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ABSTRACT

This project consists in the analysis and design of reinforced concrete cantilever
retention walls. The purpose of this analysis and design is to develop construction
drawings, as shown in Apendix 3, and have them ready to be used in emergency cases
due to natural or man-made disasters. Possible emergency cases are landslides due to
heavy rains, earthquakes, floods and explosions, between others. The cantilever retaining
wall construction drawings can be used to build a retaining wall where a collapse or
landslide has already occurred, and in places where there is not a soil retaining structure
present and the possibility of a collapse exists. Due to the extent of the different scenarios
contemplated, the analysis and design performed in the preparation of the construction
drawings were developed with a Matlab computer program. For more details of the

procedure to follow in order to use the program, please see Apendix 2.



RESUMEN

Este proyecto consiste en andlizar y disefiar muros de contencion de hormigén
reforzado a voladizo. El propésito de este andlisis y disefio es desarrollar planos de
construccion para muros de contencién a voladizo, mostrados en € Apéndice 3, y
tenerlos listos para ser utilizados en casos de emergencia debido a desastres naturales o
creados por el hombre. Posibles casos de emergencia son derrumbes o deslizamientos de
terreno ocasionados por fuertes lluvias, terremotos, inundaciones y explosiones, entre
otros. Los planos de construccion pueden ser utilizados para construir muros de
contencién d voladizo en lugares donde haya ocurrido un colapso o derrumbe del terreno
y en lugares en donde no exista un muro de contencién y haya una posibilidad de falla del
terreno. Debido ala cantidad de diferentes escenarios contemplados, € andlisis y disefio
Ilevados a cabo para la preparacion de los planos de construccion fueron desarrollados
utilizando un programa de computadora en Matlab. En & Apéndice 2 se detala €

procedimiento a seguir para utilizar el programa.
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1. INTRODUCCION

Los muros de contencién son utilizados para retener €l suelo para poder mantener
un cambio abrupto en elevacion. En este trabgjo se crea un programa en computadora
para disefiar muros de contencién a voladizo. Este disefio incluye el andlisis de
estabilidad interna y externa del muro y también e disefio estructural. El programa
también va a incluir el efecto ocasionado por terremotos utilizando € método de
Mononobe-Okabe. El disefio se va a trabgjar utilizando los méodos del Disefio de
Esfuerzos Permisibles (“Allowable Stress Design”, ASD) y € método de Disefio de
Factor de Carga y Resistencia (“Load and Resistance Factor Design”, LRFD) para el
disefio estructural. EI Apéndice A.3 presenta una serie de planos modelo para la
construccién de muros de contencion a voladizo para distintos tipos y configuraciones de
suelo.

En este informe se van a presentar varios tipos de muros de contencion. Ademés
se van a discutir varios aspectos del disefio y las teorias utilizadas en € programa para
hallar las fuerzas actuando sobre e muro, tales como las teorias de Rankine y de

Coulomb.



2. TIPOS DE MUROS DE CONTENCION

Los muros de contencion se pueden dividir en dos categorias. muros de

contencién convencionales y muros de contencion aternativos o innovadores.

2.1. MUROS DE CONTENCION CONVENCIONALES

Los muros de contencion convencionales se pueden subdividir a su vez en dos
tipos principales: muros de gravedad y muros al voladizo. Los muros de gravedad,
Figura 1(a), dependen de su masa y la fuerza de gravedad para resistir las fuerzas del
suelo y el agua a la que son sometidos. Los muros a voladizo de hormigon reforzado,
Figura 1(b), resisten las fuerzas a las que son sometidos por su capacidad en flexion.
Estos consisten de una pared, una punta (“toe”), un talén (“hed”) y posiblemente una
[lave para prevenir deslizamiento (“shear key”). Los muros de hormigon reforzado con
contrafuertes y arbotantes (Figura 2), pueden ser usados cuando la altura del muro es
bastante excesiva (mayor de 25 pies) y los muros a voladizo dgjan de ser econdmicos
debido alos atos costos de construccidn necesarios para construir un muro de contencion
gue requiera una excavacion extensa, grandes cantidades de hormigén y acero de

refuerzo en comparacion con otras aternativas disponibles.



a ' b)

a) b)

Figura 2. Muros de contencion con (a) contrafuertesy (b) arbotantes (Kim, 1991)

2.2. MUROSDE CONTENCION ALTERNATIVOS

Ultimamente se han desarrollado un niimero de muros de contencion alternativos.
Munfakh (1990) clasifica estos muros alternativos en dos grandes categorias: muros
reteniendo relleno y muros soportando excavaciones.

La primera categoria incluye muros estabilizados mecanicamente (algunos

gemplos son: muros con paneles prefabricados, muros con geotextiles, muros con



geomallas y muros con mallas de alambre soldadas) y muros modulares de gravedad
(algunos giemplos son: muros Criblock™, muros de doble pared, muros de gaviones y
muros siempreverdes). La Figura 3 muestra un muro construido utilizando paneles
prefabricados.

La segunda categoria de muros aternativos son aquellos que soportan
excavaciones. Algunos gemplos son: clavos de anclgje, micro pilotes reticulados,
dovelas de anclgje, tabla estacas, pilotes soldados, pilotes secantes y paredes de fustes

barrenados.

Figura 3. Muro con paneles prefabricados (http://www.vsl.cz/en/prod_steny.html)

2.3. SELECCION DE MUROS DE CONTENCION

La seleccion del muro de contencién mas apropiado se basa en un nimero de
consideraciones, que incluyen las siguientes:
1. costos de construccion y manteni miento,
2. lasituacion del corte o relleno,
3. e mantenimiento del tréfico durante la construccion,

4. periodo de construccion,



5. laseguridad de los trabajadores en la construccion,

6. ladisponibilidad y costo del material derelleno,

7. tamano del muro,

8. cambiosen laalineacion vertical y horizontal,

9. &eadeexcavacion,

10. estéticay similitud a estructuras adyacentes,

11. experiencias previas con € tipo de muro en consideracion,
12. accesibilidad parainspeccién y mantenimiento, y

13. vida til, condiciones de cargay deformaciones permisibles.



3. CONSIDERACIONES GENERALES DE DISENO

En este capitulo se discutiran las consideraciones envueltas en el disefio de muros
de contencién. Estas incluyen métodos de disefio, estados limite, factores de seguridad,
factores de cargas, cargas de disefio, combinaciones de carga, tipo de relleno, drenaje del

muro Yy las juntas de contraccion y expansion.

3.1. METODOSDE DISENO

El disefio de los muros de contencion en voladizo se llevo a cabo mediante el
desarrollo de un programa de computadora en Matlab, € cua utiliza e Disefio de
Esfuerzos Permisibles (ASD, por sus siglas en inglés) para e disefio de la estabilidad
internay externadel muro y utiliza el método de Disefio de Factor de Cargay Resistencia
(LRFD, por sus siglas en inglés) para € disefio estructural del muro. En e Apendice A
se muestra el desarrollo del programa de computadora en Matlab.

El ASD es un método que garantiza la seguridad restringiendo el vaor de los
esfuerzos obtenidos a valores que no sean mayores que un valor permisible. Los valores
permisibles de esfuerzo son generalmente seleccionados como una funcion de su
capacidad a cedencia y son determinados dividiendo su capacidad a cadencia por un
factor de seguridad global. El método del ASD no considera los distintos grados de
incertidumbre para diferentes tipos de carga; la carga viva se trata igual que la carga
muerta, aunque usualmente tiene una mayor variacion durante la vida de la estructura y

una mayor incertidumbre.



El LRFD es un método de disefio de fuerzas o un método de disefio de estado
limite. Este méodo toma en consideracion la naturaleza aleatoria de las fuerzas y
resistencias y diferentes niveles de incertidumbre para distintos tipos de cargas. Las
cargas de disefio o factorizadas se obtienen multiplicando los valores esperados
normalmente, llamados cargas nominales, por un factor de carga usualmente mayor de
uno. Las capacidades o resistencias de disefio son cal culadas multiplicando la capacidad
nominal por factores de resistencia, que tienen valores menores de uno. Para que un
disefio sea aceptable, |a capacidad factorizada tiene que ser mayor o igual ala demanda
de capacidad que resulta de las cargas de disefio factorizadas para un estado limite en
particular. El LRFD utiliza la teoria de confiabilidad (“reliability theory”) para derivar

los factores de cargay de resistencia.

3.2.ESTADOSLIMITE

Si un muro de contencion no satisface su funcion, se considera que alcanzo e
estado limite. Los estados limite se pueden categorizar en dos tipos. Estado Limite
Ultimo y Estado Limite de Servicio.

Un muro alcanza el estado limite Ultimo cuando la capacidad de por |o menos uno
de sus componentes se moviliza por completo o cuando la estructura se hace inestable.
En este estado limite tltimo & muro de contencion puede experimentar serios problemas
y dafios estructurales, localmente y globalmente. Ademas, se pueden identificar varios

modos de falla en € suelo que aguanta el muro. Algunos de estos estados limite Gltimo



son: la fala de la capacidad del suelo, e deslizamiento del muro, y € vuelco e
inestabilidad global del muro.

Un muro de contencidn experimenta un estado limite de servicio cuando no logra
realizar las funciones para las que fue disefiado completamente, debido a deformaciones
excesivas 0 deterioro. El estado limite de servicio incluye: asentamiento total o

diferencia excesivo, movimiento lateral, fatiga, vibracion y agrietamiento.

3.3. FACTORESDE SEGURIDAD

En el ASD se utiliza un factor de seguridad global para asegurar la seguridad de
una estructura o fundacion. La Tabla 1 muestra los valores de los factores de seguridad
utilizados en el programa de computadora.

Tabla 1. Factoresde seguridad utilizados

. Factor de Seguridad
Tipo deFalla Estatico Terremoto
Vuelco 2.0 14
Dedlizamiento 15 11
Capacidad Portante
(“Bearing Capacity”) 1.0 1.0

3.4. FACTORESDE CARGA

Los factores de carga se aplican a las cargas para tomar en consideracion las

incertidumbres envueltas en €l proceso de la seleccidn de cargas y sus efectos.



3.5. CARGASDE DISENO Y COMBINACIONES DE CARGA

En e disefio de estructuras se utilizan varias combinaciones de distintas cargas.
Estas cargas incluyen la carga muerta, la carga viva, la presion lateral del suelo, la carga
de viento, la carga de terremoto, la carga de nieve y las cargas relacionadas a la
deformacion como la deformacion a largo plazo (“creep”) y e encogimiento en el
hormigon. Las ecuaciones 3.1 ala 3.3 muestran las diferentes combinaciones de carga y
sus factores, segin recomienda e Uniform Building Code (1997), utilizadas en €

programa en Matlab para calcular |as cargas de disefio.

14D (3.1)
12D +1.6L (3.2)
1.2D +1.0L +1.0E (3.3)

donde:
D = carga muerta,

L = cargaviva, y
E = carga de terremoto.

3.6. RELLENO

Varios tipos de suelo se pueden usar como relleno para muros de contencion. Los
suelos que se drenan libremente tal como las arenas limpias y la gravilla son los
materiales més deseables para usarse como relleno. Los suelos arcillosos causan muchos
problemas tal como cambios en volumen, drengje lento, asentamiento, deformacion a
largo plazo (“creep”) y agrietamiento debido a encogimiento. Estas grietas que se

forman en la arcilla se pueden llenar de agua y de esa forma aplicarle @ muro unas



presiones laterales atas que no se esperaban. Por estas desventajas, |0s suelos arcillosos
no son recomendados para utilizarse como relleno.

El materiad de relleno debe ser compactado para minimizar los asentamientos
debidos al peso propio y alas sobrecargas. La compactacion aumenta las fuerzas laterales
en el muro y se deben tomar en consideracion en e disefio.

Las propiedades del relleno, como su densidad y su capacidad de carga, pueden

ser determinadas mediante pruebas de laboratorio 0 mediante formul as analiticas.

3.7. DRENAJE

Una de las razones principales de que un muro no se desempefie adecuadamente
es que e sistema de drengje se disefie de forma inapropiada o que se construya de forma
inadecuada. El propdsito principal de un sistema de drengje es prevenir que presiones
hidrostéticas excesivas actlen sobre e muro de contencién. Varios tipos de sistemas de
drenaje pueden ser usados basandose en €l tipo de muro de contencion, en el material de
relleno y e nivel fredtico.

Los materiales compuestos prefabricados para drenar se pueden utilizar en e
sistemade drengje. Los huecos de drengje (“weep holes’) deben ser de por 1o menos tres
pulgadas (3”) de diametro y estar espaciados a no més de 10 pies horizontamente y
verticalmente. Para evitar que los huecos de drengje se tapen, se debe utilizar materia
granular y/o tela de filtracion (“filter fabric’). Las Figuras 4 y 5 muestran varias

aternativas a utilizarse en sistemas de drengje.
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Figura4. Teladefiltracion (Foto por R. Guzman)

Agujero
gdje Gravilla
Drmaje Gravilla (
K’. b I Tubos Perforados

(a) (b)

Figura5. Sistemasdedrenaje: (a) hueco dedrenajey (b) tubos perforados (Coduto,
2001)
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3.8. JUNTASDE CONTRACCION Y EXPANSION

Los efectos del encogimiento y esfuerzos termales se deben tener en
consideracion cuando la longitud del muro de contencion es mayor de aproximadamente
30 piés. Las juntas se proveen para permitirle a hormigon que se mueva ligeramente y
para controlar €l encogimiento y los esfuerzos termales. Hay dos tipos generales de
juntas: juntas de expansion y juntas de contraccion.

Las juntas de expansién son usadas para permitir el movimiento diferencial
horizontal y vertical entre segmentos unidos del muro. Estos consisten de una junta
completamente separada rellena con un material compresible que permite a muro
expandirse y contraerse con los cambios en humedad y temperatura.

Las juntas de contraccion o de control son usadas para controlar la localizacién de
las grietas tensiles creando un plano de debilidad en € muro y forzando a que €
agrietamiento ocurra en esos lugares. El plano debilitado se logra mediante ranuras
estrechas localizadas en |a cara exterior de la pared del muro de contencion. Las ranuras
usualmente se rellenan con un sellador para prevenir la penetracion de la humedad.

Las especificaciones del AASHTO (1989) para puentes requieren que las juntas
de contraccion estén espaciadas a no més de 30 pies 'y las juntas de expansion deben ser

puestas en interval os de 90 pies 0 menos en |as paredes de hormigon.

12



4, FUERZAS ACTUANDO SOBRE LOSMUROS DE CONTENCION

En este capitulo se discutiran las consideraciones envueltas en € estimado de las

presiones de suelo estéticas y sismicas actuando sobre muros de contencién.

4.1. PRESION ESTATICA DEL SUELO

Las presiones estaticas actuando sobre un muro de contencion se pueden clasificar
en presiones en condiciones de reposo, activas y pasivas. Los esfuerzos en cualquier
punto dentro de una masa de suelo se pueden ilustrar mediante circulos de Mohr, como se
muestra en la Figura 8, utilizando un ge de coordenadas que consiste de los esfuerzos

efectivos normales, o, y los esfuerzos cortantes, .

Figura 6. Circulosde Mohr para coeficientes de presiéon del suelo (Kim, 1991)
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4.2. CONDICION EN REPOSO

Los muros que no se mueven o que no se mueven lo suficiente para activar la
condicion activa, tal como paredes de sGtanos, estructuras soterradas y estribos de
puentes, estan sometidos a presiones de suelo en reposo. Estas presiones aumentan
linealmente con la profundidad y se pueden expresar utilizando la Ecuacion 4.1.

o,=K,-v-2 (4.1
donde:

0o = presion en reposo (fuerza/longitud®),

Ko = coeficiente de la presion lateral en reposo,

y = peso unitario del suelo (fuerzallongitud®), y
z = profundidad debajo de la superficie del relleno (longitud).

Para suelos normamente consolidados, e coeficiente Ko se puede estimar
utilizando la Ecuacion 4.2 (Jaky, 1944).

K,=1-sin¢’ (4.2)
donde:

¢' = angulo de friccion internadel suelo.

Por su parte, para suelos sobre-consolidados, € coeficiente Ko se puede estimar

utilizando la relacion empirica mostrada en la Ecuacion 4.3 (Mayne y Kulhawy, 1982).
K, = (1-sing'JOCR" (4.3)
donde:

OCR = razo6n de sobre-consolidacion del suelo.

14



4.3. MOVIMIENTO DEL MURO Y PRESIONESDEL SUELO

Las presiones del suelo que acttan en e muro varian con e desplazamiento del
muro. Cuando el muro de contencion se algja del relleno, las presiones disminuyen
(condicion activa) y cuando se mueve hacia € relleno las presiones aumentan (condicion
pasiva). La Tabla 2 (CGS, 1992) ofrece valores aproximados del movimiento del muro
requeridos para alcanzar la condicion activa. Como se puede observar en la tabla, los
muros con un relleno de material granular necesitan desplazarse menos que los muros en

suel os arcillosos para a canzar la condicion activa.

Tabla 2. Movimiento del muro requerido para alcanzar la condicion activa
enrelacion alaaltura, H

Movimiento Horizontal Requerido
Tipo de Suelo para Alcanzar la Condicion Activa
Arenadensa 0.001H
Arenasuelta 0.004 H
Arcillarigida 0.010H
Arcillasuave 0.020H
H = alturadel muro

Como se muestra en la Figura 7, los valores de los coeficientes de la presiéon del

suelo varian con el desplazamiento del muro y eventual mente permanecen constantes.
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Coeficiente de presion lateral

=

Movimiento fueradel relleno Movimiento hacia € relleno

Figura 7. Relacion entreel movimiento del muroy la presion del suelo (Coduto,
2001)

4.4. METODOSPARA ESTIMAR KLY K,

Coulomb (1776) y Rankine (1856) desarrollaron métodos simples para calcular
las presiones activas y pasivas que actlan sobre estructuras de retencion de suelos.
Caguot y Kerisdl (1948) desarrollaron la teoria de logaritmo-espiral para casos mas
generales. Estos métodos para calcular las presiones del suelo se pueden usar si €
movimiento del muro es lo suficientemente grande para que se movilice por completo la
capacidad a cortante del relleno y si las propiedades del suelo se pueden estimar con
suficiente precision. En este trabgo, se utilizaron las teorias de Coulomb y de Rankine

para calcular las presiones activas y pasivas, respectivamente. El método de la cuia
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(“trial wedge”) de Coulomb se puede utilizar para configuraciones de rellenos irregulares
y lateoria de Rankine se puede usar para configuraciones més regulares. A continuacion

se discuten estos métodos.

4.4.1. TEORIA DE COULOMB PARA SUELOS SIN COHESION (¢c=0)Y ¢ >0
(CONDICION ACTIVA)

La teoria de Coulomb se basa en e concepto de que la fuerza lateral producida
por e suelo que actla sobre el muro se puede evaluar mediante el andlisis del equilibrio
de una masa de suelo en forma de cuiia confinada por € muro, la superficie del relleno y
lasuperficie defalladel suelo. Las suposiciones de éste andlisis son:

(@) € suelo es homogeéneo e isbtropo,

(b) lasuperficie mas critica es un plano,

(c) lasuperficie del suelo es un plano (no tiene que ser horizontal),

(d) e muro se mueve lo suficiente como para generar la condicion activa o pasiva,
(e) hay friccion entre el sueloy lapared, y

(f) lafuerzaresultante estainclinadaaun angulo ¢, de unalinea perpendicular a
la pared como se muestraen la Figura 8.

Lafuerzade la presion activa se puede expresar mediante la Ecuacion 4.4.

Pa=%;/~H2-Ka (4.4)

donde:
P, = fuerzadelapresion activadel suelo (fuerza/longitud),
Ka = coeficiente de la presion activa del suelo y se define a su vez segin

Coulomb mediante la Ecuacion 4.5,
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K, = cos’(¢—a) (4.5)

a cos2(o)oodd + o) L sin(g+¢,,)sn(p - B) 2
(o)eosls, ){1 \/cos(¢w+a)cos(a—ﬂ)

y = peso unitario del suelo (fuerzallongitud®),
H = aturadel muro (longitud),
¢ = angulo defriccién internadel suelo (grados),

¢,,= angulo defriccion entre el muroy el suelo (grados),

S = pendiente de la superficie derelleno (grados), y
a = pendiente de la carade la pared (grados).

La Ecuacion 4.5 esvalidasolo para3 <¢

Figura 8. Parametros parala ecuacion de presion activa de Coulomb. Las paredes
inclinadas en la direccion opuesta tienen un a negativo (Coduto, 2001)
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Lafriccion entre e muro y € materia de relleno tiene un efecto importante en la
magnitud de la presion del suelo y tiene un efecto alin méas importante en la direccion de
lafuerzadebido alapresion. EnlaTabla 3, se muestran los val ores maximos posibles de
los &ngulos de friccion entre e muro y € suelo para hormigon y distintos tipos de suelo.

El coeficiente de friccion u se puede tomar como u = tang,,. Para muros de contencion

de hormigdn, el angulo ¢,, se puede tomar entre0.5¢ y 0.67 4.

Tabla 3. Angulosdefriccion ¢, entrevarios materiales de construccion y tipos de

suelo
Material de Interface Angulo de Friccion, ¢,, (grados)
Hormigdn en una de | as siguientes: -
Roca 35
Gravillao arena gruesa 29-31
Arenafinaamediana, arena mediana
agruesa con limo, gravillalimosao 24-29
arcillosa
Arenafina, arenafinaamediana 19-24
limosa o arcillosa
Limo arenoso o limo 17-19
Arcilla preconsolidada 22-26
ArcnIaseml-r|g|daar|g|day arcilla 17-19
limosa

4.4.2. TEORIA DE RANKINE PARA SUELOSSIN COHESION (c=0) Y ¢ >0
(CONDICION PASIVA)

Lateoria de Rankine tiene las siguientes suposiciones:
(@) € suelo es homogeéneo e isbtropo,
(b) lasuperficie mas critica es un plano,
(c) lasuperficie del suelo es un plano (no tiene que ser horizontal),
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(d) e muro se mueve lo suficiente como para generar la condicion activa o pasiva,

(e) lafuerzaresultante estéainclinadaaun angulo paraelo alasuperficie del suelo,

(f) no hay friccion entre e muro y € suelo,

(g) e muro es infinitamente largo para poder analizar € problema en dos
dimensiones, y

(h) estateoriaestalimitada a paredes verticales.

Lafuerzade la presion activa se puede expresar con la Ecuacion 4.6.

1
Pp:Ey-Hz-Kp (4.6)

donde:
P, = fuerzadelapresion pasivadel suelo (fuerza/longitud),
K, = coeficiente dela presion pasivadel suelo, donde Kp se define utilizando la

Ecuacion 4.7,

COSp +4/cos? B — cos? ¢

K, =cosp
P cos B —+/cos? B —cos? ¢

(4.7)

En el caso donde B = 0 (superficie horizontal), K, se define mediante la

Ecuacion 4.8,

K, =279 o (45+‘Vj (4.8)

1-sn¢

y = peso unitario del suelo (fuerzallongitud®),
H = dturadel muro (longitud),

¢ = angulo de friccion interna del suelo (grados), y

S = pendiente de la superficie de relleno (grados).
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4.5. SOBRECARGAS (“SURCHARGES”)

Las sobrecargas sobre la superficie del suelo retenido producen una presion latera
adicional en los muros de contencion. Cuando la sobrecarga es uniforme sobre la
superficie del suelo, la presion lateral adiciona debido a la sobrecarga se asume que
permanece constante con la profundidad y tiene una magnitud, 4p, que se calcula
utilizando la Ecuacion 4.9.

Ap = Kq, (4.9
donde:

Ap = presion lateral del suelo constante debido a una sobrecarga uniforme,

K = coeficiente de lapresion lateral del suelo, y
gs = sobrecarga uniforme aplicada en |a superficie del suelo retenido.

La fuerzaresultante horizontal de esta presion lateral actUa en lamitad de la altura
del muro (0.5 H). Paralacondicion activa del suelo, K se denota como K, mientras que
parala condicién en reposo, K se denota como Ko,

Cuando se anticipa que va a haber transito vehicular a una distancia detras del
muro menor o igual alaalturadel muro, se asume que una sobrecarga de cargavivavaa
actuar sobre la superficie de suelo retenido. Esta sobrecarga se puede tomar como una
altura equivalente de suelo adicional sobre e muro. EnlaTabla4, se muestran alturas
equivalentes, H,, para cargas vehicul ares sobre muros de contencién de distintas aturas

(AASHTO, 1989).
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Tabla4. Alturaequivalente de suelo para cargas vehiculares (AASHTO, 1989)

Alturadel Muro H,
(pies) (pies)
<4-11 5-7"
9-10" 3-11"
19'-8" 2'-6"
>29'-6" 2'-0"

Lapresion lateral activa del suelo se puede expresar segun se muestraen la Ecuacion
4.10.
(4.10)

Ap,=y-H_-K

a a

donde:
Apa = presion laterd activadel suelo,
y = peso unitario del suelo (fuerzallongitud®),
H, = alturaequivalente del suelo paracargas vehiculares, y

Ka = coeficiente de lapresion activadel suelo.

4.6. EFECTO DEL AGUA

Cuando hay agua detrés del muro, e muro se debe disefiar para que pueda
soportar la presion hidrostética del agua en adicion a la presion lateral del suelo. La

presion hidrostatica del agua, pw, se puede calcular con la Ecuacion 4.11.

P =7u(2-2,) (4.11)
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donde:

»w = Peso unitario del agua (fuerzallongitud®) = 62.4 Ib/pie®,

z, = profundidad del nivel fredtico (longitud), y

z = profundidad debgjo de la superficie del suelo (longitud).

El peso unitario sumergido del suelo, y’, se debe usar para determinar la presion
lateral del suelo debgjo del nivel fredtico. La Figura9 muestra el efecto del agua en las

presiones gque actlian sobre un muro de contencion.

Esfuerzo
>
C=0
Zw
B T Relleno
b y
Agua
Z ¥
e 0 5 i oy e
Ka[rzwr'(z-zw)] Tyl Z~2Zw)

Figura 9. Presiones activas para un muro sin friccion con nivel freatico (Kim, 1991)
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4.7. EFECTO DE TERREMOTO

Los muros de contencion en zonas sismicas pueden experimentar problemas como
asentamiento excesivo o desplome del relleno y movimientos excesivos del muro durante
eventos sismicos. Para tomar en cuenta las presiones activas generadas por los

terremotos se va a utilizar lateoria de Mononobe-Okabe.

4.7.1. TEORIA DE MONONOBE-OKABE

El método més usado para obtener las fuerzas sismicas del suelo es un enfoque
pseudo-estatico desarrollado por Mononobe (1929) y Okabe (1926). El andlisis de
Mononobe-Okabe es una extension de la teoria de Coulomb para analizar las fuerzas
activas. El méodo hace | as siguientes suposi ciones:

(@ e muro se mueve lo suficiente como para producir la presiéon activa minima
durante un terremoto,
(b) la cufa activa de falla detras del muro se comporta como un cuerpo rigido de
formatal que la aceleracidn sea constante en toda la masa de suelo,
(c) lossuelosdetrés del muro no estan saturados y no vaaocurrir licuacion, y
(d) las superficies de falla son planas.
La fuerza activa actuando sobre el muro debido a la combinacion de las presiones

estaticas y sismicas se determina utilizando la Ecuacion 4.12.

Pae = %j/H 2(1_ kv)Kae (412)
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donde, Ky estéa definido por la Ecuacion 4.13,
K. = cos’(p-0-a) (4.13)

” : S +4,)Sn(p—0-p) |
cos()cos (06)005(¢w+a+9)|: \/COS(¢W+OH‘9 COS(ﬁ a)

y donde:
P.e = fuerzaactivapor unidad de longitud de la pared considerando el efecto de
terremoto (ver Figura 12),
y = peso unitario del suelo,
H = alturadel muro,
Kae = coeficiente de lapresion activadel suelo considerando el efecto de
terremoto,
k, = coeficiente de aceleracion vertical,
kn = coeficiente de aceleracion horizontal,

¢ = angulo de friccion interna del suelo (grados),
¢, = angulo defriccion entre el muroy €l suelo (grados) = 0.5¢,

S = pendiente de la superficie de relleno (grados),

a = pendiente de la carade lapared (grados), y

0=tan* al
1-Kk,
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Superficie de Falla

4 kp
e = tan T-ky

W(1-Ky)
Figura 10. Cufia sismica parala condicion activa (Kim, 1991)

4.7.1.1. PROCEDIMIENTO DE MONONOBE-OKABE
El procedimiento de Mononobe-Okabe para calcular las fuerzas sismicas sobre un

muro de contencién se discutiran en esta seccion. El procedimiento se lleva a cabo de la

siguiente forma

1. Seleccionar un coeficiente sismico horizontal, ky, apropiado basado en € terremoto de
disefio y asumir un valor de k, = 0, donde €l coeficiente sismico, k., se puede asumir
igua a la aceleracion pico dd suelo (PGA). AASHTO (1989) recomienda que un
valor de k;, = 0.5 sea utilizado para la mayoria de los casos s € muro se disefia para
permitirle movimiento, sin embargo, si no se permite desplazamiento horizontal del
muro, AASHTO recomienda utilizar un coeficiente k;, = 1.5.

2. Calcular P4 utilizando la teoria de Mononobe-Okabe mediante la Ecuacion 4.12.

3. Calcular P4 utilizando lateoria de Coulomb mediante la Ecuacion 4.4.

4. Cdcular AP, =P, -P,.

5. Asumir que P, actlia a una distancia H/3 medida desde |a parte de abgjo del muro (ver

Figura11).
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. Asumir que 4P actlia a una distancia 0.6H medida desde la parte de abagjo del muro
(ver Figura 11).

. Cdcular la fuerza de inercia del muro, WK, , para tomar en consideracion el

movimiento horizontal del muro.

. Si lacufia de suelo detras del muro no se puede movilizar, se recomienda que 4Pxe Se
aumente utilizando un factor de seguridad de 1.5.

. S € coeficiente de aceleracion horizontal, denotado por ki, se asume igua a la
aceleracion pico de suelo, entonces se pueden usar factores de seguridad para
deslizamiento y capacidad portante variando entre 1.0 a 1.1 para ambos casos. Para

estabilidad por vuelco, se pueden usar factores de seguridad variando entre 1.3y 1.4.

Y

Figura:lml:. LocallzaC|on delas fuer zas resultantes (Das, 2002)
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5. REQUERIMIENTOS DE DISENO

Los muros de contencién estan sometidos a varios estados limites o tipos de falla,
como se muestra en la Figura 12. Estas fallas pueden ocurrir en € suelo o en los
elementos estructurales. La falla por deslizamiento, Figura 12 (a), ocurre cuando las
presiones laterales del suelo actuando sobre el muro exceden la capacidad por friccion
entre la base del muro y e suelo. El muro no debe volcarse, como se muestra en la
Figura 12 (b). La resultante de la fuerza normal que actla en la base de |la zapata debe
estar en el tercio medio de la base como se muestraen la Figura 12 (c). Si la presion que
gjerce € muro sobre el suelo en la fundacion del muro es mayor que la capacidad del
suelo en la fundacion ocurre una fala por capacidad portante como se muestra en la
Figura 12 (d). También puede ocurrir una falla profunda por cortante si el suelo debgjo
de la fundacion es uno inadecuado, Figura 12 (€). Otro problema que debemos evitar es
la generacion de asentamientos excesivos, como se muestra en la Figura 12 (f). Ademés
de estas fallas se debe verificar que los elementos estructurales no fallen. La estabilidad
externa de un muro en cada uno de estos modos de falla depende de sus dimensiones y de
las fuerzas que g erce & suelo sobre el muro.

En éste capitulo se discuten los métodos utilizados para prevenir agunas de estas
fallas de estabilidad externa. Ademés se discutiran los métodos utilizados en el disefio de
los elementos estructurales del muro de contencién. En el siguiente capitulo, estos

métodos y requisitos de disefio seilustraran através de un problema de g emplo.
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Figura 12. Modos defalla para muros de contencion (Coduto, 2001)
a) Falla por dedlizamiento
b) Falla por vuelco
c) Fallapor localizacion delaresultante
d) Fallapor capacidad de sustentacion
e) Fallaprofundapor cortante
f) Fallapor asentamiento
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5.1. PROCEDIMIENTO DE DISENO DE MUROS DE CONTENCION

En esta seccion, se discutira el procedimiento a seguir parallevar a cabo € disefio
de un muro de contencion de hormigén armado al voladizo. Los pasos a seguir para €l
disefio del muro son los siguientes:

1. Seleccionar dimensiones preliminares para el muro. En la Figura 13 se muestran

unas dimensiones preliminares para muros a voladizo que se pueden utilizar para

una primeraiteracion.

Min. 8 in. (200 mm)

- R

Figura 13. Dimensi ones preliminares sugeridas para un muro de contencion al
voladizo (Coduto, 2001)

2. Determinar las cargas y las presiones de suelo como se explicd en e Capitulo 4.
3. Verificar laestabilidad y los criterios de seguridad
(@ Locdizacion delafuerzaresultante en labase. Lalocalizacion dela
resultante en la base se determina realizando un balance de momentos en

labase del muro. Laresultante debe actuar en € tercio medio de labase.
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(b) Capacidad de presion del suelo. Para mantener seguridad contra unafalla

(©)

por capacidad portante del suelo, se aplicaun factor de seguridad ala
capacidad portante Gltimadel suelo (ver Tabla1). Lacapacidad portante
del suelo se puede calcular mediante exploracionesin-situ o mediante
procedi mientos semi-empiricos.

Ladistribucién de la capacidad a presion del suelo se puede tratar como
un tridngulo, un trapezoide o como un rectangulo. Laresultante de las
distribuciones triangulares y trapezoidal es pasara por €l centroide de las
mismas y pasara por el centro de una distribucion uniforme.

En una distribucién trapezoidal, 1a presion méxima g ercida por €l suelo
cuando laresultante esta ubicada dentro del tercio medio de la base se
obtienen utilizando la Ecuacion 5.1.

Q. = E+ 6Re
u,max L L2

(5.2)

donde:

R = resultante de las fuerzas verticales (fuerza/longitud),

L = ancho de la base del muro (longitud), y

e = excentricidad de laresultante R (longitud).
Factor de seguridad contra deslizamiento. LaEcuacion 5.2 muestrala
expresion requerida para satisfacer |os criterios de estabilidad debidos al

deslizamiento del muro.

Ffricti on
>F (5.2)

= ' dliding
I:Ssiiding
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donde:
Firicion= resistenciafriccional (fuerza/longitud)
= uR=Rtan ¢,,
¢,, = angulo defriccion entre el muro'y el suelo (grados),

Fsidging = fuerzas horizontal es que causan deslizamiento
(fuerzallongitud), y
FSyiging = factor de seguridad contravuelco (ver Tabla 1).
La presion lateral gercida por € suelo ocasiona que la pared trate de
dedizarse. Este movimiento, a su vez, es resistido por la friccion entre la
base del muro de contencion y € suelo debgjo de la base. La presion
pasiva, denotada por Pp, generada por e suelo frente al muro podria
tomarse en cuenta para resistir el deslizamiento, pero se tendria que tener
mucha certeza de que & suelo frente a muro va a exigtir
permanentemente. En adicion a esto, la falla debido a deslizamiento
ocurre antes de que la presion pasiva se active por completo en muchos
casos. Por tales razones, en este proyecto no se consideraron los efectos
de la presion pasiva para contrarrestar €l deslizamiento ocasionado por las

fuerzas horizontal es.

(d) Factor de seguridad contravuelco. Paraque € muro satisfaga los criterios

de estabilidad contra vuel co tiene que cumplir con larelacién mostrada en

la Ecuacion 5.3.

M,
2> M uo (5.3
Fsvuelco z ?
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donde:

XM, = momentos que resisten vuelco (fuerza*longitud),

2Meico = momentos que ocasionan vuelco (fuerza* longitud), y

factor de seguridad contra vuelco (ver Tablal).

|:S/uelco

4. Revisar las dimensiones del muro y repetir los pasos 2 y 3 hasta cumplir con los
requisitos de estabilidad paraluego verificar:
(8) asentamiento permisible, y
(b) factor de seguridad parafallas profundas en el suelo de lafundacion.
5. Si las proporciones de la base del muro son demasiado grandes, considerar € uso
de pilotes o fustes barrenados en la fundacion.
6. Comparar € costo del muro disefiado con €l costo de otros sistemas retencién de

suelos.

5.2. DISENO DE ELEMENTOSESTRUCTURALES

A continuacion discutiremos sobre |os procedimientos realizados para el disefio
de los elementos estructurales del muro de contencion a voladizo. Los elementos
estructurales del muro se disefian utilizando os requisitos establecidos en el codigo del
ACI 318-99, como se demostraraen e ggemplo del Capitulo 6.

El muro de contencion se compone de |os siguientes elementos estructural es:
a) pared,y

b) base.
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5.2.1. DISENO DE LA PARED

La pared del muro de contencion se disefia como una viga vertical a voladizo
soportada por la base del muro. La pared de un muro esta sujeta a cargas axiaesy a
flexion. Las cargas axiaes se deben a peso propio de la pared, cargas de estructuras
sobre la pared y a componente vertical de la presion del suelo actuando sobre e muro.
Los momentos que ocasionan flexion son generados por el componente horizontal de la
presion del suelo actuando sobre la pared, las cargas sobreimpuestas y las cargas

verticales excéntricas.

5.2.2. DISENO DE LA BASE

La base de hormigon de un muro de contencién a voladizo se disefia como una
viga horizontal a voladizo soportada en la pared del muro. La base del muro por lo
general se divide en dos partes por la localizacion de la pared. El lado de la base por €
cua el muro tiende a rotar se le conoce como la punta (“toe) y el otro lado se le conoce
como €l talon (“heel”). Por lo general la punta de |a base esté localizada en el frente del
muro y el talén estaen el lado del relleno.

Los momentos maximos utilizados en €l disefio de la base ocurren en la cara de el
frente de la pared parala punta (“toe”) y en la cara posterior de la pared para e talon. El

disefio toma en consideracion también | as fuerzas cortantes actuando sobre la base.

34



6. EJEMPL O DE DISENO DE MURO DE CONTENCION AL

VOLADIZO

En este capitulo se presentaran los procedimientos de disefio mostrados en los
capitul os anteriores mediante un problema de gjemplo. El problema incluira el disefio de
la geometria del muro para que cumpla con los criterios de estabilidad y se presentara el
disefio estructural del mismo.

El gemplo presentado sera un muro de contencién a voladizo de hormigon
reforzado con un relleno a nivel sujeto a una sobrecarga de carga viva. El muro sera

construido sobre una capa de arena.

6.1. EJEMPLO 1-MURO DE CONTENCION SUJETO A SOBRECARGA

Problema:

La estabilidad y seguridad del muro de contencion mostrado en la Figura 14 serén
verificados y disefiados utilizando los métodos del ASD y e LRFD.

El muro esta fundado sobre una arena con una capacidad portante permisible de
5,000 libras por pié cuadrado.

El relleno soportado por € muro es una arena con un angulo de friccion interno
igual a35°. El peso unitario del relleno esigual a 120 libras por pié cubico y la densidad

del hormigon es de 150 libras por pié cubico.
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Se considera utilizar un acero de refuerzo con un esfuerzo de cedencia, f, igual

a 60,000 libras por pulgada cuadrada. El hormigdn a utilizarse tendra una capacidad
maximaen compresion f/, igua a4,000 libras por pulgada cuadrada.

Una sobrecarga de carga viva equivaente a ocho (8) pies de suelo actlia sobre la
superficie del relleno.

En este ggemplo, la presion pasiva frente a muro no se considerard pararesistir el

movimiento del mismo.

Sobrecarga

Ps.c

10-0"

¥
to
‘o

sv *—

L

Figura 14. Ejemplo de disefio para un muro de contencion al voladizo (Figura por
R. Guzman)
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Solucidn:
1. Cadlcular lascargasy presion del suelo gercidas sobre el muro de la
siguiente forma:
a. d coeficiente de presion activa (K,) utilizando lateoria de

Coulomb esigual a

2
K - cos’(p—a)

a cos?(a)cosd, + ) 1+ sin(¢ +¢,,)sin(¢ - B) i
(o) cos(s, {1 J 4,57

donde:

¢, = 050 = 0.5-35° =17.5°

K. - cos®(35)
) sn(35+17.5)sn(35) |
cos (0)005(17.5)[1+ \/ cos17.5)c050) }
K, =0.246

b. lafuerzadebido alapresion activa (P,) esigual a
P, = 1 MK, = 1 (120)(20)*(0.246) = 5,904|y-
a 2 a 2 ple
c. lafuerzadebido alasobrecarga (Ps.) esigual a

P.. = K yH H =0.246(120)(8)(20) = 4,723 I%ie
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2. Utilizando como guiala Figura 13 para determinar las dimensiones
preliminares del muro, obtenemos |os siguientes resultados:

a. € espesor delabase (1) se estima como un 10 porciento dela
aturadel muro,
t, = 0.10(H) = 0.10(20) = 2 pies

b. determinar e ancho de labase (L) tomando en consideracion el
peso del relleno y la sobrecarga sobre € talén y calculando los
momentos alrededor del punto A mostrado en laFigura 14,

W =y(H + H,)x=120(20 + 8)x = 3,360

X 20
Y M, = 0=W(2j - P, (10) - Pa( 3 j

2
3’3620X — 4,723(10) + 5,904(6.67)

x=7.18pies
El ancho de la base se puede estimar como 1.5 veces x,
L =1.5x=1.5(7.18) =10.77 pies
entonces, utilizar un ancho de base de L =11.0pies
c. € espesor delapared (t,) en labase del muro se estima cal culando
el momento maximo factorizado (M) en la pared debido al relleno
y alasobrecarga. El momento méaximo ocurre en labase dela
pared y se calcula de la siguiente forma:
y=H —t, =20-2=18pies

1 1
M, =16 =K 2 ZKoYP
u 6(2 a7HLy 6 ayyj
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M, = 1.6(;~0.246~0.120~8~182 +é-0.246- 0.120-183j =107,120Ib- pie
Utilizando este valor de momento maximo y asumiendo una razon

deacero p=0.5p,, =0.50.016)=0.008

calculamos el espesor efectivo (d) de la pared como se detallaa

continuacion,

f
oy _ 60000 ...,
0.85f/ 0.85(3,000)

R, = pf 1—5pm — 0.008-60,0001-1.0,008-23.53 | = 4351b ,
"2 2 pulg

calcular el espesor efectivo dela pared (d) utilizando la siguiente

ecuacion,
do Mo _ \/107,120(12) _1654pulg.
goR, V0.9-12.435

t,=d +c.c+dL2‘“a:16.54+2+@:19.04pulg.

utilizar un espesor en labase delapared de t,, =20pulg.
d=20-2-05=175pulg.
Verificar si lapared resiste lafuerza cortante maxima, donde e

punto de cortante méximo es en la base de la pared, a una distancia

y =18pies, desde & tope del muro, de la siguiente forma:

Vu :1'6(KayH Ly+%KaW2)
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V, = 1.6(0.246 -120-8-18+ ; -0.246-120- 182j =14,4501b

OV, =¢- 2\/f_c’bd =0.85-24/3000-12-17.5=19,550lb >V, =14,4501b

Lo que demuestra que el espesor de la pared resiste el cortante
mMaximo.
3. Veificar laestabilidad externa del muro de contencién de la siguiente
forma:
a. cacular @ factor de seguridad contra vuelco (debe de ser mayor de
2.0, como seindicaen laTabla 1), proporcionando la base como se

detalla a continuacion:

L 11 20 .
L, =— -t =— 22 _567pies
d 715 Y 15 12 P
Ltoe:£:1—1:3.67pi%

3 3

40



A. Fuerzas Verticales (sin factorizar):

Brazo Momento
Elemento Fuerza,V | drededor de O | arededor de O
(Ib/pie) (pies) (Ib-pie/pie)
W, =150(1.67)(18) 4,510 45 20,300
W, =150(2)(11) 3,300 55 18,150
W, =120(5.67)(18) 12,250 8.17 100,080
W, =120(5.67)(8) 5,440 8.17 44,440
T —
TOTAL R= 25500 M, =182,970
B. Fuerzas Horizontaes (sin factorizar):
Brazo arededor Momento
Elemento Fuerza, P deO arededor de O
(Ib/pie) (pies) (Ib-pie/pie)
P, 5,904 % =6.67 39,360
H
Pe. 4,723 5= 10 47,230
|
TOTAL 10,627 M e = 86,590
donde:

W, = peso de la pared de hormigdn,

W, = peso de la base del muro en hormigon,

W3 = peso del suelo sobre e talén delabase, y
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W, = peso de la sobrecarga sobre el talon de la base

M,y 182970

= =2.11>2.00
M 86,590

I:S\/uelco =

vuelco

lo cual indica que cumple con los requisitos pararesistir € vuelco,

b. verificar quelalocalizacién de laresultante (R) esté dentro del
tercio medio de la base de |a siguiente manera:

X, = localizacion de laresultante desde el punto O

K. — o resst — M oo _ (182’970 _ 86'590) =3.78pies
0 R 25,500 '

e=£— X :1?1—3.78:1.72pi$

6e 6(L72)
L

=0.94<1.00

lo cual indica que laresultante esta dentro del tercio medio dela

base,

c. verificar lacapacidad portante del suelo como sigue:

2

O = 5(1+ 6—ej =230, 0)- 4,490|y. , <5,0000
L) 11 pie

L pie

R 6e) 25.50
=—1- = | =22 (1-0.94)=14010/
qmm L ( L j 11 ( ) A)Iez
ambas presiones estan por debgjo de la capacidad portante del

suel o debajo de lafundacion, 1o cual significa que cumple con este

requisito,
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d. verificar e deslizamiento asumiendo que € suelo frenteala
zapata, desde la base hasta e tope de la zapata, Unicamente
ayudara a prevenir el deslizamiento mediante la presion pasiva
(Pp),

= 1+§n¢ _ 1+s!n35 369
1-sng 1-sn35°

1 1

Py =57 K, = 5 (120)(2)°(3.69) =890 l%ie

Faiang = Pa + Poo =10,627 |%i o

F, =R-tan(g, )+ P, = 25500 tan(17.5°) + 890 = 8,930 |%i o

Fr 8930

= =0.84<15
Fyang 10,627

Fssiiding =

debido a que e muro no cumple con € criterio de seguridad contra
el deslizamiento, tenemos varias opciones paralograr que el muro
cumpla con este requisito. Entre las opciones con las que
contamos estan:

* incrementar € ancho de la base,

* incrementar el espesor delabase, y

* proveer un “shear key” al muro.
Para este gjempl o incrementaremos e ancho del talon (Lyeq) para
aumentar laresultante. Luego de varias iteraciones, encontramos
gue & ancho del talon debe de ser mayor de 12.25 pies paraque €

muro resista el deslizamiento. Es muy probable que si se e afiade
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unallave (“shear key”) a muro en vez de aumentar € ancho dela
base, 0 una combinacion de ambos, la construccion de el mismo
seaméas economica. Sin embargo para este g emplo
consideraremos solamente aumentar el tamario de la base como
sigue:

L, =5.67+6.58=12.25pies

L=L, +t, + Ly =3.67+1.67+12.25=17.58pies

toe

A. Fuerzas Verticales (sin factorizar):

Brazo Momento
Elemento Fuerza,V | drededor de O | drededor de O
(Ib/pie) (pie) (Ib-pie/pie)
W, =150(1.67)(18) 4510 45 20,300
W, =150(2)(17.58) 5,270 8.79 46,360
W, =120(12.25)(18) 26,460 11.47 303,500
W, =120(12.25)(8) 11,760 11.47 134,890
|
TOTAL R= 48000 M = 505,050




B. Fuerzas Horizontales (sin factorizar):

Brazo arededor | Momento alrededor
Elemento Fuerza, V deO deO
(Ib/pie) (pie) (Ib-pie/pie)

P, 5,904 % =6.67 39,360
H

P 4,723 = 10 47,230

|
TOTAL 10,627 M 0o = 86.59
FS a0 = M s = 505,050 =5.83>2.00
M 86,590

vuelco
lo cual indicaque e muro resiste las cargas que ocasionan €l
Vuelco,

. verificar que lalocalizacion de laresultante (R) esté dentro del

tercio medio de la base de la siguiente forma:

v Mg =Moo _ (505,050 — 86,590) _ 8.72 pies

° R 48,000

e:L— X —£258—8.72:0.07pies

2 °

6 6(0.07)
L 17.58

=0.03<1.00

lo cua indica que laresultante esté dentro del tercio medio dela

base,
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f. verificar la capacidad portante del suelo como sigue:

qmaxzﬁ(1+ 66) 48099 ¢, 0.03)= 2800107 . <5000/ .
L\ L) 1788 pie pie

O = (1 66) 48000 ; _0,03)= 2,660 VAR
L L 17.58
ambas presiones estan por debajo de la capacidad portante del
suel o debajo de lafundacion, 1o cual significa que cumple con este
requisito,
0. veificar e deslizamiento como sigue:
Faidng = Pa + Psc =10,627 |%i o

F. = R-tan(g, )+ P, = 48,000 tan(17.5°)+ 0.89 = 16,020%i o

Fr 16,020

= =151>15
Fyang 10,627

FSsting =

lo cual significa que cumple con los requisitos pararesistir €l

dedlizamiento.

4. Verificar laestabilidad externadel muro de contencion tomando en
consideracion las cargas sismicas utilizando el método de Mononobe-
Okabe de la siguiete manera:

a. calcular las cargas sismicas utilizando los va ores paralos
coficientes de aceleracion vertical y horizontal recomendados por
AASHTO (1989) para Puerto Rico,

k, = PGA=0.2

46



k,=0

1\

¢, =0.5¢ =0.5-35°=17.5°

0 =tan™ Ky = tanl[ﬂj =11.31°
1-k 1-0

Vv

cos(p—-0-a)
Cog(@)co§(a)005{¢w+“+‘9)[l+ J gr(¢+¢w)ar(¢—9—ﬂ))}2

codg,, +a+6)cod f—a

ae —

cos?(¢p — 6 —a )= cos?(35-11.31-0) = 0.839

cog0)cog (o) codg,, +a +6) = cog1131)cog (0)cogl 7.5+ 0+1131) = 0.859

] s |

0.839

o= =0.38
0.859(2.57)

1 hea- _1 2(1_ _g.12lb
P =M (1 kV)Kae_2(0.120)(20) (1-0)0.38)=9.12 A)ie

AF)ae = Pae - Pa =90.121-5.904 =3.217 I%le

esta fuerza actta a 0.6H sobre la base del muro,
. calcular € factor de seguridad contra vuelco (debe de ser mayor de

1.3):
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A. Fuerzas Verticales pararesistir e vuelco (sin factorizar):

Brazo
Elemento alrededor de Momento
Fuerza, V @] arededor de O
(Ib/pie) (pie) (Ib-pie/pie)
W, =150(1.67)(18) 4510 45 20,300
W, =150(2)(17.58) 5,270 8.79 46,360
W, =120(12.25)(18) 26,460 11.47 303,500
|
TOTAL R=36,240 M, = 370,160

B. Fuerzas Horizonta es que ocasionan vuel co (sin factorizar):

Brazo alrededor | Momento alrededor
Elemento Fuerza, V deO deO
(Ib/pie) (pie) (Ib-pie/pie)

P, 5,904 % =6.67 39,360

AP, 3,217 0.6H =120 38,600

Wk, = 4,510(0.2) 902 11.00 9,922

W,k, =5,270(0.2) 1,054 1.00 1,054

W,k, = 26,460(0.2) 5,292 11.00 58,212

P —

TOTAL 16,369 M e = 147150
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M e 370160

= =252>1.30
M 147150

FS\/ueI o =

vuelco
lo que indica que cumple con los requisitos pararesistir el vuelco

ocasionado por las fuerzas sismicas,
c. verificar quelalocalizacion de laresultante, R, esté dentro del

tercio medio de labase como sigue:

%, = M ress = Myaco _ (370,160 —147,150) _ 6.15pies
R 36,240
e:%—XO:LZSS—615 2.64pies

6e  6(2.641t)
L 17.58ft

=0.90<1.00

esto representa que la resultante esté dentro del tercio medio dela
base,

d. verificar lacapacidad portante del suelo como sigue:

. B(u @) _ 3029 . 090)- 30201 . <5000/ .
LU L) 178 pie? pie’

qmmzR(l 6ej 362991 _0.90)= )=210107
LU L) 178

ambas presiones estan por debgjo de la capacidad portante del
suelo debajo de lafundacion, lo cual significa que cumple con este

requisito,
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e. verificar e deslizamiento de la siguiente forma:
Faiang = 16,370 '%i o
F, =R-tan($, )=236,240- tan(35°) = 25,380 '%i o

Fr 25380
Fyan, 16,370

FSaang = =155>1.0

lo cual significa que cumple con los requisitos pararesistir €l

dedizamiento.
5. Disefiar los elementos estructura es del muro de contencion:
a. El disefio estructura del talén se lleva a cabo como sigue,

calcular el peso del suelo sobre el talon (W),
W, =7 h,, =120(18) = 2,160 %ie
cacular €l peso de la sobrecarga actuando sobre e muro (Wsc),
Wi =7eaHL = 120(8) =960 l%ie
calcular el peso propio de labase de hormigon (Weone),
= = =300lb
Wconc - yoonctb - 150(2) = 300 A ie

utilizando estos valores, calcular la carga factorizada actuando

sobre € talon de labase,
W, =120, +W,,,.)+16W,, )=1.22160+300 +16960 =4,49d%i ]

el espesor efectivo de la base se expresa de la siguiente forma,

d=t, —c.c.—d—z':24—2—%:21.75pulg.
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determinar si labaseresiste & cortate maximo, que setomaauna

distanciad de la caradel muro,

u

~ ~ 21.75) Ib
V, =W, (L, —d)_4,490(12.25— > j—46,860 A)ie

¢V, = ¢(2)in‘ bd = 0.85(2)~+/3000(12)(21.75) = 24,300 '%i o<Vu

esto indicaque el espesor de la zapata no es capaz deresistir el
cortante, entonces considraremos utilizar un espesor de zapata de

t,=3.5 piesy se verificara s resiste e cortante,
W, = 7o Ny =120(16.5) = Lgso%ie

- - _53plb
Wconc - yconctz - 150(35) =530 A'e

W, =12W,, +W,,,.)+16W,, )=1.21980+530+1.6(960) = 4,540'%Oi o

d=t, —cc—d?_42 2—0—25_3975pulg

u

- —-d)=4, _ 7 T | =40. Ib

¢V, = ¢(2)/ f. bd = 0.85(2)+/3000(12)(39.75) = 44,410 D he>V

el espesor de zapata de 3.5 piesresiste é cortante maximo,

entonces procederemos a calcular la capacidad en flexién del talon,

M, = %Wu (Lyw +CC)° = %(4,540)(12.25 +0.17)* =350,320lb - pie

u

R _ M, _ 350320012)
" gbd® 0. 9(12)(39 75)° Aulg
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P L2 |1 ([ 2(2353(248) ) 0sm
m f, | 2353 60,000

f 1 3 f
Prin = vV ¢ _ 3000 =0.00274 > @ — & —0.00333
f 60,000 fy 60,000

y

entonces,

p =0.00432
el dreaacero de refuerzo (As) necesario pararesistir laflexion en e

talon esigual a,
2
A, = phd = 0.00432(12)(39.75) = 2.06 Pulgada Ai .
utilizar varilla#8 espaciadaa4-1/2" (A<=2.11 pulgada’/pie).
Cdcular € largo de desarrollo del acero de refuerzo del talon,

3 fy apna

| =—
’ 40\/f_c’|:c+ktr:|

nd, >12pulg.
d

c+k, 225+0
d, %

_ 3 60,000 1.3()()() 118
‘40,3000 225 88

=225<25

=65.27pulg.

. € disefio estructural de la punta se lleva a cabo como sigue,
verificar cortante en la punta de la base aunadistanciad de lacara
del muro,

d=t, —c.c.—d—2':42—3—%:38.75pulg.
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calcular lapresion dd suelo (gq) aunadistanciad de lacaradel
muro,

O ( _2800(758 367.3875/ )_2730lb
0 ="7 (L Ltoe+d)_17_58(17.58 367+ %2)_2,730 A 2

el cortante maximo factorizado se expresa mediante la siguiente

ecuacion,

Vu = 16(@ _Wconc

j(Ltoe - d)
.+ 2,800 + 2,730 3875, )
V, = 1.G(f - 530](3.67 - 42)_ 15701b

laresistencia a cortante del hormigon se calcula utilizando la
siguiente ecuacion,

¢V, = ¢(2),/ T/ (bd )= 0.85(2)v/3000(12)(38.75) = 43,300lb >V,
esto indicaque el espesor de labase es suficiente pararesistir €
cortante méximo gjercido.

Cdcular laflexion de la zapata en la cara frontal del muro. El
momento maximo se calculatomando en cuenta la presion del
suelo sobre lazapatay el peso propio de la base,

O e 2,800 b
=—>(L-L,)=—-—-(1758-3.67)=2,220'0 .
qtoe L ( toe) 17.58 ( ) /p| e2

el momento maximo factorizado (M) se calculade lasiguiente

forma,

1 1 1
M u " 16( Ltoe)2 [5 (qmax - qtoe)+ E Gice — EWconc:|
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M, =1.6(3.67)° Ll% (2,800 2,220) + ; (2,220)- ; (530)} =22370b- pie

R - |\/|u2 _ 22370(12) : =16-5V 2
¢hd®  0.9(12)38.75) pulg.

pziﬂl_ Lm}:L[l_Jl_wjzo.ooozg

60,000

_3/f 33000 200 200

Prin = = 000274 > == = =~ -0.00333
f 60,000 f 60,000

y y

debido a que larazdn de refuerzo requerida es menor que larazén

minima, entonces,
p =0.00333
el areade acero en lapuntade la base se calculade lasiguiente

forma,
2
A, = pbd = 0.00333(12)(38.75) = 1.55 Pu!9 A .

utilizar varilla#8 espaciadaa6” (A<=1.58 pulgada’/pie).
Calcular € largo de desarrollo del acero de refuerzo de la punta

COmo sigue:
|, =65 27(1j =50.21pulg
R ' '
el acero de temperatura de labase es e siguiente:
_ _ _ pulg.?
A, =0.0018bh = 0.0018(12)(42) = 0.91 Ai o

utilizar varilla#8 espaciadaa 10" (As=0.95 pulgada?/pie)



c. €l disefio estructural dela pared selleva a cabo como sigue:
el momento maximo factorizado se encuentra sobre la base del
muro a una profundiad y,

y=H —t, =20-3.5=16.5pies

M —16( KaHLY +(13Kaw)

M =1.6(;o.246120 8-(165)* +é~0.246120 (165)3j =86800b- pie

u

r _ M, _ 86800(12)
" ¢bd?  0.9(12)17.5) Aulg

2m
p=tl p 2R L[y |y 22396 | 0565, 00033
m i, ] 235 60000

pulg.
A, = pbd =0.00562(12)(17.5) =1.18 pie
utilizar varilla#8 espaciadaa 8’ (A<=1.18 pulgada’/pie).

Cadlcular € largo de desarrollo para unavarilla en tension

terminando en un gancho de 90° de la siguiente manera:

fy
N

I, _00260000(1)(1)1—12_3012pu|g >8@j 8pulg.>6pulg.

{3,000
el acero detemperaturade lapared esigual a
2
A, = 0.0025bh = 0.0025(12)(20) = 0.60 Pu!9 'Ai o
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el acero horizontal en carafrontal delapared esigua a
2 2 ulg.?

ZA ==(0.60)=0.40P .

3 3 (060) pie

utilizar varilla#4 espaciadaa 6” (A<=0.40 pulgada®/pie)

el acero horizontal en cara posterior de lapared esigual a

1A —L060)-= pulg-z/
2 A = 2 (0.60)=0.20 ie

utilizar varilla#4 espaciadaa 12" (As=0.20 pulgada®/pie)

el acero vertical en carafrontal delapared esigual a

A, =0.0015bh = 0.0015(12)(20) = 0.36 PU!9 % .

utilizar varilla#5 espaciadaa 10" (As=0.37 pulgada?/pie).
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Figura 15. Muro disefiado del Ejemplo 1 (Figura por R. Guzman)
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A.1l. PROGRAMA PARA DISENO DE MUROS DE CONTENCION
UTILIZANDO MATLAB

04-04-11 08:03 PM C:\Users\Ricardo\Documents\Muros de
Contencion\ACT\DisenoMurosContencionCoulomb3b.m 1 of 19

1 %9%%%%%%%%%%%%%%% Universidad de Puerto Rico %%%%%%%%%%%%%%%%%
2 %%%%%%%%%%%%% Recinto Universitario de Mayaguez %%%%%%%%%%%%%
3 %%%%%%%% Departamento de Ingenieria Civil y Agrimensura %%%%%

4 % %

5 % Programa para diseno de Muros de Contencion

6 % Por: Ricardo Guzman (Estudiante Graduado)

7 % Dr. Jose O. Guevara

8 % Dr. Luis E. Suarez

9 % Dra. Beatriz I. Camacho Padron

10 % %

11

12 clc; clear all; close all;

13

14 % Datos Geometricos

15

16 hoSI=0.6952 :0.25:9.1952; % Altura visible del muro [m]

17 ho = hoSI1*3.2808399; % Altura visible del muro [ft]

18 D = 3; % Profundidad de la zapata [ft]

19 beta = 0*pi/ 180; % Angulo del muro de contencion

20

21 % Propiedades del suelo y de materiales de construccion

22

23 disp('Soil Properties:);

24 w = input(' Enter the unit weight of the soil in pcf: '); % Peso unitario del suelo [pcf]
25 phi = input(' Enter the friction angle of the soil in degrees: ')*pi/ 180; % Angulo de friccion del suelo
[grados]

26 mu = input(’ Enter the friction coeficient: '); % Coeficiente de friccion entre el suelo y la zapata
27 angsoil = input(' Enter the backfill slope in degrees: '); % Angulo del relleno [grados]
28 ii = angsoil*pi/ 180; % Angulo del relleno [radianes]

29 delta = phi/2;

30 qall = input(’ Enter the allowable bearing pressure in ksf: '); % Presion permisible en el suelo [ksf]
31

32 % Coeficiente de Presion Activa segun Coulomb

33 k1 = cos(phi-beta)”2;

34 k2 = cos(beta)”2*cos(delta+beta);

35 k3 = (1 + sgrt(sin(delta+phi)*sin(phi-ii)/cos(delta+beta)/cos(beta-ii)) )" 2;

36 Ka =k1/(k2*k3); % Coeficiente de presion activa de Coulomb

37

38 % Coeficiente de Presion Pasiva segun Rankine

39 Kp = tan((45*pi/ 180+phi/2))"2; % Coeficiente de presion pasiva de Rankine

40

41 fc = 3; % Capacidad a compresion del hormigon [ksi]

42 fy = 60; % Esfuerzo de cedencia del acero [ksi]

43iffc<=4

44 B1 = 0.85; %%%%%%%%%%% Beta 1
45 else

46 B1 = 0.85-0.05*(fc-4);

47 ifB1<0.65

48 B1 =0.65;

49 end

50end

51

52 %%%%%%%%%%%%%%%%%% Datos para cargas sismicas
%%9%69%%9%69%69%% %% %% %% %% %% %% %% %%
53
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54 ae = 0.20;

55Kh = ae;

56 Kv=0;

57 theta = atan(Kh/(1-Kv));

58 ec1 = cos(phi-theta-beta)"2;

59 ec2 = cos(theta)*cos(beta)"2*cos(delta+beta+theta);

60 ec3 = (1+sgrt(sin(phi+delta) *sin(phi-theta-ii)/cos(delta+beta+theta)/cos(ii-beta))) " 2;
61 Kae =ecl/(ec2*ec3);

62

63 %%%%%%%%%%%%%%%% Cuantia de acero %%%%%%%%%%%%%%%%%
64

65 pmax = 0.75*0.85*fc*B1*(87/(87+fy))/fy; %%%%%%%% Cuantia de acero maxima
66 pmin = 3*sqrt(fc*1000)/(fy* 1000); %%%%%%%% Cuantia de acero minima
67 if pmin < 200/(fy*1000)

68 pmin = 200/(fy*1000);
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69 end

70

71 % Presumir que p = 0.5*pmax

72 p =0.5*pmax;

73

74 %%%%%%%%%%%%%%% DISENO %%%%%%%%%%%%%%%
75 for j = 1:length(ho)

76 h(j) = ho(j)+D; % Altura desde la base de la zapata hasta el tope del muro [ft]
77 %— a) Espesor de la zapata (0.07h <= tb(j) <= 0.10h) [ft]

78

79 tb(j) = 0.05*h(j); %#ok<*SAGROW?> % Espesor de la zapata [ft]
80 a = tb(j)-fix(tb(j));

81b=0;

82ifa>0&&a<0.25

83b=0.253;

84 elseifa>0.25 && a<0.5

85b=0.5-23;

86 elseifa>0.5 && a<0.75

87 b=0.75-3;

88elseifa>0.75 && a< 1

89b=1-2a;

90 end

91 tb(j) = tb(j) + b; % Espesor de la zapata [ft]

92iftb(j) < 1

93tb(j) = 1;

94 end

95 dh = tb(j)*12-2-0.5; % Espesor efectivo del "heel" [in]

96 dt = tb(j)*12-3-0.5; % Espesor efectivo del "toe" [in]

97 hw(j) = ho(j) + 1; % Altura de la pared [ft]

98 h(j) = hw(j)+tb(j); % Altura desde la base de la zapata hasta el tope del muro [ft]
99

100 %- Altura equivalente para el "surcharge” [ft]

101 if hw(j) <= 4.92126

102 heq = 5.57743;

103 elseif hw(j) > 4.92126 && hw(j) <= 9.84252

104 heq = 7.21785-hw(j)/3;

105 elseif hw(j) > 9.84252 && hw(j) <= 19.68504

106 heq = 5.38058-11/75*hw(j);

107 elseif hw(j) > 19.68504 && hw(j) <= 29.52756

108 heq = 3.47769-hw(j)/20;

109 elseif hw(j) > 29.52756

110 heq=2.00131;

111 end

112ifii~=0

113 heq=0;

114 end
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115

116 %— b) Ancho de la zapata(L(j)) [ft]

117

118 P1{(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [Kip]
119 P2(j) = 0.5*(h(j)*Ka*w/1000)*h(j) *cos(delta); % Fuerza horizontal debido al suelo [kip]
120 Wx = w/1000*(h(j)+heq);

121 x = sqrt((P1(j)*h(j)+2/3*P2(j)*h(j))/Wx);

122 L(j) = 1.5*x; % Ancho de la zapata [ft]

123 a = L(j)-fix(L(j));

124b=0;

125ifa>0&&a<0.25

126 b=0.253;

127 elseifa > 0.25 && a<0.5

128 b = 0.5-a;

129 elseifa > 0.5 &&a < 0.75

130b =0.753;

131 elseifa>0.75 && a< 1

132b=1-3;

133 end

134 L(j) = L(j) + b; % Ancho de la zapata [ft]

135

136 %— c) Espesor de la pared(tw(j)) [in]
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137

138 M =[ Ka*w/1000/6 , heq*Ka*w/1000/2,0,0];

139 My = polyval(M,hw(j}); % Momento en la base de la pared [k(j)-t]
140 Mu = 1.6*My; % Momento de diseno [K(j)-ft]

141 m = fy/0.85/fc;

142 Rn = p*fy*(1-0.5*p*m);

143 d = sqrt(Mu*12/0.85/12/Rn|;

144twl=d+2+0.5;

145 tw(j) = ceil{tw1); % Espesor de la pared [in]

146 d =tw(j) - 2-0.5;

147

148 % Verificar cortante en la base de la pared

149 V = [ Ka*w/1000/2 , heq*Ka*w/1000, 0 |;

150 Vy = polyval(V,hw(j));

151 Vu = 1.6*Vy;

152 Vc=0;

153 while Vc < Vu

154 Vc = 0.85*2*sqrt(fc*1000)*12*d/1000;

155if Ve <Vu

156 tw(j) = tw(j]+1;

157 d = tw(j) - 2-0.5;

158 end

159 end

160 if tw(j) < 8

161 tw(j) = 8;

162d=tw(j)-2-0.5;

163 end

164

165 %— d) Verificar vuelco

166

167 Lh(j) = L(j)/ 1.5tw(j)/12; % Ancho del "heel" [ft]

168 Lt(j) = 1/3*L(j); % Ancho del "toe" [ft]

169 FSv(j) = 1; FSvae(j) = 1;

170 while FSv(j) <2 || eL(j) > 1 || eLae(j) > 1 || FSvae(j) < 1.4 || gmax(j) > gall | | gmin(j) > gall | | gmaxae >
qgall || gminae > gall

171 L(j) = Lt(j)+Lh(j)+tw(j)/12;

172 h(j) = hw(j)+tb(j)+Lh(j) *tan(ii); % Altura desde la base de la zapata hasta el tope del muro [ft]
173 P1{(j) = heq*Ka*w/1000*h(j); % Fuerza debido al surcharge [Kip]
174 P2(j) = 0.5*(Ka*w/1000)*h(j)"2*cos(delta); % Fuerza horizontal debido al suelo [kip]
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175 P3 = 0.5*(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [kip]
176 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro

177 W2 = 0.150*hw(j)*tw(j)/12; % "Stem"

178 W3 = 0.150*tb(j)*L(j); % Base

179 W4 = 0.5*Lh(j)*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)

180 Weq = w/1000*heqg*Lh(j); % Surcharge

181 R =W 1+W2+W3+W4+P3;%+Weq; % Resultante [kips]

182 % Brazos de momento con respecto al toe [ft]

183 b1 = L(j)-Lh{j)/2;

184 b2 = Lt(j)+tw(j)/12/2;

185b3 =L(j)/2;

186 b4 = L(j)-Lh(j)/3;

187 b5 = L(j);

188 % Momentos [k(j)-ft]

189 M1 =W1*Dbl;

190 M2 = W2*b2;

191 M3 = W3*b3;

192 M4 = W4*b4;

193 M5 = P3*b5;

194 Meq = Weq*b1;

195 Mres = M1+M2+M3+M4+M5;%+Meg;

196 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

197 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

198

199 % Verificar para cargas sismicas

200 Eaeh = 1/2*w*h(j)"2*(1-Kv)*Kae/ 1000*cos(delta); % Carga horizontal debido a terremoto
201 Eaev = 1/2*w*h(j)"2*(1-Kv)*Kae/ 1000*sin(delta); % Carga vertical debido a terremoto
202 M1h = Kh*W1*(hw(j)/2+tb(j));

203 M2h = Kh*W2*(hw(j)/2+tb(j));

204 M3h = Kh*W3*tb(j)/2;
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205 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

206 Megh = Kh*Weqg* (hw(j)+tb(j)+heqg/2);

207 DEaeh = Eaeh-P2(j);

208 DEaev = Eaev-P3;

209 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

210 Mvueae = P1(j)*h(j)/2+P2(j)*h(j)/3+DEaeh*0.6*h(j)+M 1h+M2h+M3h+M4h;%Megh;
211 Mresae = Mres+DEaev*L(j);

212 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
213

214 %— e) Localizacion de la resultante y presion del suelo en la zapata

215

216 xe = (Mres - Mvue)/R;

217 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

218 el(j) = 6*er/L(j);

219 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]

220 gmin(j) = R/L(j)*(1 - eL(j));

221

222 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%

223 xeae = (Mresae - Mvueae)/Rae;

224 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%

225 elae(j) = 6*erae/L(j);

226 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]

227 gminae = Rae/L(j)*(1 - eLae(j)); %%%%%%%%check%%%%%%%%%

228

229ifFSv(j) <2 || FSvae(j)< 1.4 || eL(j)> 1 || eLae(j) > 1 | | gmax(j) > qgall | | gmin(j) > gall | | gmaxae > qall
| | gminae > qall

230 Lt(j) = Lt(j) + 1/12;

231 %elseif eL(j) > 1 | eLae(j) > 1 | gmax(j) > qall | gmin(j) > qall | gmaxae > qall | gminae > qall
232 %Lt(j) = Lt(j) + 1/12;

233 if Lt(j)>30 %] Lh(j)>20

234 break
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235end

236 end

237 end

238 if Lt(j)>30 %] Lh(j)>20

239 break

240 end

241

242 %—- f) Verificar deslizamiento

243

244 h1 =tb(j);

245 Fsliding = P1(j) + P2(j);

246 Ffrict = mu*R;

247 Pp = 1/2*Kp*w/1000*h1"2;

248 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
249

250 ak(j) = 0; k(j) = 0;

251 Lplus = 0;

252 Lprov = Lh(j);

253 Lpt = Lt(j);

254 while FSsliding(j) < 1.5 | | eLae(j) > 1 || eL(j)> 1 || FSv(j) <2 || FSvae(j) < 1.4 || gmax(j) > gall | | gmin(j)
>qall | | gmaxae > qgall

| | gminae > qall

255 Lplus = Lplus + 1/12;

256 Lh(j) =Lh(j) + 1/12;

257 L(j) = Lt(j)+Lh(j)+tw(j)/12;

258 h(j) = hw(j)+tb(j)+Lh(j) *tan(ii); % Altura desde la base de la zapata hasta el tope del muro [ft]
259 P1(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [kip]

260 P2(j) = 0.5*(Ka*w/1000)*h(j)*2*cos(delta); % Fuerza horizontal debido al suelo [Kip]
261 P3 = 0.5%(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [Kip]
262 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro

263 W2 = 0.150*hw(j)*tw(j)/12; % "Stem"

264 W3 = 0.150*tb(j)*L(j); % Base

265 W4 = 0.5*Lh(j)*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)

266 Weq = w/1000*heq*Lh(j); % Surcharge

267 R=W1+W2+W3+W4+P3;%+Weq; % Resultante [Kips]

268 Fsliding = P1(j) + P2(j);

269 Ffrict = mu*R;

270 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
271 % Brazos de momento con respecto al toe [ft]
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272 b1 = L{j)-Lh(j)/2;

273 b2 = Lt(j)+tw(j)/12/2;

274 b3 =L{j)/2;

275 b4 = L(j)-Lh(j)/3;

276 b5 = L{(j);

277 % Momentos [K(j)-ft]

278 M1 =W1*b1;

279 M2 = W2*b2;

280 M3 = W3*b3;

281 M4 = W4*b4;

282 M5 = P3*b5;

283 Meq = Weqg*bl;

284 Mres = M1+M2+M3+M4+M5;%+Meq;

285 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

286 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

287

288 % Verificar para cargas sismicas

289 Eaeh = 1/2*w*h(j)*2*(1-Kv)*Kae/1000*cos(delta); % Carga horizontal debido a terremoto
290 Eaev = 1/2*w*h(j)"2*(1-Kv)*Kae/ 1000*sin(delta); % Carga vertical debido a terremoto
291 M1h = Kh*W1*(hw(j)/2+tb(j));

292 M2h = Kh*W2*(hw(j)/2+tb(j));

293 M3h = Kh*W3*tb(j)/2;
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294 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

295 Megh = Kh*Weqg* (hw(j)+tb(j)+heq/2);

296 DEaeh = Eaeh-P2(j);

297 DEaev = Eaev-P3;

298 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

299 Mvueae = P1(j)*h(j)/2+P2(j)*h(j)/3+DEaeh*0.6*h(j)+M 1h+M2h+M3h+M4h;%Megh;
300 Mresae = Mres+DEaev*L(j);

301 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
302

303 %— e) Localizacion de la resultante y presion del suelo en la zapata

304

305 xe = (Mres - Mvue)/R;

306 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

307 eL(j) = 6*er/L(j);

308 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]

309 gmin(j) = R/L{j)*(1 - eL(j));

310

311 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%

312 xeae = (Mresae - Mvueae)/Rae;

313 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%

314 elLae(j) = 6*erae/L(j);

315 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]

316 gminae = Rae/L(j)*(1 - eLae(j)); %%%%%%%%check%%%%%%%%%

317

318ifFSv(j) <2 || FSvae(j)< 1.4 || eL(j)> 1 || eLae(j) > 1 | | gmax(j) > gall | | gmin(j) > gall | | gmaxae > qall
| | gminae > qall

319 Lt(j) = Lt(j) + 1/12;

320 if Lt(j)>30 %] Lh(j)>20

321 break

322 end

323 end

324 if Lplus> 3

325 FSsliding(j) = 1;

326 break

327 end

328 end

329

330

331if FSsliding(j) < 1.5 % Disenar "shear key"

332 Lh(j) = Lprov;

333 Lt(j) = Lpt;

334 L(j) = Lt(j)+Lh(j)+tw(j)/12;

335 h(j) = hw(j)+tb(j)+Lh(j) *tan(ii); % Altura desde la base de la zapata hasta el tope del muro [ft]
336 P1(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [kip]

337 P2(j) = 0.5*(Ka*w/1000)*h(j)*2*cos(delta); % Fuerza horizontal debido al suelo [Kip]
338 P3 = 0.5*(Ka*w/ 1000)*h(j)"2*sin(delta); % Fuerza vertical debido al suelo [kip]
339 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro
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340 W2 = 0.150*hw(j) *tw(j)/12; % "Stem"

341 W3 =0.150*tb(j)*L(j); % Base

342 W4 = 0.5*Lh(j)*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)

343 Weq = w/1000*heq*Lh(j); % Surcharge

344 R = W1+W2+W3+W4+P3;%+Weq; % Resultante [Kips]

345 Fsliding = P1(j) + P2(j);

346 Ffrict = mu*R;

347 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
348 % Brazos de momento con respecto al toe [ft]

349 b1 = L{(j)-Lh(j)/2;

350 b2 = Lt(j)+tw(j)/12/2;

351 b3 =L{j)/2;

352 b4 = L(j)-Lh(j)/3;

353 b5 =L{j);
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354 % Momentos [K(j)-ft]

355M1 =W1*b1;

356 M2 = W2*b2;

357 M3 = W3*b3;

358 M4 = W4*b4;

359 M5 = P3*b5;

360 Meq = Weq*bl;

361 Mres = M1+M2+M3+M4+M5;%+Meq;

362 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

363 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

364

365 % Verificar para cargas sismicas

366 Eaeh = 1/2*w*h(j)*2*(1-Kv)*Kae/1000*cos(delta); % Carga horizontal debido a terremoto
367 Eaev = 1/2*w*h(j)"2*(1-Kv)*Kae/ 1000*sin(delta); % Carga vertical debido a terremoto
368 M1h = Kh*W1*(hw(j)/2+tb(j));

369 M2h = Kh*W2*(hw(j)/2+tb(j));

370 M3h = Kh*W3*tb(j)/2;

371 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

372 Megh = Kh*Weqg* (hw(j)+tb(j)+heq/2);

373 DEaeh = Eaeh-P2(j);

374 DEaev = Eaev-P3;

375 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

376 Mvueae = P1(j)*h(j)/2+P2(j)*h(j)/3+DEaeh*0.6*h(j)+M 1h+M2h+M3h+M4h;%Megh;
377 Mresae = Mres+DEaev*L(j);

378 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
379

380 %— e) Localizacion de la resultante y presion del suelo en la zapata
381

382 xe = (Mres - Mvue)/R;

383 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

384 elL(j) = 6*er/L(j);

385 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]
386 gmin(j) = R/L(j)*(1 - eL(j));

387

388 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%
389 xeae = (Mresae - Mvueae)/Rae;

390 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%

391 elLae(j) = 6*erae/L(j);

392 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]
393 gminae = Rae/L(j)*(1 - eLae(j));

394

395 mul = tan(phi);

396 q1 = (qmax(j]-gmin(j})* (Lh(j}+5/12)/L(j)+qmin(j);

397 h1 =tb(j);

398 R1 = (gmax(j)+q1)/2*(L(j)-Lh(j)-5/12);

399 R2 = (q1+gmin(j))/2*(Lh(j)+5/12);

400 F = mul*R1+mu*R2;

401 Pp = 1.5*Fsliding-F;

402 ak(j) = (-Kp*w*h1+sqrt((Kp*w*h1)*2+2000*Kp*w*Pp))/(Kp*w);
403ifPp<0

404 ak(j) = 0.5;

405 Pp = Kp*w/1000*(h1+ak(j))"2/2;

406 end

407 FSsliding(j) = (F+Pp)/(P1(j)+P2(j));
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408 end

409

410 % Verificar deslizamiento para cargas sismicas

411 if ak(j) ==

412 ak(j) = 0;

413 Pp = Kp*w/1000*(h1+ak(j))"2/2;

414 FSsae(j) = (mu*Rae+Pp)/(P1(j)+P2(j)+DEaeh);
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415 elseif ak(j) >0

416 glae = (gmaxae-gminae)*(Lh(j]+5/12)/L(j)+gminae;
417 R1ae = (gmaxae+qlae)/2*(L(j)-Lh(j)-5/12);

418 R2ae = (qlae+gminae)/2*(Lh(j)+5/12);

419 Fae = mul*Rl1ae+mu*R2ae;

420 Pp = Kp*w/1000*(h1+ak(j))"2/2;

421 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j]+DEaeh);

422 end

423

424 if FSsae(j) < 1.1 %Redisenar "shear key"

425 h1 =tb(j);

426 mul = tan(phi);

427 qlae = (gmaxae-gminae)*(Lh(j)+5/12)/L(j)+gminae;
428 R1ae = (gmaxae+qlae)/2*(L(j)-Lh(j)-5/12);

429 R2ae = (qlae+gminae)/2*(Lh(j)+5/12);

430 Fae = mul*Rlae+mu*R2ae;

431 Pp = (1.5/1.3)*(P1(j)+P2(j)+DEaeh)-Fae;

432 ak(j) = (-Kp*w*h1+sqrt((Kp*w*h1)"2+2000*Kp*w*Pp))/(Kp*w);
433ifPp<0

434 ak(j) = 0.5;

435 Pp = Kp*w/1000*(h1+ak(j))"2/2;

436 end

437 q1 = (qmax(j]-gmin(j})* (Lh(j}+5/12)/L(j)+qmin(j);
438 R1 = (gmax(j)*+q1)/2*(L(j)-Lh(j)-5/12);

439 R2 = (q1+gmin(j))/2*(Lh(j)+5/12);

440 F = mul*R1+mu*R2;

441 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j)+DEaeh);

442 FSsliding(j) = (F+Pp)/(P1(j)+P2(j));

443 end

444

445 if ak(j) > 0

446 o = ak(j)-fix(ak(j));

447 b =0;

448ifo>0 && 0<0.25

449 b =0.25-0;

450 elseif 0 > 0.25 && 0 < 0.5

451 b=0.5-c;

452 elseif 0 > 0.5 && 0<0.75

453 b =0.75-0;

454 elseif 0> 0.75 && o< 1

455b=1-o;

456 end

457 ak(j) = 12*(ak(j) + b); % Alto del shear key ("k(j)") [in]
458 k(j) = ceil(ak(j)/2); % Ancho del shear key ("t") [in]
459 Vk = [ Kp*w/1000/2,0,0];

460 Vyk = polyval(Vk,h1);

461 Vuk = 1.7*Vyk;

462 Vck = 0;

463 while Vck < Vuk

464 VVck = 0.85*2*sqgrt(fc* 1000)* 12*(k(j})/ 1000;

465 if Vck < Vuk

466 k(j) = k(j)+1;

467 end

468 end

469 if ak(j) < 6 && ak(j) > 0
470 ak(j) = 6;

471 end

472 ifk(j) < 12 &&k(j) >0
473 k(j) = 12;

474 end

475 end
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476 ak(j) = ak(j)/12;

477 if ak(j) > 0

478 Pp = Kp*w/1000*(h1+ak(j))"2/2;

479 FSsliding(j) = (F+Pp)/(P1(j)+P2(j));

480 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j)+DEaeh);
481 end

482

483 %—qg) Diseno del "Heel"

484

485 phiVc=0;Vu=1;

486 while phiVc < Vu

487 Wsoil = w/1000*hw(j) + w/1000*Lh(j)*tan(ii)/2;
488 Wsurch = w/1000*heq;

489 Wconc = 0.150*tb(j);

490 Lhd = Lh(j)+(2+0.5)/12; % Largo del heel + d [ft]
491 Wu = 1.2*(Wsoil+Wconc)+1.6*Wsurch;
492 Mu = 0.5*Wu*Lhd"2;

493 Vu = Wu*(Lhd-dh/12);

494 phiVc = 0.85*2*sqrt(fc*1000)* 12*dh/1000;
495 if phiVc < Vu

496 dh = dh+0.25; % Espesor efectivo del heel
497 tb(j) = ceil([dh+2+0.5)/12;

498 end

499 end

500

501 % Acero del heel

502 Rn = Mu/(0.9*12*dh"2);

503 m = fy/0.85/fc;

504 pheel = 1/m*(1-sqrt(1-2*m*Rn/fy));

505 if pheel < pmin

506 pheel = pmin;

507 end

508 Asheel = pheel* 12*dh; % Cuantia de acero en el heel [in*2/ft]
509 if Asheel >= 0 && Asheel < 0.44

510 varheel(j) = 4;

511 Avarheel = 0.2;

512 elseif Asheel >= 0.44 && Asheel <0.79
513 varheel(j) = 6;

514 Avarheel = 0.44;

515 elseif Asheel >= 0.79 && Asheel < 1.27
516 varheel(j) = 8;

517 Avarheel = 0.79;

518 elseif Asheel >= 1.27

519 varheel(j) = 10;

520 Avarheel = 1.27;

521 end

522 Sheel(j) = floor(12/(Asheel/Avarheel));
523 if Sheel(j) > 18

524 Sheel(j) = 18;

525 end

526

527 % Largo de desarrollo varillas del heel
528

529 dl = varheel(j)/8; % Diametro de la varilla
530 alphal =0.7;

531 alphaz=1;

532 alpha3 =1;

533 alpha4 =1;

534 alpha5=1;

535 eta = 11/8; % Factor de reversal

536 Idheel(j) = ceil(0.02*(fy* 1000)/sqrt(fc* 1000)*eta*dl*alphal*alpha2*alpha3*alpha4*alpha5); % Largo
de desarrollo varillas del

heel
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537 div = Idheel(j)/3;

538 while div-floor(div) ~=0

539 Idheel(j) = Idheel(j)+1;

540 div = Idheel(j)/3;

541 end

542 Idheelav = 12*(L(j)-(Lh(j)+2/12));
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543 if Idheel(j) > Idheelav

544 Lt(j) = Lt(j) + (Idheel(j)-ldheelav+3)/12;

545 L(j) = Lh(j)+Lt(j)+tw(j)/12;

546 end

547

548 %—nh(j)) Diseno del "Toe"

549

550 phiVc =0; Vu = 1; Vuae = 1;

551 while phiVc < Vu || phiVc<Vuae || eLae(j) > 1 || eL(j)> 1 || FSv(j) <2 || FSvae(j) < 1.4 | | gmax(j) > gall
|1 amin(j) > qall ||

gmaxae > qall | | gminae > qall

552 Ldt = Lt(j)-dt/12;

553

554 P1(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [kip]

555 P2(j) = 0.5*(Ka*w/1000)*h(j)"2*cos(delta); % Fuerza horizontal debido al suelo [kip]
556 P3 = 0.5*(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [kip]
557 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro

558 W2 = 0.150*hw/(j)*tw(j)/12; % "Stem"

559 W3 = 0.150*tb(j)*L(j); % Base

560 W4 = 0.5*Lh(j)*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)

561 Weqg = w/1000*heqg*Lh(j); % Surcharge

562 R = W1+W2+W3+W4+P3;%+Weq; % Resultante [Kips]

563 % Brazos de momento con respecto al toe [ft]

564 b1 = L(j)-Lh(j)/2;

565 b2 = Lt(j)+tw(j)/12/2;

566 b3 =L(j)/2;

567 b4 = L(j)-Lh(j)/3;

568 b5 = L(j);

569 % Momentos [k(j)-ft]

570 M1 =W1*b1;

571 M2 =W2*b2;

572 M3 = W3*b3;

573 M4 = W4*b4;

574 M5 = P3*b5;

575 Meq = Weq*b1;

576 Mres = M1+M2+M3+M4+M5;%+Meq;

577 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

578 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

579

580 % Verificar para cargas sismicas

581 Eaeh = 1/2*w*h(j)*2*(1-Kv)*Kae/1000*cos(delta); % Carga horizontal debido a terremoto
582 Eaev = 1/2*w*h(j)*2*(1-Kv)*Kae/ 1000*sin(delta); % Carga vertical debido a terremoto
583 M1h = Kh*W 1*(hw(j)/2+tb(j));

584 M2h = Kh*W2*(hw(j)/2+tb(j));

585 M3h = Kh*W3*tb(j)/2;

586 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

587 Megh = Kh*Weq*(hw(j)+tb(j)+heq/2);

588 DEaeh = Eaeh-P2(j);

589 DEaev = Eaev-P3;

590 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

591 Mvueae = P1(j)*h(j)/2+P2(j)*h(j)/3+DEaeh*0.6*h(jj+M1h+M2h+M3h+M4h;%Megh;
592 Mresae = Mres+DEaev*L(j);

593 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
594

595 %— e) Localizacion de la resultante y presion del suelo en la zapata
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596

597 xe = (Mres - Mvue)/R;

598 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

599 eL(j) = 6*er/L(j);

600 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]
601 gmin(j) = R/L(j)*(1 - eL(j));

602

603 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%
604 xeae = (Mresae - Mvueae)/Rae;

605 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%
606 elLae(j) = 6*erae/L(j);

607 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]
608 gminae = Rae/L(j)*(1 - eLae(j)); %%%%%%%%check%%%%%%%%%
609
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610 qt1 = (gmax(j) - gmin(j))*( 1-Ldt/L(j))+gmin(j);

611 qt2 = (qmax(j) - gmin(j))*( 1-Lt(j)/L{j)) +gmin(j);

612 Vu = 1.6*((gmax(j) + qt1)/2-Wconc)*Ldt;

613 phiVc = 0.85*2*sqrt(fc* 1000)* 12*dt/1000;

614 Mu = 1.6*(1/3*(gmax(j)-qt2)+1/2*qt2-1/2*Wconc) *Lt(j)"2;
615 % Cargas sismicas

616 qtlae = (gmaxae - gminae)*(1-Ldt/L(j)]+gminae;

617 gt2ae = (gmaxae - gminae)*( 1-Lt(j)/L(j)) +gminae;

618 Vuae = 1.6*((gmaxae + qtlae)/2-Wconc)*Ldt;

619 Muae = 1.6*(1/3*(gmaxae-qt2ae)+1/2*qt2ae-1/2*Wconc)*Lt(j)"2;
620 if phiVc < Vu || phiVc < Vuae

621 dt = dt+0.25; % Espesor efectivo del toe

622 tb(j) = (dt+3+0.5)/12;

623 end

624ifFSv(j)<2 || FSvae(j)< 1.4 || eL(j)> 1 || eLae(j) > 1 | | gmax(j] > gall | | gmin(j) > gall | | gmaxae > qall
| | gminae > qall

625 Lt(j) = Lt(j) + 1/12;

626 if Lt(j)>30 %] Lh(j)>20

627 break

628 end

629 end

630 end

631

632 % Acero del "toe”

633 Rn = (max(Mu,Muae))/(0.9*12*dt"2);

634 ptoe = 1/m*(1-sqrt(1-2*m*Rn/fy));

635 if ptoe < pmin

636 ptoe = pmin;

637 end

638 Astoe = ptoe* 12*dt; % Cuantia de acero en el toe [in"2/ft]
639 if Astoe >= 0 && Astoe < 0.44

640 vartoe(j) = 4; % Numero de varilla

641 Avartoe = 0.2;

642 elseif Astoe >= 0.44 && Astoe <0.79

643 vartoe(j) = 6;

644 Avartoe = 0.44;

645 elseif Astoe >= 0.79 && Astoe < 1.27

646 vartoe(j) = 8;

647 Avartoe = 0.79;

648 elseif Astoe >= 1.27 && Astoe < 1.41

649 vartoe(j) = 10;

650 Avartoe = 1.27;

651 elseif Astoe >=1.41

652 vartoe(j) = 11;

653 Avartoe = 1.41;

654 end

655 Stoe(j) = floor(12/(Astoe/Avartoe)); % Espaciado de la varilla
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656 if Stoe(j) > 18

657 Stoe(j) = 18;

658 end

659

660 % Largo de desarrollo varillas del toe
661

662 dl = vartoe(j)/8; % Diametro de la varilla
663 alphal =0.7;

664 alphaz = 1;
665 alpha3 =1;
666 alpha4 = 1;
667 alpha5 = 1;

668 eta = 11/8; % Factor de reversal

669 Idtoe(j) = ceil(0.02*(fy* 1000)/sqrt(fc* 1000)*eta*dl*alpha1*alpha2*alpha3*alpha4*alpha5); % Largo de
desarrollo varillas del

heel

670 div = Idtoe(j)/3;

671 while div-floor(div) ~= 0

672 Idtoe(j) = Idtoe(j)+1;

673 div = Idtoe(j)/3;

674 end

675 Idtoeav = 12*(L(j)-(Lt(j)+2/12));

676 if Idtoe(j) > Idtoeav
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677 Lh(j) = Lh{j) + (Idtoe(j)-Idtoeav+3)/12;

678 L(j) = Lh(j)+Lt(j)+tw(j)/12;

679 h(j) = hw(j)+tb(j)+Lh(j) *tan(ii);

680 end

681

682 %% Acero de temperatura

683

684 Asbase = 0.0018*tb(j)* 144; % Acero de temperatura en la base [in"2]

685 if Asbase >= 0 && Asbase < 0.44

686 varbase(j) = 4;

687 Avarbase = 0.2;

688 elseif Asbase >= 0.44 && Asbase < 0.79

689 varbase(j) = 6;

690 Avarbase = 0.44;

691 elseif Asbase >= 0.79 && Asbase < 1.27

692 varbase(j) = 8;

693 Avarbase = 0.79;

694 elseif Asbase >= 1.27 && Asbase < 1.41

695 varbase(j) = 10;

696 Avarbase = 1.27;

697 elseif Asbase >= 1.41

698 varbase(j) = 11;

699 Avarbase = 1.41;

700 end

701 Sbase = 12/(Asbase/Avarbase);

702 cantvar(j) = ceil((ceil(L(j)* 12/Sbase)+1)/2); % Cantidad de varillas de temperatura para el heel y el toe
703 if cantvar(j) <= 3

704 cantvar(j) = 3;

705 end

706

707 %— d) Verificar vuelco

708 while FSv(j) <2 || eL(j)> 1 || eLae(j) > 1 || FSvae(j) < 1.4 || gmax(j) > qall | | gmin(j) > gall | | gmaxae >
qgall || gminae > gall

709 h(j) = hw(j)+tb(j)+Lh(j) *tan(ii); % Altura desde la base de la zapata hasta el tope del muro [ft]
710 P1(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [kip]

711 P2(j) = 0.5%(Ka*w/1000)*h(j)*2*cos(delta); % Fuerza horizontal debido al suelo [Kip]
712 P3 = 0.5*(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [kip]
713 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro
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714 W2 = 0.150*hw(j)*tw(j)/12; % "Stem"

715 W3 =0.150*tb(j)*L(j); % Base

716 W4 = 0.5*Lh(j)*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)
717 Weqg = w/1000*heqg*Lh(j); % Surcharge

718 R =W 1+W2+W3+W4+P3;%+Weq; % Resultante [Kips]

719 % Brazos de momento con respecto al toe [ft]

720 b1 = L(j)-Lh(j)/2;

721 b2 = Lt(j)+tw(j)/12/2;

722b3=L(j)/2;

723 b4 = L(j)-Lh(j)/3;

724 b5 =L(j);

725 % Momentos [k(j)-ft]

726 M1 =W1*b1;

727 M2 = \W2*b2;

728 M3 = W3*b3;

729 M4 = W4*b4;

730 M5 = P3*b5;

731 Meq = Weq*b1;

732 Mres = M1+M2+M3+M4+M5;%+Meq;

733 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

734 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

735

736 % Verificar para cargas sismicas

737 Eaeh = 1/2*w*h(j)"*2*(1-Kv)*Kae/ 1000*cos(delta); % Carga horizontal debido a terremoto
738 Eaev = 1/2*w*h(j)*2*(1-Kv)*Kae/ 1000*sin(delta); % Carga vertical debido a terremoto
739 M1h = Kh*W1*(hw(j)/2+tb(j));

740 M2h = Kh*W2*(hw(j)/2+tb(j));

741 M3h = Kh*W3*tb(j)/2;

742 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

743 Megh = Kh*Weq*(hw(j)+tb(j)+heq/2);

744 DEaeh = Eaeh-P2(j);
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745 DEaev = Eaev-P3;

746 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

747 Mvueae = P1(j)*h(j)/2+P2(j)*h(j)/3+DEaeh*0.6*h(j)j+M 1h+M2h+M3h+M4h;%Meqgh;
748 Mresae = Mres+DEaev*L(j);

749 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
750

751 %— e) Localizacion de la resultante y presion del suelo en la zapata
752

753 xe = (Mres - Mvue)/R;

754 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

755 el (j) = 6*er/L(j);

756 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]

757 gmin(j) = R/L(j)*(1 - eL(j));

758

759 % Verificar para cargas sismicas

760 xeae = (Mresae - Mvueae)/Rae;

761 erae = abs(L(j)/2 - xeae);

762 elLae(j) = 6*erae/L(j);

763 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]
764 gminae = Rae/L(j)*(1 - eLae(j));

765ifFSv(j) <2 || FSvae(j) < 1.4 || eL(j] > 1 || eLae(j) > 1 || gmax(j) >qall | | gmin(j) > gall | | gmaxae > gall
| | gminae > qall

766 Lt(j) = Lt(j) + 1/12;

767 if Lt(j)>30 %] Lh(j}>20

768 break

769 end

770 end

771 end

772

773 %— f) Verificar deslizamiento
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774

775 ak(j) = 0; h1 = tb(j);

776 Fsliding = P1(j) + P2(j);

777 Ffrict = mu*R;

778 Pp = Kp*w/1000*(h1+ak(j))*2/2;

779 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
780

781 ak(j) = 0; k(j) = 0;

782 if FSsliding(j) < 1.5 % Disenar "shear key"

783 mul = tan(phi);

784 q1 = (qmax(j)-gmin(j) | *(Lh(j)+5/12)/L(j) +gmin(j);

785 h1 =tb(j);

786 R1 = (gmax(j)+ql)/2*(L(j)-Lh(j)-5/12);

787 R2 = (q1+gmin(j))/2*(Lh(j)+5/12);

788 F = mu1*R1+mu*R2;

789 Pp = 1.5*Fsliding-F;

790 ak(j) = (-Kp*w*h1+sqgrt((Kp*w*h1)*2+2000*Kp*wW*Pp))/(Kp*w);
791ifPp<0

792 ak(j) = 0.5;

793 Pp = Kp*w/1000*(h1+ak(j))"2/2;

794 end

795 FSsliding(j) = (F+Pp)/(P1(j)+P2(j));

796 end

797

798 % Verificar deslizamiento para cargas sismicas
799 if ak(j) ==

800 ak(j) = 0;

801 Pp = Kp*w/1000*(h1+ak(j))"2/2;

802 FSsae(j) = (mu*Rae+Pp)/(P1(j)+P2(j)+DEaeh);

803 elseif ak(j) >0

804 glae = (gmaxae-gminae)*(Lh(j]+5/12)/L(j)+gminae;
805 R1ae = (gmaxae+qlae)/2*(L(j)-Lh(j)-5/12);

806 R2ae = (qlae+gminae)/2*(Lh(j)+5/12);

807 Fae = mul*Rl1ae+mu*R2ae;

808 Pp = Kp*w/1000*(h1+ak(j))"2/2;

809 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j]+DEaeh);

810 end

811

812 if FSsae(j) < 1.1 %Redisenar "shear key"
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813 h1 =tb(j);

814 mul = tan(phi);

815 glae = (gmaxae-gminae)*(Lh(j)+5/12)/L(j)+gminae;
816 R1ae = (gmaxae+qlae)/2*(L(j)-Lh(j)-5/12);

817 R2ae = (qlae+gminae)/2*(Lh(j)+5/12);

818 Fae = mul*Rlae+mu*R2ae;

819 Pp = (1.5/1.3)*(P1(j)+P2(j)+DEaeh)-Fae;

820 ak(j) = (-Kp*w*h1+sqrt((Kp*w*h1)*2+2000*Kp*wW*Pp))/(Kp*w);
821ifPp<0

822 ak(j) = 0.5;
823 Pp = Kp*w/1000*(h1+ak(j))"2/2;
824 end

825 q1 = (gmax(j]-gmin(j))*(Lh(j}+5/12)/L(j} +qmin(j);
826 R1 = (gmax(j)+q1)/2*(L(j)-Lh(j)-5/12);

827 R2 = (q1+gmin(j))/2*(Lh(j)+5/12);

828 F = mul*R1+mu*R2;

829 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j)+DEaeh);

830 FSsliding(j) = (F+Pp)/(P1(j)*+P2(j));

831 end

832

833ifak(j)>0

834 o = ak(j)-fix(ak(j));
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835b=0;

836ifo>0&&0<0.25

837 b =0.25-0;

838 elseif 0> 0.25 && 0< 0.5

839b=0.5-c;

840 elseif 0> 0.5 && 0<0.75

841b=0.75-0;

842 elseif 0> 0.75 && o<1

843b=1-0;

844 end

845 ak(j) = 12*(ak(j) + b); % Alto del shear key ("k(j)") [in]
846 k(j) = ceil(ak(j)/2); % Ancho del shear key ("t") [in]
847 Vk = [ Kp*w/1000/2,0,0];

848 Vyk = polyval(Vk,h1);

849 Vuk = 1.7*Vyk;

850 Vck = 0;

851 while Vck < Vuk

852 Vck = 0.85*2*sqrt(fc* 1000)* 12*(k(j})/ 1000;

853 if Vck < Vuk

854 k(j) = k(j)+1;

855 end

856 end

857 if ak(j) < 6 && ak(j) > 0
858 ak(j) = 6;

859 end

860 if k(j) < 12 &&k(j) > 0
861k(j) =12;

862 end

863 ak(j) = ak(j)/12;

864 Kk(j) = k(j)/12;

865 end

866 if ak(j) > 0

867 Pp = Kp*w/1000*(h1+ak(j))"2/2;

868 FSsliding(j) = (F+Pp)/(P1(j)+P2(j));

869 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j)+DEaeh);

870 end

871

872 %—i)|Diseno de la pared

873

874 M = [ Ka*w/1000/6 , heq*Ka*w/1000/2,0,0];

875 Mu = 1.6*polyval(M,hw(j));

876 Rn =Mu*12/(0.9*12*d"2);

877 pwall = 1/m*(1-sqrt(1-2*m*Rn/fy));

878 if pwall < pmin

879 pwall = pmin;

880 end

04-04-11 08:03 PM C:\Users\Ricardo\Documents\Muros de
Contencion\ACT\DisenoMurosContencionCoulomb3b.m 14 of 19
881 Asw = pwall*12*d; % Cuantia de acero en la pared [in"2/ft]
882

883 % Acero de temperatura en la pared

884 Astemp = 0.0025* 12*tw(j); % Acero de temperatura total [in"2/ft]
885

886 Ashorizf = 2/3*Astemp; % Acero de temperatura horizontal en la cara frontal
887 if Ashorizf >= 0 && Ashorizf < 0.44

888 varhorizf(j) = 4;

889 Avarhorizf = 0.2;

890 elseif Ashorizf >= 0.44 && Ashorizf <0.79

891 varhorizf(j) = 6;

892 Avarhorizf = 0.44;

893 elseif Ashorizf >= 0.79 && Ashorizf < 1.27

894 varhorizf(j) = 8;

895 Avarhorizf = 0.79;
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896 elseif Ashorizf >=1.27

897 varhorizf(j) = 10;

898 Avarhorizf = 1.27;

899 end

900 Shorizf(j) = floor(12/{Ashorizf/Avarhorizf));

901 if Shorizf(j) > 18

902 Shorizf(j) = 18;

903 end

904

905 Asvertf = 0.0015*12*tw(j); % Acero de temperatura vertical en la cara frontal
906 if Asvertf >= 0 && Asvertf < 0.44

907 varvertf(j) = 4;

908 Avarvertf = 0.2;

909 elseif Asvertf >= 0.44 && Asvertf < 0.79

910 varvertf(j) = 6;

911 Avarvertf = 0.44;

912 elseif Asvertf >= 0.79 && Asvertf < 1.27

913 varvertf(j) = 8;

914 Avarvertf = 0.79;

915 elseif Asvertf >= 1.27

916 varvertf(j) = 10;

917 Avarvertf = 1.27;

918 end

919 Svertf(j) = floor(12/(Asvertf/Avarvertf));

920 if Svertf(j) > 18

921 Svertf(j) = 18;

922 end

923

924 Ashorizr = 1/3*Astemp; % Acero de temperatura horizontal en la cara trasera
925 if Ashorizr >= 0 && Ashorizr < 0.44

926 varhorizr(j) = 4;

927 Avarhorizr = 0.2;

928 elseif Ashorizr >= 0.44 && Ashorizr<0.79

929 varhorizr(j) = 6;

930 Avarhorizr = 0.44;

931 elseif Ashorizr >= 0.79 && Ashorizr < 1.27

932 varhorizr(j) = 8;

933 Avarhorizr = 0.79;

934 elseif Ashorizr >= 1.27

935 varhorizr(j) = 10;

936 Avarhorizr = 1.27;

937 end

938 Shorizr(j) = floor(12/(Ashorizr/Avarhorizr));

939 if Shorizr(j) > 18

940 Shorizr(j) = 18;

941 end

942

943 % Verificar diseno de la pared para cargas sismicas
944 Wsur = heq*Ka*w/1000;

945 Wae = Eaeh/hw(j);

946 Wu = 1.0*(Wsur+Wae);

947 Mu = 1/2*Wu*hw(j)"2;

948 Rn = Mu*12/(0.9*12*d"2);

04-04-11 08:03 PM C:\Users\Ricardo\Documents\Muros de
Contencion\ACT\DisenoMurosContencionCoulomb3b.m 15 of 19
949 pwall = 1/m*(1-sqrt(1-2*m*Rn/fy));

950 Aswallae = pwall*12*d;

951 if Aswallae > Asw

952 Aswall(j) = Aswallae; % Cuantia de acero en la pared [in~2/ft]
953 else

954 Aswall(j) = Asw; % Cuantia de acero en la pared [in"2/ft]
955 end

956
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957 if Aswall(j) >= 0 && Aswall(j) < 0.44

958 varwall(j) = 4;

959 Avarwall = 0.2;

960 elseif Aswall(j) >= 0.44 && Aswall(j) < 0.79

961 varwall(j) = 6;

962 Avarwall = 0.44;

963 elseif Aswall(j) >= 0.79 && Aswall(j) < 1.27

964 varwall(j) = 8;

965 Avarwall = 0.79;

966 elseif Aswall(j) >= 1.27 && Aswall(j) < 3

967 varwall(j) = 10;

968 Avarwall = 1.27;

969 elseif Aswall(j) >= 3

970 varwall(j) = 11;

971 Avarwall = 1.56;

972 end

973 Swall(j) = floor(12/(Aswall(j)/Avarwall));

974 if Swall(j) > 18

975 Swall(j) = 18;

976 end

977 Asprov = 12*Avarwall/Swall(j);

978

979 % Largo de desarrollo varillas principales de la pared en la base
980

981 dl = varwall(j)/8; % Diametro de la varilla

982 alphal =0.7;

983 alphaz = 1;

984 alpha3 = 1;

985 alpha4 = 1;

986 alpha5 = 1;

987 eta = 11/8; % Factor de reversal

988 Idwallb(j) = ceil(0.02*(fy* 1000)/sqrt(fc* 1000) *eta*dl*alphal1*alpha2*alpha3*alpha4*alpha5); % Largo
de desarrollo varillas

principales en la base

989 div = Idwallb(j)/3;

990 while div-floor(div) ~=0

991 Idwallb(j) = Idwallb(j)+1;

992 div = Idwallb(j)/3;

993 end

994 Idwallav = 12*tb(j)+ak(j)-3;

995 if Idwallb(j) > Idwallav

996 if Idwallb(j)-ldwallav <= 3 && ak(j) ==

997 tb(j) = tb(j)+(Idwallb(j)-ldwallav)/12;

998 Idwallav = 12*tb(j)-3;

999 P1(j) = heg*Ka*w/1000*h(j); % Fuerza debido al surcharge [kip]
1000 P2(j) = 0.5*(Ka*w/1000)*h(j)"2*cos(delta); % Fuerza horizontal debido al suelo [kip]
1001 P3 = 0.5*(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [Kip]
1002 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro

1003 W2 = 0.150*hw(j)*tw(j)/ 12; % "Stem"

1004 W3 = 0.150*tb(j)*L(j); % Base

1005 W4 = 0.5*Lh(j)"*2*tan(ii)*w/1000; % Suelo detras de muro(triangular)
1006 Weq = w/1000*heqg*Lh(j); % Surcharge

1007 R = W1+W2+W3+W4+P3;%+Weq; % Resultante [Kips]

1008 Fsliding = P1(j) + P2(j);

1009 Ffrict = mu*R;

1010 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
1011 % Brazos de momento con respecto al toe [ft]

1012 b1 = L(j)-Lh{(j)/2;

1013 b2 = Lt(j)+tw(j)/12/2;

1014 b3 =L(j)/2;

1015 b4 = L(j)-Lh(j)/3;

04-04-11 08:03 PM C:\Users\Ricardo\Documents\Muros de
Contencion\ACT\DisenoMurosContencionCoulomb3b.m 16 of 19

77



1016 b5 = L(j);

1017 % Momentos [k(j)-ft]

1018 M1 =W1*bl;

1019 M2 = W2*b2;

1020 M3 = W3*b3;

1021 M4 = W4*b4;

1022 M5 = P3*b5;

1023 Meq = Weq*b1;

1024 Mres = M1+M2+M3+M4+M5;%+Meq;

1025 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

1026 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

1027

1028 % Verificar para cargas sismicas

1029 Eaeh = 1/2*w*h(j)"*2*(1-Kv)*Kae/ 1000*cos(delta); % Carga horizontal debido a terremoto
1030 Eaev = 1/2*w*h(j)*2*(1-Kv)*Kae/1000*sin(delta); % Carga vertical debido a terremoto
1031 M1h = Kh*W1*(hw(j)/2+tb(j));

1032 M2h = Kh*W2*(hw(j)/2+tb(j));

1033 M3h = Kh*W3*tb(j)/2;

1034 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

1035 Megh = Kh*Weq*(hw(j)+tb(j)+heq/2);

1036 DEaeh = Eaeh-P2(j);

1037 DEaev = Eaev-P3;

1038 Rae = R+DEaev; %%%%%%%% check %%%%%%%%%

1039 Mvueae = P1(j)*h(j)/2+P2(j) *h(j)/3+DEaeh*0.6*h(j)+M 1h+M2h+M3h+M4h;%Meqgh;
1040 Mresae = Mres+DEaev*L(j);

1041 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
1042

1043 %— e) Localizacion de la resultante y presion del suelo en la zapata

1044

1045 xe = (Mres - Mvue)/R;

1046 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

1047 eL(j) = 6*er/L{j);

1048 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [Ksf]

1049 gmin(j) = R/L(j)*(1 - eL(j));

1050

1051 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%

1052 xeae = (Mresae - Mvueae)/Rae;

1053 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%

1054 eLae(j) = 6*erae/L(j);

1055 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]

1056 gminae = Rae/L(j)*(1 - eLae(j));

1057 if FSv(j) <2 || eL(j)> 1 | | eLae(j) > 1 || FSvae(j) < 1.4 || gmax(j) > gall | | gmin(j) > qall | | gmaxae > qall
| | gminae > qall

1058 th(j) = tb(j)-(Idwallb(j)-Idwallav)/12;

1059 Idwallav = 12*tb(j)-3;

1060 ak(j) = ak(j)+(ldwallb(j)-ldwallav);

1061 ldwallav = 12*tb(j)+ak(j)-3;

1062 P2(j) = 0.5*(Ka*w/1000)*h(j)"2*cos(delta); % Fuerza horizontal debido al suelo [kip]
1063 P3 = 0.5*(Ka*w/1000)*h(j)*2*sin(delta); % Fuerza vertical debido al suelo [kip]
1064 W1 =w/1000*hw(j)*Lh(j); % Suelo detras de muro

1065 W2 = 0.150*hw(j)*tw(j)/ 12; % "Stem"

1066 W3 = 0.150*tb(j) *L(j); % Base

1067 W4 = 0.5*Lh(j)*2*tan(ii) *w/1000; % Suelo detras de muro(triangular)

1068 Weq = w/1000*heqg*Lh(j); % Surcharge

1069 R = W1+W2+W3+W4+P3;%+Weq; % Resultante [kips]

1070 Fsliding = P1(j) + P2(j);

1071 Ffrict = mu*R;

1072 FSsliding(j) = (Ffrict+Pp)/Fsliding; % Factor de seguridad contra deslizamiento
1073 % Brazos de momento con respecto al toe [ft]

1074 b1 = L(j)-Lh(j)/2;

1075 b2 = Lt(j)+tw(j)/12/2;

1076 b3 = L(j)/2;

1077 b4 = L(j)-Lh(j)/3;
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1078 b5 = L(j);

1079 % Momentos [k(j)-ft]

1080 M1 =W 1*bl;

1081 M2 = W2*b2;

1082 M3 = W3*b3;

1083 M4 = W4*b4;
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1084 M5 = P3*b5;

1085 Meq = Weq*b1;

1086 Mres = M1+M2+M3+M4+M5;%+Meq;

1087 Mvue = P1(j)*h(j)/2 + P2(j)*h(j)/3;

1088 FSv(j) = Mres/Mvue; % Factor de Seguridad contra vuelco

1089

1090 % Verificar para cargas sismicas

1091 Eaeh = 1/2*w*h(j)"*2*(1-Kv)*Kae/ 1000*cos(delta); % Carga horizontal debido a terremoto
1092 Eaev = 1/2*w*h(j)"2*(1-Kv)*Kae/1000*sin(delta); % Carga vertical debido a terremoto
1093 M1h = Kh*W1*(hw(j)/2+tb(j));

1094 M2h = Kh*W2*(hw(j)/2+tb(j));

1095 M3h = Kh*W3*tb(j)/2;

1096 M4h = Kh*W4*(hw(j)+tb(j)+Lh(j) *tan(ii)/3);

1097 Megh = Kh*Weq*(hw(j)+tb(j)+heq/2);

1098 DEaeh = Eaeh-P2(j);

1099 DEaev = Eaev-P3;

1100 Rae = R+DEaey;

1101 Mvueae = P1(j)*h(j)/2+P2(j) *h(j]/3+DEaeh*0.6*h(j)+M 1h+M2h+M3h+M4h;%Meqgh;
1102 Mresae = Mres+DEaev*L(j);

1103 FSvae(j) = Mresae/Mvueae; % Factor de seguridad contra vuelco para cargas sismicas
1104

1105 %— e) Localizacion de la resultante y presion del suelo en la zapata
1106

1107 xe = (Mres - Mvue)/R;

1108 er = abs(L(j)/2 - xe); %%%%%%%% check %%%%%%%%%

1109 eL(j) = 6*er/L{(j);

1110 gmax(j) = R/L(j)*(1 + eL(j)); % Presion del suelo en la zapata [ksf]
1111 gmin(j) = R/L(j)*(1 - eL(j));

1112

1113 % Verificar para cargas sismicas %%%%%%%%check%%%%%%%%%
1114 xeae = (Mresae - Mvueae)/Rae;

1115 erae = abs(L(j)/2 - xeae); %%%%%%%% check %%%%%%%%%
1116 eLae(j) = 6*erae/L(j);

1117 gmaxae = Rae/L(j)*(1 + eLae(j)); % Presion del suelo en la zapata [ksf]
1118 gminae = Rae/L(j)*(1 - eLae(j));

1119 end

1120 else

1121 ak(j) = ak(j)+(ldwallb(j)-ldwallav);

1122 ldwallav = 12*tb(j)+ak(j)-3;

1123 end

1124 end

1125

1126 if ak(j) < 6 && ak(j) >0

1127 ak(j) = 6;

1128 end

1129 k{j) = ceil(ak(j)/2);

1130ifk(j) < 12 &&k(j) >0

1131k(j) =12;

1132 end

1133

1134ifak(j) >0

1135 Pp = Kp*w/1000*(h1+ak(j))"*2/2;

1136 q1 = (gmax(j)-gmin(j))*(Lh(j)+5/12)/L(j)+gmin(j);

1137 glae = (gmaxae-gminae)*(Lh(j)+5/12)/L(j)+gminae;

1138 R1 = (gmax(j)+ql)/2*(L(j)-Lh(j)-5/12);
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1139 R2 = (q1+gmin(j))/2*(Lh(j)+5/12);

1140 R1ae = (gmaxae+qlae)/2*(L(j)-Lh(j)-5/12);

1141 R2ae = (qlae+gminae)/2*(Lh(j)+5/12);

1142 mul = tan(phi);

1143 F = mul*R1+mu*R2;

1144 Fae = mul*R1ae+mu*R2ae;

1145 FSsliding(j) = (F+Pp)/(P1(j)*+P2(j));

1146 FSsae(j) = (Pp+Fae)/(P1(j)+P2(j)+DEaeh);

1147 end

1148 ak(j) = ak(j)/12;

1149 k(j) =k(j)/12;

1150

1151 LH = floor(Lh(j)); Ih = round(12*(Lh(j)-LH));
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1152 LT = floor(Lt(j)); It = 12*(Lt(j)-LT);

1153 W = floor(L(j)); Lw = round(12*(L(j}-W));

1154if Lw == 12

1155 W = W+1;

1156 Lw =0;

1157 end

1158 cy(j) = (tw(j)/12*hw(j)+tb(j) *L(j)+ak(j) *k(j)/ 144)/27; % Concrete Quantity [cy(j)/ft]
1159 if hw(j] <= 10

1160 note(j) = 1;

1161 elseif hw(j) > 10

1162 note(j) = 2;

1163 end

1164

1165 gmax(j) = max(gmax(j),gmaxae);

1166 gmin(j) = max(gmin(j),gminae);

1167

1168 hw(j) = hw(j)/3.2808399; tw(j) = tw(j)*0.0254; th(j) = tb(j)/3.2808399; Lh(j) = Lh(j)/3.2808399; Lt(j) =
Lt(j)/3.2808399;

1169 L(j) = L(j)/3.2808399; k(j) = k(j)/3.2808399; ak(j) = ak(j)/3.2808399; gmax(j) = gmax(j)* 1000; gmin(j) =
gmin(j)* 1000;

1170 Aswall(j) = Aswall(j)/0.15500031*3.2808399; Swall(j) = Swall(j)*0.0254; Idwallb(j) = Idwallb(j)*0.0254;
Shorizr(j) = Shorizr(j)*0.

0254;

1171 Svertf(j) = Svertf(j)*0.0254; Shorizf(j] = Shorizf(j)*0.0254; Sheel(j) = Sheel(j)*0.0254; Idheel(j) =
Idheel(j)*0.0254; Stoe(j) = Stoe(j)

*0.0254;

1172 Idtoe(j) = Idtoe(j)*0.0254;

1173 cy(j) = (tw(j) *hw(j)+tb(j)*L(j)+ak(j) *k(j)); % Concrete Quantity [cm/m]

1174 end

1175

1176 fid=fopen( TABLA MUROS2.txt','w');

1177 fprintf(fid,' DESIGN OF CANTILEVERED RETAINING WALLS \n');

1178 fprintf(fid,' \n');

1179 fprintf(fid, Soil Properties: Material Properties: \n');

1180 fprintf(fid,[' Unit Weight ="', num2str(w)," Ib/ft*3 f'c ="', num2str(fc)," ksi \n']);
1181 fprintf(fid,[’ Friction angle = ', num2str(phi*180/pi),' fy = ', num2str(fy)," ksi \n']);
1182 fprintf(fid," Friction coeficient = %1.2f \n', mu);

1183 if angsoil ~=0

1184 fprintf(fid,['Backfill Slope, i = ', num2str(angsoil),' \n');

1185 elseif angsoil ==

1186 fprintf(fid,('Backfill Slope, i = LEVEL \n'));

1187 end

1188 fprintf(fid,' \n');

1189 fprintf

(fid,’
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\n');

1190 fprintf(fid,' | ————————CONCRETE DIMENSIONS SERVICE LOAD
ANALYSIS

SUMMARY- | REINFORCEMENT AREAS |
\n';

1191 fprintf

(fid,’

\n):

1192 fprintf(fid,” Height \n’);

1193 fprintf(fid," Above Stem Base Width Base Soil | ———Safety Factors—
| Stem | Base [ \n');

1194 fprintf(fid,' Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——Static——|—
Earthquake—| Area "RV" Length "RH" "FV" "FH" "H" Develop. "T" Develop. "TB" \n’);

1195 fprintf(fid," hw tw tb CT W t x k Quantity Toe Heel Sliding Overturning Sliding

Overturning Req"d Bars into Base Bars Bars Bars Bars Length Bars Length Bars \n');

1196 fprintf(fid,' (m) Note (m) (m) (m) (m) (m) (m x m) (cm/m) (psf) (psf)

(cm”2/Im) (size@m]) (m) (size@m)| (size@m) (size@m)| (size@m) (m) (size@m) (m) (Quant.-size) \n');
1197 fprintf

(fid,’

\n):

1198 for j = 1:length(cy)

1199ifak(j) >0

1200 fprintf(fid,’ %3.2f %3.0f %6.2f %8.2f %3.2f %2.2f %3.2f %4.2fx%2.2f %5.2f %5.0f %5.0f %6.2f %9.2f %
9.2f %9.2f %10.2f #%2.0f@%2.2f %4.2f #%1.0f@%2.2f #%1.0f@%2.2f #%1.0f@%2.2f #%1.0f@%2.2f %3.2f
#%2.0

f@%2.2f %3.2f %4.0f #%1.0f \n',...

1201 hw(j),note(j),tw(j),tb(j).Lh(j).Lt(j).L(j).k(j).ak(j).cy(j).gamax(j).gmin(j),FSsliding(j).FSv(j) FSsae(j) FSvae(j)....
04-04-11 08:03 PM C:\Users\Ricardo\Documents\Muros de
Contencion\ACT\DisenoMurosContencionCoulomb3b.m 19 of 19

1202

Aswall(j),varwall(j),Swall(j) Idwallb(j),varhorizr(j),Shorizr(j), varvertf(j), Svertf(j), varhorizf(j), Shorizf(j) varheel(j),Sh
eel(j),...

1203 Idheel(j),vartoe(j),Stoe(j), Idtoe(j),cantvar(j),varbase(j) );

1204 elseif ak(j) ==

1205 fprintf(fid,’ %3.2f %3.0f %6.2f %8.2f %3.2f %1.2f %3.2f NONE %6.2f %06.0f %5.0f %6.2f %9.2f %9.2f
%9.2f %10.2f #%2.0f@%2.2f %4.2f #%1.0f@%2.2f #%1.0f@%2.2f #%1.0f@%2.2f #%1.0f@%2.2f %3.2f
#%2.0f@%2.2f

%2.2f %5.0f #%1.0f \n',...

1206 hwy(j),note(j),tw(j),tb(j).Lh(j).Lt(j).L(j).cy(j).gmax(j).gmin(j),FSsliding(j),FSv(j).FSsae(j),FSvae(j)....

1207

Aswall(j),varwall(j),Swall(j) Idwallb(j),varhorizr(j),Shorizr(j), varvertf(j), Svertf(j) varhorizf(j), Shorizf(j), varheel(j),Sh
eel(j),...

1208 Idheel(j), vartoe(j),Stoe(j),Idtoe(j),cantvar(j) varbase(j));

1209 end

1210 if ceil(j/3)-j/3==0

1211 fprintf(fid,' \n');

1212 end

1213 end

1214 fprintf

(fid,’

\n):

1215 fclose(‘all’);
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A.2. INSTRUCCIONES PARA UTILIZAR PROGRAMA DE DISENO DE
MUROSDE CONTENCION AL VOLADIZO (MATLAB)

El programa de disefio de muros de contencion a voladizo se desarroll6
utilizando el programa de computadoraMATLAB. A continuacion se explicacémo
utilizar el programa de disefio de muros de contencion al voladizo.

Procedimiento:
1. Abrir el programa MATLAB
2. Abrir e archivo llamado DisenoMurosContencion.m. Al hacer esto sevaaabrir otra

pantalla que es &l programa como tal.

3. Paracorrer € programaoprimael boton de “run” I3 gue se encuentra en la parte

superior de la pantalla. Otra opcion es abriendo el menu de Debug—Run.

8} C:\Documents and Settings\Ricardo\My DocumentsiUniversidad\Muros de Contencion\MurosContencionACT.m
File Edit View Text BeZ«N:M Breakpoints Web Window Help

D 4 F@ CEEEIEREREN
1 PP rto Fico $hsbhisiisbisiiss
2 SESELELEY p— - 5 de Mayaqier $555%%5%55%%%
3 EEREE Lt Civil ¥ Agrimensura %%%%%
4 $-=—-—-=-q GolUn#l Cursor =  F-m—mm——mmmmmmmmemmm &
5 % Program E ebug Mode Contencion
B % Por: Ricardo Guzman |Estudiante Graduado)

4. S leaparece la pantalla mostrada a continuacion, oprima OK.

MATLAB Editor X

& File CADocuments and SeftingsiRicardoiby DocumentsiUniversidadiuros de ContencioniburosContencionACT.m is not found in the current directary
of on the MATLAB path.

To run this file, select one ofthe following
@ Change MATLAB current directory

O Add directory to the top of the MATLAB path

() Add directary 1o the hottarm ofthe MATLAS path

||T|I Cancel

5. Abralapantaladel programa MATLAB nuevamente.

6. El programale vaasolicitar las propiedades del suelo en consideracion:
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a) peso unitario del suelo en Ib/pie’,

b) angulo defriccién internadel suelo en grados,

c) coeficiente defriccion del suelo,

d) pendiente del relleno detras del muro en grados, y

€) presion permisible del suelo debajo delabase en libras por pie cuadrado.

7. Los resultados se encuentran en un archivo creado por € programallamado Tablas

Muros.txt. Este archivo se encuentraen e mismo directorio donde grabo el archivo
DisenoMurosContencion.m. Para abrir €l archivo tiene que cambiar los “Files of

type:” a“All files (*.*)".

Open File
Look in: ]!qj Muros de Contencion Li = il
[£] TABLAMURDS —— Bl walldesign
[£] TaBLA MUROSZ W] waliparr
T.ﬁ.EiL.-!'. MUROS2.asv W wallporrFIRST
[ TABLA MURDS,asv
EH Tabla Tipica
|t§.-'|:|ical-retainingln'all
e | b
Flename:  [TABLA MUROS
Files of type: [ All Files =) -] Cancel ‘
MATLAE files {"m. *mdl, ~.cdr, “rw, ~tlc. ~tmf)
Miles (".m)

Model files (" mdl}
Stateflow files {".cdr)
Real-Time Warkshop files {*rw, “tlo, “tmf, *c.
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A.3. PLANOSMODELO PARA LA CONSTRUCCION DE MUROS DE
CONTENCION DE HORMIGON ARMADO AL VOLADIZO

Para utilizar los planos model os mostrados a continuaci 0n se deben tener las

propiedades fisicas del suelo y del hormigdn armado a ser utilizados parala construccion

del muro de contencion. Las propiedades fisicas del suelo y hormigon necesarias para

utilizar los planos son las siguientes:

a)
b)
c)
d)

€)

f)

peso unitario del suelo,

angulo de friccion interno del suelo,

coeficiente de friccion entre @ suelo y la zapata del muro,
pendiente del relleno,

capacidad maximaen compresion del hormigon, !,y

esfuerzo de cedenciadel acero, fy.

Los planos model os presentados estén limitados a los valores de las distintas

propi edades mencionadas a continuacion:

a)
b)

0)

d)

peso unitario del suelo igual a 115 ¢ 120 libras por pie cubico,

angulo de friccion interno del suelo con valores de 28, 30, 35y 40 grados,

se utilizé un coeficiente de friccién entre el suelo 'y la zapata del muro con valor
de 0.40,

se tomaron en consideracion valores de pendiente del relleno iguales a0, 15, 18,
23y 28 grados,

no se consideré e efecto del agua sobre el muro, ya que se le esta proveyendo un

sistemade drenagje a muro,
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f) se utilizd una capacidad maxima en compresién del hormigén igua a 3,000 libras
por pulgada cuadrada, y

g) seutilizé un esfuerzo de cedencia del acero igual a 60,000 libras por pulgada

cuadrada.

Luego de obtener los val ores previamente mencionados, se procede a buscar latabla
con los valores y buscar € disefio correspondiente ala aturadel muro de contencion
considerado. Esimportante mencionar que los planos se prepararon en inglés ya que fue
un requisito de parte de la Autoridad de Carreteras y Transportacion de Puerto Rico para

la presentacion de los planos.
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SURCHARGE

hw \

NOTES

DESIGN SPECIFICATIONS:
1. AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION
OFFICIALS (AASHTO) LRFD FOR HIGHWAY BRIDGES, 3RD EDITION (2004)
AND INTERIMS.

DESIGN LOADS:
1. SURCHARGE: ACCORDING TO AASHTO RECOMMENDATIONS
2. EARTHQUAKE: 0.20g

MATERIAL:
1. RINFORCED CLASS "A—4” CONCRETE: f'c¢=4,000 psi AT 28 DAYS.
2. MAXIMUM WATER/CEMENT RATIO: 0.50
3. REINFORCING STEEL: fy=60,000 psi AASHTO M 31 (ASTM A 615
GRADE 60).

CONCRETE COVER:
1. FOOTINGS: 0.08 MTS.
2. WALLS: 0.045 MTS.

NOTE: ALL DIMENSIONS IN THIS PAGE ARE IN MILLIMETERS UNLESS
OTHERWISE NOTED.

ENGINEER OF RECORD SHALL CHECK THE DESIGN AND STABILITY OF
THE WALL.

hw

FRONT FACE OF E)F/

20mm_V-GROOVE
SEE DETAIL "A®

WATERSTOP

BARS “FH* BARS "RH”

—T1 /
1|

+*—S00 T
300

CONSTRUCTION JOINT DETAIL

(SPACED AT 9 METER MAXIMUM)

FRONT FACE OF WALL P
\ BARS “RH
BARS "FH"
/ GREASE
—

/

)

300

13mm PREMOLDED
EXPANSION MATERIAL

EXPANSION JOINT DETAIL

(EVERY FOURTH WALL JOINT)
(EXTEND THRU FOOTING)

7

20

DETAIL "A”

10.

1.

12,

13.

MISCELLANEOUS NOTES

THE STANDARD SPECIFICATIONS ARE SPECIFIED IN
THE BOOK OF PRHTA STANDARD SPECIFICATIONS FOR
ROAD AND BRIDGE CONSTRUCTION (2005).

THE WORK AND MATERIALS SHALL CONFORM TO THE
APPLICABLE SPECIFICATIONS OF THE PRHTA STANDARD
SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION
(2005).

ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED
0.025 MT. WHETHER OR NOT SUCH CHAMFERS ARE SHOWN
ON THE DETAILS.

THE CONSTRUCTION JOINT SHALL BE PLACED INSTEAD OF
CONTROL JOINT AS NEEDED ON A SPACING OF 9 METERS.
THE EXPANSION JOINT SHALL BE PLACED EVERY FOURTH
CONSTRUCTION JOINT.

THE FILTER FABRIC SHALL BE CLASS "A” AND IT SHALL
MEET THE REQUIREMENTS OF STANDARD SPECIFICATION
712—"MISCELLANEOUS MATERIALS”.

THE REINFORGED CONGRETE SHALL BE CLASS "A—4" AND
IT SHALL MEET THE REQUIREMENTS OF STANDARD
SPECIFICATION 601—"STRUCTURAL CONCRETE”.

IF THE BACK FILL IS NECESSARY, IT SHALL BE BORROW
CLASS ”"B" AS STANDARD SPECIFICATION 203—
"EXCAVATION AND EMBANKMENT”.

THE BACK FILL SHALL BE COMPACTED AT 95% OF ITS
MAXIMUM DRY DENSITY AS STANDARD SPECIFICATION
206—"EXCAVATION FOR STRUCTURES”.

THE PERFORATED PVC PIPE SHALL MEET THE
REQUIREMENTS OF STANDARD SPECIFICATION 706—
"CONCRETE AND PLASTIC PIPE”.

THE PERFORATED PVC PIPE, SILICONE SEALANT AND
FILTER FABRIC SHALL BE CONSIDERED A SUBSIDIARY
OBLIGATION COVERED UNDER "GRANULAR FILTER
MATERIAL".

THE GRANULAR FILTER MATERIAL SHALL BE 3/4” CLEAN
GRAVEL AND IT SHALL BE FREE OF ORGANIC MATERIAL,
CLAY BALLS, DIRT OR OTHER DELETERIOUS SUBSTANCES.
THE GRANULAR FILTER MATERIAL SHALL MEET THE
REQUIREMENTS OF ARTICLES 209—1, 209—3, 209—4, AND
209—5 OF STANDARD SPECIFICATION 209—"SHEATHING”.

COMMONWEALTH OF PUERTO RICO

DEPARTMENT OF TRANSPORTATION
AND PUBLIC WORKS
HIGHWAY AND TRANSPORTATION AUTHORITY

RECOMMENDED BY:

DATE :

DESIGN AREA DIRECTOR

APPROVED BY:

DATE :

EXECUTIVE DIRECTOR

APPROVED BY:

DIV. ADM. FHWA—PR DIVISION

DATE :

DATE REVISION BY m|_|U %%%
DWG.| # of #




CONCRETE DIMENSIONS

SERVICE LOAD ANALYSIS SUMMARY

REINFORCEMENT AREAS

Height
Above Stemn Base Width Base Soil Safety Factors || Stem Base |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure Static: | Earthquak | Area "RV" Length "RH” "FV” "FH” "H” Develop. " Develop. "TB”
hw tw tb (] T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (em™2/Im) (size®m) (m) (size®@m) (size®@m) (size®m) (size®m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.46 0.99 1.65 0.30x0.15 0.75 672 172 7.07 2.70 6.28 1.99 4.66 # 4©0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 400.18 0.30 5 #4
1.25 1 0.20 0.30 0.56 1.09 1.85 0.30x0.15 0.87 773 221 5.80 2.71 5.09 1.94 4.66 # 4©0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 400.18 0.30 5 #4
1.50 1 0.20 0.30 0.66 1.19 2.06 0.30x0.15 0.98 872 276 4.91 2.74 4.26 1.92 4.67 # 4©0.25 0.30 #4©0.48 #4©0.41 #4@0.38 #4©@0.15 0.30 # 4©0.18 0.30 5 #4
1.75 1 0.20 0.30 0.76 1.24 2.21 0.30x0.15 1.08 996 341 4.39 2.80 3.75 1.89 6.46 # 4@0.18 0.30 #4©0.46 #4©0.41 #4@0.38 #4©@0.15 0.30 # 4©@0.18 0.30 6 #4
2.00 1 0.20 0.30 0.81 1.37 2.39 0.30x0.15 1.18 1069 406 3.97 2.85 3.35 1.88 8.60 # 480.13 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.23 0.30 0.89 1.42 2.54 0.30x0.15 1.33 1190 491 3.66 2.95 3.05 1.87 9.20 # 480.13 0.30 #4©@0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.18 0.30 6 #4
2.50 1 0.23 0.30 0.99 1.47 2.69 0.30x0.23 1.46 1311 578 6.04 3.05 4.93 1.87 11.90 # 6@0.23 0.46 #4©0.46 #4©0.36 #4@0.33 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.75 1 0.25 0.30 1.02 1.55 2.82 0.30x0.23 1.63 1436 645 5.57 3.07 4.49 1.84 12.72 # 6@0.20 0.46 #4©0.46 #4©0.33 #4@0.30 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.00 1 0.28 0.30 1.09 1.60 2.97 0.30x0.23 1.81 1559 748 5.20 3.19 4.15 1.84 13.63 # 8©0.20 0.46 #4©0.46 #4©0.30 #4©0.25 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.25 2 0.28 0.30 1.14 1.73 3.15 0.30x0.38 1.98 1632 776 10.78 3.21 8.43 1.83 16.92 # 8@0.28 0.61 #4@0.46 #4@0.30 #4©0.25 #4©0.15 0.30 # 4@0.18 0.30 8 #4
3.50 2 0.30 0.32 1.22 1.78 3.30 0.30x0.37 2.23 1784 825 9.41 3.29 7.30 1.83 18.11 # 8@0.28 0.61 #4©0.46 #4©0.28 #4©0.25 #4@0.15 0.30 # 4@0.15 0.30 8 #4
3.75 2 0.33 0.35 1.30 1.83 3.45 0.30x0.34 2.55 1954 883 7.62 3.39 5.89 1.84 19.40 # 8©@0.25 0.61 #4®0.46 #4®0.25 #4©0.23 #4@0.15 0.30 # 4©0.13 0.30 9 #4
4.00 2 0.33 0.37 1.35 1.96 3.63 0.30x0.31 2.78 2042 894 6.34 3.44 4.87 1.84 23.25 # 8@0.20 0.61 #4©0.46 #4©@0.25 #4@0.23 #4@0.15 0.30 # 6©0.28 0.46 10 #4
4.25 2 0.36 0.41 1.42 2.01 3.78 0.30x0.28 3.13 2213 949 5.17 3.53 3.96 1.85 24.65 # 8@0.20 0.61 #4©0.43 #4©0.23 #4@0.20 #4@0.15 0.30 # 6©0.25 0.46 12 #4
4.50 2 0.38 0.44 1.45 213 3.96 0.30x0.25 3.53 2306 960 4.21 3.60 3.22 1.86 26.16 # 8@0.18 0.61 #4©0.41 #4©0.20 #4©@0.20 #4©0.13 0.30 # 6©0.23 0.46 13 #4
4.75 2 0.41 0.48 1.52 2.18 4.11 0.30x0.29 3.98 2483 1016 4.92 3.69 3.72 1.86 27.76 #10€0.28 0.69 #4@0.38 #4@0.20 #4©0.18 #6@0.28 0.46 # 6©0.20 0.46 15 #4
5.00 2 0.43 0.51 1.55 2.29 4.27 0.30x0.25 4.40 2616 1047 4.08 3.73 3.08 1.86 29.44 #10@0.25 0.69 #4@0.36 #4@0.18 #4©0.18 #6@0.28 0.46 # 6@0.20 0.46 16 #4
5.25 2 0.43 0.54 1.65 2.34 4.42 0.30x0.22 4.72 2786 1098 3.40 3.80 2.57 1.86 33.93 #10@0.23 0.69 #4@0.36 #4@0.18 #4©@0.18 #6@0.25 0.46 # 6@0.18 0.46 9 #6
5.50 2 0.46 0.58 1.73 2.46 4.65 0.30x0.18 5.28 2931 1141 2.66 3.84 2.01 1.86 36.66 #10©0.20 0.69 #4@0.33 #4@0.18 #4@0.15 #6@0.23 0.46 # 6@0.15 0.46 10 #6
5.75 2 0.48 0.63 1.75 2.57 4.80 0.30x0.15 5.84 3073 1174 2.34 3.89 1.77 1.86 38.59 #10©0.20 0.69 #4@0.30 #4@0.18 #4@0.15 #6@0.23 0.46 # 8©@0.28 0.61 11 #6
6.00 2 0.51 0.87 1.83 2.62 4.95 0.30x0.15 6.40 3252 1227 2.34 3.96 1.76 1.86 40.60 #100©0.18 0.69 #4@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 # 8©0.25 0.61 11 #6
6.25 2 0.53 0.71 1.85 2.74 5.13 0.30x0.15 7.03 3366 1252 2.32 4.00 1.74 1.87 42.90 #10€0.18 0.69 #4@0.28 #4@0.15 #4©0.13 #6@0.20 0.46 # 8©0.23 0.61 13 #6
6.50 2 0.56 0.76 1.93 2.82 5.31 0.30x0.15 7.69 3523 1301 2.31 4.07 1.73 1.88 45.30 #10@0.18 0.69 #4@0.25 #4@0.15 #4©0.13 #6@0.18 0.46 # 8@0.23 0.61 14 #6
6.75 2 0.58 0.80 1.96 2.95 5.49 0.30x0.15 8.38 3636 1325 2.30 4.09 1.72 1.88 47.78 #10@0.15 0.69 #4@0.25 #4@0.13 #6@0.28 #6@0.18 0.46 # 8®@0.20 0.61 15 #6
7.00 2 0.61 0.84 2.03 3.00 5.64 0.30x0.15 9.08 3838 1395 2.29 4.13 1.71 1.88 50.36 #10@0.15 0.69 #4@0.25 #4@0.13 #6@0.28 #6@0.18 0.46 # 8@0.18 0.61 16 #6
7.25 2 0.64 0.91 2.11 3.17 5.87 0.30x0.15 10.02 3997 1441 2.28 4.17 1.70 1.88 54.11 #10©0.13 0.69 #4@0.23 #6@0.28 #6@0.25 #8@0.28 0.61 #10©0.28 0.68 18 #6
7.50 2 0.66 1.05 213 3.78 8.05 0.30x0.15 11.33 3993 1315 2.36 4.35 1.74 1.94 56.89 #100©0.13 0.69 #40©0.23 #60@0.28 #6©0.25 #80@0.28 0.61 #11©0.28 0.76 12 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
(MIN. 0.25m)
L
/ 7
1 ™
|
0.02m/m BATTER
3/4" CLEAN GRAVEL———————f 1 [ FronT Face 3/4" CLEAN GRAVEL———F FRONT FACE
FILTER FABRIC L FH® FILTER FABRIC . —
GEOTEXTILE NON WOODEN=————————% o GEOTEXTILE NON WOODEN: o
HIGH PERMEABILITY HIGH PERMEABILITY <
~— "V ;, 0.46m T
hw b hw
0.05m CL. - le——— 0.04m cL. 0.05m Ct. .& 0.04m CL.
BACK FACE BACK FACE "
WEEP HOLE 472
AT 3m C.C.
* « PVC SCH. 40
' H— ey %
y 1 "RV" . e —
EXISTING GROUND
- ﬁ
c I o o
F . ¢ . COMMONWEALTH OF PUERTO RICO
€ £ 3 £
- , . g = o 2 = DEPARTMENT OF TRANSPORTATION
= ; £ £
P T ° - e ST T T e ° s AND PUBLIC WORKS
0-08m CL. | ° 0-08m cL) ° HIGHWAY AND TRANSPORTATION AUTHORITY
w\l ”\l tb
—) RECOMMENDED  BY:
K DESIGN AREA DIRECTOR
DATE :
“TB” “TB"
APPROVED BY:
—
u EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.TS. N.TS.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE :
Unit Weight = 115 Ib/ft™3 fife = 3 ksi
.. 9 .\ . DATE REVISION BY
Friction angle = 28 fy = 60 Kksi STD

Friction coeficient = 0.40
Backfill Slope, i = LEVEL

DWG.

# of #




[——— CONCRETE DIMENSIONS—— — - SERVICE LOAD ANALYSIS SUMMARY——— | REINFORCEMENT AREAS—— |
Height
Above Stem Base Width Base Soil | Safety Factors—————————————— | |— —Stem —|— Base |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——— Static | Earthquake————— Area "RV” Length "RH" "FV" "FH" “H" Develop. " Develop. “TB"
hw tw tb Cc T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (em™2/Im) (size®m) (m) (size@m) (size®@m) (size@m) (size®m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.30 0.74 1.24 0.30x0.15 0.63 755 224 18.03 5.64 9.53 1.92 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 4 #4
1.25 1 0.20 0.30 0.56 0.89 1.65 0.30x0.15 0.80 790 217 12.52 6.49 6.63 2.15 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
1.50 1 0.20 0.30 0.81 1.09 2.1 0.30x0.15 0.99 791 258 9.42 7.34 4.99 2.39 4.66 # 4@0.25 0.30 #4©0.48 #4@0.41 #4©0.38 #4@0.15 0.30 # 4®@0.18 0.30 5 #4
1.75 1 0.20 0.30 1.09 1.24 2.54 0.30x0.15 1.18 937 360 7.47 7.89 3.95 2.53 6.74 # 4@0.18 0.30 #4©@0.48 #4@0.41 #4©0.38 #4©@0.15 0.30 # 4©0.18 0.30 6 #4
2.00 1 0.20 0.30 1.35 1.40 2.95 0.30x0.23 1.37 1077 446 10.84 8.20 5.71 2.61 10.25 # 6©0.25 0.46 #4©0.46 #4©0.41 #4©@0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
2.25 1 0.20 0.30 1.60 1.55 3.35 0.30x0.23 1.55 1216 530 9.02 8.45 4.75 2.67 15.13 # 6@0.18 0.46 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
2.50 1 0.20 0.30 0.86 1.70 2.77 0.30x0.38 1.47 1319 249 19.21 5.00 10.13 1.78 17.88 # 8@0.28 0.61 #4@0.48 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.75 1 0.20 0.30 0.91 1.90 3.02 0.30x0.38 1.60 1384 244 16.42 4.90 8.67 1.76 24.99 # 8©@0.20 0.61 #4©0.46 #4©@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 Q.30 7 #4
3.00 1 0.23 0.30 0.99 2.03 3.25 0.30%0.38 1.79 1508 257 14.19 4.86 7.50 1.74 26.22 # 800.18 0.61 #400.46 #4@0.36 #4@0.33 #4©0.15 0.30 # 400.18 0.30 8 #4
3.25 2 0.23 0.33 1.09 2.18 3.51 0.30x0.43 2.03 1627 276 15.49 4.89 8.19 1.75 36.13 #10©0.20 0.69 #4©0.46 #4©0.36 #4©@0.33 #4@0.15 0.30 # 4@0.15 0.30 9 #4
3.50 2 0.25 0.37 1.17 2.34 3.76 0.30x0.39 2.39 1748 298 11.87 4.98 6.29 1.77 37.25 #10€0.20 0.69 #4@0.46 #4©0.33 #4©@0.30 #4@0.15 0.30 # 6@0.30 0.46 11 #4
3.75 2 0.28 0.41 1.24 2.49 4.01 0.30x0.35 2.81 1874 323 8.91 5.06 474 1.79 39.14 #10@0.20 0.69 #400.46 #4©0.30 #4©0.25 #4©0.15 0.30 # 6@0.25 0.46 13 #4
4.00 2 0.30 0.45 1.27 2.67 4.24 0.30x0.31 3.23 1989 344 6.89 5.04 3.68 1.78 41.21 #10@0.18 0.69 #4@0.46 #4©0.28 #4@0.25 #4®0.15 0.30 # 6@0.23 0.46 14 #4
4.25 2 0.33 0.50 1.35 2.82 4.50 0.30x0.26 3.74 2120 372 5.05 5.13 2.72 1.80 43.98 #10@0.18 0.69 #4@0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.20 0.46 17 #4
4.50 2 0.33 0.55 1.45 2.97 4.75 0.30x0.21 4.17 2258 403 3.71 5.17 2.01 1.81 55.45 #10©0.13 0.69 #4©0.46 #4©@0.25 #4©@0.23 #4©0.15 0.30 # 6@0.18 0.46 9 #6
4,75 2 0.36 0.60 1.52 3.10 4,98 0.30x0.16 4.74 2420 441 2.76 5.21 1.52 1.81 58.43 #10©0.13 0.69 #4©0.43 #4@0.23 #4@0.20 #4@0.15 0.30 # 8@0.28 0.61 11 #6
5.00 2 0.38 0.65 1.60 3.25 5.23 0.30x0.15 5.37 2551 470 2.62 5.27 1.44 1.83 61.82 #10©0.13 0.69 #4©0.41 #4©0.20 #4©0.20 #4©0.13 0.30 # 8©@0.25 0.61 12 #6
5.25 2 0.41 0.70 1.63 3.45 5.49 0.30x0.15 6.05 2644 487 2.56 5.30 1.41 1.84 65.14 #11@0.15 0.76 #4@0.38 #4@0.20 #4@0.18 #6©0.28 0.46 # 8@0.23 0.61 13 #6
5.50 2 0.43 0.78 1.75 3.61 5.79 0.30x0.15 6.94 2866 554 2.51 5.31 1.39 1.84 72.01 #11@0.13 0.76 #4@0.36 #4@©0.18 #4@©0.18 #6©0.25 0.46 # 8@0.20 0.61 15 #6
5.75 2 0.46 0.84 1.78 3.81 6.05 0.30x0.15 7.74 2964 574 2.47 5.34 1.37 1.85 75.93 #11@0.13 0.76 #400.33 #4©0.18 #4@0.15 #6©0.23 0.46 # 8@0.20 0.61 17 #6
6.00 2 0.48 0.90 1.85 3.94 6.27 0.30x0.15 8.60 3136 618 2.45 5.37 1.36 1.85 80.57 #11@0.10 0.76 #4©0.30 #4@0.18 #4@0.15 #6©0.23 0.46 #10@0.28 0.69 19 #6
6.25 2 0.51 0.97 1.93 4.09 6.53 0.30x0.15 9.56 3282 656 2.44 5.44 1.35 1.86 85.49 #11@0.10 0.76 #4©0.30 #4@0.15 #4©@0.15 #6©@0.20 0.46 #100@0.25 0.89 12 #8
6.50 2 0.53 1.04 2.01 4,22 6.76 0.30x0.15 10.51 3455 700 2.43 5.47 1.35 1.87 90.67 #11@0.10 0.76 #4@0.28 #4@0.15 #4@0.13 #6©0.20 0.46 #11@0.28 0.76 13 #8
6.75 2 0.56 1.10 2.08 4.37 7.01 0.30x0.15 11.56 3601 738 2.42 5.53 1.34 1.88 96.12 #11@0.10 0.76 #4©@0.25 #4@0.15 #4@0.13 #6@0.18 0.46 #11@0.25 0.76 15 #8
7.00 2 0.58 1.17 2.1 4.57 7.26 0.30x0.15 12.67 3708 764 2.41 5.56 1.34 1.89 101.35 #11©0.08 0.76 #4@0.25 #4©0.13 #6©0.28 #6©0.18 0.46 #11©0.23 0.76 16 #8
7.25 2 0.61 1.27 2.24 4.72 7.57 0.30x0.15 14.08 3948 841 2.40 5.57 1.33 1.89 110.74 #11@0.08 0.76 #4@0.25 #4©0.13 #6©@0.28 #8@0.28 0.61 #11@0.23 0.76 18 #8
7.50 2 0.64 1.61 2.31 6.30 7.80 0.30x0.15 17.34 3999 685 2.66 6.07 1.46 2.00 117.09 #11©0.08 0.76 #4@0.23 #6©0.28 #6®@0.25 #8©@0.28 0.61 #11@0.18 0.76 15 #10
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
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|—- —CONCRETE DIMENSIONS——

————SERVICE LOAD ANALYSIS SUMMARY- - | - JE

—REINFORCEMENT AREAS—— |

Height
Above Stem Base Width Base Soil Safety Factors—————— || Stem—— - - Bas: |
Base Thickness Thickness Heel of Base Key Concrete Pressure @ |-—————-— Static——————— | Earthquak | Area “RV" Length "RH"” "FV* "FH" “H" Develop. T Develop. "TB"
hw tw tb Cc w t x k Quantity Toe Heel Sliding Overturming Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m x m) (em/Im) (psf) (psf) (em™2/Im) (size@m) (m) (size®@m) (size®@m) (size@m) (size®m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.41 1.80 0.30x0.15 0.74 658 173 8.26 2.71 7.32 1.99 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.25 1 0.20 0.30 0.51 1.80 0.30x0.15 0.85 752 227 6.77 2.74 5.92 1.95 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4®@0.15 0.30 # 4©@0.18 0.30 5 #4
1.50 1 0.20 0.30 0.61 1.98 0.30x0.15 0.96 869 277 5.72 2.74 4.95 1.91 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.71 2.13 0.30x0.15 1.05 989 346 5.10 2.82 4.35 1.89 5.94 # 4©0.20 0.30 #4©0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4©0.18 0.30 6 #4
2.00 1 0.20 0.30 0.81 2.29 0.30x0.15 1.15 1108 425 4.63 2.91 3.90 1.88 7.89 # 4@0.15 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.20 0.30 0.86 2.44 0.30x0.23 1.27 1201 490 7.68 2.94 6.32 1.85 10.30 # 6@0.25 0.46 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.50 1 0.23 0.30 0.94 2.59 0.30x0.23 1.43 1319 587 7.04 3.07 5.72 1.86 10.95 # 6@0.25 0.46 #4@0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.75 1 0.25 0.30 0.97 2.74 0.30x0.23 1.60 1407 668 6.49 3.14 5.21 1.85 11.71 # 6©0.23 0.46 #4@0.46 #4©0.33 #4©0.30 #4©0.15 0.30 # 4©0.18 0.30 7 #4
3.00 1 0.25 0.30 1.07 2.87 0.30x0.23 1.71 1557 755 6.05 3.22 4.80 1.84 14.57 # 6@0.18 0.486 #4©0.46 #4@0.33 #4©@0.30 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.28 0.30 1.09 3.02 0.30x0.23 1.90 1662 776 5.57 3.23 4.39 1.82 15.56 4 6@0.18 0.46 #4@0.46 #4@0.30 £4@0.25 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.50 2 0.30 0.31 1.17 3.17 0.30x0.22 2.12 1807 818 5.01 3.92 1.82 16.66 # 6@0.15 0.45 #4©0.46 #4©0.28 #4©0.25 #4©0.15 0.30 # 4©0.15 0.30 8 #4
3.75 2 0.30 0.34 1.22 3.35 0.30x0.35 2.38 1889 825 9.37 7.19 1.83 20.16 # 8@0.23 0.61 #4@0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 4©0.15 0.30 9 #4
4.00 2 0.33 0.37 1.30 3.51 0.30x0.32 2.71 2054 876 7.61 5.82 1.84 21.35 # 8®0.23 0.61 #4©@0.46 #4@0.25 #4©0.23 #4@0.15 0.30 # 6©0.30 0.46 10 #4
4.25 2 0.36 0.40 1.32 3.86 0.30x0.29 3.06 2182 906 6.18 4.70 1.84 22.65 # 8@0.20 0.61 #4©0.43 #4@0.23 #4@0.20 #4@0.15 0.30 # 6©0.25 0.486 11 #4
4.50 2 0.38 0.43 1.40 3.81 0.30x0.25 3.44 2349 956 5.04 3.83 1.85 24.04 # 8@0.20 0.61 #4@0.41 #4©0.20 #4©0.20 #4@0.13 0.30 # 6©0.23 0.46 12 #4
4.75 2 0.38 0.46 1.45 3.96 0.30x0.30 3.71 2467 979 6.18 4.64 1.84 28.07 #10©0.28 0.69 #4©@0.41 #4©0.20 #4@0.20 #4©0.13 0.30 # 6©0.23 0.46 14 #4
5.00 2 0.41 0.50 1.52 4.11 0.30x0.27 4.15 2641 1030 5.00 3.75 1.85 29.57 #1000.25 0.69 #4©0.38 #4©0.20 #4©0.18 #6©0.28 0.46 # 6©0.20 0.46 15 #4
5.25 2 0.43 0.53 1.55 4.29 0.30x0.23 4.60 2724 1032 4.15 3.11 1.86 31.16 #10@0.25 0.69 #4®0.36 #4@0.18 #4@0.18 #6@0.25 0.46 # 6@0.18 0.46 8 #6
5.50 2 0.46 Q.57 1.63 4.50 0.30x0.19 5.14 2902 1091 3.23 2.43 1.85 33.66 #1000.23 0.69 #4@0.33 #4©0.18 #4@0.15 #6@0.25 0.46 # 6@0.15 0.46 9 #6
5.75 2 0.46 0.61 1.68 4.65 0.30x0.15 5.51 3029 1116 2.65 2.00 1.85 38.37 #10@0.20 0.69 #4@0.33 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.28 0.61 10 #6
6.00 2 0.48 0.65 1.75 4.80 0.30x0.15 6.05 3203 1164 2.64 1.99 1.86 40.18 #10©0.20 0.69 #4©0.30 #4@0.18 #4@0.15 #6@0.20 0.46 # 8@0.25 0.61 11 #6
6.25 2 0.51 0.69 1.78 4.98 0.30x0.15 6.67 3309 1184 2.62 1.97 1.86 42.28 #10@0.18 0.69 #4®0.30 #4®0.15 #4@0.15 #6@0.20 0.46 # 8©0.23 0.61 12 #6
6.50 2 0.53 0.74 1.85 5.13 0.30x0.15 7.29 3504 1249 2.62 1.96 1.87 44.47 #10©0.18 0.69 #4@0.28 #4@0.15 #4@0.13 #6@0.20 0.46 # 8@0.23 0.61 13 #6
6.75 2 0.56 0.77 1.88 5.31 0.30x0.15 7.93 3604 1266 2.59 1.93 1.87 46.76 #10@0.15 0.69 #4@0.25 #4©0.15 #4@©0.13 #6©0.18 0.46 # 8@0.20 0.61 14 #6
7.00 2 0.58 0.82 1.96 5.46 0.30x0.15 8.61 3800 1331 2.59 1.93 1.87 49.13 #10@0.15 0.69 #4@0.25 #4@©0.13 #6©0.28 #6@0.18 0.46 # 8@0.20 0.61 15 #6
7.25 2 0.61 0.88 2.03 5.69 0.30x0.15 9.45 3958 1384 2.56 1.90 1.87 52.65 #10©0.15 0.69 #4©0.25 #4©0.13 #6©0.28 #6@0.15 0.46 # 8@0.18 0.61 17 #6
7.50 2 0.64 1.01 2.06 5.84 0.30x0.15 10.71 3998 1281 2.66 1.95 1.92 55.22 #10@0.13 0.69 #4©0.23 #6©@0.28 #6@0.25 #8@0.28 0.61 #11@0.28 0.76 11 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
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CONCRETE DIMENSIONS -

SERVICE LOAD ANALYSIS SUMMARY ———

REINFORCEMENT AREAS—————— - |

Height
Above Stem Base Width Base Soil - Safety Factors - |l - Stem - ———Base————————————————— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——————= Static———————— |- —————| Earthquake—————| | Area "RV” Length "RH” A’ "FH" "H" Develop. " Develop. "B”
hw tw tb C T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (ecm™2/Im) (size®@m) (m) (size®m) (size®m) (size®m) (size®m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.30 0.25 0.69 114 0.30x0.15 0.60 748 231 21.80 5.40 12.14 1.92 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #480.15 0.30 # 4©0.18 0.30 3 #4
1.25 1 0.20 0.30 0.38 0.81 1.40 0.30x0.15 0.73 848 242 15.43 5.40 8.62 1.92 4.66 # 4@0.25 0.30 #4@0.46 £4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 4 4
1.50 1 0.20 0.30 0.63 0.94 1.78 0.30x0.15 0.89 893 240 11.43 6.17 6.39 2.13 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.86 1.09 2.16 0.30x0.15 1.086 930 255 9.02 6.72 5.04 2.29 5.43 # 4@0.23 0.30 #4@0.486 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.30 1.09 1.27 2.57 0.30x0.15 1.23 1023 369 7.43 7.25 4.15 2.44 8.21 # 4©0.15 0.30 #4©0.46 #4©0.41 #4©0.38 #4©@0.15 0.30 # 4©@0.18 0.30 6 #4
2.25 1 0.20 0.30 1.32 1.40 2.92 0.30x0.23 1.42 1160 4486 10.97 7.50 6.10 2.50 12.00 # 6©0.23 0.46 #40@0.46 #4©@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.50 1 0.20 0.30 1.55 1.52 3.28 0.30x0.38 1.62 1297 521 20.95 7.70 11.60 2.55 17.17 # 8©@0.28 0.81 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©@0.18 0.30 8 #4
2.75 1 0.20 0.30 0.86 1.70 2.77 0.30x0.38 1.52 1423 283 19.67 4.73 10.95 1.76 20.30 # 8©0.23 0.51 #4©0.45 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.00 1 0.20 0.30 0.97 1.83 3.00 0.30x0.46 1.66 1537 296 23.31 4.70 12.96 1.75 28.36 #10©0.28 0.69 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.23 0.31 1.04 1.96 3.23 0.30x0.45 1.88 1648 309 19.87 4.72 11.06 1.76 28.82 #10©0.28 0.69 #4©0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.15 0.30 8 #4
3.50 2 0.25 0.34 1.07 2.13 3.45 0.30x0.42 2.20 1737 320 15.69 4.73 8.75 1.76 29.83 #10©0.25 0.69 #4@0.46 #4©@0.33 #4@0.30 #4@0.15 0.30 # 4@0.15 0.30 9 #4
3.75 2 0.28 0.38 1.14 2.26 3.68 0.30x0.38 2.57 1872 349 12.09 4.81 6.76 1.78 31.58 #10©0.25 0.69 #4©0.48 #4©0.30 #4©0.25 #4@0.15 0.30 # 6@0.28 0.46 11 #4
4.00 2 0.28 0.43 1.24 2.39 3.91 0.30x0.34 2.88 2019 384 9.08 4.86 5.10 1.78 40.48 #10©0.18 0.69 #40©0.46 #4@0.30 #4@0.25 #4@0.15 0.30 # 6@0.23 0.46 13 #4
4.25 2 0.30 0.46 1.32 2.51 4.14 0.30x0.30 3.31 2155 412 7.05 4.91 3.98 1.80 42.33 #10©0.18 0.69 #4©0.46 #4©0.28 #4©0.25 #4©0.15 0.30 # 6©0.20 0.46 14 #4
4.50 2 0.33 0.51 1.35 2.67 4.34 0.30x0.25 3.77 2287 442 5.34 4.90 3.04 1.79 44.29 #10©0.18 0.69 #4©0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.20 0.46 16 #4
4.75 2 0.36 0.56 1.42 2.79 4.57 0.30x0.20 4.31 2433 477 3.95 4.96 2.27 1.80 46.89 #10©0.15 0.69 #4©0.43 #4@0.23 #4®@0.20 #4©0.15 0.30 # 6@0.18 0.46 9 #6
5.00 2 0.38 0.80 1.50 2.92 4.80 0.30x0.16 4.85 2573 509 3.05 5.02 1.77 1.82 49.77 #10@0.15 0.69 #4©@0.41 #4@0.20 #4@0.20 #4@0.15 0.30 # 8@0.28 0.61 10 #86
5.25 2 0.41 0.65 1.52 3.10 5.03 0.30x0.15 5.47 2676 529 2.89 5.04 1.68 1.82 52.58 #10©0.15 0.69 #4©0.38 #4®©0.20 #4©0.18 #4©0.13 0.30 # 8©0.25 0.61 11 #6
5.50 2 0.41 0.72 1.68 3.25 8.33 0.30x0.15 6.11 2873 589 2.80 5.05 1.63 1.83 65.67 #11€©0.15 0.76 #4©0.38 #4©@0.20 #4@0.18 #6©0.25 0.46 # 8@0.23 0.61 13 #6
5.75 2 0.43 0.77 1.70 3.43 5.56 0.30x0.15 6.84 2981 613 2.76 5.08 1.61 1.83 68.69 #11©0.13 0.76 #4©0.36 #4@0.18 #4@0.18 #6©0.25 0.46 # 8@0.20 0.61 15 #6
6.00 2 0.486 0.83 1.78 3.53 5.77 0.30x0.15 7.59 3166 663 273 5.10 1.60 1.83 72.38 #11@0.13 0.76 #4@0.33 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.20 0.61 16 #6
6.25 2 0.48 0.89 1.85 3.66 5.99 0.30x0.15 8.39 3317 701 2.71 5.15 1.59 1.84 76.33 #11©0.13 0.76 #4@0.30 #4@0.18 #4@0.15 #6@0.20 0.46 # 8@0.18 0.61 18 #6
6.50 2 0.51 0.95 1.88 3.84 6.22 0.30x0.15 9.28 3430 728 2.69 8.18 1.57 1.85 80.11 #11@0.10 0.76 #4©0.30 #4©0.15 #4@0.15 #6©0.20 0.46 #10©0.28 0.69 11 #8
6.75 2 0.53 1.02 1.96 3.96 6.45 0.30x0.15 10.20 3586 769 2.68 5.23 1.57 1.86 84.51 #110@0.10 0.76 #4©0.28 #4©0.15 #4©0.13 #6©0.20 0.46 #1100.28 0.76 13 #8
7.00 2 0.56 1.08 2.03 4.06 6.65 0.30x0.15 11.14 3778 822 2.67 5.25 1.56 1.86 89.14 #11@0.10 0.76 #4@0.25 #4@0.15 #4©0.13 #6®@0.18 0.46 #11@0.25 0.76 14 #8
7.25 2 0.58 1.16 2.1 4.27 6.96 0.30x0.15 12.37 3939 874 2.64 5.26 1.55 1.87 96.42 #11@0.10 0.76 #4©@0.25 #4@0.13 #6@0.28 #6@0.18 0.46 #11©@0.25 0.76 15 #8
7.50 2 0.61 1.38 2.18 5.23 7.19 0.30x0.15 14.52 3999 771 2.81 5.58 1.63 1.94 101.54 #11@0.08 0.76 #4@0.25 #4©0.13 #6©0.28 #8©0.28 0.61 #11@0.20 0.76 18 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B
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0.02m/m BATTER
d
3/4” CLEAN GRAVEL——— T FRONT FACE 3/4" CLEAN GRAVEL———— FRONT FACE
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K DESIGN AREA DIRECTOR
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DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.T.S. N.T.S.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE :
Unit Weight = 115 Ib/ft™3 f'e = 3 ksi
P . . DATE REVISION BY
Friction angle = 30 fy = 60 ksi STD ##4
Friction coeficient = 0.40 DWG %. f %
Backfill Slope, i = 15° . o




ONCRETE DIMENSIONS

SERVICE LOAD ANALYSIS SUMMARY————

REINFORCEMENT AREAS

Height
Above Stem Base Width Base Soil | - Safety Factors————————————— | |—— - Stem - Ba - ——
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |-————— Static———————— |-————— Earthquake————— Area "RV” Length "RH" "FV" "FH" "H” Develop. . Develop. "TB"
hw tw tb [o] T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm™2/Im) (size®m) (m) (size®@m) (size®m) (size®m) (size®@m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.30 0.30 0.81 1.32 0.30x0.15 0.65 735 189 19.84 6.22 9.42 1.93 4.66 # 4©0.25 0.30 #4©0.46 #4@0.41 #4®©0.38 #4®0.15 0.30 # 4©0.18 0.30 4 #4
1.25 1 0.20 0.30 0.46 1.02 1.68 0.30x0.15 0.81 775 174 14.00 6.53 6.686 2.02 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4©@0.15 0.30 # 4@0.18 0.30 5 #4
1.50 1 0.20 0.30 0.76 117 213 0.30x0.15 1.00 832 209 10.25 7.35 4.89 2.22 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
1.75 1 0.20 0.30 1.04 1.35 2.59 0.30x0.15 1.19 941 317 8.06 7.93 3.84 2.36 7.58 # 4@0.15 0.30 #4@0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
2.00 1 0.20 0.30 1.32 1.52 3.05 0.30x0.23 1.41 1094 418 11.60 8.38 5.49 2.47 11.74 # 6©0.23 0.46 #4@0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.25 1 0.20 0.30 1.57 1.73 3.51 0.30x0.38 1.64 1237 516 21.71 8.73 10.23 2.56 17.57 # 8@0.28 0.61 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©@0.18 0.30 8 #4
2.50 1 0.20 0.30 0.81 1.90 2.92 0.30x0.38 1.51 1280 178 21.15 5.33 10.02 1.75 20.05 # 800.25 0.61 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.75 1 0.20 0.30 0.91 2.08 3.20 0.30x0.46 1.67 1370 175 24.74 5.31 11.70 1.75 28.90 #10@0.28 0.69 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.00 1 0.23 0.31 0.99 2.24 3.45 0.30x0.45 1.90 1482 180 20.84 5.31 9.88 1.74 30.07 #1090.25 0.69 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 4©0.15 0.30 8 #4
3.25 2 0.23 0.34 1.04 2.46 3.73 0.30x0.42 2.15 1559 185 16.25 5.31 7.72 1.75 42.17 #10@0.18 0.69 #4@0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4@0.15 0.30 10 #4
3.50 2 0.25 0.39 1.12 2.62 3.99 0.30x0.37 2.55 1698 209 12.12 5.39 5.78 1.76 42.94 #10©0.18 0.69 #4@0.46 #4©0.33 #4@0.30 #4@0.15 0.30 # 6©@0.28 0.46 12 #4
3.75 2 0.28 0.43 1.19 2.77 4.24 0.30x0.33 2.98 1837 232 9.05 5.46 4.34 1.77 44.86 #10@0.18 0.69 #4©0.486 #4@0.30 #4©0.25 #4@0.15 0.30 # 6©0.23 0.46 14 #4
4.00 2 0.30 0.48 1.27 2.92 4.50 0.30x0.28 3.47 1982 259 6.59 5.54 3.18 1.79 47.45 #10@0.15 0.69 #4©0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.20 0.46 16 #4
4,25 2 0.30 0.53 1.37 3.07 4.75 0.30x0.23 3.90 2136 289 4.79 5.57 2.34 1.79 62.71 #10@0.13 0.69 #4@0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.18 0.46 9 #6
4.50 2 0.33 0.58 1.40 3.30 5.03 0.30x0.25 4.50 2215 300 5.17 5.62 2.52 1.81 64.45 #11®0.15 0.76 #4©@0.46 #4@0.25 #4©0.23 #4©@0.15 0.30 # 6©0.15 0.46 10 #6
4.75 2 0.36 0.64 1.47 3.45 5.28 0.30x0.20 5.14 2364 330 3.77 5.69 1.86 1.82 67.66 #11©0.13 0.76 #4©0.43 #4©0.23 #4©0.20 #4@0.15 0.30 # 8©0.25 0.61 12 #6
5.00 2 0.38 0.70 1.55 3.61 5.54 0.30x0.15 5.82 2514 360 2.97 5.75 1.48 1.83 71.42 #11@0.13 0.76 #4@0.41 #4@0.20 #4@0.20 #4@0.13 0.30 # 8@0.23 0.51 13 #6
5.25 2 0.41 0.76 1.63 3.76 5.79 0.30x0.15 6.59 2668 394 2.93 5.81 1.46 1.84 75.63 #11@0.13 0.76 #4©0.38 #4@0.20 #4@0.18 #6@0.28 0.46 # 8©0.20 0.561 15 #6
5.50 2 0.43 0.84 1.70 3.99 6.12 0.30x0.15 7.55 2842 440 2.86 5.80 1.43 1.83 83.25 #11€0.10 0.76 #4@0.36 #4@0.18 #4@0.18 #6©0.25 0.46 # 8©@0.20 0.61 17 #6
5.75 2 0.46 0.91 1.78 4.14 6.38 0.30x0.15 B8.46 3001 476 2.84 5.86 1.42 1.85 88.26 #11©0.10 0.76 #4©0.33 #4©0.18 #4©@0.15 #6©0.23 0.46 #10©0.28 0.69 19 #6
6.00 2 0.48 0.97 1.80 4.37 6.65 0.30x0.15 9.41 3090 493 2.81 5.91 1.41 1.86 92.95 #11@0.10 0.76 #4©0.30 #4@0.18 #4@0.15 #6@0.23 0.46 #10@0.25 0.69 12 #8
6.25 2 0.51 1.04 1.88 4.52 6.91 0.30x0.15 10.42 3249 529 2.80 5.97 1.40 1.87 98.66 #11@0.10 0.76 #4@0.30 #4©0.15 #4@0.15 #6@0.20 0.46 #11@0.28 0.76 14 #8
6.50 2 0.53 1.12 1.96 4.67 7.16 0.30x0.15 11.52 3413 569 2.79 6.02 1.40 1.88 104.71 #11©@0.08 0.76 #4@0.28 #4©0.15 #4©0.13 #6@0.20 0.46 #11@0.25 0.76 15 #8
6.75 2 0.56 1.20 2.03 4.83 7.42 0.30x0.15 12.72 3582 611 2.79 6.09 1.40 1.89 111.11 #11@0.08 0.76 #4@0.25 #4©0.15 #4@0.13 #6@0.18 0.46 #11@0.23 0.76 17 #8
7.00 2 0.58 1.28 2.06 5.03 7.67 0.30x0.15 13.93 3709 642 2.79 6.11 1.40 1.89 117.09 #11©0.08 0.76 #4@0.25 #4©0.13 #6©@0.28 #6®@0.18 0.46 #11©0.23 0.76 18 #8
7.25 2 0.61 1.38 2.18 5.21 8.00 0.30x0.15 15.54 3945 712 2.78 6.15 1.40 1.90 128.62 #11@0.08 0.76 #4@0.25 #4@0.13 #6@0.28 #6@0.15 0.46 #11@0.20 0.76 21 #8
7.50 2 0.64 1.68 2.21 6.55 8.25 0.30x0.15 18.65 4000 614 3.03 6.57 1.50 1.99 135.35 #11©0.05 0.76 #4@0.23 #6©0.28 #6@0.25 #8®@0.28 0.61 #11@0.15 0.76 15 #11
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
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[————————————— CONCRETE DIMENSIONS——

SERVICE LOAD ANALYSIS SUMMARY

———REINFORCEMENT AREAS - |

Height
Above Stem Base Width Base Soil |- mn_._“m.c\ _.nnoﬁo-.n - -——_—_ Sstem———————-H—-"-—+——-——— (4 |b————- - - — - Base————————————————— | |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure - Static | ———Earthquake————— | Area "RV” Length "RH" "FV” "FH" "H” Develop. T Develop. "TB”
hw tw tb [0} T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (em™2/Im) (size@m) (m) (size@m) (size®@m) (size@m) (size@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.38 1.17 0.89 2.26 NONE 1.06 539 393 1.64 8.20 1.34 4.51 4.66 # 4©0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
1.25 1 0.20 0.38 1.35 0.97 2.51 NONE 1.21 839 455 1.62 8.04 1.32 4.30 4.66 # 4©0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4©@0.15 0.30 # 4©0.18 0.30 6 #4
1.50 1 0.20 0.30 0.56 1.04 1.80 0.30x0.15 0.90 888 305 8.49 2.85 7.29 1.91 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 5 #4
1.7 1 0.20 0.30 0.61 1.14 1.96 0.30x0.15 1.00 976 366 7.53 2.89 6.37 1.88 4.80 # 4©0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
2.00 1 0.20 0.30 0.71 1.19 2.11 0.30x0.15 1.10 1085 457 6.81 3.02 5.68 1.89 6.36 # 4@0.18 0.30 #4@0.48 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
2.25 1 0.20 0.30 0.76 1.27 2.24 0.30x0.15 1.18 1197 521 6.21 3.04 5.12 1.85 8.34 # 4@0.15 0.30 #4@0.46 #4©0.41 #4©0.38 #4@0.15 0.30 4 4@0.18 0.30 6 #4
2.50 1 0.20 0.33 1.75 1.30 3.25 0.30x0.20 1.64 1085 627 9.58 6.66 7.55 3.23 10.82 # 6©0.25 0.46 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 8 #4
2.75 1 0.23 0.33 1.75 1.40 3.38 0.30x0.20 1.81 1181 658 8.90 8.54 6.91 3.1 11.24 # 6@0.23 0.46 #4@0.46 #4@0.38 #4@0.33 #4@0.13 0.30 # 4@0.18 0.30 9 #4
3.00 1 0.25 0.33 1.75 1.47 3.48 0.30x0.20 1.97 1273 673 8.33 6.38 6.37 2.97 11.80 # 600.23 0.46 #4©@0.46 #4©0.33 #4©0.30 #4©@0.13 0.30 # 4©0.18 0.30 9 #4
3.25 2 0.25 0.36 1.85 1.50 3.61 0.30x0.18 2.16 1379 636 6.67 6.34 5.06 2.88 14.65 # 6©0.18 0.46 #4@0.46 #4©@0.33 #4©@0.30 #6®@0.28 0.46 # 4©0.18 0.30 10 #4
3.50 2 0.28 0.38 1.90 1.60 3.78 0.30x0.15 2.47 1495 732 5.42 6.41 4.08 2.86 15.42 # 5©0.18 0.46 #4@0.46 #4©@0.30 #4©@0.25 #6@0.25 0.46 # 4©@0.18 0.30 11 #4
3.75 2 0.28 0.41 1.98 1.70 3.96 0.30x0.28 2.74 1609 776 10.84 6.48 8.06 2.83 18.69 # 800.25 0.61 #4©0.46 #4©0.30 #4©0.25 #60©0.23 0.46 # 400.18 0.30 12 #4
4.00 2 0.30 0.32 2.01 1.75 4.06 0.30x0.37 2.62 1651 753 14.69 6.12 10.83 2.70 19.52 # 8@0.25 0.61 #4©0.46 #4©0.28 #4©0.25 #6©0.23 0.46 # 4©0.15 0.30 10 #4
4.25 2 0.33 0.34 2.06 1.83 4.22 0.30x0.34 2.95 1764 780 12.41 6.16 9.08 2.67 20.49 # 8©0.23 0.61 #4©0.46 #4©0.25 #4@0.23 #6©0.23 0.46 # 4©0.15 0.30 11 #4
4.50 2 0.33 0.37 2.13 1.83 4.39 0.30x0.32 3.20 1879 824 10.52 6.23 7.64 2.66 24.12 # 8©@0.20 0.61 #4@0.46 #4©0.25 #4@0.23 #6@0.20 0.46 # 6@0.30 0.46 12 #4
4.75 2 0.36 0.39 2.18 1.98 4.52 0.30x0.29 3.56 1989 832 8.94 6.22 6.46 2.61 25.15 # B©0.18 0.61 #4@0.43 #4©0.23 #4©0.20 #6@0.20 0.46 # 600.28 0.46 13 #4
5.00 2 0.38 0.42 2.21 2.06 4.65 0.30x0.27 3.93 2094 840 7.63 6.18 5.48 2.56 26.29 # 8@©0.18 0.61 #4©0.41 £4®0.20 #4©0.20 #6@0.18 0.46 # 6@0.25 0.46 15 #4
5.25 2 0.38 0.45 2.29 2.16 4.83 0.30x0.31 4.27 2214 885 8.99 6.26 6.41 2.56 30.33 #1000.25 0.69 #4©@0.41 #4©0.20 #4@0.20 #6@0.18 0.46 # 600.23 0.46 16 #4
5.50 2 0.41 0.48 2.26 2.26 4.93 0.30x0.28 4.70 2301 827 7.38 5.94 5.25 2.44 32.35 #1000.23 0.69 #4©0.38 #4@0.20 #4@0.18 #6@0.18 0.46 # 6@0.20 0.46 18 #4
5.75 2 0.43 0.51 2.31 2.34 5.08 0.30x0.25 5.17 2430 851 6.25 6.00 4.43 2.43 33.67 #10@0.23 0.69 #4@0.36 #4@0.18 #4©@0.18 #6@0.15 0.46 # 6@0.18 0.46 19 #4
6.00 2 0.46 0.55 2.36 2.44 5.26 0.30x0.22 5.68 2523 896 5.34 6.09 3.77 2.44 35.09 #10©0.23 0.69 #4©0.33 #4©0.18 #4@0.15 #8©0.28 0.61 # 6©0.18 0.46 10 #6
6.25 2 0.46 0.58 2.44 2.49 5.38 0.30x0.18 6.06 2698 887 4.44 6.05 3.14 2.40 39.84 #10@0.20 0.69 #4©0.33 #4©0.18 #4@0.15 #8@0.28 0.61 # 6@0.15 0.46 11 #6
6.50 2 0.48 0.62 2.51 2.59 5.59 0.30x0.15 6.63 2789 942 3.97 6.15 2.80 2.41 41.53 #10@0.18 0.69 #4@0.30 #4©0.18 #4®@0.15 #8®@0.25 0.61 # 8®@0.28 0.61 12 #6
B6.75 2 0.51 0.85 2.57 2.69 5.77 0.30x0.15 7.25 2897 978 3.94 8.19 2.77 2.41 4331 #10@0.18 0.69 #4@0.30 #4@0.15 #4@0.15 #8@0.25 0.61 # 8@0.25 0.61 13 #6
7.00 2 0.53 0.786 2.64 2.74 5.92 NONE 8.24 3128 997 1.74 6.30 1.22 241 45.19 #10@0.18 0.69 #4@0.28 #4@0.15 #4@0.13 #8@0.23 0.61 # 8@0.23 0.81 14 #6
7.25 2 0.56 0.76 2.64 2.84 6.05 NONE 8.66 3291 999 1.70 6.02 1.20 2.33 48.12 #10@0.15 0.69 #4@0.25 #4©0.15 #4@0.13 #8©@0.23 0.61 # 8©0.23 0.61 15 #6
7.50 2 0.58 0.79 2.69 2.95 6.22 NONE 9.28 3388 1012 1.71 6.05 1.21 2.33 50.17 #10@0.15 0.69 #4@0.25 #4@0.13 #6@0.28 #8@0.23 0.61 # 8@0.20 0.61 17 #86
NOTES:
1. SEE RETAINING WALL DETAIL A tw
2. SEE RETAINING WALL DETAIL B
(MIN. 0.25m)
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Soil Properties: Material Properties: DATE :
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.. . . DATE REVISION BY
Friction angle = 35 fy = 60 ksi STD. %%%
Friction coeficient = 0.40 DWG % f %
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—CONCRETE DIMENSIONS

———SERVICE LOAD ANALYSIS SUMMARY-

REINFORCEMENT AREAS

Height
Above Stem Base Width Base Soil |-—————— Safety Factors—————————————— | |———— - - —Stem————— - —_ Base—— _— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |—————— Statie———————— |—————— Earthquake————— | Area "RV” Length "RH” "FV” "FH” Develop. ™ Develop. "TB"
hw tw tb C T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (ecm™2/Im) (size®@m) (m) (size®@m) (size@m) (size@m) (size®@m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.38 0.20 0.58 0.99 NONE 0.58 826 271 2.27 5.87 1.27 1.99 4.66 # 4@0.25 0.30 #4©0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 3 #4
1.25 1 0.20 0.38 0.30 0.69 1.19 NONE 0.71 941 289 1.98 5.67 112 1.95 4.66 # 4©0.25 0.30 #4©0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.36 0.84 1.40 0.30x0.15 0.78 939 248 18.55 5.14 10.80 1.88 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.75 1 0.20 0.30 0.46 0.94 1.80 0.30x0.15 0.89 1056 265 14.56 5.09 8.51 1.86 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 4 $4
2.00 1 0.20 0.30 0.61 1.07 1.88 0.30x0.15 1.03 1105 258 11.82 5.43 6.91 1.96 5.45 # 4©0.23 0.30 #4©0.46 #4@0.41 #400.38 #4©0.15 0.30 # 4@0.18 0.30 5 j4
2.25 1 0.20 0.30 0.79 1.17 2.16 0.30x0.15 1.16 1184 264 9.87 5.74 5.77 2.04 7.86 # 4@0.15 0.30 £4@0.46 £4@0.41 44@0.38 £4@0.15 0.30 # 4@0.18 0.30 6 f#4
2.50 1 0.20 0.30 0.94 1.32 2.46 0.30x0.23 1.33 1208 272 15.14 6.04 8.77 213 10.98 # 6@0.25 0.46 #4©0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 6 #4
2.75 1 0.20 0.30 1.12 1.42 2.74 0.30x0.23 1.46 1294 338 12.96 6.25 7.50 2.18 15.13 # 6@0.18 0.46 #4©0.46 #4©@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 7 #4
3.00 1 0.20 0.30 1.27 1.57 3.05 0.30x0.38 1.65 1397 423 25.60 6.48 14.74 2.24 20.57 # 8©0.23 0.61 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.25 2 0.20 0.30 1.45 1.68 3.33 0.30x0.46 1.81 1530 485 30.43 6.63 17.51 2.28 28.30 #10©0.28 0.69 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.50 2 0.23 0.32 1.55 1.80 3.58 0.30x0.44 2.07 1650 539 25.69 6.71 14.78 2.30 28.15 #10@0.28 0.69 #4@0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 4@0.15 0.30 9 #4
3.75 2 0.25 0.35 1.68 1.90 3.84 0.30x0.41 2.42 1789 595 20.40 6.85 11.74 2.32 28.99 #10©0.28 0.69 #4@0.46 #4©0.33 #4©0.30 #4©@0.15 0.30 # 4©0.13 0.30 10 #4
4.00 2 0.25 0.39 1.83 2.06 4.14 0.30x0.37 2.73 1930 683 15.88 7.07 9.14 2.38 37.42 #10©0.20 0.69 #4©0.46 #4©0.33 #4@0.30 #4©0.13 0.30 # 6@0.28 0.46 12 #4
4.25 2 0.28 0.43 1.96 2.13 4.37 0.30x0.34 3.15 2070 720 12.45 7.13 7.18 2.38 38.23 #10@0.20 0.69 #4©0.46 #4©@0.30 #4@0.25 #6@0.28 0.46 # 6@0.23 0.46 14 #4
4.50 2 0.30 0.46 2.06 2.29 4.65 0.30x0.30 3.62 2204 797 9.85 7.28 5.68 2.42 39.49 #10©0.20 0.69 #4©0.46 #4©0.28 #4©0.25 #6©0.25 0.46 # 6@0.20 0.46 16 #4
4.75 2 0.33 0.49 1.24 2.36 3.94 0.30x0.27 3.58 2441 473 8.25 4.83 4.87 1.78 36.79 #10©0.20 0.69 #4©0.46 #4©0.25 #4©0.23 #4@0.15 0.30 # 6©0.20 0.46 14 #4
5.00 2 0.33 0.53 1.35 2.48 4.14 0.30x0.23 3.93 2594 510 6.26 4.89 3.72 1.79 44.67 #10©0.18 0.69 #4@0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.18 0.46 8 #6
5.25 2 0.36 0.57 1.37 2.62 4.34 0.30x0.19 4.41 2685 523 4.94 4.91 2.96 1.80 46.15 #10©0.15 0.69 #4©0.43 #4©0.23 #4©0.20 #4®0.15 0.30 # 6@0.15 0.46 g #6
5.50 2 0.38 0.62 1.45 2.77 4.60 0.30x0.15 5.00 2849 569 3.89 4.90 2.37 1.80 49.75 #10@0.15 0.69 #4©0.41 #4@0.20 #4©@0.20 #6@0.25 0.46 # 8@0.28 0.61 10 #6
5.75 2 0.41 0.67 1.47 2.90 4.78 0.30x0.15 5.57 2987 600 3.81 4.89 2.32 1.79 51.75 #10©0.15 0.69 #4©0.38 #4©0.20 #4©0.18 #6@0.25 0.46 # 8@0.25 0.61 11 #6
6.00 2 0.43 0.72 1.55 3.00 4.98 0.30x0.15 6.21 3139 637 3.77 4.96 2.29 1.81 54.25 #10©0.13 0.69 #4©0.36 #4@0.18 #400.18 #6@0.25 0.46 # 800.23 0.61 12 #6
6.25 2 0.46 0.77 1.63 3.07 5.16 0.30x0.15 6.87 3333 689 3.72 5.00 2.27 1.81 56.94 #10€©0.13 0.69 #4©0.33 #4@0.18 #4@0.15 #6©0.25 0.46 # 8@0.20 0.61 14 #6
6.50 2 0.46 0.83 1.68 3.23 5.36 0.30x0.15 7.44 3446 714 3.68 5.01 2.24 1.81 65.82 #11©0.15 0.76 #4©0.33 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.20 0.61 15 #6
6.75 2 0.48 0.87 1.75 3.33 5.56 0.30x0.15 8.14 3593 748 3.63 5.06 2.22 1.83 68.71 #11©0.13 0.76 #4©0.30 #4@0.18 #4@0.15 #6@0.20 0.46 # 8@0.18 0.61 16 #6
7.00 2 0.51 0.93 1.78 3.45 5.74 0.30x0.15 8.96 3747 788 3.61 5.07 2.21 1.82 71.47 #11©0.13 0.76 #4©0.30 #4©0.15 #4@0.15 #6@0.20 0.46 #10©0.28 0.69 10 #8
7.25 2 0.53 1.00 1.85 3.61 5.99 0.30x0.15 9.93 3926 844 3.56 5.07 2.18 1.83 76.58 #11©0.13 0.76 #4©0.28 #4@0.15 #4©0.13 #6@0.20 0.46 #11@0.28 0.76 12 #8
7.50 2 0.56 1.14 1.93 4.19 6.20 0.30x0.15 11.32 3999 769 3.69 5.29 2.24 1.88 80.03 #11@©0.10 0.76 #4©0.25 #4@0.15 #4@0.13 #6@0.18 0.46 #11@0.25 0.76 14 #8
NOTES:
1. SEE RETAINING WALL DETAIL A ¢
2. SEE RETAINING WALL DETAIL B "
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—CONCRETE DIMENSIONS——

—SERVICE LOAD ANALYSIS SUMMARY——————————————— |———

REINFORCEMENT AREAS————

Height
Above Stem Base Width Base Soail |- Safety Factor: —_ |- ————-Stem———————— —_ ———Base———————————— ————— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——————= Static———————— |——————| Earthquake————— Area "RV” Length "RH" "FV”" "FH” Develop. " Develop. "TB”
hw tw tb o] T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’'d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm”™2/1m) (size@m) (m) (size@m) (size@m) (size®@m) (size@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.25 0.81 1.27 0.30x0.15 0.64 741 167 28.03 6.52 12.25 1.89 4.66 # 4@0.25 0.30 #4©0.46 #4©@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.25 1 0.20 0.30 0.36 0.97 1.52 0.30x0.15 0.76 863 169 19.78 6.22 8.69 1.83 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.43 117 1.80 0.30x0.15 0.90 931 158 15.03 6.11 6.63 1.82 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.71 1.35 2.26 0.30x0.15 1.09 973 185 11.38 6.91 5.02 2.01 6.78 # 4@0.18 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.30 0.97 1.55 2.72 0.30x0.23 1.30 1025 274 16.43 7.50 7.7 2.14 10.64 # 6@0.25 0.46 #4@0.46 #4@0.41 #4@©0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.25 1 0.20 0.30 1.22 1.73 3.15 0.30x0.23 1.49 1183 370 13.34 7.87 5.82 2.23 16.16 # 6©0.15 0.46 #4©0.46 #4©0.41 £4©0.38 44@0.15 0.30 # 4©0.18 0.30 8 #4
2.50 1 0.20 0.30 1.45 1.88 3.53 0.30x0.38 1.70 1331 435 25.21 8.01 10.94 2.25 24.11 # 8@0.20 0.61 #4©@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 9 #4
2.75 1 0.20 0.32 1.70 2.1 4.01 0.30x0.44 1.97 1492 556 27.57 8.46 11.94 2.36 37.86 #10©0.20 0.69 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.15 0.30 10 #4
3.00 1 0.20 0.31 0.91 2.29 3.40 0.30x0.45 1.81 1471 123 28.84 5.57 12.57 1.72 41.16 #1000.18 0.69 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 400.15 0.30 B #4
3.25 2 0.23 0.35 0.99 2.41 3.63 0.30x0.41 2.14 1635 145 21.86 5.61 9.56 1.72 39.93 #10©0.20 0.69 #4©0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.13 0.30 10 #4
3.50 2 0.25 0.39 1.02 2.62 3.89 0.30x0.37 2.51 1729 154 16.78 5.65 7.37 1.73 40.31 #10©0.20 0.69 #4@0.46 #4©0.33 #4@0.30 #4@0.15 0.30 # 6@0.28 0.46 11 #4
3.75 2 0.25 0.43 1.12 2.79 4.17 0.30x0.33 2.85 1852 169 12.43 5.74 5.49 1.75 57.50 #10@0.13 0.69 #4©0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 6@0.23 0.46 14 #4
4.00 2 0.28 0.48 1.14 3.00 4.42 0.30x0.29 3.31 1951 181 9.32 5.78 4.15 1.76 56.32 #10©0.13 0.69 #4@0.46 #4©0.30 #4©0.25 #4©0.15 0.30 # 6©0.20 0.46 16 #4
4.25 2 0.30 0.53 1.22 3.15 4.67 0.30x0.23 3.86 2099 205 6.57 5.88 2.96 1.78 58.03 #10©0.13 0.69 #4©0.46 #4©0.28 #4©0.25 #4@0.15 0.30 # 6©0.18 0.46 9 #6
4.50 2 0.33 0.59 1.30 3.30 4.93 0.30x0.17 4.45 2248 230 4.66 5.97 2.14 1.79 60.66 #10©0.13 0.69 #4©0.46 #4©0.25 #4©0.23 #4@0.15 0.30 # 8@©0.30 0.81 10 #6
4.75 2 0.33 0.65 1.35 3.51 5.18 0.30x0.19 4.98 2368 252 4.97 5.98 2.28 1.79 80.01 #11@0.10 0.76 #4©0.46 #4@0.25 #4©0.23 #4©0.15 0.30 # 8@0.25 0.61 12 #6
5.00 2 0.36 0.71 1.42 3.66 5.44 0.30x0.15 5.69 2522 279 4.03 6.07 1.87 1.81 81.88 #11@0.10 0.76 #4©@0.43 #4@0.23 #4©@0.20 #4@0.15 0.30 # 8@0.23 0.61 13 #6
5.25 2 0.38 0.77 1.50 3.81 5.69 0.30x0.15 6.42 2671 304 3.96 6.13 1.84 1.82 84.92 #11@0.10 0.76 #4@0.41 #4©@0.20 #4@0.20 #4@0.13 0.30 # 8@0.20 0.81 15 #6
5.50 2 0.41 0.84 1.57 4.04 6.02 0.30x0.15 7.37 2844 344 3.86 6.14 1.80 1.82 92.60 #11@0.10 0.76 #4©0.38 #4®0.20 #4©0.18 #6@0.25 0.46 # 8©0.18 0.61 17 #6
5.75 2 0.43 0.91 1.60 4.24 6.27 0.30x0.15 8.27 2960 368 3.83 6.19 1.78 1.83 95.83 #11@0.10 0.76 #4@0.36 #4@0.18 #4@©0.18 #6@0.25 0.46 #10@0.28 0.69 19 #6
6.00 2 0.46 0.98 1.68 4.37 6.50 0.30x0.15 9.19 3149 406 3.80 6.23 1.77 1.83 100.71 #11©0.08 0.76 #4©0.33 #4©0.18 #4©@0.15 #6@0.25 0.46 #11@0.30 0.76 12 #8
6.25 2 0.48 1.06 1.75 4.52 6.76 0.30%0.15 10.23 3313 440 3.79 6.31 1.77 1.85 106.06 #110@0.08 0.76 #4@0.30 #4©0.18 #4@0.15 #6@0.23 0.46 #11@0.28 0.76 14 #8
6.50 2 0.51 1.13 1.78 4.72 7.01 0.30x0.15 11.27 3429 464 3.77 6.35 1.76 1.85 110.77 #11@0.08 0.76 £4©0.30 #£480.15 £4©0.15 #6@0.20 0.46 £11@0.25 0.76 15 #8
6.75 2 0.53 1.21 1.85 4.88 7.26 0.30x0.15 12.41 3594 498 3.76 6.41 1.76 1.87 116.94 #110@0.08 0.76 #4@0.28 #4©0.15 #4@0.13 #6@0.20 0.46 #11@0.23 0.76 16 #8
7.00 2 0.56 1.29 1.88 5.08 7.52 0.30x0.15 13.65 3720 529 3.77 6.46 1.76 1.88 122.40 #11@0.08 0.76 #4@0.25 #4@0.15 #4@0.13 #6@0.20 0.46 #11@0.20 0.78 18 #8
7.25 2 0.58 1.40 2.01 5.26 7.85 0.30x0.15 15.25 3959 591 3.75 6.51 1.76 1.88 134.60 #11@®0.05 0.76 #4©@0.25 #4©0.13 #6©@0.28 #6@0.18 0.46 #11@0.20 0.76 20 #8
7.50 2 0.61 1.71 2.03 8.73 8.10 0.30x0.15 18.46 3998 604 413 7.02 1.90 1.98 140.83 #11@0.05 0.76 #4@0.25 #4©0.13 #6@0.28 #6@0.18 0.46 #11@0.15 0.78 15 #11
NOTES:
1. SEE RETAINING WALL DETAIL A tw
2. SEE RETAINING WALL DETAIL B
(MIN. 0.25mm)
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—CONCRETE DIMENSIONS——————————————————

SERVICE LOAD ANALYSIS SUMMARY

REINFORCEMENT AREAS -

Height
Above Stem Base Width Base Soil | Safety Factors————————— | |—— ——Stem—— | Ba |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure | Static——— | ——Earthquake————— | Area "RV” Length "RH” "FV” "FH” “H” Develop. T Develop. "TB”
hw tw tb T W t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (em™2/Im) (size®m) (m) (size®m) (size®m) (size®m) (size@m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.38 0.74 0.81 1.75 NONE 0.87 553 359 1.64 5.4 1.33 3.41 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 5 #4
1.25 1 0.20 0.38 0.89 0.89 1.98 NONE 1.01 628 385 1.62 6.02 1.30 3.33 4.66 # 4©0.25 0.30 #4©0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 5 #4
1.50 1 0.20 0.38 1.02 0.99 2.21 NONE 1.15 689 403 1.60 6.10 1.28 3.20 4.66 # 400.25 0.30 #400.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 6 #4
1.75 1 0.20 0.38 1.08 1.02 2.31 NONE 1.24 812 445 1.59 5.84 1.25 3.05 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 6 #4
2.00 1 0.20 0.38 1.14 1.12 2.46 NONE 1.35 876 450 1.58 5.80 1.23 2.96 5.1 # 4©0.23 0.30 #4©0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 6 #4
2.25 1 0.20 0.38 1.18 1.18 2.59 NONE 1.44 962 472 1.58 5.72 1.21 2.85 6.74 # 4©0.18 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
2.50 1 0.20 0.38 1.24 1.22 2.67 NONE 1.52 1103 504 1.57 5.52 1.19 2.68 8.71 # 4@0.13 0.30 #4©0.46 #4@0.41 #4©0.38 #4©@0.15 0.30 # 4@0.18 0.30 7 #4
2.75 1 0.20 0.30 1.30 1.30 2.79 0.30x0.23 1.48 1128 474 15.17 5.33 11.60 2.58 11.07 # 6@0.25 0.46 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©@0.18 0.30 7 #4
3.00 1 0.23 0.30 1.30 1.35 2.87 0.30x0.23 1.63 1261 502 14.08 5.20 10.61 2.46 11.28 # 6@0.23 0.46 #4©0.46 #4©0.36 #4©0.33 #4©@0.15 0.30 # 4©@0.18 0.30 7 #4
3.25 2 0.23 0.30 1.37 1.45 3.05 0.30x0.23 1.74 1318 496 13.00 5.30 9.68 2.46 14.04 # 6@0.18 0.46 #4@0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.50 2 0.25 0.30 1.40 1.52 3.17 0.30x0.23 1.93 1423 510 12.05 5.26 8.89 2.40 14.46 # 6@0.18 0.46 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.75 2 0.28 0.30 1.42 1.55 3.25 0.30x0.23 2.1 1599 563 11.21 5.1 8.22 2.30 15.04 # 6@0.18 0.46 #4@0.46 #4@0.30 #4©@0.25 #4@0.15 0.30 # 4@0.18 0.30 8 #4
4.00 2 0.28 0.31 1.50 1.65 3.43 0.30x0.37 2.30 1658 553 22.57 5.23 16.29 2.31 18.02 # 8@0.28 0.61 #4@0.46 #4@0.30 #4@0.25 #4@0.13 0.30 # 4@0.15 0.30 8 #4
4.25 2 0.30 0.33 1.52 1.73 3.56 0.30x0.36 2.58 1781 575 19.45 5.25 13.93 2.28 18.65 # 8@0.25 0.61 #4©0.46 #4@0.28 #4©0.25 #4©0.13 0.30 # 4@0.15 0.30 9 #4
4.50 2 0.30 0.36 1.57 1.80 3.68 0.30x0.33 2.78 1905 597 16.35 5.26 11.63 2.25 21.98 # 8@0.23 0.61 #4@0.46 #4@0.28 #4@0.25 #6@0.28 0.46 # 4@0.13 0.30 10 #4
4.75 2 0.33 0.38 1.60 1.90 3.84 0.30x0.30 3.12 1996 600 13.80 5.33 9.76 2.24 22.66 # 8@0.20 0.61 #4@0.46 #4@0.25 #4@0.23 #6@0.28 0.46 # 6@0.28 0.46 11 #4
5.00 2 0.36 0.41 1.63 1.98 3.96 0.30x0.27 3.50 2130 625 11.34 5.36 7.98 2.22 23.47 # 8@0.20 0.61 #4©0.43 #4@0.23 #4@0.20 #6@0.25 0.46 # 6@0.25 0.46 12 #4
5.25 2 0.36 0.44 1.70 2.01 4.06 0.30x0.32 3.75 2321 679 13.82 5.36 9.65 2.18 27.07 #10@0.28 0.69 #4@0.43 #4@0.23 #4@0.20 #6@0.23 0.46 # 6@0.23 0.46 13 #4
5.50 2 0.38 0.48 1.65 2.13 4.17 0.30x0.28 4.19 2500 722 10.63 5.10 7.42 2.10 28.65 #10@0.28 0.69 #4@0.41 #4@0.20 #4@0.20 #6@0.23 0.46 # 6@0.20 0.46 15 #4
8.75 2 0.41 0.51 1.68 2.24 4.32 0.30x0.25 4.63 2594 725 8.88 5.18 6.18 2.10 29.63 #10@0.25 0.69 #4©0.38 #4@0.20 #4@0.18 #6@0.23 0.46 # 6@0.18 0.46 16 #4
6.00 2 0.41 0.55 1.73 2.31 4.44 0.30x0.22 4.93 2727 746 7.42 5.21 5.16 2.09 33.62 #100@0.23 0.69 #4@0.38 #4@0.20 #4@0.18 #6@0.23 0.46 # 6@0.18 0.46 9 #6
6.25 2 0.43 0.58 1.78 2.34 4.55 0.30x0.18 5.38 2947 814 6.21 5.19 4.34 2.06 34.82 #100@0.23 0.69 #4@0.36 #4@0.18 #4@0.18 #6@0.20 0.46 # 6@0.15 0.46 9 #6
6.50 2 0.46 0.62 1.83 2.44 4,72 0.30x0.15 5.93 3040 823 5.29 5.29 3.70 2.07 36.11 #10@0.20 0.69 #4©0.33 #4@0.18 #4@0.15 #6@0.20 0.46 # 8©@0.28 0.61 10 #6
6.75 2 0.46 0.65 1.90 2.54 4.90 0.30x0.15 6.31 3122 828 5.24 5.38 3.65 2.09 40.66 #100@0.18 0.69 #4@0.33 #4@0.18 #4@0.15 #6@0.18 0.46 # 8®@0.25 0.61 11 #6
7.00 2 0.48 0.76 1.93 2.62 5.03 NONE 7.21 3346 901 1.79 5.45 1.22 2.08 42.04 #10©0.18 0.69 #4@0.30 #4@0.18 #4@0.15 #6@0.18 0.46 # 8@0.25 0.61 12 #6
7.25 2 0.51 0.76 1.90 2.72 5.13 NONE 7.59 3531 947 1.74 5.18 1.20 2.01 44.41 #10©0.18 0.69 #4@0.30 #4©0.15 #4@0.15 #6@0.18 0.46 # 8@0.23 0.61 13 #6
7.50 2 0.53 0.78 1.96 2.79 5.28 NONE 8.13 3652 966 1.76 5.22 1.22 2.01 45.98 #10©0.18 0.69 #4@0.28 #4@0.15 #4@0.13 #6@0.15 0.46 # 8@0.20 0.61 14 #6
NOTES:
1. SEE RETAINING WALL DETAIL A tw
2. SEE RETAINING WALL DETAIL B
(MIN. 0.25m)
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GEOTEXTILE NON WOQDEN——= o GEOTEXTILE NON WOODEN o
HIGH PERMEABILITY HIGH PERMEABILITY
=~ "FV" 0.46m <17V
hw hw
0.05m CL. - 0.04m CL. 0.05m CL. 0.04m CL
BACK FACE . BACK FACE .
WEEP HOLE 4"¢ WEEP HOLE 4°¢
/ AT 3m C.C. AT 3m C.C.
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RECOMMENDED BY:
K DESIGN AREA DIRECTOR
DATE :
APPROVED BY:
EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.T.S. N.T.S.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE :
Unit Weight = 115 Ib/ft™3 fle = 3 ksi
.. . . DATE REVISION BY
Friction angle = 40 fy = 60 ksi STD. %%%
Friction coeficient = 0.40 DWG % f %
Backfill Slope, i = LEVEL . o




—CONCRETE DIMENSIONS————

SERVICE LOAD ANALYSIS SUMMARY-

REINFORCEMENT AREAS

Height
Above Stem Base Width Base Sail | Safety Factors - || —Stem - - ———Baose————————————————— | |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |———— Static | Earthquake— ———— | Area "RV" Length "RH" a'a "FH" H" Develop. T Develop. “TB"
hw tw tb Cc T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (em/Im) (psf) (psf) (em™2/Im) (size@m) (m) (size®m) (size®m) (size@m) (size@m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.38 0.15 0.53 0.89 NONE 0.54 812 251 2.96 86.23 1.65 2.01 4.686 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 3 #4
1.25 1 0.20 0.38 0.25 0.61 1.07 NONE 0.66 945 275 2.53 6.00 1.42 1.96 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 3 #4
1.50 1 0.20 0.38 0.30 0.74 1.24 NONE 0.78 1019 274 2.21 5.74 1.25 1.93 4.66 # 4©@0.25 0.30 #4©@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.75 1 0.20 0.38 0.36 0.86 1.42 NONE 0.90 1095 275 1.99 5.53 1.14 1.90 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 4 #4
2.00 1 0.20 0.30 0.46 0.94 1.80 0.30x0.15 0.94 1162 258 18.84 5.22 10.97 1.84 4.66 # 4@0.25 0.30 #4©0.48 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©@0.18 0.30 4 #4
2.25 1 0.20 0.30 0.51 1.07 1.78 0.30x0.15 1.05 1240 257 15.75 5.10 9.19 1.82 5.71 # 4@0.20 0.30 #4@0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©@0.18 0.30 5 #4
2.50 1 0.20 0.30 0.56 1.19 1.96 0.30x0.15 1.15 1319 258 13.43 5.00 7.86 1.80 7.80 # 4@0.15 0.30 #4@0.46 #4@0.41 #4©0.38 #480.15 0.30 # 4@0.18 0.30 5 #4
2.75 1 0.20 0.30 0.66 1.27 2.13 0.30x0.23 1.28 1452 277 21.13 5.01 12.26 1.79 10.52 # 6©@0.25 0.46 #4@0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 6 #4
3.00 1 0.20 0.30 0.76 1.40 2.36 0.30x0.23 1.40 1498 265 18.32 5.16 10.63 1.84 13.98 # 6©0.18 0.46 #4@0.46 #4©@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
3.25 2 0.20 0.30 0.86 1.52 2.59 0.30x0.38 1.57 1547 254 37.29 5.29 21.44 1.88 18.41 # 8@0.25 0.61 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.50 2 0.20 0.30 0.99 1.60 2.79 0.30x0.38 1.68 1665 269 32.62 5.38 18.77 1.89 24.35 # 8®@0.20 0.61 #4©0.46 #4©@0.41 #4©0.38 #4®@0.15 0.30 # 4©0.18 0.30 7 #4
3.75 2 0.23 0.31 1.09 1.70 3.02 0.30x0.37 1.91 1744 271 28.22 5.57 16.24 1.94 24.19 # 8@0.20 0.61 #4@0.46 #4@0.36 #4©@0.33 #4@0.15 0.30 # 4©0.15 0.30 8 #4
4.00 2 0.25 0.34 1.17 1.83 3.25 0.30x0.35 2.22 1813 299 22.81 5.74 13.14 1.98 24.63 # 8©@0.20 0.61 #4©@0.46 #4©@0.33 #4©@0.30 #4@0.15 0.30 # 4©0.15 0.30 9 #4
4.25 2 0.25 0.37 1.27 1.90 3.43 0.30x0.39 2.48 1971 308 25.37 5.76 14.60 1.97 30.78 #10@0.25 0.69 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 6@0.30 0.486 10 #4
4.50 2 0.28 0.40 1.35 2.03 3.66 0.30x0.36 2.83 2046 371 20.42 5.91 11.77 2.01 31.26 #10@0.25 0.69 #4@0.46 #4©0.30 #4@0.25 #4@0.15 0.30 # 6@0.25 0.46 11 #4
4.75 2 0.30 0.43 1.42 2.186 3.89 0.30x0.33 3.23 2122 436 16.50 6.05 9.52 2.05 32.17 #10@0.25 0.69 #4@0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.23 0.46 13 #4
5.00 2 0.30 0.47 1.55 2.24 4.09 0.30x0.29 3.53 2274 467 12.96 6.14 7.50 2.06 39.05 #10©@0.20 0.69 #4©0.46 #4©@0.28 #4©0.25 #4@0.13 0.30 # 6©0.20 0.46 14 #4
5.25 2 0.33 0.50 1.63 2.34 4.29 0.30x0.26 3.97 2390 505 10.55 6.21 8.12 2.07 40.00 #10@0.20 0.69 #4@0.46 #4@0.25 #4@0.23 #6@0.28 0.46 # 6@0.20 0.486 16 #4
5.50 2 0.36 Q.55 1.63 2.48 4.44 0.30x0.21 4.48 2594 434 7.75 5.94 4.54 2.01 42.21 #10@0.18 0.89 #4©0.43 #4©0.23 #4@0.20 #6@0.25 0.46 # 6@0.18 0.46 9 #6
5.75 2 0.36 0.59 1.75 2.59 4,70 0.30x0.17 4.87 2666 517 6.23 6.11 3.66 2.05 50.11 #10@0.15 0.69 #4©0.43 #4@©0.23 #4@0.20 #6@0.25 0.46 # 8@0.30 0.61 10 #6
6.00 2 0.38 0.63 1.83 2.72 4.93 0.30x0.15 5.43 2748 582 5.58 6.23 3.29 2.08 51.39 #10@0.15 0.69 #4©0.41 #4@0.20 #4@0.20 #6®0.23 0.46 # 8©@0.28 0.61 11 #6
6.25 2 0.41 0.67 1.90 2.77 5.08 0.30x0.15 6.01 2954 572 5.49 6.22 3.25 2.06 52.98 #10@0.15 0.69 #4©0.38 #4@0.20 #4@0.18 #6©0.20 0.46 # 8®@0.25 0.61 12 #6
6.50 2 0.43 0.71 1.98 2.90 5.31 0.30x0.15 6.63 3035 637 5.42 6.32 3.20 2.09 54.81 #10@0.13 0.89 #4@0.36 #4@0.18 #4@0.18 #6©@0.20 0.46 # 8@0.23 0.61 13 #6
6.75 2 0.43 0.76 2.08 3.02 5.54 NONE 7.13 3131 696 1.82 6.41 1.10 2.11 63.35 #10@0.13 0.69 #4@0.36 #4©@0.18 #4@0.18 #6@0.18 0.46 # 8®0.23 0.61 14 #6
7.00 2 0.46 0.84 2.16 3.10 8.71 NONE 7.99 3325 715 1.86 6.47 1.12 2.1 65.26 #11@0.15 0.76 #4©0.33 #4@0.18 #4©0.15 #e@0.18 0.46 # 8@0.20 0.61 15 #6
7.25 2 0.48 0.86 2.16 3.23 5.87 NONE 8.57 3507 642 1.83 6.22 1.11 2.06 68.59 #11©0.13 0.76 #4©0.30 #4@0.18 #4©0.15 #6@0.15 0.46 # 8©0.18 0.61 17 #6
7.50 2 0.51 0.91 2.24 3.33 6.07 NONE 9.32 3633 682 1.85 6.28 1.12 2.07 70.92 #11©0.13 0.786 #4@0.30 #4@0.15 #4@0.15 #8©@0.28 0.61 #10@0.28 0.69 18 #6
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
(MIN. 0.25n)
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GEOTEXTILE NON WOODEN——= o GEOTEXTILE NON WOODEN: Ik
HIGH PERMEABILITY . . HIGH PERMEABILITY
5 0.46mt ~—"Fv" 0.46m <+ v
M hw hw
0.05m CL. . = 0.04m CL 0.05m CL. 0.04m CL
BACK FACE . BACK FACE .
WEEP HOLE 4"g WEEP HOLE 4"p
AT 3m C.C. d AT 3m C.C.
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T K DESIGN AREA DIRECTOR
= DATE :
APPROVED BY:
e w e w
EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.T.S. N.T.S.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE -
Unit Weight = 115 Ib/ft™3 fle = 3 ksi
P . . DATE REVISION BY
Friction angle = 40 fy = 60 ksi STD %%%

Friction coeficient = 0.40

Backfill Slope, i = 15°
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——CONCRETE DIMENSIONS

| —SERVICE LOAD ANALYSIS SUMMARY |

Height
Above Stem Base Width Base Soil |- Safety Factors—————————————— | I- Stem—————— |——— Base |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |—————— Static———————— |-—————— Earthquake————— | Area "RV” Length "RH” "FV"” "FH" "H” Develop. " Develop. "B”
hw tw tb C T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (ecm™2/Im) (size®@m) (m) (size@m) (size@m) (size@m) (size®@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.20 0.81 1.22 0.30x0.15 0.62 729 143 41.40 7.00 16.59 1.88 4.66 4@0.25 0.30 4@0.46 4@0.41 4@0.38 4@0.15 0.30 4@0.18 0.30 4 #4
1.25 1 0.20 0.30 0.30 0.97 1.47 0.30x0.15 0.75 853 141 28.81 6.68 11.61 1.83 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.36 1.17 1.73 0.30x0.15 0.88 926 129 21.93 6.43 8.88 1.79 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@©0.15 0.30 # 4@0.18 0.30 5 #4
1.7 1 0.20 0.30 0.46 1.32 1.98 0.30x0.15 1.01 1050 126 17.07 6.27 6.95 1.76 5.83 4@0.20 0.30 4@0.46 4@0.41 4@0.38 4@0.15 0.30 4@0.18 0.30 5 #4
2.00 1 0.20 0.30 0.53 1.52 2.26 0.30x0.15 1.14 1117 111 13.92 6.23 5.70 1.76 8.67 # 4@0.13 0.30 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.20 0.30 0.76 1.70 2.67 0.30x0.23 1.34 1183 127 20.42 6.73 8.24 1.87 13.32 # 6©0.20 0.46 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.50 1 0.20 0.30 0.99 1.90 3.10 0.30x0.38 1.57 1228 240 38.72 7.20 15.44 1.97 20.03 8@0.25 0.61 4@0.46 4@0.41 4@0.38 4@0.15 0.30 4@0.18 0.30 8 #4
2.75 1 0.20 0.30 1.19 2.06 3.45 0.30x0.46 1.75 1351 298 44.14 7.36 17.57 2.00 30.09 #10©0.25 0.69 #4©0.46 #4©@0.41 #4©@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.00 1 0.20 0.33 1.40 2.29 3.89 0.30x0.43 2.02 1810 411 33.96 7.77 13.52 2.08 54.57 #10@0.13 0.69 #4©0.46 #4©@0.41 #4©0.38 #4@0.15 0.30 # 4@0.15 0.30 10 #4
3.25 2 0.20 0.38 1.63 2.44 4.27 0.30x0.38 2.40 1698 493 23.98 8.08 9.57 2.13 59.37 10©0.10 0.69 4@0.46 4@0.41 4@0.38 4@0.15 0.30 6@0.28 0.46 12 #4
3.50 2 0.23 0.44 1.78 2.64 4.65 0.30x0.40 2.86 1862 591 23.40 8.42 9.33 2.20 70.17 #11@0.10 0.76 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 6@0.23 0.46 15 #4
3.75 2 0.25 0.43 1.02 2.77 4.04 0.30x0.33 2.80 1871 113 17.77 6.09 7.21 1.73 50.74 #10©0.15 0.69 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 6©0.23 0.46 13 #4
4.00 2 0.25 0.48 1.07 2.97 4.29 0.30x0.36 3.17 1979 125 18.86 6.10 7.64 1.74 80.96 11@0.10 0.76 4@0.46 4@0.33 4@0.30 4@0.15 0.30 6@0.20 0.46 15 #4
4.25 2 0.28 0.53 1.14 3.12 4.55 0.30x0.31 3.68 2121 141 13.91 6.22 5.68 1.76 73.09 #11©0.13 0.76 #4©0.46 #4©0.30 #4©0.25 #4©0.15 0.30 # 6@0.18 0.46 9 #6
4.50 2 0.30 0.58 1.17 3.33 4.80 0.30x0.26 4.22 2217 162 10.30 6.29 4.26 1.77 69.74 #11@©0.13 0.76 #4@0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.15 0.46 10 #6
4.75 2 0.33 0.64 1.24 3.45 5.03 0.30x0.20 4.85 2399 180 7.17 6.36 3.02 1.78 71.07 11€@0.13 0.76 4@0.46 4@0.25 4@0.23 4@0.15 0.30 8@0.25 0.61 11 #6
5.00 2 0.33 0.70 1.30 3.66 5.28 0.30x0.15 5.39 2515 188 5.52 6.38 2.37 1.78 106.32 #11©0.08 0.76 #4©0.46 #4@0.25 #4©0.23 #4©0.15 0.30 # 8@0.23 0.61 13 #6
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B
tw
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GEOTEXTILE NON WOODEN———= o GEOTEXTILE NON WOODEN: 9
HIGH PERMEABILITY HIGH PERMEABILITY
v L 0.46m T
hw b hw
0.05m CL. 0.04m CL. 0.05m CL. - 0.04m CL.
BACK FACE BACK FACE
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AT 3m C.C. AT 3m C.C.
PVC SCH. 40 “ PVC SCH. 40
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K DESIGN AREA DIRECTOR
DATE :
APPROVED BY:
EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS| RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.T.S. N.T.S.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE -
Unit Weight = 115 Ib/ft™3 fle = 3 ksi
. 4. . . DATE REVISION BY
Friction angle = 40 fy = 60 ksi STD %%%
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Friction coeficient 0.40

Backfill Slope, i

DWG.
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—CONCRETE DIMENSIONS———

——SERVICE LOAD ANALYSIS SUMMARY———

REINFORCEMENT AREAS——— —|

Height
Above Stem Base Width Base Soil @ |-————————————— Safety Factors— | —Stem— | Base |
Base Thickness Thickness Heel of Base Key Concrete Pressure Static | Earthquak | Area "RV” Length "RH" "FV* "FH" "H” Develop. T Develop. “B"
hw tw tb Cc w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (cm”™2/Im) (size@m) (m) (size@m) (size@m) (size®@m) (size®@m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.46 1.68 0.30x0.15 0.76 670 179 7.06 2.70 6.27 2.00 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
1.25 1 0.20 0.30 0.56 1.88 0.30x0.15 0.87 774 229 5.79 2.71 5.08 1.95 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
1.50 1 0.20 0.30 0.66 2.08 0.30x0.15 0.99 875 287 4.90 2.75 4.25 1.93 4.89 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.76 2.24 0.30x0.15 1.08 1001 355 4.38 2.80 3.74 1.90 6.76 # 4@0.18 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.30 0.81 2.39 0.30x0.15 1.18 1105 411 3.96 2.81 3.34 1.86 9.01 # 480.13 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.23 0.30 0.89 2.54 0.30x0.23 1.36 1231 499 6.57 2.91 5.43 1.85 9.83 # 600.28 0.46 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 400.18 0.30 8 #4
2.50 1 0.23 0.30 0.99 2.69 0.30x0.23 1.46 1355 590 6.02 3.01 4.92 1.85 12.48 # 6@0.20 0.46 #4@0.46 #4@0.36 #4©0.33 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.75 1 0.25 0.30 1.02 2.84 0.30x0.23 1.64 1452 669 5.56 3.07 4.48 1.84 13.33 # 6©0.20 0.46 #4©0.46 #4@0.33 #4©0.30 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.00 1 0.28 0.30 1.09 2.97 0.30x0.23 1.81 1612 765 5.19 3.15 4.13 1.83 14.28 # 6@0.18 0.46 #4©0.46 #4©0.30 #4©0.25 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.28 0.30 1.14 3.15 0.30x0.38 1.98 1688 801 10.77 3.18 8.42 1.82 17.75 # 8@0.28 0.61 #4©0.46 #4©0.30 #4©@0.25 #4@0.15 0.30 # 4©0.18 0.30 8 #4
3.50 2 0.30 0.32 1.22 3.30 0.30x0.36 2.25 1851 854 9.15 3.26 7.1 1.82 18.99 # 8@0.25 0.61 #4@0.46 #4@0.28 #4©0.25 #4@0.15 0.30 # 4@0.15 0.30 8 #4
3.75 2 0.33 0.36 1.30 3.48 0.30x0.33 2.58 1987 890 7.40 3.39 5.72 1.84 20.34 # 8@0.23 0.61 #4@0.46 #4@0.25 #4©0.23 #4@0.15 0.30 # 4@0.13 0.30 10 #4
4.00 2 0.36 0.39 1.32 3.63 0.30x0.30 2.92 2125 927 5.99 3.43 4.60 1.83 21.79 # 8@0.23 0.61 #4©0.43 #4©0.23 #4©0.20 #4@0.15 0.30 # 6@0.28 0.46 11 #4
4,25 2 0.36 0.42 1.42 3.81 0.30x0.27 3.19 2258 961 4.86 3.54 3.73 1.85 25.86 # 8@0.18 0.61 #4©0.43 #4©0.23 #4©0.20 #4©@0.13 0.30 # 6@0.25 0.46 12 #4
4.50 2 0.38 0.45 1.45 3.96 0.30x0.31 3.60 2395 994 5.77 3.57 4.38 1.84 27.44 #10@0.28 0.69 #4@0.41 #4©0.20 #4©0.20 #4©0.13 0.30 # 6©0.23 0.46 13 #4
475 2 0.41 0.48 1.52 4.11 0.30x0.28 4.00 2572 1048 4.77 3.65 3.61 1.85 29.11 #10@0.28 0.69 #4@0.38 #4@0.20 #4@0.18 #6@0.28 0.486 # 6@0.20 0.46 15 #4
5.00 2 0.43 0.52 1.55 4.29 0.30x0.24 4.47 2672 1060 3.84 3.72 2.90 1.86 30.88 #10@0.25 0.69 #4®@0.36 #4@0.18 #4®@0.18 #6@0.25 0.46 # 6@0.18 0.46 8 #6
5.25 2 0.46 0.56 1.63 4.44 0.30x0.20 4.95 2855 1116 3.12 3.80 2.36 1.86 32.74 #10@©0.23 0.69 #4@0.33 #4@0.18 #4@0.15 #6@©0.23 0.46 # 6©0.18 0.46 9 #6
5.50 2 0.48 0.60 1.70 4.65 0.30x0.16 5.51 3048 1182 2.44 3.82 1.85 1.85 35.55 #10@0.23 0.69 #4@0.30 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.28 0.61 10 #6
5.75 2 0.48 0.64 1.75 4.83 0.30x0.15 5.92 3142 1190 2.34 3.88 1.77 1.86 40.51 #10@0.18 0.69 #4@0.30 #4@0.18 #4©0.15 #6@0.20 0.46 # 8@0.25 0.61 11 #6
6.00 2 0.51 0.69 1.83 4.98 0.30x0.15 6.51 3332 1246 2.34 3.96 1.76 1.86 42.62 #10@0.18 0.69 #4@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 # 8@0.25 0.61 12 #6
6.25 2 0.53 0.73 1.85 5.16 0.30x0.15 7.15 3448 1272 2.32 3.99 1.74 1.87 45.04 #10@0.18 0.69 #4@0.28 #4©0.15 #4@0.13 #6©0.20 0.46 # 8@0.23 0.61 13 #6
6.50 2 0.56 0.77 1.93 5.33 0.30x0.15 7.81 3610 1321 2.32 4.05 1.73 1.87 47.55 #10@0.15 0.69 #4@0.25 #4@0.15 #4@0.13 #6@0.18 0.486 # 8@0.20 0.61 14 #6
6.75 2 0.58 0.82 1.96 5.49 0.30x0.15 8.48 3771 1368 2.29 4.05 1.71 1.86 50.16 #10@0.15 0.69 #4©0.25 #4©0.13 #6@0.28 #6@0.18 0.46 # 8@0.20 0.61 15 #6
7.00 2 0.61 0.87 2.03 5.66 0.30x0.15 9.24 3938 1419 2.30 4.12 1.71 1.87 52.87 #10@0.15 0.69 #4@0.25 #4©0.13 #6©0.28 #6©0.15 0.46 # 8@0.18 0.61 17 #6
7.25 2 0.64 1.02 2.1 5.89 0.30x0.15 10.64 3991 1326 2.37 4.29 1.75 1.93 56.82 #10©0.13 0.69 #4@0.23 #6@0.28 #6@0.25 #8©@0.28 0.61 #11@0.28 0.76 12 #8
7.50 2 0.66 1.185 2.13 6.07 0.30x0.15 11.98 3991 1200 2.45 4.46 1.79 1.98 59.74 #10©0.13 0.69 #4©0.23 #6©0.28 #6@0.25 #8©0.28 0.61 #11@0.25 0.76 13 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
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|——— CONCRETE DIMENSIONS—-— SERVICE LOAD ANALYSIS SUMMARY——-— | REINFORCEMENT AREAS—— |
Height
Above Stem Base Width Base Soil | Safety Factors—————————————— | |— —Stem —|— Base |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——— | Earthquake————— | Area Length "RH" "FV" "FH" “H" Develop. " Develop. “TB"
hw tw tb Cc T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (em™2/Im) (m) (size@m) (size®@m) (size@m) (size®m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.30 0.76 1.27 0.30x0.15 0.64 744 216 18.01 5.68 9.52 1.94 4.66 # 0.30 #4©0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 4 #4
1.25 1 0.20 0.30 0.58 0.89 1.68 0.30x0.15 0.81 805 217 12.42 6.54 6.57 2.17 4.66 # 0.30 #4@0.46 #4@0.41 #4©@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
1.50 1 0.20 0.30 0.84 1.09 2.13 0.30x0.15 1.00 819 275 9.36 7.39 4.95 2.40 4.66 # 0.30 #4©0.48 #4@0.41 #4©0.38 #4@0.15 0.30 # 4®@0.18 0.30 6 #4
1.75 1 0.20 0.30 1.12 1.24 2.57 0.30x0.15 1.18 975 381 7.42 7.92 3.93 2.54 7.09 0.30 4©0.46 4@0.41 4©0.38 4@0.15 0.30 4©@0.18 0.30 6 #4
# # # # # # #
2.00 1 0.20 0.30 1.40 1.40 3.00 0.30x0.23 1.39 1129 481 10.75 8.34 5.66 2.64 10.87 # 0.46 #4@0.46 #4©0.41 #40@0.38 #4©0.15 0.30 # 4©@0.18 0.30 7 #4
2.25 1 0.20 0.30 1.85 1.55 3.40 0.30x0.23 1.56 1274 567 8.95 8.57 4.72 2.70 16.07 # 0.46 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
2.50 1 0.20 0.30 0.86 1.70 2.77 0.30x0.38 1.47 1366 253 19.19 4.94 10.12 1.76 18.84 # 0.61 #4@0.48 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.75 1 0.20 0.30 0.91 1.90 3.02 0.30x0.38 1.60 1434 248 16.40 4.84 8.66 1.74 26.51 # 0.61 #4©0.46 #4©@0.41 #4©@0.38 #4©0.15 0.30 # 4@0.18 Q.30 7 #4
3.00 1 0.23 0.30 0.99 2.06 3.28 0.30x0.46 1.82 1832 251 19.51 4.85 10.29 1.75 27.73 0.69 #4@0.46 #4©0.36 #4©@0.33 #4@0.15 0.30 # 4@0.18 0.30 B #4
3.25 2 0.25 0.34 1.07 2.21 3.53 0.30x0.43 2.14 1652 270 15.18 4.93 8.02 1.76 29.58 0.69 4@0.46 4©0.33 4@0.30 4@0.15 0.30 4@0.15 0.30 9 #4
# # # # # #
3.50 2 0.25 0.38 1.17 2.36 3.78 0.30x0.38 2.45 1790 298 11.29 4.99 5.98 1.77 39.63 0.69 #4@0.46 #4©0.33 #4©@0.30 #4@0.15 0.30 # 6@0.28 0.46 11 #4
3.75 2 0.28 0.43 1.24 2.489 4.01 0.30x0.34 2.86 1951 334 8.44 5.03 4.49 1.78 41.53 0.69 #4©0.46 #4©0.30 #4@0.25 #4©@0.15 0.30 # 6©0.23 0.46 13 #4
4.00 2 0.30 0.46 1.27 2.69 4.27 0.30x0.30 3.29 2039 345 6.51 5.04 3.48 1.78 43.65 0.69 4@0.46 4@0.28 4@0.25 4@0.15 0.30 6@0.20 0.46 15 #4
# # # # # #
4.25 2 0.33 0.51 1.35 2.84 4.52 0.30x0.25 3.80 2173 373 4.76 5.12 2.56 1.80 46.55 0.69 #4@0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.18 0.46 17 #4
4.50 2 0.36 0.57 1.42 2.97 4.75 0.30x0.20 4.34 2340 412 3.49 5.15 1.90 1.80 49.78 0.69 #4©0.43 #4©@0.23 #4©@0.20 #4©0.15 0.30 # 6@0.18 0.46 10 #6
4.75 2 0.38 0.62 1.50 3.12 5.00 0.30x0.15 4,94 2475 440 2.69 5.22 1.48 1.82 53.32 0.69 #4@©0.41 #4@0.20 #4@0.20 #4@0.15 0.30 # 8@0.28 0.61 11 #6
5.00 2 0.38 0.67 1.60 3.28 5.26 0.30x0.17 5.49 2623 475 2.80 5.27 1.54 1.83 65.75 0.76 #4©0.41 #4©0.20 #4©0.20 #6©0.30 0.46 # 8©@0.25 0.61 12 #6
5.25 2 0.41 0.73 1.63 3.45 5.49 0.30x0.15 6.19 2756 505 2.58 5.26 1.42 1.83 69.22 0.76 #4@0.38 #4@0.20 #4@0.18 #6©0.28 0.46 # 8@0.23 0.61 14 #6
5.50 2 0.43 0.80 1.75 3.83 5.82 0.30x0.15 7.08 2948 560 2.51 5.29 1.39 1.83 76.60 0.76 #4@0.36 #4@0.18 #4@0.18 #6@0.25 0.46 # 8@0.20 0.61 16 #6
5.75 2 0.46 0.86 1.78 3.84 6.07 0.30x0.15 7.92 3054 583 2.48 5.32 1.37 1.84 80.73 0.76 #40©0.33 #4©@0.18 #4@0.15 #6©0.23 0.46 # 8©0.18 0.61 18 #6
6.00 2 0.48 0.93 1.85 3.96 6.30 0.30x0.15 8.78 3231 628 2.46 5.35 1.36 1.85 85.65 0.76 #4©0.30 #4@0.18 #4@0.15 #6©@0.20 0.46 #10@0.28 0.69 20 #6
6.25 2 0.51 1.00 1.93 4.11 6.55 0.30x0.15 9.75 3381 666 2.45 5.42 1.36 1.86 90.88 0.76 #4©0.30 #4@0.15 #4©@0.15 #6©@0.20 0.46 #11©@0.28 0.76 13 #8
6.50 2 0.56 1.06 1.98 4.24 6.78 0.30x0.15 10.87 3551 708 2.44 5.46 1.35 1.87 87.40 0.76 #4@0.25 #4@0.15 #4@0.13 #6@0.18 0.46 #11@0.28 0.76 14 #8
6.75 2 0.58 1.14 2.06 4.37 7.01 0.30x0.15 11.96 3739 759 2.43 5.50 1.35 1.87 93.06 0.76 #4©@0.25 #4©0.13 #6@0.28 #6@0.18 0.46 #11@0.25 0.76 15 #8
7.00 2 0.61 1.21 2.08 4.57 7.26 0.30x0.15 13.12 3854 788 2.43 5.53 1.35 1.88 98.52 0.76 4@0.25 4©0.13 6@0.28 6@0.18 0.46 11@0.23 0.76 17 #8
# # # # # #
7.25 2 0.64 1.44 2.21 5.46 7.59 0.30x0.15 15.55 3998 750 2.55 5.79 1.40 1.94 107.91 0.76 #4@0.23 #6©0.28 #6©@0.25 #8@0.28 0.61 #11@0.18 0.76 20 #8
7.50 2 0.66 2.15 4.52 9.189 14.35 0.30x0.15 35.80 4155 2445 2.83 10.19 1.50 3.30 253.68 0.76 #4©0.23 #6©@0.28 #6©0.25 #8©0.28 0.61 #11@0.13 0.76 31 #11
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B
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—REINFORCEMENT AREAS—— |

|—— —CONCRETE DIMENSIONS—— —_—_SERVICE LOAD ANALYSIS SUMMARY- - | - -
Height
Above Stem Base Width Base Soil Safety Factors—————— || Stem—— - - Bas: |
Base Thickness Thickness Heel of Base Key Concrete Pressure @ |-—————-— Static——————— | Earthquak | Area “RV" Length "RH"” "FV* "FH" “H" Develop. T Develop. "TB"
hw tw tb Cc w t x k Quantity Toe Heel Sliding Overturming Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m x m) (em/Im) (psf) (psf) (em™2/Im) (size@m) (m) (size®@m) (size®@m) (size@m) (size®m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.41 1.83 0.30x0.15 0.75 658 179 8.24 2.71 7.30 1.99 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.25 1 0.20 0.30 0.51 1.80 0.30x0.15 0.85 775 224 6.75 2.68 5.90 1.92 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4®@0.15 0.30 # 4©@0.18 0.30 5 #4
1.50 1 0.20 0.30 0.61 2.01 0.30x0.15 0.96 871 287 5.70 2.74 4.93 1.91 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.71 2.16 0.30x0.15 1.06 993 360 5.09 2.82 4.34 1.89 6.21 # 4©0.20 0.30 #4©0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4©0.18 0.30 6 #4
2.00 1 0.20 0.30 0.81 2.31 0.30x0.15 1.18 1115 442 4.61 2.91 3.89 1.89 8.27 # 4@0.15 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.23 0.30 0.84 2.46 0.30x0.15 1.31 1211 513 4.23 2.96 3.52 1.86 8.87 # 4©0.13 0.30 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 4@0.18 0.30 6 #4
2.50 1 0.23 0.30 0.94 2.59 0.30x0.23 1.43 1364 598 7.02 3.03 5.71 1.84 11.47 # 6©0.23 0.46 #4@0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.75 1 0.25 0.30 0.97 2.74 0.30x0.23 1.60 1456 682 6.47 3.10 5.20 1.84 12.26 # 6©0.23 0.46 #4@0.46 #4©0.33 #4©0.30 #4©0.15 0.30 # 4©0.18 0.30 7 #4
3.00 1 0.25 0.30 1.07 2.87 0.30x0.23 1.71 1611 778 6.03 3.18 4.79 1.83 15.27 # 6@0.18 0.486 #4©0.46 #4@0.33 #4©@0.30 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.28 0.30 1.09 3.05 0.30x0.23 1.91 1682 778 5.56 3.23 4.38 1.83 16.30 # 6@0.15 0.46 #4@0.46 #4@0.30 #4@0.25 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.50 2 0.30 0.32 1.17 3.20 0.30x0.37 2.20 1835 824 10.99 3.32 8.49 1.83 17.45 # 8©@0.28 0.61 #4©@0.46 #4©0.28 #4©@0.25 #4©@0.15 0.30 # 4©@0.15 0.30 8 #4
3.75 2 0.33 0.35 1.19 3.35 0.30x0.34 2.51 1967 857 8.87 3.37 6.81 1.82 18.71 # 8®@0.25 0.61 #4@0.46 #4@0.25 #4©0.23 #4@0.15 0.30 # 4©0.13 0.30 9 #4
4.00 2 0.33 0.37 1.30 3.51 0.30x0.31 2.73 2130 906 7.38 3.46 5.64 1.83 22.39 # 8®0.20 0.61 #4©@0.46 #4@0.25 #4©0.23 #4@0.15 0.30 # 6©0.28 0.46 10 #4
4.25 2 0.36 0.41 1.32 3.88 0.30x0.28 3.09 2220 914 5.99 3.54 4.586 1.84 23.75 # 8@0.20 0.61 #4©0.43 #4@0.23 #4@0.20 #4@0.15 0.30 # 6©0.25 0.486 11 #4
4.50 2 0.38 0.44 1.40 3.84 0.30x0.25 3.47 2391 963 4.88 3.64 3.71 1.85 25.21 # 8©@0.18 0.61 #4@0.41 #4©0.20 #4©0.20 #4@0.13 0.30 # 6©0.23 0.46 13 #4
4.75 2 0.41 0.47 1.42 3.99 0.30x0.22 3.87 2521 991 3.98 3.69 3.02 1.84 26.75 # 8@0.18 0.61 #4©0.38 #4@0.20 #4©0.18 #6@0.30 0.46 # 6©0.20 0.46 14 #4
5.00 2 0.41 0.51 1.52 4.14 0.30x0.25 4.21 2696 1042 4.71 3.77 3.54 1.85 31.02 #10©0.25 0.69 #4©@0.38 #4©0.20 #4©0.18 #6©0.28 0.46 # 6@0.20 0.46 16 #4
5.25 2 0.43 0.55 1.55 4.29 0.30x0.22 4.68 2831 1070 3.80 3.82 2.85 1.85 32.89 #10©0.23 0.69 #4@0.36 #4@0.18 #4@0.18 #6@0.25 0.46 # 6@0.18 0.46 8 #6
5.50 2 0.46 Q.59 1.63 4.50 0.30x0.17 5.22 3015 1130 2.95 3.85 2.23 1.84 35.32 #1000.23 0.69 #4@0.33 #4©0.18 #4@0.15 #6©@0.23 0.46 # 8@0.30 0.61 9 #6
5.75 2 0.48 0.63 1.65 4.65 0.30x0.15 5.74 3150 1156 2.66 3.90 2.01 1.84 37.18 #10@0.20 0.69 #4@0.30 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.28 0.61 10 #6
6.00 2 0.51 0.67 1.73 4.80 0.30x0.15 6.30 3329 1204 2.65 3.98 1.99 1.85 39.12 #10©0.20 0.69 #4©@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 # 8@0.25 0.61 11 #6
6.25 2 0.51 0.71 1.78 4.98 0.30x0.15 6.76 3434 1224 2.63 4.01 1.97 1.85 44.40 #10@0.18 0.69 #4®0.30 #4®0.15 #4@0.15 #6@0.20 0.46 # 8©0.23 0.61 12 #6
6.50 2 0.53 Q.75 1.85 5.16 0.30x0.15 7.38 3584 1265 2.61 4.09 1.95 1.86 46.70 #10©0.15 0.69 #4@0.28 #4@0.15 #4@0.13 #6@0.18 0.46 # 8@0.23 0.61 13 #6
6.75 2 0.56 0.80 1.88 5.31 0.30x0.15 8.07 3743 1310 2.60 4.10 1.94 1.86 49.10 #10@0.15 0.69 #4@0.25 #4©0.15 #4@©0.13 #6©0.18 0.46 # 8@0.20 0.61 14 #6
7.00 2 0.58 0.84 1.96 5.49 0.30x0.15 8.73 3893 1350 2.59 4.17 1.92 1.87 51.59 #10@0.15 0.69 #4@0.25 #4©0.13 #6©0.28 #6@0.18 0.46 # 8@0.20 0.61 16 #6
7.25 2 0.61 0.98 2.03 5.69 0.30x0.15 10.03 3992 1284 2.66 4.32 1.96 1.91 55.29 #10@0.13 0.69 #4©0.25 #4©0.13 #6©0.28 #8©@0.30 0.61 #10©0.25 0.69 11 #8
7.50 2 0.64 1.10 2.06 5.87 0.30x0.15 11.29 3994 1165 2.75 4.49 2.00 1.96 57.99 #10@0.13 0.69 #4©0.23 #6©@0.28 #6@0.25 #8@0.28 0.61 #11@0.25 0.76 12 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
(MIN. 0.25m)
)’
/ 7
_
0.02m/m BATTER
3/4" CLEAN GRAVEL— [*— FRONT FACE 3/4" CLEAN nm><mr|4\,“.w|o ’ FRONT FACE
FILTER FABRIC L PHT FILTER FABRIC - — PR
GEOTEXTILE NON WOODEN—————————= o GEQTEXTILE NON WOODEN— o
HIGH PERMEABILITY « HIGH PERMEABILITY <
I mi 0.46m TV
hw M hw
0.05m cL. |e———— 0.04m cCL. 0.05m cL. - 0.04m CL.
BACK FACE . BACK FACE .
WEEP HOLE 47¢ WEEP HOLE 4"¢
AT 3m C.C AT 3m C.C.
* PVC SCH. 40 - PVC SCH. 40
. . -
"RV” = — 1
&‘mx,mjzm GROUND
v c b o @
r r COMMONWEALTH OF PUERTO RICO
4 z
§ = L $ = DEPARTMENT OF TRANSPORTATION
‘ ] : i s : AND PUBLIC WORKS
0.08m CL. S 0.08m S HIGHWAY AND TRANSPORTATION AUTHORITY
K tb
RECOMMENDED BY:
K DESIGN AREA DIRECTOR
DATE :
APPROVED BY:
EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED  BY:
N.T.S. N.T.S.
. . . DIV. ADM. FHWA—-PR DIVISION
Soil Properties: Properties: DATE
Unit Weight = 120 Ib/ft™3 DATE REVISION By

Friction angle = 30°
Friction coeficient = 0.40
Backfill Slope, i = LEVEL

60 ksi

STD.

i

DWG.
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CONCRETE DIMENSIONS -

SERVICE LOAD ANALYSIS SUMMARY ———

REINFORCEMENT AREAS—————— - |

Height
Above Stem Base Width Base Soil |-——————— Safety Factors - | |-———————————— Stemn - ———Base—————————————————— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——————= Static———————— |- —————| Earthquake—————| | Area "RV” Length "RH” A’ "FH" "H" Develop. " Develop. "B”
hw tw tb C T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (ecm™2/Im) (size®@m) (m) (size®m) (size®m) (size®m) (size®m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.30 0.25 0.71 1.17 0.30x0.15 0.61 735 223 21.77 5.45 12.12 1.94 4.66 # 4©@0.25 0.30 #4©@0.46 #4©@0.41 #4©0.38 #4©0.15 0.30 # 4©@0.18 0.30 3 #4
1.25 1 0.20 0.30 0.41 0.84 1.45 0.30x0.15 0.74 825 229 15.33 5.61 8.56 1.99 4.66 # 4@0.25 0.30 #4©@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.66 0.97 1.83 0.30x0.15 0.91 878 228 11.37 6.35 6.35 2.19 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.91 1.09 2.21 0.30x0.15 1.08 944 289 8.94 6.90 4.99 2.34 5.75 # 4@0.20 0.30 #4@0.486 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.30 1.14 1.27 2.62 0.30x0.15 1.25 1074 405 7.38 7.42 4.11 2.48 8.70 # 4©0.13 0.30 #4©@0.46 #4©@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 7 #4
2.25 1 0.20 0.30 1.37 1.40 2.97 0.30x0.23 1.43 1217 484 10.90 7.64 6.05 2.54 12.72 # 6©0.20 0.46 #40@0.46 #4©@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.50 1 0.20 0.30 1.60 1.52 3.33 0.30x0.38 1.64 1359 562 20.79 7.83 11.51 2.58 18.26 # 8©@0.25 0.81 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©@0.18 0.30 8 #4
2.75 1 0.20 0.30 0.86 1.73 2.79 0.30x0.38 1.53 1440 277 19.66 4.73 10.94 1.77 21.42 # 8©0.23 0.61 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4€0.18 0.30 7 #4
3.00 1 0.23 0.30 0.94 1.83 3.00 0.30x0.38 1.72 1585 299 16.97 4.68 9.46 1.75 22.64 # 8©@0.20 0.61 #4©0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.23 0.32 1.04 1.98 3.25 0.30x0.44 1.91 1678 306 19.41 4.73 10.80 1.76 30.55 #10©0.25 0.69 #4©0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.15 0.30 8 #4
3.50 2 0.25 0.36 1.07 2.13 3.45 0.30x0.41 2.24 1810 333 14.94 4.70 8.34 1.75 31.53 #10©0.25 0.69 #4@0.46 #4©@0.33 #4@0.30 #4@0.15 0.30 # 4©0.13 0.30 10 #4
3.75 2 0.28 0.39 1.14 2.26 3.68 0.30x0.37 2.61 1950 362 11.49 4.77 6.43 1.77 33.34 #10©0.23 0.69 #4©0.48 #4©0.30 #4©0.25 #4@0.15 0.30 # 6@0.28 0.46 11 #4
4.00 2 0.30 0.43 1.22 2.39 3.91 0.30x0.33 3.01 2089 391 8.86 4.84 4.98 1.78 35.52 #10©0.23 0.69 #40©0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.23 0.46 13 #4
4.25 2 0.30 0.48 1.32 2.51 4.14 0.30x0.28 3.38 2246 429 6.47 4.89 3.66 1.79 44.87 #10©0.18 0.69 #4©0.46 #4©0.28 #4©0.25 #4©0.15 0.30 # 6©0.20 0.46 15 #4
4.50 2 0.33 0.53 1.35 2.69 4.37 0.30x0.23 3.86 2348 447 4.88 4.90 2.78 1.79 46.88 #10©0.15 0.69 #4©0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.18 0.46 8 #6
4.75 2 0.36 0.57 1.42 2.82 4.60 0.30x0.19 4.37 2493 479 3.71 4.96 2.13 1.80 49.60 #10©0.15 0.69 #4©0.43 #4@0.23 #4®@0.20 #4©0.15 0.30 # 6@0.15 0.46 9 #6
5.00 2 0.38 0.82 1.50 2.95 4.83 0.30x0.15 4.95 2643 514 2.97 5.02 1.72 1.82 52.61 #10@0.15 0.69 #4©@0.41 #4@0.20 #4@0.20 #4@0.13 0.30 # 8@0.28 0.61 11 #86
5.25 2 0.41 0.67 1.52 3.12 5.05 0.30x0.15 5.58 2749 535 2.90 5.03 1.69 1.82 55.56 #10©0.13 0.69 #4©0.38 #4®©0.20 #4©0.18 #6©0.30 0.46 # 8©0.25 0.61 12 #6
5.50 2 0.43 0.74 1.65 3.25 8.33 0.30x0.15 6.38 2986 608 2.83 5.04 1.65 1.82 61.34 #10©0.13 0.69 #4©0.36 #4@0.18 #4@0.18 #6©0.25 0.46 # 8@0.23 0.61 14 #6
5.75 2 0.46 0.79 1.68 3.43 5.56 0.30x0.15 7.09 3092 629 2.78 5.05 1.62 1.83 64.77 #11©0.15 0.76 #4©0.33 #4@0.18 #4®@0.15 #6©0.25 0.46 # 8@0.20 0.61 15 #6
6.00 2 0.48 0.85 1.75 3.56 5.79 0.30x0.15 7.87 3247 667 2.75 5.10 1.60 1.84 68.77 #11@0.13 0.76 #4@0.30 #4@0.18 #4@0.15 #6@0.23 0.46 # 8@0.18 0.61 17 #86
6.25 2 0.51 0.91 1.83 3.66 5.99 0.30x0.15 8.70 3444 721 2.73 5.13 1.59 1.84 72.99 #11©0.13 0.76 #4@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 #10©0.28 0.69 18 #6
6.50 2 0.53 0.98 1.85 3.84 6.22 0.30x0.15 9.60 3560 748 2.70 8.15 1.58 1.84 77.06 #11©0.13 0.76 #4©0.28 #4©0.15 #4@0.13 #6©0.20 0.46 #10©0.25 0.69 12 #8
6.75 2 0.56 1.04 1.93 3.96 6.45 0.30x0.15 10.54 3720 788 2.69 5.20 1.57 1.85 81.70 #11©0.10 0.76 #4©0.25 #4©0.15 #4©0.13 #6©@0.18 0.46 #11©0.28 0.76 13 #8
7.00 2 0.58 1.10 2.01 4.09 6.68 0.30x0.15 11.52 3881 830 2.68 5.25 1.57 1.86 86.55 #11@0.10 0.76 #4@0.25 #4@0.13 #6@0.28 #6®@0.18 0.46 #11@0.25 0.76 14 #8
7.25 2 0.61 1.33 2.08 5.00 6.96 0.30x0.15 13.70 3998 766 2.81 5.47 1.63 1.92 93.91 #11@0.10 0.76 #4©@0.25 #4@0.13 #6@0.28 #6@0.15 0.46 #11©@0.20 0.76 17 #8
7.50 2 0.64 1.61 2.26 6.40 9.30 0.30x0.15 19.80 3995 784 3.59 5.90 2.06 2.02 99.25 #11©0.08 0.76 #4©0.23 #6©0.28 #6©0.25 #8@0.28 0.61 #11@0.18 0.76 17 #10
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B
/ tw )
b o
0.02m/m BATTER
d
3/4” CLEAN GRAVEL——— T FRONT FACE 3/4" CLEAN GRAVEL———— FRONT FACE
FILTER FABRIC L i FILTER FABRIC —
GEOTEXTILE NON WOODEN —————————u o GEOTEXTILE NON WOODEN: o
HIGH PERMEABILITY HIGH PERMEABILITY
~— PV [ 0.46m T T
hw hw
0.05m CL. le— 0.04m CL. 0.05m CL. 0.04m CL.
BACK FACE . BACK FACE .
WEEP HOLE 4”2 WEEP HOLE 4"g
AT 3m C.C AT 3m C.C
‘ PVC SCH. 40 * PVC SCH. 40
. ) U
"RV” = —
ijﬁjZO GROQUND
. c b .
& &
= S = S COMMONWEALTH OF PUERTO RICO
£ H £ H
g z T S 3 DEPARTMENT OF TRANSPORTATION
K E Sy > £
S < ) Sl ° c AND PUBLIC WORKS
0.08m S 0.08m CL. S HIGHWAY AND TRANSPORTATION AUTHORITY
1 tb
) RECOMMENDED BY:
K DESIGN AREA DIRECTOR
DATE :
APPROVED BY:
EXECUTIVE DIRECTOR
DATE :
DESIGN OF CANTILEVERED RETAINING WALLS RETAINING WALL DETAIL A RETAINING WALL DETAIL B APPROVED BY:
N.T.S. N.T.S.
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE :
Unit Weight = 120 Ib/ft™3 f'e = 3 ksi
P . . DATE REVISION BY
Friction angle = 30 fy = 60 ksi STD ##4

Friction coeficient = 0.40

Backfill Slope, i = 15°
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ONCRETE DIMENSIONS

SERVICE LOAD ANALYSIS SUMMARY———— |

REINFORCEMENT AREAS

Height
Above Stem Base Width Base Soil | - Safety Factors—————————————— | |—— - Stem - Ba - ——
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |-————— Static———————— |-————— Earthquake————— | Area "RV” Length "RH" "FV" "FH" "H” Develop. . Develop. "TB"
hw tw tb [o] T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm™2/Im) (size®m) (m) (size®@m) (size®m) (size®m) (size®@m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.30 0.30 0.81 1.32 0.30x0.15 0.65 757 191 19.79 6.08 9.40 1.90 4.66 # 4©0.25 0.30 #4©0.46 #4@0.41 #4®©0.38 #4®0.15 0.30 # 4©0.18 0.30 4 #4
1.25 1 0.20 0.30 0.48 1.02 1.70 0.30x0.15 0.82 790 173 13.87 6.57 6.60 2.04 4.66 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4©@0.15 0.30 # 4@0.18 0.30 5 #4
1.50 1 0.20 0.30 0.79 1.19 2.18 0.30x0.15 1.02 827 239 10.18 7.50 4.85 2.26 4.91 # 4@0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
1.75 1 0.20 0.30 1.07 1.37 2.64 0.30x0.15 1.21 980 349 8.01 8.07 3.81 2.40 7.99 # 4@0.15 0.30 #4@0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
2.00 1 0.20 0.30 1.35 1.52 3.07 0.30x0.23 1.41 1139 440 11.53 8.40 5.46 2.47 12.40 # 6©0.23 0.46 #4@0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 8 #4
2.25 1 0.20 0.30 0.71 1.75 2.67 0.30x0.23 1.34 1204 175 10.74 5.35 5.13 1.76 14.72 # 6©0.18 0.46 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.50 1 0.20 0.30 0.81 1.93 2.95 0.30x0.38 1.52 1298 172 21.13 5.32 10.01 1.75 21.18 # 800.23 0.61 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.75 1 0.20 0.30 0.91 2.08 3.20 0.30x0.46 1.67 1420 177 24.72 5.25 11.69 1.73 30.81 #10@0.25 0.69 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.00 1 0.23 0.32 0.99 2.24 3.45 0.30x0.44 1.92 1542 185 20.35 5.26 9.65 1.73 31.91 #1080.25 0.69 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 4©0.15 0.30 9 #4
3.25 2 0.23 0.36 1.04 2.46 3.73 0.30x0.41 2.19 1626 193 15.48 5.28 7.36 1.74 45.59 #10@0.18 0.69 #4@0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4@0.13 0.30 10 #4
3.50 2 0.25 0.40 1.12 2.62 3.99 0.30x0.36 2.59 1770 216 11.50 5.35 5.49 1.75 45.98 #10©0.18 0.69 #4@0.46 #4©0.33 #4@0.30 #4@0.15 0.30 # 6©@0.25 0.46 12 #4
3.75 2 0.28 0.44 1.19 2.77 4.24 0.30x0.32 3.03 1914 240 8.56 5.42 4.11 1.76 47.83 #10©0.15 0.69 #4©0.486 #4@0.30 #4©0.25 #4@0.15 0.30 # 6©0.23 0.46 14 #4
4.00 2 0.30 0.50 1.27 2.95 4.52 0.30x0.27 3.54 2033 259 6.21 5.53 3.00 1.79 50.48 #10@0.15 0.69 #4©0.46 #4@0.28 #4@0.25 #4@0.15 0.30 # 6@0.20 0.46 17 #4
4,25 2 0.33 0.55 1.35 3.10 4.78 0.30x0.21 4.11 2187 289 4.38 5.60 2.15 1.80 53.68 #10@0.15 0.69 #4@0.46 #4@0.25 #4@0.23 #4@0.15 0.30 # 6@0.18 0.46 9 #6
4.50 2 0.33 0.60 1.40 3.33 5.05 0.30x0.23 4.61 2280 303 4.75 5.62 2.32 1.81 69.35 #11©0.13 0.76 #4©@0.46 #4@0.25 #4©0.23 #4©@0.15 0.30 # 8©0.28 0.61 11 #6
4.75 2 0.36 0.66 1.47 3.48 5.31 0.30x0.18 5.25 2433 333 3.45 5.68 1.71 1.82 72.58 #11©0.13 0.76 #4©0.43 #4©0.23 #4©0.20 #4@0.15 0.30 # 8©0.25 0.61 12 #6
5.00 2 0.38 0.72 1.55 3.63 5.56 0.30x0.15 5.94 2587 363 2.98 573 1.49 1.82 76.48 #11@0.13 0.76 #4@0.41 #4@0.20 #4@0.20 #4@0.13 0.30 # 8@0.23 0.51 14 #6
5.25 2 0.41 0.78 1.63 3.78 5.82 0.30x0.15 6.72 2746 396 2.94 5.79 1.47 1.83 80.89 #11@0.10 0.76 #4©0.38 #4@0.20 #4@0.18 #6@0.28 0.46 # 8©0.20 0.561 15 #6
5.50 2 0.43 0.86 1.70 4.01 6.15 0.30x0.15 7.73 2930 446 2.87 5.78 1.44 1.83 89.17 #11€0.10 0.76 #4@0.36 #4@0.18 #4@0.18 #6©0.25 0.46 # 8©0.18 0.61 18 #6
5.75 2 0.46 0.93 1.78 4.17 6.40 0.30x0.15 8.65 3094 482 2.85 5.84 1.43 1.84 94.49 #11©0.10 0.76 #4©0.33 #4©0.18 #4©@0.15 #6©0.23 0.46 #10©0.28 0.69 12 #8
6.00 2 0.48 1.00 1.80 4.39 6.68 0.30x0.15 9.64 3190 503 2.83 5.89 1.42 1.86 99.45 #11@0.08 0.76 #4©0.30 #4@0.18 #4@0.15 #6@0.23 0.46 #11@0.28 0.76 13 #8
6.25 2 0.51 1.08 1.88 4.55 6.93 0.30x0.15 10.71 3358 542 2.82 5.95 1.41 1.87 105.56 #11@0.08 Q.76 #4©@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 #11@0.25 0.76 14 #8
6.50 2 0.53 1.16 1.96 4.70 7.19 0.30x0.15 11.82 3527 581 2.81 6.01 1.41 1.87 112.06 #11©0.08 0.76 #4@0.28 #4©0.15 #4©0.13 #6@0.20 0.46 #11@0.25 0.76 16 #8
6.75 2 0.56 1.23 2.03 4.85 7.44 0.30x0.15 12.99 3697 621 2.80 6.06 1.41 1.88 118.95 #11@0.08 0.76 #40©0.25 #4©0.15 #4@0.13 #6@0.18 0.46 #11@0.23 0.76 17 #8
7.00 2 0.58 1.31 2.06 5.05 7.70 0.30x0.15 14.25 3832 655 2.80 6.09 1.41 1.89 125.37 #11©0.08 0.76 #4@0.25 #4©0.13 #6©@0.28 #6®@0.18 0.46 #11©@0.20 0.76 19 #8
7.25 2 0.61 1.64 2.18 6.43 8.03 0.30x0.15 17.62 3999 590 3.05 6.52 1.51 1.98 138.13 #11@0.05 0.76 #4@0.25 #4@0.13 #6@0.28 #8@0.28 0.61 #11@0.15 0.76 15 #10
7.50 2 0.66 2.17 3.96 9.19 13.79 0.30x0.15 34.95 4018 1999 3.01 9.35 1.46 2.84 253.68 #11@0.03 0.76 #4@0.23 #6@0.28 #6®@0.25 #8©@0.28 0.61 #11@0.13 0.76 31 #11
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
(MIN. 0.25m)
"2
/ 7
—Y!
0.02m/m BATTER
3/4% CLEAN GRAVEL: i q f=———— FRONT FACE . b FRONT FACE
FILTER FABRIC L P FILTER FABRIC —
GEOTEXTILE NON WOODEN=————————= o GEOTEXTILE NON WOODEN o
HIGH PERMEABILITY HIGH PERMEABILITY <
5 "V 5 0.46m Eaniid
hw ) hw
0.05m CL - l«——— 0.04m cL. 0.65m CL. - 0.04m CL.
BACK FACE . BACK FACE .
WEEP HOLE 4"p WEEP HOLE 4"¢
AT 3m C.C. AT 3m C.C.
. / PVC SCH. 40 g PVC SCH. 40
~— ] . -
"RV" o — — 1
&‘WX,M‘:ZO GROUND
£ =
c z € z COMMONWEALTH OF PUERTO RICO
>3 >3
8 c 5 . DEPARTMENT OF TRANSPORTATION
: _ : AND PUBLIC WORKS
o " w HIGHWAY AND TRANSPORTATION AUTHORITY
RECOMMENDED BY:
« DESIGN AREA DIRECTOR
DATE :
APPROVED BY:
EXECUTIVE DIRECTOR
DATE :
RETAINING WALL DETAIL A RETAINING WALL DETAIL B X
DESIGN OF CANTILEVERED RETAINING WALLS e e APPROVED  BY:
. . . . DIV. ADM. FHWA—PR DIVISION
Soil Properties: Material Properties: DATE
Unit Weight = 120 Ib/ft™3 f'fe = 3 ksi
.. 9 .\ . DATE REVISION BY
Friction angle = 30 fy = 60 ksi STD. %%%

Friction coeficient = 0.40

Backfill Slope, i = 18°
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- —_—————————————— CONCRETE DIMENSIONS - - | - SERVICE LOAD ANALYSIS SUMMARY———— - - REINFORCEMENT AREAS——— - - -

Height
Above Stem Base Width Base Soil | - Safety Factors - || - - Stem—— - - | - —Base— - |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |-—————— Static———————— |—————— Earthquake————— | Area "RV™ Length "RH" "FV" "FH" "H" Develop. T Develop. "TB”
hw tw tb C T W t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (ecm/Im) (psf) (psf) (em™2/Im) (size®m) (m) (size®m) (size@m) (size®@m) (size®@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.38 1.19 0.91 2.31 NONE 1.08 560 415 1.63 8.40 1.34 4.61 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
1.25 1 0.20 0.30 0.46 0.99 1.65 0.30x0.15 0.80 777 251 10.05 2.80 8.72 1.94 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
1.50 1 0.20 0.30 0.56 1.07 1.83 0.30x0.15 0.91 887 317 8.47 2.85 7.27 1.92 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4©0.18 0.30 5 #4
1.75 1 0.20 0.30 0.61 1.17 1.98 0.30x0.15 1.01 977 380 7.51 2.89 6.35 1.89 5.02 # 4@©0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
2.00 1 0.20 0.30 0.71 1.19 2.11 0.30x0.15 1.10 1121 463 6.79 2.98 5.66 1.87 6.65 # 4©0.18 0.30 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 5 #4
2.25 1 0.20 0.30 0.76 1.30 2.26 0.30x0.15 1.19 1203 541 6.19 3.05 5.11 1.86 8.74 # 4©0.13 0.30 #4@0.48 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.50 1 0.23 0.38 1.73 1.32 3.28 NONE 1.82 1155 671 1.58 6.84 1.24 3.27 9.30 # 4@0.13 0.30 #4@0.46 #4©0.36 #4@0.33 #4@0.13 0.30 # 4@0.18 0.30 9 #4
2.75 1 0.23 0.36 1.78 1.40 3.40 0.30x0.18 1.89 1243 696 7.61 6.66 5.90 3.14 11.78 # 6@0.23 0.46 #4@0.46 #4©0.36 #4@0.33 #4@0.13 0.30 # 4©0.18 0.30 9 #4
3.00 1 0.25 0.36 1.80 1.47 3.53 0.30x0.18 2.07 1347 725 7.17 6.59 5.47 3.04 12.36 # 6©0.23 0.46 #4©0.46 #4©0.33 #4@0.30 #6©0.28 0.46 # 4©0.18 0.30 10 #4
3.25 2 0.25 0.38 1.88 1.52 3.66 0.30x0.15 2.27 1454 743 5.73 6.51 4.34 2.94 15.36 # 6©0.18 0.46 #4@0.46 #4@0.33 #4@0.30 #6@0.28 0.46 # 4@0.18 0.30 11 #4
3.50 2 0.28 0.41 1.93 1.83 3.84 0.30x0.15 2.58 1574 790 553 6.57 415 2.91 18.17 # 6@0.15 0.46 #4@0.46 #4@0.30 #4@0.25 #6@0.25 0.46 # 4@0.18 0.30 12 #4
3.75 2 0.30 0.32 1.07 1.70 3.07 0.30x0.36 2.25 1945 786 14.76 3.45 11.11 1.80 17.10 # 8©0.28 0.61 #4©@0.46 #4©@0.28 #4©0.25 #4@0.15 0.30 # 4®@0.15 0.30 8 #4
4.00 2 0.30 0.33 2.06 1.75 4.11 0.30x0.36 2.69 1736 811 13.98 6.27 10.30 2.74 20.48 # 8®@0.23 0.61 #4©@0.46 #4©@0.28 #4®@0.25 #6@0.23 0.46 # 4@0.15 0.30 10 #4
4.25 2 0.33 0.36 2.08 1.85 4.27 0.30x0.33 3.02 1849 843 11.79 6.26 8.62 2.70 21.48 # 8@0.23 0.61 #4@0.46 #4@0.25 #4©0.23 #6@0.20 0.46 # 4@0.13 0.30 12 #4
4.50 2 0.36 0.41 1.22 1.96 3.53 0.30x0.27 3.14 2326 856 8.08 3.72 6.00 1.83 22.59 # 8@0.20 0.61 #4©0.43 #4@0.23 #4@0.20 #4@0.15 0.30 # 6@0.25 0.46 11 #4
4.75 2 0.36 0.41 2.21 1.98 4.55 0.30x0.28 3.62 2077 878 8.47 6.26 6.12 2.62 26.39 # 8@0.18 0.61 #4@0.43 #4©@0.23 #4@0.20 #6@0.18 0.46 # 6©@0.25 0.46 14 #4
5.00 2 0.38 0.48 1.35 2.08 3.81 0.30x0.29 3.81 2642 930 7.94 3.88 5.83 1.83 27.58 #10@0.28 0.69 #4©@0.41 #4©@0.20 #4©@0.20 #4©@0.13 0.30 # 6@0.20 0.46 14 #4
5.25 2 0.41 0.51 1.37 2.18 3.96 0.30x0.25 4.22 2755 943 6.56 3.94 4.81 1.83 28.87 #10@0.28 0.69 #4@0.38 #4@0.20 #4@0.18 #6@0.30 0.46 # 6@0.20 0.46 15 #4
5.50 2 0.41 0.50 2.31 2.26 4.98 0.30x0.27 4.78 2387 892 7.02 6.04 4.99 2.47 33.97 #10@0.23 0.69 #4@0.38 #4@0.20 #4@0.18 #6@0.15 0.46 # 6@0.20 0.46 18 #4
5.75 2 0.43 0.53 2.36 2.36 5.16 0.30x0.23 5.27 2516 939 5.96 6.14 4.21 2.48 35.35 #10@0.23 0.69 #4©0.36 #4@0.18 #4@0.18 #8@0.28 0.61 # 6©0.18 0.46 10 #6
6.00 2 0.46 0.57 2.39 2.46 5.31 0.30x0.20 5.80 2635 966 4.95 6.16 3.49 2.46 36.83 #10@0.20 0.69 #4©@0.33 #4@0.18 #4©@0.15 #8@0.28 0.61 # 6@0.18 0.46 11 #6
6.25 2 0.48 0.60 2.46 2.49 5.44 0.30x0.17 6.31 2772 956 4.25 6.14 3.00 2.43 38.58 #10@0.20 0.69 #4@0.30 #4@0.18 #4©0.15 #8@0.25 0.61 # 8@0.28 0.61 11 #6
6.50 2 0.51 0.63 2.51 2.62 5.64 0.30x0.15 6.93 2879 1016 4.00 6.22 2.82 2.44 40.42 #10@0.18 0.69 #4@0.30 #4@0.15 #4@0.15 #8@0.25 0.61 # 8@0.28 0.61 12 #6
6.75 2 0.51 0.75 1.68 2.72 4.90 0.30x0.15 7.15 3642 1145 3.57 4.23 2.62 1.84 45.49 #10@0.18 0.69 #4@0.30 #4@0.15 #4©0.15 #6@0.20 0.46 # 8@0.23 0.61 13 #6
7.00 2 0.53 0.79 1.75 2.77 5.05 0.30x0.15 7.76 3825 1195 3.55 4.30 2.60 1.85 47.45 #10@0.15 0.69 #4©0.28 #4@0.15 #4©0.13 #6@0.18 0.46 # 8®0.20 0.61 14 #8
7.25 2 0.586 0.76 2.69 2.87 6.12 NONE 8.72 3323 1025 1.70 6.10 1.21 2.36 50.54 #10@0.15 0.69 #4@0.25 #4@0.15 #4@0.13 #8@0.20 0.61 # 8@0.20 0.61 16 #6
7.50 2 0.58 0.80 2.74 2.97 6.30 NONE 9.42 3434 1062 1.72 6.14 1.22 2.36 52.69 #10@0.15 0.69 #4©0.25 #4©0.13 #6@0.28 #8@0.20 0.61 # 8©0.20 0.61 17 #6
NOTES:
1. SEE RETAINING WALL DETAIL A K
2. SEE RETAINING WALL DETAIL B v
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I ————CONCRETE DIMENSIONS

——SERVICE LOAD ANALYSIS SUMMARY:

Height
Above Stem Base Width Base Soail | Safety Factors—————————————— | |—— Stem————Ho—H——"H———--———+-—————————— Base—— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |-——————— Static———————— | Earthquak | Area "RV” Length "RH" "FV” "FH" “H" Develop. T Develop. “B™
hw tw tb (o} T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm™2/Im) (size@m) (m) (size@m) (size@m) (size®@m) (size®@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.38 0.20 0.58 0.99 NONE 0.58 848 275 2.22 5.72 1.24 1.96 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 3 #4
1.25 1 0.20 0.30 0.30 0.69 1.19 0.30x0.15 0.66 899 256 24.36 5.22 14.14 1.88 4.66 # 4©0.25 0.30 #4©@0.46 #4@0.41 #4@0.38 #4©@0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.36 0.84 1.40 0.30x0.15 0.78 968 253 18.50 5.04 10.77 1.85 4.66 # 4©0.25 0.30 #4©@0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
1.75 1 0.20 0.30 0.46 0.94 1.60 0.30x0.15 0.89 1089 269 14.52 5.00 8.48 1.84 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 4 44
2.00 1 0.20 0.30 0.63 1.08 1.93 0.30x0.15 1.04 1089 243 11.78 5.59 6.87 2.01 5.73 # 4©0.20 0.30 #4@©0.46 #4©0.41 #4©0.38 #4@©0.15 0.30 # 4@0.18 0.30 5 #4
2.25 1 0.20 0.30 0.81 1.19 2.21 0.30x0.15 1.18 1174 250 9.84 5.89 5.74 2.08 8.28 # 4©0.15 0.30 #4@0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 40©0.18 0.30 6 #4
2.50 1 0.20 0.30 0.97 1.35 2.51 0.30x0.23 1.34 1203 318 15.09 6.18 8.73 2.17 11.57 # 6©0.23 0.46 #4©@0.46 #4©0.41 #4©0.38 #4©@0.15 0.30 # 4@0.18 0.30 6 #4
2.75 1 0.20 0.30 1.14 1.42 2.77 0.30x0.23 1.47 1328 364 12.91 6.30 7.47 2.19 15.98 # 6@0.15 0.46 #4©0.46 #4©0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.00 1 0.20 0.30 1.30 1.57 3.07 0.30x0.38 1.66 1458 452 25.51 6.52 14.69 2.26 21.82 # 8@0.23 0.61 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 40@0.18 0.30 8 #4
3.25 2 0.23 0.30 1.42 1.68 3.33 0.30x0.38 1.87 1587 504 22.28 6.61 12.83 2.27 22.61 # 8@0.20 0.61 #4©0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 4©0.18 0.30 8 #4
3.50 2 0.23 0.33 1.57 1.83 3.63 0.30x0.43 2.13 1728 593 24.49 6.84 14.08 2.33 29.95 #10@0.25 0.69 #4@0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 4@0.15 0.30 9 #4
3.75 2 0.25 0.36 1.70 1.90 3.86 0.30x0.40 2.47 1870 631 19.41 6.90 11.17 2.33 30.75 #10©0.25 0.69 #4©0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 4©0.13 0.30 11 #4
4.00 2 0.28 0.40 1.83 2.06 4.17 0.30x0.36 2.89 2019 727 15.14 7.15 8.71 2.40 32.11 #10©@0.25 0.69 #4©@0.46 #4©0.30 #4©0.25 #4©0.13 0.30 # 6©0.25 0.46 13 #4
4.25 2 0.28 0.44 1.98 2.16 4.42 0.30x0.32 3.22 21863 779 11.81 7.23 6.80 2.41 40.69 #10©@0.18 0.69 #4@0.46 #4@0.30 #4©0.25 #6©@0.25 0.46 # 6©0.23 0.46 15 #4
4.50 2 0.30 0.46 1.17 2.31 3.78 0.30x0.30 3.19 2303 425 10.27 4.79 6.02 1.78 37.09 #10©0.20 0.69 #4©0.46 #4©0.28 #4©0.25 #4©0.15 0.30 # 600.23 0.46 13 #4
4.75 2 0.33 0.50 1.24 2.39 3.96 0.30x0.26 3.64 2495 473 7.77 4.83 4.59 1.78 38.80 #10@0.20 0.69 #4@0.46 #4@0.25 #4©@0.23 #4@0.15 0.30 # 6@0.20 0.46 15 #4
5.00 2 0.36 0.55 1.32 2.49 4.17 0.30x0.22 4,12 2647 507 5.90 4.91 3.52 1.80 40.79 #10©0.18 0.69 #4@0.43 #4©0.23 #4©0.20 #4©0.15 0.30 # 6@0.18 0.46 8 #6
5.25 2 0.36 0.58 1.37 2.64 4.37 0.30x0.18 4.47 2748 524 4.63 4.90 2.79 1.80 48.80 #1000.15 0.69 #4©0.43 #4©0.23 #4©0.20 #4©0.15 0.30 # 6@0.15 0.46 9 #6
5.50 2 0.38 0.64 1.45 2.77 4.60 0.30x0.15 5.09 2964 589 3.90 4.86 2.37 1.79 52.59 #10@0.15 0.69 #4@0.41 #4@0.20 #4@0.20 #6@0.25 0.46 # 8@0.25 0.61 10 #6
5.75 2 0.41 0.69 1.47 2.92 4.80 0.30x0.15 5.68 3064 605 3.83 4.88 2.33 1.79 54.67 #10©0.13 0.69 #4@0.38 #4©0.20 #4©0.18 #6@0.25 0.46 # 8@0.25 0.61 11 #6
6.00 2 0.43 0.74 1.55 3.02 5.00 0.30x0.15 6.35 3226 646 3.79 4.96 2.31 1.81 57.28 #1000.13 0.69 #4@0.36 #4©@0.18 #4©@0.18 #6@0.25 0.46 # 8@0.23 0.61 13 #6
6.25 2 0.46 0.79 1.63 3.10 5.18 0.30%0.15 7.02 3426 698 3.74 4.99 2.28 1.81 60.10 #1000.13 0.69 #4@0.33 #4©0.18 #4©0.15 #6©0.23 0.46 # 8@0.20 0.61 14 #6
6.50 2 0.48 0.84 1.65 3.25 5.38 0.30x0.15 7.73 3530 717 3.70 5.01 2.25 1.82 62.81 #10@0.13 0.69 #4@0.30 #4©0.18 #4©0.15 #6©0.23 0.46 # 8@0.18 0.61 15 #6
6.75 2 0.51 0.90 1.73 3.33 5.56 0.30%0.15 B8.49 3736 773 3.67 5.05 2.24 1.82 65.99 #11@0.15 0.76 #4@0.30 #4©0.15 #4©0.15 #6©0.20 0.46 #1000.28 0.69 17 #6
7.00 2 0.53 0.96 1.75 3.48 5.77 0.30x0.15 9.31 3845 795 3.64 5.07 2.22 1.83 69.04 #11@0.13 0.76 #4@0.28 #4©@0.15 #4©0.13 #6@0.20 0.46 #10@0.28 0.69 11 #8
7.25 2 0.56 1.05 1.83 3.81 6.02 0.30x0.15 10.44 3993 805 3.63 5.13 2.21 1.84 74.28 #11©0.13 0.76 #4©0.25 #4@0.15 #4©0.13 #6@0.18 0.46 #11©0.28 0.76 12 #8
7.50 2 0.58 1.30 1.90 4.95 6.20 0.30x0.15 12.46 3996 591 3.93 5.51 2.35 1.94 77.97 #11@0.13 0.76 #4@0.25 #4©@0.13 #6©@0.28 #6©@0.18 0.46 #11@0.20 0.76 15 #8
NOTES:
1. SEE RETAINING WALL DETAIL A w
2. SEE RETAINING WALL DETAIL B
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[——— e CONCRETE DIMENSIONS

SERVICE LOAD ANALYSIS SUMMARY:

REINFORCEMENT AREAS I

Height
Above Stem Base Width Base Soil Safety Factors | |-—————————— Stem——————————— |-————————————_———— Base—————————————————— |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure | Static | Earthquak | Area "RV” Length "RH" "FV” "FH" "H” Develop. " Develop. “B”
hw tw tb (o} T W t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm™2/Im) (size@m) (m) (size@m) (size®@m) (size®@m) (size@m) (m) (size@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.25 0.81 1.27 0.30x0.15 0.64 765 169 27.96 6.37 12.23 1.86 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
1.25 1 0.20 0.30 0.36 0.99 1.55 0.30x0.15 0.77 858 163 19.75 6.24 8.67 1.84 4.66 # 4©0.25 0.30 #4©0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 4 #4
1.50 1 0.20 0.30 0.46 1.19 1.85 0.30x0.15 0.92 922 148 14.88 6.26 6.56 1.86 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©@0.18 0.30 5 #4
1.75 1 0.20 0.30 0.74 1.35 2.29 0.30x0.15 1.10 999 168 11.28 6.93 4.98 2.01 7.16 # 4@0.18 0.30 #4@0.48 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.30 0.99 1.57 2.77 0.30x0.23 1.32 1068 307 16.31 7.61 7.12 217 11.26 # 6©0.23 0.46 #4©0.46 #4©0.41 #4@0.38 #4©0.15 0.30 # 4©0.18 0.30 7 #4
2.25 1 0.20 0.30 1.24 1.75 3.20 0.30x0.38 1.58 1233 405 30.48 7.97 13.21 2.25 17.18 # 8@0.28 0.61 #4©0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@©0.18 0.30 8 #4
2.50 1 0.20 0.30 1.50 1.90 3.61 0.30x0.38 1.72 1397 485 24,93 8.18 10.81 2.29 25.99 # 8©0.18 0.61 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 9 #4
2.75 1 0.20 0.30 0.81 213 3.15 0.30x0.46 1.66 1396 120 34.49 5.55 15.01 1.72 28.78 #10©0.28 0.69 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.00 1 0.20 0.32 0.91 2.29 3.40 0.30x0.44 1.83 1531 125 28.17 5.52 12.28 1.71 45.49 #10©0.18 0.69 #4©0.46 #4@0.41 #4©0.38 #4®@0.15 0.30 # 4©0.15 0.30 9 #4
3.25 2 0.23 0.36 0.99 2.44 3.66 0.30x0.40 2.19 1675 144 20.80 5.63 9.1 1.73 42.96 #10@0.18 0.69 #4@0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 4@0.13 0.30 10 #4
3.50 2 0.25 0.40 1.02 2.64 3.91 0.30x0.36 2.56 1772 182 15.93 5.66 7.00 1.74 43.02 #10©0.18 0.69 #4@0.46 #4©0.33 #4@0.30 #4@0.15 0.30 # 6@0.25 0.46 12 #4
3.75 2 0.25 0.44 1.12 2.82 4.19 0.30x0.39 2.94 1900 167 16.50 5.74 7.25 1.75 63.95 #11@0.15 0.76 #4@0.46 #4@0.33 #4@0.30 #4©@0.15 0.30 # 6©0.23 0.46 14 #4
4.00 2 0.28 0.50 1.14 3.02 4.44 0.30x0.27 3.40 2007 182 8.53 5.79 3.81 1.76 61.03 #10@0.13 0.69 #4@0.46 #4@0.30 #4@0.25 #4©0.15 0.30 # 6@0.20 0.46 16 #4
4.25 2 0.30 0.55 1.22 3.15 4.67 0.30x0.21 3.94 2189 214 5.97 5.84 2.71 1.77 62.42 #10@0.13 0.69 #4©@0.46 #4©@0.28 #4@0.25 #4©@0.15 0.30 # 6©0.18 0.46 9 #6
4.50 2 0.33 0.61 1.30 3.30 4.93 0.30x0.23 4.56 2343 238 6.31 5.93 2.85 1.78 64.99 #11@0.15 0.76 #4@0.46 #4©0.25 #4©0.23 #4©0.15 0.30 # 8©0.28 0.61 11 #6
4.75 2 0.36 0.67 1.32 3.51 5.18 0.30x0.17 5.20 2454 256 4.55 5.97 2.09 1.79 67.47 #11©@0.13 0.76 #4@0.43 #4@0.23 #4©0.20 #4@0.15 0.30 # 8@0.25 0.61 12 #6
5.00 2 0.36 0.72 1.42 3.68 5.46 0.30x0.15 5.78 2591 277 4.03 6.04 1.87 1.80 89.59 #11@0.10 0.76 #4@0.43 #4@0.23 #4@0.20 #4©0.15 0.30 # 8@0.23 0.61 14 #6
5.25 2 0.38 0.79 1.50 3.84 5.71 0.30x0.15 6.55 2749 305 3.97 6.11 1.84 1.82 92.29 #11®0.10 0.76 #4©0.41 #4©0.20 #4@0.20 #6©0.30 0.46 # 8©®0.20 0.61 15 #6
5.50 2 0.41 0.87 1.57 4.06 6.05 0.30x0.15 7.54 2932 348 3.88 6.12 1.81 1.82 100.77 #11@0.08 0.76 #4@0.38 #4@0.20 #4©0.18 #6@0.25 0.46 # 8©@0.18 0.61 18 #6
5.75 2 0.43 0.94 1.60 4.27 6.30 0.30x0.15 8.45 3052 372 3.85 6.17 1.79 1.83 103.80 #11©0.08 0.76 #4@0.36 #4@0.18 #4©0.18 #6@0.25 0.46 #10@0.28 0.69 11 #8
6.00 2 0.46 1.02 1.68 4.42 6.55 0.30x0.15 9.45 3220 406 3.83 6.24 1.78 1.84 108.90 #11@0.08 0.76 #4@0.33 #4@0.18 #4@0.15 #6©@0.23 0.46 #11@0.28 0.76 13 #8
6.25 2 0.48 1.09 1.75 4.55 6.78 0.30x0.15 10.47 3420 447 3.81 6.28 1.78 1.84 114.57 #11@0.08 0.76 #4@0.30 #4@0.18 #4@0.15 #6@0.23 0.46 #11@0.25 0.76 14 #8
6.50 2 0.51 1.16 1.78 4.75 7.04 0.30x0.15 11.52 3540 471 3.79 6.32 1.77 1.85 119.48 #1120.08 0.76 #4@0.30 #4@0.15 #4@0.15 #6@0.20 0.46 #11€0.25 0.76 15 #8
6.75 2 0.53 1.24 1.85 4,90 7.29 0.30x0.15 12.72 3714 508 3.79 6.39 1.77 1.86 126.13 #11@0.08 0.76 #4©0.28 #4@0.15 #4©0.13 #6@0.20 0.46 #11©0.23 0.76 17 #8
7.00 2 0.56 1.33 1.88 5.11 7.54 0.30x0.15 13.97 3843 539 3.79 6.43 1.77 1.87 131.94 #11@0.08 0.76 #4@0.25 #4@0.15 #4©0.13 #6@0.18 0.46 #11©0.20 0.76 19 #8
7.25 2 0.58 1.69 2.01 6.71 7.87 0.30x0.15 17.58 3998 609 4.20 6.98 1.92 1.97 145.70 #11@0.05 0.76 #4@0.25 #4@0.13 #6@0.28 #6@0.18 0.46 #11@0.15 0.76 14 #11
7.50 2 0.61 2.19 3.96 9.19 13.74 0.30x0.15 34.72 4186 2100 4.00 9.93 1.78 2.80 232.09 #11@0.03 0.76 #4©0.25 #4©0.13 #6©@0.28 #6®@0.15 0.46 #11©®0.13 0.76 31 #11
NOTES:
1. SEE RETAINING WALL DETAIL A tw
2. SEE RETAINING WALL DETAIL B
(MIN. 0.25nh)
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| —_ —_ CONCRETE DIMENSIONS

SERVICE LOAD ANALYSIS SUMMARY

————REINFORCEMENT AREAS—

Height
Above Stem Base Width Base Soil |- Safety Factors—————————————— | —_ —_ Stem— —_ —_ | —_ —Base— —_
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——————= Static———————— | Earthquak | Area "RV" Length "RH” "FV” "FH” "H” Develop. T Develop. B”
hw tw tb T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’'d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (em/Im) (psf) (psf) (em™2/1m) (size@m) (m) (size@m) (size@m) (size@m) (size@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.38 0.74 0.84 1.78 NONE 0.88 547 352 1.61 5.96 1.32 3.43 4.66 # 4©0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
1.25 1 0.20 0.38 0.81 0.89 2.01 NONE 1.02 636 387 1.61 6.09 1.30 3.36 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4@0.38 #4©@0.15 0.30 # 4©0.18 0.30 5 #4
1.50 1 0.20 0.38 1.04 1.02 2.26 NONE 1.17 701 434 1.60 6.27 1.28 3.37 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
1.75 1 0.20 0.38 1.12 1.04 2.36 NONE 1.26 803 449 1.59 5.99 1.26 3.13 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4©0.38 #4®©0.15 0.30 # 4@0.18 0.30 6 #4
2.00 1 0.20 0.38 1.19 1.12 2.51 NONE 1.36 890 488 1.60 5.99 1.25 3.03 5.34 # 4©0.23 0.30 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 400.18 0.30 6 #4
2.25 1 0.20 0.38 1.22 1.19 2.62 NONE 1.45 980 499 1.58 5.78 1.21 2.87 7.06 # 4©0.18 0.30 $#4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 7 #4
2.50 1 0.20 0.38 1.27 1.22 2.69 NONE 1.53 1125 509 1.57 5.58 1.19 2.70 9.12 # 4©0.13 0.30 #4©@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
2.75 1 0.23 0.30 1.30 1.30 2.82 0.30x0.23 1.56 1157 500 15.19 5.40 11.60 2.60 9.50 # 6@0.28 0.46 #4@0.48 #4@0.36 #4@0.33 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.00 1 0.23 0.30 1.32 1.37 2.92 0.30x0.23 1.65 1256 503 14.10 5.32 10.60 2.51 11.82 # 6©0.23 0.46 #4©0.46 #4©0.36 #4©0.33 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.25 2 0.25 0.30 1.35 1.45 3.05 0.30x0.23 1.82 1364 511 12.99 5.26 9.67 2.44 12.37 # 6@0.23 0.46 #4@0.46 #4©0.33 #4©@0.30 #4@0.15 0.30 # 4©0.18 0.30 7 #4
3.50 2 0.25 0.30 1.42 1.55 3.23 0.30x0.23 1.94 1422 557 12.07 5.37 8.88 2.44 15.16 # 6@0.18 0.46 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 4@0.18 0.30 8 #4
3.75 2 0.28 0.33 1.45 1.57 3.30 0.30x0.20 2.20 1622 562 9.71 5.26 7.12 2.35 15.76 # 6@0.18 0.46 #4©@0.46 #4©0.30 #4®@0.25 #4©@0.15 0.30 # 4©0.18 0.30 9 #4
4.00 2 0.28 0.31 1.52 1.65 3.45 0.30x0.37 2.31 1698 559 22.57 5.28 16.28 2.33 18.90 # 8©0.25 0.61 #4©0.46 #4©0.30 #4©@0.25 #4©0.13 0.30 # 4©@0.15 0.30 8 #4
4.25 2 0.30 0.34 1.55 1.73 3.58 0.30x0.35 2.61 1830 584 18.94 5.29 13.56 2.29 19.56 # 8©@0.25 0.61 #4©0.46 #4@0.28 #4@0.25 #6@0.28 0.46 # 4@0.15 0.30 9 #4
4.50 2 0.33 0.36 1.57 1.83 3.73 0.30x0.32 2.94 1923 588 15.94 5.36 11.32 2.29 20.35 # 80@0.23 0.61 #4©0.46 #4@0.25 #4@0.23 #6©0.28 0.46 # 4@0.13 0.30 10 #4
4.75 2 0.33 0.39 1.63 1.90 3.86 0.30x0.29 3.18 2056 612 13.04 5.38 9.22 2.26 23.77 # B@0.20 0.61 #4@0.46 #4@0.25 #4@0.23 #6@0.25 0.46 # 6@0.28 0.46 12 #4
5.00 2 0.36 0.42 1.65 1.98 3.99 0.30x0.27 3.53 2189 634 11.01 5.40 7.75 2.23 24.62 # 8®@0.20 0.61 #4@0.43 #4©0.23 #4©0.20 #6@0.25 0.46 # 6©@0.25 0.46 13 #4
5.25 2 0.36 0.44 1.73 2.03 4.11 0.30x0.32 3.79 2343 669 13.47 5.44 9.40 2.21 28.42 #1000.28 0.69 #4©0.43 #4@0.23 #4@0.20 #6@0.23 0.46 # 6@0.23 0.46 14 #4
5.50 2 0.38 0.49 1.68 2.18 4.22 0.30x0.27 4.24 2525 712 10.34 5.17 7.21 212 30.07 #10@0.25 0.69 #4@0.41 #4@0.20 #4@0.20 #6@0.23 0.46 # 6@0.20 0.46 15 #4
5.75 2 0.41 0.53 1.70 2.24 4.34 0.30x0.23 4.70 2671 738 8.39 5.21 5.84 2.11 31.09 #10@0.25 0.69 #4©0.38 #4©0.20 #4©@0.18 #6@0.23 0.46 # 6©0.18 0.46 8 #6
6.00 2 0.41 0.55 1.78 2.31 4.50 0.30x0.21 4.99 2784 749 7.23 5.30 5.02 2.11 35.32 #10@0.23 0.69 #4@0.38 #4@0.20 #4@0.18 #6@0.20 0.48 # 6@0.18 0.46 9 #6
6.25 2 0.43 0.59 1.80 2.36 4.60 0.30x0.17 5.47 2988 807 5.87 5.25 4.10 2.08 36.56 #10©0.20 0.69 #4©0.36 #4©0.18 #4@0.18 #6@0.20 0.46 # 8@0.30 0.61 10 #6
6.50 2 0.46 0.63 1.85 2.44 4.75 0.30x0.15 6.00 3129 837 5.31 5.31 3.71 2.08 37.91 #10©0.20 0.69 #4©0.33 #400.18 #4©0.15 #6©0.18 0.46 # 800.28 0.61 10 #6
6.75 2 0.48 0.66 1.90 2.54 4.93 0.30x0.15 6.56 3219 842 5.27 5.40 3.66 2.09 39.36 #10@0.20 0.69 #4@0.30 #4@0.18 #4@0.15 4e6@0.18 0.46 # 8@0.25 0.61 11 #6
7.00 2 0.48 0.76 1.98 2.64 5.11 NONE 7.27 3367 881 1.80 5.55 1.23 2.12 44,16 #10©0.18 0.69 #4©0.30 #4©0.18 #4©@0.15 #6@0.15 0.46 # 8@0.23 0.61 12 #6
7.25 2 0.51 0.76 1.96 2.72 5.18 NONE 7.63 3603 949 1.75 5.24 1.21 2.03 46.66 #10@0.15 0.69 #4©@0.30 #4@0.15 #4@0.15 #6@0.15 0.46 # 8@0.23 0.61 13 #6
7.50 2 0.53 0.79 2.01 2.82 5.36 NONE 8.25 3691 954 1.78 5.32 1.23 2.04 48.29 #10©0.15 0.69 #4©0.28 #4@0.15 #4©0.13 #8@0.28 0.61 # 8@0.20 0.61 14 #6
NOTES:
1. SEE RETAINING WALL DETAIL A tw
2. SEE RETAINING WALL DETAIL B
(MIN. 0.25m)
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——CONCRETE DIMENSIONS——

————SERVICE LOAD ANALYSIS SUMMARY

—REINFORCEMENT AREAS———

Height
Above Stem Base Width Base Soil |-————— Safety Factors | |—— Stem— Base |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |——— Static e Earthquake————— | Area "RV” Length "RH" "FV” "FH” "H” Develop. T Develop. "B”
hw tw tb C T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req’d Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (cm™2/Im) (size®m) (m) (size®@m) (size@m) (size®m) (size®@m) (m) (size®m) (m) (Quant—size)
1.00 1 0.20 0.38 0.15 0.53 0.89 NONE 0.54 832 255 2.90 6.06 1.62 1.97 4.66 # 4©0.25 0.30 #4©@0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 3 #4
1.25 1 0.20 0.38 0.25 0.61 1.07 NONE 0.66 971 279 2.48 5.86 1.40 1.93 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #40@0.38 #4@0.15 0.30 # 4@0.18 0.30 3 #4
1.50 1 0.20 0.38 0.30 0.74 1.24 NONE 0.78 1048 278 2.17 5.61 1.23 1.90 4.66 # 4©@0.25 0.30 #4@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©0.18 0.30 4 #4
1.75 1 0.20 0.38 0.36 0.86 1.42 NONE 0.90 1128 279 1.95 5.42 1.12 1.87 4.66 # 4@0.25 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 4 #4
2.00 1 0.20 0.30 0.46 0.94 1.60 0.30x0.15 0.94 1199 262 18.79 5.14 10.94 1.82 4.66 # 4©0.25 0.30 #4©0.46 #4©0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 4 #4
2.25 1 0.20 0.30 0.51 1.07 1.78 0.30x0.15 1.05 1281 262 15.70 5.02 9.186 1.80 5.98 # 4©@0.20 0.30 #4©@0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4©@0.18 0.30 5 #4
2.50 1 0.20 0.30 0.56 1.19 1.96 0.30x0.15 1.15 1364 262 13.39 4.93 7.84 1.78 8.16 # 4@0.15 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
2.75 1 0.20 0.30 0.66 1.27 2.13 0.30x0.23 1.28 1502 281 21.08 4.94 12.23 1.78 11.03 # 6©0.25 0.46 #4@0.46 #4@0.41 #4@0.38 #4©0.15 0.30 # 4@0.18 0.30 6 #4
3.00 1 0.20 0.30 0.79 1.40 2.39 0.30x0.23 1.41 15834 263 18.26 5.22 10.59 1.85 14.75 # 6©0.18 0.48 #4©0.46 #4©@0.41 #4©@0.38 #4©@0.15 0.30 # 4©0.18 0.30 6 #4
3.25 2 0.20 0.30 0.89 1.52 2.62 0.30x0.38 1.57 1586 252 37.16 5.34 21.36 1.89 19.48 # 8®0.25 0.61 #4©0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 7 #4
3.50 2 0.23 0.30 0.99 1.60 2.82 0.30x0.38 1.78 1704 266 32.65 5.46 18.78 1.91 19.92 # 8®0.25 0.61 #4©0.46 #4©0.36 #4@0.33 #4©0.15 0.30 # 4©0.18 0.30 7 #4
3.75 2 0.23 0.32 112 1.73 3.07 0.30x0.37 1.95 1755 288 27.42 5.68 15.77 1.97 25.64 # 8®0.18 0.61 #4©0.46 #4©@0.36 #4@0.33 #4©0.15 0.30 # 4@0.15 0.30 8 #4
4.00 2 0.25 0.34 1.19 1.85 3.30 0.30x0.34 2.25 1828 354 22.15 5.84 12.75 2.01 26.04 # 8©0.18 0.61 #4©0.46 #4©0.33 #4©@0.30 #4©0.15 0.30 # 4©0.15 0.30 9 #4
4.25 2 0.25 0.37 1.30 1.93 3.48 0.30x0.39 2.50 1991 360 24.70 5.85 14.21 2.00 32.68 #10©0.23 0.69 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 6@0.28 0.48 10 #4
4.50 2 0.28 0.41 1.40 2.03 3.71 0.30x0.35 2.89 2102 427 19.33 6.04 11.14 2.04 33.22 #10@0.23 0.69 #4©0.46 #4@0.30 #4@0.25 #4@0.15 0.30 # 6©0.25 0.46 12 #4
4.75 2 0.30 0.44 1.47 2.16 3.94 0.30x0.32 3.29 2181 492 15.60 6.17 8.99 2.08 34.13 #10©0.23 0.69 #4©0.46 #4©@0.28 #4©0.25 #4@0.15 0.30 # 6©0.23 0.46 13 #4
5.00 2 0.30 0.48 1.57 2.24 4.1 0.30x0.29 3.57 2344 498 12.58 6.17 7.27 2.07 41.44 #10©0.18 0.69 #40©0.46 #4©0.28 #4©@0.25 #4©0.13 0.30 # 6@0.20 0.46 15 #4
5.25 2 0.33 0.51 1.65 2.36 4.34 0.30x0.25 4.04 2433 564 9.96 6.29 5.77 2.09 42.37 #10@0.18 0.69 #4@0.46 #4©0.25 #4©0.23 #6©0.28 0.46 # 6@0.18 0.46 17 #4
5.50 2 0.36 0.57 1.65 2.49 4.50 0.30x0.20 4.56 26838 491 7.30 6.01 4.28 2.03 44.68 #10@0.18 0.69 #4@0.43 #4©0.23 #4©0.20 #6@0.25 0.46 # 6@0.18 0.46 9 #6
5.75 2 0.38 0.60 1.75 2.59 4.72 0.30x0.16 5.09 2750 556 5.89 6.15 3.47 2.06 46.36 #10©0.15 0.69 #4©0.41 #4@0.20 #4©0.20 #6©0.23 0.46 # 8©0.28 0.61 10 #6
6.00 2 0.38 0.64 1.85 2.72 4.95 0.30x0.15 5.51 2838 615 5.59 6.24 3.29 2.08 54.51 #10©0.13 0.69 #4@0.41 #4@0.20 #4©@0.20 #6@0.20 0.46 # 8@0.25 0.61 11 #6
6.25 2 0.41 0.69 1.93 2.79 5.13 0.30x0.15 6.11 3009 630 5.51 6.27 3.25 2.08 56.13 #10©0.13 0.69 #4@0.38 #4@0.20 #4©@0.18 #6@0.20 0.46 # 8@0.25 0.61 12 #6
6.50 2 0.43 0.73 2.01 2.92 5.36 0.30x0.15 6.77 3099 697 5.45 6.38 3.21 2.10 58.02 #10€©0.13 0.69 #4@0.36 #4@0.18 #4@0.18 #6@0.18 0.46 # 8@0.23 0.61 13 #6
6.75 2 0.46 0.77 2.08 3.05 5.59 NONE 7.42 3189 763 1.83 6.48 1.11 2.13 60.13 #10090.13 0.69 #4©0.33 #4©0.18 #4@0.15 #6©0.18 0.46 # 8@0.20 0.61 15 #6
7.00 2 0.48 0.82 2.18 3.10 5.77 NONE 8.10 3389 776 1.86 6.51 1.13 2.12 62.57 #100©0.13 0.69 #4©0.30 #4©0.18 #4@0.15 #6©@0.15 0.46 # 8@0.20 0.61 16 #6
7.25 2 0.48 0.88 2.21 3.23 5.92 NONE 8.72 3613 698 1.84 6.28 1.1 2.07 72.90 #11@0.13 0.76 #4@0.30 #4@0.18 #4@0.15 #8@0.28 0.61 # 8@0.18 0.61 18 #86
7.50 2 0.51 0.93 2.29 3.35 6.15 NONE 9.55 3707 766 1.87 6.38 1.13 2.09 75.31 #11@0.13 0.76 #4©0.30 #4®@0.15 #4@0.15 #8®@0.28 0.61 #10®@0.28 0.69 11 #8
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B tw
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| CONCRETE DIMENSIONS—————

SERVICE LOAD ANALYSIS SUMMARY:- - | —_ —_ _ REINFORCEMENT AREAS _ _ |

Height
Above Stem Base Width Base Soil |-———————— Safety Factors—— - | - —— Stem - | - ——Bas - |
Base Thickness Thickness Heel Toe of Base Key Concrete Pressure |-——————— Static —_—— Earthquake —| Area "RV" Length "RH" "FV" "FH" "H” Develop. T Develop. "TB”
hw tw tb Cc T w t x k Quantity Toe Heel Sliding Overturning Sliding Overturning Req'd Bars into Base Bars Bars Bars Bars Length Bars Length Bars
(m) Note (m) (m) (m) (m) (m) (m x m) (cm/Im) (psf) (psf) (ecm™2/Im) (size@m) (m) (size@m) (size@m) (size@m) (size@m) (m) (size®@m) (m) (Quant—size)
1.00 1 0.20 0.30 0.20 0.81 1.22 0.30x0.15 0.62 753 145 41.32 6.82 16.56 1.85 4.66 # 4©0.25 0.30 #4®@0.46 #4©@0.41 #4©0.38 #4©@0.15 0.30 # 4©0.18 0.30 4 #4
1.25 1 0.20 0.30 0.30 0.97 1.47 0.30x0.15 0.75 882 142 28.74 6.53 11.58 1.80 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4@©0.38 #4©0.15 0.30 # 4©0.18 0.30 4 #4
1.50 1 0.20 0.30 0.36 1.17 1.73 0.30x0.15 0.88 957 130 21.86 6.30 8.85 1.77 4.66 # 4@0.25 0.30 #4@0.46 #4©0.41 #4@0.38 #4@0.15 0.30 # 4©0.18 0.30 5 #4
1.75 1 0.20 0.30 0.46 1.35 2.01 0.30x0.15 1.01 1054 119 17.03 6.27 6.93 1.77 6.10 # 4©0.20 0.30 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 5 #4
2.00 1 0.20 0.30 0.58 1.55 2.34 0.30x0.15 1.17 1113 98 13.71 6.46 5.60 1.82 9.29 # 4©0.13 0.30 #4©0.46 #4@0.41 #4©0.38 #4@0.15 0.30 # 4@0.18 0.30 6 #4
2.25 1 0.20 0.30 0.81 1.70 2.72 0.30x0.23 1.36 1215 156 20.11 6.84 8.10 1.89 14.29 # 6©@0.18 0.46 #4@0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4@0.18 0.30 7 #4
2.50 1 0.20 0.30 1.02 1.93 3.15 0.30x0.38 1.58 1249 274 38.43 7.29 15.31 1.99 21.36 # 8@0.23 0.61 #4@0.46 #4@0.41 #4©0.38 #4©0.15 0.30 # 4©0.18 0.30 8 #4
2.75 1 0.20 0.30 1.24 2.08 3.83 0.30x0.46 1.77 1421 349 43.55 7.52 17.32 2.03 32.90 #10@0.23 0.69 #4@0.46 #4@0.41 #4@0.38 #4@0.15 0.30 # 4@0.18 0.30 9 #4
3.00 1 0.20 0.34 1.45 2.29 3.94 0.30x0.42 2.09 1595 450 32.02 7.88 12.75 2.10 59.37 #10@0.13 0.69 #4@0.486 #4©0.41 #4@0.38 #4@0.15 0.30 # 4@0.15 0.30 10 #4
3.25 2 0.23 0.40 1.63 2.44 4.29 0.30x0.36 2.57 1780 533 22.286 8.19 8.88 2.15 55.87 #10@0.13 0.69 #4@0.46 #4@0.36 #4@0.33 #4@0.15 0.30 # 6@0.25 0.46 13 #4
3.50 2 0.23 0.39 0.94 2.64 3.81 0.30x0.37 2.41 1773 94 23.35 5.96 9.41 1.72 60.08 #10©0.13 0.69 #4©@0.46 #4©0.36 #4©0.33 #4©0.15 0.30 # 6@0.28 0.46 11 #4
3.75 2 0.25 0.44 1.02 2.79 4.06 0.30x0.32 2.86 1919 110 16.80 6.09 6.82 1.74 55.12 #10@0.13 0.69 #4@0.46 #4@0.33 #4@0.30 #4@0.15 0.30 # 6@0.23 0.46 14 #4
4.00 2 0.28 0.49 1.04 2.97 4.29 0.30x0.27 3.30 2044 124 12.49 6.10 5.12 1.74 54.35 #10@0.13 0.69 #4©@0.46 #4©0.30 #4@0.25 #4©@0.15 0.30 # 6©0.20 0.46 16 #4
4.25 2 0.28 0.55 1.14 3.15 4.57 0.30x0.29 3.77 2182 140 12.79 6.22 5.24 1.76 91.76 #11@0.10 0.76 #4©@0.46 #4©0.30 #4@0.25 #4@0.15 0.30 # 6©0.18 0.46 9 #6
4.50 2 0.30 0.60 1.17 3.33 4.80 0.30x0.24 4.31 2312 187 9.42 6.24 3.91 1.76 76.74 #11@0.13 0.76 #4@0.46 #4©0.28 #4©0.25 #4©0.15 0.30 # 8@0.28 0.61 10 #6
4.75 2 0.33 0.66 1.24 3.48 5.05 0.30x0.18 4.96 2468 179 6.52 6.35 2.76 1.78 77.20 #11@0.13 0.76 #4©@0.46 #4@0.25 #4©0.23 #4©0.15 0.30 # 8©0.25 0.61 12 #6
NOTES:
1. SEE RETAINING WALL DETAIL A
2. SEE RETAINING WALL DETAIL B
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