing load = 177.11 kPa.
Foundation Interface: Direct sliding, CDR = 1.599, Eccentricity, e/L = 0.1675, CDR-overturning = 2.98

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, CDR = 1.74, factored bearing load = 207.95 kPa.
Foundation Interface: Direct sliding, CDR = 1.286. Eccentricity, e/L = 0.2469, Fs-overturning = 2.03

GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.50 3 N/A 1.36 1.26 1.260 10.168 1.423 0.1490 UXTIPO 3
2 0.58 3.50 1 N/A 1.39 1.28 1.284 13.532 1.519 0.1302 UXTIPO 1
3090 3.50 1 N/A 1.49 1.38 1.381 12.668 1.638 0.1116 UXTIPO 1
4 1.20 3.50 1 N/A 1.13 1.05 1.049 8.363 1.767 0.0954 UXTIPO 1
5 1.80 3.50 1 N/A 1.29 1.19 1.193 6.947 2.100 0.0667 UXTIPO 1
6 210 3.50 1 N/A 2.18 2.02 2.022 9.849 2.320 0.0542 UXTIPO 1
7 240 3.50 1 N/A 2.44 2.26 2.255 9.027 2.594 0.0430 UXTIPO 1
8 2.70 3.50 1 N/A 1.90 1.76 1.757 5.652 2.943 0.0329 UXTIPO 1
9 330 3.50 1 N/A 1.86 1.73 1.726 3.258 4.057 0.0166 UX TIPO 1
1 3.90 3.50 1 N/A 2.23 2.06 2.064 1.828 6.827 0.0053 UXTIPO 1
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GEOGRID CONNECTION
CDR CDR CDR Geogrid Pullout Direct  Eccentricity | Product
# Elevation Length Type [pullout [connection [geogrid strength resistance  sliding e/L name

[m] [m] # resistance] break] strength] CDR CDR CDR
1 0.28 3.50 3 N/A 1.68 1.55 1.553 9.176 1.147 0.2184 UXTIPO 3
2 0.58 3.50 1 N/A 1.66 1.53 1.535 11.462 1.227 0.1899 UXTIPO 1
3090 3.50 1 N/A 1.78 1.65 1.649 10.702 1.327 0.1616 UXTIPO 1
4 1.20 3.50 1 N/A 1.39 1.29 1.290 7.510 1.437 0.1371 UXTIPO 1
5 1.80 3.50 1 N/A 1.59 1.47 1.468 6.241 1.723 0.0942 UXTIPO 1
6 210 3.50 1 N/A 2.57 2.38 2.382 8.112 1.914 0.0756  UX TIPO 1
7 240 3.50 1 N/A 2.86 2.65 2.647 7.383 2.153 0.0591 UXTIPO 1
8 2.70 3.50 1 N/A 2.31 2.14 2.136 4.951 2.463 0.0445 UXTIPO 1
9 330 3.50 1 N/A 2.31 2.13 2.134 2.956 3.476 0.0214 UXTIPO 1
1 3.90 3.50 1 N/A 2.77 2.56 2.564 1.675 6.111 0.0063 UX TIPO 1
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BEARING CAPACITY for GIVEN LAYOUT

STATIC SEISMIC UNITS
(Water table is at wall base elevation)
Factored bearing resistance. g-n 423.9 361.1 [kPa]
Factored bearing load, ov 177.11 208.0 [kPa]
Eccentricity, e 0.42 0.61 [m]
Eccentricity, e/L 0.119 0.176
CDR calculated 2.39 1.74
Base length 3.50 3.50 [m]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored ¢) ] =
Static: Unfactored R = 344.75 [kN/m], L =3.50, Unfactored e =0.38 [m], and Sigma = 125.54 [kPa]
Seismic: Unfactored R =344.75 [kN/m], L = 3.50, Unfactored e =0.76 [m], and Sigma = 175.00 [kPa]

0 2 4 6[m]
[ ]
T T T T T T e T T T e T e T e R e T T T Ve e e T T Ve T e T e T Ve TR e T T TR N TR T
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DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 1.599 and CDR-seismic = 1.286

# Geogrid Geogrid CDR CDR Geogrid
Elevation Length Static Seismic Type # Product name
[m] [m]
1 028 3.50 1.423 1.147 3 UX TIPO 3
2 058 3.50 1.519 1.227 1 UX TIPO 1
3 090 3.50 1.638 1.327 1 UX TIPO 1
4 1.20 3.50 1.767 1.437 1 UX TIPO 1
5 1.80 3.50 2.100 1.723 1 UX TIPO 1
6 210 3.50 2.320 1.914 1 UX TIPO 1
7 240 3.50 2.594 2.153 1 UX TIPO 1
8 270 3.50 2.943 2.463 1 UX TIPO 1
9 330 3.50 4.057 3.476 1 UX TIPO 1
10 3.90 3.50 6.827 6.111 1 UX TIPO 1

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1675, e/L seismic = 0.2469; Overturning: CDR-static = 2.98, CDR-seismic = 2.03

# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic Type # Product name
[m] [m]
1 028 3.50 0.1490 0.2184 3 UX TIPO 3
2 058 3.50 0.1302 0.1899 1 UX TIPO 1
3 090 3.50 0.1116 0.1616 1 UX TIPO 1
4 1.20 3.50 0.0954 0.1371 1 UX TIPO 1
5 1.80 3.50 0.0667 0.0942 1 UX TIPO 1
6 210 3.50 0.0542 0.0756 1 UX TIPO 1
7 240 3.50 0.0430 0.0591 1 UX TIPO 1
8 270 3.50 0.0329 0.0445 1 UX TIPO 1
9 330 3.50 0.0166 0.0214 1 UX TIPO 1
10 3.90 3.50 0.0053 0.0063 1 UX TIPO 1
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RESULTS for STRENGTH
Live Load included in calculating Tmax

# Geogrid Tavailable  Tmax Tmd Specified Actual Specified Actual
Elevation [kN/m]  [kN/m] [kN/m] minimum calculated minimum calculated Product
[m] CDR CDR CDR CDR name
static static seismic seismic
1 028 29.1 18.50 3.37 N/A 1.260 N/A 1.553 UX TIPO 3
2 058 19.8 12.30 3.19 N/A 1.284 N/A 1.535 UX TIPO 1
3 090 19.8 11.44 3.00 N/A 1.381 N/A 1.649 UX TIPO 1
4 1.20 19.8 15.07 2.83 N/A 1.049 N/A 1.290 UX TIPO 1
5 1.80 19.8 13.25 2.48 N/A 1.193 N/A 1.468 UX TIPO 1
6 210 19.8 7.82 231 N/A 2.022 N/A 2.382 UX TIPO 1
7 240 19.8 7.01 2.13 N/A 2.255 N/A 2.647 UX TIPO 1
8 270 19.8 8.99 1.96 N/A 1.757 N/A 2.136 UX TIPO 1
9 330 19.8 9.16 1.61 N/A 1.726 N/A 2.134 UX TIPO 1
10 3.90 19.8 7.66 1.26 N/A 2.064 N/A 2.564 UX TIPO 1
RESULTS for PULLOUT Live Load included in calculating Tmax

NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance.

# Geogrid Coverage  Tmax Tmd Le La Awvail. Static Specified Actual Avail.Seism. Specified Actual
Elevation  Ratio [KN/m] [KN/m] [m] [m] Pullout, Pr  Static Static Pullout, Pr  Seismic Seismic
[m] (see NOTE) [KN/m] CDR CDR [kN/m] CDR CDR
1 028 0.800 18.50 3.37 3.34 0.16 188.1 N/A 10.168  200.6 N/A 9.176
2 058 0.800 12.30 3.19 3.17 0.33 166.5 N/A 13.532 177.6 N/A 11.462
3 090 0.800 11.44 3.00 2.98 0.52 1449 N/A 12.668 154.6 N/A 10.702
4 120 0.800 15.07 2.83 2.81 0.69 126.0 N/A 8.363 134.4 N/A 7.510
5 1.80 0.800 13.25 2.48 2.46 1.04 92.0 N/A 6.947 98.2 N/A 6.241
6 210 0.800 7.82 2.31 2.29 1.21  77.0 N/A 9.849 82.1 N/A 8.112
7 240 0.800 7.01 2.13 2.11 1.39 633 N/A 9.027 67.5 N/A 7.383
8 270 0.800 8.99 1.96 1.94 1.56 50.8 N/A 5.652 54.2 N/A 4951
9 330 0.800 9.16 1.61 1.59 191 29.8 N/A 3.258 31.8 N/A 2.956
10 3.90 0.800 7.66 1.26 1.25 225 14.0 N/A 1.828 14.9 N/A 1.675
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RESULTS for CONNECTION (static conditions)
Live Load included in calculating Tmax

#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor ~ factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection  connection  strength, strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual

[kN/m] [kN/m]

1 0.28 18.5 0.90 N/A 31.5 N/A 324 N/A 136 NA NA NA 126 UXTIPO3
2 058 123 0.90 N/A 21.3 N/A 21.9 NA 139 NA NA NA 128 UXTIPO1
3 090 114 0.90 N/A 21.3 N/A 21.9 NA 149 NA NA NA 138 UXTIPO1
4 1.20 15.1 0.90 N/A 21.3 N/A 21.9 N/A 1.13 NA NA NA 1.05 UXTIPO1
5 1.80 13.2 0.90 N/A 21.3 N/A 21.9 NA 129 NA NA NA 1.19 UXTIPO1
6 210 78 0.90 N/A 21.3 N/A 21.9 N/A 218 NA NA NA 202 UXTIPO1
7 240 7.0 0.90 N/A 21.3 N/A 21.9 N/A 244 NA NA NA 226 UXTIPO1
8§ 270 9.0 0.90 N/A 21.3 N/A 21.9 NA 190 NA NA NA 176 UXTIPO1
9 330 9.2 0.90 N/A 21.3 N/A 21.9 N/A 18 NA NA NA 173 UXTIPO1
10 390 7.7 0.90 N/A 21.3 N/A 21.9 N/A 223 NA NA NA 206 UXTIPOI1
RESULTS for CONNECTION (seismic conditions)
Live Load included in calculating Tmax
#  Geogrid Connection Reduction Reduction Available  Available  Available CDR CDR CDR
Elevation force, To  factorfor  factorfor ~ connection connection Geogrid connection connection Geogrid Product
[m] [kN/m] connection connection strength,  strength, strength, break pullout strength name
break, pullout, Tc-break  Tc-pullout  Tavailable
CRu CRs criterion criterion [kN/m] Specified Actual Specified Actual Specified Actual
[kN/m] [kN/m]
1 0.28 219 0.90 N/A 41.9 N/A 324 N/A 168 NA NA NA 155 UXTIPO3
2 058 155 0.90 N/A 28.4 N/A 21.9 N/A 166 NA NA NA 153 UXTIPOI1
3 090 144 0.90 N/A 28.4 N/A 21.9 NA 178 NA NA NA 1.65 UXTIPOI1
4 1.20 179 0.90 N/A 28.4 N/A 21.9 NA 139 NA NA NA 129 UXTIPO1
5 1.80 15.7 0.90 N/A 28.4 N/A 21.9 NA 159 NA NA NA 147 UXTIPO1
6 210 10.1 0.90 N/A 28.4 N/A 21.9 N/A 257 NA NA NA 238 UXTIPOI1
7 240 9.1 0.90 N/A 28.4 N/A 21.9 N/A 28 NA NA NA 265 UXTIPOI1
§ 270 109 0.90 N/A 28.4 N/A 21.9 N/A 231 NA NA NA 214 UXTIPO1
9 330 10.8 0.90 N/A 28.4 N/A 21.9 N/A 231 NA NA NA 213 UXTIPO1
10 390 89 0.90 N/A 28.4 N/A 21.9 N/A 277 NA NA NA 256 UXTIPO1
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www.tdm.com.pe

LEYENDA

O) ORIFICIO DE IZAJE

A) ALMOHADILLA EPDM

C) CONECTOR GEOMALLA UX
H) BARRAS HORIZONTALES

v) BARRAS VERTICALES

Notas:

1. Concreto con F'C de 5000 PSI.

2. Acero de refuerzo barras de
acero corrugado #3 @10 cm
en ambas direcciones.

3. Unidades en mm

- SCALA: INDICADA

PLANO N*:

DATOS ADICIONALES -ECHA Proyecto:
DIBUJADO POR: ———— 20/07/25 GRAN MALECON DEL MAR
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REVISADO POR: ———- 20/07/25 PANEL TIPO FULL HEIGTH
APROBADO POR: ———— 20/07/25
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SERVICIOS DE CONSTRUCCION

TDM Colombia cuenta con personal y equipos especializados brinda servicios de
construccion y lleva a cabo la ejecucién de obras con geosintéticos con ingenieria propia.

El alcance de algunas obras abarca desde el revestimiento de canales hasta la construccion

de muros en suelo reforzado con alturas de mas de 20 mt, lo que nos ha permitido poner a
disposicion de nuestros clientes nuestra experiencia.

CERTIFICACIONES

Contamos con dos plantas propias de fabricaciéon de geoceldas texturadas en HDPE (Peru y
Brasil) las cuales siguen rigurosos métodos acreditados de fabricacion (GRI-GS-15).

Igualmente poseemos plantas de fabricacion de geomembranas en HDPE y LLDPE que nos
permiten brindar una amplia gama de soluciones a la medida para todos los sectores.
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Bodega: Autopista Bogota Medellin Km 2.5 Via Parcelas
Parque Ciem Oikos Bodega H120 Bogota
Oficina Administrativa: Calle 127A No. 54 - 45 — Oficina 7-150

Tel: +57-314-3649535
Whatsapp: +57-314-3649535
contactenos@tdmcolombia.co

www.tdmcolombia.co
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