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Project Description
The development of agriculture, the distribution
of food, the provision of health services, and the
access to information through educational services
and other forms of communication in rural re-
gions of developing countries all heavily depend
on transport facilities. Although rail and water
facilities may play ¡mportant roles in certain areas,
a dominant and universal need is for road systems
that provide an assured and yet relatively inexpen-
sive means for the movement of people and goods.
ïhe bulk of this need is for low-volume roads that
generally carry only 5 to 10 vehicles a day and

that seldom carry as many as 400 vehicles a day.
The planning, design, construct¡on, and main-

tenance of low-volume roads for rural regions of
developing countries can be greatly enhanced with
respect to economics, quality, and performance by
the use of low-volume road technology that is
available in many parts of the world. Much of
this technology has been produced during the
developmental phases of what are now the more
developed countries, and some is continually
produced in both the less and the more developed
countries. Some of the technology has been doc-

Descripción del Proyecto
El desarrollo de la agricultura, la distribución
de víveres, la provisión de servicios de sanidad,
y el acceso a información por medio de
servicios educacionales y otras formas de
comunicación en las regiones rurales de países
en desarrollo todos dependen en gran parte
de los medios de transporte. Aunque en ciertas
áreas los medios de ferrocarril y agua
desempeñan una parte importante, una
necesidad universal y dominante es para
sistemas viales que proveen un medio ase-
gurado pero relativamente poco costoso para
el movimiento de gente y mercancías. La
gran parte de esta necesidad es para caminos
de bajo volúmen que generalmente mueven

unicamente unos 5 a 10 vehículos por día y
que pocas veces mueven tanto como 400
vehículos por día.

Con respecto a la economía, calidad, y
rendimiento, el planeamiento, diseño, cons-
trucción y manutención de caminos de bajo
volúmen para regiones rurales de países en
desarrollo pueden ser mejorados en gran
parte por el uso de la tecnología de caminos
de bajo volúmen que se encuentra disponible
en muchas partes del mundo. Mucha de esta
tecnología ha sido producida durante las
épocas de desarrollo de lo que ahora son los
países mas desarrollados, y alguna se produce
continuamente en los países menos y mas

Description du Projet
Dans les régions rurales des pays en voie de
développement, I'exploitation agricole, la
distribution des produits alimentaires, I'accès
aux services médicaux, I'accès à I'information
par I'intermédiaire de moyens éducatifs et
d'autres moyens de communication, dépendent
en grande partie des moyens de transport.
Bien que les transports par voie férrée et
par voie navigable jouent un rôle important
dans certaines régions, un besoin dominant
et universel éxiste d'un réseau routier qui
puisse assurer avec certitude et d'une façon
relativement bon marché, le déplacement
des habitants, et le transport des marchan-
dises. La plus grande partie de ce besoin peut

être satisfaite par la construction de routes
à faible capacité, capables d'aócommoder
un trafic de 5 a 10 véhicules par jour, ou
plus rarement, jusqu'à 400 véhicules par jour.

L'utilisation des connaissances en tech-
nologie, qui éxistent déjà et sont accéssibles
dans beaucoup de pays, peut faciliter l'étude
des projets de construction, tracé et entretien,
de routes à faible capacité dans les régions
rurales des pays en voie de développement,
surtout en ce qui concerne l'économie, la
qualité, et la performance de ces routes. La
majeure partie de cette technologie a été
produite durant la phase de développement
des pays que l'on appelle maintenant dé-



umented in papers, articles, and reports that have
been written by experts in the field. But much
of the technology is undocumented and exists
mainly in the minds of those who have developed
and applied the technology through necessity. ln
either case, existing knowledge about low-volume
road technology is widely dispersed geographi-
cally, is quite varied in the language and the form
of its existence, and is not readily available for
application to the needs of developing countries.

ln October 1977 the Transportation Research
Board (TRB) began this 3-year special project
under the sponsorship of the U.S. Agency for
lnternational Development (AlD) to enhance
rural transportation in developing countries by
providing improved access to existing information

on the planning, design, construction, and main-
tenance of low-volume roads. With advice and
guidance from a project steering committee,
TRB defines, produces, and transmits
information products through a network
of correspondents in developing countries.
Broad goals for the ultimate impact of the
project work are to promote effective use of
existing information in the economic develop-
ment of transportation infrastructure and
thereby to enhance other aspects of rural
development throughout the world.

ln addition to the packaging and distribution
of technical information, personal interactions
with users are provided through field visits,
conferences in the United States and abroad, and

vt

desarrollados. Parte de la tecnología se ha
documentado en disertaciones, artículos, e

informes que han sido escritos por expertos
en el campo. Pero mucha de la tecnología
no esta documentada y existe principalmente
en las mentes de aquellos que han desarrollado
y aplicado la tecnología por necesidad. En
cualquier caso, los conocimientos en exis-
tencia sobre la tecnología de caminos de
bajo volúmen están grandemente esparcidos
geograficamente, varían bastante con respecto
al idioma y su forma, y no se encuentran
facilmente disponibles para su aplicación a
las necesidades de los países en desarrollo.

En octubre de 1977 el Transportation
Research Board (TRB) comenzó con este
proyecto especial de tres años de duración
bajo el patrocinio de la U.S. Agency for
lnternational Development (AlD) para mejorar

el transporte rural en los países en desarrollo
acrecentando la disponibilidad de la informa-
ción en existencia sobre el planeamiento,
diseño, construcción, y manutención de
caminos de bajo volúmen. Con el consejo y
dirección de un comité de iniciativas para
el proyecto, el TRB define, produce, y
transmite productos informativos a través
de una red de corresponsales en países en
desarrollo. Las metas generales para el impacto
final del trabajo del proyecto son la promo-
ción del uso efectivo de la información en
existencia en el desarrollo económico de la
infraestructura de transporte y de esta forma
mejorar otros aspectos del desarrollo rural a
través del mundo.

Además de la recolección y distribución
de la información técnica, se provee acciones
recíprocas personales con los usuarios por

veloppés, et elle continue à être produite à la
fois dans ces pays et dans les pays en voie
de développement. Certains aspects de cette
technologie ont été documentés dans des
articles ou rapports écrits par des experts.
Mais une grande partie des connaissances
n'éxiste que dans l'esprit de ceux qui ont
développé et appliqué cette technologie par
nécessité. De plus, dans ces deux cas, les
écrits et connaissances sur la technologie
des routes à faible capacité, sont dispersés
géographiquement, sont écrits dans des
langues différentes, et ne sont pas assez aisé-
ment accessibles pour être appliqués aux
besoins des pays en voie de développement.

En octobre 1977, le Transportation Research
Board (TRB) initia ce projet, d'une durée de
3 ans, sous le patronage de I'U.S. Agenby
for lnternational Development (AlD), pour

améliorer le transport rural dans les pays
en voie de développement, en rendant plus
accessible la documentation éxistante sur la
conception, le tracé, la construction, et I'entre-
tien des routes à faible capacité. Avec le
conseil, et sous la conduite d'un Comité de
Direction, TRB définit, produit, et transmet
cette documentation à I'aide d'un,réseau
de correspondants dans les pays en voie de
développement. Généralement, I'aboutisse-
ment final de ce projet sera de favoriser I'utili-
sation de cette documentation, pour aider au
développement économique de I'infrastructure
des transports, et de cette façon mettre en
valeur d'autres aspects d'exploitation rurale
à travers le monde.

En plus de la dissémination de cette docu-
mentation technique, des visites, des con-
férences aux Etats Unis et à l'étranger, et



other forms of communication.

Steering Committee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of devel opi ng cou ntries, knowl-
edge of the needs of developing countries for
transportation, knowledge of existing transpor-
tation technology, and experience in its use.

Major functions of the Steering Committee are
to assist in the def inition of users and their needs,
the definition of information products that match
user needs, and the identification of informa-
,tional and human resources for development of
the information products. Through its member-

ship the committee provides liaison with project-
related act¡vities and provides guidance for inter-
actions with users. ln general the Steering Com-
mittee gives overview advice and direction for all
aspects of the project work.

The project staff has responsibility for the prep-
aration and transmittal of information products,
the development of a correspondence network
throughout the user community, and interactions
with users.

lnformation Products

Three types of information products are prepared:
compendiums of documented information on rela-
tively narrow topics, syntheses of knowledge and

medio de visitas de campaña, conferencias
en los Estados Unidos de Norte América y en
el extranjero, y otras formas de comunicación.

Comité de Iniciativas

El Comité de lniciativas se compone de
expertos que tienen conocimiento de las
características físicas y sociales de los países
en desarrollo, conocimiento de las necesi-
dades de transporte de los países en desarrollo,
conocimiento de la tecnología de transporte
en existencia, y experiencia en su uso.

Las funciones importantes del Comité de
lniciativas son las de asistir en la definición
de usuarios y sus necesidades, de productos
informativos que se asemejan a las necesi-
dades del usuario, y la identificación de
recursos de conocimientos y humanos para

el desarrollo de los productos informativos.
A través de sus miembros el comité provee
vínculos con actividades relacionadas con el
proyecto y también una guía para la interacción
con los usuarios. En general el Comité de
lniciativas proporciona consejos y dirección
general para todos los aspectos del trabajo
de proyecto.

El personal de proyecto tiene la responsa-
bilidad para la preparación y transmisión de
los productos informativos, el desarrollo de
una red de corresponsales a través de la
comunidad de usuarios, y la interacción con
los usuarios.

Productos I nformativos
Se preparan tres tipos de productos informa-
tivos: los compendios de la información
documentada sobre relativamente limitados

vil

d'autres formes de communication permettent
une interaction constante avec les usagers.

Comité de Direction

Le Comité de Direction est composé d'experls
qui ont à la fois des connaissances sur les
caractéristiques physiques et sociales des
pays en voie de développement, sur leurs
besoins au point de vue transports, sur la
technologie actuelle des transports, et ont
aussi de I'expérience quant à I'utilisation
pratique de cette technologie.

Les fonctions majeures de ce comité sont
d'abord d'aider à définir les usagers et leurs
besoins, puis de définir leurs besoins en
matière de documentation, et d'identifier les
ressources documentaires et humaines néces-
saires pour le développement de cette docu-

mentation. Par I'intermédiaire de ses

membres, le comité pourvoit à la liaison entre
les différentes fonctions relatives au projet,
et dirige I'interaction avec les usagers. En
général, le Comité de Direction conseille et
dirige toutes les phases du projet.

Le personnel attaché à ce projet est respon-
sable de la préparation et de la dissémination
des documents, du développement d'un réseau
de correspondants pris dans la communauté
d'usagers, et de l'interaction avec les usagers.

La Documentation

Trois genres de documents sont preparés:
des recueils dont le sujet sera relativement
limité, des synthèses de connaissances et
de pratique sur des sujets beaucoup plus
généraux, et finalement des comptes-rendus



practice on somewhat broader subjects, and pro-
ceedings of low-volume road conferences that are
totally or partially supported by the project.
Compendiums are prepared by project staff at
the rate of about 12 per year; consultants are em-
ployed to prepare syntheses at the rate of 2 per
year. At least two conference proceedings will
be published during the 3-year period. ln sum-
mary, this project aims to produce and distribute
between 40 and 50 publications that cover much
of what is known about low-volume road technol-
ogy.

lnteractions With Users

A number of mechanisms are used to provide in-

teractions between the þroject and the user com-
munity. Project news is published in each issue of
Transportation Research News. Feedback forms
are transmitted with the information products so
that recipients have opportunity to say how the
products are beneficial and how they may be im-
proved. Through semiannual visits to developing
countries, the project staff acquires first-hand
suggestions for the project work and can assist
directly in specific technical problems. Additional
opportunities for interaction with users arise
through international and in-country conferences
in which there is project part¡cipation. Finally,
annual colloquiums are held for students from
developing countries who are enrolled at U.S.
un iversities.

Yill

temas, la síntesis del conocimiento y práctica
sobre temas un poco mas ámplios, y los
expedientes de conferencias de caminos de
bajo volúmen que están totalmente o parcial-
mente amparados por el proyecto. El personal
de proyecto prepara los compendios a razon
de unos 12 por año; se utilizan consultores
para preparar las síntesis a razon de 2 por
año. Se publicarán por lo.menos dos expe-
dientes de conferencias durante el período
de tres años. En breve, este proyecto pretende
producir y distribuir entre 40 y 50 publicaciones
que cubren mucho de lo que se conoce de
la tecnología de caminos de bajo volúmen.

lnteracción con los Usuarios

Se utilizan varios mecanismos para proveer
las interacciones entre el proyecto y la

comunidad de usuarios. Se publican las
noticias del proyecto en cada edición de la
Transportation Research News. Se transmiten
formularios de retroacción con los productos
informativos para que los recipientes tengan
oportunidad de decir cómo benefician los
productos y cómo pueden ser mejorados.
A través de visitas semianuales a los países
en desarrollo, el personal del proyecto ad-
quiere directo de fuentes originales sugeren-
cias para el trabajo del proyecto y puede
asistir directamente en problemas técnicos
específicos. Surgen oportunidades adicionales
para la interacción con los usuarios a través
de conferencias internacionales y nacionales
en donde participa el proyecto. Finalmente,
se organizan diálogos con estudiantes de
países en desarrollo que están inscriptos en
universidades norteamericanas.

de conférênces sur les routes à faible capacité
qui seront organisées complètement ou en
part¡e par ce projet. Environ 12 recueils par
an sont preparés par le personnel attaché
au projet, Deux synthèses par an sont écrites
par des experts, Les comptes-rendus d'au
moins deux conférences seront écrits dans
une période de 3 ans. En résumé, I'objet de
ce projet est de produire et disséminer entre
40 et 50 documents qui couvriro.nt I'essentiel
des connaissances sur la technologie des
routes à faible capacité.

lnteraction Avec les Usagers

Un certain nombre de mécanismes sont utilisés
pour assurer I'interaction entre le personnel
du projet et la communauté d'usagers. Un
bulletin d'information est publié dans chaque

numéro de Transportation Research News.
Des formulaires sont joints aux documents,
afin que les usagers aient I'opportunité de
juger de la valeur de ces documents et de
donner leur avis sur les moyens de les amé-
liorer. Au cours de visites semi-annuelles
dans les pays en voie de développement, le
personnel obtient de première main des sugges-
tions sur le bon fonctionnement du projet et
peut aider.à résoudre sur place certains
problèmes techniques spécifiques. En outre,
des conférences tenues soit aux Etats Unis,
soit à l'étranger, sont I'occasion d'un échange
d'idées entre le personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie
de développement qui étudient dans les uni-
versités americaines.
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Overview
Background and ScoPe

Adequate drainage must always be provided
if a road is to be usable in all seasons.
Roadway drainage begins with the removal
of surface runoff from the roadway itself.
Proper drainage design must also include (a)
the removal of excess water from under the
roadway, (b) the provision of roadside ditches
of correct size, shape and longitudinal slope,
(c) the prevention of side slope and ditch
erosion, and (d) the passage of water flowing
in all natural and manmade drainage channels
without undue damage to the roadway itself.

Low-volume roads, as defined in Compendium
1, include Class 'l roads with an average daily
traffic (ADT) volume of less than 50, and Class
2 roads with 50 to 400 ADT. Many features of
low-volume rural roads can be upgraded as
traffic volume increases. The capacity of a
small drainage structure (i.e., a commonly
used size of culvert pipe or its equivalent) is
determined by its size and slope and cannot
be upgraded economically. Furthermore, the
volume of water to be passed by the structure
is unrelated to the volume of traffic on the

Vista General
Antecedentes y Alcance

Caminos que son utilizados durante todo el
año deben estar proveídos con drenaje apro-
piado. El drenaje del camino comienza con
la eliminación de agua de la superficie del
camino. El diseño correcto de sistemas de
drenaje debe incluir: (a) la eliminación de
agua excedente por debajo del camino, (b)
la provisión de zanjas laterales de tamaño,
forma y pendiente longitudinal correctos, (c)
la prevención de erosión de las laderas laterales
y zanjas del camino, y (d) el f lujo de agua através
de canales de drenaje naturales y artificiales
sin causar daño al camino rnismo.

Los caminos de bajo volúmen, como se
definen en el Compendio 1, son de Clase 1

con un volúmen de tránsito de menos de
TMDA 50, y caminos de Clase 2 con un TMDA
de 50 a 400.. Muchas características de los
caminos rurales de bajo volúmen pueden ser
mejoradas a medida que aumenta el volúmen
de tránsito. La capacidad de una pequeña
estructura de drenaje (es decir, un tamaño
común de tubería de alcantarilla, o su equiva-
lente) se determina por su tamaño y pendiente
y no puede ser economicamente mejorada.
Además, el volúmen de agua a drenar no se
relaciona con el volúmen de tránsito sobre
el camino. Las pequeñas estructuras de drenaje
deben ser medidas e instaladas correctamente
como primer paso en el desarrollo del camino.

Exposé
Historique et Objectif

Pour qu'une route soit utilisable en toutes
saisons, il faut qu'un dispositif de drainage
convenable soit assuré. Le drainage d'une
route commence avec l'évacuation des eaux
de ruissellement de la surface de la route
elle-même. La conception d'un bon dispositif
de drainage doit aussi comprendre: a) l'évacua-
tion de tout excès d'eau des couches inférieures
de la chaussée b) un ensemble de fossés de
drainage de dimensions, formes et pentes
longitudinales adequates c) la prévention de
l'érosion des pentes des talus et des fossés et
d) l'écoulement des eaux d'origine soit naturelle,
soit artificielle, de façon à ce que l'évacuation
se fasse en causant le moins de dommage

possible au corps de la chaussée.
Les routes à faible capacité, selon la def inition

du Recueil'No. 1, comprennent les routes de
la Classe 1 avec un trafic moyen journalier
de moins de 50 (ADT) et les routes de la Classe
2 avec un trafic moyen journalier de 50 à 400
(ADT). Beaucoup de caractéristiques de routes
à faible capacité peuvent être ameliorées au
fur et à mesure que le volume de trafic s'accroît.
La capacité d'un petit ouvrage de drainage,
(c'est à dire une conduite ou canalisation d'une
taille ordinaire) est determinée par ses dimen-
sions et sa pente, et ne peut pas être agrandie
de façon économique. De plus, le volume d'eau
qui doit être évacué par cet ouvrage n'a rien à



roadway, Small draínage structures should be
sized and installed correctly as the first step
in roadway development. The sizing should
anticipate future changes in land use which
may affect runoff.

lnitial costs of drainage may be reduced by
stage construction. The first step in the stage
construction of the drainage system for a
low-volume road is to provide a gravel or
stabilized soil all-weather surface, This step
includes (a) some means of keeping the road
foundation dry, (b) proper cross slopes to drain
the rainwater from the road surface, and (c)
a passage under the roadway at locations
where water would otherwise pond and flood

the roadway surface. These steps provide a
road surface that can be used throughout the
year. lf an all-weather surface is combined
with dips or fords at larger watenruay crossings,
the road will be usable in all but heavy rainfalls.

The second step in the stage construction
of the drainage system for a low-volume road
is the replacement of dips and fords with all-
weather crossings such as large culverts or
bridges. Only then can the roadway be called
an all-weather road.

This compendium presents information about
general drainage design, but it stresses data
that are necessary to design and install culverts.
Culverts are normally classified as structures
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Las medidas deben anticipar futuros cambios
en el uso del terreno que podrían afectar el
drenaje del agua.

El costo inicial de drenaje puede ser reducido
por construcción en etapas. El primer paso
en la construcción por etapas del drenaje para
caminos de bajo volúmen es proveer una super-
ficie para toda intemperie de grava o tierra
estabilizada. Esto incluye (a) una forma de
mantener seco la fundâción del camino, (b)
laderas laterales correctas para desaguar el
agua de lluvia de la superficie del camino, y
(c) aberturas debajo del camino en ubicaciones
donde de otra manera el agua recolectaría e
inundaría la superficie del camino. Estas aber-
turas proporcionan una superficie de camino
utilizable através del año, Si se combina una

superficie de toda intemperie con depresiones
o vados en las travesías mayores de vías de
agua, el camino sería utilizable en toda menos
que las tormentas de lluvia más pesadas.

El segundo paso en la construcción por
etapas del camino de bajo volúmen es el
reemplazo de las depresiones y vados con
travesías de agua para toda intemperie tales
como alcantarillas grandes o puentes. Solo
entonces puede llamársele al camino uno de
toda intemperie.

Este compendio presenta información sobre
el diseño general de drenaje pero le dá impor-
tancia a los datos necesarios para diseñar e
instalar alcantarillas. Las alcantarillas normal-
mente se clasifican como estructuras que miden

voir avec le volume de trafic de la route. La
première phase de la construction de la route
consiste en dimensionant et en installant
correctement les petits ouvrages d'art. Le dimen-
sionnement doit être calculé en prévoyant ou
en anticipant les changements futurs de I'utilisa-
tion du sol qui seraient susceptibles d'affecter
le débit.

On peut réduire le coût initial des ouvrages
de drainage en utilisant la méthode d'aménage-
ment progressif aussi appelée méthode de
mise en oeuvre à plusieurs couches. Le premier
stade de la construction d'un système de
drainage pour routes à faible capacité, est de
pourvoir à une surface de roulement ðoit en
gravier soit en terrain amélioré qui soit prati-

cable en tous temps. Ce stade comprend: a)
trouver le moyen de garder le corps de la
chaussée sec, b) une pente transversale con-
venable pour faciliter le drainage de la surface
de roulement, et c) un passage aménagé sous
la route aux endroits où I'eau autrement s'accu-
mulerait et inonderait la surface de roulement.
Ces stades fournissent une surface de roule-
ment qui peut être utilisée toute I'année. Si
on combine une surface de roulement qui peut
être utilisée par tous temps, avec la construc-
tion de radiers aux passages de rivières, on
aura une route qui sera praticable par tous
temps, sauf en cas de chûtes de pluies très
intenses,

Le deuxième stade de la construction du



measuring up to 6 m (20 ft) along the roadway
centerline. lt is possible to use the top of a
large box culvert as a part of the road surface,
but most of the information presented here
concerns culverts that are covered with
embankment. Other drainage features, such
as major water crossings, open channel
design, and erosion control, will be presented
in future compendiums.

Rationale for This Compendium

This compendium includes (a) requirements
for proper roadway drainage, (b) solutions
to general problems that are encountered in
the design and construction of road drainage,
and (c) identification of r¡ajor components
that must be considered in the design of the
total drainage system required for a road.

Small.drainage structures are identified as a
specific component requiring special and
individual attention by the design engineer.

The first step in the design of a culvert is
the hydrological analysis of the area to be
drained. This analysis supplies the designer
with information on runoff and stream flow
characteristics and is the basis for the hydraulic
design of the culvert.

Many of the working principles of hydrology
were developed for large flood-control projects
and water supply problems that involve
extremely large watershed areas. Variations
that are insignificant in large watershed areas
become very important in small drainage areas.
Engineering judgment and approximate methods
must therefore be applied to the basic principles
of hydrology when small drainage areas are

hasta 6 m (20 piés) a lo largo de la línea central
del camino. Es posible utilizar la parte superior
de una alcantarilla de cajón como parte de la
superficie del camino pero casi toda la informa-
ción aquí presentada se concierne con las
alcantarillas cubiertas por el terraplén. Otras
características de drenaje tales como travesías
principales de vías de agua, diseño de canal
abierto y control de la erosión se presentarán
en futuros compendios.

Exposición Razonada para Este Compend¡o

Este compendio incluye (a) los requisitos
para un buén drenaje del camino, (b) las
soluciones para los problemas generales que
se encuentran en el diseño y construcción del

drenaje del camino, y (c) la identificación de
los componentes principales que se deben
considerar en el diseño del sistema total de
drenaje requerido para un camino. Las pequeñas
estructuras de drenaje se identifican como un
componente específico que requiere atención
especial e individual por parte del ingeniero de
diseño.

El primer paso en el diseño de una alcanta-
rilla es el análisis hidrológico de la área a ser
desaguado. Este análisis le proporciona al
diseñador con la información sobre carac-
terísticas de agua de desagüe y flujo de
corriente de agua y es la base para el diseño
hidráulico de la alcantarilla.

Muchos de los principios fundamentales de
hidrología fueron desarrollados para grandes
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système de drainage, consiste à remplacer
les radiers ou les gués par de grands ponceaux
ou des ponts. C'est seulement à ce moment là,
qu'on peut parler d'une route praticable en
toutes saisons.

Ce recueil contient des renseignements sur
le concept du drainage en général, mais il
met I'emphase sur les données nécessaires
au dimensionnement et à I'installation des
ponceaux. Les ponceaux sont généralement
des ouvrages d'art qui mesurent jusqu'a 6 m
(20 pieds), installés le long de la ligne médiane
de la route. ll est possible d'utiliser le haut d'un
dalot comme partie intégrante de la chaussée,
mais la plupart des données présentées ici
concernent les ponceaux couverts par un

remblai. D'autres ouvrages de drainage, tels
que ceux utilisés pour le franchissement de
cours d'eau importants, les fossés à ciel ouvert,
et les ouvrages assurant le contrôle de l'érosion,
seront traités dans de futurs recueils.

Objet de ce recueil

Ce recueil comprend: a) les conditions
requises pour un système convenable de
drainage des routes, b) la solution de problèmes
généraux que I'on peut avoir lors du dimen-
sionnement et de la construction des systèmes
de drainage, et c) I'identification des com-
posants les plus importants qui doivent être
considérés lors de la conception de I'infra-



being analyzed. The design engineer must be
aware that hydrological analysis is approximate
and must expect that variable results will
occur from time to time. The engineer should
learn from these errors and then should use
the additional knowledge in future analyses.
Furthermore, no drainage system is designed
to carry the maximum possible flow. The
possibility of an occasional failure should
be expected and accepted.

This compendium does not present a universal
formula for the determination of runoff from
drainage areas, since no "best" method for
estimating runoff has been developed. Com-
parisons among the more commonly used

formulas show that they all have shortcomings.
Among the more notable drawbacks of these
formulas are (a) lack of agreement with
frequency curves developed from observed
streamflow data, (b) inability to evaluate short
downpours (thunderstorms) if the input is
derived from widespread general storms, and
(c) strong dependence on the judgment of
the designer to estimate coefficients with
arbitrary ranges that can double or quadruple
the estimated runoff.

After the anticipated quantity of water to be
passed has been determined, the culvert is
designed according to the principles of
hydraulics. The engineer must be able to
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proyectos de control de inundaciones y pro-
blemas de provisión de agua que involucran
grandes áreas de cuencas. Las variaciones que
son insignif icantes.en grandes áreas de cuencas
se vuelven muy importantes en pequeñas áreas
de drenaje. Por lo tanto al analizar áreas
pequeñas de drenaje se deben aplicar juicios
ingenieriles y métodos de aproximación a los
principios básicos de hidrología. El ingeniero
de diseño debe estar al tanto de que el análisis
hidrológico es aproximado y debe anticipar
que ocurrirán resultados inexactos de vez en
cuando. El ingeniero debe aprender de estos
errores y utilizar el conocimiento adicional
en futuros análisis. Además, no se ha diseñado
ningún sistema de drenaje para soportar el
flujo máximo posible. Se debe esperary aceptar
que a veces habrá un fracaso.

No se presenta en este compendio un fórmula

uníversal para la determinación del agua de
desagüe en áreas de drenaje. Esto es porque
todavía no se ha desarrollado un "mejor" método
para estimar el desagüe. Una comparación
entre las fòrmulas más utilizadas muestra que
todas tienen varias faltas. Entre las desventajas
más notables de estas fórmulas hay (a) una
falta de acuerdo con las curvas de frecuencia
desarrolladas de datos observados de flujo de
agua, (b) una inhabilidad para evaluar agua-
ceros cortos (tormentas eléctricas) si los datos
se derivan de tormentas generales diseminadas,
y (c) una fuerte dependencia sobre el juicio
del diseñador para estimar los coeficientes
que tienen alcances arbitrarios que pueden
duplicar ó cuadruplicar el agua de desagüe
estimado.

Después de que se haya determinado
cantidad de agua que pasará, se diseña

la
la

structure de drainage. Les petits ouvrages de
drainage sont identifiés comme un composant
spécifique qui requiert I'attention particulière
de I'ingénieur.

La première phase du dimensionnement d'un
ponceau consiste à faire I'artalyse hydrologique
de la surface à drainer. Cette analyse fournit
les données sur le débit et les caractéristiques
de l'écoulement du cours d'eau, et forme la
base sur laquelle on calcule le dimensionne-
ment hydraulique de I'ouvrage.

La plupart des principes de l'hydrologie ont
été développé pour les grands barrages et
les problèmes d'alimentation en eau qui com-
portent des bassins versants très étendus. Des
variations, qui sont insignifiantes dans les
bassins versants très étendus, deviènnent très

importantes quand il s'agit de drainer des
étendues plus modestes. Le jugement pro-
féssionel de I'ingénieur, et I'utilisation de
procédés approximatifs, doivent intervenir et
être appliqués aux principes de base de
l'hydrologie quand il s'agit d'analyser le drainage
de petites surfaces. L'ingénieur donc, doit se
souvenir que I'analyse hydrologique est ap-
proximative, et qu'il doit s'attendre à obtenir,
de temps à autre, des résultats variables.

ll devra se rappeler qu"'à quelque chose
malheur est bon" et pourra appliquer les con-
naissances acquises de cette façon au calcul
de futurs ouvrages. De plus, aucun système
de drainage n'est conçu pour évacuer un débit
maximum. ll faut s'attendre à la possibilité d'un
fiasco occasionnel et I'accepter.



identify the conditions under which the culvert
will operate. The Selected Texts include nomo-
graphs that permit the engineer to choose
proper culvert sizes for the appropriate
conditions.

The engineer should evaluate the performance
of each culvert over a range of flow values.
Performance curves will aid in the selection
of the culvert size, shape, material, and inlet
geometry that meet site requirements at the
lowest annual cost. The curves may show
opportunities for increasing the factor of safety
and forìmþroving hydraulic capacity at little
or no increase in cost. The designer sl'tould
consider the use of multiple culverts. The
reduced size of the individual pipes may permit
their installation without the use of heavy

equipment. However, the designer must
recognize that culverts smaller than 1 m (3.3
ft) in diameter are difficult to clean and repair.

A culvert is designed as a part of a continuous
channel. lt should alter the natural flow con-
ditions as little as possible. lf the grade of the
culvert is flatter than the channel, the culvert
inlet may fill with sediment. lf the grade of the
culvert is steeper than the channel grade, the
culvert outlet may cause erosion or fill with
sediment. lf the culvert is too small to pass
debris carried by the water course, the entrance
area may be obstructed. lf the culvert alters
the direction of stream flow, erosion can occur
at either the entrance or the exit of the culvert.
Solutions of these problems will directly reduce
maintenance costs.

alcantarilla de acuerdo con principios hidráuli-
cos. El ingeniero debe tener la habilidad de
identificar las condiciones bajo las cuales
operará la al cantari I la. Los Textos Seleccionados
incluyen nomografías que le permiten al in-
geniero escoger los tamaños correctos de al-
cantarilla para las condiciones apropiadas.

El ingeniero debe evaluar el funcionamiento
de cada alcantarilla sobre un rango de valores
de flujo. Curvas de rendimiento ayudarán en
la selección del tamaño, forma, y material de
la alcantarilla y la geometría de la boca de

entrada que satisfacen los requisitos del sitio
al menor costo anual. Las curvas podrán indicar
oportunidades para aumentar el factor de segu-
ridad y para mejorar la capacidad hidráulica
con poco o ningún aumento del costo. El
diseñador debería considerar el uso de alcan-
tarillas múltiples. El tamaño reducido de los
tubos individuales permitirían su instalación
sin equipo pesado. Sin embargo, el diseñador
deberá reconocer que las alcantarillas con un
diámetro de menos de un metro son difíciles
de limpiar ó reparar.

Ce recueil n'a pas la prétention de donner
une formule universelle pour calculer le débit
des surfaces à drainer, puisqu'aussi bien, il
n'éxiste pas de méthode qui soit "la meilleure"
Une comparaison des formules généralement
utilisées, montre qu'elles ont toutes des défauts.
Parmi leurs inconvénients les plus insignes,
on peut compter: a) un manque de conformité
des courbes de fréquence developpées en
analysant des données de l'écoulement du
cours d'eau b) I'incapacité d'évaluer les averses
locales (orages) si les données sont derivées
d'analyses de tempêtes généralisées et c) le
fait que ces formules dépendent en grande
partie du jugement de I'ingénieur pour estimer
les coéfficients variables qui peuvent doubler
ou quadrupler l'évaluation du débit.

Après que la quantité d'eau à évacuer est
determinée, I'ouvrage est dimensionné selon
les principes de I'hydraulique. L'ingénieur doit

être capable d'identifier les conditions sous
lesquelles le ponceau doit opérer. Les Textes
Choisis comprennent des abaques qui per-
mettront à I'ingénieur de calculer les dimen-
sions convenables de l'ouvrage par rapport
aux conditions d'utilisation.

L'ingénieur devrait évaluer le rendement
de chaque ponceau pour des débits variables.
Les courbes de rendement I'aideront pour
faire le.choix des dimensions de I'ouvrage,
de sa forme, du matériau dont il est construit,
et de la géométrie du canal d'amenée, choix
qui doit réunir à la fois toutes les conditions
requises, et un coût annuel peu onéreux. Ces
courbes peuvent lui indiquer les moyens d'aug-
menter le facteur de sécurité, et d'améliorer
la capacité hydraulique, pour un prix équivalent
ou légèrement plus élevé. L'ingénieur devrait
prendre en considération la construction de
ponceaux multiples. Les dimensions réduites



A culvert must be able to withstand the
structural load placed upon it by the embank-
mentthat covers it and by construction machinery
and traffic that pass over it. A design method
for determining the allowable structural load
for corrugated metal pipe is given. Corrugated
metal pipe is quite useful in the congtruction
of drainage structures for low-volume rural
roads because it is (a) quite tight, (b) less
subject to damage by handling, and (c) easy
to assemble by unskilled or semiskilled laborers.

Criteria for the structural design and installa-
tion of reinforced concrete pipe culverts are
also included. Concrete pipe culverts may in

some cases cost less than metal pipe because
they can be fabricated on the site with local
materials, and they may be more resistant to
some chemicals. The ability of a concrete pipe
to withstand structural loading is a function
of the strength of the pipe wall. The strength
of the pipe wall is in turn a function of the
control of the manufacturing process. This
control can vary greatly, especially during on-
site pipe construction. Any tabulation of
allowable embankment heights for various
thicknesses of concrete pipe walls, with or
without reinforcement, might not apply to
concrete pipe culverts made on-site.

Una alcantarilla está diseñada como parte
de un canal contínuo. Deberá cambiar lo
menos posible las condiciones naturales de
flujo. Si el pendiente de la alcantarilla es
menos que el del canal, la boca de la alcan-
tarilla puede llenarse de sedimento. Si el pen-
diente es más que el del canal, la salida de
la alcantarilla puede causar erosión ó llenarse
con sedimento. Si la alcantarilla es demasiada
pequeña para permitir el paso de desechos
llevados por el agua, la ârea de entrada puede
obstruirse. Si la alcantarilla cambia la dirección
de flujo del agua, puede ocurrir erosión en
su entrada o salida. Las soluciones a estos
problemas directamente reducen el costo de
mantenimiento.

Una alcantarilla deberá poder resistir el
peso estructural colocado sobre ella por el
terraplén y la carga de la maquinaria de
construcción y tránsito que pasa. Se dá un

método de diseño para determinar el peso
estructural permisible para tubería de metal
corrugado. La tubería de metal corrugado es
muy útil en la construcción de estructuras
de drenaje para caminos de bajo volúmen
porque es (a) bastante liviano, (b) no tan sujeto
a daño al manipularla, y (c) fácil de armar por
los obreros no especializados.

También se incluyen criterios para el diseño
estructural e instalación de Alcantarillas de
Tubo de Hormigón Reforzado. Las alcantarillas
de tubo de hormigón pueden (a) costar menos,
(b) estar más disponibles, (c) ser fabricados
en sifu de materiales locales, y (d) ser más
resistentes a algunos químicos. La capacidad
de un tubo de hormigón de resistir cargas
estructurales es una función del aguante de
la pared de hormigón del tubo. A su vez la
resistencia ó aguante de la pared de hormigón
del tubo es una función del control del proceso

des canalisations peuvent permettre leur
installation, sans I'utilisation de matériel lourd,
Cependant, I'ingénieur doit se souvenir que les
buses ou dalots d'un diamètre inférieur à 1 m
(3.3 pieds), sont difficiles à nettoyer et à
entretenir.

Un ponceau est conçu comme faisant partie
intégrante d'un cours d'eau ininterrompu et il
devrait modifier le moins possible les conditions
naturelles d'écoulement du cours d'eau. Si la
pente longitudinale du ponceau est moindre
que celle du cours d'eau, I'amenée du ponceau
peut se remplir de sédiments. Si, au contraire,
la pente du ponceau est plus grande, I'exutoire
risque de provoquer l'érosion, ou de se remplir
de sédiments. Si le ponceau est trop petit
pour laisser passer les débris flottants, son
canal d'amenée peut être obstrué. Si le ponceau
change la direction du cours d'eau, l'érosion
peut être provoquée, soit à son amenée, soit à

son exutoire. La bonne solution de ces pro-
blèmes réduit immédiatement les frais d'entre-
tien. Un ponceau doit être capable de subir
la change structurale du remblai qui le re-
couvre, la charge du matériel de construction,
et celle du trafic routier. Une méthode pour
le calcul de la charge structurale admissible
pour les buses métalliques en tôle ondulée
est donnée. Les canalisations en tôle ondulée
sont très indiquées pour la construction des
ouvrages d'art des routes à faible capacité
parce qu'elles sont: a) très légères, b) moins
sujettes à être endommagées par manipula-
tion et c) sont faciles à assembler par la main
d'oeuvre non spécialisée,

Des critères pour le calcul et I'installation
des buses, ou dalots, en béton armé, sont aussi
inclus. Les canalisations en béton, peuvent,
en certains cas, coûter moins que celles en
métal, car elles peuvent être coulées sur place



Discussion of Selected Texts

The first IexI, Chapter 5, Road Drainage
lrom Low Cost Boads; Design, Construction
and Maintenance (UNESCO,1967; translated
into English, 1971), is reprinted in full. The
first part of this chapter discusses roadway
drainage, control of erosion, and the stability
of embankments and cuttings. Recommenda-
tions for the drainage of the road structure
are given. Defensive measures to prevent
delays and inefficient construction operation
during wet weather are noted. The second part

of the chapter discusses location and wateruray
requirements for bridges and culverts.

The second lexl, Guidelines for the Hydraulic
Design of Culverts (AASHO, 1975), is reprinted
in full. Comprehensive guidelines are presented
for the hydraulic aspects of culvert design.
The function of a culvert is to convey surface
water under or from the road. ln addition to
this hydraulic function, a culvert must also
carry construction and highway traffic and
earth loads. Therefore, culvert design involves
both hydraulic and structural design, This
text refers to the structural aspects of culvert

de manufactura. Este control puede variar
mucho, especialmente en la construcción en
sifu de la tubería. Cualquier tabulación de
alturas permisibles de terraplén para varios
espesores de paredes de tubería de hormigón,
con ó sin refuerzo, quizás no sean aplicables
a las alcantarillas de tubo de hormigón hechas
en situ.

Presentación de los Textos Seleccionados

El primer texto es Chapter 5, Road Drainage
(capítulo 5, Drenaje de caminos). de Low-Cosf
Æoads, Design, Construction and Maintenance
(Caminos de bajo costo, su diseño, construc-
ción y manutención), (UNESCO 1967; traducido

al inglés, 1971). Se reproduce el capítulo
totalmente.

La primera parte de este capítulo trata sobre
el drenaje del camino, control de la erosión,
y la estabilidad de terraplenes y cortes. Se dán
recomendaciones para el drenaje de la estruc-
tura del camino. Se señalan medidas de pre-
vención para demoras y operaciones ineficientes
de construcción durante temporadas de lluvia.
La segunda parte del capítulo trata sobre
ubicación y requerimientos de vías de agua
para puentes y alcantarillas.

El segundo texto Guidelines for the Hydraulic
Design of Culverts (Pautas para el diseño
hidráulico de alcantarillas (AASHO, 1975) se
reproduce totalmente.
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avec des matériaux locaux, et elles peuvent
être plus résistantes à certains agents chi-
miques. La capacité d'une conduite en béton
à subir une charge structurale, est fonction de
la résistance de ses parois. La résistance des
parois de la conduite, est, à son töur, fonction
du contrôle de sa manufacture. Ce contrôle
peut varier beaucoup, spécialement pour les
tuyaux fabriqués sur place. Les tables qui indi-
quent les hauteurs de remblai admissibles pour
différentes épaisseurs de parois de tuyaux
en béton, armé ou non, ne sont pas nécessaire-
ment applicables aux tuyaux en béton fabriqués
sur place.

Discussion des Textes Choisis

Le premier texte, chapitre 5, le drainage,
(Road Drainage) du livre Low Cost Foads,

Design Construction and Maintenance, (Routes
dans les pays en voie de développement,
conception, construction, entretien) publié par
I'Unesco en '1967 et traduit en anglais en 1971.
Ce chapitre est reproduit en entier.

Le début du chapitre discute du drainage
de la route, de la protection contre l'érosion,
et de la stabilité des remblais et des déblais.
Des conseils sur le drainage des couches de
la chaussée, et sur les précautions à prendre
si on veut éviter les dégâts et les retards dûs
à la pluie pendant la construction, sont inclus.
Le reste du chapitre concerne I'emplacement
des ouvrages et les infrastructures.

Le deuxième texte, Guidelines for the
Hydraulic design of Culverts (Guide pour le
dimensionnement hydraulique des ponceaux)
(AASHO, 1975) est reproduit en entier.

Un guide complet du dimensionnement



design only as they are related to the hydraulic
design of culverts.

The text indicates that the cost of individual
culverts is usually relatively small, but that the
total cost of culvert construction can constitute
a substantial share of the total construction
costs of a low-volume rural road. The total cost
of properly maintaining highway drainage sys-
tems is substantial. Culvert maintenance can
account for a large share of these costs.
lmproved traffic service and a sizable reduc-
tion in the total cost of road construction and
maintenance can be gained by a reasonable
choice of design criteria and careful attention

to the hydraulic design of each culvert,
The third Texl, Drainage Studies f rom Aerial

Surveys, was published in Photogrammetric
Engineering in September 1961. Compendium
2 introduced the concept of using aerial photo-
graphs as an engineering tool. This text further
describes the use of stereoscopic viewing of
aerial photographs for drainage design. lt
discusses the use of aerial photographs to
determine drainage areas. lt includes an
illustration of the method used to correct the
plotting of drainage areas taken stereoscopically
from aerial photographs of terrain with major
differences in elevation.

Se presentan pautas comprensivas para los
aspectos hidráulicos del diseño de alcantarillas.
La función de una alcantarilla es la de trasladar
agua de desagüe a través ó desde el camino.
Además de esta función hidráulica una alcan-
tarilla también deberá soportar tránsito de
construcción y vial y cargas de tierra. Por lo
tanto el diseño de alcantarillas involucra diseño
hidráulico y estructural. Este texto se refiere
a los aspectos estructurales del diseño de
alcantarillas únicamente como se relacionan
al diseño hidráulico.

El texto indica que el costo de alcantarillas
individuales generalmente es relativamente
poco pero que el costo total de su construc-
ción puede constituir una parte importante

de los costos totales de construcción de un
camino de bajo volúmen. También es grande
el costo total de una correcta manutención de
los sistemas viales de desagüe, La manutención
de las alcantarillas forman una gran parte de
estos costos. Se puede obtener un mejor ser-
vicio de tránsito y una considerable reducción
en el costo total de construcción y manuten-
ción del camino por una selección razonable
de criterios de diseño y especial atención al
diseño hidráulico de cada alcantarilla.

El tercer texto, Drainage Studies from Aerial
Surveys (Estudios de drenaje de reconoci-
mientos aéreos), fué publicado en Photogram-
metric Engineering (lngeniería Fotogramétrica)
en septiembre de 1961. El Compendio 2

hydraulique des ponceaux est présenté. La
fonction d'un ponceau est de conduire-les
eaux de ruissellement sous la route, ou au-delà
de la route. En outre de, cette fonction hydrau-
lique, un ponceau doit aussi supporter les
charges du matériel de construction, du trafic
routier et des remblais de terre. Le dimensionne-
ment des ponceaux comprend donc le dimen-
sionnement hydraulique et le calcul des
ouvrages. Le texte s'adresse au calcul des
ouvrages seulement quand celui-
ci se rapporte au dimensionnement hydraulique.

Le livre indique que le coût de chaque pon-
ceau en lui-même, est relativement peu élevé,
mais le coût total de la construction de l'en-
semble des ponceaux constitue une part

substantielle du coût total de la construction
d'une route à faible capacité. Le coût total de
l'entretien d'un dispositif de drainage est élevé.
L'entretien des ponceaux y compte pour une
large part. Un choix raisonnable de critères
pour le calcu I des ponceaux et leur d imensionne-
ment hydraulique, résultera en une réduction
notable du prix de revient total de la construc-
tion et de I'entretien de la route, et en une
amélioration de la circulation routière.

Le troisième texte, Drainage Studies from
Aerial Surveys (Etudes de drainage à I'aide
de levés aériens) est extrait de Photogram-
metric Engineering, de Septembre, -l961-le
recueil numéro 2 de notre série a déjà introduit
le concept de l'utilisation des photos aériennes,



Various other methods of determining drain-
age areas are discussed. Comparisons are
made of the amount of labor required and of
the accuracy of each method. Other drainage
data obtainable from aerial photographs are
listed.

This text describes methods for using aerial
photographs to position culverts. This technique
requires the use of large-scale (1:3000) photo-
graphs that would not normally be available
in rural areas requiring low-volume roads.

The fourth lexI, Hydraulic Charts for the
Selection of Highway Culverts, was issued
by the U.S. Department of Transportation as
Hydraulic Engineering Circular No. 5. This

publication has been reproduced in full from
the April 1977 reprint of the original 1965
publication. This text is also available in
Spanish (see Bibliography).

It assumes that the engineer has determined
the quantity of water to be passed through
the culvert, and discusses culverts flowing with
both inlet and outlet control. lt explains the
hydraulics of culverts flowing partially full and
with various depths of headwater and tailwater.
Variations of culvert capacity due to different
inlet shapes are also discussed. The text
includes a series of nomographs for use in the
design of culverts; explanations are given for
using the nomographs to select culvert size.

presentó el concepto del uso de fotografías
aéreas como una herramienta ingenieril. Este
texto lo amplía con su descripción de la
observación estereoscópica de fotografías
aéreas para el diseño de desagües.

Habla sobre el uso de fotografías aéreas para
la determinación de áreas de drenaje. lncluye
una ilustración del método utilizado para
corregir la diagramación de áreas de drenaje
tomadas estereoscopicamente de fotografías
aéreas de terrenos con grandes diferencias de
elevación.

Presenta varios otros métodos para la determi-
nación de áreas de drenaje. Se hacen com-
paraciones de la cantidad de trabajo requerido
y de la precisión de cada método. También
se presentan otros datos de drenaje que son
obtenibles de fotografías aéreas.

El texto describe métodos de utilización de
fotografías aéreas para situar alcantarillas.
Esta técnica requiere el uso de fotografías en
gran escala (1:3000) que no son normalmente
obtenibles en áreas rurales que requieren
caminos de bajo volúmen.

El cuarto lexho, Hydraulic Charts for the
Selection of Highway Culverts (Mapas hidráu-
licas para la selección de alcantarillas viales),
fué publicado por el U.S. Department of Trans-
portation como Engineering Circular No. 5
(Circular No. 5 de lngeniería Hidráulica.) Esta
publicación ha sido reproducida en toto de la
reimpresión de abril 1977 de la publicación
original de 1965. Este texto también se puede
obtener en español (ver Bibliografía).

Presume que el ingeniero ha determinado
el volúmen de agua que pasará por la alcan-

et ce texte décrit de plus l'emploi du steréoscope
avec ces photos aériennes pour l'étude du
système de drainage.

Les photos aériennes sont utilisées-pour
décider la localisation du drainage. Un exemple
de la méthode employée pour corriger le tracé
des zones de drainage determinées stéréosco-
piquement d'après des photos aériennes de
terrains qui ont de grandes différences d'éléva-
tion, est inclus.

Plusieurs autres procédés pour déterminer
les zones de drainage sont discutés. On
compare la valeur du temps nécessaire pour
la complétion des travaux et la précision de
chaque méthode. D'autres données sur le
drainage, obtenues d'après les photos
aériennes, sont présentées.

Ce texte décrit aussi différentes façons de

situer les ponceaux en utilisant les photos
aériennes. Cependant, cette technique éxige
des photos à grande échelle (1:3000) qui ne
sont pas normalement disponibles dans les
régions rurales ayant besoin de routes à faible
capacité.

La quatrième publication, Hydraulic Charts
for the Selection of Highway Culverts (Gra-
phiques hydrauliques pour la sélection des
ponceaux) a été publiée par le U.S. Depart-
ment of Transportation sous le titre Hydraulic
Engineering Circular No. 5 (Circulaire de
travaux hydrauliques No. 5). Ce texte, reproduit
ici en entier, est celui de la réimpression en
Avril 1977, de la circulaire originale publiée
en 1965. Cette circulaire est aussi publiée en
espagnol (Voir la bibliographie).

ll est supposé que l'ingénieur a déterminé



The same organization also published
Capacity Charts for the Hydraulic Design
of Highway Culverts, Hydraulic Engineering
Circular No. 10 (see Bibliography). These
charts permit the direct selection of a culvert
size without making detailed computations,
but do not replace the nomographs in the
selected text. The charts are not as compre-
hensive as the nomographs, nor do they cover
as wide a range of conditions as are presented
in the selected text.

The fifth text is a reproduction of Debris-
Control Structures, Hydraulic Engineering
Circular No. 9, issued by the U.S. Department
of Transportation in March '1971. lt discusses
water-borne debris problems and structures

used for controlling that debris. An accumula-
tion of debris at inlets of highway drainage
structures is a frequent cause of unsatisfactory
performance or malfunction. This is espe.cially
true in low-volume rural roads where main-
tenance of waterways is neglected because of
money limitations.

The text describes three methods of controlling
debris. lt lists the advantages of debris-control
structures and the various classifications of
debris. A guide is included for selecting the
type of structures that are suitable for various
debris classifications. Photographs of various
debris-control structures and design drawings
for some of the most common structures are
included.
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tarilla, y habla sobre alcantarillas con control
de flujo en su boca de entrada y de salida.
Exp lica la h idráu lica de las alcantarillas f luyendo
parcialmente llenas y con varias profundidas
de agua de cabecera y cola. También trata
con las variaciones de la capacidad de alcan-
tarilla debidas a distintas formas de boca de
entrada.

El texto incluye una serie de nomografías
para uso en el diseño de alcantarillas; se dán
explicaciones para ulilizar las nomografías en
la selección de tamaño de alcantarilla.

La misma organización también publica
Capacity Charts tor the Hydraulic Design of
Highway Culverts (Diagramas de capacidad
para el diseño hidráulico de alcantarillas viales)
(Circular No. 10 de lngeniería Hidráulica (Ver
Bibliografía). Estos diagramas permiten una
selección directa de tamaño de alcantarilla
sin hacer computaciones detalladas, pero no

reemplazan las nomografías en el Texto Selec-
cionado. Los diagramas no son tan compren-
sivas como las nomografías ni abarcan tan
gran variedad de condiciones como en el
Texto Seleccionado.

El quinto texto es una reproducción de Deörs-
Control Strucfures (Estructuras para el control
de desechos), Hydraulic Engineering Circular
No. 9 de lngeniería Hidráulica, publicada
por el U.S. Department of Transportation en
marzo de '1971.

Habla sobre los problemas causados por
desechos llevados por el agua, y las estruc-
turas que se utilizan para controlar esos
desechos. Repetidas veces una acumulación
de desechos en las bocas de entrada de
estructuras de drenaje es la causa de rendi-
m i ento i nsatisfactorio ó malfuncionam iento. Esto
es especialmente cierto en los caminos rurales
de bajo volúmen donde el mantenimiento de

le volume d'eau qui doit être évacué, et les
ponceaux controlés à I'amenée et à l'exutoire
sont discutés. L'hydraulique des ponceaux,
partiellement pleins, et avec des niveaux d'eau
de différentes profondeurs en amont et en aval,
est expliquée. Les différences de capacité des
ponceaux, attribuées aux variations des canaux
d'amenée, sont aussi discutées. De plus, une
série d'abaque pour le calcul des ponceaux,
avec des explications sur leur utilisation pour
déterminer les dimensions de ceux-ci, est
incluse.

Le même organisme a publié Capacity Charts
for the Hydraulic Design of Highway Culverts,
Hydraulic Engineering Circular No. 10 (Cartes
de capacité pour le dimensionnement hydrau-
lique des ponceaux, Circulaire de travaux
hydrauliques No. 10. (voir bibliographie). Ces

cartes permettent de choisir la taille des pon-
ceaux sans se livrer à des calculs détaillés,
mais elles ne remplacent pas les abaques
mentionnées dans les Textes Choisis. Les
cartes ne sont pas aussi complètes que les
abaques, et ne s'appliquent pas à une aussi
grande gamme de conditions.

Le cinquième texte est reproduit de Debrs-
Control Strucfures, Hydraulic Engineering
Circular No. 9 (Ouvrages d'art pour le contrôle
des corps flottants, Circulaire de travaux
hydrauliques No. 9) publié par le U.S. Depart-
ment of Transportation en mars 1971. ll discute
des problèmes posés par les corps flottants,
et les ouvrages d'art nécessaires pour les
contrôler. L'accumulation de corps flottants à
I'amenée des ouvrages d'art cause fréquemment
leur mauvais fonctionnement ou, tout du moins,



The sixth text consists of excerpts from a
report, Practical Guidance for Design of
Lined Channel Expansions at Culvert Outlets,
published by the Hydraulics Laboratory of
the U.S. Army Engineers Waterways Experiment
Station in October 1974. The excerpts sum-
marize and demonstrate the application of
research results to the design of lined channel
expansions at culvert outlets, Empirical equa-
tions and charts are presented for estimating
anticipated localized scour at culvert outlets.
The size and shape of revetments and energy
dissipators to control localized scour are
described.

The design engineer can select appropriate
and alternative schemes of protection for

controlling erosion at culvert outlets using
the data included in this text.

The seventh text is a reproduction of Corru-
gated Metal Pipe Culverts; Structural Design
Criteria and Recommended lnstallation
Practices, published by the U.S. Department
of Commerce, Bureau of Public Roads, in 1966.
A design method is given for determining
the allowable structural load for corrugated
steel and corrugated aluminum pipe culverts.
lncluded are pipes of riveted, resistance
spot-welded, helical, and bolted fabrication.
The design charts provide for a rapid determina-
tion of the maximum allowable fill height for
given pipe diameters.

The text also gives recommended installation

vías de agua es descuidado por limitaciones
monetarias.

El texto describe tres métodos para el control
de desechos. Numera las ventajas de estruc-
turas para el control de desechos y las varias
clasificaciones de desechos. Se incluye una
guía para seleccionar el tipo de estructura
apropiado para las varias clasificaciones de
desechos. Se incluyen fotogrrafías de varias
de las estructuras y dibujos de diseño de
algunas de las estructuras más comunes.

El sexto texto consiste en extractos de un
informe titulado Practical Guidance for Design
of Lined Channel Expansions at Culvert
Outlets (Una guía práctica para el diseño de
extensiones de canal revestidas en bocas de
salida de alcantarillas), publicado por el
Hydraulics Laboratory of the U.S. Army En-
gineers Waterways Experiment Station en
octubre de 1974.

La parte seleccionada resume y demuestra
la aplicación de resultados de investigación
al diseño de extensiones de canal revestidas
en bocas de salida de alcantarillas. Se pre-
sentan ecuaciones y diagramas empíricas para
estimar el estrego situado en las bocas de
salida. Se describen el tamaño y forma de
revestimiento y disipadores de energía para
controlar el estrego.

El ingeniero de diseño puede seleccionar
planes apropiados y alternativos de protección
para el control de la erosión en las bocas de
salida de alcantarillas utilizando los datos
incluídos en este texto.

El séptimo texto es una reproducción de
Corrugated Metal Pipe; Structural Design
Criteria and Recommended lnstallation Prac-
fice (Tubería de metal corrugado; criterios
de diseño y prácticas recomendadas de
instalación), publicado por el U.S. Department
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un fonctionnement qui ne donne pas complète
satisfaction. Ceci est particulièrement vrai
des routes rurales à faible capacité, où I'entre-
tien des cours d'eau est négligé par manque
de fonds.

Le texte décrit trois méthodes de contrôle
des corps flottants. ll énumère les qualités
des différents ouvrages d'art, et les diverses
classifications des corps flottants. Un guide
pour la sélection des ouvrages d'art, selon
la classif ication des corps f lottants, est presenté.
Des photographies de divers ouvrages d'art,
et les plans des plus communs sont inclus.

Le sixième texte consiste en des extraits du
rapport Practical Guidance for the Design of
Lined Channel Expansions at Culvert Outlets
(Guide pratique pour le dimensionnement des
ouvrages d'extrémité) publié par le Hydraulics
Laboratory of the U.S. Army Engineers Water-

ways Experiment Station, en Octobre 1974.
Les extraits résument et démontrent comment

appliquer les résultats de recherches au dimen-
sionnement des ouvrages d'extrémité. Des
équations empiriques, des graphiques et des
tables sont présentés pour évaluer I'effet érosif
anticipé à I'exutoire des buses et des dalots.
Les dimensions et formes des revêtements et
ouvrages qui dissipent l'énergie et contrôlent
I'afouillement local sont décrites.

En utilisant les données incluses dans ces
extraits, I'ingénieur peut faire le choix entre
plusieurs méthodes de protection contre l'ero-
sion des exutoires.

Le septième texte choisi est reproduit de
Corrugated Metal Pipe Culverts; Structural
Design Criteria and Recommended lnstalla-
tion Practices (Buses en métal ondulé; critères
pour le calcul des ouvrages et recommanda-



practices. These practices ensure that the
flexible pipe will perforrn structurally as
designed.

The eighth text is a reproduction of Reinf orced
Concrete Pipe Culverts; Criteria for Structural
Design and lnstallation, published by the U.S.
Department of Commerce, Bureau of Public
Roads, in 1963. lt discusses and deflnes the
factors affecting the strength of rigid types of
pipe. lt presents formulas for the determination
of loads on pipes under various types of em-
bankment construction. A method for evaluating
the different classes of pipe and bedding
required for various heights of fill is described.

Charts are included to simplify the design
procedures. Also, a section on the installation
of concrete pipe discusses (a) construction of
the bedding, (b) laying the pipe, and (c) back-
filling around and over the pipe.

Bibliography

The Selected Texts are followed by a brief
bibliography containing reference data and
abstracts for 20 publications. The first eight
describe the Selected Texts. The other 12
describe publications that are closely related
to the Selected Texts.
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of Commerce, Bureau of Public Roads, en '1966.

Se dá un método de diseño para determinar
la carga estructural permisible para alcantarillas
de tubo de acero y aluminio corrugado. Están
incluídos tubería remachada, soldada electri-
camente por puntos de resistencia, helicoidal,
y empernada. Los diagramas de diseño per-
miten una rápida determinación de la altura
máxima permisible de terraplén para los diá-
metros dados de tubería.

El texto también dá las prácticas recomen-
dadas de instalación. Estas prácticas aseguran
el cumplimiento estructural de diseño del tubo
f lexible.

El octavo texto es una reproducc.ión de Rein-
forced Concrete Pipe Culverts: Criteria for
Str u ctu ral D esi g n an d I n stal I ati o n (Al cantari I las
de tubo de hormigón reforzado: criterios para
su diseño estructural e instalación), publicado
por el U.S. Department of Commerce, Bureau
of Public Roads en 1963.

Trata sobre y define los factores que afectan
la resistencia de varios tipos de tubería rígida.
Presenta fórmulas para la determinación de
cargas sobre los tubos bajo varios tipos de
construcción de terraplén. Se describe un
método para evaluar los distintos tipos de
tubería y fundamento que se requieren para
varias alturas de terraplén. Se incluyen dia-
gramas para simplificar los procedimientos de
diseño.

Una sección sobre la instalación de tubería
de hormigón abarca (a) la construcción del
fundamento, (b) la colocación de la tubería y
(c) rellenando alrededor y sobre la tubería.

Bibliografía

Después de los Textos Seleccionados hay
una breve bibliografía que contiene datos de
referencia y abstractos para 20 publicaciones.
Los primeros 8 describen los Textos Seleccio-

tions pratiques pour leur installation), publié
par le U.S. Department of Commerce, Bureau
of Public Roads, en 1966.

Une méthode de calcul des charges struc-
turales admissibles pour les conduites en tÔle
ou en aluminium ondulé est presentée. Les
conduites soudées par points, rivées, héli-
coïdales, et boulonnées sont incluses. Des
graphiques et des tables permettent de calculer
rapidement la hauteur maximale admissible
des remblais selon le diamètre des conduites.

Ce texte donne aussi des recommandations
pour I'installation des conduites. Ces méthodes
garantissent le fonctionnement structural des
conduites flexibles.

Le huitième texte, reproduit de Reinforced
Concrete Pipe Culverts; Criteria for Structural
Design and lnstallation (Buses en béton armé;
critères pour le calcul des ouvrages et leur
installation), publié par le U.S. Department of

Commerce, Bureau of Public Roads, 1963. Les
facteurs qui influencent la résistance des con-
duites rigides sont définis et discutés. Des
formules pour déterminer les charges aux-
quelles sont soumises les conduites selon
differents types de remblais sont presentées.
Une méthode pour déterminer les différentes
sortes de tuyaux et de berceaux nécessaires
pour différentes hauteurs de remblais est pro-
posée. Des tables sont incluses pour simplifier
le calcul. Un chapitre sur I'installation des
conduites en béton discute de: a) la construc-
tion du berceau, b) l'installation des tuyaux et
c) le remblai qui entoure les tuyaux.

Bibliographie

Les Textes Choisis sont suivis d'une bréve
bibliographie contenant les référence et les
résumés de 20 publications. Les huit premiers



Although there are many other articles,
reports, and books that could be listed, it is
not the purpose of this bibliography to contain
all possible references related to the subject
of this compendium. The bibliography contains
only those publications from which text has
been selected or basic publications that would
have been selected had there been no limit on
the number of pages in this compendium.

nados. Los otros 12 debcriben publicaciones
que se relacionan intimamente con los Textos
Seleccionados,

Aunque hay muchos artículos, informes, y
libros que podrían haber sido nombrados en
la bibliografía, no es el propósito de éste con-
tener todas las referencias posibles sobre el
tema. La bibliografía contiene únicamente
aquellas publicaciones de las cuales se selec-
cionó el texto ó publicaciones básicas que
se hubieran seleccionado si no hubiera límite
al número de páginas en este compendio.
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se rapportent aux Textes Choisis. Les autres
douze à des publications qui sont étroitement
apparentées aux Textes Choisis.

Bien qu'il y ait beaucoup d'autres articles,
rapports et livres, qui pourraient être inclus,
I'objectif de cette bibliographie n'est pas d'énu-
mérer toutes les références possibles ayant
rapport au sujet de ce recueil. Donc, notre
bibliographie, telle quelle, se rapporte seule-
ment aux publications dont nous avons sélec-
tionné des extraits, ou aux textes de'base que
nous aurions choisi aussi s'il n'y avait pas de
limite quant au nombre de pages de ce recueil.



Pictured is outlet of dual 1.&m bolted Multi-Plate culverts-Brazil,
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Selected Texts
This section of the compendium contains selected
pages from each text that is listed in the Table of
Contents. Rectangular frames are used to enclose
pages that have been reproduced from the original
publication. Some of the original pages have been
reduced in size to fit inside the frames. No other
changes have been made in the original material ex-
cept for the insertion of occasional explanatory
notes. Thus, any errors that existed in the selected
text have been reproduced in the compendium
itself.

Page numbers of the original text appear inside
the frames. Page numbers for the compendium are

outside the frames and appear in the middle left or
middle right outside margins of the pages. Page
numbers that are given in the Table of Contents and
in the lndex refer to the compendium page num-
bers.

Each text begins with one or more pages of intro-
ductory material that was contained in the original
publication. This material generally includes a title
page, or a table of contents, or both. Asterisks that
have been added to original tables of contents have
the following meanings:

*Some pages (or parts of pages) in this part of

Textos Seleccionados
Esta sección del compendio contiene páginas
seleccionadas de cada texto que se catalo-
garon en la Tabla de Materias. Se utilizan
recuadros rectangulares para encerrar las
páginas que han sido reproducidas de la
publicación original. Algunas de las páginas
originales han sido reducidos para entrar en
los recuadros. No se han hecho ningunos
otros cambios en el material original excep-
tuando algunas notas aclaradoras que de vez
en cuando han sido agregadas. De esta forma,
cualquier error que hubiera existido en el
texto seleccionado ha sido reproducido en el
compendio mismo.

Los números de páginas del texto original

aparecen dentro de los recuadros. Los nú-
meros de páginas para el compendio están
fuera de los recuadros y aparecen en los
márgenes medio izquierdo o medio derecho
de las páginas. Los números de páginas que
se dán en los índices del compendio se
refieren a los del compendio.

Cada texto comienza con una o mas páginas
de material de introducción que contenía la
publicación original. Este material general-
mente incluye una página título, un índice,
o ambas, Los astericos que han sido agregados
al índice original significan lo siguiente:

* Algunas páginas (o partes de páginas) en

Textes Choisis
Cette partie du recueil contient les pages
sélectionnées de chaque texte qui est énuméré
dans la Table des Matières, Les pages du texte
original qui sont reproduites sont entourées
d'un encadrement rectangulaire. Certaines
pages ont dû être réduites pour pouvoir
être placées dans I'encadiement. Le texte
original n'a pas été changé sauf pour quelques
explications qui ont été insérées. Donc, si le
texte original contient des erreurs, elles sont
reproduites dans le recueil.

La pagination originale apparaît à I'intérieur
de I'encadrement. La pqgination du recueil est

à I'extérieur de I'encadrement, soit à droite,
soit à gauche de la marge extérieure des
pages et est celle qui est citée dans la table
des matières et dans I'index du recueil.

ChaQue texte commence par une ou plusieurs
pages d'introduction qui étaient incluses dans
le texte original. Ces pages sont générale-
ment le titre, ou la table des matières, ou
les deux. Des astériques ont été ajoutés à la
table des matières d'origine pour les raisons
suivantes:

* Certaines pages, ou portions des pages,



the original document appear in the selected
text, but other pages (or parts of pages) in this
part of the original publication have been
omitted.**All pages in this part of the original document
appear in the selected text.

The selected texts therefore include only those'

parts of the original documents that are preceded
by asterisks in the tables of contents of the respec-
tive publications.

Broken lines across any page of selected text in-
dicate those places where original text has been
omitted. ln a number of places, the selected text
contains explanatory notes that have been inserted
by the project staff. Such notes are set off within
dashed-line boxes and begin with the word NOTE.

esta parte del documento original aparecen
en el texto original, pero otras páginas (o
partes de páginas) en esta parte de la
publicación original han sido omitidas.

** Todas las páginas en esta parte del docu-
mento original también aparecen en el
texto seleccionado.

Por lo tanto, los textos seleccionados unica-
mente incluyen aquellas partes de los docu-

mentos originales que están precedidas por
asteriscos en el índice de las publicaciones
respectivas.

Líneas de guiones cruzando cualquier página
del texto seleccionado significan que en ese
lugar se ha omitido texto original. En varios
lugares el texto seleccionado contiene notas
aclaradoras que han sido introducidas por
el personal del proyecto. Tales notas están
insertadas en recuadros de guiones y co-
mienzan con la palabra NOTE.

dans cet extrait du document original sont
incluses dans les Textes Choisis, mais
d'autres pages (ou portion de pages) de
l'édition originale ont été omises.

** Toutes les pages dans cet extrait du docu-
ment original sont incluses dans les Textes
Choisis.

Les Textes Choisis, donc, incluent seulement
ces extraits des documents originaux qui sont

précédés d'un astérique dans les tables des
matières des publications respectives.

Les lignes brisées sur les pages des textes
choisis indiquent les endroits où le texte
original a été omis. A certains endroits, les
textes choisis contiennent des explications
qui ont été insérées par le personnel attaché
à ce projet. Ces explications sont entourées
d'un encadrement en pointillé et commencent
toujours par le mot NOTE.
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ROAD DRAINAGE

5.1 SCOPE

Drainage is almost always the most important factor determining
the performance of a road and when roads fail it is often because of
inadequacies in drainage. Failure can happen either spectacularly',
as, for example, when cuttings collapse and embankments and
bridges are carried away' in times of flood, or more insidiously
when water penetrating into the road structure weakens it and the
soil subgrade so that they are no longer strong enough to support
traffic.

In the fìrst part of this chapter, drainage of the road itself is con-
sidered. The control of erosion and the stability of embankments
and cuttings are discussed, followed by recommendations on the
drainage of the road structure. Wet weather during construction is

always an impediment to sound and speedy work and notes are
given on defensive measures.

In the construction of a road, consideration must be given to the
natural drainage pettern ofthe area it traverses and the second part
of this chapter discusses the location and waterr.r'ay requirements
for bridges and culverts. The design of bridge foundations and
structures is a specialised subject and an indication is given of the
principal factors which need to be considered.

5.2 DRAINAGE OF THE ROAD

lf a road structure is to perform adequately, care must be taken to
remove the surface run-off by a suitable crossfall and to ensure
that any water which may gain access to the lower layers of the road
structure is also removed. Precipitation is the chief source of water

88
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on the road surface. With permanent surfacings the run-offto the
edge of the bitumen surface is verl'nearly complete, but water can
infiltrate and/or scour the shoulders on the way to the drainage
ditches. Because of the impossibility of preventing some infiltra-
tion at the edge of the bitumen surface, or through the shoulder,
dense bases are desirable so that wâter cennot accumulate in the
base.

Where open-textured or permeable material must be used, the
open trench t1'pe of construction (shallo'*, excavation between
impermeable shoulders) should be avoided. Even with dense pave-
ment materials it is good practice to construct the shoulders as an
integral part of the sub-base and base, using the same material or
some other impermeable material (Fig. 5.1).

5.2.1 ERosroN coNrRoL

Erosion is a work process, the erosive energ)'being supplied by
nature in the form of r¡'ind and rain. The susceptibility of soils to
erosion depends on the properties of the soil, the length of the slope,
the gradient and thc vegetative cover. Of these, the vegetative
cover is b1' far the most important factor, since this dissipates the
energ)'ofthe'*,ind or the \À'ater. Silty, light sandl'and uncompacted
soils are more susceptible to erosion than the heavier clal' soils,
gravels and vvell-compacted materials. Local experience, especialll'
agricultural practice, gives a useful guide to requirements in a par-
ticular environment. Recent research work indicates that it should
soon be possible .to define the susceptibilit;' of soils to erosion in
simple terms.l

In desert areas, '*'ind erosion is instanced b1' the drifting of sands
caused bv saltation and can give rise to problems of accuuulatiorr
of material on the road structure. In order to stop sand drifting over
the road surface, it is good practice to lift the road profile above thc
level of the surrounding country thus increasing the v'r'ind velocit)'
over the road surface and keeping the road surface clear. Establish-
ment of cover, either in the iorm of vegetation or a mineral fìlm
of bitumen or similar material, over the loose sand in the area from
u'hich it is picked up by the r¡'ind, is the onll' reai ans'uver, but this
is usually undertaken only as part of a much larger reclamation
scheme.

The main erosive force ol water comes from falling raindrops
u'hen the intensities of precipitation are greater rhan25 mn (1 in)
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per hour. In large catchments, however, sustained rainfall of less
than 25 mm (1 in) per hour can often cause severe erosion if the
water becomes concentrated in channels or streams. ln the tropics

in 36 ----+þ 1 rn 2{, +þl in 4 -l
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some 40o7f, of the rainfall is at intensities greater than 25 mm (1 in)
per hour compared with only Sofo in temperate climates, and it is
this factor which makes tropical rainfall far more erosive than that
in temperate climates.

The places most vulnerable to water erosion are the faces of
cuttings and embankments, the road surface and shoulders, the
sides, bottom and outfalls of drainage ditches. These will be dealt
with in the following paragraphs.
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The cutting slopes normally used on rural roads in developing areas
are usual]y too steep to prevenr all risk of slips. General þraðtice is
to cut initially to quite steep slopes and to cléar slips as they occur.
Steep slopes hav-e the advantage that they reduce the area subjected
to the impact of raindrops.

The particles of some clay soils in the tropics aggregate in clusters
and produce a relatively free-draining strutturez¡; õther soils that
are rich in iron or aluminium harden on exposure. In shallow
cuttings of up to 5 m (15 ft) in depth such soils may be cut with
almost vertical faces.

^Y¡r\ deeper cuttings more amenrion must be paid to the design
of the slope, and benching and similar methods may be adopted-to
control the florv of warer down the face of the cutting. Frequently
guid.ance on safe slopes may be obtained from existing cuttìngs in
similar soil nearby. Efforts should be made to encouragé some iorm
ofveg-etation to grow over the face of the cutting to piotect it from
the effects of splash erosion. Mulching of the frelhly þrepared slope
surfaces with grass, branches, etc. provides immediate-protectiõn
and encourages the establishment of vegetation.

^lt 
is common practice to construct a cut-offditch along the top

of the cutting to prevent flow of water over the face of rhãcutting.
This practice is questionable, particularll' where there is denie
vegetation, for two reasons. Firstly, the drainage trench will cut
through the root system of the vegetation which will considerably
weake¡ the surface layer and may well itself initiate a slip. Secondly,
such- drainage ditches are diflicult ro inspec and usuãlly become
blocked. The water cen then stand and infìltrate into thê ground,
often at the position of a critical slip plane, and this may five rise
to a-slip. Banks to direct the water lãterally along a coniour are
preferred. If it is considered necessery to construcia cut-offditch
above a cutting, it should be behind a line at 45" through the toe of
the cutting and at least ó m (20 ft) back from the top ofthe cutting.
In soils subject to erosion such ditches should be liñed.

5.2.1.2 Embankment slopes

The majority of embankmenrs are placed at a slope of 1] horizontal
to 1 vertical. With well-compacteð soil, this sloþe is normally safe
for embankmenrs up ro about 8 m (25 ft) in height provided
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vegetation is established on the slopes. For embankments more than
8 m (25 ft) high, the slope will depend on the materials being used,
and means must be provided to break up the flow of water down
the length of the embankment face.

It is usual practice on high embankments to carry the surface
run-offfrom the road to selected points and discharge it down the
embankment face by means of a drain lined with turf, concrete or
metal from discarded bitumen drums. It is also good practice to
construct benches to break the flow of water, or alternatively to
place turf in horizontal lines along the face of the embankment at
intervals of 7-2 m (4-7 ft). Similar results may be obtained by stak-
ing down green brushwood or similar materials.

On very lightly-trafiìcked roads, vegetâtion will grow on the
roadu'ay itself and indeed may be encouraged to provide a surface
resistant to erosion. As trafiìc increases it becomes impossible to
maintain vegetation on the running surface or shoulders. These
exposed surfaces must be inclined to encourage surface water to
flow offthe road. The camber must be sufficiently steep to dispose
of surface water efiìciently yet not so steep as to encourage erosion
or to interfere with the control of vehicles. On longitudinal grades
steeper than 5oro, in areas of high rainfall, because of difiìculties in
maintaining such surfaces against damage caused by erosion, it is
desirable to provide e permanent surfacing.

5.2.1.3 Dr1inage ditchcs

In tropical areas drainage ditches have two main functions:
1. To provide a reasonable capacity to eccommodate surface

run-off
2. To dispose of the collected wa.ter by infiltration into the soil,

evaporation into the atmosphere and run-off to a natural
drainage channel or into the surrounding ground.

Drainage ditches should be shaped to minimise the hazard to
traffìc, and care must be taken to ensure that the discharge from
drainage ditches does not give rise to erosion.

Wide and shallow drainage ditches that keep an1' water as far
away es practicable from the formation meet these requirements
most closely, as they reduce water velocities in the invert and give
large surface areas for infiltration and evaporation.

The slope of the sides of drainage ditches should generally not
exceed 1 in 4 to minimise erosion. In addition to taking the surface
run-offfrom the road and shoulders the side drains may also inter-



Compendium 3 Text 1

RoAD DR,{TNAGE 93

cept sheet run-offfrom the surrounding country and they should
discharge the waters collected where no damage to the road struc-
ture or to adjoining land will result. In the tropics, particularly
where water-tables are deep, there is great potential for infiltra-
tion of water into the soil and for evaporation. Wide and shallow
drainage ditches provide the maximum area for both phenomcna to
occur and such ditches are ideally suited to mechanical maintenance.

The minimum dimensions of side drains should be dictated by
the dimensions of the motor graders which will maintain them.
Wider drtches with gentle betters are less prone to blockage and,
even with manual meintenance, require less maintenance effort.
Where for economic reasons it may be necessary to have steep
slopes on the sides ofdrainage ditches, as may be the case in cuttings,
or where there is insuffìcient road reserve width, careful attention
must be paid to nlaintenance. Where the volume ofrun-offis large,
it u'ill probabll' be necessary to pave the invert and line the walls.
Typical drainage ditches are shown in Fig. 5.2.

With such ditches it is easy to lead water into contour drains at
frequent intervals to discharge the water on to the surrounding
ground. Where a nrinimum longitudinal fall of 1o,i, for unpaved
and 0'5oro for paved drainage ditches cennot be obtained the r¡'ater
vvill not flou'; percolation and evaporation must then be relied on
for disposal of run-off, and the ditch designed accordinglv. The
maximum distance betu'een contour drains must be limited, de-
pending on the gradient and the cross-section of the ditch used. to
prevent excessive weter velocities u'hich ç'ill cause erosion. Where
the longitudinal gradient is small (up to 3ouo) contour drains rvill
normally be between 500 m and 1000 m apart. On steeper gradients
and on the insides of bends where superelevation is used they will
be required at shorter intcrvels.4

Turnouts are required more frequentll's'ith deep narrou' ditches
than u'ith q'ide shallou' ditches, but',r'ith the deeper drain it is morc
diffìcult to make the turn-out. For this reason V-shaped drains cut
'*'ith one pass of the grader are not particularll' satisfactorr'. In
cuttings, where space is limited, deep narrou' drains are often used.
Through soils that are subject to erosion it u'ill often be rlecessar)'
to line the walls and inverts of such drains.

5.2.2 culvERrs

It is usualll'necesçtrv to cerr)' vvater under the road at intervals
bY means of culverts. Where this can be done at a naiural drainage

11
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channel few problems arise, but where there is no natural drainage
channel, and especþlly where the soil is easily erodable, particulãr
attention will need to be paid ro the discharge from the éulvert in
order to break up the concentrated flow.5 One relatively simple
measure is to spread out the discharge water over a wide area which
may be lined with concrete or rock (Fig. 5.3).

In extreme cases, in hilly country for example, energy-dissipating
spillways may be needed. These may be lined with concrete or
masonry and should discharge into a stilling chambcr.

5.2.3 suBsuRFAcE wArER

The profile of the permanenr water-table generally follows in a

more subdued manner the general relief of the country. Addition-
ally, temporary weter-tables may occur, especially during the rainy
seasons, at points in the profile where the occurrence of a more
impermeable layer prevents downward percolation of rain weter.

TUhen a water-table, either permenent or temporary, is en-
countered one of two expedients may be adopted:

1. The road may be raised by means of an embankment to the
desired elevation above rhe warer-table, or

2. drainage arrangements may be made to lower and dispose of
the water.

The first expedient is usually adopted in low-lying or poorly
drained flat areas where it would be diftìcult if not imposible to
lower the general water level. In these low-lying areis flooding
from nearby watercourses is often a problem and it is desirablé
that the road be raised some 1 m (3 ft) above the highest recorded
flood level. These embankmenrs may themselves impede the
disposal of flood water and on large schemes a hydrological survey
may be desirable. Locally-available soils, even when they are heavy
clal's, may be used to build these embankments. However, when
there is a permanent water-table close to the surface selected soils
of lou'plasticity should be used for the upper 50 cm (2 ft) of fill.

The second expedient is applicable in localities where the road
cuts through the seepage lines in hillsides. Spring lines are a com-
mon occulrence u'here there are rock outcrops or where imperme-
able clay layers are exposed. Water at these pòints must be léd clear
of the road structure by drainage. In sidelong slopes this will take
the form of a ditch some 60 cm (2 ft) deep onthe uphill side of the
road with culverts at intervals to convey ihe water iollected across

t3
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the road. Where the road runs across the contours, the spring line
may be continuous beneath the road and agricultural drains must
be installed in the subgrade to lead the springs into the side drains.
In low-lying country, open drains at the sides of the road can func-
tion to lower the water-table, provided outlets are available to
conduct the water away.

Although the installation of drains is fairly simple when the
water-table is permanent, difiìculties arise when the weter-table is

a temporary phenomenon confined to the wet seâson. Fortunately
the eitent of these temporery conditions is usually limited by the

FIc. 5.3. Culven wilh fanned outlet to minimise etosion.

construction of the other drainage arrengements to cater for surface
run-off from the pavement. It is often not possible to locate these
areas of temporary springs in advance of construction. After they
have become evident during rainy weather, remedial meesures
must be teken to intercept the flow and convey it away from the

Pavement.
In designing retaining walls and bridge ebutments, consideration

must be given to the possibility ofwater collecting behind the walls.
In situations where water could accumulate , a blanke¡ of material,
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graded to prevent silting,6 should be inserted against the wall and
the water led away to the general drainage system by weepholes
or preferabll' by a continuous back drain.T Similarly, springs
located in the faces of cuttings must be tapped by drains or rock
toes-even piping judiciously driven into the cutting face may
suffrce-as otherwise progressive slumping of the surface will
occur. In.all instances the aim must be to prevent the build-up of
hydrostatic pressures u'hich might cause failure.

When slips occur in cuttings and it is not possible to cut back to a
more stable slope, counterfort drains filled with rubble and extend-
ing belorr the slip plane are the usual remedial measures adopted
to stabilize the slope. To dispose of surface water from the face of
the cutting and prevent further softening of the soil, a secondary
s)'stem ofdrains laid in a herringbone pattem should be constrt¡cted
in the surface of the cutting.s

5.2.1 DRATNAGE oF PAvEMENT LAYERS

Pavement bases ma1'be designed either to exclude \,\'ater altogether
or alternativell' to permit the entrl' and egress of water. When
effectively imperrneable bases with a lou,voids content are used,
e.g. soil-cement or well-graded crushed stone, drainage of the base
is not necessarl'. When permeable and porous base materials are
used, e.g. stone pitching or poorll'-graded crushed stone, perticula;
attention must be given to the drainage of the base layer. Base and
sub-base materials should extend across the shoulders to the edge
of the drainage ditches and the surface of the sub-base la1'cr should
be given an adequate crossfall to assist this drainage (Fig. 5.1).

Recent investigations into moisture conditions under bitu-
minous-surfaced roads in tropical arease indicated that the occur-
rence of rvet and rveak subgrade conditions was rare and that, r,,"hen
it did occur, it could be attributed in the majoriti' of instances to
deficiencies in the drainage arrangçn.¡ents, rryhich permitted the
accumulation of surface water in the pavement layers. Had the
la1'ers been provided vvith adequate drainage outlets to the side
drains then fãilure of the road would have been avoided. Fig. 5.4
shoq's t1'pical edge failures which have occurred r¡'here trench n'pe
construction rt,as adopted vvith a poorll'-graded crushed stone base
overlving a heavl' clay subgrade.

15
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5.2.5 suRFAcE vATER DRAINAcE oF THE RoAD suRFAcE
¡tND SIIOULDERS

Rain falling on road surfaces and shoulders must be conveyed
efliciently and quickly to the side drains. Accumulations of wáter
on earth and gravel roads will cauæ weakening and may ulti-
mately lead to the road becoming impassable to trefüc. Water
lying on roads with permanent surfaces is an inconvenience and a
hezard to road users and will usually lead to the formation of
potholes.

To promote adequate drainage, surfaces are given a crossfall the
value of which is determined by the narure of ihe surface. On soil

F¡c. 5.4. Typical edgc Jailu¡es due to using porous base mateials in t¡ench consnucüon.

surfaces, steep crossfalls are required depending on their perme-
ability and the ease with which wheel-loads form indentations in
the surface. On hard bituminous and concrete surfaces the crossfall
is dictated by the tolerances to which these surfaces can be laid.
While steep crossfalls help to dispose of water they are a hazard to
traffic and care must be exercised to avoid steeply sloping shoulders
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which might cause vehicles leaving the roadway in an emergency
to overturn. Table 5.1 summarises the range of values considered
suitable for various surfaces.

T¡ble 5.t su¡T^BLE cnossr¡rlls roR Ro^D sURFAcES

r A cros¡t'¡ll ofup nr I u lll (llP(,) nr¡l bc u*d tr ptovrdt'supcrclcrrtton o¡r bends. (Se T¡blc -1.2 (Chrp -l;.

Although a crowned road section is ùsual, lengths with con-
tinuous crossfall occur at bends and it may also be more practical
to use e crossfall on some straight lengths of road. In hilly terrain
the longitudinal gradients on the road ma-v be steep and much in
excess of the transverse crossfall. In such conditions water will flow
predominantly along the road and arrangements must be made to
collect this water at intervals, especially where the road changes
direction and where concentrated flow leaving the road could cause
erosion of embankments. .A cattle grid type of arrângement
(Fig. 5.5) is useful in such circumstances.

Regular maintenence of road shoulders is required if the;' are to
operete effectivelf in the disposal of water from the pavement
surface to the drains. Grit washed from the road surface tends to
collect at the junction with the shoulder, particularly when grass
is allowed to grow on the shoulder; also the grass will cause the
shoulder material to bulk up above the pavement level. These
accumulations must be regularly removed; otherwise they im-
pede the drainage of the surface and water may find its u'af into
the road base. An example of a well-laid-out carriagevval' with
properly-maintained shoulders is shown in Fig. 5.6.

5.2.6 CARE oF EARTHIwoRKS 
^ND 

pAVEMENT srRUcruRES
DURING CONSTRUCTION

Generally in wet weather road building operetions must stop, but
much can be done both to protect the uncompleted road structure
from damage by rain and to make it possible to resume work
quickly as the weather improvei'

Earth and gravel road surfaces ¡nd shouldcrs
Bituminous and concrete roed surfacings

17



Compendium 3

18

100 Ro¡tD DRArN^GE

5.2.6.1 Cuttings and excavations

When forming all cuttings and excavarions, care should be taken
to work from the lowest point and to maintain a slope on the floor
of the cutting so rhat suiface water can drain rapiãly out of the

F¡c 5.!. cattle gid type draíh to rcllert water iowing longìtutlínally down the road on sreep
slopes in Malaysia.

cutting area (Fig. 5.7). Where surface flow can enter rhe cuting
area from the surrounding ground an inrercepring drain should bã
cut to lead the water around the cutting area-. Caie should also be
taken to keep a smooth surface on the floor of the cutting and
remove eny ruts that form.

v
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It is particularly important to leave a well-shaped surface at the
end of the day's work. It is generally better to stop the operation
of plant completely during periods of heavy rain until the rain has
stopped and the surface water has run off. Trying to keep the plant
operating during such periods usually leads to rutting and puddling
of the surface; the plant cennot operete eñiciently and the result
is even longer delays waiting for the road to dry out when the rain
has ceased.

5.2.6.2 Fill

The fill area is often the critical point in deciding when operations
have to be stopped during wet weether. Material deposited loosely
on the fill area has a high voids content and will allow rain to enter
the soil and rapidly wet it up. If this happens the wet soil may have
to be removed before work can continue. To prevent this, the soil

Frc. 5.ó. Properly shaped and pell maintained rcatl cross-section in Kenya.

should be deposited in thin layers which should be rolled immedi-
ately to give the desired density with a smooth surface.

Embankments should be formed with a crown at the centre so

19
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as to shed the water over the sides of the embankment; cere must
be taken to avoid leaving any areas of uncompacted maierial at the
edges. It is- well worthwhile keeping a grad-er working conrinu-
ously on the fill ro- mainrain the suifacã in good shapË. No un-
compacted marerial should be left on the suiface at the end of a
day's work.-

5.2.7 HÀuL RoADS

Haul roads may be on the road alignment or they may be separate
te_mporary roads made solely foi the purpose'of ionstru'ction.
llsua]lf they will be remporary roads with eirth or gravel surfaces.
Provided they are kept in good shape, rain will rapidly run offthe
surface and earth-moving þlant will be able to t..ïe.sê them. The
surface must be kept wèll-compacted and repearedly graded so

NOT
down

F¡c. 5.7. Correc¡ method oJ'tuuing 10 get proper drainage.

that ruts do not form to hold water. Haul roads should normally
have a formation ar least 7 m (24 ft) wide berween the slopes dowi
to the drainage ditches, and the drainage ditches should bè shallow
V-sh.aped 

^drains, 
widened with a flãt bottom if required, and

capable of-maintenance by a mechanical grader. Although haul
roads may be only temporary works, mone! spent on consiructing
and m¿iruaining th-em is usually more than- repaid through in"-
creased efiìciency of plant operation.

.In regions with alternate wet and dry seasons, the engineer, while
taking steps to prevenr the accumuiation of large luantities of
water, may also use rhe rain falling in the wet seaion io minimise
the effort needed in compacting embankments. Depending on the
severity of the rains, construcdõn may either be cariied ouãduring
the wet season or be commenced so'on after the cessation of thË

- 

, ¡ \WoterWoter' Forrirotion
¿Ët='; 

-tevõl - coltects
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rains. In predominantly wet climates, it will normally be the aim
to carry out earthworks in the seasons when rainfall is least and to
provide a working platform by constructing at least the sub-base so

that work can continue whenever possible during the wetter
seasons.

5.3 BRIDGES AND CULVERTS

The construction of a road interferes with the drainage Pattern of
the area through which it runs. It is the responsibility of the road
designer to make sure that the drainage structures ere adequate to
pass flood water without causing either harmful flooding on the
upstream sides or scour and erosion where flow is concentrated.

5.3.1 wATERwAY REeUIREMENTS

For economic reasons it is not usual to design bridges and culverts
to discharge the maximum floods which ma) occur and some
flooding of the areas abutting on the wetercourse may be accePt-
able, the amount and frequency depending on the cost and extent
of the resulting damage in the lands inundated. Thus, while bridges
on major rivers are designed to discharge floods with an expected
frequenc.v of 100 years, smaller drainage structures where onll'
small areas of pasture land are involved and the risks to the road
structure are small, ma1'be designed on the basis ofa one year storm.
Where more extensive damage is possible , e.g. the breaching of the
road embankment, the designer must balance the cost of repair
and inconvenience to traffic against the additional cost of the
drainage structure.

Flood flows to be expected depend on the size, gradient and other
characteristics of the catchment area drained and on the precipita-
tion within that area. Accurate predication of maximum flood
flows is rarely possible since the hydrological data needed on rain-
fall and run-offis only available for catchments where long-term
measurements have been made, usually for flood control, irrigation
or power generation. The determination of adequate floodwal's
is as yet more a matter of engineering judgement than of science.
Local knowledge unsupported by written record may be quanti-
tatively unreliable but will at least serve to indicate where flooding
is likely to occur.
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Data on the size of existing drainage structures, on the size, shape
and nature of the catchment areas, on the velocity of ffow ln
channels together with rainfall data (however rudimentary) and
on the highest flood levels recorded or witnessed provide a basis,
albeit often imprecise, for the esrimation of waterway openings.
In forming such estimates it should be noted that the development
of the land, e.g. forest clearing, possibly'stimulated by the consrruc-
tion of the road, can lead to a radical alteration in the run-off
characteristics of the catchment area, which may produce signifi-
cant increases in peak flood flows.

Many formulae have been used in various countries for estimating
waterway sizes. A commonly employed method for run-off
determination is the Rational Formula.l0

C.I.A. (ot Q: #C.t.¿. in metric units)
peak rate of run-offin cusecs (cumecs)
percentage of run-offdepending on the characteristics
of the catchment.
mean rate of rainfall during the time of concentration
in inches/hr (mm/hr)

A - drainase ârea in acres (hectares)

Having determined the quantiry of warer ro be passed, a velocity
I,'must then be chosen which is a safe velocity from the point of
vier.l' of scour, for the stream bed and banks and the structure
through which it passes. As a general rule 2 m/s (6 ft/s) is a desirable
maxinrurn. Thcn thc fornrula A : QIV will givc thc requircd
\À'eter\\'ey areâ.

It is important to note that the 'Rational Formula' assuntes that
the time of concentration is consrânt for a given catchment and
that the peak rate of run-off is directly proporriorlal to rhc mcan
rate of rainfall during the time of concenrrarion. It is thercfore a

special case olthe 'unit h1'drograph' methodl t which is nou' gener-
alll' accepted by hvdrologists as being the most reliable and saris-
factory method available ât present for calculating rares of run-off
from natural catchments. Probabll' the greatest source of error in
in the Rational Formula is its inabilitv to deal effectivel;'with the
characteristics of the catchment, since all variations in slope, shape,
soil t1'pe and land use have to be taken into accounr by'the appro-
priate selection of the value of the co-effìcient 'C'. In the 'unit
h1'drograph' method the more realistic approach is adopted of not
onl1, vary'ing 'C' but also varying the shape of the hydrograph.

It would, however, be unreasonable to suggest that engineers
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should abandon the Rational Formula in favour of hydrograph
techniques until more eccurete and reliable rainfall and run-offdata
are obtained. The accuracy of any methods depends to a large
extenr on the accurecy of the data employed in it and it is con-
sidered that the engineers concerned are a/read1'making reasonable
use of the inadequate data available to them.

Alternatively a simple formula applicable to a limited region may
be developed in which known flood flows are related to the area
drained and the terrain and vegetatio¡r of the catchment,l2 e.g.

QorB: KA"
r¡'here Q and I are respectivel)'the peak run-offand drainage area

as previously given in the Rational Formula.
B : the area of '¡'aterrvay' required
K : a constant depending on the terrain and vegetation ol

the drainage area
and fl : a power less than unity'.

The hydraulic calculations for bridges and culverts are straight-
forrvard.l3' la Wherc piers are used, sonre constrictio¡l of thc rivcr
channel rnat'be caused and the effect ofbacking up on upstreanl
vr,ater levels needs to be considered.

In the earll'stages of the development of a road it n.¡av be reason-
able to consider subrnerged structures and accept tl'rat passage
across the river rvill be impossible at tirnes. In these instances flou-
across the approach e¡nbankments ma)' also occur and steps rnust
be taken to pave or otherwise protect the downstream slope of the
embankments to prevent thenl from being breached. Similar treat-
ment would also be appropriate where information on maxinrum
flood florvs is scanty' or unreliable but where the additional cost of
providing a safe u'ater*'av q'ould be large in relation to the risks
and possible inconvenience involvcd"

Paved fords ('lrish Bridges') can usefulll be employ-ed on man)'
roads in developing countries, particularlv in arid regions u'here
watercourses are nornalll' dr1' with the exception of a feu' davs
per year, or even per decade. ln all cases a balance must be struck
betr,r,een the importance of the route, the delal's caused to road
users and the additional cost of the alternative culvert or bridgc.
Ford pavings are usualll'concrete, bituminous material or nlasonr)'.
Curtain walls are provided to resist scour; alternatively gabions or
rip-rap may be used. Water-depth indicators to warn trafilc
should be provided at all fords r¡r.'here the water may nse to
dangerous levels.
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Another low-cost expedient is the submersible bridge, i.e. a

bridge rvith openings.adequate to take normal flow, but which
may be covered and therefore unusable in times of flood. They
range from long embankments of soil as used in low-lying areas,
e.g. in deltas, to solid masonry structures sometimes used over
shòrter crossings. The surface must be kept devoid of obstructions
such as parapets in order not to impede the passage of flood weter.
Even so, such- bridges offer considerable resistance to flood flow
and must be designed for flood and floating debris loads.

In areas subject to frequent flooding, the effort and cost of
maintaining submersible bridges can be very great.

5.3.2 LoclrroN oF srRUcruRES

Bridges are expensive structures and road location should attempt
to minimise their number and size. When the road must cross a

river or large stream, careful consideration must be given to the
siting of the bridge. A small bridge some 1G-20 m (10-20 yard$
long is similar in cost to about 800 m (| mile) of bituminised road
while structures 100 m (100 yd) long may cost as much as 8-16 km
(5-10 mile$ of roadway. The shortest crossing is, however, not
necessarily the cheapest, as foundation conditions and the stability
of the river bed and banks must be considered.

Thorough site investigation including drilling and examination
of cores is the prerequisite to the choosing of the most advantageous
location. The overall construction cost must be considered with
any increases in roadworks needed being offset by economies in
the bridge structure due to its more favourable situation. It may
often be advantageous to realign the water-course to improve the
angle of crossing or to reduce the number ofstructures by obviating
multiple crossings of the same water-course.

An1'road traversing the countryside must cross the more minor
and tributary drainage channels and the run-offfrom the pavement
must ultimately be conveyed into natural weter-courses. These
flows are conveyed beneath the road by culverts or small bridges.
The need for these at streams and other natural drainage channels
will normally be selÊevident. Extra culverts are required on side-
long ground to conduct water from the side drains ecross the road.
The frequency with which such culverts are needed depends on
the terrâin and on the intensity of rainfall. In extreme conditions
up to 6 culverts pe'km (10 per mile) may be needed.
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5.3.3 BRTDGE FoUNDATToNS

The type of foundation for bridges is determined from the site
investigation. All soil layers that will be significantly stressed by the
bridge abutments or piers must be examined, down to bedrock if
necessary. At major crossings the advice of a geologist or of the
geological survey department should be sought; river valleys are
primary lines of erosion, their location often being dictated by
geological lines of weakness, and the occurrence of buried valleys
infìlled with recent heterogeneous deposits of alluvium, which are
most treacherous foundations, is an ever-present possibility.6

In minor structures, whether of precast concrete, reinforced
concrete or corrugeted metal, foundation pressures are usually low;
in unstable ground conditions, the foundation should be over-
excavated and back filled with a 6O-120 cm (2-5 ft) layer of well-
compacted granular fill material. It is in these conditions that
flexible structures are seen to best advantage since structural
distortion does not involve fracture and collapse.

The simplest tvpe of foundation for bridges is that in vvhich the
abutments or piers rest directly on a suitable soil stratum. Safe
bearing pressures should be based on the results of the site investiga-
tionsls and alìowance may need to be made for increased loading
due to such hazards as the damming of the weterway with trees
during floods.

The danger of scour must be considered where abutments end
piers are not founded on bedrock. The base of foundations must be
taken below the level to which the river bed is eroded by scouring
ection during floods. The depth of many rivers increases during
times of ffood at a rate greater than that et which the water level
rises. Several records indicate that the ratio of the increase in the
depth of the bed to the rise in the water level is as much as 4: 1 ; in
extreme instances the ratio has been as greet as7'.1 .1 The erosive
power of water varies as the square of the velocity and ultimatell'
the channel reaches an equilibrium shape depending on the material
of which the river bed is composed. Data on these equilibrium
velocities for various bed materials are available and provide some
indication of the likely amount of scour.13 Again, experience of
local conditions and existing structures is the best guide and this
experience can often be related to characteristic features ofthe river,
e.g. the meander length. In some instances the paving of the river
bed or the proteËtion of the river bed with rip-rap may be needed.

Abutments and piers founded directly on the bearing stratum
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are generally constructed with cofferdams; where dry weather
flows are small and seasons well defined a simple bag cofferdam
may suffìce. In deeper weter, or where the river bed above the
bearing stretum consists of highly permeable or unstable deposits,
a sheet pile cofferdam can be used and the piling may usefully be
incorporated in the foundation as e protection against scour.
Reinforced concrete caissons, constructed where necessary on a

temporary dumpling, provide a useful altemative. For the heaviest
foundations and largest structures, caissons sunk using compressed
air mav be necessary. In permanent deep water it is often economi-
cal to dispense with cofferdams by using piles as mentioned in the
several methods given in the next paragraph. In these methods, no
cofferdamming, underwater work or pumping is required, since
all the construction is carried out above water.

In deep water and when the depth to a suitable bearing stratum
is great, piles often provide the most economical foundation. They
may support the imposed loads by end bearing or skin friction
depending on the results of the site investigation. Piles, either
driven or bored, may' be made of steel, reinforced concrete or
prestressed concrete and there are many, proprietary types and
sinking methods available. Timberpiles can be used with advantage
provided they are located below permanent water er all times. In
tidal water they would therefore not be suitable above low water
level; belou. this level the possibility' of attack b1' marine borers
must be considered. Test loading of piles at an earll'stage during
construction is essential to verify the adequacy of the design of the
piled foundation.

5.3.4 BRIDGE SUPERSTRUCTURES

5.3.4.1 Loading

Bridges are subjected to dynamic loads from trañìc, the rvind and
temperature variations. Trafiìc loads consist of vertical loads and
braking and tractive forces; wind and floating debris loads tend to
overturn the structure and tempereture effects engender longi-
tudinal stresses. In view of the complexity of these factors manl'
road authorities have idealised the loadings for which bridges under
their jurisdiction must be designed.16 Both bridges and roads are
generally designed fo; maximum permissible axle loads in the
region of 10 tons. Where heavier axle loads are envisaged these
must be specifically considered in the design.
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Temperature variations tend to alter the length of bridges and,
when these movements are restreined or prevented, the deck and
supporting structure must be capable of resisting the stresses set up.
Alternatively, joints may be used. The total amount of movement
is directly proportional to the annual temperature range and where
the movement does not exceed 5 mm (0'2 in) the simple breaking
of the contact between the deck and piers is all that is needed. As
movements increase, more sophisticated forms ofjoints and bearings
will be required.lT

Permanent transverse deck joints at piers and abutments should
be designed to prevent entry of water through the deck to girder
bearings. Scuppers should be provided at intervals along the edge
of the carriagewal' and located so that their discharge is clear of
girders and bearings. In this connection, where there is the likeli-
hood of differential settlement between piers, it is well to make
arrangements for jacking of the deck when inserting joints initially.

Bridge parapets should be crash-resistant and designed so that
damaged sections can be readily removed for repair or replacement.

5.3.4.2 Matarials

Steel, reinforced concrete and prestressed concrete are the materials
most commonly used in bridge works at present. Cost and dur-
ability'determine the choice in any given circumstances. Steelwork,
prefabricated to a large degree in the factory, is easily transported
over long distances; launching of long spans is easily accomplished
(Fig. 5.8) and' the use of friction grip bolts has greatly assisted
assembl;' on site. The amount of temporary' site works is a mini-
mum but regular maintenance is needed, particularly in corrosive
atmospheres. Reinforced concrete requires much formwork r¡'hich
must often be erected in diffìcult situations over water, but with
diligent control over materials and workmanship the structure
requires the minimum of maintenance subsequently.

Prestressed concrete, the latest candidate in the bridge-building
field, possesses the advantages of both. The more eflìcient use of the
component materials, high-tensile steel and high-quality concrete,
result in light members which are amenable to precasting tech-
niques in favourable conditions. These members are onll' a little
more cumbersome than equivalent steel sections and possess the
maintenance advantage of normal reinforced concrete. Timber,
when readily available, provides a useful material for bridges in

2l
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remote areas. It can be quicker and more economical to use local
timber as there is no need to transport plant and materiels over long
distances.

Maintenance of the structure must be considered at the design
stege, in relation to both materials and environment. For instanðe,
steelwork will corrode, especially in coastal environments with
on-shore winds. Careful attèntion should be paid in design to arroiá
situations which will cause warer to be trapped wherelnspection

F¡c. 5.8. Dismantling launching nose.liom steel brid¿c in Sierra Leone.

will be diñicult and where cleaning and repainting cannor easily
be carried out. Similarly in reinforced conciete an ãdequare cover
of dense concrete is requiied to protect the reinforcing steel against
corrosion, and the concrete mix must be sufficiently workable to
ensure compaction around the reinforcement.ls' te, 20, 2r

Bridges are still occasionally constructed in masonry or brick-
work in areas where a local tradition of craftsmanship exists and
such structures harmonise effectively with the surroundings
(Fig. 5.9). Embellishment of modem bridges should emphasiie
their form and constructional lines. For example, perepers ihould
be distinguishable from the load-carrying superstructurè. Attempts
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to disguise new bridges in traditional garb usually resuhs in a
confused appeararice.

Culverts are generally constructed of precast concrete pipes,
reinforced in the larger diameters, or of corrugated metal piþei or
sections, while box culverts are often used where short-sDan bridses
would otherwise be required. Again the question of cost and síb-
sequent maintenance is decisive. For small culverts, empty bitumen
drums provide a useful source of shuttering when mass concrete is
being employed. Precast reinforced concrete box culverts have the
advantage of low head room for a given weterway area and, unlike
a pipe, their tops can be incorporated in the road surface.

5.3.4.3 Standardisation

The adoption of standardised designs for the smaller drainage
structures, including bridges up to about 15 m (18 yd) long, can
lead to economies and improvement in quality. Many road divi-
sions undertaking both maintenance and improvement can usually

FIc. 5.9. Masonry bidge under rcnstruction in lran
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sgpport a small yard where precest concrete products can be made.
Output might be continuous or seasonal and, in some countries,
-ig!! provide a useful wer season occupation for key staff who
would otherwise be lost to the road authority. Products might
include co.ncrete pipes, fencing posts, short decking slabs and ker"bs,
the items being stockpiled for future use.'When a major road construction project is being undertaken,
precastirig on a more extensive scale may be economical. Standard
designs.for prestressed beams are available I ó 

; the resulting speeding
up of bridgeworks reduces congesrion at rhese poinls- during
construction.
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Masonry culvert is under construction in Oaxaco, Mexico.
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HYDRAULIC DESIGN OF CULVERTS

1.0 Introductlon

The function of a culvert is to convey surface rvater across or from the
highway right-of-way. In addition to this hydraulic function, it must also
carry construction and liighway traffrc and earth loads; therefo¡e, cutvert
design involves both hydraulic and structural design. The hydraulic and
structural designs must be such that risks to trafÏic, of property damage and
of failure from floods are consistent with good engineering practice and
economics. These guidelines are concerned wlth the hydraulic aspects of
culvert design and make reference to structural aspects only as thcy are
related to the hydraulic design.

Structures measuring more than 20 feet along the roadway centerline are
conventionally classified as bridges. Many longer structures, however, are
designed hydraulically and structurally as culverts. culverts, as distinguished
from bridges, are usually covered with embankment and are composed of
structural material around the entire perimeter, although some are supported
on spread foötings with the streambed serving as the bottom of the culvert.
Bridges are not designed to take advantage of submergence to increase
hydraulic capacity even though some are designed to be inundated under
flood conditions. For economy and hydraulic effrciency, culverts should be
designed to operate with the inlet submerged during flood flows, if conditions
permit..At many locations, either a bridge or a culvert will fulfill both the
structural and hydraulic requirements for the stream crossing. Structure
choice at these locations should be based on construction and maintenance
costs, risk of failure, risk of property damage, traffic safety, and environ-
mental and aesthetic considerations. All considerations in structure selection
will not be discussed here, but there are advantages favoring culverts because
of traffic safety aspects of bridge railing and of problems with bridge deck
icing and concrete deterioration.

Culverts are usually considered minor structures, but they are of great
importance to adequate drainage and the integrity of the highway facitity.
Although the cost of individual culverts is usually relatively small, the total
cost of culvert construction constitutes a substantial share of the total cost of
highway construction. Similarly, the total cost of maintaining highway
hydraulic features is substantial, and culvert maintenance accounts for a
large share of these costs. Improved traffic service and a material reduction
in the total cost of highway construction and maintenance can be achieved by
judicious choice of design criteria and careful attention to the hydraulic
design of each culvert.
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irregularities existed during the flood, such as blockage of the channel from
drift or ice, or backwater from stream confluences.

2.6 Exlsttng Structures

Considerable importance should be placed on the hydraulic performance
of existing structures and all information available should be gathered in the
survey. The performance of structures some distance either upstream or
downstream from the culvert site can be helpful in the design. Often, local
residents, highway maintenance personnel, or others can furnish important
highwater data and dates of flood occurrences at such structures.

Data at existing structures should include the following, if available:

Date of construction;
Major flood events since construction and dates of occurrence;
Performance during past floods;
Scour indicated near the structure;
Type of material in streambed and banks;
Alinement and general description of structure, including condition
of structure, especially noting abrasion, corrosion or deterioration;
Alinement and general description of structure, including dimen-
sions, shape and material and flowline invert elevations;
Highwater elevations with datum and dates of occurrence;
Location and description of overflow areas;
Photographs;
Silt and drift accumulation;
Evidence of heâdcutting in stream; and
Appurtenant structures such as energy dissipators, debris control
structures, stream grade control devices.

l-
2.
3.
4.
5.
ó.

7.

8.
L

10.
ll.
12.
13.

2.7 Field Review

The engineer designing drainage structures should be thoroughly famil-
iar with the site under consideration. Much can be learned from the survey
notes, but the most complete survey cannot adequately depict all site consi-
derations or substitute for a personal inspection by the designer. Often, a
plans-in-hand inspection by the designer and the construction engineer will
prove mutually beneficial by improving the drainage design and reducing
construction problems.

3.0 Culvert Location

Culvert location deals with the horizontal and vertical alinement of the
culvert with respect to both the stream and the highway. It is important to
the hydraulic performance of the culvert, to stream stability, to construction
and maintenance costs, and to the safety and integrity of the highway.

39
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Culvert location in both plan and profile is of particular importance to
the maintenance of sed,iment-free culvert barrels. Deposition occurs in cul.
verts, obviously, because the sediment transport capacity of flow within the
culvert is often less than in the stream. The following factors contribute to
deposition in culverts:

l. At moderate flow rates, the culvert cross section is larger than that of
the stream, thus the flow depth and sediment transport capacity is reduced.

2. Point bars form on the inside of stream bends and culvert inlets
placed at bends in the stream will be subjected to deposition in the same
manner. This effect is most pronounced in multiple-barrel culverts with the
barrel on the inside of the curve often becoming almost totally plugged with
sediment deposits.

3. Abrupt changes to a flatter grade in the culvert or in the channel
adjacent to the culvert will induce deposition. Gravel and cobble deposits are
common downstream from the break in grade because of the reduced trans-
port capacity in the flatter section.

Deposition usually occurs at flow rates smatler than the design flow rate.
The deposits may be removed during larger floods, dependent upon the
relative transport capacity of flou' in the stream and in the culvert, compac-
tion and composition of the deposits, flow duration, ponding depth above the
culvert and other factors.

3.1 Plan

Plan location deals basically with the route the flow will take in crossing
the right-of-way. Regardless of the degree of sinuousity of the natural chan-
nel u'ithin the right-of-way, a crossing is generally accomplished by using a
straight culvert either normal to or skewed with the roadway centerline.

Ideally, a culvert should be placed in the natural channel (Figure l).
This location usually provides good alinement of the natural flow with the
culvert entrance and outlet and little structural excavation and channel work
are required.

V."o*n,.

Flg. l-Culvert loc¡ted ln n¡tur¡l ch¡nnel.

5
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2.0 Suneys

For purposes of this section, site information from whatever source is
broadly classif¡ed as survey data. sources of data include aeriat or fietd
survey; interviews; s'ater resource, fish and wildlife, and planning agencies;
newspapers; and flood plain zoning studies. complete and accurate survey
information is necessary to design a culvert to best sene the requirements oî
a site. The individual in charge of the drainage survey should hàve a general
knou'ledge of drainage design and coordinate the data coilection wlth the
hydraulic engineer. The amount of survey data gathered should be commen-
surate with the importance and cost of the proposed structure.

2.1 Topographlc Fe¡tures

The survey should provide the designer with sufficient data for locating
the culvert and determining the hydraulic design controts. All significani
physical features and culture in the vicinity of the culvert site should be
located by the survey, and especially those features which could be affected
by the installation or operation of the culvert. such features as residences,
commercial buildings, croplands, roadways and utilities can influence a
culvert design; therefore, their elevation and location should be obtained.

The extent of survey coverage required for culvert design is related to
topography and stream slope. In streams .with relatively flat slopes, the
effects of structures may be reflected a considerable distance upstream and
require extensive surveys to locate features which may be affécted by the
culvert installation.

2.2 Drainage Area

Drainage area is an important factor in estimating the flood potential;
therefore, the area of the watershed should be carefully defined by means of
a transit-stadia survey, photogrammetric maps, Geological Survey topo-
graphic maps'or a combination of these.

ln locations where accurate definition of drainage areas from maps is
difficult, the map information should be supplemented by survey. Noncontri-
buting areas, such as areas contributing to sinkholes and playa lakes may
need to be defined. The survey should note land usage. type and density of
vegetation, and any manmade changes or developments. such as dams,
which could signihcantly alter runoff characteristics.

'Purchase orders I'or maps should be addressed to Distribution Section. U.S. Geological Surve¡'.
1200 South Eads Street, Arlin¡fon. Virginia 22202, for areas east of the Mississippi River.
including Puerto Rico and ¡he Virgin Islands, and to Distribution Secrion. U.S. Geological
Survey. Federal Center. Denver, Colorado 80225. for areas wesl of the Mississippi River,
including Alaska, Hawaii. L¡uisiana, Guam, and American Samoa. Alaskan maps rna] be
ordered lionr Distribution Section. U.S. Geological Survey. 310 First Avenue. Fai¡banks,
Alaska 99701.
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2.3 Channel Characterlstics

The physical characteristics of the existing stream channel should be
described by the survey. For purposes of documentation and design analysis,
sufficient channel cross sections, a streambed profile and the horizontal
alinement should be obtained to provide an accurate representation of the
channel. including the flood plain area. The channel profile should extend
beyond the proposed culvert location far enough to define the slope and
locate any large streambed irregularities. such as headcutting.

General characteristics helpful in making design decisions should be
noted. These include the type of soil or rock in the streambed, the bank
conditions, type and extent of vegetal cover, amount of drift and debris, ice
conditions, and any other factors which could affect the sizing of the culvert
and the durability of culvert materials. Photographs of the channel and the
adjoining area can be a valuable aid to the designer and serve as excellent
documentation of existing conditions.

2.4 Fish Ltfe

Survey data should include information regarding the value of the
stream to fish life and the type of hsh found in the stream. The necessity to
protecl fish life and to provide for fish passage can affect many decisions
regarding culvert, channel change, and riprap designs and construction
requirements for protection of the stream environment. Data required, as
u'ell as criteria for design and construction, are generally available from State
and Federal frsh and wildlife agencies.

2.5 Highwater Information

Reliable, documented highwater data, when available, can be a valuable
design aid. Often, the designer must rely upon highwater marks as the only
basis on which to document past floods. Highwater marks can also be used
to check results of flood estimating procedures, establish highway grade lines
and locate hydraulic controls, but considerable experience is necessary to
properly evaluate highu'ater information.

Data related to highu'ater should be taken in the vicinity of the proposed
structure. but it is sometimes necessary to use highwater marks from up-
stream or downstream points. The location of the highu'ater mark with
respect to the proposed structure should be recorded. Highwater elevations
should be referenced to the project datum.

If highwater information is obtained from residents, the individuals
should be identified and the length of residency indicated. Other sources for
such data might include commercial and school bus drivers, mail carriers,
lau enforcement officers, highway and railroad maintenance personnel or
other persons who have frequently traveled through the area over a long
period of time.

Unusual highu'ater elevations should be examined to ascertain whether
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where location in the natural channel would require an inordinately
long culvert, some stream modification may be in order (Figure 2). Such
modifications to reduce skew and shorten culverts should be carefully
designed to avoid erosion and siltation problems.

culvert locations normal to the roadway centerline are not recommended
whe¡e severe or abrupt changes in channel alinement are required upstream
or downstream of the culvert. Short radius bends are subject to erolion on
the concave bank and deposition on the inside of the bend. such changes
upstream of the culvert result in poor alinement of the fpproach flow to the
culvert, subject the highway fill to erosion and increase the probability of
deposition in the culvert barrel. Abrupt changes in channel alinement down-
stream of culverts may cause erosion on adjacent properties.

In flat terrain, drainage is often provided by excavated channels. High-
way planning should be coordinated with the drainage authority whére
drainage improvements are planned. where planned channels are not at the
location of natural drainage swales, concurrent channel and highway con-
struction is desirable. If concurrent construction is not possibte, it will be
necessary to provide highway culverts for the existing drainage pattern. The
drainage authority may contribute toward modifications to aicommodate
future channel construction, revise drainage plans to conform with highway
culvert locations, or make the necessary changes in highway drainage at the
time of channel construction.

3.2 Profìle

Most culvert locations approximate the natural streambed though other
locations may be chosen for economy in the total cost to construct and

(

(

) 8lfiä:', 

(

¡o1 ntcoirMEfloED

Fig. 2-Mefhods of culvef loc¡tion wherc location ln the
n¡tural channel would lnvolve ¡n lnordln¡tely long culvel.
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maintain. Modified culvert slopes, or slopes other than that of the natural
stream, can be used to arrest stream degradation, induce sedimentation,
improve the hydraulic performance of the culvert (Section 5.6.4), shorten the
culvert, or reduce structural requirements. Modified slopes can also cause
stream erosion and deposition; therefore, slope alterations should be given
special attention to ensure that detrimental effects do not result from the
change.

Channel changes often are shorter and steeper than the natural channel.
A modified culvert slope can be used to achieve a flatter gradient in the
channel so that degradation will not occur.

Figure 3 illustrates possible culvert profiles.
Where channel excavation is planned, culvert invert elevations can be

established to accommodate drainage requirements if concurrent channel and
highn'ay construction is possible. If concurrent construction is not feasible, a
joint or cooperative project should be investigated so that highway culverts
can be designed and constructed to serye current highway drainage require-
ments as well as future needs for land drainage.

_-\_..-,^".4
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Fig. 3-Possible culvert profiles.
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4.0 Culvert Type

Culvert type selection incluães the choice of material, shape and cross

section and the number of culvert barrels. Total culvert cost can vary
considerably depending upon the culvert type selection. Fill height, terrain,
shape of the existing channel, roadway profile, allowable headwater, stream
stage-discharge and frequency-discharge relationships, cost and service life
are some of the factors which influence culvert type selection.

4.1 Shape and Cro¡s Section

The shape of a culvert is not the most important consideration at most
sites, so far as hydraulic performance is concerned. Rectangular, arch or
circular shapes of equal hydraulic capacity are generally satisfactory. It is

often necessary. however, for the culvert to have a low profile because of the
terrain or because of limited fill height. Construction cost, the potential for
clogging by debris, limitations on headwater elevation, fill height' and the
hydãuúc performance of the design alternatives enter into the selection of
the culvert shape. Several commonly used culvert shapes are discussed in the
following paragraphs.

4.1.1 Circular

The most commonly used culvert shape is circular. This shape is struc-
turally efficient under most loading conditions. Various standard lengths of
circular pipe in standard strength classes are usually available from local
suppliers at reasonable cost. The need for cast-in'place construction is gen-

erally limited to culvert end treatments and appurtenances. Design and

construction specifications and methods of determining maximum cover for
circular concrete and metal pipes are included in publications of the Amer'
ican Association of State Highway and Transportation OfÏicials, Federal
Highway Administration, the American Society of Testing Materials, various
State highway agencies, and others.

4.1.2 Pipe Arch and Ellipttcal

Pipe arch and elliptical shapes are generally used in lieu of circular pipe
where there is limited cover or overfill. Structural strength characteristics
usually limit the height of fill over these shapes except when the major axis

of the elliptical shape is laid in the vertical plane. When compared to
circular sections, these shapes are more expensive for equal hydraulic ca-
pacity because of the additional structural material required.
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4.1.3 Box or Rectangular

A culvert of rectangular cross-section can be designed to pass large
floods and to fit nearly any site condition. A rectangular culvert lends itsetf
more readily than other shapes to low allowable headwater situations, since
the height may be decreased and the total span increased to satisfy the
location requirement. The required total span can consist of one or multiple
cells. Modified box shapes in the form of hexagons or octagons have been
used and proved economical under certain construction situations. The long-
er construction time required for cast-in-place boxes can be an important
consideration in the selection of this type of culvert. Precast box sections
have been used to overcome this disadvantage.

4.1.4 Arches

Arch culverts have application in locations where less obstruction to a
waterway is a desirable feature, and where foundations are adequate for
structural support. Such structures can be installed to maintain the natural
stream bottom for fish passage, but the potential for failure from scour must
be carefully evaluated. Structural plate metal arches are limited to use in low
cover situations but have the advantage of rapid construction and low trans-
portation and handling costs. This is especially advantageous in remote areas
and in rugged terrain.

4.f .5 Multiple Barrels

Culvèrts consisting of more than one barrel are useful in wide channels
where the constrictio¡ or concentration of flow is to be kept to a minimum.
Low roadway embankment offering limited cover may require the use of a
series of small openings. The barrels may be separated by a considerable
distance in order to maintain flood flow distribution. The practice of altering
channel geometry to accommodate a wide culvert will generally result in
deposition in the widened channel and in the culvert. Where overbank flood
flow occurs, relief culverts with inverts at the flood plain evelation should be
used to avoid the need for channel alteration.

In the case of box culverts, it is usually more economical to use a
multiple structure than a wide single span. In some locations, multiple
barr'els have a tendéncy to catch debris which clogs the waterway. They are
also susceptible to ice janr' and the deposition of silt in one or more barrels.
Alinement of the culvert face normal to the approach flow and installation of
debris control structures can help to alleviate these problems.

4.2 Materlals

The selection of the material for a culvert is dependent upon several
variables such as durability, structural strength, roughness, bedding condi-
tions, abrasion and corrosion resistance, and watertightness.
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The more common culvert materials used are:

Concrete (reinforced and non-reinforced)
Steel (smooth and corrugated)
Corrugated aluminum

Other materials which are used in special situations are:

Vitrified clay
Asbestos cement
Plastic
Bituminous fiber
Cast iron
Wood
Stainless Steel

Water and soil environment, construction practices, availability of ma-
terials and costs vary considerably depending on location; therefore, listing
criteria for selecting culvert material appears to be impracticable as a general
guideline. Discussions on the use of certain materials from the durability and
hydraulic standpoint are given in Sections 5, 6, and 10.

The most economical culvert is one which has the lowest total annual
cost over the design life of the structure. The initial cost should not be the
only basis for culvert material selection. Replacement costs and trafftc delay
are usually the primary factors in selecting a material that has a long service
life. If two or more culvert materials are equally acceptable for use at a site,
including hydraulic performance and annual costs for a given life expectancy,
consideration should be given to material selection by the contractor.

4.3 End Tre¡tments

Culvert end structures, prebuilt or constructed-in-place, are attached to
the ends of a culvert barrel to reduce erosion, inhibit seepage, retain the fìll,
inrprove the aesthetics and hydraulic characteristics and make the ends
structurally stable. Several common types of culvert ends are listed in the
following paragraphs.

4.3.1 Proþtlng

A culvert is considered to have a projecting inlet or outlet when the
culvert barrel extends beyond the face of the roadway embankment. This
common type of culvert end has no end treatment and is vulnerable to
various types of failures. It is the least desirable from the hydraulic stand-
point when used as an inlet to corrugated metal, thin-edged barrels. Rigid
sectional pipe is vulnerable to displacement at culvert outlets, if not ade'
quately suppofred. The projecting end is economical but its appearance is

not pleasing and use should be limited to smaller cülverts placed at minor
locations, such as at driveways and in ditches where there would be no safety
hazard to traffic.

l0
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4.3.2 Mttc¡ed

A mitered culvert end is formed when the culvert barrel is cut to
conform with the plane of the embankment slope. This type of treatment is
used primarily with large metal culverts to improve the aesthetics of the
culvert ends. It is structurally inadequate to withstand hydraulic, earth and
impact loads unless it is well anchored and protected. The hydraulic perfor-
mance of this type of inlet is approximately the same as a thin-edged
projecting inlet.

4.3.3 Plpe End Sectlon¡

Pipe end sections, sometimes called flared or terminal end sections, are
prefabricated metal or precast concrete sections placed onto the ends of
small culverts (Figure 4). These sections are used to retain the embankment
and improve the aesthetics, but usually do not improve the structural sta-
bility of the culvert end. Commonly used pipe end sections do not improve
the hydraulic performance of culverts appreciably over the performance of a
headwall (For inlet improvements, see Section 5.6).

4.3.4 IIe¡dw¡IIs ond Wngwalls

Headwalls and wingwalls are generally cast-in-place concrete structures
commonly constructed on the ends of culvert barrels for the following rea-
sons:

t.
2.
3.

4.

To retain the fill material and reduce erosion of embankment slopes;
To improve hydraulic efficiency;
To provide structural stability to the culvert ends and serve as a
counter weight to offset buoyant or uplift forces; and
To inhibit piping (Section ó.2).

Although headwalls are sometimes skewed to the culvert barrel to fit the
embankment slope, an alinement normal to the direction of flow provides a

Flg. 4-P¡"."d-end ¡octlon.
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more hydraulically effrcient opening. Minor warping of the fill can accommo-
date this more favorable orientation at most locations (Figure 5).

ÌVing*'alls aid in maintaining the approach velocity, aline and guide
drift and funnel the flow into the culvert entrance. \ilingwalls should be flush
with box culvert barrels to avoid snagging drift.

5.0 Hydraultc Deslgn

The hydraulic design of a culvert consists of an analysis of the perfor-
mance of the culvert in conveying flow from one side of the roadway to the
other. To meet this conveyance function adequately, the design must include
consideration of the variables discussed in the following paragraphs.

5.f Design Flood Discharge

The flood discharge used in culvert design is usually estimated on the
basis of a preselected recurrence interval, and the culvert is designed to
operate in a manner that is within acceptable limits of risk at that fìow rate.
Refer to Volume II, Highway Drainage Guidelines, "Guidelines on Hydrol-
ogy," Section 5, for a discussion of the selection of the design flood fre.
quency and the estimation of flood magnitudes. Recognizing that floods
cannot be predicted precisely and that it is seldom economically feasible to
design for the very rare flood, all designs should be reviewed for the extent of
probable damage should the design flood be exceeded.

Ftg. S-Ftlt warped to ñt culvert he¡dwdl nom¡l to culvcrt.

l2
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5.2 Headwater Elev¡tlon

Any culvert which constricts the natural stream flow will cause a rise in
the upstream water surface to some extent. The total flow depth in the
stream measured from the culvert inlet invert is termed headwater. Design
headwater elevations and selection of design floods should be based on these
risk conditions:

1. Damage to adjacent property;
2. Damage to the culvert and the roadway;
3. Traffic interruption;
4. Hazard to human life; and
5. Damage to stream and floodplain environment.

Potential damage to adjacent property or inconvenience to owners
should be of primary concern in the design of all culverts. In urban areas,
the potential for damage to adjacent property is greater because of the
number and value of properties that can be affected. If roadway embank-
ments are low, flooding of the roadway and delay to traffic are usually of
primary concern, especially on highly traveled routes.

Culvert installations under high fills may present the designer an oppor-
tunity for use of a high headwater or ponding to attenuate flood peaks. If
deep ponding is considered, the possibility of catastrophic failure should be
investigated because a breach in the highway fill could be quite similar to a
dam failure. tffhen headwater depths will exceed. say 20 to 25 feet for the
estimated 100-year flood, the roadway embankment will function as a dam
and an appropriate investigation should be made to evaluate the risk in case
of the occurrence of a larger flood or blockage of the culvert by debris. In
some instances, design of the highway fill as a dam and use of emergency
facilities such as spillways and relief culverts should be considered as alterna-
tive designs to the construction of larger structures or changes in the roadway
profrle.

The study of culvert headwater should inctude verification that water-
shed divides are higher than design headwater elevations. If the divides are
not sufficiently high to contain the headwater, culverts of lesser depths or
earthen training dikes may be used, in some instances, to avoid diversion
across drainage divides. ln flat terrain, drainage divides are often undefïned
or nonexistent and culverts should be located and designed for least dis-
ruption of the existing flow distribution. In these locations culverts can be
considered to have a common headwater elevation, though this will not be
precisely so. Figure 6 illustrates a design technique that can be used to select
culvert sizes in this type of terrain.

5.3 T¡llw¡ter

Tailwater is the flow depth in the downstream channel measured from
the invert at the culvert outlet. It can be an important factor in culvert
hydraulic design because a submerged outlet may cause the culvert to flow
full rather than partially full.

t3
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A field inspection of the downstream channel should be made to deter-

mine whether ihere are obstructions which will influence the flow depth.
Tailwater depth may be controlled by the stage in another stream, headwater

from structuies downstream of the culvert, reservoir water surface elevations,

tide stages or other downstream features.

5.4 Outlet Veloctty

The outlet velocity of highway culverts is the velocity measured at the

downstream end of thã culvert and it is usually higher fhan the maximum

natural stream velocity. This higher velocity can cause streambed scour and

bank erosion for a limited distance downstream from the culvert outlet'

Local scour at or near the culvert outlet should not be confused with

degradation and headcutting in the stream.
Variation in shape and-size of a culvert seldom has a significant effect

on the outlet velocity except at full flow. The slope and roughness of the

culvert barrel are thé principle factors affecting outlet velocity. If the outlet

velocity of a culvert ¡s Uelieie¿ to be detrimental and it cannot be reduced

satisfaätorily by changing the barrel roughness or adjusting the barrel slope,

it may be necessary tó uie some type of outlet protection o.r- energy 9t:tlpl'
tion åevice. lnspeótion of existing- culverts in the area will be helpful in
making this judgment. Various types of outlet treatment are included in
Section 5.8 of these guidelines.

5.5 Culvert Hydraullcs

The culvert size and type can be selected after the determination of the

design discharge, culvert jòcation, taitwater and controlling design head'

watJr. The hyd-raulic performance of culverts is complex and the flow char'

acteristics foi each sitã should be analyzed carefully to select an economical

installation which will perform satisfactorily over â range of flow rates.
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Headwater and capacity computations can be made by using mathematical
equations, electronic computer programs or nomographs. References 1, 2,
and 3 are widely used for the hydraulic design of culverts.

5.5.t Condltion¡ of Ftow

There are two major conditions of culvert flow: ( I ) flow with inlet
control and, ( 2 ) flow with outlet control. For each type of control, a

different combination of factors is used to determine the hydraulic capacity
of a culvert. Prediction of the condition of culvert flow is difïicult; therefore,
most designers assume that the culvert will flow with the most adverse
condition. This assumption is both conservative and expeditious.

5.5.1.f Inlet Cont¡ol

A culvert operates with inlet control when the flow capacity is controlled
at the entrance by the depth of headwater and the entrance geometry,
including the barrel shape, cross-sectional area and the inlet edge. Sketches
to illustrate inlet control flow for unsubmerged and submerged projecting
entrances are shown in Figure 7.

For a culvert operating with inlet control, the roughness and length of
the culvert barrel and outlet conditions (including tailwater) are not factors
in determining culvert hydraulic performance. The entrance edge and the

Fig. 7-Inlet control.
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overall entrance geometry have much to do with culvert performance in
this type of flow; therefore, special entrance designs can improve hydraulic
performance and result in a more efficient and economical culvert. Types of
entrances are discussed in Section 5.6.

5.5.1.2 Outlet Conhol

In outlet control, the culvert hydraulic performance is determined by the
factors governing inlet control plus the controlling water surface elevation at
the outlet and the slope, Iength, and roughness of the culvert barrel. Culverts
operating in outlet control may flow full or partly full, depending on various
combinations of the above factors. In outlet control, factors that may affect
performance appreciably for a given culvert size and headwater are barrel
length and roughness and tailwater depth. Although entrance geometry is a
factor, only minor improvement in performance can be achieved by modifica-
tions to the culvert inlet.

Typical types of outlet control flow are shown in Figure 8.

5.5.2 Performance Cunes

Performance curves are plots of discharge versus culvert headrryater
depth or elevation. A culvert may operate with outlet or inlet control over the

Fig. E-Outlet*ontrol.
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entire range of flow rates or control may shift from the intet to the outlet.
For this reason, it is necessary to plot both inlet and outlet control curves to
develop the culvert performance curve.

. In culvrrt design. the designer usually selects a design flood frequency,
estimates the design discharge for that frequency and sets an allowabie
headwater elevation based on the selected design flood and considerations
cited in section 5.2. There are, however, uncertainties in estimating flood
peaks for any desired recurrence interval and a probability or chance tiat the
$9sign frequency flood will be exceeded during the life of the project. (see
Volume Il, Highway Drainage Guidelines, Guidelines for Hydrology). Be-
cause of these uncertainties, it is necessary for the designer to tevelop
information from which he can evaluate the culvert performance, or head-
water-capacity relationship. over a range of flow rates. with this informa-
tion on culvert performance, the risks involved in the event of large floods
can be evaluated. This evaulation should include the probability óf occur-
rence. the possibility of traffic interruption by flow over the highway, and
damages that would occur to the highway and other property.

Performance curves aid in the selection of the cutvert type, including
size, shape. material, and inlet geometry, which fulfills site requirements ai
the least annual cost. The curves also may reveal opportunities for increasing
the factor of safety and improving the hydraulic capacity at little or nã
increase in cost. A typical culvert performance curve is shown in Figure 9.
Flood frequency has been added to the abscissa to aid in evaluating the risk
of exceeding the design headn'ater with the selected culvert design.

5.ó Entr¡nc¡e fünfigurations

- Entrance configuration is defined as the cross sectional area and shape
of the culvert face and the type of inlet edge. when a culvert operates ìn
inlet control, headwater depth and the entrance'confrguration deteimine the
culvert capacity and the culvert barrel usually flows only partially full.
Entrance geometry refinements can be used to reduce the flow contraction at
the inlet and increase the capacity of the culvert without increasing the
headu'ater depth. The amount or degree of refìnement warranted ii de-
pendent upon the slope and roughness of the culvert barrel, headwater
elevation controls, tailwater, design flood discharge and the probability of
exceedance, risk of damage, construction costs, the safety factor incorporated
into the design, and other factors. Performance curres are an indispensible
aid in evaluating the degree of inlet refinement that is warranted (3).,

In connection with inlet improvements, two points should bì empha-
sized. First, culverts operating in outlet control usually flow full at the deìign
flor* rate. Therefore, inlet improvements on these culverts only reduce the
entrance loss coefficient, Ès, which results in only a small decrease in the
required headwater elevation. second, inlet improvements are made for the
purpose of causing a culvert flowing with inlet control to flow full or nearly
full at the design discharge. lt should be recognized that outlet control may

¡Underlined nu¡nbers in parenthesis refer to publications listed in Section 15.0, References.
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Fig. 9-Performence curre¡ for clngle box culvert 90 degrce
wingwall.

govern for discharges larger than the design flood peak and outlet control
has a more rapidly increasing headwater elevation requirement for increasing
discharges than inlet control. Because of uncertainties in estimating flood
peaks and the chance that the design frequency flood will be exceeded, the
risk of damage from larger floods may Ìvarrant incorporating an increased
factor of safety in culvert capacity at some sites.

Table I gives entrance loss coefficients, fr¿, for computing entrance
losses for outlet control flow. In inlet control, the effect of the entrance
configuration is inherent in empirical charts and nomographs for the head'
water<ischargerelationships developed from research (1, 2, 3).

Various types of cutvert entrances are shown.in Figures 10 through l8
and discussed in the following paragraphs. Reference 3 contains a full
discussion of inlet improvements, design charts and procedures.

r8
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TABLE I_ENTRANCE LOSS COEFFICIENTS

Outlet Control. Full or Panly Full

Entmnce h¿ad loss He = lce (Yr 12 gl

Type of Structure and Design of Entrance Ccrflicient ft"

Pipe, Concrete
Projecting from fill. socket end (groove.end) 0.2
Projecting from fill, sq. cut end 0.s
Headwall or headwall and wingwalls

Socket end of pipe (groove-end) . . .

Square-edge.
Rounded (¡adius = l/l2D) .

Miltered to conform to fill slope
+End-Section conforming to fill slope
Beveled edges, 33.7o or 45" bevels
Side- or slope-tapered inlet ...

0.2
0.5
0.2
0.7
0.5
0.2
0.2

Pipe. or Pipe-Arch, Corntgated Metal
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square-edge 0.5
Miltered to conf'orm to lill slope , paved or unpaved slope . . . 0.7

'End-Section conforming to fill slope . . 0.5
Beveled edges. J3.7o or 45o bevels 0.2
Side- or slope-tapered inlet . . . 0.2

Box. Rei4lbrced Concrete
Headwall parallel to embankment (no wingu'alls)

Square-edged on 3 edges 0.s
Rounded on 3 edges to radius of l/12 barrel dimension. or beveled

edges on 3 sides . 0.2
Wing*alls at 30o to 75o to barrel

Square-edged at cror*n 0.4
Crown edge rounded to radius of l/12 barrel dimension. or beveled

topedge ............... 0.2
Wingu'all at l0o to 25o to barrel

Square-edged al crourn .. 0.5
Wingualls parallel (extension of sides)

Square-edged at cro\Àn 0.7
Side- or slope-tapered inlet . . . 0.2

iNote: "End Section conforming to hll slope." made of eithe¡ metal or concrete. are the
sections commonly available from manufacturers. From limited hydraulic tests they are
equivalent in operation to a headwall in both inler a¡d outlet control. Some end sections.
incorporating a closed taper in their design have a superior hydraulic performance.
These latter sections can be designed using the information given for the beveled inlet.

5.ó.f Conventional

Commonly used inlets consist of projecting culvert barrels or projecting
inlets, cast-in-place concrete headwalls, precast or prefabricated end sections,
and culvert ends mitered to conform to the fill slope, or step mitered to
approximate the fill slope. For a given headwater elevation, the conventional

l9
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Fig. lO-Thin-edge projecttng
lnlet.

Fig. ll-Groove end projecting
inlet.

Fig. l2-Square edge inlet tn headwall with
wingwalls.
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bell or groove end of a concrete pipe has a greater capacity than a square-
edged inlet, whether projecting or in a headlall, and a square-edged inlet
has greater capacity th^1n." thin edged, mitered or projecting inlet. Ãlthough
the entrance loss coeffrcient cannot be used in cbmputin! the heaawaìer
elevation for culverts operating with inlet control, the eificieñcy of the various
inlets for both inlet and outlet control is in general indicated by the fr¿ values
shown in Table l. conventional inlets are shiwn in Figures toitrrougtr ta.

:

Flg. l3-Itlitered lnlet with dope pavlng.

Fig. I 4-Step'mltered inlet.
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5.6.2 Beveled

Bevels similar to but larger than chamfers on the inlet edges of a culvert
are the simplest type of inlet improvement. The bevels may be plane surfaces
or rounded and are proportioned according to culvert barrel or face dimen-
sions. The top and sides of box culverts and the perimeter of other shapes

should be beveled, .except that bevels may be omitted from that portion .of
the perimeter of round and arch shapes which is tangent to an inlet apron.
The bell or groove end of a concrete pipe is equal in performance to a

beveled entrance and is superior to the performance of a square-edged inlet
in a headwall, as when the glooye end is cut off. The entrance of a

thin-walled culvert can be improved by incorporating the thin edge in a

headwall or in a headwall with bevels.
Bevels also improve the performance of culverts operating with outlet

control, but not as much as with inlet control. The entrance loss coefftcient,
È¿. is reduced by the use of beveled edges and they should be considered
since little additional cost is involved.

A beveled inlet is shown in Figure 15.

5.ó.3 Slde'Tapered Inlet¡

Further increase in culvert capacity by reducing the flow contraction at
the entrance is possible by use of an enlarged face area and a transition from
the enlarged face to the culvert barrel. On a box culvert, this is called a
side-tapered inlet because the inlet face is the same height as the culvert
barrel and the transition from facc size to barrel size is accomplished by
tapering the sidewalls. Side-tapered or flared inlets for pipe culverts may
have a face in the shape of an oval, a circle, or a pipe-arch. Flared or
warped wingwalls or a simple headwall may be used with this type of inlet.

The intersection of the transition section and the barrel is termed the
throat section. For side-tapered inlets, the hydraulic control may be at the
face or at the throat. Since flow contraction at the throat is less than at the
face and the throat is at a lower elevation, it is advantageous to design
side-tapered inlets so that control will be at the throat. This is accomplished

Ftg. l5-Bevcled lnlet wlth
he¡dwdl.
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by making the face sufficiently large that control will be at the throat at most
flow rates.

The advantages of a side-tapered inlet for culverts flowing in inlet
control are increased flow capacity or a lower required headwater elev¿tion
for a given flow rate and a possible reduction in the size of culvert barrel
required. Some increase in forming costs may be experienced for the transi-
tion or inlet section, but any such increased cost has been difficult to detect
in those built to date.

Side-tapered inlets are shown in Figures 16 and 17.

5.ó.4 Slope-Tapered Inlets

Slope-tapered inlets are similar to side-tapered inlets except that the
slope in the transition section is steeper than the slope of the culvert barrel.
With control at the throat, more head is available at the control section and
at given headwater elevations, culvert capacity is greater than with other inlet
conftgurations. The total annual cost of various alternate designs should be
considered in culvert selection. If a slope-tapered inlet is hydraulically fea-
sible, the increased costs for structural excavation should be offset by advan-
tages of increased culvert flow capacity and/or reduced culvert barrel size
and cost.

Slope-tapered inlets can be used on either rectangular or circular cul-
verts, but circular culverts require a special transition to the barrel section.

Figure l8 shows a slope-tapered inlet under construction.
A full discussion of inlet improvements and design aids are contained in

Reference 3.

5.7 Barrel Ch¡rscter¡stlcs

In inlet control flow, culvert barrel characteristics of roughness, length
and slope do not affect culvert capacity. It should be understood, however,
that these characteristics often determine whether or not the culvert will flow
with inlet or outlet control. With a given culvert slope, a rough pipe will flow

Fig. ló-Slde.tapered lnlet on
box culvert.
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In general, culvert outlet end treatment does not affect culvert capacity.
The exception to this would be an energy dissipation device which raised the
pressure line or effective tailwater at the outlet and caused the culvert to flow
with outlet control rather than inlet control. Outlet structures are used for
three purposes:

l to retain the embankment,
2. to provide structural support for the end of the culvert, (Section 6.1)

and
3. to inhibit scour damage to the roadway embankment, downstream

channel and adjacent property.

Scour at culvert outlets is caused by high velocity flow, flow confined to
a lesser width and greater depth than in the natural channel and eddies
resulting from flow expansion. Scour prediction is somewhat subjective since
the velocity at which erosion will occur is dependent upon the characteristics
of the channel bed and bank material, velocity and depth of flow in the
channel and at the culvert outlet, velocity distribution, and the amount of
sediment and other debris in the flow. Scour developed at the outlet of
similar existing culverts in the vicinity is always a good guide in estimating
potential scour at the outlet of proposed culverts.

Scour does not develop at all suspected locations because the suscepti'
bility of the stream to scour is difficult to assess and the flow conditions
which will cause scour do not occur at all flow rates. At locations where
scour is expected to develop only during relatively rare flood events, the most
economical solution may be to repair damage after it occurs.

At many locations use of simple outlet treatment such as headwalls,
cutoff walls and aprons of concrete or riprap will provide adequate protection
against scour. At other locations, use of a flatter slope or a rougher culvert
material may be suff¡cient to prevent damage from scour.

When the outlet velocity will greatly exceed the maximum velocity'in the
downstream channel, consideration should be given to energy dissipation
devices such as stilling basins and riprap basins. It should be recognized,
however, that such structures are costly, many do not provide protection over
a wide range of fìow rates, some require a high tailwater to perform their
intended function. and the outlet velocity of most culverts is not high enough
to form a hydraulic jump which is efficient in dissipating energy. Therefore.
selection and design of an energy dissipation device to meet needs at a site
requires a thorough study of expected outlet flow conditions and the perfor'
mance of various devices. The cost of formal dissipation devices for the
design flow rate may be such that outlet protection for a lower discharge is

indicated and some damage from larger floods accepted.
Design information for some of the more commonly used energy dissi-

pators is contained in References 5 through 11.

ó.0 Specid Hydraullc Consldentlons

In addition to the hydraulic considerations discussed in the preceding
sections, other factors must be considered in order to assure the integrity of
culvert installations and the highway.

26
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ó.f Anchorage

The forces acting on a culvert inlet during high flows are variable and
highly indeterminate. vortexes and eddy currents cause scour which can
undermine the culvert inlet, erode the embankment slope and make the inlet
vulnerable to failure. Flow is usually constricted at the inlet and inlet
damage (Figirre 19) or lodged drift can accentuate this constriction. The
large unequal pressures resulting from this constriction are, in effect,
buoyant forces which can cause entrance failures, particularly on corrugated
metal pipe with mitered, skewed, or projecting ends (12).

Anchorage at the culvert entrance helps to protect against these failures
by increasing the dead load on the end of the culvert, protecting against
bending damage and by protecting the fill slope from the scouring action of
the flow. End anchorage can be in the form of slope paving, concrete
headwalls, or gtouted stone, but the culvert end must be anchored to the end
treatment to be effective. In some locations, prefabricated metal end sections
should also be anchored to increase their resistance to failure.

outlet ends of culverts need anchorage at many locations. sectional
rigid pipe is susceptible to separation at the joints when scour undermines
the outlet end. Tiebars are commercially available to prevent separation of
concrete pipe joints. Metal culvert ends projected into ponds or tidal waters
or through levees are susceptible to failure from buoyant forces if tide gates
are used or if the ends are damaged by debris.

Figures 20 and 2l show culverts which failed from buoyant forces at the
inlet end.

Fig. l9-Damage to culvert
lnlets hom hydraulic forces and
drlft.
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Fig. 20-Culvert ¡nd roadway ñll fdlu¡e from buoyent forccs.
Culvert c¡rrled down¡tre¡m.

ïl

Fig. 2l-Bendlng at culvert lnlef from buoyant forees. Both ends
of culvert are ôaen ln thls vlew.

6.2 Piping

Piping is a phenomenon caused by seepage along a culvert barrel which
removes fill material, forming a hollow similar to a pipe, hence the term
piping (Figure 22). Fine soil particles are washed out freely along the hollow
and the erosion inside the fill may ultimately cause failure of the culvert or
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the embankment. Piping may also occur through open joints into the culvert
barrel.

The possibility of piping can be reduced by decrcasing the velocity of the
seepage ot bJ deereasing the size of the moving stream. Methods of achieving
these objectives are discussed in the following sections.

6.2.1 Jolnts

In order to decrease the velocity of the seepage flow, it is necessary to
increase the length of the flow path and thus decrease the hydraulic gradient.
The most direct flow path for seepage and thus the highest hydraulic
gradient is through open pipe joints. Therefore, it is important that culvert
joints be as water tight as practical. If piping through joints could become a
problem, flexible, long-lasting joints should be specified as opposed to mor-
tar joints.

6,2.2 Antl.Seep Coll¡rs

Piping should be anticipated along the entire length of the culvert when
ponding above the culvert is expected for an extended length of time, such as
when the highway fill is used as a detention dam or to form a reservoir.
Headwalls, impervious material at the upstream end of the culvert and
anti-seep or cutoff collars increase the length of the flow path, decrease the
hydraulic gradient and the velocity of flow and thus the probability of pipe
formation. Anti-seep collars usually consist of bulkhead type plates or blocks
around the entire perimeter of the culvert. They may be of metal or of
reinforced concrete and, if practical, dimensions should be sufficient to key
into impervious material. Reference 13 is recommended for longitudinal
spacing and dimension requirements.

Figure 23 shows anti-seep collars installed on a culvert under construc-
tion.

Fig. 22-Void Þom plping along culvert b¡rrel.
lnadequate rpace betwecn plpes for good com-
paction.
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Flg. 23-Anti-coep collers.

6.2.3 Weep Holes

Weep holes are sometimes used to relieve uplift pressure. Filter mate-
rials should be used in conjunction with the weep holes in order to intercept
the flow and to prevent the formation of .piping channels. The filter materiats
should be designed as underdrain filter so that it will not become clogged
and so_that piping cannot occur through the pervious material and the wèep
hole. Plastic woven filter cloth ( ó ) should be placed over the weep hole in
order to keep the pervious material from being carried into the culvert.

Weep holes are not generally required in culverts and their use is
becoming less prevalent. If drainage of the fill behind the culvert wall is
believed necessary, a separate underdrain system should be installed.

6.3 Junctlons ¡nd Blfr¡rcatlons

It is sometimes necessary to combine the flow of two culverts into a
single barrel. The jurrction should be designed so that a minimum amount of
turbulence and adverse effect on each branch will .iesult. This is accom-
plished by considering the flow momentum in each branch and numerous other
variables such as the timing of peak flows, low flow in one branch and high
flow in the other. supercritical flow velocities add to the complexity of the
problem. References 14 and 15 and other technical publications treat the
subject of junctions for supercritical flow. In critical locations, laboratory
verification of junction design is advisable.
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If a bifurcation in flow is necessary or desirable, it is recommended that
the flow division be accomplished outside the culvert barrel. Problems with
clogging by debris and the desired proportioning of flow between branches
can be handled much more easily outside of the culvert.

6.4 Tntnlng Wrlt¡

lYhere supercritical flow conditions prevail in a curved approach to a
culvert, training walls are needed to aline flow with the culvert inlet and to
equalize flow rates in the barrels of multiple barrel culverts. In locations
where overtopping of the channel or culvert or inefücient operation could
result in catastrophic failure, laboratory verification of the training wall
design is advisable.

Training walls may also be required at culvert outlets to aline flow with
the downstream channel if this alinement cannot be accomplished in the
culvert barrel.

Design of the training walls at the culvert inlet shown in Figure 24 was
verified by laboratory testing and the walls have been proven by operation
during floods.

ó.5 Sag Culverts

A sag culvert, often called an inverted siphon, is not a siphon because
the pressure in the barrel is not below atmospheric. Sag culverts of pipe or
box section are used extensively to carry irrigation water under highways.
They are used infrequently for highway drainage and should be avoided on
intermittent or alluvial streams because of problems with siltation and
stagnation.

Hydraulically, a sag culvert operates with outlet control and losses

through the culvert can be computed by the procedures used for conventional
culverts. Bend losses can be added to the usual losses, but these losses are
usually negligible because of low velocities. Bend loss coefftcients can be
found in Reference 13.

Fig. 247-Training walls at cul-
vert entrânce.
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6.ó Iregular Alinement

At some locations, it may be desirable to incorporate bends, either in
plan or profile, in culvert alinement. When irregular alinement is advisable
or desirable, bends should be as gradual and as uniform as is practical to fit
site conditions. Changes in alinement may be accomplished either by curves
or angular bends. When large changes are necessary, mild bends, e.g., l5o
at intervals of 50 feet, should be used. Passage of debris should be con-
sidered in selecting the angle, interval and number of bends used to accom-
plish the change in alinement.

If the culvert will operate with inlet control, bend losses do not enter
into the headwater computation. If it will operate with outlet control, bend
losses will be small. In critical locations, they should be calculated and
added to the usual losses. Bend loss coeflicients can be found in Reference
t2.

6.7 Cavlt¡tion

The phenomenon known as cavitation occurs as a result of local velocity
changes at surface irregularities which reduce the pressure to the vapor limit
of the liquid. Tiny vapor bubbles form at the point of lowest pressure and
are carried downstream into a zone of higher pressure where they collapse.
As the countless bubbles collapse, extremely great local pressure is trans-
mitted radially outward at the speed of sound, followed by a negative
pressure wave which may lead to a repetition of the cycle. Boundary mate-
rials in the vicinity are subjected to rapidly repeated stress reversals and may
fail through fatigue. (þ) Surface pitting is the first sign of such a failure.

Cavitation is seldom a problem in highway culverts because of relatively
low velocities and because flow rates are not sustained for a long period.
Abrasion damage is sometimes mistaken for cavitation damage.

ó.E Tldal Etrects and Flood Protectlon

Where areas draining through culverts are adversely affected by tide or
flood stages, flap gates may be desirable to prevent backflow (Section 6.1).
Sand, silt, debris or ice wilt cause these gates to require considerable main-
tenance to keep them operative. Head losses due to the operation of flap
gates ma5 be computed using loss coefficients furnished by the manufacturer.

7.0 Multiple U¡e Culverts

Culverts often serve purposes in addition to drainage. There are cost
advantages of multiple use but one purpose or the other is often inadequately
served. The cost advantages of multiple use should be weighed against the
possible advantages of separate facilities for each use.
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7.1 Utlllties

It is sometimes convenient to locate utilities in culverts, particularly if
jacking, boring or an open cut through an existing highway can be avoided
by such a location. The space occupied in the culvert is usually relatively
small and the obvious effects on culvert hydraulic performance insignificant.
Consideration of this multiple use, however, should include recognition of the
flood flow and debris hazard to the utility and the probability of reduced
culvert capacity from debris caught on the utility line. Also, increased stream
scour often occurs at pipelines at the upstream and downstream ends of
culverts. This multiple use is not generally recommended if separate facilities
are practicable.

7.2 Stock ¡nd lVlldlife Paosage

Culverts can serve both for drainage and for stock and wildlife passes.
Culvert size may be determined either by hydraulic requirements or by
criteria established for the accommodation of the stock or game which will
use the structure. Criteria for the accommodation of stock and wildlife is not
included in these Guidelines. Scour protection at the outlet may be necessary
to insure acceptable access conditions for livestock. As with other multiple-
use culverts, satisfactory performance for both intended uses should be
assured or separate facilities provided.

7.3 Land Access

Culverts ofteñ serve both as a means of land access and drainage,
particularly on highways with controlled access. This use is common in areas
where land use on both sides of the highway is under common control. The
culvert size will generally be determined by the physical dimensions of the
equipment or vehicles which will make use of the facility. Scour protection
not considered necessary for hydraulic reasons may be required at the outlet
to facilitate access to the culvert. A smaller culvert at an offset location or at
a lower elevation than the multiple-use culvert may be required to accom-
modate low flows. Where a low-flow culvert is placed at a lower elevation
than the multiple-use culvert, precautions against headcutting from the
stream to the ouilet of the multiple-use culvert may be necessary. Good
drainage at the culvert ends is necessary to the successful use of culverts for
land access.

7.4 Fish Passage

In some locations, the need to accommodate migrating fish is an impor-
tant consideration in the design of a stream crossing. New roadway locations
should be coordinated with State fish añd wildlife agencies at an early date
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so stream crossings which require fish passage can be identified. These
agencies normally request provision for fïsh passage for all streams with fish
migrations and streams that have suitable habitat to support f¡sh runs.
Questions regarding fish'passage criteria should be reviewed in the field
during project development and discussed with the agency making the
request. At some locations, the agency may reguest that the culvert design
include a fish barrier to prevent migration of rough fish into an upstream
lake.'

When fish passage is requested, the priority order of alternatives is: (a)
highway relocation to avoid the crossing, (b) construction of a bridge, and (c)
construction of a suitable culvert.

Many fish and wildlife agencies have established design criteria for fish
passage through culverts. These include maximum allowable velocity, mini-
mum water depth, maximum culvert length and gradient, type of structure,
and construction scheduling.

Several types of culvert installations have been used satisfactorily for fish
passage (U, lJ). These include:

l, Open Bottom Culverts:

Culverts supported on spread footings to permit retention of the natural
streambed. The culvert size must be adequate to maintain natural
stream velocities at moderate flows and the foundation must be in rock
or scour resistant material (Figure 25).

2. Oversized or Depressed Culverts:

Oversized culverts with the bottom of the culvert placed below the
streambed so that gravel will deposit and develop a nearly natural
streambed within the culvert (Figure 26). Sometimes, baffles are neces-
sary to hold gravel and rock in place.

3. Culvens with Baffies:

Many baffle confrgurations have proved to be satisfactory. The baffle
geometry shown in Figure 27 is used by several States in the Pacific
Northwest. These baffles are not satisfactory for steep gradients or large
flows. \{ith relatively steep gradients (2 to 5 percent), they aid passage
only to a flow depth of about one foot over the baffle crest.

Ftg. 2S-Culvert on footlngs to
ret¡ln natur¡l ¡tre¡mbed for fl¡h
P¡ssage.
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Fig. 26-Culvert lnvert placed below ¡tre¡mbcd. B¡frIes u¡ed ø bold
gravel ln place and provlde n¡tur¡I ¡tresmbed for f,¡h p¡sssge.

4. Weirs:

Weirs in the channel downstream of the culvert, constructed so as to
maintain the desired depth through the culvert, is probably the most
practical way to meet a minimum water depth requirement for a given
species of fish. (Figure 28). The weir must be of substantial design to
withstand flood flows, and provisions must be made for Frsh to bypass
the weir. The by-pass provided is dependent on the species of fish.
References 19 and 20 will aid in the design of weirs and bypasses for
fish passage.

5, Special Treatment:

In wide, shallow streams, one barrel of a multiple barrel culvert can be
depressed to carry low flow or weirs can be installed at the upstream
end of some barrels to provide for fish passage through other barrels at
low flow.

The addition of baffles in culverts to aid fish passage may cause the
culvert to flow with outlet control at relatively low flow rates. Neglecting the
culvert area occupied by the baflles does not adequately account for energy
losses from turbulence generated by the baffles. Refe¡ence 20 is recom-
mended for the determination of hydraulic performance of culverts with
baffles.

E.0 Irrlgation

Conventional culverts and sag culverts are often used to convey irrigation
water under a highway. Freeboard in irrigation canals is usually small and
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the hydraulic design.of the culvert should be such that service to irrigable
lands will not be impaired by loss of head in the culvert.

Culvert construction in irrigation canals should be scheduled to avoid
conflict with the irrigation season and supewised carefrrlly to minimize the
possibility of sediment disrupting the water supply.

9.0 Debrls Control

Accumulation of debris at a culvert inlet can result in the culvert not
performing as designed. The consequences may be damages from inundation
of the road and upstream property.

The designer has three options for coping with the debris problem:
retain the debris upstream of the culvert, attempt to pass debris through the
culve¡1, or use a bridge (22,2Ð.

If the debris is to be retained by an upstream structure or at the culvert
inlet, frequent maintenance may be required. If debris is to be passed

through the structure or retained at the inlet, a relief opening should be

considered, either in the form of a vertical riser or a relief culvert placed

higher in the embankment (Figure 29).
It is often more economical to construct debris control structures after

problems develop since debris problems do not occur at all suspected

locations.

9.1 Debrls C,ontrol Structure Deslgn

The design of a debris control structure must be preceded by a thorough
study of the debris problem. Among the factors to be considered are:

(a) Type of debris;
(b) Quantity of debris;
(c) Expected changes in type and quantity of debris due to future land

use;

Fig. 29-Vertic¡l rlser for rcllef.

37



Compendium 3 Text 2

(d) Streamflow velocity in vicinity of culvert entrance;
(e) Maintenance access requirements;
(0 Availability of storage area;
(d Standard of planned maintenance for debris removal; and
(h) Assessment of damage due to debris clogging, if protection is not

provided.

9.2 M¡intenanc:

Provisions for maintenance access are necessary for debris control struc-
tures. For high embankments, this may be diffrcult. If access to the debris
control structure is not practical, a parking area for mechanical equipment
such as a crane may be necessary in order to remove debris without dis-
rupting traffic.

Many debris barriers require cleaning after every storm. The standard or
frequency of maintenance should be considered in selecting the debris control
structure. If a low standard of maintenance is anticipated, the designer
should choose to pass the debris through the structure.

10.0 Senice Llfe

Commonly used culvert materials are durable at most locations but some
soil and water environments are hostile and service life must be a con-
sideration in material selection and culvert design. Conditions which affect
the service life of culvert materials are corrosion, abrasion, and freezing and
thawing action. Measures to increase service life are sometimes costly and the
total annual cost should be considered when designs are prepared. Periodic
culvert replacement may be the most feasible alternative. Driveway culverts,
for instance, are generally easy to replace and trafftc service would not be a
problem when replacement becomes necessary. Culverts under high traffic
volume highways or high fills, on the other hand, are more difficult and
costly to repair or replace and more precaution against failure from a hostile
e,nvironment is warranted.

Many of the conditions which affect service life can be evaluated and
service life estimated prior to the selection of culvert material. The type and
degree of protection needed can then be determined (2! through 3!). One of
the most reliable methods available to the designer is to examine existing
culverts in the same stream channel or in similar streams in the same area.

10.1 Abrasion

Abrasion loss is the erosion of culvert materials by the bedload carried
by streams (Figure 30). The principal factors to be considered are the
frequency and duration of runoff events which transport significant amounts
of abrasive materials, the character and volume of the bedload, and the
resistance of the culvert material to abrasion.
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Fig. 3O-loss of culverf rn¡teri.
¡l from ¡br¡slon.

In some locations culverts can be protected from abrasion by use of
debris control structures to remove the abrasive sediment load from the flow
(Section 9.2).

Provision for abrasive ìr'ear can be made by the use of sacrificial thick-
ness of structural material in the invert. In metal culverts, the sacrificial
material may be either additional metal thickness or portland cement con-
crete invert paving. Provision for abrasion in concrete culverts generally
consists of requiring additional cover over reinforcing steel and more durable
concrete mixes.

Invert treatment of planking with metal plate or railroad rails, channels,
or other steel shapes placed longitudinally in the bottom of the culvert can be
used where severe abrasion is anticipated or experienced (Figure 31).

10.2 Cono¡lon

Environmental conditions that are generally considered to contribute to
the corrosion of metal culvert pipe are acidic and alkaline conditions in the
soil and water and the electrical conductivity of the soil. Another contri-
buting factor in corrosion is the frequency and duration of flows transporting
bedloads which abrade or otherwise damage protective coatings.

Fig. 3l-Downstream
culve¡t lnlerf treatment
tection agoinst abrasion.

end of
for pro-
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Satt water causes corrosion of steel, and depending on the salt conc€n-
tration, will corrode aluminum but experience with aluminum in salt water
environments to date indicates that aluminum culverts are fairly rcsistant to
corrosion at such locations. Aluminum should not be used ln alkaline
environments or where other metals such as iron, copper or their salts are
present. Experience has not been good with metals in organic muck in
estuarine environments. Concrete deteriorates slowly in contact with chlo-
rides, sulphates and certain magnesium salts. Alternate wetting and drying
with seawater is also detrimental to concrete. In general, most culvert mate-
rials exposed to seawater require some type of protection to assure adequate
service life.

Coal mines and certain other mining operations can produce free acid or
acid forming elements which are corrosive to nearly all culvert materials.
Vitrified clay, stainless steel and bituminized fiber have been successfully
used in severe acid environments as culvert and as lining materials. Ends of
bituminized fiber should be protected since limited observations indicate that
delamination occurs in direct sunlight.

Alkaline water and soils containing sulphates and carbonates cause
rapid deterioration of concrete culverts. This deterioration can be retarded by
the use of Type V and other limited calcium aluminate cement or higher
cement content concretes.

Protection of metal culverts from corrosion usually consists of bitumi-
nous or asbestos bonded bituminous coating or coating and paving. Conclu-
sions regarding the use of bituminous protective coatings are not consistent.
Some States have found significant increases in service life while others have
concluded that such coatings are not cost effective. Asbestos bonded metal
appears to give better resistance to deterioration. Bituminous coatings are
not successful in highly hostile environments because of insuffìcient bond to
the metal, holidays, .and damage to the coatings in handling and placing. All
bituminous coatings are vulnerable to petroleum wastes and spills and to
destruction by fire.

Mill-applied thermoplastic coatings on corrugated metal culverts are of
more uniform thickness, less subject to damage in handling and installation
and have fewer manufacturing flaws than bituminous coats. They are
superior to bituminous coatings in abrasion resistance and, although experi-
ence is relatively short, it appears that culverts with these coatings will
survive for a reasonable period in corrosive environments.

A National Cooperative Highway Research Program (NCHRP) Synthesis
Report (1975) will provide guidelines for the selection of durable materials
and protective measures for various corrosive environments.

I1.0 Safety

The primary responsibility for traffic safety in the hydraulic design of
culverts is met by providing structures adequate to avoid hazardous flooding
and failure of highways. It is also important tlÍat culverts be located so that
the structure will present a minimum hazard to traffic.

Culvert ends should be located outiide the safe recovery area, where
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possible, and continued across medians except where safe recoveÌy areas can
be provided otherwise. Some culvert ends can be made traffic safe by 1þs rr-ss

of traversable grates, but only if the grates will not become a hazard by
causing the highway to flood. Grate hydraulic capacity and the potential for
clogging by debris must be considered before selecting this method for
making culvert ends traffic safe (31, L2, 3!).

At locations where culvert ends cannot be located outside the safe

recovery area and where grates would be impractical or unsafe, guardrail
protection should be provided.

Culverts can also be an attractive nuisance and a hazard to children. At
locations where long culverts could be a hazard, fencing or glates should be

provided to prevent entry.

f2.0 lÞeign Document¡tion

Design data should be assembled in an orderly fashion and retained for
future reference. The amount and detail of documentation for each culvert
site should be commensurate with the risk and the importance of the struc-
ture. Post-construction review of data and documentation may be necessary

for the following reasons:

1. The performance of structures over a period of time is very helpful in
evaluating design policies and procedures and the validity of design
assumptions;
In the event of failure, contributing factors can be identified and
considered in the design of replacement structures;
Source of information when structure is replaced, extended or
improved;

4. Source of iñformation for the design of other structures in the
vicinity;

5. Source of information in the event of litigation.

l2.l Compllation of Dat¡

Data can be compiled in a vartety of ways and should include these

items:

1. Copies of all pertinent correspondence;
2. Topography of site;
3. Drainage area map;
4. Stream profile and cross sections;
5. Historical highwater documentation;
ó. lnforrnation on existing structures in the vicinity;
7. Hydrologic design computations;
8. Hydraulic design calculations and culvert performance curves;
9. Foundation investigation;

10. Structure plans; and
11. Economic analysis of structure selection.

2.

3.
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12.2 Rctcndon of Rccord¡

Provisions should be made to retain records of culvert designs until the
highway is reconstructed.or the culverts replaced. Records may be retained in
design files or on microfilm and should be readily available when needed for
reference or review.

13.0 Hydnulh Rclrted C;on¡tncdon C,on¡ldcnûon¡

Assembly or construction, bedding and backfill are as important to
satisfactory culvert service as the hydraulic and structural design. In addi-
tion, there are hydraulic related factors that should be considered by con-
struction engineers,

f 3.f Vcrlfic¡don of Phn¡

Plans should be checked to verifo that site conditions have not changed
from the time of location suryeys to construction. Changes in culvert design
required because of differences between location and construction surveys
should be made in consultation with the design engineers. Some changes
could significantly affect either the hydrology at the site or the hydraulic
performance of the culvert designed for the site.

Changes in land use in the watershed such as clear cutting of forests or
urbanization, can change the hydrology at the site and debris considerations
used in the design. Development near the site could change damage risk
considerations for the design.

Changes in stream alignment and profile can result in different flow
conditions than those for which the design rvas prepared. Changes in head-
water elevation-capacity relations and outlet velocity may require considera-
tion of changes in culvert type, size, or shape and of the need for protection
against scour at the outlet.

13.2 Temporary Ero¡lon C,ont¡ol

During construction, care should be taken to minimize the erosion at
culvert inlets and outlets, and siltation within the culvert. Temporary silta-
tion pools and check dams should be considered at the culvert inlets or
outlets. Temporary erosion control methods are discussed in Volume III of
these guidelines entitled, "Guidelines for Erosion and Sediment Control in
Highway Construction" and Reference 34.

f 3.3 C,on¡tructlon ¡nd Document¡tlon

Records should be kept of the construction of eaèh culvert installation.
The final location and slope of the culvert should be recorded on the
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"as-built" plans. This information is useful for evaluating overall perfor-
nrance of the installation.

Construction personnel are encouraged to inform the designer of any
diff¡culties which are encountered and to make suggestions to improve future
designs.

f4.0 Hydreulic Rcl¡tcd M¡lnten¡nce Con¡lder¡tlons

Culvert designs should be prepared recognizing that all structures
require periodic maintenance inspection and repair. ÌYhere possible, some
means should be providef for personnel and equipment access to the struc-
tures to facilitate this activity. Culverts must be kept in good repair and
reasonably clean at all times if they are to function as intended (3J).

Maintenance personnel should advise design engineers of culvert loca-
tions which require considerable annual maintenance. It may be that the
maintenance is not necessary to the integrity of the structure or a problem
may exist which should be corrected by a design modification.

I4.l Malntcnance Inopectlons

Culvert failures can be both disastrous and expensive. A comprehensive
program for maintaining culverts in good repair and operating condition will
reduce the probability of failures and prove to be cost effective. The program
should include periodic inspections with supplemental inspections following
flood events. Conditions which appear to require remedial construction
should be referred to the hydraulic engineer for the design of corrective
measures.

14.2 Flood Records

An inspection of culverts should be made during and after major floods
to observe the culvert operation and record high water marks. Conditions
which require corrective maintenance should be noted including debris
accumulations, silting, erosion, piping, scour, and structural damage. Perfor-
mance information that reflects a need for design or construction changes or
unusally large flood peaks should be submitted to the hydraulic design
section for review.

14.3 Reconstrr¡ction ¡ud Rcpair

Maintenance inspections will often reveal the need for major repairs,
culvert appurtenant structures such as energy dissipators, extensive scour
protection, and sometimes reconstruction. The repair of various types of
culvert distress and failures is discussed in Reference 35.

43



Compendium 3 Text 2

Extensive and costly repair, construction and reconstruction should be
coordinated with the hyd.raulic design section. This is advisable particularly
when conditions have changed from those which prevailed at the time the
existing culvert was designed. Urbanization or other changes in the water-
shed, channelization of the stream, flood control storage, or any of numerous
other changes which affect hydrology may require reconsideration of the
culvert type and size, allowable headwater elevations and acceptable risk at
the culvert site. Physical changes at the site and in the stream, such as
aggradation or degradation, may make it advisable to reconstruct rather than
undertake major repairs or modifications.

Most culvert replacements by maintenance forces should be coordinated
with design for possible revisions in structure geometry and size. Culvert
failures may occur because of unusuat floods, inadequate size or for reasons
not related to hydraulic adequacy such as piping, scour, corrosion, abrasion,
inadequate foundation and buoyance. For this reason, overflow over the
roadway or culvert failure may require replacement with a larger culvert, a
change in inlet geometry of the existing culvert, replacement with an equiva-
lent culvert and precautions against failure from other causes, or an identical
replacement culvert may be indicated.
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Drainage Studies from Aerial Surueys

Ixtnonr'"cr¡os
,T,Hr purpose of this paper is trço-fold. The
I first is to prescribe a method rvhereb¡-

stereoscopic pairs of aerial photographs can
be used b1' ñeld engineers s'ith limited photo-
grammetric training, for determining drain-
age areas with suffìcient accurac¡'and detail for
use in estinrating culvert sizes. The second is
to consider the use of such photographs for the
actual positioning of culverts, bridges, dikes,
channel changes and sinÍilar features of design
rvith an accurac)' sufficient for use as a guide
in construction plans and estimates.

\\'hile the investigation s'as confined to the
southern part of the State of Årizona. the
same methods s'ith minor diflerences should
be applicable to other areas. \o claims are
made for originalitf in der-eloping the follon -
ing techniques. \o doubt thet'har-e been used
previousll', but a presentat¡on of the de-
veloped procedures s'ill no doubt be interesr-
ing to man¡' l'ho are inlolved ín locating
rurodern highsal's and in other undertakings
involving the location and design of drainage
structures.

Drainage areas are usualtl' determined b).
utilizing existing maps or b1' traversing each
s'atershed. Both methods have their short-
comings. llaps can be unreliable or so lacking
in detail as to preclude accurate determina-
tion of larger areas or an)' determination at
all of the smaller areas. Traversing, either by'
stadia, plane-table, or transit and tape, is
both time and labor consuming, especiall)'in
regions of rough terrain or rvhere ground
cover interferes.

In the arid Southrvest, the extent and

IR\TIN STER}iIJERG,
District Loca.lion Engineer,

Arizona Highwøy Deþt., Tucson, .Jriz.

-'\ssrR.rc'r: l'erlical aerial photograþhs exunined slereoscoþically þroúde a
useJul lhree-dimensiotal mediun u,hereby drainage areds cart be successJully
determined uith st-ficient nccurocr for the ilesign of cuh'erls for highway drain-
age.

Discussed in the þaþer is lhe use ol large-scale þhotogruþhs for iletermining
lhe þlucement of these cukerls ond olher ilems cottcerned uith the collection antl
disþersul of surfuce waler during run-of þerioils.

llethods, rorrecliotts to be aþþlied, and lechniques which hat'e been success-
f ully emþloyed, ull of uhich are u'ithin the caþabilities of the aterage.freld engi-
neer ttilh limited þhotogranmelric lrainhg and equiþmenl, are described.'
Extnrþlcs are gùen lo shou the degree oJ accuracy æhich can be especteil.

character of drainage areas are r.erv impor-
tant in determining culr.ert sizes. During the
rain¡' seasons storms are frequent and al-
though of short duration the1. can be ,r-iolent

in character. This characteristic plus the
impervious nature of the soil and the sparse-
ness of tegetation contritrute to the rapid
run-offs encountered in this section of the
countr)'. \\-ashes l'hich are normalll. d11'
suddenll' become raging torrents, l.hile in the
flat desert regions, l'ashes frequentlr. over-
flos' the surrounding areas. It is necessarl'
therefore to pror-ide adequate drainage across
highs'a¡'s both to safeguard the highrval's
against excessile erosion and to protect the
surrounding land.

In the past much of this run-off t.as taken
care of b1' constructing dips across the high-
s'avs. \\'hen properll' constructed and pro-
tected, these dips rvere both economical and
satisfactory. Horvever, rvith the rapid in-
crease in amount and speed of traffic, and the
increased importance of the highs.al. in the
economv of the countrl-, the practicalit)-of
dips n'as decreased, and enforced delar.s to the
motorist during flash floods rvere not onll'
irksome but expensir.e. Ånd of course on
divided highs'a1's of the Interstate Svstem
and other heavily travelled limited-åccess
facilities, such a treatment rvould be not onl)'
archaic but unn'orkable.

In Arizona it has been found that the
Talbot equation for determining culr.ert sizes
is quite satisfactory, This equation is an
empirical formula based on a large number of
observations. It rvorks n'ell s.ith a flon'
velocity of ten feet per second or less and a

ó38

Compendium 3 Text 3

83



Compendium 3 Text 3

u

DRAINAGE STUDIES FROM AERI.{L SURVEYS ó39

F rr;. l. Sketch illrrstrating the differertces irr cfrainage ¿rrea extent rvhi<.h nrav rx.cur bets.eerr actual
photographs altd srtrall-scale contorrr ntaþs, due to escessive corrtär¡r interrlal.

maximu¡n rainfall of { inches per hour. 'fhe
general formula i, 1: çr{i¡î l'here I is the
area of the required \\ater\\a\.in square feet,
-ìl is the area drained in acres and C is a
coefficient depending on the contour and
character of the land drained. This coefficient
varies from C:1for steep rockl'ground to
C:l/S or less for comparativel)' llat areas.
Other formulas for determining \\.ater$'a!.
areas can of course be used,

The character and slope of the terrain is
therefore important. Its extent and rvhether
the run-off is confined, or covers an estensir.e
area, must also be considered, Esperience
counts much in selection of the run-off coeffi-
cient for use in the equation and in selecting
the size of the culvert and determining its
placement.

Drainage areas to be used in the application
of this equation rvere, and still are in many
cases, determined by measurement in the field
or from existing maps. In the comparatively
unsettled \\'est suitable maps are scarce, are
not too accurate, and many are lacking in
sufficient detail to be reliable or usefut. The
recent 7j-minute quadrangle topographic
maps pubtished by the United States Geo-
logical Survey are very helpful and are quite
accurate. Unfortunately they are not now
plentiful and in many cases the contour
interval is too large to ensure a true determin-
ation of the drainage area boundaries.

Figure 1 illustrates how errors could inad-
vertently occur in outlining an area n'here the
contour interval is too great. Shorvn is a
section taken lrom a recent 7!-minute quad-
rangle map with a contour interval of 40 feet.
The solid black line shows the boundary of a

drainage area as it s'ould be determined from
the contour inforr¡ration given. The dashed
black line shorvs rvhere the boundarl'differs
from the solid black line as the result of a
stadia traverse run in the field by' regular
freld methods. A Io$'ridge cuts transversell'
across the area rvith its crest along the dashed
black line. It so happens that the elevation
along the ridge is about 2,340 feet, rvhile the
elevation of the trough behind it to the east is
around 2,330 feet. The contours on the map
therefore give no indication that such a ridge
exists. The effect of this ridge on the drainage
area is clearll'evident in the figure.

Dsrpnu¡xrsc DRÅr¡(AcE ånrrs
Åerial photographl. naturalll. is suggested

as a possible solution to the problem rvhich
then is resolved into the various possibilities
open to the use of this medium. It is desirable
to limit its use to such forms as are usable br.
field survey personnel rvho har-e a minimum
of photogrammetric training and to such
equipment as can be made available to those
men,

\\'here an area has been photographed for
reconnaissance survey purposes the aerial
photographs thus secured can be used,
particularly rvhere the drainage area is of
considerable extent. Photographic mosaics
can also be used but the three-dimensional
effect attained from stereoscopic examination
of pairs of aerial photographs is very'desirable
in tracing the boundaries of rvatershed areas.
The contours of topographic maps compiled
photogrammetrically are extremely useful but
the maps are generally of such limited extent
that they are of little value except for very

lJ\,4
\
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small areas. For larger areas and.rt'hen avail-
able, as in .{rizona, manuscript maps com-
piled from existing photography at the scale
of one-mile-to-one-inch for use in preparing
the general county highl'ay maps, are ver!'
useful. But here again drainage detail is not
sufficient for determining the boundaries of
the smaller areas. In man)'cases therefore it
becomes desirable to photograph the region
under consideration, especially for drainage
area studies. Such photograph¡' is inexpensive
and its cost can be saved manl' times over in
time and labor. .\ scale of 2000 feet-per-inch
for normal size areas is generalll' satisfactorl'
although a smaller scale can be used for areas
of greater size. Large scale photography
might be considered in some instances, and
for small areas the large scale in manl' cases
rvould be desirabte. But as the scale is in-
creased the coverage is decreased and the
larger areas become unrvieldlf in size.

The follorving discussion is based pri-
marill'on the use of aerial photographs, as the
use of other media, such as maps, requires no
special comment. The discussion is also
limited to small and medium-size areas s'hich
can be plotted on one or t$-o strips of photo-
graphs. I-arger areas can perhaps best be
determined b1' other methods-such as on
existing quadrangle maps or on drainage
maps especialll' prepared in the photogram-
metric laboratorl'.

First the scale of the photography is de-
termined and the centerline of the highrvay is
plotted on the photographs. On photography
made prior to the location of the surve)'
center line, this plotting rvill have to be done
b;' photographic identiñcation. On photog-
raphl' taken rvithout control being pre-
marked on the ground b}' photographic
targets, the scale can be determined rvith
sufficient accurac)' from existing features-
such as section lines, property lines, existing
roads or other conñgurations rvhere the length
is knortn or can be determined. On photog-
raphy where photographic targets appear as
placed on control points, the scale of course
can be easily determined; this rvitl frequently
be the case as placement of phôtographic
targets prior to photography is becoming
more and more a prevalent practice.

Drainage area boundaries should be plotted
stereoscopically using a pocket or mirror
stereoscope and a red pencil. It is necessary to
trace the boundary on only one overlapping
area and preferably the one on rvhich the
entire area occurs. On larger areas rvhich
extend over adjacent flight strips, care should
be taken ín transferring the watershed boun-
daries from the edge of one photograph to

another. This should be done preferably by
radial plot to minimize errors. \\'here the
elevations within an atea vary by less than
200 feet, or where the drainage areas are not
of great extent, these areas can be planim-
etered directly' on the photographs and
converted to acres or square miles according
to the average scale as determined. For larger
areas and rvhere differences of elevation are
still rçithin the approximate 200 foot range, a
scale based on an average eler-ation of the
drainage area to be considered can be used,
and the area converted on this basis.

\\'here there is a difference in eler.ation of
200 feet or more n'ithin the limits of the
drainage area, adjustments should be made
for image displacement due to relief. If this
is not done errors ma)' occur l'hich could
materialll' affect the size of a culvert or
\rater$'a\'. In such cases it is more feasible
and convenient to transfer the drainage areas
and other pertinent features from the photo-
graphs onto tracing paper before the adjust-
ments are made.

In order to determine these adjustments
the displacement formula d":rh/H is used,
In this d is the displacement due to relief, r is
the distance on the photograph from the
principal point to the image of the top of the
object, /¡ is the ground eler.ation of the
object and ,È/ is the flight height of the photo-
graph relative to the same elevation datum
as /¡. Elevations around the perimeter of each
area, as required for making the adjustments,
can be determined from the photographs with
sufficient accuracy by means of parallax
measurements using either a parallax bar or
an engineer's scale. Necessarl- measurements
can then be made and the adjusted areas
drarvn and planimetered on the tracing. If
topographic maps of sufficient detail and
accuracy of the area are available, the eleva-
tions can bê taken directly from the contours
on these maps rvith a considerable saving in
time. Other means of obtaining the elevations
rvould also be acceptable as elevations to the
nearest 50 feet rvill be accurate enough.

Relief displacement can then be easily
determined to a selected datum appll.ing the
above formula and the corrections made as in
Figure 2. The drainage area thus adjusted
can be planimetered as usual, computing its
extent to a scale as determined b1'elevation
of the datum plane selected. It appears to be
more convenient, although not necessary, to
select this datum plane so that it rvill pass
through one of the lorver elevations along the
centerJine of the survey as plotted on each
photographic print.

Corrections for tilt are not necessary rvhere
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lO-23-59 . FLT. ALf. 14,640 \¡ l".2OOO'

AFEA UNCORRECIEO-2.62 50. MI

' CORRECTED FOR RELIEF 2.I9 .
' FRoM t-24ooo ouao.MAP 2.ro "

SCALE OF PHOTO
AT 2600' l" 2136'

EFFECT OF RELIEF

F¡c. 2. Sketch illustrating effet't of excessive relief or¡ drairrage area estent rvith the resr¡lt sf
correctiorrs rnade b¡' application of the displaceurerrt forr¡rula.

the vertical photographs do not contain nrore
tilt than is allorved by the usual speciñcations.
Iloreor.er, corrections for tilt require some
ground surve)' data, are quite complicated to
make, and are generalll' be1'ond the under-
standing of lield engineers to compute. Ån¡'
errors in drainage area due to tilt in vertical
photographs should not exceed the limits of
accuracy required. Investigations have shorvn
that error in area in excess of 3 per cent
because of tilt is unlikel¡-.

Drainage areas in flat desert or similar re-
gions are more difficult to determine than
*.here topography is rolling or rugged, due
partly to the lack of relief and partly to the
fact that shifting channels during storm
periods rvill sometimes alter the smaller areas
to a considerable extent. This is particularly
true rvhere the area under consideration is
only a part of a larger major area. Also the
enormous amount of sediment carried dou'n
these shallorv channels during a cloudburst
u'ill frequently fill a shallow wash and rvill
cause the stream to cut out another channel
rvith perhaps a cross-over into an adjacent
area, Close examination of aerial photographs
rvill make these ocd¡rrences evident or their

possibilities knorvn much better than can
be determined in the ñeld. åbandoned chan-
nels s'ill be evident and in nran1.cases future
behar-ior of the stream florv can be predictecl.

O'rser I)R¡¡s.rcs Dlr.r Os'r.rrs.raLe
r"Rou ÀERr.{L PHotocn.tpns

In addition to quantitatir.e data pertaining
to drainage area size rvhich is determinable
from aerial photographs, other r.ital quantita-
tive data and qualitatir-e information ma1- be
obtained, )iot only'are all of these data not
obtainable from topographic nraps, but the¡-
are difficult and expensir-e to ascertain b1.
investigative methodì on the ground.

Vertical aerial photography' r-ierred stereo-
scopically is particularly adaptable ro rhe
determination of type and extent of ground
cover, and the extent of ponding and r.ater
retarding features of each drainage area.
These features are vital factors regarding
surficial drainage and are essential compo-
nents of a judicial anall'sis of a specific drain-
age problem. The1. cannot be obtained from
topographic maps or easily. obtained in the
field.

Ground cover, the extent being dependent
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on the t1'pe and intensit¡', reduces the run-
uff r'olume and retards the run-off veloc-
it¡', \\'hen vein'ed stereoscopicall¡', aerial
photographs make possible the engineer
determining the a¡rrount and extent of ground
cover, the e\posure and the ground slope.
He can also to sorììe e\terìt determine the
character and tr'¡re of the cover. This knol'l-
edge is important in identif¡'ing underlf ing
t1'pes of soil, and judging internal drainage
characteristics of soils. Âll of these are essen-
tial for accurate determinati<¡n <¡f sizes and
slra¡res of structure openings,

Ponding or retarding of u'ater abor-e drain-
aße structure openings is another significant
factor to consider in the structure design.
Some drainage chanrrels. l'hether s'ide or
rìarro\\'. are dee¡l rvith steep and fast drainage
characteristics.'Ihese ret¡uire structures of
considerat¡le heacl room. Other areas are
extensivell' l'ide and flat in character and
ma¡' be br<¡ken lr1' a large lake. Such areas
tend to collect large anrounts of surñcial
run-off and to act as dispersal areas up above
the site in the drainage channel l'here the
drainagc structure nrust l¡e placed. \\-here this
happens the structure opening mav be re-
duced sonrel'hat from the larger size indi-
cated b¡' the factor olrtained from the drain-
age area onll', i.e. t'ithout reduction. \\'hen
aerial photogra¡rhs are used these drainage
features are easil¡' and accuratelv deter-
rnined and restrlt in a l-¡etter and rur¡re cco-
nomicalll' drained highs'ar- area.

lìx.rrr n¡-rs oF DR.{t N.{(;E
-\ne¡ Du'BntrrN.\Tro\

F'igure 2 illustrates the amount of drainage
boundar¡- dis¡rlacement that can occur due to
extreme relief . At this point the existing
hight'af is adjacent to the Santa Catalina
llountains; the elevation difference betrveen
the lorv and the high points of the area to l¡e
nreasured amounts to 2,750 feet in a distance
of approximatell' 0.8 mile. Slopes are ver\'
rugged and the determination of the area b1'
ordinarl' field methods s'ould be extremell'
difficult. The photographs n'ere taken from a
flight height of approximatell' 12,000 feet
s'ith a six inch focalJength lens. Scale rvas
estimated from knos'n distances along the
highrval'.

This photograph rvas chosen because of the
extreme conditions encountered and because
there s'as available a recent 7|-minute quad-
rangle map rvhich could be used for compari-
son. At the time the photography rras ob-
tained there \ras no intention of use for other
than pictorial purposes. It should be noted

that the drainage area as sketched \\'as not
completel¡'covered by the photograph, and it
rvas necessar¡' to estimate the upper limits of
the boundary. The boundar)' rtas determined
stereoscopicallt' from this and an adjacent
photograph.

In spite of the described limitations, there
rvas onlr' 0.09 of a square mile difference be-
tl'een the area cotnputed from the quadrangle
map and from the photographl'after correc-
tion for relief displacement as shorvn. This is
an error of onll'4.3 per cent, assuming the
area as computed from the quadrangle map
to be correct. \\'ithout relief displacemenr
correction, the error s'ould have been in the
neighborhood of 25 per cent. This is of course
an eritrenìe condition and much better ac-
curac)' can be erpected in the nraìorit1' of
cases,

On <¡ne recent project-ó.4 nliles long-50
separate drainage areas \\'ere considered;
these had an aggregate area of 11.5ó7 acres.
.\lthough the relief n'as moderate the countn.
rvas diflicr¡lt to traverse; to nreasure th;
areas b¡' transit and stadia l'ould have re-
quired the tinre of three lnen for at least ttvr-r
t'eeks. The areas s'ere plotted on existing
photographs of approximatel¡. 2,000 feet per
inch scale on l'hich targets marking control
point positions appeared; these u'ere plotted
and conrputed b¡' one man in about trvo da1.s
s'ith greater detail than s'ould har.e resulted
fronr regular field nrethods.

Relief differential n'as ¡rr<¡derate and it l-as
tì()t necessar)' to correct for displacement of
\\atershed boundaries due to this factor. In
three cases the larger drainage areas encoun-
tered ertended be¡'ond the limits of the
photographs and it l-as necessar]' to deter-
nrine ìhese on existing topographic maps.
Comparisons l-ith existing 7|-minute quad-
rangle maps in this area shol'ed a difference
of under 0.5 per cent. -{ stadia survel' over
one area of 984 acres (that shos'n in Figure l)
took trvo men one full dal' to conrplete and
shorved a difference of under 1 per cent
betl'een the field surve]'and the area as taken
from the photograph. The savings here in
both time and labor are obvious.

Posrr¡bs¡sc or Cur,vpnrs A\D REL.{'IED
Dr.,rrx.rcn Fnart'nss

Åfter the drainage areas have been deter-
mined, it becomes necessar)' to select the
proper size of structure and to locate it on the
ground in the most desirable and economical
position. Generalll' this is done b1' field
examination of each drainage channel.along
the center line of the surve¡', measuring or
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DR.{¡NAGE STUDTES FROM .{ERIAL SURVEYS 643

F¡c. .3. Drainage layout detailed on-_an aerial photograph showing nrethod of placernent of
structures, dikes and other drainage features.

estimating the stationing, estimating the
angle of skerv and making sufficient notes so
the structure can be designed and incorpor-
ated in the plans.

There is nothing l'rong rvith this method.
It has u'orked for years, but it is time-consum-
ing and frequently it is difficult to determine
exactl¡' the most desirable place in rvhich to
construct the culvert, especially n here vegeta-
tion along the stream ii thicË or rvherã the
channel is complexly divided or braided.

Through use of aerial photographs of suit-
able scale, culverts can be positioned accur-
ately- and in many cases better than b1,
examination on the ground. Photographs of â
ldTge scale are desirable. Those at 250 feet
per inch have proved quite satisfactory. This
scale is large enough to supply needed detail
rvhile coverage is sufficient to follow the
course of a stream far enough to place the
culvert in its most efficient position, and to
determine the need for dikes, channel changes
or other items to assure the control of the
stream florv.

If cross-sectioning is to be done photogram-
merically, vertical photographs secured for

this purpose rvill be ideal. These can also be
used for the preparation of large-scale topo-
graphig maps rvith contours at a sufficientll,
small interval for bridge sites and intei-
changes. If such photography is not to be
secured, it s'ill probably be necessary to fly
the area specifically for the drainage studl:.
In any event the photographs should be takón
after the center line has been run and after the
area has been targeted so that the center-line
can be accurately positioned and can be
stationed on the photographs, and also so that
the exact scale of the photography'can be
determined. Narrow Chart-Pak stripping is
ideal for delineating the center-line so it iviU
be seen on the photographs. Besides being
clean to handle it can be applied more rapidly.
than a rvax, china marking-type pencil.

Culverts can now be spotted rvith consider-
able accuracy, skerv determined and necessary
dikes, channel changes and other detail
spotted. Bridge sites can be studied and
tentative bridge positions determined. Later
using the same photography and in prepara-
tion for the bridge design, large-scale lopo-
graphic maps can be made of the bridge sites.
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ln many cases areas subject to flooding can
be noted on the photographs, and an engineer
practiced in photographic interpretation can
spot other potential areas where serious
trouble might be encountered during peak
run-off periods.

It should not be inferred that all field work
can be eliminated by use of the described
methods. \\'hile it s'ill be desirable to examine
many culvert sites on the ground before
construction plans are cornpleted, the field
trips can be planned at more convenient
times and thel' rvill progress much more
rapidl¡'than rvould ordinarily be the case. In
some cases rvhere ground cover is extremely
thick the method may not be practical or
might require more detailed field checking.

After all drainage studies have been made
it *'ould be desirable to ink the placements
permanentl.v- on a set of the photographic

prints. The photographs will not only b€
valuable to design engineers rvhile preparing
the construction plans but also of value to
construction engineers and engineering crervs
u.hen the highway is being built. Figure 3
shorvs one print prepared in this manner.
Tabs rvere used on the print for stationing and
other information in the interest of clarity on
the halftone reproduction. Red ink or tempera
normally used rvould make this refrnement
u nnecessar)'.

In this instance cost and time are not as
critical as in drainage area determinations.
Drainage studies are generalll' made by the
location engineer during surve)' progress and
rvhile the crel' is otherl'ise engaged. There is
a saving in cost and time, horver-er, and
better, more effrcient, and more rvorkable
drainage systems will result from this method.
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U. S. DE?ARII'ÍEIIT OF ÎRANSPORTATION

Federal Hlghway Adulnietratlon

EIDRATTLIC CH.ARIS! FOR l1IE SETECTION OF RICIT}¡AY C'I'LVERTS

Prepareil by Lester A. Herr
Chief, flyrtraullcs Branch, Brldge Divlslon

fn Collaboratlon vlth Herbert G. Bossy
Hfgbvay Research Englneer, llyclraulic Research Division

fntrod.uctlon

Deslgnlng highvay et¡Lverts lnvolves nan¡r factors lnclutling esti-
uatlng flood peaks, h¡ni.raulic perfonnañce, structural aclectruacy, ancl
werall construction and. u¡aintæna¡¡ce costs. Thls clrct¡J-ar contains e
brief cliscussion of the hyd.rarrLics of conventÍonal culverts encl ch¿rts
for selecting a culvert size for a given set of cond,itions. fnstruc-
tlons for using tbe cbarts are provid.ect. l{o attenpt is nad.e to cover
al-l phases of culvert tleslgn. Subsequent clrcuJ.ars rsil-L cover culverts
vltÌ¡ uodifiecl Ínlets and outlets d.esigned. to lncrease perfonence or to
apply to a particular location. Sone approxirnations are nad.e 1n the
bydraullc deslgn procedure for sirplieity. Tlrese approxinations are
ôiscussed at approprlate pointe throughout the circr.¡lar.

For this d.iscussion, conventtor¡a1 crrlverts inclutle those comnonly
lnstalled, such as circular, arch ancl oval. pipes, both netel gnd, con-
crete, and, concrete box crlJ.verts. AII such conventional cuLverts bave
a unlforn barrel cross section throughout. Ttre culvert inlet !!ey con-
slst of the culvert barrel projectetl fron the roadway filJ. or nltered
to the enba¡lk¡nent slope. Soneti¡res inLets heve headwalls, wingvalls
and apron slabs, or standard end, sections of concrete or netal. Tt¡e
!þne corunon types of conventional cr¡Lverts are consiclered 1n this cir-
cul¿r.

Culvert Hyclraultcs

Laboratory tests and fieLd obsen¡ations shov tvo neJor ty¡ns of
cr¡lvert flov: (f) ffov vith lr¡Let control an¿ (a) flov vith outlet
control. For each t¡4pe of control, different factors a¡¡d fo¡mulas are
usetl to cornpute the hytlraulic capacity of a culvert. Under lnLet con-
trol, the cross-sectlonal area of the culvert barrel, the inlet geotr-
etry entÌ the anount of headseter or poncling at the entrar¡ce ere of pri-
narly inportance. Out1et control invol-ves the additional consid,eratlon
of tbe elevation of the tailwater 1n the outlet cha¡¡¡¡el a¡rd the slope,
roughness and length of the cr¡lvert barrel.

It ls possible by invoLved hydraullc conputatlons to dete¡srine
the probable t¡rpe of flov uniler vhich a cuLvert v111 operate for a
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glven eet of conditions. 1.1¡e neetl for ualsing these couputatlons nay be
avoliled,, hovever, by colrputlng beadr¡ater depths fro¡n tbe ch¿rts 1n this
clrcular for both i.alet control and outlet coutrol a¡d then using tbe
blgber value to indicate the t¡pe of contror and to d,etæ¡¡ine the head.-
vatær deptb. Thls retbod of dete¡uinlng the t¡1pe of control ls aecurate
except for a fev cases vhere tbe beadveter is approxinatery the sa¡e for
botb t¡r,pes of controL.

Both inret contror a¡d. outret coutror t¡çes of frow are d.iscussed
brlefly 1u the folloning paragraphs and. procedures for the use of tbe
charts are given.

Cr¡lverts Eloving llith falet Control

ralet contror neans that the rli.scharge capacity of a cr¡J-vert ls
controlled, at the cr.¡J-vert entrance by the deptb of headuater (ñl^¡) an¿
the entrance geoætry, incruding the barrel shape end cross-sectÍonal
anea, and' the type of iinret edge. sketches of ialet-contror frov for
both r¡¡subnerged. and subnerged projectir¡g entrances are shovn in fig-
ures rll a¡d 13. Figure lc shovs a nitered entra¡rce floning u¡d.er a sub-
nerged condltio¡ vith inlet control.

rn lalet contror the rougbness and length of the cr¡lvert barrel
a¡d outret conditions (incrud.ir:g depth of teil-vater) are not factors in
öeternlning cuLvert capacity. A¡ increase in bar¡el slopä-r-educes heac-
vater to a srnall d.egree and. any correction for srope can be negJ-ec+.ed
for conventisnn'l e¡ cononoaly used, cr¡rverts floving vith in-let contror.

In el I cr¡Ivert ilesign, beadr¡ater or d.epth of pond.ing at the en-
trar¡ce to a culvert is an irnporÈant factor in cuf-vert capacity. The
head¡rater tiepth (or heedr¡ater IttI) is the verticar d.istance fron the
g*"::t invert at the entrance to the energy line of the headwater poor
(depth + velocity bead). Because or tire toilfficities in nost en-
trance poors and. the d.iffier¡Lty in d.etemining the verocity head for¡'l 1 flgÌ{'s, the vater surface a¡rtt the energy line at the entrance are
gssu¡ed, to be coincid.ent, thus the headr¡ater depths given by the inlet
cont¡or cbarts iu this circdar can be higher than r¡ir1 occur in sme
lnst¿,rlations. For the pur?oses of raeasuring headwater, the culvert
lnvert at the eûtrance 1s the rov point in the cr:l-vert opening at the
beginning of the fuJ.l. cross-section of tbe eulvert barrel,

Feadsater-discherge rerationships for the various tJæ€s of circu-lar and pipe-erch culverts fì-oving vith inlet control arà based. on
la'boratory research vith models and. verified. in sone instances by pro-
tot¡¡pe tests. fhis research is reported in NationaL Bu¡eau of stand.-
ards Report No. ¡+j+4l+ 

- 
entitled "I{d.raulic characteristics of conrronly

used Pipe Entrances", by John L. Þench and.',Ilydraulics of conventional
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llfghvay cul-verts', by r. G. nossy'J. Experinentr,r d¿t¿ for box cr¡rverte
vlth headv¡ìls ¿¡fl vlngvatts vere obtalned. frø an rrapubrlshed report of
tbe U. S. Geotogical Survey.

lll¡ese research d¿ta vere anatyzed, and nonographs for detærnining
culvert cepacity for i.nlet contror sere deveroped by the Division of IIy-
d'raulÍc Besearch, Bu¡eeu of Pr¡blic Roaôs. T!¡ese nourograpbs, ctrarts I
through 6, give headvater-d.lscharge relationships for nost conventionar
culverts floving with inlet contror through e ra¡ge of headvatær depths
and, discharges. Chart l{o. J, discussed on p. 5-I3, is includ.ed, in thi.s
revised ed.ition to stress the iuportauce of irproving the lnlets of cr¡l--
verts floniag vlth lnlet control.

Cr¡lverts Eloving lllth OutJet Control

C\rlverts floring rith outlet control can flor¡ slth the cr¡].ve¡t bar-
¡:eI fi¡l-Ì or.pert ñrl-1 for part of the barrel length or for Flt of it,
(see flg. 2). rf the entlre cross section of the barrer is firled with
nater for the totar length of the barreJ-, the cr¡lvert is said to be in
fr¡lr frov or floring furl, figures 2A and ã. rvo other cor@on tlryes of
outlet-coutror frow are shonn in figures 2c and Ð. Tbe proced.ures given
ln tbfs circr¡Lar provid.e ¡nethods for the accurate d.ete:minat:.on of héad-
vater clepth for the flov conditions sborm in figures zA, g anct 2c. Tbe
æthod. gtven for the part firrl flov condition, fig. 2D, gives a sorution
for headvater d'epth tbat d,ecreases iu accuracy as tbe headvater d.ecreases.

Tlce bead II (rig. 2A) or energy required. to pass a given q'anttty of
vater throrgb a culvert floving in outlet control vith the barrel floringf\rr throughout its rength is nade up of thrree najor parts. Tbese three
¡nrts are usuarry expressed. in feet of vater a¡rd. incrud.e a velocity head
Ey, an entrance ross lls, and, a friction ross II¡. This energ¡ is oùtained
froro ponding of vater at the entrance and expressed. in eql¡ation form

f,=Ev+Eg+tr3 (r)

lbe veroelty head E" equars 
$, 

rn""" v is the Eean or averiage ve-

rocfty fn the culvert barrel. (Tbe nean velocity is the d.ischarge e, incf,s, divld,ed by the cross-sectionRr area A, in sq. ft., of the berrer.)

The entra¡ce loss Hu tlepenos upon the geonetry of tbe inlet edge.lhls ross ls e:çressed as a coefficient k" tiæs the berrel veroclty
head. or Ee = ke 

{. *" entrance loss coefflcients kg for narlous t3rpes

of entranrces vheu the flov is ln outlet contror are given in Appendlx B,
îable I, (p. 5-tg).

@ Tenth Natlonar- conference, I(yd.rarrrics Divislon,
A.S.C.E., August It6I.
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lte frlctton loss E¡ fs the energ¡¡ requlreô to overcæ tùe rogb-
ness of the cr¡lvert barrel. B3 can be e:çnessed. in several va¡rs. Slnec
uost hlghvay euglneera a¡e fa¡lllar rlltb l.lannlngrs n tbe follorlng e:-
presslon ls useù¡

l-es"z l-l tÉ
Er = LFFJ E

vhere

n = I'lan¡lngrs frlction factor (see nøograpbe anit ¡nge !-JOfor rralues)
l, - length of cr¡Ivert tarref (ft.)
V = De¡¡ velocity of f1orr ln cr¡lvert barr:e1^(ft.r/scc.)
g = acceleratlon of gravity, 32.2 (ft./sec.¿)
R = hldrautic ra.d.lus or S (ft.)

vhere

â = area of flor¡ for fi¡IL cross-sectlon (sg. ft.)
tfP = TetteA peri.neter (ft.)

Substituting fn eqiral;lon I enô slrrpllfying, ve get for fu'tl flov

[= I zgaz t1 ,f
Lr+ke.;rFJ ã (e)

Figure 3

)-o

=:e;rp-¿;5¡'¡;
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Flgure J shr>vs the t€ïns of eg'.lation 2' t.he energy line, the hydratr-
I.ic giade lin,: an'l the h¿advater tlepth, llll . fae energy Ilne represents
the tot¡L energy at cny point along the cr¡Lvert ba¡rel. fhe hydra':J.ic
gracle line, soneti¡res calle,l the pressure line, is defineù by the eleva-
tions to vhich vater would rise in s¡nal-l vertical plpes attached to the
eu]vert vall along its length. The energy 1lne and the pressure line are
¡rarallel ove.r the lerl¡th of the barrel. except in the irsnediate vicinity
of tbe infet vhere the flov contracts and re-erpands. The difference in
elevation betreen tl¡ese tvo lines 1s tbe velocity treaA, f .

The expression for [ ls d.erivet by eqr¡ating ant ao*l energy up-
strcar, fror¡ the culvert entrarice tc the energy just inside the culvert
ortLlet vith consirleratl-on ol aII thL- ¡I¡aior losses in energy. By refer-
ring to figure J and, using the culvert Jnvert at the outlet es a ilatur:,
ve get: ., z

d1 + þ * I^5o =- d2 + ¡iv + li" .i Il¡
'2f.

vhere

itt and d2 = tlepths of flot¡ as shovn 1n flg. 3

= veÌoclty head in entrance pool

= ler¡gtb of cuLvert tiæs barrel slope

then

ur'
€
LSo

ur-#+LSo-d2=H"*flu*Hf

ar¡d
2

H = rll -þ - LSo - d2 = nv * flu + E¡,

Frou the development of this energy equatlon and ffgure 3, head II
is the CifÌerenue between the clevaùions of the hydraulic grade }ine at
the outlet and, the energy line at the inlet. Since the velocity head
ln the entrance pool ls usualÌy s¡nall uncl.er ponded conilitions, the
nater surface or headvater pool elevation can be assuÐed to equal the
elevation of the energy line. Thus heailwater el.evations ancl head,water
tlepths, as coløputecl by the ¡rethods given in this circular, for outlet
control, can be higher than r:ight occur in some instal-lations. Head.-
vater depth is the vertical dÍst¿nce fron the cul,vert invert at the en-
tra¡¡ce to the r¡ater surface, assuning the water sur{ace (UyAraufic grade

line) anrt the energy line to be coÍncident, d.1 - If in figure J..L4
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Equatton 2 can be solved for H r.ead.ily by the use of the f\ll-flor
nomographs, Cha¡ts B through 14. Each nomograph is dravn for a partlc-
ula¡ barrel shape and. neterlel andl a single value of n as noteil o¡ the
respective charts. these nomographs car¡ be useil for other r¡aluee of n
by modifylng the culve¡.t ).ength as directecl in the instn¡ctions (p. 5-29)
for tbe use of the ful}-flow nonographs.

In culvert design the depth of headvater IIW or the elevation of tbe
ponded veter surface is usually desired. Finding tbe value of H frou
the nonographs or by equatÍon 2 is only part of the solutjon for thiE
head,vater depth or elevation. In the ease of fÍgure 2A or fjgure J,
vhere the outlet ls totally subnerged, the heaclnater pool elevetion (as-
sr¡¡red to be the sa¡¡e elevatjon as the energy line) is found by atltling H
to the elevation of the tailwater. The headvater depth is the difference
in eler¡ations of the pool surface a¡d the culvert invert at tl¡e entrance.

When the tailvater is belon the cronn of the culvert, the subnerged
cond.ition cliscussed above no longer exists and the deten¡rination of
headwater is somewhat rnore difficult. In discussing outlet-control
fl-ov for this condition, tailwater vill be assu¡¡ed to be so lon that it
has no effect on the cuLve¡t flLou. (The effect of taiLvater vi.ll be
cliscussect later.) f¡u conìnon types of flo¡r for the low tailr¡ater con-
dition are shovn in figures Æ, K and.2D. Each of these flov concli-
tions are il.ependent on the amount of discharge ar¡il the shape of the
cuLvert cross sectÍon. Eaeh conilitlon vlll be ôiscussed separately.

FuIl flow at the outlet, figure 2ts, vill occur onL]¡ r¡ith the higher
rates of discharge. Charts J.l through 20 are provid.ed to aid in d.eter-
nining thÍs full flov eonclition. The curves shovn on these charts give
the d.epth of flov at the outlet for a given clischarge vhen a cul-vert is
floving r¡ith outlei control . Tl¡is d.epth is calted critlcdl .tlepth ds.
l.Ihen tl¡e ilischarge is sufficient to give a crÍtical depth equal to the
crown of the culvert barreL.. fulL flow exists at the outlet as in fig-
ure 28. fhe hyd.raulic gracle line vi1l pass ttrror:gh the croyn of the
culvert at the outlet for all ilischarges greater than the clischarge
eausing critical depth to reach the cror¡n of the eulvert. lleaô H ca¡
be r¡easurecl from the crovn of the culvert in conputing the vater 8ür-
face elevation of the headvater pool.

!'lÌ¡en crltical- depth fal-ls belo¿ the crorrn of the culvert at the
outlet, the vater surface d.rops as shor¡n in either figures & or Ð,
depending again on the discharge. To eccurately determÍne headvater
for these conditions, cornputati-ons for locating a backvater curye a¡e
usually required.. These backwater coriputations are tedious ancl tlne
conswning and they should be avoided if possible. Fortunately, head-
water for the flow condit.ion shovn in figure 2C can be solved by uslng
the nonographs and the instructions gjven in this c1rcular.

For the condition shor¿n in figure 2C, the cuLvert nust flov fuII
for part of jts lengtir. The hyôraulic- grade line for the portion of
the lergth in full flov r¿il.l pass through a poi.nt vhere the vater
breaks vlth the top of the culvert as represented by point A ln flgure
æ. Backrrater computations shov that the hydraulic grede llne lf

,-8
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o<tæud,ed as a stralgbt llne vlIL cuü the plane of the outlet cross 6ec-
tlon at a polnt above crltlcal <leptb (vater surface). Thls point ls et
a belght approxinately equa,l to one half the dista¡ce betveen criticel
tleptb a¡¡À thÊ crsun of tbe cul,vert. Il¡e elevattræ of tbls polnt ca¡ be
used as an g!1g!g!, bydraullc grade line and. H, ae d,ete¡oined by eqrra-
tlon 2 or tbe nouographs, can be addeit to this elevation to find tlre
sater gurfece elevatlon of the headvatær pool.

lb€ fi¡lt flLor conðition for pert of the barrel- Iength, ftgure 2C,
vlll exlst vbeu the headvater depth Elt, as conputerl fron the above bead-
veter pôo1 elevatlon, is. equal to or greater ttn¡ the quantity

r+(r*k")Ë

vhere V 1s the ¡nean velocity for tþE frrll cross section of the barrel;
k"r the eutrance loss coefficient; auil D, the inside beisnt of the c'rl-
vert. If tbe headvater is less tha¡ tbe above nalue, a free sater sur-
face, flgure 2D, r11l extend tbrough the cr¡Ivert banel .

Ttre part ftrl1 flov conùirìon of t'igure 2D n¡st ire soì.veü ly a
backr¡ater conputation lf accurate heatlvater depths are d,esired.. De-
talls for uaklng this conputation are qot given in tbis circr¡Ier. In-
stead tbe solution used is the sa¡e as that given for the flor contli-
tlon of figure æ, rrith the reservation that beadnater d.epths becone
less accu¡ate as the dlsclarge for a particular culvert d.ecreases.
Generally, for design pur?oses, this rnethod. is satlsfectory for head.-
vater deptbs above O.llD, vhere D is the height of the culvert barrel.
Culvert capacity charts for¡nd in Hyd,raulic Engineering Circular Nc. 10
glve a lrore accurate and easy solution for this free surface flor¡ con-
dltlon.

Eeadvater depth llt{ ca¡ be elçressed by e co¡lrnon equatlon for at1
outlet-control conditions, including orr d.epths of tailr¡ater. Ttrls
ls accorpllshed by designating the vertlcal ilinension fron the cuI-
rært lnvert at the outlet to the elevation fron vbich I is æasureal
as bo. &e headvater deptb IIIJ eqrration is

Eþl=E+ho-LSo (s)

AII tbe te¡¡rs in this eqrration are ln feet. E is conputetl by
e$¡atlon 2 or fo¡¡¡tl fron the full-flov nonographs. L is the length of
cuLvert ln feet aad So the berrel slope in ft. per ft. The d,istance
hg is tli.scussed in the folloving paragÉphs for the various conditions
of outlet-control flow. teadveter ItW ls the d.istance ln feet frou the
fnvert of tbe cuLvert at tl¡e inlet to the r¡eter surface of the head-
vater pool.

tlhen tbe elev¿tlon of the nater surface ln the outlet ctran¡el ls
equa-I to or above the elenation of the- too of the cuJ.vert openiug at
tbe outJet, figure 24, ho 1s egual to the t¿ilvater depth. lailveter

,-e



depth sl ls the illstance ln feet fron the cr¡Lvert lnvert at the outJ.et
to the vater surface tn the outret cba¡ner. The reratlonshlp of at þ
the otber te¡zrs ln ei¡uation J ls lllustratecl ln fÍgu¡e b.

HW

l
Figure 4

ff the taih¡ater elerration is belor the top of the culvert open-
ing at the outret, figure 8, & anil 2D, bo is uore difficr¡Lt to deter-rine. Tt¡e d.ischarge, size anil shape of cr¡Lvert, end the 11{ r¡ust be
consiclered,. In tbese cases, bo is the greater of trro rralues (f) f¿
depth as defined. above or (2) u"; o . Tt¡e latter dir¡ension is tbe ðls-
te¡¡ce to the equivaLent hyd.rauJ-ic grade rine d.iscusseil previousry. rD
this fraction tls is the critical depth, as r-eail fron Charts 15 tbroWb
20 and D is the cr¡lvert beight. The value of dç can never exceed. D,
r,akj.ng the upper llu¡it of ihis fraction eguel to D. Where 1ll is the
greater of these trro values, critical depth is subnerged sufflcientry
to ¡¡ake Ttl effective in increasing the headvater. The sketch in fig-
ure 5 shovs the ter¡s of eguation J for ttris lov tairvater condltlon.
Figure 5 is tlravn sinilar to figure 2C, but a change in ôj.scharge can
change tÌre vater surface profile to that of figure B ot ?Ð.

HW

't

_L
LSo

Figure 5
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Con¡rting Depth of Tallr¿ter

fn cr¡l.verte floring vlth o¡t1et control, tallveter can be an J.ll-
poËa¡t fector in coøputing both the beadvater depth a¡¡d the hytiraulic
capacitJr of a culvert. Ibus, 1n rnany culvert d.esigns, 1t becoæs nec-
essarlr to detenolne tailrater deptb lu the outJet clunnel.

l,luch englneering Judgr¡ent anil ex¡nrieuce is needed to evaluat¡
posslble tailveter conditions during floods. A fielct inspection shor¡ltl
be oade to check on d.onnstrean controls ar¡d to d.eterrnine vater stages.
Oftentiæs t¿ilvater is controJ-leð by a clownstrea¡ obstruction or by
nater stá€es in another strea¡. Fortunately, nost r¡atural channels are
vlde conpared tp the cul-vert and. the depth of vater 1n the natural cbsn-
nel 1s consld,erably less tba¡ critical. depth, thus the tailwater is in-
effecttve a¡¡d cb¿n¡el deptb eouputatlons are not al-ways warranted.

An approxinatlon of the depth of flov 1n a natural streen (outlet
cbannel) car¡ be uad.e by using lbnning's equêti.on (see ¡nge 5-I2) if tbe
cha¡nel is reasonably unifotm i.n cross section, slope and rougìrness.
Values of n for ¡iatural strea¡s for use in I'fanningts equation nay be
fouad in Table 2, apnenclix B, p. 5-50. If the vater surface ia the
outlet cha¡rnel --ì.s establlshed by d.ovnstrea¡n controls, other uea¡s mrst.
be for¡nd to dei;ennine the tall-vater elevration. Sornetines this neces-
sitates a study of the stage-d.ischarge relationsbip of another stre¡m
into vhich the stream in question flons or the securing of data on res-
ersoir elevations if a storage dan is involved.

Velocity of Culvert FJ.on

A culvert, because of 1ts hyùraulic characteristÍcs, increases
the velocity of flov over tbå,t i.n the uatural channel. Eigh veloclties
are nost darnglng just <tornstream from the cul-vert outlet and, the ero-
slon poteutial at tåis poi.ut is a feature to be conslilered in culvert
deslgn.

Energy cltssipators for cha¡nel flov have been investl6ated in the
laboratory aad, nany have been constructed., especially in irigatioa
chatnels. Designs for highvay use have been clevelopecl anil constnrcted
at cuJ.vert outlets. AIL energy d.issipators ad,al to the cost of a cu1-
vert, therefore, they should be used onJ.y to prevent or to correct a
serlous erosion problen. (See references h and 5. )

The Jud.gænt of engineers uorking in e particular erea is re-
gulreà to dleteroine the need, for energ¡r dissipators at cu}¡ert out-
lets. As an aid in evaluating this need,, culvert outlet velocities
should be conputeè. These computed, veloci.ties cnn be com¡nred. vlth
outlet velocitles of elterna,te cr¡lvert clesigns, existing cri¡.verts in
tbe area, or tbe uatural streeu velocities. fn uany stæens Èhe nax-
1r,u¡¡ veloclty in the nain cha¡rneL is considerabty highêr thsn 'uhe r€an
veloclty for the vhole channel cross-sectfon. Cutvert outlet velocl-
ties shor¡Id, be conparet vith m.xiur¡¡ streae velocl.tles in deteroining

5-u



Compendium 3 Text 4

the need for channel protect'ion. A change ln slze of culvert does not
cl¡ange outlet velocities aopreglabffi

Outlet velocitles for c¡¡Lverts flowj.ng trlth lnl.et control uay be
qpprosinated, by corrputing the r¡ean velocity for tñãTffirt cross sec-
tlon using I'tanningrs equatlon

v = 
1;¡,9 ,a/S ,or/,

Since the depth of flov is not knoVr¡ the use of tables or charts
is reco¡menclett in solving tbis equationg . The outlet veJ.oclty as
corputed by this method viIL usu¡'lly be high because the nor¡ral depth,
assuned. ln usj.ng Manningrs equation, is seldorn reached in the rela-
tively short length of tbe average culvert. Also, the strape of the
outlet channel, includ.ing aprons and wingvalÌs, have ¡nuch to clo vlth
changing the veloclty oecurring at the end of the culvert barrel.
Tailvater ls not consj.dereil effective in reducing outlet velocltles
for nost inlet control conditlons.

In outLet eontrol, the everage outlet velocity vill be the ôis-
charge dîviããã-bffi-cross-seetional area of fl-or¡ at the outlet.
Tl¡is fLov area can be either that comesponding to critical depth,
tail-vater depth (if belov the crorn of the culvert) or the firll cross
section of the culvert barr^el.

Perfor¡nnce Curves

Although the proceclure given in this circular is prinarly for
use in selecting a size of cr¡lvert to pass a given d,lscharge at a
given headvater, a better unilerstancling of eulvert operation can be
gained. try plotting perfornance curves thror:gh sore range of d,ischarges
and barr.el slopes. Such curres ca¡ also be useil to conpare tbe per-
fornance of different sizes and. t¡pes of culverts. Ihe constructlon
of such curres is described in Appenclix A, psse 5-ù5.

Inlets and Cul.vert Capaclty

Inlet shape, edge geonetry and skev of the entrer¡ce affects cul-
vert capacity. Both the shape ald edge geonetry have been investlga-
ted by recent research but the effect of skev for various fLov concti-
tjo¡¡s has not been ex¿,nined.. ResuJ.ts shov that the inlet eclge geonetry
1s particularly inportant to culvert perforrrance" ln inlet-control flov.
A comparison of several t¡oes of corunonly used inlet-õãlñ-iãã by
referring 'uc¡ charts 2 and l. The type of inLet has sore effect on
capacity in outlet control- but generally the edge georetry ts lese
important than in inLet control. (See reference 6.)

@e5-Il+.
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As shom by the lnlet control nonograph on Cha¡t 5, the oapactty
of a thin edge projectlng retal plpe ean be lncreased by incoryoratiirg
the thin edge in a l¡eadr¡all . Tt¡e eapacity of the san¡e thin edged plpe
can be further lncreased 1f the entrence is rounded, bevelÌed or tapered
by the addltlon of an attach¡nent or the builiting of these shapes into a
headval.l. Arthough research on inrproving cuLvert entrances is not co¡¡-
plete, sufficient data are arrailable to pe:uit the constructjon of
Chart J, an inl.et control nomograph fo¡ the perforr,ance of a beveLled
lnLet on a circular culvert. A sketch on the nonograph shous the dl-
¡ænsions of tvo possibre bevels. Arthough nonqgraphs have not been
prepared for other barrel shapes, the capacity of box culve¡ts can be
lncreasecl at little cost by incorporating a bevel into the head,vaLl.
In courputing heaclr¡ater tlepths for outlet control, when the above bevel
is used, k. equaì-s O.25 tor cornrgated metaL bar¡els and O.Z for con-
crete EgÞ.

Flgure 6 shoss a photqraph of a bevel cor¡structed, ln the headr¡all
of a cornrgated. letal pipe.

lhoto -- Courtesy of Oregon State Elghvay Departuent

Figure 6

5-r3
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Procedure for Selection of Cufvert Slze

Step 1: Llst cleslgn data. (See suggestetl tabrrlation forn, flgure ?,
p. 5-18.)

e. Deslgn discharge Q, 1n cfs., vltb average return perlod.
(f .e. Qe: or Q59 etc.)

b. Approximate lengtb L of culvert, 1n feet.

c. Slope of culvert. (lf gratle ls glven in percent, couvert
to slope in ft. per ft.)

d. Allovable headvatær depth, in feet, shich ls the vertlcal
dlst¿nce from the culvert invert (ffow fine) at. the en-
trance to the r¡ater surface elevatÍon permissible 1n the
headvater pool or approach cbannel upstream fron the cr¡l--
vert.

e. Mean and ¡oaxinum flood velocities 1n natural strea¡t.

f. Iìæe of cul-vert for first trial selection, including bar-
rel ¡raterial, barrel cross-sectional shape and. entrance
tYPe '

Step 2: Dete¡z¡ine the first trial slze culvert.

Slnce the proeedure given is one of triel and error, the inl-
tial trial size can be clete¡minecl in several vays:

a. By arbitrary selectlon.

b. By usin6 an approxinati.ng equeti.on such as g = A fron
10

shich the trlaL culvert dinensions are deter"minecl.

c. By usÍng ialet control nonographs (Charts L-?) for,Jhe
cr¡l-vert type selected. If thls rnethod is usecl un !i

nust be assurnd, 
"uy $ = !.5, and, usin¡g the given Q a

trlal size is deterrlned.

If any trlal size is too large ln itinension because of lisrltetl
belght of enbar¡k¡rent or availability of size, nultiple cuJ--
verts nay be used by dividing the discha¡ge equa^lly betr¡een
tl¡e nunber of barrels used. Raising the enbankrnent height or
the use of pipe arch a¡d box culverts vith vidth greatær than
height Ehoufd be considered.. Fir¡al selection shotltd be based
on an economic analysis.

5-r5
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Step 3: Flnd headvatcr depth for trlal slze culvçrt.

a. Assu.r,lng INTEE C9¡¡¡'ROL

(f) Using the trlal gize fron step 2, find tbe headvat¿r
depth III'I by use of the appropriate lnlet control norc-
greph (Cnarts :.-?). Tailvater TW conditions are to be
neglected in this ôete¡:nination. IIW in tbis case ls
found by nultiplying $ obÞined, fron the nornographs-D
by the height of cr¡lvert D.

(a) If III{ ls greater or less then all-ovable, try a¡¡otber
trial size u¡tiI lIvJ is ecceptable for ir¡let cootrol
before couputirg HI{ for outlet control.

b. Assuning OIIT,DT COÌ{TROL

(f) Approxinate the tlepth of tailvater Ttrl, ln feet, above
the invert at the outlet for the d.esign flood conð1-
tion ln tbe outlet clran¡el. (See general d,iscusslon
on t¿ilvat€rr p. 5-U.)

(e) For taikater TW elevation equal to or greater thån
the top of the culvert at the outlet set ho eguaL
to IV and find H,I by the folloning equation (equatton
3).

Hl{=H+ho-LSo

vhere

¡¡1¡ = vertical d.istance ln feet fro¡o cr¡J-vert
j.nvert (flow lirre) at entrance to the
pool surface.

H = head, losri in feet as detenrlned fror¡ the
appropriete no¡¡ìograph (chsrts 8-Il+)

ho = vertical, ilistance in feet fron culvert
invert at outlet to the hydraullc gnÄe
Iine (In this case ho equals Tt.t, reasured
in feet above the cr¡lvert invert.)

So = slope of barrel iD' tt.ftt,
L = cr¡.Lvert length tn ft.

(¡) For tailvatær 11{ elevatlons less than the top of the
cuLvert at the outlet, fin¿ ññiãñ IIW by eq¡¡at1on
J as in b(2) above except that'

ho - dc-+ D or Ti{, vhichever le the greatær.

shere

= crlticel depth ln ft. (Ctrarts U throrrgh
Z0) note: ds cannot exceed D

= beight of culvert opentng in ft.

5'L6
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Note: [eadvater depth iletcrralned ln U(3) Uecomes tn-
creasingly Ìess accurate as the headveter com-
puted by this æthod falls belw the value

O + (f * *.)$. (see cllscussion under "Culvert

Eloving FulI wlth Outlet Control", p. 5-9,)

c. Conpare the beadvaters found, in Step þ and Step lb (In-
let Control and Outlet Control). The higher headvater
goyerns and indicates the flow control existing under
the glven condlttons for the trÍal size selected.

d. If outlet control governs and the ${ is hlgher th¿n is
acceptable, select a larger trial_ size and. flnd II¡l as in-
stn¡cteal under Step Jb. (lr¿et control neecl not be
checked, since tbe ssraller slze r¡as satlsfactory for this
control as determineil u¡der Step 3a.)

Step 4: fty a culvert of another tlæe or shepe and d,ete¡znlne size and,
Hl{ by tbe above proced.ure.

step 5: courpute outlet veloeities for size and. t¡ryes to be considered
ln selectlon and tletermine need for channel protection.

a. ff outlet control governs in Step Jc above, outlet veloc-
lty eguals ftr rfr"re Ao ls the cross-sectional area of
flor ln the cr¡Ivert bamel at the outlet. ff d" or 1fl is
less tb¿n the height of the culvert barrel use 1,., ccrr€s-
pondlng to tl" or 11'l depth, nhichever gives the gr.eater
area of flor¿. As sbould not exceed the total cross-
eectfonsl area A of the cu.Ivert barrel.

b. ff inlet control governs ln step Jc, outlet velocity can
be assnned to equal ¡ræan velocity in open-channel flov
in the barrel as colqruted by l,lanningrs equation for the
rete of flov, barrel size, roughness anil slope of culvert
selected.

Xote: Charts entl tables ere helpful in cor4uting outlet
veÌocities. (See references p. 5-I¡+.)

Stæp 6: Recor{ flnal selectlon of culvert with slze, t¡pe, requlrerl
headvater, outlet velocltyr. end econonic Justlfication.
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1.

INLET.COTIÎROL I¡O,'OORAPE.S

Charts I throÌ,¡eb 7

Instnrctione for Use

1o rlete¡mlne hee<t¡rater (EI,¡), givea Q, ud slze antl t¡rpe of culvert.

a. Connect Yith a 6trai8btedge the given cr¡lvert diq"€t¿r or
beight (O) an¿ the ctiscbarge Q, or I for box culrerts; nark

lntersectlon of straightedge on S! scale narked (1).

b. If $ scale narked (t) represents entrance t¡4>e usecl, *"U I
on ecate (1). If a¡other of the three entra¡ce \types l1st¡d on
tbe nonograph is used, extend the point of inte¡iection in (a)

horlzontalty to scale (a) or (:) antl reaa $ .

c. Corpute El{ by urrltlplying $ uy o.

1o cleternine iltscharee (Q) per barrel, given HW, a¡d size a¡d t]æe
of cr¡lvert.

a. Cou¡lute $ fo. glrren conalltions.

b. Locate $ on scaf" for appropriate entrance t¡æe. If scale
(Z) or (ã) l. used, extend,$ notrrt horizontd.ly to scale (1).

c. uonncc! ;oiut on $ scare (r) as founô i¡ (b) above a¡d the

slze of culvert o! the left scale. Rea¡l Q or $ on the ttfs-

charge scale.

d. ft $ is read. in (c) nuftipfy by B (spar¡ of box culvert) to

find Q.

To cletemine culvert size, given Q, allor¡able trl{ and type of cul-
vert.

Uelng a trial size, conrnute $
Locête E on scale for appropriate entrance t¡rye. If scale

D

(a) or (:) rs useclrextend $ noint horizontally to scale (l).

Connect polntcn$ scafe (f) as found in (u) above to givea

ôlscharge and read dianeter, height or size of ct¡Ivert requirecl

ror $ value.

ff D 1g not thÀt orlglnally assuæð, repeat procedure yith a
neg D.

5-r9
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olrg,Et-coil:tR0L xoIoGRAPES

Cba¡{s I throwh Il+

I¡stn¡ctlons for Use

Out1et coatroL aouographs solve eguation 2, p. 5-6, for head I
yben the culvert barrel flovs fi¡IL for its entire length. lbey ere
elso used to deteruine head E for sme part-fnll flov co¡¡ditious vitb
outlet control. Ibese ucnnographs ããÏot give e corplete solution for
findfng headr¡ater Ell, since they only give E in equation 3, Elf = E+hs-LSo.
(See ô:.scusslon for "Cr¡J.verts Elovlng vitl¡ Ot¡tlet Control", p. 5-5.)

1. 1o tlet¿¡ntne heatl I for a glven cr¡-Lvert anô discbarge Q.

a. Irocate a¡proprlate rorograph for tnre of culvert selected.
Flntt k for entra¡ce tlæe 1n ApI,e!ðix B, lable I, p. 5-l+9.

b. Begln nouograph sol-utlon by locatlng st¿rtiDg point on length
ece1e. 1o locate tbe proper starting poi¡¡t ou tbe length
scales follov lnstn¡ctions belø:

(f) If the n value of the nonograph correspontl.s to th¿t of
the culvert being used., select the leogth cune for the
prqper k aod locatæ the st¿rtirg point at the given cu1-
vert length. If a Ç curve is not shorro for the selected
þ, see (a) tefov. Íf t¡e n value for the cul-vert se-
lecteil ôiffers frø th¿t of tbe nomggrapb, see (3) belor.

(a) For the n of tlre nonogreph a¡d a ku lntennediate betreeu
tlre scales giveu, con¡ect the given length on ailjacent
scales by a straigbt line antl select a point on tbÍs
Itne spacecl beü¡een the tuo cl¡art scales in proportion
to the þ vralues.

(E) For. a d.iffereat rougbness coefficient n1 tÌran tbat of
the cbart !¡, use the length scales shoru vltb an ad.Justett
length L1r calculatert by tbe forøula

ü- = L lf]t see instruction z for a varues.I L"J
Usiag a stralghteqtè, connect polnt on length scale to size of
cuJ.vert barrel a¡d uark the point of crossing on the t'tu:ming
Ilne". See instn¡ctiou 3 belon for slze consid.erations for
rcctangular bo:c ct¡Ivert.

Plvot the stralgbtedge on this point on the t'.urrlng 1lne a¡ô
connect given d,iscbarge rate.- Sead head in feet on tbe head.
(f,) scafe. For values beyond. the lrnit of the cbarù sc''ìeÊ¡
tt¡il f, Þy solving egustion 2, p. 5-6.

5-æ

c.

È.
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2. V¿Iues of n for c,.t""only useal cullert uaterl¡I¡.

Conergta

Pl.¡tc

0.o12

Bo¡es

o.otz

Corn¡gated l,let¿I

s".rr lêilfi¡n La¡te
Corngatlone Corngetfone Corn¡getlon¡

(z z/3" I Llz") (3" a t") (6" r 2n)

Un¡nveil.

25f pavetl

FuILy ¡nveil

O.O2l[

o.o2t

o.012

o.ot(

0.023

o.012

Varfeel

o.026

0.012

*Veriation in n rtth dla¡eter shonn on charts. Il¡e varlous a
values bsr¡e been incor?oratetl into the nonographs antl no ad-
justoent for culvert length 1s required as instn¡cteô 1n 1b(3).

3. To use the b9x cr¡tvert nægraph, cbart 8, for fuIL-fIæ for otber
tban sq.nre boxes.

a. Conpute cross-sectj.on¿L arca of tbe rectangular box.

b. Connect pToper point (see tnstnretlon 1) on lengÊh scale to bar-
rc1 areail/ a¡il ærk ¡nint on tuming llne.

c. Plvot the straigbtetlge on ttris point on the turreing lfne a¡ù
eonnect givea discbarge rate. ReaÀ beaÀ ln feet ou the beaÄ
(E) scare.

! The area scale o¡r tbe amograph ls calculeted for barrel croea-
sectlons vitb span B tr¡lce the height D; lts close correspondence rltå
area of sqr¡¿re boxes assu¡es 1t ray be usecl for ¡l'l sections 1nt¿ræ-
d.late betr¡een square a¡il B = ã) or S = I/Ð. For other box proportlone
use equation 2 for more aecurate resr¡lùs.

5-30
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CHART 17
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CHART 19
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Appcndlx A - PERFOR!.|AI{CE CIIRVES

ûc ¡rl¡clp¿I itlsaÀva¡¡tage 1¡¡ us1!g aooograpba for tbe eeleetlo
of ct¡lvert sizes 16 tbat lt r.equlres tbe trlal and error eolutlon iles-
crlbcô ln tble clrcr¡lar. Soæ cnglneers vho llnlt tbelr eelectton to
¡ rel¿tlve1y suall nu¡ber of t¡pee of cr¡lverte vor¡Lô flnô lt adv¡¡ta-
gcor¡s to prepare perfo¡oance curres such as ehorru ln flgure 8. Íbeee
curveE are appllcable througb a range of beadsaters a¡d dtscharges for
¡ lc¡gtb and t¡¡pe of cul-verd. Usrra-lly charts vltb length lnterryrals of
21 6 n feet are eatlsfactorlr for deslgn purposee.

lfgure I 1s plotteil frcn the ðata sbor¡ ln the folLoslng tabula-
tlons. Itrege data vere obt¿inecl frou the nmqraphs contained, 1a tbls
clrcr¡l¡r. (Couputer prqgrans are avaiLable fron h¡bl1c Roatle for nak-
lng tbese cøputatlons,) The first tabulatlæ ls for the lnlet-control
curne @ flgure 8, anð tbe second tabr¡ltatlon le for tbe outlet-control
cr¡r¡e8.

Ibta for fnlet-Control Curre

trft-5-
(¡¡uæ

elt
(nea¿)

El{
EIf¡L
T

.,

.6

.'l

.8

.9
r.o
1.1
1.3
1.5
1.?
2.O
2.'
3.0

2I c.f .¡.
æ
3T
¡16

ú
6,
?tl
I

102
Lt2
LT
1[5
165

2.O ft.
2.\
2.8
3.2
3.6
b.o
b.¡r
,.2
6.0
6.8
8.o

10.o
12.0

rho CbÊrt 5 ProJecttng ¡nfet (3)

5-lt5
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ht¡ for Outlct-Cotrol Currçr

e

(¡ssr¡æ)

2O ct¡
¡o
&
80

100
120
t¡¡0
160

û"

CbÀrt f6

I.3 tr.
1.9
2.3
2.7
3.r
3.3
3.5
3.7

d,.+D
2

Ccoptrte

I
CbÀrt l.t

.e* ft.

.8
1.9
3.3
5.2
7.5

10.2
13.6

Ell for Yarlou ge

ql

2.8 tt.
3.8
5.1
6.7
8.8

u.1
r4.o
r7.lt

.rl

2.8
l¡.1
,.7
?.8

IO.1
13.0
f6.¡o

rl L.5f 2.sl

.8
2.1 I.1
3.? 2.7
5.8 1.8
8.1 7.r

u.o lo.o
r¡.¡ 13.¡

e.6 t¡.
3.0
3.2
3.lt
3.6
3.6
3.8
3.8

1.8
3.r
b.?
6.8
9.r

12.0
15'¡'

EIJ = E + ho -IrSo vhere ho - * 
åO

*Fron Chart ll. - or by Eguatlou 2.

Tbe euryes plotteil apply only to tbe t¡rye aail lengtb of culyert
ahotra. Cul,verts placed on grad.es Bteepcr thon about 2.1 percent vlLL
operate on the inret control. curve for the headvater-discharge raage of
tbls plot, If a free outfall cond,itid¡ rloes not exi.st a correction for
t¿ilcat€r girould. be nade as i¡stn¡ct¡d in Step 3b. p. 5-¡6 of "ptoceur¡r.a
for .:eler.ttO¡ of Cùlrerr :.lze".

5-4b
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HYDRAULIC PERFORMANCE CURVES
48.INCH C.M. PIPE CULVERT
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IAETA 1 - EITTRANCE T¡gS COETFICIE¡ÍIÊ

Ot¡tlct Cotrol, tr\ll or hrtly F,'tl

dtranee bcad lcr [c = ke llÊ
2s

lVpc of Struetr¡rc and Deglgn of E¡tratrce

Plpc. Concretc

-

ÈoJcctlng fron flll, socket cod (groove-e¡d) . . .
hoJcctlng fron f111, sg. eut end, . . . .
llcedrall or headnalt and vlngralls

Sockct end, of plpe (groove-eld) . . . . . . .
Squre-edge

. Rounateil (radtus - t/tÐ)
l,tltcrcd to conform to fill. slope

rÊrö-Seetlon confo¡mlng to liIL slopê
Bcvelcd edges, 33.f or l+5" bevels
9ldc-orelope-taperedlnlet ....

Plpe. or Plpe-Areh. Corrr¡gated Met¿I

hoJectlng fron flll (no heailnlt)
Eee&ßll or headlall and, rdngvalJs aguare-edge
llltcred to conforn to flII alope, peved or unpeved.

¡1opc .
rhd,-Sectlon conformtng to {ill slope
Eerreled eclges, 33.f or l+5o bevets
Slôe-or slope-tapered lnlet

þx, Relnforced, Concrete

HcqdïeLL parallel to enben*nent (no rLng¡ralls)
Sgere-edgeô on J edges
nouded on J edges to radlus ot L/LZ barrel

dlænslon, or beveled edges on J sldes . . .
Tlngralls at 3Oo to ?5o to barrel

9quare-edged, at croïn
Crorm edge ror¡¡d,ecl to radlus ot L/LZ barrel

illnernsf crr, or beveled top edge
lflngnll at lOo to 25o to barrel

Squre-eðged at crofln
lllngrralls ¡nrallel (extenston of stdes)

sguere-edged at crofnr
Std,e-or sÌope-tspered tnlet

riote: "hd, Scct,lon conforurlng to flU Bloper" ¡sde of elther netsl
or concreter are tlre sectlons commonly avatlable from onufacturers.
Frorü llnlted hydraullc tests they are equlìralent ln operatlon to¡ hcadralr ln both lnret and oq!¡gt control. some end sectlons,
lncorpo¡rtlng a cloled-taper ìä:Êñãtr deslgn have a supertor
h¡draurlc perfornance. rhese l¡tter sectfons can be itãslgneil
t¡ttng the lnfortBtlon glven for the beveled lnlet, p. 5-13.

5-l¡9

Coefflclcnt

0.2
o.,

o.2
o.,
o.2
0.?
o.5
0.2
o.2

0.9
o.5

0.?
0.5
o.2
0.2

o.5

o.2
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o.â
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o.2
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Iable 2. - }{annlngrs ¡ for Xatu¡rat Strea¡ C¡¡¡¡elJy'
(Surfacc vlrtth at flood, atrge leee t¡¿¡ fOO ft.)

1. Eafrþ rcguLar ¡ectio:

a. Soæ graea ancl veecll, ltttle or no bn¡¡h 0.030--0.035

b. Denee grovth of veede, ileptù of flov

nat¿rlalìy greater tha¡ veetl hclght. 0.035--0.05

c. Sæ veecls, llgbt bn¡eb on ba¡ks 0.035--0.05

al. Sæ veed.e, heav¡r bn¡¡h on ÞankE O.05 --0.0?

e. Soæ veedle , dense villors on ba¡k¡ 0.06 --0.08

f. For t¡¡ees vlthla cbanneL, nltb bra¡cbc¡

subærgeô at hlgb etage, lncreaee ¡l 1

above ra1uee by. 0.0I --O.Oa

2. Irregular Eectlona, vltà pools, sli.gbt cha¡¡eI

neander; lncrease values given absve about 0.0I --O.Oa

3. ldor¡¡tain strearas, no vegetatlon ln chanael,

banks usually s'teep, trees and bnreh along

ba.ks gr¡buerged at blgb stage:

a. Botton of gravel, cobblea, a¡d fev bo¡Iôere. 0.0lr --0.05

b. Bottø of cobblee, vitb large bor¡ttlers 0.05 --O.O?

@s for open Cbs¡¡¡eL Flon", (see p. 5-l¡+).

5-þ

137



(¡,
@

pRoJEC.k z- 16 Q) oESIG¡ìIER: J. a' e

DATE: 2- /A- 6¿

HYOROLOGIC AND CHANNEL INFORMATION

Qt = /6o c/s., Q.s Twr = .¡ts
Q2= zz.s e1.., eso lwz= Æ_

/ O¡ = OÉStGt¡ DISCHARG€, SAY O25 \
\ oa = r"at. Drscr{^RGE , s¡y e5o on o,oo /

SKETG H

STATION ÉL

T,
^HW= 

/o
_t

i* -=-e-s rL = -z-e-e'

TW J.ç
EL. to¿ ' T

MEAI'¡ STREAM VELOCTTY= /o7-æ
MAX. STREAM VELOC¡Ty= ta'/-*-

CULVERI
DE SCR I PTI ON

(€T'TRA'{CE ÌYPE}

o srz E

HEAOWATER COMPUTATION
=Jd:G^
F
6o

it
J9
tsO
fJOU

cosr COUMENTSINLET CONI OUTLET CONTROL HW=H + hô -LSô
Htv
0

HW Ke H dc dc+D
2

TW ho Lso HW

etRau¿e? cPrlr
hçol . êxX /8o 25 Dz 6o" -ï -S t-zs

/80 54'' 2.2 9.9 .9 9.7 3.9 4.2 3-S 4.2 /ao 3.9 9.9 /6.1

225 54' 3./S /4. z .9 ,s.t 4.2 ¿..4 4.o 4.¿ /a. o 9.7 /42 t7.o
Hú â:9ã f./
4go - lry6o"

/eo 6o /.sl 7SS I sg 5.9 4.4 5.5 4.4 /o. o a.s 7ss /6.7

2?S 60 2. 1 /o.s .9 9.s 4.2 4.6 4.o 4.6 /o. ò 3.9 /o. s /25

SUMMARY A RECOMMENDATIONS: 
Ve roc¡r¡es RE^D rFor.l cxrnr 4ti, 4Z - rossle I cH^RÍs r0n oprt c¡rr¡e L ¡Lowr. (se e p. 5-14 ).

0ufltt veloc¡t¡Es 
^n€ 

Agcut rHE sliiE toR E^cÍ stz€, ¡t¡t,tc^1tilc cHA'/GE tN stz€ HAs LtrnE ErFEcr. Stzr- srrrct¡o (,.rJ r,n 54-trcn) orerros
ot¡ otstGt¡eRls cot¡Fl0i:ilct lt: fLcr¡o Ëslll.tÂTE Al{o û^MlcE tilcuRdE0 tF 

^ 
LrR6Ên FLooD sHouL0 occufi. liofE 1H^T l!i Husr ¡¿ cterrrn ¡¡¡l Iil. ll

ron oufLEf col¿lRoL To GovIRt¡ foR lte 54i p¡p¡ ¡ror.ltHe 180 cls. Accunrte 0ETEn]ilNATlori o¡ I'd o:¡txs ts ur¡J€cEss^ny lrr r:osT c^sEs.

Er
!'Ê
x
cl

a

H
Fr
t-.clh
tslnÞ
ll
H
t'l
tuo
ut
trr
Ett

I

F

oo
3oo
fg
c
3
(¡)

õtx
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PROJECI. /42 ð DESIGò,¡ER: ¿'o'/<

D^'ÍE 2',/a'64
HYOROLOGIC AND CHANNEL INFORMATION

Qt = ¡6a c4t, Q<o lWr = 5. ¿l '
Q¿=- TWa=-

/ Ot = oEslcr¡ 0ISCHARGE. SAY Oas \
\ Qa = ara.* orscH^RGE , sÄY e5o on o,oo /

SKETCH
STATION. Ezt+t+

EL. '/2-T-,
ÀHW= ê.1 l-

TW J,
TÊl loo,

So- ,et 7
L= ,oo.

MEAI.¿ STREAM VELOC|TY= skec_
MAX. STREAM VELOCITY= /e./acc.

CULVE RT
DE SCR rPTrof't

(E¡¡lRANCE IYPE)

a srzE

HEÂDWATER COMPUTATIOÑ ?
Jdle¡
ts
õ

bÈ
JO
ÞO
lJ
ctU

cosr coMMEr{ls
INLET CONT, OUTLET CONÍROL HW=H + hO -LSO

HW
D

HW Ke H dc dc+o
2

TW ho LSo HW

C'vrP (<if.)
/6o s1' /..t6 ao

Itw,C.rt rç.â
l.S'-/ry 18"

/6a 49 2.25 9.O ,s 8.5 t.7 3.A 5 t.a ¡ê /t-¿ h¿
./fs ¿ç.7,

1>e 81"

/êa .t1 ,/.5ê 7.a .s 1.7 3.ê ¿./ 3 4./ lo 7B 7a Ía
tleloc;ly o? al.
S;ee o"F.

C.æ.efc Cê:?)
.s2.c49e -túdol /6ê 4e z.35 9.4 ,.f 4.7 3.7 3.a 5 t.ê lo zt 9.4 /4) a-- lrç -t1"

/60 î4" ,/.6 z2 2.9 s.6 4. I 3 1./ 2a 6.o 7.2 /4.i 't- V.f > cHÞ
Coac¡tL Cc;¡)
Çæote ead -ttot /éo 4a ./.?s za .2 4.a 5.7 3.8 J J.A ¿(o 6.8 zê /4¿ 'ç.-

SUMMARY A RECOMMENDATIONS:

Ïtt selec¡tott o¡ r 54r CllP n¡rx HEIDwALL wrt! r(ÊEp 1N€ rE^oH^lEr sÊLotr rxÊ AHf wrrt I lrrrlulr
oullET YELocllY. A l8t coicnÊfE PrPt rrtlt c¡ooyE EocEo ENf¡^Ìrct 6tyEs EQUIL Hf ¡¡o srrsrrlv xrctEf, ouftEr vELoc¡ty. P¡ot¡cllo¡ o¡
oulltt clr^¡¡EL Hlcåt 8e rEc€ssAny t¡ soHE Loc^ltolts.
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PROJECI: ê /ç'2(t) D€s|c,{ER F PE

DATE: 2-20- êa
HYDROLOGIC AND CHANNEL INFORMATION

Qt = 4oo ./t. ero 1ï = ¿.S'
oa=- fwa=-

/ Or' 0ÉSIO¡ OISCI{aRGE, SrY O2¡ \
||, Qa - arat* otscxrrcE . s¡Y ogo on o,* ,/

SKETCH
STATTON . I î6t

J
TV -6T

MEAN STREAM VELOCITY= í'/sac.
MAX. STREAM VELOCtfy= /e./s.c.

CULVENT
o€scR rPlrox

IE'{IRAXCE TYPEI

o srzE

HEADWATER COMPUTATIOi¡ a
Jdl
EL
F
6o

bËJOÈO
õt'

cosT coHltEr{ÎsINLET CONÎ OUTLET CONTROL HW=H + hO -LSO
XW
o

HW Kê H dc 0c+D
?

TW ho LSo I'rw

Cac;etc (Cue)
4¿t¡d'4ot loo

a,rtaa
/.s Ftq 2z 7e'

Hu.9f
t^-L-.-lr-.¿P2

4oo a4' /. /a Ls pvv 4.?â
fçv 9o"

4oo 9o" lêl 7.9 ,2 /.? saz ê.t é.s ê.s é.o 2.4 79
.el
¿o2

i. t.c.
o ê.C-

4 ?c. ¡.ara'
/-.J 2 P'?aJ

Soae 2lpc
2 P,Þ¿r Zae .J4 /.Êl e.s 7êê e-,/tf

2ø 6a" I g¿, 6.9 .2 3.4 1.o ¿..s ê.s 6.9 6.o 5.9 6.9
2t
to

2- t.C,
2¿ ê.C.

tJtê
.9o¿ Coqaaù

C.ç. C.t.o
Oewt a (c,>rt7) 2êo 6o" tt4 6.7 .2s é.2 4.o 4.s 6.5 ê-s ê.o â7 é.7 /a ?c t.c

6a o.c
U-Jc. Ocrcl A
caâ þa uta¿,lca

M,, .ttt4) a¿ :fa e7c e5

SUMMARY a REcoMMENDATIoNS: Pno¡lr¡ to rLLusrR^rE usE oF oousl. prp€s rF or. prpE rs roo rrcH on il01 
^v^r!ÀBLE. 

rr¡¡.¡r
cotrno! 6oYEnIs. Tll sueM¿¡e¿s cTJLvERT outLEt Foß ALL DousL€ BARRELs. Veloclttes 

^RE 
coHpurE0 roR Bot]t tr¿tEt cctrRoL Ar¡0 for fuLr rroH

^f 
oulLET crusto sv Il{' Two 6i-¡r¡c¡ cohcÂElE PIPEs oß rwo 60-l:,cl CÌ.lP w¡rn tilLETs sr{or{r s^ttsFy Hr^0h^T€ß Ln¡ttrTtor¡s. Co¡clrsT¡ rlpe

rlLL CIYE collsl0€EAeLY lllcH€R 0ullEl vtL0clll€s lr f^lLw^t€ß rS rioT EFfEcÌryÊ ilJ cAusti¡G THE cuLvÊRT To FtLr At f[E ouTtET.
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PROJECT: z es-z
DESIGNER: ¿',q. I/.

DAIE 2'2t'64 .

HYDROLOGIO AND CHANNEL INFORMATION

Qt = /ze./o.'Qzs Tl{r = ¡.o'
o2=- Twz=-

/ Ot - DgSlGN DISCHARGE, SAY 023 \
\ ea = a"tr* orscH^RGE , say o3o oR oroo /

SKETGH
STATION' 5t1 lro

FreT

-I- Îìfl I'o'
T

MEA¡¡ STREAM VELOCITY= I',/.*c
MAX. STREAM VELOCITY= ts'/sec

CULVE R1
DESCR rPlrOfr¡

(€NIRÂNCE lYPÊ)

o sr zE

HEADWATER COMPUTATION z
Jdr
ÈL
ts
6o

¡lU:JO
tsO5JOU

cosT coMMEflls
INLET CONT. OUTLET CONTROL HW=H + hô -LSô

HW
o

HW Ke H dc dc+D
2
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Debris begins to bu¡ld up at entrance to a dual 1.go-m culvert-Brazil.
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PRW'ACE

The original edition of this Circular was prepared in 1961+ in
cooperation with the Begio¡ / and tfashington offices of the Federal
Iti.ghway Administration (formerly Br¡reau of Public Roads) and the
California Division of Highways. Thls revision incorporates comnents
received from users and an add:itional remark on safety.

The Circular is based principally on California practice and
experience since the publicatlon of the chapter on debris-control- in
Californi-a Culvgrt Practice f/. The authors are indebted to Messrs.
Kenr¡eth Fenwick and lrialter t'Ihitnack of the California Division of
Highways for thej-r cooperation j-n fi:rnishing standard plans and
photographs and in arranging for field inspections. Particular
credj-t is due to the hydraulics and maintenar¡ce engineers of California
Highway Districts I, If, fV, VII, and VJII for relating their experiences
wiin tirese structr:rês. -Pe¡missiôn to use plans prepared by the liighway
departments of California, Washington, and Har¡aii is acknowledged.
Specia1 recognition is gtven to l'tr. J. Kieley of RegÍon 7, Fedenal
Itighway Admlnistration, for his review and helpful suggestions in the
preparation of ùhe manuscript.

IMRODUCTION

General

llater-borne debris problens and structures used for controlling
debris are discussed in this Circular. An accumulation of debris at
inlets of highway drainage structures is a frequent carrse of r:nsatis-
factory performance or malfunction. Thj-s accumulation may result in
faj-lure of the'drainage structr¡re or overtopping of the roadway by

L/ State of California Division of Highways, California Culvert Practj.ce,
gacramento, California, 2nd Edition, pp. 13-31, 1955.
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fllood wate¡rs and possible damage to the roadway and other property.
Consideration of the need for debris-control struct'rres shor¡l-d be
an essentiar part of all hydraulic structu¡e designs. The ønphasis
in ühis publication is on culverts because their relatively linited
watenway area is subject to clogging by retention of debris at the
inlet.

Debris can be controlled by.three methodsr (a) intercepting the
debris at or above the inlet; (b) deflecting the debris for ãetention
near the inlet; or (c) passing the debris through the structr¡re. rn
some locations, it may be desirable to provide a relief opening either
in the culvert itself or by instalÌing a separate, smaller pipe with the
inlet higher than the principal culvert inlet. The choice of nethod
depends upon the size, quantity and t¡pe of debris, the potential
hazard to life and propert¡ the costs involved and maintenance
proposed. The debris-control structure seLected to meet the needs
of the site nust be compatible with the need for a forgiving roadsj-de
for erant vehicles. Some exam¡lles shown herein do not fully meet
this criterion but were selected to illustrate the control device only.

Often the waterway opening is arbitrarily increased in an attempt
to pass debris through the culvent. the additional cost of such an
approach is usually greater than that for a device j-nstalled to control
debris. 0n the other hand, when debris from the drainage basin can be
passed through the structr¡re without clogçing, maintenance costs will
be less than when clebris is intercepted and subsequently requires
removal.

A debris-control structr¡re may have several of the following
advantages:

(a) Prevents traffic delays due to alr accumulation of drift on
the roadway or ¡rashouts caused by clogged culverts.

(b) Allows for planned maintenance rather thar¡ energency main-
tenance during floods when other situations arise which
also require immediate attention.

(c) Avoids providing a ttsafeby factortr in sizíng a culvert to
acco¡rgnodate debris,

(d) Provides a safeguard against damaging buo¡rant forces when
an accumulation of drift at the culvert entrar¡ces causes
part-fuIl ffow.

(e) Gives nai¡¡tenance forces a nethod for correcting drift
problems at existi¡rg cuJ.vents.

9-2
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In this publication a system of classifying the t¡'pe of debnis
e:çected from argr drainage basin is followed by a list of t¡qpes of
debris-control strucùures. The basis for choosing the t¡rpe of control
structr:re is given and details of design are discussed.

Classification of Debris

Flood flow reaching a culvert nearly always caries debris which
may be either floatÍng material, material heavier than water, or a
conbination of both. Debris concerns the highway engineer because
it can be deposited at the culvert entrance or in the culvent, thus
inpairing i-ts operatj.on. A thororgh study of the exbent and t¡rpe of
the debris orj-ginating in the drainage basin is essential for proper
design of a culvent.

As an aid in selecting an appropriate debris-control structure,
the debris frorn the drainage basin should be classified. A convenient
classification systern is that of the California Division of Highways
which follows:

Very LiehlFloatine &bris or No Debris.

Light Floatine Debris - Snall linbs or sticks, orchard
prunings, tules and refuse.

MeCium Floating Debris - Limbs or large sticks.

EeaW lloatine Debris - Logs or trees.

Flowing Debrij - Heterogeneous fluid nass of clay, silt,
sand, gravel, rock, refuse or sticks.

6. Fine Detritus - Fairly unifonn bedload of silt, sand,
gravel more or less devoid of floating debris, tending to
deposit upon d:ininution of veloci-ty.

Coarse_Detritus - Coarse gravel or rock fragments.

Boulders - Large boulders and large rock fragments carried
as a bedload of flood stage.

Types of Debris:Cgntrol Structr¡res

Debris-control structures can have many shapes and can be con-
structed of a variety of naterials. These structures s¡iII be divided
into the following general t¡4pes:

9-3
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2.

3.

l+.

a

5.

7.

B.

I Debris Deffectors - (figs. f-f3) - Structr¡res ptaced at the
culvert inlet to deflect the najor portion of the debris
away from the culvert entrance. they are nor:nally tt\ftt-sþ¿psd
in plan with the apex upstream.

Debris Racks - (figs. fL-27) - Sbructures placed across the
stream channel to collect the debris before it reaches the
culvert entrar¡ce. Debris racks are us,:aI1y vertical and at
right angles to the streamflow, but they may be skewed ¡rith
ùhe flow or inciined with the ventical.

Debris Risers - (figs. 2B-31+) - A closed-t¡pe structure
placed directly oven the cr¡J.vent inlet to cause deposition
of flowing debris and fine detritus before it reaches the
culvent in1et. Risens are usually built of metal pipe.
Risers are also used as relief devi-ces in the event the
entrance becomes plugged with debris (figs. 33, 3b, L3, l$,
and 51).

Debris Cribs - (figs . 35-39) - Open crib-t¡,¡pe structures
placed ventically over the culvert inlet in log-cabrn
fashion to prevent inflcw of coarse bedload and light
floating debris.

Debris Fins - (figs. ho-l+5) - Walls built in the strearn
channel upstream of the culvert. Their purpose is to aline
debris, such as Iogs, with the axis of the culvert so that
the debris will pass through the culvert barrel ¡¡ithout
clogging the intãt. They are somei;imes used on bridge
piers to deflect drift.

6. Debris Dans and Basins - (figs. 1$-51) - Structr:res placed
across well-defined channels to form basins which impede
the streamflow and provide storage space for deposits of
detritus and debris.

Floatir:,9 Drift Boon - Logs or timbers which float on the
water su:rface to collect flLoaiing drift. Drift booms
require guides or stays to hold them in place lateralIy.
They are limited in use and ¡ri1I not be discussed fi:rthen.

Conbination Devices - (figs.2Br 29, b3' b5' l+8, and 5j.) -
A combi-nation of two or more of the preceding debris-control
structu¡es at one site to þanôLe more than one t¡4pe of debrj-s
and to provide additional insurance against a clogged sulvert
inlet.

e-b
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DESTGN OF DEBRIS-æ}TTR,OI STRUCTI'RES

Þelininary Field Studies

Proper design of a debris-control structr¡re mr:st be preceded by
a field study of the debris problem. Arnong the factors to be con-
sidered are possible future changes in the t¡pe of debris that night
result from new industry or changes in land use within the drainage
basin. As an ecample, logging in a previously virgin area could change
the nature ôf the debris problen from one of ttmedir¡m floating debristl
to tthealqr flLoatÍng debris.rr Fire also could change the t¡pe and quan-
tity of debrj-s reaching culverts rnalcing it necessary to take remedial
action for debris control.

Culvents located at the end of r¡rban drainage char¡nels are often
clogged by refuse dunped into the charu¡el or by ùrash washed of,f the
city streets. Under such conditions, a rack can usually be installed
at 1ow cost to prevent clogging. However, rrrban locations require
careful design since maLfunctj-on of the debris-control structu¡e r¡iIL
often cause fllooding and damage to adjacent prop€rty.

.An estimate of the quantity as well- as the type of debris is
needed by the designer so that an adequate debris storage area ca¡r be
provided i¡runediately upstream from the control structure. Info¡mation
on the t¡rpes and quantities of debris resulting fron past floods are an
innaluable guide in-selecting the t¡pe of debris-control structure.
Sr¡ch information could be secured from maintenar¡ce personJîe1, from
inhabitants of the ir¡nediate area or by personal obsenvation. Access
to the debris storage area is needed for periodlc rernoval of debris.

Determining the allowabIe headwater and the height of ernbanlsrient
above the Ínvert of ùhe culvent at the inlet is also necessary in
selecting the t¡pe of control sLructr¡re best suited to the particular
problem. Damage that would result frorn a plugged culvent should be
esti-mated to evaluate the need for a debris-control structure.

To summarize, the field survey data should include:

(1) Classification of the eçected debris as to t¡pe.

(2) Quantity of oçected debris.

(3) Futr¡¡e changes in debris t¡pe or quantity due to potential
changes in land use.

(l¡) Infor:nation from which the designer can esti¡nate streamflow
velocities in the vicinity of the culvert.

e-5

Compendium 3 Text 5



Compendium 3 Text 5

(5) Topographic map or cross sections of the area available
for storage of debris at the site, accessibility of the
storage area for debris remor¡al and the probable frequency
of clea¡¡-out.

(6) Possible damage that ¡lould result from debris clogging
the drainage structu¡e.

Selecting T¡me of Sbructure

The safety of highway traffic should be an overriding consideration
in the selection of the t¡pe of debris-control device. The culvert end
and the debris-control structure should be located beyond the usual
recovery area for errant vetricles or the debris-control structg¡e
should be designed to enhance the drivers chance of recovery É/. At
existing sites where modifj-catlons car¡not be made to ¡neet this objectivet
an appropriate vehicle restraining device or an irnpact attenuating
device should be provided on the roadside.

In order for a debrís-control structu¡e to perfor:n its intended
firnction, the t¡pe of debris must be anti-cipated and the appropriate
device selected to prevent the culvert sttrance from cloggrng. TabIe
1, based on e4perience with different t¡pes of structr:res, provides
a guide for selecting control structures for various debris classifi-
catj-ons. Su:itable devices for each debris classi.fication are shown by
rxn. When the açected debris is not all of one classificationr the
table also provides guidance for selecting a combination of control
devices.

d., lraffic- Safe and Hvd¡aulic-a1l{ Effiqient
Drainaee Practice, NCHRP Synthesis of Highway Practice No. 3¡
lfashington¡ D. C.¡ 38p., L969.
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TABLE I - Guide
suitable for

for selecting
i¡arious debris

type of structures
classi-fications

T.y¡re of
Structure

Debri-s
Classification

t{o
+)
C)o
-lClf
oe

J1()
(Ú

d

ß{
c)
u)
.d
Ë

p
.rl
ß{
c)

H.rl
Fq

d
dc
, .r'l

E@
rB cüâ Êr¡

Êo
o
m

Lieht Floatins Debris x x x

Meûlum Floatj.ng Debris X x x

HeaW Floating Debri-s r x

Flowing Debriq x x

Fine Detriius x ï

Coarse Detritus x r X

Boulders x

Debris Deflectors

The fi¡nction of a debris deflector (f:-gs. 1-13) is to dj-vert
medium and heavy floating debris and large rocks from the culvert
inlet for accumulation in a storage area where it can be removed
after the flood subsides. The storage area provided must be adequate
to retain the anticipated type and quantity of debris expected to be
accumulated during any one storm or between cleanouts. The Ceflec*"or
should be built at the cul-vert entrance and aligned with ühe stream
rather than the culvert so thaù accumulated debris will not tend to
block the channel.

Single deflectors -can be built over batteries of pipe culverts
(fig. 6) or ind:ividual deflectors can be built over eaóh pipe of a
battery (fig. tt). Their structural stability and. orientâtion with
the flow nake deflectors partieular.ly suitable for large culverts,
high velocity flowr æd l,¡ith debris such as healr¡r logs, stumps, or
large boulders.
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P1ates I and II show general dirnensional details of debris
deflectors. The angle at the apex of the deflector should be bet¡reen
15o and 2lo, and the total area of the two sides of the deflector
should be at least 10 timès the cross-sectional area of the culvert.
SÞacing between verticaL meinbers should not be greater thar¡ the mlr¡lnum
culvert dimension nor less t'han L/2 the minimun ùimensíon. A
spacing of 2/3 the minjmum dirnension is cornnonly used. The base width
and height of the deflector should be at least 1.1 times the respec-
tive dimensions of the culvert. trrlhere headwater from the design flood
is expected to be above the top elevation of the deflector and floating
debri-s is anticipated, hori-zontal merrbens should be placed across the
top. The spacing of horizontal members on the top should be no greater
i"lr.an I/2 the smallest dimension of the culvert open:ing. The upstream
member is vertical on most existing instaÌlations. Iloweven, a sloping
member at the apex (sloping dovrnstream fron bottom of memben) would
reduce the impact of heavy floating debris and boulders, and probably
prevent debris from gathering at that point. Deflectors with a sloping
member at the apex are highly reconunended by maintenance personnel"

Debris deflectors are usually built of heavy rail or steel sections
(figs. 1-11), although timber (figs. 12, 13) and steel pipe are someti¡nes
used for light debris. For econoÍly salvaged railroad rails may be
used if available. Figure 10 and Plate I[ show a deflector that
uses a cable as its lower longitudinal member. This nodification has
proved superior in locations where heayy boulders damage rigid members"
lfire and post debris deflectors (fig. 9) have been used for light
floating debris.

Debris Racks

A debris rack (figs. llr-27) is essentially a banier across
the stream channel which stops debris that is too large to pass through
the culvert. Debris racks vary greatly in size and in the material
used in their construction, Height of racks should allow some free-
board above the eçected depth of flow in the upstream channel for the
design flood. Racks 10 to 20 feet high have been constructed. The
rack may be vertical or inclined and may be placed over the cuLvert
inlet (figs. llrr L5, L9, 22, 23t Zlt, 26, 21, and 29) or upstream from
the culvert (figs.]:6, 18, 21, and 2l). Figrre 20 shows a rack
protecting the inlet of a down d¡ain. Racks should not be placed in
the plane of the c¿lvert entrartce, since they induce plugging when
thus positioned. Access to the rack is necessar¡r for maintenance.

The rack should be placed weII upstream from the culvert entrance
in those locatj-ons where a well-defined cha¡me1 exists. However, they
should not -be placed so far upstream that debris enters the channel
between the rack and the culvert inlet. If a large debris storage

9-8
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area exists at the rack location, the frequency of maintenance is
reduced and added safety is provided against oventopping the insballation
durÍüg a single storm. Some racks have not required maintenance for
several yea.rs.

Plates rfi through vr, incrusive, show the generar dimensional
details of debris racks. The total straining area of a rack should
be at least ten times the cross-sectional area of the cr¡Ivert being
protected. vertiial bars are generally spaced from r/2 to z/3 tne-
nininum culvent cj:nension. This spaci-ng permi.ts the righter d.ebris
to pass through the rack and the culvent. rn r:rba¡r areás, (fig. 19 )bar spacing of racks should be a maÉ-mum of 6 inches and tied. ùo the
culvert headr¿all by top bars to prevent entranc'e of children. Under
these conditions it is preferable to hold ihe rowest edge of rack
about six inches above the flLow u-ne of the ditch, perm:itting some
debris to pas*s under the rack dr:ring Iow flcws. The crose spacing
of the bars creates a debrÍs trap and increases the maintenance
requirerl.

Generally, racks do not have top or horizontal menbens erbend.-
ing fro4.the rack to the cul-vert headwall although there are exceptions(fig. 15). lhe overall dinensions of the rack sñoul-d. be a functión of
the amount of debris expected per storm, the frequency of storms, and
the schedule of expecteC cleanouts. t'Jhen a rack is instalÌed at the
upstream end of the wingwalls, it should be at leas',, as high as the
culvert parapet.

Since vertleal racks recej-ve the fult impact of floating debri-s
and boulders, their structr¡ral design should incorporaüe brace membens
set in concrete. rnclined racks and rubber tires (fig. lJ) have been
used to help reduce the impact of heavy debris striking at high veloeity.

Chain-link fence has been used for removal of light debris where
stream velocities are 1ow. The fence barrier has a particular advantage
in tidal areas where the fi:nctioning of flap or check gaùes is hampered
by light debris gathering on gate seats and thereby blocking complete
closure of the gates,

leblig_Ris.ers

Debris risers (figs. 2B-3b) generally consist of a vertical cr:]-vent
pipe and a¡e usually suitable for culvert installations of less than 5h-
inch diameter. This t¡rpe of debrj-s-control structure is used r¿here
considerable height of embanhment is avaj-labIe and where debris consists
of flowing masses of clay, si1t, sand, sticks, or medi.um floating
debris r¡ithout boulders. Risers are seldom structurally stable r¡nden
high-velocity flow cond:ltions because of their mlnerability to damage
by impact.

9-9
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Risers placed above the streanbed at the bottom of steep, narrow
d¡aws cause ponding with a reduction in velocity and deposition of
s.ediment, The resulting fllat-botton basin gives maintenance persormeJ.
a place to work when ei-ther culvent cleanout or debris rsnoval is
necessa.ry. This basin also produces deposition of heavien debris
upstream at the entrance to the basin where the debris cannot clog
the d¡ainage structure. To avoid vibration of the riser pipe and
unstable flow conditions, the riser diameter should be about I foot
larger than the culvent diameter.

Plates VII through X, inclusive, show the general dimensional
details of debris risers. The riser should be covered by a grate or
cage to prevent clogging of the cr¡lvert. The grate bars can be rein-
forcing steel or other such material with vertical spacing not greater
Lharr L/2 the diameter of the culvent. S-ots or holes are placed in
the sides of the riser to carry low flow (flg. 3e). It is prefenable
to have these holes punched before galvanizing to avoid deterj-oration
by n:st. The holes are considered to have no hydraulic capacity under
peak flow conditions because of the likelihood of their becoming
plugged by light floating debris and silt. It is good practice to
build riser pipes at least 36 inches in diameter to provide an area
Iarge enough for maintenaÍÌce access. It is aLso desirable to connect
the grate bars to a coupling band, rather than directly to the riser
pipe, so the grate can be removed should cleaning be required. If
the snban}rnent is of sufficient height, provisions shoul-d be nade to
extend the riser vertically if necessary. This can be accomplished
by means of star¡dard coupling bands in the case of corrugated metal-
pipe risers.

Installations have been built with the riser pipe at an angle
between vertical and the stream grade (fig. 28). this reduces the
impact of debris at the elbow and assists in rnoving debri-s through
the culvert. A corrugated metal pipe reducing elbo¡t can be used to
connect risers to the culvert inIet, although damage to the metal
elbow from falling rocks nay occur. Occasiona1ly, concrete is placed
inside the elbow to prevent the metal from wearing through by this
abrasive action, A solution for entrernely severe eonditions is to
connect risen and eulvent by a concrete jr:nction box having the
inside shaped as a,n elbow. A corrugated metal pipe riser usually
costs less tha¡ a debris crib because of the labor involved in con-
si;ruction of ihe latter. Risers rnay be used as. relief sùructurest
eithæ i.ndependent of the main culvert or in conjrrrction with it
(figs. 33, 3b, \3, h5, a¡rd 51).

Debris Cribs

A debrÍs crib (figs. 35-39), often called a rrbear traprtr is
particularly adapted to sne¡I1-size cr¡lverts where a sharp change in
Itrearn grade or constriction of the channel causes deposition of
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detritus at the culvert inlet. The crib is usually placed directry
over the cr¡lvert inlet and is generally built up in log-cabi-n fashion
although other designs are sonetimes used.

Plate E shor¡s the general dimensional details of a debris
crib.. spacing between bars should be about 6 inches. A crib may be
open (figs, 36-38) or covened (figs. 35, 39) with horizontal top
members spaced equal to the crib memb*s. Debris can almost envelop
a crib without compretely blocking the flow and plugging the culvert.
!'lhen an open crib is used as a riser and an accumulation of detritus
is e4pected to build up, provision can be made for increasing the
heights as needed (figs . 36, 3T). fribs and. risers a¡e somewhat sÍ_mi1ar,
but cribs are more appropriate than risers where the culvert hasIittle cover a¡rd the detritus is coarse. cribs have been built as
high as 50 feet above a pipe invent rtrith little change in the effi-
ciency of the facility. Due to the debris t¡pe ana iite conditions
associated with debris risers and cribs, field inspections of aIL
t¡ipes of existing debris-control structures have shown these two t¡4pes
to be most consistently successful in producing an efficientr main--
tenanc e- f¡ ee installation.

Debris Fins

The debris fin is a thin wa1I of concrete, steer, or timber
installed paraller with the ftow (figs. l+o-L5). They-have been used.
successfully with large culverts u¡here the debris consists mostlyof floating materiaI that would pass through the culvent if orientedparallel with the culvent bamel. Matenial that is not arigned. by
the fin to pass through the culvert is retained at the froni of thefin for later removal by mairrtenance pensorurel. If the fin is sloped.
upward toward the curwert, debris that does not ¡rass through the
culvert will be ff-oated upvu'ard and prevented froir blocking-the culverti4"!. .A.t bri-dge pi_ers, long debris will generally ride ùp on the fin
and fa1l off in an aligned position. Fins have aLso been Ëuccessfulin reducing Í-ce clogging by displacing ice sheets upward along the
sloping top surface.

Fins on culverts are usually concrete and. located on the center-Iine of a single culvert (figs. 1¡3-h5) or as exlensions of the interiorw1rl¡ of multiple box culverts (figs. hl, L2). Tþe upstream end of
the fin shouLd be rounded and sloped upward toward ttrè culvert, as
-s-!o¡rn in_figr:res. lr0 ana J+1, to reduee-impact, tr:rbulence, ana ine proba-
þirily of gathering debris, rather than ventical as shown in figures
hz-t$.

A d'ebris fj-n .is usu.{l¡" constructed to the height of the culvert;
hence, its effectiveness is limited. after the inlet becomes subnerged..
Based on e4perience, a fin length of le to 2 times the culvert heiãht

9-rt



is recommended. The leading edge ¡uould thus have a srope of fromf¿:I to 2:1. ltall thickness shõuld. be the minimum needèd to satisfy
structu¡al requirements in order to nininize distr¡rbance to flow. Finsare generally not used on culverts with a ¡ninimum dimension of Ìess
tnan l+ feet.

Since depth of scour at bridge piens is proportional to the
width of pier projected normal to the d:i-rection of flow, buildup
of debris on piers often contributes to bridge faih:re by scour.
Debris fins have been successfully used to align debris with the
waterway operring and to avoid the accumulation of debris on bridge
piers. Irlhen used for this purpose, however, fins should be carefully
aligned with flow in ord* to avoi-d i-ncreasing the projected pier
width and a comesponùing greater depth of scour.

Iühe:r used at brirþe piens, debris fins are usually consbructed
of steel or treated timber piling and bracing. Pile penetration shor¡l-d
be sufficient to withstand predicted scor¡r depths.

Debris Dans and Ba.sins

0n streams carying healy sedirnent and debris loads it is often
economically irnpracticable to provide a culvert large enough to carry
sr.rges of :debris. If the height of e¡ibankment and storage area at
the highway are not sufficient for a riser or crib, a debris dan and
settling basin placed some distance upstream from the cr¡lvert might
be feasible. These are sometimes used to trap heavy bouldens or
coarse gravel that would clog culver+-s, especially on low filIs. In
some locations debris dams have been built to provide the added benefit
of ground water recharge resrrlting from ponded water.

Debris dams (figs. l+6-5f) can be built of precast concrete beams
placed in crisscross or Iog*cabin fashion with rock dunped between
the members (f:.g. 5O). Other darns have been built of rock held in
place by wire (t:.gs. h7, l+9).

The extent of preliminary investigation required for the design
of a dan should be consnensurate r"rith the size a¡rd cost of the structr:re
and the hazard created by fai}:re of the culvent to cary the f[ow.
Inforrnaiion is needed concerning watertightness of the reservoirt
suitability of the for¡ndations for supporting the dam, and the
availability of construction materials.

Earth or rock fill dans are usually desirable. A spil-lway should
be constructed as a cha¡net outside the linits of the dam. A number of
debris dams were built in Southern California and were found to have
lowen construction costs than the annual cost of removing the debris
that otherr,rise would have been deposited adjacent to and within drainage
structures.

9-t2

Compendium 3 Text 5

155



Compendium 3 Text 5

15A

Combing4 Debris Controls

Each drainage basin presents its own debris problen. Often
more than one problen exists and two or more t¡1pes of debris-coatrol
structu¡es must be used. At sone locatlons it rnay be preferable to
renove the larger debris at a locatlon upstream from the cr¡lvert a-rd
to remove the snaller material nearen the cr¡lvent i-nlet. At other
locations it may be advisable to instal-l two t¡ipes of de"ices so that
one will function if the other fails. For ercalçle, figrrre 33 shows a
debris riser installed over the entrance of a culvent to prorride the
water access to the culvert in the event the culvert entrance becomes
plugged. Figure jl¡ shows the same installation after a flood.

Figures L3 a¡r¿ l+5 show a cr¡lvent protected by both a d.ebris fin
and a debris riser. Figure 51 shows an installation consistíng of a
debris dam and settling basin ¡rith a debris deflector at the inleb
a¡¡d a debris risen.

MA,flfTEltIAt\iCE

The sùandard or frequency of maintenar¡ce rn¡st be considered in
the design of a debris-control structr:re. structr.¡res located on a
primary highway may have a higher frequency of maintenance thar: those
on a secondary highway. If a low standard of maintenance is to be
provided, it nay be desirable to use a di-fferent t¡pe debris-control
structure requÍring less attention or choose a larger cr¡Ivent. This
considenation may also determine the choice when t¡so or more alter-
natives are available.

Provisions must be made for maíntenance access to the debris-
control structure site. A rneans of access is often difficult to pro-
vide, particularly where a high ernbanlsnent exists. Ho¡.reven, such
installatiQns usually require Less maintena¡¡ce because of the added
debris storage available. If haul roads to debrj.s-control installa-
tions are not practicàl, it may be necessary to provide an area where
mechanical equipment such as a crane coul-d be }ocated for re.moving
debris ¡rithout ùisrupting highway traffic. Sone debris barr1ens must
be clear¡ed after each major stom.

Maintenance problems may require modi.fications in conùroI device
design. For example, positive debris control could become essential
for an extremely long culvert necessitating reduction in the size of
openings in the debris-control structore to remove all debris that
night clog the cr¡lvent.

9-13
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Etgure 1. Steel rail debrie deflector for large rock'

Egure 2. Steel rail debris deflector'

Stee1 rail debris
for fine detritus.

Flgrl¡e i¡. SÙeeI rail- debris deflector in a¡ea
of heavY floring debnis'
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Figure 5. Steel ra1l debrfe ôetlector.

Plgure 6. Steel ra1l òebrls deflector for battery
of cr¡].verts (see I'Xs. ?) ,
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r t¡- b¡
Flgure 8. Steel ralL ôebrls ale-

flector. llote storage area for
debrls resultlng from cuLvert pro-
jectlon. llgur€ p. l{1re anð post debr!"e êefLector

f,or llght' floating d.ebr1s.

Figur€ II. Stee1 debris deflectors i.nsÏslled at e¡¡-
trâñce6 to a battery of culvertg.

9-L6
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Figure 1?. llnber pfle debrle de-
flector for boufders and. heavy
floatlng debrls.

Flgure IJ. llnber pile debrlE de-
flector protected. eulvert durlng
beevy fLood.e. lìeerby culverts
vltbout d.efleetore vere plugged.
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Figure 14. RaiI debrls racit
rl"de over raek and,

over sloping inlet. Hca'v-y d.-jbris and, bould.ers
leave flr:rl to cuLvert uni*pedeC.,

Fieur€ J-5, 8a11 ilebris raek vlth top nenbers ln area of Io¡glng operatlone.

,¡i ' a ^a_ 
q 7::,' :ait-l --'¡¡- "Y.

Ftgure L6. Post ancl raiL debris rack, 1n place for j5 years, for
Ught to ned.fu¡c floating d.ebris lnstel.lecl 10Ot upstree.¡ c¡f euLvert.

9-18
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Figr:re 17. Steel debris rack
downstream of culvert on
beach. Rubber tires reduce
irnpac'i; of logs.

Figure 18. Rail debris
¡ack. Note large strain-
ing area provided.

Figr:re 19. Hinged steel debris rack in
urban area. Due ùo nature of debris
and possible entry by ctril-dren, bar
spacing is close.

Figure 2O. Debris control hinged
installation of reinforcing
steel- at inleb to roadside down-
drair¡.

9-19



Compendium 3 Text 5

Figure 21. Steel debris rack.

t'

L.rí
th¡i I

Figure 22. Debris rack used in
State of rdashi-ngton. (See
Plate IfI for design dir,ren-
aions. )

Figure 2h. Installation shown in
î:g. 23 after several years of
fine silt deposition at entrance.

Figure 23. Rail
region.

debris raek ln
(see Flg. 21. )

9-20
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I
\

*,Y,-'^
Stcel debrfs

-d 
-e-

Fleure 25. rack probably saved, the culvert froo pltrgglng.

¡
Þ

t

flgu¡e 26. Plpe grlll debrls rack. Vertlcal fence at ¿oÍ¡1gtreaî
enô to pr.event debris frøt epreeôlng over pondiug area.

¡tlglrre 2?. Steel grll1 debrle rack Ylth provlaton for cleanout- afford.ed by concrete pavetl area in foreground.
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?lgure 28. tletal pipe d'ebrf I riserr.
vtth postr to deflect boulders, ln-
staffã¿ by nalntenance forces o* lr5o

engle to vertlcal.

ftgure 29. Post èet¡14 rsck plaeed over
entranee to ¡etaL plpe ilebrls r:.ser
after latter b¡ù caueeô depositlon-

Ffeure 3O. lletsl plpa ðebrlg rlscr
requlred llttle ¡naf¿teaa¡¡ce. 8a¡14
baÀ bulLt up IOr.

Ffgurc $. ldetal PtPe tlebrls
rle9r, 1a place lat 25 Jreerst
operateô veLL vltbout vertl'cal
extænsioa.

9-22
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Ftgure 32. l'íet¿l plpe debrls rLser
sbovs sLots for lov flovs.

Ftgure 33, üetaL plpe debris rlser
placed during 1nlt1a] ccnstructlon of
culvert provides re}lef ln case tire
letter becones ph¡ggeit. (See F1g. 3lr.)

Fieure 3h. Inst¿llatlon shorn ln
Fle. 33 after flood. Pi.ser car-
rled. heevy flov durlng flood.
Fence partlally surround.lng rlser
of no value for debrls control.
(note na¡ at center of pbotograph.)

llgure 35. Tlsber debris crib i.n tdeal
locatJ.on, 1.e., high roaivay enbar:ir-
¡nent an¡l large settliqg bas1n,
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Figure 3ó. Debris crib of preeast concrete
sectio:rs and rneüa1 dowels. Height in-
creased by exLending dowels and adding nore
sections.

Figure 30. Timber debris crib of inexpen-
sive local naterials.

9-2\

Figure 39. Redv¡cod debris crib with
spacing to prevent pass¿rge of fine
¡naterial. Basin had built uP 30t.

Figure 37. Debris
concrete sections

críb of precasù
and netal dowels.
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Ffgure LO. Concrete rlebrl¡ f1¡¡ rltb doplng leaÄ-
L19 edgec es er,ten¡loa¡ of cr¡lvcrt vaLL¡.

Flg¡¡¡e ¡r1. Concret* detr¡ls
leaillr.¡g edge ae êxtaaslon

f1n vltb sloplng
of ceater rall.

Flgure 42. Concrete d,ebrla f1n vith
rounôed, verË1cal. J.eadlng edge as ex-
tcasloa of ct¡.Lvert ce¡rtcr u¿LI.

Flgure 4J. Concrete d,ebrls fin ar¡d
¡ei;al plpe debrls rlger ln eonJunc-
tion vith slngle cornrgated. retal
plpe culvert.

Flgure l+1,. Coacrete debris fin for singte
culvert. Preferable 1f uore area exlsteil
bet¡¡een vlng'laIl.s and fln.

9'25
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Flgure bl. Dgbrla ffn a¡ô ætal plpe d,ebrie rlae¡
ln conJunctlon slth single barrel culvert.

Ffgure lr7. Debrls d.¡n o3 rock and, rlrc.

9_26

Fle¡rr€ 46. Metal bia ty¡n debris d¡o.
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Fi¿ure l+8. Iebrls
grounð and steel-
culvert entrance

d.ot¡ anü baeln i.n fore-
grlll 'åebrls r¿ck at
ln'orreitground. (See

Flgure 49. Debrls
shor¡n ln

da¡n of rcek and r¡lre
r1e. 48.

rrg. 49). -iç
Ð
I
¡rl

¡

--'-.---_:::--:_{

- ¡*-
,ù'-::

Flgure $O. Ilebrls
to ene,ble

daÐ ot' preeesü c€'DCreie sec¿ionc Íabrleatei
plaeenent in lnterlocklng fashlcn.

Figure 51. Dcbrts ds.B anl bssin along vlth steel de-
brls rack over culvert en¿rance ln foreg¡'ound.
Het¿I plpe rtser vlsible oyer '"1¡e sp1l1way. Road-
vay ia brckground..
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corwrRsrou FAcroRS, u. s. cusroMARy ro mrnrc (sr)
UNTTS OF MEASUREXvIEIüT

U. S. customary units of measurement used in this report can be con-

verted to metric (Sf) units as follows:
Multiplv By To Obtain

0.O2rl+ meters

0.30lr8 meters

O.O929O3 square meters

0.02831685 eubic meters

O.I+5359237 kilograms
0.30lt8 meters per seeond

inehes

feet
square feet
cubic feet
pounds (nass)

feet per second

cubic feet per second. 0.02831685 cubie meters per second

feet per seeond per seeond 0.3018 meters per seeond per seeond.
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APPENDTX A: PRAcrrcAr GUTDAI{CE FoR ESTTMATTNG Ai{D coIl'IRoLLrNc
EROSION AT STOBM SEI'¡ER AI,¡D Ct L\mT OUTLEIS

Introd.uetion

1. This append.ix su¡nmarizes and clemonstrates application of the
results of research cond.uctecl at the u. s. AJmy Þtgineer tJatenrays
Þtperiment Station (WfS¡ cturing the past clecade to clevelop pracrical
guid.ance for estimating and. controlling erosion tlovnstreern of storm
se'lrer and. culvert outlets. InitÍal efforts rrere concerned. vith inves-
tigation and. develo¡ment of means of estimating the extent of scour to
be anticÍpated. d.ovnstrea¡l of outlets. Subsequent efforts have involvetl
investigation and. evaluation of various schemes of protection for con-
trolJ-ing erosion such as a cutoff wa11, horizontal blankets of rock
riprap, prefomed. scour hoLes lined'r¡"Íth roek riprap, and. channer ex-
pansions lined. w"ith natural and. artificial revetments. In ed.tlition,
efforts have been mad.e to d.etemine the liniting clischarges for various
energy d.issipators incl-ud.ing sinple flared outlet transitions, stilling
wells, U. S. Bureau of- Reclamation ty¡re VI basins, ancl St. Anthony Fa11s

stilling basins. fupirical equations and. charts are presented for
estimating the extent of localizecl scour to be antÍcipated d.ownstrea¡r of
outlets, the size and. extent of various natural antt artificial type
revetments, and. the appropriate dimensions of each t¡rpe of energy d.is-
sipator investigated.. I,Iith these results, clesigners can estinate the
extent of seour to be expected. ancl select appropriate and alternative
schemes of protection for controlling erosion d.ovnstream of sto:m sever
and culvert outlets.

Scou¡ at Outlets

2. In general, tvo types of channel instability can develop dorm-
stream from storm seÌrer and cr¡lvert ouilets, i.e. eÍther SuUy scour or
local-ized. erosion terued. a seour hol-e. Distinction between the tvo
conditions can be rnad.e by comparing the original or exÍsting slope of
the channel or d.rainage basÍn d.orrnstrearn of the outlet relative to that
required. for stabilÍty as ÍIlustrated. in Figure 41.

A1
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SCOUR HOLE

gkkt\___
STASLE
SLOPE

GULLY SCOUR

Figure Al. flpes of scour at cuLvert outl_ets

Figure 42. Failure of outlet structure due to
gully scour
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3. Gu11y scour is to be ercpected when the Froucte nurnber of fLow

in the channel exeeed.s tbat requÍred. for stability. It begins at a con-

trol point downstream r¡here the cÌ¡annel is stable ancl progresses upstream.

If sufficient d.ifferential in elevation exists between the outLet and.

the section of stable channel, the outlet stnrcture rrill be ecmpletely

unde:mined. as shor¡n in Figure 42. The primary cause of gul1y seour is
the practice of siting outlets high, with or without energy ciissipators,
relative to a stable downstrean gracle in ord.er to reduce quantities of
pipe antl excavation. Erosion of this t¡rpe may be of consid.erable extent

clepentling upon the location of the stable channeL section relative to
that of the outlet in both the vertical ancl d.or¡nstream directions. To

prevent gu11y erosion, outlets ancl energy d.issipators should. be located.

at sites where the slope of the clovnstrea¡n channel or drainage basin is
naturally mild. enough to renàin stable under the anticipatecl eond.itions

or else it should. be controllett by d.itch ehecks, drop structures, and./or

other means to a point where a naturally stable slope ancl cross sectÍon

exist. Outlets and. energy d.issipators should not be located within
channels or drainage basins experiencÍng d.eposition but acljacent to the
perimeter and provid.ed. with an outlet cha¡rne1 that is skerred rather than

perpend.Ícul-ar to the nain channel or basin (figure A3 ).
l+. A scour hol-e or localized. erosion is to be expected clor¡nstream

of an outlet (figure Al+) even if the tlonnstrean channel is stable. The

severity of clanage to be anticipated. d.epentls upon the cond.itions ex-

istÍng or ereated. at the outlet. fn some instances, the entent of the

scour hole may be insuffieient to produce either. instability of the

enbanlsnent or structural danage to the outlet. Hor¡ever, ín many situa-
tions flov conditions produce scour of the extent that enbankment ero-
sion (Figure l+a) as vell as structural d.ana6e of the apron, end waIl,
ar¡d culveft (fieure l+¡) Ís evid.ent. Notevortþ surveys of conditions
at er¡lvert outlets have been aceomplished by K.e1"y1* in Oklahona and.

o
Scheer' in Montana.

5. lhe observations and enpirical nethocls developecl by K..1"yr1'3'\

* Raised. numbers refer to sirnÍlarly nunbered items in the References at
the end. of the rnain text.
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7
a. Sing1e stilling rrel1 with paved' perimeter

b. ltultip1e stilling r¡elIs rithout perÍmeter
protection

Figure 43. Single ancl nultiple stilling we1ls vith
and. r¡ithout perimeter proteetion

Al+
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a. Embankment erosÍon

enci va11, and culvert

localized erosion
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which provid.e specific guictance relative to the cond.itions that produce

gu1ly scour or only a localize.d scour hole as rrell as those required for
stable channels in several Oklahona soils, merit eonsideration and ap-

plieation in general. An example of a chart d.eveloped. by BohanS for
d.esign of trapezoidal channels with lV-on-2H side slopes in a soil that

would deposit and. erode vith Froucle numbers of flov less than 0.15 anct

greater than O.ll, respectively, is shor^m in Figure 45.

6. Bohan also reported the results of research conducted at I,IES to
determine the extent of loealized.

scour that may be anticipated down-

stream of circular storm sewer and

culvert outlets. fhese tests indi'
eated that all of the tailwater cond.i-

tions investigated could be grouped

into two categories. Tailwater condi-

tions of less than 0.5 Do ft above

the culvert invert produced approxi-

mately the same flow pattern and

scour hole geometry and are termed

minimum tailwater cond.itions; all
tailwater eonditÍons of 0.5 Do ft
and. greater above the culvert invert
produced approximately the same flow
pattern and seour hole geometry and

are ter':ned mariimum tailwater condi-

tions. These results agreed verY

well with those presented by Seaburn
I

and Lausheyu whieh indicate that for
a constant d.ischarge the velocity just
dor¡nstreem of a circular culvert out-
let remains constant for tailr¡ater
cond.itions from 0 to 0.5 Do ft above

the culvert invert. The velocity in-
creases 'r¡ith i-ncreasing tailwater a¡¡d.

A6

D

B

a
VsBo

0.06 o.to o.z o.4 r.0

Fch=.À"",ÆsT

Fígure 45. Characteristies
of a trapezoidal channel
w'ith lV-on-2H side slopes as
function of Froude nurnber

o. I

o.o
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t92

reaches a constar¡t ma¡cimum velocity again at a tailrrater approxfnately
1,.0 D ft above the cr¡Ivert invert.

o
7, EhpirÍea1 equations r¡ere d.eveJ-opecl for estimating the e¡rtent of

the anticipatetl scour hole based. on knowledge of the ctesign d.ischarge,
the eulvert tlianeter, ancl the tluration a¡rd. Þor¡cle nrnber of the ¿esign
flov at the culvert outret. Hor¡ever, the rel_atÍonship betrreen the
Froude nt¡mber of flov at the outlet and. a clischarge pansneter, n/rz/' ,*
for circular and square outlets or q/o3/z for rectangular ar¡d. other
shaped outlets can be caleulatetl; a^nd the clischarge parameter.is Just es
representative of flon cond.itÍons as is the Froutle nr.¡mber. The rela-
tÍons bettreen the two pare'¡eters for both partial a¡rtt ftrll pipe unifom
flow in square curverts are shor¡n in Figure A6. since the diseharge
parameter is easier to calculate and is suitabLe for application purposes,
the original data reportecl þ Bohan rrere reanalyzed to clete:mine the re-
lations shovn in Figures A7-410 for estimating the extent of l-oealizett

-o' e/i'ã-

0.o

o.03
o.oo5 o.ot

Figure 46. square culvert - Froude number versus discharge

lÉ For convenienee, s¡nnbols and unusual abbreviations are listed and.
defined Ín the Notation (Appenclix B).

0.5
a

Do5/z
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seour to be anticipetecl d.or¡astream of circular cuLvert and. stom
Eeïer outlets. llhe variables are d.efinetl in AppendÍx B, a.nd. cöm-

parisons of pretlictecl antl observecl values are shown in Figures A7-

410.

8. Di-neasionless scour hole geometries d.ete::nined. from model

tests r¡ith 0.221+-ft-, 0.33-ft-, a¡cl 1.0O-ft-dian cÍrcular culverts,
a sand w'ith an average grain size of O.25 ^, a¡tl tailvaters less
tbe¡ 0.5 O^ ft as nelI as equal to or greater tba¡ 0.5 D_ ft are-o-o
presented in Figures AJ.L a¡d. 412, respectively. The ma¡cÍn¡¡¡ ttepth

of scor¡r occurred at a ttistqnce 0.1+ of the maximr¡n length of scor¡¡

d.ownstream of the culvert outlet for aLl tailwater cond.itions.

o.5
Lt/t¡n

r.o o.a

LEGEND
o r.ooo-FT-ÞraM cuLvERr
O O.333+T.OIAH CULVERT
ô o.2?¡fl-DraM cuLvÉRÎ

o,2 0
at/Yt¡

OIMENSIONLESS CROSS SECTION A1 O.4 L

Figure All. Dimensionless scour hole geometry
for minÍmr¡n tailnater

Àr0
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Lt/lt¡
qIMENSIONLESS CENTER-LINE PROFILE

LEGENO
o.33yl-Dt^M cuLvERT
o.?24FT-OtaM CvLvEÞ1

9.4 9.¿ O O.?
Yc/wsm

oTMENSTONLESS CROSS SECTTON AT O.4 L
o
ô

Figure 412. Dimensionless scour hole geonetry
for maximum tail-water

Cutoff l{aI1

9. If the location of the outlet is such that a scour ho].e is
not obJectionable, it may be practical to a1low local-izecl erosion
since the scour hole acts as an excellent enersr d.issÍpator; hovever,
a cutoff wall r¡hich extends to a d.epth of at leãst 0.7 of the maxÍ-
nurn depth of scour expected (rigure Àrr) a¡rtt of appropriate rriclth
shoulti be provided. to prevent unde:mining.

Alt
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Horizontal Blanket of Riprap

10. The average size of stone and. configuratÍon of a horizontal
blanket of riprap at outlet f.nvert elevatÍon requirecl to control or
prevent localized. seour d.orrnstream of an outlet ca¡¡ be esti.natecl basett

on the results reporteô by Bohan and. subsequent unreported. tests. For
a given d.esign discharge, cu3-vert dÍ^nensions, and. tail¡¡ater tlepth rela-
tive to the outlet invert, the minimum average size of stone for a

etable horizontaL blanket of protection ean be estimated W the follor¡-
ing relations:

* 
= o.o2o åt (rþ) 

t" 
circular ancr square outlets

þ = o.o2o
o

k(1")''' Rectangular and other shaped.
outlets

(¡r )

(az ¡

The length of stone protection required. d.onnstream of an outtet can be

estinated by the relations shov¡n in Figure A1l. The variables are de-

fined in Table A1 and. the reconnnended configuration of a horizontal
blanket of riprap for control of erosion at an outlet is presented. in
Figure A1\.

Prefo:med Scour HoIe Lined. w'ith Riprap

11. The relative advanta¿e of proviciing both vertical a¡rcl lateral
expa.nsion d.ovnstree'n of an outLet to pe:mit tlissipation of excess kine-
tÍe energy in turbulence rather than d.irect attaek of the bound.aries is
shovn in Figure 415 which ind.icates tbat the required size of stone may

be reducecl considerably if a riprap-Iined, prefo:med. scour hole is pro-
vid.ecl in lieu of a horizontal blanket at an elevation essentially the

sane as the outlet invert. Details of a scheme of riprap proteetion
teræed "preformed. scour hole l-ineat rith rÍpraptt are shown in Figure 416.

AL2
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RECTANGULAR ANO OTHER OUTLETS
Lrp =g/ 

q \oo \Do3/z/

o

!.-f''
TW=o.s Do

Lsp
Do

30

RECTANGULAR AND OTHER OUTLETS

LsP/c\
F ='.'(;p; * '

o ADEQUATE

O ALMOST AOEQUAIE

O INAOEQUATE

CIRCULAR AND SQUARE OUTLETS
oogoo

TW < 0.5 Oo

Figure 413. Length of stone protection,

AL3
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Figure A1l+. Recornmended. configr:¡ation
subject to minimum and. ma>rimun

of riprap blanket
tailuaters
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t.o

o.5

o.t

d¡o.TlY 6.95
D¡ D6

o.or

o.o05

o.oo2L
o.2 t.o 5

a
æ

size of

to too

Figure 415. Reeommended protective stone

A
__J

PLAN

SECTION A-A

Figr:re 416. hefo:rned scor¡¡ hole

415

:NOTE: USE q lN LIEU OF A

' FOR OTHER THAN /. crRcuLAR oR dl
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/

I
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LINED CHANNEL EXPANSION
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Lined. Chanr¡el kpansions

J-2. A research project sponsored by the Louisia¡¡a Departnent of
HÍghvays r¡as recently eæpletetl at lfES to investigate the feasibility
of lining channel expansions d.ovnstream of square culvert outlets rith
either sack revetment, ce11u1ar blocks, or rock riprap. After observÍng
flow cond.itions with various sizes of mod.el eulverts and. geøetries of
channel- expansions, the channel expansion geometry shown in Figure 417

was selected. as a practical eonfiguration. The d.imensions of the l-inetl
channel expansion are related in tems of that of square box culverts.

l
ò

PLAN

SECTION A-A

Figure A1]. Culvert outl-et erosion protection,
lined channel expansion

Ð6
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For rectangular outlets, it is reccmend.ecl th¿t similarity be preserved.

in both the plan and elevation planes in te:ms of the respeetive viclth
and height of the outlet.

13. Sack revetrnent with length, rficlth, ancl thickness of 2, I.5,
and.0.33 ft, respectively, ancl. weighing 120 lb ras simulated. at a scale

of L:8 as shor¡n in Figure 418. Cellular blocks rougtrJ.y 0.66 ty 0.66 ft
and. 0.33 ft thick veighing 1\ lb r¡ere simulated. at a scale of. 1:l+ as

shoçn in Figure AJ-p. Rock of 6- to B-in. d.iameter veighing 17 Ib r¡as

simulated. at a scale of 1:l+ as shol¡n in Figure 420. The results of
tests to dete:mine the eond.itions of d.ischarge and taiJ.nater required. to
d.isplace or fail each of the revetments are shoçn in Figure 421 and. Ín-
dicate that the thickness of geonetrically similar revetnents can be

calculated. by the means of the following enpirical equations:

0.016 Square and. circuLar
outletsh("*)"' (æ)

u5o Ts T¡
¡-o"õ-otõ-=ooo

h('*)"'u5o Ts Ts

õ-otõ-otñ-=ooo
o. o16 Rectangular a¡rd other (ll+)

shaped. outlets

14. The variables are d.efined. in Append.ix B. The relative effec-
tiveness of the tined. channel expansion refative to the other schøes of
riprap protection d.escribed. previously is shovn in Figure 415. The re-
l-ations presented. in Figure 415 are reccrnmended for selection of either
the size of revetment for a given schme of proteetion, d.ischarge, tail-
r¡ater d.epth, and. culvert djmension or for the selection of the size of
cuLvert rrith r¡hich a given revetment antl schme of proteetion will re-
main stabLe und.er anticipated cond.itions of d.ischarge anil tailuater
d epth.

Ir, The ma:cimi¡m discharge parameters, q/rz/" or q/o3o/2 , ot
various schemes of protection can be calculated. based. on the rezults
presented. herein and. ccmparisons relative to the cost of each type of

417
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Channel expansi.on lined. sack revetment

=__-;=!
: I"

Figure Al-p. channel ercpansion lineti rrith eerluLar broeks

vith
203
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Figure A20. Channel erpansion lined. with riprap

o.4

NOTE: USE l- lN LIEU OF- o FOR /
DtJt DZ" , /

oTHER THAN CIRCULAR w
oR SQUARE oUrLErS /W

Â

â

d¡o,T¡.o"Ig-=
Do Do Do

L----ì--,

.o,o ft @,.)''"/^%
Â

(D

6åe

f,8u ^

/o"æo,

/"

V
)

O RIPRAP

A BLOCK
O SACK

o. I

r¡.U
Do Do

OR

T3.TW
Do Do

ot
dso. TW
Do Do o.ot

o.oot
o.t

a
firz

Figure 421. Ma:rimr:m permissible clischarge for
lined. ch¿nnel exPansions
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can be made to clete:nine the nost practicaL ctesign of pro-
vitling effective drainage and. erosion control facilities for a gÍven
site. There vÍlL be cond.itÍons sbere the design tliscÌ¡arge a.nd econcmi-
cal size of culvert or sto:ø serer riJ.l result in a value of e/o5/Z
or g,/o3/2 , the ttiscbarge parameter, greater than the na¡cimum value
per"nissible vith feasible schaes of protection tliscussed. previously
and. søe fom of energy d.issipator r¡iIl be requÍred. rn other cases,
the value of the clÍscharge parameter may be less than that of the afore-
mentioned feasÍble schenes of protection a¡rd. a simpler more econøical
form of protection may be intlicatett.

Flaretl Outlet [bansitions

ú. Tests7 nere conducted. to deter-mine the na:cimr¡m values of the
ilischarge parameter (taUte Al) that vere consid.ered satisfactory rrith
various cond.itions of taih¡ater and 3-, 5-, and B-oo-lons sinple flared
outlet transitions whose details are shoçn in Figure 422. Results of
the tests of these sirnple outlet transitions vith the apron at the same

elevation as the cireular eulvert invert are shor¿'¡n in Figure A2J rdrich
indieate that the rnaximum discharge parameter for a given outlet, length
of transÍtiorì, a¡rd tailwater can be calculated by the equations

= 1.60 Circular and square outlets (¡¡ )
e

D5/2
o

þ= 
r'60

o

Si:nilarly, the length of
latecl by the equations

wr tL \o.h(Dolrw)I/3
{(.{/

mt lLto.r+{oo/ul)I/3
% \%/

Rectangular and. other
shaped outlets

(¡e )

transition for a given situation can be calcu-

A20
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ELEVATION

A22. Flared. outl-et transition

t5
L
Do

Figure 423. Malcinr¡m pe:nÍssible
various lengths of flarecl outlet

and tailnaters

discharge for
transition

NOTE: USE--.S!-IN UEU OF Q FOR
D3/2 DuJ"

OTHER THAN CIRCULAR
OR SQUARE OUTLETS

u"+o-,-H(F")"'(ft)^ |
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i-= o.ro(h) '
o

*-= o.ro(h)
2 

('*f'5ço¡w)L/3

Circular a.nd square
outlets

Rectangular ancl other
shapecl outlets

(az )

(ee)

Variables are definecl in Appentlix B and Figure 423 shons that this ty¡re

of protection is satisfactory onJ.y for 1ow values of Q/O5/Z or

o,tn3o/Z The arbitrary extent of scour d.epth eq¡a1 to or less tha¡¡

9.5 Do ll"as usecl to classify satisfactory conditions.
IT. Attenpts r¡ere mad.e to investigate the effectiveness of re-

cessing the apron of these flared outlet transitions antl providling art

entt sill at the dor¡nstre¡m end.; horrcver, Figure A2\ intticates that
this nodification dicl not significantly improve energy tiissipation or

increase the applicable mancimr.¡m values of the discharge parameter,

n/oz/' or o/4/"

Ccfrrrnonly Used. Energy Dissipqtors

18. Grace and. Picke"ingS have reportetl the results of mod.el tests
to evaluate the ma>rimum values of the d.iseharge para.rneter , n/r'J' ,

applicable to circul-ar culverts dÍscharging into various sizes of three
ccrnrnonfy used. enefgy tlissipators: stilling vellsr9 U. S. Brreau of
Reelamation t¡pe VI basinsrlo .nd St. Anthony Falls stiì-l.ing basins.Il

19. The stilling velI consists of a vertieal section of circular
pipe affÍxed. to the outlet end. of a stom seïer as shorm in Figure 425.

the reccømendecl clepth of the r¡ell below the inveft df the inconing pipe

is d.epend.ent on the slope ancl tliameter of the incc¡ning pipe and can be

d.etemined. fræ the plot shonn in Figure A2l. The recmended. height of
stíJ.J-Íng r¡ell above the invert of the inccming pipe is two tÍnes the
d.ianeter of the inccning pipe. The top of the r¡ell shoultt be located. at
the elevation of the invert of a stable cbannel or draÍnage basin.

A22

207



Compendium 3 Text 6

208

4

2

L=a
Do-

-t)'-

¿

--a---/

't= -----

a/,7
'1rr:usE-e-

D"J'
OTI{ER T
SQIJARE I

bo=t

I

. IN LIEU OF O TOR
I D5/2
{AN CIRCULAR OR

)I'TLITS

I

I

--1þ''=-

.:4 n/Do

-o
-. - 

o.25/vtr'

'/

o

a
ola

o.2 o-4 o.6 o.8 l.o
TW
Do

Figure A2l+. Relative effects of reeessed. apron
and end. si1I on permissible d.iseharge

The area aclJacent to the veI1 may be protected by riprap or paving;
hovever, if there is no ad.jacent erod.ible embanlment wÍthin two well
diameters of the períphery of the stilling rrc1l, protection is not
needed. E:ergy tlissipatÍon is accomplishetl without the necessity of
naintaining a specifietl tail-r¡ater clepth in the vicinÍty of the outlet.

20. Details of the U. S. B.rreau of Reclamation type VI basin and.

the St. Anthony Falls stilting basin are presented. in Figures 426 and

A27 . MaxÍmr¡n values of the d.ischarge parameter , Q/D5/2 , eonsid.ered,

satisfaetory for various sizes of each of the energy d.issipators are
presented. in Table 42. These data are satisfiecl by the following eçßra-

tions whÍeh ca¡¡ be used to compute the diameter or rnid.th of each ty¡re

A23
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Figure 425. StÍ1ling velI
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PLAN

STILLING BASII.¡ DESIGf\¡

d = t/6 (w)

e = t/ 12(Wl
I = l'12(w), SUGGESTEO MINIMUM
RIPRAP STONE SIZE DIAMETER = I,/20 (W)

Figure 426. USR type VI basin
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H = 3 4 (W)

L = 4/3 (W)

o = 1i z(wl
b = 3 I (wl

c = 1/ zlwl
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RECTAXGULAR SfILLIìG BASIf{
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DESIGN EQUATIONS

v? d'
(ì) F=* (2) d2 =i(-t * ./8r * l)

(3o) F=3T030

(3b) F = 30 T0 ì20

(3.) F = 120 T0 300

4.5d^
(4) L, = Fá (s)

d; = (1.t0 - F,/120) d2

d'z = 0'85 dz

4=(l.oo-F/soo)d2

d^

Z=; (ó) c = 0.07d2

stÍIling basinFigure A2J. Proportions of SAF

A26
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of energy dissipator relative to that
pipe:

of the ineoning circular or square

(tg)

St. Anthony Falls stilling (efO)
basin

U. S. Br¡¡eau of Reclama-
tion type VI basin

(¿u)

þ = o'tt (ftt't stilling werl

tr=0'30(ftt'

þ= r.ro
o (ftf "

*=',(#)'

The above relations should be used. only for d.esign of each of the re-
spective energy d.issÍpators d.or¡nstream of circular or sqtr¿¡;re outlets.
The SAtr' stilling bäsÍn is the only one of the above energy d.íssipators

reconmend.ed. for use r¡ith other shapetl outlets, ancl in such cases, the
d.esign should be cond.ucted in accordance with the uzual procetlures for
enzuring the foraation of a hydraulic Junp v'ithin the stilling basin

rather than basecl on the above relation. It is recæmend.ed that the

size of stone protection to be provid.ed. d.or¡nstrearn of these energy

d.issipators be estimated by the following relation:

(lra)

where D" and V. are the tlepth and velocity of fl,ow exiting the

energy dissipator. Guid.ance other than engineering juttgnent for esti-
mating the length of stone protection required doçnstrean of an energy

d.issipator is not available due to the J.ack of systæatic investigations
of this aspect of the problen. Hor¡ever, nodel stuclies of protection

required. doçnstream of spillvay stilling basins indicate that a length

of appro:rimately 10 tÍmes the theoretical tlepth of fLon required for a

hyctraulic Junp is reasonably adequate.

TCT



Discussion

2L. Contrary to the usual assnption, increesecl tailuater or

excessive taih¡ater at outlets tend.s to eoncentrate rather th¿n cliffi¡se
the effh¡c; and. altbough the clepth of scour nay not be as serrere, the
length of scour relative to that obse:¡red. vith tallr*aters less tlun one-

half the height of the outlet is consitlerably greater. This is attrib-
uted. to the fact that with tailwaters greater than or equal to one-half
the outlet height, the effl-r¡c is confined. by the relativeJy stagnant

affaeent r¡aters uhieh are entrained with the efflun to effeetively in-
crease the unit discharge issue from the outl-et.

22. Although the effect of outlet shape on the scour hole gecne-

try was not investigatett in cletail, a ccmparison of the seour ho1es

cleneloped. in 0.25-nn sanct by a discharge of 0.87 cfs through each of
four differently shapecl outlets (circular, square, rectangular, and.

arch) with the sa¡ne cross-sectional area (0.087 sq ft) ar¡d both ¡oiniml¡n

ancl na:cimr¡n taih¡ater eonclitions inclicatect that outlet shape hsd. no

sÍgnificant effect on the scour hole gecmetry. The tend.ency of the Jet
isstred frcm an outl-et to oscillate frcn sicle to sid.e uncler conditions of
maximt¡m taikater vas observecl with flor¡s through each of the afore-
mentioned conduit shapes. This oscillation m,s ra¡rdc¡n and quite slorr

for all cond.itions encept r¡hen fJ.ow frm the arch-shaped. outlet r¡as

ctÍscbargetl into ma¡cimum tailvaters after a scour hoLe had been d.er¡eloped

wÍth ninimun taih¡aters. For this condition, the oscilJ.ation ïas
periotlie antt changetl position about every 15 sec. Thrs, it appears that
a Jet cliscbarge frcn an arch-shaped. outlet is less stable than those

frqn the other outlet shapes investigated. This intlicates thet a

greater erctent of scour, particularly rriclth of scourr Baï be e*peeted.

tlonnstream of arch outlets srbJeet to both minimum and naximum tail-
waters (see FÍgure Ah).

23. Various d.egrees of zuccess have been ercperienced. vith riprap
antl/or rubble or other foms of protection d.ownstrean of outlets and

tlÍfferent opinions regartli¡g the adequacy of protective stone heve

cleneloped.. One of the most ecnmon causes of failure of protective

A28
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material observed. tluring fieltl obsenratiorr=l2 uas the lack of en ade-
quate filter betveen the soÍJ. a¡rd the protective material. This pernits
progressive leaching of the soil antt settlaent of the blla¡rket. The

blanket ean be grouted. ln areas srbJect to nlld winters¡ horæver, an

appropriate filter and rreep holes should be provided for relief of
hyrlrostatic pressrrre. Grouted. riprap does not perform satisfactorily in
areas vhere consid.erable freezing ancl tharing Ís enperienced annually,
Þrit channeJ- proteetion should be segregated frcm erod.Íble soils þr? 1lrgraded filters*J and./or durable synthetic cLoths.-

2'l+. ft is consid.ered that the results presented herein, rith the
exception of the three cornmonly used enerry d.issipators which rrere d.e-

veloped for circular a¡rd square outlets, can be appliecl to other outlet
shapes, provÍd.ed. geometric similarity is preserved. in application of the
recommend.ed guid'ance. The d.ischarge paraneter should. be calculated on

the basÍs of the unit diseharge per foot of r¡idth of the outlet r g r

rather than the total d.ischarge.
25. These results may also be applied to ctevelop ctesigns of pro-

tective measures d.ovnstream of nuì.tiple outtets, provid.eit the spacing
between outl-ets is rel-atively snall- (less than one-fourth the initivittual
outlet widths ). In such cases, it is recønend.ed. that analyses be con-
ducted' on the basis of a single outl-et (one of the two oute:most outlets)
and that a total width of proteetion be provided r*rich ineludes the total
width of protection needed belor,¡ a single outlet plus the w:ialth between
the center lines of the two outermost outlets. If the spacing betr¡een
outlets is appreciable¡ i.€. one-fourth or greater than the ind.ividual
outlet wid.ths, the individual jets and. unit discharges of flow may be
coneentrated due to confinement by exeessive tailwater or expansion and
subsequent intersection d.or^mstream with minirnum taÍlwater; and eonsid.er-
able turbulenee may be generated. which niIl inerease the severity of
attack on local boundaries. fn sueh eases, it is recommended that the
extent of the protective works be enlarged by a faetor of judgment, i.e.
25 to lJ percent.

26. These generalized resutts offer conside::able guiclance since
one can estimate the extent of scour to be anticipated. in stable

A2g
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eha¡rne1s of cohesionless soils and then decíde uhat degree of protection
is requíred.. For exa.u¡1le, is the anticipated scour hole with an appro-

priate cutoff waI1 that proteets the outlet atiequate for energy ttissipa-
tion? Are the size and extent of riprap required for a stable horizontal
blanket practiea.ble? Is Ít praeticable to eompromise depth of scour and.

size of riprap by provitling a preforned. and. riprap-linecl scour hole? fs
en energy tlissipator required? fs it practicable to size the ston¡r

sewer or culvert on the basis of anticipatetl erosion and appropriate
protective measures in lieu of hydraulic efficiency? Examples of the

reecmmend.etl application of the rezults are presented in Table 43.

A30
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Table A1

Mæcj¡rum DÍscharge Reconmend,ed. for
Various Flared Outlet T¡raneitions,

l,intting varues ot Q/D3l2

t,lDo u/Do sl/Do q/o5/2

5
3
3
3
3
3
3
5
3
5
5
5
5
5
5
5
s
5
8
8
I
8
I
I
8
I
I

0 0 0.88
0 0.50 r.78
0 I .00 2.s6

0.25 0.25 1.28
0. 25 0. s0 L.78
0 .2s r .00 2.s6
0. s0 0.2s t . s8
0.50 0.50 2.00
0. 50 r .00 2.s6
0 0.25 1.20
0 0.50 2.40
0 1.00 3.20

0.2s 0. 25 r .58
0.25 0. s0 2.78
0.25 r.00 3.47
0.50 0. 25 r.47
0.50 0.50 2.77
0.50 1.00 s.46
0 0.2s 1.68
0 0.s0 2.40
0 I .00 3.75

0.2s 0. 25 2.17
0.25 0.s0 3.36
0.25 r.00 4.44
0.50 0.25 2.46
0. s0 0.50 3 .ó5
0. 50 1 .00 4. 5s



Compendium 3 Text 6

Table A2

l"ta¡cimum Discharge Reeomrnended for .Various

TYpes antl Sizes of Energy Dissipators

Relative Witlth a.ntl Ilpe
of Energrr Dissipator

Stillins l{ell

I Do dianeter

2 Do dianeter

3 Do diameter

5 Do dianeter

USBR Type VI Basin

I Do wide

2 Do wide

3 Do wide

4 Do wide

5 Do wide

7 Do wide

SAF Stillins Basin

I Do wide

2 Do wide

3 Do wide

l¡a¡cirr¡n q/o3l2

2.0

3.5

5.0

10.0

0.6

2.2

4.5

7.6

rl.5

2t.0

3.5

7.0

9.5
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Table A3

Þramples of reccmmended application to estÍnate q¡çtent of scour in a

cohesionless soil and alternative schenes of protection required. to pre-
vent local scour downstream of a circular and. rectangular outlet rrith
equivalent cross-sectional areas thå,t vill be subJectetl to a range of
clischarges for a d.uration of one hour.

Given:

Dimensions of rectangular outlet = Wo = 10 ft, Do = 5 ft
Dianeter of circuLar outl-et, Do = B ft
Range of discharge, q = 362 to 1086 cfs
Discharge paraneter for recta¡rgul-ar culvert , q,/O3/2 = 3.2 to 9.7

Discharge para,neter for circular culvert, q/DZ/z = Z to 6

D¡ration of runoff event, t = 60 min

Malcimum tailvater e1 = 6.1+ rt auove outlet invert (>0.5 lo)
Minimr¡n tailvater eL = 2.0 ft above outlet invert (.0.5 Do)

Example 1 - Determine maximr¡m d.epth of scour for
minimum a¡¡d. naximr¡n flow cond.itions:

RECTANGULAR CULVffiT ( see Figure A? )

MIN]MIJM TAILWATER

*=..'.(rf{'375.0'ro

D-- = o.B0 (3 .z - g.7ìo'375 (60)0'1 (5) = 9.3 rt - 1\.0 ftÞu

(Continued)
(street l- of 11)

t
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MÆ('MUM TATLIJAT* 
Table A3 (contÍnued')

*='."(tf,) 
'375,0'ro

D-- = o.rl+ (3.2 - g.l)o'375 160)o't (:) = 8.6 rt - 13.0 rt
sm

cIfCULAa cULVmT (see Figure AT)

MINIMUM TAILWATM

*=. r.(rf,l.3T5,o.ro

D^- = o.Bo (e - 6)0'37' (60)0't (a) = rz.j rt - rB.9 rt
Þrlt

MAXIMUM TAILI.IATM

P = ..ru(;þ)''s?5 .o.r

D- = o.?4 (a - 6)0'375 rcs)0'1 (g) = 11 .6 tt - :r7., rt
sm

Example 2 - Deterqine maxi-mr:m nid.th of scour for
minimum and marcimr:m fl-ow cond.itions:

REcTANcULAR cULvmT (see Figure AB )

MÏNIMIIM TATLWATM

I* -, nn /--f '"' ,0.r,Do - ¡'vv 
\o3" ) "

w"r = r.oo (3.2 - g.7)o'9r' (60)0'r: (5) = 27 rt - Tl+ rt
( Continuett)

(Street 2 of ]-t)
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Table A3 (Continuect)

t{D
w"r" = w", * * -?= (27 - ?l+) . P - Z= zs.i rt - ?6.q rt

!,fAlGMt M TAILI.IATER

þ = o.?2 /+\o'e15 .0.r5uo 
\ojr=/

w", = o.72 (3.2 - 9.?)0'9t5 (go)0'015 = 19 ft - 53 ft

WD
w"r" = w", * f - f= (t9 - 53) . P -Z=zr.q ft - i5.5 ft

cIRcuf,AR cuLvERT (see Figure A8)

MIN]MUM TAILWATM

þ = ' ..(ti,t 
'e15 

.o'r5

lt-- = r.oo (e - 6)0'915 (60)0'15 (B) = 28 ft - 76 rtSM

I4Æ(]MIM TAILT{ATM

ry= 
o.z,(#)''e15,0'r5

iü__ = o.7z (z - 6)0'915 (60)0'15 (B) = zo rt - 15 nsm

(Continued)

(St¡eet 3 of 11)
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TabLe A3 (Continuecl)

ExanDIe, 3 . - Determine marcinr¡m length of seour. for
nrinimum and marcimum f]-ow condÍtions:

REcTANGIIIAR ct LvmT (see Figure A9)

MTNI}II,M TATLT{ATER

CIRCULAn CULVERT (see Figure A9)

MIN]MTM TAI],}¡ATM

L

*='.*(;þ)''^ 
to'r25

Lo- = 2.1+ (3.2 - g.7)o'7r (60)o'L25 (l) = r+6 rt - ro1 rt

I{Æ(I}iIUM TATL!{ATER

þ = u.ro 
(d,a) 

o'71 
,o'tz5

L", = l+.ro (3 .z - g.T)o'7r (60)o'L2, (¡) = 78 fr - 1zr fr

þ = 2.\o /+,^\o'71 ,o.rz5
D

o

r,-- = 2.\ (z - 6)0'71 (60¡0'ra5 (8) = jz rt - nh rtsül

!,ÍÆ(IMT¡M TAITT{ATffi

t"'= 
'''o(fu) 

'tt *'125
D

o

Lo_ = t+.ro (e - 6¡0'zr (60¡0'1el (g) = 90 ft - r95 ft
Èi¡Il

(Continuetl)

(Sheet l¡ of II
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Table A3 (Continued)

Þ<a¡nple ll - Deternine profile qn4 cross section of scqr¡l for naxi-mr:m

CInc't,,II,AN CULVMT

For L
SM

0.0 0. r 0.2

o.o u.\ zz,B

o .7 0.7, 0.85

:-3.z r\.2 16.r

= I1l+ ft ancl D", = 18.9 ft

LILs' sm

L

DlDssm
D

s

0.3 o.l+ 0.5 o.6 o.? 0.8 0.9 r.o
¡r+.2 \S.A 5I.o 68.b 79.8 9r.2 :.oz.6 ul+.0
0.95 r.0 0.95 0.75 0.55 0.33 0.15 0.0

1B.o rB.9 t8.o rL.e ro.)+ 63 2.9 o.o

For I,¡ = 76 ît ancl D = I8.9 ftsm sm

w /lrs' sm

l¡
s

DlDs' sm
D

s

0.0
0.0

1.0
rB.9

0.2

]-5.2

0.67

:.z.6

o.l+

30. l+

o.27

5.r

0.6

\r.6
0.15

z.B

0.8

60. B

0.05

0.95

1.0

76.o
0.0

0.0

RECTA-I'¡GULAÎ CULVERT

For ! = lot ft and þ = f\.0 ¡t

LlLs' sm

L

DlDs' sm

D
s

sm

0.0 0.1 0.2

0.0 I0.1 20.2

0.7 0.75 0.85

9.8 ro.5 11.9

0.3 o. )+

30.3 l+O.l+

o.95 1.0
13.3 l\¡o

= 7l+ rt and

sm

0.5 0.6 0.?

,o.r 60.6 70.7
o.9, 0.75 0.55

13.3 10.5 7.7

D = 1\.0 ft
sm

o.B

80. B

0. 33

l+.6

0.9 1.0

90.9 r01.0
0.15 0.0

2.r 0.0

w /hrs' sm
I.¡

s
olos' sm

D
Þ

W =gfsr

0.0

0.0

1.0
rl+.0

For W
sm

o.2

r¡+. B

o.67

9.38

0.1+

29.6

o.27

3. ?8

0.6
l+l+ . l+

0.15

2.10

0.8

59.2

0.05

0.70

r.0
?L.o
0.0

0.0

!¡D.f -; o-z.j L7.3 32.1

(Continuea)

t+6.9 6t.l 76.5

(Sueet 5 of 11)
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Table A3 (Continuect)

E¡rample 5 - DeterøÍne clepth a¡¡d ridth of cutoff vaJ-l:

BECTAÌ{GULAR CIILVERT, Ma:cimum clepth e¡ct wiclth of scour = ].b ft and 76.5 ft

Frora Figure All, d.epth of cutoff wall = O.? (O"r) = 0.? (ft+¡ = 9rg_&.

Fron Figure All, nidth of cutoff walI = 2 (I{ser) = 2 (76,5) = lãLl!!.
CIRCULAR CltLl,lERT, Marcinum clepth and, yiclth of scor¡r = 18.9 ft and,76.O ft

Fron Figure.trll, clepth of cutoff wal.l = O.? (Dsn) = O.7 (f8.9) = þ!-[!.
Fron Figure AJ.l, yidth of cutoff wa.II = 2 (I{sn) = Z (76) = W_

Note: The tteptb of eutoff wall may be varied rith witttn tr, "ãã""rith the cross sectÍon of the scour hole at the location of the
maxí-mum clepth of scour, see Figures AI1 and .L12.

E:<ample 6 - Detemine size a¡¡d_extent of horizontal blanket of riprap:

RECTATÍGUI,AR CI'LITERT

MINIMUM TAILI.JATEN

Fron Figure Ar5, * = o.o2o h (ffr)t"
d.^ = 0.020 (i/2)(3,2 - g.l)\/3 (5) = 1.2 ft - 5.2 rt)v

¡__ = [r.8 (S.z - 9.7) + 7) 5 = 6\ ft - I2z fL

MAXIMTJM TAILI{ATER

Frcm Figure A13, 
* = 1.8 (# . t

*= o o2ol*(rFI,,

(Continuetl)

(Street 6 of 1I)
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Table e3 (Continued)

uro = o.o2o ¡5/6.t+) (S.z - g.nV3 (5) = o.3Z rt - 0.?6 rr

Lsp= 
" / q. \Do ' \4'' )

L^- = S (S.z - 9.7) 5 = !8 ru - 1l+5 frItP

CïRCULAR CUITVERT

MINIMUM TATLWATER

b=.) - o.o2oh(rÐt"
o \Dá._r

d5o = 0.020 (8/z) (z - l|)'rß (B) = r.6 rt - T.o rt

L

d. =1.8 (Ð.'

L"o = [r.8 (z - 6) + ?] I = 85 rt - rl+z rtey

MAKIMTJM TAILIIATM

uÏ= o.o2oh(rþ)"'

d5o = 0.020 (8/6,1+) (z - 5¡t+/s (B) = o.5o ft - z.rg rt

*='(;þ)

(Continuect)

(Sheet ? of rf)
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L__ = 3 e - 6) I = l8 rt - 1l+l+ ftËp

Use Figure A1l+ to detemine recormended configuration of horizontal
blanket of riprap subject to minim¡n and marcÍmum tairlraters.

Example 7 - Detemine size a¡¡d geometry of riprap-Iined
preforned scor¡r hoLes 0.5- and 1.0-Do deep

for minimr:m tail-water cond.itions :

RECTANctttAR CULVERT (see Figure 415)

0. 5-Do-DEEP RIPRAP-LTNED pREFOFitfED SCotR HOLE

*= 0.0,25fr,(rþI,,

d.,, = o.ot25 ß/z) (s.a - g.l)\/3 (5) = 0.73 rt - 3.2 rt)v

l.o-Do-DmP RTPRAP-LTNED PREFORMED SCCI,R HoLE

u5o

CIRCI'I,AR CIJLVRT

(Continuect)

d5o 
=r= o.ooa2*t(rf,)u"

= 0.0082 (8/2) Q - ü\/3 (A) = úÉ33_ - 2.e tt

0.5-Do-DmP RIPRAP-LTNED pREFORtfED SCoLTR HOLE

d

uï= o.or25*t(fiJ"

d.^ = 0.0125 ß/z) Q - e¡'+/l (8) = r.o ft - l+.ll rt)v

(Sneet I of It)

Compendium 3 Text 6
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Table AJ (Continued)

1.O-Do-DEEP RIPRAP-LINm PREFORMED SCOUR HOLE

p= ooo'2 k(#l'
dqc, = o.oo82 (8/z) (z - lDt+/3 (e) = 0.66 ft - 2.o rt)\)

See Figure 416 for geometry.

Exampl-e B - Determine size and geometry of riprap-
Ii-ned-ehannel erpansion for minimurn taih¿aters

RECTANGULAR CULVERT

+=oo16k(#f'
d5ô = o.o16 (>/z) (z.z - g.l)V3 (l) = o.oh rt - r+.r rt

rlv

CÏRCULAR CULVERT

þ= o o16 kç¿r¡,''

dq. = o.o16 (¡/z) (z - 5¡\/s (B) = o.Br rt - 3.5 rr)v

þ = 0.,, (hf (r-r,)''s{vt 
/o;r/ 3

, = lo.E ß/z)" (t.2 - 9.7)2's(ztslrß]5 = Bo rt - 616 rt
LJ

See Figure 417 for geometry.

Exampl-e a - Determine length and geometry of a flared
outlet transition for rninimum tailwaters:

RECTAI{GUT"AR CI'LVERT

(ContÍnued)
(Street 9 of 11)
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Table A3 (Continued)

CTRCULAR CULVERT

þ = o ,, (kf (f"f 
s{w/o;L/3

, = fo., ß/r)" e - e)z'>Q/ÐL/tl, = rrr+ rt - 6.t+trtLJ
See Figure A22 for geometric details; above equations developed for
H = O or horizontal apron at outlet invert elevation without an end silI.

Example 10 - Determine diameter of stilling well
required d.ownstream of lhe B-fb-d.iam outlet:

D_ .1.0
From pase A27 5I = o 

" (f_r)

e;=0.53 e-6) B=B.5fr -zr.t+ft
w

See Figure A25 for ad.ditional dimensions.

Example 11 - Determine width of USBR trpe VI basin
required domstream of the B-ft-diam outlet:

Fron pase A2r F = ,.r. 
1frr)t'tt

K,, = h.3 e - 6)0'55] B = 15.2 rt - 2T.g rt
V-L L

See Figure A26 for ad.ditional d.imensions.

Example 12 - Determine wÍdth of SAF basin requireil
dovnstrea¡r of the B-ft-¿ian outlet

Fron page A2r ,:_ = o.3o(rþl 
.

(contÍnuea) 
(sneet 10 of 

'-'.)
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Teble Aj (Conctutted)

Ho^", = O.SO (e - 6) I = \.8 ft - fl+.I+ rt

See Figrrre MI for aitctÍtional climensions.

^ = -Q,- = +fff = 75 cfslft,'a wsr¡

v- =9= ro86 - =2r.6rps'1 A 
o. rg:( g)2 

g4 ' v

d=9-=&=3.5rb1vl

d2 = 8.1+ ft (from conjugate depth relations)

MrNïMUM TAILI{ATER REQUIRÐ FOR A HYDRAULIC JUMp = O.9O (8.\) = 7.6 tt

Fron page A2f *='.(#
u" = t' = T3 = 9.e fps

d5s=1.0 [¡#rJtr.,
u5o = 1.9 ft

(Sneet Lt of ]'i)
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A

A
e

Aa

Ar
B

c

d.

dt

dz

u5o

D

sm

h
F

F-ch

g

H

KrKz

L

L
s

Cross-sectlonal- area of flor, ft2

Reetangular culvert aspect ratio,

APPEISDD( B: Ì{OTATIOIV

w/ncyo

D
e

D
o

Ratio of depth of flow to height of rectanguJ-ar or square
eul-vert or diameter of circular culvert d/Do

Ratio of area of fJ.ow to the square of the eulvert height, A"Ad

Base width of cha¡¡nel, fb

Coefficient

Depth of unifom flon in culvert, ft

Depth of flow upstream of hyclraulie junp, ft

Theoretieal depth of flow requirecl for hyclraulie jurrp, ft

Dia¡¡eter of average size stone, fb

Depth of flor¡ in channelr ft

Depth of flow exiting energy dÍssipator, ft

Height of rectangular, Ì,-idth and height of square, and. dia.meter
of eircular culverts, ft

Depth of scour, ft

Ma¡cimum clepth of seour, ft

Dia¡neter of stilling well, ft
Froude number of flow at culvert outlet, F

Froude nu¡nber of flow in charmel, F"h = V
Acceleration due to gravity , ftf see?

= q/¡ {!ã
{;%

Depth of recessed apron ancl height of end silJ.,

Coefficients

Length of flared outl-et tra¡rsition, ft

Length of seour, ft

fb

B1

2æ
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L__ Ma:cim¡¡n length of seour, ft
sm

L__ Leneth of stone protectÍon, ftsp

n Manning's roughness coefficient

q Discharge per foot of outl-et width, efs/ft

e Discharge, efs

S Slope of ehannel botton for partial pipe flocr and slope of
energ'y gradient for fuJ-l pipe flow

t Duration of f1ow, ninutes

T Top width of flow in channel, ft

T- Thicicness of geometrieally similar cel}¡J-ar bloek, ftB

Ta Thickness of geometrÍca1ly sirnilar saek revetment, ftù

TW Depth of sti.ll.ing well below invert of incoming pipe, ft

TW Taih^rater depth above invert of eulvert outlet, ft

V Average velocity of flow in channel, fps

V_ Average velocity of flow exiting enerry d.issipator, fþs

V- Voh¡me of scour, ft3
s

Vt Average velocity of flow upstream of hytiraulic jr:rp, fþs

W^ Wíd.th of rectangular, square, or eircu-l-ar culvert, fto

W_ I{ictth of scour from eenter line of single eÍreuJ-a¡ or squares outlet

W__ One-ha1f maxirnrm rÀrid.th of scour from eenter line of singlesm circul-ar or square outlet, ft

W___ One-ha1f marcimun wid.th of scour from center ].ine of singlesmr reeta^ngular outlet or a nuJ'tiple outlet instaLlation, ft
WD

tt =t{ +3-3"smr 'sm 2 2

W__ llictth of stone protection, ftsp

82
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Ho- tlidth of scor¡¡ fron center llne of siagle reetangular or¡ùlet
or a mr¡ltiple outlet installation, ftr{Dr{ =}f +P-+araz:¿

TVf Wialtb of U. S. Br¡reau of Reclamation t¡rye VI basin, ft
ws¡¡ I{itlth of St. Anthoq¡r Fal1s stilling basin, fb

B3

.l'ext 
6



Backfill ir compacted oyer corrugstod metal pips-Bolivia

232



Compendium 3 Text 7

CORRUGATED
METAL PIPE
CULVERTS
Structurol Design Criterio

qnd

Recommended lnstqllqtion Prqctices

By the Bridge Division
Off¡cc of Engineering ond Operotionr

Rcpo*ed by Menill Townscnd
Slructurcl Engineer

U.S. DEPARTMENT OF COMMERCE
John ï. Connor, Secretory

BUREAU OF PUBLIC ROADS
Rex M. Whitton, Administrotor

lune 1966

ta r¡. bt thr 8uDãbtctdc¡t of DæuæDts, It-8. (hv@¡f Pfb{¡S Oüt
Wrùl4to, D.C" ã)lØ. ÈL. r! 6¡tr

NOÎE: ?hts te¡t has been reproduced with the
p_ermission of the Federal Highway ádmintstration,
U.S. Department of Transportation.

t_

233



Compendium 3 Text 7

234

CONTENTS

** Inhoduction------- ---
** Soction l: Generalcoverrgo----
** Sectíon 2: Deeþn---
** Sect'ion 3: Install¿tion
** Section 4: Design cherts and fill height üoblee--------
** Refsrences
** Âcknowledgments- - - - - -

?¡f?
v
I
I

r0
14

26

26

Figures, Chorts, qnd Tqblca

** tr'igure 1: Ring bucHing stress diagra,m, steel------- 6

** Figure 2: Ring bucHing stress diagra,m, aluminum-- 7

** Figut€ 3: fnstallation üypes ond beddings__-- 13

** D6sk! Cha¡t I: Stoel pipe, 211" x 11" comrgations- l5
** Desþ Charü II: Steel pipe, 3" x lt' cornrgaùions- 16

** Desigp Cha¡t III: Steel pipe, 6t' x2" cornrgat'ions- 17

** Desþ Cha¡t fV: .{luminum pipe,2l" x [" comrgatio¡rs------------ 18

** Desþ Ch¡¡üV: Åluminumpipe,9" x2)1" corntgtùions------------- f9
** FilI Eeighü Tebles I üo S-Pipe culverts------ ---------- 2Þ29
** Fill Heþht Tobles la to 4o-Pipe arches----- 24-26



Compendium 3 Text 7

INTRODUCTION

.â, d€siga mothod is presentad her¡in which tokes into consideration the
rrajor fictors ûhat influsnce desþ and porforrnanco of cormgatæd metal pi¡re
culverts. flhs fantors ta,ke into occount tho many years of ûeld erperience rvith
the performance of fle¡ible culverts and the vasü o.¡nount of ree¿rch süudies on
bu¡ied flexible strucüums.

Based on thæe facüorq desþ criteria ore presentod in section 2, Design,
rnd o design chort, has bæn propared for e¡ch type of cornrgation sÌrowing
m¡ximr¡m permissible fill heights for eactr of the design crit¿ria.

Ina,snuch as the adequacy of ony pipe desig'n can be nullified by poor
in$¡ll¿tion practicæ such os leck of irniformity in pipebed bearing, poor
qnality of gidefill material, or lack of arlequato compaction ther.eof, a section
on inst¿ll¿tion practices is included çhich sets up bosic inst¡,llation ror¡uire-
muts næry to obtoin sotisfactory perfonnanr:e of pipe culverts.

235
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Section h GENERAT COVERAGE

Ll These crit¿rio cover the deeign of cornrgoted
steel and cormgoted oluminum pipe culverüs of
riveted, rcsistance spot-welded, helical, ¿nd bolted
fabrication. The design clurts included provide
for o rrrpid determin¿tion of ths maximum tllo¡r-
able fill height for a specific grrge, or the gage re-
quired for o specific fill heiglrt, for given pipe
di¡meters.
L2 The recommended instollotion practices cover

Seclion 2:

20 The following criterio embody the fa¡tors
which must be investig'ated in the design of cor-
rugated metal pipe culverü:

I-Deflection or flattening of pipe
Il-Critical buckling of pipe wall
Ill-Longitud inal seam strength

The Êrst ùwo criteria, f and If, consider the
muüual function of the metal pipe barrel and the
soil surrounding it as a composition struoture.

Z0.L I¿ads on culvert pipe.

In epplying tl¡e ¿bovs criteria, the weighù of em-
banknent por linear foot of pipe which the culveri
pipe must carry is ossumed to bs the weþht, of o
column of e¿rthÊll equal in width to the nominal
pipe diameterr'tDr" in height to ¡(r?r" end weighing
120 pounds per cubic foot. A more accurate esti-
mste of this load on the pipe could be made by
using load coefreients from Marstonts charts for
¡rositive ancl negative projecùing embankment in-
stsll¿tions if tho range of the settlement, ratio coef-
ûcieuü, r.¿, for flexi,ble pipe was established. The
little rese¿rch m¿ds thereon indicat¿s th¿t, ühe
velues of r¡¿ r&rge from -0.5 (negative) to *0.1
(positive) and since negative values of r.6 will
result in lower weights than that of the column of
embankment over tho pipe ùhe lotter is generally
ou the conservative side. The settlement r¿tio
coefrcient r.¿ is o value determined by an equation
involving deflection of pipe, scttlement of pipe
flow line, seltlemenü of sideñll adjacent to pipe, ond
deformotion of embankment ñll adjocenü to and
ebove top of pipe. tr'urther ¡esearch is neoded to

the requirements for adequate installations which
rno neces$ry to obtain sotisfoctory ¡rerformonee
of fle¡ible pipe culverts designed in accordrmce
with the criierin.
13 Design charts prepared from the design cri-
teria are shorvn in section 4. Recommended fill
height trbles obtained from these ch¡rrts ¡re also
sho¡v¡r in section 4 for use by those proferring
t¿bles.

DES¡GN

more definit¿ly establish the rango of ¡,¿ so that o
mor¡ occurate estimate of the pipe load con be
m¿de. The value of 120 pounds per cubic fæt is
considered â moro realistic weight of compacted
embankment th¿n l0O pounds. Ifo¡çever fill
heights determined from the design charts (and
fill height tables) can eosily be adjusted for the
aoùu¿l unit weight by multiplyirrg by the foctor

$ *n""" er¿'is the actual weight per cubic foot.
'tD

2.0.2 Defnitio¡ of synbole used.

á¡:ârrÊ8 in squa,re inches per linea¡ inch of pipe
(teble A)

D¿:deflection lag factor 1.5 in defleciion fonnula
D:nominal pipe dia,uretcr in feet
.E:modulus of elasticity of metal, p.s.i.
.E':modulus of passive ea¡th ¡esistance (soil

reacüion) p.s.i.

f:ultimeø bucHing stress, p.s.i.
å:height of frll above top of pipe in'feeg
.f:momenü of inerüi¿ of pipo wall in inches{ per

inch (table A)
å:bedding constart 0.1 in deflection fo¡mula
K:soil stifrness coeftcient
8:radius of pipe in inches
r:radius of gyration of pipe rvall, inches
io:unic rveþht of-embankment in pounds per

cubic foot (120)
W:tolal fill weþht on pipe in pounds per

linear foot of pipe
W,:Wlt2, pounds per linear inch of pipe
¡:vertical deflection of pipe:total horizontal

deûectio¡
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2.1 Criterion l-Deflection of pipc.

Ä deflection of 5 pereent of nominal pipe
dia,met¿r below ci¡cr¡lar ehape has generally been
accepted as the limiti¡g deflection end the gege-
fiU height curves for deflection shorvn in desþn
cha¡ts I to V, section 4, are based on this 5 percent.
Higher values of fill beight "h" møy be rcalized by
vertical elongation of pipe. X'or a 5-percent
elongation o total deflesüion of l0 percentfrom the
elongoted shape may be allorved and values of
"h" axø taken to be two times the values of "å,"
obtained from the deflecüion curves. The obove
assumption is not theoretically correct because of
changes in pipe radü but inasmuch as the load o¡r
the pipe is based on the ci¡cular pipe dia,meter,
doubled values of "h" arø believed to be on the
conservative side.

Deflection is computed by formul¿ l,
,:øffiif¡om "soils Engineering" by

M. G. Spangler. (/)*
Since the deflection ø is limited to 5 percent,

o1 D ¡he value of ø moy be replaced by 0.05X l2D
(olì values in inches). Substituting values fo¡
coefficients and reanenging to solve for l¿ results

in rhe formula, o.osDxr2:ffiffi *0...

w":Lzo#h end n:ffi+t ¿##gq
:ffi+urroou'. For E,:zoo v.s.i., h:ffi
+17.08 feet in rvhich 17.08 feet (which is O.OZ44E,)
rep¡esents the fill lo¿d the soil structure rvill carry

vb;le ffirepresents that whieh the metal pþe

rvill carry.
Values of Z" (passive soil pressuro) , tnd. K (9,

9, 5), soil stifiness coefficient used in crit¿rion ff
are interde¡rendent ¿nd ¿ro influenced by the quatl
ity of the sidefill ¡naterial and the degr.oe of com-
paciion (density) thereof. The design charts
have bee¡ prepnred on the basis of ncrmrl in-
stalla¡ion conditions, which require a value of
700 p.s.i. for.E'' rvith good sideiìll m¿teriai com-
pacted to 8õ-percent, Proctor Densily vhich is
ectimsted to hrve o soil stifrness coel[cient of
K:0.4'4 The use of better qualiüy sidefill m¿te-
ri¿l ¡vith a g¡eatêr degrce of compaction rvill in-
crrcase the valuo of .8,. Correspondingly the

value of E will decre¡so i¡ numeric¿l v¿luo whieh
meurs convercely ¿ higher value of ultim¡te
buckling stress /r. TVith excellent sideûll m¿t¿-
rial (graded gtovel or cn¡shed stone) compacted
to 95-percent Proctor Density it is estimated tt¡¡t
o value oL E':l$00 p.s.i. (ond v¿lue of K:0.22)
may be used for special designs. Special designs
shall bs used only rvhen the enginecr is reesonably
cert¿in that the requirements for excellent side-
fill matBrial rvith gõ-percent compaction can be
met.

All volues of E' tnd. Í ¿re esû,im¿ted values
based on results of reserrch studies but further
rqse¿¡ch is needed to eorrelate their values with
various kinds of sidefill material compncted to
varying degrees of density.

Failure of fl exible pipe by ileflection ( decrease in
l'ertic¡l diameter) will not usually occur until
deflecùion e¡ceeds 18 tþ 20 pertenü below cirpular
shope consequently designs based on õ percent will
prcvide a factor of safety of at least,833.

¿1.1 Preparation of criterion f curves.

M¿simum volues of ñ, for this critori¡ a,re ob-

tained from the foroula n:ffi¡n.O8, using

8':700 p.s.i. Values of EI f.or all gages nnd
dopths of corrugrtions are obtained f¡pm table
,1, and values of /¿ ar¡ then computed and plotted
for steel and ¿luminum pþ for oll gages and
pipo diameters conventionaþ used.

IVhere specirl designs are required to meet u¡-
usual conditions the higher value oî E':lr4O0
p.s.i. previously cited may be used but, formula
1 should be modified as follows: ã,:11400 and
D¡ (lag factor) decre¿sed from 1.õ to 1.25 nnd
then

u : #* + o.ozs a E, : vffi*4 r . o reer.

'\ curve hns been computed only for lf (gage)
six inch by two.inch cornrgoüions to shorp the
inc¡ease in fill heightg.¿ñ,,t, thatmay ln reolized by
very good inst¿llation practices

2.2 Criterion Il-Critic¿t .buckling of pipe
wall.

This c¡iterion provides for the design of pipo
b¿sed on the wall area required for a limiting
buckling st¡rss which t¿kes into a¿count the rt
straining effect of the soil süructurs arrund tÀs'AU lls[c tSur€¡ sùovn l¡ D.ulb€*r ùr ¡rl€¡6Ê DuEbatr.

87



Compendium 3 Text 7

238

pipu. Tlre restraining efrecü of the soil strucüune
(sidefill material) depends on the char¡teristics
of the sidefill rnatcrinl and its density'(degreo of
compaetion) and is refleeted in the vclue of the
soil stiffness coefficicnt .K which ranges from 1.0,
representing no restrainù, to 0.00 rvhich represents
an ideol condition of full rrstmint (2, 3, 5).

221 Wall bucHing stresses ¿re determined from
diagnrms for steel and aluminum shorvn in figures
1 and 2. l\ curve is drawn for each of three soil
conclitions: K:L for hydrcstatic soil, K:0.44
(E':700) for good sidelìll compacted to 8õ-
percent Proctor Density, nnd K:0.22 (E':Ir400)
for excellent sidefill compnctecl to 95-percent
Proctor Density. The formulas for plotting the
curves are shown on the diagrams. Ths value

"f l9)'for e¿ch d.ia,meter of pipc is üben plottcd
\f,/

at the botto¡n of the diagram for each depth of
cormgation used in fabrication so that, tho valuo
of /r for a specific diameter and depth of cornrga-
tion c¿n be obt¿ined.

The diagram for aluminum buckling stresses
sho¡vn on figuro 2 is based on ulüim¿to and yield
strongth v¿lues shown in tablo A for aluminum
corrugated metal pipe, ÄASHO M-196. The ulti-
mate and yieltl strongth for structu¡al plate mate-
rial rr.re slightly higher but rvill efrect the bue.kling
süress v¿lues "ft" very little for some diameters,
consequently the wall bucHing curves for struc-
tural plate pipe are based on values of lr, obtained
from figurs 2.

.2.22 Preparation of criterion ff curves.

M¡ximum fill heights are c¡lcul¿ted fro¡o the

formula h-0'lUbá' which pmvides ¿¿ faotor of

safeüy of 2. The v¿luee of /r ure taken frpm
Êguro 1 for st¿el and figure 2 for ¿luminum and
frll heights 4h" a,tø c¿lcul¿ted ¿nd curves plobted
for all gages and pipe diameten convenüionally
used.

23 Criterion lll-Iongitudinal seam
strength.

Ä pipe culverù c¿n be only as sümng as the
riveted, welded, or üolted longitudinal sn-ams.

Maximum-fiIl heights for this condition ¿rs c¿l-
culated ond ploüted for all gagæ and pipo iliam-
eters conventiou¿lly used.

23.1 Preparation of criterion III curves.

The lo¡rd used in calcul¿tions for /¿ is the weight
of ons-h¡lf cire colurnn of enrthfill over the pipe,
Iff2, rshich expressed i¡r ter¡ns of ll, ¿nd 

-D- 
is

ry 
ruot AO Dh(d) . By equating this to the longi-

ùuilinrl senm strength y¡h¡es /u is colculated and
plotted for all goges lrnd pipe diameters conven-
tionolly used. I-ongitudinal seatn siren¡$h r':rlues
based on ¿rcüual tests nre shol'n in t¿r'ble R ¿nd ¿
frctor of sofety of 3.BB is rppliod thereto.

2.4 Design charts.

Selecbion of the, goveming fill height if for ¿
given diameter rr,ncl ga.ç requires a cornparison of
Ã, values by rt'he three criteri¿. fn order thtr,t this
moy bo readily accomplished lìll-height curves for
¿ll three critori¡ are plotted on a separate clesign
chart for each depth of cornrgation und metal.
Design charts f to \¡ covering theso corrug.ations
¿¡e loc¿ted at the back of ths b¡ochure. ft must
be kept in mind in rrsing them that maximu¡n fill
heights from deflection curv€ìs ma.y be doubled if
pipo is vertically elongated 5 percent. This is
applicableto pipeof 30 inches di¿meter ancl larger.

Y¿lues of /¿ de.te¡mined from theso charts may
be ea"sily adjustecl for other ytlucs of unit fill
rveightto by applying the factor

120

@'
Longitudinal seam strength curves in ch¿rts I

to Y are based on v¿luqs sho¡cn iu table B for
riveted and bolted fabric¿tion. Tests on resist-
rnce spot-welded pipe indicate somervhat higher
values, ¿¡d for he.lic¿l pipe tite serm becomes the
helic¿l folded lock seam and higher vnlues ¿re olso
indicaM by tests. Ifowever, until higher values
for these sea.ms become well esta,blished by a sufr-
cient number of tests, designs for rrelded ¿nd
helical pipo w-ill be based on the curves shown on
the design charts. \l'Ìren higher vnlues are sstab-
lished for seam sirengbhs adjustment iri v¿lue of
fill heights is easily made by applying the fa¿tor
hislìer seam slrcnsbhæ to the v¿lues of /¿ as deter-nve[e(l se¿m s[rengcn
mined from the seam-strength cu'n'es.

25 Use of design charts.

Eæørnpla ,/.-€iven: õ4-inch diometer steel
pipe; fill'height-ï7 feet; re4uired-gage ¿nd cor-
rugation typo.
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Chorüs I and II both cover this diameter of
pi'pe. Using char{, f, spot the g7 fiú,on the ordi-
nete axis and follow horizontnlly to the right to
its intersection with the vertical 

-S+-inch 
diametær

line. The location of this point in relatiou to,the
deflecúion and buckling curves rrill det¿rmins the
g¿ge r€quircd to sotisfy these crit¿ri¿. ft should
be noted that Lhe deflection curves a,rÞ b¿sed on
original circular shape ond elongation of 5 percent
vcrtically will permit dotrbling tho frll height. In
ühis oxamplo ùhe 3?-foot Ëll height exc¿e.di ttre fill
height shorvn for eve¡r an 8-gag'e metal; conse-
quently elongatiou rvill bc required. To obta.in
the gage rrquired for se¿m strength spot the
3?-foot point on the ordina.t¿ ¿xis rt the right side
of ths ch¿rt ontl follorv horizontolly ø thã left to
its {ntersecbion rvith the vertic¿l 54-'inch dia.meter
line and read tho gage curvo at or.above the inter-
section. The gage selection from the deflection
and buckling curves should also be based o¡r ihe
gage curve at or above the intersecüion point pre-
viousþ described for those curyes. fn all cases
the he¿vie$ gage rec¡uired by any one of the
crirteria is tho governing gage. 'fho above pr.oce-
dure applies in the use of all five design charts.

Dedgn Chdrt I, 2/3 in+h bU )l irch Conugdtíons
À:37 feet
Deflection

Diamctæ¡ 54 in. Seam Strength
lVall Buckling 14 gage-33 feet

l4-gage 14 gagc--33.5 fcet 12 gage-62 feet
å:18.5 feet 12 gage-48.0 feet

eloagated lr-
18.5X2-37 feet
Wall buckling and seam-strength criteria reguire l2-gage

metal of 27li¡¡cb by I inch corrugations.

Dedígn Chart II, S ínch bg I ìnch Cortugotione
Def,ection Vgall Buckling Seam Strength
l6-ga9e h:22 feet 16 gage-54.5 feet t4 gage-29.5 feet
elongated- 12 gage-46.5 fect

22X2:44 feet

Seam-strength cu¡ves ¡equi¡e l2gage meLel, 3 inch by
I inch corrugations.

Result: l2-gage metal of 2llinch by )l inch o¡ B inch by
I inch corrrrgations is required,

Emm.ple 9.-Given: Steel pipe, 120-i¡ch diam-
eter; fill'height-2t feet; required-gage and
corrugaüion.

Design charts II a¡d III both cover this size.

Desígn Chørt II
DeflcctioD Wall Buckling Seam Streugth
16 gage.-17.5 feet 12 gåge--19.5 feet 12 gage-2l feet
clongateô- l0 gqe-25 feet

7.5X2:35 feet

4

Dcrigì Chai III
t2 gage--20.5 fc€t 12 gagÈ-{3 feet 12 ga¡e-21 fect

Result: lO-gage, 3 iuch'by I ioch (elongrted) or l2-gege,
6 inch by 2 inch metel ie required.

Exømptla $.--€iven: fnminum pipe, 72-iach
dismeter; fll height-ll feet; required-gage and
corrugation.

Deeíp CIørt IV, tjl íæ.h by l1ìnch
Deûection lVall Buckling Seam Strengtb
16 gage-.I7 feet 8 gage-ll feet 16 gage-I2 fe€t

Detìgn Cìnrt V, I itæh by 2ll ùæh

Deflection ltetl Buckting Seam Strength
0.09 inch--24.5 0.09 inch-42 feet 0.09 inch-18.5

feet, feeü

Result: &gage, 271 ineh by )l ineh or 0.0$inoh, 9 inch
by 2ll incb- conugctions ie reguired (0.09 inch epproxi-
matcly equal to 13 gage).

Exampla y'.--4iven: Steel pipe, 180-inch (15
feet) dia,metor; fill height-47 feet; rveight of fill-
140 pounds per cubic fooü; required-gage.

Dctigt Chail III,6 itæhby 2 inch
Ftst, 47 feet fill height at 140 pounds is equivatent to

55 feet ¡t 120 pounds.
Then, 55 fcet fll height must be rued with the cha¡t.

Deflection Wall Buckling Seam Strengüh
l{sge elong¿ted I gage-59 feei I gage at 4.botta-

2X20:40 î.æt 47.5 iæt
Use l-gage cruve I gage at 8 botts-

¿t 8':11400 73 îeet
lgage elongetod- . I gage ot 6 bolts-

2Xt!l:88 feet ôlfeet(cmputed)

This desiga roquires l-gage metal with excellent
sidefill compacted to 95 percent P¡octor Density.
If the design engineer is not ¡Basoncbly sure of at-
tainment of the a.bove requirements then redosign
must be considered based on normal i¡st¿llation
requirements. To accomplish thiq ürvin pipes of
smaller diameter giving the same florv capacity
rvill be consiclered. fn this problem trvo 112-inch-
di¿rmeter (9.5 feet) pipes rvill provide approxi-
m¿teìy the same florv capacity (rrith inlet control)
ns the 180-inch pipe. Using the chart cun'es for
normal installation the follo,n'ing Ì€suìts are
derived:

Def,ection \Yall Buckling Seam Strength
l:gage elongaÞ I gage-100 feet I gage-?5 feet

ed-2X27.5: plus
55 feet

n¿sult: ßro ll2lnch plpee elo¡Bpted, 1 gage at 4 boltE
perfoot \trith normÈl inst¡l[atio¡ rcqultÞlreDts.
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This problem illusürates ¡ choice for the design
engineer of one 180-inch, elongoted pipe of 1 gage
ot 6 bolts per foo0 rvith excellent sidefill (05 per-
cent Prcctoi Density) or a more costly ono of ùrro
112-inch, elongated pipes, 1 grge metal, a¿ 4 bolts
per foot with normal instollction if the excellent,
instsllotion requirements cannot be met,

2.6 Pipe areh design.

Pipe orches ¿re intended for use whe¡e cover
over pipe 3{/¿" is limited. Consequently fill heights
aro only shorrn ùo 15 feeü or less if the corner be¿rr-

ing pressurg 2 tons per square feet, governs.
Higher rnlues of bearing may be usecl if justified
by foundotiou investigation. Corner bearing
prìessure is deternrined by dividing one-half ¿he

total load on the pipe 'W/2 by the corner radius
(in feet).

The gage of metol r-equired for fills up to 15 feet
is obtsined from the. appropriate design chart
using a diameter of circulor pipe approrimately
equal to the span of pipe orch.

2.7 Efiect of live load on pipe.

Cortugatcd metal pipe, st¿el and aluminum, de-
signed in accordance ¡rith tho design chark or ûll
hoight tables are stronger than would be required
to corry H20 trucks with the minimum cover speci-
fied in the fill height tables rvhich is 12 inches from
top of pipe to top of subgrade, for diameters up to
96 inches.

This cover will actually provide at leasù 18
inches to top of povement. .{s an example, a 24.-

inch-diameter pipe, 16-gage metal, will .carry 30-
foot fill, if steel, o,nd 22 fee0, if aluminum. An
If20 wheel load will, at l8-inch cover, produce an
equivalent fill height of 14 feet (including the
weight of cover), rvhich is consiclerably less than
the design capacity. the effect of live loail
decr¡ases rapidly as pipe diameters increase.

¿E Handling and installation strength.

fnasmuch as stifrnss of pipe requircd to with-
st¿nd the handling and the compaction of side-
fill oroul¡d the pipe is o matter of erperience, no
attempt will bs made to proposo Ð criterion for this
it€¡n. IIowever, it is suggested that tl,s deflection
curves proviile an approximate guide for increas-
itg g"g.. to maintain satisfactory stiffness. To
use this guide, a leavier gage should bo selected
when the height, of fill indicated by the deflection

curves (5-pere¿nt tleflection, no elongotion) is 18.1

feot or less. This means that since the sidefill rvill
corry 17.1 feet of fill, the gage of pipo metal shouìd
be mede heavy enorrgh to corry b€ttôr then 1 foot,
making the totol fill hoight 18.1* feet. Efiect of
elongation should not enter into this determination.

2.9 Durability of corrugated metal pipe.

The service life of cornrgated nretal pipe may bc
seriously affected by corrosion nnd/or ¿brasion.
Co¡rosion mny bo coused by excessive acid or alk¿-
line condition (pH) of the fluid carried by the pi¡ro
or of tlre sidefill material placed around the pipe.
.4, method of estimating service life of steel pipe
culverts is describcd in llighway Research lloard
Proceeding, 1962, "tr'ield Test for Estimating the
Service Life of Corrugated Metal Pipe Culve¡ts"
by J. L. Be¿ton and R. X'. Stratfull, C¿liforni¿ Di-
vision of Highrvays (8). Results of comosion and
abr¿sion ¿re also describecl in ttCulvert Perform-
euce Ev¿luation" by'Washington State Highwoy
Commission, Department of Highways (9). In-
fo¡:ø¡¿tion in regard to corrugated aluminum pipe
servico life mey be obtoined from a paper in High-
way Research Record No. 95, "*{. Preliminary
Study of Äluminum as a Culvert Material" by
Ðric tr'. Nordlin anil R. F. Stratfull, Californi¡
Division of Highwoys (/0).

.À'brasion is causecl by the materials carried with
the flow through the pipe. Its severiüy will ds-
pend on the nature of the materids carried and
velocity of florv.

Addition¿l protection against corrosion may bo
obtained by the use of bituminous coatings
(AASHO Il{-190), ond paved inverts (AASHO
M-190; type B or C) may be use.d as addition¿l
protection against abrasion. f,'or structural plate
pipe, heavier gâges mry be specified for the platæs
in the invert. Erperience has shown thú 16-gagre

met¿l is the lightest m¡rterial that should bs usecl

to provide a reason¿ble service lifo.
The need for and typo of þroteætion against cor-

rosion and abrasion should bo dotermined on the
basis of ¡ctu¿l site investigations.

For importnnt insüallations rvhere interruption
of traffic rvoulil be undesirable or whero the cost of
replacement would be excessive, a minimum of 10-
gage metal shall be used for steel structura.l plate
and a minimum of 0.15-inch thiclrress for alumi-
num structural plote.

i
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Tr¡¡,s A.-Geometric¿l and physical pr.operties upon which desiga charte a¡e basod
Corrugetcd ¡te¿l (6)

Chemíc¡l Requiremeûts: Comrgated Steel Pipe-,{ASHO M-3S-60; Structural Plate Pipe--,{,ASHO M-f67.
Phyrical Properüies : .&-29,000,0O0 p.s.i.

Chemical Requirements: Corrugated Äluminum Pipe-Ar{,SHO M-196; Structu¡al Plat¿ Pipe-ASTM B-209 Alloy
5052.

Physical Properties : Corrugated A.luminum Pipe--.8- 10,200,fi)0 p.s.i.

MtÂlDu
Thlch€s (l¡cbB)

Yield Stmg¿b, p.s.t,

24,O00
24,000

Structu¡sl P¡8to P¡pe-.4-10,200,000 p.8.t.

0. 090 to 0. 175
0. r7ó to 0. 25O

6 p€rceût
8 percent

orrp
z?t" trl'Coî. l, 

'1,, 
fur. t'rrt &t.

,{. (3q. tD./tn.) , (1D,./!.) ,{" (ra. b./i¡.) t (l¡../!.) ,f. (!q. i!./,¡.) t (l¡. íl¡.)

l6
14
t2
l0
I
7
5
3
I

0646
0808
u30
14il
tt I tJ

0018g2
0023c2
00Í¡425
004633
oo5725

0742
og27
130
1674
2048

.008658

. 0108¡¡3

. 015458

.020u5

.02508:t

. t2g7

. 1669

.20{1

.2283

.2666

.3(X8

.3432

06{H16
07sr66
096r66
r078
r269r6
146166
165833

Corrngated rlumlnu¡¡

Y't2r4' câû. C)zrt, rrt, øn. (t,

.0e I ,105 I .Osz.r0 I .rrz I .ogr

.L25 I .U0 I .ru

.r5 | .r75 I .136

.175 I .204 I .lsg

.20 I .2?4 I .r82

.t25 | .263 | .206.2El.znl.zzz

16 I .0646 I .00189¿
14 I .0808 I .0ÍJ23s2
tz I .rrgo I .ooa425
10 I .1454 I .004533
8 I .t7778 I .005725
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(l) Riveted pipe

l6
14
t2
to
I

16.75 I 21. 5

T.r¡¡.s B.-Ultimato longitudinel sêam strength values

l, factor of tafety of 3.33 ehâU be applied to those ultimat¿ valuec for computatiou of 6ll heightc.

(2) 8t' t l" riveted, welded' or bolted ateel Dipe

Wheo speciûcations require l(" úveta fo¡ 16- end l4-gage metal aod f¡" rivet¡ for 12-, 10-, and &'gage metal
or double spot s'elds, or )1" diamete¡ ÀSTI\{ A-325 bolts for 16- to &gage metal, the ûll heights determined f¡om se¡m
str€lgth cu¡ves in design chart II can be adjusted to reflect, the inc¡easedseamstrenglhsshow¡¡inthe following table
by applying the ¿ppropriste sdjustnent fÀcto¡ thown thercin.

1.84
1.29
t.28
1.40
l.40

16
l4
t2
10
I

(8) Soucturd pl¡te piDe Ol" boltø¡

Oå¡!

stæl Dlateklplft. (6)
^¡uEloun 

Þlstê'¡lps/ft. (t

A8TM A325botE
Mctsl

tùlcl¡cs
Alul¡um boltr 8lèl

(2Wtt.'
atß. t/ft. qtt.

(zr{t¿,,

12

r0
8
a

5
3
I

42
62
81
93

ttz
132
144 r84 ?i¿o

09"
10"
125"
15"
175"
20t'

25"

22.2
26.4
34. 8
44.4
62.8

60.0
66.0
72. O
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Section 3: INSTALIATION

3,0 General.

Pipe culverts and underdrains must serve trro
functions-hydr¿ulic and structural. They must
not only prol'ide adequate prtssag€ of the fluids to
oe',. carried, but must be sümcturolly adequate to
sr¡pport tho rreight of fill over them and any ìive
londs superirnposed thereon. Poor installation of
pipe may rosult in structur¿l failure with panial
or total l oss of hydraul ic capacity. Theref ore, pi pe

should not be buried and forgotten, but should
bo properly installe¡ì follorvingthe principlas out-
lined in this seciion.

Special tttention shoulcl be given to the protec-
tion of met¿l cuh-erts to prevent failu¡e due to tl¡e
forces of rç¡rter. Ends of culvert pipe projccbing
from a roadway embankment, particularly nt the
entrance, :rre vulnerable to failune by buoyant
forces. ìfitered or beveled ends bend inrvard be-
cause of reduc¿<l sLrength duo to cut cormgrtions.
lfasonry headwnlls, properly construoted, are
nrerrns of reducilrg the risk of these types of foil-
ures, The flow of rvater along a culvert b¿rrel can
remo\'6 sup¡rorting material and, in some cRses, the
þdraulic prsssuries have been sufücient to collapse
üho met¿I barrel, If pervious material is use<i for
cuh'ert bedding md lmckfill, cutofl salls, collars,
or impervious material shouJd be placed at tìre
entr¿nco ¿nd at intervals along the culverl barrel
to pr'evenü ioss of bedding untl sidefill material.

&1 Assembl¡

Cormgated nretal pipe, undeldrains, and stn¡c-
tural þlate pipe shall be assembled in accordance
rvith the manufactu¡er's instr.ucLions. .{.ll pipe
shall be uuloaded ¿nd handled with reasonable
care. Tlrey should not bo dragged over gravel or
rock and should be prerented from striking rock
or other ìrard objects during placemenü in t.rrench

or on bedding
Corrugaterl metai pipe, rivet¿<l or rvelded, shall

be ¡rlnced on the bed starling at do'rvnstre¿n end
sith the inside circumferenti¿l laps pointing
dorvnst¡e.un and s'ith tho longitudinal laps at the
side or qunlter points. Tlre pipe sections shall be
joined by couplingbands of liko material. St¿nd-
ard one-piece bands ore used for most instal-
l¿tions. Trvo-piece bands may be used for larger
pipe xhere installations are difficult. Bands nre
first slipped into position ¡t the end of one pipe

lo

sectio¡ rrith tho band open to r¡ceive the next s€c-

tion. That section is then brought to reithin ebout
thrce-fourtl¡s of an inch of the other seciion, cor-
nrgations of both sections matched, and bolts
tightened. For smaller pipe, the bands should be
tapped rvith a m¿llet to tnke up the slack, and for
large pipe, a chain or c¿ble-cinching device is re-
quired to draw the bands tight. and insure tight
joints. Coupling bands for ¿nnular and. helical
corrugated rnetal pipe shall provide circumferen-
tial and longitudinal strength to preserve the cul-
verü alignment, prevent separation of the pipe
sections, and prevent infiltration of sidefill ma-
torial. Helically cormgated metal pipe shall be
installed in ¡ similar manner to the above pm-
cedure.

Bituminous coated pipe and pared invert pipe
shall be installecl in a si¡nilar manner to standard
corrugated metal pipe rvith spec.ial c¿re in han-
dling to avoid damege to coatings. Paved invert
pipo sìrall be install.ed with the invert pavement
placed and centered on the bottom.

'[V'here pipe is perforated for underdr¿ins, the
pipe shall be placed with perforations a0 the lo*.er
quarter points with bedding and baskfill as speci-
fied on the plans for unde¡drains.

Structural plate pipe, pipe arches, and arrhqs
shall be installed in accordanc¿ rrith the plans
and det¿iled erection instruclions shipped with
e¿ch structure that show the position of each plate
and order of assembly. They shoulil öe ¿ssembleil
with as fe¡v bolts as possiblø until alltho platæs
are in place. Three or four untigbtrìirad bolts
placed near the center of each plate along longi-
tudinal and circumferential seÐms arc sufrcient.
After sever¿l rings havo been as,.embled, the re-
maining bolts can be inserted (loose), ahvays
working from center of se¿m to the corner of
plate. Corner bolts shall be insert¿cl only after
¿ll other bolts are in placo and tightened. After
all the plates h¿ve been asse¡nble,l and bolted, the
nuts shall be tightened progressirely ¿nd uni-
formly, startiug ¿t one end of st¡ucture, This
oporation should be repeated to insure that bolts
are tight. Bolts shall not be torqued above 300
foot-pounds in tightening.

3.2 Types of inst¿Ilations.
The most co¡nmon type of installation used for

highway culverts is the embankment installation
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whcre embankmen¿ fili is ploced over the pipc and
obove existing ground surface. l'his type is fur.
ther broken dorvn irrto positive nnd negativc pro-
jecting embankment inst¡llrrtions as shown in
figure B. The positire projecting type covers ihose
inst¡llations rvhere the pipo is lrcdclecl rvith its top
anyshere from 0,0 of the ¡rominrl pipe cliarreter
above existing ground sr¡rfrce to lcrel x'ith it (thc
latter commonly referrecl to ¿¡s zero projccting).
The negativo projecting embankmenL tïpe covers
thoso inst¿rll¡tions rçl¡ere tho pipe is l-¡edded in rr

trench s'ith its top l¡elcrç the existing ground
surfnce. ;lnother type of insL¡tll¿rtion is the trench
installatio¡r rshich is selclonr uscd for highl.ay
culvefts. This type covers thoso inst¡llations
where the pipe is placed in r trench rçith no fill
above existing ground surface; for example, stornr
drains, servers, etc,

33 Bedding.

The contacl betçeen a pipe and the foundation
upon rvhich it rests is the be*lding. The loatl
tr¿nsmitted to a pipe from ai:ove must in tnm
be transmittecl to the underlying soil. ff ¿r. firm
support of the pipe by its bed is cstablished onlv
over a, nÐ,rro$'çidth or line, such as a round pipe
on a flal bed, the intensiüy of the load (stre,ss)
at the bottom of pipe ¡çill be high ancl exeæssive
deflection may occur. Ä rvide bancl of support
under the pipe will provide a,better load distribu-
tion. The band of support should be uniform
for the full length of the pipe. -{ mo<lificd class
C bedding shown in figure 3A is recommetrded.
The bedding bl¿nket sho¡yn is to obtâin better
seaíing of the corrugations on the pipo bed.

3.4 Pipe foundation.

The founclation ¡naterial under t.he pipe should
be'investigatecl Íor its nbility to support the load
rvhich it must e¡rr)'. ff rock is closer than 12
inches nncler the pipe, it shûll be removed ond
replacerl rvith slightly vielcling m¿rterittl as shorvn
in figure 38. I\'here i¡r the opiuion of tho engi-
neer the nrtural foutrdation soil is such as to re-
quiro stabilizatiou such mtterial sh¡rll be replacecl
by a layer of goocl granular rnaterial as shorvn il-
figure 3C. 'lYhero ¡n unsuitable muterinl (peat,
muck, etc.) is une-xpectedly encountered at, or be-
lorv invert eler'¿rtion duling exclvart.ion, the nec-
essory subsurface esplorltion ¿rnrl aurrlysis shall
bs macle ¡rnd correctire treatrnenb determinecl by
tho engineer.

3.5 Sidefill.
One of ths nrost, important phases of in*ollation

is the .pllcing and oonrprrction of sidofill m¿t¿ri¡rl
(cornmonly c¡lled b¿ækfìll) ruouncl the pi¡æ. Side
support must bo providetl for flexil¡le prpe so that
they rvill carly the fill lncl live loa.ds rvithout
oxcessive deflection. Siclo sup¡rort can only be
oL¡t¡ined by ader¡uate cornplction of good fill ma-
tcri¡l utound the ¡>ipe. Sictefìll ¡n¿terial rvithin
ono pipe di¿uncter of the sirles of pipe and to t {oot,
orer the pi¡rc sh.nll be lìne r.eldiìy cornpactible soil
or granulnr fill m¿terinl. Sirieiìlt lmyond the one

¡lipo diameter limit, at sides of ¡ripc mry lrc rtgular
emb¿nkment fìll. .Iob-escovated soil sh¡ll not
cont¿in sbones retained on rr 2-inch ring, frozen
lumps, chunks of highly ¡rlrustic clay, or otl¡er
objecüionable m¿terial. Granular fill m¿teri¿l
shall be well-graded crushed stonc or gravel with
not less than 05 percent passing a one-hrlf-inch
sieve, and not less th¿rn g5 pcrcent being retained
on ¿ No. 4 sieve. C¿re shoulcl be t¿ken in selecting
sidefill materirl to keep tl¡o mineral content lorv
enough to avoid serious corrosiou therefrom.

Sidefill ¡naterial shall be placed as sho¡vn in
figure 3I) in layers not exceeding 0 inches in depüh
and compac[ed at ne¿r optimum moisturr content
by approved hand or pneumatic tampers to the
density required for supcrim¡rosed enbanbment
fill. Other approved compacting equipmenb mly
be usecl for sidefill nrore than 3 fee[ from sides of
pipe. The sidefill sliall be placed and compacted
rvitir c¿re under the htunches of the pipe ¿nd shall
be brought up evenly and simultaneously on both
sides of tho pipe to 1 foot above the top for the
firll lerryth of tho pipe. Fill ¿bove thrs elevation
may bo m¿terial for embankment fill. For nega-
tive pmjecting installaúions, tJre l'idth of trench
shaÌl be kept to the minimurn u'itltìr required for
placing pipe and adequtrte bedding ¡rnd sidefitl.
Ponding or jetting of sidefill should not bo per-
mitted.

3.6 Elongated pipe.

IYhen pipes are vertienlly elongated to carry
higher fills,tìrey shrll be iust¿lled rvith the longær
axis tluly vertic¿I.

3.7 Alinenrent.

Pipe shall'be as.sembled to reasonably süraight.
¿rlinement ¿ncl sh¡rll bs so mnint¡rined u¡rtil placing
and conrpactio¡r of sidefill has been completnd.
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&8 Camber.

The invert grode of the pipe shall be cambered,
rvhen rtquired, by rn nmount, sulficient to prevent
tìre development of a sag or back slope in the flow
Iine as the foundation under the pipe settles under
t}e rveighù of embankment. The omount of c¿m-
ber sh:rll be based on consideration of the flon-line
gradient, hoight of fill, compressive ch¿r¿cteristics
of the supporting soil, nnd depth of supporting
soil strotum to rrock.

3.9 Multiple installations.

IYhere multiple lines of pipe are to be instolled
they sholl be sprced. fu enougb aprirt, to permit
tùorough ùamping of sidefill r¡ou:rd the pipe. To
this end the sides of pipe sh¿ll'be ¿t least one-haìf
the nomin:rl pipe diameter or 3 feet apart, rvhich-
ever is less,

3.10 Cover over pipe durÍng construetion.
All pipe shall be protected by a cor-er of at lea,sú

4 feet before permitting heavy construction equip-
ment to pâ.ss over them during construclion stqge
as the movement of heavv ear.thmoving orluipment
over the uneven fill surface during fiìl plocement
may generate high impact, subjecting the pipe to
extremely heavy darnaging loacls.

3.U fnspection.

fnstall¿tion conditions htve a very important
effect on boüh the lord on ¿nd the sup¡rorting
sürength of the pipe and a safisf¡rcüory instolla-
tion lequires att¿i¡rment of dasign conditions in
the field. Consequently, the engineer on the job
should nol only be fomilior rith good instoll¿tion
practices bub slrould also keep n closs check on the
contraotor's operations to insurÊ fultllment, of
that objective.
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Section 4: DESIGN CHARTS AND RECOTVIMENDED FltL HEIGHT TABTES

4.1 Design charts f to V hove been developed
from the design'eriterio given in section 2 and e¡e
b¿sed on the pertinent datc shorvn in section 4.2.
Fill-height (gage) tables 1 to 5 for pipe ond tobles
la to 4r for pipe ¿rches h¡rve been prepnred from
tho design charts of like -nunericrl designotitn
nnd both reflect only the stn¡ctunrl design require-
ments forpipe

Corrosive and ¿brasive conditions may requiro
heovier gaçs and,/or protective coatings a¡rd deter-
minution of such rcquiremeuts should be based on
nctunl site invastþtions.

42 Basic data.

ra:rveight of embankment: 120 pounds per
cubic foot

M¿ximum deflection belo¡v circular shope: 5 per-
cent

Vertical olongntion: 5 perrcent -r of nomir¡¿l
diameter

Safety fnctor-Longitudinol seom strength I

8.33
Safety factor-Pipe wall buckling : 2
.8': moduì us passive soil resistance (sidefill) :

?00 p.s.i. forsoil coefrcierrtK:0.rt4

.K:0.41-Soil coeficien¿ for good sidefill ma-
teri¡l compaeted to 85-percent Prcctor
Density

43 Revisions to ffU heights.
Fill-heighù r'alues obtoined fmm the desiga

ch¡¡rts or fill-height tables may be modified for
other values of 3r¿ott than 120 pounds per cubic foot

by applyirrg the fnctor 139 *¡.o. rcn is the actual

weight per cubic foot.

8-Inch by l-fnch Corrugated Steel Pipe
ÌVhen specifications require the use o¡ a¿-inch

rivets for 16- and l4-gage metal and fir-inch rivets
f.ot l2-r 10-, and.S-gnge metol, or double spot welds,
or r/2-inch-diameter A.S.T.M. A+25 bolts for 16.
to 8-grge metol, inclusive, inc¡ensed seam strengths
shown in tnble B(2) mny be used ¿nd the fill
heights determined f¡rm selm-st,rength curves, de-
sign chart. fI can be adjusted by the appmpriate
foetor sliorvn in table B(2). Comparison of these
fill heights rvith criterion I ¿nd criterion fI fill
heights must still be maile to determine lhe gov-
erning criterion. 249
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Deslgn Chart I. Steel piF,e, 2+â,' r }4,, corrugùtioBg
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Design Ohûrt IL Stecl pipe,3" r l" corrugåtion8
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Desig! Chart I\'. Àluminun pifie, 2rrâ" x +á" cþrrug¡tlon8
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Dc¡lf¡ Cù¡rt V. Alumlnuu pipe, 9,, r 2ló,, corrugst¡o¡!
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RpcouupNo¡o F¡¿l-H¡¡osr Tr¡¡,¡ l.--{omrgated steel pipe, 2/rinch by fi-iuch cormgations only,

¡lûTEr:
Fllt helghts c¡aeeallng 10O feêt (encloæd i¡ pa¡enthe¡es) shaü be used only after thorough lnvesdgaHon of fou¡d¡-

tlon materia¡.
This table showg minimum gagce for structurel requirements o¡ly ¡nd is intended for use only wherc coro¡lvc

and/or abrasive conditions are negligible. Heevier gages andzbr protective coatingr shall be used vhere eitc inveetigr-
tions recommended in p¡r, 2.9 indicatc corroc¡vc uffor abrasive conditions or rhere euticipeted velocitie¡ e¡ceed 5
fect per second.

m

riveted, welded, or helical febrication, E-20 loading

llD.
dlueta

MlnlEuEor, toD of
þlÊ to lo9 ol

¡ubg¡¡&

16 g¡¡Ê ll frf! ¡2 ¡!æ IO¡¡r! ¡ nrr

Clrel¡¡ Elog3tcd CUr¡s ElüBrt¿d E¡oD¡¡t¿dCl¡q¡ts Elm$t dCt¡s¡lù C¡ra¡!¡ E¡olt¡t d

I¡cùJ MrdEu ûl¡ hdth¡ sboE top of plp. l¡ ¡.t

t2 t2
15 12
t8 t2
24 12
30 12
36 t2
42 t2
48 12
64 L2
60 t2
66 t2
72 t2
78 t2
84 t2

8:¡ -67-
17-
30-
24 34
2t 28
t9 31

:,:

90-
73-
55-
33-
26 36
22 30
20 38
19 37

::

(115) -03
70
40
29 47
24 30
2L 43
20 40
19 38
18 34

=:_

(t22) -
98
82
{8
33 49
26 4l
23 46
21 4i¿

20 39
19 38
18 35

::

(r27) -(1r2) -
8E
&
37 52
28 43
24 48
22 44
2t 4l
20 40
r9 38
l8 3l
r8 26
18 20

25,5
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PlD.
dLñ.tÉ

Ml¡lEu
coecr ùoD ol

DlD. lo top ol
abú¡da

'l¡-hcù 
rlrctr a ùcucd t+bû Îl?trr æ ù.ü.al ùùdc¡th

r0 tta! tl ít! u¡l¡! l0 lstr I 3¡s!

Cl¡slr EloD¡rtad Clralr EloBgstld Chculù Elo¡rated C¡rculrs Elonsst¿d C¡¡úu¡¡¡ EloDgstad

Iach6 Uulnu û¡l ùclgbts sbovo toD of plpr l! tæ!

36 t2
42 t2
48 t2
54 t2
60 t2
86 t2
72 t2
78 t2
84 t2
90 12
96 t2

tuz 24
108 24
ll{ 24
r20 24

36 t2
12 t2
48 t2
54 t2
60 t2
66 12
72 t2
7E t2
84 t2
90 L2
96 t2

rg2 24
lo8 24
u4 24
120 24

30-
26-
23-
20-
l9-
17-
l5-

==

38 44
30 38
27 34
24 29
22 26
20 21
20 22
tg 2tr9-

:=

{8 69
37 60
30 52
20 47
24 42
22 38
2t 35
20 32
10 30
l9 28
l8 26
t8 2õ
18 23

66 72
42 63
34 64
29 48
26 43
23 39
22 36
21 83
20 31
r9 29
ts 27
lg 25
r9 24
t8 t2
t8 2r

63 7õ
48 65
38 57
32 50
28 46
25 4t
23 38
v2 35
2L 32
20 30
20 28
ls 26
tg 25
rs 24
tg 22

SDot rttilc{t c bolt¿d (}1lt¡cb A¡2.1t bott!) ôb¡lcstlo¡

or t+hcù r¡vrt¡ O¡ lá¡-bch rlnb

34 43
28 38
24 32
2î¿ 2S
2t 25
20 23
ts 22

:1

38 58
30 50
27,¡|
24 39
22 35
20 32
20 29
tg 27
r9 25
l8 23

4a 92
37 71
80 ô0
28 52
21 48
22{/{
2ta
20 40
19 38
l9 37
r8 35
18 !¡:t

::

50 106
42 84
34 68
2S 58
26 52
23 40
22{¿
2t u2
20 40
l9 38
l9 88
l0 36
l93/{
l8 32
r8 80

63 1r8
48 91
38 76
a2 64
28 56
25 50
2g 46
22 44
2ta
20 40
20 39
19 37
l9 35
r0 33
t9 32

R¡cou¡r¿xoro F¡¡,¡, Hp¡anr T¡sr¿ 2.-Corrugated stæl pi¡r,q 3-inch by l-inch corrugoùiong riveted,
helical, welded, or bolted fobricotion, II-20 looding

Thie tsble chows minimum gages for structur¡l requirements oaly rnd ls intended for use only rhcre corrosive
end,/or abrasive conditions arc negligible, Heevier gages and,/or protective oatþgs ahall bc used rhere site inveetiga-
tion¡ recommended in par. 2.9 indicate cor¡osive ¡nd/or ¡b¡asive condition¡ ot ïh".e rnticipated vclocitiea c¡cced 5
fcet per recond.

2t

256



Compendium 3 Text 7

Rrcorr¡¡u¡¡o Fr¡,r-Ep¡o¡r T^r,srp 3.-Corrugaüed steel pipe, 6-incb by 2-inch cornrgatiouo, bolted
fabricotion, II-20 looding

Nûrrs:
l'iu belßihtr erceeding 10O feet (enclæd lD pe¡ent¡¿eû) sùolf be usêd o¡ly ¿ft¿r tborough i¡y€rtlgatloB ot fo¡¡ilr-

tio¡ Enteria¡,
For lmpoltaDt ln¡tallatlo¡rs where intort'uption of tr¿ñc rvoulrl l¡e u¡desir¿ble or wherc tùê 6t ol ¡rtilaceorlt

rvould b€ erceslve, a.mlaimur. of 10-ga8Þ metal sh¡ll be u¡ed.
This teble shor¡ minimum gagee for structunl requiremcnt¡ only anil is intended for uce only çhcrc cor¡o¡ive

end/or ebrasive condition¡ are negligible. Ile.avier g¡ge¡ anVor protectivc co¡tings ¡hall bG uæd rher¿ site invettigr.
tions recomme-nrled in p¡r. 2.9 indicate corrosive ¡nd/or abr¡sive condition¡ or v-here enticipatcd velocitie¡ c¡cccd 5
fect per second.

Rpconr¡nuppo F¡¡.r,-Ifnro¡¡r Tr¡¡.æ 4.-Cornrgeted aluminum pipe, 2|l-inch by )fi¡ch corrugratione,
riveted, welded, or helical fabricction, H-20 looding

Tftis trble ehov¡ minimum ß¡ge¡ for structu¡¡l requirements only rnd ir intended for uec only çhcrc corro¡ivc
tnd/or abrasive conditions are negligible. He¡vier g¡g€s ¡nd^r proteètiyc co¡tings sh¡ll bc uecd rherc eitc invertigrl
tions recoms¡cnded in p¡r. 2.9 indic¡te corrosivc ¡nd./br ¡br¡sivé conrlition¡ or rherc rnticiprtsl vclocitie¡ c¡cccd 5
fcct pcr ¡¿cond.

zi|

Foú tl-bch A-tË boltr 9t! t@t oûãE

M¡dDm 6¡l bel¡htr rboB tap of DlD.l¡ ¡.3

80 (r32) | ¡e (141)
54 (r08) | 59 (r:.8)

2t {112t 42
m {0120 {r

18 23l18 28

7t (112)
49 93
37 78
31 6¡t
26 5i¡
24 48
z¿ 45
2L 12
l0 40
19 38
r9 37
19 35
r8 32
r8 27
18 t3
18
r8

68 93
41 77
34 66
39 58
26 5t
i¿3 46
2t 12
20 ð8
20 35
19 33
l8 31
r8 29
l8 27
r8 28
t8-
18-

58 8r
41 07
33 57
2750
24 46
22 10
21 36
20 33
20 3r
r9 28
t8 27
18 25
18 23
r8 21

:=

56 62
36 5l
30 44
25 

'A233d
21 3t
20 28
tg 26
LS t3
L8 22
t8 20
18-
18-

42-
3i¡ 3õ
27 30
21 26
22 ?,3

20 2r
t9-
17-
16-
l5-

_=

60 12
72 t2
84 t2
s6 12

ro8 24
t20 u
L2 2A
111 21
156 24
168 24
tw 21
tm 21
2ü 30
216 36
228 36
240 30
252 S8

PlpG
d!ñald

Ml¡lüu
oYü, toD ol
plD. to top ol

ebF¡¡L

lC lrat r.¡rrlt 12êl¡ IOlr.. I ¡¡lr

Cirs¡ú B¡üxrLd CltE¡r Eld¡rtôd C¡¡co¡ù Eolt¡f.ó C|¡E¡J Eloû¡r¡.tl Clm¡¡¡ EE¡¡I d

ID.ù.a Mdñún tl| b.!¡ùta rboæ toD of DlÉ t! ¡ar

t2
r8
21
30
36
a¿
{8
54
GO

56
72

12
L2
12
t2
t2
t2
t2
t2
12
t2
t2

46-
29-
22-r9-I:

==

15-
3l-
28-
20-
16-:i

77-
36-
26-
21 3t
r9 25
r9 35
18 24

a=

42-
29-
x¿ 3s
20 27
19 38
t8 3l
l8 2t
t6-
'3_

{9-
31 -2{ 34
2t 28
20 40
r9 38
t8 27
18 20
15-
t2-

â7
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Rpcou¡¡rxopo F¡l¡,-Hp¡cR¡ T¡sLs 5.-Corrugef,ed alumi¡luur pipe, 9-ilch by 2þiuch corrugetioaa,
bolted fabric¿tion, lI-20 loading

l{crE,-tr'or iDpo¡tatrt installatlons rvhor€ interfuptlorx of trafnc $-ould be unateflrable or wl¡e¡e tho cct of replacs
meDt rvould bo e¡ctrssive, s min¡Bum thickneßs of 0.1íÞinch thlck¡ess for structural alurÌrinum ptote sh¡U bo uscd-

This table shows minimum gages for structural requirements only and is intende¡l for use only whe¡.e corrosive
and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investiga-
tions recommended in par. 2.9 indicate corrosive ¡nd/or abrasive conditions or where anticipated velocities e¡ceed 5
feet per eecond,

23

Ms¡lmu 6U hcl¡bts rbovc top of Dlpo (fn fæt)

72
84
96

108
t20
t32
L44
156
r6E
t80

t2
t2
t2
2t
24
24
24
24
24
24

l9 --
16-
t4-

:=

qr_
r9-
t6-
L4-
13-
t2-

27 29
23 25
22-
19-
L7-
16-
t4-,]:

29 37
25 32
22 27
20 24
ts 22
r9 20
18-
16-
l5 

-

3t 44
26 38
23 33
21 30
20 26
19 24
l8 22
r8 2l
t7 20
t7-

33 50
27 42
2t 37
22 33
20 30
20 27
r9 25
19 23
18 2l
18 20

355413750
284713051
264t||2644

2t3312136

19251102E
r92311926
182r I rsza
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RocouvpwoBo Fnr,-IIB¡asr T,rsL¡ 1a-2a.-Corn¡gated stcel pipe arcbes, 2rÅ-inch by l{-inch a¡d 3-i¡ch
by l-inch corrugations, rivetcd, selded, or helical fabrications, H-20 loedings

PlDa dlEcElorsD.n ¡lr
(lBCh6)

Cmcr r¡dlr
(t¡chB)

ItllElEu o!ar, top
ot Dlr to tofr ol 6ub
8'sdc for 2 toN Dar

Eqlmfæt
(lDcb6)

Iúl¡lEu 8rt!
ñ4u¡rld

M+¡Euq Ê¡¡ b.l¡hr. ¡ùoÉ top ol Dlf. (t¡ ht)fd lbc lo¡loFl¡g mr bå¡lnt D,æ úl¡ ¿oE Da lqoæ fæt

2',N ! toD'

2t¡-lDcb by l+iDcù ffius¡tloB

18x ll
22x13
25x16
29xlE
36 x22
43 x27
50x31
58x36
65x{0
72x44
79x49
85x54

3tç
4
4
4t(
Ò

5r4
6

8
I

10
ll

l8
r8
r8
l8
1S

l8
18
l8
l8
18
t8
18

l6
l6
l6
t6
r6
l6
l4
t2
t2
r0
8
8

r3
t2
t0
I
I

I

l5+
r5+
15+
r5
t4
l3
t2
t2
12
12
t2
l3

43 r27
50x31
58x36
65x40
72x44
73x55
81x59
87x63
95x67

103 x 71
ll2 x 75
l17 x 79
128 x 53

7%
I

rort
t2
Lsrl
r8
18
r8
18
l8
l8
18
18

3.bcÈ by l.lDcù

l8
l8
t8
l8
l8
l8
l8
18
18
21
24
24
21

mgstloB

t6
l6
l6
l6
I6
tô
l4
t4
t2
t2
12
t2
l0

t2
t2
t2
t2
t2
r5
l5
14

t2
ll
l0
10
t0

r5+
l5+
r5+
r5+
r5+

r5+
15+
l5+
r5+
l¡
t4

¡Wlìere bcaring prcyisules e\cÞeding 2 tons t)er square foot a¡€ ¡equir€d for giyen ñll heishts, tùe fouDd¿HoD
lnaterial shau bc inreô1ig:fr¿cd to dct€rmine its bearing cûpacitt.

This table shows minimum gages for structuÌal requirements only and is intended for use only where corrosive
and/o¡ abrasive conditions are negligible. Heavier gages and.¡or protectire coatings shall be used where site investiga-
tions reconrmended in par. 2.9 indicate corrosive and/or abrasive conditions or wherq anticipated velocities exceed õ
feet per second.

21
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Rrco¡rrunxo¿o tr'¡r,¡-H¡¡o¡u Trsr,u 3a.-Corrugeted stcel pipe arches, 6-inch by 2-inch corrugatione,
bolted fobric¿tion, H-20 looding

Plpc dl¡lcDrloHFn ds (lB lct)
Cod¡rr ndlú

(lnch6)

MlúE@æ,
ioÞ of g(fE to tofi
ol lubs¡ôde for 2
toEEts¡¡s

ltuhTn tü hltrùtr rboñ top d DIF (|tr tôt) ftr
requlrcd

E¡r¡É y¡sqEr
loot

tæt (lDcÀ6)
2 toß i toB '{ tos

8'I" t4'7"
7t0" x 5'l'l
?'llt' r5'7't
8'10" r 6'1"
g'9" x6'7"
l0'll" x1'Lt'
ll'10" x7'7"
12,10" x8,4,,
L4'1" tg,g,,
15t4" xgt3"
15'10" x 9'10"
16'7" xlO'1"
L3'3" t9'4"
l1'2t'x9'tO"
L5'4't t lO'4"
16'3" ¡ 10'10"
l7'2" zlL'4"
l8'1" ¡ 1l'10'f
l9'3" 212'4t'
l9'll" t,l?'t0"
2O'7" xlg'2"

l8
r8
l8
l8
r8
18
l8
r8
r8
l8
18
18
3r
3l
3l
31
3l
3l
31
31
31

rB
l8
t8
24
24
24
24
24
24
24
24
36
24
24
24
36
36
36
36
36
36

t2
t2
t2
t2
t2
t2
t2
t2
t2
l0
r0
l0
t2
t2
1.0

r0
10
8
8
8
7

r5
l5
t2
ll
l0
I
7
6
¡)

(.)
(.)
(Ð
l3
12
ll
11
10
I
I
8
7

r5+
r5+
16
13
t2
1r
1l
l0
I
I

r5+
15+
r5+
15+
t5
14
13
13
t2

ilï
l5
l4
13
t2
t2

rwhere bearing prres¡u¡es exceeding 2 tons per squaÞ foot ar€ teguircd lor given ñll hetghts, the fou¡dation
Eaterial shall be investigated to determine its beâring c¡pscitt.

(o) Use plpe arches ¡r¡ith Sllrrch corner radius,
This t¡ble shows minimum gages for st¡uctur¿l requirements only and is intended for u¡e only where cor¡osive

and/or abrasive conditions are nègtigible. Heavier gages anVor proteitive coetings shall be used rhere site investiga-
tions recommended in per. 2.9 indicete corrosive anì,¡ìr abrasivõ conditions or where anticipated velocitie¡ exceed ã
feet per second.

R¡co¡runxppo tr'¡¡,¡,-Hp¡c¡rr TÄBLE 4e.-Corrugated eluminum pipe arches, Z%-inch by fi-inch
comrgaüions, riveted, welded, or helic¿l fabrication, H-20 loading

t8¡ll
ülx.l3
25¡16
29x 18
36 r,22
43x,lI
50x31
58¡36
65r40
72x44

4%
4%
4t1
4',1
5
6%
6
7
8
I

l8
l8
l8
l8
l8
t8
r8
r8
r8
l8

10
l8
16
16
l6
t4
t2
l0
l0
8

l5
t4
13
lt
I
7
7
7
7
7

r5+
15+
l4
r3
t2
t2
t2
t2

'Where b€ari¡g p¡es{ruret exceedlng 2 tons IÞr Eq&rre foot a.¡o lequlred tor given nli heights, tlre founilation
Dûtêriûl shûll b€ investlgated to determine lts bear¡ng câptrc¡ty.

This table shors minimum gages for ¡truetural requirements only and is intended for use only çhere corrosive
e-nd/or ebrasive conditions are nõgligible. Hearier gages an{/or proteètive coatings shall be us€d rhere site investiga-
tlona recomme¡ded in par. 2.9 indicete corrosive aniTãr abrasive conditione or where anticipsted velocities exceeõ 5
fcct per ¡econd.

25

I lll¡lEuøyc¡, I lMsth¡uôllhel8btsrbovotoÞotplpo
Itopof plpo to toÞof I I (iD fæt) fc tÀo fol¡orl!8 mcr bwln8
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INTRODUCTION

The structural design of a reinforced concrete pipe culvert requires calcu-
Iation of the probable maximum load on the pipe, determination of the inherent
strength of the pi¡re, and selection of a bedding for the pipe which rvill insure
that tho field supporting strength of the completed structure rvill be adequate.
The formulas and load coefficient diagrams necessary to make such calculations

are ineluded in these criteria for use wherr required.
The material contained in these criteria is basically an updating.and

revision of the Design and Installation Criteria for Reinforced Concrete Pipe
Cnlvelts distributed n'ith tlre Bure¿u of Public Ronds Circular Memorandum
dated Á.pril 4, L957, for the purpose of simplifying design methods for re-
inforced concrete pipe.

Table 1in that issue has been replaced by Charts I(a) and I(b) which
give the load on the pipe at various heights of fill for the four classes of bedding
in cornbination rvith appropriate projection ratios and provide a visual com-
parison of the load carrying capacity of pipe for those combinations.

iv
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1.1 These criteria cover the determinations of
loads on concrete pipe; tlre cleterminntion of pipe
stren¡rth required for the vnrious clæses of bed-
ding and types of inst¡rllatious; the classes of
bedd ing ; altd r.ecommendecl inst ¿ll ati o¡r practices.
1.2 Pipe. Reinforced concrete pipe shall be of
the classes specified in ÄÄSHO Specification M
170-60 (ASTIÍ C 7O-59T). The strength test
requirements specified therein are given in table 1
a¡d are expressed in D-loads as determined by
the tliree-edge-bearing method.

GENERAT COVERAGE

DESIGN

T.l¡r,¡ l.-St¡engtb requiremente for pipe

[I¡ pou¡ds pe¡ ll¡or¡ foot per foot of lDt¿ma¡ ptpe dto¡¡eterl

2.L Factors affecting strength. Tho strength
required for a given rigid type of pipe depencls
upon its size; the height, character, and rveight of
fill over the pipe; the character of the foundãtion;
the depth and width of trench (if any) in rl-hich
the pipe is installed; the class of bedding; and
the type of installation.
Z2 Definitions of terms used.

D-load is a term used to designate the load per
linear foot of pipe for each foot of internal pipe
cliameter ancl is expressed in pounds or kips.

Load factor, L¡, is defined as the ratio of the
strength of a pipe under a specific condition of
loading to its strength when tested by the three_
edge-bearing method.

Projection ratio, .p, is defined as the ratio of the
distance of the existing ground surface below the
exterior pipe top to the outside diameter of the
pipe 8". It applies to positive and zero project_
ing embankment installations [shown in ngu"e
6(a) l.

Projection ratio p' is defined as the ratio of
the distance of the existing ground. surface above
the exterior pipe top to the .rvidth of the trenc}r
po. It applies to negative projecting embankrnent
installations [shown in figure 6(b¡.

Existing ground surface may be either natural
grouncl surface or top of compactecl fill at tlle time
of installation.

Settlement rahio rra is a value determined by an
equation involving deflection of pipe, settlement
of pipe flow line, settlement of embankrnent sub-
grade adjacent to pipe, and deformation of fill
material adjacent to and between top of pipe and
existing ground surface. 'Ihe following values for
raa ùtê suggested (Soil Engineering by I{. G.
Spangler) :

For positive projecting embankment installa-
tions:

Rigid pipe on rock or unyielding solid: * 1.0
Rigid pipe on ordinary soil bed: *0.5 to *0.g
Rigid pipe on slightly yielding bed: 0 ro + 0.5

For negative projecting embankment installa-
tions:

Rigid pipe on average soil bed: -0.8 to -0.5
Trench width -B¿ is defined as the width of

trench measured a.t the top of the pipe. A value
of B¿:I.35 .8, was used for the negative pro-
jecting installation curves in Chart f (b) .

2.3 Determination of loads on pipe.
2.3.1 The formulas necessary to compute W o, the
n-eight of the column of earth carried by the pipe,
the load factor L¡, a;nd the D-load of the pipã are
given in figure 1. The symbols used in the fãrmu-
las are itefin$ below.

B:interior (normal) pipe diameter
Bo:ext'erior pipe di¿meter
B¿:trsnch width

Class II | çlâss UI I Ctetr ¡v

0.01-inch cr¿ck-
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do-lmd coeñoient for poeiüive and zeno pro-

iæüing inst¡ll¿tions. S€o ûgure 2.
d¿:load coeffoienü for tmnch insö¿l.laüions.

See ûguru 8.
Co:load ooeftcient for nqgaüive projecting

and imperfect ditoh inÉsll¿tions. S€e 69-
ur.,e 4.

F.rS.:faotor of safeüy used in eolection of
class of pipe.

r1:height of ffll over top of pipe in feet.
ñ:Rankin's later¿l prcssure raüio.
Zr:load foctor for determining strcngth of

pipe.
r¿:fractional part of B" over which the lat-

eral pressure is assumed to act, ft may
or may not be the same a^s p.

p:projecüion ratio.
q:ratio of total lateral pressure to total

vertical load,W".
to : weight per cubic foot of fill.
W":total vertical load on pipe in pounds per

linear foot.
.ü and. fl/':par&ûìeters which are a function

of the'bedding, see table 2.
æ und æ':parameters which arp a function of

the vertical pmjection n\ ovør which the
lateral pressure is assumed to act, see
ta'ble 3.

T¡,¡¡,p 2,-Values of parameùers a and x,

or assumed in order to deterzrine which load co-
efficient diagram (figure 2, figuru 3, or ûgure 4)
should be used. Trcnch inst¿llations are seldom
used for highway culverts and the formulas (and
figure 8) for that type ¿re shown for information
only. No further explonatiør of thsir use will bo
given.

lflith the type of inst¡llation known ond with a
given height of fill and diameter of pipe, &n å.p-
propriate settlement r&tio, r,¿ (see paragriphz.Z),
and v¿lue of p (or p') must be selected, the load
coefrcient C" or C, tukøn from the appropriate
diagram, amd I7, computed. After computing q
from the formula, the class of bedding is selected
and ,load factor, Z¡, computed with value ø (or
ø') ûaken fmm table 2 ¿nd v¿lue of N (or N')
taken from table 3. The Dload value is then
computed from the basic D-load formula. High
D-load values beyond the cla.ss V pipe range will
rrequire recomputation using & more favorableü¡re
of installation and/or class of bedding.
2. 3 Computation of D-loads by charts.

Chart I(a), Chart I(b), and Chart ff have
been developed to simplify and fa¿ilitate the de-
termination of D-loads. Charts I(a) and I(b)
are based on a pipe diameter 8:60 inches, B,:
?2 inclres, rø:*0.5 for positive and zero pro-
jecting installations, and -0.3 for negative pro-
jecting and imperfect ditch installations. .4. value
of Bo:1.35 B" is used for negative projecting in-
slallations.

On Charts I(a) and I(b) the a¿tual D-load
is determined by taking the value of .ã (height of
fill) on ths verbical ordinate and following hori-
zontally to its intersection with the ray line for
ühe class of bedding and projection used. The
D-load value may then be read at the botüom (or
top) of the chart. Dloads for intermediate val-
ues of p may be obtained by interpolating between
the ray lines for zero and maximum vølue of p
for that class of bedding. Charts I(a) and I(b)
provide a visual comparison of the relative merits
of the classes of bedd.ing for v¿rious fil.l heights.

Chart II is a nomographic charl for posiüive
and zero projecting installations and provides for
determination of D-lo¿ds and selecüion of class of
pipe on the basis of a 1.33 factor of safoty, vary-
ing values of r"¿ 7t, a.nd a fixed value of'g:g.lg
The chart is a combination of four diagrams ile-
scribed as follows: The upper right quadra.nt dia-
grarn gives the load factor, L¡rin terms of ? end
the class of bedtting. the upper left quadna,nt

Value of z Value of¡f (for Clsss
Ä beddl¡g only)

0. 150
0.743
0. 856
0.81r
0.678
0.638

0
0.3
0.5
0.7
0.9
1.0

0
0.2t7
0.423
0. 594
0. 655
0. 638

2.3.2 Computation of D-loads by formula.
Frgute 1 lists under each typo of installation the
formul¿s required to compute Wo, Lt, and. the
D-load. The type of installation must be known

2

Tl¡¡,p 3.-Values of parameters JV and jV,

267
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FORMULAS FOR DETERMINATION OF LOADS ON PIPE

Fositive ond zero projecling embonkmenl instollotions

W, - C¿ wQ¡z

r-r - t* where o -$ (+ - Ë) t"' posirive

Use 5O7o of q volue iot zero projeciions

D-lood slrenglh requireO - ffi
Formulo opplies to volues of p from O to I

Finished grode\ 
| I

Ground Surfoce

projections
wc

Negolive projecting embonkment inslollotion

Wc = CnwBd2

t¡ = !.431 whe re o = lolerol..pressure
N-xq Wc

Loterol pressure -( H + 9, S
D-lood s?rengih required=#
Formulo opplies îo volues of p' greofer thon O.

Gonvenlionol imperfect dilch inslollotion

wc

Lf

cnwB.2

r.43r

D-lood sirength reguired -#,
Formulo opplies lo volues of p'greoler lhon O.

Trench inslo llo lion

N- xq

wc = C¿ wB¿z

D- lood slrenglh required =ft
L¡ volues hove been delermined

Bedd ing L¡

Closs A 2.2-3.4
Gloss B t.9
Closs C 1.5
Closs D l. I

where s = + [ä.?]

Finished grode 
#

ll
lwc i

dÎ E---ã
_ I 

-_:
oi È---+

Finished grode

experimentolly os follows'

FIGURE I
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o
l¡J
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J

t5

t4

t3

t2

lt

to

C¡

I

7

6

5

4

3

2

I

o ot2345
VALUES

POSITIVE AND ZERO

678
OF COEFFICIENT

PROJECTING
FIGURE 2

9roilt2
C6

INSTALLATIONS
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bo

9C¡

àt¿
r¡'Bo
(t
t¡, (
DJ
S6

2
VALUES

TRENCH

OF COEFFICIENT C6

INSTALLATIONS
FIGURE 3

A FOR Kt=.m4 FOR ORANULAR MATERIALS
WITHOIJT COHESION

B TON KA =.165 MAX. FOR SANO 8 GRAVEL

C TON Kt{=.I5OMAX.FOR SATURATED TOP

D FOR Kt{ =.I3OORDINARY }lAX. FOR CLAY

E FOR KA =.1 lO MAx. FOR SATURATED CLAY
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t6

t5

a4

t3

t2

or" "
Eloo

-tt s

bB
!o
l¡J a
fr

5

4

3

2

I

o 234567I9tOilt2
VALUES OF COEFF|C|ENT Cn

NEGATIVE PRq'ECThJG AND IMPERFECT DITCH
INSTALLATIONS

FIGURE 4

,rr¡¡aa¡¡t¡aaa¡aar aaa¡raaaaaaa ¡¡aalar ,aa
s¡......-.r. ....
!ù.rr¡¡l^ú¡.i..úrrr¡.4!tr.r..¡
E2i2==*l:===2=i!:!:::u!¡!!!!:!.r.r.- v..¡.¡.r¡.r
...ñ ,t.¡r¡.rr..-iaa- ry¡arr¡rarar¡r
a¡aÙraaa¡aaa¡r¡...¡.rt..rrrr¡.¡..¡¡¡

¡aaa ralaa¡laaar¡rar¡ata"ataat¡aaaar¡rraaaD aataaa¡¡¡rraaaaaa
r ¡¡a¡araaraa¡aaaaaaa',rat¡rr¡aaataaa¡a¡a¡
alaa¡ttaaaaa¡alar¡t¡taal¡atta¡rt¡rraa¡at
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diagram gives the sefe unifom load W"/8. for
a given strength pipe and load factor, Z¡. The
lower lefb quadranù gives d" in terms of B" ond
'W"/Bo and the lower righü quadrant contains o
load coefrcient diagram that gives values of. C" in
terrrs of E/8" and. r,¿ p. this diagram is the
seme asthat shown in ffgure 2 except thaü it gives
the values o1 E / B 

" 
ar,d. C o up tn 20.

The chart does not prrvide a visual comparison
of the rclative merits of the cla,ses of bedding
but is useful wherc differrnt values of rr¿ must, be
used. The chart may be used to determine re-
quired D-loads for trench installations by using
curve O?'in the lower right quadrant. The rest
of tlre chart, is used by substituting Ba lor B"
throughout the chart andby changing tho D values
giveir in the upper left quadrant by the fastor
B¿/8". Also the appropriate value of the load
factor for the class of bedding (given in figure 1

for trench installations) should bo used on the Z¡
ordinato in determining the value of D.
2.9.4 Selection of class of pipe. After the
D-load has been compuþd by the appropriate
formula (see figure 1) the cl¿ss of pipe may be
determined either on the basis of the 0.01 inch
erack strength or on the basis of the ultimate
strcngth to which a factor of mfety has been ap
plied (ultimate strength+Í'.8.). The f¿ctors of
safety most commonly used are 1.5 and 1.33, the
latter having been used in the 1957 issue of the
Bureau of Public Roads Dæign and fnshllation
Criteria for Reinforced Concrete Pipe. The 0.01
inch crack basis and the 1.5 f'¡9. basis give identi-
cal results for classes I to IV pipe but for Class
V pipe the 0.01 inch crack basis permits about
20 percent higher fill becausethe ultim¿te strength
is only 25 percent higher than the 0.01 inch crack
strength. Charts I(a) and I(b) show at the
top of the chart tho pipe class strength ra,nges
based on three-edge-bearing tests and on factors
of safeüy of 1.5 and 1.33. The class of pipe can
be readily determined frcm the height, of fill and
the appropriate ray line for class of bedding.

2.3.5 Examples of design

(a) Use of forrnulas:
Given: B:5 feet (8":6 feet)

II:30 feet; then E/8":5
w:720 pounds per cubic foot

Try Class C bedd.ing, zero projection, using
figure 2, lor r¡¿p:0r and, H/8":5, Co:5

W":6X120X62:211600 pounds (fiSn"€ 1,
W":C"xwB"z)

o:ärG.Ð:äP (s+{):,zn
for Class C bedding, N:.84 ¿nd æ:.594 for

rn:.? (tables 2 and 3)

Lt: 1.431 :1.87
.84 -.r24 X.594

olo"a:ffi :2,g20 pounds

Class V pipe: ultimate strength (3,750 pouncls)
after applying a f'.B. of 1.5:21500 ponnds,
so a class V pipe is adequate. (The X'.,S. mny
be applied by dividing into the ultimate
strength of the pipe or by multiplying the
computed DJoad.)

(b) Use of Charts I (a) and I (b)
Given: Same problem as in (a)
Use Chart I (a) for positive projections.
Take the 30-foot point on ühe height of frll

ordinate and follow horizontally to the right
to the intersection with the ray line for Class
B, ?:0. Reference to the upper part of the
chart will shorç that a class IV pipe is ade-
quate for a l'.8. of 1.5 or 1.33. If the 8O-foot
.ã is follo'rved fnrther to its intersection with
the ray line for Class C, p:0, à class V pipe
will be found adequate by either l'.8. Fol-
lowing this 30-foot .Il still farther to its inter-
section with the ray line for Class B, p:.7, u
class V pipe rvill be found adequate for the
1.$ f.ÁS. and about 5 percent under for a
1.5 I'JS. This gives the desþner a choice of
pipe class and class of bedding based on in-
stall¿tion economics. If the height of fill
was considerably greater, a negative project-
ing or irnperfect ditch installation would be
required and Chart I (b) would be used in a
similar manner for design.

(") Use of Chart II.
Given: The problem in (a) E:30 fee\ B: 5

feet, r"¿: *0.5
Try Class B bedding, p:0.7

H/Bo:5, 16¿ p:.35
On the H/8" axis spot the value ol H/8":5
and follow downward vertically to the inter-
section with the +0.35 ray line, thence hori-
zontally to the lefô to the intersection with
the .8":6 ray line in the lower quadrant.

I

l\t.
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used. Joints shall be made with: (1) portlantl
cement mortar; (2) rubber gaskots; (3) oakum
and ¡nrtland cement mortar; (4) bituminous seal-

ing compound, hot-pourod, or cold applied; or
(5) a combination of these materials unless one

type or combination is specified by the engineer.
333.1 Portland cement mortar. ffhe mixture
shall be one part portla.nd cement and two parts
sand by volume. The quantity of water in the
mixüure shall be sufficient to produce a soft work-
able mortar but shall in no case exceed six gallons
of wator per sack of cement. The sand shall con-

form to AA.SHO Specification M4il-42 and the
cement shall conform to AÄSHO Specificration
M85-60. If ordercd by the engineer a.ir entraining
portland cement conforming to AÄSHO Specifi-
cation M1S4-60 shall be used. The first pipe shall
be bedded carefully to the established grade line
with the gnoove upslream. A shallow excavation
shall be mad.e underneath the pipe at the joint and
filled with mort¿r to provide a bed for the pipe.

The pipe ends sha.ll be thoroughly cleaned and
wetted with water before the joint is made. Ä
layer of mortar shall then be plnced in the lower
half of the bell or groove of the pipe section
already laid. Next', mortar shall be applied to the
ûpper half of the tongue. The spigot or tongue
end of this pipe shall then be inserted in the bell or
gr¡oove end of the pipe aheady laid until mortar is'
squeezed out on the interior or exterior surface.
Sufrcient mortar shall be used to fill the joints of
tongue and groove pipe to fill the joint completely
and to form a bead on the outside of the pipe. In-
side of the joint, shall be wiped clean and finished
smooth. In pipe too small for a man to work in-
side, wiping may be done by dragging a swab or
long-handled brush through the pipe as work pro-
gresses. The mortar be¿d on the outside shall be
protected from air and sun with a proper covering
until satisfactorily cured. No backfilling arognd
the joints shall be done until the joints have been
fully inspected and approved.
3.3.&2 Rubber gasket joints. The pipe and
gaskets shall conforn to the requirements of
AASHO Specification M198-62I. Gaskets and
jointing matorials shall be placed in accordance
with the recommendation of the pa.rficulâ.r manu-
facturer in r:egard to the use of luhricants, cements,
adhesives, and other special installation require-
ments. Surfaces to receiive lubricantg eement,q
or adhæives shall b€ clean and dry. Gaskets a,nd
jointing materi¿ls shall be afrxed to the pipe not

lo

more than 24 hours prior to the installation of the
pipe, and shall bo protected from the sun, blowing
dust, and other deleterious agents at all ùimes.

Gaskets and jointing materials shall be inspected
before inst&llation of the pipe and a.ny loose or
improperly afrxed gaskots and jointing materials
shall be rrmoved and replaced to the satisfaction of
the engineer. The pipe shall be aligned with the
previously installed pipe, and the joint pulled
together. ff, while making the joint, the ga^sket,

or jointing material becomes loose and can be seen

through the exterior joint recess when the joint
is pulled up to within one inch of closure, the pipe
shall,be rrmoved a¡rd the joint remade to the satis-
faction of the engineer.
&3.3.3 .Oakum and portland cement. A closely
twist€d gaskei of d.ia.rneùer required to support the
spigot of the pipe at the pro¡rer grade and to ma"ke

tho joint concentric, and conforming to tr'ederal
Specification H-H-P-117, shall be used. The
joint packing shall be in one piece of sufficient
length to pass aruund. the pipe and lap at the top.
This gasket shall be thoroughly saturated with
neat cement grout. The bell of the pipe shall be
thorcughly cleaned with a wet brush and the
gasket shall be laid in the bsll for the lower third
of the circumference and covored with morta¡.
The s,pigot of the pipe shaJl be thoroughly oleaned
with a wet brush ¿nd inserted in the 'bell and
carefully driven home. .4, small amount of mortar
sha,ll be insert¿d in the annular space for the
upper two'thirds of the circumfercnce. The
gasket shall be lapped at the top of ühe pipe a.nd
driven home in the annular space with a calking
tÐol.

The remainder of the a¡rnular space shall thon
bo ûUed completely with mortar and,beveled ofr at
an angle of approximately 45 dqgrees with the out-
side of the bell. ff the morüar is not sufficiontly
stiff to prevent apprrciable slump before setüing,
the outside of the joint thus made shall be wrapped
with chepse cloth. The finishing of this type of
joint shalt be kept at le¿st five joints'behind the
laying operatlon. ' The portland cement mortar,
finish, and protection shall be as specified in para-
graph &.3.3.1.

&3.3.a(a) Bituminous sealing compound, hot-
poured. Before jointing, tho inside of the bells
and the outside of the spigot shall be dry and
clea"n.

The pipe shall be centered in the annular space.

Annular space shall be calked with joint packing
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conforming to Feder¿l Specification H-H*P-117
or H-H-P-119 and shall be sealed with a joint
compound conforming to Feder¿l Specification
5S-{5-169. The joint packing shaJl be thoroughly
corded ancl finished and practically frss from
lumps, dirt, and extraneous matter. The ffbers
sholl be thoroughly impregnated with a hot as-

phaltic cement. The depth of the packing shall
be such as to leave a spa.ce between the surfa¿e of
the packing and the end of the bell as follows:
at lea.st one inch for pipe.s 15 inches and less in
diameter, one and one-half inches for pipes 18

to 24 inches in diameter, nnd two inches for pipes
larger thun 2]L inches in diameter. 'When the
jointing is made with pipe in its final location, a
joint runner, previously dipped into thick mud or
grout to permit easy removal when the point, is
oooled, shall be placed around the pipe, leaving
an opening at the top of the runner. Ilfolten
class 1 bituminous compound shall be poured con-
tinuousþ into this opening until the joint is com-
pletely filled a¡rd shall be pourrcd as rapidly as
possible without entrapping air. ,A,fter the com-
pound has cooled or set, the runnor may be re-
moved. Alternate joints may be poured before
the pipe is lowered into the trench. fn this case
the joint shall be poured with the pipe in a verti-
cal position without t.he use of the runner. The
compound shall have thoroughly set .before the
pipe is placed in the trench and the pipe shall be
ha¡rdled so as not to cause deformation of the
joint. fn cold weather special care shall be exer-
cised to assure that the compound is not cooled too
rapidly for proper adhesion and, if necessary, the
pipe shall be preheated. The temperature of the
molten compound shall be be between 350 degrees
F. and 450 degrees tr'. unless otherwise recom-
mended by the manufacturer. The compound
shall not be overheated or subjected to such pro-
longed heating as might ca,use a.change in its
physical properties.
3.33.4(b) Bituminous sealing compound, cold
applied. The annular spa.ce between the bell and
the spigot of the pipe shall b" d"y and clean and
shaìl be packed with ¿n asphalt-saturated, cel-
lulose-fiber packing conforming to I'ederal Spec-
ification H-H-P-119. The packing shall be of
a size suitable for the annular space and shall be
cut in lengths to encircle the pipe completely.
The first strands shall be calked solidly against the
back of the betl. Äddition¿l strands shall be
placed and calked solidty in the bell to fill one-

third to onehalf of the annular space. The an-
nular space shall then be filled completely with a
joint æaler conforming to Fedór¡l Specification
SS-S-168. Overfilling is not required. The
sealer shall be mixed on lhe job in accordance with
the manufaeúuret'q rnæommendations and in small
enough qua.ntities so that appreciable sottin¡g will
not occur befom use.
3.3.4 Camber. The invert grade of the pipe
shall be cambered sufficiently to prevent the de-
velopment of a sag or back slope in the flow line
as the foundation material settlos underthe weight
of the embankment. The amount of ca,mber shall
be determin"d by the engineer based u.pon con-
sideration of ¿he flow line gradient, height of
fil'I, cnmpressive cha.racteristics of the foundation
material, and depth to rock. In no case shall the
camber bo sufrcient to produce an a.dverse grade
a,fter sottlement has occurred.
3.4 Backfilling for pipe. It, is essential that the
backfill material at the sides and top of pipe be
placed and compacted in sueh a manner as to
clevelop the computed lateral pressurìes used in
design.
3.4.1 Backfill material. Eackfill material with-
in a nominal pipe diameter B ¿t the sides of pipe
and to one foot above the top thereof shnll be
fine readily compactible job excavated soil mnte-'rial or granular fill material. ft shall not con-
tain stones rrliich would be retained on a trvo-inclr
ring, frozen lumps, chunks of highly plastic clay,
or other objectionable materi¿l. Granular fill ma-
terial shall be crushed stone or pea gravel with
not less than 95 percent pa.ssing. a one-half-inch
sieve and not less than g5 percent being retnined
onanumber4sieve.
3.4.2 Backfillingoperation forpositive project-
ing installations, figure 6(a). Backfill material
shall be compacted at near optimum moisture con-
tent in layers not exceed.ing 6 inches (compacted)
for a width on each side of the pipe equal to 2
B" or \2 feÉ; whichever is less, ond shall be

brought up evenly on both sides of the pipe for
its full length up to one foot above top of pipe.
The fill material under the haunches and adjaeent
to the sides of pipe shall be thoroughly compaeted
by pneuma,tic tampers or h¿nd methods to develop
lateral pressure. The remainder of fill may be
compacted by rolling (or other approved metìrods)
in a direction parallel with the sides of pipe, but
caro must be exercised to avoid displacement of,

il
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thence upward vertically into the upper left
quadrant to the intersection with the ray line
for the D-loads. Also, take the p:0.7 value
on the p axis in the upper right quadrant,
proceed upward vertically to the interesction
with ühe Class B curve, thenee to the left

horizontally to the interesection with the
previously projected vertical line in the upper
left quadrant and rcad a D-load (by inter-
polation between heavy D-load ray lines),
based on the ultimate D-load strength of the
pipe and ¿ class V pipe is found adequate.

INSTATLATION

& fnstallation of concrete pipe covers the con-
struction of the bedding, laying of pipe, and the
backfilling around and over.the pipe.
3.1 Bedding of pipe. The contact betwee.n a
pi¡re and the foundation upon which it rests is
tho pipe bedding. It has an important influence
on the ability of the pipe to support loads. Class
of bedcling is defined by the width of the band
of contact between the pipe and its foundation
and four classes of bedding are designated. The
class of bedding to be provided shall be determined
by the designer and specified on the plans.
3.1.1 Bedding material. 'Where granular mate-
rials specified for beddirìg, it shall be fine gran-
ular material meeting the sand grading require-
ments found in .A.ASHO Specification M6-51 (or
Á.sTÀ{ c33-5e).
3.1.2 Class A bedding. In this class of bedding
(often called concrete cradle bedüng) tìre lower
exterior part of the pipe shall be bedded in a
continuous cradle constructed of class B concrete
(21200 pounds per square inch) or better, having
a minimum thickness under the pipe of one-fourth
the internal diameter B and extending up the sides
of the pipe for a height equal to one-fourth the
exterior diamet¿r .B". If the cradle is on reason-
ably sound rock (not boulders or fragmented
shale) the minimum thickness under the pipe may
be reduced from one-fourth B to 6 inches. The
cradle should, however, extend into the rock sev-
eral inches to deveìop resistance against lateral
pressure. The cradle shall have a width at least
equal to ß" plus 8 inches and shall be constructed
monolithically without horizontal construction
joints. Backfill shall be plnced as specified in 3.4,
Rackfillirlg. A typical Class A bedding is illus-
trated in figure 5(a).
3.1.3 Class B bedding. With this class of bed-
ding, the projection ratio shnll not exceed 0.?.
The pipe shall be carefully bedded on fine gran-
ular materials or sand over an earth foundation
accurately slraped by means of a template to fit

8

the lower 15 perrent of iLs height .B". Compac-
tible soil material shall then 'be 

rammed and
tamped in 6-inch layers around the pipe for the
remainder of the lower 30 percent of. 8". Back-
fill shall then be compacted as specified in 8.4,
Backfilling. .4. typical Class B bedding is illus-
trated in figure 5(b).
3.1.4 Class C bedding. ;With this class of bed-
ding, the projection ratio shall not exceed 0.g.
The pipe shall be bedded with ordinary care in a
soil foundation shaped to fit the lower part of the
pipe exterior with reasonable closeness for at
least 10 percent of its overall height. Backfill
shall then be completed as specified in 3.4, Back-
filling. A typical Class C bedding is illustrated
in figure 5(c).
3.f.5 Class D bedding. This class of bedding
requires no shaping of tho bed but the gradient
of the bed shall be smooth and true to established
grado. The backfill shall be placed as specified
in 3.4, Backfilling.
&1.6 Bedding for pipe arches, horizontal ellip-
tical, and vertical elliptical pipe. It is equally
important that such pipe be adequately bedded
and backfilled and Class B or Class C bedding
specified for circular pipe is recommended basing
the projection ratio p on the exterior vertical di-
ameter. Blckfilt should be as specified in 3.4,
Backfilling.
3.2 lTypes of installations. The type of instal-
lation constmcted in oonjunction with the class of
bedding also has an im¡rcrtant influenæ on the
ability of the pipe to support loads. For example,
with a Class B bedding a zero projection (p:0)
type provides about 33 percent increase in height
of fill tlre pipe can carry over that for p:0.71 a

negative projecting (?':L) type provides about
62 perecnt incrrcase, and an imporfect ditch type
provides about 160 percent incrtase above that for
p:0.7. The types of installations âre illustratetl
in figure 6.
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g.?*l Imperfect ditch (imperfect trench) in-
stallation. This method is applicable only for
pipe bedded as positive projecting. The pipe shall
first be bed¿ted in accordance with the require-
ments for the class of bedding specified. The fill
shall then be placed and eompacted on both sides
of the pipe as specified in 3.4, Backfilling, for a

lateral distance equal to 12 Íeet or 2 8", whichever
is less, and up to an elevation equal to p'8" plus
one foot above the top of pipe. Next a trench of
B" width shall be dug in the fill directly over the
pi¡re down to an elevation of one foot above the
pipe top. The trench should not be constructed
over the entire length of the installation but, only
where needed for the section under the higher fill.
Care should be exsrcised to keep the sides of this
ro-excavated trench as nearly vertical as possible.
this ürench shall then be filled with loose highly
compressible soil material. Straw, hay, corn
stalks, leaves, brush, or sawdust may be used to
fill the lower one-fourth to one'third of the trench
to insure maximum compressibility of this backfill.
After the special backfill h¿s been completed to
the top of trench the fill above that elevation is
placed and compacted in accordance with normal
methods for embankmerrt fill. ^d typical imperfect
ditch install ation (pr':1.0) is illustrated in figure
6(c). This method is usually used in conjunction
wi¿h Class R or Class C bedding hut may be usecl

with Class A bedding.
3,2.2 Negative projecting embankment instal-
lations. fn this type the top of pipe must be

bolorr the top of existing ground surfaee. Á.
trench is dug in lhe earth to the required eleva-
tion and the pipe is installed in a¿cordance with
the requirements for the class of bedding specified
and backfilled in accordance with 3.4, Backfilling,
up to one foot above the pipe top. The remainder
of the trench shall then be filled with loose mate-
rial spread evenly up to the top of trench. Above
that elevation fill shall be placed as ¿ normal em-
bankment fill. Care should be exercised in dig-
ging the trench, to keep its width B¿ to the mini-
mum width consistent with providing adequate
bedding antl backfilling. For exeessive widths of
trench the installation shoulcl also be computed
as a positive projecting type.
3.2.3 'Rock or incompressible foundation.
I\rhere ledge rock, rocþ or gravelly soil, hard
pan, or other unyielding material is encountered,
the pipe shnll be beclded in accordance l'ith the
lequirenents of one of the bedding classes but

with the following additions: tlre hard unyieltling
m¿terial shall be excavated below the bottom of
the pipe or pipe bell to a depth of 12 inches or one-
half insh for each foot of fill over the pipe, which-
ever is greater, but need not exceed three-quarters
of t'he nomin¿l pipe diameter B. I'or Class D
bedding, the depth of excavation sh¿ll be 8 inches.
Tho excavation shall be one foot widen than the
exterior pipe diameter Bo and shall be refilled
with fine compressible material such as silty clay,
loam, or sand and lightly compacted and shaped
as required for ühe specified class of bedding. A
typical bedding on an ineompressible foundation
is illustrated in figure 5(e).
&3 Laying pipe. The necessary facilities shall
bo provideil for lowering and properly placing
the pipe sections. Pipe laying shall begin at the
downstream end of the installation with the bell
or groove end of the first section upstream. The
pipe shall be laid to the lines and grad.es s¡recified
with the pi¡re sections cloeely jointed. 'When bell
and spigot pipes are used bell holes shall be dug
in the subgrade to accommodate the bells. They
shall be deep enough to insure that the bell does
not bear on the bottom of the hole but shall not
be excessively wide in the longitudinal direction
of the installation.

When the pipe sections are laid the barrel of
each section shall be in contact with the quadrant
shaped bedding throughout its full length exclu-
sive of the bell. 'Where lift hole.s in the pipe have
been provided such holes shall be refilled with an
acceptablo grade of concrete after laying and the
concrete shall be thoroughly cured beforÞ backfiIl
material is placed.
33.1 Elliptical pipe. 'When elliptical pipe with
circular reinforcement or circular pipe with ellip-
tical reinforcement, is used, the pipe shall be in-
stalled in a position that the manufacturer's marks
dasignating '(top" and 'úbottom" of the pipe shall
be not mor.e than 5o from the ve'ntical plane
through the longitidinal axis of the pipe.
3.3.2 Multiple pipe installatÍons. 'Where mul-
tiple lines of pipe are used, they shall be spacecl

far enough aparb to permit. ühorough tamping of
the earth between the pipe. To this end, the adja-
cãnt sidles of the pipe. itrátt be at least one-half ihe
nominal pi¡re diameter apart or three feet, which-
ever is less.

3.3.3 Jointing pipe. Unless otherwise specified,
one of the following methods of jointing bell and
spigot pipe and tongue and groove pipe shall be
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or damage to, the pipe. Ba¿kfill not within one
pipe diameter B nt sides of pipe may be regulnr
embankrnent filI material.
3.43 Backûlling operation for zero ànd nega-
tive projecting installations, ûgures 6(a) and
6(b). ,After the pipe has been installed the bank-
fill material shall be placed and compacted in 6-
inch layers at near optimum moisture content on
both sides of the pipe up to one foot above the
pipe top with pneumatic or hand tampers. Carc
shall be exercised to thoroughly compact the fill
r¡nder the haunches of the pipe. For negative pro-
jecting installations the remainder of the trench
shall be filled with a loose compressible material
spread evenly up to the top of the trench n'ith no
compaction thereof.
&4.4 Backûlling operations: general. fn all
backfilling operations care should be exercised and
it shall be the contractor's responsibility to see tliat
the pipes are not damaged by vertical or lateral
forces imposed during inst¿llation and by com-
paction of backfill. Circular pipe with elliptical
reinforeement, and elliptical' pipe with circular
reinforcement, are particularly vulnerable to
damage by careless compaction of backfill and it

may be nooessary to install horizontal timber stmts
until the fill over the pipe has been completed.
.{.ll pipø after being bedded and bac}úlled as
specified should be protected by a 4-foot cover of
ñll before heavy construction equipment is per-
mitt€d üo cross during construction of embank-
ment fill.
3.5 Care in handHn( pipe. fn transporting
concrste pipe from truck to its final location, rea-
sonable carp should be exercised in unloading to
avoid damage to the pipe. Concrete pipe should
not be rolled dol¡'n embankments in such a, wa,y
that it rolls rrithout control and if pipe sections
are moved along the ground with bulldozers or
tractors great care should be taken to avoid dam-
age thereto.
3.6 fnspection. fnsbllation conditions have a
very important efrect on both the load and the
supporting strength of the pipe and a satisfactory
installation requires attainment of the design con-
ditions in the field. Consequently the engineer on
the job should not only be familiar with good
installation practices but should also keep a close
check on the contractorts operations to insure ful-
fillment of that objective.
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B¡bliography
The following bibliography contains two sets of ref-
erences. The first set consists of a reference for each
selected text that appeared in the preceding part of
this compendium. The second set consists of ref-
erences to additional publications that either were
cited in the selected texts or are closely associated
with material that was presented in the Overview
and Selected Texts. Each reference has five parts
that are explained and illustrated below.

(a) Reference number: This number gives the

position of the reference within this particular bib-
liography. lt is used in the compendium index but
should not be used when ordering publications.

(b) Title: This is either the title of the complete
publication or the title of an article or section
within a journal, report, or book.

(c) Bibliographicdata: This paragraph gives names
of personal or organizational authors (if any), the pub-
I isher's name and I ocat ion, the d ate of pub I ication,
and the number of pages represented by the title as
given above. ln some references, the paragraph ends

Bibliogratía
La siguiente bibliografía contiene dos series
de referencias. La primera serie consiste en
una referencia para cada texto seleccionado
que apareció en la parte anterior de este
compendio. La segunda serie consiste de
referencias a publicaciones adicionales que
fueron mencionadas en los textos seleccio-
nados o que se asocian intimamente con el
material que se presentó en la Vista General
y los Textos Seleccionados. Cada referencia
tiene cinco partes que se explican e ilustran
abajo

(a) Número de referencia: Este número dá

la posición de la referencia dentro de este
bibliografía en particular. Se utiliza en el índice
del compendio pero no deberâ utilizarse al
pedir publicaciones.

(b) Título: Este es el título de la publicación
completa o el título de un artículo o sección
dentro de una revista, informe, o libro.

(c) Datos bibliográf icos: Este parágrafo dá los
nombres de autores personales o organizacionales
(si hay alguno), el nombre del editor y su direccion,
la fecha de publicacion, y el numero de paginas
representadas por el título en la parte (b). En
algunas referencias el parágrafo termina con
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Bibliographie
La bibliographie qui suit contient deux caté-
gories de références. La première catégorie
consiste en une référence pour chaque texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxième catégorie contient
des références pour des documents qui ont
soit été cités dans les textes choisis, ou soit
sont étroitement associés avec des écrits qui
sont présentés dans I'Exposé ou les Textes
Choisis. Chaque référence est composée de
cinq parties qui sont expliquées et illustrées
ci-dessous

(a) Numéro de la référence: Ce numéro

indique la position de cette référence dans
cette bibliographie. Ce numéro est indiqué
dans I'index du recueil mais ne doit pas ëTre
utilisé pour les commandes de publications.

(b) Titre: Cela indique ou le titre du livre
entier, ou le titre d'un article ou d'une section
d'une revue, un rapport, ou un livre.

(c) Données bibliographiques: Ce paragraphe
indique les noms des auteurs personnels (quand
il y en a) ou des auteurs collectifs (organisation),
le nom de l'éditeur et son adresse, la date de
l'êdition, et le nombre de pages qui sont in-
cluses sous le titre dans (b). Certaines



with an order number for the publication in paren-
theses.

(d) Availability information: This paragraph
tells how the referenced publication is available to
the reader. lf the publication is out-of-print but
may be consulted at a particular library, the name
of the library is given. lf the publication can be or-

dered, name and address of the organization from
which it is available are given. The order should in-
clude all information given in parts (b) and (c)

above.
(e) Abstract: This paragraph contains an ab-

stract of the publication whose title was given in
part (b).

un número de pedido para la publicación en
paréntesis.

(d) Disponibilidad de la información: Este
parágrafo explica que la publicación referen-
ciada está disponible al lector en una de dos
formas como sigue. (1) La publicación esta
agotada pero puede ser consultada en la
biblioteca indicada donde se sabe que se

posee una copia. (2) La publicación puede
ser pedida de la organización cuyo nombre
y direccion están indicados. Elpedido deberá
íncluir toda la información dada en las partes
(b) y (c).

(e) Resumen. Este parágrafo es un resúmen
de la publicación cuyo título se dió en la parte (b).

références se terminent par un numéro entre
parenthèses qui indique le numéro de
commande.

(d) Disponibilité des Documents: Ce para-
graphe indique les deux façons dont le lecteur
peut acquérir les documents: (1) L'édition est
épuisée, mais une certaine bibliothèque détient
ce document et il peut être consulté. (2) Le

document peut être commandé à I'organisation
dont le nom et I'adresse sont indiqués ici.
L'ordre de com¡¡nnde doit inclure toutes les
informations données dans les parties (b) et
H.

(e) Analyse: Ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).

2U lllustration llustración Illustration

Reference numbor
Núrnero do
Numåro ds la råfårenca

Bibliographic data
Datos bibliogråficos
Donné€s bibl ¡ographiques

(dl Availability information
(d) Disponibilidad de ta información
(d) Di¡ponibilitó dcs documents

lel Ab¡traa
lel Resumsn
{¡} Analy¡o

Tho ordor ¡hould include all information given in parts lbl and
(cl abouo.

El pedido deberå incluir toda !a información d¡da en las parteo
(bl y (cl.

L'ordro de commando do¡t incluro toutes les informations
donnåe¡ d¡ns hs panies (bl et (c).

Relerence I
LOV COST ROADS; DESIGN, CONSTRUCTION AND
MAINTENANCE

Odier, L.; Millard, R.S.; dos Santos, Pimentel; Mehra,
S. R, London: Butterworthsi 1971. lrE p. (Sponsored by
UNESCO).

Out-ot-pr¡ntt may be consulted at U.S. Department of
Transportation, Library Services Divl'sion, Room 2200,
400 Seventh Street, S.W., Wash¡ngton, DC 20r90.

Engineering codes relating to road planning, design,
coNtruction, materials, and maintenânce tor use ¡n
the develop¡ng countries are presented here. Bas¡c
pr¡nciples of road construct¡on and maintenance
policy including social and ecorcmic asp€cts, master
plan and feasibility studies, as well as stage cons-
truction, are covered. Traffic and design speeds,
deign related to vert¡cal alignment and horizontal
al¡gnment, and cross- seclion elements are discussed;
design principles lor unimproved roads, improved
roads, roads with permanent surfaces, and flexible
pavercñls a?e set forth. The drainage of the road ¡s
considered including the control o! erosion, and the
stability ol ernbankments and cuttings. Defensive
m€asures durint wet weather construct¡on are noted.
The location and waterway requirements for bridges
and culvcrls are discwsed, and the principal factórs
to be considered in the dès¡gn of bridge foundations
and structures are indicated. Notes are provided on
construction operations and plant which include preli-
minary and detáiled surveys, setting out, earthworks,
comp¡ct¡on, quarrying, so¡l stabilization, bitum¡nous
surfacing aÍìd concret¡ng. The discussion of road
maintenance d¡st¡nguishes b€tween short-term,
largely manual maintenance and long-term main-
tenance usually involving the use of mechanical
equ¡pment. Methods of est¡mat¡ng costs are outlined
and spccial consideration is given to the choice
between manual and mechanized methods or combi-
nat¡ons ol the two.
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SELECTED TEXT REFERENCES

Reference I
LOW COST ROADS; DESIGN, CONSTRUCTION AND
MAINTENANCE

Odier, L.; Millard, R.5.; dos Santos, Pimentel; Mehra,
S. R. London: Butterworths; 1971. 158 p. (Sponsored by
uNEsco).

Out-of-print; rnay be consulted at U.5. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

Engineering codes relating to road planning, design,
construction, materials, and maintenance for use in
the developing countries are presented here. Basic
principles of road construct¡on and maintenance
policy including social and economic aspects, master
plan and feasibility studies, as well as stage cons-
truction, are covered. Traffic and design speeds,
design related to vertical alignment and horizontal
al¡gnment, and cross- section elements are discussed;
design principles for unimproved roads, improved
roads, roads with permanent surfaces, and flexible
Pavements are set forth. The drainage of the road is
cons¡dered including the control of erosion, and the
stability of e¡nbankments and cuttings. Defensive
measures during wet weather construction are noted.
The location and waterway requirements for bridges
and culverts are discussed, and the principal factors
to be considered in the design of bridge foundations
and structures are indicated. Notes are provided on
construct¡on operations and plant which include preli-
m¡nary and detailed surveys, setting out, earthworks,
compaction, quarrying, soil stabilization, bituminous
surfacing and concreting. The discussion of road
maintenance distinguishes between short-term,
largely manual maintenance and long-term main-
tenance usually involving the use of mechanical
equipment. Methods of estimating costs are outlined
and special consideration is given to the choice
between manual and mechanized methods or combi-
nations of the two.

Reference 2
HIGHWAY DRAINAGE GUIDELINES; VOLUME IV:
GUIDELINES FOR THE HYDRAULIC DESIGN OF
CULVERTS

American Association of State Highway and Transporta-
tion Officials, Operating Subcommittee on Design, Task
Force on Hydrology and Hydraulics. Washington, DC:
American Association of State Highway and Transporta-
tion Officialsi 1975; 45 p.

Order from: American Association of State Highway
and Transportation Officials, 444 North Capitol Street,
N.W., Suite 225, Vashington, DC 20001.

These guidelines, which make reference to appro-
priate publications, cover all aspects of the location,
design, construction and use of culverts. The section
on surveys includes, among others, topographic fea-
tures, drainage area, channel characteristics, high
water information, and existing structures. Plan and
profile of culvert location, as well as shape/cross
section, materials and end treatments of culvert type
are described. Hydraulic design is covered in detail,
ãnd special hydraulic considerations are reviewed.
Multiple use culverts such as utilities, stock and
wildlife passage, land access, and fish passage are
described. Culverts for irrigation water and culvert

construction in irrigation canals are briefly consi-
dered. Debris control, service life, and safety are
other aspects covered. The compilation of data and
the detention of records are described and hydraulic
related construction considerations are reviewed.
Hydraulic related maintenance considerations are
also discussed.

Reference 3
DRAINAGE STUDIES FROM AERIAL SURVEYS

Sternberg, Irwin. Photogram metr¡c Engineering, Y o1.27,
No. 4, l96l September; pp. 638-44.

Order from: The American Society of Photogrammetry,
105 North Virginia Avenue, Falls Church, Virginia
22046.

Vertical aerial photographs examined stereoscopically
provide a useful three-dimensional medium whereby
drainage areas can be successfully determined with
sufficient accuracy for the design of culverts for
highway drainage. Discussed in the paper is the use
of large-scale photographs for determining the place-
ment of these culverts and other items concerned
w¡th the collection and dispersal of surface water
during run-off periods. Methods, correctiot'ts to be
applied, and techniques which lrave been successfully
employed, all of which are within the capabilities of
the average field engineer with limited photo-
grammetric training and equipment, are described.
Examples are given to show the degree of accuracy
which can be expected.

Reference 4
HYDRAULIC CHARTS FOR THE SELECTION OF
HIGHWAY CULVERTS

Herr, Lester A.; Bossy, Herbert G. Washington, DC:
U.S. Federal Highway Administration, Office of Engi-
neering, Bridge. Division, Hydraulics Branch; 1965
December. 54 p. (Hydraulic Engineering Circular No. 5;
stock number 010-002-000 I 0-l).

Order from: Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington, DC 20402.

The hydraulics of conventional culverts (circular,
arch and oval pipes, both metal and concrete, and
concrete box culverts, all with a uniform barrel cross
section) and charts for selecting a culvert size for a
given set of conditions are discussed, and instructions
for using the charts are provided. Hydraulics are
discussed with reference to both inlet control and
outlet cohtrol types of flow, and the details are
provided for computing the depth of tailwater, the
velocity of culvert flow and the performance curves.
Inlet control and outlet control nomographs are
included, and entrance loss coefficients and folanning's
n for naturaÌ stream channels are tabulated. Il-
lustrative examples are provided.

Reference J
DEBRIS-CONTROL STRUCTURES

Reihsen, G.; Harrison, L.J. Vashington, DC: U.S.
Federal Highway Administration, Office of Engineering,
Bridge Division, Hydraulics Branch; l97l March. 38 p.
(Hydraulic Engineering Circular No. 9).

Order from: U.5. Federal Highway Administration,
Office of Engineering, Bridge Division, HNG-31, Wash-
ington, DC 20590.
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This circular describes a system of classifying the
type of debris expected from any cirainage basin, and
lists the various types of debris control structures.
The basis for choosing the type of control structure is
given and details of design are discussed. It is noted
that the preliminary field survey data should include
information on thc classification of the type of
expected debris, the quantity of expected debris,
future changes in debris type or quantity due to
potential changes in land use, information from which
the designer can estimate streamflow velocities in
the vicinity of the culvert, topographic map or cross
sect¡ons of the area, available for storage of debris
at the site, accessibility of the storage area for
debris rernoval and probable frequency of clean-out,
and information on the possible damage that would
result from debris clogging the drainage structure.
The control structures discussed here include debris
deflectors, debris racks, debris risers, debris cribs,
debris. fins, debris dams and basins, floating drift
boom, and combination devices. Comments are also
made on the standard and frequency of maintenance.

Reference 6
PRACTICAL GU¡DANCE FOR DESIGN OF LINED
CHANNEL EXPANSIONS AT CULVERT OUTLETS;
HYDRAULIC MODEL INVESTIGATION

Fletcher, Bobby P.; Grace, John L., Jr. Vicksburg,Mis-
sissippi: U.S. Army, Vaterways Experiment Station,
Hydraulics Laboratory; 1974 October. 26 p. plus tables,
photographs and appendices. (Report /f AD/A-000612).

Order from¡ National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161.

The results are reported of specific research to
develop practical guidance for the design of channel
expansions lined with either sack revetment, cellular
blocks, or rock riprap to prevent localized scour at
culvert outlets. The research results provide gui-
dance in the use of either of the three lining
materials in lieu of rigid.concrete channel expansions
to provide effective and more economical plans of
protect¡on at culvert outlets. Potentially unstable
channels that do not warrant the conventional type of
rigid concrete structures due to the cost of such
protection may be reconsidered in the light oI the
guidance and alternatives developed from this re-
search. An appendix is provided rvhich summarizes
the results of related research efforts to develop
practical guidance for estimating and controlling
erosion downstream of culvert and storm-drain out-
lets. Empirical equations and charts are presented
for estimating the extent of localized scour to be
anticipated dorvnstream of culvert and storm drain
outlets and the size and extent of various natural and
artificial type revetments and energy dissipators that
may be used to control localized scour. Vith these
results, designers can estimate the extent of scour to
be expected, and select appropriate and alternative
schemes of protection for controlling erosion down-
stream of culvert and storm-drain outlets.

Reference 7
CORRUGATED METAL PIPE CULVERTS; STRUCTURAL
DESIGN CRITERIA AND RECOMMENDED INSTALLATION
PRACTICES

U.S. Bureau of Public Roads, Office of Engineering and
Operations, Bridge Division; Townsend, Merrill. Vash-
ington, DC: U.5. Bureau of Public Roads; 1966 June.26
P.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

Criteria relating to the design of corrugated steel and
corrugated aluminum pipe culverts of riveted, resist-
ance spot-welded, helical, and bolted fabrication are
provided. The design charts for a rapid determination
of the maxirnum allowable fill height for given pipe
diameters are also provided. The criteria presented
here cover the deflection of pipe, the c¡itical
buckling of pipe wall, longitudinal seam strength, and
handling and installation strength. Pipe arch design,
the effect of line load on pipe, and the durability of
corrugated metal pipe are also discussed. Installation
aspects discussed here include assembly, bedding,
pipe foundation, and side fill. Comments are also
made on alignment, camber, multiple installations,
cover over pipe during construction and inspection.

Rcfcrcncc t
REINFORCED CONCRETE PIPE CULVERTS; CRITERIA
FOR STRUCTURAL DESIGN AND INSTALLATION

U.S. Bureau of Public Roads, Office of Engineering and
Operations, Bridge Division; Townsend, Merrill. Wash-
ington, DC: U.S. Bureau of Public Roads; 1963 August.
l6 p. plus chart.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.\)1., Vashington, DC 20590.

The criteria presented here cover the determination
of loads on concrete pipe, the determination of pipe
strength required for the various classes of beddings
and types of installations, the classes of bedding and
recommended installation practices. The class of
reinforced pipe recommended here is in AASHO
(American Association of State Highway Officials)
Specification M 170-60 (aSfU 79-59T). The determi-
nation of loads on pipe and the computation of D
loads by charts are described in detail. The selection
of class of pipe as well as examples of design (by use
of formulas and use of charts) are a.lso detailed.
Details of bedding, laying, and backfilling around and
over the pipe and tlre laying of elliptical, multiple
pipe and jointing pipe are described.

ADDITIONAL REFERENCES

Reference 9
HYDROLOGY FOR ENGINEERS

Znd ed. Linsley, Ray K., Jr.¡ Kohler, Max A.; Paulhus,
Joseph L.H. New York, New York: McGraw-Hill Book
Company; 1975. 482 p. (l\,lccraw-Hilt Series in Water
Resources and Environmental Engineering).

Order from: McGraw-Hill Book Company, l22l Avenue
of the Americas, New York, New York 10020.

The basic processes of hydrology are stressed in the
second edition which represents an extensive revision
of the earlier text. The importance of the digital
computer as a toot for hydrologic analysis is recog-
nized, but older methods are also discussed. The
concept of the hydrologic cycle is described. The



factors which affect a region's hydrology are covered
in detail and include weather (solar and earth
radiation, temperature, humidity, wind), and precipi-
tation (me¿¡surement, interpretation of data,
variations in precipitation, snowpak and snowfall).
Streamflow (water stage, dischar8e, interpretation of
streamflow data) aspects are detailed, and features
of subsurface water (occurrence, moisture in the
Vadose zone, moisture in the phreatic zone, potential
of a groundwater reservoir) are described.. Stream-
flow hydrographs (characteristics, hydrograph syn-
thesis) are discussed, and the relations between
precipitation and runoff (runoff phenomena, estima-
tin6 volume of storm runoff, estimating snowmelt
runoff, seasonal and annual runoff relations) ãre
explored. Details of streamflow routing are given
and computer simulation of streamflow is examined.
The techniques are described for defining probability
from a given set of data and with special methods
employed for determining the spillway-design flood
for major dams. Special methods for probability
analysis using synthetically generated data are also
discussed in the chapter on stochastic hydrology.
Sedimentation and the morplrology of river basins are
covered in detail.

Reference l0
PROCEEDINGS OF A SYMPOSIU¡\,!ON FLOOD HYDRO-
LOGY HELD IN NAIROBI ¡N OCTOBER I975

Great Britain Transport and Road Research Laboratory,
Transport Systems Department, Environment Division.
Crowthorne, U,K.; 1977. 463 p. (TRRL Supplementary
Report 259).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG ll 6AU, U.K.

This symposium was planned jointly by the Economic
Commission for Africa (ECA), the East African
Meteorological Department of the East African Com-
munity (EAC) and the UK Transport and Road
Research Laboratory (TRRL). Its purpose was to
present to engineers, hydrologists and meteorologists
working within Tropical Africa the results of recent
research into problems of flood estimation in both
urban and rural areas. Papers were presented from
both urban ànd rural areas. Papers were presented
from both East and West Africa to cover experience
and conditions throughout Tropical Africa and cover-
ed not only recent research findings, but also current
design methods and the needs of the engineer. The
symposium was divided into three sections: a) a
rainfall section discussing the rainfall models re-
quired as inputs to the flood methods, b) a rural flood
estimation section describing techniques for the
design of bridges and culverts in rural highway
schemes, c) an urban flood estimation section
describing technigues for surface water sewer design
in towns. These Proceedings indude the papers
presented at the symposium and a summary of the
discussions which f ollowed.

Reference ll
OPEN CHANNEL HYDRAULICS

Chow, Ven Te. New York, New York: McGraw-Hill Book
Company; 1959. 680 p. (Mccraw-Hill Civil Engineering
Series).

Order from: McGraw-Hill BooÉ Company, l22l Avenue
of the Americas, New York, New York 10020.

This book which gives a broad coverage of recent
developments is organized into five parts: Basic
principles, uniform flow, gradually varied flow, rapid-
ly varied flow, and unsteady flow. In Part I the type
of flow in open channels is classified according to the
variation in the parameters of flow with respect to
space and time. The state of flow is classified
according to the range of the invariants of flol with
respect to viscosity and gravity. Four coefficients
for velocity and pressure distributions are introduced.
The encrgy and momentum principles which consti-
tute the basis of interpretation for most hydraulic
plrenomena are treated thoroughly. In Part II, several
uniform flow formulas are introduced. The design for
uniform flow covers nonerodible, erodible and grassed
channels. In the third Part, several methods for the
cornputation of flow profiles are discussed. A new
method of direct integration is introduced which
requires the use of a varied flow function table. The
method of singular points for the analysis of flow
profiles is also discussed. Part tV on rapidly varied
florv discusses problems supported by experimental
data. The use of the flow-net method and the method
of characteristics is mentioned. 'ln Part V on
unsteady flow, the treatment is general but practical.

Reference l2
GRAFICOS HIDRAULICOS PARA EL DISENO DE
ALCANTARILLAS Gydraulic Charts for the Selection
of Highway Culverts)

Herr, Lester A.; Bossy, Herbert G. Washington, DC:
U.S. Departrnent of Transportation, Of lice of the
Assistant Secretary for Policy, Plans and International
Affairs; 1974 June. 52 p. (Hydraulic Engineering
Circular No. .5 in Spanish; report /l TPI-4L74-01).

Order from: U.S. Agency for International Devel-
opment, Office of Development lnlormation and Utili-
zat¡on, Development Support Bureau, Washington,DC
20523.

This is a translation into Spanish of the popular and
useful publication Hydraulic Charts for the Selection
of Highway Culverts, published in l96j but still
considered pertinent today. A current bibliography
has been added. Measurements have been given in
the metric system. The report includes a brief
discussion of the hydraulics of conventional culverts
and charts for the selection of a culvert size for a
given set of conditions. Instructions for using the
charts are provided. No attempt is made to cover all
phases of culvert design.

Reference l3
CAPACITY CHARTS FOR THE HYDRAULIC DESIGN
OF HIGHVAY CULVERTS

Herr, Lester A.; Bossy, Herbert G. Washingtonr DC:
U.S. Federal Highway Administration, Office of
Engineering, Bridge Division, Hydraulics Branch; 1978
March. 90 p. (Hydraulic Engineering Circular No. l0).

Order from: U.5. Federal Highway Administration,
Office of Engineering, Bridge Division, HNG-31,
Washington, DC 20190.

This circular contains a series of hydraulic capacity
charts which permit the direct selection of a culvert
size for a particular site without making detailed
computations. The procedures given in this circular
supplement those given in Hydraulic Engineering
Circular (HEC) No. .5 (Ref. 4) by providing a solution
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for riost designs likely to be encountered. This
cirèular discusses the requirements and limitations
for the use of the capacity charts and the instructions
tell when HEC No. J must be used. Two groups of
charts are included here. The first group is for box
culverts with headrvglls at 90 degrees to the culvert
axis and sufficiently long to retain the fill slopes
clear of the waterway opening. These headwall
charts may also be used for culverts with wing walls
flared from l0 degrees to 20 dcgrees with the culvert
axis. The headwater-discharte relation is based upon
small chamfers at all exposed edges at the entrance.
The second group of charts is for box culverts with
wing walls flared from 30 degrees to 75 degrees with
the culvert axis and chamfered edge at the top of the
entrance. The culverts with wing walls flared 30
degrees or more require less headwater depth for a
given size and discharge rate than do those with just
a headwall or 15 degrees wing walls. All charts are
based upon an entrance face at right angles to the
barrel axis.

Reference l4
HYDRAULIC DESIGN OF ¡MPROVED INLETS FOR
CULVERTS

Morris, Johnny L.; Harrison, Lau'rence J.; Normann, J.
tï. Washíngton, DC: U.S. Federal Highway Admin-
tstratlon, Office of Engineering, Bridge Division, Hy_

draulics Branch; 1972 August (reprinted l9Z4 March).
172 p. (Hydraulic En6ineeriñg Circular No. l3).

Order from: U.S. Federal Highway Administration,
Office of Engineering, Bridge Division, HNG-31, Vash-
ington, DC 20590,

Conventional culvert hydraulics are reviewed, the
types of improved inlets are discussed, terms are
defined, and design procedures for box and pipe
culverts with improved entrances are presented.
Inlet geometry refinements described here include
bevel-edged, side-tapered, and slope-tapered inlets.
Performance curves are presented and discussed.
Four inlet control charts for culverts with beveled
edges are included, and box culvert multibarrel
installations (bevel-edged inlets) are described. The
selected configurations of the side-tapered inlet are
shown. Side taper ratios may range from 6:l to 4:1.
The latter is recommended as it results in a shorter
inlet. The Vertical Face and Mitered F'ace are
variations of the slope tapered inlet which provide
additional improvernents in hydraulic performance by
increasing the head on the control section. For each
degree of pipe culvert inlet irnprovement, there are
many possible variations using bevels, tapers, drops,
and combinations of the three. The tapered inlets are
classified as either side-tapered (flared) or slope-
tapered. The side tapered inlet for pipe culverts is
designed in a manner similar to that used for a side
tapered box culvert inlet. The slope-tapered design
for pipes utilizes a rectangular inlet with a tansitiõn
section'between the square and round throat sections.
Details of the design procedure are described and
design charts are provided.

Reference 15
HYDRAULIC DESIGN OF ENERGY DISSIPATORS
FOR CULVERTS AND CHANNELS

Thompson, Philip L.; Corry, Murray L.; Watts, F.J.; et
al. Washington, DC: U.5. Federal Highway
Administration, Office of Engineering, Bridge Division,
Hydraulics Branch; 1975 December. Various paging.

(Hydrautic Engineering Circular No. 14; stock number
050-002-00t02-7).

Order from: Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.

This aid to selecting and designing an energy dissi-
pator which will meet the requirements indicated by
an eros¡on hazard assessment, details the design
concept, and the erosion hazards, and discusses such
aspects as culvert outlet velocity, velocity
modification, flow transitions and the erosion of
culvert outlets. Forced hydraulic jump and increased
resistance, and details of impact basins, drop
structures, stilling wells and riprap are also discussed.
Preliminary energy dissipator selection is made by
comparing the input constraints or design criteria
flow regime, debris problerns, location, channel
characteristics, allowable scour, etc., with the attri-
butes of the various energy distributors. The
attributes of individual dissipators include: Froude
number (Fr) range for best performance; discharge
velocity or other limitations; possible maintenance;
operational or location problems; maximum size; and
limiting features such as culvert slope or shape.
Dissipator designs fall into 2 general groups: those
with Fr less than 3 (most designs are in this group),
and those with Fr greater than 3. The designs are
treated as illustrated by the conceptual models, and
are related to actual situations through example
problems.

Reference 16
HANDBOOK OF CONCRETE CULVERT PIPE
HYDRAULICS

Portland Cement Association. Skokie, Illinois; 1964.
267 p.

Order from: Portland Cement Association, 5420 Old
Orchard Road, Skokie, Illinois 60076.

This handbook is intended to assist the culvert
designer in understanding hydrology and hydraulics
and in applying these principles to the design of
circular culverts. The material is presented in a form
that is practical and usable for both the practicing
engineer and the student. The principles of operation
are fully explained and easy-to-use design aids are
provided. Individual chapters cover the various major
phases of hydraulic design: location and alignnrent of
culverts; hydrology; hydraulics of culverts; culvert
operation; entrances and heads,alls; endwalls and
outlet structures; drop inlets and sag culverts. The
advanta6es of concrete pipe culverts are discussed.
The appendix provides further information on culvert
capacity charts, inlet control nomographs,
nomographs for outlet control, discharge factors and
functions for circular sections, references for
determining earth loacis and supporting strengths, and
the use of forms in culvert design.

Reference 17
HANDBOOK OF STEEL DRAINAGE & HIGHWAY
CONSTRUCTION PRODUCTS

2nd ed. American lron and Steel Institute, Committee
of Galvanized Sheet Producers and Committee of Hot
Rolled and Cold Rolled Sheet and Strip Producers,
Highway Task Force. New York, New York: American
Iron and Steel Institute; 1973. 348 p.

Order from: American lron and Steel Institute, 1000



l6th Street, N.V., Washington, DC 20036.

This book presents a comprehensive discussion of the
applications of storm drainage and special drainage
problems, and provides a new simplified approach to
hydraulic design and the selection of materials to
meet various service conditions. The applicgtions
covered here include storm drainage, subdrainage,
special drainage problems, underpasses and service
tunnels, and aerial conduits. A value analysis for the
objective evaluation of corrugated steel products for
specific uses is also discussed. Product details and
fabrication are reviewed and include pipe, pipearches
and arches, couplings and fittings, and end finish.
Culvert location factors such as structural design,
hydraulics, corrosion and abrasion are detailed. In-
stallation instructions are provided. Design specifi-
cations and installation notes are provided for tunnel
liner plates, sheeting (lightweight), retaining walls,
guardrail and median barriers, bridge railing, signs
and supports, luminaire supports, bridge plank, and
bridge forms.

Reference 18
SAFETY TREAT¡\,IENT oF ROADSIDE CULVERTS
ON LOW VOLUME ROADS

Kohutek, T.L.; Ross, H.E. Jr. College Stationr Texas:
Texas A&lvt University, Texas Transportation Institute;
1978 March. 36 p. plus appendices. (Research.report
225-l; study 2-8-77-22Ð.

Order from: National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161.

Current American Association of State Trans-
portation and Highrvay Officials (AASHTO) criteria
for safety-treating fixed roadside hazards on high-
speed facilities suggest that all cu¡verts within a
certain distance of the edge of the traveled way be
shielded by a roadside barrier. In a restricted
highway funding environment, this is not necessarily a
cost-effective solution for low-volume highways.
Using a cost-eflectiveness model currently recom-
mended by AASHTO, warrants for safety-treating
culverts have been developed for 36 in. diameter
pipe, 4 ft x 6 ft (+ ft heigtrt x 6 ft width) single box,
and 4 ft x 6 ft multi-box (double box) culverts located
on low-volume, rural highways. Each culvert design
was evaluated on fill section embankments with 2lzzl
and 6: I slopes and for end offsets o1 12, 18, and 24 ft.
The treatments considered for each culvert design
and embankment slope were: l) do nothing (i.e.,
leave the culvert unprotected); 2) extend the culvert
end 30 ft from the edge of the traveled way; 3)
provide guardrail protection; and 4) provide grate
protection. Figures are given to identify cost-
effective treatments for the range of variables (ADT,
embankment slope, offset, culvert design and safety
treatment, etc.) considered in this study. For traffic
volumes less than 750 and offset distances greater
than 12 ftr the most cost-effective alternative is to
leave the culvert unprotected. At higher traffic
volumes the most cost-effective safety treatments
are extending the culvert end to 30 ft or grating.
Guardrail was lound to be cost-effective only for
larger culvert sizes and higher traffic volumes.
However, guardrail protection wes not the most cost.
effective alternative for these situations. AII su¡
porting data and a discussion of the cost-effective-
neSs model used in the study are included in this
report. Examples are given to illustrate the use of
the criteria developed and to show the techniques

used to develop these criteria. Other examples are
included to enable the user to dcvelop warrants for
s¡tuations other than those considered in this study.

Reference 19
DRA¡NAGE STRUCTURES; DESIGN AND PERFORMANCE,
1960

Highway Research Board. Washington, DC; 1961. 3l p.
(Bullet¡n 286).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 48106.

These papers are included in tfus bulletin. The first
paper-Laboratory Study of Spur Dikes for Highway
Bridge Protection- demonstrates the effectiveness of
the spur dike for reducing scour and discusses its
location and shape. The study also established
criteria for delermining the length of dike required at
a particular location. The second paper - Culvert
Inlet failures: A Case History - discusses the installa-
tions and failures (bent-up ends) on three large
structural plate culverts installed rvith the upstream
ends square and projecting to the fill toe. ln the
discussion which follows the paper, brief accounts are
presented of other failures due to buoyancy of
culverts, and comments are made on the determi-
nancy of uplift and ballast and on the economy of
alternative safeguards. The paper on "New Develop-,
ments for Erosion Control at Culvert Outlets"
presents information on a very promising and inex-
pensive method of controlling erosion at culvert
outlets. The method consists of excavating a hole
downstream from the culvert outlet and lining it with
a graded layer of protective material consisting of
coarse sand, gravel and boulders up to.a size that will
resist erosion at the peak flow. The development of
design criteria for an armorplated, pre-shaped stilling
basin is described.

Reference 20
DURABILITY OF DRAINAGE PIPE

Transportation Research Board. Vashington, DC: 1978.
37 p. (NCF,IRP Synthesis of Highrvay Practice 50).

Order from: Transportation Research Board, Publiêa-
tions Office, 2l0l Constitution Avenue, N.W., Washing-
ton, DC 20418.

The proper analysis of soil and water at the drainage
site and its watershed should form the basis for
selection of materials and types of pipe that should
have the required service life. The main corrosion
medium affecting drainage facilities is water and
chemicals dissolved in or transported by water. Field
and laboratory tests have been used to predict
deterioration rates for a given environment. Mate-
rials used for drainage pipe include steel, aluminum,
concrete, vitrified clay, stainless-steel, cast ¡ron and
plastic. Pipe protection measures include extra
material thickness, coatings of various types, linings,
and cathodic protection. Detection of corrosion-
abrasion deterioration in culverts requires periodic
inspection: at intervals of l0 or more years in less
aggressive environments, and every 3 years in more
aggressive environments. Trained inspectors should
determine the nature of the electrolyte, flow rate,
bedload, soil and water resistivity and ph, location,
extent and type of corrosion, thickness loss, preven-
tive measures used and reason for deficiencies. A
rat¡ng system may be helpful and adequate records of
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all inspections should be kept. Scveral pige
protective meas!¡res are reviewed here. The broad
assortment of repair techniques should be analyzed
fro¡n standpoints ol practical¡ty' compatibilit! with
existing instatlation, prospective performance and
economics. Principles whjch must be considered in
the locatión, designr construct¡on and maintenance of

culverts are discussed. The selection of an aoticor-
rosion system would includ* hydrologic and hy-
draulic considerations¡ structural considerationrt
availability and suitability of pipç typ€s and sizes for
tt¡e qite, and the durability of the commonly used
drainage materlals that are satisfactory fsr the first
3 steps.
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lndex
The following index is an alphabetical list of subject
terms, names of people, and names of organizations
that appear in one or another of the previous parts
of this compendium, i.e., in the Overview, Selected
Ïexts, or Bibliography. The subject terms listed are
those that are most basic to the understanding of
the topic of the compendium.
, Subject terms that are not proper nouns are

shown in lower case. Personal names that are listed
generally represent the authors of selected texts and
other references given in the bibliography, but they

may also represent people who are otherwise identi-
fied with the compendium subjects. Personal
names are listed as surname followed by initials. Or-
ganizations listed are those that have produced in-
formation on the topic of the compendium and that
cont¡nue to be a source of information on the topic.
For this reason, postal addresses are given for each
organization listed.

Numbers that follow a subject term, personal
name, or organization name are the page numbers
of this compendium on which the term or name ap-

lndice
El siguiente índice es una lista alfabética del
vocablo del tema, nombres de personas, y
nombres de organizaciones que aparecen
en una u otra de las partes previas de este
compendio, es decir, en el Vista General,
Textos Seleccionados, o Bibliografía. Los
vocablos del tema que se listean son aquellos
básicos necesarios para el entendimiento de
la materia del compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y
otras referencias dadas en la bibliografía,

pero también pueden representar a personas
que de otra manera están conectadas a los
temas del compendio. Los nombres personales
están listeados como..apellido seguido por
las iniciales. Las organizaciones nombradas
son las que han producido información sobre
la materia del compendio y que siguen siendo
una fuente de información sobre alguna
parte o el alcance total del compendio. Por
esta razón se dan las direcciones postales
para cada organización listeada.

Los números que siguen a un vocablo del
tema, nombre personal, o nombre de organi-
zación son los números de página del com-
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lndex
Cet index se compose d'une liste alphabétique
de mots-clés, noms d'auteurs, et noms d'or-
ganisations qui paraissent dans une section
ou une autre de ce recueil, c'est à dire dans
I'Exposé, les Textes Choisis, ou la Biblio-
graphie. Les mots-clés cités sont ceux qui
sont le plus élémentaires à la compréhension
de ce recueil.

Les mots-clés qui ne sont pas des noms
propres sont imprimés en minuscules. Les
noms propres cités sont les noms des auteurs
des textes choisis ou de textes de référence

cités dans la bibliographie,\ou alors les noms
de personnes identifiées avec les sujets de ce
recueil. Le nom de famille est suivi des initiales
des prénoms. Les organisations citées sont
celles qui ont écrit sur le sujet de ce recueil
et qui continueront d'être une source de docu-
mentation. Les adresses de toutes ces organisa-
tions sont incluses.

Le numéro qui suit chaque mot-clé, nom
d'auteur, ou nom d'organisation est le numéro
de la page où ce nom ou mot-clé pârait. Les
numéros écrits en chiffres romains se rappor-

l
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pears. Roman numerals refer to pages in the Over-
view, Arabic numerals refer to pages in the Selected
Texts, and reference numbers (e.9., Ref.12) refer to
references in the Bibliography.

Some subject terms and organization names are
followed by the word see. ln such cases, the com-
pendium page numbers should be sought under the

alternative term or name that follows the word see.
Some subject terms and organization names are fol-
lowed by the words see also. ln such cases, relevant
references should'be sought among the page num-
bers listed under the terms that follow the words
see also.

The foregoing explanation is illustrated below.

pendio donde el vocablo o nombre aparecen.
Los números romanos se refieren a las páginas
en la Vista General, los números arábigos
se refieren a páginas en los Textos Selec-
cionados, y los números de referencia (por
ejemplo, Ref. 12) indican referencias en la
Bibliografía.

Algunos vocablos del tema y nombres de
organizaciones están seguidos por la palabra
see. En tales casos los números de página

del compendio se encontrarán bajo el término
o nombre alternativo que s¡gue a la palabra
see. Algunos vocablos del tema y nombres
de organizaciones están seguidos por las
palabras see a/so. En tales casos las referen-
cias pertinentes se encontrarán entre los
números de página indicadas bajo los térmi-
nos que siguen a las palabras see a/so.

La explicación anterior esta subsiguiente-
mente ilustrada.

tent aux pages de I'Exposé et les numéros
écrits en chiffres arabes se rapportent aux
pages des Textes Choisis. Les numéros de
référence (par exemple Ref. 12) indiquent les
numéros des références de la Bibliographie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le
numéro des pages du recueil se trouvera après

le mot-clé ou le nom d'organisation qui suit
le terme see. D'autres mots-clés ou noms
d'organisations sont suivis des mots see a/so.
Dans ce cas, les références qui les touchent
se trouveront citées après les mots-clés qui
suivent la notation see a/so,

Ces explications sont illustrées ci-dessous.
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lllustration

Soloctod Toxt pago numberssoloctod Toxt pago numbt
Números de página en los

Seleccionados
Numåros des pag€s do¡ Textos Choisis

lllustration

Sub¡gct tarm and see ¿/so terrns
Vocabto dol temå y tórminos sea a/so

(ver tambìén)
Mot-clå et see also

Transport and Road Research Laboratory (Crowthorne,
Berkshire RGll 6AU, U.K.)¡
publications, Ref. l0

Transportation Research Board (2101 Constitution
Avenue, N.W.' lÍashington' DC 20418) (see also
Highway Research Boaid):
publications, Ref. 20

tropics! 8,9, 10, l,
turnouts: ll
underdrains: 65, 245, 280

unit hydrograph method: 22-23
î
I
I

I Selected Toxt pag€ numbers and rsference
I numberI Números de pågina en los Textos

Selaccionados y número de referencia
Numóros des pages des Toxt6 Cho¡s¡3.t

numóros des rófórencos

llustración

Orgonization name and address
Nombre y dirección de la organización
Nom et adresse de l'organisation

Overview page numbers and
refergnce number

Número de pågina on la Vista
Goneral y Numóror de rsforonch

Numåro,des qsss? 9p l'Expore et
num€tos dos relðrgncðs

Subiect torm and see torm
Vocablo def tema V tâ¡mino see (ver)
Mot-cló et see

Personal names
Nombres
Noms propre¡



abrasion¡ 7174

aerial photographs: xviii
drainage area location, ETET
stereoscopic, xviii, ElE7, Ref. 3

aerial surveys (see also aerial photographs): xviii
drainage studies, E187, Ref. 3

alinement, culvert¡ 67

all weather crossings (see also bridges; culverts): xü

all weather roads, see all weather surfaces

all weather surfaces: xii

American Association of State Highway Officials (AASHO)
(now American Association of Siate Highway and
Transportation Officials, AASHTO)
publications, xvii
specifications, 43, Ref. 8

American Association of State Highway and Transportation
Officials (444 North Capitol Strèet, N.W., Suite-
225, Vashington, DC 20001): Ref.2, Ref. l8

American lron and Steel Institute (1000 l6th Street,
N.V, Vashington, DC 20036)
publications, Ref. 17

American Society for Testin8 and Mater¡als (ASTM)
(1916 Race Street, Philadelphia, Pennsylvania 19103):
specifications, 43

American Society of Photogrammetry (105 North Virginia
Avenue, Falls Church, Yirginia 22046)
publications, Ref. 3

arrchorage culverts: 62-63

arch culverts (see alsò pipe arch culverts): 44

arid regions (see also desert areas): 23183, 16?

bacldills and backfilling: ?7 Ç277, Ref.. 8

backwater computat¡on: 99, 100

baffle culvertst 69, 7 0, 7 I

beddingof pipe 246124E,273,?78, Ref.7, Ref. E

bevels: 57,104

bibliographies: xdi-xxiii
corrugated metal pipes, 261
culvert design, 79-80
c1¡lvert hydraulics, 105, Ref. 12
Nghway drainage, 30-31

bituminous sealing compound: 27 r27 6

Bossy, H.G.: 96, Ref. 4, Ref. 12, Ref. 13

box culverts: 29r 44, 54, 57r 60,92, lll, ll9, L36,
201, Ref.4, Ref. 13, Ref. 14

nomographs, ll9-120

bridges: 2l-30r 361 38, 88, Ref. I
abutments, 14r 2,
submersible, 24

hld<ting: 24 l, 242, Refl. 7

Bureau of Redamation type VI basin: 20V212r 217,
227

buried valleys: 25

caissons:26

catctment areas (see also drainage areash 2I-22,
23

cattle grid type drains: 17, lE

cavitation¡ 67

chamelss
chantes, 42r 77 r 83r 88
lined expansions, xxi, 186, 200, 20 l-202, 203, 204,

226,Ret.6

Chov, V. T.: Ref. ll
circular culverts: 43r94, lL7

day soils: 9

cofferdams:26

combination debris-control devices: 147, 156,
Ref.5

comPuter techniques: Ref. 9
hcadwater and capacity computations, 50, 133

concrete culverts (see also box culverts; concrete
pipesh 74, Ref.F

concrete pipes: xvi, xx,ti, 29, 54t 57, 60, 74, ll9, l2l,
122, 129, 130, 136, 2661 282,Ref. 8, Ref. 16

headwater depth, l12, l13, l14
specifications, 43, 266

concrete surfacings: 16-17

construction costs: xvüi, 36

@nversion table, metric units: lE5

corrosion: 28, 73, 74-7 5, Ref. 17, Ref. 20

corrugated metal pipes (see also metal culvertsl xvi,
xyi, 29, 54, 60, 62, EIW l2rL26, l3l, 132,
135, 136, 168, 23Ç261, ReÍ..7

aluminum, 242, 243, 253, 254,257,258, 2591 260
headwater depth, l15, l16
specifications, 43
steel, 241, 243, 25U252, 2551 2561 257,259,2@,

Ref. 17

Corry, M. L.: Ref. lJ

cr¡t¡cat deptlu 127 - 132

Cross slopes: xii

crossfall: 6, lç17

cr¡lvert alinement: 67

culvert barrels: 5&.601 92, 244

d¡Ivcrt bifurcations¡ 65-66

ctlvert capacity: xv, xix, 94, L0'rl}h, Ref. 16
safcty factor, 59
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culvert design Gee also culvert inlets; culvert outlets;
hydraulicq frydrolõS$ nomographs): xii-xiii, xix,

3Ç79' E3r 23Ç260' 26ç273, Ref. 2' Ref. 3, Ref. 7'
Ref. E, Ref. 10, Ref. lE' Ref. 19

charts, xxi, xxii, 92-141, 23ç260, 267-272, Ref. 4,
Ref. 12

sizer xir xv, xvü, E3,E7r92-l4l

cr¡lvert inlets (see also inlet control culverts): xix,
4'47, y+-]'E|rÇ63r92r93, lt 5, Ref. l4¡ Ref. 16,
Ref. t9

culvert installation: xiir xxir x:r¡i, 244-248, 27T282,
Ref. 2, Ref. 7, Ref. 8

culvert invert: 70, 74, 245

culvert joints: 64

cr¡lvert junctions: 65-66

culvert location: xvä,39-421 87-89r Ref. Ir Ref. 2t
Ref. 3, Ref. 17

by aerial photographsr xixr E3

culvert outlets (see also lined channel expansions;
outlet controñüiFrts): xxi, 4, 47, 60- 6 l, 62, 186,

20>207, 208, 2L3, 216, 2!8, 226, 227, Ref.6' Ref . 15'
Ref. 16

erosion control, 18Ç231, Ref. 19
scour, l8ê195r Ref. 6

culvert perf ormance: xv, 46, 57 t 7 0 t 77 t 133, Ref .
14, Ref. 19

curves, xvr 5l-52t 135, Ref. 4

cr¡lvert protiles: 37, 42

culverts (see also anchorage culverts; arch culverts;
baf fl e ffi êi-ts; box culvórts; ci r c ul a r culverts ;
concrete pipes; construction costs; corrugated metal
pipes; depressed culverts; elliptical culverts; inlet
control culverts; maintenance; multiple culverts;
multiple use culverts; open bottom culverts; outlet
control culverts; oversized culverts; pipe arch culverts;
precast concrete box culverts; sag culverts; scour;
tailwater): xi, xii, ll-13,21-30, 36, 4T47, Ref . 20
construçtion materials, 27-29
failurer 63
flow velocity' 102-103
service lt!.er73
specifications, 43

curtain walls: 23

cr¡toff walls: 186, 1961 2231 245

cuttings 9, 15, 18-19, Ref. I

debris-control strustures: xx, 7 2-7 3, 144- I El, Ref .
2, Ref. 5

selection, l49-l50

debris cribs: 147, l5!l55, 166, l7t, l8l, Ref. 5

debris dams and basins: 147, 151156,169, 170' Ref.J

debris deflectors: 147, 150-151, 157, 158, 159, 160,
Ref.5

debris fins: 147,154-155, l6E, 169, Ref. 5

debris racks: 147, l5l-152, 16l, 162, 163, 164, 165,
174, l76rRef. 5

debris risers: 147, 152-151, 165, 166' 167, 177, 179,
ItO, Ref. 5

debris type classification: 146' l4Er 150' Ref.5

depressed culverts: 69

desert areas: 71 86

design flood discharge¿ 47r 52

dikes: EE

dips: xiir 83

displacement formula: 86

ditches: xi, l0-ll, 12,13r20
cut-offr 9

drainage, see pavement drainage; road foundation
drainage; subsurf ace drainage; surf ace drainage

drainage areas (see also catchment areas): 37
determination studies, xviii, E189, Ref. 3

drains (see also subsurface drains; underdrains)¡
bacÇT5-
cattle gr¡d, 17, 18
contour, ll
side, 10, 16,24

drilt¿ 62,147, Ref. 5

earthworks, care during construction, 17-19

elliptical culverts: 43

embankments: xvi, 9-10, 19-20
erosion, 17,190
stability, xvii, Ref. I

enerty dissipators at culvert outlets (see also riprap;
stilling basins): xxi, 13, 61, 102, 186;187; 207-212'
217, Ref.6, Ref. 15

entrance loss coefficientz 52r 53,54, 56, 136

erosion: 17,125

erosion control and reduction: xi, xvii, xxir 7-8r 9t
41,45r 46177r 83, 18Ç231, Ref. I' Ref. 6' Ref. 15'
Ref. 19

excavations: l8-19

fitls (see also backfills and backfilling; sidefill): l9J0'
25, 47 , 249, 255, 257, 258, 259, 26Q, Ref. 7

fish and fish passage 38, 44, 68-701 7 l, R.et. 2

Fletcher, R.P.: Ref. 6

flood flows (see also peak flood flows; runoff): 2l

flood frequency z 21r 52

flood protection: 67

floods: Ref. l0

fords: xii
paved (Irish bridges)' 23



French, John L. : 94

Froude numbers: lE8, 19l, 192, Ref. 15

Grace, J.L. Jr.: Ref. 6

ground cover, see vegetation

Harrison, L.J.: Ref. 5, Ref. l4

har¡l roads: 20-21

headwalls: 4ç47, 54r 55, 57r 65192, Ref. 13, Ref.l l6

headwater (see also ponding): 108
computations, 50r 14, ll0, 138-l4l
depth, 94, 99, 100, 106, 107, lll-l 17
design, 49
elevation, 4E, 52, 53, 58, 77

Herr, L.A.: Ref. 4, Ref. 12, Rel. 13

highwater:3&39

Hig\way Research Board (now Transportation Research
Board) (see also Transportation Research Board)¡
publicaìlon-s,-ilef . I 9

hydraulic grade line: 97-l0l

hydraulic jump: 228, Ref. l5

hydraulics: úii, xvii, 3G79, Ref. 2, Ref. 14, Ref. 15,
Ref .16

charts for the selection of culverts, xix, xx, 53,
,2-141, Ref. 4, Ref. 6, Ref. ll, Ref. 12, Ref. 13

hydrographs, see unit hydrograph method

hydrology: xiii-xiv, 77,138, Ref.9, Ref. 10, Ref. 16

ir¡filtrationof surface water: 7, 10, ll
inlet control culverts: 50-51, 53r 92r 94-96,103-104,

107,135
headwater depth, ll l-l l7
nomographs, ll0, Ref.4, Ref. 16

inverted siphon, Sg sag culverts

Irish bridges, see fords

irrigation canals: 70-72, Ret. 2

ioints, culvert: 64

io¡nts, rubber gasket: 275

junctiors, culvert: 65-66

Kohler, M.A.: Ref. 9

Kohutek, T.L.: Ref. 18

labor: xviii

land access: 68

Linsley, R.K.: Ref. 9

lined channel expansions: xxi, lE6, 2001 20L-202r 203,
2fitr226,Ret.6

livestock passest 6E

loa& and loadtngt 2Ç27
determination, xvi, xxi, 26, 26Ç272
live, 240, Ref. 7

tow cost roads: Ref. I

Iow-volume roads: xi, Ref. lE

maintenance: 73, 7E
costs, xv
debris control structures, 156, 165, Ref. 5
roads, Ref. I

Manning equation: 59-60,102, 103, 137

maps: 38, 83, E4
manuscriptr 35

materials for construction of drainage structures:
27-291 44-45,75

McGraw- Hill Book Company (t221 Avenue of the
Americas, New York, New York 10020)¡ Ref. 9,

Ref. I I

Mehra,5.R.¡ Ref. I

metal culverts (see also corrugated metal pipes): 74,
Ref.4, Ref. 17, Ref. 20

metric units of measurement: 185, Ref. t2

Millard, R.S.: Ref. I

mitered culverts: 46, 54, 56, 62, 92, 93,94, Ref. 14

Morris, J.L.: Ref. l4

mulching: 9

multiple culverts: xvr 44r70, 158, 1591 247r 274, Ref.8,
Ref. 14

mult¡ple use culverts: 68, Ref. 2

National Technical Information Service (5285 Port -

Royal Road, Springfield, Virginia 22161)z Ref.6,
Ref. lE

nomographs: xv, xix, 53,961 99, 104, ll9-120, 133

Norman, J.M.: Ref. 14

oakum: 275

Odier, L.: Ref. I

open bottom culverts: 69

open channels: Ref. ll
outlet control culverts: 51, 53, 94, 95, 96-105, 107,

l0E, Ref. 16
nomographs, l18-126, Ref. 4
performance curves, 134

oversized culverts: 69

Paulhus, J.L.H.: Ref. 9

pavement drainaget l5
during construction, l7-21

peak flood flows: 22
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photographs (see also aerial photographsh 3E

piers:23

piles: 26
debris deflectors, 160

pipe arch culverts: 43r 94, 1361 2591 260, Ref. lZ
critical depth, l3l' 132
dcsign, 240, R-ef. 7
headwater depth, l16

pipe, bedding ofr 246124812731 278, Ref.7' Ref. t
pipes, gg9 concrete pipes; corrugated metal pipes

piping:63.64

ponding (see also headwater)t 86, E7r 92
prevention, xiir 9

Portland Cement Association (5420 Old Orchard Road'
Skokie, Illinois 6007 6lz
publicatiors, Ref. 16

portland cement mortar¿ 275

potholes: 17

precast concrete box culverts: 44r 46

precipitation, g rainfall

prætressed concrete: 27, 30

rainfdt (see also wet weatherh 7-Er Ref.9' Ref. l0
mean rate, 22
records, 22

rational tormulat 22-23

reconstruction and repair: 7&79

records: 94
constructionr 77-7E
floodr T8

rectangular culverts, see box culverts

Reihsen, G.: Ref. 5

reinforced concrete! xvi, xxii, 27r28, 136r Ref.8

retaining walls: 14, Ref. 17

riprap: 201,204,2l3r Zl4' 2251 2261 228, Ref. 6, Ref.l5
basins, 6l
blankets, 186, 197, 198' 199' 2001 223

road foundation drainage, see subsurface drainage;
underdrains

roads, see all weather surfaces; haul roads; low cost
roads; low-volume roads; temporary roads

Ross, H.E. Jr.: Ref. lE

rubber gasket joints: 275

rur¡off (see also flood flows; peak flood flows; surface
runofJ)f ãZ

ruts: lEr 20

sack revetmentz 202, 203

safety: 7.176' Ref. 2' Ref. l8

safety factor, Elg culvert capacity

satculvertss 66170, Ref. l6

Saint Anthony Falls st¡Uiry basins: 1861 2071 20&212,
2171 2271 228

dos Santos, Pimenteh Ref. I

scour: 22, 25, 44r 49r 611 621 68, 186-19l' Ref. 6'
Ref. 15' Ref. 19

estimation, xxi, lE6, 198, 214-215' 2lE-222
preformed holes, lE6' 197, 200, ?L5, 225, 226

seepage:63.64

shoulders:
constructionr 7
drainage, l6-17
maintenance, l7
scour, 7

sidefilh 246

sideslopes: xi

s¡lt and st¡lt¡nt: 15,40,41r 42

site investigationz 24, 25

slopes, see cross slopes; cuttints; sideslopes

slope-tapered inlets: 58

spillways: 13

spread footings: 36

spring lines: l}.l4

St. Anthony Falls stilling basins, see Saint Anthony
Falls stilling basins

stage construction: xiir Ref. I

steel: 27, 2E, Ref. 17, Ref. 20

Sternberg, I.¡ Ref. 3

stilting basins (seê also stilling wells): 61, 186,
20þ212, 217, 228' Ref. 19

stitling wells (see also stilling basinsh 1E9,207-20E,
209r Zl7r 227,Reî.. 15

storm sewers, erosion control: 186-231

streams: Ref.9
crossing, 68-69
slopes, 37

structural loadr see loads and loading

subdrains, see subsurf ace drainage

subsurface drainage vi, lrl5, E7, Ref . 17

surface drainage (see also culverts; ditches; drairsÞ
tçt7

st¡rtace runoff (.sqg 4!9q rational formulq ru¡roffÞ
,t, lO, l4rT-



, sunveys (see also aerial surveys)¿ 37-39

tailwater: xix, 48-49, 92r 99, l0()-l0l, 107-108, lg3,
194, 199, 206, 213, 2l4r 2lg-224, 226, 229

computation, 102, Ref. 4

Talbot equations tlE4

temporary roads: 20

terraln¡ lZ-13, 17r 21241 49, E4

Texas Transportat¡on ¡nst¡tute (Texas A&M Universiiy,
College Station, Texas 77843): Ref. 18

tidal effects: 67

timber: 27-28

Thompson, P.i..¡ Ref. 15

topography (see also terrain): 37, 86, E7

Townsend, M.¡ Ref. 7

train¡nt walls: 66

Transport and Road Research Laboratory (Crowthorne,
Berkshire RGll 6AU, U.K.)¡
publications, Ref. l0

Transportation Research Board (2 i 0 I Constitution
Avenue, N.W., Washington, DC 20418) (see also
Highway Research Board):
publications, Ref. 20

tropicss t,9, 10, 15

ü¡rnouts¡ ll
underdrains: 65, 245, 2E0

unit hydrograph method: 22-23

United Nations Educational, Scientific and Cultural
Organization (UNESCO) (7 Place de Fontenoy, 75200 paris,
France):
publications, xvii, Ret. I

Uqiled States Agency for lnternational Development
1320 2lst Street, N.W., Washington, DC 20523)t

Rel. 12

United States Army Engineer Wpterways Experiment
Station (P.O. Box 63l,Vicksburg, Mississippi 39180):

It6

publications, xxi, Ref. 6

United States Bureau of Reclamation type VI basin:
20v212,2t7,227

Un¡ted States Bureau of Public Roads (now United
States Federal Highway Administration, 400 Seventh
Street, S.V., Washington, DC 20590)¿ xxii, Ref. 8

United States Department of Transportation (400 Seventh
Street, S.V., Vashington, DC 205901¿ Ref. l, Ref. 7,

Ref.8, Ref. 12
pirblications, xix, xx

United States Federal Highway Administration ( 400
Seventh Street , S.W., Vashington, DC 20590)
(see also Un¡ted States Bureau of Public Roads):
þIEiiõãlions, 144, Ref. 4, Ref. 5, Ref. 7, Ref. 8,

Ref.l3, Ref. 14, Ref. 15
specifications, 43

United States Government Pr¡nting Office (Vashington,
DC 20402): Ref.4, Ref. 15

University Microfilms International (300 North Zeeb
Road, Ann Arbor, Michigan 48106): Ref. 19

urban areas: 48r79, l4E, Ref. l0

utilit¡es: 6E, Ref. 17

Yetetation: 7, 17 , 23, 8ç87
and erosion control, 9-10

valls, sge curtain walls; cutoff walls; retaining walls;
training walls

water-table z 13, 14

Vatts, F.J.: Ref. 15

vaterway reguirementst 2l-24

weepholesl 15r 65

weirsl 70, 7l

wet weather: 13, l4
construct¡on, xvür 6, l7-21, Ref. I

wildlife p¡¡sses: 68, Ref. 2

wingwalls: 4ç47, 54, 55r 92, Ref. 13

vbff, e.w.: Ret. z
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