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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 transgort facilities. Although rait and water
facilities may play important roles in certain areas,
o dominant and universal need is for road < /stems
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-voiume roads that
generally carry only 510 10 vehicles a da, and

that seldom carry as many as 400 vehicles a day.
The planning, design, construction, and main-
tenance of low-volume toads for rural regioris of
developing countries can be great'y enhanced with
respact to economics, guality, and performance by
the use of 1ow-volume road technology that is
available in many parts of the world. Much of
this technology has been produced during the
developmental phasrs of what are now the more
developed countries, and sume is continually
produced in both the less and the more developed
countries. Some of the technolog' - has been doc-

Descripcion del Proyecto

El desarrollo de la agricuitura, 1a distribucion
de viveres. la provision de servicics de sanidad,
y el acceso a informacion por medio de
servicios educacicnales y otras formas de
comunicacion en las regiones rurales de paises
en desarrolio todos dependen en gran parte

de los medios de transporte. Aungue en ciertas
areas los medios de ferrocarr.i y agua
desempenan una parte importante, una
necesidad universal y dominante es para
sistemas viaies que proveen un medio ase-
gurado pero relativamente poco costoso para
el movimiento de gente y mercancias. La

gran parte de esta necesidad es para caminos
de bajo volumen que generalmente mueven

unicamente unos 5 a 10 vehiculos por dia y
que pocas veces mueven tanto como 400
vehiculos por dia.

Con respecto a la economia, calidad, y
rendimiento, el planeamiento, diseno, cons-
truccién y manutencion de caminos de bajo
volimen para regiongs rurales de paises en
desarrolic pueden ser mejorados en gran
parte por el uso de la tecnologia de caminos
de bajo volimen que se encuentra disponible
en muchas partes del mundo. Mucha de &sta
tecnologia ha sido producida durante las
¢pocas de desarrollo de lo que ahora son los
paises mas desarrollados, y alguna se produce
continuamente en l0s paises menos y mas

Description du Projet

Dans les régions rurales des pays en voie de
développement, I'exploitation agricole, la
distribution des produits alimentaires, I'accés
aux services médicaux, I'acces a l'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 naviguble jouent un role important
dans certaines régions, un besoin dominant

et universel éxiste d'un réseau routier qui
puisse assurer avec certitude et d'une fagon
relativement bon marché, le déplacement

des habitants, et e transport des marchan-
dises. La plus grande partie de ce besoin peut

étre satisfaite par la construction de routes
a faible capacité, capables d'accommoder
un trafic de 5 a 10 véhicules par jour, ou
plus rarement, jusqu'a 400 vehicules par jour.
L'utilisation des connaissances an tech-
nologe, qui éxistent déja et sont accéssibles
dans beaucoup de pays, peut faciliter I'étude
des projets de construction, tracé et entretien,
de rouies a faible capacité dans les régions
rurales des pays en voie de développement,
surtout en ce qui concerne I'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-
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umented in papers, articles, and reports that have
been written by experts in the field. But much
of the technology is undocumented and exists
mainly in the minds of those who have developed
and applied the technology through necessity. In
either case, existing knowledge about iow-volume
road technology is widely dispersed geographi-
cally, is quite varied in the language and the form
of its existence, and is not readity avaifable for
application to the needs ot developing countries
tn October 1077 the Transportation Research
Board (TRBJ began this 3-yedar special project
under the sponsorship of the U.S Auency for
international Development (AIDY to enhance
rural transportation n developing countries by
providing improved accsss 1 existing aformation

on the planning, design, construction, and main-
tenance of low-volume roads. With advice and
guida ce from a project steering committee,
TRB defines, produces, and trang:nits
information products through a neiwork

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 2conomic develop-
ment of transportation mfrastructure and
thereby to enhance other aspects of rural
development throughout the wortd.

In addition to the packaging and distribution
of techrical information, personal interactions
with users are providec through field visits,
conferences in the Ur . ted States and abroad, and
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cualquier caso. 1os conccimienics en exis-
tencia scbre la tecnologia de caminos de
bajo volumen estan grandemente esparcidos
geograficamente. variar bastante con respecto
al idioma y su forma, y no se encuentran
facilmente disponibles para su aplicacion a
las necesidades de los paises en desarrolio
En octubre de 1977 e' Transportation
Resear~» Board (TRB) comenzd <on este
proyecto es; ecial de tres anos de duracion
bajo el patrc cinic de la U.S Agency for
Internationa Development (AID) para mejorar

el transporte rural en los paises en desarroilo
acrecentando la cisponibilidad ae 1a informa-
cion en existencia sobre el planeamento,
diseno. construccion, y manutencion de
caminos de bajo volumen Con el consejo y
direccion de un comite de iniciativas para
g! proyecto, et TRB define, produce, v
transmit procdiuctos informativos a traves
de una red de corrasponsales en pases en
desarrollo Las metas generales para el impacto
final del trabajo del proyecto son la promo-
cién del uso efectivo de la informacion en
existencia en el desarrollo economico de la
infraestructura de transporte y de esta forma
mejorar otros aspectos del desarrolic rural a
traves del mundo

Ademas de la recoleccion »+ distribucion
de la informacion técnica, se provee acciones
reciprocas personales con los usuarios por

veloppés. et elle continue a étre produite a la
fois dans ces pays et dans les pays en voie
de développement Certains aspects de cette
technologie ont été documentés dans des
articles ou rapports écrits par des experts.
Mais une grande partie des connaissances
n'éxiste que dans l'esprit de ceux qu! ont
développé et appliqué cette technologie par
nécessité. De plus, dans ces deux cas, les
écrits et connaissances sur la technclogie
des routes a faible capacité. sont dispersés
géographiguement, sont écrits dans des
langues différentes, et ne sont pas assez aise-
ment accessibles pour étre apoliqués aux
besoins des pays en voie de .éveloppement.
En octobre 1977, le Transportation Research
Board (TRB) initia ce projet, d'une durée de
3 ans, sous le patronage de I'U.S. Agency
for International Development (AID), pour

améliorer le transport rural dans les pays
en voie de developpement, en rendant plus
accessible la documentation éxistante sur la
concepticn, le trace, la construction, et I'entre-
tien des routes a faible capacité. Avec le
conseil et sous la conduite d'un Comité de
Direction, TRB d2finit, produit, et transmet
celle Jocumentation a Faide «un réseau
de correspondants dans les pays en voie de
développement. Genéralement, I'aboutisse-
ment final de ce projet sera de favoriser I'utili-
sation de cette documentation, pour aider au
développement économique de I'infrastructure
des transports, et de cette fagon mettre en
valeur d'autres aspects d'exploitation rurale
a travers le monde.

En plus de la dissémination de cette docu-
mentation technique, des visites, des con-
férences aux Etats Unis et a I'étranger, et
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other forms of communication.
Steering Committee

The Steering Committee is compesed of experts
who have knowledge of the physical and social
characteristics of developing countries, knowl-
edye 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 definition of users and their needs,
the definition of information products that match
user needs, and the identification or informa-
tional and human resources for davelopment of
the information products. Through i1ls member-

ship the committee provides liaison with project-
related activities and provides guidance for inter-
actions with users. in general the Steering Com-
inittee gives overview advice and direction for all
aspects of the project waork.

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.

Information Products
Three types of information products are prepared:

compendiums of documented information on rela-
tively narrow topics, syniheses of knowledge and

medio de visitas de campana, conferencias
en los Estados Unidos de Norte Ameérica y en
| extranjero, y otras formas de comunicacion.

Comite de Iniciativas

El Comité de Iniciativas se compone de
expertos que tienen conocimiento de las
caracteristicas fisicas y sociales de los paises
en desarrollo, conocimiento de las necesi-
dades de transporte de los paises en desarrollo,
conocimiento de la tecnologia de transporie
en existencia, y experiencia en su uso.

Las funciones importantes del Comité de
Iniciativas son las de asistir en la definicion
de usuarios y sus necesidades, de productos
inforrnativos que se asemejan a las necesi-
dades del usuario, y la identificacion de
recurses gde conocimientos y humanos para

el desarrotlo de los productos informativos.
A través de sus miembros el cornité provee
vinculos con actividades relacionadas con €l
oroyecto y también una guia para la interaccidn
con los usuarios. En general el Comité de
Iniciativas proporciona consejos y direccion
general para todos los aspectos del trabajo
de proyecto.

£l personal de proyecto tiene la responrsa-
bilidad para la preparacion y transmision de
los productos informativos, el desarrollo de vii
una red de corresponsales a traves de la
comunidad de usuarios, y la interaccion con
fos usuarios.

Producitos Informativos

Se preparan tres tipos de pioductos informa-
tives' los compeiidios de fa informacion
documentada sobre relativamente limitados

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

Comité de Direction

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

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

mentation. Par l'intermédiaire de ses
membres, le comité pourvoit a la liaisoi: entre
les différentes fonctiors 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 personnei attaché a 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'interactior: avec les usagers.

La Documentation

Trois genres de documents sont prepares:

dec recueils dont le sujet sera relalivement
limité, des synthéses de connaissances et
de pratique sur des sujets beaucoup plus
généraux, et finalement des comptes-rendus
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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 rai2 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. In 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.
Interactions With Users

A number of mechanisms are used 1o provide in-

teractions between the project and the user com-
munity. Project news i1s oub’'shed in each issue of
Transportation Research lews. Fcedback forms
are transmitted with the intormation products so
that recipients hava opportunity (o say how the
products are beneficial and now they may be im-
ptoved. Through semiannual visits to developing
countries, the project st~ "f acquires first-hand
suggestions for the project work and can assist
directly in specific techinical problems. Additional
opportunities for interaction with users arise
through international and in-country conferences
in which there is project participation. Finaily,
annual colloguiums are held for students trom
developing countries who are enrolled at U.S.
universites

temas. {a sintesis del conocimiento y practica
sobre temas un poco mas ampliut, y los
expediantes de conferencias de caminos de
bajo volumen gue estan totalmente o parcial-
mente amparados por el proyecto. E! persona!
de proyecto prepara los compendios a razon
de unos 6 por ano; se utilizan consultores
para preparar las sintesis a razon de 2 por
ano. Se publicara por lo menos un expe-
diente de conferencia durante el periodo

de tres anos. £n breve, aste proyecto pretende
producir y distribuir entre 20 y 30 publicaciones
que cuidren mucho de lo que se conoce de

la tecnologia de caminos de b sjo volumen.

interaccion con los Usuarios

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

comunidad ce usuarios. Se publican las
noticias del proyecto en cada edicion de la
Transportation Research News. Se transmiten
formularios de retroaccién con los productos
informativos para que los recipientes tengan
oportunidad de decir como benefician los
productos y como pueden ser mejorados.

A iraves de visitas semianuales a los paises
en desarrollc. el personal del proyecto ad-
quiere directo de fuentes originales sugeren-
cias para el trabajo del proyecto y puede
asistir directamente en problemas técnicos
especificos Surgen cportunidades adicicnales
para la interaccion con los usuarios a traves
de conferencias interiacicnales y nacionales
en donde participa el proyectc. Finalmente,
se orgariizan dialogos con estudiantes de
paises en desarrollo que estan inscriptos en
yniversidades norteamericanas.

de conférences sur les routes a faible capacite
qui seront orgariisées completement ou en
partie par ce projet. Environ 6 recueils par
an sount preparés par le personnel atiaché

a.: projet. Deux synthéses par an sont écrites
nar des experts. Les comptes-rendus d'au
moins une conférence seront écrits dans
une période de 3 ans. En résumeé, l'objet de
ce projet est de produire et dgisséminer entre
20 et 30 documents qui couvriront I'essentiel
des connaissances sur la technclogie des
routes a faible capacite.

Interaction Avec les Usag2rs

Un certain nombre de mécanismes sont utilisés
pour assurer l'interaction entre le personnel

du projet et la communauté d'usagers. Un
bulletin d'information est publie dans chaque

numero de Transportation Research News.
Des formulaires <ant 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-
fiorer. Au cours de visites semi-annuelles
dans les pays en voie de développement, le
personnel obtient de premiére main des sugges-
tions sur le bon fonctionnement du projet et
neut aider a résoudre sur place certair.s
problemes techniques specifiques. En outre,
des conférences tenues soit aux Etats Unis,
soit a 'étranger, sont I'occasion d'un echange
d'idées entre le personnel et les usagers.
Finalement, des colioques annuels sont or-
ganisés pour les étudiants des pays en voie
de développement qui etudient dans les uni-
versités americaines.
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Overview

Background and Scope

If a road is to be used in all types of weather,
adeguate drainage is necessary. In Compen-
dium 3 it was noted that small drainage struc-
tures with fixed capacities cannot be upgraded
economically. Therefore, smail drainage struc-
tures must be sized and installed correctly as
the first stey in roadway development. [n addi-
tion, when sizing drainage structures, the en-
gineer must anticipate possible future changes
in land use that may affect runoif.
Compendium 4 stressed that initial construc-
tion cost of a iow-volume road can be reduced,

if a country is willing to accept road closings dur-
ing short periods of stream or river flooding. A
low-volume road is not termed an all-weather
road unless stream and river crossings operate
full time. This can pbe 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 ali 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

Carnincs que son utihizados durante todo el ano
deben estar proveidoz con drenaje adecuado.
Se indico en el Compendio 3 que peguefas es-
tructuras de drenaje con capacidades fijas no
pueden ger economicameiite mejoradas. Por
esta razon 1as pequenas estructuras de drenaje
deben ser escogidas de acuerdo a su tamano e
instaladas correctamente como e! primer paso
en ei desarrolio del camino Ademas, al medir
las estructuras de drenaje, el ingeniero debe an-
ticipar cambics futuros en el uso de!l terreno, los
cuaies podrian afectar el drenaje.

Et Compendio 4 enfatiza que el costo inicial
de construccion de un camino de bajo volumen
puede ser reducido si un pais esta dispuesto a

aceptar caminos clausurados durante los cortos
perioros de inundacién de arroyos ¢ rios. Un
camino de bajo volumen no se llama camiiio de
toda intemperie hasta que los travesias de
arroyo y rio operen continuamente. Esto se
puede lograr por etapas a medida que el au-
mento en el volumen del iransito justifica tales i
mejoras. La construccion de los drenajes de!
borde del camino comienza con la construccion
inicial def camino. El drenaje del borde del ca-
mino incluye la construccion de todos los cana-
les de drenaje que desvian o quitan las peque-
Aas aberturas del derecho de via. El proposito
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-

Exposé
Historique et description

Un drainage adeéqual est nécessaire si une route
doit étre praticable par tous temps. Lans le re-
cueil no 3, nous avions indique que de petits
ouvrages de draimnage, a capacite fixe, ne peu-
vent pas étre agrandis économiquement. Les
petits ouvrages de drainage doivent donc étre
dimensionnes et installés correctement dées le
début de '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'alfecter le débit.

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

cout initia! de la construction d'une route éco-
nomique peut étre abaisse, si 'on est disposé a
accepter la ferrineture de cette route au trafic
pendant de courtes périodes d'inondation des
rivigres ou des fleuves. Une route & faible capa-
cité n'est appelée une route tous temps que
dans le cas ou I'on peut toujours franchir les ri-
vieres ou les fleuves. Ceci peut étre accompli de
fagon progressive, au fur et & mesure de l'ac-
croissement du trafic routier. La construction du
drainage des bas-c6tés de la route se fait au
stade initial de I'implantation de la route. Ce dis-
positif de drainage inclut la construction de ca-
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construction methods for open channeis with
various types of linings. It also contains text and
illustrations that show the use of a grader (a) to
construct a basic carth road using matenal from
the ditch cut, (b) te clean ditches, (c) to con-
struct slope banks, and (d) to construct terraced
channels. Because the proper sequence of
blade settings for each operation 1s also de-
scribed, an excerpt about controling the grader
blade is included for reference.

Compendium 5 discusses maintenance of var-
ious roadway drainage elements These include
not only the types of roads:de drainage channeis
that are discussed here, tut alsc scme of the

drainage structures first described in Compen-
¢'iums 3 and 4.

Discussion of Selected Texts

The first text, De<ign of Roadside Drainage
Channels. was issued by the U.S. Department of
Transpcrtation as Hydraulic Engineering Circular
No. 4. It is reproduced here from the December
1973 reprint of the May 1965 publication. It notes
that the need tc prevent erosion i1s not limited to
highway drainage channels, but extends
throughout the nght of way. Erosion prevention s
an essential feature of adequate drainage de-

caen dentro de estos limites.

El Compendio 5 'ncluye una exposicion de lcs
meétodos de construccion para canales abiertos
con varios tpos de revestimientos. Tambien in-
cluye el texto e lustraciones que muestran el
uso de la niveladora para (a) construir un
camino bas:co de tierra utiizando el matenai del
corte de ia zanja. 1b) mpiar zanjas. (C) construr
superficies de bancos. y (d) construrr canaies
terraplanados. Ya que esle texto unicamente
describe ia secuenc:a correcta de posiciones
de ta cuch:ia para cada operacion. para prop-
0s1ios de referencia se incluye una secc:on de
texto que describe el control de ta cuchilla de ia
niveladora.

El Compendio 5 discute el mantenim:ento de
varios de los componentes de drenaje del
camino. Estos incluyen no solo fos tipos de
canales de drenaje de! borde del camino de-
scriptos en este compendio. sino tamien al-
qunas de las estructuras de drenaje men-
cionadas en los Compendios 2 y 3.

Presentacion de los textos seleccionados

E! prmer texto, Design of Roadside Drainage
Charnnels (E! diseno de canales de drenaje del
borde del camino). fue pubhcado por el U.S.
Department of Transportation como Circular No.
4 de Ingenieria Hidraulica (este ha sicdo repro-
ducido a partir de fa reimpresion de diciembre
1973 de 'a publicacion onginal en mayo de
1965).

Dice que fa necesidad de impedir 1a erosion
no so'o se hmita a los canales de drenaje viales,
N0 que se extiende a traves de todo el dere-
cho de via. Prevencion de la erosion es una
caracteristica esencial del diseno de drenaje
adecuado. La erosidn y manutencion pueden
ser minimizados por ia correcta constderacion
de los siguientes factores:

1. Pendientes laterales pianos. redondeados
y combinados con el terreno naturai:

2. Consideraciones de diseno de canal de
drenaje (ubicacion, ancho, profundidad, taludes,

afaible capacite sont généralement compnses
dans -e champ d'apphcaton.

Une discussion des mé&thodes de construction
des fossés a ciel ouvert et de différentes sortes
de revétements est inciuse. Ce recueil contient
aussi un texte et des llustrations qui démontrent
F'emplol de la niveleuse (@) pour construire une
route de terre en se servant du matenau extrast
des fossés, (h) nettoyer les fossés, (¢) pour
construire les pentes des talus, et (d) pour con-
struire des redans ou gradins. Comme ce texte
décnt aussi I'ordre de I'avoyage des lames pour
chaque opeération, un extrait sur la commanda
des lames de la niveleuse est aussi inclus
comme référence.

L'entretien des différents éléments des dispo-
sitifs de drainage est aussi discuté. Il ne s'agit

pas seulement des fossés de dramage, mais
aussi de f'ertretien de plusieurs ouvrages d-art
gui sont cites dans les recueils 3 et 4.

Discussion des textes choisis

lLe premies texte, Design of Roadside Drainage
Channels (Dimensionnernent des fossés de
drainage des bas-cotés de la route), a été pu-
blié par le U.S. Department of Transportation
comme Hydraulic Engineering Circular No. 4 en
1965. Le texte reprodut ici est fa réimpression
de Dec:mbre 1973, Ce texte remarqgue que la
protection contre I'érosion n'est pas limitée au
drainage de la route elle méme, mais doit
s'étendre sur toute la largeur de 'emprise. La
protection contre I'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, slcpes, horizontal and
vertical alignment, protective treatment);

3. Proper facilities for ground water intercep-
tion;

4. Protective devices such as dikes and
berms; and

5. Protective ground covers and planting.
The discussion in this publication 1s 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.
Tnis text notes deficiences that are inherent in
the formula. It states that many refinements to
the formula have been suggested to improve the
runoff estimate. However, the rollection of 1ddi-
tional data and the increased wurk requirzd 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 sieady and unsle:ady flow.
Steady flow is further classified as un-form flow,
if the velocity and depth of flow are cor.stant. Un-
iform flow conditions are rarely attained in drain-
age channels. However, the error in assuming

alineamiento honizontal y vertical, y tratamiento
protectivo):

3. Dispositivos correctos para la intercepcion
de agua de drenaje:

4. Dispositivos protectivos tales como diques
y bermas: y

5. Coberturas del terreno y plantacicnes pro-
tectivas.

El tema presentado en esta publicacion se limita
a proveer control de la erosion en los canales de
drenaje por un diseno correcto. incluyendo la
seleccion de un revestimiento de canal
£CoNOMICO.

El primer paso en el diseno de un canal es de-
terminar la cantidad de agua que portara. &l
texto recomienda el uso de la formula racionai
para calcular el agua de drenaje de pequenas
areas. Nota las defictencias que son inhe:enfes
en la férmula. Afirma que se han sugerido mu-

chos refinamientos a la formula para una posible
mejora en los caiculos del agua de drenaje. Sin
embargo. la coleccion de datos adicionales vy el
aurnento de trabajo requerido por astos refina-
mientos no parecen justificaise en el diseno de
canales de desague.

Fl texto repasa las hidr#ulicas de flujo en ca-
nales abiertos y define e! flujo estable y no-
estable. Ademas cl fiujo 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
clesagie pero el error en asumir un flujo uni-
forme en un canal de pendiente y seccion trans-
versal bastante constantes es pequeno cuando
se lo compara al error en determir-ar la des-
carga de diserio. £l uso ae la ecuacion Manning
dara resultados fidedignos para el diseno de
canales que tienen una distancia suficiente de
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nistiques les plus importantes d'un bon systeme
de drainage. L'érosion et 'entretien peuvent étre
réduits au minimum si I'on observe avec soin les
points suvants:

1. La pente des talus doit étre rectiligne et
étre raccordée par courbes au terrain naturel:

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

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

4. Des dispositif de protection comm= des
digues ou des risbermes: et

5. Une couverture végetale de protection.
Dans celte publicaticn, la discussion est limitée
au controle de I'érosion des fossés latéraux par

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

Le premier stade du dimensionnement d'un
fossé consiste & évaluer la quanité d'eau a éva-
cuer. L'emploi d'une formute rationelle pour cal-
cuier le débit d'une petite surface & drainer est
recommendé. Ce texte cite les défauts inhérents
a cette formule, et remargue que de nombreux
perfectionnements ont été suggerés pour esti-
mer le débit. Cependant, le travail additionnel et
la collection de donnges causés par ces nerfec-
tionnements, ne justifient pas leur emploi pour le
calcul des fosses latéraux.

Le texte passe en revue I'ecoulement hydrau-
lique des fossés et donne la définition de I'écou-
lament stationnaire et de I'écoulement irregulier.
L'écoulement stationnaire est classé comme
écoulement uniforme, si la vitesse et la hauteur
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uniform flow in a channel of fairly constant slope
and cross section 1s small, when compared with
the error in determining the design discharge.
The use of the Manning equation provides relt-
able results for the design of channels that have
sufficient distance of consiant cross section.,
roughness. and slope to establisn essentially un-
iform fiow Examples demonstrate the use of the
Manning equation by direct caiculation. the use
of prepared cnarts. and the use of tables com-
bined with duect caicuiatons

Nonuniform or vaned How crical flow. subcri-
tical flow around curves. superonticar How
around curves. and the Froude number are all
defined and discussea Appropnate formuias
are given for each condition.

Design procedures are descred tor the lay-
out of the drainage system. cirannei grade,
channel alignment cnannel sectori. 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 nigid Iinings and the apphcation of com-
bined linings are considered.

Several methods of ining channels are de-
scribed. The necessity of filter blankets under
ceitain channei nings 1s explained as weli as a
method of designing layers ot filtar materials.

Design of Roadside Drainage Channels also
containg a chapter about construction methods
for the various channels previously described.
Another chapter on the maintenance of open
channels 1s inciuded. This chapter emphasizes
‘hat maintenance 1s necessary to keep the
canacity of the channei at the design level.

seccion transversal teatura de superficie y pen-
diente constantes p ua estatiecer un flujo esen
cialmente uniforme

Se dan ejemplos para demaostrar e uso dela
ecuacion Mannng (a) por caculo diecto, (D}
por el uso de d.agramas preparadas. y (Cpor el
uso de tablas en cominacion con caiculos di-
rectos.

Se definen y se nabia sobre e flujo no-
uniforme ¢ no-estatie. fiujo critico. fiujo subcri-
tiCo en curvas. fiujo supercrntco en curvas v la
cifra Froude Se dan ias forrrulas apropradas
para cada cond:cion.

Se descrien 05 procedimentos de disenc
para (a) la disposicion del sistema de drenaje.
(b) pendiente de canal. ic) arneamento de ca-
nal, (d) seccion de cana'. y (21 capactdad oe

la proteccion de canai con ciemplos dustrativos.
Se toma nots de ios prohlemas de flotabiidad de
canales vacics con revestimic 1tos tigidos. Se
trata sobe a aphcac:on de revestimientos com-
binados.

Se describen vanios metodos de revestir cana-
les. Se explica la neces:dad de coberturas de hi-
(ro hajo ciertos revestmientos de cana! junto
con un meétodo de disenar capas de malenales
de filtro.

Este texto tamtyien contiene un capitulo sobre
metodos de construccion para ios varios cana-
les previamente descriptos

de i'eau sont constantes Ces condiions sont ra-
rement attemntes dans les fossas de drainage.
Cependerit, I'erreur commise en présumant fetat
d'écoulement uniforme dans un fassé dont les
pentes et la section trans/ersaie sont a peu pres
constantes, est petite. comparée a l'erreur gue
I'on peut commettre en caicuiant le deébit a eva-
cuer. L'ernploi de ia formuie de Mannin7 donne
de bons résultats pour le calcul de fossés qui
ont des longueurs suffisantes de section trans-
versale, pente et rugosité constantes pour eta-
blir un écoulement essentiellement uniforme.
Des exemples démontrent |'utilisation de la for-
mule de Manning pour des calculs directs, en se
servant de tables ou en se servant & la fois de
tables et de calculs directs.

L'écoulement irrégulier, critique, sous-critique

autour des courbes. sur-cntique autour des
cournes et ie nombre de Froude sont définis et
discutés. Des formiles approprieées sont don-
nees pour chaue conditon.

Des methedes de calcul sont décnites pour le
trace di systeme de dramage, la pente lengitu-
dinate du fosse, son trace, sa section transver-
sale et wa capacité. L'emplor des tables de cal-
cul et des tatleaux hydrauliques est expligue.
Limportance du coefficient de rugosité est dis-
cutée. l.es moyens de protection des fosses
sont decrits, et illustres par des exemples. Les
problémes cauc*s par la poussée dans les fos-
sés qui ont un revétement rigide, et I'utilisation
des revétements combings, sont considéres.

Plusieurs méthodes de revétement des fosses
sont décrites. La nécessité d'avoir plusieurs
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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. It 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-
cued by the U.S. Department of Transportation
as Hydraulic Design Series No. 3. The text is re-
produced from the November 1977 reprint of the
Auqust 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 capitulo sobre el man-
tenimiento de canales abiertos. Este capitulo
subraya que se necesita mantenimiento para
sostener la capacidad del canal al nivel de di-
seno.

El texto seleccionado habla sobre los costos
relacionados con los beneficios de canales de
drenaje. Un disefno econdrnico de drenaje signi-
fica realizar un trabajo adecuado al menor costo
posible. El canal adecuado de costo mas bajo
rmantiene un correcto equilibrio entre el primer
costo, dafo por inundacion, y costo de manle-
nimierito. y tiene la capacidad y proteccion para
portar el agua de desaguie para el cual se di-
seno.

El segundo texto consiste de tres extractos de
Design Charts for Open-Channel Flow (Dia-
gramas de diseno para flujo en canal abierto),
publicado por el U.S. Department of Transporta-
tion como Series de diseno hidraulico No. 3. El
texto ha sido reproducido de la rempresion de
noviembre 1977 de fa publicacion de agosto
1961. Los extractos hablan sobre (a) instruccio-
nes para diagramas de diseno que han sido ex-
traidos, (b) los diagramas de diseno extraidos y
(c) las instrucciones que describen la prepara-
cion de diagramas de diseno para canales tra-
pezoidales no incluidos en el texto.

Los diagramas de diserio extraidos incluyen
los siguientes:

1. Diagramas de la seccion transversal de
canales trapezoidales utiizando una (n) de 0.03
y pendientes laterales de 2:1 (horizontal a verti-
cal). Se provee un diagrama aparte para cada
pie de ancho de fondo desde 2 pies a 10 pies (C.6
ma 3.1 m) y para cada pie (0.3 m) integral de
ancho desde 10 pies a 20 pies (3.1ma 6.2 m). £l
diagrama del fondo de 4 pies (1.2 m) de ancho
aparece en el Design of Roadside Channels. por
lo tanto no se repite en éste.

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

3. Undiagrama ce un canal con cobertura de
pasto de forma trapezoidal para pendientes la- xvil
terales de 2:1y « 1cho de fondo de 4 pies
(1.2 m).

| a tercera seccion del segundo texto es el
Apéndice B de Construction of Design Charts
for Open-Channel Flow (Construccion de dia-
gramas de disef:o para flujo en canal abierto).
Describe la construccién de diagramas de di-
sefo para canales trapezoidales con pendientes

couches differentes de maténau filtrant sous cer-
tains revétements est explicuee, et ia methode
de calcul des differentes couches de matenau
filtrant est incluse

Le livre, Design of Roadside Drainage Chan-
nels. contient aussi un chapitre sut la construc-
tion des fosees de dramnage qui sont decnts an-
térieurement. Un autre chapitre, sur entretien
des fosses a ciel ouvert, est aussi inclus. Ce
chapitre met 'emphase sur le fait guit taut entre-
tenir ces fossés constamment pour qu'ils conti-
nuent & pouvoir évacuer le debit prévu lors de
leur dimensionnement.

Ce texte choisi discute les fossés latéraux
d'un point de vue ¢conomique. Un fosse de
drainage est appelé économique s'il fournitune
gvacuation des eaux adéquate pour un cout mi-
nimum. Pour cela, il faut equilibrer le codt initial

de constriction. le cott des degradations cau-
seas par les inondations, et le cout de I'entretien.
Enméme temps. ce fossé dait avoir la capacite
devacuer le débit prévu, et étre protege contre
Ferosion.

Le deuxieme texte choisi consiste e trois ex-
traits de Design Charts for Open-Chaimnel Fiow
{Cattes de calcul pour I'écoulement des fossés
a ciel ouvert), pubhe par le U.S. Department of
Transportation sous le titre Hydraulic Dasign Se-
ries No. 3. Ce texte est la reproduction de la
réimpression en Novembre 1977 de la publica
Yion originale d'Aolt 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 les fossés de forme trapezoidale aui
ne sont pas inclus dans le texte.
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preparing design charts for trapezoidal channels
not included in the text

The excerpted design charts include the fol-
lowing:

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

2. A tnangular 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. Atrapezoidal grass-lined channel chart for
side slopes ot 2:1 and a bottom width ot 4 ft.

Appendix B - Construction of Design Charts
for Open-Channel Flow, the third excerpt from
this second text, describes the construction ot
design charts for trapezoidal channels with side
slopes. bottom widths, and roughness coefti-
cients other than the ones presented in the pre-
ceding charts. It describes the construction of
simiar design charts for various configurations
of grassed channels

The third selected text consists of selected

laterales. anchos de fondo y coefictentes de tex-
tura de superficie ot s gque no sean 10s presen-
tados en ios diagramas previos. La descripcion
también inciuve {a construccion de diagramas
de diseno similares para vaias conf'guraciones
de canales con cobertiira de pasto.

Eltercer texto consiste en tabias selecc:ona-
das o1 Handbook of Hydraulics (Manual de hi-
driulicas) (HW. King. Cuarta Edicion. 1954).
Esta pubilicacion es un manua! de hidraulica de
autoridad reconoc:da que en este momento esta
en su sexta edicion (ver Referenca 6). El primer
texto de este Compendio hace referencia a crer-
tas tablas de esta publicacion [zor su numero de
tabia en la pagina 29 del Compendo.

Eltexto contene varnos ejemplos para demo-
strar como se puede ahorrar tempo utiizando
las tablas. Cada ejemplo se referencia a una
tabla especifica. Las tablas seleccionadas son
como sigue: Tabla 92 — Raices Cuadradas de
Numeros Decimales: Tabia 95 —— Numeros ele-
vados a ocho-terceros de Potenc.a: y Tabla 97
— Valores de K" enla Formula Q = K'b? ¢ §'72

n
para Canales Trapezo'dales. Estas tablas han

sido renumeradas en las ediciones posteriores
del manual,

El cuarto texto es un extracto de Grading lllus-
trated (Niveiacion. llustrada). Publicacion TP 549
dei Departamento de Publicaciones Tecnicas de
Aveling-Barford Ltd.. Grantham, England (1974).
Describe los metcdos hasicos de construccicn
de caminos utihzando vanos tpos de nivela-
doras de Aveling-Barford. Que se 1o ha incluido
en este compendio no significa el respaldo de
esta marca de niveladora en particular. El texto
se escogio iinicamente por la claridad y conci-
sion de la informacion presentada.

El texto da instrucciones e ilustraciones para
las varias tareas que pueden ser llevadas a
cabo por una niveladora La descripcion de la
construccion de caminos de tierra comienza en
la pagina 136 del Compendio. Las etapas de
construccion detalladas son para (a) quitar el
césped, (b) nivelar la superficie. (c) senalar {a
zanja, (d) hacer un corte de zanja, (e) trasladar
la tiefra del corte. (1) repetir los cortes de zanja,
(g) nivelar la pendiente extenor de la zanja, (h)
hmpiar la zanja, y (i) terminar el peralte.

Les cartes de calcul choisies comprennent les
suivantes:

1. Des cartes de calcul pour les fossés de
section transversale tfrapezoidale qui utilisent un
“n" de 0.03 et des pentes de talus de 2:1 (de
Fhorizontale a la verticale). Une autre carte est
fournie par pied de largeur de fond du fossé de
2 a 10 pieds (0.6 ma 3.1 m) et pour chaque
nombre pair de 10a 20 preds (3.1ma 6.2 m).
La carte de 4 pieds (1.2 m) de largeur de fond
du fossé est incluse dans Design of Roadside
Drainage, donc nous ne I'avons pas reproduite
ici.

2. Une carte de section transversale triangu-
laire a utiliser dans les fosses peu profonds en
forme de "V". Les instructions pour se servir de
cette carte doivent étre suivies tres attentive-
ment car cette carte peut étre utiisée aussi pour
ie calcul des rues a bordure.

3. Une carte pour les fosses de forme trape-
zoldale avec une couverture végetale et des
pentes de talus de 2:1 et une largeur de fond de
4 pieds (1.2 m).

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



tables from the Handbook of Hycraulics (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). It 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 -- Sauare
Roots of Decimat Numbers; Table 95 --- Eight-
thirds Powers of Numbers; and Table 97 — Val-
ues of K" in Formula Q = K'b 835" 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). It de-
scribes basic roadbuilding methods using vari-
ous types of Aveling-Barford graders. Inclusion
in this compendium, however, does not repre-
sent an endcrsement 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 &, page 136). The

El texto describe en el mismo método de paso
por paso la construccion de zanjas (trapezoida-
les) de fondo plano y la formacion de pendien-
tes yraves. El texto también describe la cons-
trncidn de terraplén. Los terraplenes se llaman
cana't 3 de interceptacion en el primer Texto Se-
lecior ado.

Cada paso de cada operacion se describe en
detalle. Algunos pasos se describen como ope-
raciones independientes y preceden la descrip-
cion de la construccion de caminos de tierra.
Las instrucciones contienen tales detalles como
“Ajustar el borde superior de la cuchilla para
atras para realizar cortes”. La prmera seccion
del texto describe los metodos correctos de
controlar la cuchilla para sequir tales instruccio-
nes. Por lo tanto este texto inciuye informacion
sobre la operacion de la cuchilla de la nivela-
dora y técnizas basicas de nivelacion. Se sumi-
nistra esta informacion como antecedente de las
instrucciones sobre construccion de canales.

El quinte texto consiste de extractos de Road
Maintenance Practice (Practicas de manuten-
cion de caminos), publicado por el National As-
sociation of Australian State Road Authorities en
1975. El pnmer extracto, Section 1 - Introduction
(Seccion 1 -- Introduccion) presenta anteceden-

tes para el resto de la publicacion. Sug:ere que
el proposito de un programa de manutencion es
el de controlar la velocidad de deterioro de un
camino. El programa deberia asegurar que la
utilidad del camino no caiga debajo de algun
nivel minimo que sea determinado por los recur-
sos y politica de la autoridad vial que se con-
cierne con él. El manual mismo da un plan ge-
neral de procedimientos para el correcto cum-
plhmiento de una manutencion rutinaria.

El segundo extracto. Section 4 - Drainage
(Seccion4— Drenaje) es reproducido totalmente.
Incluye informacion sobre el mantenimiento del
drenaje en superiicies de cascajo y superficies
no-pavimentadas. Las superficies no-
pavimentadas se definen como las superficies
que se componen de maternal natura: que se
encuentra en las capas superiores del terreno
sabre el cuai cruza el camino. Describe la ma-
nutencion de los varios elemertos de desagle
gue se encuentran a lo largo de un camino, in-
cluyendo (a) desagties de meseta ¢ canales de
calzada. (b) drenajes de talud o vertederos, (C)
desagues laterales o canales de la base de te-
rraplén, (d) drenajes de desviacion, (e) drenajes
colectores o canales interceptantes, (f) cruces
inundados y vados, (g) alcantarillas, (h) puentes

de cartes de calcu! pour fossés a ciel ouvert),
donne les éléments pour construire des cartes
de calcu! pour les fosses de forme trapezoidale
avec des pentes de talus, largeurs de fond et
coéfficients de rugosite différents de ceux qui
sont offerts dans les cartes précédentes. Il ex-
plique aussi comment construire des caries de
calcul pour des fossés & couverture végeétale de
configurations différentes.

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

livre est maintenant & sa sixieme édition (voir re-
férence 6). Le premier texte choisi de ce recueil
rnentionne certaine tables de ce manuel en ci-
tant le numeéro de la table (voir Recueil no 5,
page 29). |l faut remarquer que le numero de
ces tables est différent dans les editions ulte-
rieures. Plusieurs exemples montrent comment
on peut gagner du temps en se servant de ces
tables. Chaque exemple se rapporte & une table
spécifique. Les tables dont nous parlons ici sont
les suivantes: Table 92 — Racines carrees de
nombres décimaux; Table 95 — Puissance 8/3
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step-by-step construction stages describe how
(a) to.remove the turf, (b) to level the surfaze, (c)
to mark out the ditch, (d) to make a ditch cut, (e)
to move the windrow over, (f) to repeat the ci‘ch
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 (irapezoidal) 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
detaii. Some steps are described as indepen-
dent ¢perations and precede the description of
earth road construction. The instruciions contain
such cetails as “set blade pitch back at the top
for cutting”. The first section of the text de-
scribes the proper miaiiods of controlling the
blade to follow s.ich instructions. This text, there-
fore. includes infcrmation on operating the
grader blade and tasic grading techniques.
Such information is previded as background for
the instructions on chanriel construction.

The fifth text consists of excerpts from Road
Maintenance Practice (National Association of
Australian State Road Authorities, 1975). The first
excerpt, Section 1 - Introductiori, serves as a
background for the rest of the publication. it
suggests that the purpose of a maintenance
program is to controf 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 iull, It includes information about
drainage mainte,ance 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. It describes the maint:nance
of the various drainage elements founa aiong a
roadway, including table drains or roadway
channels, batter drains or chutes, side drains or

e (i) drenajes de subsueln.

El tercer extracto, Section 10 - Bridges and
Culverts (Seccion 10 — Puentes y alcantarillas)
es tambien reproducidc totalmente. Trata con la
inspeccion y manutencion de estructuras de
puentes y aicantarilias. Incluye las reparaciones
que requieren atencion inmediata que podrian
ser ejecutadas por el personal de manutencion
det camino. No trata sobre inspecciones deta-
iladas ni reparaciones estructurales.

Bibliografia

Los textos selecciunados son seguidos por una
breve bitiiografia que contiene datcs de refe-
rencia y abstractos para 11 publicaciones. Los
primeros 5 describen los textos seleccionados.
Los otros 6 describen publicaciones que se
asocian intimamente ¢on los textos selecciona-
dos. Aunque hay muchos articulos, informes, y
libros que podrian haber sido nombrados en la

de nombres:; et Table 97 — Vaieur de K' dans la
formule Q = K’ b8 3 S' 2 pour les fossés de

n
forme trapezoidale.

Le quatrieme texte choisi est extrait de Gra-
ding Hlustrated (Le nivellement illustré, Publica-
tion TP 549 du Technica!l Pubiications Depart-
ment, Aveling-Barford Ltd., Grantham, England.
1974). Ce texte décrit les méthodes de base de
construction d'une route en utilisant differents
types de niveleuse Aveling-Barford. Le fait que
ce texte est inclus dans ce recuell nimplique
pas une recommendation de cette marque. Ce
texte a été choist uniqguement pour sa clarte et
sa concision.

Ce texte comprend des instructions avec illus-
irations pour les différentes sortes de travaux
gue 'on peut exécuter avec une niveleuse. La
description des terrassements commence & [a
page 136 de ce recuail. On décrit pas-a-pas les
stades progressifs de fa construction: comment
décaper la terre végétale, niveler la surface,

marquer 'erplacement des fossés, creuser les
fosses. étaler le cordon en sol, re-nreuser les
fossés, niveler les contrenentes, déblayer les
fosses et finir le bombement de la plateforme.

Ce texte décrit pas-a-pas la construction de
fosses a fonds plats (forme trapezoidale), le talu-
tage de pentes trés inclinées, et la construction
en redans ou groains. Dans le premier texte
choisi un utilise les mots angiais “intercepting
channels”, que nous avons traduit par “redans”
ou “gradins”, alors que dans le quatriéme texte
choisi, on utilise le mot anglais “terrace” pour
dire la méme chose.

Chaque stade de {'opération est expligue en
détail. Certains stades sont décrits comme des
operations independantes et precedent la des-
cription des travaux de construction de la route.
Les instructions contiénnent des détails comme
“Inclinez le haut de la lame en arriére pour ex-
caver". La premiére partie du texte decrit la
méthode & ernployer pour contréler '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, Section 10 - Bridges and
Culverts, is also reprinted in full. it concerns in-
spection and maintenance of bridge and culvert
structures. It 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 Selecled Texts are followed by a brief bib-

liography containing reference data and
abstracts for 11 publications. The tirst 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 cornpendium.
The b.bliography contains only those publica-
tions fromwhich a text has been selected or basic
putlications that would have been selected had
there been no limit on the number of pages in this
compendium,

bibliografia, no ¢:s el propdsito de ésta contener
todas las referencias posibles sobre el tema. La
bibliografia contiene unicamente aquellas publi-
caciones de las cuales se selecciono texto 6
publicaciones basicas que hubieran sido selec-
cionadas si no hubiera un limite al numero de
paginas en este compendio.

texte doinc comprend a la fois les insiructions
pour utiliser la lame de la niveleuse, et des ins-
tructions pour les techniques de base du nivel-
lement. Nous avons incius ces donnees de base
comme préparation aux instructions sur la con-
struction des fosseés.

Le cinquiéme texle cholisi congiste en des ex-
traits de Road Maintenance Practice (Entretien
de la route, Nationai Association ¢f Austrahan
State Road Authorities, 1975). Le premier extrait,

Section - Introduction. presente ies données de .

base poi'r le reste de la publication. Il suggeste
que le but d'un programme d'entretien est de
contrdler la vitesse de degradation de la route.
Ce programme devrait assurer que I'élat de pra-
ticabiité de la route ne tormbe pas au dessous
d'un certain niveat. Ce niveau est determiné par
les allocations et la politique routiere des authori-
tés. Le manuel esquisse les techniques pour as-
surer la bonne performance d'un programme
d'entratien.

Le second extrait, Section 4 - Drainage, est

reproduit en entier. Il comprend des informations
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 degage-
ment (arétes de poisson), des fossés captants
ou de garde, des radiers et des gues, des pon-
ceaux, des ponts et des drains sous-chaussée.

Le troisieme extrait, Section 10— Bridges and
Culverts (Ponts el ponceaux), est aussi reproduit
en entier. Il concerne i'inspection et I'entretien des
ouvrages d'art. Les réparations qui demandent
I'attention immediate, et qui peuvent étre 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 Choisis sont suivis d'une bréve bi-
bliographie contenant les reférences et les ré-
sumes de onze publications. Les cing premiéres
se rapportent aux Textes Choisis. Les six autres
a des publications qui ont rapport aux Textes
Choisis. Bien qu'it y ait beaucoup d'autres arti-
cles, rapports et livres qui pourraient étre incius,

I'objectif de cette hibliographie n'est pas J'énu-
mérer toutes les références possibles ayant
rapport au sujet de ce recueil. Donc, notre bi-
bliographie. telle quelle. se rapporte seuiernent
aux publications dont nous avons choist des ex-
traits, ou aux textes de base que ncus aurions
choist 'l n'y avait pas de limites guant au nom-
hre de pages de ce recuell.



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 heen reproduced from the original
publication. Some of the original pages have been
reduced in size to fit inside the frames. No other
changes have been made in the original material ex-
cept for the insertion of occasional explanatory
notes. Thus, any errors that existed in the selected
text have been reproduced in the compendium
itself.

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

outside the frames and appear in the middle left or
middle right outside margins of the pages. Page
numbers that are given in the Table of Contents and
in the Index 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 beern added to original tables of contents have
the following meanings:

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

Textos Seleccionados

Esta seccién del compendio contiene paginas
seleccionadas de cada texto que se catalo-
garon en la Tabla de Materias. Se utilizan
recuadros rectangulares para encerrar las
paginas que han sido reproducidas de la
publicacion original. Algunas de las paginas
originales han sido reducidos para entrar en
ios recuadros. No se han hecho ningunos
otros cambios er el material original excep-
tuando algunas notas aclaradoras que de vez
en cuando han sido agregadas. De esta forma,
cualquier error que nubiera existido en el
texto seleccionado ha sido reproducido en el
compendio misma.

Los numeros de paginas del texto original

aparecen dentro de los recuadros. Los nu-
meros de paginas para el compendio estan
fuera de los recuadros y aparecen en los
margenes medio izquierdo o medio derecho
de las paginas. Los nimeros de paginas que
se dan en los indices del compendio se
refieren a los del compendio.

Cada texto comienza con una 0 mas paginas
de material de introduccion que contenia la
publicacion original. Este material general-
mente incluye una pagina titulo, un indice,

o ambas. Los astericos que han sido agregados
al indice original significan lo siguiente:

* Algunas paginas (o partes de paginas) en

Textes Choisis

Cette partie du recueil contient les pages
célectionnées de chaque texte qui est énumére
dans la Table des Matiéres. Les pages du texte
original qui sont reproduites sont entourées
d'un encadrement rectangulaire. Certaines
pages ont du étre réduites pour pouvoir
étre placées dans I'encadrement. Le texie
original n'a pas été change sauf pour quelques
explications qui ont été inserées. Donc, si le
texte original contient des erreurs, elles sont
reproduites dans le recueil.

La pagination originale apparait a l'intérieur
de I'encadrement. La pagination du recueil est

a l'extérieur de I'encadrement, soit a droite,
soit & gauche de la marge extérieure des
pages et est celle qui est citée dans la table
des matiéres et dans l'index du recueil.
Chague 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 matiéres, ou
les deux. Des astériques ont été ajoutés a la
table des matiéres d'origine pour les raisons
suivantes:

* Certaines pages, ou portions des pages,



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

**All pages in this part of the original document
appear in the selected text.

The selected texts therefore include only those

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

Broken lines across any page of selected text in-
dicate thosz places where original text has been
omitted. Ina number of piaces, 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 textc original. pero otras paginas (o
partes de paginas) en esta parie de la
publicacion original han sido omitidas.

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

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

mentos originaies que estan precedidas por
asteriscos en el indice de las publicaciones
respectivas.

Lineas de guiones cruzando cualquier pagina
del texto seleccicnado significan que en ese
lugar se ha omitido texto original En varics
lugares el texto seleccionadc corntiene notas
aclaradoras qgue han sido introducidas por
el personal del proyecto Tales notas estan
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
I'édition originale ont &té cmises.

" Toutes les pages dans cet extrat du docu-
ment original sont incluses dans les Textes
Choisis.

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

préecedeés d'un asterique dans les tables des
matieres des publications respectives.

Les lignes birnseas sur les pages des textes
choisis indiguent les endroits ou le lexte
onginal a ete amis. A certamns endroits. les
textes choisis contiennent des explicalions
gui ont été insarées par le personniel attache
a ce projet Ces explications sont entourees
d'un encadrement en pointillé et commencent
toujours par le mot NOTE,



Compendium 5 Text

DESIGN OF
ROADSIDE DRAINAGE CHANNELS

Hydraulic Design Series No. 4

By the Hydraulics Branch, Bridge Division,

Office of Engineering

Reported by James K. Searcy, Hydraulic Engineer

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION

May 1965

Reprinted December 1973

For sale by the Superintendent of Documents, U8, Government Printing Offiro
Washington, 1L.C. 20402 - Price $1.25
Stock Number 050- 01 - 0006H -7
Catalog Number T 2.33:4

!
: NOTE: This text has been reproduced with the permission of the Federal
| Highway Administration, U.S. Department of Transportation.




Compendium 5

g

PREFACE

This publication, the fourth in a series published by the Federal
Highway Aduimstration on the hydreanlie desiznof highway dram-
ame structures, contans methods of open-channel desipn meluding
Jetermination of the size of vhannel aml protection required to pre-
vent eroston.  Prine ples and proceaares e explamed e o et of
rudes ear Le furnished that wili apply 1o all of the many diverse
combinations of toporraphy, sotl, aned elimate thae exist where high-
ways are built,  Desiam of roadside dramaze ciannels will continue
to require an engineer well versed in bydraude theory and i hughe
way droinaze practiee. The open-chmel thow ehurrs of Hydeanlie
Design Ser.es No.iband hydraaiie tables such us those of reference
2% will greatly reduce the worg of computing channel capaety,

This reprint s ddentical with the IG5 edition of Haysdvauhic Desigm
Series No. 4 with the exception of a redesigned cover, rex sed preface,
and updated references.
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Figure 1.—Elemaents of the highway cross section.
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ft.
ft.
ft.
d, ft.
da ft.
d. ft.
F
[’ ft./sect
H ft.
H,
H, ft.
A ft.
A ft
f in./hr.
K
k ft.
k,
ke ft.
L ft.

LETTER SYMBOLS AND UNITS

Drecription
Drainage area of a stream at a specified
location
Area of cross section of flow
Width of rectangular channel or conduit
Bottom width of a irapezoidal channel
Runof coefficient in the rational formula
Height of conduit or diameter of circular
conduit
Depth of flow at any section
Critical depth of flow in channel
A

Mean depth of flow (T

Normal depth of flow in
channel for steady flow

uniform

V
Froude number= ———
Veda

¢da
Acceleration of gravity =32.2
Total head
Specific head at minimum energy

=d,+V 2
Specific head =d +V¥/2¢
Vertical drop in ditch check
Cumulative losses in a channel reach
Average rainfall intensity during the
time of concentration

Channel conveyance = !':42.4 R

Stone dismeter for bank protection
(165 1b./ft.? stone)

Entrance loss coefficient

Stone dismeter for bank protection for
atone weighing other than 165 1b./ft3

Length of channel reach

Symdel  Units Deseription

n Manning roughness coefficient

Q c.ls. Rate of discharge

. A

R ft. Hydraulie radius WP

S ft./(e. Slope of the energy grade iine (total
head line). When the Manning
equation applies, $=5,

Se ft./Me. Slope that produces the alowable
velocity for a given discharge

S. ft./fe. That particular slope of a uniform
channel at which normal depth equals
critical depth for a given discharge

Sy ft./1. Minimum slope required to overcome
friction

Ss fe./fe. Slope of the flow line of a channel (bed
slope)

T ft. Top width of water surface in & channel

T, min. Time of concentration of a watershed

14 {.ps. Mean velocity of flow

V. f.ps. Mean velocity of flow in a channel when
flow iz at critical depth (critical
velocity)

Va {.ps. Mean velocity of flow in a channe! when
flow is at normal depth

v, {.ps. Mean velocity of flow against stoae in &
rocklined channel

w 1b./ft.8 Unit weight of stone used for channel
linings

WP ft Wetted perimeter—Iength of line of
contact between the flowing water
and the channel

Z ft. Elevation of bed of channel above a

PRINCIPAL EQUATIONS

Rational formula (p. 7):

QmCiA o

Manning equation {p. 12):

val2 pagn @
@=L 4rn g o)

s-(l—};%)' 13)

datum
Slope of sides of a channel (ratio of
horisontal to vertical)

Critical depth (p. 17):

Rectangular section:
d,=0.315 {/(%)' 1%
Trapesoidal channel:
- 4'__——_
d._uH. 3+ V1820 Ha+ 162 Hd + 9 (16)
10s
Triangular channel:
a.-o.su{/ © an
Froude number (p. 20):
14
P== 26
Veda (2%
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shallow depression. Gutters are invariably paved with
concrate, brick, stone blocks, nr some other structural
material.

Gutters are generally used in licu of other tvpe rhannela
for urbaa highway dranage and are sumetimues used in
rural areas, particularly on parkways, 1n mountsinous
regions, in sections with Liited night-of-way, in areas of
poor soil stability, ant for special drauinage problems such
as traffic interchanges 1nd :nderpasses.

In areas where ‘vegetative cover cannot be used to
prevent erosion damaxe to high fills, shoulders are devigned
to serve as a8 gutter w.th a curb constructed at the outer
edge to confine the water to the shoulder. The water
collected in the gutter i3 discharged down the slope through
chutes. The curb may be made of earth, bituminous
material, portland cement concrete, or cut stone.

1.5 Chutes. Chutes, as used in this pubiication, are
steeply inclined open or closed channels, which convey the
collected water to a Jower level. Chutes are also called
flumes and epiliways. The most common apphlications in
highway construction are the chutes used to convey water
down cut or fill slopes.  Open chutes can be metal or be
paved with portland cement concrrte, bituminous materisl,
stone, ot s0d, depending upon the volume and vesaity of
the water to be remaved. Or .ong slopes, closed ipipe)
chutes are generally preferable to open cnutes because in
an open chute the high velocity water 13 hikely to jump
out of the channel, crode the slope, and destroy the chute.
A180, open chutes m~y interfere with machine-mowing
operations on the roadway sicprs.  The inlet of all chutes
must be adeguately desigred to prevent water bypassing
the chute and eroding the slope.  Frequently energy dis-
sipators or other tvoes of erosion protection are needed at
the chute outlet.

1.6 Rosdway channels. Roaudway channels are the
channels provided in the cut sertion to remove the rupoff
from rain falling on the roadway and on the cut siopes.
These channels are sometimes cailed gutters when paved;
however, in this publicatian paved channels separated
from the traveled way will be called roadway channels.

A welldesigned roadway channel removes storm water
from the cut areas with the lowest overall cost including
cost of maintenance, and with the beast hazard to teatfic.
The channel should also be pleazine in apprarance  To
meet these requircments, the AASHO () “Policy on
Geometric Design of Rural Highwavs' recommends that
where terrain pernnts, rosdside draage channels bilt-in
earth should have side slupes not stevper than 4 harizontal
to 1 vertical, and a rounded bottom at least 4 fret wide.
Flatter side slopes are desirable on channels beside low
fills.  The depth of channel should b sutficient to remove
the water without saturating the pavement subtgrude.

It is unnecessary to stangardize the design of roadside
drainage channels for any length of highway Not only
can the depth and breadth of the channel be varied with
varniation in the amounts of runc®, rate of channel grade,
and distance between lateral outfall culverts, but the
dimensians can be varned by the use of different types of
channel lining.  Nor iy it necessary to stendurdize the
lateral distance between the channel and the edge of pave-

ment.  Often liberal offsets ean be obtained where cuts
wrv shght and where cuts end and fills beqan,

Automobile proving ground teats reported by Stonex
(8) show that the most important element in controling
the shock of impuct when driving into a fat-sloped chaonel
is the length of vertical curve betwe=n the side slopes and
the channel bottorn. (See fik 3) For a epeed of 65
tlies per hour and a striking angle of 15° with the channel
centerline, o1 a channel with & 8:1 side slope, 8 vertical
curve 613 feet long is recommended and s vertical curve
about 1V feet long 10 recommended for A channel with a
4 1 mde slope.

1.7 Toe-of-slope channels. Toe-of-slope channels are
located at or near the toe of a fill when it is necessary to
convey water collected by the roadway channel to the
point of disposal. On the downhill side of the highway,
this channel can cften be laid on a mild slope and the lower
end tlared to spread the water over the hillside. Where
this practice would cause erosion or permit water to drain
into the highway embankment, the toe-of-slope channel
must convey the storm water to a natural watercourse.

In arid and semiarid regions, the water draining out of
the roadway cut should be diverted away from the 61 far
enough 30 that it does not come back to the highway.
The iandowner will seldom object to receiving storm water
from the highway, provided it is delivered without causing
erosion.

1.8 Intercepting channels. Intercepting channels are
located on the natural ground near the top edge of a cut
slope or along the edge of the right-of-way, to intercept the
runoff from a hillside before 1t reaches the roadway.
[ntrrcepting the surface flow reduces erosion of cut slopes,
lessens silt deposition and infiliration in the roadbed area,
and decreases the likelihood of flooding the highway in
jevere stormas.

Inteccepting surface water is particularly important in
arnd and semiarid rezions. Intercepting dikes may be
built well back from the top of the cut slope and generally
on o fiat grade until the water can be spread or emptied
Into s natural watercourse  In most cases, the owners of
rzneeland will permit highway departments to ccnstruct a
series of contour furrows beyond the right-of-way in order
to recover the water.

Arnoantercepting channel constructed by forming a dike
with borrow material is superior to an excavated channel
becnuse the latter destroys the natural ground cover and
is nare hkely to crode  Care sbould be taken to avoid
ponding water at the tops of slopes subject to sliding.  In
shde areas, storm water should be intercepted and removed
a3 rapidly as practicable and sections of the channel cross-
itk highly permeable so1f might require lining with im-
permeable material.

~ 4 — vnncny
e | 310 sLOPE

Lcmannge 801TOM

Figure 3.—Location of vertical curces in channel
cross gection.
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1.9 Medlan swales. Median swalee are the shallow
depreased areas at or near the center of wmedians used to
drain the median area and portions of the roadway.  The
depressed aren or awale 0 sloped loneitushnally tor drain-
age, atid nt intervals the water wintercepted by anlets sud
dischiarged from the rondway.  ltis not necessary that the
longitudinal wlope of the swale confuorm to the pavement
grade, particularly on flat grades. (See sec. 4.3))

Generally, curba are not provided on the edge of the
pavement and the nedian swale draina part or all of the
pavement ares in addition to the median area.  Even
where curbe are provided, it is preferable to slope medians
wider than 15 feet to a awale. Thiy keops water in the
median off the paveineni and presents anowmelt water
from running onto the pavement and becoming a hazard
after o quick freesz. Mediang less thati 15 feet wide are
genernlly crowned for dramage, snd 1f under 6 feet i width
the median 18 urually paved.  Nix feet v about the nuni-
mum width that can be mowed with mechameal equipment
(sce 1),

1.10 Channe!l changes. Channel changes alter the
alinement or croms rections  of natural watercourses.
Replacing & long sinuous natural channel by a shorter
improved channel will increase the channel slope and
ususlly decrease tne chisnnel roughness.  Both of thess
changes cnure An ncrvase in the velocity of the flowng
waler, sometimes enough to cause darmage to the hghway
embankment near the stream oF excessive scour around
footings of etructures At other times damage occurs
becaum: the stream continues Lo use the vid channel rather
than the new besaure adequate traunmng works are not
provided to divert the stream mto the new channel  In
addition to posuble damake to the hichwav, a major
channel change may tw detnmientsl to fish and other
aquatic lfe becaume of increased velocitivs, decrenscd
depth of flow, and the remaval of boulders and irregulan-
ties in the chunnel.  Placwg boulders at random in the
new channel will md in restonng the tish habitat

Occrmonally, amuall watercourses crosung the highway
can be diverted into an adjacent watrreourse at a lower
cost than by providing separate cross drans. Channel
changes 1n the vianity of a highway or at a highway
croasing are pometimes made to mecun borrow material for
the roadway embankment with the thought of incidental
improvement 1 the chanuel cross section or slinement.
Such s practice on n stabuhzed stream channel alinost
always reaulta in future muintenance problems.  Channel
changes also ncur a legal liability for damake to pnvatwe
property that mught be brought sbout by the changed
channel. Thus, channel changes should always be studied
for their vaiue snd eflect rather than made to mecure
borrow raatenal or to aave the cost of a cross drain.

Borrow ditches should not tw placed near the toe of
embankments adjacent to natural streams which overfiow
their baiks. A ditch wo located will often carry flow &t
high velocities with attendant damage to the embanxment
section dunng flood periods. In some locations borrow
ditches on the apstream side of the fill will direct the
high-velacity water back into the main channelin a manner
that induces acour st bridge piers and abutmenta.

111 Alnement and grade. The width of the right.
of-way ususlly allows httle chowee in the alinement or in
the grade of the channel, but insofar as practicable abrupt
chabkes i uhnement or i grade «tould be avordid A
sharp chatige 10 alueinent presents s point of attack for
the flowing water, and abrupt changes in grade cause
deponition of transported mAatenal when the grade is
flattened or scour when grade is steepened.

A drainage channel should huve a grade that produces
velocities that neither erode nor cause deposition in the
channel.  This optimuin velocity also depends upon the
size and shape of channel, the quantity of water flowing,
the matenal used W Line the channel, and upon the nature
of the sl and the type of sedunent being transported by
the stream.

Ordinanly the highw.y drainage channel must be located
where 1t will best s.rve its intended purpose, using the
prade and alinemrat obtainable at the loeation. The
capacity of the channel and tae dedree of protection given
the cnanned are then determined ie explained ir chupter 4.

The point of discharge of a druinage chisnnel into the
natural wuatercoursr reguires particular atwention.  The
ahinenent of the dratiage channel should not csuse eddies
with attendnnt scour in the nstursl walercourse or near
drainsge atructures.  In erodivle soils, if the fow line of
the urainsge channel s appreciably higher than that of
the watercourse at the point of eatry, a spillway or chute
should t» provided to discharge the water into the water-
course 1t order Lo prevent erosion it the drainsge chanuel.
The ciiute should be designed to prevent being underinined
and destroved.

1.12 Protection from erosion. The need for erosion
prevention ig not limited to the highway drainage channels;
it extends throughout the nght-of-way and is a6 cssential
fenture of adequate drainage design.  Erosion and main.
tenance are mintmzed largely by the uvse of: flat side
plopes, roynded and bleaded with natural terrain; dramnage
chanrnels designed with due regard to location, width,
depth, rlopes, shnement, and protective tregsment; proper
facilities for ground water interception; dines, berms, and
other protective devices: ane protective ground covers
and plarting (1)

The discussion in this pubhicat:nn is Lmited to providing
crosion contro} in dranage crannels by proper design,
including the selection of an cconomical channel liming.
Limirg as apphied te dramege channelsncludes vegetative
coverings,  The type of ining should be consistent with
the degree of protection required. overall cost, safety
requirements, and  esthetic considirations. Centrol of
erosion caused by overland or sheet tlow s not discussed.

In general, when a hmng s needed, the fowest cost
lining that affords satisfactory protection should he used.
This 19 often sod in hunud regici,s, used alone or in come
hination with other types of linings. Thus, a channel
might be grass Iined on the fatter slopes and lined with
more resistant materisl on the steeper slopes.  In cross
section, the channel might he lined with a highly resistant
matenial within the depth required to carry floods accurring
frequently and lined with grass ahove that depth for pro-
tection from the rare floods.

Ditch checks were once used extennively to prevent erosion

"
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specifying the durstion of the rainfall because the rainfall
intensity varies with the duration of rainfall. (Sce 6g. 6.)
Frequency ansiysis of rainfall intensity 13 sdiscussed
by Chow (16) and others (17, I3). Two methoda are in
general use for selecting the rainfall data used in frequency
analyses. These tacthods are the annusl series and the
partial-duration serics  The annual-seriy anaivais con-
siders ooly the maximuin ramnfall of each year (usually
calendar year) and iy, iores the cther rainfalls during the
year. These lesser ran.’alls during the yvar sometimes
exceed the maximum rainfalls of other yescs. The
partial-duration series analysis considers all of the high
rainfalls regardless -f the oumber cccurring withia a
particular year. in dJusigning drainage channels for
return periods greater than 10 yvears, the diderence be-
tween the two swerics is unimportant.  Wkhen the return
period (design fre-uency) is less than 10 y «ars, the partial-
duration series is believed to be more appropriate. To
change the frea .ency curves based on the annual series
to one based un the partisl-duratior series, multiply the
annual wciies values by the following factors (12, p. 1):

2-year return peniod . Lo L. 1. 13
S-year return period. ... ...... 504
10-year teturn period. . ........ 1.0t
20-yeAr CPMOFe. .....oouuueann 1. 00

The Weather Purcau hus prepared a Rainfali-Frequency
Atlas of the Lnited States (20). This Atlas contains
maps of rainf~il frequency for 30-menute, -, 2-, 3,- 6-, 12,
and 24-kour durations in each of the return periods 1,
2-, 5., 10~ 25-, 50-, and 100-vear. The rainfall lines on
the maps in the Atlua are buased on a partial-duration
series analysis and represent total rainfall, 1n inches, for
the stated duratcn.

Also of value tr the designer of roadside drainage
channels is ‘Weather Bureau Technical Paper 25 (13
which contains rainfall intensitv-duration-frequency
curves for selected stations 1n the United States, Alaska,
Hawaiian Islands, and Puerto Rico. The curves in this
publication are based on the annual series and the pre-
ceding corrections should be used for return periods less
than 10 years.

2.4 The rational method. Ruainfall intensity is con-
verted into rate of storm runotl by the rational formula:

Q0'=CiA (1)
Where

Q=pesk rate of runoff, in cubic {eet per second.

C=weighted rusut! coetficient (aversge of the coef-
ficients assigned to the diferent types of
cantributing arcas).

v=aversge raicfall intensity, in inches per hour, for
the selected frequency and for duration equal
to the time of concentration.

A=drainage area, in acres, tributary to the point
under design.

The formula 1s not dimensionally correct;, however, &
f-inch depth of raiofall applicd at a uniform rate in 1
hour to an area of 1 acre will produce 1.008 cubic fcet per
s2cond of runcfl il there are no losses. This makes the

numerical value of Q very ncarly equal to the product
of i snd 4. The coefficient C accounta for the losses
(sec. 2.4-1)

The rationasl formula is based on the thesia that if a
umiforin ramnfall of intensicy 1 were falling on an impervious
arca of size A, the maximum rate of runotl at the outlet
to the drainage area would be renched when all portiona
of the drainage area were contributing; the runoff rate
would then become constant. The time required for
runotf from the most remote point (puint from which
the time of low is greatest) of the drainage area to arnve
at the outlet is called the time of concentration,

Actual runofl i8 far more complieated than the rational
formula indicates.  Rainfall intensity is seldom the same
over an area of appreciabie size or for any subatuntial
length of time during the same storm.  If a umform
intensity of rainfall of duration equal to the time of con-
centration were to vecur on all parte of the drainage area,
the rate of runotl would varv in ditfferent parts of the area
hecause of ditferences in the charactenstics of the land
surface and the nonuniformuty of sutecedent conditions.
Under some conditions maximum rate of runofl oceurs
before all of the drainage ares 13 contrihuting.  (Nee scc.
2.4-6.) The temporary storage of storm water en route
toward defined channels and within the channels them-
selves accounts for a considerable reduction in the peak
rate of flow except an very smull ureaa. The error in the
runofl estimate increases as the size of the drainage area
increuses. For these reasons, the rational method shoutd
not be used to determine the rate of runofl from large
drainage areas  For the design of highway drainage
structures, the use of the rational method should be
restricted to drasnage areas less than 200 deres unless no
other method is available to estimate the design discharge.

Many refinements have been suggested in the applica-
tion of the rational method. A few of the discussions of the
method are listed in the references (12, 21, 22, and &4,
app. A). The suggested refinements in the method
probably improve the runoff estimate, but the collection
of ndditional data required and the increased work involved
do not appear warranted in the design of drainage chunnels.

2.4-1 Runoff coefficient. The runoff cortficient C in
the rational formula is the ratio of the rate of runoff to
the rate of rainfall at an average intensity ¢ when all the
drainage area is contributing.  The coetticient € vares
widely from storm to storm, but Horner and Flynt (29
state that when rainfall intensity and runot? (based o1 a
2-vear record: were considered separately it was found
that the ratio,

Penk runoff rate of & wiven frequency

© Average rainfall intensity of the same frequency

remained reasonsbly constant for the various frequencies.

The range in values of C listed in table 1, appendix A,
permit some allowance for land slope and differences n
permeability for the same type cover. Fc. flat slopes and
permenble 8gil, use the lower values.

\Where the drainage area is composed of asveral types of
ground cuver, the runofl coefficient is weighted (scc example
1) according to the area of cach type of cover present.



http:consid.rs

Compendium 5 Text

H(FT.)

— 500

= - — 200

:_. 300 EAAMPLE ..:.

ot Height = 10O Ft. — 150
- - 200 Length=3,000F1. ) -
wE Time of concentration =14 Min, 100
- — 150 =
SE - 80
o _100 L(FT) -y
wlh o ~ — 10,000 — 60
> ~ == — 50
ol ~ _ & == 3
o =~ iMPLE = z 40
< — 50 ~ = 5.000 oE
- ~ - = E 30
z [~ 90 ~ ;:: — = E
<] ~> I o E- 25
[ g T~ 3,000 EE
w| Nofe: 3 z E 20
5 — 20 use nomograph T¢ for natural W E 2000 T~ SE s
= basins with well defined channels, S E_ | 500 2
& for overland flow on bare -t E SE o
P eprth,cnd for mowed grass rood- ’5 1,000 w F
0 - side channels. - ot 8
er For overlond flow, grassed sur- W | wh
w b taces, multiply Tc by 2. B 6
O g Foroverland tlow, concrete or £ |- soc -5
Tk a asphalt surtaces, multiply T [ 4
o by 0.4. é - 300
¥ 3 For concrete channels, multiply =l — 3

Te by 0.2, — 200
— L 150 — 2
L— 100 [~
L,

Bosed on study by P.Z. Kirpich,
Civil Engineering, Vol.10, No.6, June 1940, p. 362

Figure 5.—Time of concentration of amall drainage basins.
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Chapter IIL—IIYDRAULICS

OF DRAINAGE CHANNELS

3.1 General. Most highwav drainage channels can
be designed by usitg the open-channel charts in Hydraulie
Design Series No. O (25} or the tables and formules pre-
sented in thi- patucavon. The tables contmined in
references 26 through 2% are helpful in designing channels
not included in reference 25 These aids reduce the work
required to design drainege chiannels, but they eannot
replace engineering judgment and a knowledge of the
hydraulics of open-channel flow.  Open-cnannel low alwo
includes flow through conduita with a free water surfaer
The discussion of hydranlies in this chapter does 1ot pro-
vide the knowledge of open-chanrel flow needed for the
more difficult desien problems; nevertheless, a bref review
of some of the hvdrauhe prinoipl s governing open-chnnnel
flow should be helpful to the deswner of ighway drainage
channcls. A movie, “Introduction to Highway Hydrau-
lics," illustrates many of the principles of open-channel
flow. The movic is evailalile on loan fram the Bureau of
Public Itoads.

Flow in open channels is classified as steady or unsteady.
Unsteady flow results from varistions in the supply and
will not be covered in this publication.  Although the flow
in most channels during the storm period is su exeellent
example ol unsteady flow, we are usually interested in
designing 8 channel to carry # pesk flow that recurs with
a selected frequency. Considering the peek flow as steady
flow greatly simphties the design of drainage channels

Steady flow orcurs when the quantity of water passing
any scction of the stream s constant. Steady flow iy
further el~ssified as uniform if velority and depth of fiow
are conste .1, and nonuniform or varied if veloaity and
depth of flow changes from section to section.  Although
most drainage channels are designed on the sssumnption of
uniform flow, 8 knowledge of vaned flow is needed to solve
the mor» complex flow problems.  Another classification
of flow, subentical {tranquil) or supercritical (rapid or
shooting), will be discussed n rection 3.3-2.

3.2 Uniform flow. To have uriform flow, the grade
must He constant and ull cross sections of flow must be
identical an form, roughness, and sres, necessitating a
constant mean velocity.  Under uniform flow conditions,
the depth (d.) and the mean veloenty (1) for & particular
dischargs arc amid to be normal.  Under these conditions,
the water surface 18 parallel to the streambed (fig. 11).
Normal depth is also defined a8 t w depth &t which uniform
flow will occur when B given quantity of water flown
through a loug channel of uniform ditnensions, roughness
(n), and slope (S,).

Uniform flow conditions are rarcly attained in drainage
channels, but the error in sssuming uniform flow in a
chunnel of fairly constant slope und cross section is small
in comparison to the error in determining the design dis-

12

charge. If the channel crosa section, roughness, and
slope are fairly constant over a sufficient distance to
rstablish essentially uni‘orm Jow, equations such as that
of Manning give reliable results.

3.2-1 The Manning equation. Water flows in a
sloping dramnge channel beenuse of the force of gravity
The flow 1s resited by the frirtion between the water
and the wetted surface of the channel.  The quantity of
water flowg (G, the depth of flow-id), and the veloeity
of tow V) depend upon the channel shape, roughness,
and slope (8, Vanous equations have been devised
to express the fiow of water n open channels A useful
cquntion for channrel design as that named for Robert
Muntang, sn Insho enoneer. The Manning equation for
velocity of flow i open channels ia:

y='4 g (2)
n
WVhere

V' =mean velocity in feet per second (f.p.s.).

n = Manning coeflicient of channel roughness.

It = hydraulic rndius, in feet.

S=slope, in feet per foot. When the Manning
equation applies, S=S,.

The value of the Manning coefficient n is determined
by experiment. Some n vajues for various types of
channels are given in table 2, appendix A.

K, the hydraulic radius, is 8 shape factor that depends
only upon the channel ditnensions and the depth of the
flow. It is computed by the equation,

A
R= WP 3)
Where

A =croas-sectionsal ares of the lowing water in square
feet taken at nght angles to the direction of
flow.

WP =wetted perimeter or the length, in feet, of the

wetted contact between A stream of water

and 1ts contining channel, measured in a

plane at right angles to the direction of flow.
Another basic equation in hydrauhcs is

Q=AV (4)

or discharge (QV is the product of the cross-sectional aren
(4) snd the mean veloaty (V).

By combining equations (2) and (4), the Manning
equnation can be used to compute discharge directly ot

Q= L'!li’x magia (5

19
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Brample 4
Given: A trapersidal chanrel (fig. %) in sufl clay,

and discharge 100 +.{ s, water carries fine silt,
Find: Depth, d, and veloaity, V.

Solution:
1. Geaeral solution of ares and hydraulic radius.

A={4+2dd

WP=4+2dy5=4+447d

R A o143 201

WP 4+4.47d
Z. Try: d=31t.
A4=(4+6)3=30sq. ft.

WP=4+134=17.411.

R=1.721t.
From the nomograph of appendix B, V=51
{.p.a.

Q=130(51)=153cfs. too high
3 Try: d=251.

A= (4+5) 12.5) =225 sq. ft.

WP=4+ (447 (25 =15121t.

R=1.481t

From the nomograph, V=46 (p.s.

Q=22.5(48)=104 c.ls. too high
4. Try: d=2.411.

A=(4+48) 24=21.13q.ft.

WP=4+447 24)=14710.

R==1.441t.

From the nomograph, V=45(p.s.,

Q=4.5(21.1)=95 c.l.9. too low

The last two tnals (=25 and 2.4 ft) are
about equally high and low, thus, the solution 1a
d=245M1., V=461ps

Where design charts are av clabie, the probicm W
greatly simphified for exampie. e nhgure 9 tusen from
reference 25. For Q=100 «f3 and 3=04005, L value
of d is about 245 ft and V=46 (ps See aly: section

4.6-2 far a direct solutinn weing King's table

Table 3, appendix A, shows a velucity of 30 s can be
permitted in a channel in stf clay. Thus the natural
material will withstand crosion.

} >
2 8
ST,

J

Y

AUNNNNNNN
AN

7////74//// %

%0

Figure 10.~Irregular-chernel section.

bottom width 4 ft, sude slopes 2:1, n=0.03, slope 0.005,

The discharge in an irregular section is computed by
dividing the channel into subsections, each approximately
regular in shape. See cxample § for a two-subsection
channel.

Bxample §

Gisen: The channel in figure 10, n=0.02, and slope
0.008.

Find: Discharge, Q. The average velocity has little
meaning in a channel of this shape.

Solution:

1. Subsection A:
A =10 (50) =500 aq. ft.
RP=10+30+8=68 1t

500
R=-— =135
68

The velocity by formula (2) is:

149
Vet (73511 (0.005)17=19.9 f.ps.
0020 39 (0.005)7=192 L. ps

The velocity could have been obtained from
the nomiograph, appendix B, or page 388 of
reference 28.

Q=19.9 (500) =9,950 c.l.a.

2. Subeection B:
A=2(50)=100aq. L.
WP=50+2=521t

100
Re= 52_1.92 ft.

V=81(ps.

Q=100 (8. 1)=Rl0c (s

3 For the entire channel
A =2 500 + 100 =600 8q. L.
Q=99.0+K810=10,800 c.{.s.

It the channel had been conmdered ns a whole
withuut subdividing, the following resulta would
have been obtained.

A =600 oq. ft.
WP=52+68=120ft.

600
=— =500 It.
R 120 5.00 ft

Vel54(pna
Q:=15.4 (6(:) = 49,240 c.l.a.
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The discharge (9,249 c.f.e.) computed for channel con-
sidered as & whole is less than the discharge computed
acparately for subsection A (9,950 ¢ fx0. Tha pumdot
is brought about by the cffeet of the hydraulic radius on
the computations. 1t also lustrates the necessity of sub-
dividing tighly irregular sections whether irregular in shape
or in roughness and shows the difference in racan velocities
in a shallow section as compared with the mean velocity
of the main channel. The true discharge of this channel
18 perhaps less than 10,800 c.1.8., but it 18 much closer to
10,800 than to 9,240 c.fs

3.3 Nonuniform oc varied flow. Varied steady flow
occurs when the quantity of water remains constant, but
the depth of flow, velocity, or cross section changes from
section to section  The relation of all cross sections will
be:

Q=4 V=4V, =A.V, (8)

Equation 8 is sometimes called the equation of con-
tinuity.

Velocity of uniform flow in open channels can be com-
puted by the Manning equation, using the slope of the
channel bed as the slope of the energy hine but nonuniform
steady fiow computations require other methods.

The hydraulic design engineer needs & knowledge of
varied flow in order o dectermine the behavior of the
flowing water w en changes in channel resistance, size,
shape, or slope occur. A discussion of varied flow properly
begins with a discussion of energy of the flowing water.

3.3-1 Energy of flow. Water flowing in an open
channel possesrs encrgy of two kinds—potential energy
and kinetiz energy.  The potentisl encrgy ia due to the
position of the water above some datum, and kinetic energy
is. due to the velocity of the flowing water. In channel
problems, energy is convenicntly expressed in terms of
head. Thus, a column of water 20 fect high has a poten-
tial (static) head of 20 feet with respect to the bottom of

A uscful hydraulic coucept of the energy of the flowing
water within one vertical cross section of the channel is
that of speeific head wbo called specific energy)

w

Specific head (Ho) =d+ 2; (9)

If the potentisl head is related to some datum (fig. 11),
at or below the bed of the channel at the outlet, energy
can be expressed in terms of tolal head.  1f 2 is the eleva-
tion of the channel bottom, total head at any scction is:

|
2—‘,+Z 10

Total head (H)=d+
The energy losses due to friction, channel contractions,
changes in alinement, and other factors are termed head
losses (hy). The law of conservation of energy (Bernoulli's
theorem) states that the total head at any section is equal
to the wtal head at any section downstream, plus inter-
vening head losses or for the channel in figure 11, is equal
to the total head at scetion 2, plus head loss between
sections 1 and 2, or

v vy
d,+ﬁ+z,v~d:+ﬁ+z:+h un

In figure i1, the head loss, in a channel of uniform cross
gection, equals the change in 2 or (Z,—2Z;). Thus, the
water surface is parallel o the streambed, end

v vy
di+ 7 d’+_2-(—7

The flow is uniform and can be computed by the Manning
equation. The head loes

the column. Flowing water has both pote. ial head and (2)—2Z)=LS (12)
velocity head, the velocity head bring equal to
Where
0
27 L=horizontal distance hetween oection 1 and sec-
Whete ton 2
V"= the mean velocity in fect per accond
g =acceleration of gravity or 32.2 feet | er second per Se=channel slope or Zi—2,
second. L
\ 9 LF) )
o _Y_‘. TOTAL HEAD LINE he
w 2 29 1
&) + 2
2 ‘&";;1 —_ === —W,A_TER SURFACE _\f?.. 2l e
| @ q, e 2o & 2:!
- ! STR =171 Qux
S t o R ."\ EAMBED d! &) I'&’
(o] ' 4 L -
o 7. ©
‘ | DATUM PLANEqy Ze
SECTIONI SECTION 2

Figure 11,—~Water-surface profle of channel with uniform flow.
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=

S, in uniform flow s sometimes ealled the friction slope.
For uniform flow, the Mannuyg equation .gee 3 2-1% can
be computed for § =3,

Vn 3

‘:‘m‘;‘ y {13)

When the heat loss dses not aqual the change 1 Z.
nonuniform fow accirs ane the depth of How either in-
creases or decreases in A uniform chunnel  In Bgure 12,
How takes plice with decreasing depth.

Betwenn sectiong § and 2, the veloity 1y merensing and
the rate of tosing ererzyv s, therafore, not constant  This
condition could be cauzed by a channel slope steeper than
that neede! 10 overrome fricticnal resistaces or by o
changs in chunnel cross section Thus, the tota! bead jine
falso called the energy Line or erergy gratient. s not a
straight lme. The water surface e in an open chunnel
13 sometime calied the hvdraulic grade lins

3.3-2 Critical Flow. Witk 4 constant diccharge pussing
a cross section, charing the depth of dJow causas a ditfers it
specific head for each depth  If specific head 13 plotted
against depth of duw, the result 1c a sperific-head energy)
diagram. See g 13)

The specific-head curve is asvmptotic to the line repre-
senting the energy due to depth and the verticul line of
gero depth.  Examination of figure 13 reveuls several im-
portant facts. Starting at the upper right of the curve
with & larg: dep:k and small velocity, the specific head
decreases with decrease in depth, reaching a miniroum
value at depth d, kaown as cruical depth, sometimes
called “he depth of the minimuiu energy conteat.  Further
decrease in depth results in rapid increase in specific head.
For any value of specific heud excep! that corresponding
to critical depth, thers are alternate deprhs at which the
flow could occur. These alternate dep.iis are sometimes
referred to as equal energy depths.

When the How occurs at depths greater than critical
depth (velocity less than critical), the flow is called sub-
critical or tranquidl. When the flow occurs at depths less
than critical depth (velocities greater than critical), the
flow is called superenitical, rapid, ur shooting. The change
from supercritical to subcritical fow i often very abrupt,
msulting in the phenomenon known as Aydraulic jump.,

* ¥
} 2 : h
i E?o %‘ HEAD LINE :L
. :‘ VZ (] o
. 52 Yr Zla ©
t KO
1 B u.
L _STRELMBED. ] 4 %f z
2 Z AN AR e eo g s
2 ; DATUM PLANE £ :
N SECTION 2

Figure 12, —Water-surface profile of channel with nonunriformi flouw.

Flow at the critien! depth is called crtical fow and the
velocity at criticsl Jdepth 13 the ertical velocsty, Tha
channel slupe which produces critical depth and critical
velocity for given discharge is the eruical slope.

Critical depth for a particular discharge is dependent
oa charnel size and shape only and is independent of
channel slope and runghaess. Critieal slope depends upon
the channel roughness, the channel goometey and the
discharge.  For a given criticul depth and critical velocity,
the critical shape for a particular roughness can be com-
puted by the Munning equation see. 32-hH.

Supercritical tow 13 dithicult to control because abrapt
changes in alinement or in cross section praoduce waves
which travel downstrearn, alternatuing from side to side,
and sometines cuuse the water to overtop the channel
sides Changes in chunnel shape, slape, or roeghiness
caanot be reflected upstream exeept for very short dis-
tances ‘upstream vontroli.  Supercriticul flow is common
in steep flumies, and in mountain streams.  Pulsating dow
(30) can occur at depths as great as 3 fert.

Suberitical How is relatively easy to control Changes
in ehanpet shape, slops, and roughuess uffect the tow for
some distances upstream (downstream control).  Sub-
critical dow 13 characteristic of the stresms located in the
plains and valleys regions where stream slopes are relatively
dat.

Critical depth is important in hydraulic analyses Lecause
it 1s always & hydradlic control. The flow must pass
through critical depth in going from one type of flow to
the other.  Typirsl locations of critical depth are:

11} At abrupt changes in slope when o flat {subcritical)
slope is sharply increased to 4 steep {supercritical) alope.

2. Ata channet constriction such as a culvert entrance
under somy conditions.

f3) At the unsubrirged outlet of a culvert or flume
on a suberitical slope, discharging into a8 wide chagnel or
with a free fall at the vutlet.

(4) At the crest of an overflow dam or weir.

Distinguishing between the types is important in channel
desigri, thus the location of critical depth and the deter-
mination of critical slope for a cross section of given shape,
size, and roughness becomes necessary.  When flow occurs
at critical depth

A Q@
i (19

17
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Fipure 13.—~Specific head diagram for constant Q.

Critical depth (d,) can be found from the design charts
in reference 25 or computed for various channel croes
scctions (sec £8, p. 8-7) by the following equations:

Rectangular eections

d,=03153 (g)' (15)

Trapesoidal sections

_41Ho~3b+ VIe2Ht + 16:H b + 90

d 103

(16)

The tables in King's Handboo!. (28) provide a much
easicr solution for critical depth than equation (16).
Triangular sections

d.=0.574‘5/(g)' an

Circular sections, approximate solution (31)

d,=0.325 (g)w +0.083D as) |

Accurate only when % lies between 0.3 and 0.9.
Where

A =area of cross section of flow, in square feet.
B=the width of a rertangular channel, in feet.
b=bottom width of & trapczoidal channel, in feet.
D =diameter of circular conduit, in feet.
g=acceleration of gravity, 32.2 feet per second?.
Ho=specific hend in section, in feet (equation 9).
Q=rate of discharge, in cubic feet per second.
T=top width of water surface, in feet.
V=mean velocity of flow, in feet per second.
£=slope of sides of & channel (horisontal to ve.tical).

25
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For itregular sectiuns, critical depth may be four:d by a
trial-and-error solution using cquativn (14). An expression
for ihe critical velocity (V) in chaonels of any crosa eection
is:

¥.=veda (19

where da=the mean depth of flow (%)

vy
In a given channel swhen the velocity bead (,,—a—) is less

than one-half th mean depth, the ow . subcritical, af the
velocity head is equal to one-half 1) the mean depth, the
fow is critical; and f the velocity twead 13 greater than
one-half {4) the meun C2pth, the dow 18 supercriticsl

Uriform flow within about 10 percent of entical depth
(30) is unstable and should be avouded i design. The
reason for the unetable tow can be seen by refernnz to
figure 13. As the flow approaches the cntical depth from
either hmb of the curve, a very srmail change in encigy 8
requi*zd for the depth to abruptly change to the alternate
depth on the opposite Lmb of the speciric-head curve. 1f
the unstable fow region cannot be avorded in desikn, the
least favorable type of dow showld be sssumed for the
design.

3.3-* Problems in nonuniform fiow. FProblems n
nonuniform flow include computing the water surface
profile, design of channel transaiiong, and dissipation of
energy of the Howing water Al of these problems arn
beyond the scope of this publication. however, two cases of
nonuniform fow sare dwscussed hriedy, suberiticar tlow
around bends and a case that must be considered in the
design of chutes. (See sec. 4.15) The latter 18 a cuse of
s sudden change in channel grade froin one lcss than
eritical to one greater than cntical.  (See ng. 14)

SECTION | SECTIONZ
l DATUM l

The depth of flow at scction I can be computed using the
Manning equation. The tlow at section 2 (which for
pructical purpuses can be nasumed to gccur at the chanye
in grade) passes through cntical depth (d,). If the
channel grade downstream from section 2 ia equal to the
critical alope, the tiow will become uniform st a depth
equal tod,. However, when a dramnage channel discharges
into a cbute, the chute grade 18 steeper than critical slope
and the tow is nonumform and accelerating.  Section 2
becomes the control section for boti the ow in the channel
(downatream control) and the flow 1p the chute (upstream
control).

Knuwing the epeaific head (H,) 1n the approach channel,
the capacity of the chute entrance, such na section 2 (fig.
141, for a rectangular channel can be computed by a veir
formuia:

Q=3.00 k BHM {20)

For a trapezoidal channel the capacity can be computed
by the formula (23, p. 79

Q=803k, Hy—d ) Ud)ib+2d) (<\)

Where

d,=critical depth at section 2.

Hy=specific head at section 1,
k.=coefficient which represents the entrance loss—
vanes from 1.0 far perfect entrance of smooth
curves ani gradual transitions to 0.52 for rec-
tangular shaped structure with square corners.
z=slope of sides of a chunnel (horizontal to verticai).

The critical depth, d,, is computed by equations (15-19)
of section %.3-2.

PLANE SECTION 3 i

Figure 14.— Water-surface profile of channel with sudden change in grade.
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The usual problem is to deterniine thc sise of chute
channel required to earry a given dincharge.  The hottom
width at the chute entrance (s, 2) ean be computed by
equation (22 for a rectangular channel,

03240
‘-'H.ln

B (22)

and approximately by equation (23) for a trapezoidal
channel (£3, p. 84).
bn(‘]_—':;?—:.g—o.hﬂ. (23)
where the symbols are the saine as thoee in equations (20)
and (21) fram which equationn (22) and (23) were derived.

The flow through the chutc muat satisfy equation (i1).
If the head loss (h.) through the chute is solely from fric-
tion, it can be expreased in terms of the hydraulic prop-
erties at ench end of the chute, the roughness ccefficient
(n), and the length of chute (L) or

_ oy ¥y :] ,
hL*ﬂi[(RM) ‘(H’n) L (24)

If the flow is nccelerating (hy <LSg), the cross section
of a large chute can be gradunily reduced in order to
provide a nore economical section, by the method de-
scribed on puge 8.41 of reference 28.

3.3-4 Subcritical flow areund curves. When the
flow is s.abcritical, the water surface is clevated on the
outaide of the curve and lowered on the inside of the
curve. Tie approximate difference in elevation (AE) be-
tween the water susface along the sides of the curved
channel csn be found by the equation

B\

AE =—- (25)
rg

Where

B=width, in feet, of a rectanguiar channel.

g=acceleration of gravity, 32.2 feet per second per
second,

r==mean radius, in {ret, of curvature.

V =mean velocity, in feet per second.

The equation gives values of AE somewhat Jower than
will occur in the natural channel because of assumption
of uniform velocity and uniform curvature but the com-

puted value will be generally lcas than twenty percent in
error (22, p. 523).

Other problems introdueed by curved alinement of
channels with subenitieal fow include spiral How, changes
in velocny distibution, and ancreased friction loases
within the curved channel as contrasted with the straight
channel, Fiow around bends is discusesd by Chow (i2)
and others. (See references in ch. 16 of reference J32).

3.3-5 Supercritical flow sround curves. Changes in
alinement of supercntical flow are difficult to make. The
water traveling at supercritical velocities around bends
of smooth channcle builds up waves which may climb out
of the channel and 8=t up wave action continuing for some
distance downstream. Changes in alinement, whenever
possible, should be made near the upper end of the sec-
tion—before the supercritical velocity has developed. If
a change in alinement is necessary in g channel carrying
supercritical flow, the chunnel shrald be rectangular in
cross section, preferably enclosed snd satisfy equation 31.
Changes in alinement of open channels should be designed
to reduce the wave action, fesulting from changing the
direction of flow  {Seech & reference 28 and reference 33
and 34)  Many designs invelving supereritical low should
be model teeted to develop the best design.

3.4 The Froude number. A useful parameter of flow
is the Froude number, one form of which is
vV |4

F=-..—_:=‘-

G T (26)

Where

de=mean depth of flow in feet. In the general ex-
pressina any characteristic dimension of flow
might be used.
g=ncceleration of gravity=32.21{.ps?
V' =mean velocity in feet per second.
V.. =critical velocity for the channel and discharge.

The Froude number uniquely describes the flow pattern
when gravity and inertia forces are the domirant factor
in the flow. For example, 1n figure 13 each point on the
specific-head curve has & single value of the Froude
number, although two values on the curve can be found
for a particular value of epecific head. The Froude
number of critical flow ia one; values greater than one
indicate supercritical flow and values less than one indi-
cate subcritical flow.
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design dircharge and the need for protection is determined
{sec. 4.7).y Freehoard 1 added to the required depth,

Where & standard channel section has heen adopted as
a minimutm Aection, 8 caparity table for ve 1ous grades
and types of hmng could be prepared as s gurde to the
adequacy of the standard channel section for a particular
nite.

The capacity of the trisl channel can be increased by
inereasing the grade, the bottom width, the aepth, or by
decreasing the remistarce of the channel through the use
of a amoother hining. Increasing the bottom width has
the least effect on the velocity of the flow and is generally
the desirable way Lo increase capacity for a given depth
and type of channel when the velocity is pear the
permissible limit.

4.6-1 Use of channel charts. Charts such as that in
figure 9, taken from reference 25, greatly facilitate the
design of drainage channels. Construction of the chart
is explained in wppeadix B oof reference 25 Each chart
provides a direct actrtion to the Manmng equation for &
channel of gnen ehape and roughness, but auxihary
scales make the charts appheable to other values of n.
The abaciasa acale is diacharge, in cubic feet per second,
and the ordinate scale is velocity, in feet per second
‘The chart contains a series of heavy rol'd lines for depths
of flow (normal depth, d.) and another peries of lighter
dashed lines for channel rlope. Given any two of the
conditions for How, the other two elements of the flow can
be read from the chart. A heavy dashed line shows the
poaition of the critical curve, For channels having the
same value of n aa that for which the chart was constructed,
values ahove the cnitical curve indicate supereritical fluw
and steep slopes, while values below the hne indicate sub-
critical flow and mild slopes.  Use of the chanpel charts
for channels having the same value of n as that for which
the charts were constructed 1s explained by example 6
Use of the charts with values of n other than that for which
the chart wan constructed is explained by example 7.

Example. 6

Gwen: A traperoidal channel in eromon-resistant soil;
bottom width 4 ft.; mide slopes 2:1; grade 0.5 percent;
n=0.030; and discharge 30 c.f.s. The channel is to be
lined with a mixed grass sod.

Find: Depth, velocity, critical slope, and adequacy of
the channel lining.

Solution:

1. On figure § at the point of intemection of Q=30 c¢.f.8
and the alope line 0.005, the depth (without {reeboard) ia
1.4 ft. and the velocity is 3.2 fp.a. Flow is aubenitical,
since the point of internection is Lelow the dashed critical
curve. The maximuin permisaible velocity (rom table 4
is about 5 f.p.s.

2. Critical slope is read or interpolated from the slope
line at the intersection of the demgn Q and the critical
curve, 0.017 in this example.

The channel charta can be uaed for values of n other than
that for which the chart was constructed by using the
Q. and V. scales. The design discharge is first multiplied

by the design value of n.  Next the chart ia entered with
the value of Q. on the Q. acale and at the interacction of
the @ value with the glape hine read the valoe of 17, 17
13 then the Voo vatue diveded by no The velue of the
cntical depth 19 resd st the intersection of the @ line
(not Qa) and the critical curve and the cnitical velocity is
the V' salue for thus point. Critical slope varies with
channel roughnesa and when the value of n is other than
that for which the chait was constructed, proceed as
shown in example 7.

Eiample 7

Guwen: The same croms section and design discharge
(30 c.f.8) as in example 6 hut with a concrete lining
(n is 0.015).

Find: Depth, velocity, and critical depth, velocity and
slope.

Solution:

1. @n=30{0015; =045 snd from the chart (fig. 9,
Vnig 008 and d=09 ft. Then V=0.080.015=5.3 {.pe.

2. Cnucal depihis 1.0t and critical velocity is 5 f.p.e.
{both read at intersection ¢f @ and critical curve). Flow
is in the supercritical range, since V' 18 greater than V', and
d is less than d..

3. The critical slope is found by first findir.g the critical
depth (1.0 ft.). The critical slope is then read or inter-
polated from the intersection of this depth line and the
(Qn value on the @n ecale. In this example tbe critical
alope is 0.004, & lesser alope than in example 6 because of
the reduced roughness of the channel.

4.6-2 Use of King's tables. ‘"Handbook of Hy-
draulica” (#8) contains tables for the direct solution of
open-channel flow problems  The use of these tables to
find the depth of channe! required for a given discharge is
cxplained bv examples 8§ and 15. The references to
King's Handbook applies to sectic. « of the 4th edition,
but the correeponding references to chapter 7 of the 3d
edition followe, in parentheses,

King's solution for depth of flow requirea the computa-
tion of s discharge {actor, K’, by his equation 37 (40), which
is

K= b._j—';‘m @n

Where

Q=discharge, in cubic feet per second.
n=Manning coefficient of channel roughness.
b=rtottom width of a trapezoidal channel, in feet.
S=slope of channel, in fect per foot.

King's table 95 (111) containa values of numbers to the
8/3 power which facilitate the preceding computation.
Then in table 97 (113), for a traperoidal channel, find

the value o!'-jE' (King's Handbook uses D for d.) for the

computed value of K’ and the given channel side slopes.
The depth of flow 18 then b multiplied by the tabular

vdueol‘-ib-'~
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Bxample 8

Guwen: A trapezoidal channel; bottom width 4 ft.; side
slopes 2°1; grade 1 percent, n=003; discharge 10D c.fs.
Find- Depth and mean veioety.

Solution:
1. Compute.
K= 100:0 03) 3 014

SESATE LT TSN T

2. Ia King's table 97 (113; for K" =0 74 and side alopes
2.‘1,%::0 52, Then d =0.5214} =21 ft.

3. The mean velocity is found from equation (4),
Q= AV, after computing the area which 1a

A=db+d =214+ 22 1)) =17.2sq. It.

4.6-3 Significance of the roughness coeflicient { Man-
ning n). Table 2 ‘app A; lists n values for chaopels with
various degrees of roughness A wvalue about midway
the mnge of values s ordnaniy used for design.  When
new, the carrying capacity of the channel wiul be greater
thap that for which the channel :9 destaned  Thia s
ordinanly good, but when the design velocilies are near
the permuable velocity for the lining of the channel,
damage might occur before the channel reaches the deaign
condition. Thus is dlustrated in example 9.

Example 9

Given: A traperoidal channel 1 eaemly eroded soul;
bottom width 4 ft., side sjopes 4:1. d=1. ft.; grade 2
percent; 1o be Lned with Bermuds grass, irpt mowed to
2in.; n=0.035 (uable 2).

Find: Adequacy of channel uning uf seeding 18 used o
establish the grams.

Solution: As denigned, the channel would carry 36 c.f .
at a velocity of 45 fps. I the chapcel received the
design flow (16 cfs. before the grass had taken hoid
(when n=0102: the velocity would be 87 fpas  The
channel would probabiy b damage!  See owable 4
If the nek of a Adanagne fs-harge co~urnru beflore the
grass 1s establishel s great, wod or temporars protection
shuuld probably Luv ued. (Secsec. 54

Another type of problem i3 the determuation of the
more ecconomical of tao suitable himings of different
roughness.

Erample 10

Given: A trapesorisl channel w easly eroded sou;
bottom width 3 {t.; side slopes 3:1; grade 2 percent; and
design discharge 40 c.f.s.

Pind: Which is the more cconomiecal luing for the
chanrel—concrete (n=0015) or stone (n=1.030)?

Solution: Using the tablea of reference 26 or King's
tables (sec 4.6-2), the comparative channel characteriatics

(without freeboard) are:

Concvata Sons
A (BT€8) it ieneannn 4. 32 7.00
d{depth) it .8 1.1
Q (duscharge=VA) ... ..... 40.0 38 5
Viveloeity) ..o oL 9.3 85

With the required cross sections for the two linings com-
puted, allowance for freeboard is added and the cost of
excavatioo and lining is computed for eacb typs, thus
determining the more economical channel lining.

A third type of problem (example 11) mvolves uming a
rougher channel hining to decrease the velocity from super-
cntical o subcntical.

Example 11

Given: A trapezoidal channel paralleling tye highway;
bottum width 4 ft., side slopes 31, discharge 225 ¢ f s,
and grade 1.0 percent. At the lower end of the channel,
the flow must be turned anid passed under the roedway.

Pind. A suitable type of channel luning.

Solution

1. For a concrete-lined channel (n=0.015) the required
data from p. 201 of reference 26 are-

A=20.08q. ft.
d=2.0ft.
k=121t
T=16.01It.

and from p. 370 of reference 26, the velocity for a hydraulic
radius of 1.2 ft.and slope G Ol s 11 2f.ps  The discharge
18 computed to be 224 ¢f 3. which checka the design dis-
charge. However, water fowwng at 11.2 f.p.s. 1s wuper-

. e I 200
ntical, f e 19) V= 4/(32.2) =°=63
cntical, since from equat:on (19) v %0

fps  Supercritical flow will be difficult w tum.

2. If the channel 1 Lneo with grama (n=0 (40), the
required data from reference 26 are:

A=41.38q. ft.
4=3.1t.
=223 cfs.
R=1.751ft.
T=226 ft.
V=541fps

The grass-Lined channel requires & much larger crosa
section, but the water flowing at 5.4 f.pa. is suberitical
(V, =77 fpsy and will be much easier 1o handle than
the same quantity of water fowing s superentical velocity
of over 11 I ps. in the concrete-hined channel

4.7 Channel protection. Muximum permissible velue-
ities for channels in varioud soil types are given in table
3. appendix A. If the mean velocity at the design flow
exceeds the permissible velocity for the particular soil
type, the channe! should be protected from erosion.
Channel grotection can be provided by linings of grass,
concrete, bituminous matcnal, stone, fiber glams, or a
preformed matenal such as metal or wood fiber impreg-
nated with pitch  Generally, the lowest cost (including
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mamtenance cost) hning that provides sdequate protection
should be used.  The type of channel g mught vary
slong the length of the channel, usng a Jow~cost hning
stich R« grans on the Hatter slopus and A high-enst hoaing
such ax concrete ot the stesper slopes. The capacity of
the channel vanes with the roughness (n value) of the
lunng, thus the channel dimensions must often be changed
when the chennel Lnsng is changed.

Research on vegctative linings (35, 36) by the Sail
Conservation Service and others has dermonatrated the
value of grass lnings for dranage chanaels in regions
where grass can be grown. Minor erosion damage o
grass hnings often “heals' itaelf where ngid-type hnngs
progressively detenorate unless repaired. Maximum pes-
missible velocities for channels ned with verivus vegetal
covers are given in table 4, appendix A,

Grasy lnngs are particularly suitable for use in com-
bination with othier types of paving.  Figure 15shows one

Figure 15.—Approximate distribution of velocities
in a straight trapezoidal channel,

reason why thin is true.  Velocities in a straig™*, uniform
channel are generzly greatest in the upper part f the
muddie portion.  Veloaities decrease toward the chaniwl
sides and bottom approximating the distribution shown
in figure 15, Although the mean velocity might exceed
the permussible value for a grass lning and thus require
a higher cost luung, the mean velocity in the triangular
section embracing the upper edge of the bank slope might
be low enough for grass  The most economical solution
would probiably be the combination of a rigid-type lunng
in the lowest part of the channel and grass hining on the
upper bank slopes.

Combination linings are also used where the channel
bottom requires protection which ceuld be furmshed by
8 grass Lning, hut Jow flows of long duration, from snow
melt or scepage, retard the growth of grass.  In such &
situation, the channel could be paved with 8 ngid-type
hning o carry the low flow and with grass above the
elevation nf the continued low How.

If grass is to be sceded, a strip of grass sodding should
be placed along the edge of rigid-type hinings (at the time
of construction) to prevent underinining of the grass
lining.

4.8 Grass-lined channels. The mcthod presented in
this pubbeation for the design of grass-lined channels is
based principally upon the cxperiments of the Soil Con-
servation Service (85, 36). The Manning equation
can be used to deternune the capacity of a grass-lined
channel, hut the value of n varies with the type of grass,
the development of the grass cover, the depth of flow,
and the velocity of flow.

The permusible velocity in a  grass-hined channel]
depends upon the type of grasy, the condition of Lhe grass
corver, the teature of the sol comprising the channel bed,
the channel slope wnd to seme extent upon the size and
and chape of the dranage channel. To g.ard against
overtopping, the channel capacity should be computed
for taller grase than s expected to be mantsined, while
the veloeity used to check the adequacy of the protection
snould be computed assuming a lower grass height which
will Likely be maintaiped.

The vanable value of n complicates the solution of the
Manning equation. The depth and velocity of low must
be estimaied and the Manning equation solved using the
n value (table 2, app. A) wiuch corresponds to the esti-
mated depth and veloeity,  The trial solution provides
better estimates of the depth and veloeity for a new value
of n and the equation 12 again rolved.  The procedure is
repested unti) a depth s found that carries the design
discharge.

Three methods wil be explained for designing a grass-
lined channel  The firet methed (example 12) uses table
2 to obtain 8 tnial value of n for rolving the Manning
equation.  The second method (eaample 13 follows
more clostly the method used by the Soit Conservation
Service (36) and can be used for values outside the range of
table,  The third method (example 14) provides a direct
solution through the use of channel charts (£5). The
tnird method is preferred if & chart is available for the
type of channel to be used. Construction of channel
charts for grass-lined channels is explained in appendix
I3 of reference 25.

Example 12

Giten: A trapezoidal channel; bottom width 4 ft.;
side «lopes of 4:1; grade 1 percent; lined with Bermuda
grass kept mowed to a height of 2 to 4 inches; in easily
erodible sod.

Find Depth required to carry the design flow of 100
c..s. and the adequacy of the grass lining.

Solution:

1. Assume & depth of 2 (1. and & velocity of 4 [.paa.

2. From section IV of table 2, appendix A, the value
of n for tall prass is about 0.04. The increased depth
(2 as compared with 15 (1) compensates for the lesser
velocity of low (5 as compared with 6 {t per sec.). For
2inch grass, the value of ns about 0.035. The solution
of the Manning equation is the same as for an unlined
ditch.

3. The following data are taken from p. 241 of reference
26 (King's tables, sec. 4.6-2 could be used):

n=0.04
A=24.0s8q. 1.
d=2.01{t.
R=1.17{t.

T=20.0 ft.
and from p. 450 of reference 26
V=41 [pas.
Then Q =98 c.[.6, which nearly equals the design discharge.
4. For computing the adequacy of the lining (n=0.035),
the velocity 18 4.6 [.p.s. and d is 1.9 {t.

K}
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Table 4, eppendix A, gives the allowable velocity as
6 £.p.8. which exceeds the computed value.  The Bermuds
grass will provide adequate protection,

A more genersd solution for example 12 for values that
lie outsade the range of table 2 4s: First classify the retard-
ance of the grase cover from the informstion grien in
table 5, appendix A, Then from the product of the esti-
mated velocity and the estimated hydraulic radius obtain
the estimated valuea and repeat the procedure until a
depth is found that carries the design discharge  Sec
example 13,

Example 13

Given: The same data 8n in example 12,
Find. Depth and adequacy of grass limng.
Solution:

1. In the example, the retardance in Cless C (table 5},
using shightly taller grass than 4 inches, and the hydrauiic
radius 18 1.17 ft. for au assumed depth of 2 ft. The
amsumed velocity 13 S {.pa.

2 From figure 16, the Manmng n for & VR product of
5485 s about 001 (WS for Clase 1), 2.5:nch grasey It
will be noted that the value of ncould have been rend to
greater refinement, but thw is sufficiently accurate for
practical problemes.

3. The problem now becomes the same as that illustrated
i example 12 and the 2-ft. depth (before allowing for
frechoard) 1s satisfactors. The Bermuda grass provides
adequate protection.

Example 14

Gwen. The same data as in example 12,
Find Depth and adequacy of grass lininug.
Solutron

1. Channel charts (Noa. 30 to 33, ref. 25) have been
prepared for trapezoidal channels with bottom width 4
feet and various side slopes, having retardance classifica-
tions, C and D Charts for median swalen are alio
supplied (No 34, ref, £5).

2 To use the channel charts, first find the retardance
classification in table 5, appendix A, or tabie b, appendix A,
of referrnce 25, and pelect the sppropriate ehart in refer-
ence 25 for the bottam width, side slope, aud retardance
classification  Enter the chart with the design discharge
and channel slopes and read the depth snd velocity {rom
the graph.

3. In this example, the retardance clussification for
capacity 1= O (table & and the appropriate chart s
No. 31 {(fig. 17). Euntering the bottom graph of figure 17
with M= 100 cf.8. and 8§ =001, the depth s 2 ft. and the
velcaty 1« 4.1 fps For sllowable velocity {retardance
D), the depthas 19 ftoand the selocty 1s 46 {8

4.9 Concrete~lined channels,  Concrete hmings are
generally used for protection against eromon on ktecp
slopes, however, they are somctimes used on very tlat
slopea to increase the velocity of flow to s nonsilting
velocity, to more efficientiy remove water from ponded
areas, or to reduce the size of channel needed to carry the
design discharge. The capacity of concrete-ined channels
can be computed as described for channels in sections

-

3.2-2 and 4.6. Valuee of the Manning cocfficient for
concrete hinings are given in teble 2, appendix A.

For econcmy of construction, the side stopes of conerete-
Laed trape condal ®vtions should not e so steep (no
stevper than 1401 and preferably no stecper than 2:1)
thet surface forms would be needed.  Other construction
details are discuseed 10 section 5.5,

Velocities an concrete-lined channels on the steeper
longitudinal grades arc ususlly supercritical, At high
velooitivs st ratrainment occurs. This produces a bulking
cfleet which increases the depth of flew.  Air entrainment
also causes a reduction 1o channel fnction with & resulting
increase in velocity over that computed using the Manning
n from table 2. An n of about 0.008 is recommended (37,
p. 24 for computing velocity' and epecific energy in
concrete=fned channuels carrying supercritical fow.

To allow for the balking offect of Lhe entrained air, the
depth of channel requred to carry the air-water mixture
must e greater than thst computed by Manning's
vquation usiig the w value from table 2 One method
(87, p. 280 18 to ute wn noof [ GIA for computing normal
depth Another method for curputing the depth of the
air-water nmavtere an s rectangular vhannel is adapted
from. & formuls piven on page 547 of reference 22 in which:

Cd=031(QE) (28)

Both mivtheds of aliowing for air cntrainment sre rough
approxumations and de not include an allowance for
frecbonrd.

The eflect of the high veloeity flow at the cbannel exit
must be coumdersd and some provision made to dissipate
the excess energy.  Otherwise, eromon might cecur st the
chapnel outlet, resulting 1 damage W embankment slopes
or in utdermining of the channel outlet. Design of
stilling basing and energy diesipators ia discussed in refer-
ences 38 and 39. .

High-velocity flow can damage the bning itself if pro-
jections of the lining occur as & result of faulty design or
constructicn or through unequal settlement of the sup-
porting soil. Ofscts st conatruction or expansion jointa
cause negative presaures beneath the jownt and loss of the
supporting soil.  To avuid offsets, traneverse joints should
be made s that the upstream edge of the lower slab cannot
heave without moving the downetream edge of the upper
slab a Lxe anount  The edge of the lower alab should be
constructed sbout one-helf imch Jower then the edge of the
upper slab  Keved juints are unsatafactory because the
abutting slabs are subject w differential movement which
might result o high etresses on the keys or keyways and
cause them to spell  Ap unkeyed jomnt with slip dowels
18 the preferred type for largs conerete channels (37, p.
340:.

Conerete-ined channels built on eteep slopes should be
anchord W the sutgrade by cutofl walls st both the upper
and lower ends of the channel. Un channele longer than
shout 50 feet, intermednte snchor walls may be necessary,
The cutoff wa!l also munimizes erosion underneath the
lining. The absence of a cutofl wall at the outlet often
results m the lass of part of the conerete lining.  The cutoff
wall st the outlet s particularly necessary where a hy-
draulic jump occurs.  Cutofls on pipe chutes usually take

.the form of collars bolted to the pipe.
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Another frequent cause of failure of conercte-lined chan-
nels is overtopping of the channel when the frechoard is
insutheient o contam the waves generated by detarbanee
of the high-velocity flow. (See rec. 4.15)

4.9-1 .Huoylnry of empty channels. Ineaturated
soils, empty channels with ngid linings may float or break
up because of the uplift water pressure. The total upward
force in equal to the weight of the water displaced by the
channel or 62.4 times the volume m cubic feet of the portion
of channel cross rection which lics below the water table.

The uplift pressure is remsted by the total weight of the
lining. When the weight of the hnmng is less *aan the
uphft pressure, the channel 1 unstable in satur ted eotla.
The hinnmg should then be ncrensed i thickn s8 w add
additional weight or if the flow 19 suberitical, weep holes
may be placed stintervals in the channel botwom to relieve
the upward water pressure i the channel. The diameter
of weep holes vanies from 2 wches to 4 inches and the
spactng depends upon sol! conditions. When flaw s
supercritical, subdrmnage should be used rather than weep
holes o reduce uphift pressure.

A companion problem m northern regions s {rost heave
which 1s probably tie grescest fuctor in the destruction of
concrete lhinings sn regions with subfreezing temperatures.
Unless the rubgrade is free dranang, subdramage might be
required.  All ngid hinings require a firm, well-compacted
subgrade. (Sec sec. 5.5.)

4.10 Channels with combination linings. At some
locations graes alone does not provide sufficient protection
to the channel breause of higt-veloeity tlow or the inabibity
of gra=3 to become establhistied in the hottom of the channel
The best solution for some of these locations might be a
combination channel where the lower part of the channel
crose section i hined with stone or a rigid type of hining
and the upper part of the channel cross section is grassed

Another appheation of eombination charnels might be on
alight slopes where o smooth rigid hning s used to maintain
nonkilting velocities at low flows and gruss provides
protection to the upper part of the channel.

The top of a rigid lining should be prote~ted by & stup
of god at the tume of coratruction and the edge of the
lining finished as described i section 5.5, The design of
channels with combination linings s illustrated by ex-
ample 15.

Example 15

Given: A trapezoidsl channel; battom width 4 ft;
side slopes 3:1; grade 0.5 perrent; in aandy loam; carrying
ficod water containing fine silta and a spring flow which
reaches 30 c.f.a.

Find: A suitable design for the design flood of 170 c.fc.
(including spring flow).

Solution:

A. Unhined Channel

1. Table 3 gives a permisaible velocity of 2.5 {.p.s. for an
unprotected channel. The n value of ihe unprotected
channel (table 2) is 0.020. The channel will be deaigned
using King's tables. (Sce sec. 4.6-3.) The tables refcrred
to in the computations following are from section 7,
refcrence 28, but the correaponding table in chapter 7 of the

3d edition of King's Handbouk is given in parentheses.
Compute R’ from eyuation (27), section 4.6-2.

@n 1700 020)

K= g™ (4)'*'\0‘.605)77'“'”9

King's table 95 (111) contains §/3 power ol numbers and
his table 92 (108) contains 12 power of decimal numbers.
2. In King'e table 97 (113, for K’ =1.19 and side slopes

3:1, %3:0,59. Then d,=0.59(4) =2.4 ft.

3. The velocity is computed from formula (4), Q=AV
where A for a trapezoidal channel=1(b+:d)=2.4(443
(2.4;)=26.9 aq. ft. Then

. 170
i =m—6‘3 l.p.n.

A channel 2.4 ft. deep (2.7 ft. with ireeboard) will carry the

design discharze, but the veloeity of 6.3 f.p.s. exceeds that
allowable.  Therefore the chunnel should be protected.

B. Concrete-Lined Chanrsl

1. For a con.rete-lined channel (n=0.015). The com-
putations are similar to part A cf this example.

o ., 17000.015)

2. K =(—4)ll—(_0.005)71=0‘89 or
o e o (0015)
Na=K. E—l.l‘J “ALO,.)O)—O.SQ

3 d.;_=o.52 and dy= (4)(0.52)=2.1 ft.

4. A=21{4+3(2.1)]=21.6 sq. ft.

-

170
=gg=19Lps.

2

5 The Froude number (see. 3.4) of the flow is 0.96,
which indicates that the flow 18 in the unstable range just
helow criticel Aow. The flow should be considered as
supareritical in allowwg for freeboard or in sttempting
to change the channel alinement.

C. Combination Lining

1. A more economical lining than that of part B might
be a combination Lnming with & concreie-lined channel
designed o carry the epring flow of 30 c.l6. and with the
channel slopes ahove the concrete lined with Bermuda
grasa mowed to 2 inches.  This design will have the cross
section shown in figure 18. The depth (without free-
boaid) of the concrete-lined chennel is first determined,

30(0.015)

-———-H). '(——0005)—,7,=0.16

2. K'=

3. -%'=O.22 do=(41(0.22) = 0.9 1t
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3.\

Figure 18.— Trcpezoidal channel wwith combination lining.

4. Area=0.9(4+43(09)}=6.0¢q. It.

V= g—% =5.01.ps.

Top width=b+21d=4~(21(3(0.9) =94 ft.

A concrete-lined channel 0.9 {t. deep will satisfactonly
carry the design flow of 30 c.[a.

The next step is to estimate the total depth of the
channel. As a guide, a rectangular channel of top width
9.4 fi. can be estimated to carry the fow.  The veleauty
will be somewhat higher than the 50 (.p.s. veleity in the
0.9 ft. depth of the concrete-hined section, sav 9 fps
The discharge per foot of depth i3 9«94 or $5cls. The
trial depth 1s then 17085 or 2 i (1] ft. abuve ccncrete
lining).

For a trial depth of 2 ft. the computstion for the section
above the concrete Linung s:

A=60+ 94 . 1.1'=165s5

WpP=971
A 16.4
R=—W—F=W— 1.69

V=10.0 f.p.s. (from nomograph, app. B for §=0.005,
n=0.015, and R=1.69)

Q=16.4(10.0) =165 c !5

The water carried in one of the tnangular sections above
the grass would he computed as follows:

A=:(@B3K11=151sq. ft.

RO —

WPay@3)t+(1.1)?=3.35 ft.

1.81
R=3—3 =0.52
The value of n from table 2 is 0.050 for a depth of between
0.7 and 1.5 ft. and estimated velocity of 2 {.ps. Then
V=125 fps. (app. B) and Q=125(1.81)=23 cfs
The water carricd by the two triangular grassed sections
will be 4.6 c.f.8. and the total capacity of the combination

diteh (without freeboard) is 164 +4.6, or 1€9 c.f.a,, which
nearly equals the design discharge.

The small quantity of water (46 c.{.9. in this example)
and low mean velocities carried in the few feet of channel
near each bank is a powerful argument for using com-
bination ditczes rather than lining the entire channel
section with a rigid bming  In this example concrete
paving throughout the slope would have incressed the
Awcharge by only 125 ¢fs, but would bave required
sn additional 70 sy, ft. of concrete lining per linear foot
cf channel

4.11 Bituminous linings. Capac:ity of channels lined
with bitunnnous matensl can be computed as described
in sections 32-2 and 46 The Manmng roughness
coefficient itable 2, app. AY for bitununous lLinings 18
sbout the same as that of portiand cement concerete
itnings, thus the charnel size and the veloaities developed
in the channel are about equal fur the twa types of lining.
Channel side slopes for asphait concrete-ined channels
less than 10 feet decp should be no stecper than Ul

Biturunous linings are mere Hewble than portiand
cement hnings and cun more readily wdjust o minot
rubgrade settlement, but the bituminous hining has less
strength and weight to remist uphft from frost action of
hydrostatic pressure. !See sec. 491,

Weeds and other plants are o potential hazard to
bituminous linings when conditions are favorable to their
growth,  Soil sterlization of the hning subgrade 18 some-
times reguiresd

Additional  information on o betannnous hmngs for
chatinels 8 contained o The Aspuait Institute’s Manual
No. 12 (,0)

4.12 Channels lined with astone. Stune channel
linings can De constructed aee. 573 of dumped stone,
hand-placed stone. cr grouted stone. The channel bed
and slopes can be hned thruughout the area that will be
in contact with the design tioud ur stone cun be used in o
combination channel with grass or concrete. The size
of stone used ranges fromn gravel size to large stone several
feet in diameter. The size of stone needed to protect o
particular channel from erosion nay be calculated aa
explained in sections 4.12-1 to 4.12-3. Bank and shore
protection is discusaed in section 4.16,

A dumped stone lining is the moat flexible of the three
types and will more readily adjust itself to uneven bank
acttlement (sec. 7 5. In areas where atone is picntiful,
dumped stone :s genemlly the Jeast costly type.
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Haud placed stone linings require less material than
dymped stone linngs and might be used whero the cost
af stone is excentivnally high.  Hand placoment is gene
erally restricted to larger size stone and ancludes both
manually and nmchine placed stone (See sees 5.
The finished nppearsnee of the hand-plaecd honme s
pomewhat more uniform than dumped stone but ats per-
formance s less stiefactory.  (See sec. 412-20

Grouted stone is seldom used except in small channels
carrving high-velocity flonw or where the available stere
18 not large enoneh to withstand the expeeted vele~ities,
Even here the use of wore mesh bashets 0037 filled with
stone might he preferable to erouted stone.

All types of stone liminga shot: P be lsid ones filter blanket
of gravel or crushed stone unt o~ the gradstion of the
notural soil s such that 1t wal ot Glier op through the
atone Nining. The desye of the filter blutket is discussed
i section 4124,

The pracedures for solection of stone size which follow
are based fnrgely upon the repert of the Subeemnutter on
Slope Protection of the Commuttee on Farth Dams of the
Soil Mechantee wnd  Foundations  Division, American
Society of Civit Engineers (22). The size of stone needed
for slope protection (see fig. 21) is based on the Ishbash
formula. This formula iz compared with all available
(through 1958) experimental data on Corps of Engincers
Chart 712-1, reference 42.

p1]

The California Division of Highwaye discussea the
dewgn of stane slupe protection (43, pp. 110-1206) in their
bulletin on Bank and fhore Proteeninn. The use of stone
spusages fot highwav fill protection s discussed by Posey

121 Reference 3% p. 209 gives a curve showing the
maximum stone size recommended by the Duresu of
Reclamatwon for protectiors downstream  from  etilling
basms. This curve would lie slightly to the left of the
cutve for 8 171 slope i figure 21,

When the cost of stane hnings - great, alteqiate means
of channel protecticr: by reducing the velocity should be
investigated

4.12-1 Dumped-stone linings. The resistance of stone
to displacement hy moving water depends upon—

1. Waght, sire. and shape of the individual stones.

2. The erdation of the stone.

3. Depth of water over stone Lning.

4. The steepness of the protected slope.

5. The stability and cihiciency of the filter blanket and
the embankment on which the stone 18 placed.

6. The velocity of the flowing water against the etone.

The size of stane required 1s determined by first comput-
ing the mean velocity of the water and the size of the
channel required to carry the design discharge. Next, s
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Figure 20.—Acerage celocity againat stone on channel boltom.

size of stone (k) is selected that a:ll withstand the expected
velocity. A direct solution of the problemn s impoacu-
cable, unless charts aymilar o the charts (Nos. 30-34, for
grassed chancels in reference 23 are constructed, because
the value of the Manning n wicreascs with increase w the
size of stone used; this requires & tnal and ervar procedurs:
(See example 16 The steps in the procedure sre as
follows. '

1. Select a trisi vaiue of n from fare 1V carresponding
to the estimated size of stone to be used  Figure 19
applies to a stzne licing on Loth sides and bottom of
chanpel; when orly the chanuel sides are lined, the n value
might require weighting when the bottom width exceeds
4 times the depth of low. The valie of the Manoving n
also varies with the rutio of stcne size to the hydraulic
radius (45). The effect of this variation is geoerally
minor in the determination of atone size.

2 Compute a s1ze of chunr«], using the Manning equa-
tion, that will carry the devizn decharge

3. Iivide the assemed stone dinmeter (63,16 feet, by the
cotnputed depth of fluw it the chunnel (f) to ohtain the
k
PR

4. Enter figure 20 with thu ratio to obtain the V,/V
ratio

5 Muluply the computed menn vabie of Vo by the
v, Vratio from figure 20 obtuin the valie of V7,

6. Enter figure 21 with the value of the V', und read the
stone size, i feet at the intersection ot the V', and the
curve corresponding o the channel gide slope.

7. It the estiniated stone wize (step 1) 13 smailer or
murh greater than the required size (step 6), select a
diTerent size stone and repeat steps 1 through 6, until
the eatimated size agrees with the required aize.




Compendium 5

Text

VELOCITY (V) IN FEET PER SECOND

26

24

22

20

@

o

>

n

o

@

STONE WEIGHT, IN POUNDS

20 60 600 1000 1500 3000 5000
1 510! 40} 100 200 400 ! 800" 12000 | 4000
T T T T T TTT 7 T L Y T "
121 or
/ bottom
// 4
A 3
/ 7
//// 2
’7//?‘/, 17
// / d
v
/%/
/A A
/ / FOR STONE WEIGHING
/ 165 LBS. PER CU.FT.
///
ADAPTED FROM REPORT OF
SUBCOMMITTE ON SLOPE
PROTECTION, AM. SOC. CIVIL
ENGINEERS PROC. JUNE 1948
0 | 2 3 4

EQUIVALENT SPHERICAL DIAMETER OF STONE, IN FEET

Figure 21.—Slize of stone that wiil resist displacement for various velocities and side slopes.







Compendium 5

Text

size of the stone roquired to resist displacement is generally
specified as one-half (%) of that required for dumped
stone (41, p. 857), but the expericnee of the Corps of
Engineers (47) 10 that a hall thicknss of hand-placed
stone is nc! natirfactory as a substitute for dumped stone.
(Sce scc. 7.0 )  Although data arc lacking for a defmite
conclusion, it is probable that hand-placed atone is inferior
to an equal thickness of dumped stone because it is not
an flexible as dumped stone and doea not have the struc-
tural strength to bridge over local bank failures.

4.12-3 Grouted-stone linings. Grouted-etone linings
are eitber hand-placed or dumped-stone linings with the
voids filled with portland cement mortar. The stone is
placed on a gravel or crushed stone filter blanket and the
prout 18 broomed and rodded into the voids. Some of the
boles or jointa are left ungrouted 1n order to avoid upbft
from hydrostatic pressure, but care should be exercised Lo
avoid openings that permit excape of the bank or filter
material. Grouted stone 18 «:ldom used except for
lining high-velocity channels, although 1ta usc might be
justifiable where rtones large cnough for dumped stone
lnings arc not available ur when the stone available s
a0t adaptable to band placing.

4.12-4 Filter blankets. A filter Liankct is often needed
beneath the stooe lining to prevent the bank material
from passing through the voids in the stone blanket and
escaping. The loss of bank material leavea cavitics
behind the stone blanket and a failure of the blanket
might result. Whether a flter blanket is needed will
depend upon the gradation of the bank material and the
openings or voida in the riprap cover. In general, a
filter ratio of 5 or lesa between succesaive layers will
result 1n u stable condition. The filter ratio (48) is defined
ma the ratio of the 15-percent particle size (D)) of the
coarser layer to the Bi-percent particle size (Dy) of
the finer layer. An additional requirement for stability
is that the ratio of the 15-percent particle size of the
coarsc material to the 15-percent particle size of the fine
material £°. uld exceed § and be less than 40. These
requirements can be stated asz follows:

Dy (of c«wn-cr layer) 5 .Du_(q!igmer layer )<40
Dy (of finer layer) Dy (of tiner layer)

If a ningle Iaver of filter material will not satisfy the
filter requiremients, ouc or more additional layers of
filter material should he used. The filter requirement
applics between the bank matenal and the filter blanket;
between succeasive lavers of filter blanket material, if
more than onc layver is used; and between the filter blanket
and the stone lining. In addition to the filter require-
ments, the grain size curves for the vanous layers should
be approximately paralicl to mimimize the infiltration of
the fine material into the coarse materisl. The flter
material should contain siot more than § percent of ma-
terial passing the No. 200 sieve.

The thicknesas of the filter blanket ranges from 6 inches
to 15 inches for a single layer, or from 4 inches to 8 inches
for individual Iayers of a multiple layer planket. The
thicker layer is used where the gradation curves of adincent
layers are not approximately parallel.

An example of filter design follows:

Example 17
Given
i Pamiicle sts¢ (mm)
Matrrisl !
l Dy I Dn
1
H.!pnp(‘B cures, fig. MH).. ’ 0 ns
Aurambenk ............ . . 008 .10
band ... B 24
Omvel. ... 4.0 L]
Find: Design filter, if needed.
Solution:
1. Is filter required?
Dy (riprap) 90 _
Dy (streambank) =010 900>5 Yes
2. Can a single layer of gravel be used?
Dy riprap) =W sc -
Dy (gravel) ET 185 OK
D\ (gravel)
=30 _10>5 No

Dy (streambank) 0.10

3. Can a layer of sand and a layer of gravel be used?
L8t requirement:

D,y (sand) 0.14

B (streambank) ~ 010~ 4<S 0X
Dy {gravel) _ 40 =1.7<5 OK

Dy (sand) T24
Dy (riprap) _90
Dy (grav vel) 50

2d requiremend:
Dy (HB_ndl____ o4 _,

Dy, (rtreambank) =0.006-“3<w oK
D (eravel) _ 40 _,
Dy (sand) 0. ‘——.9<40 OK
Dy (npmp) 90 =22 40 0K

D,. (gnn('l) T40

If the gradation of the sand and the gravel is satisfac-
tory and adequate placing methcda are to be used, two
minimum thickness layers (4 or 5 inches) can be used,
one of sand and one of gravel.

4.13 Ditch checks. In humid arcas ditch checks
(rrade-contro! structures) are seldom used in the roadway
and toe-of-slope channela because they are a hazard to
vehicles driving off the road, they are often unsightly,
they hamper the use of power mowing equipment, and in
most locations their jobs ¢an be done better with protec-
tive cover. (Nee example 18.) In channels not accessible
to vehicles or in arid and semiarid regions, ditch checks or
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dusipators suitable for this purpose is discussed in reference
3%and inao ASCE svmposium by Bradley and Peterks and
others (J5)}. A bibliography contatnind other references
to spuliway design i ancluded with paper 1406 (38).

When the veloeity in the chute i3 supereritical, the chute
capacity 8 determined by the cross sectiun and cocditions
at the inlet (upstream control).  If the chute o long, i
cross section can often be reduced to maintain econotnic
proporticns.  :Sve sec J -5}

Equations are wiven 1 section § 3-3 for computing the
discharge of chutes with nlet channel 1n line with the
chute. The deviiaof chutes dwcharsing dow from u chan-
nel perpendicular to the chute avis & doncsed on pages
283-288 of refereace 37 The appucation of thede equa-
tions to the Jesicn of 8 small concrete chiute W explained
by example 1.

Erample 19

Given. The channelin vxample 4 see. $.2-2) discharging
into & councrete chute, 120 ft loag honizontaily; on a 50-
percent grade.

Find: The chute dimenaions for a trapezordal section
with side slopes 2:1 (2=21 und eatrance lus3 coetficient =,

Solution:

A, Batrgnce

1. From example 4, at scction 1 sen Kg. 14),

Q=100 cfs.
=245t
Vi=46fps.

2. The specitic head (#,) sec. 3.3-1, vquation 9) just
upstream from entrance of the chute 13 2 45*:[\15‘1’, =
278 ft. Substituting n 2quatien 23 isec. 3.3-3):

05:;:’1{,&,) ~0.7(2.00(2.7%) =3.09 M, use 3.0 ft.

3. The depth at the entrance will be critical, or by
equation 16 (sec. 3.3-2).
[%(_’n DTS - 33

AR LTI mm,]
Ll

- 10

de=

=212,

4. The mean velocity (1)) at the entrance section i the
discharge, 100 c.f s divided by the tow area of the en-
trance section (=3 ft, and d=212f1), 154 sq. ft. or
Ve=6.51pa, =123 .24, p. 161,

The value of d, aned ¥, could have been read directly
from chart 16, reference 23 by noting the coordinates of
the intessection of the critical flow line and the discharge,
100 c.f.8.

B. Chute
The minimum depth at which the low in the chute will

occur can be computed by the Mannug equation, using
King's tables (see. 4.6-2), or folluwing the method in

cxample 4 (scc. 3.2-2), the final trinl is as follows (£6,
p. 161):

d=0.7 ft. S=0.5

A=3.10 8q. It. 81320707

R=0.5011. n=0.018 (scc. 4.9)
Y=0.63 It.

9
. L“—‘ A= '-”-gw 63) (0.707) = 30.9 £.p.a.

Q=310{36.9) =114 cfs.

This cheeks the design discharge 100 ¢ 8. A freeboard
of at least 1 foot should be provided and a stilling basin
or energy ‘ligipator will be needed 1n most situations to
dissipate the energy of the high velocity tlow

C. Check of Fall 1n Chute
Had the n value (0 015) from table 2 been used, the
caleulated depth would have been 04 (i, K=0.44 and
V=405, These values are used to determine if the fall

in chute (60 ft. in this example) 13 sutlicient to develop
the specific head required at normal depth plus the friction

loan,  Speaifie head is computed by equation (9).

The friction loas (k) i3 computed by equation (24).

he= 441[(/’” h“ ]’

(00!5\’ 0.5 ) 4.5 '] 12
ey [(u"w' ((umm) 0

he=30.3 1t.

Total head required is ©6.04+30.3=56.3 ft. The
available head (60 1) is sufficient to develop the specific
head plus the friction loss.

Fully developed atreentraned flow ona slope of 03
would have developed 4 veloeity of over s fps. (using
a=0.003, see. 4.9) and woubd require a head in excess of
100 ¢

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

4.16 Bank and shure protection. The diseussion (n
sections .12 to 4.12-1 on atone channel hmngs o intended
to applv to roadside channels where both banks and
streainbed are protected by a blanket of stone. At times,
however, highways encronch on rivers or are built along
the seacoast or beside large bodies of water, thus exposing
roadway embunkments to attack by current velacity or
wave action.  Streamn crossings are unavotdable, but most
crossangy vxpose highway embankments to attack by the
atream. Wave nctien can be s more severe form of attack
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1

than water flowing parallel w0 the cmbanknient.  Pro-
tection from wave action is duscussed 1 rei-rences 37,
41, 43, and 50.

Prablems involving scour of strenmbunks vary for many
rensons und standurd solutions eannot e sprcitiold even
for tapes of provlems. Sometites the best solution i w
relocate the highway and svoid the bhazard or to move the
attacking wuter sway from the embsnhment by u channel
change (sec. 1.10).

Usually the severity of the attack and the availability
and cost of materiala dietate the type and the extent of
protection. Where vegeta) cover will grow and velocities
of flood waters are moderate, grasa (sec. 4 8), shruba, end
vines are low in cost and give adequate protection after
they became established.  Where high velocities and wave
action are encountered, stone provides suitable protection
(secs. 432 to 4.12-4).

The method given in section 4.12-1 for computing stohe
size might require 1 hfication for deep swift streams

k
When the depth, 4, u great the 4 Tatio becomes smal) ard

figure 20 shows u low velocity wnzainst the stor - This
results in o kize of stene (fig. 21 which while adequate nt
the total depth, may not provide sufficient protection for
the bank near the water surfuce. The depth vd in
figure 20 should be the depth of most severe attack rather
than the tota} depth.

The most common cause of failure in protective covers
is the undermining of the toe or the termini of the protec-
tion.  All protectiv~ covers of structural materials should

be firmly noclured 1n the protected bank at the upstream
und downstrenm termini, and at the toe of the emhbankment
(sre. 659 U the protective cover is long, intermediate
atchoruges mht be regquired o fedice the Lazard of
complete faslure. The upper vertieal T of the protec-
tive cover shuuld extend to an elivation that provides
protection {rom floods and waves having A recurrence
interval consistent with the importance of the highway,
initial investment, and replacement costs.  Sod placed
above more rigid protection will provide considerable
protection from unusual floods.

The beginning of the protection sbould extend above
and below the point of reverse curvature on the outafde
of & curved chanm!. Bank protection is usually not
required on the inside of the curve unless return of over.
bunk tlow crentes 6 scovr prolifern O, g straight channel,
bank protection should begin snd ead ot s stable feature
i the bank il practhicalle  Such featupes might be
outeroppings of erovion-resistant materinls, trees, vegeta-
tion, or other evidence of stabilicy.

4.17  Drainage structures in channel. Wtere drive-
WHYs OF Access ronds cross w drainaee channel, culverts or
other structures ure placed an the channel to carry the
flow underneath the crossing.  These structures sffect the
capacity of the dranawe channel and at some Jocations
create problems. St und debiris may be deposited in the
channel upstream from structure sand scour may occur at
the culvert outlet. The dexign of the culvert (61) and
the channel should be coordinated to insure the proper
functioning of both.
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and of fairly uodorm thickneas sre much easier to place
than irregular stones. Stones of & fal stratiied nature
should be placed with the pricaipsl beddang places normal
to the slope. Openings to the subsurface should be filled
with rock fragments; however, ciough vords or cpenings
ghould be left to vent the subsurface properly.

8.8 Ditch checks. Ditch checks must be firmly
ancbored 1ntw the banws of the drawsge channely  The
choice of materal determuncs the methods used, but all

checks should have s suitable apron at the toe of the drop
and a cutotl wall at the Jownstream end of the apron.
The apron should have a depression or a will at the Jown-
stresm edge so that a pool will be created to dissipate the
energy of the falling water. [If clay 13 available, lucal
stone can be lard upan s rich clay mortar, Thiy makes
the check almust watertgint ard res ilis i less maunitenanee
than if the stoney are laid up loose with the eapectation
that the check will becotne imperieable in time.
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pereent of that of the recommended channel; and velocities
range from 3 to 9 pereent greater. Depth of flow ranges
from 0 04 to 0 08 foot deeper than that of the recommended
channel

The eompnrison of chanuel aren an talide 6 @ only the
aren ocenpied by water without frechoard Ino R ocut
sertion, the quantity of cxenvations would anerense with
inerease i bottom width of the rosdwny ehannel because
of the added width of the cut section.  The percentages
would change with change in channel slope.  Change 1n
the value of n would change both ¢ and V, for the sume
depth, but the velocity ratio would remain the fame.

7.4 Effect of topography. In deep-cut sections the
added excavation nceessary for 8 traperoidal roadway
channel 1@ oftentimes prohibitive in cost A more eco-
nomical drawnage svetem mirht be a gutter of small
capacity at the toc of thy eut slope, with frequent inlets
connected o w storm sewer under the roadbed. A
sitnilpr svetem as sometimes used on parhways i combi-
nation with curbs and gutters; however, this choice i<
often made for appearance rather than economy.

7.5 Effect of channel lining. The choce 1n channcl
lining 1= hmited to limines which can withstand the expected
channel veloeties  (See tables 3 and 4, app. A In
comparing the cost of channel linings, the effect of channel
roughness should be considered fsec. 4.6-3, example 10}
so that the comparison 1s msde amang channels of equal
capacity rather than that of vqual size.

In regions where grass grows readily, grass-lined channels
are generally the lowest in cost. In some areas, however,
salt used for ice removal mnkes the maintenance of grass
linings difficult and such fartors should be considered when
selecting the type of lining.

Where a choice must be made between concrete and
atone for limng, a survey by the US. Corps of Engmeers
(87, p. 204) of the performance of materals i upstream
slope protection of earth dams is interesting although not
directly applicabic to channel limngs. The survey of
approximately 100 dams, from 5 to 50 vears old, located
in various rectiona of the United States, with a wide variety
of climatic canditions and wave severity, showed that—

(1) dumped riprap failed in 5 pereent of the cases
where used, failures being attributed to improper size
of stones;

(2) hand-placed riprap friled in 30 percent of the
cnses where used;

(3) concrete puvement failed in 36 percent of the
cases where used.

This comparison of the performance of concrete snd
stone sugeests that when hand-placcd niprap or concrets
pavement 1» used for channcl hinings, greater support s
needed from the subgrade than when dumped stone is used.
Perhaps more attention should be given 10 the dra‘nage

and preparation of the aubgrade for a ngid type of lining
than for a more flexible type of limng

When hand-placed stone 1 used, a better quality of
stone ix requmired than the nanitmum quality suitable for
dumped stone o7 p 2080 However, hand-phaeed stope
shiould not be used where settlement or heavy ace action
is wnticipated  Settlement ds slro detrimnenital Lo conerete
linings.

In making a comparieon of channel lining costs, the
designer should consider the velocity of the water in the
channel and include the cost of eny measyrea required to
dizsipate the energy of flow that would not be required with
an alternate type of lining.

7.6 Drop structures versus chutes. Either drop
structures or chutes are frequently needed 10 convey water
down steep slopes or into netural watercourses with ipcised
chanpels An economic compariron of several tyvpes of
such structures for epecific conditions indicsted a wide
range in cost.  The types studied were a sodded channet
on the maximum permissible grade; n corrugated metal
pipe culvert with flared anlet without stilling basin, a
reinforced concrete drop siructure. and o gravel-lined
chnnnel on the mavimun permissible grade  The resulte
of this study for structures with drops of 4+, 6-, and 10-feet
designed for & discharge of 10 cubic feet per sccond are
given in table 7, following. The comparison is given by
the ratio of the cost of the structure to the cost of a sodded
channel with the same drop.

Table '.—Cost comparison of drop structures

)
Cost ratio arop, o feet
Type of structure

i 1

Poe o) e 10

t
Sodded chanpel.......o.o e 100’ 100 100
C. M pipe colvert on s S-percent grade.. S 433 20
C M pipe culvert on s 2spercent gode. 215 1.33 ¢ .66
Ketnforced concrete drop. e 6.5 V84 217
Grevel-ned channel 34, I i 313

The variation in cost of the sodded channel with the
full, based on the 4-foot fall, are: 4-foot fall, 1.00, 6-foot
fall, 2.20: 10-foet fall, 7.12.

The ratios in table 7 apply only to the specific conditions
of this analysis and might vary locally with the availability
of materials. The costs used were the rverage of several
1960 bid prices in 10 widely dispersed states.  Except for
the 1-foot drop, the sadded channel is the lowest cost
means of conveving 14 cubic feet per second of water down
stecp slopes.  The apparent advantage of the pipe culvert
on the steeper grndes might be offset at some locations by
the ndded cost of distipating the energy of water at the
autlet.  On the other hand, the use of a sodded channel
requires that sufficient length be nvailable to place the
channel on & noneroding grade.
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Chapter YIIL—ILLUSTRATIVE PROBLEM IN CHANNEL DESIGN

8.1 General. The procedures given in this publication 8.2 Layout of the drainage system. Figure 25 15 a8
are used to desizn several of the drammage channels shown plan view of figure 2. The roadbed and right-of-way lines
In figures 2 and 25. The site of the Lighway 1a assumed hawve been drawn and the drainage divides are shown by
to be in the vicinity of Washington, D.C., and the runcd heavy dashed hines, but other roadway detuly have been
from & [(-venr storm has peen selected for the desien dis- omitted in this problem.  The dranage channels are andi-
charge. Typical crosa sections of the reardway are not cated by short dashed hines with arrows to adicate diree-
shown, but the maximum depths of cut and fll, at the tion of low and are numbercd as shiown i figure 26, The
centerli:m. are 30 ‘h' anit U5 ML, respectively, points for which channel sizes are computed are indicated

The design of crunade channels 1n three phases. 1) by tetrers. The numbers are for ddentification in thiy

laying out the drunage system fsec. 420, (i estmating
storm rooi® b [1, and o35 desiaming the chanaels seh TV
For convenience, the drsign will be completed for each
drainage channei, combining the estimate of runof and
the computation of size of channel before proceeding to
the next channel. channel in the project

problem, however, 4 siumusr system nught be helpful in
an sctual Aemign problem. The channels are numbered
on the wszumption that the road project began at Station
45 and the stream at Station 33 18 the thied drnage

\,
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Figure 25.—Layout of drainage system for illuatratice problem.
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Figure 26.,—Identification of drainage channels.

In figure 25, roadway channels (Nos. 5 and 7) and the
medinan swale (No. 6) drain the roadway cut.  The water
from the roadway channels must be carned to the natural
wate,course through the toe-of-slope channels which con-
tinue to carry the channel number,  Intercepting channcels
(Noa. 4 and 8) are placed on the cut slopes to illustrate
their disign.  The depth of cut in this problem would
seldom require intercepting channels located on the side
slope. Note that the exit of channel & is flared and the
flow is aprcad over the hillside rather than brought into
channel 7, while the water in channel 4 is coniducted to
channe! 5.

The intercepting channel (No. ¥ at the top of the cut
on the right prevents storm water from running down the
cut alope; 1ts flow is distributed over the hillside. This
type of disposal is preferablt wherever the quantity of
water intercepted is small and the topography and iand
use permit.  On the left side of the cut, the natural ground
slopea away from the cut edge and an intercepting chaunuel
ia not required.

8.3 Channet 3. The grade of the small stream is 0.5
percent and the design discharge is 300 c¢f.e.  Using the
charts of Hydruulic Engineering Circular No. 5 (51) 8
6-ft. Ly 6-ft. reinforced-concrete box culvert is aclected.
Theoutlet velocity 8 121.ps and the depth of flow at the outlet
is 4.2 ft. when carrying the design dischurge.  The sperific
head at the culvert outlet, computed by equation (9), is
6.4 ft. The channel downstream from the culvert outlet
is to be traperoidal with bottom width 6 ft. and aide alopes
2:1.

In gowing from the rectangular culvert sectien to the
larger open-chaninel section, the flow expands with some
loss in energy, accompanied by a decrease 1n depth and an

4

increase ip veloeity. The depth and velocity at the ex-
punded section can be appronimated by assuming a loss in
the evpansion of 20 percent of the velocity head. This
determination of expansion loss is somewhat arbitary and
15 based on an analegy to pipe flow. See any text on
hydraulics In thw problem the approvimate loss is

J33)

”;; =0.5 The specific head at the expanded section
15 then 6.4 ~0.5=5.91t.

The depth and velocity st the expanded section can be
computed by finding a combination of depth and velocity
which will produce the specific head at the section (5.9 ft.
in this problem). The computation s a trial-and-error
procedure which can be facihtated by the tables in refer-
ence 26 or the charts in reference 25 A good starting
depth for the trial coiaputations is about oope-half the
dere” at the culvert outlet, or 2.0 ft.  Using table 10 on
page 162 of refercnce 26, the area of the trapezoidal
channel can be found. The discharge is divided bv the
area to obtain the velocity. The velocity is squared and
divided by 84.4 (2g) to ohtain the velocity head, H,.
H, is added w the depth to obtain the specific head, Iy
The data for this problem are:

0.2

! Trall } T2 Units
[ 1 1.9 R.
AL ‘ e . 1.
[3¢ | {8 XXX
H ' 4“0 1.
Ha.. too low | 89 OK | .

A velocity of 16.1 f.p.s. will require a reduction in veloeity
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1 1 read from figure 6 after computing T,
Computation T, (scc. 2.4-2).

s
' Cut slope ! Channe} ' Unitsor

+ relerenee
21 ' 10811
I A i R
| (sppro1.} } L] min.

T, for pavement about 4 minutes (estimated).
Total T,=4+6=10 min.

Note that the 1 mun. T, for the nide alope is concurrent
with the 4 min. T, for the pavement area and only the
longer time i3 used, + (ig. 6) for a 10-year return period and
T, of 10 min.=60 wn. per hr.

(-:':-:2%— 1.0 acre.  (See calculation of C.)
Then Qe C1A=07%6.0x1.0=42c.ls

A=

Poirt 58 (Sta €8 helaw junetion

The dicchiarge below the junetion of channel 4 and the
channel above 52 4« computed from the Jonger time of
concentration {10 mind of the two aress  The intennity
(g 6) for a 10vest return penond und 7,=10 min. i3 6 0
in. per hr. The duscharge for point 5B i

Q (above 5A)=07x60x1.0=42c.fs
Q (channel 4, =0.7x6.0,04=17co5

Total O.. ... . ... 50t

Point 6C (Sta. 61)

Thia channel must carry the runofl from above point
SH plus the contribytion from the triangular area to the
left of the channel (4= 14 acres, H= 1101, L=1200ft
plus the runoff from the roadwav area (A= 1 acre, wenghted
C=0 66} between channel 5 and the center of the left lane
The T, for the roadway area is ohwigusly much less than
that of the larger srea to the left of the channel and need
not be computed as it runs off concurrently. T, for the
runoff above pount 5B was computed as 10 minutes  This
runoff must flow down to point 5C in the toe-of-slope
chanuel (L.=700 ft., H=245 f{t) This requires 4
minutes (g, $) or a total 7, of 14 muw. T, for the 18-acre
ares is:

=100 ft.
L=1,200ft.
T.=5 min. (6g. 5

The runoff from the two areas is concurrent and ordi-
narily the longer T, would be ured. 1 (fig. 6)=5.1 in. per
hr. for a 10-year return period and 7= 14 min.

The conventional computation 1s made by recomputing
the discharge of the acparate areas using an t correspond-
ing W a T, of 14 mun and adding the discharges rather
than computing a weighted C for the entire area above
point 5C.  This discharge is:

48

Above point §B:
At point 4, O=07X51X04=1.4c¢fs.
At point 5A, Q=07%5.1X1.0=3.6c.fa.

50cfs
Between pointa 5 and 5C:
Q=04 351>10.0=388¢c.fs.
0=066X51x 1.0= 34cfs.

42.2 ofs.
Total Q for point 5Cm$7.2 ¢.fs.

The discharge estimated by the conventional method is
probably low because 19.0 acres of the total 21.4 acres has
a T, of 5 minutee and 4 muiutes are required for the flow
to reach powt 5C from point 58 (1.4 scres, T,=10 min-
utes' It appeary Lkely that the peak at point 5C will be
reached before the total area is contributing because this
would take 14 minutes

Extreme precision 18 rot warranted in determining the
cotntunation of contnbuting aren (CA; and ranfall in-
tensity r that would prodace the greatest peak runoff
Newther the astu avmiatic {or s partculsr problem nor
the rational method are of eufficirnt accuracy to Justify a
tnial-and-error eclution to the problem  In this problem
we will assume that the S-minute time of concentration for
the 1%-acre sres will produce the grestest peak runofl.
In this 5 minutes (1=7 1in per hr.) runoff will arrive from
all of the 1i-acre area anid from the roadway area (1 ¢ ~re
between pointe 5C and 5B, plus that porticn ¢f 19 arey
above point 5B tLat can arrive in 5 minutes. Ti¢ ¢
tnburing porticn of the ares above point 5B can be esti-
mated clocely pnaugh in st problems by assuming that
the contrihuting aren bears the same reiation to the total
area as the times of concentration of the respective areaa.
In thie problens after allowing 4 minutes for channel flow
time, only taat portion of the aresa (total T,=10 min.)
that can reach paint 5B 1 minute will contribute to the
peak discharge.  This ares 16 assumed to be one-tenth of
1.4 acres=:0.1 acre.

The discharge at point 5C for part of the area contribut-
ing (T.=5 min) is:

Q=04 X7.1X19.0=53.9 cf.s.
Q=066%7.1x 10= 4.7 c.f8.
Q=07 %7.1x 0.1= 0.5cd.as.

Total Q...... 59.1 c.f.e.

The design discharge 18 59.1 c.f.8., the peak from the
partisi area because it is larger than the peak of 47.2 ¢.f.s.
from the total arca.

Point 5§D (Sta. 66)

The urea to the left of the channel between point 5C and
51) 15 17.0 seres (H =125, L=1,600 1., C=0.4) and that to
the right 1s 1.0 acre (weighted C=0.65).

T, for the 17-acre area is:

H=12811
L=1,600 ft.
T =06 min. (fig. 5).

b5
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The T, for the area sbove point 5C is 5 minutes plus the
time required for the water to flow from point 5C to point
5D (L=600 ft., H=85 ft, T=55 mmn). The total
T.=5min. +55 min =105 min. and from figure 8, 1= 5.9
in. per hr. The demgn discharge 1

Between points 5C and 5i1:

Q (left sule) =04 > 59x17.0=40.1cls.
Q (right 5:de) =065 59X 10= 38 cfs.

439 cfa
Above point 5C
Q=04 X557 190=44% cfs
Q=066x59< 10= 3y (3
Q=07 X39X 01= 4.lcls

52.8 cf.s
Total Q=96.7 c.fs

It will be noted that computations of weighted C, and
nrvea once determined are used in successive computations.
It is interesting to note that the size of the channel at point
5C is computed for 1 uischarge (591 ¢ f8.) ditferent from
the discharge (32.5 ¢ f 3.} contributed by the same srea to
the design discharge of point 3D.

Computing Channel Section (See Sec. 4.8)

The following computations are for depth of water ares
snd do not include freeboard ‘he channel section st
pointa 5B, 5C, and 3D can be desicned with chart 17
(using the On scale), reference 25 with much less work
than the method used here.

Point 54 (Sta. 58) above junction

Q=42cfs, §=0.015. n=-0.0Y, for grass-lined channel
(table 2). The channe! section 13 trapezoidal with a 4-ft,
bottom and side slopes 4:1 on the pavement side and 1901
on the cut-slope side. Data from reference 26 for the final
trials are:

d =06... ... ... 6.8 ft
A=339 ... 496 sq. ft.
Ra=0Q46............... ... .57 It
V=118 L 1.37 (ps
Q=40 _....... . ........ 58 cfs

A channel aith o depth of 0.7 t. will have a capacity of
about 5.4 c.fs which will carry the design discharge. The
data listed cannot be found directly i referenoe 26 becatse
of the unequal side slopes and the absence of a table of
velocities for n=009. Howeser, the values of 4 and R
for a particular vslue of o can be turen from the table for
a channe! with s +ft. bottom and 1451 side slopes, and
averaged with value of . and K for the sume value of d
taken from table for a channe! with a 4.t bottom snd 4:1
side slopes. The velocity was taken from the table for
a=0.045 and divided by 2 to obtain the value for n=0.09.

Point 5B (Sta. 88) below junction

Q=59cls, S=0085 n=008 (table 2).
The channel is 4t a fill seetion at paint 518 aud will have n
grass-lined trapezodal section with 4 £t bottom width and

side slopes 2:1. “‘ata for the final trials from reference 268
arc

d =06..... ... ieiian 0.4 ft
A=3 12, 1.92 sq. ft.
R=047 .. ..., L33 f.
V=285 .. 224 tps
Q=89 ... ... ............. +3  ofs

A channel with a depth of 05 ft. aill have a capacity of
about 8.8 c.f.3, which will carry the design discharge at a
velocity which will pot erode the Zries hming (table 4)
Caution should be observed in selecting the value of n
for shallow depthy m grass-iimsd chasneis The value of
n changes with changes in vither depth of low or veloaty
Tt will be noted in table 2 that the worst condition tall
grass) was used to compute the channel capacity.  (See
we. 4.8)  The best condition, mowed krass, should be used
w compute the veloeity for cheching the ability of the
lining to withstand the low  The veloc tiesin this channel
are well within the sllowable velocity for grasy and the
check i3 not necessary

Pant 5C (Sta. 4.}
0=591cf3,5=0035 n =005, grass-lined teapezoidal
section with a 4-ft. bottom and side slopes 2:1. Data for

the final trials from reference 26 are:

1.5 (.
10. 52 sq. ft.
LG8 [t
5.5 fpas.
57.8 cls. OK

For checking permissible velocity of the channel lining,
n=0.035 (table 2}. The velocity with this n i3 approu-

0.05
mately 0035 (5.5)=79 fps. This velocity 1 less than
35

that perstted, 8 f.p.s., in erosion-resistant sol (table 40,
The 7.0-fps. velocity s for the same depth of ilow.
The velocity for the same discharge snd an n==0.035 is
7.3 1.ps.
Peint 5D (Sta. 55)

Q=967 clfa, S=0.01, a=0.03, gruss-lined trape-
zoidal section with 4-ft. bottom, and side slopes 2:1.
Data for the firal trial from reference 28 are

q= 211t
=17 248q. It
R= 129 [t
V= 54910 ps
Q=102cls.

For cheching  permisside  veloeity  of the  channel
lining, n=0.025 (table 2}. The velocity with this n

0.01
is mately ———= 150 =7.1 [.py. This velocity i
3 approximately 0.025 Py ¢ v iy
less than that permitted, 8 f.ps., in erosion-resistant

soil {table 4).

Channel 5 from Sia. 68 to Sta. 65

The toe-of-slope channel can be kept at the same bottom
width (4 ft) and side slopes (2:1) and the depth pro-
gressively inereased between the points for which compn-
tattone were mede A frechonrd of from 03 to 05 [t
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should be sufficient and a Bermuda gruss lining iy sntis-
factory throughout the length of the channel. The berm
Letween the edge of the channel and the toe of the 4l
slope should be sloped to drain into the chanoel.

8.6 Channel 6. The capacity of the medisa’'swale and
the velocity of flow will be checked at Station 55 w
determine the feasibility of bringing the runoff from the
top of the hill (Sta. 75+ 30) to Station 55.

Estimating Runoff (See Ch. Il)

The components of the formuls Q= CiA are:
Weighted €' (see v, 2412 AL C

pavement=_....... _...... . 24%x0.9=21.6
shoulders= .. ... ... ....... 12x06= 7.2
swale=s .. .. e 4_8)(0.4:}_9_.2
84 48.0

Weighted Coooooieniiiiants =0.57

Note that the wiith rather than the sren was used to
weight (7, aa the section was uniform throughout the
length.  After computing T, 1 is read from figure 6.

Computation T, (svc. 2.4-2):

] ] . ‘.

; Cruss siope. Cheanel  Totad Unitaor

i : i i teferenae
- )
u-.“.......l 13 04 nrln
te. 0000 Y N in

Te=14 min. (fig. 5.
3 (fig. 6) for 10-yr. return penod end T, of 14 min.
= 5.1 in. per hr,
54)(2030
= '(—4(——*-) ~=3.91 acres.
43,560

Then Q=CiA=0.67X5.1X3.91=11.3 c.l.8.

Computing Channel Section (See Sec. 4.8)

The median swale has a bottom width of 4 ft.; side
slopes, 6:1; grade, 1.5 percent; Bermuda grasa lining; and
a depth of 3.3 ft. below the shoulder edge.

From table 2, for an estimated depth of 0.8 ft., and
estimated velocity of 2 f.p.s., n=0.05 for 2-in. grass, and
0.06 for 8-in. grass. The final trial is for an 0.8 ft. depth
{n=0.08).

A= 7.045sq. ¢
WP==13.6 ft.

R= 0.52 1t

V= 1.9 (reference 26).

Q=13.4cfas

The computed depth of flow, 0.8 ft., is less than the
available depth, 3.3 ft., snd the epproximate velocity,
2.3 f.p.s. (1.9X0.06/0.05), is helow the permissible velocity
(table 4 for Bermnuda grass, Thus, the design runofl
can be safely carried to en inlet at Station 55 and dropped
into the culvert at that location.

Note that this channel could have been designed by
chart 32 of reference 25 with much bes work than was
required by the trial solution shown here, particularly
gince the area, wetted perimeter, and hydrauhe radius
had to be cornputed for vach trisl depth.

8.7 Channels 7, 8, and 9. Design of channels 7, 8, and
9 will not be shown becsuse they do not introduce
additional design problems.
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Table 5.—Ciassification of vegetal covers as (o degree of
retardance !

{Notz: Covers classifed have been tastat in r1periments! channels. Covers
wese grven and generslly uoiform)

Rotardance Cover

Condition

Weeplng lovegrasy

Yelow blusstern Ischee
mum.

Native grass mirture
(Uttle bluester:, blus
owns, and other long
and short mud wast

Fasse).
Weepuig lovegrass. . . .
Laspedets sericea. . ... ...
Alfella, ..o L

Common fesprdera. ... ..

Qrass-legume miatire—

Covvenvennngt summer (orchasd gram,
rodlop. [ta:uss ryesium,
and cominon kespe-
dets).

Centipeder.asy. ...

Kantucky bivegrass

o

1 fall, speng rorciar-
oram, redtap, [talan
ryegrasy, and commoa

Firetleat stand, tall {averngs X0
inches)

Facellent stand, tal] (nverage 38
liches:

Very dense growth, uncut

Gormt stans, {all cavernge 13
tnchess

Gowt stand, unmowed.

Foex] stand, tall (aversge M
menes)

Good stand, amt weody, all
average id luehes

(Good stand, uacut aversge |1
iniches)

Gool stand, mowed (sversge 13
wches)

Denw growth, uncut

Gomd stand, uncut iaverage 13
wnches),

Fair stand, uacut (10 to 48
inches)

Good stand, muwed (average 8
lnches)

ot standd, uncut «average i1
fnehesy

! oo stand, uncut (6 Lo A

uienesy

Very dense cover iaverage 6
Inches, .

Gonng stand, headed (8to 12
inches)

tiood stand, cut 1o 2 $-nch
nelgnt

; Eaceilent stand, uncut «average

43 tichey)

Gond stand, uncut (Jw &
tnches;

Gued stand, pout 16t 8
uiches).

Afler culting to I-tnch height.
Very good stand belore
cuttlng.

Goord stand, cut to § § tnches
keight.

Burned stubble.

3 From Hangoow of (hannel Dengn for Sol and Water Conserration  {Ree

fontoote 3, tahe )
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Appendix B

Nomograph for solution of Manning Equation

- 2
EQUATION: Vo

=)
- 9
- 10

- 20

1486 R’», 5'/:
n

TURNING LINE

- 80
- 40
o
- 30
- .01
[
- 20
/r-.02
-~
oS 7
>Le ]
o
€ =1 o3
ofF® 27
/ 3 w
-l -—
/ 73 9»
[ 5
u
ofs
u | Oe
S 4
L od -
'3
[&]
\ St 09
wn
\, ELa "
2 3 Wt o8
\'>_-_ 2
£ hor
or? 2
iR s Ot 08
W [+ 4
> - .09
AT
-2
L. 1.0 - .2
- 9
) [
- .7
=
- .6
Ls
- 4

(See sec. 3.2-2)
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|

PREFACE

This publication, the third in a series on the hydraulie desimm of
highway deainage srruetures published by the Federal Highway
Administration. mahes generaihy avlable a wroup of hydrantie
eharts which fucilitate the comprtation of nneforn: dow i open chan-
nels, o of the charts are alsa weetnl i the desigar of storm drains,

The text is not intended ta be 4 teeatise on the desten of open
channels, althouzi o b disenssion of the prictples of tlow inopen
channels is neiaded, s ptended rather, as o working ool that
should be of comshlerable serviee to the designer adready familiar
with the subject.

This publication conrains chaers which peovide dizeer solution of
the Manning equation for uniform flow in open primatic chunnels
of various cross seetions: bstrietions for using the ehartss o table
of recommended valies of 1 for use 1 the Manniee equation: tablss
of permissible veloeities in varth and vegetated channel<smstruety
for construeting clares <imilar ©0 those presented s and a0 nomosra)
for nse tn the solution of the Yanning equation. Charts are ineholed
for rectinelar, trapezoidad, amd teangnlar chaunels, grass-lined
channels, cirealar pipe chanmels (pare-fall towy, pipearch channels,
and oval vonerete pipe chunnels,

Mueh of the material in this publication was developed by the
Recion 3 Office aof the Federal Tizhway Administeation ithen Regmon
2. Barean of Public Roads)i, i cooperation with the Division of
Hydreaulie Resenvel now Envirommental Conteol Grango, Otliee of
Reseaveh,  The publicarion was assembled by the Hidranlics Branct,
Bridee Divizion, Othice of Fnginesring, and the Division of Hydeanhe
Re<eurch, Oflive of Heseas . The only ehanges in this reprint of
the 1961 publication ceosit o0 a redesigned cover and  revised
preface,

i
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Chapter 3. RECTANGULAR, TRAPEZOIDAL, AND TRIANGULAR CHANNELS

3.1 Description of Charts,  Charte 129 are desigrod
for use in the direet solution of the Manniog equation Tor
vartos=sized open channels of rectapanar, trapezocdad,
gular crosz section bFach chart fexeept the

and
triangular cross-~ectint channel churt, Noo 29008 pe pared

prAT-

for 4 channel of ziven bottom wadth, and havine o

t

ticular value of Muanteag's n bat anxthary seales ke
the charts applicable to ather vadoes of o

The rectungalar cros-- etion channel charts, Nos - 14,
wre prepared for an n Gof B UL taveragwe vabie for conerete,
A separate chart iy provided for each foot sl width from 2
feet to 10 feet and for each even foat of width from 10 feet
to 20 fect.

The trapezodal crossesection channel charts. Nos
15-28, are prepared foree n of 003 and side Sopes of 201
thorizantal to verticabr X sepurate chart = provided for
each fout of bottom widtn from 2 feet to 10 feet und for
ench even foot of width from 10 feet 1o 20 feet. Charts for

other side slopes may be constructed aecording 1o the
method explained in appesdic B Charts fur grass-lined
cof

channels, where novanes with both depth and tyvg
grasa, are given in chapter 4

The charts for rectanenlar and trapezaidal crosa-section
channely are simdar m o deswen and method of wses The
abscisaa seale 13 discharge, o cubie feet per seeond 2o f <0
and the ordinate scale s veloeity, ro feet per second (Ep s
Both scalea are lowsnthnue  Saperimposed on the Joga-
rithmic grid are steeply inelined lines representing depth
tin feet’, and ~hightly wclined lines representing channel
slope (in feet per footis A heavy dashed line oneach chart
shows the position uf eritieal fow  Auxihary absersaa and
ordinate scales are provided for use wath values of noother
than those values vsed i preparing the chart,

In these charts, and subsequent ones stimlarly designed,
interpolutions may be made with confidence, not only on
the ordinate and abscissn scales, but between the inelined
lines representing depth and slope

The truangular cross-seetton chunnet chart, Noo 29, 43
prepared in nomograph form. [t may be used for street
sections with u vertieal (or nearly vertieal) curb face
(The curbed street section 13 o4 tiangalar section with
one leg vertical)  The equation iven on the chart ignores
the resistance of the curb face, but this resstance s
negligible from a practical viewpont, provided the width
of Bow i3 at least 10 times the depth of the curb face;
that is, if Z>10. The equation gives a discharge about
19 percent greater than will be obtained by the common
procedure of computing discharge from the hydraulic
radius of the entire section The latter procedure is not
recommended for shallow How with continnously varying
depth. The nomograph may also be used for shallow
V-shaped sections by following the instructions on the
chart,

1.2 General instructions for use of charts 1-28,
Chiart= 128 provide aosobaben of the Manning equation
for o open channels of umifortn slope, cross section,
ated tonhto s, provided the ftow s not affected by back-
water and the channel Las n beneth soficient to establish
seform dow The chiarts provide cecuracy <utlicient for
the desirn of Lighaway dronage canninels of fairly uniform
crosa section and ope. Hounding of the intersection of
the side <lopes wath the bhottom of the chaunel does not
apprecinbly affect the ehannel capacity

The ehurts e ab-o be used to abtam rosgh approxima-
tons for depths and veloeitier v natural chutinels of
nearly the nomonal eross secting For sueh channels, a
~tranght line deswn throngen srregubiarttiez an the bed pmﬁlc
miay be used to define the slope. The rectangilar cross-
it cttarts can be used for closed rectangealar conduits
towing ol by following the procedure deseriberd in
seetion 3.2-0.

The use of charte 123 15 decenibed, with examples, in
the following subsections. Tostructions and exampie for
choart 29 are @iven on the chart itzelf,

3.2-1 Use of charts 1-28 with basic chart-design value
of n. For a coven slope and cross section of channel,
when noa= 0,015 for rectangular channels or 9.03 for trapes
sordal caannels, the depth and veleeity of uniform flow
may be read direetly from the chart for that size channel
The irtial step 18 to locate the interection of a vertieal
hie tarosgh the discharge rabscmaat eod the aporopriate
slope e At this intersection, the depth of flow s read
from the depth dines: and Cw mean velocity s rend on the
ordinate seale opposite the puint of intersection (s
examptes Land 2v, The procedu = s reversed to determine
the discharge st g given depth of tlow tsee example 3),
Criticat depth, stope, and veloeity for a given discharge
can be read on the appropriste line or seale (veloeity) at
the anterseetion of the eritical curve nnd u vertieal line
throuwh the discharge.

Example 1

Guen A rectangular conerete channet § ft wide with
n =015, on a l-pereent slope (S=0001), discharuing 200
¢ s Find: Depth, velocity, and type of flow.

1. Nelect the rectanguiar chart for a 5-ft. width, chart 4.

2 From 200 cfa on the @ seale, move vertically to
intersect the slope line $=0.01, and from the depth lines
read =32 ft.

A Move horizontally from the smine antersection and
read the normal velocity, V=125 {.p.s,, on the ordinate
senle.

4. The intersection lics above the critical curve, and the
flow is therefore in the supercritical range.
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Appendix B.--CONSTRUCTION OF DESIGN CHARTS FOR OPEN-CHANNEL FLOW

B.1 Charts with %1t nning’s n constant.  Dewgn charts
for open-channel few, such ks those presented i chapter 3
are plotted on Loganthane paper  Lach chart 1~ con-
structed for o Gved cross sectien wnd a aven value of
Munmng's w by the following steps Table B-t serves
as an iustrative exanple See pote at end of section,

1. Prepare o tabhe with eolumn hegdings us shown gn
table B-1

2 Tabuiate desired neremenis of cdepthoin the firsd
rolumn.

3 Compute A, W& R=a WPORYL T oand da= A T
for esch depth

4. Using Manmnpe's »quation.

Vo li‘?Rz 1513
n
and the given value of n, compute V for a slope of S=0.01,
for euch depth.

5 Trom the values of V. derived in step 4, compute
values for Q= AV,

6. Compute values of 1 and Q lor S=0.10 for each
depth. by multiplying the tabalated values of 1 and @
for S=0.01 by the fuctor (010 0V 2323162 Siratlarie,
compute vaiues of ¥ oand @ for $=0001 for each depth,
by multiplyine the tabulated values of Voand @ for 5-0.01
by the factor 10.001/0.01)43=0.3162.

7. On logarithmic paper with s sufficient number of
cycies, plot V against @ for S=0.01, 010, ~nd 0001,
Note the value of the corresponding depth, using a small
number written slongside esch plotted point.

8 Draw s smooth curve threagh the points for each
dope A pont not falbing on this smooth curve pre-
¢ that an error has been made either in

sumaddy indie
computing or

9 Draw
This provides Her chech on the accuraey of computing
and pletting Thoee eaabedepth Lries must be straight,
sinee the eguaton =~ Vo @4, wihaore L as s constant for

pletung
wht hines thraugh points of equal Jdejth
N

a civess depth

10, The wraph
three slepe himes  Othes slope les may be luid out by
mnrking off ol srme seade aiong enough depth lines
to define the bt curvatire s e slope dines The
< Between either two
wn. and will be the
sume alotg any depth e A fe graphic device to
¢ spacing for any length of evele can
B miaede DY fan u log seate alane the leg of 8 right
trianele with & jone b Bne, and then drawing straight
tnes from the divisions on the scale to the opposite vertex.

pow Lus wll the depth lines but only

teneth of the Tog eneie o the dise

of the three siope cumves already

obtain the i

The spacing o f ose Lies alone any lne lad neross them
Cand ofois merely pecessary to position

will be fopnnt?
the trange <q that the distance from the base to & point
on toe hypetenuse corresponds oo the length of cyele
desired.

11 Critical curves are an essential part of the charts,
Fur plotting puints, compute, fur each depth, gda =322 da
and tubulste dw has aslready been tabulated in the
for each depth, V.= {(gdaI¥%

table;  Next comnp

Table B-1.—Sample computations for channel-flow chart: Trapezoidal channel, 1:1 side slopes, 10-1oot bottom width,

n=:0.03

1 ’ ' ! | '
! ; ' : For §=0.0 For S=010 i For S=0 00 Critteal curve
N A wp !\ Rr | R T | da !,_ , i. —
i I H | !
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Compendium 5

Text

Plotting points of intersection of V=1, with respective
depth Hines loestes the critieal curve.

12, The usefulness of the chart many be vxpanded by
adding scalrs aloag the ordinate and the abscisen, corres
sponding to tae products Vnoand Qn, respectively. It
must be borne nomend, howe ver, that the ~pteal eurve
may be used only with the vatiae of n for which the chart
whs drawn,

Note. Computations m steps 3 and 4 for many rhannel
seetions ean be foursd o the Carps of Lnagness Hopldraudee

Tables and the Bureas of Reclamation Hpiranlic and

Freavation Taldes

B.2 Charts for grassed channels with n varishle,
Design chart4 fur oprnechannel flow in gresed ehannels,
such as those prezented i chiapter 4 are compated by the
Manning equation with n ovaryving as s functon of Vi
fuee fig. 5, p. 38 On these charts the ordiate s channel
slope S and the abseissa s diseharge @ For oa given
cross secetion, each depth and veloeity curve must be
camputed seporately according to the Cllowing oteps
Table B-2 serves wan llustrative veampie

1. Prepare table: with cofumn headings as <hown in
table B2 Select desired inerements of depth. A sepa-
rate table is required for each depth

2 For each depth 4, compute A, WP, R=A;/WP,
T, da= AT, YY), una 1 1R TN Arcange these con-
stanta ut the top of the tabie ?

A Select desized increments of veloeity, usaally 9.5 ps,
and 1 7o 10 f.p.a by units of one, and st i che first columa
of the tthie.

4, Reolot the appropriate retardanes curve from tgure 5
on joganthmic paper. The purposs of this s to obtain
consistent readings of n, so that the veloenty curves to
be plotted later will be smooth curves.  (This does not
mean, however, that selocities determined 1o the com-
pleted graph are scetually that accurate since the true
value of retardance may vary considerabiy o

5. For each selected depth rthat 15, a0 each table being
computed for a zelected increment of )

S8, Compute VR for each veloeity V,oand tabulate.

5h. From the retardance curve plotted ns step 4, read
and tabulute n for exch value of Vi

5¢ Coumpute (Vn?

5d. Compute and tabulate 8 - (Va1 DRYH The
denominutor has already been computed as one of the
constants.

S5e. Compute and tabulate @ = AV

6. Seleet logarithnue graph paper having sufficient
eyeles to cover the desired range of @ and S, and for each
depth:

tn. Plot 8 against Q for vach veloeity | label each plotted
point with the corresponding value of 1

1Gee footnote |, p 3

1 The value (1L4VRY) =2 ANIRYL A table of values for the reciprocal
of the latter will be found in Jandbook of IHydranlies, for (A Selution of
Hydraudic Frohlems, by 1. W King, revised by E. F. Brater, MeQmw-Hhll
Book Co., 1954, (See table 107 tn 3d edltlon or table vt tn 4th editton.)

Table B-2.—Computations for grassed channel:!
Trapezoidal channel, 8:1 side slopes, b=4, retardance C

CONSTANTS

dnd Rui.491 R0 =0.621

10412 Teihd (149R }1) 1m0 587

W16 %4 duamU 194

' |ove - I (imy2 Q
Fp ! Ft digen , C.f.

s oLl Vs
i 1 l 532
2 w2 86
3 1432 M0
[ o | (S}
5 2 e
6o 26 ! Y
T “ 34T =Y
) REE b h
v IRIER ; HE
W 4910 1 1600 ] sz

Ceedw 1 velT ) aes | oo | v

t

Sunilar compiitations must Y made {or ench selected depth

£b. Druw a curve for each depth through the plotted
points. This should be a smoothly curving line. A poin
not falling on the curve presumably indicates that an
error haa been made either in computing or in reading
the n values,

7. Connect lines of equal ve'oeity, which again should
be smoothly curving lines  Pomts will not fit periectly
be _ause of minor discrepancies in reading the retardance
curve, but  wide vanations indicate wjor errors in
computation.

§. Critical slope ia caleulated for each depth as follows;
the computed values breing entered neress the bottom of
the table as shown in tanle B-2:

Sa. Cumpute V, =gtV

8b. Compute V,R.

Sc. Rend from the retardance curve the value of n {or
VR

8d. Solve for stope &, as in step 5d.

Re. Compute Q. =4 V..

9. Plot critical slope S, againat Q. for ench depth, and
draw a smooth enrve through the points,

10. Examine the plotted curves for consistency. 17
equal increments of depth and velocity have been used,
curves should show & systematic change in spacing,
becoming closer as depth increases or velocity increases,
as the case may be. At any point of intersectien of depth
and veloeity curves, the product AV must equal the value
of Q read for that point.

11. Changes in retardance must be taken into account.
Unlike the open-channel cvharts for a fived value of n,
where a single chart may be used for other values of n,
the grasseq channel chart must be replotted for a different
retardance.  However, only two additional columns are
required in the computation table: the n for the new
retardance and the solution for S as in step 5d. The
new S is then plotted against @ as previously caleulated
(in step 5e). to obtain 8 new set of curves for this
retardance,.
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Compendium 5

Text 3

F

OPEN

CHANNELS WITH

UNIFORM FLOW

Table 92, Square Roots of Decimal Numbers

7-53

Num- 2 .. 6t o-- 7 o8] ---
R B Bd el T B I Rl e
Tt . | 1 ' . '
00001 D031 DO GE L OEGOG L 03T OMINTE 000, 001125 001243 (W 350
02447 ARMIGOU. GO THGL GOS0, 005000 00X 00S186] G (053RG
OO0 UA4TT L ONASER 3657 OGITHS T 0% ] L DOAGTRT NG DOGONE L G164 KI6245
00003 L O0NATS O DG ENT (63371 0A6633. DUBTOS 006 8D DOUSSG: IGI2S | (05N
L0000 L DDTOTL LT L 8, 00745 L 00T LG . ATE0Y .w:olul.w:w
i t | i 1
00008 007THL LTS B07Y3T All\l‘(\(l[ OS2 (IS 124, 00N TSS OO2HF; . O0RI0T
LO0ONT 0G0 5 ARSI DOSOEL T OOSGE0- ST IR 0RTT0 .()\lh.\'l,[.illh.\\h
000NN _ENNEE Gk} LTI T, B2 I0 0074 O 2T N XY
LOOUY L DUYNT ARG O0UGEAT DOOTET L I0uTaN s RLLONCORT )
R LTV L LUV (L TN VICL4Y 010195101047 . 010280 0044 .ulu;nr.'i.ullmu
. i ] N . .
L0001 L Utoea 01049 ‘;.mma.’. I.(mm LOLINE 01225 %.m:‘ﬂ.ﬁ ORI f,mm.‘ 101305
0002 TOTHIE D UT449 LUEsE LOTRET L0154 [HAND LO1GED 016 0T L0170l
OO0 LOLTSY LOITOE L 01T L 0INT |‘OI\H ‘A.Nl LUENT 102 L GIHY 01978
OO0 022G 02049 T2TE 020 R F IR Y TS T U RN T T
S LUEG 02258 ].u::ao IR g.u:m V2345 LOMIG | U2ANT LuMeS U429
| ! 1 .
LTI ; Lozsao ! I, FO2ANS 02608 L 02627
Niitn NENURIER N . i RIAEA R NIAT )]
s Lodsey Lol [RTANUN RTINS C006 UKD
Lard h “HUH . 1 (130nn - 030s2 ki 05330 L U3 140
W10 . AR '.m:w LAE2ZS OO0 LUA2n 04271 L0d2se |Luago2
(63162 . Sk LOSTE 00sTE 000 agl1d ! !.m:(.w
K¢ VARNNIEE s I LMTUG G ORNY EGM0 Lo ihiin [1EXEL
KLt 0477 i BTSN O] B O TR R T T IR AN B C 648
O Uiy Fimas) 0e557 Lonidd L inT0y LonTse : 07000
2005 TUTUTL LUTHL ORI 0TI TS RO URNUEES] CUTEIG .UTeND
: ! 1 i ; ) | :
00510774 ‘[.u?.-xn U orsry FATIAT 000 0N (OS24 G8I8 LN 08307
W7 sinT Lo | DU OS2 0N LONTES C GsTTS 1 OSR3Y  ees
NN TER VU] U 5 L0TI0 Laed w220 Coe2Td Loni? | (LN LR ]
L AHNT 1L0453Y 0GAE L RIEES T LTy [.w.»\w Lo ()
.00 i‘luuuu Ll - Jduldy (L1019 [.N.‘IT ‘;.lu.'mi Suddd e ’.IUNU
! i : ! !
or oo s Laees Lo Lo L Less Loes Lo s
: L B LHNE LISIT 15400050 IS DTN B 1Y KA [T S DTN
IS P TINS Fr I LY TR B L ERLN C Y B N S P R K ui ;
. 20250 L2049 L2074 200y 22D LG L2ieN
22 L3125y ‘.'.'2 R PPN T R S I A LT B P S O
| H ]
.2 2470 Lodoo Losto LT RRIAT s
Lo 265 LG L2 ST IR 2704
i LOR46 . 2snd T Osal 2ks T 12900
01T Lses3 o sn g ans2 LR dlm
L317h E..’Sl!)«l {1 %YIL.'T. 3240 £271 32N
]




7-66 HANDBOOK OF HYDRAULICS OPEN CHANNELS WITH UNIFORM FLOW T-67
Table 95. Eight-thirds Powers of Numbers Table 95. Eight-thirds Powers of Numbers {Conlinued)
! Num- ! -
B ! 9 o v
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‘Table 45. Eight-thirds Powers of Numbers (Continued) Table 5. Eight-thirds Powers of Nambers (Continued) 3
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Table 95. Eight-thirds Powers of Numbers (Continued)
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Table 95. Eight-thirds Powers of Numbers (Concluds d)
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- TR "u; ial Table 97. V PR R’
Table 97. Valuesof K’in Formula @ = — b%s!: for Trapezoida able 97. Vulues of K’ in Formula Q@ = 2= pasgle for Trapezoidal
n
Channels

Channels (Continued)

D = depth of water and b = hottom width of chunnel. D = depth of water snd b = bottom width of channel.
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K’ :
- s for Trapezoidal
n

Table 97. Valvesof K7 in Formula @ =

Channels (Continued)

D = depth of water and b = Lottam width of chaunel.
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Fable 97, Valuesof R’ in Formuln @ = - s for Trapezoidal
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Chaunels (Continoedy

D = depth of water aud b = bLotton width of ehanne.
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i

‘Table 97, Valucesof K’ in Formula @ = 1;— b¥4s¥¢ for Trapezoidal

Channels (Concluded)

D = depth of water and b = bottom width of channel.

Side slopen of channel, rutio of horizontul to vertieal
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Lack of grading materal for proper cross-slope during construction creates windrows at roadway’s edge,
caustng ranfall to seep into roadbed and saturate matenal (Libenial,

100



Compendium 5 Text 4

Grading
lllustrated

101

NOTE: This text has been reproduced with the :
permission of Aveling-Barford, Limited. |
|

Aveling-Barford Ltd., Grantham, England.

Technical Publications Dept.

Publication TP549




Compendium 5 Text 4

~oreword

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 all wheel 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 inciuded in this book.

The illustrations throughout show typical Aveling-Barford graders in action and are
not intended to depict any particular model. Also, machine details such as pipe
wotk, brackets, tyre treads etc, have been omitted for the sake of simg..uity and
clarity of presentation.

No attempt has been made to relate the operation of the graders to the controls as
these vary with each model and it is therefore essential for the operator to study
102 the operating instructions for his machine in the Instruction Bock or the Cperators
Handbook before moving on to study grading techniqgues.

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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Blade Control

The Blade or Mouldboard (1) is the principle tool of the grader. It 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 ""A’" frame (4) which is supported
at the front of the machine by a ball joint {5) also known as the "goose
neck”’,

Movement and positioning of the blade is shown in the following pages,
but first refer to the appropriate Instruction Book or Operators Handbook
for details on the operating controls that are applicable to your particular
grader.

1—1 Control Rams

The Rams used to manoeuvre the blade and circle are as follows:—

Blade Sideshift Ram (6}

106 Lift Rams (7) and (8)

Rotate Circle Motors (9)

Circle High Lift & Sideshift (10) or {1%). See fig. 1—-6 and 1-7.
Mouldboard Power Tilt Rams (12) if 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 ail 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  Lift the Blade

Lift and lower the blade with rams (7) anc (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

Rotate the Circle

Rotate the circle and blade with the hydraulic motors {9).

(If 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 forward
operating position, always taking care that points X are cleared.
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Blade Controi — continued

Circle 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.
llustration 1—5 shows sideshift 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.

If 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
stationary, until they can be performed with ease. When these basic blade
settings have been mastered it will be possible to study the biade High Lift
position shown in section 1-10.

13
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Blade Control — continued

Blade Pitch

The vertical angle of the blade can be adjusted, either manually, Fig. 1-8,
or by power tilt rams, Fig. 19, if these are fitted.

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. This
is the most effective cutting angle.

For most normal grading work the blade is set to a more vertical position.

Generai Maintenance, where a spreading 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.

If a scarifier is fitted it will be necessary to remove the centre tine to avoid
it being fouled by the gooseneck at X. Three centre tine ' should be removed
from some machines to avoid damage to hoses when gcing into high lift.

Detailed instructions for removing tines are given in the Operators Handbgcok.

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.

Tilt 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.

17
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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.

If 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 Techniques

In 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 out without
having to stop and look at controls,

Basic Principles

Practically ail 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 tc ‘boil’ along the blade to the outzr 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 illustrations 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.

Forming a Windrow

Set all wheels 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
ot 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 alterations of blade angle and forward
speed until earth rolls along blade and forms a windrow.

Most beginners do not angle the blade sufficiently tc 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.
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Grading Techniques — continued

Forming a Windrow — centinued

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 direction 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 using 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.

In some operations the windrow may pass between the rear wheels but
NEVER let the wheels run into a windrow.

Note
Illustrations 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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Grading Techniques — continued

Handling a Windrow

Once formed, a windrow may have to be moved sideways across the road, or
perhaps nevs material may have to be mixed with it. Whether moving or
mixing, the routine is always to use the blade to pick up the windrow from
one side 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 frant wheels on one side of
windrow and rear wheels clear of windrow that has been transferred.
In this position the front wheels pull the heel (rear end) of the blade and
rear wheels push the toe (front end) of bl~de, 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 windrow passes smoothly from one side
of machine to the other,

The Wrong Way

This illustration and also No. 4 show what to avoid. In 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 the biade.

If the blade is side-shifted to obtain more space, then the rear wheels couid
run into windrow that has been transferred. Also as the grader 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 illustrations 1-8 and 1-9.

Set cutting edge of blade above the ground a distance equal to depth to
which material is to be spread.

As grader moves forward in low gear the windrow is spread out by blade
under full length of the cutting edge. If windrow is 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,

In such cases make the finishing pass with the blade only slightly 2~qled and
set to skim the surface. Blade pitch forward 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 mavks.
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. With
practice it will be possible to work to the finest limits.
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Grading Techniques — continued

Important Principles To Remember

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 power.
This is the basic reason why all-wheel drive and steer graders out-perform

other types.

Do Not Use High-Lift Unless 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 weight is required on the blade.
If 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

Grading Curves

Steer front and rear wheels as shown in illustration and use blade sideshift
to assist in following the curve as the machine moves forward.

To keep a smooth and continuous finish do not stop whilst sideshifting the
blade.

On leaning whee! 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 accurate line.

Grading Around Obstacles
Do Not Force The Blade Through Obstructior

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 obstruction 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 steering 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 conditions are rough, such as on haul roads where large
dump trucks and other heavy equipment leave deep ruts and holes, it needs
a powerful machine ta level these out and keep the road in good condition.

Set the blade to cut just below ruts and potholes and move forward to form
a windrow, use first or second gear depending on nature of ground and depth
of cut,

If road is wide enough, work along one side and back along the other so that
windrows form down middle of road. Set blade pitch back at the top for
cutting.

The all wheel steer grader should be offset. This widens its stance and gives
greater stability 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 or crossfall.

For spreading, blade pitch should be forward at the top. Use second gear
if possible.

If 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.
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Grading Techniques -— continued
Earth Road Construction

Remove Turf

if turf has to be stripped off, set blade square to machine with cutting 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 out of
the way for the grader to continue. Orce 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. with 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) at first. 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” (15 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 ditch cuts it will be necessary 1o move windrow over to
centre out of the way. Trying 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 ditch 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 qear.

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 outslope 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 keeping the blade accurately positioned.
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Grading Techniques — continued
Earth Road Construction — continued

Clean Ditch

Material that might have fallen into the ditch during the outsloping operation
may be removed by making a finishing pass to clean it up.

With right rear wheels in ditch and front wheels on the road, set blade to pick
up windrow, 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

If 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
snould just reach the ditch shoulder. Take a very light cut and do not let
dirt fall into ditch. Use second gear.

Grading 'n Reverse

in 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. In some situations however it may be necessary to grade in reverse
and this is described in section 2—14.
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Grading Techniques — continued

Fiat 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’ ditch 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 maved up out of the
way as before.

When the second 'V’ trench is cut, set the grader straight with right wheels
in the ditch close to the outslope.

The full length of the blade shouid be placed level along the bottom of the
ditch with 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.

In leaning wheel graders lean top of front wheels away from ditch.
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Grading Techniques — continued

Ditch Cleaning

If ditch 15 dry, set right hand front and rear wheels in ditch and toe of blade
irt bottom of ditch.

Angle the blade vertically so that material spills off centre of blade to
depasit windrow between rear wheels,

In 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 1o leave windrow between rear wneels.

Use first gear.

Grading in 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 difficult *o turn
the grader round, and also on chort stretches of work to avoid frequent turns,
Qn ditch cleaning jobs, the windrow farmed on the inslope or shoulder in
one direction can be moved over on the return trip merely by sideshifting
and rotating the blade about 80°.

Use rear steer to guide grader in reverse.
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Grading Techniques — continued
Bank Sloping

Steep Banks

For steep banks the blade shou.d be set in the high lift position. This is
usually operated on the right hand side, but if it is necessary to work with
left hand high lift, the change over can be marle as shown in section 1-11
and in the machine instruction books.

In 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 shou!d be close in to the bank. If possible ride one or both
front wheels on "he bank — this allows the blade to reach further and to be
kept nearer the normal pcsition 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 downhili. 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
stability 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 downbhill and blade extended
beyond front wheel to erase tyre marks and pass windrow downhill between
rear wheels, '
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Grading Techniques — continued

Getting Out When Bogged

With their extra power and manoeuvreability it is nct often that all wheel
drive and all wheel steer graders get stuck. Should this happen however
do not try to drive out - wheels will only spin and sink deeper.

Use the down pressure of the blade to lift the machine out.

Set the blade level and square and with timbers under the cutting edge.
Lower the blade to the timbers and keep lift ram valves open until front
wheels lift off the ground.

Then using circle sideshift, move the whole front end of the grader over as
far as possible towards firmer ground.

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 important job which can be done very
efficiently by graders.

Soil ccnditions and gradients vary greatly and therefore size and cross sect:on
of suiteble terraces can Le very different. ‘iowever the basic manoeuvres
are similar and the following illustrations are typical.

Terraczs 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
cut to make the channel is graded to form the ridges (B).

Make the first cut about 12" (30.5 cm) downhill of the centre stakes and
form windrow downhill. If bends are sharp use all wheel steer and also
sideshift the blade to follow the curve as shown in section 2—6. Use first
gear.

The second cut is taken on the return trip, deepening the channel and exten-
ding the blade to reach centre stakes. Hoid 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 channel.

Having established the channel base now cut the uphill side. Use extreme
blade reach with rear wheels on downnill side. Cast windrow down into

channel.

With this pass move the windrow from the last up hill cut out of channel and
downhiil.
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Grading Techniques — continued

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, delivering windrow into the channel
again.

Once more clear the channel, moving soil towards the ridge.

This cut on the high side should finich the outslope and be deep enough to
meet the channel on the centre line.

The upnhill 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 snd finish the top side of the ridge to the required level.

Soil to form the downhill side of the ridge is now graded into shape. If
windrows are heavy keep the blade under the macnine and ride the slope if
possible. Use extreme blade reach on the finishing pass to erase tyre marks.
The above sequence of operations illustrates 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.
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Grading Techniques — continued

Spreading Bituminous Materials

Road surfacing with asphalt, coated macadam or similar material is now
usually done hot by a paving machine.

Should it be necessary however to use a grader on patching or repair work or
where a paving machine is not available the blade should first be painted with
oil to prevent material sticking.

If 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 30° 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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Sideborrow construction often creates standing water, a situation that re
completed {Likeria). (Photo courtesy of USAID/Liberia.)

quires proper ditching before road is
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FOREWORD

Ihe Nationil Association of Australian State Road Authorites works towards
umifornuty of practce in the design. construction and user aspects of roads and
hridges and. wWith thiy purpase i view . arrdnges for the preparanon and pubhica-
ton of standards and general procedures

This pubhcation on road maintenance 18 intended o help and guide those
direcuing or planning maintenance work The aspecis covered range from helping
the public. to sweeping the road. clearing drains. the roadside and the shoulders.
prading and formung pravel roads. seal patching bituminous surfaces and mam-
raiming ratlic control devices

The methods desenibed have been adapted from the practices followed in the
varous member authoriies of ganisations and represent current Australian prac-
tee A compamon yvolume on bridge matendance 18 1n the course of preparation.

Svdnan
December, 1973
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Section 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. Like all other struc-
tures they are subject to deterioration which commences s each part of a road is
completed If the faalty 1s to give the standard of service for which 1t was
designed, maintenance must begin as socn as construction ends.

ldeally. maintenance would ensure 'hat the road alwavs functioned as
efficiently as when 1t was first constructed. but in planming maintenance due
regard must be pad to hmitations ¢ f manpower and funds. For this reason the
maintenance programme is sajusted (2 control the rate of detenorauon and to en-
sure that the serviceability of the road does not fall below some mimimum level.
depending upon the resources and pohey of the road authonty 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 presersanon of the asset und the convenience
and safety of rgad users ftincludes routine maintenance which may be organised
and done by permanent gangs. and special mamntenance which requires detailed
technical planning and supervision and 1s 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 n hand.

Routine maintenance is normally undertaken by relatively small labour groups
suitably equipped with hand tools Each group is provided with a truck for its
own transport. Such groups generally operate over defined lengths of road under
the continiuous direction of a supervisor. Labour 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 [leet owners in the operation of trucks
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or cther plant items. The groups frequendy operate from depots in towns but in
the less populated areas they ‘may be required to operate 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 units. This work may be undertaken by directly employved
labour or by contract

Effective use of available resources requires regular mspections. adequdte plan-
ning of operations 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 1s being planned both preventive and restorative work
must be considered. the balance between them being based on experience of local
conditions and the resources available

While all defects should be corrected soon after they occur, they must often be
left unul there is sufficient other work to justify the movement of a wang 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 10
prevent extensive deterioration of the asset.

1.4 SCOPE

This manual outhnes 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-
tces of state road authorities but owing to differences in geology. topography.
climatc condittons. and traffic volumes, they may need to be varied to suit local 167
condions

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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Scouring of Batter due to Lack of Suilable Drainage

4.5.3 Side Drains. A side dram is a surface drain approstmately parallef to and
between the formation and the road boundary. {ts main purpose is to convey
water discharped from table drains, catch dramns. or culverts. to a point where the
water may be safely discharged ino natural water courses, disersion drains. or
cross dratnage channels

In friab'e country, side drams mayv scour (o excessive depths and widths. thus
undernuning boundary fencing or the road formaton Any evidence of scouring
should be invesogated as soon as noied and the appropriate correctine work putin
hand without delay. This may include widening the dram. lattenmg the inven.
grassing the invert and batters Blankets of loose stone contained in hedavy pauge
wire mesh may be used to good effect to protect the invert where the vrade is
steep 1t may also be necessar. o nstall proper!. designed drop structures
reduce the gradient. and to construct pitching where 1t is essential 1o prevent the
scour extending: The use of loose rock. tree branches. ete . is seldom likely to be
effecuve.

4.5.4 Divession Drains. The purpose of a diversion drain is o convey water
from a table drain. catch drain. or side drain so that it can be disposed of by
soakage or by spreading over the natural surface where its veloctty s small and
the likelthood of damage by erosion is reduced.

Special attenvon 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-
tally no grade
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4.5.6 DRAINAGE i

4.5.6 Cross Drainage Channels controlled by other Authorities. Some cross
drainage channels may be controlled by other authorities such as private drainage
trusts. flood mitigetion councils, irrigation commissions, ete. Such channels and
the easements in e hich they tie are normally maintained by the authonty con-
trolling them However. road mamtenance organisations retain the responsibiliny
for the safery of the road user and the imtegriny of road assets and because of this
they should mspect and report any deficiency in the channel or the casement
Ikely o have ar adverse effect on road usens or road structares

4.5.7 Floodw2ys and Fords, Ploodw s and fords are used where construction
of stable waierwavs under the roadway cannot be justtied  Floodwavs and
fords are either intended to be covered by deep water for short peniods or (o re-
Anin trafticatle for entended periods Quite often the floodway s supplenented
by d relatively smuail culvert under the higher approach wath s imvert below the
pavement fovel of the foodway <o that the pavement over the Docdaway s dn
when the cross flow s Jow

On all but ~ery primitive roads the pasement of the floodway consists of hard
durable matenial that is steble under traftic whenatis wet The pavement may be
concrete. grouted stone. stabihsed gravel or packed mbble In some cases it nay
have @ bitunien seal or be sheeted in asphalie coneret: The batters of floodways
must be composed of material that will resist eroston by flowing water Some-
times o concrete or sinular head walls provided to gi 2 edge support to the car-
rageway Maintenanee of floadways and fords may - divided into three tpes as
follows

i DURING DRY WEATHER The pavement. batters, and supplementan
culverts redwire routine maintenance simular o that of @ normal road. Warming
stans and depth indicators need special attention. the former becatse they warn of
4 dip in the pavement duning dry weather as well as indicatng the possible pre-
sence ol water over the pavement in wet weather. the latter because they must be
casihy read at a distance when there 1s water over the floodway

(h) DURING FLOODING Regular inspection 18 necessary to ensure that the
floodway 1s safe for wraffic. having regard to the fact that deep holes and washed
out batters mav 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

(¢) AFIFR FLOODING High prioriy must be grien 1o the restoration of
physical damage so that the floodway is safe for traffic anc s net further damaged
by subsequent floods. Debris should be cleared from the upstream channels lead-
ing to the floouway and culvert. if any. Markers and signs should also recenve at-
tention.

Many dry water courses contain loose sand which r= v be deposited on the
floodway in sufficic nt thickness 16 prevent the passage of vehicles or at least create
hazardous conditions for them. The removal of this foose material s generaily the
most urgent restoration work ajter floods In some cases it may also be desirable
to raise the pavement level of the floodway to inhibit the further deposition of
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sand when the water course next carries water, providing this did not cause
damage upstream by afflux or lead to scour due to increased velocity.

4.5.8 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 other failure usually has serious consequences. 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 settlement, overloading, or corro-
sion.

There is usually ample physical warning of the likelihood of failure but the
detection of this involves close inspection of the inside of the culvert as well as
both the inlet and the outlet. Systematic inspection is most important followed by
appropriate remedial measures Since many culverts are not appareat to an ob-
server moving along a road some sort of distincuve marking on guide posts may
assist in drawing the attention of maintenance gangs to their 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 accun.ulation of silt or drift
sand in the culvert barrel must also be removed periodically by mechanical or hy-
draulic means.

Scour in tie vicinity of culverts must be recognised in the early stages and
repaired prompuy before the damage becomes extensive.

Corroded metal inverts. or any abraded inverts, should be built up with con-
crete mortar. Open joints between precast segments should be repaired by grout-
ing or patching with mortar.

In new pipe culverts under high fills structural failure may become evident
from the distortion of the pipe: the vertical diameter of the pipe decreases and the 1m
horizontal diameter increases with cracks appearing in the barrel. Emergency ac-
tion consists of tomming the pipe to prevent complete failure pending permanent
remedial measures.

4.5.9 Bridges. Road maintenance gangs perform a caretaking role in relation to
bridge structures, their main task being to repair failures in the deck or running
surface. Debris collected against piers or in the channels should be destroyed and
vegetation that may impedz the even flow of water should be kept in check.

4.5.10 Subsoil Drains and Shoulder Drains. The two main purposes of subsoil
drains are to lower the level of the water table and to intercept or drain under-
ground water 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 drain water that may be trapped on an impervious subgrade.

Subsoil drains are constructed near the outside edge of the pavement parallel to
the centre line of the road, but it is not uncommon for transverse drains to extend
as branches from longitudinal drains to at least the centre line of the pavement.
Should isolated weaknesses occur in the pavement, due to trapping pockets of
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Culvert filled with Growth

water. these may often be drained by transverse branches connected to the main
longiudinal drain

The road maintenance organisation should have a plian of cach system 1o locate
subsoil drains which are not evident on the surface The commenaing points and
the ouatlets of the drains should be intheated by distinctive reference pees Mainte-
nancee action for buried drains consists pnmaniy of inspecton of outlets from ume
1o time (o ensure that water s seepine from them This skould. of course. be dane 179
immediately after a peniod of ramn. but m some cases even after a dry season there
will be some evidence such as stamming indicating that the dran 18 working.

Any growth or siltaton at the outlet should be cleered and of vernunproof
sereens or flaps are provided these should be repaired or replaced as required
Damp areas or water seepage at any locaton above a subsorl draim should be in-
vestigated because this will probably indicate a blockige of the drain. Pavement
fallures due 1o softening of the subgrade in roads served by subsoil drains
generally indicate the need o construet a4 further transverse branch 1o the main
dramn or to construct deeper subsoil drains

4.6 ROADSIDE DRAINAGE

The nature of roadside drainage depends on the degree of development of the
roadside uself.

In rural sitvattons drainage of the roadside is undertaken primarily to prevent
water Iying in depressions where it could cause a nuisance. The most sausfactory
form of drainage 1s achieved if the roadside is smoothed to follow the natural con-
tours of the land and to permit the flow of surface water i a sheet into roadside
drans 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 be disturbed as
litle as possible so that the adjoining property owners do not receive surface
water that has been concentrated by road works (other than in natural water-
courses).

It sometimes happeris that the road is located through low Iving swamp areas.
or on sloping country with swamp areas. or soaks at a higher level than the pave-
ment itself. There s litle that the road maintenance organisation can do about
each situation other than keep outlet drains clear of weed grewth, rubbish. and
silt. Pertodic inspectinns 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-
stability in the subgrade. If either problem is encountered co sideration should be
gnen to the instatlaton of deep catch drains or subsoil drains between the ele-
vated swamp and the wop of the cutuing batter. and also subsoil drains through the
cutting.

4.7 UNDERGROUND DRAINS AND PITS .

Underground drainage svstenis, which are rare in a rural situation but rather
common 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 tansverse pipes passing under the road formaton Underground drains are
installed where suiface drams of sufficient capacity to haadle the runoff cannot te
constructed. These condittons wiil be encountered in mululane roads separated by
ratsed medians. and generally all roads that are paved from kerb to Kerb

Inles 1o underzround drainage systems consist of brick or concrete gully pits
covered by metal or reinforced concrete gratings sometimes supplemented by
slots under the kerb to facihitate the entry of fast flow ing water. Inlets are Jocated
at road intersections and at frequent enough intervals in between to prevent the
capacity of the surface drain being exceeded. To guard against siltation of any part
of the buried drainage system each pit 1s equipped with a sump or silt trap that ex-
tends some distance below the invert of the undergrourd drain inlet.

The underground drainage system quite often drains botl: the road reserve and
the adjoining district and. as such. may be the jomnt responsibility of the road
authority and the local government authoriny controliing the area. Responsibility
for the maintenance of the drainage system will be a matter for mutual agreement
between the two authorities concerned and tiie 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 1n any part of the system could result in traffic disrup-
tion or damage to the road iself.

To pernmut inspection and cleaning of blockages by rodding or jetting it is usual
to provide a pit over each substanual angle in the pipeline and 4t junctions of
branches with lines

Frequent inspection and cleaning of the drainage svstem is essential because
serious damage can be caused if surface water bypasses inlets and overloads the
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system at other Jocations leading to flooding of the road or adjoining property.
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 itself. and inspection of the outlct of the drainage
system to ensure that this has not been underminec 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 culvert struc-
tures. including repairs requiring prompt auention which might be carried out by
road maintenance personnel.

It i« not intended to cover detailed inspections or structural repains which are
dealt with in the NAASRA publication Bridee Muainienance Manuat in course of
preparation)

10.2 SAFETY

All inspections and repair work should be carried out with adequate provision for
safuty of both workmen and traffic and in accordance with faws, regulations. and
standards covering traffic and construction safets  Reference should be made to
Section 3 concerning matters affecung traffic safety

If a structure has been damaged temporary medsures pidy be necessany (o pro-
tect the public or the structure. The temporarny measures may include the erection
of signs. oarners. and other traffic control devices. closure of traffic lanes. diver-
sion of rraffic. erecuion of temporary guardratls ete. Where permanent repairs aie
bevond the scope of the road maintenance organisation. details of the damage sus-
tained by the structure and the temporary measures taken should be promntly
reported 1o the responsible authority.

10.3 INSPECTIONS OF BRIDGES

Bridge and culvert ‘nspections should be done as part of nornial road mspections
and after heavy raies. The following features should be checked:

® Damaged or musplaced clearance markers.

® Dumaged or missing signs

® Settlement or roughness of approaches.

® Encroaching vegetation

® Scaled or deteriorated paint on timber rails and kerbs.

® Damaged or deteriorated rails and kerbs.

® Uneven or cracked bridge approaches or deck surfaces.

® Brokei: or Joose tumber decking.
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® Blocked drains.

@ Accumulated dirt or debris on decks.

@ Incffective tomming or underpinning.

® L.oose bolis

o Accumulated Ao -d debris adjacent to abutments and piers.
@ bire hazards.

@ Lrosions and dumage tn rip rap. ete.

10.4 INSPECTION OF CULVERTS

In additon to maters covered in Section 4. drainage culverts should be inspected
for the following structural defects:
® In concrete culverts., signs of cracking or spalling. exposure and rusting
of reinforcing steel. ete.
® In palvamsed steel culvents. damage to galvanising, damage to protec-
uve treatment or invert paving. rust and distortion (particularly where
stee! plates overlap). ponding of water and deposits of silt likely to cause
rust
® Subsidence. scours hkelv to cause subsidence. lateral displacement. tip-
ping of wing walls. open joints. et

10.5 REPORTING FLOOD HEIGHTS

To provide adequate hy draulic data for future design. records should be taken and
reported of the maximum flood height reached at any bridge, large culvent. or
floodway during exceptionally heavy downpours. If possible. flood levels should
be marked with pegs or paint on wing walls, abutments. or piers. Where flood 183
levels are marked on structures 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 of wind blown debris. water-borne soils.
gravel, and vegelation Logs. stumps. and other debris should be cleared as soon
as possible. see figure During heavy floods debris should. if possible. be assisied
through the bridge with poles or ropes

The area in the vicmity of the bridge should be kept clear of undergrowth rub-
bish. Special attention will be required for timber bridges and culverts during
sur...er when bush fires could oceur.

ihe decks of bridges culvens. and approaches should be kept free of loose
mar ral Sweeping may berequired at intervals: Scuppers should be kept clear so
that dramnage of the deck s effective. See figure.

Weephol in abutments should be cleaned periodically to ensure that the hole
through the wall ©: .10t blocked by foreign matter which could prevent the free
flow of seepage water
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10.6.2  Bridge Approaches. Depressions near abutments should be tilled and. if
extensive, the cause investigated.

10.6.3 Timber Bridges. Loose longitudinal planks should be tightened and
any broken deck er longitudinal planks replaced. Wide gaps between deck planks
may require a length of umber packing nailed mto cne side of the planks [t is
desirable to hold small stecks of the most frequenty used timber sizes at the
nearest field depot for urgent repairs. (i quantity and sizes held depend on
availability. Timber should be stacked clear of the ground with adeyudte and even
support. and with sufficient separation 1o allow the free crrculation of air.

10.7 TREATMENT Oi SLIPPERY T!MBEX DECKS

A method of correcting slipperiness in trber decking of bridges using a spraved
bituminous seal coat is as follows.

® Remove all the high spots. sharp edges. and abrupt changes in Jevel.
Caulk all gaps fe.g with umber strips or with oakurn) and cover all
knotholes and large gaps (e g with 5§ mm thick black ron)

@ Clean the deck thoroughly. allow to dryv. and apply 2 tack coat
Petroleum tars should not be used for the 1ack coat on decks nuade from
creosoted unseasoned tmber as the creosote can affect the seal Coal
bond The surfuce to be seiled should preferably not be creosoted o
alternatively the creosote atjowed to dry thoroughly before apphving the
seal coat

@ Apply a seal coat of RYO bitumen with 10 or 14 mm cover aggregate. 185

A premixed bituminous deck weaning surface mayv also be used for this purpuese N
provided 1t does not overstress the structure. In such cases. the deck should be
tight to mmimise cracking of the surfacing. (The craniping of transverse deck
planks between longitudinal planks placed above and below tne deck and bolred
through the deck planks, has been used as a means of ughtening the deck )

10.8 CATTLE GRIDS

Cattle grids are sometimes constructed in place of road boundary fencing on
lighuy trafficked roads in sparsely populated areas. Inspections and maintenance
of these suuctures is similar to that for bridpes 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 eich grnd and be fanmuliar
with the road authority’s policies or administrative procedures with respect 1o
their maintenance.
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Caltle Grid
{A well instalied and maintained cattie grid on an open surface road)
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Reference 1
DESIGN OF ROADSIDE DRAINAGE CHANNELS

Searcy, James K.; U.S. Federal Highway Administra-
tion, Office of Engineering, B..dge 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.S. Federal Highway Administration,
Office of Ergineering, Bridge Division; HNG-31,
Washington, DC 20590.

Methods of open-channel design including the deter-
mination of poth size of channel and the protection
required to prevent erosion are discussed. The
estiination of storm-water run-oft from small areas,
the hydraulics of drainage channels and their design,
construction, maintenance, and economics are pre-
sented. The pullication also includes illustiative
problems in channel design.

Reference 2
DESIGN CHARTS FOR OPEN-CHANNEL FLOW

U.S. Federal Highway Administration. Washington, DC;
1961 August. (Reprinted 1977 November). 165 p.
(Hydraulic Design Series Number 3; stock number 050-
002-00026-8).

Order from: Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402,

This publication, the third in a series on the hvdraulic
design cof highway drainage structures, is intended as
a working tool for the designer already farniliar with
the subject. The text includes a brief discussion of
the principles of flow in open channels. Charts whish
provide direct solution of the Manning equation for
uniform flow in open prismatic channels of various
cross sections are presented, together with instruct-
fons for using them. A table of recommended values
for n for use in the Manming eguation. Zaiier of
permissible  velocities 10 earth and vegetated
channels, instructicns for constructing charts similar
to those presented, and a nornograph for use in the
solution of the Manning equation are also included.
Charts are included for rectangular, trapezoidal, and
triangular channels, grass-lined 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.; 1954, Various paging.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Strect, S.W., Washington, DC 20590.

This handbook presents information regarding the
properties of water and other fluids, as well as the
principies of hydrostatics and their application to
hydraulic engineering problems. Orifices, gates and

tubes are discussed, and weirs {sharp crested and not
sharp crested) are considered. Pipes, open channels
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 methcds have been presented for
the solution of many hydraulic problems. Thus, the
Darcy-Weisbach equation, the Manning formula, and
the Hazen-Williams formula for the solution of
problems involving flow of water at ordinary temper-
atures are considered. A discussion of viscosity and
the numerical values of viscosity, and new data on
flow through oritices and through culverts are also
included. Recent research on submerge = weirs is
presented. The equations which are the basis for the
tables for determining 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 appropriatc
derivations. The methods of analyzing flow condi-
tions on the downstream side of sluice gates are
discussed.  Equations for laminar flow in open
channels, and methods of solving problems involving
flow in thin sheets are presented,

Reference 4
GRADING ILLUSTRATED

Aveling-Barford, Ltd., Technical Publications Depart-
m.2nt. Grantham, U.K.; 1974. Various paging. (Publica-
tion TP549).

Order from: Aveling-Barford, Ltd., Technical Publica-
tions Department, Invicta Works, Houghton Road,
Grantham NG3! 6JE, U.K.

This book is concerned with grading methods and is
designed to assist the operator to get the best work
out of a grader. The book is divided into three
sections: (1) blage 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
10 forms and situations of grading for experienced
operators.

Reference 5
ROAD MAINTENANCE PRACTICE

National Association of Australian State Road Author-
ities. Syunecy; 1975, 136 p.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2290,
400 Seventh Street, S.W., Washington, DC 20540.

This manual is intended to help and guide those
directing or planning maintenance work. [t gives the
procedures for proper performance of routine mainte-
nance; other publications arc referred to for detailed
informaticn on specific tasks. The scope and organi-
zation of the work are outlined. The treatment of
paved and unpaved roads and the maintenarce of
efficient drainage are discussed. Advice is given on
the grading and forminy 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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Methods of making and restoring road openings for
private 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.

ADDITIONAL REFERENCES

Reference 6
HANDBOOK OF HYDRAULICS FOR. 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, 1221 Avenue
of the Americas, New Yorw, New York 50240,

This hardboek presents fundamentals needed to solve
hydraulics probiems and provides apprepriate tables,
graphs and computer techrigues to faciiitate solu-
tions. In this 6th edition (see Reference 3 for &4th
edit:on) pertinent new material hes been inciuded
throughout the boox. This ecition also includes new
material on tiie metric sys.em, the cesign of pipe
networks, and a completely rew secticn cescriding
the applications of numerical methods and wigital
computers to hyvdrauiic engireering.  Thys section
introduces hydraulic engineers to techniques used :n
programming prodiems for soittion by  digita!
cornputers. It includes ten examples of hydreulic
engineering problems with fiow charts, corresgand.ng
computer prodiems and outputs. An appencix 10 the
new section provides explenations of the more imn-
portant numerical methocds used in applyirg compu-
ters to hydraulic problems.

Reference 7
OPEN-CHANNEL HYDRAULICS

Chow, Ven Te. New York, New York: McGraw-Fill
Book Company; 1959. 690G p. (McGraw-Hill Civil
Engineering Series),

Order from: McGraw-Hill Book Company, 122] Avenue
of the Americas, New Yorx, New York 19027,

This book which gives a broad coverage of recent
developments is organized into five parts; DBasic
principles, uniform flow, gracually varied flow,
rapidly varied flow, and unsteady flow. In Part | the
type of flow in npen channels is classified according
to the variation in the parameters of flow with
respect to space and time. The state of flow is
classified according to the range of the invariants of
flow with respect to viscosity and gravity. Four
coefficients for velocity and pressure distributions
are introduced. The energy and momentum principles
which constitute the bas:s of interpretation for most
hydraulic phencmena are treated thoroughly, In Part
I, several uniiorm flow forinulas are introduced. The
design for uniform flow covers nonerodible, erodible
and grassed channels. In the third Part, several
methods for the cornputation of flow profiies are
discussed. A new method of direct integratior is

Order from:
Office of Engineering, Bridge Division, HNG-3!, Wash-

introduced which requires the use of a varied flow
function table. The mmethod of singular points for the
analysis of flow profiles is also discussed. Part 1V on
rapidly varied flow 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 fiow, the treatment is general but
practical.

Reference 8
USE OF RIPRAP FOR BANK PROTECTION

Searcy, James K. Washington, DC: U.S. Federal
Highway Administration, Office of Engineering and
Traftic Operations, Bridge Division, Hydraulics Branch;
1967 June. (Reprinted 1978 February). various paging.
{Hydraulic Engineering Circular Number !1).

U.S. Federal Highway Administration,
ington, DC 20590,

The design and construction of riprap protection for
highway embankments and streambanks are
described, and the design criteria used by several
goverminental agencies are compared in an appendix.
A sample specification for riprap is also appended.
The riprap slope protection discussed here include:
dumped riprap (gracded stone dumped on a prepared
slope), hand-placed riprap (stone laid carefully by
hand or derrick following a more or less definite
pattern with the voids between the larger stone filled
with smaller stone and the surface kept relatively
even), wire-enclas2d riprap (stones placed in wire
baskets or wire covered mats), grouted riprap (riprap
with interstices filled with poriable cement mortar),
concrete riprap in bags (concrete in cement sachs or
suitable burlap bags handplaced in coniict with
adjacent bags), and concrete slab riprap {plain or
reinforced concrete siabs poured or placed on the
surface to be protected). A filter layer under all
riprap is essentia! unless the vank material meets the
filter requiremcnts. It is also noted that broken
concrete may be substituted for stone when it meets
the requirements for stone.

Reference 9
TENTATIVE DESIGN PROCFEDURE FOR RIPRAP-
LINED CHANNELS

Anderson, Alvin G.; Paintal, Amreek S.; Davenport,
John T. Washington, DC: Highway Resecarch Board;
1970, 75 p. (NCHRP Report 108).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigzn 48106.

The erosion-resistant riprap lining has protective
qualities which lie betwecn those of a grassed
drainage channel and a concrete-lined drainage 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 the
discharge, the longitudinal slope, the size and shape
of the channel, and the size distribution of the riprap
lining. This report describes these interrelationships
and develops design criteria by which a riprap-hned
drainage channel can he proportioned and the riprap
lining can be specified for a given discharge and



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. Highway drainage channels are divided
intc two groups. In the first group are those that
serve as median or side ditches for the drainage of
the roadways. These are relatively srnall and often
approach a triangular 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 cach type has been prepared. Limited
experirnental d.ta are presented which secrve to
verify the design procedure, to test the efficacy of
channels designed a~cording tc this procedure, and to
examine sornewhat more closely the phenomenon of
leaching of base material through the riprap inter-
stices. The<2 experitrents, although preliminary in
character, indicate that the design procedures are
suitable and incorporate sufficiently laige factors of
safety to provide stable channels.

Reference 10U
DESIGN OF STABLE CHANNELS WITH FLEXIBLE
LININGS

McWhorter, 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 Enginecring
Circular Number |5; stock number 053-902-00191{-9).

Order fromn: Superintendent of Documents, U.S. Gov-
erninent Printing Office, Washington, DC 20402.

This circular presents design methods developed from
recent rescarch results for temporary linings, vegeta-
tive linings and rock riprap linings. The temporary
lining materials for which design information was
produced were: bare soil, Erosionet 315 (a paper yarn
with openings approximately 7/8-inch by 1/2inch),
jute mesh (woven mat with openings about 3/8-inch
by 3/4-inch), siranded fibir glass roving with
Erosionet 315, 3/8-inch tiber glass mat, 1/2inch fiber
glass mat, Excelsior mat (dried shredded wool held
together with a fine paper net and secured with steel
pins), and straw with Crosionet. A complete des-
cription cf{ each temporary lining material s
presented along with design charts. Maximum per-
missible depth charts have been developed for three
different types of vegetation:  Bermuda grass of
various -lengths, uncut grass mixtures, and comm-:,
Lespedeza. The development of the maximum per-
missible depth of flow curves for dumped rock riprap
cnannel linings are discussed. Criteria for plas:ic
filter cloth design and a new procedure for design of
channel protection in bends are also included. Design
concepts, design procedure, cornposite channel lining

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 methcd of programming channel
design procedure are detailed.

Reference 11
HIGHWAY ENGINEERING

3rd ed. Oglesby, Clarkson H. New Yerk, New York:
John Wiley & Sons, Inc.; 1975. 783 p.

Order from: John Wiley & Sons, Inc., 605 Third Avenue,
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 practicing 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 4,
Highway Economy, presents recent data on vehicle
operating and accident costs, and develops techniques
for evaluating highway imnprovements in terms of
savings to users in operating, time, and accident
costs. Chapter 5 or. Highway Finance reviews past
and present highway and wurban transportation
financing by the various levels of government and
traces their effects. Chapter 6, Highway Surveys,
Plans, Computations, emphasizes the importance of
remote sensing {photogrammetry) and computers in
modern practice. Chapter 7 treats the problems
encountered in taking property for public purposes
and in coinpensating owners for land improverments
and loss of light, air, view and privacy. It also
outlines the legal and administrative problems asso-
ciated with the displaceiment of people and activities
from rights of way. ‘Topics related to geometric
design, traffic enginecring, and highway safety are
incorporated in chapters 8, 9 and 0. Chapter |1
emphasizes the value of engineering analysis in
highway enginecring. particula:ly in relation to
highway drainage. This chapter discusses the means
for collecting, transporting. and disposing of surface
water originating on or near the highway rizht cf way
or flowing in streams crossing or bordering that right
of way. Chapter 12 analyzes recent environmental
lesgislation «nd 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) un soils, bases, and
pavements, present research findings and test results
related to roadway and pavernent design. A repre-
sentative group of design procedures fer flexible and
rigid pavements is given in detail. Chapter 20,
Highway Maintenance, discusses traditional mainte-
nance practices as well as outlines new developments
in maintenance management.
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Index

The following index is an alphabetical list of subject
terms, names of people, and names of organizations
that appear in one or another of the previous parts
of this compendium, i.e., in the Overview, Selected
Texts, or Bibiiography. 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 tower case. Porsonal names that are fisted
generally represent the auihors of selected texts and
other reterences given in the ibliography, but they

may also represent people who are otherwise identi-
fied with the compendium subjects. Personal
names are listed as surname followed by initials. Or-
ganizations listed are those that have produced in-
formation on the topic of the compendiun: 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
ot this compendiam on which the term or name ap-

.

Indice
E! siguiente indice es una lista alfabetica del
vocablo del tema. ncmbres de personas. y
nombres de organizaciones que aparecen
en una u otra de las panes previas de este
compendio, es decir. en el Vista Generai,
Textos Seleccicnados. ¢ Biklicgrafia Los
vocahlos del tema que s listean son aqueilos
basicos recesancs para el entendimientu de
la rnatena del compendic

Los vocablos del tema que no son nombres
propios aparecen en letras minusculas Los
nombres perscnales que agparecen representan
los autores de ics texics seleccionados y
otras referencias dadas en !a biblografia.

pero tambien pueden representar a personas
que de otra manera estan ccnectadas a los
temas del compendio. Los nombres personales
estan listeados como apellido seguido por
las iniciales. Las organizaciones nombradas
son las que han producido informacion sobre
ta materia del compendio y que siguen siendc
una fuente de informacion sobre alguna
parte o el alcance total de! compendio. Per
esla razon se dan las direcciones postales
para cada organizacion listeada.

Los numeros que siguen a un vocablo del
tema. nombre personal. o nombre de organi-
zacion son los numeros de pagina del com-

Index

Cet index se compose d'une liste alphabétique
de motls-clés. noms d'auteurs. et noms d'or-
ganisations qui paraissent dans une section
Qu une autre de ce recueil, cest a dire dans
I'Expose. les Textes Choisis. ou la Bibho-
graphie. Les mots-clés cités sont ceux qui
sont le plus elementaires & la compréhension
de ce recueii

Les mots-clés qui ne sont pas des noms
propres sont imprimas en minuscules. Les
noms propres cités sort ies noms des auteurs
des textes choisis cu de textes de référence

cités dans la bibliographie, ou alors les noms
de personnes identifiees avec les sujets de ce
recuell. 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'étre une source de docu-
mentation. Les adresses de toutes ces organisa-
tions sont incluses

Le numeéro qui suit chaque mot-clé, nom
d'auteur. ou norn d'orgamisation est le nurnéro
de la page ou ce nom ou mot-clé parail. Les
numeros ecrits 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 subiect terms and organization names are
followed by the viord see. In such cases, the com-
pendium page nu:mbers should be sought under the

alternative terin or name that follows the word see.
Some subject terms and organization names are fol-
lowed by the words see also. In 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.

pendic donde el vocablo o nombre aparecen.
Los numeros romanos se refieren a las paginas
en la Vista General, los numeros arabigos
se refieren a paginas en los Textos Selec-
cionados, y los numeros de referencia (por
ejemplo, Ref. 12) indican referencias en la
Bibliografia.

Algunos vocablos del tema y nombres de
organizacionas estan seguidos por la palabra
see. En tales casos 10s numeros de pagina

del compendio s& encontraran bajo el término
o nombre alternativo que sigue a la palabra
see. Algunos vocablos del tema y nombres
de organizaciones estan seguidos por las
palabras see also. En tales casos las referen-
cias pertinentes se encontraran entre |os
numeros de pagina indicadas bajo los térmi-
nos que siguen a las palabras see also.

La explicacion anterior esta subsiguiente-
mente ilustrada.

tent aux pages de 'Fxposé et les numéros
écrits en chiffres arabr s se rapportent aux
pages des Textes Ci0.sis. Les numeros de
référence (par exempie Ref. 12) indiquent les
numéros des références de la Bibliographie.
Certains mots-clés et noms d'organisationc
sont suivis du terme see. Dans ces cas, le
numéro des pages du recueil se trouvera apres

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 also.
Dans ce cas, les références qui les touchent
se trouveront citées apres les mots-clés qui
suivent la notation see also.

Ces explications sont illustrées ci-dessous.

IHustration (from Comp. 1)

Selected Text page numbers

llustracion (del Comp. 1)

{llustration (du Recueil 1)

Subject term and see also terms
Vocablo del tema y términos see also

Numeros de pagina en los Textos
Seleccionadcs
Numéros des pages des Textes Choisis

Organization name and address
Ncmbre y direccién de la organizacion
Nom et achesse de I'organisation

L,

Overview page numbers and
reference number

—> National Association of Australian State Road Author-

Numero de pagina en la Vista >

General y Numéros de referencia

Numéro des pages da I'Exposa et
numaros des reférences

Subject term and see term ’
Vocablo del tama y término see (ver)
Mot-cleé et s»e

Personal names J
Nombres personales |
Noins propres

no-passing markings and signs: 31, 95, 132
non-passing sight distance, see stopping sight distance
l—_—» Odier, L.: Ref.3
Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ret.14

(ver también)
Mot-clé et see also

mouritainous terrain (see also degree of curvature;
design speed; maximum gradient: radius of curva-
ture; shoulder width): 11, 17, 34, 35, 38, 173, 175,
2i7, 234, 238

ivies(P.O. Box J141, Brickfield Hill, N.SW. 2000,
Australia):
publications, xxiii, Ref. 8, Ref. 9

Selected Text page numbers and reference
number

Nimeros de pagina en los Textos
Seleccionados y ndmero de refurencia

Numéros des pages des Textes Choisis et
numéros des raférences
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American Society of Civil Engineers, Soil Mechanics
and Foundation Division, Committee on Earth Dams,
Subcommittee on Slope Protection (345 East 47th
Street, New York, New York 10017): 37, 4.

Anderson, Alvin G.: Ref, 9, Ref. 10
arid regions: 10, 12, 41-42

Aveling-Barford, Ltd. (Technica! Publications Department,
invicta Works, Houghton Road, Grantham, Lincolnshire,
NG2! 6JE, U.K.): xix, Ref. 4

bank siopes, see siope banks
batter drains (see also chutes): xx, 171, 176

bibliographies: xxi
channel design, 58-59

bituminous materials {see also channe! linings): 155
Brater, Ernest F.: Ref. 3, Ref. 6

bridges: xxi, 177
inspection and maintenance, 182-186

buoyancy of channels: 35

California Division of Highways (California Department
of Transportation, P.O. Box 1499, Sacramento,
California 95807): 37, 40

catch drains (see also intercepting channels): xxi, 9,
175, 180

cattle grids: 185-186
channel changes: 9, 11
channel construction: xvi, Ref. |

channel design (see also design charts): xiv-xvi, 8, 14,
28-45, 52-57, Ref. 1, Ref. 10

channel economics: xvii, 50-51, Ref. |

channel linings: xiv, xv, xvi, xviii, 11, 30-42, 5I, 60, 175,

Ref. 8, Ref. 9, Ref. 10

biturninous, 36, 47

coinbination, 35-36

concrete, 33-35, 36, 43, 46-47, 54

grass, xviii, 30-23, 34, 42-44, 46, 51, 60, 69, 85, 87,
174, Ref. 2, Ref. 7, Ref. 10

rigid, xvi, 35

stone, 36-41, 44-45, 47-48, 51, 54, Ref. 8

vegetative, 11, 12, 28, 31, 32, 49, 62

channel maintenance: xvi, 12, 49, 171-179, 183, Ref. |,
Ref. 5

channel protection (see also channel linings; erosion
prevention and control): xv, xvii

channels, see buoyancy of channels; cross drainage
channels; intercepting channeis; open channels;
rectangular channels; roadway channels; terraced
channels; toe-of-slope channels; trapezoidal channels,
triangular channels; unlined channels

charts (see also design «harts): 38
for caiculating Manr.ing equation, xvi, 69, 71-85, Ref. 2

Chow, Ven Te: Ref.7

chutes (see also batter drains): 9, 10, 11, 26, 27, 33,
40, 42-45, 46, 51

computer techniques: Ref. 6

construction, see channel construction; road building;
terrace construction

Cox, Allen L.: Ref, 1C
Creager's equation: 40
critical depth: 24, 25, 26, 69
critical flow: 24

cross drainage charnels: 176
crossfall: 19, 170

culverts: xxi, 51, 177, 178
inspecticn and maintenance, 182-186

cuteff walls: 33, 42, 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 (see also charts): xiii, xvii-xviii, 21, 29, 33,
86-87, Ref. 2, Ref. 9, Ref. 10

desigr runoff: &
design storm: 50

ditches: xviii, xx, !36-145
borrow, 11
checks, 11-12, 41-42, 48
cleaning, xiv

diversion drains: xxi, 173-174

drainage: Ref. 1l
of bituminous and concrete pavements, |68-169
of gravel surfaces, 169-170
of small areas, 13-18
of unpaved surfaces, 170

drains, sce batter drains; catch drains; diversion drains;
shoulder drains; side drains; subsoil drains; table drains;
underground drains ar.a pits

earth roads: xiv
construction, 135-14]
maintenance, 134-]35, Ref, 5

energy dissipators: 33, 43-44

equations (see also Creager's equation; Manning equation;
rational formula and method; weir formula): 7

erosion prevention and control (see also channel linings;
riprap): xiv, 8, 11-12, 30-31, 33, Ref. I, Ref. 8, Ref. 9

filter blankets: 41, 47
tloodways and fords: xxi, 176-177

flow, see critical flow; sheet flow; steady flow; subcritical
flow; supercritical flow; unsteady flow



flumes, see chutes Paintal, Amreek S.: Ref.9
fords: xxi, 176-177 peak runoff: 8, 14

formulas, see equations; rational formula and method; pipes: Ref. 2, Ref. 3, Ref, 6
weir formula

rainfall: 13-16

Froude nurnber: xvi, 7, 27, 43 frequency analysis, 13-14
intensity, 13-16, 17, i8

graders (see also grading): xiv, xix, 104-155

rational form:la and method: xv, 7, 14, 16, 18, 60
grading {sce also graders): xix-xx, 104-155, 170, 171,

174, Ref. 4 rectangular channe's: 69-85
gravel surfaces: xx, Ref, 5 riprap: Ref. 8, Ref. 10
ground covers: xv road building (see also road location): xx

earth roads, 136-14]
gutters: 9-10
road location: 8
Highway Research Board (now Transportation Research

Board, 210] Constitution Avenue, N.W., Washington, road mainterance: xx, 166-186, Ref, 5
D.C. 20418): Ref.9 earth roads, 134-135, Ref, 3
hydraulic jump: 33 roads, see earth road:; low-voiume roads
hydraulic radius: 7, 23, 32, 33, 69 roadway channels (see also table drains): 9, 10, 16
hydraulics (see also hydraulic jump; hydraulic radius): runoff (sce alsc design runoff, peak runc{f):
xiii, xv, xix, 19-27, Ref. |, Ref. 3, Ref. 6, Ref. 7 coefficient, 14-16, 60

i estimation, 13-18, 54-56, Ref. |
intercepting channels (see_also catch drains): 9, 1G, 53

safety: 28
John Wiley & Sons Inc. (605 Third Avenue, New York, during inspection and repair, 182
New York 10016): Ref. 1] factors, Ref. 9
of gradirg personnel, 106
King, Horace Williams: xix, Ref. 3, Ref. 6 195

scour: 11, 169, 170, 171, 175, 175, 177, 178, 179, 18]
lined channels, see channel linings

Searcy, James K.: Ref, |, Ref. 8
loess soil: 46

sheet flow: 169, 179-180
low-volume roads: xiii

shoulder drains: 177-179
maintenance, see channel maintenance; road maintenance

side drains: x», 173
Marining equation: xvi, 7, 19-20, 23, 26, 33, 69, Ref. 2,

Ref. 3 side slope: «xiii, xv, xviii, 5C

Manning roughness coefficient, n: 7, 19, 30, 32, 33, slope banks: xiv, 146-147
37, 38, 60, 59; Ref. 2
small drainage areas: 13-18
McGraw-Hill Book Company, Inc. (1221 Avenue of
the Amecicas, New York, New York 10020): Ref. 3, soil, loess: 46
Ref. 6, Ref, 7
spillways, see chutes
McWhorter, 3.C.: Ref. 10
steady flow: xv, 19

median swales: 9, 11 nonuniform flow, xvi, 23-24, 26-27, Ref. 3
uniform flow, xv-xvi, 9, 19-23, 24, 26, 92-99, Ref. 2,
National Association of Australian State Road Authorities Ref. 7
(Box J141, Brickfield Hill, New South Wales 2000
Australia): stilling basins: 33, 37, 43-44, 54

publications, xx, 182, Ref. 5 .
subcritical flow: 24, 26, 27, 35
nomographs: 20, 69, 84, Ref. 2
subsoil drains: xxi, 177-179, 180
nonuniform flow, see steady flow
supercritical flow: 24, 27, 42, 44
Oglesby, Clarkson H.: Ref. 11
table drains: xx, 171, i72
open channels (see also design charts): xiii, xv, xvii, xviil,
19, 21, 34, 69, 86-87, 92-92, 175, Ref. 1, Ref. 2, terrace construction: 151-153
Ref. 3, Ref. 7
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terraced channels (see also terrace constructionk xiv
toe-of-slope channels (see aiso side drains): 9, 10

trapezoidal channels: xviii, xx, 7, 20, 22, 29, 30, 33,
35, 50, 51, 69-85, Ref. 2

triangular channels: 7, 63-85, Ref. 2
underground drains and pits: 180-181
uniform flow, see steady flow

United States Army Engineer Waterways Experiment
Station (P.Q. Box 631, Vicksburg, Mississippi 39180): 40

United States Bureau of Reclamation (18th and C
Streets, N.W., Washington, DC 20240): 46

United States Department of Transportation (400 Seventh
Street, 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 Administraticn, Office
of Engineering, Briuge Division, Hydraulics Branch
(HNG-31, Washington, D.C. 20590): Ref. !, Ref. 2,

Ref. 8, Res. 10

United States Weather Bureau (now U.S. National Weather
Service, 8060 13th Street, Silver Spring, Maryland
20910): 14,17

unlined channels: 35, 42, 60, 175

unpaved surfaces (see also earth roads) xx

unsteady flow: 19, Ref. 7

varied flow (nonuniform flow), see steady flow

warning signs: 176

weep holes: 35

weir formula: 26



Project Publications

The publications listed below have been
produced in the Transportation Technology
Support for Developing Countries project
and may be ordered from TRB postpaid at
the prices shown,

Compendium 1:

Publicaciones del Proyecto

Los compendios citados abajo fueron pub-
licados en el apoyo De la Technologia de
Transportacion en los Paises en Via de
Desarroilo y pueden ser Ordenados franco
de porte a los precios indicados para cada
publicacion,

Transportation Research Board
National Research Council

2101 Constitution Avenue, N.W.
Washington, DC 20418 USA

Geometric Design Standards for Low-Volume Roads. $12.00
Normas de disefio geométrico pata caminos de bajo volumen.

Publications du Projat

Les recueils cités ci-dessous ont €te publiés
pour le projet sur fa Technologie des Trans-
ports pour les Pays en Voie de Développe-
ment et peuvent Htre commandeés en port-
paye au TRB. Les prix sont indiqués pour
chaque publication,

Normes de dimensionnement geométrigue pour routes a faible capacité.

Compendium 2:

Drainage and Geological Considerations in Highway Location. $12.00

Consideraciones de drenaje y geoldgicas en la ubicacion de carreteras.
Considérations sur les facteurs de drainage et de geéologie qui influencent
le choix de I'emplacement d'une route.

Compendium 3:

Small Drainage Structures. $12.00

Pequefias estructuras de drenaje.
Petits ouvrages de drainage.

Compendium 4: Low-Cost Water Crossings. $9.00
Travesias de agua de bajo costo.
Ouvrages de franchissement d'eau économiques.

Compendium 5:

Roadside Drainage. $9.00

Drenaje del borde de la carretera,
Drainage des bas-cotés de la route.





