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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 important 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.
The bulk of this need is for low-volume roads that
generally carry only 0 tò I O vehicles a day and

that seldom carry as many as 400 vehicles a day.
The planning, design, construction, 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, l'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'accommoder
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 I'on appelle maintenant dé-



umented in papers, articles, and reports that have
been written by experts in the f ield. 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 1971 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 f rom 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 f ield visits,
conferences in the United States and abroad, and

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 Ios 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 iniclatìvas para
el proyecto, el TRB def ine, produce, y
transmit 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 I'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 l'U.S. Agency
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 l'aide d'un réseau
de correspondants dans les pays en voie de
développement. Généralement, l'aboutisse-
ment final de ce projet sera de favoriser l'utili-
sation de cette documentation, pour aider au
développement économique de l'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 developing countries, 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 def inition 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 activitieb 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 inf ormation 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'experts
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 l'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 Documentat¡on

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 6 per year; consultants are em-
ployed to prepare syntheses at the rate of 2 per
year. At least one conference proceedings will
be published during the 3-year period. ln sum-
mary, this project aims to produce and distribute
between 20 and 30 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 project 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 benef icial 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 specif ic technical problems. Additional
opportunities for interaction with users arise
through international and in-country conferences
in which there is project participation. Finally,
annual colloquiums are held for students from
developing countries who are enrolled at U.S.
universities.

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 razôn
de unos 6 por año; se utilizan consultores
para preparar las sintesis a razÓn de 2 por
año. Se publicará por lo menos un expe-
diente de conferencia durante el período
de tres años. En breve, este proyecto pretende
producir y distribuir entre 20 y 30 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
parala 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
u n ivers idades norteamericanas,

de conférences sur les routes à faible capacité
qui seront organisées complètement ou en
partie par ce projet. Environ 6 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 une conférence seront écrits dans
une période de 3 ans. En résumé, I'objet de
ce projet est de produire et disséminer entre
20 et 30 documents qui couvriront 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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Overuiew
Background and Scope

lf a road is to be used in all types of weather,
adequate drainage is necessary. ln Compen-
dium 3 it was noted that small drainage struc-
tures with fixed capacities cannot be upgraded
economically. Therefore, small drainage struc-
tures must be sized and installed correctly as
the first step in roadway development. ln addi-
tion, when sizing drainage structures, the en-
gineer must anticipate possible future changes
in land use that may affect runoff.

Compendium 4 stressed that initial construc-
tion cost of a low-volume road can be reduced,

if a country is willing to accept road closings dur-
ing short periods of stream or river flooding. A
Iow-volume road is not termed an all-weather
road unless stream and river crossings operate
full time. This can be accomplished in stages as
increasing traffic warrants such improvements.
The construction of roadside drainage begins
with the construction of the road. Roadside
drainage includes the construction of all the
roadside drainage channels that divert or re-
move surface water from the road right-of-way.
The primary purpose of roadside drainage is to

Vista General
Antecedentes y alcance

Caminos que son utilizados durante todo el año
deben estar proveídos con drenaje adecuado.
Se indicó en el Compendio 3 que pequeñas es-
tructuras de drenaje con capacidades fijas no
pueden ser economicamente mejoradas. Por
esta razón las pequeñas estructuras de drenaje
deben ser escogidas de acuerdo a su tamaño e
instaladas correctamente como el primer paso
en el desarrollo del camino. Ademàs, al medir
las estructuras de drenaje, el ingeniero debe an-
ticipar cambios futuros en el uso del terreno, los
cuales podrían afectar el drenaje.

El Compendio 4 enfatiza que el costo inicial
de construcción de un camino de bajo volúmen
puede ser reducido si un país está dispuesto a

aceptar caminos clausurados durante los cortos
períodos de inundación de arroyos ó ríos. Un
camino de bajo volúmen no se llama camino de
toda intemperie hasta que los travesías de
arroyo y río operen continuamente. Esto se
puede lograr por etapas a medida que el au-
mento en el volúmen del tránsito justifica tales
mejoras. La construccíón de los drenajes del
borde del camino comienza con la construcción
inicial del camino. El drenaje del borde del ca-
mino incluye la construcción de todos los cana-
les de drenaje que desvían ó quitan las peque-
ñas aberturas del derecho de vía, El propósito
principal del drenaje del borde del camino es
para impedir que el agua que se desagua del
terreno llegue hasta el camino, y para eficiente-
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Exposé
Historique et description

Un drainage adéquat est nécessaire si une route
doit être praticable par tous temps. Dans le re-
cueil no 3, nous avions indiqué que de petits
ouvrages de drainage, à capacité fixe, ne peu-
vent pas être agrandis économiquement. Les
petits ouvrages de drainage doivent donc être
dimensionnés et installés correctement dès le
début de I'aménagement de la route. En outre,
l'ingénieur, quand il calcule le dimensionnement
des ouvrages de drainage, doit prévoir les
changements futurs de I'utilisation du sol qui
seraient susceptibles d'affecter le débit.

Le recueil no 4 met l'emphase sur le fait que le

coût initial de la construction d'une route éco-
nomique peut être abaissé, si I'on est disposé à
accepter la fermeture de cette route au trafic
pendant de courtes périodes d'inondation des
rivières ou des fleuves. Une route à faible capa-
cité n'est appelée une route tous temps que
dans le cas où l'on peut toujours franchir les ri-
vières ou les fleuves. Ceci peut être accompli de
façon progressive, au fur et à mesure de l'ac-
croissement du trafic routier. La construction du
drainage des bas-côtés de la route se fait au
stade initial de l'implantation de la route. Ce dis-
positif de drainage inclut la construction de ca-



prevent surface runoff from reaching the road-
way and to remove efficiently the rainfall or sur-
face water that reaches the roadway.

Compendium 5 deals specifically with road-
side drainage channels. lt includes information
for three different groups of highway personnel

- design engineers, construction engineers,
and maintenance engineers. The subject matter
treats design of roadside dratnage channels,
physical construction of roadside ditches and
adjacent embankments, and routine mainte-
nance of the drainage features of unsurfaced
roads including roadside drainage channels.

Roadside drainage channels should be de-
signed and constructed properly during the first
step in roadway development. lmproper design,

construction, or maintenance can cause costly
failures. Because some uncertainty exists in the
assumptions made in the design of roadside
channels, the channels should be observed
carefully during the rainy periods immediately
after construction. This extra precaution will en-
sure the discovery of design or construction de-
ficiencies before they cause major failures. Any
inadequacies should be corrected immediately
before future runoff increases the damage.

Rationale for This ComPendium

Compendium 5 describes the various types and
purposes of roadside drainage channels. lt pre-
sents a technique for estimating storm runoff
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mente quitar el agua de lluvia ó de drenaje que
le llegue hasta el camlno.

El Compendio 5 trata especificamente sobre
canales de aberturas del borde del camino, in-
cluyendo su diseño, construcción y manuten-
ción. Los canales de drenaje del borde del ca-
mino deberán ser correctamente diseñados y
construídos durante el primer paso en el desa-
rrollo del camino. Un diseño, construcción Ó

manutención incorrecto pueden causar fracasos
costosos. Ya que hay ciertas incertidumbres en
las suposiciones hechas en el diseño de los ca-
nales del borde del camino, éstos deberán ob-
servarse cuidadosamente durante los períodos
de lluvia inmediatamente después de la cons-
trucción. Esta precaución asegurará que se en-

cuentren las deficiencias de diseño o construc-
ción antes de que causen importantes fracasos.
Las insuficiencias descubiertas deberán corre-
grrse inmediatamente antes de que futuras
aguas de drenaje tengan oportunidad de au-
mentar el daño.

Exposición razonada
para este compendio

El Compendio 5 describe los varios tipos y pro-
pósitos de canales de drenaje del borde del
camino y sus propósitos. Presenta una técnica
para calcular el agua de drenaje de tormenta de
pequeñas áreas de drenaje, Esta técnica puede
utilizarse para calcular la cantidad de agua que

nalisations ou fossés qui détournent ou enlèvent
les eaux de ruissellement de toute la largeur de
I'emprise. L'objectif prìncipal du drainage des
bas-côtés de la route est à la fois d'empêcher
que les eaux de surface atteignent la plate-
forme, et d'enlever de façon éfficace les eaux de
pluie ou de ruissellement qui sont sur la plate-
forme.

Le recueil no 5 s'adresse spécifiquement aux
fossés de drainage des bas-cÔtés de la route.
Les donnees qu'il contient interesserons trois
groupes d'ingénieurs routiers: ceux qui s'occu-
pent des calculs, ceux qui feront la construction,
et ceux qui seront responsables de I'entretien.
Trois sujets seront donc traités lci: le dìmension-
nement des dispositifs de drainage du bas-cÔté
de la route, la construction de fossés et de rem-
blais, et I'entretien courant des ouvrages de
drainage de la route en terre, y compris les dis-
positifs de drarnage du bas-cÔté de la route.

Les fossés de drainage devraient être calcu-

lés et construits correctement durant le premier
stade de I'aménagement de la route. Des er-
reurs dans le calcul, la construction ou I'entre-
tien de ces fossés, peuvent résulter en un échec
complet et coÛteux. Comme il existe un certain
degré d'incertitude lors du dimensionnement de
ces dispositifs de drainage, ils devraient être
observés avec soin durant la première période
de pluie qui suivra leur construction, Cette pré-
caution permettra de découvrir tout de suite les
erreurs de calcul ou de construction avant qu'el-
les ne causent de très gros ennuìs. Chaque dé-
faut devrait être corrigé immédiatement pour évi-
ter des dégats additionnels lors de prochaines
pluies.

Objet de ce recue¡l

Le recueil no 5 décrit les différentes sortes de
fossés de drainage pour les bas-côtés de la
route et leur fonction. Une technique pour calcu-



from small drainage areas. This technique can
be used to calculate the quantity of water to ex-
pect in a specific drainage channel.

This compendium reviews the hydraulics of
drainage channels. lt describes design proce-
dures based on hydraulic principles. Examples
of channel designs are included. The general
design of drainage channels is valid for urban
and rural areas and for all classes of roads from
tracks to divided highways. Pipes flowing par-
tially full are also designed as open drainage
channels.

The information in this compendium will help
engineers to design and construct rural low-
volume roads that have an average daily traffic
flow of up to 400 vehlcles. Supplementary de-

sign charts are included for open-channel flow in
trapezoidal and triangular channels to assist the
designer in the solution of problems likely to ap-
pear in the drainage of low-volume roads. Most
of these charts are based on a channel side
slope of 2:'1 with varying bottom widths. lnstruc-
tions are included for the construction of similar
design charts that use other side slopes for
open-channel flow. Compendium 5 also includes
tables to simplify computations for the direct
solution of open-channel flow problems. These
tables cover a range of side slopes from vertical
to 4:1. Channel side slopes most commonly
used in low-volume road design fall within this
range.

This compendium includes a discussion of

podrá esperarse en un canal especifico de dre-
naje.

El compendio repasa las hidráulicas de cana-
les de drenaje. Describe los procedimientos de
diseño que se utilizan basados en los principios
de hidráulica presentados. Se incluyen numero-
sos ejemplos del diseño de canales para ilustrar
el procedimiento descripio. El diseño general de
canales de drenaje es válido para áreas urba-
nas y rurales y para todas clases de caminos,
de huellas a carreteras divididas. Los tubos que
floyen parcialmente llenas también se diseñan
como canales abiertas de drenaje.

La información contenida en este compendio
ayudarâ los inginieros de diseño y de la cons-
trucción de caminos rurales de bajo volúmen te-
niendo un TMDA de hasta 400 vehiculos. Por lo
tanto se incluyen diagramas de diseño suple-

mentarios para flujo de canal abierto en canales
trapezoidales y triangulares para asistir al dise-
ñador en la solución de problemas que proba-
blemente pueden aparecer en el drenaje de
caminos de bajo volúmen.

Casi todos estos diagramas se basan sobre
una pendiente lateral del canal de 2:1con an-
chos de fondo variables. Se incluyen instruc-
ciones para la construcción de diagramas de
diseño similares que utilizan otras pendientes
laterales para flujo de canal abierto, Este com-
pendio también incluye tablas para simplificar
las computaciones para la solución inmediata
de problemas de flujo de canal abierto. Estas
tablas incluyen todas las pendientes laterales
desde la vertical hasta 4:1. Las pendientes
laterales de canal que más comunmente se utili-
zan en el diseño de caminos de bajo volúmen
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ler le débit des averses sur de petites surfaces à
drainer est presentée, Cette technique peut être
utilisée pour calculer la quantité d'eau à évacuer
par un ouvrage spécifique.

Ce recueil éxamine I'hydraulique des fossée
de drainage. ll décrit des procédés de dimen-
sionnement basés sur les principes de I'hydrau-
lique. Des exemples sont inclus. Les principes
généraux de calcul de ces fossés sont valables
pour les régions urbaines et les régions rurales,
et pour toutes classes de routes allant de la
piste à la route divisée. Les méthodes de calcul
des canalisations conçues pour évacuer un vo-
lume d'eau inférieur à leur capacité totale sont
les mêmes que celles utilisées pour le dimen-
sionnement de fossés à ciel ouvert.

Les informations contenues dans ce recueil
aideront I'ingénieur routier à calculer et à cons-
truire ies routes à faible capacité dont le trafic

moyen journalier atteint 400 véhicules. Des ta-
bles de calcul supplémentaires sont incluses
pour les fossés à ciel ouvert dont la section
transversale est triangulaire ou trapezot'dale.
Ces tables aideront l'ingénieur à résoudre les
problèmes les plus courants du drainage des
routes à faible capacité. La plupart de ces ta-
bles sont basées sur des talus latéraux de pen-
tes de 2'.1 avec des largeurs de fond variables.
Des instructions sont incluses qui permettent de
développer des tables de calcul similaires pour
des dispositifs à ciel ouvert dont le talus latéral a
des pentes différentes. Le recueil no 5 contient
aussi des tables qui simplifient le calcul et per-
mettent de trouver immediatement la solution
des problèmes relatifs aux dispositifs à ciel ou-
vert. Ces tables ont un champ d'application qui
va de la verticale à 4:1 pour les pentes des talus
latéraux. Les pentes des talux latéraux de route



construction methods for open channels with
various types of tinings. lt also contains text and
illustrations that show the use of a grader (a) to
construct a basic earth road using material from
the ditch cut, (b) to clean ditches, (c) to con-
struct slope banks, and (d) to construct terraced
channels. Because the proper sequence of
blade settings for each operation is also de-
scribed, an excerpt about controlling the grader
blade is included for reference.

Compendium 5 discusses maintenance of var-
ious roadway drainage elements. These include
not only the types of roadside drainage channels
that are discussed here, but also some of the

drainage structures first described in Compen-
diums 3 and 4.

Discussion of Selected Texts

The first text, Desþn of Roadside Drainage
Channels, was issued by the U.S. Department of
Transportation as Hydraulic Engineering Circular
No. 4. lt is reproduced here f rom the December
1973 reprint of the May 1965 publication. lt notes
that the need to prevent erosion is not limited to
highway drainage channels, but extends
throughout the right of way. Erosion prevention is
an essential feature of adequate drainage de-
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caen dentro de estos límites.
El Compendio 5 incluye una exposiciÓn de los

métodos de construcciÓn para canales abiertos
con varios tipos de revestimientos. También in-
cluye el texto e ilustraciones que muestran el

uso de la niveladorapara (a) construir un
camino básico de tierra utilizando el material del
corte de lazanja, (b) limpiar zanjas, (c) construir
superficies de bancos, y (d) construir canales
terraplenados. Ya que este texto unicamente
describe la secuencia correcta de posiciones
de la cuchilla para cada operaciÓn, para prop-
ósitos de referencia se incluye una secciÓn de
texto que describe el control de la cuchilla de la
niveladora.

El Compendio 5 discute el mantenimiento de
varios de los componentes de drenaje del
camino. Estos incluyen no solo los tipos de
canales de drenaje del borde del camino de-
scriptos en este compendio, sino también al-
gunas de las estructuras de drenaje men-
cionadas en los Compendios 2 Y 3.

Presentación de los textos seleccionados

El primer texto, Design of Roadside Drainage
Channels (El diseño de canales de drenaje del
borde del camino), fue publicado por el U.S.
Department of Transportation como Circular No.
4 de lngenieria Hidrâulica (este ha sido repro-
ducido a partir de la reimpresion de diciembre
1973 de la publicación original en mayo de
1e65).

Dice que la necesidad de impedir la erosiÓn
no solo se limita a los canales de drenaje viales,
sino que se extiende a través de todo el dere-
cho de vía. Prevención de la erosiÓn es una
característica esencial del diseño de drenaje
adecuado. La erosión y manutención pueden
ser minimizados por la correcta consideraciÓn
de los siguientes factores:

1. Pendientes laterales planos, redondeados
y combinados con el terreno natural;

2. Consideraciones de diseño de canal de
drenaje (ubicación, ancho, profundidad, taludes,

à faible capacité sont généralement comprises
dans ce champ d'application.

Une discussion des méthodes de construction
des fossés à ciel ouvert et de différentes sortes
de revêtements est incluse. Ce recueil contient
aussi un texte et des illustrations qui démontrent
I'emploi de la niveleuse (a) pour construìre une
route de terre en se servant du matériau extrait
des fossés, (b) nettoyer les fossés, (c) pour
construire les pentes des talus, et (d) pour con-
struire des redans ou gradins. Comme ce texte
décrit aussi I'ordre de I'avoyage des lames pour
chaque opération, un extrait sur la commande
des lames de la niveleuse est aussi inclus
comme référence.

L'entretien des dìfférents éléments des dispo-
sitifs de drainage est aussi dìscuté. ll ne s'agit

pas seulement des fossés de drainage, mais
aussi de I'entretien de plusieurs ouvrages d'art
qui sont cités dans les recueils 3 et 4.

Discussion des textes choisis

Le premier texte, Design of Roadside Drainage
Channels (Dimensionnement des fossés de
drainage des bas-cÔtés de la route), a été pu-
blié par le U.S. Department of Transportation
comme Hydraulic Engineering Circular No.4 en
1965. Le texte reproduit ici est Ia réimpression
de Décembre .1973. 

Ce texte remarque que la
protection contre l'érosion n'est pas limitée au
drainage de la route elle même, mais dolt
s'étendre sur toute la largeur de I'emprise. La
protection contre l'érosion est une des caracté-



sign. Erosion and maintenance can be mini-
mized by proper consideration of the following
factors:

1. Flat side slopes, rounded and blended with
the natural terrain;

2. Drainage channel design considerations
(location, width, depth, slopes, horizontal and
vertical alignment, protective treatment);

3. Proper facilities for ground water intêrcep-
tion;

4. Protective devices such as dikes and
berms; and

5. Protective ground covers and planting.
The discussion in this publication is limited to
providing erosion control in drainage channels
by proper design, including the selection of an
economical channel lining.

The first step in designing a channel is to de-
termine the quantity of water the channel is to
carry. The use of the rational formula for calculat-
ing runoff from small areas is recommended.
This text notes deficiences that are inherent in
the formula. lt states that many refinements to
the formula have been suggested to improve the
runoff estimate. However, the collection of addi-
tional data and the increased work required by
these refinements do not appear warranted in
the design of drainage channels.

The text reviews the hydraulics of flow in open
channels and defines steady and unsteady flow.
Steady flow is further classified as uniform flow,
if the velocity and depth of flow are constant. Un-
iform flow conditions are rarely attained in drain-
age channels. However, the error in assuming

alineamiento horizontal y vertical, y tratamiento
protectivo);

3. Dispositivos correctos para la intercepción
de agua de drenaje;

4. Dispositivos protectivos tales como diques
y bermas; y

5. Coberturas del terreno y plantaciones pro-
tectivas.
El tema presentado en esta publicación se limita
a proveer control de la erosión en los canales de
drenaje por un diseño correcto, incluyendo la
selección de un revestimiento de canal
económico.

El primer paso en el diseño de un canal es de-
terminar la cantidad de agua que portará. El
texto recomienda el uso de la fórmula racional
para calcular el agua de drenaje de pequeñas
áreas. Nota las deficiencias que son inherentes
en la fórmula. Afirma que se han sugerido mu-

chos refinamientos a la fórmula para una posible
mejora en los cálculos del agua de drenaje. Sin
embargo, Ia colección de datos adicionales y el
aumento de trabajo requerido por estos refina-
mientos no parecen justificarse en el diseño de
canales de desagüe.

El texto repasa las hidráulicas de flujo en ca-
nales abiertos y define el flujo estable y no-
estable. Además el flujo estable se clasifica
como uniforme si la velocidad y profundidad de
flujo son constantes. Raras veces se llega a
condiciones de flujo uniforme en los canales de
desagüe pero el error en asumir un flujo uni-
forme en un canal de pendiente y sección trans-
versal bastante constantes es pequeño cuando
se lo compara al error en determinar la des-
carga de diseño, El uso de la ecuación Manning
dará resultados fidedignos para el diseño de
canales que tienen una distancia suficiente de

ristiques les plus importantes d'un bon système
de drainage. L'érosion et l'entretien peuvent être
réduits au minimum si I'on observe avec soin les
points suivants:

1. La pente des talus doit être rectiligne et
être raccordée par courbes au terrain ñaturel;

2. Le calcul des fossés latéraux doit se faire
en tenant compte de I'emplacement, la largeur,
la profondeur, les talus, les tracés horizontaux et
verticaux, et les mesures de protection;

3. Un dispositif correct pour intercepter I'eau
phréatique;

4. Des dispositif de protection comme des
digues ou des risbermes; et

5. Une couverture végétale de protection.
Dans cette publication, la discussion est limitée
au contrôle de l'érosion des fossés latéraux par

un dimensionnement correct, et au choix d'un
revêtement économique.

Le premier stade du dimensionnement d'un
fossé consiste à évaluer la quantité d'eau à éva-
cuer. L'emploi d'une formule rationelle pour cal-
culer le débit d'une petite surface à drainer est
recommendé. Ce texte cite les défauts inhérents
à cette formule, et remarque que de nombreux
perfectionnements ont été suggérés pour esti-
mer le débit. Cependant, le travail additionnel et
la collection de données causés par ces perfec-
tionnements, ne justifient pas leur emploi pour le
calcul des fossés latéraux.

Le texte passe en revue l'écoulement hydrau-
lique des fossés et donne la définition de l'écou-
lement stationnaire et de l'écoulement irregulier.
L'écoulement stationnaire est classé comme
écoulement uniforme, si la vitesse et la hauteur



uniform flow ln a channel of fairly constant slope
and cross section is small, when compared with
the error in determining the desìgn discharge.
The use of the Manning equation provides reli-
able results for the design of channels that have

sufficient dìstance of constant cross section,
roughness, and slope to establish essentially un-
iform flow. Examples demonstrate the use of the
Manning equation by direct calculation, the use
of prepared charts, and the use of tables com-
bined with direct calculatìons.

Nonuniform or varied flow, critical flow, subcri-
tical flow around curves, supercritical flow
around curves, and the Froude number are all

defined and discussed. Approþriate formulas
are given for each condition.

Design procedures are described for the lay-

out of the drainage system, channel grade,
channel alignment, channel section, and chan-

nel capacity. The use of channel charts and hy-
draulic tables contained in various handbooks is

explained. The significance of the channel
roughness coefficient is discussed. Channel pro-
tection, along with examples, is described. The
problems of the buoyancy of empty channels
with rigid linings and the application of com-
bined linings are considered.

Several methods of lining channels are de-
scribed. The necessity of filter blankets under
certain channel linings is explained as well as a
method of designing layers of filter materials.

Design of Roadside Drainage Channels also
contains a chapter about construction methods
for the various channels previously described.
Another chapter on the maintenance of open
channels is included. This chapter emphasizes
that maintenance is necessary to keep the
capacity of the channel at the design level.
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sección transversal, textura de superficie y pen-
diente constantes para establecer un flujo esen

cialmente uniforme.
Se dan ejemplos para demostrar el uso de la

ecuación Manning (a) por cálculo directo, (b)
por el uso de diagramas preparadas, y (c) por el

uso de tablas en combinaciÓn con cálculos di-
rectos.

Se definen y se habla sobre el flujo no-
uniforme ó no-estable, flujo crítico, flujo subcrí-
tico en curvas, flujo supercrítico en curvas y la
cifra Froude. Se dán las fÓrmulas apropiadas
para cada condición.

Se describen los procedimientos de diseño
para (a) la disposición del sistema de drenaje,
(b) pendiente de canal, (c) alineamiento de ca-
nal, (d) sección de canal, y (e) capacidad de

canal. Se explica el uso de diagramas de canal
y tablas hidráulicas contenidas en varios manu-
ales. Se habla sobre el significado del coeficiente
de la textura de superficie del canal. Se describe
la protección de canal con ejemplos ilustrativos.
Se toma nota de los problemas de flotabilidad de
canales vacíos con revestimientos rígidos. Se

trata sobre la aplicaciÓn de revestimientos com-
binados.

Se describen varios métodos de revestir cana-
les. Se explica la necesidad de coberturas de fil-
tro bajo ciertos revestimientos de canal junto

con un método de diseñar capas de materiales
de filtro.

Este texto también contiene un capítulo sobre
métodos de construcciÓn para los varios cana-
les previamente descriptos.

de I'eau sont constantes. Ces conditions sont ra-
rement atteintes dans les fossés de drainage.
Cependent, l'erreur commise en présumant l'état
d'écoulement uniforme dans un fossé dont les
pentes et la section transversale sont à peu près
constantes, est petite, comparée a I'erreur que
I'on peut commettre en calculant le débit à éva-
cuer. L'emploi de la formule de Manning donne
de bons résultats pour le calcul de fossés qui

ont des longueurs suffisantes de section trans-
versale, pente et rugosité constantes pour éta-
blir un écoulement essentiellement uniforme.
Des exemples démontrent l'utilisation de la for-
mule de Manning pour des calculs directs, en se
servant de tables ou en se servant à la fois de
tables et de calculs directs.

L'écoulement irrégulier, critique, sous-critique

autour des courbes, sur-critique autour des
courbes et le nombre de Froude sont définis et
discutés. Des formules appropriées sont don-
nées pour chaque condition.

Des méthodes de calcul sont décrites pour le
tracé du système de drainage, la pente longitu-
dinale du fossé, son tracé, sa section transver-
sale et sa capacité. L'emploi des tables de cal-
cul et des tableaux hydrauliques est expliqué'
L'importance du coéfficient de rugosité est dis-
cutée. Les moyens de protection des fossés
sont décrits, et illustrés par des exemples. Les
problèmes causés par la poussée dans les fos-
sés qui ont un revêtement rigide, et l'utilisation
des revêtements combinés, sont considérés.

Plusieurs méthodes de revêtement des fossés
sont décrites. La nécessité d'avoir plusieurs



This selected text discusses the economics of
drainage channels. Economical drainage design
means doing an adequate job at the lowest cost.
The lowest cost adequate channel maintains
proper balance between first cost, flood dam-
age, and maintenance cost, lt should have the
capacity and protection to carry the runoff for
which it was designed.

The second text consists of three excerpts
from Design Charts for Open-Channel Flow, is'
sued by the U.S. Department of Transportation
as Hydraulic Design Seres No. 3. The text is re-
produced from the November 1977 reprint of the
August 1961 publication. The material describes
(a) instructions for design charts that have been
excerpted, (b) the charts, and (c) instructions on

Se incluye un otro corto capítulo sobre el man-
tenimiento de canales abiertos. Este capítulo
subraya que se necesita mantenimiento para
sostener la capacidad del canal al nivel de di-
seño.

El texto seleccionado habla sobre los costos
relacionados con los beneficios de canales de
drenaje. Un diseño económico de drenaje signi-
fica realizar un trabajo adecuado al menor costo
posible. El canal adecuado de costo más bajo
mantiene un correcto equilibrio entre el primer
costo, daño por inundación, y costo de mante-
nimiento, y tiene la capacidad y protecciÓn para
portar el agua de desagüe para el cuál se di-
señó.

El segundo texto consiste de tres extractos de
Design Charts for Open-Channel Flow (Dia-
gramas de diseño para flujo en canal abierto),
publicado por el U.S. Department of Transporta-
tion como Series de diseño hidráulico No. 3. El

texto ha sido reproducido de la reimpresión de
noviembre 1977 de la publicación de agosto
'1961. Los extractos hablan sobre (a) instruccio-
nes para diagramas de diseño que han sido ex-
traídos, (b) los diagramas de diseño extraídos y
(c) las instrucciones que describen la prepara-
ción de diagramas de diseño para canales tra-
pezoidales no incluídos en el texto.

Los diagramas de diseño extraídos incluyen
los siguientes:

1. Diagramas de la sección transversal de
canales trapezoidales utilizando una (n) de 0.03
y pendientes laterales de 2'.1 (horizontal a verti-
cal). Se provee un diagrama aparte para cada
píe de ancho de fondo desde 2 píes a 10 píes (0.6
m a 3.1 m) y para cada píe (0.3 m) integral de
ancho desde 10 píes a 20 píes (3.1 m a 6.2 m). El

diagrama del fondo de 4 píes (1.2 m) de ancho
aparece en el Desþ n of Roadside Channels, por
lo tanto no se repite en éste.

2. Un diagrama de una sección transversal
triangular para utilizarse en secciones de zanja
de forma V de poca profundidad. Las instruc-
ciones de este diagrama deben ser cuidadosa-
mente ejecutados, ya que puede también utili-
zarse para secciones de calle encintadas.

3. Un diagrama de un canal con cobertura de
pasto de forma trapezoidal para pendientes la- xvii
terales de 2'.1y ancho de fondo de 4 píes
(1.2 m).

La tercera sección del segundo texto es el
Apéndice B de Construction of Design Charts
for Open-ChannelFlow (Construcción de dia-
gramas de diseño para flujo en canal abierto).
Describe la construcción de diagramas de di-
seño para canales trapezoidales con pendientes

couches différentes de matériau filtrant sous cer-
tains revêtements est expliquée, et la méthode
de calcul des différentes couches de matériau
filtrant est incluse.

Le livre, Design of Roadside Drainage Chan-
nels, contient aussi un chapitre sur la construc-
tion des fossés de drainage qui sont décrits an-
térieurement. Un autre chapitre, sur I'entretien
des fossés à ciel ouvert, est aussi inclus. Ce
chapitre met I'emphase sur le fait qu'il faut entre-
tenir ces fossés constamment pour qu'ils conti-
nuent à pouvoir évacuer le débit prévu lors de
leur dimensionnement.

Ce texte choisi discute les fossés latéraux
d'un point de vue économique. Un fossé de
drainage est appelé économique s'il fournit une
évacuation des eaux adéquate pour un coÛt mi-
nimum. Pour cela, ìl faut equilibrer le coÛt initial

de construction, le coÛt des dégradations cau-
sées par les inondations, et le coÛt de l'entretien.
En même temps, ce fossé doit avoir la capacité
d'évacuer le débit prévu, et être protegé contre
l'érosion.

Le deuxième texte choisi consiste en trois ex-
traits de Design Charts for Open-Channel Flow
(Cartes de calcul pour l'écoulement des fossés
à ciel ouvert), publié par le U.S. Department of
Transportation sous le tìtre Hydraulic Desþn Se-
ries No. 3. Ce texte est la reproduction de la
réimpression en Novembre 1977 de la publica-
tion originale d'AoÛt 1961. Les extraits discutent
de (a) les instructions pour les cartes de calcul
qui ont été choisies, (b) ces cartes de calcul, et
(c) les instructions pour préparer des cartes de
calcul pour ìes fossés de forme trapezoidale qui
ne sont pas inclus dans le texte.



preparing design charts for |rapezoidal channels
not included in the text.

The excerpted design charts include the fol-
lowing:

1. Trapezoidal cross-section channel charts
using an "n" of 0.03 and side slopes of 2:1 (hori-
zontal to vertical). A separate chart is provided
for each foot (0.3 m) of bottom width from 2 to 10
ft (from 0.6 m to 3.1 m) and for each even foot of
width from 10 to 20 ft (from 3.1 m to 6.2 m). The
4-fl (1.2-m) bottom width chart appears in De-
sign of Roadside Drainage Channels, so it is not
repeated here.

2. A triangular cross-section chart for use in
shallow V-shaped ditch sections. The instruc-

tions on this chart must be carefully followed be-
cause it can also be used for curbed street sec-
tions.

3. A trapezoidal grass-lined channel chart for
side slopes of 2:1 and a bottom width of 4 ft.

Appendix B - Construction of Design Charts
for Open-Channel Flow , the third excerpt f rom
this second text, describes the construction of
design charts for |rapezoidal channels with side
slopes, bottom widths, and roughness coeffi-
cients other than the ones presented in the pre-
ceding charts. lt describes the construction of
similar design charts for various configurations
of grassed channels.

The third selected text consists of selected
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laterales, anchos de fondo y coeficientes de tex-
tura de superficie otros que no sean los presen-
tados en los diagramas previos. La descripción
también incluye la construcción de diagramas
de diseño similares para varias configuraciones
de canales con cobertura de pasto.

El tercer texto consrste en tablas selecciona-
das del Handbook of Hydraulics (Manual de hi-
dráulicas) (H.W King, Cuarta Edición, 1954).
Esta publicación es un manual de hidráulica de
autoridad reconocida que en este momento está
en su sexta edición (ver Referencia 6). El primer
texto de este Compendio hace referencia a cier-
tas tablas de esta publicación por su número de
tabla en la página 29 del Compendio.

El texto contiene varios ejemplos para demo-
strar cómo se puede ahorrar tiempo utilizando
las tablas. Cada ejemplo se referencia a una
tabla específica. Las tablas seleccionadas son
como sigue: Tabla 92 - Raices Cuadradas de
Números Decimales; Tabla 95 - Números ele-
vados a ocho-terceros de Potencia; y Tabla 97

- Valores de K'en la Fórmula Q : K'b8/3 S1i2
n

para Canales Trapezoidales. Estas tablas han

sido renumeradas en las ediciones posteriores
del manual.

El cuarto texto es un extracto de Grading lllus-
trated (Nivelación, llustrada), Publicación TP 549
del Departamento de Publicaciones Técnicas de
Aveling-Barford Ltd., Grantham, England (1974).
Describe los métodos básicos de construcción
de caminos utilizando varios tipos de nivela-
doras de Aveling-Barford. Que se lo ha incluído
en este compendio no significa el respaldo de
esta marca de niveladora en particular. El texto
se escogió unicamente por la claridad y conci-
sión de la información presentada.

El texto dá instrucciones e ilustraciones para
las varias tareas que pueden ser llevadas a
cabo por una niveladora. La descripción de la
construcción de caminos de tierra comienza en
la página 136 del Compendio, Las etapas de
construcción detalladas son para (a) quitar el
césped, (b) nivelar la superficìe, (c) señalar la
zanja, (d) hacer un corte de zanja, (e) trasladar
la tierra del corte, (f) repetir los cortes de zanja,
(g) nivelar la pendiente exterior de la zanja, (h)
limpiar lazanja, y (i) terminar el peralte.

Les cartes de calcul choisies comprennent les
suivantes:

1, Des cartes de calcul pour les fossés de
section transversale trapezoidale qui utilisent un
"n" de 0.03 et des pentes de talus de 2:1 (de
I'horizontale à la verticale). Une autre carte est
fournie par pied de largeur de fond du fossé de
2 a 10 pieds (0.6 m a 3.1 m) et pour chaque
nombre pair de 10 à20 pieds (3.1 m a 6.2 m).
La carte de 4 pieds (1.2 m) de largeur de'fond
du fossé est incluse dans Desþn of Roadside
Drainage, donc nous ne l'avons pas reproduite
ici.

2. Une carte de section transversale triangu-
laire à utiliser dans les fossés peu profonds en
forme de "V". Les instructions pour se servir de
cette carte doivent être suivies très attentive-
ment car cette carte peut être utilisée aussi pour
le calcul des rues à bordure.

3. Une carte pour les fossés de forme trape-
zo'r'dale avec une couverture végétale et des
pentes de talus de 2'.1 et une largeur de fond de
4 pieds (1.2 m).

Le troisième extrait de ce second texte choisi,
Appendix B - Construction of Design Charts for
Open-Channel Flow (Annex B - Construction



tables from the Handbook of Hydraulics (H. W.
King, Fourth Edition, 1954). This publication is a
standard hydraulic handbook now in its sixth
edition (see Reference 6). The first selected text
in this compendium refers to selected tables
from this handbook by number (see Compen-
dium 5, page 29). lt also contains several exam-
ples to show how time can be saved by using
tables. Each example refers to a specific table.
The selected tables are Table 92 - Square
Roots of Decimal Numbers; Table 95 - Eight-
thirds Powers of Numbers; and Table 97 - Val-
ues of K' in Formula Q : [<l b t,t S 1/2 for

n

Trapezoidal Channels. These tables have been
renumbered in later editions of the handbook,

The fourth selected text is an excerpt from
Grading lllustrated, Publication TP 549 of the
Technical Publications Department of Aveling-
Barford Ltd,, Grantham, England (1974). lt de-
scribes basic roadbuilding methods using vari-
ous types of Aveling-Barford graders. lnclusion
in this compendium, however, does not repre-
sent an endorsement of this grader, The text was
chosen solely for its clarity and conciseness.

The text gives instructions and illustrations for
various tasks that can be performed with a
grader. (See Compendium 5, page 136). The

El texto describe en el mismo método de paso
por paso la construcción de zanjas (trapezoida-
les) de fondo plano y la formación de pendien-
tes graves. El texto también describe la cons-
trucción de terraplén. Los terraplenes se llaman
canales de interceptación en el primer Texto Se-
leccionado.

Cada paso de cada operación se describe en
detalle. Algunos pasos se describen como ope-
raciones independientes y preceden la descrip-
ción de la construccíón de caminos de tierra.
Las instrucciones contienen tales detalles como
"Ajustar el borde superior de la cuchilla para
atrás para realizar cortes". La primera sección
del texto describe los métodos correctos de
controlar la cuchilla para seguir tales instruccio-
nes. Por lo tanto este texto incluye información
sobre la operación de la cuchilla de la nivela-
dora y técnicas básicas de nivelación. Se sumi-
nistra esta información como antecedente de las
instrucciones sobre construcción de canales.

El quìnto texto consiste de extractos de Road
Maintenance Practice (Prácticas de manuten-
ción de caminos), publicado por el National As-
sociation of Australian State Road Authorities en
1975. El primer extracto, Section 1 - lntroduction
(Sección 1 - lntroducción) presenta anteceden-

tes para el resto de la publicación. Sugiere que
el propósito de un programa de manutención es
el de controlar la velocidad de deterioro de un
camino. El programa debería asegurar que la
utilidad del camino no caiga debajo de algún
nivel mínimo que sea determinado por los recur-
sos y política de la autoridad vial que se con-
cierne con é1. El manual mismo dá un plan ge-
neral de procedimientos para el correcto cum-
plimiento de una manutención rutinaria.

El segundo extracto, Secfion 4 - Drainage
(Sección 4-Drenaje) es reproducido totalmente.
lncluye información sobre el mantenimiento del
drenaje en superficies de cascajo y superficies
no-pavimentadas. Las superficies no-
pavimentadas se definen como las superficies
que se componen de material natural que se
encuentra en las capas superiores del terreno
sobre el cuál cruza el camino. Describe la ma-
nutención de los varios elementos de desagrie
que se encuentran a lo largo de un camino, in-
cluyendo (a) desagLles de meseta ó canales de
calzada, (b) drenajes de talud ó vertederos, (c)
desagLjes laterales ó canales de la base de te-
rraplén, (d) drenajes de desviación, (e) drenajes
colectores o canales interceptantes, (f) cruces
inundados y vados, (g) alcantarillas, (h) puentes
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de cartes de calcul pour fossés à ciel ouvert),
donne les éléments pour construire des cartes
de calcul pour les fossés de forme trapezoidale
avec des pentes de talus, largeurs de fond et
coéfficients de rugosité différents de ceux qui
sont offerts dans les cartes précédentes. ll ex-
plique aussi comment construire des cartes de
calcul pour des fossés à couverture végétale de
conf igu rations différentes.

Le trorsième texte choisi consiste en tables ex-
traites du livre Handbook of Hydraulics (Manuel
d'hydraulique, H.W. King, 4" Edition, 1954). Ce

livre est maintenant à sa sixiéme édition (voir ré-
férence 6). Le premier texte choisi de ce recueil
mentionne certaine tables de ce manuel en ci-
tant le numéro de la table (voir Recueil no 5,
page 29). ll faut remarquer que Ie numéro de
ces tables est différent dans les éditions ulté-
rieures. Plusìeurs exemples moritrent comment
on peut gagner du temps en se servant de ces
tables. Chaque exemple se rapporte à une table
spécifique. Les tables dont nous parlons ici sont
les suivantes: Table 92 - Racines carrées de
nombres décimaux; Table 95 - Puissance 8/3



step-by-step construction stages describe how
(a) to remove the turf, (b) to level the surface, (c)
to mark out the ditch, (d) to make a ditch cut, (e)
to move the windrow over, (f) to repeat the ditch
cuts, (g) to grade the ditch outslope, (h) to clean
the ditch, and (i) to finish the camber.

The text describes the step-by-step construc-
tion of flat bottom (trapezoidal) ditches, the
banking of steep slopes, and terrace construc-
tion. Terraces are called intercepting channels in
the first selected text.

Each step of each operation is described in
detail. Some steps are described as indepen-
dent operations and precede the description of
earth road construction. The instructions contain
such details as "set blade pitch back at the top
for cutting". The first section of the text de-
scribes the proper methods of controlling the
blade to follow such instructions. This text, there-
fore, includes information on operating the
grader blade and basic grading techniques.
Such information is provided as background for
the instructions on channel construction.

The fifth text consists of excerpts from Road
Maintenance Practice (National Association of
Australian State Road Authorities, 1975). The first
excerpt, Secflon 1 - lntroducfion, serves as a
background for the rest of the publication. lt
suggests that the purpose of a maintenance
program is to control the rate of road deteriora-
tion. The program should ensure that the ser-
viceability of the road does not fall below some
minimum level. This level is determined by the
resources and policy of the road authority con-
cerned. The manual outlines procedures for
proper performance of routine maintenance.

The second excerpt, Section 4 - Drainage, is
reprinted in full. lt includes information about
drainage maintenance for both gravel surfaces
and unpaved surfaces. Unpaved surfaces are
defined as surfaces consisting of natural mate-
rial found in the top layers of ground over which
the road passes. lt describes the maintenance
of the various drainage elements found along a
roadway, including table drains or roadway
channels, batter drains or chutes, side drains or

e (i) drenajes de subsuelo.
El tercer extracto, Secfion 10 - Bridges and

Culverts (Sección 10 - Puentes y alcantarillas)
es tambien reproducido totalmente. Trata con la
inspección y manutención de estructuras de
puentes y alcantarillas. lncluye las reparaciones
que requieren atención inmediata que podrían
ser ejecutadas por el personal de manutención
del camino. No trata sobre inspecciones deta-
lladas ni reparaciones estructurales.

Bibliografía

Los textos seleccionados son seguidos por una
breve bibliografía que contiene datos de refe-
rencia y abstractos para 11 publicaciones. Los
primeros 5 describen los textos seleccionados.
Los otros 6 describen publicaciones que se
asocian intimamente con los textos selecciona-
dos. Aunque hay muchos artículos, informes, y
libros que podrían haber sido nombrados en la

de nombres; et Table 97 - Valeur de K' dans la
formule Q : K' b8/3 51/2 pour les fossés de

ñ
forme trapezoi'dale.

Le quatrième texte choisi est extrait de Gra-
ding lllustrafed (Le nivellement illustré, Publica-
tion TP 549 du Technical Publications Depart-
ment, Aveling-Barford Ltd., Grantham, England,
1974). Ce texte décrit les méthodes de base de
construction d'une route en utilisant différents
types de niveleuse Aveling-Barford. Le fait que
ce texte est inclus dans ce recueil n'implique
pas une recommendation de cette marque. Ce
texte a été choisi uniquement pour sa clarté et
sa concision.

Ce texte comprend des instructions avec illus-
trations pour les différentes sortes de travaux
que l'on peut exécuter avec une niveleuse. La
description des terrassements commence à Ia
page '136 de ce recueil. On décrit pas-à-pas les
stades progressifs de la construction: comment
décaper la terre végétale, niveler la surface,

marquer l'emplacement des fossés, creuser les
fossés, étaler le cordon en sol, re-creuser les
fossés, niveler les contrepentes, déblayer les
fossés et finir le bombement de la plateforme.

Ce texte décrit pas-à-pas la construction de
fossés à fonds plats (forme trapezoÏdale), le talu-
tage de pentes très inclinées, et la construction
en redans ou gradins. Dans le premier texte
choisi on utilise les mots anglais "intercepting
channels", que nous avons traduit par "redans"
ou "gradins", alors que dans le quatrième texte
choisi, on utilise le mot anglais "terrace" pour
dire la même chose.

Chaque stade de l'opération est expliqué en
détail. Certains stades sont décrits comme des
opérations indépendantes et précédent la des-
cription des travaux de construction de la route.
Les instructions contiènnent des détails comme
"lnclinez le haut de la lame en arrière pour ex-
caver". La première partie du texte dècrit la
méthode à employer pour contrôler I'angle de la
lame, et ainsi pouvoir suivre ces instructions. Ce



toe-of-slope channels, diversion drains, catch
drains or intercepting channels, floodways and
fords, culverts, bridges, and subsoil drains.

The third excerpt, Secfion 10 - Bridges and
Culverts, is also reprinted in full. lt concerns in-
spection and maintenance of bridge and culvert
structures. lt includes repairs that require
prompt attention and that might be done by road
maintenance personnel. Detailed inspections or
structural repairs are not discussed.

Bibliography
The Selected Texts are followed by a brief bib-

liography containing reference data and
abstracts for 1.1 publications. The first five de-
scribe the Selected Texts. The other six describe
publications related to the Selected Texts. Al-
though there are many articles, reports, and
books that could be listed, it is not the purpose
of this bibliography to contain all possible refer-
ences related to the subject of this compendium.
The bibliography contains only those publica-
tions f rom which a 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.

bibliografía, no es el propósito de ésta contener
todas las referencias posibles sobre el tema. La
bibliografía contiene unicamente aquellas publi-
caciones de las cuales se seleccionó texto ó
publicaciones báslcas que hubieran sido selec-
cionadas si no hubiera un límite al número de
páginas en este compendio.
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texte donc comprend à la fois les instructions
pour utiliser la lame de la niveleuse, et des ins-
tructions pour les techniques de base du nivel-
lement. Nous avons inclus ces données de base
comme préparation aux instructions sur la con-
struction des fossés.

Le cinquième texte choisi consiste en des ex-
traits de Road Maintenance Practice (Entretien
de la route, National Assocìation of Australian
State Road Authorities, 1975). Le premier extrait,
Section - lntroduction, présente les données de
base pour le reste de la publication. ll suggeste
que le but d'un programme d'entretien est de
contrôler la vitesse de dégradation de la route.
Ce programme devrait assurer que l'état de pra-
ticabilité de la route ne tombe pas au dessous
d'un certain niveau. Ce niveau est determiné par
les allocations et la politique routière des authori-
tés. Le manuel esquisse les techniques pour as-
surer la bonne performance d'un programme
d'entretien.

Le second extrait, Secfion 4 - Drainage, est

reproduit en entier. ll comprend des informatìons
sur I'entretien des dispositifs de drainage pour
les surfaces en gravier et les surfaces non trai-
tées. Les surfaces non traitées sont définies
comme des surfaces composées de sol naturel
qui se trouve dans les couches supérieures de
terrain sur lequel la route passe. L'entretien des
divers dispositifs de drainage d'une route est
expliqué, entre autre, I'entretien des fossés laté-
raux de deblais, des avaloirs, des fossés de
remblais, des saignées latérales de dégage-
ment (arêtes de poisson), des fossés captants
ou de garde, des radiers et des gués, des pon-
ceaux, des ponts et des drains sous-chaussée.

Le troisième extrait, Section 10- Bridges and
Culverts (Ponts et ponceaux), est aussi reproduit
en entier. ll concerne I'inspection et l'entretien des
ouvrages d'art. Les réparations qui demandent
I'attention immediate, et qui peuvent être faites par
les équipes d'entretien, sont aussi incluses. Les
inspections en détail et les réparations des struc-
tures ne sont pas discutées.
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Bibliographie
Les Textes Choísis sont suivis d'une brève bi-
bliographie contenant les références et les ré-
sumés de onze publications. Les cinq premières
se rapportent aux Textes Choisis. Les six autres
à des publications qui ont rapport aux Textes
Choisis. Bien qu'il y ait beaucoup d'autres arti-
cles, 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 bi-
bliographie, telle quelle, se rapporte seulement
aux publications dont nous avons choisi des ex-
traits, ou aux textes de base que nous aurions
choisi s'il n'y avait pas de limites quant au nom-
bre de pages de ce recueil,



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 f it inside the frames. No other
changes have been made in the original mater¡al 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 fol lowing 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 Ia 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 l'encadrement. 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 l'intérieur
de I'encadrement. La pagination du recueil est

à l'extérieur de l'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 por,tions 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
om itted.*"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 seleccíonado 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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PREFACE

This pubìicntiort, the fotrrth in a series ptrblished l¡-r' tl¡c Fe<lerrl

Iliglrrvrrr, .tthlti¡istr.¡rtion on t[e h.r'flrnrrlie desig¡ of Iig[r'rv <l¡rri¡-

age stnictures. eonrLtins metho<ls of open'ehlntrel rlesign inelutling
tleter¡ninntio¡r of the size of ch¿tnnel lntl ¡rlotectiorl reqrtiletì to pre'

vettt erosion. Plineiples rrnd prrre<lrrres nt'e explrrinetl lrttt lttl set rl1'

mles c¡¡n be furnished thlt rçill ap¡rl,v to lll of the tnittry divelse

combin¡tions of topogrlphy, soil, ancl clinrate ilrtrt exist s'here ltigh'
rtnys are built. Design of rondside druinuge churnels rvill contintte

to rcquire an engitreer rvell versed in h¡'draulic tlreor',v nnd in high-
rtay árainnge practice. The open'clrtnnel llorv clrrrrts of llyclratrlic
Design Series No. 3 nnd hyclrlrrlic t¿rbles srtelt tts those of referellce

28 will grertl)' redrrce the rrork of conrptrting clturnel ctptcity.

This reprint is identic¡l l'ith the lg6i edition of ll,r'draulic Desigr
Series lfo. -l rçith the exceptiotl of a redesigned cover, revised preface,

and updated references.
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LET?ER SYMBOLS AND UN¡ÎS

Str¿., Utþt ùãt?aþt
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D lt. Height ol conduit or diamet€r of circular

conduil
d lt. Depth of flow st eny section
d. !t. Criticgl depth of fiow in chsnnel

d. rr. Mean deptb 
"r 

n"* (f)
d" ll. Normal depth of flow in uniform

ch¿nnel fo¡ rteady flow

¡ Froude number=å
,,lod-

e ít.lrerc.t Àccelerstion of gravity:32.2
H Ít. Tot¿t head
II, î¿, Speciñc hesd at minimum energy

:d,*V,rl2g
H. ft. Speci6c head:dflã/2q
,l ft. Vertical drop in ditch check
ht lt, Cumulative loesæ in a, channel re¿ch
t' in./hr. Average ¡¿infalt int¿nsity during the

time of concentr¡tion

Channel .onu"yrn". - !r!9¡ p,
1t

ft. Slone diameter for bank prot€ction
(165 lb./ft.t stone)

Entr¡nce loo¡ coefrcient
ft, Stone dismeter for b¡nk protection for

rtone weighing other than 165 lb./ft.¡
ft. længth of channel reach

St|åd Unf{ D.ntf,rÐ
r Manning roughness coefficíent
Q c.f.¡. Ratæ of dircharge

R ft. Hydraulic rrdíll -#
I IL.ß|. Slope of the energy grade tine (lotal

head line). When the Manning
equation applies, S-S¡

8. Îf.lff. glope that produces the ¿llor¡ble
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S. ffJff. that particular elope of ¡ uniform
channel ¡t which normal depih equalr
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Chapter I.-INTRODUCTION

t.l Gcncr¡l. Roadside drainoge ch¿nnels perform
tbe vital function of diverting or removing surface water
f¡om the bighway rigbt-of-way. Tbey ahould provide the
most efficient dispoeal system consistent with cost' impor-
t¡nce of the road, economy of úsintenâûce, and legal re-
quirements. One otandard channel will rarely provide the
roost Estisf¡ctory drainage for all eections of a highway,
dtbougb it might be adequate for most loc¡tions, Thug,
the design engineer needs procedures for designing varioue
typea of chauneLe. This publication discuEses flow in
roadside drainage channels, estimÂtion of peak discharges
from ¡mall areÂs, prevention of channel erosion, and pre.
sentE methodr for the design of drainage channels required
to ¡emove ru¡off from the Er€e immediately adjacent to
the bigbway.

Drainage channel design requires, 6rst, tbe determina-
tion of where surf¡ce or ground wateÌ will occur, in what
quantity, and vith y/hat frequency. This is a hydrologic
problem. Then structu¡es of appropriate capacity must
be designed to divert water lro¡n the highway roadway, to
remove pate¡ th¡t reeches the roadway, and to pass col-
lected wrter unde¡ the roadway. This is a hvdraulic
problem. This publication will discues only the part of
the problem that deals with roadside drainage channele;
however, meny of the principles diecuss€d also apply to
Detural Et¡eamô.

Ercion control (I) t is a necessary pårt of good drainage
decign. Unle¡¡ tbe side elopes and the drainage channels
them¡¿lves are protected from eroeion, un8ightly gullieE
eppe.ar, maintenanco cost8 increåse, and Ecctions of the
highwa¡, may be damaged or even destroyed.

Drainage deaign begine witb the road location, toc¿-
tion¡ that avoid poorly droined oreas, unstable eoil,
frequently flooded areas, and unneceesary 6treom crossinBs
greatly reduce the drainage problem. Dets gsthered in
the ñeld peroit aolution of the drainage probleme thet
cannot b€ avoided when locating the highway. Adequste
not¿c on farm draiuage, terraces, and m¡nm¡de channels
Ere psrticuls¡ly importsnt, ss thesè chsnnels ¡¡e geldom

¡howu on topogrephic maps.
Tbc decígo of ro¡dside drainage channels h¡s been

di¡cu¡¡ed by Izzard (t), and criteri¡ for drainage chonnel
derign appearr in the publication, "A Polícy on Geometric
Deaign of Rural Highways" (l), Subsurface drainage of
highwayr i¡ di¡cu¡sed in Highway Resesrch Boord Bul-
letin 209 (J) eûd the function of highway shoulden in
rurface drainage is dkcussed by Ackroyd (J).

In thir publication, typrs $nd 6ections of drrinage chan-
¡ ¡tdtc nuh.ñ ln Þr¡€nths Fl€r to th6 RLñnc! on p. 51.

nels ¿re firat diecuased, followed by a diecussion of channel
alinement, $ade, and protection from ero¡ion, Hydro-
logic and hydraulic principles ore discussed brieffy and
deaign procedurea are presented with typicel charts for
determining channel eize. Finally, the methods described
are applied in the design of the channela illustrated in
figure 2, Fo¡ convenience ôf the user, all tsbles are
placed in appendix À.

The design procedures discuosed in thie publication are

oniy tools to aid in solving the surface drainage problem-
theÌe iB no stendard eolution. The drainage problem of
each section of highway is individual ¡nd for eolution
requirea edequate field d¿t¿ and sn engineer erperienced
in highway drainage.

1.2 F¡ctorg in deeign, The primary purpose of
¡oadeide drainage channele iB to prevent surface runoff
from reaching the rosdw¿y and to efficiently remove the
¡einfall or Burfsce water that reaches the roadway, To
ochieve this purpoee, the drainage channels should have
adequate capacity for the peak ratea of runoff tbat recur
with s frequency depending upon the class of road and the
risk involved. On lers importtnt roads q¡here little damege
would regult from overtopping of the drainage channel
and where trsffic would euffer only minor inconvenience'
e peek runofi thgt recurE frequently might be satisfactory.
On major highweyo or on minor highwsys where eeriou¡
erosion demage would result from overtopping the d¡sinage
channels, a lers frequent peak runofi might be used as

the design runoff,
The frequency used depends eourewhat upon the climate,

the topography of the area, and the coat of the drainage
Bysten¡. Water etending on the edge of the traveled wry
for a few ñinuteo during an inten¡e etorm míght not
interfere with treffic movement 8ny more then the storm
it¡elf, tlut ahould çater remain for a long time o¡ collect
in pavement sags or in underpase depressions, e trsfiìc
hazard will r€sult. At locations where ahoulder gutters
protect high fifb highfy BuEceptible to erosion, the peak
discharge for which the channels are decignod might be

grester thsr the clsss of the rosd would otherwiee w&rr8nt.
Bureau of Public Ro¿d¡ policy requires thst on Inter-

stste Syatem p¡ojects, all drlinage fscilities other than
culvertr and bridges be designed to keep the traveled
ways usable during storms st leæt ss çeat Âs thet for a
l(lyerr frequency, except th8t û 5ù]'eÂr frequency shall
be used for underpass or oùher depressed,roadways where
ponded wrter can be removed only through the storm'
drsin system.
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INTERCEPTING CHANNELS

ROADWAY CHANNELS

Tbe ccpacity of a draiaage chennel canying unilorm
lor dependr upon ite abape, eize, rlope, and rougb.nese.
For a givea channel, the capôcity become¡ greater when
the grade or the depth of flow i¡ incre¡¡ed. Tbe ch¡nnel
clpÀcity decres¡ea as lr¡e cbannel ¡urface becomea rougber.
For erample, e rubble or Btone gutter hsr only about half
the capacity of a concrete gutt€¡ of the ssme eize, ahape,
and dope becguse of tt¡e diffe¡enceð in ch¡nnel roughnær.
Ä rough ebannel is ¡ometime¿ an advantage on steep
rlopec wbere it, ir deâbÀblo to keep velocitiea from b+.
ooming too high.

The mo¡t eñcient ahapc of ch¡nnel í¡ th¿t of ¡ aemi-
circle, but bydraulic efrciency í¡ ¡ot the ¡ole crit¿rion.
In ¡ddition to p€nondDg ilc hyd¡sulic function, tbe
drainage cbannel ¡bould be economical to conltruct, Ând
¡equiÌe littlè meintênance during the life of the roadway.
Ch¡n¡el¡ sbould also be ssfe for vehicler accidentaUy
leaving tbe t¡aveled way, plearing in appearance, and
diapoae of collected wÂt€r without damage to the abutting
prop€rty, Mo¡t of tbee edditional requirementa for
drainage ehan¡el¡ ¡educe the bydraulie capÂcity ol the
ch.'¡nel. Thur, the beat decign for a ps,rticul& section

2

WATER SPFEAD
OVER HILLSIDE

FiF¿;l-:::.i

ol higbway ia a compromise among the varioue requir*
roent¡, Eometimes sith eåch requirement baving a dif-
ferent inffuence on the deaign from that of anotber cection.

l.t Ttp.r of drrina¡c ch¡nnel¡. Highway draioage
chenneb may be classi6ed according to functioh !¡:
gutte¡e, chutes, roadway channels, to€-of-slope channeb,
intercepting channele, median swales, and channel changea.
Figure 2 showe s typical divided highway in a bumid
region where eeveral types of drainage cbannels are needed
to drrin tbe highway. Startin8 at the outÆr edge of the
rigbt-of-way are the intercepting channels on the naturel
ground outaide the cu! or ñll slope, or on benches breaking
the cut Blop€. Next sre lhe roadway channels between
the cut alope and tbe ehoulder of the road and the toe+f-
elope channels which t¡ke the watÆr diacharged from the
roadway chennele and convey it along or near the edge of
the roadway embankment to s point of di¡possl. ¡t
ohallow depression o¡ ¡wsle drain¡ the median. Tbe
types of drainage channel¡ are de6ned and discussed in
aubeequenù sectione of this chaptcr.

l.{ Guttcr¡. Gutterr Bre the chsnnel¡ at the ed¡er
of the pevement or tbe ¡houlder formed by a curb or by a
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rhallow depreeeion. Cutterr ¡re ínveriably paverl with
concrete, bricL, stone block¡, or some other structural
meterial.

Cutters sÌe generally used in lieu of other type channels
for u¡ban highway drainage and a¡e Eometimes used in
rural areas, particullrly on purkwoys, itr mountsinour
rcgionr, in Eections with lirnit¿d rißht-of-way, in arc¡s of
poor roil atability, and for special drainage problcms such
¡¡ tra6c interchanges and rnderpasses.

l¡ ¡rea¡ wherc voget¿tive covor ca,nnot be used to
pttvent ercsion damago to high ñlls, shoulders are dcsigned
to ærve s! s gutter çith I curb conEtructed at, the out¿r
edSB to con6ne the wat¿r to the shoulder. The water
collect¿d in the gutter is discharged down the slope through
chut s. The curb mry be made of earth, bituminouE
material, portland cement concæt¿, ot cut stone.

lJ Cbute¡. Chutes, aa ue¿d in this publication, are
rteeply iaclíned open or closed channels, wbich convey the
collect¿d water to a lower level. Chut¿e ¡r€ also catled
ûumes and apillways. The most common applicotions in
híghway construction arc the chutcs used to convey woter
down cut or ûll elopes. Open chutee can be metal or be
paved t'ith portlsnd cement concrete, bituminous materiel,
stone, o¡ eod, depending upon the volume and velocily of
the weter to be removed. On long slopes, closed (pipe)
chutes ¡re generally preferable to open chutæs because in
an open chute the high velocity wat€r is likely to jump
out of the channel, erode the elope, and destroy tle chute.
AIco, open chutes may inte¡fere with mechine-mowing
operations on the roadway slopes. The inlet of atl chutæs
must be adequately designed to prevent water bypassing
the chut¿ and eroding the slope. Frequently energy dis-
lip¿torE or other types of erosion protection src needed et
the chute outlet.

1,6 Rordrry ch¡nnel¡. Roadway channels are the
ch¡nnels provided in the cut æction to remove the runoff
f¡om r¿in felling on the roadway and on the cut slopcs.
These channels a¡e sometimes called gutters when ptved;
however, in this publication psved channels sepsrât€d
frcm the tr¡veled way will be cslled roodway channols.

A n'elldesigned roadwo.v chsnncl removes storm wster
fþm the cut areas with the lo*.est ovcrall cost, including
coet of maintenance, and with the least hrzsrd to traffic.
The ch¡nnel should also be plccsing in eppearance. To
meet thesê rcquircrncnts, the AÅSIIO (l) ,,Policy on
Geomelric Design of Rural Highwa.vs" recotnmcnds thnt
wherc terrâin pernits, ro¡dsidc dru,inage channels bt¡ilt-in
earth should have sidc slopcs not stecpcr thsn 4 horizontsl
to I vertical, and a rounded bottom st least ¡[ fect nide.
Flatt¿r side slopes are desirable on ch¡nnels bt'sirJc low
fills. The dcpth of channcl should bc sufficient to rt'lnove
the w¡t¿r without saturating the psvernent subgrade.

It is u¡necesssry to stendlrdize the design of ro¡¡dside
dreinage channels for eny length of highway, Iríot only
c¡n tbe depth ¡nd b¡e¡dth of the channel be varied with
vrtist¡on in the amounts of runofrn rste of channel grode,
lad distance between lat¿ral outfrll culverts, but the
dioensions c¡n bc varied by the use of difrerent types of
channel lining. lior is it ncces{rrt to st¿ndnrrlize thc
htôr8l dist¡nce b€tscen thc chan¡tel r¡nd the edge of pave-

ment. Oft¿n liberal oflsets can bc obtained wherc cut!
rrr: slight and where cuts cnd rnd ñlls bc¡{in,

,{utomobile proving ground test¡ report€d by Stonex
(6) rhow that t,ho most, ímportant element in coatrolling
the shock of impaet when driving inlo a flat eloped chsnnel
is the length of vertical curvo b¿tween the eido elopel and
the channel bottom. (See fig. 3.) For a e¡æed of 85
miles per hour and a atriking anglo of 15. with tho ch¡nnel
centerline, on ¿ chsnnel with ¡ 6:l side alope, a vertical
cuwe 6ll feet long i¡ recommended and ¿ vertic¿l curve
about, l0 feet long i¡ recommended for Â channol w¡th s
4:l aide rlope.

1.7 Toc-of-slogc ch¡nnels. To+of-slope ch¡nnel¡ are
loca¿ed rt or ne¿r the tog of s ûll when it is necesaary to
convey wst¿r collected by the roadway ch¿nnel to lho
point of disposal. On the downhill eide of'the highway,
this chsnnel can often be laid on e mild slope snd thó lorsr
end flared to spread the wato¡ over the hillside. Where
this prectice would cause erosion or permit weter to drain
inæ the highway embûnkment, the Coeof-slop€ channel
must convey the storm water to s n¿tural wat€rcoutla.

In arid and semiarid regjons, the water droining out of
the roadway cut should be diverted away from the ûll fa¡
enough eo thst it does not come back to the highway.
The landoç ner will seldom object to receiving storm watær
from the highway, provided it, is delivered without causing
erosion.

l.t lntercepting chennels. lntercepting ohsnnels ¡re
locåted on the natural ground near the top edge of s cut
slope or along the edge of the right-of-wsy, to Íntær'cept the
runoff f¡om s hillside before it ¡eaches the rosdway.
Intercepting the surface ffow reduces erosion of cuü slopes,
lessens silt deposition and inñltrstion in the rocdbed ¿¡e¡,
and decre¡ses the likelihood of flooding the highway in
severe stormg.

Int€rcepting Eurface water is particut&r¡y important in
arid aad semiarid regions. Intercepting dikee may be
built well back from the top of the cut slope and generally
on a flat grade until the wster cen be spread or emptied
into I nåtural s'aüeicourse. In most cases, the owue¡s of
rangelond will permit highway depsrtments to conEtruct a
series of contour furrows beyond the right-of-wcy i¡ order
to rêcover the water.

An intercepting channel constructed by formiag a díke
wíth borrow material is superior to rn ercsvâted channel
becnuse the lstter destroys the nntural ground cover and
is more líkely to crode. Csre ehould be t¿ken to avoid
ponding water at the tops of slops subject to sliding. In
slide nreas, storm wateÌ should be intercepted and ¡emoved
os rapidly as practiclble a,nd sections of the channel cross-
ing highly permeable soil might require lining with im-
permeuble mate¡i81.

-{- ' --.--vERtrclL cuRvE\ ,¿-
ro¡ SLOPE

tc*o""€l gotro*

Figurc 8.-Loeatton of o.tl¡cal curaet ín channcl
ctota saction.
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1.9 Iltedlrn ¡r¡le¡. lrledian sqalc¡ are the shsllow
depressed srcso Ât or near tho cente¡ of metìisn¡ uoed to
drain the medi¡n ¡re¡ nnd portíons of the rondwa¡'. The
depresscd sree or swalc ie sloped longitudinall.r foi drain-
age, and At intervals tbe n'ater is interceptcd b¡'ínlets and
discharged from the roadway, I¿ is nor necesssry t,b&t the
longitudinal slope of the ewale conform to the pÀy€Eent
grade, particularly on flat gradea. (See sec. 4.3.)

Generally, curbs cre not providcd on the edge of the
psvement and the median swale dr¡in¡ part or all of tbe
psvement ¿re¡ in ¡ddition to the median ar€a. Even
whe¡e curbe are provided, it ie preferable to alope medians
vider than l5 feet to g swa¡e. This keepe watÆr in the
median off tbe pavement and prevente snowmelt wÈt€r
from runniug onto the psvement, rnd becoming o h¡zard
after a quick freeze, ]fediens less than 15 feet n'ide are
generally crowned for drainage, snd if under 6 feet in width
the medign is ueually paved, Six feet is about tbe mini-
mum width tbat can be mowed ¡rith mecha¡rical equipment
(¡ee f).

l.l0 Ch¡nnel changeo. Chennol changes alter the
alinement or crogg sectiong of netural wst€rcourses.
Replacing a long sinuoua natural ch¿nnel by a short*r
improved chennel *'ill i¡crea¡e the chennel slope and
ucually decrease the cha¡¡nel roughness. Both of these
chengee cause 8n increa¡e i¡ tbe velocity of the flowing
w¿tær, Eometimea enougb to ceus€ demage to tbe highway
embankment near the stream or excessive scour sround
footinge of structuree, At other timès damage occurs
becau¡e the stream continueg to us€ the old ch¿nnel rather
thsn the new becsuse sdequat¿ training works aÞ not
provided to divert the etream into the new chennel. In
additio¡ to poesible damaç to the highway, e major
channel ehange may be detrimental to 6eh ¿nd other
aquatic life bec¿us€ of increased velocities, decrea¡ed
depth of flow, ¡nd the ¡emoval of boulde¡s and irregulari-
tie¡ in the channel. Placing boulders at ¡andom in the
new ch¡nnel will Âid in r€stori¡g the fi6h hsbitrt.

Occasionally, small s¡at€rcounee croæing the highway
c¡¡ be divert¿d into an adjacent watercourEe at ¿ lower
coet than by providing oeparete crose drains. Ch¡nnel
sh¡¡gee in tbe vicinity of a húghway or at I highway
croasing are 6ometimes made to secure borrow mat4rial for
tbe roadwey embsnkmetrt, with tbe thought of incident¿l
improvement in the channel croeo Bection or ¡linement.
Sucb a practice o¡ a etabiliz€d slream ch¡nnel almost'
always æeults i¡ futu¡e mai¡teuance problems. Chan¡el
changBe slso incu¡ a legal liability for damage ta privrte
property thst might be brought sbout by the changed
ch¡nnel. Thu¡, cb¿n¡el changea ehould alwaye be atudied
for their vsluo and effect ¡ather than msde to ¡ecure
bonow m¿teri¡l or to ¡ave the cost of a croes d¡ain.

Borrow ditcbe¡ should not be pleced nesr the toe of
emba¡kments adjacent to natural atre¿ms which overffow
tbeir ba¡ke. À ditch so located will often carry âow at,

bigh velocitiec ç'ith atte¡dgnt dsmsge to the embankment
rection during Eood periode. I¡ eome locationa borrow
ditches on the upstream síde of the fill will diæet the
bigh-velocity water back into the m¡in ch¡nnel in s manner
that i¡duces Ecour st bridge píen ¡nd abutment¡.

I

t.ll Allnêment end çrde. The width of tbe right-
of-way uauaUy allow¡ little choicc i¡ the ¡linement or in
the grnrlt'of the cha,nnrl, but insofrr as practicabìe lbrupt
ehrnges irr rlinonrenù or in gr*ri,, shor¡ld be ar.oided. Â
shnrp change in aliìernent presrlts a poiat of Àttack for
the flowing såt€r, and abrupt chsnges in grade eauee
deposition of trsnEporlêd n¡ahrial when the grade ir
ffÂtt¿Ded or seour *hen grade is steepened.

A drainage chsnnel should have a grade thst produc?!
velocities th¡t neitber erode nor cause deposiiion in the
chmnel. Thir optimum velocity also depende upon the
sir€ snd shape of channel, the quantity of wat€r fiowing,
the matcrial ue€d to line the channel, and upon tbe nsturc
of t,he eoil and Î,he type of ¡ediment being trsnsported by
the stream.

Ordinarily the hìghway drainage channel muE! b€ loested
u'here it will best serve its intended purpos€, using the
grade and alinement obt¿inable at the location. The
capacity of the channel and the degree of protection gíven
the channel are tl¡en detÆ¡mined rs explained in chûpter 4.

The point of discbarge of a drainage chÂ¡¡nel into the
nstural wat€rcoume requires particular ettÆntion. The
¿linement of the drainage chmñel should not, cause eddies
s'ith att€ndant scour in tbe natur¡l wat€rcourse or ne¿r
drainage structurcB. ln e¡odible soils, if the flow line of
the drainage ch¿nnel is sppreciably hígher tban that of
the wat€rcour8e Àt the point of entry, a spillway or chut¿
ehould be provided to discharge the erat¿r into the w8têr-
couræ in order to prevent, erosion in the drainage ch¿nnel.
The chuæ should be designed to prevent being u¡dermined
and deetroyed,

l.l2 PÌotect¡on from erosion. The need for erosio¡
preyention is Dot limited to the highway drainage cbsnnels;
it erlcnds th¡oughout the righLof-way and is ¡n essential
feature of adequat€ drainage dcsign. Erosion and main-
tenance are minimized largely by the use of: flat eide
slopes, rounded and blended with natu¡¿l ter¡ain; drainage
channels .designed with due regard to location, width,
depth, slopes, alinement, and protective trestment; proper
facilities for ground erÀter interception; dikea, berme, and
other protective devic6; and protective ground covere
and planting (I).

The di¡cussion in this publieation is limited to providing
crosion control in drainage channels by prcper design,
including the selection of an economical channel lining.
Lining as applied to drainage channels includes çegetative
coverings. The type of lining ehould be coneístent \¡'ith
the degree of protection required, overall cost, safet-v

requiremento, and esthetic conBidcrationE. C,ont¡ol of
erosion caused by overland or sheet flow is not diseussed,

In general, when a lining is nceded, the lowest cost
lining that affords satisfactor-a' protection Ehould bc used.
This is often sod in humid regions, used alone or in com-
bination \Ã'ith other t)?es of linings. Thur, a channel
might be g¡scs lined on the flatter slopes and lined ¡rith
more resistant material on the stceper slopee, In erose
eection, the channel might be lined with a highly Ìesistant
material $ithin the depth required to carr.v flood¡ occurring
frequently and lined with grass ahove that depth for pro-
tection from the rare ffoodr,

Ditch check¡ were once u¡ed erten¡ively tô pr€vent e¡o¡ion
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in roedray ch¡nnel¡. In recent yearr they have become

unpopular in humid Ârea! a! grade'control rtructures in
ch¡nnel¡ because théy are oft€n a haz¡rd to vehicles

driving ofi the highw¡y, they Âre di{ficult to maintain,
they ¡re often unsightly, 8nd in most locations, theil iob
c¡n be done better tnd more chcaply wilh a vegetative
lining. Figure .l shous what happened to a channel
protected by poorly designed ditch checks.

In ¡emi¡rid ¡nd a¡id rcgions, some erosion of cut and
fill rlopea i¡ inelitable, Occurring ínfrequently at any
one locÂtion, the damage can be repaired withou! erúcessive

averlge annual cost. The roadbed is generally plotected
by peving or trcåting the road shoulders. Ch¡nnels in
cut sections crn be protected by rubble or by paving.
Channels ofi the roadway can best be protected by laying
them on gradcs which sill not produce relocities in excess

of thoee permissible (see table 3) for the soil of that locality

and by rprerding the collected watcr over the hill¡ide a¡
soon as it can be released without teachinß the roÂd*'ay.
When eteeper channel grades cannot be avoided, vertical
drope or properly desìgned ditch check¡ can be u¡ed to
maintaln noneroding grades between drope. If the apacin¡
of the drop8 is close, their cost should be compa¡ed with
the cost of paving the entire channel and providing an

adequate outlet structure. High drop structurcs ¡equi¡e
careful design (d, 7, and 8) ¿nd though h¡za¡dous to
tr¡ffic ar¡d at times unsightly, they are to be preferred to
s deep gully.

SystemÀtic msintenrnce is essential to any drainagc
chennel. Without proper maintenance, a well'designed
channel becomes an unsightly gully. Jfaintenance meth-
ods should be coneidered in the design of drainage channels
so thåt the channel sections will be suitable for the methods
and equipment thÂt will be used for their maintenance.

Flgure l.--Poorly deelgned ditch checkc'
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chaprer II.*ESTIITÍATING STORITÍ RUNOFF FROjtf Slt^LL AREAS

2.1 Gener¡I. The first step io designing a channel iB cost but low in Elint¿nanco cost. Somewherc betweento det€rmine the quûntit-y of weter the channel is to carry. these limits lies the desig¡ rrhich will produce tbe lowestThis ie a fa¡ more difficult problem than computing the ¿nnual cosl.
size of channel needed to cerry the design flow and deter-
mining what protection is required to prevent channel 2,2 Slorm runolL Runoff comes from prccipitation
eroglon failing on the land and set€r eurfaees of thã waiershed.

Àfany formulas have been developed (9) for estimsting A small part of the prccipitation evaporåtcs as it fslls ¿nd
peak storm runoff, bu! most of the formulas were devcl- somc is intercepted b¡. vegetation. Of the precipitâtion
oped from data collecled from a limited area rnd can be that reaches the ground, a part infiltrates th" grlund, a
eònside¡ed applicable only to the nrea ¡nd under the con- part fills the depressions in the grouncl surfaee, and the
ditions for shich the data were collectcd. Runoff from remainder flows or.e¡ the surfaee (overland flon.) tç ¡ssgþ
developed surfaces, drainage areas of comprratively uni- de6ned satercourses. The ¡urface runofr is somctimes
form slope and surface charecteristics, can be determined sugmentrd b¡ subsurface flo*' that. flows just beneath
by the method described b¡, Izzlrd (I0) if thcre is sufñcient the ground surface ancl reachcs thc rvate¡course in time to
regularitv in su¡face to justifJ- the n'ork required. be a part of the storm runoff.

Some of the storm-runoff formr¡las used in the psst give
the size of structure clirectly, but modern practice (t/,
p. 90) is to ñrst câlculatc the ânticipated discharge and
then design the *ater$ray or channel to sccommodate the
discharge. A formula which gives onl_v a required *ater-
u/a]¡ ûres ignores the great difierence in capacity of struc-
tures nhich have tbe 6ame waterway area but have
dífferent hydraulic chBracteristics.

In the design of storm sewers, tno¡e than g0 percent
(12, p.31) of the engineering offices in the United States
use the rational method which has been in use since 1889.
Application of this method to channel design is descritrcd
in this chapter. The method is recommended for use in
determining the design discharge for roadside drainage
channels draining less than about 200 acres. For larger
areas, the methods described by Pott€r (lJ), by Dalrymple
(Il), or by the Soil Conservation Service (f5) are more
applicable. There is no clearly defined line where one
method should end and snother method be used. The
methods sometimes give results for the same sreå, that
agree quite well, and in other instences they may disagree
by 50 or more percent. Disercpancies b€tween methods
approaching 50 percent may be expected because of the
small sample (length and ¡umber of streemflos records)
available for estimating magnitude and frequency of
storm ¡unoff by any method. However, when estimat¿d
runoff rates obtained by two methods difïer by rutios of
2 to I or more, the ¡elative accuracy of the methods be-
comes important, end must be judged by the quanti0y
and quality of the data upon which the method is b¡sed.

The expected frequency of occu¡¡ence of the design
discharge (6ec. 1.2) is of concern because economy ie
always a factor in the design. Overdesign and under-
design both involve exccssive costs on a longtime basis.
Ä channel designed l,o carry a l-)'ear flood would have a
low first, eost, but the mainten¡nce cost wo¡rld be high
becsuse the channel u'ould he dlmaged b¡' storm runofr
almost, every year. On the other hand, a channel de-
signed to carry the 100-yesr fìood would be high in first

6

Thc prccipitåtion inñltrating the ground rcplenishes thc
soil moisture and adds to the ground-wate¡ storage. Some
of this undcr$ound s'at€¡ ¡eacbes the stream long after
the storm runoff has passed and some is s'ithdrss'n by the
life processes of vegetstion or b-v msn for his uee.

The storm runoff r'hich must be carried by the roadside
drainage channels is thus the residual of the p¡ecipitstion
after læses (the extractions for intereeption, inñltration,
and depression storågc). The rate of sst€r loss depends
upon the amount of the precipitation and t,he rÂie at
u.hich it falls (intensity), upon ÎÆmperÂture, and upon the
eharactcristics of the land surface.

Not only does the ratc of runoff vary with the permea-
bilit¡' of the land surface and the vegetal covcr, but it varies
from time to time for the same surface depcnding upon the
Êntecedent conditions. It would be impracticable, even
if the dat¡ scre available, to determine fo¡ eacb channel
drainage srea the frequency of recur¡ence of the numerous
factors which sffect the rainfall-runoff relation and thus
compute the magnitude of the runoff for a given frequency
¡ainfall.

If a long-pcriod record of storm runoff existed for every
site for which s-e çish to dcsign a drainage channel, we
could detcrmine the frequency of various magnitudes of
storm runoff. Hon'cver, runoff records for areas of less
than 200 acres are practicelly nonexistcnt and we are
fo¡ccd to estlmåte runoff frequency from frequency of
rainfall b¡' assuming thc rainfall to håvc the srme frequency
as runoff shen the design storm occur8. (See eec. 2,4-1.)

2.3 R¡infall intensity-duration-freguency rnalyais.
The int¡nBity of rainfall is the rst€ Ât $'hich the rain falls.
Intrnsit¡' is usually Btsled in inches pcr hour regardlese
of the duration of thc rainfall, although it ma} be ståtcd
as tot¿l rainfall in a particular pcriod. Frequency can
be cxprcssed as the probabÍliiy of a given inænsity of
rainfall bcing cqualed or cxcceded or it can be exprersed
in tcrms of th{r averagr intcrval (recurrcnce inærval) be.
trreen rainfall int€nsities of a given or greatcr smount.
The frequency of rsinfall intÆnsity cennot bc Etâted without

13
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rpecifying the duration ol the rainfall becau¡c the r¡inf¡ll
InÞneity v¡iies yith the duration of rainfall. (See ñg. 6.)

Frequency analyaie of rsiufall iolens¡ty is diacussed
by Chow (Id) and othere (17, I8). Two method¡ are in
geoeral use for oelecting the reinfall data uged in frequeocy
analyoea. These methods ¿re the annu¿l se¡ies asd the
partialluretion eeries. The annual-series analysis eon-
eiders ooly the maximum rainfall of each year (uoually
calendar yeq{) aud ignorcs tbe other rainfalls during the
yeÀ¡. These le$er rainfalls during the year sometimea
e¡ceed the m¡ximum raiofalls of other yearr. The
partialduration series anal¡'sis considers all of the hígh
rainfalls regardless of the number occurring withi.¡ I
particular year. In derigning drainage channels for
return periodE greater thsn 10 yeare, the difference be-
treen the tc'o se¡ieg is unimportant. lvhen lhe return
period (desigo f¡equency) is less than 10 yenrs, the psrt¡al-
du¡stion series is believed to be more appropriate. To
chenge the frequency curvcs based on the ¡nnusl series
to one based oD the psrtial-duration series, multiply the
¿nnu¡l eeries values by the following factors (I9, p. l):

2-year return period - - l. 13

ûye¿r retu¡n period- - 1.04
l(Lyear return period- - l. 0t
20-year or more------- -------- l, 0O

The lYesthe¡ Bureau h¿s prepared a Rainfall-Frequeocy
Atlas of the United States (å0). This .Atlas conteins
maps of rainfall frequency for 30-minute, l-, 2-, 3,- &, l2-,
and 2{-hour duretions in each of the return periode l-,
2-, 5-, lG, 25-, 50-, and 100-year. The rsinfall lines on
the meps in t,he Âtlas are based on a pertial-durâtion
series anolysis and represent tota¡ rsinfall, in inches, for
the st¡ted durstion.

Also of value to the designer of roadside drainage
ch¿nnels is Weather Buresu Technical Paper 25 (19)
which cont¿ing rainf¿ll intensity-duration-frequency
curves for selected stÂtions in the United StÂtæ, Alasks,
ilawaiian Islaods, and Puerto Riso. The cu¡ves in this
publication are based on the annual series ¡nd the pre-
ceding correctious should be uscd for retuÌn pe¡iods 1es9

thBn l0 ye¡rs.

2.{ The r¡tionrl m€lhod. R¿infall intensity is con'
verted into rate of storm runoff bv the rstionÂl formula:

8': ct,{
Where

9:peak rate of runofr, in cubic feet per second.
C=weighted ¡unotl coefñcient (everage of the coef-

ûcients assigned to the ditlerent types of
contributing areas).

r:sve¡age rainfall intensity, in inches per hour, for
the selected lrequency and for duration equrl
to the time of concentration.

,l:dninage area, in scres, tributary to tho poi¡t
under design.

The formul¡ is not dimensíonally corect; however, e
l-inch depth of r¡iufsll applied at a uniform rsie in I
hour to ¡tr ¡rec of I âcse will produco 1.008 cubic feet per
recoud of runoff íl there arc no loss€s. Thi¡ ms¡e! the

numerical value of Q very nearly equrl to the produet
ol d and á. The coefficient C ¡ccou¡t¡ lor tbe losse,
(sec. 2.{- l).

The r¡tional formula is be.scd on the t,heeis thaù if a
uniform rsinfall of intenaity i were falling on an impervious
area of aize ,'1, the marimum r¡te ol runoff at the ouùlet
to the drÂinage area woukl be reached whcn all portions
of the drainage arcô were cont,ributing; the runofr r&te
would then become con6tÂnt. The time required for
runofr from the most remote point (point from which
th€ time of flow is greâtest) of the drainage area to arrive
st the outlel is called the time of concentration.

Âctual runoff ig ler more complícated thân the rational
formul¡ indicates. R¿infsll intensity is seklom the s¿me
over Ân area of appreci¿ble size or for any substantiôl
length of time during the Exme storm. If a uniform
intensity of rainfall of duration equal to the time of con-
centration were to occur on all ports of the drainage arel,
the rate of runoff would vary in different parts of thc area
because of differenceg in the characteristics of the land
eurfoce ¿nd the nonuniformity of anteceden¿ conditions.
Under eome conditions maximum rste of runoff occurs
before all of the drÊinage a¡ee iE contributing. (See Bcc.

2.*{.) The temporary ðtorlge of storm w&ter en ¡oute
toward deñned channels and within the ch¡nnels them-
selv€a accounts for s considerable reduction in the peak
rate of flow except on very smrll areas. The error in lhe
runoff estimate increaaes es the size of the drainage area
increases. For these reâEons, the r¡tional method should
not be used to determine the rate of runoff from large
drainage areas. For the design of highway drainagc
structures, the use of the rr.tionâl method should be
restrict€d to drainage are&s less then 200 acrcs unless no
other method is ¡v¡ilable to estim&te the dcsign discharge.

Ilany reônements have been suggested in the applica-
tion of the retioDal method. À few of the discussions of the
method are listed in the references (12, 21, 25, and 2J,

âpp. Ä), The suggested refinemeuts in the method
probably improve the runoff dstimâte, but the collection

of ¿dditional data required and the increased work involved
do not appear warraoted in the design of dreinage channels.

2.{-l Runofr coefficient. The ¡unofr coefficient C in
the rstionsl formula is the rttio of the r¡te of runoff to
the rate of rainf¿ll al, ûn averege intensity I when ¿rll the
drainege ereê is contributing. The cocfñcient, C vu¡ies
widely from storm to storm, but Horner and Flynt (91)

stete that whcn rainfall in[ensity and runoff (based on .r

2G.verr record) were considerecl separately it was found
thÀt the ratio,

Peak ¡unofr rate of I given frequency

( l)

c:
Àverage râinfsll intensity of the s¿me frequency

remained reasonably conEtant for the vnrious frequencies.
The range in values of C listed in table I, appendir Â,

p€rmit some sllowance for land slope and differences in
permeabiìiùy for tbe s¿me type cover. For flat slopes and
permelble ¡oil, use tbe lower v¡lucs.

ì¡Vhere the drainage area is composed of s€verÂ¡ types of
ground cover, the runoff co€fEcient is ìr¡eigbted (eee exrmple
l) ¡ccordi¡g io the area of each type of cover p¡€s€nt.



Compendium 5 Text 1

H (FT.)

- 5OO

- 400

l ¡oo
:
] zoo

n rso

:<t90

Tc (MtN.)

EXAMPLE
Hoight : tooFl.
Lenglh:3,0O0 Ft.
Time of concenlrolion =14 Min.

200

l-
l¡J

3o
¡¡J

o
@

Þz
õ
o-
t^¡
Þo
=l¡J
G
t-
ano
=Lo
t-rI
¿J

L (FT.}

t50

ro0

80

60
50

40

30
25

20

t5

t0

I
6
5

4

3

2

:\ to.0o0

z
9
F
É,
l-z
.o
zo()
¡Ào
t¡,

=

5,0o0

q,0
2,OO0

-40
-30

\J

--ä
Nole:

- 20 Use nomogroph T6 for noturol

e.
F

Þosins with welldef inedîninnels, þ
for overlond flow on bore
eorth,ond for mowect gross rood- Ê

t,5O0

1,00o

500

300

zoo
r50

r0O

- ro ;td; "i;;"1'
(,
2

For overlond f low, grossed sur - t¡{

foces, multiply Tç by 2.

- s For overlond tlo*,''.oí"ttra ot 
=-4

ospholt surfoces, multiply Ts E
by O.4. x

- 3 rlcãiciere chonnels, mulliply Í
Tc by O.2.

-2

-l

Bosed on study by P.Z. K¡rp¡ch,
Civil Engineering, Vol. 10, No.6, Juna 1940, p. 362

Fìgurc 5.-Tíme ol eoncenlratìon ol tmall dra,lnage baúnt.
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Exdmple I

G¡u¿¿: An aree tributary to o roadway channcl. The
¿rea has a fairly uniform cross section as follows: l2 ft. of
concrete pa,vement; 26 ft. gravel shoulder, channel, and
beckslope; 200 ft. of grusscd pasture. The length of the
arcs is 400 ft.

Fr¡dr Runofr coefficienù, C
Solulion:

33. 520
IVeishted C: * : 0' 35' 95,200

For use in the rational formula, th€ C,{ product (33,520)
can b€ converterl to acres and multiplied by ¡ without
computing the seightcrl C.

À{-2 Time of concentr¡tion, The time of concentra-
tion (deñned in sec. 2.4) r'aries rçith the sizc and shlpe of
the drsinåge area, thc land slope, the t)'pe of surface, the
intensity of rainfall, whether fìow is ovcrland or chtnnclizcd
and many other f¿ctors. Extreme prccision is not rrar-
ranted in determining time of concentrttion for the design
of drainage channels on rural highuays. Time of concen-
trâtion csn be obtaine(l from 6gure 5 shich is based on r
study by Kirpich (?9, p. 309-318) of six rvrtershcds rvhich
varied in size from l.?5 to ll? ûcres. Thc wrtcnihcrls
were ¡ll located on a single f¡rm in Tennessco. Research
is badly needed on the time of conccntr¡¡tion of other types
of wate¡shetls. The values of 1. from 6gure 5 aro bascd
on meager dâ,tû, and should onl-v be use(l whcn bett€r
information is not avaihble. A minimum time of concen-
tr¡tion of 5 nrinut$ is recommenderl for fincling the in-
tensity used for estimâting the dcsign discharge.

LIse of figrrre 5 rcquires the length (t) of thc drainaqc
ote& mciìsures along the principrl rlrairrugc lint'to thr: nrost
remote (longest ?J point'rnd the height of this point
above the outlet at uhich the floly is to be estimated.

2.¡l-3 R¡infall intensity. Rrinf¡ll intensity-frequenc¡'
dsta (sec.2.3) are taken fronr lYerther Bureau Atlas
Technical Paper 40 (90) or from lYetther Bureau Tcchnic¿l
Paper 25 (19). ¡l chart such as thsr of 6gure 0 (I0, p.9)
is constructed for thc project locrtion, but thc projcct
ch¡rt need contain only the cun'es for the frequencies to
be used for the project designs for thc T. r'rlues likcly to
be encountered, If thè projcct is near a Weather Bureru
rt¡tion fo¡ which ¡ rninfall intensit_v-rlur:rtion-frequency
curve is givcn in Technical Prper 25 (19), thc Wcrthcr
Bure¡u chart can be used directl), or for frcqucncies lrss
than l0 years eonvcrt chårt v¡lues to the partirl-duration
¡eries. For othcr ûrcrs, the rlesign chrrt should be con-
structe(l from thc maps in thc lìrinfrll-Frot¡rrcncy Atlrrs
of tl¡e t'nite¡l Strtes (30). lìrr u.r in tlrc ¡rrtior¡rl nlctlrrr,l,
the r'¡rlucs uf totrl rlirrfrll ¡trf corr\ r'tt('(l to r:rinfrll irtonsitv

by dividing the msp valuc by the duratio¡ expresed
in hours.

lYhcn the lVeather ßureau Ätla¡ is not availabla,
appmximate r¿infûll intensity-duration-frequency date can
be obtaincd from figure 7 by the use of coefficient¡,
Figure 7 is adapted from a map in the lYeather Bure¡u
Atlas by convertin8 total rninf¡ll for :10 nìinut€s to 3û,
minute rsinfall intonsity' (divide map value by 0.5) for
the 2-year recurrence interval. The Z-year rainfall
intensity fo¡ othe¡ rlurations is obtained by multiplying
the 3ùminute rainfell intensity fo¡ the project location
from figure 7 by the followilg factors:

To conve¡t 2-year recurrence interval rainfall for a
given duration to other recurrence intervals, multiplying
by the following factors gives acceptable results in much
of the country. The use of these factors should be
checked again'st the lVeather Bureau Atl¡s before extensive
use in a particular locality. ìlfo¡e accurrte results can be
obtaincd by using the maps or the method given in refer-
ence 20 (using the ¡elation of 2-year and l0Gyear rainfall).

Recur¡ence interval (years): ¡oc!û

l-_----_--___- __-__ 0..75
2____--__-___- l.0
5-__-_-_------ 1.3
l0---_____--__ 1.6
25-__-______-_ 1.9
50----------_- -_--- 2.2

2.4-{ Drsinrge gre¡. The drainage area, in acres,
contributing to the point for which channel capocity is to
be determined, can be mcasured on a topographíc map
or determined in the field by estimation, pocing, or a
survey comps¡able in ¡ccuracy to the stadia-compass
traverse. The d¡t¿ required to determine time of con-
centrirtion (sec.2.{-2) and the runoff coefficient (sec.

2..1-l) should be noted at the time of the preliminnry
fit'lrl survey,

2.d-5 Computing the design discharge, The design
dischlrge is computed by the formulo, Q:Cd.,t (sec. 2.4)
x exphined in example 2.

Example 2

Giæn.' The contributing aree ¡s d€scribcd in examplc I
(sec. 2.,1-l). The weightcd C is 0.35; the channel grade
is 0.5 percent; and the outer edge of the contributin8
er€e ût the crest of the hill is .l ft. sbove the bott¿m of
the ch¿nnel. Thc location h nea¡ Washington, D.C.

Find: The discharge for a lG,year frequency rainfall
st thc outlet of a grassed roadside channel 400 ft. from
thc cr{st of s hill.

ñolrlion' The tirne of concentration is obtaincd from
figuru 5. Thc tlist:rnce froln thr chsn¡ìel to the ririgc of
th0 ercr is 210 ft. (l,l()0 ft. of gr:rsscrl p:rstute and lt) ft.
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Figwe 7.-Map oî the contíguouc United Statet .houin,g 2.Ueø¡, ,0-mínute ¡aìnlalr ínteneíty.

I

of dit¿h bank elope) and th¿t of the channel is 400 ít.,
makirg Z:610 ft. The height of the most remote point
¡bove the outlet:4 ft.+(0.005X400):6 ft. From
ûgure 5, 1.:7 min.

The rainfall intensity for ¿ 7-minute durstion and
lo-year return period is 6.8 in./hr. (fiS. 6).

The drainage agee :238X400:95,200 eq. ft. or

*49:2.2 "",o43,560

Then Q:0.35X6.8X2.2:5.2 c.f.e.

2.{-6 Compuling lhe design discharge for compler
dtrinrge areas. Example 2 erplains tho rationel method
for a simple drainage aren. Fo¡ other points along the
channel, the design discharge is computed using the
longest time of travel to the point for wbich the dischlrge
le to be detærmined. Generally, lees work is required to
compute the runoff from the sepa¡ste areå¡¡ &ir is done for
polnt 5B in section 8.5 rathe¡ than obtain a weighted C
for the whole area,

On some combinotions of dminage areas, the m¡rimum
r¡te ol nrnoff will be resched from the higher intensity
r¡inlall for perioda less than the time of concenù¡atíon for
the çhole a¡ea, even though only a part of the drainsge
aree is contributing- Onc crcmplc of such sn occurrence
ia the dischergc for point 5C, Ecction 8.5. In this cramplc

6

36
.3 2

2
36
,4 0

the longesi time of concentrs.tion is 14 minut€s, but 20.0
acres of the totèl of 21.4 acres has a time of concentrBtion
of only 5 mi¡utes. The 20 acres with a 5-minute intensity
produces a higher peak discharge thÊn the tot4l aree with
¡ l4-minute intensity. Another combinstion of drainage
srrss thst might produce the maximum ¡ste of runoff
fmm a partial contÌibution of the tôtal a¡ea ie a down-
Btrcsm impelvious ares with a high runoff coefficíent and
e short time of conccntretion. This could produce the
esmc efrect as the unbalanced arer combination just
decribed.

Extreme precision is not warÌonted in dete¡mining the
combination of coutributing areas (C.4) and rainf¿ll
intenaity (i) thet *ould produce the greatest peak runoff.
Unless the a¡e¡¡r or times of concent¡ation gre consider-
sbly out of bnlance, as the example in the preceding para-
gråph, it is unnecessary to check the peak from part of
the areo.

The discharges in the illust¡ative problems of chapte¡ 8
we¡e also computed by the rational method, uaing com-
binations and assumptions othcr than thoee explained in
this publicalion in order to check the sensitivíty of the
mothod. It w¡s found thst the nrethod sas ¡tsble for any
¡erconable assumption anrl that the rcsults by difterent
assumptions were wcll within the range of. accuracy of
the methorl.

n
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Chapter III.-IITDRAULICS OF DRAINAGE CHA¡t¡it)LS

3.1 Gcncrrl. Most highway droinage channels c¡n
be designed by ueing the open-channel charts in Ìi¡'draulic
Design Series No. 3 (ré) or the tables and formulas pre-
aent€d in thia publication, The t¡bles cont¡ined in
¡eferences 2ô through 28 are helpful in designing channels
not included in reference 25. These aids reduce the work
required to design drainage channels, but ther cannot
replace en¡¡inecring judgment ¡nd a knowledge of the
hydraulics of open-channel ffow, Open-channel flow also
includes flow through conduits with a free water surfacc.
The discussion of hydraulics in this chapter does not pro-
vide the knowledge of open-channcl flow needed for the
more difficult design problems; nevertheless, a bricf review
of some of the hydraulic principles govcrning opcn-channel
flow sbould be hclpful to the designer of highs'ay drainage
cbannels, A movie, "Introduction to Highway Hydrau-
lics," illustrates many of the principles of open-channel
flow. The movie is available on loan from the Bureau of
Public Roads.

Flow in open channels is clÀssifieri as steady or unstesdy.
Unsteady flow results from va¡iations in the supply and
will not be covered in this publicstion. .A,lthough the flow
in most channels during the etorm period is ¡n e¡cellent
crample of unsteady flow, we are usually int€rested in
designing a channel to cÂrry a peak flow thst r€curs with
a selected frequency. Considering the peÂk flow as steady
flow greatlv simpli6es the design of drainage channels.

Steady flow occurs when the quantity of water passing
any section of the etream is constant. Steady flow is
furthe¡ classified as uniform if velocity and depth of ñow
are constant, and nonuniform or varied if velocity and
depth of flow changes f¡om eection to section. Âltbough
most drainage channels are designed on the aesumption of
uniform ûow, a knowledge of varied florp ie needed to solve
the more complex flow problems. Another classifieation
of flow, subcritical (tranquil) or supercritical (rapid or
ehooting), will be discussed in ecction 3.3-2.

3.2 Unifo¡m ßoç. To h¿ve uniform f,ow, the grade
must be con8tant, and all cross sections of flow must be
identical in form, roughness, and area, necessitating a
conBtant mean velocity. Under uniform ûow conditions,
the deptb (d") and the meÂn velocity (Ir") for a particular
discharge are BÂid to be normal. Undcr these conditions,
tbe wster surface ie parallel to the Btresmbed (ûg. ll).
Normal depth is also dcfined ao the depth at whicb uniform
ffow will occu¡ when a given qusntity of water flow¡
through a long channel of uniform dimensions, roughness
(¿), and elopc (S).

Uniform flow conditions are rarely attained in drainage
channels, but thc error in assuming uniform flow in a
channcl of fairly constant slope and cross section is small
io comparison to the er¡or in determlning the design dis-

t2

charge, If the channel cross section, roughnear, tnd
elope are fsirl), consùant over a su6cient dist.snce to
establish essentially uniform ßow, equations such ¡s that
of lrfanning give reliable reaultr.

3.2-f The M¡nning equrtion. l¡Vgter f,ou's in r
sloping clrninage channel becru-"e of the force of 6ravity.
The fìow is resistcd b)' the friction between the s'ste¡
nnd thc wetted surfsee of the chonnel. The quantity of
wster flos'ing (Q), the depth of ñow.(d), and the velocity
of flow 1l') depend upon the chrnnel ehnpe, roughness,
nnd slope (S.). \'arious equûtions h¡ve bcen tlevised
to exprcss the fìow of w¡ter in open channels. A useful
equûtion fo¡ channel design ris th.qt nsrned for Robcrt
\lanning, an Irish engineer. The ìlanning equation for
velocity of ffow in open channel¡ is:

y:l:!9 grogto (2)
n

Where

7:mæn velocity in feet p€r tecond (f.p.s.).
a: l\fanning coefficient of ch¡nnel roughneas.
È:hydraulic ¡¡dius, in feet.
S:slope, in feet per foot. When the tr{anning

equetion applies, 8:$0.
The r'¿lue of the trfanning coefficient ¿ is determined

by experiment,. Some z values for varioua types of
channels are given in table 2, appendix A.

R, the hydrsulic radius, is a Bhape factor that depends
onìy upon the channel dimensiong and the depth of the
floç. It iB computed by the equBtion,

B-#v
Wherc

:{:cross-aectional area of the ñowing water in rquare
feet taken at right anglea to the direction of
flow.

\{P:wetted perimeter or the length, in feet, of the
ñ'etted contact between a streÀm of wcter
and ite contsining channel, meagured in a

plane et right anglee to the direction of f,ow.
Another basic equetion in hydroulkx is

Q:Av (4)

or dischorge (Q) ie the product of the c¡oos-Eectional are¡
(/) and the meen velocity (Ð.

By combining equstionÊ (2) and (4), the Manning
equotion can be uaed to compute diecharge directly or

g:r'!9 7 ¡tngrn (5)

(3)

19
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In many computationr it i3 convcnient to Sroup the
properties peculiar to the cross Eection, in one tcrm,
called conveyance (K) or

_- t.{9K:.'.- AÈtñ (6)
,t

then
e:¡(S r¿ (Z)

When a eh¡nnel crors section ia irregular itl ehape such

!r otre with a relatively narrow deep main channel ¿nd a

vide ¡hallow overbank channel, the cross section must
be eubdivided and the flow computed separately for tbe
main chennel end for the overbank channel. (See f9'
sec. 8.5.) The asme procedure is used when different
psrtE of the cross Eection have diffe¡ent roughness coeffici-
eDt8. In cornputing the hydrsulic r¿dius of the subeec-

tions, the wcter depth common to two sdjacent subsectíon¡
ir not couûted as wetted perimeter.

Conveyance can be computed and a cu¡ve drawn for any
chennel cross section. The area and hydraulic radius ure

computed for various assumed depths and the correspond'
ing value of K is computed from equation (6). The values

of conveyance are plotted egainst the depths of flow and a

Emooth curve connecting the plotted points is the con-
veyånce curve. If the section was subdiçided, the con-
veyance of each subsection (,t., È¡, . . . È.) is computed
and the lotsl conveyance of the channel is the sum of the
co¡feyEnces of ihe subsections or K:)/:o*bü .'. +¡..
Discharge can be computed using equscion (7). The
discharge in each subsection can also be computed with
equEtion (7), using the conveyance of the subsection.

The concept of channel conveyance is useful when com-
puting the distribution of overbank flood flows in the
streÀm cross scction end the distribution through the
openings in a proposed stream crossing (99). The dis-
charge through each opening can be assumed to havc the
same ratio to th€ total discharge as the ratio of convcyance
of the opening bears to the tota.l conveysnce of the charrnel.

Discharges computed by the lfanning equation do not
have the accuracy to which the computation can bc c¡rried.
Results of the discharge computations are Senerall¡,
¡ounded ofr to avoid an inference of grcat åccuracy,

3.2-2 .{ids in solution of the lfanning equation. The
eramples in thi-. scctiorì sho$ the solution of the ìfanning
equation and thc ust of the cor¡ìputâtion aids nrentioned
in section 3.1. Figure 9, used in erample 4, is typical of
the open-ehannel charts in referencc 25. Nonrographs
such as thst in appendix B provide a graphical solution of

the }lanning equation (see cxample 3). Tables in ref-
erenccs 2ô-28 contsin thc channcl propcrties (,4, Æ) of
many channel scctions and tsbles of velocity for various
combin¡tions of slope and hydraulic radíus. Their use is
explained in cxarnple 3. In addition to tables of channel
properties, ¡efe¡ence 28 containe tables for the dírect
solution of the tr{anning equation. (Sce sec. 4.&-2.)
Charts in reference 30 can be used to compute ûow in
rectangular and trapezoidal scctions and circular sections
with free water surface,

The l!{anning oquation can be readily solved for a given
channel when the normal depth (d.) is known. The
nomograph, appendix B, can be usecl to solve the equation
graphically as explained in e:ample 3.

Example 3

Given: A trapezoidal channel, of straight alinement and
uniform cross section in earth, bottom width 2 ft., side
slopes I to l, slope 0.003, and normal depth I ft.

find; Velocity and discharge.
Solulio¡:

l. In table 2, appendir A, for a weathered earth channel
in fair condition, * is 0.020.

2. The cross-sectional are¡ (á) of the channel is 3.0
sq. ft. and thc hydraulic radius (E) is 0.6 ft. (á and i
can be computed or obtained f¡om t¡bles such as that on
p. l2l of reference 26.)

3. Using ¿he nomograph of appendix B, lay a str¡ight-
edge between the ouüer lines at, the values of S:0.003
and ¿:0.02. trIark the point where the straightedge
intersecti the turning line.

4. Then place the straightedge so as to line up tlle
point on the turning line and the hydraulic radius of 0.6
fr.

5. Read the velocity, 2.9 f.p.s. on the velocity line.
6. The discharge, Q:AV, is 3.0 sq. ft. times 2.9 f.p's.

or 8.7 c.f.s. The vetocity can also be obtained from the
table on page 388 of reference 26.

Thc preceding example sho*'ed the solution of the Illan-
ning equation for the velocity and discharge in a channeì
of given dimensions when thc normal depth is known.
The more commorì problem in channcl design is to find
thc sizc of channcl required to csrry the dcsign dischargc
on tht' available slope and to conìpute thc vclocity ¡n thc
channel in order to determinc whåt protcction is needed to
preçent channel erosíon. Ulrless channel charts (96) or
special tables (28) *e available, thís problcnr requires a

trisl-and{rror procedure illustrEtcd by example 4.

Fdgure 8.- lrope zotddl chdnne I'

It
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ßramplc I
Gr'¿¿¡: Â trepezoidal channel (69. 8) in stifr clay,

bottom width {.ft., side slopes 2:1, n:0.03, elope 0.005,
end discharge 100 c.f.a., w¡ter cÂrries ñne eilt,

fdnd: Depth, d, rnd velocity, V.

Sols¡¡'on;

l. Gener¡l solution ol ¡rea ¡nd hydraulic radius.

A:(1+2[)¿
vP:aIzd,li:1+t.17d
P- A _(4+2d)d" wP 1+4.t7d

2. Ttyl' d:3it.
¡:({*0) 3:30 eq. ft.

HlP=l*13.1-17.1 It.
R:t.721r.
From the nomograph of appendix B' V:5.¡

f.p.¡.

Q:30 (5.1) = 153 c.l.s. tæ high

3. Try: d:2.5 ft,.
¡: (a*5) (2.5):22.5 sq. ft.
V Þl+ (4.47) (2.5'l : r5.2 ft .

E: l.{8 ft.
From the nomograph, 7:4.6 f.p.s.

Q:22.6 (4.6¡:164 ..t... too hish

{. Try: d:2.1 f!.
á:(1+{.8) 2.{:21.1 sq. ft.
WP-1*1.4T (2.{) : 14.7 ft.

R =1.1411.
From the nomograph, I¡:4.5 f,p.s,,

Q-1.5 (21.r):95 c.f.s. too lorr

The l¡¡t trro trisls (d:2.5 and 2.4 f[.) ere
about equally bigh and low, thus, the solution ie
d:2.45 1t., Y:4.6 f.p.e.

Where design charts are available, the problem i!
gr€stly rimplifìed; for examplc, see ñgure I taken from
reference 25. For Q:1¡6 c.f.s. ¡nd ,5:0.005, thc v¡lue
of d ie ¡bout 2.45 f!. and l¡:,1.ô f.p.s. See also e€ction
{.6-2 for s di¡ect Bolution using King's tnble.

Table 3, appendir A, showe a velocity of 5.0 f.p.s. can be
p€rmitted in a chsnnel in 6tiñ clsy. Thus the nsturÊl
m¡t¿rial will with¡tsnd erosion.

Fig utc 10,-I rreg ular - c han neI sec tion,

The diacharge in an irregular s€ction i! conPuted by
dividing the channel into subsections, each approrimately
regular in ehape, See erample õ for s two-aubpection
chån¡c¡.

ßrømple 5

O¡ua¡: The channel in figure 10, n--0.02, and rlopc
.0.005.

Fr'nd: Diecharge, Q. The average velocity h- l¡ttle
meauing in ¿ cbannel of thir ahape.

þlutío¡:
l. Subcection A:

,{ - l0 (50) =500 ¡q. ft.

PP-10*50*8-68 ft.

¿:!!9:z.ss
6E

The velocity by formt'l¡ (2) ia:

y-=: (2.a5)'/r (0.005)'n: ls.e r.p.¡.
0.020 '

The velocity could heve been obt¡ined'from
the nomograph, appendix B, or page 38E of
reference 26.

Q-19.9 (5Oo) :9'950 c.f.¡.

2. Sub¡¿ction B:

¿{:2 (50):100 eq. ft.

VP:5012-52 ft.

¿-l!9:1.e2 ¡r.
52

I¡:B.l f.p.¡,

Q: l0o (8.1):810 c'f'¡.

3. Fot the cntire ch¿nnel:

,{ - 500 * 100:600 eq. ft.

Q : 9,950 * 810 : 10,800 c.f.s.

If the channel had been considered ¡s a whole
without subdividing, the following resultr wou.ld
h¡ve been obtained.

,{ -6fi) ¡q. ft.

WP:12*68:120 rL

n-ffi:o.m rt.

V-15.{ l.p.¡.

Q - I 5.{ (600) : 9'2{0 c.f.e.

rt
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The dircharge (9,240 c.f.r.) computed for channel con-
¡ídcrrd a¡ a shole i¡ lnss than the dlschargc eomputrrl
Eeparstely for subsection Å (9,950 c.f.s.). ThLs ¡ranrìux
is brought about try thc effect of thc l¡-r'rlrar¡hc radius on
the cotnput¡tions., lt also illustrat€ the necessity of sub-
drviding bighly irrrgular sectione whethcr irregular in shape
or ir roughness and shows tbe differcnce in me¡n velocitie
in a ¡hallow section as compared n'ith the mean velocity
of the main channel. The true discharge of this channel
is perhaps less tban 10,800 c.f.¡., but it is much closer to
10,800 th¡n ro 9,240 c.f.c

t.3 Nonuniform or v¡ried ûor. Varied eteady ûow
occurs whe¡ the quantity of w¡ter remains const¡nt, but
tbe depth of flow, velocity, or c¡oss section changcs from
rection to rertion The rclÂlion of all cross eectione wítl
be:

Q=AtVt:AtVt :.4"V. (8)

Equation 8 is sometimes catled tbe equation of con-
tinuity.

Velocity of uniform low in open channele can be com-
puted by the lfanning equation, using the slope of the
channel bed aB the Blope of the energ-v line but nonuniform
stcady flow comput¡tions require other methods.

the hydraulic design engineer ncedg a knowledge of
varied flow in orde¡ to determine the beh¿vior of thr
ûowing water when cbanges in channel rcsistsnce, si¿e,

rhape, or slope occur. Á discussion of varied flow properly
begins with a di¡cuseion of energy of the flowing watcr.

3,3-f Energy of flor. lVster flowing in an open
channel poesessæ energy of two kinds*potential energy
and kinetic energy. The potential energy ir due to tbe
poeition of tbe ¡r ate¡ above some datum, an d kinetic urergy
is. due to tbe velocity of the flowing water. In channel
problems, energy is conveniently expresscd in terms of
head. Thus, a column of water 20 feet high has a poten-
tiÂl (static) he¡d of 20 feet with respect to the bottom of
the column, Flowing wster has bolh polential hcad and
selæity hed, the velocity head being equal to

Where
I/:the me¡n velocity in feet per second.
g:accelerstion of gravíty or 32.2 îeet per eecond per

¡econd,

A uaeful bydraulic coneept of thc encrg¡r of the f,o*ing
$atcr within onc vertical cross srction of thc channcl is
that of spccific head (also c¡llrtl .rpcc¡jc cn¿¡gy)

Speci6c head (H"r:d+ls (g)

If the pot¿nti¡l head i¡ rel¡ted to some drtum (ñg. ll),
at or below the bed of the channel Ât the outlet, energy
csn be expressed in term.s of totål heåd. If Z is the elev¡-
tion of ùhe ch¡nnel bottom, tot¡l he¡d !ù aDy s€ction ir:

Total he¡d (H)=d+l+Z (10)

The energy losscs due to friction, channel contractiono,
changes in alinement, and other factors are termed Àcad
losses (h¿). The la* of conserr'ation of energv (Bernoulli's
theorem) ststes that the tot¡l heacl at any section is equal
to the totsl head at any section dosnstream, plus inter-
vening hcad losses orfor the chânnel in figure 11, is oqual
to the l,otal head at scction 2, þlus hcad loss between
sections I ¡nd 2, or

d,+l+2,=¿,+ff+2,+t, (ll)

In figure ll, the head loss, in a channel of uniform crc¡¡
section, equals the change ia Z or (21-2), Thus, the
*'eter surface is parallel to the streambed, and

, ,vt v.,a* ¡¡:at+V6

The fow is uniform and c¡n be computed by the Manning
equation. The head loee

(ZçZ)-L$I (12)

IYhere

L:horizontal di8tance betweerr Bection I and ¡æ-
tlo¡ 2

So:ch¡nnel 
"lope 
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Figure 12.-Water-¿urface profrle of channel uíth nonunilornt flow,

So in uniform flow is sometimes called the friction slope.
For uniform flow, the l{anning equåtion (sec. 3.2*l) cån
be computed for S(:8")

-/Y¡\tù: \i¡on-l ( l3)

\Yhen the head loss does not equal the change in Z,
nonuniform flow occurs anci the depth of flow either in-
c¡eases or decreases in a uniform channel. In 6gure 12,
ffow takes place with decreasing depth.

Between sections I and 2, the velocity is increasing and
the rate of losing energy is, therefore, not constant. This
condition could be caused by a channel slope steeper tha,n
that needed to overcome frictional ¡esi.stance or by a
change ín channel cross section. Thus, ihe totsl bead line
(also called the energy line or energy gradient) is not a
straight line. The water su¡face line in an open chtnnel
is sometimes called the hydraulic grade line.

3.3-2 Criticsl F'low, With a corstant,lischa.ge passing
a c¡oss section, changing the depth of flow c¿uses a different
epecific head for each depth. If speciâc head is plotted
against depth of flow, the result is a speciûc-head (energy)
diagram. (See 69. 13.)

the specific-head curve is asymptotic to the line ¡epre-
senting the energy due to depth and the vertical line of
,ero depth. Examination of 6gure l3 reveals eever¿l im-
po¡tant fects. Stâ.ting a,t the upper right of the curve
with a large depth and sruall velocity, the specific head
decreases with decrease in depth, reaching a minimum
v&lue at depth d., known as crílical depth, sometimes
c¿lled the depth of the minimurn energy couten,r. Further
decrease in depth ¡esults ín rapid increase in specific head.
For any value of speciûc head except that corresponding
to c¡itic¿l depth, there a¡e alternate depths at which the
flow could occu¡. These elteruate depths are eometimes
¡eferred to as equal energy dep0br.

When the flow occure at deptbs greåter thsn criticsl
depth (velocity less thsn criiic¿l), the flow is c¿Iled sub.
c:rilicol or traaquil, When the flow occurs at depths l€g
than c¡itical depth (velocities g¡e¿te¡ thån criticel), the
low Ís c¿lled aupercrilical, røpùL, or shootíng. The change
from supercriticel to ¡ubcritic¿l flow i¡ often very abrupt,
reaulting in the pheuomenon k¡own æ'hyd,røulic junp.

Flow at the c¡iticai depth is called critico,l fou end the
velocity at c¡itical depth is thø criticat uelocily. The
chanuel slope which produces critical depth and sriticel
velocity for given discharge is lt:e uilical elope.

Critical deplh for a particular discharge is dependent
oD che¡ne! size and shepe only and is independent of
channel slope end roughness. Critical stope depends upon
the ch¿nnel roughness, the channel geometry antl the
discharge. For a given critical depth ¿nd critical velocity,
the c¡itical slope for a particular roughness can be com-
puted by the Minning equation (sec. 3.2-l).

Supercritical flow is diñcult to control because Lb¡upt,
changes in alinement or in cross section p¡oduce wevea
which travel downstream, alternating f¡om side to side,
and eometimes cause the s/ater to overtop the channel
sides. Changes in channel shape, sìope, or roughness
cannot be reflected upstream except for very ehort dis-
t¿nces (upstreÊm control). Supercritical flow is common
in steep flumæ, and in mountain streams. Pulsatíng flow
(30) can occur et depths as gre¿t as 8 feet,

Subcritical flow is relatively easy to control. Chenges
in chaunel shape, slope, and roughness ¿ffect the flo¡s fo¡
some distances upst¡eam (downstreem control). Sub-.
critical flow is chnracte¡istic of the streams located iu the
plains and valleye regions where streåm s¡opee are relatively
flst.

Critical depth is important iu hydraulic enalyses becauee
it io always a hydraulic control. The flow must pass
through critical depth in going from one type of ffow to
the otber. Typical locetions of c¡itical deptb are:

(l) .4,t abrupt changes in slope whet a flat (eubcritical)
elope is sharply increased to s steep (supercritical) stope.

(2) At a ch¿nnel conetriction such as ¿ culvert entren,ce
under some conditions.

(3) At the uneubmerged outlet of o culvert o¡ flume
on a eubc¡iticgl olope, discharging into ê wide c}¡annel o¡
with a free fall at the outlet.

(4) At, the crest of an over8ow dam or weir,
Diatinguishing betweeû the types is important in channel

dosígn, thus the location of critical depth and the deter-
mina,tion of critical slope for a cross eection of given ohape,
size, and roughoess becomes necessÀry. When ûow occurs
et criticel depth

(1{)

l?

#e
Tt



t2

lo

t-
l¡¡
t¡J
t!

=
¡lcl
>lN
+
!t

ct

l¡J
I

()
Ë
õ
l¡J
À
v,

I

6

4

4 r0 t?

DEPTH (d), tN FEET

Flgure li.-Specífrc head dlagram lo¡ con¿tant Q.

Critical depth (d.) can be found from tbe desiSn ebarts

in reference 25 or computed for various channel cræs
sections (eee 28, p.8-7) by the following equat¡ons:

Rectangular sectio¡s

Circuler sectioDg, spprotirost¿ aolugloa (5t)

tt,:o'325(8)'^ *o'0"'

Accurst¿ only wben f; U"" U"t**o 0.3 ÀDd 0.9'

Wbere

(18)

a.:o.arsffi' (15)

Trapezoidal ¡ectiou¡

. 4zro-tbl-,1i¡tæ+t6;ñ4TF /,Â\
"':T 

\¡v'

lbe t¿blea in KinS's Hendbook (98) provide s much

ea¡ier solution for criticel depth tbsn equgtion (16).

Trianguler aectioue

á -¿¡e¿ of ctoss rection of 0ow, in squa,re leet'
B-the s¡idth of a rectangular channel' i¡ feet.

ö:bottom width of a trapczoidal chsnnel, in fæt'
D:diamet¿r of circuler conduit, in feet.
g:Bcceleration of gravity, 32,2 læt per aecondt'

IIo:speci6c hcad in section, in feet (equation 9)'

Q:rat¿ ol diechsrge, in cubic feet per aecond'

f :þp width of water surf¡ce, in fe€t.

t/:mãan velocity of ffow, in leet per recond.

r:slope of sides of s chsnnel (bori¡ontsl to vertiesl) 'd.:0.571m 07)
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For iregular rectionr, criticcl depth may be found by a
t¡l¿l-and-error eolution ueing equation (t{). Ao erpres6iotr
for the criticd velocity (l/,) in ch¿nnels of any cro€E sec¿ion
i¡:

v,-.,lllJ (le)

wlære d--¡þ6 mean depth 
"r 

n"* ($)

Io a given ch¡nnel when tbe vetociry u*a (fr) " 
f"*

tb¡n oneh¡lf the me¿n depth, the flow is rubcriticat; if ühe
velocity head ia equal to one.half 0i) the mean depth, the
ûoç is criticsl; snd if the velocity heed i8 grester then
oae'hslf ([) the mean depth, the 8ow is supercritical.

Uaifo¡m flow rvithin about l0 percent of crifical dcpth
(t0) is unstsble and shoutd be avoided in design. The
rca¡on for the unstsble flow can be eeen by referring to
ñgure 13. A¡ the flow approachea the critical depth from
either limb of tho curve, a very emall change in energy ia
required for the depth to abruptly change to the elternate
depth on the opposite limb of the speciñc-head curve. If
thE unsteble flow region cannot be ¿voided in design, the
lea¡t favorable typo of flow obould be ¿eEumed for the
deaign.

3.8-3 Problems ln nonuniform flor. problems in
nonuniform ffow include computing the wate¡ surface
profile, design of chsnnel trensitions, and diesipation of
energy of the ffowing wate¡. All of theee problems are
beyund the scope of this publication; however, two csses of
nonuniform flow a¡e discussed brieây, subcritical flow
¡round bends ¡nd a case thot mugt be considered in the
deeign of chutes. (See eec. 4.15,) The l¿tter is a case of
¡ eudden change in channel grade from one less than
crit¡cs¡ to one greste¡ than criticè¡. (See fig. 14.)

The depth ol 6ow at ecction I can bo compuiod ueing the
IVanning equetion. The flow at ¡eclion 2 (which for
prùctical purposeE can be assumed to occur at the change
io grade) passes ùhrough critical depth (d.). If the
channel grade downatream froo section 2 ie equal to the
critical elope, the ffow will become uniform at a deptb
equal to d.. However, when a draintge channel discharges
into I chute, the chute grBde is Eteeper than critic¡l slope
and the flo¡v i¡ nonuniJo¡m and ¡ccelerating. Section 2
becomea the control section for both the flow in the chgnnel
(down¡tresm control) and the flow in thc chute (upEuesm
con¿rol).

Knowing the apecific heed (IlJ in the ¡pproach channel,
the capacity of ihe chute entrance, such as section 2 (fig.
l,l), for a rectånguls¡ channel can b€ compu!€d by a weir
formul¿:

Q:3.00 *,Bíorn (20)

For a trapezoidal ch¿nnel the capecity can be computed
by the formula (9J, p. 79):

Q : 8.03,t.(ío _ d )t n @,) (b + 2d,)

\{herr

(21)

d.:critical depth at, section 2.
{o:sfæcific hesd st section l.
,t.:coefficient which represents the entrånce loss-

varies from 1,0 for perfect entrance of smooth
curveo and g¡sduel traßitions ùo 0.g2 for ¡ec-
tsngular shaped structure with squêre corne¡a.

z-elope of sides of a ch¿nnel (horizontal to verticst).

The critical depth, d, ie computed by equatione (15-19)
of Eectiou 3.3-2,

Fllurc ll.-lÍøtct-tu¡lace ptoñlc ol channet uìth tudden change l¡ crade,

t3

<3,u
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The u¡ual problem i¡ to determine the ¡i¡e of chute
ehnnnel required to clrrry a givcn diacharge. The bottom
width &t the chute entrnnce (scc. 2) cnn br conìpr¡ted by
equation (3?) for e rectangular channel,

q34a trr\n:¡V¡ \¿zt

and approximetely by equstlon (23) for s trôperoidal
channel (?3, p.84).

^*W!9-¡.7r¡¡o (23)- k.Hor,

where the aymbols are the ¡¡rne as th6e in equations (20)
and (21) from which equations (22) and (23) were tlerived.

The flow through the chute mu8t satisfy equation (ll).
If the head loss (À¿) through the chute is solely from f¡ic-
tion, it can be erpressed in terms of the hydrÀulic prop-
erties at each end of the cbute, the ¡oughness coefficient
(¡), and the length ol cbute (1,) or

puted value nill be generally lcas th¡n twenty porcent in
error (!!, p. 523).

()th'r prohleln¡ intro(lucod by cun.ed âlinement of
clrrnr¡rls *ith subcriticrl lloç inclurle spirsl flow, chlngea
in velocity distriburion, ¡rnd inc¡cased friction losseg
sithin the cu¡ve<l chrnnel es controstcd Fith the lt¡aight
channel. Flow around bends i¡ rliscussed by Chow (J!)
Bnd othen, (See references in ch. 16 of reference !!).

3.3-5 Supcrcrlticrl flor ¡¡ound cu¡ve¡, Changer in
slinement of supercritic¡l flow are difficult to make. The
çÀt€r traveling a! sup€¡criticsl velocities ¡round bend¡
of Emooth channcla builda up s.svee whieh may climb out
of rhe channel end Eet up save action continuing for gome
dist{rnce downstrcsm. Chrngcs in alinement, r'henever
possible, should be made nerr the upper end of the sec-
tion-before the supercritical lclocit-v hs developed. If
a chnn¡¡e in alinement is necesrrv ín a channel carrying
Bupercritjcal flos, the channel shoukl bc rectanguler in
cross section, prcferably enclosed ancl sstisf¡. equation 31.
Changes in alinement of open channels shorrld be designed
to reduce the wave Àction, fesulting from changing the
direction of flo¡r. (See ch. E, refcrence Pg and refe¡enee 3J
and S,l.) Ilany designr involr.ing superc¡iticsl flow ehould
be model tested to develop the best design.

3.1 the Froude nu¡nber. A useful parameter of ßow
is tho F¡oude number, one form of wtúch is

vv
':J-ru:i, (2ô)

14¡here

d-:u¡ean depth of fiow in feet. In the general er-
preseion sny cha¡scteristic dime¡uion of fow
might be ueed.

g:acceleration of gÌBvity :32.2 f.p.E.:
I/:me¡n velocity in feet per eecond.

7..-criticsl velocity for the channel and diecharge.

The F¡oude number uniquely describee the flow pÈttcrn
when gravity snd inertis fo¡ces are the dominsnt facto¡
in the ßow, For example, in ñgure 13 each point on the
specific-head cu¡ve hss a single vo,lue of the F¡oude
number, altbough two values on the eurve can be found
for a particular v¿lue of speciñc head. The ¡'roude
number of critical flow ia one; velues greater than one
indicste aupercritícal flow and values le6s thsn one indi-
cate subc¡iticsl ffow.

(24)

If the flow is accelerating (lr¿(I,So), the croes section
of o large chute can be gradually ¡educed in order to
provitle a more economicel section, by tbe method de'
¡cribed on page 8.41 of ¡eference 28.

3.3-{ Subcritical flor ¡¡ound curvcs. 'tilhen the
ffow ie subcritical, the water Burfsce is elevôted on the
out¡ide of the curve ¿nd lowered on the inside of the
cun'e. The rppÌoximate difference in elev¡tion (AFl be
tween the water surface Blong the sides of the curved
ch¿nnel can be found by the equation

^E:gv' 
(25)

1g

Whc¡e

8-width, in feet, of a rectanguler channel.
g:acceleration of gravity, 32,2 læt per seeond per

¡econd.
r:mean radius, in feet, ôf cu¡vsture,

Y:mean velocity, in feet per s€cond.

The equation gives valuea of AE eomewhat lower thÂn
ç'ill occur in the naturel channel becauge of assumption
of uniform velocity and uniform curv¡ture but the com-

h":fi, [(#)'.(uþ)']'

?,0
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Chapter IY.-DESIGN PROCEDURE

l.l Gene¡¡|. Highway drainage channela provide
surfaco drainage for the highway right-of-way. They
must be placed where they will adequately perform their
drainage function. The principles are simple, but the
actual lÀyout and dcsign of the drainage system requires
an expericnccd hydraulic engineer who is familiar with
both the construction end the maintenance problems
involved.

,{fter the highway has been locatcd, the topography
and other factors largely fix the locstion, alinement, and
grade of the channels and determine the quantity of
surface water entering the channels. Design of the
channel then consists of determining a suitsblc channel
eeetion and specifying the type of channel lining needed
to protect the channel from erosion.

{.2 Leyout of the drainsge etstem. The layout of
the drainage system should preferably be mad,a on a
topographic map which contains thc location of the
highway, the location of all drainage structurcs, and the
accentuÂted ridge and drainage lines. (See 6g. 25.) The
edges of the right-of-way and of the roadway are drawn
on the map. Then the drainage channels n€cessary to
in¿ercept the wÂter before it reaches the roadbed are
skelched in, followed by the channels required to remove
the water thst cÂnnot be in¿ercepted before rcaching the
roadway, The quantities of water which mus[ be removed
Bhen tbe design storm occu¡s are estimated for a few
points along the drainage chsnnels using the method
erplained in chspter II fo¡ areas smaller than 200 acres,
It is rarely necessary to compute the incremental additions
to the flos'along the channels.

lVhen the highway locstion cuts across tilled farmland,
the highwe-v drainage plen should be coordinatcd with
the farmer's drainage s-vsterh. Some farms arc terraced
and plowed on contour lines. Thus, the ovcrlgnd flow is
collected and concentrÂted Et points where the highway
intersects the farm drainage channels, rathe¡ than occurrin g
in a more or less uniform sheet over the hillside. Adequrte
notes by the locåting party describing r.he farm drainage
channels in the vicinity of the location centcr line are
essentisl to the design of facilities for handling the sùorm
¡unofi.

l.t Ch¡nnel grrde. The approximate grsde of the
ch¡nnel is computed from the topographic map. To
prevent deposition of sedimcnt, the minimum gradient
for eårth and grasslined channels should be about 0.5.
percent. The ch¡nnel grade should be kcpt constant
or increasing ín the doçnstream dircction, insofar as
practicable, to avoid deposition. Tlrr ¡¡rade aflects both
the si¿e of the chsnncl rcr¡uirt'rl to csrr-v û givcn llo!v ån(l
tl¡e velocitl' st which thc tìow occurs, T'h' llow shoulrl

be subcritical whenever possible in order to ¡void the
arlverse characteristics of supercritical flow.

{.{ Ch¡nnel ¡linement. Changcs in ch¿nnel alinement
should be as gradual as the width of right-of-way and
terrain permits. Whenever practicable, changes in
alinement should be made in the reaches of the ch¡nnel
which have the flatter slopes, particularly if the ffow
becomes supercritical on the steeper slopes.

<1,5 Channel section. In generol, open channels
adjacent to the roadì+ay should have a s€ction with side
slopes not steeper than ,t:l (horizontal to vertical) and
a rounded bottom at least 4 feet rvide (I). The rounding
(vertical curves) at the junctions of the side slopes and
the bottom do not appreciably añect the cspacity, but
they do add greatlv to the safet. and appearance of the
channel.

Stonex (á, p. 26) states that for roads designed for speeds
aboçe 65 miles per hour, the minimum chsnnel section
rcquired for safety should have side slopes 6: l, a bottom
width of 6.5 feet, and vertical curres 6.5 feet long con-
necting sides snd bottom. The depth of the channel need
onl. be deep enough to cerry the flow with a freeboard of
from 0.3 to 0.5 ft. on flat slopcs (9), except where ¡ub-
drainage requires a deeper channel.

Safety considerations are not Âs important for drainage
channels inacceseible to highway traffic; however, shallow,
wide channels disturb the natu¡al su¡face least and are
much easier to maintain. Intercepting ch¡nnel¡ formed
by dikes of bor¡ow material do not distu¡b the existing
topsoil and thus are less susceptible to erosion than are
excav¡ted channels. In most soils, [he channel side slope
should be no stcepe¡ than l:l; but the limit will vary
uith the t¡pe of material, from vcrtical in rock and 1/2: I
in stifi cla¡' to 2: I or flattor in loanr and sandy soils. Side
slopes of vegctative-lined channels should be flat enough
for easy maintenancc and have suitable slopes for growing
grass in the particular soil type antl clirnate.

On sonre highways, storm water is removed through
inlets and undt'rground storm drains. 1-he design of these
facilities is beyond the scope of this publication.

{.6 Chrnnel capacity. Determinoüion of channel c¿-
pacity was explaincd in section 3.2-2. Generally, the
discharge to be carried is estimated for scveral points along
the channel. The points selccted should include a section
imntediately above sharp breaks in grade and the points
of entry of concentrated flow. Channel charts (96) or
King's tables (98) providc a direct solution of the size of
channel ncerled to cerry the flow. \Yithout thcse aids
a trial size of channcl must be s¡lected and ttre clepth of
chunnel rrt¡rrirlrl to carry the llorv compì¡te(i. 'l'he trisl
size is atljustcrl until a sizc is fountl that, will carr-v thc

2t
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dealp diacharge and the need for prot€ction is det¿rmined
(sec. {.7). Freeboarcl is addcd co thc requirud depth.

\Yherc a stand¡rrl channel section has l¡eo¡¡ Âdopted ss

a nrinimunr scction, a capacitl'table fo¡ r'arious gratlm
and tJ'fxs of lining could be prepared as a guidc to tho
adequacy of the standa¡d channel eection for a particular
¡ite.

The capacity of the trial channel c¡n be increarcd by
increasing the grade, the bottom width, the depth, or by
decreaeing the resistance of the channel thrcugh the use

of a smoother lining. Incroasing thc bottom width has
tbe least effect on the velocity of the flow and is generelly
the desirable way ta inerease cÂpacity for a given depth
lnd type of channel when the vclocity is ne¡r the
permissib¡e liIo¡t.

{,6-l Use of ch¡nnel chuts. Charts such as th¿t in
ñgure 9, taken from reference 25, greatly faeilitate the
deeign of drainage channel¡. Construction of the chart
is explaíned in appendix B of ¡efcrenee 25. Eaeh chart
providee I direct solutíon to the Manning equation for a
channel of given ehape and roughness, but auxiliary
acales make the charLe appliceble to other values of n.
The abscissa Ecale ie discharge, in cubic feet per second,
aDd the ordinate scale is velocíty, in feet per oecond.
The chart contàins a eeries of heavy eolid linea for depthr
of flow (normal depth, d") and another eeries of lighter
dasbed lin€s for channel rlope. Given any two of the
conditiona for ûow, the other two elements of tbe flow can
be read f¡om the chart. A heavy dashed line shows the
poEition of the critical curve. For channeb having the
sâme value of ¿ aB thÉt for which the chart was constructed,
velues above ttr¿ critical cu¡ve indicate supercritical low
and steep glopes, while values below the line indicate suÞ
sritical ûow ¡nd mild elopes. U¡e of the channel charts
for ch¡nnels htving the eame value of ¡ as that for which
the charts werc constructed is explained by example 6.
Use of the charts with values of ¿ other than thet for which
the chart was con¡tructed ia explained by example 7.

Eranplc'6

Giv¿n: L trapezoidal channel in eroaion-r€sistrnt soil;
bottom width 4 ft.; aide slopea 2:l; grade 0.5 percent;
n:0.û30; and dircharge 30 c.f.¡. The cha¡nel i¡ to be
¡i¡ed with a mixed graas eod.

Findr Depth, velocity, citical slope, and adequacy of
tbe channel lining,

Solutio¡:
l. On tgurt I at the point of intenection of Q-36..¡.".

and the olope line 0.005, thc depth (witbout lreeboard) i¡
1.4 ft. end the velocity ir 3.2 f.p.s. Flow ia auberiticrl,
¡ince the point of inter¡ection i¡ below the dashed critical
cu¡ve. The maximum permireible velocity from table ,t

ir about 5 f.p.a.
2. Critieal elope Ie read or interpolatæd from the alope

llne at the lnter¡ection of the deeign Q and the critical
curve, 0.017 ln thia example.

Tbe channel charto can be u¡ed lo¡ value¡ of ¿ other th¡n
thst for ìyhich the chart wae con¡t¡ucted by uaing the
Q. and P. ¡calea. The design dlacharge is ñrat multiplied

n

by the døign v¡lue ol ¡, ¡ícxt the ehÀrt i! entered with
t,hc I'shre of Q. on the Q. seale and at the intersection of
the Q. r'alut' uith tht. slope line read the talue of l'.. I'
h thon thc l'. raluc <liridcd by n. Tho value of the
critical clcpth is rrad at thc intoRr'ction of the Q line
(not Q.) aDd the eritical curve and thc criticÂl velocity ir
the I/ value for thb point. CriticÂl slope va¡ies with
channel rcughneac ¡nd çben the relue of ¡ is other thrn
that for whicb the chert ç¡¡ construeted, prcceed u
shown in example 7.

ßxatnplc î

G¡¿a¡: The ranìe crors ¡eetion ¡nd deigû dilch¡rge
(30 c.f.¡.) os in erample 6, but sÍth a concrete lining
(n io 0.015).

Fdnd: Depth, velocity, ¡nd critical depth, velocity ond
slope,

Solulio¡:
l. Qn:30(0.015):0.45, and lrom the chart (ñg. 0),

V¿ ie 0.08 and d:0.9 ft. Then V=0.03/0.015:5.3 f.p.r.
2. Criticsl deptb is 1.0 fi. and critic¡l velocity is 5 f.p.r.

(both read Ât inteFection of Q and critic8l curve), Flow
is in the eupercritical range, eiuce y i! $e¿ter than Ir. snd
d is less tb¡n d..

3. The critical alope is found by ñrst finding the critic¡l
depth (1.0 ft.). The criticsl slope i¡ then recd or inte¡-
polated from the lnt€rs€c[ion of ùhis depth line ¡¡d thc
Qz value on the Qn sc¡le. In thir exemple the critic¡l
alope ir 0.004, a lesser slope thau in erample 6 becsuse of
the reduced roughneec of the cbsnnel.

{.6-2 U¡e of Kinf'e t¡bles. "Handbook of Hy-
draulics" (f,8) contains tables for the direct, aolution of
open-cbannel flow problems. The use of theæ tsbleð to
find the depth of chsnnel required for a given diacherge ir
erplained by examplea 8 and 15, The references þ
King's Handbook applies to Bection 7 of the 4th ed¡t¡on,
but the correspondiog referencea to chspter 7 of the 3d
edition followa, in pa¡entbeóes.

King'e soìution for deptb of flow requires the comput¡-
tion of a diacharge fector, K', by his equation 37 ({0), rhich
is

K,:#, (m

Where

9:di¡cti¿rge, í¡ cubíc feet per aecond.
n: Manuing co€fficient of cban¡el roughna,
b:bottom width of a trapezoidal channel, in feet.
S:slope of channel, in feet per foot,

King'e table 95 (l I l) contains valuea of numbers t¿ the
8/3 power ¡vhich fscilitst€ the preceding computetion.

Theu in teble 97 (ll3), fo¡ ¡ trape¿oid¿l channel, find

the vsluo ot f {fins'. Bandbook u¡ee D for d") fo¡ tbc

computed value of rK' and the given channel ride clopee.
Thg deptb of flo¡s i¡ then à multiplied by tbe tabuler

vetueotf '
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ßrarrn"glc t
Giae*: A trapezoidal channel; bottom width { ft.; eide

rloper 2:l; grade I percent; n:0.03; diacharge 100 c.f.s.
Find: Depth ¡od oean velocity.
,Solut¡¿¿:
l. Compuæ:

*' - # -r¡i#ffþ - Gõjo,) -0.7.

2. Iu King'e table 97 (l f 3) br K':0.74 and eido rlopea

zrt,d; :g.52. Then d.:9.5214 ) :2.t tt.

3. The me¡n velocity iB found from equÁtioo (4),
Q= AV, ¡fter computin8 the a¡ea which i¡

A - d(b * zd) = 2.1[{+ 2(2. l)¡ : 17.2 aq. ft.

r-f-ffi:s.a r.n.'.

1.6-i Sifnifc¡acc of tbe rou¡hneee coe6elent (M¡n.
!¡!g n). Teble 2 (app, A) lists n v¡lues for ch¡nuel¡ ç'ith
nariour degrees of roughneee. A value about midway in
the nnge of value¿ ia ordirarily uaed for design, Whe¡
new, the carrying c¡paciùy of the ch.annel will be greater
thåD thst for which the cbannel is designed. This is
ordinarily good, but çhen the deaign velocitieo a¡e neÂr
the permissible velocity for tbe lining of thc cbannet,
demage might occur before the ch¡n¡el reaches the design
condition. Thi¡ ie il¡u¡trat¿d in erample g.

Erample 9

Giæa: lt trapezoidal cb¡nnel i¡ easily eroded æil;
bottom width 4 ft.; side elopes 4:1;d:1.0 ft.; grade 2
petcent; ø be lined wrth Be¡muda grass, kept mowed to
2 io.;n:0.035 (table 2).

Fr'nd: Àdequacy of cb¡nnel li¡i¡S it sæding ir uaed to
c.tEbl¡Eh tùe gn8r.

Sol¿fr'o¿: Ac deaigned, the cb¡¡nel woutd carry 36 c.f¡.
et a rælocity of ,1.5 f.p.s. If the cha¡oel received tbe
derign ûow (36 c.f.s.) before the e¡asE h.ad taken hold
(when r=0.02), the velocity would be ô.7 f.p.a. The
cha¡nel çould protrably be damaged. (Sec table 4.)
If the risk of a damaging discharge occurring before tbe
gnss is establisbed is great, sod or temporary protection
ahould probably l¡e used. (See sec. 5.,1.)

Another t-vpe of problem is the determination of the
more economical of tço suit¡ble liDiDgs of diõerent
roughaess.

E''dmple l0

Gíoc¡: lr traperoidal cha¡nel itl easily eroded eoil;
bottom width 3 ft.; ride rlopes 3:l; grade 2 percent; Ànd
deaign discbarge 40 c.f.r.

fdnd: Whicb i¡ the more economical lhing for the
cb¡n¡el---concrcte (z : 0.01 5) or stone (n - 0.030) ?

Solutiø¡: Using the t¡bles of refcrcnce 26 or King's
tebler (eee 4.6-2), the comparatile ch¡nncl ch¿racteri¡tics

(rithout f reeboard) are:
CwCa ,gil

,4 (aree)------- +32 7.00
d (depth)------ .8 t. I
Q (discbÂ¡ge: VA)---------- {0.0 g& 5
V (velocity)--- 9.3 ä 5

With the required cmes eectio¡J¡ for the two linings com-
puted, allowance for freeboard i¡ added and tbe cos! of
e¡cåvation and lining is computed for e¡cb typo, thuc
determining the more economical channel liring,

A tbird type of problem (example ll) involvea uring a
rougher cbanael lining to decre¡ge the velocity fiom auper-
critic.l to subcritic!1.

Eranple 7l

Gioat: Ã trapezoidal channel paralleling the higbway;
bottom width 4 ft.; aide sloper 3:I; discharge 225 c.l.a.,
and grade 1.0 percent, At the lower end of the channel,
the ûow must be tu¡¡ed â¡d paesed under the roadway.

Frhd: A suítsbls type of channel lini"ng.
8ol¿lro¡:
l. For a concrcte-üned channel (z:0.015) the requircd

dÂtå from p. 201 of reference 26 erc:

¡{ :20.0 ¡q. ft.
tl:2.0 ft.
R:t.2 tt.
f:16.0 ft.

¡¡d from p.370 of reference 26, the velocity for a hydraulic
tadius of 1.2 ft.8Dd slope 0.01 is 11.2 f.p.s. The diacharge
ir computed Io be 2U c.f.s. which checks the deeign dis-
chrrge, However, watÆr flowing at lt.2 f,p.s. is super-

critical, oince from equation ttOl fr.:.r/tlZffi:O.a
f.p.s. Supercritic¡l flow çill be difficult to tum.

2. If the cha¡¡el u l¡¡ed with grus (n:0.O40), the
requirtd drts f¡on ¡efercuce 26 are:

.{ -t1.3 sq. ft.
d=3.1 ft.
e-_223 c.îe,
B:1.75 ft.
T:22.6 1r.
I¡:5.4 f.p s

The grass-lined channel requires a much larger croes
sectioD, but the wat€r flowing at 5..1 f.p.a. is eubcritical
(V,:7.7 f.p.s.) and will be much essier to handle than
the såme quanl,ity of water Bowing at supercritical velocity
of over I I f.ps, in the concrete-li¡ed channel.

l.? Ch¡nnel protect¡on. trfaximum permissible veloc-
ítie¡ for ch¡nnels in various roil typea ere given in table
3, appendi-x A. If the mean velocity at the deeign flow
exceeds the permissible velocity for the particul¡r soil
type, the channel ehould be protected from emsion.
Channel protcctioD can be provrded by linings of graes,
concret€, bituminous material, etone, ûber glaea, or a
preformcd materi¡l such as metel or wood 6ber impreg-
nôted sith pit h. Generally, thc lowest coEt (including
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malntcnsncc cost) lining tbÂt provid{ìs Edequate pÌotection
ahould be used. The type of channel lurirrg might vary
along the lcngth of thc channel, using a low-cost Ùning,
such as ¡rass on thc flstter shr¡rr* and a hißh*ost lirring
¡ucb as concretc o¡r the steeper slopes, The cåpÂcity of
the ch-annel, variæ with the roughncss (n value) of the
lining, thus the channel dimenaions must often be changed
wben the channel lining io changed.

Reaearch on vegetatíve lining¡ (5t, 9d) by the Soil
Conservstion Servicc and othen h¡s demonstrsted the
value of Brags linings for drainage channels i¡ ¡egions
*'here grass can be gronn. À{inor er¡sion dsmage to
grass linings often "hea¡s" it¡elf where rigid-type tinings
progrcssively deteriorate unless repaired. I\{aximum per-
missible velocities for channels lined with various vegetal
oovers are given in tâb¡e 4, appendix .4.

Grass linings are particularly suitable for use in eom-
bination $ ith othe¡ types of paving. Figure I 5 ehows one

Ficure I5,-App¡oxìmate dìst¡íbution of oelocítìet
ín a.t¡aight trcpezoidal channel.

reason n'hy thi¡ is t¡ue, Velocities in Â Btraight, uniform
channel are generally B¡eatest in the upper part of the
middle portion. \¡elocities decreqse toward the ch¡nnel
sides and bottom approximÀting the dist¡ibutio¡ Eho$'n
in ñgurc 15. Although the mean velocity might exceed
tbe permissible value fo¡ a grass lining and thus require
a higher cost lilring, the me¡n velocity in the triangular
eection embraci¡g the upper edge of the bank slope might
be lor enougb for grass. The most economical solution
would probably be the combination of I rigid-type lining
in the loerest, part of the channel and grass liníng on the
upper bank elopes.

Combination linings are ¿lso ueed wbere the ch¡nnel
bottom requires protection ¡rhich could be fumiehed by
a grass lining, but low flows of long duration, from suo*'
melt, or seepage, retård the gron¡th of g¡a8s. In sucb s
situation, the channel could be paved with a rigid-type
li¡ing to carry the low flow and witb grass above tbe
elevation of the continued low flow.

If grass is to be seeded, a strip of çass sodding should
be placed along the edge of rigid-type linings (at the time
of construction) to prevent undennining of the grasr
lining.

{.8 GrassJlned channels. The method preeented iu
this publication for the design of grass-Iined ehan¡els is
baeed principally upon the experiments of the Soil Con-
¡ervation Service (Já,36). The Manniug equation
can be used to determine the capacity of ¡ g¡ass-lined
channel, but the value of ¿ variee with the type of glaBs,

the development of the g¡asa cover, the depth of flow,
and the velocity of flow.

The pernrLrsible velocit.v in r grsss-lined ch¡nnel
depends upon tltr't)'pe of grass, the condition of the grass
eorer, the lexturr of the soil comprlsinß thr chan¡ol bed,
tlre channel rlo¡rc, rnrl to sûnìf crtent ulr()t¡ thc si¿e antl
ancl sha¡rc of the drainagt channcl. 'lo Eua¡d sgainst
overtopping, thc channel capacity should be computed
for tallc¡ grass than is expcctcd to be mr¡intsined, wbile
the Yelocit,v uscd to check the adequacy of the protection
should be computed assuming e lower grass beight which
will likely be maintained.

Tbe variable value of z complicates the solution of tho
I\lanning equation. The depth and velocit¡' of ûow must
be cstimated and the ìf¡nning equation solved using the
¡ \'alue (tâble 2, qpp. A) which corresponds to the æt¡-
mated depth and velocity. The trial solution providea
better cstimstes of the dcpth and velocit¡' for a qeu'value
of n and the cquâtion is again eolved. Thc procedure ie
rcpcated until â depth is found that carries the design
discharge.

Three methods will be explained for designing ¡ Bress-
lined channel. The first method (examplc l2) uses table
2 to obtain a trial value of ¿ for solving the lfanning
equation, The second nìðthod (example l3) follo*'s
more closel"v the method used by the Soil Conservation
Service (96) and can be used for values outside the range of
tsble. The thi¡d method (example l,l) provides a direct
solution through the use of channel charts (f,.t). The
third method is preferred if e chart is avaílable for the
type of channel to be used. Con¡truction of chlnne¡
chå¡ts for grass-lined channels is explained in appendix
B of reference 25.

Erømple 12

Giucn: L trapezoidal channel; bottom width 4 ft.;
side elopee of 4:l;gtade I percent; lined with Bermuds
grass kept mowed to a height of 2 to 4 inchee; in easily
erodible soil.

Fdnd: Depth required to carry the design frow of t00
c,f.s. and the adequacy of the grars lining.

Solztdon.'
l. Assume a depth of 2 ft. and a velocíty of 4 f.ps.
2. From ¡ection IV of table 2, appendix Â, the value

of ¿ fo¡ tall grâss ig about 0.04, The increased depth
(2 as compared *'ith 1.5 ft.) compensâtes for the lesser
velocity of low (5 as compared with 6 ft. per Eec,). For
}inch grass, the value of a is about 0.035. The solution
of the Manning equÂtioD is the ssme as for an u¡¡lined
ditch.

3. The following data are taken from p, 241 of æferencc
26 (King'¡ tables, sec. {.6-2 could be ueed):

n:0,O4
á:24.0 eq. ft.
d=2.0 ft.
R.:1.17 Ít.
T:20.0 tt.

and f¡om p, 450 of ¡eference 26
V:4.1 f.p,¡,

Then Q -98 c.f.e. whicb nearly equals the design diseharge'
4. For computing the adequacy of the lining (¡:0'0Í15),

the velocity ie 4,6 f.p.c. and d is 1.9 ft.

u
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Tablc .1, appendir i{, givea thc allowable telocity ar
6 f,p.s. shich erceeds the computed value. The B+rmuda
gtass s ill provide adrquâtc protoction.

A nroro gtneral soh¡tion for csan¡ple l? for lalurs that
lie outside thc range of table 2 is: l'int classifl' the retard-
ance of tùe [F&ss cover from the informstion given in
table 5, appendix .4. Then from thc product of the €sti-
mated velocity rnd the estimated hydraulic radius obtain
the cstimated v¡lue¡ and repeÀt the procedure until e
deptb is found that car¡ies the design discbarge. See
crrmple 13.

ßxomglc lt
Giu¿¡r The s¡me dâtr ar in example 12.

Fdnd: Depth and adequacy of grass lining.
,Solulio¡:

l. In the example, the ¡etardance in Class C (table 5),
uaing slightly taller grals than 4 inches, and the hydraulic
radiue is l.l7 ft. for an assumed depth of 2 ft. The
a¡sumed velocity is 5 f.p.e.

2. From ñgure 16, the ÌVlanning n for a VR p¡oduct of
5.85 is about 0.0.1 (.035 for Cless D, 2.&inch grass). It
t'ill be noted that the value of ¡ could have been read to
greater refinement, but this is sufficiently eccurate for
prectical problems.

3, The problem now becomes the Bame ss that illustrsted
io example 12 ¡nd the Z-ft. depth þefore allowing for
f¡eeboard) is satisfactory. The Bermud¡ grass provides
edequate prctection.

Example 74

Giocn: The same datâ as in example 12.

Frnd: Depth and adequacy of grass lining.
Solrtio¡:

l. Channel charts (Nos. 30 to 33, ref. 2fl have been
prçared for trÂpezoidal channels with bottom width 4

feet and various side slopes, having retard¡nce classi6ca,
tions, C and D, Cha¡te fo¡ median swales are also
aupplied (No. 3{, ref.26).

2. To u¡e the channel charts, first fi¡d the ¡etard¿nce
cla¡sification in table 5, appendix ,{, or table 5, appeDdix Ä,
of reference 25, and select the appropriâte cbart, in refer-
er.ce 25 Íor the bottom width, aide slope, and ¡etard¡nce
classiñcation. Ente¡ the chÂrt with thè d6ign discharge
and channel slopes and ¡ead the dçth and velociüy from
the graph.

3. In this example, the retardsnse classification fo¡
capacit-v is C (tablc 5); and the app¡opriate chart is
ìio. 3l (fig. l7). Entering the bottom graph of 6gure 17
with 0:100 c.f.e. and S-0.01, the depth is 2 ft. and the
velocity is 4.1 f.p.s. Fo¡ allowable velocit_v lretardånce
D), the depth is 1.9 ft. and the velocity is 4.6 f.p.s.

4.9 Concrete-lined ch¡nnele. Concrete linings are
generally used for protection against erosion on 6teep
slopes; however, they are Bometimes used on very flat,
slopes to increase the velocity of floìÀ to e nonsil[ing
velocity, to morc efficiently rcmovc watet from ponded
ereÁs, or to reduce the size of channel needed to carry thc
design dischargc. The capacity of concrete-lined channcls
can be eomputcd as describcd for channels in sections

â

3.2-2 and.l.6. Valuca ol thc !\lanning coe$cient for
concrctc linings are given in tsble 2, ¡flpendix ,{.

F'or econtrnr¡ of eonst¡uction, the side slopes of concrete
lin,,cl traprzoitlu,l soctio¡Ls rl¡ould not bc Eo !t{ep (no
Btcoprr thån lli:l and prt'frrabl.r. no ateeper than 2:l)
that surfâce forms would be needcd. Othe¡ con¡truction
details sle di¡cuesed in seclion 5.5.

Velocities in concretÈlined ch¡n¡el¡ on the !l€€po!
longitudinal grsdes arc usually aupertritical, Àt high
vclocitis air entraitrmcnt occurs. Thie produces a bulLing
effect vrhicb iuc¡es¡es lhe depth of ûow. Ài¡ entniunent
¡lgo causes ¡ reduction in channel frictio¡ rith a reaulting
incre¡¡e in velocity ovcr that computed ueing the Manníng
¡ from t¡ble 2, An ¡ of about 0.008 i¡ ¡ecommeoded (E7,
p. 289) for computing velocity' and speciñc energr in
concretelined channels carrying eupercritical flow.

To sllow for l,hc bulking efrect of the entrained air, the
depth of chaûnel requùed to carr.\' the air-cater mirture
must be greater than that compuled by Ifanning's
equstion ueing the ¡ value from table 2. One method
(37, p. 289) is to use an ¡ of 0.018 for computing normal
depth. Anolher mcthod fgr computing the depth of the
ai-r-wster mixture in a rectsnguler channel ie adapted
f¡om a formula givcn on page 547 of ¡eference 22 in which:

.d=0.11(g/Ðr/r (29)

Both methods of allowing for ai¡ e¡trai¡ment rre rough
approximations and do not include an ¡llow¡nce fo¡
frceboard.

The eEect of tbe high velocity flow Àt the cbanDel cdt
must be con¡idered and ¡ome pmvision mÀde tó diraipatc
tbe ercess energy. Otber*'ioe, eroeior might occur at the
chaDnel outlet, resulti¡g in damage þ embankment ¡lopc
or io u¡dermi¡ing of tbe channel outlet. Deaiga ol
stilling basins and energy dissipaton is discussed in refer-
ences 38 a¡d 39. o

High-velocity f,ow can damage the lining itEelf if pro-
¡êctions of tbe liniag occur as I r€sult of faulty deaip or
consth¡ction or through unequa¡ s€ttlement of tbe rup-
porting soil. OEeets at conBtruction or expaD8íoD joi¡ta
cåu8e negrtive pressures be¡eatb the joint and loEs ol the
supporting ¡oil. To avoid ofisets, trrnsverae jointa rhould
be made ¡o that the upstrcBm edge of the lower 8låb cenDot
heâve without moving the doçnsl¡eam edge of the upper
¡lab a like aû¡ount, Thc edge of the lowe¡ ¡lsb ¡bould be
conotruct€d about one-half inch lower thsn the edge of tbe
upper elab. Keyed joints arc unsstisfÂctory becauoe tùe
abutling ¡l¡be a¡e eubject to differential movement *bich
might result in high stressee on tbe keya or ke¡'wayr and
cause them to spall. .An unkeyed joint with elip dowek
ie tbe preferred type for large concrete cbannels (J7, p.
340).

Concrete-lined channelg built on stcep alopea rbould be
anchored to the subgrade by cutoff walls et both the upper
and loçer ende of the cbannel. On cbsnnel¡ longer than
about, 50 fect, intermediate anchor walls may be neceeeary.
The cutotr wall al¡o minimizes erosion undemeath tbe
linirg. The abe€nce of a cutoff wall at, the outlet, often
¡esult¡ in the loss of part of the concr€tæ lining. The cutofi
rsl¡ Ât, the outlct i¡ porticularly neceslary wberc ! hy-
draulic jump occure. Cutoffs on prÞe cbuter uaually tehe
the form of collars bolred to the pipe.
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,{nother frequent cause of failure of concÌetelined chan-
neis is overtoplling of thc ehantlcl rvhen thc frecboard is
irìsuffìciont to eontåill thc wavcs geuoralcd by tlLrturbance
of the high-velocity flow. (See sec. 4.15.)

l,$-l'Buoy¡nct of empty ch¡nnels' Ineaturst€d
soils, empty ch¡nnels with riSid linings mâ!' float or braak
up bec.auee of the uplilt watcr preagurc. The total upward
force ic equal to the weight, of the wate¡ displaced by tbe
cb¡nnel or 62.4 tim€s the volume in cubic leet of the portion
of channel cross gection which lics below the s'ater þble.

The uplift pressure is resisted by the total weight of the
lining. lThen the s'eight of the lining is less thsn the
uplift pressure, the channel is unstÂble in ssturated 8oils.

Tbe li¡ing should then be increased i¡ thicknese to add
¡dditional rveight or if the flow is subcritical, weep holes

may be placed Ât intervals in the channel bottom to relieve
the upnsrd \ater prcssure in the channel. The dianletcr
of weep holes varies from 2 irrches t¡ 4 inches and the
spaeing depends upon soil conditions. \Yhen flow is

supercritical, subdrainage should be used rathcr than wcep

holes to reduce uplift prcssure.

A companion problem in northern regions is frost heave
which is pmbably the greâtest factor in the destruction of
concreæ linings in regions rrith subfreezing temperrtures.
Unless the subgrade ie free draining, subdrainage might be

required. All úeid linings require a ûrm, well-compacted
subgnde. (See sec. 5,5.)

{.10 Chsnnels ¡ith comblnstion llninge. At some

locatíons graes alone does not provide Eufficícnt, protection
to the channel beeause of high-velocity flosr or the inability
of gr¿ss to become established in the bottom of the channel.
The best ¡olution for gome of theEe locationE might be a
combination channel whe¡e the lower port of the channel
cro8a Bection i¡ lined with stone or a rigid type of lining
and the upper part of the chsnnel cros8 Eection is grassed.

Another application of combination ehannels miSht bÊ on
slight alopes wbere e Bmooth rig,id lining is used to maintain
noneilting velocitie¡ at low flowg and grass providea
protection to the upper part of the channel,

The top of a rigid lining should be protected by Â sttip
of Fod at the time of construction and the edge of the
lining ñnished as described in section 5.5. The deaign of
ch¿nnels with combination linings ia illushated by er-
ample 15.

Erample 15

Gium: L trepezoidol channel; bottom width 4 ft.;
eide alopes 3:1; g¡ade 0.5 perceut; in eandy loam; carryiog
0ood water containing ûne ¡ilt¡ aud a epring flotr which
reaches 30 c.f,¡.

Find: A suitable deeign for the deaign flood of 170 c'f.s.
(including apring flow).

Solulio¡:
A. Unlincil Cha¡¡cl

l. Table 3 givea o permiesible velocity of 2.5 f.p.e. for an
unproteeted cbsnnel. The n value of tbe unprotected
chennel (table 2) is 0.020. The channel will be deeigned
using King'a tablec. (See eec. 4.8-3.) The tableo refcrred
to in the computationa following sre from aection 7,
reference 28, but the corresponding table in chapter 7 of the

n

3d edition of King'r Hnndbook ie given in pnrenthesc!.
Conrputc Ji'from equÂtion (27), ¡eetion ,l.tF2.

x,:¡,1Í":dílffijfþ:, ,n

King'o table 95 (lll) conßinr 8/3 power of number¡ a¡d
hi¡ table 92 (108) cont¡ins 1/2 power of decimsl numben.

2. In King'a table 97 (ll3), for I('-1.19 and aide elopea

)
3:1, i:0.59. Then d.:s.5914):2.1 Ít^

3. The velocity is computed from formula Q), Q:AV
where á for a trapezoidal ch¡nnel:d(ò*zd)-2.4¡4*,
(2.a)l:2ô.9 Eq. ft. then

y:lIL :6.3 ¡.p...' 2ô.9

A chrnnel 2.4 ft. deep (2.7 ft. with freeboard) will ca¡ry the
design discharge, buÈ the velocity of 6.3 f.p.s. exceeds that,
allonable. Therefore the channel should be protected.

B, Cott¿rcle'Lin¿iì Chantr¿l

l. For ¡ con¡:rete-lined cb¡nnel (¿:0.015). The eom'
put¿tions are simil¡r to Part A of this exåmple.

z. x'=¡¡|ffiþ=o'8eor

x',:xifi:t.tn ftffi:o.tn
)

t. i:0.t,4nd d":(4)(0.ö2):2.1 ft.

4. A:2.rt4+3(2.1)]:21.6 to. ¡r.

r:rfi:z.e r.ns.

5. The Froude number (sec. 3.4) of tbe flow is 0.96'

whicb indic¡tes that the flow is in the unstable range juot

below criticål Eow, Tbe flow ahould be considered aa

eupercritical in altoring for freeboard or in attempting
to change the chsnnel 8li¡ement.

C, Cotnbííallb¡ Linhg

l, Ä more economical linirg than tbat of part B might

be I combinatiou lining with a concrcte-lined cb¡unel

deeígned to cårry tbe epring flow of 30 c'f.¡' and with the

channel elopes above the concr€t€ lined with Bermuda

graaa mowed to 2 i¡ches. This design will have the cro¡¡

eection shown in ûgure 18' The depth (without fre+'

board) of the concrete-li¡ed ehannel is first determined'

z. Ir,:ffiffi:0.r6
a. f :o.zz d.: (a) (0.22):o.e rt.
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Ftgure lE.-tragezoídal channel øíth combination llning.

4. Area=0.9f4*3(0.9)l:9.¡ 6q. ¡¡.

v=ffi-s.o r.n.'.

Top width = ô * 2zd- a * (2) (3) (0.9) :9.4 ft.
A eoncrcte-li¡ed channel 0.9 ft. deep will Eåtisfactori¡y

cårry the desrgn flow of 30 c.f.s.

The next step is ùo estim¡te the tot¡l depth of the
ch¡¡nel. As a guide, a rectanguLar chan¡el of top width
9.4 ft. e¿n be estimated to cÂrry the now, The velocity
will be someshat higher than the 5.0 f.p.s. velocity in the
0.9 ft. depth of the concrete-lined section, say g f.p.s,
The discharge per foot of deptb is 9X9.4 o¡ 85 c.f.s. The
trial depth is then 170/85 or 2 ft. (t.l ft. above concrete
lining).

For a trial depth of 2 ft. the computation for the section
rbove the concrete lining is:

¡1 :6.0* (9.4X l.l):16.4 sq. ft.

l4¡P:9,7 1r.

n:$-S:r.os
I¡:10.0 f.p.e. (fmm nomograph, app, B for 5:0.005,

n:0.015, and B-1.ô9)

Q: l6.a(10.0) : 164 c.f.s.

the w¡ter carried in one of the triangular sections above
the grÂsE would be computed aa follows:

I
á :i(3.3x1.1) :l.El sq. ft.

yP = /is,sF+o:iF : 3.5 rr.

n:S:o'sr

Thc value of n from table 2 is 0.050 for a depth of betweeo
0,7 ¡nd 1.5 ft. and eltimated velocity of 2 f.p.e. Then
V-1,25 f.p.s. (app, B) and Q:t.ZS(1.8r):2.4 c.f.r,

The water carried by the tso trisnguler graesed eectione
çitl be.t.6 c,f.e. ond the lotsl crpacir¡- of the combinslion

ditch (without freebosrd) is 164*4.6, or 169 c.f.s., which
nearly equala the design discharge.

The emall qusntity of wate¡ (4.6 c.f.s. in this exauple)
and low mean velocitieE csrÌied in the few feet of channel
near each bank is a powerful srgument for using com-
binstÍon ditcbes r&ther than lining the entire channel
section with a rigid lining. In this example concrete
paving throughout the slope would have increased the
diocharge by only 12.5 c.f.s., but would have required
sn additional 7.0 sq. ft. of concrete lining per linear foot
of channel.

{.lt Bituminous lininge. Capacity of channels lined
with bituminous m¿terial can be computed as described
in seetions 3.2-2 and 4.6. The ilfanning roughness
co€fficient (table 2, spp. A) for bituminous linings is
ôbout the same as th8t of portlsnd cement concrete
lininge, thus the ch¡nnel size and the velocities der.eloped
in the chgnnel are about equal for the tr+o types of lining,
Channel side slopes for asphalt conc¡eteJined chennels
less than l0 feet deep ehould be no steeper than lfi:1.

Bituminoue linings are more flexible than portland
cement linings snd can more readily adjust to minor
eubgrade Eettlementì but the bituminous lining has less
strength and weight to re8ist uplift from frost sction or
hydroatatic preEsure, (See sec. 4.Þ1.)

Weeds end other plånts are o potentisl hazard to
bituminous linings when conditions sre fsvorable to their
growth. Soíl sterilization of the lining subgrade is soms.
times required.

AdditionÊl informrtion on bitunlinou¡ linings for
ch¿nnels is co¡t¡ined in The Asphalt Institute'e \Ianuul
lío. 12 (40).

,1.12 Ch¡nnels lined with stone. Stone channel
lininga can be constructed (sec. 5,7) of dumped stone,
hand-placed stone, or groutcd Btone. The ch¿nnel bed
and elopee c¿n be lined throu¡lhout rbe sres thåt sill be
in contact ç'ith the design flood or stone can be used in a
combinstion channel with grass or concrete. The sizs
of ltone uaed rengea from gravel size to ¡srge stone severa¡
feet in diameter. The size of stone needed to protect û
particular chennel from erosion rnay be celculated ac
erplained in eections {.12-l to 4.12-3. Bank ¿nd ¡horo
p¡otection is discussed in section 4.16.

A dumped stone lining is the moot flexible of tho thr€e
t¡-pes and will more readity adjuet it¡elf to uneven bank
Bettlement (sec. 7.5). In arcas whcre ston€ is plentiful,
dumped stone is genenlly the leost eodtl¡- tJ-pe.

n
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Fígure l9,-Relatìon ol Mdnn¿ng n to B¡ze of stone.

Flaud-placed stone linings require less material than
dumped stone linings and might be used s'here thc cost
cf stone is exeeptionally high. I{and plåcement is gen-
crally restrictcd to larger size stone and includes both
manually and macl¡ine placed stone. (See sec. 5.7.)
The finished apprcrance of the hand-placed lhing is
somen'hat more uniform than dumped stone but its per-
formance is less satisfactory. (See sec. 4.12-2.)

Grouted stone is seldom used except in small channels
carrying high-velocity flow or where the available atone
is not large enough to withstand the expected velocities.
Even herc the use of wire mesb baskets (49) filled with
stone might be preferable to grouted stone.

Àll types of stone linings should be laid on a filter blanket
of gravel or crushcd stone unless thc gradation of the
natural soil is such that it tr'ill not 6ltcr up through the
stone lining. The design of the filte¡ blånket is discussed
in section 4,12-4.

The procedurcs for selection of stone size which follorv
are bascd largely upon the ¡eporr of ihe Subcommittee on
Slope Protection of the Committee on Earth Dams of the
Soil Mechsrrics and Foundatione Division, Ämerican
Soeiety of Civil Engineers (lr). The size of stone needed
for slope pmtection (see û9. 2i) is based on the Ishbash
formula. This formul¡ is compared with all avail¡ble
(through 1958) experimentål dsts on Corps of Engineers
Chart, 712-1, referc¡rce 42,

30

The Cslifornia Division of Highwa.ts discusses the
design of stone slope pmtectioD (19, pp, 110-126) irt their
bulletin on Bank and Shore Protection. the use of stone
sausages for higbway filì protection is discussed by Posey

UÐ. Reference 39 (p. 209) gives a curve showing the
maximum stone size recommended by the Bureau of
Recl¿mation for protection doçnstre¡m from stilling
basins. This curve would lie alightly to the left of the

curve for a I : 1 slope in figure 21.

When the cost of stone linings is great, alternate means

of channel protection by reducing the velocity should be

in vestigated.

4.12-l Dumped-stone linings. the resistance of stone

to displacement by moving water depends upon-
1. lleight, size, and shape of the individual stones.

2. The gradation of the stone.

3. Depth of water over stone lininS.

4, The steepness of the protected elope.

5. The stability and efficiency of the 6lte¡ blanket and
the embankmcnt on which the stone is placed.

6. The velocity of the ffowing w¿ter againEt the stone.

The size of stone required is determined by first comput-
ing the mean velocíty of the watær a¡d the size of the

channel requrred to carry the desiSn dischÂrge' Next, a

I

lr
(t2k)6 /
44.4

I
/

/
/

/

FORMULA BY
K. STRICKLER
REFERENCE 45
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Flgure 20.-Aoerøge oelocíty ø.gd,¡nst ttone on channel bottom.

LO

Eize of stone (È) is selected that wi.ll withetand the expected
velocity. A di¡ect eolution of the problem is impract.i-
cable, unless chÁrts similÂr t¿ the charts (Nos. 80-34) for
grasaed channels i¡ ¡efere¡ce 25 are conôtructed, because
tbe value of tbe lvfanning ¿ i¡creases with increase in the
size of Etone used; this r€quirea a t¡ial and error procedure.
(See example 16.) the stepe in the procedure are as
followe:

l. Select s trial v¡lue of n f¡om ûgure 1g correeponding
to the estimsted size of stone to be used. Figure lg
Epplies io a stone lining on both eídes and bottom of
cbannel; wben only the chanoel sides are lined, the z value
mþht requLe weighting when the t¡ottom width exceeds
4 times the depth of flow. The value of the Manning n' ¡l¡o v¡¡iee with the ¡utio of stone size to the hydraulic
¡adius (16). The efiect of thi¡ va¡iation is generally
minor iD the determi¡atÍon of gtone síze.

2. Compute a size of channel, ueing the Manning equa-
tion, that wilì carry the design discharge.

3. Divide the assumed stone diamete¡ (/c), in feet, by the
computÆd depth of flow in the channel (d) to obtain the
h
; rat¡o.

4. Enter 6gure 20 with this ratio to obtain the V,lV
¡¿tio.

5. Multipl)' the computed mean value of l/ b¡- the
V,lV ra|io from ûgure 20 obtain the velue of Iz..

6. Ente¡ figure 2l with the value of the lz. and ¡ead the
stone eize, in feet st the intersection ot the Z. snd the
cu¡vè corresponding to the channel side slope.

7. If the estimated stone size (step 1) is smaller or
much greater thaû the required size (step 6), select a
diffe¡ent sire stone and repeat Eteps I th¡ough 6, uDtil
the eatimated size agreee with the required eize,

ü

/I loaereo FRoM r{yoRAULrc cHART ?re-
I lJqnluurg DEsrGt cRrrERla,coRps oF
IETIGINEERS

I

,
/
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Fìgute 21.-Síze oî ttone that ulll rccirt dlcplaccmcnt lor oatlou. ocloclttet and údc slapet.

FOR STONE WEIGHING
165 LBS. PER CU.FT.

AOAPÎED FROM REPORT OF
SUACOMMITTE ON SLOPE
PRoTECT|ON, AM. SOC. CtVrL
ENGINEERS PROC. JUNE 1948
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Determining tbe size of rtone placed within obout 50 B
of the dowDEtreÂm end of a chute or culvert carryiog high-
velocity flow requirea a modification of etepo.4 and .5 of
the foregoing procedure. The average velocity st the
end ol the chute should be used to enter ñgure 2l rather
th¡u V. from 6gure 20 *'hich applies to fully developed
boundary flow.

The eize of ¡tone required to resist displacement from
dl¡ect impi¡gement of tho curreot ss might occur with a

rharp change i¡ alinement is probabl-v greater than the
velue obtained from figure 21, although research dôta a¡e
lackÍog oo just how much lsrger the stone $hould be. The
C¡lifornia Divisioo of Highways (1.9) recommends doubling
tho velocity against the stone as determined for straight
ellnement (step 5) before eotering figure 2l for stone size.

Ianø (4ó) ¡ecommends reducin¿ the allowable velocity by
22 percent for very sinuoug ch¡nnels, or for determining
ltoDs si¿e the velocíty i¡ increased. The factor applied
to the velocity Y. for i¡creasing the stone size at the point
ol impingemeo! would vary from I to 2 depending upon
the Eeverity of the attsck by the current. The area where
the l,rrger stoDe is placed should be determined by the
conditious at eÂch 8ite. It is obvious that protection ig

oot required on e bank where deposition occurs,
îhe gize of stone (È) taken from figure 2l is for stone

rith a unít weight of 165 pounds per cubic foot.. The
ltône size (È') for stone of other weights can be computed
from Creager's equstion (discussion of reference 4l):

. to2.5k*.-l:6-ZS (ze)

lbe American Society of Civil Engineen Subcommittee
(lI) ¡ecommends the following rules as !o the gradation
of the stone:

1. Stone equel to or larger thau the theoreticsl
si¡e from ûgu¡e 2l with ¿ few lârger stones, up to
about twice the weight of the theoretic¿l size tolerated
for ¡ea¡o¡¡ of economy íu the utilizstioo of the
quatúed rock, ehould make up 50 percent of the
rock by weight.

2. The gradation of the lower 50 percent should
be selected to soti.sfy ihe filter requirements (sec.

iF12-i1) between the stone nnd the upper layer of the
filte¡ bl¿nket,

3. The depth of the stone should sccommodate
the theoretically si¿ed stone with s tole¡snce in surface
elevations designed to permit the oversized stones
mentioned in rule l. (This requires s toleranc€ of
about 30 percenl of the thickness of the stone.)

{, Within the preceding limitations, the gradation
from laryest to smsllest sizes should be quarr,v run.
(S€€ 69. 2.t for 6ood gradation curve.)

Te¡ts made at the U.S. Àrmy Engineer Waterways
Erperiment Stetioo (ld) ehow the importÂnce of gradation
u compared çith maximum size of stone. Two gradations
f¡iled u¡de¡ lhe same conditious although one gradation
h¡d a¡rimum pieces 30 inchæ in equivolent di¡meter
(2,300 pounds), as opposed to 2.t inches (700 pounds) for
the other grsdltion. The 50-pcrcent size of e¿ch grada-
tion was 16 inchtx (200 pound¡), Two other grsdrtlons
l¡iled undcr the Bsme conditions, one with mrxirnrun

piecea 24 incheo (700 pounds) in equivalent diameter and
the other lô inchcs (200 pounds) in equivalent diametcr.
IIowever, 75 percent of each of these gradations consisted
of etone l0 inches (50 pounds) in equivalent dirmeter or
smaller, In the motiel t€sts, the large pieces ¡vere dis-
lod8ed by uDde¡cuttiDS resulting from the removal of the
emaller pieces. Ifurphy and Gr¡ce (16) concluded that
pieces of stone larger ¿han those which represented some
critical size (the 6G to 6.ipercent size in these t6ts) do
not increase the effectivenes of the p&rticr¡lêr gradation,

Example 16 shows a sample calcuhtion of stone size
for a roadside channel. Bank protection of stream
channels is briefly discussed in section 4.16 and placing
of riprap is dbcussed in section 5.7.

Erample 16

Giw:¡: A trapezoidal channel in easily eroded soil;
bottom width 4 ft.; side slopes 3:l; grade 2 percent; and
design discharge 75 c.f.s.

fizd: Depth of channel and design a dumped stone
lining.

Sofulion:

l. The channel without lining (æ:0.020) would have a
depth of 1.15 ft. ¡nd Iz:8.8 f.p.s. With rougher stone

lining, the velocity will be reduced to approximrtely ffi
(8.8):6 f.p.s. The velocity against the stone (6g. 20)

would be about 0.8 (estimaling ,t:0.5 ft.) of this, or 5 f.p.s.
Tbie velocity (69. 2l) would require ston€ of about 0.25-fi.
di¡metær, The tri¿l value of ¿ (for ,t:0,25) from figure
l9 is 0.028.

2. From p. 201, reference 26, fora trial depth of 1.35 ft.,
á:10.9 sq. ft., À:0.86 ft.

On p. 430 fo¡ ¿:0.030, V:6.3 f.p.s., ¿nd for z:0.028,

I':3# (6.¡):o's r.p.s. Then Q:10.e (6.8):74 c.r's.,

which checks the design Q.

e. j:ffi:o.ra.
v

4. f ratio from 6gure 20 is 0.58.

5. I¡.:0.581', I/:0.58 (6.8):3.9 f.p.s.
ô. In 6gure 2 I fot I¡,: 3.9 rnd slope 3 : l, the sizc of stone

is sbout 0.1 ft. which checks the sssumed size of 0.25 ft.
(step l). Use 2-inch stone.

The dcpth of the channel aftcr lining is 1.35 ft. (sithout
freeboard allorvance). The minimum thickness of the
lirings is 2 inches rvith a tolcrancû of about I inch in
su¡facc clevation. Stonc of cquivalent sphcrical dianrctcr,
cqual to or larger thån 2 inchcs wiùh a few largcr stone
not, exceeding 3 inches, should m¡ke up 50 percent of the
rock by weight.

,1,12-2 Hrnd.pl¡cedstûnelinings. llrrntl-ploceclstona
linings consist of ¡tones placed by hand following a more
or less clefinite psttcrn with the voids in thc larger s0ones
ñlled-with smÂUer sùon€s and the surface kept relatively
even. The stonc should bc placed on a ñlter blanket of
graded grasel or c¡ushod stonc. (Scr soc. .4.12-4.)
Enough voids shoukl bc k'ft ilr tbe sr¡rfucc of tht' stono
lining to propr-.rlr' vrnt th(Ì sr¡bst¡rf¡c¡,. Tho rlr'f)th ûtt(l
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¡i¡e of tbe atono roquired to resist dísplacement ir generall¡.
rpe*ified aa one.h¡lf (t{) of that, requircd for dumped
Btone (¿t, p. 857), but the exporicnce ol thc Corps of
Enginoem (17) is thÂt a half thicknt:s of hand-plaeod
stône iB not Bâti8fact¡ry ås Â substitute for durupul stone.
(Sce aec. 7.5.) .{lthou3h dstå Ârc lackurg for ¡ defmite
conclueion, it is probable that hand-plåced ¡øne is iDferior
to an equal ihick¡ess of dumped stone because it ¡s not
ae ûedble as dumped stono and does nol h¡ve the struc-
tural strengtb to bridge over local bank f¡i.lure¡.

{.12-3 Crouted.¡tonc lininge. Grout¿d-stone liaings
rÌ€ eithe¡ hand-placed or dumped-stone linings with the
void¡ ñlled with por[land cemeÌt mortsr. The stone is
placed on a gravel or crushed ¡tone 6lt¿r bl¡¡ket and the
grout is broomed and rodded i¡þ the voids. Some of tbe
holee or joints ar€ left ungrouted in order to avoid uplft
from hydrost¡tic pre€su¡e, but c¡re should be e¡ercised to
avoid openinga tbat permit escape of the bank or 6lter
materi¿I. G¡outed rtone iB ¡eldom ue€d ercept for
lining high-velocity channelo, althougb its use might be
juetiôable wbere stones large enough for dumped stone
liningo are not EveilÂble or s'hen the stone avaihble is
.rot adaptable to hand placing.

{.12-{ Filter blanhetg. À ûlter bl¡nket is olt€[ Deeded
beDe8th the etooe lining to prevent the bank h¿te¡isl
from paseing through the voids in tbe etone blaûket and
eecaping. The lo¡s of ba¡k mate¡ial le¿ves cavities
behind the etone blanket and ¿ failu¡e of tbe bla¡ket
might result. \{hether ¿ filte¡ blsnket ie needed u¡ill
depend upon tbe gadation of the bank m¿terial e¡d the
openinge or void¡ iu the riprep cover. In general, a
6ltcr rstio of 5 o¡ leeE between successive layen will
resuit in ¿ steble condition. The ôlter ratio (48) ia defned
a¡ tbe ¡stio of the l$percent, partícle eize (D¡¡) of tbe
ooareer layer to the 85-pe¡cent particle size (D¡j of
the ûner layer. An ¿dditional requi¡ement fo¡ Btsbility
is tbst the ¡¿tio of the l5-percent particle eize of the
coa¡se materiel to the l5-percent particle size of the ûne
mster¡el ehould e¡ceed 5 ¿nd be legs thgn 40. Tbeae
requirements ce¡ be et¿ted a¡ follows:

Du (of coarger l¿yer) -.,Ds þ1 coaraer layer) -,^-DiG¡-fi er-Îrv;t \ o \ -7f¡m;;-¡6re-il \ "'
If a aingle lsye¡ of ñlte¡ material will not retiafy the

6ltcr requirements, one or more additionel layerr of
6lte¡ materiel ehould be ueed. Tbe ûlter requirement
appliea between tbe b¿nk material and the 6lte¡ blenket;
between ¡ucces¡ive layere of filter blonket material, if
more then one layet is ueed; and bctween tbe Qter blanket
snd the etone lining. In addition to the 6lter require-
meût8, the grain size curves for tbe various layera abould
be êpproxímately parallel to minimize the in6ltÌstion of
the ñne m¿te¡isl into the coarse m¿terial, The filter
meteri¡l should contain not mote th&n 5 percent of ms-
tcriol paseing the No. 200 sieve.

The thickne¡s of the 6lter blanket rangeo fmm 6 inchea
to 16 inchea for e aingle layer, or f¡om il inches to 8 inches
for individuel layere of a multiple layer olanket. The
thicher layer is used whe¡e the gradation cu¡ves of adiacent,
leyen are not approrimately perallel.

il

An exampla of ûlt+r dcign follo*r:

Example Iî
Gir¿n:

Find: Design 6lt¿r, if needed.
8olúiott:
l. Is 6lter required?

##ffi:f,$-soo>s
2. Can a aingle layer of gravel be u¡ed?

Yes

:u9f : r.scs OK

No
D6 (gravel) ¿ ô

D* (str""mñ;E :õñ:nc>;

3, C¿n s layer of ssnd end a layer of gravel be ured?
ls', rcqúùcn nl:

¿;*ffikn:ffi:r rcs oK

?#ffii=;*-¡ 7<5 oK

ftffi:33:,.s(5 oK

2d rcqutanatl:

Ã,-#*H*r=ffi:zrcco

i#i:#{:ze({o

|jiffi::å:22140 oK

If the gradation of the sand and the gravel i¡ ¡stisf¡e-
tory and êdequat€ placing methods are to be ueed, two
minímum thickness layere (,t or 5 inchee) can be uaed,

one of sand and one of gravel.

¡,13 Ditch checla. In humid ¡reas ditch checls
(¡gede'control structures) a¡c seldom used in the roedway
and toe-of-slope channel¡ because they are ¡ hazs¡d to
vehicles driving of the road, they Âre often unsightly'
they hamper the use of power mowing equipment, and in
moat locatione their jobs can tre done b€tter with prot€e-
tive cover. (See example t8.) In channcls not sccesEible

to vehicles or in arid end ¡emiarid regions' ditch check¡ o¡

OK

OK

D,rl{¡plqÐ
Ds (gravcl)
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drop ltructure8 may be u¡ed to m8intsin nonerodinß
velociries in the channel eection. Their use, howevcr,
¡hould be limited because of cost ¡od vulnerability to
damage at timcs of unusual flooding,

The purpose of ditch cbecks is to reduce the ch¡nnel
8r8de to a series of parallel grades which will keep the
velocity within allowable limitr (tsble 3) for the m¿terial
ol the channel or for the channel liníng, The difference
between the sllowable grade and the eristing grsde is
tahen up in the drop Bt the ditch checks, The drop at
eacb cbeck in a roedway channel is preferably from 7 to
12 inche¡. Ditch checks may be constructed of local
ltone, concret€, timber, or other euitable met¿rísl. The
ditch check should b€ well anchored in the ch¿nnel side
rlopea, have I cutofr w&¡1, and have an apron with ¿ sill
or lip ot the lowe¡ end forming s shallow pool to dissipate
the energy of the frlling wster. The crest of the check is
otdinarily built ¡s a trapezoidal weir, the EÂme cross
r€ction 6s the channel, snd with ¡he weir c¡est, on level
with the bottom of the upper channel, The çeir capaciùy
(¡ec. 3.3-3) ehould be sufrcient ùo prevent overtopping of
the wings which should ert¿nd above the design depth of
flow by the smount of the freeboard.

Tbe spacing of ditch checks, in feet, io computed from
tbe equation,

.p"'ior:¡f$ (so)

Whe¡e

À:ve¡tical drop, in feet.
S=slope of ch¡nnel without checks, in percent.

S.-slope of channel, in percent, fo¡ ellowable ve-
locity.

The size of the channel is computed for the design
discharge and slope of channel as described in seciion
3.2-2. lf the velocity exceeds thst allowed (t¿ble 3)
fot the soil t)pe o! chsnne¡ lining, ditch checks may be
oonsidered. Reducing the velocity also reduc€s the
channel capacity and thus requires ¡n increase in ch¡nnel
ize. (See example lE.)

Example IE

Giwn: A trapezoidal chsntrel; bottom width 4 ft.;
side slopes 3:l; grade 0.3 p€rceut; and discharge 65 c.f.s.
The channel is in 6rm lonm and csr¡ies clear w¿te¡.

Find.' Dimensiom ol a channel to csrrlr the discharge
using ditch checks il needed.

SoI¡lion;
h. Unprokcrcd Chonn¿!

l. In appendix A f¡om t¡ble 2, n:0.020, and from lsble
I, the allowable velocity (lz.):2.5 f.p.s.

2. F¡om reference 26, p. 201 and 378:

d= 1.7 ft.
T=14.2 IL.
¿{- l5.S sq. ft.

8:1.05 ft.
V--4.2 l.ps.
Q=65 c.f¡.

3. The channel celect¿d hss sdequst€ capscity, but the
velocit¡' ({.2 f.p.s.) cxceeds thc sllow¡ble velocity (2.5
l.p.s.)

B. Ditch Ch¿ckt

If Ginch (0.5 ft.) ditch check¡ are to bo used to reduce
the velocity to a norrerodiog velocity, whaü ís the spacing
of checks ¿nd what ch¿nnel section will be required with.
the checks?

l. On p. 387 of reference 26, a velocity of 2.5 f.p.e.
requires a slope of 0.10 percent, with ¡ of 0.020 and B
of l.l ft.

The spaciug by equation (30) ís:

Spacíns, in fu"i:0$$* :250 tt.

2. The aerv ch¡nnel on a slope of 0.10 percent aad a
velocity of 2.5 f.p.s. will reqûire ¿bouf 6õ c.f.s./2.5 f.p.s.
:26 Bq. ft. of cross-sectional area, provided i? is kept at
about l.l ft. From p. 2,t3 and 387 of reference 26: for
s bottom width of 14 lt. Bnd eide slopes 4:l:

'r'¡¡t I n', | *n,, I uo,or_r_
r-r.r L-t.r L-r.* I n.r-8.2 11-26.0 lr-u.dlfr:A-n.l I ¡{-30.0 I A-8.7 I rd tr-R-t.tl I tr-I. la I ¡- r. ro I h-V-12 | V-1"3 | t-zU I r.o¡.Q-6ole-ole-*lc.rr.

The data for d:1.45 ft. are interpolated, but are suf-
ffciently accurÀt€ to show that this depth channel meets
the requircments. V¿rious other combinations of channel
section snd check spacing could be used.

C. G¡a¿t-Lincd Channel

The larger channel required with ditch check¡ often
eliminates their use psrticulêrly in a humid section when
any sod-forming grasn would adequotely protect the
channel (table 3). Changing the drop at rhe check changes
the spacing of the checks but does not sfiect the eize of
channe¡ required to c¡rry a etsted discharge.

For example, the channel dimensions with a sod-forming
grass lining are depth, 2.35 ft.; bottom *'idth, 6 ft.; síde
elopes 3:1. This ch¿nnel hos about srrme capacity as the
channel with 6-inch chccks; dcpth, 1.45 ft.; botrom widùh,
l4 ft.; and side slopes .t:1. The ssme freeboard allowance
would be ¡dded to either design,

l.ll D¡op structures. Drop st¡ucùures ar€ sornetimes
used to convey watcr from n higher to a lower elevation.
One applicrrtion of d¡op struct,ures is conveying r*ater from
a drainage chsnnel into È wûtercourse that iE st, I lower
elevetion. The design of drop structures is beyond the
scope of this publication but informttion on their deeign
may be found in ¡eferences 6, 7, 8, end 49.

.ll5 Chute¡. Chutes (see scc. 1.5) sre characterized
by their Et€ep Brsde and ehort length. They carry water
st sup€rcriticsl velocity (eee sec, 4,9) snd unless e¡caveted
in rock, they will require lining to prevent channel erosion,
Concrete linings arc frequently uscd, oftc¡r without,
providing for thc high vclocities Bt the outlet. Whcn thc
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Fígure 22,-chute wíth aharp chdnge in alínemcnt. Note e¡ocion duc to rharp cutoatuÌ¡,,

quantity of w¿l,er to be carried ie small, eodded flumes
may be used; however, the eod must generally be held in
place by stakes and chicken wire until the sod ha,s time to
become est¿blished. Stonc linings (sec, 4.1?) not otrly
furnish protection from erosion but they also reduce the
velocity of flow. For long cut or embankment slopes,
pipes are generally preferred to open channels bec¿use the
flow is conûned and the water cennot spill out to cause
erosion under the sides. The design of pipe drains and
outlets for shoulder dr¿ine will be discussed in a l¿ter
publication.

The channel section after lining must be of sufficient
aize to carry the design flow, but a section far larger than
needed to carry the design ffow or required for easy
maintenance is wasteful. A common design ia a grass-
lined channel on ¡ flût slope discharging into a concrete-
lined chuæ of the sume c¡oss eection, The carrying
capaeities of the two sections are often in a ratio of nore
than l0 to 1 In euch cases the channel eection should be
tapered to s ¡ection of equivelent, capacity when chenging
type of lining.

The freeboard allowance on an open chute is grester
thnn that used for channels on mild slopea bccause of the

36

wave ection in chute channela Bnd the greater dauage
caused by the high-velocity wet€r. Freeboard alloç¡ncea
vary, depcnding upon the amount of w¿ve ¿stion and
turbulence erp€cted in the chut¿, but the minimum
freeboa¡d should be about I foot for sma,ll chuteg.

Changes in ch¡nnel alinement o¡ in eection must be
made smootil¡' in order to avoid violent rave action and
resultant overtopping of the ch¿nnel sides. Figure 22
shoç6 the effect of too sharp a change in alinement.
Large chutes require careful hydraulic design. (See f,!,
ch. 8 and 97, ch. 8.) On small chutes, expe¡iments have
shown (37, p. 290) that an angular variation of the fow
bounda¡ies ehould not erceed that produeed try the
equstion:

t"n o:# (31)

where f is the Froude number (eec. 3.4) and a i¡ the
angular variation.

The chute outlet is always a problem. The energy of
the high-velocit.v flow muot be dissipated t¿ prevent
erosjon. Often tbis requires an ap¡on or a stilling basin
at the chute outlet. Design of stilling basins and energy
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dissipators euitable for this purpose ir discussed in reference
39 and in an ASCE symposium by Braclley and Peterk¿ and
othe¡¡ (Jd), A bibliography containing other referencea
to epillway design ie included with paper 1406 (38).

When the velocity in the chute is uupercritical, the chute
capacity is determined by the cross section and condition¡
Et the iDlet (upstreåm cootrol). If the chute is long, its
crosa Eection c¿n often be reduced to meíntain economic
proportioDs. (See Bec. 3.;J-3.)

Equations are given in section 3.3-3 for computing the
discharge of chutes with inlet channel in liae wíth the
chut¿. The design ol chutæ dischargin¿ flow from a chsn-
nel perpendicular t¿ the chute ¡xis is discu¡sed ou pageg

283-288 ol reference 37. The applicstioo of theae equa-
tioDs to the design of a small concrete chute is explaiaed
by example 19.

Example 19

Gíoctt The chanuel in example 4 (sec.3.2-2) discharging
iato a concrete chute, 120 lt. long (horüontally) on a 50-
percent grade.

Fr'nd.' The chute dÍme¡sion¡ for a trapezoid¿l section
with side slopes 2:l (z:2) ¿nd entrance loss coefficieote l.

So¿ulíon:
A. Enlrønc¿

l. From exarnple 4, at section I (see fig. l4),

Q: l(X) e'f'¡'

ú-2'45[t'
%:4.6 f.p.s.

2. The ep€ci6c head (ä.) (sec. 3.3-1, equstion g) just

upstresm from entrlnce of the chute is z.ls+ffi:
2.78 ft. Substituting in equation 23 (sec. 3.3-3):

à:qË#ff -0.2(2.0)(2.78):4.0e rt., use 3.0 rt.

3. The depth st the ent¡¿nce will be criticsl, or by

equation l6 (sec. 3.3-2).

r{(?)(2.78)-3(3) _l,L+rffil4.:T
-t 

t.) fr

4. The me¿n velocity (l'J ùt the entr¡nce section is the
dischsrge, 100 c.f.s. divided by thc tlow ¡¡rer of the en-
trence section (ô:3 ft., and d:2.1! ft.), 15.4 sq. ft. or
I/.:6.5 f.p.s., À=1.?3 ft. (96, p. l6l).

The value of d. anrl !'. could hrvc bcen read directly
from chart 16, reference 25 by noting the coordinatcs of
the ioteßection of the c¡iticùl flow line and the discharge,
lü) c.f.s.

B. Chutc

The minimum depth st q¡hich the flow in the chute will
occur crn be computæd by tho llanning equstion, using
King'e tsbles (sec. 4.6-:). or following the mctho(l in

crample 4 (aec. 3.2-2), the ûnal trial is as follows (26,
p. 161):

d:0.7 lt.

¿l:3.10 sq. ft.

å:0.50 ft.

8:0.5

¡rn:0.202

¿:0.018 (sec. 4.9)

Ftr:0.63 ft.

rz: I 
ua9 

Fns'n:ffito.oal to.toz):36.9 r.p.s.

Q:3.10(36.9) :l14 c.f.s.

This checks the design discharge 100 c.f.s. Ä freeboard
of ar lesst I foot should be provided and a stilling basin
or energy dissipator will be needed in most eituetions to
diesipate the energy of tbe high velocity flow.

C. Ch¿ck o! FaII in Chule

Had the n value (0.015) from table 2 been used, the
calculated depth would have been 0.6 ft., E:0,44 and
Iz:{0.6. These values a¡e used to determine if the fall
in cbute (60 ft. in this erample) is sufficient to develop
the epecific heod required at normgl depth plus the friction
loes. Speciñc head is computed by equation (9).

x o: a +f; : o.t* f*|I' : ru.o u.

The friction loss (¡¡) is computed by equation (24).

^.:#[(u*r')'*(#)'],

^":(o.$iu[(ffi)'+(ffi)']'^
å¿:30.3 ft.

lot¿l head required ie 26.0*30.3:56.3 ft. The
available hesd (60 ft.) is aufficient to develop the speciñc
head plus the f¡iction loss.

Fulll' developed air-entrrined florv on a slopc of 0.5
would have developed a velocity of ovcr 80 f.p.s. (using
n:0.008, sec,4.9) and would require a head in excess of
100 fr.

Reducing the cross sectic r of this chute will provide
little saving. For larger chutes, see section 3.3-3.

{.16 B¡nl ¡nd shore proteclion. The discussion in
sections {.12 to .1.12--l on stone channel linings is intended
to appl]' to roadside channels where both banks and
stre¡mbed sre protected by ablanket of stone. .{t time!,
however, highways encroach on rivers or are built along
the seacoast or beside large bodies of water, thus exposing
roadway embankments to Bttack by current velocity or
wave action. Stream crossings a¡e unavoidable, but most
crossings expose highway eml¡ankmcnts to ¿ttack by the
strranì. TVavt'action cr¡n bc g more severc form of attack
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than Bater flowing parallel to the eml¡tnkment. pro-
tection from wave action i¡ diccussed ir¡ rcfcrcncc 32.,tl, 43, snd 50.

l'¡ulrlcnrs involving seour of st¡ennlhanks r.rrr. for rnsn,r.
te¡rsons ¡nd stanrhrd solutions c¡¡¡not be splcitìerl er.cn
for t,r'pes of problems. Somrtinrts the lx,st iolutio¡¡ Ls ø
¡elocate the highway and avoid the h:¡zard or to mot.e the
sttack¡ng water åwôy f¡om tl¡e embaDkment by a chaonel
change (gee. l.l0).

L'eually the aeverity of the att¡ck and the aveitability
and cost of matrrials dictatæ the type and the extent of
protection, Where vegetal cover will grow and velocilies
of flood wst¿rs are moderate, gra^aa (cec. 4.8), ahrubs, and
vines are low in cost and give adequate protection alt€r
they become established. Where high velocities ¡nrl *ave
Âction are encountered, stone provides suitâble protection
(secs. 4.12 Lo 4.12-1).

The method given in section 4.12-l for computÍDg st¡ne
size might require mclificatron for deep swift streams

When the depth, rt, i,¿ gres¿ the j ratio becomes small and

figure 20 shows a low velocit¡, r,gainst the sto"... This
results in a si¿e of ston.,, (ñg. 2l) which *,hile adequate at
the total depth, ma¡' not provide sufficient protection for
the bank near the erâter surfsce, The depth used in
figure 20 ehould be the depth of most severe sttack ,ethe¡
than the total depth.

The most common cause of failu¡e in prct€ctive covers
is the undermining of the toe o¡ the termini of the protec_
tion, .All protective cove¡s of gtructural mat€ri¿k should

lx ûrmly anchored iD the prot¿ct{d brnk at tbe ufrtæôm
and downstrt'sm te ¡miD j, r¡Dd Ât the toe of lhe (,1¡thrmknìent,
(src.5.7). lf the prctcctit.e cot.er Lc long, intermeclinte
aur.horr¡r's nright lt rrrluired to rlrlrrct,thr hsznrtl of
conrplet.r frilure. I'he upper vt.rticrl ìrnrit of thc protec_
tive cove¡ shouìd extcnd to an eh.r.¡rtion thrt piovidec
protection from floods arrd çavm hrving n rfcurtence
interval comistc¡t with the importance of the highwa¡,
initial i¡vtstment, and replacemeDt costa. Sod pt¿ciã
ebove morr rigid protrction will provide considerable
protect¡oD from unusual flood¡.

The beginning of the protcction ¡bould extend above
and below the poi¡t of ¡eve¡se curvnture on the out¡tde
of a curved channel. Bank protection is ususUy Dot
required on the iroide of the curve unless return of ove¡_
bsnk lìow cÌeate I scour problem. On s strr¡ight channel,
bsnk p¡otcction should begin and cnd st I ståble feÂturein the bank if practicable. Such feutures might te
outcroppings of erosion-resistent msteriûLs, trces, vegets_
tion, or other evidence of stsbilitï.

{,17 Drainage structu¡es in ch¡nnel. \There drive,
wa.vs or acccss roads cross a drainnge channel, culverts o¡
other structures are plsced in the chrnnel to csrry the
flow unde¡neath the crossing. These structures affect the
cåpacity of the drriinage channel and at soms locstions
create problems. Silt and debris ma.v be depositcd in the
chânnel upstream f¡om structure and gcour may ogcut at
the culvert outlet. The dæign of the culvert (áI) ¡nd
the channel should be coordinated to insure the proper
functíoning of both.

t6
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Chapter V.-CONSTRUCTION

6.1 Gencrd. Construction method¡ depeod upon the
cqulpment usod end the experience of the contractor
¡¡d are out¡ide the scope of this publication. This ohapter
wil! discuss I fen of the procedures that should be followed
ùo conEtruct satisfactory highway draiaege ohannels.

Drainago channels should be construct€d sa¡ly in the
grading operations and the nec€ss8ry cnsnnel protection
¡hould be pmvided before erosion damage occurs. Effec-
tive dtainage during constructioo frequently eliminates
coatly delays as well as l¡tt¡ fs,ilures thst might result
l¡om a gaturatêd subgrade. Slopes ehould be protected
frcm erosion ae early as practic¿ble in order to minimize
damage and lessen the rlischergo of eroded soil inlo existing
ead newly constructed channels or into drainage structures.

Elements of farm drainage s!,stems, such as terrsce
outlets snd tile drains, thåt Âre cut by the highway should
be properly droined to avoid ponding or erosion on adj¿-
ænt property or on the nighwsy.

5.2 Supervlsion. Proper design of drainage channels
will not produce an adequate drairage system without
careful aupervision during construction. Suporvision of
dreÍnage structure construction means no' onl-v seeing that
tho oonst¡uctlon complies ¡vith the plans and specificatíons
but that any omis.sions in the plans a¡e corrected. The
ohannel drainage work should br shown on the construction
plans together with sufficient h¡rdraulic design data, such
ae drainage ares and design discharge, so that the con-
gtruction engineer hcs the neccsssry information to solve
unforcseen drainage problems. Some guideo for showing
drainage information on project plans are given in refer-
onæ 52.

5.t E¡c¡v¡tion. Channels are usually dug from the
outlet toward the hignc¡ end so that ihe channel will drain
during construction. Dikes for lrìte¡cepting channels are
pr€fersbly built from material excsrated from the adjacent
cute without disturbing the natural soil ¡t the chsnnel
loo¿tion.

5.{ GrrssJined ch¡nnels, Grss lining can best, be
ettained by eodding. The upper parts of the channel may
be aprigged or seeded if tho cost of sod makes this noces.
saty, but the time of the year, and the likelihood of damag-
in¡ raina occurring before the seedlin8s become established,
¡hould be considered. A type of grass should be selecLcd
that ie adapted lo the locality end to the site conditions
(6t). Sod gras{Jc'rl a¡e prcferrcd to bunch ¡¡rsses beceuw
of their superior performance in resisting ercsion.

Soeding c¡n be protected by mulch, temporary cover
grrssea, jute or fiber baqging, and 6ber glass. At some
loe.otions, sod strips l8 inchcs by 10 fe'et or more crn be

laid perpendicul¡r to the chonnel centcrline st l0.foot
intervnls to pn)tect the intlrvening sce¡led arcc. Thcsc

ctrips have proved very effeotive in some locstions' Thei¡
uee is restrict€d to ch¿nnols designed for velocities between

2 feet and ,l feet per second.
Sod c¿n be used alone or in combinstion with aeeding.

Sod might be used in the channel bottom and up part of
the side slope for immediate prot€ction with the remai¡der
of channel elope eeeded. In some Statæ sod chutes have

been used successfully st ühe downhill end of bridges to
conduct the runofi from the end of the bridge to natur¿l
ground level. The sod is held in place by chicken wire
¡nd staked to the embankment.

Â, strip of sod ehould be pl¿ced along the edgea of all
concrete, riprap, and similer linings, and along the edges

of open chutes to prevent erosion ¿nd undermirting the
linings. If sod cannot be maintained as in semi¿rid or
arid regions, adequate freeboard should be provided ín

the lined channsl.

5.5 Concrete-lined ch¡nnels ¡nd chutee. Concrete
channel linings cen be cest-in-place, ehotcrete, or precast,
firil-cement linings have been suceessful at some locations.
The construction of concrete channel linings as applied to
irrigation canals ig discussed in reference 54. St¿te
highway specificetions trsually give roquirements for
constructing concretæ drainage ch¿nnels.

Concreto lining musù be placed on ¿ firm well-drsined
found¿tion to p¡event cracking or failure of the lining.
Soils of lorp density should be thoroughly compacted or
removed and replaced with suitable m¿terial. Where
the soil is deep loess, concreto or other type rigid lininga
might not be suitable. Expansive clays are extremely
hczs¡dous to rigid-type linings because thei¡ movement
buckles the linings as well as producing an unstable support.
Refc¡ence 5,1, psge 30, discusses methods of controlling or

redrrcing damage to linings which must be placed on

expsnsivo clays.
The Bureau of Recl¿m¿tion found (97, p. 535) thst

when placing an unformed sl¿b on a slope, a tendenc¡'
e¡ists þ use Â stiff concrcte mir that will not slough. Drill
coms showed that placement of such low-slump concrete
withouù thorough vibration usually results in considersble
honeycombing on the undersidc, To avoid such results
thc concrete should not be stiffer than a 2[-inch slutnp.
Concrete of this consistency will barely stay on s ste€p

slope. ,{füer spreading, the oonc¡et¿ should be thoroughly
vib¡ated. Reference 37 (p. 536) shows the uee of o eteel'
faced slipform scrced.

The linings of cha¡rnels thaù carr-v high-velocity low
should bo poured aa nearly monolithic as possible, withoul
expansion joints or waepholes, and using as few conetruo-
tion joinls ss pos.sible. Construction joint¡ should be

madc wntt'rt ight. [,ongittrdirral and transvcrse rcin forcing
stcel rhottld be tts*d thnrrrghout to contlol cracking with
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Fígure 23,-Section of conc¡ete-lined channel ehoulng trcøtment ol edce¿.

the longitudinal steel carried through the const,ruction
joints. Thc lining should bc anchorcd lo the slopc as
necess¿ry by reinforced cutoff n'alls to prevent sliding.

Proper curing of the concret¡ lining is irnportanl,
particularl¡' in wlrrn, dr.v, windy weathcr, to prevent ilre
early drying of corners, edges, and surfaces. A well-
moist€ned subgrade and wet burlap irr contsct with the
cxpostd concretc surfaces is ercellent for curing purposes.

The edges of ncwl,y eonst¡ucted cl¡annels shotrkl be
protect€d by a strip of sod at the time of construction.
The design of tlrc lining edges should allow enough dcpth
of soil to permit the growth of grass, and the channel side
corners of the top edge should be beveled as shoçrr in
ñgure 23.

5.6 BituminousJined ch¡nnels. The construction of
bituminouslincd channels is described in reference 40.
A well-draincd subgradc is nccessary beneath a bituminous
lining because thc strength and weighr of the lining is
not sumcient to withstand high hydrosuric uplift pressure.
lVeed control (10, p. 12) meÂsures are sometimes necessary
before the lining is placed. These mcasures coosist of
careful grubbing of the subgrade followed by the applica-
tion of a Eoil sterilant (10, p. l3).

5,7 Stone.lined channels. All stone used for channel
linings or bank protection should be hard, dense, ond
durable. I\lost, of the igneous and metamorphic rocks,
many of the limestones, and some of the sandstones make
excellent linings. Shale is noi suitable and limestones and
ßandstoneô that have shale seams are undesirable. euar-
ried Btones, angular in shape, are prcferred to roundcr
boulders or cobbìes. If rounded stones &re used, the sizc
of stone and thickness of the blanket, determined by the
methods of section 4.12-1, should bc increascd, particu-
larly if the rounded stones âre ¡elativcly uniform in size
(37, p. 207). Ncither breadth or thickncss of a single
etone ehould be lcss than one-ü¡ird of its length. Figure
24 shows two sample gradation curves which were found
to be vcry satisfÀctory in tests rt, the U.S. Army Engineer
Waten'ays Experiment Station U6). Curves approxi-
mately parallel to these curves and passing through the
theoretical sizc (sec.4.l2-l) at the 5O-pcrcent point should
make an acceptable gradation.

The etone lining or bank protection shoukl be placed on
a 6lter blanket of gravel or srushed stone mecting the
requirements of scction 4.12-4 unk.ss the natural soil
meets the rcquirements of a 6lter blanket.

¿0

The etones ahould be plaeed on the filter blanket or
prepared natural slopc in a manner which ç'ill produce a
reasonably well-grarlcd mass of storìe sÍth thc minimum
practicable pe¡centaße of voids. Stone protcction should
be placed to its full course thickness ar onc opcration and
in such a manner as to avoid displacing thc underlying
mat.erial. Placing of stone protcction in laycrs or by
dumping into chr¡tt's qr by sirnilar nrcthods likely to cause
segregstion should not bc permittcd. The llrger stones
should be wcll distribr¡ted and the cnrire mass of stones
should roughly conform to the gradation speci6ed. The
stone protection should be so placcd snd distributed ae to
avoid large accumulations or areas composed largely, of
either the larger or smaller sizes of stone. The mess
should be fairly compact, sith all sizes of material placed
in their proper proportions. IIand placing or rearranging
of individual ston6 b)' mechanical equipment may be
required to the cxtcnt DecessarJ¡ to sccure the results
speci6ed ¡bove. The dcai¡ed distribution of the various
sizes of stone throughou! the mass might be obtained by
sclective loading at thc quarry, by control.led dumping
of successivc loads during placing, or by a combinatíon of
these metbods. Ordinarily the stone protcction should be
placed in conj unction I¡ ith the construction of thc embank-
ment, with only eufrcienù delay in construction of the
stone protection as may be neccssar]' to prevent lnixture
of emb¡nkment and stone.

Bank protection, n'here the channel is composed of sand
or silt, should extend s minimrrm vertical distsneo of 5
feet below the streambed on a continuous slope with the
embankmcnt. \l'hcre the slreambed is of matarial other
than sand or eilt, the bank protection should be termi-
nsted in a rock loe gt the level of the streambed to prevent
undermining the bank proteclion. The loe should have a
minimum basc width of 6 feet and a minimum thicknesc
of 3 fcet, with I on l)4 side slopcs. On largc rivers, or
tidal estuaries, having a consi<ìerable depth of flow at
loç ¡vate¡ slages, lhe stone prot{ctjon need bc carried
down only 5 feet verticllìy below mcan low watcr and the
toe can be omitted.

l{and-placed slonc should be carcfully laid to produce a

mo¡e or lcss defi¡ite pattern wil,h a minimum of voids
¡nd with thc top surfaee relrtively smooth. Joints
should bc staggerod betwecn courses. The Etone used
for hand-placed proleclíon should be of bettcr quality
than thc minimum qrrality suitrblc for dum¡rcd ttone
protection (37, p.208). Stones that are roughly eqttare
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and of fairly unilo¡m thicknoa¡ s¡€ much earier to phce
than inegular stonet. Stones of ¿ flat stratified nsture
should be placed with the principal beddiag planea norma.l

to the alopo. Openingl to the ¡ubsurf¿c¿ ehor¡ld be ñlled
with rock fragments; however, enough voids or openiagr
should bo left to vent lhe subsurfaco properly.

õ.8 Dllch checkr. Ditch cheek¡ must be firmly
a¡ehored i¡to the banks of the dreinage cha¡nels, Tl¡e
ohoico of matæriel determi¡ea the metbods ured, but all

cbecl¡¡ sbould h¿vo ¿ suitsbh ap¡on at ths toe of the drop
snd a cutoff wall ¿t tbe downstr€sn end of tho apron.
The apron should b¡ve a depression o¡ ¡ aill ¿t the down-
rtream edge eo thst ¿ pool will bo cre¿t¿d to dissipate the

energy of the falling rp¡ter. If clsy is available, local
stono can be la,id up in a rich clay mortar. This m¿keE

the check almoet wetertighü a¡ld resulüs in leeE m¿int€n¿n€€
tbau if the stones s¡e laid up loose with the exp€ctation
tbat the check will becooe iopermeable in tioe.
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Chapter VI.-IIIAINTENANCE

6.1 Gencr¡1. Drainage channels rapidly tooe thelr
effectiveness unless they are adequately maintai¡ed.
Thus, a good m¿intcnance progranr is of equal importance
with the proper design and construction óf th" channels.
In f¡ct, ¿ knowledge of the sq¡jprns¡t to be used in maln-
tenance and the methods to be employed ia e prerequisito
of proper design.

lrfailtenance of vegetative cover on olopes and in
drainagc char¡ncls requires continued Àttention. The
original treatmenl, applied during construction ¡¡ill not
lsst forever. Ilepealed epplicatrons of fertilizer, lime, or
organic matcrial at, inte¡vals are as necesssry on the high-
way roadside as on the home la¡n. Areas often need
reseeding or resodding to ¡estore the vegetttive cover,
This should be donc bcfore serious erosion occu¡s.

_ 
lrlinor erosion damage within the highway right-of-way

should be repaíred immediately sfte¡ it occur€ and action
taken to prevcnt a recurrence of the d¿mage. The damage
caused by light storms ¡eveals the points of we¡kness in
the drainage system. If these weaknesses arc cor¡ected
when repairing the damage itsetf, the drainage systcm will
likel_v carry the design discharge withoul demage. Defi_
ciencies that are found in the drainage systems and the
corrective u,ction taken should bs reported to the hydraulic
or design engineer so that similÈr troubles wiU not occur on
fuiure construction. Reports oo drainage wo¡&s thât

fu¡ctio¡ well during ævera rto¡ma are equally v¿lu¡blc
úo the designer.

6.2 Eftect of m¡inlenrnce on ch¡nncl crpaclty. Maln-
tenance of highway channels includes repairing eroslon
damage, mowirg grass, and removing any sediment or
debris deposited h the ehannel. Âll these measurea keep
the capacity of the channel at the design level. If the
channel cross section contains brush, sediment, or debris,
the channel cannot cerry the ûow for which it n,as designed.
In addition, the sedimerrt and debris may kill the vege-
lative lining wil,h subsequent erosion damage during higher
ffood flows, ln some situations, sediment traps and debris
barriers might be conptructed in the channel in orde¡ to
coì.lect the objectionable nlatcrial for ea-"y ¡emoval.

The effect of weed growth in the channel can be seen
by reference to table 2, appendix A. For example, if a
channel section ¡.5 feet, deep is designed for a velocity of
6 feet per ¡econd with a grass lining, moq,ed to a length
of 2 inches, the v¿lue of ¿ is 0.035. If the channel ie not
maint¡ined and dense çeeds 2 feet high are allowed to
grow, the value of ¡ becomes 0.01. The effect of the weed

growth is thst the channcl u ill only carry ffi, o, aUout

one-third the flow for which it was designed. Tbe remain-
der of the design flow must overflo\r the channel end c¡uEe
ûooding or poæible erosion.

t2
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Chapter VII.-ECONOMICS OF DRAINAGE CHANNETS

?.1 Ccner¡|. Providing edequate drainage is essential
to the existence of the highway. Economical drainage
deaign is ¡chieved thtough doing an adequate job et the
lowest cost,

The lowest cost sdequate channel maintainr proper
balance between 6rst cost, flood damage, and maintenance
cost, and has the capacity and protection to carry the
¡unofi for which ít was designed. Selection of the fre-
quency (see eec. 1.?) of tbe design runoff is s mstter of
economics, whi¡e ætimating the magnitude of the storm
¡unoff for a eelect€d frequency belongs in the 6eld of
hydrology. (See ch. II.)

In this chapter some of the factors to be considered in
the economic selection of highway drainage channels are
discussed.

7,2 Frequenc¡ of the desiEn storm. The avcrage
snnual co6t of a drainage channel is the sum of (l) the.
6rst cost divided by the expccted life of the channel, plus
(2) the average Ânnuål maintenence cost, plus (3) the annual
charge for possible damage from runoff exceeding the
channel clpacity. Computrtion of first cost is dicusscd
briefly by Hewes and Oglesby (áó, p. 59). The aver¿rge
annual maintenance cost might &lso include the annual
charge for flood damage if a flood exceeding the ch¡nnel
capâcity has occur¡ed. It is probably better to sepÀrate
these costs. The damage to a chcnnel designed to carry
e lO-year runoff f¡om a chance occurrence of, say, s 20G.
year runofi in a few years' record of maintenance expendi-
tures wou¡d distort the average annull meintenence cost.
The annusl eharge for possible flood dnmage should con-
eider the frequenc,v of the design stornr and equals the
cost of damage from runoff excceding the channel cr¡pscity
divided by the return period, in -vears, of the dcsign stornr.

If thcse costs could be er'¿lu¡tcd for vsrious cor¡rbi-
nations of the cornponent costs, thc most econonlicrl
channel coukl be dcternlined ¿s the chlnn¿l with the
lowest avernge annual cost. The optimum frequency of
the design storm soukl thcn be the frequency æsociated
with tbc storm runoff thst, in combinstion with other
costs, produccd the lowest lvcrsge annurl cost. Thc
three cost itenrs rrc intcrrehtcd snd rrc difiicult to
evaluate, pårticulÂrly the item of damage by runoÍï thet
excceds the design runoff. The cost, of storm damage ir-
ctudes the cost of traffic interruption by floodwaters or
wa¡hed-out highwey, as *'ell as the cost of repriring thc
demege to the hi¡¡hway nnd drainlgc chnnnels snd the
¿dditional damage to the abutting property directly
sttributÂble to thê presence of the highway. Ä further
complieation is the va¡irtion in dlmagc due to the mag-
nitude b¡i which the runofÏ exceeds tht'dcsigrr runoff.

Individu¡l anllvsis fo¡ c¡rch srnrll chrnr¡¡l is inrprirctir'rl
if not inrpossiblr¡, Thr bmt solution nppclm to hr o

atudy of average condition¡ and selection of the frequency
of design runoñ to be used for vrrious drainRge structures
according to the cl&ss of the highwûy. Thc designated
frequencies might very from State to State or even within
a State composed of are¿s rìifrering widely in topography
or population density.

Individual variations in the designated frcquency of
tþe design storm might, be needed et locetions r¡,here

damege by flooding would be great and the cost of a

channel large enough to carry a less frequent storm i8

moder¿te.

7.3 Efect of chcnnel section. Roadway channels
built, in ea¡th (eec. 1.6) should have side slopes not steeper
tban 4:1, and rounded bottoms et lesst 4 feet wide.
Trble 6 gives a comparison of ùrapezoidal channels of the
esme cepåcity by showing the ratios of area, wetted per-
imeter, and velocity for the v¿rious channels to those for
the 4-foot bottom, 4: I side slope ch¿nncl. The depth of
ch¿nnel in t¿ble 6 is equal to thc depth of flow. When
the eide slope remains 4:1, changing the boùtom $idth
from 2 to 5 feet chùnges excâvation by 3 percent (cont-
pare ratio ,{); changes amount of lining by about i0
percent (compàre r¿tio PP); and changes the velocity by
3 percent (compare ratio Ð. Thc depth of flow changes
from 1.03 fect to 0.80 foot.

T¡blc 6.-P¡operti€s of trspezoidsl channels of the ¡¡me
e¡p¡cilt, çith ¡:0.03 and slope :0.01

f Draot tD¡tor ot 6tlo b æm po odlng chù*t¿¡lstlc of a l-foot botto E chu¡? I
vìth glde llopes tr ll
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¡ærcent of tl¡at, of the recommcncled chrnnel; ¡nd rcìocitics
rengc from 3 to I pereent grcater. flrpth of lìow rangcs
from 0.0{ to 0.08 foot, dcepcr than that of the recommcnded
ch¡nncl.

Thc corn¡rlrisorr of cllsnl¡cl ¿¡,,¡¡ i¡¡ 1¡lrlc ô is onl¡. t,he
arcn occrrpiecl l¡-v wlter witho¡rl frccbo¡rd. In a cut
se'ction, the gusnlitv of clc¡r'aliolrs would incrca-se wjt,h
increase. in bottom ì¡idth of the ¡oadn.nv channel becnuse
of the added width of the cut ¡ection. The percentages
would change with change in channel slope, Change in
the vahre of n would change both 0 and Ir, fo¡ the same
depth, but the velocity rgtio would rcmain the ¡ame.

?.{ Effect of lopogtaphy. In deepcut rectionE the
¿dded excavat,ion neces-sary for a trapezoidal roadway
channel is oftentimes prohibitive in cost. .A more eco-
nomical drninage systÆm might be a gut.t€r of emall
capacity at thc toe of tho cut slopc, wit.h frcquent inlets
connectrd to Ê storm sewer r¡ndcr the roadbed. 

^similar system is sometimes used on parkways in combi-
nation with curbs and gutters; howeve¡, this choice is
oft€n made for appearance ¡ather than economy.

7.5 Efrect of ch¡nnel lining. The choice in chunncl
lining is limitcd to lirrings n'hich csn wiùhstqnd the expccted
channel velocities. (See tables 3 and 4, app. À.) In
comparing the cost of channel linings, the effect of channel
roughness should be considored (sec. 4.6-3, example l0)
so th¿t the comparison is made among channels of equal
oapacity rather than that of equal size.

In regions where grass grows readily, grass-lined channels
are generall¡' the lowest in cost. In some area8, however,
salt used for ice rcmoval makes the mâintenance of grass
linings difficult and such factors should be conside¡ed when
selecting the type of lining.

'Whe¡e a choice must be made betryeen concrete and
Etone for lining, a survey b-r' the U.S. Corps of Engineers
(3?, p. 20a) of the performance of materials in upstream
slope protection of earth dams is interesting although not
directly applicable to channel linings. Thc surve,v of
approximatel¡' 100 dams, from 5 to ,50 ¡.ears old, located
in various sections of the United States, s'ith a wide variet_v
of climatic conditions snd wave severit¡', showed that-

(l) dumped riprap faüed in 5 percent of the ca¡es
where used, failures being attributed to improper size
of stoDes;

(2) hand-placed riprap failed in 30 perecnt of the
cases where used;

(3) concrete pavemetrt failed in 3t percent of the
cases whe¡e used.

This comparison of the performance of concrete sud
stone suggcsts that when hand-ploccd ripÌap or conc¡€te
pevement is used fo¡ channel linings, greater support is
needed from the subgrade than whcn dumped stone is uscd.
Perha¡x more ¿ttention ehould b€ given io the drainagc

and preparation of thc rubgrade for a rigid t¡.pe of linìng
thnn for n more fìcrible t.rpr of lining.

When hand-plnced ¡tone h used, a hetter quÂlit), of
stone is reqrrircd thnn thc minimrlrn qr¡tlit).suitsb¡e fot
chrnrprrl st()nc (,-;1, p, ?(tR). tlor.cver, hrnd-pheed slone
¡horrld not hc uscd çhere seltlement ol heaç.v ice Âction
is anticipated. Settlement is slso detrin¡cntsl to conerete
linings.

In making a comparieon of channel lining c!ßts, thÈ
dcsigler should mnsider the velocit¡'of tl¡e w¡t¿r in the
channel nnd include the cost of anl meâsureE required to
dlssipate the energj.of flow that would nor be ¡equir"a *it¡
en åltemÀte t.vpe of lining.

7.6 Drop atructures vcr¡u¡ chule¡. Either drop
structures or chutes are frequentlv needed to convey wstet
down steep slopcs or iuto naturâl c'etcrcou¡ses with iDcised
channels. An economic comparison of ser.eral tl'pes of
such structures for specific conditions indicated a ç,ide
range i¡ cost. The t.r.pes studied s.ere ¡ soddcd channel
on the m¡ximum permissible ¡pade; a corrugated metal
pipe culvert with flnred inlet s.irhout stilling basin, a
rcinforced concrcte drop structure: and n gratel-lined
channel on the màrimum permissible grade. The resrrlts
of this stud¡'for structures with drops of rl., 6-, and l0-feet
designed for a discharge of l0 cubic feet per second are
given in tablc 7, following. Thc comparison is given by
the rÂtio of the cost, of the structurc to the cost of a Eodded
channel *ith the same drop,

T¡ble ?.-Cost comprieon of drop 8trùcturcs

The varíation in cost of the sodded channel ç'ith the
fall, based on the rl-foot fall, are: 4-foot fall, 1.00; &foot
fall, 2.20; l0-foot fall, 7.12.

The ratios ín table 7 appl¡. only to the spcciñc conditione
of this analyeis and might var¡. loc¿ll.r wÍth the avaílability
of materials. The costs used were the average of ¡ever¿l
1960 bid prices in l0 widcl.v dispcrsed statc€. Except for
the lGfoot drop, the nodded channel ís the lowest cost
means of conve.ving l0 cubic feet per second of wat¿r down
steep slopes. The apparent advûntaBe of the pipe culvert
on the steeper grades might be oñset at some locations by
the added cost of dissipating the energ¡.of watcÌ ßt the
outlet. On the othe¡ hand, the use of a sodded cha¡ne'l
requires that sufficient length be available to plåce the
channel on a noneroding grade.

u

C6t btlo drop, Ir fæt
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Chapter VIII.-ILUSTRATIVE PROBTEM IN CHANNEL DESIGN

t.l Gener¡I. The procedurea given in this publicetiou
¡¡e u¡ed to deoign several of the drainage channel¡ shown
ia figurec 2 snd 25. The eite of the l¡iShway i¡ assumed

to be in the vicinity of Waahington, D.C., and the runoff
from a lGyear Eto¡m hss been eelected for the design dis-
charge. Typical crosa 8€ctionE of the roadway are not
rbown, but the maximum deptha of cut 8nd 6ll, a¿ the
centerline, sre á0 ft. and ?6 ft,, respectively.

The deaign of drainage ch¿nnel¡ is in th¡ee phases: (l)
laying out the drainage syotem (sec. 4.2), (2) estimating
¡torm runofr (ch. II), and (3) designing the channels (ch. IV).
For convenience, the design wi.ll be completed for each

drainage channel, combining the estim&te of runoff and
the coDputstion of ¡ize of ch¿nnel before proceeding to
tb€ Dert ch¡nnel.

t.2 Lrtout of the dr¡in¡ge eyatem. Figure 25 ic ¿

plan view of ñgure 2. The roadbed and right-of-way linea
h¿ve been drswn and the drainage divides ¿re ahown by
heavy dashed lines, but other roadway details have been

omitted in this problem. The drrinnge channels ¡re indi-
cnted by short dashed lines with errows to irrdic¿te direc-
tion of flow ond ¿re numbered as shown in ñgure 26. The
pointe for which channel sizes are computed are indicated
by letters. The nurnbers ore for identifìcotion in this
problem; however, a similar system migh¿ be helpful in
sn actual design problcm. The channels ¿re numbered
on the assumption that the road project beg:rn at Station
45 and lhe stre¿m at Station 5.5 is the third drainage
ch¿nnel in the project.

Ftgurc 2í.-Lagout ol d,rdinage ayttem lor illuûraliue problem,
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Fígure 26.-IdentÍâcatìon ol drainage channel¡.

In figure 25, roadwey channels (Nos. 5 and Z) and the
median ¡wale (No.6) drain the roadway cut. The weter
f¡om the roadway channels must be carried to the n¡turnl
w&tereourEe through the toc-of-slope ch¡nnels which con-
tinue to carry tbe channel number. Intcrcepting channels
(Nos. 4 and 8) are placed on the cut slopes to illuE!¡ete
their design. The depth of cur in this problem would
seldom require intercepting channels located on the side
elope. Note that the exit of channel 8 is flareC and the
flow is apreed over the hilleide ¡ather thon brought into
channel 7, while the s'atc¡ in channel 4 iB conducted to
chennel 5.

The intercepting ehannel (No. 9) at the top of the cur
on the Ìight preventE Btorm wate¡ from running down the
cut, Blope; its flow iE distributed ove¡ the hilleide. This
type of diapoeal is preferable wherever ihe qu¡ntity of
water intercepted is small tnd thc topography and lsnd
use permit. On the left side of r,he cut, the neturel ground
alopee away from the cut edge and an intercepting channel
ie not required.

E.3 Ch¡nnel 3. The grade of thc sm¡ll stream is 0.5
percent and the design discharge is 300 c.f.e. Using the
charts of Hydraulic Engineering Ci¡cular No. 5 (át) a
Èft, b¡' 6.ft. ¡einforced-concrete box culvert is selected.
Theoutlet velocity is I 2 f.p.s, and the dcpth of ffowatthe outlet
k 4.2 fl. when canving the dcign dLscþ¿¡g". The specific
he¿d ¿t the culvert out¡et, computed by equation (g), ís
6.a ft. The channel downstream from the culvert outlet
is to be trapezoid¡l with bottom width 6 ft. and síde slopes
2:1.

In going f¡om the rectangular culver! ¡ection to the
larger open-channel seer"ion, the flow expands with ¡ome
loss in energ-v, accompanied by a decreuse in dcpth and an

t6

increase in velocity. The depth and velocity at thc e¡-
panded section can bc approximated br assuming a loss in
the expansion of 20 percent ol the velocity head. This
determination of expRnsion loss is somewhat arbitary and
is based on an analogy to pipe flow. See any text on
h¡'draulics, In this problem the approximaæ loss iB

( l2)r
0,2 

-:0.5. 
The epecific head at the cxpanded section

is then 6.4-0.5=5.9 ft.
The depth and velocit¡'at the erpanded eection can be

computed by finding a combination of depth and velocit¡.
çhich will produce the speci6c head at the section (5.g ft.
in this problem). The computation is ¡ triat-and-erro¡
procedure which can be fâcilitated b]' the tables in refer-
ence 26 o¡ the cherts in reference 25. Â good starting
depth for the trial computations is about one-h¿lf the
depth at. the culvert outlet, or 2.0 ft. Using teble l0 on
page 162 of refere¡ce 2ö, the area of the trapezoidel
cb¡nnel can be found. The discharge is divided by the
are¿ t¿ obtain the velocity. The velocity is squared and
divided b_v 6.{.a (2g) lo obtain the lelocit¡' head, Il,.
R, ís edded tr the depth to obtain the speciñc heatl, Ilo
The data for this problem are;

A velocity of 16.l f.p.s. will requíre ¡ ¡eductíon in velocity

.l- - -. - - - --.- - ---. -.. ".-. - -. -./-...-._.---.---...-_-..-.__v
H.-- -..---_--_---.
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(etilling basin) or protection ol the ch¿nnel in most
m¡teri¡ls. Dumped stone will be used in this problem.

When the Etone size becooes too large, a stilling basio Èt

the culvert outlet r¡ight be con¡idercd. Ä conciete'lined
chsnnel would only move the erosion problem downrtream.

To coopute the sizè of stone (see sec. 4.12-1), aasurüe a

¡tons si¡e (t):2.25 ft'.

*-t#:rl rr,* þ: r.o and Y.:rg.¡ r.p.¡.

Froo Êgure 21, the required stone eír€ is 2.25 ft.' which
ehecl¡s the a¡eumed ¡ize.

The íncreased roughness of the stone lining will reduce

ûow velocities and change the deplh of ffow from that ¡t
the beginning of the chsnnel. The new channel depth
will be {.3 ft., computed as followg:

From ûgure 19, for 2.2$ft, stoue, a:0.04, and from
ps3e 162 and page 4.18, of reference 26:

d -4.3 ft.
¡l :62.8 ¡q, ft.
R:2.{9 ft'
I/:{.8 f.p.s. for ¡:0.04 and 8:0.5 percent

Q :301 c.f.s.

The ch¿nnel wiìl be lined with 2)l ft. equivalent dianeter
¡tone (see eec. 5.7 for gradation) with a minimum lining
thickness of 3.0 ft. The lined ch¿r.nel will have a depth
of 6 ft. (including about I il ft. of freeboard) st the culvert
outlet. The depth of the lined channel will be gradually
decreased to 4.7 ft. (0.4 ft. freeboard) at the edge of the
right-of-way. The stone will be dumped on e 6lter
blanket, designed after a soil analysis of the brnk and bed
m¿t¿risl. The side slope above the stone lining would be

graased lioed.

The freebosrd ellowance is somewhst arbitrary. The
lar¡er freeboerd at the culvert outlet b to allow for the
turbulence and the hydraulic jump in the reach in which
some of the energy ia being dissipated. The velocity of
flow in the channel a! a depth of 4.3 ft. is computed to be

{.E f.p.s, This is only Bn epproximatior¡ becsuse the
reach of channel is too 6hort to develop tbe normal velocity.
Stone 2li ft. in diùmeie¡ would npt be required ¡t such a

low velocity. The depth alte¡ the hydraulic jump is
¡bout {.3 ft.

t.{ Ch¡nnel {, This channel is an intercepting
ch¡nnel extending from Station ô8 io St&tion 75 on the
lefü side of the bighway. The design runoff need only be

estimated at tbe downstresm end of the channel.

Ettímatlng Runo{l (See Ch. II\

Thc ch¡nnel dr¡in¡ the Brsss€d cut alope which ranges

i¡ çldth froo 0 to 50 ft. and is 700 ft. long.

Thc componentr of tho formul¿ Q:Cil ere:

C-0.7 (t¡ble l).
i resd from 69. 6 Âfter conputing 1..
Computstion I. (¡ec. 2.{-2).

?.:3.3 min, (ñg. 5). Use 5 min.
¿ (6S. 6) for lGyear return period and T. of 5 min.

-7.1 io. per hr.

o-T*#%i:0.4 acre'

Then Q: C¡á :0.7X 7.1 X 0.4:2.0 c.f.¡.

Computing Channel SeclÍon (Sec Sec. 1,8)

For a 2-ft, bottom, grass-lined channel, 2:l side slopes,

Q:2.0 c.f.s., n:0.10 (t¡ble 2), S:0.04. Ch¡rt 15 ref-
erence 25 csn be used to ñnd d and l/.

Q¡:2.0 (0.t0¡:6.2¡.
d :0.5 snd I¡¡-0.14.
y -3*å:r.r r.p...

Not¿ th¿t a high value of n (0.10) ie used to compute
the sile of channel bec¿use the grass might be allowed to
grow taller th8n Bnticipsted. To check the Bdequscy of
the lining, ¡ low ¿ value (0.05), bawd on the channel being
maintained at design conriitions, is used. If the lower
value of a is effective, the velocity in the channel from
chart l5 (Qn:0.10, Iz¡:0.115) is 2.3 f.p.s. This velocity
would not endanger the grsss lining of the channel. The
freebo¿rd needed fo¡ this channel is negligible, as the
cspûcity was computed for the downstream point on the
chsnnel ¡nd little demage would ¡esult from an over-
topping of the channel,

t.5 Ch¡nnel 5. This chsnnel is the left roedway
ch¿nnel from St¿tion 68 Ì,o Station 75 end s toeof-slope
chsnnel from Station 55 to Stotion 68. The design runoff
will be estimeted (see ñ9. 26) just before (5À) and just
after (58) the entrsnce of channel 4; and below ühe entry
of runoff from eoch of the two large areas on the hillside
to the left (5C and 5D).

Ertímatíng Runofr (See ch. II)

Poinl 6A (Sta. 68) above junctìon

Thc section is on s curve and ùhe chennel (St¡, 68 to
Sta. 75) must curry the runoff from the left lanc (21 ft. X 700
ft. : lô,800 sq. ft., C:0.9), the shoulder and ditch section
and the runoff from the triangular scction of cut slope not

inr,ercepred by channel I (T rt.xzoo ft.-28,000 eq. ft.,

c:0.6 ì

Tbe components of the formul¡ Q:Ciá ¡¡e:

Weightcd C (see 8ec. 2.{-l). sr./l' c
p¡venent---- 16,80OX0.9:15,120
¡houlder dilch and slope- ---- 28' 00OX 0. 0= f 0, 8ÛO

{4,800 .31,920
\{eighted C- - - - - - - - - - - - - - - - - - - - - - - - 0' 7
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¡ is rc¡tl from flgurc I aft€r computi¡g f ..
Computation T, (aec. 2.Ç2).

1. for pavement about { minut€s (eatim¡t¿d).
Tot¡l ?.:{*6: l0 min.

Notæ that the I min. ?. for tho aide slope Í¡ ooncun¡nt
with the ,1 min. ?. for the pavement area snd only the
longer time is used, r (6g. 6) for a lû.year return period and
1. of l0 min.:6.0 in. per hr.

': iîåffi: I'0 acre' (see calculation or c.)

Tben Q- f,¡4:0.7X6.0X 1.0-4.2 c.f.s.

Poi¡t 6B (S¡4. 68) betou junction
Tbe discharge below the junction of cbannel 4 end the

channel above 5.4, is computcd f¡om the longer time of
concentrstion (10 mi:n.) of the two areas. The intenaity
(ñ9.6) for a lGyear return period Br¡d I.:10 min. is 6.0
il. per hr. The discharge for point 5B is:

Q (above 5A):9.7¡6.t* 1.0:4.2 c.fs.
Q (channel a) :0.7X6.0X0.4: l.? c.f.s.

Total Q-- - - -- - - - - ---- -ñ-".t...
Point 6C (Sr¿, 6r)

-ThLo 
channel musü carry the ¡u¡off from above point

58 plus the contribution from the triengular srea to the
left of the channel (á : t9 acres, H: I l0 lL., L:1,2t0 ft,.),
plus the runoff from thc roadçay area (á: I acre, weighted
C:0.66) beùween channel 5 Ênd the cent¿r of the leftlsne.
The ?. for the roadway area is obviouely much less than
that of the larger area to the left of the cha¡nel a¡d need
not be computed ¿s it run¡ ofr concurrently. T. for the
¡u¡off sbove point 58 was computed as l0 minutêa. ThiE
runoff must ûorr down to poinú 5C in ühe too-of-elope
channel (L:700 lr., H-24.5 ft.). This requiree 4
mi¡utes (69. 5) or ¿ total f. of 14 min. l. for the lÈacre
¡¡e¿ i¡:

I/: I 00 ft.
L=1,200 ft.
1.:6 min. (ûS. 5)

The runoff f¡om the two Bneas is co¡cunent a¡d ordi-
nari.ly the longer 1" would be ueed. d (6g. 6):5.¡ íD. pe,
h¡. for a lO-year retum period and ?"- 14 min.

The conventional computaüion is made by recomputing
the discharge of the ecparaúe areas using an d conespondl
irg to a T, of 14 min. ¡nd adding lhe discherges ¡ather
than computing a woighted C for the entire arr¡ above
point 5C. This discharge is:

It

,Abovo poí¡t 58:
At. pobt, .1, Q-0.7X 5.tX0.{-1.{ c.f.¡.

^t 
point 54, Q-9.7¡ g.¡X 1.0=3.8 e.f.¡.

il-..t..
Betpe¡en pointe 5B ¿¡d 5C:

Q:0.a X5.I X 19.0:39.9 ..¡.r.
0:0.66X5.tX t.0: 3,{ c.f¡.

ão.r".
Tbtal Q for poiut õC_{2.2 c.l.r.

The diacharge e¡tim¡ted by tbe conventio¡et method i¡probably low because lg.0 ¡cre¡ of úhe total 21.¡l ¡crc¡ h¡¡
a ?. of 5 minutes and 4 mi¡ut€B are required fo¡ the ffowþ reach point 5C from point 58 (1.4 acres, ?.:f0 min-utes). lt appearr lilely tb¿t, the peak st poi¡t 5C ri[ b€
reached 5s¡era the þt¿l s¡es, is contributing beeauæ thís
would take l4 ¡oi¡utes.

Extr€me precision is not werranted in determiaiug the
combinarion of contributing area (Cá) and ¡ainfal'i in_

!:":r.ty f¡ that would produce the greatest peak runoff.
Neither the data at.ailable for I particuls¡ iroblem nor
tbe rational method are of Bufficie¡t åccuÌÂc,; to justily I
trial-and-e¡ror Bolution ¿o the problem. In thie probiem
we will assume that tbe 5-minute time of concentration for
the.l$acre areå wÍll produce the 81e8te3t pesk ru¡ofi,
In this 5 minutes (i: 7.1 in. per hr.) runofr wiú arrive from
all of the lg-acre s¡ea and from the roadway area (l acre)
between pointß 5C and 58, plus that portiãn of tùe ¡rea
above point 58 that can ¿rrive in 5 ¡rinut€s. The con_
tributiDg portion of the area above point 5B can be esti-
mated closely enough in most problems by ÀssuÞing tbat
the contributing area bears the same ¡€lation to tUe-tot¡
area ¡s the times of coDcent¡ation of the reapective arees.
In this problem after allowing 4 minutes fo¡ ch¿nnel ûorr
time, only that portion of lhe are¿ (totat f.=¡g 6¡r.¡
that can resch point 5B in I minute *.ill contribut¿ to the
pe¡k discbarge. Thie area i¡ assumed to be onete¡th of
1.4 acres-0.1 ¿cr€.

The discharge st point 5C for pÈrt of the srea coDtr¡but-
i¡g (?.:5 min.) i¡:

Q:0.4 X7.l X r9.0:53.9 c.f.e.
Q:0.66X7.1X 1.0: 4.7 c.f.s.
9:0.7 X7.¡X 0.1: 0.5 cJ.¡.

Total 0------59.1 c.f.¡.

The design diecharge ia 59.1 c.f.e., tbe pe¿k fro¡ô the
pêrtisi BreB bec¿uee it ia larger than.the peak of 42.2 c.f.a.
from the totsl sre3.

Poínt 6D (Sta. 66)

The are¿ to the ¡eft, of che cbannel betç een point 5C and
5D is I7.0 ac¡es (E:t28, Z:1,600 ft.¡ C:0.4) s¡d thst to
the right is 1..0 acre (weighted C:0.65).

?. for the l7-scre sr€a iE:

H:t28 lt.
tr:1,600 ft.
I:6 mi¡. (6s. 5).
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The ?. for tbe s¡ea above poiut 5C i¡ 5 minutes plus tho

lioe required for the water to flow from point 5C to point

5D (ú:600 tt., H-8.5 Il.' T:5.5 min'). The total
f.:5 min.*5.5 min.- 10.5 min. snd from tgure 6' r':5.9
in, per hr. The design discharge is:

Between points 5C and 5D:

Q (lefl side) -0.4 X5.9X l7'0:{0.1 c.f.¡.

Q (rieht side):0.65X5.9X 1.0: 3.8 c.f.s.

ãã".r.,.
Above point 5C:

Q:0.{ X5.9X 19.0:4'1.8 c.f.s.

Q:0.66X5.9X 1.0- 3.9 c.f's'
Q:0.7 X5.9X 0.1: {.1 c.f.s.

52'8 c'f's'

Tot¡l Q-90.7 c.f.s.

It will be not€d that computations of weighted C, and
are8 once determined are used in successíve computations'
It ir interesting to note that the size of the channcl at point
5C ia compuæd for a discharge (59.1 c.f.s.) different from
the discharge (52.8 c.f.s.) contribut¿d by the same ares t,o

lhe design discharge of point 5D.

Computiai Channel Seclion (Sec Sec. 1.8)

The following compulations are for depth of water area

¡¡d do not ínclude freeboard, The ch¡nnel section st
pointe 58, 5C, and 5D cm be designed with cha¡t 17

(using the Qn scele), reference 25, wiùh much less work
thr¡r ths method used here.

Poín! 5A (Sl¿. 68) abooc junttion

Q:4.2 c.f.s., S:0.015, ¡:0.09, for grass-lined channel
(table 2), The channel section is trapezoidrl with ¡ 4-ft.
boùtom a¡¡d side slopee.l:l on the psvement side and lX: I
on the cut-slope side. D¡t¿ f¡om reference 26 for the ñn¡l
t¡i¡l¡ ¡¡c:

d =0.6------- 0.8 tt.
u{:3.39------- 4 96 sq. ft.
P*O46------- .67 ft.
V:1. 18------- 1.37 f.p.s.

Q:a.0-------- 6.8 c.f.s.

Ä ch¿nnel xith a depth of 0.7 ft. will hsve â capscity of
sboui 5.4 c.f.s. which will carry the design discharge. The
dat¿ listed cannot be found direcüly i¡ reference 26 because
of the unequel side slopes ¡¡¡d ùhe ¿bsence of a table of
velociùies for n:0,09. llowever, the values of ,'1 and ß
for a particulor vah¡e of d c¿n be iaken from the t¡blc for
c channel with ¡.l.ft. bottom ar¡d lf:l side slopes, and
rveraged with value of .4 ¡nd I for the some value of d

t¿ken f¡om t¡ble for ¿ channel wiùh a {-ft. botþm and.l; I
¡ide rlopes. The volocity was taken from tho teblo for
¡-0.0{5 ¿nd dividsd by 2 to obtain the v¿lue lor n:0.09.

Pøial õB (Stc. t8) bclou jrncliotz

0=5.9 e.f.s., S:0.065, n:0.08 (table 2).
The "'tr¡nncl Ls r¡t a 6ll section al ¡xlirrt 5ll ancl will hnvc n

grc.ss-lincd trnprzoi<lll sct'tion s'ith .l-ft. bottr¡ln sitlth trnd

side elopea 2:1, D¡te for the ñn¿l trisls from refeænce 26

are:
d :0.6------- 0. { ft.
A:3. l2------ 1.92 eq.ft.
B =0.47------ ' 33 ft.
V:2.85------- 2.24 î.p.s'
Q:E.9------- 43 c.f.E.

A cbsr¡nel with a depth of 0.5 ft. will have a capacity of
abouù 6.6 c.f.s., which will carry the design díscharge lt a

velocity which will not erode the grass liaing (table 4).

C¡ution should be observed in seleeting the value of n

for shallow depths in grass-lined chennels. The v¡Ìue of
n changea with changes in eiüher depth of flow or velocity.
Iü will be noted in table 2 that ühe worst condiüion (tall
gÌåss) waE used to compute the channel capecity. (S€€

se0.4.8.) The beet condition, mowed gtass, should be used
to compute tho velocity for checking the ability of the
li.oing to withst¡nd the flow. The velocities in this ch¡nnel
sr€ well withi¡ the allowable velocity for grass end the
check is not nec€sss¡:/.

Point 5C (Sl¿. dI)
Q : 59. 1 c.f.s., S: 0.035, ¿ : 0.05, grass lined trapezoidal

s€ction q'ith 8 i[-ft. bottom and side slopes 2:l' D¡t¿ for
the ûn¡l trials from refercnce 26 sre:

d:1.,1__-_--___-__---- 1.5 ft.
.4:9.52------- 10.52 sq. ft.
¡?:0.93------- .98 ft.
I¡:5.3---------------- 5.5 f.p.s.
Q:51--------- 57.8 c.f.s. OK

For checking permissible velocity of the channel lining,
¡:0,035 (tgble 2). The velocity with this n is approxi-

0.05
mately ä (5.5):7.9 f.p.s. This velocit¡' is less than- 0.035 '

th&t permitted, I f.p.s., in erosion-r€sistânù soil (t¿ble 'l).
The ?.$-f.p.s, velocity is for the same depth of flon'.
The velocity for the s¡me discharge and an ¡:0.035 is

7.3 f.ps.

Pùínt õD (Stc. 6,1)

Q:96.7 c.f.s., 8-0.01, ¿:0'03, grass'lined trape-
zoidal section with .l-ft. bottom, and side slopes 2:1.
Data for the ñnal trial from reference 26 are:

d,: 2. I tr.
¡l:17. 24 sq. ft.
ß: l. 29 ft.
l': 5. I f.p.s.
Q: r02 c.f's'

For checking permissible velocit¡' of the channel
lining, a:0.025 (table 2). The velocity with this ¿

0.03
is approximsteh- 

frr.,r5 {S.O):Z.t t.p't. This velocitv is

les¡ than that permitted, E f.p.s', in erosion'r€sistånt
soi¡ (table.l).

Channcl 6 lrom Sla. 68 to Sfo. 6ó

The toe.of-slope ch¡nnel c¡n b€ kept åt the Esme bottom
çidth (,1 ft.) anrl side slopes (2:l) and thc depth pro'
gressivcly increrscd betwet'n thc ¡roints for xhich comptt-
lrtions ìvere nl¡t(le. A frcclntrtl of f¡om 0.il to (1 5 ft.
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ehould b€ sufficient ¿nd ¡ Bermuda grasa lining is satis-
factory throughout the length of the chau¡el. The berm
between the edge of the cbannel and the toe of tbe 6ll
elope should be sloped to drai¡ into the channel.

E.6 Channel 6. The c¿pecity of the medigo ewale ¿nd
tbe velocity of flow will be checked st StatioD 55 to
det¿rmine the feasibility of bringing the ¡unoff from the
top of the hill (St¿. 75+30) to St¿tion 5õ.

Ettìmatíng Runoî (See Ch. II)
The components of the formula Q:CiA zre:

Weighted C (see eec. 2.4-1.) Ir. c
p¿vement:---- 24X0.9-21.6
shoulders:---- 12y9.6:7.2
ewale:-------- 48X0.4:19.2

84 48.0
Weighted C-- - - - - - - - - - - -------:0.57

Note that the width rather th¿n ¿he ¿rea was used to
weight C, as the sectioÂ was uniform throughout the
length. After computing ?., i is read from figure 6.

Computatíon T, (sec. 2.4-2)'.

Tbeû Q: Cdá:0.67X5.1 Xp.gl: ll.3 c.f.s.

Computing Chdnnel Sectíon (See.9ec. l.E)

The median swale hÂs ¡ bottom width of 4 ft.; aide
elopes,6:l; grade, 1.5 percent; Bermuda graes lining; and
a deptb of 3.3 ft. below the shoulder edge.

F¡om table 2, for an estimated depth of 0.8 ft., and
es¿imated velocity of 2 f.p.e., ¡:0.05 for 2-in. gross, and
0.06 fo¡ 6-in. grass. The 6nal trial i8 for an 0.8 ft. depth
(¡:0.06).

á: 7.04 ¡q. f!.
wP:13.8 It.

R: o.52 ft.
I¡: 1.9 (reference26).
Q: 13.4 c.f.¡.

The computed depth of flow, 0.8 ft., ie less than the
available deptb, 3.3 ft,, and the approximate velocity,
2.3 f.p.a. (1.9X0.06/0.05), ia below the permissible velocity
(table 4) for Bermuda grass, Tbue, the design runofi
can be eafely carried to en;det Ât Ståtion 55 and dropped
into the culvert at tbat location.

Note thåt this channel could have been designed by
cha¡t 32 of reference 25 with much less wo¡k thÀn was
required by the trial solution shown he¡e, pårticulårly
eince tt¡e a¡ea, wetted perimeter, and hydraulic radiua
had to be compuúed for each trial depth.

8.7 Ch¡nnele 7, E, ¡nd 9. Design of channels 7, 8, and
I will not be shown because they do not introduce
additional design problems.

I cro* lo* I cnu¡e¡ I rotsr I uor* o.

I I I lreruenei-t-Jt-.--------...----l 3.3 I 30.a I Js.? I rr.¿-.-,- .l 6r | ,'* | 2,on lÍt.
?.:14 min. (6e.5).
r (ñS. 6) for 10-yr. return period and 1. of l{ min.

-5.1 in. per h¡.
(84) (2030)

':ffi:3'91 acres'

50
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Appendir A.-TABLES

T¡blc-1. Vrlucc of RunoÍ Coe6cientr (C)
fot U¡e ln lhe R¡lion¡l Method

lL tln d og.. c¡¡rúb-Co!.iqqcd M¡o¡l¡! i
E. ArpÉelt: ¡sD8a I

¡. gßæth.--..-.--.- O.0l!
2. Routh .---.--.-.- O.OIO

F. W@d, plMed, clm O. O¡t-o. O¡3
Q. ConwÞlioed e¡evatql ¡æl:

l. Orylæ!ror----- 0.0t?4.ø
2. Irrgr¡lú stlon - - O.çH,VnIIL Unllncd ç¡ ch¡nnel¡:

A. Eüth, ulforo stloû:
l. Cleu,ænllycoopletod----.-----.- 0.016{.01E:.Clestr,sfkrweglherlnt..----------.-.- 0.016-{.0æ
3. Wlth lho¡t 8ls, few ssls-.------.-.- O,t¿24.t/¡l. In grseely, sil, unllorB wttoo, clffi - --- - -_ ---- - --- 0. 022{. 02J

B. Esth, fâj¡ly uilorE *ctioo:
l. No vegetstlon-.--- 0,0?2{.025
2. ON, sûo wæds 0.02i-0.0i0
3. DeÉ reds or ôquailc plst! lq dæp chuol¡.-._-- 0.03H.0:15
{, sldes, clÈbo, grôs€l bottom-.---------_- 0.02H).0306.sid6,cleú,@bblsbo*on.__.-__--_.- 0.03o{,0{}

C. DratUE erqvsled or d¡ed¡od:
l. No vegels¿¡on...-- 0.02E4.033
2. Llgh! brúh oÂ bukr"--__-___-_-------_ 0.095¡).05('

D. Ræki
l. Bedood6igns!loo_-,------_------, 0.0¡5
2. Bed oo ætul Eeôû sclioû:

ô. 8Eæ3h strd uilo¡@-..--.------- 0.035-{.0,(}
b.JrSCedBndireRulq---..-,---.-.----- 0.0{H}.{Xt

E. Cbsucls not Eriotôined, weds ôod bruh uncut:l. DeÉ wæds, hiSh s 6ow dep¡h.-----_... _-. -._._--. 0.06.{. 12
2. Clean bottoo, brush oû s{d$---------,,.---__------_ 0.0H).0t
3. Cleu bonom brush oq sldes, bighest st¡go ol fow- -- 0.0?{. tt
{. Dee brusb, hjßh stsge---- --- -- - --, -... _.-_-. ---_-,- O. tH). l{

lY. HLhny ch¡nncl¡ ¡ñd .nlÉ rlth ñ¡lnulned rcfeú¡f¡o¡ r .
(y!ls sborD ôm lo¡ velocttles of 2 ud 6 l.p s.):

^. 
D€pth of oow up to 0.? læt:
l. BsEuda ß¡N, lieqtucky blwS¡N, bulslo gtN:

& Mowed to 2 loch6--..--------.-.---_. -
b. l4qAth { lô 6 ltrches.-..---._--,,. -_-- _-----_--__-- O.O9-0.05

2, O@d !¡ud, aoy BrN:¡, Iæ!8lb sbout t2 lncbe!- - -- -. - - - - - _ _ _ - - _ - - - -- _- - _ - 0. lE-{.0e
b. l¿ût1h Ebout 2{ idches- -., _ _ - - _ - -.. - -, - - - - _ _ _ -- _ - O. iH. t5

¡. F¡l¡ tmd, qy grs:
¡. I¡otth sbou¿ 12 lDches- -- ------- -. -. -.-. - _--- _-_- 0, lt{.ût

- _ b. l¿ûgtb rboul l{ tncbes. -----------.-.__--._- ----- 0. 25-{, ll
B. Dcoth of üow 0.?-1.51æt:

l. bs-Euds gN,. K€ûtucky bluetrs, bufslo 8lE:a ltlored !o 2 lnches--. -- -. - - ---_ _ - _ - _ - - -. - __ - -. -_ - _ 0. 054. 035
b. l¿D8th 1 !o 6 lnch€s-....-----------._-_----------- 0.06.0.fi

2, Oæd tMd, úy ,ts:r. I4!8th ôbour ll isches-.-__----. -- - - -. - -. --- ----. 0. t2-O.0t
b, I4o3th sbout ?{ lnchd- -._ - - - - - _- - _ _ _. . . - _ _ _ _ _ _ - - 0. ãH, l0

3. Fslr stsd. uy rñ:
s. LD{rb sbour t2 l!ch6-- -- - - -- - -. -. - -. -.....- - ---_ O. t(}-0. 06
b. l4ûgth about 2{ roch€s--._-___-__----,-__-,-_-_-.. 0. t7{.m

Y. Sbd¡nd qsEt fu¡h:
A- Con$et€ futt4¡, t¡oseled floish---,--- 0.0t2
B. AtphslL !6verlent:

l. .qnrmlh Þtlu¡o --- 0.013
2. Rough t¿!tue.. -. 0.016

C. Corqeæ rutkr wtlb 6pÞ¡lt Dtvom@!:
L Soæth-....---.-. 0.019
2. Rough --. 0.0¡6

D. CoBæt4 p¡eeme¡t:
l. l'loôt ñ¡ish. . -.-.- o.Ota
2. BræE 6¡l¡l¡-- -. - - 0.016

E. l'or Buth srùh u¡U slope, wb€Jo sodlneot E¡y æ-
cuulate, lDru âll ¡bors r¡lu$ ol n by-.-..-__---. 0.ûn

Vl. N¡a¡õt È6 .h.nne¡¡: ¡

¡1,. òf llor sl,r€osr (sufe rldth ¡t f,md sùsgo ls ths
¡mft.):

l. l'ci¡ly mlú stloD:
¡. SoEo $s úd ead!, l.iatlo or tro bru!h..-.... -. . - 0. 03H), 0¡f5
b. Dru snwtà of ræds. rr€pth of flor E¡t¿rls¡¡y

!É14¡ the ræd h¿lSht. - - - - - - - - - -. - - - -, - - - - - - - 0, 0iÌ6-O, 05
c. SoBa rcls, llrht bruhoq bÐts----.---.----.--- 0.tX-O.0t
d. Some *d\ls. hesvy brush otr búks- - - --, -. ------- 0. 05-O. 0?
6. Som. sæds, dem wllloss oo trMLs., -----------. 0.06-0. m
l. Fø uru slth¡! chùel, *lth b¡uch6 lubmo¡gfit

¡l h¡ßh stugc, |!@ all sbove yeluæ by.-..--.- 0.01{, t0
2, lñtulú w tùì8, slth ¡þls, sllßht chuol mNder;

IDRù{ vxhro.\ ln I o{ ôbout --. .. 0.01<}. (n
3. l\lountsrtr \tfurr¡r¡s! nù eexobtlon In chrún¡I, bMls

u\r¡ùlly sL.1', tr$ ùùl lìruh slonß bNts 5ubû¡erStrl
¡t htÈl¡ si,rf

g. llutulr r¡ ,!l xrtreel, el)trlr$. u(l fus trn r l,lrrs . - - . - . rl 0{ {. ll¡t
b. ¡ìolldnìolù)tì1,[$,$t(hlùBot¡)ul,lrrs -..,-- o0t{ì.07

TtD. ol arbÐ
RuoÁq6clæt
(c)l

Rv¿Atú
Nphrlt póvcEæt..-

or rhould6,- - __ -. - -

It¡ô¡r Ara I

0. t {t.0
0.6.{t. t
0. {-0.0
0.2{.0
0. 6"0. 7
0. t<r. a
0. l-{r.3
0.2<). I

0. a0
0.6ó

0.65

0. a)
0. t)

. ¡ For tat !lop6 or Þa¡E6cll6 pll, ü ah6 lowq eslu6. Fú ltæp slop6 or
lDpeÌEcsble stl, B thô hiÍhs rslu6.

¡ 8.G n&ru€ 12, Þp. {&lC lor moro dctå¡lod d¡ts.

Trblc 2.-M¡nning Rou¡hnese Coe6cicnle, nt
Múñt,t ¡

L CloÈd æ¡du¡¡: ruto t

^. 
CoÃftto ptpo--. O-0ll{.01¡

B, Corusstad Eetd DlË or DlÉ æb:
l. 2h. by 

'+l¡. 
@mltstloq (¡leot d ptpc) I

¡. Pl¡l¡ or fuly @st¿d G O:¡l
b, P¡yld l¡rst (eaô esluð ñ lo¡ 2ó ud ll n¡.üt of cl¡cu6 fæoa p¡vcd) :

(t) Flor luü d6prh-.:.-.-----------.._.-___---..- o.ûil{.0tE
(2) Ilor0¡drp!b.- --..-__-- 0.û2t-o.016
(3) Flor0,6doprh.. ----.--._ 0.0tH.013

2. +byl-to.oruSsuú.-.-.--__-_--.__- O.Wt
_ ¡..& Þy2.1¡. @ruautfoÃ (6nld bolt d)-. 0.0t2
C. Ylt¡lû6d c!Ðy pipo---_-----_---.-_--_-- O012-0.0t{
D, Cst.lrou plp., uqt¡d. -. _ _. -.. - -.. _ 0, Oll
-8. qtel plpo------.- o.mC-o.Ori!'. }tñck..-.....---._ -__.0.0¡l{.01?
O. \tonollthlc onftb:

l. \\'Ml lorüs, ruuth O.0ló{.Ol?2.1ì6llo¡N,sEæ¡b..-.--.-_-----_-.-- 0.o¡t-{r.olt
-- 3. Shl loru- - - 0.012-0.0¡3
U. Cementod rubblo msn¡y wallr:

l.Conwt¡flGMd!op.--.-----..---___- 0,01?-O.Ol¡¿
_ 2, N8túat ftw- - 0.0tH, ø¿5
!. þmlnoæd tæsled sood --.--_- o.Ot+¡.Oti

_ _J-. Vlutû€dctÀyllnqp¡st6---.---__- 0,0¡5If, Il¡od *n ch¡nncl¡:
,,. Conc¡et€, wlth sufffi ð lndlc8t€d:

l. Pomed, oonnßb ..-___--... ._ 0.0t3.O.017
2. Trcv.l únl!h.--.. O.Ol2 O.0l{
3. Elo! lrlsh..--.-.{. Fl6t tìntsh, þmc tnnl o¡ botton --_._---.-:-.:::: O. Oii¡. õiiõ.Oun¡tå,8oodstloo.-.--_-.._----___.- O.O¡ô{.019

_ 6. Ounlta-,?¡yt&tion.....---....-.-__ 0.oltO.(¿:!ð. Conñt¿ botlom û6Laqßhrd, dd6 N Indletad:
l. Drrdd ltonr ln EqE- - -----.-.--_. 0. Ot5¡).017t. Rudom ltonô ln mô.tr .---------._ O.Ot?-{},0¿03.Ceuel!rul,blenlNruy--------...-.-.-- 0.tÐ-0,û¿l{. Coaent rubblo ruMuy, pl¡lt¿Gd O. Ot¡¡. OAO

_ t- I)ryrubblc (¡tp.¡p)--.-_...--_-- ûû¡}{).CI)U. oãwl botþm, sld6 N ludt6t d:l. Fú¡nod ænftt 0. Ot?4. {no
2. RMdom stone ln nlûtú._ _ --..-----.--...--_-_..-... O. O¡f¿ Uæ
3. lìry.ubble(rlpôÞ)._----._---_ 0.LI.JJO.üBD. Il.ict .-.._...-._.-._.-.-.._---_-.... 0,01t{ 0t?

Footnotñ to T¡blo ? ¡pp{r on p. s{.
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0.orH m
0.06-0.0E

0.0?{. u
0.lm.16
0. 15.{.2{ì

0.0r-o 05
0.M.0t

I I'tittiø Lú.t ¡^ Cûtrtolti \t.tal I'ip., ht :ú. ,. u'ettttd md L. R.
:\lrt6lf. affl$ of ['D$!Þvrr, f)rpútrncnt of thp Àrmyr puhìlslrsrl ln Journ¡l
r't rht' llydrbullr:. lrrrril,{r, l'tixrral¡nFs (f tlrr An\'¡lcnr ù(r.ty of ( ¡rll
l:ngrnNrc. \'('l r.1, \n. IIY 0, ü'¡ncrrìl$t 195e. I'sfr.t \..o.:ls, pp. l.t-{?.

¡ [ilr ¡nrl¡rrlrill $ôrI Ânrl çìx'r¡ ¡rc'lrùte,lîlettnrDrllon nf $trt4r tf,ollþ!
lc ñre\c:ut, lhf ,l¡.:¡.ù'r ls [rß¡'l I'r c¡rr{rrll lhe l"ll 'q¡ ìc t,.l"rrilæs ùn,l to
s.lr.t ñ l,\ r.!rrJìrú i r of lho il¡111ì. ..,o.llll,rlr *lll tln..lìsnn¡ì3 tr\lÉ'l
¡n,,¡ o/ ßilf. ¡n /-¡r.tron ûuf ¡r"¡dr, ( ur¡¿¡. ì,t I¡ (., SÈ)lry, t..S.
lì¡1,ùlrr:'ilt r'l Arl, i:l'tr,.'lrctrÌrt(.rì llrrll,trlr \¡ r;1j. t'¡ì)ruari 1939
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PREFACE

This publication, the thircl in t series on the hydraulic design of
highrvny clrrinzrge stnrctures publishecl by the Federal llighway
Administr¿rtion, mlkes generally ¿rr-ailable ¿t group of hydrauiic
ch¿rrts x'lricir f¿cilitate the com¡rutltion of uniforrn flol. in opeu chan-
nels. Son¿ of the chtr.ts rr.e also useful in tlie clesign of storm dr¿ins.

l'he text is tìot inteììcled to be ¿r tre¿ttise on the design of open
chnnnels, although t blief cliscussiol of the principles of florv in open
cliannels is included. It is intenclecl rrther, ls a rvorking tool that
should be of consitleluble sen'ice to the desiguer already familiar
rvith the subjeci.

This publicution corrt¿rins chirrts rvhich provide direct solution of
the llanning equrtion fol urriforur florç in open prismatic channels
of various cross sections; instmctious for using the charts; ¿ table
of recommencled r-alues of n for use in the llanning equntion; tables
of permissible velocities itr enrth rutcl regetrtetl channeìs; instructions
for constnrcting chlrts sinril¡rr to those presentecl; ancl a nomograph
for use iu the solrrtion of the lfrrnniug equttion. ch¿rts ¿re incruclãcl
for rectnngular', trirpezoidnl, nntì triangular chnnnels. grass-linecl
channels, circular pipe chrurnels (part-full florv), pipe.arcli cìralneìs,
ancl ovnl concrete l>i|e clrirnnels.

lftrclr of tl¡e mirter.i¿rl in this publicrrtion was der-elopecl by the
Region åì OfÌice of the Fecler¿l llighl-ay ;\dministr¿rtion (then Region
2, Rureiur of I'ubÌic llolcls), in coopelation rçith the Division of
llydrnulic lìesear,ch lnol' I.ìnr.irollnenttl Control Group), Office of
Reserr.ch. rhe p'blicrrtiolì \¡rs *ssenrblecl b.r' the ÌI-vclranlics Brancrr,
Bridge Divisio', Oflice of lìlgi'eering, ¿rncl the Divisiou of llydraulic
Resetrch, Otlice of lìesetlclr. Tlre onìy changes in tìtis reprint of
the 1961 publication consist of a redesigned corer aucl revisecl
preface.

t¡l
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3.1 Description of Charts. Charts 1-29 are designed
for use in the direct solution of the À{anning equation for
v¿rious-sized open channels of ¡ectanguler, trapezoidal,
and triangular cross section. Each ch*rt (except the
triangular cross-section channel chart, No. 29) is prepared
fo¡ a channel of given bottom width, and having a par-
tieula¡ value of }Íanning's n, but aurilia,ry scales make
the cha¡ts applicable to other values of ¿.

The rectangular cross-section channel cha.rts, Nos, l-14,
are prepared for an ¿ of 0.015 (average v¿lue fo¡ concrete).
A seperate chart is provided for each foot of width from 2
feet to l0 feet and for each even foot of width f¡om l0 feet
to 20 feet.

The trapezoidal cross-section channel charts, Nos.
15-28, are prepared for an ¿ of 0.03 and side slopes of 2:l
(horizontal to vertical). A separate chart is provided for
each foot of bottom *'idth from 2 feet to 10 feet ¿nd for
each even foot of width frorn 10 feet to 20 feet. Charts for
othe¡ side slopes may be constructed according to the
method explained in appendix B. Charts for grass-lined
channels, where ¿ varies with both depth and type of
grass, s,¡e given ìn chapter 4.

The ch¿rts for rectangular end trapezoidal cross-section
ch¿nnels are simila¡ in design and method of use. The
¿bscisea scale is discharge, in cubic feet per second (c.f.s.)
.a¡d the ordin¿te scsle is veiocity, il feet per second (f.p.s.).
Both sc¿les ere loglrithmic. Superimposed on the loga-
rithmic grid are steeply inclined lines representing depth
(in feet), and slighily inclined lines represeniing channel
slope (in feet per foot). À heavy d¿shed line on e¿ch chart
shows the posi¿ion of critical flow, Äuxiliary abscissa and
ordinate gc¿les a¡e provided for use with values of n other
than those values used in preparing the chsrt.

In these charts, end subsequent ones similarly designed,
interpolations may be made with confidence, not only on
the ordinate ¿nd abscissa scales, but between the inclined
lines representíng depth and slope.

The triangular cross-section channel chart, No. 29, is
prepared in nomograph fo¡¡n. It may be used for street
sections with a vertical (or nearly vertical) curb face.
(Îhe curbed street section is a triangular section with
one leg vertical.) The equation given on the chart ignores
the ¡esistonce of the cu¡b face, but this resist¿nce is
negligible from e practical viewpoint, provided the width
of flow is at least l0 times the depth of the curb face;
that is, if Z)10. The equation gives a discharge about
l9 percent greater than will be obt¿i¡ed by the common
procedure of computing discharge from the hydraulic
radius of the entire section. The lotter procedure is not
recommended for ehallow flow with continuously varying
depth, The nomograph may also be used for eh¿llow
V-shaped sections by following ths iustructions on the
chs¡t.

3.2 General instructions for use of charts l-28,
Charts 1-28 provide a solution of the trfanning equation
for florv in open channels of unifornr slope, cross section,
and roughness, provided the flow is not affected by back-
*'ater and the ch¿nnel has a length sufficient to establish
uniform flo*'. The charts provide accuracy suffrcient for
the design of highway drainage ch¿nnels of fairly uniform
cross section anC slope. Rounding of the intersection of
the side slopes with the bottom of the channel does not
appreciably affect the channel capacity.

The ch¿rts may also be used to obtain rough approxima-
tions for depths and veìocities in natural channels of
nearly the nominal cross section. Fo¡ such channels, a
straight line drawn through irregularities in the bed profile
may be used to deûne fhe slope. The rectangular cross-
sectirn cherts can be used for closed rectangular conduits
flowing full, by following the procedure described in
section 3.2-3.

The use of charts l-28 is described, with examples, in
the following subsections. Instructions and exanrple for
chart 29 are given on the chart itself.

3.2-l Use of chs¡ts l-28 with basic chart-design value
of n. For a given slope and cross section of chonnel,
n hen ¿ is 0.015 for rectanguler channels or 0.03 for trape-
zoid¿l chsnnels, the depth and velocity of uniform flos¡
may be read directly from the chart for that size channel.
The initial step is to locate the intersection of ¿ vertic¿l
line through the discharge (abscissa) and the åppropriâte
slope line. At this intersection, the dept,h of flow is reod
from the depth lines; ând the mean velocity is read on the
ordinate scêle opposite the poini of inte¡section (see
examples I and 2), The procedure is reversed to determine
the discharge at a given depth of flow (see example 3).
Critical depth, slope, ond velocity for a given discharge
can be re¿d on the appropriate line or scale (velocity) at
the inte¡section of the critical curve and a ve¡tic¿l line
through the discharge.

Erample I
Giuen: A rectengular concrete cha¡rnel 5 ft. wide, with

z:0.015, on a l-percent slope (S:0.01), discharging 200
c.f.s. Fiad: Depth, velocity, and type of flow.

1. Select the recta,nguler chart for a 5-ft. widt,h, chart, 4.

2. From 200 c.f.s. on the Q scale, move verticelly to
intersect the slope ìine 8-0.01, and from the depth linee
read d":3.2 ft.

3. i\{ove horizontelly from the same intersecùion and
read the normal velocity, V:L2.5 f.p.s., on the ordinste
ecsle.

4. the intersection lies ¿bove the critical curve, and the
florç is therefo¡e in the eupercriticel range.

Chapter 3.-BECTANGULAR, TRAPEZOIDAL, AND TRIANGULAR CHANNELS
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Eramptc 2

Gia¿n: A trapezoidal channel s'ith 2:l side rlopes and a
4-ft. bottom width, ç.ith n=0.û30, on a 2-percent slope
(E:0.02), discharging 150 c.f.s. Frnd; Depth, velocir¡.,
end type of flow,

l. S€lect the trapezoidnl ch¡rt for b:4 Ít., ch¿rt tZ.
2. Frorn I50 c.f.s. on lhe Q scale, move verticelly to

inteßect the slope line 5:0.02, and from the deplh lines
read d.=2.1 ft.

3. l\fove horizontally f¡om the same inLersection gnd
read the nornral velocity, I,':8.a f.p.s., on the ordinstc
scale.

4. The intersection lies ebove the critical curve, and
the flow is the¡efore in the supercritical renge.

Example 3

Giaen: A trapezoidal channel n'ith 2:l side slopes, a 6-ft.
bottom width, and a depth of 4.0 ft., n'ith n-0.030, on a
0.5-percent slope (S-0.005). Find: Discharge, velocity,
and tl'pe of flow..

l. Select the trapezoidal chart fo¡ ò:6 ft., ch¿rt lg.
2. Locate the intersection of the 4-ft. depth line and

the slope line 5:0.005 and, moving vertically to the
ebscissa scale, read the corresponding disch¿rge, Q:350
c,f.e.

3. Move horizontally from the intemection and read
the normsl velocity, V:6.1 f.p.s,, on the ordinate scale.

4. The Íntersection lies belo¡¡' the critical curve, and
the flow is therefore in the sut¡critical range.

3.2-2 Use of charts ¡-28 with other fhsn b¡sic chart.
design value of z. Auxiliary scales, labeled Qn (abscissa)
aud I'¿ (ordinate), are provided on charts t-28 so th¿t
the cha,¡ts rnay be used for vaìues of n of.hpr then those for
ç'hich the ch¿rts çere basìcally prepared. To use the
auxiliar¡' scales, rnuìtipl¡' the discharge by lhe value of
a ¿nd use ¿he Q¿ and l'¡ scales instead of the I and l¡
Bcaìes, except for computation of criticsl depth or criiical
veloci¡.v (see step 5 of example 4). To obtain norm¿l
velocity I¡ from a value on the I/z scale, divide the vslue
by ¿ (see example 4),

Exømple I
Giuen: j' rectangular cement rubble ma"sonry channel

5 ft. s'ide, q'ith ¿:0-025, on a 1.5-percentslope (S:0.015),
diseharging 200 c.f.s. Fiad; I)epth, velocity, and t¡'pe of
f,ow.

I. Select lhe re.ctangulår chart for s s-ft. width. chårt {.
!. Ilrrìtipl.v Q b.r' n to ohtain Qn: ?001/0.0?5:5 00.
3. From 5.00 on the Qn scnle, rnor.e verticrìl¡' to inrer-

sect the sìopr lirre,.C:0.015, erìd at the inte¡seetiorr rcrd
d":1.1 ft.

.1. \fove horizont:tlì.r'front thr it¡terscction and read
I'n:0.2.1 on the I'n scale. The rrormal velocity
I/: l'nln : 0.2{+0.0?5 : f}.6 f.p.s.

5. CriticsÌ depth nrrd critical velocit.v are indeperrdent of
tht'v¿lue of z srrd 1l¡ri¡ r,rlues c¿n be read et tirr urtrr-
sectiorì of the critic¿l curve s'ith a vertjcal li¡re th¡ough
the discharge. For 200 c.f.s., on chart 4, d.:3.7 ft. a¡¡d
I'.:10.8 f.p.s. The normaì velocitv, 9.6 f.p.s. (from step
4), is less thlrr the critical velocit.v, and the flos is thrrcfore
subcritical. It will nlso be noted thac the normal depth,

4.1 ft., is greÉter than the crilic¿l depth, 3.7 ft., whieh is
also ¿n indicstion of subcritic¡l flow.

6. To deterrnine the criticsJ slope for Q=200 c,f,s. rnd
n:0.025, stsrt at the intersection of the criticÂ¡ curve s¡d
a verticù,I line throußh the discharge, Q=200 c,î.s,,
ñnding d" (3.7 ft.) ¡t this point. Follow a.long thi¡ d. line
to its inteFect,ion with a verticsl line through Qn=5.00
(6üep 2), and at, this intersection read the slope value 8o=
0.0t9.

NOTB; The deleted materi"al ref ers to a
modification of Charts L-14. These charts
are not included in thfs excerpt.
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Appendix B.-CONSTRUCTION OF DESIGN CHARTS FOB OPEN-CHANNEL FLOW

B.l Charts with Manning'e ¡¿ constant, Design charts
for open-channel flow, such as those presented in chapter 3,
are plotted on logarithmic paper. Each chart is con-
structed for a ûxed cross section and a given value of
Manning's z by the following süeps. Tabie B-1 serves
as an illustrative example. (See note ¿t end of section.)

l. Prepare ¿ t¿ble with rolumn headings as shown in
tsble B-1.

2. Tabulate desired increments of depth in the first
column.

3. Compute ¡, gp, p:AIVYP, nzrz, T, end. d-:AlT
for eacb depth.

4. Using I\f anning's equation:
1.49v:j-R2t'sttz
n

and the given value of z, compute I/ for a slope of S:0.01,
for each depth.

5. F¡om the v¿lues of I/, derived in step 4, compute
v¿lues for Q:AV.

6. Compute values of Iz and Q fo¡ 8:0.10 for e¿ch
depth, by multiplying the tabulated values of I/ ¿nd Q
for S:0.01 by the factor (0.10/0.01)rn:3.162. Similarl.,
compute values of V ønd Q for ^5:0.001 for each depth,
by multiplying the t¿buiated values of l¡ and Q for S:0.01
by the factor (0.001/0.0r)t/3:0.3r62.

7. On logarithmic paper with a sufficient number of
cycles, plot I/ against Q for 8:0.01, 0.10, and 0.001.
Note the value of the corresponding depfh, using a small
number written alongside each plotted point.

8. Draw a smooth curve through the points for each
slope. A point not falling on this smooth curve pre-
sumably indicates that an error has been made either in
computing or in plotting.

L D¡¿w straight lines through points of equal depth.
This provides another check on the accuracy of computing
and plotting. These equal-depth lines must be straight'
since the equation is V:QlA, where ¡1 is a constant for
a given depth.

10. The graph now has all the depth lines but only
three slope lines. Other slope lines may be laid out by
marking off a logarithmic scale along enough depth lines
to define the slight curvature in the slope lines. The
length of the log cycle is the distance between either two
of the th¡ee slope curves already drawn, ¿nd will be the
same along an¡' depth line. A simpìe graphic device to
obtain the logrithmic spacing for any length of cycle can
be made by laying off a log scale along the leg of a right
triangle with a long ba-se line, end then drawing straight
lines from the divisions on the scale to the opposite vertex.
The spacing of these lines along any line laid across them
will be logarithmic and it is merely necessâ.ry to position
the triengle so that the distance fron the base to a point
on the hypotenuse corresponds to '"he length of cycle
desi¡ed.

11. C¡itical curves &re an essential part of the charts,
For plotting points, compute, for each deplt¡ gd-:32.2 d-
å.nd tÊbulate. (d- h¿s already been tabulated in the
table.) Next compute, for each depth, I/¿:(ød-)t/'.

Criil€lwe

*
0.2
.{
.6

1.0
t.ó

{.0

5.0
6.0
?.0
8_0

t0.0

&. fi.
2.04
4. 16
6. 36

ll.00

4.00

3S.00
47.23
5ô.00

75.00
s6.00

110.0
144.0
100 0

6. 318
t2. n
n,62
Q.n
55. l9
67.07
7t. 60
8€. at

100, 2

1æ.8
r40- 6
t59.6
l?8.3
2r1.7

2. 5l
?.52
1.â
õ. 13
6. ¡,t

7.ß
8. 19
8.86
0. {6

10.0

10.

155

500

1,000
\3m
¡,670

2, t00
3, 5t0
{, 600
6,070
9, {30

0. 5?3
.813

l.04
1. tt
r.78

2.0t
2.3t
2. 58
2.75
2m

l.07
3. 38
6- 64

30.7

50.0

r00

r67

zfi
350
aô0
m?
91iì

3.34
3, 65
3.9{
+n
L72

11.0
11, t
tz6
13. I
r{ô

102

Table B-I.-sample computations for channel-flow chart: Trspezoid¡l channel, l:l síde slopes, l0-foot bottom wldth'
n:0.03

3. l0?
3. 5fO
3. 993
4. {tl
5. Dl

For s=0.0¡ ¡ Fo¡ s-0.10 | For s=0.001

8. 13
10. I
l{. r
r?. t
20.8

.1
,a

n.s
æ.8

33. 3
36. 5
39. t
+2.2
17.2

Q

3.
10.
2t.
{s.
v7.

lå8

3rE
{16
518

ml
1,110
1, {t0
1,9â
¿s0

I Fr. I Ft.
o,¡¡¡l - lo.rl o.rsoz

.666i lr.2| .56?0.so2l 12.ol .916zlrrzl 13ol r3n
r.3301 r{.01 r.7r4rafll rsol 2oa3
l. 6{5 I 16.0 I 2. {38
r.??el l?.ol 2.77s
1.00{t 18.0t 3.llt
2. 129 I 2Ð.0 I 3. 7502ßrl nol aSra
2.5171 2.01 {.058
2.60ll æ.ol 5.5sE
3. 0n I m.0 I 6- 66?

1.65

3.30
1.17
5.63

6. 50
7.42
8. 15
t.81
s. 43

10. 5
t1.5
12.3
13.3
u.c



Compendium 5 Text 2

Plotting points of intersection of V:V, with respective
dcpth lines loc¿ùes the critical curve.

12. The usefulness of the cha¡t many be expanded by
adding scales along the oidinate and the abscissa, cone-
sponding to the products Vn anð, Qz, respectively. It
must be borne in mind, horvever, that the c¡itical curve
may be used only with the lalue c'f æ for q'hich the châ,rt
was drawn,

lfote: Computations in steps 3 and 4 for manv channel
sections can be found in lhe Corps of Engineers Hydroulic
Tobles and the Bu¡eau of Reclamation Hgdraulic and,

E¡cauation Tables.l

8.2 Charts for grassed channels with n variable.
Design eharts for open-channel flow in grassed channels,
such as those presented in chapter 4, are computed by the
Manning equatiorr n'ith z varying as a function of I/.8
(see 69. 5, p. 38). On these charts the ordinale is channel
slope I and the abscissa is discharge Q. For a given
cross section, each depth and velocily curve must be
computed separately according to the following steps.
Table B-2 scrves ås an illustrative example.

1, Prepare tables with column headings as shown in
table B-2. Select desired increments of depth. Ä sepa-
rate table is required for each depth.

2. For each depth d, compute A, WP, n:AlWP,
T, d^:¡¡7, .Rr'3, and (1.49fi tt1z, Arrange these con-
stants at the top of the table.2

3. Select desi¡ed increments of velocity, usually 0.5 f.p.s.
¿nd I to 10 f.p.s. by units of one, and list in ihe first colum.r
of the table.

4. Replot the appropriate reta.rdance curve from figure 5
on logarithmic paper. The purpos€ of this is to obtain
consistent readings of a, so that the velocity curves to
be plotted later s'iìl be smooth curves. (This does not
mean, however, that velocities determined in the com-
pleted graph are actually that accurate, since the true
value of retardance mey very considerably.)

5. For each selected depüh (that is, in each table being
computed for a selected increment of d):

54, Compute I¡È for e¿ch velocity /, and tabulate.
5b. From the retardance curve plotted æ step 4, read

¿nd tabulate n for each value of I/Ê.
5c Compute (72),.
5d. Compute and tobulate 8: (lz¿) r+ (1.{$E/ ¡) t. The

denominator has already been computed as one of the
constants.

5e. Compute and tabulate Q:AV.
ô. Select logarithmic graph paper having sufficient

cycles to cove¡ the desired range of Q and S, and for each
depth:

64. Plot S against Q for each velocity; label each plotted
point with the correspondíng value of l/.

I Sæ fætnofe I, p. 3.
! Th€ v¡lue (1,{9.8?/¡)t=2.ffi28¡¿¡. 

^ 
t¿ble ol vâlues for the reclpro@l

of tho latt€r wtll b€ loud tÃ Han¿boú ol Hydtouli.t, lot ttt¿ &lutìØ ol
Htùaallc hùl.N, by Il. W. Kl¡g, revtsd by E. F. BÉrer, ]lcomw.Ilill
Bæt Co., 106t, (Sæ tåble 107 l¡ 3d edlilon or ¿sblo el l¡ {th odlilon.)

Table B-2.-ComputBt¡ons for ¡trescd ct¡¡nel: I

Trapezoidal channel, 8:l side slopes. b:4, ¡etard¡nce C

d'0.8
A =8.32
WP-16.e4

CONST,{NTS
R-0.1Sr
?':16.&l
d-=0.{9{

ÂtA=0.62t
(1.19Ã t/t) t-0.85?

¡ Sim¡lü coEpulslions mut b€ mÂde lor æcb slected deÞ¿b,

6b. Dr¿w a curve for each depth through the plotted
points. This should be a srnoobhly curving line. A point
not falling on the curve presumably indicates th¿t an
error ha¡ been m¿de either in computing or in reading
the a values.

7. Connect lines of equal velocity, which again should
be smoothly curving lines. Points will not ût perfectly
be-¿use of minor discrepancies in reading the retardance
curve, bttt wide v¿riations indicate rnajor errors in
computation.

8. Critical slope is colculeted for e¡ch depth as follows;
the computed values being entered ac¡oss the bottom of
the t¿ble as shown in t¿ble B-2:

8a. Compute V ¿: (gfl')rr z.

8b. Compute Iz.E.
8c- Read from the ret¿rdance cu¡ve the value of ¿ for

V,R.
8d. Solve for slope S. as in step 5d.
8e. ComPute Q":Atl..
9. Plot c¡itical slope ,S, against Q. for each depth, and

draw ¿ smooth curve through the points.
10. Examine the piotted curves for consistency. If

equal increments of depth and veiocity have been used,
curves ¡hould show a systemetic change in spacing,
becoming closer as depth increases or velocity increases,
as the câse may be. At any point of intersecüion of depth
and velocity curves, the product ,4.I¡ must equal the value
of Q read for that point.

11. Changes in retardance must be taken into ¿ccount.
Unlike the open-chsnnel charts for a fixed value of z,
v¡here a sÍngle chart may be used fo¡ other values of a,
the gra^ssed channel ch¿rt must be replotted for a different
retardance. ffowever, only two additional columns are
required in the computation table: the ¿ fo¡ the new
¡etardance and the solution for S as in step 5d. The
new S is then plotted against Q as previously calculated
(in step 5e), to obteín È new set of curves for thie
retardgnce.

10t

32

v VR (1/4, t s Q

F.p.¡.
0.5
!
2
3
1
5

6

8
I

l0

¡,t.,ls.c
0.248

. 191

. 982
1.173
1.0ü
2. {65

2.U6
3.437
3. 93E
{. {10
{.010

0.n5
. 135
.0&{
.067
.057
.052

. 0{7

.044

.043

.M1

.0.r0

0.itn
.01E2
. 0282
.0{0.{
. 0520
.06?6

.0?05

.09.19
- ll83
. 1362
. 1600

NJT.
0.0l4E
.02t2
.03n
. 0¡;l
.0to7
. 0789

. 0923

.lll

. 138

. 159

. lE7

c.l.t.
4.
L

16.

41.

40.
58
66.

33.

3.99 1.96 0.057 0.051? 0. 0603

87
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D¡tch check constructed of driven wooden stakes, Kenya. (Photo courtesy of TRBL, U.K.)
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92

OPEN CTIÀNNIìLS -WI'TH

Table 92. Square Roots of

rrNrForìr\{ Fr,ow 7-53

l)ecimal Numbers

.0034M

Nur¡¡
be¡

.003 162 I .0033t7

. 00.1472 | .004583

.0054771.005568

.0063251.000103
,0070711.007141

.007810 .007874
.ü)M85.0083{i7l .0084!ûl

rn¡o¿¿l oooûlol

.01000 1.01040 1.01005

.or.rr+ I.or+le l.ousr

.01732 t.0r70t t,01789

,01140
.0t5r7
.0r817
.02074
.02302

.02510
.0:616 1.02005 l.02ts3
.oz¡ru l.oz¿ro l.oz¡ol

.02702

.02881
.03000 t.03017 t.03033
,o¡rnz l.orrzg l.o:rs4

.03r62 1.033t7 1.03464

.04472 ì.04583 t.04690

.0547? 1.05568 i.05657

.00932? 1.000381 | .

:ðiöiilt:ðióäö;

.004000

.005099

.006000

.006782

.007483

.0081 24
00J718

.004359

.005385

.00ô245

.007000

.007681

.008307

- 0001 65
.009005
.010198

.008544

.000r r0

.0101

.m0274

.000708

.0t0290

.0001

.w2

.0003

.0004

.0005

.0006

.0007

.0008

.0000

.00t0

.02000 I.02025 1.02040

.02236 1.02258 1.02280

.02,140 1.02470 1.02400

.01 183

.01540

.01844

.02008

.02324

.02530

.o2720

.02808

.030û6.03050
.03200

.0360ô

.ü70ô

.05745

.00557

.07280

.07937

.08544

.001 l0

.09644

. r0140

.1140

.15t7

.1817

.2074

03225

.00r

.002

.003

.004

.005

.006

.007

.008

.009

.010

.01

.02

.03

.04

.05

.06

.07

.08

.09

.10

.06325 1.06403 I.0l'481

.ozozt l.ozl¿r l.ozlrr

.07746 1.07810 1.07874

.oasoz l.os4zo Los4ss

.ogo¿+ l.ooooo l.ogo¡¡

.037,12

.ü809

.05831

.0û033

.07348

.08000

.08002

.0916ó

.0c695

.10198
.09487 t.09539 t.00502
10000 1.10050 l.r0l00

.1000 .1049
.t449

.1095
1414
1732

1483

.2000

.2236

.17ôl
,2025
.2238

2445 2470
,204ô .2665

2846

.1789

.2049

.2280

.2490

.2683

.2864
3017
3178

.3033

.3104

2302

2828
3000
3162
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Table 95. Eight-thirds Powers of Numbers (Coniinued)

r54
160
1ô7
r73
180

r87
194
201
209
216

224
232
210
248

265
274
283
293
302

311
32L
331
341
352

362

384
395
406

4t7
429
411
453
465

77.91 7A.3
az.ol az.r

100
105
110
ll5
r20

126
131

143
r49

155
151
I68
175
r81

188
195
203
2rc
218

226
234
212
250
259

267
276
2a5
294
304

313
323
333
343
354

364
375
386
397
408

420
431
.{43
450
468

99
105
110
115
120

125
131
137
r42
148

155
161
IttT
174
181

188
195
202
209
2t7

223
233
241
249
258

266
275
2U

303

312

342
353

363
374
385
39ô
407

419
430
442
454
467

Num-
ber

5.1
5.2
5.3
5.4
5.5

5.6
o.l
5.8
5.9
6.0

6.1
6.2
6.3
6.4
b-5

6-6
6.7
6.8
6.9
7.O

8.1
8.2
8.3
8.4
8.5

8.6
8.7
8.8
8.9
0ô

9.1
9.2
9.3
9.4
9.5

9.6
9.7
9.8
9.9

10.0

87. I

96.1

101
106
111
116
l2r
126

138
144
150

156
162
169
175
r82

226
234
243
2il
255

268

286
295
305

314
324
334
344
355

365
ó/b
387
398
409

421
433
445
457
469

101
106
111
116
122

r27
r33
138
144
150

156
163
169
176
183

190
197
204
212
219

235
243
252
260

269
278
287
296
306

315
325
335
345
356

366

388
399
411

422
434
446
458
470

88.0
92.4
97.0

r02
107
lt2
t17

t28
133
r39
145
151

157
r63
170
177
183

190
r98
205
212
220

228
236
214
253
2til

270
279
288
297
307

316
326
336
34{ì
357

367
378
389
400
4r2

423
435
447
459
472

77.1
8r.i

89.8
94.3

98.9
104
109
114
119

124
130
r35
141
147

r53
160
1ô6
173
179

186
193
201
208
216

231
239
218
256

265
273
282

301

3r0
320
330
340
350

361

382
39il
405

416
428
440
452
4U

84.
88.
92.
97.

r02
t07
112
1t7
L23

158
Iô4
t7L
177
184

191
r98
206
213
22L

215
253
262

27t
280
289
298
308

317
327

347
358

368
379
390
401
413

424
436
448
460
473
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103
108
113
1r8
t24

129
135
t41
r47
r53

159
165
t72
179
186

r93
200
207
215

230
238
247
4C5
264

2a2
291
300
309

3r9
329
339
349
360

37r
381
392
404
4t5

427
439
45r
463
475

t29
134
140
r46
L52

158
165
171
178
185

192
199
206
214

230
238
24t,
254
263

281
290
299
309

318
328
338
348
359

369
380
391
403
414

426
437
4{9
462
474
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Table 95. Eight-thirds Powers of Numbers

7-66

.472
1.r39

1.45
1.81

2.69
3.22

3.80
4.45
5.16
5.93
6.78

7.70
8.69
9.76

10.91
L2.t4

13.4
14.8
16.3
t7.9
19.6

1.52
1.89

2.79
3.33

3.93
4.58
5.31
6.10
6.96

r3.7
15.1
16.6
r8.2
19.9

21.7
23.6
25.5
27.6
29.8

32.O
ít4.4
36.9
39.5
42.2

1.49
1.85

2.74
3.27

o.ðo
4.51
5.23
6.02
6.87

13"6
r5.0
r6.5
18.1
19.7

21.5
23.4
25.3
27.4
29.5

31.8
34.2
36.7
39.3

7.80 I 7.89
8.80 I 8.90
9.S7 I 9.98
1.æ 111.r511.O3 t11.15

rz.zo lrz.eo

14.8 145.1
tz.z l¿g.a

j-¡3-9 154.2
r,7 .2 157.5

1.55 I 1.59
1.e3 I l.e7
2.36 I 2.41
2.U | 2.9O

3.99 I 4.05
4.65 I 4.72
5.39 I 5.46
6.18 I 6.26

7.99 I 8.09
9-OO I 9.11

r0.10 llo.2l
11.27 1r1.39
t2.52 n2.65

r3.9 114.0
r5.3 115.4

.3

.7

.2

.8

.5

t.7
t.9
i.2

t.6
i.2
3.9
2.7
i.7

3.68
4.31
5.0r
5.77
ô.61

27.O
22.8
24.7
26.8
28.9

31.1
33.5
35.9
38.5
41,1

43.9
46.8
49.8
52.9
b6.2

59.5

1.30
r.74
2.t4
2.ô0
3.11

7.5r
8.49
9.54

10.67
I 1.88

13.2

3.74
4.38
5.08
5.85
6.69

7.60
8.59
9.ô5

r0.79
r2.01

13.3
t4.7
16.2
17.7
19.4

21.1
23.0
24.9
27.0
29.1

31.4
33.7
36.2
38.7
41.4

1.42
1.77
2.r8
2.64
3.16

.014

.040

.087

.r57

.256

.386

.552

.758
1.00c

1.29
1.63
2.0r
2.45
2.95

3.50
4.t2
4.79
5.54
6.35

8.i9
9.22

r0.33
11.51

z.l

2.3
2.4
2.5

2.6

2.8
2.9
3.0

3.6
3.7
3.8
3.s
4.0

4.1
4.2
4.3
4.4
4.5

4.6
4.7
4.4
4.9
ó.0

.1

.3

.4

.5

.6

.7

.8

.9
1.0

1.1
1,2
1.3
1.4
r.5

3.3 124.13.4 126.1
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Table 95. Eight-thirds Powers of Numbers (Continued')
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'Iable 95. lìight-thirds Powers oT r\umbers (Contintrcd,)

I Nrr.I b".t_
I *'¿I rs.gI rs.+
lls.s

15.6
15.7
r5.8
r5.9
lô.0

17.7
t7.2
L7.3
17.4

1ô.1
16.2
16.3
16.4
r6.õ

r6.6
rô.7
16.8
Iô.9
17.0

17.ø
t7.7
17.8
t7.9
18.0

t8.r
r8.2
18.3
18.4
r8-5

r9.1
Lg.2
19.3
19.4
19.5

19.6
r9.7
19.8
19.9
,o.0

18.6
18.7
r8.8
r8.9
19.0

.00

1300
1420
1440
t470
1490

r650
1080
17r0
1740
1760

u90
r820
r850
r880
l9l0

Iã20
1550
1570
1600
1630

1940
1970
2000
2030
2060

2r00
2130
2160
2r90
22AO

2260
2290
2330
2:ì60
2390

26lo l

26{0 
1

2tìBo I

zzzo I

27b0 I

,rnol
28Bo I

zgzo I

29lo I

zoso 
I

2430
2460
2500
2530
2570

r520
1550
1570
1600
1630

1660
1680
t7 10
1740
t770

1800
1830
1850
1880
l0lo

.01

1400
t420
1450
7470
1500

1940
r970
2010
2040
2070

2L00
2130
2l 60
2200,Bt
2260
2300
2330
23ô0
2400

2430
2470
2500
25{O
2570

2610
2650
2680
2720
2760

2800
2830
2870
29r0
2950

.02

1.100
t420
1450
1470
1500

L520
r550
r580
1600
1630

1950
1980
20r0
2040
2070

2100
2r30
2t70
2200
2230

2270
2300
2330
2370
2400

r660
r690
l7t0
1740
t770

18(o
1830
18ô0
1890
1920

2440
2470
25 l0
2540
2580

2610
2ît50
2690
2720
2760

2800
2840
2880
2920
2960

.03

1400
1430
1450
1480
r500

1660
r690
1720
t740
1770

1800
r830
r860
r890
1920

1530
1550
1580
16r0
1630

1950
1980
20r0
2040
2070

21 10
2110
2170
2200
2240

2270
2300
2340
2370
2400

't.140
2470 I

s.sro I

zsso I

2sso I

,ornl
zoso I

2690 I

27Bo I

zzzo 
I

zsoo I

ga+o 
I

2880 |
2920 I

2e60 
I

.05 .06.o4

t.*l t-tol t.*lr3ol 14301 t4go
l¿sol l+ool r¿crr
r4bol l48ol t48o
r5ool l5rol lsro
15301 15301 15lo
r5ôol 1560l t5ôo
15801 15901 tsltr)
1610l 1610ì 1610
16401 1640l 16.10

,uuol rorol rnro
r6sol t6uol 1?oo
17201 17201 1720
171-)0 11750 11750
u8olr78oll?80
l8ool r8tol r81o
rSgol l84ol r84o
18601 r8zol rSzo
18901 19001 1900
le2ol leaol re3o

19501 19601 1960
t98ol r99ol rsoo
20101 20201 2020
20501 20501 2050
2o8ol zo8ol 2o8o

2ltol 2rrol 21lo
2t4ol2l4ol zt-,o
21701 21801 2180
22101 22r1l 22ro
22101224012250

tt
22701 22801 2280
23Jol 23lol 23ro
23401 23401 2350
23701 23801 2330
24rOl 24LOl 24rO

24401 24sol 2450
24801 24801 2480
2510ì 25201 25!0
25501 25501 2.i{;o
25801 25901 2590

,urol rurol rorn
26ô01 20601 2670
2o9ol 2zool 27oo
27Jol 27401 2740
27701 27701 27aott
28lol 28rol 2820
28501 28501 2850
28801 28901 28eo
29201 29301 2e30
29601 29?ol 2s7o

-o7 .08 .09

t.*l t-rl t.-
14401 14401 t44o
14601 t4ô01 r47O
l+001 14901 1490
15101 rãt0l t52o

r5.loi r5.tol t54o
15(;01 15701 1570lssol l59ol 1600
1620l lri2ol t62o
1640l 1650l 1650

,orol rurol rurn
rTool rzool 1z1o
u30 Ilz3ollz3o
1760l lz60l 1z60
17801 rz9ol t?eo

,r,ol rrrol,rro
18401 18501 1850r87ol l8zol rssor9ool tgool lslor93ol r93ol r94o

1960l 19zol rgzo
l99ol 2oool 2ooo
20201 20301 2030
2o5ol2oôol206ó
2o9ol20s0lzoeo

,rrol rrrol rrro
2t5ol 2t5ol 21602l8ol 21sol 2r9o
22201 zz2ol z22o
22501 22sol 226rìl

22aol zz,rol 22go
232012320l|2szo
2350¡ 23501 2360
23801 23901 2390
2.tzol 2420]¡ z4zo

,nrol rouol rouo
2+901 24901 2500
2Í,901 25301 2530
¿sool 25601 2570
28001 26001 2600tt
26sol 26401 2ô40
2ri7ol 2ô7Ol 26€0
27tol 2zrol 27to
27tol zTsol 27bo
27801 27e01 2?eo

28:01 28201 2830
28601 28ôol 2870
29001 2e001 2900
29101 2o4ol 2e4o
2e701 2e801 2e80

Num-
ber .00 .01 .02 .03 .M .05 .06 .u7 .08 ,09

1050
1070
I r00
1120
ll40

14.r I llô0
l¿-z I u8o
r¿.s I rzoo
r¿.¿ I rzgo
r¿.¡ | rzso

to.r I 477 I

ro,z I ¿ss I

ro.s I soz I

10.4 I 515 I

r0.5 I 629 |

,o.o I on, I

ro.z I sso I

ro,s I szo I

ro.e I s84 I

rr.o I sea 
I

tt.t I orr I

rr.z I oza I

rr.s I o+e I

rr.+ | oss I

t1.5 | 674 |

rr.6 I ô90
rr.z I zos
tt.s I zzz
r1.o | 738
l2.o I 755

I

72.r I 772
n.2 | 7a9
12.3 | so6
þ.n I azc
tz.s I uz

I

rz.o I goo
12.7 | 878
r2.8 | 8s7
r2.9 | 9r5
13.0 I 934

t270
1300
1320
1340
1370

954
973
993

10r3
1033

13.1
13.2
13.3
13.4
13.5

13.6
t3.7
r3.8
13.9
l4.o

I 14.ôI t¿.2
I r¿.eI r¿.s
I 16.0

478
49r
504
517
530

544
657
571
586
600

61õ
629
6,15
6ô0
D/D

691
707

740
756

791
808
826
843

861
880
898
917
936

956
s75
995

101 5
r035

1060
1080
rr00
I r20
1140

1280
1300
I320
1350
r370

1160
r180
1210
1230
1250

479 I 480
4s2l 493
505 ì 506
5r8 I 519
53r I 5ag

I

5451 54tt
559 I 5ô0
szs I sz+
587 I 588
60r I 608

utu I ota
63r I 682
e¿o I o¿s
oor I tiog
677 I 67a

693 I (i94
zos I zro
Tzsl 727
z.+t I z.tl
zss I z6o
___l___
Tgzl 794gro I grr
Bzz I Bzrt
s4s I s¿z

I

863 I 865
882 I 884
9oo | 909
919 I 921
938 | 940

958 I 959
t)zz I szs
g(,2 | go9

lorz I lolc
rosz I rogc

I

1060 | roôo
roso I roao
rloo I rloo
rr20 I rr2o
1r40 | r150

rloo I rrzo
trco I rroo
1210 I 12r0
rlgo I rzgo
1250 I 12ô0

I

rzSo I rz8o
lBoo I r3oo
1330 I r330
1350 | 1350
1370 I 1380

442
494
507
521
534

548
56r
57ô
500
604

619
634
649
664
680

696
712
728
745
762

77A
79ô
81â
831
840

867
885
$04
923
942

961
981

I001
102 1

1041

1060
1080
1100
1130
I 150

1280
r310
1330
1350
1380

1 170
I 190
1210
1240
1260

r060
1090
lr10
I 130
1150

1170
1190
t220
t240
1260

r280
r3r0
1330
1360
1380

483
496
509

535

549
Ðuó

591
606

620
035
65r
666
682

697
714
730
746
763

780
797
815
833
851

869
887
906
925
s44

9(;3
983

1003
r023
I044

484 I J85
¿sz I rsa
sro I ¡lr
szg I s:s
537 I 538

I

5so I s.52
ro+ | ioo
578 | s80
593 | 594
607 | 60e

oz¿ | o¿e
637 | b3S
652 I ô54
6ô8 I ô69
6s3 I 685

699 I 70rztsl ztz
?32l ßz
z¿s I zso

I

782 I 78.r
799 I 801
slz i 818
ss¿ | g¡o
si'2 I 854

I

Bzl I 8?2
sse I asr
sos I gro
e27 | 92s
9'16 I 948

1070 I 1070
rrJo I rooo
11rO I rr10
rrgo I trao
rrso I ttro
rrzo I rrgo
lzoo I rzoo
12zo I r22(l
rz¿o I ls+o
1260 | 1270

I

1200 I 1290
rglo I t:lro
r:l3o I t34o
1360 | rsoo
r38O I 1390

965 | 967
riss I ogz

loos I tor)z
tozs I tozl
1046 | lo48

487 I

sml
els I

526 |

539 I

I--^t
9?g l50/
58ì
596
610

625
640
655
671
686

702
7r8

751
768

785
803
820
838
8fiô

474
893
9t2
931
950

9ô9
989

1009
t029
1050

1070
r090
1110
r r30
I 160

1 180
l 200
1220
I 250
1270

tzgo
1320
1340
1300
1390

488
50r
514
527
54r

555
568
583
597
612

¡i2$
ô4t
657
672
688

704
720
/ób
?53
770

747
804
822
840
858

476
895
9r3
932
952

1180
1200
r!30
r250
1270

r290
r320
r340
1370
r390

971
991

101 I
1031
1052

1070
1090
lrlo
r 140
1 160
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Table 95.
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Eight-thirds Powers of Numbers (Continued)

OPEN CHANNULS WITH UNIFORM FLOW' 7-7I

Table 95. Ilight-thirds Powers of Numbers (Conti,nueit)

Num- .00 -ol .0,1.æl.on .05 .oo 
| 

.oz .08 .09

2ô.8
26.9
27.0

27.1

27.4

27.6
27.7
27.8
27.9
28.0

28.1
28.2
28.3
28.4
28.5

29.r
2$.2
29.3
2ù.4
29.5

28.6
2A.7
23.8
28.9
29.0

20.6
2s-7
29.8
29.9
30.o

5400
Silf¡0
5520
5570
5ô30

5690
5750
5810
5870
5930

7300
7370
7440
7 t¡10
7580

7650
7720
77\tO
7870
7940

5990
60ti0
6120
6r80
ô240

6300
6370
6430
6500
65ô0

6630
{i690
67rì0
ô820
6890

6960
7020
7000
7160
7230

8010
8090
81ô0
8230
8310

8380
8,t60
8540
8610
8690

5410
5{60
5520
5580
5640

6000
6060
ôr20
(ìi00
6250

6310
ô370
6{40
6l¡0O
6570

73 10
7370
7140
7510
7590

7660
7730
7800
7a70
7950

8300
8+70
8540
8620
8700

5700
5760
5820
5680
5940

6ô30
6700
0760
6830
6000

6960
7030
7 100
7170
7240

8020
8090
8r70
8240
8320

s+lol¡+zols+zo
5470f 54801 51so
55301 5s30l 55io
¡;sol ¡¡sol sooo
5ô501 5ri50l 5660II
57ool Szlo{ 5220
57601 57701 5780
ss2oi5s3ol58ao
58801 58{rol sooo
59á01 5o5ol 59roJI
ôolol 6010l ôo2o
60701 {ì0701 6080
61301 6140l 6140
61901 62001 6200
02ã01 62601 6270

cazol oazol o¡eo
6380 l639olo3g0
6450 16450 1{i.ltìo
65101 65201 0520
65701 65801 65eo

tt
66401 66501 6650
ti70ol (izrol 0z2o
67701 62801 6z80
68101 68401 û850
69001691016920tt
69701 69801 6980
7o4ol 7o4ol Toso
71101 7ll0l 7120
zrzol zls0l zl{}o
72101 72501 72tOtt
73101 73201 7330
73801?ssolz4oo
71501 7.rÚol z4zo
75!01 ?5301 z54o
75901 7o0ol 7610tl
76601 76701 7680
77101 77401 7750
?810178101?820
78801 78e01 ?8e0
79501 79601 zezotl
80301 8030i 8040
81001 Strol 81lo
81701 Ersol sreo
82sol8260lB2rio
832ol8s3olß.10tl
84ool 84lol s4ro
3.1701 84801 8490
85501 85601 8570
86301 86101 8640
87001 87101 8790

5430
5490
5550
5{n0
56ô0

5720
5780
5840
5900
5960

6020
6090
6150
6210
6270

6340
6400
64ô0
6530
6590

7330
7400
7470
75i10
7610

7600
7760
7830
7900
7970

8050
8120
8200
8270
8350

ô6ô0
6720
6790
6800
6920

6990
7060
7 130
7 190
7260

4420
8500
8570
8650
8730

5730 | 5730
¡zgo | .lzrio
5850 | 58ò0
5010 I Selo
59?O | 5980

6030 I 6040
6090 I ô100
6150 I 6160
6220 | 6220
0280 I 6290

I

olao I oaso
6410 I 6{10
6,170 ì 6480
6540 | {ì540
6600 I 6ô10

I

6670 | 6070
ô730 I 6740
ri80o I 6800
0860 | 68?0
6930 I 6940

5440 I 5440
5490 | 55OO
5550 | 55ôO
5610 | 5620
5670 I 5ô70

7340 I 73.50
74to | 74Jo
7480 | 7490
7550 I 75rì0
7020 | 7030

8+30 | 8140
8510 I &510
8580 | 8r-,90
8660 I 8ô70
8740 | s?40

7000 I 7000
zozo I zozo
?130 I ?r4r')
7200 I 72rO
zzzo I zzso

7ô$0 | 7700
77(iO | 7770
784o I z84o
?rll0 | ?920
7080 I 7090

I

aocn I gooo
8t¡o i 8r.ro
8200 I 8210
8280 I 8290
$50 | 8360

5460
5500
5560
5{ì20
5680

5740
5800
5860
5920
5980

E94o
(;100
6r70
6230
6290

63f i0
6.120
6480
6550
0610

6080
6740
6810
ô880
6940

701 0
7080
7150
7220
7280

7350
7420
7 4!tO
75{i0
7640

7710
77aO
7850
7920
8000

8070
8140
8220
8290
8370

8440
8520
8600
8670
8750

5750
5810
5870
5930
5990

6360
ô430
6400
6550
6ô20

6680
67 50
6820
6880
6950

7020
7090
7150
7220
72go

7360
7.130
7500
t Ðtu
7640

5450
5510
5570
5630
5690

6050
61 l0
6170
6240
ô300

7710
7790
78{i0
7930
8000

8080
8r50
8230
8300
8380

8450 I

ssro I

8ôOO I

86€0 I

8?60 |

lYu-- I .mDer I
.o2.01 .03 .on 

| 
.os *l ,l*1.*

20.t
20.2
20.3
20.4
20.5

20.ô
20.7
20.8
20.9
21.0

2L.t
2r.2

2t.4
2r.5

21.6
2r.7
21.8
2r.9
22.O

2990
3030
3070
31 10
3r50

3190
3230
3270
$r0
3360

3400
3440
3490
3530
3570

3620
3660
3710
3750
3800

3850
3890
3940
3990
40:lo

4080
4 130
4180
4230
4280

23.6 I 4580
23.7 | 4630
23.8 I 4690
2B.s I 4740
z¿.0 I ¿zgo

22.t
22.2
22.3
22.4
22.5

22.6
22.7
22.8

23.O

2.1.1 I 4850
24.2 I 4ooo
2a.B I 4950
24.4 I 50t0
z¿.s I sooo

I

z¿-e I srgc
2t.z I 

'tz(24.8 I 523(
z+.c I szgc
25.0 I 534(

23.r I 4330
z¡ z I ¿sao
23.3 | 4430
23.4 I 44aO
æ.5 I 4530

2090 | 2990
soso I go:ro
3o?o I 3070
31rO I 3120
3150 I 3160

I

3190 I 3200
3230 | 3240
3280 I 3280
B32o I $20
ssoo I 33zo

,n* | ,nro
3450 I 3450
34oo I g4co
3530 I 3540
BsSo I a58o

I

sczo I aoao
3670 I aôzo
szro I azzo
3760 I 3760
38oo | 38ro

a*o I aauo
Be00 I 3900
3940 I 3950
groo I ¿ooo
¿o¿o I +o+o

4090 | 4090
4140 | 4140
4r8o I 4I9o
4nO | 4240
4280 

| 
42e0

¿¡so I ¿¡¿o
4geo I 4390
44i1ol 4440
4496 | 4490
4540 I 4540

a5e6 | aseo
4640 ì 4tt40
46eO | 4700
4740 I 4750
{8oo I 48oo

I

¿sso I ¿g6o
4010 | 4910
4060 | a960
Soro I 5020
sozo I Sozo

I

5126 | srac
5180 I 519C
sz+o I sz+c
szso I seo(
ß50 I 536(

3000
3040
3080
3120
3160

3200
3240
3280
3330
3370

3410
3460
3500
3540
3590

3630
3680
3720
3770
3810

3860
39r0
3950
4000
4050

4340
4390
4440
4490
4550

4600
4050
4700
4760
48i0

4860
4920
4570
5020
5080

5140
5190
5250
5300
5360

4100
4150
4r90
4210
4290

sooo I eoro I

so¿o I goso I

3o8o I Bogo I

rrzo I sr3o I

aroo I erzo 
I

azlo I szro ]

32sO I 32ã0
3290 I 3290
rsro I eg¿o
3370 I 3380

I

3420 I 3420
8460 I a4oo
ssoo I g¡lo
3550 I 3550
3590 I 3600

I

3e,4o I 8640
Bô8o I g690
3730 I 3z3o
37?O I 3780
3820 | 3820

ssoo I sszo
3sto I 3920
egoo I ecoo
4010 | 4010
4o5o | 4060

I

4100 I 4110
4r5o I 4160
szoo I +zoo
4250 I 4250
43oo I 43oo

nr"n I nrro
44oo I 4400
+¿so I +¿so
¿soo I +¡lo
4550 

| 
45ôo

+ooo I ¿oto
eooo I ¿ooo
4zlo I 4?10
4760 | 4770
4810 

| 
4820

+szo I ¿azo
4920 I 4930
ac8o I as80
5030 ì 5040
Sogo I 5o9o

I

5140 I 5150
5200 I 5200
szso I ¡zoo
53lo I 5g2o

I srzo I sazc

3010 I
goso I

soqo I

3130 I

arzo 
I

szro I

ezôo I

BBoo I

3340 I

3380 I

,nrn I

e+zo I

35t0 I

35oo I

stioo 
I

turo I
36so I

az¿o I

3780 I

eeeo I

,rro I

3920 I

3970 I

+ozo I

4060 I

nrro I
rroo I

¿zto I

+zoo I

+sro I

46r0
4ô70
4720
477A
4820

4880
4930
4990
5040
5100

5r50
5210
52ô0
5320
5380

4360
4410
4460
4ó10
4560

3440
3480
3530
3570
3610

3890
3940
3980
4030
4080

3020
3060
3100
3r40
3180

3230
3270
3310
3350
3400

3660
3700
3750
3800
3840

4130
4170
4220
4270
4320

4370
4420
4470
4530
4580

4630
4680
4730
4790
48ÁO

4890
4950
5000
501j0
5r r0

5170
5220
5280
5340
5400

3oro I Bo2o I

3oso I B060 I

eogo I eroo I
gl¿o I 3t¿o I

arao I srao I

,rro I ,ro I

32üo I 32ô0 I

B3oo I 33lo I

3340 I 3350 I

3a9o I 3390 Itl
s¿so I a¿so I

g4zo I s.¡80 |

3520 I 3520 I

Bs6o I 3570 I

3ôro I 3610 |

II
3650 I 3650 I

szoo I 3zoo I

3z4o I 3750 I

3790 | 3?90 |

3B3o 
I 

3840 
|

3s8o I 3880 I

3e3o I 3930 |

39zo I 398,0 I

4o2o I 4030 I

a976 | aozo I

nrrn I orro I
4r7o I 4r7o I

42ro | 4220 |

4z$¡l 42701
43lo I 4320 |

nruo I nrro I

44ro | 4420 |

4460 I 4470 I

4s2o | 4520 |

4s?o I 4570 |tt
4620 I 4620 |

4670 | 4680 |

472¡ | aß0 I

4z8o I 4z8o I

a83s I a8+0 |

,*"n I orno I

4s4o | 49-10 I

4eco I 5000 |

5¡¡56 | 5050 I

51oo I srro Itt
5¡69 | 5160 |
52ro I 5220 I

527¡ | 5280 I

ß30 I 5330 I

5380 I 53eo 
I

(,Êt
(J1
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Compendium 5 Text 3

7-72 HANDrìooK oF HyDRÄrrr,rcs

Table 95. lìight-lhirds l)owers of Numbers (Conclurled)

Num-
ber ,00 .01 .02 .03 -o4 .05 .06 .a7 .08 .09

30.1
30.2
30.3
30.4
.30.5

30.6
30.7
30.8
30.9
3l.o

31.1
3r.2
31.3
31.4
3 1.5

3r.ô
31.7
31.8
3r.9
32.O

32.1

32.3
32.4
32.5

32.6

32.8
32.9
33.0

33.1
33.2
33.3
33.4
33.5

33.6

33.8
33.9
34.0

34.1
34.2
34.3
34.4
34.5

34.6
34.7
34.8
34.9
35.0

azzol
8B4ol
sgzol
90001
e08ol

9160t
gzqol
s:ìzol
sEool
s¿aol

nurol
9ô501
ezeol
98101
ggml

norol
10070t
ror ¡ol
I 02401
ro32ol

I

to¿rol
l o+ool
lo5sol
toozol
rozool

tossol
rs.lgol
t rozol
rn¡ol
1 1200 I

,rr,n,l
l t¡col
t r¿gol
t l szol
r roool

, rro,,l
r r g¡ol
I r91ol
tzo¡o I

tzl so I

,rrttnl
12320t
l2+zol
L2s2¡l
rzo r ol

127 tol
rzs r oì
tzo ro I

reolol
rerrol

877(
885(
893(
901(
909(

I l7(
925(
933(
94 l(
949(

957(
966(
974(
982(
99l(

999(
1007(
l0l6(
1024(
1033(

1012(
1050(
1059(
1068i
1077(

1085(
1094(
1 103i
ILI2(
1 121(

I 130(
1140(
I 149(
l¡58r
1 167(

1 176f
1186i
I 195i
1205(
t2t4(

t224C
1233C
1213C
t253C
1262C

r272{
L2a2C
t2c2c
1302(

878(
886(
89.1(
902(
9r0{

018(
926(
93r(
942(
950i

958(
96ô(
975(
983(
99 l(

000(
o08(
0 17(
025(
034(

086(
095(
l0+(
113(
122(

t77(
187(
196(
206{
215(

22i¡(
23.1(
244(
261(
963(

273{
983(
293(
303(

042(
051(
06ft
069(
077(

13 1(
140(
15CX
I i¡fl(
168(

87{r0
8870
8950
9030
9t00

9590
9670
0760
9840
9920

1o010
10090
10180
10260
10350

10430
10520
106t0
10700
r0780

10870
10960
I l0l'r0
11140
I 1230

12260
l23J-rO
12150
125i)0
l2ô40

12740
t2840
12940
13040

9180
0260
9350
9430
951 0

t320
l4 10
1510
r600
1690

1780
1880
1970
2070
2t60

8800
8880
8050
0030
9110

9190
927A
9350
9430
0520

9600
9680
9760
985C
0930

10010
r 0r00
10r80
1027A
10360

10440
10530
10620
l 0700
r0700

t0880
10970
11060
11150
11240

1790
1890
1980
2080
2t7A

2270
2300
2.100
2't\o
2651)

2760
2850
2550
3050

1330
t420
l5l0
t(ì10
1700

88lC
888C
896C
904C
91 2C

920{
928[
936(
944(
952C

961C
969C
977{
985(
994(

t002c
101 1c
1019(
t028(
1036C

r046c
1054c
1063(
t07lc
1080t

r089c
1098c
I 107C
lrlô{
I 125C

1228C
1237C
7217C
1257C
r2ô6C

t276C
1286C
1296C
r306c

1134C
11.13C
I 152C
I 162C
I 171(

1180C
1 100c
I l09c
r 208c
1218C

88r0
8800
8970
9050
9r30

92to
9290
0370
9450
9530

9610
9700
9780
9860
9950

0030
0l 20
0200
02rJ0
0370

10900
10090
I 1080
11r70
1 1260

I r350
I 1440
I 1530
I 1ri:Ìo
tt720

I t8l0
l1010
12000
12000
12190

r2290
r9380
12480
12570
12670

12770
12870
12970
13070

10460
10550
10630
ro720
l08ro

88*l
8900
8980
906ó
9140

9220
9300
9380
9400
9540

0ri20
07 r0
9700
9870
9960

0040
0120
0210
0300
0380

o470
0560
064{)
0730
0820

0910
1000
1000
r 180
t270

l3tìo
1450
1540
1630
r?30

1820
19 10
2010
2100
2200

2290
2390
21tto
2580
2680

Ì780
2880
2980
3080

8830
8910
8990
9070
9r40

9224
9300
93S0
9470
9550

9ô30
9710
9800
9880
9960

10050
10r30
10220
10300
10390

r0480
10560
10050
10740
10830

10920
11010
11100
trr90
1r280

1 1370
I 1460
t 1550
I 1640
t174a

l 1830
I 1920
t2020
12110
t22ta

12300
124ü)
121-¡ül
12590
12690

t2790
12800
12990
13090

884(
802(
89{X
907(
9t5(

923(
93r(
939(
948{
956(

9ô4(
972(
980(
s89(
907(

1006(
1014(
1023(
1031(
1040(

1040(
1057(
r066(
1075(
l08.í

r280(
r290(
r300(
t3l0(

1093(
I 101(
r1r0(
1119(
I 129(

l 138(
rt47(
1 l5ô(
I 165(
1175(

ll84(
I 193(
r203(
1212(
1222(

1231(
1241(
r25t(
l2ô0(
127U

96



T-78 IIANDBOOK OF TIYDRAULICS OPEN CHANNELS \ry'ITH UNIFORM FLO\\¡ 7-79

Table 97. Values of K, in Formula q : | 6lsrlt ¡sr Trapezoidaln
Channels (C o.ntinued)

D : dcpth of water ¿nd ö : bottom width of cbannel,

Table 97' values of K'in Formula a : +b9ás)á 
f6¡ 1'"oezoidÐI

Channels
D : depth of w&ter aud à - bottom width of chaunel'

Side elopes of channel, r&tio of horizontal to verticsl

%-Ll%-tl t-r

.0150

.0r97

.0260

.03r0

.014ó

.0r90
-0240
.0296
.0358

.o424

.o497

.o575

.0659

.o749

.00991

.0134

.0r73

.0215
-0262
.03r1

.Í10{i

.:i48

.370

.392

.416
,440
.4ô5
.491
.518

.546

.574

.603

.ô33

.664

.2î)4

.261

.298

.31ô

.334

.353

.392

.413

.434

.456

.474

.501

.525

.549

.310

.33û

.óoó

.37r

.389

.408

.427

.283

.297
-312
.326
.341

.357

.373

.389

.405

.422

1115 1.11ô9 1.1277
.1090 1.1163 .t227 l.L29O l.L4t4

.142 1.r56.r55 t.171
-109 1.187.ta{ t.204
.tss 1.222

.o716 I.0748 1.0775

.0786 1.0822 1.0854

.0857 1.0899 1.0e36

.0931 1.0979 ì.1021

,r0r 1.r06
.109 1.115.rr7 1.124
.125 1.133

.24r 1.2ö3

.2s2 l2r5

.2ffi 1.288

rl I.0845 1.09r2
.0907 1.0947 l-1026
.1008 l.ro55 1.r148

.01

.02

.03

.04

.05

.06

.o7

.08

.09

.10

.21

.23

.24

.25

.26

.27

.28

.29

.30

.31

.32

.34

.35

.3ô

.38

.39

.40

.41

.42

.43

.44

.45

.ot27

.0162

.o200

.0241

.0284

.o425

.0476

.0528

.0582

.0638

.0695

.0753

.0812

.r53

. rriO

.1ô7

.774

.181

.0873

.0934

.0997

.1061

.rt2á

.1 19

.12(i

.732

.139

.14ô

,189

.2LL

.218

.226

.241

.248

.256

.0343

.0393

.0446

.0502

.0559

.0619

.0680

.o744

.0809

.0870

.0130

.0166

.0206

.0249

.ozs4

10r5
.1087
.1161
.123î)

.131

.139
,147
.155
.1ô3

.172

.180

.189

.198

.216

.234

.244

.263

.2a3

-264
.27r
-279
.287
.295

.303

.31r

.319

.327

.335

.3r3

.334

.344

.óDò

Side slopes of chanrrel, ratio of horizontal to verticel

.571.351 1.433.581.3591.445

.424

.433
-441
.449
.457

.480

.492

.504

.516

.529

.541

.553

.56ô

.579

.592

.74 I .491 I .ri44

.751.499j.657

.77l.5lrtl.(i84

.781.525 l.ü9s

.79 I .5:Jl.r I .71r

.801.542 l.z:5

.841.57öl.z8r

.851 .585 I .79rt

.8ti

.87

.88

.89

.90

1.00

1.03
1.05
l.o7
1.09
1-ll

.ç??l .7qzl .z8el .s6el 1.oB

.z3gl .cczl .e631 1.07 I 1.27
r.oool r.11 I i.5i

I N-,1 ,-,ttlt-I .4011 .43(
I .4lnl .4si| .4321 .474I .44?l .4e:

.4631 .511

.4801 .s3c

.4901 .54S

.5131 .569

.53t1 .5s9

.5481 .riog
I

.5661 -630

.5841 .ri51

.6021 .ü73.uzrl .ri04

.6401 .7t7
I.fi59i .739

.(t?¿ìl -7c'2

.r;g8l .785

.7181 .80q

.7381 .&3

.zsel .857]
,7801 .8821
.801 I .eo7l
.8221 .0331
.8441 .95e1

.rnol .n*ol

.8891 1.012i

.trrrl r.o¡sl

.sstl r.oôzi

.9521 r.oo5l

.ssrl r.rz I

1.0051 1. r.5 |

r.o:gl r.r¡ I

r.os¡l l.zl I

r.ozsj r.:+ 
I

r.ro I r.zz I

1.18 I 1.30 I

1.15 I r.33 I

l.r8 I 1.3(.' I

1.21 I r.4() |tt
1.23 I t.4:r I

1.26 I t.4t; I

1.29 I 1.4ù I

1.3r I r.53 I

r.34 
I r.5ô 

I

:Ëi6l i:3ô | i:å3 | l:33 I ilå.g1gl 1.10 | 1.24 | 1.38 | r.ö6

':36ål 
l:l? I l:33 I l:ä3 I l:íä

i:8i I i:3å I l:ll I i:i8 I l:gl
l.lg I 1.29 ¡ r.+z ¡ r.o+ I i.salll l l 3 ¡ r.sr l r.r;e l z.osl.rz | 1.32 I l.¡ti I r.zs I z.r¿

r.0381 r.l5 | 1.37
1.oz7l 1.20 I r.4Bt.ttzl 1.24 | t.4s

i3l|iîi,l l:3å I i:Eå I 3:åBr.28 I l.50 I l_zt j t.c, I 2.3¿l.lt I !.54 | r.zz I i.ö¿ I ã.¿rr.35 I r.59 | r.82 I 2.05 I 2.4e

l.q9 I !.'j3 I 1.s? i 2.11 I 2.57
1.43 | !.ti8 | 1.e3 I 2.rz | 2.d5
! 1!i | !.73 ¡ r.sv ¡ r.:r+ I z.ia
I q0 I l.?8 | 2.04 I 2.30 I 2.81l.s4 I r.83 ¡ z.ro i z.oz I z.eo

I qq I I 88 I 2.16 | 2.44 | z.ser.62 I l.er | 2.22 | 2.br I B.o7r.{i7 I l.(JB I 2.2a I 2sr I rLrt.{i7 | t.08 | 2.28 f 2.58 I 3.1û

l:íå I 3:33 I ÊIi I Tit l 3?,2

2.t4 12.47 lz.golr.¿+z.ts12.s4 19.8?13.542.2slJ.u0l:.sslã.éâ
2-3rl2.ti7 l¡.0¡l¡.ze2.B6 lz.74 l¡.rrl¡.eã

oo
3oo
5g
c
3
(rl

õtx

(tt

G)
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Tabte 97. V¿Iues of K'in Formula A : + b9áslÉ f6¡ 1'.unezoidal

Channels (Continued')

D - depth of water and ô : bottom width of ch¿nnel.

7-80 IIANDBOOK OF HYDRAULICS

Side slopes of channel, ratio of horizontâl to vertical

,ú-1 2-l 2r;-

OPEN CHÂNNELS 1VITH UNIFORM FLOì!/' 7-81

Table 9?. Values <¡f K' in Þ'ormula A : + ò9ás)á fs¡ J¡¿pezoidel

Channels (Continueil)
Ð - depth of water ¿nd ö : bottom widtl¡ of ch¡nnel-

1.52
1.55
1.58
1.61
1.64

1.67
1.70
r.73
t.77
r.80

r.83
r.86
r.90
1.93
1.97

2.00
2.O4
2.O7
2.lt
2.t4

2.t8

2.41
2.44
2.4a

2.8r
2.86
2.90
2.54

2.r7
2.20

2.2t,
2,29

.884

.809

.9r4

.929

.944

1.04
1.05

1.20
1.22
1.24
1.25
t.27

1.56
1.58
1.60
1.62
1.64

Ver-
tical

.636

.645

.653

.662

.671

.723

-741
.749
.768

.8r r

.820

.829

.837

.846

.855

.864

.873

.882

.89r

.989

.997
1.006
1.015
1.024

1.07
1.08
l.0s
1.1C

t.t
r.t

1.1 I

.960

.s75

.991
1.006
1.o22

1.47
1.49
1.51
1.52
1.54

1.97
2.Ol
2.06
2.09
2.13

2.38
2.42
2.47
2.5L
2.õ0

2.61
2.65
2.70
2.7 5

2.a4
2.89
2.94

3.04

.680

.688

.697

.706

.714

1.13
1.15
1.18
1.20
t.22

t.24
t.27
1.29
1.31
1.33

1.36
1.38
1.41
1.43
1.46

1.48
1.50
1.53
1.56
1.58

1.61
r.63
1.66
1.69
t.7L

1.74
t.77
r.79
t.a2
1.85

2.O2
2.O5
2.08
2.rr
2.14

;
1.40
1.43
1.46
1.49

1.60
1.63
1.67
1.70
t-74

2.O2
2.O7
2.12
2.17
2.22

2.27

2.42
2.47

2.53
2.58
2.ô3
2.69
2.75

2.80
2.a6
2.92
2.98
3.04

3.10
3.16

3.28
3.3õ

3.41
3.47
3.54
3.ôr

3.74
3.8r
3.88
3.95
4.O2

4.09
4.r ô
4.23
4.31
4.38

4.46
4.53
4.61
4.69
4.77

2.42
2.48
2.54
2.60
2.66

2.79
2.85

2.99

3.78
3.85
3.93
4.01
4.09

4.r7
4.25
4.34
4.42
4.51

4.69
4.68
4.77
4.86
4.95

5.04
5.13
5.22

õ.41

5.51
5.61
6.7L
6.8r
6.91

3-1

3.19

3.35
3.44

4-l

3.93
4.04
4.r4
4.25
4.36

7.0(t
7.2r
7.36
7.62
7.67

7.83
7.99
8.15
8.3r
8.48

4.47
4.58
4.70
4.81
4.93

5.05
6.17
ó.30
5.42
õ.55

õ.68
6.8r
6.94
6.O7
6.21

6.35
6.49
6.63
6.77
6.92

3.61
3.70
3.79
3.88
3.97

4.06
4.16
4.2tt
4.35
4.45

4.55
4.66
4.76
4.86
4.97

5.08
5.19
5.30
6.41
6.52

5.63
6.76
5.a7
5.99
6.11

2.81
2.88
2.95
3.02
3.r0

3.17
3.25

3.40
3.48

3.56
3.65

3.8r
3.90

3.98
4.O7
4.16
4.25
4.34

4.43
4.53
4.62
4.72
4.81

4.91
6.0r
6.11
5.21
5.32

3.05
3.12
3.r9
3.26
3.33

3.40
3.48
3.55
3.62
3.70

r.07
1.09
1.r0

.767

.776
,784
.793
.802

1.29
r.31
1.32
r.34
1.3ô

.899 11.38

.s08 11.40

.9r7 11.41

.926 11.43

.935 1r.45

2.17

2.25

2.34

t.

1.

l.
l.
i,

t-27

8.64
8.8r
8.98
9.r6
9.33

9.6r
o.69
9.87

10.0ó
10.24

3.09
3-14
3.19
3.24
3.30

3.35
3.40
3.46
3.ã1
2.57

.ó
I
I
I
I

.944

.953

.962
,971
.980

2.'rj,
2.ô0
2.64
2.69

6.42
6.52
5.63
5.74
õ.85

õ.96
6.07
8.18
6.30
6.4r

6.53
6.65
6.77
6.89
7.01

6.23
6.35
6.48
6.6r
6.73

6.86
6.99
7.13
7.26
7.40

7.53
7.67
7.8r
7.96
8.r0

Dt
Side slopæ of churrnel, rÈtio of horizo¡rtal to ver¿icâl

Ji:li I r¡-' I r;-' I ri-' l'-'
1.03
1.04
r.05
1.06
1.07

1.60 I 2.32
1.68 | 2.35
1.70 ¡ 2.118
r.72 I 2.42
7.74 I 2.4s

t;.tftl 7.L4 8.24 10.4
r0.6
10.8
11.0
tl.2
l l.4
11.ô
11.8
12.o
72.2

72.4
12.6
12.8
13. r
r3.3

13.5
13.7
14.0
t4.2
14.4

14.6
14.9
r5. r
r5.3
15.6

r5.8
16. r
r6.3
16.6
16.8

t7.t
17.3
17.ô
r7.9
18.1

18.4
ta.7
r8.9
t9.2
r9.5

r9.8
20.1
20.3
20.6
20.9

6.rll 7. 8
d.rr i 7
ri.32i 7
6.421 7.

L.4
1.4
1.4
1.4
1.4

I r.08
1.09
1.r0l.rll.rl

1.76 I 2.48
r.78 I 2.5r

(i..5:ìl 7.
6.64t 7.9r

1.80 I 2.55 6.751 8-0
1.82 I 2.58
1.84 | 2.61

6.861 8.1?
0.971 8.3r

1.
l.
I.
1.
l.

L.t2
r.13
1.14
l.l5
r.l6

1.86
r.88
r.90
1.92
1.94

2.65
2,lr8
2.71
2.75
2.78

2.82
2.85
2.89

2,96

3.00
3.03
3.07
3.1I
3.14

3.44
3.40
ã.53
3.58
3.ô3

3.tt8

3.78
3.83
3.88

3.03
3.98
4.03
4.09
4.t4

4.21 I 5.68 7.08t 8. o
L4.27 I 5.77

4.33 I 5.86 7.3t1 8.73
7-431 8.87

10.1 I
4.39 I 6.95
4.4ti | 6.04 7.54t 9.0r lo.4

.5
,5

l.r7 I 1.96
1.r8 I 1.98
l.r9 I 2.00

4.52 I 6.13 10.6
10.8
t1.o
l r.l
11-3

4.58 I 6.22 7.7
4.05 lri.3l 7.901 9.4

1.20 I 2.03 4.71 lô.41 8.021 9_
8.151 e.1.20 | 2.05 4.78 I ô.50

t.zr I 2.O7 4.85 I 6.60 4.2? 1 1.5
tl,7
11.9
r2.0
t2.2

L2.4
12.6p.a
13.O
13.2

13.4
13.6
r3.8
14.0
14.2

14.4
14.6
14.8
r5.0
15.2

15.4
15.7
r5.9
r6.1
r6.3

t.22 | 2.O9 4.91 | 6.ô9 l0
1.23 | 2.ll 4.98 | 6.79 10.
1.24 | 2.r3 5.05 I 6.80

5.r2 I ô.991.25 I 2.16 8.78t r

1.26 I 2.18
1.27 I 2.20

3.r8 I 4.19
3.22 I 4.2s

5.18 I 7.09
5.2s I 7.r9
532 I 7.29

8.911 10.7
9.04t 10.8

1.28 I 2.22 3.25 I 4.30
3.29 I 4.35
3.33 14.4r

0.171 11.O
Ð.301 rr.21.29 I 2.24.

1.29 I 2.27
5.40 I 7.39
5.47 | 7.5O I1.3

r.30
1.31
1.32
r.33
1.34

2.29
2.31
2.33
2.36
234

3.37 | 4.46 5.54 I 7.60 9.571 r1.5
9.711 rr.7
9.851 r1.8
9.991 r2.0

3.4t | 4.52 5,t'L I 7-7O
5.ô8 I ?.81
5.7b | 7.sz
5.83 I 8.02

3.45 I 4.67
3.40 I 4.ô3
3.52 I 4.69 l0.r3l 12.2

r.35 12.4r1 13.56 14.?4
1.3ô12-43 13.{;0 14.80
l-37 l2-45 I l-ri¿ I ¿¡fi

5.90
5.98
6.O(t
6.13
6.21

6.29
{i.30
6.44
6.52
ô.60

8.13
8.24
8.35
8.40
8.58

8.69
8.80
8.92
9.03
9. l5

10.3 j 12.3
r0.4 I 12.5

1.37 12.45 13.$4 14.86
t3al2.4zl3.{r8 14.02
l.39l2.50la.zel¿.cs

10.6 | r2_7
10.7 I 12.9
r0.8 | 13.1

1.39
1.40
l.4l
1.42
1.43

2.54
2.57
2.55
2.62

3.81
3.85
3.89
3.93

5.04
5.r0
5.rô
5.22
5.28

11.0 I 13.2
11.1 I 13.4
r r.3 I 13.6
t1.4f I 13.8
11.6 I 14.0
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3oo
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c
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Table 97. Values of K'in Formula I : E Werw Íor Trapezoidal

Channels (Conclud,ed)

D - depth of water aud ö - bottom widúh of chen¡el.

Sido elopen of obannel, ratio of horizontal to vertical
Dt

l.8l
t.a2
r.83
l 84
1.85

1.86
1.87
1.88
1.89
1.90

I
1.9
1.9
1.9
1.9
2.O

2.O
2.0
2.O
2-O
2.O

2.O

Ver-
tical

1.44
1.4ó
1.4ô
t.47
1.48

%-r 2-l

tt.7
11.9
t2.t

12.4

12.5
72.7
12.9
13.0
13.2

13.4
l3.5
73.7
13.9
14.0

74,2
t4.4
14,6
14.7
14.9

15.1
15.3
15.5
15.6
1ó.8

10.0
16.2
lô.4
16.6
16.8

77.0
77.2
17.4
t7.6
17.8

18.0
18.2
18.4
18.0
18.8

19.0
Lg.2
19.4
19.6
t9.8

4-l

2.64
2.66
2.69
2.71
2.74

2.85
2.St
2.94
2.96
2.gs

2.76
2.79
2.81
2.84
2.86

3.97
4.O2
4.06
4.10
4.76

4.19
4.23
4.28
4.32
4.36

4.4t
4.45
4.50
4.55
4.59

4.64
4.68
4.73
4.78
4.82

4.87
4.92
4.57
6.0r
5.06

5.11
ó.16
5.21
5.26
õ.31

5.36
5.41
5.46
õ.51
õ.5ô

6.61
ð.lrt,

5.77
5.82

14.2
74.4
14.5
14.7
14.9

1õ.1
15.3
15.5
15.7
15.9

16.1
r6.3
16.6
16.8
t7.0

L7.2
!7.4
17.6
17.8
18.1

r8.3
18.5
18.7
r9.0
19.2

16.5
r6.8
t7.o
17.2
t7.5

17.7
t7.s
18.2
18.4
18.6

21.2
21.5
21.8
22.7
22.4

23.0
28.3
23.ô
24.O

24.3
24.6
24.9
25.3
25.6

25.9
26.2
2ô.6
26.9

27.6
28.0
28.3
24.7
25.0

29.4
25.7
30.1
30.5
30.8

3t.2
31.6
32.0
32.3

33.1
33.5
33.9
34.3
34.7

35.1
35.5
35.9
36.3
36.7

18,9
19.1
19.4
19.ô
19.9

20.1
20.4
20.6
20.9

2t.4
21.7
22.O

25.6
25.9
26.2
26.5
20.8

19.4
15.7
r9.9
20.1
20.4

20.6
20.8
2L.L
2r.3
21.6

2L.A
22.1

22.6
22.8

I

rN-rl

s.zzl
s.B9l
o.¡r I

9.031
o.7bl

o-rrl
s-sgl

to.tzl
ro.z¿l
ro.azl

ro.¡ I

ro.o I

10.8 I

ro.s I

rr.o 
I

tt.t I

rr.¡ I

rr.¿ I

rr.5 I

rr.z I

,r.* |

rz.o I

12.1 I

Lz.z I

12.4 I

,r.u I

t2.z I

lz-g j

rz.s I

ra.r 
I

ts.z I

13.4 I

r¡.¡ I

13-7 I

lr.s I

,n.¡ I

r¿-r I

r¿.¡ I

r¿.s I

r¿.0 I

I

14.8 I

14.9 Ir¡.r I

ts.z I

r5.4 
|

7.
7.
7.

10.4
10.5
10.6
10.7
10.8

õ.34
6.40
5.4ô
5.52
õ.59

õ.65
5.7t
6.78
5.84
õ.91

5.57
6.04
6. r0
6.r7
6.24

6.31
o.ó /
6.44
6.51
6.58

8.14
8.22
a.2s
8.37
8.40

l 9t
1.
1.
1

2.
2.
2.1
2.'t

2

1.58
1.59
1.60
1.60
1.61

1.62
1.63
1.ô4
1.ôã
l.ôt

t.7l
t.72
1.73
1.74
1.75

t.76
r.77
1.78
t.79
1.80

1.81
1.81
t.82
1.83
1.84

3.O2
3.04
3,07
3.09
3.t2

3.15
3.r7
3.20

2.1

2.7
2.1
2.1
2.1

3.28
3.31
3.33
ó.ó t)
3.39

3.42
3.44
3.47
3.50

3.56
3.58
3.61
3.ri4
3.67

6.65
6.72
6.79
6.86
6.93

7.OO
7.08
7.15
7.22
7.30

7.37
7.44
7.52
7.60
7.67

7.82
7.90
7.98
8.06

22.8
23.0

23.6
23.5

24.2
24.5
24-7
25.O
2tù.3

2.21 3.70

3.75
3.78
3.81

2.24

5.87
5.93
õ.98
ô,03
6.09

23.1
23.3
23.6
23.9
24.t

27.7
27.4

28.0
28.4

9g



Lack of grading mat€rial for proper cross-slope during construct¡on creates windrows at roadway's edge,

causing rainfall to soep into roadbed and saturate mater¡al (L¡berial.
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Foreword

This book is solely concerned with grading methods and how to get the best work

out of your grader.

The comprehensive range of Aveling-Barford graders covers four wheel and six wheel

machines and in most cases these have allwheel drive and all wheel steer.

There are also six wheel machines which feature leaning front wheels.

Grading methods for machines with leaning front wheels differ in some respects

from methods used for other types, but grading instructions for all Aveling-Barford

graders have been included in this book.

The illustrations throughout show typical Avelin-1¡-Barford $raders in action and are

not intended to depict any particular model. Also, machine details such as pipe

work, brackets, tyre treads etc, have been omitted for the sake of simplicity and

clarity of presentation.

No attempt has been made to relate the operat¡on of the graders to the controls as

these vary with each model and it is therefore essential for the operator to study

the operating ¡nstructions for his machine in the lnstruction Book orthe Operators

Handbook before moving on to study grading techniques.

We commence with the most elementary instruction so that new operators may

make a start and then move on to all forms and situations of grading where, it is

hoped, even the experienced operator will find something to improve his performance-
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*'i( Blade Gontrol

Control Rams

Blade Control

Circle Sideshift

Blade Pitch

Blade High Lift

Blade Carry Position

. 1-1

. 1-2,1-3,1-4
1-5, 1-6,1-7

. 1-8, 1-9
. . 1-10, 1-1 1

.1-12
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'+F Grading Techniques

Forming a Windrow

Handling a Windrow

Principles to Remember .

Grading Curues

Grading Around Obstacles

Earth Road Maintenance

Earth Road Construction

Ditch Cleaning

Bank Sloping

Getting Out When Bogged

Terrace Construction

Spreadi ng Bituminous Materials

2-10,

. 2-5

. 2-6

. 2-7, 2-8

. 2-9

2-11, 2-12

2-13, 2-14

. 2-15

. 2-16

2-17, 2-18

. 2-19

2-1, 2-2

2-3, 2-4
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1-1

Blade Control

The Blade or Mouldboard (1) is the principle tool of the grader. lt is

carried by a rotating circle (2) and is readily manoeuvrable to a wide range

of cutting positions by the hydraulic controls (3).

The blade and circle are mounted on an "4" frame (4) which is supported
at the front of the machine by a ball ioint (5) also known as the "goose
neck".

Movement and positioníng of the blade is shown in the following pages,

but first refer to the appropriate lnstruction Book or Operators Handbook
for details on the operating controls that are applicable to your particular
grader.

Control Rams

The Rams used to manoeuvre the blade and circle are as follows:-

Blade Sideshift Ram (6)

Lift Rams (7) and (8)
Rotate Circle Motors (9)
Circle High Lift & Sideshift (10) or (11). See fig. 1-6 and 1-7.
Mouldboard Power Tilt Rams (12l it fitted. These enable the blade pitch
to be altered without the operator having to leave the cab to make adjust-
ments.

Safety Note

Ensure that all personnel are clear of the machine when practising blade
manoeuvres.
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Blade Control - continued

1-2 Sideshift the Blade

Sideshift the blade to the right and left with ram (6).

1-3 L¡fr the Blade

Lift and lower the blade with rams (7) and (8) using both rams to keep
blade horizontal and then separately to raise left or right hand side.
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Blade Control - continued

14 Rotate the Circle

Rotate the circle and blade with the hydraulic motors (9).

(lf circle lock is fitted press control pedal to unlock: releasing pedal

automatically locks circle again).

Rotate blade clockwise to position shown at (A) and anticlockwise to
position (B).

@ The blade may be rotated into a completely reverse position but watch
points (X) to avoid damage by blade as it rotates.

To Reverse Blade

See that circle is level all round before commencing.

Rotate blade to position (A) and then sideshift blade to the right to avoid
danger points (X).

Continue rotating until blade is in reverse.

Once in reverse the blade can be sideshifted back to a more central position
as required.

Reverse the above procedure to return the blade to its normal fonivard
operat¡ng position, always taking care that po¡nts X are cleared.
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Blade Control - continued

1-5

eircle Sideshift

Side shift the circle to right and left, remembering that the movement

to the left is limited by the mounting of the Circle Sideshift Ram 10.

lllustration 1-5 shows sideshíft with Ram 10 mounted on right hand side.

Some types of Aveling-Barford Grader have side-mounted ram 10, and other

types are fitted with centrally mounted ram and link 11. Both types leave

the works fitted for right hand high lift operation.
lf left hand high lift operation is required these rams must be changed

over as shown in illustration 1-6 and 1-7, and the Blade Sideshift Ram

adjusted on the blade. Detailed instructions for changing over are given

in the Workshop Manual.

All blade movements described so far should be practiced, with machine

stat¡onary, until they can be performed with ease. When these basic blade

settings have been mastered it w¡ll be possible to study the blade High Lift

Bosition shown in section 1-10.

1-6
1-7
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Blade Control - continued

Blade Pitch

1-8 The vertícal angle of the blade can be adjusted, either manually, Fig. 1-8,
1-9 or by power tilt rams, Fig. 1-9, if these are fitted.

e
@
@

The adjustment is made to suit the type of work the blade has to do.

When cutting hard pan or clay the blade should be set back at the top. Th¡s
is the most effective cutting angle.

For most normal grading work the blade is set to a more vertical position.

General Maintenance, where a spr:eading or dragging action is required, is
best done with blade set forward at the Top.
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Blade Control - continued

Blade High Lift

Having practiced and become familiar with the blade positions already
described, the more complicated movement of Blade High Lift can be
considered. Remember that blade high lift cannot be performed on left
hand side of machine until high lift ram is changed over as shown in
figures 1-6 and 1-7.

1-10 lf a scarifier is fitted it w¡ll be necessary to remove the centre tine to avo¡d
it being fouled by the gooseneck at X. Three centre tines should be removed
from some machines to avoid damage to hoses when going into high lift.

1-11

Detaíled instructions for removing tines are given in the Operators Handbook.

To commence right hand High Lift, the blade should be parallel to, and not
more than, 3" (76mm) above the ground.

Rotate circle anti-clockwise and sideshift blade to the right.

Raise right hand blade lift ram to maximum.

ïlt circle up to the right by lowering left hand Lift Ram and at the same
time raising circle high lift ram.

Rotate circle clockwise to bring blade to position required.

Reverse the above movement to return blade to normal position. Rotate
circle anti-clockwise and take the blade forward on right hand side. Lower
circle back to a horizontal position while watching that biade does not
foul the machine or the ground. Bring circle in central and return the blade
to normal position.

c
@
@

@
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Blade Control - continued

1-12 Blade Carry Position

Rotate circle clockwise and tilt slightly up to the left, as shown in illustra-
tion.

This brings the blade within the limits of the machine and consequently
has less chance of causing damage.

Always stow the blade like this for travelling between jobs and for parking
or leaving the machine overnight.

lf the grader is to stand for two or three weeks, protect the blade surface
with a coat of oil or grease to prevent rust.
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Grading Tech niques
ln the following pages it is assumed that the operator has studied the
Operators Handbook to be familiar with all controls and has also practised

the basic blade movements as described in the previous chapter.
Real proficiency means that all these operations can be carried outwithout
having to stop and look at controls.

Basic Principles

Practically all grading is carried out with the grader travelling forward and

with the blade lowered and set at an angle across the frame.
This action causes the cut earth to'boil'along the blade to the outer edge

where it is deposited as a windrow.
Forming and handling windrows is the basis of most grading operations.

Note

The type of grader used for most of the ¡llustrations in this book is the heavy

all wheel drive machine, but with minor features omitted for the sake of
clarity of presentation.
Most operations are common to all types, but where special techniques apply
to certain machines, such as the leaning wheels type, these alternatives will
be illustrated alongside as necessary.

2-1 Forming a Windrow

Set allwheels in the straight ahead position and angle the blade until rear end

is just outside rear wheel.
The angle should be just sharp enough to let material roll freely off the end

of the blade.

Travel forward slowly in a low gear and lower blade 2 or 3 inches into the
ground - keeping it level. TRY TO MATCH GEAR AND SPEED TO

GROUND DENSITY.
Note action of earth and try slight alterat¡ons of blade angle and forward
speed until earth rolls along blade and forms a windrow.
Most beginners do not angle the blade sufficiently to allow material to roll
freely. They consequently use too much engine power. This is wasteful and

causes unnecessary wear.
The expert operator learns to match engine power to work being done'

o
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Grading Techniques - continued

2-2

e
@

Forming a Windrow - continued

Most Grader work places a side load on the machine, tending to push the
front end sideways.

On leaning wheel graders, lean the wheels in the same directíon that the
earth moves off the blade. This will help to counter the side thrust and

keep the machine going straight ahead.

On all-wheel-steer machines practice usíng the rear steer to offset the wheels.

The front wheels are then steered to maintain correct direction.

More material can be moved with the wheels offset"

ln some operations the windrow may pass between the rear wheels but
NEVER let the wheels run into a windrow.

Note

lllustrations show windrow being formed to the left.

Similar, but opposite, positioning of blade and machine will of course form
windrow to the right"
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2-3

Grading Techn iques - continued

Handling a Windrow

Once formed, a windrow may have to be moved sideways across the road, or
perhaps new material máy have to be mixed with it. Whether movíng or
mixing, the routine is always to use the blade to pick up the windrow from
one síde of the machine and pass it to the other.
Loose windrowed dirt looks easy to move but this may not be the case.

Depending "on the type of material, you could have a full blade and get

bogged down in just a few feet of travel.

The Right Way

For an all-wheel-steer machine, offset it to place front wheels on one side of
windrow and rear wheels clear of windrow that has been transferred.
ln this position the front wheels pull the heel (rear end) of the blade and
rear wheels push the toe (front end) of blade, and maximum balance and
power are obtained" Also the blade may be more nearly square to the
direction of travel and so handle more material and move it further.

To get more power behind the blade ON LEANING WHEEL MACHINES
lean the wheels against the side thrust and angle the blade towards the
windrow to reduce the load.

Angle blade to left or right according to job requirement. (Right hand is

illustrated) and so moves windrow to the left). On approaching the windrow
lower blade onto the ground, ensuring that it is level.

Travel slowly forward in a low gear and steer machine until toe of blade
picks up windrow. Note action of earth along blade and try alterations of
blade angle, steering and speed until windr'ow passes smoothly from one side

of machine to the other.

The Wrong Way

This illustration and also No. 4 show what to avoid. ln this attempt to move
a windrow with an all-wheel-steer machine, the frame is offset but there is
not enough space for the windrow to pass the front wheel and be picked up
properly by tlte blade.

lf the blade is side-shifted to obtain more space, then the rearwheels could
run into windrow that has been transferred. Also as the lrader moves
forward the front wheel will be pulled into windrow as shown by wavy
arrow.
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Grading Techniques - continued

Spreading a Windrow and Finishing

Windrows that have been deposited may have to be spread to a set thick-
ness and usually the surface that is achieved is adequate for most site
requirements.

Commence by having all the wheels straight and front wheels astride the
windrow.
The blade must be level and square to windrow.
Remember that for spreading, the blade pitch should be forward at the
top. See illustratíons 1-8 and 1-9.
Set cutting edge of blade above the ground a distance equal to depth to
which material ¡s to be spread.
As grader moves fon¡rard in low gear the windrow ís spread out by blade
under full length of the cutting edge. lf windrow ís very heavy more than
one pass may be needed to spread all material to the required depth.

@ Finishing Without Leaving Tyre Marks

Occasionally however, the surface may have to be finished to fine limits -
on airfield runways and on motorways for example.
ln such cases make the finíshing pass with the blade only slightly angled and
set to skim the surface. Blade pítch fonryard at top.
With maximum circle and blade sideshift it is possible to reach well beyond
the rear tyre and so leave a fine graded surface without tyre marks.
Off-setting the wheels on all wheel steer graders will of course increase this
advantage.
Work in low gear and avoid sudden jerky movements on controls. W¡th
practice ¡t w¡ll be possible to work to the finest limits.
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Grading Techniques - continued

2-5 lmportant Principles To Remember

C Keep Rear Wheels On Level Ground

Keep rear wheels on level ground whenever possible - the grader is easier to
control and the blade setting is kept true.

@ Offset The Wheels

Offset the wheels whenever you can - you will move more dirt further and
faster: effective track is greatly increased giving extra stability and pouær.

This is the basic reason why all-wheel drive and steer graders out-perform
other types.

@ Do Not Use High-L¡ft Untess Really Necessary

Do not use high-lift if the job can be done without it. The grader is most
efficient when the blade is under the frame, especially for rough grading

where more weíght is required on the bfade.
lf possible grade so that earth is transferred downhill: it is easier to work
with gravity than against it.

Leaning wheel machines lean top of front wheels towards the top of slope.
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Grading Techniques - continued

2-6 Grading Curves

Steer front and rear wheels as shown in illustration and use blade sideshift
to assíst in following the curve as the machine moves forward.
To keep a smooth and continuous finish do not stop whilstsideshiftingthe
blade.

On leaning wheel graders always lean the top of the front wheels in the
direction of the turn to help the grader to follow the sharper bends.
The ability to lean the front wheels can also be used to make minor adjust-
ments to the point of the blade in order to follow an accuratg line.

2-7 Grading Around Obstacles

Do Not Force The Blade Through Obstruction

where the obstruction is not in the path of the wheels but only of the blade,
sideshift the blade to avoid obstruction, move forward and return blade when
obstacle is passed.

When the obstacle is more extensive or is partly concealed, sideshift blade
and back out'Crab-wise'.

@ Drive grader past obstruct¡on and return to original line as soon as possible.
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Grading Techniques - continued

Grading Around Obstacles

When obstacle is large enough to be in the path of wheels and blade, work
as near as possible before steer¡ng away and side shifting the blade out to
make up the away movement.

Take the blade as near to the obstruction as safety permits before side-

shifting the blade in, and steering rear wheels to clear obstruction.

Straighten rear wheels and grade past obstacle.

Steer front wheels and sideshift blade to return to original path.

Straighten front wheels along original path and sideshift blade.

Steer rear wheels back to original path and adjust blade as necessary.

@

@

@
@
@
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Grading Techniques - continued

Earth Road Maintenance

since light maintenance does not require moving large amounts of material,
both types of grader operate in a similar manner- The blade is circled
and sideshifted to make windrows outsidé or between rear wheels; dropped
to cut high areas and lifted to fill low areas.
However where condítions are rough, such as on haul roads where large
dump trucks and other heavy equipment leave deep ruts and holes, ¡t neeãs
a powerful machíne to level these out and keep the road in good condition.

Set the blade to cut just below ruts and potholes and move fon¡¡ard to form
a wíndrow, use first or second gear depending on nature of ground and depth
of cut.
lf road is wide enough, work along one síde and back along the other so that
windrows form down middle of road. set blade pitch bãck at the top for
cutting.
The all wheel steer grader should be offset. This widens its stance and gives
greater stab¡l¡ty and more power at the blade.

on leaning wheel machines, if load is heavy, lean front wheels over against
the side thrust and angle the blade towards the delivery side to reduce the
load.

when an even surface is obtained. set blade at right angles to re-spread
windrows, angling blade vertically to give required camber oi crossfall.
For spreading, blade pitch shourd be forward at the top. use second gear
if possible.

lf there are low spots in the road, drop material into these areas by steering
REAR wheels one way or the other so that dirt spills off end of blade into
low spot.
Do not touch the blade controls.
Straighten grader again when low spot has been passed.

r35



Compendium 5 Text 4

t36

2-10

Grading Techniques - continued

Ëarth Road Construction

Remove Turf

lf turf has to be stripped off, set blade square to machine with cutt¡ng edge

level. Lower the blade just sufficient to roll up turf as grader moves forward
in first gear.

Usually only a few feet of turf can be cut before it has to be moved outof
the way for the grader to continue. Once a long enough strip has been

cleared it can be widened much easier by taking about one third of a blade
length of turf at a time.
Work along road line as indicated by marker stakes if possible, but actual
direction of operation may depend upon arrangements for disposal of turf.

Level Surface

After stripping turf, level the surface, filling hollows and holes left by trees

etc" wíth a light cut. Keep blade square and work along one side of road
line and back down other side. Use second gear.

Mark Out Ditch

The primary objective now is to establish a straight ditch line.
Line up front and rear wheels just inside ditch line stakes. Turn blade 45
degrees forward and sideshift it to bring toe just to outside edge of right
front tyre.
Raise the heel of blade until material will fall off its centre to form windrow
between rear wheels. Take a light cut of 9" to 12" (30 cm) atfirst. Work
both sides of road line - up one side and down the other - using first gear.

Keep front wheels upright on leaning wheel graders unless there is much
resistance, when wheels should be leaned away from ditch to help keep to a

straight line.
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Grading Techniques - continued

Earth Road Construction - continued

First Ditch Cut

when an accurate ditch line is established along both sides of road, more
material may be moved on successive passes. Line up the blade as when
marking out ditch and lower the toe to cut about 6" (1b cm) deeper or to a
depth as will allow grader to move forward smoothly.
Raise heel of blade to let windrow form between rear wheels as before. Use
second gear if possible, and keeping right hand front and rear wheels in
the ditch.

Move Windrow Over

After one or two dítch cuts it will be necessary to move windrow over to
centre out of the way. Tryíng to operate with tyres running into soft loose
soil will only result in difficult and uneven work.
Use rear steer to offset, leaving right rear wheel in dítch to help grader keep
on course, and front wheels out of the ditch.
set blade to pick up windrow and move it to centre of road, passing it to
left of rear wheels. Use second gear.

Repeat Ditch Cuts

Repeat ditch cuts as already described until required depth of ditch is
reached, moving windrow over or spreading on road as necessary.

Grade Ditch Outslope

when ditch is deep enough the outslo¡¡e should be graded to leave a clean
finish and prevent the edge breaking down into the new ditch.
Steer right front wheels to ride bottom of ditch and right rear wheels to
barely ride the outslope.
Set heel of hlade at ditch bottom and toe well forward.
Pass windrow between rear wheels. Use first gear.
on leaning wheel machines, lean top towards the bank slightly -an exception
to the usual rule but it helps in keepíng the blade accurately positioned.
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Grading Techniques - continued

2-12 Earth Road Construction - continued

O Clean Ditch

Material that might have fallen into the ditch during the outslopingoperation

may be removed by making a finishing pass to clean it up'

With right rearwheels in ditch and front wheels on the road, set blade to pick

upwindrow, move it up ditch inslope and deposit it on shoulder between rear

wheels.
Use first gear.

When ditch is cleared down both sides of road, move windrows into the

centre and spread as shown in illustration 2-4-

@ Finish camber

lf a camber to the earth road is required, set the blade square to the machine

and angled vertically to give the required camber. The end of the blade

should lust reach the ditch shoulder. Take a very light cut and do not let

dirt fall into ditch. Use second gear.

Grading ln Reverse

ln all the above "earth road" instructions the operator is advised to work up

one side of the road and down the other, and this is much the easiest way of

working. ln some situations however it may be necessary to grade in reverse

and this is described in section 2-14.
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Grading Techn iques - continued

2-13

c
Flat Bottom Ditches

It is sometimes necessary to widen the ditch bottom for greater drainage
capacity. The first step in making the flat bottom ditch is to cut another
'V' dítch on the inside slope of the first, or as far from the centre as the
desired width of the flat bottom.
More than one cut may have to be made to make the second ditch a
similar depth to the first. Resulting windrows to be moved up out of the
way as before.

when the second 'V' trench is cut, set the grader straíght with right wheels
in the ditch close to the outslope.
The full length of the blade should be placed level along the bottom of the
d¡tch w¡th toe behind the front wheel and heel at the base of the inner ,V,
trench. This will give a narrow flat cut for the bottom of the ditch, and
leave the material on the inner slope, to be moved up later onto the
shoulder and spread.
The rear wheel will compact the flat bottom.
Note that rotating the blade in the ditch will adjust the width of the flat
bottom. work in the first gear, keeping machine steady so as not to bite into
outslope with toe of the blade.
on leaning wheel graders lean top of front wheels away from ditch.
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2-14 Ditch Cleaning

o lf ditch ís dry, set right hand front and rear wheels in ditch and toe of blade
in bottom of ditch.
Angle the blade vertically so that material spílls off centre of blade to
deposit windrow between rear wheels.
ln dealing with a wet ditch keep rear wheels on firm ground and set front
wheels in the ditch followed by toe of blade. The blade is angled vertically
as before to leave windrow between rear wheels"
Use first gear.

Grading ln Reverse

@ When necessary the blade can be turned right round to operate in reverse
direction. No need to remove scarifier tines.
This is illustrated in section 1-4.
Reverse operation is useful in narrow situations where it is diffícult'to turn
the grader round, and also on short stretches of work to avoid frequent turns.
On ditch cleaning jobs, the wÍndrow formed on the inslope or shoulder in
one direction can be moved over on the return trip merely by sideshifting
and rotating the blade about 80o.
Use rear steer to guide grader in reverse.
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Grading Techniques - continued

Bank Sloping

Steep Banks

For steep banks the blade should be set in the high lift position. Thís ís

usually operated on the right hand side, but if ít is necessary to work with
left hand high lift, the change over can be made as shown in section 1-11
and in the machine instruct¡on books.

ln this illustration for right hand high lift the toe of the blade is well
forward and heel adjusted to deposit windrow between rear wheels.
Rear wheels should be close in to the bank. lf possible ride one or both
front wheels on the bank - this allows the blade to reach further and to be
kept nearer the normal position under the frame.
Use first gear.

It is sometimes possible to vary the depth of cut by steering rear wheels -
away from bank to DEEPEN a cut and into the bank for a LIGHTER cut.
Leaning wheel graders lean top of front wheels towards the bank.

Wide Slopes

Grading wide slopes such as those for motorway cuttings, dams and
reservoirs can prove difficult as down pressure of the blade combines with
gravity to slide the grader downhill. All wheel drive and steer graders can
work on slopes of up to 2 in 1 without assistance. Power on front as well as

rear wheels together with increased track by offsetting, gives the greater
stabil¡ty needed to operate at this angle.
(Leaning wheel graders lean wheels towards top of slope to increase
leverage).
Offset with front wheels downhill and blade to pass windrow downhill
outside the rear wheels.

For lighter finishing pass, offset with rear wheels downhill and blade extended
beyond front wheel to erase tyre marks and pass windrow downhill between
rear wheels.
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Grading Techniques - continued

2-16 Getting Out When Bogged

W¡th their extra power and manoeuvreability ¡t is not often that all wheel
drive and all wheel steer graders get stuck. should this happen however
do not try to dríve out - wheels will only spin and sink deeper.
Use the down pressure of the blade to lift the machine out.

set the bfade level and square and with timbers under the cutting
Lower the blade to the timbers and keep rift ram valves open until
wheels lift off the ground"

edge.

front

Then using circle sideshift, move the whole
far as possible towards firmer ground.

front end of the grader over as

Lower the wheels to the ground and repeat the operation until the grader
can get sufficient grip to drive out.
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Grading Techniques - continued

Terrace Construction

Terracing for soil conservation is an ¡mportant job which can be done very
efficiently by graders.
Soil conditions and gradients vary greatly and therefore size and cross sectíon
of suitable terraces can be very different. However the basic manoeuvres
are similar and the following illustrations are typical.

Terraces must follow the contour of the hill and be kept level. The centre
line of the channel (A) is first staked out for the operator to follow. Soil
cutto make the channel is graded to form the ridges (B).

Make the first cut about 12" 130.5 cm) downhill of the centre stakes and
form windrow downhill. lf bends are sharp use all wheel steer and also
sideshift the blade to follow the curve as shown ín section 2-6. use first
gear.

The second cut ¡s taken on the return trip, deepening the channel and exten-
ding the blade to reach centre stakes. Hold the right rear wheels against the
first cut to guide the grader. Use first or second gear.

The third pass is used to move downhill the windrow made so far.

At least one more full cut is usually necessary to make the required depth
of channeli

Having established the channel base now cut the uphill side. use extreme
blade reach with rear wheels on downhill side. cast windrow down into
channel.

with this pass move the windrow from the last up hill cut out of channel and
downhill.

@

@

@
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Terrace Construction - continued

Earth that has been moved out of the channel should now be moved over to
build up the ridge. Use a higher gear for windrow moving passes.

Another heavy cut on the outside slope, deliveríng windrow into the channel
again.

Once more clear the channel, moving soil towards the ridge.

Thls cut on the high side should finish the outslope and be deep enough to
meet the channel on the centre line"

The uphill slope is now finished and the channel has to be cleared for the
last time by moving the windrow from the last uphill cut out towards the
ridge.

Clean up and finísh the top side of the ridge to the required level.

Soil to form the downhill side of the ridge ís now graded into shape. lf
windrows are heavy keep the blade under the machine and ride the slope if
possible. Use extreme blade reach on the finishing pass to erase tyre marks.
The above sequence of operations ¡llustrates the basic principles of terrace
building and although some operators may have their own variations, this
procedure has been found satisfactory by many good terrace builders.

@
@



Compendium 5 Text 4

I
I
I
I
I
,
I

I

--l-J
I
I
I
I

I

I

f
I
I

@

j"å*çS[be

@

2-ta

153



154

Compendium 5 Text 4

Ø

2-tg



Compendium 5 Text 4

Grading Techniques - continued

2-19 Spreading Bituminous Materials

Road surfacing with asphalt, coated macadam or similar material is now
usually done hot by a paving machine.

Should ít be necessary however to use a grader on patching or repair work or
where a pavíng machíne is not available the blade should first be painted with
oil to prevent material sticking.

lf mixing has to be done, move material from one side of the road to the
other and back again. Do this at a fair speed in third gear to give the material
a good rolling action.
Angle the blade forward to about 30o and offset wheels, using front wheels
to steer.

@ When thoroughly mixed spread material to the required depth with blade
square across the machine and pitch forward at top.
Set front wheels astride the windrow and engage second gear.
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FOREWORD
'lhe National Association of Australian State Road Authorities works towards

uniformity of practice in the design. construction and user aspects of roads and
bridges and, with this purpose in view. arranges for the preparation and publica-
tion of standards and general procedures.

'fhrs publication on road maintenance is intended to help and guide those
directing or planning maintenance work. 'fhe aspects covered range from helping
the public. to sweeping the road. clearing drains. the roadside and the shoulders.
grading and forming gravel roads. seal patching bituminous surfaces and main-
uining trafTic control devices.'Ihe methods described have been adapted from the practices followed in the
various member authorities organisations and represent current Australian prac-
tice. A companion volume on bridge maintenance is in the course of preparation.

S.r dlgr ,

Decentber,1975
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Sectlon 1

INTRODUCTION

1.1 GENERAL
Roads are designed to varying standards and built out of natural processed

materials to meet the needs of the communities they serve. Lite all other struc-

tures they are subject to deterioration which commences as each part of a road is

completed. If the facility is to give the standard of service for which it was

designed, maintenance must begin as soon as construction ends'

Ideally, maintenance would ensure that the road always functioned as

efficientiy as when it was first constructed. but in planning maintenance due

regard must be paid to limigtions of manpower and funds. For this reason the

máintenance programme is adjusted to control the rate of deterioration and to en'
sure that the serviceability of the road does not fall below some minimum level'

depending upon the resources and policy of the road authority concerned.

1.2 SCOPE OF MAINTENANCE

Road maintenance activities relate to the repair of faults and attention to the road

structure and facilities to ensure the preservation of the asset and the convenience
and safety of rgad users. It includes routine maintenance which may be organised
and done by permanent gangs, and special maintenance which requires detailed

technical planning and supervision and is usually done by gangs specialising in
the type of work involved.

1.3 ORGANISATION AND MANAGEMENT

The size of the maintenance organisation, arrangement of gangs. location of
depots and requirements for plant will vary according to the types and lengths of
roads and the nature of work in hand.

Routine maintenance is normally undertaken by relatively small labour groups

suitably equipped \¡/ith hand tools. Each group is provided with a truck for its
own transport. Such groups generally operate over defined lengths of road under
the continuous direction of a supervisor. l¿bour is usually directly employed by

the road authority but there may be exceptions such as the employment on a con'
tract basis of individual owner-drivers or fleet orrvners in the operation of trucks
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or other plant items. The groups frequently operate from depots in towns but in
the less populated areas they .may be required to operat€ from mobile camps.

Special maintenance is generally arranged by the use of additional resources of
labour, materials and equipment that may operate as a separate organisation or
may supplement local uniu. This work may be undertaken by directly employed
labour or by contract.

Effective use ofavailable resources requires regular inspections, adequate plan-
ning ofoperations to prevent or correct defects, and thorough training and super-
vision of personnel to ensure the use of sound techniques. The organisation to
provide these requirements will vary according to the structure of the various
road authorities.

When maintenance is being planned both preventive and restorative work
must be considered. the balance between them being based on experience oflocal
conditions and the resources available.

While all defects should be corrected soon after they occur, they must often be
left until there is sufficient other work to justify the movement of a gang to the
location. However, there will be times when correction of isolated deficiencies
may not be deferred either for reasons of safety, to restore communications, or to
prevent extensive deterioration of the asset.

1.4 SCOPE
This manual outlines the procedures for proper performance of routine main-
tenance. For information about special tasks the reader is referred to other publi-
cations. The methods and procedures outlined have been adapted from the prac-
tices of state road authorities but owing to differences in geology, topography.
climatic conditions, and traffic volumes. they may need to be varied'to suit local
conditions.

1.5 TERMS USED
The terms used in this manual are those adopted in AS 1348. Terms Used in Road
Engineering.
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Section 4

DRAINAGE

4.1 GENERAL
The drainage system is a most important part of any road. Its functions include:

O the removal of rain or flood water from the carriageway ir panicular.
and the road formation and road reserve in generall

a the interception of surface water flowing towards the road formation
and its ultjmate satisfactory disposal downstream of the road, so that it
will not cause damage to the road itself or to adjacent propertyr and

a the interception and d.isposal of ground water that would otherwise
penetrate the subgrade and reduce the bearing strength of the material

supporting the running surface of the road.
It is a caidinal piinciple of good drainage practice that the concentration of

water should be increaséd as little as possible. When. because of road works. in-
creased concentration is unavoidable the flow should be so controlled that it does

not cause scouring or other damage.
As a general rule it is good practice to interfere as little as possible with the

natural iow of water. \\'ater flowing towards a road formation should be

allowed to return to its natural course as soon as possible after being passed under
tnã formátion (where it will, of necessiry. be concentrated to some extent).

It is usually bad practice to concentrate water from several water courses into
one in order io redúce the number of culverts under the formation' Nevertheless

any breakdown in the drai¡age system which permits water to bypass its normal
course should be corrected without delay.

4.2 DRAINAGE OF BITUMINOUSAND CONCRETE PAVEMENTS

Bituminous and concrete paYements are normally impervious to water so that
drainage is effected Uy proviOing the surface of the pavement with a crossfall nor-
mat tòine alignmentbi the roaã. Most pavements of this type have crossfalls of 2

to 3 percent. On straight roads with flat grades the surface water is shed directly
towards the shoulders. but if the grades are steep or the horizontal alignment is

curved there will be sections of the surface where water will tend to flow more or
. S". ahg the NAASRA publication Reporr of an Invesrigarion into the Drainage of lUiLle

Flat Pat'ementg 1974, ISBN 0 85588 057 0.
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less parallel with the centre line. The concentrated she€t of water so formed may
adversely affect the serviceabiliry of the road as follows:

¡ On smooth surfaces the tyres of high speed vehicles may aquaplane
resulting in loss of traction and contro! by the driver.

o If the relatively concentrated water flows along the edge of the hard
pavement and a softer shoulder. scour will develop leading to
dangerous conditions for vehicles and loss ofedge support for the pave-

ment.
Sheet flow along the pavement may be alleviated b.v the maintenance organisa-

tion if care is Uken to ensure that the flou.of r¡'ater from the pavement across the
shoulder is not hampered by grass gro\À'th. silt deposition. windror¡'s. or debris
lelt after grading operations. In any case. the correction ofshoulder scour should
be given hrgh priority.

The seal should be maintained in a waterproof condition b-v the prompt sealing

of cracks in the surface and by filling mrnor depressions that would hold surface
water. (See also Sections 6 and 7.)

Debris on Shoulder

4.3 DRAINAGE OF GRAVEL SURFACES

To compensate for the absence of a waterproof surface the crossfall of a gravel
pavement is usually 4 to 5 percent. Shoulden may be steep€r dependi¡g upon the
nature of the shoulder material.

\\'hile the steeper crossfall to some extent aids the shedding of water it also pro-
duces higher velocities with the consequent removal of fines and the creation of
transverse scouring of the pavement and shoulder.

Ponding of water in depressions in the pavement can have serious results
because of the consequent weakening of the pavement material and its displace-
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ment under wheel loading. Not only do the deepened depressions become
potholes but they also assist the entry ofthe water to the subgrade, thus leading to
subsidence of the pavement surrounding the pothole.

To prevent serious damage from water and to maintain unsealed surfaces in
reasonable condition for traffic. scours and depressions must be promptly filled
and the whole surface kept in a smooth and self-draining condition b.v frequent
grading.

4.4 DRAINAGE OF UNPAVED SURFACES

\fost unpaved surfaces are composed of the natural material lound in the top
layers of the ground over'*'hich the road passes. The material qualitl'l'aries over
a wide range from plastic clays that are unstable u'hen wet to natural gralels that
are capable of supporting traffic under all weather conditions. provided thel har e

been properly compacted.
As lvith sealed pavements the principal means of draining an unpaved forma-

Lion is to provide a crossfall normal to the centre line that u'ill remove surface
\À'ater as quickly as possible. Many unpaved surfaces are subject to severe damage
when traversed by vehicles in wet weather. A common form of damage is the
development of wheel ruts which are deepened and made r,l'one by' succeeding
vehicles trac'kirtg. and also because the ruts themselves hold nater. Potholing is
also lkely to be a common defect because the surface material of an unpaved for-
mation ma!' var) uidely in quality r¡ith numerous unstable patches.

Grading to restore the crossfall and to fill potholes and ruts is the major actir rt¡
to mairrtain riding conditions and surlace drainage efficiency. The u'ork is best
carried out after rain has ceased to faU but while the surface material is still darnp
enough to bind into a solid mass under the action of the grader and traffic.

'.-a
\ a-

,-;È'* ç:--

Lack of Su¡table Dralnage leaving Puools ol[:å"t and causing Potholing on Open
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4.5 DRAINAGE ELEMENTS AND THEIR MAINTENANCE
under this clause the various types of drains used in association with road works
and their maintenance are described.

4.5'l rable Drains. The function of a table drain is to collect water that has
fallen on the carriage'*'ay or the batters of a cutting and flowed to the edge of the
formation. Table draìns are essential wherever tne roao is in cutting and often
desirable along the shoulders of embankments.

Because table drains are often built on very flat grades to suit the road grade,
they must either have a large cross-sectional area or be provided with frequent
discharge points where the water can escape. Depending upon the nature oî the
material in which they are constructed and their longitudinal grade. table drains
may need to be li¡ed with stone, concrete, or a bitumen seal to resist scouring.

Table drains require frequent maintenance, such as grading of unlined drains ó
remove silt and other debris that may easily block the flow, and to restore rhe
original shape. The lining of table drains needs checking at frequent intervals so
that any failed section may be repaired before extensivè ømage occurs.

Scours in table drains need prompt attention to prevent seri,cus damage that
may lead to undermining of the drain lining. the carriageway, or the cutting bat-
ters. Short term measures, such as placing loose rock, etó., in icoun to arreslther.r
development may be necessary on occasion. but such action should generally be
discouraged because it can lead to even more serious damage before fiñal remedial
measures can be effected. \\'henever a table drain is susceptible to scour it is
usually necessary to line it wirh some ç,pe of durable material.

4.5.2 Batter Drains. It sometimes happens that water from table drains must be
discharged down the embankment batters. There will also be occasions when it is
luTssr_ry to discharge water down a cutting batter to avoid overloading a catch
drain above. In such cases the slope of the invert of the drain down the batær is
too steep to allow the water to flow over most natural materials because the hrgh
velocity induced would lead to serious scouring.

Batter drains are. therefore. generally lined with concrete. metal, or some other
hard material such as groutedstone. when the batter drain is on earth the protec-
tive l-ining should be flexible enough to adjust to any sertlement of the fiûing or
movement with weather condiúons.

It is important that batter drains should be inspected lrequently and immediate
steps^taken to make good any undermining and repair any breát<s ur the lining.
The flow of water in batter drains should be observeo during heavy rain to assess
their adequacy.

The protection of batters on embankments and in cuttings from surface water.
springs, or seepage is normally expensive and not always efrective. such work.
other than that of a very minor nature, is beyond the scope of normal mainten-
ance and should be undertaken during construction, the work being properly
designed by experts after a thorough investigation ofall relevant conditons at the
site.

l7l
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Scouring ol Bailer due lo Lack ol Suitable Drainage

4.5.3 Side Drains. A side drain is a surface drain approximately parallel to and
between the formation and the road boundary. Its main pu.pósè is to convey
water discharged from table drains, catch drains, or culverts. to a point where the
water may be safely discharged i¡to natural r,¡r'ater courses, diversion drairs. or
cross drainage channels.

In friable country, side drains may scour to excessive depths and widths, thus
u_ndermining boundary fencing or the road formation. Any evidence of scouring
should be investigated as soon as noted and the appropriate corrective work put in
hand without delay. This may include widenurg the drain, flattening the invert,
grassing the invert and batters. Blankets of loose stone contained in heavy gauge
wire mesh may be used to good efrect to protect the invert where the grãoeìs
steep. It may also be necessary to install properly designed drop strucrures to
reduce the gradient, and to construct pitchrng where it is essential to prevent the
scour extending. The use of loose rock, tree branches. etc., is seldom likely to be
effective.

4.5.4 Diversion Drains. The purpose of a diversion drain is ùo convey water
from a table drain, catch drain, or side drain so that it can be disposeã of by
soakage or by spreading over the natural surface where its velocity is small anà
the likelihood of damage by erosion is reduced.

special attention needs to be given to the junction of the diversion drain with
the side drain where both scouring and siltation can easily occur. similar
problems may also arise at the extreme end of the diversion drain where it has vir-
tually no grade.
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Periodic grading of diversion drai¡s, preferably in conjunction with the side

drains, is tnõ -uiti-uinænance attention required. If serious scouring develops it

might be better to construct a new diversion drain in a b€tter location rather than

ùr"*u"* *¡ttl ttte old one, which should be effectively blocked off'

Grassed Walerway

Dlversbn Drain
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4.5.5 Catch Drains. The primary function of a catch drain (or intercepting
channel) is to intercept surface water flowing towards the road cutting or forma-
tion embankment. It thus prevents the water flowing down the cut batter or along
the toe of the embankment, which may cause severe scouring. Catch drains are
usually open earth channels with spoil from the excavation being placed on the
lower side to form a bank.

tr4aintenance involves periodic inspection, clearing ofobstructions. repairing of
breached banks, and the filling of scours. If the bank is shown to have been
breached by overtopping. the adequacy ofthe drain should be investigated and its
size increased to prevent a recurrence. Alternatively, relief may be obtained by
leading some of the water in the catch drain into a batter drain or a diversion
drain depending upon whether the catch drain is above a cutting or above an em-
bankment. Scours are repaired by regrading the drain or by backfilling the scour
and covering the damaged area with paving of concrete. stone pitching, or
bituminous material.

Paved and Unpaved Catch Drains

Compendium 5 Text 5
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4.5.ó Cross Drainage Channels controlled by other Authorities. Some cross
drainage channels may be controlled by other authorities such as private drainage
trusts, flood mitigation councils, irrigation commissions, etc. Such channels and
the easements in which they lie are normally maintained by the authority con-
trolling them. However, road maintenance organisations retain the responsibility
for the safety ofthe road user and the integrity ofroad assets and because ofthis
they should inspect and report any deficiency in the channel or the easement
likely to have an adverse effect on road usen or road stmctures.

4.5.7 Floodways and Fords. Floodways and fords are used where construction
of suitable waterways under the roadway cannot be justified. Floodways and
lords are either intended to be covered by deep water for short periods or to re-
main trafficable for extended periods. Quite often the floodway is supplemented
by a relatively small culvert under the higher approach with its invcrt belor+' the
pavement level of the floodway so that the pavement over the floodway is dry
when the cross flow is low.

On all but very primitive roads the pavement of the fìoodway consists of hard
durable material that is stable under traffic when it is wet. The pavement may be
concrete. grouted stone. stabilised gravel, or packed rubble. In some cases it may
have a bitumen seal or be sheeted in asphaltic æncrete. The batters of floodways
must be composed of material that will resist erosion by flowing water. Some-
times a concrete or similar head wall is provided to give edge support to the car-
riageu'ay. I\laintenance of floodways and fords may be divided into three types as

follows:
la) otntrc DRÌ \\'EATHER, The pavement. batters. and supplementary

culverts require routine maintenance similar to that of a normal road. \\'arning
signs and depth indicators need special attention, the former because they warn of
a dip in the pavement during dry weather as well as indicating the possible pre-
sence of water over the pavement in wet weather. the latter because they must be
easily read at a distance when there is water over the fìoodway.

lå) ot nrxc FLooDING: Regular inspection is necessary to ensure that the
floodway is safe for traffic. having regard to the fact that deep holes and washed
out batters may not be apparent to all drivers. Debris that may collect on the
floodway should be removed and holes under the water filled with rock pending
permanent repair when the water has receded.

lcJ lrrnn FLOoDI¡'G: High priority must be given to the restoration of
physical damage so that the floodway is safe for traffic and is not fuñher damaged
by subsequent floods. Debris should be cleared from the upstream channels lead-
ing to the floodway and culvert, if any. Markers and signs should also receive at-
tention.

Many dry water courses contain loose sand which may be deposited on the
floodway in sufficient thickness to prevent the passage of vehicles or at least create
hazardous conditions for them. The removal of this loose material is generally the
most urgent restoration work after fìoods. In 3ome c¿ìses it may also be desirable
to raise the pavement level of the fìoodway to inhlbit the further deposition of

2l
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sand when the water course next carries waÛer, providins this did not cause

bmage upstream by afllux.or lead to scour due to increased velocity.

4.5,E Culverts. Culverts are key structures in any road drainage system and
since they often provide the only passage for surface water from one side of the
road to the othei failure usually has serious cons€quenc€s. Failure of the culvert
may cause damage to the road formation if it is overtopped by flood- water or
damage to the culvert or formation by scour due to high velocity. Structural
failure of the culvert itself may occur because of settlemenl overloading, or cong'
sion.

There is usually ample physical warning of the likelihood of failure but the
detection of this involves clo.se inspection of the inside of the culvert as well as

both the inlet and the outlet. Systematic inspection is most imporønt followed by
appropriate remedial meåsures. Since many culverß are not apparent to an ob-
server moving along a road some sort of distinctive marking on guide posts may
assist in drawing the attention of maintenance gangs to thei¡ presence.

Maintenance tasks include the constant clearing of debris and growth from the
channel, particularly after forest fires, or in seasons when trees shed their leaves.
In problem areas debris screens may be required. The accumulation of silt or drift
sand in the culvert barrel must also be removed periodically by mechanical or hy'
draulic means.

Scour in the vicinity of culverts must be recognised in the early stages and
repaired promptly before the damage becomes extensive'

Corroded metal inverts, or any abraded inverts, should be built up with con-
crete mortâr. Open joints between precast segments should be repaired by grout'
ing or patching with mortar.

ln new pipe culverts under high fiIs structural failure may become evident
from the distortion of the pipe; the vertical diameter of the pipe decreases and the
horizontal diameter increases with cracks appearing in the banel. Emergency ac-

tion consists of tomming the pipe to prevent complete failure pending permanent
remedial meåsures.

4.5.9 Brldges. Road maintenance gangs perform a caretaking role in relation to
bridge structures, their main øsk being to repair failures in the deck or running
surfãce. Debris collected against piers or in the channels should be destroyed and

vegetation that may impede the even fìow of water should be kept in check.

4.5.10 Subsoll Dr¡lns ¡nd Shoulder Dr¡lns. The g1l¡o main purposes of subsoil

drains are to lower the level of the water table and to intercept or drain under-

eround waær trapped or held by impervious material. To be effective subsoil

drains need to be not less than 500 mm below the subgrade level.
A shoulder drain is a special type of subsoil drain that is installed across the

shoulder of a road to drainwater that may be trap@ on an impervious subgrade.

Subsoil drains are constructed near the outside edge of the pavement parallel to
the centre üne of the road, but it is not uncoûlmon for transverse drains to extend

as branches from longitudinal drains ûo at least the cent¡e line of the pavement.

Should isolated weakiresses occur in the pavement' due to trapping pockets of
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Cuþerl Bþcked whh Sill

Cuþert Scour and Cræking
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Culve¡l lilled with Growth

water. these may often be drained by transverse branches connected to the main
longitudinal drain.

The road maintenance organisation should have a plan of each system to locate
subsoil drains which are not evident on the surface. The commencing poins and
the outlets of the drains should be indicated by, distinctive relerence pegs. Mainte-
nance action for buried drains consiss primarily of inspectron of outLeti from time
to time to ensure that water is seeping from them. This should. of course. be done
immediately alter a period of rain. but in some cases even after a dry season there
will be some evidence such as staining indicating that the drain ii working.

Any growth or siltation at the outlet should be cleared and if verminþrool
screens or flaps are provided these should be repaired or replaced as reqúired.
Damp areas or water seepage at any location above a subsoil drain should be in-
vestigated because this will probably indicate a blockage of the drain. pavement
failures due to softening of the subgrade in roads served by subsoil drains
generally indicate the need to construct a further transverse branch to the main
drain or to construct deeper subsoil drains.

4.6 ROADSIDE DRAINAGE
The nature of roadside drainage depends on the degree of development of the
roadside itself.

In rural situations drainage of the roadside is undertaken primarily to prevent
water lying in depressions where it could cause a nuisance. The mosisatiJfactory
form of drainage is achieved if the roadside is smoothed to follow the natural con-
tours of the land and to permit the fìow of surface water in a sheet into roadside
drains and thence into natural watercourses. If the land slopes downwards from
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the road formation towards the road boundary sheet flow should b€ disturbed as

little as possible so that the adjoining properfy owners do not receive surface
water that has been concentrated by road works (other than in natural water-
courses).

It sometimes happens that the road is located through low lying swamp areas.

or on sloping country with swamp areas, or soaks at a higher level than the pave-

ment itself. There is little that the road maintenance organisation can do about
each situation other than keep outtet drains clear of weed growth, rubbish, and
silt. Periodic inspections should be made of road cuttings below swamps or soaks

because of the danger of seepage water causing slips in the cutting batters or in-
s6bility in the subgrade. If either problem is encountered consideration should be

given to the installation of deep catch drains or subsoil drains between the ele-

vated swamp and the top of the cutting batter. and also subsoil drains through the
cutting.

4.7 UNDERGROUND DRAINS AND PITS

Underground drainage systems. which are rare in a rural situation but rather
commón where the road passes through urban or built-up areas, consist of both
longitudinal pipes or conduits running generally parallel to the road centre line
and transuerie pipes passing under the road formation. Underground-drains are

installed whereiúrface drains of sufficient capacity to handle the runoffcannot be

constructed. These conditions will be encountered in multilane roads separated by
raised medians. and generally all roads that are paved from kerb to kerb'

InleS to underground drainage systems consist ofbrick or concrete gulll'pjts
covered by metai or reinforced concrete gratings sometimes supplemented by

slots undei rhe kerb to facilitate the entry of fast flowing water. Inlets are located
at road intersections and at frequent enough intervals in between to prevent the

capacity of the surface drain being exceeded. To guard against siltarion of any part

of'the buried drainage system each pit is equipped with a sump or silt trap that ex-

tends some distance below the invert of the underground drain inlet'

The underground drainage s''stem quite often drains both the road reserve and

the adjoinini district and. ãs such, may be the joint responsibility of the road

authority anã the |ocal government authoriry controlling the area. Responsibilitl'
for the maintenance of the drainage system ç'ill be a matter for mutual agreement
between the two authorities concerned and the road maintenance organisation
must limit its action accordingly. However. even where it is not responsible for
maintenance the road maintenance organisation should report any deficiencies

noted since a breakdown in any part of the system could result in traffic disrup-
tion or damage to the road itself.

To permit inspection and cleaning of blockages by rodding or jetting it is usual

to provide a pit over each substaniial angJe in the pipeline and at junctions of
branches with lines.

Frequent inspection and cleaning of the drainage system is essential because

serious damage can be caused if surface water bypasses inlets and overloads the
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system at other locations leading to flooding of the road or adjoining propeñy.
Blockages occur when newspapers, garden clippings, and other debris collect on
gratings and where sand and smaller rubbish fill the silt trap causing siltation of
the pipe inlets or the pipes themselves.

Other maintenance tasks include replacement of damaged gully gratings. repair
of structural damage to the pit itsell and inspection of the outlet of the drainage
system to ensure that this has not been undermined by scour or blocked by silt.
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Section 10

BRIDGES AND CULVERTS

10.1 GENERAL

This chapter deals with inspection and maintenance of bridge and culven sfuc-
tures. including repairs requiring prompt attention which might be carried out by
road maintenance personnel.

It is not intended to coyer detailed inspections or structural repain which are
dealt with in the NAASRA publication Bridge Mainrcnance Manual(in course of
preparation).

10,2 SAFETY
All inspections and repair work should be carried out with adequate provision lor
salety of both workmen and traffic and in accordance with laws. regulations. and
standards covering traffic and construction safety. Relerence should be made to
Section 3 concerning matters affecting traffìc safety.

If a structure has been damaged temporary measures may be necessary to pro-
tect the public or the structure. The temporary measures may include the erection
ofsigns. barriers. and other traffic control devices. closure oftraffic lanes. diver-
sion of traffic. erection of temporary guardrails etc. Where p€rmanent repairs are
beyond the scope ol the road maintenance organisation, details of the damage sus-
tained by the structure and the temporary measures uken should be nromptl¡"
reported to the responsible authorify.

10.3 INSPECTIONS OF BRIDGES

Bridge and culvert inspections should be done as part of normal road inspections
and after heavy rains. The following features should be checked:

o Damaged or misplaced clearance marken.
o Damaged or missing signs.
o Settlement or roughness of approaches.
o Encroaching vegetation.
o Scaled or deteriorated paint on timber rails and kerbs.
r Damaged or deteriorated rails and kerbs.
a Uneven or cracked bridge approaches or deck surfaces.
¡ Broken or loose timber decking.
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¡ Blocked drains.
o Accumulated dirt or debris on decks.
¡ Ineffective tomming or underpinning.
o I-oose bolrs.
I Accumulated fìood debris adjacent to abutments and piers.
r Fire hazards.
a Erosions and damage to rip rap. etc.

10.4 INSPECTION OF CULVERTS

In addiûon to matters covered in Section 4. drainage culverts should be inspected
for the lollowing structural defects:

a ln concrete culvens, signs ofcracking or spalling. exposure and rusting
of reinforcing steel. etc.

o In galvanised steel culverts. damage to galvanising. damage to protec-
tive treatment or invert paving. rust and distortion (particularly where
steel plates overlap). ponding of water and deposits of silt likely to cause
n¡st.

o Subsidence. scours likely to cause subsidence. lateral displacement. tip-
ping of wing q'alls. open joins. etc.

10.5 REPORTING FLOOD HEIGHTS

To pror ide adequate hydraulic data for future design, records should be taken and
reported of the maximum flood height reached at any bridge. large culvert. or
fìoodway during exceptionally heavy downpours. If possible' flood levels should
be marked wittr pegs or paint on wing walls, abutments. or pien. Where flood
levels are marked on stn¡ctures the date of occurrence should always be recorded.

10.6 MAINTENANCE
10.6.1. Clearing and Removal of Debris. The waterway, both upstream and

downstream, should be maintained clear ol wind blown debris, water-borne soils.
gravel. and vegetation. [.ogs. stumps, and other debris should be cleared as Soon
as possible. see figure. During hearT floods debris should. if possible. be assisted

through the bridge with poles or ropes.
The area in the vicinity of the bridge should be kept clear of undergrowth rub-

bish. Special attention will be required for timber bridges and culverls during
surruner when bush fires could occur.

The decks of bridges, culverts. and approaches should be kept free of loose

material. Sweeping may be required at intervals. Scuppers should be kept clear so

that drainage of the deck is effective. See figure.
Weepholes in abutments should be cleaned periodically to ensure that the hole

through the wall ts .lot blocked by foreign matter which could prevent the free

flow ol seepage water.
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10.6.2 Bridge Approrches. Depressions near abutments should be fiUed and, if
exlensive, the cause investigated.

10.ó.3 Timber Bridges. loose longitudinal planks should be tightened and
any broken deck or longitudinal plan-ks replaced. Wide gaps between deck planks
may require a length of timber packing nailed into one side of the planks. It is
desi¡able to hold small stocks of the most frequently used timber sizes at the
nearest field depot for urgent repairs, the quantity and sizes held depend on
availability. Timber should be stacked clear of the ground with adequate and even
support, and with sufficient separation to allow the free ci¡culation of air.

10.7 TREATMENT OF SLIPPERY TIMBER DECKS
A method of correcting slipperiness in timber decking of bridges using a sprayed
bituminous seal coat is as follows:

a Remove all the high spots, sharp edges, and abrupt changes in level.
Caulk all gaps (e.g. with timber strips or with oakunù and cover all
knotholes and large gaps (e.g. with 5 mm thick black irod.

o Clean the deck thoroughly, allow to dry, and apply a tack coat.
Pet¡oleum tars should not be used for the tack coat on decks made from
creosoted unseasoned timber as the creosote can affect the seal coat
bond. The surface to be sealed should preferably not be creosoted or
alternatively the creosote allowed to dry thoroughly before applying the
seal coat.

o Apply a seal coat of R90 bitumen with l0 or 14 mm cover aggregate.
A premixed bituminous deck wearing surface may also be used for this purpose

provided it does not overstress the structure. In such cases, the deck should be
trght to minimise cracking of the surfacing. (The cramping of transverse deck
planks between longitudinal planks placed above and below the deck and bolted
through the deck planks, has been used as a mearÌs of tightening the deck.)

10.8 CATTLE GRIDS
Cattle grids are sometimes constructed in place of road boundary fencing on
lightly trafficked roads in sparsely populated areas. Inspections and maintenance
of these structures is similar to that for bridges and culverts,

In particular they should be checked for loose, cracked or broken grid ban,
cracked or broken welding, and excessive silt, dirt, or debris under the structure.
The maintenance supervisor should know who owns each grid and be familiar
with the road authority's policies or administrative procedures with respect to
thei¡ maintenance.
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Cattþ Grid
(A well inctalled and mainlained cattþ gr¡d on an opon surlace road)
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Yhe following bibliography contains two sets of ref-
erences. The f irst 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.
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of personal or organizational authors (if any), the pub-
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and the number of pages represented by the title as
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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
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la posición de la referencia dentro de este
bibliografía en particular. Se utiliza en el índice
del compendio pero no deberá utilizarse al
pedir publicaciones.

(b) Título: Este es el título de la publicación
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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
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(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 èÌre
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(d) Availability information: This paragraph
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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 ínformatíon 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 dirección están indicados. E/ pedído deberá
incluir 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).
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parenthèses qui indique le numéro de
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(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.
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(e) Analyse: Ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).
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Refcrence 5
A REV¡EW OF HIGHWAY DESIGN PRACT¡CES IN
DEVELOPING COUNTRIES

Cron, Frederick W. Washington, DC: lnternational
Bank lor Reconstruction and Developmcnt; 1975 May.
57 P-

Order from: International Bank for Reconstruct¡on and
Dèvelopment, l8l8 H Stræt, N.V., Wash.ington, DC
2043t.

Thc deçign standards of some 150 highway prolects
financcd by the lnternational Bank for Reconstruction
and Development between 1960 and 1970 are re-
vicwcd, and areas of agreement between the stand-
a¡ds of the 63 countries studied are identifiedi
practical highway standards based on these areas of
atreement are sketched for the guidance of plæners
in developing countries. The roads discussed here,
fall inlo three funct¡onal categor¡es: a small group of
expressways, freeways and toll roads carrying large
volumes of traJfici a very large group of 2-lane
highways carrying a wide rmge of traffic volumes
servin8 both local and long d¡stance traffici and a
smaller group of low-traffic tertiary or spccial
purpose roads existing primarily for land service.
Comments are made on the problem of classifying
highrr'ay standards, and on the comparison of stand-
ards. Condusions regard¡ng standards for the
capacity- related elements of design and stædards
tor the velocity-related elements of design (radius of
cuflaturc, stopping sight distance, passing sitht
distilcc) are discussed, as well as the horizontal and
vertical clearances for bridges. The standard live
loadings for bridges, the structural capacity of
pavements and legal load limits are covered, and
condusions relating to pavement design, dcsign
standards for 2-lane highways, lncremental
development of highways, æd levels of service'are
prcsented.

(a) Numéro de la référence
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(e) Resumen
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The order should include all information given in parts (b) and
(cl above,

El pedido deberá incluir toda la informaci6n dada en las partes
(b) y (cl.

L'ordre de commande doit inclure toutes les informations
donnêes dans les parties (b) et (cl.
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Reference I
DESIGN OF ROADSIDE DRAINAGE CHANNELS

Searcy, James K.; U.S. Federal Highway Administra-
tion, Office of Engineering, Bridge Division, Hydraulics
Branch. Washington, DC: U.S. Federal Highway
Administration; 1965 May. (Reprinted 1973 December).
56 p. (Hydraulic Design Series Number 4).

Order from: U.5. Federal Highway Administrationt
Office of Engineering, Bridge Division' HNG-31,
Vashington, DC 20590.

Methods of open-channel design including the deter-
mination of both size of channel and the protection
required to Prevent erosion are discussed. The
estimation of storm-water run-off from small areast
the hydraulics of drainage channels and their designt
construction, maintenance, and economics are Pre-
sented. The publication also includes illustrative
problems in channel design.

Reference 2

DESIGN CHARTS FOR OPEN-CHANNEL FLOW

U.S. Federal Highway Administration. Vashington, DC;
196l August. (Reprinted 1977 November). l6: P.
(Hydraulic Design Series Number 3; stock number 050-
002-00026-8).

Order f rom: Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402,

This publication, the third in a series on the hydraulic
design of highway drainage structures' is intended as

a wõrking tool for the designer already familiar w.ith
the subject. The text includes a brief discussion of
the principles of flow in open channels. Charts wh.ich
provide direct solution of the Manning equation for
uniform flow in open prisrnatic channels of various
cross sections are Presented, together with instruct-
ions for using them. A tab.le of recommended values
for n for use in the &lanning equation, tables of
permissible veit¡cities in earth and vegetated
channels, instructions for constructing charts similar
to those presentedr and a nomograph for use in the
solution of the Manning equation are also included.
Charts are included for rectangularr trapezoidalr and
triangular channels, grass-iined channels, and oval
concrete pipe channels.

Reference 3

HANDBOOK OF HYDRAULICS FOR THE SOLUTION
OF HYDRAULIC PROBLEMS

4th ed. King, Horace Williams; Brater, Ernest F.,
reviser. New York, New York: McGraw-Hill Book
Company, Inc.; l9-54. Various paging.

Out-of-prinu may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200t
400 Seventh Street' S.W., Washington, DC 20590.

This handbook presents information regarding the
properties of water and other fluids, as we.ll as the

þrinciples of hydrostatics and their application to
hydraulic engineering problems. Orilices, gates and

tubes are discussed, and weirs (sharp crested and not
sharp crested) are considered. Pipes' open channeÌs
with uniform flow, and open channels with nonuni-
form flow are covered in detail. The measurement of
flowing water is also covered. Tables are provided
which enable quick and accurate routine compu-
tations. Different metlrods have been Presented for
the solution of many hydraulic proble:ns. Thus' the
Darcy-Veisbach equation, the Manning formular and
the Hazen-Villiams formula for the solution of
problems involving flow of water at ordinary teÍnper-
atures are considered. A discussion of viscosity and
the numerical values of viscosity, and new data on
flow through orifices and through culverts are also
included. Recent research on submerged weirs is
presented. The equations which are the basis for tlre
tables for deterrnining critical depth and depth after
the hydraulic jump in trapezoidal channels and for
determining critical depth in triangular parabolic and
circular channels are presented with appropriate
derivations. The methods of analyzing flow condi-
tions on the downstream side of sluice Sates are
discussed. Equations for laminar flow in open
channels, and methods of solving problems involving
flow in thin sheets are presented.

Refcrence 4

GRADING ¡LLUSTRATED

Aveling-Barford, Ltd., Technical Publications Depart-
ment. Grantham, U.K.; 1974' Various paging. (Publica-
tion TP549).

Order from: Aveling-Barford, Ltd., Technical Publica-
tions Department, Invicta llorks, Houghton Road'
Grantham NG3l 6JE' U.K.

This book is concerned with grading methods and is
designed to assist the oPerator to 8et the best work
out of a grader. The book is divided into three
sections: (l) Ula¿e control; (2) grading techniques; (3)

grader attachments. Grading instructions for all
Aveling-Barford graders have been included' and the
illustrations throughout show typical Aveling-Barford
graders in action. The book commences with ele-
mentary instruction for new oPerators and moves on
to forms and situations of grading for experienced
operators.

Reference 5

ROAD MAINTENANCE PRACTICE

National Association of Australian State Road Author-
ities. Sydney; 197 5. 136 p.

Out-of-print; may be consulted at U.5. Department of
Transportation, Library Services Division, Room 2200'
400 Seventh Street, S.W.' Washington, DC 20590.

This manual is intended to help and guide those
directing or planning maintenance work. It gives the
procedures for proper performance of routine mainte-
nance; other publications are referred to for detailed
information on specific tasks. The scope and organi-
zation of the work are out.lined. The treatment of
paved and unpaved roads and the maintenance of
efficient drainage are discussed. Advice is given on
the grading and forming of gravel roads, seal patching
bituminous surfaces and maintaining traffic control.
Defects encountered in concrete Pavements are
described and advice is given on their treatment.
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Reference 6
HANDBOOK OF HYDRAULICS FOP. THE SOLUTION
OF HYDRAULIC ENGINEERING PROBLEMS

6th ed. Brater, Ernest F.; King, Horace Williams. New
York, New York: McGraw-Hill Book Company; 1976.
584 p.

Order from: McGraw-Hill Book Company, l?21 Avenue
of the Americas, New York, New York 10020.

This handbook presents fundamentals needed to solve
hydraulics problems and provides appropriate tables,
graphs and computer techniques to facilitate solu-
tions. In this 6th edition (see Reference 3 for 4th
edition) pertinent new material has been inciuded
throughout the book. This edition also includes new
material on tiìe mefic sysrem, the design of pipe
networks, and a completely new section describing
the applications of numerical methods and digital
computers to hydraulic engineering. This section
introduces hydraulic engineers to techniques used in
programming problems for solution by digital
computers. It includes ten examples of hydraulic
engineering problems with flow charts, corresponding
computer problenrs and outputs. An appendix to the
new sect¡on provides explanations of the more im-
portant numerical metirods used in applying compu-
ters to hydrau.lic probler-ns.

Reference 7
OPEN-CHANNEL HYDRAULICS

Chow, Ven Te. New York, New York: McGraw-Hill
Book Company; 1959. 690 p. (McGraw-Hill Civil
Engineering Series).

Order from: McGraw-Hill Book Company, I22l Avenue
of the Americas, New York, New York 10020.

This book which gives a broad coverage of recent
developments is organized into five pãrts; Basic
principles, uniform flow, gradually var.ied flow,
rapidly varied flow, and unsteady florv. In part I the
type.of flow in open channels is classified according
to the variation in the parameters of flow witñ
respect to space and time. The state of flow is
classified according to the range of the invariants of
flow with respect to viscosity and gravity. Four
coefficients for velocity and pressure distributions
are introduced. The energy and momentum principles
which constitute the basis of interpretation for most
hydraulic phenomena are treated thoroughly. In part
II, several uniform flow formulas are introduced. The
design for uniform f.low covers nonerodible, erodible
and grassed channels. In the third part, several
methods for the cornputation of florv profiies are
discussed. A new method of direct integration is

Methods of making and restoring road openings for
pr¡vate and public utilities are recommended. The
treatment of road signs, markings and other street
furniture is discussed. Advice is given on methods of
snow clearing and treatment of ice. The storage and
handling of materials is discussed.

introduced which requires the use of a varied f.low
function table. The method of singular points for the
analysis of flow profiles is also discussed. part IV on
rapidly varied florv discusses problems supported by
experimental data. The use of the flow-net method
and the method of characteristics is mentioned. In
Part V on unsteady flow, the treatment is general but
practical.

Reference 8
USE OF RIPRAP FOR BANK PROTECTION

Searcy, James K. Vashington, DC: U.S. Federal
!¡g!y"y Administration, Office of Engineering and
!¡affic Oper.ations, Bridge Division, Hydráulics Bianch;
1967 June. (Reprinted 1978 February). Various paging.
(Hydraulic EngiÀeering Circular Num-ber ll).
Order from: U.5. Federal Highway Administration,
Office of Engineering, Bridge Division, HNG-31, Wash-
ington, DC 20J90.

The design and construction of riprap protection for
highway embankments and streambanks are
described, and the design criteria used by several
tovernmental agencies are compared in an appendix.
A sample specification for riprap is also appended.
The riprap slope protection discussed here'include:
d9mp9d riprap (graded stone dumped on a prepared
slope), hand-placed riprap (stone'laid carefuliy by
hand or derrick following a more or less definitê
pattern witlr the voids between the larger stone filled
with smaller stone and the surface liept relatively
even), wire-enclosed riprap (stones placed in wirä
baskets or wire covered mats), grouted riprap (riprap
with interstices filled with portable cement moriar),
concrete riprap in bags (concrete in cement sacks or
suitable burlap bags handplaced in contact with
adjacent bags), and concrete slab riprap (plain or
reinforced concrete slabs poured or placed on the
surface to be protected). A filter láyer under a.ll
riprap is essential unless the bank material meets the
filter requirements. It is also noted that broken
concrete may be substituted for stone when it meets
the requirements for stone.

Reference 9
TENTATIVE DESIGN PROCEDURE FOR RIPRAP-
LINED CHANNELS

Anderson, Alvin G.; Paintal, Amreek S.; Davenport,
John T. Vashington, DC: Highway Research Board;
1970. 75 p. (NCHRP Report 108).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 48106.

The erosion-resistant riprap lining has protective
qualities which lie between those of a grassed
drainage channel and a concrete-lined drainagé chan-
nel. It consists of a layer of discrete fragments of
rock of sufficient size to resist the erosive forces of
the flow. The design of such riprap-lined drainage
channels involves the interrelationship between tñe
discharge, the longitudinal slope, the size and shape
of the channel, and the size distribution of the riprap
lining. This report describes these interrelationship!
and develops design criteria by which a riprap-lined
drainage channel can be proportioned and ihe'riprap
lining can be specified for a given discharge and



Reference l0
DESIGN OF STABLE CHANNELS WITH FLEXIBLE
LININGS

MciVhorter, J.C.; Anderson, Alvin G.; Cox, Allen L.
Washington, DC: U.S. Federal Highway Administration'
Office of Engineering, Bridge Division, Hydraulics
Branch; 1975 October. 136 p. (Hydraulic Engineering
Circular Number l5; stock number 050-002-00101-9).

Order from: Superintendent of Documents, U.S. Gov-
ernment Printing Offlce, Vashingtonr DC 20402-

This circular presents design methods developed from
recent research results for temporary liningsr vegeta-
tive linings and'rock riprap linings. The temporary
lining materials for which design information was
produced were: bare soil, Erosionet 3lJ (a PaPer yarn
with openings approximately 7/8-inch by l/2inch)'
jute mesh (woven mat witlr openings about 3/8-inch
by 3/4-inch), siranded fib:r glass roving with
Eiosionet 315, 3/8-inch fiber glass mat, l/2inch fiber
glass mat, Excelsior mat (dried shredded wool held
together with a fine paper net and secured with steel
pins), and straw with Erosionet. A complete des-
cription of each temporary lining material is
presented along with design charts. Maximum per-
missible depth charts have been developed for three
different types of vegetation: Bermuda grass of
various .lengtlrs, uncut Srass mixtures, and common
Lespedeza. The development of the maximum per-
missible depth oI flow curves for dumped rock riprap
channel linings are discussed. Criteria for plastic
filter cloth design and a new procedure for design of
channel protection in bends are also inc.luded. Design
concepts, design procedure, composite channel .lining

longitudinal slope. The relationships so developed
have been reduced to design charts, the use of which
permits rapid and simple establishment of channel
shape and size as well as of the properties of the
riprap lining. Highrvay drainage channels are divided
into two Broups. In the first grouP are those that
serve as median or side ditches for the drainage of
the roadways. These are relatively small and often
approach a triangu.lar cross section because of the
relatively flat side slopes and generally small bottoin
width. In the second group are large drainage
channels that convey a larger discharge and are
usually trapezoidal in cross section. A set of design
charts for each type has been prepared. Limited
experimental data are presented which serve to
verify the design procedure' to test tlìe efficacy of
channels designed according to this procedure' and to
examine somewhat more c.lose.ly the phenomenon of
leaching of base material through the riPraP inter-
stices. These experilnents' although preliminary in
character, indicate that the design procedures are
suitab¡e and incorporate sufficiently large factors oI
safety to provide stable channels.

design and charts are presented for all cases and
example problems are discussed. The development of
flow rate versus slope curves for a selected channel
geometry, and a method of programming channel
design procedure are detailed.

Reference I I
HIGHVAY ENGINEERING

3rd ed. Oglesby, Clarkson H. New York, New York:
John Wiley & Sons, lnc.; 1975. 783 p.

Order from: John Wiley & Sons, Inc., 605 Third Avenuet
New York, New York 10016.

This text is designed for use in college courses and
for use as a starting point for advanced study for
those with a special interest in this field. The book
also offers a summary of new developments in
technology as an aid to practic¡ng engineers and
administrators. The history and future of highway
developments are discussed and highway systems,
organization and associations are reviewed in the
first two chapters. The third chapter, Highway and
Urban Transportation Planning, deals with planning
techniques as well as the role of the professional and
the public in today's decionmaking. Chapter 4t
Highway Economy, presents recent data on velricle
operating and accident costs, and develops techniques
for evaluating highway improvements in terms of
savings to users in operating, time, and accident
costs. Chapter 5 or: Highrvay Finance reviews past
and present highway and urban transPortation
financing by the various Ìevels of government and
traces their effects. Chapter 6, Highway Surveys,
Plans, Computations, emphasizes the importance of
remote sensing (photograrnmetry) and comPuters in
modern practice. Chapter 7 treats the problems
encountered in taking property for public purPoses
and in compensating owners for land improvements
and loss of light, air, view and privacy. It also
outlines the legal and administrative problems asso-
c¡ated with the displacement of people and activities
from rights of way. Topics related to geometric
design, traffic engineering, and highway safety are
incorporated in chapters 8, 9 and 10. Chapter ll
emphasizes the value of engineering analysis in
highway engineering, particularly in relation to
highway drainage. Th.is chapter discusses the means
for collecting, transporting, and disposing of surface
water originating on or near the highway right of way
or flowing in streams crossing or bordering that r¡ght
of way. Chapter l2 analyzes recent environmental
lesgislation and its effects on highway practices and
presents procedures for predicting air pollution and
noise impacts of highway and traffic control
measures. The Chapters (13-19) on soils, bases, and
pavements, present research findings and test results
related to roadway and pave:nent design. A repre-
sentative group of design procedures for flex,ible and
rigid pavements is Biven in detail. Chapter 20'
Highway Maintenance, discusses traditional mainte-
nance practices as wel.l as outlines new developments
in maintenance management.
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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 compendjum, i.e., in the Overview, Selected
Texts, 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-
f ied 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
continue 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-
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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-

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 parait. Les
numéros écrits en chiffres romains se rappor-



pears. Roman numerals refer to pages in the Over-

view, Arabic numerals refer to pages in the Selected

Texts, and reference numbers (e.g., Ref. 5) 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.

Algùnos vocablos del tema y nombres de

orgañizaciones están seguidos por la palabra
seé. En tales casos los números de página

del compendio se encontrarán bajo el término

o nombre alternativo que sigue a la palabra
see. Algunos vocablos del tema y nombres
de orgãnizaciones están seguidos por las
palabias 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 l'Exposé et les numéros
écrits en chiffres arabes se rapportent aux
pages des Textes Choisis. Les numéros de

réfðrence (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 t'rouvera 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'
Dané 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 (from ComP. 1)

Selected Text page numbersselected Text page number!
Números de pågina en los T

Seleccionados
Numåros des pages des Textes Choisis

llustración (del ComP. 1) lllustration (du Recueil 1)

Subject term and see a/so terms
Vocablo del tema y términos see a/so

(ver también)
Mot-clé el see also

Organization name and address
ruo-Ut" y dirección de la organización
Nom et adtesse de l'organisât¡on

Overview page numbers and
reference number

Número de página en la V¡sta
General y Numéros de rsferencia

Numéro des pages de I'ExPose et
numóros des róférences

Sublect term and see term
Vocablo del tema Y término see fuer)
Mot-cló et see

Personal names
Nombres
Noms propres

mountainor.¡s terrain (see also degrec of-.curv-ature;
dcsirn soeed; maximum gradient; rad¡u¡i ol curva-
¡¡rei stråut¿ir width): ll; 17 ' 

Y+, 1r, 3E, 173, L7 5,

217 r 2t4, ztt

National Association of Australian Statc Road Author-
Iti.r(p.O. Box J14l, Bricldield Hill' N.Sv. 2000'
Ar¡¡tralia):
¡.rblications, xxiii, Ref. t' Ref . 9

repassing markings and signs: )1r 95' ltz

norpassing sight distance, see stopping sight distance

Odier, L.: Ref.3

Oglesby, C.H.: 23 l, 233, 2t4, 239, 240' 24 l, 242' Ref ' 14

I
I

I Set".teO Text page numbers and reference
I number
l-¡¿¡¡s¡ss ¿s Página en los Textos

Seleccionados y número de referencia

"":ffiå:'å:l?1d€s 
rextss choisis et



American Society of Civil Engineers, Soil Mechanics
and Foundation Division, Committee on Earth Dams,
Subcommittee on Slope protection (345 East 4Zth
Street, New york, New york 10017)z 37r 40

Anderson, Alvin G.: Ref.9, Ref. l0

arid regions: 10, l?r 4l-42

Aveling-Barford, Ltd. (Technical publications Department,
Invicta Works, Houghton Road, Grantham, Liniolnshire,
NC3l 6JE, U.K.): xix, Ref. 4

bank slopes, see slope banks

batter drains (r*_gþg chutes): xx, 17 I, 176

bibliographies: xxi
channel design, 58-59

bituminous materials (seg_al* channel linings): 155

Brater, Ernest F.: Ref. 3, Ref. 6

bridges: xxi,177
insoection and maintenance, 182-lg6

buoyancy of channels: 35

Califor,nia Divrsion of Highways (California Department
of Transportation, P.O. Box 1499, Sacramento,
California 95807)¡ 31, 40

catch drains (!gg_"t* intercepting channels): xxi, 9,
175, lgo

1g4 cattle grids: 185-186

channel changes: 9, ll
channel construction: xvi, Ref. I

channel design (see also design charts): xiv-xvir g, 14,
28-451 52-57, Ref. l, Ref. l0

channel economics: xvii, 50-51, Ref. I

channel linings: xiv, xv, xvi, xviii, ll, 3O-42r lllr 60, lll.,
Ref.8, Ref. 9, Ref. l0

bituminous, 36, 47
cornbination, 35-36
concrete, 33-35, 36, 43, 46-47, j4
grass, xviii, 30-33, 34, 42-44, 46, jl, 60, 69r gl.r g7,

174, Ref. 2, Ref. Z, Ref. l0
rigid, xvi, 35
stone, 36-41, 44-451 47-481 51, 54, Ref. g
vegetative, Il, 12r 28, 3lr 32,4gr 62

channel maintenance: xvi, 12, 49, 17l-179, lg3, Ref. l,
Ref. 5

chutes (see also batter drains): 9, 10, llr 261 27, 33,
40, 42-45, 46, 5l

computer technigues: Ref. 6

construction, see channel construction; road building;
terrace construction

Cox, Allen L.: Ref. l0

Creager's equation: 40

critical depth: 24, 25,261 69

critical Ílowt 24

cross drainage channels: 176

crossfall: 169,170

culverts: xxi, 51, 177,178
inspection and maintenance, 182-186

cutoff wais: 33r 42r 48

Davenport, John T.: Ref.9

debris clearing and removal: 183

design, see channel design; design charts; design runoff;
design storm; rational formula and method

design charts (!gg_d!g charts): xiii, xvii-xviii,21r 29r 33,
86-87, Ref. 2, Ref.9, Ref. l0

design runoff: 8

design storm: 50

ditches: xviii, xx, 136=145
borrow, I I
checks, ll-12, 4l-42, 48
cleaning, xiv

diversion drains: xxt, 173-174

drainage: Ref. ll
of bituminous and concrete pavements, 168-16g
of gravel surfaces, 169-170
of small areas, 13-18
of unpaved surfaces, 170

drains, see batter drains; catch drains; diversion drains;
shoulder drains; side drains; subsoil drains; table drains;
underground drains and pits

earth roads: xiv
construction, 136-l4l
maintenance, 134-135, Ref. 5

energy dissipators! 33, 43-44

equations (!ge alrg Creager's equation; Manning equation;
rational formula and method; weir formula): 7

erosion prevention and control (!gg_eþo channel linings;
riprap): xiv, 8, ll-12, 3O-31, Jt;ml, Ref. 8, Ref-. þ

filter blanketsz 41r 47

floodways and fords: xxi, 17Ç177

flow, see critical flow; sheet flow; steady flow; subcritical
flow; supercritical flow; unsteady flow

channel protection (seg_gþ channel linings; erosion
prevention and coñïiõlJ-xv, xvii

channelsr.seç buoyancy of channels¡ cross drainage
channels; intercepting channels; open channels;
rectangular channels; roadway channels; terraced
channels; toe-of-slope channels; trapezoidal channets,
triangular channels; unlined channels

charts (see also design chartsh 38
for calculating Manning equation, xvi, 69, 7l-g5, Ref. 2

Chow, Ven Te: Ref.7



flumes, see chutes

fords: xxi, 17ç177

formulas, see eguations; rational formula and method;
weir formula

Froude number: xvi, 7, 27, 43

graders (see also grading): xiv, xix, 104-155

grading (lgg_also graders): xix-xx, 104-155,170, 17l,
174, Ref. 4

gravel surfaces: xx, Ref.5

ground covers: xv

gutters:9-10

Highway Research Board (now Transportation Research
Board, 2l0l Constitution Avenue, N.W., Washington,
D.C. 20418): Ref.9

hydraulic jump: 33

hydraulic radius: 7r 23,32r 33r 69

hydraulics (s"g_al!g hydraulic jump; hydraulic radius):
xiii, xv, xix, 19-27, Ref. l, Ref. 3, Ref. 6, Ref.7

intercepting channels (:"u 
"lto 

catch drains)z 9,10, 53

John Wiley & Sons Inc. (605 Third Avenue, New York,
New York 10016): Ref. ll

King, Horace Williams: xix, Ref. 3, Ref. 6

lined channels, see channel linings

loess soil: 46

low-volume roads: xiii

maintenance, see channel maintenance; road maintenance

Manning equation: xvir7, l9-2}r 23r 261 33r 69, Ref. 2,
Ref. 3

Manning roughness coefficient, nz 7, l9r 30r 32r 31t
37,38,60, 69, Ref. 2

McGraw-Hill Book Company,lnc. (1221 Avenue of
the Americas, New York, New York 10020): Ref. 3,
Ref. 6, Ref.7

McVhorter, J.C.: Ref. l0

median swales: 9, ll
National Association of Australian State Road Authorit¡es

(Box Jl4l, Brickfield Hill, New South Wales 2000
Australia):

publications, xx, 182, Ref.5

nomographs: 20r 691 84, Ref. 2

nonuniform flow, see steady flow

Oglesby, Clarkson H.: Ref. ll
open channels (seg iþg design charts): xiii, xv, xvii, xviii,

l9r 2!r 34r 69,86-87r 92-99, 175, Ref. l, Ref. 2,
Ref. 3, Ref.7

Paintal, Amreek S.: Ref. 9

peak runoff: 8, 14

pipes: Ref. 2, Ref. 3, Ref. 6

rainfall: l3-16
frequency analysis, l3-14
intensity, 13-16, 17, lE

rational formula and method: xvr7, 14,16, 18, 60

rectangular channels: 69-85

riprap: Ref.8, Ref. l0

road building (lgg_also road location): xx
earth roads, 136-14l

road location: E

road maintehance: xx, 166-186, Ref. 5
earth roads, 134-135, Ref. 5

roads, see earth roads; low-volume roads

roadway channels (s"g_also table drains): 9, lO, 16

runoff (ges aþe design runoff, peak runoff):
coefficient, 14-16,60
estimation, 13-18, 54-56, Ref. I

safety: 28
during inspection and repair, 182
factors, Ref. 9
of grading personnel, 106

scour: ll, 169, 170, 17L, 173, 175, 177, 178, 179, l8l
Searcy, James K.¡ Ref. I, Ref. 8

sheet flow: 169, 179-180

shoulder drains: 177-179

side drains: xx,173

side slope: xiii, xv, xviii, 50

slope banks: xiv, 146-147

sma'll drainage areas: l3-l8

soil, loess: 46

spillways, see chutes

steady flo"¡/: xv, 19
nonuniform flow, xvi, 23-24, 26-27, Ref.. 3
uniform flow, xv-xvi, 9, 19-23, 24, 26, 92-99, Ref.. 2,

Ref. 7

stilling basins: 33r 37r 43-44, 54

subciitical flow: 24, 26127, 35

subsoil drains: xxi, 177-179, 180

supercritical flow: 24, 27r 42,44

table drains: xx, 17l, i72

terrace construction: I5l-153
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terraced channels Gug_.I* terrace construction): xiv

toe-of-slope channels (te" 
"t* side drains): 9r l0

trapezoidal channels: xviii, xx, 7r 20r 22, 29r 30r 33,
35,50,51, 69-85, Ref. 2

triangular channels: 71 69-85, Ref. 2

underground drains and pits: 180-l8l

uniform flow, see steady flow

United States Army Engineer Vaterways Experiment
Station (P.O. Box 631, Vicksburg, Mississippi 39180): 40

United States Bureau of Reclamation 08th and C
Streets, N.W., Vashington, DC 20240)z 46

Un.ited States Department of Transportation (400 Seventh
Steet, S.W., Washington, D.C. 20590) (see also United
States Federal Highway Administration, Office of
Engineering, Bridge Division, Hydraulics Branch):

publications, xiv, xvii

United States Federal Highway Administration, Office
of Engineering, Bricige Division, Hydraulics Branch
(HNG-31, Washington, D.C. 20590): Ref. l, Ref. 2'

Ref. 8' Rei. l0

United States Weather Bureau (now U.S. National Veather
Service, 8060 t3th Streetr Silver Springr Maryland
20910): 14, 17

unlined channels: 35t 42r 60,175

unpaved surfaces (t"u 
"tgg. 

earth roads): xx

unsteady flow: 19, Ref. 7

varied flow (nonuniform flow), Sig steady flow

uarning signs: 176

ueep holes: 35

weir formula: 26
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