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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, 
adominant and universal need is for road systems 
that provide an assured and yet relatively inexpen-
sive means for the movement of people and goods. 
The bulk of this need is for low-volume roads that 
generally carry only 5 to 10 vehicles a day and 

Descripcidn del Proyecto
 
El desarrollo de la agricultura, la distribuci6n 
de viveres, la provisi6n de servicios de sanidad, 
y el acceso a informaci6n por medio de 
servicios educacionales y otras formas de 
comunicaci6n en las regiones rurales de paises 
en desarrollo todos dependen en gran parte 
de los medios de transporte. Aunque en ciertas 
6reas los medios de ferrocarril y agua 
desempehian una parte importante, una 
necesidad universal y dominante es para 
sistemas viales que proveen un medio ase-
gurado pero relativamente poco costoso para 
el movimiento de gente y mercancias. La 
gran parte de esta necesidad es para caminos 
de bajo volkmen que generalmente mueven 

Description du Projet 
Dans les regions rurales des pays en voie de 
d6veloppement, I'exploitation agricole, la 
distribution des produits alimentaires, I'acc~s 
aux services m6dicaux, I'acc~s & linformation 
par l'interm6diaire de moyens 6ducatifs et 
d'autres moyens de communication, d6pendent 
en grande partie des moyens de transport. 
Bien que les transports par voie f6rr6e et 
par voie navigable jouent un r6le important 
dans certaines regions, un besoin dominant 
et universel 6xiste d'un r6seau routier qui 
puisse assurer avec certitude et d'une fagon 
relativement bon niarch6, le d6placement 
des habitants, et le transport des marchan-
dises. La plus grande partie de ce besoin peut 

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

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

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

Con respecto a la economla, calidad, y 
rendimiento, el planeamiento, diseho, cons
trucci6n y manutenci6n de caminos de bajo 
volkmen para regiones rurales de parses en 
desarrollo pueden ser mejorados en gran 
parte por el uso de la tecnologfa de caminos 
de bajo vol6men que se encuentra disponible 
en muchas partes del mundo. Mucha de esta 
tecnologia ha sido producida durante las 
6pocas de desarrollo de lo que ahora son los 
paises mas desarrollados, y alguna se produce 
continuamente en los paises menos y mas 

Otre satisfaite par la construction de routes 
A faible capacit6, capables d'ac(commoder 
un trafic de 5 a 10 v6hicules par jour, ou 
plus rarement, jusqu'& 400 v~hicules par jour. 

L'utilisation des connaissances en tech
nologie, qui 6xistent d~j6 et sont acc~ssibles 
dans beaucoup de pays, peut faciliter I'6tude 
des projets de construction, tracd et entretien, 
de routes A faible capacit6 dans les r6gions 
rurales des pays en voie de d~veloppement, 
surtout en ce qui concerne 1'6conomie, la 
qualit6, et la performance de ces routes. La 
majeure partie de cette technologie a 6t 
produite durant la phase de d~veloppement 
des pay3 que l'on appelle maintenant d6



umented in papers, articles, and reports that have 
been written by experts in the field. But much 
of the technology isundocumented and exists 
mainly in the minds of those who have developed 
and applied the technology through necessity. In 
either case, existing knowledge about i',w-volume 
road technology iswidely dispersed geographi-
cally, isquite varied in the language and the form 
of its existence, arid isnot readily available for 
application to the needs of developing countries. 

In October 1977 the Trar,sportation Research 
Board (TRB) began this 3-year special project 
under the sponsorship of the U.S. Agency for 
International Development (AID) to enhance 
rural transportation in developing countries by 
providing improved access to existing information 

desarrollados. Parte de la tecnologia se ha 
documentado en disertaciones, articulos, e 
informes que han sido escritos por expertos 
en el campo. Pero mucha de la tecnologia 
no esta documentada y existe principalmente 
en las mentes de aquellos que han desarrollado 
y aplicado la tecnologia por necesidad. En 
cualquier caso, los conocimientos en exis-
tencia sobre la tecnologfa de caminos de 
bajo vol6men est~n grandemente esparcidos 

v! geograficamente, varian bastante con respecto 
al idioma y su forma, y no se encuentran 
facilmente disponibles para su aplicaci6n a 
las necesidades de los paises en desarrollo. 

En octubre de 1977 el Transportation 
Research Board (TRB) comenz6 con este 
proyecto especial de tres aflos de duraci6n 
bajo el patrocinio de la U.S. Agency for 
International Development (AID) para mejorar 

\vlloppv., et elle continue A6tre produite A la 
tiis di is ces pays et dans les pays en voie 
de de,.eloppement. Certains aspects de cette 
tec!nologie ont 6t6 document~s dans des 
artic,'es ou rapports 6crits par des experts. 
Mais une grande partie des connaissances 
n'6xiste que dans I'esprit de ceux qui ont 
d~velopp6 et appliqu6 cette technologie par 
n~cessit& De plus, dans ces deux cas, les 
6crits et connaissances sur la technologie 
des routes A faible capacit6, sont dispers6s 
g~ogr.niquement, sont 6crits dans des 
langues diff6rentes, et ne sont pas assez ais6-
me:,i accessibles pour 6tre appliques aux 
besoins des pays en voie de d6veloppement. 

En octobre 1977, le Transportation Research 
Board (TRB) initia ce projet, d'une dur~e 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 
guidance from aproject steering committee, 
TRB defines, produces, and transmits 
information products through a network 
of correspondents in developing countries. 
Broad goals for the ultimate impact of the 
project work are to promote effective use of 
existing information in the economic develop
ment of transportation infrastructure and 
thereby to enhance other aspects of rural 
development throughout the world. 

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

el transporte rural en los paises en desarrollo 
acrecentando la disponibilidad de la informa
ci6n en existencia sobre el planeamiento, 
disefo, construcci6n, y manutenci6n de 
caminos de bajo vol6men. Con el consejo y 
direcci6n de un comit6 de iniciativas para 
el proyecto, el TRB define, produce, y 
transmite productos informativos a trav6s 
de una red de corresponsales en paises en 
desarrollo. Las metas generales para el impacto 
final del trabajo del proyecto son la promo
ci6n del uso efectivo de la informaci6n en 
existencia en el desarrollo econ6mico de la 
infraesti'uctura de transporte y de esta forma 
mejorar otros aspectos del desarrollo rural a 
trav6s del mundo. 

Adem s de la recolecci6n y distribuci6n 
de la informaci6n t6cnica, se provee acciones 
recfprocas personales con los usuarios por 

am~liorer le transport rural dans les pays 
en voie de d~veloppement, en rendant plus 
accessible la documentation 6xistante sur la 
conception, le trac6, la construction, et I'entre
tien des routes 6 faible capacit6. Avec le 
conseil, et sous la conduite d'un Comit6 de 
Direction, TRB d6finit, produit, et transmet 
cette documentation A I'aide d'un.r6seau 
de correspondants dans les pays en voie de 
d6veloppement. G6n6ralement, raboutisse
ment final de ce projet sera de favoriser I'utili
sation de cette documentation, pour aider au 
d~veloppement 6conomique de l'infrastructure 
des transports, et de cette fagon mettre en 
valeur d'autres aspects d'exploitation rurale 
&travers le monde. 

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



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 and their needs, 
the definition of information products that match 
user needs, and the identification of informa-

,tional and human resources for development of 
the information products. Through its member-

medio de visitas de campafha, conferencias 
en los Estados Unidos de Norte Am6rica y en 
el extranjero, y otras formas de comunicaci6n. 

Comit6 de Iniclativas 

El Comit6 de Iniciativas se compone de 
expertos que tienen conocimiento de las 
caracteristicas ffsicas y sociales de los paises 
en desarrollo, conocimiento de las necesi-
dades de transporte de los paises en desarrollo, 
conocimiento de la tecnologia de transporte 
en existencia, y experiencia en su uso. 

Las funciones importantes del Comit6 de 
Iniciativas son las de asistir en la definici6n 
de usuarios y sus necesidades, de productos 
informativos que se asemejan a las necesi-
dades del usuario, y la identificaci6n de 
recursos de conocimientos y humanos para 

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

Comit6 de Direction 

Le Comit6 de Direction est compos6 d'experts 
qui ont Ala fois des connaissances sur les 
caract~ristiques physiques et sociales des 
pays en voie de d~veloppement, sur leurs 
besoins au point de vue transports, sur la 
technologie actuelle des transports, et ont 
aussi de I'exp6rience quant 6 l'utilisation 
pratique de cette technologie. 

Les fonctions majeures de ce comit6 sont 
d'abord d'aider Ad6finir les usagers et leurs 
besoins, puis de d6finir leurs besoins en 
mati~re de documentation, et d'identifier les 
ressources documentaires et humaines n~ces-
saires pour le d~veloppement de cette docu-

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

The project staff has responsibility for the prep
aration and transmittal of information products, 
the development of acorrespondence 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 trav6s de sus miembros el comit6 provee 
vinculos con actividades relacionadas con el 
proyecto y tambi6n una guia para la interacci6n 
con los usuarios. En general el Comit6 de 
Iniciativas proporciona consejos y direcci6n 
general para todos los aspectos del trabajo 
de proyecto. 

El personal de proyecto tiene la responsa
bilidad para la preparaci6n y transmisi6n de 
los productos informativos, el desarrollo de 
una red de corresponsales a trav~s de la 
comunidad de usuarios, y la interacci6n con 
los usuarios. 

Productos Informativos 
Se preparan tres tipos de productos informa
tivos: los compendios de la informaci6n 
documentada sobre relativamente limitados 

mentation. Par l'interm6diaire de ses 
membres, le comit6 pourvoit Ala liaison entre 
les diff6rentes fonctions relatives au projet, 
et dirige l'interaction avec les usagers. En 
g~n6ral, le Comit6 de Direction conseille et 
dirige toutes les phases du projet. 

Le personnel attach6 6 ce projet est respon
sable de la pr6paration et de la dissemination 
des documents, du d6veloppement d'un seau 
de correspondants pris dans la communaut6 
d'usagers, el de l'interaction avec les usagers. 

La Documentation 

Trois genres de documents sont prepar6s: 
des recueils dont le sujat sera relativement 
limit6, c'es syntheses de connaissances et 
de pratique sur des sujets beaucoup plus 
g~n6raux, et finalement des comptes-rendus 



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

Interactions With Users 

A number of mechanisms are used to provide in-

temas, la sintesis del conocimiento y pr~ctica 
sobre temas un poco mas 6mplios, y los 
expedientes de conferencias de caminos de 
bajo vol6men que est~n totalmente o parcial-
mente amparados por el proyecto. El personal 
de proyecto prepara los compendios a raz6n 
de unos 12 por afio; se utilizan consultores 
para preparar las sintesis a raz6n de 2 por 
aflo. Se publicar~n por lo menos dos expe-
dientes de conferencias durante el periodo 
de tres afios. En breve, este proyecto pretende 
producir y distribuir entre 40 y 50 publicaciones 
que cubran mucho de lo que se conoce de 
la tecnologia de caminos de bajo volumen. 

Interaccl.6n con los Usuarlos 

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

de conf6rences sur les routes A faible capacit6
qui seront organis~es compl~tenent ou en 
partie par ce projet. Environ 12 re'cueils par 
an sont prepar6s par le personnel attach6 
au projet. Deux synthbses par an sont 6crites 
par des experts. Les comptes-rendus d'au 
moins deux conferences seront 6crits dans 
une p~riode de 3 ans. En r~sum6, l'objet de 
ce projet est de produire et diss~miner entre 
40 et 50 documents qui couvriront 'essentiel 
des connaissances sur la technologie des 
routes A faible capacit6, 

Interaction Avec les Usagers 

Un certain nombre de m6canismes sont utilis6s 
pour assurer l'interaction entre le personnel 
du projet et la communaut6 d'usagers. Un 
bulletin d'information est publi6 dans chaque 

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

comunidad de usuarios. Se publican las 
noticias del proyecto en cada edici6n de la 
Transportation Research News. Se transmiten 
formularios de retroacci6n con los productos 
informativos para que los recipientes tengan 
oportunidad de decir c6mo benefician los 
productos y c6mo pueden ser mejorados. 
A trav~s 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 puede 
asistir directamente en problemas t6cnicos 
especificos. Surgen oportunidades adicionales 
para la interacci6n con los usuarios a trav6s 
de conferencias internacionales y nacionales 
en donde participa el proyecto. Finalmente, 
se organizan di~logos con estudiantes de 
palses en desarrollo que est~n inscriptos en 
universidades norteamericanas. 

num~ro de Transportation Research News. 
Des formulaires sont joints aux documents, 
afin que les usagers aient l'opportunit6 de 
juger de la valeur de ces documents et de 
donner leur avis sur les moyens de les am6
liorer. Au cours de visites semi-annuelles 
clans les pays en voie de d6veloppement, le 
personnel obtient de premiere main des sugges
tions sur le bon fonctionnement du projet et 
peut aider.6 r6soudre sur place certains 
probl~mes techniques sp~cifiques. En outre, 
des conf6rences tenues soit aux Etats Unis, 
soit &I'Mtranger, sont l'occasion d'un 6change
d'id~es entre le personnel et les usagers. 
Finalement, des colloques annuels sont or
ganisbs pour les 6tudiants des pays en voie 
de d6veloppement qui 6tudient dans les uni. 
versit6s americaines. 
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Overview 
Background and Scope 

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

Vista General 
Antecedentos y Alcance 

Caminos que son utilizados durante todo el 
afo deben estar proveidos con drenaje apro-
piado. El drenaje del camino comienza con 
la eliminaci6n de agua de la superficie del 
camino. El diseio correcto de sistemas de 
drenaje debe incluir: (a) la eliminaci6n de 
agua excedente por debajo del camino, (b) 
la provisi6n de zanjas laterales de tamahio, 
forma y pendiente longitudinal correctos, (c) 
la prevenci6n de erosi6n de las laderas laterales 
yzanjasdel camino, y(d)elflujodeaguaatrav6s 
de canales de drenaje naturales y artificiales 
sin causar daho al camino mismo. 

Los caminos de bajo vol6men, como se 
definen en el Compendio 1, son de Clase 1 

Expos6 
Historique et Objectif 

Pour qu'une route soit utilisable en toutes 
saisons, il faut qu'un dispositif de drainage 
convenable soit assur6. Le drainage d'une 
route commence avec 1'6vacuation des eaux 
de ruissellement de la surface de la route 
elle-m me. La conception d'un bon dispositif 
de drainage doit aussi comprendre: a) I'6vacua-
tion de tout excbs d'eau des couches infrieures 
de la chauss6e b) un ensemble de foss6s de 
drainage de dimensions, formes et pentes 
longitudinales adequates c) la pr6vention de 
I'6rosion des pentes des talus et des foss6s et 
d) I'6coulement des eaux d'origine soit naturelle, 
soit artificielle, de fagon Ace que I'6vacuation 
se fasse en causant le moins de dommage 

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

con un vol6men de tr~nsito de menos de 
TMDA 50, y caminos de Clase 2 con un TMDA 
de 50 a 400.. Muchas caracterrsticas de los 
caminos rurales de bajo volcmen pueden ser 
mejc.-adas a medida que aumenta el vol6men 
de tr~nsito. La capacidad de una pequefia 
estructura de drenaje (es decir, un tamahio 
com6n de tuberfa de alcantarilla, o su equiva
lente) se determina por su tamaho y pendiente 
y no puede ser economicamente mejorada. 
Adem6s, el vol6men de agua a drenar no se 
relaciona con el vol6men de trnsito sobre 
el camino. Las pequehias estructuras de drenaje 
deben ser medidas e instaladas correctamente 
como primer paso en el desarrollo del camino. 

possible au corps de la chauss~e. 
Les routes Afaible capacitY, selon la definition 

du Recueil.No. 1, comprennent les routes de 
la Classe 1 avec un trafic moyen journalier 
de moins de 50 (ADT) et les routes de la Classe 
2 avec un trafic moyen journalier de 50 A400 
(ADT). Beaucoup de caract6ristiques de routes 
Afaible capacit6 peuvent 6tre amelior6es au 
fur et mesure que le volume de trafic s'accrolt. 
La capacit6 d'un petit ouvrage de drainage, 
(c'est Adire une conduite ou canalisation d'une 
taille ordinaire) est determin6e par ses dimen
sions et sa pente, et ne peut pas 6tre agrandie 
de fagon 6conomique. De plus, le volume d'eau 
qui doit tre 6vacu6 par cet ouvrage n'a rien A 
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roadway. Small drainage structures should be 
sized and installed correctly as the first step 
in roadway development. The sizing should 
anticipate future changes in land use which 
may affect runoff. 

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

Las medidas deben anticipar futuros cambios 
en el uso del terreno que podrian afectar el 
drenaje del agua. 

El costo inicial de drenaje puede ser reducido 
por construcci6n en etapas. El primer paso 
en la construcci6n por etapas del drenaje para 
caminos de bajo volimen es pro,,eer una super-
ficie para toda intemperie de grava o tierra 

Xii 	 estabilizada. Esto incluye (a) una forma de 
mantener seco la fundaci6n del camino, (b) 
laderas laterales correctas para desaguar el 
agua de Iluvia de la superficie del camino, y 
(c) aberturas debajo de! camino en ubicaciones 
donde de otra manera el agua recolectarfa e 
inundarfa la superficie del camino. Estas aber-
turas proporcionan una superficie de camino 
utilizable atrav6s del ao. Si se combina una 

voir avec le volume de trafic de la route. La 
premibre phase de la construction de la route 
consiste en dimensionant et en installant 
correctement les petits ouvrages d'art. Le dimen-
sionnement doit 8tre calcul6 en pr6voyant ou 
en anticipant les changements futurs de 'utilisa-
tion du sol qui seraient susceptibles d'affecter 
le d6bit. 

On peut r6duire le coOt initial des ouvrages 
de drainage en utilisant la m6thode d'am6nage-
ment progressif aussi appel~e m6thode de 
mise en oeuvre Aplusieurs couches. Le premier 
stade de la construction d'un syst~me de 
drainage pour routes 6 faible c,,pacit6, est de 
pourvoir 6 une surface de roulement ioit en 
gravier soit .-n terrain am6lior6 qui soit prati-

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

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

This compendium presents information about 
general drainage design, but it stresses data 
that are necessary to.design and install culverts. 
Culverts are normally classified as structurGs 

superficie de toda intemperie con depresiones 
o vados en las travesfas mayores de vas de 
agua, el camino serfa utilizable en toda menos 
que las tormentas de Iluvia m~s pesadas. 

El segundo paso en Ir construcci n por 
etapas del camino de bajo volymen es el 
reemplazo de las depresiones y vados con 
travesas de agua para toda intemperie tales 
como alcantarillas grandes o puentes. Solo 
entonces puede Ilamdrsele ai camino uno de 
toda intemperie. 

Este compendio presenta informaci6n sobre 
el disefio general de drenaje pero le dA impor
tancia a los datos necesarios para disehar e 
instalar alcantarillas. Las alcantarillas normal
mente se clasifican como estructuras que miden 

cable en tous temps. Ce stade comprend: a) 
trouver le moyen de garder le corps de la 
chauss6e sec, b) une pente transversale con
venable pour faciliter le drainage de la surface 
de roulement, et c) un passage am6nag6 sous 
la route aux endroits o6 I'eau autrement s'accu
mulerait et inonderait la surface de roulement. 
Ces stades fournissent une surface de roule
ment qui peut 6tre utilis6e toute l'ann6e. Si 
on combine une surface de roulement qui peut
8tre utilis6e par tous temps, avec la construc
tion de radiers aux passages de rivi~res, on 
aura une route qui sera praticable par tous 
temps, sauf en cas de chOtes de pluies tr~s 
intenses. 

Le deuxi6me stade de la construction du 



measuring up to 6 m (20 ft) along the roadway 
centerline. It is possible to use the top of a 
large box culvert as a.part of the road surface, 

.. 

but most of the information presented here 
concerns culverts that are covered with 
embankment. Other drainage features, such 
as major water crossings, open channel 
design, and erosion control, will be presented 
in future compendiums. 

Rationale for This Compondlum 

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

hasta 6 m (20 pi6s) a lo largo de la Ifnea central 
del camino. Es posible utilizar In ne*a4: :jperior-

de una alcantarilla de caj6n como parte de la 
superficie del camino pero casi toda la informa-
ci6n aquf presentada se concierne con las 
alcantarillas cubiertas por el terrapl6n. Otras 
caracterfsticas de drenaje tales como travesias 
principales de vfas de agua, disehio de canal 
abierto y control de la erosi6n se presentar~n 
en futuros compendios. 

Exposici6n Razonada para Este Compendlo 

Este compendio incluye (a) los requisitos 
para un burn drenaje del camino, (b) las 
soluciones para los problemas generales que 
se encuentran en el diseho y construcci6n del 

syst~me de drainage, consiste &remplacer 
les radiers ou les gu~s par de grands ponceaux 
ou des ponts. C'est seulement &ce moment 16, 
qu'on peut parler d'une route praticable en 
toutes saisons. 

Ce recueil contient des renseignements sur 
le concept du drainage en g~n6ral, mais il 
met I'emphase sur les donn6es n6cessaires 
au dimensionnement et A l'installation des 
ponceaux. Les ponceaux sont g6nralernent 
des ouvrages d'art qui mesurent jusqu'a 6 m 
(20 pieds), install6s le long de la ligne m6diane 
de la route. IIest possible d'utiliser le haut d'un 
dalot comme partie int6grante de la chauss~e, 
mais la plupart des donn6es pr6sent6es ici 
concernent les ponceaux couverts par un 

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

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

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

drenaje del camino, y (c) la identificaci6n de 
los componentes principales que se deben 
considerar en el diseho del sistema total de 
drenaje requerido para un camiro. Las pequehias 
estructuras de drenaje se identifican como un 
componente especiffico que requiere atenci6n 
especial e individual por parte del ingeniero de 
diseio. xiii 

El primer paso en el disehio de una alcanta
rilla es el an~lisis hidrol6gico de la drea a ser 
desaguado. Este an~lisis le proporciona al 
disehiador con la informaci6n sobre carac
terfsticas de agua de desagee y flujo de 
corriente de agua y es la base para el diseio 
hidrulico de la alcantarilla. 

Muchos de los principios fundamentales de 
hidrologla fueron desarrollados para grande. 

remblai. D'autres ouvrages de drainage, tels 
que ceux utilises pour le franchissement de 
cours d'eau importants, les foss6s Aciel ouvert, 
et les ouvrages assurant le contr6le de I'6rosion, 
seront trait6s dans de futurs recueils. 

Objet de ce recuell 

Ce recueil comprend: a) les conditions 
requises pour un syst~me convenable de 
drainage des routes, b) la solution de probl~mes 
g6n6raux que I'on peut avoir lors du dimen
sionnement et de la construction des syst~mes 
de drainage, et c) l'identification des com
posants les plus importants qui doivent 6tre 
consid6r6s lors de la conception de I'infra



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

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

proyectos de control de inundaciones y pro-
blemas de provisi6n de agua. que involucran 
grandes Areas de .uencas. Las variaciones que 
son insignificantes en grandes Areas de cuencas 
se vuelven muy importantes en pequeiias Areas 
de drenaje. Por lo tanto al analizar ,Areas 
pequehas de drenaje se deben aplicar juicios 
ingenieriles v m~todos de aproximaci6n a los 
principios basicos de hidrologfa. El ingeniero 

AV de diseho debe esar al tanto de que el an6lisis 
hidrol6gico es aproximado y debe anticipar 
que ocurrir~n resultados inexactos de vez en 
cuando. El ingeniero debe aprender de estos 
errores y utilizar el conocimiento adicional 
en futuros an~lisis. Adems, no se ba disfrado 
ningtn sistema de drenaje para soportar ei 
flujo m~ximo posible. Se debe esperar y aceptar 
que a veces habr6 un fracaso. 

No se presenta en este compendio un f6rmula 

structure de drainage. Les petits ouvrages de 
drainage sont identifies comme un composant 
sp6cifique qui requiert I'attention particuli~re 
de l'ing6nieur. 

La premiere phase du dimensionnement d'un 
ponceau consiste A faire I'analyse hydrologique 
de la surface 6 drainer. Cette analyse fournit 
les donn6es sur le d6bit et les caract6ristiques 
de I'6coulement du cours d'eau, et forme la 
base sur laquelle on calcule le dimensionne-
ment hydraulique de l'ouvrage. 

La plupart des principes de I'hydrologie ont 
6t d6velopp6 pour les grands barrages et 
les problbmes d'alimentation en eau qui com-
portent des bassins versants trbs 6tendus. Des 
variations, qui sont insignifiantes dans les 
bassins versants tr~s 6tendus, devibnnent tr~s 

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

After the anticipated quantity of water to be 
passed has been determined, the culvert is 
designed according to the principles of 
hydraulics. The engineer must be able to 

universal para la determinaci6n del agua de 
desag~e en Areas de drenaje. Esto es porque 
todavfa no se ha desarrollado un "mejor" m6todo 
para estimar el desagie. Una comparaci6n 
entre las f6rmulas m~s utilizadas muestra que 
todas tienen varias faltas. Entre las desventajas 
m~s notables de estas f6rmulas hay (a) una 
falta de acuerdo con las curvas de frecuencia 
desarrolladas de datos observados de flujo de 
agua, (b) una inhabilidad para evaluar agua
ceros cortos (tormentas el6ctricas) si los datos 
se derivan de tormentas generales diseminadas, 
y (c) una fuerte dependencia sobre el juicio 
del disehiador para estimar los coefic!entes 
que tienen alcances arbitrarios que pueden 
duplicar 6 cuadruplicar el agua de desag~e 
estimado. 

Despu6s de que se haya determinado la 
cantidad de agua que pasard, se disefia la 

importantes quand il s'agit de drainer des 
6tendues plus modestes. Le jugement pro
f~ssionel de l'ing6nieur, et l'utilisation de 
proc6d6s approximatifs, doivent intervenir et 
6tre appliqu6s aux principes de bace de 
I'hydrologie quand il s'agit d'analyser le drainage 
de petites surfaces. L'ing6nieur donc, doit se 
souvenir que I'analyse hydrologique est ap
proximative, et qu'il doit s'attendre 6 obtenir, 
de temps 6 autre, des r6sultats variables. 

II devra se rappeler qu"' quelque chose 
malheur est bon" et pourra appliquer les con
naissances acquises de cette fagon au calcul 
de futurs ouvrages. De plus, aucun syst~me 
de drainage n'est conqu pour 6vacuer un d6bit 
maximum. II faut s'attendre 6 la possibilit6 d'un 
fiasco occasionnel et 'accepter. 



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

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

alcantarilla de acuerdo con principios hidr~uli-
co,. El ingeniero debe tener la habilidad de 
identificar las condiciones bajo las cuales 
operar6laalcantarilla. LosTextosSeleccionados 
incluyen nomograffas que le permiten al in-
geniero escoger los tamaos correctos de al-
cantarilla para las condiciones apropiadas. 

El ingeniero debe evaluar el funcionamiento 
de cada alcantarilla sobre un rango de valores 
de flujo. Curvas de rendimiento ayudar~n en 
la selecci6n del tamaho, forma, y material de 
la alcantarilla y la geometria de la boca de 

Ce recueil n'a pas la pr6tention de donner 
une formule universelle pour calculer le d6bit 
des surfaces 6 drainer, puisqu'aussi bien, il 
n'6xiste pas de m6thode qui soit "la meilleure" 
Une comparaison des formules g6n6ralement 
utilis6es, montre qu'elles ont toutes des d6fauts. 
Parmi leurs inconv6nients les plus insignes, 
on peut compter: a) un manque de conformit6 
des courbes de fr6quence developp6es en 
analysant des donn6eG de 1'6coulement du 
cours d'eau b) I'incapacit6 d'6valuer les averses 
locales (orages) si les donn6es sont deriv6es 
d'analyses de temp6tes g~n6ralis6es et c) le 
fait que ces formules d6pendent en grande 
partie du jugement de I'ing6nieur pour estimer 
les co6fficients variables qui peuvent doubler 
ou quadrupler 1'6valuation du d6bit. 

Apr6s que la quantit6 d'eau A6vacuer est 
determin6e, l'ouvrage est dimensionn6 selon 
les principes de I'hydraulique. L'ing6nieur doit 

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

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

entrada que satisfacen los requisitos del sitio 
al menor costo anual. Las curvas podr~n indicar 
oportunidades para aumentar el factor de segu
ridad y para mejorar la capacidad hidr~ulica 
con poco c ning~n aumento del costo. El 
disehador deberfa considerar el uso de alcan
tarillas multiples. El tamao reducido de los 
tubos individuales permitirfan su instalaci6n 
sin equipo pesado. Sin embargo, el disehador 
deberd reconocer que las alcantarillas con un 
di~metro de menos de un metro son diffciles 
de limpiar 6 reparar. 

6tre capable d'identifier les conditions sous 
lesquelles le ponceau doit op6rer. Les Textes 
Choisis comprennent des abaques qui per
mettront & I'ing6nieur de calculer les dimen
sions convenables de l'ouvrage par rapport 
aux conditions d'utilisation. 

L'ing6nieur devrait 6valuer le rendement 
de chaque ponceau pour des a6bits variables. 
Les courbes de rendement I'aideront pour 
faire le .choix des dimensions de I'ouvrage, 
de sa forme, du mat~riau dont il est construit, 
et de la g6om6trie du canal d'amen6e, choix 
qui doit r6unir A la fois toutes !es conditions 
requises, et un coOt annuel peu on6reux. Ces 
courbes peuvent lui indiquer les moyens d'aug
menter le facteur de s6curit6, et d'am6liorer 
la capacit6 hydraulique, pour un prix 6quivalent 
ou I6g6rement plus 61ev6. L'ing6nieur devrait 
prendre en consid6ration la construction de 
ponceaux multiples. Les dimensions r6duites 
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A culvert must be able to withstand the 
structural load placed upon it by the embank-
ment that covers it and by construction machinery 
and traffic that pass over it. A design method 
for determining the allowable structural load 
for corrugated metal pipe is given. Corrugated 
metal pipe is quite useful in the construction 
of drainage structures for low-volume rural 
roads because it is (a) quite light, (b) less 
subject to damage by handling, and (c) easy 
to assemble by unskilled or semiskilled laborers. 

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

Una alcantarilla est. disehiada como parte 
de un canal contfnuo. Deber6 cambiar lo 
menos posible las condiciones naturales de 
flujo. Si el pendiente de la alcantarilla es 
menos que el del canal, la boca de la alcan-
tarilla puede Ilenarse de sedimento. Si el pen-
diente es mds que el del canal, la salida de 
la alcantarilla puede causar erosi6n 6 Ilenarse 
con sedimento. Si la alcantarilla es demasiada 
pequeia para permitir el paso de desechos 
Ilevados por el agua, la 6rea de entrada puede 
obstruirse. Si la alcantarilla cambia la direcci6n 
de flujo del agua, puede ocurrir erosi6n en 
su entrada o salida. Las soluciones a estos 
problemas directamente reducen el costo de 
mantenimiento. 

Una alcantarilla deberA poder resistir el 
peso estructural colocado sobre ella por el 
terrapl~n y la carga de la maquinaria de 
construcci6n y tr~nsito que pasa. Se d6 un 

des canalisations peuvent permettre leur 
installation, sans l'utilisation de mat6riel lourd. 
Cependant, l'ing6nieur doit se souvenir que les 
buses ou dalots d'un diam~tre inf6rieur A 1 m 
(3.3 pieds), sont difficiles Anettoyer et A 
entretenir. 

Un ponceau est conqu comme faisant partie 
int6grante d'un cours d'eau ininterrompu et il 
devrait modifier le moins possible les conditions 
naturelles d'6coulement du cours d'eau. Si la 
pente longitudinale du ponceau est moindre 
que celle du cours d'eau, I'amen6e du ponceau 
peut se remplir de s6diments. Si, au contraire, 
la pente du ponceau est plus grande, I'exutoire 
risque de provoquer I'6rosion, ou de se remplir 
de s6diments. Si le ponceau est trop petit 
pour laisser passer les d6bris flottants, son 
canal d'amen~e peut ,treobstra6. Si le ponceau 
change la direction du cours d'eau, l'6rosion 
peut 6tre provoqu6e, soit Ason amen~e, soit & 

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

m6todo de disefo para determinar el peso 
estructural permisible para tuberia de metal 
corrugado. La tuberia de metal corrugado es 
muy 6til en la construcci6n de estructuras 
de drenaje para caminos de bajo vol6men 
porque es (a) bastante liviano, (b) no tan sujeto 
a dafio al manipularla, y (c) fcil de armar por 
los obreros no especializados. 

Tambi6n se incluyen criterios para el disefio 
estructural e instalaci6n de Alcantarillas de 
Tubo de Hormig6n Reforzado. Las alcantarillas 
de tubo de hormig6n pueden (a) costar menos, 
(b) estar m~s disponibles, (c) ser fabricados 
en situ de materiales locales, y (d) ser m~s 
resistentes a algunos quimicos. La capacidad 
de un tubo de hormig6n de resistir cargas 
estructurales es una funci6n del aguante de 
la pared de hormig6n del tubo. A su vez la 
resistencia 6 aguante de la pared de hormig6n 
del tubo es una funci6n del control del proceso 

son exutoire. La bonne solution de ces pro
blames r6duit imm6diatement les frais d'entre
tien. Un ponceau doit 6tre capable de subir 
la change structurale du remblai qui le re
couvre, la charge du mariel de construction, 
et celle du trafic routier. Une m6thode pour 
le calcul de la charge structurale admissible 
pour les buses m6talliques en t~le ondul6e 
est donn6e. Les canalisations en t6le ondul6e 
sont tr~s indiqu6es pour la construction des 
ouvrages d'art des routes A faible capacit6 
parce qu'elles sont: a) tr~s I6g~res, b) moins 
sujettes A8tre endommag6es par manipula
tion et c) sont faciles 6 assembler par la main 
d'oeuvre non sp6cialis6e. 

Des crit6res pour le calcul et l'installation 
des buses, ou dalots, en b6ton arm6, sont aussi 
inclus. Les canalisations en b6ton, peuvent, 
en certains cas, coOter moins que celles en 
m6tal, car elles peuvent 8tre coul6es sur place 



Discussion of Selected Texts 

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

de manufactura. Este control puede variar 
mucho, especialmente en la construcci6n en 
situ de la tuberfa. Cualquier tabulaci6n de 
alturas permisibles de terrapl6n para varios 
espesores de paredes de tuberfa de hormig6n, 
con 6 sin refuerzo, quiz~s no sean aplicables 
a las alcantarillas de tubo de hormig6n hechas 
en situ. 

Presentacl6n de los Textos Seleccionados 

El primer texto es Chapter 5, Road Drainage 
(capftulo 5, Drenaje de caminos) de Low-Cost 
Roads, Design, Construction and Maintenance 
(Caminos de bajo costo, su diseho, construc-
ci6n y manutenci6n), (UNESCO 1967; traducido 

avec des mat~riaux locaux, et el les peuvent 
8tre plus r~sistantes 6 certains agents chi-
miques. La capacit6 d'une conduite en b6ton 
Asubir une charge structurale, est fonction de 
la r6sistance de ses parois. La r6sistance des 
parois de la conduite, est, Ason tour, fonction 
du contr~le de sa manufacture. Ce contr6le 
peut varier beaucoup, sp6cialement pour les 
tuyaux fabriqu6s sur place. Les tables qui indi-
quent les hauteurs de remblai admissibles pour 
diff6rentes 6paisseurs de parois de tuyaux 
en b6ton, arm6 ou non, ne sont pas n6cessaire-
ment applicables aux tuyaux en b6ton fabriqu6s 
sur place. 

Discussion des Textet, Cholsis 

Le premier texte, chapltre 5, le drainage, 
(Road Drainage) du livre Low Cost Roads, 

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

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

al ing! s, 1971). Se reproduce el capftulo 
totalmente. 

La primera parte de este capitulo trata sobre 
el drenaje del camino, control de la erosi6n, 
y la estabilidad de terraplenes y cortes. Se d~n 
recomendaciones para el drenaje de la estruc
tura del camino. Se sefialan medidas de pre
venci6n para demoras y operaciones ineficientes 
de construcci6n durante temporadas de Iluvia. 
La segunda parte del capftulo trata sobre 
ubicaci6n y requerimientos de vas de agua 
para puentes y alcantarillas. 

El segundo texto Guidelines for the Hydraulic 
Design of Culverts (Pautas para el disefio 
hidrdulico de alcantarillas (AASHO, 1975) se 
reproduce totalmente. 

Design Construction and Maintenance, (Routes 
dans les pays en voie de d6veloppement, 
conception, construriion, entretien) publi6 par 
I'Unesco en 1967 et traduit en anglais en 1971. 
Ce chapitre est reproduit en entier. 

Le debut du chapitre discute du drainage 
de la route, de la protection contre I'6rosion, 
et de la stabilit6 des remblais et des d6blais. 
Des conseils sur le drainage des couches de 
la chauss6e, et sur les precautions Aprendre 
si on veut 6viter les d6g~ts et les retards dOs 
A la pluie pendant la construction, sont inclus. 
Le reste du chapitre concerne r'emplacement 
des ouvrages et les infrastructures. 

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

Un guide complet du dimensionnement 
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design only as they are related to the hydraulic 
design of culverts. 

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

Se presentan pautas comprensivas para los 
aspectos hidr~ulicos del disefo de alcantarillas. 
La funci6n de una alcantarilla es la de trasladar 
agua de desage a trav6s 6 desde el camino. 
Adem~s de esta funci6n hidr~ulica una alcan-
tarilla tambi6n deber6 soportar tr~nsito de 
construcci6n y vial y cargas de tierra. Por lo 

Xviii tanto el disefo de alcantarillas involucra diseio 
hidr~ulico y estructural. Este texto se refiere 
a los aspectos estructurales del diseio de 
alcantarillas 6nicamente como se relacionan 
al disefio hidr.ulico. 

El texto indica que el costo de alcantarillas 
individuales generalmente es relativamente 
poco pero que el costo total de su construc-
ci6n puede constituir una parte importante 

hydraulique des ponceaux est pr~sent6. La 
fonction d'un ponceau est de conduireles 
eaux de ruissellement sous la route, ou au-delA 
de la route. En outre de, cette fonction hydrau-
lique, un ponceau doit aussi supporter les 
charges du-mat6riel de construction, du trafic 
routier et des remblais de terre. Le dimensionne-
ment des ponceaux comprend donc le dimen-
sionnement hydraulique et le calcul des 
ouvrages. Le texte s'adresse au calcul des 
ouvrages seulement quand celui-
ci se rapporte au dimensionnement hydraulique. 

Le livre indique que le coOt de chaque pon-
ceau en lui-m~me, est relativement peu 6lev6, 
mais le coOt total de la construction de I'en-
semble des ponceaux constitue une part 

to the hydraulic design of each culvert. 
The third text, Drainage Studies from Aerial 

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

de los costos totales de construcci6n de un 
camino de bajo vol6men. Tambi~n es grande 
el costo total de una correcta manutenci6n de 
los sistemas viales de desagOe. La manutenci6n 
de las alcantarillas forman una gran parte de 
esto- costos. Se puede obtener un mejor ser
vicio de tr~nsito y una considerable reducci6n 
en el costo total de construcci6n y manuten
ci6n del camino por una selecci6n razonable 
de criterios de disefio y especial atenci6n al 
disehio hidr~ulico de cada alcantarilla. 

El tercer texto, Drainage Studies from Aerial 
Surveys (Estudios de drenaje de reconoci
mientos a6reos), fu6 publicado en Photogram
metric Engineering (Ingenieria Fotogram6trica) 
en septiembre de 1961. El Compendio 2 

substantielle du coOt total de la construction 
d'une route &faible capacit6. Le coOt total de 
I'entretien d'uri dispositif de drainage est 61ev. 
L'entretien des ponceaux y compte pour une 
large part. Un choix raisonnable de crit.res 
pour le calcul des ponceaux et leurdimensionne
ment hydraulique, r6sultera en une reduction 
notable du prix de revient total de la construc
tion et de I'entretien de la route, et en une 
amelioration de la circulation routi~re. 

Le troisi~me texte, Drainage Studies from 
Aerial Surveys (Etudes de drainage A I'aide 
de lev6s a6riens) est extrait de Photogram
metric Engineering, de Septembre, 1961-le 
recueil num6ro 2 de notre s6rie a d6jA introduit 
le concept de l'utilisation des photos a6riennes, 



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

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

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

present6 el concepto del uso de fotograffas 
a~reas como una herramienta ingenieril. Este 
texto lo amplia con su descripci6n de la 
observaci6n estereosc6pica de fotografias 
a6reas para el disehio de desagies. 

Habla sobre el uso de fotografias a~reas para 
la determinaci6n de Areas de drenaje. Incluye 
una ilustraci6n del m6todo utilizado para 
corregir la diagramaci6n de Areas de drenaje 
tomadas estereoscopicamente de fotograffas 
a6reas de terrenos con grandes diferencias de 
elevaci6n. 

Presenta varios otros m6todos para la determi-
naci6n de Areas de drenaje. Se hacen com-
paraciones de la cantidad de trabajo requerido 
y de la precisi6n de cada m6todo. Tambi~n 
se presentan otros datos de drenaje que son 
obtenibles de fotograffas a6reas. 

et ce texte decrit de plus I'emploi du stereoscope 
avec ces photos a~riennes pour I'tude du 
syst~me de drainage. 

Les photos a6riennes sont utilis6es.pour 
d6cider la localisation du drainage. Un exemple 
de la m6thode employ6e pour corriger le trac6 
des zones de drainage determin~es st~r6osco-
piquement d'apres des photos a6riennes de 
terrains qui ont de grandes differences d'616va-
tion, est inclus. 

Plusieurs autres proc6d6s pour d6terminer 
les zones de drainage sont discutes. On 
compare la valeur du temps necessaire pour 
la compl6tion des travaux et la precision de 
chaque m6thode. D'autres donn6es sur le 
drainage, obtenues d'apres les photos 
a6riennes, sont pr6sentees. 

Ce texte d6crit aussi differentes fagons de 

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

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

El texto describe m6todos de utilizaci6n de 
fotograflas a6reas para situar alcantarillas. 
Esta tecnica requiere el uso de fotograffas en 
gran escala (1:3000) que no son normalmente 
obtenibles en Areas rurales que requieren 
caminos de bajo voljmen. 

El cuarto texto, Hydraulic Charts for the 
Selection of Highway Culverts (Mapas hidr~u
licas para la selecci6n de alcantarillas viales), 
fu6 publicado por el U.S. Department of Trans-
portation como Engineering Circular No. 5 
(Circular No. 5 de Ingenieria Hidr~ulica.) Esta 
publicaci6n ha sido reproducida en toto de la 
reimpresi6n de abril 1977 de la publicaci6n 
original de 1965. Este texto tambi6n se puede 
obtener en espahiol (ver Bibliografia). 

Presume que el ingeniero ha determinado 
el volimen de agua que pasarA por la alcan

situer les ponceaux en utilisant les photos 
a6riennes. Cependant, cette technique 6xige 
des photos Agrande 6chelle (1:3000) qui ne 
sont pas normalement disponibles dans les 
r~gions rurales ayant besoin de routes Afcible 
capacit6. 

La quatri~me publication, Hydraulic Charts 
for the Selection of Highway Culverts (Gra
phiques hydrauliques pour la s6lection des 
ponceaux) a W publi~e par le U.S. Depart
ment of Transportation sous le titre Hydraulic 
Engineering Circular No. 5 (Circulaire de 
travaux hydrauliques No. 5). Ce texte, reproduit 
ici en entier, est celui de la r~impression en 
Avril 1977, de la circulaire originale publi~e 
en 1965. Cette circulaire est aussi publi~e en 
espagnol (Voir la bibliographie). 

IIest suppos6 que l'ing6nieur a d6termin6 
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The same organization also published 
Capacity Charts for the Hydraulic Design 
of Highway Culverts, Hydraulic Engineering 
Circular No. 10 (see Bibliography). These 
charts permit the direct selection of a culvert 
size without making detailed computations, 
but do not replace the nomographs in the 
selected text. The charts are not as compre-
hensive as the nomographs, nor do they cover 
as wide a range of conditions as are presented
in the selected text. 

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

tarilla, y habla sobre alcantarillas con control 
de flujo en su boca de entrada y de salida. 
Explica lahidr~ulicade lasalcantarillasfluyendo 
parcialmente Ilenas y con varias profundidas 
de agua de cabecera y cola. Tambi6n trata 
con las variaciones de la capacidad de alcan-
tarilla d~bidas a distintas formas de boca de 
entrada. 

El texto incluye una serie de nomografias 
X para uso en el disefio de alcantarillas; se d~n 

explicaciones para utilizar las nomograffas en 
la selecci6n de tamafo de alcantarilla. 

La misma organizaci6n tambi~n publica 
Capacity Charts for the Hydraulic Design of 
Highway Culverts (Diagramas de capacidad 
para el diseio hidrdulico de alcantarillas viales) 
(Circular No. 10 de Ingenierfa Hidr~ulica (Ver
Bibliograffa). Estos diagramas permiten una 
selecci6n directa de tamafo de alcantarilla 
sin hacer computaciones detalladas, pero no 

le volume d'eau qui doit 6tre 6vacu6, et les 
ponceaux control6s 6 I'amen6e et A I'exutoire 
sont discut6s. L'hydraulique des ponceaux, 
partiellement pleins, et avec des niveaux d'eau 
de diff6rentes profondeurs en amont et en aval, 
est expliqu6e. Les diff6rences de capacit6 des 
ponceaux, attributes aux variations des canaux 
d'amen6e, sont aussi discut6es. De plus, une 
s6rie d'abaque.pour le calcul des ponceaux, 
avec des explications sur leur utilisation pour 
determiner les dimensions de ceux-ci, est 
incluse. 

Le m~me organisme a publi6 Capacity Charts 
for the Hydraulic Design of Highway Culverts, 
Hydraulic Engineering Circular No. 10 (Cartes 
de capacit6 pour le dimensionnement hydrau-
lique des ponceaux, Circulaire de travaux 
hydrauliques No. 10. (voir bibliographie). Ces 

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

The textdescribes three methods of controlling 
debris. It lists the advantages of debris-control 
structures and the various classifications of 
debris. A guide is included for selecting the 
type of structures that are suitable for various 
debris classifications. Photographs of various 
debris-control structures and design drawings 
for some of the most common structures are 
included. 

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

El quintotexto es una reproducci6n de Debris-
Control Structures (Estructuras para el control 
de desechos), Hydraulic Engineering Circular 
No. 9 de Ingenierfa Hidrlulica, publicada 
por el U.S. Department of Transportation en 
marzo de 1971. 

Habla sobre los problemas causados por 
desechos Ilevados por el agua, y las estruc
turas que se utilizan para controlar esos 
desechos. Repetidas veces una acumulaci6n 
de desechos en las bocas de entrada de 
estructuras de drenaje es la causa de rendi
miento insatisfactorio 6 malfuncionamiento. Esto 
es especialmente cierto en los caminos rurales 
de bajo vol6men donde el mantenimiento de 

cartes permettent de choisir la taille des pon
ceaux sans se livrer Ades calculs d6taill6s, 
mais elles ne remplacent pas les abaques 
mentionn6es dans les Textes Choisis. Les 
cartes ne sont pas aussi completes que les 
abaques, et ne s'appliquent pas Aune aussi 
grande gamme de conditions. 

Le cinqui6me texte est reproduit de Debris-
Control Structures, Hydraulic Engineering 
Circular No. 9 (Ouvrages d'art pour le contr6le 
des corps flottants, Circulaire de travaux 
hydrauliques No. 9) publi6 par le U.S. Depart
ment of Transportation en mars 1971. II discute 
des probl~mes pos6s par les corps flottants, 
et les ouvrages d'art n6cessaires pour les 
contr6ler. L'accumulation de corps flottants A 
I'amen~e des ouvrages d'art cause fr6quemment 
leur mauvais fonctionnement ou, tout du moins, 



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

The design eng-neer can select appropriate 
and alternative schemes of protection for 

vas de agua es descuidado por limitaciones 
monetirias. 

El texto describe tres m~todos para el control 
de desechos. Numera las ventajas de estruc-
turas para el control de desechos y las varias 
clasificaciones de desechos. Se incluye una 
gufa para seleccionar el tipo de estructura 
apropiado para las varias clasificaciones de 
desechos. Se incluyen fotograffas de varias 
de las estructuras y dibujos de diseio de 
algunas de las estructuras m~s comunes. 

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

un fonctionnement qui ne donne pas complete 
satisfaction. Ceci est particuli~rement vrai 
des routes rurales Afaible capacit6, o6 I'entre-
tien des cours d'eau est n6glig6 par manque 
de fonds. 

Le texte d6crit trois m6thodes de contr6le 
des corps flottants. II6num~re les qualit6s 
des diff~rents ouvrages d'art, et les diverses 
classifications des corps flottants. Un guide 
pour la s6lection des ouvrages d'art, selon 
la classification des corps flottants, est present6. 
Des photographies de divers ouvrages d'art, 
et les plans des plus communs sont inclus. 

Le sixibme texte consiste en des extraits du 
rapport Practical Guidance for the Design of 
Lined Channel Expansions at Culvert Outlets 
(Guide pratique pour le dimensionnement des 
ouvrages d'extr6mit6) publi6 par le Hydraulics 
Laboratory of the U.S. Army Engineers Water-

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

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

The text ai;o gives recommended installation 

La parte seleccionada resume y demuestra 
la aplicaci6n de resultados de investigaci6n 
al disehio de extensiones de canal revestidas 
en bocas de salida de alcantarillas. Se pre
sentan ecuaciones y diagramas empfricas para 
estimar el estrego situado en las bocas de 
salida. Se describen el tamahio y forma de 
revestimiento y disipadores de energfa para 
controlar el estrego. 

El ingeniero de diseho puede seleccionar 
planes apropiados y alternativos de protecci6n 
para el control de la erosi6n en las bocas de 
salida de alcantarillas utilizando los datos 
inclufdos en este texto. 

El s6ptimo texto es una reproducci6n de 
Corrugated Metal Pipe; Structural Design 
Criteria and Recommended Installation Prac
tice (Tuberia de metal corrugado; criterios 
de disefo y prActicas recomendadas de 
instalaci6n), publicado por el U.S. Department 

ways Experiment Station, en Octobre 1974. 
Les extraits r6sument et d6montrent comment 

appliquer les r6sultats de recherches au dimen
sionnement des ouvrages d'extr6mit6. Des 
6quations empiriques, des graphiques et des 
tables sont pr6sent6s pour 6valuer 'effet 6rosif 
anticip6 A I'exutoire des buses et des dalots. 
Les dimensions et formes des rev~tements et 
ouvrages qui dissipent 1'6nergie et contr6lent 
I'afouillement local sont d~crites. 

En utilisant les donn6es incluses dans ces 
extraits, l'ing6nieur peut faire le choix entre 
plusieurs m6thodes de protection contre I'ero
sion des exutoires. 

Le septi~me texte choisi est reproduit de 
Corrugated Metal Pipe Culverts; Structural 
Design Criteria and Recommended Installa
tion Practices (Buses en m6tal ondul6; crit6res 
pour le calcul des ouvrages et recommanda
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practices. These practices ensure that the 
flexible pipe will perform structurally as 
designed. 

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

of Commerce, Bureau of Public Roads, en 1966. 
Se d6 un m~todo de disefio para determinar 

la carga estructural permisible para alcantarillas 
de tubo de acero y aluminio corrugado. Est~n 
inclufdos tuberfa remachada, soldada electri-
camente por puntos de resistencia, helicoidal, 
y empernada. Los diagramas de disefio per-
miten una rpida determinaci6n de la altura 
maxima permisible de terrapl~n para los di6-
metros dados de tuberia. 

El texto tambi6n d6 las pr~cticas recomen-
dadas de instalaci6n. Estas pr~cticas aseguran 

xxii el cumplimiento estructural de disehio del tubo 
flexible. 

El octavo texto es una reproducci6n de Rein
forced Concrete Pipe Culverts: Criteria for 
Structural Design and Installation (Alcantarillas 
de tubo de hormig6n reforzado: criterios para 
su diseho estructural e instalaci6n), publicado 
por el U.S. Department of Commerce, Bureau 
of Public Roads en 1963. 

tions pratiques pour leur installation), publi6 
par le U.S. Department of Commerce, Bureau 
of Public Roads, en 1966. 

Une m6thode de calcul des charges struc-
turales admissibles pour les conduites en t6le 
ou en aluminium ondul6 est present~e. Les 
conduites soud6es par points, riv~es, h6li-
codales, et boulonn~es sont incluses. Des 
graphiques et des tables permettent de calculer 
rapidement la hauteur maximale admissible 
des remblais selon le diam~tre des conduites. 

Ce texte donne aussi des recommandations 
pour l'installation des conduites. Ces m6thodes 
garantissent le fonctionnement structural des 
conduites flexibles. 

Le huiti~me texte, reproduit de Reinforced 
Concrete Pipe Culverts; Criteria for Structural 
Design and Installation (Buses en b6ton arm6; 
critres pour le calcul des ouvrages et leur 
installation), publi6 par le U.S. Department of 

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

Bibliography 

The Selected Texts are followed by a brief 
bibliography containing reference data and 
abstracts for 20 publications. The first eight 
describe the Selected Texts. The other 12 
describe publications that are closely related 
to the Selected Texts. 

Trata sobre y define los factores que afectan 
la resistencia de varios tipos de tuberfa rfgida. 
Presenta f6rmulas para la determinaci6n de 
cargas sobre los tubos bajo varios tipos de 
construcci6n de terrapl6n. Se describe un 
m6todo para evaluar los distintos tipos de 
tuberfa y fundamento que se requieren para 
varias alturas de terrapl6n. Se incluyen dia
gramas para simplificar los procedimientos de 
disefo. 

Una secci6n sobre la instalaci6n de tuberfa 
de hormig6n abarca (a) la construcci6n del 
fundamento, (b) la colocaci6n de la tuberra y 
(c) rellenando alrededor y sobre la tuberfa. 

Bibliografia 

Despu6s de los Textos Seleccionados hay 
una breve bibliograffa que contiene datos de 
referencia y abstractos para 20 publicaciones. 
Los primeros 8 describen los Textos Seleccio-

Commerce, Bureau of Public Roads, 1963. Les 
facteurs qui influencent la r6sistance des con
duites rigides sont d6finis et discut6s. Des 
formulps pour determiner les charges aux
quellec. - )nt soumises les conduites selon 
differents 1,'pes de remblais sont present~es. 
Une m6thode pour d6terminer les diff6rentes 
sortes de tuyaux et de berceaux n6cessaires 
pour diff6rentes hauteurs de remblais est pro
pos6e. Des tables sont incluses pour simplifier 
le calcul. Un chapitre sur l'installation des 
conduites en b6ton discute de: a) la construc
tion du berceau, b) l'installation des tuyaux et 
c) le remblai qui entoure les tuyaux. 

Bibliographle 

Les Textes Choisis sont suivis d'une br6ve 
bibliographie contenant les r6f6rence et les 
r6sum6s de 20 publications. Les huit premiers 



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

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

Aunque hay muchos artfculos, informes, y 
libros que podrfan haber sido nombrados en 
la bibliograffa, no es el prop6sito de 6ste con
tener todas las referencias posibles sobre el 
tema. La bibliografia contiene t6nicamente 
aquellas publicaciones de las cuales se selec
cion6 el texto 6 publicaciones b~sicas que 
se hubieran seleccionado si no hubiera Ifmite 
al nu'mero de p~ginas en este compendio. 

se rapportent aux Textes Choisis. Les autres 
douze Ades publications qui sont 6troitement 
apparent6es aux Textes Choisis. 

Bien qu'il y ait beaucoup d'autres articles, 
rapports et livres, qui pourraient tre inclus, 
l'objectif de cette bibliographie n'est pas d'6nu
m6rer toutes les r6f6rences possibles ayant 
rapport au sujet de ce recueil. Donc, notre 
bibliographie, telle quelle, se rapporte seule
ment aux publications dont nous avons s6lec
tionn6 des extraits, ou aux textes de base que 
nous aurions choisi aussi s'il n'y avait pas de 
limite quant au nombre de pages de ce recueil. 
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Selected Texts 
This section of the compendium contains selected 
pages from each text that is listed in the Table of 
Contents. Rectangular frames are used to enclose 
pages that have been reproduced from the original 
publication. Some of the original pages have been 
reduced in size to fit inside the frames. No other 
changes have been made in the original material ex-
cept for the inser!ion of occasional explanatory 
notes. Thus, any errors that existed in the selected 
text have been reproduced in the compendium 
itself. 

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

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 
p~ginas quo han sido reproducidas de la 
publicaci6n original. Algunas de las p~ginas 
originales han sido reducidos para entrar en 
los recuadros. No se han hecho ningunos 
otros cambios en el material original excep-
tuando algunas notas aclaradoras que de vez 
en cuando han sido agregadas. De esta forma, 
cualquier error que hubiera existido en el 
texto seleccionado ha sido reproducido en el 
compendio mismo. 

Los nimeros de p~ginas del texto original 

Textes Choisis 
Cette partie du recueil contient les pages 
s61ectionn6es de chaque texte qui est 6num6r6 
dans la Table des Mati6res. Les pages du texte 
original qui sont reproduites sont entour6es 
d'un encadrement rectangulaire. Certaines 
pages ont dO 6tre reduites pour pouvoir 
8tre plac~es dans I'encadeement. Le texte 
original n'a pas 6t6 chang6 sauf pour quelques 
explications qui ont 6t6 ins6r6es. Donc, si le 
texte original contient des erreurs, elles sont 
reproduites dans le recueil. 

La pagination originale apparalt 6 l'int~rieur 
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 atitle 
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 n6
merou de plginas para el compendio est~n 
fuera de los recuadros y aparecen en los 
m~rgenes -nedio izquierdo o medio derecho 
de las p~ginas. Los nimeros de p~ginas que 
se d~n en los indices del compendio se 
refieren a los del compendio. 

Cada texto comienza con una o mas p~ginas 
de material de introducci6n que contenfa la 
publicaci6n original. Este material general
mente incluye una p~gina titulo, un indice, 
o ambas. Los astericos que han sido agregados 
al Indice original significan lo siguiente: 

* Algunas p~ginas (o partes de pdginas) en 

A I'ext6rieur de 'encadrement, soit Adroite, 
soit Agauche de la marge exterieure des 
pages et est celle qui est cit6e dans la table 
des mati6res et dans I'index du recueil. 

Chaque texte commence par une ou plusieurs 
pages d'introduction qui 6taient incluses dans 
le texte original. Ces pages sont g6nerale
ment le titre, ou la table des mati6res, ou 
les deux. Des ast6riques ont t6 ajout6s A la 
table des matires d'origine pour les raisons 
suivantes: 

* Certaines pages, ou portions des pages, 
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the original document appear in the selected 
text, but other pages (or parts of pages) in this 
part of the original piblication have been 
omitted. 

**All page., in this part of the original document 
appoar in the selected text. 

The selected texts therefore include only those, 

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

Broken lines across any page of selected text in
dicate those places whero 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. 

esta parte del documento original aparecen 
en el texto original, pero otras p~ginas (o 
partes de p~ginas) en esta parte de la 
publicaci6n original han sido omitidas. 

** Todas las p~ginas en esta parte del docu-
mento original tambi~n aparecen en el 
texto seleccionado. 

Por lo tanto, 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 
I dition originale ont t6 omises. 

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

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

mentos originales que est&n precedidas por 
asteriscos en el (ndice de las publicaciones 
respectivas. 

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

pr6ced6s d'un ast~rique dans les tables des 
mati~res des publications respectives. 

Les lignes bris~es sur les pages des textes 
choisis indiquent les endroits o6 le texte 
original a W omis. A certains endroits, les 
textes choisis contiennent des explications 
qui ont t6 ins6r6es par le personnel attach6 
& ce projet. Ces explications sont entour~es 
d'un encadrement en pointill6 et commencent 
toujours par le mot NOTE. 
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5.1 SCOPE 

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

In the first part of this chapter, drainage of the road itself is con
sidered. The control of erosion and the stability of embankments 
and cuttings are discussed, followed by recommendations on the 
drainage of the road structure. Wet weather during construction is 
always an impediment to sound and speedy work and notes are 
given on defensive measures. 

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

5.2 DRAINAGE OF THE ROAD 

If a road structure is to perform adequately, care must be taken to 
remove the surface run-off by a suitable.crossfall and to ensure 
that any water which may gain access to the lower layers ofthe road 

*,structure is also removed. Precipitation is the chief source ofwater 
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on the road surface. With permanent surfacings the run-off to the 
edge of the bitumen surface is very nearly complete, but water can 
infiltrate and/or scour the shoulders on the way to the drainage 
ditches. Because of the impossibility of preventing some infiltra
tion at the edge of the bitumen surface, or through the shoulder, 
dense bases are desirable so that water cannot accumulate in the 
base. 

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

5.2.1 EROSION CONTROL 

Erosion is a work process, the erosive energy being supplied by 
nature in the form of wind and rain. The susceptibility of soils to 
erosion depends on the properties of the soil, the length ofthe slope, 
the gradient and the vegetative cover. Of these, the vegetative 
cover is by far the most important factor, since this dissipates the 
energy ofthe wind or the water. Silty, light sandy and uncompacted 
soils are more susceptible to erosion than the heavier clay soils, 
gravels and well-compacted materials. Local experience, especially 
agricultural practice, gives a useful guide to requirements in a par
ticular environment. Recent research work indicates that it should 
soon be possible .todefine the susceptibility of soils to erosion in 
simple terms. 

In desert areas, wind erosion is instanced by the drifting of sands 
caused by saltation and can give rise to problems of accumulation 
ofmaterial on the road structure. In order to stop sand drifting over 
the road surface, it ikgood practice to lift the road profile above the 
level of the surrounding country thus increasing the wind velocity 
over the road surface and keeping the road surface clear. Establish
ment of cover, either in the form of vegetation or a mineral film 
ofbitumen or similar material, over the loose sand in the area from 
which it is picked up by the wind, is the only real answer, but this 
is usually undertaken only as part of a much larger reclamation 
scheme. 

The main erosive force of water comes from falling raindrops 
when the intensities of precipitation are greater than 25 mm (1 in) 

7 
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per .hour.,In large catchments, however, sustained rainfall of less 
than 25 mm (1 in) per hour can often cause severe erosion if the 
water becomes concentrated in channels or streams. In the tropics 
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this factor which makes tropical rainfall far more erosive than that 

in temperate climates.The places most vulnerable to water erosion are the faces of 
cuttings and embankments, the road surface and shoulders, the 
sides, bottom and outfalls of drainage ditches. These will be dealt 
with in the following paragraphs. 



Compendium 3 Text 1
 

ROAD DRAINAGE 91 

5.2.1.1 Cuttings 

The cutting slopes normally used on rural roads in developing areas 
are usually too steep to prevent all risk of slips. General practice is 
to cut initially to quite steep slopes and to clear slips as they occur. 
Steep slopes have the advantage that they reduce the area subjected 
to the impact of raindrops. 

The particles of some clay soils in the tropics aggregate in clusters 
and produce a relatively free-draining structure2 3 ; other soils that 
are rich in iron or aluminium harden on exposure. In shallow 
cuttings of up to 5 m (15 ft) in depth such soils may be cut with 
almost vertical faces. 

With deeper cuttings more attention must be paid to the design 
of the slope, and benching and similar methods may be adopted to 
control the flow of water down the face ofthe cur'ing. Frequently 
guidance on safe slopes may be obtained from existing cuttings in 
similar soil nearby. Efforts should be made to encourage some form 
ofvegetation to grow over the face ofthe cutting to protect it from 
the effects ofsplash erosion. Mulching of the freshly prepared slope 
surfaces with grass, branches, etc. provides immediate protection 
and encourages the establishment of vegetation.

It is common practice to construct a cut-off ditch along the top 
of the cutting to prevent flow ofwater over the face of the cutting.
This practice is questionable, particularly where there is dense 
vegetation, for two reasons. Firstly, the drainage trench will cut 
through the root system of the vegetation which will considerably 
weaken the surface layer and may well itself initiate a slip. Secondly,
such drainage ditches are difficult to inspect and usually become 
blocked. The water can then stand and infiltrate into the ground,
often at the position of a critical slip plane, and this may give rise 
to a slip. Banks to direct the water laterally along a contour are 
preferred. If it is considered necessary to construct a cut-off ditch 
above a cutting, it should be behind a line at 450 through the toe of 
the cutting and at least 6 m (20 ft) back from the top of the cutting. 
In soils subject to erosion such ditches should be lined. 

5.2.1.2 Embankment slopes 

The majority ofembankments are placed at a slope of1 horizontal 
to I vertical. With well-compacted soil, this slope is normally safe 
for embankments up to about 8 m (25 ft) in height provided 
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vegetation is established on the slopes. For embankments more than 
8 m (25 ft) high, the slope will depend on the materials being used, 
and means must be provided to break up the flow of water down 
the length of the embankment face. 

It 	is usual practice on high embankments to carry the surface 
run-off from the road to selected points and discharge it down the 
embankment face by means of a drain lined with turf, concrete or 
metal from discarded bitumen drums. It is also good practice to 
construct benches to break the flow of water, or alternatively to 
place turf in horizontal lines along the face of the embankment at 
intervals of 1-2 m (4-7 ft). Similar results may be obtained by stak
ing down green brushwood or similar materials. 

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

5.2.1.3 Drainage ditches 

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

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

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

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

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

The slope of the sides of drainage ditches should generally not 
exceed I in 4 to minimise erosion. In addition to taking the surface 
run-off from the road and shoulders the side drains may also inter- . 
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cept sheet run-off from the surrounding country and they should 
discharge the waters collected where no damage to the road struc
ture or to adjoining land will result. In the tropics, particularly 
where water-tables are deep, there is great potential for infiltra
tion of water into the soil and for evaporation. Wide and shallow 
drainage ditches provide the maximum area for both phenomena to 
occur and such ditches are ideally suited to mechanical maintenance. 

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

With such ditches it is easy to lead water into contour drains at 
frequent intervals to discharge the water on to the surrounding 
ground. Where a minimum longitudinal fall of 1% for unpaved 
and 0"50 for paved drainage ditches cannot be obtained the water 
will not flow; percolation and evaporation must then be relied on 
for disposal of run-off, and the ditch designed accordingly. The 
maximum distance between contour drains must be limited, de
pending on the gradient and the cross-section of the ditch used. to 
prevent excessive water velocities which will cause erosion. Where 
the longitudinal gradient is small (up to 3°o) contour drains will 
normally be between 500 m and 1000 m apart. On steeper gradients 
and on the insides of bends where superelevation is used they will 
be required at shorter intervals. 4 

Turnouts are required more frequently with deep narrow ditches 
than with wide shallow ditches, but with the deeper drain it is more 
difficult to make the turn-out. For this reason V-shaped drains cut 
with one pass of the grader are not particularly satisfactory. In 
cuttings, where space is limited, deep narrow drains are often used. 
Through soils that are subject to erosion it will often be necessary 
to line the walls and inverts of such drains. 

5.2.2 CULVERTS 

It is usually necessary to carry water under the road at intervals 
by means of cuiverts. Where this can be done at a natural drainage 
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channel few problems arise, but where there is no natural drainage 
channel, and especially where the soil is easily erodable, particular 
attention will need to be paid to the discharge from the culvert in 
order to break up the concentrated flow.5 One relatively simple 
measure is to spread out the discharge water over a wide area which 
may be lined with concrete or rock (Fig. 5.3). 

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

5.2.3 SUBSURFACE WATER 

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

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

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

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

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

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

13 
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the road. Where the road runs across the contours, the spring line 
may be continuous beneath the road and agricultural drains must 
be installed in the subgrade to lead the springs into the side drains. 
In low-lying country, open drains at the sides ofthe road can func
tion to lower the water-table, provided outlets are available to 
conduct the water away. 

Although the installation of drains is fairly simple when the 
water-table is permanent, difficulties arise when the water-table is 
a temporary phenomenon confined to the wet season. Fortunately 
the extent of these temporary conditions is usually limited by the 

FIG. 5.3. Culvert withfanned outlet to minimise eosion. 

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

In designing retaining walls and bridge abutments, consideration 
must be given to the possibility ofwater collecting behind the walls. 
In situations where water could accumulate, a blanket of material, 
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graded to prevent silting,6 should be inserted against the wall and 
the water led away to the general drainage system by weepholes 
or preferably by a continuous back drain. Similarly, springs 
located in the faces of cuttings must be tapped by drains or rock 
toes--even piping judiciously driven into the cutting face may 
suffice-as otherwise progressive slumping of the surface will 
occur. In all instances the aim must be to prevent the build-up of 
hydrostatic pressures which might cause fiilure. 

When slips occur in cuttings and it ;; not possible to cut back to a 
more stable slope, counterfort drains filled with rubble and extend
ing below the slip plane are the usual remedial measures adopted 
to stabilize the slope. To dispose of surface water from the face of 
the cutting and prevent further softening of the soil, a secondary 
system of drains laid in a herringbone pattern should be constructed 
in the surface of the cutting.8 

5.2.4 DRAINAGE OF PAVEMENT LAYERS 

Pavement bases may be designed either to exclude water altogether 
or alternatively to permit the entry and egress of water. When 
effectively impermeable bases with a low voids content are used, 
e.g. soil-cement or well-graded crushed stone, drainage of the base 
is not necessary. When permeable and porous base materials are 
used, e.g. stone pitching or poorly-graded crushed stone, particular 
attention must be given to the drainage of the base layer. Base and 
sub-base materials should extend across the shoulders to the edge 
of the drainage ditches and the surface of the sub-base layer should 
be given an adequate crossfall to assist this drainage (Fig. 5.1). 

Recent investigations into moisture conditions under bitu
minous-surfaced roads in tropical areas' indicated that the occur
rence ofwet and weak subgrade conditions was rare and that, when 
it did occur, it could be attributed in the majority of instances to 
deficiencies in the drainage arrangements, which permitted the 
accumulation of surface water in the pavement layers. Had the 
layers been provided with adequate drainage outlets to the side 
drains then failure of the road would have been avoided. Fig. 5.4 
shows typical edge failures which have occurred where trench type 
construction was adopted with a poorly-graded crushed stone base 
overlying a heavy clay subgrade. 

15 
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5.2.5 	 SURFACE WATER DRAINAGE OF THE ROAD SURFACE 
AND SHOULDERS 

Rain falling on road surfaces and shoulders must be conveyed
efficiently and quickly to the side drains. Accumulations of water 
on earth and gravel roads will cause weakening and may ulti
mately lead to the road becoming impassable to traffic. Water 
lying on roads with permanent surfaces is an inconvenience and a 
hazard to road users and will usually lead to the formation of 
potholes. 

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

1;6 

Fic. 5.4. Typital edge failures due to using porous base materials in trench construction. 

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

Table 5.1 SUITABLE CROSsALLS IOr ROAD SURFACES 

Type qfsu Jrlce 	 ° o -... r'i 

Earth and gravel road surfaces and shoulders 3 to 4 .. 
Bituminous and corcrete road sufferings 2 to 3* (normally 21) 

a crossflfi of up to I i III (104"n) ra& k uwcdt. proksd" superclcvaton on bcnds. (Sc"Table 3 2 (Chip 31. 

Although a crowned road section is usual, lengths with con
tinuous crossfall occur at bends and it may also be more practical 
to use a crossfall on some straight lengths of road. In hilly terrain 

t:the longitudinal gradients on the road may be steep and much in 
excess ofthe transverse crossfall. In such conditions water will flow 
predominantly along the road and arrangements must be made to 
collect this water at intervals, especially where the road changes 
direction and where concentrated flow leaving the road could cause 
erosion of embankments. A cattle grid type of arrangement 
(Fig. 5.5) is useful in such circumstances. 

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

5.2.6 	 CARE OF EARTHWORKS AND PAVEMENT STRUCTURES
 
DURING CONSTRUCTION
 

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

17 
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5.2.6.1 Cuttings and excavations 

When forming all cuttings and excavations, care should be taken 
to work from the lowest point and to maintain a slope on the floor 
of the cutting so that surface water can drain rapidly out of the 

. . 
. it l?,, - ,2'~..
 

Fic. 5.5. Cattle grid type drain to collect water flowing longitudinally down the road on steep 
slopes in Malaysia. 

cutting area (Fig. 5.7). Where surface flow can enter the cutting 
area from the surrounding ground an intercepting drain should be 
cut to lead the water around the cutting area. Care should also be 
taken to keep a smooth surface on the floor of the cutting and 
remove any ruts that form. 
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It is particularly important to leave a wcl-shaped surface at the 
end of the day's work. It is generally better to stop the operation 
of plant completely during periods of heavy rain until the rain has 
stopped and the surface water has run off. Tryi:,g to keep the plant 
operating during such periods usually leads to rutt.ng and puddling 
of the surface; the plant cannot operate effiri_.ntly and the result 
is even longer delays waiting for the road to dry out when the rain 
has ceased. 

5.2.6.2 Fill 

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

FIG. 5.6. Properly shaped and well maimfained road cross-section in Kenya. 

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

Embankments should be formed with a crown at the centre so 

19 
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as to shed the water over the sides of the embankment; care must 
be taken to avoid leaving any areas ofuncompacted material at the 
edges. It is well worthwhile keeping a grader working continu
ously on the fill to maintain the surface in good shape. No un
compacted material should be left on the surface at the end of a 
day's work.. 

5.2.7 HAUL ROADS 

Haul roads may be on the road alignment or they may be separate
temporary roads made solely for the purpose of construction. 
Usually they will be temporary roads with earth or gravel surfaces. 
Provided they are kept in good shape, rain will rapidly run off the 
surface and earth-moving plant will be able to traverse them. The 
surface must be kept well-compacted and repeatedly graded so 

Cut NOT
uphill down 

Water Formation WaterSdrains tevet collects 

F d.5.7. Correct method of cutting to get proper drainage. 

that ruts do not form to hold water. Haul roads should normally
have a formation at least 7 m (24 ft) wide between the slopes down 
to the drainage ditches, and the drainage ditches should be shallow 
V-shaped drains, widened with a flat bottom if required, and 
capable of maintenance by a mechanical grader. Although haul 
roads may be only temporary works, money spent on constructing
and maintaining them is usually more than repaid through in
creased efficiency ofplant operation.

In regions with alternate wet and dry seasons, the engineer, while 
taking steps to prevent the accumulation of large quantities of 
water, may also use the rain falling in the wet season to minimise 
the effort needed in compacting embankments. Depending on the 
severity of the rains, construction may either be carried out during
the wet season or be commenced soon after the cessation of the 
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rains. In predominantly wet climates, it will normally be the aim 
to carry out earthworks in the seasons when rainfall is least and to 
provide a working platform by constructing at least the sub-base so 
that work can continue whenever possible during the wetter 
seasons. 

5.3 BRIDGES AND CULVERTS 

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

5.3.1 WATERWAY REQUIREMENTS 

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

Flood flows to be expected depend on the size, gradient and other 
characteristics of the catchment area drained and on the precipita
tion within that area. Accurate predication of maximum flood 
flows is rarely possible since the hydrological data needed on rain
fall and run-off is only available for catchments where long-term 
measurements have been made, usually for flood control, irrigation 
or power generation. The determination of adequate floodways 
is as yet more a matter of engineering judgement than of science. 
Local knowledge unsupported by written record may be quanti
tatively unreliable but will at least serve to indicate where flooding 
is likely to occur. 

21 
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Data on the size of existing drainage structures, on the size, shape 
and nature of the catchment areas, on the velocity of flow in 
channels together with rainfall data (however rudimentary) and 
on the highest flood levels recorded or witnessed provide a basis, 
albeit often imprecise, for the estimation of waterway openings. 
In forming such estimates it should be noted that the development 
ofthe land, e.g. forest clearing, possibly stimulated by the construc
tion of the road, can lead to a radical alteration in the run-off 
characteristics of the catchment area, which may produce signifi
cant increases in peak flood flows. 

Man y formulae have been used in v: rious countries for estimating 
waterway sizes. commonly emp'."A" riethod for run-offA ° 
determination is the Rational Forniula.10 

Q = C.I.A. (or Q = 366C.I.A. in metric units)
where Q = peak rate of run-off in cusecs (cumecs) 

C = percentage of run-off depending on the characteristics 
of the catchment. 

I = mean rate of rainfall during the time of concentration 
in inches/hr (mm/hr) 

A = drainage area in acres (hectares) 

Having determined the quantity ofwater to be passed, a velocity 
V must then be chosen which is a safe velocity from the point of 
view of scour, for the stream bed and banks and the structure 
through which it passes. As ageneral rule 2 m/s (6 ft/s) is a desirable 
maximum. Then the formula A = Q/V will give the required 
waterway area. 

It is important to note that the 'Rational Formula' assumes that 
the time of concentration is constant for a given catchment and 
that the peak rate of run-off is directly proportional to the mean 
rate of rainfall during the time of concentration. It is therefore a 
special case of the 'unit hydrograph' method'' which is now gener
ally accepted by hydrologists as being the most reliable and satis
factory method available at present for calculating rates of run-off 
from natural catchments. Probably the greatest source of error in 
in the Rational Formula is its inability to deal effectively with the 
characteristics of the catchment, since all variations in slope, shape, 
soil type and land use have to be taken into account by the appro
priate selection of the value of the co-efficient 'C'. In the 'unit 
hydrograph' method the more realistic approach is adopted of not 
only.varying 'C' but also varying the shape of the hydrograph. 

It would, however, be unreasonable to suggest that engineers 

http:Forniula.10
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should abandon the Rational Formula in favour of hydrograph 
techniques until more accurate and reliable rainfall and run-off data 
are obtained. The accuracy of any methods depends to a large 
extent on the accuracy of the data employed in it and it is con
sidered that the engineers concerned are a/ready making reasonable 
use of the inadequate data a,, dable to them. 

Altrmmatively a simple formula applicable to a limited region may 
be developed in which known flood flows are related to the area 
drained and the terrain and vegetation of the catchment,' 2 e.g. " 

n
 = KAQorB 
where Q and A are respectively the peak run-off and drainage area 

as previously given in the Rational Formula. 
B = the area of waterway required 
K = a constant depending on the terrain and vegetation of 

the drainage area 
and n = a power less than unity. 

The hydraulic calculations for bridges and culverts are straight
forward. 1 '4 Where piers are used, some constriction of the river 
channel may be caused and the effect of backing up on upstream 
water levels needs to be considered. 

In the early stages ofthe development ofa road it may be reason
able to consider submerged structures and accept that passage 
across the river will be impossible at times. In these instances flow 
across the approach embankments may also occur and steps must 
be taken to pave or otherwise protect the downstream slope of the 
embankments to prevent them from being breached. Similar treat
ment would also be appropriate where information on maximum 
flood flows is scanty or unreliable but where the additional cost of 
providing a safe waterway would be large in relation to the risks 
and possible inconvenience involved. 

Paved fords ('Irish Bridges') can usefull) be employed on many 
roads in developing countries, particularly in arid regions where 
watercourses are normally dry with the exception of a few days 
per year, or even per decade. In all cases a balance must be struck 
between the importance of the route, the delays caused to road 
users and the additional cost of the alternative culvert or bridge. 
Ford pavings are usually concrete, bituminous material or masonry. 
Curtain walls are provided to resist scour; alternatively gabions or 
rip-rap may be used. Water-depth indicators to warn traffic 
should be provided at all fords where the water may rise to 
dangerous levels. 

23 
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Another low-cost expedient is the submersible bridge, i.e. a 
bridge with openings.adequate to take normal flow, but which 
may be covered and therefore unusable in times of flood. They 
range from long embankments of soil as used in low-lying areas, 
e.g. in deltas, to solid masonry structures sometimes used over 
shorter crossings. The surface must be kept devoid of obstructions 
such as parapets in order not to impede the passage of flood water. 
Even so, such bridges offer considerable resistance to flood flow 
and must be designed for flood and floating debris loads. 

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

5.3.2 LOCATION OF STRUCTURES 

Bridges are expensive structures and road location should attempt 
to minimise their number and size. When the road must cross a 
river or large stream, careful consideration must be given to the 
siting of the bridge. A small bridge some 10-20 m (10-20 yards) 
long is similar in cost to about 800 m (I mile) of bituminised road 
while structures 100 m (100 yd) long may cost as much as 8-16 km 
(5-10 miles) of roadway. The shortest crossing is, however, not 
necessarily the cheapest, as foundation conditions and the stability 
of the river bed and banks must be considered. 

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

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

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

In minor structures, whether of precast concrete, reinforced 
concrete or corrugated metal, foundation pressures are usually low; 
in unstable ground conditions, the foundation should be over
excavated and back filled with a 60-120 cm (2-5 ft) layer of well
compacted granular fill material. It is in these conditions that 
flexible structures are seen to best advantage since structural 
distortion does not involve fracture and collapse. 

The simplest type of foundation for bridges is that in which the 
abutments or piers rest directly on a suitable soil stratum. Safe 
bearing pressures should be based on the results of the site investiga
tions"5 and allowance may need to be made for increased loading 
due to such hazards as the damming of the waterway with trees 
during floods. 

The danger of scour must be considered where abutments and 
piers are not founded on bedrock. The base offoundations must be 
taken below the level to which the river bed iseroded by scouring 
action during floods. The depth of many rivers increases during 
times of flood at a rate greater than that at which the water level 
rises. Several records indicate that the ratio of the increase in the 
depth of the bed to the rise in the water level is as much as 4:1 ; in 
extreme instances the ratio has been as great as 7:1. The erosive 
power of water varies as the square of the velocity and ultimately 
the channel reaches an equilibrium shape depending on the material 
of which the river bed is composed. Data on these equilibrium 
velocities for various bed materials are available and provide some 
indication of the likely amount of scour.1 3 Again, experience of 
local conditions and existing structures is the best guide and this 
experience can often be related to characteristic features of the river, 
e.g. the meander length. In some instances the paving of the river 
bed or the protection of the river bed with rip-rap may be needed. 

Abutments and piers founded directly on the bearing stratum 
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are generally constructed with cofferdams;. where dry weather 
flows are small and seasons well defined a simple bag cofferdam 
may suffice. In deeper water, or where the river bed above the 
bearing stratum consists of highly permeable or unstable deposits, 
a sheet pile cofferdam can be used and the piling may usefully be 
incorporated in the foundation as a protection against scour. 
Reinforced concrete caissons, constructed where necessary on a 
temporary dumpling, provide a useful alternative. For the heaviest 
foundations and largest structures, caissons sunk using compressed 
air may be necessary. In permanent deep water it is often economi
cal to dispense with cofferdams by sing piles as mentioned in the 
several methods given in the next paragraph. In these methods, no 
cofferdamming, underwater work or pumping is required, since 
all the construction is carried out above water. 

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

5.3.4 BRIDGE SUPERSTRUCTURES 

5.3.4.1 Loading 

Bridges are subjected to dynamic loads from traffic, the wind and 
temperature variations. Traffic loads consist of vertical loads and 
braking and tractive forces; wind and floating debris loads tend to 
overturn the structure and temperature effects engender longi
tudinal stresses. In view of the complexity of these factors man)' 
road authorities have idealised the loadings for which bridges under 
their jurisdiction must be designed. 6 Both bridges and roads are 
generally designed foj maximum permissible axle loads in the 
region of 10 tons. Where heavier axle loads are envisaged these 
must be specifically considered in the design. 
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Temperature variations tend to alter the length of bridges and, 

when these movements are restrained or prevented, the deck and 
supporting structure must be capable of resisting the stresses set up. 
Alternatively, joints may be used. The total amount of movement 
is directly proportional to the annual temperature range and where 
the movement does not exceed 5 mm (0.2 in) the simple breaking 
of the contact between the deck and piers is all that is needed. As 
movements increase, more sophisticated forms ofjoints and bearings 
will be required. 7 

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

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

5.3.4.2 Materials 

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

Prestressed concrete, the latest candidate in the bridge-building 
field, possesses the advantages ofboth. The more efficient use of the 
component materials, high-tensile steel and high-quality concrete, 
result in light members which are amenable to precasting tech
niques in favourable conditions. These members are only a little 
more cumbersome than equivalent steel sections and possess the 
maintenance advantage of normal reinforced concrete. Timber, 
when readily available, provides a useful material for bridges in 
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remote areas. It can be quicker and more economical to use l.cal 
timber as there is no need to transport plant and materials over lon.3 
distances. 

Maintenance of the structure must be considered at the design 
stage, in relation to both materials and environment. For instance,
steelwork will corrode, especially in coastal environments with 
on-shore winds. Careful attention should be paid in design to avoid 
situations which will cause water to be trapped where inspection 

FIG. 5.8. Dismantling launchin,, nosr.rom steel bridge in Sierra Leone. 

will be difficult and where cleaning and repainting cannot easily
be carried out. Similarly in reinforced concrete an adequate cover 
of dense concrete is requiied to protect the reinforcing steel against
corrosion, and the concrete mix must be sufficiently workable to 
ensure compaction around the reinforcement.' 8 1 9.2 0.2 

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

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

5.3.4.3 Standardisation 

The adoption of standardised designs for the smaller drainage 
structures, including bridges up to about 15 In (18 yd) long, can 
lead to economies and improvement in quality. Many road divi
sions undertaking both maintenance and improvement can usually 
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support a small yard where precast concrete products can be made. 
Output might be continuous or seasonal and, in some countries, 
might provide a useful wet season occupation for key staff who 
would otherwise be lost to the road authority. Products might 
include concrete pipes, fencing posts, short decking slabs and kerbs, 
the items being stockpiled for future use. 

When a major road construction project is being undertaken, 
precastirig on a more extensive scale may be economical. Standard 
designs for prestressed beams are available16 ; the resulting speeding 
up of bridgeworks reduces congestion at these points during 
construction. 
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HYDRAULIC', DESIGN OF CULVERTS 

1.0 Introduction 

The function of a culvert is to convey surface water across or from the 
highway right-of-way. In addition to this hydraulic function, it must also 
carry construction and Highway traffic and earth loads; therefore, culvert 
design involves both hydraulic and structural dev.gn. The hydraulic and 
structural designs must be such that risks to traffic, of property damage and 
of failure from floods are consistent with good engineering practice and 
economics. These guidelines are concerned with the hydrauliL aspects of 
culvert design and make reference to structural asuects only .; they are 
related to the hydraulic design. 

Structures measuring more than 20 feet along the roadwav centerline are 
conventionally classified as bridges. Many longer structures, however, are 
designed hydraulically and structurally as culverts. Culverts, as distinguished 
from bridges, are usually covered with embankment and are composed of 
structural material around the entire perimeter, although some are supported 
on spread footings with the streambed serving as the bottom of the culvert. 
Bridges are not designed to take advantage of submergence to increase 
hydraulic capacity even though some are designed to be inundated under 
flood conditions. For economy and hydraulic efficiency, culverts should be 

36 designed to operate with the inlet submerged during flood flows, if conditions 
permit.. At many locations, either a bridge or a culvert will fulfill both the 
structural and hydraulic requirements for the stream crossing. Structure 
choice at these locations should be based on construction and maintenance 
costs, risk of failure, risk of property damage, traffic safety, and' environ
mental and aesthetic considerations. All considerations in structure selection 
will not be discussed here, but there are advantages favoring culverts because 
of traffic safety aspects of bridge railing and of problems with bridge deck 
icing and concrete deterioration. 

Culverts are usually considered minor structures, but they are of great 
importance to adequate drainage and the integrity of the highway facility. 
Although the cost of individual culverts is usually relatively small, the total 
cost of culvert construction constitutes a substantial share of the total cost of 
highway construction. Similarly, the total cost of maintaining highway 
hydraulic features is substantial, and culvert maintenance accounts for a 
large share of these costs. Improved traffic service and a material reduction 
in the total cost of highway construction and maintenance can be achieved by 
judicious choice of design criteria and careful attention to the hydraulic 
design of each culvert. 
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2.0 Surveys 

For purposes of this section, site information from whatever source is
 
broadly classified as survey data. Sources of data include aerial or field
 
survey; interviews; water resource, fish and wildlife, and planning agencies;
 
newspapers; and flood plain zoning studies. Complete and accurate survey

information is necessary to design a culvert to best serve the requirements of
 
a site. The individual in charge of the drainage survey should have a general
 
knowledge of drainage design and coordinate the data collection with the
 
hydraulic engineer. The amount of survey data gathered should be commen
surate with the importance and cost of the proposed structure.
 

2.1 Topographic Features 

The survey should provide the designer with sufficient data for locating

the culvert and determining the hydraulic de.ign controls. All significant

physical features and culture in the vicinity of the culvert site should be
 
located by the survey, and especially those features which could be affected
 
by the installation or operation of the culvert. Such features as residences,
 
commercial buildings, croplands, roadways and utilities can influence a
 
culvert design; therefore, their elevation and location should be obtained.
 

The extent of survey coverage required for culvert design is related to
 
topography and stream slope. In streams .with relatively flat slopes, the
 
effects of structures may be reflected a considerable distance upstream and
 
require extensive surveys to locate features which may be affected by the 3 
culvert installation. 

2.2 Drainage Area 

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

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

'Purchase orders for maps should be addressed to Distribution Section. U.S. Geological Survey. 
r 	 1200 South Eads Street, Arlington, Virginia 22202. for areas cast of the Mississippi River. 

including Puerto Rico and the Virgin Islands. and to Distribution Section, U.S. Geological
Survey, Federal Center. Denver. Colorado 80225. for areas west of the Mississippi River. 

*. :including Alaska. Hawaii. Louisiana, Guam. and American Samoa. Alaskan maps may be 
* ordered from Distribution Section. U.S. Geological Survey. 310 First Avenue. Fairbanks. 
" Alaska qq7OL, 

2 
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2.3 Channel Characteristics 

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

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

2.4 Fish Life 

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

2.5 Highwater Information 

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

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

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

Unusual highwater elevations should be examined to ascertain whether 

3 
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irregularities existed during the flood, .such asblockage of the channel from 
drift or ice, or backwater from stream confluences. 

2.6 Exbting Structures 

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

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

1. 	Date of construction; 
2. 	 Major flood events since construction and dates of occurrence; 
3. 	 Performance during past floods; 
4. 	 Scour indicated near the structure; 
5. 	 Type of material in streambed and banks; 
6. 	 Alinement and general description of structure, including condition 

of structure, especially noting abrasion, corrosion or deterioration; 
7. 	Alinement and general description of structure, including dimen

sions, shape and material and flowline invert elevations; 
8. 	 Highwater elevations with datum and dates of occurrence; 
9. 	 Location and description of overflow areas; 

10. 	 Photographs; 
11. 	 Silt and drift accumulation; 
12. 	 Evidence of hebdcutting in stream; and 
13. 	 Appurtenant structures such as energy dissipators, debris control 

structures, stream grade control devices. 

2.7 Field Review 

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

3.0 Culvert Location 

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

4 
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Culvert location in both plan and profile is of particular importance to 
the maintenance of sediment-free culvert barrels. Deposition occurs in cul. 
verts, obviously, because the sediment transport capacity of flow within the 
culvert is often less than in the stream. The following factors contribute to 
deposition in culverts: 

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

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

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

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

3.1 Plan 

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

Ideally, a culvert should be placed in the natural channel (Figure 1). 
This location usually provides good alinement of the natural flow with the 
culvert entrance and outlet and little structural excavation and channel work 
are required. 

*.CNANNL .CHANNEL CHANNL7 

HIGHWAY_ 

Fig. 1-Culvert located Innatural channel. 

P 
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Where location in the natural channel would require an inordinately 
long culvert, some stream modification may be in order (Figure 2). Such 
modifications to reduce skew and shorten culverts should be carefully 
designed to avoid erosion and siltation problems.

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

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

3.2 Profile 

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

1NATURAL
CHANNEL 

NATURAL ALERN OCH ANNE. AT 

N HGWY4- ----- J ...--
ALTERNATE ALTERNA 
CULVER 

* CLVRLOCATION LOCATION 

[/TCHANNEL
 

RELOCAT . CHANGE 
CHANNEL " ' ,
 

RECOMMENDOE NOT RECOMMENDEO 

Fig. 2-Methods of culvert location where location In the
 
natural channel would involve an Inordinately long culvert.
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maintain. Modified culvert slopes, or slopes other than that of the natural 
stream, can be used to arrest stream degradation, induce sedimentation, 
improve the hydraulic performance of the culvert (Section 5.6.4), shorten the 
culvert, or reduce structural requirements. Modified slopes can also cause 
stream erosion and deposition; therefore, slope alterations should be given 
special attention to ensure that detrimental effects do not result from the 
change.
 

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

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

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

PAVED-I 

1ITRIEMEDLOCATION DENPIMUD INLET 

DEPOSITION NECESSARY 

OPEN OR CLOSED 

IDEHILL LMICATIONS 

CHAINNELCHANGEGRADIENT 

AIVAOXI#AATI AUA 
CHANNELORADIT 

CHANNELCHANGEGRADIENTMODIFICATION 

I 
CHANNEL XCAVAIION 

HIAOCUT 

/'ITACANNEL 

DOGRADINGCHANNIL 

Fig. 3-Possible culvert profiles. 
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4.0 Culvert Type 

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

4.1 Shape and Cross Section 

The shape of a culvert is not the most important consideration at most 
sites, so far as hydraulic performance is concerned. Rectangular, arch or 
circular shapes of equal hydraulic capacity are generally satisfactory. It is 
often necessary, however, for the culvert to have a low profile because of the 
terrain or because of limited fill height. Construction cost, the potential for 
clogging by debris, limitations on headwater elevation, fill height, and the 
hydraulic performance of the design alternatives enter into the selection of 
the culvert shape. Several commonly used culvert shapes are discussed in the 
following paragraphs. 

4.1.1 Circular 

The most commonly used culvert shape is circular. This shape is struc
turally efficient under most loading conditions. Various standard lengths of 
circular pipe in standard strength classes are usually available from local 
suppliers at reasonable cost. The need for cast-in-place construction is gen
erally limited to culvert end treatments and appurtenances., Design and 
construction specifications and methods of determining maximum cover for 
circular concrete and metal pipes are included in publications of the Amer
ican Association of State Highway and Transportation Officials, Federal 
Highway Administration, the American Society of Testing Materials, various 
State highway agencies, and others. 

4.1.2 Pipe Arch and EllIptIcal 

Pipe arch and elliptical shapes are generally used in lieu of circular pipe 
where there is limited cover or overfill. Structural strength characteristics 
usually limit the height of fill over these shapes except when the major axis 
of the elliptical shape is laid in the vertical plane. When compared to 
circular sections, these shapes are more expensive for equal hydraulic ca
pacity because of the additional structural material required. 

8 
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4.1.3 Box or Rectangular 

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

4.1.4 Arches 

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

44 4.1.5 Multiple Barrels 

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

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

4.2 Materials 

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

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

Other materials which are used in special situations are: 

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

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

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

4.3 End Treatments 

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

4.3.1 Projecting 

A culvert is considered to have a projecting inlet or outlet when the 
culvert barrel extends beyond the face of the roadway embankment. This 
common type of culvert end has no end treatment and is vulnerable to 
various types of failures. It is the least desirable from the hydraulic stand
point when used as an inlet to corrugated metal, thin-edged barrels. Rigid 
sectional pipe is vulnerable to displacement at culvert outlets, if not ade
quately supported. The projecting end is economical but its appearance is 
not pleasing and use should be limited to smaller culverts placed at minor 
locations, such as at driveways and in ditches where there would be 11o safety 
hazard to traffic. 

10 
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4.3.2 Mitered 

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

4.3.3 Pipe End Sections 

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

4.3.4 Headwalls and Wingwalls 

Headwalls and wingwalls are generally cast-in-place concrete structures 

commonly constructed on the ends of culvert barrels for the following rea
sons: 

1. 	To retain the fill material and reduce erosion of embankment slopes; 
2. 	 To improve hydraulic efficiency; 
3. 	 To provide structural stability to the culvert ends and serve as a 

counter weight to offset buoyant or uplift forces; and 
4. 	To inhibit piping (Section 6.2). 

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

Fig. 4-Flared-end section. 



Compendium 3 Text 2
 

more hydraulically efficient opening. Minor warping of the fill can accommo
date this more favorable orientation at most locations (Figure 5). 

Wingwalls aid in maintaining the approach velocity, aline and guide 
drift and funnel the flow into the culvert entrance. Wingwalls should be flush 
with box culvert barrels to avoid snagging drift. 

5.0 Hydraulic Design 

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

5.1 Design Flood Discharge 

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

Fig. 5--FIJI warped to fit culvert headwall normal to culvert. 
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5.2 Headwater Elevation 

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

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

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

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

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

5.3 Tallwater 

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

13 
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Fig. 6-A design technique for selecting culvert sizes In fGet terrain. 

A field inspection of the downstream channel should be made to deter
mine whether there are obstructions which will influence the flow depth. 
Tailwater depth may be controlled by the stage in another stream, headwater 
from structures downstream of the culvert, reservoir water surface elevations, 
tide stages or other downstream features. 

5.4 Outlet Velocity 

The outlet velocity of highway culverts is the velocity measured at the 
downstream end of the culvert and it is usually higher than the maximum 
natural stream velocity. This higher velocity can cause streambed scour and 
bank erosion for a limited distance downstream from the culvert outlet. 
Local scour at or near the culvert outlet should not b.e confused with 

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

on the outlet velocity except at full flow. The slope and roughness of the 
If the outletculvert barrel are the principle factors affecting outlet velocity. 


velocity of a culvert is believed to be detrimental and it cannot be reduced
 
satisfactorily by changing the barrel roughness or adjusting the barrel slope,
 
it may be necessary to use some type of outlet protection or energy dissipa

in the area will be helpful intion device. Inspection of existing culverts 
making this judgment. Various types of outlet treatment are included in 
Section 5.8 of these guidelines. 

5.5 Culvert Hydraulics 

The culvert size and type can be selected after the determination of the 
design discharge, culvert location, tailwater .and controlling design head
water. The hydraulic performance of culverts is complex and the flow char

an economicalacteristics for each site should be analyzed carefully to select 

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

5.5.1 Conditions of Flow 

There are two major conditions of culvert flow: (1) flow with inlet 
control and, (2) flow with outlet control. For each type of control, a 
different combination of factors is used to determine the hydraulic capacity 
of a culvert. Prediction of the condition of culvert flow is difficult; therefore, 
most designers assume that the culvert will flow with the most adverse 
condition. This assumption is both conservative and expeditious. 

5.5.1.1 Inlet Control 

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

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

A 

SURFACE~~~~~WATER ,.;i. , 

INLET UNSUP4ERGED 

INLET SUBMERGED 

OUTLET SUBMERGED . . . 

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

5.5.1.2 Outlet Control 

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

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

5.5.2 Performance Curves 

Performance curves are plots of discharge versus culvert headwater 
depth or elevation. A culvert may operate with outlet or inlet control over the 
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entire range of flow rates or control may shift from the inlet to the outlet. 
For this reason, it is necessary to plot both inlet and outlet control curves to 
develop the culvert performance curve. 

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

Performance curves aid in the selection of the culvert type. including 
size, shape, material, and inlet geometry, which fulfills site requirements at 
the least annual cost. The curves also may reveal opportunities for increasing 
the factor of safety and improving the hydraulic capacity at little or no 
increase in cost. A typical culvert performance curve is shown in Figure 9. 
Flood frequency has been added to the abscissa to aid in evaluaiing the risk 
of exceeding the design headwater with the selected culvert desig 

52 5.6 Entrance Configurations 

Entrance configuration is defined as the cross sectional area and shape
of the culvert face and the type of inlet edge. When a culvert operates in 
inlet control, headwater depth and the entrance 'configuration determine the 
culvert capacity and the culvert barrel usually flows only partially full. 
Entrance geometry refinements can be used to reduce the flow contraction at 
the inlet and increase the capacity of the culvert without increasing the 
headwater depth. The amount or degree of refinement warranted is de
pendent upon the slope and roughness of the culvert barrel, headwater 
elevation controls, tailwater, design flood discharge and the probability of 
exceedance, risk of damage, construction costs, the safety factor incorporated 
into the design, and other factors. Performance curves are an indispensible 
aid in evaluating the degree of inlet refinement that is warranted ( 3 ).1 

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

'Underlined numbers in parenthesis refer to publications listed in Section 15.0. References. 
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RECURRENCE INTERVAL IN YEARS 

5 10 25 50 100 2W0 
16 

1 INLET CONTROL - SOUARE EDGE 
4 2 ........ INLET CONTROL - BEVELED EDGE 

3 INLET CONTROL - SIDE TAPERED INLET 
4 --- INLET CONTROL - SLOPE TAPERED INLET 
"-5 OUTLET CONTROL - SOUARE EDGE 
6 -- OUTLET CONTROL - BEVELED EDGE 

12 -SIDE TAPERED INLET & .I, II 
SLOPE TAPERED INLET 
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Fig. 9-Performance curves for single box culvert 90:degree. 
wingwall. 

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

Table I gives entrance loss coefficients, ke, for computing entrance 
losses for outlet control flow. In iniet control, the effect of the entrance 
configuration is inherent in empirical charts and nomographs for the head
water--discharge relationships developed from research (1 , 2, 3). 

Various types of culvert entrances are shown.in Figures 10 throug.h 18 
and discussed in the following paragraphs. Reference 3 contains a full 
discussion of inlet improvements, design charts and procedures. 

18 
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TABLE I-ENTRANCE LOSS COEFFICIENTS 

Outlet Control. Full or Partly Full 

Entrance head loss He = ke (V/2 g) 

Type of Structure and Design of Entrance 	 Coefficient k. 

Pipe. Concrete 
Projecting from fill.socket end (groove-end) ........... ............. 0.2 
Projecting from fill. sq. cut end .................................. . 0.5 
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end)................................. 0.2
 
Square-edge................................................ 0.5
 
Rounded (radius = 1/12D) ...... .......................... 0.2
 

Miltered to conform to fill slope ..................... 0.7,
 
*End.Section conforming to fill slope ................. ........ 0.5
 
Beveled edges. 33.70 or 450 bevels .................... 0.2
 
Side- or slope-tapered inlet ......................................... 0.2
 

Pipe. or Pipe-Arch. Corrugated Metal 
Projecting from fill (no headwall) .................................. 0.9
 
Headwall or headwall and wingwalls square-edge ........... a.....
 
Miltered to conform to fill slope, paved or unpaved slope ................. 0.7
 
*End-Section conforming to fill slope ................................. 0.5
 
Beveled edges. 33. 0 or 450 bevels .................... ........... . , 0.2
 
Side- or slope-tapered inlet ............................. .......... 0.2
 

Box. Rein/breed Concrete 
Headwall parallel to embankment (no wingwalls) 

Square-edged on 3edges ............. I.. ...... .., -... ..... 0s 
Rounded on 3edges to radius of 1/12 barrel dimension, or beveled 

edges on 3 sides .............................................,0.2 
Wingwalls at 300 to 750 to barrel 

Square-edged at crown--------------------------- --- 0.4-.... 

Crown edge rounded to radius of 1/12 barrel dimension, or beveled 

top edge ..................................................... 0.2 
Wingwall at 100 to 250 to barrel 

Square-edged at crown .......................................... 0.5 
Wingwalls parallel (extension of sides) 

Square-edged at crown .......................................... 0.7 
Side- or slope-tapered inlet ........................................... 0.2 

*Note: 	 "End Section conforming to fill slope." made of either metal or concrete, are the 
sections commonly available from manufacturers. From limited hydraulic tests they are 
equivalent in operation to a headwall in both inlet and outlet contrnl. Some end sections. 
incorporating a closed taper in their design have a superior hydraulic performance. 
These latter sections can be designed using the information given for the beveled inlet. 

5.6.1 Conventional 

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

19 



Compendium 3 Text 2
 

. .Inlet. 
Fig. 1O-Thln-edge projecting 
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Fig. I -Groove 
inlet. 

end projecting 
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.. Fig. 12-Square edge 
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bell or groove end of a concrete pipe has a greater capacity than a square
edged inlet, whether projecting or in a headwall, and a square-edged inlet 
has greater capacity than a thin edged, mitered or projecting inlet. Although
the entrance loss coefficient cannot be used in computing the headwater 
elevation for culverts operating with inlet control, the efficiency of the various 
inlets for both inlet and outlet control is in general indicated by the ke values 
shown in Table 1. Conventional inlets are shown in Figures 10 through 14. 

Fig. 13-Mitered Inlet with slope paving. 

Fig. 14-Step-mitered Inlet. 
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5.6.2 Beveled 

Bevels similar to but larger than chamfers on the inlet edges of a culvert 
are the simplest type of inlet improvement. The bevels may be plane surfaces 
or rounded and are proportioned according to culvert barrel or face dimen
sions. The top and sides of box culverts and the perimeter of other shapes 
should be beveled, except that bevels may be omitted from that portion of 
the perimeter of round and arch shapes which is tangent to an inlet apron. 
The bell or groove end of a concrete pipe is equal in performance to a 
beveled entrance and is superior to the performance of a square-edged inlet 
in a headwall, as when the groove end is cut off. The entrance of a 
thin-walled culvert can be improved by incorporating the thin edge in a 
headwall or in a headwall with bevels. 

Bevels also improve the performance of culverts operating with outlet 
control, but not as much as with inlet control. The entrance loss coefficient, 
ke, is reduced by the use of beveled edges and they should be considered 
since little additional cost is involved. 

A beveled inlet is shown in Figure 15. 

5.6.3 Side-Tapered Inlets 

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

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

Fig. 2S-2eveled inlet with 
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by making the face sufficiently large that control will be at the throat at most 
flow rates. 

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

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

5.6.4 Slope-Tapered Inlets 

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

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

Figure 18 shows a slope-tapered inlet under construction. 
A full discussion of inlet improvements and design aids are contained in 

Reference 3. 

5.7 Barrel Characteristics 

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

Fig. 16-Sde-tapered Inlet- on 

box culvert. 
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Fig. 17a-Side.tapered Inlet for corrugated pipe culvert. 

Fig. 17b-Side.tapered Inlet for 
concrete pipe culvert. 

with outlet control at a lower discharge than a smooth pipe. Therefore, there
 
may be advantages at some sites in the use of smooth barrel materials on
 
steep slopes where the safety factor in capacity can be increased by inproving
 
the headwater elevation-discharge relationship for relatively large flow rates.
 

Barrel characteristics of roughness, length, slope, shape and size enter
 
into the determination of culvert capacity when flow is in outlet control. In
 
outlet control, head to overcome friction losses in the barrel is a part of the
 
total headwater depth required to pass the flow through the culvert. It is
 

I common practice for highway engineers to use the Manning equation to 
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Fig. 18-Slope-tapered Inlet 
under construction. 

calculated these losses. The accuracy of this equation is adequate for culvert 
hydraulic computations. Recommended Manning n values are given in Table 
2. More precise values can be .ound by use of Reference 4, but precise values 
are not considered warranted in most culvert design.

For full flow it has been found that the roughness coefficient of small
diameter corrugated metal pipe with helical corrugations is less than for pipe
with annular corrugations. However, the helix angle decreases with increasing
pipe diameter and the advantage disappears. For this reason and because 
culverts rarely flow full for the entire length, the same Manning n values are 
recomn-inded for annular and helical corrugated pipe. 

60 5.8 Outlet Design 

It is customary to use similar end treatments at the inlet aild outlet of a 
culvert. Often such designs are satisfactory,. but in many instances, they,
should be different because they serve different purposes. 

TABLE 2 

Values of n for commonly used culvert materials. 

Concrete 

Pipe -Bo7xe's 

0,012 0.012 

Crr0ugated Metal 

Small Medium Large
Corrugations Corrugations Corrugations

(2=, in. x Vain.) (3 In.xI in.) (6in.x 2 in.) 
Unpaved 0.024 0.027 0.030-0.033
25% paved 0.021 0.023 0.026
Fully paved 0.012 0.012 0.012 . 
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In general, culvert outlet end treatment does not affect culvert capacity.
 
The exception to this would be an energy dissipation device which raised the
 
pressure line or effective tailwater at the outlet and caused the culvert to flow
 
with outlet control rather than inlet control. Outlet structures are used for
 
three purposes:
 

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

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

channel and adjacent property.
 

Sconir at culvert outlets is caused by high velocity flow, flow confined to 
a lesser width and greater depth than in the natural channel and eddies 
resulting from flow expansion. Scour prediction is somewhat subjective since 
the velocity at which erosion will occur is dependent upon the characteristics 
of the channel bed and bank material, velocity and depth of flow in the 
channel and at the culvert outlet, velocity distribution, and the amount of 
sediment and other debris in the flow. Scour developed at the outlet of 
similar existing culverts in the vicinity is always a good guide in estimating 
potenti3l scour at the outlet of proposed culverts. 

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

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

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

Design information for some of the mor-. commonly used energy dissi
pators is contained in References 5 through 11. 

6.0 Special Hydraulic Considerations 

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

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

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

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

Figures 20 and 21 show culverts which failed from buoyant forces at the 
inlet end. 

Fi. "19-Damage to culvert
 
Inlets from hydraulic forces and
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Fig. 20-Culvert and roadway fill failure from buoyant forces. 
Culvert carried downstream. 

Fig. 21-Bending at culvert Inlet from buoyant forces. Both ends
 
of culvert are seen in this view.
 

6.2 Piping 

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

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

6.2.1 Joints
 

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

6.2.2 Anti-Seep Collars 

Piping should be anticipated along the entire length of the culvert when 
ponding above the culvert is ex,)ected for an extended length of time, such as 
when the highway fill is usc 2' as a detention dam or to form a reservoir. 
Headwalls, impervious material at the upstream end of the culvert and 
anti-seep or cutoff collars increase the length of the flow path, decrease the 
hydraulic gradient and the velocity of flow and thus the probability of pipe 
formation. Anti-seep collars usually consist of bulkhead type plates or blocks 
around the entire perimeter of the culvert. They may be of metal or of 
reinforced concrete and, if practical, dimensions should be sufficient to key 
into impervious material. Reference 13 is recommended for longitudinal 
spacing and dimension requirements. 

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

Fig. 22-Void from piping along culvert barrel. 
Inadequate space between pipes for good com
paction. 
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Fig. 23-Anti.seep collars. 

6.2.3 Weep Holes 

Weep holes are sometimes used to relieve uplift pressure. Filter mate
rials should be used in conjunction with the weep holes in order to intercept 
the flow and to prevent the formation of piping channels. The filter materials 
should be designed as underdrain filter so that it will not become clogged 
and so that piping cannot occur through the pervious material and the weep 
hole. Plastic woven filter cloth (6) should be placed over the weep hole in 
order to keep the pervious material from being carriec into the culvert. 

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

6.3 Junctions and Bifurcations 

It is sometimes necessary to combine the flow of two culverts into a 
single barrel. The junction should be designed so that a minimum amount of 
turbulence and adverse effect on each branch will" result. This is accom
plished by considering the flow momentum in each branch aid numerous other 
variables such as the timing of peak flows, low flow in one branch and high 
flow in the other. Supercritical f,, velocities add to the complexity of the 
problem. References 14 and 1, ,t publications treat the:her technical 
subject of junctions fc, supercvitic,.1 ,Aow. In critical locations, laborrtory 
verification of junction design 1: av:Ki le. 
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If a bifurcation in flow is necessary or desirable, it is recommended that 
the flow division be accomplished outside the culvert barrel. Problems with 
clogging by debris and the desired proportioning of flow between branches 
can be handled much more easily outside of the culvert. 

6.4 Traing Walls 

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

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

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

6.5 Sag Culverts 

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

Hydraulically, a sag culvert operates with outlet control and losses 
through the culvert can be computed by the procedures used for conventional 
culverts. Bend losses can be added to the usual losses, but these losses are 
usually negligible because of low velocities. Bend loss coefficients can be 
found in Reference 13. 

Fig. 24--Training walls at cul. 
vert entrance. 
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6.6 Irregular Alinement 

At some locations, it may be desirable to incorporate bends, either in 
plan or profile, in culvert alinement. When irregular alinement is advisable 
or desirable, bends should be as gradual and as uniform as is practical to fit 
site conditions. Changes in alinement may be accomplished either by curves 
or angular bends. When large changes are necessary, mild bends, e.g., 150 
at intervals of 50 feet, should be used. Passage of debris should be con
sidered in selecting the angle, interval and number of bends used to accom
plish the change in alinement. 

If the culvert will operate with inlet control, bend losses do not enter 
into the henadwater computation. If it will operate with outlet control, bend 
losses will be small. In critical locations, they should be calculated and 
added to the usual losses. Bend loss coefficients can be found in Reference 
12. 

6.7 Cavitation 

The phenomenon known as cavitation occurs as a result of local velocity 
changes at surface irregularities which reduce the pressure to the vapor limit 
of the liquid. Tiny vapor bubbles form at the point of lowest pressure and 
are carried downstream into a zone of higher pressure where they collapse. 
As the countless bubbles collapse, extremely great local pressure is trans
mitted radially outward at the speed of sound, followed by a negative 
pressure wave which may lead to a repetition of the cycle. Boundary mate- 67 
rials in the vicinity are subjected to rapidly repeated stress reversals and may 
fail through fatigue. (16) Surface pitting is the first sign of such a failure. 

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

6.8 Tidal Effects and Flood Protection 

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

7.0 Multiple Use Culverts 

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

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

7.2 Stcrk and Wildlife Passage 

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

7.3 Land Access 

Culverts often serve both as a means of land access and drainage, 
particularly on highways with controlled access. This use is common in areas 
where land use on both sides of the highway is under common control. The 
culvert size will generall3 be determined by the physical dimensions of the 
equipment or vehicles which will make use of the facility. Scour protection 
not considered necessary for hydraulic reasons may be required at the outlet 
to facilitate access to the culvert. A smaller culvert at an offset location or at 
a lower elevation than the multiple-use culvert may be required to accom
modate low flows. Where a i,,w-flow culvert is placed at a lower elevation 
than the multiple-use culvert, precautions against headcutting from the 
stream to the outlet of the multiple-use culvert m.y be necessary. Good 
drainage at the culvert ends is necessary to the successful use of culverts for 
land access. 

7.4 Fish Passage 

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

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

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

Several types of culvert installations have been used satisfactorily for fish 
passage (17, 18). These include: 

1. Open Bottom Culverts: 

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

2. Oversized or Depressed Culverts: 

Oversized culverts with the bottom of the culvert placed below the 69 
streambed so that gravel will deposit and develop a nearly natural 
streambed within the culvert (Figure 26). Sometimes, baffles are neces
sary to hold gravel and rock in place. 

3. Culverts with Baffles: 

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

Fig. 25-Culvert on footings to 
retain natural streambed for fish 
passage. 
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Fig. 26-Culvert Invert placed below streambed. Baffles used to hold 
gravel In place and provide natural streambed for fish passage. 

4. Weirs: 

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

5. Special Treatment: 

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

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

8.0 Irrigation 

Conventional culverts and sag culverts are often used to convey irrigation 

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

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

9.0 Debris Control 

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

The designer has three options for coping with the debris problem: 
retain the debris upstream of the culvert, attempt to pass debris through the 
culvert, or use a bridge (22, 23). 

If the debris is to be retained by an upstream structure or at the culvert 
inlet, frequent maintenance may be required. If debris is to be passed 
through the structure or retained at the inlet, a relief opening should be 
considered, either in the form of a vertical riser or a relief culvert placed 
higher in the embankment (Figure 29). 

It is often more economical to construct debris control structures after 
problems develop since debris problems do not occur at all suspected 
locations. 

72 	 9.1 Debris Control Structure Design 

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

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

use; 

Fig. 29-Vertical riser for relief. 
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(d) Streamflow velocity in vicinity of culvert entrance; 
(e) Maintenance access requirements; 
(f) Availability of storage area; 
(g) Standard of planned maintenance for debris removal; and 
(h) Assessment of damage due to debris clogging, if protection is not
 

provided.
 

9.2 Maintenance 

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

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

10.0 Service Life 

Commonly used culvert materials are durable at most locations but some 
soil and water environments are hostile and service life must be a con

and culvert design. which affect 73sideration in material selection Conditions 
the service life of culvert materials are corrosion, abrasion, and freezing and 
thawing action. Measures to increase service life are sometimes costly and the 
total annual cost should be considered when designs are prepared. Periodic 
culvert replacement may be the most feasible alternative. Driveway culverts, 
for instance, are generally easy to replace and traffic service would not be a 
problem when replacement becomes necessary. Culverts under high traffic 
volume highways or high fills, on the other hand, are more difficult and 
costly to repair or replace and more precaution against failure from a hostile 
environment is warranted. 

Many of the conditions which affect service life can be evaluaf.d and 
service life estimated prior to the selection of culvert material. The type .nd 
degree of protection needed can then be determined (24 through 30). One of 
the most reliable methods available to the designer is to examine existing 
culverts in the same stream channel or in similar streams in the same area. 

10.1 Abrasion 

Abrasion loss is the erosion of culvert materials by the bedload carried 
by streams (Figure 30). The principal factors to be considered are the 
frequency and duration of runoff events which transport significant amounts 
of abrasive materials, the character and volume of the bedload, and the 
resistance of the culvert material to abrasion. 
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Fig. 30-Lois of culvert materi. 
ml from abrasion. 

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

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

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

10.2 Corrosion 

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

rr K. "Fig. 31.-Downstream end of 

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

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

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

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

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

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

11.0 Safety 

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

Culvert ends should be located outiide the safe recovery area, where 
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possible, and continued across medians except where safe recovery areas nan 
be provided otherwise. Some culvert ends can be made traffic safe by the use 
of traversable grates, but only if the grates will not become a hazard by 
causing the highway to flood. Grate hydraulic capacity and the potential for 
clogging by debris must be considered before selecting this method for 
making culvert ends traffic safe (31, 32, 33). 

At locations where culvert ends cannot be located outside the safe 
recovery area and where grates would be impractical or unsafe, guardrail 
protection should be provided. 

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

12.0 Design Documentation 

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

1. The performance of structures over a period of time is very helpful in 
evaluating design policies and procedures and the validity of design 
assumptions; 

2. 	 In the event of failure, contributing factors can be identified and 
considered in the design of replacement structures; 

3. 	 Source of information when structure is replaced, extended .'or 
improved; 

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

5. 	 Source of information in the event of litigation. 

12.1 Compilation of Data 

Data can be compiled in a variety of ways and should include these 
items: 

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

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

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

13.0 Hydraulic Related Construc lon Considerations 

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

13.1 Verification of Plans 

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

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

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

13.2 Temporary Erosion Control 

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

13.3 	 Construction and Documentation 

Records should be kept of the construction of ea h culvert installation. 

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

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

14.0 Hydraulic Rlated Maintenance Considerations 

Culvert designs should be prepared recognizing that all structures 
require periodic maintenance inspection and repair. Where possible, some 
means should be providef for personnel and equipment access to the struc
tures to facilitate this activity. Culverts must be kept in good repair and 
reasonably clean at all times if they are to function as intended (35). 

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

14.1 Maintenance Inspections 

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

14.2 Flood Records 

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

14.3 Reconstruction and Repair 

Maintenance inspections will often reveal the need for major repairs, 
culvert appurtenant structures such as energy dissipators, extensive scour 
protection, and sometimes reconstruction. The repair of various types of 
culvert distress and failures is discussed in Reference 35. 
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Extensive and costly repair, construction and reconstruction should be 
coordinated with the hydraulic design section. ThIs is advisable particularly 
when conditions have changed from those which prevailed at the time the 
existing culvert was designed. Urbanization or other changes in the water
shed, channelization of the stream, flood control storage, or any of numerous 
other changes which affect hydrology may require reconsideration of the 
culvert type and size, allowable headwater elevations and acceptable risk at 
the culvert site. Physical changes at the site and in the stream, such as 
a)igradation or degradation, may make it advisable to reconstruct rather than 
undertake major repairs or modifications. 

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

IRWIN STERNBERG, 

DistrictLocation Engineer, 
Arizona Highway Dept., Tucson, Ariz. 

ABSTRACT: lUertical aerialphotographs examined stereoscopically provide a
 
useful three.dimensional medium whereby drainageareas can be successfully
 
determined with sufficient accuracy for the design of culverts for highway drain
age.
 

Discussed in the paper is the use of large-scale photographsfor determining
 
the placement of these culverts and otheritems concerned with the collection and
 
dispersal of surface water during run-off periods.
 

Methods, correctionsto be applied, and techniques which have been success.
 
fully employed. all of which are within the capabilitiesof the averagefield engi
neer with limited photogrammetric training and equipment, are described.*
 
Examples aregiven to show the degree of accuracy which can be expected.
 

INTRODUCTION character of drainage areas are very impor-

HE purpose of this paper is twofold. The tant in determining culvert sizes. During the
 
first is to prescribe a method whereby rainy seasons storms are frequent and al

stereoscopic pairs of aerial photographs can though of short duration they can be violent 
be used by field engineers with limited photo- in character. This characteristic plus the 
grammetric training, for determining drain- impervious nature of the soil and the sparse. 

of vegetation contribute the rapid ageareaswith sufficient accuracy and detail for ness to 
use in estimating culvert sizes. The second is run-offs encountered in this section of the 83 
to consider the use of such photographs for the country. W\ashes -,hch are normally dry 
actual positioning of culverts, bridges, dikes, suddenly become raging torrents, while in the 
channel changes and siniilar features of design flat desert regions, washes frequently over
with an accuracy sufficient for use as a guide flow the surrounding areas, It is necessary 
in construction plans and estimates. therefore to provide adequate drainage across 

While the investigation was confined to the highways both to safeguard the highways 
southern part of the State of Arizona, the against excessive erosion and to protect the 
same methods with minor differences should surrounding land. 
be applicable to other areas. No claims are In the past much of this run-off was taken 
made for originality in developing the follow- care of by constructing dips across the high
ing techniques. No doubt they have been used ways. When properly constructed and pro
previously, but a presentation of the de- tected, these dips were both economical and 
veloped procedures will no doubt be interest- satisfactory. However, with the rapid in
ing to many who are" involved in locating crease in amount and speed of traffic, and the 
modern highways and in other undertakings increased importance of the highway in the 
involving the location and design of drainage economy of the country, the practicality of 
structures. dips was decreased, and enforced delays to the 

Drainage areas are usually determined by motorist during flash floods were not only
 
utilizing existing maps or by traversing each irksome but expensive. And of course on
 
watershed. Both methods have their short- divided highways of the Interstate System
 
comings. Maps can be unreliable or so lacking and other heavily travelled limited.access
 
in detail as to preclude accurate determina- facilities, such a treatment would be not only
 
tion of larger areas or any determination at archaic but unworkable.
 
all of the smaller areas. Traversing, either by In Arizona it has been found that the
 
stadia, plane-table, or transit and tape, is Talbot equation for determining culvert sizes
 
both time and labor consuming, especially in is quite satisfactory. This equation is an
 
regions of rough terrain or where ground empirical formula based on a large number of
 
cover interferes, observations. It works well with a flow
 

In the arid Southwest, the extent and velocity of ten feet per second or less and a 
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DRAINAGE STUDIES FROM AERIAL SURVEYS 

. R~A~F~RO- .ERIAL P E ROR- "OT 

[ SECTION OF QUADRANGLE MAP '!.' 'Z 
SHOWING DRAINAGE AREA 

(WA.RANGLE MA 118,601C-,9%) i'' I : 
AREA FROM AERIAL PHOTO 9 404 C I%, ERROR- -- ' 

, FIELD TRAVERSE 993.75 0% 

Fit;. I. Sketch illustratiing the differekies in drainage area extent which miay occur between actual 
photograph-i and soiall-scale contour maps,due to exres.sive ontotur interval. 

maximum rainfall of 4 inches per hour. The drainage area as it would be determined from 
general formula is A = C1 /1." where A is the the contour information given. The dashed 
area of the required waterway in square feet, black line shows where the boundary differs 
3f is the area drained in acres and C is a from the solid black line as the result of a 

84 coefficient depending on the contour and stadia traverse run in the field by regular
character of the land drained. This coefficient field methods. A low ridge cuts transversely
varies from C= 1 for steep rocky ground to across the area with its crest along the dashed 
C= 1/5 or less for comparatively flat areas. black line. It so happens that the elevation 
Other formulas for determining waterway along the ridge is about 2,340 feet, while the 
areas can of course be used. elevation of the trough behind it to the east is 

The character ard slope of the terrain is around 2,330 feet. The contours on the map
therefore important. Its extent and whether therefore give no indication that such a ridge
the run-off is confined, or covers an extensive exists. The effect of this ridge on the drainage 
area, must also be considered. Experience area is clearly evident in the figure. 
counts much in selection of the run-off coeffi
cient for use in the equation and in selecting DETERMx xG DRAINAGE AREAS 
the size of the culvert and determining its Aerial photography naturally is suggested
placement. as a possible solution to the problem which 

Drainage areas to be used in the application then is resolved into the various possibilities
of this equation were, and still are in many open to the use of this medium. It is desirable 
cases, determined by measurement in the field to limit its use to such forms as are usable by 
or from existing maps. In the comparatively field survey personnel who have a minimum 
unsettled Vest suitable maps are scarce, are of photogrammetric training and to such 
not too accurate, and many are lacking in equipment as can be made available to those 
sufficient detail to be reliable or useful. The men. 
recent 71-minute quadrangle topographic Where an area has been photographed for 
maps published by the United States Geo- reconnaissance survey purposes the aerial 
logical Survey are very helpful and are quite photographs thus secured can be used, 
accurate. Unfortunately they are not now particularly where the drainage area is of 
plentiful and in many cases the contour considerable extent. Photographic mosaics 
interval is too large to ensure a true determin- can also be used but the three-dimensional 
ation of the drai,.age area boundaries, effect attained from stereoscopic examination 

Figure 1 illusti. es how errors could inad- of pairs of aerial photographs is very desirable 
vertently occur in outlining an area where the in tracing the boundaries of watershed areas. 
contour interval is too great. Shown is a The contours of topographic maps compiled
section taken from a recent 71-minute quad- photogrammetrically are extremely useful but 
rangle map with a contour interval of 40 feet. the maps are generally of such limited extent 
The solid black line shows the boundary of a that they are of little value except for very 
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small areas. For larger areas and.when avail-
able, as in Arizona, manuscript maps com-
piled from existing photography at the scale 
of one-mile-to-one-inch for use in preparing 
the general county highway maps, are very 
useful. But here again drainage detail is not 
sufficient for determining the boundaries of 
the smaller areas. In many cases therefore it 
becomes desirable to photograph the region 
under consideration, especially for drainage 
area studies. Such photography is inexpensive 
and its cost can be saved many times over in 
time and labor. A scale of 2000 feet-per-inch 
for normal size areas is generally satisfactory 
although a smaller scale can be used for areas 
of greater size. Large scale photography 
might be considered in some instances, and 
for small areas the large scale inmany cases 
would be desirable. But as the scale is in-
creased the coverage is decreased and the 
larger areas become unwieldly in size. 

The following discussion is based pri-
marily on the use of aerial photographs, as the 
use of other media, such as maps, requires no 
special comment. The discussion is also 
limited to small and medium-size areas which 
can be plotted on one or two strips of photo-
graphs. Larger areas can perhaps best be 
determined by other methods-such as on 
existing quadrangle maps or on drainage 
maps especially prepared in the photogram- 
metric laboratory. 

First the scale of the photography is de-
termined and the centerline of the highway is 
plotted on the photographs. On photography 
made prior to the location of the survey 
center line, this plotting will have to be done 
by photographic identification. On photog-
raphy taken without control being pre-
marked on the ground by photographic 
targets, the scale can be determined with 
sufficient accuracy from existing features-
such as section lines, property lines, existing 
roads or other configurations where the length 
is known or can be determined. On photog-
raphy where photographic targets appear as 
placed on control points, the scale of course 
can be easily determined; this will frequently 
be the case as placement of phbtographic 
targets prior to photography is becoming 
more and more a prevalent practk,!. 

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

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

Where there is a difference in elevation of 
200 feet or more within the limits of the 
drainage area, adjustments should be made 
for image displacement due to relief. Ifthis 
is not done ereors may occur which could 
materially affect the size of a culvert or 
waterway. In such cases it is more feasible 
and convenient to transfer the drainage areas 
and other pertinent features from the photo
graphs onto tracing paper before the adjust
ments are made. 

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

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

Corrections for tilt are not necessary where 
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"': +10-23-59:' FLT. ALT 14.640 1%I'2000' 153.65 MM , 
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ground survey data, are quite complicated to
make, and are generally beyond the under
standing of field engineers to compute. Any 
errors in drainage area due to tilt in vertical 
photographs should not exceed the limits of 
accuracy required. Investigations have shown 
that error in area in excess of 3 per cent 
because of tilt is unlikely. 

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

2600' 1%*2136' 1 

behavior of the stream flowv can be predicted. 

OTHER DRANAGE DATrA OwTAINABLE
 
FROiMgAERIAL PHOTOGRAPHS
 

In addition to quantitative data pertaining 
to drainage area size which is determinable 
from aerial photographs, other vital quantita
tive data and qualitamive information may be 
obtained. Not only are all of these data not 
obtainable from topographic OapP, but they 
are difficult and expensive to ascertain by 
investigative methods on the ground. 

Vertical aerial photography viewed stereo
scopically is particularly adaptable to the 
determination of type and extent of ground 
cover, and the extent of ponding and water 
retarding features of each drainage area. 
These features are vital factors regarding
surficial drainage and are essential compo
nents cf a judicial analysis of a specific drain
age problem. They cannot be obtained from 
topographic maps or easily obtained in the 
field. 

Ground cover, the extent being dependent 
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on the type and intensity, reduces tle run-
off volume and retards the run-off veloc-
ity. When veiwed stereoscopically, acrial 
photographs make possible the engineer 
determining the amount and extent of ground 
cover, the exposure and the ground slope, 
He can also to some extent determine the 
character and type of the cover. Ths knowl-
edge is important in identifying underlying 
types of soil, and judging internal drainage 
characteristics of soils. All of these are essen-
tial for accurate determination of sizes and 
shapes of structure openings. 

Ponding or retarding of water above drain-
age structure openings is another significant 
factor to consider in the structure design. 
Some drainage channels, whether wide or 
narrow, are deep with steep and fast drainage 
characteristics. These require structures of 
considerable Iead room. Other ar. as are 
extensivel, wide znd flat in character and 
mayv be broken 1,y a large lake. Such areas 
tend to collect large amounts of surficial 
run-off and to act as dispeisal areas up above 
the site iii the drainage channel where the 
drainage structure must be placed. Where this 
happens the structure opening may be re-
duced somewhat from the larger size indi-
cated by the factor obtained from the draiji-
age area only, i.e. without reduction. W\'hen 
aerial photographs are used these drainage 
features are easily and accurately deter-
mined and result in a better and more eco-
nomically drained highway area. 

XAMI'LES OF I)RAINA;E
AREA DE'rER.MINATIO. 

Figure 2 illustrates the amount of drainage 
boundary displacement that can occur due to 
extreme relief. At this point the existing 
highway is adjacent to the Santa Catalina 
Mountains: the elevation difference between 
the low and the high points of the area to be 
measured amounts to 2,750 feet in a distance 
of approximately 0.8 mile. Slopes are very 
rugged and the determination of the area by 
ordinary field methods would be extremely 
difficult. The photographs were taken from a 
flight height of approximately 12,000 feet 
with a six inch focal-length lens. Scale was 
estimated from known distances along the 
highway. 

This photograph was chosen because of the 
extreme conditions encountered and because 
there was available a recent 71-minute quad-
rangle map which could be used for compari-
son. At the time the photography was ob-
tained there was no intention of use for other 
than pictorial purposes. It zlould be noted 

that the drainage area as sketched was not 
completely covered by the photograph, and it 
was necessary to estimate the upper limits of 
the boundary. The boundary was determined 
stereoscopically from this and an adjacent 
photograph. 

In spite of the described limitations, there 
was only 0.09 of a square mile difference be
tween the area computed from the quadrangle 
map and from the photography after correc
tion for relief displacement as shown. This is 
an error of only 4.3 per cent. assuming the 
area as computed from the quadrangle map 
to be correct. Without relief displacement 
correction, the error would have been in the 
neighborhood of 25 per cent. This is of course 
an extreme condition arid much better ac. 
curacy can be expected in the maJority of 
cases. 

On one recent project--6.4 miles long-50 
separate drainage areas were considered; 
these had an aggregate area of 11.567 acres. 
Although the relief was mc ierate the country 
was difficult to traverse: to measure the 
areas by transit and stadia would have re
quired the time of three men for at least two 
we.eks. The areas were plotted on existing 87 
photographs of approximately 2,000 feet per 
inch scale on which targets marking control 
point positions appeared; these were plotted 
and computed by one man in about two days 
with greater detail than would have resulted 
from regular field methods. 

Relief differential was moderate and it was 
not necessary to correct for displacement of 
watershed boundaries due to this factor. In 
three cases the larger drainage areas encoun

tered extended beyond the limits of the 
photographs and it was necessary to deter
mine these on existing topographic maps. 
Comparisons with existing 71-minute quad
rangle maps in th-3 area showed a difference 
of under 0.5 per cent. A stadia survey over 
one area of 934 acres (that shown in Fgure 1) 
took two men one full day to complete and 
showed a difference of tinder I per cent 
between the field survey and the area as taken 
from the photograph. The savings here in 
both time and labor are obvious. 

RELATED
 
DRAI.\AGF FEATURES
 

POSDTI.ONG OF CULVERTS A.N 

After the drainage areas have been deter
mined, it becomes necessary to select the 
proper size of structure and to locate it on the 
ground in the most desirable and economical 
position. Generally this is done by field 
examination of each drainage channel.along 
the center line of the survey, measuring or 
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FIG. 3. DralnagT layout detailed on an aerial photograph showing miethod of placement of 
structures, dikes and other drainage features. 

estimating the stationing, estimating the 
angle of skew and making sufficient notes so 
the structure can be designed and incorpor-
ated in the plank, 

There is nothing wrong with this method, 
Ithas worked for years, but it !stime-consum-
ing and frequently it is difficult to determine 
exactly the most desirable place in which to 
construct the culvert, especially where vegeta-
tion along the stream is thick or where the 
channel is complexly divided or braided, 

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

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

this purpose will be ideal. These can also be 
used for the preparation of large-scale topo
graphic maps with contours at a sufficiently 
small interval for bridge sites and inter
changes. If such photography is not to be 
secured, it will probably be necessary to fly
the area specifically for the drainage study. 
In any event the photographs should be taken 
after the center line has been run and after the 
area has been targeted so that the center-line 
can be accurately positioned and can be 
stationed on the photographs, and also so that 
the exact scale of the phot .graphy can bedetermined. Narrow Chart-Pak stripping is 

ideal for delineating the center-line so it will 
be seen on the photographs. Besides being 
clean to handle it can be applic more rapidly 
than a wvax, china marking-type pencil.Culverts can now be spotted with consider

able accura%,, skew determined and necessary 
dikes, channel changes and other detail 
spotted. Bridge sites can be studied and 
tentative bridge positions determined. Later 
using the same photography and in prepara
tion for the bridge design, large-scale topo
graphic maps can be made of the bridge sites. 
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In many cases areas subjec to floe 'ing can 
be noted on the photographs, ..nd an engineer 
practiced in photographic interpretation can 
spot other potential areas where serious 
trouble might be encountered during peak 
run-off periods, 

It should not be inr.fred that all field work 
can be eliminated by use of the described 
methods. While it will be desirable to examine 
many culvert sites cn the ground before 
construction plans are completed, the field 
trips can be planned at more convenient 
times and they will progress much more 
rapidly than would ordinarily be the case. In 
some cases where ground cover is extremely 
thick the method may not be practical or 
might require more detailed field checking. 

After all drainage studies have been made 
it would be desirable to ink the placements 
permanently on a set of the photographic 

prints. The photographs will not only be 
valuable to design engineers while preparing 
the construction plans but also of value to 
construction engineers and engineering crews 
when the highway is being built. Figure 3 
shows one print prepared in this manner. 
Tabs were used on the print for stationing and 
other information in the interest of clarity on 
the halftone reproduction. Red ink or tempera 
normally used would make this refinement 
unnecessary. 

In this instance cost and time are not as 
critical as in drainage area determinations. 
Drainage studies are generally made by the 
location engineer during survey progress and 
while the crew is otherwise engaged. There is 
a saving in cost and time, however, and 
better, more efficient, and more workable 
drainage systems will result from this method. 
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U. S. DEPARTMENT OF TRANSPORTATION 

Federal Highway Administration
 

HYDRAULIC CHARTS FOR THE SELECTION OF HIGHWAY CULVERTS 

Prepared by Lester A. Herr 
Chief, Hydraulics Branch, Bridge Division 

In Collaboration with Herbert G. Bossy 
Highway Research Engineer, Hydraulic 1..dearch Division
 

Introduction
 

Designing highway culverts involves many factors including esti
mating flood peaks, hydraulic performance, structural adequacy, and 
overall construction and maintenance costs. This circular contains a 
brief discussion of the hydraulics of conventional culverts and charts 
for selecting a culvert size for a given set of conditions. Instruc

tions for using the charts are provided. No attempt is made to cover 
all phases of culvert design. Subsequent circulars will cover culverts 
with modified inlets and outlets designed to increase performance or to 
apply to a particular location. Some approximations are made in the
 
hydraulic design procedure for simplicity. These approximations are
 
discussed at appropriate points throughout the circular.
 

For this discussion, conventional culverts include those commonly 
installed, such as circular, arch and oval pipes, both metal and con
crete, and concrete box culverts. All such conventional culverts have 
a uniform barrel cross section throughout. The culvert inlet may con
sist of the culvert barrel projected from the roadway fill or mitered 
to the embankment slope. Sometimes inlets have headwalls, wingwalls 
and apron slabs, or standard end sections of concrete or metal. The 
more common types of conventional culverts are considered in this cir
cular. 

Culvert Hydraulics 

Laboratory tests and field observations show two major types of 
culvert flow: (1) flow with inlet control and (2) flow with outlet 
control. For each type of control, different factors and formulas are 
used to compute the hydraulic capacity of a culvert. Under inlet con
trol, the cross-sectional area of the culvert barrel, the inlet geom
etry and the amount of headwater or ponding at the entrance are of pri
mary importance. Outlet control involves the additional consideration
 
of the elevation of the tailwater in the outlet channel and the slope, 
roughness and length of the culvert barrel. 

It is possible by involved hydraulic computations to determine
 
the probable type of flow under which a culvert will operate for a 
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given set or conditions. The need for making these computations may be
 
avoided, however, by computing headwater depths from the charts in this 
circular for both inlet control and outlet control and then using the 
higher value to indicate the type of control and to determine the head
water depth. This method of determining the type of control is accurate 
except for a few cases where the headwater is approximately the same for 
both types of control. 

Both inlet control and outlet control types of flow are discussed 
briefly in the following paragraphs and procedures for the use of the 
charts are given. 

Culverts Flowing With Inlet Control 

Inlet control means that the discharge capacity of a culvert is 
controlled at the culvert entrance by the depth of headwater (nW) and
 
the entrance geometry, including the barrel shape and cross-sectional 
area, and the type of inlet edge. Sketches of inlet-control flow for 
both unsubmerged and submerged projecting entrances are shown in fig
ures IA and lB. Figure 1C shows a mitered entrance flowing under a sub
merged condition with inlet control.
 

In inlet control the roughness and length of the culvert barrel
 
and outlet conditions (including depth of tailwater) are not factors in 
determining culvert capacity. An increase in barrel slope reduces head
water to a small degree and any correction for slope can be neglected
for conventional or commonly used culverts flowing with inlet control. 

In all culvert design, headwater or depth of ponding at the en
trance to a culvert is an important factor in culvert capacity. The 
headwater depth (or headwater HW) is the vertical distance from the 
culvert invert at the entrance to the energy line of the headwater pool 
(depth + velocity head). Because of the low velocities in most en
trance pools and the difficulty in determining the velocity head for 
all flows, the water surface and the energy line at the entrance are 
assumed to be coincident, thus the headwater depths given by the inlet 
control charts in this circular can be higher than will occur in some 
Installations. For the purposes of measuring headwater, the culvert 
invert at the entrance is the low point in the culvert opening at the 
beginning of the full cross-section of the culvert barrel. 

Headwater-discharge relationships for the various types of circu
lar and pipe-arch culverts flowing with inlet control are based on 
laboratory research with models and verified in some instances by pro
totype tests. This research is reported in National Bureau of Stand
ards Report No. 4444 entitled "Hydraulic Characteristics of Cononly 

- Used Pipe Entrances", by John L. French and "Hydraulics of Conventional 
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Highway Culverts", by H. G. Boss /. Experimental data for box culverts 
with headvalls and wingwalls were obtained from an unpublished report of 
the U. S. Geological Survey. 

These research data were analyzed and nomographs for determining

culvert capacity for inlet control were developed by the Division of Hy
draulic Research, Bureau of Public Roads. These nomographs, Charts 1
 
through 6, give headwater-discharge relationships for most conventional
 
culverts flowing with inlet control through a range of headwater depths

and discharges. Chart No. 7, discussed on p. 5-13, is included in this
 
revised edition to stress the importance of improving the inlets of cul
verts flowing with inlet control.
 

Culverts Flowing With Outlet Control
 

Culverts flowing with outlet control can flow with the culvert bar
rel full or part full for part of the barrel length or for all of it,

(see fig. 2). If the entire cross section of the barrel is filled with
 
water for the total length of the barrel, the culvert is said to be in
 
full flow or flowing full, figures 2A and 2B. Two other common types of
 
outlet-control flow are shown in figures 2C and 2D. The procedures given

in this circular provide methods for the accurate determination of head
water depth for the flow conditions shown in figures 2A, 2B and 2C. The
 
method given for the part full flow condition, fig. 2D, gives a solution
 
for headwater depth that decreases in accuracy as the headwater decreases.
 

The hed H (fig. 2A) or energy required to pass a given quantity of
 
water through a culvert flowing in outlet control with the barrel flowing
full throughout its length is made up of three major parts. These three 
parts are usually expressed in feet of water and include a velocity head 
Hv, an entrance loss He, and a friction loss Hf. This energy is obtained 
from ponding of water at the entrance and expressed in equation form
 

H a Bv + He + Hf (1) 

The velocity head Hv equals , where V is the mean or average ve

locity in the culvert barrel. (The mean velocity is the discharge Q, in 
cfa, divided by the cross-sectional area A, in sq. ft., of the barrel.) 

The entrance loss He depends upon the geometry of the inlet edge.
 

This loss is expressed as a coefficient ke times the barrel velocity
2

V


head or He - ke -. The entrance loss coefficients ke for various types
 

of entrances when the flow is in outlet control are given In Appendix B,
 
Table 1, (p. 5-49).
 

y Presented at the Tenth National Conference, Hydraulics Division, 
A.S.C.E., August 1961. 
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The friction loss If is the energy required to overcome the rough
ness of the culvert barrel. Hf can be expressed in several vays. Since 
most highway engineers are 'familiar with Manning's n the following ex
pression is used: 

where 

n = Manning's friction factor (see namographs and page 5-30 
for values) 

L length of culvert barrel (ft.) 
V - mean velocity of flow in culvert barrel (ft./see.) 
g acceleration of gravity, 32.2 (ft./sec.2 ) 
R hydraulic radius or A-"(ft.) 

WP 

where 

A = area of flow for full cross-section (sq. ft.) 
WP a wetted perimeter (ft.) 

Substituting in equation 1 and simplifying, we get for full' flow
 

1 + + (2) 

V1t 

-ty~ORAUU aRy UtI - HJ.--

HW d, - -, .. 

Figr dIaDATUM 
LSO
 

Figure 3 
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Figure 3 shows the terms of equatlon 2, the energy line, the hydrau
lic grade line and the headwater depth, hW. The energy line represents
 
the total energy at any point along the culvert barrel. The hydraulic
 
grade line, sometimes called the pressure line, is defined by the eleva
tions to which water would rize in snal vertical pipes attached to the
 
culvert wall along its length. The energy line and the pressure line are
 
parallel over the length of the barrel except in the imediate vicinity 
of the inlet where the flow contracts and re-erpands. The difference inV2
-

elevation between these two lines is the velocity head, .
 

The expression for H is derived by equating the total energy up-. 
stream from the culvert entrance to the energy Just inside the culvert 
outlet with consideration of all the major losses in energy. By refer
ring to figure 3 and using the culvert invert at the outlet as a datum, 
we get: 2 

11d + l + LSo d2 + v + He + Hf 

where 

diand d2 depths of 'flow as shown in fig- 3 

V2 
"1 x velocity head in entrance pool 
2g 

9LSo, length of culvert times barrel slope
 

ten
 

d+,i P d4, vHV,+He +H t2g 2 LS-d
 2 =
 

and2
 
2
d V,+ LSO d HV + He H
 

From the development of this energy equation and figure 3, head H 

is the differcn-e between the elevations or the hydraulic grade line at 
the outlet and the energy line at the inlet. Since the velocity head
 
in the entrance pool is usually small under ponded conditions, the
 
water surface or headwater pool elevation can be assumed to equal the
 
elevation of the energy line. Thus headwater elevations and headwater
 
depths, as computed by the methods given in this circular, for outlet
 
control, can be higher than night occur in some installations. Head
water depth Is the vertical distance from the culvert invert at the en
trance to the water surface, assuming the water surface (hydraulic grade
 

line) and the energy line to be coincident, d1 + in figure 3. 
2g
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Equation 2 can be solved for H readily by the use of the full-flow 
nomographs, Charts 8 through 14. Each nomograph is drawn for a partic
ular barrel shape and material and a single value nf ri as noted on the 
respective charts. These nomographs can be used for other values of n 
by modifying the culvert length as directed in the instructions (p. 5-29) 
for the use of the full-flow nomographs. 

In culvert design the depth of headwater HW or the elevation of the 
ponded water surface is usually desired. Finding the value of H from 
the nomographs or by equation 2 is only part of the solution for this 

headwater depth or elevation. In the case of figure 2A or figure"3, 
where the outlet is totally submerged, the headwater pool elevation (as

sumed to be the same elevation as the energy line) is found by adding H 
to the elevation of the tailwater. The headwater depth is the difference 

in elevations of the pool surface and the culvert invert at the entrance. 

When the tailwater is below the crown of the culvert, the submerged 

condition discussed above no longer exists and the determination of 
headwater is somewhat more difficult. In discussing outlet-control 
flow for this condition, tailwater will be assumed to be so low that it 

has no effect on the culvert flow. (The effect of tailwater will be 
discussed later.) The common types of flow for the low tailwater con

dition are shown in figures 2B, 2C and 2D. Each of these flow condi

tions are dependent on the amount of discharge and the shape of the
 

culvert cross section. Each condition will be discussed separately.
 

Full flow at the outlet, figure 2B, will occur only with the higher
 

rates of discharge. Charts 15 through 20 are provided to aid In deter-


mining this full flow condition. The curves shown on these charts give
 

the depth of flow at the outlet for a given discharge when a culvert is
 

flowing with outlet control. This depth is called criticil depth dc.
 
When the discharge is sufficient to give a critical depth equal to the
 

crown of the culvert barrel, full flow exists at the outlet as in fig

ure 2B. The hydraulic grade line will pass through the crown of the
 
culvert at the outlet for all discharges greater than the discharge
 
causing critical depth to reach the crown of the culvert. Head H can
 
be measured from the crown of the culvert in computing the water sur
face elevation of the headwater pool.
 

When critical depth falls below the crown of the culvert at the 
outlet, the water surface drops as shown in either figures 2C or 2D, 
depending again on the discharge. To accurately determine headwater 
for these conditions, computations for locating a backwater curve are 
usually required. These backwater computations are tedious and time 
consuming and they should be avoided if possible. Fortunately, head
water for the flow condition shown in figure 2C can be solved by using 
the nomographs and the instructions given in this circular. 

For the condition shown in figure 2C, the culvert must flow full 
for part of Its length. The hydraulic grade line for the portion of 
the length in full flow will pass through a point where the water 

breaks with the top of the culvert as represented by point A in figure 
2C. Backwater computations show that the hydraulic grade line if 
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extended as a straight line vill cut the plane of the outlet cross sec
tion at a point above critical depth (water surface). This point is at
 
a height approximately equal to one half the distance between critical
 
depth and the crown of the culvert. The elevation of this point can be
 
used as an equivalent hydraulic grade line and H, as determined by equa
tion 2 or the nomographs, can be added to this elevation to find the
 
water surface elevation of the headdater pool.
 

The full flow condition for part of the barrel length, figure 2C,
 
will exist when the headwater depth 1W, as computed from the above head
water pool elevation, is.equal to or greater than the quantity
 

V2
 

D + (1+ kr) 

where V is the mean velocity for the full cross section of the barrel;
 

ke, the entrance loss coefficient; and D, the inside heibht of the cul
vert. If the headwater is less than the above value, a free water sur
face, figure 2D, will extend through the culvert barrel.
 

The part full flow condition of figure 2D :.ust be solvyed by a
 
backwater computation if accurate headwater depths are desired. De
tails for making this computation are not given in this circular. In
stead the solution used is the same as that given for the flow condi
tion of figure 2C, with the reservation that headwater depths become
 
less accurate as the discharge for a particular culvert decreases.
 
Generally, for design purposes, this method is satisfactory for head
water depths above 0.75D, where D is the height of the culvert barrel.
 
Culvert capacity charts found in Hydraulic Engineering Circular No. 10
 
give a more accurate and easy solution for this free surface flow con
dition.
 

Headwater depth HW can be expressed by a common equation for all
 
outlet-control conditions, including all depths of tailwater. This
 
is accomplished by designating the vertical dimension from the cul
vert invert at the outlet to the elevation from which H is measured
 
as ho . The headwater depth HW equation is
 

W= H + ho -LSO (3)
 

All the terms in this equation are in feet. H is computed by
 
equation 2 or found from the full-flow nomographs. L is the length of
 
culvert in feet and So the barrel slope in ft. per ft. The distance
 
ho is discussed in the following paragraphs for the various conditions
 
of outlet-control flow. Headwater hW is the distance in feet from the
 
invert of the culvert at the inlet to the water surface of the head
water pool.
 

When the elevation of the water surface in the outlet channel is
 
equal to or above the elevation of th top of the culvert opening at
 
the outlet, figure 2A, ho is equal to the tailwater depth. Tailwater
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depth TW is the distance in feet from the culvert invert at the outlet 
to the water surface in the outlet channel. The relationship of BW to 
the other terms in euation 3 is illustrated in figure 4. 

Figure 4 

If the tailwater elevation is below the top of the culvert open
ing at the outlet, figure 2B, 2C and 2D, ho is more difficult to deter
mine. The discharge, size and shape of culvert, and the T must be
 
considered. In these cases, ho is the greater of two values (1) T4
 

depth as defined above or (2) d e  D2 . The latter dimension is the dis

tance to the equivalent hydraulic grade line discussed previously. In 


this fraction dc is the critical depth, as read from Charts 15 through
 
20 and D is the culvert height. The value of dc can never exceed D,
 
making the upper limit of this fraction equal to D. Where TW is the
 
greater of these two values, critical depth is submerged sufficiently
 
to make TW effective in increasing the headwater. The sketch in fig
ure 5 shows the terms of equation 3 for this low tailwater condition.
 
Figure 5 is drawn similar to figure 2C, but a change in discharge can
 
change the water surface profile to that of figure 2B or 2D.
 

HWH 

d 2d TW 

L 
d +DrTWsh rLSO 

Figure 5
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Computing Depth of Tailwater 

In culverts flowing with outlet control, tailvater can be an im
portant factor in computing both the headwater depth and the hydraulic 
capacity of a culvert. Thus, in many culvert designs, it becomes nec
essary to determine tailwater depth in the outlet channel. 

Much engineering judgment and experience is needed to evaluate 
possible tailwater conditions during floods. A field inspection should 
be made to check on downstream controls and to determine water stages. 
Oftentimes tailwater is controlled by a downstream obstruction or by 
water stages in another stream. Fortunately, most natural channels are 
wide compared to the culvert and the depth of water in the natural chan
nel is considerably less than critical depth, thus the tailwater is in
effective and channel depth computations are not always warranted. 

An approximation of the depth of flow in a natural stream (outlet 
channel) can be made by using Manning's equation (see page 5-12) if the 
channel is reasonably uniform in cross section, sloe and roughness. 
Values of n for . atural streams for use in Manning's equation may be 
found in Table 2, apuendix B, p. 5-50. If the water surface in the
 
outlet channel ":.s controls, other means mustestablished by downstream 
be found to determine the tailwater elevation. Sometimes this neces
sitates a study of the stage-discharge relationship of another stream
 
into which the stream in question flows or the securing of data on res
ervoir elevations if a storage dam is involved. 

102. 
Velocity of Culvert Flow 

A culvert, because of its hydraulic characteristics, increases 
the velocity of flow over that in the natural channel. High velocities 
are most damaging just downstream from the culvert outlet and the ero
sion potential at this point is a feature to be considered in culvert 
design.
 

Energy dissipators for channel flow have been investigated in the
 
laboratory and many have been constructed, especially in irrigation 
channels. Designs for highway use have been developed and constructed 
at culvert outlets. All energy dissipators add to the cost of a cul
vert, therefore, they should be used only to prevent or to correct a 
serious erosion problem. (See references 4 and 5.) 

The judgment of engineers working in a particular area is re
quired to determine the need for energy dissipators at culvert out
lets. As an aid in evaluating this need, culvert outlet velocities 
should be computed. These computed velocities can be compared with 
outlet velocities of alternate culvert designs, existing culverts in 
the area, or the natural stream velocities. In many streams the max
imum velocity in the main channel is considerably higher than the mean
 
velocity for the whole channel cross-section. Culvert outlet veloci
ties should be compared with maximum stream velocities in determining 

~5-11 
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the need for channel protection. A change in size of culvert does not
 
change outlet velocities appreciably in most cases.
 

Outlet velocities for culverts flowing with inlet control msybe
 
4pproximated by computing the mean velocity for the culvert cross sec
tion using Manning's equation
 

1.49 R2/3 Sl/2
v = n0
 

Since the depth of flow is not know9 the use of tables or charts
 

is recormended in solving this equation 1 . The outlet velocity as
 
computed by this method will usually be high because the normal depth,
 
assumed in using Manning's equation, is seldom reached in the rela
tively short length of the average culvert. Also, the shape of the
 
outlet channel, including aprons and wingwalls, have much to do with
 
changing the velocity occurring at the end of the culvert barrel.
 
Tailwater is not considered effective in reducing outlet velocities
 
for most inlet control conditions.
 

In outlet control, the average outlet velocity will be the dis
charge divided by tne cross-sectional area of flow at the outlet.
 
This flow area can be either that corresponding to critical depth,
 
tailwater depth (ifbelow the crown of the culvert) or the full cross
 
section of the culvert barrel.
 

Performance Curves
 

Although the procedure given in this circular is primarly for
 
use in selecting a size of culvert to pass a given discharge at a
 
given headwater, a better understanding of culvert operation can be
 
gained by plotting performance curves through some range of discharges
 
and barrel slopes. Such curves can also be used to compare the per
formance of different sizes and types of culverts. The construction
 
of such curves is described in Appendix A, page 5-45.
 

Inlets and Culvert Capacity
 

Inlet shape, edge geometry and skew of the entrance affects cul
vert capacity. Both the shape and edge geometry have been investiga
ted by recent research but the effect of skew for various flow condi
tions has not been examined. Results show that the inlet edge geometry 
is particularly important to culvert-performancein inlet-control flow. 
A comparison of several types of commonly used inlets can be made by 
referring to charts 2 and 5. The type of inlet has some effect on 
capacity in outlet control but generally the edge geometry is less
 
important than in inlet control. (See reference 6.)
 

?_ See references page 5-14. 
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As shown by the Inlet control nomograph on Chart 5, the oapacity 
of a thin edge projecting metal pipe can be increased by incorporating 
the thin edge in a headwall. The capacity of the same thin edged pipe 
can be further increased if the entrance is rounded, bevelled or tapered 
by the addition of an attachment or the building of these shapes into a
 
headwall. Although research on improving culvert entrances is not com
plete, sufficient data are available to permit the construction of
 
Chart 7, an inlet control nomograph for the performance of a bevelled 
inlet on a circular culvert. A sketch on the nomograph shows the di
mensions of two possible bevels. Although nomographs have not been
 
prepared for other barrel shapes, the capacity of box culverts can be
 
increased at little cost by incorporating a bevel into the headwall.
 
In computing headwater depths for outlet control, when the above bevel,
 
is used, ke equals 0.25 for corrugated metal barrels and 0.2 for con-.,
 
crete barrels.
 

Figure 6 shows a photograph of a bevel constructed in the headvall 
of a corrugated metal pipe. 

Photo -- Courtesy of Oregon State Highway Department 

Figure 6 
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Step 	1: 

-


* 


Step 	2: 


* 
.
 

-5-1 

.'Proedure for Selection of Culvert Size
 

List 	desin data. (See suggested tabulation form, figure 7, 
p. 5-1841) 

A. 	Design discharge Qin ets., with average return period. 
(i.e.,Q25 or Q50 etc.) 

b. 	'Approximatelength L of culvert, in feet.
 

..	 Slope of culvert. (If grade is given in percent, convert 
to slope in ft. per ft.), 

_d. 	Allowable headwater depth, in feet, which is the vertical
 
distance from the culvert invert (flow line) at.the en
trance to the water surface elevation permissible in the
 
headwater pool or approach channel upstream from the cul
vert. 

e. 	Mean and maximum flood velocities in natural stream.
 

f. 	Type of culvert for first trial selection, including bar
rel material, barrel cross-sectional shape and entrance
 
type. 

Determine the first trial size culvert.
 

Since the procedure given is one of trial and error, the ini

tial 	trial size can be determined in several ways:
 

a. 	By arbitrary selection.
 

b. 	By using an approximating equation such as Q A from
10 

which the trial culvert dimensions are determined. 

c. 	By using inlet control nomographs (Charts 1-T) for the
 

culvert type selected. If this method is used an 

,must be assumed, say = 1.5, and using the given Q a 

-trial size is determined.
 

If any trial size is too large in dimension because of limited
 
height of embankment or availability of size, multiple cul
verts may be used by dividing the discharge equally between
 
the number of barrels used. Raising the eirbankment height or
 
the use of pipe arch and box culverts with width greater than
 
height should be considered. Final selection should be based
 
on an economic analysis.
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Step 3: Find headwater depth for trial size culvert. 

a. Assuming INLET CONTROL 

S-
* 

•-* 

(1) 

(2) 

Using the trial size from step 2, find the headwater 
depth HW by use of the appropriate inlet control nomo
graph (Charts 1-7). Tailwater TW conditions are to be 
neglected in this determination. ]W in thAi. case is 
found by multiplying 1E obtained from the nomographs

D 
by the height of culvert D. 
If HW is greater or less than allowable, try another 
trial size until HW is acceptable for inlet control 
before computing HW for outlet control. 

b. Assuming OUTLET CONTROL 

(1) Approximate the depth of tailwater TW, in feet, above 
the invert at the outlet for the design flood condi
tion in the outlet channel. (See general discussion 
on tailwater, p. 5-11.) 

(2) For tailvater TW elevation equal to or greater than 
the top of the culvert at the outlet set ho equal 
to TW and find HW by the following equation (equation 
3). 

,: HW H + ho -LS o :....107 107 

where 

HW 

H 

ho 

So 
L 

= vertical distance in feet from culvert 
invert (flow line) at entrance to the 
pool surface. 

u head losG in feet as determined from the 
appropriate nomograph (Charts 8-14) 

= vertical distance in feet from culvert 
invert at outlet to the hydraulic grade 
line (Inthis case ho equals TW, measured 
in feet above the culvert invert.) 

= slope of barrel in ft./ft. 
= culvert length in ft. 

(3) For tailuater 2W'elevations less than the top of the
.. 'culvert at the outlet, find headwater HW by equation 

3 as in b(2) above except that

mc 

hO 
+ 

2 
or 1W, whichever is the Greater. 

where 

dc 

D 

=critical depth in ft. (Charts 15 through~
20) Note. de cannot exceed D 

= height of culvert opening in ft.' 
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Note: Headwater depth determined in b(3) becomes in
creasingly less accurate as the headwater com
puted by this method falls below the value 

D + (1 + ke) . (See discussion under "Culvert 

Flowing Full with Outlet Control", p. 5-9.) 

c. Compare the headwaters found in Step 3a and Step 3b (In
let Control and Outlet Control). The higher headwater 
governs and indicates the flow control existing under 
the given conditions for the trial size selected. 

d. If outlet control governs and the HW is higher than is 
acceptable, select a larger trial size and find HW as in
structed under Step 3b. (Inlet control need not be 
checked, since the smaller size was satisfactory for this 
control as determined under Step 3a.) 

Step 4: Try a culvert of another type or shape and determine size and 
NW by the above procedure. 

Step 5: Compute outlet velocities for size and types to be considered 
in selection and determine need for channel protection. 

a. If outlet control governs in Step 3c above, outlet veloc

108 loB 
tryequs0 , 

Ao' 
where Ao is the cross-sectional area of 

flow in the culvert barrel at the outlet. If dc or TW Is 
less than the height of the culvert barrel use Ao corres
ponding to dc or TW depth, whichever gives the greater 
area of flow. Ao should not exceed the total cross
sectional area A of the culvert barrel. 

b. If inlet control governs in step 3c, outlet velocity can 
be assumed to equal mean velocity in open-channel flow 
in the barrel as computed by Manning's equation for the 
rate of flow, barrel size, roughness and slope of culvert 
selected. 

Note: Charts and tables are helpful in computing outlet 
velocities. (See references p. 5-14.) 

Step 6: Record final selection of culvert with size, type, required
headwater, outlet velocity, and economic justification. 
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Compendium 3 Text 4
 

7.1 
wU 

, '1W . .
 

AH 

>>UU 

"II
 
N 
 O 


:-"
I- - -SPl 


U)j 
- - - - -,,,- -I 

" O U 

-. - .109 

z 

1;1 I-- - - - P 

O ~~00 - - 

4 o00 0 
- - - 

w 00 

Figure 7 



Compendium 3 	 Text 4
 

XE 	 -COML IOGRA 

Charts 1 through 7 

Instructions for Use
 

1. 	 To determine headwater (EW), given Q, and size and type of culvert. 

a. 	Connect vith a straightedge the given culvert diameter or
 

height (D) and the discharge Q, or - for box culverts; mark
 
B 

intersection of straightedge on scale marked (1).
D 

b. If & scale marked (1) represents entrance type used, read
D 	 D 

on scale (1). If another of the three entrance \types listed on
 

the mnograph is used, extend the point of intersection in (a)
 

horizontally to scale (2) or (3) and read 
D 

c. 	Compute RW by multiplying E by D. 

2. 	To determine discharge (Q) per barrel, given NW, and size and type 
of culvert. 

a. 	 Compute EI for given conditions.
D 

b. Locate M! on scale for appropriate entrance type. If scale
 

(2) or (3) Is used, extend - point horizontally to scale .(l). 

C. Uonnt.'cz puo't on scale (1) as found in (b) above and the 

size of culvert on the left scale. Read Q or on the dis

charge scale.
 

d. If is read in (c) multiply by B (span of box culvert) to
B
 

find Q.
 

3. 	To determine culvert size, givenQ% allowable M1 and type ot cul

vert. 

a. 	 Using a t:rial size,, compute BW 
D 

b. Locate MW on scale for appropriate entrance type. If scale

D 

(2) or (3) is usedextend E point horizontally to scale (1). 

a. Connect point -n scale (1) as found in (b) above to given
 

discharge and read diameter, height or size of culvert required 

for -W value. 

d. If D is not that originally assumed, repeat procedure vith a 

new D. 
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Charts 8 through 14
 

Instructions for Use
 

Outlet control nomographs solve equation 2, p. 5-6, for head H 
when the culvert barrel flows full for its entire length. They are 
also used to determine head H for some part-full flow conditions with 
outlet control. These nomographs do not give a complete solution for 
finding headwater HW, since they only give H in equation 3, HW = H+ho-LSo . 
(See discussion for "Culverts Flowing with Outlet Control", p. 5-5.) 

1. To determine head H for a given culvert and discharge Q. 

a. Locate appropriate nomograph for type of culvert selected.
 
Find ke for entrance type in Appendix B, Table 1,p. 5-49.
 

b. Begin nomograph solution by locating starting point on length
 
scale. To locate the proper starting point on the length
 
scales follow instructions below:
 

(1) If the n value of the nomograph corresponds to that of
 
the culvert being used, select the length curve for the
 
proper ke and locate the starting point at the given cul

118 	 vert length. Ifa ke curve isnot shown for the selected 
ke, see (2)below. If the n value for the culvert se
lected differs from that of the nomograph, see (3)below. 

(2) For the n of the nomograph and a ke intermediate between
 
the scales given, connect the given length on adjacent
 
scales by a straight line and select a point on this
 
line spaced between the two chart scales in proportion
 
to the ke values.
 

(3) For a different roughness coefficient n1 than that of
 
the chart n, use the length scales shown with an adjusted
 
length LI, calculated by the formula
 

L1 = L See instruction 2 for n values. 

c. Using a straightea6e, connect point on length scale to size of
 
culvert barrel and mark the point of crossing on the "turning
 
line". See instruction 3 below for size considerations for
 
rectangular box culvert.
 

d. Pivot the straightedge on this point on the turning line and
 
connect given discharge rate .-Read head in feet on the head
 
(H)scale. For values beyond the limit of the chart scales, 
find H by solving equation 2,p. 5-6. 

5-29
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2. Values of n for cocnonly used culvert materials. 

Concrete 

Pipe Boxes 

0.0012 0.012 

Corrugated Metal 

SMnaI 
Corrugations 

(2 20/3" x 12) 

Medium 
Corrugations 

(3" 7. 1") 

Large 
Corrugations 

(6" x 2") 

Unpaved. 

25% paved 

0.024 

o.o 

0.02T 

0.023 

Varies* 

0.026 

Fully paved 0.012 0.012 0.012 

*Variation in n with diameter shown on charts., The various n 

values have been incorporated into the nomographs and no ad
justment for culvert length is required as instructed in lb(3). 

3. To use the box culvert ncmograph, chart 8, for full-flow for other 119 

than square boxes. 

a. Compute cross-sectional area of the rectangular box. 

b. Connect proper point (see 

rel areas and mark point 

instruction 1) on 

on turning line. 

length scale to bar

c. Pivot the straightedge on this point on the turning line and 
connect given discharge rate. Read head in feet on the head 
(H) scale. 

Sf The area scale on the nomograph is calculated for barrel cross
sections with span B twice the height D; its close correspondence vth 
area of square boxes assures it nay be used for all sections interme
diate between square and B = 2D or B w 1/2D. For other box proportions 
use equation 2 for more accurate results. 
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Appendix A - PERFORMANCE CURVES 

fhe principal disadvantage in using nomographs for the selection 
of culvert sizes is that it requires the trial and error solution des
cribed in this circular. Some engineers who limit their selection to 
& relatively small number of types of culverts would find It advanta
geous to prepare performance curves such as shown in figure 8. These 
curves are applicable through a range of headvaters and discharges for 
a length and type of culvert. Usually charts with length intervals of 
25 to 50 feet are satisfactory for design purposes. 

Figure 8 is plotted from the data shown in the following tabula
tions. These data were obtained from the nonographs contained in this 
circular. (Computer programs are available from Public Roads for mak
iog these computati ns.) The first tabulation is for the inlet-control 
curve on figure 8, and the second tabultation is for the outlet-control 
curves. 

Data for Inlet-Control Curve 

(Read) IWZ ' -: 

.5 21 c.f.s. 2.o ft. 

.6 29 2.4 133 
•T 3T .2.8
 
.8 46 3.2
 
.9 56 . 3.6
 

1.0 65 . 
1.1 74' 4.14 
1.3 90i 5.2 
1.5 126.o
 
1.T 112 6.8. 
2.0 126 8.0 
2.5 145 10.0 
3.0 1.65 12.0 

*Fron Cbart 5.Poje6ting Inlet (3) 
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Data for Outlet-Control Curves 

dc 4 +D 3 Milfor Variouasso 

(Assume) chart 16 (compute) chart U. 0% .-5% 1% 1-5% 2.0% 

20 cts 1.3 ft, 2.6ft. - t. 2.8 ft. .2' 
4o 1.9 ~ 3.0 .8 3.8 2.8 1.8 .8. 

60 2.3 3.2 1.9 5.1 41 '3.1 2.1 1.1 
80 2.7 3.14 3.3 6.7 5.7 4.7 3.7 2.7 

100 3.1 3.6 . 5 2 P .8 7.8 6.8 5.8 1,.8 
120 3.3 3.6 7.5 U1.1 10.2. 9.1 8.1 7.1 
140 3.5 3.8 10.2 14.0 13.0 12.0 11.0 10.0 
160 3.7 3.8 13.6 17.1 16.1. 15.14 14.4. 13.4. 

BWR +h 0 - LSO whereh .&..d6 
2 

*From Chart 1 - or by Equation 2. 

The curves plotted apply only to the type and length of culvert 
shown. Culverts placed on grades steeper than about 2.5 percent vill 
operate on the inlet control curve for the headwater-discharge range of 
this plot. If a free outfall condition does not exist a correction for 
tailvater should be made as instructed in Step 3b. p. 5-16 of 'Proceaur. 
for .-ele ton of Cu.vert Fi.ze". 
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BIZ 1 - E11TRACE USS COEMCIEJ2I 

Outlet Control, Full or Partly Full 

aitrance head loss He k. 	 V2 

2g 

Type of Structure and Design of Entrance Coefficient ke 

Pipe, Concrete
 

Projecting from f1l, socket end (groove-end) 0.2 
Projecting from fill, sq. cut end . .. . 0.5 
Ifeadwll or headvall and vingwalls 

Socket end of pipe (groove-end) . . . . . 0.2ec 
Square-edge ............... .	 . 1 * 0.5
. ..
 
Rounded (radius 1/12D) .... 0.2o 

Mitered to conform to fill slope . . .. . . . .. 0.7 
*End-Section conforming to fill slope . . 0.5 
Beveled edges, 33.70 or 450 bevels . . 0.2 
Side-or slope-tapered inlet ........ .. 0.2 

Pipep, or Pipe-Arch, eorrugated Metal 

Projecting from fill (no headvall) . . . . . . . . 0.9 
Headvall or headvall and vingvalls square-edge • . 0.5 
Mitered to conform to fill 	slope, paved or unpaved
 

slope. .. .. ..... . . . . . . . 0 	 0.7*End-Section conforming to fill slope . . . . . 6 O0.5 
Beveled edges, 33.70 or 450 bevels . . * . .. .. 0 0.2 
Side-or slope-tapered nlet ............ 0.2 

Box, Reinforced Concrete
 

Headall parallel to embankment (no vingwalls) 
Square-edged on 3 edges . . . o * 6 * . ' 0.5 
Rounded on 3 edges to radius of 1/12 barrel 
dimension, or beveled edges on 3 sides . . . 0.2 

Wingvalls at 300 to 750 to barrel 
Square-edged at cron .. ... . e . f*. 0.i' 
Crown edge rounded to radius of 1/12 barrel 

dimensicn, or beveled top edge .. ..... 0.2 
Wingwall at 100 to 250 to barrel 

Square-edged at crovn . ...... 0.5 
.ingvalls parallel (extension of sides) 

Square-edged at crown ............ 07 
Side-or slope-tapered inlet .. .......... 0.2 

*Note: 	 "End Section conforming to fill slope," made of either metal 
or concrete, are the sections commonly available from manufacturers. 
From limited hydraulic tests they are equivalent in operation to 
a headvall In both inlet and outlet control. Some end sections, 
Incorporating a closed taper in their design have a superior
hydraulic performance. These latter sections can be designed
using the information &gvenfor the beveled Inlet, p. 5-13. 

5-49 
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Table 2. - Manning's n for Natural Stream Chbm1neJv 
(Surface vidth at flood stage less than 100 ft.) 

1. 	 Fairly regular section: 

a. 	 Some grass and weeds, little or no bruh .... 0.030--0.035 

b. 	Dense growth of weeds, depth of flow 

mterially greater than weed height. . . . . . . 0.035--0-05, 

c. 	 Some veeds, light brush on banks 0.035"-005 

d. 	Some weeds, heavy brush on banks . . . . • 0.05 -- 0.0? 

e. 	Some weeds, dense villovs on banks . . . . . . . 0.06 --0.08 

f. 	For trees within channel, with branches
 

submerged at high stage, increase all
 

above values by . . . . .	 0.01 -- 0.02 

2. Irregular sections, with pools,' 6110it chanel 

meander; increase values given above about. .... 0.01 --0.02 

3. Mountain streams, no vegetation in channel,
 

banks usually iteep,-trees and brush aon.g
 

banks submerged at high stage: 

a. 	 Bottom of gravel, cobbles, and fev boulders. . 4.0I.--0.05 

b. 	Bottom of cobbles, with large boulders . . . . 0.05 --O.0 T 

From "Design Charts for Open Channel Flow", (see Up. ,5-r). 
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Appendix C ILUJSTRATIVE PROBLEMS 
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Debris begins to build up at entrance to a dual 1.80-m culvert-Brazil. 
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U.S. 	 DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

DEBRtS-CONTROL STRUCTURES 

Prepared by 
G. Reihsen, Highway Engineer, Region 7 

and
 
L. J. Harrison, Highway Engineer 

Hydraulics Branch, Bridge Division 

PREFACE 

The original edition of this Circular was prepared in 1964 in 
cooperation with the Region 7 and Washington offices of the Federal 
Highway Administration (formerly Bureau of Public Roads) and the 
California Division of Highways. This revision incorporates comments 
received from users and an additional remark on safety. 

The 	Circular is based principally on California practice and
 
experience since the publication of the chapter on debris-control in 
California Culvert Practice V. The authors are indebted to Messrs. 
Kenneth Fenwick and Walter Whitnack of the California Division of 
Highways for their cooperation in furnishing standard plans and 
photographs and in arranging for field inspections. Particular 
credit is due to the hydraulics and maintenance engineers of California 
Highway Districts I, II, IV, VII, and VIII for relating their experiences 
with these structures. Permission to use plans prepared by the highway 
departments of California, Washington, and Hawaii is acknowledged. 
Special recognition is given to Mr. J. Kieley of Region 7, Federal 
Highway Administration, for his review and helpful suggestions in the
 
preparation of the manuscript.
 

INTRODUCTION 

General 

Water-borne debris r. ._ ms and structures used for controlling 
debris are discussed in this Circular. An accumulation of debris at 
inlets of highway drainage structures is a frequent cause of unsatis
factory performance or malfunction. This accumulation may result in 
failure of the drainage structure or overtopping of the roadway by 

i/ 	 State of California Division of Highways, California Culvert Practice, 
Sacramento, California, 2nd Edition, pp. 13-31, 1955. 
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flood waters and possible damage to the roadway and other property.
 
Consideration of the need for debris-control structures should be
 
an essential part of all hydraulic structure designs. The emphasis
 
in this publication is on culverts because their relatively limited
 
waterway area is subject to clogging by retention of debris at the
 
inlet.
 

Debris can be controlled by three methods: (a)intercepting the 
debris at or above the inlet; (b) deflecting the debris for detention 
near the inlet; or (c) passing the debris through the structure. In 
some locations, it may be desirable to provide a relief opening either 
in the culvert itself or by installing a separate, smaller pipe with the 
inlet higher than the principal culvert inlet. The choice of method 
depends upon the size, quantity and type of debris, the potential 
hazard to life and property, the costs involved and maintenance 
proposed. The debris-control structure selected to meet the needs
 
of the site must be compatible with the need for a forgiving roadside
 
for errant vehicles. Some examples shown herein do not fully meet
 
this criterion but were selected to illustrate the control device only.
 

Often the waterway opening is arbitrarily increased in an attempt
 
to pass debris through the culvert. The additional cost of such an
 
approach is usually greater than that for a device installed to control
 
debris. On the other hand, when debris from the drainage bsin can be 

passed through the structure without clogging, maintenance costs will 
be less than when debris is intercepted and subsequently requires
 
removal.
 

A debris-control structure may have several of the following
 
advantages:
 

(a) 	Prevents traffic delays due to an accumulation of drift on
 
the roadway or washouts caused by clogged culverts.
 

(b) 	Allows for planned maintenance rather than emergency main
tenance during floods when other situations arise which 
also require immediate attention. 

(c) 	 Avoids providing a "safety factor" in sizing a culvert to 
accommodate debris. 

(d) 	 Provides a safeguard against damaging buoyant forces when 
an accumulation of drift at the culvert entrances causes 
part-full flow.
 

(e) 	 Gives maintenance forces a method for correcting drift 
problems at existing culverts. 

9-2 
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In this publication a system of classifying the type of debris 
expected from any drainage basin is followed by a list of types of
 
debris-control structures. The basis for choosing the type of control 
structurn is given and details of design are discussed. 

Classification of Debris
 

Flood flow reaching a culvert nearly always carries debris which 
may be either floating material, material heavier than water, or a
 
combination of both. Debris concerns the highway engineer because
 
it can be deposited at the culvert entrance or in the culvert, thus
 
impairing its operation. A thorough study of the extent and type of 
the 	debris originating in the drainage basin is essential for proper 
design of a culvert. 

As an aid in selecting an appropriate debris-control structure, 
the debris from the drainage basin should be classified. A convenient 
classification system is that of the California Division of Highways 
which follows: 

1. 	 Very Light Floating Debris or No Debris. 

146 2. 	 Light Floating Debris - Small lijyi.s or sticks, orchard 
prunings, tules and refuse. 

3. 	 Medium Floating Debris - Limbs or large sticks. 

4. 	 Heavy Floating Debris - Logs or trees. 

r 	 Flowing Debris - Heterogeneous fluid mass of clay, silt,
 
sand, gravel, rock, refuse or sticks.
 

6. 	 Fine Detritus - Fairly uniform bedload of silt, sand, 
gravel more or less devoid of floating debris, tending to
 
deposit upon diminution of velocity.
 

7. 	 Coarse Detritus - Coarse gravel or rock fragments. 

8. Boulders - Large 	boulders and large rock fragments carried 
as a bedload of flood stage._
 

Types of Debris-Control Structures
 

Debris-control structures can have many shapes and can be con
structed of a variety of materials. These structures will be divided 
into the following general types: 
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1. 	 Debris Deflectors - (figs. 1-13) - Structures placed at the
 
culvert inlet to deflect the major portion of the debris
 
away from the culvert entrance. They are normally ,IV,!-shaped
 
in plan with the apex upstream.
 

2. 	 Debris Racks - (figs. 14-27) - Structures placed across the 
stream channel to collect the debris before it reaches the
 
culvert entrance. Debris racks are usually vertical and at 
right angles to the streamflow, but they may be skewed with
 
the flow or inclined with the vertical.
 

3. 	 Debris Risers - (figs. 28-34) - A closed-type structure 
placed directly over the culvert inlet to cause deposition
 
of flowing debris and fine detritus before it raaches the
 
culvert inlet. Risers are usually built of metal pipe.
 
Risers are also used as relief devices in the event the
 
entrance becomes plugged with debris (figs. 33, 34, 43, 45,
 
and 51).
 

4. 	 Debris Cribs - (figs. 35-39) - Open crib-type structures 
placed vertically over the culvert inlet in log-cabin 
fashion to prevent inflow of coarse bedload and light
 
floating debris. 

5. 	 Debris Fins - (figs. 40-45) - Walls built in the stream 
channel upstream of the culvert. Their purpose is to aline 
debris, such as logs, with the axis of the culvert so that 
the debris will pass through the culvert barrel without 
clogging the inlet. They are sometimes used on bridge 
piers to deflect drift. 

6. 	Debris Dams and Basins - (figs. 46-51) - Structures placed 
across well-defined channels to form basins which impede 
the streamflow and provide storage space for deposits of
 
detritus and debris.
 

7. 	Floating Drift Boom - Logs or timbers which float on the 
water surface to collect floating drift. Drift booms 
require guides or stays to hold them in place laterally. 
They are limited in use and will not be discussed further. 

8. 	Combination Devices - (figs. 28, 29, 43, 45, 48, and 51) -

A combination of two or more of the preceding debris-control
 
structures at one site to handle more than one type of debris
 
and to provide additional insurance against a clogged culvert
 
inlet.
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DESIGN OF DEBRIS-OONTROL STRUCTURES
 

Preliminary Field Studies
 

Proper design of a debris-control structure must be preceded by
 
a field study of the debris problem. Among the factors to be con
sidered are possible future changes in the type of debris that might
 
result from new industry or changes in land use within the drainage
 
basin. As an example, logging in a previously virgin area could change
 
the nature bf the debris problem from one of "medium floating debris"
 
to "heavy floating debris." Fire also could change the type and quan
tity of debris reaching culverts making it necessary to take remedial
 
action for debris control.
 

Culverts located at the end of urban drainage channels are often
 
clogged by refuse dumped into the channel or by trash washed off the
 
city streets. Under such conditions, a rack can usually be installed
 
at low cost to prevent clogging. However, urban locations require
 
careful design since malfunction of the debris-control structure will
 
often cause flooding and damage to adjacent property.
 

An estimate of the quantity as well as the type of debris is
 
needed by the designer so that an adequate debris storage area can be
 
provided immediately upstream from the control structure. Information
 

on the types and quantities of debris resulting from past floods are an
 
invaluable guide in-selecting the type of debris-control structure.
 
Such 	information could be secured from maintenance personnel, from
 
inhabitants of the immediate area or by personal observation. Access
 
to the debris storage area is needed for periodic removal of debris.
 

Determining the allowable headwater and the heig't of embankment
 
above the invert of the culvert at the inlet is also necessary in
 
selecting the type of control structure best suited to the particular
 
problem. Damage that would result from a plugged culvert should be
 
estimated to evaluate the need for a debris-control structure.
 

To summarize, the field survey data should include:
 

(1) 	Classification of the expected debris as to type.
 

(2) 	 Quantity of expected debris. 

(3) 	 Future changes in debris type or quantity due to potential 
changes in land use. 

(4) Information from which the designer can estimate streamflow
 
velocities in the vicinity of the culvert.
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(5) 	 Topographic map or cross sections of the area available 
for 	storage of debris at the site, accessibility of the
 
storage area for debris removal and the probable frequency 
of clean-out.
 

(6) 	 Possible damage that would result from debris clogging
 
the drainage structure.
 

Selecting Type of Structure 

The safety of highway traffic should be an overriding consideration 
in the selection of the type of debris-control device. The culvert end 
and the debris-control structure should be located beyond the usual 
recovery area for errant vehicles or the debris-control structiure 
should be designed to enhance the drivers chance of recovery 2/. At 
existing sites where modifications cannot be made to meet this objective, 
an appropriate vehicle restraining device or an impact attenuating 
device should be provided on the roadside. 

In order for a debris-control struct-r-e to perform its intended 
function, the type of debris must be anticipated and the appropriate 
device selected to prevent the culvert entrance from clogging. Table 
1, based on experience with different types of structure3, provides 149 
a guide for selecting control structures for various debris classifi
cations. Suitable devices for each debris classification are shown by 
"X". When the expected debris is not all of one classification, the
 
table also provides guidance for selecting a combination of control
 
devices.
 

.g/ 	Highway Research Board, Traffic-Safe and Hydraulically Efficient 
Drainage Practice. NCHRP Synthesis of Highway Practice No. 3, 
Washington, D. C., 38 p., 1969. 
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TABLE 1 - Guide for selecting type of structures 
suitable for various debris classifications 

DebrisFe Classfication 

Light Floatins Debris X X
 

Medium Floating Debris X X X 

Heavy Floating Debris X X
 

Flowing Debris iX , ' X 

___X _xFine Detritus 

150 Coarse Detritus X X X 

Boulders _. 

Debris Deflectors 

The function of a debris deflector (figs. 1-13) is to divert 
medium and heavy floating debris and large rocks from the culvert 
inlet for accumulation in a storage area where it can be removed
 
after the flood subsides. The storage area provided must be adequate 
to retain the anticipated type and quantity of debris expected to be
 
accumulated during any one storm or between cleanouts. The deflector
 
should be built at the culvert entrance and aligned with the stream
 
rather than the culvert so that accumulated debris will not tend to
 
block the channel.
 

Single deflectors can be built over batteries of pipe culverts 
(fig. 6) or individual deflectors can be built over each pipe of a 
battery (fig. 11). Their structural stability and orientation with 
the flow make deflectors particularly suitable for large culverts, 
high velocity flow, and with debris such as heavy logs, stumps, or 
large boulders. 
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Plates I and II show general dimensional details of debris 
deflectors. The angle at the apex of the deflector should be between 

and 250, and the total area of the two sides of the deflector
150 
should be at least 10 timbs the cross-sectional area of the culvert. 
Spacing between vertical members should not be greater than the minimum 

culvert dimension nor less than 1/2 the minimum dimension. A 
spacing of 2/3 the minimum dimension is commonly used. The base width 

and height of the deflector should be at least 1.1 times the respec

tive dimensions of the culvert. Where headwater from the design flood 

is expected to be above the top elevation of the deflector and floating
 

debris is anticipated, horizontal members should be placed across the
 

top. The spacing of horizontal members on the top should be no greater
 

than 1/2 the smallest dimension of the culvert opening. The upstream
 

member is vertical on most existing installations. However, a sloping
 

member at the apex (sloping downstream from bottom of member) would
 

reduce the impact of heavy floating debris and boulders, and probably 
prevent debris from gathering at that point. Deflectors with a sloping
 

member at the apex are highly recommended by maintenance personnel.
 

Debris deflectors are usually built of heavy rail or steel sections
 

(figs. 1-11), although timber (figs. 12, 13) and steel pipe are sometimes
 

used for light debris. For economy salvaged railroad rails may be
 

used if available. Figure 10 and Plate II show a deflector that
 

uses a cable as its lower longitudinal member. This modification has
 

proved superior in locations where heavy boulders damage rigid members. 


Wire and post debris deflectors (fig. 9) have been used for light
 

floating debris.
 

Debris Racks
 

A debris rack (figs. 14-27) is essentially a barrier across 

the stream channel which stops debris that is too large to pass through 

the culvert. Debris racks vary greatly in size and in the material 
used in their construction. Height of racks should allow some free
board above the expected depth of flow in the upstream channel for the
 

design flood. Racks 10 to 20 feet high have been constructed. The
 

rack may be vertical or inclined and may be placed over the culvert
 

inlet (figs. 14, 15, 19, 22, 23, 24, 26, 27, and 29) or upstream from 

the culvert (figs. 16, 18, 21, and 25). Figure 20 shows a rack
 

protecting the inlet of a down drain. Racks should not be placed in
 

the plane of the culvert entrance, since they induce plugging when
 
thus positioned. Access to the rack is necessary for maintenance. 

The rack should be placed well upstream from the culvert entrance 

in those locations where a well-defined channel exists. However, they 

should not be placed so far upstream that debris enters the channel 

between the rack and the culvert inlet. If a large debris storage 
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area exists 	at the rack location, the frequency of maintenance is
 
reduced and added safety is provided against overtopping the installation 
duriig a single storm. Some racks have not required maintenance for 
several years. 

Plates III through VI, inclusive, show the general dimensional 
details of debris racks. The total straining area of a rack should 
be at least ten times the cross-sectional area of the culvert being
protected. Vertical bars are generally spaced from 1/2 to 2/3 the 
minimum culvert dimension. This spacing permits the lighter debris 
to pass through the rack and the culvert. In urban areas, (fig. 19)
bar spacing of racks should be a maximum of 6 inches and tied to the 
culvert headwall by top bars to prevent entrance of children. Under 
these conditions it is preferable to hold the lowest edge of rack
 
about six inches above the flow line of the ditch, permitting some 
debris to pass under the rack during low flows. The close spacing

7'of the bars creates a debris trap and increases the maintenance 
required. 

Generally, racks do not have top or horizontal members extend
ing from the rack to the culvert headwall although there are exceptions 
(fig. 15). 	 The overall dimensions of the rack should be a function of
 
the amount 	of debris expected per storm, the frequency of storms, and 
the schedule of expected cleanouts. When a rack is installed at the


152 	 upstream end of the wingwalls, it should be at least as high as the 
culvert parapet. 

Since vertical racks receive the full impact of floating debris 
and boulders, their structural design should incorporate brace members 
set in concrete. Inclined racks and rubber tires (fig. 17) have been 
used to help reduce the impact of heavy debris striking at high velocity.
 

Chain-link fence has been used for removal of light debris where 
stream velocities are low. The fence barrier has a particular advantage
in tidal areas where the functioning of flap or check gatez is hampered
by light debris gathering on gate seats and thereby blocking complete 
closure of the gates. 

Debris Risers
 

Debris risers (figs. 28-34) generally consist of a vertical culvert 
pipe and are usually suitable for culvert installations of less than 54
inch diameter. This type of debris-control structure is used where 
considerable height of embankment is available and where debris consists, 
of flowing masses of clay, silt, sand, sticks, or medium floating
debris without boulders. Risers are seldom structurally stable under 
high-velocity flow conditions because of their vulnerability to damage 
by impact.
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Risers placed above the streambed at the bottom of steep, narrow
 
draws cause ponding with a reduction in velocity and deposition of
 
sediment. The resulting flat-bottom basin gives maintenance personnel
 
a place to work when either culvert cleanout or debris removal is
 
necessary. This basin also produces deposition of heavi': debris
 
upstream at the entrance to the basin where the debris cannot clog
 
the drainage structure. To avoid vibration of the riser pipe and
 
unstable flow conditions, the riser diameter should be about 1 foot
 
larger than the culvert diameter.
 

Plates VII through X, inclusive, show the general dimensional
 
details of debris risers. The riser should be covered by a grate or
 
cage to prevent clogging of the culvert. The grate bars can be rein
forcing steel or other such material with vertical spacing not greater
 
than 1/2 the diameter of the culvert. Slots or holes are placed in
 
the sides of the riser to carry low flow (fig. 32). It is preferable
 
to have these holes punched before galvanizing to avoid deterioration
 
by rust. The holes are considered to have no hydraulic capacity under
 
peak flow conditions because of the likelihood of their becoming •
 
plugged by light floating debris and silt. It is good practice to
 
build riser pipes at least 36 inches in diameter to provide an area
 
large enough for maintenance access. It is also desirable to connect
 
the grate bars to a coupling band, rather than directly to the riser
 
pipe, so the grate can be removed should cleaning be required. If
 
the embankent is of sufficient height, provisions should be made to 

extend the riser vertically if necessary. This can be accomplished
 
by means of standard coupling bands in the case of corrugated metal
 
pipe risers.
 

Installations have been built with the riser pipe at an angle
 
between vertical and the stream grade (fig. 28). This reduces the
 
impact of debris at the elbow and assists in moving debris through
 
the culvert. A corrugated metal pipe reducing elbow can be used to
 
connect risers to the culvert inlet, although damage to the metal
 
elbow from falling rocks may occur. Occasionally, concrete is placed
 
inside the elbow to prevent the metal from wearing through by this
 
abrasive action. A solution for extremely severe conditions is to
 
connect riser and culvert by a concrete junction box having the
 
inside shaped as an elbow. A corrugated metal pipe riser usually
 
costs less than a debris crib because of the labor involved in con
struction of the latter. Risers may be used as relief structures,
 
either independent of the main culvert or in conjunction with it
 
(figs. 33, 34, 43, 45, and 51).
 

Debris Cribs
 

A debris crib (figs. 35-39), often called a "bear trap," is
 
particularly adapted to small-size culverts where a sharp change in
 
stream grade or constriction of the channel causes deposition of
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detritus at the culvert inlet. The crib is usually placed directly
 
over the culvert inlet and is generally built up in log-cabin fashion
 
although other designs are sometimes used.
 

Plate XE shows the general dimensional details of a debris
 
crib. Spacing between bars should be about 6 inches. 
A crib may be
 
open (figs. 36-38) or covered (figs. 35, 39) with horizontal top

members spaced equal to the crib members. Debris can almost envelop
 
a crib without completely blocking the flow and plugging the culvert.
 
When an open crib is used as a riser and an accumulation of detritus
 
is expected to build up, provision can be made for increasing the
 
heights as needed (figs. 36, 37). Cribs and risers are somuwhat similar,

but cribs are more appropriate than risers where the culvert has
 
little cover and the detritus is coarse. Cribs have been built as
 
high as 50 feet above a pipe invert with little change in the effi
ciency of the facility. Due to the debris type and site conditions
 
associated with debris risers and cribs, field inspections of all
 
types of existing debris-control structures have shown these two types

to be most consistently successful in producing an efficient, main
tenance-free installation.
 

Debris Fins
 
The debris fin is a thin wall of concrete, steel, or timber
 

154 installed parallel with the flow (figs. 40-45). They have been used
 
successfully with large culverts where the debris consists mostly

of floating material that would pass through the culvert if oriented
 
parallel with the culvert barrel. Material that is not aligned by

the fin to pass through the culvert is retained at the front of the
 
fin for later removal by maintenance persornel. If the fin is sloped
 
upward toward the culvert, debris that does not pass through the
 
culvert will be floated upward and prevented from blocking the culvert
 
inlet. At bridge piers, long debris will generally ride up on the fin
 
and fall off in an aligned position. Fins have also been successful
 
in reducing ice clogging by displacing ice sheets upward along the
 
sloping top surface.
 

Fins on culverts are usually concrete and located on the center
line of a single culvert (figs' 43-45) or as extensions of the interior 
walls of multiple box culverts (figs. 41, 42). The upstream end of 
the fin should be rounded and sloped upward towaid the culvert, as 
shown in figures 40 and 41, to reduce impact, turbulence, and the proba
bility of gathering debris, rather than vertical as shown in figures
 

A debris fin -is usu~lly constructed to the height of the culvert;

hence, its effectiveness is limited after the inlet becomes submerged.
Based on experience, a fin length of 1 to 2 times the culvert height
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is recommended. The leading edge would thus have a slope of from 
1 :l to 2:1. Wall thickness should be the minimum needed to satisfy 
structural requirements in order to minimize disturbance to flow. Fins 
are generally not used on culverts with a minimum dimension of less 
than 4 feet. 

Since depth of scour at bridge piers is proportional to the
 
width of pier projected normal to the direction of flow, buildup
 
of debris on piers often contributes to bridge failure by scour.
 
Debris fins have been successfully used to align debris with the
 
waterway opening and to avoid the accumulation of debris on bridge
 
piers. Uhen used for this purpose, however, fins should be carefully
 
aligned with flow in order to avoid increasing the projected pier
 
width and a corresponding greater depth of scour.
 

When used at bridge piers, debris fins are usually constructed
 
of steel or treated timber piling and bracing. Pile penetration should
 
be sufficient to withstand predicted scour depths.
 

Debris Dams and Basins
 

On streams carrying heavy sediment and debris loads it is often 
economically impracticable to provide a culvert large enough to carry 
surges of debris. If the height of embankment and storage area at 155 
the highway are not sufficient for a riser or crib, a debris dam and 155 
settling basin placed some distance upstream from the culvert might 
be feasible. These are sometimes used to trap heavy boulders or 
coarse gravel that would clog culverts, especially on low fills. In
 
some locations debris dams have been built to provide the added benefit
 
of ground water recharge resulting from ponded water.
 

Debris dams (figs. 46-51) can be built of precast concrete beams
 

placed in crisscross or log-cabin fashion with rock dumped between
 
the members (fig. 50). Other dams have been built of rock held in
 
place by wire (figs. 47, 49).
 

The extent of preliminary investigation required for the design
 
of a dam should be commensurate with the size and cost of the structure
 

and the hazard created by failure of the culvert to carry the flow.
 
Information is needed concerning watertightness of the reservoir,
 

suitability of the foundations for supporting the dam, and the
 

availability of construction materials.
 

Earth or rock fill dams are usually desirable. A spillway should 
A number of
be constructed as a channel outside the limits of the dam. 


debris dams were built in Southern California and were found to have
 

lower construction costs than the annual cost of removing the debris
 

that otherwise would have been deposited adjacent to and within drainage
 
structures.
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Combined Debris Controls
 

Each drainage basin presents its own debris problem. Often
 
more than one problem exists and two or more types of debris-control
 
structures must be used. 
At some locations it may be preferable to
 
remove the larger debris at a location upstream from the culvert and
 
to remove the smaller material nearer the culvert inlet. At other
 
locations it may be advisable to install two types of deices so that
 
one will function if the other fails. For example, figure 33 shows a
 
debris riser installed over the entarance of a culvert to provide the
 
water access to the culvert in the event the culvert entrance becomes
 
plugged. Figure 34 shows the same installation after a flood.
 

Figures 43 and 45 show a culvert protected by both a debris fin
 
and a debris riser. Figure 51 shows an installation consisting of a
 
debris dam and settling basin with a debris deflector at the inleb
 
and a debris riser.
 

MAINTENANCE 

The standard or frequency of maintenance must be considered in
 
the design of a debris-control structure. Structures located on a
 

IS primary highway may have a higher frequency of maintenance than those
 
on a secondary highway. If a low standard of maintenance is to be
 
provided, it may be desirable to use a different type debris-control
 
structure requiring ldss attention or choose a larger culvert. This
 
consideration may also determine the choice when two or mor. alter
natives are available.
 

Provisions must be made for maintenance access to the debris
control structure site. A means of access is often difficult to pro
vide, particularly where a high embankment exists. However, such
 
installations.usually require less maintenance because of the added
 
debris storage available. If haul roads to debris-control installa
tions are not practical, it may be necessary to provide an area where
 
mechanical equipment such as a crane could be located for removing

debris without disrupting highway traffic. Some debris barriers must
 
be cleaned after each major storm.
 

Maintenance problems may require modifications in control device
 
design. For example, positive debris control could become essential
 
for an extremely long culvert necessitating reduction in the size of
 
openings in the debris-control structure to remove all debris that
 
might clog the culvert.
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Steel rail debris deflector for large rock.
Figure 1. 


Yigure 2. Steel rail debris deflector. 

4. Steel rail debris deflector in area
Figure 3. Steel rail debris Figure 

of heavy flowing debris.
deflector for fine detritus, 
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Figure 5. Steel rail debris deflector.
 

Figure 6. Steel rail debris deflector for battery
 
of culverts (See Fig. 7). 

I

: P 

Figure 7. Installation shown Jn Figure 6 during 
flood; function well under heavy debris flow. 

., ~-15'-,, 
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Figu'e 8. Steel rail debris de- " 

flector. Note storage area for 
debris resulting from culvert pro-

Figure 9. Wire and post debris deflector
jection. 

for light floating debris.
 

4S".... -	 . 

Figure 10. Steel rail and cable debris de
flector. Cable's flexibility more desirable
 
than rail's rigidity in boulder areas.
 

Figure 1.1.	Steel debris deft'lectors instafled at e,,

&~races to 
....
 .411a baittery of culverts., 
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Figure 12. Timber pile debris de
flector for boulders and heavy
 
floating debris.
 

Figure 13. Timber pile debris de
flector protected culvert during
 
heavy floods. Nearby culverts
 
vithout deflectors were plugged.
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Figure 14. Rail debris rack over sloping inlet. Heavy d'bris and boulders
 
ride over rack and leave flow to culvert unimpeded,
 

Figure 15. Rail debris rack vith top members in area of loging operations.
 

Figure 16. Post and rail debris rack, in place for 35 years, for
 

light to medium floating debris installed 100' upstream of culvert. 
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Figure 17. Steel debris rack 
downstream of culvert on 
beach. Rubber tires reduce 
impact of logs. 

162 

Figure 18. Ril debris 
rack. Note large strain
ing area provided. 

Figure 20. Debris control hinged
Figure 19. Hinged steel debris rack in 

urban area. Due to nature of debris installation of reinforcing
 

and possible entry by children, bar steel at inlet to roadside down
drain.spacing is close. 
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Figure 21. Steel debris rack. 	 . 

Figure 22. Debris rack used in
 
State of Washington. (See 

Plate III for design dimen
sions.)
 

o . 4.. . 

Figure 23. Rail deb'. rack in Figure 24 . Installation shown in,, arid 
region. (See Fig. 24.) 	 Fig. 23 after several years of 

fine silt deposition at entrance. 
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Figure 25. Steel debris rack probably saved the culvert from plugging. 

Figure 26. Pipe gril debris rack. Vertical fence at downstream 
end. to prevent debris from spreading over ponding area. 

Figure 2 .	 Steel grill debris rack with provision for cleanout
 
afforded by concrete paved area in foreground.
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Figure 28. Metal pipe debris riser, 
with posts to deflect boulders, in-
stalled by maintenance forces on 4f 

Figure 29. Poat detris rack placed over 
entrance to metal pipe debris riser 
after latter had caused deposition. 

angle to vertical. 

166 

Figure 31. Metal pipe debris 
.	 riser, in place for 25 years, 

operated well without verticalFigure 30. Metal pipe debris riser 
required little maintenance. Basin extension. 
had built up 10'. 
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Figure 32. Metal pipe debris riser 
shows slots for low flows. 

Figure 33. Metal pipe debris riser 
placed during initial ccnstruction of.. 
culvert provides relief in case the 
letter becomes plugged. (See Fig. 34.) 

166 

'4.'Y
 

7.9-23
 

Figure 35. Timber debris crib in ideal
 

Figure 34. Installation shown in location, i.e., high roadway embark-


Fig. 33 after flood*. Riser car- merit and large settling basin.
 

ried heavy flow during flood.
 

Fence pa&rtially surrounding riser
 
of no value for debris control.
 
(Note man at center of photograph.)- 'I
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Figure 36. Debris crib of precast concrete 
sections and metal dowels. Height in
creased by extending dowels and adding more 
sections. 

Figure 37. 
concrete 

Debris crib of precast
sections and metal dowels. 

167 

Figure 38. Timber debris crib of inexpen
sive local materials. 

Figure 39. Redwood debris crib with 
spacing to prevent passage of fine 
material. Basin had built up 30'. 
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Figure 40. Concrete debris fins with sloping lead
ing edges as extensions of culvert walls. 

Figure 41. Concrete debris fin with sloping Figure 42. Concrete debris fin with 
leadirg edge as extension of center wall, rounded vertical leading edge as ex

tension of culvert center wall. 

Figure 43. Concrete debris fin and Figure 44. Concrete debris fin for s_ngle 
metal pipe debris riser in ccnjunc- culvert. Preferable if more area existed 
tion with single corrugated metal between vinigrvas and fin. 
pipe culvert. 
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Figure 45. Debris fin and metal pipe debris riser 
in conjunction with single barrel culvert. 

Figure 46. Metal b.n type debris dam. 

-' -' < 

ilk. 

Figure 4T. Debris dam of rock and wire. 
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Figure 48. Debris dam an"'basin in tore- Figure 49. Debris dazi of rock and wire 
ground and steel grill debris rack at shown in Fig. 48. 
culvert entrarce in background. (See 
Fig. 49)... 

~~ V.-
. 

Figure ,0. Debris c.am oI precas16 coixcrcte sections 'abr/catc, 
to enable placezent in interlocking fashion.
 

Figure 51.. Dbrio dam and basin along with steel de 
bris rack over culvert entrance in foreground. 
Metal pipe riser visible over the spillway. Road
way in background.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
 
UNITS OF MEASUREMN
 

U. S. customary units of measurement used 

verted to metric (SI) units as follows: 

Multiply By 

inches O.0254 

feet O.3048 

square feet 0.092903 

cubic feet 0.02831685 

pounds (mass) 0.45359237 

feet per second 0.3048 

cubic feet per second o.o831685 

feet per second per second 0.3048 

in this report can be con-


To Obtain
 

meters
 

meters
 

square meters
 

cubic meters
 

kilograms
 

meters per second
 

cubic meters per second
 

meters per second per second
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APPENDIX A: PRACTICAL GUIDANCE FOR ESTIMATING AND CONTROLLING 
EROSION AT STORM SEWER AND CULVERT OUTLETS 

Introduction
 

1. This appendix summarizes and demonstrates application of the
 

results of research conducted at the U. S. Army Engineer Waterways
 

Experiment Station (WES) during the past decade to develop practical
 

guidance for estimating and controlling erosion downstream of storm
 

sewer and culvert outlets. Initial efforts were concerned with inves

tigation and development of means of estimating the extent of scour to 

be anticipated downstream of outlets. Subsequent efforts have involved
 

investigation and evaluation of various schemes of protection for con

trolling erosion such as a cutoff wall, horizontal blankets of rock
 

riprap, preformed scour holes lined with rock riprap, and channel ex

pansions lined with natural and artificial revetments. In addition,
 

efforts have been made to determine the limiting discharges for various
 

energy dissipators including simple flared outlet transitions, stilling
 

wells, U. S. Bureau of Reclamation type VI basins, and St. Anthony Falls
 

stilling ba,._ns. Empirical equations and charts are presented for
 

estimating the extent of localized scour to be anticipated downstream of
 

outlets, the size and extent of various natural and artificial type
 

revetments, and the appropriate dimensions of each type of energy dis

sipator investigated. With these results, designers can estimate the
 

extent of scour to be expected and select appropriate and alternative
 

schewes of protection for controlling erosion downstream of storm sewer
 

and culvert outlets. 

Scour at Outlets 

2. In general, two types of channel instability can develop down

stream from storm sewer and culvert oublets, i.e. either gully scour or
 

localized erosion termed a scour hole. Distinction between the two
 

conditions can be made by comparing the original or existing slope of
 

the channel or drainage basin downstream of the outlet relative to that
 

required for stability as illustrated in Figure Al. 

Al 
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~~~~ORIGINAL If 7OUND ( '$UAPL. SLOPE) i . . ." 

SCOUR HOLE
 

' " FLOW " . . .'. . , 

09, 

STASLE 
SLOPE 

GULLY SCOUR 

Figure Al. Types of scour at culvert outlets
 

Figure A2. Failure of outlet structure due to
 
gully scour
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3. Gully scour is to be expected when the Froude number of flow 

in the channel exceeds that required for stability. It begins at a con

trol point downstream where the channel is stable and progresses upstream. 

If sufficient differential in elevation exists between the outlet and 

the section of stable channel, the outlet structure will be completely
 

undermined as shown in Figure A2. The primary cause of gully scour is
 

the practice of siting outlets high, with or without energy dissipators,
 

relative to a stable downstream grade in order to reduce quantities of
 

pipe and excavation. Erosion of this type may be of considerable extent
 

depending upon the location of the stable channel section relative to
 

that of the outlet in both the vertical and downstream directions. To 

prevent gully erosion, outlets and energy dissipators should be located
 

at sites where the slope of the downstream channel or drainage basin is
 

naturally mild enough to remain stable under the anticipated conditions
 

or else it should be controlled by ditch checks, drop structures, and/or
 

other means to a point where a naturally stable slope and cross section
 

exist. Outlets and energy dissipators should not be located within
 

1channels or drainage basins experiencing deposition but adjacent to the
 

perimeter and provided with an outlet channel that is skewed rather than 

perpendicular to the main channel or basin (Figure A3). 

4. A scour hole or localized erosion is to be expected downstream 

of an outlet (Figure A) even if the downstream channel is stable. The 

severity of.damage to be anticipated depends upon the conditions ex

isting or created at the outlet. In some instances, the extent of the 

scour hole may be insufficient to produce either- instability of the 

embankment or structural damage to the outlet. However, in many situa

tions flow conditions produce scour of the extent thok; embankment ero

sion (Figure 4 a) as well as structural damage of the apron, end wall, 

and culvert (Figure 4b) is evident. Noteworthy surveys of conditions 
1* 

at culvert outlets have been accomplished by Keeley in Oklahoma and
 
2
 

Scheer in Montana.
 

5. The observations and empirical methods developed by Keeley, 

. Raised numbers refer to similarly numbered items in the References at 

.the end of the main text. 

A3
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Single stilling well with paved perir!Eiter
a. 


b. 	Multiple stilling wells without perimeter
 
protection
 

Figure A3. Single and multiple stilling wells with
 
and without perimeter protection
 

189 



190 

Compendium 3 	 Text 6
 

a. Embankment erosion
 

iii
 

~A
 

b. 	Structural damage of apron, 
end wall, and culvert
 

Figure A.Damage resulting frcalocalized erosion
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which provide specific guidance relative to the conditions that produce
 

gully scour or only a localized scour hole as well as those required for
 

stable channels in several Oklahoma soils, merit consideration and ap

plication in general. An example of a chart developed by Bohan
5 for
 

design of trapezoidal channels 	with lV-on-2H side slopes in a soil that
 

would deposit and erode with Froude numbers of flow less than 0.15 and,,
 

greater than 0.35, respectively, is shown in Figure A5.
 

6. 	Bohan also reported the results of research conducted at WES .to
 

determine the extent of localized
 

scour that may be anticipated down

...R -: stream of circular storm sewer arndI.0 - d. 

These tests indiculvert outlets. 

0.4 	 cated that all of the tailwater condi

tions investigated could be grouped

0.2 

into two categories. Tailwater condi

0.1 	 tions of less than 0.5 D ft above 
o
 

0.06a /	 the culvert invert produced approxi-0.04 ,D1
0.04 

0 a mately the same flow pattern and
 

0 scour hole geometry and are termed
 

9 minimum tailwater conditions; all
Q o.o. 

0.006 	 tailwater conditions of 0.5 D ft 

0.004 	 o1 and greater above the culvert invert 

produced approximately the same flow
0.002 

pattern and scour hole geometry and
000.00.1 
are termed maximum tailwater condi

0.0006
tions. These results agreed very
oo04 


well with those presented by Seaburn
 
0.0002 I6 

and Laushey which indicate that for 

0.000, a constant discharge the velocity just
0.06 0.10 0. 04 1.0 

= downstream of a circular culvert out-
V 9-let remains constant for tailwater
 

Figure AS. Characteristics conditions from 0 to 0.5 D0o,ft above 
of a trapezoidal channel 


the culvert invert. The velocity in

with lV-on-2H side slopes as a
 

function of Froude number creases -with increasing tailwater and
 

A6 

191 



Compendium 3 Text 6
 

reaches a constant maximum velocity again at a tailwater approximately 

1.0 D ft above the culvert invert.
0 

7. Epirical equations were developed for estimating the extent of 

the anticipated scour hole based on knowledge of the design discharge, 

the culvert diameter, and the duration and Froude number of the design 

flow at the culvert outlet. However, the relationship between the
 

Froude number of flow at the outlet and a discharge parameter, Q/D5 /2
 
30
 

for circular and square outlets or q/D3/2
0 for rectangular and other 

shaped outlets can be calculated; and the discharge parameter is Just as 

representative of flow conditions as is the Froude number. The rela

tions between the two parameters for both partial and full pipe uniform 

flow in square culverts are shown in Figure A6. Since the discharge 

parameter is easier to calculate and is suitable for application purposes,
 

the original data reported by Bohan were reanalyzed to determine the re

lations shown in Figures AT-AlO for estimating the extent of localized 

I f 
d 

_,,. ,I.c-.--____.____ 

=Q
 
0.10 

0.20 

0.0-0. 

0.0r 

0.005 0.01 0.05 0.0 

Q." 

F'igure A6. Square culvert - Froude number versus discharge 

* For convenience, symbols and unusual abbreviations are listed and 
defined in the Notation (Appendix B).
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scour to be anticipated downstream of circular culvert and storm
 

sever outlets. The variables are defined in Appendix B, and c6m

parisons of predicted and observed values are shown in Figures AT-


AJ0.
 

8. Dimensionless scour hole geometries determined from model 

tests with 0.224-ft-, 0.33-ft-, and 1.00-ft-diam circular culverts, 

a sand with an average grain size of 0.25 mm, and tailwaters less 

than 0.5 D0 ft as well as equal to or greater than 0.5 Do ft &re 

presented in Figures All and A12, respectively. The maximum depth 

of scour occurred at a distance 0.4 of the maximum length of scour 

downstream of the culvert outlet for all tailvater conditions. 

LO ' 	 G/ot/Sftmw LAW
 

00 

00
 

0.4 -- ' 0 00 A1 

°. - -- o-	 , 0 -" 

0.0 0 1 .0 	 195 

G 0.1 0.2 0.3 0.4 0.3 0. 0.7 0. 0. .1.0
 
Lu/Lam
 

DIMENSIONLESS CENTER-LINE PROFILE 

_ORIOIN,AL GROUND LINE 

' 0 0
...~[,(,, IA.. "a 0/
 

- iii 
1.0 0. 0.0 0.4 0.2 0 0.2 04 0.0 00 1.0 

we/won .
 

LEGEN DIMENSIONLESS CROSS SECTION AT 0.4 Lsm
 
0 I.000"iTh-CAM CULVERT 

0 0.3334-lTAM CULVERT
 
A 0.224-F?-IAM CULVERT
 

Figure All. 	Dimensionless scour hole geometry 
for minimum tailvater 
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0.4 - - - - - - - 4. 

DI.. £0 

19 
0. 

Io. , r,10 

0 0.1 

LGN"" ..... 

0 CROWVR 

04 

0.2 

DIMNSONES 

0 

0.3 0.4 

DIMENSIONLE5 

CETR-IEPRFL 

r 

7 

0.S 0.2 0.7 
L/L.M 

CNTER-LINE PRO L, 

() -. OII6AM. 

0.0 

LIN 
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- 1 t fo ma I 0i"- , s. 

196 

- 0. -

1.0 

0 0.33)N'T*OIAMd 

A O.2Z4iVTIAMV 

- - - - -CULVERT 

0.3 01S 0.d ,1.2 O.2 , , 

DDIMENSIONLESS CROSSSECTION AT0.4 L1 ra 

CULYCI'R 

CULV~mT 

Figure A12.* Dimensionless scour hole geometry 
for maximum tailvater •... 

-

0.6 

-

I,,0 

( £ 

'"L 

Cutoff Wall 

9. If the locationof the outlet is such that a scour hole is 
not objectionable, it may be practical to allow localized erosion 

since the scour hole acts as an excellent energy dissipator; however, 

.acutoff wall which extends to a depth of at least 0.7 of the maxi

mum depth of scour expected (Figure All) and of appropriate width 

shoul.d be provided to prevent undermining. 
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Horizontal Blanket of Riprap
 

10. The average size of stone and configuration of a horizontal 

blank6t of riprap at outlet invert elevation required to control or 

prevent localized scour downstream o1 an outlet can be estimated based 

on the results reported by Bohan and subsequent unreported tests. For 

a given design discharge, culvert dimensions, and tailwater depth rela

tive to the outlet invert, the minimum average size of stone for a
 

stable horizontal blanket of protection can be estimated by the follow

ing relations: 

50 0.020 0. Circular and square outlets-(Al) 

00 

d D )// 
0. 020 - I Rectangular and other shaped (A2)

TW D/) outlets 

The length of stone protection required downstream of an outlet can be 

estimated by the relations shown in Figure A13. The variables are de

fined in Table Al and the recommended configuration of a horizontal 

blanket of riprap for control of erosion at an outlet is presented in 

Figure A14. 

Preformed Scour Hole Lined with Riprap
 

11. The relative advantage of providing both vertical and lateral 

expansion downstream of an outlet to permit dissipation of excess kine

tic energy in turbulence rather than direct attack of the boundaries is 

shown in Figure A15 which indicates that. the required size of stone may 

be reduced considerably if a riprap-lined, preformed scour hole is pro

vided in lieu of a horizontal blanket at an elevation essentially the
 
same as the outlet invert. 
Details of a scheme of riprap protection 

termed "preformed scour hole lined with riprap" are shown in Figure A16. 

A12
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RECTANGULAR AND OTHER OUTLETS 
50 .. -M3t q 

30 

SP 

20 D-/ 

CIRCULAR AND SQUARE OUTLETS 

10 )l 

0 as I) ITW I0,5 D o 
I 

0 
0 10 20 30 

LS 

RECTANGULAR AND OTHER OUTLETS' 
198 50 

40 
7, "00

0 0 
0, 0 .3/2" 

OD 0 
0 ADEQUATE 

30 0 ALMOST ADEQUATE 

0 . INADEQUATE 

20.'- + 7 
SD o , 0 5/2-D 

CIRCULAR AND SQUAREOUTLETS 

10 M 8 
TW'< 0.5 D o 

0 " I I 

0 10 20 30 

Figure A13. Length of stone protection, horizontal blanket
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Fitgure A1.4. Recommnended configur'ation of ripr'ap "blanket,,
 
:subject to minimum and maximum tailwaters .
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NOTE: USE q IN LIEU OF._..' '0.5 - 03 0~
05 3/2 D5/2 

FOR OTHER THAN 
CIRCULAR OR 
SQUARE 	 OUTLETS / 

d 1 0.1~ 	 s"--" 

D o- co 
0 Do 	 5 D Q 

S" C TYPE PROTECTION 
00200 HORIZONTAL BLANKET 

0.01 	 -- 0*.0 10 LINED CHANNEL EXPANSION
0.0125 0.5 Do DEEP PREFORMED 

1 ,SCOUR HOLE 
0.005 	 0.0082 1.0 Do DEEP PREFORMED 

0 / SCOUR HOLE 

0.0021 ... ,I . I I I ,, 
:,O.002--'OL..L 1.0 10I 	 00.2 	 0.5 hO5 3 350 IOC 

Q 

Figure A15.' Recommended size of protective 'stone
 

PLAN 

SECTION A-A 

Figure A81., Preformed scour hole 
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Lined Channel Ebpansions 

12. A research project sponsored by the Louisiana Department of 

Highways was recently ccmpleted at WES to investigate the feasibility 

of lining channel expansions downstream of square culvert outlets with. 

either sack revetment, cellular blocks, or rock riprap. After observing
 

flow conditions with various sizes of model culverts and gemetries of 

channel expansions, the channel expansion geometry shown in Figure A17 

was selected as a practical configuration. The dimensions of the lined 

channel expansion are related in terms of that of square box culverts. 

CURrTIN WALL-. 

2.5 .
 

SEION A-A0. 

Figure Al7.: Culvert outlet erosion protection, 
• -"" lined expansion'... channel 


AL6
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For rectangular outlets, it is reccmmended that similarity be preserved 

in both the plan and elevation planes in terms of the respective width 

and height of the outlet.
 

13. Sack revetment with length, width, and thickness of 2, 1.5, 

and 0.33 ft, respectively, and weighing 120 lb was simulated at a scale 

of 1:8 as shown in Figure A18. Cellular blocks roughly 0.66 by 0.66 ft* 

and 0.33 ft thick weighing 14 lb were simulated at a scale of l:4'as 

shown in Figure A19. Rock of 6- to 8-in. diameter weighing 17 lbvas 

simulated at a scale of 1:4 as shown in Figure A20. The resultsdf-: 

tests to determine the conditions of discharge and tailwater required to 

displace or fail each of the revetments are shown in Figure A21 and ,in

dicate that the thickness of geometrically similar revetments ' can be 

calculated by the means of the following empirical equations: 

d T *TB D 4/3
50 or - or 0.016 Square and circular (A3)
0 D0rD 0 TW D5 /2 outlets 

202 

d T T D 143 
or or = 0.016 a D3/2 Rectangular and other (A4') 

0 TW(D/2 shaped outlets 

14. The variables are defined in Appendix B. The relative effec

tiveness of the lined channel expansion relative to the other schemes of 

riprap protection described previously is shown in Figure A15. The re

lations presented in Figure A15 are recommended for selection of either
 

the size of revetment for a given scheme of protection, discharge, tail

water depth, and culvert dimension or for the selection of the size of 

culvert with which a given revetment and scheme of protection will re

main stable under anticipated conditions of discharge and tailwater 

depth. 5/2, 3/2
 
15. The maximum discharge parameters, Q/DS/2 or q/D3 ,of0 0 

various schemes of protection can be calculated based on the results
 

presented herein and ccmparisons relative to the cost of each :type of
 

Al7
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~~17, 

II
 

Figure A18. Channel expansion lined with sack revetment 


,~~I .I 

Figdre A19. Channel expansion lined with cellular blocks
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A.A 

0 0 

Figure A20. Channel.exp~ansion linedl with ri:prap
 

0.4 'f, ' 1 ' 'ORA-NOTE: USE__c__IN LIEU OF 0 FOR 
D,3/2 D 5/2 

OR SQUARE OUTLETS /,,Z0 .- I IO N 

on04 

DU.0.01
Do Do 

Do uoeD0. Ce i ei 

0.005
 

D 0 RIPRAP 

A BLOCK 

0 SACK 
1 1 1 1 1 I llI0.0011 

0.1 0.5 1.0 5 I0 20 

Q 

Figure A21. Maximum permissible discha ge for 
lined channel expansions 

lfiore
Rectangle
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protection can be made to determine the most practical design of pro

viding effective drainage and erosion control facilities for a given 

site. There will be conditions where the design discharge and economi

cal size of culvert or storm sewer will result in a value of Q/D5/2 
3/20
 

or q/:Do0 , the discharge parameter, greater than the maximum value 

permissible with feasible schemes of protection discussed previously
 

and some form of energy dissipator will be required. In other cases, 

the value of the discharge parameter may be less than that of the afore

mentioned feasible schemes of protection and a simpler more economical 

form of protection may be indicated. 

Flared Outlet Transitions 

16. Tests 7 were conducted to determine the maximum values of the 

discharge parameter (Table Al) that were considered satisfactory with 

various conditions of tailwater and 3-, 5-, and 8-Do-long simple flared 

outlet transitions whose details are shown in Figure A22. Results of 

the tests of these simple outlet transitions with the apron at the same 205 

elevation as the circular culvert invert are shown in Figure A23 which 

indicate that the maximum discharge parameter for a given outlet, length 

of transition, and tailwater can be calculated by the equations 

___ (L,0.4(D oI )) 
5/26= (Do.(Circular square outlets (AS).6o and 


D5/2 D :
 
D 0 'to 

D / )° i. 6o (L(=-

D3 D Rectangular and other (A6) 
o0o shaped outlets, 

Similarly, the length of transition for a given situation can be calcu-,
 

lated by the equations
 

A20
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WO
 

Figure A22. Flared outlet- transition 

.5 

206' 

00
 

Z NOTE: USE q. I.N UIEU OF g...... FOR' 

Q D0
 

2
1 1

Q TW( L 0.4(k 

5 10 .20' 
L 

Figure A23. Maximum permissible discharge for 
various lengths of flared outlet transition 

and tailvaters 
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L = 0.30 	 (D/TW)/3 Circular and sr--re (A7) 
0. (Do5 2) 	 outlets 

2.5(Do/TW)"/3
LD)2

L =.0.30 _a 	 Rectangular and other (A8) 

o (D 	 shaped outlets 

Variables are defined in Appendix B and Figure A23 shows that this type 

Q/D5 / 2 of protection is satisfactory only for low values of or 
2
q/I' The arbitrary extent of scour depth equal to or less than 

0 

0.5 Do was used to classify satisfactory conditions.
 

17. Attempts were made to investigate the effectiveness of re

cessing the apron of these flared outlet transitions and providing an 

end sill at the downstream end; however, Figure A24 indicates that 

this modification did not significantly improve energy dissipation or
 

increase the applicable maximum values of the discharge parameter,
 

or q/D3/2Q/D5/20 0 

Cammonly Used Energy Dissipators 

8

18. 	 Grace and Pickering have reported the results of model tests 

discharge parameter, Q/D5/2
;o evaluate the maximum values of the 

0 

Lpplicable to circular culverts discharging into various sizes of three 

ammonly used energy dissipators: stilling wells,9 U. S. Bureau of
10 	 ii1 

and St. Anthony Falls stilling basins.leclamation type VI basins, 

19. The stilling well consists of a vertical section of circular 

ipe affixed to the outlet end of a storm sewer as shown in Figure A25. 

he reccmmended depth of the well below the invert of the incoming pipe 

Ls dependent on the slope and diameter of the incoming pipe and can be 

Letermined from the plot shown in Figure A25. The recommended height of 

,tilling well above the invert of the incoming pipe is two times the 

Liameter of the incoming pipe. The top of the well should be located at 

;he elevation of the invert of a 	stable channel or drainage basin. 

A22 
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4 

L 3 
DT o 

2 


0 

5a NOTE: USE q INLIEUO. D._FORDO% 


o0-	 OTHER THAN CIRCULAR OR
SQUARE OUTLETS 

L

wo4 


lJ " 	 -- 0.25 
2080 

208 	 ;X.0.50 

0 	 0.2 0.4 0.6 0.8 1.0 
TW 

Figure A24. Relative effects of recessed apron
 
and end sill on permissible discharge
 

The area adJacent to the 'wellmay be protected by riprap'or paving;' 

however,'-fif there is no 'adJacent erodible enbankment'within two well 

diameters of the periphery of 'the stilling well, protection is not 

needed.' : - Energy dissipation is accomplished without the necessity of 

maintaining a specified tailvater depth in the vicinity of the outlet. 

20. Details of the U. S. Bureau of Reclamation type VI basin and 

the St. Anthony Falls stilling basin are presented in Figures A26 and 

A27. Maximum values of the discharge parameter,, , considered 

satisfactory for various sizes of each of the energy dissipators are 

presented in Table A2. These data are satisfied by the following equa

tions which can be used to'compute the diameter or width of each type 

A23
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0.8 

-- .0.- - - . 

IL 
0 

IL w 
0 1 

M Ia 

0. 

j g, 0.4 - - -m -

0 0,2 0.4 0.6 

SLOPE, VERTICALiIHORIZONTAL 

0.8 1.0 

209 

j U) 

II _._ _ _ _ , 
DATUM 

Figure A25. Stilling. wel 
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11 J. 2.I
1- _:_-:! / e:. 

. .... I ' . - 1 I .,; , 

'0 l/ I 2'. 
. 1I. . . It,--- -- :-."'; ...... 

~,O.SEC A-A 
* I Ir
1 .e
 

PLAN 

.... :. -F..let " 

it.....c. o o,
 

F I..': -. )"" 

Bedding.
SECTION 

STILLING BASIN DESIGN 

H z 3 4(W) d- I 6'(W)
L-=4/3 (W) :e = OI/LI(W)• 

a 1/2(W). t = 1,12 (W. -SUGGESTED MINIMUM 
b 3 13(W) RIPRAP STONE SIZE DIAMETER= 1/20 (W). 
c =.1/2(W) 

Figre A 
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RECTANGULAR STILLING BASIN
 
.e ,;.,HALF-PLAN WING WALL N4.
 

-w 
V's.'*iiti' ,.5m.1 

404. ,I W,.ALL 

TRAPEZOIDAL STILLING BASIN .5 

HALF-PLAN
 

SIDE WALLS 

VARI S Id L 
CHUTE BLOCKS '. . .
 

FLOR BLOCk VARIES 211 
END SILL CUTOFF WALL 

CENTERLINE SECTION 

DESIGN EQUATIONS 

2 

(1) F ,= (2) d2 2F 

(3o) F 3TO30 d2 (1.10 -F/120).d2 

(3b) F =30 TO 120 d2 :0.85d 2 ' 

(3c) F,= 120 TO 300 Z ='(1.00 - F/800)d 2 " 

(4)L45d (5z 2 (6) c 0.07d2 

Figure A27. ProDortions of SAF stilling basin. 

A26
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of energy dissipator relative to that of the ;incoming circular or square 

pipe:,, 

D 1. 
= 0.53 Stilling w,.el (AO) 

S/o 

S30 -St. Anthony Flsstilling (AlO)

D 0 .3 D(5/) basin Fal 

VI-1.30 U. Se Bureau of Reclama- .(All) 
D tion type VI basin 

The above relations should be used only for design of each of the re

spective energy dissipators downstream of circular or square outlets. 

The SAF stilling basin is the only one of the above energy dissipators 

recommended for use with other shaped outlets, and in such cases, the 
design should be conducted in accordance with the usual procedures for 

ensuring the formation of a hydraulic Jump within the stilling basin 

rather than based on the above relation. It is recommended that the 

size of stone protection to be provided downstream of these energy 

dissipators be estimated by the following relation:
 

a.°= 1~ - 3 (Al2) 

where De and V e are the depth and velocity of flow exiting the 

energy dissipator. Guidance other than engineering Judgment for esti

mating the length of stone protection required downstream of an energy 

dissipator is not available due to the lack of systematic investigations 

of this aspect of the problem. However, model studies of protection
 

required downstream of spillway stilling basins indicate that a length 

of approximately 10 times the theoretical depth of flow required for a 

hydraulic Jump is reasonably adequate. 

A27 
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Discussion 

21. Contrary to the usual assumption, increased tailwater or 

excessive tailvater at outlets tends to concentrate rather than diffuse 

the efflux; and although the depth of scour may not be as severe, the 

length of scour relative to that observed with tailwaters less than one

half the height of the outlet is considerably greater. This is attrib

uted to the fact that with tailwaters greater than or equal to one-half
 

the outlet height, the efflux is confined by the relatively stagnant 

adjacent waters which are entrained with the efflux to effectively in

crease the unit discharge issue from the outlet.
 

22. Although the effect of outlet shape on the scour hole geome

try was not investigated in detail, a comparison of the scour holes 

developed in 0.25-mm sand by a discharge of 0.87 cfs through each of 

four differently shaped outlets (circular, square, rectangular, and 

arch) with the same cross-sectional area (0.087 sq ft) and both minimum 

and maximum tailvater conditions indicated that outlet shape had no 
The tendency of the Jeton scoursignificant effect the hole geometry. 

issued from an outlet to oscillate from side to side under conditions of 

maximum tailwater was observed with flows through each of the afore

mentioned conduit shapes. This oscillation was random and quite slow 

for all conditions except when flow from the arch-shaped outlet was 

discharged into maximum tailwaters after a scour hole had been developed 

with minimum tailwaters. For this condition, the oscillation was 

periodic and changed position about every 15 sec. Thus, it appears that 

a Jet discharge from an arch-shaped outlet is less stable than those 

from the other outlet shapes investigated. This indicates that a 

greater extent of scour, particularly width of scour, may be expected 

downstream of arch outlets subject to both minimum and maximum tail

waters (see Figure AI). 

23. Various degrees of success have been experienced with riprap 

and/or rubble or other forms of protection downstream of outlets and 

different opinions regarding the adequacy of protective stone have 

developed. One of the most common causes of failure of protective 

A28 
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material observed during field observations12 was the lack of an ade

quate filter between the soil and the protective material. This permits
 

progressive leaching of the soil and settlement of the blanket. 
The
 

blanket can be grouted in areas subject to mild winters; however, an
 

appropriate filter and weep holes should be provided for relief of
 

hydrostatic pressure. Grouted riprap does not perform satisfactorily in
 

areas where considerable freezing and thawing is experienced annually.
 

Exit channel protection should be segregated from erodible soils by
 

graded filters1 3 and/or durable synthetic cloths.
1 4
 

24. It is considered that the results presented herein, with the
 
exception of the three commonly ,usedenergy dissipators which were de
veloped for circular and square outlets, can be applied to other outlet
 

shapes , provided geometric similarity is preserved in application of the
 
recommended guidance. 
The discharge parameter should be calculated on 

the basis of the unit discharge per foot of width of the outlet, q , 

rather than the total discharge. 

2125. These results may also be applied to develop designs of pro

tective measures downstream of multiple outlets, provided the spacing 

between outlets is relatively small (less than one-fourth the individual
 

outlet widths). In such cases, it is recomended that analyses be con
ducted on the basis of a single outlet (one of the two outermost outlets)
 

and that a total width of protection be provided which includes the total
 

width of protection needed below a single outlet plus the width between
 
the center lines of the two outermost outlets. If the spacing between
 

outlets is appreciable, i.e. one-fourth or greater than the individual
 
outlet widths, the individual jets and unit discharges of flow may be
 

concentrated due to confinement by excessive tailwater or expansion and
 
subsequent intersection downstream with minimum tailwater; and consider
able turbulence may be generated which will increase the severity of
 
attack on local boundaries. In such cases, it is recommended that the
 

extent of the protective works be enlarged by a factor of judgment, i.e.
 

25 to 33 percent.
 

26. These generalized results offer considerable guidance since
 

one can estimate the extent of scour to be anticipated in stable
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channels of cohesionless soils and then decide what degree of protection
 

is required. For example, is the anticipated scour hole with an appro

priate cutoff wall that protects the outlet adequate for energy dissipa

tion? Are the size and extent of riprap required for a stable horizontal
 

blanket practicable? Is it practicable to compromise depth of scour and
 

size of riprap by providing a preformed and riprap-lined scour hole? Is
 

an energy dissipator required? Is it practicable to size the storm
 

sewer or culvert on the basis of anticipated erosion and appropriate
 

protective measures in lieu of hydraulic efficiency? EKmples of the
 

recommended application of the results are presented in Table A3.
 

A30
 

215 



Compendium 3 	 Text 6
 

Table Al
 

Maximum Discharge Recommended for
 

Various Flared Outlet Transitions,
 

Limiting Values of Q/D5 / 2 

0 

L/D
0 

H/D
0 

3 0 
3 0 
3 0 
3 0.25 
3 0.25 
3. 0.25 
3 O.50 
3 0.50 
3 O.50 
5 0 
5 0 
S - 0 

'216 5 0.25 
5 0.25 
5 0.25 
5 0.50 
5 0.50 
5 O.50 
8 0 
8 0 
8,. 0 
8 0.25 
8 0.25 
8 0.25 
8. 0.50 
8 0.50 
8 '0.50 

TW/D Q/D5 /2
 

0 0 

0 0.88 
0.50 1.78 
1.00 2.56 
0.25 1.28 
0.50 1.78 
1.00 2.56
 

.0.25 1.58 
0.50 2.00 
1.00 2.56 
0.25 1.20 
0.50 2.40 
1.00 3.20 
0.25 1.58 
0.50 2.78
 
1.00 3.47 
0.25 1.47:
 
O.50 2.77 
1.00 3.46 
0.25 1.68 
0.50 2.40 
1.00 3.75 
0.25 2.17 
0.50 3.36 
1.00 4,44 
0.2S 	 2 .46 

. 50rS6S 
1.00 4.55 
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Table A2 

Maximum Discharge Recommended for Various., 

Types and Sizes of Energy Dissipators 

Relative Width and Type Maximum Q/D5 / 2 

of Energy Dissipator 0 

Stilling Well
 

1 D diameter 2.0

0 

2 Do diameter 3.5
 

3 D diameter - .0
 

S D0 diameter 10.0
 

USBR Type VI Basin,
 

1 Do wide 0.6
 

2 Do wide 2.2
 

3 D0 wide 4.5
 

4 D wide 7.6
 

5 Do wide 1I.5
 

7 Do wide 21.0
 

SAF Stilling Basin 

: Do wide 3.5 

2 Do wide 7.0'
 

3 Do wide 9.5
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Table A3 

Examples of reccmmended application to estimate extent of scour in a 

cohesionless soil and alternative schemes of protection required to pre

vent local scour downstream of a circular and rectangular outlet with 

equivalent cross-sectional areas that will be subjected to a range of 

discharges for a duration of one hour. 

Given: 

Dimensions of rectangular outlet = =D0 ft, D = 5 ft 
0 0 

Diameter of circular outlet, D = 8 ft 
0,


Range of discharge, Q = 362 to i086 cfs 

Discharge parameter for rectangular culvert, qD3 .2 to 9-T 

Discharge parameter for circular culvert, D_ =2 to 6 
218 Duration of runoff event, t = 60 min 

Maximum tailwater el = 6.4 ft above outlet invert (>0.5 D ) 
Minimum tailwater el = 2.0 ft above outlet invert (<0.5 D) 

Example 1 - Determine maximum depth of scour for 
minimum and maximum flow conditions: 

RECTANGULAR CULVERT (see Figure AT)
 

MINIMUM TAILWATER
 

-a 0.80.A....035 .1 
D0 0o (t/2)

-.... 

D = 0.80 (3.2 - 9-7)0375 (60)0. (5) 9.3 ft - 14. ft 

(Continued)..... 
(Sheet 1 of 11) 
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Table A3 (Continued)
 

MAXIMUM TAILWATER
 

D5311= o.y/l-i ( t 

D = o.71 (32 - 9,7°375 (6o0'1 (5) 8.6 ft 13.0 ft, 
sm 

CIRCULAR CULVERT (see Figure AT)
 

MINDM TAILWATER
 

Din -375 t0.10
 
0F-...0 '0:"
t4 

Dsm=0 (2  6)0.375 (60)0-1 (8) = 12.5 ft - f 

MAXIMUM TAILWATER 


D m=- :. -,__0 .375
 
0.74(, t
 

O -

7D = 0.710(2 6)0 3.5 (60)0' (8) = 11.6 ft - 17.5 ft 

Example 2 - Determine maximum width of scour for 
minimum and maximum flow conditions: 

RECTANGULAR CULVERT (see Figure A8)
 

MINIMUM TAILWATER
 

W 0.915
 

0= 

W = 1.00 (3.2 - 9-7)0915 (60)0.15 (5) = 27 'ft -4 ft
 

(Continued)
 
(Sheet 2 of 11)
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rable A3 (Continued) 

W D 
wWsur w am +±2 -2 (2T-4).10

2 2L.~~ 2.5ft6 

MAXIMUM TAILWATER 

Wrn 0.915 0.15 
F-= 0.72 ( -- 2 .. t. 

CIRCULAR CULVERT (see Figure A8) 

no MINIMU srnTAILWATER 

W =......- ,0 .915  t0'...
 

°
W 0=.(2. (0)O15 (8)= 28 ft- 3 f9 0 


Wr 0.91501
 

0 0/MAXIMUM TAILWATER 

War 107 (2 -,6)0.915 (6001 8 0f0. .1
o72(2

Ws 
 0 .72"r
: 0D---5 0,5
 

(continued)
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Table A3 (Continued)
 

Example 3 - Determine maximum length of scour for 
minimum and maximum flow conditions: 

RECTANGULAR CULVERT (see Figure A9)
 

MINIMUM TAILWATER
 

0 71 0 2 5 Lsm .


= 2.'4 (3.2 9.7)0.71,(60)0 .125-01 

MAXIMUM TAILWATER 

L ==4.10 (3.2 - 97)7. 1::, (6). 12 (5)= 8_f.-71ft 22 

CICULAR CULVERT (see Figure A9):
 

MINIMUM TAILWATER
 

Le (32-.- ). .....() = g :, " 
am = 0.' 0 1252.40 71
6)0.1257- 12f ft 2212


_______ftsm 


125
 U-sm =-2.4o 5- 0 .410(.~)71 0
 

MAXIMUM TAILWATER 

Lm= . ( - 60 16(601 = 50 ft A1 ft 

(Continued) 

(Sheet 4 of 11) 
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Table A3 (Continued)
 

Example . - Determine profile and cross section of scour for maximum 
discharge and minimum tailwater conditions (see Figure All): 

CIRCULAR CULVERT 

For Lam 114 ft and D = 18.9 ft
 

L /L 0.0 0.1 0.2 -0.3 0.14 o. 5 0.6 0'.7 0.8 0.9 1-.0:S smm 
L o.o 11.4 22.8 34.2 45.6A 57.o 68.4 79.8 91.2 102.6 114.o 

Ds/DS 0.7 0.75 085 0.95 10 0.95 0.75 0.55 033 0'15 0.'0 
D 14.2 16.1 18.0 18.9 18.0 14.2 10.4 6.3 2.9 ,0.0 

For WSM 76 t and D= 18.9,ft... 

W, W 0.0 0.2 0.4 0.61 .8 1.0
a am 
S0.00 15.2 30.4ii. 456 60.8.0 

D /D 1.0 o.61 0.21 0.15 0.05' 0.0
 

Ds 18.9 1.5.1 2.8' 0.95 0.
 

222 RECTANGULAR CULVERT
 

For, L 101ft and D 14.0Oft 

LS/L '0.0 0.1 0.2 0.3 0.4 0.5 0.6' 0.7 0.8 0.9 1.0 
L ~ 0.0 10.1, 20.2 30.3, 40.4 50.5 60.6- 70.7 80.8 90.9 101.0 

DI/D 0.7 0.75 0.85 0.95 1.0' 0.95 0.75 0.55 0.33 0.15 0.0 

D 9.8 10.5 11.9 13.3 144o 13.3 10.5 7.7 4.6 2.1 0.0 
a 

For W 74 ft and D 14.oift 
am am 

(sonnnu am 
Wa 0.0 0.2 o.4 0.6 '0.8' 1. 

Wa 0.14.8 29.6 44.4 59.2. 74.0o
 

D ID 1o0 0.67 0.27 10.15 0.05 0.0
a m'
 

D 14.a 9.38' 3.78 2.10 0-7C 0.0
 
ar
 

w D 
+ - 0-2.5 17.3 32.1 '46.9, 61.7 76.5 

(Continued)
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Table A3 (Continued) 

Example 5 - Determine depth and width of cutoff vail: 

RECTANGULAR CULVERT, Maximum depth and width of scour = 14 ft and 76.5,ft 

From Figure All, depth of cutoff wall -0.7(D ) =0.7 (114) " 9.8 ft 
sm ____ 

From Figure All, width of cutoff val= 2 (W )= 2 (76.5) 153 ft' 

CIRCULAR CULVERT, Maximum depth and width of scour= 18.9 ft and 76.0 ft 

From Figure All, depth of cutoff wall = 0.7 (D ) 0.7 (18.9) =.13.2 ft 
am 	 _ 

Prom 	Figure All, width of cutoff wall =2 (W) =_2 (76) 152 ft 

Note: The depth of cutoff wall;may. be varied with width in accordance 
with the cross section of the scour hole at the location of the 
maximum depth of scour, see Figures All and A12. 

Example 6 - Determine size and extent of horizontal blanket of riprap: 

RECTANGULAR CULVERT 
TAILWATER2MINIMUM 

d =/3
 
From Figure A15,D: 0.020
 

00
 

, = 0.020 (5/2)(3.2 -7) (5)= 1.2 ft - ft
 

L/
 
From.Figure I13, = .8 + 7----+


D0 ~ 3/2,
 

L =[1.8 (0.2 9.7Y+'7 5 64ft-122 ft'
 

-i ,.:D o 
MAXIMMTAILWATER. 

d . O - ,4./3 

D 	 = 0.020 (7 
00 

(Continued), 

S(Sheet 6 of 1i)
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Table. A3 (continued) 

= 0.020 (5/6'4) (3.2 - 9 7)(/3 5), -. 0 37: f 0.60. 

L - 2-" 
 -

LS= 3 (3.2, - 75 =48. ftt 145' ft,:: 

,CIRCULARCULVERT
 

MINIMUM TAILWATER
 

0.,0.020 :(8/9)-.,(2on ) ) 1. ft 

224, 
L8
 

L=i 8;(2- 6 )+.71885 ft -142ft
 

MAXIMUM TAILWATER 

02.020 a
D TW 5/2 

00 

d0=0.020, (6/60:4):(2 - '6 -(8)'= 0.50ft .;2.18 ft. 

L
 
oD 5/2)
 

(Coniinued)
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Table A3 (continued)
 

L =3(2- 6)8= 8 -ft144ft 
sp--

Use Figure A14 to determine recommended configuration of horizontal
 
blanket of riprap subject to minimum and maximum tailwaters.
 

Example 7 - Determine size and geometry of riprap-lined
 
preformed scour holes 0.5- and l.O-D° deep
 

for minimum tailwater conditions:
 

RECTANGULAR CULVERT (see Figure A1S)
 

0.5-Do-DEEP RIPRAP-LINED PREFORMED SCOUR HOLE
 

do= 0.0125 (5/2) (3.2 - 9.7) /3 (5) = 0.73 ft- 3.2 r 

50____ 

,1.O-Do-DEEPRIPRAP-LINED PREFORMED SCOUR HOLE
 

*O D '4/3 
-o.00 

Id50 = 0.0082 (8/2) (2 .6)4/ 3 (8) =0.66 ft' .9a ft. 

CIRCULAR CULVERT
 

1.5-Do-DEEP RIPRAP-LINED PREFORMED SCOUR HOLE
 

0 = o.o125~ 5) 
00 

,d5o.= 0.0125 (8/2)i (2 - 6) /3 (8) = 1.0 ft - 4.4 ft 

-(Continued)
 

(Sheet 8 of 11)
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Table A3 (Continued)
 

1.O-Do-DEEP,RIPRAP-LINED PREFORMED SCOUR HOLE
 

d= 0082 00o0o. 4/3 

o= 0.02 (8/2)"(2 - 6),/',(8) 0.66 t - 2.9 ft 

See Figure ,A16 for geometry.
 

Example 8 - Determine size and geometry of riprap
lined-channel expansion for minimum tailwaters
 

(see Figure A21):
 

RECTANGULAR CULVERT
 

0.016 
Do 


d 0 =0.016 (5/2) (3.2 - 9.7)4/3 (5) =.94 ft - 4.-"ft 

RCULAR CULVERT
 

d 4/3 

d = 0. 016 (5/2) (2 - 6)4/s ,(8) = o.81 , 3.5. 

See FigureA17 for geometry.
 

Example-9 - Determine length and geometry of a flared
 
outlet transition for minimum tailwaters:
 

RECTANGULAR CULVERT 

rL {o3522D(. 2.5( 86/Do)- . 2.5( /f 

(Continued)
 
(Sheet 9 of ii) 
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Table A3 (Continued)
 

CIRCULAR CULVERT 

L=0.3 ( )(~ 5(WI 0)/ 
00
 

(8/2)2(2.3 6)2 8 = lii4 ft - 64f 

See Figure A22 for geometric details; above equations developed for
 
H = 0 or horizontal apron at outlet invert elevation without an end sill.
 

Example 10 - Determine diameter of stilling well
 
required downstream of the 8-ft-diam outlet:
 

Dw 0 
From page A27 =0.53 1 

00 

DW= 0.53 (2 - 6) 8 = 8. - 2.4 ft 

See Figure A25 for additional dimensions.
 

Example 11 - Determine width of USBR type VI basin 
required downstream of the 8-ft-diam outlet: 

=1.30 5/2) 
FrompageV 


I= [1.3(2"-6)055] 8 = 15.2 ft - 27.9 ft 

See Figure A26 for additional dimensions. 

Example 12 - Determine width of SAF basin required
 
downstream of the 8-ft-diam outlet 

4 1.00-SArrm page A27 D-=- 30[5/2! 

(Continued),,,, 

(Sheet 10 of 11) 
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Table A3 (Concluded) 

WSAF = 0.30 (2 - 6) 8 = 4.8 ft -14.4 ft 

See Figure A27 for additional dimensions. 

Example 13 - Determine size of riprap required downstream 
of 8-ft-diam. culvert and 14.4-ft-wide SAF basin with 

discharge of 1086 cfs: 

= _ = 1086 
q = WS 086 = 75 cfs/ft 

, == 1086 21.6 fps
v1 A 0.785(8)2
 

V1
 

d2 8.4, ft (from conjugate depth,relat.on , 

MIIMUMm TAILWATER, REQUIRED FOR A HYDRAULIC JUM = .0(.I =76 ft 

From page A27i .0 Ve
 

e 
V 9.9 fp
. e De 7.b 

d 
- 1.0 L32.2(7.6)J 

I5 - 1.0 9.9 . 7.6 

t 1i50  


(Sheet 11of 11) 
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APPENDIX B: NOTATION 

A Cross-sectional'area of flow, ft 2
 

A Rectangular culvert aspect ratio, WOD
 

A Ratio of depth of flow to height of rectangular or square

culvert or diameter of circular culvert d/ o 

Ar Ratio of area of flow .to the square of the culvert height, Ac'A 

B Base width of channel, ft 

C Coefficient 

d Depth of. uniform flow in culvert, ft 

1 Depth -offlow upstream 'of,hydraulic jump, ft 

d2 Theoretical depth-t of flow required for hydraulic jump, ft 

'
 d Diameter of average size stone.' ft
 

D' Depth of flow in channel, ft 

De Depth of flow exiting energy dissipator, ft 

Do Height of rectangular, width and height. of square, and diameter 
of circular culverts, ft
 

D Depth of scour, ft

5 

Dsm Maximum depth,of scour,-ft
 

DW. Diameter of stilling well', ft
 

F Froude nmber of flow at culvert outlet, F = Q/A VW
 

Fh Froude number of flow in~canl Fch., I
 

g Acceleration due to gravity, ft/sec2 , 

H Depth of recessed apron and height of end sill, ft 

K,K2 Coefficients 

L• Length of flared outlet transition,-:, ft 

of scourft
-Length 

229 
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Lsm Maximum length of scour, ft 

Lsp Length,,of stone protection, ft 

n Manning's roughness coefficient 

q Discharge per foot of outlet width, c'fsfft 

Q Discharge, Cfs 

S Slope of channel bottom for partial piDe' flow. and sloe. of 
energy gradient for full pipe flow 

t Duration of flow, minutes 

T Top width of flow in channel, ft 

TB- Thickness of geometrically similar cellular block, ft 

TS Thickness of geometrically similar sack revetment, ft 

TW Depth of stilling well below invert of incoming pipe,. ft 

230 
TW Tailwater depth above invert of culvert outlet, ft 

V:3 Average velocity of flow in channel, fps,. 

Ve Average velocity of flow exiting energy dissipator, f-ps 

V. Volume of scour, ft 3 

VI Average velocity of flow upstream of.hydraulic jump,: :fps 

W Width of rectangular, square,' or:circular culvert, ft 

:;W Width.of scour from center line of iingle circular o'r .square 
outlet 

Wsm One-half maximum width of scour
circular or square outlet, ft 

from center line of .IRsn-ffI . 

W 
... . 

One-half maximum width of scour from .center line .of-single
rectangular outlet or a multiple outlet tnstallaton ft 

Wz =Ws W+~9-- D0 _

ws 
2 2width of stone Drotection, frt 

3B2 
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Wsr Width of scour from center line of single rectangular outlet or a multiple outlet installation, ft
 

W D
 
War a 2 2
 

WVI Width of U. S. Bureau of Reclamation type VI basin. ft
 

WA F Width of St. Anthony Falls sti.LLing oasin, z

:"B3
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INTRODUCTION 
A design method is presented herein which takes into consideration the 

major fictora that influence design and performanco of corrugated metal pipe 
culverts. The factors take into account the many years of field experience with 
the performance of flexible culverts and the vast amount of research studies on 
buried flexible structures. 

Based on these factors, design criteria are presented in section 2, Design, 
and a design chart has been prepared for each type of corrugation showing 
maximum permissible fill heights for each of the design criteria. 

Inas nuch as the adequacy of any pipe design can be nullified by poor 
installation practices such as lack of uniformity in pipebed bearing, poor 
quality of sidefill material, or lack of adequate compaction thereof, a section 
on installation practices is included which sets up basic installation require
meats neoemary to obtain satisfactory performance of pipe culverts. 

V 

235 
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Section 1: GENERAL COVERAGE 
LU These criteria cover the design of corrugated the requirements for adequate installations which 
steel and corrugated aluminum pipe culverts of are necessary to obtain satisfactory performance 
riveted, resistance spot-welded, helical, and bolted of flexible pipe culverts designed in accordance 
fabrication. The design charts included provide with the criteria. 
for a rapid determination of the maximum allow- 1.3 Design charts prepared from the design eri
able fill height for a specific gage, or the gage re- teria are shown in section 4. Recommended fill 
quired for a specific fill height, for given pipe height tables obtained from these charts are also 
diameters. shown in section 4 for use by those preferring 
L2 The recommended installation practices cover tables. 

Section 2: DESIGN 
2.0 The following criteria embody the factors more definitely establish the range of rid so that a 
which must be investigated in the design of cor- more accurate estimate of the pipe load can be 
rugated metal pipe culvert: made. The value of 120 pounds per cubic foot is 

I-Deflection or flattening of pipe considered a more realistic weight of compacted 
II-Critical buckling of pipe wall embankment than 100 pounds. However fill 
III-Longitudinal seam strength heights determined from the design charts (and 

fill height tables) can easily be adjusted for theThe first two criteria, I and Il, consider the actual unit weight by multiplying by the factor 
mutual function of the metal pipe barrel and the 120 where "t" is the actual weight per cubic foot. 
soil surrounding it as a composition structure. 

2.0.1 	 Loads on culvert pipe. 2.0.2 Dention of symbols used. 
In applying the above criteria, the weight of em

bankment per linear foot of pipe which the culvert A,= area in square inches per linear inch of pipe 
pipe must carry is assumed to be the weight of a (table A) 
column of earthfill equal in width to the nominal D,=deflection lag factor 1.5 in deflection formula 
pipe diameter,"D," in height to "H," and weighing D=nominal pipe diameter in feet 
120 pounds per cubic foot. A more accurate esti- E=modulus of elasticity of metal, p.s.i. 
mate of this load on the pipe could be made by E'=modulus of passive earth resistance (soil 
using load coefficients from Marston's charts for reaction) p.s.i. 
positive and negative projecting embankment in- fb=ultimate buckling stress, p.s.i. 
stallations if the range of the settlement ratio cof- h=height of fill above top of pipe im'feet 
ficient, r,,,, for flexible pipe was established. The I=moment of inertia of pipe wall in inches per 
little research made thereon indicates that-the inch (table A) 
values of re range from -0.5 (negative) to +0.1 k=bedding constant 0.1 in deflection formula 
(positive) and since negative values of r., will K=soU stiffness coefficient 
result in lower weights than that of the column of R=radius of pipe in inches 
embankment over the pipe the latter is generally r-radius of gyration of pipe wall, inches 
on the conservative side. The settlement ratio w=unit weight of.embankment in pounds per
coefficient r.is a value d d bcubic 	 foot (120)is a determined by an equion W=total fill weight on pipe in pounds per
involving deflection of pipe, settlement of pipe linear foot of pipe
flow line, settlement of sidefill adjacent to pipe, and W,=W/12, pounds per linear inch of pipe 
deformation of embankment fill adjacent to and zz=vertical deflection of pipe=total horizontal 
above top of pipe. Further research is needed to deflection 
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2.1 	 Criterion I-Deflection of pipe. 

A deflection of 5 percent of noenal pen 
diameter below circular shape has generally been 
accepted as the ]imiting deflection and the gage-
fill height curves for deflection shown in designcharts I to V, section 4, are based on this 5 percent. 

Higher values of fill height "h"may be realized by 
vertical elongation of pipe. For a 5-percent 
elongation a total deflection of 10 percent from the 
elongated shape may be allowed and values of 
"A" are taken to be two times the values of "sh' 

obtained from the deflection curves. The above 
assumption is not theoretically correct because of 

pipe radii but inasmuch load 
the pipe is based on the circular pipe diameter, 
doubled values of "h" are believed to be ,a the 
conservative side. 

Deflection is computed by formula 1, 
= DzkW.R' 
z=Il+O.OS1R3E' from "Soils Engineering" by 

M. G. Spangler. (1)4 
Since the deflection z is limited to 5 percent 

of D the value of z may be replaced by 0.05X 12D 
(all values in inches). Substituting values for 
coefficients 	 and rearranging to solve for h results 

in hefomua . .... ..= 0.15R3X 10Dh
in the formula u.05DXEI-O.OO$E' where 

an1 d O.ADEI 0.6DXO.061RsE" 
-12 nd , - .DR3 

= EI+.024E F A= EI 
.. R 

+ 17.08 feet in which 17.08 feet (which is 0.0244E') 
represents the fill load the soil structure will carry

eI 
while 	 I1 
will carry. 

Values of E' (passive soil pressure), and K (8, 
3, 6), soil stiffness coefficient used in criterion II, 
are interdependent and are influenced by the qual-

ity of the sidefill material and the degree of com
paction (density) thereof. The design charts 
have been prepared on the basis of normal in-
stallazion conditions, which require a value of 
700 ps.i. for E' with good sidefill material com. 
pacted to 85-percent Proctor Density which is 
estimated to have a soil stiffness coefficient of 
K=0.44 The use of better quality sidefill material with a greater degree of compaction will in-

crease the value of E'. Correspondingly the 

*AU MW Daj wa Lotpunuou as ==tw,nstraining 
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value of K will decrease in numerical value which 
means conversely a higher value of ultimate
buckling stress f/. With excellent sidefill mate
rial (graded gravel or crushed stone) compacted 
to 95-percent Proctor Density it is estimated that 
a value of E'i!,400 p.i. (and value of K-0.22)may be used for special designs. Special designs 
shall be used or speial dengn eia esons 
shrlbeused only when the engineer is reasonably 
certain that the requirements for excellent aide. 
fill 	 material with 95-percent compaction can be 
met. 

All 	 values of E' and K are estimated values 
based on results of research studies but further 

stheneeded to correlate their values with 
various kinds of sidefill material compacted to 
varying degrees of density. 

Failure of flexible pipe by deflection (decrease in
vertical diameter) will not usually occur until 
deflection exceeds 18 to 20 percent below circular 

shape consequently designs based on 5 percent will 
provide a factor of safety of at least82. 

2.1.1 Preparation of criterion I curves. 

Maximum values of A for this criteria are ob
tained from the formula A- ! 17.08, usingT U 
E'-700 p.s.i. Values of El for all gages and 

depths of corrugations are obtained from table 
A, and values of h are.then computed and plotted 
for steel and aluminum pipe for all gages and 
pipe diameters conventionally used. 

Where special designs are required to meet un
usual conditions the higher value of E'-1,400 
p.s.i. 	previously cited may be used but formula

should be modified as follows: E'-f1,400 and 
Do (lag factor) decreased from 1.5 to 1. and 
then 

M, E 
h= 2.083R3 -0.0298E'= 2 .0-3-a-+41.0 feet. 

A curve has been computed only for 1# (gage) 
six inch by two. inch corrugations to show' the 
increase in fill heights, "h",that may be realized by 
very good installation practices. 
2.2 	 Criterion II-Critical .buckling of pipe 

wall. 

This criterion provides for the design of pipebased on the wall area required for a limiting 
buckling stress which takes into account the m

effect of the soil structure around the 

7
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pipe. The restraining effect of the soil structure 
(sidefill material) depends on the charateristics 
of the sidefill material and its density '(degree of 
compaction) and is reflected in the value of the 
soil stiffness coefficient K which ranges from 1.0, 
representing no restraint, to 0.00 which represents 
an ideal condition of full restraint (2, 3, 5). 

2.2.1 Wall buckling stresses are determined from 
diagrams for steel and aluminum shown in figures 
1 and 2. A curve is drawn for each of three soil 
conditions: K=1 for hydrostatic soil, K=0.44 
(E'=700) for good sidefill compacted to 85
percent Proctor Density, and K= 0.22 (E'= 1,400) 
for excellent sidefiil compacted to 95-percent 
Proctor Density. The formulas for plotting the 
curves are shown on the diagrams. The value 
of (2 1for each diameter of pipe is then plotted 

at the bottom of the diagram for each depth of 
corrugation used in fabrication so that the value 
of /6 for a specific diameter and depth of corruga-
tion can be obtained. 

The diagram for aluminum buckling stresses 
shown on figure 2 is based on ultimate and yield 
strength values shown in table A for aluminum 
corrugated metal pipe, AASHO Af-196. The ulti-
mate and yield strength for structural plate mate-
rial are slightly higher but will effect the buckling 
stress' values "b" very little for some diameters, 
consequently the w, 1! buckling curves for struc-
tural plate pipe are based on values of fb obtained 
from figure 2. 

.2. 	 2 Preparation of criterion II curves 

Maximum fill heights are calculated from the 

forlfA-l
foD which provides a factor of 

e 
sfety of 2. The val es of lb are taken from 
figure 1 for steel and figure 2 for aluminum and 
fill heights "h"are calculated and curves plotted 
for all gages and pipe diameters' conventionally 
used. 

2.3 	 Criterion III-Longitudinal seam 
strength. 

A pipe culvert can be only as strong as the 
riveted, welded, or bolted longitudinal seams. 
Maximum.fill heights for this condition are cal-
culated and plotted for all gages and pipe diam-
eters conventionally used. 

2.3.1 Preparation of criterion III curves. 
The load used in calculations for A is the weight 

of one-half the column of earthfill over the pipe, 
W/12, which expressed in terms of h and D is 
120 Dh 

2, or 60 Dh (4). By equating this to thelongi
tudinal seam strength values A is calculated and 

plotted for all gages and pipe diameters conven
tionally used. Longitudinal seam strength values 
based on actual tests are shown in table B and a 
factor of safety of 3.33 is applied thereto. 

2.4 	 Design charts. 

Selection of the governing fill height h for a 
given diameter and gage requires a comparison of 
h values by the three criteria. In order that this 
may be readily accomplished fill-height curves for 
all three criteria are plotted on a separate design 
chart for each depth of corrugation and metal. 
Design charts I to V covering these corrugations 
are located at the back of the brochure. It must 
be kept in mind in using them that maximum fill 
heights from deflection curves may be doubled if 
pipe is vertically elongated 5 percent. This is 
applicable to pipe of 30 inches diameter and larger. 

Vulues of & determined from these charts may 
be easily adjusted for other values of unit fill 
weight to by applying the factor 

120 
actual weight per cubic foot 

Longitudinal seam strength curves in charts I 
to V are based on values shown in table B for 
riveted and bolted fabrication. Tests on resist
ance spot-welded pipe indicate somewhat higher 

values, and for helical pipe the seam becomes the 

helical folded lock seam and higher values are also 
indicated by tests. However, until higher values 
for these seams become well established by a sufli
cient number of tests, designs for welded and 
helical pipe will be based on the curves shown on 
the design charts. When higher values are estab
lished for seam strengths adjustment in value of 
fill heights is easily made by applying the factor 

higher seam strength to the values of It as deter
riveted seam strength 
mined from the seam-strength curves. 

2.5 	 Use of design charts. 

Eaample I.-Given: 54-inch diameter steel 
pipe; fill height--37 feet; required-gage and cor
rugation typo. 

3 
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Charts I and II both cover this diameter of 
pipe. Using chart 1, spot the 37 feet on the ordi-
nate axis and follow horizontally to the right to 
its intersection with the vertical 54-inch diameter 
line. The location of this point in relation to the 
deflection and buckling curves will determine the 
gage required to satisfy these criteria. It should 
be noted that the deflection curves are based on 
original circular shape and elongation of 5 percent 
vertically will permit doubling the fill height. In 
this example the 37-foot fill height exceeds the fill 
height shown for even an 8-gage metal; conse-
quently elongation will be required. To obtain 
the gage required for seam strength spot the 
37-foot point on the ordinate axis at the right side 
of the chart and follow horizontally to the left to 
its intersection -with the vertical 54-inch diameter 
line and read the gage curve at or above the inter-
section. The gage selection from the deflection 
and buckling curves should also be based on the 
gage curve at or above the intersection point pre-
vioesly described for those curves. In all cases 
the heaviest gage required by any one of the 
criteria is the governing gage. The above proce-
dure applies in the use of all five design charts. 

Design Chart I, 2%inch by %5inch Corrugations 
h=37 feet Diameter 54 In. Seam StrengthDeflet DamBucklin. S1 e Stret
Deflection Wall Buckling 14 gage-33 feet 
14-gage 14 gage-33.5 feet 12 gage--67 feet 

h= 18.5 feet 12 gage-48.0 feet 
elongated h--

18.5X2=37feet 
Wall buckling and seam-strength criteria require 12-gage 

metal of 2%inch by Hinch corrugations. 
Design Chart II, 3 inch by I inch Corrugations 

Deflection Wall Buckling Seam Strength
16-gage h=22 feet 16 gage-54.5 feet 14 gage-29.5 feet 
elongated- 12 gage-46.5 feet 

22X2=44 feet 
Seam-strength curves require 12-gage metal, 3 inch by

I inch corrugations.
Result: 12-gage metal of 2%inch by 1,inch or 3 inch by

1 inch corrugations is required. 

Example 2.-Given: Steel pipe, 120-inch diam-
eter; fill 'heigbt-21 feet; required-gage and 
corrugation. 

Design charts II and III both cover this size. 

Design Chart 11 
Deflection Wall Buckling Seam Strength 
16 gage-17.5 feet 12 gage-19.5 feet 12 gage-21 feet 
elongated- 10 gage-25 feet 

7.5X2-35 feet 
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Design Chort III 
12 gage-20.5 feet 12 gage-43 feet 12 gage-21 feet 

Result: 10-gage, 3 inch, by I inch (elongated) or 12-gage, 
6 inch by 2 Inch metal Isrequired. 

Exampe .-- Given: Aluminum pipe, 72-inch 
diameter; fil height-il feet; required-gage and 

corrugation. 

Design Cart IV, 25J inch by %inch 
Deflection Wall Buckling Seam Strength 
16 gage-17 feet 8 gage-l1 feet 16 gage-12 feet 

Design Cart V, 9 inch by 234 inch 
Deflection Wall Buckling Seam Strength 
0.09 inch-24.5 0.09 inch--42 feet 0.09 inch-18.6 

feet feet 
Result: 8-gage, 2%inch by 1%inch or 0.09-inch, 9 inch 

by 2%inch corrugations is required (0.09 inch approxi
mately equal to 13 gage). 

Example 4.-Given: Steel pipe, 180-inch (15 
feet) diameter; fill height--47 feet; weight of fill
140 pounds per cubic foot; required-gage. 

Desirv Chart III, 6 inch by 5 inch 
First, 47 feet fill height at 140 pounds is equivalent to 

55 feet at 120 pounds. 
Then, 55 feet fill height must be used with the chart. 

Deflection Wall Buckling 
1-gage elongated 1 gage-59 feet

2X20-40 feet
Use 1-gage curve 

at B=l,400 
i-gagc elongated- 

2X44-8fe t 
feet 

Seam Strength 
I gage at 4.bolts- 239

47.5 feet
I gage at 8 bolts

73 feet 
I gage at 6 bolts

61 feet (computed) 

This design requires 1-gage metal with excellent 
sidefill compacted to 95 percent Proctor Density. 
If the design engineer is not reasonably sure of at
tainment of the above requirements then redesign 
must be considered based on normal installation 
requirements. To accomplish this, twin pipes of 
smaller diameter giving the same flow capacity 

will be considered. In this problem two 1i2inch
diameter (9.5 feet) pipes will provide approxi
mately the same flow capacity (with inlet control) 

as the 180-inch pipe. Using the chart curves for 
normal installation the following results are 
derived: 
Deflection Wall Buckling Seam Strength 

i-gage elongat- 1 gage-100 feet 1 gage-75 feet 
ed-2X 27.5- plus55 feet 

Result: Two 112-inch pipes elongated, 1gage at 4 bolts 
perfoot with normal installation requlrements. 
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This problem illustrates a choice for the design 
engineer of one 180-inch, elongated pipe of 1gage 
at 6 bolts per foot with excellent sidefil) (95 per-
cent Proctor Density) or a more costly one of two 
112-inch, elongated pipes, 1 gage metal, at 4 bolts 
per foot with normal installation if the excellent 
installation requirements cannot be met. 

2U6 Pipe arch design. 
Pipe arches are intended for use where cover 

over pipe "h"is limit,-d. Consequently fill heights 
are only shown to 15 feet or less if the corner bear-
ing pressure, 2 tons per square feet, governs, 
Higher values of bearing may be used if justified 
by foundation investigation. Corner bearing 
pressure is determined by dividing one-half the 
total load on the pipe TV/2 by thr, corner radius 
(in feet). 

The gage of metal required for fills up to 15 feet 
is obtained from the. appropriate design chart 
using a diameter of circular pipe approximately 
equal to the span of pipe arch. 

2.7 	 Effect of live load on pipe. 

Corrugated metal pipe, steel and aluminum, de-
signed in accordance with tle design chartr or fill 
height tables are stronger than would be required 
to carry H20 trucks with the minimum cover speci-
fed in the fill height tables which is 12 inches from 
toofe ie to filheihtop ofb e for dines upo
top of pipe to top of subgrade, for diameters up o96 inches. 

This cover will actually provide at least 18 
inches to top of pavement. As an example, a 24-

inhdimtepip,1-aem.~,wl~ar 0inch-diameter pipe, 18-gage mt+.l, will carry 30-
foot fill, if steel, and 22 feet, if aluminum. An 
H20 wheel load will, at 18-inch cover, produce an 
equivalent fill height of 14 feet (including the 
weight of cover), which is considerably less than 
the design capacity. The effect of live load 
decreasesin 

2.8 	 Handling and installation strength. 
Inasmuch as stiffnss of pipe required to with- 

stand the handling and the compaction of side-
fill around the pipe is a matter of experience, no 
attempt will be made to propose a criterion for this 
item. However, it is suggested that the deflection 
curves provide an approximate guide for increas-
ing gages to maintain satisfactory stiffness. To 
use this guide, a "heavier gage should be selected 
when the height of fill indicated by the deflection 
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curves (5-percent deflection, no elongation) is 18.1 
feet or less. This means that since the sidefill will 
carry 17.1 feet of fill, the gage of pipe metal should 
be made heavy enough to carry better than 1 foot, 
making the total fill height 18.1+ feet. Effect of 
elongation should not enter into this determination. 
2.9 Durability of corrugated metal pipe. 

The service life of corrugated metal pipe may be 
seriously affected by corrosion and/or abrasion. 
Corrosion may be caused by excessive acid or alka
line condition (pH) of the fluid carried by the pipe 
or of the sidefill material placed around the pipe. 
A method of estimating service life of steel pipe 
culverts is described in Highway Research Board 
Proceeding, 1902, "Field Test for Estimating the 
Service Life of Corrugated Metal Pipe Culverts" 
by J. L. Beaton and R. F. Stratfull, California Di
vision of Highways (8). Results of corrosion and 
abrasion are also described in "Culvert Perform
ance Evaluation" by Washington State Highway 
Commission, Department of Highways (9). In

formation in regard to corrugated aluminum pipe 
service life may be obtained from a paper in High
way Research Record No. 95, "A Preliminary 
Study of Aluminum as a Culvert Material" by 
Eric F. Nordlin and R. F. Stratfull, California 
Division of Highways (10). 

Abrasion is caused by the materials carried with 
the flow through the pipe. Its severity will do

pend on the nature of the materials carried and 
velocity of flow. 

Additionalby protectionuse ofagainst corrosioncoatingsmay beobtained the bituminous 
obtine by the us e inos coatig 
(AASHO M-190), and paved inverts (AASHO 
M-190 type B or C) may be used as additional 
protection against abrasion. For structural plate 
pipe, heavier gages may be specified for the plates 

the invert. Experience has shown that 16-gagemetal is the lightest material that should be used 
to provide a reasonable service life. 

The need for and type of protection against cor
rosion and abrasion should be determined on the 
basis of actual site investigations. 

For important installations where interruption 
of traffic would be undesirable or where the cost of 
replacement would be excessive, a minimum of 10
gage metal shall be used for steel structural plate 
and a minimum of 0.15-inch .thickness for alumi
num structural plate. 

5
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TAiDL A.-Geometrical and physical properties upon which design charts are based
 
Corrugated steel (6)
 

2,"•|Cn'. r I"V, Corr. W"a 'rCWn.
Gap. 

A. (89. 104Di.) I (l. 'li.) A. (q. In4n.) A, (.q. I (In.qi.)1(00. I/.) Z,,.) 

16 .0646 .001892 .0742 .008658
 
14 .0808 .002392 .0927 .010833
 
12 .1130 .003425 .130 .015458 .1297 .060416
 
10 .1454 .004533 .1674 .020175 .1669 .078166
 
8 .17775 .005725 .2048 .025083 .2041 .098166 
7 .2283 .1078
 
5 .2666 .126916
 
8 .3048 .146166
 
1 .3432 .165833
 

Chemical Requirements: Corrugated Steel Pipe-AASHO M-36-60; Structural Plate Pipe-AASHO M-167.
 
Physical Properties: F-29,000,000 ps.i.
 

Minimum
 

Tfseio Strwetb, p.M. Yield sitngbth, p.8.& ELmopt o2 lobee 

45,000 33,000 20 percent 

Corrugated aluminum 

a2W Cor.Map 2w"I m'.(8) ' z 

A. (8q. L0.10.) I On. 4110.) TWiAne,, (,nces) A. (sq. ,. ie.) I(W 411,.). 

.16 .0646 .001892 .09 .105 .082
 
14 .0808 .002392 .10 .117 .091
 
12 .1130 .003425 .125 .146 .114,
 
10 .1454 .004533 .15 .175 .136
 
8 .17775 .005725 .175 .204 .159
 

.20 .234 .182
 

.225 .263 .205 

.25 .292 .227 

Chemical Requirements: Corrugated Aluminum Plpe-AAmHO M-196; Structural Plate PIpe-ASTM B-209 Alloy 
5052. 

Physical Properties: Corrugated Aluminum Pipe--m 10,200,000 p.s.i. 

Minimum 
Thicknew iebes) 

Te.e Siltren g,, p.i. Yield Stengtb, p.LL Elonptlon,2 inches 

0.051 toO. 113 31,000 24,000 4percent
0. 114 to 0. 249 31,000 24,000 5 percent 

structural Plate PIzM--l206
,OOp.L 

O 9 to 0. 175 35,500 ........................ 6 percent
 
&.175to.250 34,400-- -------------------------- 8percent
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TALu B.-Ultimste lonlitudinal seam strength values 

Afactor of safety of 3.33 shall be applied to those ultimate values for computation of fill heights. 

(1)Riveted pipe 

' Steel-klpelloot () Alumlnum-klpu/t. (0 

O, orMetl ______ lole"divets ." ils ft" lvets ,4"rivets 

I'z4• " S' • " 294"xI4" 3'" 1 t"zx 4" 

single Double Double Single Double Double single Double Single Double 

16 1r 21.5 9.0 14.016.75 19.2 
14 18.2 29.8 26. 5 9.0 18.0 
12 23. 4 46.8 41.6 15.6 31.5 
10 24.5 49,0 43.5 16. 2 33.0 
8 25. 6 51.3 45. 6 16. 8 34.0 

(2) 3" x 1" riveted, welded, or bolted steel pipe 

When specifications require %" rivets for 16- and 14-gage metal and Xe" rivets for 12-, 10-, and 8-gage metal 
or double spot welds, or %'Idiameter ASTM A-325 bolts for 16- to 8-gage metal, the fill heights determined from seam 
strength curves in design chart II can be adjusted to reflect the increasedseamstrengths shown in the following table 
by applying the appropriate adjustment factor shown therein. 

94" double riveted 4e"double rivetedageo metal Adjutment hitter 

16 2& 8 L 34 
244 14 34. 3 L 2 

12 8& 0 L 28 
10 6LO 1.40 
8 6L.0 1.40 

(8) Structural plate pipe (Y" bolts) 

Sted plate-klpuLft (i) ,um~num peto-kip/n. () 

Gage, " ASTM A125 ol 
Close B bMetal Aluminum bolts Sleet 

thin.e. (MM/I)U (SLn.) 


.2 42 .09" 22.2 
0 62 •10" 26. 4 
8 81 .125" 34. 8 
7 93 .15" 44.4 
S L12 .7"52.8 
3 132 .20" 60.0 
1 14 ,184 22022 66. 

.2W" 72.0 

9
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Section 3: INSTALLATION 

3.0 General. 

Pipe culverts and underdrains must serve two
functions--hydraulic and structural. They must 

not only provide adequate passage of the fluids to 
be carried, but must be structurally adequate to 
support the weight of fill over them and any live 
loads superimposed thereon. Poor installation of 
pipe may result in structural failure with partial 
ortotal loss of hydraulic capacity. Therefore pipe 
should not be buried and forgotten, but shouldd otial 
be properly installed following the principles out-
lined in this section. 

Special attention should be given to the protec-
tion of metal culverts to prevent failure due to the 
forces of water. Ends of culvert pipe projecting 
from a roadway embankment, particularly at the 
entrance, are vulnerable to failure by buoyant 
forces. Mitered or beveled ends bend inward be-
cause of reduced strength due to cut corrugations. 
Masonry headwalls, properly constructed, are 
means of reducing the risk of these types of fail-
ures. The flow of water along a culvert. barrel can 
remove supporting material and, in some cases, the 
hydraulic pressures have been sufficient to collapse 
the metal barrel. If pervious material is used for 
culvert bedding and backfill, cutoff walls, collars, 
or impervious material shoujd be placed at the 
entrance and at intervals along the culvert barrel 
to prevent loss of bedding and sidefill material, 

31 Assembly. 

Corrugated metal pipe, uderdrains, and struc-
tural j late pipe shall be assembled in accordance 
with the manufacturer's instructions. All pipe 
shall be unloaded and handled with reasonable 
care. They should not be dragged over gravel or 
rock and should be prevented from striking rock 
or other hard objects during placement in trench 
or on bedding. 

Corrugated metal pipe, riveted or welded, shall 
be placed on the bed starting at downstream end 
with the inside circumferential laps pointing 
downstream and with the longitudinal laps at the 
side or quarter points. The pipe sections shall be 
joined by coupling bands of like material. Stand-
ard one-piece bands are used for most, instal-
lations. Two-piece bands may be used for larger 
pipe where installations are difficult. Bands are 
first slipped into position at the end of one pipe 

l0 

section with the band open to receive the next sec
tion. That section is then brought to within about 
three-fourths of an inch of the other section, cor
rgaonofbtseinsmthdadbos 
rugations of both sections matched, and bolts 
tightened. For smaller pipe, the bands should be 
tapped with a mallet to take up the slack, and for 
large pipe, a chain or cable-cinching device is re
quired to draw the bands tight and insure tight 
joints. Coupling bands for annular and hlial 
corrugated metal pipe shall provide circumferen

and longitudinal strength to preserve the cul
vert alignment, prevent separation of the pipe 
sections, and prevent infiltration of sidefill ma
torial. Helically corrugated metal pipe shall be 
installed in a similar manner to the above pro
cedue 

Bituminous coated pipe and paved invert pipe 
shall be installed in a similar manner to standard 
corrugated metal pipe with special care in han
doingtvd mage t ca Pave invert 
dling to avoid damage to coatings. Paved invert 
pipe shall be installed with the invert pavement 
placed and centered on the bottom. 
pipe shall be placed with perforations at the lower 
quarter points with bedding and backfill as speci-
fled on the plans for underdrains. 

Structural plate pipe, pipe arches, and arches 
shall be installed in accordance with the plans 
and detailed erection instructions shipped with 

each structure that show the position of each plate 

and order of assembly. They should be assembled
with as few bolts as possible until all the plates 
are in place. Three or four untigbtened bolts 
placed near the center of each plate along longi
tudinal and circumferential seams are sufficient. 
After several rings have been assembled, the re
maining bolts c-.n be inserted (loose), always 
working from center of seam to the corner of 
plate. Corner bolts shall be inserted only after 
all other bolts are in place and tightened. After 
all the plates have been assembled and bolted, the 
nuts shall he tightened progressively and uni
formly, starting at one end of structure. This 
orat o h 
operation should be repeated to insure that bolts 
are tight. Bolts shall not, be toqued above 300 
foot-pounds in tightening. 
3.2 Types of installations. 

The most common type of installation used for 
highway culverts is the embankment installation 

245 
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where embankment fill is placed over the pipe and 
above existing ground surface. This type is fur-
ther broken down into positive and negative pro-
jecting embankment installations as shown in 
figure 3. The positive projecting type covers those 
installations where the pipe is bedded with its top
anywhere from 0.9 of the nominal pipe diameter 
above existing ground surface to level with it (the 
latter commonly referred to as zero projecting). 
The negative projecting embankment type covers 
those installations where the pipe is bedded in a 
trench with its top below the existing ground 
surface. Another type of installation is the trench 
installation which is seldom used for highway 
culverts. This type covers those installations 
where the pipe is placed in a trench with no fill 
above existing ground surface; for example, storm 
drains, sewers, etc. 

3.3 Bedding. 
The contact between 4 pipe and the foundation 

upon which it rests is the bedding. The load 
transmitted to a pipe from above must in turn 
be transmitted to the underlying soil. If a firm 
support of the pipe by its bed is established only 
over a narrow width or line, such as a round pipe 
on a fat bed, the intensity of the load (stress)
at the bottom of pipthe high and excessivedeflection may occur. A wide band of support 

under the pipe will provide abetter load distribu-
tion. The band of support should be uniform 
for the full length of the pipe. A modified class 
C bedding shoivn in figure 3A is recommended. 
The bedding blanket shown is to obtain better 
seating of the corrugations on the pipe bed. 

3.4 	 Pipe foundation. 
The foundation material under the pipe should 

be .investigated for its ability to support the load 
which it must carry. If rock is closer than 12 
inches under the pipe, it shall be removed and 
replaced with slightly yielding material as shown

0
in figure 3B. Where in the opinion of the engi
neer the natural foundation soil is such as to re-
quire stabilization such material shall be replaced 
by a layer of good granular material as shown in 
figure 3C. Where an unsuitable material (peat, 
muck, etc.) is unexpectedly encountered at or be
low invert elevation during excavation, the nec-
essary subsurface exploration and analysis shall 
be made and corrective treatment determined by 
the engineer, 
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.5 Sidefill. 
One of the most important phases of installation 

is the placing end compaction of sidefill material 
(commonly called backfill) arourd the pipe. Side 
support must be provided for flexible pipe so that 
they will carry the fill and lihe loads without 
excessive deflection. Side support can only be 
obtained by adequate compaction of good till ma
terial around the pipe. Sidefill material within 
one pipe diameter of the sides of pin and to 1 foot 
over the pipe shall be fine readily coinpactible soil 
or granular fill material. Sidelill beyond the one 
pipe diameter limit at sides of pipe may be regular 
embankment fill. Job-excavated soil shall not 
contain stones retained on a 2-inch ring, frozen 
lumps, chunks of highly plastic clay, or other 
objectionable material. Granular fill material 
shall be well-graded crushed stone or gravel with 
not less than 95 percent passing a one-half-inch 
sieve, and not le.s'- than 95 percent being retained 
onaNo.4sieve. Care should betaken in selecting 
sidefill material to keep the mineral content low 
enough to avoid serious corrosion therefrom. 

Sidefill material shall be placed as shown in 
figure 3D iii layers not exceeding 6 inches in depth 
and compacted at near optimum moist.um content 
by approved hand or pneumatic tampers to thedensity required for superimposed enbankment 

fill. Other approved compacting equipment may 
be used for sidefill more than 3 feet. from sides of 
pipe. The sidefill shall be placed and compacted 
with cam under the haunches of the pipe and shall 
be brought. up evenly and simultaneously on both 
sides of the pipe to 1 foot above the top for the 
full length of the pipe. Fill above this elevation 
may be material for embankment fi,. For nega
tive projecting installations, the width of trench 
shal be kept to the minimum width required forpl
 
placing pipe and adequate bedding and sidefill.
 
Ponding or jetting of sidefill should not be per
mitted.
 

3.6 	 Elongated pipe. 
When pipes are vertically elongated to carry 

higher fills, they shall be installed with the longer 
axis truly vertical. 

3.7 Alinement. 
Pipe shall -be assembled to reasonably straight. 

alinement and shall be so maintained until placing 
and compaction of sidefill has been completed. 

11 
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3.8 Ciraber. 

The invert grade of the pipe shall be cambered, 
when required, by an amount sufficient to prevent 
the development of a sag or back slope in the flow 
line as the foundation under the pipe settles under 
the weight of embankment. The amount of cam-
ber shall be based on consideration of the flow-line 
gradient, height of fill, compressive characteristics 
of the supporting soil, and depth of supporting 
soil stratum to rock. 

3.9 Multiple installations, 

Where multiple lines of pipe are to be installed 
they shall be spaced far enough apart to permit 
thorough tamping of sidefill around the pipe. To 
this end the sides of pipe shall'be at least one-half 
the nominp. pipe diameter or 3 feet apart, which-
ever is less. 

3.10 Cover over pipe during construction. 

All pipe shall be protected by a cover of at least 
4 feet before permitting heavy construction equip
ment to pass over them during construction stage 
as the movement of heavy eartlhmoving equipment 
over the uneven fill surface during fill placement 
may generate high impact, subjecting the pipe to 
extremely heavy damaging loads. 
3.11 Inspection. 

Installation conditions have a very important 
effect on both the load on and the suppolting 
strength of the pipe and a satisfactory installa
tion requires attainment of design conditions inthe field. Consequently, the engineer on the job 
should not only be familiar with good installation 
practices but should also keep a close check on the 
contractor's operations to insure fulfillment of 
that objective. 
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Secion 4: DESIGN CHARTS AND RECOMMENDED FILL HEIGHT TABLES 
4.1 Design charts I to V have been developed 
from the design criteria given in Eection 2 and are 
based on the pertinent data shown in section 4.2. 
Fill-height (gage) tables 1 to 5 for pipe and tables 
ls to 4a for pipe arches have been prepared from 
the design charts of like numerical designatibn 
and both reflect only the structural design require-
ments for pipe. 

Corrosive and abrasive conditions may require
heavier gages and/or protective coatings and deter-
mination of such requirements should be based on 
actual site investigations. 

42 Basic data. 
w= weight of embankment: 120 pounds per 

cubic foot 
Maximum deflection below circular shape: 5 per-

cent 
Vertical elongation: 5 percent k of nominal 

diameter 
Safety factor-ULongitudinal seam strength: 

3.33 
Safety factor-Pipe wall buckling:2
E'-modujs passive soil resistance (sidefill) 

700 psi. forsoil coefficient K-0.44 

KA 0.44--Soil coefficient for good sidefill ma
terinl compacted to 85-percent Proctor
 
Density
 

. Revisions to fill heights.
Fill-height values obtained from the design 

charts or fill-height tables may be modified for 
other values of "w"than 120 pounds per cubic foot 
b20
 
by applying the factor 0 where w. is the actual
 
weight per cubic foot.
 
3-Inch by 1-Inch Corrugated Steel Pipe
 

When specifications require the use of %-inch 
rivets for 16- and 14-gage metal and /-inch rivets 
for 12-, 10-, and 8-gage metal, or double spot welds, 
or Y2-inch-diameter A.S.T.M. A4325 bolts for 16
to 8-gage metal, inclusive, increased seam strengths 
shown in table B(2) may be used and the fill 
heights determined from seam-strength curves, de
sign chart. II can be adjusted by the appropriate 
faetor shown in table B(2). Compariso. of these 
fill heights with criterion I and criterion II fill 
heights must still be made to determine the gov
erfing criterion. 249 
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Compendium 3 Text 7
 

RzCOMUENDED FnIU-Hzolr TABLZ I.-Oorrugated steel pipe, 2y-inch by Y--inch corrugations only, 
riveted, welded, or helical fabrication, H-20 loading 

MWnlmnm If PI 12 apasps tO pp
Pe COvMr Itop d 

Is Cirmiat tgad Circla lona~ted CIrwg EogtdCnh lnae ia. lae 

Instu Maximum flu blgbU abovetop of pipe In fet 

12 12 83 - 90 - (115) - (122) - (127) 
15 12 67 - 73 - 93 - 98 - (102) 
18 12 47 - 55 - 70 - 82 - 86 
24 12 30-g 33- 40 - 48 - 54 
30, 12 24 34 25 36 29 47 33 49 37 52
 
36 12 21 28 22 30 24 39 26 41 28 43
 
42 12 19 31 20 38 21 43 23 46 24 48
 
48 12 18 27 19 37 20 40 21 42 22 44
 
54 12 - 18 33 19 38 20 89 21 41
 
60 12' ' 18 34 19 88 20 40
 
66 12 - -- 18 25 18 35 19 38
 
72 12 '. - - 18 25 18 31
 
78 12 - - --- - 18 25
 
84 12 .. . 1820
IS... 

Fill heights exceeding 100 feet (enclosed In parentheses) shall be used only after thorough investigation of founda
tion material. 

This table shows minimum gages for structural requirements only and is intended for use only where corrosive 
and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investlga. 
tions recommended in par. 2.9 indicate corrosive and/or abrasive conditions or where anticipated velocities exceed 5 
feet per second. 255 



Compendium 3 Text 7
 

RECOMMENDED Fiur HmIoGT TABLE 2.-Corrugated steel pipe, 3-inch by 1-inch oorrugations, riveted, 
helical, welded, or bolted fabrication, H-20 loading 

me-iueh riet or helicl ,fv-bih rivets or helical fabritcatlnMinimum ______ ______ ______ ___ ___ 
eover topof 

d=Wet PIPeWj of 16gap 14gap 12gap 10p a 

Ckuiw 11ogated CLrlar Elonpted Cirtular Elongated Circular Elongated Crcula Elongted 

Inch. Miimum fill heights abovetop of pipe ti feet 

36 12 30 - 38 44 48 69 56 72 63 75 
42 12 26 - 30 38 37 60 42 63 48 65 
48 12 23 - 27 34 30 52 34 54 38 57 
54 12 20 - 24 29 20 47 29 48 32 50 
60 12 19 - 22 26 24 42 26 43 28 45 
66 12 17 - 20 24 22 38 23 39 25 41 
72 12 15 - 20 22 21 35 22 36 23 38 
78 12 14 - 19 21 20 82 21 33 22 35 
84 12 -- 19 - 19 30 20 31 21 32 
90 12 - - 18 19 28 19 29 20 30 
96 12 - - - 18 26 19 27 20 28 

102 24 - - - - 18 25 19 25 19 26 
108 24 -- - 18 23 19 24 19 25 
114 24 -- - IS822 19 24 
120 24 -- - - 18 21 19 22 

8pot welded or boted (Winch AM.5 bolts) fabrication 

Or hinch rivets Or Ne-Inch rlvet. 

2W636 12 84 43 38 58 48 92 56 106 63 118 
42 12 28 38 80 50 37 74 42 84 48 91 
.48 12 24 32 27 44 30 60 34 68 38 76 
84 12 22 29 24 39 26 52 29 58 32 64 
60 12 21 25 22 35 24 48 26 52 28 56 
66 12 20 23 20 32 22 44 23 46 25 50 
72 12 19 22 20 29 21 42 22 44 23 46 
78 12 15 20 19 27 20 40 21 42 22 44 
84 12 - 19 25 19 38 20 40 21 42 
90 12 - 18 23 19 37 19 38 20 40 
96 12 . -- - 18 35 19 38 20 39 
102 24 -- - 18 33 19 36 19 37 

.108 24 . -. 18 31 19 34 19 35
 
114 24 . .. .. . 18 32 19 33
 
120 24 . .. .. . 18 30 19 32
 

This table shows minimum gages for structural requirements only and is intended for use only where corrosive 
and/or abruive conditions are negligible. Heavier gages and/or protective coatigp shal be used where site investiga. 
tions recommended in par. 2.9 Indicate corrosive and/or abrasive conditions or where anticipated velocities exceed 5 
feet per second. 

21l
 



Compendium 3 Text 7
 

RECOMMENDED FIL-HEIGHT TABLE 3.-Corrugated steel pipe, 6-inch by 2-inch corrugations, bolted 
fabrication, H-20 loading 

Uspw l 0gaps $1gW 7 Sap Zga 

pip Ofpipe t Four 11-incb A-=2 balt per Wooal mu 

cuistgpd Walr guted OAV gm aed cular OWoa lrg pied S"tlr=s=-- iCit El an. Cf,~191. C, El1. 1Cil- El.- C11- Zlr.! Cir. I 

Incb. Maximum fill heights sbove t ofpip@Inhat 

60 
72 

12 
12 

42 
33 

-
35 

56 
35 

62 
51 

58 
41 

81 
67 

63 
44 

93 
77 

71 
49 

(112) 
93 

80 
54 

(132) 
(108) 

9 
59 

(144) 
(118) 

84 12 27 30 30 44 33 57 34 66 37 75 40 80 43. 86 
96 12 24 26 25 38 27 50 29 58 31 63 33 68 35 70 

108 24 22 23 23 34 24 45 25 51 26 53 28 56 29 59 
120 24 20 21 21 31 22 40 23 46 24 48 25 50 26 52 
132 24 19 - 20 28 21 36 21 42 22 45 23 46 24 48 
144 24 17 - 19 25 20 33 20 38 21 42 21 42 22 44 
156 24 16 - 19 23 20 31 20 35 20 40 21 41 21 42 
168 24 

.180 24 
15 
14 

-
-

18 
18 

22 
20 

19 
18 

28 
27 

19 
18 

33 
31 

19 
19 

38 
37 

20 
19 

40 
38 

20 
19 

41 
40 

19 24 - - 18- 18 25 18 29 19 35 19 38 19 39 
204 36 -- 18- 18 23 l8 27 18 32 19 37 19 38 
216 36 - - - - 18 21 18 23 18 27 18 31 19 35 
228 36 -- -1- 18- 18 18 23 18 26 18 30 
240 36 -- -- -- 18 - 18 - 18 23 18 26 
252 36 -- -- -- -- 18 - 18 20 18 23 

Nom~: 
Fill heights exceeding 100 feet (enclosed in parentheses) shall be used only after thorough invesUgation of founda

tion material. 
For Important installationm where Interruption of trafic would be undesirable or where the cost of replacement

would be exceasive, a minimum of 10-gage metal shall be used. 
This table shows minimum gages for structural requirements only and is intended for use on!y where corrosive 

and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investiga
tions recommended in par. 2.9 indicate corrosive and/or abrasive conditions or where anticipated velocities exceed 5 
feet per second. 

RECOMMENDZD FILT-Hnloxrr TABLE 4.--Corrugated aluminum pipe, 2%-inch by %-inch corrugations, 
riveted, welded, or helical fabrication,H-20 loading
 

GO.W= =o o NUPMOf=. 

Pie Minimum 4PP I PPW ]3gsgs lOsse sg 

Inrh M-Amum ADbul aov top of pipe in ha 

12 12 45- 45 - 77- - 

18 12 28.- 31 - 36 - 42 - 49 
24 .12 22- 23 - 25 - 28 - 31 
30 12 .19 - 20 - 21 31 22 33 24 34 
36 12 16- 16 - 19 25 20 27 21 28 
42 12 --- 18 25 19 35 19 38 20 40 
48 12 - - - 18 24 18 31 19 38 
54 12 -- -- 17 - 18 21 18 27 
o0 12 . ..- - 16 - 18 20 

66 12 .. - -. 12 - 15 
72 12 - -- -- -- -1 

This table shnws minimum gages for structural requirements only and is intended for use only where corrosive 
and/or abrasive conditicns are negligible. Heavier gages and/br protective coatings shall be used where site Investila
tions recommended In par. 2.9indicate corrosive ad/or abrasive conditions or where anticipated velocities exce 5 
feet per second. 

22 
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RICCOMMENDED FILL-HEIGHT TABLE 5.-CorrugaLed aluminvm pipe, 9-inch by 2%-inch corrugations, 
bolted fabrication, H-20 loading 

h4nch aluminum bolts 4rch A35seel bolts 

thickness (in inches)Minimum Plate 
Pip cor, topof 

Cit. ElMr. Cit .Elan- Ci. lon. Cir. Elan. Cit. Elan. Cit. Elon-Cir. Elon. Cit. Elon. 
cter ptsd cu mist gatedcular gated t Ited mintgat eU~d ggatd gaul gated 

i nches Maximum fill brights above top ofpipe (in feet) 

79 12 19 - 22 - 27 29 29 37 31 44 33 50 35 54 37 59 
.84. 12 16 19- 23 25 25 32 26 38 27 42 28 47 30 51 
96 12 14 16- 22 - 22 27 23 33 21 37 25 41 26 44 

108 24 12 14 - 19 - 20 24 21 30 22 33 22 36 23 40 
120 24 - 13 - 17 - 19 22 20 26 20 30 21 33 21 36 

S132 24 12- 16 - 19 20 19 24 20 27 20 30 20 33 
144 24 - 14 - 18 - 18 22 19 25 20 27 20 30 
I156 24 - - 12 - 16 - 18 21 19 23 19 25 19 28 
168,, 24 ... - 15 - 17 20 18 21 19 23 19 26 
180 24 -17 - 18 20 18 21 18 23 

ini.-For Important Installations where Interruption of traffic would bo undesirable or where the cost of replace
ment would be excessive, a minimum thickness of 0.15-Inch thickness for structural aluminum plate shall be used. 

This table shows minimum gages for structural requirements only and is intended for use only where corrosive 
and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investiga
tions recommended in par. 2.9 indicate corrosive and/or abrasive conditions or where anticipated velocities exceed 5 
feet per second. 



Compendium 3 	 Text 7
 

RECOMMENDED FILL-HEIGHT TABLE la-2a.--Corrugated steel pipe arches, 29-inch by X-inch and 3-inch 
by 1-inch corrugations, riveted, welied, or helical fabrica'tions, H-20 loadings 

Minimum or. top 	 belhta aboveMaximum All top ofPIps (in het) 
no coma to to of ub- tons per squartootPipe3dimendons-span onrrdm Ul M fot the follorbng pnum Ugd for 2 tn3 per Mlin

(Inches) U/nches) aqu~ foot 
ejncbes) 

2 tons tow 

2W-Ioeb by Winchb oWrrutlon, 

18X 11 3%1 18 16 13 15+
 
22 x 13 4 18 16 12 15+
 
25 z 16 4 18 16 10 15+
 
29 18 4J4 18 16 9 15
 
36 x 22 5 18 16 9 14
 
43:27 5 18 16 7 18 
50:31 6, 18 14 7 12
 
58 36 7 18 12 7 12
 
65 40 8 18 12 7 12
 
72 x 44 9 18 10 7 12
 
79 z 49 10 18 8 7 12
 
85 x 54 11 18 8 18
 

3-lnchbyl14neb earugslans 

•.43:27 7Y, . 18 16 "12 15+
 
5031 9 18 16 12 -15+
 
58 x36+ 10% 18' 16 "12 15+
 
65 X 40 12 18 16 12 15+
 
'72x44 13) ,18 16 .12 15+
 
73x55 18. 18 16 15 .
 
81 	: 59 18 18 14 15 ........ 


z8763 18s1 14 -14 15+
 
95 X 67 18 18 12 ,12 15+
 

103 x 71 18 24 12 11 15+
 
112 x 75 18 24 12 10 15+
 
117 x 79 18 24 12 10 15
 
128 x 83 18 24 10 10 14
 

*Where bearing pre-.*rures exceeding 2 tons per square foot are required for given fill heights, the foundation 
material shall ke investlgatod to determine itsbearing capacity. 

This table shows minimum gages for structural requirements only and is Intended for use only where corrosive 
and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investiga. 
lions recommended in par. 2.9 indicate corrosive and/or abrasive conditions or where, anticipated velocities exceed 5 
feet per second. 

24
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RzCOMmENDED FILL-HzoT TABLE 3a.-Corrugated steel pipe arches, 6-inch by 2-inch corrugations, 
bolted fabrication, H-20 loading 

Minimum cover. Muimum fill heights above top ofpipe (in bet) for 
C nOresdluto o inmum thefollowing corner bes'ng presum intons per sputme 

tooa *iro4re 
2 tm 13tons 14tons 

6P1" X4'7" 18 is 12 15 ........ ........
 
7'0"x 5'1: 18 18 12 15 ........
 
711" x5'7" 18 18 12 12 15+ ........
 
8'10" x6'1" 18 24 12 11 15+ ........
 
9090P X 6'7" 18 24 12 10 15
 
10'11 x 7'1r 18 24 12 9 13 ........
 
1111O" z 717" 8 r 24 12 7 12 15+
 
12'10" x 8'4" 18' 24 12 6 11 15 
141 X80011 1 24 12 a 11 14 
1314" z OT" 18 24 10 (e) .0....13 
J1510" x 9,10" 18 24 10 9 12
 
16'7z 10'1"1 18 36 10, N) . 8 12
 
1303"0 x 9?4"0 31 24 12 ' 13 15+ ....
 
1402"1 x 9,10" 31 24 12 '12 15+' ....
 
15'4" x 10'4" 31 24 10 11 .. . 15+ '
 
18'S": 10,10", 31 36 10 11 15+
 
17'12" z 11'4" 31 36 10 10 15 ...
 
18'1" z 1110" 31 36 8 9 14 ........ 
19'3": 12'4" 31 38 8 9 13 ........ 
19'11" 1210" 31 36 8 8 13 ........ 
20'7" x 13'2" 31 36 7 7 12 -------

e for given fill 
material shall be Investigated to determine its bearing capacity. 

4'Where bearing presures exceeding 2 tons per sqtmre foot ar .quired heights, the foundation 

(5) Use pipe arches with 31-inch corner radius. 
This table shows minimum gages for structural requirements only and is intended for use only where corrosive 

and/or abrasive conditions are negligible. Heavier gages and/or protective coatings :shall be used where site investiga
tions recommended in par. 2.9 indicate corrosive and/or abrasive cunditionA or where anticipated velocities exceed 5 
feet per second. 

RECOMMENDED FILL-HEIGHT TABLE 4a.-Corrugated aluminum pipe arches, 2%-inch by %-inch 
corrugations, riveted, welded, or helical fabrication, H-20 loading 

Minimum cover, Maximum Allheights above top &fpipe
top ofpipe to top of (tofeet) forthe following corner bearing

Pipedbans-n (inche) for 2tons Minimriet preua in ton per square footrime Cormr radius subtraJd 

perqure foot(Lashes) 


2tothu)2ons 

18 X 11 43j 18 16 15 
22: 13 4X 18 16 14 
25z 16 4% 18 16 13 15+ 
29x 18 4% 18 16 11 154
36 22 5 18 16 9 14 
43 z27 5 18 14 7 13 
50x 31 6 18 12 7 12 
58 X36 7 18 10 7 12 
65 x 40 8 18 10 7 12 
72 x 44 9 18 8 7 92 

*Where bearing pressures exceeding 2 tons per squnre foot are required for given fill heights, the foundation 
material shall be investigated to determine Its bearing capacity. 

This table shows minimum gages for structural requirements only and is intended for use only where corrosive 
and/or abrasive conditions are negligible. Heavier gages and/or protective coatings shall be used where site investiga
tions recommended in par. 2.9 indicate corrosive and/or abrasive conditions or where anticipated 'l-cities exceed 5 
feet per second. 

25 
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Multiple 1-m diameter concrete pipe culvert shows damage from washout-Brazil. 
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INTRODUCTION 

The structural design of a reinforced concrete pipe culvert requires calcu
lation of the probable maximum load on the pipe, determination of the inherent 
strength of the pipe, and selection of a bedding for the pipe which will insure 
that the field supporting strength of the completed structure will be adequate. 
The formulas and load coefficient diagrams necessary to make such calculations 

are included in these criteria for use when required. 
The material contained in these criteria is basically an updating. and 

revision of the Design and Installation Criteria for Reinforced Concrete Pipe 
Culverts distributed with the Bureau of Public Roads Circular Memorandum 

dated April 4, 1957, for the purpose of simplifying design methods for ie
inforced concrete pipe. 

Table 1 in that issue has been replaced by Charts I(a) and I(b) which 
give the load on the pipe at various heights of fill for the four classes of bedding 
in combination with appropriate projection ratios and provide a visual com
parison of the load carrying capacity of pipe for those combinations. 

Iv 
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GENERAL 
1.1 These criteria cover the determinations of
loads on concrete pipe; the determination of pipe
strength required for the various classes of bed-
ding and types of installations; the classes of 
bedding; and recommended installation practices.
1.2 Pipe. Reinforced concrete pipe shall be of 
the classes specified in AASHO Specification M 
170-60 (ASTM C 76-59T). The strength test 
requirements specified therein are given in table 1 
and are expressed in D-loads as determined by
the three-edge-bearing method. 
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COVERAGE 

TABna 1.-Strength requirements for pipe
 
(n pounds per linesr toot per foot of intrnal pipe diameter]
 

Strength test D-lo___ ___ __ 

Test .oad Btrt test n.loa 
__ 

eumenta 
__ __ 

to produoe c-.[ las U Plan Hx classv lsIc CIv 

0.01-inch crack. 800 1,000 1,350 2, 000 3, 000 
The ultimate. -- 1,200 1,500 2,000 3,000 3, 750 

DESIGN
 
2.1 Factors affecting strength. The strength
required for a given rigid type of pipe depends 
upon its size; the height, character, and weight of 
fill over the pipe; the character of the foundation; 
the depth and width of trench (if any) in which 
the pipe is installed; the class of bedding; and 
the type of installation. 

266 2.2 Definitions of terms used. 
D-load is a term used to designate the load per

linear foot of pipe for each foot of internal pipe
diameter and is expressed in pounds or kips.

Load factor, L,, is defined as the ratio of the 
strength of a pipe under a specific condition of 
loading to its strength when tested by the three-
edge-bearing method. 

Projection ratio, p, is defined as the ratio of the 
distance of the existing ground surface below the 
exterior pipe top to the outside diameter of the 
pipe B,. It applies to positive and zero project-
ing embankment installations [shown in figure
6(a)]. 

Projection ratio p' is defined as the ratio of 
the distance of the existing ground surface above 
the exterior pipe top to the width of the trench 
B.. It applies to negative projecting embankment 
installations [shown in figure 6(b)].

Existing ground surface may be either natural 
ground surface or top of compacted fill at the time 
of installation. 

Settlement ratio r, is a value determined by an 
equation involving deflection of pipe, settlement 
of pipe flow line, settlement of embankment sub
grade adjacent to pipe, and deformation of fill 
material adjacent to and between top of pipe and 
existing ground surface. The following values for 
rd are suggested (Soil Engineering by M. G. 
Spangler) : 

For positive projecting embankment installa
tions: 

Rigid pipe on rock or unyielding solid: + 1.0 
Rigid pipe on ordinary soil bed: + 0.5 to +0.8 
Rigid pipe on slightly yielding bed: 0 to + 0.5 

For negative projecting embankment installa
tions: 

Rigid pipe on average soil bed: -0.3 to -0.5 
Trench width Bd is defined as the width of 

trench measured at the top of the pipe. A value 
of Bd=1.35 Be was used for the negative pro
jecting installation curves in Chart I(b). 
2.3 Determination of loads on pipe.
2.3.1 The formulas necessary to compute W,, the 
weight of the column of earth carried by the pipe,
the load factor Lf, and the D-load of the pipe are 
given in figure 1. The symbols used in the formu
las are defined below. 

B=interior (normal) pipe diameter
 
B.-exterior pipe diameter
 
Bar trench width
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C.-load ooefflcient for positive and zero pro-

jeeting installations. See figure 2. 
Cj'=load coefficient for trench installations. 

See figure 8. 
,=load coefficient for negative projecting 
and imperfect ditch installations. See fig-
ure 4. 

F.S.=faotor of safety used in selection of 
class of pipe. 

H=height of fill over top of pipe in feet. 
f-Rankin's lateral pressure ratio, 

Lff!oad factor for determining strength of 
pipe. 

m=fractional part of Be over which the lat-
eral pressure is assumed to act. It may 
or may not be the same as p. 

p=projection ratio. 

q=ratio of total lateral pressure to total 


vertical load W.. 
w=weight per cubic foot of fill. 
W,=total vertical load on pipe in pounds per 

linear foot. 
N and N'=parameters which are a function 

of the bedding, see table 2. 
wand w'=parameters which are a function of 

the vertical projection m, over which the 
lateral pressure is assumed to act, see 
table 3. 

TABLE 2.-Values of parameters z and z' 

Value of M Value ofz Value ofz' (for ClsC 
Abedding only) 

0 0 	 0. 150 
0.3 0.217 0. 743 
0. 5 0. 423 0. 856 
0.7 0.594 0.811 
0.9 0. 655 0. 678 
1.0 0. 638 0. 638 

TABLE-3.-Values of parameters N and N' 

Bedding elm 	 W 

Class A---------------------------------. 505 
Class B------------------------ 0. 707 --------
Class C -------------------- 0. 840--------
Class D ------------------------- 1.31 

2.3.2 Computation of D-loads by formula. 
Figure 1 lists under each type of installation the 
formulas required to compute W., L,, and the 
D-load. The type of installation must be known 

2 
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or assumed in order to determine which load co
efficient diagram (figure 2, figure 3, or figure 4) 
should be used. Trench installations are seldom 
used for highway culverts and the formulas (and 
figure 3) for that type are shown for information 
only. No further explanation of their use will be 
given. 

With the type of installation known and with a 
given height of fill and diameter of pipe, an ap
propriate settlement ratio, r0a (see paragrIph 2.2), 
and value of p (or p') must be selected, the load 
coefficient C,, or C. taken from the appropriate 
diagram, and W computed. After computing 9. 
from the formula, the class of bedding is selected 
and load factor, Lf, computed with value x (or 
W') taken from table 2 and value of N (or N') 
taken from table 3. The D-load value is then 
computed from the basic D-load formula. High 
D-load values beyond the class V pipe range will 
require recomputation using a more favorable type 
of installation and/or class of bedding. 
2.33 	 Computation of D-loads by charts. 

Chart I(a), Chart I(b), and Chart II have 
been developed to simplify and facilitate the de
termination of D-loads. Charts I(a) and I(b) 
are based on a pipe diameter B=60 inches, B,= 267 
72 inches, rd= +0.5 for positive and zero pro
jecting installations, and -0.3 for negative pro
jecting and imperfect ditch installations. A value 
of Bd= 1.35 B, is used for negative projecting in
stallations. 

On Charts I(a) and I(b) the actual D-load
is determined by taking the value of H (height of 
fill) on the vertical ordinate and following hori
zontally to its intersection with the ray line for 
the class of bedding and projection used. The 
D-load value may then be read at the bottom (or 

top) of the chart. D-loads for intermediate values of p may be obtained by interpolating between 
the ray lines for zero and maximum value of p
for that class of bedding. Charts I(a) and I(b) 

provide a visual comparison of the relative merits 
of the classes of bedding for various fill heights. 

Chart II is a nomographic chart for positive
and zero projecting installations and provides for 
determination of D-loads and selection of class of 
pipe on the basis of a 1.33 factor of safety, vary
ing values of r, p, and a fixed value of q=0.18 
The chart is a combination of four diagrams de
scribed as follows: The upper right quadrant dia
gram gives the load factor, L4, in terms of p and 
the class of bedding. e upper left quadrant 
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FORMULAS FOR DETERMINATION OF LOADS ON PIPE 

Positive and zero projecting embankment Installations 

Finished. grodkl-WC - Ctw c 2 i 

1.431 whre mk(H m
Lf =N-xq where q C - + for positive projections 

Use 50% of q value for zero projections 
D-lood strength required- W

Lf B Existing 
<Ground Surface-,

Formula applies to values of p from 0 to I 

I w" 

L 

I1 

Wc-

Negative projecting embankment 

CnWBd 2 

installation 
Finish Ied grade 

Lf 1.431 where q lateral pressure
N-xq Wc 

Lateral pressure -(H + 2) wkm.c 

Wc
'D-lood strength required -- f 

Formula applies to values of p' greater than 0. 

Existing
Ground Surface I Wc I 

268 Conventional imperfect ditch installation' 

Wc 
Lf 

-Cn WBc2 

-I 1431 mk.. (., + 

Finished grad~e 

.. Wc 

D-load 
Formula 

strengthrequired 
applies to volues 

'LfB 
of p' greater thon0. 

Trench installation 
Wc d.... 'Finishedgrade 

WC
D- load strength required . 

Lf values have been determined experimentally 
Bedding4 Lf 
Class A 2.2-3.4 
Class B 1.9 : 
Class C 1.5 
Class D '1. 1 

.. as follows' . We 

FIGURE I 
3 
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diagram gives the safe uniform load W./B. for W.=5X120X62=21,600 pounds (figure 1,
 
a given strength pipe and load factor, L,. The W,=O.XwB.2 )
 
lower left quadrant gives C0 in terms of B, and ----.--.-- -.
i.k 	 3 
W,/B, and the lower right quadrant contains a 	 (5+ 'D=-1
load coefficient diagram that gives values of C, in 
terms of H/B and rd p. This diagram is the for Class C bedding, N-.84 and w-.594 for 
same as that shown in figure 2 except that it gives m=.7 (tables 2 and 8) 
the values of H/B0 and 0, up to 20. 1.431 

=
 
The chart does not provide a visual comparison 	 L/1 84 _.124 X.594 1.87 

of the relative merits of the classes of bedding
 
but is useful where different values of r0e must be D-oad= 21,600 =2,320 pounds
 
used. The chart may be used to determine re- 5X1.82
 
quired D-loads for trench installations by using Class V pipe: ultimate strength (3,750 pounds)
 
curve OTin the lower right quadrant. The rest after applying a F.S. of 1.5=2,500 pounds,
 
of the chart. is used by substituting Bd for B, so a class V pipe is adequate. (TheF.S. may
 
throughout the chart and'by changing the D values be applied by dividing into the ultimate
 
giveh in the upper left quadrant by the factor strength of the pipe or by multiplying the
 
Bd/B.. Also the appropriate value of the load computed D-load.)
 
factor for the class of bedding (given in figure 1 (b) Use of Charts I (a) and I (b)
 
for trench installations) should be used on the L, Given: Same problem as in (a)
 
ordinate in determining the value of D. Use Chart I (a) for positive projections.
 
2.3.4 Selection of chss of pipe. After the Take the 30-foot point on the height of fill 
D-load has been computed by the appropriate ordinate and follow horizontally to the right 
formula (see figure 1) the class of pipe may be to the intersection with the ray line for Class 
determined either on the basis of the 0.01 inch B, p=0. Reference to the upper part of the 

272 crack strength or on the basis of the ultimate chart will show that a class IV pipe is ade
strength to which a factor of safety has been ap- quate for a F.S. of 1.5 or 1.33. If the 30-foot 
plied (ultimate strength- F.S.). The factors of H is followed farther to its intersection with 
safety most commonly used are 1.5 and 1.33, the the ray line for Class C, p=0, a class V pipe 
latter having been used in the 1957 issue of the will be found adequate by either F.S. Fol-
Bureau of Public Roads Design and Installation lowing this 30-foot II still farther to its inter-
Criteria for Reinforced Concrete Pipe. The 0.01 section with the ray line for Class B, p=.7, a 
inch crack basis and the 1.5 F.S. basis give identi- class V pipe will be found *,dequate for the 
cal results for classes I to IV pipe but for Class 1.33 FS. and about 15percent under for a 
V pipe the 0.01 inch crack basis permits about 1.5 FS. This gives the designer a choice of 
20 percent higher fill because the ultimate strength pipe class and class of bedding based on in
is only 25 percent higher than the 0.01 inch crack stallation economics. If the height of fill 
strength. Charts I(a) and I(b) show at the was considerably greater, a negative project
top of the chat the pipe class strength ranges ing or imperfect ditch installation would be 
based on three-idge-bearing tests and on factors required and Chart)[ (b) would be used in a 
of safety of 1.5 and 1.33. The class of pipe can similar manner for design. 
be readily determined from the height of fill and (c) Use of Chart II. 
the appropriate ray line for class of bedding. Given: The problem in (a) H=-30 feet, B--5 
2..5 Examples of design feet, rod= + 0.5 

Try Class B bedding, p =0.7 
(a) Use of formulas: 	 H/B,=5,rd p=.35 

Given: B=5 feet (B,=6 feet) On the H/B axis spot the value of H/B=5 
H=30 feet; then H/B,=5 and follow downward vertically to the inter
w--120 pounds per cubic foot section with the +0.35 ray line, thence hori-

Try 	Class C bedding, zero projection, using zontally to the left to the intersection with 
figure 2, for r.dp=O, and H/B,=5, C.=5 the B.=6 ray line in the lower quadrant. 

7 
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thence upward vertically into the upper left 
quadrant to the intersection with the ray line 
for the D-loads. Also, take the p= 0.7 value 
on the p axis in the upper right quadrant, 
proceed upward vertically to the interesction 
with the Class B curve, thence to the left 

Text 8 
horizontally to the interesection with the 
previously projected vertical line in the upper 
left quadrant and read a D-load (by inter
polation between heavy D-load ray lines), 
based on the ultimate D-load strength of the 
pipe and a class V pipe is found adequate. 

INSTALLATION
 

3. Installation of concrete pipe covers the con-
struction of the bedding, laying of pipe, and the 
backfilliig around and over the pipe. 
3.1 Bedding of pipe. The contact between a 
pipe and the foundation upon which it rests is 
the pipe bedding. It has an important influence 
on the ability of the pipe to support loads. Class 
of bedding is defined by the width of the band 
of contact between the pipe and its foundation 
and four classes of bedding are designated. The 
class of bedding to be provided shall be determined 
by the designer and specified on the plans. 
3.1.1 Bedding material. Where granular mate-
rials specified fcr bedding, it shall be fine gran-
ular material meeting the sand grading require-
ments found in AASHO Specification M6-51 (or 
ASTM C33-59). 
3.1.2 Class A bedding. In this class of bedding 
(often called concrete cradle bedding) the lower 
exterior part of the pipe shall be bedded in a 
continuous cradle constructed of class B concrete 
(2,200 pounds per square inch) or better, having 
a minimum thickness under the pipe of one-fourth 
the internal diameter B and extending up the sides 
of the pipe for a height equal to one-fourth the 
exterior diameter B,. If the cradle is on reason-
ably sound rock (not boulders or fragmented 
shale) the minimum thickness under the pipe may 
be reduced from one-fourth B to 6 inches. The 
cradle should, however, extend into the rock sev-
eral inches to develop resistance against lateral 
pressure. The cradle biall have a width at least 
equal to B, plus 8 inches and shall be constructedmonoithcalywihou hoizotal onsrucionmonolithically without horizontal construction 
joints. Backfill shall be placed as specified in 3.4, 
Backfilling. A typical Clas, A bedding is illus-
trated in figure 5(a). 
3.1.3 Class B bedding. With this class of bed-
ding, the projection ratio shall not exceed 0.7. 
The pipe shall be carefully bedded on fine gran-
ular materials or sand over an earth foundation 
accurately shaped by means of a template to fit 
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the lower 15 percent of its height B,. Compac
tible soil material shall then 'be rammed and 
tamped in 6-inch layers around the pipe for the 
remainder of the lower 30 percent of B,. Back
fill shall then be compacted as specified in 3.4, 
Backfilling. A typical Class B bedding is illus
trated in figure 5(b). 
3.1.4 Class C kdding. With this class of bed
ding, the projection ratio shall not exceed 0.9. 
The pipe shall be bedded with ordinary care in a 
soil foundation shaped to fit the lower part of the 
pipe exterior with reasonable closeness for at 
least 10 percent of its overall height. Backfill 
shall then be completed as specified in 3.4, Back
filling. A typical Class C bedding is illustrated 
in figure 5(c). 
3.1.5 Class D bedding. This class of bedding 
requires no shaping of the bed but the gradient 
of the bed shall be smooth and true to established 
grade. The backfill shall be placed as specified 
in 3.4, Backfilling. 
3.1.6 Bedding for pipe arches, horizontal ellip
tical, and vertical elliptical pipe. It is equally 
important that such pipe be adequately bedded 
and backfilled and Class B or Class C bedding 
specified for circular pipe is recommended basing 
the projection ratio p on the exterior vertical di
ameter. Backfill should be as specified in 3.4, 
Backfilling. 
3.2 fTypes of installations. The type of instal
lation constructed in conjunction with the class of 
bedding also has an important influence on the 

ability of the pipe to support loads. For example,with a Class B bedding a zero projection (p--0) 
th a abedn a ero prjein hegh 

type provide about 33 percent increase in height 
of fill the pipe can carry over that for p--.7; a 
negative projecting (p'=i) type provides about 
62 percent increase, and an imperfect ditch type 
provides about 160 percent increase above that for 
p=O. 7 . The types of installations are illustrated 
in figure 6. 
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3.2.1 Imperfect ditch (imperfect trench) in-
stallation. This method is applicable only for 
pipe bedded as positive projecting. The pipe shall 
first be bedded in accordance with the require-
ments for the class of bedding specified. The fill 
shall then be placed and compacted on both sides 
of the pipe as specified in 3.4, Backfilling, for a 
lateral distance equal to 12 feet. or 2 B,, whichever 
is less. and up to an elevation equal to p'B, plus 
one foot above the top of pipe. Next a trench of 
B, width shall be dug in the fill directly over the 
pipe down to an elevation of one loot above the 
pipe top. The trench should not be constructed 
over the entire length of the installation but, only 
where needed for the section under the higher fill. 
Care should be exercised to keep the sides of this 
re-excavated trench as nearly vertical as possible. 
This trench shall then be filled with loose highly 
compressible soil material. Straw, hay, corn 
stalks, ' aves, brush, or sawdust may be used to 
fill the lower one-fourth to one-third of the trench 
to insure maximum compressibility of this backfill, 
After the special backfill has been completed to 
the top of trench the fill above that elevation is 
placed and compacted in accordance with normal 
methods for embankment fill. A typical imperfect 
ditch installation (p'= 1.0) is illustrated in figure 
6(c). This method is usually used in conjunction 
with Class B or Class C bedding hut may be used 
with Class A bedding. 
3.2.2 Negative projecting embankment instal-
lations. In this type the top of pipe must be 
below the top of existing ground surface. A 
trench is dug in the earth to the required eleva-
tion and the pipe is installed in accord nce with 
the requirements for the class of bedding specified 
and backfilled in accordance with 3.4, Backfilling, 
up to one foot above the pipe top. The remainder 
of the trench shall then be filled with loose mate-
rial spread evenly up to the top of trench. Above 
that elevation fill shall be placed as a normal em-
bankment fill. Care should be exercised in dig-
ging the trench, to keep its width Bd to the mini-
mum width consistent with providing adequate 
bedding and backfilling. For excessive widths of 
trench the installation should also be computed 
as a positive projecting type. 
3.2.3 Rock or incompressible foundation, 
Where ledge rock, rocky or gravelly soil, hard 
pan, or other unyielding material is encountered, 
the pipe shall be bedded in accordance with the 
requirements of one of the bedding classes but 
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with the following additions: the hard unyielding 
material shall be excavated below the bottom of 
the pipe or pipe bell to a depth of 12 inches or one
half inch for each foot of fill over the pipe, which
ever is greater, but need not exceed three-quarters 
of the nominal pipe diameter B. For Class D 
bedding, the depth of excavation shall be 8 inches. 
The excavation shall be one foot wider than the 
exterior pipe diameter B, and shall be refilled 
with fine compressible material such as silty clay, 
loam, or sand and lightly compacted and shaped 
as required for the specified class of bedding. A 
typical bedding on an incompressible foundation 
is illustrated in figure 5(e). 
3.3 Laying pipe. The necessary facilities shall 
be provided for lowering and properly placing 
the pipe sections. Pipe laying shall begin at the 
downstream end of the installation with the bell 
or groove end of the first section upstream. The 
pipe shall be laid to the lines and grades specified 
with the pipe sections closely jointed. When bell 
and spigot pipes are used bell holes shall be dug 
in the subgrade to accommodate the bells. They 
shall be deep enough to insure that the bell does 
not bear on the bottom of the hole but shall not 
be excessively wide in the longitudinal direction 
of the installation. 

When the pipe sections are laid the barrel of 
each section shall be in contact, with the quadrant 
shaped bedding throughout its full length exclu
sive of the bell. Where lift holes in the pipe have 
been provided such holes shall be refilled with an 
acceptable grade of concrete after laying and the 
concrete shall be thoroughly cured before backfill 
material is placed. 
3.3.1 Elliptical pipe. When elliptical pipe with 
circular reinforcement or circular pipe with ellip
tical reinforcement is used, the pipe shall be in
stalled in a position that the manufacturer's marks 
designating "top" and "bottom" of the pipe shall 
be not more than 50 from the vertical plane 
through the longitidinal axis of the pip3. 
3.3.2 Multiple pipe installations. Where mul
tiple lines of pipe are used, they shall be spaced 
far enough apart to permit thorough tamping of 
the earth between the pipe. To this end, the adja
cent sides of the pipe shall be at least one-half the 
nominal pipe diameter apart or three feet, which
ever is less. 
3.3.3 Jointing pipe. Unless otherwise specified, 
one of the following methods of jointing bell and 
spigot pipe and tongue and groove pipe shall be 

9 
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used. Joints shall be made with: (1) portland 
cement mortar; (2) rubber gaskets; (3) oakum 
and portland cement mortar; (4) bituminous seal-
ing compound, hot-poured, or cold applied; or 
(5) a combination of these materials unless one 
type or combination is specified by the engineer, 
333.1 Portland cement mortar. The mixture 
shall be one part portland cement and two parts 
sand by volume. The quantity of water in the 
mixture shall be sufficient, to produce a soft work-
able mortar but shall in no ca' , exceed six gallons 
of water per sack of cement. The sand shall con-
form to AASHO Specification M45-42 and the 
cement shall conform to AASHO Specification 
M85-60. If ordered by the engineer air entraining 
portland cement conforming to AASHO Specifi-
cation M134-60 shall be used. The first pipe shall 
be bedded carefully to the established gTade line 
with the groove upstream. A shallow excavation 
shall be made underneath the pipe at the joint and 
filled with mortar to provide a bed for the pipe. 

The pipe ends shall be thoroughly cleaned and 
wetted with water before the joint is made. A 
layer of mortar shall then be placed in the lower 
half of the bell or groove of the pipe section 
already laid. Next, mortar shall be applied to the 
upper half of the tongue. The spigot or tongue 
end of this pipe shall then be inserted in the bell or 
groove end of the pipe already laid until mortar is 
squeezed out on the interior or exterior surface. 
Sufficient mortar shall be used to fill the joints of 
tongue and groov pipe to fill the joint completely 
and to form a bead on the outside of the pipe. In-
side of the joint shall be wiped clean and finished 
smooth. In pipe too small for a man to work in-
side, wiping may be done by dragging a swab or 
long-handled brush through the pipe as work pro-
gresses. The mortar bead on the outside shall be 
protected from air and sun with a proper covering 
until satisfactorily cured. No backfilling around 
the joints shall be done until the joints have been 
fully inspected and approved, 
3.3.3.2 Rubber gasket joints. The pipe and 
gaskets shall conform to the requirements of 
AASHO Specification M198-62I. Gaskets and 
jointing materials shall be placed in accordance 
with the recommendation of the particular manu-
facturer in regard to the use of lubricants, cements, 
adhesives, and other special installation require-
ments. Surfaces to receive lubricants, cements, 
or adhesives shall be clean and dry. Gaskets and 
jointing materials shall be affixed to the pipe not 

Text 8 
more than 24 hours prior to the installation of the 
pipe, and shall be protected from the sun, blowing 
dust, and other deleterious agents at all times. 
Gaskets and jointing materials shall be inspected 
before installation of the pipe and any loose or 
improperly affixed gaskets and jointing materials 
shall be removed and replaced to the satisfaction of 
the engi- eer. The pipe shall be aligned with the 
previously installed pipe, and the joint pulled 
together. If, while making the joint, the gasket 
or jointing material becomes loose and can be seen 
through the exterior joint recess when the joint 
is pulled up to within one inch of closure, the pipe 
shall -beremoved and the joint remade to the satis
faction of the engineer. 
3.3.3.3 Oakum and portland cement. A closely 
twisted gasket of diameter required to support the 
spigot of the pipe at the proper grade and to make 
the joint concentric, and conforming to Federal 
Specification H-H-P-117, shall 'be used. The 
joint packing shall be in one piece of sufficient 
length to pass around the pipe and lap at the top. 
This gasket shall be thoroughly saturated with 
neat cement grout. The bell of the pipe shall be 
thoroughly cleaned with a wet, brush and the 
gasket shall be laid in the -bellfor the lower third 
of the circumference and covered with mortar. 
The spigot of the pipe shall be thoroughly cleaned 
with a wet brush and inserted in the bell and 
carefully driven home. A small amount of mortar 
shall be inserted in the annular space for the 
upper two-thirds of the circumference. The 
gasket shall be lapped at the top of the pipe and 
driven home in the annular space with a calking 
tool. 

The remainder of the annular space shall then 
be filled completely with mortar and beveled off at 
an angle of approximately 45 degrees with the out
side of the bell. If the mortar is not sufficiently 
stiff to prevent appreciable slump before setting, 
the outside of the joint thus made shall be wrapped 
with cheese cloth. The finishing of this type of 
joint shall 'be kept at least five joints -behind the 
laying operation.' The portland cement mortar, 
finish, and protection shall be as specified in para
graph 3.3.3.1. 
3.3.3.4(a) Bituminous sealing compound, hot
poured. Before jointing, the inside of the bells 
and the outside of the spigot shall be dry and 
clean. 

The pipe shall be centered in the annular space. 
Annular space shall be calked with joint packing 
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Compendium 3 

conforming to Federal Specification H-H-P-117 
or H-H-P-119 and shall be sealed with a joint 
compound conforming to Federal Specification 
SS-S-169. The joint packing shall be thoroughly 
corded and finished and practically free from 
lumps, dirt, and extraneous matter. The fibers 
shall be thoroughly impregnated with a hot as-
phaltic cement. The depth of the packing shall 
be such as to leave a space between the surface of 
the packing and the end of the bell as follows: 
at least one inch for pipes 15 inches and less in 
diameter, one and one-half inches for pipes 18 
to 24 inches in diameter, and two inches for pipes 
larger than 24 inches in diameter. When the 
jointing is made with pipe in its final location, a 
joint runner, previously dipped into thick mud or 
grout to permit easy removal when the point is 
cooled, shall be placed around the pipe, leaving 
an opening at the top of the runner. Molten 
class 1 bituminous compound shall be poured con-
tinuously into this opening until the joint is com-
pletely filled and shall be poured as rapidly as 
possible without entrapping air. After the com-
pound has cooled or set, the runner may be re-
moved. Alternate joints may be poured before 

276 	 the pipe is lowered into the trench. In this case 
the joint shall be poured with the pipe in a verti-
cal position without the use of the runner. The 
compound shall have thoroughly set before the 
pipe is placed in the trench and the pipe shall be 
handled so as not to cause deformation of the 
joint. In cold weather special care shall be exer-
cised to assure that the compound is not cooled too 
rapidly for proper adhesion and, if necessary, the 
pipe shall be preheated. The temperature of the 
molten compound shall be be between 350 degrees 
F. and 450 degrees F. unless otherwise recom-
mended by the manufacturer. The compound 
shall not be overheated or subjected to such pro-
longed heating as might cause a -change in its 
physical properties. 
3.3.3.4(b) Bituminous sealing compound, cold 
applied. The annular space between the bell and 
the spigot of the pipe shall be dry and clean and 
shall be packed with an asphalt-saturated, cel-
lulose-fiber packing conforming to Federal Spec-
ification H-H-P-119. The packing shall be of 
a size suitable for the annular space and shall be 
cut in lengths to encircle the pipe completely. 
The first strands shall be calked solidly against the 
back of the bell. Additional strands shall be 
placed and calked solidly in the bell to fill one-

Text 	 8 
third to one-half of the annular space. The an
nular space shall then be filled completely with a
 
joint sealer conforming to Federal Specification
 
SS-iS-168. Overfilling is not required. The
 
sealer shall be mixed on the job in accordance with
 
the manufacturer's recommendations and in small
 
enough quantities so that appreciable setting will
 
not occur before use.
 
3.3.4 Camber. The invert grade of the pipe 
shall be cambered sufficiently to prevent the de
velopment of a sag or back slope in the flow line 
as the foundation material settles under the weight 
of the embankment. The amount of camber shall 
be determined by the engineer based upon con
sideration of the flow line gradient, height o;! 
fill, compressive characteristics of the foundation 
material, and depth to rock. In no case shall the
 
mmber be sufficient to produce an adverse grade
 
after settlement has occurred.
 
3.4 Backfilling for pipe. It is essential that the 
backfill material at the sides and top of pipe be 
placed and compacted in such a manner as to 
develop the computed lateral pressures used in 
design. 
3.4.1 Backfill material. d3ackfill material with
in a nominal pipe diameter B at the sides of pipe 
and to one foot above the top thereof shall be 
fine readily compactible job excavated soil mate
rial or granular fill material. It shall not con
tain stones which would be retained on a two-inch 
ring, frozen lumps, chunks of highly plastic clay, 
or other objectionable material. Grannlar fill ma
terial shall be crushed stone or pea gravel with 
not less than 95 percent passing. a one-half-inch 
sieve and not less than 95 percent being retained 
on a number 4 sieve. 
3.4.2 Backfilling operation for positive project
ing installations, figure 6(a). Backfill material 
shall be compacted at near optimum moisture con
tent in layers not exceeding 6 inches (compacted) 
for a width on each side of the pipe equal to 2 
B. or 12 	 feet' whichever is less, and shall be 
brought up evenly on both sides of the pipe for 
brougt up t onbot side of pipe. 
its full length up to one foot above top of pipe. 
The fill material under the haunches and adjacent 
to the sides of pipe shall be thoroughly compacted 
by pneumatic tamrars or hand methods to develop 
lateral pressure. The remainder of fill may be 
compacted by rolling (or other approved methods) 
in a direction parallel with the sides of pipe, but 
care must be exercised to avoid displacement of, 
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Compendium 3 
or damage to, the pipe. Backfill not within one 
pipe diameter B at sides of pipe may be regular 
embankment fill material. 
3.4.3 Backfilling operation for zero ind nega-
tive projecting installations, figures 6(a) and 
6(b). After the pipe has been installed the back-
fill material shall be placed and compacted in 6-
inch layers at near optimum moisture content on 
both sides of the pipe up to one foot above the 
pipe top with pneumatic or hand tampers. Care 
shall be exercised to thoroughly compact the fill 
under the haunches of the pipe. For negative pro-
jecting installations the remainder of the trench 
shall be filled with a loose compressible material 
spread evenly up to the top of the trench with no 
compaction thereof. 
3.4.4 Backfilling operations: general. In all 
backfilling operations care should be exercised and 
it shall be the contractor's responsibility to see that 
the pipes are not damaged by vertical or lateral 
forces imposed during installation and by com-
paction of backfill. Circular pipe with elliptical 
reinforcement, and elliptical pipe with circular 
reinforcement, are particularly vulnerable to 
damage by careless compaction of backfill and it 

Text 8 
may be necessary to install horizontal timber struts 
until the fill over the pipe has been completed. 
All pipe after being bedded and backfilled as 
specified should be protected by a 4-foot cover of 
fill before heavy construction equipment is per
mitted to cross during construction of embank
ment fill. 
3.5 Care in handling pipe. In transporting 
concrete pipe from truck to its final location, rea
sonable care should be exercised in unloading to 
avoid damage to the pipe. Concrete pipe should 
not be rolled down embankments in such a way 
that it rolls without control and if pipe sections 
are moved along the ground with bulldozers or 
tractors great care should be taken to avoid dam
age thereto. 
3.6 Inspection. Installation conditions have a 
very important effect on both the load and the 
supporting strength of the pipe and a satisfactory 
installation requires attainment of the design con
ditions in the field. Consequently the engineer on 
the job should not only be familiar with good 
installation practices but should also keep a close 
check on the contractor's operations to insure ful
fillment of that objective. 
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The following bibliography contains two sets of ref-
erences. The first set consists of a reference for each 
selected text that appeared in the preceding part of 
this compendiUm. The second set consists of ref-
erences to additional publications that either were 
cited in the selected texts or are closely associated 
with material that was presented in the Overview 
and Selected Texts. Each reference has five parts 
that are explained and illustrated below. 

(a) Reference number: This number gives the 

Bibliografia 
La siguiente bibliografia contiene dos series 
de referencias. La primnera serie consiste en 
una referencia para cada texto seleccionado 
que apareci6 en la parte anterior de este 
compendio. La segunda serie consiste de 
refeencias a publicacioneEadicionales que 
fueron mencionadas en los textos seleccio-
nados o que se asocian intimamente con el 
material que se present6 en la Vista General 
y los Textos Seleccionados. Cada referencia 
tiene cinco partes que se explican e ilustran 
abajo 

(a) Nimero de referencia: Este nimero dA 

Bibliographie 
La bibliographie qui suit contient deux cat6-
gorics de r6f6rences. La premlbre cat6gorie 
consiste en une r6f6rence pour chaque texte 
choisi qui est inclus dans la partie pr~c~dente 
de ce recueil. La deuxi6me cat~gorie contient 
des r~f6rences pour des documents qui ont 
soit 6t6 cit6s dans les textes choisis, ou soit 
sont 6troitement associ6s avec des 6crits qui 
sont pr6sent~s dans I'Expos6 ou les Textes 
Choisis. Chaque r~f6rence est compos6e de 
cinq parties qui sont expliqu6es et illustr~es 
ci-dessous 

(a) Num~ro de la r~f6rence: Ce num6ro 

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 ajournal, report, or book. 

(c) Bibliographicdata: This paragraph gives names 
of personal or organizational authors (if any), the put 
lisher's name and location, the date of publication, 
and the number of pages represented by the title as 
given above. In some references, the paragraph ends 

la posici6n de [a referencia dentro de este
 
bibliografla en particular. Se utiliza en el indice
 
del compendio pero no deberA utilizar',. al
 
pedir publicaciones.
 

(b) Tftulo: Este es el titulo de la publicaci6n
 
completa o el titulc de un articulo o secci6n
 

dentro de una revista, informe, o libro. 
(c) Datos bibliogrficos: Este parqrafo d6 los 

nombres de autores personales o organizacionales 
(si hay alguno), el nombre del editor y su direccion, 
la fecha de publicacion, y el numero de paginas 
representadas por el titulo en la parte (b). En 
algunas referencias el par~grafo termina con 

indique la position de cette r~f~rence dans 
cette bibliographie. Ce num6ro est indiqu6 
dans I'index du recueil mais ne doitpas 6tre 
utilis6.pour les commandes de publications. 

(b) TItre: Cela indique ou le titre du livre 

entier, ou le titre d'un article ou d'une section 
d'une revue, un rapport, ou un livre. 

(c) Donnees bibliographiques: Ce paragraphe 
indique les noms des auteurs personnels (quand 
il y en a) ou des auteurs collectifs (organisation), 
le nom de I'6diteur et son adresse, la date de 
l'&Jition, et le nombre de pages qui sont in
cluses sous le titre dans (b). Certaines 
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with an order number for the publication in paren- dered, name and address of the organization from 
theses. which it isavailable are given. The order should in

(d) Availability information: This paragraph clude all information given in parts (b) and (c) 
tells how the referenced publication isavailable to above. 
the reader. If the publication isout-of-print but (e) Abstract: This paragraph contains an ab
may be consulted at aparticular library, the name stract of the publication whose title was given in 
of the library isgiven. If the publiration can be or- part (b). 

un n6mero de pedido para la publicaci6n en posee una copia. (2) La publicaci6n puede 
par~ntesis. ser pedida de la organizaci6n cuyo nombre 

(d) Disponibilidad de la informaci6n: Este y direcci6n estan indicados. Elpedido deber6 
par~grafo explica que la publicaci6n referen- incluir toda la informaci6n dada en las partes 
ciada esti disonible al lector en una de dos (b) y (c). 
formas como sigue. (1) La publicaci6n esta 
agotada pero puede ser consultada en la (e) Resumen. Este par~grafc es un resLimen 
biblioteca indicada donde se sabe que se de la publicaci6n cuyo tftulo se di6 en la parte (b). 

r6fdrences se terminent par un num~ro entre document peut 6tre command6 A l'organisation 
parenthbses qui indique le num~ro de dont le nom et I'adresse sont indiqu~s ici. 
commande. L'ordre de commande doit inclure toutes les 

(d) Disponibilit6 des Documents: Ce para- informations donne'es dans les parties (b) et 
graphe indique le- deux fagons dont le lecteur (c). 
peut acqu~rir les documents: (1) L'hdition est 
6puis~e, mais une certaine biblioth~que d6tient (e) Analyse: Ce paragraphe est une analyse 
ce document et il peut 6tre consult6. (2) Le du texte dont le titre est cit6 dans la partie (b). 
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(a) Reference number 
Reference I 
LOW COST ROADS; DESIGN, CON STRUCTION AND

(a) N, mero de referenca 
(a) 	Num~ro do Is rbfren| 


MAINTENANCE
 

Odler, L.1 Millard, R.S.; dos Santos, Pimentel; Mehra, 
(b) Title 	 S. R. London: Butterworths; 1971. 158 p. (Sponsored by 

UNESCO).(b) Titulo 
(b)Titre 	 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. 

(c) 	 Bibliographic data
(c) 	 Datos biblogrfico Engineering codes relating to road planning, design,

construction, materials, and maintenance ior ue in 
() Donnin bibliographiques the developing countries are presented here. Basic 

principles of road construction and maintenance 
policy including social and economic aspects, master 

(d) Availability information 	 plan and feasibility studies, as well as stage cons
(d) 	 Disponibilidad do Ia informacl6n truction, are covered. Traffic and design speeds,

design related to vertical alignment and horizontal 
(d) Disponibilit6 des documents 	 alignment, and cross- section elements are discussed, 

design principles for unimproved roads, improved 
roads, roads with permanent surfaces, and flexible 

(C) Abstract 	 pavernefts are set forth. The drainage of the road is 
considered Including the control of erosion, and the

(o)Resumen 	 stability of embankments and cuttings. Defensive 
(a)Analyse 	 measures during wet weather construction are noted. 

The location and waterway requirements for bridges 
and culverts are discussed, and the principal factors 

The order should Include all information given in parts to be considered in the design of bridge foundations 
(c) 	above. and structures are indicated. Notes are provided on 

El pedido doberi incluir tode I informaci6n'dade on las pertes construction operations and plant which include preli
S(c). 	 minary and detailed surveys, setting out, earthworks, 

(b) y (cootpaction, 	 quarrying, soil stabilization, bituminous 
L'ordre do commands dolt Inclure touter ks informations surfacing and concreting. The discussion of road 

donneos dans Is parties (b) it (c). maintenance distinguishes between short-term,
largely manual maintenance and long-term main
tenance usually ir;olving the use of mechanical 
equipment. Methods of estimating costs are outlined 
and special consideration is given to the choice 
between manual and mechanized methods or combi
nations of the two. 



SELECTED TEXT REFERENCES 

Reference I 
LOW COST ROADS; DESIGN, CONSTRUCTION AND 
MAINTENANCE 

Odier, L.; Millard, R.S.; dos Santos, Pimente Mehra, 
S.R. London: Butterworths; 1971. 158 p. (S,.onsored by 
UNESCO). 

may be consulted at U.S. Department of 
Out-of-print; 

Transportation, Library Services Division, Room 2200, 

400 Seventh Street, S.W., Washington, DC 20590. 


Engineering codes relating to road planning, design, 
construction, materials, and maintenance for use In 
the developing countries are presented here. Basic 
principles of road construction and maintenance 
policy including social and economic aspects, master 
plan and feasibility studies, as well as stage cons-
truction, are covered. Traffic and design speeds, 
design related ?o vertical alignment and horizontal 
alignment, and cross- section elements are discussed; 
design principles for unimproved roads, improved 
roads, roads with permanent surfaces, and flexible 
pavements are set forth. The drainage of the road is 
considered including the control of erosion, and the 
stability of embankments and cuttings. Defensive 
measures during wet weather construction are noted. 
The location and waterway requirements for bridges 
and culverts are discussed, and the principal factors 
to be considered in the design of bridge foundations 
and structures are indicated. Notes are provided on 
construction operations and plant which include preli
minary and detailed surveys, setting out, earthworks, 
compaction, quarrying, soil stabilization, bituminous 
surfacing and concreting. The discussion of road 
maintenance distinguishes between short-term, 
largely manual maintenance and long-term main-
tenance usually involving the use of mechanical 
equipment. Methods of estimating costs are outlined 
and special consideration is given to the choice 
between manual and mechanized methods or combi- 
n:;ons of the two. 

Reference 2 
HIGHWAY DRAINAGE GUIDELINES; VOLUME IV: 
GUIDELINES FOR THE HYDRAULIC DESIGN OF 
CULVERTS 

American Association of State Highway and Transporta-
tion Officials, Operating Subcommittee on Design, Task 
Force on Hydrology and Hydraulics. Washington, DC: 
American Association of State Highway and Transporta-
tion Officials; 1975. 45 p. 

Order from: American Association of State Highway 
and Transportation Officials, 444 North Capitol Street, 
N.W., Suite 225, Washington, DC 20001. 

These guidelines, which make reference to appro-
priate publications, cover all aspects of the location, 
design, construction and use of culverts. The section 
on surveys includes, among others, topographic fea-
tures, drainage area, channel characteristics, high 
water information, and existing structures. Plan and 
profile of culvert location, as well as shape/cross 
section, materials and end treatments of culvert type 
are described. Hydraulic design is covered in detail, 
land special hydraulic considerations are reviewed. 
Multiple use culverts such as utilities, stock and 
wildlife passage, land access, and fish passage are 
described. Culverts for irrigation water and culvert 

construction in irrigation canals are briefly consi
dered. Debris control, service life, and safety are
 
other aspects covered. The compilation of data and
 
the detention of records are described and hydraulic
 
related construction considerations are reviewed.
 
Hydraulic related maintenance considerations are
 
also discussed.
 

Reference 3
DRAINAGE STUDIES FROM AERIAL SUR VEYS 

Sternberg, Irwin. Photogrammetric Engineering, Vol.27, 
No. 4, 1961 September; pp. 638-44. 

Order from: The American Society of Photogrammetry, 
105 North Virginia Avenue, Falls Church, Virginia 
22046. 

Vertical aerial photographs examined stereoscopically
 
provide a useful three-dimensional medium whereby
 
drainage areas can be successfully determined with
 
sufficient accuracy for the design of culverts for
 
highway drainage. Discussed in the paper is the use
 
of large-scale photographs for determining the place
ment of these culverts and other items concerned
 
with the collection and dispersal of surface water
 
during run-off periods. Methods, corrections to be
 
applied, and techniques which have been successfully
 
employed, all of which are within the capabilities of
 
the average field engineer with limited photo
grammetric training and equipment, are described.
 
Examples are given to show the degree of accuracy
 
which can be expected.
 

Reference 4 
HYDRAULIC CHARTS FOR THE SELECTION OF 
HIGHWAY CULVERTS 

Herr, Lester A.; Bossy, Herbert G. Washington, DC: 
U.S. Federal Highway Administration, Office of Engi
neering, Bridge, Division, Hydraulics Branch; 1965 
December. 54 p.(Hydraulic Engineering Circular No. 5; 
stock number 050-002-00010-1). 

Order from: Superintendent of Documents, U.S. Gov
ernment Printing Office, Washington, DC 20402. 

The hydraulics of conventional culverts (circular,
 
arch and oval pipes, both metal and concrete, and
 
concrete box culverts, all w&'!h a uniform barrel cross
 
section) and charts for selecting a culvert size for a
 
given set of conditions are discussed, and instructions
 
for using the charls are provided. Hydraulics are
 
discussed with reference to both inlet control and
 
outlet control types of flow, and the details are
 
provided for computing the depth of tailwater, the 
velocity of culvert flow and the performance curves.
 
Inlet control and outlet control nomographs are
 
included, and entrance loss coefficients and Manning's
 
n for natural stream channels are tabulated. Il
lustrative examples are provided.
 

Reference 5 
DEBRIS-CONTROL STRUCTURES 

Reihsen, G.; Harrison, L.. Washington, DC: U.S. 
Federal Highway Administration, Office of Engineering, 
Bridge Division, Hydraulics Branch; 1971 March. 38 p. 
(Hydraulic Engineering Circular No. 9). 

Order from: U.S. Federal Highway Administration, 
Office of Engineering, Bridge Division, HNG-31, Wash
lngton, DC 20590. 
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This circular describes a system of classifying the 
type of debris expected from any drainage basin, and 
lists the various types of debris control structures. 
The basis for choosing the type of control structure is 
given and details of design are discussed. It is noted 
that the preliminary field survey data should include 
information on the classification of the type of 
expected debris, the quantity of expected debris, 
future changes in debris type or quantity due to 
potential changes in land use, information from which 
the designer can estimate streamflow velocities in 
the vicinity of the culvert, topographic map or cross 
sections of the area, available for storage of debris 
at the site, accessibility of the storage area for 
debris removal and probable frequency of clean-out, 
and information on the possible damage that would 
result from debris clogging the drainage structure. 
The control structures discussed here include debris 
deflectors, debris racks, debris risers, debris cribs, 
debris fins, debris dams and basins, floating drift 
boom, and combination devices. Comments are also 
made on the standard and frequency of maintenance. 

Reference 6 
PRACTICAL GUIDANCE FOR DESIGN OF LINED 
CHANNEL EXPANSIONS AT CULVERT OUTLETS; 
HYDRAULIC MODEL INVESTIGATION 

Fletcher, Bobby P.; Grace, John L., Jr. Vicksburg,Mis-
sissippi: U.S. Army, Waterways Experiment Station, 
Hydraulics Laboratory; 1974 October. 26 p. plus tables, 
photographs and appendices. (Report # AD/A-000612). 

Information Service,from : National TechnicalOrder 

5285 Port Royal Road, Springfield, Virginia 22161. 


The results are reported of specific research to 
develop practical guidance for the design of channel 
expansions lined with either sack revetment, cellular 
blocks, or rock riprap to prevent localized scour at 
culvert outlets. The research results provide gui-
dance in the use of either of the three lining 
materials in lieu of rigid concrete channel expansions 
to provide effective and more economical plans of 
protection at culvert outlets. Potentially unstable 
channels that do not warrant the conventional type of 
rigid concrete structures due to the cost of such 
protection may be reconsidered in the light of the 
guidance and alternatives developed from this re-
search. An appendix is provided which summarizes 
the results of related research efforts to develop 
practical guidance for estimating and controlling 
erosion downstream of culvert and storm-drain out-
lets. Empirical equations and charts are presented 
for estimating the extent of localized scour to be 
anticipated downstream of culvert and storm drain 
outlets and the size and extent of various natural and 
artificial type revetments and energy dissipators that 
may be used to control localized scoiy,.. With these 
results, designers can estimate the e:tent of scour to 
be expected, and select appropriate and alternative 
schemes of protection for controlling erosion down-
stream of culvert and storm-drain outlets. 

Reference 7 
CORRUGATED METAL PIPE CULVERTS; STRUCTURAL 
DESIGN CRITERIA AND RECOMMENDED INSTALLATION 
PRACTICES 

U.S. Bureau of Public Roads, Office of Engineering and 
Operations, Bridge Division; Townsend, Merrill. Wash-
ington, DC: U.S. Bureau of Public Roads; 1966 June. 26 
p. 

Out-of-print; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200, 
400 Seventh Street, S.W., Washington, DC 20590. 

Criteria relating to the design of corrugated steel and 
corrugated aluminum pipe culverts of riveted, resist
ance spot-welded, helical, and bolted fabrication are 
provided. The design charts for a rapid determination 
of the maximum allowable fill height for given pipe 
diameters are also provided. The criteria presented 
here cover the deflection of pipe, the critical 
buckling of pipe wall, longitudinal seam strength, and 
handling and installation strength. Pipe arch design, 
the effect of line load on pipe, and the durability of 
corrugated metal pipe are also discussed. Installation 
aspects discussed here include assembly, bedding, 
pipe foundation, and side fill. Comments are also 
made on alignment, camber, multiple installations, 
cover over pipe during construction and inspection. 

Reference 8 
REINFORCED CONCRETE PIPE CULVERTS; CRITERIA 
FOR STRUCTURAL DESIGN AND INSTALLATION 

U.S. Bureau of Public Roads, Office of Engineering and 
Operations, Bridge Division; Townsend, Merrill. Wash
ington, DC: U.S. Bureau of Public Roads; 1963 August. 
16 p. plus chart. 

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. 

e hre ove th d t r i a o
The ncri t re e t 

The criteria presented here cover the determination 
of loads on concrete pipe, the determination of pipe 
strength required for the various classes of beddings 
and types of installations, the classes of bedding and 
recommended installation practices. The class of 
reinforced pipe recommended here is in AASHO 
(American Association of State Highway Officials) 
Specification M 170-60 (ASTM 79-59T). The determi
nation of loads on pipe and the computation of D 
loads by charts are described in detail. The selection 
of class of pipe as well as examples of design (by use 
of formulas and use of charts) are also detailed. 
Details of bedding, laying, and backfilling around and 
over the pipe and the laying of elliptical, multiple 
pipe and jointing pipe are described. 

ADDITIONAL REFERENCES 

Reference 9 
HYDROLOGY FOR ENGINEERS 

2nd ed. Linsley, Ray K., Jr.; Kohler, Max A.; Paulhus, 
Joseph L.H. New York, New York: McGraw-Hill Book 
Company; 1975. 482 p. (McGraw-Hill Series In Water 
Resources and Environmental Engineering). 

Order from: McGraw-Hill Book Company, 1221 Avenue 
of the Americas, New York, New York 10020. 

The basic processes of hydrology are stressed in the 
second edition which represents an extensive revision 
of the earlier text. The importance of the digital 
computer as a tool for hydrologic analysis is recog
nized, but older methods are also discussed. The 
concept of the hydrologic cycle is described. The 



factors widch affect a region's hydrology are covered 
In detail and include weather (solar and earth 
radiation, temperature, humidity, wind), and precipi-
tation (measurement, interpretation of data, 
variations in precipitation, snowpak and snowfall), 
Streamflow (water stage, discharge, interpretation of 
streamflow data) aspects are detailed, and features 
of subsurface water (occurrence, moisture in the 
Vadose zone, moisture in the phreatic zone, potential 
of a groundwater reservoir) are described.. Stream-
flow hydrographs (characteristics, hydrograph syn-
thesis) are discussed, and the relations between 
precipitation and runoff (runoff phenomena, estima-
ting volume of storm runoff, estimating snowmelt 
runoff, seasonal and annual runoff relations) are 
explored. Details of streamflow routing are given 
and computer simulation of streamflow is examined. 
The techniques are described for defining probability 
from a given set of data and with special methods 
employed for determining the spillway-design flood 
for major dams. Special methods for probability 
analysis using synthetically generated data are also 
discussed in the chapter on stochastic hydrology, 
Sedimentation and the morphology of river basins are 
covered in detail. 

Reference 10 
PROCEEDINGS OF A SYMPOSIUM ON FLOOD HYDRO-
LOGY HELD IN NAIROBI IN OCTOBER 1975 

Great Britain Transport and Road Research Laboratory, 
Transport Systems Department, Environment Division. 
Crowthorne, U.K.; 1977. 463 p. (TRRL Supplementary 
Report 259). 

Order from: Transport and Road Research Laboratory,Crowthorne, Berkshire RG II 6AU, U.K. 

This symposium was planned jointly by the Economic 
Commission for Africa (ECA), the East African 
Meteorological Department of the East African Coin-
munity (EAC) and the UK Transport and Road 
Research Laboratory (TRRL). Its purpose was to 
present to engineers, hydrologists and meteorologists 
working within Tropical Africa the results of recent 
research into problems of flood estimation in both 
urban and rural areas. Papers were presented frcm 
both urban and rural areas. Papers were presented 
from both East and West Africa to cover experience 
and conditions throughout Tropical Africa and cover-
ed not only recent research findings, but also current 
design methods and the needs of the engineer. The 
symposium was divided into three sections: a) a 
rainfall section discussing the rainfall models re
quired as inputs to the flood methods, b) a rural flood 
estimation section describing techniques for the 
design of bridges and culverts in rural highway 
schemes, c) an urban flood estimation section 
describing techniques for surface water sewer design 
in towns. These Proceedings include the papers 
presented at the symposium and a summary of the 
discussions which followed. 

Reference 11 
OPEN CHANNEL HYDRAULICS 

Chow, Ven Te. New York, New York: McGraw-Hill Book 
Company; 1959. 680 P. (McGraw-Hill Civil Engineering 
Series), 

Order from: McGraw-Hill Bookt Company, IZZI Avenue 
of the Americas, New York. New York 10020. 

This book which gives a broad coverage of recent
 
developments is organized into five parts: Basic
 
principles, uniform flow, gradually varied flow, rapid
ly varied flow, and unsteady flow. In Part I the type
 
of flow in open channels is classified according to the
 
variation in the parameters of flow with respect to
 
space and time. The state of flow is classified
 
according to the range of the invariants of flow with
 
respect to viscosity and gravity. Four coefficients
 
for velocity and pressure distributions are introduced.
 
The energy and momentum principles which consti
tute the basis of interpretation for most hydraulic
 
phenomena are treated thoroughly. In Part II, several
 
uniform flow formulas are introduced. The design for
 
uniform flow covers nonerodible, erodible and grassed
 
channels. In the third Part, several methods for the
 
computation of flow profiles are discussed. A new
 
method of direct integration is introduced which
 
requires the use of a varied flow function table. The
 
method of singular po'nts 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 flow, the treatment is general but practical.
 

Reference 12 
GRAFICOS HIDRAULICOS PARA EL DISENO DE 
ALCANTARILLAS (Hydraulic Charts for the Selection 
of Highway Culverts) 

Herr, Lester A,; Bossy, Herbert G. WashinEton, DC: 
U.S. Department of Transportation, Office of the 
Assistant Secretary for Policy, Plans and International 
Affairs; 1974 June. 52 p. (Hydraulic Engineering 
Circular No. 5 in Spanish; report # TPI-43-74-01). 

Order from: U.S. Agency for International Devel

opment, Office of Development Information and Utili
zation, Development Support Bureau, Washington:DC 
20523. 

This is a translation into Spanish of the popular and
 
useful publication Hydraulic Charts for the Selection
 
of Highway Culverts, published in 1965 but still
 
considered pertinent today. A current bibliography
 
hris been added. Measurements have been given in
 
the metric system. The report includes a brief
 
discussion of the hydraulics of conventional culverts
 
and charts tor the selection of a culvert size for a
 
given set of conditions. lnstru:tions for using the
 
charts are provided. No attempc is made to cover all
 
phases of culvert design. 

Reference 13 
CAPACITY CHARTS FO% THE HYDRAULIC DESIGN 
OF HIGHWAY CULVERTS 

Herr, Lester A.; Bossy, Herbert G. Washington, DC: 
U.S. Federal Highway Administration, Office of 
Engineering, Bridge Division, Hydraulics Branch; 1978 
March. 90 p. (Hydraulic Engineering Circular No. 10). 

rder from: U.S. Federal Highway Administra,on, 
ffice of Engineering, Bridge Division, HNG-31, 

Wfashington, DC 20590. 

This circular contains a series of hydraulic capacity
 
charts which permit the direct selection of a culvert
 
size for a particular site without making detailed
 
computations. The procedures given in this circular
 
supplement those given in Hydraulic Engineering
 
Circular (HEC) No. 5 (Ref. 4) by providing a solution
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for most designs likely to be encountered. This 
circular discusses the requirements and limitatior,s 
for the use of the capacity charts and the instruct;ans 
tell when HEC No. 5 must be used. Two groups of 
charts are included here. The first group is for box 
culverts with headwalls at 90 degrees to the culvert 
axis and sufficiently long to retain the fill slope: 
clear of the waterway opening. These headwall 
charts may also be used for culverts with wing walls 
flared from 10 degrees to 20 degrees with the culvert 
axis. The headwater-discharge relation is based upon 
small chamfers at all exposed edges at the entrance. 
The second group of charts is for box culverts with 
wing walls flared from 30 degrees to 75 degrees with 
the culvert axis and chamfered edge at the top of the 
entrance. The culverts with wing walls flared 30 
degrees or more require less headwater depth for a 
given size and discharge rate than do those with just 
a headwall or 15 degrees wing walls. All charts are 
based upon an entrance face at right angles to the 
barrel axis. 

Reference 14 
HYDRAULIC DESIGN OF IMPROVED INLETS FOR 
CULVERTS 

Morris, Johnny L.; Harrison, Lawrence 3.; Normann, J. 
M. Washington, DC: U.S. Federal Highway Admin-
Istration, Office of Engineering, Bridge Division, Hy-

draulics Branch; 1972 August (reprinted 1974 March). 
172 p. (Hydraulic Engineering Circular No. 13). 

Order from: U.S. Federal Highway Administration, 
Office of Engineering, Bridge Division, HNG-31, Wash-
ington, DC 20590. 

288 Conventional culvert hydraulics are reviewed, the 
types of improved inlets are discussed, terms ar. 
defined, and design procedures for box and pipe 
culverts with improved entrances are presented. 
Inlet geometry refinements described here include 
bevel-edged, side-tapered, and slope-tapered inlets. 
Perforrmance curves are presented and discussed. 
Four inlet control charts for culverts with beveled 
edges are included, and box culvert multibarrel 
installations (bevel-edged inlets) are described. The 
selected configurations of the side-tapered inlet are 
shown. Side taper ratios may range from 6:1 to 4:1. 
The latter is recommended as it results in a shorter 
inlet. The Vertical Face and Mitered Face are 
variations of the slope tapered inlet which provide 
additional improvements in hydraulic performance by 
increasing the head on the control section. For each 
degree of pipe culvert inlet improvement, there are 
many possible variations using bevels, tapers, drops, 
and combinations of the three. The tapered inlets are 
classified as either side-tapered (flared) or slope-
tapered. The side tapered inlet for pipe culverts is 
designed in a manner similar to that used for a side 
tapered box culvert inlet. The slope-tapered design 
for pipes tutilizes a rectangular inlet with a transition 
section between the square and round throat sections. 
Details of the design procedure are described and 
design charts are provided. 

Reference 15 
HYDRAULIC DESIGN OF ENERGY DISSIPATORS 
FOR CULVERTS AND CHANNELS 

Thompson, Philip L.; Corry, Murray L.; Watts, F.3.; et 
al. Washington, DC: U.S. Federal Highway 
Administration, Office of Engineering, Bridge Division, 
Hydraulics Branch ; 1975 December. Various paging. 

(Hydraulic Engineering Circular No. 14; stock number 
050-002-00102-7). 

Order from: Superintendent of Documents, U.S. 
Government Printing Office, Washington, DC 20402. 

This aid to selecting and designing an energy dissi
pator which will meet the requirements indicated by 
an erosion hazard assessment, details the design 
concept, and the erosion hazards, and discusses such 
aspects as culvert outlet velocity, velocity 
modification, flow transitions and the erosion of 
culvert outlets. Forced hydraulic jump and increased 
resistance, and det~ails of impact ba-ins, drop 
structures, stilling wells and riprap are a!so discussed. 
Preliminary energy dissipator selection is made by 
comparing the input constraints or design criteria 
flow regime, debris problems, location, channel 
characteristics, allowable scour, etc., with the attri
butes of the various energy distributors. The 
attributes of individual dissipatGis include: Froude 
number (Fr) range for best performance; discharge 
velocity or other limitations; possible maintenance; 
operational or location problems; maximum size; and 
limiting features such as culvert slope or shape. 
Dissipator designs fall into 2 general groups: those 
with Fr less than 3 (most designs are in this group), 
and those with Fr greater than 3. The designs are 
treated as illustrated by the conceptual models, and 
are related to actual situations through example 
problems. 

Reference 16 
HANDBOOK OF CONCRETE CULVERT PIPE 
HYDRAULICS 

Portland Cement Association. Skokie, Illinois; 1964. 
267 p. 

Order from: Portland Cement Association, 5420 Old 
Orchard Road, Skokie, Illinois 60076. 

This handbook is intended to assist the culvert 
designer in understanding hydrology and hydraulics 
and in applying these principles to the design of 
circular culverts. The material is presented in a form 
that is practical and usable for both the practicing 
engineer and the student. The principles of operation 
are fully explained and easy-to-use design aids are 
provided. Individual chapters cover the various major 
phases of hydrdulic design: location and alignment of 
culverts; hydrology; hydraulics of culverts; culvert 
operation; entrances and headwalls; endwalls and 
outlet structures; drop inlets and sag culverts. The 
advantages of concrete pipe culverts are discussed. 
The app.ndix provides further information on culvert 
capacity charts, inlet control nomographs, 
nomographs for outlet control, discharge factors and 
functions for circular sections, references for 
determining earth loads and supporting strengths, and 
the use of forms in culvert design. 

Reference 17 
HANDBOOK OF STEEL DRAINAGE & HIGHWAY 

CONSTRUCTION PRODUCTS 

2nd ed. American Iron and Steel Institute, Committee 
of Galvanized Sheet Producers and Committee of Hot 
Rolled and Cold Rolled Sheet and Strip Producers, 
Highway Task Force. New York, New York: American 
Iron and Steel Institute; 1973. 348 p. 

Order from: American Iron and Steel Institute, 1000 



16th Street, N.W., Washington, DC 20036. 

This book presents a comprehensive discussion of the 
applications of storm drainage and special drainage 
problems, and provides a new simplified approach to 
hydraulic design and the selection of materials to 
meet various service conditions. The applications 
covered here include storm drainage, subcrainage, 
special drainage problems, underpasses and service 
tunnels, and aerial conduits. A value analysis for the 
objective evaluation of corrugated steel products for 
specific uses is also discussed. Product details and 
fabrication are reviewed and include pipe, pipearches 
and arches, couplings and fittings, and end finish. 
Culvert location factors such as structural design, 
hydraulics, corrosion and abrasion are detailed. In-
stallation instructions are provided. Design specifi-
cations and installation notes are provided for tunnel 
liner plates, sheeting (lightweight), retaining wails, 
guardrail and median barriers, bridge railing, signs 
and supports, luminaire supports, bridge plank, and 
bridge forms. 

Reference 18 
SAFETY TREATMENT OF ROADSIDE CULVERTS 
ON LOW VOLUME ROADS 

Kohutek, T.L.; Ross, H.E. Jr. College Station, Texas: 
Texas A&M University, Texas Transportation Institute; 
1978 March. 36 p. plus appendices. (Research .report 
225-1; study 2-8-77-225). 

Order from: National Technical Information Service, 
5285 Port Royal Road, Springfield, Virginia 22161. 

Current American Association of State Trans-
portation and Highway Officials (AASHTO) criteria 
for safety-treating fixed roadside hazards on high-
speed facilities suggest that all culverts within a 
certain distance of the edge of the traveled way be 
shielded by a roadside barrier. In a restricted 
highway funding environment, this is not necessarily a 
cost-effect.ve solution for low-volume highways. 
Using a cost-effectiveness model currently recom
mended by AASHTO, warrants for safety-treating 
culverns have been developed for 36 in. diameter 
pipe, 4 ft x 6 ft (4 ft height x 6 ft width) single box, 
and 4 ft x 6 ft multi-box (double box) culverts located 
on low-volume, rural highways. Each culvert design 
was evaluated on fill section embankments with 2Y:1 
and 6:1 slopes and for end offsets of 12, 18, and 24 ft. 
The treatments considered for each culvert design 
and embankment slope were: 1)do nothing (i.e., 
leave the culvert unprotected); 2)extend the culvert 
end 30 ft from the edge of the traveled way; 3) 
provide guardrail protection; and 4) provide grate 
protection. Figures are given to identify cost-
effective treatments for the range of variables (ADT, 
embankment slope, offset, culvert design and safety 
treatment, etc.) considered in this study. For traffic 
volumes less than 750 and offset distances greater 
than 12 ft, the most cost-effective alternative is to 
leave the culvert unprotected. At higher traffic 
volumes the most cost-effective safety treatments 
are extending the culvert end to 30 ft or grating. 
Guardrail was found to he cost-effective only for 
larger culvert sizes and higher traffic volumes, 
However, guardrail protection was not the most cost-
effective altern4tive for these situations. All sup-
porting data and a discussion of the cost-effective-
ness model used in the study are included in this 
report. Examples are given to illustrate the use of 
the criteria developed and to show the techniques 

used to develop these criteria. Other examples are
 
Included, to enable the user to develop, warrants for
 
situations other than those considered in this study.
 

Referen:e 19 
DRAINt GE STRUCTURES; DESIGN AND PERFORMANCE, 
1960 

Highway Research Board. Washington, DC; 1961. 31 p. 
(Bulletin 286). 

Order from: University Microfilms International, 300 
North Zeeb Road, Ann Arbor, Michigan 48106. 

These papers are included in thi bulletin. The first
 
paper-Laboratory Study of Spur Dikes for Highway
 
Bridge Protection- demonstrates the effectiveness of
 
the spur dike for reducing scour and discusses its
 
location and shape. The study also established
 
criteria for determining the length of dike required at
 
a particular location. The second paper - Culvert
 
Inlet failures: A Case History - discusses the installa
tions and failures (bent-up ends) on three large 
structural plate culverts installed with the upstream
 
ends square and projecting to the fill toe. In the
 
discussion which follows the paper, brief accounts are
 
presented of other failures due to buoyancy of
 
culverts, and comments are made on the determi
nancy of uplift and ballast and on the economy of
 
alternative safeguards. The paper on "New Develop
ments for Erosion Control at Culvert Outlets"
 
presents information on a very promising and inex
pensive method of controlling erosion at culvert
 
outlets. The method consists of excavating a hole
 
downstream from the culvert outlet and lining it with
 
a graded layer of protective material consisting of
 
coarse sand, gravel and boulders up to a size that will 

resist erosion at the peak flow. The development of
 
design criteria for an armorplated, pre-shaped stilling
 
basin is described.
 

Reference 20 
DURABILITY OF DRAINAGE PIPE 

Transportation Research Board. Washington, DC: 1978. 
37 p. (NCHRP Synthesis of Highway Practice 50). 

Order from: Transportation Research Board, Publica
tions Office, 2101 Constitution Avenue, N.W., Washing
ton, DC 20418. 

The proper analysis of soil and water at the drainage
 
site and its watershed should form the basis for
 
selection of materials and types of pipe that should
 
have the required service life. The main corrosion
 
medium affecting drainage facilities is water and
 
chemicals dissolved in or transported by water. Field
 
and laboratory tests have been used to predict
 
deterioration rates for a given environment. Mate
rials used for drainage pipe include steel, aluminum,
 
concrete, vitrified clay, stainless-steel, cast iron and
 
plastic. Pipe protection measures include extra
 
material thickness, coatings of various types, linings,
 
and cathodic protection. Detection of corrosion
abrasion deterioration in culverts requires periodic
 
inspection: at intervals of 10 or more years in less
 
aggressive environments, and every 3 years in more
 
aggressive environments. Trained inspectors should
 
determine the nature of the electrolyte, flow rate,
 
bedload, soil and water resistivity and ph, location,
 
extent and type of corrosion, thickness loss, preven
tive measures used and reason for deficiencies. A
 
rating system may be helpful and adequate records of
 

289 

http:cost-effect.ve


290 

all inspections should be kept. Several pipe culverts are discussed. The selection of an anticor
would include: hydrologic and hyprotective measures are reviewed here. The broad rosion system 

draulic considerations, structural considerations,assortment of repair techniques should be analyzed 
from standpoints of practicality, compatibility with availability and suitability of pipe types and sizes for 

and the site, and the durability of the commonly usedexisting installation, prospective performance 
drainage materials that are satisfactory for the firsteconomics. Principles which must be considered in 


the location, design, construction and maintenance of 3steps.
 



Index
 
The following index isan 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 are most basic to the understanding of 
the topic of the compendium. 

Subject terms that are not proper nouns are 
shown in lower case. Personal names that are listed 
generally represent the authors of selected texts and 
other references given in the bibliography, but they 

Indice 
El siguiente indice es una lista alfab~tica del 
vocablo del tema, nombres de personas, y 
nombres de organizaciones que aparecen 
en una u otra de las partes previas de este 
compendio, es decir, en el Vista General, 
Textos Seleccionados, o Bibliografia. Los 
vocablos del tema que se listean son aquellos 
b~sicos necesarios para el entendimiento de 
la materia del compendio. 

Los vocablos del tema que no son nombres 
propios aparecen en letras min6sculas. Los 
nombres personales que aparecen representan 
los autores de los textos seleccionados y 
otras referencias dadas en la bibliografia, 

Index 
Cet index se compose d'une liste alphab6tique 
de mots-cl6s, noms d'auteurs, et noms d'or-
ganisations qui paraissent dans une section 
ou une autre de ce recueil, c'est Adire dans 
I'Expos6, les Textes Choisis, ou la Biblio-
graphie. Las mots-cl6s cit.s sont ceux qui 
sont le plus 616mentaires & la compr6hension 
de ce recueil. 

Les mots-cl6s qui ne sont pas des noms 
propres sont imprim6s en minuscules. Les 
noms propres cites sont les noms des auteurs 
des textes choisis ou de textes de r6f~rence 

may also represent people who are otherwise identi
fied with the compendium subjects. Personal 
names are listed as surname followed by initials. Or
ganizations listed are those that have produced in
formation on the topic of the compendium and that 
continue to be asource of information on the topic. 
For this reason, postal addresses are given for each 
organization listed. 

Numbers that follow asubject term, personal 
name, or organization name are the page numbers 
of this compendium on which the term or name ap

pero tambi~n pueden representar a personas 
que de otra manera est~n conectadas a los 
temas del compendio. Los nombres personales 
estdn listeados como apellido seguido por 
las iniciales. Las organizaciones nombradas 
son las que han producido informaci6n sobre 
la materia del compendio y que siguen siendo 291 
una fuente de informaci6n sobre alguna 
parte o el alcance total del compendio. Por 
esta raz6n se dan las direcciones postales 
para cada organizaci6n listeada. 

Los n6meros que siguen a un vocablo del 
tema, nombre personal, o nombre de organi
zaci6n son los n6meros de p~gina del com

cites dans la bibliographie, ou alors les noms 
de personnes identifi~es avec les sujets de ce 
recueil. Le nom de famille est suivi des initiales 
des pr6noms. Les organisations cities sont 
celles qui ont 6crit sur le sujet de ce recueil 
et qui continueront d'dtre une source de docu
rfnentation. L~s adresses de toutes ces organisa
tions sont incluses. 

Le num6ro qui suit chaque mot-cl6, nom 
d'auteur, ou nom d'organisation est le num~ro 
de la page ob ce nom ou mot-cl6 parait. Les 
num6ros 6crits en chiffres romains se rappor
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pears. Roman numerals refer to pages in the Over-
view, Arabic numerals refer to pages in the Selected 
Texts, and reference numbers (e.g., Ref. 12) refer to 
references in the Bibliography. 

Some subject terms and organization names are 
followed by the word see. In such cases, the corn-
pendium page numbers should be sought under the 

pendio donde el vocablo o nombre aparecen. 
Los numeros romanos se refieren a las p~ginas 
en la Vista General, los nimeros ar~bigos 
se refieren a p~ginas en los Textos Selec-
cionados, y los nimeros de referencia (por 
ejemplo, Ref. 12) indican referencias en la 
Bibliografia. 

Algunos vocablos del tema y nombres de 
organizaciones estdn seguidos por la palabra 
see. En tales casos los nimeros de p~gina 

tent aux pages de I'Expos6 et les num6ros 
6crits en chiffres arabes se rapportent aux 
pages des Textes Choisis. Les num6ros de 
r~f6rence (par exemple Ref. 12) indiquent les 
num~ros des r~f6rences de la Bibliographie. 

Certains mots-cl6s et noms d'organisations 
sont suivis du terme see. Dans ces cas, le 
num~ro des pages du recueil se trouvera apr~s 

Illustration Ilustracl6n 

Selected Text page numbers 
Nfimeros do pigina en los Texts 

Seleccionados 
Numhros des pages des Textes Choisis 

Organization name and address 
Nombre y dirocci6n do Ia organizaci6n__ 

Nom at adresse do I'organisation .
 

Overview page numbers and 

reference number 


Nimero do pigina en Ia Vista, 

General y Numaros do referenca
 

Numdjro des pages de I'Exposi at 

nun-ros des rf6rences
 

Subject term and see term 
Vocablo del time y tirmino see (ver)d: 
Mot-CI6 it see 

Personal names 
Nombres personales, 
Noms propres 

alternative term or name that follows the word see. 
Some subject terms and organization names are fol
lowed by the words see also. In such cases, relevant 
references should be sought among the page num
bers listed under the terms that follow the words 
see also. 

The foregoing explanation is illustrated below. 

del compendio se encontrardn bajo el t~rmino 
o nombre alternativo que sigue a la palabra
 
see. Algunos vocablos del tema y nombres
 
de organizaciones est~n seguidos por las
 
palabras see also. En tales casos las referen
cias pertir entes se encontrar~n entre los
 
nimeros de p~gina indicadas bajo los t~rmi
nos que siguen a las palabras see also.
 

La explicaci6n anterior esta subsiguiente
mente ilustrada.
 

le mot-cl6 ou le nom d'organisation qui suit
 
le terme see. D'autres mots-cl6s ou noms
 
d'organisations sont suivis des mots see also.
 
Dans ce cas, les r~f6rences qui les touchent
 
se trouveront cit6es apr~s les mots-cl~s qui
 
suivent la notation see also.
 

Ces explications sont illustr~es ci-dessous. 

Illustration 

Subject term and see also terms 
Vocablo del time y tirminos see also 

I (var tambl6n) 
Mot-cli it see also 

Transport and Road Research Laboratory (Crowthorne, 
Berkshire RG II 6AU, U.K.) 
publications, Ref. 10 

Transportation Research Board (2101 Constitution 
Avenue, N.W., Washington, DC 20418) (see also 
Highway Research Board): 
publications, Ref. 20 

tropics: 8, 9, 10, 15 

turnouts: II 

underdrains: 65, 245,280 

unit hydrograph method: 22-23 

Selected Text page numbers and reference 
I number 

Numeros do piglna en los Textos 
Seleccionados y nulmero do referenca 

Num~ros des pages des Textes Cholsis at 
numfros des r6f~rences 



abraslom 73-74 


aerial photographs: xviii
 
drainage area location, 83-87 

stereoscopic, xviii, 83-87, Ref. 3
 

aerial surveys (see also aerial photographs): xvill
 
drainage studies, 83-87, Ref. 3 


alinement, culvert: 67
 

all weather crossings (see also bridges; culverts): xic 

all weather roads, see all weather surfaces 

all weather surfaces: xii 


American Association of State Highway Officials (AASHO) 

(now American Association of State Highway and
 
Transportation Officials, AASHTO) 

publications, xvii
 
specifications, 43, Ref. 8 


American Association of State flighway and Transportation 

Officials (444 North Capitol Street, N.W., Suite
 
225, Washington, DC 20001): Ref. 2, Ref. 18 


American Iron and Steel Institute (1.000 16th Street, 

N.W., Washington, DC 20036)

publications, Ref. 17
 

American Society for Testing and Materials (ASTM) 

(1916 Race Street, Philadelphia, Pennsylvania 19103):
 
specifications, 43 


American Society of Photogrammetry (105 North Virginia
 
Avenue, Falls Church, Virginia 22046) 

publications, Ref. 3 


anchorage culverts: 62-63 


arch culverts (see also pipe arch culverts): 44 


arid regions (see also desert areas): 23. 83. 163 


backfills and backfilling: 276-277, Ref. 8 


backwater computation: 99, 100 


baffle culverts: 69, 70, 71 


bedding of pipe: 246, 248, 273, 278, Ref. 7. Ref. 3 


bevels: 57, 104 


bibliographies: xxii-xxili 

corrugated metal pipes, 261 

culvert design, 79-80
 
culvert hydraulics, 105, Ref. 12 

highway drainage, 30-31 


bituminous sealing compound: 275-276
 

Bossy, H.G.: 96, Ref. 4, Ref. 12. Ref. 13
 

box culverts: 29, 44, 54, 57, 60, 92, 111, 119, 136,
 
201, Ref. 4, Ref. 13, Ref. 14


nomographs, 119-120
 

bridges: 21-30, 36, 38, 88, Ref. I
 
abutments, 14, 25 

submersible, 24
 

bukling: 241, 242, Ref. 7 


Bureau of Reclamation type VI basim 208-212, 217,
 
227
 

buried valleys: 25
 

caissons 26
 

catchment areas (see also drainage areas). 21-22,
 
23
 

cattle grid type drains: 17, 18
 

cavitatom 67
 

channels:
 
changes, 42, 77, 83, 88
 
lined expansions, xxi, 186, 200. 201-202, 203. 204,
 

226, Ref. 6
 

Chow, V.T.: Ref. 1.
 

circultr culverts: 43, 94, 117
 

clay soils: 9
 

cofferdams: 26
 

combination debris-control devices: 147, 136,
 
Ref. 5
 

computer techniques: Ref. 9
 
headwater and capacity computations, 50, 133
 

concrete culverts (see also box culverts; concrete
 
plpesh 74, Ref. 4
 

concrete pipes: xvi, xxii, 29, 54, 57, 60, 74, 119, 121
 
122, 129, 130, 136, 266, 282, Ref. 8, Ref. 16 


headwater depth, 112, 113, 114
 
specifications, 43, 266
 

concrete surfacings: 16-17
 

construction costs: xvii, 36
 

conversion table, metric units: 185
 

corrosion: 28, 73, 74-75, Ref. 17, Ref. 20
 

corrugated metal pipes (see also metal culverts): xvI,
 
xxi, 29, 54, 60, 62, 75, !04, 123-126, 131, 132,
 
135, 136, 168, 236-261, Ref. 7
 

aluminum, 242, 243, 253, 254, 257, 258, 259, 260
 
headwater depth, 115, 116
 
specifications, 43
 
steel, 241, 243, 250-252, 255, 256, 237, 259, 260,
 

Ref. 17
 

Corry, M. L.: Ref. 15
 
critical depth: 127-132
 

cross slopes xii
 

crossfalh: 6, 16-17
 

culvert alinement: 67
 
culvert barrels: 58-60, 92, 244
 

culvert bifurcations: 65-66
 

culvert capacity: xv, xix, 94, 103-09, Rel. 16
 
safety factor, 59
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culvert design (see also culvert Inlets; culvert outlets; 
hydraulics; hydrology; nomographs): xii-xiii, xix, 


36-79, 83, 2;6-260, 266-273, Ref. 2, Ref. 3, Ref. 7,
 
Ref. 8, Ref. 10, Ref. 18, Ref. 19 


charts, xxi, xxii, 92-141, 236-260, 267-272, Ref. 4,
 
Ref. 12 


size, xi, xv, xvii, 83, 87, 92-141
 

culvert inlets (see also inlet control culverts): xix,
 
45-47, .4T-58, 62-63, 92, 93, 145, Ref. 14, Ref. 16, 

Ref. 19
 

culvert installation: xii, xxi, xxii, 244-248, 273-282,
 
Ref. 2, Ref. 7, Ref. 8 


culvert invert: 70, 74, 245 


culvert joints: 64 


culvert junctions: 65-66
 

culvert location: xvii, 39-42, 87-89, Ref. 1. Ref. 2. 

Ref. 3, Ref. 17
 

by aerial photographs, xix, 83 


culvert outlets (see also lined channe expansions;
 
outlet control culverts): xxi, 45-47, 60-61, 62, 186, 


205-207, 208, 213, 216, 218, 226, 227, Ref.6, Ref. 15, 

Ref. 16 


erosion control, 186-231, Ref. 19 

scour, 186-195, Ref. 6 


culvert performance: xv, 46, 57, 70, 77, 133, Ref. 

14, Ref. 19
 

curves, xv, 51-52, 135, Ref. 4 


294 culvert profiles: 37, 42 


culvert- (-!ze also anchorage culverts; arch culverts; 
baffleuTv-" '; box culverts; circular culverts; 
concrete )ipes; construction costs; corrugated metal 
pipes; dep:essed culverts; elliptical culverts; inlet 
control culverts; maintenance; multiple culverts; 
multiple use culverts; open bottom culverts; outlet 

control culverts; oversized culverts; pipe arch culverts; 

precast concrete box culverts; sag culverts; scour;
 
tailwater): xi, xii, 11-13, 21-30, 36, 43-47, Ref. 20 

construction materials, 27-29
 
failure, 63 

flow velocity, 102-103
 
service life, 73 

specifications, 43 


curtain walls: 23
 

cutoff walls: 186, 196, 223, 245
 

cuttings: 9, 15, 18-19, Ref. 


debris-control structures: xx, 72-73, 14441811 Ref 

2, Ref. 5 '
 

selection, 149-150 


debris cribs: 147, 153-155, 166, 178, 181, Ref. 5 


debris dams and basinF. 147, 155-156, 169, 170, Rei.) 


debris deflectors: 147. 15v-i1, 17. 13. V, Lbu. 

Ref. 5
 

debris fins: 147, 154-155. 168. 169. Ref. 5,
 

debris racks: 147, 131-132, 161, 162, 163, 164, 163, 

174, 176, Ref.5
 

debris risers: 147, 152-153, 165, 166, 167, 177, 179,
 
180, Ref. 5
 

debris type classification: 146, 148, 150, Ref. 3
 

depressed culverts: 69
 

desert areas: 7, 86
 

design flood discharge: 47, 52
 

dikes: 88
 

dips: xli, 83
 

displacement formula: 86
 

ditches: xi, 10-11, 12, 13, 20
 
cut-off, 9
 

drainage, see pavement drainage; road foundation
 
drainage; subsurface drainage; surface drainage
 

drainage areas (see also catchment areas): 37
 
determination studies, xviii, 83-89, Ref. 3
 

drains (see also subsurface drains; underdrains):
 
back,-5
 
cattle grid, 17, I
 
contour, 1I
 
side, 10, 16, 24
 

drift: 62, 147, Ref. 5
 

earthworks, care during constructlon. 17-19
 

elliptical culverts: 43
 

embankmants: xvi, 9-10, 19-20
 
erosion, 17, 190
 
stability, xvii, Ref. I
 

energy dissipators at culvert outlets (see also riprap;
 
stilling basins): xxi, 13, 61, 102, 186, 187, 207-212,
 
217, Ref. 6, Ref. 15
 

cntrance loss coefficient: 52, 53, 54, 56, 136
 

erosion: 17, 125
 

erosion control and reduction: xi, xvii, xxi, 7-8, 9,
 
41, 45, 46, 77, 83, 186-231, Ref. 1, Ref. 6, Ref. 19,
 
Ref. 19
 

excavations: 18-19
 

fills (see also backfills and backfilling; sldefill): 19-20,
 
25, 47, 249, 255, 257, 258, 259, 260, Ref. 7
 

fish and fish passage: 38, 44, 68-70. 71. Ref. 2
 

Fletcher, R.P.: Ref. 6
 

flood flows (see also peak flood flows: runoffh,21
 

flood frequency: 21, 32
 

flood protection: 67
 

fnndt, Ref. 10
 

fords: xiI
 
paved (Irish bridges), 23
 



r'rench, 3ohn L. : 94 


Froude numbers: 188, 191, 192, Ref. 15 


Grace, 3.L. 3r.: Ref. 6 


ground cover, see vegetation 

Harrison, LJ.: Ref. 5, Ref. 14 


haul roads: 20-21 


headwalls: 46-47, 54, 55, 57, 65, 92, Ref. 13, Ref.1 16
 

headwater (see also ponding): 108
 

computations, 50, 94, 110, 138-141 

depth, 94, 99, 100, 106, 107, 111-117 

design, 49
 
elevation, 48, 52, 53, 58, 77 


Herr, L.A.: Ref. 4, Ref. 12, Ref. 13
 

hlghwater: 38-39 


Highway Research Board (now Transportation Research
 
Board) (see also Transportation Research Board): 

publications, Ref. 19
 

hydraulic grade line: 97-101 


hydraulic jump: 228, Ref. 15 


hydraulics: xlii, xvii, 36-79, Ref. 2, Ref. 14, Ref. 15, 

Ref.16
 

charts for the selection of culverts, xix, xx, 53, 

92-141, Ref. 4, Ref. 6, Ref. 11, Ref. 12, Ref. 13
 

hydrographs, see unit hydrograph method 


hydrology: xiii-xiv, 77, 138, Ref. 9, Ref. 10, Ref. 16
 

Infiltration of surface water: 7, 10, 11 


Inlet control culverts: 50-51, 53, 92, 94-96,103-104, 

107, 135
 

headwater depth, 111-117 

nomographs, 110, Ref. 4, Ref. 16 


Inverted siphon, see sa5 culverts
 

Irish bridges, see fords 

Irrigation canals: 70-72, Ref. 2
 

joints, culvert: 64
 

joint, rubber gasket: 275
 

junctions, culvert: 65-66
 

Kohler, M.A.: Ref. 9
 

Kohutek, T.L.: Ref. 18 


labor: xvil 


land access: 68 


Linsley, R.K.: Ref. 9 


lined channel expansions: xxl. lbo, zuu. zut-202; 203. 

204, 226, Ref.'6 


livestock passes: 68 


loads and loading: 26-27
 
determination, xvi, xxi, 26,266-272
 
live, 240, Ref. 7
 

low cost roads: Ref. I
 

low-volume roads: xi, Ref. 18
 

maintenance: 73, 78
 
costs, xv
 
debris control structures, 156, 165, Ref. 3
 
roads, Ref. I
 

Manning equation: 59-60, 102, 103, 137
 

maps: 38, 83, 84
 
manuscript, 85
 

materials for construction of drainage structures:
 
27-29, 44-45, 75
 

McGraw- Hill Book Company (1221 Avenue of the
 
Americas, New York, New York 10020): Ref. 9,
 

Ref. 11
 

Mehra, S.R., Ref. I
 

metal culverts (see also corrugated metal pipes):.74,
 
Ref. 4, Ref. 17, Ref. 20
 

metric units of measurement: 185, Ref. 12
 

Millard, R.S.: Ref. I
 

mitered culverts: 46, 54, 56, 62, 92, 93, 94, Ref. 14
 

Morris, 3.L.: Ref. 14
 

mulching: 9
 

multiple culverts: xv, 44, 70, 158, 159. 247. 274. Ref.8.
 
Ref. 14
 

multiple use culverts: 68, Ref. 2
 

National Technical Information Service (5285 Port
 
Royal Road, Springfield, Virginia 22161h Ref. 6.
 

Ref. 18
 
nomographs: xv, xix, 53, 96, 99, 104, 119-120, 133
 

Norman, 3.M.: Ref. 14
 

oakum: 275
 

Odler, L.: Ref. I
 

open bottom culverts: 69
 

open channels: Ref. 11
 

outlet control culverts: 51, 53, 94. 95. 96-105. 107.
 
108, Ref. 16
 

nomographs, 118-126, Ref. 4
 
performance curves, 134
 

oversized culverts: 69
 

Paulhus, 3.L.H.: Ref. 9
 

pavement drainage: 15
 
during construction, 17-21
 

peak flood flows: 22
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photographs (see also aerial photographs): 38 


plers 23 


piles: 26 

debris deflectors, 160
 

pipe arch culverts: 43, 94, 136, 259, 260, Ref. 17_
 
critical depth, 131, 132 

design, 240, Ref. 7 

headwater depth, 116
 

pipe, bedding of: 246, 248, 273, 278, Ref. 7, Ref. 8
 

pipes, see concrete pipes; corrugated metal pipes 

piping: 63-64 


ponding (see also headwater): 86, 87, 92 

prevention, xii, 9
 

Portland Cement Association (5420 Old Orchard Road, 

Skokie, Illinois 60076): 

publications, Ref. 16 


portland cement mortar: 273 


potholes: 17
 

precast concrete box culverts: 44, 46
 

precipitation, see rainfall 

prestressed concrete: 27, 30 


rainfall (see also wet weather):. 7-8, Ref., 9, Ref. 10 

mean rate, 22
 
records, 22 


rational formula: 22-23 


reconstruction and repair: 78-79 


records: 94 

construction, 77-78 

flood, 78
 

rectangular culverts, see box culverts 

Reihsen, G.: Ref.. 

reinforced concrete: xvi, xxii, 27. 28.: 136.R.: 


retaining wals: 14, Ref. 17 


riprap: 201, 204, 213, 214, 225, 226, 228. Ref. 6. Ref.15 

basrns, 61 

blankets, 186, 197, 198, 199, 200, 272
 

road foundation drainage, see subsurface drainage; 
underdrains 

roads, see all weather surfaces; haul roads; low cost 
roads; low-volume roads; temporary roads 

Ross, HME.3r.: Ref. 18 


rubber gasket joints: 275 


runoff (see also flood flows; peak flood flows; surzace
 

runof.-. 9-7 


ruts: 18, 20
 

sack revetment: 202, 203
 

safety: 73-76, Ref. 2, Ref. 18
 

safety factor, see culvert capacity
 

sag culverts: 66, 70, Ref. 16
 

Saint Anthony Falls stilling basins: 186, 207, 208-212,
 
217, 227, 228
 

dos Santos, Pimentel: Ref. I
 

scour: 22, 25, 44, 49, 61, 62, 68, 186-191. Ref. 6.
 
Ref. 15, Ref. 19
 

estimation, xxi, 186, 198, 214-213, 218-222
 
preformed holes, 186, 197, 200, 215, 225, 226
 

seepage: 63-64
 

shoulders: 
construction, 7
 
drainage, 16-17
 
maintenance, 17
 
scour, 7
 

sldefill: 246
 

sldeslopes: xi
 

silt and stiltng: 15, 40, 41, 42
 

site Investigation: 24, 25
 

slopes, see cross slopes; cuttings; sIdeslopes 

slope-tapered inlets: 53
 

spillways: 13
 

spread footings: 36
 

spring lines: 13-14
 

St. Anthony Falls stilling basins, see Saint Anthony 
Falls stilling basins 

stage construction: xii, Ref. 1
 

steel: 27, 28, Ref. 17, Ref. 20
 

Sternberg, L.t Ref. 3
 
Ref.
 

stilUng basins (set also stilling wells): 61. 186.
 
208-212, 217, 228, Ref. 19
 

stflUing wells (see also stilling basins): 189.'207-208.
 
209, 217, 27, Ref. 15
 

storm sewers, erosion control: 186-234
 

streams: Ref. 9
 
crossing, 68-69

slopes, 37
 

structural load, see loads and loading 

subdrains, see subsurface drainage 

subsurface drainage: xl, 13-15, 87, Ref. 17
 

surface drainage (see also culverts; ditches; drains)h 
16-17
 

surface runoff (see also rational formula: runoff).
-xl, 10, 14,12 r 



surveys (see also aerial surveys) 37-39 


tallwater: xix, 48-49, 92, 99, 100-101, 107-108, 193, 

194, 199, 206, 213, 214, 218-224, 226, 228


computation, 102, Ref. 

Talbot equation: 83-84 


temporary roads.. 20
 

terrain: 12-13, 17, 23-24, 49, 84 


Texas Transportation Institute (Texas A&M University, 

College Station, Texas 77843h Ref. 18
 

tidal effects: 67 


timber: 27-28 


Thcmpson, P.L.: Ref. 13 


topography (see also terrain): 37, 86, 87 

Townsend, M.: Ref. 7
 

training walls: 66 


Transport and Road Research Laboratory (Crowthorne, 
Berkshire RGII 6AU, U.K. 
publications, Ref. 10 


Transportation Research Board (2101 Constitution 

Avenue, N.W., Washington, DC 20418) (see also 

Highway Research Board):
 
publications, Ref. 20 


tropics: 8, 9, 10, 15
 

turnouts: I
 

underdrains: 65, 245, 280
 

unit hydrograph method: 22-23
 

United Nations Educational, Scientific and Cultural 
Organization (UNESCO) (7Place de Fontenoy, 75700 Paris, 
France):

publications, xvii, Ref. I 


United States Agency for International Development
(320 21st Street, N.W., Washington, DC 20523k 

Ref. 12
 

United States Army Engineer Waterways Experiment

Station (P.O. Box 631,Vicksburg, Mississippi 39180): 


186
 

publications, xxi, Ref. 6 

United States Bureau of Reclamation type VI basin:
 
208-212, 217, 227
 

United States Bureau of Public Roads (now United
 

States Federal Highway Administration, 400 Seventh
 
Street, S.W., Washington, DC 20590): xxii, Ref. 8
 

United States Department of Transportation (400 Seventh
 
Street, S.W., Washington, DC 20590): Ref. 1,Ref. 7,
 

Ref. 8, Ref. 12
 
publications, xix, xx
 

United States Federal Highway Administration ( 400
 
Seventh Street, S.W., Washington, DC 20590)

(see also United States Bureau of Public Roads):
 
publications, 144, Ref. 4, Ref. 5, Ref. 7, Ref. 8,
 

Ref.13, Ref. 14, Ref. 15
 
specifications, 43
 

United States Government Printing Office (Washington,
DC 20402): Ref. 4, Ref. 15
 

University Microfilms International (300 North Zeel
 
Road, Ann Arbor, Michigan 48106. Ref. 19
 

urban areas: 48, 79, 148, Ref. 10
 

utilities: 68, Ref. 17
 

vegetation: 7, 17, 23, 86-87
 
and erosion control, 9-10
 

walls, see curtain walls; cutoff walls: retanini walls:.
trarn-g walls 
water-table : 13, 14 


Watts, F3.: Ref. 15
 

waterway requirements: 21-24
 

weepholes: 15, 65
 

welrs: 70, 71
 

wet weather: 13, 14
 
construction, xvii, 6, 17-21, max. .
 

wildlife passes: 68, Ref. 2
 

wIngwalls: 46-47, 54, 55, 92. Ref. 13
 

Wolf, E.W.: Ref. 7
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Project Publications 	 Publicaci6nes del Proyecto Publications du Projet 

Les recueils cit6s ci-dessous ont 4t'e publies
The publications listed below have been 	 Los compendios citados abajo fueron pub-

produced in the Transportation Technology 	 licados en el apoyo De la Technologia de pour le projet sur la Technologle des Trans
ports pour les Pays en Voie de D~veloppe-

Support for Developilng Countries project 	 Transportaci6 nen los Parses en Via de 
ment et peuvent etre commandos en port

and may be ordered from TRB postpaid at 	 Desarrollo ypueden ser Ordenados franco 
de porte alos precios indicados para cada pays au TRB. Les prix sont indiqugs pour

the pricos shown. chaque publication.publicaci6n. 

Transportation Research Board 
National Research Council 
2101 Constitution Avenue, N.W. 
Washington, DC 	 20418 USA 

Geometric Design Standards for Low-Volume Roads. $12.00Compendium 1: 
Normas de disefio geom6trico para caminos de bajo volumen. 

Normes de dimensionnement g6om, trique pour routes 6 faible capacit6. 

Compendium 2: 	 Drainage and Geological Considerations in Highway Location. $12.00 

Consideraciones de drenaje y geol6gicas en la ubicaci6n de carreteras 

Considerations sur les facteurs de drainage et de g6ologie qui influencent 

IL, hoix de I'emplacement d'une route 

Compendium 3: 	 Small Drainage Structures. $12.00 
Pequeias estructuras de drenaje 
Petits ouvrages de drainage 


