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

Descripcidn del Proyecto
 
El desarrollo de la agricultura, la distribuci6n 
de viveres. la provision de servicics de sanidad, 
y el acceso a informaci6n por medio de 
servicios educacicnales y otras formas de 
cornunicauion en las regiones rurales de paises 
en desarrollo todos dependen en gran parte 
de los medios de transporte. Aunque en ciertas 
areas los medios de ferrocarr:i y agua 
desempelan una parte importante, una 
necesidad universal y dominante es para 
sistemas via:es que proveen un medio ase-
gurado pero relativamerite poco costoso para 
el movimiento de gente y rnercancias. La 
gran parte de esta necesidad es para caminos 
de bajo volrnen que generalmente mueven 

Description du Projet 
Dans les regions rurales des pays en voie de 
developpement, I'exploitation agricole, la 
distribution des produits alimentaires, I'acces 
aux services medicaux, I'acces b 'information 
par l'intermediaire de moyens educatifs et 
d'autres moyens de communication, dependent 
en grande pailie des moyens de transport. 
Bien que les transports par voie ferree et 
par voie nav:goble jouent un r6le important 
dans certaines regions, Lin besoin dominant 
et universel existe d'un reseau routier qui 
puisse assurer avec certitude et d'une faQon 
relativement bon marche, le deplacement 
des habitants, et le transport des marchan-
dises. La plus grande partie de ce besoin peut 

that seldom carry as many as 400 vehicles a day. 
The planning, design, construction, and main

tenance of low-volume toads for rural regions of 
developing countries can be greatly enhanced with 
respect to economics, quality, and performance by 
the use of law-volume road ,echnology that is 
available rimany parts of the world. Much of 
this technology has been produced during the 
developmental phas-s of what are now the more 
developed countries, and some is continuallv 
produced in both the less and the more developed 
countries. Some of the technolog" ias been doc

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, diseho, cons
truccion y manutenc16n de caminos de bajo 
vol~men para regiones rurales de paises en 
desarrollo 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 esta 
tecnologia ha sido producida durante las 
epocas de desarrollo de Ioque ahora son los 
paises mas desarrollados, y alguna se produce 
continuamente en los paises menos y mas 

btre satisfaite par la construction de routes 
A faible capacite, capables d'accommoder 
un trafic de 5 a 10 vehicules par jour, oU 
plus rarement, jusqu'6 400 vehicules par jour. 

L'utilisation des connaissances en tech
nologie, qui existent dj et sont accessibles 
dans beaucoup de pays, peut faciliter I'etude 
des projets de construction, trace et entretien, 
de routes a faible capacite dans les regions 
rurales des pays en vole de developpement, 
surtout en ce qui concerne 1'economie, la 
qualiti, et la performance de ces routes. La 
majeure partie de cette technologie a 6t6 
produite durant la phase de developpement 
des pays que I'on appelle maintenant d6



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 krowledge about low-volume 

road technology is widely dispersed geographi-
ally, is quite varied in the linguage ard tIe form 

if its existence, and is not emadily available for 

application to the needs ot d.Ic elopng countries 
In Octo .,! 1977 the Tr-irsportation Research 

Board (TRB)began th s 3-yar special project 
ui der the sponsorshi ip o the U.S Agencv for 
International Development IAID toe liance 
rural transportation I ,ie.,,.lF iv cooitris b'" 
providing imiproved s tto \x r ,1 ,1fofin aron 

desarroilados Parle de a tecr,c-cgia se ', 
diseiacr Vicuios, e 

informies qie han seo esc'.tos per expertos 
en e!camoo Pero mucna de ia tecnelog'a 
no esta ccumentada ,exste orrncrtgalmente 
er, las rnen *c-,de aoueios ,que han Jesarrollado 

y aolicado :a Iecnologia rcr necesridaa En 
cuaiquier caso. los conecmnier'tos en exis-
tencia sabre la tecnologia ce camrinos de 
bajo volurmen estan grandemente esparcidos 

vi geograficamente, variar bastante con respecto 
al idioma y sc forma, y no se encuentran 
facilmente disponibles para su aplicacibn a 
las necesidades de los paises en desarrollo 

En ocubre de 1977 el Transportation 

documen ,Cc e. , ri. 

,Resear - Board (TRB)comenz6 :on este 
proyecto esl ecial de tres a~ios de duracion 
bajo el patrr cinic de la U.S Agency for 
Internationa Development (AID) para mejorar 

veloppes. et elle continue a etre produite a la 
fois dans ces pays et dans les pays en voie 
de developpement Certains aspects de cette 
technologie ont ete documentes dans des 
articles ou rapports ecrits par des experts. 
Mais une grande partie des connaissances 
n'6xiste que dans I'esprit de ceux qui ont 
developpe et applique cette technologie par 
necessit6 De plus, dans ces deux cas, les 
ecrits et connaissances sur la technologie 
des routes a faible capacit6, sont disperses 
geographiquemeni, sont ecrits dans des 
langues differentes, et ne sont pas assez aise-
ment accessibles pour 6tre apoliques aux 
besoins des pays en voie de .6veloppement. 

En octobre 1977, le Transportation Research 
Board (TRB) initia ce projet, d'une durie de 
3 ans, sous le patronage de I'U.S. Agency 
for International Development (AID), pour 

on the planning, design, construction, and main
tenance of low-volume roads. With advice and 

guida ice from a project steering committee, 
TRB defines, produces, and trans-nits 
information products through a nezv'ork 
of correspondents in developing countries. 
Broad goals for the tiltimate impact of the 
project work are to promote effective use of 
existing information in the 2cono1iiC develop
merit of transportation i-lt astrUiciIe and 

thereby to enhance other aspects of rural 
development th roi ghou t tlie wvorld. 

In addfition to tile packagi nl arid d stribUtion 
of techocal intorma tion, personal inter actions 

withlusers are [iMvide(, through itCl visits, 
con ferences if,the Un-. Cd States aid abroad, and 

el transporte rural en los parses en desarrollo 
acrecentando la disponibilidad ce la informa
cion en existencia sobre el planeamiento. 
diser:o. construccion, y manutencibn de 
ca'nrlnos de bajo volumen Con el consejo y 
direccion de un comite de iniciativas para 
el proyecto, e TRB define, produce, y 
trarsmit prtoductos inormativos a Irdves 
de una red de corresponsales en parses en 
desarrollo Las metas generales para el impacto 
final del trabajo del proyecto son la promo
ci6n del uso efectvo de la inforrmacion en 
existencia en el desarrollo economico Je la 

infraestructura de tiansporte y de esta forma 
mejorar otros aspectos del desarrolio rural a 
traves del mundo 

Ademas de la recoleccion " distribucidn 
de la informac6n tecnica, se provee acciones 
reciprocas personales con los usuarios por 

ameliorer le transport rural dans les pays 
en voie de developpement, en rendant plus 
accessible la documentation existante sur la 
conception, le trace, la construction, et I'entre

tien des routes a faible capacite. Avec le 
conseil et sous la conduite d'un Comite de 
Directiri, TRB d',finit, produit, Ut transeet 
cette Jccurrrentation a 'aide rd'in rseau 
de correspondants dans les pays en voie de 
developpement. Generalement, I'aboutisse
ment final de ce projet sera de favoriser I'utili
sation de cette documentation, pour aider au 
developpement economique de I'infrastructure 
des transports, et de cette fapon mettre en 
valeur d'autres aspects d'exploitation rurale 
6 travers le monde. 

En plus de la dissemination de cette docu
mentation technique, des visites, des con
f6rences aux Etats Unis et I'6tranger, et 

http:ie.,,.lF


other forms of communication. 

Steering Committee 

The Steering Committee iscomposed of experts 
who have knowledge of the physical and social 
characteristics of developing countries, knowl-
edge of the needs of developing countries for. 
transportation, knowledge of existing transpor-
tation technology, and experience in its use. 

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

medio de visitas de campaha, conferencias 
en los Estados Unidos de Norte America y en 
I extranjero, y otras formac de comunicacion. 

Comite de Iniciativas 

El Comite 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, 
conocirniento de la tecnologia de transporte 
en existencia, y experiencia en su uso. 

Las funciones importantes del Comite de 
Iwiciativas son las de asistir en la definicion 
de usuarios y SLs necesidades, de produclos 
inforrnativos que se asemejan a las necesi-
dades del usuario, y la identificacicn de 
recurscs tie conocimientos y humanos para 

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

Comite de Direction 

Le Comite de Direction est compose d'experls 
qui ont A la fois des connaissances sur las 
caracutristiques physiques et sociales des 
pa's en voie de deweloppement, sur leurs 
besoins au point de vue transports, sur !a 
technologie actuelle des transports, et ont 
aussi de I'experience quant A l'utilisation 
pratique de cette technologie. 

Les 'onctions majeures de ce comite sont 
d'abord d'aider Adefinir les usagers et leurs 
besoins, puis de d finir leurs besoins en 
matire de documentation, et d'identifier les 
ressources documentaires et humaines neces-
saires pour le d6veloppement de cette docu-

ship the committee provides liaison with project
related activities and provides guidance for inter
actions with users. In general the Steering Com
rmittee gives overview advice and direction for all 
aspects of the project work. 

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

Information Products 

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

el desarrollo de los productos informativos. 
A traves de SLS miembros el cornite provee 
vinculos con actividades relacionadas con el 
proyecto y tambien una guia para la interacci6n 
con los usuarios. En general el Coinit6 de 
Iniciativas proporciona consejos y cjOreccion 
general para todos los aspectos del trabaio 
de proyecto. 

,El personal de proyecto tiene la responsa
bilidad para la preparacion y transmisi6n de 
los productos informativos, el desarrollo de 
una red de corresponsales a traves de la 
comunidad de usuarios, y la interacci6n con 
los usuarios. 

Se preparan tres tipos de pveductos informa
tives' los compeiidios de la informacion 
documentada sobre relativamente limitados 

mentation, Par I'interm6diaire de ses 
membres, le comite pourvoit A la liaisoi: entre 
los differentes fonctior relatives au projet, 
et dirige I'interaction avec les usagers. En 
general, le Comite de Direction conseille et 
dirige toutes les phases de projet. 

Le personnei attache 6 ce projet est respon
sable de la preparation et de la dissemination 
des documents, du developpement d'un r6seau 
de correspondants pris dans la communaute 
d'usagers, et de I'interaction avec les usagers. 

La Documentation 

Trois genres de documents sont prepar6s: 
dec recueils dont le sujet sera relativement 
limit& des syntheses de connaissances et 
de pratique sur des sujets beaucoup plus 
g6n6raux, et finalement des comptes-rendus 



practice on somewhat broader subjects, and pro-
ceedings of low-volume road conferences that are 
totally or partially supported by the project. 
Compendiums are prepared by project staff at 
the ;,aLe 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 to provide in-

temas, !a sintesis del conocimiento y practica 
sobre 	temas un poco mas ampliuv, , y los 
expedientes de conferencias de caminos de 
bajo volimen que estan totalmente o parcial-
mente amparados por el proyecto. E!personal 
de proyecto prepara los compendios a razon 
de unos 6 por argo: se utitizan consultores 
para preparar las sintesis a razon de 2 por 
aito. Se publicar, por 1o menos un expe-
diente de conferencia durante el periodo 

u"' 	 de tres arios. En breve, este proyecto pretende 
producir y distribuir entre 20 y 30 publicaciones 
que cubren mucho de Ioque se conoce de 
la tecnologia de caminos de b jo volimen. 

interaccion con los Usuarios 

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

de conferences sur les routes a faible capacite 
qui seran-,t orgariis6es completement ou en 
partie par ce projet. Environ 6 recueils par 
an sont prepares par le personnel attach6 
P. projet. Deux syntheses par an sont ecrites 
par des experts. Les comptes-rendus d'au 
moins une conference seront 6crits dans 
une periode de 3 ans. En r6sume, I'objet de 
ce projet est de produire et disseminer entre 
20 et 30 documents qui couvriront I'essentiel 
des connaissances sur la technclogie des 
routes 6 faible capacit& 

Interaction Avec les Usa£rs 

Un certain nombre de m6canismes sont utilises 
pour assurer I'interaction entre le personnel 
du projet et la communaut6 d'usagers. Un 
bulletin d'information est publie dans chaque 

teractions between the project and the user com. 
munity. Project news Ihoub:shed in each issue of 
Transportation Research -'Iews. Feedback form-; 
are transmitted with the inirmation products so 
that recipients hava opportunity co say how the 
products are beneficial and how they may be in
pioved. Through semiannual visits to developing 
countries, the project st-'f acquires first-hand 
suggestions for the project work and can assist 
directly in specific technical problems. Additional 
opportunities for interaction with users arise 
through international and in-country conferences 
in which there is project participation. Finaily, 
annual coloaCIuiUms are held tot students trom 
developing countries who are enrolled at U.S. 
universit_ 

conunidad ce usUarios. Se publican las 
noticias del proyecto en cada edicibn de la 
Transportation Research News. Se transmiten 
formularias de retroaccibn 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 desarrollo, el personal del proyecto ad
quiere directo de fuentes originales sugeren
cias para el trabajo del proyecto y pUiede 
asistir directamente en problemas tecnicos 
especificos Surgen cportunidades adicionales 
para la interacc&'n con 10s usuarios a traves 
de conferencias inter;acienales y nacioncles 
en donde participa el proyectc. Finalmente, 
se organizan dilogus con estudiantes de 
paises en desarrolo que estan inscriptos en 
universidades norteamericanas. 

nuinero de Transportation Research News. 
Des formulaires -ent joints aux documents, 
afin que les usagers aient I'opportunite de 
juger de la valeur de ces documents et de 
donner leur avis sur les rnoyens de les ame
liorer. Au cours de visites serni-annuelles 
dans les pays en voie de developpement, le 
personnel obtient de premiere main des sugges
tions sur le bon fonctionnement du projet et 
peut aider a r6soudre sur place certair,s 
problemes techniques speciflques. En outre, 
des conf6rences tenues soit aux Etats Unis, 
sait a I'etrariger, sont I'occasion d'un echange 
d'idees entre le personnel et les usagers. 
Finalement, des coltoques annuels sont or
ganis6s pour les etudiants des pays en voie 
de developpement qui etudient 'Jais les uni
versites americaines. 
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Overview 
Background and Scope 

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

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

Vista General 
Antecedentes y alcance 

Carninos que son utiizados durante todo el argo 
deben estar proveido- con drenaje adecLiado. 
Se indic en el Compendio 3 que pequeras es-
tructuras de drenaje con capacidades fijas no 
pueden ser economicame,-;te mejoradas. Per 
esta razon js peqijenas estructuras de drenaje 
deben ser escogidas de acuerdo a su tamar~o e 
instaladas correctamente como el primer paso 
en ei desarrolio del camino AdemrAs, al medir 
las estructuras de drenaje, el ingeniero debe an-
ticipar carnbios futuros en el use del terreno, los 
cuaies podrian afectar el drenaje. 

El Compendio 4 enfaliza que el costo inicial 
de construccibn de Lin camnino de bajo volOmen 
puede ser reducido si un pais est6 dispuesto a 

Expose 
Historique et description 

Un drainage adqualt est necessaire si une route 
dolt 6tre praticable par tous temps. Cans le re-
cueil no 3, nous avions indique que de petits 
ouvrages de drainage, capacite fixe, ne peu-
vent pas 6tre agrandis economiquement. Les 
petits ouvrages de drainage doivent donc itre 
dimensionnes et installs correctement des ie 
debut de ramenagement de la route. En outre, 
l'ingenieur, quand ilcalcule le dimensionnement 
des ouvrages de drainage, doit prevoir les 
changements futurs de lutilisation du sol qui 
seraient susceptibles d'affecter le debit. 

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

ifacountry is willing to accept road closings dur
ing short periods of stream or river flooding. A 
low-volume road isnot termed an all-weather 
road unless stream and river crossings operate 
full time. This can oe accomplished in stages as 
increasing traffic warrants such improvements. 
The construction of roadside drainage begins 
with tne -:onstruction of the road. Roadside 
drainage includes the construction of all the 
roadside drainage channels that divert or re
move surface water from the road right-of-way. 
The primary purpose of roadside drainage is to 

aceptar caminos clausurados durante los cortos 
periodos de inundaci6n de arroyos 0 rios. Un 
camino de bajo volOmen no se llama camitio de 
toda intemperie hasta que los travesias de 
arroyo y rio operen continuamente. Esto se 
puede loorar por etapas a medida que el au
mento en el volrmen del i.ransito justifica ta!es 
mejoras. La construcciun de los drenajes del 
borde del camino comienza con la construccibr 
inicial del camino. El drenaje del borde del ca
mine incluye la construncion de todos los cana
les de drena'e que desvian b quitan las peque-
Flas aberturas del derecho de via. El propbsito 
principal del drenaje del borde del camino es 
para impedir que el agua que se desagua del 
terreno Ilegue hasta el camino, y para eficiente

coot initial de la construction d'une route eco
nomique peut 6tre abaisse, si I'on est dispose A 
accepter la ferlireture de cette route au trafic 
pendant de courtes periodes d'inondation des 
rivires ou des fleuves. Une route faible capa
citb n'est appelee Line route tous temps que 
dans le cas oO I'on peut toujours franchir les ri
vidres ou les fleuves. Ceci pett btre accompli de 
faqon progressive, au fur et 6 mesure de I'ac
croissement du trafic routier. La construction du 
drainage des bas-c6tes de la route se fait au 
stade initial de I'implantation de la route. Ce dis
positif de drainage inc!ut !a construction de ca
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prevent surface runoff from reaching the road-
way and to remove efficiently the rainfall or sur-
face water that reaches the roadway. 

Compendiumri 5 deals specifically with road- 
side drainage channels. It includes information 
for three different groups of highway personnel 
- design engineers, construction engineers, 
and maintenance engineers. The subject matter 
treats design of roadside drainage channels, 
physical construction of roadside ditches and 
adjacent embankments, and routine mainte
nance of the drainage features of unsurfaced 
roads including roadside drainage channels. 

Roadside drainage-channels should be de-
signed and constructed properly during the first 
step inroadway development. Improper design, 

.......


mente quitar el agua de Iluvia 6 de drenaje que 
le Ilegue hasta el camino. 

El Compendio 5 trata especificamente sobre 
canales de aberturas del borde del camino, in-
cluyendo su disefo, construcci6n ymanuten-
ci6n. Los canales de drenaje del borde del ca-
mino deber.n ser correctamente diserfados y 
construfdos durante el primer paso en el desa-
rrollo del camino. Un diseho, construcci6n ' 
manutenci6n incorrecto pueden causar fracasos 
costosos. Ya que hay ciertas incertidumbres en 
las suposiciones hechas en el diseoo de los ca-
nales del borde del camino, estos deberan ob-
servarse cuidadosamente durante los perfodos 
de Iluvia inmediatamente despues de la cons-
trucci6n. Esta precauci6n asegurara que se en-

nalisations ou fosses qui detournent ou enlevent 
les eaux de ruissellement de toute la largeur de 
I'emprise. L'objectif principal du drainage des 
bas-c6tes de la route est A la fois d'empecher 
que les eaux de surface atteignent la plate-
forme, et d'enlever de faqon 6fficace les eaux de 
pluie ou de ruissellement qui sont sur la plate-
forme. 

Le recueil no 5 s'adresse specifiquement aux 
fosses de drainage des bas-c6t6s de la route, 
.es donr'eesqu'il contient interesserons trois 

groupes d ihgnieurs routiers: ceux qui s'occu-
pent des calculs, ceux qui feront la construction, 
et ceux qui seront responsables de I'entretien. 
Trois sujets seront donc traites ici: le dimension-
nement des dispositifs de drainage du bas-c6t6 
de la route, la construction de fosses et de rem-
blais, et I'entretien courant des ouvrages de 
drainage de la route en terre, y compris les dis-
positifs de drainage du bas-c6t6 de Iaroute. 

Les fosses de drainage devraient 6tre calcu-

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

Rationale for This Compendium 

Compendium 5 describes the various types and 
purposes of roadside drainage channels. It pre
sents a technique for estimating storm runoff 

cuentren las deficiencias de disen-o o construc
ci6n antes de que causen importantes fracasos. 
Las insuficiencias descubiertas deber~n corre
girse inmediatamente antes de que futuras 
aguas de drenaje tengan oportunidad de au
mentar el daio. 

Exposici6n razonada 
para este compendio 

El Compendio 5 describe los varios tipos y pro
positos de canales de drenaje del borde del 
camino y sus propositos. Presenta una t!.cnica 
para calcular el agua ae drenaje de tormenta de 
pequeinas areas de drenaje. Esta t6cnica puede 
utilizarse para calcular la cantidad de agua que 

les et construits correctement durant le premier 
stade de I'amenagement de la route. Des er
reurs dans le calcul, la construction ou I'entre
tien de ces fosses, peuvent r6sulter en un 6chec 
complet et cotteux. Comme ilexiste un certain 
degre d'incertitude lors du dimensionnement de 
ces dispositifs de drainage, ils devraient 6tre 
observ6s avec soin durant la premi6re p6riode 
de pluie qui suivra leur construction. Cette pr6
caution permettra de d6couvrir tout de suite les 
erreurs de calcul ou de construction avant qu'el
les ne causent de trbs gros ennuis. Chaque d6
taut devrait 6tre corrig6 immediatement pour 6vi
ter des d6gats additionnels lors de prochaines 
pluies. 

Objet de ce recueil 

Le recueil no 5d6crit les diff6rentes sortes de 
foss6s de drainage pour les bas-ct~s de la 
route et leur fonction. Une technique pour calcu



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

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

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

podr6 esperarse enLun canal especffico de dre- 
naje. 

El compendio repasa las hidrculicas de cana-
les de drenaje. Describe los procedimierntos de 
diserio que se utilizan basados en los principios 
de hidr~ulica presentados. Se incluyen numero-
sos ejemplos del diseio de canales para ilustrar 
el procedimiento descripto. El diserio general de 
canales de drenaje es valido para 6reas urba-
nas y rurales y para todas clases de caminos, 
de huellas acarreteras divididas. Los tubos que 
floyen parcialmente Ilenas tambien se diseian 
como canales abiertas de drenaje. 

La informaci6n contenida en este compendio 
ayuaar6 los inginieros de disefio y de la cons-
truccion de caminos rurales de bajo volOmen te-
niendo un TMDA de hasta 400 vehiculos. Por Io 
tanto se incluyen diagramas de diseo suple-

ler le debit des averses sur de petites surfaces 6 
drainer est presentee. Cette technique peut 6tre 
utilisee pour cal-uler la qk::itit6 d'eau Aevacuer 
par tin ouvrage specifique. 

Ce recueil examine I'hydraulique des fossee 
de drainage. IIdecrit des procedbs de dimen-
sionnement bases sur les principes de I'hydrau-
lique. Des exemples sont inclus. Les principes 
g6neraux de calcul de ces fosses sui it valables 
pour les regions urbaines et les regions rurales, 
et pour toutes classes de routes allant de la 
piste Ala route divisee. Les methodes de calcul 
des canalisations conques pour dvacue un vo-
lume d'eau inferieur A'eurcapacit6 totale sont 
les m~mes que celles utilisees pour le dimen-
sionnement de fosses A ciel ouvert. 
,',s intormations contenues dans ce recueil 

aideront l'ingenieur routier 6 calculer et , cons-
truire les routes & faible capacit6 dont le trafic 

sign charts are incfuded for open-channel flow in
 
trapezoidal and triangular channels to assist the
 
designer in the solution~of problems likely to ap
pear in the drainage of low-volume roads.-,Most
 
of these charts are based on a channel side
 
slope of 2:1 with varying bottom widths. In iruc
tions are included for the construction of'similar
 
design charts that use other side slopes for
 
open-channel flow. Compendium 5 also includes
 
tables to simplify computations for the direct
 
solution of open-channel flow problems. These
 
table3 cover a range of side slopes from vertical
 
to 4:1. Channel side slopes most commonly
 
used in low-volume road design fall within this
 
range.
 

This compendium includes a discussion of-, 

mentaiios para flujo de canal abierto en canales
 
trapezoidales y triangulares para asistir al dise
rador en IFsoluci6n de problemas que proba
blemente pueden aparecer en el drenaje de
 
caminos de bajo voltimen.
 

Casi todos estos diagramas se basan sobre
 
una pendiente lateral del canal de 2:1 con an
chos de fondo variables. Se incluyen instruc
ciones para la construccidn de diagramas de
 
disehio similares que utilizan otras pendientes
 
laterales para flujo de canal abierto. Este com
pendio tambien incluye tablas para simplificar xiil 
las computaciones para la soluci6n inmediata 
,Ide problemas de flujo de canal abierto. Estas 

tablas incluyen todas las pendientes laterales
 
desde la vertical hasta 4:1. Las pendientes
 
laterales de canal que ms comunmente se utili
zan en el diseio de caminos de bajo volimen
 

moyen journalier atteint 400 vehicules. Des ta
bles de calcul supplementaires sont incluses
 
pour les fosses 6 ciel ouvert dont la section
 
transversale est triangulaire ou trapezo'dale.
 

:Ces tables aideront l'ingenieur 6 resoudre les 
problbmes les plus courants du drainage des 
routes 6 faible capacit6. La plupart de ces ta
bles sont basees sur des talus lateraux de pen
tes de 2:1 avec des largeurs de fond variables. 
Des instructions sont incluses qui permettent de 
developper des tables de calcul similaires pour 
des dispositifs Aciel ouvert dont le talus lateral a 
des pentes differentes. Le recueil no 5 contient 
aussi des tables qui simplifient le calcul et per
mettent de trouver immediatement la solution 
des problemes reiatifs aux dispositifs Aciel ou
vert. Ces tables ont un champ d'application qui 
va de la verticale 6 4:1 pour les pentes des talus
 
lateraux. Les pentes des talux lateraux de route
 



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

Compendium 5 discusses maintenance of var-
IOuS roadway drainage elements These inciude 
not only the types o!roads de drainage cha;)nneis 
that are dSCL;ssed iere. ,.talsc some of the 

caen dentro de estos limites. 
El Comrpendo 5 nrcluye ona exposicion de los 

metodos de construccron para canales at~ertos 
con varos t'pos de revestimrentos. Tambien in-
ClLlye el texto e dustraciones que muestran el 
use de la nri.eladora cara (a) construir un 
carnino basco de terra ut izando el matera, dol 
corte de a zanla. (b)liniar zanjas. (c)const.uir 
superfcies de bancos, y (d)construrr canales 
terraplenados. Ya que este texto u_ncamente 
describe !a secLienca correcta de posjcones 
de a cuch '!a para cada operacion. para proc-
0suos de refereiicia se nc!uye una secc on de 

XiV texto que describe ei control de la cuchulla de a 
niveladora. 

El Compendio 5 discute el rmantenimiento de 
varies de los componentes de drenaje del 
camino. Estos incluyen no solo los ipos de 
canales dedrenaje de! borde del camno de-
scriptos en este compendio. sino tamruen al-
qunas de ias estructuras de drepaje men-
cionadas en los Compendios 2 y 3. 

& faible capacit6 sont gen ,raler,,,ent comprises 
dans -e champ daploicaton. 

Une discussion des methodes de construction 
des fosses c cel ou.,ert et de differentes sortes 
de rev~tements est inc',use. Ce recueil content 
aussi un te/te et des I1lustrations qui demontrent 
I'emploi de la niveleuse (a) pour construre une 
route de terre en se servant du matrriau extrait 
des fosses, (b) nettoyer les fossrs, (c) pour 
construire les pentes des talus, et (d)pour con-
struire des redans ou gradins. Comme ce texte 
decrit aussi l'ordre de I'avoyage des lames pour 
cn,,que operation, un extrait sur la commando 
des lames de la niveleuse est aussi inclus 
comme reference. 

L'entretien des differents elrments des dispo-
sitifs de drainage est aussi discute. IIne s'agit 

drainage structures first described in Compen
cliums 3 and 4. 

Discussion of Selected Texts 

The first text, Desigi of Roadside Drainage 
Chantieo, was issued by the U.S. Department of 
Transportation as Hydraulic Engineering Circular 
No. 4. It is reproduced hre from the December 
1973 reprint of the May 1965 publication. It notes 
that the need to prevent erosion is not limited to 
highway drainage channels, but extends 
throughout the right of way. Erosion prevention is 
an essentia! feature of adequate drainage de-

Presentaci6n de los textos seleccionados 

El primer texto, Design of Roadside Drainage 
Channels (El diseio de canales de drenaje del 
horde del camino). fue publicado por el U.S. 
Department of Transportaton come Circular No. 
4 de Ingenieria Hidraulica (esle ha sido repro
dLicido a partir do !a roeirmpresion do diciembre 
1973 de !apblicacion or:qinal en mayo de 
19651). 

D ce quoea necesidad do rnpedir a erosion 
no solo se imta a:{los canales de drenaje viales, 
sno que se extende ai trav~s de todo el dere
cuo de via. Prevencibn de la erosion es una 
caracteristica esencial del diseno de drenaje 
adecuado. La eros!on y manutencion pueden 
ser min'mizados per iacorrecta consideracibn 
de los siguientes factores: 
1.Pendientes latarales pianos, redondeados 

y cornbinados con el terreno natural: 
2. Considerac ones de diseno de canal de 

drenaje (ubicacrin. ancho, profundidad, taludes, 

pas seulement des fosss de drainage. mais 
aussi de 'ertretien de plusieurs ouvrages d'art 
qui sent cits dans le, recueils 3 et 4. 

Discussion des textes choisis 

Le premici texte, Design of Roadside Drainage 
Channels (Dimensionnernent des fosses de 
drainage des bas-cOtes de la route), a ete pu
bli6 par le U.S. Department of Transportation 
comme Hydraulic Engineering Circular No. 4 en 
1965. Le texte reproduit ici est la reimpression 
de Dec,2mbre 1973. Ce texte rernarque que la 
protection centre l'erosion n'est pas limit6e au 
drainage de la route elle m~me,mais dolt 
s'etendre sur route la largeur de emprise. La 
protection centre l'erosion est une des caractb



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 facilties 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 is limited to 
providing erosion control in drainage channels 
by proper design, including the selection of an 
economical channel lining, 

alineamiento horzontal 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 erosibn en los canales de 
drenaje poi un diseFio correcto, incluyendo la 
seleccibn de un revestiniento de canal 
economico. 

El pimer paso en el disefio de un canal es de-
terrnminar la cantidad de agua que portarb,. El 
texto recomienda el uso de la formula racionsi 
para calcLlar el agua de drenaje de pequOrias 

areas. Nota las deficiencias que son inhe:enies 

en la formula. Afirma quo se han sugerido mu-


ristiques les plus importantes d'un boil systeme 

do drainage. L'erosion et I'entretien peuvent 6tre 

rediiits au minimum si I'on observe avec soin les 

points suivants: 
1. La ponto des talus doit 6tre rectiligne et 

2treraccordde par courbes au terrain naturel: 

2. Le calcul des fosses latraux dolt so faire 
en tenant cornpte do I'emplacement, Ia largeur, 
Ia profondeur, les talus, les tracs horizontaux et 
verticaux, et les mesures de protection: 

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

4. Des dispositif de protection comme des 

digues ou des risbermes: et 


5. Une couverture vegrtale de protection. 
Dans cette publication, la discussion est limitee 
au contr6le de I'rosion des losses lat~raux par 

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 collection of addi
tional data and the increased wrk required by 
these refinements do not appear warranted in 
the design of drainage channels. 

The text reviews the hydraulics of flow in open 
channels and defines steady and unst'.ady flow. 
Steady flow is further classified as unform flow, 
if thevelocityand depthof flow are cor,stant. Un
iform flow conditions are rarely attained in drain
age channels. However, the error in assuming 

chos refinamieritos a la formula para una posible 
mejora en os c-iculos del agua de drenaje. Sin 
embargo. la coleccl6n de datos adicionales y el 
aurnento de trabajo requerido por estos refina
mientos no parecen justificase en el disetlo de 
canales do desag~ie. 

El texto repasa las hidr",ulicas de flujo en ca
nales abiertos y define ci flujo estable y no
estable. Ademas el flujo estable se clasifica 
comO uniforme si la velocidad y profundidad de 

flujo son constantes. Raras veces se llega a 
condiciones de flujo uniforme en los canales de 
desagGe pero el error en asumir un flujo uni
forme en un canal de pendiente y seccibn trans
versal bastante constantes es pequerio cuando 
se lo compara al error en determirar la des
carga de diserio. El uso oe la ecuacion Manning 
dara resultados fidedignos para el diseio de 
canales que tienen una distancia suficiente de 

un dimensionnement correct, et au choix d'un 
revetement economique. 

Le premier stade du dimensionnement d'un 

fosse consiste A evaluer la quantite d'eau 6 6va

L'emploi d'une formule rationelle pour calcuer. 
cHier le debit d'une petite surface A,drainer est 
recommende. Ce texte cite les defauts inhbrents 

- cette formule, et remarque que de nombreux 
perfectionnements ont 6tb sugger6s pour esti
rner le debit. Cependant, le travail additionnel et 
la collection de donnees causes par ces perfec
tionnements, ne justifient pas leur emploi pour le 
calcul des fosses lateraux. 

Le texte passe en revue l'ecoulement hydrau
lique des fosses et donne la definition de I'ecou
lement stationnaire et de I'ecoulement irregulier. 
Lecoulement stationnaire est classe comme 
ecoulement uniforme, si la vitesse et la hauteur 
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uniform flow in a channel of fairly constant slope 
and cross section is small, when compared with 
the error in determining the design discharge, 
The use of the Manning equation provides reli-
able results for the design of channels that hive 
sufficient distance of consLant cross section, 
roughness, and slo,e to estabhlsr essentally Un-

iform flow Exampies demonstrate the use of the 
Manning equaton by diec calcuIation, the use 
of prepared charts. and tue use of tables corn-
bined with direct cu]c. ations 

Nonunform or vaied ~ow Cr t:.C-1 f"ow. sUbcr-
tical flow around cIr sce!r'tc tiow 
around curves, and lne Fio..de nrumber a-ire all 

defined and disc.ssecv., 'IAp',Oprite formniuas 
are given for eacl condditon. 

Design procedures are descr'Led for tWe !ay-
out of the dra napje system. c', nnei ,rade. 
channel alignmert canne , secti-on. and chan-

j ,_perfey Pen-
diente constantes ;oica u,,-,ece 
seccion transversai tett;ra ce 

jn flilo esen 
cialmente 1nforme 

Se dan ejeniplos paraO:rieiosrrr e; usO de !a 
ecuacion Mann ng per;a) c:uo di ecto. b) 
por el use de daigraras p'euaradas. y (c) per ei 
use de tablas en cornonacon con calcu!os di-
rectos. 

Se definen y se naoa sonre e fljp no-
uniforme 6 no-estarb,e. f uo citico. f;,1Uo Subcri-
tico en curvas. fuiuo supercrit'co en curvas v la 
cifra Froude Se dcir 'as fbrrrv'as apropiadas 
para cada cond:cior i. 
Se descrioen ios procedirmentos de disero 

para (a) !a dsposicon de sistema de drenaje. 
(b) pendente de canai. c)ai neam ento de ca-
nal. (d) secci0n de canal. y(ei caiacdad de 

de ieau snot constantes Ces con.c-tions sent ra-
rement attentes cians les fosses do dra.,nage. 
Cependert, 'erreur commuse en presumant !ebtat 
d'ecoulement uniforme dans un foss6 dent ies 
pentes et la section transieraie sent 8 peu pros 
constantes. est petite. cornpare a O'erreur que 
l'on peut commettre en caiculant !edebit a 6,a-
cuer. L'ernploi de a formuie de Mannin'_I donne 
de bons resultats pour le calcul de fosses qui 
ont des longueurs suffisantes de section trans-
versale, pente et rugosite constantes pour eta-
blir un ecoulement essentiellement uniforme. 
Des exemples demontrent I'lutilisation de ia 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'6coulement irregulier, critique, sous-critique 

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 
wth rigid linings and the application of com
bined linings are considered. 

Several methods of lining channels are de
scrbed. The necesr;ty of filter blankets under 
certain channel lnngs is explained as weli as a 
method of designing layers of filter materials. 

Design of Roadside Drainage Channels also 
contans a chapter about constrLction methods 
for the various channels previously described. 
Another chapter on the maintenance of open 
channels is inciuded. Tfiis chapter emphasizes 
Iat maintennce is necessary to keep the 
caoacity of the channei at the design level. 

canal. Se ex;', ca ei use de dagramas de canal 
IItablas nidratiicas contendas; en varwi s mani
a es. Se i-cUvj Sole el s;qnificado del coeficiente 
de a tetura de Saciert ce del ctnal. Se describe 
!aproteccon de An i con- ejemplos lustratvos. 
Se tota ot e orohms de flotabiidad deos 

canales vcics con r.,estirn(itos rigidos. Se 
trata sobre "a apicac:O deiri estirrn tos corn
binados. 
Se describen .'ioi rhetoaos de revestir cana

les. Se expirca la necesid.Ad de coberturas do fil
iro balo ciertos revest;mentos de canl Junto 
con un metodo do desernr capubas de materiales 
de filtro. 

Este texto lambien contiene tn capitLulo sobre 
rnetodos de construcc:bn para los vanes cana
les prevarnente descriptos 

autour dos courte-., '_ur-critique autour des 
courec et ic rombre de Froude sent dd!inis et 
dsct~s Der formilos appropridCes sent don
nes poiir Ci eCOdt.)n. 

Dce 1mihde, de calcul sont decrites pour le 
trace dij c terrie de drainage, la pente longitu
dinale du fos6, son trac6, .,asection transver
sale et sa capacite. L'omploi des tables de cal
cul et des tableaux hydauliques ost explique. 
Lirnportance du coefficien! de rugosite est dis
cutee. Les moyens de protection des fosses 
sont decrits, et illustr~bs par des exemples. Les 
problemes cautAs par la poussee dans les fos
sos qui ont un rev~tement rigide, e l'utilisation 
des revetements combines, sont consideros. 

Plusieurs methodes de revbtement des fosses 
sont decrites. La necessit6 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. 

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

El texto seieccionado habla sobre los costos 
relacionados con los beneficios de canales de 
drenaje. Un diserio econornico de drenaje signi-
fica realizar un trabajo adecuado al menor costo 
posible. El canal adecuado de costo rns baio 
mantiene un correcto equilbrio entre el primer 
costo, dar=ro par inundacion, y costo de mante-
nimniento, y tiene la capacidad y proteccibn para 
portar el agua de desag~ie para el cual se di-
ser o. 

El segundo texto consiste de tres extractos de 
Design Charts for Open-Channel Flow (Dia-
gramas de disero pare fluiD en canal abierto), 
publcado par el U.S.Department of Transporta-
tion coma Series de diseho hidraulico No. 3. El 
texto ha sido reproducido de la reimpresion de 
noviembre 1977 de la publrcacibn de agosto 
1961. Los extractos hahlan sobre (a) instruccio-
nes para diagramas de diserio que han sida ex-
traidos, (b) los diagramas de diseo extraidos y 
(c) las instrucciones que describen la prepara-

cibn de diagramas de dsero para canales tra-

pezoidales no incluidos Cn el texto. 


couches dilferentes do matbriau filtrant sOLIs cer-
tains revbtements est explhcluee, et a inothode 
de calcul des dilfbreintes couches do maetOraul 
filtrant est Incluse 

Le lvre, Design of Roadside Drainage Chan-
nels, contlent al issi un chapitrh sut la construc-
tion des losses do drainage qu1 son: decrits in-
tbrieurie ert. Un autre chatpitro, sLir 'entretien 
des fosses A,ciel ouvert, est aussi ncLus. Ce 
chaptlre met I'emphase sur le lairt quIl tatr entre-
tenir ces fosses constamment pour qui's canti-
nuent Apouvoir evacuer le debit prevu lors de 
lour dimensionnemert. 

Ce texte choisi discute les fosses lateraux 
d'un point de vue economique. Un fosse de 
drainage est appele economique s'il tournt une 
6vacuation des eaux adequate pour un coot mi-
nimum. Pour cola, ilfaut equilibrer le coOt initial 

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

Los diagramas de disero 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 (0.6 
m a 3.1 rn) y para cada pie (0.3 m) integral de 
ancho desde 10 pies a 20 pies (3.1 m a 6.2 m).El 
diagrama del fondo de 4 pies (1.2 mi)de ancho 
aparece en el Design of Roadside Channels. por 
Iotanto no se repite en este. 

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

3. Un diagrama ne un canal con cobertura de
 
pasta de forma trapezoidal para pendientes la-

terales de 2:1 y i icho de fondo de 4 pies
 
(1.2 m). 

!.a tercera seccion del segundo texto es el 
Apendice B de Construction of Design Charts 
for Open-Channel Flow (Construccion de dia
gramas de diser,o para fluio en canal abierto). 
Describe la construccion de diagramas de di
ser~o para canales trapezoidales con pendientes 

de constr;ction., le coCt des degradations cau
sbes par les inondatrons, et iecort de rentretien. 
En rdnee temps. ce fosso doit avoir la capacito 
d'evacier le debit prevu, et dtre protege contre 
reros;on.
 

Le deLIXiene lexte chost consiste en trois ex
traits do Design Charts for Open-Channel Flow
 
(Cartes de calcul pour l'ecoulement des fosses
 
Acrel OLivert), pubLhe par le U.S. Department of
 
Transportation sous le titre Hydraulic Design Se
ries No. 3. Ce texte est la reproduction de la 
reimpression en Novembre 1977 de la publica 
'ion originale d'AoOt 1961. Les extraits discutent 
de (a) les instructions pour les cartes de ca!cul 
qui ont ee choisies, (b) ces cartes de calcul, et 
(c) les instructions pour preparer des cartes de 
catcul pour les tosses de forme trapezoidale aui
 
ne sont pas inclus dans le texte.
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preparing design charts for trapezoidal channels tions on this chart must be carefully followed be
not included in the text cause it can also be used for curbed street sec-

The excerpted design charts include the fol- tions. 
lowing: 3. A trapezoidal grass-lined channel chart for 

1. Trapezoida! cross-section channel charts side slopes of 2:1 and a bottom width of 4 ft. 
using an "n'of 0 03 and side slopes of 2:1 (hori- Appendix B - Construction of Design Charts 
zontal to vertical). A separate chart is provided for Open-Channel Flow, the third excerpt from 
for each foot (03 ni)lof ottom width from 2 to 10 this second text, describes the construction of 
ft (from 0.6 m to 3,1 m) and for each even foot of design charts for trapezoidal channels with side 
width from 10 to 20 ft (from 3 1 m to 6.2 in). The slopes, bottom widths, and roughness coeffi
4-ft (1.2-m) bottom width carlt appears ln De- cients other than the ones presented in the pre
sign of Roadside Drainage Channels. sot is not ceding charts. It describes the construction of 
repeated hiere similar design charts for various configurations 

2. A triangular cross-secton char! for use in of grassed channels 
shallow V-shaped dtc. sections. The instruc- The third selected text consists of selected 

laterales, anchos ce fondo y coeficentes de tex- sido renumeradas en las ediciones posteriores 
tura de superficie ot .,que no sean los presen- del manual. 
tados en los diagramas previos. La descrpci n El cuato texto es un extracto de Grading Illus
tambien iPcluve la construccion de diagramas trated (Niveiacion. Ilustrada), Publicacibn TP 549 
de diser~o similares para vaias coP'auraciones del Deparlamento de Publicaciones Tecnicas de 
de canales con cober!,jra de pasto. Aveling-Barford Ltd., Grantham, England (1974). 

El tercp, texto consiste en tabias seleccona- Describe los metodins basicos de construccidn 
das do Handbook of Hydraulics (Manual de hi- de caminos utilizando varios tpos de nivela
drtulicas) (HW K~ng. Cuarta Edicion. 1954). doras ce Aveling-Barford. Que se 1o ha incluido 
Esta puliicacon es un manual de hidr(iuhca de en este compendio no significa el respaldo de 
autoridad reconocida aue en este momento estai esta marca de nve!adora en particular. El texto 
en su se.-ta edicion i,,er Referenc-a 6). El primer se escogio inicamente por la ciaridad y conci-

XVI texto de este Compendio hace referencia a cier- sion de ia nformacidn presentada. 
tas tabias de esla ptb.;cacidn Iror su niero de El lexto da instrucciones e ilustraciones para 
labia en la pagina 29 del Compendo. las varias tareas que pueden ser Ilevadas a 

El texto contene varios ejernplos para demo- cabo por una niveladora. La descripciri de la 
strar corno se puede ahorrar tiempo utilizando construccibn de caminos de tierra comienza en 
las tablas. Cada ejemplo se referencia a una la pagina 136 del Compendio. Las etapas de 
tabla especifica. Las tablas seleccionadas son construccibn detalladas son para (a) quitar el 
come sigue. Tabla 92 -- Raices Cuadradas de cesped, (b) nivelar la superficie. (c) setialar la 
NOmeros Decimales. Tabla 95 -- NLmeros ele- zanja, (d)hacer un corte de zanja. (e) trasladar 
vados a ocho-terceros de Potenca: y Tabla 97 la tierra del corte, (f) repetir los cortes de zanja, 

S112  
--Valores de K en la Fbrmula 0 = K' b (g) nivelar la pendrenle exterior de la zanja. (h) 

n limpiar la zanja, y i) terrinar el peralle. 
para Canales Trapezodales. Estas tarlas han 

Les cartes de calcul choisies comprennent les 2. Une carte de section transversale triangu
suivantes: laire a utiliser dans les losses peu profonds en 

1. Des cartes Ce calcul pour les fosses Ce forme de 'V'. Les instructions pour se servir de 
section transversale trapezoidale qui utilisent un cette carte doivent 6tre suivies tres attentive
"n" de 0.03 et des pentes Ce talus de 2:1 (de ment car celte carte peut 6lre utilisbe aussi pour 
I'horizo.,tale a la verticale). Une autre carte est !ecalcul des rues a bordure. 
fournie par pied de largeur de fond du fosse Ce 3. Une carte pour les fosses de forme trape
2 a 10 pieds (0.6 m a 3.1 m) et pour chaque zoidale avec une couverture vegetale et des 
nombre pair de 10 , 20 pieds (3.1 m a 6.2 m). pentes de talus de 2:1 et une largeur de fond de 
La carte de 4 pieds (1.2 m) de largeur de fond 4 pieds (1.2 rn). 
du fosse est incluse dans Design of Roadside Le troisierne extrait de ce second texte choisi, 
Drainage, donc nous ne I'avons pas reproduite Appendix B - Construction of Design Charts for 
ici. Open-Channel Flow (Annex B - Construction 



tables from the Handbook of Hydraulics (H. W. 
King, Fourth Edition, 1954) This publication is a 
standard hydraulic handbook now in its sixth 
edition (see Reference 6). The first selected text 
in this compendium refers to selected tables 
from this handbook by number (see Compen-
dium 5, page 29). 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 --- Square 
Roots of Decimal Numbers: Table 95 -- Eight-
thirds Powers of Numbers: and Table 97 - Val-
ues of K' in Formula 0 - K' b 83 S 1 2 for 

n 

El texto describe en el mismo m6todo de paso 
por paso la construccion de zanjas (trapezoida-
les) de fondo plano y la formacibn de pendien-
tes graves. El texto tambi6n describe la cons-
trici6n de terrapl6n. Los terraplenes se Ilaman 
canal- s de interceptacion en el primer Texto Se-
le.,cor ado. 

Cada paso de cada operacion se describe en 
detalle. Algunos pasos se describen como ope-
raciones independientes y preceden la descrip-
cidon de la construcci dn de caminos de tierra. 
Las instrucciones contienen tales detalles como 
"Ajustar el borde superior de la cuchilla para 
atrs para realizar cortes". La primera seccion 
del texto describe los mlodos correctos de 
controlar la cuchilla para seguir tales instruccio-
nes. Por lo tanto este texto inciuye informacidn 
sobre la operacion de la cuchilla de la nivela-
dora y l6cni ;as hasicas de nivelacidn. Se sumi-
nistra esta informacion como antecedente de las 
instrucciones sobre construccion de canales. 

El quinto texto consiste de extractos de Road 
Maintenance Practice (Practicas de manuten-
cion de carninos), puLblicado por el National As-
sociation of Australian State Road Authorities en 
1975. El primer extracto, Section 1- Introduction 
(Secciori 1-- Introduccion) presenta anteceden-

de cartes de calcu! pour losses Aciel ouvert), 
donne les elements pour construire des cartes 
de calcul pour les losses de forme trapezoldale 
avec des pentes de talus, largeurs de fond et 
coefficients de rugosite differents de ceux qui 
sont offerts dans les cartes precbdentes. IIex-
plique aussi comment construire des cartes de 
calcul pour des fosses Acouverture v6getale de 
configurations differentes. 

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

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

The fourth selected text is an excerpt from 
Grading Illustrated, 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 endorsement of this grader. The text was 
chosen solely for its clarity and conciseness. 

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

tes para el resto de la publicacibn. Sug:ere que 
el propbsito de un programa de manutencibn es 
el de controlar la velocidad de deterioro de un 
camino. El programa deberia asegurar que la 
utilidad del camino no caiga debajo de algOn 
nivel minimo que sea determinado por los recur
sos y politica de la autoridad vial que se con
cierne con 61. El manual mismo da un plan ge
neral de procedimientos para el correcto cum
plimiento de una manUtencibn rutinaria. 

El segundo extracto. Section 4 - Drainage 
(Seccion 4-Drenaje) es reprodLiCido totalmente. 
Incluye informacibn sobre el mantenimiento del 
drenaje en superfiicies de cascajo y superficies 
no pavimentadas. Las superficies no
pavimentadas se definen como las superficies
 
que se componen de material natura' que se
 
encuentra en las capas superiores del terreno
 
sobie el CLJai cruza el camino. Describe la ma
riutencion de los varios elementos de desage
 
qiJe se encuentran a !o largo de un camino, in
cluyendo (a) desages de meseta 6 canales de
 
calzada, (b) drenajes de talud 0 vertederos, (c)
 
desagces laterales b canales de la base de te
rapl6n, (d) drenajes de desviacin, (e) drenajes
 
colectores o canales interceptantes, (f) cruces
 
inundados y vados, (g) alcantarillas, (h) puentes
 

livre est maintenant , sa sixiOme edition (voir r6
ference 6). Le premier texte choisi de ce recueil
 
mnentionne certaine tables de ce manuel en ci
tant le num6ro de la table (voir Recueil no 5,
 
page 29). IIfaut remarquer que le num6ro de
 
ces tables est different dans les editions ult6
rieures. Plusieurs exemples montrent comment
 
on peut gagner du temps en se servant de ces
 
tables. Chaque exemple se rapporte Aune table
 
specifique. Les tables dont nous parlons ici sont
 
les suivantes: Table 92 - Racines carr6es de
 
nombres d6cimaux; Table 95 - Puissance 8/3
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step-by-step construction stages describe how 
(a) toremove the turf, (b) to level the surfac.e, (c) 
to mark out the ditch, (d) to make a ditch cut, (e) 
to move the windrow over, (f) to repeat the dtch 
cuts, (g) to grade the ditch outslope, (h) to clean 
the ditch, and (i) to finish the camber. 

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

Each step of each operation is described in 
detai;. Some steps are described as indepen-
dent cperations and precede the description of 
earth road construction. The instruciions contain 
such details a.3 "set blade pitch back at the top 
for cUtting". The first section of the text de-
scribes the proper rnc-:;iods of controlling the 
blade to follow s.jch instructions. This text, there-
fore, includes information on operating the 
grader blade and basic grading techniques. 
Such information is provided as background or 
the instructions on channel construction, 

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

Culverts (Seccion 10 - Puentes y alcantarillas) 
es tambien reproducido totalmente. Trata con la 
inspeccion y manutencibn de estructuras de 
puentes y a;cantarillas. Incluye las reparaciones 
que requieren atencion inmediata que podrian 
ser ejecutadas por ei personal de manutencion 
del camino. No trata sobre inspecciones deta-
iladas ni reparaciones estructurales. 

de nombres: et Table 97 - Vaieur de K' dans la 
formule 0 = K' b8 3 S1 2 pour les fosses de 

n 
forme trapezoidale. 

Le quatrieme texte choisi est extrait de Gra-
ding Illustrated (Le nivellement illustre, Publica-
tion TP 549 du Technical Pubications Depart-
ment, Aveling-Barford Ltd., Grantham, England 
1974). Ce texte decrit les methodes de base de 
construction d'une route en utilisant differents 
types de niveleuse Aveling-Barford. Le fail que 
ce texte est inclus dans ce recueil n'implique 
pas une recommendation de cette marque. Ce 
texte a bte choisi uniquement pour sa clarte et 
sa concision. 

Ce texte comprend des instructions avec illus-
irations pour les differentes sortes de travaux 
que I'on peut executer avec une niveleuse. La 
description des terrassements commence , la 
page 136 de ce recueil. On decrit pas- -pas les 
stades progressifs de la construction: comment 
decaper la terre veg6tale, niveler la surface, 

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

The second excerpt, Section 4 - Drainage, is 
reprinted in full. 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 main'--nance 
of the various drainage elements founo along a 
roadway, including table drains or roadway 
channels, batter drains or chutes, side drains or 

Bibliografia 

Los textos selecciunados son seguidos por una 
breve bibhiograffa que contiene datos de refe
rencia y abstractos para 11 publicaciones. Los 
primeros 5 describen los textos seleccionados. 
Los otros 6 describen publicaciones que se 
asocian intimamente cnn los textos selecciona
dos. Aunque hay muchos drticulos, informes, y 
libros que podrfan haber sido nornbrados en la 

marquer I'ernplacement des fosses, creuser les 
fosses. etaler le cordon en sol, re-creuser les 
fosses, niveler les contrepentes, deblayer les 
fossbs et finir !ebombement de la plateforme. 

Ce texte deurit pas-,-pas la construction de 
fosses a fonds plats (forme trapezoidale), le talu
tage de pentes tres inclinees, etla construction 
en redans ou or,,,;. Dans le premier texte 
choisi on utilse les mots anglais "intercepting 
channels", que nous avons traduit par "redans" 
ou "gradins", alors que dans le quatribme texte 
choi:i, on utilise le mot anglais "terrace" pour 
dire la meme chose. 

Chaque stade de I'operation est explique en 
detail. Certains stades sont decrits comme des 
operations independantes et precedent la des
cription des travaux de construction de la route. 
Les instructions contiennent des details comme 
"Inclinez le haul de la lame en arriere pour ex
caver", La premiere partie du texte decrit la 
methode Aemployer pour contr6ler I'angle de la 
lame, et ainsi pouvoir suivre ces instructions. Ce 



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

The third excerpt, 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 Selected Texts are followed by a brief bib-

biblioarafia, no r's el prop6sito de esta contener 
todas las referencias posibles sobre el tema. La 
bibliografia contiene unicarnente aquellas publi
caciones de las cuales se seleccion6 texto 6 
publicaciones bAsicas que hubieran sido selec
cionadas si no hubiera un limite al nmero de 
niginas en este compendio. 

texte dclec comprend a la fois les instructions 
pour utiliser la lame de la niveleuse, et des ins-
tructions pour les techniques de base du nivel- 
lement. Nous avons inclus ces donnees de base 
comme pr6paration aux instructions sur la con-
struction des foss6s. 

Le c:nqui6me texto choisi consiste en des ex-
traits de Road Maintenance Practice (Entretlen 
de la route, National Association of Australian 
State Road Authorities, 1975). Le premier extrait, 
Section - Introduction, presente es donnees do. 
base polr le reste de la publication. IIsuggeste 
que le btIL d'un pro(Iramme d'entretien est de 
contrbler la vitesse de d6gradation de la route. 
Ce programme devrait assurer que l'tat de pra-
ticabiitd de la roiitO ne toinbe pas au dossous 
d'un certain niveai'. Ce niveau est determine par 
les allocations et la politique routiere des authori-
tbs. Le manuel esquisse les techniques pour as-
surer la bonne performance d'un programme 
d'entretien. 

Le second extrait, Section 4 - Drainage, est 

liography containing reference data and 
abstracts for 11 publications. The first five de
scribe the Selected Texts. The other six describe 
publications related to the Selected Texts. Al
though there are many articles, reports, and 
books that could be listed, it is not the purpose 
of this bibliography to contain all possible refer
ences related to the subject of this compendium. 
The b.bliography contains only those publica
tions from which a text has been selected or basic 
pub!ications that would have been selected had 
there been no limit on the number of pages in this 

compendium. 

reproduit en entier. IIcomprend des informations 
sur 'entretien des dispositifs de drainage pour 
les surfaces en gravier et les surfaces non trai
tees. Les surfaces non traitees sont definies 
comme des surfaces composees de sol naturel 
qui se trouve dans les couches sup6rieures de 
terrain sur lequel la route passe. Lentretien des 
divers dispositifs de drainage d'une route est 
explique, entre autre, I'entretien des fosses lat6
raux de deblais, des avaloirs, des foss6s de 
remblais, des saignees laterales de degage
rnent (arbtes de poisson), des fosses captants 
ou de garde, des radiers et des gues, des pon
ceaux, des ponts et des drains sous-chaussee. 

Le troisi~me extrait, Section 10- Bridges and 
Culverts (Ponts et ponceaux), est aussi reproduit 
en entier. I concerne 'inspection et rentretien des 
ouvrages d'art. Les reparations qui demandent 
I'attention immediate, et qui peuvent 6tre faites par 
les 6quipes d'entretien, sont aussi incluses. Les 
inspections en detail et les reparations des struc
tures ne sont pas discutees. 

xxi 
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Bibliographie 
Les Textes Choisis sont suivis d'une breve bi-
bliographie contenant les references ct les r6-
sumes de onze publications. Les c nq prerneres 
se rapportent aux Textes Chois;s Les six autres 
, des publications qui ont rapport aux Textes 
Choisis. Bien qu'il y ait beaucoup d'autres arti-
cles, rapports et livres qui pourraient etre incius, 

l'objectif de cette bibliographie n'est pas d'enu
merer toutes les references possibles ayant 
rapport au sujet de ce recueil. Donc, notre bi
bliographie. telle quelle, se rapporte seulernent 
aux publcations dont nous avons choisi des ex
traits, ou aux textes de base que nc,.s aurions 
choisi s'il n'y avait pas de I1mites quant au norn
bre de pages de ce recueil. 



Selected Texts 
This section of the compendium contains selected 
pages from each text that is listed in the Table of 
Contents. Rectangular frames are used to enclose 
pages that have been reproduced from the original 
publication. Some of the original pages have been 
reduced in size to 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 fr- the compendium are 

Textos Seleccionados
 
Esta secci6n del compendio contiene p~ginas 
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 
publicaci6n original. Algunas de las paginas 
originales han sido reducidos para entrar en 
los 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 hubiera existido en el 
texto seleccionado ha sido reproducido en el 
compendio mismo. 

Los numeros de paginas del texto original 

Textes Choisis 
Cette partie du recueil contient les pageE 
s6lectionn6es de chaque texte qui est enumbrb 
dans la Table des Matidres. Les pages du texte 
original qui sont reproduites sont entoUrees 
d'un encadrement rectangulaire. Certaines 
pages onl dO Otre rduites pour pouvoir 
btre placees dans I'encadrement. Le texte 
original n'a pas ere change sauf pour quelques 
explications qui ont ere ins&rees. Doric, si le 
texte original contient des erreurs, elles sont 
reproduiles dans le recueil. 

La pagination originale apparait d I'int6rieur 
de I'encadrement La pagination du recueil est 

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 been added to original tables of contents have 
the following meanings: 

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

aparecen dentro de los recuadros. Los ni
meros de paginas para el compendio est~n 
fuera de los recuadros y aparecen en los 
margenes medio izquierdo o medio derecho 
de las paginas. Los nOmeros de paginas que 
se dan en los indices del compendio se 
refieren a los del compendio. 

Cada texto comienza con una o 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 (opartes de paginas) en 

A I'exterieur de I'encadrement, soit droite, 
soit A gauche de la marge exterieure des 
pages et est celle qui est citee dans la table 
des matieres et dans 'index du recueil. 

Chaque texte commence par une ou plusieurs 
pages d'introduction qui etaient incluses dans 
le texte original. Ces pages sont generale
ment le titre, ou la table des matieres, ou 
les deux. Des asteriques ont ete ajoutes A la 
table des matieres d'origine pour les raisons 
suivantes: 

Certaines pages, ou portions des pages, 



2 

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

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

The selected texts therefore include only those 

esta parte del documento original aparecen 
en el textc original. pero otras paginas (o 
partes de paginas) en esta parte de la 
publicacion original han sido omitidas. 
Todas las paginas en esta parte del docu-
mento original tambien aparecen en el 
texto seleccionado. 

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

dans cet extrait du document original sont 
incluses dans les Textes Choisis. mais 
d'autres pages (ou portion de pages) de 
l'edition originale ont ete omises. 
Toutes les pages dans cet extrait du docu-
ment original sont incluses dans les Textes 
Choisis. 

Les Textes Choisis, dorc, ircluent seulement 
ces extraits des documents originaux qui sont 

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

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

mentos originales clue estan precedidas por 
asteriscos en el indice de las publicaciones 
respectivas. 

Lineas de guiones cruzando cualqurer pagina 
del texto selecclonado significan que en ese 
lugar se ha omitido texto original En vanios 
lugares el texto seleccionado coritiene notas 
aclaradoras qUe han sido introducidas por 
el personal del proyecto Tales notas estan 
insertadas en recuadros de guiones y co
mienzan con Ia palabra NOTE. 

precedes d'un asterique dans les tables des 
rnatieres des publications respectives. 

Les lignes brisees sur les pages des textes 
choisis indiquent les endroils ou le texle 
original a ete ornis. A certains endroits. les 
textes choisis contennent des explications 
qui ont 6t6 nsirees par le personnel attache 
a ce projet Ces explications sont entourees 
dun encadrerrent en pointilll et cornmmencent 
toujours par le rnot NOTE. 
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LETTER SYMBOLS AND UNITS 

A acres Drainage area of a stream at a specified n Manning roughness coefficient 
location Q c.fs. Rate of discharge 

A sq. ft. Area of cross section of flow A 
B ft. Width of rectangular channel or conduit R ft. Hydraulic radWa-p 
b ft. Bottom width of a ;rapezoidal channel S ft./ft. Slope of the energy grade iine (total 
C Runoff coefficient in the rational formula head line). When the Manning 
D ft. Height of conduit or diameter of circular equation applies, S=-S 

conduit S. ft./ft. Slope that produces the allowable 

d ft. Depth of flow at any section velocity for a given discharge 

d. 	 ft. Critical depth of flow in channel S. ft./ft. That particular slope of a uniform 
() channel at which normal depth equals 

d 	 ft. Mean depth of flow critical depth for a given discharge 

in uniform Sl ft./ft. Minimum slope required to overcome
d,. ft. Normal depth of flow 

frictionchannel for steady flow
V" , ft./ft. Slope of the flow line of a channel (bed 

P Froude number- slope)
T ft. 'lop width of water surface in a channel 

g ft./sec.' Acceleration of gravity 32.2 T. min. Time of concentration of a watershed 

K ft. Total head V f.p.s. Mean velocity of flow 
H. 	 ft. Specific head at minimum energy Vo f.p.s. Mean velocity of flow in achannel when 

-d.+V'1/29 flow is at critical depth (critical 

H. ft. Specific head = d + V/2V 	 velocity) 
V. f.p.a. Mean velocity of flow in a channel whenA ft. Vertical drop in ditch check 

flow is at normal depthAL ft. Cumulative losses in a channel reach 
V. f.p.s. Mean velocity of flow against toae in a 

i in./hr. Average rainfall intensity during the 
rocklined channeltime of concentration 

W lb./ft.8 Unit weight of stone used for channel 
K Channel conveyance-- AR"' linings

WP ft. Wetted perimeter--length of line of 
k ft. Stone diameter for bank protection contact between the flowing water 

(165 lb./ft.' stone) and the channel 
k. Entrance loss coefficient Z ft. Elevation of bed of channel above a 
k. 	 ft. Stone diameter for bank protection for datum 

stone weighing other than 165 lb./ft.2 z Slope of sides of a channel (ratio of 

L ft. Length of channel reach 	 horizontal to vertical) 

PRINCIPAL EQUATIONS 

Rational formula (p. 7): 	 Critical depth (p. 17): 

(1) Rectangular section:	 
(15)Q-CiA d,-O.315 / 

Manning equation (p. 12): 	 Trapesoldal channel: 

5V-- 9 RMS11 (2) d.- 48Ho-3b+ .'l60H0+ldzHsb+9b' (16)lOsR' ' 

1 498 

Q- 1 49 AR11 1 Si (5) Triangular channel:"d..0.574j/(2)' 	 (17) 

S- V. y 13 
1.4 	 ) (13) Froude number (p. 20): 

VP=(26)= 

vUl 
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Chapter 1.-INTRODUCTION 

1.1 General. Ioadside drainage channels perform 
the vitalfunction of diverting or removing surface water 
from the highway ri4ht-of-way. They shoul; provide the , 
most efficient :vstem impor-d;.xm.iAl onoistvnt with cost. 
tance of the riad, economy of maintenance, and oegal re-
quiremenw.. Onw standard channel will rarely provide the 
most satisfactory drainage fcr all sections of s highway, 
although it mia-ht be adeqiate for most locations. Tius, 
the design engin,..r neds procedures for d-,.ifnig v.,uous 
types of channe!s. This publication discusses flow i 

roadside drainage channels, estimation of peak dtscharges 
from small ares, preventior f channel eroision, and pre-
Ren'ts methods for the design of drainage channels required 
to remove runoff from the ara immediately adjacent to 
the highway. 

Drainage channel d,'ign requires, first, the determina 
tion of where surface or groundi water wl occur, in %hat 
quantity, and with what frqucncy. This is a hydrologic 
problem. Then st-..ctuires of appropriate capacity must 
be designed to di;'et water from the hinway roadwkay, to 
remove water that reacht:i the roadaay, and tu pis col-
lect',d water undr the roadway. Thi s it hydraulic 
problem. This publicatinn will ,hscu." only th,!part of 
the problem that. deats withn roadside dratinasg- channels; 
however, many of the principlea dicis,.sed also apply to 
natural str-a=r. 

Erosion control (1) 1 is a necessary part of itouddrainage 
design. Unless the side slopes and the draina-e channels 
themselves are protected front eroaion, unsightly gullie" 
appear, maintenance costs icre.se, and sections of the 
highway may be cisma-'ed or even destroyed 

Drainage design t6in! with the road location. ioca-
lons that avoid poorly irained areas. u .ible soil. 
frequently flooded ares,.and unne.eary sireatti croasings 
greatly reduce the drainags problem. Data ,cathered in 
the field permit solution of the drainage pro'ett that 
cannot be avoided whet, loc-iting the hio.hwav Adequate 
notes on farm dratnage, terraces, and manmade channels 
are particulacly important, as these channels are swldoin 
shown on topocraphic maps. 

The desigin of roadside drainage channels has been 

discussed by Ittard t12. and criteria for drainatie channel 
design appean in the pubhiation, "A Policy ot Geometric 
Design of Rural highways" ill. Subsurface drainage of 
highways is discumd in llighway 1esearch Board Bul-
letin 2' (3)and the function of highway shoulders in 
surface drainage is dici.sed by Ackroyd (4i. 

In this publication, types and sectins of drainage chart-
ftileni."wm r.&ren'tt w tte P:n,nre" inl r,.tr r n 1, s{i 


nela are first discussion of channel discussed, followed by a 
Alinement, grade, and protection from erosion. iHydro 
loie and hydraulic princples tire discussed briefly and 
design procedures are presented with typical charts fo, 
determining channel size. Finally, the methods described 
are applied in the design of the channels illustrated in 
figure 2. For convenience of the user, all tables are 
placed in appendix A. 

The design procedures discuised in this publication are 
only tools to aid in solving the surface drainage problem
there is no standard solution. The drainage. problem of 
each section of highway is individual and for solution 
requires adequate field data and an engineer experienced 
in highway drainage. 

1.2 Fettors in design. The primary purpose of 
rnadside drainaze channels is to prevent surface runoff 
from reaching the roadway atid to effioiently remove the 
rainfall or surface water that reaches the roadway. To 
achieve this purpose, the drainage channels should have 
adequate capacity for the peak rates of runoff that recur 
with %.frequency depending upon the class ofroad and the 
risk involved. On leas important roads where little damage 
would result from overtopping of the drainage channel 
and where trafc would sutler only minor inconvenience, 
a peak runoff that recurs frequently might be satisfactory. 
On major highways or on minor highways where 8erioeis 
erosion damage would result frot overtopping the drainage 
channels, a less frequent peak runoff might be used as 

the design runoff. 
The frequency used depends soitewhat upon the climate, 

the topoeraphy of the area, and the coat of the drainage 
ystet. Water standing on the edge of the traveled way 

for a few minutes during an intense storm might iot 
interfere with traffic movement any more than the storm 
itself, hut should water remain for a long time or collect 
in pavement sags or in underpass depressions, ittraffi^ 
hatard will result At locations where shoulder gutth-rs 
protect high fills highly susceptile to erosion, the peak 
dlscharge for which the chantiels are designed might be 
grea.er than the class (f the road would otherwise warrant. 

Bureau of Public Roatls policy requires that on Inter
state System projectw, all drattimge facilities other than 
culverts anti bridges he degineri to keep the traveled 
ways usable during storms At lemit a, great as that for a 
l-ye~ar fre,4uency, except that a 50-year frequency shall 
be used for underpa.is or other depressedroadwtys where 
ponded water can b removed only through the storm
drain mv,¢tem. 
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The capacity of R ttraiige channtel carryinig Uildo'r 

flow del-cld5, ufal iti- shItq. siz!.el, e laud ruti.4U.1i' 

For akgiven channil, tilt, capairity I-ecoiiie Areater %%el 

the grade (.o Ill.' ili-ptli of flow i. IrIcreAed4 'rb. rhantil. 
rapc. v chati 1 'uefceh'oiie T Ug eru.i~reMr 

For enample, it rubble or stow- go tter hmuoil) 
4.ut-i I.311 

rapiii. u~tT .'lilioririe ti 
and 510.4hi~at.' of thle ~ife IIrsIn Ethannl U'J ' 

A rough channiel im .'oxi~tiinvt anl advsita~e ois npt"-p 

FJolwo where iL ift oe'irliile Lo kee'p veloci~it fromn 1..-

comning too high. 
TIhe rnont effiviuntI ha p of channel ie that of a4 

etri 'Itllr i s~ not00 the eKoa.cfiterl(l 

In nde hi~r) to p-ert orIltIgt itA hydratilie (fOcLioil, tilie 
circle, i'it hy1drau lic 

dtai nalge chianntel Ahoulti I'.' rconoli)mal to coitlrue I, aiid 

cI~eduriiig the I4(1'(of the rolk141aCrequire little ni ht~ill 
4' afife folr Vel. ide-A bCCI'liii1lVChantlfl Aiiotild RINI 

traveleid plenpliig In ianpEIrit', 31141IrAvilig Ill.! way, 

withiiiit (iliiiage to tilt ' liutiiigilsioetf collecteoi %atir 

property. "lioelt of Oliv~e nidt io iil requ0irviiven o. for 

drainage chmmiel.4 reduice thle hydritulc rapncity of thle 

channel. Thus, till. Im-L deign for s liarticulal etc"On1 

of highway is. a cfltoniiii5mp atnoii the variclue reqvi

wet., sornii" 

l.rererit ii ifuerice on 

1.3 Types of 

~ A 

iitv'!4c.tM; ii nr' 
i, 'S4~ahia 

! aAt~'viIilv 

t rltwh ls 
ri~-'.' 1it'i'4j 

44 '1llii 

Ox cu'1 si'1(1' 
the cut 

it .l r 1431,11l 
rorl(11i.N 
tli'll. 41A 

%itfi ezlch requirementfl hnv414ia ill 

the de~lgn fron thait of stiotlhur se-tionl. 

drainage channels'. V ,Arrut4asge 

4 

4-

i.e1 

L-11014,iile4l' I,',i t ls l.a~vcilitt,['I,!ch rotr'~ 
aiVC 41 l41.iWsfi4;'ction unr 

i 1 i 
1a4e1l~.a' i uw 

4 di4444iC401i r lel' 

;.t~;
~'Ii 

ttlot 
ln:rs(01. 

11eo 
41Ja 

O(1i14'.' 4 c 1403 .,4 

Mlil)441 lio44 t 41 4I 

t4-14i'1iof (1ri444'l.'- ctii'41', ire ,''1!41,f fid' 14.'34Clin 

1 (414 i''I('4 41 144C1ii;.'T4 

1.4 Guttemn latti'i ice the chpmoll at the eclges 

of the paveriielit or Lii Fholildvir fornie1 hy A VUrlb Or by a 

1.Cir
4 i'.41 lvr- 1 K'N 

v! 


"t:!4 . t. tt:1'- Unte ' -it 

ar.'p' i the4 'I,' 4.11(' 4tU 1 4341 l. tx1.CIN'if

411 4 14 '41 fror t l~e 

111nvlt ti~~c or.4l''L4'r the et. of' 

! 1 A 4'r 1. at V.' 41 of dnvaIA 

(irpotm th al4,'fl~iti4 The 

http:ruti.4U.1i


Compendium 5 	 Text 1
 

shallow depression. Gutters are invariably paved with 
conerc-. brick, stone blocks, sr some other structural 
material. 

Gutters are generally u-sed in lieu of other type ,hannels 
for urban highway drainage and are eumreume.s used in 
rural areas, particularly on parkways, in mountainous 
regions, in sections -,ith hnited -ight-.of-way, in ircs of 
poor soil stability, ar,! for special drainage probleims such 
as traffic interchanges il :nderpa..es. 

In areas where meg.t live coier cannot be used to 

prevent erosion daiag,, to high fila, shoulders are d,'signed 
to serve as a gutter %.th a curb constructed at the outer 
edge to confine thi %ater to the shoulder. [he water 
collected in the guttcr :s discharged down the slope through 
chutes. The curb ma' be made of earth, bituminous 
material, portland cement concrete, or cut stone, 

1.5 Chutes. Chutes, as usod in this pubiicaton, are 
steeply iTcined open or clo"ed channels, which convey the 
collected water to a lower level. Chutes are alo called 
flumes and spillways. The most common applications in 
highway construction are the chutes used to convey water 
down cut or fill slope,. 	 Oprn chutes can be metal or be 
paved with portland cement concrete. bituminous . t rial, 
stone, or sod, depending upon the volume and vteicitv of 
the water to be removed. Or .ong slopes, clo..ed ipipe) 
chutes are generally preferable to open ChUtes because in 
an open chute the high velocity ater is likely to jump 
out of the channel, erode the slope, and destroy the chute. 
Aiso, open chutes rn':y Interfere with niachine-mowing 
operations on the roadway iicpes The inlet of all chutes 
must be adequately (,9s=c.ed to pru vent water byp.-i.,mg 

10 	 the chute and eroding the slope. Frequontly energy dis-
sipators or other types of eros;on protection am, needed at 
the chute outlet. 

1.6 Roadway channels. Road'Aay channels arc the 
channels provided in the cut Sectio01to remove the. runoff 
from rain falling on the roadway and on the cut siops. 
These channels are som,times cailed cutters when paved; 
however, in this publication pavd channels separated 
from the traveled way will isecalled roadway channels. 

A well-designed roadway 	 chann,l r,moves storm watr 
from the cut areas with the lowst omrall cost includ:ng 
cost of maintenance. mnd wit.' tih -,,'t hazard to traffic, 
The channel shoull al~o be pla:,nz ;i appearariti To 
meet these requirei,.nts, the AAf1Il -P"lict on 
Geometric lDsmgii of Itural lli!hw:iys recomrni, ril that 
where terrain permit-, roid,i ic .r:mt.;. cha,,til-I lhuilt-it 
earth should hame %id,,.lop.:s not T.Iwr thai 4 horizontal 
to I vertical, and a roulided bottom at l-:a t I f--it . 
Flatter side slopes are d,(sirabl,, on channels ls' i-,, low 
fills. The depth of channl should f, uficient to rinove 
the water without saturating the pavement suhgrad.. 

It is unnecessary to stanairdize the design of roadside 
drainage channels for any length of highway Not only 
can the depth and breadth of the channel be varsed with 
variation in the amsiounts of run ff, rate of channel grade. 
and distance between lateral outfall culverts, but the 
dimensi:ns can be varied by the use of different types of 
channel lining Nor is it necesarv to str.ndrdize thr 
lateral distance between the channil and the edge of pave. 

ment. Often liberal offseta can Iw obtairied where cuts 
are slight and where cuts end and fills l.osin. 

Automobile proving ground tcsLq reported by Stonex 
(6) show that the most important element in controlling 
the shock of impact when driving into a flat-sloped channel 
is the length of vertical curve betwe-n the side slopes and 
the channel bottom. (See fig 3 ) For a epeed of 65 
nuies per hour and a striking angle of 15 with the channel 
centerline, c-s a channel with a 6: 1 side sbope, a vertical 
curve 6ki feet long is reconmnended and P vertical curve 

about 10 feet long is recommended for a channel with a 
4 I side 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 often be laid on a mild slope and the lower 
end flared 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 aid semiarid regions, the water draining out of 
the roadway cut should be diverted away from the fill far 
enough so that it does not come back to the highway. 
The landowner 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 it reache" the roadway. 
Intercepting the surface flow reduces erosion of cut slopes, 
lessens silt deposition and infiltration in the roadbed area, 
and decreases the likelihood of flooding the highway in 
severe storns. 

hrte,'cepting surface water is particularly important in 
aril and semiarid regions. Intercepting dikes may be 
built well hack from the top of the cut slope and generally 
on a flat grade until the watrer can be spread or emptied 
into . natural watercourse In most cases, the owners of 
rungeland will perniit highway departments to ccnstruct a 
sriei of contour furroAs beyond the right-of-way in order 
to recover the water. 

An intercepting chat nel constructed by forming a dike 
%ith borrow material is superior to an excavated channel 
hf rnue the at t. r destroys the nitural ground cover and 
is njiri'e Ihiily to erode Care sloul Ihe taken to avoid 
pinning water at the tops of slopes su ject to sliding. In 
slile kreas, storl aater shouhi be intercepted and removed 
as rapidly as practicable and sections of the channel cross
ir.g highl) permeable ioi might cequire lining with im
permeable material. 

EIC CURVE, 
1 SLOPE 

tc-ANql. Boro 

Figure .- Location of vertical curre in channel 
cross section. 
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1.9 Median swales. Median suales are the shallow 1.11 Alinement and prade. The width of the right. 
depressed areas at or near the center of iieiains used to of-way usually allows little choice sit the alinement or in 
drain the median area anil portions of the rolw:t v. the gad,. of thf- cha ri-l, but in-of;,r a practiclnit- abrupti The 
depressed area or swidi i sloped lorr iiuhhi.lh for drain- chi,--. i. ailmitnirt or iln grI:I, ,.illd bet at 0, d A 
age. and ht ierval liii ntater is interreptui'l b, tioletA and siairp chatziKein aletivrit pri,.tt-. a point of attack for 
discharged from tire rolladivay. It is r ot ie-es sry that the tiv flowing wAttr, and abrupt chani in graie cause 

longitudinal slope of the swale conforn to the pavement deposition of tranr.ports-d rnit,-riml when the grade is 
grade, particularly on li.t gradw. (.ee sec. 4.31 flattA- ied or scour ah-n grade is eteepened. 

Greerallv, curbs artrnot provid,,d on the edge of the A drainage channel bhould have a grade that produces 
pavement and the mecinn swale draiis phrt or all of the velocities that neither erode nor cause deposition in the 

pavenent area in addition to the mdian area. Even channel. This olitinum velocity also depends upon the 
where curbs ari provided, it is preferable to slope inedianit site and shape of channel, the quritity of watcr flowing, 
wider than 15 fret to a awale. This kepii water in the the mitA-nal used to hite the chnriel. and upon the nature 
median oA the pavement and pret.'nit ttiowmelt water of the sitl and the type of seditnent being trawnported by 
from running onto thi pavetlent and It-corning a hazard the itrean. 
after i quick friei. Nilediais less tlin 15l'eit widi are isrdliianly the highw,y drainage channel rou-,t be located 

generally croriei for drailnage, and if uivr 6 bet ii, width Al,.r,- it Aill brest .. rxe its itehihd purp,, using the 
tie inedian is uuallY paved. Six f-,et is anout tie hinii- grail- aii aline ri t oblutirbli at the I icatoni. The 

muon width tha%can lt ino cd with ncha c.a l equipment cupieit * of tie chanrel and t ie dc , re- of protectLIn given 
(see 1). the crMintel art, then det riminedI e, plamd ir chpte..r 4. 

11i point of disclharv of a dra;iiage clir. Iinto the 

1.10 Channel changes. Channel changeq alter the natural :rte-rcour-' reqL.:ris pirticultr attention. The 
alinement or croam i,-c tLioirs of wiLtiiral wiate rcotirse. al -C11,fit of the drau ag- ranni- should not cade eddies 

Ri-placc in f, lon g sirtuoum ;atural channel Lv a shortir ith atu-hdriart scour mi the rratural %atereourse or near 

impro vtd channel aill incrt-ase tite chael slope" and drainric,- structures. In ercd lb- soils, if the fHow lie of 

usually de:r as- tire channel roughni-ns. IBoth of th,-.ii- the tran gaechannel is appreciably higher than that of 

changesctrimnsan1 ir-va., in the eliocity of the tlowi tie %utTrcours.-at the pomt of eiterv, a spillay or chute 

water. suoit-tirnem eroirugh to cause dritiriie to the tighway shojId i- provided to discharze the water into the water

em an knil-rit near the rtri-i In or ix fcisie scour aroutd cot. 
• 

it, order to preni, t erosion in the drainage chantiel. 

footings of structures At other times damage occurs The .t i[- should be-designed to p-vt-nt being undermined 

becaris the ttreali cont iiues to U. th uild chanel rather aid destroyed. 
than the ii-A bea-su e adequate trainit g aorks are not 
providi-d to divert the treatri into the new channel In 1.12 Protection from erosion. The need for erosion 

addi Lion to poksibl- dantaLte to tie l h aly,-a major prvi-it ioIi is not liriited toi tle highway drainage chailieIs; 

channel chrange may Iv- detrinieital to fish and other it xitiib throughoiut the ricl.t-of-Auy and is an essential 

aquatic life i -cause of incr-acid dlocitio, decrea,-d fcatire of adeiJuate drainag di-sIgri. Erosion and main

depth of flow , and the removal of liuli -rs and irregulari- terrance are nlitniur-id Isre! * by the use of: flat aide 

ties in the channel Placug Loul,rs at randoni in the vtlot-s, r uinded and wt-,hrnaturAl terrain. drainageaiti 

new channel 'iillaid ir c-storing the ti h Irahtat 	 chaineL- d,sniied a ith due r,-gard to locationi, width, 

Occesionally, aill ttercour crossiMg tie highway ci,-pth. ih-lpt, ah lit-ne ri ai ;,rot-cti%c treei ent: proper 

can ba, divert4-d into a adijarcent aat'-rroursw- at a lower factliti-.s for ground dili-, berms, and;atir cett,/Tciptiioii 

cost than by providir g r parate cri-s dritnt, Channel oti r protectice divices: antr: lirotpet ie grotind covers 

changes in tiie vicinity of a highway or at i highway and plai:ting il) 

crossing an sometimes inad- to wcur,. borrow matenal for The drscuvion in thfis rihiite. is I;mited to prov iding 

the roadway embarikment a it the thought of incidentid iro i cirtrol i draisce eritim-,9l by proper disign, 

improvetent it) the ch-lrcnai-l cross f-ction or alinenrent. itlhrlding tie selection of sn i-oriomical chanril lining. 

Such a practice on it tahiliz,.-d strearn channel almost l rrigfasappled to iraire Re char:lIs includes vcKetative 

always rsult in future tniarfnt.rian cie problenmp. Channel co%erinv . he type if lioir i:o ild be ccrOis eint with 

changes also incur a lI-gal liability for damaice to privat- the d rizi-eof prot-ctrn riiquilr,d. ci-rail est. safety 
property that intght I. brought about by the changed r-qlirirenL, and esth-tic coildrat inns. Conitrol of 

channel. Thus, chantnel chaiges should always 1wescuditd erosol caued by OcrIlatd or sh-t flow is riot discusscd. 

for their v-aue aid efect rather than made to securn- In geteral, wheen a lhi:::Cz is i-, led, the loe's-t cost 

borrow matenal or to nave the cost of a cross drain. lircg I fhat sffTrd sittrfactor) i rott,cton should lie used. 

alone or in comborrow ditches should not Na placed near the toe of This is often sod in hurnid regis. used 

strearis %Lich overflow bination with other I-pt- of linings. Thus, a channel
embankments adjacent to natural 

flow at might he grass lined or: the flattir slopes and lind with 
their bra,ka. A ditch fo located will often carry 	 ottirr rei-sltant rriate-rial on the st-i-pir elopes. In cross 

mei tann rihl n ith a hlesInt 
high velocities with attendant damage to the embankment section, the chann,,l might he Imewd Aith a highly resistant 

section donng flood periods. In some locations borrow 	 matrial Aithin the di,-t. ri-iitrid to carry flood; occurring 

ditches on the upstrearn aide of the fill will direct the 	 fri-quently ani lined aith grass alioe that depth for pro
high-velocity water back into Ihe main channel in a manner tection front the rare floods.
 

that induces scour at bridge piers and abutments. Ditch checks were once used extensively to prevent erosion
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in roadway channels. In recent years they have become 
tpopular in humid areas as grade-control structures in 

channels because they are oten a hazard to %hitcles 
drioing off the high-ay, they are difficult to maintsin, 
they are often unsightly, and in most locations, their job 
can be done better and more cheaply tsith A vegetatioe 
lining. Figure 4 sho%s -Ahat happened to a channel 
protected by poorly de-hgned ditch checks. 

In semiarid and arid regioni, some erosion of cut and 
f1 sipes is ine% table. Occurring infrequently At any 
one location, the damage can be repaired without e\cesio e 
average annual cost. The rcadbed is generally protected 
by pacing or treatin the road shoulders. Channels in 
cut sections can be protected by rubble or by paing. 
Channels off the ro,.Asy can best be protected by laying 
them on grades Ahich Aill not peoduce %elocities in excess 
of thoie permissible (see table 3) . ,r the soil of that locality 

J ?
 

121 

and by spreading the collected water over the hillside as 
soon as it can be released without reaching the roadway. 
When steeper channel grades cannot be avoided, vertical 
drops or properly designed ditch checks can be used to 
maintain rtwnvroding grades between drops. If the spacing 
of the drops is close, their cost should be compared with 
the cost of pa%ing the entire channel and prouiding an 
adequate outlet structure. ||igh drop structures require 

careful dtcsngn (6, 7, and Fe) and though hazardous to 
traffic Aid at tiies unsightly, they are to be preferred to 
a deep gully. 

Systematic maintenance is essential to any drainage 
channel. Without proper maintenance, a well-designed 
channel becomes an unsightly gully. Maintenance meth
ois should be considered in the design of drainage channels 
so that the channel sections %tillbe suitable for the methods 
and equipment -hat %ill he used for their maintenance. 

A. I 

Figure .- Poorly designed ditch checks. 
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Chapter II.-ESTIMATING STORM 

2.1 General. The first step in designing a channel is 
to determine the quantity of water the channel is to carry. 
This Is a far more difficult problem than computing the 
size of channel needed to carry the design flow and deter
mining what protection is required to prevent channel 
erosion. 

Many formulas have been developed (9) for estimatingR 
peak storm runoff, hut most of the formulas were devel. 
oped front data collected from a limited area and can be 
considered applicable only to the area and under the con-
ditions for which theidata were collected. Iunoff front 
developed surfaces, drainage areas of comparatively uni-
form slope and surface characteristics, can be determined 
by the method described by Izard (10) if there is sufficient 
regularity in surface to justify tile work reqitired. 

Some of the storm-runoff formlas uied in the past give 
the size of structure directly, Nit modern practice (I, 
p. 90) is to first calculate the anticipated discharize and 
then design the waterway or channel to icconinlodate the 
discharge. A formula which gives only a required vsater. 
way Area ignores the great difference in capacity of strue-
tures which have the sane waterway area but have 
different hydraulic characteristics 

In the design of storm sewers, inmorethat 90 percent 
(if, p. 31) of the engineering offices in tie United States 
use the rational method which has been in use ince ISS9. 
Application of this method to channel design is described 
in this chapter. The inethod is reconmnteded for use in 
determining the design dischare for roadside dr:inage 
channels draining less than about 200 acres. For larger 
areas, the methods described by Potter (13), fly Dulrynmple 
(14), or by tile Soil Conservation Service (15) are more 
applicable, There is no clearly ilefind line where one 
method should end ani another method be used. The 
methods sometimes give results for the same area that 
agree quite well, and In other insti nces they may disagree 
by 50 or more percent. Discrepantcies between methods 
approaching 60 percent may be expected because of the 
small sample (letngth atii numier of streatflow records) 
available for estimating magnitude and frequeicy of 
storm runoff by any method. Iloever, hen estimated 
runoff rates obtained by two methods differ by ratios of 
2 to I or more, tile relative arcuricy of the metlods be-
comes importint, and must be judged by the quantity 
and quality of the data tipon which tile method is bned. 

The expected frequency of occurrence of the design 
discharge (sec. 1.2) is of concern because ecotionty is 
always factor in the desin. Overdesigtn atid utder-

design both Invole excessive costs on a longtine basis 
A chiannel designed to carry a l-year flood would have a. 
low first cost, but it'enailntenance cost wopid le high 
'xeause tne. channel would be diitiinned by storn runoff 
almost every year. On thie other hand, a chantiel de-
signed to carry the 100-year looid would le high in first 
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RUNOFF FROM SMALL AREAS 

cost but low in maintenance cost. Somewhere between 
these limits lies the design which will produce the lowest 
annual cost. 

2.2 Utorm runoff. Runoff comes from precipitation 
failiig on tht, land and water surfaces of the watershed. 
A small part of the precipitation evaporates as it falls and 
somie is intercepted by vegetation. Of the precipitation 
that reaches the ground, a part infiltrates the ground, a 
part fills the depressions in the ground surface, and the 
reniainder flows over the surface (overland flow) to reach 
defined %atereourses, The surface runoff is someties 
augnented by subsurface flow that flows just beneath 
tille groud sulrfacet and reaches the watercourse in time to 
be a part of the storm runoff 

The prcipitaton infiltrating the ground replenishes the 
soil moisture and adds to the ground-watet storage. Somi 
of this undergrouno o'ter reaches the stream long after 
the storm runoff has pas.sed and some is withdrann by the 
life processes of vegetation or by nit for his use. 

The storm runoff which miust lis carried by the roadside 
drainage channels is thus tie' residual of the precipitation 
after losses (the extractions for interception, infiltration, 

nd depression storage). The rate of water loss depends 
uipon the anlont of the precipitation and the rate at 
which it falls (intensity), upon temperature, aid upon the 
characteristics of the land surface. 

Not only does the rate of runoff vary aith the permen-
bilitv of tile land surface iimidthe vegetal cover, but it varies 
front time to tine for the iiane surface depending upon the 
antecedent conditions. It would be itnpracticahle, even 
if the data were available, to determine for each channel 
drainage area the frequenc of recurrence of the numerous 
factors which affect the rainfall-runoff relation and thus 
compte ti' magnitude of the runoff for a given frequency 
rainfall. 

If a long-pe-riod record of storm runoff existed for every 
site fot which we wish to design; a drainage channel, we 
could determine the frequency of various magnitudes of 
storn runoff. llowever, runoff records for areas of less 
than 200 acres are practically nonexistent and we are 
forced to estitite runoff frequency froni frequency of 
rainfall by aiisuing the rainfall to have till, same frequency 
as Iurnf wlien thetdesign storm occurs. (See sec. 2.4-I.) 

2.3 Rainfall inlensity-duratlOn-ftequency analysis. 
The inttensity*of rainfall is the rate at Abhich the rain falls. 
Intenity is usually stated in inches per hour regardlessof the duration of the rainfall, although it nisy hb,statedranfall in a particular penoi. Frequency canas totalranlloaprlulrIcd Frqey n 
i, expresseid s flit! probability of a given intensity of 
rainfall being equaled or exceeded or it can be expressed 
in tertms of the average interval (recurrence interval) be
tween rainfall itensities of a given or greater amount. 
The frequency of rainfall intensity cannot be stated without 
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specifying the duration of the rainfall because the rainfall 
Intensity varies with the duration of rainfall. (,ee fig. 6.) 

Freqi:nency analysis of rainfall intensity is discussed 
by Chow (16) and others (17, 18). Two methods are, di 
general use for selecting the rainfall data u*t-d in frequency 
analyses. These methods are the annual st-ries and the 
partial-duration series The annual-series analysis con-
siders only the maximum rainfall of each %,'at(usual!y 
calendar )eg) and i,:ores the other rainfalli during the 
year. These lesser eane.lalls during the year sometimes 
exceed the maximum rainfalls of other yehes. The 
partial-duration sertis inalYsis consid.rs all of the high 
rainfalls regardless . the number occurring withioi a 
particular year. in d,-signing drainage channels for 
return periods greater than 10 years, the difference be-
tween the two 'eries is unimportant. When the return 
period (design fr.!uenc)) isless than i0y -ars. the partial-
duration series is believed to be more appropriate To 
change the freo ency cur'es based or, the annual series 
to one based in the partial-duration series, m:ultiply the 
annual Llles values by the following factors 1ld,p. I): 

2-year return 'io'J............1. 1'3 

5-year return period ........... . 04 


10-year return period ........... I.01 

20-year cr more ............ 1.0 


The Weather Pureau h" prepared a Rainfali-Frequency 
Atlas of the .nited States J. This Atlas contains 
maps of rainf-,dl frequency for 30-minute, 1-, 2-, 3,- 6-, 12-, 
and 24-h.,ur durations ii each of the return periods I-, 
2-, 5-, It)-, 25-, 50-, and I(A-%car. The rainfaHl lines on 
the maps in the Atl i are based on a partial-duration 

14 series anal ,sisand represent totalrainfall, in inches, fur 
the stated duzation, 

Also of value t, the ilsigner of ruadiide drainage 
channels is Weather 13r,.au Technical Pa;..:r25 (13) 
which contains rainfall intensitv-duration-frequencv 
curves forselected stations in tee I'nited States, Alas.la, 
Hawaiian Islands, and Puerto Rico. The curves in this 
publication are based on the annual series and the pre-

cnding corrections should be useid for return periods Il-as 

than 10 years. 

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

'=CiA (1) 

Where 

0=peak rate of runoff, in cubic feet per second, 
C=weighted runoff co-4ficient (average of the coef. 

ficients assigned to the d:tferent types of 

contributing areas). 
t=average rainfall 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 is not dimensionally correct; however, a 
1-inch depth of rainfall applied at a uniform rate in I 
hour to an area of I acre will produce 1.008 cubic feet per 
second of runoff if there are no loses. This makes the 

numerical value of Q very nearly equal to the product 
of i and A. The coefficient C accounta for the Iost 

(see. 2A4-1) 
The r:ional formula is based on the thesis that if a 

uniform rainfall of intenaity t %ere faUing on an impervious 
area of size A, the maximum rate of runoff at the outlet 
to the drainage area would be reached %,henaU portions 
of the drainage area ,.erecontributing; the runoff rate 
would then become constant. The time required for 
runoff from the most remote point (point from which 
the time of flow is greatest) of the dralnage area to arnse 
at the outlet is called the time -fconcentration. 

Actual runoff is far more complicated than the rationtal 
formula indicates. ILtinfall itensity is seldom the same 
over an area of appreciable size or for any substantial 
length of time during the satme storm. If a uniform 
intensity of rainfall of duration equal to the time of con
centration were to occur on all par!E of the drainage area. 
the rate of runoff would vary in difTerent parts of the aria 

because of differences in the eharacteristics of the land 
surface and the nonundornti, of a.itecedent conditions 

Under some conditions maxiuium rate of runoff occts 

before all of the drainage area is contributing. So.-esec. 

2.4-6.) The temporary storage of storm water en route 

toward defined channels and iithin the channels them
selves accounts for a considerible reduction in the peik 
rate of flow except on very smtil areas. The error it the 
runoff estimate increases as the size of the drainage area 
increases. For theoe reasons, the rational method should 
not be used to determine the rate of runoff from large 
drainage areas For the deis of highway drainage 

structures, the use of the rational method shouil le 
les than 21)11acres unless no 

other method is available to estinite the it-sign discharge. 
Many refinements have leen suggested in the applica

tion of the rational method. A few of the ,icuossions of the 
method are listed in the references (I, 21, ?!, anti EJ, 
appA). The suggested rifiement in the rethof 

restricted to drainage areas 

the runoff estimate, but the collectionprobably improve 
of additional data required and the increased work in:olved 

do not appear warranted in the design of drainage channels. 

2.4-1 Runoff coefficient. The runoff coefficient C in 

the rational formula is the ratio of the ra'e of runoff to 
the rate of rainfall at an avera, intensity i wh,n Allth, 
drainage area is contributin . The eoetfciernt C v:ries 
widely from storm to storm, bit lorner and Flynt (24) 

state that when rainfall itntensity and runoff (based o-i a 

20-year record; were considered separately it was foutnt 
that the ratio, 

Peak runoff rate of a given frequency 
- Average rainfall intensity of the same frequency 

remained reasonably constant for the various frequencies. 
The range iii values of C listed in table I, appendix A, 

permit some allowance for land slope and differences in 
permeability for the same type cover. Fc. flat slopeis and 

permeable soil, use the lower values. 
Where the drainage area is composed of several types of 

ground cover, the runoff coefficient is weighted (see example 
I) according to the area of each type of cover present. 

http:consid.rs
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Civil Engineering, Vol. 10, No.6, June1940, p.362 

Figure .- Time ofconcentration of amall drainage basine. 
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Example I 

Gven: An area tributary to a roadway channcl. The 
area has a fairly uniform cross section as follows: 12 ft. of 
concrete pavement; 26 ft. gravel shoulder, channel, and 
backslope; 200 ft. of gra-.sed pasture. The length of the 
area is 400 ft. 

Find: Runoff coefficient, C 
Solution: 

_,r __ __ Type ofsurface -C C. 
fa. (alt I(sq| t.) 

4.i Cro0fTtt pDemt ....................... 0.9 4.M 

10.400 OSouldtrchannelard backstope........... .... 5,O 

W, Mo Pasuut .................................. .3 -4.OW


S. ....................................
. 200 T o tl .. ... .. .. .. ... .. . .... . .. ... .. .. .. ...... 3, 320 


95, 20Weighted C 35 0. 035 

For use in the rational formula, the C.Aproduct (33,520) 
can be converted to acres and multiplied by i without 
computing the weighted C. 

2.4-2 Time of concentration. The tine of concentra-
tion (defited in see. 2.4) varies with the size and shape of 
the drainage area, the land slope, the type of surface, the 
Intensity of rainfall, whether Puw is overlandir chanrelized 
and many other factors. Extreme precision is not war-. 
ranted in determining time of concentration for the design 
of drainage channels on rural hirhways. Time of conce,.. 

tration con be obtained from fzure 5 which is based on a 
study by Kirpich (!I, p. 309-3)1IS of six watershed. which 
varied in size from 1.25 to 112 acres, The watershel 
were all located on a single farm in Terriesvee. lesearc2 
is badly needed on the time of concentration of other types 
of watersheds. The values of T, from figure 5 are based 
on meager data, and should only be used when better 
information is not available. A minimum time of concen-
tration of 5 minutes is recommended for finding the in-
tensity used for estimating the te.ign discharge. 

Use of figore 5 requires the leneth (U) of the drainage 
area measures along the priicipl drainaice line to the mot 
remote (longest T,) point' and the hei, ht of this pouit 
above the outlet at which the flow is to be estimated. 

2.4-3 Rainfall Intensity. Rainfall intenity-frequencey 
data (sec. 2.3) are taken froni Weather Bureau Atlas 
Technical Paper 40 (*0) or from Weather Bureau Technical 
Paper 25 (19). A chart such as that of figure 6 (19, p. 9) 
is constructed for the project location, but the project 
chart need contain only the curves for the frequencies to 
be used for the project designs for the T, valups likely to 
be encountered. If the project is near aWeather Bureau 
station for which a rainfall intensity-rarrrtion-freqiency 
curve is given in Technical Paper 25 (0i), the Weather 
Bureau chart can be used directly or for frequencies less 
than 10 years convert chart values to the p:rtial-duration 
series. For other areas, the rle.k'in ch'art should be con-
structed from the rmspqin the liainfall-Frequency Atlas 
of the United Statls (.0). For ri-, iri thri ratiInal nieth.1n, 
the valus ,,f total rar:fall ar cmi;s'rh'id It) rainfall itneniirity 

by dividing the map value by the duration expressed . 
in hours." 

When the Weather Bureau Atla is not available, 
approximate rainfall Intensity-duration-frequency data can 
be obtained from figure 7 by the use of cocficlentm. 
Figure 7 is adapted from a map in the Weather lureau 
Atlas by converting total rinfall for 0 nintutes to :i. 

minute rainfall intensit; (divide map value by 0.5) for 
the 2-year recurrence interval. The 2.year rainfall 
intensity for other durations is obtained by multiplying 
the 30-minute rainfall intensity for the project location 
from figure 7 by the followig factors: 

M ...................... 1.26 90....................... 


Duration (molaut) 
___ ..I0-_ . 

Factor 
. . 

Duration (minutes) 
. .. 

Factor 

. ... ... .......10'. .. .. .. .. .. .. .. .. .. .. II M,il 0..............Sot. .. .. .. .. . ... . ... .. .. .. I00. O.s.........7 

is .. ................ .44 60.................... 0. 
0. 3 

30 ....................... 31.0 130 ............ 0 

To convert 2-year recurrence interval rainfall for a 

given duration to other recurrence intervals, multiplying 
by the following factors gives acceptable results in much 
of the country. The use of these factors should be 
checked against the Weather Bureau Atlas before extensive 
use in a particular locality. More accurate results can be 
obtained by using the maps or the retIrod given in refer
cnce 21)(using the relation of 2-year and 100-year rainfall). 

Recurrence interval (years): Fedor 
. ................................. 0. 75 

2 ............................. 0 
1................................3 

0............................... 1. 6
 
25............................... 1.9
 
,50............................... 2.2
 

2.4-4 Drainage area. The drainage area, in acres, 
contributing to the point for which channel capacity is to 
be determined, can be measured oni a topographic map 
or determined in the field by estimation, pacing, or a 
survey comparable in accuracy to the stadia-compass 
traverse. The data required to deternine time of rol
centration (see. 2.4-2) anti the runoff coefficient (see. 
2.4-1 Afhould be noted at the time of the preliminary 
fi.l irvey. 

2.4-5 Computing the design discharge. The design 
diseiargr, is computed by the formula, Q CiA (sec. 2.4) 
aa explained in example 2. 

Example 2 
Gien: The contributing area as described in example I 

(see. 2.1-1). The weighted C is 0.5; the channel grade 
is 0.5 percent; and the outer edge of the co.tributing 
area at the crest of the hill is 4 ft. above the bottom of 
the charnel. The location is near Waxzhington, D.C. 

Find: The discharge for a 10-year frequency rainfall 
at the outlet of a grassed roorside channlI 400 ft, from 
the cr.,t of a hill. 

,Solutinn" The time of concentratimn Is obtained from 
figure 5'. TIhe listanrce frottitr,thcharirl to the riig,, of 
the area is 210ift. (200 ft. 4if gr:Lsvsd pa:ture and Ii) ft. 

C,9 

http:nieth.1n
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Figure 7.-Map of thse contiguous United States showing *.yleor, SO.moinute rainfall Intensify., 

of ditch bank slope) and that of the channel ix 400 ft., the lon~gest time of concentration is 14 minutes, but 20.0 
making L=s610 ft. The height of the most remote point acres of the ttl of 21.4 acres has a time of concentration 
above the outlet=4 ft.+ (0.005X400) =6 ft. From of only 5 minutes. The 20acres with a 5-miziute intenaiy 
figure 5, 7',=7 mai. produces a higher peak discharge than the total area with 

The rainfall intensity for a 7-minute duration and a 14-minute intensity. Another combination of drainage 
10-year return period is 6. in./hr. (fig. 6). areas that migln. produce the maximum rate of runoff 

The drainage agea=238X400=95.200 sq. ft. or from a partial contribution of the total area is a down
stream impervious area with a high runoff coefficient and

93,200 , acres a short time of colicenztration. This could produce the 
43,5602same effect as the unbalanced area combination just 

Then Q =0.35X 6.8X 2.2=-5.2 c.i.a. described. 
Extreme precision is not warranted in determining the 

2.4-6 Computing lhe design discharg~e for complex combination of contributing areas (C.4) and rainfall 
drainage areas. Example 2 expn~ins the rational method intensity (,) that would produce the greatest peak runoff. 
for a simple drainage area. For other points along the Itl~,ie. t~he areas or times of concentration are consider
channel, the design discharge is computed using the ably out ofbalance, as the exam ple in the preceding para
longeat timel of travel to the point for ahich the di.charge graph, it is unne~cessary to check the peak from part of 
Is to be determined. Generally, loss work is required to the area. 
compute the runoff from the separate areas as is done for The discharges in the illustrative problems of chapter 8i 
point 51BIn section 8.5 rather than obtain a weighted C were alo computed by the rational method, using coin
.toe the whole area. bntosadasmtosohrtotoeepand]

On some combinations of drainage areas, the maximum bntosadasupln te hntoeepandI
rate of runoff will be reached from the higher intensity this publication in order to check the sensitivity of the 
rainfall for periods less than the time of concentration for method. It was found that the niethod was stable (or aiiy 
the whole area, even though only a part of the drainae reusonable a.surnption and that the results by different 
area is contributing. One e~amnple of such an occurrence assumptions were wellI within the range of, accuracy of)i 
Is the di~.hargc for point SC, section 8.5. In this e~xamih. the methoi. / 

: 
pt 

II 
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Chapter III.-IIYDRAULICS 

3.1 General. Most highway drainage channels can 
be desiKned by usir.g tie open-channel charts in lydrauli 
l)esign Series No. ' l;t or the tables and formules pre-
sented in th;' pJt.lcaion. The tables contained in 
references 26 through 2h are helpful in desiiung channels 
not included iii reference 25. These aids reduce the work 
required to desrgn drainuge ehannis, but they cannot 

replace eiigin-,ring judiemert and a initwlsdr of te 

hydraulics I opfe0-hannel itow ()peti-chInt'i flow aore 
includes flow throuih condits with a free wa,.r s'trfiei r 

lhe discusioii of hydralies in tht. chapter d-ts tol pro-
vide the knowltige if op,-n-chatir l flow tovid,1 for a;z, 

more difficult de lv% probhetnsK a r-lwrimsvrthcless, ri-

of lotte of te Ilydrasilc Iriticll -s gos trrwte opn., tart.I.

flow bhould be hivIffl t the desivni-r of highlsit iratuige 

channels. A inovie, "IntrodIUCtion to gilghwafy11ydrau-

licF," illustrates -nany of the principles of open-channel 
flow. The movie is availab'.e oi loati from the Bureau of 
Public Roads. 

Flow in rpenchannels is classified as steady or unsteady. 

Unsteady flow results front variations5 iii the supply and 

will riot be rovered inthib pubhicaittli. Althouvh the,flow 

in mnost channels during Ot storm period is an ea cii 

example of unsteady flow, ve are usually interest,'d in 

designing a channel to carry a p-ak flow tIa. rcurs with 

A Felected frequency. Considering the peek flow as steady 
floetd simplfiensy 'ndegnorain ge shanelowtd

flow greatly siphlfic, the desi of drainaoe channel 

Steady" flow occurs when the quantity of water passing 

aly section of the stream ;s conMstant. Steady flow ig 
further classified as uniform if velocity and depth of flow 

are coust. .t,and noniniform or varied if velocity and 

depth of flow changes froti section to section. Although 
most drainage channels are designed on the assumption of 
uniform flow, a knowledge of vaned flow is needed to solve 
the mor" complex flow probltnis. Another classification 
of flow, subertiical (tranqiuili or supercritical (rapid or 

shooting), will be discusied m section 3.3-2. 

3.2 Uniform flow. To have uniform flow, the grade 
must le constant and all cross sections of flow must be 

identical it form, roughness, and area, necessitating a 

constant mean v,locit)v. Under uniform flow conditios, 

the depth (d.) athi the rinia velocity (V.) for a particular 
discharge are sid to be normal. Under these conditions, 

the water surface is parallel to the streambed (fig. 11). 
Normal depth is also diftined stIw depth at w6hich uniform 

flow will occur when a given quantity of water flows 
hi oug aofuiifonniIi ougitissoti chno uensios, 

through a long channel of u.fori dimensions, 

(n), and slope (S). 


Uniform flow conditions are rarely attained in drainage 

channels, bit it' error in assuming uniform flow in a 

channel of fairly constant slipe and cross section is small 

in comparison to the error in determining the design dis

12 

OF I)RAINAGF CHANNELS 

charge. If the channel cros section, roughnesa, and
 
slope are fairlv cortant over a sufficient distance to
 
establish ea.sentially unilorrn low, equations such as that
 
of Manning give reliable results.
 

3.2-1 The Manning equation. Water flows in a
 
sloupin iirao:iw chaiirl of the force of gravity
 

Th flos in risi ,,d hi th, frirtion between the water
 

th, "tit(d surfa,. i,fthe channel The quantity of
 
t,,r llifr (Q,, tli-pr of flow.d) and the velocity
 

(iflii" J) dep-tid u;.:it tie ch:innel shape, rouKhness,
 
dtors!opc .S,,i.Viir us eqtilons have been clevisi.i
 

to lxpre(s the lPw (if at!,nIlopen channels A useful
 

-j tl o,: fr ni i:',l d-'si,!! ,s that tiain d for Rlobert
 

\neti. at Itisti,,,,er The MIrMine etlIation fur
 

'elocityof flow in open chantieis is: 

1= 1.49 Ssi, 2) 

Where 

eoiyi fps)VV'=meanma velocit v in feetetprscnper second (f.p.s.). 

n = Manniti coefficient of channel roughnew. 
R=hydraulic radius, in feet. 

in perS uslope, feat foot. When the Manning 

equation applies, S=Sa.
 
The value of the Manning coefficient n is determined


by experiment. Sonie n values for various types of 19 
channels lire given in table 2, appendix A. 

le, the hydraulic radius, is a shape factor that depends 
onlv upon the channel dimensions and the depth of the 

flo. It is computed by the equation, 

A 
R=- (3) 

Where
 

A =cros-sectional area of thc flowing water in square 

feet taken at right angles to the direction of
 
flow.
 

Wl'=Aetted perimeter or the length, in feet, of the
 

nsetied contact between a stream of water
 

and its cont.ining clannel, measured in a 

phine at right angles to the direction of flow.
 
Another basir equation in hydraulhcA is
 

Q=AV (4) 

or dischargze fQi is the product of the cross-sectionasl area 
1ou)hnesstie Mean velccity (V).(A) ani 

By combining equations (21 and (4), the Manning
 
equation can be used to compute discharge directly ot
 

Q= -! 
9

A Rsil5 (5) 
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In many computations it is convenient to group the 

properties peculiar to the cross section, in one term, 

called conveyance (K) or 

K, -'49A Ri (6) 
n 

the Manning equation (see example 3). Tables in ref

erences 26-24 contain the channel properties (A, R) of 

many channel sections and tables of velocity for various 

combinations of slope and hydraulic radius. Their use is 
explained in example 3 In addition to tables of channel 
pronerties, reference 28 contains tables for the direct 

then 
Q-KS i (7) 

solution of the Manning equation. (See sec. 4.6-2.) 

Charts in reference 30 can be used to compute flow in 
rectangular and trapezoidal sections and circular sections 

When a channel cross section is irregular in shape such 
u, one with a relatively narrow deep main channel and a 
wide shallow overbank channel, the cross section must 
be subdivided and the flow computed separately for the 
main channel and for the overbank channel. (See !9, 
see. 8.5.) The same procedure is used when different 
parts of the cross section have ditferent roughness coeftici-
ants. In computing the hydraulic radius of the subsec
tions, the water depth common to two adjacent subsections 
is not counted as wetted perimeter, 

Conveyance can be computed and , cure drawn for any 
channel cross section. The area and hydraulic radius are 

with tree water surface, 
The Manning equation can be readily solved for a given 

channel when the normal depth (d.) i., known. The 
nomograph, appendix B, can be used to solve the equation 
graphically a4 explained in example 3. 

Example 3 

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

Find: Velocity and discharge. 
computed for various assumed depths and the correspond-
iiig value of K is computed from equation 6t The values 
of covae areKiscpted agam epths o6f.Th vansa 

Solution: 
. In table 2, appendix A, for aweathered earth channel 

20 

of conveyance are plotted against the depths of flow and a 
smooth curve connecting the plctted points is the con

veyance curve If the ection was subdivided, the con-() 

veyance of each subsection (k., k6, . k,) is computed 

and the total conveyance of the channel is the sum of the 

conkveyances of the subsections or K=1--kb ."% -r k.. 

Discharge can be computed using equation (7). The 
discharge in each subsection can also be computed with 

equation (7), using the conveyance of the subsection, 

The concept of channel conveyance is useful when com-

puting the distribution of o'erbank flood flows in the 

stream cross section and the distribution through the 

in fair condition, n is 0.020. 

of the channel is 3.0 

sq. ft. and the hydraulic radius (R) is 0.6 ft. (A and R 

can be computed or obtained from tables such as that on 
p. 121 of reference 26.) 

3. Using the nomograph of appendix B, lay a straight
edg, between the outer lines at the values of S=0.003 
and n=0.02. .Mark the point where the straightedge
intersects the turning line. 

4. the th staine. 

4. Then place the straightedge so as to line up the 

point on the turning line and the hydraulic radius of 0.6 

openings in a proposed stream crossing (19). The dis-
charge through each opening can be asumed to hate the 

same ratio to the total discharge as the ratio of conveyancesae atooor 
of the opening bears to the total conveyance of the chatnnel. 

Discharges computed by the Manning equation do not 

have tOe accuracy to which the computation cat be carried. 
Results of the discharge computations are generally 

r 
rounded off to avoid an inference of great accuracy. 

5 Read the velocity, 2.9 f.p.s on the velocity line. 

6. The discharge, Q AV, is 3.0 sq. ft. times 2.9 f.p.4. 
.. 7 c.f.s. The velocity can also be obtained from the 

table on page 38.3 of reference 26. 
the pag383 e ofrhe 26. 

The preceding example showed the solutin (if the Man
ninK equation for the velocity and discharge in a channel 
of given dimensions when the normal depth is known. 
The more common problem in channel design is to find 

3.2-2 Aids in solution of the Manning equation. The 
examplei i hinN .4orion-how the ,olution of the Maining 
equation and the u,e of the computation aid. mnentioied 
iu section 3.1. Figure 9, used ii example 4, is typical of 
the open-channel charts in reference '25. Nomographs 
such as that in appendix B provide a graphical solution of 

the. -ize of channel required to carry the de.sign discharge 
oet the availahl slope and to 'onpu te the velocity in the 

iannel in order to determine what protection is needed to 
prevent channel eroion. Unl,,- channel charts (25) or 
special tables; (2.8)are available, this problem requires a 
trial-and-error procedure illustrated by example 4. 

d 

4 

Figure S.- Trapz.oula I channel. 
13
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Example 4 The discharge in an irregulr section is computed by 

dividing the channel into subsections, each approximately
Cien: A trspez)idal channel (fig. 4') in stiff clay, 

regular in shape. See example 5 for a two-.ubsection 
bottom width 4 ft, site !opes 2:1, n=003, slope 0005, 

channl.and discharge 100 .. , water carries fine silt. 

Find: Depth, d, and velocity, V. Example 5 

Satiaon: Give": The channel in figure 10, a=0.02, and slope 

1. General solution of area and hydraulic radius. 0.005. 

)Jind:Discharge, Q. The average velocity has little 
A = t442d)dW=4+2d -4+4meaning in a chtnnel of this shape.
WP= 4+ 2d '5 44+4.47d 

Solutio : 

W-P 4+4-47d 1. Subsection A: 
A (44 2did 

2. Try: d=3 ft. A = 10 (50) = 0 sq. ft. 

.4 = (4 - 6) 3 = 30 sq. ft. 
RP= 10+50+8=68 ft 

WP=4 + 13.4 = 17.4 ft. 

500R= 1.72 ft. 
R=- =7.35 

From the nomograph of appendix B, V=5.1 6S 

fp. The velocity by formula (2) is; 

Q=30 (5.1) = 153 c.f.s. too high 

V 
1-" (7 35)11 (0.005) 1 19.9 f.p.a.3. Try: d=2 5 ft. 

t2.5) =22.5 sq. ft. 
A =(4,+5) 


WP=4+ (4.47) (2 5) = 15 2 ft. The velocity could have been obtained from
 
the nomograph, appendix B, or page 388 of 

R =1.48 ft. reference 26. 

From the nomograph. V-4 6 f p.s. 

Q=22.5 (4.6)= 104 c . too high Q=19.9 (500) =9,950 c.f.s. 

4.Try: d=2.4 ft. 2. Subsection B: 

A=(4 +4.3) 2.4=2 1.1 sq t. .4=2 (50)=0 sq. ft. 
WP-4+4.47 (2.4) = 147 ft. 

WP-50+2=52 ft. 
R= 1.44 ft. 

From the nomograph, V=4.5 f.p.s.. 100
R-L= 1.92 ft. 

too low 52Q=4.5 (21.1) =95 c.f.s. 

The Lest tao trials (d =2.5 and 2.4 ft.) are V=8.1 f.p.s. 

about equally high and low, thus, the solution is 
Q=I0Yl 1) 1)=81Oc.fs. 

d=2.45 ft., V =4 6 f p 

Where dcsign cha-ia ar, a, .! lhie. "he pr,,,i.T:n iJ 
greatly sn iplit.e l f1 cfriamp;, .'e : ur' ') fr rn 3 For ?he entire channel 

reference 25. Fur Q !.W00 f i ind S - 1) Qo, ,.', ale 

of d is about 2.45 ft and V=4 6 f p.s S4- aLs,; -ection 5W0+ 100 =600 sq. ft. 

4.6-2 for a dlirct s,,Imri ,.s.r. K~rA j LI,,o Q=9,9.'.ii+ s = 10,,O e .. 

Table 3. appendix A, sho%, a v,,'uCty of 5 () f i, cran be 

perttied in a channel in sTat? c[ty. Th.is The natural If the channel had been considered asi a whole 

material will withstand creion withuut subdividing, the following rzaults would 

have been obtained. 

2~ ~ 8- 600 sq. ft. 

WP=52+68=120ft.Ao 

R- -5.00 ft. 
120 

- 5* oV=15.4f.ps. 0, 

Figure IO.-Irregular.chanel sectfion. Q= 15.4 (6(0"-)11,24) c.f.s. 
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The discharge (9,240 c.f.ea.) computed for channel con- A useful hydraulic concept of the energy of the flowing 

siderrd as a %hole is les than the discharge computed water within one vertiral cross ertion of the channel is 

separately for subsection A (9,950 c f. ). ThL prludox that of ispecitic heal \alu called sprific energ,) 

is brought about biy the effect of the h.ivdraulie radus on
 

the computations It aLso illustrates the neex.iity of sub- l h+
 
head (H)

dividing highly irregularsections whether irregular in shapSpecific 

or in rougluess and shows the difference in mean velocities 

in a shallow section as compared with the mean velocity If the potential head is related to some datum (fig. 11), 
of the main channel. The true discharge of this channel at or below the bed of the channel at the outlet, energy 

is perhaps less than I,800 c.f.s., but it is much closer to can be expressed in terms of total head. If Z is the eleva

10,800 than to 9,240 c.f.s tion of the channel bottom, total head at any section is: 

3.3 Nonuniform ou varied flow. Varied steady flow I' 

occurs when the quantity of water remains constant, but Total head (H)=d+'-i+Z (10) 

the depth of flow, velocity, or cross section changes from 
section to iection The relation of all cross sections will 

The energy losses due to friction, channel contractions,
be: 

=A.V. (8) changes in alinement, and other factors termed headare
Q= AV=AjV, 

lo:sss (ht). The law ofconservation of energy (Bernotlli's 

states that the total head at any section i equal
Equation 8 is sometimes called the equation of con- thtoren) 

to th. total head at any section dolistrcai, plus inter
tinuity. 

vening head losses or for the channel in figUre 11, is equal
Velocity of uniform flow in open channel.s can be com-


to the total head at section 2, PIuS head loss between
 
puted by the 	 Mannig equation, using the slope of the 

the slope of the energy line but nonuniform sectiois I and 2, or 
channel bed as 
steady flow computations require other methods. 

The hydrauli de-ign engineer needs a knowledge of d+ +Zj+ht (1) 

varied flow in order to determine the behavior of the 2g 2g 

flowing water w en changes in channel resistance, size, 

shape, or slope occur. A discussion of varied flow properly In figure I1, the head loss, in a channel of uniform cross 

begins with a dicussion of energy of the flowing water. section, equals the change in 2 or (Z-Z). Thus, the 

water surface is parallel to the streambed, and 
3.3-1 Energy of flow. Water flowing in an open 

channel posses- energy of two kinds-potential energy Vill 
and kineti- energy The poteitii enirgy is due to the di+. - =,-a 23

2g 2V 
position of the water above sonie datum, and kinetic energy 

i. 	due to the velocity of the flowing water. In channel 
The flow is uniform and can be computed by the ManningDroblems, energy is conveniently expressed in terms of 

head. Thug, a column of sater 20 feet high has a poten- equation. The head loss 

tial (static) head of 20 feet with respect to the bottom of 
(Zi-Z)=LS0 (12)the column Flowing water has both pore ial head and 

veloci y head, the velocity head being equal to 
Where 

V1 
TL=horizontal 	 distance betweet, section 1 and sec

tion2 

Where
 
V= the mean velocity in feet per second
 

Sol=channel slope or
g=acceleration of gravity or 32.2 feet I et second per 


second.
 

. t2~ 	 ..... 
I 	 -'Vh 

v °2 
02-

DAU PLA E-

SECTION I LSECTION 	 2 

Figure Il.~-11ater.surfac5 profl* of chansnef with uniform flow. 
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If 	 UM P AA HEA LINE h 

SECTION I SECTION 2 

Figure 12.-Wa'er-surfare profile of channel with nonuniforna Row. 

S. in uniform fio a i0s,no.''s cl!ef he fritien slope. Flow at the eritica1 
depth is called cruicul owcand theFor uniforn flow, the MI : 'qustlor sec 3 2-1 can velocity at cr:tical depth is the critiral ielocril. Thebe computed for S =S. *.hannel slupe which produceS critical depth and critical 

velocity for given disvhorge is the criical slope. 
Critical
depth for a parti tular discharge is dependent

in chann! sizoe a ni 4hape on v and is intlepenic ot of 
channel slop' anid ruituhne's. ('riti l slope de.pends uponWhen the heal !-i 	 , no: cquitl the chane in Z. the chanel rt.'hnrsw,. the c!hannel giiiiietrv Aininonuniformrj, 	 the 

ot;cr- ati,tre d,,pth of ilow eihh.r in- discharge. Furs igiven critical depth and critical velocity,creaes or decre. te in sni;frni (h:tntiel In 1igure I.. 'he critc,,l A.)Ip- for a partirulir ro;glhie.s eit" be coinflow takes pla:e s::hA.rcc-o, depth. puted ty the ,M 1i11r,4 eJutlion sec . 2-1i. 
Between sect,ns I ar. 2. "h velo:ity ic :nc.efaii And Supercr;:iasl flow is ,ilticultto eimtril becaise ahrupt-the rate of los! cr. i3. thecfre, nt cu:-tAn Ths -hanges in a!inruent or ifi crees se(ti~m produce Waves 
condition couldi which travel downstteamn altirnating from silt tocee 
that nec Jc I to over-come frv.Ct l, res-stian- .Jrnyv siles Changes on clninel eh.npe, slope, 

ae b, a Channel lpe tevper tnoas	 side, 
or roto ihne.s

change in chii.nvl cr_- setlin Thus, tiie totnal healt h v iI nts r iec ute .e forle rorie24 	 falso called the ee-gv !:r.e r :rrgy graie. nu cannot be refecstred ntr am excpt or vertll short di
straight lne The surface ir,ar,or _ noni ances 1apstream ,-ontroh. fHow iscQnn%at,-r ';%e Sinpperritwi:

is sonmetinne cabed the hyrauic grade line in steep flunies, an I in 	 Pulsating ilowi30) mountain streaniscan occur at Cepthl as greatIas s feet 

3.3-2 Critical Flow. With - zo:itant JlI;cnrgc raosi, g Suberitical flow is relatively easy to control Changesa cross section, chra:..4ng the iepth of low causes a differpt in channel shape, slope, and roughiics affectthe flow forspecific head for each depth If speific he.. is plotted some distances upstream idowiistream control). Subagainst depth cf i . the recult isa specific-head energy) critical flow is characteristic of the streams located indiagram. See fic 13 ) 	 the 
plains and valleys regions where streami slops are relatively 

The specifi-hesj curve is a&.ymptotic to the line repre- flat. 
senting the energy due to depth and the vertical line ofzero depth. Examination of figure 13 reveas several ima it Critical depth is important in hydraulic analyss becauseis alaysahdai 	oto.Tefo utp
it iswys a hydraulic control. The flow mustportant facts. Starting 	at the upper right of 

pass
the curve through critical depth in :4oing from one type of flow towith a large. depth ard small velocity, the specific head the other. Typical locations of critical depth are:decreases with decrease in depth, reaching a minimum l1 At abrupt changes in slope when a flat (subcritical)value at depth d,, known as craical depth, sometimes slope is sharply incre.-sed to a steep (suprcritical) slope.called %hedepth of the minimum energy content. Further (2:At a channel cuirstriction such as a culvert entrance

decrease in depth results in rapid incre2ase in specific head. under sonmiconditions.
For any value of specific head excep, that corresponding (3) At the unsubrr-rgcd outlet of a culvert or flume 
to critical depth, there are alternate dept hs at which the on a subcriticnl slope, 	 ischar;ing into a wile channel or
flow could occr. These alternate depis are sometimes with a free fall at the outlet. 
referred to as equal energy depths. (4) At the crest of an overflow dam or weir.

When the flow occurs at depths greater than critical Distinguishing botween the types is importantin channel
depth (velocity less than critical), the flow is called sub- design, thus the location of critical depth and the deter-criLU.al or tranquil. When the flow occurs at depths less ruination of critical slope for a cros section of given shape,
than critical depth (velocities greater than critical), the size, and roughness becomes necessary. When flow occurs 
flow iscalled supercnlical, rapid, ,r ihooting. The change at critical depth
from supercritical to subcritical flow is often very abrupt, A' Q(
resulting in the phenomenon known as hydratdc jump. T V 
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SUPERCRITICAL SUBCRITICAL OR
 
O OR RAPID TRANQUIL FLOW
 

FLOW MILD SLOPES 1 

W STEEP SLOPES 

z 8 A-C1 

+2 
2 6 

2 4 

wW d 
0.
 

______ _____ -~25 

2 4 6 8 10 12 

DEPTH (d), IN FEET 

Figure 13.-Specific head diagram for constant Q. 

Critical depth (d,) can be found from the design charts Circular sections, approximate solutLion (1) 
in reference 25 or computed for various channel cros 
sections (see £8, p.8-7) by the following equations: d,= 0.325 (2"- 0.083D (18) 

Rectangular sections
 

() Accurate only when bie. between 0.3 and 0.9.
 

Where 

Trapezoidal sections 
 A-area of cross section of flow, in square feet. 

d.= 4:Ho-3b.4--l6'H.'+ l6zH.b+lgb' B=the width of a rertangular channel, in feet. 
10 (16) b=bottom width of a trapezoidal channel, in feet. 

D= diameter of circular conduit, in feet. 

The tables in King's Ilandboo. (M$)provide a much V=acceleration of gravity, 32.2 feet per second$. 
easier solution for critical depth than equation (16). H'=specific head in section, in feet (equation 9). 

Q=rate of di.charge, in cubic feet per second.Triangular sections 
T=top width of water surface, in feet. 

mean velocity of flow, in feet per second.='= (7 
d-slope of sides of a channel (horizontal to velilca). 

18 
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The depth offlow at section Ican be computed using thesections, critical depth may 	be found by a 

An expres lion Manning equation. The flow at section 2 (which for 
For itTegular 

tral.and-error solution using equation k14). 
for ihe critical velocity (V,) in channels of any cross eection prctici purposes cailbe assumed to occur at the change 
ts: in grade) passes through critical depth (J,). If the 

V j/g- (19) channel grade 	diwnetream from section 2 is equal to the 

the flow will become uniform at a depticritical slope, 
equal to d,. lawe er, when a drainge channel dischargeswhere d.-the mean depth of flow (.) 
into a chute, the chute grade is steeper than critical slope 

G ) e and the flow is nonoufform and acceeratiig. Section 2 
In a given channel when the velocity head \,, - i2 less bwom the control section for both the flow in the channels 

than one-half th- mean depth, the flow a, subcntical, if the (doAnstream control) and the flow in the chute (upstream 

velocity head i equal to one-half 1Y the mean depth, the control). 
Klnami, the epcific head (11.)in the approach channel,

flow is critical; and if the elocity !a,-d is greater than 

one-half () the mean £2pth, the flow is supercritical the capacity of the chute entrance, such as section 2 (fig. 

Pow within about I0percent of critical depth 14l) for a rectangular channel can be computed by a veir
Uniform 

formula.(SO) is unstable and should be avoided ii dsign. The 

rea.on for the urntable eow can be -een by refernn to 1
Q=3.09 k.Bll, 1 (20)

figure 13. As the flow approaches the cntical depth from 
either limb of the curve, a very sm,.l change in e~ner~y ta

limbfor ab%ei d teduvep srul chaneo thenc.ierrte For a trapezoidal channel the capacity can be computedrequi,- d for t .e depth to abruptly changi to Ole alternate 

depth on the opposite imb of the spcific-head curve. It by the formula i23, p. 791 

the unstable flow region cannot be avoided in design, the Q=803k. 1 1,-d,1 (d b+zd,) (21) 

least favorable type of ilow should be assumed for the 

design. Where 

3.3-* Problems In nonuniform flow. Problems in d,=critical depth at sectioin 2. 
nonuniform flow include cotnput:rg the ,ater surfac. 	 H,,=specihc head at section I 

profile, design of channel trans,:-c . and ,issipat r. cf k,=coefficient which represents the entrance loss

energy of the flowing water All of th,se problems art vanes from 1.0 forperfect entrance of amooth 

beyond the scope of this publication. ho,.evr, two casesof curves an.1 gradal transitions to 0.S2 for rec

nonuniform flow are discussed nrieti,, subcnticas flow tangular shapd structure with square corners. 

around bends and a case that must be considered in the z alope ofsides of achannel (horizontal to verticai). 

design of chutes. (See sec. 4.1,) The latter is a case of 
a sudden change in channel grade from one lss than The critical depth, d,,is computed by equations (15-19) 

critical to one greater than critical. (See "ig. 14.) of section 3.3-2. 

TSECTION 2 

DATUM IPLANE SETO3 

tyeo SO.iglure U.- Wafer-surface profe of channel ith sudden change isngrade. 

IS 
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The usual problem is to deternne .hsize of chute 
ehnnnel required to carry a given discharge. The tottom 
tth at the chut r entrince (s. 2) can be computed by 

equation (.=1 for a rectaigular channel, 

B0.324Q (22) 

(23) for a trapezoidaland approximately by equation 

channel (23, p. 84). 
3 24 

b- 0 -07H (23) 
k -- .(3 


where the symbols are the aatne as those in equations (20) 
and (21) from which equations (221 and (231 were derived. 

The flow through the chutt must satisfy equation (Ill 
If the head loss OL) through the chute is solely from fric-
tion, it can be expreAs'd in terms of the hydritulic prop-
erties at each end of the chute, the roughness coefficient 
(n),and the length of chute (L) or 

- o L," (.Vi 1 )I L (24)
L - j s 

If the flow is accelerating (hL<LS0), the cross section 
of a large chute can be gradually 'educed in order to 

provide a more economical section, by the method de-
scribed on page 8.41 of reference 28. 

3.3-4 Subcritical flow areond curves. When the 
flow is s.bcrtical, the water surface is elevated on the 

outside of the curve and lowered on the inside of the 
curve. T::e approximate difference in elevation (,%E) be-

tween the water aurface along the sides of the curved 
channel can be found by the equation 

aE= (25) 

rg 


Where 

B-width, in feet, of a rectanguiar channel. 
32.2 feet per second perg=acceleration of gravity, 


second, 

r=mean radius, in friet, of curvature, 

V=mean velocity, in feet per second. 


The equation gives values of aE somewhat lower than 

will occur in the natural channel because of assumption 

of uniform velocity and uniform curvature but the corn-

Text 1
 

puted value will be generally less than twenty percent in 
error (12, p. 5.31, 

(0t0h.r prul lois introcired b% curved alinement of 
clanilts ilhsut rlit i;l flowinchdr spiral :low, changes 
in velocit n, and friction lossesdistributi increased 
within the curved channel ws contrasted with the straight 
channel. Flow around bends is diisepus.by Chow (if) 

and others. See references in ch. 16 of reference 3f). 

3.3-5 Supererltical flow around curves. Changes in 
alinement of supercntical flow are diff ult to make. The 
water traveling at supercritical velocities around bends 

of smooth channels builds up waves which may climb out 

of the channel and set up wave action continuing for some 
distance downstream Changes in alinement, whenever 
pos.iblc,should be nt.de near the upper end of the ser
tion-before the supercriticl avlucity hits developed. If 
a chinge in alinement is nece(',iry in a channel carrying 
supircritical flow, the chanrl bi'h-iH be rectangular in 
cross section, preferably enclosed tnd satisfy equation 31. 

Changes in alinement of open channels should be designed 
t, reduce the wae iction. tsul liii from changing the 
direction of flotN (See ch . refe-ren e 2 !and reference 33 

and 3' ) Many designs inolv:ng supercriticil flow should 
be model tested to develop the best design. 

3.4 The Froude number. A useful parameter of flow
 
is thtFroude number, one form of which is
 

1 _ (26)
F= V-, (2 

Where 
d.=mean depth of flow in feet. In the general ex- 27 

pressina any characteristic dimension of flow 

might be used.
 
g=accelcration of gravity=32.2 f.p.s.'
V=mean velocity in feet per second. 

V,=critical velocity for the channel and djeharge. 

The Froude number uniquely describes the flow pattern
 

when gravity and inertia forces 
are the domirant factor 

in the flow. For example, in figure 13 each pint or, the 

specific-head curve has a single value of the Froude 

number, although two values on the curve can be found 
for a particular value of specific head. The Froude 

number of critical flow is one; values greater than one 

indicate supercritical flow and values less than one indi

cate subcritical flow. 

20
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Chapter IV.-DESIGN PROCEDURE 

4.1 General. Ifighway drainage channels provide 
surface drainage for the highway right-of-way. They 
must be placed where they will adequately perform their 

drainage function. The principles are simple, but the 
actual layout and deoign of the drainage system requires 
an experienced hydraulic engineer who is familiar with 
both the construction and the maintenance problems 
involved, 

After the highway has been located, the topography 

and other factors largely fix the location, alinement, and 
grade of the channels and determine the quantity of 
surface water entering the channels. Design of the 
channel then consists of determining a suitable channel 
section and specifying the type of channel lining needed 
to protect the channel from erosion, 

4.2 Layout of the drainage system. The layout of 
the drainage system should preferably be made on a 
topographic map which contains the location of the 
highway, the location of all drainage structures, and the 
accentuated ridge and drainage lines.(See fig.
25.)The 

edges of the right-el-way and of the roadway are drawn 
on the map. Then the drainage channels necessary to 
intercept the water before it reaches the roadbed are 
sketched in, followed by the channels required to remove 
the water that cannot be intercepted before reaching the 
roadway. The quantities of water which must be removed 
when the design storm occurs are estimated for a few 
points along the drainage channels using the method 
explained in chapter 1I for areas smaller than 200 acres. 
It is rarely necessary to compute the incremental additions 
to the flow along the channels. 

When the highway location cuts across tilled farmland, 
the highway drainage plan should be coordinated with 
the farmer's drainage systerh. Some farms are terraced 
and plowed on contour lines. Thus, the, overland flow is 
collected and concentrated at points where the highway 
intersects the farm drainage channels, rather than occurring 
in a more or less uniform sheet over the hillside. Adequate 
notes by the locating party describing the farm drainage 
chahnels in the vicinity of the location center line are 
essential to the design of facilities for handling the storm 
runoff. 


4.3 Channel grade. The approximate grade of the 
channel is computed from the topographic map. To 
prevent deposition of sediment, the minimum gradient 
for earth and grass-lined channels should be about 0.5. 
percent. The channel grade should be kept constant 
or Increasing in the downstream direction, insofar as 
practicable, to avoid d,,po-ition. The grade affect.. both 
the size of the channel r,,jired to 'atryit givn tlow andl 
the velocity at which the flow occurs. The flow shuu;d 

be subcritical whenever possible in order to avoid the 
adverse characteristics of supereitical flow. 

4.4 Channel alinement. Changes in channel alinement 
should be as gradual as the width of right-of-way and 
terrain permits. Whenever practicable, changes in 

alinement should be made in the reaches of the channel 
which have the flatter slopes, particularly if the flow 
becomes supercritical on the steeper slopes. 

4.5 Channel section. In general, open channels 
adjacent to the roadway should have a section with side 
slopes not steeper than 4:1 (horizontal to vertical) and 
a rounded bottom at least 4 feet wide (I). The rounding 
(vertical curves) at the junctions of the side slopes and 
the bottom do not appreciably affect the capacity, but 
they do add greatly to the safety and appearance of the 
channel. 

Stonex (5,p. 26) states that for roads designed for speeds 
above 65 miles per hour, the minimum channel section 
required forsafety should have side slopes 6:1,a botton.
 
width of 6.5 feet, and vertical curves 6.5 feet long con
iiecting sides and bottom. The depth of the channel need 
only he deep enough to carry the flow with a freeboard of 
from 0.3to 0.5 ft. on flat slopes (2), except where sub-. 
drainage requires a deeper channel. 

Safety considerations are not as important for drainage 
chennets inbcessible to highway .railie; however, shallow, 
wide channels disturb the natural surface least and are 
much easier to maintain. Intercepting channels formed 
by dikes of borrow material do not disturb the existing 
topsoil and thus are loss susceptible to erosion than are 
excavated channels. In most soils, the channel side slope 
should be no steeper than 1:1; but the limit will vary 
with the type of material, fron %.rtical in rock and 112:1 
in stiff to 2: I or flatter ii loam and sandy soils. Sideclay 

slopes of xegetative-lined channels should be flat enough 
for easy maintenance and have suitable slopes for growing 
grass in the particular boil type sid climate. 

On some highways, storm water is removed through 
inlets and underground storm draiis. The design of these 
facilities is beyond the scope of this publication. 

4.6 Channel capacity. Determination of channel ca
pacity was explained in section 3.2-2. Generally, the 
discharge to be carried isestimated for several points along 
the channel. The points selected should include a section 
immediately above sharp break& in grade and the points 
of entry of concentrated flow. Channel charts (2S)or 
King's tables (18) provide a direct solution of the size of 
channel neede.d to carry the flow. Without these aids 
a trial size of ehanne ! nmst be selected and tMtedepth of 
channel 	 rwitnir'il to carry the flow eonputed. The trial 

.ie is adjuutel until a size is fuund that will carry the 
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design discharge and the need for protection is determined 
(sec. 4.7) . Freeboard is added to the require d depth. 

Where tistandard charnIel tection h1a 1-, aldlI'ld as 
a inilnitnl sect tot, a caparity tible for %zintis. grfates 

and t.pss of linig could Ie pr,parnt as b guide to the 
adequacy of the standard channel section for a particular 
site. 

The capacity of the trial channel can be increastl by 
increasing the grade, the bottom width, the Iepth, or by 
decreasing the rresitar e of the channel through the use 
of a smoother Lining. Increasing the bottrim width has 
the least effect on the velocity of the flow and is generally 
the de-sirable way to increase capacity for a Fiven depth 
and type of channel when the velocity is near the 
petramible limit. 

4.6-1 Use of channel charts. Charts such an that in 
figure 9, taken from reference 25, greatly facilitate the 
design of drainsge channels. Construction of the chart 
is explained in ipp...lx B of referenre 25 Each chart 
pruo\idea a di:ect solition to the' Manning equatioin f:r a 
chaninel of eiin fhape' aid riighine, but atixiiar. 
scales make the charts applicable to other Naluvt uf n. 

The abscissa scale is discharge, in cubic feet per second, 
and the ordinate scale is velocity, in feet per second 
?he chart contains a serws of heavy sold lines for depths 
of flow (normal depth, d.) and another series of ligiter 
dashed lines for chnnnel slope. Given any two of the 

canconditions for flow, the other two elements of the flow 
b~eread front the chart. A heav~v dishted line bho% tie 

position of the critical curse. For channel. haing tMe 
same value of nts,. that for which the chart was construct d, 
values aove tw crittial curve indicate supercritical flow 
and steep slopes, while values below the line indicate sub-

critical flo and mild slopes Csv of the channel charts 
for channels hatig the same value of n as that for which 
the charts were constructed itexplatned by example 6 
Use of the charts with values of n other than that for which 
the chart was constructed is explained by example 7. 

E'xample.G 


Given: A trapezoidal channel in erosion-resistant soil; 
bottom width 4 ft.; side slopes 2:1; grade 0.5 percent; 
n=0.030, and discharge 30 c.f.a. 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 9 at the point of intersection of Q-30 c.f.s 
and the slope line 0.005, the depth (without freeboard) is 
1.4 ft. and the velocity iq 3.2 f p.s. Flo% is subcritical, 
since the point of intersection is below the dashed critical 
curve. The maximum permissible %ilocity from tahle 4 
is about 5 f.p.s. 

2. Critical Its or interpolated from the alopeslope read 
tineat the intersection of the dcsign Q and the critical 
curve, 0.017 in this example. 

The channel charts can be used for values of n other than 
that for which the chart was constructed by using the 
Q. and 1'. scales. The design discharge is first multiplied 

n2 

hy the design value of n. Next the chart in entered with 
the vslue of Q. on the Q. scale and at the intersection of 
the. Q. Nalloe 'ith th,'hpc 1h!oread the kalne of 1'.. V 
is4thn Ie' V. %a Itie h I d , .I,n. Th 'alkne of theli, 

critical d.pth is r'a at thn ir.terseetion of tie Q line 
(not Q.) and the critical cur e and the critical %clocity is 
the I %alue for this point. Critical slope varies with 
channel roughness and %ben the value of f is other than 
that !or which the chart was constructed, proceed as 
shown in example 7. 

Example 7 

Gu-rn" The same cro s-ction and design discharge 
(30 c.f.s.) as in example 6, hut with a concrete lining 
(n is 0.015). 

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

Solutfsn: 
I Qn=300 015'=045, and from the chart (fig. 9), 

Vn is 0 0 and d=0 9 ft. Then 1"=0.0 0.015=5.3 f.p.s. 
depth is 1.0ft. and critical velocity is5 f.p.s. 

(both read at intersection of Q and critical curve). Flow 
is in the supercntica range, since V is greater than I'. and 
d is less than d,. 

3 The critical slope is found by first finding the critical 
depth (1.0 ft.). The critical slope is then read or inter
poiated from the intersection of this depth line and the 

2. Cnttical 

value on the Qn scale. In this example the criticalQn 
Q au ntewnsae nti xapeteciia 
slope is 0fM4, a lesser slope than in example 6 because of 
the reduced roughness of the channel. 

4.6-2 Use of King's tables. "Handbook of Hy- 29 
draulics" (PS) contains tables for the direct solution of 

open-channel flow prohlernp The use of these tables to 
find the depth of channel requ;red for a given discharge is 
explained by examples 8 and 15 The references to 
King's Handbook applies to sectic. , of the 4th edition, 
but the corresponding references to chapter 7 of the 3d 

edition followe, in parentheses. 
King's solution for depth of flow requires the computa

tion of a discharge factor, K', by his equation 37 (40), which 
is
 

K' = S (27) 

Where 

Q=disclarge, in cubic feet per second.
 
n= Manning coefficient of channel roughnes.
 
b=bottom width of a trapezoidal channel, in feet.
 
S=slope of channel, in feet per foot.
 

King's table 95 (11) contains values of numbers to the 
8/3 power which facilitate the preceding computation. 

Then in table 97 (113), for a trapetoidal channel, find 

the value of L (King's Handbook uses D for d.) for the 
I 

computed value of K' and the given channel side slopes. 
Tht depth of flow is then b multiplied by the tabular 

ValueOfd4.
 
b 
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Irampte8 (without freeboard) are: 
coeeas Si. 

Gien: A trapezoidal channel; bottom width 4 ft.; aide A (area) .................... 4. 32 7. 00 
slopes 21; grade I percent, n=0 03, discharge 100 c.f.a, d (depth) .................... . 8 1. 1 

Find- Depth and mean ve;ocity. Q (dLscharge = VA) .......... 40. 0 38. 5 
Sol son .	 V (velocity) ................. 9. 3 & 5
 

1. 	Compute. 
With the required cross sectiot,5 for the two linings corn-

K, 9n iI O03 3 0.74 puted, allowance (or freeboanr is added and the cost of 
h-i-s 

1 
(-4l'dl -1,o 403J,01l excavatiun and lining is computed for each type, thus 

determining the more economical channel lining. 

2. 	In King's table 97 (113; for K'=0 74 and aide alopes A third type of problem texample 11) involves usig a 
rougher channel lining to) decrease the velocity from super

2:1,b=052. Then ft. crticalto subcntical. 

3. The mean velocity is found from equation (4), Example II 
Q-A V. after computing the area which is 

Gien.- A trapezoidal channel parallelig Ie hignay; 
A=d(b+zd 2.1422.1)] 17.2 5q. ft. bottom width 4 ft., side slopes 3'1, discharge 225 c fa, 

and grade 1.0 percent. At the lower end of the channel,V = 100
.4 17.2 the flow must be turned passeil under the roadway. 

Find A suitable type of channel luinng. 
4.6-3 Significance of the roughness coeficleent i Man- Soluton 

ning n). Table 2 app A: Lsts n values for channels with I. Fur a concrete-lbned channel tn -0.01 5) the required 
various degrets of rouizt-nes A value about midway i data from p. 201 of reference 26 are 
the range of alues s cr-i.nanily used for (ip Ihe.ri A=20.0 sq. ft. 
new, the carrying capacay. of .te channel wdl be grcter d=2.0 ft.
 
than that for which the !hannel :s d,-ined This it h = 1.2 ft.
 
ordinanly good, but whoen the desiin velocites are near T= 16.0 ft.
 
the permissible velocity for the linng cf the chann'l.
 
damage might occur before the chsnnel resche-. the des:gn and from p. 370 of referenct. 26. the velocity for a hydraulic
 
condition. This is dlustratcd in etample 9 radius of 1.2 ft. and slope (iOl is I1 2 f.p s The discharge 

is computed to be 224 c fCe.% hich checks the design dis
30 Example 9 charge. However, water flowing at 11,2 f.p.s Ls super-

Giern: A trapezoidal channel in easily eroded soil; 	 critical, snce from equat:un (191 V,= (3 2.2 .063 

bottom width 4 ft. side spe 4 d ii A1ft. grade I2ps Supercritical flowA Al be difficult o turn.
 
percent; to be Lnr-J with Bermuda Kra.s, k,.pt mowed ti)
 
2 in.; n=0.035 insble 2) 2. If the channel is Lnsea with gras (n=0040), the
 

Find: Adequacy of channel Lning if seeling ia usti to required dAta from reference 26 are: 
etablish the gram. A=41.3 sq. ft. 

Solution: As designed, the channel would catty 38 c.f. 4=3.1 ft. 
at a velocity o! 4 5 f p s. If th, casnnel received the Q 2 2 3 c.fa. 
design flow (16 c f.s befrre thcegr s had taken hoid R=l.75 ft. 
(when n=0r21, the ver:ty "c.ouldb r 7 f p.s The T=22.6 ft. 
channel a ould p.ts. ii. g,-! S.,, .able 4 
If the r-.k of a s;..z :. , 'rrv w i'.fure "h.. 4t.; 
grass is ent!a!Lh-! i griat,: .4 or lernprsr. pmtect:r The gra....lrn.d clannel requires a much larger cross 
should probaLl. t,c .. sl. S.ei. sec 5 4 , section. but the water flow ing at 5.4 f.pa. is subcritical 

Another type of problem ;s th d(.tvr!-u,at;on of the (V,.7 7 f p, and %ill he much easier to hadle than 
more economical of t' o,-narle l:ni,4g -f different the same r'jlaltity of water Vowmng P*.supercntical velocity 
roughness of over II f p.s. in the concrete-hned channel. 

Example 10 4.7 Channel protection. Maximum permissible velic
itzes for channels in various soil types are given in table 

Give : A trapezoidal channel in easily eroded sod; 3. appendix A If the mean velocity at the design flow 
bottom width 3 ft.; side slopes 3: 1 ; gndp 2 percent; and exceeds the permissible velocity for the particular soil 
design discharge 40 c.f s. type, the channel should be protected from erosion. 

Find: Which is the more meconomical ling for the Channel protection can be provided by Lini. of grass, 
channel--concrete (n=0 015) or stone (n=i0.030)? concrete, bituminous matenal, stone, fiber glaes, or a 

Solution: Using the tablsa of reference 26 or King's preformed nstenal such as metal or wood fiber impreg
tables (ee 4.6-21, the comparative channel characteristics nated with pitch Generally, the lowest cost (including 
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maintenance cost) lining that provides adequate protection The perw,hle velociti in a grass-lined channel 
shou Id he used. The type of ha1nneILII111gmight %ary dpenLs upon the type of grass, the condition of the grass 
alonglo,lngth if ile charinl, usig a In.-coot lining eower, the tit ireof the soil rcoinprising tO' channel bed, 
such its crass orn the sitt.r sl-p-f aind a hlgih-cn~l ]ling the cnilil I q'6t 1 . extent i4'ii tIe 61e arId 

such a, concrete or, the a tt-psr %lops. 'lie capacity of an i bhtaill of the traina,, c'hannel. 'I o g ard against 

the channel. "nean N ith the risighsi.-s (n value) of the usertoppitg, the channel rapacity shoulA be computed 
lin tig. hus the channel diniensornns must often be changed for tall ,rgras than is eqvsrcted to be whileina.ritained, 

when the channel Lining is changed. the %tloct.%used to check the adequacy of the protection 
Rfearrh on veRetative linings (35, M6) by the Soil should be computed uisuming a loner grass height which 

Conservation Service and others has deronntrated the %ill lkely lie maintaired. 
value of gtas lin:ngs for drainage chan,'es in regions 'uhe%ariabhii alue of n comphcates the solution of the 
where grass can be grown. Minor erosion damage to Manning Pquatwon. The depth and velocity of flow must 
grals linings iften "heals" itSelf %hEr ngid-type liniug be estrtaied and the Manning equation bolsed uing the 
prgre sively deteriorate unless npaired . Maximum per- n %alue (tatle 2, app. Al correspondstltich to the esti

hned with %'+=Juri mated The trialmissible velocities for channels %egetal depth and velocitY, solution provides 
co% er are given intable 4, appendilx A. estimiates of the dpth and velocit>bI,'ter for a new %alue 

(;ra.-9 linitngs are particularly suitable for use incom- of n anti the equation is aam solked. Th' procedure is 
biiation Aiti other t)pi.ng of paving. Figure 15 shows one repeated until a dpth us found that carries the design 

di.c harge. 

"Three methods 9-dlbe explained for designing a grass

lined channel The first iet hod (exampI'- 12) uses tahle 
-- ..... '2 to obtain a trial ,aluk c, n for col,in, the M arning 

. _.. . - <" . Do -cotd o- "'equation :mh('' exarni h, 13) follows 

"-...___M__-ore Costl tih method us'd by thi SML C.onsecration
 
Sers ice (J6) and can be used for %aluesoutsid, the range of
 

Figure 15.-Approximate distributionof .'elocities table. The third method exaciple l4)provides a direct
 
in a atraight trapezoidal channel. solution through the use of channel charts (f3). The
 

third method ispreferred if a chart is available for the
 

a straiFg. uniform type of clannel to be used. Construction of channel 
chatinel arc gtiecrmllv greatet rm the upper pact f the charts for gass-lhned channels isexplained in appendix
reason %%hv this is true. Velocities in 

chnear virUiretsu ieupe at-fte 1 of reference 25 . 
niddle portion. \elciti( decrease totAard the chml,i of re 
sides anid bottom aippitxmatiig the distribution shown Example 12 31 
in figur 15. Although the mean w *loc:tymight exceed
 
the permissiblc value fora grass lining and thus require Guren A trapezoidal channel; bottom width 4 ft.;
 

a higher i-ost luting, the mein velocity in the trusreular side lopes of 4:1, grade I percent; ined with Bermuda
 
sectmoi enibraceuig the upper edee of the tik ilope right gass ki pt mowed to a |height of 2 to 4 inrhes; in easily
 

be Ion enough for grass, The must economical solution erodible sod.
 

would probably le the combination of a rigid-tYpe luig Find Depth required to carry the design flow of 100
 

in the lowest part of the channel arid grass liningon the c.f.s. and the adequacy of the grass lining.
 

upper bank slopes. Solution: 

Combination linings also used the channel I.are where Assume a depth of 2 ft. and a velocity of 4 f.p.A. 

bottomn requires prsiection vihich could be furnished by 2. From mectiin IV of table 2, appendix A, the value 

a gras lining. but low flos ,iflong duration, frunisnow of n for tall prassis ahout 0.(4. The increased depth 

melt or seepage, retard the growth of grass. In such a (2 as compared with 1 5 ft.) compensates for the lesser 

situation, the channil could he paved with a rigii-type sclocuty of tl'%w (5as compared with 6 ft per aec.). For 
luring to carn- the low flow arid with grass above the 2-inch grass, tih- value of n is about 0.035. The solution 

elevation of the continued low low. of the Manning equation is the same as foran unlined 

If grass is to be seeded, a strip of grass sodding should ditch. 
be placid along the edge of rigid-type linings (at the time 3. The following data aretakn from p. 241 of reference 

of construction) to prevent undermining of the grast 26 (King's tables, sec. 4.6-2 could be used) 

lining. n =0.04 
A = 24.0 sq. ft. 

4.8 Graas-Ilned channels. The method preslented in d =2.0 ft. 
this publication for the design of grass-lined channel3 is R-1.17 ft. 
based principally upson the experiments of the Soil Con- T= 20.0 ft.
 
servation Service (063, 56). The Manning equation and from p. 450 of reference 26
 
call he used to detetrine the capacity of a grass-lined V= 4.1 f.p.e.
 
channel, hut the value of n varies with the type of grass, Then Q=9S c.f.s. which nearly' equals the design discharge.
 
the dewi'lopment of the grass cover, the depth of flow, 4. For computing the adequacy of the lining (n=0.035), 
and the velocity of flow. the velocity is 4.6 f.ps. and d ia 1.9 ft. 
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Table 4, appendix A, gives the allouale velocity as 

6 f~p.s. which exceed.* the computed value. The Nirinuda 

grass millpro%ide adequate protection, 

I soltiion fcre4 stniplv 12 for%ailies that 

lie outside the ratrig- of table 2 i: Firi.tcla,,ify the retard-

anee of t'hegrass coter from the- information gr'en iii 

table 5, appendix A. Thin from tht product of the esti-

mated velomitv and the estimated hydraulic radius obtain 

the estimated values and repeat the procedure until a 

A tore- gC i-ral 

depth is found that carries the design discharge See 

example 13. 

Example 13 

Given: The same data an in example 12. 

Find. Depth aid adequacy of gra.s lining. 

Solution: 


1. In thfe example, the retardanee in Class C (tabil. ,), 

using hghtl. tallergras-t than 4 inchtes, ind the hydrauhc 

radius is 1.17 ft. for aii assumted depth of 2 ft. Tht 

aurned velocity is 5 f.p.s. 

2 From ftgiur- 1I, th- Maninrtg n fur a VR prout (f 

5 h5 isabout i M- (iM5 for ('las- lJ, 2.fi-:.,eh rms-) It 

will be note! that the ait- of n could faitiv been r,'sd to 

greater refinement, but this is sufficiently accurate for 

practical problemn. 
r

3. The problim now becomes t'-atnre as that illustrated 
i. example 12 and the 2-ft. dqth (before allotrtg for 
freeboard) is aatisfactor . The BerMiuda gras. pro' ides 
adequate protection. 

Given. The snie data as in example 12. 

Find Depth and adequacy of gras lining, 
S 

1. Channel chartF (Num. 30 to 33, ref. £5) hate been 


prepared for trapezoidal chanriiL watf bottom sidth 4 


feet and %arious dideslot,-s. hal[fiag retardanc- clf.."lfica-

tions, C and I) Chtarts for median swalhe are also 


supplid (No :4, ref. f5). 


2 To us- the channel chart., first find the retardance 


classification fi tahle t, appienix A, or table 5, appendix A, 

of refer,-nce 25, aid sh'et Ow,,appropriatev chart iii refer-

ence 25 fir the btton, vidth, bid(' sl-lp-. aud retardance 

classificatitni Ent,'rthe chart with th,- dfsigi Idct:arg,: 


amid clint-I sholi's anid read til. dth aid velocity,' froni 


the graph, 
3. In tfi example, thl retardance clh-.sificatnori for 

capaciti% C' (tafl' 51 , sld the aplropriate chart is 

No. 31 (fig 17). Entering the tibttoni graph of figure 17 

%ith (?-11) c.ts. antd S1001, tf,- dpth is 2 ft. and the 

1 For Irtarlsticevel, it 4 1 f.Ts allo, Atlde ('relty 

I)), tiled'pth 1, 1.Ift. atd the iIocilty is 4 6 f.p.s 

4.9 Concrete-lined channels. Conrr,-t, iing. art' 

generally used for prot,,tlon agai nist er- sri on st,-,p 

slopes, howe\,vr, tht-. act' sotieclii.'lis Uot-i on %icry fiat 

slopis to increase the velocity tf flow to a nonsilting 

velocity, to remoe from pondedmore eIficiently ater 
ar'as, or to reduce the hire of chairu,"n,-ted to carry the 

design dischirgi. The ctipa'ity ofconcri-te-ind channel 
can be computed as deurribted forchannels in sections 
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3 2-2 and 4.6. Values of the Manning coefficient for 

conrirte linings are given in tsble 2, appendix A. 

For i-coil% of rontruci n, the side slop-., of concrete

11''I Iirts;'- wiil Irio bs not ho (noS,-: - luutd be step 

et p.,tit t, ltAI aull pr,-firal,ey no stt, per than 2:1) 

that surface forms mould be neudid. Other construction 

detailb are ditcu .rtdin section 5.5. 

Velocities iii concretc-lired channels on the steeper 
longitu d ral gradia arc isuiilj supercritical. At high 

vvl,-jti-s Air ri,;rt:i:ht occur.. This produces a bulking 

efhct %hich iucr,-asi- the dpthi of flow. Air entrainment 
aLso causes a reductioit ,ichniiel friction with a reulting 
increa." in ,'loctti" o " r Iat coilluted usircg the Manning 

n from table' Art n of about 015J' ir recommended (37
' 

p. 2)-, for cornli:tilr ,'-locitv and Fpecific energy in 
conrrelt-Ine-,'.: c.r:,i-L, csrer rg supercritical flow. 

I u tllt for tli t1, .lkig , fftctof te eritraine d air, the 

depti, of ch rlelreu i-,d to carry the air-uater mixture
 

nIl t :,,-great'" tliahi tfrt c(:iiputed b.%Manning's
 

e'quatlio;us5:' (Ii,. % sl,' from table 2 One method 

07. ;,. 2-1' .s to u'e i n of r Ocisfor computing normal 

d,pth A:wti'-r ro.to f,r routing tie depth of the 

a:r-%,tr i.,A urc in a r,.tcti gular chanel is adapted
 

froit A forrIiUb Flel (I PaV 54" of reference 22 in which:
 

J0.011(QEi (23) 

Both niethc-is of al.owing forair entrainnient are rough
 
approxirnat t is and do not 'nclude an allowance for
 
freeboa.-d.
 

The effect of the high velocity flow at the channel exit 

rpuost be c-.sderd aid sorte provision made to dissipate 

Lme ex(tfrr" euicrgv. Otherwise, eronvoi might occur at the 

channel ottlhyt, resulting in damage to embankment slopes 

or in utdermivijg of the cbannrel outlet. Design of
 

stilling basi:is anid energy dissipatorb Lsdiscussed in refer

ences 3S and 39.
 

lligh-velocity flow can damage the bring itslf if pro

jetions of tne LLng occur as a result of faulty design or
 

construct!cn or through u:lequal bettlement of the sup
porting scd. loffset at construction or erpansion joints
 

cause ne-ative pressures blceeath the joist and loss of the
 

supportmiz ail. TO avoid offtets, transverse joints should
 

be m eitR, tLat the uptvasni ete of the loAer slab cannot
 

heave aitlout muovig !he don nstream edge of the upper
 

alsb a li,, a:ount The edg' of the lower alab should be 

coinstruct-d afbout on--half inch lower than the edge of the 

upper slab Keyed Jo:iluL art unaat,Afactory because the 

abutting sU s are subject t differential movement vihich 

might result fit higih str-a. 's on the keys or keyways and 

cause theif to spall At ur keyed ost a ith slip dowels 
is the preferred type for largo concrete channels (37, p. 

340!. 

C~Otcrete-lLrled channels built on steep slopes should be 

atchurusi to the suigrade by cutoff uallB at both the upper 

aid loter ends of the chanlel. on channels longer than 

atiout W ft-it, internitd ite aichor walls may hi,necessary. 

The cutoff af!lalso nihmniz. erosion underneath the 

lining. The abe.nce of a cutoff wall at the outlet often 

results In tile Ioss of part of the concrete lining. The cutoff 
mall at the outlet is particularly necessry where a by
draulic junip occurs Cutoffs on pipe chutes usually take 
the form of collars b.3lted the pipe.to 
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Figure l?.-Open.channel chart for groa.lined channel (from design charts for channel rod,. 

hydraulic design series No. 3). 
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Another frequent cause of failure of roncrete-lined chan-

ntis is overtopping of the rhanrel %ihen thc freeboard is 
itstilteiltnt itorc ta n the uacs .tra led by d,!otlftnc 

of the igh-\velocitv flow. (tve sec. 4.15.) 

4.9-1 Buoyancy of empty channels. In saturated 

soils, empty charels with rkid liningsmay float or break 

up because of the uplift water pressure. The total upward 

force is equal to the weight of the water displaced by the 
chantel or 62.4 tomt the volume to cubic feet of the portion 
of channel cross section which lies below the water table. 

The uplift pressure is resimttl by the total weight of the 

lining.Wheit the weight of the lini. is less "tAn the 

uplift prevsure, the chatiriel is unstable in stur ted soils. 

The lining should then be increased ii: hick, as to add 

addoinal t Izht or ul c citial, weep holeso if the flow is 
iayelie pla cdat ir vsIin thechani lbottorn to relieve 

the uipward %ater pre.ure t;t channel. The dianmieter 

of weep holts varies from 2 iichis W 4 viches and the 
spacing dep rid. upon Yiil ctltitions. Whe.n , is 

n ,.t
holes to re,iucupliftpres.ure. 

A c(orni naton proble i in nortern regions is frost heave 

which is tir.bablv tite grtitvrbt factor in the destruction of 

concrete linin irrogions with juhifreezuig tenperatures 

Unles Ot tiligrade is free (rsirug, guidrainage might le 

required. All rigidlinings require a firm, weli-rompacted 

Bubgrade. (See sec. 5.5.) 

stupcrcriticld, suhinriag Oliuhl he used rth,r thir: l,  

4.10 Channels with combination linin2.s At some 

location rae .donc lotes lt su'ffit'ciit protectionpr,,ilIe 


to the chanrel tecuse (,f(.igt-lult litiw or the inability 
of grns t becote estahl4tited inthe bottom ofthe channel 

some if those locations Imtight beThe best olutioifor a 

w here the lower part of the channelcombintition chamin 

cross section is hied with stone or a rigid type of Lining 

and the upper part of the'channel cross section is grassed 

Another application of coiiinatmori chantrils might be on 

slight sloota wiere a snmio)th rigi.l titng is ucA to maintain 
at low tlos fand gr:tas proividesnoniil.ing veltcitnez 


protection to the upper p;krt of the channel.
 
The top of a rigid liningho.lhlhe prateed by a ati ip 

of Aod at the tirre of corstruetion aind the edge of the 

lining fininhied as d,,scribed it eetion 5.5. The disign of 

channelt with combtiriot litings is illustrated by cx-
ample 15. 

Example 15 

4 ft.;Giten" A trapezoidal channel; bottom width 

side slopes 3.1 ;grade 0.5 percent; in sandy loam carrying
ita and a pring flow which 

flood water containing fine 

reaches 30 e.f.a, 
Find: A suitable design for the design flood of 170 c.f.c. 

(including spring flow). 
Solujion: 

A. Unlined Channel 

1.Table 3 gives a permissible velocity of 2.5 f.p.s. for an 

unprotected channel. The n value 01 the unprotected 
The channel will be designedchannel (table 2) is 0.020. 

using King's tables. (See sec. 4.6-3.) The tables referred 

to in the computations following are from section 7, 
reference 2S, but the corresponding table ii chapter 7 of the 
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3d edition of King's Handbook is given In parentheses. 
Compute K' from equation (27), section 4 6-2. 

K n 170(0 020)
K'- p( 3S, 4)II(O.05)FI- . 

King's tble 95 (11I)contains S'3power of numbers and 

his table 92 (10S) contains I'2 power of decimal numbers. 
2. In King's table 97 (113), for K' = 1.19 and side slopes 

d. 
3:1, 0.59. Then d.=0.59(4)=2.4 fL 

3. The velocity is computed from formula (4), Q-AV 

where A for a trapezoidal channel=1(b+zd)=2.4[4+3 
(2.4i1 26.9 ,q.ft. Then 

170

I'=-= 6.3 fp.s. 

A channel 2.4 ft. dtnp (2.7 ft. with ireeboard) will carry the 
design discr,:e, but the velocity of 6.3 f.p.s. exceeds that 

:dlilh. "rithcifore the ch:nnel should be protected. 

D. Concretc.Linted Chanr.l 

1. For a ctn,.rete-lined channel (n=0.015). The com

putations are similar to part A cfthis example. 

0.89 or2."' - ~-

. =(4)0.0.05o 

K.= n. ,( M= 015)= S9 
.35 

d.- n 

3. b-0.52 anc d,= (4)(0.52)=2.1 ft.
 

4. .4 2.114.-3(2.1)]=21.6 sq. ft. 

170 
V= 1.= 7.91.ps.
 

5. The Froude number (see. 3.4) of the flow is 0.96, 

which indicates that the flow aoin the unstable range just 

below critical flow. The flo% should be considered as 

sup~rcritical it allowuig for freeboard or in attempting 
to change the channel alinement. 

C. Combinalion Lining 

1 A more economical lning than that of part B might 

be a combination lining with a concree-lined channel 

designed to carry the spring flow of 30 c.f.s. and with the 

channel slopes above the concrete lined with Bermuda 

grass mowed to 2 inches. This design will have the cross 

in figure 18. The depth (without freesection shown 
boaid) of the concrete-lined chunnel is first determined. 

30(0.015)
2. K'=(4i(-0.1L5)3.1 

3. d.=(4)(0.22)0.9 ft. 
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Figure 18.-Trc.pesoidal channel with combination lining. 

4. Area=0.9144 3(0.9)1=6.0 eq. ft. 

V= 30 5. f. 
.0 pand 

Top width =b -r2zd=4- (2 (3M0.9) =9.4 ft. 
A concrete-lined channel 0.9 ft. deep "IllatiLsfactonly 

carry the design flow of 30 c.f.s. 

The next step is to estimate the total depth of the 

channel. As a guide, a rectang,.lar channel of top %with 
to carrs the ,oA. The Nelc:ty9.4 ft. can be estirnateod 

will be somewhat higher t.an the ,5 f.p.s. velocity in the 
0.9 ft. depth of the eoiicrtte-|l:iold ,e'tion, .a"' fp 5. 

The discharg,- per foot of depth 16 9 9 4 or S5c f s. The 
trial depth is then 170 8.5or 2 ft. 1 ft. abuoe cctcrete 

lining), 

For a trial depth of 2 ft. the computation for the section 

above the concrete lining is: 

36 A=6.0- 9.4".1.I16/i s ft 

WP=9.7 I" 


A4 164 
R=w-p-' 7-. 1.69 

V"=10.0 f.p.s.
(from nomognph, &pp. B forS=0.005, 


n=0.015, and R =1.69) 

Q =16.4(0.0 =164 ef.s 

The water carried in one of the tnangular sections above 

the gra"s would he computed as follos. 

.4 =(3.3Xl.'i=l bl sq. ft. 
2 

WP-V(3.3)1+(1. 11=3.5 ft. 

R=L- =0.52
3.5 

The value of a from table 2 is 0.050 for a depth of between 

0.7 and 1.5 ft.and estimated velocity of 2 f. ps. Then 

V-l.25 f.p.s. (app. B) and Q=1.25(l 131)=2.3 c.f.s 

The water carried by the two triangular grassed sections 
will be 4 6 c.fe. and the total capacity of the combination 

ditch (without freeboard) is 164+4.6, or 169 c.f.a., which 

nearly equals the design dibarlge. 

The small quantity of ,ater t4 6 c.f.s. in this example) 
low mean velocities carried in the few feet of channel 

near each bank is a poaerful argument for using con

bination ditcnes rather than liningthe entire channel 

section with a rigi lining In this example concrete 

paving tfdroichout the Alope would hase increased the 

discharge by only 12.5c f s., h-.twold have required 

an sddit;onal 7 0 s-. ft. of ctoncrete lining per linear foot 

Cf channel. 

4.11 Bituminous linings. Capac:ty of channels lined 
,ith biturninuos material can b-Wcomputed as described 
n sections .i 2-2 and 4 6 The .Manniig roughness 

coefficient itab!e '2,app V for bitutrinou8 linings is 
about the saine as that if .),rrtitii ceicet concrete 

ininga, thus the chamnel size and the %velocities dtiloped 
in the channel are about equ.il or the to,, of lining.typ,-s 

Channel side ilopes for asph.t ronrett-inned channels 
less than 10 feet dtep slioul,l 1..no stt(.por tan IliI 

Btou.noios ,ies are in,ri!!-.ev,r han port lard 
cement linings and can more readily ad;ist to iinot 

lesIsubgrade nettlmerner, but t.'- bituminous linig has 
strength and weight to resist uplift from frost action or 
hydrostatic pressure. :See see. 4 tI-I.; 

Weed and other plants at"- a potential hazard to 
bituminous linings a.hen cot~ditioni are favorabhc to their 

growth. Soil sterilization ifthe unrng sibgradi, is "orom
times require-! 

Additional ;:,fr:.tIt:rt, in ,n. iti ro; , ,riigh for 

chalieis is contaite IIii [he .spiiait I t .lati nuatutels 

No. 1.21(.,0) 

4.12 Channels lined with stone. Stone channel 

linings can be corstru't~d ,see.5 71 of dumped stone. 

cianinel bed 
Iand slopes can be lined throughout the area that Ai ll be 
in contact with the design tiub or stone can be used in a 
combination channel with gras.s or concrete. 'he size 

of stone used ranges from gravel size to large stone several 
feet in diameter. The size of stone needed to protect a 

hand-placed stun, or groit ,t stoni The 

particular channel frotin erosion may be calculated as 

explained in sections 4.12-1 to 4.12-3. Bank and shore 
protection is discussed in section 4.16. 

A dumped stone liing is the most flexible of the three 
types and %ill more readily adpi t iLiell to uneven bank 

settlement (sec. 7 51 In areas %here storw is pkmitiful, 
durmiped ston. is generally the. least costly type. 
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Figure 19.- Relation of Manning n to si:e of stone. 

llauli laced stnne linings require less material than The California lDivision ef ll:chways discusse the
 

,ot.]iioir.g might tI:.' oftr: r I10-12Gj ill their
dunip d q and h. usd 0 :. c-.,s d (.i st . 1,111o'1,nOtcT .tIS. p 

,if gtonti is ey,.' iu:allyN li h. 111f lac('n.It 9(1,- lulltin o. Blank arid ,:hrc Preut i,. The use of atone 

'rally rvstrictid to larg'.r ,7ii otr" a1 ITelides hoth ,ausag's fo high~av fill pr,,t'ctut is discussed by Posey 

manually Mild 111tihsf. Iles, ci sioie "'; s.c. 5.. (.,. I{ference 39' p. 219) vire a curve showing the 

The fitii"Ii.a1 a of the, hantd-)l]sv(d hmu , is maxinum S torw size r.,'onenidrd h. the Bureau of 

porewfillt 1(nor,'ilri€ouril; tl.il un:irpi'd stoli' hilt it, per- I clun atiuo for protvlcton do,,lnstre,'rn from etilliig 

forniance is Ies, sitt factor* (,.'.' svc. 4 1t-2.) ta.in This curC- would lie gichtlv to the left of the 

(rutir'd Stotlt. is ellonI i,.'d cxclit in small channl eurve for a I I slop, u figu I' 21. 
carrying it Mioo-vflor %sire tile available sin, When the cost of stoe liniings n. grat, altciJiate means 

is not lsrg ,'ci/w ivh to W It S!. o tilt x i,i't d ,(rIl(', . Of eh ,t , l ;)ro tV rtc :by r.'h ciMng the velocity ,1hould be 

E"'ven'hr'rc tile of rt'h1r;' f,ledust 1 task,'ts'-. %ith 
, t, rn it. 'd stone. iui\vstlgat('I

Ftow-J mighth hei r,'f ralI 
All t lvp's of st,,n ltnit.'s ltli.; I-' l.,d or, a fill,-r W)lanket 

4.12-1 Dumped-stone linings. The r.istance of stone 
oif gravel or cri-li toiv ul -~ tOhw gra i of the 

uch tfat it .'iil i-t flih.r ip tlirough ti, to dishiceniett b ' mo ing aater depends upou
iatural soil is 


stotuc liing I'h'l d.t'.ga of th. fil!tr lakt is discuss-ed I. Wi-ght, Sir. aid shape. of the individual atones.
 

litsection 4 12 4. 2. ', LNriti(f 10% of the' stone.
 

The pric-lut' for s"Aec rini Of tOti slz'' %%h10; follow 3. li.'pth of \%atcr ov'r stone liing. 

tire ,fal.id] larg,lY.Iv ,i th., r,,por of the . 'nrt iI t'.- oi 4. 'l'he ste(pi ss of tfi' protected slope. 

.pe PrCfoection of fth' Comiinttee (ill Farth lima of tic .5. Thi' stability ,id iicieney uf ti, filt(, blanket and 
Soil Mechat i aTid Fouidationis lDi' sion, American 

tte ittiIohakment on ihich the stotie is placed. 
So tifi water against the etone.6. Thi, vlocity of the flowing
for slope.prot'ctiof. (soe fia. 21) is based ou. the Iahbash 

wil all availablh The size of stco)le required is determined by first comput
formula. This formula i. compared 

(through 195S) experimental data on Corps of Engineers ing the nicai velocity of the water and the size of the 

carry the design discharge. Next, aChart 712-1, refereice 42. channel required to 

so 
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ADAPTED FROM HYDAULIC CHART 712-1/i 
HYDRAULIC DESIGN CR.7ERIA,CORPS OF 
ENGINEERS 

S0.4 

0 8 

38~ ~ ~ 2 00.4 - . 0 8 

AVERAGE VELOCITY AGAINST STONE -FPS Vs 
AVERAGE VELOCiTY IN CHANtEL-F. PS V 

Figure 2O.-Acerage relocity again.it alone on channel bottom. 

size ofsatone (k) is ,elected that -.1 ",thstAnd the expectt-j 
velocity, A direct vlutt;on of the probleir. ;s ::p.ictj-
cable, unless charts .imilar v, the charts I.Nos. 31-34, for 
grasmed chancels ri.refererce 25 are constructeJ, beccue,: 
the value of the -'nntng n Lncr,.as w;th iLcreade u tb, 
size of stone usE.-' n:ie 'quiresa trial and e rrir pro e,tur e 

(See example 16.) The steps x, tL,! proredure are as 
followt. 

1. Select a trial si ue of nsfrom i,,re 1,) crro:pondini. 
to the estimated size of stone to bId Figure 1iPi 
applie to a stone hing or. toth iides and bottom of 
channel; when or.l, the channel, ides arelitue'1 the n value 
might require weighting when the tittotrn width eiceed. 
4 times the depth of flow. The value of the Mantuin n 
also varies with the ratio of stone size to the hydraulic 
radius (43). The effect of this variation is generally 
minor in the determination of stone aize. 

2 Compute , suz,- of charn-l, using the %fanninz equa
tion, that will ,arr, th,. d-zn . 

3. liivild he .ni,, stone ditmietr (kI, I fet:t, hy the 
compute,! depth of fluw ii, the channel1.) to ulttain the 
k 

, r i ). 

4. Enter figure 20 aith thL, ratio to ohtain the V,/l" 
ratio 

.5 . ulul-p. the m rpteld mi,.a vdu. of Vlh t h 
.V" ratio from figure 21)oltain the '.l-e (if V,. 
6 Enter figure 21 wi th the v,ilui of the 1'. and read the 

stie size. In feet at the intierection ul the .' and the 
curve corresponding to the channel side slope-. 

7. If the eytimnated stone e.ize (step 1) is smaller or 
much greater than the required size (step 6), select a 
different size stone and repent steps I through 6, unlftil 
the estimated size agrees with the required size. 
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EQUIVALENT SPHERICAL DIAMETER OF STONE, IN FEET
 

Figure Z.-Shze of stone that will reslot displacement for various velocitiesand side slopes. 
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Determining the size of stone placed within about 50 B 
of the downstream end of a chute or culvert carrying high-.' 

pieces 24 Inches (700 pounds) in equivalent diameter and 
the oher 10 inches (200 pounds) in equivalent diameter 

velocity flow requires a modification of steps. 4 and 5 of 
the foregoing procedure. The average velocity at the 
end of the chute should be used to enter figure 21 rather 
than V, from figure 20 which applies to fully developed 
boundary flow, 

The size of stone required to resist displacement from 
direct impingement of the current as might occur with a 
sharp change in alinement is probably greater than the 
value obtained from figure 21, although research data are 
lacking on just how much larger the stone should be. The 
California Division of Ilipthways (43) recommends doubling 
the velocity against the stone as determined for straight 

However, 75 percent of each of these gradations consisted 
of stone 10 inches (50 pounds) in equivalent diameter or 
smaller. In the model tests, the large pieces were dii
lodged by undercutting resulting from the removal of the 
smaller pieces. Murphy and Grace (46) concluded that 
p4eces of stone larger than those which represented some 
critical size (the 60- to 65-percent size in these tests) do 
not Increase the effectivenLss of the particular gradation. 

Example 16 shows a samplz colculation of stone size 
for a roadside channel. Bank protection of stream 
channels is briefly discu.sed in section 4.16 and placing 
of riprap is dicussed in section 5.7. 

alinement (step 5) before entering figure 21 for stone size. 
Lane 1(4) recommends reducing the allowable velocity by Example i 

22 percent for very sinuous channels, or for determining Gan: A trapezoidal channel in easily eroded soil' 
stone size the velocity is increased. The factor applied bottom width 4 ft.; side slopes 31:I; grade 2 percent; and 
to the velocity V. for increasing the stone size at the point design discharge 75 c.f.s. 
of impingement would vary from I to 2 depending upon Find: Depth of channel and dtsign a dumped stone 
the severity of the attack by the current. The area where 
tne larger stone is placed should be determined by the 
conditions at each site. It is obvious that protection is 

lining, 

Solwion: 
not required on a bank where deposition occurs. I. The channel without lining (n=0.020) would have a 

The ixe )f stone (k) taken from figure 2t is for stone depth of 1.15 ft. and V=8.8 f.p.s. With rougher stone 
with a unit weight of 165 pounds per cubic foot. The 002 
stone size (k.) for stone of other weights can be computed lining, the velocity w0il be reduced to approx:mately 0.03 
from CreAger's equation (discussion of reference 41): (8.8)=6 f.p.s. The velocity against the stone (fig. 20) 

102.5k (29) 
would be tbout 0.3 (estimating k-0.5 ft.) of this, or 5 f.p.s.
This velodIty (fig, l) would require stone of about 0.25-ft. 
diameter. The trial value of n (for k-0.25) from figure 

19 is 0.028 

40 The American Society of Civil Engineers Subcommittee 
(41) recommends the folnwing rules as to the gradtion 
of the stone: 

2. From ti. 201, reference 26, for a trial depth of 1.35 ft., 
A O=10.9 sq. ft., ft= 0.86 ft. 

On p. 43C 'or n=0.030, V=6.3 f.p.s., and for n=0.028, 
I. Stone equal to or larger than the theoretica! V.=

9 
. 
2 

j 6.3)-6.8 f.ps. Then Q= 10.9 (6.8)-74 c.f.s., 
size from figure 21 with a few larger stones, up to 
about twice the weight of the theoretical size tolerated 

. , 
which checks the design Q. 

for reasons of economy in the utilization of the k 0.25 .. 
quarried rock, should make up 50 percent of the . 01 8. 
rock by weight. V, 

2. The gradation of the lower 50 percent should 
be selected to satiify the filter requirements (sec. 
4-12-4) between the stone and tho upper layer of the 
filter blanket. 

3. The depth of the stone should accommodate 
the theoretically sized stone with a tolerance in surface 
elevations designed to permit the oversized btoneseleatins esinedtoermt te oerszed toes 

4. V ratio from figure 20 is 0.58. 

5 I%=0.5',', V= 0.58 (6,S) = 3.9 p.s. 
6. It, figL:rc 21 for ',=3.9 aiid slope 3:1, the size, of stone 

is abi'om 0.1 ft. which checks the assumed size of 0.25 ft. 
(step i). Use 2-inch stone. 

The depth of the channel after lining is 1.35 ft. (withoutfr,board allowance). The minimumn thickness of the 
mentioned in rule 1. (This requires a tolerance ofabout 30 percent of the thickness of the stone.)

4. Within the preceding limitations, the gradation
4. Wthi thprcedig lmittios, te gadaion

from largest to smallest sizes should he quarry run.,fromlaorg tod allestizeshou brequnot
(See fig. 24 for good gradation curve.) 

freeoar s2:1anceit Thernhnaum thickessof hilin~rigs is 2. inches wvith a tolerance of sbout I inch in 
surface elevation. Sto;e of equivalent spherical diameter,equal to or argtr then 2Jinches with a few larger stoneqa oo agrtai2ice ihafwlre tn 

exceeding 3 inches, should make up 50 percent of therock by weight. 

Tests made at the U.S. Army Entineer Waterways 
Experiment Station (48) show the importance of gradation 4.12-2 Hand-placed stone linings. Iland-placed stone 
w compared with maximum size of stone. Two gradations 
faile under the same conditions although to"-gradation 

linings consist of stones placed by hand following a more 
or less definite pattern with the voids in the larger stones 

had maximum pieces 36 inches In equivalent diameter 
(2,300 pounds), as opposed to 24 incnes (700 pounds) for 
the other gradation. The 50-percent size of each grada-

filled- with smaller stones and the surface kept relatively 
even. The stone should be.placed on a filter ilanket of 
graded gravel or crushed stone. (See see, .4.12-4.) 

tion was 16 inches (200 pounds). Two other grautations Enough voids should he Ieft ini thi,sirfae,of ihi,. stone 
failed under the same conditions, (:ne with manimum lining u)prolrly veitt the siI.nirfnr,, The li*th and 
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size of the stone required to resist displacement is generally 
specified as one-half (k1 of that required for dumped 
atone (41, p. 857), but the experience of the Corps of 

]')Rinve rm (47) is thai a half iirkr-"s of harid-plaeed 

stone is nrl'atiafactory as a Plsti tt for Iurn stone.t'.'l 

(See sec.7., ) Although data are l,kiRg for A d.fm ite 
conclusion, itisprobable that harid-plard atone is inferior 
to an equal thicknes of dumped stone because it is not,,__ 
as flexible as dumped stone and does not have the strue-
tural strength to bridge over local bank faiures. 

4.12-3 Grouted-asone linings. Grouted-stone linings 
are either hand-placed or dumped-stone linings with the 
voids filled with portland cement mortar. The atone is 
placed on a gravel or crushed stone filter blanket and the 
grout is brootned and rodded into the voids. Some of the 
holes or joints are left ungrouted in order to avoid uplift 
from hydrostatic pressure, but care should be exercised to 

avoid openings that pernt n-cape of the bank or filter 
material. Grouted atone is .ldom used except for 
lining high-velocity channels, alth)ugh its use might he 
justifiable where stones large enough for dumped stone 
linings are not available or %hen the stone available is 
.jot adaptable to hand placing. 

4.12-4 Filter blankets. A filter blanket is often needed 
beneath the stone lining to prevent the bank material 
from passing through the voids in the stone blanket and 
escaping. The loss of bank iaterial leaves cavities 
behind the stone blanket and a failure of the blanket 
might result. Whether a filter blanket is needed will 
depend upon the gradation of the bank material and the 
openings or voids in the riprap cover. In general, a 

filtrratio of 5 or less between successive layers will 
resuit in . stable condition. The filter ratio (48) is defined 
as the ratio of the 15-percent particle size (D 4) of the 
coarser layer to the 85-percent particle size (Des) of 
the finer layer. An additional requirement for stability

of the 
is that the ratio of the 15-percent particle size 

coarse material to the 15-percent particle size of the fine 
m aterial '.ild exceed 5 and be has than 40. Th ede 
requirementi can be stated as follows: 

Du (of coarser layer) <.D (of coarser layer)<40 
Du (of linerlayer) )a. tof liner layer) 

If a single layer of filter material will not satisfy the 
filter requirenents, one or more additional layers of 
filter material should be used. The filter requirement 
applies between the bank material and the filter blanket; 
between successive layers of filter blanket material, if 
more than one layer is used; and between the filter blanket 
and the atone lining. In addition to the filter require-
menta, the grain size cur'es for the various layers should 
be approximately parallel to minimize the infiltration of 
the fine material into the coarse material. The filter 
material should contam ;not more than 5 percent of ma-
terial passing the No. 200 sieve. 

The thickness of the filter blanket ranges from 6 inches 
to 15 inches for a single layer, or front 4 inches to 8 inches 
for individual layers of a multiple layer Wlanket. The 
thicker layer is used where the gradation curves of adjacent 
layers are not approximately parallel, 
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An example of filter design follows: 

Example 17 
rrwen
 

tu MP.11,1,P S-l r) 

ipp ("B" ew, as 4)............... s 

P f,,irbsan . 01 .20...................................... 

ud 1.e i
Orsv........................................ se14
 

........
_-._.._.."__.___._._.___________ 

Find: Design filter, if needed.
 
Solution:
 
I. Is filter required? 

Da (riprap) 90
 
D.,, (streambank) 0.10
 

D (riprap) 90
 
Da 1 0(Ja 8<5 OK
 

D, (gravel) 40>5 No
 
Da (streambank) 0.10
 

3. Can a layer of sand and a layer of gravel be used? 
lot requireenl: 

A, (sand) 0.14 1.4<5 OK--. = 

Des (streambank) 0.10
 

Dig (gravel) 4 0
 
Du (sand) 2.4
 

D, (rnprap) 90 1 8 < 5 
D (gravel) 150 O 

fd requireml:
 
Dqusand 0.1D , (sand) 0.14 '-"n
 

D,,-(str ==23nk) 3<40 OK
 

D (eravel) 4.0 =29<40-! = OK9 <40 
D,4 (sand) 0.14 

D,, (riprap) 90 2 2< 40 Ox 
D, (gravel) 4.0 

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

4.13 Ditch checks. In humid areas ditch checks 
(grade-control structures) are seldom used in the roadway 
and toe-of-slope channels because they are a hazard to 
vehicles driving oil the road, they are often unsightly, 
they hamper the use of power mowing equipment, and in 
most locations their jobs can be done better with protec. 
tivecover. (See example IS.) In channels not accessible 
to vehicles or in arid and semiarid regions, ditch checks or 
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-,rop structures may be 'Imed to maintain nonerodzng 
velocities in the channel section. Their use, however, 
should be limited because of cost and vulnerability to 
dana.ge at times of unusual flooding, 

The purpose of ditch checs is to reduce the ch'innel 
grade to a series of parallel grades which will keep the 

velocity within allowable liniLs ttble 3) for the material 

of the channel or for the channel ining, The 'hitlrence 
between the allowable grade and the existing grade s 

taken up in the drop at the ditch checks. The drop at 

each check in a roadway channel is preferably from 7 to 
12 inches. Ditch checks may be constructed of local 
stone, concrete, timber, or othir suitable material The 

ditch check should be %ell Anchored in the channel sidedope, hiveaadenoilwal,hae a apon aithis ill,dMopes,have a cutoff nz,v.e apron %ith it sillwall.,nrd an 

or lip at the lower end forming a shallow pool to disipate 
the energy of the falling water. The crest of the check i 

ordinarily built as a trapezoidal weir. the same cro. 
section &s the channel, and with the weir crest on level 
with the botton of the upper channel. The "aeir capacity 
(sec. 3.3-31 should be sutfcient t,)prevent overtopping of 
the wines which should extend above the dezign depth of 
flow by the amount of the freetoard. 

The spacing of ditch checks, in feet, is computed from 

the equation, 
)h 

spacing= (30) 

100 3Q60 

Where 

A=vertical drop, in feet. 
S=slope of channel -Aithou~t checkF, in Percent.S~slosectionhandechecthopicheckculd 

S.=slope of channel, in percent, for alowable e-

42 locity 
The size of the channel t computed for the design 

disch.rge and ie of channel em deacribed in tection 
3.2-2. If the %vlocit% excei,4s tnut allowed (table ;i
for the $oil t)pe or channel lining, ditch check.F may he 
considered. Reducing the- v.locity aLso reduces the 

channel cspacit, and thus requires an increms- in channel 
ize, See eample IS 

Example 1 

Gfr. A tr.spczoldal rnel. hotnorm width I ft 
side soj"v, 1.gr:de 0.:jVc.-iit and dlchafre 6s5 f.-
The channel L, in firmn e.arrsaloam and clear water, 

Find. Dim.n-on.s of a channel to cArry the discharge 
uWing ditch chlcks if neded. 

Soh,/uii 
A. Unproteaed Channel 

I.In appendix A from table 2, n=0.020, and from table 

4, the allouable velocity (V,)= 2 5 f p.a. 
2. From reference 26, p. 201 and 378: 

d= 7 R= 1.05 ft.d= 1.1. ft.ft. V- .02 t. sI4.5 
T= 14.2 ft. t=4.2 f.p. 

3. The channel selected has adequate capaciy, but the 
velocity (4,2 f.p.s.) exceeds the allowable velocity (2.5 
f~p.s ) 

Bi. Ditch CheckS 
If &inch (0.5 ft.) ditch checks are to he us t reduce 

th elity to coding vecity, t ie he apac
the velocitv to a nchoi, velocity, what 4 the pacig 
ofchecks and what channel section willbe required with 
the checks? 

1.On p. 387 of reference 26, a velocity of 2.5 f.p.s. 

reqjiresa slope of 0.10 percent, with n of 0.020 and R 
of 	 1.1 ft.
 

The spacing by equation (30) is:
 

. It* (0_5) 
Spacing, in feet - 50 ft.

0.3-U.0 

2 The new channel on a slolpe of 0.10 percent and a 

vlorety of 2,5 fps will require about 65 c f.s./2.5 f.p.s. 
-26 q ft- of crovs-eectionzl area. provided R is kept at 

about 1.1 ft. From p. 243 and 387 of reference 26: for 

a 	 bottom width of 14 ft. and side slopes 4: 

Trtal I z aIal 	 Untu 
-

4-1 4 d-1.3 d-i 45 ft.t:25 2 T-z o T-235 1 ft. . V I A-So A-3 I Il 

RV-2 V-2 3-2. 	 14's. 
Qa. 

The data for d= 1,45 ft. are interpolated, but are suf
ficiently accurate to show that this depth channel meets 
the requiremoenLi. Various other combit,,iions o; channelberueed. 
section and check spacing could be used.
 

C.Grab.Lined Channel 

The larger channel required with ditch checks often 
eliminates their use particularly ii a humid so-tion when 
any sod-forming grans woulh adlequately protect the 
channel (table 3). Changing the drop at the check changes 

the spacing of the checks but does not affect the size of 
channel required to carry a stated dscharge

For example, the channel dimensions aith a sod-forming 
grass lining are depth, 2 35 ft : bottom width, 6 ft.; side 

slopes 3 I. ThLi channel has about same capacity atsthe 
channel with 1-itch ehek,, depth, 1.45 ft.: bottom %idth, 
14 ft.: and side slopes 4-1.The same freeboard allowance 
would be added to either design. 

4.14 Drop sltuctures. Drop structures are sometime. 
usvil to convey water front i higher to a lower elevation. 
One applicition of drop ,tictures is conveying water from 
a drainage channel into a w.xtercotirse that is at a lower 
elevation. The design of drop structures is beyond the 

scope of this publication bit. information on their design 
may be found in references 6,7, 8, and 49. 

Chules. Chutes (aee sec. 1.51 are characterized 
by their steep grade and short length. They carry water 
at supereritical velocity (Fee see. 4.9)anti unless excavated 

in rock, they will require lining to prevent channel erosion, 
Concrete linings are frequently used, ofteriwithout 
proviling forthe high velocities at the outlet. When the 
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diasipatorg suitable for this Furpo-e k lItscus.ed in reference example 4 (see. 3.2-2), the final trial in as follows (ii, 
39 and in an ACE v iun by lradl..%and Peterku and p. 161):smpo, 
others (.38). A bihliographs containin4 other refereneen 
to spdiway design ismludtd with paper 1406 (98). d=0.7 ft. S-0.5 

When the velocity in the chute is iup,.rcriticl. the chute 
capacity o determined h the cros.s ,ect:un and conditions A =3.10 aq. ft. S"1 =0.707 

at the inlet (Lputrean contol). If the chute is long, ita R=0.S ft. n=0.018 (sec. 4.9) 
cross section c-.n often lie reduced to lmaintain e onomic 
proportion .. ,e e se .3 1-3.) 1'' =0.63 ft. 

Equations are cisen in ectitin 3 :;- i for ,impiting the 
discharge of chutes aith :mlct cha:t-el in line with the l 49 1.49 
chute. The doi, a of chut,- ,i. .ha.:in., ilow from a chan- i=-t"S'1- .63)(0.707) - 36.9 r.p.s. 
nel pervenic:tAr Io tht cht:te aes .1'--,c-mvd o' pages- Q=3 10h36.9) =114 c. 
283-28i of rerence 37 Th. appliicat:on of thie eqia
tion:s to the of a simall concrete chite L explained This ch'cks the iecsign discharge ll0 efs. A freeboard 
by ecamplp 1,J. 	 of at least I foot should be provIlJl :Ind a stilling basin 

Ezarple 19 	 or energy 'iL.sipator will be ttled II I most situations to 
dissipate the energy of the high velocity tflow 

Gieer The channel in .xample 4 t'c J 2-21 dischargirg 
into a concrete chute, 12u ft 12i:g horizontail-; on a 50- C. Check of Fall in Chute 
percent grade. Had the n value i 0l15) from titll- 2 been used, the 

Find: The chute dimen.ions for a trapezoidal section,j ~caleul-ited 	depth would have hel-n 0 6 ft., tf=0.44 And
with side slopes 2:1 (- a. l entIranc 	 loss roeI!ciert I.V=40.5. These valuis are used to deterinine if the fall 

A. 	Oluo.G-W in chute (60 ft. in ti3 eiamph-) is sutident to ,develop 
the specific head required at normal de-pth plus the frictuon 

1. From example 4, at section 1 .see tg. 14), oma. Smcific head 'i ..". by equation (9). 

Q= 100 c.f.s. 	 = . (14i5' fHe=--d 
r 

0.o6 -1 6 0o + -d ft. 
d,= 2.45 ft. 	 64.4 

t', = 4.6 f.p.s. 	 The friction loss (hr.) is computed ly equation t24). 

44 	 2.The specific head iH,) ts... 3.3-1, ,.luation 9) just 

upstream from ,,ntrance of the chte is 2 45- -	 L Fii, ) - -) I. 

2.78 ft. Subtitutng ci equation 	 23 fsec. 3.3-3): 

,= b 324(100) -0.7(2.0{2.7S) =3.C9 ft, use 3.0 ft 	 h= 4(2.78)i 	 .1 ( 1 2 )33) '. 0 0.)54 )1 120 

3. The depth at the entrance will be 	 critical, or by he;30.3 ft. 

equation 16 (see 3.3-2). 	 Total head required is 26.0+30.3=56.3 ft. The 

12 2.79 -3 " --	 available head (60 ft.) is sufficient to develop the specific
- - - , 

_ _ _ _ _ _ _ , 2 > 1 1 J hea d plu s the fric t io n lo ,s .1,1 T.F) Fullv 	 ,:th~~, ir-nirailne, flow% onl a hopv" of 1) . 

=212 ft. 	 would hal- d- -,.oppi :Lvelocity if over sO f.ps. (Using 
n =0.l'lS. see. 4.9) aniild%ull require a head in exce:, of 

vilocit IV.)' at the entranc1 is th 0ctinft4. The memi d 1 	 th th, ar,.secons n- lt lucig the 	 cros sctt, . of thi. chute will providedichar, c idlittle saving For larger chutes, see scto 3.3-3. 
trance ection (6 =3 It , and d='.1 12 ft.), 15.4 sq. ft or 
V= 6.5 f p.s.. R 1.21 ft. I , P. I iI." 4.16 Bank and shore protection. T h. disrsioi n in 

The value of d, aiind V., eouhl ha%.t: bcvii read directly sectioni 4.12 to 4.12- 1on itone channrliningi Lsintended 
from chart 16, reference 25 by noting the coordinates of to apply to roadNide channels illere both banks and 
the inter'section of the critical flow line and the discharge, stream bed are protected byi a blanket of stone. At times. 
100 c.f.s, however, highways encroach on rivera 	 or are built along 

B. 	 Chute the seaconst or beside large itxids iif water, thus exposing 
roadway embankmentu to attack by current velocity or

The minimum depth at which the flow in the chute will wave action Streain crossingi are unavoidable, but most 
occur can be computed by the .\lani,iig equation, using crossip .ipoe highway embaikmenta to attack by the 
King's tribles (see. 4.6-2). or follu, iig the tiethod in ntram. %\'a, ictwn call ie a mniri severe form of attack 
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than water flowing parallel to the 'mihanknient. Pro. 
tection from wave action ia dicussetd ti1rcitrenct.s 37,
41. 43, and 50. 

'rolIhvrs in%(-lving acorr of streaemh1.. rv f ittanyrm * 
Ire.w i',and "titiitrl ttrliItto 'hs 'arwitI Ine' .sn 't ii-I . 4,i'11 
for tIp s of prrnlerr. $onwit iv"s th. le't sorlri lull t:,L 
relocate the igyhway ianaevold the' haard or to nnve' the 

attacking natteraway from the embankment by achanel 

change (see. 1.10). 


Usually the severity of the attack and the availability 
and cost of nat-rralA dictate the type and the extent ofprotection. Whei vegetal cover will grow and velocities 

of flood waters are moderate, gram (tic.4 8),shrubs. and 

vines are low in cost and 
give adequate protection after 
they become established. Where high velocities and wave 
action are' encountered, stone provides suiter,protlecteon
(secs .1.12 to 4.12-4). 

The inethod given in section 4.12-1 for computing stone 
size might require inr hficatlon for deep sFift Atreanrs 

When the depth, d, e great 1he 
ki 

ratio becomes SInRell and 
figure 20 shows it low velocity ergarstthe aie" - This 
resultIs in a erze of stcn, (fir. 21 which i ride id,at 

tit totl depth, ray riot provide suiicii'nt proiction for 
the bank near the water surfnce. 'he depth u ,J i 
figure 20 should be the depth of most severe attack rather 
than the total depth, 

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

be firmly anchored in the protected benk at the upstream 
aid doi st rlain ternirii, arid at Lhe tut,of the tilinenkment
 
(sC 
 57) If the prott'tike cover is long, iiI,'rmie'diate
 
aIhr n,lwht I, r quired tIw
to r.,_ - Iaitrd of 
coni l-.-t' f., lir" lhe' ujil r v%rirt 'il I iltof t!i,' protee
tise covi.r 0-iuli euxtnd 
to atir 0 %, intrthmt provides
 
protect nun fruritfixeln e i.d ittav', 
 h:t% ig a r.'currence 
enter a co-sistent iitfi the imixprtence of lie' highwap, 
initial Investrent, and replacement costs. Sod placed

above more rigid 
 protection will provide considerable 
protection fruin unusu:l flood.,

The bginnin7 of the protection sbould extend above 
and below the poinit of reverse curvature on the outside 
of a curved ciannc I. Bank protection is usually not 
require.d on the insid of the curve unless return of over

tr', siblnk flowvcreitt'!e r probhllin(), a traight channel,
link protitnon huild ecirt, und crdlt a table feature 

in the bank if pracical' Such fv'atur' might be 
outcroppne of eroii oir-'insltant naterrals, treeq, vegeta. 
tron, or other evideice of Ftrebiliry. 

4.17 Drainage structures ii channel. \%'.re drive
iSay or aec.ss i driiirime- chnaiti., culverts orrwTI, ro- i 
other structure., ir pl.rd in ti' charnel to carry the 
flow underneath the o-s.g the
Thts. Ftrucires affect 
capacity of the and at somedrninage channel locations 
create problems. Silt be deposited in thechannel Olaltrearn and dehrio, mayfrom structure and scour may occur attire culvert outlet. The design of the culvert (51) and 
the channel should be coordinated to insure the proper 
functioning of both. 
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Chapter V.-CONSTRUCTION 

5.1 General. Construction methods depend upon the 
equipment used and the experience of the contractor 
and are outside the scope of this publication. This ahapter 
wif! discuss a few of the procedures that should be followed 
to construct satisfactory highway drainage ohannels. 

Drainage channels should be constructed early in the 
grading operations and the necessary c.naunel protection 
should be provided before erosion damage occurs. lffec. 
tive drainage during construction frequently eliminatea 
costly delays as well as later failures that might result 
from a saturated dubgrade. Slopes should be protected 
from erosion as early as practicable in order to minimize 
damage and lessen the discharge of eroded soil into existing 
and newly constructed channels or into drainage structures. 

Elements of farm drainage systems, such as terrace 
outlets and tile drains, that are cut by the highway should 
be properly drained to avoid ponding or erosion on adjao 
oent property or on the nignway. 

5.2 Supervision. Proper design of drainage channels 
will not produce an adequate drainage system without 
careful supervision dtiring construction. Supervision of 
drainage structure construction means no' only seeing that 
the construction complies with the pLans and specihcations 
but that any omis.ions in the plans are corrected. The 

ohannel drainage work should b( shown on the construction 
plans together with sufficient hydraulic design data, such 
as drainage area and design discharge, so that the con-
struction engineer has the necessary information to solve 
unforeseen drainage problems. Some guides for showing 
drainage information on project plans are given in refer. 
ene 52. 

5.3 Excavation. Channels are usually dug from the 

outlet toward the higner end o that the channel will drain 

during construction. Dikes fur ztercepting channels are 

preferably built from materiel excavated from the adjacent 

cuts without disturbing the natural soil at the channel 

location. 

5.4 Grsi-lined channels. Grass lining can best be 
attained by sodding. The upper parts of the channel may 
be sprigged or seedcd if the cost of sod makes tnis nees, 
sary, but the time of the year, and the likelihood of damag. 
ing rains occurring before the sedlings become established, 
should be considered. A type of grass should be selected 
that is adapted to the locality and to the site conditions 
(651. Sod grasses are preferred to bunch irasses because 
of their superior performance in resisting erosion. 

Sevdnig can be protected by mulch, temporary cover 
grasses, jute or fiber bagging, and fiber glass. At some 
locations, sod strips 1 inches by 10 feet or more can be 
laid perpendicular to the channel centerline at 30-foot 
inlervalb to protect the intervei e,.hii area. "hi,.-. 

strips have proved very effective in some locations. Their 
use is restricted to channels designed for velocities between 
2 feel and 4 feet per second. 

;d can be used alone or in combination with needing. 
Sod might be used in the channel bottom and up part of 
the side slop. for immediate protection with the remainder 
of channel slope needed. In some States sod chutes have 
been used successfully at the downhill end of bridges to 
conduct the runoff froin the end of the bridge to natural 
ground level. The sod is held in place by chicken wire 
and staked to the embankment. 

A strip of sod should be placed along the edges of all 
concrete, riprap, and similar linings, and along the edges 
of open chutes to prevent erosion and undermining the 
linings. If sod cannot be maintained as in semiarid or 
arid regions, adequate freebiard should be provided in 
the lined channel. 

5.5 Concrete.llned channels and chutes. Concrete 
channel linings can be cast-in-place. ehotrete, or precast. 
Soil-cement linings have been buccessful at some locations. 
The construction of concrete channel linings as applied to 
irrigation canals is discussed in reference 54. State 
highway specifications usually give requirements for 
constructing concrete dranae channeLs. 

Concrete lining must be placed on a firm well-drained 
,..-ndation to prevent crackiig or failure of the lining. 
zois of low density should be thoroughly compacted or 
removed and replaced with suitable material. Where 
the soil is deep loess, concrete or other type rigid linings 
might not be suitable. Expansive clays are extremely 
hazardous to rigid-type linings because their movement 

buckles the linings as well &4producing an unstable support. 

Reference 54, page 30, diicusss methods,of contrulling or 

red,wing damage to linuigs which must he placed ont 
expanisivo clays. 

rte Bureau of Reclamation found (d,. p. 535) that 

when pLLcing an unformed slab on . slope, a tendency 
exist. to use a stiff concrete mix that wil not slough. Drill 

cores ..howed that placement of such low-slump concrete 
without thoro:igh vibration usually results in considerable 
heneycomhing on the underside. To avoid such results 
the concrete should not be stitffer than a 24-inch slump. 
Concrete of this consist-ticy will barely stay on a steep 
slope. After spreading, the ooncrete should be thoroughly 
vibrated. Iteference 37 (p. 536) shows the use of a steel
faced slipform screed. 

The linings of channels that carry high-velocity flow 
should be poured as nearly monolithic as possible, without 

expansion joints or weepholes, and using as few construo
tion joints s possible. Construction joints should be 
made watertight Isiigitudinal and transverse reinforcing 
st11- ..tuIlt tueUsI! thrulm ihuit to control crnckiig with 
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Figure 23.-Section of concrete.lined channel showing treatment of edgee. 

the longitudinal steel carried through the constructiou The stones should be placed on the filter blanket or 
joints. The lininig should be anchored to the slope as prepared natural slope in a manner which will produce a 
necessary be'reinforced cutoff walls to prevent sliding. reasonatly well-graded mass of stone with the minimum 

Proper curing of the coneret,- lining is important, practicable percentage of voids. Stone protection should 
particularly il, to prevent the be placed to its full course thickine. at one operation andwarm, dry, windy weather, 
early drying of corners, edges, and surfaces. A well, in such a manner as to avoid displacing the underlying 
moistened suhigrade and wet burlap inl contact with the material. Placing of stone protection in layers or by 
expst)d concrete surfaces is ,xw'llent for curing purlm-s. dumping into chutes gr by similar niethods likely to cause 

The edges of newly con..tructed channels shoild hIe s'gr(gation should inotbe perntitted The larger stones 
protected by a strip of sod at the time of construction, should be well distributed and the entire mass of atones 
The design of the lining edges should allow enough depth should roughly conform to the gradation specified. The 
of soil to permit the growth ofgrass, and the channel side atone protection should be so placed and distributed as to 
corners of the top edge should be beveled as shown in avoid large accumulations or areas composed largely, of 
figure 23. either the larger or smaller ,izes of stone. The mass 

should be fairly compact, with all sizes of material placed
5.6 Bituminous.lined channels. The construction of in their proper proportions. lanl placing or rearranging 

bituminous-lined channels is described in reference 40. of individual stones by merhaanital equipment may be 
A well-drained subgrade is necessary beneath a bituminous required to the extent necessary to secure the results 
lining because the strength and weight of the lining is specified above. rhe desired distribution of the various 
not sufficient to withstand high hydrostatic uplift pressuire. sizes of stone throughout the mass might be obtained by 
Weed control (40, p. 12) measures are sometimes necessary selective loading at the quarry, by controlled dumping 
before the lining is placed. These measures consist of of successive loads during placing, or by a combination of 
careful grubbing of the subgrade followed by the applics- these methods. Ordinarily the stone protection should be 
tion of a soil sterilant (40, p. 13). placed in conjunction with the construction of the embank

ment, with only sufficient delay in construction of the 
5.7 Stonelined channels Allstone used forchannel stone protection as may be necessary to prevent imixture 

linings or bank protection should be hard, derse, and of embankment and stone.
durable. Motist meta orphic rocks, ak protection, where the channel is composed of Bandof the igneous a d 
mane oftre limeston , and som ile esandstones make or silt, should extend a minimuin vertical distance of 5 
excellent linings. Shale is es feetnot suitable ar dlimesi and below the streambed on a continuous slope with the 
sandstoneb that have shale scams are undesirable. Quar- embankment. Where the stnambed is of material other 
ried stones, angular in shape, are preferred to rounder than sand or silt, the bank protection should be termi
boulders or cobbles. If rounded stones are used, the size nated in a rock toe at the level of the streambed to prevent 
of stone and thickness of the blanket, determined by the undermining tile bank protection. The toe should have a 
methods of section 4.12-1, should be increased, particu- minimumn base width of 6 feet and a minimum thickness 
larlyif the rounded stores are relati,,ely uniform in size (87 p.207. Nithr o thcknss f asinle of 3 feet with 1 on Iii side slope's. large rivera, orbeadh On 
(837,p.207). Neither breadth or thickness of a single tidal estuaries, having a considerable depth of flow at 
stone should be less than one-third of its length. Figure low water stages, the stone protection need he carried 
24 shows two sample gradation curves which were found down only 5 feet vertically below iican low water and the 
to be very satisfactory in tests at the U.S. Army Engineer toe can be omitted. 
Waterways Experiment Station (46). Curves approxi- )land-placed stone should be carefully laid to produce a 
mately parallel to these curves and passing through the 
theoretical size (sc. 4.12-1) at the 50-perc nt point'sliouid more or less definite pattern with a minimum of voids 

make an acceptable gradation, and with the top surface relatively smooth. Joints 
The stone lining or bank protection should be placed on should be staggered between courses. The atone used 

a filter blanket of gravel or crushed stone meeting the forhand-placed proteclion should be of better quality 
requirements of section .1.12-4 tinhss the natural soil than the minimunt quality suitable for dumped stone 
meets the requirements of a filter blanket, protection (37, p. 208). Stones that are roughly square 
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and of fairly undorm thickness ire much eaier to place checks should have a suitable apron at the toe of the drop 

than irregular stonxes. Stones of a !1ht stratified nature aid a cututf wall at the dowmtream end of the apron. 

should be placed withi the pr icipsl be, ai p[e:. hi ial The aprio should ha e a d,,iirt'smeii or a oil at the down

to the slope. 0;wmngs to th.e SLb.iraf.ce huld betilled 4tretim dolg -so that a poo)l will t! created to duiiiipate the 

fru.me::L; :,iidh eiergy water. clay available, localwith rock tC Ia sr, ,oid.5 or cpfeiags of the faJiuig If is 


should be left to verit the sbaiurface properly. stone call be laid up ii a rich clay mortar 'hi., ziake,
 

the chick alioit watwrtrii t &jd I, L4i1: ei'a mal'iteilialechecks. checks firriilv5.8 Ditch Ditch mist be ; 

arichored Lnt, the h&n.i ,f the draaibaze chaimiir 'l1e than it the it,r.es ,Lreit L ii ,iith the exi.,ctation 

Choice of MatsriAl deteriljct the riettiudS uisd. but AIl that the check Aill become itperiiealt'e in time. 

WEIGHT OF STONE N POUNDS 
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A APTED FROM 
90 FIGURE3, REFERENCE 46 

80 - 

•70 \ ', _ 

"9 I
 
ulJ50
 

z 
480I 
Co -\A 

in \
uj5C" 

20- 0 

0 40__ 20 0 8 6 42 

MEAN DIAMETER OF STONE IN INCHES 
Figure 24. -Gradation eurres for dumped-tone protection. 
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Chapter Vl.-MAINTENANCE 

G.A General. Drainage channels rapidly lose their 
effectiveness unless they are adequately maintained. 
Thus, a good maintenance program is of equal importance
with the proper design and construction of t14 channels. 
In fact, a knowledge of the equipment to be used in main. 
tenance and the methods to be employed is a prerequisite 
of proper design. 

Maiintenance of vegetative cover on slopes and in 
drainage chanimIs requires continued attention, The 
original treatment applied during construction will not 
la t forever. Itepeated applications of fertilizer, lime, or 
organic material at intervals are as necessary on the high. 
way roadside a on the home lawn. Areas often need 
reseeding or resodding to restore the vege'ative cover, 
This should he done before serious erosion occurs. 

,Minor erosion damage within the highway right-of-way 
should be repaired immediately after it occurs and action 
taken to prevent a recurrence of the damage. The damage 
caused by light storms reveals the points of weakness in 
the drainage system. If these weaknessC3 are corrected 
when repairing the damage itself, the drainage system will 
likely carry the design discharge without damage. Defi-
ciencies that are found in the drainage systems and the 
corrective action taken should be reported to the hydraulic 
or design engineer so that similar troubles will not occur on 
future construction. Reports on drainage works that 

4? 

function well during severe storms are equally valuable 
to the designer. 

6.2 Effect of maintenance on channel capacity. Main. 
tenanee of highway channels includes repairing erosion 
damage, mowing gras, and removing any sediment or 
debris deposited in the channel. All these measures keep 
the capacity of the channel at the design level, If the 
channel cross section contains brush, sediment, or debris, 
the channel cannot carry the flow for which it was designed. 
In addition, the sediment and debris may kill the vege
tative lining with subsequent erosion damage during higher 
flood flows. In sonic situations, sediment traps and debris 
barriers might be con~tructtd in the channel in order to 
collect the objectionable mnaterial for easy removal. 

The effect of weed growth in the channel can be seen 
by reference to table 2, appendix A. For example, If a 
channel section 1.5 feet deep is designed for a velocity of 
6 feet per second with a grass lining, mowed to a length 
of 2 inches, the value of n is 0.035. If the channel is not 
maintained and dense weeds 2 feet high are allowed to 
grow, the value of n becomes 0.01. The effect of the weed 
growth is that the channel will only carry -0--,or about 
one-third the flow for which it was designed. The remain
der of the design flow must overflow the channel and cause 
flooding or possible erosion. 

49 



Compendium 5 Text 1
 

Chapter VIL-ECONOMICS OF DRAINAGE CHANNELS 

7.1 General. Providing Ldequate drainage is essential study of average conditions and selection of the frequency 
to the cxistence of the highway. Economical drainage ef design runoff to be used for various drainnae structures 
design is achieved through doing an adequate job at the 
lowest cost, 

according to the class of the highway. The designated
frequencies might vary from State to State or even within 

The lowest cost adequate channel maintains proper a State composed of areas differing widely in topography 
balance between first cost, flood damage, and maintenance or population density. 
cost, and has the capacity and protection to carry the 
runoff for which it was designed. Selection of the fre-
quency (see sec. 1.2) of the design runoff is a matter of 

Individual variations in the designated frequency of 
the design storm might he needed at locations where 
damage by flooding would be great and the cost of a 

economics, while estimating the magnitude of the storm chanel large enough to carry a less frequent storm is 
runoff for a selected frequency belongs in the field of moderate. 
hydrology. (See ch. II.) 

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

7.3 Effect of channel section. Roadway chantiels 
built in. earth (sec. 1.6) should have side slopes not steeper 
than 4:1, and rounded bottoms at least 4 feet wide. 

7.2 Frequency of the design storm. The average 
Trable 6 gives a comparison of trapezoidal channels of the 
.ame capacity by showing the ratios of area, wetted per

annual cost of a drainage channel is the sum of (I) the, imeter, and velocity for the various channels to those for 
first cost divided by the expected life of the channel, plus the 4-foot bottom, 4:1 side slope channel. The depth of 
(2)the average annual maintenance cost, plus (3) the annual channel in table 6 is equal to the depth of flow, When 
charge for possible damage from runoff exceeding the the side slope remains 4:1, changing the bottom width 
channel capacity. Computation cf first cost is dicussed 
briefly by Hewes and Oglesby (55, p. 59). The average 

from 2 to 5 feet changes excavation by 3 percent (coni
pare ratio Al; changes amount of lining by about 10 

annual maintenance cost might also include the annual percent (compare ratio WP); and changes the velocity by 
charge for flood damage if a flood exceeding the channel 3 percent (compare ratio V). The depth of flow changes 

50 capacity has occurred. It is probably better to separate
these costs. The damage to a channel designed to carry 
a 10-year runoff from a chance occurrence of, say, a 200-

from 1.03 feet to 0.80 foot. 

Table 6.-Properties of trapezoidal channels of the same 
year runoff In a few years' record of maintenance expendi- capacity, with n=0.03 and slope = 0.01 
tures would distort the average annual maintenence cost. 
The annual charge for possible flood damage should con-

[Denotorotrttoslmsrrooinfichrstristbof 
__t_ sideslopes4 1 

seotbottomchannel 

sider the frequency of the design storm and equals the Bottom widths 
cost of damage from runoff exceedir.g the channel capacity 
divided by the return period, in years, of the design storni 

sid slope!- Poperty 
2 a 4 s 

II these costs could be evaluated for various combi- " __ 

nations of the component costs, the most ecinurnical . . .It..... 0 o 0...... 

channel could be dtermined as the channel with the 
lowest average annual cost. The optimun frequency of " 
the design storm would then be the frequency associated 
with the storm runoff that, in combination with other 

.4q. it .... 32 39 
It,It............... } ,W5V 
t'.IPs.'..:.......3 s* 3,48.CIs ............ :11'2 222 
w/,,It......... t. 10. 
RAto w ,. .I 4 

3 44225 
1.2 

. r 

22, 
1 

I'n 

costs, produced the lowest average annual cost. The 
three cost items arc interrelated and iire difficult to 
evaluate, particularly the iten of damage by runod that 

i t... ...... i.02 I 0i 
3:1..................... i 7 -.-

3att............. s s 

I05 
0 
.iS 

5 

6.34 

exceeds the design runoff. The cost tf storm damage in-
dudes the cost of traffic interruption by floodwaters or 
washed-out highway, as well as the cost of repairing the 
damage to the hiahway and drainage channels and the 

'.I....... . .4 5M 
V. .............3.73 3.675 

s... 9 S2.242
RttsteA........... i .94 
Ratiow '........" -
RatioV...........1.09 t.1 

.63 
3 63 

.4 

1.01 

Ii 
315 

V 
.7 
.92 
113 

additional damage to the abutting property directly 
attributable to the presence of the highway. A further 
complication is the variation in damage due to the mag-
nitude by which the runoff ecrees the ,design runoff. 

Changing the side slopes to 3:1 has a greater effect on 
channel rosts than chawging the bottom width. Escava-

Indiid anal.%i fur (ach sin:I ehnlcsI i imlprinctical ion r:',4 from 91 to 07 perrent of that of the ermn. 
if nnt inil psibl... The bet -)lution appears to be a mended channel: liing required ranges front 8n. to 92 
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percent of thfat of the recnmmended chatfrel; and %elocitif's 

range from 3 to 9 perciit grealo,,r I.',th of flow ranwecs 

from 0 04 t,) (l 0 foot deeper thwi that of the recomnrdeid 

channel
Thu o of' rh~il- airea 1l t'- G 0: OhJiri nlH l 1:04 thf-

area {(ici'lII- hv w'ah,r "Ohiit frtari In a clit 
c'cltiiin. the ,uiaiititV if viclatioi,'l" I flni wiLtircreas-,' 

increase in: it ottin with of the rsiwawny channel because 

of the added width of the cut mction. The percentages 

would choise with change in channel slope. Change in 

the value If ,t AoihId rhanice both ( and V, for the arne 

depth, but the velocity ratio would remain the Fame. 

7.4 Effect of topography. In deep-cut sections the 

added excavation necessary for a trapezoidal roadway 

channel t uftentitneg prohibitive in c-t A more Peo-

nomiral drniae s'-teni miuht be a uitter of srnall 

capa,it y at the toe of tii., cot sI rp' ith fre.quent inhI, t 

coinnecte.d tw i storm sewter tinder the roadued. A 

snilar sytei is sonicti ties used on park, ays in eonuI i-

nation with curbs and guitterq; however, this choice i-

ofte4n made for appearance rather than ecoino0n.v, 

7.5 Effect of channel lining. The choice in cimil 

lining is litnitid to linits wthich can withstand the expected 

channel velocities (See tables 3 and 4, app. A) In 

comparing the cost of channel linings, the elfert of channel 

roughness should ie considered (sec. 4.C-3, example 10) 

so that the comprison is made among channels of equal 

capacity rather than that of equal size. 

In regions whirr grtls grows readily, grass-lined channels 

are generally the lowest in cot. In some areas, however, 

salt us'd for ice remooal mntis the matnteiance of grass 

linings diffiiult uit such factors should te considered when 

selecting the type of lining. 

Where a choice must he made betwren concrete find 
('or[,, of E ngineerssto ne for liting. a slrvey by the U .S . 

(87. p. 201) of the performance of nialer s iit ups trearn ir 

slope' protection of earth datims is intersti/i although inot 


directly applicabh' to channel litings. The survey of
 

appro\imately 100 damns, from 5 to 50 \e:irs old, located
 

in arious.sections of the United States, vwith 
 aiwide variety 

of climiatic conditions anrid wave sevcrity, showed that-

(1) dumped riprap failed in 5 percent of the cha.its 

where used, failures being attributed to improper size 

of stones; 
(2) hand-plared riprap failed in 30 ercent of the 

cases where used, 

(3) concrete pavement failed in 36 percent of the 

cases where used. 

Th s conparisn of the perforniance of cionlcrete iid 

stone suggest. that Ahen hlland-ple I rilprap or concret,, 

pavement IS Used for chiitintI liiinlg, grinater tsupport i 

needed from the subgradie than lici t dunipd stote is n,d, 

Perhalt ijure attention should he given to the dro'nagi 

and preparation of the subgrad,' for a rigid type of lining 

thn for i more flbitile I ' % ' of linIng 

When hand-placed stone I. uFed, a hetter quality of 

stone is r ,qnzmd thin the nomlrnmn qunlity siitable for 
dorllp,,I hIro 1.' ",. *20' ) 11(o, vlr. Iinnd-l:rv~d sto~ve 

'hoidd not he utud vire settle.ne or heavN le,- action 
s iunticipat.i S is di-trinintal to concrete.itthflin.nt ,l-u 
lnings. 

In making a compaiton of channel lining costa, the 

designer should consider the velocity of the water in the 

chtnnn and include the eost of any measuret required to 

dissipate the erierg of flow that would riot be required with 
an alternate type of lining. 

7.6 Drop structures versus chutes. Either drop 

structures or chutes are frequently needed to convey water 

down steep elopes or into nuetural w.4tercoursea with incised 

cha,nntl An i-conornic compron of si eral type. of 

such structures for .pecific condition, indicated a wide 

carge in cost. 'he types studied Aire a sodded chanrel 

on the maximum permissible grade; it corrugated metal 

pil. culert %kith flu rid ihlt a luthout stilling basin, a 

reinuforced concref- drop s r'i re. nid a grael. lined 

chniirel o th, m,\iirun perrn-Oilch gradi. The results 

of this stud%. for structure: with drip" of 4., G-, and 10-feet 

designed for a discharge of 10 cubic feet per second are 

given in tiibie 7, follouing. The comparison is given by 

the ratio of the cost of the structure to the cost of a sodded 

channel with the name drop. 

Table '.-Cost comparison of drop structures 

Cost ratio crop, in it
 

Type oftucture 


i 

t I 
4 3 i 2.13tec ox s-p t . ... 1c .. e iun r n . . .de 

\I iny culvert on a 2s-nyre~rt .ode...., 2 ,5 133 .6M 
keinftored concrete dro .. . ......... I 2 17
 
(Grti.LnedthiLanel .................. ' 343 3 44 3.3
 

'The variation in cost of the sodded ch-nnel with the
 

fall, based on the 4-foot fall, are: 4-foot fall, 1.00; 6-foot
 

fall, 2.20: I1-foot fall, 7.12.
 
The ratios in table 7 apply only to the specific conditions
 

of this analysL and might vary locally with the availability,
 

of niterials. The cost., used were the average of several 

196f0 bid prices in i0t widel, dispersed states x.cept for 

the Itt-foot drop, the sodded ehanel is the lowest cost 

means of conving II ciihic feet Icr second of water down 

steep slopes. The apparent advanitage of the pipe culvert 

on the steeper giades might be offset at some locations by 

the added cost of die ipating the energy of water at the 

outlet. in the other hand, the ue of a sodded channel 

requires that sufficient length te available to place the 

channel on a noieroding grade. 
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Chapter VIII.-ILLUSTRATIVE PROBLEM IN CIIANNEL DESIGN 

8.1 General. The prncedure.q gten in thus publication 
are used to de.i-n ieteral of the drainage h.'eivti .thoan 

in figurea The tteof the lichw.va i aiutmei2 ard 25. ..
to be in the victitv of Wtiitiit;ton, D.C., .nd the runoif 

from a l(.-year orm h..ai, e,'tt for the *l1:4en 

charge. Typilt:3 crom 6ectiono of the rtaitit ire Pit 

shown, but the maximin depths of cut and fill. -at the 

centerline. are i ft1. arti 26 f',r t titly. 

The dliignof drm nt-e ctnit'lii it in tiree ph t '* .tat,e c e,e 4 2. t 2 f eht n i 
. eelayi n g o u t t he t i ii 

t 
storm r.-,; f-h. 111,in 3 i ! .innm the cnn intis t'h. IV). 

For convenience, thu I. ton will lie ro::qh'ted for u-ach 

drainage chanvei. cornibin in e-at of runtni, stintate awl 

tothe computation of size of crannel before proce diig 

the next channel. 

/ f 

8.2 Layout of the drainage system. Figure 25 is a 
plan view of figure2. Tho rotdheI ntdIri ht.-of-way lines 

have been dr.iwn andt the I1rainitite ire shown by 
htavy d:tfihe! linrusbut other rna,lwawv I,.lutht',' been 

n it'ev, in thiit probt'i Ir thittittI .ire itli-The hmne 

e'ov,-byv short l shel hues kith mrrois to ilh.tt, dire
tion of flow iwl are numriinerv'd asithok,ii mii.grt'26 The 

for 4tiwh hanrv ni,'a :are enu iitl, are indirtmel 

l ' er The niu,'rs :ire fir leniiiettirtn ii 
;)oiit. 


fs thin 

pro 
t ler , however, i lniti;r system tt ,htho h lltful in 

.tiavl itin ;)rohilet' 'The h.iitiii'l art uiiitihereln!iin 

. 1L St Itionon the .,..'iptoit thtt lie roadiproitt t it 

45 'and the !treain it Stauttion i the tiirt Iraitage 

channel in the project 

.,e, . - 

fIi,..&Ge/if *'-- - ------- - -

. \/ . , , 

_ •-----\ ,-""-" 
AK 

5 

;/,44 

.11 

A,! 

"7I 

Figure 25.-Layout of drainage system for illustrativeproblem. 
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4 8 9 

5C
 7A 

70-3 Now 

Figure 26.-Identification of drainage channels. 

In figure 25, roadway channels (Nos. 5 and 7) and the 
median swale (No. 6) drain the roadway cut. The water 
from the roadway channels must be carried to the natural 
watecourse through the toe-of-slope channels which con-
ti ue to carry the channel numb( r Intercepting channels 
(Nos. 4 and 8) are placed on the cut slopes to illustrate 
their design. The depth of cut in this problem would 
elhlon require intercepting channels located on the aide 

slope. Note that the exit of channel h, is flaredl and the 
flow is spread over the hillkide rather than brought into 
channel 7, while the water in channel 4 is conducted to 
channel 5. 

The intercepting channel (No. 9) :it the top of the cut 
on the right prevents storm water from running down the 
cut slope; its flow is distributed over the hillside. This 
type of disposal is preferable wherever the quantity of

wadepth toporauh 
water intercepted is %mall ant! the topiigraphy and land 
use permit. On the left side of ehe cut, the natural ground 
slopes away from the cut edge and an intercepting chaniiel 

is not required. 

8.3 Channel 3. The grade of the small stream is 0.5 
percent and the design discharge L 100 c.f.s. Using the 
charts of 1lsdraulir 'ngineering Circular No. 5 (51) a 
6-ft. b v 6-ft. reinforced-concrete box culvert is selected. 
Theouthtvelociiy j' l 2f.p q and the depthiof flowat the outlet 
is 4.2 ft. when carr ing the design dLseharge. The specific 
head at the culvert outlet, computed by equation (9), is 

6.4 ft. The channel downstream from the culvert outlet 
is to ibetrapezoidal with bottom width 6 ft. aid side slopes

I.II
2:1. 

In going from the rectangular culvert section to the 
larger open-chavo.l section, the flow expands with some 
loss in energy, accompanied by a dler&em,in depth and an 

46 

ncrea.P in %clocit%. The depth and velocity at the ex
panded section can be approximated by a.suming a loss in 
the epanslorl of 2)0 percent of the velocity head. This 
determination of expnmsion loss is somewhat arbitary and 
i hased on an analog to pipe flow. See any text on 
h' draulics In tl:L problem the appro\imate loss is 

112) 
0.2 - =0.5 The speciSc headl at the expanded section 

is then6.4-0.5=5.9ft. 
The depth and velocity at the expanded section can be 

computed by finding a combination of depth and veloety 
which will produce the specific head at the section (5.9 ft. 
in this problemn). The computation 
procedure which can be faciltatd by 
enre 26 or the charts in rt'ference 25 
depth for the tria compitations isforrepethe trial c:mtr!n is 

e at the culvert outlet, or 2.0 ft. 

page 162 of reference 2t, the area 

L%a trial-and-error 
the tables in refer-

A good starting 
about ooe-half theonehdl tand 

Using table 10 on 

of the trapezoidal 

channel can be found The discharge is divided bv the 
area to obtain the v'elocity. The velocity is squared and 
divided by 644 (2g) to obtain the %elocitv head, H.. 
II. is added to the depth to obtain the specific head, /it 
The data for this problem are: 

Quatllty Tnl's I T'hi 2 U1ti 
I 

..................... 0
 
A . . ................ 0 i.1 eq.t .


Is............... I ,p.l.
0 1.1 
.. ... .. ... ........... 3 3 too low a, 9 Olt it.
>: 5ato to0 ft. 

. 

A velocity of 16.1 f.p.s. will require a reduction in velocity 
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(stilling basin) or protection of the channel in most 

materiab. Dumped stone will be used in this problem. 

When the stone Fize becomes too large, a stilling hasin at 

the culvert outlet might be considered. A Loncrete-lined 
channel would only move the erosion problem downstream. 

To compute the site of stone (see sec. 4.12-I), assume a 
stone else(k) = 2.25 ft. 

k 2.25 1.2 V and V.- 16.1 f.p
d thusA- 1. 1.050. 

From figure 21, the required stone sise is 2.25 ft., which 

checks the assumed sie. 

The Increased roughness of the stone lining will reduce 
flow velocities and change the depth of flow from that at 

the beginning of the channel. The new channel depth 

will be 4.3 ft., computed as follows; 

From figure 19,for 2.25-ft. stone, n=0.04, and from 

page 162 and page 448, of reference 26; 

if-4.3 ft.01 

A -62.8 sq. ft.ft. 
R -2.49 
V-4 8 f~p.s. for n-0.04 and S=0.5 percent 

Q-301 €.f.s. 

The channel will be lined with 2 ft. equivalent diameter 
stone (see sec. 5.7 for gradation) with a minimum lining 
thickness of 3.0 ft. The lined char.nel will have a depth 
of 6 ft. (including about l ft. of freeboard) at the culvert 
outlet. The depth of the lined channel will be gradually 

4 decreased to 4.7 ft. (0.4 ft. freeboard) at the edge of the 
4 right-of-way. The stone will be dumped on a filter 

blanket, designed after a soil analysis of the bank and bed 
material. The side slope above the stone lining would be 
grassed lined. 

The freeboard allowance is somewhat arbitrary. The 

larger freeboard at the culvert outlet is to allow for the 

turbulence and the hydraulic jump in the reach in which 

some of the energy is being di-.ipated. The velocity of 

flow in the channel at a depth of 4.3 ft. is computed to be 

4.8 f.p.s. This is only an approximation because the 
reach of channel is too short to develop the normal velocity, 

Stone 2ti ft. in diameter would not be required at such a 
low velocity. The depth after the hydraulic jump is 
about 4.3 ft. 

8.4 Channel 4. This channel is an intercepting 
channel extending from Station 64 to Station 75 on the 
left side of the highway. The design runoff need only be 
estimated at the downstream end of the channel. 

Estimating Runoff (See Ch. 11) 

The channel drains the grassed cut slope which ranges 

in width from 0 to 50 ft. and is 700 ft. long. 

The components of the formula Q = CIA are: 

C-0.7 (table 1).
 

irad from fig. 6 after corputing T.. 


Computation T. (sec. 2.4-2). 


Cut slope Channel Total Units wt 
rerence 

..................33 . 
.................. 

T.-3.3 min. (fig. 5). Use 5 min. 
i (fig. 6) (r 10-year return period and T. of in. 

-7.1 in. per hr. 

9-LX (700)
)=0.4 acre. 

T (43,50 ) 

Computing Channel Section kSee Sec. 4,8) 

For a 2-ft. bottom, grass-lined channel, 2:1 side slopes, 
Q-2.0 c.f.s., n=0.10 (table 2), S=0.04. Chart 15 ref. 

erence 25 can be used to find d and V. 

Q a-2.0 (0.10)= 0.20. 
d -0.5 and Vn=0.14. 

V =- 14 =1.4f.p.s.0


Note that a high value of n (0.10) is used to compute 

the size of channel because the grass might be allowed to 

grow taller than anticipated. To check the adequacy of 
the lining, a low n value (0.05), baied on the channel being 
maintained at design conditions, is used. If the lower 
value of it is effective, the velocity in the channel from 
chart 15 (Qn=0.10, Vn=0.115) is2.3 f.p.s. This %elocity 
would not endanger the grass lining of the channel. The 
freeboard needed for this channel is negligible, as the 
capacity was computed for the downstream point on the 
channel and little damage would result from an over
topping of the channel. 

8.5 Channel 5. This channel is the left roadway 

channel from Station 68 to Station 75 and a toe-of-slope 

channel from Station 55 to Station 68. The design runoff 

will be estimated (see fig. ".6) just before (5A) and just 

after (SB) the entrance of channel 4; and below the entry 

of runoff from each of the two large areas on the hillside 
to the left (5C and 5D). 

Estimating Runoff (See ch. I) 

Point 5A (Sla, 68) abet, juncdion 

The section is on a curve and the channel (Sta. 68 to 
Sta. 75) must carry the runoff from the left lane (21 ft.X700 
ft.= 16,800 sq, ft., C=0.9), the shoulder and ditch section 
and the runoff from the triangular section of cut slope not 

intercepted by channel 4 ( ft.X700 ft.-2,)0 sq. ft., 

C=0.6) 

The components of the formula Q-CiA are: 

Weighted C (see see. 2.4-1). Sq.t. C 

pavement= ................ 16,800X 0. 9- 15, 120 
shoulder ditch and slope-.... 28, 00X 0.6-16,800 

44,800 .31,920 

Weighted C ....................... =0.7-
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i is readt from figure 6 after computing T,. Above point 5B:
 
Computation T, (sec. 2.4-2). At point 4. Q=0=7X5.IXO4-.4 c.f.s.
At point 5A, Q-0.7x5.IX 1.0-3.6 r.f.a. 

Catl *In (',akne trub o4 
5 0 c.f.s 

S- Itetween i,:.nt* 5i and 5C: 

QIQ = 0 4 X 5.1 19 0= 38 8 c.f.s. ............::: ::...: :: la,::poo6'xa i.olftin.X .0- 3.4es .,.
1-.......... ......... : :s 1 


42.2 of.. 

T. for pavement about 4 minutes (estimated). 

Total T,=4+6= 10min. Total Q for point 5C-47.2 cf.. 

Note that tie I mi. T, for the side slope is concurrent The discharge estimated by the conventional method in 
with the 4 mir T, for the pavement area probably bloe 19.0 acres of the total 21.4 acres huand only the ,cause 
longer time is used. i (fiv G) for a 10-year return period arid a T, of 5 rninut?s and 4 muiutes are required for the flow 
T, of 10 min. 150 in. per hr. to reach xioLnt5C from Point 511(1.4 acres, T,= 10 mm

utes It appePrs lIkelv t,'at the leakAat Vint 5C will be 
A .... 44 80 . 0 0 acre. (,%eecalculation of C.) reached before the total area iq contributing because this 

(43.5ffl would take 14 minutes 
Then Q-Ci4 =-0.7"X6.0) 1.0-4.2 c-f.a Extreme precision iq not warranted in determining the 

coinbiratofi of cortrirutitie area k('A and rainfall in-
Pornt .-11 ( ,ti f'Y betnr junction tenl:ts ' t .i . I r j,! the gr,.,. t p-,ak runoff 

Trie li~rr,arc', bel,,,, th,,. Ju,rirh cf" charlr:el I atid i,, Neither tio'it, ta jar.;b~h f,;r a par',:ildr problem nor 

rhianrcl al-ve ., cmnputvd from the longer time of tile rational rn,"'t,,,f are of 6Fufficrnt acc';racv to justify a 
concerntration (10 mm i of the two area., Tle in ten \ltN triliand- 'rror solho: to the problem In ths problem 
(fig 61 for a l0-ye.r return period and T, = 10 miii is 6 r we will a.,suni' that the 5-miutA tinfe of concentration for 
in. per hr. 'The dLscharge for point 511i%: the 1)-acre area will produce the greatest peak runoff. 

In this 5 minut.-s (i= 7 1 in per hr.) runoff will arrive from
 
0 (abse 5A) -- 0,7X 6 OX1.0=4.2 c.f.s L of the l'-acre area and from the roadway area ( . -rr
 
0 (channel 4; - 0,7X 6.0-, 0.4= 1 7 c.f.s. between point. 5C an'i 5H, plus that portion c' ie oo:
 

- atove point 5B .han can arrive in 5 minutes. T1 ! - -
Total 0 ........... 5 9 C f h tntuir:: po)rtion cf th ares above point 5B can be esti- 55 

mat*d rlo~lly Pruzh in :n,)t problems by asuming that 
PointbC (Sta 61) tIhe 'ortri. i' re areat bears the same relation to the total 

This channel rust carr% the runoff front above point area a the tune' of concentration of the respective areas. 
5B1plIs the rontrbutioi fron, the triar izular area to th,, In thi, problnm after allo%:tiK 4 minutes for channel flow 
left of the chaimel 1A I i acre,, tt= I lJft.. 1 I ,2Wi ft t:me, only tt:at mrtion of the area (total T,=10 min.) 
plus the runoff from thle roadssav area (A 1 acre. we-ighted that can reach point 513ir, I minute will contribute to the 
C= 0 66; betweer. channel ! at i the centcr of th( hft lane peak dvclarge This area is assumed to be one-tenth of 
The T, for the road way area is ob'viousl.i'%inch es tha 1.4 acres=0.1 acre. 
that of the larger area t,, the left of the channel and need The discharge at point 5C for part of the area contribut
not he computed a it runs Off concurrentls T, for the ing (T,= 5 min ) is.
 
runoff above point 511was computed as 10 minutes ThiL
 
runoff must flow down to point 5C" in the toe-of-alope Q=0.4 X7.1X 19.0=53.9 cf..,
 

channel (1=L700 ft., 1/=24 5 ft ) This requires 4 Q=0 Ox.1 I1 0- 4.7 cf..s.
 

T, for tht 19-acre Q=0.7 X7.1X 0.1= 0.5 c.s.minutes (fig. 5) or a total 7', of 14 min. 

area is: Total Q ...... 59.1 c.f.s. 

I1= 100 ft. The design discharge is 59.1 c.f.s., the peak from the
 
L= 1,200 ft. partili area because it is larger than the peak of 47.2 c.f.s.
 
T,=5 min. (fig. 5) from the total area.
 

The runoff from the two areas is concurrent and ordi- minI 6! (Sta. 55) 

narilv the longer T, would bie used. (fig. 6) = 5.1 i. per Teit, area to the left of the channel between point 5C and 

hr. for a 10-year return period and T,= 14 mi. 5D is 17.0 acres (H= 12S, L= 1,600 ft., C=0.41 and that to 

The conientional computation is made by recomputing the right is 1.0 acre (meighted C=0.65). 
the discharge of the separate areas using at; I correspond- T, for the 17-acre area is: 
ing t, a T, of 14 miii and adding tile discharges rather H = 128 It. 
than computing a weighted C for the entire area above L= 1,600 ft. 
point 5C. This discharge is: T=6 min. (fig. 5). 
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The T. for the area above point 5C is 5 minutes plus the side slopes 2:1. "tata for the final trials from reference 26 
an::time required for the water to flow from point 5C to point 

d =0.6................... 0.4 ft.5D (L=600 ft., If&5 ft., T-5 5 irn.). The total 

T,=5 nin.+5.5 mm 0 5 mi. and from fisture 6, t= 5.9 A =3. 12 .................. 1.92 sq. ft. 

in. per hr. The deign di charge is: R = 0. 47 ................... . 33 ft. 
V =2. 85 .................. 2. 24 f.p s.Between points 5C and 5;): 

= ..................... 4.3 (.fs. 
c. .Q (l ft miIet = 04 5.9-: 17.O040.1 

Q (right ,;de)= 065X59.X I 0 3 S c.f s. A channel with a depth of 05 ft -ill have a capacity of 
- about 6.6 c.fs , ahich %ill carry t:,.,i i.,charlt-at a 
439 c.f a. velocity which will not ,roie hw r.L-liini (table 41 

Above point 5C Caution should be uheroed in ,,,i.cvlir the value of n 

for shallow depthm !itRrms-hn,-i l chdm,.i Ile value of 
Q=0.4 X5 5',19 0- 44 8 c fS. 

iu,itLcr depth ,fflow or %'locitv
" 	 changesi with ch ug/,-sQ=0.66.'. 5.9 : 1.0- 3 	 a 

Q=0.7 X,:59X 0 1 = 41lc.f3 It will be noted ti table - that the a, rst condition tall 
0 grass) was used to comt;li the chantwtilcaliacitY ("e-


lou
The best c'). 1i-tion , o w i..lgrs . s ld be ui d52.8 c.f.. 	 e c. 4.8 ) 
tO compute, the l,[,c:ty !')rhcrcking thc ahility if the 

Total Q=96.7 c.fs lining to withstaind the !ow The velocties it this channel 

are well within the allowable velocity fir grass amd the
ft will be noted that omputat;onm of weighted C, and 

area once determined ar, used in succesle computations. check is not necc;..ary 

It is intereting to note that the size of the channel at point I,,iat,5C(Sta. d,',,
 

5C is computed for i1i.charme (59.1 c f .)ditr-orrnt from 0=59 1c.f-s, S0 035, n -0 05, gra..lin-ned trapezoidal 

the discharge 152.,0 c f s.1 contributed by the same area to section with a 4.ft. bottom aid side .lopto2:1. Data for 

the design discharge of po)nt 3D. the final trials from referenice 26 are: 

Computing Channel Section (See See. 4.8) 	 d= 1.4 ............... 1.5 ft.
 
.1=9 52 ............... 10. 52 sq. ft.
 

The following computations are for depth of water area R=0q3 ............... .98 it. 

and do not include freeboard The c !anneil section at V= 5.3 ................ 5. 5 f.p.s. 
points 5B. 5C. ad SD canl be desior;ed with chart 17 Q=51 ................. 57. 8 c.f.s. OK 

(using the On ,cale), reference 25 with much le.s work 

than the method used here. For checking pernimlle velocity of the channel lining, 
Point 5A n=0.035 (table 2). The with n is approxm56 (q ta. 058)above junction0 	 5 v..Ioctt. this 

Q=4.2 c f.3, . =0.015. a-0 09, for gras-lined channel mately 00'5 (,55)-7 9 f p.s. This v,.locity is less than 

(table 2). The channel section L3trapezoidal with a 4-ft. 0 035 

bottom and side slopes 4:1 on the patenient side and I.1:1 that pi-rmitted, 8 fp.., i ui-esit;tt $cs-il tlbh -I. 

on the cut-slope side. Data from reference 26 for the final The 7.9-f p s. Nelocity L3 for the ame depth of ilow. 

trials ae: The velocity for the same ischarge and an n=0.035 is 
7.3 f.p.

0.8 ft. 
d =0.6 ....................
 
A =3. 39.................. 4. 96 sq. ft. Paint 5D (Sta. 55)
 

R t-0. 46.................... 57 ft. 0=96.7 c.fOs., S=01.01. n=0.03, gras,-lined trape

1'=1 IS ................. 1.37 f ps. zoidal section with -4-ft. bottom, and side slopeN 2:1.
 

Q =4 0 ................. 6. c f 3 Data for the final trial frini reference 2tiare
 
,1. 2.l1ft 

a depth of 0 7 ft. will hate a cpacityof 1 z- 2 ft 
A channel aith I= 17, 2.1sq. It 

about 5.4 c.f s %Lich %ill carry tLedt.,gn dTcIarg!. T'l*e R= 1. 29 ft. 
data listed cannot be found directly i, reference 26 because ' f.p.s 
of the unequal ,ide slop.s and the ..Lence of a table if Q= 102 c.f.s 
velocities for n=000J, lloweer. the hiies of .1 and R 
for a part icular %ale of 1catill tiik'-i from the tai h for For checking p,ri.,,, i velocity of the channel 

a channel 9ith a 4-ft boltmte :and Ili.l side slopes,. and lining, n=0.025 (table 21. Th-' velocitv with this n 

averaged with value of A and R for the ommevale of d 0031 

taken from table for a chaninel with a 4-ft Il,,tt't and 4:1 is approximately ---- 5 9) 7.1 f.ps. This velocity is 

side slopes. The velocity was taken from the table for 

n-0.045 and divided by 2 to obtamn the value for n='O.09. less than that permitted, 8 fp.s., in erosion-resistant 
sod (table 4). 

65Poian 5B (Sta. 698)below junctton 	 Channel 5from Sla. 68 to 'ta. 

ThE toe-of-slope channel can tie kept at the same bottom 
0-=5.9 C.f.s.. S= 0.09.5, n= 009 (tattle 2). width (4 ft.) and side lopt-s (2-1)and the depth pro-

The dhanrel i :ta fill secrtion alpoint 511 vr,-ivvly in rr,:ti.dtwi ,tn llimt.i h eotnpliaid aill have a i th(, fora hi 

gra.,.,s-li d tral,.,dil 5evtlion it;ft, biltlm ttnn m:il,. rl of frm 113 iliI).5ft.a i ,-dthaild were A fr,,,la 
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should be aueficient and a Bermi:da graam liting in 3atta-
factory throughout the length of the channel. The berm 
between the edge of the channel and the toe of the fill 
slope should be loped to drain into the channel. 

8.6 Channel 6. The capacity of the median'swale and 
the velocity of flow will be checked at Station 55 U)
determine, the f,,asibility (if bringing the runoff fromtothe 

top of the hill (Sta. 75+30) to StAtiun 55. 

Estimating Runoff (See Ch. 11) 

of the formula Q = CiA are:The componnrit 

Weighted C (See 'O.c, 2.4-. Ft. C 

pavement-.................. 24 X0.9=21.6 

shoulder ... ........ 120.6= 7.2 


swale -..................... 4HX0.4 = 19.2 
84 4.-0 

Weighted C.................. =0.57 

Note that the wiidth rather than tine area was used to 
weight C, a the section %as uniform throughout the 
length. After computing T,, i isrtad from figure 6. 

Computation T, (sec. 2.4-2): 

Ci~tls.sioi (hnnd T'JTul tntior 

.l a 1 3 7........... 3ri 

.,
I..................54 l3e M ft.
 

7, 14 in.(fig. 5" 
i(fig. 6)for 10-yr. return perziud and T, of 14 mm. 

=5.1 in. pc r hr. 
(84)(2030)

A 43,....... acres,

43,560 

Then Q=CiA=0.57X5.1X3.91=I.3 c.s. 

Computing Channel Section (See Sec. 1.8) 

Tbe median swale has a bottom width at 4 It.;side 

slopes, 6:1; grade, 1.5 percent; Bermuda grass 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 6-in. grass. The final trial is foran 0.8 ft. depth 

A = 7.04 sq. ft. 

WP= 13.6 ft. 
R= 0.52 ft. 

V= 1.9 (reference 26). 
Q= 13.4 c.f.s. 

The computed depth of flow, 0.S It., is less than the 
available depth, 3.3 ft., and the approximate velocity, 
2.3 f.p.a. (1.9 X 0.06/0.05), is below the permissible velocity 
(!able 41 for Bermuda grass Thus, the design runZ 

can be safely carried to an inlet at Station 55 and dropped 
into the culvert at that location. 

Note that this charnmel could ha e be'endesigned by 

work 
required by the trial solutinn shown here, particularly 

since the area, wetted perimeter, aind hydraulic radius 

chart 32 of reference 25 with much 1,.t-4 than was 

had to be computed for vach trial depth. 

8.7 Chan.rels 7, 8, and 9. esigin of channels 7, 8, and 

9 will not be shown because they do iot introduce 

additional design problems.
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lf, tV. ..*n.4l4h.,,..14* 44:.4itl'I 

I, ff44e14451..................................... 

.I I	 and to'L I.f-fe'lore+VV. Ill., 11 t*lI~ .. tl tlhe i;,' l+I*.d
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ecomn.'ded that the 4e.irtwr onsulttel focal Distriht Omca of the 

llrtrsr',ollthe US.Ueolo1calSUve',toobtin dllatervdiilnS 
strelIls of ar% specific loclity. 'nero this pro.a. Floohdert helow hrithes ................. 0 10-0412 $urlw Wiloter 


s aFloo4 depth reche branrlws ................. 012-0.1 valuesof
b. 	 a rulle. The values of 
Millnrstreams ISUIIlsP width at f441a4ltille more thsn rdwe is not .Iln,the tl ,lemay I usedlas 

C. 	 Ien derived from data . epatd by C. E. Reai (11141stiall4 hen ne is t aulled lino o it1 lfoleit carmleno't o n I frIIO of 	 of less omotnotlle4)and front other Inomplete lst&.mlnnr14vlm 0n a44445nn1 |o e.4 
derlvedlrom meisosmenlOhlnts 40 'eIt- ntsatIlvr aluiSul eltrIc ate' lincilally 

44 rlIst on fail)vintil lit 1rLlthlreaches4 0n.ural streams Where Idlopieefrlfe resi-lanc Oflered b. ifrregular 	 IThe 1 

onil Values nftl.t.ionhiiiLs 444'.) S4., redu5d m4de 	
of channel,calculated tr4n flo-sl elevatlols along a conudrable lengthThe vllueFollow recommenllslIon of note 7i4po.0lile. 

mot regular Setions, with 4n in40olint 1intflde-b fntl IlodsIllwe to400 usedin velocityl4"c culationsby the 
ifo tor Iarger tLreams of 

therange ofrom .... 0 02110 13 Mallning Inrtnula. thevale OI1440h444w ln lfa.'.d 10 4o0141fhe ead
bouldelsor br4 Ou14.11y In4 	 11011 loss of energy0.uvd toy bends. Thc Increase may be In tb. rlaleof 

perha 34o IS 4e4nt. 
toptiir A* TWa.b'Is w oe f fIlbuke Ol tree and bituh under flon sitaewill materlIlly~bThe 


noted and are IsaeSo the talu11 of o. Therefore. routhness i 0efCi'enis forvegetlion In 

small Itricee in value ns rmde far leafio laier Ihan to?hart branches For tis, illchannels or on banks.IEstimales Sir Ay Bureau of IublicRoads unless otherwise 
I Slraittt alIement. A of may 04 I* 

channelaIllII:44e4t olther thin strriebti. and 10 brus.h oilbeLts witerr .uhmirleeno of branehes Iitashel wilthdepth 
I htatIjel for %,C+ I ihroolh Ill areIofoo0 n0C045411ction. For of flow n will Iclease with risint stle...lit 


u e lager rilues Ofu.pae quillty construction, 

Table 3.-Maximun; permissible velocities In erodible Table 4.-Maximum permisslbTe velocities in channels 
channels, hased on uniform flow in continuously wel, lined with uniform stands of vaious grass covers, well 

aged channels maintained 1I6 

Malmham armll-Mluimum permIMsble 
aiblevelocitynelocltles tr-

Cooer Slop raw Ee ion. Easilymle 	 WSW w-


rsstant SlodedCleat i caryin ODIa
water n m al 

411. 	 Paret f-1-11-	 ft--u I.p-. J.p. ______________ - - 
5~j 7-40.......... 
o. .... 5F.P.a. ?.Pae. 7.Pa. 

.4 2.5 1. Bermudars ...................... 0 .4
Fime Nnd (ooncololdil) .................... 
 .... 4
Om 10 

Sandy lowm (noolloldal)..................1.7 2.5 2.0 
Slitloam 114DooloAdIll) 2.0 2.0 Buflaloms ..................... ..................... 30 


.
3.6 	 2.2 Kentucky bluep.................-I0...........5 
. . hroi. O1 0..... 5Ordinary Arm loam ........................ 2.5 


Blue ....................
Volct c ob................ 
 0 . .... 42.5 6,9
Fine Pavel................................. 

3.7 .0 3 0 r egmloturo . 

Oraded, loom to cobbles (noncolloldal) ..... 3.7 540 h0 .5-10.. 

Graded silttocobbilet (oolloldd)........... 4.0 5.. 5.0 

8t0 clay (very ollodal) ................... 


Lepederaariors.......................
 
Ioveanu ................
 

Alluvial Sills (o ld..... ............. 7 3.0 Yellow em .... e.. .. . . .0
Allurli silts (toncolloldlf ................. 2.0 3.5 2.0 Werpnl 	 .5
 .. 4.0 blueS- ............. 4 

60 Nudo. .................
Coarse pavel in444oololdsl).. ................ 


Cobbles and shLlnoi ....................... 
5.0 5.44 0.6 Alfalfa .......... ..............
 

Sbal4.1 and hard PaLS....................... .0 5.0
6.0 Crabgra s ..............................
 
. . . . . . . . . . . . . . . . . . .4 	 2.5Common lespedeoaI................... 4 .......... 3.5
I - 6udanpau .... .
 

I As rerommeuded by Special Committee on Irrltation Research. AmerIcan. 

Society of (ivl Enginffrs, for channels with instilht llnement.1 for 
inuous ehannelsmultliply allowable velocitby40.5 for Slightlysinuous, by IIrom If.sdbom ofCaanai Dail" l/o ail ad Wl Cavnaleraes. (B11" 

channels folotnote5 tlle 2.40.4 for moderately Alnutuls channels, and by 0.0lorhighly slaUOo 	
o dlt5.;,.J. only where goodlo'nvsaod proper maintenance1Use velt ever

u1. . 4127). 
caonbe obtaied. 

0Do not use on slopes a4 er than 10 peomot. 
* Use on slopes %welew than 3 peroent i54)t recommended. 

SAnnuals. used on mild alopes or AStermlwary peoloton unu vvmaipent 

covr areegablsed. 
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Table S.-aIfltatlon of vegetal covers as In degree of 
retladance I 

INoTS. Coveclasfll d have beentwt,| In etjortrnnL chinnels Coven wee geen and eerly uu! rlj 

RoWir&dC Covw Condition 

meint stand. tall (avtrtLa 30i res.,Wheettli npe& .I File o l~stm l h4 1ach1.s). ........... 

A Velu, bluam I... F ,eCIt Stad. tall tceraen M 

iudzu .Be-ztmu4."lrasa...........I ry sn.:
Ve... tesrs ir'roth.L.++,,l sarI)4Ouncut l 

gaB, mirturo (-,It ind, unmowed. 
(Utl blut e-," bluo 

kroin..aJ other long
Mit~SnOrt Ittd~wast 

N PutI 1I.... st0-n d, tall (ivere 4 
............ ... .. n 


k~ud, t ....... ... ...... No avowth uncut
 
Blue ............ ( Istanrd,unctw.oeraogs
1&'eIov pl ... .... J Uch,-, 

Cratvr= ................ Fair staund.uncut I1Sto 44 

Garud&. 0- Inch..,,tand, mowed (average 13 

Common lasptoole. 0 1tv141, uncut Avers"o1t 

Oraw-Iegume nhittur ;-It itund, uncut (d WcA 
C ........... mm .. .e ........9MM, n hicne., 

ad Common1z* 
deu.62 Conti Pedeg%.na.....Very len,.cover averago6D Inch.,

Inc 
fantockyhlu~om. t-a stand. headedk6to I. 

Baudaima............ i -J stesd, ut W Se¢)C1
 

iComntoo Lapedeta.. F.ornt stand, uncut . verage
1 4 3ches,Bu rmaiodCu......... (J,I stand, uncut (3 to
 

Bor iny hzerss r ........wl hed to15 inch.
h. d,62ra o:sDeuspvm (I,<1 ntadeca e4 I..... ute- Very .t=dn. qncut to 
tall. spr~ng orcWrI- ,Ic.,i.)ganu.ecoili. ttau.an 
Iyegram, and nmrm 

ettee ,. ........ AVter cntting to ,techWhbl.
 

B....O.... . ... .oo cut , 6( stand. 

ol3ermuderam ....- Burnedtstubble. 

From Ilic f 0-1sr I),npn 1,v nwj end wli, coueevolrs, de 
foytot .Ior 
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Appendix B 

Nomograph for solution of Manning Equation 

so

.3 2 - - -'6 

EQUATION. V.l' R"s S "I 
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(See see. 1 u OflFCl IV'S 0- $7-il3.2-2) C.OVIRNMINTPIIIAIING 
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PIIEFACE 

'hi. ltl,li, ;i,, tie third ;n :1 :eries oi the hvlrflnuli,' design o 

li,.h a Iv i:th:l -rrttre- ihl ,v r ,i F'eder:l ayNiv, 

A tr I "I I i :', A 1 1t" 1 ut1,it I lurhi ltIt , ,u: tti,J I :1 , utI N rtit1 1 

IIt'l S. h, , f t !it' ,'!: li r t , 1 ii El - f'lt l IIt T;1 I'- i I ' t J ;l d 'l l 

T"I'Ie 	 t I i- I)i t 1: rV!h i,,dI lt I),. 't t',;tI -.t , ,'It It Ie.,l i.-r1 , fI , ',, 

ohalltIel-, :I! i I,-t I I t 1 I,etf ,i - -- -)I i ,f I ,I vI i t ,. ,of !1',,, in ,,w t 

,.h-ifl lt! 1 i I i , i :,h ,t . It :.- 1, t,,-1 h1 i Ii , 'r.l, I,- . I1.,1,11._t,,4 1 : I 
I,I .,nIf ,!,.1 ,Ih ,V-Vr' 1 ''( vi :,h,,tl Id ,t' ' : , th, ' r ,te: I, I f;uIl IIit)r 

With tilt, .sli ,'+. 

"l'ltb, pilld ,r ,,11 ,,, ' %' u - ' ,1", ,i;.' -ollitiont - i , h, tJo!I of 

rtle .11 a tn, it - l ,I.T:1t ' t I I(r Iur,i f, I 111 til'I i,%1 , r1 , . ' - ll tti , .}tI l- I ,, 

0 tf Va: riotl.' 1r, v.:.: t..t' ;,,II . :li - rt'h' itll. f(H I II.t t. 'I; a r P.: t al t a I 

off r l it l, t hIIIe - ,f f(,r. 11-f. h, . ,-,,t;,t loll: t:abl,tw 11c I IIv I it it! til . l ;!t,i 

of leri- i oohl xr,,i~ - h ,:rIth ;it,,, 0 :erltd .' : !lll~t Iill ,r :1: wl- , <"t 
' ' 

fill. voHll' ru t i]l "]oi tm ! -]i i ; h ,I liHt"k I,'>' t'I nild< ;I 11"]lo)'..ral[ 

for liset ill tile ollttill ,f tht, "'i llm ." it,t"11116t.. I',' in,'hilledl 
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Chapter 3. RECTANGULAR, TRAPEZOIDAL, AND TRIANGULAR CHANNELS 

3.1 Description of (h rs. I'hart, I--2!l tr,- d, . l 3.2 General instructions for u e of charts 1-28. 

IIt , Ml, ri it. 11 .l ho l,2i,,ir vlotitiifor 11". in , , h tlorp ,f th,.iil tl,ir, . I fitIf in . ,t ni ., s e 

tra~i~ll~ rt iot th+' ioa,, :ilrlT , I I, It; l r r,,.. -. ,.t,,,, V'ah ,h ;I,lt th., wAh: routlh --. [r,; ,,, !tt*.% I- ' t'ik

triatigular cro - -- (ti ,t, il -rIhart. N , 2, - irit i , atir i,! th. ch nilr l !ias a i, . !i itj- t ti - tatbil l. 

for a hantw,. ,f viv, I, h,4,ttil , Iliit, andl h:t ir t ;,ir- ,.i,:f,,r;,i Ili T , ,isrt. prosf. 'cr5 - fulc i t fur 
Iticular %alui of M i ti,-,I r . tit wi - .iair io i t I t, o ' , l rionie.- il oiu fs.irls iiiforrii,\tllt t, f if 

wi of I s itioII ai,! -I, lfiitlitlnl the of 

The r,,t 'iw ir r ,--,,tii ,h citlhart. N,.I. - I, tl. I, -l1ii.q Iwiti! th hittoiln of the cliinelt.{ does not 
are prepared for i:i n f i i15 (s .'r.fic, " i, ftr v, it' . i -ri), ihltv ifff t tIII. ch n,,cil ,ipii: ttt 

A separate chart i, ,vsi,l fr. i ft +( a nIh frI 2 TIh. oh;rt i:. i i- i ieil t, Ltaiii ro!igh approxila

feet to 10 f,,t ant f,,r ,.o'h fooit width itf4 t f,,r hs atd, vloitisI. M ritiral ch itelltls of 

the charts u I - tIIl, .tier cru-.. -, f sti.rsectioll 

,vt.ii if f f,-I ) t-t -I: Ip 

to 20 feet ,tIyr the ,t.d er,- -ctio; For twh Clannels, a 

Tiet tt'it vIii :;- thI 'hti/cli wl IIr'.tr N, I, -Tratig lit ' ,iIrtiwn t Ir ivn rri,,i trtti. it the'i ed profile 

15-28, ar pri',ariiltf,,r % ,i ,flf lit h ,, I t, I , Ui I" 'I-,li i thf Ip111,. 'li crossf 21 n,., rIcta',Iilar 

A -lI)Lrati' firov I, it u-,! f vlsI r,-,t;titla r(hiri i t: oI, vertt.th . ,i irt I- I-1 fir I t i~it I) cr , lo lthiit.s 
ea t - f , if t , i i , i n,tt to 1 fIr ;:, I t%.f, Ing t -ii i ,d c ri i rl int Vio . n 2 fi ', Ill I- a il t ! , ; , li% tn 
each eI -n..1nfi ot if A It I I frul'it I it fe, t i 1 201fi',. , Ihacrt for - c ti, I .1 2 -1. 

other side zlip,- rniiv I,, c,,t triitil A:, ,n ing- I, th,. Th- ,i.,' -if vhrts I -2A usit ,-vrihi,,, with eNitmpl, iin 

tt,-thod explained il :ipl+. fi I ( 'F.!rt for Wri-.-li,,l tlt,. llhiii s li .ctiotis. It..tru ti n anl exaripie for 

chain els, l iwir,c,tiw. %kith it 1 !-pt I at t Vill' 4j,f f rt 2'1 tri - l.ii oni the chart itself. 

grai.., are- givii in vh:iter 1. 

The chart., fr r,'-.a::.',lar mid tr-i{u.-.nlltr,,.-,-vtlll 3.2-1 I .seof charts 1-28 with basic chart-design value 

channels are similar It, I.-i n mtil ti I If i ,. T'hv of In. F, r i t,- ' l itil Cro tlOr-ct oniof 'ulin e], 

ahscisti scIe Is itvhar,. In cihlv fi-t p,.crl ld f ii hun ii i- i ll 01f5 fr rv,-ti:xiuhlr ,hairl- jr 0.03 for trapi. 

and the orint.,' sc:, vi it ;, i f,,t per si-cl I ifp ilal c Ia:vtwls, tih,- dlth and v,.lo ty of itiliforti flow 

Both .9:!:i lrti Iu.ta t ii ,lll l i-l ,i It, li)ia- ii hIwr.ail ditiitlv frt t -rt for th:it -iz ch!t.llie[. 

it,- I ned i j'th Th,' viti.d st,,p Is ti lu at- the i tr., tioi ,f :I vtrtical 69rithniuc gril t n lin i litive-.n rtii p 

it feet, iiiii . hlhtl i l IhIi , rjt,r,sitiI, ch:inI !i:,- t.irtiil: thu ii-u hirg.+ tabc' s I. ts ipproprtr t" 
slope (in feet plir fiiti. A hii Y dli hi',l lii, itn o ltch h rt -1 1),- line At this liltir-'ti.ii, thi i-,pth if flow is read 

slhows the p,.itiool ,o! ,r;lw-dl lh!i .. U tla rv at-h ,r it, n Iroi tht,' dl't- ill t'1As.aiH ,[ t I,' Im-n'tl .+-[o('it v read] oil the 

ordinaste sIlt itrre itie, fur It- witli viiis i n it itr tiiiit,' si.:e lit i, the pIo!tr Uf iot'rscetit i (see 

than those values til iii rt-pir-in . the chart. ex:iti;iles I anld 21. TI, prooiis - is r,-vertsi to dletertinoe 

cluirts. ut,1.,j l hw gi,,ii ilti of ts,',In the., iini tent ,un i +iinil.irlv ih ,.ietit ,lisuhire,. at a e ti ,example 3). 

interpolatio)ns tmiv tit tlillde lVilth (fiiit" , nit univ (,iti ritical dlith, sl op , and velio ity for a given tii harge 
the o~rdtinate+ anti abs:ci-.::t eal,,. but hetm,n the inltwl+d on be' rv':,, on, tite :apprtprit,.- line or scale %ev'hfitty) at 

lines represgeting depth ,ant! slop th+' ntersetioti of the critira', curve an it siertici line 

I he triiigilir cr_:.- i-.ttlin ihtititiel chart. No, 291. is throtl.h thli dischirge. 

prepiared ili loiniograliii fiirii. It nimi, be ust-i or stret 
Example 1%vrtivals viirli fiieecthons with :s crt l i r nearly 

IThe iiirluld strvet tii,, n .I tritiilil.ir S tiit iwith (,it ,,i A rectali latt cuncr t ,oh inil 5 ft a,'ile with 

one leg vertictl ) TIih, eqltirtin giiti in the chart ignor.s ?ii 0.01.5, iii a I-perceit slope (S-0 OI), ischa.rging 200 

the reistance of the curb fae, but tis rv Ii-t:t'e i c f.s. Fini: Depth, velocitv, aind t-jue of flow. 

negligible frout a practiial viewliiilit, it rovith'd the width I.."lect the reetangular chart for a 5-ft. width, hart 4. 

of flow titries ih'llth Froni the nis at least 10 the of the curb face; 2. 200 e. f.s. on Q scale. moi vertically to 

that is, if Z>10. The eqituatiol gisi t dimcharge abouit intersect the slope line S=).01, and from the depth lines 

19 percent greater than will lc olita ned by the vloinittlon tisLdd -=.2ft 
procedtire of computitng di.isthrge front til,, iiyt:uilic : Move horizontall) troit, the atne Intetsection and 

radius of the etitire sictlull The latter protwihire is n it 
read the normal velocity, ' =12.5 f.p.s., on the ordinate 

recomniended for shallow tluw with ciintintiuoisly %.ryi, 


depth. The noniigraph r.y also Ie used for shiallhw aile.
 

V-shaped sections by following th, instructions on the 4. The intersection lies above the critical curve, and the
 

chart, flow is therefore in the supercritical range. 

http:tritiilil.ir
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Example 2 

Given- A trapezoidal channel with 2:1 side slopes and a 

4-ft. bottom width, with n=0.030, on a 2-percent slope(5=02),disharing150c~fs. e~ortvFnd:Deph,( 8 = 0 . 02 ) , d is cha rg in g 15 0 c .f .s . Fi nd : D e pth , velo c itv ,
and type of flow. " 

I Select the trapezoidal chart for b ft., chart 17 
I Seectthe rapzoidJor hart17.cart =A f., 

2. From 150 c.f.s. on the Q scale, move vertically to 
inter.,ect the slope line S=0.02, and from the depth lines 
read d.=2.l ft. 

3 Move horizontaliy from the same intersection and 
read the iornial velocity. V= S.4 f.p.s., on the ordinate 
scale. 

4. The intersection lies above the critical curve, and 
the flow is therefore in the supercritical range. 

Example 3 

Given" A trapezoidal channel with 2:1 side slopes. a 6-ft. 
bottom width, and a depth of 4.0 ft., with n=0.030, on a 
0.5-percent slope (S=0.005). Find: Discharge, velocity, 
and type of flow. 

1 Select the trapezoidal chart for b=6 ft., chart 19. 
2. Locate the inters ction of the 4-ft. depth line and 

the slope line S=0.005 and, moving vertically to the 
abscissa scale, read the corresponding discharge, Q=350 
c.f.s.
 

3. Move horizontally from the intersection and read 
the norm) velocity, I .6.1 f~p.s., on the ordinate scale. 

4. The intersection lies below the critical curve, and 
the flow is therefore in the subcritical range. 

3.2-2 Use of charts 1-28 with other than basic chart
design value of n. Auxiliary scales, labeled Qn (abcissal

70 and l'n (ordinate), are provided on charts 1-28 so that 
the charv. tway be used for values of n tiir than thoe for 
which the charts uere bs.sically prepared. To use the 
auxiliary tcales, multiply the discharge by the value of 
n and u.e the Qn and Ir. scales instead of the Q and V 
scales, except for computation of critical depth or critical 
velocit. (see step 5 of example 4). To *obtain norma! 
velocity V from a value on the V'n .cale, divide the value 
by n (see example 4). 

Example i 

Given. A rectangular cement rubble ma.onry channel 
5 ft. wide. with n=0.025, on a l.5-percrt slope (S=0r035), 
discharing 200 c.f.s. Find- Depth. elocity, and typ" of 
flow. 

I. Sit-ect the rectancular chart for a 5-ft. aidth. chart 4 
'2. Miliply Q by *to uhltim Qr. 200 '0(125=-5 00 
3 From 5.00oin t h, Qn se:i)-', :io '". ,rtallv ti imtr'

..ct tie -l " hiie. S = .V(115, !ii1 t I lIstitrrt u iir ri-.d 

d.=4.1 ft. 
A. Move horizon t.)v from t ht it'.rItoun ahid riad 

Vn -=0,24 nn the V'n -ale ',ie normal ,elocity 
V= Vn,'?= 1.24-tU.O25=9 0 f p.s. 

5. 'ritical depth aiid critical -Ouit' arc i... ,Iiop*,iidentof 
the value of n andtl heir vaiue,. can lit' crt at tI,' int.r
section of the critical rurve with a vertical hlue throogh 
the discharge. For 200 c.f.b.. on chart 4, d,=3.7 ft. and 
',= 10.8 f.p.s. The normal velocity. 9.6 f(p.s. (froni step 

4), ih lest. than the critical velocity, arid tht how is therefore 
subcritical. It will also be ioted that the normal depth, 

4.1 ft., is Rreater than the critical depth, 3.7 ft., which is 
also an indication of subcritical flow.al o ditin oh criticd flopa 

5, ta tie te e critical curve andn710.1)25, start at the intersection of thle critical curve andit v r c a l n e h ou h h e d s a g , Q = 0 f s .vertical line throueh the discharge. Q= 200 c.f,s., 
finding d, (31.7ft.) at this point. Follow along this d, lineto it-q ioter-ection with a vertical line through Qn-5,00 
(t s intersection ea lie thoughvalue.0. 
(step 2). aid at this intersection read the slop(, value S. 
0.019, 

NOTE: The deieted materialrefers to a 
modification of Charts1-14. These charts 
are not included in this excerpt. 
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Appendix B..-.CONSTRUCTION OF DESIGN CHARTS FOR OPEN-CHANNEL FLOW 

with nnigi' charrs 	 c trulllrve the poits or eachB.2 	Chart " IIn constan t. f~e t , Dran a otn,,oij. 

lpv A : %,t g ,i,ti.-:nrotlI curvefor open-chat. r. .-" Vh Iu 't:11':1' !a Pt Ih'r :' po:.t " 	 pre
tinade ini r clirt on- tiili ic i::hat ai -rrorlia- ik either 

are plotted ,n :,:trithniw Lai: u : 
\Ab of CI 'Iltitlc , I:!i 1 t*,TI.truetid for I , \cd cr,-s .eecin n id a zitei: 

n 	 eqia!D~rt line,through point- of .c 

,, ... te of , . :trchck ,I:l curtrc of ciliputilg 
%\n ini's , t tt. fi llow:: . .li, Tfahi, 11-I eer~vts 9 

as io iilutra'n S'::[le; nC i T l ,r I- : 

t r're1 : I11 vcItne i t.- l,.:t: .,1-,pl- . liustii ht,,t.I ..- ii m.r. etrig-71 .-hirr,. h 
Bt tW, I-,p ;:-":.IVr , . I- ,Ollttalt for 

a ,,NIki 
tttabl I-I 

2 'rtlliat * , d t .-r.:t.-7~ of d-,pt! it, tht first a eInt.,tdi'Il 
,;,, i.!IlI0 Th,. Iirtoli tie ,.pth lineshut only 

3 C rip . A. IlV R .2 12'1. R 'I.T, ami il.- .1 7' t1r,',i pt ' . ,i -hi.,' u hy I lt id out by 
inarkinc off: :c:di 

-ulunill. 

', ''' i le dpth lineontinigh
for each depth 

4 'sIIg Nhiio;it:'. 'litltl n. I,,d fin-t : :tI . i: r , :.,' jel ui's The 
eli .-ither two,t t ., t fi- .. te 'Ir.c,' ittw 

.,".. Ln . t1 :dr, , l wil be the
1,49:I 


t:', , r .,:,,c t.,1 dJ,?i'r..' atlVi12	 ofof 
T ht. graphiic:i hlai g A, d('-, A , :'o;,h dcv;-e to 

atId th given valhe of n,comp it V fora II c of S -001, s 
,rIati ti paclmiborh:, !te.t-th of vcle can 

for each depth. 
h,.ni' r ,i .,t- l e : -I.,: It,, Iht g of a right

the values of I.draed in step 4., onipute t y ia : 1ov: -ca 

nl,.. i:. ! -t II;I.in. I In riat , .Itraight
5. From 

tria~ %itI t :j
values for Q .41'. 

,: i. 11id vertex.tIW 1. t,, the opi.I.it1... : itrs fr,:iti . i-6. Compute values of V' and Q for .S (2l0 f,r 
Th,, -'., ,,- ahloni:il, t, .laid ucr:),sg tit;

depth. iy ttiultiplyli g the !ahtfl.o d duvs of l :,jIQ 
'. \ i '' miindi.i: I-terftyI,.*. -- to pi itinl 

for S=0.0t tv the factor (I III (I I :II 3.162 	 n ry 

S of V' and Q for .S-0 001 fur .v-h d,Ipth, li na t xv',c f '- The ha ' to a p.intd m~t compute vaiot 

by multiplymc te-tabulated alue_ of V ind Q forS -iiOl1 t* ty ,t.' cirri-,,itdt,, : I,'ngthof cyeh,0e hyji 

desired.by the factor '0 0011,01 )I1 :1162. 
ar,. t;t of the charts.7.On logari tmic paper Aitt . t sufficient i 'umber of 11, Criticlccur% i ,ttnil p rt 

iid U001. F,,rplittin' ,irt-,C ,sut',f,. eth depth. q,.i 32.2 d. 
cycles. plot V ag..inst Q for S.-001. 0.10 .. 

and tabulate 1. ha' idready bc, tabulated in the
Note the valut of the corresp.itding depth, iti nia IT:111 


number writ tel :doz..igci,-eeach p ,tted point, 
 table) Next 1.iFjot.. foreach depth, ', (gd. 

Table B-1.--Sample computations for channel-flovi chart: Trapezoidal channel, 1:1 side slopes, !0-loot bottom width, 

n 0.03 

I Fr S.0,01 1in 0!iI --F1rca -C ftW Critical mtt 
., .v , . I 

, i I - ~ ~~ ~ ' [ _
 

t
Ft i l IFt1t 	 Ft. 

3 ? I 0 i7 2.51t: , 51-" 0I31.
(.12 1 C4 i 111 1,191 00314 04 i l41 2 ',' 	

3 522 7j lit b 13 1.13 1 . YI 40 
4 . 4 1 I II1 34 4 v' if) "W.1 I 

Y4 N , 14 1 07v 4 24 
U 5 436 .,, 7", '4 1 ff. Ii 2 ' 4,7! 1 1 1 !'-4 U 4 

M I 1 ( 0 027 4 47 4 I i , I 15 ' 
1.0 1 tO5' 7 	 1 3117 1 "1 31" U 73 S4 
1 5 1 _' 1424 2i11 I 137 13 0 I 3 7 

20 065 l .00 7 14 0 1 1 4 9 1I 241 0 S 1. 2 OA 2 5 0 7.43 
733 2 U 7343 FI071M Q10

2 31 CI I k.1 1 4r17 (0 213 I 742 232 M 4' 	 itM30 390 20I4,1 '111,i 1,45 if,41 2 43 14 5 31% 2.5%I 1 1-9) 2 11 vi)l IS. 0)
27V 1.2 KV4A 0.4647 I, '' 4. 2.I10 M% 0371.1 1.1' 2 7 432o 14122 1"W'4 S 	 5 1 0 3 1.1 So 

0 3 33v~t 
1 

2220i 43217 21 2t 73 
6 0 Z 3 21312 710 43l 	 ' A3 4A.1 3.2 YA 11 ..t 1 1 Z AVA 1 

7T 	 . ', 2 t41N23 I 3V44 4306. 14 IT IQ 124 
42 4 X 17g. 2.62 6133U70 N7 300 240 3' M3 4414 011 20O 535 23 i 	 2, W 10 2141 .0244 	 41211. 3 I 1 C 24 
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Plotting points of ints-r,,ection of V= V. with raspective Table H-2.-Computations for grasied channel:' 
lepth Iines'3 tlca. critical curve. 	 Trapezoidal channel. 8:1 side slopes. b=4. retardanee C 

12. rise uifultpss if Ow. (-hurt many b,. ,xunded by 	 CONST ANTS 

adding scales a!a';g the roinata atd the hltes.-a, cirre- d ln., R-fl.491 R'.l -0. 62 

.parlditag to til prodlucts Vra ailt Qn, ra'[,aitl.. It U-,WP1- 43211, d.-O 154T1.1i'-m (1.I )i -0 ihI7 

omst b)e borr. ;i ori1, Illl v r, t h t . tri , i rvi- - _-... ..... .
 

ntaty he iied ,ailY % It l ah, l 4 n fr t ,:i( hei chart ;tt , laai' s QQ
 

wavi drawn 	 ____ 

ft.,'f. t.8Nale* ('a raliati, ai a ,r-i . arnd I fr to tri hanrial P ,. E 	 ' ' 

Q)I'~tl)" --- Rg8",'ecti n rn: n b,' fq,or J ; i !o* ',,rl,', J, / ,rJhtr1 	 4.,;,r.+',''lI IL' 

Taahle.i ard , P... 4 P .'£1 i 	 , ::7 16,' i ra a. 
ind 	 RI h4'- Ia4aie 14. -	 0 

11.2 Charts for gra,ed channels with n variabhle. 7 1 4 .. ' 

Dlesign ,ll:rt- for , nIoh:ola nel flat ilin at:'t-- cl, ir b , * 113 1' 

such as.. l,,-a'oIl;in tl an it .r t,.ai b.l !re'athr:.it . _. 4 410i . . . .. il 2 

.Mat ning iwith,a a-art In ca a f:j ,'.i V.,-sI I 'A 1)Qt7 0 0sl n.3.1-ijiuti.n %at , 1),VIt 

(iee fig. .5, p 3,. 1In thi,,,, hartti ,ril,:tah !,1,cit,.chaIlnil. 
1 

t 	 thslop'. , anl th l,ia is iivh ra- Q F"r a ai.' .i aaisr 'Iira, asl MI'rsmn.il rai'aef irtmrs aer tla,' t 

cross st-ction, ialch d#lith :ind veloiity curve mitt ta 

cotmputad epa,ratelyc ac,)rli .g to tfe lllowin tell,. l",b. F)r.aw it curve for W'Ih depth throuaa gh the plot ted 
Table B-2 siraes -1-4an illatratlve faoarp' poatti This shouli be a i,,lthiy eurv. line. A aroiit 

1. Prepari table with cirainr heldinags ar -b,,,wn in not falinR oil the curve prT ur ably in:iicatos that art 

tale i -. Slect ,d -irai mer.r,,,n ffradptlh. A spa- ertror ha. |,.,,n mtade ,ih,,riinipiuting or In reaing 
rat,, tale is ri-iluir,. fir ac'h fijil the n valuei. 

2. For each ,ilet ie, aiit A Wit R --At IVt 
, 7 Connect lines of eqwal v.'.Omlty. which aaciin qhou!d 

s
T, i.i ,7, l ' 

l . 
anai I lRl' I0li Arran&e these con- he smooithlyc curvira ina I'Points Nll not lit p',ieclV 

beause of minor di-cripaic!i tli riading tl:i- -eta-rdailnaeStiitlls at th,' tap if 01,i .ijh I 

S3. S, hct desim'ai ij cr.Iii 'it if ,,eliilt V. ;.,sall" 0.5 f i'itrvv, blirt " iii, ., ralnt inilicate , najor error.s aaI
 

and I 'a i ) f. p.s ti ,iisn of on , atia ll t is rhe' first colianil MrITIplat itioll.
 

of the :-tbie. 4 Criticaa! -lope is calvtalatd for each depth is follows;
 

4. lte.lait the apjiroprat, rtatri , iur .e froi igure 5 the cln!puted value,, teirg ritiered acri ss !he bottonm of 

on logarathitic pitpar The pur lil' if thi, us to obtain the table !u s;hown i: tatile 11-2: 87 
consistent readings of I, s, that the velityc t: r%,vasto F.,. C0 trapute V,', j at 

ctares. 'h i does 1n0t 8h. Compaute ',R. 

mean, baoever, thl il +hxlaitiv, lat riaiwI,'i i the Corn- Sc. ROAd from the retard ance curve the value of n for 
he plotted lat,-r will ha smiith 

R 
pleted graph Ira airlt:ally that acctrate ::ice the tru,a I .
 

value if retardaiaci ni :. viry cair.iilarallv, 8d. Solve for slope S, as in step 5d.
 

5. For (:each selctd ioplfh Ithat is, in aach table being. e. Compute Q, .AV,. 

coraputeli 	 for a sahaietaa inarement af id) 9. Plot critical slope S, agaia',t Q, for erch depth, and 

5t. Ciputlple 'Ie for .:ih .aliity I, an taiiulate draw a stnth curve thrarugh hi' paoints. 

curve plotted a.4 -tep I, read 10. Exanei the piottel curve's for consistency. IfSb. From tia retardac', 

allh tabulate n far each %ale iif I'l. 	 equal increments of depth atild velcity have h.en used, 
should show i systerratic chatige ill spacing,5c Comtapiute (VIail 	 caurves 

5d. Conpatearal tabulate S 'n)-- lI )- '( The becoming claiaser as depth incre,ses or velocity increases, 

danoinator hin,:aready hw', computed a. one of the its the cise iy he. At illy point of i:aterecti.n of depth 

constants 	 anal vela'ity curves, the proaduet .- 1' must equal the value 

5. Copte .nd tabulate Q -. A V 	 of Q read for that point. 

6. Select liigarithnc graph paper hatang su facient II. Changeb in retalitia,.. I t ilst be tlkea into account. 

cycles to cover tle hasird rang,- if and , and for each Unlike the open-chaannel th.rts for a fixed value of ns, 

a single chart may bea used for other values of n,
 

fan. Ploat S against Q for each veloit lati. each plaated the grasseat channel chart aaust be replottetad for a different
 
depth: 	 where 

ptoirnt ,ith tih coarresponring valuea' (if V retardasce,. lawevir. anly two aaaditio:t eolura:Is are 

required in the coatputation table: tle n fcor the new 

,See fotn,)tp1, p 3 retardace aid the solution for S as in step Sd. The 
The alue It,4tR"Wi)I2 i1,2,1's. A nile o tiev rortherecilrtasl naew S is then plotted ag tinst ) as previously calculated 

at the latter wlt ae toaa d it lat£raadolt 1idadies, frr ri Seltia/ 1if u-f 
by II W King, reaii by E F. tBrstrr, %l.tlntw.Ilhll (ilt step Se). to obtain a new set of curves for this 

Book Co., 1054. ise table 10t in 3d editlon or table St In4th edtion.) rPtardlatice. 
ifedaoadi PvtoNemu. 
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Table 95. Eight-tlhird. Powers of Numbers (Condod, d) 
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K' 

Table 97. Values of K' in Formula Q = - bs for Trapezoidal 
Channels 

D - depth of water and b w bottom width ofchannel. 

Side slo pe of cha n n . ra tio of h o ri olnta l to v ertica l 

Table 97. Valties of K' in Formula Q = K' b. si for Trapezoidal 
Cha1wls ( 'olthued) 
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-Iie). o t c a of a d b l t o ol ht lzt to vertical 

-a 

Vet - 1-1 l,-I 2-1 2.t-1, 3-1 4-1 
. . .. 3 

I -
.01 .00068 .0002.8 00 106 T.00069.0061000f00069'049.00070'..0007C 

.02 0023.021 .00211027.421810012201.001221,00222 .0023'.0022n'.03 .002 13 0 01.00 2 3'.0 0 2 0 40S 0004332. 

0.0 041 .0 ,1,04T 0 41 4:,0 4.04 .001%0 .006701.00679 .00 85..00el91 !.011700 .0071181 .001 l11.0(7231l.00731" 

06 .0127 .0130 .0132 .0134 .0136 .0138 
.07 .0162 .0166 0 .01.0173 H175 0143 .0145 .015011:1w 1 74.0 I0183 .0187 .0190) .017.07 6 . 6 . .0173i.0 5, .,, 0 ,97 l~ I:.08 .0200 -.0206) .0211 .0215 021,1 .025 .02:11 ,.023i .0240 .0250 

.09 .0241 1(1249 .0256; .0262 0217 .0275 .II2 ' 1289 .{129)1 .0310

.10 0284 . 0234 .0304 .0311 '.0318 1.0329 .103:,9 1.0348 1.0358 .0376 

V,.r-
t,,:, , 

-.46 
4'F '1 13 

I 3 
.As.."4, 4 .3:14 
.441400:3.04f'OMii'0.271 .32.34 2 :14 

0 00.5.25 .355 

3113 
1771 1 7411.t1t .:1it .:1s-, 

.7 .:97: 
.55 .335 .410 

_ 1 -
'- 1 -1 1-1 1it 2 - I 3-1 4-1 

-
*.s 41

.59 Vil '4l jf) 4 4444 3 1 1 5 94 . " . "9 .8 14. 
. 1,SF .43 . 4 5 .1[ . 5:.5t)9 . ,I 8 t 

.37:1!' ~ 97 .8:1C.t ' .47 43 55 i5:2 75 771 .9 

.412 6344 .511 598 .679 .757 .8331 .9 

4S018 I:425j 11X-. .j.8 819101,5" 5443 .:17!. ,,946 .7S071,107.4:. 1il. . 1 .71! .75 .52 .945 1.12 

G54.4'17I .51 i . ' . 7 .1;.
482i .548 . .2 .826 .926 1.0-5 1.27 

.n1 03 09 

.12 G137i 

.13 .0425 

.14 .0476 

.15 .0528 

16 0582 
.17 .68 
.18 

..0 

.2029 0934 
.2 h'9.141 

.2 .0134 

'43 .0354 .,,:i, .,373 .1,:187 0400 .0413 .042,4 .s4 
.039.1 .O411 .114201 .(1431 .0450 :)411 .04S2 [.0497 .0527 
.044t, .04C4 .10480 1.04913 .0516 1.5:17 1.07556 ;.0575 .0613 

,01;12 .054 .1542 .0559 .1587 J161 .06311, .0459 .0706
1 61 1'0 

-.1559 .1585 .416 S .0627 .Ot1362 .1692 M721!.0749 .0805 
.0 4 .4 . 1 

L0619 1.0650 .06176.07t 1 
0 

1 11 .i)84.5.12 
0680 .0711 ;.0749 .40 48 

'. 1744 .078 I 
. 1 .1 854 1.111 0 1 4 11 )58 •.10 5 .1148[0812 087 '.007.111' '4 

.I805 ;.1i89 [.4154 ].14[04 .1314 0 9 '.1117 '.1551 [.17 
.11 .1 . 124 '.141 .1l 227 [. 1210 .1414 
123w .103 .14" 1520 .1:1)4 .13 17 .1 2 

. 

.1124) 

' 

.5,; :14:1 422 
57 I 4.71. 

5 : tt .4415 
55 .l)2! 4 I175 .4445t

A10 .*375 . 
6.11 

.4 .4181, .4144 

11 

4",4 41 ,5IIll 
1, 1. 5.. 1 i9 

5.44s .51 

4 
.. 

...52, 
. 

. 

.11. 

7{' 
11I. 

.5G 
.63:1 .4 .5,. .0113 107 1

511 .1. 0 1.75 1 

S2) .922 1.03' 1.15 1.371 .61141 M:.1 .956! 1.077 1.20 1.43 
. .I . 7 .858i 901 1.11 1.24 1.49 

, l . 
1.1.0 1.14 1.02 1.74 

'11,1 1Ai, S 61 1il.0 
20 1.533 D.itills' 7,5 1 .41:11 1.24 1.38 1.1111 

.7i,'5 11 42 11177 1.1 28.:1 17 
.8 ... ) 11 .11 1.33 1.48 1.91. . I 1.21 1.47 1.14 .9 

.,4 85' 117 1.25 1..142904 1 91 

.20 9 1 .1411 
.27 .12 139
.28 ]12 .147
.30 .14 .155 
.23 

: 150 .1 

.3 4 .1801 

.34 .174 .198 
.25 .1181 21 7 

5. ;2
.191 .172
.17 .1 
117: 

1 

i.12 5 . 33 

., 421 
[.2 1) .25113:3 

01 
.171
.12

4 

11.,. 

.2511 
.219 

175 1 9 
.18 .201
.2:1 ."17
2 4 8 

141 .150 

1s 

.287 .167 
:$4.35 .176 

215 '.241 
.21 5 .22 .2111
.2:1 249 2

5.1 ..2417 [433,.28 1 2

K :17i ,) . 7 

1.12 

. :1 4, 4I,1 
.1 .392 [.454 

" 
C 

.11 

.7 

144 
.4 .4i2 I 
440 .1.07 

.1:.:4 
44,1 

' .I
.4 5 5 1 

.7 . 1 .174 'S09 1 1.41 1. :41181 [ .19 

.. 5, .8'4, I. I2 '4 1.43; I.4111 21
! 1. ..

111 '41 4 59 1 
.1187 .. I1.12. 1.77 I 1.45 

I I', ! 1.1. ,.11.7 . 1 257 

,4 111)15 1.15 1 4 . ),' .::" 217" 72415I I.( 4i 

I:'1871W 1 .2 2. .30 .14 
I 1. 4 .4 1.-33 12.1 12. 9 2.05 

.7 22! S44 84,-:1 .1 , 1 3 1.5 1.:75 2.91) 

.36 189I '.216241 .261 1.28:1.111 .3. 185 1.41 .17I 
137 .I44 2'S .25 .. 75 .217 1141I .272 ,4)1 .4411 .5_7 
. 8 :.2 6: 1 .2 14 .5: . 2 .:1 1 1.1.8 .234 .. , .4. .7)..., 

'19 11 7244 .274 :1( I :12) ..371 .41:7 .452 49 54)5I.1.7 i. 
.40 21 .253 115 . .4:14 47I I i 12 15.4 J.45 5(.1'
.41 .146 211 27 1 :1 5 = . 4511 .5411 

-. 1 . 3 2 .3 1 !. 14 I 9 447 1. 5 I ;1:1 .706 
43 248 '13 1 171 .4 15 .447 .580 i 1. 740

4 . 1 .3089 346 .34 .4227, .488 . 9 1 0 4. 77_34" 

., 14462. 
8' .5 

. ,l . 
.23 4.41I5 I 

.II5i 

. :1141.')2 
45os 

.309 .1'9
90 4 '8 

''.'. 1 I 
.5 .4V I 

.b 1 1,
A89 1 It 1 .I 14 4 , .9 1 

s 

L.1 1' 
s1 7 I 

4 :4 1 ,
1.9 11I 14t'il 

, 188l , . 2.44 
12!1 1.1 2 .1(

E4 I, , 
I.1, '1'S. 2 5 :1.26 

_!h 1 1 . 22.214 . .:111 148 '41 .7 3.5 
S2I.4 

"31141 .7 9 11 &2.8 3.44 
1.412 . . 2.39.63. 

43 2 It4.1 .
1 9 15 ' 1 

x 

Cao 



cm 

C) 
0 

7-SO IIANDIIOOK OF IIYDRAUI.IC8 )I'EN V'IIANNEI.S WITII UNIFOIR'M I",OW 7-81 3 
Tab le (sif K I'llit1.j fo' Tr Vah I'i,rI K fKI -rWirs 97. peZiia 	 .. i = 1QI. 

, 
, ,l li l h , i hll ,l.m 	 wi,lth1) - d ,.p14t .,[ co'r ,,id b - I 


Sill a' .]+)I,,'+ .f sh.*;llt,, o:liat+.ll I,>,,n al 2,, v,.'ttirn 
 .'"i 	 . , ,,,I b t ,, ,,,idz,, t falt -,v*rtt.Cl2 

.".,. , .f+.. It-zl'avrw 	 SdA,...... ,......... 4
. , ..........
t,,' 	 i," .. 1 I I I~ I 2:2 21.; 12 * I 4-I ,, \'" , . I I ' -

I I I 2 1 2k, 1, 3. 1 4-1	 Il 

.91 .v)' 1 11 4 s) :1.19 	 II')36' 20$. I119 2I ' 'S4 .37 I.2 	 1,11
.,I7 .2il4 27N-1. .-3.27 4.114- 711, -4 12'4.342 .645. . 9 1 .1tO .1 .. , - 41	 24;914 i.1.t .1.1.43 6, . 1<27.54i1t !.%4 21 : :.13.35 4.4.14 	 11 1 ' 3r'Ir I , I ' .1' . ''25 IItI, 1.' 1 , 2 0 1 IiI.4.A) 't 144 I I . . 141.
 

.) .71,1 .944 1.. 1.4 74 ' .. :.12 3,;l14) 3 4.211 4.36 0; ' 


.ti641~ 1;22: 11 11 7o. 717 ; 2 1,4' i 3.44 	 14it) " "'I.46, ih54!4. 

.680 .960 1. 	
I.171.1.11', 1 74 2: r, 1 , 7 fit1 8.4; 11.2:1

1 	 1 1.7s 2. .2 1 :; 1 7 3.61 4.47

~1 .'' 1.642'I 52 .1: t 1. h t.
.9 	 6 . 911 1 .4t' 1.:1. 2Ai- a, 3:1:) IA) "T 4.4 "71 I... ) II :I , 1 .4' th :1.21 .1 t8 I I. 3. :10 	 4 I I I .1 1 r' I o., 14 

17. 1.23 2.8,4 l4t .5 , :2.4 73.) 4.0) 2' 	 ..- .! . I ', 1f2 

.1.114.1. .i911. 1.1 1.77.e '' I '. ;'),:l 7)1 ;I) 4:. 5.42,l 18 1II! . i ; '.tle Ifl I , II), !, .14 I+
 
.0 9 I.;:" 1 1 :.1 :15' AA 4.7)1 4 .5 1
I l5 1.1) 2 S. 4.1, 3. 71 7'115 I 	 I i4.971~~2' is i15 1 . Lt )- 7 0-1 .4.4. i 1'4, *-tilt ''1 .l) ' ;')' Ill7 19.
 

2 1,4 ." 4.11 

I.711~ 1. I" SI :2) .5.118 	 ' 7 l. Ti 1.2 1.8.1 I 1.)1 45 	 '1 11i1 1''' , .Y',1).l 4 !'' , l ' 

1 
'4; 

11 
.1 1 1. 3 1 '92 11 :.!v 41.7N 1 it .1 :1 31t 4 

iV' .'')s 2.63 1. .1)4 4 . 9.85 3.2 . 4 ) 2 , l l 1.1 48,l1i11 17! 9.4f; 12.r 
18j~ 8 	~ l 1.72 V4W:. vI I I~~14.4

1.00 7 A1 1a113 .2 .17 . :1.71 4.12 o.; 	 1.4.,i.6 .1 ' i ' 1 'I 4 ' 11)115 11.71 14. • 
1 .723 1 .1 I. 1, 7 . r1 ,0 . 5 4 V !i.05 

1 	 .7.1 . 0. 11 i 2.21 . 1 2 . 4 . 6f4.72 5.1 7 I .1 l I;I 1 4 , ., .'. Sr- 2.9 15. 41.15 	 .79 1.07 1 -1 4 . . I .1 4.139 4.814 .3 1., 1 S, V4 2 7 . 71 iIS 

1.1t i1)I 1 .74'. 2.154 134 .7 4.91 4 5. 7.130:1 I: .1.I 	 1,11 1 . 22 I'S, 14. 4.25 5.1 5.7 7. .11 12.,r1 7 11.411 " 
1.11 	 8 1. l 1 4 1 .Jl L.1, 7 3.1 !3.904.4 ". 1)05 .52 1; )17 4. . 4I1 7l. II. I 16. 3 

04'.7 ,I10' 1.48 1 .w) .. 914 ., 14 4 45.f7 7.4'1 1All 1 '1 !'J 1'''14 I 18 21 ), 412.772 35s1 , I I
 
1 2 .l~~tl2 4I 3"I 7.6,11 I .if ~ I ll.I417.1'!22 41 ;+4 71 '' il ''' 7st 105+':IlI1.
1."? 	 .. ') I1 1.6,7 .17 S OI .51)0.:5I 5.22 1-. I. 	 1.5o 1.1 '.1,9 7h 4 1 4 .*, ' 4:)2 4 1.05 1313411 714 ,~ 

1.11.071' 	 77. 11.'4 . 12.4304 8 34AS 5.11:41 5l8.156.63I 1, 1142 11141 2i7 0lls'-111 1j 19.52.7 4.77 . 7.041.42 	 ")'I: 3I 1 15 .7 17.:1 5 " 

0081141) I .2 S 181 11 I I'M'.5 17.l 1 1 41 	 24 1 1 114 17, .1
")'"Is 

1.. . 5 ~~1L9.53 1 .91 05 ' .1.! r: . 4 17 . 51J148 o 	 -, ,78' ' 14. 1:1.41 4 , 	 I !f' M)1.64 2.2:17 3.47 .91 	 1 _. 8 h::911:10t,. 1;.8.. 1.77.4 1 .22 1S41 : 5-.7, I7 .4., 	 ,. 511. 1)1,210l~l1.17,1 	 .3 1. 11i3i1 . 2.85 2.1i,+ 4.174 1 5. 7.21 '-01, I .s 1, 7~ 212 4i 21).
1.4 ''.IS 	 418)1. 79 14, ''t" '1.93 2 !9 41 62 4 5)''.7119 8I4 	 a4I. 20' J 1 ! . S 31.I;2 1.79, 2 2 711ll 1-5 4 14.34 15. 11 5.S7 7.36111 	 .. :1 11. 2.1 7"-; 2 5.il;2 . 2i 9 1 : II 

su 	 .4 21ifI :.7 4 1 1: 2'J 2 21 11 ; :1 4-15 7 :i1.i o.! I1.A L) 16.311t '14t .21 1 24 3 3.7 .1 -l . .1 /5 t1 	 5¢ 4 1i 1Ji!; 12.8 2.I.I'' 1.1.,$. ' o151 1' .19 1~bIS 5' I .;i7 2:.575 3.4"t* .7 . 3 4.2,r.3'41 7 .9tl. .. 6 21I:i 	 .1MI Jl~ 
'0.2) 1645 2 2.l4 3 3410 .13 .51?,.SI 1 1 .. AW S' .27-4 5.2W 	 1I, 1:1 13 1,)4 '.) 4.i hr 1ill..) :.12 5.47 14 41 7141

1.1,1" 	 S271S' 1.''1. 2.11 2.0..14 4 2 1 . 11*1 4 7.2 6.41 4.ti4 9.4 1131 3.2 lf .h.S 1.' 2.31 . 4 .4 4.592 ,.5.-12 .23l 11.7.I t1 	 1 1'47 4')lIII 7 f 0 1 19 1 .50 9 .i~~~hi 22 ,s 11.4 5 5 I 5 7 9 	 :tl:7 4 4,; ni , r 11.t .. 4;I! t A1,0 .. i.!,3 	 : 4.-, i !1.71 e 31.93") 9 11 2.447 .7 	 .41 5 7.7o 1. 1
2. t) -:t,1 411 31.41 4 t .[ 4 11i 5 5 S .!l-1 	 .. , 111, "1.6 17.3

6 . 4).72 1 7:1 	 211 N o1..'25s 15. 2.72.771 '25 41 .1 , 6.521 	 3 :1 ,
4.7 1..~ :I:7 	 17.6i~y1 '-' 	 .9111 1.43 5,3:4 .Ir IilAs.h4 1 32 L' 33;; 1 4Y 4 nr7 5r .8 3.

I.4 ; 14 1 .9.6l 4.ti 'itl 3 !, 4.S6l 5_74 6. ifl I N€.31I~b 	 Lt. :C ',.I11.45 .52 4.0- 8 ;; 	 11 -5,.935 L..9 3.04 (t.?5673 1.4h' 	 3 ; , 4.,t ., . i -. tt i 1 .O I . 

1:l1 12.2 14D2 18. 
1211 .944 47 2 02 2.5 3, w4- 4.09 5.04 5.96 ;.S6 H.6.:.7 .9* ll4i "205. ;I14 4.11; -5. 13 6.0,7 hl.sll 1lf.	 . " " 10.54 7111,5+ 1; 4 71 im 1 Vi II I.:i 1;-"1 14..0 1,"MA -I:i.2 S: 	 .Q,62 1.51 20S," 2.i64 3i.11. 4 2:1 5 1 S, 7.131i 8.9's 1 3 .l) '' ; liI ... "S,, 724 1)4 i 1l.'5 1'. h.717 2.4ri, 3.1- 41......(,1,' <: 11),,,, ' 111.52 	 9.6 1.73! 4 .1 '. . 11.29.' 	 .971 '2.11 2.69. 31.2.4 ;4 3 1 5 :12 6.30l 7.:26; 1 ,, ,1$ 1 712 '4. 151 19 
1.30 	 .980 11.54 2 14 , 2 .73 3 .30 , 4 ,S 5).41 .4 1 7 .1") 3 . 5 ; l1 J 2 5 01 73 4 .9S 1 2 1 . 55 .l, 1 1.1 15.2 19 .5 

l.9S9II31 5 2.7 2.7 7 3.35 4.46i 5,, ."] 75 }5
319S .5 . ....'	 3 9. 1.7(j t.; 3/t,77 5 04 4; .j ; If I

11 2! .997 f!.58 1 L2"0 1 -. <".1 3 4..+ 5.6 1 6.6,5 7.67 9.69. 1. ;i lll '2 15.4 It,*8
 
1 .:,13 1.00(i 11.61) 2.L' 2.5 3. . 71 6).77 7.811 9.'t7 I .445 -r-,4 :1 S.I, 6 :it' shti 11l~ 'i 4 15.7 .2
*.3 . 1 	 16 7.ti 111O 	 1-78.t 1.41 r.,7 3..5 .5.11i 1,44 ,1;02h 1 3I 1 :,.1; 15.9 L,+:1.3451.015 1i.62 . 6i:2,I 351 I4.69~ 5.K ;I j 79 00 	 1.74,i 1.42 1) I :IN, 5.22 i1 9.3 1. 1 6 1,2j,.0.1.5 	 I. 3 .94 13..57 4.77 5.91 4.) 621 3 !J32 5.8 ) .15~ i 1l. I:; 14.0 16 is.21 

l~t~t.21 .41I.612 " 3',;I II.3 1 .o Itl39.5	 (Dt 

,_ ! iX 
r,,., 

CA) 



Compendium 5 	 Text 3
 

7-82 IIANDBOOK OF 1[YDRATILICS 

Table 97. Values of K' in Formula Q --KIb'st for Trapezoidal 
it 

Channels (C(oncluded) 
D - de.th of water and b - hottom width of channel. 

Side Mtope" of channel, ratio of torizolital to vertical 

Dbti'lr ,i-1 ,J I N -I -1 -I, 2 1 2 1 :1--1 4-1 
Ver

1.81 1.44 2.:;4 3.97 5.34 1.i8 i.27i 11.7 14.2 1G.5 21.2 
1.82 1.45 2.11 4.02 5.40 6.761 .39 11.9 14.4 16.8 21.5 
4.83 1.41 2.69) 4.06 5.41 i.h.1; 9.51 12.1 14.5 174 21.8 
1.84 1.47 2.71 4. 10 5.52 :;.934' 9-631 12.2 14.7 17.2 22.1 
1.85 	 1.48 2.14 4.15 5.59 7.01: 9.75 12.4 14.9 17.5 22.4
 

1.,.9 .6 5.415 0
4 7.9 t 
11 46 . 4 .19,. 6 7.0141 97 112.5 15.1 ;17.7 22.7 

1.87 1.49t 2.7" 4. 5.71 9.99, 15.3 23.0423 7. 18. 12. 7 !17.9 

5.782 7.26 10.12 12.9 15.5 18.2 23.3
 
.K9 1.51 2.84 4.2 5.h4 7:1I 1o.241 1:.11 15.7 18,4 2:1.41
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1.92 1.54 2.1. 4.45 .1 7.4144ji144.6 i3.5 1:) 19. 1 24.61 

1,:1 .55 214 4.54 tl)f 7.4114! 1I4.8 1:.7 141.1 14.1 24.4
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4.41 ..
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2.21 1.81 :1.70 5.A7 8.14 11.1 14.S 19.04 23.1 27.1 :45.1 
2.2 1.81 3.71 5.193 8.22 14.5 414 14.2 2:,:1 27.4 35.5 
2.- L42. 1.75 5.114 8,2 140. 15.1 19.1 24.I 27.7 1 .1 

:4 	 41.03 19.2.2 1 	 .: 3.7S 8.37 144.7 15.2 1 2:-1.4 28,.4 1 :21
2.25 1.84 :1.81 t.0J 8.41 1(.8 15..1 19.8 24.1 28.4 1 :W.7 

L 	 I1
 



100 

9---


Lick of ygciinq ixattrial for proper crOsS'slo e during construction creates wiindrows at roadway's edge, 
ILI.3tI rtr fall to SeetipInto roadbed ard salurate material (Liberia). 



----------------------------

Compendium .5 Text 4
 

Grading 
Illustrated 

---------- ----------------- I 

NOTE: This text has been reproducedwith the
 

permission of Aveling-Barford, Limited.
 

Aveling-Barford Ltd., Grantham, England. 

Technical Publications Dept. 

Publication TP549 

101 



102 

Compendium 5 Text 4
 

Foreword 

This book is solely concerned with grading methods and how to get the best work 

out of your grader. 
The comprehensive range of Aveling-Barford graders covers four wheel and six wheel 

machines and in most cases these have all wheel drive and all wheel steer. 

There are also six wheel machines which feature leaning front wheels. 

respects
Grading methods for machines with leaning front wheels differ in some 

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 

have been omitted for the sake of simp.,U~y and
work, brackets, tyre treads etc, 

clarity of presentation.
 

No attempt has been made to relate the operation of the graders to the controls as 

these vary with each model end it is therefore essential for the operator to study 

the operating instructions for his machine in the Instruction Book or the Operators 

Handbook before moving on to study grading techniques. 

may
We commence with the most elementary instruction so that new operators 

to all forms and situations of grading where, it is
make a start and then move on 


hoped, even the experienced operator will find something to improve his performance.
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Grading Techniques** 
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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,
 
Lift Rams (7) and (8)
 
Rotate Circle Motors (9)
 
Circle High Lift & Sideshift (10) or (11). See fig. 1-6 and 1-7.
 
Mouldboard Power Tilt Rams (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 all personnel are clear of the machine when practising blade 
manoeuvres. 
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1-2 

Blade Control - continued 

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) and (8) using both rams 
blade horizontal and then separately to raisf, left or right hand side. 

to keep 

109 
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Blade Control - continued 

1-4 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). 

O Rotate blade clockwise to position shown at (A) and anticlockwise to 
positioi. (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 
10 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 Control - continued 

Circle Sideshift 

1-5 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. 
Illustration 1-5 shows sideshift with Ram 10 mounted on right hand side. 

1-6 
1-7 

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 blade High Lift 
position shown in section 1-10. 
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Blade Control - continued 

Blade Pitch 

1-8 The vertical angle of the blade can be adjusted, either manually, Fig. 1-8, 
1-9 or by power tilt rams, Fig. 1-9, if these are fitted. 

The adjustment is made to suit the type of work the blade has to do. 

O When cutting hard pan or clay the blade should be set back at the top. This 
isthe most effective cutting angle. 

O For most normal grading work the blade isset to a more vertical position. 

O General Maintenance, where a spreading or dragging action is required, is 
be.st done with blade set forward at the Top. 
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Blade Control - continued 

Blade High Lift 

Having practiced and become familiar with the blade positions already 
described, the more complicated movement of Blade High Lift can be 
considered. Remember that blade high lift cannot be performed on left 
hand side of machine until high lift ram is changed over as shown in 
figures 1-6 and 1-7. 

1-10 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 gc;ng into high lift. 

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

1-11 

O0 

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. 
117 

( 

O0 
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. 

4 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. 
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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 ad grading is carried out with the grader travelling forward and 

with the blade lowered and set at an angle across the frame. 

This action causes the cut earth to 'boil' along the blade to the out-,r 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 

120 to certain machines, such as the leaning wheels type, these alternatives will 

be illustrated alongside as necessary. 

2-1 Forming a Windrow 

O Set all wheels in the straight ahead position and angle tha 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 to allow material to roll 

freely. They consequently use too much engine power. This is wasteful and 

causes unnecessary wear. 
The expert operator learns to match engine power to work being done. 
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Grading Techniques - continued 

2-2 Forming a Windrow - continued 

O 	 Most Grader work places a side load on the machine, tending to push the
 
front end sideways.
 

4® 	 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 	 123 

Illustrations sho" 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 

2-3 Handling a Windrow 

Once formed, a windrow may have to be moved sideways across the road, or 
perhaps new material may have to be mixed with it. Whether moving or 
mixinq, 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 

T 	 For an all-wheel-steer machine, offset it to place front wheels on one side of 
windrow and rear wheels clear of windrow that has been transferred. 
In this 	position the front wheels pull the heel (rear end) of the blade and 
rear wheels push the toe (front end) of blnde, 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. 

124_ 
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 blade. 

® 	 If the blade is side-shifted to obtain more space, then the rear wheels could 
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 

2-4 

O 
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 127 

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 e'gled 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 marks. 
Off-setting the wheels on all wheel steer graders will of course increase this 
advantage. 
Work in low gear and avoid sudden jerky movements on controls. With 
practice it will be possible to work to the finest limits. 
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Grading Techniques - continued 

2-5 Important 	Principles To Remember 

Q 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. 

03 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 
128 	 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 

2-6 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 wheel graders always lean the top of the front wheels in the
 
direction of the turn to help the grader to follow the sharper bends.
 
The ability to lean the front wheels can also be used to make minor adjust
ments to the point of the blade in order to follow an accurate line. 

2-7 Grading Around Obstacles 

Do Not Force The Blade Through Obstruction 

Where the obstruction is not in the path of the wheels but only of the blade,
 
sideshift the blade to avoid obstruction, move forward and return blade when
 
obstacle is passed. 


O 	 When the obstacle is more extensive or is partly concealed, sideshift blade
 
and back out 'Crab-wise'.
 

O 	 Drive grader past obstruction and return to original line as soon as possible. 

131 
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Grading Techniques - continued 

2-8 Grading Around Obstacles
 

O When obstacle is large enough to be in the path of wheels and bldde, work
 

as near as possible before steering away and side shifting the blade out to
 

make up the away movement.
 

O the obstruction as safety permits before sideT-ake the blade as near to 
shifting the blade in, and steering rear wheels to clear obstruction. 

® Straighten rear wheels and grade past obstacle. 

O Steer front wheels and sideshift blade to return to original path. 

50) Straighten front wheels along original path and sideshift blade. 

® Steer rear wheels back to original path and adjust blade as necessary. 

11)32
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Grading Techniques - continued 

2-9 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 outside 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 
to level these out and keep the road in good condition. 

O 	 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.
 
I 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.
 

4) 	 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.
 

®3 	 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 pear
 
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 

2-10 Earth Road Construction 

O 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. Once a long enough strip has been 
cleared it can be widened much easier by taking about one third of a blade 
length of turf at a time. 
Work along road line as indicated by marker stakes if possible, but actual 
direction of operation may depend upon arrangements for disposal of turf. 

O 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
136 

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 

2-11 Earth Road Construction - continued 

®FirstDitch 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 to 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 gear.
 

Repeat Ditch Cuts 
Repeat ditch cuts as already described until required depth of ditch is 
reached, moving windrow over or spreading on road as necessary. 

Grade Ditch Outslope 
When ditch is deep enough the 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 blade 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 

2-12 Earth Road Construction - continued 

O 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 

140 snould just reach the ditch shoulder. Take a very light cut and do not let 

dirt fall into ditch. Use second gear. 

Grading In Reverse 

In all the above "earth road" instructions the operator isadvised 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 

2-13 Flat Bottom Ditches 

O It issometimes 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 moved 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 143 
bottom. Work in the first gear, keeping machine steady so as not to bite into 
outslope with toe of the blade. 
On leaning wheel graders lean top of front wheels away from ditch. 
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Grading Techniques - continued 

2-14 Ditch Cleaning 

(j1 	 If ditch is dry, set right hand front and rear wheels in ditch and toe of blade 
in bottom of ditch. 
Angle the blade vertically so that material spills off centre of blade to 
deposit 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 to leave windrow between rear wheels.
 
Use first gear.
 

Grading In Reverse 

20 	 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 short stretches of work to avoid frequent turns. 

144 	 On ditch cleaning jobs, the windrow formed on the inslope or shoulder in 
one direction can be moved over on the return trip merely by sideshifting 
and rotating the blade about 800. 
Use rear steer to guide grader in reverse. 



Compendium 5 Text 4
 

10' 

~-, 

145 

GL34 

2-14 



146 

Compendium 5 Text 4
 

E ' 

---.,-', r'
._."-" - 7 

c;;O c 

:U -

~n2.1s 



Compendium 5 Text 4
 

2-15 

O 


Q2 


® ) 

Grading Techniques - continued 

Bank Sloping 

Steep Banks 

For steep banks the blade shoud 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 made as shown in section 1-11
 
and in the machine instruction books.
 

In this illustration fnr right hand high lift the toe of the blade is well
 
forward and heel adjusted to deposit windrow between rear wheels.
 
Rear wheels should be close in to the bank. 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 position under the frame.
 
Use first gear.
 
It is sometimes possible to vary the depth of cut by steering rear wheels 
away from bank to DEEPEN a cut and into the bank for a LIGHTER cut.
 
Leaning wheel graders lean top of front wheels towards the bank. 


Wide Slopes 

Grading wide slopes such as those for motorway cuttings, dams and 
reservoirs can prove difficult as down pressure of the blade combines with 
gravity to slide the grader downhill. All wheel drive and steer graders can 
work on slopes of up to 2 in 1 without assistance. Power on front as well as 
rear wheels together with increased track by offsetting, gives the greater 
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 downhill and blade extended 
beyond front wheel to erase tyre marks and pass windrow downhill between 
rear wheels. 
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Grading Techniques - continued 

2-16 Getting Out When Bogged 

With their extra power and manoeuvreability it is not 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. 

O 	 Set the blade level and square arid 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. 

O 	 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 

2-17 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 suitoble terraces can be very different. iowever the basic manoeuvres
 

are simil.ar and the following illustrations are typical.
 

O 	 Terrac.s must follow the contour of the hill and be kept level. The centre
 

line if 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). 

© 	 M the~ikefirst 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 
Use firstsideshift the blade to follow the curve as shown in section 2-6. 


gear.
 

® 	 The second cut is taken on the return trip, deepening the channel and txten

ding the blade to reach centre stakes. Hold the right rear wheels against the 


first cut to guide the grader. Use first or second gear.
 

The third pass is used to move downhill the windrow made so far. 

® 	 At least orq more full cut is usually necessary to make the required depth
 

of channel'
 

base no-A cut the uphill side. Use extremeHaving established the channel 
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 

downhill. 

151 
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Grading Techniques - continued 

2-18 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. 

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

!jJ 	 This cut on the high side should fini-h the outslope and be deep enough to 
meet the channel on the centre line. 

@ 	 The uphill slope is now finished and the channel has to be cleared for the 
last time by moving the windrow from the last uphill cut out towards the 
ridge. 

1Clean up and finish the top side of the ridge to the required level.
152 

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

2-19 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. 

O 	 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 300 and offset wheels, using front wheels
 
to steer.
 

O 	 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 credtes standing water, a situation that requires proper ditching before road is
completed (Liberia). (Photo courtesy of USAIO/Liberia.) 
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Section 1 

INTRODUCTION 

1.1 GENERAL 
Roads are designed to varying standard, and built out of natural processed 

materials to meet the needs of the comriunities theN serve. Like all other struc

tures they are subject to deterioration which commences a-seach part of a road is 
give tht standard of service for which it was

completed If the faolity is to 
begin as soc n as construction ends.designed, maintenance must 

functioned as
Ideally. maintenance would ensure hat the road always 

efficiently as when it wvas first construct'd, but in planning maintenance due 

regard must be paid to limitations ( f manpov.er and funds. For this reason the 

maintenance programme is ,adjusted t :,'ntrol the rate of deterioration and to en
some minimum level. 

sure that the serviceability of the road does not fall below 
resources and pohcy of the road authority concerneddepending upon the 

1.2 SCOPE OF MAINTENANCE 

Road maintenance activities relate to the repair of faulLs and attention to the road 

structure and facilities to ensure the preseration of the asset and the convenience 

It includes routine maintenance which may be organisedand safety of rQad users 
and done by permanent gangs. and special maintenance which requires detailed 

is usuall. done by gangs specialising in
technical planning and supervision anri 
the type of work insolved 

166 1.3 ORGANISATION AND MANAGEMENT 

The size of the maintenance organisation. arrangement of gangs. location of 

depots and requirements for plant will vary according to the types and lengths of 

roads and the nature of work in hand. 
Routine maintznance is normally undertaken by relatively small labour groups 

Each group is provided with a truck for itssuitably equipped with hand tools 
own transport. Such groups generally operate over defined lengths of road under 

the continaous direction of a supervisor. Labour is usually diro-ctly employed b) 

the road authority but there may be exceptions such as the employment on acon

tract basis of individual owner-drivers or fleet owners in the operation of trucks 

http:manpov.er
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2 ROAD MAINTENANCE PRACTICE 1.3 

or cther plant items. The groups frequently 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 directy employed 
labour cr by contract 

Effective use of available resources requ ires regular inspections, adequate 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 requirement.s will vary according to the structure of the various 
road authorities 

When maintenance is being planned both preventive and restorative work 
must be considered, the balance between them being based on experience of local 
conditions and the resources available 

While all defecLs should be corrected soon after they occur, they must often be 
left until there is sufficient other work to justify the movement of a gang to the 
location. However, there will be times when correction of isolated deficiencies 
ma. not be deferred either for reasons of safety, to restore communications, or to 
prevent extensive deterioration of the asset. 

1.4 SCOPE 

This manual outlines .he procedures for proper performance of routine main
tenance Fur information about special tasks the reader is referrd to other publi
cations I he methods and procedures outlined have been adapted from the prac
tices of state road authorities but owing to differences in geology, topography. 
chmatic conditions, and traffic volumes, they may need to be varied to suit local 
conditions 

1.5 TERMS USED 

The terms used in this manual are those adopted in AS 1348. Terms Used in Road 
Engineering 
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Section 4 

DRAINAGE 

4.1 GENERAL 

Ihe dilaaj2i s Is it most iiprtall part of an\ road It.s funirction", inchdeast 
tihe renIo\ .tl of rain or flood vater from thle carriagc, a\ in rihmticula.r 
and the toad formation and road reserve in general. 

Sthe intercepnon of surface watetr flowing tos ards the Ioad fol'rn'.,t in 
and its utimate satisfactorx disposal dokm nlsteanm of the road. so thai it 
will not caus- dalace to the road itself or to adiacent properI, and 

* 	the inter-eptiorl and disposal of glrond \waer that Would otherw\Ie 
penetrate the subgrade and reduce tile bearing strength of tile material 
supporting the running surlace of the road 

It I, a cIrdil prinCIlet of good drainage practice that tihe concenitraton of 
%ater should be increased as little as possible \When. because of road \k orks. i1n

:re,ed concentration is ti naoidable the fio\\ ,,hould be so controlled that it dt., 
not caust-" scouring or other damage 

As a general rule it i good pra,:tic.e to interfere as lttle as possible with the 
n:irral flo,\ of 'vater. \\atcr ling to%,aids a road formation should be 
allv,ed to relurn to itS natural course soon as possible after being passed under 
tile f.rniaiion i\ here it %Ill. of nc.essit,. be concentrated to sole extent) 

Ii 1, UsualI bad practice to concentrate \water from several water courses into 
one in order to reduce the number of culetms tinder the formation..Ne ertheless 
any breakdown in the dratiage syster which permits water to b. pass iLs not imil 

168 	 c.ar u should be corrected w\ithout delay 

4.2 DRAINAGE OF BITUMINOUS AND CONCRETE PAVEMENTS' 

}itIuminous and concrete pavements are normally lmprlonLIs to water so that 
drainage iseffected b. providing the surface of the pavement with a crossfall nor
mal to the alignment of the road Most pavements of this type have crossfalls of 2 
to 3 percent On straight roads %%ith flat grades the surface water is shed directly 
tov. ards the shoulders. but if the grades are steep or the horizontal alignment is 
cuned there will be sections of the surface %%here water will tend to flow more or 

See also the NAASR \ pubhlcation R 4 an Ineivt'vii lilt )rmac ,I t,,ri ,oi 11,h, 
lAO,!'¢.me~ns. 1974. ISBN 0 S55SS 057 0 
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less parallel with the centre line. The concentrated sheet of water so formed maxy 
adversely affect the serxiceability of the road as follows 

" On smooth surfaces the lyres of high speed vehicles Iay aquaplane 
r.Sulting in loss of traction and control by the driker. 

" If the relavelv concentrated water flows along tile hardedge of tile 

pavement and a Softer shoulder. scour develop to
%%ill leading 
dangerous conditions fo r vehicles and loss )f edge support f.r the pa e
mlent 

Sheet flo,%along the pa\ emenl na be allex iated b\ the maintenance ora:, nva-
Lioll i,taken to f1\\ of \%ater froll the pavmen-mt act I,, tieif care ensure that tile 
shoulder is not hampered by grass grt,,th. silt deposition. x,indrows. or debri,, 
left In an\ case. the cwrrection of'shouldcr scour shouldafter grading operations 
be given high priHOt. 

The seal should be maintained in a \\aterproof condition b%the prompt sealing 
of cracks in the surface and b\ filling minor depressions that xvould hold surlace 
water (See also Sections 6 and 7.) 

4 

I-- , .,
 

Debris on Shoulder 

4.3 DRAINAGE OF GRAVEL SURFACES 
ro compensate for tile waterproof surface tileabsence of a crossfall of a era\el 
pavement is usuall. 4 to 5percent Shoulders may be stweper depending upon the 
nature of tile materialshoulde 

While the steeper crossfall to some emtent aids the shedding of x\ater it also pro
duces higher velocities %kili tileconsequent removal of fines and the creation of 
transvelse scouring of tie pavement arnd shoulder. 

Ponding of water rn depressions in tilepavement can have serious results 
because of the consequent %%eakening of the paveruent material and its displace

169 
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4.3 DR .W,,6, 

tnIII Ul t.kt , h el Iloddlll \ot Onlk do the deepened depieSions hc:olle 
ShOk hut Utittl J the elltl'%of Ih %% Io th1e SL~hluJde,. ltLi, Iet.d tltl10o ,t,, Jte 

Sl',d 'I e of tOW p,0MICIt -trIOItlldltl 11h0 poho1l 
1 1, ClhtIO fronll \ ,ttt dd I0 IM1t.ItI n Uile,. d ltIf11cel IllCIt'\cII ddlt.lVc 

,',itIi!C 0hftltli or rjttIrf. '., u.rs ,iCandde'' ."stns 11111-t beLptolltptl tllcd 
. , hi... \ .i.e kep. tt ,I olloolh Ind ,elt-dtmltIll .ttditlott h% tTtt IC!I. 

U.I .1..i).I 

4.4 DRAINAGE OF UNPAVED SURFACES 
• -"0 111'j)ON !.' .'O W .Ai t ti t lIlr.I e
-*,'*. : we..' 2r~u.itid ,A\ \0hi1h t.t toad pa:,,., I lhe lllt:tenlazi uih a, ic, ,\t 

, "' '''t t;" i t t i deef aii! , kvt ithel onld tloll",. )to%dI.', I l., , 

, .h~led. p,'. etlctlt, thc prtimipal meist of drtt. an11 tp,\ ed lt 
,' .Jt ,, pt ,ide a Lr~os ]allnormal to. the centre l tn thlil ',%lI llrOmo , e .. , 
., a' ,, k\ . p N,,i'C Man, unipa', Cd NU IJceiS te uhLe.CCtt : -,t:c daniagL : 

,1:,i . ct bVl , .' in -\ c tlllll~l" It" ) I d,hll C IS tht'c- etlet% itller,i ", .:J t." , V, IP.'; r;'> \ hih te deep'ene.d , nd makde V\,r'. b. ',ii., .I'.Jt 

. ,! 01he IWt .,. 1. , l\ hold N%, 1', 11' 11in IStieh.t . th 
. i '. . , detect becase the s til. aeiiiim I. ! in uilpa\I d It' 

.. . I ,. : ::i 'iunl, \ ns tbl pa ches
( 2:.t.: . -,' t k: kc.rs ,a! ,and to till pothle l d ru I,, thL tlitt ,Il't:\ ,al. 

' tt',:!'t.~ rlJ g ,- ,IdIt0!, Mid t,SLt dr,tt ,!' 0 1.Iic,!%v I hte V t k i%,-, 
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Lack of Suitable Drainage leaving Pools of Waler and causing Potholing on Open
 
Surface Road
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4.5 DRAINAGE ELEMENTS AND THEIR MAINTENANCE 
t Under this clause the various types of drains used in association with road works 
and their maintenance are described. 

4.5.1 iable )rain,, 'The function of a table drain is to collect water that has 
fallen oil the carriageway or the baitters of a cutting and flowed to the edge if the 
formation Table drains are essential wherever the road is in cutting a.' iften 
desirable along the shoulders of enbankllenis 

Because table drains are often built on very flat grades to Suit the road gradL 
they must either have a large cross-sectional area or be provided with frequent 
discharge points where the water can escape. Depending upon the nature of the 
material in which they are constructed and their longitudinal grade, table drain, 
Iia) need to be lined with stone, concrete, or a bitumIten seal to resist ScOUring

Table drains require frequent maintenance, such as grading of unlined drains to 
remove silt and other debri, thainmay easily block tileflow, and to restore tle 
original shape The lining of table drains needs checking at frequent inter als so 
that any' failed section may be repaired before extensivc- drriage occurs 

Scours in table drains need pronpt attention to prevent serious dailage that 
may lead to undermining of the drain lining, the carriageway, or the cutting bat
ters. Short termn meaSUres. such as placing loose rock. etc.. in scours to arrcst their 
development may be necessar oilOCcasion, but such action should generall[ he 
discouraged becatls,.. it can lead to even nore seri us damage before final remiedial 
me,iSUre" call bC effected. Whenever a table drain is susceptible to scour it is 
usuall\ necessar\ to line it with . iitc Itpe of durable material. 

4.5.2 Balter )rains. It sometimes happens that water fron table drains Iust be 
discharged down the eibanknent batters. There will also be Occasions when it is 
necessary to discharge water down a cutilg batter to avoid overloading a catch 
drain above. In such cases the slope of the invert of the drain down the batter i. 
too stee l) to allow tilewater to flo%\ over most natural materials because the high 
velocity induced would lead to serious scouring 

Batter drains are. therefore. generally lined with concrete, metal. or sone other 
hard material such as groteCLstone When the baitter drain is oil earth the protec
tive lining' should be flexible enough to adjust to any settlement of the filling or 
movement with weather conditions. 

It is important that batter drains should be inspected frequently and immediate 
steps taken to nake good an\y undermining and repair any breaks in the lining
The flow of water in batter drains should be observed during heavy rain to assess 
their adequacy. 

The protection of batters on enibankmrenLs and in cuttings from surface water. 
springs, or seepage is normally expensive and not always effetive. Such work. 
other than that of a very minor nmture. is beyond the scope of normal mainteri
ance and should be undertaken during constniction. the work being prolrl\
designed by experts after a thorough investigation of all relevant conditions at the 
site. 
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I..-. i._. A.,..- ... , , 

Scouring of Batter due to Lack of Suitable Drainage 

4.5.3 Side Drains. A side drain is a surface drain approxirnately parallel to and 
betwecen the formation and the road boundarx IT mill purpose Is to wonvev 
water discharged from table drains. catch drains, or cul ers. to a point %,here the 
water nla, be saff.ly dil.harced into natural xater courses. di'.ersion drains,. orcross drainage channel.,7 

I friab' countrv side drain,, Ima. scour It, excessive depths, and idths. thusundermining boundarx fericing oi the road format An. 
should be inestgated is soon as noi.d arid the appropriate corrcti%e %% 

im .. c idence of scouring 
ork put In

hand without delay. 'Ihis may include 'A dnidIIg the dram. flattening the invert. 
grassing the invert and batters Blankets of loose stone Conwined ill hcJ\ y gauge
wire mesh may be used to good effecL to protect the invert where the grade is 
steep It mna.x also be neCe',.,,ar to Install proper! designed drop structures to
reduce the gradient. and to construct pitching where it is essential to pre\ en. the 
scour extending 1 he use of loose rtxk. tree branches etc . is seldom likel. to be 
effect ive. 

4.5.4 Disision Drains. The purpose of a diversion drain is to 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 velo.:ity is small and 
the likelihocx, of damage by erosion is reduced. 

Special attenuon needs to be given to the junction of the diversion drain with 
the side drain where both scouring and siltation can easily occur. Similar 
problemrs may also arise at the extrere end of the diversion drain where it has vir
tially no grade 
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I . Catch )rain. I hl:primary function Of d catch dri n (o itlICIeptlmtillp 
, ,urfh. e %,.t inrg a'ards the road CLting 

t,,vithankment It Lhus pr"n, 

F ,oil]d ist, nict ft,,, t r forma
'itsthe ,,tr fl'o\,iner down the cut hatter or along
 

1LK, t Ihe cnhKi eitI x'.hilh} m'axIC S coI.I, C-atch drains arc
 
Iwixt1,1% op Ilarth chanls %%,,Ith spoll flonh .e) tiori h.ti. plaIcj oilthe
 

h,',\.ikt ci hank10.J1' 


il?Ah.,R I h rks,. and the. lillin.' ,I ,. tIs If thC hank Is kt, ! o hxetc bIe. 
I 1,h%'. kA IIoxtr 11 th. *JI.iluaL sIoklJ K d itsOW IIIh.: Idraiw Inxvtjgtl ind 

unt I t \ ltC 111Uel% m ;\ K-
lto. .., 'ti .1 tIII..,o r Illth lcat h drain 

.+ 
) 

, 
hItt: dIaJlr, i :.Ji%( .i ,!I 

Lls, t, p resIc% I L' IIci Ice I , . I t LI'I o"t+r 'J 

tilt( a 
.Itu lccrtrig.u'dn upo x hi,.-h\.rI Is c., t in2ttllah+ 1' cmtIthe' citLh LItramn ab+,.s orl " 

L '110! itt S , ar ret. , d h\ [L. ridil lt 'IKdri i n\ h 0i)'Lg All k,, 

CA. I iS.+l _ IttlltIlL LIJI I l J iet I isith f L''iI'.+'!tL' t "kill": 

4N.. 
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4.5.6 Cross Drainage Channels controlled b%other Authorities. Sone cross 
drainage channels may be controlled by other authorities such as private drainage 
trusts. flood mitigtion councils. irrigation commissions. etc. Such channels and 
the easements in hich they lie are normal l. maintained b1 tile authority con
trollig thcm Itoe er. road maintenance orkatiusatikns retain the responsibilht. 
for fhe safe! of tie road u er and the integrIt\ of load assets and because of this 

the, ,ShouLJ inspect and topoti anN defic:enc In the channel ol the casellilnt 
Ilkel to hu\e ar a,\icrc eftect on ioaidul N or road srtTALt!ruC ., 

4.5.' FIod,,., o 11 for a.'0rusd '.s hcc :.oniructln 
oit su11iah 'C\kLtCr \ s under thc'L. rad tannot hhe. in0tied [:o .I1\ , ind 

. are cithe: uenCilded to be co\ e-ed hb deep aicte lot short pcritd, ,r to re
!Il Ir;ral~ticaie to! e\telded pcril, Quite oftl'M the Ioo.td\k l, u,ptri elCilcUc 

b a I1i11,e il c tndeI the highe.r app;kiatch ith ItsIn\ crlI-elowm the 

and Fords. Ioodx ari 

1 UCuT\eI % 
pa l\e '] of the If,0t \ s thal tit piclllcnt .\(l tilt dr\i.ut IL% k.Idw 

'k hen the crols• fio\ is ,',,
 

On all bUt eor\ prilitix\e rids the po eent of the floos! ,s conslsLs of hard 
durable natcriai that i, st,be undtr traffic Mhen it il xNet I he pa~c lcnt Ia be 
%oItCrCet. IOulled stahilIsed gra\ el. or packed ruibblc it somcses it Iltiasto1e t 

lla\ a blU melln Seal or b: sheeted in ,esphaltc conc.:rete [he batters (f ll't, J\s as 
mult be oiposed of mnaterial that s ill resist erosii hr floss it %N Soleaitel 
tiles a concretL or similar head s\ all is pro\ ided to r edge support lo the cal
riagess ax Nlainctan,2e of fodss ax . arid ford,, ma, : ldis ided into three pe"', 
fol1o Ns 

fat RI - , [R'i \\I \;1tiR The pasement. batters. and tippltcncniar, 
culk'ets reqIre ioutine maititenance similar to that of a no iml road \\ at ilt 

176 signs and depth indicators need special attention. the fornc Iatnbecause the\ I. t 
a dip in the pavement duing dry wether as 'sell a,, indicating the possible pie
sence of w% n.hes beater over the pavement in %kelAeather. the latter becau, must 
casils read at a distance when there is \sater over the floods,,as 

(i) I)t Rit' I-(X))I\G Regular inspection is necesarr to eNsure tht tihe 
floodwa. is safe for :raffic. has ing regard to the fact that deep holes and ahed 
out batters mar no, be apparent to all drivers DebrLs that tnay collect on tile 
flood.<ta should be removed and holes under thi ssater tilled wih r(.k petding 
permanent repair when the water has receded 

(0) -\I -[H mt(f im\(, Iligh priorii must be gi'cn to fle restoratton of 
ph) sical damage so that the floodsay assafe for traffic and is nct further dlamaged 
by subsequent Ilxods. Debris should be cleared frotn the upstream channels lead
ing to the floouss a\ and culvert, if any Markers and signs should also recei\ e at
tention. 

Many dry water cotirses contain loose sand %khich r o e deposited on the 
floCdway in sufficit nt thickness to prevent the passage of %ehices oi at least create 
hazardous conditions for thrn.. The removal of this lo,,!.e material is gceirail\ the 
most urgent restoration work after floods In some cases it rinay also be desirable 
to raise the pavement level of the floodwas 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 structuies 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 apparent to an ob
server moving along a road some sort of distinctive marking on guide posts may 
assist in drawing the attention of maintenance gangs to 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 accumulation of silt or drift 
sand in the culvert barrel must also be removed periodically by mechanical or hy
draulic means. 

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

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

In new pipe ::ulverts under high fills structural failure may become evident 
from the distortion of the pipe. the vertical diameter of the pipe decreases and the 
horizontal diameter increases with cracks appearing in the 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 runring 
surface. Debris collected against piers or in the channels should be destroyed and 
vegetation that may imped.- 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 ofa 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 iolated weaknesses occur in the pavement, due to trapping pockets of 
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Culvert Blocked with SMI 

Culvert Scour and Cracking 
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",,. ,;'-' , .....,1 Iw o,. 
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i-,- Y,1! ", 

Culvert filled with Growth
 
w'ater, these ma.\ often he drained by transverse branc¢hes connected to the mnaill
 
lonigtudinal drain
 

1lie road inaintenanice orgam.,-amon Should hlaec a plan of each s.\ stern to locate
 
subsoil drai ns v,hich are 11t 0'iden! on tie SI1laCC "FieL:01111lem.n~g poinu, and
 
tile Outlets, of the drains should be indicated b%dlil.'ivce ref,.renc pegs Mainte
nance't ac'tion for buried dra ins,cons:,ISt pi ijnal~rl of"irn'pvction ,o outlets frorn tllec
 
to 11Ille '.oensurelL that %,ater 
 s eplng [1011 themtl I his '4,-Old. OfCOUrs, hedonle17111111dlfatel., dfill Iperio-d of ialli. but in some cas,, e%, en aft,.e i Idi\ seisoln there17 
%kill besou e\II01IdenCC SLICIh X[,Sdllllnllg IndiC'atlle{ that tile dralin is \%orking

A\l gio th or siilati at tlhe outlet should be clh..,:rt.d and if' %ernmproof 
stcrciln,, (1r fl,!p,. ,ile prolded thew, 4ihould he rLPdirC (1i replaced as required
[)a ln y a r e.a, o r %a\diCs eep aige at , \1 0- [ , ,11dt!1o abe ;i Su bso il d r inl sho u ld be in 
\estigated becusle 11hl' .% indicateIII prtibl\ I. blo.kage of"die drain. P,.\ernlent 
lail]Lre , due to ofeninlg of' ie Stlbglaide il rn,i. served b\ subsoil drains 
gellerall)%indica.tle tlhe need to construtc d futlrhe'r tlall, %ce branclh to the 111aln1 
drain or to -. tol,,rtlct deeuper subsoil drains, 

•4.6 ROADSIDE DRAINAGE 

The nature of rodside drainage depends tin the degree of developmelnt of the 
roadside it.sel f 

In rural situtios drainage of tie roadside is undertaken piinlarily to prevent 
\\ater 1\ying in depressions %\here it could cause a nluisanc~e. Thk: illost satisfactory
forml dfdrainage is achievd if the roaldside is smoothed to folio\ the natural coni. 
loturs of tile land and to permit tile flov.' of surface v, ater i a sheet into roadside 
drains and thence into natural \vatercourscs If tile land slopes d,\vards front 
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the road formation towards the road boundary sheet flow should be disturbed as 
little as possible so that the adjoining property owners do not receive surface 
water that has b.en concentrated by road works (other than in natural water
courses). 

It sometimes happen, that the road is located through low lying swamp areas. 
or on sloping country with swamp areas, or soaks at a higher level than the pave
ment itself. There islittle that the road maintenance organisauon can do about 
each situation other than keep outlet drains clear of weed growth. rubbish. and 
silt. Periodic inspections should be made of road cuttings below swamps or soaks 
because of the danger of seepage water causing slips in the cutting batters or in
stabilitt in the subgrade If either problem is encountered co ,sideration should be 
gien to the installation of deep catch drains or subsoil diains between the ele
\atcd sw amp and the top of the cutting batter. and also subsoil drains through the 
cutting 

4.7 UNDERGROUND DRAINS AND PITS 

lnderground drainage svstcms. which are rare in a rural situatkin but rather 
common \%here the road passes through urban or built-up areas, consist of both 
longitudinal pipes or conduits running generally parallel to the road centre hlue 
and tians\ erse pipes pa~suig muder the toad fornmation Underground drains art 
installed where sm face drains of sufficient capacity to handle the runoff cannot bet 
constructed. these conditims w.vitbe encountered in multilane roads separated by 
raised medians, and generall. all roads that are paved from kerh to kerb 

Inles to underground drainage ystents cons:st of brick or concrete gull. pits 
covered by metal or reinforced concrete gratings sometimes supplemented by 
slots tinder the kerb to facIlitate the entry, of fast flo%% ng water. Inlets are located 
at road intersections and at frequent enough inter\als in between to prevent the 
capacit%of the surface drain being exceeded. To guard against siltation of any part 
of the buried drainage system each pit is equipped \%ith asump or silt trap that ex
tends some distance below the invert of the underground drain inlet. 

The underground drainage s.;stern quite often drainN bot'. he road reserve and 
the adjoining district and. z.s such. maN be the joint responsibility of the road 
authority and the local go',ernment authorit\ controlling the area. Responsibilit. 
for the maintenance of the drainage system wil be a matter foi mutua: agr.ement 
between the t,.'oauthorities concerned and ti;eroad maintenance organisition 
must limit its action accordingly lfowever. even where it is not responsible for 
maintenance the road maintenance organisation should report any deficiencies 
noted since a breakdown in any part of the system could result in traffic disrup
tion or damage to the road itself 

To permit inspection and cleaning of blockages b\ rodding or jetting it is usual 
to provide a pit over each substantial angle in the pipeline and !it junctions of 
branches with lines 

Frequent inspection and cleaning of the drainage system is essential because 
serious damage can be caused if surface water bypasses inlets and overloads the 
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system at other kiatiors leading to flooding of the road or adjoining property. 
Blockages occur when newspapers, garden clippings, and other debris collecl on 
gratings and wiere sand and smaller rubbish fill the silt trap causing siltation of 
the pipe irdets 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 ouJct of the drainage 
system to erasure that this has not been undermined by scour or blocked by silt. 

181 
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Section 10 

BRIDGES AND CULVERTS 

10.1 GENERAL 
This chapter deals with inspection and naintenance of bridge and cut, ert struc
tures, including repairs requiring prompt attention which might be carried out b. 
road maintenance personnel. 

It is not intended to cover detailed inspections or stnictural repairs wvhich are 
dealt %% l1iM0U1%c .fiawl tin course ofith in the NAASRA publication Bri,& 
preparation) 

10.2 SAFETY 
ork should be carried out v ith adequate pro\ isiori for 

safi. of both woi kmen and traffic and in accordance v, ith laM s. regulatio)ns, and 
standards co ering traffic and consiniction safetN Reference should be made to 
Section 3 concerning matters affecting traffic safety 

If a structure has been damaged temporary measures rnaN bc necessi,- to pro
teci the public or the structure. The temporary measures ma.%include the erection 
of signs. oarriers. and other traffic cont rol de% ice. closure of traffic lanes, diver
sion of traffic. crection of temporar. guardrails etc. %Vherepermient repair, arc 
b-yond the scope of the road maintenance organisatlon. details of the damage sus
tained by the structure and the temporary, measures taken should be nrotnplp. 
reported to the responsible authorit. 

All inspections and repair %% 

182 10.3 INSPECTIONS OF BRIDGES 

Bridge and culvert 'nspections should be done as part of normal road inspections 
and after heavy r:m"s The follow ing feature,; should be checked

" Damaged or misplaced clearance markers 
* Damaged or missing signs
 
" Settlement or roughnes.; of approaches.
 
• Encroaching vegetation 
* Scaled or deteriorated paint on timber rail:; and kerbs. 
* Damaged or deteriorated rails and kerbs. 
* Uneven or cracked bridge approaches or uck surfaces. 
* Brokci, or loose timber decking. 
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* Blocked drains.
 
9 Accumulated dirt or debris on decks.
 
* Ineffective tomming or underpinning. 
0 Ixose bolt, 
* 	Accumulated fn; d debris adjacent to abutments and piers. 
* 	Fire hazards. 
* 	 L-rosions and damz, ge t) rip rap. etc. 

10.4 INSPECTION OF CULVERTS 

In addition to matters covered in Section 4. drainage culverts should be inspected 
for the following structural'defects. 

• In coMcrete culverIs. signs of cracking or spalling. exposure and rusting 
of reinlOrcing steel. et:. 

* 	In galanised steel culverts. damage to galvanising, damage to piotec
tive treatment or iii,'crt paving, rust and distortion (particularly where 
steel plates overlap). ponding of water and deposits of silt likely to cause 
rust 

* 	Subsidence. scours likely to cause subsidence. lateral displacement. tip
ping of w%!ng v alls. open joint.S. et. 

10.5 REPORTING FLOOD HEIGHTS 

l prok ide adequate h draulic daa l'ot future design. records should be taken and 
reported of the maximum flood height reached at an' bridge, large culvert, or 
floodwa\ during exceptionallyv heavy dov%npours. If pos.;ibi-. flood levels should 
be marked with pegs or paint on wing walls, abutments. or piers. Where flood 
levels are marked on structures the date of occurrence should always be recorded. 

10.6 MAINTENANCE 

10.6.1. C'learing and Removal of Debris. -he waterway. both upstream and 
downstream, should be maintained clear of wind blown debris, water-borne soils. 
gravel, and vegetation l.ogs. stUMps, and other debris should be cleared as soon 
atspossible. see figure During heavy floods debr, should. if possible. be assisted 
through Ihe bridge vNith poles or ropes 

The area in the vicinit. of the bridge should be kept clear of undergrowth rub
bish Special attention will be required for timber bridges and culverts during 
surr_,er when bush fires could occur. 

ihe decks of bridges culverts. and approaches should be kept free of loose 
mat ' i.l Swecping niaN k ! required at intervals Scuppers should be kept clear so 
that drainage of the deck iseffective See figure. 

\WCepholw, it.abutLuit:s should be cleaned periodically to en.sure that the hole 
through the wal, I: .lot blocked by foreign matter which could prevent the free 
flow of seepage vater 

Text 5
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10.6.2 Bridge Approaches. I)epressions near abuti-jents should be filled and. if 
extens've, the cause investigated

W.6.3 Timber Bridges. Loose longitudinal planks should be tightened and 
any broken deck or longitudinal planks replaced. Wid. gaps btwkeen deck planks 
may require a length of timber packing nailed into one side f the planks It j,;
desirable to hold small ste_ks of (he most frequentiy used timber sizes at the 
nearest field depot for urgent repctirs. the quantitv and sizos held depend on
availability" Timber should be stacked clear of the groLund v%ith adequate and esen
support, and with sufficient separation to allow the free circulation (if air. 

10.7 TREATMENT 0- SLIPPERY TIMBER DECKS 
A method of correcting slipperiness in urnber decking of bridgs using a sprayed
bituminous seal coat is as follows. 

* Remove all the high spots. sharp edges. and abrupt changes in level.
Caulk a!] gaps (e.g, with uimbcr strips or with oakurn) and cover all
knotho!es ald large gaps (eg with 5 mim thick black iron)

* Clean the deck thoroughly. allow to dry, and apply a tack coaLt;)etroleurm tars should not be used for til lack c atton decks rmad,, from 
,
creosoted unrise.sLoted unber w thle crosote c.an aLffect the seal COdtbond The surface to he ,ealed should priefrabl, not be crosote:d or

altcrnauvelv the crCoSote allowtd to dry thorouhlhk bfore-, applying !he 
seal coat 

* Appl\ a s-al coat of R90 bitumen with l () r 14 mm cover aggreg te.A premixed bitlnLu1noUs deck %waringsurfc. m1Wy also be used for this purpose

provided it des not oscrstress the structure. IPSUch cases, the deck should be

tight to minitise cracking of the surfacing. (The craniping of transverse devk
planks between longitudinal planks placed above and below tne deck and bolted
through tie deck planks. has been used as a means 
of tightening the dck) 

10,8 CATTLE GRIDS 
Cattle grids are sometime..s constructed in place of road boundaryl'encing on
lightly trafficked roads in sparsely populated areas. Inspections and maintenance
of these structures is similar to that for bridges and culverts

In particular they should be checked for loose, cracked or broken grid bas.cracked or broken welding, and exc.ssive silt. dir, or debris under the structure
The maintenance supervisor should know who owns each grid and be familiar
vith the road authority's policies or administrative procedures with respect to
 
their maintenance. 
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Cattle Grid

(A ,el inslal:ed and maintained cattle grid on an open surface road)
 



Bibliography 
The following bibliography contains two sets of ref-
erences. The first set consists of a reference for each 
selected text that appeared in the preceding part of 
this compend ium. The secord .se-t onsists of ref- . 
erences to additional publications that either were 
cited in the selected texts or are closely associated 
with material that was presented in the Overview 
and Selected Texts. Each reference has five parts 
that are explained and illustrated below. 

(a) Reference number: This number gives the 

Bibliografia 
La siguiente bibliografia contiene dos series 
de referencias. La primera serie consiste en 
una referencia para cada texto seleccionado 
que aparecio en la parte arnterior de este 
compendio. La segunda serie consiste de 
referencias a publicaciones adicionales que 
fueron mencionadas en los textos seleccio-
nados o que se asocian intimamente con el 

material quese present6 en la Vista General 
y los Textos'Seleccionados. Cada referencia 
tiene cinco partes que se explican e ilustran 
abajo 

(a) NOnero de referencia: Este n~mero d& 

Bibliographie 
La bibliographie qui suit contient deux cat-
gories de r6ferences. a premikre categorie 
consiste en Line r~f6rence pour chaque texte 
choisi qui est inclus dans la partie pr~c6dente 
de ce recueil. La deuxi~me categorie contient 
des references pour des documents qui ont 
soit 6t6 cit6s dans les textes choisis, ou soit 
sont 6troitement associ6s avec des 6crits qui 
sont presentes dans I'Expos6 ou les Textes 
Choisis. Chaque r~f~rence est compos~e de 
cinq parties qui sont expliqu~es et illustr6es 
ci-dessous 

(a) Numero de la reference: Ce num~oo 

\ . 

position of the reference within this particular bib
liography. It is used in the compendium index but 
should not be used when ordering publications. 

(b) Title: This-is either the title of the complete 
publication or the title of an article or section 
within a journal, report, or book. 

(c) Bibliographic data: This paragraph gives names 
of personal or organizational authors (if any), the pub
lisher's name and location, thedate of publication, 
and the number of pages represented by the title as 
given above. In some references, the paragraph ends 

la posici6n de larreferencia dentro de este 
bibliografla en particular. Se utiliza en el indice 
del compendio pero no deber utilizarse al 
pedir publicaciones. 

(b) Titulo: Este es el titulo de la pub!icaci6n 
complea o el titulo de un articulo o secci6n 
dentro de una revista, informe, o libro. 

(c) Datos bibliogr~ficos: Este par~gra o d6 los 
nombres de autores personales o organi zacionales 
(si hay alguno), el nombre del editor y su direccion, 
la fecha de publicacion, y el numero de paginas 
reprdsentadas por el titulo en la parte (b). En 
algunas referencias el partgrafo termina con 

indique Ia position de cette r6ference dans 
cette bibliographie. Ce numero est indiqu6 
dans I'index du recueil mais ne doitpas 6tre 
utilis& pour les commandes de publications. 

(b) Titre: Cela indique ou le titre du livre 
entier, ou le titre d'un article ou d'une section 
d'une revue, un rapport, ou un l stre. 

(c) Donn6es bibliographiques: Ce paragraphe 
indique les noms des auteurs personnels (quand 
il y en a) ou des auteurs collectifs (organisation), 
le nom de I'6diteur (;t son adresse, la date de 
I'bdition, et le nombre de pages qui sont in
cluses sous le titre dans (b). Certaines 
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with an orde- number for the publication in paren- dored, name and a, dress of the organization from 
theses. which it is available at i given. The order should in

(d) Availability information; This paragraph clude all information given in parts (b) and (c) 
tells how the referenced publication is available to above.
 
the reader. If the publication is out-cf-pri nt but (e) Abstract This paragraph contains an ib
may be consuited dt a particular !ibrary, the name stract of the )ublicat ioP whose title wvas given in
 
of the libriry is (ven. I f the publication can be or- partI (b)
 

un nu:mero deI pedido para lapubicacion en posee una copia. (2) La publicacion puede 
parentesis ser pedida de la organizacion cuyo nombre 

(d) Di-sporeb iad ce la rifrermacion: Este v ,direccion estan indicados. Elpedido debera 
paragrafc expiica que la publicacion referen- "nc/uirtoda la informaci' n dada en las partes 
ciada esta dis c onie ai 'ector en una de dos (b) y (c). 
formas ccmc sgue (I) La oubhicacieo esta 
agota,da peeo puecie ser consu~tada en la (e) Resurnen. Este paragrafo es an reshmen 
biblioteca indicada dcrde s cabe que se de Ia publcacion cyo tiulo se diO en la parte (b). 

references se termi,-nt, par un numero entre document peut btre commando a I'organiation 
paren.theses clqa ndimue le numero ce dont le nom et Iadresse sont Indiques ci. 
crmnmande 	 L 'ordre .,, commande doit inclure toutes les 

(d) Disponblite des Documents: Ce para- informations donn6es dans les parties (b) et 
graphe lndique les deux faQons dont le lecteur (c). 
peut acquerir es docIments; (1) Ledition est 
epuisee, mats une certaine biblotheque detient (e) Analyse: Ce paragraphe est tine analyse 
ce document e il peut etre consulte. (2) Le du texte dent le tire est cite clans la partie (b). 

1P,8 Illustration (from Comp. 1) Ilustracion (del Comp. 1) Illustration (du Recueil 1) 

(a) Reference number 
(a) Nilmero de referancia 	 Reference 5 
(a) 	 'Jum~ro de la rtif' rence A REVIEW OF HIGHWAY DESIGN PRACTICES IN 

DEVELOPING COUNTRIES 

Cron, Frederick W. Washington, DC: International 
(b) Title 	 Bank for Reconstruction and Development; 1975 May. 
(b) Ttulo 	 .57 p. 
(b) Titre 	 Order from: Internat!onaJ Bank for Reconstruction and 

Development, 1818 H Street, N.W., Wasiruigton, DC 
20433. 

(c) Bibliographic data 
(c) Datos bibliograficos 	 The design standards of some 150 highway projects
(c) Donn~es bib!iographiques 	 financed uy the International Bank for Reconstruction and Development between !960 and 1970 are re

viewed, and areas of agreement between the stand
ards of the 63 countries studied are identified;

(d) Availability information 	 practical highway standards based on these areas of 
(d) Disponibilidad de la informaci6n 	 agreement are sketched for the guidance of planners 
(d) Disponibilit6 des documents 	 in developing countries. The roads discussed hcre,

fall into three functional categories: a small groupof 
expressways, freeways and toll roads carrying large
volumes of traffic; a very large group of 2-lane 

(e)Abstract 	 highways carrying a wide range of traffic volumes 
(e) Resumen 	 serving both local and long distance traffic; and a 
(e) An;. vse 	 smaller group of Jow-traffic tertiary or spcal

purpose roads existing primarily for land service. 
Comments are made on the problem of classifying 

The order should include all information given in parts (b) and highway standards, and on the comparison of stand
(c) above. 	 ards. Conclusions regarding standards for the 

El pedido deberi incluir toda la informacion dada en las partes capacity- related elements of design and standards 
for the velocity-related elements of design (radius of

(b)y (c). 	 curvature, stopping sight distance, passing sight 
L'ordre do commande doit inclurp toutes les informations distance) are discuzsed, as well as the horizontal and 

donnies clans les parties (b) et (cl. vertical clearances for bridges. The standard live 
loadings for bridges, the structural capacity of 
pavements and legal load limits are covered, and 
conclusions relating to pavement design, design
standards for 2-lane highways, incremental 
development of highways, and levels of service'are 
presented. 



SELECTED TEXT REFERENCES 

Reference I 
DESIGN OF ROADSIDE DRAINAGE CHANNELS 

Searcy, James K.; U.S. Federal Highway Administra-
tion, Office of Engineering, Bidge 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 Engineering, Bridge Di.ision; HNG-31, 
Washington, DC 20590. 

Methods of open-channel design including the deter-
mination of both size of channel and the protection 
required to prevent erosion are discussed. The 
estimation of storm-water run-off from small areas, 
the hydraulics of drainage channels and their design, 
construction, maintenance, and economics are pre-
sented. The pu:..ication also includes illustrative 
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 hydraulic 
design of highway drainage structures, is intended as 
a working tool for the designer already fainiliar with 
the subject. The text includes a brief discussion of 
the principles of flo%% in open channels. Charts whil-h 
provide direct solution of the Manning equation for 
uniform flow in open prismnatic channels of various 
cross sections are presented, together with instruct-
ions for using them. A table of recomnmended values 
for n for use in the Mannri'n equation. t=ic. of 
permissible vei:,cities in earth and vegetated 
channels, instructions for constricting charts similar 
to those presented, aid a nornograph for use in the 
solution of the Manmg equai.trn are also incluced. 
Charts are included for rectanglar, trapezoidal, and 
triangular channeh, grass-lined channeli, and oval 
concrete pipe chann~els. 

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 Street, S.W., Washington, DC 20590. 

This handbook presents information regarding the 
properties of water and other fluids, as well as the 
principles 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 Hdzen-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 orifices and through culverts are also
 
included. Recent research on submergL' 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 appropriat(
 
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
rr.-!nt. Grantham, U.K.; 1974. Various paging. (Publica
tion TP549). 

Order from: Aveling-Barford, Ltd., Technical Publica
tions Department, Invicta Works, Houghton Road,
Grantham NG31 63E, 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) blaae control; (2) grading techniques; (3)
 
grader attachments. Grading instructions for all
 
Aveling-Barford graders have been included, and the
 
illustrations throughout show typical Aveling-Barford
 
graders in action. The book commences with ele
mentary instruction for new operators and moves on
 
to forms and situations of grading for experienced
 
operators.
 

Reference 5 
ROAD MAINTENANCE PRACTICE 
National Association of Australian State Road Author
ities. S):dncy; 1975. 136 p. 

Out-of-print; mna be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200, 
400 Seventh Street, S.W., Washington, DC 2054i0. 

This manual is intended to help and guide those
 
directing or planning maintenance work. It gives the
 
procedures for proper performance of routine mainte
nance; other publications are referred to for detailed
 
informaticn on specific tasks. The scope and organi
zation of the work are outlined. The treatment of
 
paved and unpaved roads and the maintenance of
 
efficient drainage are discussed. Advice is given on
 
the grading and formimi 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-Hili Book Company; 1976. 
584 p. 

Order from: McGra'k-Hill Book Compan., 1221 Avenue 
of the Americas, Ness York, New York I020. 

This handbook presents fundamentals needed to solve 
hydraulics probems and provides appropriate tables, 
graphs and computer techniques to facilitate so!u-
tions. In this 6th edition (see Reference 3 for 4th 
editvon) pertinent new material ha been included 
throughout the book. This edition also includes new 
material on tie metric sysie'n, tne design of pipe 
networks, and a completely rew,. section cescribir.g 
the applications of 'umericaj methods and c:g~ta! 
computers to hydraulic engieer . Tris section 
introduces h~drau!,c engineers to techniqueS used ,n 

190 programming problems for so!ut;on by digital
computers. It includes ten exam,ples of hydra'jlic 
engineering problems ' ith flow charts, correspondig 
computer pruobe's and outputs. An appendix to the 
new section prosides explauatoans of tue more un-
portant numerical methods used in applyirg compu-
ters to hydraulic problems. 

Ref'erence 7 

OPEN-CHANNEL HYDRAULICS 

Chow, Ven Te. New York, New York: McGraw-Hill 
Book Company; 1959. 690 p. (McGraw-Hill Civil 
Engineering Series). 

Order from: McGras-Hill Book Company, 1221 Avenue 
of the Americas, Ne, York, New York 10020. 

This book which gives a broad coverage of recent 
developments is organized into five parts; 5asic 
principles, uniform flow, gradually varied flow, 
rapidly varied flow, and unsteady flow. In Part I the 
type of flow in open channels is classified according 
to the variation in the parameters of flow with 
respect to space and time. The state of flow is 
classified according to the range of the invariants of 
flow with respect to viscosity and gravity. Four 
coefficients for velocity and pressure distributions 
are introduced. The energy and rnomentum principles 
which constitute the basis of interpretation for most 
hydraulic phenomena are treated thoroughly. In Part 
I, several uniiorm flow formulas are introduced. The 
design for uniform flow covers nonerodible, erodible 
and grassed channels. In the third Part, several 
methods for the computation of flow profiies ate 
discussed. A new method of direct integration is 

introduced which requires the use of a varied flow 
function table. The method of singular points for the 
analysis of flow profiles is also discussed. Part IV 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 
Traffic Operations, Bridge Di.iion, Hydraulics Branch; 
1967 June. (Reprinted 197S February). 'Various paging. 
(Hydraulic Engineering Circular Number 11). 

Order from: U.S. Federal Highway Administration, 
Office of Engineering, Bridge Division, HNG-31, 'WVash
ington, DC 20590. 

The design and construction of riprap protection for 
highway ernbankments and streombanks are 
described, and the design criteria used by several 
governmental agencies are compared in an appendix. 
A sample specification for riprap is also appended. 
The riprap slope protection discussed here include: 
dumped riprap (graded stone dumped on a prepared 
slope), hand-placed riprap (stone laid carefully by 
hand or derrick following a mere or Ies-, definite 
pattern with the voids between the larger stone filled 
with smaller stone and the surface kept relatively 
even), wire-enclosed riprap (stones placed in wire 
baskets or wire covered mats), grouted riprap (riprap
with interstices filled with portable cement mortar), 
concrete riprap in bags (concrete in cement sacks or 
suitable burlap bags handplazed in conwict with 
adjacent bags), and concrete slab riprap (plain or 
reinforced concrete slabs poured or placed on tile 
surface to be protected). A filter layer under all 
riprap is essent.a-: unless the jank material meets the 
filter requirements. It is also noted that broken 
concrete may be substitutec for stone when it meets 
the requirements for stone. 

Reference 9 
TENTATIVE DESIGN PROCEDURE FOR RIPRAP-
LINED CHANNELS 

Anderson, Alvin C.; Paintal, Amreek S.; Davenport, 
John T. Washington, DC: Highway Research Board; 
1970. 75 p. (NCHRP Report 108). 

Order from: University Microfilms International, 300 
North Zeeb Road, Ann Arbor, Michigan 43106. 

The erosion-resistant riprap lining has protective 
qualities which lie between those of a grassed 
drainage channel and a concrete-lined drainage chwn
nel. It consists of a layer of discrete fragments of 
rock of sufficient -.ize 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 
into two groups. In the first group are those that 
serve as median or side ditches for the drainage of 
the roadways. These are relatively small and often 
approach a triangular cross section because of the 
relatively flat side slopes and generally small botton 
width. In the second group are large drainage 
channels that convey a larger discharge and are 
usually trapezoidal in cross section. A set of design 
charts for each type has been prepared. Limited 
experimental d.. a are presented which serve to 
verify the design procedure, to test the efficacy of 
channels designed ac:cording tO this procedure, and to 
examine somewhat more closely the phenomenon of 
leaching of base material through the riprap inter-
stices. The,.- experiments, although preliminary in 
character, indicate that the design procedures are 
suitable and incorporate sufficiently laige factors of 
safety to provide stable channels, 

Referencc IG 
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 Engineering 
Circular Number 15; stock number 050-002-00101-9). 

Order from: Superintendent of Documents, J.S. Gov-
ernment Printing Office, Washington, DC 20402. 

This circular presents design methods developed from 
recent research results for tenporary linings, vegeta-
tive linings and rock riprap liniigs. The temporary 
lining materials for which design information was 
produced were: bare soil, Erosionet 315 (a paper yarn 
with openings approximately 7/S-inch by l/2inch), 
jute mesh (woven mat with openings about 3/S-inch 
by 3/4-inch), stranded fib-.r glass roving with 
Erosionet 315, 3/8-inch fiber glass mat, l/2inch fiber 
glass mat, Excelsior mat (dried shredded wool held 
together with a fine paper net and secured with steel 
pins), and str-iw with Lrosionet. A complete des-
cription ef each temporary lining material is 
presented along with design charts. Maximum per-
missible depth charts, have been developed for three 
different types of vegetation: Bermuda grass of 
various lengths, uncut grass mixtures, and comm,-:. 
Lespedeza. The development of thc maximum per-
missible depth of flow curves for dumped rock riprap 
channel 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, composite 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 methed of programming channel
 
design procedure are detailed.
 

Reference 11 
HIGHWAY ENGINEERING 

3rd ed. Oglesby, Clarkson H. New York, 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 improvements in terms of 
savings to users in operating, time, and accident 
costs. Chapter 5 or. Highway Finance reviews past 
and present highway and urban transportation 
financing by the various levels of government and 
traces their effects. Chapter 6, Highway Surveys, 191 
Plans, Computations, emphasizes the importance of 
remote sensing (photograinmetry) and computers in 
modern practice. Chapter 7 treats the problems 
encountered in taking pr;perty for public purposes 
and in compensating osvers for land improvements 
and loss of light, air, view and priva.:y. It also 
outlines the legal and administrative problems asso
ciated with the displacement of people and activities 
from rights of way. Topics related to geometric 
design, traffic engineering, and highway safety are 
incorporated in chapters S, 9 and 10. Chapter II 
emphasizes the value of engineering analysis in 
highway engineering. 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 right ef 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 arid traffic control 
measures. The Chapters (13-19) on soils, bases, and 
pavements, present research findings and test results 
related to roadway and pavement design. A repre
sentative group of design procedures for 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. 



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 Bibliography. The subject terms listed are 
those that ame most basic to the understanding of 
the topic of the compendium. 

Subject terms thlt are not proper now ns are 
shown in owe cdse. Pcrsonal names that are listed 
generally represent the auZhors of selected texts and 
other rererences given in the bihibiography, but they 

Indice 
El siguiente indice es una lista alfabetica del 
vocablo del tema. rnmbres de oersonas. y 
nombres de organizacjones que aparecen 
en una u otra de as partes previas de este 
compendio. es decr,en ei Vista Generai. 

Textes Seleccocnacros, a Bblicgrafia Los 


192 vocablos del ter:ma CC s.--istean soti aqueilos 

bbsicos r-ecesarios ara el enteqd:mnientu de 
la rnateria del compenfio 

Los vocab'os dei terr-a que ccson norbres 
propros aparecen en !etras minUsculas Los 
nombres perscnales :iuo aparecen representan 
los autores de Ics tetos seleccionados y 
otras referer,cias ctagas en !abibografia. 

Index 
Cet index se compose dune [ste alphabetique 
de mots-cles, noms dauteurs. et noms dor-
ganisations qui paraissent dans une section 
ou une autre de ce recjeil, cost a dire dans 
I'Expose, les Textes Choisis. ou IaBtbhlo-
graphie Les mots-cles citrs scnt ceux qui 
sont le plus elementaires a la corrprehension 
de ce recueii 

Les mots-cl6s qui ne sont pas des noms 
propres sont imrprimr.s en minuscules. Les 
noms propres cites sor t ies rorns des auteurs 
des textes choisis ou de textes de reference 

may also represent people who are otherwise identi
fled with the compendium subjects. Personal 
names are listed as surname followed by initials. Or
ganizations listed are those that have produced in
formation on the topic of the compendium and that 
continue to be a source of information on the topic. 
For this reason, postal addresses are given for each 
organization listed. 

Numbers that follow a subject term, personal 
name, or organization name are the page numbers 
ot this compendium oil which thc term or name ap

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 informacibn sobre 
la materia del compendio y clue siguen siendc 
una fuente de informacibn sobre alguna 
parte o el alcance total de! compenio. Por 
esta razor se dan las direcciones postales 
oara cads organizacibn listeada. 

Los numeros que siguen a un vocablo del 
tema, nombre personal. o rombre de organi
zacion son los numeros de prgina del com

cites dans la bibliographie, uu alors les noris 
de personnes identifides avec les sujets de ce 
recueil. Le norm de famile est suivi des initiales 
des prbnorns. Les organisations citees sont 
celles qui ont ecrit sur le sujet de ce recueil 
et qui continueront d tre une source de docu
mentation. Les adresses de toutes ces organisa
lions sont incluses 

Le nrumero qui suii chaque rot-cid, nom 
d'auteur, ou nora d'organisation est le nurnero 
de la page ou ce non ou mot-cle parail. Les 
num6ros ecrits en chiffres romains se rappor



pears. Roman numerals refer to pages in the Over- alternative term or name that follows the word see. 
view, Arabic numerals refer to pages in the Selected 8ome subject terms and organization names are fol-
Texts, and reference numbers (e.g., Ref. 5) refer to lowed by the words see also. In such cases, relevant 
references in the Bibliography. references should be sought among the page num-

Some .ubiect terms and organization names are bers listed under the terms that follow the words 
followed by the word see. In such cases, the com- see also. 
pendiurn page numbers should be sought under the The foregoing explanation is illustrated below. 

pendic donde el vocablo o nombre aparecen. del compendio se encontraran bajo el t6rmino 
Los n~meros romanos se refieren a las paginas o nombre alternativo que sigue a la palabra 
en la Vista General, los nOmeros ar~bigos see. Algunos vocablos del tema y nombres 
se refieren a paginas en los Textos Selec- de organizaciones estan seguidos por las 
cionados, y los nrneros de referencia (por palabras see also. En tales casos las referen
ejemplo, Ref. 12) indican referencias en la cias pertinentes se encontraran entre los 
Bibliografia. nimeros de pagina indicadas bajo los t6rmi-

Algunos vocablos del tema y nombres de nos que siguen a las palabras see also. 
organizaciones estan seguidos por la palabra La explicacion anterior esta subsiguiente
see. En tales casos los nmeros de p~gina mente ilustrada. 

tent aux pages de "Fxpos6 et les numeros le mot-tie ou le nom d'organisation qui suit 
ecrits en chiffres arabF s se rapportent aux le terme see. D'autres mots-cles ou noms 

pages des Textes Q-o.sis. Les numeros de d'organisations sont suivis des mots see also. 
reference (par exempie Ref. 12) indiquent les Dans ce cas, les references qui les touchent 
numeros des references de la Bibliographie. se trouveront cit6es apres les mots-cles qui 

Certains mots-cles et noms d'organisationc suivent la notation see also. 
sont suivis du terme see. Dans ces cas, le Ces explications sont illustrees ci-dessous. 
num~ro des pages du recueil se trouvera apres 

llustracion (del Comp. 1) Illustration (du Recueil 1)Illustration (from Comp. 1) 

Selected Text page numbers Subject term and see also terms 
Vocablo del tcma y t6rminos see alsoNimeros de pigina en los Textos 

(ver tambi~')Seleccionados 

Num~ros des pages des Textes Choisis Mot-cli et see also
 

mountainous terrain (see also degree of curvature;
Organization name and address 

design speed; maximum gradient; radius of curva-Nembre y direcci6n de la organizaci 6 n 

Nom et advesso de l'organisation ttie; shoulder width): 11, 17, 34, 35, 38, 173, 175,
 

27, 234, 238 

- National Association of Australian State Road Author
2000,Overview page numbers and lvies(P.O. Box 3141, Bricldield Hill, N.SW. 


reference number Australia):
 
Nbrmero de p~gina en la Vista . publications, xxiii, Ref. 8, Ref. 9
 

General y Numiros de referencia
 
Num~ro des pages de I'Expose et no-passing markings and signs: 31, 95, 132
 

numros des references
 
non-passing sight distance, see stopping sight distance
 

Odier, L.: Ref.3 
Subject term and see term 

Vocablo del tema y t~rmino see (ver) Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14
 

Selected Text page numbers and referenceL 
number 

.Nmeros de pigine en los Textos 
Seleccionados y nulmero de refurenciaPersonal names 

Num6ros des pages des Textes Choisis atN mbres personales 
numiros des r~f~rencesNom=,s propres 
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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. 

chutes (see also batter drains): 
40, 42-45, 46, 51 

computer techniques: Ref. 6 

9, 10, 11, 26, 27, 33, 

Anderson, Alvin G.: Ref. 9, Ref. 10 

arid regions: 10, 12, 41-42 

Aveling-r3arford, Ltd. (Technica Publications Department,
'rvicta Works, Houghton Road, Grantham, Lincolnshire, 
NG3I 6JE, U.K.): xix, Ref. 4 

bank slopes, see slope banks 

batter drains (see also chutes): xx, 171, 176 

biblio graphies: xxi 
chainel design, 58-59 

construction, see channel construction; road building; 
terrace construction 

Cox, Allen L.: Ref. 10 

Creager's equation: 40 

critical depth: 24, 25, 26, 69 

critical flow: 24 

cross drainage charnels: 176 

crossfall: 1 9, 170 

bituminous materials (see also channel linings): 

Brater, Ernest F.: Ref. 3, Ref. 6 

155 culverts: xxi, 51, 177, 178 
inspection and maintenance, 182-186 

bridges: xxi, 177 
inspection and maintenance, 182-186 

cutoff wahls: 33, 42, 48 

Davenport, John T.: Ref. 9 

buoyancy ol channels: 35 debris clearing and removal: 183 
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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 

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 

design runoff: . 

design storm: 50 

channel construction: xvi, Ref. 1 
ditches: xviii, xx, !36-145 

borrow, 11 

channel design (see also design charts): xiv-xvi, 8, 14, 
28-45, 52-57, Ref. 1, Ref. 10 

checks, 11-12, 41-4k,
cleaning, xiv 

8 

channel economics: xvii, 50-51, Ref. I 
diversion drains: xxi, 173-174 

channel linings: xiv, xv, xvi, xviii, 11, 30-42, 51, 60, 175, 
Ref. 8, Ref. 9, Ref. 10 

bituminous, 36, 47 
combination, 35-36 
concrete, 33-35, 36, 43, 46-47, 54 
grass, xviii, 30-33, 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, II, 12, 28, 31, 32, 49, 62 

drainage: Ref. 11
of bituminous and concrete pavements, 168-169 
of gravel surfaces, 169-170 
of small areas, 13-18 
of unpaved surfaces, 170 

drains, see batter drains; catch drains; diversion drains; 
shoulder drains; side drains; subsoil drains; table drains; 
underground drains ar-' pits 

earth roads: xiv 

channel maintenance: 
Ref. 5 

xvi, 12, 49, 171-179, 183, Ref. 1, 
construction, 136-141 
mainteiance, 134-135, Ref. 5 

channel protection (see also channel linings; erosion 
prevention and control): xv, xvii 

channels, see buoyancy of channels; cross drainage 
channels; intercepting channels; open channels; 
rectangular channels; roadway channels; terraced 
channels; toe-of-slope channels; trapezoidal channels,
triangular channels; unlined channels 

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. 1, Ref. 8, Ref. 9 

filter blankets: 41, 47 

charts (see also design ,:harts. 38 
for calculating Manrng equation, xvi, 69, 71-85, Ref. 2 

Chow, Ven Te: Ref. 7 

floodways and fords: xxi, 176-177 

flow, see critical flow; sheet flow; steady flow; subcritical 
flow; supercritical flow; unsteady flow 



flumes, see chutes 

fords: xxi, 176-177 


formulas, see equations; rational formula and method; 
weir formula
 

Froude number: xvi, 7, 27, 43 


xiv, xix, 104-155

graders (see also grading): 

trading (fee also graders): xix-xx, 104-155, 170, 171,
 
174, Ref. 4 


gravel surfaces: xx, Ref. 5 


ground covers: xv 


gutters: 9-10
 

Highway Research Board (now Transportation Research
 
Board, 2101 Constitution Avenue, N.W., Washington, 

D.C. 20418): Ref. 9 


hydraulic jump: 33 


hydraulic radius: 7, 23, 32, 33, 69 


hydraulics (see also hydraulic jump; hydraulic radius): 

xiii, xv, xix, 19-27, Ref. 1, Ref. 3, Ref. 6, Ref. 7 


9, 1, 3estimation,
intercepting channels (see also catch drains): 


John Wiley & Sons Inc. (605 Third Avenue, New York, 

Ne York 10016): Ref. 11 


King, Horace Williams: xix, Ref. 3, Ref. 6 


lined channels, see channel linings 

loess soil: 46
 

low-volume roads: xiii
 

maintenance, see Lhannel maintenance; road maintenance 

Manning equation: xvi, 7, 19-20, 23, 26, 33, 69, Ref. 2,
 
Ref. 3 


Manning roughness coefficient, n: 7, 19, 30, 32, 33, 

37, 38, 60, 69, Ref. 2
 

Avenue of
 
McGraw-Hill Book Company, Inc. (1221 


the Americas, New York, New York 10020): Ref. 3, 

Ref. 6, Ref. 7
 

McWhorter, J.C.: Ref. 10
 

median swales: 9, 11 


National Association of Australian State Road Authorities 

(Box 3141, Brickfield Hill, New South Wales 2000
 
Australia): 


publications, xx, 182, Ref. 5
 

nomographs: 20, 69, 84, Ref. 2
 

nonuniform flow, see steady flow 

Oglesby, Clarkson H.: Ref. 1
 

open channels (see also design charts): xiii, xv, xvii, xvill,
 
19, 21, 34, 69, 86-87, 92-99, 175, Ref. I, Ref. 2, 

Ref. 3, Ref. 7
 

Paintal, Amreek S.: Ref. 9
 

peak runoff: 8, 14
 

pipes: Ref. 2, Ref. 3, Ref. 6
 

rainfall: 13-16
 
frequency analysis, 13-14
 
intensity, 13-16, 17, 18
 

rational formlla and method: xv, 7, 14, 16, 18, 60
 

rectangular channe's: 69-85
 

riprap: Ref. 8, Ref. I0
 

road building (see also road location, xx
 
earth roads, 136-141
 

road location: 8
 

road maintenance: xx, 166-186, Ref. 5
 
earth roads, 134-135, Ref. 5
 

roads, see earth road!; low-volume roads
 

roadway channels (see also table drains): 9, 10, 16
 

runoff (see also design runoff, peak runcff):
 
coefficient, 14-16, 60
 

13-18, 54-6, Ref. I
 

safety: 28
 
during inspection and repair, 182
 
factors, Ref. 9
 
of gradirg personnel, 106
 

scour: 11, 169, 170, 171, 173, 175, 177, 178, 179, 181
 

Searcy, James K.: Ref. 1,Ref. 8
 

sher: flow: 169, 179-180
 

shoulder drains: 177-179
 

side drains: xy., 173
 

side slope: xiii, xv, xviii, 30
 

slope banks: xiv, 146-147
 

small drainage areas: 13-18
 

soil, loess: 46
 

spillways, see chutes
 

steady flow: xv, 19
 
nonuniform flow, xvi, 23-24, 26-27, Ref. 3
 
uniform flow, xv-xvi, 9, 19-23, 24, 26, 92-99, Ref. 2,
 

Ref. 7
 

stilling basins: 33, 37, 43-44, 54
 

subcritical flow: 24, 26, 27, 33
 

subsoil drains: xxi, 177-179, 180
 

supercritical flow: 24, 27, 42, 44
 

table drains: xx, 171, 172
 

terrace construction: 151-153
 

195 



196 

terraced channels (see also terrace construction): xlv 


toe-of-slope channels (see also side drains). 9, 10 


trapezoidal channels: xviii, xx, 7, 20, 22, 29, 30, 33,
 
35, 50, 51, 69-85, Ref. 2 


triangular channels: 7, 69-85, Ref. 2 


underground drains and pits: 180-181 


uniform flow, see steady flow 


United States Army Engineer Waterways Experiment 

Station (P.O. Box 631, Vick:burg, 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 Administration, Office
 
of Engineering, Bridge Division, Hydraulics Branch
 
(HNG-31, Washington, D.C. 20590): Ref. 1, Ref. 2,
 

Ref. 8, Rei. 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
 

ueep holes: 35
 

w'eir formula: 26
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Compendium 1: 	 Geometric Design Standards for Low-Volume Roads. $12.00 
Normas de disefio geom6trico pai a caminos de bajo volumen. 
Normes de dimensionnement g6om6trique pour routes faible capacit6. 

Compendium 2: 	 Drainage and Geological Considerations in Highway Location. $12.00 
Consideraciones de drenaje y geol6gicas en la ubicaci6n de carreteras. 
Consid6rations sur les facteurs de drainage et de g6ologie qui influencent 

le choix de 1'emplacernent d'une route. 

Compendium 3: 	 Small Drainage Structures. $12.00 
Pequeias estrLucturas de drenaje. 
Petits ouvrages de drainage. 

Compendium 4: 	 Low-Cost Water Crossings. $9.00 
Travesias de agua de bajo costo. 
Ouvrages de franchissernent d'eau 6conomiques. 

Compendium 5: 	 Roadside Drainage. $9.00 
Drenaje del borde de la carretera. 
Drainage des bas-c6t6s de la route. 




