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Project Description 
The development of agriculture, the distribution that seldom carry as many as 400 vehicles aday. 
of food, the provision of health services, .nd the The planning, design, construction, and main­
access to information through educationdl services tenance of low-volume roads for rural regions of 
and other forms of communication in rural re- developing countries can be greatly enhanced with 
gions of developing countries all heavily depend respect to economics, quality, and performance by 
on transport facilities. Although rail and water the use of low-volume road technology that is 
facilities may play important roles in certain areas, available in many parts of the world. Much of 
a dominant and universal need is for road systems this technology has been produced during the 
that provide an assured and yet relatively inexpen- developmental phases of what are now the more 
sive means for the movement of people and goods. developed countries, and some iscontinually 
The bulk of this need is for low-volume roads that produced in both the less and the more developed 
generally carry only 5 to 10 vehicles aday and countries. Some of the technology has been doc-

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

Description du Projet 
Dans les regions rurales des pays en voie de 
d~veloppement, I'exploitation agricole, la 
distribution des produits alimentaires, I'acc~s 
aux services m~dicaux, I'accbs A l'information 
par l'interm6diaire de moyens 6ducatifs et 
d'autres moyens de communication, d6pendent 
en grande partie des moyens de transport. 
Bien que les transports par voie f~rr~e et 
par voie navigable jouent un r6le important 
dans certaines regions, un besoin dominant 
et universel 6xiste d'un r~seau routier qui 
puisse assurer avec certitude et d'une faqon 
relativement bon march6, le d~placement 
des habitants, et le transport des rrarchan-
dises. La plus grande partie de ce besoin peut 

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

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

6tre satisfaite par la construction de routes 
A faible capacit6, capables d'accommoder 
un trafic de 5 a 10 v~hicules par jour, ou 
plus rarement, jusqu'A 400 v~hicules par jour. 

L'utilisation des connaissances en tech­
nologie, qui 6xistent dbj& et sont acc~ssibles 
dans beaucoup de pays, peut faciliter I'6tude 
des projets de construction, trac6 et entretien, 
de routes Afaible capacit6 dans les r6gions 
rurales des pays en voie de d~veloppement, 
surtout en ce qui concerne I'dconomie, la 
qualit6, et la performance de ces routes. La 
majeure partie de cette technologie a 6t6 
produite durant la phase de d~veloppement 
-des pays que l'on appelle maintenant d6­
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umented in papers, articles, and reports that have 
been written by experts in the field. But much 
of the technology isundocumented and exists 
mainly in the minds of those who have developed 
and applied the technology through necessity. In 
either case, existing knowledge about 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. 

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

desarrollados. Parte de la tecnologia se ha 
documentado en disertaciones, articulos, e 
informes que han sido escritos por expertos 
en el campo. Pero mucha de la tecnologia 
no esta documentada y existe principalmente 
en las nientes de aquellos que han desarrollado 
y aplicado la tecnologia por necesidad. En 
cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de 
bajo volimen estAn grandemente esparcidos 
geograficamente, varian bastante con respecto 
al idioma y su forma, y no se encuentran 
facilmente disponibles para su aplicaci6n a 
las necesidades de los paises en desarrollo. 

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

velopp6s, et elle continue A 6tre produite A la 
fois dans ces pays et dans les pays en voie 
de dveloppement. Certains aspects de cette 
technologie ont M6 document~s dans des 
articles ou rapports 6crits par des experts. 
Mais une grande partie des connaissances 
n'6xiste que dans I'esprit de ceux qui ont 
d~velopp6 et appliqu6 cette technologie par 
n~cessit6. De plus, dans ces deux cas, les 
6crits et connaissances sur la technologie 
des routes A faible capacit6, sont disperses 
gbographiquement, sont 6crits dans des 
langues diff~rentes, et ne sont pas assez ais6-
ment accessibles pour 6tre appliqu6s aux 
besoins des pays en voie de d~veloppement. 

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

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

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

el transporte rural en los paises en desarrollo 
acrecentando la disponibilidad de la informa­
ci6n en existencia sobre el planeamieno, 
diseflo, construcci6n, y manutenci6n d 
caminos de bajo volimen. Con el consejo y 
direcci6n de un comit de iniciativas para 
el proyecto, el TRB define, produce, y 
transmite productos informativos a travds 
de una red de corresponsales en paises en 
desarrollo. Las metas generales para el impacto 
final del trabajo del proyecto son la promo­
ci6n del uso efectivo de la informaci6n en 
existencia en el desarrollo econ6mico de la 
infraestructura de transporte y de esta forma 
mejorar otros aspectos del desarrollo rural a 
travs del mundo. 

AdemAs de la recolecci6n y distribuci6n 
de la informaci6n t6cnica, se provee acciones 
reciprocas personales con los usuarios por 

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

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



other forms of communication, 

Steering Committee 

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

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

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

Comit6 do Iniciativas 

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

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

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

Comit6 do Directon 

Le Comit6 de Direction est compos6.d'experts 
qui ont 6 Iafois des connaissances sur les 
caracteristiques physiques et sociales des 
pays en voie de developpement, sur leurs 
besoins au point de vue transports, sur Ia 
technologie actuelle des transports, et ont 
aussi de I'experience quant A l'utilisation 
pratique de cette technologie. 

Les fonctions majeures de ce comit6 sont 
d'abord d'aider 6 definir les usagers et leurs 
besoins, puis de d6finir leurs besoins en 
matibre de documentation, et d'identifier les 
ressources documentaires et humaines neces-
saires pour le developpement de cette docu-

ship the committee provides liaison with project­
related activities and provides guidance for inter­
actions with users. In general the Steering Com­
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 i:iformation products, 
the development of acorrespondence network 
throughout the user community, and interactions 
with users. 

Information Products 

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

el desarrollo de los productos informativos. 
A traves de sus miembros el comit6 provde 
vinculos con actividades relacionadas con el 
proyecto y tambien una gula para Ia interacci6n 
con los usuarios. En general el Comit6 de 
Iniciativas proporciona consejos y direcci6n 
general para todos los aspectos del trabajo 
de proyecto. 

El personal de Droyecto tiene Ia responsa­
bilidad para Ia preparaci6n y transmisi6nde 
los productos informativos, el desarrollo de 
una red de corresponsales a traves de Ia 
comunidad de usuarios, y Ia interacci6n con 
los usuarios. 

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

mentation. Par l'interm6diaire de ses 
membres, le comit6 pourvoit 6 Ia liaison entre 
les differentes fonctions relatives au projet, 
et dirige linteraction avec les usagers. En 
general, le Comit6 de Direction conseille et 
dirige toutes les phases du projet. 

Le personnel attache Ace projet est respon­
sable de Ia preparation et de Ia dissemination 
des documents, du developpement d'un reseau 
de correspondants pris dans Ia communaut6 
d'usagers, et de l'interaction avec les usaaers. 

La Documentation 

Trois genres de documents sont prepares: 
des recueils dont le sujet sera relativement 
limit6, des syntheses de connaissances et 
de pratique sur des sujets beaucoup plus 
generaux, et finalement des comptes-rendus 
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practice on somewhat broader subjects, and pro-
ceedings of low-voliume 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, In sum-
mary, this project aims to produce and distribute 
between 20 and 30 publications that cover much 
of what isknown about low-volume road technol-
ogy. 

Interactions With Users 

A number of mechanisms are used to provide in-

temas, la sintesis del conocimient0 y pr~ctica 
sobre temas un poco mas amplios, y los 
expedientes de. conferencias de caminos de 
bajo volimen que estn totalmente o parcial-
mente amparados por el proyecto., El personal 
de proyecto prepara los compendios a raz6n 
de unos 6 por ahio; se utilizan consultores 
para preparar las sintesis a raz6r de 2 por 
a0o. Se publicar6 por lo menos un expe-
diente de conferencia durante el perfodo 
de tres afios. En breve, este proyecto pretende 
producir y distribuir entre 20 y 30 publicaciones 
que cubren mucho de lo que se conoce de 
la tecnologia de caminos de bajo vol6men. 

Interaccl6n con los Usuarios 

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

de conferences sur les routes 6 faible capacit6 
qui serort organisees completement ou en 
partie par ce projet. Environ 6 recueils par 
an sont prepares par le personnel attache 
au projet. Deux syntheses par an sont 6crites 
par des experts. Les comptes-rendus d'au 
moins une conference seront 6crits dans 
une periode de 3 ans. En r6sume, l'objet de 
ce projet est de produire et disseminer entre 
20 et 30 documents qui couvriront I'essentiel 
des connaissances sur la technologie des 
routes 6 faible capacit6. 

Interaction Avec los Usagers 

un certain nombre de m~canismes sont utilis~s 
povr assurer l'interaction entre le personnel 
du projet et la communaut6 d'usagers. Un 
bulletin d'information est publi6 dans chaque 

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

comunidad de usuarios. Se publican las 
noticias del proyecto en cada edici6n de la 
Transportation Research News. Se transmiten 
formularios de retroacci6n con los productos 
informativos para que los recipientes tengan 
oportunidad de decir c6mo benefician los 
productos y c6mo pueden ser mejorados. 
A traves de visitas semianuales a los parses 
en desarrollo, el personal del proyecto ad­
quiere directo de fuentes originales sugeren­
( is para el trabajo del proyecto y puede 
asistir directamente en problemas tecnicos 
especificos. Surgen oportunidades adicionales 
para la interacci6n con los usuarios a traves 
de conferencias internaclonales y nacionales 
en donde participa el proyecto. Finalmente, 
se organizan di~logos con estudiantes de 
parses en desarrollo que est~n inscriptos en 
universidades norteamericanas. 

num6ro de Transportation Research News. 
Des formulaires sont joints aux documents, 
afin que les usagers aient l'opportunit6 de 
juger de la valeur de ces documents et de 
donner leur avis sur les moyens de les am6­
liorer. Au cours de visites semi-annuelles 
dans les pays en voie de developpement, le 
personnel obtient de premiere main des sugges­
tions sur le bon fonctionnement du projet et 
peut aider A r~soudre sur place certains 
probl~mes techniques specifiques. En outre, 
des conferences tenu s soit aux Etats Unis, 
soit A I'6tranger, sont 'occasion d'un 6change 
d'idees entre le personnel et les usagers. 
Finalement, des colloques annuels sont or­
ganis~s pour le'Otudiants des pays en voie 
de developpement qui 6tudient dans les uni­
versit~s americaines. 

q
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Overview
 
Background and Scope 

If a road is to be used in all seasons, adequate 
drainage must be provided. In Compendium 3, 
Small Drainage Structures, 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-

Vista General 
Antecedentes y Alcance 

Caminos que son itilizados durante todo 
el aho deben estar provefdos con drenaje 
adecuado. Se indic6 en el Compendio 3 que 
pequeras estructuras de drenaje con 
capacidades fijas no pueden ser economica-
mente mejoradas. Por lo tanto estas estructuras 
deben ser escogidas de acuerdo a su tamaho 
e instaladas correctamente como el primer 
paso en el desarrollo del camino. 

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

Expos6 
Historique et description 

Si I'on veut qu'une route soit praticable en 
toutes saisons, un dispositif de drainage 
ad6quat est n~cessaire. Dans le recueil no. 
3, "Petits ouvrages de drainage", nous avions 
remarqu6 que ces ouvrages, dont la capacit6 
est fixe, ne peuvent pas 6tre agrandis de 
fagon 6conomique. Par consequent, la premiere 
6tape de la construction d'une route consiste 
6 dime,,sionner et installer ces petits ouvrages 
d'art correctement. 

Volume Roads, are those with an average daily 
traffic (ADT) volume of less than 50 (Class I) 
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 

50, y de Clase 2 con un de TMDA de 50 a 400. 
Muchos caminos de bajo vol6men pueden 
proveer un servicio satisfactorio aunque est6n 
temporalmente cerrados durante perfodos de 
mucha Iluvia. 

Si el camino estA 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 nimero de 
vehiculos demorados, (b) el perlodo de tiempo 

Les routes A faible capacit6, comme nous 
les avons d6finies dans le recueil no. 1,"Normes 
de dimensionnement g~om6trique pour routes 
6 faible capacit6", sont celles qui ont un 
ADT (trafic moyen journalier) de moins de 50 
(Classe 1)et celles qui ont un ADT de 50 A 
400 (Classe 2). Beaucoup de ces routes peuvent 
fournir un service satisfaisant m~me s! elles 
doivent 6tre temporairement ferm6es lors de 
grosses averses. 

xi 



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). If the roadbed becomes saturated, the 
road may be unusable for days or weeks, 
Road material that becomes saturated during 
a short heavy rainfa'l will also become 
saturated during a prolonged light rainfall, 
A road that does not become saturated is 

de cada demora, y (c) el nimero de veces 
por ario que ocurren estas demoras. Las 
demoras se deben al aumento temporario del 
flujo de agua en un arroyo 6 rio durante 6 
despu6s de una fuerte tormenta de Iluvia. 

Las demoras debidas a la s.turaci6n del 
firme del camino despu6s de fuertes Iluvias 
no se consideran temporarias. Se habla sobre 
estas 	demoras en la Vista General del 
Compendio 3. Si se satura el firme, el camino 

xii 	 puede ser inutilizable pr dias 6 semanas. 
El material de camino quq se sature durante 
una cora tormenta fuerte t mbien se vA a saturar 
en una Iluvia ligera prolongada. Un camino 
que no se sature se dice tiene una superficie 
para toda intemperie. Un camino con tal 
superficie que s;empre es utilizable en travesfas 
de arroyos 6 dlos se llama un camino para
todo el tiempo. 

On doit mettre en balance, d'une part le 
coOt d'6riger un pont, et d'autre part, le coOt 
des d6lais que doivent souffrir les usagers 
quand la route est ferm6e Acause d'inondation 
des cours d'eau. Be ,ucoup de facteurs doivent 
,tre pris en consideration quand on tente 
d'6valuer le coOt r6sultant de ces delais. Sont 
inclus dans ces facteurs: (a) le nombre de 
v6hicules retard6s, (b) la dur6e de chaque
delais, et (c) le nombre de fois par annbe que 
ces delais ont lieu. Ces d6lais sont causes 
par la crue temporaire d'une riviere ot; d'un 
fleuve pendant ou tout de suite apres une 
grosse chute de pluie. 

Les d6lais caus6 par la saturation du corps 
de le chaussde aprbs de grosses pluies, ne 
sont pas consid6rbs comme temporaires (voir 

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. It introduces many of the types of 
low-water crossings that are available. It 
discusses the design, construction, and 
economic features of these crossings. Low­
voluma 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. 

Este compendio trata sobre travesias de 
arroyos y dos. Introduce muchos de los tipos
disponibles de travesias para niveles bajos 
de agua. Habla sobre las caracteristicas de 
disefio y construcci6n de cada uno y tambien 
presenta los aspectos econ6micos de estas 
traveslas. Los caminos de bajo volimen pueden 
ser construidos con vados, badenes 6 puentes 
sumergibles. Esto reduce la inversi6n inicial. 
Pueden ser mejorados por una construcci6n 
posterior de alcantarillas grandes 6 puentes 
a medida que 6stas se justifiquen por el 
costo de .emoras. Cada decisi6n debe ser 
basada sobre una evaluaci6n econ6mica de 
la travesia de agua. 

Exposicl6n razonada pars este compendlo 

Este compendio resume los requisitos 

I'expos6 du recueil 3). Si le corps de la chaussde 
est satur6, la route peut devenir impraticable 
pendant des jours ou m~me des semaines. 
Le matdriau qui devient satur6 quand ! pleut 
fortement mais brievement, deviendra satur6 
aussi lors d'une pluie 16g~re mais de longue 
durde. Une route qui ne devient pas satur~e 
a une surface de roulement tous temps. Une 
route avec une surface de roulement tous 
temps qui est toujours praticable lors du 
franchissement de rivibres ou de fleuves, est 
appelie une route tous temps. 

Le sujet de ce recueil no. 4 est le franchisse­
ment des rivi~res et des fleuves. Plusieurs 
sortes d'ouvrages de franchissement sont 
introduits. La conception, la construction et 
les caracteristiques dconomiques de ces 



Rationale for This Compendium 

Compendium 4 reviews the general require-
ments for proper roadway drainage. It 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 constructin 
of a low-volume road and are not cunsidered 

generales para un correcto drenaje del camino. 
Incluye la nivelaci6n y formaciOn del camino 
para que agua que cae o agua que baja de 
terreno ms alto se desaguara con un mfnimo 
de dar~o. 

Se consideran las varias clases de travesis 
que pueden ser construidas en las ubicaciones 
de arroyos 6 rlos. Estas travesias caen en 
dos clasificaciones 6 grupos. 

El primer grupo consiste en la traveslas 
que son sumergibles, tales como vados, 
badenes y puentes sumergibles. Se construyen 
normalmente como el primer paso en la cons-
trucci6n por etapas de un camino de bajo 
voltmen y no se consideran estructuras 
permanentes. En la pr~ctica muchas de tales 
estructuras se utilizan sobre grandes periodos 
de tiempo. El ingeniero no deberS considerar 
a tales travesias como temporarias 6 se 

ouvrages de franchissement sont discutdes, 
Les routes A faible capacit6 peuvent 6tre 
construites avec des passages Agu6, des 
radiers ou des ponts submersibles. Cela r6duit 
les ddpenses initiales. Plus tard, ces routes 
peuvent btre am6liordes par la construction 
de ponceaux ou de ponts si le coat des d6lais 
le justifie. Chaque decision devrait btre fondde 
sur une 6valuation 6conomique du franchisse-
ment d'eau. 

Objet do ce recuell 

Le recueil no. 4 p.sse en reve !os conditions 
requises pour avoir un bon dispositif de 
drainage. Les travaux de nivellement et de 
profilage qui sont n6cessaires afin que I'eau 

as permanent structures. In 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. In 
such eases, they will be tw'uly 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 rood. 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 

disearn y construirdn deficientemente. En 
tal caso verdaderamente serdn temporarias ya 
que se destruirlan en la primera tormenta 
fuerte. 

En el segundo grupo estbn la travesias que 
no son sumergibles, tales como puentes y 
balsas. Muchas veces el segundo paso en la 
construcci6n por etapas de un camino de bajo 
volmen Gon los puentes 6 alcantarillas xi0 
grandes. Sin embargo una evaluaci6n 
econ6mica puede indicar que deberdn 
construirsecomoel primerpaso. Unaalcantarilk' 
de caj6n grande puede costar menos que un 
baddn pavimentado en una travesla estrecha 
de arroyo. Las estructuras no-sumergibles 
tambi~n est~n sujetas a ser mejoradas como 
parte de un programa de construcci6n por 
etapas. El ejemplo m~s comtan es el 
ensanchamiento de un puente de una trocha 

de pluie ou I'esu de ruissellement soient 
6vacuees avec le minimum de d6gats sont 
inclus. Diffdrentes sortes d'ouvrages qui 
peuvent btre b~tis pour franchir les rivi~res 
ou les fleuves sont consid6r6s. Ces ouvrages 
peuvent Otre divis~s en deux groupes. 

Le premier groupe comprend les ouvrages 
de franchissement qui sont submersibles 
comme les passages , gu6, les radiers et 
les ponts submersibles. Ces ouvrages sont 
gdn6ralement construits au premier stade de 
la mise en oeuvre Aplusieurs couches et 
sont consider6s comme des ouvrages 
provisoires. En fait, un grand nombre de 
ces ouviages sont utilises tels quels pendant 
de longues p6riodes. L'ingdnieur ne doit pas 
presumer que ces ouvrages de franchissement 



subject to upgrading &'0, a part of a staged
construction program. The most common 
example is the widening of a bridge from 
one to two lanes. 

In each case, the cost of the crossing should 
be evaluated before any conatruction is started. 
Each type of low-cost crossing described here 
has a proper place and uze. However, there 
are overiapping areas of places arid uses. It 
is not always clear which type of crossing will 
be tha most economical in every situation, 
When doubt exists, alternate crossings should 
be evaluated and the least costly crossing 
should be constructed. 1he true cost of a 
crossing is the cost of the construction and 
the maintenance of that crossing during its 

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

deberd evaluarse antes de comenzar cualquier
construcci6n. Cada tipo de travesia de baj6 
costo que se describe abajo tiene su corrects 
disposici6n y uso. Sin embargo, hay Areas 6ie 
disposici6n y uso sobrepuestas. No siempre 
es claro cu6l seria el tipo m~s econ6mico en 
cada situaci6n. Cuando existen dudas se 
deberdn evaluar travesias alternativas y se

xiv construir6 la m~s econ6mica. El costo 
verdadero de una travesla es el costo de su 
construcci6n y su mantenimiento a trav6s de 
su vida 6til. 

Este compendio considere los siguientes
tipos de travesfas de agua de bajo costo: (a)
vado-,; (b) badenes, puentes Irlandeses 6 
vados alcantarillados; (c) arrecifes 6 puentes 
sumergibles; (d) puentes de madera con 

soient provisoires, autrement il y a des chances 
que le calcul soit fait h~tivement, ou que 
ces ouvrages soient mal construits. Si cela 
arrive, on pourra dire qu'ils sont vraiment 
provisoires, car ils seront emport6s A la 
premi" re grosse chute de pluie. 

Leb ouvrages de '-anchissement qui ne sont 
pas submersibles, comme les p.-,ts et les 
bacs, constituent le deuxi~me stade de 
I'amdnagement progressif d'une route A faible 
capacitd. Cependant, une 6valuation 
6conomique peut prouver qu'ils devraient Otre 
construits au premier stade. Le prix d," t-evient 
de la construction d'un dalot peut 6tre moindre 
que celui de la construction d'un radier quand
le cours d'eau Afranchir n'ost pas large. 
L'am6lioration des ouvrage non-submersibles 

useful life span
This compendium discusses these types of 

low-cost water crossings: (a) fords; (b) dips,
Irish 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 establishL. 
for choosing a ford, ferry, or bridge is made. 

riostras de madera 6 acero; (e) puentes Bailey;
(f) balsas Uniflote; y (g) puentes flotantes. 
El compendio describe cada tipo de travesia. 
Presenta las t6cnicas de diseho y construcci6n 
y los problemas asoc~ados con los varios 
tipos de travesfas. Compara los usos y costos 
de cada tipo y recomienda que se establezcan 
pautas para la elecci6n de un vado, balsa 
6 puente. 

Prtsentaci6n do los textos selecclonados 

El primer texto es el segundo capitulo de 
Handbook of Methods and Procedure for 
Low Cost Service Roads (Manual de m6todos 
y procedimientos para caminos de servicio 
de bajo vol6men, (Departamento Vial de 
Texas, 1946). Define un budn drenaje en 
trminos simples. Se habla sobre el problema 

peut 6tre un stade du programme d'am~nage­
ment progressif, par 6xernple l'Wargissement
d'un pont d'une Adeux voles. Quelque soit 
le cas, le coOt de louvrage de franchissement 
devrait 6tre Ovalut avant de commencer Ia 
construction, Chaque ouvrage de franchisse­
ment dont nous allons faire la description est 
correct pour certaines conditions. Cependant 
il y a des cas o ces conditions se chevauchent, 
et il n'est pas toujours tr6s facile de d6terminer 
quel genre d'ouvrage sera toujours le plus 
6conomique. Dans le doute, on devrait dvaluer 
plusieurs ouvrages et construire le plus
6conomique. Le vrai prix de revient d'un ouvrage 
comprend le coOt de la construction, plus te 
coOt le I'entretien de cet ouvrage durant sa 
vie utile. 



Discusslon of Selected Texts 

The first text, the second chapter of Handbook 
of Methods and Procedure for Low Cost 
Service Roads (Texas Highway Department, 
1946), defines good drainage simply and 
concisely. It 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 ahighly technical operation. 

de determinar agua de drenaje. Se eval6an 
problemas de alcantarillas y se presentan 
razones prlcticas para el uso de alcantarillas 
de tubo de metal corrugado. Se subraya el 
ahorro de costo en la correcta ubicaci6n y 
longitud de la alcantarilla. 

El texto dic. que el tipo m~s duradero de 
puente para una travesia de arroyo es probable-
mente la que se construye con hormig6n 
reforzado. Sin embargo, tal construcci6n es 
una operaci6n altarnente t6cnica. La mano 
de obra inferior, 6 mal mezcladura y colocaci6n 
del hormig6n pueden significar la perdida de 
la inversi6n total en el puente de hormig6n 
reforzado. Los operarios pueden no darse 
cuenta que los puentes de hormig6n dependen 
para su estabilidad de un fundamento s6lido. 
La falta de construir un fundamento correcto 
generalmente resulta en el derrumbamiento 

Les ouvrages de franchissement que nous 
allons discuter dans ce recueii sont: (a) les 
passages &gu6, (b) les radiers, (c) les lev6es 
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 d6crit, et les techniques 
de construction et de dimensionnement, ainsi 
que les probl~mes particuliers Achacun, 
sont discutes. L'emploi et le prix de revient 
de chaque genre d'ouvrage sont compares. 
Finalement, nous recommandons qu'un guide 
soit 6tabli pour aider A faire le choix d'un 
gu6, d'un bac, ou d'un pont. 

Inferior workmanship or poor mixing and placing
of concrete can mean the loss of the entire 
investment 2n 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. 

Unski'led 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. It also describes in detail the methods 
used in the construction of bridges built on 
wood piles. Many common faults in timber bridge 
construction are noted. The proper construction 

completo del puente. 
Los operarios tienen m~s 6xito en la 

construcci6n de fundamentos de pilotes de 
madera que en la de estribos de hormig6n. 
El texto describe m6todos prdcticos para 
hincar pilotes de madera. Tambi6n describe 
en detalle los m6todos utilizados en la 
construcci6n de puentes colocados sobre 
pilotes de madera. Se toman nota de muchas 
faltas comunes en la construcci6n de puentes 
de madera. Se describen los m6todos de 
construcci6n correctos para sobrellevar estas 
faltas. Se dA importancia al ahorro de costos 
en la correcta construcci6n de puentes a 
trdv6s del texto. 

El segundo texto, Use of Gabions for Low 
Water Crossings on Primitive or Secondary 
Forest Roads (El uso de cestones para travesias 
de agua de bajo nivel en caminos forestales 

Discussion des textes cholsis 

Le premier texte, le second chapitre de 
Handbook of Methods and Procedure for 
Low Cost Service Roads (Manuel de methodes 
et proced6s pour routes lat6rales 6conomiques) 
publi6 par le Texas Highway Department en 
1946, donne une d6finition simple et concise 
d'un bon dispositif de drainage. IIdiscute aussi 
du probl~me du calcul du d6bit. 

Les probimes de construction des ponceaux 
sont 6valu~s et les raisons pratiques pour 
l'utilisation de buses en t6le ondul6e sont 
present~es. Les 6conomies que l'on peut faire 
en choisissant convenablement la location et 
la longueur d'un ponceau sont soulign6es. Ce 
texte remarque que le pont le plus durable 

xv 



methods to overcome these foults 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 from Engineering 
Technical Information System: Field Notes 
(Forest Service, U.S. Department of Agriculture, 
May-June 1973). It describes an economical 
method of constructing a ford in a stream 
where the grade of 7he road precludes the 
use of R culvert. 

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

primitivos 6 secundarios), se tom6 de Engineer-
ing Technical Information System: Field Notes 
(Sistema de informaci6n t6cnica ingenieril: 
Notas de campaia, Servicio Forestal, U.S. 
Department of Agriculture, mayo-junio, 1973). 
Describe un m~todo econ6mico para la 
construcci6n de un vado en un arroyo donde 
la rasante del camino exciuye el uso de una 
alcantarilla. 

El tercer texto, Design and Construction 
xv of Low Water Dips (Disefo y construcci6n 

de badenes para bajos niveles de agua), se 
tom6 de Constructionand Maintenance 
Bulletin No. 6 (Boletin no. 6 de construcci6n 
y manutenci6n, Departamento Vial de Texas, 
mayo 1951). Describe un baddn 6 Puente 
Irlandds construldo sobre una alcantarilla. Este 
tipo de badn permite una travesia seca 
durante perlodos de flujo normal del arroyo. 

est probablement celui construit en b6ton arm6. 
Cependant, ce genre de construction est d'une 
technique trbs avanc~e. Une 6x6cution 
inf6rieure, un mauvais m6lange, une mauvaise 
pose du bdton peut signifier la perte de tout 
les capitaux investis dan un pont de b6ton 
arm6. La manoeuvre non sp6cialis6e peut ne 
pas se rendre compte que les ponts en b6ton 
doivent leur stabilit6 6 une fondation solide. 
Si on ne construit pas une fondation correcte 
on est presque s~r que le pont s'effondrera 
compl~tement. Une manoeuvre non sptscialis6e 
peut construire une fondation de pieux en 
bois beaucoup mieux qu'une fondation de 
pieux en b6ton. Le texte pr~sente des m6thodes 
pratiques pour enfoncer les pieux en bois. II 
explique aussi en d6tail les proc6ds de 

a dip or Irish bridge constructed over a culvert. 
This type of dip provides for a dry crossing 
during periods of normal stream flow, It 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. It 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 ronventionat 
structure. Dips will always be less expensive 

Se sumerge durante perfodos de alto fiujo. 
El texto desarrolla una f6rmula para fijar la 

longitud de curvas verticales en los accesos 
a un bad6n. Nombra los datos de campafa 
necesarios para el disehio de un bad6n. Se 
describe la correcta diferencia de pendiente 
entre el cauce del arroyo y el camino. Se 
detalla un m6todo para proteger el terrapl~n 
de la erosi6n durante perlodos de alto flujo. 
Se menciona la inst,:laci6n de medidores del 
nivel de agua. 

Los badenes pueden ser partes permanentes 
de un camino de bajo volmen. El costo de 
construcci6n de un bad6n deber, compararse
al costo de una estructura convencional. Los 
badenes siempre serun menos costosos para 
arroyos grandes pero las alcantarillas de caj6n 
pueden costar menos para arroyos pequeios. 

El cuarto texto es una publicaci6n 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 soulign6es. Les m6thodes 
correctes de construction pour prdvenir ces 
erreurs sont expliqu6es. Le texte met I'emphase 
sur les 6conomies r6alis6es par une construc­
tion correcte des ponts. 

Le deuxi~me texte, Use of Gabions for Low 
Water Crossings on Primitive or Secondary 
Forest Roads (Emploi de gabions dans la 
construction d'ouvrages de franchissement de 
basses eaux pour chernins ruraux ou routes 
secondaires), est extrait de Engineering 
Technical Information System: Field Notes 
(Forest Service, U.S. Department of Agriculture, 
Mai-Juin 1973). Ce texte decrit une m6thode 



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 Journalof the Indian Roads Congress 
(Vol. XVI, Nc. 3, April 1952). It defines a 
causeway as a submersible road bridge across 
a siream, 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 flows led to several 

investigaci6n, Causeways or Submersible 
Bridges, (Arrecifes 6 puentes sumergibles), 
tomado del Journal of the Indian Roads 
Congress (Diario del congreso vial de la 
India, Vol. 16, No. 3, abril 1952). Define un 
arrecife como un puente de camino sumergible 
por sobre un arroyo diser~ado para que el 
flujo normal de un rio durante temporadas 
secas pasa totalmente a trav~s de pasajes 
debajo del camino. Las ocasionales.inunda-
ciones pasan a travs de las aberturas y 
por sobre el camino hasta una profundidad 
que detiene el tr~nsito. Los arrecifes funcionan 
como los badenes descriptos en el texto previo. 
Est~n diseiados para soportar los flujos 
mucho m~s grandes de los rios mayores. Los 
problemas hidrdulicos debidos a tales flujos 
tan grandes causaron varios fracasos de 
arrecifes en la India. Este proyecto de in-

6conomique pour construire un pasage 6 gu6 
dans une rivibre quand la pente de la route 
exclut I'emploi d'un ponceau.

Le troisibme texte, Design and Construction 
of Low Water Dips (Conception et construction 
de radiers pour le franchissement de basses 
eaux), est extrait de Constructionand 
Maintenance Bulletin No. 6 (Texas Highway 
Department, Mai 1951). II d6crit un radier 
construit sur un ponceau. Ce genre de radier 
permet le franchissement 6 sec durant les 
p~riodes de debit normal et est submerg6 
quand la rivi~re est en crue. 

Le texte comprend aussi une formule pour 
calculer la longueur'des courbes de profil 
en long de la route A I'accbs des radiers. 
Les donn~es n6cessaires pour le dimensionne-

causeway failures in India. This research
 
project investigated these failuros. 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 FMS-34: 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 
1of 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 

vestiga ,i6n estudi6 estos fracasos. Las
 
conclu, iones deberian ser estudiados por
 
cualquiier ingeniero que tiene intenci6n de
 
disehiar un puente de camino sumergible
 
grande.
 

El quinto texto consiste en dos extractos 
de FM5-34: Engineer Field Data (FM5-34: 
Datos ingenieriles de campaha, U.S. Army, 
1976). El primer extracto, capftulo 5, se 
concierne ccn sofialaci6n de puentes y
vehi',2,s. Se incluye porque define la clase xvli 
de puente. Esta determina el disefo del 
puente. Las tablas de diseho en la segunda 
secci6n extrafda se basan sobre la clase de 
puente. 

El segundo extracto, del capftulo 7, describe 
el disefio de superestructuras de puente de 
madera rectangular, madera cillndrica 6 de 
vigas de acero. Se describe el diseio de 

ment d'un radier son 6num6r~es. Les 
differences de niveau correctes entre la route 
et le fond du lit de la riviere sont donn6es. 
Une m~thode de protection contre I'affouillement 
durant les p6riodes de crue est expliqu6e 
en detail. L'installation de jauges pour mesurer 
les crues est d~crite. 

Les radiers peuvent constituer un 6lment 
permanent d'une route Afaible capacit6. Le 
coOt de construction d'un radier devrait 6tre 
compar6 au coOt de construction d'un ouvrage 
plus ordinaire. Les radiers sont toujours d'un 
coOt plus modeste pour les rivi~res de grande 
largeur, mais pour une rivi~re 6troite un dalot 
peut 6tre plus 6&.:onomique. 

Le quatri~ma texte est un r6sultat 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. In 
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 
from The 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 VII, Potential 

subestructuras de puente de entramados de 
madera, entramados de pilotes 6 pilares de 
pilotes. La selecci6n y diseio de cada parte 
se presenta en un procedimiento paso por 
paso utilizando tabulaciones incluidos en el 
texto. Gr~ficos que utilizan las clases de 
puentes descriptas en el capitulo 5 simplifican 
el procedimiento de disefo. Se incluye el 
disehio de estribos, 

El sexto texto consiste en varios extractos 
xviii de The Bailey and Uniflote Handbook (Manual 

del Bailey y Uniflote, Acrow Press, Quinta 
Edici6n, 1974). Se introduce los antecedentes 
del equipo Bailey. Se describe la selecci6n 
de un Puente Bailey apropiado con dos 
ejemplos para asistir al ingeniero. Se incluyen 
las tablas de disefo para el esfuerzo 
cortante y combadura que se necesitan para 
utilizar los ejemplos. 

Bridges (Lev6es ou ponts submersibles). II 
est extrait du Journal of the Indian Roads 
Congress, Vol. 16, No. 3, Avril 1952. La 
d6finition d'une lev6e est donn6e: c'est un 
pont submersible qui traverse une rivi6re et 
qui est conqu de fagon Ace que pendant la 
saison seche le cours d'eati passe enti~rement 
sous le pont par des canalisations construites 
sous la route. A 'occasion, quand la rivi~re 
est haute, 'eau passe A la fois dans ces 
canalisations et submerge la route Aune telle 
profondeur que le trafic routier est arrbt6. Les 
lev6es fonctionnent comme les radiers dont 
nous avons parl6 dans le texte no. 3 mais 
elles sont congues pour les debits beaucoup 
plus importants de grands fleuves. Aux Indes, 
les problemes hydrauliques occasionn~s par 

Cost-Savings in theDesign ofWater Crossings, 
from Opportunitiesfor Cost Reduction in the 
Design of Transport Facilities for Developing 
Regions (Institute for Transportation and Traffic 
Engineering, 1970). It 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. 

El s6ptimo texto es el capitulo VII, Potential 
Cost Savings in the Design of Water Crossings 
(Ahorros de costo posibles en el disefio de 
traveslas de agua, Institute for Transportation 
and Traffic Engineering, 1970). Investiga los 
ahorros pcsibles de muchas distintas clases 
de travesias de agua. Este texto provee una 
evaluaci6n econ6mica de los datos presentados 
en 6ste y el compendio 3, Pequerias Estruc­
turas de Drenaje. El informe ofrece pautas
econ6micas que ayudar~n en la selecci6n 
de travesia de agua correcta de bajo costo 
para una gran variedad de circunstancias. 
Las comparasiones de costo se hacen con 
precios del ahio 1970. El planificador vial 
deber6 actualizar los precios al momento y 
en la ubicaci6n bajo consideraci6n. El texto 
subraya la irnportania de seleccionar la 
travesia m~s econ6nica posible. 

ces grands volumes d'eau ont caus6 plusieurs 
fois la rupture de ces levees. Cet article a 
pour but '6tude de la cause de ces 6checs. 
L'ing6nieur qui doit dimensionner un pont 
submersible important devrait 6tudier avec 
soin les conclusions. 

Le cinquieme texte est le chapitre 5 et la 
section 1 du chapitre 7 du manuel FM5-34: 
Engineer Field Data (Donn6 es pour le Genie) 
(U.S. Army, 1976). Le chapitre 5 concerne la 
designation des ponts et des v6hicules. 
Ce chapitre est inclus" parce qu'il donne une 
definition 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 basees 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). It describes the differences 
between AASHO and other common bridge-
loading criteria. It 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 
ba,;ic, proven designs that can be safely used 
or low-volume roads. The subject of this 
selected text becomes more significant when 

El octavo texto consiste en un extracto de 
la secci6n 14, Bridges, Viaducts and Ramps 
(Puentes, viaductos y rampas) del Handbook 
of Highway Engineering (Manual de Ingeniedfa, 
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. Tambi6n 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 disefios de puente de madera y Bailey 
presentados en este compendio son disefios 
b~sicos comprobados que pueden ser utilizados 
sin peligro en caminos de bajo volimen. El 
tema de este texto seleccionado se vuelve 
m~s significante cuando se consideran puentes 
m,,yores. Sin embargo, el ingeniero del camino 

Le passage du chapitre 7 d(crit le calcul 
des superstructures de pont en bois (poutres 
rectangulaires ou circulaires) et des ponts en 
acier. Le calcul des infrastructures (pal6es 
en bois, pal(es de pieux, piles de pieux) 
est donn6. La s6lection et le calcul de ces 
16l6ment sont 6xpliqu(s pas Apas, en utilisant 
les tables incluses. En outre, des graphiques, 
bases sur les classes de ponts d~crites dans 
le chapitre 5, simplifient le calcul. Le calcul 
des cul6es est aussi inclus. 

Le sixibme texte consiste en quelques 
passages du livre, The Bailey and Uniflote 
Handbook (Le guide des ponts Bailey and 
Uniflote), publi6 par Acrow Press, 5e 6dition, 
1974. L'historique du mat6riel Bailey est 
expliqu6. Pour aider l'ing(nieur deux 6xemples 

major bridges are being considered. However, 
the low-vo!ume 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 16 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, 

de bajo volimen 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 9 de la bibliografla. 

Bibllografia 

Se sigue a los textos seleccionados con 
una breve bibiiografla que contiene datos de 
referencia y abstractos para 16 publicaciones. x12 
Los primeros 8 describen los textos selec­
cionados. Los otros 7 describen publicaciones 
que se asocian intimamente con los textos 
seleccionados. 

Aunque hay muchos articulos, informes, y 
libros que pudieron haber sido detallados en 
la bibliografla, no es el prop6sito de 6sta 
contener todas las posibles referencias para 

sont donn(s qui justifient le choix du pont 
Eailey convenable. Les tables de calcul de 
csaillement et de d6flexion n6cessaires pour 
utiliser les exemples donn(s sont incluses. 

Le septi(me texte est le chapitre VII, 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 Re'ions, (Institute 
for Transportation and Traffic Engineering, 
1970). Ce texte 6xamine les differentes sortes 
d'ouvrages de franchissement d'un point de 
vue 6conomique et pr6sente une 6valuation 
6conomique de toutes les donn(es incluses 
dans les recueils 3 et 4. Des r6gles pour 
estimer le prix de revient de l'ouvrage d'art 
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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 bibliografia contiene unicamente 
aquellas publicaciones de las cuales se 
seleccion6 texto o las publicaciones b~sicas 
que hubieran sido seleccionadas si no hubiera 
un limite al n6mero de p6ginas en este 
compendio. 

convenable pour un 6ventail de situations, 
sont offertes. Les comparaisons du coOt sont 
bas6es sur les prix de 1970 et il faudra que
ingenieur planificateur tierine compte de cela 
et utilise les prix en vigueur A I'6poque et A 
'endroit qu'il consid~ra. Le texte met I'emphase 

sur l'importance de choisir l'ouvrage de 
franchissement le plus 6conomique. 

Le huiti~me 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 differences qui existent entre les criteres 
de charges d'AASHO et les critbres de charges 
d'autres syst~mes commun6ment adopt~s. 
Mention est faite des tremblements de terre 

et des surcharges. Ce texte est inclus pour 
avertir le lecteur que les crit6res de charges 
ne sont pas tous les m6mes. Les ponts en 
bois et les ponts Bailey qui sont pr6sentes 
dans ce recueil sont des ponts de base dont 
la valeur a 6t6 6prouv6e, et ils peuvent 6tre 
utilises en toute sdcurit6 dans les routes A 
faible capacit6. L'6tude de ce texte choisi 
devient encore plus importante quand on 
envisage de construire des ponts encore plus 
grands. Cependant, l'ingenieur routier, quand 
il conQoit une route A faible capacit6, doit se 
souvenir qu'il existe un grand nombre de 
critbres de charges dans le monde entier. 
Ces critbres sont d6taill6s dans la r6ference 
no. 9 (voir la bibliographie). 
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BlIbliographle de limites quant au nombre de pages de ce 
recueil. 

Le br6ve bibliographie qui suit les textes 
choisis fournit les rf61rences et des analyses 
de 16 publications. Les 8 premi res se 
rapportent aux textes choisis et les 7 autres 
Ades publications dont le sujet est 6troitement 
rattach6 &celui des textes choisis. 

Bien qu'il y ait beaucoup d'autres articles, 
rapports et livres qui pourraient btre inclus, 
l'objectif de cette bibliographie n'est pas 
d'6num(rer toutes les r~f~rences possibles 
ayant rapport au sujet de ce recueil. Donc. 
notre bibliographie, telle quelle, se rapporte 
seulement aux publications dont nous avons 
choisi des extraits, ou aux textes de base que 
nous aurions choisi aussi s'il n'y avait pas 

xxi 



xxii This cable swpension foot bridg Is located In Caranevi, Bolivia. 



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

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

Textos Seleccionados
 
Esta secci6n del compendio contiene p~ginas 
seleccionadas de cada texto que se catalo-
garon en la Tabla de Materias. Se utilizan 
recuadros rectangulares para encerrar las 
p~ginas que han sido reproducidas de la 
publicaci6n original. Algunas de las p~ginas 
originales han sido reducidos para entrar en 
los recuadros. No se han hecho ningunos 
otros cambios en el material original excep-
tuando algunas notas aclaradoras que de vez 
en cuando han sido agregadas. De esta forma, 
cualquier error que hubiera existido en el 
texto seleccionado ha sido reproducido en el 
compendio mismo. 

Los ntmeros de p~ginas del texto original 

Textes Choisis 
Cette partie du recueil contient les pages 
s~lectionn6es de chaque texte qui est 6num6r6 
dans la Table des Mati~res. Les pages du texte 
original qui sont reproduites sont entour~es 
d'un encadrement rectangulaire. Certaines 
pages ont dO 6tre r~duites pour pouvoir 
6tre plac~es dans 'encadrement. Le texte 
original n'a pas W chang6 sauf pour quelques 
explications qui ont Wins~r~es. Donc, si le 
texte original contient des erreurs, elles sont 
reproduites dans le recueil. 

La pagination originale apparait lI'int~rieur 
de I'encadrement. La pagination du recueil est 

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

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

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

aparecen dentro de los recuadros. Los n6­
meros de p~ginas para e: compendio est~n 
fuera de los recuadros y aparecen en los 
m~rgenes medio izquierdo o inedio derecho 
de las p~ginas. Los ntmeros de p~ginas que 
se d~n en los indices del compendio se 
refieren a los del compendio. 

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

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

A I'ext6rieur de I'encadrement, soit ' droite, 
soit Agauche de la marge ext6rieure des 
pages et est celle'qui est cit~e dans la table 
des mati~res et dans l'index du recueil. 

Chaque texte commence par une ou plusieurs 
pages d'introduction qui 6taient incluses dans 
le texte original. Ces pages sont g~n~rale­
ment le titre, ou la table des mati~res, ou 
les deux. Des ast6riques ont Wajout~s Ala 
table des mati~res d'origine pour les raisons 
suivantes: 

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

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

** Todas las p~ginas en esta parte del docu-
mento original tambien aparecen en -0 
texto seleccionado. 

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

rians cet extrait du document original sont 
incluses dans les Textes Choisis, mais 
d'autres pages (ou portion de pages) de 
I'edition originale ont t6 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 

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

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

mentos originales que est~n precedidas por 
asteriscos en el indice de las publicaciones 
respectivas. 

Lineas de guiones cruzando cualquier p~gina 
del texto seleccionado significan que en ese 
lugar se ha Gmitijo texto original. En varios 
lugares el texto seleccionado contiene notas 
aclaradoras que han sido introducidas por 
el personal del proyecto. Tales notas est~n 
insertadas en recuadros de guiones y co­
mienzan con 1a palabra NOTE. 

prcedes d'un ast~rique dans les tables des 
matibres des publications respectives. 

Les lignes brisees sur les pages des textes 
choisis indiquent les endroits ob le texte 
original a M6 omis. A certains endroits, les 
textes choisis contiennent des explications 
qui ont 6t6 ins~r~es par le personnel attache 
A ce projet. Ces explications sont entourees 
d'un encadrement en pointill6 et commencent 
toujours par le mot NOTE. 
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Chapter Two 

DRAINAGE 

Perhaps the thing that should be emphasized at this point is that 
the road supervisor should be careful to do first things first. No 
efort should be made to bring an earth road to final grade until 

dranage has been properly taken care of, and no start thould be 
made toward placing any kind of surface until the graded 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 just what is meant by 
good drainage. To put this in simjpe tArns, suppose we say that 
a road should be so graded and shaped that, water falling on it. 
or reaching it by running down from higher ground, will drain away. 
The simplest arrangement that will secure this result is the best. 

A culvert should be put in every natural drain that will lead water 
away from the road. There is always a temptation to economize 
by leaving out some of the culverts, leading water in the side ditches 
to another culvert lower down. This often results in great damage 
due to erosion by the running water, so that maintenance expenses 
are ezeessive, and even the road itself may be destroyed, and have 
to be moved over out of the gully that .'*;l finally be formed. 

Erosion in a ditch depends entirely on three things: First, the 
slope of the ground; Second, the nature of the soil; and Third, the 
volume of water that the ditch carries. Nothing much can be done 
to change the natural slope of the ground, or to modify the soil 
type, but a great deal can be done to riduce the volume of water 
to be carried. Doubling the amount of water running down a certain 
ditch will much more than double the damage done, and it is worth 
a considerable oxpense to got as many extra culverts in the road 
as possible. In many cas landowners will insist on having water 
diverted from their property and carried to some other culvert 
elsewhere, that will discharge on 1Ind belonging to some one else. 
This is wrong, both legally and morally, and the road builder who 
tamper with the natural flow of water in the channels that nature 
has provided is on unsure ground.

No extreme precautions neal be taken to see that every culvert is 
large enough to carry the water that comes to it tinder any and all 
conditions of rainfall. No great harm is done ordinarily if water 
flows over a local road now and then, and if culverts of a suitable 
type are used it is easy to replace one that has been found to be too 
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small, or to put in another one alongside. The nature of rainfall
is such that cloudburst rains are usually of small extent, coveringonly a limited area. For this reason smell culverts must be larger inproportion to the area they drain than bridges which take care of 
larger streams. 

There are several formulas which purport to give a ofmeanscalculating the size of culvert required from the size and kind ofarea tc '- drained, but it Is to be questioned if such formulas have any v -n farm roads. The runoff 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 land, itssteepness, the kind of soil of which it is composed, whether ter­raced or not, whether pasture or plowed field. Small differences inthe values assigned to any of theso variable f-ctors will give Itzedifferences in the result, and it is just accurate to de­termine the size of culvert needed by car .ervation of condi­
tions during and after rains.

Corrugated metal pipes will be found very satisfactory for useon the class of roads we are dealing with. These pipes cor­areparatively light In weight, and are easily handled and installed with
inexperienced labor. They will stand rough handling without dam­age, and can readily be taken up and installed elsewhere if theoccasion requires. They may be bought in sections of any con­venient length, and can be connected into longer length.of coupling bands made by meansof the same material as .he pipe. Various
fittings, such as elbows, Ya, and To can be supplied, and these
have many uses for special cases that may arise.

Other culverts may of course be used, and may be made ofmaterials theoretically mnre durable then galvanized .metal. Con­crete pipe are excellent for small culverts, and faras as durability
is concerned will far outlast pipe mode of light metal. However, theyvery heavy, and a crane or derr,ck of someare kind will be needed
to handle the larger sizes. Concreti or clay tile pipe are rather
easily broken by rough handling, and must be laid on a solid founda­tion to prevent breakage due to possible settlement In the em­
bankment.
 

There are some other practical considerations that must be taken
into account when deciding what kind of culverts should be 
 used.
For instance, in our country where the hand of man has interferedso rudely with the balance of nature, erosion is constantly changing
the surface of the land in an unpredictable way. Where the outletchannel below a culvert is fairly stee the tendency is for thechannel to wash out, to that a culvert that was installed at thelevel of the stream bed may later be found to have a considerable
drop at its outlet ond. This results in a narrowing of the roadat this point, and the culvert must be lengthened to offset it. Theculvert may e taken up and relaid at a lower elevation, adding asection to allow for the greater height of fill over the pipe, or a 
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drop outlet arrangement may be added to It by means of elbows and 
coupling bands. 

On the other hand, where the fall in the stream bed is slight,
soil washed down from cultivated land above will tend to fill up 
the channel, resulting in stopping of the culvert. This means clean 
out the stream bed below the road, (not always possible, due to 
objection by the landowner) or take out the culvert and raise it 
to a higher grade. Again, the light weight pipe lends itself readily 
to any change needed. An expensive masonry 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 are 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 worth saving. Be sure to add 
enough length to allow for the side slopes of the fill, and cover the 
pipe deep enough with earth or gravel so that it will 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 culverts should be inspected -,fter every rain to see that they 
are open. Except for this, pipe culverts when correctly installed 
will need no attention or maintenance, and will last a long time. 

Larger structures are one of the most troublesome features on 
the typical local road. Many of these are of untreated timber, re­
quiring heavy expense for maintenance. Almost the entire revenues 
of some county road departments are consumed by the never-ending
replacement of planks on such 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
where until he can get the leak stopped. Some means must be 
found to stop some of the expense of bridge repairs if poor country
road districts are to get themselves out of the mud. 

For the average small stream the best and most durable type of 
bridge that can be constructed 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 by fire. How­
ever, this is another case where practical considerations must be 
taken into account. 

Some local road authorities have embarked on an extensive pro. 
gram of concrete bridge and culvert construction, but the results 
in many cases have been very discouraging. Although good con­
crete will probably last forever, it does not necessarily follow that 
a structure built of concrete will last forever, or even for a few 
years. 

The mixing and placing of concrete is not a hit or miss affalr, 
but is a highly technical operation. The proportions of gravel, sand, 
cement, and water muz. ie very carefully worked out. Building the 
forms is a job for highly skilled carpenters, and the steel must be 
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properly proportioned to carry the loads, and must be securely held 
In its intended position while the concrete is placed. Thouvands of 
concrete structures have been built in which poor materials were 
used, and on which the workmanship was so Inferior that the entire 
Investment was lost within a short time. 

Concrete bridges which rest on piers depend for their stability 
on an extremely solid foundation, and it is very hard to get the 
untrained foreman to realize the importance of this. Piers are often 
set on poor material, and the general tendency is not to carry them 
deep enough below the stream bed. Foundation excavation must 
often be done in mud and water, with the result that the men give 
up too soon, and the foundation undermines, destroying the bridge.
In case a structure undermines in the way described the whole thing
is usually a total loss, or worse, since it is often expensive to get it 
out of the way. In case a concrete bridge is abandoned fpr any 
reason, such as a change in location, the salvage value of the bridge
is exactly nothing. So unless you have an engineer experienced in 
this kind of work, you had better let this type of bridge alone. 

Owing to the extreme difficulty of securing a solid foundation 
where expert supervision is not available, the pile type of foundation 
will prove simplest and cheapest to construct in the majority of 
cases. Many different kinds of superstructure can be put on piles,
and bridges of this kind have many advantages that should recom 
mend them highly for use on farm roads. 

The construction of a pile driver is a very simple matter, Pnd 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 hard to drive piles, and in such cases some other 
plan must be used. For' 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. Files of this kind have been 
known to last in railroad br.dges, 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 
should consult their State Highway Department or other qualified 
agency in regard to specifications under which creosoted timber 
should be bought, and should make their purchases accordingly.
Good material costs only a trifle more than inferior stuff, and the 
cost of labor for erecting the bridge is the same in either case. 

A pile hammer for driving piles should preferably weigh not 
less than 1,500 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 are driven to refusal will bear any k;nd 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 .i deep in the ground as 

Text 1
 

ID
 



Compendium 4 Text 1
 

DRAINAGE 

possible. Remember that a bridge usually restricts the channel to 
some extent, causing a 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 formation in the bed of a 
stream is too hard to drive piles to the depth considered advisable, 
and this situation poses a difficult problem. Unless the formation 
consists of solid ledge rock, concrete or masonry piers should not be 
used. Every effort should be made to get the piles down. Re­
member that even though the formation is too hard to drive piles,
it may be easily scoured away by a swift current of water, even 
though the piles are below the existing bed of the stream. Some 
of the freakish things that a current of running water will do have 
to be seen to be believed. 

In cases of this kind the piles can often be driven very easily to 
any desired depth by means of a water jet. A power driven pump 
capable of delivering a large volume of water at rather high pres­
sure will be needed. The outlet of the pump is connected by means 
of a hose to a joint of pipe through which the water is forced. 
The point of this pipe is pushed vertically down into the ground at 
the point where it is desired to drive the pile, and the high speed 
stream of water will wash a hole into which the pile can be driven. 
Such a stream will cut heavy shale, hardpan, cemented gravel and 
similar substances. A section of railroad rail can be used to assist 
the jet, working the rail up and down in the same way as cable 
tools are used in drilling a well. The pile driver is very convenient 
for handling the jet or the drilling tool. Even a hole no more than 
four or six inches in diameter will often permit the pile to be 
driven. 

Whatever trouble it takes, get the piles down 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 a good team of mules. A cast iron follow block, made with 
slots on the sides to slide up and down in the 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 more t' an about fourteen 
feet, four piles rhould be used for each bent. For narrow bridges 
three will be enough. 

In order to be sure that timber piles will give the maximum serv­
ice life, certain care must be taken in handling and driving them. 
Creosote does not penetrate into the entire tirber, but there is 
always an untreated heart or core. If the pile is cut or damaged 
in any way so as to expose this untreated core, rot will start at that 
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point, and the life of the timber will be greatly reduced. In order 
to prevent this piles should be handled in a careful manner to avoid 
injury to the creosoted outer layer. Of course each pile will have 
to be cut off at the top after driving, and this point must be care­
fully protected. Soak the top of the pile with creasote oil, pour 
a heavy treatment of hot asphalt on it, 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 level, 
so that the cap will bear equally and evenly on all the piles. Pull 
or jack the piles into , good line before cutting them off, then nail 
a good straight plank on each side of the row with the top of the 
plank 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 and
level. Where nails are driven into the. lile 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 bored to 
attach sway bracing, the ho,; 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 start. 

The cap, or timber which rests directly on the piles, will usually
consist of a piece of creosoted wood, about 10"x12" in size, and long10 enough to bear on all the piles of a single bent. The same care 
should be used in handling these timbers as for piles. The cap
Is generally fastened to the piles by means of drift pins, which 
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 than 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. 

Where 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 oF the piles. In 
such cases a strap of iron should be used to fasten the cap down 
securely to each of the piles. The best way to attach these straps
is with lag screws, which are similar to ordinary wood screws 
but much larger. 

A very common fault that can be pointed out in many bridges is 
the Inadequate size and spacing of stringers. It is not unusual to 
find stringers of nominal 3"x12" size used on spans of as mach as 
twenty feet, and spaced as much as three feet apart across the 
bridge. Although such a bridge may never actually break down 
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under a load, its effective life is very short. Such stringers deflect 
excessively under a load that will not break them. This causes the 
stringers to work up and down, resulting in considerable friction 
and wear at the point where they rest on the cap. Rot sets in at 
this point, and the timber is soon useless. It is also very hard to 
keep the floor plank tight on such limber stringers, and the floor 
plank pump up and down, wearing out the planks as well as 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"x14" size, and space 
them not more than about two feet apart. These stringers should 
be fastened to the caps with toe nails, and if there is danger from 
overflows washing the" deck away, a few 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 beLr evenly on every stringer in 
a panel. If this isnot done, the floor plank will ue very hard 
to keep tight. If one stringer is a little higher than the rest, 
turn i. over and trim it a little at the ends, where it rests on 
the cap. Don't cut it off on top all along its length. This makes a 
bad job, is more trouble, and may affect the life of the timber. 

Any kind of floor plank may be used, or concrete, but there ii 
a good d.-al to be said in favor of using 2"x4" plank, laid on edge to 
make a floor 4" thick. As each of these planks is laid it is nailed 
to the one next to it, so that we have, in effect, a solid slab of 
wood 4" thick instead of a number of individual planks. This 
makes a very stiff floor, and helps to keep down vibration and 
movement in the structure. Small lumber 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 3" thick made of wider and more 
expensive plank. The 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 placed to prevent traffic 
from wearing it out. When so protected, the floor should last as 
long as the rest of the bridge. 

When spans longer than 17' are required, for some special reason, 
very good results can be had by using steel I beams for stringers 
instead of timber. For spans up to about 22 feet use J2" I beams 
spaced about three feet apart, and for spans up to about 30 feet 
use 15" beams. Spans up to 50 feet or more can be readily built 
by using larger beams, say up to 25" 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, a qualified 
structural designer should be consulted. 

The principal trouble noticed in steel beam bridges is that they 

-11­



12 

Compendium 4 Text 1
 

DRAINAGE 

rattle and vibrate excessively due to the fact that the beams are 
not attached to the caps, and the floor is not attached to the 
stringers. The stringers can be anchored to the wooden caps by 
means 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 beams are bought. For attaching the floor 
plank to the beams there is a simple little clip of steel which nails 
to the floor plank, and has a notch to fit over the top flange of the 
beam. These are worth the money, 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 them painted, 
and arc subject to being destroyed or damaged by collision from 
heavy trucks. 

It is poor economy to construct a bridge too short, even though it 
may be large enough to take the water. As already mentioned, a 
br-dge restricts the channel to some extent, cau- ing the current 
at the bridge to flow faster than at other pla,.s in the stream. 
This increased velocity often leads to undermining the piles or the 
bulkheads which will fill at the ends of the bridge. It is always 
a hard job to make repairs on a washed 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 away 
from the current. 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 
be 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 solidly constructed. Use creosoted 
plank at least 41" thick, and lay them as tight as possible, to pre­
vent the backfill from getting out through the cracks. The bulkhead 
should go well down into the ground to avoid undermining, and the 
wings should extend far enough out to each side so that the ffi1 
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 must 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 way as to create a hazard. 
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USE OF GABIONS FOR LOW WATER CROSSINGS
 
ON PRIMITIVE OR SECONDARY FOREST ROADS
 

By Allen D. Leydecker
 
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 designs has pro',en 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 final elevation of the low point of the parabolic 
grade line is usually 6 to 12 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 at the final grade line 
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. 1). Essentially, the gabions form a 6- to 12-inch high, porous dam 
which retains the stream gravel. 

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 20 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 isdug along the downstream edge 
of the road. Bottom elevation of the trench should be final road elevation minus the depth
of the gabion ±0.1 foot. The gabions are wired together on the surface then dropped into 
the trench. The center gabion is filled, usually with a front-end loader. Using this center 
gabion as an anchor, the line of gabions is pulled taught and straightened y a chain 
come-a-long attached to a truck. As shown in Figure 2, tension iskept on the gabions while 
filling. After all the gabions are filled, final adjustments are made in the top course of rock 
and the baskets are wired closed. Backfilling completes the job. 

In about a year's time, fines transported by the stream cement the gravel backfill and 
construction scars heal, leaving a satisfactory stream crossing which, as shown in Figure 3, is 
practically invisible. 

Figures 4 and 5 show a ford constructed in the spring of 1971. The pictures were taken the 
following summer. Flood flow at this site was calculated as 400 cfs. The crossing cost 
S3,000 and was done by force account. We found that as the crew gained experience the 
cost decreased sharply. 

13 
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Figure 2.-GabionsFilled Under Tension. Tension (sup. 
plied by come.along) lifts baskets off gr-cund. 
As they are filled, they settle back straight 
and true. 

FiSue 3.- View of CrosingLooking Upstream 
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ftum 4.-Crowing Drng late Summer. 
Gablons were pkeed on a 
70.foot radlus with a pawboli 
gude on tangents of 9%. 
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AN in all, we on the Modoc have been pleased with the low cost, durability and appeatance 

of the pbion fords we have constructed. We feel that the use of pbiona should be kept in 

mind as a design alternative for stream crouinp on forest roads. 
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Desgo 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 fail. 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 by 
the Austin Office. It required a 
lot of brow-beating, so to spew.., 
by Mr. Greer, the Land Service 
Roads Department, and the Dis-
trict Offices to get us in line, but 
we finally made the transition, and 
Ibelieve that with all things being 
considered, we have done a good 
job. I believe that in most in-
stances, we are getting the best 
roads that can be constructed with 
the limited funds allocated for 
-44­

thiswork. It is my opinion, how­
ever, that there 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- 37 
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 onour low 
type roads should 
be given due con­
sideration. 

Most of us have 
designed and 
constructed low-

JOE M. BINGHAM 
water dips be- MIWMI WaDnTo 

Se?
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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 over 
the state. Ifeel sure that you will 
agree with me when I say that 
there are some good ones, some 

38 	 that are just fair, and some that 
are bad. Thebadcnes do not al-
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 them 
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) For reasons of safety 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 tray-
el is worthy of our very best en-

JOE M. BINGHAM, Reldent Engineer.
Tans HIGHWAY DEPARTMENT 

gineering effort; (2) The highway 
pattern has been, and will prob­
ably continue to be for more and 
more miles of low cost roads -­
roads that will require all our 
skill and ingenuity as engineers 
to assure 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 wilt necessarily 
remain in service for a consider­
able length of 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
struction field, 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 

-45­
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project. I thought we got a good groups. They are as follows: 
job on everything except the dip 1. Stream Section and Roadway 
connections or approaches, and Cross Sections 
this fact alone ruined the job in 2. Water Elevation at Normal 
my estimation. If you attempted Stage 
to drive across the dip at a speed 3. Stream Meander, Profile 
above twenty-five miles per hour, and Topography 
you were literally taking your life 4. Highway Elevation 
inyourownhands. Itwouldthrow 5. Drainage Area 
you to the top of the car at both Now we will go through the de­
endsof the dip, and you can ima- sign procedure step by step, in 
gine how many unfavorable com- order to give you a better under­
ments I heard from the people who standing of the method's true 
traveled the road. Herewas some value. (Graph Number 1) From 
of that criticism that I mentioned the elevation of water in the 
a while agoand which we all prefer stream at normal stage and the 
not to get, but which is sometimes centerline profile as a section, 
exactly what is needed to move us you first determine the amount. 
toaction. In mycase, I resolved of opening necessary to handle 
that the first dip I had to design normal drainage. This opening 
would certainly receive some at- maybe provided withone or more 
tention as to grade line. I did not pipes and may be increased to 
want another twenty-five mile- handle a fairly large rain without 
per-hour dip on a road designed overflow of the dip, if sufficient 
for a speed of forty-five miles per waterway opening is provided. 
hour. From the stream profile, or cross 

I was working in Hood and sections, theflow-line elevations 
Somervell Counties and due to the of the proposed pipe are deter­
rough terrain, had several oppor- mined, and then by providing 
tunities to gain additional exper- minimum cover over the pipe, an 
ience in designing dips. An im- approximate grade at the low 
proved method of design was set point is found. 
up through the experience men- Iwant to take just a minute here 
tioned, and I believe that it is to say a word about the low point 
worth your considezation. The in the grade I;ne. On low water 
method of design that I want to structures it is very important to 
presenttoyou now is not claimed hold the grade elevation to a min­
to be the best, and I know that imum above the stream bed. This 
some of you probably have a meth- is particularly true of dips on 
od equally as good, or even account of the water pressure 
better; butI do think that at least against the structure, and it will 
a part of it will be beneficial to naturally become greater with 
some of you. each additional foot of height. 

There are several items of This is also true for any type of 
field data that are needed for this low water structure because of the 
method of design, and they have possibilityof drift collection, the 
been set up in five separate removal of which may sometimes 
-46­
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become a very costly maintenance on three things; they are (1) the 
operation. There appears to have total change of grade between the 
been some disagreement in the two tangents, (2) the safe rate of 
past on the question of how high change of grade per station, and 
grade shouldbe set above stream (3) the necessary sight distance. 
bed on low water bridges. You The firsttwopoints are most im­
will occasionally see one that is portant, whilepoint number three 
too low for a high-water bridge is desirable, bu).must on occasion 
and too high for a low-water be sacrificed to some extent, and 
bridge, which usually means that in rare cases overlooked almost 
it is just right for the collection entirely to fit the dip to the stream 
of drift. The utmost care should crossing. Ordinarily the curves 
be taken in selecting the finished should be made as long as condi­
grade elevation for any type of tionswillpermitfor best results. 
low-water structure. And now to We have been using an equation 
pick up where we left off with for some time now to determine 
the design steps -- with the ap- the "Rate of Change" on our dips 
proximate grade at the low point and after continued use, together 
and the roadway approach grades with some field tests, have found 
on each bank of the stream, we are that the desired length of vertical 
now ready to work out the grade curve to give the best riding dip 
across the proposed dip. From can be predetermined through 
what I have already said, I'm its use. It is, by definition, as 
sure you know that this is one of follows: 41 
the most important features of the GI G2 
dip because it is desirable to have 
an installation that will take traf-

r " 
L 

fic at the design speed of the high­
way, if possible. And too, we all Where r is the rate of change 
know that John Q. Public is going in per cent per station, 
to base his opinion of the structure G1 and G2 are the two given 
almost entirely on the way it grades in per cent, 
rides. And L is the length of vertical 

On the first dips not much at- curve in stations. 
tention was given to the grade The grades G1 and G2 are con­
line. We would build one and then sidered positive when ascending 
see how it would ride. If it was and negative when descending and 

rough, we would tryfor improve- .are used with their proper alge­
ment on the next job. In other braic signs in this equation. They 
words, it was very much a meth- amount to the same thing that we 
od of cut and try, and we never commonly call the "Algebraic 
quite knew just what we had until Difference" in the solution of 
the dip was completed and we vertical curves. 
could ride over it for a test. For example, if we have a 

The lengths of vertical curves descending grade of five per cent 
we use have much to do with the meetinganascendinggrade of six 
final result. This is dependent per cent with a vertical curve 
-48­
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length of 90 feet, the solution of With these max.mum "Rate of 
the equation is as follows: Change" values known we can 

change the equation to solve for 

r 5. 0 - (* 6. 0) = 12.2% the length of curve, as follows: 

0.9 GI - G2 

At first this equation was used to r 
determine the "Rate of Change" on 
the dips already built, and then by For example, If we have a de­

driving over them in an automo- scending grade of five per cent 

bile at varying r:ces of speed un- meetinganascending grade of six 
til the maxinum safe speed was per cent with a rate of change 

determined, a maximum "Rate value of 10 desired, the solution 
of Change" was determined for of the equation is as follows: 
Farm.to Market Highways or a - 5.0 - ( + 6.0) 

= design specd of 45 miles per hour, L 10 
and for Sta Le Highways or a design 

= 1. 1 Stations or 110sp'edof 60 miles per hour. The 
of Change" for feet vertical curvemaximum "Rate 

Farm to Market Highways was Through the proper use of this 

set at 15. Torrords designed for equation, Ifeel safe in saying that 
60miles per hour, the maximum you caneliminate the rough riding 

"Rate of Change" was set at 12. dips completely. 
Further experience revealed the The next step in design is to de­

fact that, due to the pull of gravity, termine the length of the dip to be 
weight of the vehicle, etc., we riprapped, or protected from 

could not use as high a "Rate of flood waters. This is done by 
Change" value on curves breaking first calculating the area below 

downward as we could on those highwater in the natural stream. 

breaking upward. For that reason With this information a corrected 

our original values were revised high water elevation canbe deter­

as follows. mined by taking into account the 

Maximum Rate of Change Values 

Curves Downward 'Curves Upward 
Farm Highways (45 M. P. H.) 10 15 
State Highways (60 M. P. H. ) 8 12 

These are maximums and should obstruction of the stream by the 
not be exceeded, but the use of construction of the dip across it. 

lower rates in both cases will Iffundsareavailable, the ends of 
naturally be better, and should the dip should be located at ap­
always be used if the cost of the proximately the corrected high­
dip is not increased too much by waterelevation. Thisgivesmax­
so doing, or if the money is imum protection at flood stage. 

available in the project. If, however, due to limited funds, 
-49­
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it is necessary to cut down the 
length of the dip, it can be done in 
most cases without creating too 
much of a maintenance problem 
if care is taken in selecting the 
proper place to begin and end the 
concrete. The central dip area 
carries the main volume of water 
with the damaging velocities, and 
usually the drainage near the out-
er edges of the flood water will 
not cause too much damage to a 
base and surface if it does not 
stay up for prolonged periods of 
time. 

We have been using five inch or 
six inchthicknesses of Class "B" 
Concrete Riprap reinforced with 
either wire mesh or bar steel for 
these dips and paving them corn-
pletely -- across the roadway and 
down the slopes and with good deep 
toe walls all aroakd. (Refer to 

44 Graph Number 2) This is placed 
on the compacted embankment 
previously placed over the pipe 
to handle normal drainage. The 
concrete pours have been broken 
down to average size by the use of 
construction joints placed both 
longitudinally 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 onour dips 
as a part of the contract. The 
flood gauge is mounted ina brack-
et made by embedding two 
5"x5"x 18" angles in theconcrete 
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. The drainage area should be 
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 Farm 
Road from Glen Rose to Lanham 
Mills. F. M. 205 1believe, we con­
structed a dip of this type across 
the Paluxy River about two years 
ago at a cost of slightly 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 thereis 
a place in our work where dips 
really payofffor us. The cost of 
a bridge at this crossing was pro­
hibitiUve 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 a smooth 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 
traveled over at the design speed 
of the highway on which it is to be 
placed. 

-51­
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RESEARCH PUBLICATION 

o CAUSEWAYS OR SUBMERSIBLE BRIDGES.*' 

BY 

S. P. RAJU, 7..1 

DIRECTOR, ENOIU4ERINO RER.EARC LABORATORIES, 

HYDERABAD-DECCAN. 

SYNOPSIS 

A "Causeway " io a Fubmersible road hridge across a stream with the double 
function oi allowing the normal dry weatber flow to pass through the vents below 
the roadway, and the occasional floods both through the vents and over the 
roadway, thus eztailing a temporary cessation of traffic. On account of their dual 
funotion causeways present problems peculiar to themselves and unlike other 
hydraulic struotutei like spiliways. aluice,1'arrages, lifting-weirs, and road bridges. 
This article deals with some hydraulic investigations In connection with 
oasewAys. 

1. DEFINITION OF "CAU3EWAYS" 

The word "Causeway ", at least in India, denotes a sub­
mersible road bridge across a stream, which is designed and built 
in such a way that the normal dry weather flow of the river passes 
entirely through the vents below the roadway and the occasional 
floods pass both through the vents and over the roadway, thus 
entailing temporary cessation of traffic. 

2. TYPES OF CAUSEWAYS 

These causeways may have the roadway just a few feet above 
the river bed, say about the order of 5 ft when they are some­
times called LOW LEVEL CAUSEWAYS. Or, the roadway may 
be very high, up to say 25 or 30 ft above the bed, when they are 
called HIGH LEVEL CAUSEWAYS. 

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

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

dReprinted from the Annual Report of the Hyderabad Engineering Research 

Laboratories for 1980, 
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3. PECULIARITIES OF CAUSEWAYS 

Among the hydraulic structures built atross rivers, cause. 
wavi hav, a pwoalarity of their own. Unlike irrigation dams, 
opillway. ttrra ", anicuts, (or lifting weirs) and road bridge. 
csea wayo lave a double func on of patinl normal diecharpithrough the ventm heow the roadway and the Rood d*licrge. 

both tl.wough the vents and ov r tho roadway itself. 

On aeretint of tlN Jul func.tion causeways pres4ent hydraulic
 
problems which (ire pe idlar to this kind of otructuim It it not
 

nown to what extent such submersible bridgit are imed in other
 
parti of the worll At any rate, it ha not been poiible to get

alny inf-ornili!
l"l
 

. CAUSEWAYS INVESTIGATED AND THEIR
 
HYDRAULIC FEATURES
 

The gi 'rralproblem of causeway* was fBrt brought to the
 
n ktic of the Author in1936, while he was Profeisor of Hydraulics

In the Engineering (.kolke of the Omani Vnirmit. The
 
Ilydersbad Public Work. Department had built severai cause.
 
wav* inthe atatc of thlit year some failed in
and diurieg the rai 
wt%7v*, the mitons for whkh could not be easily oxplained. T.
 
(,hW Ensinver for Road* and Buildinp referred them in the 47
 
Author for Inveotigation in his Laboratory.
 

Th frst case taken up was the Aler Causeway typical of 
man,. consisting oft Itdiaturer hum pipes concentrated in tn 
enM of the river and built on sand foundation. The roadway 

w ,1ft, above the bed and the depth of good water above the 
r.iu.way about 4j It. The next causeway tha came up for 
inve-stiigAion wM* the proposed Tinily submersible bridge across 
tht river Krishna, with a maximum discharge of about 6,00,000
rusie. This wai proposed to conseit of M amhed vents of 30 feet 
span. The roadway was 30 feet &bove the bed and the depth of 
flood over the madway was to be I0 feet. 

In 1047 ther were some failures of causeways which were 
iitiaejliv d in the ilyderabad Engineering Research Laboratorie. 
The Poddavagoi Csusway had 25 venta of 8 ft span, the hiht 
of rtIlway ahTove 1w bed being 8,26 It and Me hood 11.88 It
a5ov, the roa4wiay. The other on_ so fair investigated Is the 
ShahbaprAlli Causaway with vents 0I 4 It span, the heilgt of 
rfsllway above the bed about 4 Itand the depth of flood above 
the ausnway over 5586 feet. This was placed in a very sncue 
bent! of the river 
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The following ina statement of the Causeways InvestiRated 
and their hydrae1le turee: 

Causeways 

. C1sFeatures 1 
Aler Tintiny Peddavagu Shahbazpailll 

2 3
 

cha i 6000 1,00,000 08.000cuee 16,00.000 

Naturc of vento Hume Arched Arched Culverts of 
pipes2 ft vents 30 ft culverts 4 ft span 

di. span 8 ft span 

Location of vents Middle All along All along Towards the 
side 

Height of road­
way above the 
bed In feet 4 30 8.26 4.00 

Dspth of food 
watler above road­
wayin ft 4.56 20 1l." 8.58 

Toa flood water 
In ft 0.86 50 19.81 12.58 

Year of investiga­
tion 38-38 I93-39 !19S 1949 

5. NATURE OF CAUSEWAY PROBLIMS 

Theexperience gained from these Inveetigations has Indl. 
eated that tie three fa=tor that contribute towards the causation 
of problems in causeways are:­

(i) do design of the causeway, 
(ii) the conpration of the river including bed and banks. 

(iii the conditions of flood flow. 
Experience also indicates that the causeway problems for 

purpose of study may be closified a follows:­

(1) ifcta of the dees o the caeewey: 
(a) on g* river upestrem of the causeway; 
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(b) 	 on the river downstream of the causeway; 
(e) 	 on the river bed below the causeway; 
(d) 	 on the do' of water inside the vents; 
(e) 	 on the flow of water over the roadway; 

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

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

in rapid ; 
(c) 	 when the flood brings jungle trees and blocks the 

vents. 

6. INVESTIGATIONS CARRIED OUT O 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 Mer Causeway 

6.1.1. Problemns-This causeway was built across the Aler 
river on the Hyderabad-Hanamkonda Road, The level portion
of the causeway is .500 ft long and 4 ft above the bed. The 
openings for the dry weather flow consist of 20 hume pipes of 2 ft 
diameter, placed 2 ft 9 in. apart from centre to centre and with 
their bottoms at the bed level, so that the clear space between the 
top of the pipe and the road surface was 2 feet. The pips
ocupying a total length of 61 ft were placed 169 ft from the 
right end, and 270 ft from the left end of the level portion. 

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

In April and September of 1036 severe floods occurred, which 
according to observations rose to 8.56 ft upstream of the cause. 
way and the flood level 500 ft downstream was 5.98 ft showing 
an &Mux of 2.88 feet. 

The significant features of the effects of the flood were :­

(11 	 On the upstream side of the causeway ther we 
practically no scour. 

(3) 	 On the downstream side, while there was saour aS 
along the causeway, it was significantly small immedi. 
ately in front of the vents amounting to only 2 ft deep 
compared to 10 ft at some other plaices. 

7 

it1
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Photoampb 1.
 
Aler Causeway-owlnl the approximate
 

line of scour in black line.
 

(3) 	 On either side of the vented portion the scours were 
more severe extending from 6; to 10 ft depth near the 
wall. Longitudinally they went up to about 100 ft 
on the right side and about 75 ft on the left. The 
deepest scours of 10 ft depth were spread over lengths 
of 16 and 22 ft on either side, and their distances 
from the end vents were 47 ft on the right and 18 feet 
on the left, that is to say, for 10 and 22 ft lengths the 
scour went down 4 ft below the foundation and the 
wall was overhanging in those places without any 

so 	 support (Photo 1). 

o.1.2. Analysis of the probable causes of the scour: 

The scours must have been caused either: 

(1) 	 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 ways: (I) by uplift, and (2) by the under. 
mining of the soil. 

Regarding uplift, no rift or raising of the floor has been 
observed either in Aler Causeway or in any other, so that this 
possibility may be left out of consideration. Regarding under. 
mining the subsoil in the case of Aler Causeway is apparently 
homogneoum, and the structure in the foundations wam symmetri. 
cal all along the level portion. It is, therefore, to be expected 
that the sour, if due to piping, must be uniform all along the 
dowvF;ream end of the causeway. But this was not the case, 
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hot only in this but also in other causeways of similar conditions. 
Severe scours did not occur all along, but only at the sides of the 
vented portion, the vented portion itself being significantly free 
from any high degree of scour. 

It was, therefore, to be concluded that the scour was caused, 
not by the subsoil flow, but by the surface flow. This was 
confirmed by the preliminary investigations in which it was 
possible to reproduce in a model the conditions of scour corres­
ponding to those in the prototype by means of surface flow 
only. 

6.1.3. Invetlgations.-Investigations were made on a 
partial model of a causeway with three vents in the middle placed 
in a glass flume with sand up to the level of the bottom of the 
vents. Two rectangulir vents wo-e provided at the sides in such 
a way that the glass of the flu" itself furmed one of their sides 
and flow inside could be o'.: zred. These could be closed or 
opened as desired. 

The water was made to flow first 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 due to vortices 
formed by a high velocity jet from the vent flowing adjacent to 
region of still water at the side as shown in Fig. I (c). 

When the water was made to flow through the vents and 
over the model, the character of the scour remained the same 
but only intensified in degree as shown in Fig. I (b). It will be 
noticed that this characteristic of the the scour bears a strong 
resemblance to the actual methid of scour in the prototype as 
shown in Photo No. 1. These experiments showed that the 
greatest scour at the sides was due to dead-water region. 

In the next experiment, the dead-water region was removed 
by opening one of the side vents and making water flow up to the 
level of the causeway. This showed that on the side where the 
vent was opened there was no scour, Fig. 2 (a). When the water 
was made to fl6w above the causeway also, the same trend 
continued, Fig. 2 (b). When next both the side vents were 
opened, the scour at the sides was removed entirely, Fig. 2 (o). 
These investigations have shown that the peculiar chaeacteristic 
of scour in the Aler Causeway was due to the concentration of 
vents in the middle, the moral being, of course, that in the 
design of the causeways the vents should be distributed through. 
out the length of the causeways. 

7-A 

3i , 
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Further studies were made to inv estigate conditions ot flow 
when the level of the water w"s gradully increswed over the 
causeway. When the water began to flo% over in the addition to 
passing through the vent, the flow be ame rather complicated. 
To begin with at low head, when the nappe clings to the down­
stream side of the causeway, there is a little burrowing into the 
sand bed immediately next to the wall. But as soon s the nappe 
springs clear and falls at an angle on the sand through the water, 
the impact breaks thc nappe into two vortices of roller as 
shown in Fig. 2 (d). 

(a) Water Flowing through (b) Water Flowing through the 
the Vents only. Vents and dver the Model. 

ct,ms vuMi. vI.oT 

**..,L_, t'.-	 ....O**.. . .. 

(c) 	Water Flowing through the Vent@ showing 
the formation of Vortices. 

b.- CMO fPO 

4 

FIG. I MO.,L OP CAUSWAY- bV@ C.Y. :.j 

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 sand is depleted from the zone of impact by the for­
ward roller, the sand in the rear begins to fall down but is main­
tained in position for a while by the back roller moving upward 
till the sand surface become steeper and steeper and even gets 
beyond its angle of repose. There is a peculiar pulsation observed 
insuch movements, which seems to be periodic. There are move­
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ment 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, there isa continual sinking of 
the sand level next to the causeway. " was observed that for a 
flow of 3 in. above the surface of th' a-del the scour went deep 
down to 7 in. and exposed the founda a in about 20 minutes 
and thereafter remained stable even after running the water for 
45 minutes. This simulates the scour going below the foundations 
in the prototype. 

CONDtIONS OF SCOUR WITH 01P11314T OPaIN@$O
 

UftDU VAIUD CONDITION$ OF FLOW
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0.2. 	 Investigations for reduclm the period of Submer­
gence of the Causeway:
 

In the rapid development of road construction in India the 
.. ***.",,..A-::..
,,..
 

or the submersible bridge is drawing increasinglycauseway ,:, , ..-...:.. .|*s".', • :".:.** 
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greater attention of road engineers on account of its possibilities 
of providing a cheaper cross-drainage work than an insubmersi­
bis bridge. The period of submergence and the period of cessa­
tion of traffic over the bridge may not be a matter of great impor­
tance in out of the way places where time is not ot much 
consequence. But on important roads some delay of traffic may 
be warranted by the savings effected by the construction of a 
submersible bridge but it behoves the road engineer to reduce 
this period as far as possible by suitable methods in the design of 
a causeway. 

To ensure this what is desired to see that the expected flood 
passes through and over the causeway with as low an afflux as 
possible, leaving the road surface dry as quickly as possible for 
the passage of the traffic. In other words, it is necessary to de­
vise methods by means of which the discharging capacity of the 
causeway for a given affiux is increased as much as possible. 
From this point of view the vent of the causeway may be looked 
upon as a short tube under submerged conditions and the top of 
the causeway or the road surface as a weir. On this basis, experi­
ments were carried out to find methods of increasing the discharg­
ing capacity or the coefficient of discharge, both of the vent and 
the road surface. 

54 	 6.2.1. Increasing 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 "78 to .80. The experiments have indicated 
that a provision of a bell-mouth on the upstream side increases 
the co-efficient to about '88. In addition to this when a suitable 
divergence is given at the end of the pipe the coefficient rises 
to about 124. 

6.2.2. Increasing the coefficient of discharge of the road­
way.- A broad crested weir with a sharp upstream edge corres­
ponding to the top of the causeway has a coefficient of discharge 
of the 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 to about 3.23. 

0.2.3. Streamlined Guardstone.- At present guardstones 
that are used on causeways are rectangular in plan with sides 
vertical, the top portion being curved towards innerside of the 
causeway. This ahape naturally offers a considerable resistance 
to flow and 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
stream.- A road generally is given a camber, i both sides of 
the centre. Experiments have indicated that one-way camber 
towards the downstream have two advantages as shown in Fig. 3. 

(a) 	 The afflux is considerably reduced and there is no 
chance of a standing wave being formed, as in the case 
of a two-way camber. 

(b) 	 As this arrangement raises the level of the upstream 
edge, this contributes towards keeping the roadway 
dry up to a higher depth of causeway upstream. 

Photogmph . 
"StreamUsd" Guardstono. 

6.3. Inveetigations on Tintiny Causeway 

Studies on tho model of the Tintiny causeway proved very 
revealing regarding the effects of slow and rapid raise of flood on 
the flow inside the vents. 

The model was made to a scale of 1: 36. In order to facilita­
te the observations of the character of flow inside the vents, the 
model was made to represent only half the pier, the vent sid* be­
ing fitted against a glass wall. 
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Manometric arrangements were made for the measurements 
of pressure at three sections, near the upstream, downstream and 
middle of the model. 

For simulating normal floods with slow rise and abnormal 
floods with rapid rise the cerew valve of the supplying pipe war 
given different number of turns to suit the flow determined after 
some trials. 

To adjust the downstream levels accurately a special 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 Figs. 4 and 5 respectively. The pressures obtain­
ed for different flows are shown in Fig. 6. 

While model discharges of 0,93, 1'25, and 1'40 cusecs could 
be adjusted to give the same depth of water on the upstream 
measuring section, the discharge of 1"83 cusecs however could not 
be adjusted to the same level on account of want of sufficient 
height in the forebay. The results showed: 

CROSS SLOPI 01 CAUSEWAyS 
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e. 	 CURVIL SHOWING 
Mrs o 4111 OP F,..,IN 

( SU,-C-UTICAL&VIPiu-cRrrnCAL 
S 	 -CONOITIONS OP FLOW. 

3. 111 
o 	 6740
0 40 so Ito 1o 160 

TiMS IN 1lCONDS. 

FIG. 4- SUSMORSIBLI BRIDGE 

(1)When the flood is normal and the rate of rise is slow 
the pressures inside the vents follow the hydrostatic 
pressure law. The velocities are below the critical. 

(2) 	 When the flood is heavy and the rate of rise is rapid, a 
standing wave is formed inside the vent. The veloci­
ties go above the critical and the pressures indicate 
that they do not follow the hydrostatic pressure law, 
but are considerably below. At very high floods, they 
go even below atmospheric pressure. 

The consequence of the results of these investigations is, that 
for normal floods the arch has an upward hydrostatic thrust to 
compensate for the downward hydrostatic thrust above it. But 
in the hyper-critical stage the downward thrust may be far 
greater, in which case allowance has to be made in the design of 
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the arch and the piers. Each case may have to be determined by 
model experiments. 

PRESSURES FOR 
SUS CRITI':A1* NVPIR - CRITICAL C.OH4ITIONS 

OP FLOW. 

- * Q 0-99 CUSC. 

0 s CUSIC. 

P10.6 -su#nE$SILI9 BRDG - fg5UE.3 d-0wwsi-. 

6.4. InvesS ations on SlhbapaU!t causewy 

This causeway on the Karimnnagar-Kamareddy Road in 
IHyderabad State had failed three times, since its construction 
about 40 years back wind these failures are primarily due to the 
incorrect location of the caueway below an S-bend in the river. 

The inv~stigations of Mr. IR.K. V. Narasimham show the 
importance of the etfect of a bend on the upstream side of a 
couseway. c -021 

During heavy floods the 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 the causeway. 
The presence of the causeway itself at this position is responsible 
for augmenting tbls erosive action. When the causeway failed in 
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this manner in 1940 it was found that the river had out into the 
bank to a distance of nearly 50 feet upstream of the causeway. 
The result of this erosion is that during heavy floods M1e founda­
tions of the causeway and approach ramp get undermined and 
the causeways fail. 

To safeguard this causeway from further failure, spurs had 
to be provided at the bond 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 effective in saving the 
causeway from further damage. 

6.5. Invustlations on Peddevago 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 
some 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 upstream side of the blocked vents, 
creating a deep trench extending at places below the foundation 
of the retaining walls. 

This indicates that for the emergency of the choking of vents 
by brushwood, etc., an apron on the upstream side is also to be 
recommended. 

7. CONCLUSIONS 

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

(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 conditions of flow during heavy 
floods and rapid rate of rise, the pressures in the vents 
are less than hydrostatic and in extreme cases could 
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be even .ub.aLmosplwrke. The conaent chanle in 
the reullant, thrast oveusT' the bti4w mU4 be taken oo 
aco"unt in the .kigt 

(3)The blockiing of reti, ~y protducv IrrseRvrw*Iki~i 
alon the upstam Oide mnd CAuse heavy swur. For 
pbotoetion agint lmi and!ru.hwod hloking the 
vents. an laPOItrelM SPIV-4 %ll,be netewary, 

14) 	 It vefls mr van-lrulesu IIn#e cr.ure. there will be 
heavy *tour &: the side* due W- hig1h velocity jets 
rwting fin still water r giono. The vents should 
therefore be distributed all along the cawweways. Also 
the Jet through the vent* set as Cuhions '1egins the 
enrg of the hAlpp Of Water floWinf over the caUe. 
way and thereby rmlucv tho ovour. I soil is Ioo., an 
apeoin Isneelcd. 

(5) 	When the causway is p -atdimmediately below & 
bend in de river, tho eroSive Action on the contave 
beak i inensikied and The approach ramp of the 
causeway attacked. wh~le th milkin g on the other side 
is Inerraoed. 

0) 	On the downtrem Ide Ow effect of the causeway on 
Wbs regimel of th river 6 more or It" local eatetding 

to a distne* depending upon th. local phenomena of 
hydraulic drop and hydraulic jump. 

(7) The period of submergnce may be reduced by decrea­
sing the hydraulic misitaAc and thereby towering the 
sirus by the following methods ­

(a) 	inreaing the eadicient of dischag of the vent 
by bell.mouth u the upstream side and divergeneo 
on de downsftem side. 

(b) 	 inarweanln the coeficieut of dichargp of the road. 
way by roundirg or bevelling the upstream edge 
of She Causeway. 

t) giving one way slope to the road surfae, 

(d) 	 making the guardauaes streamlined. 
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CHA N 5 II) For prefabricad brdgm and err. bridg sg icat
danumbem r given in technical manuals. For bridtgs fixed in place or for 
nonstandard fixed bridgesi t field, bridge ignsl indicate the

MAIUB OF 35UDOES Aek VEHICLES clam nu er as datmrmned by mnethoo shominm chapter 7 of TM 5-312. 
(2) All single-le bridge sim ae * minimum of 16 inche in 

oeds. I. K danotfr . Multilane and du l cam bridge Wel we at leest 20 inches in
 
diameter. Numerals am black on a yellow backgomund with a blak border
 

,-i. MARK. OF 3.WOIES 1 inch --.
 

. CEamRia. BRIDGES 
(1) Te clams number of a bridge rpremens the sole load-camryit BRIDGES GREATER 

cedty of a ging-lig bridge or a single lane of a multillane bridge under LESS THAN HAN 
roal wamb cn -iiw The b rip cer number may be asulk iAks(4 CLASS 30 CLASS 30 4545
number, Awiut will permit eiter w"mled or tracked Jiites to aces if 1 

,,,,e dim numbw is eqal .o or less tman t dge clam nunrRI1. Or it 
may be a dai cs-s nuwm. wich indicm ame tormal clam number for 
*ii#Md vetle and moci nonn cla numbkfw tracked icme. Dual 

Smi ,m wnnarybe ud fa briden with a cqas reater than clm 30. 67 532 
Fm -Mm and abes. due cdt ulammibs am wruwn with 
21 wied cim n bmmeilrin powei above tie tradked vehicle dm 

12) Thenormalam r- Misa the lagsmrdgclam numbrnlek ONE-WAY TWO-WAY ONE-WAY TWO-WAY or due) which permts th nonral Cromemng of vehclM whoe vehicle cIm 
er u e -*Wto or Wleefm the bridge clm . Farr5-1 Brd chiiirttansigs 

(3) A Mtiiecil clmin onditio The numr apactd o n (3) A multilane bridge has a road way wkie enough to carry at lembmrda u specil 4:Oift conditio. Theee ro e r we o an amedstenlderd Ib nld ier" . but an s1pp limieteysin. two lanes of traffic samulaneoudy. Ifeac Iw ha the sirmi cial,we t sm as for un-iokllri thi imbbndp if the 14,nm am 0. different clammm.
 

14) WSmtable6.-. 1each lim has a ckm sign. Two--lane bridim ay carry a comblination
 
circular sign 11ig. 5-1) which gives the normal two-way clmifictmionon she


Tabk .5-1. Bridge Width Reqsieamnirs - m (jr.. left and the computed one-way clamification the right. 
,ew s 4-12 131--30 31-40 SI-10 141 Dual clemification is ued for brid with a caacity lgeater than 

clm 30. Two numbers ame l shown on the sign he upper one for 
Ota-4wmeidth 2.74 3.36 4 4.5 wheeled vehicles, the lwe one for tracked vehicles (fig. 5-1). Dual clam 

(9) (11) (13"") (14'") two-lane bnadge may be designated by a campoene sign indicati bah 
Two4wom width 5.5 5.5 7.32 8.23 iel clam and cmbination ams (fig. 5-11. 

(11) Il) (2As (27) 
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C. rgJ9CConertu To expedim paeae of vehoijis and to prWvent 
d iage Sodo bridpe rigid control of bridge traffic m be maintained. This 
iedeWb the following control mmeshere vewr poaebb. 

(1) A tvaf perk iseai up whir vehiclas can be hafted and dp m 
inoWWto amid (fig.Pcogmin. 5-21 

.__.under 

Prowthes 

. .fb 

-
_._brid
544 Tand 

J ,ll I 

xmp idh-2 11lhu411m aWsaopjJantfr5-Zj cak. 

(2) A tunelutt ms lt,,vroed for alidea to tum off the road 
id 	 out of w lne of raffic.It i nt primily for -ih howing 
e i dunleleaewusimt beaun-m ai hia tltrall park. 

0 
03 

0. 
31 Telltais am provided for bridges hawing overhod framing. trolley 

wine. or other fmtum which limit overheed cleiance. 
(4) A normal crosig is defined an one in which the vehicle clam 3 

number is qual to or la than the bridge clauahcatmon number, where 

ice maintain 30.5-meter inirahi. and where wad is rstrictad to 40 .1 
koh (25 mph). On floating bridge. udden stoping or aetalwation is 

151 Spe croming are authorized by the local tactical commander. 
exceptional operating conditiors in the field. S1. -Wacrovmige permit 

a vehice to croes a bridge (or other cromng mers) whom lam number is 
len then that of the vehicle. Specimal croeings we either caution croelsor 

risk crcemn 
(a) In a caution croos, vehicles with a cLailicatson exceeding
 

capacity of the brdg by 25 percent are allowed to cram under strict
 
traffic control. Caution cromp require that the vehici revman on the 
centerlin, maintain a 50-meor distance from odver whiclea, not exceed 12 
kph (8mphI),not lap, not accolerae, and not shift gers on the bridge. 

A ,a. crosing may be me only on standard prefaricaael 
fixed and floating bridges Aidi croomp are made only an the gyem"" 
emerpncie. The vehicle mama on the centerline. is the only vehicle an the 

e. not exceed 5 kph (3 mph). does not stop, doe not eirae.
 
don not shift Som on the bridge. The vehicle cum numbe must not
 

eceed th pubihed rio cam for the type bridge bei crowed. After the 

cromng and befose other traffic is permitted. thO ng r offkr dould 

nihnqiest the enti bridge for any damage. 

Slte.e If. VEHICLES 

RM W OF VEHICLES 

a Wflhr Cssij rtion. All vehicles ith a gro weight over 3 tons 
and all tralers with rate payload over 1% tons we ained damifloation 
nundras Tim nundlru indicate a reletiorwhip between She load- .rk4l 
capacity of a bndg and theeffect produced on itbya vehicle. The effec of 
the vei on the bridge dqende upon the -m iweiht of ths while. the 
tlAn distribution to the axis. and the Meed at which the vehicle crom 
the bift 
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Classifica 

III) C&WIC04- Classificr, on nuenbors nuf to vehicles are 
iuile nuMM rnig h side vvoiefrom 4 through 150. Front signs oan . ar 

idin Ii- IeaaWd 
 dimte.Tensnsh 

black rasheal on a yetlow baground nd the numerals re as large Miii.tGrh 
sin will pemL The fron sign goes above the bunmper to the drivers rght 
mid below his line of vision, and the side sign on the right side of the vehicle 
i a PIoM whrme nm use of the vehicle does not conceal it from view. 

(2) Combinwa Cimmsltimn With a no ation vehicle (two or 
th e  m°sire - vl irks paced les than 30.5m apairt). the 'aont sign thows 


mi vehicle class for the c obination with the Jam "C" in red above the
doe i €lsar Ea vhin i ii,-:0- ., ,Vtku€io ies siftnowhich 

ceiderd epra. unlss the-. - - t-heame span and the distance 
lian t em ism lhssn 3,.. '.quac' dma e de1 
Iiesuod i o 53c belo,pe'oaglq 

II,-& EJoWEAIT VEHICLE CLAUIWFICATION 

In an emalopncy. temporary vehicle classification can be accomplished by

uesi expedient clamification methods. The vehicle should be reclassified by

thed aeltel me d as outlimd in TM 5-312 or by reference to FM 5-3 

man a possible to obain a permanent clamificaon numer. 

a. ktrekd iVekkn. Expedientclassficationfor w d vehiclemay 


be m0omplidid by the followi nmeatods: 

(1) Coamper the whe and axle dingoe and spacango f tcontact 

undawf'Nd vehicle with those ofa classified ,ehice of skniivdesign and 
than assip a tomporary class number. 

I2) Assig a stoerory class number equal to 85 percent of the gros 

we*&of the veIcle An tons as followw. 


TEMPORARY CLASS (whied velicis) a 0.35 WT 


dwe griam eigh of-vhicle in sgs 

"DD
 

0 
0 
3
 

The grossns ofnrthegeveilt: h siae fromn the two Pressue and ­

WT."e N 
2OW 4 

-hGro viigih ofevehihesin
WT weight of vehicle n ton 
AT . Aveag tire contact am in suam inches Ite in contact with 

herd srface) 
PT Tire pressure in PSI 

NT - Number of tires 
Note: The tire preure may be assumed to be 75 pas for 2Yrton 

vehicles or taqlo if no tire 9a is ftrlabe. For vehicles having unusual load 
characterstcs or odd axi s a man deliora vehicle dcmficotion procedsmaouOim in STANAG 2021. is required. 

b. Trhcked Vehices. Expedient classificction for tracked vehiclm 
n.w be a orplhe by whfollowing mnthods: 

II- Coerarn the ground contact arm of the unclassified tracked 
vehice vwth that of a previously classified vehicle to obtain a tMPOMY clam 
number. 

(2) AgatempoayclalbrequatothegroSihtofthe
 
tracked vehicle in tons.
 

TEM9ORARY CLASS (tracked vehicles) - WT
 
wihe. WT- Oros woiint tons
 
Tracked viiiclo; can be asuned to be designerd for approximatly
 
2.000 pounds (one toni per squre foot of their bear m Irno
 
hory vehice am sightly less than this). Thus, the gro we-i of he
 
tracked vehiclea T) can be estimated by amurmgi
the to-.f ground
 

aim of the tracks (square feet) and equating this to the gross
 
wot intone.
 

EaDiple- An unclassified tracked vehicle has a Wound contact
 
ame of 5,500 square inches. Therefore. the area is about 38.2 squae
 
fet,and the clas of the vehicle is 38.2 or 39. since ground contact are
 

square feet equals approximase weight of a trace €d vehicle in tom.
 
which inturn is &pprOx-nsteyequal to class number.
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c. NousftaWd Cumbbmuuns The clams number of nonsandurd 
cumbbtm. of ,hlemay be obtaned epeditiou* as follow: 

Cenbintihdam- 0A 8)A 80 
CombeusofandmA4BkfA+B> 50 
A- Clms of firstvehole 
3 -clm of ma d vm id 

CHWYER 7 

FIXED WIDE 

d. Adjustmmt for Other Mme Rated Lcad. An expedent clam may be 
gen to owm or undwoed vehicles bv ading to or ubtrac44 the 
dilferu in f. in tom. from the nomelly aied vidle .eg-Th 
expedite" clmiflnclon nmnd ismea vith a sand erde dmuto inclium umv mariflcason m diown in tapurs 6-3. 

E_SINGLE. VEHICLEXPIEDIENT CLASS OVERLOAD 

.ON AIDMO MDGE O3 

71. NOENLATURE 
-p 
.u Smpenrawu.re The Wl-caring comaont oC themperstruacue 

is the suingm syim. !I'd mae mmbeue' Windmer. round tner. Or 
-I be.m (igo. 7-1 &d 7- 2). 

b. Sube,,af e ,In ig,m for the seru rucmm bebnaw.Lnier p, prle im.or pil pir, or acoanebou of 1­owpWU (rw 7-1). 

S TON - TON 7-2. NOTATIONE 

A 
A% 
b 
bc 

-Am jn 2j 
- Owaingwo omor pile in 2 l 
-Wih of rnpr uI 
-Wid of. (in) 

NORMAL CLASS + OVELOAD 3 TIMPOIAIt 

16 + 3 = 19. 

fJw-,.S-J.£pedbrnd",ms-kamrd. 

CLASS FL 
d 
dep 

DI 
Hp 

-Wildof bowinplate(in) 
-Totdetofsing(in) 
aDepth of rt~a 1I(in 

-Deptofsp fin) 

Dinr of pile fin) 

- Omanco from fixed point to pirr of IoM b~roci 
"mMax hi*" ifPost (t) 

__ _ __ _ __ __ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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V 


VLVOL 


VLL 

V A
 . 

v"L 


VLL 


WN 

1t 


KUND 

7-3. 

L 

Ie 

(Z 

0 
0 

.L 
E 

- Tots acin on the abes 
- T awCcif a m 

-SCf Sac .1eotkuipa-Oadloo shw for wake," 

- Leod s ar WOke,4 
- Toldaersuqw ki 

- Dd load du Parmmrm (lko 

- Uw loadhw ar oni lkps 

- Widh of rma nda ut cwb (It)ffom insido 
-Wi-ll o n do |ft) 

OFF RULE: 	Round the vdue doun to the-mrm 6mo animwIf 
te ikiimal is O.O or lose otherwise round w. Use 

tib nths omat ai nohr mith a (Mi. 

PEIRSTRUICTURE DESrUM Timlr ad adu 1vin,0) 

im Sbekcykm ad Dezpa. 

Slap e t t: e m 7-1nilg, Lm. ofose gaal
from ille 7- lale7-2. 0mm. only iomMinm* wA 	 an LM voa the m l 

NOTM': Desn ooruumi in 1his hhp r o no 
o~rAWGkV.
 

So 2: Dvrm numbe ot'nquird sers: 

+N1-+1 (Mlnlmum No a 4) 

ewrmin-he 	n giopcmpn-toenow strkw 

WR
 

11- !R-(Do not round off) 

CD

,' 

kip 
L 
L 

Lte
L
m 


LPL 

ML 
MLL 


m 
Me 


InDL 
mLL 

N 

NL 
P 

N~. 

N1 
N2 

P 
Pf 


PT 

SL 


- 1000 V0 


-islowsanuhm ft 

- Eflciwe-IIknh(ft) 

- Elloctiw an tqIft) 


- LUq& of foaen (in)
- Moumalgh (f. 

- LW40of barin plate (i) 

-Duad loabdin smmt for aittitmemn kp-ft) 


mLiviogood' nunant per lam (kip-ft) 

- Toal brdi" mamot per sringr (kip-ft) 

- Toal memuraatin on the wahs 

Dud lad bndingmoment per sminger (kip-ft)-

- Liveloadl n a wrstrinr (kip-ft)
pom 

- Nunmer of bra e 

- Nw,*er of , r - * 

- Nmbeof 	 MM 
- Nm of pom orp les 

- Theoratical ialmbr of piles raquind 

rngers 
- Effective nunber of siners per lane for a 2-ln 
- Effective muen of smb per lne 

6 Damear f ple-Diamete of pil (Wn 

Capacity per pile based on endl-bearing nipportU 

- Comory Ppii forpfriction mpwrt 

-Total dehin load on mubswucnw (kip&) 

- Maximum qscins of bracing (It) 
Canter to mnw qspangof component "x"Ift, 

-PL
Thicknms of bowing plate (in) 

bridg

In)amilahie 
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Tabie 7-1. 
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Ta" a 
-

lb., 
-

a rvACfCAAITY 
-

bealmoto (how 

WAN 
L " r ,o 

no 

AIM]CAPACITY 
-

tooI "W, 

CAPCITY 

346,116 

WA 
L 1 T a 

u "Sunt 6190N"S 
4:6 

* .2 
6A.6 
6. 6 

6. 12 

611 
.6.NIll*ls101 

&63 
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Sam3 
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n36 

M2l 

$4312 
6 10 
es 
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46 
46 
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12 

94 

9.4 
2* 

14 
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6 

a1iE 

14.3 

SLI 

161 
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2I+* 
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222 is" 

12 . 4 223 
14.14 914 
14:.I 116* 

S4.16 I12 

Slo 1117 

Sol: n 
14.1 24 JI 
14.34 -l~ 

200 
M3* 
23. 
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ZA 

NJ 
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3us 
ME 
32 
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23.2 
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1 14.31 
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21. 
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For an unlistW sewl sitnger: 

" LVM ' .vf % LVM V L 	 m - 2.2 3 d (btf + ) C 

mu aaFor 	 an unlisted timber stringer: 3 
bd2 

- h 
. "A 149 di -depth ofweb 

tw - thickness of wib 

* I mom- a- -i-*.49 a 	 tf -thickneofflangeb - width of winer=&amagu A Ma a d -depth of sringer 

(7) Sap 7: Deserr .. the lie load ihr per lane VLL) from figur4. 	 a,. smb ... 7-5 
. acue the live load shearpr itrnger (vL: 

40 -m mom an 3m 
-	

LL orN 2 +"aqa Um
* 	 Timber Stnger :LL 1j6 1is, n um awis a h IOrN 2 Ja 	 12t "Is m a i . 1.15 VLL 

As - -LL " - S Stlinger 2 
Mu l oM A"Ir" SMI27 ,a () Stop 8: Determine the dud load her per san VDL) from 

As asa an "9* --- 10 1 figure 7-4.e L " i -mad nml 	 Calculate the deed load hmer par winger (vDL:, a ItpS4, u m I ,?AS...,. 
= VDL a nta seamb l mi a MaRO U U
 

40 UuIOIm Wa.
TOT 	 (9) Step 9: Calculate the total sehw required (VREQO) per stringer:
am -AI I - "mM -' - 1 MVRFI5 

"VLL+ VDL 
UUam 7anm an3 	 Cornpare the total required ther (WREOD) with tft- her 

as a -capacity (v) of the delred swinger found in table 7-1 or 
LAMA am , table 7-2.() if the shier capecty Iv) is gmter than the tota 

I I~l IIrequired shear (vRED). a shiear failure will not occur.* hP I~Proceed 	 to Step 10.El c 5 1 j (bI If the shew capacity (v) is less than the total 
required shear (tRE00 select a different stringer with aJIfiIi Ii capacity greater than the total requ hear.
 

Fe7-4. L~ had momment and sheer
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3 

fFor 

For an unlisted steel g$iger: 
v - 16.6kilt,) 
an unlisted tnlr iner: 

4U 
vud 

10 

IL 

0l 
" 

is 

a 
O 

60 

30the 

(10) Sup 

d - depth of stringer 
b - width of swinger 
t,t- thickneus of wcb 

10. Detrmine the number of lateral braCes required 
betwen adjaet stringers: 
Tinber: Detarm-i9 If bracs ae requked from table 
7-1. Minimum laterl bracing maaril is 3' by %d of 

strinw. 
Steel: Lateral braces we alwys required waih stee 
strinem. Space braces along panM ejdF evOnly. 

Minimumn bracing materiels is 14" by %dof winrm. 
nuner hrc: Nb.L + I 

1(11) Sop 11: Swdrg plate desin (fig. 7-6) required for all M 

stringe (not required for timber). 

LPL -bCaP 

ep (5P E! (Rno.; to neae whole inch.) 

LINGTH Of 5PAN W fill 

NOTE: Mininmm BPL ­ stringrflange width 

Fhpv 7-S. Lie skw raph. 'Pli8.48 ou W imn%) 
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elM, ,ukig 7-7. Deckfg c7nt. lm 

" 

d"'i" NANDBAIL PO815 

1"14" ENIUIOACEi 

& klrd. 7Twy. Cii.,and, ,uI .Deign"." 

ciecin0 dihs. flgUre 7-7. uel Uhe d..in c.lam wsd th 

gtnW WhnV In wiii. AM two inch"s to O 
requikd Uicknde if two r mou laWers of PInk 
deckklg m rMuied. (TWOin M is added only ONCE 
neprlm of numbe of loyers sucked.) 
n knlg *Ackm is 3 inchs. For tmw. 

Ue st low 2-inch nmetul. For cude end huakoiI 
dunm- fi re7-U. 

a,. 

A 
aA*.*ut. 

'ure 7-8. 

InADWAY |al,ieaiu 

I 

ecING o *s*,Sl 
Iloed every Seb dosk pieot| 

Handrail and curbing. 
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1-4 egMT JC UorDESIGN (inur liefi PauM) 
Table 7-3 Propertiesof Timber Posts 	 3 

L TIbw Tws e let Desln (s . 7-9). 

C"Mat Us. 

CAP- IP File 
si of CM" M.. in o 

stif WN 	 P(W4s) sI (in) pFle(kips) I 

1one Is 15 94 21 

S5 " axe 24 16 90 32 20 

on* 32 20 10# 40 22 

x 10 40 20 I11 2547 

10x10 60 26 12t, 86 27 

3- IANSvIR&E I0x 12 so 26 13, 66 

.12 K 12 72 30 140 76 31 

THA"S. FOOlNG 

(3) Step 3: D.,termine the design load acting on the critical support: 
(a) Using the design class and Le , determine the live 

load shear per lzne (VLL) from figure 7-5. 

R 	 7-9. Timber Ie lnt (b) Using the acacent span lengths. LI ard L2 

separately, and the type of superstructure involved. 
determine the dead load shear (VDL) from figure 7-4. 

(1) 	 ISW 1: Determine critical support by finding the effective an (c) Using the number of lanes (NL. the live load shear
 
per lane (VLL). and the dead load shear (VDL). conpute
leuh ILD) for ech intermediate support. 

the total design bad. PT:
Le - L1 + L2 (sum of adjacent span engths) 


The mulpport for which L, is the greats will be the PT - VLL(NL) + VDL (in kips)
 

) tici guppot which must be des d. (4) Step 4: Determine the maximum luad that one post can support,
 

121 Sbp 2: Check the pool height of the talm support against 	 "capacity per post", from uble 7-3. 
buckli. Pto mt be chon from mateials available (5) Stp 5: Determine the number of posts required (Np) and the
 
Iminmunm post se is (6 in. x 6 In.) Find themaximum center-to- center post spacing (Sp):
 

post heiht (Hm) in table 7-3. PT
 
If Hm v H. buckling will not occur. Use hori-ontal braces N *Note: For a pier use %PT.)
 

p, capacity/postat mkilvint, or select a Larger pOst if Hm SH. 
WR x 12 

isu& 	 Np - 1 (inchs)NOTE: All bracing on intstiedts urrs should be 	 S 
1olted to poe, cap, and sill. 

CDx 
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ISO 
0. 

(a)Sap : Check faximum auowabl center .t-er 
ous unil ... 

fotinghe a 

qeing of 

eMK 

s 
,shill%/! !. 

". 

: . 

&V 

NOT: Abtu minmm sinclcand ll ism6 in-umY 
d 

7: UIng th "I tbl footing mteril tickness in inches end the soil-bearing cepacity of the s"I on which the 
Ioil ist rest liable T-4), detlermine the "K" value 

from figure 7-10. Then calcula teftmuail 

0 
2thm4 0 9 10 12 14 16 1II20 

SBC thips/se. ft.) 

Max L K + bFGSL 

MINIMUM WIDTH OF FOOLING 12­

am- f k*bad (idie 

Tabe 7-4. S.W-Bem'hig Ca ,tU 

TVP6glai -- WaIsAu)
Hp ftk 24 

wr inam, ..evs- 20 

tem , , - w,Id .a"lm&%dV,,tmN 
VWVC~rmm 

mFOuSibih 12 

Hid drip 10.Lgan cma so nim . 

WA 

(8) 

(9) 

Step 8: Using the soil-bearing capacity, (S1C in kips/sq ft) and 

the ground contact area of one footing (GCA in sq ft), 
compute the cAVacity of one footing. 
Capacity/footing - (GCA) (SBC) (kips) 

Step 9: Determine the number of footings required (Nftg) and the 

centr-to--cntar footing Wacing (Sl:
PT 

.Nft 9 -capacity/footing 

NOTE: For.pieruse PT 

COMPON WA d"w 

La I" go". w am m.a-bmM mcam-to 
SFTG 

WR( 
12 ) 

(NFTG- 1)(inches)
(NFT - ) 

0iraM left CLOW m -number 
NOTE: Minienum number of footings is equal to the 

of posts. 
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b. Tlber Trusle Pkr Des,. Design of a timber trestle p is identica 
to 1h dMir of a timber t.le bent EXCEPT that ech bent is designed I"tr 
one-half the total load. Thlerfue. use i pUWSph a, sep and sp 
I A tidmbeIr l PiUsr asown in figum 7-11. will be used weelon oksa 
Wo aelt to be cwrWl by a sinle bent or 4pW klgh r a"a tWn 25 
fwt. In addition to sw nina design steps followd for the deegn eOfCh 

° d mil n m u s t b e f r &pi W "  beet, I COMW G* SW o" s nm & o 

OjasOkOsl CAP 
,€Olll, 

/Deifyr ti 

GlAC1111.ONGI!USN4AL 

Po-lr 
TRANIviage 

. ACE 
SLkL 

P"TwO~m 

bagure 7 11. Timber Ircuic pier. 

(I) 	 Step througlh Step 9: For cap, sill. posu. and Iotingdeiip for 
brIots. sae piaaprpha. 

(2) Step 10: Determine this effative Corbel length L): 
C =effective OW IM 

LT= effectiveiumallen t/HNC 

KOTE: Minimum Lc = /SHor 1/6 H 

0 
3 

190 

CL 
(3) Step 11: For design of corbels, check ratic of cortiel length (Ld 

to depth of corbel (dc) to determi,e if moment or 2hear 

governs 3 
If ! 12. shear governs, procted to step 13 	 -h 

dc 

If I L' c . 12, moment governs, proceed to Step 12 
dc 

(4) Step 12: Determine the number uf corbels INC) required for 
rmoment by finding the total moment acting on the 

corbels Mc) and the moment capacity of one corbel 
(m ). 

Mc -T( 	 (fitkips) 

Determine mc for one corbel from table 7-1. 

N-Mc Proceed to Step 14
 
MC
 

(5) 	 Step 13: Determine the number of corbels (N) required for shear 
by finding the total shear acting on the corbels (Vc) and 
and tha shear capacity of one corbel (Vc): 

PT
 
vc 
 - (kips) 

Determine vc for one corbel from table 7-I. 

Vc
Nc -

VC
 
(6) Step 14. Determine the center- to center spacing uf the corbels 

based on the required number of corbels (NC) as 
determined in Steps 12 or 13: 

WRI12)
 
Sc 
 =N_-- (inches)
 

- I
 

CA
 

x 



0 
0. 

192 

III Ow) m d.Detrmin&d lt ohe cmmvn cap (1) stp I through Sp 3: total lond T) on critical
 
Mdp) & d mlei m weda of do o m ca (upport (P a).
 

12) Step 4: Determine 'the capacity per pile IPb) based an 
(3) end-bearingsuppor from table 7-3. 

S(3) Suop 5: Determine the capacity per pile (P) for friction support 
2 PT from one of the following dynamic formulas for timber 

MMZban -	 piles (formulae based on tet pile data or static formula ­.- " 
mm ~miicuse 	 lowest value) 

Drophammer Pf 2(Wd)h)NOTE: Aboluft minemm 'wecommon cap eri r'. 

(S 1.0)
A. *BMDVAP(1 7-1 

bowl Pos CAP 	 Sie-Acting 2(Wd)(h) 

Pneumatic or Pf ­li 	 i" 
SOIlS 2E 

Pneusmatic or fl.601 
DieseDouble- Acting (S +0.1) 

Static Formula Pf - X f(TDpLI) 
TRIACVIS" 	 Wd - weight of drophammer Ikip ) 

:. - average height of fall Aft) 
E - work energy of hammer (tkP) 
S - penetration of pile per blow for last 6 blows 
(icheAsow) 
f - friction coefficient from TM 5-312 
L- length of pile in soil layer 

(4) Stop 6: U g the naller of the two values obtainIed from Step 4 
Aff.7-l2 AP/Jbu. 

and Stop 5 foi the capacity per pile. determine the
 
effective number of piles required (N;W):
 

NOTE: P 9. type sppo rmtssmuld be um d Wamed of footing type _ = ( on tr u d f)
_PT-

1appi when so condition we affcod by desp wer or swift curn Nt Allowable capacity pile Do not round off) 
c maqsearw. low capecity sad M - wme r, or unmWmed .ea 
d low sail -bow% capecity. 

11 
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0. 

S"ep 7: DermlineOw to diame wacing ie I.oto IF: Actual Sp . 5 (d s) Add more piles and check mx
 

minb a pomibie overlappingof pmlch ad min specing or incea depth of e."p. apoiste
Callate now SpDnratio bemd on 
cm rcad e Ocapchy of oe ples 

w 12) pile chart to obtain Npe using em procedum LOW for 

mR Sp. Wr(12) 

r 0 (N - 1)Dp
NOTE: For a pilePIER.misbituts ... 2 for ND 

If N Z N -OK2 
If ' .Npradd1 pie/row and rpeat ssee9 until Nr . 

Each pile develops full caaity. N 
If:"> to 

d. Pik Pler DaWign (fg. 7-13). 

Dp COMON CAP
3<'P. pileie rsai gn. Ot lilO 

5.!10 Capacity a reduced due t., pressureaos
 
Dp blb overlap. Coeinue to Stap 8.
 

l Se Ermine the actual number of piles per row (N ,om 
the apopriaw drl in fige 7-14, using Nr n 
In Slap Sand S.p/Dp RaDo dbinsc in S"e 7. 

NOTE: Minimum 4. SNliAC. LIS 

17) Slop 0: Calculate acal centwr-to- center sacing of piles d 

duck spacing timittions. 
WR x 12 

Act . - - 11 (inde 

Minimum p - 31Dpl (inches)
 

Maxim"kum Sp 51da) (nis
 

IF: Actual Sp <310p) Return to Stp 7 nd design a pile 

193 
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(3) Sup 10 through Sup 15: Design common cap and cobel m 
(1)lop I mrallh Sw 3: Detnemine toal lod 1P.) acling On llUr 

(pr b).critical opport Im pwa a). 
(2 IStp 4 hough Suep 9 Wiile ~ baed on pacing critiria): in 

NOTE: Pile piers siould be used inlow cepacity sailsstp 7 sibtitute Y.Np for N pr and in 
wi pile bents do not g ie requiredSup a wa te to-bent pile be chart 

In fiais 7--14 to dmatneni the actud support or in situations requiring Edm 

number of pile quirod per row (m stability due to spin leng0s, support heigets, 
or avilble meterimi size.Pa. 


o I-I SUBSTRUCTURE DESIGN 

Is a. See figum 7-15 through 7-18 and table 7-5 for selection of 

butment. 
deiman dein. - TM 5-312.b. Deidnun Delsin. For 

Is NOTE: If time does not permit a detailed deadert d . use n leit 

14 4" diameter denin at Imlet N o"g a Urn raodmy wid. It dhoud be 

Stlttedd to te abutment with at fan Iet/,1 diuntrl ce. The 
deould be burled 4' deep and pieced 20 from we abueenf ieedmanI I, 

DAMMP f II LL ta-1 IEND 

EAItN SEAT
I • • A


W] I IOF~ 

o 2 STEM .:W 12 1.4. 

ftui 7-14. Pik charts. 
Ogure 7- 15, Concrete a utm wal. 
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Tabl 7-5. Abutment Sektction Guide 

TYPE HEIGHT SITE CONDITIONS DESIGN REMARKS 

CONCRETE TO 20' MOST PERMANENT TYPE. FOR DESIGN. ,iE TM5 312.
 

ABUTMENT 
 USE ON FIRM BANKS WITH 
GOOD SOIL. 

TIMBER SILL TO 3' MOST ECONOMICAL AND DESIGN ISIDENTICAL TO TIMBER 
ABUTMENT EASILY CONSTRUCTED. TRESTLE BENT WITHOUT POSTS. 

USE ON HIGH. FIRM BANKS L CONSISTS OF SUPPORTED SPAN 
WITH GOOD SOIL. OALY (PAR mI. 

TO 6' USE ON FIRM BANKS, DESIGN ISIDENTICAL TO TIMBERTIMBER 
WITH GOOD SOIL. TRESTLE BENT. L. CONSISTS OFBENT 


SUPORTED SPAN ONLY (PARA d). 
TO PREVENT OVERTURNING, USE 
DEADMAN.
 

PILE 1TO 10' 	 USE ON GENERALLY DESIGN IS IDFNTICAL TO PILE BENT. 
SLOPING BANKS WITH L CONSISTS OF SUPPORTED SPANABUTMENT 

POOR SOIL CONDITIONS. OILY (PARA 0).TO PREVENT OVER.
 
WHEN STABILITY ISDE. TURNING, USE DEADMAN.
 
SIRED. OR WHEN BANKS
 
FLOOD FREOUENTLY.
 

0
 

~'
 

I
•- j 
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Ferry crossing, Rio Condeies, Brazil. 



--------------------------------

Compendium 4 Text 6 

THE 

BAILEY AND UNIrLOTE 

HANDBOOK
 

Edited by Major J. A. E. HathreU (R.E. Retd.) 

and a Director of 

THOS. STOREY (ENGINEERS) LIMITED 

LONDON 

One of the Acrow Group of Companies 

Group Office U.S.A. 
ACROW CORPORATION OF AMERICA 

231 WASHINGTON AVENUE 
CARLSTADT, NEW JERSEY 

Contents copyright, ad riglhit reuwrwcd. 

NOTE: This text has been reproduced with the 

1permissionof•_Thos. Storey (Engineers)Limited. _ I 

85 

/01 



Compendium 4 Text 6
 

Contents 
**G.swalti .. .. .. ...... Pase 9 

PART 1--BAILEY NUDGING 

Ompte I-The Standard Bailey Bridge 
Description of components 13 
Nomenclature for various bridge constructions .. 29 
Site layout and building Launching Nose .. .. .. 32 
Building Single Single ... 41 
Building Double Single 47 
Building Triple Single .... 511.. 
Building Double Double .. 56 
Building Triple Double 59 
Building Triple Storey Bridges .. . 63 
Adding a Second Storey to an existing bridge., .. . 65 
Erection of Chord Reinforced bridges .. . .. 68 

Chapter 2-The Standard Widened Bailey Bridge
Description of additional components .. .. .. .. .. 71 
Launching and Erection .. .. .. .. .. .. .. 72 
Quadruple Truss constructions .. .. .. .. . .. 74 
Chord Reinforced constructions .. .. .. .. 75 

Chapter 3-The Extra Wide Bailey Bridge
Description of additional components .. .. .. .. 77 
Launching and Erection .. .. .. .. .. .... 80 

Chapter 4-Steel Deck for Bailey Bridges
Description of components .. ... . .. .. .. 83 
Method of assembly .... 91 
Applied to Standard Bailey .. . .. .. .. 92 
Applied to Standard Widened Bridges .. .. .. .. 94 
Applied to Extra Wide Bridges .. .. .. .. .. .. 96 

Chapter 5-Ramps and Footwalks 
Approach Ramps to Bridges .. .. ... .. 99 
Footwalks for Bailey Bridges .. .. .. . .. .. 101 

Chapter 6-Multi-span Bridges
Comparison of continuous and broken spans . .. .. 106 
Description of special components .. .. .. .. .. 108 

Chapter 7-Cribs, Piers and Tawers 
Introduction .. .. . .. .. .. Ill 
Description of special components .. .. .. .. Ill 
Design and construction of Fre-standing piers . . .. .. 114 
Other Piers and Towers.. ... .. .. 129 

Chapter I-Deck Type Bridges
Introduction . .. .. 133 
Description of spoxial components .. .. 133 
Construction, single unit width type .. .. 138 
Multiple unit width type .. ... .. 139 

Chapter 9-Other Bailey Bridges and Stbuctwes 
The Bailey Suspension Bridge .. . .. .. .. 145 
The Bailey Lift Bridge and Other Moveable .--ins .. .. 146 
The Bailey Under-stressed Bridge .. . .. .. 147 
Bailey Arch Bridges . . . .... .. 147 
Bailey Grid Structures .. .. .. .. .. .. .. 150 
Other Bailey structures .. .. .. ... .. .. .. 152 

5 

10 



Compendium 4 	 Text 6
 

PART Ul-DESIGNING WrM DAI" 

SChpter 1-De g

Materials ... .. 155
 
Design of Bailey Bridges and other stnures. .. .. 156
 
Principles of design .. .. .. .. .. .. 157
 

* 	 How to select asuitable bridge . 158
 
LV'-ign of Bailey Under-stressed Spans.. .. . .. .. 165
 
Design of Bailey Arches .. .. .. .. .. .. .. 167
 

Chapter 2-Deffectocs a&l Properties

Calculation of sat and deflection .. .. .. .. 169
 
Strength of Bailey components .. .. .. .. .. .. 171
 

Chapter 3-.Laucbing Design
 
Typical examples of calculations .. .. .. .. .. 175
 

Chapter 4-Design Tables 
Table 1 Weights of Bailey Bridges (tons of 2,240 lbs.) ., 179
 
Table IA Weights of Bailey Bridges (kgs.) .. .. .. 180
 
Table 2 Shipping Measurements for Bailey Bridges .. 181
 
Table 3 Launching data .. .. .. 182
 
Tabl: 4 Nose Lift with Launching Links .. .. .. 183
 
Tabk 5 Sag in Cantilever Launches 184
 

.Tables 6A-6D Standard Bailey, Moments of Resistance and
 
Available Shear. 185
 

Tables 7A-7D Standard Widened Bailey. Moments of Resistance
 
and Available Shear 189
 

"Tables BA-SD Extra Wide Bailey. Moments of Resistance and
 
Available Shear .. 193
 

Table 9 Moments of Inertia for Bailey Constructions .. 197
 
Table 10 Total Shear Capacity .. 198
 
Table I I Weight Tables for Bailey components .. 199
" 
Table 12 Widths of Through Type Bridges .. .. .. 200 

Art Section 

PART Il-THE UNIFOTE 

** 	Introduction .. .. .. .. .. .. .. 203 

Chapter I-Identlflcation of Compowmts
 
Description of Components .. .. ..... .. .. 207
 
Uniflote Timber Decking .. .. .. .. .. .. 208
 
Interflote Connectors .. .. .. . .. .. .. 209
 

Chapter 2
 
Coupling Uniflotes . .. .. .. ... . .. 211
 

* 	 Chapter 3-Uniflote Ferries 
Uniflote Ferries .. .. .. .. .. 213
 
Assembly of Uniflote Ferries .. .. .. .. .. . 218
 

** Operation of Ferries .. .. .. .. .. .. 218
 
*- Saddles ... .. .. .. .. .. 219
 
** Typical Uniflote Ferries .. .. .. .. .. .. 220
 
** Designing a Uniflote Ferry .. .. .. .. .. . 223
 

Chapter 4-Civil and Marine Engineering

Uniflote Rafts for Civil Engineering .. .. .. .. .. 225
 
Design Information .. .. .. .. .. .. 227
 
Design Calculation-Example .. .. .. .. .. .. 228
 

6 

87 



88 

Text 6Compendium 4 

23(]mi~er S 
.. .. .. 231Uniflote Landing Stages. 

* Cbster 6-Floati Briges 
Bailey Bridging and The Uniflote .. .234 

.. . .. 236Description of Components 
S. Designing a Floating Bridge .. .. .240 

.. .. .. .. 242-* Example of Calculations .. .. 

Cbpter 7-Tables 
.. . .. 247Uniflote Data. Close Coupled Rafts ..... 

.. .. 260Uniflote Data. Short Connectors .. .. . 
. .. .. .. 264Uniflote Data. Long Connectors .. 

.. .. .. 266.. ..Appendix A-M.E.X.E. Test Results 
,. .. 267j ppendix B-Stability of Floating Craft ... .. .. 


Index .. .. .. .. .. .. .. .. .. .. 270
 



Compendium 4 Text 6
 

Introducton 

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

The main girders are compomd 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 acro3s 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 complete 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 expansion 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 cquipment 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 al! ,tnesof structures the Bailey panel is the basic component, 
and the manner in 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 

Iit
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achieved. Th. range of Bailey components covers the rollers and 
erection tools required. 

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

Part 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 of construc­

tion. This section also gives tabulated data for easy reference. 
Part IH 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 Fi'.tation 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. 

10
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How to Select a Suitable Bailey Bridge 

Selection of the most suitable type of Bailey Bridge to solve 
any particular problem depends primarily upon two factors: 

1. The length of span required. 
2. The weight and size of the load to be carried. 

1. Can always be determined quite accurately and is the width 
of the gap to be bridged plus a suitable distance each end to allow 
the loads from the bridge foundations to spread into the subsoil. 

2. It sometimes known specifically, 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 of a national or local 
authority; it is also the case where a bridge is to be built to carry 
some specific heavy load which an existing bridge is not strong 
enough to support. 

Very often, however, a bridge is required for a secondary or 
minor road, to deal with local traffic of a 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, and 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 maximum wheel 
load. The latter will be required to determine both the maximum 
stresses in the main girder and the type of decking system to be 
employed. It will also determine what width of roadway is required. 

Bailey timber deck is designed for a maximum wheel load of 
6 tons. 

The steel deck is designed for a maximum wheel load of I11 
tons. 

These loads are based upon the normal size of road wheel; 
some types of modem heavy contractors plant are fitted with giant 
pneumatic-tyred wheels and it can happen that such a wheel, carrying 
say, 12 tons, will have a less severe effect on the deck than a normal 
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 121 tons, or double axles (at not less than 4 ft. 
(1.22 	m.) oentres) sharing a load of 20 tons. 

Where axle loads in excess of the above figures have to be 
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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. (i .22 m.) centres. 

Once this loading7-rferred to as the "live" load-has been 
determined, it must be applied to the bridge span in two 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 cases 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 
static weights must be increased by a factor-normally termed the 
"impact factor"-to cover the additional stresses set up in the b~idge 
structure due to vibrations set up by the speed at which the load is 
applied, bounce of wheels, the effects of braking and accel(:rating, 
etc. 

Where bridges are designed to the standard loading of a High­
way Authority, the percentage 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 10* 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 the end of the bridge 10% impact 
may be allowed. 

NOTE: that the figure given above for cranes, is only for the 
vehicle driving across the bridge. Where 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 bt 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 deterrined 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. 
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Once the total effect of five 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, at the end of the 
bridge (with end post fitted) is: 

*15 tons for single storey trusses 
*25 tons for double, or triple, storey trusses. 

near theThe maximum stress, due to the bending moment, 
centre of the span, should not exceed basic permissible figures for 
steel to BS.968. 

In Table 6 the figures for the self weight of each type of bridge, 
for each span, have already been calculated and subtracted f 'om 
the maximum figures given above. The tabulated figures aie there­
fore the nett figures available for five load and impact in every case. 
Since bridges with steel deck and an asphalt st rface are considerably 
heavier than their timber decked counterpar s, separate tables are 
given for the two types. Thus, once the shea 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 mo.st 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 

Generallyconstruction will decide the form the bridge is to take. 
speaking, short spans carrying heavy loads are go,;erned by shear, 
long spans carrying light loads are govei .. ? ', 14nding. 

Some examples follow to illustrate the above. 

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

weight over a gap of 50 feet. It has been determincd 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 17 tons. The axles are spaced 10 ft.
 
apart. 

1. 	A roadway width of 10 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
 
are not equally spaced, the total
construction, since the trusses 


allowable shear at the end of bridge has to be reduced to allow for
 
mal-distribution. See Chap. 2, page 171.
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Calulations for Shear &W!Bewling. 
1. 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 of the centre of gravity from the 
17 ton axle. 

x0 =0-17

Q8 ( 10 = 80 

T 7 25 tons 30 tons ft. 
1025.2, 17T 80 tons ft._ 25 tons = 3.2 ft. 

Tt25'13-2' 

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

56-8' - 3-2' 
251 

-60-0'-

Max. shear at Right-hand end 25 x 56.8 = 23.7 tons 

94 60 
Add for impact, 25% 5S.9 tons 

Total live load and impact shear 29.6 tons 

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 be'iding is 
under the heavier axle. 

CENTREOF GRAVITY 
OFLOAD 4HEAVIER AXLE 

25T 

1-6' 11.6' 

2.84' " 284' -
CENTREOFSPAN 

B.U.H. 161 
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Right-hand reaction = 25 x 28.4 11"83 tons 

B.M. under heavier axle =_11 .83 x 284 336tonsft. 
Add for impact 25 = 84 

Total Bending Moment, Live Load and Impact 420 tons ft. 

From Table 6b 
On a 60 ft. span, Single Single will take 24 tons shear 
Double Single will take 51 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 

Each truckmaintained between trucks while crossing the bridge. 

has a front axle carrying four tons and a rear axle carrying 12 tons,
 
the two axles being at 12 ft. centres.
 

1. 	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 wil' 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, two 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. 
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Calculations for Shear and Beding. 
1. Calculate the centre of gravity of the load. 

14T '14 112f4? 12T p2T 

20'1i12' 20' 12' 12'". 
48V 3 

C.G. from left-hand end: 4 x 0 = 0 
12 x 12 = 144 
4 x 32 = 128 

.12 x 44 = 528 
A 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. 

96 2. Position for maximum shear. 

125' 

48T 

160' 

Shear is a maximum at the right-hand end as the last 12 ton axle 

enters the bridge. 

48 x 125 37.5tons 

Add for impact 25 % 94 tons 

46.9 tons 
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3. Position for maximum bending. 

C.G.OFLOAD 0OF SPA 

1.5-- 53 -78-5' 
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TABLE 3-
TA3ux o, BaNmo MoMmn AVAuLADz Fm Lwvz LOAD. 

STANDARD BAILEY. TIMBER DECK. 
ToNI, FT. 

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

10 407 - -- -. . .. . 
20 400 . . . . . . . . . . . 
30 387 785 802 ... . . 
40 
50 

370 
347 

759 
725 

781 
754 

. 
1116 

. 
-

. 
-

. 
-

. 
-

. 
-

. 
-

. . 

60 319 683 720 1067 1484 - - - - - . 

70 286 633 680 1008 1420 1493 2188 2299 - -. 

80 249 576 634 940 1347 1414 2096 2198 - . . 
90 206 511 582 863 1264 1323 1991 2083 . . . . 
100 158 439 524 777 1170 1223 1875 1956 2583 2881 4025 4443 

110 105 359 460 681 1068 1112 1745 1815 2430 2747 3827 4266 
120 47 271 390 577 956 990 1604 1660 2263 2601 3610 4076 
130 - 176 313 464 833 858 1450 1492 2081 2442 3375 3868 
140 - - - 342 701 716 1284 1311 1885 2270 3122 3642 
150 - - - 210 560 562 1106 1116 1674 2086 2849 3400 

160 - - - 70 406 398 915 907 1448 1888 2557 3142 
170 - - - - - 224 712 686 1218 1678 2257 2867 
180 - - - - - 40 496 450 954 1455 1918 2575 
190 - - - - - - - 202 685 1220 1567 2266 
-200 - - - - - - 402 972 1203 1941 

210 - - . .. . . . . 103 700 817 1598 
220 .. . . . .- - 463 1240 
230 . . . . . ...... 855 
240 . . .. ...... . ..­ 473 

20 
CDx 

__ __ __ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ C 
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TABLE Gb 3 
TAnLz OF SHEAR FoRCEs AVAILABLE FOR Lm LOAD. 

STANDARD BAILEY. TIMBER DECK. 
Tom. 

Feet 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. 

10 29 - - - . . . . . . . . 
20 28 - . . . . . . . . . 

30 27 55 26 - - . . . . 

40 26 54 25 - - - -. . . . 

50 25 52 24 71 - . . . . . . 

60 
70 
80 
90 

100 

24 
23 
22 
21 
20 

51 
49 
48 
46 
45 

22 
21 
20 
19 
18 

69 
67 
65 
63 
62 

48 
46 
44 
42 
40 

87 
85 
83 
SI 
79 

65 
63 
60 
58 
55 

-
-

. 
lit 
108 

-. 
-

. 
-

71 

. 
-
74 

-
. 

97 

. 
-

102 

110 
120 
130 
140 
150 

19 
18 
17 

-
-

43 
42 
40 

-
-

17 
15 
14 

-
-

60 
58 
56 
55 
53 

38 
36 
34 
32 
30 

77 
75 
73 
70 
68 

53 
50 
48 
45 
43 

105 
103 
100 
97 
95 

68 
65 
62 
59 
56 

72 
69 
67 
64 
62 

93 
90 
86 
82 
78 

98 
95 
92 
88 
85 

160 
170 
180 
190 
200 

-
-
-
-
. 

-
-
-
-
. 

-
-
-
-
. 

51 
-
-
-
. 

28 
26 

-
-
. 

66 
64 
62 

-
. 

40 
38 
36 

-
. 

92 
89 
86 
84 
. 

53 
50 
47 
45 
42 

59 
57 
54 
51 
49 

75 
71 
67 
63 
60 

82 
78 
75 
71 
68 

210 
220 
230 

. 
-
. 

. 
" 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
-

. 

. 
-

39 
. 

-

46 
. 

-

56 
52 

-

65 
61 
53 
55 

24 0 - .... 

250- - - - - - - - - - - -

CD
 x 
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TABLE Be 
TAzsL or Bmm MoMmNS AVAiLAaLE FOR Lv LoAD. ToM, Fer. 

EXTRA WIDE BAILEY. STEEL DECK AND ASPHALT. 

Feet 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. 

10 402 -. . . . . . . - -

20 395 - . . . . . . . . . 
30 376 772 - . . . . . . . . . 
40 349 735 760 - . . . . . . . . 
50 315 688 722 1080 - - - - -

60 245 630 659 1014 1431 - 2215 - - ... 
70 224 560 610 936 1348 1421 2115 2223 - . . 
80 167 480 502 846 1253 1320 2002 2100 -. . . 
90 102 393 480 745 1143 1206 1872 1958 -. . . 

100 30 290 397 555 949 1077 1728 1800 2420 2745 3855 4302 

110 - 180 306 505 890 937 1570 1628 2235 2582 3620 4092 
120 
130 

-
-

60 
m 

150 
65 

366 
210 

745 
580 

672 
.612 

1291 
1200 

1323 
1228 

2035 
1810 

2401 
2203 

3365 
3090 

3864 
3617 

140 - 410 432 990 1003 1570 1998 2795 3352 
150 . . . . 225 232 775 768 1310 1763 2465 3067 

160 - - - - 538 506 850 1380 1925 2584 
170 - - - 280 228 740 1258 1755 2422 
180 - . . . . . . 235 998 1365 2032 
190 - 110 708 965 1720 
200 - .". . . 403 525 1330 

.D 

.x 
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TABLE Od 
TABLE OF SHEAR FORCES AVAILABLE FOR LrE LOAD. TONS. 

EXTRA WIDE BAILEY. STEEL DECK AND ASPHALT. 

Feet 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. 

10 28 - - . . . . . . . . 

20 27 . . . . . . . . . . . 
30 25 54 - - - - - -

40 24 51 23 - - - - -

50 22 49 21 66 - - - -

60 
70 
80 
90 

100 

21 
19 
18 
16 
15 

47 
45 
43 
41 
39 

19 
18 
17 
14 
13 

63 
61 
58 
55 
53 

45 
42 
40 
37 
35 

-
81 
78 
76 
73 

59 
56 
52 
49 
46 

-
110 
106 
103 
99 

. 
-
-
-

65 

. 
-
-
-

69 

. 
-
-
-

106 

-
-
-

92 

110 
120 
130 
140 
150 

-

-
. 

-

37 
34 

-
. 

-

11 
7 
6 
. 

-

49 
47 
44 
. 

-

32 
29 
27 
24 
2 

70 
68 
65 
62 
59 

42 
39 
36 
33 
29 

95 
91 
88 
84 
80 

61 
57 
54 
50 
47 

66 
63 
59 
56 
53 

101 
97 
92 
88 
83 

37 
83 
79 
75 
70 

160 
170 
180 
190 
200 

. 

. 
. 
. 

-
.. 
. 
. 
.-

-

. 

. 

-

. 

. 

-
-
. 
. 

-
-
. 
. 

26 
23 
. 
. 

77 
73 
. 
. 

43 
40 
36 
33 

50 
47 
44 
41 
37 

79 
75 
", 
66 
61 

66 
63 
58 
54 
50 

CD

o0 
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Part Ill 

The Uniflote 

Introduction to The Storey Uniflote 

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 b'j 
capable of being used as a ferry without any such bridging supzr­
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.102 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, the 
three current types of Bailey Bridging, "standard", "widened", and
"extra wide" and their American equivalents, M I,U 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 10 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. 

203 



Compendium 4 

A study of Article (i) revealed that the most suitable length 
was 17 ft. 9 in. (5.41 m.) (this was also complying with the requ:-­
ments of Article (iv)).

Article (iv)required the unit not to exceed 8 ft. 9 in. (2.67 m.)
in width and three tons in weight.

These dimensions taken in conjunction with Article (iii), 
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 couplings took 
the same form as those of the Bailey and Heavy Girder panels, a 
male lug and a female jaw locked in engagement by a horizontal 
pin. The bottom couplings were designed as up and downturned 
hooks. The assembly crew using only their own weight can tilt the 
units in the water sufficiently to enable the noses of 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 be inserted. 

Once the top couplers are pinned, the bottom hooks cannot 
come out of engagement.

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

couplings).
8 ft. (2.438 m.) wide (8 ft. 5 bn. (2-565 m.) centre-to-centre of coup­

lings). 
4 ft. (1219 m.) deep. 

Later, a 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 he pinned. By this means, all the 
bridging eqnipments listed in Article "(i)can be simply and effectively 
attached. 

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

To complete the equipment of the Uniflote, runners were 
attached to the bottom to assist in skidding operations on shore, 
and four lifting shackles fitted to the deck for craning purposes. 

The Uniflote, as described above, is available in two types. 
Type I has the deck set approximately 3 in. (0.076 m.)below gunwale 
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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 "set" 
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 :.,-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 enormous 
saving in stores on such items as the T.'dine Bay Pier, since the 
Landing Bay Transom and the Dis., 3irder system is no 
longer required.

Selection of the most suitable maLerial was decided by two 
principal factors, strength and economy. Both factors are ef equally 
vital interest to the intending purchaser, whether military or civilian. 
Investigation showed that the Uniflotes were 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: 

1. 	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 dama-e (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 would be required. This, in turn, means that units 
d maged 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. 

205 



----------------------------------------------------------------------------

Compendium 4 Text 6
 

Operatim of Shore-loaing Fenes 
Uniflote shore-loading ferries may be either captive or free 

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

to range between two fixed 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 
line, swinging the ferry at an angle to the current; the resultant force 
drives the ferry across the river. As the other bank is apprdached, 
the same winch pays out its line, taking way off the 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 
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controlled either 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 fing 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 f'ee-ranging ferry, the Uniflote ferry is fitted 
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 

than four.numbers of units will not be less than two, nor more 
Where two units are employed they should be positioned as far apart 
as possible, 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, however, not to set power units too near 
the ends of the ferry, since there would then be a danger of the 

orpropellers fouling the bottom as the ferry runs on to the shore 
river bank. The slope of the shore at the intended landing stations 
must therefore be carefully ascertained. 

219
 

'V
 



Text 6Compendium 4 

(b) Centrally over the junction between two Bow or Stern units. 
(c) Centrally over the end of a Uniflote. 
(d) Centrally over the junction between 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 FERRIES 
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. 

Pu 

N U U N 

R U U R 

FU 

U - Uniflote R - Ramp Type A 
P.U. - Propulsion Unit 

Ferry Type 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. I in. (19.2 m.) long and 
16 ft. 5 ins. (5"00 m.) wide. The whole ofthis 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 power is provided by two 42 H.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. (0.46 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.
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interflote connectors, end-to-end. The interfiote connectors are 
necessary in order to arrange the outside couplers of these Uniflotes 
at the correct centres to attach 	to them the two further outrigger 
Uniflotes. Two Ramp assemblies are fitted at each end, and each 
outrigger Uniflote has a Bow Unit and Stern Unit attached. 

R- Ramp. PU - Propulsion Unit. 2) B 

Theferryis 64ft. 5ins. (!9.6m.) long and 33ft. 3ins. (10.1 in.) wide. 
Vehicles are normally restricted to the deck area formed by the 
central four Unifiotes and the tour Ramps. The "roadway" width 
is therefore 16 ft. 5Sins. (5.00 mn.). The outrigger Uniflotes can then be 
reserved for foot passengers. At 12 in. (0.305 in.) freeboard the 
ferry has a carrying capacity of 48 tons (107,520 lb.). 

Motive power, consisting of two 42 H.P. diesel units, can con­18 	 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. (091 nm.)is required, 
12 ft. (366 mi.) from the bank. The dead weight of this ferry is 
approximately 39 tons (87,360 lb.). 

Ferry Type Ct 

This is an eight Uniflote ferry, being three Uniflotes long by two 
Uniflotes wide, with two outrigger Unifiotes. Two Ramp assemblies 
are provided each end, and each outrigger Uniflote is complete with 
Bow and Stern units. 

PU EF U S. 

R U U U, "R 

A U U U a 

m U 3 Pu 
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The overall length is 80 ft. 10 in. (24.6 mi.), the overall width 
33 ft. 3 in. (10"1 m.). The width normally occupied by vehicles (on 
the six central Uniflotes) is 16ft. 5 ins. (500 m.). At 12 in. (0-305 m.) 
freeboard, the ferry will carry 64 tons (143,360 lb.). 

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.). 

PU 

j jt U U 

U Rt U U 

PU 
7),W DFerry Type D 

This ferry composed of nine Uniflotes, is rectangular, being 
three Uniflotes long by three Uniflotes wide, with three Ramp 

The whole of the deck space may be occupiedassemblies each end. 
by vehicular traffic. 

The overall length is 80 ft. 10 in. (24.6 m.), the overall width is 

24 ft. 10 in. (7.60 in.). 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 (112,000 lb.). 

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 fitted at each end and the
 
four outrigger Uniflotes have Bows and Sterns attached.
 

U U 8 PUPU 


f U U U U f 

R U U U U f 

PU U U U s PU 
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The overall length is 98 ft. 7 in. (30.0 m.); the overall width is 
33 ft. 3 in. (10.1 in.) this width being reduced to 16 ft. 5 in. (5-00 m.) 
at each end. At 12 in. (0.305 m.) freeboard, the capacity of this ferry 
of 96 tons (215,340 lb.). 

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

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

Ferry Load Capacity Overall Sizes Sq. Sq. 
Type Tons lb. Feet Metres Feet Metres 

A 32 71,680 63 x 17 19'2 x 5"2 1,008 9"35 

B 48 107,520 64'5 x 33"5 19'6 x 10,3 1,209 112 

C 64 143,360 80,8 x 33"5 24'6 x 10"3 1,470 136 

D 72 161,280 80"8 x 24'8 24'6 x 7,8 1,981 183 

E 96 215,340 98"5 x 33*5 30"0 x 10"3 2,136 198 

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 Unflote Ferry 
1. 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 of the 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, obtain a rough section to show gradients and distances from 
the shore to an offshore point where there is a minimum of 3 ft. 
(0-0914 m.) of water. Investigate the nature of the shore (sand, rock, 
concrete, etc.). 

(b) If the ferry is to work from a fixed landing stage, obtain full 
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,
 
either
 
(a) Winch;
 
or
 
(b) Propulsion Units (outboard);
 
or
 
(c) Motor Tug. 
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DESIGNING A BAILEY/UNIFLOTE 
FLOATING BRIDGE 

1. These calculations have been prepared for a 24 tons load. 
2. In this case the "tracked vehicle" type of load 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, 50% 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 bay 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 l 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 length of the floating bays and can be tabulated as follows: 

100 feet floating bays-12 in. sinkage 
90 ,, ,, ,, -I0J- in. sinkage 
80 ,, ,, ,, - 91 in. sinkage 
70 ,, ,, ,, -8 in. sinkage 
60 ,, ,, ,, - 7 in. sinkage 
50 ,, ,, ,, - 6 in. sinkage 

Note: For quick calculation take 1 in. per 10 ft. bay of bridge, 
+ I in. 

i.e. 70 ft. bays =7 x liin. + Iin. =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 
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maximum at the locked joint. For Double Single construction, 
this bending moment should not exoed 800 tons ft. 

6. The junction of the Landing Bay to the End Floating Bay 
is arranged for free articulation by fitted 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 Land­
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, Long" 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. With 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 of the 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 applied. Not 
only does this cause difficulties in erection, but the application of 
live load in the higher classifications causes serious over-stressing of 
this locked junction. In such cases a special 10 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 
10 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. 

s.u.H. 241 16 
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STANDARD WIDENED BAILEY 
FLOATING BRIDGE FOR 24 TON LOADS 

1. Floating Bays 
Overall length (centre to centre ofjunctions) - 92 ft. 
One triflote pier each end of bay located centrally under the 

end 	10 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 centre of 80 ft. span. 
Dead weight of 80 ft. span .. .. - 26 tons. 
Length of live load .. .. .. -9ft. 

Bending 	 Moment 
80

Due to dead load-26 x .. .. 260tonsft. 

Due to live load-- - .. .tonsft. 

Total .. .. .. ==710ton ft. 
Section modulus for Double Single .. - 2 in.$ 
Stress due to bending = 710 x 12 

892 = 95 tons/sq. in. 
Allowable stress in bending .. .. 11 tons/sq, in. 

Flotatim 
Dead weight: 92 ft. Double Single bridge = 28.8 tons 

2Trifloteseach 11 tons .. 22-0tons 

114 - 50.8 tons 
Displacement factor for two triflotes =2 tons per in. 

==- -Dead Load Draught 50.8 251 in. 

2­

24.T. 

Load Cam I (See Fig. i) 
With Live Load at centre of bay.-Load is shared by four 

triflotes-the two supporting the 92 ft. floating bay plus one each 
end of the adjoining floating bays. 

24 
Additional draught due to live load = -= 6 in. 

Total draught for this load caso = 231 + 6 311 in. 
Freeboard = 48in. - 31j in. - 16J in. 
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Lad Cm 2 (See Fig. ii) 
Lv. Load at JWsction of Two Floating Bays. Joint has to be 

depressed lO in. to lock. Therefore two triflotes must have increased 
draught of lo in. 

LJY,wL
I I ~ I .I -I I -

Loadto effect this- 2 x 101 =21 tonh. 
Remaining lve'Load (24 - 21 = 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.3=
 
Increase in draught = jin. 

Total draughtsfor this load case 
At locked joint: Due to dead load.. . = 251in. 

Due to joint locking .. = 101 in. 
Due to remaining load .. = j in. 115 

361 in 

Freeboard = 48 - 361 .. .. .. - 11in. 
At outer end of locked bays:* 

Due to dead load .. .. .. - 251 in. 
Due toliveload .. .. .. = jin. 

26in. 

Freeboard =48 - 26 .. =22in. 

Bending moment at locked joint, due to upthrust of piers =
 
Pier adjacent to locked join II tons x 5 ft. .. = 55 tons ft.
 
Pier at distant end offloating bay J ton x 87ft. = 435 tons ft.
 
Reaction from adjacent floating bay 1 ton x 92 ft. = 460tons ft.
 

144,5 tons ft. 

Allowable .. .. .. = 800tonsft. 
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Load Case 3 (See Fig. iii)
Full Convoy Loading. 100 ft. clear space between vehicles. 

Each 24 ton load is 9 ft. long; therefore loads at 109 ft. centres. 
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. 

109 -~109,-17 

92'92' 92' 92' - -

EA B C D 

75 
.... tonsLoad on B (and D) = 24 x 

17 4 tn 
Load on A (and E) = 24 x.. .. tons 

Load at B (and D) shared by two triflotes 

.. .. .. in.Draught= .. 

Add dead load draught .. .. .. = 251 in. 

351 in. 

Load at A (and E)shared by two triflotes 

= 21in.Draught =41
2 

Add dead load draught .. .. .. = 251 in. 

271 

Summation of two cases to find final draughts
A B C D E 
in. in. in. in. in. 

Due to load at C .. 25J 26 361 26 251 
Due to load on AB andDE .. 21 91 - 91 2J 

271 351 361 351 271 

Difference in draught .... 8 1 | 8 
.. .. = 101 in.Difference in draught to lock joint 

Therefore no joints locked. 
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2.JALoft Day 
Maximum length = 180 ft. Standard Widened, Double Double 
Reinforced. 
Dead weight of this span (18 x 5.22) .. .. - 94tons 

Bending Moment in span, with live load at centre: 
180

Due to Dead Load =94 x -- .. - 2,115 tonsft. 

Due to Live Load = 24 x 180 1,080.tonsft. 

Impact on Live Load = Iof25% = 121%.. = 135tonsft. 

3,230 tons ft. 

Section modulus for Double Double Reinforced= 3,838 in.; 

Stress due to bending 23,303,838x = 10.4tons/sq. in. 

Max. shear per end post 47 + (24 x 1125) = 18-5 tons 

3. Landing Day Pier 

Dead Load from 180 ft. Landing Bay = .. 470 tons 
290) 14.5 tons 


Dead Load from End Floating Bay = 9 14-5 tons
 

Assume Landing Bay Pier comprises three
 
triflotes, then its dead load (allowing for distribut­

35 tons 
ing bearings) .. .. .. ... -- 5 tons 

Displacement factor . .. .. .. = 3 tons/in. 

Dead load draught = 6 .. .. .. = 32.2 in. 

Freeboard .. .. .. .. .. =151 in.
 
Live Load .. .. .. .. .. =24 tons
 

Loaded draught = 965 +24 . = 401 in. 
3
 

Freeboard .. .. .. .. .. = 71 in.
 

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.
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4. 	Fad laltg SAy 
92 ft. Double Single bridge. 
One triflote at off-shore end. 
Draught of triflote at off-shore end is .me 

as for normal floating bay .. .. .. -Sj in. 
Freeboard .. .. .. .. - 221 in. 

Slope of Fad Floatig Bay 
Dead load condition only.
 
Height to underside of bridge above Water Level:­
1. At Landing Bay Pier= 160in.+2Din. - 36in.
 
2. At off-shore end .. .. .. .. - 221 in.
 
Slope = 131 in. in 92 ft.
 
Partial closure of connecting posts at off­

shore end due to slope of end floating bay ­

131in. x. 4ft.9in. =Iin.
92 ft. 

Normal gap, with both bay level .. .. - I in, 
Remaining gap = lf in.- I in. .. I in. 

Sinkage to lock joint = in. x 9 ftin... 32 
2 4 f1t9 in. 3in 

Load on two triflote to cause 3in. sinkage .. -72 tons 
Remaining live load (24 - 7 - 17 tons) 

shared by seven triflotes, therefore further sinkage 
2J..-2|in.l18 	 17 

Bending moment at locked joint (due to 
upthrust of Landing Bay Pier) 3 x 2J tons x 

.. .. .. .. .. - 690tonsft.92... .. 

Note: With "convoy" loading, this joint will not lock. 
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Introduction 

When one is examining roads for potential economies, it is worthwhile to look 

at the vLole problem of water crossing facilities. The facilities include cul­

verts, surface drains, fords, and bridges. Additionally, in this discussion, we 

shall look at ferries, a vehicle system that can substitute for bridging. 

Why should we look at these facilities? First, they account for a substantial 

percentage of the construction cost of nearly every road system. For example, it 

has been estimated that approximately 25%of the U.S. highway constru'tion costs 

are spent for water crossing purposes: 10% for bridges and 15% for culverts. 1 

Culverts are defined as any conduit under the roadway up to 20 ft in total span; 

bridges, as crossings exceeding 20 ft. This estimate probably applies, .ith minor 

variation, to most road systems in developing regions. 

Second, water crossings facilities usually are the weak links in a road 123 

system. Severe flooding or intense rainfall will concentrate damaging effects 

at these points, leading not only to replacement costs but also to the costs of 

delay and inconvenience to the road users. 

Third, it has been said that "...high maintenance costs usually reflect poor 

drainage (for low volume roads). Therefore, we are Justified in a material 

secureaddition to construction costs for adequate drainage if by doing so we can 

" lover maintenance charges. In other words, mere reduction of investment in 

initial facilities is no solution to long-run cost savings. At some point, 

however, high costs of capital (high discount rates) may necessitate stage con­

struction of facilities to avoid excessive initial costs.
 

1Kenneth B. Woods. Highway Engineering Handbook, p. 12-13. 

2U. S. Forest Service. Drainage Practice in the California Region, p. 3. 

*1j~
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Yourth, bridge replacement often repretlents the principal cost, and sometimes 

the entire cost, in upgrading the level of service for an existing roadway. In 

sow cases, new bridges can replace *xisting bridges to improve (1)capacity (more 

lanes), (2) live-load limits, and (3) alignuent. Sometimes, new bridges can dra­

atically decrease route distance.
 
I. Culverts and Short Bridges 

. Culverts are a integral part of any roadway, unless the roadway happens to 

coincide with a ridgeline - an unlikely event. We have already defined a culvert 

as any conduit under a roadway up to 20 ft in total span. This is not a strict 

definition; in fact,many countries and Jurisdictions restrict culverts to lesser 

spans. "Short bridge" refers only to those structures exceeding culvert dimensions 

but short enough in total span to allow standard design. In most cases these 

structures would be 30 ft or less in total span. 

There are no dramatic ways to reduce the long-term costs of culverts. It is
 

easy, however, to bring on unnecessary costs -- and they can become large - by 

slighting fundamental requirements. It is most important to: 

1. Obtain sufficient hydraulic data to anticipate the range of runoff 

intensities and the frequency of these events.
 

2. Properly select size and type of culvert.
 

3. Locate the culvert properly with respect to alignment and slope. 

4. Use adequate earth fills below and above culvert pipe.
 

5. Provide appropriate entrances and headwalls.
 

6. Provide appropriate debris control devices to prevent clogging. 

7. Provide appropriate outlets and endwalls. 

S. Perform required periodic maintenance services. 

Their careful consideration in the design, construction, and operatio_ of all roads, 

particularly those In developing regions, is certain to pay off in reduced long­

term road costs. 
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An excellent reference on the subject is California Culvert Practice (see 

but it should be supplemented by consideration of opportunitiesbibliography), 


planned level of road service.
for keeping costs in line with the 

for culverts is described in Pritchett's
An approach to minimizing initial costs 

Application of the Principles of Engineering Economy to the Selection of Highway 

He maintains that the high standards advocated by theCulverts (Ref. 25). 

California Division of Highways are not necessarily applicable to rural, low-volume 

roads. The problem of determining the trade-off between smaller culverts with 

culverts with less flooding is discussedpredictable flooding and higher-standard 

therein. 

One should also observe that culverts can be designed in many sizes and shapes 

often a tendency to sterotype cul­to conform to natural surroundings. There is 

a limited set of patterns. The result is a lack of flexibilityvert design around 

and originality in design that can be excessively costly. This subject is 

in the U.S. Forest Service publication, Drainage Practiceespecially well treated 

31). The Handbook of Steel Drainage and Highwayin the California Region (Ref. 

1967 by the American Iron and Steel Institute,Construction Products, published in 

is an excellent reference for steel culvert pipe (Ref. 2).
 

that concrete and steel culvert pipe lend themselvesIt should be mentioned 

though such production mayto Mass production within developing economies. Even 

not reduce road costs, it may be desirable as a contribution to overall develop­

ment objectives.
 

Short-bridge costs can be reduced by standardized designs, utilizing a maximum 

of local materials. Figs. 4 through T of the above mentioned U.S. Forest Service 

Drainage Practice in the California Region present acme basic designs of short 

contain numerousbridges. Additionally, the following U.S. Army reference manuals 

examples of standard abutments, piers, and superstructures for heavy military 
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bridging whIch could be adapted for less heavy civilian requirements: 

(1) m 5-302,Construction in the Theater of Operations, October 

1958, change 1, pp. 824-876.30. 

(2) 	 TM 5-303 Bills of Materials and Equipment of the Engineering Func­

tional Components System, July 1960, change 6, pp. 715-859.
 

It should be observed that cross-drainage facilities of short total span -- 20 

ft and under - should usually be designed for two-way traffic. I.. justification 

for this conclusion will be found in the attached paper, The Economics of One-Way 

Briditint,
 

11. 	Fords
 

Traditionally, natural fords have been employed as stream crossing sites. In the. 

days of horses and foot traffic, one could tolerate fording depths up to 40 in. (1 

126 netei) and more. The present day motor vehicle is restricted to shallower depths, 

however. Medium trucks should not ford depths over 24 in., and fording depths for 

other vehicle sizes should be adjusted accordingly. Due to restricted fording depths, 

and to rnadvay surface requirements, most of today's fords are improved. 

It 	is recommended that fords be considered only for the following situations:
 

1. 	Roads in arid regions where flooding in stream beds is infrequent 

and 	of short duration.
 

2. 	Links in a network for which bypasses are available during periods
 

of unfordable depths.
 

3. 	Very short crossings, sometimes called "dips," where water depth 

will seldom exceed fordable limits. 

Use of fords in any other situation runs the risk of creating uneconomical 

delays. Any improved ford is susceptible to damage and washout. In fact, one 

should never install fords with the idea of permanency. 

Table I present some cost estimates for several types of ford construction. 

Roadway widths are 20 ft, and amounts of capital and labor are measured per unit 

http:824-876.30
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length. Culverted fords 3 are designed with pipe diameters of at least 24 in. in 

order to avoid clogging. The Gabion wall ford (type 2, Table 1) is constructed 

with rock-filled, wire-mesh baskets called Gabions. These devices can also be 

used for bridge piers, abutments, and wing walls. See Fig. 1A for more details. 

71g.1 is a comparison of various representative fords to a timber bridge in 

term of the present value of construction and replacements costs over a 20-year 

period. In this comparison, It is anticipated that the life of a ford (5 years) 

would be half the life of a timber bridge (10 years). The comparison favors the 

ford, but does not consider the cost of delay and additional vehicle maintenance 

in each caseassociated with a ford. Both of these costs should be considered 

where a ford is proposed. 

When fords and dips are used in a road system, the following points should 

be considered for cost saving: 


1. 	 Construct them flush with the stream bed In areas of high stream 

velocity to minimize washout. 

2. 	 Keep design standards at a bare minimum and avoid "permanent" 

structures. 

3. 	 Consider simple techniques such as Gabion construction. 

4. 	 For culverted fords, use large enough diameter pipe to prevent 

clogging by debris, sediment, or rocks.
 

5. 	Make maximum use of local materials (sand, aggregate, rocks).
 

A useful reference for short fords (dips) is the U. S. Forest Service pamphlet, 

Drainage Practice in the California Region, Figs. 18, 19, and 20 (Ref. 31) 

I1. Ferries 

A ferry, being a vehicle, differs considerably in characteristics from other
 

3 A submergible causeway designed with culverts for cross-drainage during periods 
of low flow.
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are We shall define a fety as any floating device thatfacilities we examining. 

two terminal points of a road netwo,k interrupted by a wateroperates between 

barrier. 

Ferries raise the following considertions. first, they should normally be 

considered only for crossing sites that are navigable year-round. Second, the 

system for sites withneed for terminal facilities makes it difficult to design a 

in water level and widths. Third, ferries have greatlylarge seasonal fluctuations 

reduced capacities compared to continuous roadway devices, such as bridges and 

necessitate delayed crossing of vehicles and passengers.fords. Fourth, ferries 

The average delay per vehicle per crossing will be one-half the ferry cycle time. 

Fifth, ferries require continuous labor expenses that become significant in present­

value calculations.
 

and the associated cost information.
Table 2 outlines some typical ferry types 

The Bailey U4 Uniflote ferries deserve particular mentior. These ferries are 

modular-assembly vessels, whose lbuildi,,8 blocks" are basic Bailey Uniflote com­

ponents, marketed by Acrow Corporation of America, 231 Washington Avenue, Carlstadt, 

New Jersey, The following characteristics make them particularly suited to the 

needs of diveloping countries: 

1. Easily transportable. 

2. Minimum terminal requirements. 

3. Zanily maintainable.
 

4. Relatively low cost.
 

5#. Simple assembly by unskilled labor.
 

helpful to convert the various recurring costsIn comparing ferry costs, It is 

to present values so that they may be summed. Total cost then becomes: 

Tbtal Ferry Cost - Co + C (maint) + C (Labor) + C (power) (1)
 

where,
 



Text 7Compendium 4 

vII-T 

in initial ferry and terminal cost*C0 


C (saint) in maintenance cost less engine repairs,
 

C (labor) is labor cost,
 

C (pRer) is cost of fuel, lubricants, and engine repairs. 

Once the design and selection of equipment for a given crossing are determined, 

all of the cost elements except C(power) are essentialy fixed. C (power) on the 

other hands vill vary with traffic. However the variance of C (pover) caused by 

changes in traffic flow considered in this paper is minimal. 

Fig. 2 compares ferry costs and float-bridge costs, in present value terms, 

that the float bridge is un­as functions of the crossing gap. One can see 


400 ft.
questionably cheaper for distances less than 

At any distance, however, the ferry necessitates an average delay per vehicle
 

equal to half the cycle time of the ferry. This delay cost is likely to be sub-

stantial enough to call for its inclusion as an additional element in total cost 

It can be computed in the following manner:
comparisons. 


(2)
Ferry cycle time a 2(d/s + k) 


where,
 

d =.width of crossing site in feet,
 

a aaverage speed of ferry in fpm,
 

k aaverage terminal time of ferry in minutes.
 

Average delay per vehicle a 1/2 ferry cycle time 464 k. 

Total delay per hour a a(d/s + k) 

where, 

arrival rate for both directions, assuming equala u constant average 

flow in each direction.
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Assuming 12 hours of operation per day:
 

Total annual delay a a(d/s + k) x 12 hrs/day x 365 days/yr (5) 

Annual delay cost - (vehicle delay cost/hr) ct(d/s + k) 12 x 365 (6) 

If we specify conctant values for vahicle delay cost per hr, and a and k 

in equation (6), then annual delay costs are linear with respect to d , for each 

value we essign to nl 

Rather obviously, the foregoing relations hold only as long as a is less 

than the maximum service rate of the ferry. Otherwise delays will be infinite. 

The maximu serv.ce rate, counting in both direction, and expressing the result 

in vehicles per hour, develops from equation (2) and the vehiculat capacity rf the
 

vessel as:
 

Max. Service Rate,vph (vessel capacity) ( -0 (7) 

Using equation (6), delay costs in present vaue terms were calculated for a 

Uniflote Type C ferry of 6-vehicle capacity, using several values of a . The 

results are shown in App. E. In Fig. 3 these costs are compared, as a function 

of ferry distance, with the Bailey float bridge, which is a reasonable alternative 

4
 
in most situations. 


From the information in Fig. 3, the feasible domain of the ferry as a function
 

of both crossing distance and traffic volume is determined, as shown in Fig. 4. To
 

avoid the infinite delays associated with a traffic intensity (degree of saturation)
 

of 1, the feasible limits of the ferry have been arbitrarily drawn so that the degree
 

of saturation will never exceed 0.9. Also shown are average delays per vehicle
 

from equation (3). These are purely a function of the crossing distance because it
 

has been assumed that s and t are constant.
 

14

Navigation requirements may restrict the use of float bridging. However, Bailey
 
float bridging can be elevated between bays to allow passage of limited size vessels.
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a one-way structure and mstIt 	 must be pointed out that the float bridge t 

also experience some delay 	cost. For extremely low volume of traffic, however, 

this cost is not of great 	significance, as demonstrated in the paper, The Economics 

of 	One-Way Bridging, which accompanies this report. 

costsPoints deserving special cnnsideration with regard to keepin8 down the 

of 	ferries are: 

1. 	 Terminal facilities can be simplified to the bare minimum required 

to load and unload. 

2. 	 A vehicle that does not require terminal facilities, such as an ait­

cushion vehicle, ACV, may 	 be usable. This vehicle would also be useful 

obstacles subject to considerable 'ariationon 	crossings having water 

of 	water level and width. 

applicable. They are particularly useful3. 	 Uniflote ferry systems may be 

for one-time rafting operations to mve heavy machinery or construction 

equipment. 

the 	U. S. Army DI 5-210,One of the few references on rafting techniques is 

Nllita y Floating Bridge Dquipment (Ref. 1O). It describes all of the available 

military rafting equipment which is usually constructed from floating bridge 

components. 

IV. Float Bridges 

Float bridges are usually a temporary masns of crossing a water barrier. A 

be defined as a bridge which has the superstructure on floatingfloat bridge can 

the form of the IceIntermediate supports. A natural floating bridge exists in 

bridge, in which the entire structure floats on the surface. In many less-developed 

of crossingareas of extreme latitude, ice bridges are a cheap and practical means 


water barriers in the winter months.
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Most float bridging is prefabricated in standard design for military purposes. 

Cost is almost purely a function of length for each design. The variation in costs 

arise from differing anchorage requirements due to tidal action or stream velocity. 

VirtualUy all existing float bridging is single lane. Table 3 lists types of 

available float bridging with potential for use in developing regions. Each type 

listed can be constructed by unskilled labor, but supplemental equipment is needed 

to assemble types 3 and 4. 

Fig. 5 gives an idea how Zlxe costs of various types compare for various lengths, 

indicating that the Bailey float bridge is considerably less expensive than other 

types. Fig. 4, as previously discussed, shows conditions under vhich P ferry is 

more economical than a float bridge. 

Float bridges should be employed only in the following situmtions: 

where a raft or ferry is not 
1. 	 Sites that re,Luire temporary bridging, 


economically or technically feasible.
 

2. 	 Sites with difficult bottom conditions that make fixed bridging 

uneconomical. 

When float bridging is being considered, delay costs to any existing or pro­

posed water traffic aust be evaluated and included with the cost of the bridge. 

Opportunities for cost reduction in float bridges are practically nil, except 

by giving careful attention to the design of the anchorage system. Here, the im­

portant consideration is to provide an anchorage system that will prevent the high 

cost of loss of the bridge. 

The 	following references on floating bridges will be useful: 

1. 	 U. S. Army, T4 5-210, Militar Floating Bridge Equipent, August 

1965 (Ref. 10). 

2. 	 Thomas Storey (Engineers, Ltd.) The Bailey and Uniflote Handbook, 

pp. 234-246 (Ref. 30). 
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V. 	 Fixed Bridies 

lixed bridges are composed of three main elements: (1) superstructure, 

(2) substructure, and (3) decking. Fixed bridges differ from float bridge& by 

having substructures (piers and abutments) that are fixed in place. In this dis­

cussion fixed bridges are divided into three types: (1) prefab-icated, (2) standard, 

and (3) non-standard. 

Prefabricated Fixed Bridges
 

Prefabricated fixed bridges are defined as semipermanent bridgem constructed 

from 	interchangeable component parts, principally the superstructure parts, although
 

some pier assemblies are available. Many of these bridges are hand-erectable, and 

virtually all can be assembled by unskilled labor. Host have military origins, 

but there are numerous examples of civilian applications. 

Standard fixed bridges have the following unique characteristics: 

1) All are steel or alumnum. 

2) Most are single-lane. 

3) Component parts allow flexible design of span lengths and live-load 

limits. 

4) Assembly tine is rapid. 

5) an-hours for construction are low. 

6) Unskilled labor can do all the construction with a minimum of 

skilled supervision. 

7) Design and engineering costs are held to an absolute minimum. 

8) Salvage value is usually considerable. 

Table 	 4 is a list of currently available standard fixed bridges, with references, 

cost 	data, and important characteristics included. With the exception of the first 

three 	entries, all of these bridges are currently in the U. S. military supply system.
 

Should any be declared surplus, they would have potential application in developing 
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countries for railway and highway projects. This discussion, however, is limited 

to the first three bridge types, which are commercially available. 

A Bridge is a 2-lane, Warren truss bridge developed by Thomas Storey (Engi­

neers) Ltd., England, for Acrov Corporation of America. It is a unit-construction 

design, suitable for permanent or temporary use. It is assembled in 30 ft sections, 

up to 300 ft clear span for AASHO B-20 loading. The bridge can be assembled by un­

skilled labor, using two 6-ton cranes. 

The Eiffel Bridge is a 1-lane, semipermanent steel truss bridge, manufactured 

in France. It has been extensively used in former French colnial areas of South­

east Asia and Africa. It is hand-erectable by unskilled labor but is somewhat more 

difficult to construct than the Bailey bridge. Seventeen types of Eiffel bridges 

exist, the three most common ones being: 2 RES, 2 REL, 3 NES. See reference 26 

for more details.
134
 

The Bailey Bridge is a component assembly, hand-erectable, steel-truss girder 

bridge. It was developed by Sir Thomas Bkiley in Engla.d for use in World War II. 

Since that time the bridge components have found a wide range of civilian application,
 

not restricted to bridging. Practically any form of bridge (an be constructed with
 

balley components: truss girder (through or deck design), arch, suspension, lift
 

bridge, float bridge and pier assemblies. Two references describe the uses in
 

detail: 

1. Thomas Storey (Edgineers) Ltd. The Bailey and Uniflote Handbook, 1968.
 

2. Dept. of the Army, THS-277, Bailey Bridge, August 1966.
 

Bailey Bridges can be built in four widths by changing the transoms and sway
 

bracing. The cost of the greatest width. Double Wide Bailey, is more than twice
 

the cost of two standard Widened Bailey Bridges. For this reason, and Lhe fact that
 
5areas,

(one-lane) bridging seems to have wide application for developingone-way 

5 
See supplemental paper, The Economics of One-Way Bridging.
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it Is 	 recommended that the single-lane Bailey Bridge be used. It is available in 

three 	sizes:
 

TB oadvay Width Truss Clearance
 

Standard 10#9" 12tI"
 

Standard Widened 12'6" 14 13"
 

13'9" 
 15'8"Extra 	Wide 

The popularity of the Bailey Bridge is attested by the fact that more tonnage 

beenvas manufactured in 1968 than in all of World War III The bridge has recently 

p .rchased in significant quantities by Panama and Peru. It is expected that it 

will be extensively used in the Alaskan North slope. 

The high cost of prefabricated fixed bridges may be Justified in certain
 

developing areas for the following reasons:
 

1. 	 Local, unskilled labor can be utilized. 

2. 	 Low engineering and design costs may be achieved. 

3. 	 High salvage values may be realized. 

4. 	 Great flexibility may be attained, including "leapfrogging" prefabricated 

bridges into wilderness areas through replacement by permanent structures 

at specified staging intervals. 

Disadvantages Of prefabricated fixed bridges include: 

1. 	 High initial cost. 

2. 	 High transportation costs to interior sites.
 

Thus prefabricated bridging appears to be suited for use in the following situations:
 

1. 	 Bridge programs where speed of assembly is important (flood relief, 

special government civil works projects.) 

2. 	Planned brid3 programs which look forward to later replacement with
 

permanent bridging in more developed areas.
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3. Situations where the cost of skilled labor ts prohibitive, or
 

where skilled labor is unavailable.
 

seasonal flooding requires brir"Sing to4. 	 Situations where devere 

be 	removed at these times.
 

is 	 required. (Construction5. 	 Situations where only temporary bridging 


projects, military maneuvevs).
 

NOTE: It is recommended that deck design be considered for all but the most 

This procedure will minimize 
temporary installations of prefabricated bridging. 

width restrictions on these structures by placing the trusses under 
the roadway and
 

out of the way of overhanging loads, tnd extra-wide vehicles.
 

Standardized Fixed Bridges
 

follow predesigned standards and 
Standardized fixed bridges are bridges that 

almost to the detail. Most short bridges, trestles, and many medium­
specifications, 

are
length bridges fit this category. Too often, packages of standard designs 

Of course,
assembled ad hoc by road planners, without careful economic analysis. 


virtually every bridge design borrows ideas from established designs, but the present
 

to 	bridges that are essentially a carbon copy of existing
discussion is confined 

bridges. 

no surprise that bridges for one geographical area are notIt 	 should come as 

Likewise, bridges for one given set of traffic
necessarily suitable for another. 

conditions (traffic volumes, vehicle sizes and weights, etc.) 
may not be suitable 

for another route with difference conditions. The point is simply that over­

can be uneconomical in many cases. This 
reliance on a set of standard bridge designs 

areas and capital-scarce economies, in whichis especially true for developing 

developed regions may be quite inappropriate.the designs used by more 

On the other hand, there may be opportunities for significant cost saving by 

Certainly there is a
standardizing a hitherto laissez-faire bridge design policy. 
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trade-off between 	over-standardization and under-standardization that should be 

to achieve least long-run costs in a particular region.carefully studied 

Following are some detailed references on standardized bridge designs, includ­

ing both substructures and superstructures: 

1. Dept. of the Army, TM5-286, Semipermanent Highway and Railway Trestle 

Brides, April 1945.
 

2. 	 Dept. of the Army, TH5-303, Bills of Materials and Equipment oZ the 

_ingineer Functional Components System, changes 1 - 7. 

3. 	 Dept. of the Army, 15-302, Construction in the Theater of Operations ,Z 

changes 1-2. 

Non-Standard 	Fixed Bridges 

a specific site. The finalNon-standard fixed bridges are those designed for 

design will be influenced by the following factors: (1) approaches, (2) water 

characteristics, (3) bottom conditions, (4)distance, (5) on-site materials, (6) 

cost of alternative materials, and (7) navigation requirements. Design of non­

standard fixed bridging should be undertaken only by qualified and competent 

structural engineers. Waddell's Bridge Engineering (Ref. 33) and Robinson's 

Piers; Abutments and Formvork for Bridges (Ref. 26) are references for basic 

principles of design which can lead to economies. A good rule-of-thumb is that 

.theminimum cost 	design is achieved when:
 

Cost 	of substructure = Cost of superstructure (less the decking) 6 

Thus, it is evident that, as bridge height increases, span length must increase. 

Furthermore, it has been estimated that: 
7
 

Cost of bridge/ft 	: 10 x cost of paved approaches/ft


6 Reference 31, p. 1188
 

Reference 23, p. 1214
 

1 
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The latter relationship Indicates that one can often reduce initial costs by
 

to shorten the 	required bridge. It is Important, however,lengthening approaches 

to Include delay costs in present value comparisons of alternative plans which affect
 

approaches. 

impossible to estimate,Cost functions for non-standard bridges are almost 

timber pile trestle. As a result, comparisonsexcept for low-water bridges such as a 

to the site, but may be brokenof alternatives must be undertaken on a basis suitable 


down into six types:
 

Type 1. 	 Comparison of costs using different types of construction. 

Type 2. 	 Comparison of a bridge with a ford (for seasonally fordable 

rivers.) 

Type 3. 	 Comparison of a bridge with a ferry (for unfordable navigable 

rivers). 

Type 4. 	 Comparison of a high bridge and a submersible bridge. 

Type 5. 	 Comparison of a short bridge with long approaches and a 

long bridge with short approaches. 

Type 6. 	 Comparison of one-way and two-way bridges 

So far, we have 	discussed types 2, 3, and 5. 

an attempt to provide a crude approach for type 1 comparisons.Table 5 	is 

Haterials are listed in the order of logical consideration to achieve minimum
 

capital expense. Reference sources are provided for those who wish to investigate 

the subject in detail.
 

Type 4 comparisons are described in reference 21. This reference also contains
 

some designs for submersible bridges. The conclusion of the author is that sub­

mersible bridges are relatively uneconomical, except for bridges over 200 ft long 

on unimportant routes when the cost of a submersible design Is 60 per cent or less 

IDQ
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of the high-bridge alternative. As this event is unlikely, we conclude that sub­

merged bridges are seldcm an attractive design alternative.
 

Type 6 comparisons are comon for prefabricated and standard fixed bridges but
 

fully 	in the attachedare rare for non-standard designs. The subject is covered 

paper, The Economics of One-Way Bridging. 

Cost reduction in the design of non-standard bridging can be achieved in the 

following ways:
 

1. 	 Maximize use of local materials, especially where the cost of capital
 

is high (high discount rates).
 

2. 	 Lengthen approaches to reduce bridge length.
 

3. 	 Avoid overdesign for unnecessarily high speed limits or excessive
 

live-load limits. This is especially applicable to bridges in developing
 

regions. 


in initial engineering costs (design. founda-
I. 	 Beware of cutting corners 


tion tests); corner cutting can too often result in a costly over-design
 

or a 	wasteful bridge failure.
 

VI. 	An Example of Staged Development
 

Historically, initial stream cressing methods, and subsequent upgrading of
 

The State of California offers
facilities, have followed a predictable pattern. 


one of the best examples in modern history of staged development of stream
 

8

crossing techniques. In 1850 there were essentially no bridges of any con­

on sequence in the new state. The fast-growing horse and wagon traffic relied 

fords and ferries. A century later, 30,000 bridges had been built of every size 

and description. 

8 Panhorst,"Century of Bridge Progress", California Highways and Public Works, 

p. li. 

I 
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Fords were simply natural sites which allowed pastiage of man or beast with 

head above water. Ferries were initially crude devices, unpowered and propelled 

after the Gold Rush, powered ferriesby current or manpower. However, very soon 

were comma in San Francisco Bay and along the Sacramento River. 

Bridges followed a predictable pattern of development. The initial bridges 

were crude str4ctures of log or timbers. Truss designs were limited to, (1) A­

frame, (2) kng or queen post designs. Trestle designs were also tried, but 

many were unruited for the hazards of a water crossing. Indeed many initial 

over economical con­bridges of tvery type of design failed because of hasty, 

used, but they werest'ruction. Bon more elaborate timber trusses were 


econcical or.li because of the huge supply 
of natural timber in the Mother Lode 

country. More noteworthy was the use of suspension bridges on a fairly large 

cost. Some of these suspension bridgesscale to achieve longer spans at least 

still standing in 1950. Steel bridging did not come into widespread usewere 

until after the arrival of the railroads, which could deliver steel bridge at 

a price competitive with local materials. Until the 1870's, most of the sig­

nificant bridges in the state were private toll facilities. Stone masonry arch 

bridges were apparently not constructed until the latter part of the century due 

(2) desire for permanent bridges. Other in­to, (1) availability of stonemasons, 

advance­provements in California bridge design closely paralleled the technical 

ments of the turn-of-the-century with respect to steel and concrete.
 

VII. 

This report has tried to relate the importance of proper design of cross 

drainage and water crossing facilities to the need for cost reduction of roads in 

developing areas. We have considered culverts, fords, ferries, float bridges, 

submergible bridges, prefabricated fixed bridges, and standard and non-standard 

fixed bridges. In most cases, the cost comparisons of alternative facilities 

have been in present value terms. This has provided a reasonably accurate view 

of long terms costs. Little mention has been made of maintenance for 2 reasons: 
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1. 	 Expected lives of facilities for present value calculations are 

adjusted 	to absorb nornal maintenance costs. 

structures are only a smLl2. 	 Naintenance costs for adequately designed 

Ferries are an exception and expected
proportion of invested capital. 


all cost data.maintenance costs have been included in 

that 	of bridge specifications. ThisA second subject that has been avoided Is 

for cost saving. The point requiringis an important subject with respect to design 

emphasis, however, is that the specifications for bridge design (live load limits, 

lateral and vertical clearances, approaches) are a function of the vehicles which 

subject deserving separate attention, although some use the bridge. This is a 


with vehicles.
mention is made in Chapter VIII dealing 

is Chapter VI, The Economics of One-WayAn Important addendum to this subject 

Bridging. 


VIII. Conclusions
 

The following general conclusions seen to 	be warranted: 

1. 	 Culverts and short bridges account for a significant proportion of
 

initial and long-term roadway system costs. Most cost savings will 

be preventive: adequate initial design and construction will prevent
 

costly delays, repairs, and replacements. 

2 	 Fords and ferries are at best suited only for the initial stage in 

provision of stream crossing facilities, to be replaced by bridges 

in later stages of development. Exceptions would be ferry sites 

vhere bridge costs are prohibitive, and fords in arid climates or 

where 	bypasses are available.
 

Ferry costs (present value) for short and 	medium crossings in most3. 

cues are far in excess of bridge costs. This is true even when the 

cost of labor is relatively low. 

141 
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. Submerged bridges have little, or no potential for cost saving over 

conventional high bridges. (See Ref. 21). 

5. 	 Float bridging is limited to temporary purposes, or specialized use 

on rivers without major water traffic. Cost of float bridging is 

very 	high. 

6. Prefabricated bridging components, for example the Dailey Bridge 

and Uniflote, seem to have valuable characteristics for use in developing 

regions, in spite of the high initial cost and exported capital. 

7. 	 Standardized bridging has conflicting potentials for significantly 

increasing or lowering costs, potentials which deserve careful study 

in relation to conditions in each region. 

IX. 	Recommendations 

It seems advisable to do more research into the proper design specifica­142 1) 

tions of initial bridging for penetration roads and low-volume roads in 

developing regions. These specifications (live load limits, clear­

ances, approaches) must be related to the vehicles which use the brid&e. 

has the propertyPrefabricated bridging, in particular the Bailey Bridge, 


of in-place staging of allowable loads simply by adding more panels and
 

reinforcement chords, or by adding a parallel bridge.
 

2) 	 Guidelines should be established for the choosing of a ford, ferry or 

bridge at specific sites of a penetration or low volume road. This set 

of guidelines can assist planners in cost reduction. These guidelines 

should consider both present value comparisons and stream-of-cost com­

parisons of fords, ferries and bridges. This information will assist 

planners to meet staging objectives for water crossings, in establishing 

and 	upgrading low volume penetration roads. 
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APEDIX A 

2-w LON TIMBER BIDGE 

the Engineer FunctionalNSference: 	 See ills of Materials and Equipment of 

cownen8t Systez. TM 5-303
 

Vidth: 241
 

Span Length: 20' (Maximum bending moment for 14', 50 ton maximm bending
 
moment for 20', 20 ton).
 

Useful Life: 	 10 years for wooden bridge and pie
 

20 years for abutments
 

Cost Data (20 yr, frsant Value, 10Z, 1969 $): 

2 aa. Abutmentslrated approaches (zero-intercept) got. $2,000 

no. 85202, p. 653 $19782Superscructure I facility 

Superstructure, 10 yr. replacement 67 

Timber pile pier2 , facility no. 651062, p. 716 668 

334Timber pile pier, 10 yr. replacement 

$3,671Total cost per 	 20' span (slope) 

1. 	 Estimated cost of materials in reference are increased 25Z for
 

per am-hour.
Inflation. 	 Labor cost is included and is $ .75 

2. Cost of 20 ton, double lea pier approximates cost of single 

lae 50 too pier. 
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FORD MST 15TZS4T18 

Iaference: See Table 1, Fords 

Vidth: 20 fet 

Useful Life: 5 7ears for .1 types 

Coat Data (20 yr. Present Value, 102, 1969 *): 

Pl iln 

Goblon 

11aterial Cast, 100 a $1,000 

Labor Cost', 100 a 1.875 

Sub total $2,875 

Isplacemnt Cost far 5. 10, 15 years. 

(subtotal x 1.2457) $3,585 

?resent Value/GO0 a $6,460 

I., Labor coat is $075 per rn-hour. 

2. Cost represents Cabion or concrete construction 

Text 7
 

ln 

Concrete Culverted 

$3,800 $13,500 

1.875 4,500 

$5,675 $18,000 

$7,080 $22,400 

$12,755 $40,400 

usin8 36" dia. pipe. 
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APPENDIX C 

UirWLOTE fn y COST ESTIATES 

Reference: See Table 2, Perries
 

Useful Life: 20 yosrs for all types. Operating cost includes norual
 
ulntenance costs
 

Cost Data (20 yr. Present Value, lox, 1969 $):
 

ATypo I Type C 

1) Crew sie 2 2 2 

2) Annual umn-hours 1 13,130 13,130 19,700 

2
3) Annual vage cost ($6,570) ($6,570) ($9,850) 

4) Daily operating cost $20.00 $22.50 $45.50 

5) Annual Operating cost ($7,300) ($8,220) ($16,600) 

$13,870 $14,790 $26,450 147
6) Subtotal (3+ 5) 


Present Value, 20 yrs.
 

(Subtotal x 9.640) $130,000 $138,500 $248,000 

Capital Cost 31,000 47.000 66,000 

Grand Present Value $161,000 $185,500 $314,000 

1. Assuming ferry operates 18 hr./day, from 0600 to 2400 hours. 

2. Wagse rate - $0.50 per an-hour. 

6oq
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Appendix D
 

FLOAT BAILEY
 

Description: 	 See reference 3, p. 242, "Standard Widened 
Bailey Floating Bridge
 

for 24-Ton Loads."
 

Width: 12' 6"
 

Length per bay: 92'
 

Useful life: 20 years
 

Cost Data' (Present value, 10%, 1969 $):
 

eat. 
Landing bays 	/ Landing bay piers (zero intercept) 

$ 5.000 


Cost par bay (slope):
 

$15,800

2 ea. triflotes 

1,630
2 ea. endscove 

500 
Anchorage 


16,900
90' double-single, standard widened 


1,580
Decking, wooden 


Decking, 10 year replacement 670 

Labor costs (700 man-hours, $ .50 per hour) 350 

$37.430

Total cost per bay (slope) 


Figures reflect 1 January 1969 U. S. retail prices, F.O.B. USA Port of Entry, 

Price lst supplied by Acrow Corporation of America, 231
 Duty Paid. 

Washington Avenue, Carlstadt, New Jersey.
 

ID 
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Appendix E
 
PRESENT VALUE OF FERRY DELAY 

Type of Ferry: Uniflote Raft, Type C, 6 vehicle capacity. 

Average Speed, a: 440 fpm (5 mph) 

Average Terminal Tim, K: 5 minutes 

Value of Tim Lost: $0.50 per vehicle-hour. 

Cost Data (20 yr. present value, 1OZ, 1969 $). 

d - 200' 

1) d/m 0.445 


2) d/a + K (Ave. delay per veh.) 5.445 

3) ferries per hour 11.0 


4) peak load capacity 66 vph 

Computation for a - 10 vph
 

5) veh. delay per hour 54.45 min 


6) hrs. of veh. delay per year* 3,970 


7) annual delay cost $1,985 


8) 20 yr.. present value
 
9.35 x annual delay coat $18,600 


9) 20 yr. present value for a a 20 vph $37,200 

10) 20 yr. present value for a - 30 vph $55,800 

11) 20 yr. present value for a - 40 vph $74,500 

12) 20 yr. present value for a - 50 vph $93,000 

Assuming 12-hour per day operation at constant traffic flov. 

times vould be at much reduced volumes. 

Text 7
 

1,000' 

2.25
 

7.25
 

8.28 

50 vp1 

72.5 min
 

5,280 149
 

$2,660
 

$24,800
 

$49,600
 

$74,400
 

$98,200
 

$124,000
 

Service at other 

III 
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COMPARISON OF FORD AND 

LOW BRIDGE COSTS 

Discount Rate - 10%
 
Planning Period - 20 Years
 
Labor Cost - $.75 Per Man-Hr.
 

000, 

0 - ".0001 : 

CI 

150 a 

poifl2 -~ VlifeC 

vO pai'ford Gobion 

Fig. I Length of Structure Ft. 
Soo fig. A for more details oboust the gobion ford. 
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Fig. lA 

LOW WATER BRIDGES OR FORDS 
It oftesn becomes necessary to install a permanent, light traffic, low water bridge or ford 
on access roadways in fore or farmland areas. Normal scour action, increased during 
periods of flood and swift rc soriginally necessitated a high cost installation for a 
peimanent structure. 

The use of Maccafcrri gabions, however. has made permanent low cost structures of this 
type possible. 

USEFUL HINTS: 
I, 	 The Maccaferri gabion structure adds the feature of harmony because it blends with tOe 

sauounding natural beauty. 
2. A properly installed gabion ford will require little or no maintenance year after year. 

If the walls of the structure are built on instead of hellow the existing stream bed. the 
additional requirement o( a gabion apron must be incorporated. 

151 
.	 i-. 

felt 	 1 . 6 

"A.41 LM w ater bridag e In feii- bilad 
laal land was built with gabiant andgravel. 
Pamearlis - AwY at time of hgh water. -L""' """ p" '*' 

ft 478 - ess-sliof proect. j: it'd'p 

Eatracted from, Moccalerri Gobeaons Technical Handbook 
Mocceferri Gabiansat Americo Inc. 
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PRESENT VALUE COMPARISONS OF 

FERRY AND FLOAT BRIDGE COSTS 

Uniflote Ferry. Tvae E (capacityum=0VPH) APpendix C 

Discount Rate - i0X 
Planning Period - 20 yrs. 
Labor Cost - $.75 Per Man-HrConstruction 

$.50 Per Man-Hr, Operation 

UniflotFerry, Type C (capacity e 60VPH) ndix C 

Uniflote Forry, Type A JcaCit&a 40 VZ PPendix C 

-

00 

Fi , 

~~2h 

lG 200 300 4OO 3i0 

Fig. 2 Crossing Gop . 

IFt
 



Compendium 4 Text 7
 

0411104 Mull IOW1 OF UNIKftl "Ill C M 

AS'IL WODW- OP LAV COST INCQU046. 

060 pg.. 

LIMITS OF FEASIILITY FOR NIROTE TYNE C 

FERRY AND AI.EY FLOAT IDGE 13 

Il lurn 
i4. 

Fig.'4 
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OF FLOAT BRIDGE COSTSCOMPARISON 

Note: All bridges equal, 

or exceed, 20 ton 
capacity for vehicles 

of at least 3 axles. 

300 

F ..eU0 o 

Fig. 5 Bridge Length Ft. 
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Roodway bemy Culvert Naslmae Required Naterial/Metor Coot of UMa-ore. oma-ars. spaected Material 

Width Maiht Size lfly Rate of Laeegr Material Per Per K useful coot per 
ft/a ft/r /so For N (Uo Equip) Equip. (U/Equip.) Ufe O3/ear/N 

I) Natural lord 20/6.1 0 bonm 20 	 Variable aou t of se-alte se S blldozer 0.5 6 n.-1 yr boom 
material 

2) 	 Cables Fordts 20/6.1 1.6/0.5 None 20 2.6 yd
3 

of rock-filled Sabioe $ 10.00 25 bulldoser 5.5 5 yr $0.50 

Gravel Center yd3 of river-run fill 

3 

3) - 20/6.1 3.25/1.0 24 37 2.6 yd 3 of rock-filled Sables $130.00 25 alldoger 12 5 yr $3.52
 

6 yd of rLver-run fill
 
27 ft of steel culvert pipe
 

3 

6) . - 20/6.1 5.011.55 36 49 	 3.5 yd3 of rock-filled gable. $130.00 60 Bulldozer 20 5 yr $2.65 

10 yd of river-run fill Preatloeder 
13.5 ft of steel culvert pipe 	 Dump Trucks
 

3 
5) Concrete Ford. 20/6.1 2.0/0.51 Noea 20 1.5 yd of concrete $ 38.00 25 3ulldoter 8 5-10 yr $1.90 

3 

6" Shell 	 468 yd of river-run fill Coecrste­

26. 40 wire mob reinforce- mixer 
Met 

6) - 2016.1 3.25/1.0 24 37 	 1.6 yd3 of concrata $142.00 25 bulldozer 10 5-10 yr $3. 
6.0 yd of fill 	 Concrete­
30' u 4' wire wash reinforce- mcer 
set 
22 ft of steel culvert pipe 

7) c 2016.1 5.0/1.55 36 49 	 1.8 y73 of concrete $143.00 60 bulldozer 15 5-10 yr $2.92 
10 yd of fill Frostloeder 
341 u 4 wirto mb V4= Trucks 
11 ft of ateel culvert pipe Kizer 

8) C 20/6.1 7.512.3 54 55 	 1.9 yj3 of concrete $200.00 Impractical (Sam a 20 5-10 yr 
19 yd of fill above) 
40 	 - 4' wire mash 
9.5 ft of steel culvert pipe 

NeziJ m flw rate for fordable conditim is estimated to be oe 	foot depth. 6 feet per aat velocity. 

tnaccafarri Gabons of America. Inc.. 55 ast 42nd Street, Nse York. Now York. 
See Fipare Ia for more details. 
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?RLl 3 - Ma BULD (20-131. 3-AlU., SAFE lAD LDW ) 

Mai-	 Hes-Bra 
Legth odmay am Cost Per say Man-Kra I&lnt. 
of lay Pontoons Uidth Current Phterial Per (No Equip- Par Day Crew 

Deck Poatoon ft/E Pr lay ft/n fps Pr lay say E4uip) neat (v/equip) Sie Deference 

1) 	 Lieht Tactical Aluni- Aluni- 12/3.7 1 9/2.8 5 2,735 lbe $11.000 6 Crane. 4 2 IN 5-210 
grid&*, U. S. num Run per bay Bridge 
Army plum most 

anchorage 

2) 	 M4 Float Bridge AluaL- Alusi- 30/9.1 1 13/4.0 7 8,700 lbs $23,000 35 Crane, 30 4. T 5-210 
U. 	S. Army nun oun per bay Bridge
 

plus Boat
 
anchorage 

3) 	 M 4T6 Float Aluni- Inflst- 3019.1 1 10.2/3.1 7 7,000 lbe $22,000 In- Crane, 30 A TN 5-210 
Bridge nun able per bay practi- Air 
U. 	 S. Army plus Cal Compreeor
 

anchorage Bridge
 
Boat 

4) Bailey Bridge Bailey. Tri- 92/28.1 2 10.75/3.3 7 51 tons of $35,100 In- Crane, 360 2 The Bailey 

an Uniflotas double- flote steel plus practi- Bridge and UIi­
single Fier anchorage cal Boat flote 

(steel) 	 Handbook,
 
.. 240
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Loadings 

AASRO Loadings 
The AASHO loadings have gradually increased over the 
years. From 1927 when the loading was adopted, until 
1944, the H-IS loading was used. This was a I5-ton truck 
with two,axles spaced at 14 ft (4.2 m),with 80 per cent of 

axle and i0 per cent on the front.the load on the rear 
From 1944 until 1963, the H2u-S16.44 designation was 
used, which since 1963 has been termed HS20-44. This isa 

164 	 three-axle truck with 20 tons on the two leading axles 
spaced at 14 ft (4.2 m),with the load divided 23 per cent 
and 80 per cent, followed by an additional trailing axle 
loaded with 16 tons and at a variable spacing. Certain 
tniform lane loadings art also permitted. One difficulty 
with them loads is that they represent trucks which are 
seldom if ever seen on the highway. However, experience
has shown that structures designed for these loads will suc-

cesfuily carry any of the legal loads on the state highways 
In the early 1970's. 

Foreign Loadings 

It should be noted that the AASHO loadings are much 
lighter than those used inmany foreign countries. A tabu-
lation of design loadings in the early 1970's shows the 
AASHO loadings near the bottom while those of Great 
Britain and Germany are at the top. Difect comparisons of 
design loadings of Great Britain, Germany, and France can 
be misleading because the loads applied are q'tite different. 
However, an analysis of the moment and shear effects of 
these loads will give some indication of their relative sever-
ity. It is probably a fair statement to say that the design 
loadings of Great Britmin, Germany, and France are about 
1.85 times as severe as the AASHO loadings. The differ-
ence is not so much in the individual trucks or loads as it is 
in the number or sequence of the loads. The European 
loadings anticipate trains of trucks while the AASH() load-
ing generally places only one heavy truck in each spas 

ThM difference comes in part from adifferent philosophy 
i connection with the railroads. In the United States, 
when the load becomes too heavy for the highway, it is 
carried on a railroad. In Europe. when loads become too 
heavy the railroads will reject them and then they must be 
moved on the highways. The philosophical observation can 
be made that a country will develop a loading which best 
Rits Its economy. The present loading standards in the 
United States permit loads upon the highways which are a 
compromise between greater load-carrying capacity and the 
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maintenance and safety problems which heavier trucks 
would generate. Political pressure for heavier legal loads 
can be anticipated, and a designer must ever keep this in 
mind. 

Ralroad Loadings 
The railroads have long operated under asystem 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. Many bridge design hand. 
books have tables for an E-10 loading from which the 
moments and shears under various wheels may be picked 
and used with amultiplier (E-60 =6 X E-1O). 

Earthquake Conuiderations 
There are few places in the United States entirely free from 
the threat of earthquakes. Many areas have not had aseri­
ous earthquake for some years, but the record will show 
that in the not too distant past severe earthquakes have oc. 
curred. Earthquake design involves adeep consideration of 
the philosophy of relative risk. Certain areas of the country 
have been accepted as low-risk areas while others are re. 
garded as very vulnerable to earthquakes. Designing a 
moderate earthquake resistance into a bridge is not overly 
expensive 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 earthquake. 

In high-risk areas, a reasonable philosophy must be de­
veloped. It isnot feasible to design all bridj, sto withstand, 
without damage, the maximum rigors of an earthquake 
should it happen to be in the center of the disturbance. 
However, to prevent collapse and possible loss of life, every 
effort should be made to tie the structure together so Itcan­
not pull apart and fail. Bridge failures in an earthquake are 
almost entirely failures of details and connections. 

Some specific recommendations for earthquake-resistant
design of bridges are worth noting. Bear in mu that con­
crete members rigidly attached to the ground will probably 
disintegrate under a maximum earthquake exposure. This 
completely eliminates all bond to the bars and lap splices of 
any sort become useless. Therefore to protect the icility 
of a structure and prevent its collapse, tho follov i.nea­
sures should be taken: (1) All columns :'..'hAve closely 
spaced spiral reinforcement (e.g. No. S W ;-in (1.0 cm)b... 
centers, minimum). (2) The practice of dowelk't colurrns 
into footings should be avoided (in columns less thb.: - out 
30 ft (9m) in height, the main column bars should run from 
a good anchorage in the footing to an equally good anchor­
age in the cap without any lap splices). ." Expansion joints 
should have ties across the gap which wiL yerm4 normal ex. 
pansion and contraction but '11resist any major movement. 
Similar restrainers should iio be placed in the abutments. 
Joint restrainers for earthquake forces are designed to resist 
a force equivalent to 25 per cent of the dead load of the 
lighter of the two &:,ions of superstructure terminating at 
the joint, less the shear resistance of the columns support­
ing that section. Restrainers may be large high-strength rods 
or /4-in (1.9 cm) prestressing cables which have a capacity 
of about 30 kips (IS,500 kg) per cable. The cables 
may be grouped in clusters to reduce the number of re­
strainers to about two per cell of a box girder or per span 
between T-be;ms. (4) Special attention should be given to 
adequately at :horing footings to piles. (5) If static design 
factors are used, they should range between 10 per cent G 
and 30 per cent G in an earthquake prone area. The varia­
tion depends upon the foundation material, the lower 
values being used for rock foundations and the higher values 

http:H2u-S16.44
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beis used for poor material and pile foundations. (6) 
Connecting members like footings and caps should have 
extra bars added top and bottom merely to try to keep the 

oncrete blocks intact. (7) In an earthquake area. enough 
structures should be given a dynamic analysis to pet a feel 
for the limits within which the design must fall to be safe 
dynamically. Certainly any major structure or one which 
would form an essential lifeline should be individually ana­
lyzed dynamically. 

Other Loads 
lie AASHO Specifications list all of the other loads which 

can come onto bridge structures. These an grouped to­
ipther so the designer can choose those loading combina­
tions which will apply to his structure. 

There Is a common misconception that most bridges are 
only occasionally subjected to overloads. However, a check 
with those who prant overload permits will prove startling 
to a designer. Some states Issue over 200,000 overload per­
its each year (1972), and probably most of thes over­

loads ae concentrated on a small percentage of the state's 
highways. Other states issue blanket permits each year. 
These entitle a holder to haul his overloads as often as he 
wants. As a result, some bridges find overloading more the 
rule than the exception. Overloads take their toll in ac­
celerated fatigue cracking and disintegrated deck.j Hence, 
the designer would do wel to include a considerable num­
her of overloads in his design loading. 

NOTE: This section is included to describe 

various loading criteriafor bridges. See 
Reference 9 for more detailedcomparison 
of highway bridge loading standardsfor I 
different countries. 

I------------------------------­
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Paved dip near Oaxaca, Mexico. 



Bibliography 
The following bibliography contains two sets of ref-
erences. The first set consists of a reference for each 
selected text that appeared in the preceding part of 
this compendium. The second set consists of ref-
erences to additional publications that either were 
cited in the selected texts or are closely associated 
with materia! that was presented in the Overview 
and Selected Texts. Each reference has five parts 
that are explained and illustrated below. 

(a) Reference number: This number gives the 

Bibliografia 
La siguiente bibliografia contiene dos series 
de referencias. La primera serie consiste en 
una referencia para cada texto seleccionado 
que apareci6 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 present6 en la Vista General 
y los Textos Seleccionados. Cada referencia 
tiene cinco partes que se explican e ilustran 
abajo 

(a) N6mero de referencia: Este n6mero dA 

Bibliographie 
La bibliographie qui. suit contient deux cat6.-
gories de references. La premiere categorie 
consiste en une reference pour chaque texte 
choisi qui est inclus dans la partie pr6cedente 
de ce recueil. La deuxi~me categorie contient 
des references pour des documents qui ont 

soit 66 cit6s dans les textes choiis, ou soit 
sont 6troitement associs avec des 6crits qui 

sont presentes dans I'Expos6 ou les Textes 
Choisis. Chaque ref6rence est composee de 
cinq parties qui sont expliqu6es et illustr6es 
ci-dessous 

(a) Numero de la reference: Ce numer0 

position of the reference within this particular bib­
liography. It is used in the compendium index but 
should not be used when ordering publications. 

(b) Title: This is either the title of the complete 
publication or the title of an article or section 
within a journal, report, or book. 

(c) Bibliographic data: This paragraph gives names 
of personal or organizational authors (if any), the pub­
lisher's name and location, thedate of publication, 
and the number of pages represented by the title as 
given above. In some references, the paragraph ends 

la posici6n de la referencia dentro de este 
bibliografia en particular. Se utiliza en el Indice 
del compendio pero no deberA utilizarse al 
pedir publicaciones. 

b Titulo: Este es el titulo de Ia publicaci6n 
(b)Titulo el ttulo e cci6n 

dentro ee 167una revista, informe, o libro. 

(c) Datos bibliogr~ficos: Este par~grafo dA los 
nombres de autores personales o organizacionales 
(si hay alguno), el nombredel editor y su direccion, 
la fecha de publicacion, y el numero de paginas 
representadas por el tftulo en la parte (b). En 
algunas referencias el par~grafo termina con 

indique la position de cette reference dans 
cette bibliographie. Ce numero est indiqu6 
dans I'index du recueil mais ne doitpas 6tre 
utilis6 pour les commandes de publications. 

(b)Titre: Cela indique ou le titre du livre
 

entier, ou le titre d'un article ou d'une section 
d'une revue, un rapport, ou un livre. 

(c) Donn6es bibliographiques: Ce paragraphe 
indique les noms des auteurs personnels (quand 
il y en a) ou des auteurs collectifs (organisation), 
le nom de I'6diteur et son adresse, la date de 
I'dition, et le nombre de pages qui sont in­
cluses sous le titre dans (b). Certaines 



with an order number for the publication in paren- dered, name and address of the organization from 

theses. which it isavailable are given. The order should in­
(d) Availability information: This paragraph clude all information given in parts (b) and (c) 

tells how the referenced publication is available to above. 
the reader. If the publication is out-of-print but (e) Abstract: This paragraph contains an ab­

may be consulted at a particular library, the name stract of the publication whose title was given in 
of the library isgiven. If the publication can be or-	 part (b). 

un n6mero de pedido para la publicaci6n en 	 posee una copia. (2) La publicaci6n puede 
ser pedida de la organizaci6n cuyo nombreparentesis. 

(d) Disponibilidad de la informaci6n: Este y direcci6n est~n indicados. Elpedido deberh 

par~grafo explica que la publicaci6n referen- incluir toda la informaci~n dada en las partes 

ciada estA disponible al lector en una de dos (b) y (c). 
formas como sigue. (1) La publicaci6n esta 
agotada pero puede ser consultada en la (e) Resumen. Este par~grafo es un res6men 

biblioteca indicada donde se sabe que se de la publicaci6n cuyo titulo se di6 en la parte (b). 

document peut 6tre command6 A l'organisationr~frences se terminent par un num6ro entre 
parentheses qui indique le num6ro de 	 dont le nom et I'adresse sont indiqu6s ici. 

L'ordre de commande dolt inclure toutes lescommande. 
(d) Disponibilit6 des Documents: Ce para- informations donnees dans les parties (b) et 

graphe indique les deux fagons dont le lecteur (c). 
peut acqu6rir les documents: (1) L'6dition est 
6puis~e, mais une certaine bibliothbque d~tient (e) Analyse: Ce paragraphe est une analyse 
ce document et il peut 6tre consult6. (2) Le du texte dont le titre est cit6 dans la partie (b). 
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(a) Reference number 
- + Reference 8(a) Ndmero de referencia 

HANDBOOK OF HIGHWAY ENGINEERING)
(a) 	 Num ro do Is rifirence 

) 	 Baker, Robert F.; Byrd, L. G.; Mickle, 0. Grant, eds. 
New York: Van Nostrand Reinhold Companyl 1975. 894.(b) Title 

(b) Titulo 	 P. 

(b) 	 Titre ) Order from: Vin Nostrand Reinhold Company, 450 West 

33rd Street, New York, New York 10001. 

This handbook is drcigned to provide a simple,
(c) Bibliographic data comprehensive referenc.e book of the principles,(c) 	 Datos bibliogrkficos 

processes and data of current highway engineering 
(c) 	 Dennies bibliographiques technology. The topics which are concisely treated 

include standard topics such ,s planning, geometric 
design, soils and materials, as well as sections 
concerned with policy, management, quality, and

(d) Availability information 
of this 4-part bookenvironmental factors. Part I 

(d) Disponibilidad de Ia informaci6n 	 covers highway policies, administration, economics,(d) Disponibilit6 dos documents 
planning and programming, urban transportation plan­
rung, environmental engirwering, and highway safety. 
The second part covers route location, geometric 

design standards, intersections, traffic control, elec­(e) 	 Abstract
(a) Resumen 	 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 

information given in parts (b) nd design, construction and reconstruction, bridges, via­
(e) 	 Analyse 

The order should Include all 	 ducts and ramps, tunnels, roadway lighting, and 

landscape development. Part 4 outlines specific&­(c) above, 
El pedido debori incluir toda Is informaci6n dada en Is= prte, 	 tions, cost estimation, constriction management, 

maintenance procedures and management, and snow 
(b) y ( c). 	 and ice control. Each section discusses applicable 

L'ordr. de commande dolt inclure toutos los informtions principles, relevant data, and formulas and examples 

donnies dans Is parties (b) at (c). where appropriate. Example solutions are incorpora­
ted for the typical problems. References to detailed 
theory and data are P sc.vrovided. 
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Reference I 
HANDBOOK OF METHODS AND PROCEDURE FOR 
LOW COST SERVICE ROADS 

Blair, John E. Austin, Texas: Texas Highway Depart-
ment; 1946. 61 p. 

Out-of-print; may be consulted at U.S. Department of 

Transportation, Library Services Division, Room 2200, 
400 Seventh Street, S.W., Washington, DC 20590. 

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 differences in assigned values can lead to large 
differences in the results. Practical reasons for the 
use of corrugated metal pipe culverts are presented. 
It is noted that the best and most durable type of 
bridge for a stream crossing is one that is constructed 
of reinforced concrete. The mixing and placing of 
concrete is a highly 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 road bridges are of 
creosoted timber. If good piles are used and proper 
care is taken in driving, they can be expected to 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 expected. Because of
the'costly nature of this investent, all work must be 

carefully done. 

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. 13-16. 

May be consulted at or ordered from: U.S. National 
Agricultural Library, Route 1, Beltsville, 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 the 
road. The gabions are backfilled and stream gravel 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 is 
briefly described. It is noted that in about a year's 
time, fines from the stream will cement the gravel 
backfill and cover all signs of construction leaving a 
satisfactory stream crossing which is practically 
invisible, 

Reference 3 
DESIGN AND CONSTRUCTION OF LOW WATER 
DIPS 

Blngham, Joe M. Texas Highway Department Con­
struction and Maintenance Bulletin, Number 6, 1951 
May; pp. 45-51. (Proceedings of the 25th Annual Short, 
Course In Highway Engineering, Agricultural and Me­
chanical College of Texas, College Station, Texas, 
1951). 

Out-of-print; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W. , Washington, DC 20590. 

The consecutive steps of a design procedure for
 
constructing low-water dips are described. The
 
several items of field data needed for this method
 
Include data on stream section and roadway cross
 
sections, water elevation at normal stage, stream
 
meander, profile and topography, highway elevation,
 
and drainage area. The amount of opening necessary
 
to handle normal drainage may be determined from
 
the elevation of water in the stream at normal stage
 
and the centerline profile as a section. On low water
 
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 between the two tangents, the
 
safe rate of change of grade per station, and the
 
necessary sight distance. An equation to determine
 
the "rate of change" is given: r= (Gi-G2)/L where r is
 
the rate of change in per cent per station; GI and G2
 
are the two given grades in per cent; and L is the
 
length of vertical curve in stations. The next step In 

ini ovet rvin tato thenext e 1 
design is to determine the length of the dip to be 1 
riprapped or protected from flood waters. This is
 
done by first calculating the area below high water in
 
the natural stream, and then determining a corrected 

high water elevation by taking into account the 
obstruction of the stream by the construction of the
 
dip across it. Experience in the use of 5- or 6-inch­
thicknesses of Class "B" concrete Riprap reinforced
 
with either wire mesh or bar steel and completely
 
paving them is outlined. The use of a standard flood
 
gauge, 2 dip signs and enough 2-inch pipe posts to
 

effectively define the crown lines across the main 
channels is also described. 

Reference 4 
CAUSEWAYS OR SUBMERSIBLE 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 Delhi 110011, India. 

A "causeway" is a submersible road bridge across a
 
stream with the double function of allowing 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.
 



Reference 5 
ENGINEER FIELD DATA 

U.S. Department of the Army. Washington, 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 explosives and demolitions gives 
details of charge calculations, rock breaking, ditching 
and stumping. Minefield installation, reporting and 
recording relating to landmine warfare, and the 
removal of mines are described, as well as types of 
field fortifications, barbed wire entanglements, and 
expedient obstacles. Bridging and rafting equipment, 
and anchorage systems are further detailed, as well 
as concrete construction, military road construction, 
army airfields, helipads and heliports, rigging, and 
utilization of heavy equipment. The chapter on the 
marking of bridges and vehicles defines bridge class, 
The chapter on fixed bridges outlines nonstandard 
bridge design, bridge classification, standard bridges 
(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 
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Reference 6 
THE BAILEY AND UNIFLOTE HANDBOOK 

ed. Hathrell, 3. A. E., ed. London: Acrow Press; 

1974. 271 p. 
5th 

Order from: Acrow Press, 8 South Wharf Road, London 
W2, U.K. 

A brief background review of Bailey equipment is 
presented. Selecting 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 is 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 orde" to prepare a design for the Uniflote 
certain criteria are needed: It must be capable of 
supporting the Bailey Bridging; 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 
10 tons; the unit should be capable of being transported 
In a 3 ton truck. The operation of Uniflote shore-
loading ferries is outlined. 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 Baley/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 evaluation of floating bridge design. 

Reference 7 
OPPORTUNITIES FOR COST REDUCTION INTHE 
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.S. Department of Transportation, 
Office of the Assistant Secretary for Policy and 
International Affairs and the U.S. Agency for Interna­
tional Development; report #PB-207520). 

Order from: National Technical Information Service, 
5285 Port Royal Roed, 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: Road 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-way 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. Grant, eds. 
New York: Van Nostrand Reinhold Company; 1975. 894 
p. 

Order from: Van Nostrand Reinhold Company, 450 West 
33rd 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 
technology. The topics which are concisely treated 
include standard topics such as planning, geometric 
design, soils and materials, as well as sections 
concerned with policy, management, quality, and 
environmental factors. Part I of this 4-part book 
covers highway policies, administration, economics, 
planning and programming, urban transportation plan­
ning, environmental engineering, and highway safety. 
The second part covers route location, geometric 
design standards, intersections, traffic control, 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 

Reference 9 
A COMPARATIVE STUDY OF HIGHWAY BRIDGE 
LOADINGS IN DIFFERENT COUNTRIES 

Thomas, P. K. Crowthorne, U.K.: Great Britain Trans-
port and Road Research Laboratory, Structures 
Department, Bridge Design Division; 1975. 47 p. (TRRL 
Supplementary Report 135UC). 

Order from: Transport and Road Research Laboratbry, 
Crowthorne, Berkshire RGII 6AU, U. K. 

This report compares the highway 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 18 
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 concluded 
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 10 
MILITARY FIXED BRIDGES 

U.S. Department of the Army. Washington, DC; 1968 
December 1. Various paging. (Technical Manual 5-32). 

Order from: U. S. Department of the Army, Army AG 
Publications Center, 1655 Woodson Road, St. Louis, 
Missouri 63114. 

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 highway 
bridge design are presented. Details of bridge super­
structure and substructure design, timber and steel 
(bolted and welded) connections as 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 cros.s-
ings. Reference is made to the Engineer Functional 
Components (EFCS) and related technical 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 II 
STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES 

12th ed. American Association of State Highway and 
onTransportation Officials, Operating Sub-Committee 

Bridges and Structures. Washington, DC: American 
Association of State Highway and Transportation Offi-
cials; 1977. 496 p. 

Order from: American Association of State Highway 
and Transportation Officials, 444 North Capitol Street, 
N.W., Suite 225, Washington, DC 20001. 

Specifications related to general features of design 
and construction are presented. Design features 

relating to the following are covered: bridge loca­
tions and waterways, piers, culverts, roadway and 
sidewalks, clearances (navigational, vehicular or 
other), railings, roadway drainage, superelevation, 
floor surfaces, blast protection, utilities and under­
passes. Aspects related to loads and the distribution 
of loads are covered as well as the various aspects of 
substructures and retaining walls. Reinforced con­
crete design features, allowable stress design and 
load factor design features are described. The char­
acteristics of prestressed concrete and structural 
steel design (service load design method and strength 
design method) are reviewed. Other design aspects 
covered include heat-curved rolled beams and 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 liner plates. 
The construction features covered here include the 
following: excavation and fill, sheet piles, bearing 
piles, concrete masonry, concrete surfaces, rein­
forcement, Ashlar masonry, mortable rubble masonry, 
dry rubble masonry, brick masonry, steel structures 

fabrication, erection, bronze or copper-alloy bearing 

and expansion plates, steel grid flooring, railings 
(metal, concrete, stove and brick, wood) painting 
metal structures, protection of embankments and 

slopes, concrete cribbing, watcr-proofing, damp 
proofing, name plates, timber structures and preser­
vative treatments, timber cribbing, construction and 

Installation of soil metal plate structure interaction 
systems,wearing surfaces, elastomeric bearings, and 
the construction of tunnels using steel tunnel liner 
plates. 

Reference 12 
ADMINISTRATION OF BRIDGE INSPECTION 

Campbell, 3oe L. Washington, DC: National Association 
of Counties, Research Foundation; 1972 July. 33 p. 
(National Association of County Engineers Action Guide 
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 laws, regulations and guide manuals and 
how to comment on the legal and public responsibili­
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 discussed in relation to federal require­
ments and the elements of an inventory. Various 
aspects of bridge ispection are covered including 
qualification of inspectors and Inspection by 
technians. Bridge rating Is reviewed with reference 

to structural capacity determination, change of 
loading, posting-reduced load or speed, and public 
education. 
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Reference 13 
MINOR MAINTENANCE OF COUNTYBRIDGES 

Shurig, D.G. Lafayette, Indiana: Purdue University; 
1964 August. 44 p. (Highway Extension and Research 
Project for Indiana Counties Engineering Bulletin, Engi-
neering Experiment Station County Highway Series 
Number 7). 

Order from: Highway Extension and Research Project 
for Indiana Counties, Engineering Experiment Station, 
Purdue University, West 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 a!so reviewed. The 
bulletin also covers sign selec'- n, sign locations, 
bridge end markers, reflector martrs, and signing 
and marking underpasses. 

Reference 14 
GUIDE TO BRIDGE HYDRAULICS 

Roads and Transportation Association of Canada, Proj-
ect Committee on Bridge Hydraulics; Neill, C. R., ed. 
Toronto: University of Toronto Press; 1973. 191 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 

are made on economicdesigner. General comments 
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 N 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 15 
HYDRAULICS OF BRIDGE WATERWAYS 

2nd ed. Bradley, Joseph N.; U.S. Federal Highway 
Administration, Office of Engineering, Bridge Division, 
Hydraulics Branch. Washington, DC: U.S. Federal 
Highway Administration; 1978 March. III p. 
(Hydraulic Design Series Number 1; stock number 050­
001-00133-1). 

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 limits 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 field and design procedures and illustra­
tive examples are presented. The development of 
expressions for bridge backwatei and the develop­
ment of charts for determining the length of spur 
dikes are described in appendices. 



Index
 
The following index is an alphabetical list of subject 
terms, names of people, and names of organizations 
that appear in one or another of the previous parts 
of this compendium, i.e., in the Overview, Selected 
Texts, or Bibliography. The subject terms listed are 
those that are most basic to the understanding of 
the topic of the compendium. 

Subject terms that are rot proper nouns are 
shown in lower case. Personal names that are listed 
generally represent the authors of selected texts and 
other references given in the bibliography, but they 

Indice 
El siguiente indice es una lista alfab~tica del 
iocablo del tema, nombres de personas, y 
nombres de organizaciones que aparecen 
en una u otra de las partes previas de este 
compendio, es decir, en el Vista General, 
Textos Seleccionados, o Bibliografia. Los 
vocablos del tema que se listean son aquellos 
b~sicos necesarios para el entendimiento de 
la materia del compendio. 

Los vocablos del tema que no son nombres 
propios aparecen en letras min'sculas. Los 
nombres personales que aparecen representan 
los autores de los textos seleccionados y 
otras referencias dadas en la bibliografia, 

Index 
Cet index se compose d'une liste alphab~tique 
de mots-cl6s, noms d'auteurs, et noms d'or-
ganisations qui paraissent dans une section 
ou une autre de ce recueil, c'est A dire dans 
I'Expos6, les Textes Choisis, ou la Biblio-
graphie. Les mots-cl6s cit6s sont ceux qui 
sont le plus 616mentaires 6 la comprehension 
de ce recueil. 

Les mots-cl6s qui ne sont pas des noms 
propres sont imprim~s en minuscules. Les 
noms propres cit63 sont les noms des auteurs 
des textes choisis ou de textes de r6f6rence 

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 topic. 
For this reason, postal addresses are given for each 
organization listed. 

Numbers that follow a subject term, personal 
name, or organization name are the page numbers 
of this compendium on which the term or name ap­

pero tambi6n pueden representar a personas 
que de otra manera estn conectadas a los 
temas del compendio. Los nombres personales 
est~n listeados como apellido seguido por 
las iniciales. Las organizaciones nombradas 
son las que han producido informaci6n sobre 
la materia del compendio y que siguen siendo 
una fuente de informaci6n sobre alguna 
parte o el alcance total del compendio. Por 
esta raz6n se dan las direcciones postales 
para cada organizaci6n listeada. 

Los nimeros que siguen a un vocablo del 
tema, nombre personal, o nombre de organi­
!aci6n son los n6meros de p~gina del com­

cites dans la bibliographie, ou alors les noms 
de personnes identifi6es avec les sujets de ce 
recueil. Le nom de famille est suivi des initiales 
des pr~noms. Les organisations cities sont 
celles qui ont 6crit sur le sujet do ce recueil 
et qui continueront d'dtre une source de docu­
mentation. Les adresses de toutes ces organisa­
tions sont incluses. 

Le num~ro qui suit chaque mot-cl6, nom 
d'auteur, ou nom d'organisation est le num~ro 
de la page o6 ce nom ou mot-cl6 parait. Les 
num6ros 6crits en chiffres romains se rappor­
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pears. Roman numerals refer to pages in the Over-
view, Arabic numerals refer to pages in the Selected 
Texts, and reference numbers (e.g., Ref.12) refer to 
references in the Bibliography. 

Some subject terms and organization names are 
followed by the word see. In such cases, the com-
pendium page numbers should be sought under the 

pendio donde el vocablo o nombre aparecen. 
Los n6meros romanos se refieren a las p6ginas 
en la Vista General, los n6meros ar~bigos 
se refieren a piginas en los Textos Selec-
cionados, y los nimeros de referencia (por 
ejemplo, Ref. 12) indican referencias en la 
Bibliografia. 

Algunos vocablos del tema y nombres de 
organizaciones est~n seguidos por la palabra 
see. En tales casos los n6meros de p~gina 

tent aux pages de I'Expos6 et les numeros 
6crits en chiffres arabes se rapportent aux 
pages des Textes Choisis. Les num6ros de 
reference (par eiemple Ref. 12) indiquent les 
num~ros des references de la Bibliographie. 

Certains mots-cles et noms d'organisations 
sont suivis du terme see. Dans ces cas, le 
numero des pages du recueil se trouvera apr~s 

Illustration Ilustracl6n 

Selected Text pegs numbers 
N{mero de pigina on los Textm. 

Seleccionados 
Numros des pages des Toxtes Choisis 

Organization name and address 

Nombre y direcci6n de [a organizaci6n 

Nom et adre e de l'organisation 


Overview poe numbers and 

reference number 


Nfimsro de plgina en Is Vim 

Gerwrat y Numroes de referencie
 

Num~ro dos pages de I'Expoes at 

numros des rkfaee
 

Subject term and see term 

Vocl:odel tem ytrmino e 

Mot-cit atme
 

Pereonal nan.-
Nombre Pers-
Noms propres 

alternative term or name that follows the word see. 
Some subject terms and organization names are fol­
lowed by the words see also. In such cases, relevant 
references should be sought among the page num­
bers listed under the terms that follow the words 
see also. 

The foregoing explanation isillustrated below. 

del compendio se encontrar~n bajo el termino 
o nombre alternativo que sigue a la palabra 
see. Algunos vocablos del tema y nombres 
de organizaciones est~n seguidos por las 
palabras see also. En tales casos las referen­
cias pertinentes se encontrar~n entre los 
ni~meros de p~gina indicadas bajo los termi­
nos que siguen a las palabras see also. 

La explicaci6n anterior esta subsiguiente­
mente ilustrada. 

le mot-cl ou le nom d'organisation qui suit 
le terme see. D'autres mots-cl~s ou nomns 
d'organisations sont suivis des mots see also. 
Dans ce cas, les references qui les touchent 
se trouveront citbes aprbs los mots-clfs qui 
suivent la notation see also. 

Ces explications sont illustr~es ci-dessous. 

Illustration 

Subject term and ;.e also terms 
Vocablo del tema y tirmlnos see also 

(or tamblin) 
Mot-cli et wee &/so 

mounatainous terrain (see also degree of curvature; 
design speed, maximumgradient; radius of curva­
ture, shoulder width). 11, 17, 34, 35, 38, 173, 175, 

217, 234, 238 

National Association of Australian State Road Author­
tlies(P.O. Box 3141, Brickfield Hill, N.SW. 2000, 

Austrsla)l. 
publications, xxll, Ref. 8, Ref. 9 

no-passing markings and signs: 31, 95, 132 

non-pusirt sight distance. see stopping sight distance 

Odler, L. Ref.3 
Oglesby, C.H. 231, 233, 234, 239, 240, 241, 242, Ref.14 

Selected Text pag 
number 

numbers and rof nce 

Numms d pilgli, en Ie Twice 
Selocionsdos y ndmero do referencia 

Numkros des pages des Textes Chells at 
numkis des. U&ea 



Acrow Press (8 South Wharf Road, London W2, U.K.). xviii, 

Ref. 6
 

all weather roads: xii
 

American Association of State Highway Officials (AASHO)
 
(now American Association of State Highway and 

Transportation Officials (AASHTO)): xix, 164 


American Association of State Highway and Transportation 
Officials (AASHTO) (444 North Capitol Street, N.W., 
Suite 225, Washington, DC 20001): Ref. 11
 

American Iron and Steel Institute (1000 16th Street,
 
N.W., Washington, DC 20036): 125 


arid regions: 1"16, 141 


axle loads: 91-92 


The Bailey and Uniflote Handbook: xviii, 132, 134, Ref. 6 


Bailej, bridges: xiv, xviii, xix, 89-118, 134, 142, Ref. 3, 

Ref. 6
 

float bridges, 104, 130, 132, 148 

selection, 91-101
 
standard, 93, 98, 99 

U4 Uniflote ferries,128
 
Uniflote floating bridges, 112-118 

wide, 100, 101
 

Baker, Robert F.: xix, Ref. 7 


bending: xviii, Ref. 9
 
calculations for Bailey bridges, 94-97, 98, 114 


bibliographies: xix-xx, 143-144
 

Blngham, Joe M.: Ref. 3 


Blair, John E.: Ref. I 


Bradley, Joseph N.: Ref. 15 


bridges (see also Bailey bridges; floating bridges; pre-
fabricated bridging; steel truss bridges; submersible
 
bridges)=, xii, xiii, xiv, xv, xvi, xix, 7-12, 19, 20, 37, 

123, 134, 142, 150, 151, 159, Ref. 1, Ref. 8, Ref. 11,
 
Ref. 12, Ref. 14, Ref. 15 


fixed, 68-84, 133-139, 5, R ef. 9 

Inspection, Ref. 12, Ref. 13 

Inventory, Ref. 12
 
loading, xix, 65, 68, 73, 74, 75,164-165, Ref. 6, Ref. 9 

maintenance, Ref. 13
 
markings, xvii, 65-66, Ref. 13 

short, 124-126, 141 

signs, 65
 
substructure, 68, 77-84, Ref. 5, Ref. 10, Ref. 13 

superstructure, xvii, 6C, 69-77, 125, Ref. 5, Ref. 10, 


Ref. 13, Ref. 15 

timber, xiv, xv, xix, 8-1.2, 17, 23, 24, 26, 27, 70, 145 

traffic control, 66-67
 

Byrd, L.G.: Ref. 8 


Campbell, Joe L.: Ref. 12 


xiv, xvii, 46-61, Ref. 4
causeways: 

reducing the period off submergence, 53-35, 61 


concrete pipes: 6 


construction, see road con :truction; staged construction 

corrugated metal pipe culverts: xv, 6, Ref. 1, Ref. II
 

cost reductions: xvii, xviii, 123-159, Rf. 7
 

cresoted timber: 8, 9, 12, 23, 24, 26, 27, Ref. I
 

culverts: xli, xiii, xIv, xv, xvi, xvii, 5-7, 13, 14, 15, 16, 46,
 
141, Ref. 1, Ref. 11, Ref. 14
 

cost reduction, 123, 124-126
 

dips: xii, xlii, xlv, xvi, xvil, 37-44,126, Ref. 3
 

ditches: 5, 13, 16
 

ditching: Ref. 5
 

drainage: xi, 5-28, 123, Ref. 1, Ref. 8, Ref. II
 

earth roads: 5
 

earthquakes: xlx, 164-165
 

Elffel bridges: 134
 

erosion prevention and control: xvi, 5
 

farm roads: 8, 19, 20, 44, Ref. I
 

farm to market highwayt.: 37, 42
 

ferries (see also Uniflote): xiii, 107-1l., i23, 127-131,
 
141, 14-2, T49, 152, 156, Ref. 6
 

shore-loading, 105-106
 

floating bridges: xlv, 104, 112-118, 129, 130, 131-132,
 
142, 152, 154, 157, Ref. 6
 

fords: xli, xiii, xiv, 123, 126-127, 141, 142, 146, 150,
 
151,155 

forest roads: xvi, 30-34, Ref. 2
 

gabion wall fords: 127
 

gabions: xvi, 30-34, 127, Ref. 2
 

Hathrell, J.A.E.: Ref. 6
 

Highway Extension and Research Project for Indiana 
Counties (Engineering Experiment Station, Purdue
University, West Lafayette, Indiana 47907): Ref.13 

highways, farm to market: 37, 42
 

Indian Roads Congress (Jamnagar House, Shahjahan
 
Road, New Delhi 110011, India): xvi, Ref. 4
 

Institute of Transportation and Traffic Engineering
(now Institute of Transportation Studies, University
 
of California, 109 McLaughin Hall, Berkeley, California
 
94720)h xviii, Ref. 7
 

Irish bridges (see also fords), xiv, xvi
 

Leydecker, Allen D.: Ref. 2
 
low-volume roads: xi, xli, xi, xvi, 123, 142
 

Mlclde, D. Gtant: Ref. 8
 

National Association of Counties (1735 New York
 
Avenue, N.W., Washington, DC 20006). Ref. 12
 

VLc1
 



National Technical Information Service (3283 Port 

Royal Road, Springfield, Virginia 22161): Ref. 7
 

overloads: xix, 68, 165
 

Peddavagu Causeway: 60 


piers: xviii, 8, 39, 79-80, 81-82, 117, 125, 127, Ref. 5, 

Ref. 11 


pile driving: xv, 8, 9, 21, 22, Ref. I
 

piles: xv, 8-12, 23, 24, Ref. 1,Ref. 

bents, xviii, 80-81, 83, Ref. 5 

piers, xvili, 81-82, Ref. 5
 

pipes, concrete: 6
 

prefabricated bridging (see also Bailey bridges; Uniflote)= 

133-136, 139, 140, 142, 138
 

Raju, S.P.: Ref. 4 


rates of change, se vertical curves 


reinforced concrete bridges: 7, 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 


176 Roads and Transportation Association of Canada (1763
 

St. Laurent Boulevard, Ottawa, Ontario K IG 3V4 

Canada): Ref. 14 


saddles: 106-107 


scour: 9, Ref. !1, Ref. 15
 
on causeways, 50-51, 53-6! 


service roads: xv, Ref. I
 

Shahbazpalli Causeway: 59-60 


shear: xviii, Ref. 9 

calculations for Bailey bridges, 94-97, 99, 101 


Shurig, D.G.: Ref. 13 


staged construction: xiii, 139-140
 

steel beam bridges: 11-12
 

steel truss bridges: 12, 18, 23, 134, Ref. I
 

stringers: xIv, 69-75
 

submersible bridges: xii, xiil, 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): xv, Ref. 1, Ref. 3
 

Thomas, P.K.: Ref. 9
 
T C
 
Tintiny Causeway: 5-59
 

transoms: 89
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