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

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

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

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

unicamente unos 5 a l0 vehículos por día y
que pocas veces mueven tanto como 400
vehículos por día.

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

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

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

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



umented in papers, articles, and reports that have

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

ln October 1917 rhe Transportation Research

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

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

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

vt

desarrollados. Parte de la tecnología se ha
documentado en disertaciones, artículos, e
informes que han sido escritos por expertos
en el campo, Pero mucha de la tecnología
no esta documentada y existe principalmente
en las nìentes de aquellos que han desarrollado
y aplicado la tecnología por necesidad. En

cualquier caso, los conocimientos en exis-
tencia sobre la tecnología de caminos de
bajo volúmen están grandemente esparcidos
geograficamente, varían bastante con respecto
al idioma y su forma, y no se encuentran
facilmente disponibles para su aplicación a
las necesidades de los países en desarrollo.

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

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

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

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

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

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

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



other forms of communication.

Steering Committee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of devel opi ng cou ntries, knowl-
edge of the needs of developing countries for
tra nsportation, knowledge of ex isti n g tra nspor-
tation technology, and experience in its use.

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

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

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

lnformation Products

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

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

Gomité de lniciativas

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

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

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

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

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

vlt

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

Comité de Direction

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

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

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

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

La Documentation

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



practîce on somewhat broader subjects, and pro-
ceedings of low-volume road conferences that are
totally or partially supported by the project.
Compendiums are prepared by project staff at
the rate of about 6 per year; consultants are em-
ployed to prepare syntheses at the rate of 2 per
year. At least one conference proceedings will
be published during the 3-year period. ln sum-
mary, this project aims to produce and distribute
between 20 and 30 publications that cover much
of what is known about low-volume road technol-
ogy.

lnteractions With Users

A number of mechanisms are used to provide in-

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

vlil

temas, la síntesis del conocimiento y práctica
sobre temas un poco mas ámplios, y los
expedientes de conferencias de caminos de
bajo volúmen que están totalmente o parcial-
mente amparados por el proyecto. El personal
de proyecto prepara los compendios a razón
de unos 6 por año; se utilizan consultores
para preparar las sintesis a razon de 2 por
año. Se publicará por lo menos un expe-
diente de conferencia durante el período
de tres años. En breve, este proyecto pretende
producir y distribuir entre 20 y 30 publicaciones
que cubren mucho de lo que se conoce de
la tecnología de caminos de bajo volúmen.

lnteracción con los Usuarios

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

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

de conférences sur les routes à faible capacité
qui seront organisées complètement ou en
partie par ce projet. Environ 6 recueils par
an sont preparés par le personnel attaché
au projet. Deux synthèses par an sont écrites
par des experts. Les comptes-rendus d'au
moins une conférence seront écrits dans
une période de 3 ans. En résumé, I'objet de
ce projet est de produire et disséminer entre
20 et 30 documents qui couvriront l'essentiel
des connaissances sur la technologie des
routes à falble capacité.

lnteraction Avec les Usagers

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

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

Background and Scope

lf a road is to be used in all seasons, adequate
drainage must be provided. ln Compendium 3,
Small Drainage Strucfures, it was noted that
such structures with fixed capacities cannot
be upgraded economically. Therefore, as the
first step in roadway development, small
drainage structures should be sized and should
be installed correctly.

Low-volume roads, as defined in Compendium
1, Geometric Design Standards for Low-

Volume Roads, are those with an average daily
traffic (ADT) volume of less than 50 (Class l)
and those with an ADT of 50-400 (Class 2).
Many low-volume roads can provide satisfactory
service, even though they may be temporarily
closed during heavy rainfall.

The cost of providing a bridge must be
balanced against the cost of user delays, if
the roadway is closed due to stream flooding.
Many factors must be considered when

Vista General

Antecedentes y Alcance

Caminos que son utilizados durante todo
el año deben estar proveídos con drenaje
adecuado. Se indicó en el Compendio 3 que
pequeñas estructuras de drenaje con
capacidades fijas no pueden ser economica-
mente mejoradas. Por lo tanto estas estructuras
deben ser escogidas de acuerdo a su tamaño
e instaladas correctamente como el primer
paso en el desarrollo del camino.

Como se definen en el Compendio 1, los
caminos de bajo volúmen son aquellos de
Clase 1 con un volúmen de TMDA menos que

50, y de Clase 2 con un de TMDA de 50 a 400.
Muchos caminos de bajo volúmen pueden
proveer un servicio satisfactorio aunque estén
temporalmente cerrados durante períodos de
mucha lluvia.

Si el camino está cerrado debido a inunda-
ciones de corrientes de agua, se debe balancear
el costo de proveer un puente contra el costo
de demoras del usuario, Se deben considerar
muchos factores al evaluar las demoras del
usuario. Estos incluyen (a) el número de
vehículos demorados, (b) el período de tiempo

xt

Exposé

Historique et description

Si I'on veut qu'une route soit praticable en
toutes saisons, un dispositif de drainage
adéquat est nécessaire, Dans le recueil no.
3, "Petits ouvrages de drainage", nous avions
remarqué que ces ouvrages, dont la capacité
est fixe, ne peuvent pas être agrandis de
façon économique. Par conséquent, la première
étape de la construction d'une route consiste
à dimensionner et installer ces petits ouvrages
d'art correctement.

Les routes à faible capacité, comme nous
les avons définies dans le recueil no. 1, "Normes
de dimensionnement géométrique pour routes
à faible capacité", sont celles qui ont un
ADT (trafic moyen journalier) de moins de 50
(Classe 1)et celles qui ont un ADT de 50 à
400 (Classe 2). Beaucoup de ces routes peuvent
fournir un service satisfaisant même si elles
doivent être temporairement fermées lors de
grosses averses.



evaluating user delays. They include (a) the
number of vehicles delayed, (b) the length of
time of each delay, and (c) the number of
times per year that delays occur. These delays
are due to the temporary increase of water
flow in a stream or river during or shortly
after a heavy rainstorm.

Delays due to the saturation of the roadbed
after heavy rainfalls are not considered
temporary delays (see Overview, Compendium
3). lf the roadbed becomes saturated, the
road may be unusable for days or weeks.
Road material that becomes saturated during
a short heavy rainfall will also become
saturated during a prolonged light rainfall.
A road that does not become saturated is

said to have an all-weather surface. A road
with an all-weather surface, which is always
usable at stream or river crossings, is called
an all-weather road.

Compendium 4 concerns stream and river
crossings. lt introduces many of the types of
low-water crossings that are available. lt
discusses the design, construction, and
economic features of these crossings. Low-
volume roads can be built with fords, dips,
or submersible bridges. This reduces the initial
investment. Later, they can be upgraded by
construction of large culverts or bridges as
warranted by the cost of delays. Each decision
should be based upon an economic evaluation
of the water crossing.
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de cada demora, y (c) el número de veces
por año que ocurren estas demoras. Las
demoras se deben al aumento temporario del
flujo de agua en un arroyo ó río durante ó
después de una fuerte tormenta de lluvia.

Las demoras debidas a la saturación del
firme del camino después de fuertes lluvias
no se consideran temporarias. Se habla sobre
estas demoras en la Vista General del
Compendio 3. Si se satura el firme, el camino
puede ser inutilizable por días ó semanas.
El material de camino que se sature durante
una corta tormenta fuerte también se vá a saturar
en una lluvia ligera prolongada. Un camino
que no se sature se dice tiene una superficie
para toda intemperie. Un camino con tal
superficie que siempre es utilizable en travesías
de arroyos ó ríos se llama un camino para
todo el tiempo.

Este compendio trata sobre travesías de
arroyos y ríos. lntroduce muchos de los tipos
disponibles de travesías para niveles bajos
de agua. Habla sobre las características de
diseño y construcción de cada uno y también
presenta los aspectos económicos de estas
travesías. Los caminos de bajo volúmen pueden
ser construídos con vados, badenes ó puentes
sumergibles. Esto reduce la inversión inicial.
Pueden ser mejorados por una construcción
posterior de alcantarillas grandes ó puentes
a medida que éstas se justifiquen por el
costo de demoras. Cada decisión debe ser
basada sobre una evaluación económica de
la travesía de agua.

Exposición razonada para este compendio

Este compendio resume los requisitos

On doit mettre en balance, d'une part le
coÛt d'ériger un pont, et d'autre part, le coût
des délais que doivent souffrir les usagers
quand la route est fermée à cause d'inondation
des cours d'eau. Beaucoup de facteurs doivent
être pris en considération quand on tente
d'évaluer le coût résultant de ces délais. Sont
inclus dans ces facteurs: (a) le nombre de
véhicules retardés, (b) la durée de chaque
délais, et (c) le nombre de fois par année que
ces délais ont lieu, Ces délais sont causés
par la crue temporaire d'une rivière ou d'un
fleuve pendant ou tout de suite après une
grosse chute de pluie.

Les délais causé par la saturation du corps
de la chaussée après de grosses pluies, ne
sont pas considérés comme temporaires (voir

I'exposé du recueil 3). Si le corps de la chaussée
est saturé, la route peut devenir impraticable
pendant des jours ou même des semaines.
Le matériau qui devient saturé quand il pleut
fortement mais brièvement, deviendra saturé
aussi lors d'une pluie légère mais de longue
durée. Une route qui ne devient pas saturée
a une surface de roulement tous temps. Une
route avec une surface de roulement tous
temps qui est toujours praticable lors du
franchissement de rivières ou de fleuves, est
appelée une route tous temps.

Le sujet de ce recueil no. 4 est le franchisse-
ment des rivières et des fleuves. Plusieurs
sortes d'ouvrages de franchissement sont
introduits. La conception, la construction et
les caractéristiques économiques de ces



Rationale for This Compendium

Compendium 4 reviews the general require-
ments for proper roadway drainage. lt includes
the grading and shaping of the road so that
falling water or water running down from
higher ground will drain away with a minimum
of damage.

Consideration is given to various types of
crossings that can be built at stream or river
sites. These crossings fall into two groups.

The first group consists of crossings that
are submersible, such as fords, dips, and
submersible bridges. They are normally built
as the first step in the staged construction
of a low-volume road and are not considered

as permanent structures. ln practice, many
such structures are used over long periods
of time. The engineer should not assume that
such crossings are temporary; otherwise, they
will be poorly designed and poorly built, ln
such cases, they will be truly temporary since
they will wash away in the first heavy storm.

Crossings that are not submersible, such as
bridges and ferries, form the second group.
Bridges or large culverts are often built as the
second step in the stage construction of a
low-volume road. However, an economic
evaluation may prove that they should be
built as a first step. A large box culvert may
cost less than a paved dip at a narrow stream
crossing. Non-submersible structures are also

generales para un correcto drenaje del camino.
lncluye la nivelación y formación del camino
para que agua que cae o agua que baja de
terreno más alto se desaguara con un mínimo
de daño.

Se consideran las varias clases de travesías
que pueden ser construídas en las ubicaciones
de arroyos ó ríos. Estas travesías caen en
dos clasificaciones ó grupos.

El primer grupo consiste en la travesías
que son sumergibles, tales como vados,
badenes y puentes sumergibles. Se construyen
normalmente como el primer paso en la cons-
trucción por etapas de un camino de bajo
volúmen y no se consideran estructuras
permanentes. En la práctica muchas de tales
estructuras se utilizan sobre grandes períodos
de tiempo. El ingeniero no deberá considerar
a tales travesías como temporarias ó se

diseñarán y construirán deficientemente. En
tal caso verdaderamente serán temporarias ya
que se destruirían en la primera tormenta
fuerte.

En el segundo grupo están la travesías que
no son sumergibles, tales como puentes y
balsas. Muchas veces el segundo paso en la
construcción por etapas de un camino de bajo
volúmen son los puentes ó alcantarillas
grandes. Sin embargo una evaluación
económica puede indicar que deberán
construirse como el primer paso. Una alcantarilla
de cajón grande puede costar menos que un
badén pavimentado en una travesía estrecha
de arroyo. Las estructuras no-sumergibles
también están sujetas a ser mejoradas como
parte de un programa de construcción por
etapas. El ejemplo más común es el
ensanchamiento de un puente de una trocha
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ouvrages de franchissement sont discutées.
Les routes à faible capacité peuvent être
construites avec des passages à gué, des
radiers ou des ponts submersibles. Cela réduit
les dépenses initiales. Plus tard, ces routes
peuvent être améliorées par la construction
de ponceaux ou de ponts si le coût des délais
le justifíe, Chaque décision devrait être fondée
sur une évaluation économique du franchisse-
ment d'eau.

Objet de ce recueil

Le recueil no. 4 passe en revue les conditions
requises pour avoir un bon dispositif de
drainage. Les travaux de nivellement et de
profilage qui sont nécessaires afin que l'eau

de pluie ou I'eau de ruissellement soient
évacuées avec le minimum de dégats sont
inclus. Différentes sortes d'ouvrages qui
peuvent être bâtis pour franchir les rivières
ou les fleuves sont considérés. Ces ouvrages
peuvent être divisés en deux groupes.

Le premier groupe comprend les ouvrages
de franchissement qui sont submersibles
comme les passages à gué, les radiers et
les ponts submersibles. Ces ouvrages sont
généralement construits au premier stade de
la mise en oeuvre à plusieurs couches et
sont considérés comme des ouvrages
provisoires. En fait, un grand nombre de
ces ouvrages sont utilisés tels quels pendant
de longues périodes, L'ingénieur ne doit pas
présumer que ces ouvrages de franchissement



subject to upgrading as a part of a staged
construction program. The most common
example is the widening of a bridge from
one to two lanes.

ln each case, the cost of the crossing should
be evaluated before any construction is started.
Each type of low-cost crossing described here
has a proper place and use. However, there
are overlapping areas of places and uses. lt
is not always clear which type of crossing will
be the most economical in every situation.
When doubt exists, alternate crossings should
be evaluated and the least costly crossing
should be constructed. The true cost of a
crossing is the cost of the construction and
the maintenance of that crossing during its

useful life span.
This compendium discusses these types of

low-cost water crossings: (a) fords; (b) dips,
lrish bridges, or culverted fords; (c) causeways
or submersible bridges; (d) timber bridges
with timber or steel stringers; (e) Bailey bridges;
(f) Uniflote ferries; and (g) floating bridges,
Each type of crossing is described, and the
design and construction techniques and
problems associated with each type are
discussed. The uses and costs of each type
of crossing are compared. Finally, the
recommendation that guidelines be established
for choosing a ford, ferry, or bridge is made.

xlv

a dos.
En cada caso, el costo de una travesía

deberá evaluarse antes de comenzar cualquier
construcción. Cada tipo de travesía de bajó
costo que se describe abajo tiene su correcta
disposición y uso. Sin embargo, hay áreas de
disposición y uso sobrepuestas. No siempre
es claro cuál sería el tipo más económico en
cada situación. Cuando existen dudas se
deberán evaluar travesías alternativas y se
construirá la más económica. El costo
verdadero de una travesía es el costo de su
construcción y su mantenimiento a través de
su vida útil.

Este compendio considera los siguientes
tipos de travesías de agua de bajo costo: (a)
vados; (b) badenes, puentes lrlandeses ó
vados alcantarillados; (c) arrecifes ó puentes
sumergibles; (d) puentes de madera con

riostras de madera ó acero; (e) puentes Bailey;
(f) balsas Uniflote; y (g) puentes flotantes.
El compendio describe cada tipo de travesía,
Presenta las técnicas de diseño y construcción
y los problemas asociados con los varios
tipos de travesías. Compara los usos y costos
de cada tipo y recomienda que se establezcan
pautas para la elección de un vado, balsa
ó puente.

Presentación de los textos seleccionados

El primer texto es el segundo capítulo de
Handbook of Methods and Procedure for
Low Cost Service Æoads (Manual de métodos
y procedimientos para caminos de servicio
de bajo volúmen, (Departamento Vial de
Texas, 1946). Define un buén drenaje en
términos simples. Se habla sobre el problema

soient provisoires, autrement il y a des chances
que le calcul soit fait hâtivement, ou que
ces ouvrages soient mal construits. Si cela
arrive, on pourra dire qu'ils sont vraiment
provisoires, car ils seront emportés à la
première grosse chute de pluie.

Les ouvrages de franchissement qui ne sont
pas submersibles, comme les ponts et les
bacs, constituent le deuxième stade de
I'aménagement progressif d'une route à faible
capacité. Cependant, une évaluation
économique peut prouver qu'ils devraient être
construits au premier stade. Le prix de revient
de la construction d'un dalot peut être moindre
que celui de la construction d'un radier quand
le cours d'eau à franchir n'est pas large.
L'amélioration des ouvrage non-submersibles

peut être un stade du programme d'aménage-
ment progressif, par éxemple l'élargissement
d'un pont d'une à deux voies. Quelque soit
le cas, le coût de l'ouvrage de franchissement
devrait être évalué avant de commencer la
construction. Chaque ouvrage de franchisse-
ment dont nous allons faire la description est
correct pour certaines conditions. Cependant
ily a des cas où ces conditions se chevauchent,
et il n'est pas toujours très facile de déterminer
quel genre d'ouvrage sera toujours le plus
économique. Dans le doute, on devrait évaluer
plusieurs ouvrages et construire le plus
économique, Le vrai prix de revient d'un ouvrage
comprend le coût de la construction, plus le
coût le l'entretien de cet ouvrage durant sa
vie utile.



Discussion of Selected Texts

The first text, the second chapter oÍ Handbook
of Methods and Procedure for Low Cost
Service Roads (Texas Highway Department,
1946), defines good drainage simply and
concisely. lt also discusses the problem of
determining runoff. Culvert problems are
evaluated and practical reasons for the use of
corrugated metal pipe culverts are presented.
The economy of proper culvert location and
length is stressed.

This text notes that the most durable type of
bridge for a stream crossing is probably
constructed of reinforced concrete. However,
such construction is a highlytechnical operation.

lnferior workmanship or poor mixing and placing
of concrete can mean the loss of the entire
investment in a reinforced concrete bridge.
Unskilled workers may fail to realize that
concrete bridges depend upon a solid founda-
tion for stability. Failure to construct a proper
foundation usually results in complete collapse
of the bridge.

Unskilled workers are able to construct wood
pile foundations with more success than they
can construct concrete footings. The text
describes practical methods for driving wood
piles. lt also describes in detail the methods
used in the construction of bridges built on
wood pi les. Many common faults in timber bridge
construction are noted. The proper construction

de determinar agua de drenaje. Se evalúan
problemas de alcantarillas y se presentan
razones prácticas para el uso de alcantarillas
de tubo de metal corrugado. Se subraya el
ahorro de costo en la correcta ubicación y
longitud de la alcantarilla.

El texto dice que el tipo más duradero de
puente para una travesía de arroyo es probable-
mente la que se construye con hormigón
reforzado. Sin embargo, tal construcción es
una operación altamente técnica. La mano
de obra inferior, ó mal mezcladura y colocación
del hormigón pueden significar la pérdida de
la inversión total en el puente de hormigón
reforzado. Los operarios pueden no darse
cuenta que los puentes de hormigón dependen
para su estabilidad de un fundamento sólido.
La falta de construir un fundamento correcto
generalmente resulta en el derrumbamiento

completo del puente.
Los operarios tienen más éxito en la

construcción de fundamentos de pilotes de
madera que en la de estribos de hormigón.
El texto describe métodos prácticos para
hincar pilotes de madera. También describe
en detalle los métodos utilizados en la
construcción de puentes colocados sobre
pilotes de madera. Se toman nota de muchas
faltas comunes en la construcción de puentes
de madera. Se describen los métodos de
construcción correctos para sobrellevar estas
faltas. Se dá importancia al ahorro de costos
en la correcta construcción de puentes a
través del texto.

El segundo texto, Use of Gabions for Low
Water Crossings on Primitive or Secondary
Forest Æoads (El uso de cestones para travesías
de agua de bajo nivel en caminos forestales
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Les ouvrages de franchissement que nous
allons discuter dans ce recueil sont: (a) les
passages à gué, (b) les radiers, (c) les levées
ou ponts submersibles, (d) les ponts de bois
avec poutres longitudinales en bois ou en
acier, (e) les ponts Bailey, (f) les bacs Uniflote,
et (g) les ponts flottants. Chaque ouvrage
de franchissement est décrit, et les techniques
de construction et de dimensionnement, ainsi
que les problèmes particuliers à chacun,
sont discutés. L'emploi et le prix de revient
de chaque genre d'ouvrage sont comparés.
Finalement, nous recommandons qu'un guide
soit établi pour aider à faire le choix d'un
gué, d'un bac, ou d'un pont.

Discussion des textes choisis

Le premier texte, le second chapitre de
Handbook of Methods and Procedure for
Low Cost Service Æoads (Manuel de méthodes
et procédés pour routes latérales économiques)
publié par le Texas Highway Department en
.1946, donne une définition simple et concise
d'un bon dispositif de drainage. ll discute aussi
du problème du calcul du débit.

Les problèmes de construction des ponceaux
sont évalués et les raisons pratiques pour
l'utilisation de buses en tôle ondulée sont
presentées. Les économies que I'on peut faire
en choisissant convenablement la location et
la longueur d'un ponceau sont soulignées. Ce
texte remarque que le pont le plus durable



methods to overcome these faults are described.
The economy of proper bridge construction
is stressed throughout the text.

The second text, Use of Gabions for Low
Water Crossings on Primitive or Secondary
Forest Roads, was taken lrom Engineering
Technical lnformation System: Field Notes
(Forest Service, U.S. Department of Agriculture,
May-June 1973). lt describes an economical
method of constructing a ford in a stream
where the grade of the road precludes the
use of a culvert.

The third text, Design and Construction of
Low Water Dips, was taken from Construction
and Maintenance Bulletin No. 6 (Texas
Highway Department, May 1951). lt describes

a dip or lrish bridge constructed over a culvert.
This type of dip provides for a dry crossing
during periods of normal stream flow. lt is
submerged during periods of high flow.

The text develops a formula for determining
the length of vertical curves at the approaches
to a dip. lt lists the field data necessary for
the design of a dip. The proper grade difference
between the stream bed and roadway is
described. A method of protecting the embank-
ment from erosion during periods of high flow
is detailed. Flood gauge installation is noted.

Dips can be permanent parts of a low-volume
road. The construction cost of a dip should
be compared to the cost of a conventional
structure. Dips will always be less eXpensive
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primitivos ó secundarios), se tomó de Engineer-
ing Technical lnformafion Sysfem: Field Notes
(Sistema de información técnica ingenieril:
Notas de campaña, Servicio Forestal, U.S.
Department of Agriculture, mayo-junio, 1 973).
Describe un método económico para la
construcción de un vado en un arroyo donde
la rasante del camino excluye el uso de una
alcantarilla.

El tercer texto, Design and Construction
of Low Water Dips (Diseño y construcción
de badenes para bajos niveles de agua), se
tomó de Construction and Maintenance
Bulletin No. 6 (Boletín no. 6 de construcción
y manutención, Departamento Vial de Texas,
mayo 1951). Describe un badén ó Puente
lrlandés construído sobre una alcantarilla. Este
tipo de badén permite una travesía seca
durante períodos de flujo normal del arroyo.

Se sumerge durante perÍodos de alto flujo.
El texto desarrolla una fórmula para fijar la

longitud de curvas verticales en los accesos
a un badén. Nombra los datos de campaña
necesarios para el diseño de un badén. Se
describe la correcta diferencia de pendiente
entre el cauce del arroyo y el camino. Se
detalla un método para proteger el terraplén
de la erosión durante períodos de alto flujo.
Se menciona la instalación de medidores del
nivel de agua.

Los badenes pueden ser partes permanentes
de un camino de bajo volúmen. El costo de
construcción de un badén deberá compararse
al costo de una estructura convencional. Los
badenes siempre serán menos costosos para
arroyos grandes pero las alcantarillas de cajón
pueden costar menos para arroyos pequeños,

El cuarto texto es una publicación de

est probablement celui construit en béton armé.
Cependant, ce genre de construction est d'une
technique très avancée. Une éxécution
inférieure, un mauvais mélange, une mauvaise
pose du béton peut signifier la perte de tout
les capitaux investis dan un pont de béton
armé. La manoeuvre non spécialisée peut ne
pas se rendre compte que les ponts en béton
doivent leur stabilité à une fondation solide.
Si on ne construit pas une fondation correcte
on est presque sûr que le pont s'effondrera
complètement. Une manoeuvre non spécialisée
peut construire une fondation de pieux en
bois beaucoup mieux qu'une fondation de
pieux en béton, Le texte présente des méthodes
pratiques pour enfoncer les pieux en bois. ll
explique aussi en détail les procédés de

construction des ponts qui reposent sur une
fondation en bois. Les erreurs les plus
courantes commises lors de la construction
de ponts en bois sont soulignées. Les méthodes
correctes de construction pour prévenir ces
erreurs sont expliquées. Le texte met I'emphase
sur les économies réalisées par une construc-
tion correcte des ponts.

Le deuxième texte, Use of Gabions for Low
Water Crosslngs on Primitive or Secondary
Forest Æoads (Emploi de gabions dans la
construction d'ouvrages de franchissement de
basses eaux pour chemins ruraux ou routes
secondaires), est extrait de Engineering
Technical lnformation System: Field Notes
(Forest Service, U.S. Department of Agriculture,
Mai-Juin 1973). Ce texte decrit une méthode



for large streams, but box culverts may cost
less for small streams.

The fourth text is a research publication,
Causeways or Submersible Bridges, taken
from the Journal of the lndian rgoads Congress
(Vol. XVl, No. 3, April 1952). lt defines a
causeway as a submersible road bridge across
a stream, designed so that the normal dry
weather river flow passes entirely through vents
below the roadway, Occasional floods pass
both through the vents and over the roadway
to a depth that halts traffic. Causeways function
like the dips described in the third Selected
Text. They are designed to handle the much
larger flows found in major rivers. The hydraulic
problems due to such large f lows led to several

causeway failures in lndia. This research
project investigated these failures. Any
engineeer attempting to design a large sub-
mersible road bridge should study the
conclusions drawn from this research.

The fifth text consists of Chapter 5 and
Section 1 of Chapter 7 from FMS34: Engineer
Field Data (U.S. Army, 1976). Chapter 5
concerns the marking of bridges and vehicles.
It is included because it defines the bridge
class. The bridge class determines the design
of the bridge. The design tables in Section
1 of Chapter 7 are based on the bridge class.

The excerpt from Chapter 7 describes the
design of rectangular timber, round timber,
or steel beam bridge superstructures. Bridge

investigaci ón, Causeways or Submersible
Bridges, (Arrecifes ó puentes sumergibles),
tomado del Journal of the lndian rgoads
Congress (Diario del congreso vial de la
lndia, Vol. 16, No. 3, abril 1952). Define un
arrecife como un puente de camino sumergible
por sobre un arroyo diseñado para que el
flujo normal de un río durante temporadas
secas pasa totalmente a través de pasajes
debajo del camino. Las ocasionales inunda-
ciones pasan a través de las aberturas y
por sobre el camino hasta una profundidad
que detiene el tránsito. Los arrecifes funcionan
como los badenes descriptos en el texto previo.
Están diseñados para soportar los flujos
mucho más grandes de los ríos mayores. Los
problemas hidráulicos debidos a tales flujos
tan grandes causaron varios fracasos de
arrecifes en la lndia. Este proyecto de in-

vestigación estudió estos fracasos. Las
conclusiones deberían ser estudiados por
cualquier ingeniero que tiene intención de
diseñar un puente de camino sumergible
grande.

El quinto texto consiste en dos extractos
de FM5-34: Engineer Field Data (FMS-34:
Datos ingenieriles de campaña, U.S. Army,
1976), El primer extracto, capítulo 5, se
concierne con señalación de puentes y
vehículos, Se incluye porque define la clase xvii
de puente. Esta determina el diseño del
puente. Las tablas de diseño en la segunda
sección extraída se basan sobre la clase de
puente.

El segundo extracto, del capítulo 7, describe
el diseño de superestructuras de puente de
madera rectangular, madera cilíndrica ó de
vigas de acero, Se describe el diseño de

economique pour construire un pasage à gué
dans une rivière quand la pente de la route
exclut I'emploi d'un ponceau.

Le troisième texte, Design and Construction
of Low Water Dþs (Conception et construction
de radiers pour le franchissement de basses
eaux), est extrait de Consfruction and
Maintenance Bulletin No. 6 (Texas Highway
Department, Mai 1951). ll décrit un radier
construit sur un ponceau. Ce genre de radier
permet le franchissement à sec durant les
périodes de débit normal et est submergé
quand la rivière est en crue.

Le texte comprend aussi une formule pour
calculer la longueur des courbes de profil
en long de la route à I'accès des radiers.
Les données nécessaires pour le dimensionne-

ment d'un radier son énumérées. Les
différences de niveau correctes entre la route
et le fond du lit de la rivière sont données.
Une méthode de protection contre I'affouillement
durant les périodes de crue est expliquée
en détail. L'installation de jauges pour mesurer
les crues est décrite.

Les radiers peuvent constituer un élément
permanent d'une route à faible capacité. Le
coût de construction d'un radier devrait être
comparé au coût de construction d'un ouvrage
plus ordinaire. Les radiers sont toujours d'un
coût plus modeste pour les rivières de grande
largeur, mais pour une rivière étroite un dalot
peut être plus économique.

Le quatrième texte est un résultat de
recherches, Causeways or Submersible



substructure design of timber bents, pile bents,
or pile piers is described. The selection and
design of each part are given step-by-step,
using tabulations included in the text, ln
addition, graphs based on the bridge classes
described in Chapter 5 simplify the design
procedure. Abutment design is also included.

The sixth text consists of several excerpts
fromThe Bailey and Uniflote Handbook (Acrow
Press, Fifth Edition, 1974). The background
of Bailey equipment is explained. Two examples
are given to assist the engineer in the selection
of a suitable Bailey bridge. The design tables
for shear and bending needed to use the
examples are included.

The seventh text is Chapter Vll, Potential

Cost-Savin gs in the Design of Water Crosslngs,
from Opportunities for Cost Reduction in the
Design of Transport Facilities for Developing
Regions (lnstitute for Transportation and Traffic
Engineering, 1970). lt investigates the potential
economies of many different water-crossing
facilities. This text provides an economic
evaluation of the data presented earlier in
Compendium 3 and now in Compendium 4.
The report offers economic guidelines which
should help in the selection of the proper
low-cost water crossing for various situations.
The cost comparisons are based on 1979
prices. Therefore, the highway planner should
update these prices to those in effect at the
time and for the location under consideration.

subestructuras de puente de entramados de
madera, entramados de pilotes ó pilares de
pilotes. La selección y diseño de cada parte
se presenta en un procedimiento paso por
paso utilizando tabulaciones incluídos en el
texto. Gráficos que utilizan las clases de
puentes descriptas en el capítulo 5 simplifican
el procedimiento de diseño. Se incluye el
diseño de estribos.

El sexto texto consiste en varios extractosxviii de The Bailey and lJnif lote Handbook (Manual
del Bailey y Uniflote, Acrow Press, Quinta
Edición, 1974). Se introduce los antecedentes
del equipo Bailey. Se describe la selección
de un Puente Bailey apropiado con dos
ejemplos para asistir al ingeniero. Se incluyen
las tablas de diseño para el esfuerzo
cortante y combadura que se necesitan para
utilizar los ejemplos.

El séptimo texto es el capítulo Yll, Potential
Cost Savin gs in the Design of Water Crossings
(Ahorros de costo posibles en el diseño de
travesías de agua, lnstitute for Transportation
and Traffic Engineering, 1970). lnvestiga los
ahorros posibles de muchas distintas clases
de travesías de agua. Este texto provee una
evaluación económica de los datos presentados
en éste y el compendio 3, Pequeñas Estruc-
turas de Drenaje. El informe ofrece pautas
económicas que ayudarán en la selección
de travesía de agua correcta de bajo costo
para una gran variedad de circunstancias,
Las comparasiones de costo se hacen con
precios del año 1970. El planificador vial
deberá aclualizar los precios al momento y
en la ubicación bajo consideración. El texto
subraya la importancia de seleccionar la
travesía más económica posible.

Bridges (Levées ou ponts submersibles). ll
est extrait du Journal of the lndian Roads
Congress, Vol. 16, No. 3, Avril 1952. La
définition d'une levée est donnée: c'est un
pont submersible qui traverse une rivière et
qui est conçu de façon à ce que pendant la
saison séche le cours d'eau passe entièrement
sous le pont par des canalisations construites
sous la route. A I'occasion, quand la rivière
est haute, I'eau passe à la fois dans ces
canalisations et submerge la route à une telle
profondeur que le trafic routier est arrêté. Les
levées fonctionnent comme les radiers dont
nous avons parlé dans le texte no. 3 mais
elles sont conçues pour les débits beaucoup
plus importants de grands fleuves. Aux lndes,
les problèmes hydrauliques occasionnés par

ces grands volumes d'eau ont causé plusieurs
fois la rupture de ces levées. Cet article a
pour but l'étude de la cause de ces échecs.
L'ingénieur qui doit dimensionner un pont
submersible important devrait étudier avec
soin les conclusions.

Le cinquième texte est le chapitre 5 et la
section 1 du chapitre 7 du manuel FM5-34:
Engineer Field Data (Donné es pour le Génie)
(U.S. Army, 1976). Le chapitre 5 concerne la
designation des ponts et des véhicules.
Ce chapitre est inclus parce qu'il donne une
définition de la classification des ponts. La
classe d'un pont determine le calcul de cet
ouvrage. Les tables de calcul dans la section
1 du chapitre 7 sont basées sur la classe
du pont.



The text stresses the importance of selecting
the most economical crossing.

The eighth text consists of an excerpt from
Section 14,-Bridges, Viaducts and Ramps-
of the Handbook of Highway Engineering
(Van Nostrand Reinhold Co., Robert F. Baker,
editor, 1975). lt describes the differences
between AASHO and other common bridge-
loading criteria. lt also mentions earthquake
considerations and overloads. This text cautions
the reader that all bridge-loading criteria are
not the same. The timber and Bailey bridge
designs presented in this compendium are
basic, proven designs that can be safely used
on low-volume roads. The subject of this
selected text becomes more significant when

major bridges are being considered. However,
the low-volume road engineer should be aware
that many different loading criteria for bridges
are in use throughout the world. These criteria
are described in detail in reference 9 (see
Bibliography)

Bibliography

A brief bibliography containing reference
data and abstracts for l6 publications follows
the Selected Texts. The first seven describe
the Selected Texts. The other eight describe
publications that are closely related to the
Selected Texts.

Although there are many other articles,

El octavo texto consiste en un extracto de
la sección 14, Bridges, Viaducts and Ramps
(Puentes, viaductos y rampas) del Handbook
of Highway Engineering (Manual de lngeniería,
Vial Van Nostrand (Reinhold Co., Robert F.
Baker, editor, 1975). Describe la diferencia
entre los criterios de carga de puente de la
AASHO y otros criterios comunes de carga
de puente, También menciona consideraciones
de terremotos y sobrecargas. Este texto se
incluye para advertir al lector que no todos
los criterios de carga de puente son iguales.
Los diseños de puente de madera y Bailey
presentados en este compendio son diseños
básicos comprobados que pueden ser utilizados
sin peligro en caminos de bajo volúmen. El
tema de este texto seleccionado se vuelve
más significante cuando se consideran puentes
mayores. Sin embargo, el ingeniero del camino

de bajo volúmen debe tener en cuenta de
que hay muchos distintos criterios de carga
para puentes utilizados en todo el mundo.
Estos varios criterios de carga se describen
en detalle en la referencia g de la bibliografía.

Bibliografía

Se sigue a los textos seleccionados con
una breve bibliografía que contiene datos de
referencia y abstractos para 16 publicaciones.
Los primeros I describen los textos selec-
cionados. Los otros 7 describen publicaciones
que se asocian intimamente con los textos
seleccionados.

Aunque hay muchos artículos, informes, y
libros que pudieron haber sido detallados en
la bibliografía, no es el propósito de ésta
contener todas las posibles referencias para

xtx

Le passage du chapitre 7 décrit le calcul
des superstructures de pont en bois (poutres
rectangulaires ou circulaires) et des ponts en
acier. Le calcul des infrastructures (palées
en bois, palées de pieux, piles de pieux)
est donné. La sélection et le calcul de ces
élément sont éxpliqués pas à pas, en utilisant
les tables incluses. En outre, des graphiques,
basés sur les classes de ponts décrites dans
le chapitre 5, simplifient le calcul. Le calcul
des culées est aussi inclus.

Le sixième texte consiste en quelques
passages du livre, The Bailey and Uniflote
Handbook (Le guide des ponts Bailey and
Uniflote), publié par Acrow Press, 5e édition,
1974. L'historique du matériel Bailey est
expliqué. Pour aider I'ingénieur deux éxemples

sont donnés qui justifient le choix du pont
Bailey convenable. Les tables de calcul de
cisaillement et de déflexion nécessaires pour
utiliser les exemples donnés sont incluses.

Le septième texte est le chapitre Vll, Potential
Cost-Savings in the Design of Water Crossings
(Economies potentielles dans le calcul des
franchissements d'eau) du livre, Opportunities
for Cost Reduction in the Design of Transport
Facilities for Developing Regions, (lnstitute
for Transportation and Traffic Engineering,
1970), Ce texte éxamine les differentes sortes
d'ouvrages de franchissement d'un point de
vue économique et présente une évaluation
économique de toutes les données incluses
dans les recueils 3 et 4. Des régles pour
estimer le prix de revient de I'ouvrage d'art



reports, and books that could have been listed,
it is not the purpose of this bibliography to
contain all references related to the subject.
The bibliography contains only those publica-
tions from which a text has been selected or
basic publications that would have been
selected had there been no page limit for this
compendium.

el tema. La bibliografía contiene unicamente
aquellas publicaciones de las cuales se
seleccionó texto o las publicaciones básicas
que hubieran sido seleccionadas si no hubiera
un límite al número de páginas en este
compendio.

convenable pour un éventail de situations,
sont offertes. Les comparaisons du coût sont
basées sur les prix de 1970 et il faudra que
ingénieur planificateur tienne compte de cela
et utilise les prix en vigueur à l'époque et à
I'endroit qu'il considéra. Le texte met I'emphase
sur I'importance de choisir I'ouvrage de
franchissement le plus économique.

Le huitième texte est extrait de la section 14
de Bridges, Viaducts and Ramps (Ponts,
viaducs et rampes) de Handbook of Highway
Engineering (Van Nostrand Reinhold Co.,
Robert F. Baker, editor, 1975). Ce texte explique
les différences qui éxistent entre les critères
de charges d'AASHO et les critères de charges
d'autres systèmes communément adoptés.
Mention est faite des tremblements de terre

et des surcharges. Ce texte est inclus pour
avertir le lecteur que les critères de charges
ne sont pas tous les mêmes. Les ponts en
bois et les ponts Bailey qui sont présentés
dans ce recueil sont des ponts de base dont
la valeur a été éprouvée, et ils peuvent être
utilisés en toute sécurité dans les routes à
faible capacité. L'étude de ce texte choisi
devient encore plus importante quand on
envisage de construire des ponts encore plus
grands. Cependant, l'ingénieur routier, quand
il conçoit une route à faible capacité, doit se
souvenir qu'il existe un grand nombre de
critères de charges dans le monde entier.
Ces critères sont détaillés dans la référence
no. 9 (voir la bibliographie).



xxil This cable suspension foot bridge is located in Caranavi, Bol¡v¡a.
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Bibliographie

Le brève bibliographie qui suit lres textes
choisis fournit les références et des analyses
de 16 pubJieations, Les,E premjères se
rapportent aux textes c-hoisis et les 7 autres
à des pubtications dont le sujet est étroitement
rattaché å celui des textes choisís.

Bien qu'íl y ait b,eauCoup d'autres africles,
rapports et livres qui porlrr:aiênt êtrê inclus,
I'objectif de cette bibliographie n'est pas
d' nrJ¡þ¡er tsutes les références possibles
ayant rapport au sujot de ce rec'ueÌ'|, Done,
notre bibliagraphie, telle q,uelle, se r-apporte
seulement eux publioations dont nous avons
choiei des extraits, ou aux textes de b.ase que
ngus aurions ehoisï aussi s'il n'yr avait pas

de limites guaRt au nomþre de pages de ce
recueil.



Selected Texts
This section of the compendium contains selected
pages from each text that is listed in the Table of
Contents. Rectangular frames are used to enclose
pages that have been reproduced from the original
publication. Some of the original pages have been
reduced in size to f it inside the frames. No other
changes have been made in the original material ex-
cept for the insertion of occasional explanatory
notes. Thus, any errors that existed in the selected
text have been reproduced in the compendium
irself.

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

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

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

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

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

Los números de páginas del texto original

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

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

* Algunas páginas (o partes de páginas) en

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

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

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

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

* Certaines pages, ou portions des pages,



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

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

The selected texts therefore include only those

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

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

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

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

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

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

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

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

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

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

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

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

Perhaps the thing that should be emphasized at this point is that
the road supervisor should be careful to do first things first. No
effort should be made to bring an earth road to flnal grade u:rtil
drainage has been properly taken care of, and no start shoulcl be
m¿de toward placing any kind of surface until the graried road is
ready for it.

It is commonplace to say that good drainage is the first essential
of a good road, but it is important to know jusi, what is meant by
good drainage. To put this in simple terms, suppose we say that
a roa<l should be so graded and shaped thai water falling on it,
or reaching it by runníng dorvn from higher ground, wili drain away.
The simplest arrangernent that will secure tìris ¡esuit is the best.

A culver'u should be put in every natural drain that ç'ill lead u'ater
away from the road, There is always a temptation to economi.ze
by leaving out some of the culverts, leading water in the side ditches
to another culvert lower down. 1'his often results in great Canrage
due to erosion by the rutrning wâter, so that maintenance expenses
are excessive, and even the road itself may he destroyeci, and have
to be moved over out of the gully that will finally be formed.

Erosion in a ditch depends entirely on three things: Fi¡st, the
elope of the ground; Secontl, the nature of the soil; ¡rnd Third, the
volume of water that the ditch carries. Nothing much can be done
to change the natural slope rif the ground, or to modify the soil
type, but a greåt deal can be done to reduee the volume of water
to bc carried. Doubling the amount of water running down a certain
diteh will much more than double the damage done, and it is worth
a considerable expense to get as many extt.a culverts in the ¡oad
as possible. In many cases landowners will insist, o¡r having rvaiar
diverted from their property and carried ro sorne other culvert
elsewhere, that will discharge on land belonging to some one else.
This is wrong, both legally and rnorally, and the road builder who
tampers with the natural florv of u'ater in t,he chanrrels that naiure
has provided is on unsure ground,

No extreme precautions neerl be taken to see that every colvert is
large enough to carry the rvater that comes to it under any and all
conditions of rainfall, No gr.eai harm is done ordinarily if water
flows over a local road norv and then, and if culverts of a suitablc.
type are used it is easy to replace one that has been found to L,e too
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srnall, or to put in another one alongside. The nature of rainfallis such that cloudbrrrst rains 
".. uruãuy of small extent, coveri'gonly a limited area. For this reason smail culverts must ¡u l".gJ i"proportion to the nrea they drain than bridges which take .i." otlarger streams.

'Ihere are several formulas which purport to give a means ofcalculating the size of culvert requireà from the size and kind ofarea to be drained, but it is to be questioned if such forrnulas ha"eany value on farm roads. The runoll from a given area of land
depends on a large number of variable factors, all of which haveto be estimated, for example the shape of the area of lantl, itssteepness, the kind of soil of which it is composed, whether ter_
raced or not, whether pasture or plowed field, small differences intl¡e values assigned to any of these variable factors will give large
differences in the resurt, and it is just, about as 

"..u"ut" to de-
termine the size of culvert needed by careful observation of condi-tions during and after rains,

Corrugated metal pipes will be forrncl very satisfactory for useon the class of roads we are dealing with. These pipes are coìn_paratively light in u'eight, and are easily handled and installed rvith
inexperienced labor. They u,ill sta'd rough handling rvithout dam-
age, and can readily be taken up and installed elservhere if lhe
occasion requires. 1'hey may be bought in sections of any con_
venient length, and can be connccted into longer lerrgths by rneans
of coupling b¿¡nds lnade of the sanre 

'rateriar as the pipe. various
fittings, such as elbows, ys, and 'Is ean be supplied, antl these
have many uses for special cases that may arise,

Other culvel.ts may of course be used, and may be made of
materials theoretically more durable t,han galvanized .metal. con-
crete pipe are excellent for small culverts, and as far as duratrility
is concerned will far outrast pipe made of light metal. However, they
are very heavy, and a crane or derrick of some kind will be needecl
to handle the larger sizes, concrete or clay tile pipe are rather
easily brohen by rough handling, and nrust be iaid on a solid founda-
tion to prevent breakage rlue to possibre settlement in the em-
bankment.

There are some other practical considerations that must be taken
into account when deciding 'rvhat kind of culverts should be used.
For instance, in our country rvhere the hand of nran has interfered
so rudely with the balance of nature, e¡osion is constantly changing
the surface of the land in an unpredictable way, Where the outlet
channel below a culvert is fairly steep the tendency is fo¡ the
channel to wash out, so that a eulvert that rvas installed at the
level of the stream bed may later be found to have a considerable
drop at its outlet end. This results in a narrowing of the road
at this point, and the culvert must be lengthened to ofrset it. The
culvert may be taken up and ¡elaid at a lower elevation, adding a
¡ection to ¿llow for the g¡eater height of Êll over the pipe, or a
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drop outlet arrangernent may be added to it by rneans of elbows and
coupling bands.

On the other hand, rvhere the fall in the stream bed is slight,
soil rvashed down florn cultivated land aLrove v,'ill tend to fill up
the channel, resulting in stopping of the culvert. This rneans clean
out the stream bed be)ow the road, (not alv"'ays possible, due to
objection by the landowner) or take out the culvert and raise it
to a higher grade. Again, the light r+'eight pipe lends itself readily
to any change needed. An expensive nasonry culvert that has to
be raised or lowered to compensate for changes brought about by
erosion is a tough proposition to handle.

It is false economy to use culverts that a¡e too short. Never
put in a culvert so short that it causes a narrow place in the road.
The few dollars saved by this are not rvorth saving. Be sure to add
enough length to allorv for the side slopes of the fill, arrd cover the
pipe deep enough with earth or gravel so that it rvill be protected
from contact with the wheels of vehicles. Headwalls will not be
required if the pipe is long enough.

Small culverts are easily obstructed during rains by catching
corn stalks, weeds, brush, and other such trash, and the upper end
of all culver.ts should be inspected after every rain to scc that they
are open. Except for this, pipe culverts when con.ectly installcd
will need no attention o. maintena'ce, and will last a long ti're.

Larger structures âre one of the most troublesolne features on
the typical local road. Many of these are of u¡rtreated tiniber, re-
quiring heavy expense for nraintenance, Alnrost the entire revenues
of so¡ne county load de¡rartmcnts ale consumetl by the never-enrlirrg:
re¡rlacement of planks on s'ch bridges. The case is similar to that
of a man rowing a leaky boat; if the leak is big enough he will
spend all his time bailing out the water, and will never get any_
whe.e until he can get the leak stop¡red. s.me lneans must bc
found to stop sonre of the expense of bridge repairs if poor'countr.y
road districts are to get themselves out of the mucl,

For the average small streanr the best and most durable type of
bririge that can be constructerl probably is reinforced concrete. such
bridges, if properly built, will last forever, so far as we know,
They do not decay, and are not subject to destruction b1, fire. IIow_
ever, this is another case where practicar consitrerations must be
taken into account,

some local 
'oad 

authorities have ernbarketr on an extcnsive pro-
gram of concrete bri<ige and culvert constructio', but the resultsin many cases have been very tiiscouraging. Although ¡¡ood con_
cret'e will probably last forever, it cloes not necessariry fo[ow thata st¡ucture built of concrete will last forever, or e'en for a ferv
years,

The mixing and placing of concrete is not a hit or miss afair
but is ¿ highly technical operation. The proportions of gravel, sandi
cemenl and water must be very carefully worked out. Èuilding the
forms is a job for highly skilled .u"p*nl."*, and the steel nrust be
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properly proportioned to carry the loads, and must be securely heldin its intended position whire the .on.r"iu is praced. Thousands ofconcrete st¡uctures have been built in which poor materials wereused, and on which the workmanship was so inferior that the entireinvestment was lost within a short time.
concrete bridges which resü on piers cepend for their stabilityon an extremely solid foundation, and it is very hard to get iheuntrained foreman to realize the importance of this. piers aÃ often

s-et on poor material, and the general tendency is not to carry tlremdeep enough belorv the stream bed. Foundation excavation mustoften be done in mud antl water, with the result that the men giveup too soon, and the foundation undermines, destroying the briãge.rn case a structure undermines in the way described thJ whole thi-ngis usually a total loss, or worse, since it is often expensive to g"i ¡tout of the way. fn case a concrete bridge is abandoned fpr" any
reason' such as a change in loeation, the salvage value of the bridgeis exactly nothirrg. so unless you have an engineer experienced ìnthis kind of work, you had bette¡ let this type of bridgà alone.

owing to the extreme dirñcurty of securing a soliã fountration
where expert supervision is not availabre, the pire type of foundationwill prove simplest and cheapest to construct in ihe nrajority of
cases. Ilfany difrerent kinds of superst,ructure can be put on iiro",and bridges of this kind have many ad'antages that should reìom-
mend them highly for usr: on farm roads.

The construction of a pile driver is a very simple .matter, and a
good general rule is that piles should always be driven, never planted
in post holes. Of course, in some cases, the formation in the bed
of a stream is too hord to drive piles, and in such cases some other
plan must be used. Foi the present, however, we will confine our-
selves to a discussion of piles.

on the whole it will be found that the best piles for use in farm
road bridges are of creosoted timber. Fileg of this kind have been
known to last in railroad bridges, docks, etc. for as much as fifty
years. If good piles are bought, and proper care taken in driving
them, they can confidently be expected to last for not less than
twenty years, and possibly for much longer. Local authorities
sh.uld consult their state Highrvay Department or other qualified
agency in regard to specifications under which creosoted timlier
should be bought, and should make their purchases accordingly,
Good material costs only a trille more than inferior stuff, and the
eost of labor for erecting the bridge is the same in either case,

A pile hammer for driving piles should preferably weigh nOt
less than 1,600 pounds, and the driver should be so constructed that
the hammer can be allowed to drop at least fifteen feet on the pile
at the time driving is concluded. With this kind of arrangement
piles that ere driven to ¡efusal will bear any kind of load they will
be called on to carry on this kind of bridge. More pile bridges fail
because of the piles not being deep enough in the ground than from
any other cause, so be sure to get them .Ls deep in the ground as

-8-
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possible. Remember lhat a bridge usually restricts the channel to
some extent, causing s swifter current under the bridge than at
other places in the stream. This leads to scour, and piles that
appeared to be deep enough are often undermined due to this
cause,

It is not uncommon to find that the fo¡maùion in the bed of a
stream is too hard to drive piles to the depth considered advisable,
and this situation poses a diflicult problem, Unless the formaLion
consists of solid ledge rock, concrete or masonry piers should not be
used. Every effort should be made to get the piles down. Re-
menber that even though the formation is too hartl to drive piles,
it may be easily scoured away by a swift current of rvater, even
though the piles are below the existing bed of the streanr. Some
of the freakish things that a current of running water will do have
to be seen to be believed.

fn cases of this kind the piles can often be driven ver.;y easily to
any desired depth by means of a water jet. A power driven punrp
capable of delivering a large volume of water at rather high pres-
su¡'e rvill be needed. The outlet .f the pump is connected by means
of a hose to a joint of pipe through rvhich the water is forced.
The point of this pipe is pushed veltically down into the ground at
the point where it is desired to drive the pile, and the high speecl
strearn of water will wash a hole into which the pile can be driven,
Such a stream will cut heavy shale, harclpan, cemented gravel and
similar substances. A section of railroad ¡ail cen be used to assist
the jet, rv'rking tt¡e rail up and down in the same way as cable
tools are used in drilling a well. The pile driver is very convenient
for handìing the jet or the drilling tool. Even a hole no more thar¡
four or six inches in diameter will often permit the pile to be
driven.

Whatever trouble it takes, get, the piles dowrr deep enough to
be safe against any possibility of undermining.

There are several ways of raising a pile hammer for securing
the required drop. If a good deal of work is to be done a power
driven winch is undoubtedly the best equipment. However, per_
fectly satisfactory work can be done with a truck, a tractor, or
even ¿ good team of mules, A east iron follow bloek, rnade with
slots on the sides to slide up and cown in t,he leads, and recessed
on the under side to hold the head of the pile, is a great convenience.
This holds the pile in position, and saves a great deal of time and
trouble.

For bridges with a roadway width of mor.e than about fourteen
feet, four piles should be used for each bent, For nar¡ow brirlges
three will be enough.

In order to be sure that timber piles will give the maximum serv-ice life, certaifi ca.e must be taken in haniüing and driving them.
c¡eosotæ does not penetrate into the entire timber, but there is
always an untreated heart o¡ core. rf the pile is cut or e"-"gud
in any rf,ay so as to expose this untreated core, rot will start at tlat

-9-
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point, and the life of 
-the timber wiil be greatry redueed. In orderto prevent this pires should be handled in a ca¡eful rnanner to aroiainjury to the creosoted outer layer. of course each pire will haveto be cut oft at the top after diiving, and this poini iiurt'fr;;il"-fully protected. Soak the top of the pile with creasote oil, pour

a heavy treatment of hot asphalt on ii, and then cover the whole
head of the stick with a sheet of galvanized metal, large enough to
be bent down on all sides of the pile.

It is important that all the piles be cut off at the same lever,
so that the cap will bear equaily and evenly on all the piles. pu[
or jack the piles into a good line before cutting thern off, then nail
a good straight plank on each side of the row with the top of theplank at the level of the cut. The piles are then cut off with a
cross-cut saw, using the guide planks to keep the saw straight andlevel. Where nails are driven into the,pile in this way, they leave
holes at which rot may start. These holes should be repaired by
whittling a small peg out of creosoted wood, dipping it in hot asphalt,
and driving it into the hole. In case bolt holes must be borãd to
attach sway braeing, the hole should be bored to the exact size of
the bolt that is to be used. The bolt should be dipped in hot asphalt
and driven into the hole with a hammer. This seals out the air
and moisture, and will prevent rot from getting a stat.t.

The cap, or timber which rests directly on the piles, will usually
consist of a piece of creosoted wood, about 10"x12" i' size, and long
enough to bear on all the piles of a single bent. The same care
should be used in handling these timbers as for piies. The cap
is generally fastened to the piles by means of drift pins, whicir
consist of a piece of iron rod, sharpened on one end, These pins
should be not less than two feet long, in order to reach through the
cap and well into the head of the pile. A hole is bored down ver_
tically through the cap just over the center of each pile, and the
pin driven with a heavy hammer down through the cap and into
the pile. This hole should be slightly smaller th¡n the size of the
drift pin, which should be dipped in hot asphalt before being driven.
If it is necessary to cut the timber for any reason, the cut should
be treated with creosote and hot asphalt to keep out the air and
water,

\ilhere the bridge may be expected to be overtopped with water
during flood rains, the fastening above described is often not enough
to prevent the deck of the bridge from floating off the piles. In
such cases a strap of iron should be used to fasten the cap down
securely to eadh of the piles. The best way to attach these straps
is with lag screws, which are similar to ordinary wood serews
but much larger.

A very common fault that can be pointed out in many bridges is
the inadequate size and spacíng of stringers. It is not unusual to
find stringers of nominal 3"x12D size used on spans of as much as
twenty feet, and spaced as much as three feet apart across the
bridge. Although such a bridge måy neve¡ actually break down

-10-
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under ¿ load, its elTective life is very sliort. Sut'h stringels deflect
excessively under a loatl that rvill not break them. This causes the
stringers to work up and down, rcsulting in considerable friction
and wear at the point rvhere they rest on the cap, Rot sets in at
this point, and the tirnber is soon useless. It is also very hard to
keep the floor plank tight on such limber stringer.s, and the floor
plank pump up and down, wearing out the planks as u'ell e.s the
tops of the stringers.

A good general rule is to use bents about 17 feet apart, so that
stringers 18 feet long can be used, with each stringer having full
bearing on the cap at each end. Use timber 4"xI4" size, and space
them not more than about two feet apart. These strirrgers should
be fastened to the caps with toe nails, and if there is danger from
ove¡flows washing the'deck away, a feu' hook bolts or other fast-
enings should be used to attach the stringers solidly to the caps,
which in turn are anchored to the piles.

It is important to see that all the stringers are at the same level
on top, so that a floor plank will bear evenly on every stringer. in
a panel, If this is not done, the lìoor planl< rvill be very hard
to keep tight. If one stringer is a little higher than the rest,
turn lL over and trim it a little at. the ends, tvhere it rests on
thc cap. Don't cut it off on top all along its length. This makes a
bad job, is more trouble, and may affect the lir'c of the tinrber.

Arry kind of floor plank may be used, or concrete, but there is
a good dgal to be said in favor of using 2"x4" plank, laicl on edge to
make a floor 4" thick. As each of these planks is taitl it is nailed
to the one next to it, so that we have, in eÍfect, a solid slab of
wood 4" thick instead of a number of inclividual planhs. This
makes a very stiff floor, and helps to keep down vibratiolt and
movement in the structure. small lqrnber of this kind costs less
per thousand board feet than wider plank, so that a 4" floor can
be laid to cost no more than one B', thick marie of tvider and mo¡e
expensive plank. 'Ihe floor plank need not be long enough to
cover the full width of the bridge, Any lengths of more than about
four feet will do. The floor should also be creosoted, for long
life, and if it shows signs of unreasonably rapid wear, a cover of
asphalt and sand, or crushed stone, can be place<i to prevent,traffic
from wearing it out, When so p'otected, ilre floor should last as
Iong as the rest of the bridge,

When spans longer than 1?' are required, for some special reason,
very good results can be had b¡' using steel I beams for stringers
instead of timber. For spans up to about 22 f.eet use 12" I beanrs
spaced about three feet apart, and for spans up to about 30 feet
use 15" beams. Spans up to 50 feet or more ean be readily built
by using larger beams, say up ta 26,, in depth, and splicing them
together so that the beam is continuous over three or more spans.
Before trying to construct a bridge like this, however, 

" 
qu"lifiud

struetural designer should be consulted,
The principal trouble noticed in steel beam bridges is that they

-11-
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rattle anrl vibrate exeessively due to the fact that the beams are
not attaehed to the caps, and the floor is not attachr:d to the
stringers. The stringers can be anchor.ed to the wooden caps by
¡neans of lag screws driven through holes in the bottom of the
beams and into the cap. These holes should be drilled in the steel
at the shop where the bear¡rs are bought. For attaching the floor
plank to the beams there is a simple little clip of steel which naiìs
to the floo¡ planl<, and has a notch to lìt over the top flan¡¡e of the
beam. These are worth the ìnoney, since they prolong the life
of the floor, and keep down the noise and clatter.

Steel truss bridges must be used for extremely long spans,
especially where floating drift is to be expected, but these should
be constructed only under the supervision of a qualified. engineer.
Truss bridges require considerable expense to keep thern painted,
and are subject to being destroyed or damaged by collision from
heavy trucks.

It is poor economy to construct a bridge too short, even though it
nray be large enougir to take the water. As already nrentioned, a
bridge restricts the clrannel to some extent, causing the curreit
at the bridge to florv faster than at other places in the stream.
This increased velocity often leads to undernrining the piles or the
bulkheads u'hich will fill at the e¡r<ls of the bridge. It is ahvays
a hard job to make repairs on a washcd out bulkhead, and it disturbs
the road, so it is a good plan to make a bridge a little longer than
seems to be necessary, and get the ends of the bridge back au'ay
from the cutrent. The cost of constructing the longer bridge will
be saved over a period of years in the cost of maintaining and
replacing the bulkheads, the embankment, etc., and traffic will not
l¡e tied up so often due to these washouts.

Since bulkheads should be expected to last for the full life of
the bridge, they should be very sçlidly constructed. Use creosoted
plank at least 4"' thick, and lay them as tight as possible, to pre-
vent the backfill from getting out through the cracks. The bulkhead
should go r','ell down into the ground to avoid untlermining, and the
wings should extend far enough out to each side so that the fill
will not be likely to slump off and make a narrow place at the end
of the bridge.

Keep in mind that in constructing a new bridge such as has been
described, a good deal of money rnust be spent at one time. In
order to justify this cost the bridge must, last for at least twenty
years, and to make sure of this all the work must be well and faith-
fully done. Slip-shod methods and "jerry building" will merely
waste money.

Timber structures have one serious disadvantage. They are
subject, to destruction by fire, and care must be taken to see that
weeds, driftwood, grass, etc., are not allowed to accumulate in
such a $'ay as to create e hazard.

- t2-
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. A. simþle,a.nd easily constructed pile drioer. A þite is beinp boistel hto
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Small c¡ain ascd as a Pilc Dríte¡.
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Sbo.u,ing_ytbat may bapþez to ¿.steel trass st)dtt due to collision lron a
tehicle. .'this light ca.r, dtiuen-at bigh speed, IU out o¡! coilrol and'sttucï
one ol tbe-nain nembers oJ.this nuls u,ilb gr-eat úoleice, causittg collaþse
of th.e entire sþan. One lile u'as lost, and-a latm rcad î,as cloied to'iit
trallic lor a long timc.
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USE OF CABIONS FOR LOW WATER CROSSINGS

ON PRIMITIVE OR SECONDARY FOREST ROADS

By Allen D. Iæydecker

Civil Engineer, Modoc National Forest

During the past 3 years, the Modoc National Forest, in northern California, has been

constructing gabion low water crossings with very satisfactory results.

One of these desigrrs has proven to be both economical and aesthetically pleasing on our
secondary and primitive roads. Basically, the road at the water crossing is designed to give

good line and grade through the stream. The fìnal elevation of the low point of the parabolic
grade line is usually 6 to l2 inches above the stream bed elevation at the downstream edge

of road. We use 6'-6" x 3'-3" x 3'-3" gabions. These gabions are placed atthe hnalgradeline
with the upstream edge of the gabion alongside the downstream edge of the road. The
gabions are backfilled and stream gravel is pushed up behind the gabions to form the
running surface (see fig. I ). Essentially, the gabions form a 6- to l2-inch high, porous dam
which retains the st¡eam g¡avel.

The major expense involved in this type of water crossing is in placing and filling the
gabions. The wire baskets themselves cost only $ 15 to 2O each. We found that buying
gabion rock and transporting it to the site is less expensive and time consuming than
locating and using on-site rock.

Construction is usually straight forward. A 4-foot trench is dug along the downstream edge

of the road. Bottom elevation of the trench should be final ¡oad elevation minus the depth
of the gabion t0.l foot. The gabions are wired together on the surface then dropped into
the trench. The center gabion is hlled, usually with a front-end loader. Using this center
gabion as an anchor, the line of gabions is pulled taught and straightened by a chain
come-a-long attached to a truck. As shown in Figure 2, tension is kept on the gabions while
fìlling. After all the gabions are fìlled, final adjustments are made in the top course of rock
and the baskets are wired closed. Backfilling completes the job.

ln about a year's time, fines transported by the stream cement the gravel backfill and

construction scan¡ heal, leaving a satisfactory stream crossing which, as shown in Figure 3, is
practically invisible.

Fþres 4 and 5 show a ford constructed
following summer. Flood flow at this
$3,000 and was done by force account.
cost decreased sharply.

in the spring of 1971. The pictures were taken the
site was calculated as 400 cfs. The crossing cost
We found that as the crew gained experience the

l3
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Figure 2.-Gabions Filled Under Tension. Tension (sup-

plied by come-along ) lifts bøskets off ground.

As they are filled, they settle back straight
ond trae.

FÍSnre 3.-Yíew of Crossing Looking Upstream

l5
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Figure 4.-Crossíng Duríng Late Summer.
Gabions k)ere placed on a
70-foot rødius with a parabolic
grade on tangents of t9%.

Figare S.-View of Above Crossing During
Early Summer. Roadbed re-
maíned firm. Note that the grade
of the road precludes use of
anlvert.

All in all, we on the Modoc have been pleased with the low cost, durability and appearance
of the gabion fords we have constructed. We feel that the use of gabions should be kept in
mind as a design alternative for stream crossings on forest roads.

l6
È u.s. covtnxMEt¡T pRtilfll¡c oFFtcE ! t973-728.366./B6l 3.t
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Ðesign and Construction

A few years ago when the High-
way Commission elected to con-
struct a network of low cost roads
or Farm to Market Highways
throughout the state, we highway
employees were given a very big
job to do. The job which I refer
to was the designing and con-
structing of these roads. At the
beginning of this program, we
were reluctant to design these
roads to low standards because it
was a complete about-face from
what we had done in past years.
We all had visions of the low cost
roads failing to stand up and were
afraid of the criticism that we
would get if they did faii. For
this reason it took approximately
three years for us to lose our
fears and get the standards of de-
sign down as low as desired b;¡
the Austin Office. It required a
lot of brow-beating, so to speak,
by Mr. Greer, the Land Service
Roads Department, and the Dis-
trict Offlces to get us in line, .but
we finaliy made the transition, ancl
Ibelieve thatwith all things being
considered, we have done a good
job. I believe that in most in-
stances, we are getting the best
roads that canbe constructed with
the limited funds allocated for
-44-

this work. It is myopinion, how-
ever, thatthere is still room for
improvement, and my subject for
today concerns one of the ways
that we can improve these roads.

Before going too deeply into the
subject matter of this paper, I
would like to say a few words that
I hope will dispel any thoughts
from your minds that I am advo-
cating the wholesale substitution
of dips for bridges on our high-
ways. I believe that bridges
should be used wherever possible
if the amount of traffic to be
handled justifies a bridge and if
sufficient funds are available for
construction of the bridge. How-
ever, I will say that in special
instances where the above men-
tioned conditions are not fully ap-
plicable, it would be better to
construct a good
dip than an inad-
equate bridge,
and that the use
of dips on our low
type roads should
begivendue con-
sideration.

Most of us have
designed and
constructed low-
water dips be- JOE M. BINGHAM

Mi¡rr¡l W¡ll¡, Tr¡¡¡
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of tow Wøter Ðips

cause we did not have the moneY
in the job to build a structure of
the usual type. I have seen all of
the dips in my own district and a
great number in the other dis-
tricts, and I know that you have
seen many of them around ove¡'
the state. Ifeel sure that You wiil
agree with me when I say that
there are some good ones, some
that are just fair, and some that
are bad. Thebadones do not aI-
ways fall in that category for the
same reason, but for various rea-
sons too numerous to mention.
However, I believe that the chief
reason is that we do not give therrt
enough study in the design stage.

Evidently some of us are taking
the attitude that our diPs are onlY
temporary structures, that theY
will be replaced with bridges
within a year or two, and there-
fore are not of sufficient im-
portance to warrant a thorough
effort on our Part. I cannot
agree with this line of thought
for the following reasons:
(1, l'or reasons of satetY any Por-
tion of our highwaYs, be it Farm
to Market or otherwise, which
goes to make uP the riding sur-
face on which the public will trav-
el is worthy of our verY best en-

JOE M. BINGHAM, Residenf Engìneer
Tnxls HIcnw.lY DoPeRtltn¡lt

gineering effort; (2) The highway
pattern has been, and will Prob-
abli continue to be for more and
more miles of low cost roads --
roads that will require all our
skill and ingenuity as engineers
toassure maximum mileage on a
minimum cost-per-mile basis. If
this is true, then for financial
reasons our dips will generally be
permanent instead of temporarY
structures and rivili necessarily
remain in service for a consider-
ablelengthof time; (3) Due to the
national emergency we are facing
today, which we already know will
bring shortages of skilled labor
and critical materials to the con-
structionfield, we may be forced
to use more low-water crossings
in the future than we have in the
years just past; and (4) Through
the use of proper design and con-
struction methods, dips can be
built that will be adequate for
certain types of roads from the
standpoint of both traffic and
drainage, which are essentially
the basic requirements of anY
highway structure.

My first experience along this
line came on a project where an
existing dip was left in Place to
become a part of the completed
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project. I thought we got a good
job on everything except the dip
connections or approaches, and
this fact alone ruined the job in
my estimation. If you attempted
todriveacross the dip at a speed
above twenty-five miles per hour,
you were literally taking your life
in your own hands. It would throw
you to the top of the car at both
ends of the rlip, and you can ima-
gine how many unfavorable com-
ments I beard from the people who
traveled the road. Here was some
of that criticism that I mentioned
a while ago and which we all prefer
not to get, but which is sometimes
exactly what is needed to move us
:o action. In my case, I resolved
ihat the first dip I had to design
would certainly receive some at-
tentionas to grade line. I did not
want another twenty-five mile-
per-hour dip on a road designed
for a speed of forty-five miles per
hour.

I was working in Hood and
Somervell Counties and due to the
rough terrain, had several oppor-
tunities to gain additional exper-
ience in designing dips. An im-
proved method of design was set
up through the experience men-
tioned, and I believe that Ít is
worth your consider ation. The
method of design that I want to
present to you now is not claimed
to be the best, and I know that
some of you probably have a meth-
od equally as good, or even
better; but I do think that at ieast
a part of it will be beneficial to
some of you.

There are several items of
f ield data that are needed for this
method of design, and they have
been set up in five separate
-46-

groups. They are as follows:
1. Stream Section and Roadway

Cross Sections
2. Water Elevation at Normal

Stage
3. Stream Meander, profile

and Topography
4. Highway Elevation
5. Drainage Area
Now we will go through the de-

sign procedure step by step, in
order to give you a better under-
standing of the methodts true
value. (Graph Number l) From
the elevation of water in the
stream at normal stage and the
centerline profile as a section,
you first determine the amount.
of opening necessary to handle
normal drainage. This openrng
may be provided withone or more
pipes and may be increased to
handle a fairly large rain without
overflow of the dip, if sufficient
waterway opening is provided.
From the stream profile, or cross
secticns, the flow-line elevations
of the proposed pipe are deter-
mined, and then by providing
minirnum cover over the pipe, an
approximate grade at the low
point is found.

I want to take just a minute here
to say a word about the low point
in the grade line. On low water
structures it is very impor.tant to
hold the grade elevation to a min-
imum above the stream bed. This
is particularly true of dips on
account of the water pressure
against the structure, and it will
naturally become greater with
each additional foot of height.
This is also true for any type of
low water structure because of the
possibilÍty of drift collection, the
removalof which may sometimes
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become a very costly maintenance
operation. There appears to have
been some disagreement in the
past on the question of how high
grade shouldbe set above stream
bed on low water bridges. you
will occasionally see one that is
too low for a high-water bridge
and too high for a low-water
bridge, which usually means that
it is just right for the collection
of drift. The utmost care should
be taken in selecting the finished
grade elevation for any type of
low-water structure. And norv to
pick up where we left off with
the design steps -- with the ap-
proximate grade at the low point
and the roadway approach grades
on each bank of the stream, we are
now ready to wonk out the grade
across the proposed dip. From
what I have already said, Irm
sure you know that this is one of
the most important features of the
dip because it is desirable to have
an installation that witl take traf-
fic at the design speed of the high-
way, if possible. Andtoo, we all
know that John Q. Public is going
to base his opinion of the structure
almost entirely on the way it
rides.

On the first dips not much at-
tention was given to the grade
line. We would build one and then
see how it would ride. If it was
rough, we would try for improve-
ment on the next job. In other
words, it was very much a meth-
od of cut and try, and we never
quite linewJüst wEat we had until
the dip was completed and we
could ride over it for a test.

The lengths of vertical curves
we use have much to do with the
final result. This is dependent
- 48-

on three things; they are (1) the
total change of grade between the
two tangents, (2 ) the safe rate of
change of grade per station, and
(3) the necessary sight distance.
The first two points are most im-
portant, while point number three
is desirable, but must on occasion
be sacrificed to some extent, and
in rare cases overlooked almost
entirely to fit the dip to the stream
crossing. Ordinariiy the curves
should be made as long as condi-
tions will permit for best results.

We have been using an equation
for some time now to determine
the "Rate of Changetr on our dips
and after continued use, together
withsome field tests, have found
that the desired length of vertical
curve to give the best riding dip
can be predetermined througb
its use. It is, by definition, as
follows:

G. G^
rE 4

L

Where r is the rate of change
in per cent per station,

G1 and G2 are the two given
grades in per cent,

And L is the length of vertical
curve in stations.

The grades G, and G2 are con-
sidered positive when ascending
and negative when descending and
åre used with their proper alge-
braic signs in this equation. They
amount to the same thing that we
commonly call the "Algebraic
Difference" in the solution of
vertical curves.

For example, if we have a
descenclinggrade of five per cent
meeting an ascending grade of six
per cent rvith a vertical curve
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length of 90 feet, the solution of
the equation is as follows:

r. -5.0-(+6.0)=t2.2%
0.9

At first this equation was used to
determine the t'Rate of Change" on
the dips already built, and then bY

driving over them in an automc-
bileatvarying rates of sPeed un-
til the maximum safe sPeed was
determined, a maximum ttRate

of Change" was determined for
Farm.to Market Highways or a
design speed of 45 miles per hour,
and for State Highrvays or a design
speedof 60 miles per hour. The
maximum "Rate of Change" for
Farm to Market Highways was
set at 15. For roads designed for
60miles per hour, the maximum
"Rate of Change" was set at 12.

Further experience revealed the
fact that, due to the pull of gravily,
weight of the vehicle, etc., we
could not use as high a "Rate of
Change" value on curves breaking
downward as we could on those
breaking upward. For that reason
our original values were revised
as follows:

Maximum

Farm Highways (45 M. P. H.
State Highways (60 M. P. H.

With these maximum t'Rate of
Changett values known we can
éhange the equation. to solve for
the Iength of curve, as follows:

Gr-Gz
r

For example, if we have a de-
scending grade of five per cent
meeting an ascending grade of six
per cent with a rate of change
value of 10 desired, the solution
of the equation is as follows:

, = - l.e_:_.Ll6.e)--ul0
: 1.1 Stations or 110

feet vertical curve

Through the proper use of this
equation, Ifeel safe in saYing that
you can eliminate the rough riding
dips completely.

The next step in design is to de-
termine the length of the diP to be
riprapped, or Protected frorn
flood waters. This is done bY
first calculating the area beiow
highwater in the natural strearrt.
With this information a cQrrected
high water elevation can be deter-
inined by taking into account the

Rate of Change Values

Curves Downward Curves UPwarcl

) l0
)8

15
t2

These are maximums and should
not be exceeded, but the use of
lower rates in both cases will
naturally be better, and should
always be used if the cost of the
dip is not increased too much by
so doing, or if the money is
available in the project.

obstruction of the stream bY the
construction of the dip across it.
Iffundsareavailable, the ends of
the dip should be located at aP-
proximately the corrected high-
water elevation. This gives max-
imum protection at flood stage.
If, however, due to limited funds,

-49-
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it is necessary to cut down the
lengthof thedip, it can be done in
most cases without creating too
much of a maintenance Problem
if care is taken in selecting tire
proper place to begin and end the
concrete. The central diP area
carries the main volume of water
withthedamaging velocities, and
usually the drainage near the out-
er edges of the flood water will
not cause too much darnage to a
base and surface if it does not
stay up for prolonged Periods of
time.

\le have been using five inch or
six inch thicknesses of Class "8"
Concrete Riprap reinforced with
either wire mesh or bar steel for
these dips and paving them com-
pletety -- across the roadwaYand
down the slopes and with good deeP

toe walls all around. (Refer to
Graph Number 2 ) This is Placed
on the compacted embankment
previously plàced over the PiPe
to handle normal drainage. The
concrete pours have been broken
downtoaverage sizebY the use of
construction joints Placed both
longitudinatty and transversely.
These joints are dowelled and
painted with a heavy grade of oil
asphalt prior to placement of the
adjacent section.

A standard flood gauge, two
dip signs, and enough two-inch
pipe posts to effectively define the
crown lines across the main chan-
nel have been installed on our diPs
as a part of the contract. The
flood gauge is mounted in a brack-
et made by embedding two
5ttx 5ttx 18ttangles in the concrete
approximately nine inches. The
post is anchored in the bracket
with bolts, and if broken bY drift
or otherwise, it can be rePlaced
without tearing into the diP con-

crete.
This, in effect, comPletes the

design of the dip, but one more
step should be taken to justifY its
use. Thedrainageareashouldbe
used to determine the size of con-
ventional structure required in
order that a comParative estimate
of cost between the two can be
made. For the larger streams
the dip will alwaYs be consider-
ably cheaper, but in the case of
small streams where it is Pos-
sible to handle the drainage with
a large single or multiPle box
culvert, this is not alwaYs true.
Therefore, it is good engineering
to check on this feature before
final selection is made.

In Somervell CountY on the Farrn
Road from Glen Rose to Lanham
Miils, F. M. 20S Ibelieve' we con-
structeda diP of this tYPe across
the Paluxy River about two Years
ago at a cost of stightiY less than
$10,000. A bridge of sufficient
length to span the river at this
location would have cost in the
neighborhood of $300,000; so
you can readilY see that there-is
a place in our work where diPs
realtypayofffor us. The cost of
a bridge at this crossing was Pro-
hibitive on the low tYPe road,
whereas the dip was economical
and is serving traffic nicelY and
should continue to do so for a
long time.

In closing, I would like to re-
mind you again of the imPortance
of asmooth and safe riding grade
line across our diPs. Give this
feature of the work a little more
study in the design stage, and I
believe that in nearlY all cases
we can provide dips that can be
traveledover at the design sPeed
of the highwaYon which it is to be

Placed' -sr-
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RESEARCTI PUBLICATION

CAUSE1ryAYS OR SUBMERSIBLE BRIDGES,Í ''

By

S. P. Re.ru, r.x.r

DrnEcton, Exorxnrnrr¡c Rns¡lncn LanoneroatEs,

Hvppn¡sep-DPccex.

SYNOPSIS

A .,C*useway '' is a submersibte road briclge across ¡ ¡trea'm with ühe <louble

function of allowing the normnl dry weatber flow to pass through.the vents belorv

ilã-i"ra"ry, an¿t'ihs occasional flood¡ both tbrough tho vents antl over-tbe
iã"¡""i,ili. edtailing È temporary cessatiou of .traffie. On account of 6heir dunÌ

iuoãtioä'."or"wa¡s prãsent proble-ms peculiar to themselves a¡cl unlike other
hvlk¡ulio struotuie: l-ike spillivaye. sluicesrbarrages, lifting-weirs, and road briclges.

õLis Àrticle de¿ìs wiih'some hydraulic inrãstigations in connection with
oÊusewayÊ.

I. DEFINITION OT.. ..CAUSE\ryAYS',

The word " Causeway ", at least in l:rdia, denotes a sub-

morsible road bridge &cross a stream, whioh is designed and built
in such e wey that the normol dry weather flow of,t'h-e river passes

entirely throügh the vents below the roadway and the -occasio¡al
floods þass bóth through the yentl and over the roadway, t'hus

entailirig temporary cessation of traffic.

2, TYPES OF CAUSEWAYS

These causeways mey have the roadway just a-few feet above
the river bed, say ábout the order of 5 ft wlen-they are some-

times called LOW LEVEL CAUSEWAYS. Or, the roadway may
be verv hieh. up to say 2õ or 30 ft above the bed, when they are
CAIIEd ÍTTC-IT 

.LEVEL 
CAUSEWAYS.

Secondly, the vents may consist of pipes- or short-span
culverts. Oi, they may be constructed with arched vents of big
Bp&ns, say of 25 or 30 feet.

Thirdly, the depth of water rlesigned to flow over the roacl
may be of ihe order of just a few feet or as high as 20 feet.

rReprinterl trom the.{Dnual Report of the Hyder*barl Engineering Sese¿reh

L¡bor¡tories lor 19õ0¡
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3. PECULIARTTTES OF CAUSEWAYS

Among the hydraulic structures built â,cross rivers, câuse-
rva;-s have a peculiarity of their own. Ilnlike irrigation dams,
spilhvays, bi-r,rragcs, anicuts, (or lifting weirs) and road bridges,
c-auseTvays have a double ft¡nct,ion of passing normal discharges
through the vents belorv the roadway and the flood discb,arges
both through the vents and over the roailway itself.

On acconnt of this dual function c¿ùuseways present, hyclraulic
problems which are pecrrliar to this kind of stmctures. It is not
kno*'n to rvhat exteñù such submersible bridges are used in other
parts ol the ç'orld. At an¡'rate, it has not been possible to get
an¡' information.

1. CAUSEIVAYS INVESTIGATED AND THEIR
HYDRAUI,IC FEATURES

. 
The-general problem of carrseways was first brorrght to the

notice of the Author in- 1936, wh,ile he was Professor of Hydraulics
il lhu .EngT.-.fing--C)olleg_e of the Osmania lJniversity. The
Hyderabad Public \Yorks Department had built severai cause-
wal's in the State and drrring the rains of that year some failed in
!,ays, !!e reasons for which could not be easily explained. The
Chief Engineer for Roads and Buildings referred them úo the
Author for investigation in his Laboratory.

The first case taken up wes the Aler Causeway typical of
many, consisting of. 2 f.t diameter hume pipes concentiatéd in the
centre of the river and built on sand foun-dation. The roadway
rvas 4 ft above the bed and tho depth of flood water above thä
causervay about 4] ft. The next causewây that came up for
investigation was the proposed rinfiny submersible bridge u'..o*
the ri'er Krishna, with a maximum discharge of about î.OO.OOO
cusecs. ?his was proposed to consist of 56 aiched vents of'80 feet
1pâ1. The-roadway was 30 feet above the bed and the depth of
flood over the roadway was to be 20 feet.

In 1947 there were some failures of causeways which were
investigated in the Hyderabad Engineering Research Laboratories.
The Peddavagu Causeway had 25 vents of 8 ft span, the heieht
of roadway above the bed being 8.26 Ít and the flood lt.5ã ft
?þoy9 the roadway. The other ono so far investigated is the
Shahbazpalli Causeway with vents of 4 ft span, the heieht of
roadway above the bed about 4 ft and the deplh of flood -above
the causeway.over 8,58 feet. This was placecl in a very acuto
bend of the river.
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856 ßr¡u ol¡

The following is a statenent of the ceuseways investigeted
and their hYdraulic features:

Causeways

Features
evagu Shahbazpalli

Maximum ai.-l
charge in cusecs I so,ooo

Nature of o"ntrl Hume
I PiPes 2 ft
I dia.

Location of verrt*l Micldle

Hoight of ,ota-l
wsy above thel
bed in feet | 4

I

Dopth of floodl
water above road-l
way in ft | +.ro

îotal flood *"t"rl
in {t I a.so

I

Year of investiga-l
tion 

I 
ls37-38

6,00,000

Arctred
ents 30 ft

span

All along

50

1938-39

1,00,000

Arched
culvorts
8 ft span

All along

68,000

Culverts of
4 ft span

To¡rards the
sitle

20 11.55

19.8r

1948

12.58

r949

5. NATURE OF CAUSEWAY PROBLEMS

The experience gained from these investigation-s has indi-
oated that tihe three lactors that contribute towards the causation
of problems in causewaYs êre:-

(i) tho design of the c&usew&Y,

(ii) the configuration of the river including bed antl banks'

(iii¡ the conditions of flood flow'

Experience also indicates that the ceuseway problems for
purposd of study may be classißeil as follows :-

(l) Effects of the desí$n of the causeway:

(a) on the river upstream of the ceuseway;
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(b) on tho river downstream of the cðusowey;
(o) on the river bed below the causowåy;
(d) on the flow of water insicle the vents ;

(o) on the flow of water over the roadway ;

(2) Effects of the condítions of flood flow:
(a) when the flood is normal and rate of rise of flood

is slow;

(b) when the floocl is abnormal and rate of rise of flood
is rapid ;

(c) when the flood brinþs jungle trees and blocks the
vents.

6. INVESTIGATIONS CARRIED OUl'SO FAR
A resume of the investigations carried out so far will first be

given before discussing the findings with respect to the problems
as analysed above.

6.1. Investigations on Aler Causeway

6.1.1. Problems.-This causervay was built across the Aler
river on the Hyderabad-Hanamkonda Road. The level portion
of the causewey is 500 ft long ancl I ft above the bed-. The
openings for the_ d^ry weather flow consist of 20 hume pipes of 2 ft
diameter, placed 2 ft 9 in. apart from centre to centrõ änd with
thoir bottoms at the bed level, so that the clear spaco between thetop of the pipe and the road surface was Zieet. The pipos
occupying a total length of 6l ft were placed 16g ft froni ihe
right end, and,270 ft from the left end of the level portion.

The bed consisted of pure sand, and the Toundations for the
retaining walls were taken to a depth of 4 ft on the upstream sid.o
and 6 ft on the downstream side.

Ip. April and September of lg36 severe floods occurred, which
according-to obse¡vations rose to 8.56 ft upstream of the ca,use-
way and the flood level 500 ft downstream w&s 5.gg ft showing
an afrux of 2.58 feet.

The signiûcant features of the efiects of the flood wore l-
(l) On the upstream side of the causeway thero wao

practically no scour.

(2) On the downgtroam side, while thore was scorrr all
along the ca,use\ra,y, it was significantly emall immedi-
ately in front of the vents amountjng to only 2 ft deop
compared to l0 ft at some other placos

7
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Photograph 1.

Aler Causeway-sboç'lnÉ, tbe approximate
llne of scour in black line.

(3) On either side of the vented port'ion the scours were
more severe extencling from 6 to l0 ft depth near t'he
wall. Longitudinalìy they went, up to about 100 ft
on the right side and about 75 ft on the left' The
deepest, scours of l0 ft dept'h were spleacJ over. lengths
of 16 and 22 Lt on either side, and their distances
from the end vents r¡'ere 47 ft on the right, and l8 feet
on tùe left, that is to say, for 16 and' 22 ft, lengbhs the
scour went dorvn 4 ft below the foundation and the
wall was overhanging in those places without any
suPPort, (Photo f).

6.1.2, Ânalysis of the probable causes of the scour:

The scours must have been caused either:

(l) by the subsoil flow, or

(2) by the surface flow, or

(3) bY both.

The subsoil flow in permeable foundations may do damage to
the structure in two weye: (t) by uplift, and (2) by the under'
mining of the soil.

Resarding uplift, no rift or raising of the floor has been
observeä eithei iìr Aler Causeway or in any other, so that tbis
possibilitv rnay be left out of consideration, Regording under'
i initrg the srrLsoil in the ca¡e of Aler Causeway in apparently
homoqãneorrs, and the strrrcture in the forrndations was nymmot'ri-
cal alÏ along ihe level portion. ft ie, therefore, to be expected
that the sco-or, if due to piping, nrust be uniform all along the
downstream end of the causeway' But this was not the case,
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lot ouly in this but also in other cðuseways of similar conditions.
Severe scours did not occur all along, but-only at tho sides of the
vented portion, the vented portion itself being signiûcantly freo
from any high degree of scour.

It was, therefore, to bo concluded that the scour was causod,
not by the srrbsoil florv, but by the surface flow. This was
conûrmed by the preliminary investigations in which it was
possible to reproduce in a mod,el the conditions of scour corres-
ponding to those in the prototype by means of surface flow
only.

6.1.3. Investigations.-Investigations were made on ù
partial model of a causeway with three vents in the middle placed
in a glass flume with sand up to the level of the bottomìf the
vents. Two rectangular vents were provided at the sides in such
a way that the glass of the flume itself ftrrmed one of their sides
and flow inside could be observed. These could be closed or
openecl as desired.

The water was made to flow firsù through the three vents
only, the level upstream being just to the surface of the roadway.
As shown in Fig. I (a), the experiment indicated that the scour at
the sides was more than in front of the vents duo to vortices
formed by a high velocity jet from the vont flowing adjacent to
region of still water ât the side as shown in Fig. I (c).

When the water was made to flow through the vents and
over the model, the char¿cter of the scour remained the s¿me
but only intensiûed in degree as shown in Fig. I (b). It will be
noticed that this characteristic of the tho scour bears a strong
resemblance to the actual method of ecour in the prototype as
shown in Photo No. l. These experiments showid ttial the
greatest scour at the sides was due to dead-water region.

In the next experiment, the dead-wator region was removed
by opening oue of the side vents and. making wãter flow up to the
level of the causeway. This showed that on tho side whère the
vent was opened there was no scour, Fig. 2 (a). When tho w¿ter
was made to flów above the causeway also, tho samo trend
continued, fig. 2 (b). When next both the sido vents wero
opened, the scour at the sides wag removed entirely, X'ig. 2 (c),
Tbeso inveetigations have shown that the peculiar characteristic
of scour in tho Aler Causeway wâs due to the concentration of
vents in the middle, the moral boing, of coursc, that in tho
desig_n of the causoweys the vents should be distributed through-
out the length of the causowaye.

7-A
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Furühor studioe wgro mede to invostigate conditions oi florr
when the lovel of the water was gradully increosed over the
causeway. When the wator began to flow over in the addition to
passing through tho vent, the flow bocame rathor complicated.
io begin with at low head, when the nappe clings to the dorpn-
stream side of the causeway, there is a little burrowing into the
sand bed immediately next to the wall. But as soon &B the nappe
springs clear and falls at an angle on the sand through the water,
the impact breaks the nappe into two vortices of roller &s

¡hown in X'þ. 2 (d).

(a) \ilater Flowin$ throu$h
the Vents only.

(b) Water Flowlng throuÉh the
Vents and over the Model.

(c) Water Flowin$ throuÉ,h the Ventð ehowln$
the formation of Vortlces.

F16. I - itoÞEL OF CÂUSÉW¡Y- SíCc Vot¡l Clotc il
The forward roller lifts the sand at the line of impact and

carries it forward, while the back roller tends to keep the sand
up. As the sancl is depleted from the zone of impact, by the for-
ward roller, the sand in the roar begins to fall down but is main-
tained in position for a while by the back roller moving upward
till the sand eurface become steeper and steeper and éven getn
beyond its angle of repose. There is a peculiar pulsation observod
insuch movements, which seems to bo periodic, There atê ûlovo-

Ít:;r-ïù iii| ,-
ji:;."i:t -

íÀ-t--í-n' -
¡ú
r¿

þ -----+onÉcîôN 
OF FLOW

o

'i.,;:,;yf¡-.¡".
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ments at intervals at which the back roller seems to stop
functioning immediately the sand slips down and is carried for-
ward by the forward roller. Thus, ühere is a continual sinking of
the sand level next to the causeway. It was observed that for a
llow of 3 in. above the surface of the model the scour rvent deep
down to 7 in. and exposed the foundation in about 20 minutes
and thereafter remained stable even after running the q ater for
45 minutes. This simulates the scour going below the foundations
in the proúotype,

CONDITIOI.|5 OF SCOUR WITH DIFFEREHÎ OPE,NINOi

UilDER VARI¡D CONDITIONS OF FLOVI

uË.w^1ÉR TEVEL U.S.WAIER L¡Y¡!

gEÞ

E

Bao

(q)

U.8. WAÎER LEVEL

GAJIÉwAY

\ct, RorrERs oH ovERFr.(lw

FlG.2 - MODEL OF CAUSElYAYojrde vent Open.

6,2. Investigations for reducing the period of Submer-
gence of the Causeway:

In the rapid development of road construction in India tho
causeway or the submersible bridge is drawing increasingþ

(d) nour.ens ox
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groater attontion of road engineers on account-of its possibilities
õf providing a cheaper cross-drainage work than ¿n insubmersi-
bte bridge. -The perlod of submergence and the period of .cesea-
tion of tiaffio ovei the bridge may not be a matter of great impor-
tance in out of the way places where time is not of much
consequence. But, on important roads some- delay of traffic may
be walrranted by the saviìgs efiected by the construction of a
submersible bridge but it behoves the road engineer to reduce
this period as far ãs possible by suitable methods in the design of
a c&usew&y.

To ensure this what is desired to see th¿t the expected flood
passes through and over the causeway with as low an affiux as

iossible, leaving the road surface dry as quickly as possible for
lhe passago of the traffic. In other words, it is necessary to- de-
vise methõds by means of which the discharging capacity of the
causeway for a given affiux is increased as mueh as possible.
From this point of view the vent of the causeway may be looked
upon as a short tube under submerged conditiols and the top of
the causeway or the road surface as a weir. On this basis, elperi-
ments were óarried out to find methods of increasing the discharg-
ing capacity or the coefficient of discharge, both of the vent and
the road surface.

6.2.1. Increasin$ the ccefficient of the vent.- The co-
efficient, of discharge of a vent of the kind used in causeways is of
the order of about '?8 to '80. The experiments have indicated
that a provision of a bell-mouth on the upstream_ side increases
tlie co-éfficient to about '88. In addition to this when a suitable
divergence is given at t'he end of the pipe the coefficient rises
to ¿bout l'24.

6.2.2. Increasins, the coefficient of discharge of the road-
way.- A broad crested weir with a sharp upstream edge corres-
ponding to the top of tbe causeway has a coefficient of discharge
òf tne order of about 2.94. Experiments in the Laboratories as

well as elsewhere indicate that when upstream edge is rounded
or bevelled the coefficient may be increased up tc about 3.23.

6.2.3. Streamlined Guardstone.- At present guardstones
that are used on causeweys are rectangular in plan with sides
vertical, the top portion being curved towards innerside of the
ca,usewây. Thìs shape naturally o{ers a considerablc resistance
to flow ancl increases the affiux. This can be reduced by making
guardstones streamlined (as indicated in Photo 2.)
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. 6.2.4. One-way camber of the causeway towards down-slream.- A road generally is given ¿¡ camber on both sides ofthe centre. 
--L)xperimenús have i^dic¿r,tecl that one-way carnber

tow¿rrds the downstre¿r,r h¿lr'e trvo irdva't¿rges as shown'in ntg. s

(,r) The affiux is considerably rethrcecl and there is no
chance of a st¿r,ncling w¿ìve being formecl, as in the case
of a two-n'¿v c¿nrber.

(b) As this ¿ì,rrangenÌent raises the level of the upstream
edge, this contributes torvards keeping the r:oadway
dry up to a higher depth of c.r.useway u1ñtream.

Photograph g.

" Streamllned " Guardstone.

6.3. Investlsations on Tintlny Causeway

Studies on ühe model of the Tintinv
revealing regarding the eflects of slow and
the flow inside the vents.

causeway proved very
rapid raise of flood on

The rnodel was made to a scare of l : 86. rn order to facilita-
te the observations of the character of flow inside the vents. 

-ìhe
model was made to represent only harf the pier, trr" oÀnt-*iã,i ir"-ing fitted against a glass wall.

55



Compendium 4 Text 4

56

364 R¡¡ü o¡¡

Manometric erra,ngements were made for tho measuremonfs
of pressure at threo soclions, near the upetream, downstro¡m end
middle of the modol.

tr'or simulating normal floods with slow rise and abnormal
floods with rapid rise the screw valve of the supplying pipe was
given difiereni number of turns to suit the flow determined after
some trials.

To adjust, the downstream levels accurately a speeial stream-
lined shutter was designed with vertical streamlined vanes with
arrangements for adjusting them as in the case of guide blades in
an inward flow turbine.

Observations of the rate of rise and for flow under both condi-
tions are given in I'igs, 4 and 5 respectively. The pressures obtain'
cd for difiereut flows are shown in Fig. 6.

\\rhile model discharges of 0'93, 1'25, atrd l'40 cusecs could
be adjust'ed to give the same depth of water on the upstreem
measuring section, the discharge of l'83 cl¡secs however could not
be adjusted to the same level on account of want of sufficio¡rt
height in the forebay. The results showed:

,/l1!!g_
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F 16. 4' 3UBME,R.SIBLE BRIÞGE

(l) When the flood is norrnal and the rate of rise is slow
the pressures inside the vents follow the hydrostatic
pressure law. The velocities a,re below the ciitical.

(2) When the flood is heavy and the rate of rise is rapicl, a
standing wave is formed inside the vent. The v'eloci-
ties go above the critical and the pressures indicato
that they do not folìow the hydrostaiic pressuro law,
but are considerably bolow. At very higl floods, they
go even below atmospheric pressure.

. The consequenc-e of the results of these inveatigations is, thatfor normal floods the arch has an upward hydroitatic thrúst to
componsate for the downward hydrostãtic thrust above it. Butin the hyper-critical stage the'downward thrust *"y b" far
greetor, in which case allowance has to be made in the äesign of

I
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to be determined bythe arch and the piers.
model exporiments.

Each case may have

PRESSURES FOR

suB - cRrTt.-.Al,& HYPER - CRlllc AL COfl Þlf IOXS

OF FLOW.

r O.93 CUSEC.

8r cusEc.

co

€âc3
c¡1
c5
c6

ct
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6.4. Investigations on Shahbazpalll Causeway

This causeway on the Karimnagar-Kamareddy Road in
Hyderabad State írad failed three time"s, sinco its cänstruction
about 40 years back and these failuros ãre primarily duo to the
incorrect location of the causewa,y below an S-bend in tho river.

The investigations of Mr. R. K. V. Narasimham show tho
importanco of the effect of a bond on the upstream side of a
eôusowðy.

During heavy floods tho high velocity jets would cling to the
left concave bank due to centrifugal action and cause continuous
erosion of the bank at the left approach ramp of tho causeway.
The prosence of tho ca,useway itself at this position is responsible
for augmenting this erosive action. When the ceusewey failod in

ËË-Àcl)uttt---
ts:
sr 9----

FtG, 6 - suMer¡stBLÉ BRtÞ6Ë -prc¡surct tb¡ o/tbc¡cafflors,
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this manner in 1946 it was found that the river hsd cut int'o the
bant to a distance of nearly 50 feet upstream of the ceusewey.
The result of this erosion is that during heavy fl,oods the founda-
tione of the causeway and approach ramp get undermined end
the causeways fail.

To safeguard thie c¿ruseway from furthor failure, spurs had
to be provided at the bend to deflect the flow, The location,
length, and height of the spur were determined by investigations
on scale models of the river and causeway. In the severe floods
of September 1950 the spur has been efiective in saving the
causeway from further damage.

6.5. Investi$ations on Peddavagu Causeway

The Peddavagu Cpuseway on the Ramayanapet-Siddipet
Road in the Hyderabad State is a case of failure of some of the
central vents by getting blocked with trees and brushwood
brought by the heavy floods.

This had an apron on the downstream side aud none on the
upstream side. The extreme vents on one side were intact while
sóme on the other side were partially damaged. But the central
vents had failed by deep scours on the upstream side resulting in
the sinking of the upstream retaining walls. Investigations of
Mr. R,. K. V. Narasimham have indicated that this may be due
to a transverse flow along its upstream side of the blocked vents,
creating a deep scour along its rrpstream side of the blocked vents,
creating a cleep trench extending at places below the foundation
of the retaining walls.

This indicates th¿t for the emergeney of the choking of vents
by brushwood, etc., an epron on the upstream side is also to be
recommended.

7. CONCLUSIONS

The above investigations have led to the following conclu-
sions about the efiects of causeways on the regime of rivers and
tho efiects of the conditions of flood flow on the cauoeways:-

(1) For sub-critical conditions of flow during normal flood' 
and slow rate of rise, the pressures in the vents follow
hydrostatic law. As this produces an upward thrust
on the arch, there is no special precaution needed in
the design of the arch.

(2) For hyper-critical conditione of flow during heavy
floods and rapid rato of rise, the pressures in the vonte
are less than hydrostatic and in extreme casos could
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be even sub-atmospheric. The consequent change in
the resultant thrust over the bridge must be takeñ into
account in the design.

(3) The blocking of vents ru¿ùy produce tra,ngverse flory
along the upstream side and carrse heavy scour. For
protection against trees ¿rnd bnrshwood blocking the
vents, an upstream apron rvill be necessary.

(4) If vents are concentrated in the centre, there will be
heavy scour at the sides due to high velocity jets
reacting on still water regions. The vents ,Lout¿
therofore be distributed alì along the causervays. Also
the jets through the vents act ai cushions rgåinst the
energy of the nâ,ppe of water florving over the cauÊe-
way and thereby rerìuce the scorrr. If soil is loose, an
apron is needed.

(5) When the causervay is placed immediately below a
bend in the river, the erosive action on the conceve
bank is intensified and the approach ramp of the
c¿ùusewây attackecl, while the silting on the òther side
is increased.

(6) On the downstream side the effect of the causeìray on
the regime of the river is more or less local extenäing
to -a distance depending upon the local phenomena oT
hydraulic drop and hydiaulic jump.

(7) The p-eri-od of submergence ûray be reduced by decrea-
sils the hydra-ulic resistance añd thereby lowðring the
afflux by the following methods :-

(a) increasing the coefficient of discharge of the vent
by bell--mouth on the upstream side and divergence
on the downstream side.

(b) increasing the coefücient of discharge of the roatl-
w-a¡ by rounding or bevelling the upstream odgo
of the causerilay,

c) giving ono \{a,y slope to the road surface,

(d) making the guardstones streamlinod.
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CHAPTER 5

TARKING OF BRIDGES AND VEHICLES

S¡ction L BRIDGES

11. MAßKING OF BRIDGES

ø. Clüsiflcation.
(11 The clar¡ numbor of a bridç represênts the safe load-carrying

c¿pac¡ry of a ¡ingb-lan€ bridç or a single lane of a multilane bridge under
normal crorsing condition¡. The bridç class number may be a srngle class
number, which will permit either wheeled or tracked vehicles to cross if the
wh¡clo clas¡ numb€r ir equal to or less than the bridç class number, or it
rnåy b€ a dual class number, which indic¿tes one normal class number for
wheeled voh¡clês and another normal class number for tracked vehicles. Du¿l
clæ¡ification may be used for bridgres with a capacity greater than class 30.
For reconnai¡¡¿nce r€port¡ and t¡b1e3, dual clas¡ number¡ are wrilten with
tho whaeled cla¡s numbor in prentherec above the tracked vehicle clas¡
numbor.

Ql The normal cla¡s numb€r ¡s the largsst bridge class number (single
or dusl) which permits tho normal cross¡ng of vehicles whose vehicle class
numboß rro oqual to or le¡¡ th¡n the br¡dgc clas number.

(31 A ¡pocial clas¡ numb€r repres€nts the load-carrying capacity of a

bridgo under rpocial crorsing condit¡ons. Thesa number¡ are not postd on
tt¡ndård bridç marking rignr, but on rupplementary signs.

(¡0) ltitfth requiremont¡. S€c ¡ablo 5-1.

Table 5-1. Bridge Width Requircments - m (Ít.).

b. Bridge Signs
(l) For prefabricated bridçs and ferries, br¡dge signs indicate útecla¡¡ number as given in technical manuals. fo, úr¡¿ælt¡rø in place or fornonstandard fixed bridges designed ¡n tha fierd, bridç-signs shat ¡ndícate thecla¡s number as determined by mothods *¡own in1îapìer 7 or TM 5_312.Ql All singre-rane bridge signs are a minim'um of 16 inches indiameter. Multílane and dual class tridç signs are * l"ur, 20 inches indiameter. Numerals are black on a yelloi bJkgrounJwith a black border

11á inche¡ wide.

/--\
/sol¿sl
\111
/-t\
/zslsz\\U/
TWO-tVAY

(3) A mulr¡lane bridç has a road way wide enough to carry at leåJt
two lanes of traff¡c simurtaneousry, rf each rane has the same crass, the signr
are the same as for single-lane br¡dges. lf the lanes are of different cla¡so¡,
each lane has a class sign. Two--lane bridçs may carry a combination
circular rign (f¡g. 5_-1) which gives the normal two-way clasrif¡cat¡on on üre
left and the compuæd one-way classification on the right.

(4) Dual classificarion is used for bridges with a capacity groater thEn
class 30. Two numbers are then ¡t¡own on the sign; the upper one for
wheeled vehicles, the lower one for tracked vehicles (fig.5_.1). Dual clas
two-lane bridçs may be designated by a composite sign indicating both
dual class and combination classes (fig. 5-t,.

BRIDGES
GREATER
THAN
ctAss 30

Figure 5-1. Bridge classification signs

t25

Bradgt clü¡

Onel¡ne width

Two-l¡ns width

4-12

2-74
(9t

5.5
l18l

3"35
(1r)

5.5
(181

4
113'2"1

7.32
12¿'

61-100

4.5
(14',g")

8.23
Q7l

t3-30 31-60

8R IDGES
TESS THAN
ctAss 30

ONE-WAY IWO.IVAY ONE.IYAY
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c. Trallic' Con¡r<tl. To expedite passaç of vehicles and to prevent

damaç to th€ bridgp, rigid control of bridç traffic must be ma¡nta¡ned. Th¡r
i¡ done by the following control measures wherever possible.

(11 A traffic park ir ¡et up whera vehicles can be halted and dispersed

(3l Telltales are provided for bridges having overhead framing, trolley
wires, or other featuras which limit overhead clearance.

(41 A normal crossing is defined as one in which the vehicle class

number is equal to or less than the br¡dge class¡f¡cation number, where

whicles maintain 30.5-meter intervals, and where speed is restricted to 40
kph (25 mph). On floating br¡dgÊ, sudden stopping or accelerd¡on ¡s

forbidden.
(51 Special crossings are author¡zed by the local tact¡cal commander,

under exceptional operating cond¡t¡ons in the lield. Special crossings'permit

a vehicle to cross a bridç (or other crossing meansl whose class number is

less than that of the vehicle. Special crossings are either caution crolEings or
risk crossinç.

(ù ln a caution crossing, vehicles with a classification exceed¡ng

the capacity of the bridç by 25 percent are allouæd to cross under strict
traffic control. Caution crossinç require that the vehicle remain on the

centerline, maintain a f)-meter distance from other vehicles, not exceed l2
kph (8 mphl, nol stop, not accelerate, and not shíft gears on the bridgÊ.

(Ð A risk crossing may be made only on standard prefabricated

fixed and floating bridçs. Risk crossings are made only in the greatest

emerçncies. The vehicle moves on the centerline, is theonly vehicleon the
bridç, does not exceed 5 kph (3 mph|, does not stop, does not acceler¿te'

¡nd does not sh¡ft gÊars on the bridç. The vehicle class number rrrust not
€xcÊed the published risk class for the type bridç being crossed. After the

crossing, and before other traff¡c is permitted, the engineer officer *lould
¡¡inspect the ent¡ro bridç for any damagp.

Section ll. VEHICLES

ç2. MARKING OF VEHICLES

a. Weight Clttssification. All vehicles with a gross vrreight over '3 tons

and all trailers with rated payload over llz tons are assigned classification

numbers. These numbers indicate a relationship between the load-carrying
capacity of a bridç and the effect produced on ¡t by a vehicle. The effect of
the vehicle on the bridge depends upon the gròss weight of the vehicle, the

r*ight distribut¡on to the axles, and the speed at which the vehicle crosses

the bridge.

127

1o I Js.riäiHb..'6$ll0¡
¡rt3al
rt¡¡ r lURT{OUl A

AX¡Ao !

Ftgure 5-2. Exumple oJ l(tlrule, turnout, and stgn arrurylement lor
single-bne bridges.

(2| A turnout area is provided for vehicles lo lurn off the roåd

rnd out of ths l¡no of tr¡ffic' lt ¡s meant primarily for whicles having

r¡¡ch¡nical troublc¡. but ¡1 cån be u¡d ¡¡ a limited traffic park.
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b. Yehicle Signs.
(1) classilication. crassification numbers assigned to vehicres are

whole numbers ranging from 4 through 150. Front signs on a vehlcle are g
incher ¡n diameter and the ¡ide signs are 6 inches in diJmeter. The signs have
black numberab on a yellow background and the numerals are as larie as the
sign will permit. The fron sign goes above the bumper to the drivJr,s right
¡nd below hi¡ line of vision, and the s¡de s¡gn oñ the r¡ghr side of rhe veh¡cre
in a place where normal u¡e of the vehicle dães not conõeal it from v¡ew.

l2l combination crassificutiotr. with a combinat¡on veh¡cre (two or
more single vehicles spaced less than 30.5m apartl, the front sign strows the
normal vehicle class for th€ combination with the letter ,,C,, in red above the
clas nunúer. Each vehicre in the combination carries a side sign wtrich
shor¡r it¡ clas as e ringle vehicle. lf one vehicle is towing another, they are
considered separate, unle$ thoy are both on th8 same span and the d¡stance
botwren them ic le¡s than 3o.5m. combination crasses are det€rm¡ned as
¡nd¡côted in paragraph b-3c below.

F-3. EXPEDIENT VEHICLE CLASSIFICATION

ln an emerçncy, temporary vehicle classrficat¡on can be accomplished by
using expedient classification methods- The vehicre shourd be recrassified by
the analytical method a¡ ourl¡ned ¡n TM 5-312 or by reference to FM 5_3ó
a3 roon a¡ possible to oblåin a permanent classification number.

a. wheeled vehic'res- Expedient crassification for wheered vehicres may
be accomplished by the following methods;

(l) Compare th€ whsel and axle loadings and spacings of the
uncla¡sified vehicle with rhos€ of a crassified vehicre of simirar ãesign and
thon ôss¡gn a þmporary cla¡s number,

l2l Assign a tsmporary class number equal to gS percent ol the gross
rÆ¡ght of the vehicle i¿ l¿_¡¿s as follows:

TEMPORARY CLASS (wheeted vehictes) = 0.8S W¡
nùere W¡ - grors might of vehicle in tons.

The gross uæight of the vehicle may be estimated from the tire press¡re and
tire contact area if no other means are available.

A.P-N-
Wr= t t t
' 2ooo

where.
W7 = Gross weight of vehicle in tons

A?¡ = Average t¡re contact area in square ¡nches (t¡re in contact with
hard sr¡rface)

P1 = T¡re pressure in PSI

Nf = Number of t¡res

No¡e: The tire pressure may be assr¡med to b€ 75 psi for Z7u-ton
veh¡cles or larçr if no tire goge is available. For vehicles having unusual load
character¡stics or odd axle spæings, a more deliberate veh¡cle classification
procedure, as outl¡ned in STANAG 2O21 , is required.

b. T¡acked Yehicles. Expedient classification for tracked vehicles
may be accomplished by the following methods:

(1) Compare the ground contact area of the unclassified tracked
yehicle w¡th that of a previously classified veh¡cle to obtåin a temporary class
number.

Ql Assign a temporary class number equal to the gross weight of the
tracked vehicle in tons.

TEMFORARY CLASS (tracked vehicles) = W?"

where, wr = gross we¡ght in tons

Tracked vehicles can be assumed to be des¡gned for approximately
2.(XX) pounds (one tonl per square foot of their bearing area (most
heavy vehicler are slightly less than thisl. Thus, the gross weight of the
tracked vehicle {W¡} can be est¡mated by measuring the total ground

contact area of the tracks (square feetl and equating this to the gross
we¡ght in tons.

Exumple: An unclassified lracked vehicle has a ground contact
area of 5,500 square incfies. Therefore, the area is about 38.2 square
feet, and the class of the vehicle is 38.2 or 39, since ground contact area
is square feet equals approximate we¡ght of a tracked vehicle in tons,
which in turn ¡s approx¡mately equal to class number.
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c. Nons¡andurd Combinatk¡ns. The class number of nonstandard
comb¡nat¡ons of vehicles may be obtained expedirjously as follows:

Combinationctass- 0.9 (A+ Bl ¡f A + B S 60
Combination cla¡s- A+ B ¡f A+ B ) 60
A - CIE$ of first vehicle
E - Clar¡ of ¡econd vehicle

d. Adjustment lor Othe¡ Than Rated Load. An expedient class may be
g¡von to overloaded or underloaded vehicles by adding to or sublracting the
differenco in loading, in tons, from the normally ass¡gnd vehicle class. The
ôxpediont clas¡ification number is marked with a standard vehicle class sign
.to ind¡calo tsmporary cl¡¡sification as Crown in figure 5-3.

168

SINGtE VEHICI.E
EXPEDIENT ClA55 OVERIOAD

CHAPTER 7

FIXED BRIDGES

S.ct¡od l. NOI{STANDARD BRIDGE DEEIGN

7-I. NOMENCLATURE

u. .Superstruc¡ure. The load--carrying componenl of thå $rperstructuro
¡¡ th€ str¡nger rystem, which mry bo roctanguler t¡mb€r. round timber, o¡
¡ttol boam¡ (fig¡. 7-1 andT-21.

b. Substructu¡e. lntermediato s{¡pport¡ for the srperstructuro m¡y be
t¡mbsr bent¡, timber pien, p¡le bontr, or p¡le pion, or a combination of thaæ
¡/pporB {f¡g.7-ll.

toN 7-2.

A

\
b
bc

b-p
b¡ill
Bpt
d

dc

d-p
op
H

Hp
Hm

NOTATIOI{S

- Area (in2l
- Eearing area of pon or pile (in2l
- Width ol strinçr (inf
. Width ol corbel (inl
- Width of cap (in)

- w¡dth of ¡ill (inl
- Width of traaring plate (in)

- Total dopth of strinçr (inl
- Depth of corbel (inl
- D€pth of c¡p (inl
- Diameter of pile (in)

- Height of timbsr bent post (ft)
- D¡stånco from fixed point to point of lowert bræing
- Max hei, rf pon (fr)

HOIMAt ClAS¡ + OVEntOAD = IE^ApOtAty CT ASS

ló+J=19
Figure 5 - 3. Expedient class overk¡ad
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kiP - 10fl) lb¡
I r Sçran length (ftl

h - Effoct¡vr co¡brl tongrh (ftl

h - Effectivc rgrn hngth {frl
Lf,C . L¡neth of footing (inl
Lm - Mex rprn length (ftl
l-pf_ - Lengrh of bearing plate (inl
MOU - Ocad lo¡d bending mornant for entira ¡pan (kip-ft)
Mt_t_ - Liw load bending moment per lane (kip--ftl
m - Tot¡l bond¡ng moment per rtrinçr (kip-ft)
Mc - Tot¡l mornant act¡ng on the corbel¡
mDL - Doad lo¡d bending moment per srrinær (kip-fr)
mLL - Liw load bending moment per strinçr (k¡p-ft)
Nb - Number of brace¡

Nc - Number of co¡bel¡
NL - Number of lane¡

Np - Number of pæts or piles

Np, - Theoretical number of piles required
N¡ - Nunrber of stringers

Nt - Effective number of strinçrs per lane
N2 - Effective number of strinçrs per lane for a 2-lane bridç
ø - Diameter of pile (inl
Pb = Capacity per pile based on end-bearing n¡pport
PÍ = Câp8c¡ty per pile for triction $¡pport
PT = Total dos¡gn load on s¡¡bstructure (kipsl

t - Maximum spacing of bracing (ftl
Sx = Center to center spacing of component ,,x,, (ftÌ
tpl - Thickne¡s of boaring plate (¡n)

vc
YG

vor-
vLt
YLL
YDL

vLL
¡YR

¡vs

r?0

- Tot¡l ù¡¡r ætir¡ on the corb¡b
- Sho¡r c¡p¡city ol ono corürl
- D¡d lo¡d *¡o.r for ¡n¡¡ru rp¡n (kip¡l
- Livr lod drerr pcr l¡n¡ (kip¡l
- Tot¡l úc¡r por n¡iqor lkþ¡l
- D¡d lod drr pr ¡tringrr lkip¡l
- Livr lo¡d dp¡r p¡r ¡t¡i¡¡grr (kip¡l
- W¡dth of rordwry from in¡id¡ curb to in¡id¡ curb (ftl
- tryidtñ of corrc¡¡t¡ dô (ftl

(Do r¡ot round olf I

ROUND OFF RULE: Round the v¡luo down to tho nearo¡t whole number il
thr d¡im¡l i¡ 0.(D or l¡¡, oth¡rwir round up. Ur
thi¡ rul¡ throughort rrtrorr nolad w¡üt ¡n r¡tr¡ht (.1.

7-3. EUPERETRT CTURE DESlcf{ (T¡mbr mrl EDt Srran¡rn}

4- Stringer Selcctl<tn and Desþn.
(ll St¡p l: D¡torminr tho m¡ximum rpm longth, L., of the ttr¡ngêr¡

¡v¡ilablc from ¡¡blo 7-l or tabh 7-2. Cf¡oor only thor
nringrn with rn Ç vrlut: thr tprn ler¡rh.

NOTL: DeJgl¡ cornpu¡¡d ln rfrir cheptar .ro not
om¡fv¡t¡ur.

169

l2l St¡p 2: DetÊrmi¡r tho numbr ofrequirrd ¡tringor¡:-wR
'N¡-ã +l (llinimumN.-¡f

O¡tsmino tht cl¡¡r-to-c¡ntor rtrinpr pæing:
IYR
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Tahle 7-1. hoperties of Timber Srringers

Ftgutc 7-1. Títnbcr teulc brid3e'

r'1

ml
l.- r -l Ft1

'd'*fi ÍEY TO SYTAOLS:

0 olarÉlER. LAÍEBAI ARACIf{G REOUIRCD Af TIO$OINT AIID EÎ{DSOF SPAN.
I¡) FOR RECIAHGULAR SIRIilG€R M)T LI6TEO. ñ . U¡ . TOR ROUNO SIBINGER t{OT

LrsTED. m-.¡ú¿d¡ Slll.¡a, Cr¡tt-¡¡¡ll¡¡¡l Itl..l Ct...-...1¡..1

nSu¡. 7-2. Stñntcr dlmc'tsions'

tht

lel

foR REcrailcuLAR sTRtfi¡cER ¡<)T LtsrEo_ r - 99 . Foß Rout¡o srntitcen lrol
LISIÉO. v- (I¡dz 10

ÉOR SIRINGEñ NOI LISTÉO. L - l.l9d
m
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ACTUAL
stzE
lô¡d,

ln,

(.)
mox€ilT
CAPACIIY

{lD lr}

tb)
S}I E AR
CAPACITY

lr'Fl

lcl
taxrruil

SPAN
LÉHGIH IL-

llrl

{.}
TOIIENT
caP^ctfY

ll9{r}

tbt
SHEAR
caPAcrlì

lrpr)

{cl
TAXIÍUT

s?Ar,l
LÊ¡GTH II

lltl

irz€
b¡d)

(h¡

a¡8
a¡ l0
a¡ 12

Ax 8
6¡rO
6x 12

6¡ la
6¡ 16

t¡ r8
a¡S
t¡ l0
8¡ 12

6r ra
t¡ 16

t¡ rt
t¡ã,
8¡22
l¡2a

l0¡ l0
l0¡ 12

¡O¡ ra
l0¡ 16

lO¡ I8
l0¡ ãt
lO¡22
lO¡24
t2¡ 12

a.â3
r3.al
r 9.20
12.t
20.0
28¡
39.2

61.2
64.8
17.O7

6.7
3a.4
52.3
64.3
a6.a
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I 29.1

r53-0
33.3
aa.0

66.3
85.3

Irt-o
r3.3
16r.3
r92.0
57.8

3.2
a.o
a.8
a.8
6.O

,.2
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9.6
to.a
8a
a.0
e.6
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ta.a

9.6
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9.ö
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23.8
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2A-2

2t.a
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12t22
12¡2a
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14¡1ô
la¡lt
ta¡20
L r22
la¡2a
16¡rG
16x 18

16¡20
16¡22
16r2a
rAr la
18¡ã¡
1ax2
llr2a

EO
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r00
tlt
l2't
r30
rat
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l!ó
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lqt-6
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r72.6
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ã)
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t¡.a
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2..O
26.,4
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32.a
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22.4
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ß¡ lql 3; Drrrm¡rr tha affrct¡v¡ numb¡r of rtringoru for or'e wa¡'

lil¡l rnd two- w¡y (N7) tnffic: lFor ¡ or¡-wtr bridg¡

oanpuu onlY N¡.I
6ilr.;¡+ r

N2-% N¡

(Do not round ofll

lDo mt ror¡nd offl

t{t
th¡ ¡n¡llrr ol N¡ or N2 lor rll furthcr c¡lculrtir¡¡¡¡'

Sç 4: O¡trminr thr liv¡ lod ¡norrrnt p¡r l¡no, M¡¡. frorn

figrrr 7-3.
Ca¡o¡bta ¡h¡ liw lod moflrnt p.r ¡tr¡ngJ. mLL:

Mtt
Tlnùrr Striqrr : m¡¡

N1 or N2

t.l6 (MLLI
SDI Stringü 'tLL'Fr-

(õt ôtT 6: Ootcrmine rho dead lo¡d monrsnt, Mg¡, for thc entire
rprn from fipre 7- 4.
C¡lc¡¡l¡t th. d.åd lod mornent por nrinçr (mg¡l:

Mot
.DL.î._

St g ô: C¡lculat¡ tho total n¡oflìont required (m¡6ggl aer
ürir¡or:
mREOD'mLL + mDL

Compro tho tùt¡l required momeôt (m¡6¿gl with the
mornont cepæity (ml of ¡hc derired rtringor for.¡nd in
Î¡bh 7-l or tËbh 7- 2.
(o) lf thc monrcnt capecity (m| ir greater than th6 totôl
nquircd morn€nt lm¡¡qg), a rnomon¡ f¡ilure will not
occur. Prococd to StoP 7.
(b) lf th. momont caprcity (m) i¡ le¡s than the total
required momont lm¡6qgl, add one frinçr and raturn
to Stop 2 or ¡oloct r rtrinçr with ¡ moment capæity
gt¡rt¡r th¡n thc r¡quirod rnomont.

t6t

Figure 7-3. Live load moment gruph.
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à

trv¡

I

I

I
ûrbr1¡ [ rr{l¡r;
Yrtttñ

Õ
t
I

I

t7t

t80
For an unlisred ¡tãrl stringsr:

m=2.25a, rut¡+$l
For an unlisted t¡mber 3tr¡ngor:

bd2
t)

di - dspth of wsb

ç - thickness of web
t¡ = thickness of flanç
b - width of ;trinçr
d = depth of ¡tr¡ngpr

Step 7: Determine the live load ¡t¡e¡r per lane (V¡¡l from figure
7-6.
carcurate the r¡ve rod "".ii'f;::il:ir
rimberstrinçr' ".,_= *-bõ¡il
Steel Stringor , ,LL - 1+

Step 8: Determine the dead load úre¡r por ¡p¡n (Vp¡l from
figure 7-4.
Calculatg the dead load *rear per 3tr¡nger (vDLl:

,or-þ!
Ns

Step 9: Calculate the totrl *rear required (v¡6gpl por 3tr¡ngor:
vREæ'YLL + vDL

Compare the total required shear (v¡Eqg) with the *rear
capacity (vl of the de¡ired ¡tringsr found in tsbl€ 7-l or
table 7--2.
(d lf the shear capacity (vl is greater than fte total
required shear (v¡6qgl, a *¡ear failun will not occur.
Proceed to Step lO.
(Ð lf the shear capacity (vl is less úran rhe total
required shear (v¡Eqp), select a different strinçr with a
: capæiÎy grsater than tho total rsqu hear,

(8t

E
I
I¡

E!r9
bË

ii

ir åt ¿l El: lu !u iET EÏ E! ¡

i iir Éii Ë!i '
Fl¡uc 7-1. Dcd bd momenl o d shesr'
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aò
I
I

E.
a

¡T¡
a
g
I
J¡

a
o
U

-

(101 Step

For an unlisted steol stringcr:
v - t6.s(d¡\¡ll

For an unli¡ted t¡mbor ¡tring€r:

v_bd
t0

Where:
d - depth of strinçr
b - w¡dth of strinçr
t-. = th¡cknsss of wob
ld Det¡rmine tha number of lateral braces required

between adiacent frinçn:
Tirnber: Determine if brace¡ are required from table

7-1. Minimum latenl bracing maær¡ål ir 3" by |åd of
th€ str¡nger,
Steol: Lateral brace¡ are alwayr required with steel

strinçrr. Spre brace¡ along span length evenly.

Minimum bracing materialz i¡ '/t" by %d of frirrger.

number bracer: N6 -{ + t

ll: Bearirrg plate d6¡gn (fig. 7-6) required for ¡ll 3t8ol

strinçn (not roguirod for timberl'
LpL - bcap

go, - 3!5.EOQI (Rornd up ro nearo¡r whota inch.l
rL LPL

NO16: Minimut Bpt'stringer flanç width

,ra -1*l (Round up to nearert r/¡")

{t1l St€p

t¡}.orH ot ¡tall Da t¡¡r

Figure 7-5. Liw tM sheor gruph.
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It¡¡l ¡la¡a¡o artrr ¡tr¡xoll

g

I
9rZ

;
-l

q

Zax
9r
F¡
oz;.(,
g

ô
I

,'t' rt>t
/

I

A'r
trall

oll

+"

It¡\

t¡¡atl c^?
20 lo ao lo ao t2

ST¡INGER SPACING IN INCHES

Figure 7-7. Decking chatt.

Figurc 7-6. Ecuing Plate. 2"I¿" åAl¡OlAlt

¡a"I¿" llAXDIAlr tO¡rt

l"¡¿" rxaa.¡rAct¡

ä. Dcctiry, Tiedway, Cu¡bir, and Handruil Design.

St g 12: Doterminc thr required decking th¡ckn65¡ from tho
decking chrt, figurs 7-7, u¡¡ng the derign cla¡s ¡r¡d tho
¡tr¡ngår ¡påc¡r¡g in inche¡. Add two inchs¡ to the
roquired thickno¡¡ ¡f two or more layers of plank
decking arå requ¡rd. (Two inche¡ i¡ added only ONCE
rogordlo¡¡ of numb8r of layerr ståckêd.l Abr¡lute
m¡n¡mum dæking th¡ckna¡ i¡ 3 inclr¡. For ttesdwåy,
u! ¡t le¡¡t 2-incfi m¡t¡ri¡|. For c¡¡rb ud handrail
d¡iF, t liryn 7-8,

"¡ó" cul¡rxo
"Ir2" CUI¡ lr¡al¡

fta^ow^yl¡t D.rla¡l

l+-- r..o.. OtCflXO ll7 Dorl¡rl
¡1..4.r..t 5tl lrcl 2lrrll

cigure 7-8. Hand¡ail and curbing.
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7-+ $TBSIRUCTURE DEEIGI{ (ant rÍ.da¡t. E¡efort¡)

Ttrtbc¡ Tnstlc Scnt Desþn UE. 7-9).
Table 7--3. PropertiesoJ Timber Posrs

Dlrtt ttx
ttr¡tl cA?

," ¡cal¡txo

t¡åttt rot¡
¡" l¡^x¡Ytt¡t

¡lACrxo

il¡¡tr toortrao

¡lrltr lll1 (31 Step 3: Determine the design load acting on the cr¡t¡c¿l s¡Jpport:
(u) Using the design class and L", determine the l¡ve
load st¡ear per lane (V¡¡) from figure 7-5.
(b) Using the arljacent span lengths, L1 and L2
separately, and the type of superstructure involved,
determine the dead load shear (Vg¡) from ligureT-4.
(c) Using the number of lanes (N¡), the live l<¡ad shear
per lane (V¡¡), and the dead load strear (V¡¡), compute
the total design lcad, P1:
P¡ = V¡¡{N¡l + VO,_ (in kiosl

step 4: oetermine the maximum load that one post can supÞort,
"capacity p€r post", from table 7-3.

Step 5: Determine the number of posts required (No) and the
center--to- center post spacing (So):

P-
'No= _-*: *(Note: For a pier use %PT.lr capactty/posl

W¡x12
S^ =-- tlncnes,Np-l

tlt

Figurc 7-9. Timbe¡ ¡restle bent-

Stæ l: Determine critical ¡upport by finding the off€ct¡ve span

hng¡h lhl for eæh intermed¡ato ¡.Ipport:

h' Lt + L2 (erm of adjæent span lengths)
The r¡'pport for which Lu ir the greatest will be the

criticrl lrpport, which mus¡ be dosigned.

St 9 2: Check th. port haight (Hl of tho lallest sr:pport agøinst

buckl¡ng. Pon mun be cho¡en from materials available

lminimum port rize i¡ (6 in. x 6 in.l Fir¡d themaximum
p6t h.aght (H.l in uble 7-3.
ll Hm > H, buckling will not occur' Use horizc¡ntal brace¡

¡t m¡dpo¡nt. or ¡olôct a larger port if H,n sH.

NOTE: All bracing on intermediate ¡.rpport¡ ¡ttould be

bolt d to port, o¡p. ¡nd ¡¡ll'

(4)
t2t

(st

t85

S¿¡ ol
¡o.t
(hl

.rcæ¡V
¡rr Port
lk¡e.l

Mar.
H.aût

(ft1

Siz¡ ol
P¡b
(h)

CAôc¡ty
P¡ Piþ
(kipr!

¡lu.
H.hñl
(ñl

tx6
6¡8
6¡E
8¡lO

lOr lO
l0r 12

12\12

t8
21

32
¡þ
ó0
q)
'rt

r5
r6
20

m
26

26
30

8l
91

lo+
It+
120

130

l¿lo

25
32
¡¡O

47

66

ô8

76

t8
20
22

25

27

z9

3t
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3oo
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c
3
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óo

50
(0t 6tap 6: Chock ma¡¡mum ållowabl€ osnþr'-to-oonter spåc¡ng of

port¡:
mrx So - õ ldcaol (inchecl

lf mri S" < d, üdd pols unt¡l max Soà So or uæ a

c.p wlth i lrrç'r d""o dirncn¡ion-

NOTE: Abrnrlv¡e minimum size cap and ¡ill is 6 inches by
E inoñe.

Sr¡p 7: U¡ing tho avå¡lable footing material thickness in inches

and ¡ho rcil- boaring capacity of the s¿il on which the
looring ir to rs¡'i (tåblo 7'-41, determine the "K" value
from figure 7-10. Th¡n calcr¡lat¡ ths maximum
rllow¡blo footing length, max Lfto:
oar LftC'k+b¡¡t¡ l¡nchs¡l

a¿
C

.s
x

ao

30

20

¡o

o

Iil

21óttot2ta¡ótE20
SEC (liprlrq. fr.)

Àlqx L = f + htrc - 5[t
,$tNtmuñ wtorH of FooTtNG t2"

Figure 7 -I0. F<totingt.hurt.

Step 8: Using the soil-bearing capacity, (SBC in kips/sq ft) and
the ground contact area of one footing (GCA in sq ft),
compute the capaciry of one footíng.
Capacity/footing = (GCAI (SBC) (kips)

Step 9: Determine the nunrber.of footings 
T:qu¡.red 

(N1rnl and the
center-to-center foot¡ng spacing (S¡rn):

P-
'Ài- =rrg capacity/footing

NOTE: For a pier use TzPT

Tuble 7'-4. Soil'-Bearilry CUN'itv (8)

TY'C 80rL - 60c

Hrd9ao oûllying .oc¡ 2a

V¡Y trrgæ¡ gùdy ¡frEl 20

!@ erEl.od sÚY g.dl
comoæ¡ std and erEllv
srd; üv cmpæl tand n
demE rlt þ¡l¡ 12

Hrd úy ænrcl¡d.r¡d cbv to

L@r Cdra ¡o mdrum gtd,
ßf,drú mpsr l¡r rand I

Cdngrt rrd cl¡y 6

LE tifl gú. r¡adtum cm
9rt rú'¡mrem¡c r¡lt D¡l¡ a

firm q ¡rill clry 3

l,E r¡urrrad ¡od{l¡Y þll¡.
ñadruñ oll cl.v 2

(9)

wR(12)
s¡lc = t"rro _.,l (inches)

N07'á. Minimum number of footings is equal to the
number of posts.
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b. Timbc¡ Treslle Pier Desrga. Design of a timber trostle p¡er is identical
to tho dor¡gn of ¡ tirnbor tro¡tle bont EXCEPT that each bent isdesigned for
oñc-half ¡h€ tot¡l load. Theref¡¿rs. uro %P1 in paragraph a, ¡tep õ, and ¡tep
0. ¿l rinrber lror¡lo p¡or, ¡¡ ¡hown in figurt 7-t l, wilt be u¡od wh¿n load¡ are

too gfort to bê côff¡od by a ringle bent or ¡pan langthr rro greater than 25
loor. ln add¡t¡on to th€ nine derign ¡rop¡ follow€d for the dorign of each

bilt, a commafl cap and corb€l derign murt bd m3d¡ for a pier.

(3) Step 11: For design of corbels, check ratic of corbel length (L.l
to depth of corbel (d") to derermifle if mome¡lt or slreãr
governs.

Lc
lf 

- 
< 12, shear governs, proceed to step 13

dc

lf Lc > 12, moment governs, proceed to step 12
dc

(41 Step 12: Determine the numbcr of corbets (N") required for
moment by finding the total moment-acting on the
corbels (M") and the moment capacity of one corbel
(m"):

Pr( Lc)
M" = -;_ (fr k,¡ps)

Determine m" for one corbel from table 7- l.
Mc

N^ =- procced to Step 14tñ"

(5) Step 13: Determine the number <¡f corbels (N.) required for shear
by finding the total shear acting on ihc corbels (V.) and
a¡ìd the shear capacity of one corbel (va):

P-
v. =;! tiios)

Deternrine v. for one ccrrbel from table Z-1.
vc

N^ =-
Vc

(6) Step 14: Determine the cerìter- to cenler spacing uf rhe corbels
based on the requtrtld number of corbeis (N") as
determined ¡n Stefrs l2 c.;r l3:

wR(12)
S" =:--- (inches)
" N,,-1

CA?

t
¡rtt ?Û{¡

CA'

¡cAa¡rxo
toxo¡ruorNAt

¡lACt¡
to¡r

rl^xtvar¡l
IIACI

¡ttl

toorrxo

0l

t2t

hryurc 7 I l. Ttntber lrestlt pier.

Step I through Step 9: For cap, sill, posis, and fooling clesign for
bents, s€e paragraph a.

Step l0: Determine the effec¡¡ve corbel length (L"l:
L" = effective corb€l length

ÀútIô'. Minimunr L" = 1/6HO or l/6 H
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æo

l7l Et¡p l0¡ D€torm¡n! th. m¡n¡mum depth of ¡h€ common côp
(dc¡Dl and thr mininu¡m width ol t'l. cornmon crp
lbc¡ól

sc
man dcap.-

2Pt
min bo*'-

iVOIf: Abplur m¡n¡mum ¡iro con¡mon cap i¡ 6" x 8".
c. FIc Eent Þtgn (fit 7-IÐ.

(1)

(2t

(31

192

Step 1 through Step 3: Determine tot¿l load {P1} on critical
support (Para a).

Step 4: Determine the capacity per pile (P6l based on
end--bearing suppon from table 7-3.

Step 5: Determine the capacity per pile (P¡) for friction support
from one of the following dynamic formulas for timber
piles (formulas based on test pile data or stat¡c formula -
u¡e lowest value)

Drophammer ,, =lloxil(s + 1.01

Single- Acting 2(Wd)(h)
Pneumatic or Pt = 

-

Dioset ¡5 + 0.11

Double- Acting 2E
Pneumatic or Pf = 

-_
Dieset (s + o'11

StaticFormula P¡= Ðf(rDOLn)

W¿ = weight of drophammer (kipsl

h = average height of fall (ft)
E = work energY of hammer (ftlkip)
S = penetrat¡on of pile per blow for last 6 blows
(inches/blow)
f = friction coefficient from TM 5-312
L^ = length of Pile in soil laYer

Step 6: UËing the smaller of the two values obtained from Step 4

and Step 5 for the capacity per pile, determine the

effective number of piles required (Nor):
PT

N - = æ (Do not round cff)
Pr Allowable capacity pile

Fþutc 7- I 2. Pilc bent.

NOTE: Pilc typo ¡upport¡ ¡t¡or¡ld be u¡od in¡tead of footing type
l¡pport¡ wh¡n ¡i¡c condition¡ ¡re ¡ffec¡sd by deop wator or ¡wifl current
curing æour, low c¡pæity ¡oil or¡r- hying rocl, or uncon¡olid¡tod ¡oil
wiüi lry r¡il-.b¡rring cepæity.

(41
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{õl SÚp 7: Dctarmino the çæing to diameþr of pile f¡tio fSo/Dol to
minimi¿c r posible ovorlepping of prcuurc bulb¡ dh¡ctl
c¡n rod¡ca thc c¡p¡city ol tht pilo:

å-þI',' _
D9 lNpf - tlDp

N¡

NOTE: Fot tpilc PIER, ¡r¡¡¡ti¡ute5r for N^,.
2Pr

194

lF: Acûral Sp > s(dcapsl Add more pilet and check max

and min çacing or increase depth of c-ap, 
-

Calculate new SO/DO ratio batod on Np' Uss.æproprlato

pile chart to obiain'N* uring reverse procedure u¡ed for
Np.

Þ_ wr(12)

Dp (Np - 1)Dp

rt,!> lo
Dle

5..
Dp

Each pilo developr full capacity.
Round Npr off ¡¡d continue ro Srep 9.

Ur a pile pirr derign.

ü;f:'lf;ool(pit'/'o* 
and repeat step e untir N*:

d. Ptle Pier Design ff@. 7-13). o¡rrr trt

corrox cat

t6l

¡sbsro capacity i¡ reduced duo trr pr€¡sr¡fs
Dp bulboverlap. Continue to Stop 8.

St€p E: Ootormine the actual number of piles per row (Nol from
the appropriate ch¿n in figure 7-14, using No, obtaòned
in S¡¡p 6 and So/D, R¡¡io obt¡in¡d in Step 7.'

NOlár Minimum NO = {.

Step 0: Calculate ætual center--to- oonter spacing of piler and
chek rpæing limit¿tion¡.

W¡x12
Acru¡lS^= 

, 
(inche¡lP (Np- I

Minimum $o - 3(DOl (inche¡)

Maximum SO = S{d""Ol (inche¡l

lF: Acûd sp <3{Dpl 
l:::t^ 

. step 7 arld desisn a pile

t7¡

Figure 7-13. Pile Pler.
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oN

lll St p t $rough St p 3: D.tcrmin€ totål lo¡d lPrl æt¡ne on ürc
cr¡t¡cal s¡pport (ro p¡r¡ ¡1.

(el E¡rp { th¡ough St¡p 0 lp¡ls dsrign bared on gacing criterial: ln
StEp 7 ¡lb¡ritutÊ 

'{NDr 
lor No, end in

Strp I ur ¡he two--dent pile þier chan
in ligur 7-.1¡1 to determino tho actual
numbÍ of pil¡¡ roquind pt row (re
paf¡ cl.

196

(31 Step 10 through Stsp t5: De¡ign common cap and corbel rystem
(para b).

NOTE: Plle piers should be used in low capacity rcils
where pile bent¡ do not give the required

:T"f'JI",'*î:t,¿t 
j:'¡;':rux'äïÏ:

'-.5. SUBSTRUCTUREDESIGN

¿. See figurer 7-15 through 7-18 and table 7-5 for selection of
.butments.

b. Deodnun Design. For deadman desþn, see TM 5--312.

NOTE: Jf l¡ms does not permil I detailed deadman design, use ar least
4" diameter deadman at least as long as the roadrmy width. lt Crould be
ttachod to the abutment with at least ten l/r' diameter cablgs. The
leadman st¡ould be buried 4'deep and placed 2O'from the abutment,

I¡t
¡a
to
a

Iô
o
i
a
aI

a
a
c
a
t
o
a

E

o
-
a
fã
a

a a I ta llta
¡ll l¡lr Ot ñu¡ ltt¡
l¡l ll¡OU l¡¡l

aa¡lottl.
l.ua¡¡¡ O, tlra¡ t¡r ¡¡¡¡ lxrl

(ll ruo ¡¡xf tlll

Ftgu¡c 7-14. Pile clurts.
L-igure 7- ;,5. Concrele øbutnenl"
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TYPE HEIGHT stTE coNorTroNs DESIGN REMARKS

CONCRETE

AEUTMENT

TO 2l)'. MOST PERMANENT TYPE.

USE ON FIRM BAÍIKS T'IIÍH
GOOD SOIL.

FOR DESIGN. SEE IM 5- 312.

TIMEER SILL
ABUIMENT

TO 3', MOST ECONOÍIIICAL ANT)
EAS¡LY CONSTRUCTED.
USE OfT HIGH, FIRM BANKS
wrTH GOOO SOtL.

DESIGN IS IDENTICAL TO TIMEER
TRESTLE BENT WITHOUT POSTS.
Le COî¡S|STS OF SUPPORTED SPAN
ONLY (PAR ô1.

TIMBER
BENT

TO 6', USE ON FIRM BANXS
wtTH GOOD SOrL.

DESIGN IS IOÊNTICAL TO TIÀ4BER
TRESTLE BENT. Le CONSTSTS OF
SUPPORTED SPAN OULY (PABA ¿).

TO PREVENT OVEßTURNING, USE

DEADMAN.

PI LE
AEUTMENT

TO rü USE ON GENERALLY
SLOPING BANKS WITH
POOR SOrL CONDTÍTONS,
WHEN STABILITY IS DE.
SIRED, OR VYHEIÚ BANKS
FLOOO FRÊOUENTLY.

DESIGN IS IOENTICAL TO PILE BENT.
Le CONSTSTS OF SUPPORTED SPAN
ONLY (PARA c). TO PREVENT OVER-
TURNING. USE DEADMAN.

Table 7- 5. Abutmenl Selection Guide
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Ferry crossing, Rio Condeias, Brazil.
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Introduction

The original Bailey cquipment was designed to form a simple
through type bridge. That is to say, the roadway is carried betwéen
two main load-carrying girders.

The main girders are composed of a number of identical Bailey
Panels pinned together, end to end, and connected where necessary
side to side, to form continuous stiff girders from bank to bank.

Road bearers, called transoms, are laid across the bottom chords
of the Bailey panels, connecting and spacing the main girders apart,
at the same time carrying the subsidiary steelwork supporting the
roadway. Various bracing members and decking units completè the
structure. The Bailey System includes several alternative decking
systems. While timber decking is used for temporary bridges, a
steel deck unit system allows Bailey equipment to be used for the
construction of permanent bridges. These steel decked bridges are
designed to take a road surface such as asphalt.

Bailey equipment can also be used vertically with equal facility
to form piers and towers.

A considerable erpansion in the range of components enables all
types of bridges to be constructed. Deck type bridges, multi-lane
bridges, suspension bridges, bow string, and arched bridges can now
be constructed using Bailey equipment.

The same equipment is successfully employed throughout the
world for all types of engineering structures where in the past
normal steelwork has been used.

All components are jig manufactured to precise tolerances and
all units can be reasonably handled both by hand and crane. The
speed of erection for Bailey equipment allows for rapid construction
in all types of structures, with a guarantee that all parts will fit
together easily and are interchangeable. Bailey equipment now gives
a comprehensive unit construction system.

In all types of structures the Bailey panel is the basic component,
and the manner jn which the panels are grouped together determines
the load which the structure will carry.

The unit construction principle allows for the rapid construc-
tion of temporary support work which may be required in the
construction of the Bailey structure itself. In the case of beams
(bridges, centering work) a false "nose" constructed of the same
Bailey panels is added to the main structure, and allows the beam
to be rolled or launched from one support to the next, with the nose
acting as a cantilever. Cantilevers up to 260 ft. (80 metres) have been

8S
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achieved. The range of Bailey components covers the rollers and
erection tools requirod.

Part I of this book covers the general techniques and con-
struction detail for the various types of Bailey bridges.

Pert II of the book covers general principles of design for
various types of Bailey structures, and is laid out to enable the
engineer to design with speed and accuracy for any type ofconstruc-
tion. This section also gives tabulated data for easy reference.

Pert trI of this book covers the Uniflote equipment which has
been introduced by Thos. Storey (Engineers) Ltd., one of the Acrow
Group of Companies. This unit flotation system can be used both
alone and in conjunction with Bailey equipment to give economic
and speedy erection for many types of marine engineering works.
The Uniflote has been adopted by Public Works Authorities, Civil
Engineering Contractors and Armies throughout the world. Uniflote
equipment is used for the construction of ferries, lighters, drilling
platforms and for the flotation of land-based engineering plant,
allowing the equipment to give the same performance over water
that would normally be expected on land. The need for specialised
floating plant is, therefore, reduced.

l0
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How to Select a Suitable Bailey Bridge

selection of the most suitable typc of Bailey Bridge to solve
any particular problem depends primarily upon two faciors:

l. The length of span requircd.
2. The weight and size of thc load to be c¿rried.

^ - 
I. can always be determined quite accurately and is the width

of the gap to be bridged plus a suitable distance óach end to allow
the loads from the bridge foundations to spread into the suusoit.

2. Is sometimes known specificall¡ at other times has to be
estimated. The former is the case where a bridge has to be designed
to conform with some standard bridge loading óf a national or iocal
authority; it is also the case-where a bridgeìs to be built to carry
some specific heavy load which an existing bridge is not ,trooi
enough to support.

Very often, however,_ a bridge is required for a secondary or
minor road, to deal with local traffic of J mixed character. In'this
case' some decision has to be taken as to the most economical
maximum load for which the bridge should be designed. signboards
are then erected limiting the loads which may cross, ãnd the
occasional heavy load has to be re-routed.

The actual load must be known in detail as to the number and
spacing of axles, the load on each axle and the maximu. *nr.t
load. The latter will be required to determine both the maximum
stresses in lhe main girder and the type of decking system to be
employed. It will also determine what width of roadñay is required-

Bailey timber deck is designed for a narimum wheel låad of
6 tons.

The stecl deck is designed for a maximum wheel load of ll|
tons.

These loads are based upon the normal size of road wheel;
some types of modern heavy contractors plant are ûtted with giani
pneumatic-tyred wheels and it can happen that such a wheel, carfuiog
say,12 tons, will have a less severe effect on the deck than a oono"ï
six ton wheel, owing to the very large area of contact obtained with
giant tyres.

Bridges fitted with two transoms per bay will carry a maximum
single axle load of 12| tons, or doubie axlei (at not iess tnan ¿ it.
(1.22 m.) centres) sharing a load of 20 tons.

lVhere axlc loads in excess of the above figures have to be

158
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carried, then the bridge must have four transoms per bay. In this
case the maximum single axle is 20 tons, and such axles must not
occur at less than 4 ft. (l '22 m.) centres.

Once this loading-referred to as the "live" load-has been
determined, it must be applied to the bridge span in trvo ways:

1. To determine the maximum shear it induces at the ends of
the bridge.

2. To determine the maximum bending moment it induces at,
or near, the centre of the span.

Dependent upon the span and load involved, one or other of
these two cgses will determine the arrangement of the side girders-
the number of trusses, the number of storeys and whether or not
chord reinforcement is required.

Since the loads carried on a bridge are moving, their actual
stâtic weights must be increased by a factor-normally termed the
"impact factor"-to cover the additional stresses set up in the bridge
structure due to vibrations set up by the speed at which the load is
applied, bounce of wheels, the effects of braking and accelerating,
etc.

Where bridges are designed to the standard loading of a High-
way Authority, the peræntage addition to the static live load to
allow for impact, will be stated in the regulations.

Where no such guidance is available, the following general
rules may be applied:

For normal, rubber-tyred traffic . 25% impact
For vehicles, such as cranes, excavators

and bulldozers which run on tracks l0l impact
The above figures are for vehicles proceeding under their own

power. Where a heavy load (on wheels) is being pulled slowly over
a bridge by a winch sited beyond tho end of the bridge lÙ\impact
may be allowed.

NOTE: that the figure given above for cranes, is only for the
vehicle driving across the bridge. rJy'here a crane is working on a
bridge-possibly picking up loads over the side of the bridge-
eccentric loads are transmitted into the bridge girders and a much
higher impact factor must be used to allow for the effect of the load
on the crane hook, etc. This calls for a detailed analysis outside the
scope of the present handbook.

The live load determined and the maximum shears and bending
moment calculated and the appropriate impact percentage added,
one additional factor has to be considered. The effect upon the
bridge of its own "dead" weight. Fortunately, with Bailey, this is
no great problem, since the dead weights of all the constructions for
various spans can be tabulated, and in fact, tables have been prepared
and included in this book, which render the calculation of the dead
load unnecessary. This will be explained below.

r59



Once the total cffect of live load, impact and dead load has
been determined, the construction required for the main girders
may be found, observing the following design criteria:

The maximum allowable shear, per truss, ¿t the end of the
bridge (with end post ttted) is:

*15 tons for single storey trusses
*25 tons for double, or triple, storey trusses.
The maximum stress, due to the bending moment, near the

centre of the span, should not exceed basic permissible figures for
steel to 85.968.

In Table 6 the figures for the self weight ofeach type of bridge,
for each span, have already been calculated and subtracted from
the maximum figures given above. The tabulated figures are there-
fore the nett figures available for live load and impact in every case.
Since bridges with steel deck and an asphalt surface are considerably
heavier than their timber decked counterparts, separate tables are
given for the two types. Thus, once the shear and bending moment
figures for live load and impact have been calculated, it is only
necessary to look along the line for the particular span in the
appropriate table to determine what is the most suitable construction
for main girders.

For every bridge it is necessary to consult two tables, one for
shear, the other for bending, and the one which requires the heavier
construction will decide the form the bridge is to take. Generally
speaking, short spans carrying heavy loads are governed by shear,
long spans carrying light loads are governed by bending.

Some examples follow to illustrate the above.

Exarnple 1.
A bridge is required to carry a truck of 25 tons gross laden

weight over a gap of 50 feet. It has been determined that a 60 ft.
span bridge will suffice. The truck is eight feet overall width and
has two axles. The front axle carries eight tons and the rear axle,
which has double wheels carried l7 tons. The axles are spaced 10 ft.
apart.

L A roadway width of l0 ft. 9 in. will suffice for this vehicle,
therefore use Standard Bailey.

2. No wheel load is greater than six tons; thus timber deck
may be used.

3. The maximum axle load is 17 tons, requiring the bridge to
have four transoms per bay.

*For Standard and Standard Widened bridges of Triple Truss
construction, since the trusses are not equally spaced, the total
allowable shear at the end of bridge has to be reduced to allow for
mal-distribution. See Chap.2, page l7l.

160
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Celculations for Sherr end Bending.
l. Calculate the centre of gravity of the load, by taking

moments about the 17 ton axle. Then the total moment, divided
by the total load gives the distance ofthe centre ofgravity from the
17 ton axle.

l7x 0:0
8 x l0:80

25 tons 80 tons ft.
80 tons ft. + 25 tons : 3.2 ft.

2. Position of load for maximum shear is when rear axle has
just entered on to the bridge.

Max. shear at Right-hand end :25 x 56.8 : 23'7 tons

t
Add for impact,25/o : 5'9 tons

29'6 tonsTotal live load and impact shear

3. Position of load for maximum bending moment is when
the centre line of the span is halfway between the centre of gravity
of the load and the heavier axle. The point of maximum bending is
under the heavier axle.

16t

CENIRE OF GRAVIfY



Compendium 4 Text 6

Right-hand reaction :25 x U
60

B.M. under heavier axle : tl'83 x 28.4
Add for impact 2S/o

: I l'83 tons

: 336tons ft.
:E4

Total Bending Moment, Live Load and Impact ã-too, ft.

From Table 6b
On a 60 ft. span, Single Single will take 24 tons shear
Double Single will take 5l tons shear
Single Single Reinforced will take 22 tons shear

From Table 6a
On a 60 ft. span, Single Single will take 319 tons ft. bending moment
Double Single will take 683 tons ft. bending moment
Single Single Reinforced will take 720 tons ft. bending moment

Neither Single Single, nor Single Single Reinforced has sufficient
capacity to take 29.6 tons shear. Therefore Double Single must be
used: this is also adequate for bending. Therefore specification of
Bridge is: Standard Bailey, of 60 ft. span Double Single construc-
tion, four transoms per bay, timber decked.

NOTE: that in this particular case, the minimum construction
which could be used is Double Single, since four transoms per bay
cannot be fitted to Single Single or Single Single Reinforced
constructions, without the use of Transom Clamp Mk IV with
attachment (TSBB. 665 &.666).

Example 2.
A permanent bridge with an asphalt road surface has to span

160 ft. and to carry a train of three trucks. Each truck will have a
gross laden weight of 16 tons and its load will be 14 ft. wide and
will stand 16 ft. above road level. A clear distance of 20 ft. will be
maintained between trucks while crossing the bridge. Each truck
has a front axle carrying four tons and a rear axle carrying 12 tons,
the two axles being at 12 ft. centres.

l. The width of 14 ft. requires the bridge to be Extra Wide
Bailey with a clearance between side girders 15 ft. 8 in.

2. Since this is a permanent bridge, with an asphalt surface,
steel deck will be used and it is considered advisable to
stagger the ends of the units to avoid any tendency of
cracks developing in the asphalt.

3. According to the axle loading, only two transoms per bay
are required, but if the ends of the deck units are to be
staggered, tlvo transoms are required at the junction of
each bay. Only one transom need be placed at the centre
vertical-therefore use three transoms per bay.

t62
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Cclculetions for She¡r end Bending.
l. Calculate the centre of gravity of the load.

jI' ltr l4r f 
2r r' rr''

L-,, f,, +=JrL-,, 
-L-,, 

-]

C.G. from let't-hand end: 4x 0- 0
12 x 12: lM
4 x 32: 128

12 x 44:528
4 x 64:256

12 x 76:912

48 1968

1968 + 48 :41 ft.
This is 3 ft. from the nearest heavy (12 ton) axle in the central

position.

2. Position for maximurn shear.

125'

Shear is a maximum at the
enters the bridge.

+a*ffi:
riglrt-hand end as the last 12 ton axle

Add for impact 25% :
37'5 tons

9'4 tons

46'9 tons
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3. Position for maximum bending.

This occurs when the centre of gravity and the nearest heavy axle
are equally disposed about the centre line and is a maximum under
this heavy axle (at x).

Righrhand reaction : +S x ffi
B.M. at x :23'6 x 78.5

-(4x20*12x32)

Add for impact 251

23'6 tons

: 1852 tons ft.
: _467 ,, ,,

1388

347 ,, ,,

L73s ,, ,,

In Table 8c against 160 ft. span, either Triple Triple or Triple
Double Reinforced have a sufficient reserve of bending moment.
Checking the shear for these two constructions against 160 ft. span
in Table 8d shows they have an ample reserve of shear strength.

If Triple Triple is used, the top chords must be tied together
with Overhead Bracing. This will restrict the headroom to 14 ft. 6 in.
This construction is therefore not suitable for loads 16 ft. high.

Therefore, specification of bridge is: Extra Wide Bailey, of
160 ft. span Triple Double Reinforced construction, three transoms
per bay, with steel deck suitable for asphalting.
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TABLE 6a
Trsr-B op BeNotNo Mouexts AvATLAaLE ron Lrve Lo¡o, ToNs, Frer.

STANDARD BAILEY. 'TIMBER DECK.

Feet S.S. D.S. T.S. D.S.R. D.D. T.S.R. T.D.

l0
20
30
¿10

50

4tJ7
400
387
370
347

zes ¡oz
759 781
725 754 lll6

60
70
80
90

100

319 683 720
286 633 680
249 576 6t4
206 5ll 582
r58 439 524

to67 1484
1008 1420 1493
944 1347 r4t4
863 1264 t!23
777 ll70 1223

2l 88
2096
I 99t
I 875

2299
2198
2083
1956 2583 2881 Æ25 4443

oo(^ ll0
t20
r30
vn
150

105 359
47 271

460
390
313

681 1068 ttt2577 9s6 990
4& 833 858
342 701 716
210 560 562

1745 l8l5
1604 1660
t450 1492
1284 l3l I
1106 1116

2430 2747 3827
2263 2601 3610
2081 2442 33'15
1885 2270 3t2Z
t674 2086 2849

4268
4076
38ó8
3642
3400

r60
170
180
190
200

! 408 398 9t5 907
224 712 686

1448 1888 2557 3142l2l8 1678 2257 2861954 1455 l9l8 2575ó85 tzZO 1s67 2266402 972 1203 t94l

2to
220
2!O
240
250

t03 ry 817

:'

t59E
1240
855
473

oo
3oo
fg
c
3
5

õt
X

o,
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3
õo
fq
c
3
Þ

o+
X
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S.S. D.S. S.S.R. T.S. D.S.R. D.D. T.S.R. T.D. D.T. D.D.R. T.T. T.D.R,

2q
28
27 55 26
26 54 25
25 52 24 7t

24 sl 22 69 48 87 65
23 49 21 67 46 85 63
224820654,/.8360
21 46 19 63 42 8l 58 lll
20 45 l8 62 N 79 s5 108 7l 74 97 102

53 105 68 72 93 9E50 103 65 69 90 9548 100 62 67 86 92459759648288
43 95 56 62 78 85

s9 75 82
57 7t 78
54 67 75
5l 63 1t
49 60 68

39 46 56 65
52 6l

58
55

TABLE 6b
TlsI-n or Snern Fcncm Av¡,n¡sr..E ron Lrv¿ Lolo. ToNs.

STANDARD BAILEY. TIMBER DECK.

19 43 t7 60 38 77
18' 42 15 58 36 75: t: ii än

51 28 66 40 92 5326 64 38 89 50

:
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l0
20
30
40
50

@
70
80
90

100

lt0
120
130
l,t0
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160
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190
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æo\

(9
(f¡
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oo
3oo
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c
3
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õt
X
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D.T. D.D.R. T.T. T.D.R.
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2203 3090
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TABLE Ec
TrsLE or Bsxpr¡¡c Mou¿¡qrs Avn¡Laslp ron Lnæ Loeo. Toxs, Frrr.

EXTRA WIDE BAILEY. STEEL DECK AND ASPHALT.

1570 t628 2235
l29t 1323 2035
1200 t22E l8l0
990 1003 1570775 768 l3l0

D.S. S.S.R. T.S. D,S.R. D.D. T.S.R. T.D.

2223
2100
I 95E
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l43l 22t5
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Port III

The Uniflote

Introduction to The Storey Uniffote

The Uniflote was conceived as a flotation system based on "unit
construction" principles, whereby numbers of identical flotation
units could be assembled together to form rafts of various sizes

according to the load carrying capacity and usage required. It had
to be equally applicable in the fields of both Military and Civil
Engineering In the former it had to be suitable to support the
various bridging equipments of armies throughout the world, to
enable them to be used as floating bridges or ferries and it had to be
capable of being used as a ferry without any such bridging super-
structure or as a ship-to-shore causeway.

Many of these applications, of course, overlap into requirements
for the civilian field. Additionally here it had to be equally suitable
for permanent installations, such as landing stages, and for tempor-
ary rafts. In the latter case it could be used to carry normally land-
based plant, such as cranes, excavators and pile driving equipment
for use on marine works.

Therefore, in order to prepare a design for the Uniflote, the
following criteria were laid down:

(i) It must be capable of supporting, by easy attachment, tåe
three current types of Bailey Bridging, "standard", "widened", and
"extra wide" and their American equivalents, M I, II and III, the
50/60 and 55/65 Raft superstructures and the Heavy Girder Bridge
in both its standard and narrow forms. It must also be capable of
supporting wheel and track loads anywhere on its deck.

(ii) The various flotation units must be capable of being con-
nected together in the water from deck level and such connexions
must not interfere with the water-tightness of the units.

(iii) Each unit to be capable of supporting a load of l0 tons
whilst maintaining a reasonable freeboard, in the region of 9 in.
(0'23 m.). It should still be capable of bearing this load where a
receding tide leaves the unit grounded.

(iv) The units to be capable of being transported on a vehicle
which is common all over the world, a three ton truck.
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A qtudy of A¡ticle (i) revealed that the most suitable length
was l7 !. 9 io, (5-al m.) (this was also complying with the requi-re_
ments of Article (iv)).

. Article (iv) required the unit not to exceed g ft. 9 in. e.67 m.)
in width and th¡ee tons in weight.

These dimensions tul"l in conjunction with Article (rii),
established the depth at 4 ft. (1.219 m.)-.

To comply with Article (ii), all couplings were designed to work
outside the main water-tight body of the unit. Top coiuplings took
the same form as those of the Bailey and Heavy 

-Cir¿., 
pãnek, a

male lug and a female jaw locked in engagement Uy a hãrizonialpin. The bottom couplings were designed ãs up and downturned
hooks. The assembly crew using only iheir own-weight can tilt the
units in the water sufficiently to enable the noses oi the hooks to
over-ride each other. As soon as the units are allowed to resume
their normal horizontal trim the hooks engage fully, and the top
lugs come into register, enabling the locking pin to bã inserted.

Once the top couplers are pinned, thè 
-bottom 

hooks cannot
come out of engagement.

These couplings require a space of 5 in. betwe¿n the units and
so the final dimensions of the Uniflote become :
17 ft.4 in. long (5'283 m.) (r'r ft.9 in. (5.41 m.) centre-ro-centre of

couplings).
8 ft.-(2.438 m.) wide (S fr. 5 in. (2.565 m.) cenrre-to-centre of coup_

lings).
4 ft. (l-219 m,) deep.

. !ut9-., g 6 ft. (1.829 m.) deep Uniflote was also developed,
principally for the civilian market.

- Along the deck at each side gunwales were fitted, with a series
of holes to which saddles could be pinned. By this -"unr, all the
bridgìng equipments listed in Arriclt(i) can be iimpty and effectively
attached.

For greater safety it was decided to make the uniflote with three
water-tight compartments by incorporating two bulkheads at roughly
the third points of its length. These bulkheads also serve to incrãase
considerably the stiffness and rigidity of the uniflote. Each compart-
ment is served by a water-tight hatch in the deck. In each hatch are
two tube connectors, one with a tube extending almost to the bottom
of the uniflote. By this means each compartment can be individu-
ally flooded and, in reverse, \vater may be ejected by the application
of compressed air.

To complete the equipment of the Uniflote, runners \ilere
attached to the bottom to assist in skidding operations on shore,
and four lifting shackles fitted to the deck fór õraning purposes.

The Uniflote, as described above, is available in-t*ã types.
Type I has the deck set approximately 3 in. (0.076 m.) below gunwale

2M
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level so that a replaceable timber deck may be fitted if required.
Type II (a special military version) has an integral steel deck set level
with the top of the gunwales over which traffic may drive direct.

Twelve sets of couplers are fitted to each Uniflote. A ..s€t"
comprises either (a) a male top coupler and an upturned bottom
hook, or (b) a female top coupler and a downturned bottom hook.
Each female top coupler has a locking pin chained to it.

Four sets of couplers are ranged along each side, and two sets
at each end, those on one side and end being "male" and on the other
side and end being "female". By this means Uniflotes can be coupled
together not only side-to-side and end-to-end, but each side of one
Uniflote can be coupled to the ends of two other Uniflotes.

When applied to floating bridges of the Bailey or Heavy Girder
type the ability of Uniflotes to be side-coupled shows an enoûnous
saving in stores on such items as the Landing Bay pier, since the
Landing Bay Transom and the Distributing Girder system is no
longer required.

Selection of the most suitable material was decided by two
principal factors, strength and economy. Both factors are ofequally
vital interest to the intending purchaser, whether military or civilian.
Investigation showed that the Uniflotes \ilere most highly stressed
when used as pontoons under floating bridges; the whole of the load
being concentrated at the two points of application of the bridge side
girders. Various plastics, including fibre glass were considered, but
rejected for the following reason:

l. By themselves their strength was insufficient.
2. They could not be used for the couplings.
3. Inclusion of a stiffening frame raised the price above the

economic limit.
4. In case of damage (such as would be incurred under war

conditions) repair either required returning units to a base
depot (where special equipment was available) or proved
to be impracticable.

Two metals were investigated, steel and aluminium. The latter
suffers from most of the disadvantages associated with plastics even
using a high duty alloy. There is no great saving in weight over a
steel structure; the required extrusions and plates are more expensive
than the equivalent rolled steel sections and plates. Since units
could not be satisfactorily manufactured by riveting, specialised
welding plant rvould be required. This, in turn, means that units
damaged in action would have to be taken out of service and returned
to a base depot where such plant (and skilled operators) is available.
The unit was very liable to damage when grounded and carrying
full load (as required under Article (iii)).

On the other hand, a steel unit complied with all the original
requirements laid down.
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Operation of Shore.lo¡ding Ferries
Uniflote shoreloading ferries may be either captive or free

ranging.
The captive ferry can only normally be used where it is required

to range between two ûxed stations on either side of a river having a
current flowing in one constant direction. In operation, it requires
to have a cable slung across the river upstream of the ferry, of
sufficient strength and suitably anchored. From a running block on
this cable, two lines are taken to two winches mounted as far apart as
possible at opposite ends of the ferry.

The winch at the leading end of the ferry takes in some of its
Iine, swinging the ferry at an angle to the current; the resultant force
drives the ferry across the river. As the other bank is appr<ìached,
the same winch pays out its line, talcing way offthe ferry and bringing
it in at the correct angle. For the return journey the same drill is
repeated with the other winch.

On a river with a fast-flowing current this calls for some skill
and experience on the part of the operators.

On streams with little current it may be necessary to sling a
supplementary cable across the river, looped around a power wind-
lass on the ferry, to provide the necessary motive power.

Alternatively, two chains may be laid across the bed of the river,
anchored at each bank. The ferry then hauls itself across by picking
the chains up over two power-driven sprockets.

Where normal up-and-down-stream navigation has to be
maintained on a river, these schemes are not usually very practicable.
The ferry then has to be free ranging, i.e., powered and navigated
like any other vessel. Motive power is usually provided by internal
combustion engines driving screw-type propellers; direction is

ztE
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controlled cither by rudders or by varying the thrust or direction of
the propellers. Alternatively motor tugs can be used, either lashed

alongside, or pushing astern.
The Uniflote ferry may be operated as a captive ferry by the

simple expedient of fixing two suitable winches, where there is
sufficient current to drive the ferry, and adding a supplementary
powered windlass where the current is ineffective.

To operate as a free-rang:ng ferry, the Uniflote ferry is ûtted
with propulsion units. Such units normally comprise internal
combustion engines, mounted either directly on the deck or out-
board, from which vertical shafts project downwards to drive, through
suitable bevel gearing, normal screw-type propellers. The direction
of the propellers can be varied by rotation about the vertical drive
shafts, and the ferry can thus be driven in any direction. An
arrangement is incorporated in each vertical drive shaft to enable

the propeller to be raised clear of the water for inspection and
maintenance.

The number and power output of the propulsion units will of
course be decided by the size of the ferry and the conditions under
under which it has to operate. Except in certain special cases, the
numbers of units will not be less than two, nor more than four.
Where two units are employed they should be positioned as far apart
as possibie, i.e. at opposite sides and opposite ends of the ferry.
This layout gives the greatest degree of manoeuvrability. Where

four units are employed, they are positioned, two on either side, as

near the ends of the ferry as conditions will allow.
Care must be taken, howel'er, not to set power units too near

the ends of the ferry, since there would then be a danger of the
propellers fouling the bottom as the ferry runs on to the shore or
river bank. The slope of the shore at the intended landing stations
must therefore be carefully ascertained.
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(b) Centrally over the jtmcfia¿ between two Bow or Stern units.
(c) Centrally over the end of a Uniflote.
(d) Centrally over the junction betwe¿n two Uniflotes.
(e) On Ramp Units (in exceptional circumstances).
(f) On an Outrigger (fitted to the side of a Uniflote).
In the latter case, the whole unit is mounted outboard, leaving

the deck space clear for vehicle and passengers. Details of these
various saddles, for winches, power units, and other equipment,
can be obtained from Thos. Storey (Engineers) Ltd.

TYPICAL UNIFLOTE FERRIF,S
Five of the most frequently used sizes of Uniflote ferry will be

described, in order to demonstrate as simply as possible, the scope
of the Uniflote in this application.

U: Uniflote R: Ramp
P.U. : Propulsion Uoit

Type A

Ferry T¡pe A
This is a simple type, consisting of only four Uniflotes coupled

together in pairs to form a basic raft two Uniflotes long by two
Uniflotes wide. To each end of this raft are fitted two ramp unit
assemblies; i.e. each of the four Uniflotes has a ramp unit attached
at one of its ends. This provides a ferry 63 ft. 1in. (19'2 m.) long and
l6 ft. 5 ins. (5.00 m.) wide. Thewhole of this deck area may be occupied
by vehicles and passengers. At 12 in. (0.305 m.) freeboard, this
ferry has a carrying capacity of 32 tons (71,680 lb.).

Motive po\ryer is provided by two 42}J.P. diesel units mounted
outboard on cantilever saddles, and drives the ferry at speeds up to
7 knots (12'5 km./h.).

The unladen draught is approximately 18 in. (0.¿16 m.) according
to the position of the ramps (since these provide more buoyancy in
their lower positions and less in their raised positions), representing
a dead weight of some 29 tons (64,960 lb.).

Ferry Type B
This is composed of six Uniflotes. Four Uniflotes are coupled

in pairs side-by-side, and then, with the insertion of four 11 in.

TN
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interflote conncctors, end-to+nd. The interflote connectors are
necessary in order to arrange the outside couplers ofthese Uniflotes
at the correct centres to attach to them the two fulher outrigger
Uniflotes. Two Ramp assemblies are fitted at each end, and each
outrigger Uniflote has a Bow Unit and Stern Unit attached.

U: Uniflote.
R: Ramp.

B: Bow.
PU : Propulsion Unit.

S : Stern.
Type B

The ferryis 64ft. 5 ins. (19.6 m.) long and 33 fr. 3 ins. (10. I m.) wide.
Vehicles are normally restricted to the deck area formed by the
central four Uniflotes and the four Ramps. The "roadway" width
is therefore 16 ft. 5 ins. (5O0 m.). The outrigger Uniflotes can then be
reserved for foot passengers. At 12 in. (0.305 m.) freeboard, the
ferry has a carrying capacity of 48 tons (107,520 lb.).

Motive po\iler, consisting of two 42H.P. diesel units, can con-
veniently be mounted on the Bow and Stern Units, at diagonally
opposite ends of the ferry. With the propulsion units in these
positions, a minimum depth of water of 3 ft. (0.91 m.) is required,
12 ft. (3.66 m.) from the bank. The dead weight of this ferry is
approximately 39 tons (87,360 lb.).

Ferry Type C
This is an eight Uniflote ferry, being three Uniflotes long by two

Unifotes wide, with two outrigger Uniflotes. Two Ramp assembües
are provided each end, and each outrigger Uniflote is complete with
Bow and Stern units-
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The ovcrall lcngth is 80 ft. l0 in. (24.6 m.), the overall width
33 ft. 3 in. (10.1 m.). The width normally occupied by vehicles (on
the six central Uniflotes) is 16 ft. 5 ins. (5{0 m.). At 12 in. (0.305 m.)
freeboard, the ferry will carry 64 tons (143,3601b.).

Two propulsion units of either 42 H.P. or 60 H.P. (as required
by local conditions) are best mounted on the Bow and Stern Units
at diagonally opposite ends of the ferry. The dead weight of this
ferry is approximately 47 tons (105,280 lb.).

Ferry Type D Type D
This ferry composed of nine Uniflotes, is rectangular, being

three Uniflotes long by three Uniflotes wide, with three Ramp
assembües each end. The whole of the deck spac€ may be occupied
by vehicular traffic.

The overall length is 80 ft. l0 in. (24.6 m.), the overall width is
24 ît. l0 in. (7.60 m.). At 12 in. (0'305 m.) freeboard, this ferry has
a carrying capacity of 72 tons (161,280 lb.).

In order to maintain all deck space clear for traffic, power units
should be mounted outboard on cantilever saddles, two units of
either 42 H.P. or 60 H.P. being used, as required by local conditions.
These units should be mounted at diagonally opposite ends of
the ferry.

The approximate dead weight of this ferry is 50 tons (112,0001b.).

Ferry Type E
This ferry is composed of twelve Uniflotes, being four Uniflotes

long and two Uniflotes wide plus two Uniflotes as outriggers on
each side. Two Ramp assemblies are ûtted at each end and the
four outrigger Uniflotes have Bows and Sterns attached.

Type E
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Ferry
Type

A
B

c
D
E

The overall length is 98 ft. 7 in. (30.0 m.); the overall width is
33 fl. 3 in. (10.1 m.) this width being reduced to t6 ft. 5 in. (5.00 m.)
at each end. At t2 in. (0'305 m.) freeboard, the capacity of this ferry
of 96 tons (215,3¿10 lb.).

Propulsion units are best mounted on the Bow and Stern Units;
their number and horse po\ryer will be determined by conditions
prevailing at the ferry site.

Summarising the above examples gives the following table:
Available Deck Area

Load Capacity Overall Sizes Sq. Sq.
Tons lb. Feet Metres Feet Metres
32 71,680 63 x l7 l9'2 x 5'2 1,008 9'35
48 107,520 64'5 x 33'5 19'6 x l0'3 1,209 tt2
& 143,360 80'8 x 33'5 24'6 x l0'3 1,470 t36
72 161,280 80'8 x 24'8 24'6 x 7'8 1,981 183

96 215,3& 98'5 x 33'5 30'0 x l0'3 2,t36 198

Double-ended Ferries have been described in the examples on
pages 220 to 222. Single-ended Ferries of identical load carrying
capacity are often advantageous. In these cases the Ramps are
omitted at one end. Scow Ends (Bow or Stern Units) are substituted.
With Single-ended Ferries it is an advantage to fit the propulsion
units on these Scow Ends.

Designing a Uniflote Ferry
l. Determine the total load the ferry will have to carry, obtain

full information regarding the type and numbers of vehicles to
be handled (together with their gross laden weight, spacing of axles,
width and length).

2. Estimate the approximate distance the ferry will have to
travel at each crossing.

3. Calculate the density of traffic with which the ferry will have
to cope (2 and 3 will determine not only the size of the ferry, but also
whether it is more economical to operate one large ferry or two small
ferries).

4. Investigate the nature ofthe crossing (whether river, estuary
or open sea).

5. (a) Obtain details of speed of current (whether constant in
speed and direction, and any seasonal variations).

(b) Investigate any tidal conditions, the current speed in both
directions, the normal high and low water levels, and any seasonal
variations. Determine limit (if any) of these conditions under which
the ferry will be expected to continue in operation.

(c) Investigate the maximum wave formation likely to be
encountered on the crossing.
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6. (a) If the ferry has to load and unload on to shore or river
banks, obøin a rough section to show gradients and distances fiom
the shore to an offshore point where there is a minimum of 3 ft.
(0.0914 m.) of water. fnvestigate the nature of the shore (sand, rock,
concrete, etc.).

@) If the ferry is to work from a fixed landing stage, obtain fuU
details of the landing stage, with particular reference to the height
of the landing stage above water level if it is floating, and the
variation in height of the water level if it is fixed.

7. Determine the best means of propulsion,
cither
(a) Winch;
or
(b) Propulsion Units (outboard);
or
(c) Motor Tug.

224
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DESIGNING Ä BAILEY/I.INIFLOTE
TLOATING BRIDGE

l. These calculations have been prepared for a 24 tons load.
2. In this case the "tracked vehicle" type ofload has been used

as this gives the nearest approximation to a point load and therefore
has the most severe effect on the bridge.

3. On fully floating bays, no allowance is made for impact
(dynamic effects) on live load. On landing bays, fil of the normal
impact factor is used.

4. All calculations are based on the use of "Double Truss"
construction and the dead weights appertaining to the Standard
Widened type of Bailey Bridge have been used.

All floating bay piers consist of "triflotes", i.e. three Uniflotes
coupled end-to-end with bow and stern units added. The dead
weight of bow and stern units has been allowed for, but their effect
on the buoyancy of the triflote has been ignored. Each triflote
will support one ton per inch of draught. Landing Bay piers
comprise a number of triflote piers connected together side-to-side
to form a solid raft.

5. Each end of each Double Single floating L'ay has Connecting
Posts fitted to the Bailey girders, by which the various floating bays
are connected together. These Posts are pin-connected at the bottom
chord level only. At the top chord level, these Posts are fitted with
striker plates, between which there is a gap of lf in. when adjacent
floating bays are both floating level.

When a load is applied at the junction of two floating bays the
triflote piers will sink until these striker plates contact. The depth
to which the triflote piers must sink to cause this closure depends
upon the lengfh ofthe floating bays and can be tabulated as follows:

100 feet floating bays-I2 in. sinkage
90 ,, ,,
80 ,, ,,
70 ', ,,

,, -10* in. sinkage

,, - 9* in. sinkage

60 ,' ,, ,'
50 rr ,t ,t

Note: For quick calculation
* 1in.

i.e. 70ft. bays : 7 x I in. * I in. : 8in.

This junction is then said to be "locked". Any further load applied
at this point will cause the two floating bays to sink deeper in the
water as one solid unit, at the same time pulling down the ends of the
adjacent floating bays. This further load is therefore shared by a
larger number of triflote piers. The resultant upthrust from these
piers engenders a bending moment in the bridge girders which is a

- I in. sinkage

- 7 in. sinkage

- 6 in. sinkage
take I in. per l0 ft. bay of bridge,

2Æ



Compendium 4 Text 6

maximum at the locked joint. For Double Single construction,
this bending moment should not exceed 800 tons ft.

6. The junction of the Landing Bay to the End Floating Bay
is arranged for free articulation by ûtted Span Junction Posts in
this position only. A junction link pinned into the bottom of each
pair of Span Junction Posts transmits the load through a distributing
bearing to the gunwales of the Uniflotes comprising the Landing
Bay pier. Since all these Uniflotes are coupled together, end-to-end
and side-to-side, into a solid raft, no system of distributing girders
(as used with the original Bailey Floating Bridge equipment) is
required.

The load must always be applied at the exact centre of the L¿nd-
ing Bay Pier. Where this is composed of an even number of triflotes,
the bearings are immediately above the junction of two triflotes and
the "Distributing Bearing, Short" is used. Where the Landing Bay
pier is composed of an odd number of triflotes, the bearings are over
the centre of a triflote and the "Distributing Bearing, L,ong" must be
used.

Due to the use of these Distributing Bearings, the end of the
End Floating Bay which is supported on the Landing Bay Pier is at
a higher level than its off-shore end. tilith the Distributing Bearing,
Short, this difference in height is 12 in.; with the Distributing
Bearing, Long, it is 20 in. The resultant slope on the End Floating
Bay reduces the clearance between the striker plates ofthe connecting
posts at its junction to the first floating bay, so that this junction in
some cases is almost "locked" before any live load is applieC. Not
only does this cause difficulties in erection, but the application of
live load in the higher classiûcations causes serious over-stressing of
this locked junction. In such cases a special l0 ft. floating bay,
supported on a triflote, is introduced between the end floating bay
and the first (normal) floating bay. Not only does this simplify
erection, but the two sets of connecting posts (at each end of the
l0 ft. bay) give twice the clearance before locking and the additional
buoyancy of the extra triflote obviates any over-stressing of the
Bailey girders.

7. It is realised that these calculations do not constitute an
exact analysis, but for practical purposes they give results as accurate
as can be actually measured in still water.

A more exact analysis, based on Professor Southwell's "Relaxa-
tion Methods" was put forward in a paper read before the British
Institute of Civil Engineers by Sir Donald Bailey in June, 1947.

B.U.H 24t
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STÄNDARD WIDENED BAILEY
FLOÁ,TING BRIDGE FOR 24 TON LO.A,DS

l. Hoating Bays
Overall length (centre to c€ntre ofjunctions) : 92fL.
One triflote pier each end of bay located centrally under the

cnd l0 ft. bay of bridge. The piers are therefore at 80 ft. centres.
Using Standard Widened Double Single Bailey Bridging, check

strength of girders with 24 tons load at æntre of 80 ft. span.
Dead weight of 80ft. epan
Iænglh of live load

Bending Moment

Due to dead load-26 x $

: 26tons.: 9ft.

:260tonsft.

Due to rive road- 31 /q9- 2\2 \2 4)
Total

Section modulus for Double Single

Stress due to bending : 710 x 12

892
Allowable stress in bending

Flot¡tion
Dead weight: 92 ft. Double Single bridge

2 Triflotes each I I tons

: 45()tonsft.

:7l0tonsft.
: ãØio.'

: 9.5 tons/sq. in.

: ll tons/sq. in.

: 28'8 tons: 22'0 tons

Displacement factor for two triflotes : 2 too;îio8. 
to*

Dead Load Draught : # : 251in.

Fig. i
I¡¡d Case 1 (S€e Fig. i)

With Live I¿ad at centre of bay.-I-oad is shared by four
triflotes-the two supporting the 92 ft. floating bay plus one each
end ofthe adjoining floating bays.

Additional draught due to live load :T : A¡o.

Total draught for this load case :25t + 6 : 3l* in.
Freeboard : 48 in. - 31t in. : 161in.

242
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I¡¡d Crsc 2 (Sec Fig. ü)
LÍve Load at trwction of Two Floatìng Bays. Joint has to bc

depressed l0| in. to lock. Therefore two triflotes must have increased
draugbt of l0| in.

F¡& i¡

Load to effectthis : 2 x l0| : 21 ¡oor.
_ Remaining Live l-oað, Q4 - 2l :3 tons) is shared by the four

triflotes of the two locked bays plus one triflote each end of the
adjacent floating bays.

Therefore 3 ton load is shared by six triflotes.

Increasein draught : | 
: I io.

Total draughts for this load case
At locked joint: Due to dead lo¿d . . : 251in.

Duetojointlocking : l$åin.
Due to remainingload : I in.

*lr.
Freeboard :48-36t : ttJio.
At outer end oflocked bays:.

Due to dead load : 251in.
Due to live load : I ¡n.

N^.
Frceboard :48 -26 :T^.

Bending moment at locked joint, due to upthrust of piers :
Pier adjacent to locked join I I tons x 5 ft. : 55 tons ft.
Pier at distant end of floatine bay * ton x 87 ft.
Reaction from adjacent floating bay I ton x g2ît.

: 43.5 tons ft.: 46.0tons ft.

l¿14.5 tons ft.

: õôìoorrt.Allowable

243
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Lo¡il Cese 3 (See Fie. iii)
Full Convoy taiOing. 100 ft. clear space between vehicles.

Fac,h 24 ton load is 9 ft. long; therefore loads at 109 ft. ccntres'
Calculation for 24 ton load at C has already been made in Case 2

above. Therefore superimpose on this, the effects of 24 ton load
on AB and DE.

F¡s. iü

Load onB (and O) :2+ x 
,T,

Load on A (and e) :Z+ xfi
Load at B (and D) shared by two triflotes

Draught: l2l

Add dead load draught

E

: 19å tons

: 4f tons

9t in.

25lin.

35| in.

Load at A (and E) shared by two triflotes

Draught :1å : 2t in.

: 25lin.

27'-

CD
in. in.
36l. 26

ef

36l- 351

f8: l0* in.

Add dead load draught

Summation of two cases to find final draughts

Due to load at C
Due to load on AB and DE

AB
in. in.
2s,} 26
2L eå

27t 351

:: '

E
in.
zsi
2t

27t

Difference in draught
Difference in draught to lock joint
Therefore no joints locked.

24

.- I 09'
17',1-
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2. Landing Bay
Maximum length : 180 ft. Standard Widened,
Reinforced.
Dead weight of this span (18 x 5.22 ) . .

Bending Moment in span, with live load at centre:

Due to Dead Load :94 x l-{8'
Due to Live Load : Z¿ * I

4
Impact on Li.¿e Load : *of 25%: l2lt% . .

Double Double

- 94 tons

: 2,1 I 5 tons ft.

: 1,080 tons ft.

: 135 tons ft.

3,230 tons ft.

Section modulus for Double Double Reinforced: 3,838 in.s;

stress due to bending : 3'23Tã 12 : 10.4 tons/sq. in.

Max. shear per end post : 47+(24x1.125) : 18'5 tons

3. Landing Bay Pier

Dead Load from 180 ft. Landing nuy :9j . .

Dead Load from End Floatins Bav : ry!---- - ---""Þ --r 2 "
Assume Landing Bay Pier comprises three

triflotes, then its dead load (allowing for distribut-

: 47'0 tons

14'5 tons
61.5 tons

35 tons

96'5 tons

: : tons/in.

:32'2in.
: l5å in.
: 24 tons

:40å in.

: 7t in.

ing bearings)

Displacement factor

Dead load draught : 96J
3"

Freeboard
Live Load

Loaded draught : 96.5 + 24

Freeboard

Though somewhat less than normal minimum freeboard of
9 in. this is satisfactory for still water conditions.

Any buoyancy from Bow and Stern (Scow End) units has been
ignored but, will give in practice, increase to calculated freeboard.

245
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a. End trloeting BrY
92 ft. Double Single bridge.
One triflotc at off-shore end.
Draught of triflote at off-shore end is ¡ame

as for normal floating baY
Freeboard

:251in.
-22lin.

Slope of End Floating B¡Y
Dead load condition onlY.
Height to underside of bridge above Water lævel:-
t. Ãt UanAng Bay Pier : 16'0 in. + æ in- : 36 in.
2. At off-shore end :22tin.
Slope : 13| in. in 92 ft.
partial closure of connecting posts at off-

shore end due to slope ofend floating bay :
r3tin. . oli?-i"'

Normal gap, with both bays level : lt in,
RemainiãggaP:ltin.-tin. : $in'

sinkagetolockjoint : !it. . ?*# .. :3'6in.

Load on two triflote to cause 3 in. sinkage : 7'2 tons

Remaining live load (24 - 7 : 17 tons)

shared by seven triflotes, therefore further sinkage

t7
7 

:2* in.

Bending moment at locked joint (due to
upthrust of landing Bay Pier) : 3 x 2| tons x
gi ft. . : 690 tons ft.

Note: With "convoy" loading, this joint will not lock.

: lin.

u6
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fntrgduction

llheo one 1s exa¡ining roads for potential econo¡nies, i.t is vorthwhile to look

at the vhole problen of r¡ater crossing facillties. Tbe facillties inclurle cul-

vertEr sr¡¡face clrains, fords, ancl briclges. Add.itlonally, in this ôiscusslon, we

ehal1 look at fer¡ieg, e vebicle systen that ca¡¡ substitute for bridgiag.

tlhy eboultl r¡e look at these facilities? First, they account for a substantial

percentage of tbe construction cost of nearþ every roaci systen. For er<arnple, it
b¿s been estio¿ted. that approxlnateJ.y 251 ot tbe U.S. highray congtruction costs

are spent for çater crossing purpoges: 10f for brlilges and 15f for culverts.l

Culverts ere defined. å,8 a¡¡y condult u¡der the roadve¡r up to e0 ft in totat span;

bridges' as crossings exceecling 20 ft. Thls estinate probably applies, ¿ltb ninor

verlation, to uost road systens in d.evel-oping regions.

Seconcl, ltater crossings facilitles usuaì.ly are the veek liuks in a road

Eysteu. Severe flood.ing or lstense rainfall vÍll concentrate danaging effects

at these poÍats, leading uot only to replacenent costs but also to tbe costs of

tlelay anil inconveaience to the road users.

Thirilt it has beea saicl tbat rr...high ualntena¡rce costs usually reflect poor

clralnege (for low vo}.¡ne roaals). Therefore, ve €rfe Justified i.a a naterial

addltioq to constructlon costs for ad,equate drainage if by doing so lre can secure

loner nalntenâ¡lce charges."2 In other rords, mere reduction of investoent in

laltlaL faclllties ls no soLutÍon to Long-run cost savings. At sone polnt,

honever, bigb costs of capital (higU ¿iscount rates) ¡¡ay necessitete stage con-

struction of facilitles to avoid excessive i.nitial costs.

I Ken¡eth B. Ì{oods. Hißhvay Engineerins Handbook, p. 12-13.

2 U. S. Forest Service. Dreinaee practice in the CaLLfornia Region, p. 3.

723
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Fourth, brldge reglaceænt often represeats the prlncfpal cost, and soueÈlmes

the enÈ1re coet, ln upgradtng the leve1 of servlce for an exlstfng roadway. ro

soue cases, new brldges can replace extstfng brldges to lnprove (1) capaclty (¡rore

lanes), (2) llve-load l1olts, and (3) alÍgnueot. Soaetiues, new brldges csn dra-

oatlcally decrease route dlstance.
I. Gulverts and Short Eridges

--lfiFæare a.-rEããrai part of any roadway, unless the roadway happens to

colaclde with a ridgellne -- a¡r r¡nllkely event. t{e have already deflned ¿ culvert

as any conduit under e roadway up to 20 ft ln total spao. Ttrls ls noÊ e stricÈ

defloltlon; ln factrDany countri.es and jurfsdlctlons restrl.ct culverts to lesser

gPaas. ttshort brldgett refers only to ttrose structures exceedlng culvert dfnenslons

but short enough 1a total span to a1los¡ standard design. In nost ca6es these

structures would be 30 ft or less ln total. span.

There are no dramatlc erays to reduce the J.ong-term costs of culverts. Ii 1s

eaey, however, to brtng on unnecessary costs -- and they can becone large -- by

sllghtlng fundamental requlreroents. It ls nost lnportant to:

ln 0btaln sufflclent hydraullc data to antlcipace the range of runoff

l¡teusities and the freguency of these events.

2. ?roperly select, sfze and type of culvert.

3. Locate the culvert properly wfth respect to allgnueot and slope.

4" Use adequate earth ftlle belor¡ aqd above culvert p1pe.

5n Provide appropriate entrances and headc¡alls"

6. Provide appropriate debrls control devlces to prevent clogging.

7. Provlde appropriate outlets and endwalls.

8" ?erforo required perlodlc m¡j¡¡g¿enee serviceg.

TheÍr careful conslde¡ation ln the desl.gn, conatructlon, and operatloo of all roads,

Partfcularly those fu d.eveloping reglons, ls certaiu to pay off tn reduced long-

ter¡n road costs.
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A¡ excelleat reference oa tbe subJeet ie Celifornie Culvert Practice (eee

Þlbltography), but 1t shoul.ô be suppleuoented by consideration of opportunities

for keeping costs iu line nÍtb the plauned, Level of roadl service.

ån approach to ninimizlng iaitiel costg for culverts 1E iteEcrlbed iu Pritchettrs

Al¡plication of the Prlnciples of Engineering Econou}r to the Selection of lliehw¿y

Culverts (nef. Z5). le aaintalas that tbe bigh standar¿ls aclvocated by the

Callfornie Dlvisiou of Eigbra¡rs are aot necessarily appllcable to rurel, Lov-vo}¡.rne

road.s. the probleu of dete¡:¡oinlag the trad,e-off betr¡een snaller culverts ïltb

¡lred.ictabl-e flood.ing and bigber-stenda¡d culverte vith less flooding is tliEcussed

tberein.

Oae ehoultl also observe tb¿t culverts can be d.esigned in naay sizes ancl shapes

to conforn to natural surroundings. Tbere is often a tendency to sters¿¡æe cul-

vert desiga arouad e linited. set of petterns. The result is a lack of flexibillty

and originality in design that can be excessively costly. Tbis subJect is

especially vell treated iu tbe U.S. Forest Service pubticatioa, Draiaage Practice

in tbe California Begion (nef. ¡f). lhe Hand,book of Steel Drainage and Highway

Conetruction Prod.ucts, publisbecl in L96? by tbe Aueri.car¡ Iron a¡it Steel Institute,

lE a¡ excellent reference for steel cuLvert plpe (nef. a).

It Ehoulô be nentioned, that concrete ancl steel culvert plpe lend, themselves

to mass procluction r¡lthin d.evelopiag ecoaomies. Even though such productlon raay

not reduce roacl costs, it nay be d.esirable as a contribution to overal-l d,evelop-

nent obJectives.

Sbort,-brldge costs can be recluceô by stand.ard.izeil designs, utillzlng a na:clmum

of locaL n'terials. Figs. L through ? of the above uentioned U.S. Forest Service

Drainage P¡actice in the Callfornia Resion present sc¡¡e basic d.esigns of short

brldges. Adtlitlonally, the follorlag U.S. Arn¡r reference ua,nuale contain numerous

exanplee of stsndarit abutnents, plere, ancl euperetructurea for heavy nilitary

125
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br{dglng s*ilch c<¡_rld be adapted for less heav-v clvillan requlremeEts¡

(f) Î'l 5-302,Coustruction in the Theater of Ojeratlons, October

1958, change 1, pp. 824-876.30.

(2) 1.^{ 5-303 Bllls of Materials and Equlpuent of the Engincering Fuoc-

tloaal Conponente Systenn, July 1960, change 6, pp. 715-859.

It should be observed rhat crosg-dralnage facllitles of short total span -- 20

ft and uuder -- should usually be deslgned for tuo-way trafflc" The Justlficatlon
for thls concluslou ¡¡111 be for¡ud Ln the attached paper, The Economlcs of One-tüay

Brfdglng.

II. Fords

T¡adltlonally, natural fords have beeo eurpl.oyed as streaû crossing sltee. In the

days of horses and foot trafflc, one could toleraËe fordlng depths up to 40 fn. (1

oeteù artd nore. The preseat dey notor vehlcle is restrfcted to shaLlower depths,

however. Medlun trucks should aot ford depths over 24 1n., and fordlng depths for

other vehlcle sLzee should be adJusted accordlngly. Due to restrfcted fordiug depths,

and to roadway surface reguirenents, ûost of todayrs fords are fuoproved.

It 1s recoroneûdêd that fords be coasldered onl.y for the follot¡1ng sLtuatlons:

1" Roads fn arld regions nhere floodlng ln sËream bede 1s Lnfrequent

and of short duratlon.

2. LLnkg ln e netctork for which bypasses are avallable durlng perlode

of unfordable depths.

3. Very short crosslngs, sonetÍnes called "dipsrtt r.¡here water depth

1111 seldom exceed fordable ll^oite.

Use of fords fn aoy other sltuatton runs the rlsk of creating uneconomfcal

delays. Any Lnproved ford 1s sueceptible to danage aod washout. rn fact, one

ehould never lnstall tords rrlch the idea of peruanency.

Table I Present sooe cost estl.nates for several types of ford constructlou.

Soadway sldths are 20 fÈ, and aûounts of capital and labor ere aeasured per uolt
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length. Culverted fords 3 are designcd wlch plpe dlauecers of aE least 24 ln. fn

order to avold clogglug. The Gablos wall ford (type 2, Table l) 1s conatructed

nith rock-f1lled, ¡rire-nesh baskets called Gablone. These devlces cau also be

used for brfdge piers, abutuents, aod wfng walle. See F1g. 1A for nore detalls.

Ëgi 1 le a couparlson of varlor¡s representeÈ1ve fords to a tlober bridge ln

terus of the preseot vaLue of coûBtructloo and replaceueots costa over a 20-yeax

perlod. In thls couparÍsou, lt ls antlclpated that the 1lfe of a ford (5 years)

t¡or¡ld be half the l1fe of e Èù¡ber brldge (10 years). the conperlson favors the

ford, but does not conslder the cost of delay and additfonal vehlcle malntenasce

aseoclated wfth a ford. Both of these coEta ehould be consldered 1o each case

¡rhere a ford ls proposed"

flt¡en fords and dtps are used 1n a road sy6ten, the follor¡1og çolots should

be consfdered for cost savlug:

Coûstruct then flush wlth the streeu bed 1n areas of hl.gh strean

veloclty to nir¡ü¡1ze washout.

Keep deslga steridards at a bare ¡¡Ínloum a¡rd avold ttperoaneottt

atruc,turesn

Couslder slnple techniques such as Gablon constructlon.

For culverted fords, use large enough dianeter pipe to p¡event

clogglog by debrls, sedl.ment, or rocke.

5n Hake uaxlouu use of local naterlals (sand, aggregate, rocks).

A ueeful reference for short fords (dfps) is the U" S. Forest Servlce parophlet,

Pralnase Practlce in the Callfornfa Regign, Ffgs. 18, 19, and 20 (nef. 3f)

III. Ferrfes

A ferry, belug a vehfcle, dlffers considerably tn characterLstics fron other

3A s,rbuergfble causesay deslgped with culverts for c¡oss-drafnage durtng perlods
of los¡ flow.

1.

2n

3.

4.
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facflftfee ût€ are s¡an{st¡g. lùe shall deflne a ferry as any floatlng devlce that

oPerates between trro terrûlnal polnte of a road network lnterrupted by a water

barrler.

Ferries ralse the f,ollowlng conslderailons. Flrst, they should noroally be

consldered only for crosslag sltes that are navlgable year-round. Second, the

need for terulaal facllltles nakes 1t difflcult to deslgn a systeû for eltes slth

large seasonal flr¡ctr¡atlons in water level and ¡¡ldths. Thtrd, ferries have greatly

redueed capacltles coropared to coutlnuoue roadway devices, such as bridgea and

fords. Fourth, ferrles neceasltate delayed crossfag of vehlcles and passeogers.

Ttre averrge delay per vehlcle per crosslng w111 be one-half the ferry cycle tlue.

Fffth, fe¡rl.es require contlnuous labor expenses that becone signfflcant fn present-

value c,alculatlone.

lable 2 outllnes sone typlcaL ferry types and the aseociated cost 1!,foruat1on.

The Batley U4 Uoiflote ferries deserve partÍcular Bentfon. These ferrles are

uodular-¡eseobly vessels, whose tbullding blockstt are baslc Ba1ley Unlflote cor¡-

Poûent9, ¡arketed by Acrow Gorporatlon of Aruerica, 231 l{ashlogton Avenue, Carlstadt,

New Jersey. Ttre followlng characÈeristlcs n¿ke rhen particularly sulted to Èhe

aeeds of dtveloptûg countries:

1o EasLly transportable.

2. Ul¡l.rnun tenoinal requlrenents"

3. Easlly naint,aÍuable.

4. Relatively l-ow cost.

5. Stnple asseubly by unskllled labor.

In corngarlng ferry costsr lt t6 helpful to convert the varlous recurring costs

to Preêeat valuee so thaË they nay be sumed. Total cost then becooee:

TòtalBerryCost - C0*C (ualnt)+C (I^abor) +C (power) (1)

rhere,
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CO ls lnltial ferry a¡d ter¡olnal costr

C (uaiat) is r¡aintena^sce cogt less engiue repeirst

c (tauor) is labor cost,

g (pover) ls cost of fuel, fubricer¡ts' eatl engine repairs.

Once tbe itesi.gn and, selectlon of egul¡neut for e glven crossing are deter¡nfnecl'

eIl of the cost eleuents except C(pover) are eseeatia}Iy fixed. C (power) on the

otber beuct, v111 ver¡r vltb trafflc. Hower¡er tbe vsrla¡ce of C (pover) caused by

changes in traffic flor¡ consl.derecl 1n this paper ls ulai.aal.

Fig. 2 conperes ferry costs anrt float-brltlge costs, in present velue teros,

as fi¡Detions of tbe crossing gap. Qne can see tbg,t the float bridge ls un-

questionably cheaper for distances l-ess the,n !00 ft.

At any illstance, hovever, the ferry necessitates a¡r average delay per vebicJ.e

equel to balf the cycle tine of the ferry. This delay cost is likely to be eub-

gta¡tla1 euough to cal.I for lts lnclusio¡¡ as an aôditionaf eleoent i! totaf cost

coaparisons. It can be conputeô in the follovi.ng m&nner:

Ferrl cycle tine = 2(¿/s + k) (Z)

vbere 
"

d - viôth of crossilg site in feet,

s - averege speeô of ferry in fpn,

k = average terroinal ti¡oe of ferry in ninutes.

Average ctelay per vehlcle = t/2 ferry cyele tine = Å+ k.

totel ttelaY Per hour = c(¿/s + k)

nhere¡

6 - conatênt average arrlval rate for both directions, assluing equal

fLos 1n each illrectlon.
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Aeeunlng 12 hours of opcrat,ion per day:

Total an¡ual delay - c(d/s + k) x 12 hrs/day x 365 days/yr

ånnual delay cosr . (vehlcle delay cost/hr) a(alls + k) 12 x 365 (6)

If we speclfy concÈant values for vehlcle de1a1, qes¡ per hr, and s aud k
ln eguatLoa (6), thea a¡¡rual delay costs are llnear wlth respect to d , f,or eaeh

vaLue l¡e essign to c "

Rather obviously, the foregofng relations hold only as long as c ls less
than the mexlmum servLce rate of the ferry. othenrise delaya r¡tll be inflnlte.
The naxlnr¡n 8êrv¡cê rate, counting 1n both dfrectl.on, and expressfng the resuLt
1¡ vehlcles per hour, develops fron equation (2) aod the vehlcular capacity cf the

vessel eB:

Ma:c. Sen¡ice Ratervph - (vessel capaeity) çt'$çl (7)

Uelng equatlon (6), delay costs Ln preseût value terns erere calculated for a

uniflote Type c ferry of 6-vehfc,le capacity, using several values of c . The

results are shoctn ln App. E. In Flg. 3 these costs ere compared, as a functlon

of ferry dlstance, l¡.lth the Batley float bridge, rhlch ls a reasonable alternative

ln uost sl.tuatLons.!

Fron the lnformatlon ln Flg. 3, the feaslble do¡naln of the ferry as a functlon

of boÈh eross{ng dlstance and trafflc volume {s deternined, as shown ia Flg. 4. To

avold the lnflnlte delays associated qlth a trafffc lnrenslty (degree of saturation)

of 1r the feasfble llnlts of the ferry have been arbltrarlly drawn so that the degree

of saturatlon w111 never excêed 0.9. Also sho¡¡n are average delays per vehlcle

fron equatiou (3). These are purely a functlon of the crosslug dlstance because lt
lras been assuned thaÈ g aod t are constant.

L
Navfgatlon requlrements may restrlct the use of float brldglng. However, Bailey
float bridging can be elevated betseen bays to allow passage of l-lntÈed glze vessels.

(s)
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It utst be poluted out that the float brtdge ls a one-oay stlucture and ¡¡t¡st

eleo experlence sone delay coat. Por extrenely low volumes of trafflc, however,

th1ecost1snotofgreatslgn1flcaoce,a9denonstrated1nthePaPer,@g

of One-t{ay Brldgfng, ubich accoupanles thls report.

PolntE deservfng speclal consl.deratlou wlth regard to keeping dorrn the coste

of ferrles are:

1. lerr¡lnal facllittes can be slnpllfled to the bare rqfnloum required

to load and uaload.

2. A vehlcle that does not requlre termlual facllltles, such as an alr-

cushl.on vehlcle, ACV, oay be usable. This vehiele would also be useful

ou crossfngs havlag water obstaclee subJect to corslderable varlatlon

of water Level and lnldth.

3. Uolflote ferry systetss ûay be appllcable. They are partlcularly useful

for o¡e-tfne rafting operations to oove heavy machinery or constructloû

equLpDent.

Ooe of the fer¡ references on raftlng technlgues ls the U. S. Arny T!{ 5-210,

l{llltary Floatlng Brtdge Equlpnent (net. fO). It describes all of the available

ntlttary raftlng equlpoent whlch is usualJ-y constructed fron fLoatlng bridge

coEPonents.

IV. Float Brldges

Float brtdges are usually a te¡Dporary ¡ne¿¡ns of crosslng a w:rter barrÍer. A

float brldge can be deflned as a brLdge r¿hich has the superstructure on floatlng

lnternedlate supports. A natural floatlng brfdge exlsts ln the forn of the Lce

brl.dge, ln shlch the entlre atructure floats on the surface. In many less-developed

areaE of extrene latltude, lce bridges are a cheap and practlcal neans of crossfng

water barrlers fn the ú¡lnter oonths.
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iloet floet bridgiag is prefabricated. in stend.ard ôesign for ¡dl1ta¡y BurPoses.

Coet ie eLnost purely a fu¡ction of length for each d,esign. Tlre variatlou ln costs

a¡lse f¡on d.ifferi.ug a^uchorage reguireraents due to tlital. ectl.on or strea.E velocity.

Virtually all exlsting float brldging is slngle la.ne. Table 3 lists types of,

¿vailable float bridsiug vith potential for use i.n d.eveloping regioas. Each ty¡le

llsted can be coagtructeal by rrnskilled labor, but suppleroental eguipment is neecled

to assenble types 3 and b.

Fig. 5 gives an iilea hov tbe costs of va¡ious types coupare for various l-engtbs,

tnôicating that the BaiJ-ey float bridge ls consl.alerably less expenslve tha^n other

t¡pes. Flg. lr, as prwiously d.iscusseô, shons conditione under vhich e ferry 1s

Dcre econoûical than e float bridge.

Float bridges should be enployed onJ"y in the following situations:

1. Sltes tbat require terpora¡y brldging, vbe¡e a ref,t or ferry is not

ecouonically or tech¡icaLly feasible.

2. Sltes vitb dlfficult botton cond.itions that uake fixed bridging

r¡neconøica]..

Ifheu float briilgi¡g is being consiclered, d.elay costs to any existing or pro-

poeed water traffic Eust be evaluated and iucluded r¡ith the cost of the bridge.

Opportunities for cost recluction ia float bridgea are practicalty nil, except

by giving careful attention tq tbe design of tbe anchorage system. Bere, the ím-

portent consicleration is to proviile an ancborage system that çill prevent the higb

cost of loss of tlre bridge.

The folloring references on floating bridges r¡iIL be usefr¡l:

U. S. A¡qy, 11"1 5-210, Military Floatíus Bri¿tse Equipnent, August

1965 (ner. r.o).

Tbcm¿s Storey (Engioeers, Ltd..) Tbe Baj.ley and. Unlflote Ha¡¡dbook,

pp. 2Eb-a\6 (ner. :o).

1.

2.

L

j
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Y. Flxed B¡fdgeq

Ptred brldges are composed of three oai.n elements: (L) supcrstructure,

(2) gubetructure, aad (3) decklng. Flxed brldgea dÍffer frou float brldges by

havlog substn¡ctures (piers and abutnents) that are fl.xed 1o place. Iu thls dls-

cusglou flxed brtdges are dlvlded Luto three types: (1) prefabrfcated, (2) standard,

and (3) non-srandard.

PrefabrLcated Fixed Bridges

Prefabrlcated flxed brldges are deflaed as seolperoaneat brldgea coûetructed

fron loterchangeable coúponeot parts, prlnclpally the superstructure parts, although

eone p!.er esseublles are avallable. l{any of these brldgea are hand-erectable, and

virtually all can be assenbled by unskflled labor. Moet have nllltary or1g1ns,

but there are numeroue examples of cfvlllan appl1catlons.

Stand¿rd flxed brldges have the followfng uuigue characterlst,lcs:

1) nff are steel or aluulou¡o.

2) Moet are slugle-lane.

3) Conponent parts alto¡r flexlble design of span Lengthe and llve-loarl

lt¡¡lta.

4) A.ssenbly rlne ls rapl.d"

5) l{an-hours for constructlon are 1ow.

6) Unskflled labor can do all the construcËl.oo ¡¡lth a uinlnuo of

ekllled supervlslon.

7) Design and engineering costs are held to an absolute minfmun.

8) Salvage value ls usually considerable.

Iable \ le a llst of currently available standard ftxed bridges, wlth references,

cogÈ datar and lnportant characterlstlcs lncluded. t{1th the exceptl.on of the fl.rst

tbree entr¡.es, all of these brldges are currently ln the U. S. r¡llftary supply system.

Should any be declared aurplus, they wouLd have potentlat applfcatlon 1o developlng
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couûtrf.eo for rallway and hlghway proJects. thls dfscusaton, however, Xs 1l¡ntted

to the ffrst three brldge Èypee, r¡hlch are counerclally avallable.

AE Brldge fs e 2-1ane, Itarren truss brldge devel.oped by Thoaas SÈorey (Engt-

neers) Ltd., Eagland, for Acror Corporatlon of Aoerlea. It fs I unlt-consttucÈlon

deslgp, sultable for peruanent or teoporary use. It fs aesenbled in 30 ft sectionst

up to 300 ft clear span for AASEO H-20 loadfng. The brldge cau be aseeobled by un-

ek1lled labor, ustng two 6-toa cranes.

Ît¡e Elffel Brtdge ls a l-laae, seml.peruanent. steel truss brfdge, uanufactured

1¡ Frauce. It has beeu extenslvely used ln forner French colouiaL areas of South-

east Asfa and Afrlca. It 1s hand-erectable by unski.lled l¿bor buÈ ls somenhet more

dlfflcult to construct than the Balley brldge. Seventeen types of Elffel brldges

exist, the three Dost connon ones being: 2 RES, 2 REL, 3 NES. See reference 26

for more detalls.

The Balley Bridge Ls a compone¡t asse¡nbly, lrand-erectabJ.e, steEl-truss glrder

brldge. It r¿as deveLoged by Sir Thomas BÁiley ln England for use ln l{orld f{ar II.

Slnce that Èfoe Ehe bridge componenÈs have found a r¡lde range of civlllan appllcatl.ont

not restrlcted to bridging. Practlcally any form of brtdge €n be constructed wlth

lafley componenÈs: truss glrder (tbrough or deck destgn), ârch, suspensLont l.lft

br{dge, float brldge and pJ.er assenblfes. T\¡o references descrLbe Èhe uses ln

detafl:

l. Thonas Storey (Erigineers) Ltd. The Bal1ey aod Uniflote Handbook, 1968.

2. Dept. of the Arny, T!4S-277, Ballev BrÍdge, August 1966.

Balley Bridges ean be bullt ln four r,¡ldths by chaoglng the transome and sway

braclng. The cost of the greetest wldÈh, Ðouble Slide Bafley, ls more than tt¡l.ce

Èhe coeÈ of tr¡o stendard Wldened Balley Bridges. For this reason, and the fact that

one-llay (one-lane) brldging seeos to have r¡Lde appllcatlon for êeveloping .t"""r'

5S"" 
",rppt"neotal 

paper, The Economfcs of One-ilay Bridglng.
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1t ls recomendetl that the single-lale Bafley Brtdge be used. It ls avallable 1a

three ¡izee:

Iìroe Roaðway ttid,th Truss gles¡a,nce

Stanôa¡<l 10f 9" 12 ru

Standaril l{iôened 12t6" 1lrt3"

ErtrE l{lde 13,9tt ljf8,'

lbe popularity of the Bailey Briilge is atteste¿ by the fact that uore tonaage

rras nanufactweil iu 1968 tban i! aLL of l{orld l{er IIt lbe bridge has recently been

purchaeed in significant quantittes by Panaaa a¡¡d, Pen¡. It is expected, that it
rilJ. be extensively usecl ia the A1aska¡ North s1ope.

Ibe hlgh cost of prefabricated fÍxed. bridges nay be Justifieê in certain

developiag ereas for the fofloring reasons:

t. Iocal, r¡nskill-ed. Labor can be utlllzed.

2. Iow engi.neering e^nd. d,esign eoets uay be achieved,.

3. Eigh salvage vaLues ruay be ree-lizecl.

¡t. Great flexlbillty nay be attainecl, Ínclud,ing rtJ.eaBfrogging" prefa,bricated

brltlges into r¡ild.erness areas through replacenent by pernanent structures

at specifled staging lntervals.

Disailventages of prefabrlcetecl fixed brifues includle:

1" Higb initiaj. cost.

2. HÍgb transportation costs to interior sites.

llhus prefabrlcated britlgiag eppea¡s to be suited for use i.n the folloving situations:

1. Erldge progrêms nhere speect of asseubly 1s iuportant (flood. relief,
special govern$,ent civil vorks proJects.)

2, Plenneil brld.ge protrans uhicb look fon¡ard to later replacenent vith
pennanent brldging in more tleveloped. a¡eas.
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3. sltr¡atÍoos shere the cost of skllled labor ls prohlbltfve, or

where ekllled labor 1s unavallable.

4. Sltuatlons st¡ere severe seaêonal floodlag regulres brldglng

be reuoved aB these tloegn

5. Sltuatlons where only teaporary brldging 1s requlred. (Constructton

proJects, oilltary uan¿uvers).

NOTE: It ls recouroended that deck deslgn be consfdered for all but t,he Dost

tenporary lnstallations of prefabrlcated brfdgtng. Thls procedure tvlll urlninlze

wfdth restrictions on these structures by placing the trusses under the roadway and

out of the way of overhanglng loads, aod extra-r¡lde vehlcles.

Staodardizeil Ffxed Brldges

Staodardized fixed bridges are brldges that follow predeslgned standards and

speclflcatlons, almose to the detail. Most short bridges, trestles' and oany nedlurn-

length brldges fit Èhls category. loo often, packages of standard desfgns are

aesembled ad hoc by road planners, r¡Íthout careful economic analysis. Of courset

vl.rtually every brfdge design borrov¡s ldeas f¡on established designs, but the Presen!

dl.scusslon is confined to brldges that are essentially a carbon copy of existing

bridges.

It should come as oo surprlse that brldges for ooe geograpirlcal area are not

aecessarlly sultable for aoother. Llkewl.se, brldges for one gÍven set of t¡afflc

condl.tl"ons (traffic volunes, vehLcLe slzes and weights, etc.) nay not be sultable

for another route !¡LÈh dlfference condftlons. The polnt Ls sinply that over-

rell,ance on a seÈ of standard brldge deslgns can be uneconomleal ln nany cases. thls

Ls especlally true for d.evelopiag areas and capftal-scarce ecooonLes, In whlch

the designs used by oore developed reglons oay be qul.te lnapproprlate.

On the other haod, there may be opportunitles for slgnlficant cost savlng by

gtandardlzlng a hl.therto laissez-fatre brldge deslgn polfcy. Certalnly t,here fs a
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trade-off betveeu over-star¡da¡d.ization ancl r¡¡cler-standardization tbat shoulil be

carefully stualled to achieve least long-run costs in a particular region.

Followlng are BoEe detailed references on stenilardlzed britlge d,esigns, includ-

lng botb substructu¡es and superstructures:

l. Dept. of tbe .ârny, îM5-286, Se¡niperaa¡ent Hishvay anal Rai]çay Trestle

lriilses, APril I9l+5.

2. Dept. of the Amy, 1tl5-303, BiLl-s of Male¡ials qnd Equipqent q! lhe

E¡Eineer Function-ql Co¡oponents Systen, changes I - ?.

3. Dept. of the Anoy, n"¡5-302, Co¡struction 1n the Theater of Operatlons,Z

changes I-2.

Non-Sta¡dard. Fixed, Bridqes

l{on-stanclartl fixe<l brldges are those designeô for a specific site. lhe ffual-

ilesign vlll be lafluencecl by the folloving factors: (1) approactres, (2) r¡ater

cba¡acteristics, (3) botton conditions, (h) ¿ista¡¡ce, (5) on-elte naterials, (6)

cost of alternatlve Eatelials, a¡¡d (?) navigation requireoents. Design of non-

eta¡¡daril fixed brifuilg should, be r¡¡dertaken only by qualifled and. coapetent

Etructural engineers. ltadd.ell rs Briclge Engineerins (nef . ¡¡) a¡¡d. Robinsonrs

Plers; Abutnents and Fornwork for Britiees (nef. Z6) a¡e references for basic

principles of desigu r¡hich can leacl to econonies. A good n¡Ie-of-thr¡¡nb 1s that

tbe nini-nr¡m cost d.esign is achieved. uhen:

Cost of substructure = Cost of superstructure (less tbe deckíng)6

Thusr it ls evid,ent that, as bridge height lncreages, 6pan length uust iucrease.

furthe¡:more, it has been estimated. that:

Coet of brirlge/ft : f0 x cost of paved approaches/ft?

6 ,"r.""o"u 11, p. rtBB

? Rufu""o"" 23, p. 12[
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the latrer reletlonshj.p l¡dieeÈes thât one can oftea reduce fnlcial costs by

lengthentng agproaches to shorteo the requlred brldge. Lt ls fnportanÈ, hoerevert

Èo Loclude del.ay costs la preseat value conparlsons of alterneËfve plans ¡¡hlch affect

approaches.

Cost func¿loos for non-standard brfdges are al¡ost furpossfble to estlnate,

e:rcept for lot¡-r¡¿ter bridges such ae a tinber plle trestle. As E result, conparl.soue

of alteroatlves nust be undertaken on a basls suftable to the sl,te, but nay be broken

dorüi 1nÈo stx types:

lype 1. Conparlson of costs usl.ng dtfferent types of construcÈfon.

lype 2. Conparlson of a brldge r¡ith a ford (for seasonally fordable

rl.vers. )

lype 3. ConparÍson of a brldge rrith a ferry (for unfordable navlgable

rlvers).

Type 4. Conparlson of a hlgh brldge and a submersible brldge.

lype 5. Conparl.son of a short brldge wlth long approaches and a

long bridge wlth short approaches.

Ðpe 6. Courparlsou of one-way and two-way brldges

So far" ¡¡e have discussed types 2, 3, and 5.

Table 5 Ís an attenpt to provlde a crude approach for type 1 comparisons.

ltaterlals are listed ln the order of logLcal eonslderatlon to achieve nlnlmum

eapttal expense. Reference sources are provlded for those who wfsh to LnvestÍgate

the eubJect 1o deta11.

Type 4 conrparl.sons are descrlbed ln reference 21. Thls reference also contalns

sooe deslgns for eubnerslble brldges. The conclusfon of the author ls that sub-

nerefble brtdges are relatlvely unecononlcal, except for brldges over 200 ft long

on unloportant routes r¡hen Èhe cost of a subaerelble deslgn ls 60 per cent or less
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of the bfgh-bri<Ìge afternative. As tbls event ls rrnlikely, ve conclud.e tbat sub-

nergetl bridges are seldc¡n an attractive d.esign alternative.

lyle 6 conparisons are cor@ot¡ for prefabricated anô sta¡da¡d flxed bridges but

are ra¡e for non-standard rlesigns. Tbe subJect 1s coverecl fully in the attached,

Paper, The Ecoqoni,cs of One-LIey Bridgige.

Cost red.uctlon iu the design of non-Eta¡darô bridging car¡ be achleved. in the

following vays:

1. l.la¡<lntze use of loca-l materlals, especlally vhere the cost of cepital

ts higb (UlgU ¿isco¡¡¡t rates).

2. fcngthen approaches to reduce bridge lengtb.

3. Avoitl overclesign for unnecessarily bigb speed. ll¡oits or excesslve

Ilve-load 1lnÍts. This is especial.iy applicable to bridges in cleveloping

reglons.

lt. Beware of eutting corners in initial engineerlng costs (d,es1gn, founcla-

tlon tests); corner cutting can too ofteu result j.a a costly over-d.esign

or a rmsteful briôge faiLure.

yI. A¡-Exs¡aple of Staged. Developnent

Historical.ly, lnít1al stres^tr crossing nethod.s, and eubsequent upgreiting of

facillties, have follosed a predictable pattern. Tbe State of California offers

one of the best exanples in nodern history of stageô clevelopnent of strea¡r

crossing techniques.S ,o 1850 tbere were essentially no briclges of any con-

sequence in the nev state. The fast-groning borse ancl vagon traffic relied on

forils and. ferrles. A centurtrr later, 301000 bridges had been built of every size

and ilescription.

I Paobotstr[Century of Brlilge Progrese", Callfornia ltigh!¡ayg and Pubfic Worksr'
p. uh.
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Forcls rere sinpl.y natural sltes wbicb ¡l1oçed paseage of nau or beast rrith

bead above vater. Ferri.es were initielly crude d.evlces, unpowered and propelled

by current or Ear¡po¡rer. However, very soor¡ after the Gold Rush, powered ferries

vere cffion in Sa¡ Fre¡ci.sco Bay and along the Sacrenento River.

Eridges follo¡ed a pred.ictable pattera of d.evelo¡xrent. The initial brifues

rere crud.e gtructu¡eg of 1og or ti¡bers. Truss clesigns lrere li.¡¡ited to, (1) Á'-

fraloe, (a) fins or queen post d.esigns. Trestle designs rere also triect, but

tråüy nere unsuitecl for the haza¡cls of a water crossing. Indeed nany inltial

brlclges of wery type of d.esign failed because of hasty, over econonicaf con-

str:uctl.on. Soon more elaborete timber trusses nere useil, but they rere

econøieal only because of the huge supply of aatr¡¡al tÍmber ln the Motber Loùe

country" l,lore notevortt\y ûas the use of suspensÍon brid.ges on a fairly large

scale to echieve longer spa¡E at least cost. Sooe of these suspension brid,ges

çere st1ll stantllng in 1950. Steel bridging dld not come into widespreail use

untll after the arrival of the railroacls, r¡bich could. <leliver steel bridge at

a prlce cônpetitlve ¡¡lth 1ocal. natertals. UntÍI the 1870rs, most of the sig-

niflce¡t bridges in the state vere private toll facilitles. Stone masonry arch

bridges çere eppa¡ently uot constructed unti.l the latter part of the century clue

to, (1) availability of etoneuasons, (2) ùesire for permanent brldges. Otber 1n-

provenents in California briilge clesign closely parallelecl the technicel advance-

nents of the turn-of-the-century rittt respect to steel a¡d concrete.

WI . Sunmary

Tbls report has tried. to relate the irnportence of proper design of cross

dralnege antl rater crossing facllities to the need. for cost reduction of roads in

ôeveloping areas. l{e bave consiclered culverts, fords, ferries, float brld.ges,

subnergible brlilges, prefabrlcated fixed bridges, e¡¡ð stand.a,rcl ancl non-sta¡¿lar¿l

flxetl brfdges. In ¡¡ost cases, the cost con¡rarisons of alternative facilftles

bave been iu present value terrns. This has provlded a reasonebly eccurate vlev

of long terus costs. Little mentlon has been made of neintenance for 2 reasons:
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Þc¡rected lives of facllities for ¡resent velue celculetlons are

aÄJusteô to absorb nor¡¡al ueintenance costs.

l,latntenance coets for adequately d.esigned Etructures are only a sm¿lI

proportion of invested capltal. Ferries are Eul exceptlon and expecteil

¡alutena¡ce costs h¿vc been iscludeô in ell cost data.

A eeconal subJect that bas been avoicleô is that of bridge specifications. This

ls an inportaat subJect vith respect to design for coet savlag. The point requiring

cophasis, honever, ls tbat the speelficetj.ons for briilge tlesign (live load li-uits,

lateral a¡d vertlcal clearances, approacbes) êre a fu¡ction of the vehicles which

use tbe brifue. TbiE 1e ¿ subJect deservlng sepêrate attention' althougb sone

¡oentlon le nade in Cbapter VIII <teallng rith vebicles.

An i.uporta,rct adtlen<tr.¡¡r to tbts aubJect is Chapter W, The.Econonics of One-Wav

Bridgins.

IÍIII . Conclusionq

fbe folloning general cor¡clusions seen to þe varranteô:

Gulverts and. short brltlges accourlt for a signlflca¡rt proportion of

initi.a-l aad long-term roaclway systen costs. Most cost savlags vlll

be preventive: adequate inltial tlesign e¡d constn¡ction rr111 prevent

coatly cteleys, repairs, and replacements.

Fortts ar¡d. ferries are at best suited only for the initial stage in

provlsÍoa of stree¡ crossing facllities, to be replaced by bridges

in later stages of cleveJ.opnent. Exceptions voulcl be ferry eites

rhere briilge coets are prohibitive, aad fo¡ds in aricl cl-ioates or

vhere bypasses are avaiLebl.e.

Ferry costs (preseot velue) for short and nedtr¡¡ crossings iu most

ca8es are far 1a excess of brlclge costs. This ls tn¡e eveu vbetr the

coet of lebor ls relatively low.

1.

2.

1.

¿"

3.
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¡t. Subnerged, brld.ges bave llttle, or no potential for cost savlng over

conventlona-l bÍsh bridaes. (See Bef. 21).

,. Float bri<lgiug 1s linitetl to teoporary purposes, or specialized. use

on rÍvers vithout naJor r¡ater traffic. Cost of float bri¡tging is

very high.

6. Prefabricated brifuing conponentsn for exanple the Balley Bridge

a¡d Uniflote, Beem to bave valuable characteristics for use in developing

regious, 1a spite of tbe higb initial cost a¡cl exported capital.

T. Stanila¡dizecl bridging has conflicting potentials for significaatly

lncreasing or lowering costs, potentiels vbicb deserve careful stud.y

la relatlon to conilitlons in each regiou.

Reconmendetions

1) It eee&s advisable to clo more research into the proper itesign specifica-

tions of lnitial bridgiug for penetretion roadls and lou-vol-une roads ia

d.eveloplng reglons. These speclficatlons (live Load linlts, cLear-

ances, approacbes) must be related. to tbe vehicles r¡hich use the bridge.

Prefabriceted brÍdging, in particular tbe Bailey Bridge, has the property

of in-place staging of ellovable loads sinply by adding nore panels and.

reinforcenent chord,s, or by adding a paraLleL bridge.

2l Gr¡ld,elines sbould be establisbed for the choosing of a ford, ferry or

bridge at specifi.c sites of a penetration or lor¡ vo}¡ne road. Íhis set

of gultlelines can assist planners ln cost rettuctioa. These guÍdelines

ehould consider both present value conparÍ.sons ancl streem-of-cost con-

parieoas of forils, ferries and, bridges. this infomation r¡"ill assist

planners to neet staging obJectives for vater crossiugs, Ín establlshing

ancl upgrarllng lov volume penetration roads.
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APPENDIX A

2-TIAT I¡I{ TI}IBER BRIDGE

Reference; See Bllls of !{aterfals and nt of the En Frrnctional
s tes- TM 5-

t¡ldth s 241

Span l"eagth: 20¡ (l.faxfnuo beudlng nogent for 14r, 50 ton ' uexfnum bending
aonent for 20r, 20 ton)"

Useful Llfe: 10 years for sooden brldge and plere

20 years for abutmeqts

Cost Data (20 yr. Present Value, 102, J.969 $):

2 ea. Abutuents/ralsed approaches (zero-intercePt)

superscructurel, facflfty no. 85202, p. 853

Superstructure, 10 yr. replacenent

tlnber plle pier2, faclllty no. 851062, p. 7L6

llnber p1le pler, 10 yr. replaceoent

ToÈal c,ost per 20r epan (slope)

Eet. $2,000

$1,782

687

868

334

$3,67L

1n Estloated cost of uaterlale in reference are lacreaseð' 25"1 fot

lnflatlon. labor cost fs included and 1s $ '75 per man-hour'

2. C.ost of 20 ton, doubLe laoe pler approxfrûates cost of slngLe

lane, 50 Èoû pler.
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APPB¡DIX B

FOSD @ST ESTIT,IAIE9

Referenee: See Table l, Fords

l{1drh: 20 feet

Ueeful l¿fe: 5 years for all types

Cost Data (20 yr. Present, Value, 102, 1969 $):

Plefn Plafn ,Gablon ConcreËe Culverted-

l{aterlal Cost, 100 n

Iebor cosrl, 100 u

S1'000 ç3'800 $13'500

1,875 1,975 4,500

Sub total $2,875 $5,675 $18,000

Replaceoent Cost for 5, 10, 15 years.

(Subtotal x L.2457> $3,585 $7,080 $22,4AO

Present Value/100 o $61460 $121755 $40,400

l. Labor coet 1s $.75 per oan-hour.

2" Cost represenÈs GabLon or concrete constructioa using 36rr dla. plpe.
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APPENDIX C

I¡NIFI¡TE FERRT COST ESÎIIIATES

Reference: See Îable 2, Ferriee

Useful Llfe: 20 years for all tJr?es. Operating coet lncludes no¡ilal
¡¡1¡tenance costs

Cost Data (20 yr. Present Value, 102, 1969 $):

1) Grew slze

2> Ánoual man-hoorsl

3) Aonual wage coet2

4) Dally operatlng coet

5) Annual Operatlng cost

6) Subtotal (3 + 5)

Present Value, 20 yrs.

(Subtotal x 9.3640)

Capltal Cost

Grand Present Value

Assuulag ferry operates 18 hr./day,

l{age rate = $0.50 per mau-hour.

ÐPe A

2

13,130

($6,570)

$20.00

($7,300)

$13,870

$130,oo0

31, oo0

$161,000

Type B

2

13,130

($6,570)

$22.50

($8,220)

$14,790

$138,5oo

47, ooo

$185,500

Ðpe c

2

19,700

(s9,8so)

$4s " 
so

($16,600)

$26,450

$248,ooo

_ J9-o!q

$314,000

lo

2"

fron 0600 to 2400 hours.
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þPeudix D

rLOAT BAILEY

tÞecrlptloo: See reference 3, 9. 242, ttstandard lJldened Bal'ley
for 24-Ton Loads.tl

wfdths L2t 6tt

l"ength per bay: 921

Ueeful 1lfe: 20 years
I

Coet Data' (Present value, 102' 1969 $);

Landing baya I Landing bay plers (zero lntercePt)

CosÈ per bay (slope):

2 ea. trifloteg

2 ea. endscows

Anchorage

90r double-slngle, scandard wldened

IÞcklug, r¡ooden

IÞcklng, 10 year replacenent

l¿bor costs (700 ¡¡an-hours, $ .50 per hour)

Floatfng Brldge

Total cost per bay (slope)

$ 5,000 est.

$15,800

1r630

500

16,900

1,580

670

350

$37,430

I
'Flg,rres reflect 1 January 1969 U. S. retail prices, F"O.B. USA Port of Entry,
Duiy Pa1d. Price list supplfed by Acrow CorporaÈlon of Anerlca' 23L
Washfngton Avenue, Carlstadtr New Jersey.
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Appendix E

PRESENT VALUE OF FERRY DELAY

þpe of Ferry: Ualflote Raft, I}pe C, 6 vehlcle capaclty.

Average Speed, s: 440 fpo (5 nph)

Average Termlnal Îlue, K: 5 ninutes

Value of Tlue l¡st: $0.50 per vehicle-hour.

Cost Data (2O yr. preseût velue, 102, 1969 $).

1) dls
2> d/e + K (Ave. delay per veh.)
3) ferrles per hour

4) peak load capaclty

d - 200t

0.445

5.445

11.0

66 vph

a.10vph
54.45 ¡rln

3,970

$1,985

$18,600

$37,200

$55,8oo

$74,500

$93,ooo

d - 1,000t

2.25

7.25

8.28

50 wi¡

72.5 oin
5,290

$2,660

$24,8oo

s49,600

$74,4oo

$98,200

9124,o0o

Couputatlon for
5) veh. delay per hour

6) hrs. of veh. delay p." y""r*
7, ansual delay cost
8) 20 yrs. present value

9.35 x anquaL delay coet

9) 20 yr. present value for o = 20 vph

10) 20 yr" present value for a = 30 vph

1l) 20 yr. present value for a = 40 v?h

L2) 20 yr. present value for c - 50 vph

A.ssunlng l2-hour per day operatlon at constant trafffc flor¡.
tlues ¡¡ould be at m¡ch reduced volumes.

Servl.ce at other
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COMPAR ISON OF

tOW BRIDGE

FORD

cosTs

AND

Di¡count Roro - lO /
Plonning Period - 20 Yeors
Lobor Cost - $.ZS Per Mon-Hr.

*
Or€
o.

o

ooo
I

o3
o

É(,
o
ô.

.l
ËI

ål-l

Fig. I ¿Ê Length of Structure Ft.
Sce lig.lA for more detoils obout the gobion ford.
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tOW WATER BRIOGES OR FORIIS
It often becomes necessary to install a pcrmanenr, light trafñc, low warer bridge or ford
on access roadways in forest or fa¡mland areas. Normal scour action, increased during
periods of flood and swift velocities originally nccessirated a high cost installation for a
peimanent structure.

Thc usc of lt'laccaferri gabions, however, has nlade permanent low cost structures of this
typc possible.

usEFut HHTS:

l. The Maccaferri gabion structure adds the feature of harmony because it blends w¡th the
surrounding natural beauty.

2' A properly insrallcrl gabion ford wirt require littre or no maintenance year after year.

3' If thc walls of thc structure are built on instead of below thc ex¡s¡¡ng stream bed, the
additional requi¡emcnt of a gabion apron must be incorporarerl

flt. atl - Low w.tcr br¡d8. in3t.l.d in l!d.r.t
forq¡t lañd wr3 bu;lt w¡t¡ gabioñ3 ãnd graval,
POtt ñarks @rdwry at tima o, h¡gh watlr.

|i'. ara - Cross-¡æt¡on g, 9.ojGt,

E¡troctcd l¡om Moccofcr¡i Gobiø¡ fechnicol Hondbool
Moccole¡ri Gobio¡¡ ol Ame¡ico ln<.
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PRESENT VALUE COMPARISONS OF

FERRY AND FLOAÍ BRIDGE COSÍS

Di¡count Rote - 1O/,
Plonning Period - 20 yrs.
Lobor Cost - I . ZS Per Mon-Hr, Construclion

$ . so Per Mon-Hr, Operqt¡e¡

q

v;j
or€
o.

o

oô0

o:
o

o
o

CL

Fi9. 2 C ro*ing Gop
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hl3lfll v^ru¡ cop^ttsù of uxr¡lott IYfr c tltr
año rto^l ¡lroct - ttrlr oELAt cosf tNcruoto.

q*et hi - þt
hi{ h¡.¿ -ærÉñ
Èhr Cør -l.sL' hi.-hr.
l.vñ. bl oú*rd¡, otod tqúÍr.

ilMllS OF tEASt0tU¡y FOR UNttIOtE typE C

FERRY AND BAILEY TI.OAI BRIDGE

CE.r¡ng D¡ltonc. Ft.

o

.:ê

l

I

I

I
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I
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I
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-¿¿¿¿õ---i;;c;*ãlufr
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COMPARISON OF FTOAT BRIDGE COSTS

Nolc: All bridges equol,
or c¡ceed, 2o ton
copocity for vehiclcs
of ot lco¡t 3 oxlcs.
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TAALE I - FORD6

Roedtåy no¿duay cùlvêrt llaxttD RequlEed Materlsl/lleÈer coat of !{¿r-tlrÊ. ¡tsn-nra. Exp€ct€d ll¡terl¡lgtdrh Heiglr Slze Flg, R¡te of Leûgrh l.laterr.¡l per X pêr U Uôêful Cost p.a
ftlû ttlú ln. trlø* ler !l (No Equr.p) Equfp. (H/Equte.) Ltfê ¡lt.c"ii

l) N¿Èur¡l Ford 2016.L 0 None 20 Vôrl.¡ble aDunt of on-sl.te ¡¡one
eterl.sL

5 Bulldorêr 0.5 6 æ.-l yr

2) Gåbloô Fordfr
Grrvel Ceûßer

20l6.L r.6lO.5 2.6 ya] of rock-fflled ssbfon ç IO.OO
8 yd' of rlver-run fill

Eulldozer 5.5 5 yr 90.50

20l6.L 3,251L.o 2.6 yd3 oi rock-ftlled gabtor $130.00
6 ydj of rlver-run fill

27 fr of steel culvert plpe

gulldozer t2 5yr $3.52

2016.r 5.0/r.55 3.8 yd3 of rock-fflled gabfon g130.00
10 ydJ of rfver-¡un fill
13.5 ft of steel culvert plpe

Bulldozer
Frontloader
Duúp lrucks

5yr $2.65

5) Co¡crête Ford,
6" sheU

2016.L 2.0/0.5r 20 f.5 yrt] of concrete $ 38.00
4.8 ydj of river-run ffII
26r x 4r ûfre oesh rehforce-

Bulldozer
Concretê-

5-10 yr $r.90

20l6.r 3.251r.O 17 f.6 yal or coûcrele S142.00
6.0 yd- of fIlI
30r x 4r wlre ñeoh relnforce-
DenÈ
22 ft of eteel cùlvert plpe

Bulldozer
Cþncrere-
û1xer

5-lO yr $3.84

1) 2016.t 5,0/r.55 1.8 yd3 of concrete
l0 yd' of flll
34r x 4r wtre resh
11 fÈ of steel culvert plpe

sI43.00 Bulldozer
Front loade!
Düûp Trucka
Mlrcr

15 5-10 yr j2.92

8) 20t6.L 7.5/2.3 1.9 yd3 of concrete
19 yd'of ffll
40' x 4r Þ1re @sl¡
9.5 fc of 6È€el culvett plpe

$200.00 Iqractlc¡l (Saæ aa
above)

5-10 yr 93.64

tM.xl$û fI@ râÈê for fordable condlfions ls estlMted to be oûe foot depth, 6 fee¡ per sec velocfty,
*r!{¡ccaferrl c¡bloûs of Aærlc¡, Inc.¡ 55 t¡esr 42nd Street, Neu York, Ner york.

Seê Fr.SuEe l/\ for ere detalls.
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Î[E 2 - FmlE SD WTS

0tds¡oNs uÎ 4¡¡UæE

ar¡¡ &¡8h. h¿ft
1.1. fÌlø ,.lt

ShorÈ
ton¡
(Ie.¡ a.P.

Av.r.¡. îyptc.l p.t
¡r¿ sp.ed bu!. T.rd¡¡¡ Cro.r

P¡.¡. &tô. fúcl) l./hr bo&rh T1ù 10¡ Po.r Îyp.

klaht 1....1 T.!dú¡ bl.t.rúc.
Cr.ù Sbrt 6.t &rt Co¡t/r2 br ùt
st¡. Lo tuú. S ña¡. t (e.. c¡.v)

¡) 55-4¡. Drr ùt. Ð/9.2 2517.6 a12., 411.25 ó I I I 5ÈtOOi 5r1! bú

¡) Lrór a..tl..l !E.r/t.ó 
'al\r.l 

at?.t
¡.1¡, u. S, 

^rry

2.510.16 I0 2 ¡0 12 l@ e - t ¡rn ¡.12 ¡ 15.@

t) ¡ 4 bfr, !. s. tilrL,t 41t26.5 atz.,

^ry 
(4 p6too.l

2.510,76 20 ! 50 I 1@ ¡ - 5 da 1.23 Oltb.rd
2 l¡ 2 .¡. 40 h.D.

s 20.m

llo.92 l0 I@¡- ¡.25 D¡...¡
2 ... 42 ù.p.

:20.æ

vtLo. J 53 I 1ær- 0.6t Dlø.l
2 å¡. 42 h.r.

¡ 20.25

8t174.6 t4lLo,t 412.5 tl0,92 A 150.- 0.97 t ¡2.50

rvts D r¡/21.6 2tl7.A tlo,92 0.84 Dl...l
2 ... ó0 h.p.

t 22.60

99/30,0 3alro,3 tlo.92 I 200b- ¡ 45,t0

ó2lla.9 t9lt¡.8 t611,9 tl0,92 9,! I2l ó 0,ó2 Diê¡G¡ - [rdro t 90,@

6! hdtu! t.rd. 160/49.0 61119.5 421\Z-A
"Btvu" h¡h. sr.

L0/1.05 .5-¡2 b 5 .tû ¡.25 Dt...1 t2!5.æ

7) l¡r¡è t.rlr rsYai 36?/l¡6.5 7¡122.¡ 80/24.4
9¡rh. SÈ. try.

LAt5.5 ¡.ó50 ¡ó0 2-¡¿ Lr ¡0 .1n. 2. ro0

t) Æv F.rry, Sþ( ItOlt9.6S 7712).46 4¡112.95 Mdñ¿¡ lI¡ 2{0 L¡ 15 ¡t¡

r sourc. oa info.úll@ 1. ..fe..æc 2ø, t, 22O.
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TABLE 3 - FIOAî BR¡DGES (20-1ON, 3-AX!E, SAFE r.OAD Llr.trt)

Poûtoon

Leûgth
of B¿y
ft/ø

Pontæoa
Per Båy

Ha¡1-
noadway EúD
Wtdth Current ìlaterlal
ftln fps Per Bây

Coa t
Per
8åy

llaû-Hrr
Per Bay

(No Equlp-
Equtp) ænr

l{¡n-Hrs ltÂlnt.
Pèr Dsy Cr€u
(s/equtp) stze A¿fcrcnce

l) Lttht T¡ctlcrl AluDl- Atruol-
Srldge, U. S. ouú nuD
Àre),

L2l3-7 912.8 2,735 lbs $1l,OO0
peE bay
plus
anchorâge

6 crane, 4 2
Brldge
!oaÈ

nr 5-2lo

2) ll4 float ¡rldge Alsûf-
U. S, Ard'' nuE

AluDl- l0/9. r 8,700 lbs $23,0O0
pe¡ bay
plus
anchorage

Cr&e,
Brldge
Boât

ft 5-2rO

3) X 4T6 FLost
Brldgê
U. S. ArEy

Àlu¡I- lnflat- 30/9.L
nub able

LO,2l3.t 7,000 lbs S22,000
per bay
plus
echorage

Ie
PrÂclt-
caI

Crane, 30
Afr
CoDp ressor
Bridge
Boat

ÎM 5-210

4) Batley Brtdge
oû unfflotes

Balley, Trl-
double- flote
slngle Pler

(steel)

92 128.t LO.75l 3.3 5l tons of $35,100
ateel plúa
aûchorâge

Ib- Cr¿ne,
practl- Brldge
cal 8oåt

Il¡e Brflêv
and Uûl-lñãã-
ÎãiãFook,
o. 2l¿O
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3oo
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""lll" "*¡ 0.lr frlc. Xd.r. Ff,
l) 

^. 
I. !¡ld¡. A.!d 6rpor..to¡ Sr - 3m¡ 20 rotr., .æh 24. (ùp ro b d.r¡ t2óo¡æO for r/A tu. ¡tn ..¡tof brtc¡ dtr..rlo ¡90 rÐ¡) ÐOr brtd¡.

2) lttl.I l¡rd$ lt{f.l 8rtd8. ø. 2Or - 80. 30 - It 16¡ flo òr. No d.r¡ x/^ s.. rc¡r2l k b'ar-D¡Ulvl¡t.
P¡rl¡ lô. FUCE

l) !¡t¡.r ¡dd¡.' &rd corpor¡r!6 lor ro 2lor 50 - 15 rm¡ (!p tô xo d¡¿¡ ùp.n&nt 6 .pú it| s.. t.¡rClvluú rrl.. ot &!lc¡ 2OO roD¡) t.ô¡rh ¡ to.d il.tr
a) !¡tl.t ¡.rds. S... N 5-217 2 .. &' ÞS 15 - 50 roú Zt6,tg5 ¡o d¡r¡ $ 15,391 542}_5ro-3tb Sè. r.¡rU. S, 

^rry 
5c 5a2O-91-CL-Ë19

l.¡ l!0r FD

t) Pe.¡ lrldF, 1¡ t-26ô-l 2.¡ I¡5' S-S 50 rôô. ¡o d¡r¡ ¡o d¡t. S¡75,O0O 54ZO-5¡O_¡,E¡ S¡d¡¡r ro !¡ll.y !.!dg.
^ludoqD 

. sc 5420-93-cL-[]7
I ¿¡ l50r Ès

ó) [l¡hy.r !rld¡¡, Tr 5-285 50 ror. ¡2,920 1O2 S 1,9t8 5420-Zó7-m4I rrê_cst ú drtlt.d ¡_bè¡r ¡r¡.¡bt,St.¿¡r ¡-b.ú SC 5¿¿0-91-CÞ,rO

7) lr¡hv.y ¡rrCa.t 1l 5-285 óO' 50 roú {5,E00 892 I 7,440 512A-261-0012 s¡r o ¡bov.Sr..l. l-b.r sc 542G91-crEIl

A) fll¡he.y. ¡ildt , ù 5-2E5 90' 50 ton. ó1,óOO 1,944 I l5r9r4 54ZO-t67-OO4t s.æ .. .bov.st..l, T.ú. Sc 542c91-cÞlt2
¡ro.dr hlt haaoc- $ 20,319 542ç261-@52 Unrl!Ì¡ed l.b!r e/l!¡tr.d .t¡I¡.d roÞ.¡rt.td116, Þ4 lirÉ 5C 542G9¡-CL-ga øoFrr. Ildth

btro¡ .ull, b..rc p.rr. - !nr.rch4t.ô1.

lo) bllro¡., hlt ø¡.tr*- B 5-172 55¡ - 65¡ E¿5 - E40 9t,Ír ¡.12I $ 2ó,70ó 542o-261-Oost s.æ.. ¡bov.!¡oû¡ ñrog¡h rtÞ. 5C 5420-91-cL-E25

l¡) br¡s¡v ùrr¿ß' n J-lll 90' - I5o' ú5 - E4o 273,324 ,,zao 5 45,Ell 5420-2ó?-@tl ¡o bG ..oc!.d rôd.trôlr.lyr ..- ch.¡. ¡.ftr6¡h lru¡¡ sc 5420-9!cL-ElE ¡bv.

t¡) ¡¡t¡e¡y ¡rld¡.r n 
'-ttt 

17' gt - Ê40 Tr¡ck 5,lo¿ ót 5 6¿9 512É267-ou6 pr.-.ùr úd d.rtt.d ¡_b¿o ú¡.ór,l-b... SC t42o-91-&-lll rl¿th

¡l) þl¡r¡y BrÍdt.r Îx 5-lrl 2l' E{5 - &0 Ir¡cL ¡o d¡t¡ xo d.t. S ¡,3(ó 5!20-267-0A4I S.æ ¡Ê 
^ùov.¡-b.E Sc 5420-91-cL-El4 91dth

1a) ht&¡t ¡r!¿¡., rÍ s-ltl 2lt E45 - E¿0 lracl ¡¡,518 205 I ¡,19ó 5420-2ó7-OO4E So. ¡¡ ¡bov{
¡-b.¡. 5C 5420-91-cL-El5 lld.h

¡5) þr¡r¡y !¡td&t fr 5-l7l llr Îr¡cl 18,óó6 340 $ 2116ó 542O-26t-OO4g Se. ¡s ¡be.
¡-b.¡. 5c 5420-91-CL-EIó 35' E¿5 - t4O uldth 20,815 3Ez

¡ó¡ ¡r.rtl., blle.t, St..¡, ñ 5-3t4 N/A For 55r - I5Or N/^ ilo d¡t. No d.t. $ 15,5ó5 t42V261-ú!7 !o¡ rhroú¡h rru.. t¡ brtds. (r¡)
l-lrp. Sc t42O-91-cL-Ela .e¡n

throù¡h-Irú.¡

tt, lliiilî'riill'r, """. I'J iilärr*_r, 
!/^ 

Ï;:t;-;.::'. t^ xo d¿r. No d¡,¡ $ 2e, r28 5120-267-00)6 For unrr cd,.rÞc¡!oõ, n brtds.. (e, ro)
u¡It conrl.
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TABLE 5 - COMPARISOII OF BRIDGINC ¡ÍATERIA],S

Tyfc of listerl4l

Econoñl-
cal Spú
Rete

Ltve
l¡ad
R¡nge

DeslBn
Dffft-
culty

l¡bor Labor ¡f¡rerfål
Skllte lûtensity Cost

Tr6ûsport Expected
of Llfe Equfpæûr

l{Àterlsla Range Rêqqlreæôt¡
Rêferencc

Source¡

l) LoB zOt - 7Ot 30 toos -
I Èon

Sfnple Un8ktlled l¡e (e/equlp) Mlnl@l
8t8h (w/out
equlp)

Hust uae
local @-
terlalô

7yr -
5vr

Crase, bull- See (B¿n8en)
do¿er, ch¡lô

Tfùêr Strlûger,
Tlhber Plle 2Or - 3Or 20 toos - Sluple

I totr
SeDl- ìGdlun
Skllled

¡¡w to
!Gdluu

Expenslve
for fong
dlatance6

5yr-
1.0 yr

Pile drlver, l) Tlt 5-312
sklll eag 2) TM 5-258

¡) Tfûùer, Sfople Tßss 20r - 501
(Pony, Klng Post,
Queen Post)

30 toos - Slûple Seot-
I ton to Skllled

UedLuû

liedlun I¡w to
Hedlú

Expenslve
for long
diBteces

5 yr -
l0 yr

Pl.Iê drlver, See (C¿ebel)
sklll sar,
Þower drlll

4) SuspeneLon, tJooden 50r - 300r lO tons - ¡ledlun
Decl( 1 ton

Senl-
skilled

Econoûlcal 10 yr - Sklll 6au,
for long 15 yr conclete
d16!ance9 Elxer for

echors

l) See (WeLDerr)
2) Roebltnt, p. 93
3) TM 5-270
4) TM 5-303. c 6.

. 819

5) ¡{ssonry 
^¡ch, 

E¿rth 20t - 501
Ftll

50 Èona -
10 tonB

¡lediu Skll-led High Must use
loceì
MÈerials

l0yr-
50 yre

Braclûg
l,ta cerlÂl

I) See (Roblûson)
2) ÎH 5-312

6) Bafley Brtdge 30' - 2101 30 tons - Slbple
16 tone

Unskllled Loe Hlgh ExpensLve 20 yr -
fo¡ 1on8 30 yrs
dlstânces

t) concrete SIåb,
Relnforced

20r - 401 30 toûs -
10 tons

SfÞple SeEt- !|êdiun
Skilled

Expensive l0 yr -
for long 30 yrs
dlatánce6

Coôcrete 1) TM 5-312
Elxer, 2) See (Kadtyalt)
sklllsao for
framworL

8) Concrete BeaE
Preat re3sed

30r - 1C5' 30 tons -
l0 tons

Dlffl- skflled }ledluE
cult

Expènslve 10 yr - Specl¿I fo@, See (tlåIl, Endeb¡ock)
for long 30 yre concrete
distånces û1xer, crane

9) Paraboltc Plpê Truss 50r - l2ot 30 toôs - lredluo
10 tora to

Dlffl-
cul t

Sktlled l,tediuD Expenslve
for long
dlstances

20 yrs - Helder,
50 yrs crane

See (Lenz)
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Luwu rural development, Sulawesi lsland, lndonesia.
{Photo courtesy of USAID)
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6T¡T HAilOEOOI( OF HICHWAV ENGINEERIÍ{G

toadiqs

ÀASHO Loadings

Thc AÀSHO loadings have graduaily increased over theycas. From 1927 v/hen the loading was adopted, until
1944, the H-I5 loading was used. This was a l5-ton t¡uck
rith two ax.les spaced at i4 ft (4.2 m), with 80 per cent of
the load on thc rear axle and z0 per cent on tlie front.
From 1944 unril 1963, rhe H?u-S16-44 designarion was
uscd, which since l9ó3 has been termed HSZ0-44. This is a
tl¡¡ec-axle truck with 20 tons on the two leading axles
spaced at 14 ît (4.2 m), with the load divided 20 per cent
urd 80 pcr cent, followed by ¿n additional rrailing axle
loaded with 16 tons and at a variable spacing. Certain
uniform lane loadings are also permirted. One difficulty
with these loads is that they represent t¡ucks which a¡e
scldom if ever s€en on the highway. However, expenence
h¡c aþsrv¡ that structures designed for these loads will suc-
ccsfully cilrry any of the legal loads on the srate highways
in the early 1970's.

Forcign Loadings

It sfiould be noted that the AASHO loadings arc much
lþhtcr than those used in many foreign countries. A tabu-
l¡tion of design loadings in the early l9?0's shows the
AASHO loadings nea¡ the bottom while those of Great
Britain and Germany are at the top. Di¡ect comparisons of
dcsign loadings of Great Brítain, Germany, and France can
bc misleading because the loads apptied are quite different.
Howcvcr, an analysis of the moment and shear effects of
thesc loads will give some indication of thei¡relative sever-
ity. ¡t is probably a fair starement to say that thc design
loadings of Great Brit:in, Germany, lnd France are about
¡.85 timcs as severe as rhe AASHO loedings. The diffe¡-
ence is not so much in the individual trucks or loads as it is
in the number or sequÈnce of the loads. The European
loadings anticiprtc trains of trucks while the AASHO load-
hg gcnerally places only one heavy truck in each sprn.

Thc difference comes in part from a different phüosophy
in conncction with the r¡ilro¿ds. ln the United States,
whcn the load becomes too heavy for the highway, it is
carricd on a ¡ailroad. ln Europe, when loads become too
hcavy thc rail¡oads will rcject them and then thcy must be
movcd on the highways. The philosophic¡l obscrvation c¡n
tr madc thãt ¡ country will develop r loading which best
fill its cconomy. The prcsent loading st¡ndards in the
United St¡tes permit lo¡ds upon the highways whjch are ¡
compromisc between grÈ¡ter loadrarry¡n8 cap¡cily and thc

maintenance and safety problems which heavie¡ trucks
would generate. Polltical pressure for heavier legal loads
can bc anticipated, and a designer must ever keep this in
nind.

Railroad Loadings

The railroads have long operated under a system of standard
loads designated by the maximum weight of the locomotive
such as E-60 or E-72. The weight is distributed over a
standardized system of wheels. l\lany bridge design hand-
books h¿ve tables for an E-10 loading from which rhe
moments and shears under various wheels may be picked
and used wirh a mulriplie¡ (E-ó0 = 6 X E-10).

Eart hquakc Co nsiderct ion t
There are few places in the United States entirely free from
the threat of earthquakes. Many areas have not had a seri-
ous earthquake for some years, but the record will show
that in the not too distant past severe earthquakes have oc-
currcd. Earthquake design involves a deep consideration of
thc philosophy of relative risk. Certain areas of the country
havc been accepted as low-risk areas while others are re-
garded as very vulnerable to ea¡thquakes. Designing a
moderate earthquake resistance into a bridge is not overly
expensivc and the designer would do well to consider put-
ting in a few minimum safeguards to hold his structure
together should it be subjected to an earthquaJ<e.

In high-risk areas, a reasonable philosophy must be de-
veloped. It is not feasible to design all bridges to withstand,
without damage, the maximum rigors of an earthquake
should it happen to be in the center of the distutbanL€.
However, to prevent collapse and possible loss of. life, every
effort should be made to tie the structure together so it can-
not pull apart and fall. Bridge failures in an ea¡thquake are
almost entirely failures of details and connections.

Some specific recommendations for earthquake-resistant
design of bridges are worth noting. Bear i¡ mind that con-
crete me¡nbers rigidly attached to the Found will probably
disintegratc under a maximum ea¡thquake exposure. This
complctely elimi¡ates all bond to the bars and lap splices of
¡rny 3ort become useless. Therefore to protec! the stabilify
of a structure and prevent its collapse, the followirlg rnea-
sures should be taken: (l) Ali colu¡nns should have closely
spaced spiral reinforcement (e.g. No. 5 bars at 4-in (1.0 cm)
centeß, minimum). (2) The practice of doweling columns
into footings should be avoided (in columns less than about
30 ft (9 m) in height, the main column bars shor¡ld run from
a good anchorage in the footing to an equally good anchor-
age in the cap without any lap splices). (3 ) E.rpansion joints
should have ties across the grp which wíll permit no¡mal ex-
pansion and contraction but wili resist any major moyement.
Similar restraine¡s should also be placed in ths abutments.
Joint rcst¡ainers for earthquake forces are designed to resist
a forcc cquivalent to 25 per cent of the riead load of the
lighter of the two sections of superstructure terminating at
the joint, less the shea¡ resistance of the columns support-
ing that section. Restr¡iners may be large highstrength rods
or 3/¿-in (1.9 cm) prestressing cables which have a capacity
of about 30 kips (15,500 kg) per cable. The cables
may be grouped in clusters to reduce the number of ¡e-
straincrs to about two per cell of a box gtrder or per span
between T-beams. (4) Speci¡l attention should be given to
¡dequately anchoring footings to prles. (5) lfstatic design
factors ¡¡e used, they should range between l0 per cent G
and 30 pcr cent C in an earthquakc prone area. The vrri¡-
tion depcnds upon the founrlation material, the lowcr
vrlucs bcingused for rock foundations and thc higher valucr
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bci¡8 u¡cd for poor natcrirl and pilc foundations. (6)
Connccting mcmbers likc footings and caps should havc
cxtr¿ brrs eddcd top rnd bottom mcrcly to try to kcep thc
concrctc blocks intact. (7) ln an carthquakc arca, cnough
ltructures should be given a dynamic analysis to gct a feel
for thc limiß within which thc dcsip must fall to be safc
dynamically. Ccrtainly any major structure or one which
would form an csscnt¡al üfcline should bc iadividually ana-
lyzcd dynamically,

Othcr Loads

Thc AASHO Spccifications list dl of thc othcr loads which
c¡n come onto bridgÊ stfuclurcs. Thcsc ¡re gfoupcd to.
æthcr ¡o thc dcsigner can choosc thosc loading combina-
tions which will apply to his structurc.

Ov¿rluds
Thcrc is a common misconccption thet most bridges are
only occæionally subjected to overloads. Howcver, a check
vith thosc \yho gr¡nt overload pcrmits will prove startling
to e designer. Some st¡tcs issue over 200,000 overload pcr-
nrits cach year (1972), and probably most of thcsc ove¡-
lo¡ds ar? concentrated on ¡ small perccntage of the st¡te's
highvays. Other states issuc blankct permits each yeâr.
Thesc entitle a holder tô haul his overloads as oftcn as hc
wants. As e rcsult, some bridges find ovcrloading mor! the
rulc th¡n the exccption. Overloads takc their toll in ac-
ccler¡tcd fetiguc cracking and disintegrated decks. Hcnce,
tåc dcsigncr would do wcll to includc a considc¡able num-
bcr of ovc¡loads in his dcsigrr loeding.

NOTE: This section fs included to describe
vor¿ous loadíng criteria for bridges. See
Ref erence 9 for more detailed comparison
of highway brídge loading standcrds /or
different countries.
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Bibliography
The following bibliography contains two sets of ref-
erences. The f irst set consists of a reference for each
selected text that appeared in the preceding part of
this compendium. The second set consists of ref-
erences to additional publications that either were
cited in the selected texts or are closely associated
with material that was presented in the Overview
and Selected Texts. Each reference has five parts
that are explained and illustrated below.

(a) Reference number: This number gives the

position of the reference within this particular bib-
liography. lt is used in the compendium index but
should not be used when ordering publications.

(b) Title: This is either the title of the complete
publication or the title of an article or section
within a journal, report, or book.

(c) Bibliographicdata: This paragraph gives names
of personalor organizationalauthors (if any),the pub-
lisher's name and location, thedate of publication,
and the number of pages represented by the title ¿rs

given above. ln some references, the paragraph ends

Bibliog rafía
La siguiente bibliografía contiene dos series
de referencias. La primera serie consiste en
una referencia para cada texto seleccionado
que apareció en la parte anterior de este
compendio, La segunda serie consiste de
referencias a publicaciones adicionales que
fueron mencionadas en los textos seleccio-
nados o que se asocian intimamente con el
material que se presentó en la Vista General
y los Textos Seleccionados. Cada referencia
tiene cinco partes que se explican e ilustran
abajo

(a) Número de referencia: Este número dá

la posición de la referencia dentro de este
bibliografía en particular, Se utiliza en el índice
del compendio pero no deberâ utilizarse al
pedir publicaciones.

(b) Título: Este es el título de ta publicación
completa o el título de un artículo o sección
dentro de una revista, informe, o libro.

(c) Datos bibliográf icos: Este parágrafo dá los
nombres de autores personales o organizacionales
(si hay alguno), el nombre del editor y su direccion,
la fecha de publicacion, y el numero de paginas
representadas por el título en la parte (b). En
algunas referencias el parágrafo termina con

Bibliographie
La bibliographie qui suit contient deux caté-
gories de références. La première catégorie
consiste en une référence pour chaque texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxième catégorie contient
des références pour des documents qui ont
soit été cités dans les textes choisis, ou soit
sont étroitement associés avec des écrits qui
sont présentés dans I'Exposé ou les Textes
Choisis. Chaque référence est composée de
cinq parties qui sont expliquées et illustrées
ci-dessous

(a) Numéro de la référence: Ce numéro

indique la position de cette référence dans
cette bibliographie. Ce numéro est indiqué
dans l'index du recueil mais ne doít pas èTre
utilisé pour les commandes de publications.

(b) Titre: Cela indique ou le titre du livre
entier, ou le titre d'un article ou d'une section
d'une revue, un rapport, ou un livre.

(c) Données bibliographiques: Ce paragraphe
ind ique les noms des auteurs personnels (quand
il y en a) ou des auteurs collectifs (organisation),
le nom de l'éditeur et son adresse, la date de
l'édition, et le nombre de pages qui sont in-
cluses sous le titre dans (b). Certa ines



w¡th an order number for the publication in paren-
theses.

(d) Availability information: This paragraph
tells how the referenced publication is available to
the reader. lf the publication is out-of-print but
may be consulted at a particular library, the name
of the library is given. lf the publicat¡on can be or-

dered, name and address of the organization from
which it is available are given. The order should ín'
clude all information given in parts (b) and (c)

above.
(e) Abstract: This paragraph contains an ab-

stract of the publication whose title was given in
parr (b).

un número de pedido para la publicación en
paréntesis.

(d) Disponibilidad de la información: Este
parágrafo explica que la publicación referen-
ciada está disponible al lector en una de dos
formas como sigue. (1) La publicación esta
agotada pero puede ser consultada en la
biblioteca indicada donde se sabe que se

posee una copia. (2) La publicación puede
ser pedida de la organización cuyo nombre
y dirección están indicados. El pedido deberá
íncluir toda la ínformación dada en las partes
(b) v H.

(e) Resumen. Este parágrafo es un resúmen
de la publicación cuyo título se dió en la parte (b),

références se terminent par un numéro entre
parenthèses qui indique le numéro de
commande.

(d) Disponibilité des Documents: Ce para-
graphe indique les deux façons dont le lecteur
peut acquérir les documents: (1) L'édition est
épuisée, mais une certaine bibliothèque détient
ce document et il peut être consulté. (2) Le

document peut être commandé à l'organisation
dont le nom et l'adresse sont indiqués ici.
L'ordre de commande doit ínclure toutes les
ínformations données dans les parties (b) et
(c).

(e) Analyse: Ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).
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(al Reference number
(a) Número de referencia
(al Numóro de la référence

Bibliographic data
Datos bibliográficos
Données bibliographiques

Availability information
Disponibilidad de la información
Disponibilité des documents

(el Abstract
(e) Resumen
(e) Analyse

The order should include all information given in parts (bl and
(cl above.

El pedido deberå incluir toda la información dada en las partes
(bl v (cl.

L'ordre de commande doit inclure toutes les informations
données dans les parties (bl et (c).

Reference I
HANDBOOK OF HIGHVAY ENGINEERING

Baker, Róbert F,; Byrd, L. G.; Mickle, D. Grant, eds.
New York: Van Nostrand Reinhold Company; 1975. 894
P.

Order from: Van Nostrand Reinhold Company, 450 Vest
l3rd Street, New York, New York 10001.

This handbook is designed to provide a simple,
comprehensive reference book of the principles,
processes and data of current highway engineering
technolo8y. The topics which are concisely treated
include standard topics such as planning, geometric
design, soils and materials, as well as sections
concerned with policy, mana8ement, quality, and
environmental factors. Part I of this 4-part book
covers hi8hway policies, administration, economics,
planning and programming, urban transportat¡on plan-
ning, environmental engineerinB, and highway safety.
The second pârt covers route location, geometric
design standards, intersections, traffic control, elec-
tronic communicâtion and control, right of way
acquisition, and computer applications. Drainage,
subgrades, foundations, embankments and cutslopes
are covered in part 3. Part 3 also discusses pavement
desi8n, construction and reconstruction, bridges, via-
ducls and ramps, tunnels, roadway lighting, and
landscape development. Part 4 outlines specifica-
tions, cost estimation, construction management,
maintenance procedures and management, and snow
and ice control. Eâch section discusses applicable
principles, relevant data, and tormulas and examples
where appropriate. Example solutions are ¡ncorpora-
ted for the typical problems. References to detailed
theory and data are also provided.

(b) T¡tle
(b) Titulo
(bl Titre

(cl
(cl
(cl

(d)
(dl
(d)



Reference I
HANDBOOK OF METHODS AND PROCEDURE FOR
LOW COST SERVICE ROADS

Blair, John E. Austin, Texas: Texas Highway Depart-
ment; 1946. 6l p.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, 5.W., Washington, DC 20590.

The necessity for having culverts to insure proper
drainage is described. Although there are several
formulas which attempt to give a means of calcula-
ting the size of culvert required, it is noted that
small diJferences in assigned values can lead to .large
differences in the results. Practical reasons for tñe
use of corrugated metal pipe culverts are presented.
It is noted that the best and most durabie type of
bridge for a stream crossing is one that is constructed
of reinforced concrete. The mixing and placìng of
concrete is a high.ly technical operation. Many
structures built with poor materials and inferior
workmanship have not lasted .long. It is noted that
the best piles for use in farm rôad bridges are of
creosoted timber. If good piles are used ãnd proper
care is taken in driving, they can be expected io last
for twenty years or more. practical methods for
driving wood piles are described in the text. It also
describes in detail the methods used in the con-
struction of bridges built on wood piles. Steel truss
bridges-must be used for very long spans, especially
where floating drift is to be expettéd. Beiause of
the'costly nature of this investment, all work must be
carefully done"

SELECTED TEXT REFERENCES Reference 3
DESIGN AND CONSTRUCTION OF LOW WATER
DIPS

Bingham, Joe M. Texas Highway Department Con-
struction and Maintenance Ilulletin, Number 6, lg:-I
Uay; pp. 45-51. (Proceedings of the 2.5th Annual Short
Course in Highrvay Engineeiing, Agricuttural and Me-
chanical College of Texas, College Station, Texas,
t95t).

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W. , Vashington, DC 20590.

The consecutive steps of a design procedure for
constructing low-rvater dips are described. The
several items of field data needed for this method
include data on stream section and roaclrvay cross
sections, water elevation at normal stage, stream
meander, profilc and topography, highrvay-elevation,
and. dra..inage area. The amount of oþening necessary
to handle normal drainage may be determined from
the elevation of water in the stream at normal stage
and the center.line profile as a section. On lorv rvater
structures it is very important to hold the grade
elevation to a minimum above the streambed. The
lengths of vertical curves have much to do with the
final result. This is dependent on the following: the
total change of grade betrveen the two tangenls, the
safe rate of change of grade per station; and the
necessary sight distance. An equation to determine
the rrrate of change" is given: r= (Gl-C2)lL rvhere r is
the rate of change in per cent per station; Gl and G2
are the two given grades in per cent; and L is the
Iength of vertical curve in stations. The next step in
design is to deternrine the length of the dip to be
riprapped or protected frorn flðod waters. 'This 

is
done by first calculating the area belorv high rvater in
the natural streanl, and then detennining ã corrected
h¡gh water elevation by taking into äccount the
obstruction of the stream by thJconstruction of the
dìp across it. Experience in the use of j_ or 6_inch_
thicknesses of Class "lJ" collcrete Riprap rcinforced
with either rvire mesh or b¡r steel änd completely
pav,ing them is outlined. The use of a standard flooã
83yge,. 2.dip signs and enough 2-inch pipe posts toeffectively define the crorvn lines acrbss tire main
channels is also described.

Reference 4
CAUSEWAYS OR SUBÑ{ERSIBLE BRIDGES

Raju, S. P. Indian Roads Congress Journal, Volume 16,
Number 3, 1952 April; pp. 354-369.

Order from: Indian Roads Congress, Jamnagar House,
Shahjahan Road, New De.lhi I 1001 l, India.

A "causeway" is a submersible road bridge across a
stream with the double function of aliowing the
normal dry weather flow to pass through the vents
below the roadway, and the occasional floods both
through the vents and over the roadway, thus entail-
ing a temporary cessation of traffic. On account of
their dual function, causeways present problems
peculiar to themselves and unlike other hydraulic
structures like spillways, sluices, barrages, lifting
weirs, and road bridges. This article deals with some
hydraulic investigations in connection with cause-
ways.
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Reference 2
USE OF GABIONS FOR LOW WATER CROSSINGS
ON PRIMITIVE OR SECONDARY FOREST ROADS

Leydecker, Allen D. U.S. Forest Service Field Notes,
Volume 5, Numbers 5 and 6, 1973 May-June; pp. l3-16.

May be consulted at or ordered from: U.5. National
Agricultural Library, Route 1, Beltsviile, Maryland
20705.

An economical and esthetically pleasing method of
constructing a gabion low water crossing is described.
The road at the water crossing is designed to give
good line and grade through the stream. Gabions are
placed at the final grade line with the upstream edge
of the gabion alongside the downstream edge of tñe
road. The gabions are backfilled and stream grave.l is
pushed up behind the gabions to form the running
surface. The only major expense noted is in placing
and filling the gabions. Constructing the gabions il
br.iefly described. It is noted that in about a year's
time, fines from the stream will cement the gravei
backfill and cover all signs of construction leaùing a
satisfactory stream crossing which is practically
invisible.
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Reference J
ENGINEER FIELD DATA

U.5. Department of the Army. Vashington, DC; 1976
September. 435 p. (Field Manual 5-34).

Order from: U.S. Department of the Army, Army AG
Publications Center, 2800 Eastern Boulevard, Balti-
more, Maryland 21220.

In this manual, data on a wide variety of pertinent
subjects have been covered in a convenient format.
The chapter on expiosives and demolitions gives
details of charge calculations, rock breaking, ditching
and stumping. Minefield installation, reporting and
recording relating to landnline rvarfare, and the
removal of mines are described, as well as types of
field fortifications, barbed wire entangiements, and
expedient obstacles. Bridging and rafting equiprnent,
and anchorage systems are further detailed, as well
as concrete construction, military road construction,
army airfields, helipads and heliports, rigging, and
utilization ol heavy equip:-nent. The chapter on the
marking of bridges and vehicles defines bridge class.
The chapter on fixed bridges outlines nonstandard
bridge design, bridge classification, standard bridge's
(Bailey and MGB) and miscellaneous bridging. This
chapter describes the design of rectangular timber,
round timber or steel beam bridge superstructures.
Bridge substructure design of timber bents, and pile
bents or pile piers are also covered. A step by step
procedure together with tabulations is used to des-
cribe the selection and design of each part. Graphs
are used to simplify the design procedure. Informa-
tion is also provided on field sanitation, reconnais-
sance, communications and other miscellaneous field
data.

Reference 6
THE BAILEY AND UNIFLOTE HANDBOOK

5th ed. Hathrell, J. A. E., ed. London: Acroiv Press;
1974. 271 p.

Order from: Acrow Press, S South Wharf Road, London
w2, u.K.

A brief background review of Bailey equipment is
presented. Selectìng the most suitable type of Bailey
Bridge to solve any particular problem depends on two
factors: The length of span required, and the weight
and size of the load to be carried. Two examples are
included to assist the engineer in selecting a suitable
type of Bailey Bridge. The Storey Uniflote ìs a floating
system using numbers of identical floating units
assembled together to form rafts of various sizes.
These units are then used for either floating bridges or
ferries. In or.je¡ to prepare a design for the Uniflote
certain criteria are needed: It must be capable of
supporting the Bailey B:idging; the flotation units must
be capable of being connected in the water from deck
level; each unit must be capable of supporting a load of
l0 tons; the unit should be capable of being transported
in a 3 ton truck. The operation of Uniflote shore-
loading ferries is oullined. Five most frequently used
sizes of Uniflote ferry are described in order to
demonstrate its scope of application. Finally, a section
on the design of a Ba.iley/Uniflote floating bridge is
described. An example using a) the live load at the
center of the bay, b) the live load.at the junction of
two floating buoys and c) full convoy loading shows the
engineer the proper eva.luation of f.toating bridge design.

Reference 7

OPPORTUNITIES FOR COST REDUCT¡ON IN THE
DESIGN OF TRANSPORT FACILITIES FOR DEVEL-
OPING REGIONS

University of California, Institute of Transportation and
Traffic Engineering. Berkeley, California; 1970. 406 p.
(Sponsored by the U.5. Department of Transportation,
Office of the Assistant Secretary for Policy and
International Affairs and the U.S. Agency for Interna-
tional Development; report /lPB-207 520).

Order from: National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161.

The document provides the results of an examination
of traditional designs of transport facilities in the
developing countries with a view to reducing total
initial and/or operating costs, or to reducing costs
devoted to the imported elements. The topics
include: Roarl cost analysis and design standards;
road construction cost model; a road maintenance
cost model; opportunities for cost savings in highway
engineering design; economics of one-rvay bridging;
potential cost savings in the design of water cross-
ings; potential cost savings in the design and use of
ground vehicles; opportunities for cost reductions in
aircraft, airways, and airports; potential cost savings
in the selection of waterway and harbor techniques;
harbors and associated facilities; economic models
for choice of transport techniques in developing
countries;tradeoffs between construction costs and
maintenance costs.

Reference 8
HANDBOOK OF HIGHWAY ENGINEERING

Baker, Robert F.; Byrd, L. G.; Mickle, D. Crant, eds.
New York: Van Nostrand Reinhold Company; 197 5. 894
p.

Order from: Van Nostrand Reinhold Company' 450 West
33rd Street, New York, New York i0001.

This handbook is designed to provide a simple'
comprehensive reference book of the principles,
processes and data of current highway engineering
technology. The topics which are concìsely treated
include standard topics such as planningr geometric
design, soils and materialsr as well as sections
concerned with policy, mana8ementr qualityr and
environmental factors. Part I of this 4-part book
covers highway policies, administration, economicst
planning and programming, urban transportation plan-
ning, environrnental engineering, and highway safety.
The second part covers route location, . geometric
design standards, intersections, traffic controlr elec-
tronic communication and control, right of way
acquisition, and computer applications. Drainage,
subgrades, foundations, embankments and cutslopes
are covered in part 3. Part 3 also discusses pavement
design, construction and reconstruction, bridges, via-
ducts and ramps, tunnels, roadway lighting, and
landscape development. Part 4 outlines specifica-
tions, cost estimation, construction management,
maintenance procedures and management, and snow
and ice control. Each section discusses applicable
principles, relevant data, and formulas and examples
where appropriate. Example solutions are incorpora-
ted for the typical problems. References to detailed
theory and data are also provided.



ADDITIONAL REFERENCES

Relerence 9
A COÑ/IPARATIVE STUDY OF HICHWAY BRIDGE
LOADINGS ¡N DIFFERENT COUNTRIES

Thomas, P. K. Cfowthorne, U.K.: Great Britain Trans-
port and Road Research Laboratory, Structures
Department, Bridge Design Division; 1975. 47 p. (TRRL
Supplementary Report l3rUC).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGll 6AU, U. K.

This report compares the h.ighway bridge loadings of
different countries. The historical background of
highway bridge loadings is given and the studies so far
carried out are reviewed. The loading standards in l8
countries are then compared in terms of the maxi-
mum bending moment and shear force for simply
supported spans up to 100 metres. It is conc.luded
that there is a very wide variation in the loading
standards of different countries and the implications
of some of these variations are emphasized.

Reference l0
MILITARY FIXED BRIDGES

U.S. Department of the Army. Washington, DC; l96E
December l. Various paging. (Technical Manual i-32).

Order frorn: U. S. Department of the Army, Army AG
Publications Center, l6J5 Woodson Road, 5t. Louis,
Missouri 63 I 14.

Preliminary investigations, reconnaissance of existing
bridges, potential sites for new bridges, site surveys,
construction techniques, and selection guides for
standard bridges are discussed, and highway bridge
and vehicle classification and nonstandard highwãy
bridge design are presented. Details of bridge super-
structure and substructure design, timber and steel
(bolted and welded) connectionsãs well as reinforce-
ment and repair are discussed. Construction plan-
ning, supervision, inspection and maintenance are
covered and comments are made on special bridging
operations related to extreme cold, bridge founda-
tions, substructures, superstructures and ice cross-
ings. Reference is made to the Engineer Functional
Components (EFCS) and related tethnical manuals.
This manual is intended as a training guide and
reference text for engineers responsible for the
design, construction, classification, reinforcement
and repair of nonstandard fixed highway and railway
bridges for military use.

Reference I I
STANDARD SPECIF¡CATIONS FOR HIGHWAY BRIDGES

l2th ed. American Association of State Highway and
Transportation Officials, Opcrating Sub-Committee on
Bridges and Structures. Vashington, DC: American
Association of State Highway and Transportation Offi-
cials; 1977. 496 p.

Order from: American Association of State Highway
and Transportation Officia.ls, 444 North Capitol Street,
N.V., Suite 225, Vashington, DC 20001.

relating to the follorving are covered: bridge .loca-
tions and waterways, piers, culverts, roadway and
sidewalks, clearances (navigational, vehicular or
other)r railings, roadrvay drãinage, superelevation,
floor surfaces, blast protection, utilities and under-
passes. Aspects related to loads and the distribution
of loads are covered as rvell as the various aspects of
substructures and retaining walls. Reinforced con-
crete- design features, allowable stress design and
load factor design features are described, Tñe char-
acteristics of prestressed concrete and structural
sieel design (service load design method and strength
design method) are revierved. Other design aspects
covered include heat-curved rolled beams aid welded
plate girders, load factor design, orthotropic deck-
deck bridges, corrugated metal and structural plate
pipes and pipe-arches, structural plate arches, timber
structures,, load capacity rating of existing bridges,
elastomeric bearings, and steel tunnel linãr plaies.
The construction features covered here incluàe the
follorving: excavation and fill, sheet piles, bearing
piles, concrete masonry, concrete surfaces, reinl
forcement, Ashlar masonry, mortable rubble masonry,
dry rubble masonry, brick masonry, steel structures
fabrication, erection, bronze or copper-alloy bearing
and c.xpansion plates, steel grid flooring, railing!
(metal, concrete, stove and brick, wood) painting
metal structures, protcction of embankments anã
slopes, concrete cribbing, watcr-proofing, damp
proofing, name plates, timbcr structures anã prese._
vative treatments, timber cribbing, construction and
installation of soil met¡l plate stiucturc interaction
systemsrwcûring surfaces, elrstomeric bcarings, and
tlre construction of tunnels using stcel tunne"l liner
platcs.
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Specifications related to general features of design
and cotìstruction are presented. Design features

Reference l2
AD¡úINISTRATION OF BRIDCE INSPECTION

Campbell, f,oe L. Washington, DC: National Association
of Counties, Research Foundation; 1972 July. 33 p,
(National Association of County Engineers Action Guiåe
Series Volume XI).

Order from: National Association of Counties, 1735
New York Avenue, N.W., Washington, DC 20006.

This manual shows county officials where to find
pertinent larvs, regulations and guide manuals and
how to comment on the legal and public responsibi.ti-
ties associated with the ownership of bridges and
other highway structures. Federal, State and local
regulations are reviewed, and state and federal
highway programs are discussed. Tort liability, and
engineers statutory responsibility are examined, and
comments are made on the responsibility to the
public, and on preventive maintenance. Bridge
inventory is ciiscussed in ielation to federal requiré-
ments and the elements of an inventoly. Various
aspgcls of bridge iirspection are covered including
qua.lification of inspectors and inspection bt
technicians. Bridge rating is reviewed with reference
to structural capacity determination, change of
loading, posting-reduced load or speed, and þublic
education.



Reference l3
MINOR MAINTENANCE OF COUNTY BRIDGES

Shurig, D.G. Lafayette, Indiana: Purdue University;
1964 August. 44 p. (Highway Extension and Research
Project for Indiana Counties Engineering Bulletin, Engi-
neering Experirnent Station County Highway Series
Number 7).

Order from¡ Highway Extension and Research Project
for Indiana Counties, Engineering Experiment Station,
Purdue University, ìlest Lafayette, Indiana 47907.

This bulletin covers routine maintenance of the
substructure, superstructure, approaches, channels,
and bridge signs and markings. Cleaning and inspec-
tions, the maintenance of expansion bearings and
joints and deck maintenance are considered, as well
as weed and brush control around bridges. Patching
abutments, piers, and wingwalls, cracking wingwalls,
steel tubular piers, temporary reinforcements, and
acid water attacks on foundations are examined. The
minor maintenance of stringers and floor beams,
decks, guardrails and posts, fences on bridges, stream
silting and channel changes and the legal aspects of
bridge and ditch cleaning are reviewed. The
maintaining of the approach at deck level and the
protection of approach slopes are also reviewed. The
bulletin also covers sign selection, sign locations,
bridge end markers, reflector markers, and signing
and marking underpasses.

Reference l4
GUIDE TO BRIDGE HYDRAULICS

172
Roads and Transportation Association of Canada, Proj-
ect Committee on Bridge Hydraulics; Neill, C. R., ed.
Toronto: University of Toronto Press; 1973. l9l p.

Order from: University of Toronto Press, 33 East
Tupper Street, Buffalo, New York 14208.

This guide outlines hydraulic factors to be considered
in the layout and design of the bridges, and suggests
tentative criteria and procedures to assist the bridge

designer. General comments are made on economic
aspects, the use of culverts as alternaives to bridges
and on some organizational aspects. Details are
given of flood frequency analysis for gauging stations,
extensions of such analysis, flood envelope curves,
runoff formulas, and unit hydrographs as well as
hydraulic methods of estimating flood discharges,
estimation of high-water levels and the special consi-
deration of very rare floods. The design of waterway
opening for scour and backwater is described and
scour protection and channel training works are
discussed. The guide also reviews special problems
such as tidal crossings, inland basin crossings, waves
and wave protection and the application of hydraulic
models to bridge problems.

Reference l5
HYDRAULICS OF BRIDGE WATERWAYS

Znd ed. Bradley, Joseph N.; U.S. Federal Highway
Administration, Office of Engineering, Bridge Division,
Hydraulics Branch. Washington, DC: U.5. Federal
Highway Administration; 1978 llarch. I I I p.
(Hydraulic Design Series Number l; stock number 050-
00 l-00 I 33- l ).

Order from: Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.

This publication is based principally on the results of
hydraulic model tests which have been evaluated on
the basis of field data. The field data have been used
to determine the actual iimits of application and to
complete the design curves. The computation of
backwater, difference in water level across approach
embankments and the configuration of backwater are
discussed, as well as aspects relating to dual bridges,
and the abnormal stage-discharge condition. The
effects of scour on backwater, the partially inundated
superstructure, spur dikes at bridge abutments, and
supercritical flow under a bridge are also covered.
Preliminary iield and design procedures and illustra-
tiVe examples are presented. The development of
expressions for bridge backwater and the develop-
ment of charts for determining the length of spur
dikes are described in appendices.



lndex
The following index is an alphabetical list of subject
terms, names of people, and names of organizations
that appear in one or another of the previous parts
of this compendium, i.e., in the Overview, Selected
Texts, or Bibliography. The subject terms listed are
those that are most basic to the understanding of
the topic of the compendium.

Subject terms that are not proper nouns are
shown in lower case. Personal names that are listed
generally represent the authors of selected texts and
other references given in the bibliography, but they

may also represent people who are otherwise identi-
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 a source of information on the toplc.
For this reason, postal addresses are given for each
organization listed.

Numbers that follow a subject term, personal
name, or organization name are the page numbers
of this compendium on which the term or name ap-

lndice
El siguiente índice es una lista alfabética del
vocablo del tema, nombres de personas, y
nombres de organizaciones que aparecen
en una u otra de las partes previas de este
compendio, es decir, en el Vista General,
Textos Seleccionados, o Bibliografía. Los
vocablos del tema que se listean són aquellos
básicos necesarios para el entendimiento de
la materia del compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y
otras referencias dadas en la bibliografía,

pero también pueden representar a personas
que de otra manera están conectadas a los
temas del compendio, Los nombres personales
están listeados como apellido seguido por
las iniciales. Las organizaciones nombradas
son las que han producido información sobre
la materia del compendio y que siguen siendo
una fuente de información sobre alguna
parte o el alcance total del compendio. Por
esta razón se dan las direcciones postales
para cada organización listeada.

Los números que siguen a un vocablo del
tema, nombre personal, o nombre de organi-
zación son los números de página del com-
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lndex
Cet index se compose d'une liste alphabétique
de mots-clés, noms d'auteurs, et noms d'or-
ganisations qui paraissent dans une section
ou une autre de ce recueil, c'est à dire dans
I'Exposé, les Textes Choisis, ou la Biblio-
graphie. Les mots-clés cités sont ceux qui
sont le plus élémentaires à la compréhension
de ce recueil.

Les mots-clés qui ne sont pas des noms
propres sont imprimés en minuscules. Les
noms propres cités sont les noms des auteurs
des textes choisis ou de textes de référence

cités dans la bibliographie, ou alors les noms
de personnes identifiées avec les sujets de ce
recueil. Le nom de famille est suivi des initiales
des prénoms. Les organisations citées sont
celles qui ont écrit sur le sujet de ce recueil
et qui continueront d'être une source de docu-
mentation. Les adresses de toutes ces organisa-
tions sont incluses.

Le numéro qui suit chaque mot-clé, nom
d'auteur, ou nom d'organisation est le numéro
de la page où ce nom ou mot-clé parait. Les
numéros écrits en chiffres romains se rappor-



pears. Roman numerals refer to pages in the Over-
view, Arabic numerals refer to pages in the Selected
Texts, and reference numbers (e.9., Ref.12) refer to
references in the Bibliography.

Some subject terms and organization names are
followed by the word see. ln such cases, the com-
pendium page numbers should be sought under the

alternative term or name that follows the word see.
Some subject terms and organizat¡on names are fol-
lowed by the words see also. ln such cases, relevant
references should be sought among the page num-
bers listed under the terms that follow the words
see also.

The foregoing explanation is illustrated below.

pendio donde el vocablo o nombre aparecen.
Los números romanos se refieren a las páginas
en la Vista General, los números arábigos
se refieren a páginas en los Textos Selec-
cionados, y los números de referencia (por
ejemplo, Ref. '12) indican referencias en la
Bibliografía.

Algunos vocablos del tema y nombres de
organizaciones están seguidos por la palabra
see. En tales casos los números de página

del compendio se encontrarán bajo el término
o nombre alternativo que sigue a la palabra
see. Algunos vocablos del tema y nombres
de organizaciones están seguidos por las
palabras see a/so. En tales casos las referen-
cias pertinentes se encontrarán entre los
números de página indicadas bajo los térmi-
nos que siguen a las palabras see a/so.

La explicación anterior esta subsiguiente-
mente ilustrada.

tent aux pages de l'Exposé et les numéros
écrits en chiffres arabes se rapportent aux
pages des Textes Choisis. Les numéros de
référence (par eXemple Ref. 12) indiquent les
numéros des références de la Bibliographie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le
numéro des pages du recueil se trouvera après

le mot-clé ou le nom d'organisation qui suit
le terme see. D'autres mots-clés ou noms
d'organisations sont suivis des mots see a/so.
Dans ce cas, les références qui les touchent
se trouveront citées après les mots-clés qui
suivent la notation see a/so.

Ces explications sont illustrées ci-dessous.
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lllustration

Selected Text page numbers
Números de página en los

Seleccionados
Numéros des pages des Textes Cho¡s¡s

lllustration

Subject term and see a/so terms
Vocablo del tema y tórminos see a/so

(ver también)
Mot-clé et see also

mountainous terrain (see also degrec of curvature¡
design spced; maxiñ@radient; radius of curva-
tnre; shoulder width): ll,17, ytr 15r 3E,173,175,

217, 214, 23t

National Association of Australian Statc Road Author-
ities(P.O. Box Jl4l, Bricldield Hill, N.SV. 2000,
Alstralia):
¡rblications, xxiii, Ref. E, Ref . 9

nepassing markings and signs: 31r 95, 132

non-passing sight distance, see stopping sight distance

Odier, L.: Ref.3

Oglesby, C.H.: 23 l, 233, 234, 239, 240, 24 l, 242, Ref . I 4
1
I

I Setecteo text page numbers and reference
I numberI Números de página en lo¡ Textos

Seleccionados y número de referencia
Numóros des pages des Textes Choisis et

numóros des références

llustración

Organization name and address
Nombre y dirección de la organización
Nom et adresse de l'organ¡sat¡on

Overvíew page numbers and
reference number

Número de página en la Vista
General y Numéros de røferencia

Numéro des pages de l'Expose et
numéros des références

Subject t€rm and see term
Vocablo del tema y término see (ver)
Mot-clé et see

Personal names
Nombres
Noms propres



Acrow Press (8 South Wharf Road, London W2, U.K.I xviii,
Ref. 6

all weather roads: xii

American Association of State Highway Officials (AASHO)
(now American Association of S-tate Highway and
Transportation Off.icials (ARSHTO)): xix, 164

American Association of State Highway and Transportation
officials (AASHTo) (444 North-Capiiot Street, ñ.W.,
Suite 225, Washington, DC 20001): Ref. ll

American lron and Steel Institute (1000 l6th Street,
N.W., Washington, DC 20036): 125

arid regions: 126, l4l

axle loads: 9l-92

The Bailev and Uniflote Handbook: xviii, 132, 134, Ref. 6

Bailey bridges: xiv, xviii, xix, 89-118, 134, l4Z, Ref. 5,
Ref. 6

float bridges, 104, 130, 132, 148
selection, 9l-l0l
standard, 93r 98,99 .

U4 Uniflote ferries,l 28
Uniflote floating bridges, I l2-ll8
wide, 100, l0l

Baker, Robert F.: xix, Ref.7

bending: xviii, Ref. 9
calcu.lations for Bailey bridges, 94-97, 99, I14

bibliographies: xix-xx, 143-144

Bingham, Joe M.: Ref. 3

B.lair, John E.: Ref. I

Bradley, Joseph N.: Ref. l5

brid8es (!gg_eþg Bailey bridges; floating bridges; pre-
fabricated bridging; steel truss bridges; submersible
bridges): xii, xiii, xiv, xv, xvi, xix, l-tZ, 19r ZO, 37,
123, 134,142,150, l5l,159, Ref. l, Ref. 8, Ref. ll,
Ref. 12, Ref . 14, Ref . Ì5

fixed,68-84, 133-139, Ref. 5, Ref. 9
inspection, Ref. 12, Ref. 13
inventory, Ref . .12

Ioading, xix, 65, 68, 73, 74, 7 5, l6q-l6i,Ref. 6, Ref. 9
maintenance, Ref. 13
markings, xvii, 65-66, Ref. l3
short, 124-126, 14l
signs, 65
substructure, 68177-84, Ref. 5, Ref. 10, Ref. l3
superstructure, xvii, 68,69-77,125, Ref. 5, Ref. 10,

Ref. 13, Ref. lJ
timber, xiv, xv, xix, 8-12, 17r 23,24r 261 27r70, Iqj
traffic control, 66-67

Byrd, L.G.: Ref. 8

Campbell, Joe L.: Ref. l2

causeways: xiv, xvii, 46-61, Ref. 4
reducing the period of submergence, 53-55r 61

concrete pipes: 6

construction, see road construction; staged construction

corrugated metal pipe culverts: xv, 6, Ref. l, Ref.

cost reductions: xvii, xvüi,123-159, Ref. 7

cresoted tinrber: 8, 9, 12, 23, 24, 26, 27, Ref.. I

culverts: xii, xiii, úv, xv, xvi, xvii, 5-7, I?.,14,15,
l4l, Ref. l, Ref. I I, Ref. l4

cost reduction, 123, 124-126

dips: xii, xiii, xiv, xvi, xvii, 37-44r126rRel..3

ditches: 5, 13, 16

ditching: Ref. 5

drainage: xir 5-28,123, Ref. l, Ref. 8, Ref. ll
earth roads: J

earthquakes: xix, 164-165

Eiffel bridges: 134

erosion prevention and control: xvi, 5

farm roads: 8, lgr 2Or44, Ref. I

farm to market highways: 37, 42

ll

16, 46,

ferries (gg" ulgq Uniftote): xiii, l0Z-l ll, 123,127-131,
14l, 142, 149, 152,156, Ref. 6

shore-loading, l0-5- I 06

floating bridges: xiv, 104, ll2-118, 129, I3O, l3l-132,
142, 152,154, 157, Ref. 6

fords: xii, xiii, xiv, 123,126-122, l4l,142,146, ll1,
l5l,155

forest roads: xvi, 30-34, Ref. 2

gabion wall fords: 127

gabions: xvi, 30-34, 127, Rei. 2

Hathrell, J.A.E.: Ref. 6

Highway Extension and Research Project for Indiana
Counties (Engineering Experiment Station, purdue
University, Vest Lafayette, Indiana 47907)z Ref.l3

highwaysr'farm to market: 37, 42

Indian Roads Congress (Jamnagar House, Shahjahan
Road, New Delhi I l00l l, India): xvii, Ref . 4

Ins.titute of Transportation and Traffic Engineering
(now Institute of Transportation Studiesl Univeriity
of California, 109 fulclaughlin Hall, Berkeley, California
94720)¿ xviii, Ref.7

Irish bridges (lgg_Clso fords): xiv, xvi

Leydecker, Allen D.: Ref. 2

low-volume roads: xi, xii, úii, xvi, 123, l4Z

Mickle, D. Grant: Ref. 8

National Association of Counties (lZ3i New york
Avenue, N.W., Washington, DC 20006)t Ref. lZ

175
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National Technical Information Service (J285 Port
Royal Road, Springfield, Virginia 22161)z Ref.7

overloads: xixr 68, 165

Peddavagu Causeway: 60

piers: xviii, 8, 59r79-80,81-82, l17, 125, 127, Ref. 5,
Ref. ll

pile driving: xv, 8, 9, 2l,22rRef. I

piles: xv, 8-1212),24, Ref. I, Ref. ll
bents, xviii, 80-8.1, 83, Ref. 5
piers, xviii, 8l-82, Ref. 5

pipes, concrete: 6

prefabricated bridging (see also Bailey bridges; Uniflote):
13)-136, 139, 140, 142, l5g

Raju, S.P.: Ref. 4

rates of change, see vertical curves

reinforced concrete bridges: 71 8

rivers:
effects of causeways, 60-61

road construction: Ref. 8
cost reduction, Ref. 7

roads, see all weather roads; earth roads; farm roads;
farm to market highways; forest roads; low-volume
roads; service roads

Roads and Transportation Association oJ Canada (1765
St. Laurent Boulevard, Ottawa, Ontario KIG 3V4
Canada): Ref. l4

saddles: 106-107

scour: 9, Ref. 14, Ref. l5
on causeways, 50-51, 53-61

service roads: xv, Ref. I

Shahbazpalli Causeway: 59-60

shear: xviii, Ref. 9

calculations for Bailey bridges, 94-97r 99, l0l
Shurig, D.G.: Ref. l3

staged construction: xiii, 139-140

steel beam bridges: ll-12

steel truss bridges: 12, 18r 25, 134, Ref. I

stringers: xivr 69-75

submersible bridges: xii, xiii, xiv, xvii, 46-61,138, 142,
Ref. 4

Texas Highway Department (now Texas State Department
of Highways and Public Transportation, Highway
Building, Austin, Texas 78701)r xv, Ref. l, Ref. 3

Thomas, P.K.: Ref. 9

Tintiny Causeway: 55-59

transoms: 89

Transport and Road Research Laboratory (Crorvthorne,
Berkshire RCll 6AU, U.K.): Ref.9

Uniflote: xiv, 102-113, 130, l3l, I42t 147,152-153,
Ref. 6

Bailey floating bridges, ll2-ll8
Bailey U4 ferries: 128

United States Department of the Army:
Army AG Publications Center, 2800 Eastern Boulevard,

Baltimore, Maryland 21220, xvii, Ref . 5
Army AG Publications Center, 1655 Woodson Road,

5t. Louis, Missouri 631 14, Ref. l0

United States Department of Transportation (400 Seventh
Street, S.W., llashington, DC 2059C\ Ref. i, Ref . 3

United States Forest Service (lndependence Avenue
between l2th and l4th Streets, S.V., Washington,
DC 20250): xvi, Ref. 2

United States Government Printing Office (Washington,
DÇ 20402): Ref. l5

United States National Agricultural Library (Route l,
Beltsville, Maryland 20705): Ref .2

University of Toronto Press (33 East Tupper Street,
Buffalo, New York 14203)z ReÍ. 14

Van Nostrand Reinhold Company (4-t0 West 33rd Street,
New York, New York 10001): Ref.8

vehicles:
classification, 6Ç68

. markings, xvii,66-68

vertical curves: 41, 42, Ref. 3

Warren truss bridges: 134

waterways: Ref. ll
cost reduction, Ref. 7


