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RESUMEN

El presente informe detalla los fundamentos, criterios y procedimientos para el
desarrollo de una hoja de calculo que facilita el diseio de cimentaciones de

concreto armado para tanques de acero cilindricos.

Se desarrolla brevemente en este informe el marco teérico de las cimentaciones,
seguido de los criterios tomados para el disefio y desarrollo de la hoja de calculo,
para luego mostrar un ejemplo aplicativo de la hoja de calculo desarrollada.

Se recoge en este informe los conocimientos de instituciones internacionales y
nacionales que permitan un disefio confiable y seguro basado principalmente en
los estandares 650 del American Petroleum Institute, edicion 11 del afo 2007
con adendas del 2008 y 2009, y adaptado con las normas técnicas peruanas
NTE vigentes, para todo lo referente a tanques y sus cimentaciones; y
complementado con los estandares 318S del American Concrete Institute,
edicién 2011, para la parte de concreto armado.
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Ac

oF]
Q

R

: coeficiente de aceleracidn convectiva

: coeficiente de aceleracion impulsiva

: ancho de la seccidn de la cimentacién
: didmetro del tanque

: mddulo de elasticidad

: mddulo de elasticidad del concreto

: modulo de elasticidad del acero

: resistencia a la compresion del concreto
: coeficiente de aceleracion del lugar

. coeficiente de velocidad del lugar

: esfuerzo de fluencia del acero

: gravedad especifica

: aceleracion de la gravedad

. altura total de la cimentacion

. altura maxima del contenido del tanque
: altura total del tanque

: factor de importancia segun uso

: momento en cimentacion tipo anillo

: momento en cimentacion tipo losa

: resistencia de penetracion estandar

: factor de escala del sismo maximo considerado
: capacidad portante del suelo

: carga de nieve sobre el terreno

: factor de reduccion
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to : espesor de base del tanque

Te : periodo natural convectivo

T; : periodo natural impulsivo

t, : espesor del techo del tanque

ts : espesor de pared del tanque

\) : fuerza cortante en la base

Viiento . Velocidad el viento

W, : peso de la masa convectiva

Wi : peso del piso del tanque

W; : peso de la masa impulsiva

W, : peso total del contenido del tanque

W, : peso del techo del tanque

Wi : peso de las paredes del tanque

Xc : altura de centro de gravedad de masa convectiva
Xi : altura.de centro de gravedad de masa impulsiva
Xr : altura de centro de gravedad del techo del tanque
Xs : altura de centro de gravedad de las paredes del tanque
Z : factor de zona
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INTRODUCCION

CONTEXTO

El presente informe se desarrolla en el marco del curso de actualizacion de
conocimientos para optar el titulo de ingeniero civil del ano 2012. En tal sentido
se lleva a cabo este informe aplicando y consolidando los conocimientos y
experiencias adquiridos tanto en la universidad como en la vida profesional, en

las ramas de construccion, mecanica de suelos y especialmente en estructuras.

El autor se ha desenvuelto en los ultimos anos en el desarrollo de proyectos
industriales principalmente. Es por eso que se elige este tema muy vinculado a

obras de mineria e hidrocarburos.

ALCANCE

Se ha enfocado un caso puntual del diseno de obras industriales, como son los
cimientos de tanques de almacenamiento metalicos circulares. Sin embargo por
motivos de tiempo, se limita el presente informe al disefio de cimentaciones de
tipo anular de concreto armado.

Para el presente informe no se tomara en cuenta el calculo de la capacidad
portante del suelo, el cual sera asumido como dato de entrada, ademas se
limitara para el caso de suelos relativamente buenos (qq 2 2 kgf/cm?).

No es alcance de este trabajo los detalles y requerimientos constructivos de este
tipo de estructuras, ademas de problematicas de casos reales como la limitacién

de espacio, formas o conexiones que suelen restringir el disefo.
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CAPITULO I: GENERALIDADES

1.1 ANTECEDENTES

El crecimiento de las industrias mineras y de hidrocarburos en los ultimos anos
demanda una mejor infraestructura para la produccién. Es en este contexto que
se vive actualmente un gran auge de la ingenieria civil, no sélo por la
construccion de edificios de viviendas por el boom inmobiliario que se aprecia en
la capital, sino también en las construcciones industriales, especialmente en el

sector minero que se desarrolla principalmente en las provincias de la sierra.

En estos proyectos industriales es comun encontrar tanques de almacenamiento
metalicos a lo largo de sus procesos, para los que debemos disefar una
adecuada cimentacion. Por ejemplo, en el caso de plantas de procesos de
minerales y algunas de sus facilidades se aprecia que es un elemento que se
repite con bastante frecuencia en diversos tamanos, tanto en plantas nuevas

como en ampliaciones.
1.2 JUSTIFICACION

Si bien la construccion de estas estructuras no es de las partidas mas costosas,
se debe tener mucho cuidado ya que cualquier falla es estos procesos, que
obligue a detener la produccién, si es bastante costosa.

Con esta hoja de calculo se pretende facilitar la seleccion de alternativas para el
diseno de estas estructuras, ademas de ser una herramienta facil de modificar
en caso se requiera. Es decir, en lugar de tener una hoja de calculo para cada
caso especifico del problema, se puede tener una hoja mas compleja y completa
que abarque varios casos.

1.3 PLANTEAMIENTO DEL PROBLEMA

Debido a la gran variedad de casos de suelos, condiciones subterraneas, y
condiciones climaticas en los que se puede ubicar la obra, ademas de algunos
requerimientos propios de tanque o su contenido, se disefia cada caso con sus
consideraciones y cuidados particulares.

Esta labor suele ser repetitiva en el procedimiento y en muchos casos no se
tiene una adecuada metodologia, consumiendo muchas horas hombre de alto
costo ya que esta labor es desarrollada por profesionales altamente calificados.

1.4 DEFINICION DE OBJETIVOS
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Objetivo principal:

El objetivo del presente informe es el desarrollo de una hoja de calculo que

permita:

. Simplificar y reducir el tiempo para el calculo y disefio de cimentaciones
de tanques.

° Facilitar la elaboracién de la documentacién necesaria para la memoria
de calculo.

Objetivos especificos:

° Desarrollar una hoja de calculo que facilite el disefo de cimentaciones de

concreto armado para tanques de almacenamiento metalicos circulares.

o Aplicar dicha hoja de calculo a un caso especifico ficticio, similar a
condiciones reales.
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CAPITULO II: CIMENTACIONES DE CONCRETO ARMADO

En este capitulo se revisa los fundamentos tedricos necesarios, como conceptos

de cimentaciones, y concreto armado para poder disefiar la cimentacién.

2.1 CIMENTACIONES

Se define como cimentacién al conjunto de estructuras que transmiten las cargas
de una edificacidon o estructura hacia el terreno con la finalidad de sostenerla de

manera estable.
2.1.1 Clasificacion de cimentaciones

Se puede clasificar las cimentaciones en dos grandes grupos: cimentaciones

profundas, y cimentaciones superficiales.
a) Cimentaciones superficiales:

Son aquellas en las cuales la relacion Profundidad / ancho (Df/B) es menor o
igual a cinco (5), siendo Df la profundidad de la cimentacion y B el ancho o
diametro de la misma. Son cimentaciones superficiales las zapatas aisladas,
conectadas y combinadas; las cimentaciones continuas (cimientos corridos) y las
plateas de cimentacioén.

b) Cimentaciones profundas:

Son aquellas en las que la relacién profundidad /ancho (Df/B) es mayor a cinco
(5), siendo Df la profundidad de la cimentacion y B el ancho o diametro de la

misma.

Son cimentaciones profundas: los pilotes y micropilotes, los pilotes para
densificacioén, los pilares y los cajones de cimentacion.

La cimentacion profunda sera usada cuando las cimentaciones superficiales
generen una capacidad de carga que no permita obtener los factores de
seguridad indicados en el Articulo 16 de la NTE E.050 de suelos y cimentaciones
o cuando los asentamientos generen asentamientos diferenciales mayores a los
indicados en el Articulo 14 también de la NTE E.050. Las cimentaciones
profundas se pueden usar también para anclar estructuras contra fuerzas de
levantamiento y para colaborar con la resistencia de fuerzas laterales y de
volteo. Las cimentaciones profundas pueden ademas ser requeridas para
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situaciones especiales tales como suelos expansivos y colapsables o suelos

sujetos a erosion.
2.1.2 Tipos de cimentaciones para tanques

a) Cimentacion de tierra sin muro anular

Cuando una evaluacion técnica de las condiciones del subsuelo, basado en la
experiencia y/o un trabajo exploratorio, muestra que la capa de asiento tiene
capacidad de soporte adecuada y que los asentamientos seran aceptables, una
cimentacién adecuada puede ser construida a partir de materiales de la tierra.
Los requisitos para el desempeno de las cimentaciones de tierra son los mismos
que se exigen a cimientos comunes. En concreto, una fundacion tierra debe

cumplir con lo siguiente:
a. Proporcionar un plano estable para el soporte del tanque.

b. Limitar el grado de asentamiento global a valores que estén de acuerdo a

los permisibles utilizados en el disefio de las conexiones de las tuberias.
c. Proporcionar un drenaje adecuado.

d. No debe asentar excesivamente el perimetro debido al peso de la pared
del depdsito.

TANQUE

Figura 2.1 Cimentacion de tierra sin muro anular
b) Cimentacion de tierra con muro anular de concreto

Grandes tanques y tanques con casco pesados o altos y / o con techos auto
soportados ejercen una carga sustancial hacia la cimentaciéon debajo del casco.
Esto es particularmente importante con respecto a la deformacién del casco en
los tanques de techo flotante. Se debe utilizar una cimentacién con anillo de
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concreto cuando existe alguna duda sobre la capacidad de la cimentacion de
soportar la carga del casco directamente. Como una alternativa al anillo de
concreto se puede utilizar una un anillo de piedra chancada. Una cimentacién

con un muro de concreto tiene las siguientes ventajas:

a. Se proporciona una mejor distribucion de la carga concentrada del casco

para producir una carga de suelo casi uniforme bajo el tanque.

b. Se proporciona un nivel plano y firme de partida para la construccion del
casco.

c. Se proporciona una mejor manera de nivelar el tanque, y es capaz de

mantener su contorno durante la construccion.

d. Se contiene el relleno bajo la parte inferior del tanque y evita la pérdida

de material como resultado de la erosion.
e. Se minimiza la humedad por debajo del tanque.

Una desventaja de los muros anulares de concreto es que no pueden ajustarse
con facilidad a los asentamientos diferenciales. Este inconveniente puede dar
lugar a altos esfuerzos de flexion en las placas de fondo adyacentes al anillo de

concreto.

TANQUE

rh
7
777
| I CONCRETO COMPACTADO CONCRETO I

Figura 2.2 Cimentacion de tierra con muro anular de concreto
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c) Cimentacion de tierra con muro anular de piedra chancada o grava

Un anillo de piedra chancada o grava proporcionara un apoyo adecuado a las
altas cargas impuestas por el depdsito. Una base con anillo de piedra chancada

o grava tiene las siguientes ventajas:

a. Se proporciona una mejor distribucidon de las cargas concentradas del

casco para producir una carga de suelo mas uniforme bajo el depésito.

b. Se proporciona una mejor manera de nivelar el tanque, y es capaz de

preservar su contorno durante la construccion.

c. Se contiene el relleno bajo la parte inferior del tanque y evita la pérdida

de material como resultado de la erosion.

d. Se puede acomodar sin problemas a un asentamiento diferencial debido

a su flexibilidad.

Una desventaja de los cimientos de tierra con anillo de piedra chancada es que
es mas dificil de construir al momento de alcanzar las tolerancias y lograr una

superficie plana y nivelada para la construccion de la estructura del tanque.

TANQUE

COMPACTADO

Figura 2.3 Cimentacién de tierra con muro anular de piedra chancada o grava
d) Losa de cimentacion

Se dtilizara una losa de concreto armado cuando las cargas de apoyo
transmitidas al suelo deben ser distribuidas sobre un area mas grande que el
area de depésito o cuando se especifique por el propietario. Puede ser necesario
el uso de pilotes debajo de la losa para el soporte apropiado del tanque.
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Las cimentaciones para tanques tienen exigencias constructivas y caracteristicas
de disefno que se detallan en los estandares 650 del Instituto Americano del
Petréleo (API standard 650).

————— e
TANQUE
. TOSA DE CONCRETO
/7 s

Figura 2.4 Losa de cimentacion
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2.2 CONCRETO ARMADO

El concreto armado es una mezcla de cemento Portland o cualquier otro
cemento hidraulico, agregado fino, agregado grueso y agua, con o sin aditivos,

ademas reforzado con acero. Es utilizado mayormente con fines estructurales.

El concreto armado tiene una serie de exigencias tanto en su fabricacibn como
en su disefo, y normadas por coédigos nacionales e internacionales. A
continuacion se mencionan las principales propiedades del concreto armado.

Resistencia especificada a la compresion del concreto (f'c).Resistencia a la
compresion del concreto empleada en el disefo, expresada en MPa. Cuando
dicha cantidad esté bajo un signo radical, se quiere indicar sélo la raiz cuadrada
del valor numérico, por lo que el resultado esta en MPa. La resistencia minima
del concreto estructural, f'c, disenado y construido de acuerdo con la Norma NTE
E.060, no debe ser inferior a 17 MPa.

Mdbdulo elastico del concreto (E.). Es funcion principalmente de la resistencia del
concreto y de su peso volumétrico.

(Ec. 2.1)
Donde
w = peso volumétrico del concreto en t/m?
f'. = resistencia del concreto en kgflcm2
Considerando w = 2.4 t/m® se acepta que:
E. = 15000,/f', (Ec. 2.2)

Esfuerzo de fluencia del acero F,. Es el esfuerzo en la grafica de esfuerzo —
deformacion donde la deformacidén continia aumentando mientras que el
esfuerzo permanece casi constante. En nuestro medio el acero mas comercial es
el grado 60 que tiene un F, = 4200 kgf/cm?.

Modulo de elasticidad del acero E;. es la pendiente de la curva esfuerzo —
deformacién del acero en la parte elastica (primer tramo recto desde el origen).
Se considera que E = 2x10° kgf/cm?.
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CAPITULO Ili: DISENO
3.1 DIAGRAMA DE FLUJO

Esquema general del proceso para el disefo:

a— —

DISENO DE CIMENTACION

T —

\

INGRESAR INF:
MATERIALES
COND. LUGAR
GEOMETRIA

CALCULAR CARGAS:

MODIFICAR MUERTAS
GEOMETRIA O VIVAS

MATERIALES VIENTO
SISMO

N

CALCULAR
REFUERZO

\

PRESENTAR

RESULTADOS
= e

4

r—,

IN

T ——
Figura 3.1 diagrama de flujo del disefno

L

Hoja de Célculo para el Diseiio de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares

Bach. Teruya Yonashiro. Gerardo Arturo 17



UNIVERSIDAD NACIONAL DE INGENIERIA

FACULTAD DE INGENIERIA CIVIL CAPITULO Ill: DISENO

3.2 CARGAS
3.2.1 Pesos unitarios

Para definir las cargas hay que tener en cuenta las propiedades de los
materiales. Los pesos especificos de los materiales empleados, en caso de no
contar con informacion exacta del proveedor, se tomaran de la norma de cargas
nacional RNE E.020 ANEXO 1 - PESOS UNITARIOS.

Cuadro 3.1 pesos unitarios

Materiales tipicos a utilizar:

Acero

7850 kgf/m®

Concreto armado

2400 kgf/m®

Contenidos tipicos:

Agua dulce: 1000 kgf/m®
Aceites: 930 kgf/m?®
Gasolina: 670 kgflm3
Petroleo: 870 kgf/m®

Acido nitrico:

1500 kgf/m*®

Acido sulfurico:

1800 kgf/m®

Otros elementos que intervienen;

Tierra seca

1600 kgf/m’

Tierra saturada

1800 kgf/m®

Nieve fresca

100 kgf/m®

Grava y arenas secas

1600 kgf/m®

Fuente: NTE E.020

3.2.2 Carga viva de techo

Segun la norma de cargas RNE E.020 articulo 7, se debe considerar 100 kgf/m?
para techos con pendientes de hasta 3°; y para techos con mayor pendiente se
reducird 5 kgf/m? por cada grado superior a 3°, con un limite minimo de 50
kgf/m?.

0°<pendiente<3° 100 kgf/m2
3°<pendiente<13° [115 — (pendiente x 5)] kgf/m2

Pendiente>13° 50 kgf/m2
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3.2.3 Carga de nieve

En caso el tanque se encuentre expuesto a nieve, se debe considerar el efecto
de esta carga. Segun lo estipulado en la norma RNE E.020 articulo 11, la carga
sobre el suelo minima a considerar es de Qs =40 kgf/mz. Y en el caso de techos

sera:

a) Para techos a una o dos aguas con inclinaciones menores o iguales a 15°
(pendiente < 27%) y para techos curvos con una relaciéon flecha/luz < 0,1 o
angulo vertical menor o igual a 10° (calculado desde el borde hasta el centro) la

carga de disefio (Qt ), sobre la proyeccién horizontal, sera:
(Ec. 3.1)

b) Para techos a una o dos aguas con inclinaciones comprendidas entre 15° y
30° la carga de disefio (Qt), sobre la proyecciéon horizontal, sera:

Q, =0,80 Qs (Ec. 3.2)

c) Para techos a una o dos aguas con inclinaciones mayores que 30° la carga de

diseno (Qt ), sobre la proyeccion horizontal, sera:
Q: =Cs (0,80Q;) (Ec. 3.3)
donde Cs =1 —0,025(6° - 30°), siendo Cs un factor adimensional.

d) Para los techos a dos aguas con inclinaciones mayores que 15° deberan
investigarse los esfuerzos internos para las condiciones de carga balanceada y
desbalanceada como se indica a continuacion:

Qt
| L
¢ r 2 fF2 }
CARGA

BALANCEADA
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1.3Qt
LILEITT]

* ¢ 2 l £ 2 #
CARGA DESBALANCEADA

¢
< 6m

0,3 1,5Qt
SRNNY! ,

# F2 l ¢ 2 ¢

CARGA DESBALANCEADA

¢
> 6m

Figura 3.2 Cargas de nieve

e) Para los techos curvos, dependiendo de la relacién h/l, deberan investigarse
los esfuerzos internos para las condiciones de cargas balanceada vy
desbalanceada, que se indica a continuacion:

Qt
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Qt
PR ENEREY

h
¢ s
A1
£ 10
Qt
(111711
h

Figura 3.3 Cargas de nieve para techos curvos
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3.2.4 Cargas de viento

Clasificacion de las edificaciones segun efectos del viento

Tipo 1. Edificaciones poco sensibles a las rafagas y a los efectos dinamicos del
viento, tales como edificios de poca altura o esbeltez y edificaciones cerradas

con cobertura capaz de soportar las cargas sin variar su geometria.

Tipo 2. Edificaciones cuya esbeltez las hace sensibles a las rafagas, tales como
tanques elevados y anuncios y en general estructuras con una dimensidén corta
en la direccidn del viento. Para este tipo de edificaciones la carga exterior se
multiplicara por 1.2.

Tipo 3. Edificaciones que representan problemas aerodinamicos especiales tales
como domos, arcos, antenas, chimeneas esbeltas y cubiertas colgantes. Para
este tipo de edificaciones las presiones de disefio se determinaran a partir de
procedimientos de analisis reconocidos en ingenieria, pero no seran menores
que las especificadas para el Tipo 1.

Segun la norma de cargas RNE E.020 articulo 12, se puede interpretar un
tanque de acero como una estructura sensible a rafagas. Considerandola como

edificacion de tipo 2, por lo que la carga que se calcule debera ser aumentada en
20%.

Velocidad de diseno

La velocidad de diseno del viento hasta 10 m de altura sera la velocidad maxima
adecuada a la zona de ubicacion de la edificaciéon pero no menos de 75 Km/h. La
velocidad de disefo del viento en cada altura de la edificacién se obtendra de la
siguiente expresion.

(Ec. 3.4)
Donde:
Vi = velocidad de disefio en la altura h en Km/h
V = velocidad de disefio hasta 10 m de altura en Km/h

h = altura sobre el terreno en metros
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Carga exterior de viento

La carga exterior (presidn o succidn) ejercida por el viento se supondra estatica y

perpendicular a la superficie sobre la cual actia. Se calculara mediante la

expresion:

Donde:

Py = presion o succion del viento a una altura h en Kgf/m2

C = factor de forma adimensional indicado en el cuadro 2.2

(Ec. 3.5)

V}, = velocidad de disefno a la altura h, en Km/h, definida en el articulo anterior

Cuadro 3.2 factores de forma (C) *

CONSTRUCCION BARLOVENTO SOTAVENTO
Superficies verticales de edificios +0,8 -0,6
Anuncios, muros aislados, elementos con una dimension +1.5

corta en la direccion del viento

Tanques de agua, chimeneas y otros de seccion circular +0.7

o eliptica

Tanques de agua, chimeneas, y otros de seccion +2.0

cuadrada o rectangular

Arcos y cubiertas cilindricas con un angulo de

inclinacion que no exceda 45° S e
Superficies inclinadas a 15° o menos +0,3-0,7 -0,6
Superficies inclinadas entre 15° y 60° +0,7-0,3 -0.6
Superficies inclinadas entre 60° y la vertical +0,8 -0,6
Superficies verticales 6 inclinadas (planas 6 curvas) 07 07

paralelas a la direccion del viento

* El signo positivo indica presién y el negativo succion.

Fuente NTE E.020

3.2.5 CARGAS DE SiSMO

El API 650 presenta un procedimiento de disefo sismico seudo dinamico basado
en métodos de analisis de espectro de respuesta y considerando dos modos de

respuesta del tanque y su contenido que son el impulsivo y convectivo.
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Categoria de la edificacion

Las normas API clasifican los tanques de almacenamiento en tres categorias

que denominan grupos de uso sismico (Seismic Use Group, SUG):

SUG Ill. Grupo de uso sismico lll.

Tanques que dan servicio a instalaciones esenciales para la recuperaciéon luego
del terremoto; instalaciones que son esenciales para la vida y salud de la
poblacion; o tanques con cantidad considerable de sustancias peligrosas que no
cuentan con un adecuado control para prevenir una exposicioén publica.

SUG Il. Grupo de uso sismico ll.

Tanques que almacenan material que supone peligro para la poblacion y carece
de controles secundarios de prevencidon de exposicidn publica; o aquellos

tanques que dan servicio a instalaciones principales.

SUG I. Grupo de uso sismico l.

Los tanques que no se encuentren en los grupos SUG Il Y SUG II.
Tanques de usos multiples

Se clasificara de acuerdo a los usos y se le asignara el grupo de mayor orden.

Clasificacion de suelos

Para el calculo sismico por el método del APl se empleara la clasificacion de
suelos del ASCE. ElI APl contempla que se utilice esta clasificacion que es
aplicable en los Estados Unidos, fuera de este ambito, utilizando unos factores
de seguridad en los parametros de las aceleraciones espectrales de periodos
cortos (Ss) y de de 1 segundo (Sy).

Las clases de sitio se definen como sigue:

Tipo A: Roca dura con velocidad de onda de corte medida de, Vs > 1500 m/s
(5000 pies/s)

Tipo B: Roca con 760 m/s < vs < 1500 m/s (2500 pies/s < Vs < 5000 pies/s)

Tipo C: Suelo muy denso y roca blanda con 360 m/s < Vs = 760 m/s (1200 pies/s
< Vs < 2500 pies/s), o con cualquiera de las siguientes condiciones: N>500's ,
> 100 kPa (2000 libras por pie cuadrado)
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Tipo D: Suelo duro con 180 m/s < Vs < 360 m/s (600 pies/s < Vs < 1200 pies/s) o
con cualquiera de las siguientes condiciones: 15 < N <50 6 50 kPa < s , < 100
kPa (1000 libras por pie cuadrado <'s , < 2000 libras por pie cuadrado)

Tipo E: Perfil de suelo con vs <180 m/s (600 pies/s) o con cualquiera de las
siguientes condiciones: N <15, s, <50 kPa (1000 libras por pie cuadrado), o
cualquier perfil con mas 3 m (10 pies) de arcilla blanda definida como suelo con
Pl>20,w240%y s, < 25 kPa (500 libras por pie cuadrado)

Tipo F: Los suelos que requieren evaluaciones de sitio especificas:

1. Los suelos vulnerables a posibles fallos o colapsan bajo cargas sismicas, tales
como suelos licuables, arcillas rapidas y altamente sensibles, suelos plegables
débilmente cementados. Sin embargo, puesto que los tanques tienen
tipicamente un periodo impulsivo de 0,5 segundos 0 menos, no se requiere
evaluaciones especificas de sitio, pero se recomienda realizarlos para
determinar aceleraciones espectrales para suelos licuables. La clase de sitio se
puede determinar, en el supuesto de que no se produce licuefaccion; y los

valores correspondientes de Fa y Fv se determinan a partir de tablas.

2. Turbas y/o arcillas altamente organicas (Hs > 3 m [10 pies] de turba y/o arcilla
altamente organica, donde H = espesor del suelo).

3. Arcillas de muy alta plasticidad (Hs > 8 m [25 pies] con PI > 75).
4. Arcillas muy gruesas, con rigidez suave/media (Hs > 36 m [120 pies])

Los parametros utilizados para definir la clase de sitio se basan en los 30 m (100
pies) superiores del perfil del sitio. Los perfiles que contienen capas de suelo
muy diferentes se subdividirdn en las capas designadas por un numero que
oscila entre 1 y n en la parte inferior donde hay un total de n capas distintas en
los primeros 30 m (100 pies). El simbolo i, se refiere a cualquiera de las capas
entre 1 yn.

vsi = la velocidad de onda de corte en m/s (pies/s),

di = el espesor de cualquier capa (entre 0 y 30 m [100 pies]).

(Ec. 3.6)

Donde:

Hoja de Célculo para el Diserio de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares
Bach. Teruya Yonashiro, Gerardo Arturo 25



UNIVERSIDAD NACIONAL DE INGENIERIA
FACULTAD DE INGENIERIA CIVIL CAPITULO I1l: DISENO

n
i=1

N; = la resistencia de penetracion estandar determinado de acuerdo con la norma

ASTM D 1586, medida directamente en el campo sin correcciones, y no se
tendra mas de 100 golpes/pie.

(Ec. 3.7)

(Ec. 3.7)

Donde:

Utilice sélo d; y N; para suelos no cohesivos.
ds = espesor total de las capas del suelo no cohesivos entre los 30 m (100 pies),

sui = la resistencia al corte sin drenaje en kPa (libras por pie cuadrado),
determinada de acuerdo con ASTM D 2166 o D 2850, y no mayor a 240 kPa
(5000 libras por pie cuadrado).

(Ec. 3.8)

Donde:

d. = espesor total (100 - d;) de las capas de suelos cohesivos en los 30 m (100
pies),

Pl = indice de plasticidad, determinada de acuerdo con ASTM D 4318,
w = contenido de humedad en %, determinada de acuerdo con ASTM D 2216.

Procedimiento para clasificar un sitio:

Paso 1: Verifique que las cuatro categorias de sitio Clase F que requieren
evaluacién especifica del sitio. Si el sitio corresponde a alguna de estas
categorias, clasificar el sitio como Sitio de clase F y realizar una evaluacion
especifica del sitio. De lo contrario pasar al siguiente paso.

Hoja de Calculo para el Diserlo de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares
Bach. Teruya Yonashiro, Gerardo Arturo 26



UNIVERSIDAD NACIONAL DE INGENIERIA
FACULTAD DE INGENIERIA CIVIL CAPITULO IlI: DISENO

Paso 2: Comprobar la existencia de arcilla blanda con un espesor total > 3 m (10
pies), donde se define una capa de arcilla blanda por: s, <25 kPa (500 libras por
pie cuadrado); w =2 40% y Pl > 20. Si se cumplen estos criterios, clasificar el sitio

como Sitio Clase E. De no cumplir estas condiciones pasar al siguiente paso.

Paso 3: Clasificar el sitio usando uno de los siguientes tres métodos con vs, N y

s , calculados en todos los casos:
a. Vs para los 30 m superiores (100 pies) (método V).
b. N para la los 30 m superiores (100 pies) (método N ).

c. N para capas de suelo no cohesivos (Pl < 20) en los 30 m superiores (100
pies) y el promedio de s , para las capas de suelo cohesivo (Pl > 20) en los 30 m
superiores (100 ft) (método s ,).

Cuadro 3.3 Clasificacion de suelo

. . _ s (kPa
CIaSlﬁ:i?izlén de (V?e";;:) NoN e (libra por pie
P cuadrado)
<180 e
180 — 360 S
= (600 — 1200) 1510 50 (1000- 2000)
360 — 760 > 100
c (1200 — 2500) > 50 (> 2000)
5 760 — 1500
(2500 — 5000)
> 1500
A (>5000)

Nota: Si se utiliza el método s , y los criterios N ., y s, difieren, seleccione la
categoria con los suelos mas desfavorable.

La asignacioén de la clase del sitio B se basa en la velocidad de la onda de corte
para roca. Para roca competente con fractura moderada y a la intemperie, sera
admitida la estimacion de esta velocidad de onda cortante. Para roca altamente
fracturada y mas erosionada, la velocidad de onda de corte se mide
directamente o en el sitio, y se asignara la clase de sitio C.

La asignacion de la clase de sitio A se sustentara en cualquiera de las
mediciones de velocidad de ondas transversales en el lugar o mediciones de la
velocidad de corte de onda en los perfiles del tipo de roca en la misma formacion
con un grado de desgaste y fractura igual o superior.
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Donde se conoce que las condiciones de roca dura son continuos hasta una
profundidad de 30 m (100 pies), las medidas de la velocidad de ondas de corte

superficiales pueden ser extrapolados para estimar v.

Las clases de sitio A y B no debe ser usado donde hay mas de 3 m (10 pies) de

suelo entre la superficie de la roca y la parte inferior de la base del tanque.
Periodo de vibracion estructural
Periodo convectivo (chapoteo)

El periodo del primer modo de la ola de chapoteo, en segundos, se calcula por la

ecuacion siguiente donde K es el coeficiente de periodo de chapoteo:

En unidades del Sli:

(Ec. 3.9)
o0 en unidades americanas:
(Ec. 3.10)
0.578
K = en— (Ec. 3.11)

Aceleraciones de respuesta de espectro de diseno
Coeficientes de aceleracién espectral

Cuando se utilizan métodos de diseno probabilisticos o mapeados, los
parametros de aceleracion espectral para el espectro de respuesta de disefio se
dan en las ecuaciones siguientes. En zonas fuera de EE.UU., donde los
requisitos reglamentarios para determinar el movimiento del terreno para el
disefio difieren de los métodos ASCE 7 en los que se basa este método, T, se
tomara como 4 segundos.

En los sitios donde se define sélo la aceleracion maxima del terreno, sustituir Sp
por Sy en las ecuaciones E.4.6.1-1 a E.4.6.2-1. El factor de escala, Q, se define
como 2/3 para los métodos ASCE 7. Q puede tomarse igual a 1.0 a menos que
se defina lo contrario en las exigencias regulatorias en donde no se aplique el
ASCE 7. Los coeficientes de amplificacion del suelo, F, y F,; el valor del factor de
importancia |; y los factores de modificacidn de respuesta ASD, R Y Ruc, seran
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definidos por los requerimientos regulatorios locales. Si estos valores no estan

definidos por las normas, se utilizara los valores de este capitulo.

Cuadro 3.4 Coeficiente de aceleracion del lugar F,

Clasificacién
de sitio Sss0.25 Ss = 0.50 Ss=0.75 Ss =1.00 Ss21.25

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
] 1.2 1.2 11 1.0 1.0
D 1.6 14 1.2 1.1 1.0
E 25 1.7 1.2 09 09
E a a a a a

2 Se requiere un estudio geotécnico especifico del lugar y un analisis de
respuesta dinamica.

Cuadro 3.5 Coeficiente de velocidad del lugar F,

Clasificacion
de sitio S1s0.1 S$1=0.2 S:=03 S1=04 S$120.5

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
Cc 1.7 1.6 1.5 1.4 1.3
D 24 20 1.8 1.6 1.5
E 3.5 3.2 238 24 24
E a a a a a

2 Se requiere un estudio geotécnico especifico del lugar y un analisis de
respuesta dinamica.

Parametro de aceleracion espectral impulsivo A;:
A; = Sps (é) =250QF, S (RLM) > 0.007 (Ec. 3.12)
Sdlo para sitios clase E y F:

A; =055, (#) = 0.625 Sp (ﬁ) (Ec. 3.13)
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Parametro de aceleracion espectral convectivo A.:

Cuando Tc=sT,

V(=) =25KQFE. S, (—}) (=) = a (Ec. 3.14)

Rwec Rwi

1

A. = KSp, (Tc

Cuando T¢c>T,

1 Ts
A.=KSp, (%) (ch) =25KQF, S, (-—} (i) < A (Ec. 3.15)
Factores de diseno sismicos

Fuerzas de diseno

La fuerza lateral de disefio sismico equivalente sera determinada por la relacién
genérica:

F =AW (Ec. 3.16)
Donde:
A = coeficiente de aceleracion lateral, %g,
W = peso efectivo.
Factor de modificacion de respuesta

Es un factor de reduccién que no debera ser mayor a los que se indican en el

cuadro:
Cuadro 3.6 Factores de reduccién
Sistema de anclaje Rwi (impulsivo) Rwe (convectivo)
Auto anclado 35 2
Anclaje mecanico 4 2

Auto anclado, cuando el tanque es estable al vuelco o deslizamiento debido a su
propio peso. Anclajes mecanicos, cuando es necesario el uso de pernos de
anclaje para estabilizar el tanque.
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Factor de importancia |
Se define por el grupo de uso sismico (SUG) segun el siguiente cuadro:

Cuadro 3.7 Coeficiente de importancia por uso

SUG |

| 1.00

I 1.25

n 1.50

3.3 DISENO
3.3.1 Cargas de diseino

Los tanques de fondo plano apoyados en tierra que almacenan liquidos deberan
estar disenados para resistir las fuerzas sismicas calculadas teniendo en cuenta
la masa efectiva y presiones de liquido dinamicas en la determinacién de las
fuerzas laterales equivalentes y la distribucion de fuerza lateral. El equivalente de
la fuerza de corte lateral en la base se determinara como se indica en los
apartados siguientes. La fuerza cortante debida al sismo, resultante de la
combinacién de los componentes impulsivos y convectivos, se define como la

raiz cuadrada de la suma de los cuadrados de estos.
V= \/V,-z + V2 (Ec. 3.17)

Donde:

(Ec. 3.18)

(Ec. 3.19)

Producto del peso efectivo
Peso impulsivo efectivo

Cuando D/H = 1.333

B tanh(0.866 7)

: Ec. 3.20
t 0.866% p ( )
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Cuando D/H < 1.333
D
w, = (1.0-0218 2) W,
Peso convectivo efectivo

W

W, = 0.230 ~tanh (3"’7 ”)

Centro de accion de las fuerzas laterales efectivas
Para el caso de cimentaciones de anillos de concreto

Altura de accion del peso impulsivo

Cuando D/H = 1.333

X; =0.375H

Cuando D/H < 1.333

X, =(05-00942) H

Altura de accién del peso convectivo

cosh(i'6; H)—l ) H

Xe = <1-0 — S — eI EEILY
D D

Para el caso de cimentaciones tipo losa

Altura de accién del peso impulsivo

Cuando D/H = 1.333

0.866
X, =0375(1.0+1333(——Ht__—10)| H

tanh(0.866 %) -

Cuando D/H < 1.333

Xis = (0.5 - 0.060 2) H

(Ec. 3.21)

(Ec. 3.22)

(Ec. 3.23)

(Ec. 3.24)

(Ec. 3.25)

(Ec. 3.26)

(Ec. 3.27)
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Altura de accién del peso convectivo

XCS = 1.0 - c;lo6s7h.1$36D7 H)—1.937\

D Se"“(#) /

Momento de volteo

Para cimentaciones de anillo de concreto

Para cimentaciones tipo losa

3.3.2 Estabilidad

Estabilidad de volteo del tanque

H (Ec. 3.28)

(Ec. 3.29)

(Ec. 3.30)

Para tanques con anclaje mecanico la relacidon de estabilidad de volteo es la

siguiente:

0.5 D [Wp+Wr+Wr+Wra+Wy| - 2

MSO'I’W

Estabilidad al volteo de la cimentacion

(Ec. 3.31)

Los momentos que actuan debido a las fuerzas de empuje lateral del relleno

(teoria de Rankine), deben ser menores que los momentos resistentes debidos

al peso propio del cimiento y de la sobrecarga del tanque.
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s/c

Ps/c= ka -Ws/c

Figura 3.4 empuje de tierra

Empuje activo

E, = "—“—’—;-’—hi (Ec. 3.32)
Empuje debido a sobre carga

E, = (Ec. 3.33)
Donde

ko, =1 —sen(0) (Ec. 3.34)

Estabilidad por capacidad de carga

La presidn maxima no puede exceder a la capacidad portante del terreno
determinado mediante un estudio de suelos.
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CAPITULO IV: EJEMPLO DE APLICACION

4.1 DATOS DEL EJEMPLO

Para el ejemplo se tomara un tanque de acero circular con techo conico sobre
una cimentacién de concreto armado tipo anular; para el almacenamiento de
agua; ubicado en la sierra del departamento de La Libertad.

Las dimensiones del tanque son:

Diametro de 3.80 m

Altura total de 4.50 m

Altura efectiva del agua 4.10 m

Angulo del techo de 5°

Espesores del techo y del fondo del tanque de 8.38 mm

Espesores del pared del tanque de 6.35 mm

Se va a asumir las condiciones de nieve y viento minimas para el reglamento.
Se asumira también una capacidad portante del terreno de 2 kgf/cm?.

Debido a la importancia medioambiental y costo del proceso se va a asignar el
mayor factor de importancia de edificacion.

Como predisefio se ha asignado las dimensiones de la cimentaciéon de 0.75 m x
0.75 m de seccidn, y el mismo diametro del tanque como eje.
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4.2 HOJA DE CALCULO

La hoja de calculo ha sido desarrollada en Excel version 2010. Los calculos
auxiliares y comentarios estan del lado derecho de la hoja, y las instrucciones en
la parte superior, de cada hoja, siempre fuera del area de impresion.

Se debe mantener tener activada la opcion de calculo iterativo para que la hoja
funcione correctamente.

Ademas se han anadido hojas de apoyo dentro del mismo libro para facilitar las
decisiones del disefiador que se muestran en los anexos.

Las celdas sombreadas son las que se deben afadir manualmente.

Se deben ingresar los datos de los materiales y parametros del estudio de suelo,
ademas de las dimensiones de la cimentacion tentativas a verificar.
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ESPECIFICACONES DE LOS MATERIALES

Peso Unitario Y = 1800.00 kgf/m®
Angulo de Fricaén interna o = 30.00 °
Friccion Entre la Base y el Tanque v = 0.40
Esfuerzo de Compresién fc = 210.00 Kkgf/cm?
Peso Unitario Yo = 2400.00 kgf/m?®
Esfuerzo de Fluencia Fy = 4200.00 Kgf/cm?
TANQUE
Acerg
Peso especifico Y. = 7650.00 kgf/m®
Esfuerzo de Fluencia Fy = 36.00 ksi
Liguido
Peso especifico Ye = 1000.00 igf/m®
Gravedad especifica G = 1.00
impoancia dej Uso del Tapque: grupo de uso sismico SUG segun API 650
SUG n I = 1.50

CONDICIONES DE LUGAR
Zaonificacidn Sismica Segtuin Norma Técnica E.030 Disefio Sismoresistente

Zona 3 V4 = 0.40

Jipg de suelg (clasificacibn ASCE en AP1 650)

Tipo D
Nigve .

Carga de nieve segun NTE E.020 (0 si es que no aplica) Q = 40.00 kgf/m
Viento

Velocidad maxima de viento del lugar (no menor a 75 km/) 75.00 kmh
Sueio de Fundacion

Capacidad Portante Qe = 2.00 igf/cm?
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CARACTERISTICAS GEOMETRICAS DEL TANQUE

—_——mee ———
T \ =
— = L
LS
M, /" L
/
il
— W
L D
F Cd
Geometda
Didametro nominal D = 380m
Altura del tanque H = 450 m
Altura del iquido H = 410 m
Angulo del techo e = 5.00 °
Espysores del tanqug
Espesar del techo del tanque t = 8.38 mm
Espesor de la pared del tanque ts = 6.38 mm
Espesor del fondo del tanque ty = 8.38 mm
CARACTERISTICAS GEOMETRICAS DE LA CMENTACION
Seccion de la cimentacion
]
h = 075 m
h
b = 075 m
W
b
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CARGAS DEL TANQUE
7N M e - — e,
w, ¥
X, ) w, ;
X
W W -
w, ¥
Pescs
Peso del techo del tanque

Peso de las paredes del tanque

Peso del piso del tanque

Altura del centro de gravedad del techo

Altura del centro de gravedad de |a paredes (H,/2)

4 — =%

P d [ ¢

Peso Total del Contenido
Peso Efectivo Impulsivo (API 650)

Peso Efectivo Convectivo (AP| 650)

Distancia de aplicacién del peso Impulsivo (API 650)

Distancia de aplicacién del peso Convectivo (AP| 650)

W, =

W, =

W, =

X, =

Xq =
masa flexible
(efecto convectivo)

masa solidaria

(efecto impulsivo)

W, =
W| =
W, =
X =

831.71 kgt
2816.19 Kgf

746.05 kgt

458 m

225 m

46498.71 Wgf
37103.70 kgf

9904.96 kgt

169 m

310 m
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CALCWLO DE LA FUERZA SISMICA

Momentq de Volteg para cimentaciones de anillo de concreto (AP| 650)

My, = ‘/[Al(u’lxi + WX, + u’rxr)]z + l:‘-(“’oxo)]z

Pardmetro de aceleracion maxima de diseflo S, = 040 g
Parametro de respuesta de aceleracion espectral (periodos cortos) S, = 100 g
Parametro de respuesta de aceleracion espectral (periodos 18) S, = 050 g
Parametro de respuesta de aceleracion espectral (periodos 0s) Se = 050¢g
Coeficiente de aceleracion del lugar (Tabla E-1 AP| 650) Fe = 1.10
Coeficiente de velocidad del lugar (Tabla E-2 API 650) Fy = 1.50
Periodo convectivo T, = 2040 s
Periodo natural del primer modo T, = 0682s
Aceleracion Espectral Impuisiva A = 0516 g
Aceleracion Espectral Convectiva A, = 0516 g
Momento de Voiteo M, = 40821.19 ikgf.m
Eueza Cotanta (API 650)
Ve [VZ+u2
Fuerza Cortante Impulsiva Vi o 21397.23 kgf
Fuerza Cortante Convectiva V. = 5107.24 Kgf
Fuerza Cortante en la Base V' = 21998.31 Kkgf
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CALCULO DE LA FUERZA DE VIENTO

Presion de viento lateral segun NTE E.020 Py =2 23.63 kgf/m?
Presién de viento en techo segin NTE E.020 P = 10.13 kgf/m?
Succién de viento en techo segun NTE E.020 P, = -23.63 kgt/m?
Area lateral proyectada expuesta al viento A, = 17.10 m?
Area de techo expuesta al viento A, = 1.3 m*
Fur A
— [ ] e
Fr ¥
X = 225 m
S X = 1.90 m
_ X
Fuerza de viento lateral Fea = 403.99 kgf
Fuerza de presién de viento en techo Fomr = 115.27 kgf
Fuerza de succién de viento en techo Foe = -268.96 Kgf
Momento de volteo por viento M, = 1419.99 kgf.m
ESTABILUDAD DEL TANQUE
ficagi .
0SD (W, + W, + Wr + W, + W, ] >2
Moorw -
Peso de la estructura W, + W, Wiy = 3647.91 kgf
Peso de la cimentactn Wiy = 16116.37 kof
Peso det relieno sobre la cimentacion W, = 0 igf
312 > 2 ES ESTABLE A MOMENTO DE VOLTEO DE SISMO

05D [Wr)

M, S

4.88 > 1.5 ES ESTABLE A MOMENTO DE VOLTEO DE VIENTO
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DISERO OE LA CMENTACION

Dutos de los Msteriales

congretg armado
Resistencia del concreto
Peso especifico del concreto

Médulo de elasticidad concreto

Acero de refuerzo

Esfuerzo de fluencia del acero

Médulo de elasticidad del acero
Contenido de) Tangue

Peso especifico del liquido
Material de refleno

Peso especifico del material relleno

Angulo de friccién
Capacidad gortante del lemeno

Capacidad portante del Terreno

fe = 210.00 kgffem?
Ve = 240 Ym®

€, = 217371 Igflcm®
F, = 4200.00 kgf/cm®
E, = 2000000 Kg/cm®
Vw = 1.00 ym?®

Vs = 1.80 Ym*

7. = 30°

9q = 20.00 ym?
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ESTABILIDAD DE LA CMENTACION

Verificacid
b = 075 m

h h = 075m

- We I - L = 1.00 m
h/2
b_,l s se analizara sélo para 1m
Sobrecarga Wec = 4.42 Ym2
Coeficiente de presion activa de suelos K, s 0.50
Empuje activo €, = 025t
Empuje de sobrecarga E; = 166t
Momento debido a empuje activo M, = 0.06 tm
Momento debido a empuje de sobrecarga M, = 0.62tm
Peso propio de la cimentacion W, = 135t
Sobrecarga sobre el cimiento Wie = 166t
Momento debido a peso propio Me = 0.51tm
Momento debido a sobrecarga M = 093tm
Momento total actuante M, = 069tm
Momento total resistente M = 1.44tm
Factor de Seguridad contra Voiteo Fsv = 210
FSV = 2.10 > 2 ES ESTABLE A MOMENTO DE VOLTEO
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Verificacion de capacidad de carga dal terreng loca|

sle

[ S

XY VRV XY AV RN 2
OALAAXAYAYATINAY

RN

ORI ANAY i

YA TR ATAVAVAN L CEVA VAV VA VRN

h
L LK ] - w‘ I

T

Excentricidad de la carga

Qs = 8.00 <
Q2 = 0.02 <
CONCRETO ARNMADO

20.00 q4

20.00 qq

CAPITULO IV: EJEMPLO DE APLICACION

Qs = 8.00 UYm
q2 = 0.02 Ym
e = 0.124 m

ES ESTABLE POR CAPACIDAD DEL TERRENO

El andlisis se realizard para una seccion critica de la cimentacion de 1m de largo.

COMBINACIONES DE CARGA geqin ACI 318S y NTE E.060
Combinacion D L Lr S R
1 14
2 12 16 05
3 1.2 1.6 0.5
4 1.2 1.6 0.5
5 1.2 1 16
6 12 1 16
7 12 1 16
8 12 16
9 12 16
10 1.2 1.6
11 1.2 1.6
12 12 16
13 1.2 16
14 12 1 05
15 1.2 1 0.5
16 12 1 0.5 0.5
17 1.2 1 05 0.5
18 12 1 05 05
19 12 1 0.S 0S
20 12 1 0.2
21 1.2 1 0.2
22 09
23 09
24 09
25 09

F H
14
1.2 1.6
1.2 1.6
1.2 1.6
1.2
12
1.2
1.2
12
12
1.2
1.2
1.2
1.2
1.2
12
1.2
1.2
1.2
1.2
1.2
1.6
0.9
09 1.6
09 0.9

Hoja de Célculo para el Diserio de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares

Bach. Teruya Yonashiro, Gerardo Arturo

44



UNIVERSIDAD NACIONAL DE INGENIERIA

FACULTAD DE INGENIERIA CIVIL CAPITULO IV: EJEMPLO DE APLICACION

mm?e?;) del techo del tanque W, = 786.35 kgf

Peso de las paredes del tanque W, = 2816.19 Igf

Peso del piso del tanque W, = 746.05 Igf

Peso fotail del tanque Wiams = 4348.60 Kgf

Peso del tanque distribuido sobre la cimentacion Wisms = 364.26 Igf/m
Peso de la cimentacién We = 135t
D = 0.36 t
Camayiva L = 0.00 t
Carga viva de techo b = 0.09t
Carga de nieve S = 0.04 t
Carga de viento W, = 037 t
W, = 0.20 t
: N E, = 071t
En = 1841t
c | Dyidh F = 154t
Sarga de emouie de lierm Hy = 025t
H, = 1.66 t
L.S. W, D.,E.F L,S W,.D,E,,F

Suponiendo porcion de cimiento no apoyado (asentamiento o faila del suelo) y suponiendo ademas que es recto.

-FI-—I—I""I—I—I—I—EE [ = 298 m

M-.m.o £ 343 tm
Diagrama de momentos flectores

M,,... = 1.71tm

Mreaee = 364tm

Myees = 1.82tm
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Combinacion| vert |vert-W| horiz [horiz-H,| M, Men M
1 4585 | 266 | 000 | 000 | 050 | 000 | 050
2 394 | 232 | 306 | 041 | 043 | 005 | 048
3 392 | 230 | 306 | 041 | 043 | 005 | 048
4 390 | 228 | 306 | 041 | 043 | 005 | 048
5 404 | 242 | 000 | 000 | 043 | 000 | 043
6
7
8
9

398 234 0.00 0.00 0.43 0.00 0.43
3.90 2.28 0.00 0.00 0.43 | 0.00 0.43
434 272 0.16 0.16 0.43 | -0.06 0.37
374 212 | -0.16 | -0.16 | 0.43 0.06 0.49

10 4.26 2684 0.16 0.16 0.43 | -006 0.37
11 366 204 | 016 | -016 | 0.43 0.06 0.49
12 420 258 0.16 0.16 043 | -0.06 0.37

13 3.60 198 | 016 | 016 | 043 0.06 0.49
14 432 270 | 020 0.20 043 | -0.08 0.35
15 357 195 | 020 | 020 | 043 | 008 0.50
16 434 272 | 0.20 0.20 043 | -0.08 0.35
17 3.59 197 | 020 | -020 | 043 0.08 0.50
18 4.32 270 0.20 | 0.20 0.43 | -0.08 0.35
19 3.57 195 | 020 | -020 | 043 0.08 0.50
20 4.62 3.00 1.84 1.84 056 | -069 | -0.13
21 3.20 158 | -1.84 | -1.84 ] 029 0.69 0.99
22 1.92 0.70 3.26 0.61 0.06 | -0.03 0.04
23 117 | 005 | 152 0.03 0.06 | 0.10 0.17

24 3.64 2.42 4.90 225 045 | -064 | 019
25 | 2.22 100 | 012 | -1.61 | 019 | 072 0.91

vert [vert-W| horiz |horiz-Hz Ma M M

maximo| 4.62 3.00 4.90 225 0.56 0.72 0.99
minimo| 1.17 005 | -184 | -184 | 006 | -0.69 -0.19

Aclasiamiento dej concetn
U/A,sd{085fF)
En la parte baja del cimiento u = 6.16 Ym*
En el apoyo del tanque V) = 8.00 ¥ym?
U= 8.00 < 1160.3 RESISTE AL APLASTAMIENTO
D flexi
Factor de reduccién por flexion "] = 0.90
Cuantia minima: Prrin = 0.0018
B4 = 0.85
Cuantia balanceada 8 = 0.0213
Cuantia maxima Prras = 0.0106
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Caiculo de acero

Acero transversal

Distancia de la fibra en compresion al refuerzo d 69.21 cm
PR - A 0.38 om*
°f (-3
e A F a 0.09 cm
0.85 f'c bun
[ 0.0001
Prrin & [ = Penax
Utilizar acero minimo A, 12.46 cm?
Se colocara como estribos | @ 5/8 14.00 cm 1
A, 14.14 cm’
Acero longitudinal inferior
Distancia de la fibra en compresion al refuerzo d 69.21 cm
M, A, 1.32 om’
A, = ———— 5
R YACEL))
a=—ctsf a 0.31 cm
0.85 f'¢ bun
[ 0.0002
Pewin < 1] < Pnm
Utilizar acero minimo A, 9.34 cm?
Se colocara | 8 |
A, 9.890 cm?
Acero longitudinal supenor
Distancia de la fibra en compresion al refuerzo d 69.21 cm
M, A, 0.66 cm?
Ag = —————g-
e fy (d - 2’)
a= A, F, a 0.15 cm
0.85 f'c bun
[ 0.0001
Perin < (] & Pine
Utilizar acero minimo A, 9.34 cm?
Se colocara LS 58 |
A, 9.90 cm?
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acero lateral
Distancia de la fibra en compresion al refuerzo d = 69.21 cm
Apm e A, = 1.40 cm?
£
(] fy d - 2‘)
A, F a = 033 cm
= e———
=085/ bun
p = 0.0002
Pemin = ] < Pmas
Utilizar acero minimo A, = 9.34 cm?
Se colocard | 5 © 58 |
A, = 9.90 cm’
E —. refuerzo
transversal
QUL 2 e 14|
refuerzo
lateral
refuerzo =
lateral | 5 O 58 |
refuerzo
longitudinal ——
inf | S @ 58 |

Se obtiene finalmente la distribucion del acero para la cimentacion.
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® SuGlll  Grupo de uso sismico lil.

Tanques que dan servicio a instalaciones esenciales para la recuperacion luego del terremoto; instalaciones que son
esenciales para la vida y salud de la poblacién; o tanques con cantidad considerable de sustancias peligrosas que no
cuentan con un adecuado control para prevenir una exposicion publica.

O sucll  Grupo de uso sismico Il

Tanques que almacenan material que supone peligro para la poblacién y carece de controles secundarios de
prevencién de exposicion publica; o aquellos tanques que dan servicio a instalaciones principales.

QO suG1  Grupo de uso sismico |.

Los tanques que no se encuentren en los grupos SUG IIl Y SUG Il.

Los tanques de usos multiples se clasificard de acuerdo a los usos y se le asignara el grupo de mayor orden.
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lzona
1 0.15
2 0.30
3 0.40}

ZONIFICACION SISMICA SEGUN NORMA T

00O

[oXoXoXoXNoXoJoNoNoNONeXoJoXouNoNoNoNoXoXoXoNoNoNoNORONO)

SISMORESISTENTE

ZONA 3
2 0.40

Zonal

1. Departamento de Loreto. Provincias de Mariscal Ramon Castilla, Maynas y Requena.

2. Departamento de Ucayali. Provincia de Purds.

3. Departamento de Madre de Dios. Provincia de Tahuamanu.

Zona 2

1. Departamento de Loreto. Provincias de Loreto, Alto Amazonas, Ucayali y Datem del Marafdn
2. Departamento de Amazonas. Todas las provincias.

3. Departamento de San Martin. Todas las provincias.

4. Departamento de Hudnuco. Todas las provincias.

5. Departamento de Ucayali. Provincias de Coronel Portillo, Atalaya y Padre Abad.

6. Departamento de Pasco. Todas las provincias.

7. Departamento de Junin. Todas las provincias.

8. Departamento de Huancavelica. Provincias de Acobamba, Angaraes, Churcampa, Tayacaja y Huancavelica.
9. Departamento de Ayacucho. Provindas de Sucre, Huamanga, Huanta, Vikcashuaman y La Mar.
10. Departamento de Apurimac. Todas las provincias.

11. Departamento de Cusco. Todas las provincias.

12. Departamento de Madre de Dios. Provincias de Tambopata y Manu.

13. Departamento de Puno. Todas las provincias.

Zona3

1. Departamento de Tumbes. Todas las provincias.

2. Departamento de Piura. Todas las provincias.

3. Departamento de Cajamarca. Todas las provincias.

4. Departamento de Lambayeque. Todas las provincias.

5. Departamento de La Libertad. Todas las provincias.

6. Departamento de Ancash. Todas las provincias.

7. Departamento de Lima. Todas las provincias.

8. Provincia Constitucional del Callao.

9. Departamento de ica. Todas las provincias.

10. Departamento de Huancavelica. Provincias de Castrovirreyna y Huaytara.

11. Departamento de Ayacucho. Provincias de Cangallo, Huanca Sancos, Lucanas, Victor Fajardo, Parinacochasy Paucar del Sara Sara.

12. Departamento de Arequipa. Todas las provincias.
13. Departamento de Moquegua. Todas las provincias.
14. Departamento de Tacna. Todas las provincias.
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Clasificacion OBSERVACIONES
de sitio

Cuatro casos:

O TipoF 1. Los suelos vulnerables a posibles fallos o colapsan bajo cargas sismicas,
tales como suelos licuables, arcillas rapidas y altamente sensibles, suelos
plegables débilmente cementados. Sin embargo, puesto que los tanques
tienen tipicamente un periodoimpulsivo de 0,5 segundos 0 menos, no se
requiere evaluaciones especificas de sitio, pero se recomienda realizarlos
para determinar aceleraciones espectrales para suelos licuables.

2. Turbas y/o arcillas altamente organicas (Hs > 3 m [10 pies) de turba y/o
arcilla altamente organica, donde H = espesor del suelo).

3. Arcillas de muy alta plasticidad (Hs > 8 m 25 pies] con P1 > 75).

4. Arcillas muy gruesas, con rigidez suave/media (Hs > 36 m [120 pies))

Tipo € Suelo con las propiedades de tabla o perfil con mas 3 m de arcilla blanda
TipoD  Suelo duro
Tipo C  Suelo muy denso y roca blanda

TipoB Roca

O O O @ O

TipoA Rocadura

Vs m/s NoRq, S, kPa

. (libra por pie
(pies/s) cuadrado)
Ver nota Ver nota Ver nota
<180 <15 <50
(< 600) (< 1000)
180 - 360 S50 -100
151050
(600-1200) ' °>" (1000-2000)
360 - 760 > 50 >100
(1200 - 2500) (> 2000)
760 - 1500
(2500 - 5000)
> 1500
(>S000)

Nota: Ver procedimiento para clasificar el tipo de suelo (pag. 27, Procedimiento para clasificar un sitio, Cap. lll). La hoja de calculo

del presente informe no trabaja para el tipo F.
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CAPITULO V: CONCLUSIONES Y RECOMENDACIONES

5.1 CONCLUSIONES

1. Es posible automatizar gran parte del trabajo de diseno incluyendo las
decisiones de alternativas que dependen de la comparacién de parametros.

2. Simplificar el disefo requiere de una ardua labor, sin embargo si el trabajo es
repetitivo, a largo plazo resulta un gran ahorro de tiempo y esfuerzo.

3. EIl calculo para cualquier cimentacion de tipo anular dentro de los limites de
los parametros del presente informe se puede realizar y revisar en pocos
minutos.

4. Se puede apreciar también en el ejemplo que la combinacion de cargas que

exige mas a la estructura es por esfuerzos sismicos.
5.2 RECOMENDACIONES

1. Es preferible invertir tiempo en la elaboracion, actualizaciéon y desarrollo de
hojas de calculo que faciliten el trabajo.

2. Si se desea optimizar el disefo tal vez sea recomendable reducir el efecto
convectivo reduciendo el posible oleaje de la masa del liquido. Por ejemplo
reduciendo la altura o aumentando la relacion D/H.

3. Esta hoja de calculo aun tiene aspectos que mejorar o implementarse, y con
el tiempo necesitara de actualizaciones para adaptarse a los cambios en las
normas. Sin embargo los criterios y conceptos basicos no cambian. Sugiero
al lector que encuentre este informe de utilidad, no conformarse con copiar
esta hoja de calculo, sino crear una mejor rescatando lo mejor de este
trabajo. Por ejemplo, espero pronto poder ampliar la hoja para poder disenar
tanto cimentaciones de concreto tipo anular como del tipo losa.

4. El presente informe se desarrolla en un ambito netamente académico y para
condiciones especificas. Es responsabilidad del profesional que decida
utilizar esta informacion, la actualizacién, revisidon y uso adecuado del

presente documento y archivos digitales adjuntos.
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ANEXOS

e ANEXO 1: APl STD 650 APPENDIX B — RECOMMENDATIONS FOR
DESIGN AND CONSTRUCTION OF FOUNDATIONS FOR ABOVEGROUND
OIL STORAGE TANKS (RECOMENDACIONES PARA EL DISENO Y
CONSTRUCCION DE CIMENTACIONES PARA TANQUES DE
ALMACENAMIENTO DE ACEITE APOYADOS SOBRE EL SUELO)

e ANEXO 2: APl STD 650 APPENDIX E — SEISMIC DESIGN OF STORAGE
TANKS (DISENO SiSMICO DE TANQUES DE ALMACENAMIENTO)
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ANEXO 1: API STD 650 APPENDIX B — RECOMMENDATIONS FOR DESIGN
AND CONSTRUCTION OF FOUNDATIONS FOR ABOVEGROUND OIL
STORAGE TANKS (RECOMENDACIONES PARA EL DISENO Y
CONSTRUCCION DE CIMENTACIONES PARA TANQUES DE
ALMACENAMIENTO DE ACEITE APOYADOS SOBRE EL SUELO)
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APPENDIX B—RECOMMENDATIONS FOR DESIGN AND CONSTRUCTION OF
FOUNDATIONS FOR ABOVEGROUND OIL STORAGE TANKS

B.1 Scope

B.1.1 This appendix provides important considerations for the design and construction of foundations for aboveground steel oil
storage tanks with flat botoms. Recommendations are offered to outline good practice and to point out some precautions that
should be considered in the design and construction of storage tank foundations.

B.1.2 Sincc there is a widc varicty of surfacc, subsurtace, and climatic conditions, it is not practical to cstablish dcsign data to
cover all situations. The allowable soil loading and the exact type of subsurfuce construction to be used must be decided for each
individual casc after carcful consideration. The same rules and precautions shall be used in sclecting foundation sites as would be
applicablc in dcsigning and constructing toundations for other structurcs of comparable magnitude.

B.2 Subsurface Investigation and Construction

B.21 At any tank sitc, the subsurface conditions must be known to estimate the soil bearing capacity and scttlement that will be
experienced. This information is generally obtained from soil borings, load tests. sampling, laboratory testing. and analysis by an
experienced geotechnical engineer familiar with the history of similar structures in the vicinity. The subgrade must be capable of
supporting thc load of the tank and its contents. The total sctticment must not strain connccting piping or producc gauging inaccu-
racics, and the sctticment should not continuc to a point at which the tank bottom is below the surrounding ground surface. The
esumated settlement shall be within the acceptable tolerances for the tank shell and bottom.

B.22 Whcn actual cxpericnee with similar tanks and foundations at a particular sitc is not available, the following ranges for
factors of safety should be considered for use in the foundation design criteria for determining the allowable soil beanng pres-
sures. (F'he owner or geotechnical engineer responsible for the project may use factors of safety outside these ranges.)

a. From 2.0 to 3.0 against ultimate bearing failurc for normal operating conditions.
b. From 1.5 10 2.25 against ultimate beanng failure during hydrostatic testing.
c. Irom 1.5 10 2.25 against ultimate bearing failure for operating conditions plus the maximum etfect of wind or seismic loads.

B.23 Some of the many conditions that require special engineering consideration are as follows:

a. Siteson hillsides, where part of a tank may be on undisturbed ground or rock and part may be on fill or another construction or
where the depth of required fill is variable

b. Sites on swampy or filled ground, where layers of muck or compressible vegetation are at or below the surfice or where unsta-
blc or corrosive matcrials may have been deposited as fill.

c. Sites underlain by soils, such as layers of plastic clay or organic clays, that may suppornt heavy loads temporanly but settle
excessively over long periads of time.

d. Sitcs adjacent to water courses or decp cxcavations, where the lateral stability of the ground is questionable.

e. Sites immediately adjacent to heavy structures that distribute some of their load to the subsoil under the tank sites, thereby
reducing the subsoil’s capacity to carry additional loads without excessive settlement.

f. Sites where tanks may be exposed to flood waters, possibly resulting in uplifi, displacement, or scour.

g Sttes in regions of high seismicity that may be susceptible to liquefaction.

h. Sites with thin layers of soft clay soils that are directly beneath the tank bottom and that can cause lateral ground stability
problems.

B.2.4 If the subgrade is inadequate to carry the load of the filled tank without excessive settlement, shallow or superficial con-
struction under the tank bottom will not improve the support conditions. One or more of the following general methods should be
considered Lo improve the support conditions:

a. Removing the objectionable matcerial and replacing it with suitable, compacted matcerial.

b. Compacting the soft material with short piles.

c. Compacting the soll material by preloading the area with an overburden of soil Strip or sand drains may be used in conjunc-
tion with this mcthod.

d Stabilizing the soft material by chemical methods or injection of cement grout
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¢. Transferring the load w a more stable material undemeath the subgrade by driving piles or constructing foundation piers. This
involves constructing a reinforccd concrcte slab on the piles to distributc the load of the tank bottom.

f. Constructing a slab foundation that will distribute the load over a sufficiently large area of the soft material so that the load
intensity will be within allowable limits and excessive settlement will not occur.

g. lmproving soil properties by vibro-compaction, vibro-replacement, or deep dynamic-compaction

h. Slow and controlled filling of the tank during hydrostatic tcsting. When this method is used, the integrity of the tank may be
compromiscd by cxccssive sctticments of the shell or bottom. For this rcason, the sctticmcents of the tank shall be closcly moni-
tored. In the event of settlements beyond established ranges, the test may have to be stopped and the tank releveled

B.2.8 The fill material used to replace muck or other objectionable material or to build up the grade to a suitable height shall be
adequate for the support of the tank and product after the material has been compacted. The fill material shall be free of vegeta-
tion, organic matter, cinders, and any matenial that will cause corrosion of the tank bottom. The grade and type of fill material
shall be capable of being compacted with standard industry compaction techniques to a density sufficient to provide appropriate
bearing capacity and acceptable settlements. The placement of the fill material shall be in accordance with the project specifica-
tions prepared by a qualified geotechnical engineer.

B.3 Tank Grades

B.3.1 The grade or surface on which a tank bottom will rest should be constructed at least 0.3 m (1 ft) above the surrounding
ground surface. This will provide suitable drainage. help keep the tank bottom dry, and compensate for some small settlement that
is likely to occur. If a large settlement i1s expected. the tank bottom elevation shall be raised so that the final elevation above grade
will be 2 minimum of 150 mm (6 in.) after settlement.

B.3.2 There arc scvcral diffcrent matcnials that can be uscd for the grade or surface on which the tank bottom will rest. To min-
imize future corrosion problems and maximize the effect of corrosion prevention systems such as cathodic protection, the mate-
rial in contiact with the tank bottom should be fine and umiform. Gravel or large particles shall be avoided. Clean washed sand
7Smm  100mm (3in.  4in.) deep is reccommended as a final layer because it can be readily shaped to the bottom contour of the
tank to providc maximum contact arca and will protcct the tank bottom from coming into contact with large particles and debris.
Larpe foreign objects or point contact by gravel or rocks could cause corrosion cells that will cause pitting and premature tank
bottom failure

During construction, the movement of cquipment and materials across the grade will mar the graded surface. These irrcgularitics
should be corrected before bottom plates are placed for welding.

Adequate provisions, such as making size gradients in sublayers progressively smaller from bottom to top, should be made w0 pre-
vent the fine material from Icaching down into the larger material, thus ncgating the cftect of using the finc matcnal as a final
layer. This is particularly important for the top of a crushed rock ringwall.

Note: For more information on tank bottom corrosion and corrosion prevention that relates to the foundation of a tank, see API RP 651

B.3.3 Unless otherwise specified by the Purchaser, the hinished tank grade shall be crowned from its outer periphery to its cen-

ter at a slope of 1 . in 10 ft. The crown will partly compensate for slight setlement, which is hkely to be greater at the center. It
will also facilitate cleaning and the removal of water and sludge through openings in the shell or from sumps situated near the
shell. Because crowning will atfect the lengths of roof-supporting columns., it is csscntal that the tank Manufacturcr be fully
informed of this feature sufficiently in advance. (For an alternative to this paragraph, see B.3.4.)

B.3.4 As an altermative to B.3 3, the tank bottom may be sloped toward a sump. The tank Manufacturer must be advised as
requiredinB 3.3.

B.4 Typical Foundation Types
B.4.1 EARTH FOUNDATIONS WITHOUT A RINGWALL

B.4.1.1  When an cngincering cvaluation of subsurface conditions that is based on expericnee and/or exploratory work has
shown that the subgrade has adequate beanng capacity and that settlements will be acceptable, satisfactory foundations may be
constructed from earth matenals. The performance requirements for earth foundations gre identical 1o those for more extensive
foundations. Specifically, an carth foundation should accomplish the following;
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a. Providc a swblc planc for the support of the tank.

b. Laimit overall settlement of the tank grade to values compatible with the allowances used in the design of the connecting
piping.

c. Provide adequate drainage

d. Not settle excessively at the perimeter due to the weysht of the shell wall

B.4.1.2 Many satisfactory designs are possible when sound engineering judgment is used in their development. Three designs
are referred to in this appendix on the basis of their satisfactory long-term performance. For smaller tanks, foundations can consist
of compacted crushed stone. screenings. fine gravel. clean sand. or similar material placed directly on virgin soil. Any unstable
material must be removed, and any replacement material must be thoroughly compacted. Two recommended designs that include
ringwalls are illustrated in Figures B-1 and B-2 and descnibed in B.4.2 and B.4.3.

Centerline of ringwall |

I and shell Outiine of tank shell

.— T = 300 mm
13 mm ('£in.) thick (min) (12in.) min
asphalt-impregnated 9
board (optional) .— TR
25 mm _|
(1in.)

l< Nominal tank diameter « T

PLAN OF CONCRETE RINGWALL

VIEW A-A

75 mm (3 in.) min of compacted. clean sand

Slope 03m(1M)
A

Coarse gravel

or crushed \
stone A N

-

™~ Remove any unsuitable material and
< ! ‘g:‘m‘,ﬁ"“’ ,}. ,‘ replace with suitable fill; then
surrounding thoroughly compact fill
grade is low

- 300 mm (12in.) min

Notes:

1. See B.4.2.3 for requirements for reinforcement.

2. The top of the concrete ringwal shall be smocth and level. The
concrete strength shall be at least 20 MPa (3000 IbtAn.’) after
28 days. Reinforcement splices must be staggered and shall be
lapped to develop full strength in the bond. If staggering of laps

is not possible, see ACI 318 for additional development require-
ments.

3. Ringwalls that exceed 300 mm (12 in) in width shall have
rebers distributed on both faces.

4 See B 4.2 2for the position of the tank shell on the ringwall

Figure B-1—Exampie of Foundation with Concrete Ringwail
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09m o6m
@AM min_— g [ (2M min
e >
Slope top of ringwall .
away from tank if o 75 mm (3 in.) min
paved 1 i | of compacted,
:I lean sand
/ 1.5 % N
‘——z L,-",""'.'.','.".'.‘,'.'7:‘_'.'".""..'.','.‘?,T,‘,' 1 e -l Sl ]
.c - d - . f o )

Thoroughly compacted fitt of
fine gravel, coarse sand,
or other stable material

% WNMMMMN NNMNM 1 TR AR IS IS NN US:
Crushed stone or gravel %

Note:. Any unsuitable material shall be removed and replaced with suitable fill. the fill shall then be
thoroughly compacted.

Figure B-2—Example of Foundation with Crushed Stone Ringwall

B8.4.2 EARTH FOUNDATIONS WITH A CONCRETE RINGWALL

B.4.2.1 lLarge tanks and tinks with heavy or tall shells and/or self-supported roofs mpose a substantial load on the foundation
undcer the shell. This is particularly important with regard to shell distortion in floating-roof tanks. When there 1s some doubx
whether a foundation will be able to carry the shell load directly, a concrete ringwall foundation should be used. As an altermative
to the concrete ringwall noted in this section, a crushed stone ringwall (see B.4.3) may be used. A foundation with a concrete ring-
wall has the following advantages:

a. It providcs better distribution of the concentrated load of the shell to producc a more nearly uniform soil loading undcr the tank.
b. It provides a lcvcl, solid starting planc for construction of the shell.

c. It provides a better mcans of Icveling the tank grade, and 1t 1s capable of prescrving its contowr during construction

d It rctains the fill under the tank bottom and prevents loss of matcrial as a result of crasion.

Tt minimizes moisturc under the tank.

o

A disadvantagc of concrcte ringwalls is that thcy may not smoothly conform to differcntial sctticments. This disadvantage may
lead to high bending stresses in the bottom plates adjacent to the ringwall.

B.42.2 When a concrete ringwall is designed, it shall be proportioned so that the allowable soil bearing is not exceeded. The
ringwall shall not be Icss than 300 mm (12 in.) thick. The centerline diamcter of the ringwall should cqual the nominal diameter of
the tank, howevcr, the ringwall centerline may vary if required to facilitate the placcment of anchor bolts or to satisty soil bearing
hmits for seismic loads or excessive uplifi forces. ['he depth of the wall will depend on local conditions, but the depth must be
sufficicnt to place the bottom of the ringwall below the anticipated frost penctration and within the specificd bearing strata. As a
minimum, the bottom of the ringwall, if founded on soil, shall be located 0.6 m (2 ft) below the lowest adjacent tinish grade. Tank
foundations must be constructed within the tolerances specified in 7.5 5. Recesses shall be provided in the wall for flush-type
cleanouts, drawoff sumps, and any other appwtenmances that require recesses.

B.4.2.3 A ringwall should be reinforced against temperature changes and shrinkage and reinforced to resist the lateral pressure
of the confined fill with its surcharge from product loads. ACI 318 is recommended tor design stress values. material specifica-
tions, and rebar development and cover. The following items concemning a ringwall shall be considered:

a. The ringwall shall he reinforced to resist the dircct hoop tension resulting from the lateral carth pressurce on the ringwall's inside
face. Unless substantiated by proper geotcchnical analysis, the lateral carth pressure shall be assumed to be at least 50% of the verti-
cal pressure due to fluid and soil weight. If a granular backfill is used, a lateral earth presarre coeflicient of 30% may be used.

b. The nngwall shall be reinforced to resist the bending moment resulting from the uniform moment load The uniform moment
load shall account for the eccentricities of the applied shell and pressure loads relative to the centroid of the resulting soil pressure
The pressure load is due to the fluid pressure on the horizontal projection of the ringwall inside the shell.

¢. The ningwall shall be reinforeed to resist the bendimg and torsion moments resulting from lateral. wind. or scismic loads
applicd cccentrically to it. A rational analysis, which includcs the cffect of the foundation stitfness, shall be uscd to determine
these moments and soil pressure distnbutions.
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d The toul hoop steel area required to resist the loads noted above shall not be less than the area required for temperature
changcs and shrinkage. The hoop stcel arca required for temperature changes and shrinkage is 0.0025 times the vertical cross-scc-
tonal area of the ringwall or the minimum reinforcement for walls called for in AC1 318, Chapter 14.

¢. For ringwalls, the vertical stecl arca required for temperature changes and shrinkage is 0.001S times the horizontal cross-sec-
tional area of the ringwall or the minimum reinforcement for walls called for in ACI 318, Chapter 14. Additional vertical steel
may be required for uplift or torsional resistance. T the ring (oundation is wider than its depth, the design shall consider its behav -
ior as an annular slab with flexure in the radial direction. Temperature and shrinkage reinforcement shall meet the ACT 318
provisions for slabs. (See ACI 318, Chapter 7.)

f  When the nngwall width exceeds 460 mm (18 mn.), using a footing beneath the wall should be considered. Footings may also
be uscful for resistance to uplift forces.

g Structural backfill within and adjacent to concrete ringwalls and around items such as vaults, undertank piping. and sumps
requires close field control to maintain settlement tolerances. Backfill should be granular material compacted to the density and
compacting as specified in the foundation construction specifications. For other backfill materials, sufficient tests shall be con-
ducted to venfy that the material has adequate strength and will undergo minimal settlement.

h. Ifthe tank 1s designed and constructed for elevated temperature service, see 3.6

B8.4.3 EARTH FOUNDATIONSWITH A CRUSHED STONE AND GRAVEL RINGWALL

B.4.3.1 A crushed stone or gravel ringwall will provide adequate support for high loads imposed by a shell. A foundation with
a crushed stone or gravel ringwall has the following advantages:

a. It provides better distribution of the concentrated load of the shell o produce a more nearly uniform soil loading under the
tank.

b. It provides a means of Ieveling the tank grade, and it is capablc of prescrving its contour during construction,
c. It remains the fill under the tank bottom and prevents loss of material as a result of erosion
d. It can morc smoothly accommodatc ditferential scttlement because of its flexibility.

A disadvantage of the crushed stone or gravel ringwall 1s that 1t 1s more diflicult 1o construct 1t to close tolerances and achieve 8
Qat, level plane for construction of the tank shell

B.4.3.2 For crushed stonc or gravel ringwalls, carcful sclection of design details is necessary to cnswre satisfactory perfor-
mance. The type of foundation suggested is shown in Figure B-2. Siyrmificant details include the following:

a. The 0.9 m (3 ft) shoulder and berm shall be protected from crosion by being constructed of crushed stone or covered with a
permanent paving material.

b. Care shall be taken duning construction to prepare and maintain a smooth, level surface for the tank bottom plates

¢. The tank grade shall be constructed to provide adequate drainage away from the tank foundation.

d. The tank foundation must be true to the specified plane within the tolerances specified in 7.5.5.

B.4.4 SLAB FOUNDATIONS

B.4.4.1 When the soil bearing loads must be distributed over an area larger than the tank area or when 1t 1s specified by the
owngr, a reinforced concrete slab shall be used. Piles bencath the slab may be required for proper tank support.

B8.4.4.2 The stuctural design of the slab. whether on grade or on piles, shall properly account for all loads imposed upon the
slab by the tank. The reinforcement requirements and the design details of construction shall be in accordance with ACT 318

B.8 Tank Foundations for Leak Detection

Appendix T provides recommendations on the construction of tank and foundation systems for the detection of leaks through the
bottoms of storagc tanks.

Hoja de Célculo para el Disefio de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares
Bach. Teruya Yonashiro, Gerardo Arturo 60



UNIVERSIDAD NACIONAL DE INGENIERIA
FACULTAD DE INGENIERIA CIVIL ANEXO |

B.6 Tank Foundations for Elevated Temperature Service

he design and construction of loundations [or tanks operating at elevated temperatures [» 939C (200q14)] should ackiress the fol-
lowing considerations.

a. When subjccted to clevated operating temperatwres, an unanchored tank may tend to move in onc or more dircctions over time.
‘This movement must be accommodated in the design of the tank fittings and attachments.

b. Elevated temperature service may evaporate moisture in the soil supporting the tank and lead to increased, and possibly non-
uniform, settlement. Such settlement may include differential settlement between the ringwall and soil under the tank bottom
immediately adjacent to the ringwall resulting from non-uniform shrinkage of the soil with respect to the stone or concrete
ringwall.

c. In cascs where there is high groundwater table, clevated tempceratures may vaporize groundwater and gencrate undcsirable
steam.

d. Attachments between the tank and the foundation must accommodate the thermal expansion and contraction of the tank with-
out resulting in unacceptable stress levels.

¢. The elevated temperature must be accounted for in the design of concrete ringwall foundations. The ringwall 1s subject to a
moment due to the higher temperature at the top of the ringwall with respect to the temperature at the bottom of the ringwall. Tf
not adequately accounted for in the design of the ringwall. this moment can lead to cracking of the concrete foundation and loss of
tank support.
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ANEXO 2: API STD 650 APPENDIX E — SEISMIC DESIGN OF STORAGE
TANKS (DISENO SiSMICO DE TANQUES DE ALMACENAMIENTO)
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APPENDIX E—SEISMIC DESIGN OF STORAGE TANKS

Part I—Provisions

E.1 Scope

This appendix provides minimum requrements for the design of welded steel storage tanks that may be subject 1o seismic ground
motion. Thesc requircments represent accepted practice for application to welded steel flat-bottom tanks supported at grade

The fundamental performance goal for scismic design in this appendix is the protection of life and prevention of catastrophic col-
lapse of the tank Application of this Standard does not imply that damage to the tank and related components will not occur dur-
ing seismic events.

This appendix is bascd on the allowable stress design (ASD) methods with the specific load combinations given hercin. Applica-
tion of load combinations from other design documents or codes is not recommended, and may require the design methods in this
appendix be modified to produce practical, realistic solutions. The methods use an equivalent lateral force analysis that applies
equivalent static lateral forces to a linear mathematical model of the tank based on a rigid wall, fixed based model.

The ground motion requirements in this appendix are derived from ASCE 7, which is based on a maximum considered earth-
quake grourxd motion defined as the motion due to an event with a 2% probability of exceedance within a 50-year period (a recur-
rence interval of approximately 2,500 years). Application of these provisions as wrilten is deemed 0 meet the intent and
requircments of ASCE 7. Accepted techniques for applying thesc provisions 1n regions or jurisdictions where the regulatory
requmements differ from ASCL 7 are also included.

The pseudo-dynamic design procedures contained in this appendix are based on response spectra analysis methods and consider
two responsc modcs of the tank and its contents—impulsive and convective. Dynamicanalysis is not required nor included within
the scope of this appendix. The equivalent laterul seismic force and overuming moment applied to the shell as a result of the
response of the masses 1o lateral ground motion are determmed. Provisions are included to assure stability of the ank shell with
respect to overtuming and to resist buckling of the tank shell as a result of longitudinal compression.

‘The design procedures contained in this appendix are based on a 5% damped response spectra for the impulsive mode and 0.5%
damped spectra for the convective mode supported at grade with adjustments for site<specific soil characteristics. Application to
tanks supported on a framework clevated above grade is beyond the scope of this appendix. Scismic design of floating roofs is
beyond the scope of this appendix

Optional design procedures are included for the consideration of the increased damping and increase in natural period of vibration
due o soil-structure interaction for mechanically -anchored tanks.

Tanks locatcd in regions where S) is less than or cqual to 0.04 and Sy Icss than or cqual to 0.135, or the pcak ground acccleration for
the ground motion defined by the regulatory requirements is less than or equal to 0.05g, need not be designed for seismic forces:,
however, in these regions, tanks in SUG 11 shall comply with the freeboard requirements of this appendix.

Dynamic amalysis mcthods incorporating tluid-structure and soil-structure interaction are permitted to be uscd in licu of the proce-
durcs contained in this appendix with Purchascr approval and provided the design and construction details arc as safc as othcrwisc
provided in this appendix.

E.2 Definitions and Notations
€21 DEFINITIONS

E21.1 active fault: A fault for which there is an average historic slip rate of 1 mm (0.4 in) per year or more and geologic
evidence of seismic activity within Holocene times (past 11.000 years).

E2.1.2 characteristic earthquake: An carthquake asscssed for an active fault having @ magnitude ¢qual to the best-esti-
mate of the maximum magnitude capable of occurring on the fault, but not less than the largest magnitude that has occurred his-
torically on the fault

E21.3 maximum considered earthquake (MCE): The most severe earthquake ground motion considered in this
appendix.

E21.4 mechanically-anchored tank: Tanks that have anchor bolts, strups or other mechamcal devices to anchor the tink
to the foundation.

E21.5 self-anchored tank: lanks that use the mherent stability of the self-weight of the tank and the stored product to
resist overturming forces

Hoja de Célculo para el Diseno de Cimentaciones de Tanques de Almacenamiento Metalicos Circulares
Bach. Teruya Yonashiro, Gerardo Arturo 63



UNIVERSIDAD NACIONAL DE INGENIERIA

FACULTAD DE INGENIERIA CIVIL ANEXO It

E.2.1.8 site class: A classification assigned to a site based on the types of soils present an their engineening properties as
defined in this appendix.

E.2.2 NOTATIONS

A Laterul acceleration coefficient, %og

Ac Convcctive design responsc spectrum acccleration cocflicient, %g

As Acceleration coeflicient for sloshing wave height calculation, %g

Ay Impulsivc design response spectrum acccleration coctficient, %og

Ay Vertical earthquake acceleration coeflicient, %og

Cq Deflection amplification factor, Ty~ 2

Ci Coefficient for determining impulsive period of tank system

D Nominal tank diamcter, m (ft)

d. Total thickness (100 d)) of cohesive soil layers in the top 30 m (100 )
dj Thickness of any soil laycr 7 (betwcen 0 and 30 m [100 ft))

dy Total thickness of cohesionless soil layers in the top 30 m (100 ft)

E Elastic Modulus of tank material, MPa (Ibf/in.2)

Fq Acceleration-based site coeflicient (at 0.2 sec period)

Fe Allowahlc longitudinal shell-membranc com pression stress, MPa (Ibf/in 2)
Fyy Minimum spccified yicld strength of shell course, MPa (Ibf/in 2)

Fy Velocity-based site coefficient (at 1.0 sec period)

F, Minimum speciticd yicld strength of bottom annulus, MPa (Ibf/in.2)

G Specilic gravity

g Accelertion due o gravity in consistent umits, m/sec? (fUsec?)

G, Liffective specific gravity including vertical seismic effects - G (1 — 0.44,)
H Maximum design product level, m (ft)

Hg Thickness of soil, m (ft)

Importance factor coeflicient set by seismic use group

J Anchorage ratio

K CoefMcient o adjust the spectral acceleration from 5%  0.5% damping — 1.5 unless otherwise specified

L Required mimmum width of thickened botom annular ring measured from the mside of the shell m ()

Ls Sclccted width of annulus (bottom or thickcned annular ring) to providc the resisting foroe for sclt anchorage, mcasurcd

from the inside of the shell m (ft)

Thickncss, excluding corrasion allowance, mm (in.) of the bottom annulus under the shell required to providc the resist-
ing force for sclf anchorage. The bottom plate for this thickness shall extend radially at lcast the distance, 7., from the
inside of the shell This term applies for self-anchored tanks anly.

la

My, Ringwall moment Portion of the total overtuming moment that acts at the base of the tank shell perimeter, Nm (ft-1b)
M, Slab moment (used for slab and pile cap design), Nm (ft-1b)
Standard penetration resistance, ASTM D 1586

z z

Average Neld standard penetration test Lor the top 30 m (100 )
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Number of equally-spaced anchors around the tank circumference
Convcective hoop membrane force in tank shell, N/mm (1bf/in.)
Average standard penetration of cohesionless soil layers tor the top 30 m (100 ft)
Product hydrostatic membrane force, N/mm (1b{/in.)
N; Impulsive hoop membrune (orce in tank shell, N/mm (Ib{/in.)
Py Anchorage attachment design load, N (1bf)
Pyp Anchor design load. N (1bf)

Bf Overtuming beanng force bascd on the maximum longitudinal shell compression at the base of shell, N/m (1bf/tt)
PI Plasticity index, ASTM 1) 4318

(0 Scaling factor from the MCE to the dcsign level spectral accelerations, cquals 2/3 for ASCE 7

R Force reduction coefTicient for strength level design methods

Ry Force reduction coeflicient for the convective mode using allowable stress design methods

Rui Forcc reduction factor for the impulsive mode using allowablc stress design methods

So Mapped, maximum considered earthquake, 5% damped, spectral response acceleration parameter at a period of zero
seconds (peak ground acceleration for a rigid structure), %og

Sy Mapped, maximum considered carthquake, 5% damped, spectral responsc acceleration parameter at a period of onc
sccond, %g

S, The 5% damped, design spectral response acceleration parameter at any period based on mapped, probabilistic
procedurcs, %g

S, Thc 5% damped, design spectral response acceleration parameter at any period based on site-specific procedures, %og

Sao The 5% damped, design spectral response acceleration parameter at zero period based on site-specific procedures, %g

Spi The design, 5% damped, spectral response acceleration paramectcr at onc sccond based on the ASCE 7 mcthods, %og

Sps The design, 5% damped., spectral responsce acceleration parameter at short periods (7 — 0.2 scconds) based on
ASCE 7 mcthods, %g

Sp Design level peak ground acceleration parameter for sites not addressed by ASCE methods

Ss Mapped, maxiunum considered carthquake, 5% damped, spectral response acceleration paramcter at short periods
(0.2 scc), %og

Su Undrsined shear strength, ASTM D 2166 or ASTM D 2850

Sy Aversage undrained shear strength in top 30 m (100 ft)
1 Thickness of the shell ring under consideration, mm (in.)
¥ Thickness, excluding corrosion allowance, mm (in.) of the bottom annulus under the shell required to provide the

resisting torce for self anchorage. The bottom plate for this thickness shall extend radially at least the distance, L,
from the inside of the shell. this term applies for self-anchored tanks only.

t, Thickness of tank bottom less corrasion allowance, mm (in.)

t Thickness of bottom shell course less corrosion allowance, mm (in.)
L, Fquivalent uniform thickness of tank shell, mm (in.)

r Natural period of vibration of the tank and contents, seconds
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Te Natural period of the convective (sloshing) mode of behavior of the liquid, seconds

T; Natural periad of vibration for impulsive mode of behavior, seconds

T, Regiomal-dependent transition period for longer period ground motion, seconds

To 0.2 F\S)/ FaSs

Ts F\S)/FaSs

v Total design base shear, N (1bf)

Ve Design basc shear duc to the convective component of the cffective sloshing weight, N (1bf)

v Average shear wave velocity at large strain levels for the soils beneath the foundation, m/s (ft/s)

vy Average shear wave velocity in top one 30 m (100 ft). m/s (ft/s)

v Design base shear due to impulsive component from effective weight of tank and contents, N (1bl)

w Moisturc content (in %), ASTM D 2216

Wq Force resisting uplift in annular region, N/m (1bf/ft)

wAg Calculated design uplift load on anchors per unit circum ferential length, N/m (Ibf/1t)

W, Effective convective (sloshing) portion of the liqud weight, N (1bf)

W.x  Effective weight contributing to seismic response

Wy Weight of the tank bottom, N (1bt)

W Total weight of tank foundation, N (Ibf)

W Weight of soil dircetly over tank foundation footing, N (1hf)

w, Effcctive impulsive portion of the liquid weight, N (1bf)

Wi Calculated design uplift load due to product pressure per unit circumferential length, N/m (1bf/tt)

W, Total weight of the tank contents based on the design specific gravity of the product. N (Ibt)

w, Total weight of (ixed tink roof including framing, knuckles, any permanent attiachments and 10% of the roof design
snow load, N (Ib()

W, Roof load acting on the tank shell including 10% of the roof design snow load, N (lbf)

Wy Roof load acting on the shell. including 10% of the specified snow load N/m (Ibf/ft)

Wy Total weight of tank shell and appurtenances, N (1bf)

Wy Total weight of tank shell, roof, framing, knuckles, product, bottom, attachments, appurtcnances, participating snow
load, if specified, and appurtcnances, N (Ibf)

w, Tank and roof weight actuing at base of shell, N/m (Ibf/Ql)

X, Lleight from the bottom of the tank shell to the center of action of lateral seismic foree related to the convective hiquid
force for ringwall moment, m (1Y)

Yo Hcight trom the bottom of the tank shell to the center of action of lateral scismic force related to the convective liquid
tforce tor the slab moment, m (ft)

i Lleight from the bottom of the tnk shell to the center of action of the lateral seismic foree related 1o the impulsive hig-
uid force for ringwall momcent, m (ft)

X5 Height [rom the bottom of the tank shell to the center of action of the lateral seismic force related to the mpulsive hg-
uid force for the slab moment, m (1)

X, Hcight from the bottom of the tank shell to the roof and roof appurtcnancces center of gravity, m (ft)
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X, Height from the bottom of the tank shell to the shell’s center of gravity, m (ft)

|4 Distance from liquid surface to analysis point, (positive down), m (ft)
Pu Estimated uplift displacement for self-anchored tank. mm (in.)
(o8 Maximum longitudinal shell compression stress, MPa (1bf/in.2)

Oh Product hydrostatic hoop stress in the shell, Mpa (Ibfin. )

O Hoop stress in the shell due to impulsive and convective forces of the stored liquid, MPa (Ibt/in 2)
or Total comhined hoop stress in the shell, MPa (1hf/in.2)

M Friction coetlicient for tank sliding

P Density of fluid. kg/m3 (Ib/ft3)

E.3 Perforrmance Basis

£3.1 SEISMIC USE GROUP

The Scismic Usc Group (SUG) for the tank shall be specificd by the Purchascr. If it is not specificd. the SUG shall be assigned to
be SUG 1.

E3.1.1 Seismic Use Group il

SUG 11 tanks are those providing necessary service to facilities that are essential for post-earthquake recovery and essential to the
life and health of the public; or, tanks containing substantial quantities of hazardous substances that do not have adequate control
to prevent public exposure.

83.1.2 Seismic Use Group Il

SUG II tanks arc thosc storung matcrial that may posc a subswantlal public hazard and lack sccondary controls to prevent public
exposure, or those tanks providing direct service lo major [acilities.

£.3.1.3 Seismic Use Group |

SUG T tinks are those not assigned w SUGs TIT or TT

£.3.1.4 Multiple Use

Tanks scrving multiplc usc facilitics shall be assigned the classification of the use having the highest SUG.

E.4 Site Ground Motion

Spectral lateral accclerations to be uscd for design may be bascd on cither “mapped™ scismic paramctcrs (zoncs or contours),
“sitc-specific™ procedurcs, or probabilistic mcthods as detined by the design response spectra mcthod contained in this appendix.
A method for regions outside the USA where ASCLE 7 methods for defiung the ground motion may not be applicable is also
included.

A methodology for defining the design spectrum is given in the following sections

E4.1 MAPPED ASCE 7 METHOD
For sitcs locatcd in the USA. or where the ASCE 7 mcthod is the regulatory requircment. the maxamum considered carthquake
ground motion shall be delined as the motion due to an event with a 2% protubility of exceedance within a SO-year peniod. The
following defirutions apply:
« Ssis thc mapped. maximum considcred carthquake, 3% damped. spectral responsc accclcrawon paramctcer at short periods
(0.2 seconds).
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¢ 3 is the mapped, maxamum considered earthquake, 5% damped, spectral response acceleration parameter at a period of |
second.

* 8o is the mapped, maxaimum considered earthquake, 5% dumped, spectral response accelerition parameter at zero seconds
(usually referred to as the peak ground acceleration). Unless otherwise specified or determined, So shall be defined as 0.45
when using the mapped methods.

E.4.2 SITE-SPECIFIC SPECTRAL RESPONSE ACCELERATIONS

The design methad for a site-specilic spectral response is based on the provisions of ASCT 7. Design using site-specific ground
motions should be considered where any of the following apply:

¢ The wnk is located within 10 km (6 milcs) of a known active fault
¢ The structurc is designed using basc isolation or cnergy dissipation systems, which is beyond the scope of this appendix.
* The performance requurements desired by the owner or regulatory body cxcecd the goal of this appendix.
Site-specific determnation of the ground motion is required when the tank is located on Site Class F type soils.
If design for an MCE site-specific ground motion is desired, or required. the site-specific study and response spectrum shall be

provided by the Purchaser as defined this section

However. 1n no case shall the ordinates of the site-specific MCE response spectrum defined be less than 80% of the ordinates of
the mapped MCE response spectra defined n this appendix.

E.4.21 Sihe-Specific Study

A site-specific study shall account for the regional tectonic setting, geology, and seismicity. This includes the expected recurrence
rates and maxamum magnitudes of earthquakes on known faults and source zones, the charactenstics of ground motion attenua-
tion, near source eflects, if any, on ground motions, and the eflects of subsurface site conditions an ground motions. The study
shall incorporate current scientific interpretations, including uncertainties, for models and parameter values for seismic sources
and ground motions.

If there are known active faults identified, the maximum considered seismic spectral response acceleration at any period. S,
shall be detenmined using both probabilistic and determ mistic methods.

E.4.22 Probabilistic Site-Specific MCE Ground Motion

The probabilistic site-specific MCT. ground motion shall be taken as that motion represented by a 5% damped acceleration
response spectrum having a 2% probability of exceedance in a S0-year period

E.4.23 Deterministic Site-Specific MCE Ground Motion

The determmistic site-specific MCE spectral response acceleration at each period shall be taken as 150% of the largest median
5% damped spectral response acceleration computed at that period for characteristic carthquakes individually acting on all known
active faults within the region.

Howecver, the ordinates of the determunistic sitc-specific MCE ground motion response spectrum shall not be taken lower than the
corrcsponding ordinates of the response spectrum where the valuc of Sy is equal to 1.5F, and the valuc of Sy is cqual to 0.6F, /T.

E.4.24 Site-Specific MCE Ground Motions

The 5% damped site-specific MCT. spectral response acceleration at any period, S;”, shall be defined as the lesser of the probabi-
listic MCE ground motion spectral response accelerations determined in E.4.2.2 and the deterministic MCE ground motion spec-
tral response accelerutions defined m£.423

The response spectrum values for 0.5% damping for the convective behavior shall be 1.5 times the $% spectral values unless oth-
erwise specified by the Purchaser.

The values for sites classified as I may not be less than 80% ol the values for a Site Class K site
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E.4.3 SITES NOT DEFINED BY ASCE 7 METHODS

In rcgions outsidc thc USA, where the regulatory requircments for determining design ground motion differ from the ASCE 7
mcthods prcscnibed in this appendix, the following mcthods may be utilized:

1. A response spectrum complying with the regulatory requirements may be used providing it 1s based on, ar adjusted to, a
basis of 5% and 0.5% damping as required in this appendix. The values of the design spectral acceleration coefficients, A,
and A, which inclwle the effects of site amplification, importince factor and response maodification may be determined
dircctly. /; shall be based on the calculated impulsive period of the tank (sce E.4.5.1) using the 5% damped spectra, or the
period may he assumed to be 0.2 scconds. 4. shall be bascd on the calculated convective period (sce E 4.5.2) using the
0.5% spcctra.

2. If no response spectra shape 1s prescnbed and only the peak ground accelerastion, $p 1s defined, then the following subsutu-
tions shall apply:

S¢—25Sp (E4.3-1)

S -1.25Sp (E.4.3-2)
E4.4 MODIFICATIONS POR SITE SOIL CONDITIONS

The maximum considered earthquake spectral response accelerations for peak ground acceleration, shall be modified by the
appropriate sitc cocfficicnts, F,; and F, from Tables E-1 and E-2.

Where the soil propenties are not known 1n suflicient detail to determine the site class, Site Class D shall be assumed unless the
authonty having jurisdiction determines that Site Class 1€ or I should apply at the site.

Table E-1—Value of F, as a Function of Site Class

Mapped Maximum Considered Earthquake Spectral Response Accelerations at Short Periods

Site Class $,<0.28 S, =0.50 S, =078 $,=10 S,z 1.2S

A 0.8 0.8 0.8 0.8 0.8
1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 16 14 12 11 1.0

F 2S 1.7 12 09 09

F a a a a a

RSitc-specific geotechnical investigation and dynamic site responsce analysis is required.

Table E-2—Value of F, as a Function of Site Class

Mapped Maximum Considered Eartbquake Spectral Respoas Accelerations at 1 Sec Perlods

Site Class $,:<0.1 $: =02 $: =03 $;=0.4 $; 208
A 08 08 08 08 08
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 13
D 2.4 20 1.8 1.6 1.5
E as 32 2R 24 24
F a a a a EY
PSite-specific geotcchnical investigation and dynamic site response analysis is required.
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SITE CLASS DEFINITIONS

The Site Classcs arc defined as follows:
A llard rock with measured shear wave velocity, ¥, > 1500 m/s (5,000 [Vsec)
B Rock with 760 m/s < ¥, < 1500 m/s (2,500 tUscc < V¥, < 5,000 fUscc)

C Very dense soil and soft rock with 360 m/s < ¥, = 760 m/s (1,200 ft/sec < V, = 2,500 ft/sec) or with either N = 50 or
T > 100 kPa (2,000 psi)

D Stiff soil with 180 m/s < ¥, = 360 m/s (600 ftscc < ¥, = 1,200 tUscc) or with cither 15 = N < 50 or 50 kPa < 5, < 100 kPa
(1,000 psf < 5, < 2,000 psl)

E A soil profile with ¥, - 180 m/s (600 fUsec) or with either N <15, T, < S0kPa (1,000 psf), or any profile with more than
3 m (10 ft) of soft clay dcfined as soil with PI > 20, w = 40%, and 5, < 25 kPa (500 psf)

I Soils requining site-specific evaluations:

1. Soils vulncrablc to potcntial failurc or collapsc under scismic loading such as liqucfiablc soils, quick and highly
sensitive clays, collapsible weakly cemented soils. However, since tanks typically have an impulsive period of’
0.5 secs or less, site-specific evaluations are not required hut recommended to determine spectral accelerations
for liqucfiable soils. The Sitc Class may be determined as noted below, assuming liqucfaction docs not occur,
and the corresponding valucs of F, and Fy determined from Tables E-1 and E-2.

2. Peats and/or highly organic clays (Hg > 3 m [10 t] of peat and/or highly organic clay, where H — thickness of soil).
3. Very high plasticity clays (/1> 8 m |25 ft] with PI=> 75).
4. Very thick, soft/medium stufT clays (Hg>> 36 m [120 f])

The paramcters uscd to define the Sitc Class arc bascd on the upper 30 m (100 ft) of the site profile. Profiles containing distinctly
different soil layers shall be subdivided into those layers designated by a number that ranges from 1 to » at the bottom where
there are a total of n distinet layers in the upper 30 m (100 ft) The symbol 7 then refers to any one of the layers between 1 and n.

where
vsi — the shear wave velocity in m/s (fUsec),

d; = the thickness of any layer (between 0 and 30 m [100 ft]).
g - il (F.4.4-1)

where

Zdl =30 m (100 f),

N, = the Standard Penetration Resistance determined in accordance with ASTM D 1586. as directly measured in the
field without corrections, and shall not be taken greater than 100 blows/ft.

n

2

N- ol (E 44-2)

~
O F

=1
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d,
New = = (E.4.4-3)

where Zd‘ -d.
it
Usc only d) and Nj for cohesionless soils.
d; — the total thickncss of cohcsionless soil laycrs in the top 30 m (100 ft),

sy — the undrained shear strength in kPa (psf), determined in aceordance with ASTM D 2166 or D 2850, and shall not
he taken greater than 240 kPa (5,000 psf).

(E.4.4-4)

[}
where Zd. - d
1=1
d. - the total thickness (100 - o) of cohesive soil layers in the top 30 m (100 f),
Pl - the plasticity index, determined in accordiance with ASTM D 4318,

w — the moisturc content in %o, determined in accordance with ASTM D 2216.
STEPS FOR CLASSIFYING A SITE:

Step 1:  Check for the four categories of Site Class F requiring site-specific evaluation. If the site corresponds to any of these
categories, classify the site as Site Class F and conduct a site-specific evaluation

Step2:  Check for the cxistence of a total thickncss of soft clay > 3 m (10 ft) where a soft clay laycer is defined by: s, < 25 kPa
(500 pst) w = 40%, and P! > 20. If thesc critcna are satisficd, classify the sitc as Sitc Class E.

Step 3:  Categornize the site using one of the following three methods with ¥, N, and 5, computed in all cases see Table E-3
a. 7, torthec top 30 m (100 ft) (¥, mcthod).
b. N for the top 30 m (100 ft) (N method).

c. N fos cohcsionless soil layers (#1 < 20) in the top 30 m (100 &) and average 5, for cohcsive soil layers (#1 > 20) in the top
30 m (100 ) (3, mcthod).

Table E-3—Site Classification

Site Class A Ror N, S
L (< 180 1mv's) <15 < 50 kPa
(< 600 fps) (< 1,000 psf)
180 m/s 360 m's S0kPa 100 kPa

n (600 to 1,200 fps) R (1,000 psf — 2,000 psf)
- 360 mvVs - 760 m/s > 50 100 kP’a
= (1,200 fps 2,500 fps) 2 (> 2,000 psf)
8 760 mvs - 1500 1mvs

(2,500 fps — 5,000 fps)
A > 1500 m/s (5,000 fps)

Notc: *Ifthe ¥, methed is used and the N_‘.,, and 5, catenia differ, sddect the category wath the softer souls (for example,
usc Site Class E instead of D)
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Assignment of Site Class B shall be based on the shear wave velocity for rock. For competent rock with moderate fracturing and
weathering, estimation of this shear wave velocity shall be permitted. For more highly fractured and weathered rock, the shear
wave velocity shall be directly measured or the site shall be assigned to Site Class C.

Assignment of Site Class A shall be supported by either shear wave velocity measurements on site or shear wave velocity mea-
surements on profiles of the same rock type in the same formation with an equal or greater degree of weathering and (racturing
Where hard rock conditions are known to be continuous to a depth of 30 m (100 ft), surficial shear wave velocity measurements
may be extrapolated to assess V,

Site Classes A and B shall not be used where there is more than 3 m (10 ft) of soil between the rock surface and the bottom of the
tank foundation.

E.45S STRUCTURAL PERIOD OF VIBRATION

The pseudo-dynamic modal analysis method utilized in this appendix is based on the natural period of the structure and contents
as defined in this section

E.4.5.1 Impuisive Natural Period

The design methods in this appendix are independent of impulsive period of the tank. However. the impulsive period of the tank
system may be estimated by Equation E4.5.1-1.

In SI units:

7 () 3,12’ [J{;) 45 1-1a)

Substituting the ST units specified above: 7; - 0.128 sec.

In US Customary units:

(E.4.5.1-1b)

Substtuting the US Customary units specified above: 7; — 0.128 sec.
90

80

Ryl

75

05 10 15
0 HD

Figure E-1—Coefficient C;
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E4.8.2 Convective (Sloshing) Period

The first mode sloshing wave period, in seconds, shall be calculated by Equation T2.4.5 2 where Kj is the sloshing period coeffi-
cient defined in Equation E.4.5.2-c:

In SI units:
1, - 18K.JD (E 452-a)
or, in US Customary units:
1. - KD (154 5.2-b)
0.578

K- e (L452-¢)

£.4.6 DESIGN SPECTRAL RESPONSE ACCELERATIONS
The design response spectrum for ground supported, flat-bottom tanks is defined by the following parameters:

8.4.6.1 Spectral Acceleration Coefficients

When probabilistic or mapped design methods are utihized, the spectral acceleration parameters for the design response spectrum
arc given in Equations E.4.6.1-1 through E.4.6.1-5. Unless otherwisc specificd by the Purchaser, T shall be taken as the mapped
vilue found in ASCE 7. For tanks falling in SUG | or SUG LI, the mapped value of 77 shall be used to determine convective
forces except that a value of 17 equal 1o 4 seconds shall be permitted to be used to determine the sloshing wave height. For tanks
falling in SUG IT, the mapped value of 7 shall be used to determine both convective forces and sloshing wave height except that
the impontance factor. /, shall be set equal to 1.0 in the determination of sloshing wave height. In regions outside the USA. where
the regulatory requirements for determining design ground motion differ from the ASCE 7 methods prescribed in this appendix,
T, shall be taken as 4 scconds.

For sites where only the peak ground acceleration 1s defined, substitute Sp for S in Equations E.4.6.1-1 through E.4.6.2-1. The
scaling factor, Q, is defined as %3 for the ASCE 7 methods. Q may be taken equal to 1.0 unless otherwise defined in the regulatory
requirements where ASCT 7 does not apply. Soil amplification coefTicients, I, and I7,; the value of the importance factor, 7, and
the ASD response modification factors, R,,; and R,, shall be as defined by the local regulatory requirements. If these valucs are
not defincd by the regulations, the valucs in this appendix shall be used.

Impulsive spectrul accelerution parameter, 1.

(L4.61-1)
Howcver. 4 20.007 (E.4.6.1-2)
and, for scismic sitc Classcs E and F only:
. 1Y _ 1 :

A =058, (R—w) 0 ﬁzssp(m.') F.461-3)

Conveclive spectral acceleration parumeter, 1,.:
(E461-3)
T - ¢ TL ! - B c Tle ) « 9 “
When, 1> T A - KS,, (?)(ﬁ;) 2 SAQl-ab,,(—Trz )(R—w) <d, (E461-5)
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B.4.6.2 SiteSpecific Response Spectra

When site-specific design mcthods arc specificd, the scismic paramcters shall be defined by Equations E.4.6.2-1 through
E£.46.2-3.

Impulsive spectral acceleration parameter:
I
4,7 2505 )5.0° (E46.2-1)

Altematively, 4;. may be determined using either (1) the impulsive period of the tank system. or (2) assuming the impulsive
period = 0.2 sec:

(E462-2

where, S, is the ordinate of the 5% damped, site-specific MCT response spectra at the calculated impulsive period including site
soil effects. SeeL.4.5 1.

Exception:

Unlcss otherwise specificd by the Purchaser, the valuc of the impulsive spectral acceleration, S,*, for flat-bottom tanks with
H/D < 0.8 need not exceed 150%g when the tanks are:
e self-anchored, or
* mcchanically-anchored tanks that arc cquipped with traditional anchor bolt and chairs at kast 450 mm (18 in) high and arc
not otherwise prevented from sliding laterally at least 25 mm (1 1n).

Convective spectral acceleration:

(E4623)

where, S,” is the ordinate of the 5% damped, site-specific MCE response spectra at the calculated convective period including site
soil effects (see E 4 5.2).

Altcrnatively, the ordinate of a sitc-specific spectrum bascd on the procedures of E.4.2 tor 0.5% damping may be used to deter-
mne the value 8;” with K set equal to 1.0

E.5 Seismic Design Factors
E.8.1 DESIGN FORCES

The cquivalent latcral scismic design force shall be determined by the gencral relationship

(E51-1)

where
A — latcral acceleration cocefficient, %og,

Wy = effective weight.

E.8.1.1 Response Modification Factor

The responsc modification tactor for ground supported, liqud storage tanks designed and detailed to these provistons shall be less
than or equal to the values shown in Table 1:-4
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Table E-4—Response Modification Factors for ASD Methods

Anchorage system Ry, (Impulsive) R,... (convective)
Self-anchored 35 2
Mechanically-anchored 4 2

E65.1.2 Importance Factor
‘The impontance factor (1) 1s defined by the SUG and shall be specified by the Purchaser. See L3 and Table L-S.

Table E-S—Importance Factor (/) and Seismic Use Group Classification

Selamic Use Group 1
1 1.0
1 1.25

1 15

E.6 Design
E6.1 DESIGN LOADS

Ground-supported, flat-bottom tanks, storing liquids shall be designed to resist the scismic forees calculated by considering the
cffective mass and dynamic liquid pressurcs in determining the equivalent lateral forces and lateral force distribution. This is the
default method for this appendix. The equivalent lateral force base shear shall be determined as defined in the following sections
‘The seismic base shear shall be defined as the square root of the sum of the squares (SRSS) combination of the impulsive and
convcctive components unless the applicable rcgulations require dircct sum. For the purposes of this appendix, an altcrnate
method using the direct sum of the effects in one direction combined with 40% of the effect in the orthogonal direction 1s deemed
to be equivalent to the SRSS summation.

(E.G.1-1)
where
V, = AW, + W+ W+ W) (E.6.1-2)
(L6.1-3)
E.6.1.1 Effective Weight of Product

The effective weights 3 and W, shall be determined by multiplying the total product weight. #},. by the ratios /W, and W/,
respectively, Fquations E.6.1.1-1 through E.6.1.1-3.

When D/H is greater thun or equal to 1.333, the elfective impulsive weight is defined in Tquation E 6.1.1-1
w = (E6.1.1-1)

When D/H 1s less than 1.333, the effecuve mmpulsive weight is delined in Lguation 6.1 1-2

D
- ) 0218~ | 6.1.1-2)
W, [n ( lx”]u,, E
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‘The effective convective weight is defined in Equation E.6.1 1-3:

, D, . (361 .
W, - 023Uﬁl‘lnh(T!)W[, (E6.1.1-3)

E.6.1.2 Center of Action for Effective Lateral Forces

‘The moment arm from the base of the tank 10 the center of action f[or the equivalent lateral forces from the liquid is defined by
lquations 1£.6.1.2.1-1 through 1£.6.1.2.2-3.

The center of action for the impulsive lateral forces for the tink shetl, roof and appurtenances is assumed 10 act through the center
of gravity of the componcnt.

E.6.1.2.1 Center of Action for Ringwall Overturning Moment

The ringwall moment, A,,,, is the portion of the tatal overtuming moment that acts at the base of the tank shell perimeter. This
moment is used to determine loads on a ringwall foundation. the tank anchorage forces. and to check the longitudinal shell
compression.

‘The heights from the bottom of the tank shell to the center ot action of the lateral seismic forces applied to i#; and W....Y; and.Y,.
may be determined by multiplying H by the ratios .X; /H and X /H, respectively, obtained for the ratio /H by using FEquations
E.6.1.2.1-1 through E.6.1.2.2-3.

When D/H is greater than or cqual to 1.3333, the height Y] is determined by Equation E 6.1 2.1-1:
X, - U375H (E6121-1)
When D/H s less than 1.3333, the height Y; 15 determined by Equaton L 6.1.2.1-2:

(F6121-2)

The height X, 1s determined by Liquation £.6.1.2.1-3:
’
coshk?;?#—,) 1

R - (L£.6.121-3)
367H . (3.671-1)
D D

E.6.1.2.2 Center of Action for Slab Overturning Momernt

The “slab™ moment, M, is the total overtuming moment acting across the cntirc tank base cross-scction. This overturning
momcnt is uscd to design slab and pile cap foundations.

When D/11 1s greater than or cqual to 1.333, the height X, 1s determinced by Equation E6.1.2.2-1:
o866l
X, ~ 0375/1.0+1.333 —————-10||H (E.6.1.2.2-1)
lanh((l, 8662)
H

When D/H is less than 1 333, the height X, is determined by Equation E.6.1.2.2-2

X — [0 500 ¢ 0 ()605-3]}{ T6122-2)
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‘The height, X_,, 1s determined by Equation E6.1.2 2-3:

(E.G.1.2.2-3)

£.6.1.3 Vertical Seismic Effects

When specified (see Line 8 i the Data Sheet), vertical acceleration effects shall be considered as acting in both upward and
downward dircctions and combincd with lateral acceleration cffects by the SRSS method unless a direet sum combunation s
required by the applicable regulations. Vertical acceleration eflects for hydrodynamic hoop stresses shall be combined as shown
in L£.6.1.4. Vertical acceleration effects need not be combined concurrently for determining loads, forces, and resistance to over-
tuming in the tank shell.

The maximum vertical scismic acceleration paramcter shall be taken as 0.14Spg or greater for the ASCE 7 method unless other-
wise specified by the Purchaser. Alternatively, the Purchaser may specify the vertical ground motion acceleration pararaeter. 4,
The total vertical seismic force shall be:

F, — +4,W4 (61 3-1)

Vertical seismic effects shall be considered in the following when specified:
¢ Shell hoop tensile stresses (see 1£.6.1.4)
¢ Shell-membrane compression (see 1£.6 2.2).
e Anchoruge design (see 15.6.2.1).
* Fixed roof components (scc E.7.5)
¢ Sliding (see E.7.6)
¢ Foundation design (scec E.6.2.3)

In rcgions outside the USA where the regulatory requirements differ from the methods prescribed in this appendix, the vertical
acceleration parameter and combination with lateral effects may be applied as defined by the govemnmg regulatory requirements.

E.6.1.4 Dynamic Liquid Hoop Forces

Dynamic hoop tensile stresses due to the scismic motion of the liquid shall be determined by the following formulas:

For D11=1333:

In SI units:
(6 4-1a)
or, in US Customary units:
N, = 454.GDIH[5-0 5(’.9:]@11(0 8663) (61 41b)
For /H < 1 33 and ¥ < 0.75D
In Sl units
N, = 522.4,00‘[6%5 - o_s[f%T))] (E613-2a)
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or, in US Customary units:

2

N, = 2,77/1,(70"[0.7);D 0‘5(0.;50) ] (F.61 4-2b)
For D/I1 < 1.333and ¥ = 0.75D:
In Sl units:
N, - 2.64,GD’ (E.6.1.4-3a)
or, in US Customary units:
N, = 1394,GD* (E.6.1 4-3b)

For all proportions of N/H:
In Sl units:

| 854,GD"cosh [ﬂ‘%‘_”]
N, - (E.6.1.4-4a)
cosh ['lﬁ—
D

or. in US Customary units:
(E.6.1.4-4b)

When the Purchaser specifies that vertical acceleration need not be considered (i.e, A, = 0), the combined hoop stress shall be
dcfined by Equation E.6.1.4-5. The dynamic hoop tensile stress shall be directly combined with the product hydrostatic design
stress in determining the total stress.

g (E614-5)

Or —Oxlo, -
When vertical acceleramon is specified.

(E614-6)

B.6.1.8 Overtuming Moment

The scismic overtuming moment at the base of the tank shell shall be the SRSS summation of the impulsive and convective com-
ponents multiplied by the respective moment arms to the center of action of the forces unless othenwise specified

Ringwall Moment, M,,,:

-
(E615-1)

Slab Moment, M,

M, - JIAFX, D WX WXOY AW ) (F.6.15-2)
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Unless a more rigorous determination is used, the overtuming moment at the bottom of each shell ring shall be defined by linear
approXimation using the following:

1. If the tank is cquipped with a tixed roof, the impulsive shear and overturming moment is applicd at the top of the shell.

2. The impulsive shear and overturming moment for each shell course is included based on the weight and centroid of each
course

3. The overtuming moment due to the liquid is approximated hy a linear variation that is equal to the ringwall moment, A, at
the base of the shell to zero at the maximum liquid level.

E.6.1.6 Soll-Structure Interaction

If specified hy the Purchaser, the effects of soil-structure interaction on the effective damping and period of vibration may be con-
sidered tor tanks in accordance with ASCE 7 with the following limitations:
* Tanks shall be equipped with a reinforced concrete ringwall, mat or similar type foundation supported on grade. Soil struc-
ture internction effects for tanks supported on granular herm or pile type foundation are outside the scope of this appendix
¢ The tanks shall he mechanically anchored to the foundation.
+ The value of the hase shear and overturning moments for the impulsive maode including the effects of soil-structure interac-
tion shall not be less than 80% of the values determined without consideration of soil-structure interaction
* The eftective damping factor for the structure-foundation system shall not exceed 20%

6.6.2 RESISTANCE TO DESIGN LOADS

The allowahle stress design (ASD) method is utilized in this appendix. Allowahle stresses in structural elements applicahle to nor-
mal operating conditions may be increased by 33% when the effects of the design earthquake are included unless otherwise spec-
ified in this appendix

E.6.2.1 Anchorage

Resistance to the design overtuming (ringwall) moment at the base of the shell may be provided hy:
* The weight of the tank shell. weight of roof reaction on shell ¥, and by the weight of a portion of the tank contents adja-
cent to the shell for unanchored tanks.
* Mechanical anchorage devices

E6.2.1.1 Seif-Anchored

For self-anchored tanks, a portion of the contents may be used to resist overtuming. The anchorage provided i1s dependent on the
assumed width of a bottom annulus uplifted by the overturning moment The resisting annulus may be a portion of the tank bot-
tom or a sepurate hutt-welded annular ring. The overtuming resisting force of the annulus that lifts of f the foundation shall he
dctermincd by Equation E.6.2.1.1-1 except as notcd below:

In SI units:
v, — 991,JF,IIG, < 201.1 IIDG, (E6211-1u)
or, in US Customary units:
w, = 191, JF,HG, <128 HDG, (E.6.2.1.1-1b)

Equation 621 1-1 for w, applies whether or not a thickened bottom annulus 1s used. If w, exceeds the limit of 2011 /1G5,
(1 28 11G,) the value of L shall be set to 0.0350 and the value of w, shall be set equal 1o 201 1 110G, (1 28 11DG,). A value of
I. dcfined ns I, that is lcss than that determincd by the cquation found in E.6.2.1 1 2-1 may be used. If a reduced value 7., is used,
a reduced value of w, shall be used as determined below:

In 51 units:
w, — 5742 HG,I., (F621 1-2a)
In LIS Customary umits
w,~36.5HG,L, (E.6.2.1.1-2b)
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‘The tank 1s self-anchored providing the following conditions are met:

The resisting force 1s adequite for tank stabihty (1.e., the anchorage ratio, ./ < 1.54)

The maximum width of annulus for determining the resisting foree is 3.5% of the tank diamcter.
The shell compression satisfies E.6.2.2.

T'he required annulus plate thickness does not exceed the thickness of the bottom shell course.

AR T

Piping fexibility requirements are satisfied.

E.6.21.1.1 Anchorage Ratio, J

) My,
L)z[”’,( l - 04Ay) + wq - 0'4wmlJ

(E62.1.1.1-1)

where

w, = [%'#w,x] (E62.111-2)

Table E-6—Anchorage Ratio Criteria

Anchorage Ratio
J Criteria

No calculated uplift under the design scismic overtuming moment. ‘I'he tank is sclt-

anchored.

Tank is uplifing, but the tank is stablc for the design load providing the shell compres-
ston requirernents are satisfiedd Tunk is sel Fanchored.

Tank is not stable and cannot be self-anchored for the design load. Modify the annular
mng if L < 0.0350 is not controlling or add mecharical anchorage.

J<0.785

0.785 <<l 51

J> 154

E.6.21.1.2 Annular Ring Requirements

‘The thickness of the tunk bottom plate provided under the shell may be greater than or equal to the thickness of the general tank
bottom platc with the following restrictions.

Note: In thickening the bottom annulus, the intent is not to force a thickening of the lowest shell courrse, thereby inducing an abrupt thickness
change in the shell. but rather to imposc a limit on the bottom annulus thickness bascd on the shell design
| The thickness, t,, corresponding with the final w, in Equations £.6.2.1 1.1-1 and T2.6.2.1.1.1-2 shall not exceed the first
shell course thickness, 5, less the shell corrosion allowance.
2 Nor shall the thickness, £,, uscd 1n Equation E.6.2.1.1.1-1 and E.6.2.1.1.1-2 exceed the actual thickness of the plate under
the shell less the corrosion allowance for tank bottom.

3 When the bottom plate under the shell is thicker than the remainder of the tank bottom, the minimum projection, 1., of the
supplicd thicker annular ring inside the tank wall shall be the greater of 0.45 m (1.5 ft) or as detennined 1n equation
(E6.2.1.1.2-1), however, L need not be greater than 0.035 -

In Sl units:
L - 0017234,JF,7 (11G,) (E6.2.11.2-1a)
or, in US Customary units
I - 0.2161,JF,7(HG,) (F6.2112-1h)

E.6.2.1.2 Mechanically-Anchored

Lf the tank conliguration 1s such that the self-anchored requirements can not be met, the tank must be anchored with mechanical
devices such as anchor bolts or straps.
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When tanks are anchored, the resisting weight of the product shall not be used to reduce the calculated uplift load on the anchors.
The anchors shall be sized to provide for at least the following minimum anchorage resistance:

1.273M,,,
e (_DT_ —w(l— 0.4/1,)) (E62.12-1)

plus the uplift, in N/m (Ibf/2) of shell circumference, due to design internal pressure. See Appendix R for load combinations. If
the ratio of operating pressure to design pressure exceeds 0.4, the Purchaser should consider specifying a higher factor on design
Wind loading need not be considered in combination with seismic loading.

The anchor seismic design load, Pyp, is defined in Equation E.6.2.1.2-2:

(E6.2.1.2-2)

where, n4 i1s the number of equally-spaced anchors around the tank circumference. P4g shall be increased to account for unequal
spacing.
When mechanical anchorage is required, the anchor embedment or attachment to the foundation, the anchor attachment assembly
and the attachment to the shell shall be designed for P4 The anchor attachment design load, P4, shall be the lesser of the load
equal to the minimum specified yield strength multiplied by the as-built cross-sectional area of the anchor or three fimes P4g.
The maximum allowable stress for the anchorage parts shall not exceed the following values for anchors designed for the seismic
loading alone or in combination with other load cases:

» An allowable tensile stress for anchor bolts and straps equal to 80% of the published minimum yield stress.

» For other parts, 133% of the allowable stress in accordance with 5.10.3.

e The maxamum allowable design stress in the shell at the anchor attachment shall be limited to 170 MPa (25,000 Ibf/in.%)
with no increase for seismic loading. These stresses can be used in conjunction with other loads for seismic loading when
the combined loading govemns.

E.6.2.2 Maximum Longitudinal Shell-Membrane Compression Stress
E.6.2.2.1 Shell Compression in Self-Anchored Tanks

The maxamum longitudinal shell compression stress at the bottom of the shell when there is no calculated uplift, J < 0.785, shall
be determined by the formula

In ST units:
_ 1.273M,)) 1
O. (Wt(] +044,) + D m (E6.2.2.1-1a)
or, in US Customary units:
- 1.273M.\ 1
0. = (w(1+044,)+ = )]_27 (E6.22.1-1b)

The maxamum longitudinal shell compression stress at the bottom of the shell when there is calculated uplift, J > 0.785, shall be
determined by the formula:

In SI units:
wi(l +044,)+w, 1
. . (E.6.2.2.1-2a)
(0.607 -0.18667[J]" ) 1000,
or, in US Customary units:
o, = ( w,(1+044,) + wt,z _wd)L (E.6.22.1-2b)
0.607 — 0.18667[J]** 124,
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E.8.22.2 Shell Compression in Mechanically-Anchored Tanks

The maximum longitudinal shell compression stress at the bottom of the shell for mechanically-anchored tanks shall be deter-
mined by the formula

In SI units:

1.273M,,, 1
= F —— | — 0.£.£.4-
o. = (wi(1+044,) = )1000“ (E6.2.22-1a)
or, in US Customary units:
1273M,) 1
o, = (w,(l +044,)+ _B‘z“)m (E.62.2.2-1b)

E.6.22.3 Ailowable Longitudinal Shell-Membrane Compression Stress in Tank Sheili

The maximum longitudinal shell compression stress s, must be less than the seismic allowable stress Fc, which is determined by
the following formulas and includes the 33% increase for ASD. These formulas for F¢, consider the effect of intermal pressure
due to the liquid contents.

When GHD?/ £2 is 244 (SI units) (108 US Customary units),

In SI units:
F.=83t/D (E6223-1a)
or, in US Customary units:
Fc=10°t/D (E.6.2.2.3-1b)
In SI unaits:
When GHD?/ £2 is <44:
F. = 831/(2.5D) + 1.5J(GH) <0.5F,, (E.6.2.2.3-23)
or, in US Customary units:
When GHD?/R is less than 1 x 105:
Fc = 10°t./(2.5D)+ 600J(GH) < 0.5F,, (E.6.2.2.3-2b)

If the thickness of the bottom shell course calculated to resist the seismic overtuming moment is greater than the thickness
required for hydrostatic pressure, both excluding any corrosion allowance, then the calculated thickness of each upper shell
course for hydrostatic pressure shall be increased in the same proportion, unless a special analysis is made to determine the seis-
mic overtuming moment and cormresponding stresses at the bottom of each upper shell course (see E.6.1.5).

E.6.23 Foundation

Foundations and footings for mechanically-anchored flat-bottom tanks shall be proportioned to resist peak anchor uplift and over-
tuming bearing pressure. Product and soil load directly over the ringwall and footing may be used to resist the maxmum anchor
uplift on the foundation, provided the ringwall and footing are designed to carry this eccentric loading.

Product load shall not be used to reduce the anchor load

When vertical seismic accelerations are applicable, the product load directly over the ringwall and footing:
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1. When used to resist the maximum anchor uplift on the foundation, the product pressure shall be multiplied by a factor of
(1 - 0.44,) and the foundation ringwall and footing shall be designed to resist the eccentric loads with or without the vertical
seismic accelerations.

2. When used to evaluate the beanng (downward) load, the product pressure over the ringwall shall be multiplied by a factor
of (1 + 0.44,) and the foundation ringwall and footing shall be designed to resist the eccentric loads with or without the verti-
cal seismic accelerations.

The overturning stability ratio for mechanically-anchored tank system excluding vertical seismic effects shall be 2.0 or greater as
defined in Equation E.6.2.3-1.

u (E6.2.3-1)

Ringwalls for self-anchored flat-bottom tanks shall be proportioned to resist overtuming bearning pressure based on the maximum
longitudinal shell compression force at the base of the shell in Equation E.6.23-2. Slabs and pile caps for self-anchored tanks
shall be designed far the peak loads determined in E.6.2.2.1.

(E6.2.3-2)

P = (w,(l +044,)+ 12;3—:”"')

E.6.2.4 Hoop Stresses

The maxamum allowable hoop tension membrane stress for the combination of hydrostatic product and dynamic membrane hoop
effects shall be the lesser of:
* The basic allowable membrane in this Standard for the shell plate material increased by 33%; or,

* O9F, 't:ln“ the joint efficiency where F), is the lesser of the published minimum yield strength of the shell material or weld
material.

E.7 Detailing Requirements
E.7.1 ANCHORAGE

Tanks at grade are permitted to be designed without anchorage when they meet the requirements for self-anchored tanks in this
appendix
The following special detailing requirements shall apply to steel tank mechanical anchors in seismic regions where Spg > 0.05g.

E.7.1.1 Self-Anchored

For tanks in SUG I1 and located where Spgs = 0.5g or greater, butt-welded annular plates shall be required. Annular plates exceed-
ing 10 mm (/3 in.) thickness shall be butt-welded The weld of the shell to the bottom annular plate shall be checked for the
design uplift load

E.7.1.2 Mechanically-Anchored

When mechanical-anchorage is required, at least six anchors shall be provided. The spacing between anchors shall not exceed 3 m
(10 ft).

When anchor bolts are used, they shall have a minimum diameter of 25 mm (1 in), excluding any corrosion allowance. Carbon
steel anchor straps shall be 6 mm (!/4 in.) minimum thickness and have a minimum corrasion allowance of 1.5 mm (!/;6 in.) on
each surface for a distance at least 75 mm (3 in.) but not more than 300 mm (12 in.) above the surface of the concrete.

Hooked anchor bolts (L- or J-shaped embedded bolts) or other anchorage systems based solely on bond or mechanical friction shall
not be used when seismic design is required by this appendix. Post-installed anchors may be used provided that testing validates their
ability to develop yield load in the anchor under cyclic loads in aracked concrete and meet the requirements of ACI 355.
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E.7.2 FREEBOARD

Sloshing of the liquid within the tank or vessel shall be considered in determining the freeboard required above the top capacity
liquid level. A minimum freeboard shall be provided per Table E-7. See E.4.6.1. Purchaser shall specify whether freeboard is
desired for SUG I tanks. Freeboard is required for SUG II and SUG III tanks. The height of the sloshing wave above the product
design height can be estimated by:

8, = 0.5DA, (see Note c in Table E-7) (E7.2-1)
For SUGI and I,
When, Tc<4 (E7.2-2)
When, Tc> 4 (E7.2-3)
For SUG III,

When, Tes Ty, (E7.2-9)
When, Tc> T (E.7.2-5)
Table E-7—Minimum Required Freeboard
Value of Spg SUG1 suGn SuG 11
Sps<0.33g (@) (@ 3 (c)
Sps20.33g (a) 0.73: (b) 85 (¢)

a A frecboard of 0.7, is recommmendad for economic considerations but not required.
b. A freeboerd equal to 0.75; is required uniess one of the following alternatives are provided:
1. Secondary comtainment is provided to control the product spill.
2. The roof and tank shell are designed to contain the sloshing liquid
c. Freeboard equal to the calculated wave height, 5, is required unless one of the following alternatives are provided:
1. Secondary cortainment is provided to control the product spill.
2. The roof and tank shell are designed to contain the sloshing liquid.

E.7.3 PIPING FLEXIBILUITY

Piping systems connected to tanks shall consider the potential movement of the connection points during earthquakes and provide
sufficient flexibility to avoid release of the product by failure of the piping system. The piping system and supports shall be
designed so as to not impart significant mechanical loading on the attachment to the tank shell. L.ocal loads at piping connections
shall be considered in the design of the tank shell. Mechanical devices which add flexibility such as bellows, expansion joints, and
other flexible apparatus may be used when they are designed for seismic loads and displacements.

Unless otherwise calculated, piping systems shall provide for the minimum displacements in Table E-8 at working stress levels
(with the 33% increase for seismic loads) in the piping, supports and tank connection The piping system and tank connection
shall also be designed to tolerate 1.4C4times the warking stress displacements given in Table E-8 without rupaure, although per-
manent deformations and inelastic behavior in the piping supports and tank shell is permitted. For attachment points located above
the support or foundation elevation, the displacements in Table E-8 shall be increased to account for drift of the tank or vessel.
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Table E-8—Design Displacements for Piping Attachments

ASD Design
Displacement
Condition mm (n.)
Mechanically-anchored tanks
Upward vertical displacement relative to suppon or foundation: 25(1)
Downward vertical displacement relalive to support or foundation: 13(0.5)
Range of horizontal displacement (radial and tangential ) relative to support or foundation: 13 (0.5)
Self-anchored tanks
Upward Vertical displacement relative to suppont or foundation:
Anchorage ratio less than or equal to 0.785: 25(1)
Anchorage ratio greater than 0.785: 100 (4)
Downward vertical displacement relative to support or foundation:
For tanks with a ringwalV/mat foundation: 13(0.5)
For tanks with a berm foundation: 25(1)
Range of horizontal displacement (radial and tangential) relative to suppon or foundation 50 (2)

The values given in Table E-8 do not include the influence of relative movements of the foundation and piping anchorage points
due to foundation movements (such as settlement or seismic displacements). The effects of foundation movements shall be
included in the design of the piping system design, including the determination of the mechanical loading on the tank or vessel
consideration of the total displacement capacity of the mechanical devices intended to add flexibility.

When Sps< 0.1, the values in Table E-7 may be reduced to 70% of the values shown.

E.7.3.1 Method for Estimating Tank Uplift

The maximum uplift at the base of the tank shell for a self-anchored tank constructed to the criteria for annular plates (see E.6.2.1)
may be approximated by Equation E.7.3.1-1:

In SI units:
2
Yu = 12 10R,L (E.7.3.1-1a)
ty
Or, in US Customary units:
F 2
= E.7.3.1-1b
Y« = 833001, ( )

where

tp = calculated annular ring ¢ holdown.

E7.4 CONNECTIONS

Cannections and attachm ents for anchorage and other lateral force resisting components shall be designed to develop the strength
of the anchar (e.g., minimum published yield strength, F,, in direct tension, plastic bending moment), or 4 times the calculated ele-
ment design load.

Penetrations, manholes, and openings in shell components shall be designed to maintain the swrength and stability of the shell to
carry tensile and compressive membrane shell forces.

The bottom connection on an unanchared flat-bottom tank shall be located inside the shell a sufficient distance to minimize dam-
age by uplift. As a minimum, the distance measured to the edge of the connection reinforcement shall be the width of the calcu-
lated unanchored bottom hold-down plus 300 mm (12 in.)

E.7.6 INTERNAL COMPONENTS

The attachments of internal equipment and accessories which are attached to the primary liquid- or pressure-retaining shell or bot-
tom, or provide structural support for major components shall be designed for the lateral loads due to the sloshing liquid in addi-
tion to the inertial forces.
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Seismic design of roof framing and columns shall be made if specified by the Purchaser. The Purchaser shall specify live loads
and amount of vertical acceleration to be used in seismic design of the roof members. Columns shall be designed for lateral liquid
inertia loads and acceleration as specified by the Purchaser. Seismic beam-column design shall be based upon the primary mem-
ber allowable stresses set forth in AISC (ASD), increased by one-third for seismic loading.

Internal columns shall be guided or supported to resist lateral loads (remain stable) even if the roof components are not specified to be
designed for the seismic loads, including tanks that need not be designed for seismic ground motion in this appendix (see E.1).

E.7.8 SLIDING RESISTANCE

The transfer of the total lateral shear force between the tank and the subgrade shall be considered.

For self-anchored flat-bottom steel tanks, the overall horizontal seismic shear force shall be resisted by friction between the tank
bottom and the foundation or subgrade. Self-anchored storage tanle shall be proportioned such that the calculated seismic base
shear, ¥, does not exceed Vy:

The friction coefficient, p, shall not exceed 0.4. Lower values of the friction coefficient should be used if the interface of the bot-
tom to supporting foundation does not justify the friction value above (e.g., leak detection membrane beneath the bottom with a
lower friction factor, smooth bottoms, etc.).

V, = p(W,+ W+ W+ W,)(1.0-0.44,) (E7.6-1)

No additional lateral anchorage is required for mechanically-anchored steel tanks designed in accordance with this appendix even
though small movements of approximately 25 mm (1 in.) are possible.

The lateral shear transfer behavior for special tank configurations (e.g , shovel bottoms, highly crowned tank bottoms, tanks on
grillage) can be unique and are beyond the scope of this appendix.

E.7.7 LOCAL SHEAR TRANSFER

Local transfer of the shear from the roof to the shell and the shell of the tank into the base shall be considered. For cylindrical
tanks, the pcak local tangential shear per unit length shall be calculated by:

_ 2V

— .1.7-
-~ 55 E77-1)

Tangential shear in flat-bottom steel tanks shall be transferred through the welded connection to the steel bottom. The shear stress
in the weld shall not exceed 80% of the weld or base metal yield stress. This transfer mechanism is deemed acceptable for steel
tanks designed in accordance with the provisions and Sps < 1.08.

E.7.8 CONNECTIONS WITH ADUACENT STRUCTURES

Equipment, piping, and walkways or other appurtenances attached to the tank or adjacent structures shall be designed to accam-
modate the elastic displacements of the tank imposed by design seismic forces amplified by a factor of 3.0 plus the amplified dis-
placement of the other structure.

E.7.9 SHELL SUPPORT

Self-anchored tanks resting on concrete ringwalls or slabs shall have a uniformly supported annulus under the shell. The founda-
tion must be supplied to the tolerances required in 7.5.5 in to provide the required uniform support for Items b, c, and d below.
Uniform support shall be provided by one of the following methods:

a. Shimming and grouting the annulus,

b. Using fiberboard ar other suitable padding

c. Using double butt-welded bottom or anmular plates resting directly on the foundation, Annular plates or bottom plates under
the shell may utilize back-up bars welds if the foundation is notched to prevent the back-up bar from beanng on the foundation

d. Using closely spaced shims (without structural grout) provided that the localized bearing loads are considered in the tank wall
and foundation to prevent local crippling and spalling.

Mechanically-anchored tanks shall be shimmed and grouted.
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